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Abstract
Objectives Use of continuous positive airway pressure (CPAP) in neonates is associated with nasal injury (NI) for which various
risk factors related to the neonatal characteristics and properties of interfaces used have been reported. BPrivileging^ of nursing
staff may influence safety and incidence of adverse events. In this prospective cohort study, authors studied the incidence of NI
and risk factors for NI in babies requiring CPAP after privileging staff for CPAP care bundles.
Methods All neonates on CPAP over a 6-mo period were included. Standard operating procedures were formulated and staff of
NICU (nurses and doctors) were educated at the start of the study and periodically in 6 comprehensive areas of care-
encompassing position of head, prongs and cap; nasal suctioning and interruptions in pressure on the nose. The staff who
completed the training and evaluation were declared as Bprivileged^. NI (measured by a standard staging) and risk factors were
predefined and studied.
Results Of the 51 babies who required respiratory supports, 35 required CPAP care. Nine babies (25%) out of 35 who required
CPAP hadNI (2, 4, 3 babies had stages 1, II and III of NI respectively). Seventy seven percent of babies were cared for by privileged
nurses. NI was significantly higher when cared for by non-privileged staff (66% vs. 11%, unadjusted RR = 6.75, 95%CI 2.16-
21.09). All other risk factors were not significant.
Conclusions NI was noted in 25% neonates on CPAP, and those cared for by non-privileged staff had higher chances of NI.
Quality processes and emphasis on continued monitoring and evaluation of nursing skills may help prevent these untoward
complications.
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Introduction

Extensive and early use of non-invasive respiratory supports
in neonatal intensive care units (NICU) has markedly reduced
the need for endotracheal intubation and ventilation.
Nonetheless, the use of this technology is associated with
nasal injuries (NI) [1]. This is an adverse event with potential
long and short-term consequences. Although many risk fac-
tors for NI have previously been analyzed- gestational age,
duration of continuous positive airway pressure (CPAP), type
of interface, method of fixation, use of protective dressings;
authors believe that the technique of application and nursing

care during CPAP are fundamental determinants of NI [2, 3].
There is a dearth of literature which systematically looks at
effect of a structured nursing training on quality of care as
measured by rates of adverse events.

This prospective cohort study aimed to analyze incidence
of NI and identify risk factors for NI in authors’ unit after
privileging the staff for standard CPAP care bundles.

Material and Methods

This study was conducted over 6 mo from June through
December 2015 in a 26 bedded NNF Level 3B accredited
NICU of a tertiary referral hospital in South India. CPAP is
administered by Hudson short binasal prongs of appropriate
recommended sizes, either by bubble CPAP via Fisher and
Paykel®stand-alone equipment; or by CPAP mode of
Dragger®Babylog 8000plus. All are equipped with Fisher
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and Paykel humidifier system with auto fill chamber and dis-
posable ventilator tubings with double heated wire.

Standard operating procedures were formulated. Key points
in the CPAP bundle included the following components: 1.
Appropriate position of infant’s head with blanket and neck
rolls to prevent excessive movements of interface; 2.
Appropriate hat size and position; 3. Prongs position, where
prongs did not pull on nose even with movement of head; 4.
Gentle nasal suction; 5. Routine nasal massage; 6. Blow by
breaks where the interface was removed from the nostrils at
least twice every nursing shift. If the baby was on FiO2 >
0.21, the nursing staff held free flow O2 around 2 cm from
the nostril. The baby was under continuous pulse oximetry
monitoring during this period. The average duration of each
break was 30 min.

The staff nurses of NICU were educated through April-
May 2015 in batches as 5 sessions describing each partic-
ular component of CPAP care. Classes included face to
face discussions, audiovisual aids and hands on demonstra-
tions of each component described above, on mannequins.
Staff were to attend at least one class about each compo-
nent of the care bundle; after which they were observed for
compliance on the first subsequent baby who was allocated
to them. Senior privileged nurses and senior residents su-
pervised the respective nurses for compliance and level of
expertise. If unsatisfactory, the areas of deficiencies were
identified. Re-education with more audio-visual and hands
on demonstrations were conducted to address these.
Members with lowest compliance were allotted special ses-
sions. Nursing staff were certified as Bprivileged^ after all
these sessions and steps were completed and they were
issued a Bprivileging form of completion^. Repeat sessions
were continued throughout the study fortnightly. The prin-
cipal investigator along with the in-charge nurses of NICU
conducted daily audit of compliance to CPAP bundle check
list and identified gaps.

