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Foreword

Neonatal intensive care continues to be one of the most challenging fields in medi-
cine. Fortunately years of experience from careful clinical observation, meticulous
research and plenty of tender loving care have helped to significantly increase the
chances of survival for our tiny patients. Of course, technological advances have
also played a significant role. From the first newborn incubators, developed in the
mid- and late 1800's and the first use of mechanical ventilation on a neonate in 1959
to the modern day ventilation devices, the science and the art of caring for premature
infants has indeed come a long way.

This booklet is an attempt to address the current development process of non-
invasive ventilation therapies, both from a theoretical and a practical standpoint. It is
a matter of course that a work of this scope cannot cover all aspects of this complex
field. Instead, our intention is to provide a review of the current understanding of
the need for and the provision of respiratory support for neonates and to facilitate
the application of these concepts to clinical practice. It is our hope that we can help
provide a measure of objectivity in the complex decision-taking processes involved
in the treatment of these most fragile of patients.

“Experience is perception that has been understood.”
Immanuel Kant
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1. Introduction
The premature newborn and its specific challenges

1.1 Epidemiology of the premature newborn infant

The average duration of human gestation is 280 days. Prematurity is defined as birth
before 259 days of gestation, or the 37" week of pregnancy. Each year, nearly 15
million babies are born prematurely®. Preterm birth rates vary significantly between
countries: In the USA, 12-13% of infants are born prematurely, whereas in most
European and other industrialised countries, preterm birth rates range between
5-9%*. Preterm birth accounts for 75% of perinatal mortality and more than half
of long-term morbidity of all births®®. Despite significant improvements in the
management of preterm infants, complications of preterm birth continue to account
for more than 15% of deaths in children younger than 5 years*'®2,

1.2. Specific challenges of preterm infants

Premature infants differ significantly from term born infants with regard to their
physiology and pathophysiology. The pathophysiology of preterm infants also var-
ies as a function of their level of immaturity. In addition, the inverse correlation be-
tween gestational age (GA) and disease severity has clearly been recognised". Two
particular groups of preterm infants are especially challenging for neonatal care
teams: The very low birth weight infants (VLBWI, defined as birth weight < 15009)
and the extremely low gestational age infants (ELGANs, GA <28 weeks). Intact
survival of the VLBWI and ELGAN depends on multiple factors. These vary
according to the degree of antenatal care, time and place of birth and,
consequentially, the local expertise and the equipment available to support
the preterm newborn®®%, Since the VLBWI and the ELGAN suffer most
from respiratory and gastrointestinal complications as well as from neurodevel-
opmental impairment, it is this patient group in which technological and medical
advances will generate the most noticeable improvements™?.

1.2.1. Airway and breathing

The fetal development of the respiratory system is not concluded until shortly
before the end of pregnancy,. i.e. term. Compared to term born infants, the preterm
infant's chest is softer; this is largely due to incompletely ossified, cartilaginous bony
structures. Even under normal atmospheric pressure, the trachea and larger airways
are prone to collapse. The immature lung parenchyma contains fewer numbers of
less developed gas exchange units. On the cellular level, type 2 pneumatocytes
produce less surfactant, resulting in the reduction of pulmonary compliance when
compared with termborn infants'®. Further, the preterm infant’s response to hypoxia



and hypercarbia is different to that of their term born counterparts, as they exhibit
a noticeably irregular breathing pattern. This situation, compounded by decreased
respiratory drive, can result in prolonged periods of apnea®. This combination of
effects presents a significant challenge to successful pulmonary fluid clearance and
alveolar aeration, thereby contributing to on-going respiratory compromise in pre-
term infants®,

1.2.2. Feeding and growth

The preterm infant has reduced glycogen stores at birth and is at risk for hypoglycae-
mia, necessitating almost immediate nutrition®®. Despite significant intestinal imma-
turity, solid evidence suggests that enteral feeding should be commenced within the
first hours of life. Human breast milk should be used as soon as available. However,
the optimal feeding volume and increment intervals have yet to be established®. To
ensure adequate substrate intake, intravenous parenteral nutrition will be necessary
for many preterm infants during the first days of life.

1.2.3. Immunity and infection

The VLBW and ELBW preterm infants are highly susceptible to bacterial infections.
The use of endotracheal ventilation tubes places them at risk for ventilator asso-
ciated infections. Indwelling catheters and extensive skin lesions from repeated
blood sampling and instrumentation further increase the risk of hospital-acquired
infections. Antibiotic treatment is a mainstay of neonatal care; nevertheless, specific
pathogen selection through antibiotic treatment place preterm infants at risk for spe-
cific infections, such as necrotising enterocolitis. Hence, judicious use of antibiotic
treatment is mandatory and good antibiotic stewardship has become the widely ac-
cepted doctrine.

1.2.4. Neuro-muscular and cognitive development

The disruptive environment of neonatal intensive care units (NICUs) per se can
result in poorer growth and impaired neurosensory development”. Compared to
term-born infants, preterm infants are more likely to show poorer overall academic
achievement, exhibiting specific challenges in mathematical abilities and social re-
lationships, as well as impaired emotional and physical development™. In general,
the rate of developmental delay increases as a function of decreasing gestational
age". Bassler and co-workers used severity of iliness as a predictor of neonatal out-
come and established that a count of three neonatal morbidities bronchopulmonary
dysplasia (BPD), brain injury, and severe retinopathy of prematurity is a strong pre-
dictor for the risk of death or severe neurosensory impairment, particularly in EL-
GANs*.



10 I 2. NON-INVASIVE RESPIRATORY SUPPORT FOR NEONATES

2. Non-invasive respiratory support for neonates

2.1. Perinatal transition: from breathing liquid to breathing air

The fetus breathes: In utero, pulmonary epithelial cells secrete fluid which the fetus
moves with breath-like motions from the lungs to the amniotic cavity. The presence
of intrapulmonary fluid is an essential physiologic stimulus for normal fetal lung de-
velopment and breathing movements are essential for conditioning the pulmonary
tissue and the respiratory musculature for their functions after birth336682,

2.1.1. Pulmonary aeration - The significance of establishing functional

residual capacity and tidal volume at birth

Once born, the infant must rapidly clear its airways. Pulmonary expansion is achieved
by generating sub-atmospheric inspiratory pressures during the first strong dia-
phragmatic contractions®. The amount of air moved in and out of the lungs defines
the tidal volume (Vt). With each new breath, more air enters the lungs than exits
them, thus creating the functional residual capacity (FRC), which describes the
amount of air remaining in the lung at the end of passive expiration®. A steady Vt and
an adequate FRC are mandatory for efficient gas exchange because oxygenation is
proportional to the patent alveolar surface area®®*®®. Hooper and co-workers recently
proposed three distinct phases of initial lung aeration: The first phase involves al-
veolar fluid clearance into the interstitium, phase two marks a period of increased in-
terstitial pressure due to the increased fluid load from intra-luminal fluid absorption,
and phase three where alveoli and interstitial structures are ultimately sufficiently
cleared for gas exchange®. Failure to clear the lung results in a functional reduction
of alveolar surface area, insufficient gas exchange, and respiratory distress*°.

2.1.2. The origins of respiratory distress at birth

The preterm infant’s respiratory system differs in many ways from that of the term
infant; the chest wall and larger airways are cartilaginous, providing less resistance
to atmospheric pressure. The pulmonary architecture and its biochemical properties
remain at the very immature, saccular developmental stage where the surfactant
system is not fully functional and luminal sodium channels are underexpressed®®'.
The respiratory drive is poorly controlled by the immature respiratory centre, which
is less sensitive to carbon dioxide and provides a less coordinated respiratory
pattern®. These factors predispose preterm infants to insufficient generation of
Vt and FRC. Thus, premature birth is associated with an increased risk of respiratory
distress™.



2.2. A history of non-invasive respiratory support of the preterm infant

The successes of neonatal medicine are very closely linked to advances in respira-
tory stabilisation and ventilation. In earlier ages of neonatology, the ability to ventilate
a preterm infant marked the turning point for the survival of increasingly immature
preterm infants. Exogenous surfactant replacement therapy further improved survival
of preterm infants. Over the past decade, significant advances in the understanding
of pulmonary aeration, respiratory drive and non-invasive respiratory management
of preterm infants (including less invasive methods of surfactant replacement) have
helped to further reduce morbidity in even extremely preterm and very low birth
weight infants.

