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Purpose: To assess the incidence of nasal injury in newborns submitted to non-invasive

ventilation (NIV) via binasal prongs, to identify risks that come with using this interface, and

to present actions for nasal injury prevention.

Patients and Methods: Observational and descriptive study performed in neonatal inten-

sive care unit (NICU) of a public hospital in the south of Brazil. This research was divided

into three stages. In the first one, nasal injury incidence was assessed in 148 newborns, using

data collection from medical records. In the second stage, injury incidence, severity and a

preliminary analysis of risks associated with the prescription of binasal prongs were analyzed

in 33 newborns who required NIV. In the third stage. recommendations were presented to

prevent nasal injury during NIV with short binasal prong.

Results: The incidence of nasal injury in the first stage was 37.16%, and 63.64% in the second

one. As for severity, 68.42% of the injuries showed Stage I severity, and 31.58% Stage II. The

main risks associated with the use of binasal prongs were inappropriate prong size, inappropri-

ate prong model, interface reuse, prolonged NIV use exclusively with binasal prongs, incorrect

prong position and NIV circuit pulled. A total of 17 preventive approaches were recom-

mended: 13 related to newborns care and not dependent on prior investment. Among them:

to choose appropriate prong size; to keep the prong and the NIV circuit well positioned and

periodically massages with circular movements in the nasal septum and columella.

Conclusion: The inappropriate prong size, interface reuse, prong model, prolonged NIV use

with binasal prong and incorrect prong and NIV circuit position may be associated with the

high occurrence of injury in the NICU studied. Simple approaches concerning clinical staff

care actions towards the newborn in NIV, which do not require a financial investment, can

prevent nasal injury.

Keywords: neonatal intensive care units, non-invasive ventilation, prevention, risk factors,

wound and injuries

Introduction
The non-invasive ventilation (NIV) provides ventilatory support without artificial

airways such as endotracheal tube or tracheostomy.1 In neonatology, binasal prong

is the most frequently interface used at neonatal intensive care units (NICUs)

because it is easy to use, has a lower cost and is less invasive. Also, it provides

relatively constant pressure allowing good access to the patient.2,3 Furthermore,

binasal prong offers less flow resistance to the airflow and are effective in prevent-

ing reintubation.4
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Despite all the advantages mentioned above, the nasal

prongs can cause nasal injury, an adverse event that is

increasingly present in NICUs.5 The nasal injury is a

consequence of the pressure and friction caused by the

prongs on the columella and the nasal septum, thus redu-

cing local blood circulation, with consequent tissue perfu-

sion and ischemia.6,7

Nasal injuries are initially characterized by hyperemia

(stage I), but may evolve to superficial ulceration (stage II),

and necrosis and total nasal tissue loss (stage III).8 They can

limit the use of NIV in newborns (NBs) who need this venti-

latory support and may be the cause of septicemia.9 The nasal

injury may be a source of discomfort for patients.8,9 Since it is

painful, it leads to crying episodes, increasing blood pressure

and intracranial pressure, which may increase the risk of

interventricular hemorrhage and, consequently, affects the

motor development of the NBs.10

Given the adverse consequences that nasal injury may

cause, and because nasal injury is an avoidable problem

most of the time, prevention is deemed fundamental. To

prevent injuries, it is necessary to identify the individuals

who are at a greater risk of developing injuries and trigger-

ing factors.11 In this way, identifying and characterizing

the problem leads to preventive measures.

The prevention of nasal injury is the best strategy for

NBs submitted to NIV. Injury can be prevented employing

an adequately sized interface, changing between prongs

and masks, and using nasal protection and Velcro to keep

the prongs properly positioned.12,13

Considering this scenario, the objectives of the present

study were: to assess the incidence of nasal injury in NBs

submitted to NIV with the use of short binasal prongs; to

identify risks due to the use of this interface, and; to

indicate procedures aimed to prevent nasal injury at the

NICU studied herein.

Materials and Methods
We carried out an observational study in the NICU of

Waldemar Monastier Children’s Hospital [Hospital

Infantil Waldemar Monastier] (HIWM), located in the

metropolitan area of Curitiba, Paraná, Brazil.

Waldemar Monastier Hospital’s NICU is equipped with

20 beds and its healthcare service is provided through the

Brazilian Unified Health System (SUS), uniquely to NBs

aged from 0 to 28 days, that come from all of Paraná State

- Brazil, through the hospital’s beds center. The NBs

assisted are premature babies ranging from extreme to

late preterm, full-term and post-term NBs, with or without

the necessity of invasive or non-invasive ventilatory

support.

