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ABSTRACT

Respiratory distress continues to be a major cause of neonatal morbidity. Current neonatal practice
recommends the use of nasal continuous positive airway pressure (nCPAP) in the immediate
resuscitation and continued support of neonates of all gestations with clinical manifestations of
respiratory distress. Despite the many short- and long-term benefits of nCPAP, many neonatal care
units have met resistance in its routine use. Although there have been numerous recent publications
investigating the use and outcomes of various modes of nCPAP delivery, surfactant administration,
mechanical ventilation, and other forms of noninvasive respiratory support (high-flow nasal cannula,
nasal intermittent positive pressure ventilation), there has been a relative lack of publications addressing
the practical bedside care of infants managed on nCPAP. Effective use of nCPAD requires a coordinated
interprofessional team approach, ongoing assessment of the neonate, troubleshooting the nCPAP

circuit, and parent education.

Keywords: NICU; nCPAP; respiratory distress; nursing care; heated humidified high-flow nasal
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ESPIRATORY DISTRESS AT BIRTH IS A

ignificant complication that occurs in
newborns of all gestations. The cost of respira-
tory distress in the neonate is high. Conditions
associated with respiratory distress include
respiratory distress syndrome (RDS), transient
tachypnea of the newborn (TTN), bronchopul-
monary dysplasia (BPD), air leaks, pulmonary
hypoplasia, meconium aspiration syndrome,
and persistent pulmonary hypertension of the
newborn (PPHN). These discases account for
nearly one-fourth of all NICU deaths.! The
incidence of RDS increases with decreasing
gestational age, affecting 93 percent of neo-
nates born at 28 weeks’ gestation and carlier.?
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However, RDS still occurs in a significant
number of late-preterm and term infants.
Respiratory distress syndrome has been
reported to occur in 10.5 percent of infants
born at 34 weeks, 6 percent at 35 weeks, 2.8
percent at 36 weeks, 1 percent at 37 weeks,
and 0.3 percent at 38 weeks and greater.?
Late-preterm and term infants are also prone
to other respiratory disorders. The two most
common pathologies of respiratory distress in
these infants are PPHN and TTN.**

Nasal continuous positive airway pres-
sure (nCPAP) has been used and studied for
decades in the care of neonates® and is the pre-
ferred respiratory support even for premature
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infants.” Nasal continuous positive airway pressure is the stan-
dard of care for immediate resuscitation and continued support
in neonates of all gestations who breathe spontaneously, but
have clinical manifestations of respiratory distress. The use of
nCPAP is associated with lower mortality and a lower incidence
of respiratory morbidities than intubation with or without sur-
factant.®'° The incidence of BPD, pulmonary air leaks such as
pneumothorax, ventilator-associated pneumonia, and neuro-
cognitive disorders is lower with the use of nCPAP than with
mechanical ventilation.''-'*

Process failures are common in the use of nCPAP because
maintaining nCPAP is a complex and arduous process requir-
ing an astute and motivated interdisciplinary team. The failure
rate of nCPAP in premature infants is significant, reported to
be as high as 50 percent in infants less than 29 weeks’ gesta-
tion,¥1? and 29 percent at 29-32 weeks’ gestation.'® Further-
more, neonates who experience nCPAP failure have longer
hospitalizations that are complicated by comorbidities such as
pneumothorax, BPD, and retinopathy of prematurity. They
also have a heightened risk of death.'® Therefore, despite the
many short- and long-term benefits of nCPAP, some neona-
tal care providers are resistant to using this therapy.

Although there have been a number of recent publica-
tions investigating the use and outcomes of various modes
of mechanical ventilation, surfactant administration, nCPAP
delivery, and other forms of noninvasive respiratory support
(high-flow nasal cannula, nasal intermittent positive pressure
ventilation), there has been a relative paucity of publications
addressing the practical bedside care of infants managed on
nCPAP. To prepare this guide, we conducted a comprehen-
sive review of the literature and current evidence to develop
a background overview of pathophysiologic mechanisms and
practical application of nCPAP at the bedside.

