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Abstract
The lungs of premature infants are more vulnerable than term infants to the effects of invasive positive pressure 

ventilation. Published literature supporting the use of non-invasive respiratory support with CPAP, bi-level CPAP mode, 
such as, SiPAP and Nasal Intermittent Positive Pressure Ventilation (NIPPV), and surfactant administration strategies 
are discussed. This review focuses on non-invasive respiratory support strategies and selective early use of surfactant 
that may reduce the incidence of bronchopulmonary dysplasia. 
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Invasive Ventilation
Bronchopulmonary Dysplasia (BPD) remains major pulmonary 

morbidity in preterm infants with Respiratory Distress Syndrome 
(RDS), especially among the Extremely Low Birth Weight (ELBW) 
infants, [1] and is associated with short- and long-term adverse 
pulmonary and non-pulmonary outcomes. Advances in perinatal care, 
including antenatal corticosteroid use, advances in invasive mechanical 
ventilation modes, and postnatal surfactant therapy have significantly 
decreased the severity of RDS and neonatal mortality. Despite these 
changes, invasive ventilation via an endotracheal tube remains as one 
of the major reasons for the development of BPD. Prophylactic or 
rescue surfactant therapy alone has not been shown to decrease BPD 
rate. Noninvasive respiratory support modes, especially bilevel CPAP 
or SiPAP mode, have not been shown to impact BPD rate. However, use 
of early, rescue surfactant therapy and NIPPV mode has been shown to 
decrease BPD rate. This review will focus on the benefits of surfactant 
therapy used in combination with NIPPV mode of respiratory support 
in preterm infants. 

Invasive Ventilation Modes 
Pressure versus volume targeted ventilation

Ventilator induced lung injury is related to several factors. 
Barotrauma was initially thought to be the major contributing factor 
leading to lung injury [2]. However, studies from the 1980s showed that 
volutrauma is a major cause of lung injury [3,4]. Since then, several 
advances have been made in mechanical ventilation, particularly 
in Intermittent Mandatory Ventilation (IMV) modes, such as, 
Synchronized IMV (SIMV), and volume targeted or Volume Guarantee 
(VG) modes of ventilation. The world’s first pediatric volume ventilator 
was studied in 90 neonates by Kirby et al. [5] in 1971. In this study, 
overall survival was 60%, with the smallest surviving infant weighing 
950 g at birth. The first randomized controlled trial comparing pressure 
versus volume controlled ventilation in neonates was published in 1978. 
In this small study (n=20), Manginello et al. [6] concluded that pressure 
controlled ventilation was significantly better than volume controlled 
ventilation. Pressure targeted ventilation remains the most common 
mode of ventilation currently used by many neonatal intensive care 
units (NICUs) in USA [7]. Only 12 randomized, trials comparing 
volume targeted versus pressure targeted modes of ventilation have 
been published to date [8]. Reasons for using this mode of ventilation 
include: unfamiliarity with volume targeted modes, need for use of a 
flow sensor to target exhaled tidal volumes, and variable leaks around 
the uncuffed endotracheal tubes used in neonates that make it difficult 
to target tidal volumes precisely. Recent studies comparing pressure 

limited versus volume targeted modes of ventilation have shown a 
significant decrease in BPD, death or BPD as a composite outcome, less 
days on mechanical ventilation, less air leaks, and decreased incidence 
of hypoventilation with volume targeted modes of ventilation [8]. 

High frequency ventilation

High Frequency Oscillatory Ventilation (HFOV) using sub-
physiological tidal volume at supra-physiological rates was introduced 
in the 1990s in an attempt to reduce volutrauma. Several meta-analyses 
published since then have shown no significant difference in BPD rates 
between SIMV and HFOV, when HFOV was used as a primary mode 
of ventilation in preterm infants with RDS [9-11]. In patients failing 
conventional mechanical ventilation, high frequency ventilation may 
be used as a rescue mode. 

Invasive ventilation and lung injury

In patients requiring invasive ventilation, volume targeted or VG 
modes may be better options for reducing lung injury. Use of low- and 
high-tidal volume ventilation is associated with lung injury. Mechanical 
stretching of lung cells, regardless of the tidal volume used, elicits a 
complex network of signaling molecules and specific cellular responses, 
known as, mechanotransduction [12]. Recent studies have shown that 
even noninjurious mechanical ventilation using normal tidal volumes 
activates a proinflammatory transcriptional program in the uninjured 
lung, which can prime the lung for injury [13]. Invasive mechanical 
ventilation not only initiates a pulmonary inflammatory response, but 
also a systemic inflammatory response in preterm infants [14]. The 
preterm infant lung is more vulnerable during the transitional period 
soon after birth. Preterm infants ventilated for more than 7 days after 
birth have more elevated concentrations of proinflammatory cytokines 
and chemokines in their blood than those ventilated for less than 7 days. 