We conducted the research in three stages according to

its three main goals.

First Stage
In the first stage, the incidence of nasal injury was

assessed in 148 NBs who required NIV with binasal

prongs between January 2013 to December 2014.

We collected data from the GSUS’ Health Care

Management System involved in electronic medical

records and developments reported by health profes-

sionals. We considered the following information: gender,

gestational age, birth weight and total NIV use time.

In addition to these elements, we consulted the devel-

opments reported by physicians, nurses, and physiothera-

pists for notifications on nasal injury and information

about the need for NIV suspension due to the observed

injury.

Data were arranged in a Microsoft Office Excel spread-

sheet and underwent statistical analysis. For quantitative

variables, we determined means and standard deviations,

and for nominal variables, absolute and percentage

frequencies.

We excluded newborns who presented extreme length

of permanence in NIV. To do so, we considered those with

values above the 3rd quartile plus three times the inter-

quartile range as outliers. Fisher’s exact test (for nominal

variables) and the Mann–Whitney test (for ordinal or non-

normal quantitative variables) were applied to assess dif-

ferences between NBs with and without nasal injury. We

analyzed the normality of the quantitative variables with

the Shapiro–Wilk test. For variables of interest, we esti-

mated the relative risk from its Odd Ratio and confidence

interval (95% CI).

Statistical analyses were performed using the statistical

package GraphPad PRISM with the level of significance

set at 5% (α = 0.05).

Second Stage
In the second stage, the incidence and severity of the nasal

injury were assessed in 33 NBs who needed NIV with short

binasal prongs between January 2015 to April 2016 and

possible risks associated with the use of short binasal prongs

were identified from daily clinical nasal evaluations.

Newborns of both genders were part of this stage, with

no distinctions for ethnicity, class, or social group, with the

gestational age of fewer than 38 weeks, subjected to NIV
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with binasal prongs as initial ventilatory support or as

weaning, for a minimum of 24 hours.

The NBs received NIV using Inter® Neo mechanical

ventilators. The interfaces used were short binasal prongs

from three different brands (A, B, and C), either new or

sterilized, selected according to the availability of the

material at the time of NIV implementation.

We had applied an assessment protocol to all NBs,

consisting of a collection of neonatal data and visual

inspection. Neonatal data collected were: gender, gesta-

tional age, birth weight, and time of permanence in NIV.

In the clinical inspection, we had verified the presence

of cutaneous alterations in the nostrils, and we had cate-

gorized the injuries according to the classification pro-

posed by Fischer et al:8 Stage I - intact skin with

unbleached erythema; Stage II - partial loss of dermis

thickness, evidenced as a superficial wound with a crust-

less red bed; and Stage III - necrosis and total tissue loss.

Such assessments were performed before NIV imple-

mentation, and every 24 hours until the medical suspen-

sion of that support, always by the same assessor. We

recorded the stage of the nasal injury daily.

Neonatal data and assessment results on the nasal

injury stage were tabulated and underwent statistical ana-

lysis. We evaluated the quantitative variables through

means and standard deviations, and the nominal ones

(categorical) through absolute and percentage frequencies.

The possible risks associated with the use of short

binasal prongs were identified through unsystematic obser-

vations of the neonatal intensive care provided to the 33

NBs that needed NIV. This evaluation was performed by a

physiotherapist specialized in intensive care, that before

each daily nasal evaluation, checked for possible risks that

could be associated with nasal injury in the NICU studied.

This professional has previously worked in assessment and

reduction of nasal injury in newborns in other investiga-

tions. From the survey of possible risks associated to nasal

injury, the team achieved an analysis of these risks, look-

ing for correlating the risks with their possible causes,

effects, severity categories and procedures to minimize

them.

Third Stage
In the third stage, through the improvements studied on the

risk analysis stage, this research team proposed preventive

actions to minimize the risks and consequently to reduce

nasal injury in the NBs treated in the NICU studied.

However, it was not the scope of the study described in

this article to check if the proposed recommendations

effectively have reduced the nasal injuries in this NICU.

These preventive actions were based on the NICU’s phy-

siotherapy team experience, and in the risk reducing stra-

tegies studied and described in the literature.

