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Introduction

Preterm infants have the risk of developing respiratory 
complications due to the immaturity of the respiratory 
system, and many times require ventilatory support.1

Non-invasive ventilation (NIV) provides ventila-
tory support without the need to establish an artificial 
airway.2 NIV reduces the need for invasive mechani-
cal ventilation, surfactant replacement, and oxygen 
supplementation in infants.3 Furthermore, it promotes 
the stabilization of the chest wall and upper airway, 
reduces apneas, lung resistance, and work of breathing, 
improving tidal volume, oxygenation, and functional 
residual capacity.4

For NIV application, an interface device between 
equipment and patient is necessary.5 There is a wide 

variety of interfaces of different sizes, types, shapes, and 
materials available in the market.6 The masks and nasal 
prongs are the most common interfaces used.5 However, 
in neonatology, the short binasal prongs are the most 
popular,7 they may cause skin and mucosal damage in 
the nostrils and nasal septum.8
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Abstract
Short binasal prongs can cause skin and mucosal damage in the nostrils of preterm infants. The objective of this study 
was to investigate the incidence and severity of nasal injuries in preterm infants during the use of short binasal prongs 
as non-invasive ventilation (NIV) interfaces. A prospective observational study was carried out in the public hospital 
in a Southern Brazil. The incidence and severity of internal and external nasal injuries were evaluated in 28 preterm 
infants who required NIV using short binasal prongs for more than 24 hours. In order to identify possible causes of 
those nasal injuries, the expertise researcher physiotherapist has been carried empirical observations, analyzed the 
collected data, and correlated them to the literature data. A cause and effect diagram was prepared to present the 
main causes of the nasal injury occurred in the preterm infants assessed. The incidence of external nasal injuries was 
67.86%, and internal ones 71.43%. The external nasal injuries were classified as Stage I (68.42%) and Stage II (31.58%). 
All the internal injuries had Stage II. The cause and effect diagram was organized into 5 categories containing 17 
secondary causes of nasal injuries. There was a high incidence of Stage II-internal nasal injury and Stage I-external nasal 
injury in preterm infants submitted to NIV using prongs. The injuries genesis can be related to intrinsic characteristics 
of materials, health care, neonatal conditions, professional competence, and equipment issues.
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Injuries can arise as simple hyperemia, advance to 
necrosis, and culminate in the destruction of the colu-
mella and nasal septum.9,10 Tissue damage compromises 
skin functions and becomes a gateway for infectious 
agents.11 Nasal injuries may also limit the use of NIV in 
infants requiring this ventilatory support12 and, it may be 
a source of discomfort.9 Pain causes an increment in 
arterial and intracranial pressures, increasing the risk of 
interventricular hemorrhages and leading to changes in 
preterm infants’ motor development.13

The knowledge of the variables associated with the 
development of injuries due to the use of NIV can help 
direct infant care and contribute to the elaboration of 
protocols and training of the multidisciplinary team who 
are responsible for infants.14,15

From the scenario described here, we investigated 
the incidence and severity of nasal injuries in preterm 
infants during the use of nasal prongs as non-invasive 
ventilation interfaces, in the Neonatal Intensive Care 
Unit (NICU) of a public hospital situated in the metro-
politan region of Curitiba, Paraná, in the south region 
of Brazil.

Material and Methods

This prospective observational study was carried out in 
14 months in order to investigate the incidence and sever-
ity of nasal injuries in infants who required NIV through 
prongs. The essay has consisted of the data collection 
and their correlation with probable causes of these occur-
rences diagnosed by an expert physiotherapist.

Participants

Twenty-eight infants of both sexes had participated in 
this study, without distinction of ethnicity, class, or 
social group, with gestational age inferior to 37 weeks, 
submitted to NIV as initial ventilatory support or during 
weaning, for a minimum of 24 hours. Infants with nasal 
deformities or who had remained in NIV for a period 
lesser than 24 hours were excluded.

Procedures

Preterm infants received NIV via the Inter® Neo 
mechanical ventilator. Nasal prongs of 3 different brands 
(A, B, and C), new or sterilized, were selected according 
to the availability of the material during the NIV use.

All infants were submitted to an evaluation protocol 
consisting of neonatal data collection and visual inspec-
tion, which was always carried out by a single researcher. 
This researcher is a physiotherapist specialized in inten-
sive care, and he has previously worked in the assessment 

and reduction of nasal injury in newborns in other 
investigations.

Collected neonatal data had included sex, gestational 
age, birth weight, and NIV duration.