2.3. Respiratory support of the preterm infant

2.3.1. Mechanical ventilation and the onset of bronchopulmonary dysplasia

The introduction of mechanical ventilation (MV) to neonatal care in the 1960s hall-
marked the beginning of improved survival in babies with respiratory distress. How-
ever, due to technological limitations of the early neonatal ventilators with regard
to tidal volume delivery, MV was associated with many challenges. Not long after
MV became available for use in preterm care, Northway and co-workers described
a debilitating disease distinct to ventilated newborns, characterised by prolonged
respiratory distress, oxygen dependency and reduced exercise tolerance. Due to
the characteristic histopathological changes of the lung which included remnants of
fibrinous exudate and scarring of the lung tissue, Northway coined the term “bron-
chopulmonary dysplasia” (BPD)®°. Despite these findings, the discovery of the
pulmonary compliance enhancing properties of exogenous surfactant replacement
therapy in the 1990s meant that the primary focus of neonatologists remained on the
refinement of MV for premature babies and newborns with compromised respiratory
function. However, irrespective of many significant medical and technical advances
in the care of preterm infant lungs and in keeping with,the concept of “alveolar ar-
rest” in the aetiology of BPD, MV remains a significant contributing factor for BPD,
due to the inflicted volutrauma, barotrauma, atelectotrauma and biotrauma on the
developing lungs®.
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2.3.2. Pioneers of nasal continuous positive airway pressure

To help avoid mechanical ventilation in infants with respiratory distress, Gregory and
co-workers introduced the concept of continuous positive airway pressure (CPAP)
in 19713". In their seminal papers on the use of CPAP in preterm neonates, Greg-
ory et al. documented an increase in arterial oxygen tension in infants treated with
CPAP: Whilst Gregory applied CPAP levels well above those used in later years
(12 cmH,0), he found a significant reduction in mortality from infant respiratory dis-
tress syndrome®"®2. Hence, the new treatment was understandably welcomed with
great enthusiasm and hailed as the ‘missing link’ between pure oxygen administra-
tion and MV*. Indications for CPAP use in the pre-surfactant era were to support
pulmonary aeration and prevent alveolar collapse to counteract the vicious cycle of
pathophysiological events leading to respiratory distress syndrome, characterised
by hypoxia, dyspnoea, atelectasis, hyaline membrane formation, and respiratory col-
lapse. Nasal CPAP proved a viable option to avoid intubation and prevented the
unwanted effects of MV on the preterm lung, i.e. reduced mucociliary clearance and
risk of mucosal injury, pneumonia by minimising barotrauma and volutrauma of the
airways and parenchyma, thereby preserving surfactant function®.

Originally, CPAP was administered via a head box (the Gregory Box) and soon after via
truncated endotracheal tubes'®?. However, the latter necessitated a cautious approach
because of the inherent risk of complications, including nasal lesions or tube blockage
from copious secretions. Hence, less invasive methods for CPAP delivery were sought
and bi-nasal CPAP prongs subsequently came into use*. Since then, a multitude of
nasal CPAP applications have been introduced, trialled and tested. Currently, evidence
from meta-analyses of randomised controlled trials comparing different nasal interfaces
for preterm infants with prolonged respiratory support points towards the superiority
of short, bi-nasal prongs to apply CPAP to premature infants™.

Further, the recently introduced small nasal masks as patient interfaces were gener-
ally positively received?'®¢®, By the mid 1980's, the advent of more sophisticated
modes of ventilation, more refined technology for MV and the success of exog-
enous surfactant replacement therapy in lowering the initial ventilation pressures
and oxygen concentrations almost marked the end of the CPAP era. However, an
early comparison of several North-American neonatal care centres with regard to the
incidence of BPD described that the lowest rate for BPD was observed in a single
centre which, to this day, avoids MV for neonates: The Presbyterian Medical Centre,
Columbia University in N.Y, USA'". Despite this striking result, intubation and MV
remained the standard of treatment for RDS for almost another two decades,
until the use of CPAP was studied in larger randomised controlled trials'®?%%675,
These studies have helped change the paradigm from an invasive to a non-invasive
approach in the treatment of RDS, even in very immature preterm infants™.



2.4. Modes of non-invasive respiratory support

2.4.1. Continuous positive airway pressure

Since the first description of the Gregory Box, the components of CPAP-Systems
have followed a common principle: Devices for CPAP-therapy include a patient
interface (nowadays usually nasal prongs or masks), a set of pipes for positive
airway pressure delivery, a heater and humidifier system and a CPAP-generator.
The traditional waterlock CPAP-generator, commonly referred to as “Bubble CPAP”,
has become the mainstay of CPAP therapy over the past decade®®®’. More recent
developments include variable flow CPAP and biphasic CPAP (Bi-Level-CPAP or
Si-PAP)%4. Both modes aim to support spontaneous respiration through a reduction
of the infant’s work of breathing.

2.4.1.1. Traditional “water-lock“ — or “Bubble-CPAP”

In their initial description of a neonatal CPAP device, Gregory et al. used a water-
lock as CPAP-generator. Using a constant gas flow to the patient and immersing the
expiratory hose of his head-box device in a basin of sterile water, the authors could
vary the expiratory resistance and thereby the level of continuously applied distend-
ing pressure®'. Several modifications of the Gregory principle have led to the wide-
spread use Bubble-CPAP in many NICUs. However, according to a questionnaire
study of German NICUs, the predominant form of CPAP is respirator generated,
constant flow CPAP via the Drager Babylog 8000 system™.

2.4.1.2. CPAP-devices with variable gas flow

Variable-flow CPAP is based on the “Beneviste-principle”. Here, a special nasal
interface is required which utilises a fluidic-flip mechanism, the so-called Coanda-
effect, to guide the direction of gas flow during in- and expiration. The Beneviste-
principle is thought to reduce the infant's work of breathing®®. Several commercially
available, standalone CPAP-devices use this principle to provide variable flow CPAP.
Further, several modern neonatal ventilators offer variable flow CPAP as a non-inva-
sive support option.

2.4.1.3. Comparison of constant-flow CPAP with variable-flow CPAP

The physiological effects of different forms of CPAP have been investigated in in-
vitro and in-vivo studies and arguments for and against the various CPAP modalities
have been formulated® (Table 1). For bubble-CPAP systems, Lee et al. and Pillow
et al. attribute the positive effects on the work of breathing to the “oscillating gas-
column” in the expiratory limb*®%%, Lee et al. were able to show that infants on bub-
ble-CPAP systems, compared to constant flow, respirator generated systems, had
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statistically lower minute volumes*. Pillow and colleagues found in sophisticated
animal experiments that bubble-CPAP, as opposed to constant flow CPAP, reduced
the work of breathing, improved gas exchange and increased lung volume®. Several
authors, including Courtney et al., have reported a positive effect of Bubble-CPAP
on oxygenation, which appears to be superior to that achieved using variable-flow.
However, the statistically significant, positive effect on the work of breathing of using
Bubble-CPAP as found in-vitro and tightly controlled animal experiments has yet to
be replicated in clinical studies.

ADVANTAGES DISADVANTAGES

Increases functional residual capacity Increases risk of air leakage syndromes

Improves pulmonary compliance and reduces the  High CPAP can lead to lung over-inflation,

work of breathing decreased compliance, and increased work of
Splints airway and diaphragm breathing

Prevents alveolar collapse Increased intra-thoracic pressure may reduce
Reduces the alveolar-arterial oxygen pressure venous return to the right heart and reduce cardiac
gradient output

Reduces intrapulmonary shunting Lung over-inflation decreases tidal volume and may

increase PCO, and the dead-space fraction

Reduces obstructive and mixed apnea Air may escape into the stomach, causing gaseous
distension (CPAP belly syndrome)

Conserves surfactant After about 10 days of nCPAP, more than 10% of
infants develop nasal complications (columellar
necrosis, ulceration of the nasal cavity, or vestibular

stenosis)

Skin excoriation and nasal damage may give rise
to bacterial infection, in particular by coagulase-

negative staphylococci

Table 1: Advantages and disadvantages of CPAP therapy (modified from Mahmoud 2011)%°

2.4.1.4. Early use of nasal CPAP — CPAP from birth

Using video documentation in the delivery room, O'Donnell et al. showed that ap-
prox. 80% of ELGANs do indeed show signs of breathing at birth®. Routine intuba-
tion of such infants will interfere with their physiological fetal-neonatal transition.
Several large-scale clinical trials have compared the use of invasive to non-invasive
respiratory support of breathing VLBWI and ELGANs from birth. Meta-analyses of
these studies have shown significant positive impact on survival and overall pulmo-
nary outcomes with no added negative effects in the non-pulmonary outcomes in the
non-invasively managed patients®’”. The number needed to treat to save a VLBWI
from death or BPD was between 25 and 35, respectively (Fig. 1). Follow-up stud-



ies of VLBWI treated with CPAP from birth compared to those who were routinely
intubated and ventilated showed that pulmonary function was significantly improved
at term equivalent age (higher respiratory compliance, lower elastic work of breath-
ing and consequently improved respiratory rate and minute ventilation) (Figure 2)™.
Consequently, the American Academy of Pediatrics has recently advised that pre-
term infants should be initially managed with CPAP, rather than intubation and ven-
tilation®’.