WHY USE NCPAP? THE BACKGROUND
PATHOPHYSIOLOGY

Respiratory distress at birth is typically caused by an
impaired transition from fetal to extrauterine life. Clinical
signs of respiratory distress include tachypnea (respiratory
rate >60 breaths per minute), nasal flaring, intercostal or sub-
sternal retractions, accessory muscle use, grunting, and cya-

nosis. The etiology for neonatal respiratory difficulties most
commonly is RDS, TTN, or PPHN.

Respiratory Distress Syndrome

Respiratory distress syndrome is primarily caused by a
deficiency of surfactant. Surfactant decreases alveolar surface
tension, decreasing the pressure needed to inflate and keep
alveoli open. The quantity and quality of surfactant is lower
with decreasing gestational age. Portions of surfactant can be
synthesized during the saccular phase of lung development,
between 27 and 36 weeks’ gestation, but most infants born
before 34 weeks’ gestation do not have adequate surfactant to
support extrauterine life without respiratory support because
mature levels of pulmonary surfactant are not usually present
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until after 35 weeks’ gestation.””? In addition to prematurity,
surfactant deficiency can be associated with the following?:
e Maternal diabetes
e Cesarean section without labor
e Fetal asphyxia
» Maternal hypertension
 Family history
e Male sex

Surfactant deficiency results in increased work of breathing
as the neonate tries to generate enough pressure to open alve-
oli and inflate the lungs. This increase in work of breathing
is accentuated by the increase in chest wall compliance seen
in both preterm and term infants.>"*? In addition to having
a highly compliant chest wall, premature infants are prone to
central and obstructive apnea,” and mature alveoli are not
present until 36 weeks’ gestation.?® These factors all con-
tribute to diffuse atelectasis, which results in decreased lung
compliance and a low functional residual capacity (FRC),
ultimately causing a mismatch of ventilation and perfusion.
Blood bypasses collapsed, unoxygenated alveoli, causing a
ventilation-to-perfusion mismatch resulting in hypoxemia
(Figure 1). This hypoxemia can then contribute to an increase
in pulmonary vascular resistance, resulting in increased right-
to-left shunting of deoxygenated blood through the foramen
ovale and ductus arteriosus, further worsening arterial hypox-
emia and ultimately resulting in respiratory failure.

Respiratory distress syndrome presents with increased
work of breathing, desaturation, and cyanosis immediately at
or shortly after birth. The signs of RDS tend to progress over
the first 24-72 hours of life and then begin to stabilize and
improve as the newborn’s body starts to produce surfactant
in response to birth. Exogenous surfactant can be given via
endotracheal intubation or minimally invasive methods, but
early CPAP has been shown to decrease the need for intu-
bation and surfactant administration.?*?* Antenatal gluco-
corticoids promote the maturation of alveoli and surfactant
production and have significantly decreased the incidence
and severity of RDS in very premature and late-preterm
infants.?**” Nasal continuous positive airway pressure main-
tains and can even increase FRC by exceeding the closing
capacity of the lungs. Therefore, nCPAP can improve ventila-
tion and ventilation—perfusion mismatch, prevent progressive
arterial hypoxemia, decrease respiratory muscle fatigue, and
ultimately reduce the failure seen in the setting of RDS.??

Transient Tachypnea of the Newborn

Transient tachypnea of the newborn is a result of the fail-
ure of adequate lung fluid clearance at birth. It is an increase
in sodium and lung fluid reabsorption during labor and deliv-
ery rather than the mechanical squeezing of the fetus passing
through the birth canal that clears the excess fluid in the fetus’s
lungs.?® Fetal lung fluid is produced by the lung itself, and amni-
otic fluid rarely enters the developing lung except during fetal
distress.”® The rate of secretion of lung fluid starts to decrease
two to three days before birth, with nearly two-thirds of the

25



FIGURE 1 B Ventilation-perfusion scenarios in the newborn lung.