During the clinical inspection, the researcher has 
looked for skin changes internally and externally to the 
nostrils. Injuries were graded according to the classifi-
cation proposed by Fischer et  al9: (a) Stage I: intact 
skin with non-blanchable erythema; (b) Stage II: par-
tial loss of dermis thickness, presenting as a superficial 
wound, red bed, no crust; and (c) Stage III: necrosis 
and total tissue loss.

The assessments were performed before NIV use and 
then every 24 hours, always by the same researcher, until 
the medical suspension of the apparatus. The stage of 
the injury was recorded daily.

The same physiotherapist researcher, before each 
infants’ daily nasal evaluation, checked for possible causes 
that could be associated with nasal injury in the NICU 
studied. From the survey searching for detecting the pos-
sible causes of the nasal injuries, for better understanding, 
the research team decided to present the results through a 
Cause-and-Effect Diagram (Ishikawa diagram).16

This type of diagram is useful in helping to under-
stand the causes of the appearance of nasal injury and 
organize their mutual relationship. From the understand-
ing of these causes, the ICU hospital service will be to 
able develop specific preventive actions.

Modeling for Nasal Injuries Genesis

A specialized physiotherapist has carried empirical 
observations beyond the analysis of the collected data 
and the available literature to investigate possible causes 
of those nasal injuries.

Before the daily evaluation of the nose, the physio-
therapist observed the infant using NIV and the whole 
environment in which he was inserted in search of the 
causes that could lead to nasal injuries. These possible 
causes have been noted by the physiotherapist and pos-
teriorly searched in the literature to verify whether they 
could be linked to the development of a nasal injury.

In order to present the genesis of the injuries occurred 
in the infants assessed, a cause and effect diagram was 
modelled.

The nasal injury was defined as the problem to be 
examined and from the possible causes raised by the 
physiotherapist, we defined 5 main categories of causes. 
Therefore, each possible cause listed by the physiothera-
pist was classified as a subcategory of 1 of the 5 main 
categories. This is an innovative, abridged, and attrac-
tive illustration that offers all relevant information on 
the causes and effects of these nasal injuries.
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Statistical Analysis

Statistical analysis were performed with the statistical 
package GraphPad PRISM. Variables were described 
according to type: for quantitative variables, means 
and their standard deviations; for ordinal qualitative 
variables, medians, and maximum and minimum  
values; for nominal (categorical) variables, absolute 
and relative (percentage) frequencies. For differences 
between infants with and without nasal injury, Fisher’s 
exact test was applied to nominal variables, and the 
Mann-Whitney test was applied to quantitative vari-
ables, at a 5% significance level (P = .05). Correlations 
between the degree of external injury and birth weight, 
gestational age, and NIV duration were analyzed via 
Spearman’s rank correlation coefficient.

Results

Two hundred ten infants were admitted to the NICU: 83 
of them required NIV. Among the infants who had used 
NIV, 44 of them had less than 37 weeks of gestational 
age, and among these, 28 met the inclusion criteria. 
Sixteen (57.14%) were female, and 12 (42.86%) were 
male. Mean gestational age was 31.14 ± 3.59 weeks, and 
mean birth weight was 1544.25 ± 657.96 g. Also, the 
average NIV time application has reached 96 hours 
22 minutes ± 76 hours 54 minutes.

The incidence of external nasal injury has reached 
67.86% (19 infants), 13 of them were stage I and 6 stage 
II, and the incidence of internal nasal injury has hit 
71.43% (20 infants), all stage II. Table 1 presents the 
demographic characteristics of all infants assessed dur-
ing the clinical essay.

The frequency and severity of external and internal 
nasal injuries among the 28 infants, related to gesta-
tional age, birth weight, and NIV permanence, are 
described in Table 2.

From 28 infants, only 4 (14.29%) have not developed 
nasal injury. Fifteen volunteers (53.57%) presented 
internal and external injury concomitantly, all internal 
nasal injury being classified as Stage II, 10 external 
nasal injuries were classified as stage I, and 5 external 
injuries were classified as Stage II. Four volunteers 
(14.29%) developed only external nasal injury, 3 of 
them were stage I, and 1 was stage II, whereas 5 infants 
(17.86%) had only internal nasal injuries, all stage II.

When correlating the external injury stage with ges-
tational age, birth weight, and NIV length, it was veri-
fied that weight and NIV length presented statistically 
significant differences (P < .05). The strength of the 
correlation between these variables, however, was 
weak (.25 ≤ r < .5). When the stage of internal injury 
was correlated with the other variables, only NIV 
length presented statistical significance, with a moder-
ate association (.5 ≤ r < .75). These data are presented 
in Table 3.