NI was classified according to the National Pressure
Ulcer Advisory Panel (NPUAP) and European Pressure
Ulcer Advisory Panel (EPUAP) [4]; Stage 1: Intact skin
with non-blanchable redness, Stage 2: Presence of ulcer
or superficial erosion with partial skin loss, Stage III:
Presence of necrosis and full skin loss. Examinations of
the nose were done by the allocated nurse and team
leader (in-charge nurse of each shift) and senior resident
on call. Nasal injury, if present were confirmed and
staged by the Principal investigator and consultant.
Once NI was noted, change in mode of respiratory ther-
apy and treatment of NI was done as per the unit’s
protocol according to the staging.

Birth weight, gestational age, CPAP hours, care by
privileged/ non-privileged staff were recorded. Only one kind
of nasal interface is used at authors’ institution as the unit is most
comfortable and experienced in the use of Hudson prongs.

If more than 95% of the nursing shifts while the babywas on
respiratory support were covered by Bprivileged^ staff, then
that baby was considered to be cared by privileged staff.
Percentage of shifts covered by privileged staff was defined
as (number of shifts where baby was cared by privileged staff
while on CPAP) ÷ (number of shifts that the baby was on
CPAP) × 100. There were circumstances when allocation could
not always be privileged personnel during staff shortage.

The authors planned to enroll all eligible consecutive
babies over 6 mo period.

Results

Over the six month study period, 51 babies required respira-
tory support, 16 (31.4%) ventilator care alone, 22 (43.1%)
CPAP care alone and 13 (25.5%) required both.

Twenty-four out of 31 nurses posted in the NICU
during the study period were certified as Bprivileged^
for CPAP care before the first baby was enrolled in
June 2015. Through the study period, more number of
nurses could complete the sessions and demonstrated
compliance to the CPAP bundle components. Six hun-
dred sixty eight nursing shifts of ventilator/CPAP babies
were audited. Seventy-seven percent of babies were
cared for by privileged nurses. Nine babies (25%) out
of 35 babies who required CPAP had NI (2, 4, 3 babies
had stages 1, 2 and 3 of NI respectively).

Risk factors analysis revealed no significant association of
birth weight (p = 0.22), gestational age (p = 0.45) and duration
of CPAP (p = 0.89) with nasal injury (Table 1). There was a
significantly higher risk of nasal injury in those cared for by
non- privileged staff (66% vs. 11%, unadjusted RR = 6.75,
95%CI 2.16-21.09).

Table 1 Baseline characteristics of babies with and without nasal injury
(n = 35)

Sl.
no.

Characteristic No nasal injury
(n = 26)

Nasal injury
(n = 9)

P value

1 Birth weight
in grams*

1493
(945-2210)

1385
(883-1797)

0.22

2 Gestational age
in weeks*

30 (27-34) 31 (28-33) 0.45

3 Inborn** 22 (84.6) 8 (88.9) 0.98

4 Antenatal steroids
covered **

10 (38.5) 5 (55.6) 0.14

5 Cesarean
delivery**

18 (69.2) 8 (88.9) 0.26

6 Hours of CPAP
support*

47 (11-99) 48 (13-187) 0.89

*Median (25-75 quartiles), **n (%)
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Discussion

With increasing survival and better outcomes of neonates at
lower gestations, there comes a paradigm shift of priorities to
improved quality of care. The role of trained nurses in neonatal
intensive care cannot be overemphasized. Health care staff are
selected primarily based on their educational qualifications.
Credentialing is an essential process that healthcare organiza-
tions and practices perform to ensure those providing services
are qualified to do so. A more imperative need is the further
process of Bprivileging,^ whereby a professional is authorized
to provide a specific scope of patient care services. Privileging
is performed in conjunction with evaluation of an individual’s
clinical qualifications along with performance in that area of
care [5]. Literature supports the fact that NICUs across the
world do not meet standard staffing recommendations; and that
nurse-to-patient ratios appear to affect outcomes [6]. There is a
dearth of publications evaluating the effect of having a struc-
tured on-going education, monitoring and evaluation plan for
each skill of every staff. These, in turn, may contribute to im-
proved safety and quality of health care services.