Normal: Blood becomes oxygenated when passing by the
well inflated and open alveolus.

Blood from heart
to lungs ——»

Respiratory distress syndrome:
Blood passes by underinflated alveoli and
does not become oxygenated.

Interstitial edema/Transient Tachypnea:
Interstitial Edema interfers with oxygen
diffusion from the inflated alveolus to the
blood vessels.

Blood from lungs
toheart —

Pulmnoary hypertension: There is little
pulmonary blood flow and the vessels are too
constricted to allow for oxygenation to occur.

— —_

N

Alveolar edema/Debris: Alveolar Edema or
debris interfers with oxygen diffusion from

the inflated alveolus to the blood vessels (TTN,
pneumonia, meconium aspiration, etc.).

Abbreviation: TTN = transient tachypnea of the newborn.

total clearance of fluid occurring during labor.>*** The onset
of labor stimulates the pulmonary epithelium to change from
a chloride-secreting membrane to a sodium-absorbing mem-
brane, resulting in absorption of fetal lung fluid.*® This process
is developmentally regulated, with premature infants being less
able to clear fetal lung fluid. The accumulated fluid leads to
compression of compliant airways, gas trapping, hypoxemia
from ventilation—perfusion mismatch, and hypercarbia from
interference with alveolar ventilation.?

Transient tachypnea of the newborn typically appears
as tachypnea within two hours of birth and resolves by 72
hours after birth, with respiratory improvement coinciding
with the natural diuresis that tends to occur around this time
period. Transient tachypnea of the newborn occurs more
frequently in infants after an elective cesarean birth, because
these infants are born without the benefit of labor. Changes
in stress hormones and the rapid clearance of fetal lung fluid,
largely through sodium reabsorption, are inadequate or not
present in preterm gestations or the absence of labor, which
places the neonate at risk for respiratory distress.*® Transient
tachypnea of the newborn also occurs more frequently in twin
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pregnancies, preterm birth, maternal diabetes, and maternal
asthma. Male sex and higher birth weights are associated with
an increased incidence of TTN.?!#? Nasal continuous positive
airway pressure improves oxygenation in infants with TTN
by stenting open airways, increasing alveolar pressure to
expand alveoli, and promoting clearance of lung fluid, which
decreases ventilation—perfusion mismatch (see Figure 1).

Persistent Pulmonary Hypertension of the Newborn

Persistent pulmonary hypertension of the newborn is a
result of the neonate’s inability to decrease pulmonary vascu-
lar resistance after birth. During intrauterine life, pulmonary
vascular resistance is high because little blood flow needs to
go to the lungs in the absence of breathing air. Therefore, the
fetus lives in a relatively hypoxic environment. With the first
breaths at birth, oxygen in the air is introduced through the
lungs to the pulmonary vasculature, resulting in vasodilation
and a decrease in pulmonary artery pressures. Blood flow to
the lungs is then increased.

With PPHN, pulmonary pressures fail to decrease in the
newborn, leading to right-to-left shunting of deoxygenated
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blood across the foramen ovale and ductus arteriosus, resulting
in cyanosis. This hypoxemia leads to respiratory distress as the
infant attempts to compensate for the decreased oxygen levels
and attempts to open alveoli to increase oxygen delivery to the
pulmonary vasculature. Neonates with PPHN typically present
with tachypnea and cyanosis. Because of right-to-left shunt-
ing, differential pre- and postductal saturations are common.
Arterial blood gases show severe hypoxemia and oxygen desat-
uration, often with normal carbon dioxide tensions.®® Nasal
continuous positive airway pressure is used in the treatment of
PPHN to provide both lung inflation and oxygenation, which
results in a decrease in pulmonary vascular resistance.