Study or Subgroup Avoid ventilation Control group

BPD/ BPD/ Weight Odds Ratio NNT

death Total death Total Random effects model [95% ClI]
COIN (2008) 108 307 122 303 19.8% 0.81[0.58, 1.12] — 20
CNRN (2009) 53 74 54 72 4.0% 0.84[0.40,175] ——sf—0 30
SUPPORT (2010) 323 663 353 653 455%  0.81[0.65, 1.00] - 19
CURPAP (2010) 22 108 23 105 49%  0.97 [0.50, 1.87] —— 183
DRM (2011) 68 223 138 425 17.4%  0.91[0.64, 1.29] —.— 51
AMV (2011) 15 108 17 12 38%  0.90[043,191] —a— 78
Take Care (2013) 25 74 30 67 46%  0.63[0.32,124] —+—— 9
Total 614 1552 737 1737 100%  0.83 [0.71, 0.96] ‘ 35

| | | | |
Test for overall effect: Z =255 (p = 0.01) I I I I I
005 0.2 1 5 20

Heterogeneity: Tau? = 0.00; Chi?=1.27; df = 6 (p = 0.97); I = 0% Favors Favors

avoiding ventilation  control group

Figure 1. from Fischer H et al27. Pediatrics 2013; 132: e1351-60

2.4.2. Non-invasive intermittent positive airway pressure

2.4.2.1. A rationale for exploring alternative modes of non-invasive

respiratory support

Studies of early CPAP use in VLBWI found that while a significant proportion of the
<29 GA infants can be stabilised with CPAP?"%577  a fraction of these infants may
require a brief period of mechanical ventilation, often limited to the first 72 hours of
life™ 28, However, once intubated, the incidence of successful timely extubation of
VLBWI infants may be as low as 33%. Many of these infants require re-intubation
due to their irregular respiratory pattern, resulting in prolonged apnoeic episodes
and, consequently, profound desaturations. Therefore, instead of extubating VLB-
WI with the subsequent use of conventional CPAP, various alternative modes of
non-invasive respiratory support have been studied®'2%.

D-15476-2017
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Figure 2: Pulmonary function at term equivalent age in VLBWI treated with CPAP (early CPAP)
or mechanical ventilation (early MV) at birth. (Figure by G. Schmalisch, Berlin, taken from data
as in Roehr CC et al. ADC F&N Ed. 2011)™

2.4.2.2. A definition of non-invasive intermittent positive pressure ventilation
Non-invasive positive pressure ventilation (NIPPV) describes the nasal or pharyn-
geal application of intermittent peak inspiratory pressure (PIP) inflations on top of
CPAP. A recently introduced variation of this includes the use of nasal/pharyngeal
high-frequency oscillation ventilation. The general assumption is that the PIP applied
to the nasopharynx travels down the distal airways and into the gas exchange units,
similarly to invasive mechanical ventilation. This is thought to result in an elevated
mean alveolar distending pressure, which augments tidal volume and supports spon-
taneous breathing while protecting the airways from alveolar collapse during ap-
nea?®®. However, the precise mechanisms of action, the benefits and limitations of
different currently available devices and offered modalities, as well as the choice of
applicable settings have not yet been fully explored®.

2.4.2.3. Clinical applications of non-invasive intermittent positive pressure
ventilation

Indications for using neonatal NIPPV include situations in which primary and sec-
ondary respiratory support may be required. This is chiefly either as a preventative



measure, i.e. to avoid endotracheal intubation and ventilation, or following extuba-
tion. In both scenarios, NIPPV would be used either to bridge apnoeic episodes or
for severe apnea-bradicardia-syndrome?. In practice, an invasive ventilation mode
is chosen on the ventilator (IMV, HFOV, etc.) or special commercial devices (Bi-
PAP or Si-PAP modes) and intermittent positive airway pressure (IPPV) is applied
via the non-invasive patient interface (nasal prong or mask)?.

2.4.2.4. Non-synchronised and synchronised forms of non-invasive
intermittent positive pressure ventilation

At present, there is a paucity of data for recommending the optimal PIP level,
optimal delta between PIP and PEEP, inspiratory time or respiratory rate5. Studies
differ regarding the level of applied PEEP (5-8 cmH,O) and PIP (10-20 cmH,0),
the delta P between pressures (0 to 3cmH,0), inspiratory time (0.3 - 1s) and
backup rate**45465481 Therefore, Clauret and Bancalari recently concluded that
non-synchronised NIPPV was no more effective in treating apnea, bradycardia or
hypoxic episodes, nor does it seem to improve CO,-removal more effectively than
CPAP®. However, the latest generation of mechanical ventilators now offers syn-
chronised forms of NIPPV, and first studies show promising results?*?*®, There-
fore, the results from studies on the efficiency of synchronised NIPPV performed
with comparable protocols and devices are eagerly awaited.

3. Future developments in non-invasive respiratory
support of neonates

3.1.1. Nasal high-frequency oscillation ventilation

Following anecdotal reports on the use of nasally applied, high-frequency oscil-
lation ventilation (nHFOV) in neonates, DelLuca and co-workers performed and
in-vitro study to examine the effect of applied nHFOV amplitude and recorded
tidal volume and found a quasi-linear relationship (r2 = 0.99)*. Other authors have
reported individual cases or small case series on the clinical application of nHFOV,
proving its feasibility and demonstrating adequate CO, elimination®®. Recently,
Fischer et al. surveyed 172 European NICUs with respect to their use of nHFOV
and found that less than 20% of units use this form of non-invasive respiratory sup-
port26. Prospective clinical trials on nHFOV in neonates are currently under way.

3.1.2. High-flow nasal cannula therapy
Recently, the application of medical gases at high flow rates via small nasal
cannulae has found its way into the respiratory management of neonates**®°. This

17
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treatment form, in which tiny nasal cannulae are used to apply heated and humidified
gas at flow rates between 3 and 8L/min, is commonly referred to as nasal high-flow
therapy (nHFT) or high-flow nasal cannula therapy (HFNC). The cannulae used in
nHFT are much smaller than conventional CPAP prongs or masks and, possibly for
this reason, appear to be tolerated much better than conventional CPAP applica-
tions. Evidence from large clinical trial has helped to establish nHFT as a means to
manage neonates post extubation®2%27984: There is currently not enough evidence to
support their use as primary therapy for infants with RDS from birth™.

3.2. Non-invasive respiratory support and developmental care aspects

Efforts to optimise developmental care of preterm infants focus on minimising han-
dling, including parental engagement in care, reducing the number of painful proce-
dures and finding the least invasive means of applying respiratory support’®®4. Most
forms of non-invasive ventilation appear favourable over the use of invasive means
of ventilation when it comes to supporting the cognitive and motor development of
preterm infants. Therefore, the least invasive treatments, such as nasal CPAP and
nHFT may be less detrimental to normal neonatal neurological development. This
becomes especially clear when one considers that their application requires less se-
dation than is usually required for ventilated infants. However, only a limited amount
of research has addressed this specific question to date*®.

Research in developmental aspects of nasal CPAP and nHFT is underway. Koenig
et al. and Roberts et al. recently investigated the extent of noise generated by nHFT
compared to conventional CPAP*7° The groups found conflicting results; while
Koenig et al. found the nHFT to be exponentially louder than CPAP*3, Roberts and
co-workers found no statistically significant difference between both modalities™.
The developmental impact of this noise factor has not yet been prospectively as-
sessed. As for the practical application of nHFT, Roberts et al. recently surveyed
Australian NICU personnel with regards their preferences and perception of CPAP
or nHFT in the care for preterm infants. The authors found that neonatal nurses
preferred nasal CPAP for post-extubation support of infants <28 weeks' gestation
and nHFT for infants of 28 or 30 weeks' gestation. Authors conclude that this pro-
vides evidence for nurses preferring nHFT over CPAP in preterm infants 228 weeks’
gestation™. Although less systematically surveyed, parents seem equally in favour of
nHFT for its simpler application and facilitation of parent involvement in the infant’s
care’. To summarise, while distinct differences between various forms and devices
for neonatal NIV are clearly recognised, the potential developmental impact on the
infant has not yet been sufficiently assessed and constitutes a fascinating topic of
ongoing research?345. 7485
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4. Application

Moving from theory to practice can be challenging. The clinician’s task is to translate
such theoretical considerations and interpret the results of scientific experiment
and clinical trials into meaningful bedside management options. The purpose of this
booklet is therefore twofold. Firstly, it is intended to serve as a compendium of cur-
rent knowledge on the subject of neonatal and paediatric ventilatory support. Sec-
ondly, it provides practical information and instruction on how to use that knowledge
in a clinical setting with the help of the Dréager Babylog VN 500*.