The authors conducted a prospective cohort study to eval-
uate the incidence of NI during CPAP supports after privileg-
ing the NICU staff in CPAP care bundles. They found an
incidence of 25% NI in their cohort. Nasal trauma is a well-
documented complication of non-invasive respiratory support
[7]. The local pressure of nasal prongs can cause NI in the
newborn due to the cutaneous vulnerability [8]. These injuries
can disfigure the infant, sometimes, permanently. In the pres-
ent audit, nasal injury was seen in 25% babies, with more
incidence of stage 2(44%) and stage 3(33%) injuries. In a
study conducted by Fischer et al., (n = 989) 42.5% neonates
developed nasal trauma and there were 88.3% of stage I, 11%
of stage II and 0.7% of stage III nasal trauma [9].

The risk factors – birth weight, gestational age, duration of
CPAP and nursing care characteristics were analyzed. The other
previously studied factors like type of interface, method of fix-
ation, use of lubricants and humidification were the same in all
babies throughout the period of study. Besides anatomical fac-
tors, such as end-vascularization of the columella and nostrils,
Diblasi, emphasized that fixation technique was also an impor-
tant factor. The lack of stabilization and, hence, excessivemove-
ment of the prongs could result in nasal injury [10]. Diligence in
ensuring the appropriate positioning of prongs relative to nose
and frequent repositioning is necessary [11]. Previous studies
report that duration of CPAP is a significant risk factor associ-
ated with development of nasal injury, after birth weight, gesta-
tional age, and nasal device used had been controlled [12]. The
prolonged use of CPAP resulted in more pressure, and if there is
any area of pressure points exerted by the device, this would
definitely cause trauma, nomatter what kind ofmode. However,
injury to the columella in CPAP had been reported as early as 3
days after CPAP [11]. In the present study the days on CPAP

were not associated with increased incidence of nasal injury.
Günlemez et al. demonstrated that the use of silicone gel on
the surface of the nostrils reduced the incidence of nasal injury
in preterm infants [13]. Collins et al. in a study comparing nasal
trauma in CPAP vs. Heated humidified high flow nasal cannula
found that, the use of protective dressing was not associated
with decreased nasal trauma for infants on CPAP [14]. Hydro-
colloid shields have been devised to protect skin, and initially
showed encouraging results [15]. However, pressure is often the
problem, rather than friction. Once the skin barrier has been
injured, the use of these products may promote further break-
down. A checklist with all the steps necessary to prevent com-
plications for patients on CPAP has been useful in some NICUs
to improve the consistency of care. In the present study, NI rates
were significantly less in babies cared by privileged staffs (11%)
compared to babies cared by non-privileged staff (75%). The
authors feel that the low incidence of NI in authors’ unit itself
may be due to the privileging process, which made the staff
more alert on the care of baby on CPAP.

The authors admit that the study population includes a
small number of babies. Although they made maximal efforts
to measure the percentage of shifts covered by privileged/non-
privileged staff, it is true that during busy days, senior staff did
contribute to care of all babies and strict allocation with no
cross-over could not be assured.

Although it seems obvious that nursing care quality would
affect outcomes, this study aids in demonstrating an objective
measure. Of all the risk factors analysed, care by privileged
nurses independently and significantly decreased the chances
of nasal injury during CPAP. This may help in advocacy for
continued nursing training and evaluation of their performances.
Hospital policies differ with some even insisting on staff rota-
tions through various specialities. These can affect number of
trained staff available for a highly demanding and skill depen-
dent area like neonatal patient care. Privileging existing staff
nurses and empowering them to deliver quality care can go a
long way in reducing complications related to therapy.

Conclusions

In the present study, 25% incidence of NI was noted in babies
on CPAP; 8% had higher stages of NI. There was a signifi-
cantly lower rate of NI in babies cared by nurses privileged for
CPAP.
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