Invasive ventilation inducesa systemic inflammatory response, 
which may be responsible for the increased risk for adverse 
neurodevelopmental outcomes in preterm neonates with BPD. 
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Increased concentrations of serum proinflammatory cytokines on 
day of life 7 and 14 predict severe neurodevelopmental impairment at 
2 years of age in ELBW infants [15]. The risk for white matter injury 
increases fivefold in preterm infants with BPD. Furthermore, invasive 
ventilation for 7 days increases the risk for BPD by 8-fold, compared 
to non-ventilated infants [16]. Another study showed that mechanical 
ventilation for only 2 hours in preterm infants not only increased 
proinflammatory cytokines, like interleukins (IL) 6 and 8, and tumor 
necrosis factor-α, but also significantly decreased the levels of the anti-
inflammatory cytokine IL-10 in the serum [17]. Laughon et al. [18], 
in an effort to predict BPD based on respiratory support requirement 
at a specific postnatal age, identified that mechanical ventilation by 
day of life 7 increased the risk of BPD by 4-8 fold when compared to 
Continuous Positive Airway Pressure (CPAP) in preterm infants less 
than 30 weeks gestational age. 

The new BPD

A preterm infant’s lungs, with both anatomical and functional 
immaturity as well as surfactant deficiency, are more vulnerable to injury 
during the transitional period soon after birth. Risk for BPD is inversely 
proportional to gestational age and birth weight. Preterm infants who 
develop BPD are born at the canalicular stage of lung development and 
lack both saccules and alveoli. Even a few large inflations immediately 
after birth can initiate lung injury due to the release of proinflammatory 
cytokines [19,20]. Persistent inflammation leads to aberrant healing 
and repair of the developing lung, resulting in alveolar and vascular 
hypoplasia, which are the hallmarks of the “new” BPD. Maternal 
chorioamnionitis can lead to a fetal inflammatory response syndrome, 
which results in the release of fetal proinflammatory cytokines, making 
it vulnerable to lung injury when exposed to postnatal interventions, 
such as, mechanical ventilation and oxygen therapy. Response to 
surfactant therapy is blunted in such situations of lung inflammation, 
and these patients may require early surfactant administration, use of 
higher doses of surfactant, or a surfactant that resists inactivation by the 
inflammatory mediators [21]. 

Non-Invasive Ventilation
In an attempt to reduce lung injury, Noninvasive Ventilation 

(NIV) has been used for the past 3 decades [22]. Delivery of adequate 
respiratory support with NIV involves pressure generators, patient 
nasal interfaces and the ability to provide one or two levels of pressures 
at different frequencies. Three of the most common modes of NIV are 
NCPAP, SiPAP, and NIPPV [23]. 

NCPAP

NCPAP reduces upper airway resistance, maintains functional 
residual capacity, decreases chest wall distortion, augments spontaneous 
breathing efforts, preserves endogenous surfactant, decreases the need 
for exogenous surfactant administration, and decreases the need and/
or duration of invasive ventilation [24,25]. Prolonged NCPAP used 
to minimize supplemental oxygen administration and to promote 
lung growth [26,27], has been suggested to be one of the potentially 
better practices that may improve pulmonary outcomes [28]. NCPAP 
is generated by using constant or variable flow devices. NCPAP may be 
provided using a water column (bubble CPAP), a flow generator (Infant 
flow driver), or a conventional ventilator. The pressure generated in all 
these systems is flow dependent. Bubble CPAP systems use a constant 
gas flow rate that is set by the user, and the CPAP generated is equal 
to the length of expiratory tubing that is immersed under water. Even 
during bubble CPAP, increasing the flow rate will also increase the 
intra-prong pressures at the level of the patient’s nasal interface. Typical 

flow rates used during bubble CPAP are between 6-10 liters per minute 
(l pm). Infant flow drivers are variable flow devices that generate two 
levels of pressure (a high pressure or peak inspiratory pressure [PIP], 
and a low pressure or positive end-expiratory pressure [PEEP]) by 
varying the flow rates. These devices use a dedicated flow driver and 
generator with a patented fluidic flip mechanism that allows variable 
flow rates throughout the respiratory cycle. This mechanism, also 
known as the Coanda effect provides stable baseline pressures and has 
been shown to decrease expiratory work of breathing [29,30]. No back 
up rate is provided during NCPAP. Studies comparing different means 
of providing NCPAP have shown no difference in extubation failure 
rates [31-33]. In patients with hypopnea or apnea, failure rates with 
NCPAP are high, and require intubation or reintubation. 