HOW DOES CPAP WORKY

Nasal continuous positive airway pressure is a noninva-
sive method of maintaining lung inflation by applying a con-
stant pressure to keep the alveoli open during inhalation and
exhalation. Continuous distending pressure (nCPAP; heated
humidified high-flow nasal cannula [HHHFNC]) improves
diaphragm function, reduces upper and lower airway resis-
tance, increases pulmonary compliance, improves tidal vol-
umes, and decreases alveolar edema.?* The clinical goals of
nCPAP are to maintain the FRC of the neonate’s lungs and
support gas exchange, thereby decreasing the work of breath-
ing, improving oxygenation and ventilation, and potentially
decreasing both obstructive and central apnea. Nasal contin-
uous positive airway pressure works well in neonates as they
are obligate nasal breathers and pressure is maintained in the
lungs because of the anatomic seal that forms between the
neonate’s tongue and soft palate. Three types of nCPAP are
commonly used in the clinical setting.®

Constant Flow/Ventilator-Derived nCPAP

Constant flow/ventilator-derived nCPAP is one of the
oldest forms of CPAP and uses a ventilator to provide a set
flow and positive end expiratory pressure (PEEP). It has
been in use the longest; however, it can be associated with an
increase in work of breathing when compared with variable
flow delivery systems. Because the flow does not vary with
the infant’s respiratory cycle with this delivery system, the
infant must work harder to exhale against the positive pres-
sure.®*® Other forms of delivering nCPAP have gained favor
over the years. Bubble nCPAP, in particular, has been shown

to have several advantages over ventilator-derived constant
flow nCPAP.37

Variable Flow nCPAP/Infant Flow

With variable flow or fluidic flip nCPAP, a device (driver)
incorporates an oxygen blender, flowmeter, and pressure
monitor to deliver the necessary amount of nCPAP. Variable
flow systems allow for increased pressure support during inha-
lation and decreased resistance during exhalation. This can
result in increased lung volumes, improved lung compliance,
decreased work of breathing, and improved lung recruitment
when compared with constant flow systems.*! This system has
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FIGURE 2 H CPAP delivery apparatus.
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many advantages including pressure display, alarms, and an
internal pressure relief valve that allows for a more constant
pressure delivery while minimizing excessive pressure deliv-
ery. This device is well tolerated and effective.*>*

Bubble nCPAP

Bubble nCPAP uses positive pressure by immersing the
expiratory tubing in a water column to deliver pressure. With
bubble nCPAP, there is not a machine that delivers nCPAP;
rather, the depth in centimeters of the expiratory tubing
delivers the desired PEED. A flowmeter attached to a blender
and cylinder with water (acetic acid can be used to deter bac-
terial growth) is the mechanism for positive pressure genera-
tion (Figure 2). There are no alarms for this setup; therefore,
vigilance at the bedside is required to assure proper connec-
tions, positioning, pressure delivery, and respiratory support.
Bubble nCPAP delivers mechanical oscillatory vibrations
that simulate ventilation in a similar way to high-frequency
ventilation.** With bubble nCPAP, nonrecruited areas of the
lung may open and air exchange may be improved because of
the variable frequency and amplitude of the pressure oscilla-
tions.?* These pressure oscillations provide enhanced ventila-
tion, and Lee and colleagues® found that bulk tidal volumes,
respiratory rates, and minute ventilation were lower in prema-
ture infants supported with bubble nCPAP when compared
with ventilator nCPAP. In addition, there was no statistically
significant difference in transcutaneous carbon dioxide pres-
sure or oxygen saturations between the two groups.®® Infants
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using bubble nCPAP have also been shown to have fewer
complications, a decreased need for intubation, less likeli-
hood of respiratory failure, and shorter hospital stays, all at
a lower cost than ventilator-derived nCPAP.?*#0 Although
initially employed in premature infants, bubble nCPAP is
now being used for infants of all gestations.