Results
First Stage
During the study period, 369 NBs were admitted to

HIWM’s NICU. Of those, 158 needed non-invasive venti-

latory support (NIV). We excluded 10 NBs from the total

that used NIV since they presented extreme values as to

the length of permanence under this ventilatory support.

Concerning the 148 NBs who had used NIV, 63 (42.57%)

were girls, and 85 were boys (57.43%). The mean gestational

age was 34.27 ± 4.60 weeks, and their mean birth weight was

2212.49g ± 937.54g. The length in this ventilatory support

was 104h ± 108 hours. Fifty-five NBs (37.16%) developed

nasal injury while using non-invasive ventilatory support.

Table 1 displays the characteristics of NBs with and

without nasal injury who used NIV during the study period.

Logistic regression showed that the relative risk for

nasal injury development increased significantly when

gestational age was lower than 37 weeks (2.50 OR; 95%

CI: 1.21–5.13) and decreased significantly when birth

weight was greater than 2500 g (0.19 OR; 95% CI:

0.06 −0.53).
Due to the severity of the injury, the ventilatory support

was suspended in 9 NBs who presented a nasal injury. Of

those, six were subjected to oxygen therapy using an

oxygen hood, one was reintubated, and two NBs had

alternating periods of NIV and hood to reduce said injury.

Table 1 Characteristics of Newborns with and Without Nasal

Injuries That Used NIVa

Variables NB with Injury

(n=55)

NB Without

Injury (n=93)

p

Gender (male) 31 (56.36%) 54 (58.06%) 0.865

Gestational Age

(weeks)

32.66±4.52 35.23±4.40 0.001*

Birth weight (g) 1935.96±928.10 2376.02±908.90 0.003*

NIV total time

(hours)

181.20±129.00 59.21±59.33 0.001*

Notes: aValues of the mean±standard deviation or absolute frequency (percentage)

of variables of interest in 148 newborns with and without nasal injury. p values

associated with the Fisher exact tests and Mann–Whitney. *p < 0.05.
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Second Stage
During the assessment period of the second stage, 210

NBs were admitted to HIWM’s NICU. Of those, 83

required NIV. Among the newborns who had used NIV,

49 were born with a gestational age of fewer than 38

weeks. Of those, we excluded 16 from the study for not

meeting the inclusion criteria.

Of the 33NBswho participated in this study, 18 (54.55%)

were girls, and 15 (45.55%) were boys. The mean gestational

age was 32.03 ± 3.93 weeks, and the mean birth weight

reached 1760.00 g ± 818.86 g. The mean time of permanence

in NIV was 91h ± 72h. We found that 21 NBs (63.64%)

developed nasal injury while using non-invasive ventilatory

support.

Table 2 presents the frequency and severity of the nasal

injury of the 33 studied NBs regarding gestational age, birth

weight, and NIV time.

Table 3 presents the preliminary risk analysis. We were

able to relate six of them to the use of prongs that may

result in nasal injury. For each risk factor, we suggested its

respective causes, effects, the category of severity, and

improvements.

Figure 1 shows the use of inappropriate binasal prong

size in a neonate. It is possible to visualize the compres-

sion that this material causes on the newborn skin. Also, it

shows the newborn submitted to NIV through a reused but

sterilized short binasal prong. It is possible observe that

the prong is inappropriately sized, since the insertion

catheters are small and clamp the nasal septum. Besides,

the reused prong does not adapt properly in the circuit

connectors, hampering the correct prong positioning. Due

to connection difficulties, the healthcare staff uses adhe-

sive tape to keep the circuit connected. The prong used in

the newborn has straight line insertion catheters, and it is

not anatomical, making it even harder for proper prong

positioning.

Figure 2 shows 17 nasal injury preventive actions

proposed to the NICU studied, based on the improvements

found on the preliminary risk analysis. We have indicated

17 preventive actions for reducing the risks associated to

nasal injury according to the NICU studied. Thirteen of

them do not require financial investments, for instance: it

is possible to prevent nasal injuries by changing how the

procedures are performed regardless of NICU’s financial

conditions.

The recommendations were divided into three stages:

pre-implementation of NIV, during the implementation of

NIV, and during permanence in NIV.

NIV Pre-Installation Recommendations

Adequate prong size prevents injury.5,6,14-19 Thus,

choosing prong size according to the NB’s body weight

is recommended. If the service has a specific device that

correlates nostril dimensions and prong size, it should

be used in the selecting process. In both selection forms,

it is necessary to follow the instructions of the

manufacturer.