Bi-level NCPAP

Bi-level CPAP, also known as, SiPAP or BIPAP or biphasic CPAP, is 
another form of CPAP that generates two levels of pressure and allows 
spontaneous breathing during both levels of pressures. Flow generators 
are used to deliver two levels of pressure (PIP and PEEP) during SiPAP. 
However, this mode of respiratory support is significantly different than 
NIPPV mode. Major differences between SiPAP and NIPPV modes 
include, limited ability to deliver PIP (~10 cms H2O), lower delta 
pressures (PIP-PEEP: ~3-4 cms H2O), use of longer inspiratory times 
(ITs ~ 0.5 to 1 s) and need for using high flow rates to generate PIP 
during SiPAP. SiPAP mode is similar to CPAP, except for back up rates 
with much lower PIP. On the contrary, NIPPV mode mimics invasive 
mode of respiratory support. During NIPPV, PIP applied can be as 
high 30 cmsH2O or more, and typically delta pressure is greater than 
5 cmsH2O and shorter ITs (0.3 -0.5 s) are used. Failure rates needing 
intubation or reintubations during SiPAP are similar to NCPAP. [34] 
In this large, randomized trial involving 1,009 extremely low birth 
weight infants with a birth weight <1000 g, postrandomization failures 
needing intubation were 59.5% in the SiPAP group and 61.8% in the 
NCPAP group. This is the first study that reported such a high incidence 
of failure rates with what the study authors had called as NIPPV mode. 
Most patients assigned to the NIPPV group in fact were treated with 
SiPAP. Investigators had also limited the PIP to 18 cmsH2O in the 
SiPAP/NIPPV group. Unfortunately, the authors called the SiPAP mode 
as NIPPV mode in this study. As a result of high failure rates, there 
was no difference in BPD rates between SiPAP and NCPAP modes of 
noninvasive ventilation strategies [34].

NIPPV

Provision of a back up rate plus two levels of pressure, namely, PIP 
and PEEP during NIPPV, has been shown to significantly decrease 
the need for intubation or re-intubation. Minimizing the duration of 
invasive ventilation by using NIPPV has also been shown to decrease 
BPD [23]. Interfaces used during NIV include face mask and nasal 
prongs. Bi-nasal prongs have been shown to be more effective than a 
single prong in providing NIPPV [35]. 

High Flow Nasal Cannula
High Flow Nasal Cannulas (HFNC) are increasingly used because 

of their ease of use. However, very high pressures can be generated 
when flow rates higher than 2 lpm are used. Even at 2 l pm, the CPAP 
generated may be as high as 10 cm H2O [36]. Serious complications, 
such as scalp emphysema, pneumoorbitis, and pneumocephalus have 
been reported with use of HFNC [37]. Since pressures generated are 
neither measured nor controlled by the user, flow rates more than 2 lpm 
should be not be used in preterm neonates. 
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NIV in the Delivery Room
Any attempt to provide lung protective strategies should begin 

immediately after birth. Establishment of functional residual capacity 
with CPAP is the most important step during the initial stabilization 
period in preterm infants [38]. Even few breaths with large inflations 
can trigger lung injury [39]. The current neonatal resuscitation program 
guidelines recommend using a t-piece device to deliver consistent 
CPAP, rather than using a self-inflating or flow-inflating bag [40,41]. 
Bag and mask resuscitation has also been shown to result in significant 
mask leaks and airway obstruction [42-44]. Three major issues with 
bag and mask ventilation are; mask leaks, upper airway obstructions 
caused by inadvertently pushing the tongue and soft tissues posteriorly, 
and the increase in dead space caused by the accumulation of gas in 
the oropharynx that is not contributing to gas exchange. Cappaso et al. 
[45] compared face mask with nasal cannula during primary neonatal 
resuscitation in a large randomized, controlled trial and concluded that 
nasal cannula was more effective than bag and mask ventilation in the 
delivery room. We have reported our results using a specially designed 
nasal cannula (Neotech RAM Nasal Cannula) in an observational study 
involving 102 neonates requiring respiratory support at birth [46].