Heated Humidified High-Flow Nasal Cannula

Heated humidified high-flow nasal cannula is an alter-
native method to deliver continuous distending pressure
without nCPAP. Heated humidified high-flow nasal cannula
was developed as an alternative to nCPAD systems because
of perceived improved patient tolerance and ease of use.'?
Heated humidified high-flow nasal cannula uses a flowme-
ter and heated, humidified oxygen delivered at high rates via
nasal cannula prongs. The flow rate needed is determined by
the physician or advanced practice nurse based on the clini-
cal needs of the patient. Our group uses flow rates ranging
from 2 to 5 L /minute. A recent Cochrane review found that
in comparison with other forms of noninvasive respiratory
support, high-flow nasal cannula has similar rates of efficacy
for preventing extubation failure, death, and chronic lung
disease. The review also found that nasal trauma and poten-
tial pneumothorax are also decreased with the use of high-
flow nasal cannula.*® The primary concern with HHHFNC
centers on the highly variable pressure delivery because it is
the flow rate and not the exact pressure that is delivered in
this system; the high-flow air generates a continuous posi-
tive airway pressure, but the amount of pressure generated is
not measured or regulated. Iyer and Mhanna*® showed a sig-
nificant linear association between flow rate and distending
pressures in premature infants with a mean gestational age of
26.6 weeks, but commented that the pressures generated by
a specific flow rate were variable. Heated humidified high-
flow nasal cannula is predominantly used when weaning the
neonate from nCPAP; however, Yoder and associates found
that HHHFNC had the same clinical efficacy and safety when
compared with nCPAP in neonates = 28 weeks’ gestation.*”
Several studies have shown HHHENC is well tolerated by
premature infants, may improve growth, and did not increase
the risk of death, BPD, or other outcomes.!**” However,
the eftective use of HHHENC has been debated because a
large meta-analysis of clinical trials did not show HHHEFNC
as equivalent or superior to nCPAP, and concluded that the
safety and efficacy of HHHENC in extremely preterm and
mildly preterm infants still needs to be established.*® There-
fore, many institutions choose to only use HHHENC in
infants >32 weeks corrected gestational age who are in a con-
valescent phase.

KEY POINTS IN THE USE OF NCPAP

Nasal continuous positive airway pressure can be delivered
via nasal prongs or mask used with a hat or headgear. Sev-
eral different devices are available on the market for nCPAP
delivery. A key point in the effective use of nCPAP is properly
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fitting equipment. It is paramount that the hat and prongs/
mask remain in proper position to maintain CPAP flow and
prevent pressure injuries. In addition, proper positioning
of the neonate to maximize airway patency is necessary. It
is important to know that with bubble nCPAP, bubbling is
present when there is an open functional circuit (the goal);
however, it is also present when the circuit is obstructed.
Therefore, it is important to reassess the neonate and nCPAP
system on a regular basis.

Excessive movement, especially in late-preterm and term
infants, can dislodge the nCPAP system. Comfort measures
such as swaddling, decreasing environmental stimulation,
skin-to-skin contact, use of a pacifier, and presence of the
caregiver can calm the neonate to allow maximum delivery of
pressure to prevent further complications. Effective nCPAP
requires a multidisciplinary team approach that includes the
family. A successful nCPAP program involves:

e Physicians and advanced practice nurses to apply evi-
dence-based medicine to support nCPAP use

 Respiratory therapists to setup and maintain the nCPAP
(starting in the delivery room)

e Nurses providing bedside care and continually reassessing
the infant

e Occupational therapy helping with developmental posi-
tioning and appropriate stimulation

e Pharmacy and nutrition teams to assure adequate nutrient
delivery and monitor growth

e The family to provide skin-to-skin care (which can be done
on any form of respiratory support), offer developmental
stimulation, and be the advocate for their child

It is vital for the entire team to understand the importance
of nCPAP and be willing and able to support and help each
other make nCPAP successful.