In this section, you will discover how to set up the Babylog VN 500 as well as
how to use its various ventilation modes. In addition, important differences between
paediatric and neonatal patients are discussed. Naturally, it is beyond the scope of
this text to dictate particular indications for ventilation therapy. This task will always
remain in the hands of the clinician. Instead, it must be considered as a framework
within which the clinician can take evidenced-based decisions and then apply that
evidence to the practice of mechanical ventilation.

*Infinity Acute Care System Workstation Neonatal Care
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4.1. Babylog VN 500 - Non-invasive ventilation

For neonatal and paediatric patients requiring ventilatory support, the last several
decades have brought about a paradigm change characterised by a steady transi-
tion from mechanical ventilation to less invasive methods. The rationale for the use
of non-invasive ventilation (NIV) includes the avoidance of the adverse effects of
mechanical ventilation, such as VILI (Ventilator Induced Lung Injury) and BPD (Bron-
chopulmonary dysplasia). In addition, NIV opens up new treatment possibilities for
conditions such as RDS (Respiratory Distress Syndrome) and facilitates early wean-
ing strategies.

The Babylog VN 500 from Dréger is a dedicated neonatal and paediatric ventila-
tor that provides tidal volumes up to 300 ml. The device is designed to cover the
entire spectrum of modern therapy, from the ventilation of intubated patients to non-
invasive ventilation and O,-therapy. This chapter describes the use of non-invasive
ventilation features of the Babylog VN 500.

4.1.1. Technical principle

Non-invasive ventilation can be catagorised in three different modes with
various interfaces:

- constant pressure mode e.g. CPAP

- bi-level pressure mode e.g. PC-CMV

- O,- therapy (which can be used for low- and high-flow oxygen therapy)

The following technical illustration applies only to non-invasive ventilation. The tech-
nical background of O,-therapy is explained later in this chapter.

Modern ventilators use different flow principles to generate pressure in the hose
system. The underlying technical principle that allows the Babylog VN 500 to provide
the flow necessary for the therapy incorporates a constant base flow, also referred to
as continuous flow, of 6L/min (neonates) and 3L/min (paediatrics) and an additive
demand flow (see Figure 1). The constant base flow facilitates spontaneous breath-
ing by the patient and enables comfortable triggering in paediatric patients. The
demand flow alters the flow from the ventilator towards the patient, compensating for
the changes in pressure.
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Figure 1: Flow principle of the Babylog VN 500

The Babylog VN 500 can regulate the flow in two ways. In the “system setup” menu,
the user can select either the “inspiratory flow setting” (1) or the “slope setting” (2).

1) Operation with manually adjusted inspiratory flow

In this mode, the device functions much like a classic continuous flow ventilator. The
inspiratory flow is set by the user to a constant litres/minute value. The inspiratory
flow affects the speed from the lower to the upper pressure level and thus affects
the applied tidal volume. During inspiration only, this set flow is delivered at maximum
by the ventilator. If significant leakage in the patient circuit or at the prongs/mask
is present or a high spontaneous flow demand from the patient is encountered, the
total deliverable flow may be insufficient. As a consequence, the pressure in the
circuit will drop. During expiration phase, the base flow is delivered. The inspiratory
flow setting must be altered manually to adopt to a higher flower demand than set.
The ventilator delivers only the flow that is required to stabilise the set pressure.

2) Operation with slope adjustment

This mode can be thought of as an automatic flow mode. The clinician sets the slope
time, which is the time needed for the ventilator to build up the pressure to the set
“Pinsp” level. Based on the slope time, the ventilator automatically adjusts the flow
necessary to build up the pressure within the given time. The slope is adjustable in
intervals of seconds. In addition to other factors, the amount of flow is dependent
on the compliance and resistance of the hose system, the respiratory drive of the
patient, lung mechanics and leaks at the patient interface. If significant leakage in the
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patient circuit or at the prongs/mask is present or a high spontaneous flow demand
from the patient is encountered, the device will automatically deliver more flow in
order to compensate for the leakages and satisfy the spontaneous flow demand from
the patient. Consequently, the pressure will be reached within the set slope time and
will remain stable. When setting up this ventilation mode, the maximum allowed flow
is initially set to 30L/min in neonates and 60L/min in paediatrics. The limit can be
manually reduced if needed. However, the ventilator delivers only the flow needed to
stabilise the selected pressure limit.

Slope and Inspiratory Flow Adjustment behave identically during the expiratory
phase (in this respect, pure CPAP incorporates a continuous expiratory phase).
During expiration, a base flow of 6L/min (in neonatal patient category) and 3L/min
(in paediatric patient category) is delivered by the ventilator. If leakages in the hose
system or mask and prongs are present, the ventilator will automatically provide more
flow in order to compensate for the leaks and stabilise the pressure level. This ad-
ditional demand flow is automatically delivered by the ventilator in order to stabilise
the pressure level and reduce work of triggering and breathing (WOB).

Flow
Adjustment without Patient flow  t
leakage

Flow
Adjustment with \/ Patient flow  t 3
present leakage z

Figure 2: Flow adjustments with proximal flow sensor



Figure 2 illustrates the adjustment of the ventilator flow in the presence of leakage
to stabilise the pressure when a proximal flow sensor is installed. The leak flow is
determined by a model based on the discrepancy between inspiratory and expiratory
volumes. It is added on the base flow and the measured patient flow. Changes in
inspiratory flow or slope affect the inspiration phase. In slope mode, the ventilator
flow is determined automatically. If the inspiratory flow is set manually, the maximum
inspiratory ventilator flow will be limited to the set value.

If no proximal flow measurement (e.g. neonatal flowsensor) is installed no patient
flow will be measured and base flow and leak flow only will be taken into consider-
ation (see Figure 3).

L Flow max

—
D-15465-2017

Figure 3: Flow adjustments without proximal sensor

Figure 4, 5 and 6 show screen shots from the Babylog VN 500 during different con-
figurations. Figure 4 shows the CPAP mode with inspiratory flow adjusted to 5L/min.
The CPAP pressure is kept constant.

Figure 5 and 6 illustrate a bi-level non-invasive ventilation with slope and inspira-
tory flow adjustment. The steepness of the pressure curve differs with the selected
setting. According to Figure 5 the flow in the slope setting is regulated automatically
to reach 18cmH,O within 0.1s. Figure 6 displays the same settings with selected
manual inspiratory flow. It shows that the flow is insufficient to built up the set pres-
sure of 18cmH,0. The fixed maximum inspiratory flow must be altered manually.
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4.1.2. Initiating non-invasive ventilation in the Babylog VN 500

Before beginning therapy, the non-invasive ventilation mode must be selected. The
therapy mode can be easily changed from “Tube” to “NIV" at the Start-Standby dia-
log. Once selected, the NIV therapy mode is highlighted in orange.

Ll Standby
A
i
o mw
Standby il v e
Patient not ventilated o Vertnion
‘Start/Standby settings
Frosce Sensors/
Sty R | | e | o P
| - e 0y | r—
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Figure 7: Set-up dialogue of NIV

Depending on the selected patient category, the functional capabilities of the Baby-
log VN 500 differ with respect to triggering and mode availability. For NIV, the follow-
ing ventilation modes can be selected (see Figure 8).

VENTILATION MODE PATIENT CATEGORY
PED. PAT NEO.
PC-CMV X X
PC-AC X
PC-SIMV X
PC-PSV X
PC-MMV X
PC-APRV X
SPN-CPAP X
SPN-CPAP/PS X
SPN-CPAP/VS X
SPN-PPS X

Figure 8: Ventilation modes



26 | 4. APPLICATION

For this reason, paediatric and neonatal patients will be discussed separately in the
following section.