The correct size of the cap used to attach the NIV

circuit also contributes to minimizing the occurrence of

nasal injury.12–14,17 In this way, is important to select the

cap size according to the manufacturer’s recommenda-

tions. If the service does not have a cap, it is necessary

to make a handmade tubular-knit cap that fits the NB’s

Table 2 Frequency and Severity Nasal Injury in the Evaluated Newborns in the Second Stage of This Study

Gestational Age <28 Weeks (n=6) 28–31 Weeks (n=7) 32–36 Weeks (n=15) ≥37 Weeks (n=5)

NBs without nasal injury 2 (33.33%) 1 (14.29%) 6 (40.00%) 3 (60.00%)

NBs with Stage I nasal injury 1 (16.67%) 5 (71.42%) 7 (46.67%) 2 (40.00%)

NBs with Stage II nasal injury 3 (50.00%) 1 (14.29%) 2 (13.33%) 0 (0.00%)

Birth weight <1000 g (n =7) 1000–1499 g (n=8) 1500–2499 g (n=11) ≥2500 g (n=7)

NBs without nasal injury 3 (42.86%) 0 (0.00%) 4 (36.36%) 5 (71.43%)

NBs with Stage 1 nasal injury 1 (14.28%) 6 (75.00%) 6 (54.55%) 2 (28.57%)

NBs with Stage 2 nasal injury 3 (42.86%) 2 (25.00%) 1 (9.09%) 0 (0.00%)

NIV time 24–48 h (n=9) 49–72 h (n=10) 73–96 h (n=5) > 96 h (n= 9)

NBs without nasal injury 4 (44.44%) 5 (50.00%) 1 (20.00%) 2 (22.22%)

NBs with Stage 1 nasal injury 5 (55.56%) 4 (40.00%) 3 (60.00%) 3 (33.33%)

NBs with Stage 2 nasal injury 0 (0.00%) 1 (10.00%) 1 (20.00%) 4 (44.44%)
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Table 3 Preliminary Risk Analysis of the Prong Use in the Newborn

Risk Cause Effect Severity

Category

Improvements

Inappropriate

binasal prong

size

Lack of technical knowledge;

Lack of training;

Few size variety in the

market;

Lack of hospital-grade

material.

If the prong is smaller than the

NB’s nostril, there is:

- Increased prong mobility;

- Increased friction and

pressure on the nasal septum

and consequent nasal injury;

- Loss of positive pressure and

NIV failure.

If the prong is larger than the

NB’s nostril, there is:

- Nostril enlargement and

increased pressure on the nasal

mucosa, with consequent nasal

injury.

III Following the manufacturer’s instructions is

recommended for prong selection;

One should use measuring tools provided by

the manufacturer to find the adequate prong

size for nostrils;

In cases in which the prong does not adapt to

anatomical characteristics, choosing a prong

that does not press the septum is

recommended;

Manufacturers should develop new sizes that

adapt to the NB’s anatomical characteristics.

Binasal prong

model

Lack of technical knowledge;

Cost reduction.

Prongs with straight insertion

catheters may cause nasal

injury.

II Using prong models with adequate curvatures

is recommended;

One should lubricate the insertion catheters

before inserting them into the NB’s nostrils.

Reuse of binasal

prongs

Cost reduction;

Lack of technical knowledge

about the product and the

adverse effects of nasal

injury.

Prong stiffening, favoring the

development of nasal injury.

II It is recommended that the prong be of single

use and disposable;

Team awareness programs on the adverse

consequences of nasal injury occurrence.

Prolonged NIV

use exclusively

with binasal

prongs

Cost reduction. Nasal injury due to persistent

prong pressure on the same

nasal region.

II Alternation between prongs and masks every 6

hours is recommended;

Whenever possible, the interface should be

removed and massage should be regularly

performed on the nasal septum;

Use of nasal protection is recommended;

It is recommend using heated and humidified

gas flow.

Incorrect

binasal prong

positioning

Lack of technical knowledge;

Lack of professional training;

Lack of professional

commitment.

Increased prong pressure on

nasal structures and

consequent nasal injury;

Edema and facial deformity;

Pain and changes in the sleep

and wakefulness state.