Graphical Model for Representing Nasal 
Injuries’ Genesis

Figure 1 illustrates the possible causes of injury orga-
nized in a cause and effect diagram.

As the cause and effect diagram may represent graph-
ically the possible primary and secondary causes of 
injury organized, we optioned for this innovative 
abridged mode. It was based on empirical observations 
of infants who used NIV, carried out by the intensive 
care physiotherapist, in addition to the analysis of the 
data collected and the available literature.8,9,11,14,17-25

The diagram was divided into 5 primary cause cate-
gories: material, healthcare, neonatal conditions, profes-
sional competence, and equipment. Nasal injuries may 
be related to the prong model and its sterilization pro-
cess, both associated with the hardness of the material. 
Besides, the injury may be associated with the prong 

Table 1.  Characteristics of All Preterm Infants Who Participated of the Essay and Used Non-Invasive Ventilation.a

Variables

External nasal injury Internal nasal injury

With injury 
(n = 19)

Without injury 
(n = 9) P

With injury 
(n = 20)

Without injury 
(n = 8) P

Sex (female %) 8 (42.1) 8 (88.9) .039* 11 (55.0) 5 (62.5) 1.000
Gestational age (weeks) 30.7 ± 3.2 32.1 ± 4.4 .207 31.1 ± 3.5 31.3 ± 4.0 .919
Birth weight (g) 1375.3 ± 472.7 1901.0 ± 864.4 .116 1536.3 ± 586.4 1564.3 ± 857.8 .819
NIV time (h:min) 106:26 ± 81:35 75:08 ± 65:05 .184 118:49 ± 80:33 40:15 ± 12:37 <.001*

aValues of mean ± standard deviation or absolute frequency (percentage) of variables of interest in 28 preterm infants with and without nasal 
injury.
Abbreviation: NIV, non-invasive ventilation.
*P < .05.
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design. In the NICU studied, the prongs are sterilized 
and there are 3 different models of the prong for use. In 
the healthcare category, possible secondary factors of 
nasal injury are the prong dimensions, infant position-
ing, and nasal prong positioning, fixation and position-
ing of the NIV apparatus. In this NICU, the choice of the 
prong size is achieved by the physiotherapist according 
to infant weight. The apparatus is fixed in the infant 
through tubular knitted caps associated with adhesive 
tape or it is fixed with NIV specific caps. The infant care 
in NIV is realized by nurses, assistant nurses, doctors, 
and physiotherapists.

Involving neonatal conditions, a possible secondary 
that causes injury are prematurity, low birth weight, 

anatomical characteristics of the preterm infants’ nose, 
behavioral status, and NIV duration, the latter directly 
dependent on the infants’ clinical diagnosis. In the pro-
fessional competence category, the secondary factors 
involve lack of training, lack of professional experience, 
and lack of commitment of the professional to provide 
adequate care to the infant. Finally, in the equipment cat-
egory, injuries may be related to the malfunction of the 
humidifier.

Discussion

The incidence of external nasal injury reached 67.86%, 
similar to the results found by others studies18,24 that 

Table 2.  Frequency and Severity of External and Internal Nasal Injuries in Preterm Infants Submitted to Non-Invasive 
Ventilation.a

Variable

External nasal injury Internal nasal injury

Stage I (n = 13) % Stage II (n = 6) % Stage I (n = 0) % Stage II (n = 20) %

Gestational age
  <28 weeks 1 (7.69) 3 (50.00) 0 (0.00) 4 (20.00)
  28-31 weeks 5 (38.46) 1 (16.67) 0 (0.00) 6 (30.00)
  ≥32 weeks 7 (53.85) 2 (33.33) 0 (0.00) 10 (50.00)
Birth weight
  <1000 g 1 (7.69) 3 (50.00) 0 (0.00) 4 (20.00)
  1000-1499 g 6 (46.15) 2 (33.33) 0 (0.00) 7 (35.00)
  1500-2499 g 6 (46.15) 1 (16,67) 0 (0.00) 8 (40.00)
  ≥2500 g 0 (0.00) 0 (0.00) 0 (0.00) 1 (5.00)
NIV time
  24-48 hours 4 (30.77) 1 (16.67) 0 (0.00) 2 (10.00)
  49-72 hours 3 (23.08) 0 (0.00) 0 (0.00) 5 (25.00)
  73-96 hours 3 (23.08) 1 (16.67) 0 (0.00) 5 (25.00)
  >96 hours 3 (23.08) 4 (66.67) 0 (0.00) 8 (40.00)

aValues of absolute frequency (percentage) of the injury stage in the preterm infants studied concerning gestational age, birth weight and NIV 
time.
Abbreviation: NIV, non-invasive ventilation.