Please note that High Frequency Oscillation is not approved for use in non-invasive
ventilation. The Babylog VN 500 automatically switches to default modes when used
for NIV:

- for paediatric settings to the SPN-CPAP/PS ventilation mode

- for neonatal settings to the SPN-CPAP ventilation mode.

4.1.3. Continuous positive airway pressure ventilation (SPN-CPAP)

Spontaneous breathing with continuous positive pressure level in NIV mode is avail-
able in both patient categories.

When spontaneous ventilation modes are employed, the patient provides most of
respiratory work on his own. The PEEP level (CPAP) at which spontaneous breath-
ing takes place can be adjusted.

The application of continuous positive pressure allows for a higher functional re-
sidual capacity (FRC), thus improved oxygenation and fewer collapsed alevoli. The
improved pulmonary compliance leads to an increase in tidal volume and improved
elimination of CO,. The work of breathing can be reduced and events of obstructive
apnea are less frequent.

Continuous monitoring of oxygen saturation, fixation of interfaces and sufficient humidi-
fication is required in order to guard against nasal complications and skin lesions. If
indicated, suctioning should be performed regularly to prevent obstruction of interfaces.

4.1.4. Neonatal patients: Spontaneous Continuous Positive Airway

Pressure (SPN-CPAP)

Spontaneous breathing with continuous positive pressure level in the NIV
application mode.

This ventilation mode is only available for non-invasive ventilation in the neonatal
patient category.

As explained in the section “Operation with slope adjustment”, the flow is either
adjusted fully automatically or fixed at a maximum level depending on the configura-
tion. As shown in Figure 6, in the presence of leak or high respiratory effort, a larger
inspiratory flow may be required to maintain a stable pressure.

Prongs and small NIV masks are frequently used in neonates. For successful
therapy, it is essential to heat and humidify the gas and to choose the correct
interface size. Interfaces that are too small may cause excessive leaks, whereas
excessively large interfaces may lead to fluctuating pressures. A proximal flow
sensor cannot be installed in the neonatal patient category due to the added dead space.
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Figure 9: Neonatal patient in the mode SPN-CPAP

4.1.5. Paediatric patients: Spontaneous Continuous Positive Airway Pressure
(SPN-CPAP/PS or SPN-CPAP/VS)

In paediatric patients, the user can choose between spontaneous CPAP (SPN-
CPAP) with pressure support (PS) or volume support (VS). To fine tune these
settings to the patient’s lung mechanics, the speed of the pressure increase for
pressure and volume support can be defined using the slope or flow adjustment. As
explained, both define the duration of the pressure increase from the lower to the
higher pressure level. These settings directly affects the flow and thus the supplied
tidal volume (VT).

In SPN-CPAP without PS, the patient breathes at PEEP level. If the patient is un-
able to manage the complete breathing cycle without assistance, additional pressure
support can be activated. Every detected inspiration attempt at PEEP level triggers a
mechanical breath. If the PS is set to zero, the patient will be ventilated with normal
CPAP.

In SPN-CPAP with VS, the patient also breathes at PEEP level. In addition, the user
can set a target volume (VT) so that the device generates the pressure necessary to
apply the volume. If Pmax/Paw high auto-set is activated, the pressure will be limited
by “Pmax” to meet the requirements under varying lung conditions. The Pmax/Paw
high autoset describes the linking of the maximum pressure setting to the alarm
limit airway pressure high (bmbar above Pmax). The patient’s inspiratory efforts are
synchronised; in other words the time, number and duration of volume supported
breaths are determined by the patient’s activity.

These modes are not available in neonatal patient category as a flow sensor cannot
be installed during non-invasive ventilation.
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4.1.6. Non-invasive Ventilation with Bi-level Pressure

For bi-level pressure support in the NIV mode, the two patient categories differ in
terms of trigger options and availability of modes. While only one mode is available
for neonatal patients, the clinician can choose from a wider range of ventilation
therapies for paediatric patients.

Indications for this therapy option include avoidance of mechanical ventilation and
support following extubation. It is used as a bridge across apnoeic periods and
where primary or secondary respiratory support is required.

4.1.7. Neonatal patients: Presssure Controlled — Continuous Mandatory
Ventilation (PC-CMV)

Non-invasive PC-CMV describes nasally or pharyngeally applied, intermittent peak
inspiratory pressures (PIP) on top of CPAP pressure. Because it is an “open”
system, it allows spontaneous breathing during the entire respiratory cycle. This
mode is also known as NIPPV and, by adapting the settings, can be used as nBIPAP
(Non-Invasive Biphasic Positive Airway Pressure).

The upper pressure level is determined by the inspiratory pressure (Pinsp) and the
duration of the mandatory breaths is determined by inspiratory time (Ti). As in all
pressure-controlled ventilation modes, the tidal volume supplied depends on the
delta in pressure “Pinsp — PEEP", the resistance and compliance of the patient's
lungs and the patient’s respiratory drive. Mandatory breaths are not triggered by the
patient and inspiratory time is fixed to the set “Ti". The number of mandatory breaths
is set by the respiratory rate (RR). The pressure rise from the lower pressure level
(PEEP) to the upper pressure level is determined by the slope or inspiratory flow
setting (see section “Operation with slope adjustment”). The ventilator can recog-
nise disconnection and insufficient airway pressure without the help of a flow sensor.
This mode is indicated for use in patients with apnea of prematurity, for initial treat-
ment of RDS and for weaning of mechanical ventilation. The mandatory inflations
reduce dead space ventilation and stabilise the functional residual capacity by
elevating the mean alveolar distending pressure. In order to apply this ventilation
mode, masks and prongs are used. The additional dead space must be taken into
account and select interface must me correctly sized to prevent excessive leaks,
obstruction and fluctuations in pressure levels.
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Figure 10: Neonatal patient in the mode PC-CMV

4.1.8. Paediatric patients: Non-invasive ventilation with Bi-level Pressure

In contrast to neonatal patients, paediatric patients are not adversely affected by the
additional dead space added to the system by the proximal flow sensor. Therefore, it
is possible to select almost the same ventilation modes as in conventional ventilation
(see Figure 4).

PC-CMV (also known as NIPPV) and PC-SIMV (also known as sNIPPV) are ex-
amples of possible options in non-invasive ventilation in paediatric patients.

With an installed proximal flow sensor, flow- and volume monitoring are available for
functions such as Volume Guarantee and Mandatory Minute Ventilation (PC-MMV).
If possible, it can be attached to the patient interface, e.g. NIV mask. With interfaces
in which the proximal flow sensor cannot be installed, proximal flow monitoring must
be switched off. If the flow sensor is deactivated or removed, the internal flow sen-
sor on the inspiratory side of the device will be used for triggering. The base flow is
switched off and the device detects the pressure drop produced by the inspiration
effort of the patient. The flow is altered and if the trigger criterion is met, an inflation
will be initialized. The ventilator can recognise disconnection and insufficient airway
pressure without the help of a flow sensor.

Interfaces such as masks, prongs and sometimes hoods are used.
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4.1.9. O -therapy

High flow therapy (HFT) is a ventilation mode enjoying increasing popularity and
acceptance in neonatal and paediatric patient populations. It is described as the
application of blended oxygen at high flow rates through nasal cannulae. The
medical gas is heated and humidified.

HFT creates a bridge between low-flow-oxygen therapy and CPAP.

The easy application and improved tolerance of patients and care givers have con-
tributed to the increased usage of this form of therapy in recent years. It has the
potential to reduce the need for intubation and CPAP through wash-out of dead
space, improved mucociliary clearance and by creating a positive pressure in the
pharynx®.

Flow and oxygen concentrations can be set in the Babylog VN 500 when using the
O,-therapy mode.

The therapy option can be used for conventional oxygen therapy or high flow therapy
to administer heated and humidified air.

In the Babylog VN 500, this therapy mode can be easily selected directly from the
“Start-Standby dialog”.

X Standby
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Figure 11: O,-therapy dialogue
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Compatible patient interfaces include nasal cannulae O,-masks and hoods. NIV
masks must not be used during this mode as these have no mandatory leak. Here,
the patient would be jeopardised since the infant may not be able to exhale through
the mask and the pressure is applied continuously. Flow, minute volume and apnea
are not monitored in this mode. Hence, the use of external SpO, monitoring is rec-
ommended.