II Training for professionals on adequate prong

handling and positioning is recommended, as

well as on the adequate positioning of the NB;

Regular inspection of the NB and of the NIV

circuit;

Comfort measures for agitated NBs

Velcro using is recommended.

Incorrect NIV

circuit

positioning

Lack of technical knowledge;

Lack of professional training;

Lack of professional

commitment;

Lack of adequate materials

to fasten NIV circuit.

Increased prong pressure on

nasal structures and

consequent nasal injury;

Edema and facial deformity;

Pain and changes in sleep and

wakefulness states.

II Training for professionals on the correct

positioning of the tracheae of the NIV circuit is

recommended;

Regular inspection of the positioning of the

NIV circuit tracheae;

Comfort measures for agitated NBs and four-

hand care;

Providing caps of different sizes and made by

adequate material.
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cephalic dimensions to attach the NIV circuit and fix it

with an elastic band and safety pin or with Velcro.

Recommendations During NIV Implementation

During NIV implementation, it is necessary to make

sure that the chosen prong is the appropriate one for

the NB in treatment. It should be emphasized that

sometimes the prong will not adapt to the NB’s anato-

mical characteristics, and it is necessary to choose the

best size that fits the NB’s anatomy, that is, without

pinching the septum or causes blanching.

The recommendation involves the lubrication of the

prong with water or saline solution before insertion of

the catheters into the nostrils to facilitate insertion and

minimize the risk of trauma to the nasal mucosa.13,15,17,19

Tofix theNIVcircuit it is necessary to useVelcro or safety

pins and rubber band on both sides of the tubing cap.19,20

Velcro around the prong and on the upper lip is also

recommended to keep the prong well positioned. To

prevent damaging the upper lip, it is necessary to use

hydrocolloids under the Velcro. Also, two professionals

must perform the procedure to ensure that the device is

correctly positioned and to facilitate the adaptation of

the NB to the NIV, making this procedure less

traumatic.13

Recommendations During Permanence in NIV

During the entire period of permanence in NIV, it is

necessary to monitor the positioning of the prong, NIV

circuit, and the NB.

The prong should stay at least 2 mm away from the

nasal columella.13 The trachea circuit should not be

pulled.17 The NB should be comfortably positioned, as to

allow natural movements.13

During the implementation and permanence of the NB

in NIV, it is essential to ensure the correct humidification

and gas temperature of 37ºC,20 because non-humidifica-

tion and incorrect temperature may dry out the mucosa and

cause nasal injury.18

Regular inspection of the integrity of the nasal septum

and constant inspection of the positioning of the prong can

prevent the occurrence of nasal damages.13 The inspection

of the integrity of the nasal septum should be performed at

each work shift, and inspection of the position should be

checked every hour.16

If the NB remains agitated during the application of

NIV, comfort maneuvers such as non-nutritive suction and

restraint is recommended13,21 to reduce the friction

between the prong and the nose.

During the permanence of the NB in NIV, massages

with circular movements in the nasal septum and colu-

mella every 3 hours is indicated to increase skin perfusion,

thus preventing nasal injury.12,13,22

All these actions depend on the training and commit-

ment of the professionals involved in supportive care.

Training and collective involvement in optimizing NIV

use is key to provide the best performance of the ventila-

tory support.23 Constant awareness and training programs

on the proper care for NBs using NIV with nasal prong are

important in preventing or minimizing the occurrence of

nasal injury.

Discussion
The incidence of nasal injury in the first stage was 37.16%

and, in the second one, 63.64%. In the first stage, we

assessed the injury incidence retrospectively using devel-

opments reported by physicians, nurses, and physiothera-

pists. During that period, daily evaluations of the nasal

septum in NBs subjected to NIV are not routine in the

studied NICU; for this reason, some NBs may have devel-

oped nasal injury without notification by the medical staff.

When assessed prospectively, incidence reached a rate

of over 60%. These findings are similar to those of other

Figure 1 Photo of a newborn submitted to NIV through a used but sterilized short

binasal prong.

Note: Consent to use the image was obtained by the newborn’s caretaker.
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studies,6,22,23 which assessed similar incidence. Regular

evaluation of the nasal septum allows for accurate knowl-

edge about the occurrence of nasal injury, indicates the

importance of developing preventive actions, and acts as a

feedback to verify whether these actions are indeed effec-

tive in preventing nasal injury. Additionally, in the case of

injury, it is possible to assess the injury stage, thus guiding

therapeutic actions.