Table 3.  Correlation between External Injury Stage and Gestational Age, Birth Weight and Time of Non-Invasive Ventilation.a

Variables

Grade of external nasal injury Grade of internal nasal injury

r P r P

Gestational age −0.27 .162 −0.02 .901
Birth weight −0.42 .024* 0.05 .805
NIV time 0.40 .036* 0.68 <.001*

Note: The value of “P” corresponds to statistical significance. The value of “r” indicates the direction and intensity of the correlation. If the “r” 
signal is negative, the variables are inversely proportional. If the signal is positive, the variables are directly proportional. The intensity of the 
correlation is given by the modulus value of “r,” in which: r = 0 absence of correlation; 0 < r < 0.25 Negligible correlation; 0.25 ≤ r < 0.5 Weak 
correlation; 0.5 ≤ r < 0.75 Moderate correlation; 0.75 ≤ r < 1 Strong correlation; r = 1 perfect correlation.
Abbreviation: NIV, non-invasive ventilation.
aSpearman’s correlation coefficient (r) and significance (P) value associated with the relationship between external and internal lesion stage and 
3 variables studied in 28 preterm infants submitted to non-invasive ventilation (NIV).
*P < .05.
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evaluated the incidence and risk factors in preterm 
infants of low birth weight.

We found that 68.42% of the external nasal injuries 
presented Stage I, while 31.58% presented Stage II. An 
important aspect being emphasized is the non-occur-
rence of Stage III injuries. Aiming at the prevention of 
injuries, the studied NICU had a protocol that imple-
mented nasal protections during NIV. It should be noted 
that the infants evaluated in this study had hydrocolloid 
or silicone nasal protections. This practice may have 
been the reason for the absence of Stage III injuries.

Sousa et al24 had assessed 47 preterm infants who had 
required NIV using prongs. They observed 32 occur-
rences of nasal injury (68.1%) in infants being 43.7% 
classified as Stage I, 50% in Stage II, and 6.3% in Stage 
III. It should be emphasized that they had not used nasal 
protection in infants submitted to NIV, the reason for the 
more severe injury in this group.

When we associate external injury stage, birth 
weight, and NIV, length, we found that lower weight 
preterm infants and those who remained under NIV for 
longer periods developed more severe stages of exter-
nal nasal injury. These findings are similar to other 
studies9,18,26 in which were observed that preterm 
infants who stay for long periods under NIV are more 
susceptible to developing nasal injuries. Due to the 
immaturity of their integumentary system,27 preterm 
infants are more susceptible to develop injuries. They 

have a poorly developed epidermal barrier, which leads 
to skin injury when some areas are compressed.28 
Besides, the immaturity of their respiratory system 
usually requires long periods in NIV, increasing the 
chances of injuries development.18

Until the moment, we have not found neonatology 
studies evaluating internal nasal injuries due to the use 
of the NIV. This study found an internal injury incidence 
superior to 70%; the severity of injuries was Stage II in 
100% of the cases.

A statistically significant difference (P < .001) was 
observed in the NIV duration variable between infants 
with and without internal nasal injury. Also, Spearman’s 
correlation showed that infants who remained under 
NIV for longer periods presented more advanced inju-
ries, and the correlation between NIV duration and 
severity of the injury was moderate (r = .68). NIV dura-
tion is considered a risk factor for the development of 
nasal injuries: the longer the time under NIV, the greater 
the risk of developing injuries.9,18,24

A cause and effect diagram was created from causes 
diagnosed by the physiotherapist, based on data col-
lection, daily observations of the infants submitted to 
NIV, environment conditions associated, and available 
literature.

According to the proposed diagram, 5 primary injury 
categories stood out: materials, health care, neonatal 
conditions, professional competence, and equipment.

Figure 1.  Cause and effect diagram.
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In the “material” category, the possible secondary 
causes of injury were the prong model and design, as 
well as its sterilization procedure. The appearance of 
nasal injuries may be associated with the prong manu-
facturer, concerning the quality of materials and design.22 
Flexible prong and with curves insertion catheters are 
more effective than straight insertion catheters prongs29 
and can prevent injury.25

In the studied period, the NICU had 3 different 
models of prongs, new or reused. These models dif-
fered from each other by the format of insertion cathe-
ters, prong length, and by silicone softness, such 
parameters were seen as possible causes of nasal injury 
by the physiotherapist. However, the comparison of the 
effects of these distinct models is beyond the scope of 
this study.