Usually, flow rates range from 2L/min to 8L/min for newborns and from 8L/min to
more than 25L/min for paediatric patients. In the Babylog VN 500, it can be set from
2L/min up to 50L/min. The spontaneous peak flow is a good guide to estimate the
amount of flow that is suitable for the patient. The setting should exceed the patient’s
peak flow in order to prevent inhalation of the entire delivered gas volume and to
avoid dilution of the selected O,-concentration with ambient air. The peak flow can
be estimated by freezing the screen in a conventional ventilation mode. The cursor
can then be used to toggle the maximum value. Usually, in Low birth weight infants,
3-4L/min of flow is sufficient. Unnecessarily high flows may result in high airway

pressures.

The effectiveness of high flow therapy also depends on the selection of the cor-
rect prong size for the individual patient. It is important to maintain a leakage of
approximately 50% at the nostril. In contrast to nasal CPAP, a leakage is required. It
should be noted that manufacturers define a specific flow range for each prong size.
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If a high flow is applied to an interface with a small diameter and high resistance to
flow, the pressure will rise. As a consequence of exceeding the manufacturer’s flow
rate limits, the pressure in the patient circuit may rise above the set cut-off limit of
30cmH,O and the system may stop the flow delivery and open the valve to the at-
mosphere.

4.2. Additional functions

4.2.1. Inspiration hold

The Babylog VN 500 offers a manual inspiration/hold manoeuvre in which the pres-

sure of the breath is set with the “Pmanlnsp” therapy control and the duration of the

breath is set with the “Tmanlnsp” therapy control. Two options are available to apply
sustained inflation:

a) The manual inspiration can be applied between two mandatory breaths by press-
ing the start button and holding as long as deemed necessary. The pattern of the
inspiration corresponds to the ventilation pattern of the current mode.

b) Regardless of the starting time, an automatic breath can be prolonged by the
same manual operation.

A manual inspiration is triggered by briefly touching the button and an extended in-

spiration is applied by holding it. The Babylog VN 500 automatically terminates the

breath after five seconds in neonatal patient category and after 40 seconds in pae-
diatric patients.

The button can be found in the “Special manoeuvres” dialog or can be configured

as a short link on the main screen.
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Figure 13: Inspiration hold maneuver



4.2.2. Apnea ventilation in paediatric modes

The Babylog VN 500 can detect an apnea if the neonatal flow sensor is installed. This
extended therapy mode for NIV ventilation is available only for paediatric patients.

If no expiratory flow is detected within a defined period of time (Tapn) Apnea Ventila-
tion will be activated. If the patient stops breathing, Volume Guarantee ventilation at
a set rate (RRapn), an |:E ratio of 1:2 and a set tidal volume (VTapn) will commence
automatically. The Babylog VN500 ventilates in synchronised intermittent mandatory
ventilation (PC-SIMV) mode. It can be reset via a button in the headline (Apn. Vent.
reset), returning the settings to the prior ventilation mode.

In addition, the number of apnoeic events per minute can be analysed in a histogram
in the trend dialog. The duration of the apnea is displayed in the alarm history and
can be activated in the system setup. If the Automatic return from Apnea Ventilation
function is configured, then the device will automatically switch to the previous ven-
tilation mode when sufficient spontaneous breathing is resumed. Apnea ventilation
must have been active for at least 2 minutes and the alarm message “MV low” is not
active.

Apnea ventilation functions as back-up ventilation mode in spontaneous breathing
modes to prevent desaturation and insufficient ventilation.

" Apnea Vent.
A =

o
o 0

SPN-CPAP/PS.

P igh =
ApnVent on
088 Vison E
RRapn 0 s
Fo, Flow Timax Pimax

PEEP  APsupp

D-15475-2017

Figure 14: Apnea ventilation



34 |

5.

10.

11.

12.

5. LITERATURE

Literature

Avery ME, Tooley WH, Keller JB, Hurd SS, Bryan MH, et al. Is chronic lung
disease in low birth weight infants preventable? A survey of eight centers. Pedi-
atrics. 1987; 79: 26-30.

Barrington KJ, Bull D, Finer NN. Randomized trial of nasal synchronized intermit-
tent mandatory ventilation compared with continuous positive airway pressure
after extubation of very low birth weight infants. Pediatrics 2001;107:638-41.
Bartels DB, Wypij D, Wenzlaff P, Dammann O, Poets CF. Hospital volume and
neonatal mortality among very low birth weight infants. Pediatrics. 2006;117:2206-
14.

Bassler D, Stoll BJ, Schmidt B, Asztalos EV, Roberts RS, Robertson CM, Sauve
RS; Using a count of neonatal morbidities to predict poor outcome in extremely
low birth weight infants: added role of neonatal infection. Trial of Indomethacin
Prophylaxis in Preterms Investigators. Pediatrics. 2009; 123: 313-8.

Claure N, Bancalari E. Non-invasive ventilation in premature infants. Arch Dis
Child Fetal Neonatal Ed. 2015; 100: F2-3.

Colaizy TT, Younis UM, Bell EF, Klein JM. Nasal high-frequency ventilation for
premature infants. Acta Paediatr. 2008; 97: 1518-22.

Collins CL, Barfield C, Horne RS, Davis PG. A comparison of nasal trauma in
preterm infants extubated to either heated humidified high-flow nasal cannulae
or nasal continuous positive airway pressure. Eur J Pediatr. 2014; 173: 181-6.
Collins CL, Holberton JR, Barfield C, Davis PG. A randomized controlled trial to
compare heated humidified high-flow nasal cannulae with nasal continuous posi-
tive airway pressure postextubation in premature infants. J Pediatr. 2013; 162:
949-54.

Courtney SE, Barrington KJ. Continuous positive airway pressure and noninva-
sive ventilation. Clin Perinatol. 2007; 34: 73-92.

Czernik C, Schmalisch G, Buhrer C, Proquitté H. Weaning of neonates from
mechanical ventilation by use of nasopharyngeal high-frequency oscillatory ven-
tilation: a preliminary study. J Matern Fetal Neonatal Med. 2012;25:374-8.
Dargaville PA, Aiyappan A, De Paoli AG, Dalton RG, Kuschel CA, Kamlin CO, Or-
sini F, Carlin JB, Davis PG. Continuous positive airway pressure failure in preterm
infants: incidence, predictors and consequences. Neonatology.2013;104:8-14.
Davis PG, Morley CJ, Owen LS. Non-invasive respiratory support of preterm neo-
nates with respiratory distress: continuous positive airway pressure and nasal
intermittent positive pressure ventilation. Semin Fetal Neonatal Med. 2009;14:14-
20.



13.

14,

16.

16.

17.

18.

19.

20.

21.

22

23.

24,

25.

De Luca D, Carnielli VP, Conti G, Piastra M. Noninvasive high frequency oscilla-
tory ventilation through nasal prongs: bench evaluation of efficacy and mechan-
ics. Intensive Care Med. 2010; 36: 2094-100.

De Paoli AG, Davis PG, Faber B, Morley CJ. Devices and pressure sources for
administration of nasal continuous positive airway pressure (NCPAP) in preterm
neonates. Cochrane Database Syst Rev. 2008; (1): CD002977.

Di Fiore JM, Poets CF, Gauda E, Martin RJ, MacFarlane P. Cardiorespiratory
events in preterm infants: interventions and consequences. J Perinatol 2015 doi:
10.1038/jp.2015.164.

Dimitriou G, Greenough A, Kavadia V. Early measurement of lung volume—a use-
ful discriminator of neonatal respiratory failure severity. Physiol Meas. 1996;17:37-
42,

Doyle LW, Anderson PJ, Battin M, Bowen JR, Brown N, Callanan C, Campbell
C, Chandler S, Cheong J, Darlow B, Davis PG, DePaoli T, French N, McPhee A,
Morris S, O'Callaghan M, Rieger |, Roberts G, Spittle AJ, Wolke D, Woodward
LJ. Long term follow up of high risk children: who, why and how? BMC Pediatr.
2014; 14: 279.

Dunn PM, Thearle MJ, Parsons AC, Watts JL. Respiratory distress syndrome and
continuous positive airway pressure. Lancet. 1971; 2: 971.

Dunn MS, Kaempf J, de Klerk A, de Klerk R, Reilly M, Howard D, Ferrelli K,
O’Conor J, Soll RF; Vermont Oxford Network DRM Study Group. Randomized
trial comparing 3 approaches to the initial respiratory management of preterm
neonates. Pediatrics. 2011; 128: e1069-76.

Dutta S, Singh B, Chessell L, Wilson J, Janes M, McDonald K, Shahid S, Gard-
ner VA, Hjartarson A, Purcha M, Watson J, de Boer C, Gaal B, Fusch C. Guide-
lines for feeding very low birth weight infants. Nutrients. 2015;7:423-42.
Eichenwald EC, Stark AR. Management and outcomes of very low birth weight.
N Engl J Med. 2008; 358: 1700-11.