In stage I, it was possible to identify which NBs were

at greater risk for developing injuries and triggering fac-

tors, which are important aspects to develop preventive

procedures. We observed that preterm NBs with low birth

weight and NBs who stay for long periods under NIV have

a high susceptibility to nasal injury, as reported in the

literature.6,8,22

Preterm and low-birth-weight NBs are prone to

develop nasal injury due to the immaturity of their integu-

mentary system.24 They have a poorly developed

epidermal barrier, which leads to injury when the skin is

compressed.25

In this stage, we could not assess the severity of the

injury, since the reports of the clinical staff did not present

a description of the injuries’ stages. In the second stage,

when the nasal injury was daily evaluated, we found that

71.43% of nasal injuries were in stage I severity and

28.57% in stage II. None were in stage III.

All NBs evaluated in the first stage had used hydro-

colloid as nasal protection. In the second stage, the NBs

used hydrocolloid or silicone gel nasal protection on their

nasal base. This practice could have contributed to the

prevention of severe injury stages. Nasal protections

reduce the friction between the prong surface and the

newborn’s skin.13,26 In other studies6,22,23 in which nasal

protections were used during permanence in NIV stage I

and II injuries were observed in larger proportions than

stage III injury, the latter being of minimal incidence.

Figure 2 The preventive approaches for nasal injury.
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In the second stage of the present study we presented a

preliminary analysis of risks associated with the use of

nasal prongs. Possible risks are: inappropriate prong size,

prong reuse, prolonged NIV use exclusively with binasal

prong, incorrect prong positioning, NIV circuit traction,

and prong model.

The prong size for each NB is selected based on body

weight at the time of NIV implementation.15 However, in

clinical practice, the relationship between prong size and

body weight does not always guarantee that the NB will

receive a prong of appropriate size.

Some manufacturers offer NIV circuit devices that

measure nostrils’ size and indicate their respective prong

sizes.13 However, this practice is not common in the stu-

died NICU since prongs are chosen based on the NB’s

body weight, on the availability of the material at the time

of NIV implementation, and the clinical staff’s common

sense.

In the NICU studied, it is the physiotherapist who

evaluates if the prong’s size used on the NB is appropriate

or inappropriate. Prong’s size is considered inappropriate

to the NB when it forces the septum, and when a bigger

prong is selected, the insertion catheter does not fit in the

nostrils; in other words, when available sizes do not satisfy

the NB anatomical characteristics.

Small-caliber prongs, when inserted in the NB, can

move inside the nostrils and, due to friction, can cause

injury.17 Prongs with a caliber greater than the diameter of

the NB’s nostrils may enlarge and damage them with the

increased pressure on the nasal mucosa.9

The pressure yielded by NIV interface, besides causing

nasal injury, can provoke edema, facial and cephalic

deformity.13 Pandita et al27 reported three cases of idio-

pathic unilateral facial nerve palsies in NBs associated to

the pressure caused by the NIV interface. They found that

NIV interfaces that compress the facial nerve near the exit

from the stylomastoid foramen results in facial palsy.

Regarding the reused prong, the continuous steriliza-

tion process causes degradation on the plastic material,

turning the device rigid, increasing the risk of a nasal

injury.17 Nasal prongs are manufactured to be disposable,

but their reuse has been observed in the practice of

Brazilian NICUs.6 For economic reasons, on the studied

NICU, prongs are reused. However, attempting to reduce

costs by using reprocessed materials is a mistake. In addi-

tion to cause adverse sequelae in the NB,8,28 the nasal

injury may extend the length of hospitalization29 due to

the need for antibiotic therapy as a result of the infection

caused by nasal wound or reintubation.

The longer the length in NIV, the higher the risk of

developing skin damage.6,8,22 Studies28,30 have proved that

switching between interfaces decrease the incidence of

nasal injury. In this study’s NICU, there are no switches

because they only offer short binasal prongs.