Sustained Inflation
Sustained inflation (SI) has been studied in preterm infants in 

order to augment the beneficial effects of CPAP in the delivery room. 
Lindner and colleagues [47] reported a significant reduction in the 
rate of intubation in the delivery room (from 84% to 40%), and an 
increase in the proportion of ELBW infants not needing intubation 
and invasive ventilation (from 7% to 25%) after the introduction of 
a series of interventions at birth that included providing a 15second 
SI at pressures of 20 to 30 cm H2O. Several small studies have shown 
that use of SI results in less need for surfactant therapy, less days on 
supplemental oxygen and mechanical ventilation, and less BPD in 
moderately preterm infants [48,49]. A large, multicenter, randomized 
trial to study the impact of SI on long-term outcomes is currently 
underway [50]. 

NIV in the NICU
NIV in the NICU can be provided through NCPAP or NIPPV 

either as a primary mode of respiratory support or following a period 
of invasive ventilation. NIV can also be used in infants after selective 
surfactant treatment using the INSURE (INtubation, SURfactant and 
Extubation) technique. 

NCPAP in the NICU
Preterm infants stabilized with NCPAP or NIPPV in the delivery 

room can be continued on NCPAP after transport to the NICU. 
Several randomized controlled trials comparing NCPAP versus routine 
intubation in the delivery room have been published. Evidence from 
these studies show that NCPAP with or without surfactant therapy is 
as effective as routine intubation with or without surfactant treatment 
in preterm infants. None of these studies demonstrated a significant 
reduction in death or BPD. The COIN trial [51] randomized 610 
spontaneously breathing infants who were between 25 and 28 weeks 
gestational age and who also had signs of respiratory distress at 5 
minutes of life, to receive either CPAP or endotracheal intubation. 
Infants intubated due to respiratory distress before 5 minutes of age 
were excluded. NCPAP of 8 cm H2O was used in this study. More 
infants treated with NCPAP developed pneumothorax (9% versus 3%).
There was no difference in the primary outcome, namely, death or BPD 
between the 2 groups. The SUPPORT trial [52] from the United States 

randomized 1,316 infants between 24 and 28 weeks gestational age 
to receive NCPAP or endotracheal intubation and surfactant. Overall 
mortality and BPD rates were similar between the NCPAP and the 
intubation and surfactant group. In the Delivery Room Management 
trial [53], infants born between 26 and 29 weeks gestational age were 
randomized to NCPAP, to intubation-surfactant-extubation within 30 
minutes to NCPAP, or to intubation for prophylactic surfactant and 
mechanical ventilation for at least 6 hours. This study was stopped 
early after 648 of a planned sample size of 876 had been enrolled. There 
were no differences in death or moderate to severe BPD (NCPAP 4.1% 
vs intubation- surfactant-extubation 7% vs prophylactic surfactant 
7.2%) and in pneumothorax rates (5.4% vs 3.2 vs 4.8%) between these 
3 groups. Recently, a multicenter, randomized trial from the South 
American Neocosur Network showed that, early bubble CPAP and 
selective surfactant administration by the INSURE technique reduced 
the need for mechanical ventilation and surfactant, but showed no 
difference in the rates of death or BPD [54]. A major reason for the lack 
of benefit seen in these trials is secondary to the high rates of NCPAP 
failures, requiring intubation within 3-7 days of randomization. 
Essentially, these studies may be considered as study of early versus 
delayed intubation. The most common reasons for NCPAP failures are 
recurrent apnea, bradycardia or desaturation episodes, hypopnea, need 
for higher pressures (NCPAP >8 cms H2O), and/or severe respiratory 
acidosis. NCPAP when used as a primary mode, or following a period 
of invasive ventilation has been shown to result in failure rates of 19.7% 
to 80%, needing intubation or re-intubation in preterm infants [23]. 