Nasal prongs are supposed to be disposable. However, 
their reuse has been observed in many Brazilian 
NICUs.18 The sterilization process causes the degrada-
tion of the polymeric material from which the device is 
manufactured, turning it more rigid and prone to injury 
the immature tissue of the newborn nostrils.8 The NICU 
of the present study has been using both new and reused 
prongs.

The second category of possible primary causes of 
nasal injury was entitled “health care,” and includes: 
prong number, prong and infant positioning, apparatus 
fixation and positioning.

The causes raised by the physiotherapist corrobo-
rate the literature because prongs with insertion cathe-
ters smaller than the diameter of the nostrils allow 
increased mobility of the prongs, can lead to nasal 
injury.8 Besides, if the prong is too small, the insertion 
catheters do not fit properly in the nostrils and occurs 
positive pressure loss, thereby jeopardizing effective-
ness of treatment. To compensate for leakage, the pro-
fessionals can press erroneously the prong on the nasal 
structures, increasing the chances of injury.25

According to Nascimento et al,8 the size and inade-
quate prong fixation are essential factors for the occur-
rence of injury. Regarding positioning, the prong should 
be adjusted in such a way that it does not touch the nasal 
septum,8 and the NIV tube should not suffer traction.25

The NICU studied the physiotherapist is responsible 
for choose the prong’s size and fixing in the infant. The 
choose prong’s size depends on their body weight at the 
time of NIV implementation.21 However, in clinical 
practice, the relationship between prong dimensions 
and the infant’s body weight does not always guarantee 
that the infant will receive a prong of an appropriate 
size.15 Therefore constant inspection of the prong and 
its positioning on the infant’s skin can prevent the out-
set of injuries.25

The third primary cause category refers to “neonatal 
conditions.” By collecting data on the incidence and 
severity of the injury and its correlation with gestational 
age, birth weight, and time under NIV, the physiothera-
pist concluded that these parameters were associated 
with injury nasal. According to the literature9,11,20,26 pre-
maturity and low birth weight are risk factors for the 
development of injuries, and the prolonged use of NIV 
may increase the probability of injury to nasal struc-
tures, pressed by the nasal prong. These factors are 
inherent to preterm infants, making them more suscep-
tible to injury, implying redoubled health care.

The fourth category of injury causes involves  
“professional competence,” which includes: lack of 
training, lack of experience, and lack of commitment 
of the health professional. Training and collective 
involvement in improving the use of the NIV are key 
components for the optimal performance of this venti-
latory support.22

It is possible observe that the fourth category of 
injury causes is directly related to the “health care cate-
gory,” because the treatment given to the infants in NIV 
depends on the professional competence, in other words, 
it depends on how much this professional was previ-
ously trained and qualified to his jobs, how experienced 
he is and how committed and involved he is with the 
care of premature infants hospitalized in the NICU.

The fifth and last category addressed in the cause 
and effect diagram is “equipment.” The secondary 
causes raised by the physiotherapist were: problems 
with the system’s humidifier. During the installation 
and permanence of the infant in NIV, it is necessary to 
make sure that humidification and heating of the gases 
are adequate.25 The temperature of gases must be set at 
37°C.19 Problems in the humidifier may cause drying of 
the nasal mucosa and make the infant more susceptible 
to nasal injury.

A limitation of the present study is related to the 
methodology used to survey the possible causes associ-
ated with the nasal injury, which consisted of unsystem-
atic observations carried out by a single professional. 
To scientifically prove that these causes are significant 
to the occurrence of injuries in infants submitted to 
NIV, it is necessary to perform studies that evaluate the 
relationship of each of the possible causes with the 
development of the nasal injury.

Conclusion

Data indicate a high incidence of these injuries in pre-
term infants who received NIV using nasal prongs.

The severity of the external nasal injury was directly 
proportional to NIV duration and inversely proportional 
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to birth weight, just as the severity of the internal nasal 
injury was directly proportional to NIV duration.

The main causes of nasal injuries are related to the 
characteristics of prong material, equipment issues, 
health care, neonatal conditions, and professional 
competence.

We hope that these results contribute to sensitizing 
multi-professional healthcare teams about the incidence 
and causes of nasal injuries, and to the fact that preven-
tive action must be done to minimize nasal injury in 
infants who undergo NIV using prongs.
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