. Engoren M, Courtney SE, Habib RH. Effect of weight and age on respiratory

complexity in premature neonates. J Appl Physiol. 2009; 106: 766-73.

Ferguson KN, Roberts CT, Manley BJ, Davis PG. Interventions to Improve Rates
of Successful Extubation in Preterm Infants: A Systematic Review and Meta-
analysis. JAMA Pediatr. 2016 Dec 5. doi: 10.1001/jamapediatrics.2016.3015.
Field D, Vyas H, Milner AD, Hopkin IE. Continuous positive airway pressure via a
single nasal catheter in preterm infants. Early Hum Dev. 1985; 11: 275-80.

Finer NN, Carlo WA, Walsh MC, et al. Early CPAP versus surfactant in extremely
preterm infants. N Engl J Med. 2010; 362: 1970-9.



36 |

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

5. LITERATURE

Fischer HS, Bohlin K, Biihrer C, Schmalisch G, Cremer M, Reiss |, Czernik C.
Nasal high-frequency oscillation ventilation in neonates: a survey in five Euro-
pean countries. Eur J Pediatr. 2015; 174: 465-71.

Fischer HS, Biihrer C. Avoiding endotracheal ventilation to prevent bronchopul-
monary dysplasia: a meta-analysis. Pediatrics. 2013; 132: €1351-60.

Fuchs H, Lindner W, Leiprecht A, Mendler MR, Hummler HD. Predictors of early
nasal CPAP failure and effects of various intubation criteria on the rate of me-
chanical ventilation in preterm infants of <29 weeks gestational age. Arch Dis
Child Fetal Neonatal Ed. 2011; 96: F343-7.

Gizzi C, Montecchia F, Panetta V, et al. Is synchronized NIPPV more effective
than NIPPV and NCPAP in treating Apnea of Prematurity (AOP)? A randomised
crossover trial. Arch Dis Child Fetal Neonatal Ed 2015; 100: 17-23.

Goldenberg RL, Culhane JF, lams JD, Romero R. Epidemiology and causes of
preterm birth. Lancet. 2008; 371: 75-84.

Gregory GA, Kitterman JA, Phibbs RH, Tooley WH, Hamilton WK. Treatment
of the idiopathic respiratory-distress syndrome with continuous positive airway
pressure. N Engl J Med. 1971 17; 284: 1333-40.

Gregory GA. Methods of neonatal respiratory assistance. Br J Anaesth. 1973; 45:
Suppl: 806-7.

Hooper SB, Harding R. Fetal lung liquid: a major determinant of the growth and
functional development of the fetal lung. Clin Exp Pharmacol Physiol. 1995; 22:
235-47.

Hooper SB, Te Pas AB, Kitchen MJ. Respiratory transition in the newborn: a
three-phase process. Arch Dis Child Fetal Neonatal Ed. 2016 101: F266-71.
Hummler HD, Poets C. Mortality of extremely low birthweight infants - large dif-
ferences between quality assurance data and the national birth/death registry. Z
Geburtshilfe Neonatol. 2011; 215: 10-7.

lams JD, Romero R, Culhane JF, Goldenberg RL. Primary, secondary, and ter-
tiary interventions to reduce the morbidity and mortality of preterm birth. Lancet.
2008; 371: 164-75.

Jobe AH. The new bronchopulmonary dysplasia. Curr Opin Pediatr. 2011; 23:
167-72.

Kamlin CO, Schilleman K, Dawson JA, Lopriore E, Donath SM, Schmélzer GM,
Walther FJ, Davis PG, Te Pas AB. Mask versus nasal tube for stabilization of pre-
term infants at birth: a randomized controlled trial. Pediatrics. 2013; 132: e381-8.
Kamper J. Early Nasal Continuous Positive Airway Pressure and Minimal Han-
dling in the Treatment of Very-Low-Birth-Weight Infants. Biol Neonate 1999; 76
(suppl 1): 22-28.



40.

4.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Karlberg P. The adaptive changes in the immediate postnatal period, with particu-
lar reference to respiration. J Pediatr. 1960; 56: 585-604.

Kassebaum NJ, Bertozzi-Villa A, Coggeshall MS, et al. Global, regional, and na-
tional levels and causes of maternal mortality during 1990-2013: a systematic
analysis for the Global Burden of Disease Study 2013. Lancet. 2014; 384: 980-
1004.

Kirpalani H, Millar D, Lemyre B, Yoder BA, Chiu A, Roberts RS; NIPPV Study
Group. A trial comparing noninvasive ventilation strategies in preterm infants. N
Engl J Med. 2013; 369: 611-20.

Koénig K, Stock EL, Jarvis M. Noise levels of neonatal high-flow nasal cannula
devices--an in-vitro study. Neonatology. 2013; 103: 264-7.

Kotecha SJ, Adappa R, Gupta N, Watkins WJ, Kotecha S, Chakraborty M. Safety
and Efficacy of High-Flow Nasal Cannula Therapy in Preterm Infants: A Meta-
analysis. Pediatrics. 2015; 136: 542-53.

Kuhle S, Urschitz MS, Eitner S, Poets CF. Interventions for obstructive sleep
apnea in children: a systematic review. Sleep Med Rev. 2009; 13: 123-31.
Kugelman A. Noninvasive Respiratory Support in the Neonate. In Pediatric and
Neonatal Mechanical Ventilation 2015 (pp. 1063-1071). Springer Berlin Heidel-
berg.

Lampland AL, Plumm B, Worwa C, et al. Bi-level CPAP does not improve gas
exchange when compared with conventional CPAP for the treatment of neonates
recovering from respiratory distress syndrome. Arch Dis Child Fetal Neonatal Ed
2015; 100: 31-4.

Lee KS, Dunn MS, Fenwick M, Shennan AT. A comparison of underwater bubble
continuous positive airway pressure with ventilator-derived continuous positive
airway pressure in premature neonates ready for extubation. Biol Neonate. 1998;
73: 69-75.

Madler HJ, Gehrhardt B, Schaller P, Bochme B, Schulze A, Gmyrek D. [Equip-
ment for microcomputer-controlled measurement in the evaluation of respira-
tory mechanical parameters in premature and newborn infants]. Kinderarztl Prax.
1985; 53: 113-7.

Mahmoud RA, Roehr CC, Schmalisch G. Current methods of non-invasive venti-
latory support for neonates. Paediatr Respir Rev. 2011; 12: 196-205.

Manley BJ, Dold SK, Davis PG, Roehr CC. High-flow nasal cannulae for respira-
tory support of preterm infants: a review of the evidence. Neonatology.2012; 102:
300-8.



38 |

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

5. LITERATURE

Manley BJ, Owen LS, Doyle LW, Andersen CC, Cartwright DW, Pritchard MA,
Donath SM, Davis PG. High-flow nasal cannulae in very preterm infants after
extubation. N Engl J Med. 2013; 369: 1425-33.

McCormick, MC. The contribution of low birth weight to infant mortality and
childhood morbidity. N Engl J Med 1985; 312: 82-90.

Migliori C, Motta M, Angeli A, et al. Nasal bilevel vs. continuous positive airway
pressure in preterm infants. Pediatr Pulmonol 2005; 40: 426-30.

Mohangoo AD, Blondel B, Gissler M, Velebil P, Macfarlane A, Zeitlin J; Euro-
Peristat Scientific Committee. International comparisons of fetal and neonatal
mortality rates in high-income countries: should exclusion thresholds be based
on birth weight or gestational age? PLoS One. 2013; 8: €64869.

Morley CJ, Davis PG, Doyle LW, Brion LP, Hascoet JM, Carlin JB; COIN Trial
Investigators. Nasal CPAP or intubation at birth for very preterm infants. N Engl
J Med. 2008; 358: 700-8.

Morley CJ, Davis PG. Continuous positive airway pressure: scientific and clinical
rationale. Curr Opin Pediatr. 2008; 20: 119-24.

Jane Pillow J. Which continuous positive airway pressure system is best for the
preterm infant with respiratory distress syndrome? Clin Perinatol. 2012; 39: 483-
96.

Northway WH Jr, Rosan RC, Porter DY. Pulmonary disease following respirator
therapy of hyaline-membrane disease. Bronchopulmonary dysplasia. N Engl J
Med. 1967; 276: 357-68.