NIPPV in the NICU
To improve the efficacy of NIV, the NIPPV mode is being used 

increasingly in many centers. The five variables adjusted during 
NIPPV are: rate, PIP, PEEP, IT and flow rate. Spontaneous inspiratory 
effort is augmented when a patient receives a positive pressure breath 
during NIPPV [55]. Typical rates used during NIPPV range from 20-
40 breaths per minute. However, use of higher rates results in better 
respiratory unloading as compared to lower rates during synchronized 
NIPPV [56]. The recommended PIP during NIPPV varies from 15-20 
cmH2O above the PEEP. Due to the high resistance found in the nasal 
interfaces, the pressure transmitted to the hypopharynx is always lower 
than the set pressures. Since the time constant becomes longer due to 
higher resistance in the circuit, a longer inspiration time (~0.5 seconds) 
is recommended to transmit pressures set on the ventilator. Many 
ventilators are now available that have a built in mode for providing 
NCPAP or NIPPV. These ventilators adjust flow rates automatically. 
Leak compensation is also available for most NIV modes and should 
be turned on. In conventional mechanical ventilators without the 
NIV mode, flow rates of 14-20 lpm are often needed to compensate 
for leaks while using NIPPV. For all practical purposes, NIPPV is a 
time cycled, pressure limited mode of ventilation, mimicking invasive 
mode of ventilation. Both synchronized and non-synchronized modes 
of NIPPV have been studied. At the present time, there are no devices 
in the United States that are capable of providing synchronized NIPPV. 
However, there are devices available in other parts of the world where 
flow synchronization as well as the use of a Graseby capsule to sense the 
changes in impedance are used to provide synchronized NIPPV, and are 
available for clinical use. Nine randomized, controlled trials comparing 
NCPAP versus NIPPV have been published to date [22,57-64]. Seven 
of the 9 trials showed a significant reduction in extubation failures 
with NIPPV, and 3 of the studies that used NIPPV as a primary mode 
of respiratory support and selective surfactant administration also 
resulted in lower rates of BPD when compared to NCPAP. Guidelines 
for use of NIPPV for clinicians have been published elsewhere [65]. 
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Nasal Interfaces During NIV
Nasal interfaces commonly used for NCPAP or NIPPV include 

short binasal prongs, naso-pharyngeal prongs, and nasal masks. These 
interfaces are difficult to secure, which may further limit the handling 
of sick patients, and are also associated with a high incidence of nasal 
injuries, such as, columellar necrosis and nasal deformities [66,67]. We 
have experience using a specially designed nasal cannula (Neotech RAM 
Nasal Cannula) to provide NCPAP as well as NIPPV in the delivery 
room and in the NICU in over 500 patients, for over 5,000 days with an 
extremely low incidence of nasal injuries [68]. Suggested guidelines for 
starting NIV modes and for weaning to low flow nasal cannula using 
this specially designed nasal cannula are shown in Table 1. 

Neurally Adjusted Ventilatory Assist (NAVA)
NAVA is a newer mode of ventilation that utilizes the electrical 

activity of the diaphragm by using a special nasogastric tube embedded 
with electrodes to provide synchronized breaths. This technology 
overcomes some of the issues associated with pressure or flow 
synchronized modes of ventilation, such as, inconsistent triggering 
due to variable leaks, and lack of inspiratory as well as expiratory 
synchronization of the patient triggered breaths. Briefly, an electrical 
signal is generated in the respiratory center of the brain stem, which 
travels via the phrenic nerve to stimulate the diaphragm. The electrical 
activity of the diaphragm is detected by the electrodes, which transmit 
the signal to the ventilator. The ventilator assists the spontaneous breath 
by delivering a proportional pressure. The PIP delivered is proportional 
to the amount of electrical activity generated by the diaphragm. The 
initiation, duration, size and termination of breaths are controlled by 
the patient, and thus, potentially offering full synchronization [69]. 
Stein et al. [70] reported in a retrospective study that preterm infants 
managed on NAVA mode maintained better blood gases using lower 
PIP and FiO2values when compared to SIMV plus pressure support 
(SIMV+PS) mode of ventilation. Lee et al. [71] also recently reported in 
a randomized crossover study that NAVA lowered required PIP values 
and reduced the respiratory muscle load in preterm infants when 
compared to SIMV+PS. NAVA mode is also available for use in with 

noninvasive ventilation (NIV-NAVA). However, there are currently no 
studies showing the utility of the NIV-NAVA mode in preterm infants. 