ASSESSING THE NEONATE ON NCPAP

Assessment is paramount in ensuring the neonate is receiv-
ing adequate ventilation and that skin integrity is maintained
on nCPAP. Frequent assessments are essential, and the CPAP
device should be removed every four to six hours to ade-
quately evaluate the skin for signs of compromise.'®

Skin/Tissue Integrity

There are many potential pressure points on the head
and face when using CPAP. The nares, columella, and nasal
septum are particularly at risk for injury because of the posi-
tioning of prongs or a mask. Properly fitted prongs will avoid
pressure on these high-risk areas as well as prevent excess
movement and rubbing. A properly sized and positioned
mask is needed to prevent slipping and pressure injury. With
a mask, pressure injury can occur to the nasal bridge and/or
to the nares and columella. In addition, the mask can slide
upward and obstruct the nares. Depending on the hat and
strap apparatus used, pressure may also occur on the cheeks,
scalp, chin, and ears. Therefore, it is important to remove the
hat and chin strap completely to do a full assessment.

JANUARY/FEBRUARY 2018, VOL. 37, NO. 1



FIGURE 3 M Proper CPAP positioning. Developmental aids are used
to “nest” the infant; the hand is placed under the chin
to help keep the mouth closed without the aid of a
chin strap. A properly fitting mask is used with at least
2-4 mm of space between the lower aspect of the mask
(or crossbar of the prongs) and columella/nares, CPAP
straps fit snugly over the cheeks but do not compress or
cut into facial tissue. The CPAP hat is covering the brow.

Effectiveness of nCPAP Delivery and Support of
Ventilation

Regular assessments of the neonate’s color, work of breath-
ing, and oxygen saturation are mandatory, as is evaluating
respiratory rate, symmetry of chest movement, and breath
sounds. Retractions, grunting, and increased work of breath-
ing need immediate attention and may necessitate an increase
in ventilatory support. When auscultating breath sounds, the
clinician should be able to hear the CPAP bubbling or roar
throughout the entire chest when CPAP is being delivered
appropriately. Unequal chest movement or a sudden increase
in respiratory rate and/or work of breathing may indicate a
pneumothorax or other pulmonary complication.

Proper nCPAP Positioning and Equipment Application

The hat should be at the brow line (Figure 3), cover the
ears (ensure the ears are not folded over), and reach the base
of the neck. The hat should fit snugly so it will hold the CPAP
apparatus in place but not be so tight that it causes blanching
of the skin or pulls up on the CPAP mask/prongs, lifting
the nose toward the forehead. The lateral straps should have
equal tension on them and should not cut into or cause an
indentation in the facial cheeks. The nCPAP circuit should be
secured so that any condensation drains toward the nCPAP
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unit and the tubing does not slip out of the incubator, caus-
ing tension against the headgear and the baby’s face.

Positioning the neonate so the mouth remains closed is
important because an open mouth may decrease the pres-
sure delivered and increase the possibility of respiratory dis-
tress. Placing the neonate in the prone position with his/her
hand tucked underneath the chin may help keep the mouth
closed. Using a roll under the neck or chest may help keep
the airway patent by facilitating flow past the nasopharyngeal
level. A chin strap is also helpful to use when the infant’s
mouth habitually remains open. When using a chin strap, it is
important that it is positioned underneath the bony portion
of the chin and not over the fleshy portion of the hypophar-
ynx region because this may cause airway obstruction and
place the infant at risk for aspiration.

Manufacturers supply a template for proper selection of
the size of nasal prongs and masks. The template and choices
for the different sizes differ based on the manufacturer. Nasal
prongs should fill the entire nares but not cause blanching.
There should be a small (several millimeters) cushion of air
between the nasal septum and the base (crossbar) of the
prongs. The nares should be kept clear of secretions but deep
suctioning should be minimized to avoid trauma and resul-
tant edema of the nasal mucosa. The mask should cover the
entire nose, yet be small enough to sit flush with the face and
not slide. The mask should not fit too tightly; it should not
cause indentations and pressure on the nasal bridge or ride
up and occlude the nares.*® Alternating the use of mask and
prongs can help minimize pressure injuries.