Concerning the improper prong positioning and the pulling

force of the NIV circuit, both increase the pressure on nasal

structures, reduce local blood flow, and may result in nasal

damage. Moreover, inappropriate prong and incorrect NIV

circuit positioning may cause discomfort in the NB.13 The

painful episodes provoke negative effects on the sleep and

wakefulness state, increasing agitation of the NB that, in turn,

increases the prong movement, intensifying the risk of lesions

caused by friction.18

In the NICU studied, the NIV circuit is fixed in NBs

through tubular mesh caps with adhesive taps. According to

Nascimento et al,17 large caps in relation to the newborns’

heads cause mobility of the tracheas and contribute to increase

the pressure or friction of the prongs on the nasal region. Very

small caps can put pressure on the cephalic region and cause

pain and positional plagiocephaly.13

In the third stage, we introduce a flowchart with 17

preventive procedures for nasal injury. Thirteen of

them are related to care actions towards newborns

and do not require investments for their application,

namely: appropriate prong size,5,6,13-19 and correct

prong positioning;13,14,18,22 proper NIV circuit

placement;5,6,13,17 suitable NB positioning,13,14,17,19,23

and appropriate cap size;12–14,17 adequate heated and

humidified gas flow;13,17,18,20 regular clinical evalua-

tion of the nasal septum;12,13,15,16,18,26 regular inspec-

tion of the NB and the NIV circuit;5,13,22,23,31 prong

lubrication before insertion into the NB;13,15,17,19 reg-

ular massage of the nasal septum;12,13,22 training and

commitment of the care team;5,13,17,23 comfort actions

for agitated NBs;5,13 and four-hand care.13

The other preventive procedures, namely single-use

prong, use of Velcro, nasal protection and switching inter-

faces demand financial resources and require the team to

be aware that the healing of the injuries is more expensive

than its prevention.

The switching between prongs and masks every 4 to 6

hours helps to avoid excessive pressure on nasal structures

and allows the blood flow’s return to the pressed areas,

thus preventing the development of nasal damages.28,30
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The use of Velcro to attach the prong is encouraged in

NBs as it helps to keep the prong properly positioned,

preventing pressure on the septum.12,13,15,20 Also, it pre-

vents excessive prong motion, reducing friction on the

nasal septum.

Such procedures can be introduced into care protocols

for NBs that require NIV and must be disseminated to

clinical staff through training and updating courses, to

improve the assistance provided to these NBs and prevent

nasal injury in NICUs.

This study’s strength is its data survey in real environ-

ment, showing the reality of a Brazilian NICU about the

incidence and nasal injury severity in NBs submitted to

NIV with short binasal prong. At first, it may seem that the

recommendations indicated to prevent nasal injuries are

exclusive to the NICU studied, since they were based on

the risk analysis for Waldemar Monastier Children’s

Hospital. However, the findings can be generalized

because the consulted literature indicates, in part, similar

recommendations to treat these kind of nasal injury risks

in other parts of the world.

The major limitation of this study was the small sample

size. Even so, it was possible to verify the occurrence and

severity by means of periodic assessment of the nasal

septum and inventory of the associated injury risks in the

researched NICU.

Other limitation refers to inventorying the related risks

of nasal injury development. The risks were determined by

only one professional and lack of a healthcare team to

monitor risks full time or video strategies that could record

the NB during NIV permanence. The considered risks

during daily assessment of the nasal septum were specific

for the study’s scenario, which is not a multicenter

research yet. Although each NICU has its particularities

in terms of NIV using, the data provided may help other

similar NICUs to the comprehension about the related

nasal injury causes and which actions could be adopted

to prevent nasal injury.

This study was limited to evaluate the incidence and

severity of the nasal injury, and the risks associated to its

occurrence. It has also presented specific preventive

actions, which were based on the risk analysis of the

studied NICU and on the consulted literature.

Using these data, we may implement recommendations

as preventive approaches in the NICU studied and in other

NICUs. In the future, it is intended to turn this into a

multicenter study.

Conclusion
The incidence of injury in NBs subjected to NIV with

binasal prongs was high in this study.

Gestational age, birth weight, and length in NIV are

risk factors for the development of nasal injuries in NBs

who required non-invasive ventilatory support with the use

of binasal prongs.

The risks associated with the use of binasal prongs in

NICU studied were: inappropriate prong size, prong reuse,

prolonged NIV use exclusively with nasal prongs, incor-

rect positioning, NIV circuit pulling force, and prong

model.

Through the preliminary risk analysis, it was possible

to indicate preventive actions to nasal injury for the NICU.

Altogether 17 recommendations were presented, 13 of

them do not require investments to be implemented, in

other words, it is possible to prevent the nasal injury

regardless of the NICUs financial conditions.

The results of this study may help other similar NICUs

to the comprehension about the risks associated to nasal

injury and which actions could be adopted to reduce them

and prevent nasal injury.
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