O'Donnell CP, Schmélzer GM. Resuscitation of preterm infants: delivery room
interventions and their effect on outcomes. Clin Perinatol. 2012; 39: 857-69.
Owen LS, Morley CJ, Davis PG. Effects of synchronisation during SiPAP-gener-
ated nasal intermittent positive pressure ventilation (NIPPV) in preterm infants.
Arch Dis Child Fetal Neonatal Ed. 2015; 100: F24-30.

Pignotti MS, Donzelli G. Perinatal care at the threshold of viability: an interna-
tional comparison of practical guidelines for the treatment of extremely preterm
births. Pediatrics. 2008; 121: ¢193-8.

Pillow JJ, Hillman N, Moss TJ, Polglase G, Bold G, Beaumont C, lkegami M, Jobe
AH. Bubble continuous positive airway pressure enhances lung volume and gas
exchange in preterm lambs. Am J Respir Crit Care Med. 2007 1; 176: 63-9.
Poets CF. Apnea of prematurity: What can observational studies tell us about
pathophysiology? Sleep Med. 2010; 11: 701-7.

Poets CF. Assessing oxygenation in healthy infants. J Pediatr. 1999; 135: 541-3.



66.

67.

68.

69.

70.

1.

72.

73.

74.

75.

76.

Polglase GR, Wallace MJ, Grant DA, Hooper SB. Influence of fetal breathing
movements on pulmonary hemodynamics in fetal sheep. Pediatr Res. 2004; 56:
932-8.

Polin R. Committee on Fetus and Newborn; American Academy of Pediatrics.
Respiratory support in preterm infants at birth. Pediatrics. 2014; 133: 171-4.
Probyn ME, Hooper SB, Dargaville PA, McCallion N, Crossley K, Harding R,
Morley CJ. Positive end expiratory pressure during resuscitation of premature
lambs rapidly improves blood gases without adversely affecting arterial pressure.
Pediatr Res. 2004; 56: 198-204.

Roberts CT, Davis PG, Owen LS. Neonatal non-invasive respiratory support:
synchronised NIPPV, non-synchronised NIPPV or bi-level CPAP: what is the evi-
dence in 20137 Neonatology. 2013; 104: 203-9.

Roberts CT, Dawson JA, Alquoka E, Carew PJ, Donath SM, Davis PG, Manley BJ.
Are high flow nasal cannulae noisier than bubble CPAP for preterm infants? Arch
Dis Child Fetal Neonatal Ed. 2014; 99: F291-5.

Roberts CT, Manley BJ, Dawson JA, Davis PG. Nursing perceptions of high-flow
nasal cannulae treatment for very preterm infants. J Paediatr Child Health. 2014;
50: 806-10.

Roehr CC, Grobe S, Ridiger M, Hummler H, Nelle M, Proquitté H, Hammer H,
Schmalisch G. Delivery room management of very low birth weight infants in
Germany, Austria and Switzerland--a comparison of protocols. Eur J Med Res.
2010 25; 15: 493-503.

Roehr CC, Proquitté H, Hammer H, Wauer RR, Morley CJ, Schmalisch G. Posi-
tive effects of early continuous positive airway pressure on pulmonary function
in extremely premature infants: results of a subgroup analysis of the COIN trial.
Arch Dis Child Fetal Neonatal Ed. 2011; 96: F371-3.

Roehr CC, Yoder BA, Davis PG, Ives K. Evidence Support and Guidelines for
Using Heated, Humidified, High-Flow Nasal Cannulae in Neonatology: Oxford
Nasal High-Flow Therapy Meeting, 2015. Clin Perinatol. 2016; 43: 693-705.
Rojas MA, Lozano JM, Rojas MX, Laughon M, Bose CL, Rondon MA, Charry
L,Bastidas JA, Perez LA, Rojas C, Ovalle O, Celis LA, Garcia-Harker J, Jara-
millo ML; Colombian Neonatal Research Network. Very early surfactant without
mandatory ventilation in premature infants treated with early continuous positive
airway pressure: a randomized, controlled trial. Pediatrics. 2009; 123: 137-42.
Saigal S, Doyle LW. An overview of mortality and sequelae of preterm birth from
infancy to adulthood. Lancet. 2008; 371: 261-9.



40 |

77.

78.

79.

80.

81.

82.

83.

84.

5. LITERATURE

Schmolzer GM, Kumar M, Pichler G, Aziz K, O'Reilly M, Cheung PY. Non-inva-
sive versus invasive respiratory support in preterm infants at birth: systematic
review and meta-analysis. BMJ. 2013; 347: f5980.

Steinhardt A, Hinner P, Kiihn T, Roehr CC, Ridiger M, Reichert J. Influences
of a dedicated parental training program on parent-child interaction in preterm
infants. Early Hum Dev. 2015; 9: 205-10.

Stoll BJ, Hansen NI, Bell EF et al. Eunice Kennedy Shriver National Institute of
Child Health and Human Development Neonatal Research Network. Neonatal
outcomes of extremely preterm infants from the NICHD Neonatal Research Net-
work. Pediatrics. 2010; 126: 443-56.

te Pas AB, Siew M, Wallace MJ, Kitchen MJ, Fouras A, Lewis RA, Yagi N, Uesugi
K, Donath S, Davis PG, Morley CJ, Hooper SB. Establishing functional residual
capacity at birth: the effect of sustained inflation and positive end-expiratory
pressure in a preterm rabbit model. Pediatr Res. 2009; 65: 537-41.

Trippenbach T. Pulmonary reflexes and control of breathing during development.
Biol Neonate. 1994; 65: 205-10.

Vyas H, Field D, Milner AD, Hopkin IE. Determinants of the first inspiratory vol-
ume and functional residual capacity at birth. Pediatr Pulmonol. 1986; 2: 189-93.
Weichert A, Weichert TM, Bergmann RL, Henrich W, Kalache KD, Richter R,
Neymeyer J, Bergmann KE. Factors for Preterm Births in Germany - An Analysis
of Representative German Data (KiGGS). Geburtshilfe Frauenheilkd. 2015; 75:
819-826.

Yoder BA, Stoddard RA, Li M, King J, Dirnberger DR, Abbasi S. Heated, hu-
midified high-flow nasal cannula versus nasal CPAP for respiratory support in
neonates. Pediatrics. 2013; 131: €1482-90.

85.Zivanovic S, Roehr CC. One Step Further Toward Defining the Optimal Respira

86.

tory Care Package for Neonates: Interventions to Successfully Extubate Pre-
term Infants. JAMA Pediatr. 2017; 171: 120-121.

Milési et al., 2014, High-Flow nasal cannula: recommendations for daily practice
in pediatrics, Ann Intensive Care 2014, 4: 29.



Notes

41



42 | NOTES

Notes



Notes

43



CORPORATE HEADQUARTERS
Drigerwerk AG & Co. KGaA
Moislinger Allee 53-55

23558 Liibeck, Germany

www.draeger.com

REGION DACH

Driagerwerk AG & Co. KGaA
Moislinger Allee 53-55
23558 Liibeck, Germany

Tel +49 451882 0

Fax +49 451 882 2080
info@draeger.com

REGION EUROPE
Drigerwerk AG & Co. KGaA
Moislinger Allee 53-55
23558 Liibeck, Germany

Tel +49 451882 0

Fax +49 451 882 2080
info@draeger.com

REGION MIDDLE EAST, AFRICA
Drigerwerk AG & Co. KGaA
Branch Office

P.O. Box 505108

Dubai, United Arab Emirates

Tel +971 4 4294 600

Fax +971 4 4294 699
contactuae@draeger.com

Locate your Regional Sales
Representative at:
www.draeger.com/contact

Manufacturer:

Dréagerwerk AG & Co. KGaA
Moislinger Allee 53-55
23542 Liibeck, Germany

REGION ASIA / PACIFIC
Draeger Singapore Pte. Ltd.
25 International Business Park
#04-20/21 German Centre
Singapore 609916

Tel +65 6308 9400

Fax +65 6308 9401
asia.pacific@draeger.com

REGION CENTRAL

AND SOUTH AMERICA

Driger Panama S. de R.L.

59 East Street, Nuevo Paitilla,
House 30, San Francisco Town
Panama City, Panama

Tel +507 377 9100

Fax +507 377 9130
servicioalcliente@draeger.com

CANADA

Draeger Medical Canada Inc.
2425 Skymark Avenue, Unit 1
Mississauga, Ontario, L4W 4Y6
Tel +1 905 212 6600

Toll-free +1 866 343 2273

Fax +1 905 212 6601
Canada.support@draeger.com

9107 972 | 20.11-2 | CR | LE | Subject to modifications | ©® 2020 Dragerwerk AG & Co. KGaA