Abdominal Distention
Early in the use of nCPAP for neonates, there was con-
cern for increased risks of gastrointestinal perforation and
necrotizing enterocolitis, but this has not been seen in recent
studies.?**¥ The use of nCPAP, however, has been associated
with abdominal distention in neonates, especially those born

TABLE 1 H Troubleshooting the CPAP Delivery System

Circuit e Look for leaks and disconnections.
setup and e Follow the circuit from the infant’s face to the CPAP
configuration  setup.

Maintaining * Employ Z-Flo pillows (M6lInlycke Health Care,

ordered Norcross, GA), shoulder rolls, and other
pressure developmental tools to help position the infant.
e Adjust flow as needed.
A chin strap may be required when other means
have failed.
Water in the e Water blocks the flow on the inspiratory limb and
circuit adds resistance (higher PEEP) in the expiratory
limb.

Accumulated rainout that drains into the patient
interface (mask/prongs) can result in aspiration and
sudden patient deterioration.

e Check for rainout and redirect it away from the
infant.

Abbreviations: CPAP = continuous positive airway pressure;
PEEP = positive end expiratory pressure.

29



TABLE 2 B Danger Signs and Targeted Assessments and Interventions

Danger Signs Suggested Action

Clinical change: increased e Thoroughly examine the infant for signs of clinical deterioration, sepsis, pneumothorax, and compromised

work of breathing, increased perfusion.
alarms (apnea, bradycardia, e Suction if rainout aspiration is suspected.
desaturations), increase in oxygen e

course.
e Check the CPAP delivery system.

need

Abdominal distention

Consider X-ray, blood gas, and other laboratory work as indicated by physical exam findings and clinical

Ensure air entry is heard throughout the chest.

Thoroughly examine the infant for signs of clinical deterioration.

Consider X-ray and laboratory work as indicated by physical exam findings and clinical course.
Assure that a properly sized OG tube is in good position.

Attempt to aspirate from a properly placed OG tube.

If a chin strap is in place, make sure it is properly fitting (should be able to slide your finger between

the chin strap and the baby’s chin) and positioned (on the bony structures, not the fleshy region of the

hypopharynx).

e Check circuit air flow—a high air flow rate can contribute to abdominal distention
e Consider decreasing PEEP if warranted by the baby’s respiratory status.

Skin compromise/breakdown: .
redness, blanching, erosion,
excoriation

already in use.

If redness or blanching is present, reposition the CPAP apparatus and consider protective barriers if not

Change to mask or prongs based on areas affected.

e |f excoriation/erosion is present, use the previous measures and consider antibiotic ointment to the affected

area. Consult skin team if available.
If ulceration/significant tissue compromise exists, consider discontinuing CPAP and trialing in room air if

clinically appropriate vs intubating the infant to allow for healing. Consult skin and/or plastics team.

Circuit/mechanical failure: unable to e Assess infant and consider suctioning of the nares and oral airway as indicated if secretions are present/

maintain pressure, flow, oxygen suspected.

delivery, bubbling e Assess the CPAP delivery system as outlined in Table 1.

Abbreviations: CPAP = continuous positive airway pressure; OG = orogastric; PEEP = positive end expiratory pressure.

prematurely. This is a result of air being pushed into the stom-
ach and is complicated by the gastrointestinal dysmotility com-
monly seen in sick and premature neonates. It is important to

TABLE 3 B Benefits of CPAP in Sick and Premature Neonates8-'537:3940

Development/growth

e Facilitates skin-to-skin contact

e Allows oral stimulation and sucking

* Improves neurocognitive outcomes when compared with mechanical
ventilation

¢ Maintains functional residual capacity and reduces upper and lower
airway resistance, improving tolerance of caregiving and handling

* Improves growth

Respiratory

e Decreases the need for surfactant replacement

e Decreases the incidence of long-term lung complications such as
BPD, chronic wheezing without upper respiratory infection, and
respiratory illnesses

Avoids the trauma, inflammation, and injury associated with
mechanical ventilation

Improves diaphragm function, increases pulmonary compliance, and
decreases alveolar edema

Decreases work of breathing and oxygen demand, thereby
minimizes oxygen exposure

Maintains alveolar inflation and promotes the growth of new and
healthy lung tissue

Supports the work of breathing and allows the infant to take
spontaneous tidal volumes, which result in a more comfortable
breathing pattern

e Decreases incidence of pneumothorax

Financial
* Fewer hospital days
e Decreases hospital costs

Abbreviations: BPD= bronchopulmonary dysplasia; CPAP= continuous
positive airway pressure.
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continually assess the abdomen for distention, discoloration,
and tenderness. An appropriately sized orogastric tube (at least
8 Fr, if permitted by the infant’s size) should always be in place
when nCPAP is in use. This will allow for the escape of gastric
air that is under pressure. If this gastric air reaches the intes-
tines, it causes gaseous distention of the bowel that will only be
removed when the infant passes the air rectally. Feeding toler-
ance should also be monitored closely and the orogastric tube
should be allowed to vent between feedings.

ASSESSING AND TROUBLESHOOTING THE
NCPAP CIRCUIT

Whenever there is concern about the baby’s well-being or
the integrity of the nCPAP delivery system, it is critical to
assess the neonate first, then the respiratory support system.
The nCPAP circuit and equipment should be evaluated any
time that the neonate’s respiratory status is not improving as
expected or if the infant shows signs of increasing respiratory
distress, has an increasing oxygen need, is clinically deterio-
rating, and/or shows signs of increasing agitation (Table 1).

DANGER SIGNS

Critically ill neonates can change their clinical course at
any moment. Whether occurring at the time of birth, during
treatment, or during the weaning period, it is critical to
identify impending danger signs, necessitating action from
the neonatal team. Difficulties with maintaining nCPAP
include complicated application techniques, maintenance of
the delivery circuit, positional problems, nasal damage, and
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neonatal agitation.”? Danger signs and targeted assessments
and interventions are located in Table 2.

HELPING PARENTS AND CAREGIVERS
COPE WITH A NEONATE ON NCPAP

Bedside management of a neonate on CPAP is very
time-consuming and care intensive. It is important to review
the importance of successtul maintenance of nCPAP with
caregivers and families. As new alveolar formation contin-
ues throughout the first two to three years of postnatal life,'”
adequately supporting a neonate with noninvasive ventilation
can avoid the short- and long-term complications of intuba-
tion and mechanical ventilation and allow for normal lung
formation and function later in life. The benefits of nCPADP
are summarized in Table 3 and outweigh the risks of tissue
injury and treatment failure, which can be minimized thor-
ough interdisciplinary care.

CONCLUSION

Nasal CPAP is used widely in the NICU setting for the man-
agement of neonates with a variety of respiratory ailments and
has been shown to have multiple benefits alone and in compari-
son with mechanical ventilation. The successful maintenance of
nCPAP depends on meticulous bedside care that requires coor-
dination between physicians, nurses, advanced practice nurses,
respiratory therapists, occupational therapists, dietitians, phar-
macists, the skin team, and the family. Because nCPAP is used
for infants of all gestational ages, a developmental approach is
necessary and an understanding of the underlying pathophys-
iology is helpful in targeting assessments and troubleshooting
approaches. Involvement and feedback from all members of the
neonatal care team are essential to provide proper care of these
infants and optimize outcomes.
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