Surfactant Therapy
RDS due to surfactant deficiency is the most common cause of 

respiratory failure in preterm infants. Exogenous surfactant therapy 
has been extensively studied in preterm infants with RDS. Surfactant 
therapy has been shown to significantly decrease pneumothoraces, and 
mortality in neonates and infants [72]. Synthetic, as well as animal derived 
surfactants have been evaluated in several, randomized controlled trials 
[73]. Animal derived surfactants result in faster weaning of oxygen and 
mean airway pressure, shorter duration of invasive ventilation, and 
decreased mortality when compared to synthetic surfactants. In the 
1990s, surfactant was administered as either prophylaxis (less than15 
minutes after birth), or as an early (within 2-6 hours of age) versus 
delayed (more than 6-24 hours of age) rescue therapy. Prophylactic 
surfactant was shown to be more effective than rescue treatments. With 
the increasing use of antenatal steroids and the routine use of NCPAP 
in the delivery room to establish functional residual capacity, use of 
prophylactic surfactant is no longer recommended. Prophylactic use 
of surfactant in infants at high risk of developing RDS does not lead 
to clinical improvement and may increase the risk of lung injury or 
death, when compared to early NCPAP and selective surfactant therapy 
[74]. Recently a synthetic surfactant, surfaxin, has been approved for 
prevention of RDS. This surfactant has not been evaluated for rescue 
management of RDS after stabilization with NCPAP. At the present 
time, there are no synthetic surfactants approved for use in rescue or 
selective surfactant therapy in preterm infants. 

Animal Derived Surfactants
Animal derived surfactants are prepared from bovine or porcine 

lungs. The three most commonly available surfactants that are used 
worldwide are Beractant (BE), Calfactant (CA) and Poractant Alfa 
(PA). There are major biochemical differences between these three 
surfactants (Table 2). Beractant (Survanta®) is an animal surfactant 
derived from minced bovine lung extract, with the added products of 

PIP, cm H2O PEEP, cm H2O Inspiratory Time, s Rate, bpm Rise Time, % or 
number Flow rate, LPM

Initial Max Initial Max Initial Max Initial Max Initial Max
Conventional Ventilator 15 above PEEP 30 5 8 0.5 0.5 40 50 5-9 9 14-20
Avea-NIV mode / Servoi- NIVPC 15 above PEEP 30 5 8 0.5 0.5 40 50 0.1-0.2 0.2 ___

NIPPV=Nasal Intermittent Positive Pressure Ventilation
Special Considerations: Bias Flow: 5 -8 LPM; Disconnect Sensitivity: 95% or adjustable with Avea ventilator; Rise Time: When baby requires higher flow rates during 
spontaneous breathing, consider decreasing Rise Time Settings to allow higher PIFR. If available, leak compensation to be turned on.  Heater is set at invasive mode, and 
if there is too much condensation, heater may be set at noninvasive mode for a few hours. Flow delivered at the nasal interface can be periodically checked with a proximal 
flow sensor.  PIP and PEEP are weaned first before rate.  IT with Si-PAP: Up to 1 second.
Weaning: When FiO2 is < 0.40, PCO2 < 60 and pH > 7.25:
•	 Wean PIP and then PEEP and Rate; 
•	 Off NC-IMV when PIP < 10-12, PEEP 5, Rate < 20 to NCPAP
•	 Off NCPAP when CPAP < 5 to Low Flow NC.

Table 1: Guidelines for starting and weaning during NIPPV/Nasal Cannula Intermittent Mandatory Ventilation (NC-IMV).

Surfactant Preparation Phospholipids 
(mg/mL)

DSPC 
(mg/mL)

Total Proteins 
(mg/mL) SP-B (mg/mL) PLMGN 

(mol% total PL)

Poractant alfa (Curosurf)1 Minced porcine lung extract – purified via Liquid Gel 
Chromatography 76 30 1 0.45 3.8 + 0.1

Beractant (Survanta)2 Minced bovine lung extract/ DPPC, Palmitic Acid, 
Tripalmitin 25 11-15.5 <1 Not specified 1.5 + 0.2

Calfactant® (Infasurf)3 Bovine Lung Lavage/DPPC, Cholesterol 35 16 0.7 0.26 Not specified

DSPC-disaturatedphosphatidylcholine, SP-B-surfactant protein B, SP-C-surfactant associated protein-C, PLMGN-plasmalogens
Table 2: Composition of animal derived surfactants.
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Dipalmitoylphosphatidylcholine (DPPC), palmitic acid and tripalmitin. 
Calfactant (Infasurf®) is another bovine extract derived from lung lavages 
containing DPPC, and surfactant associated proteins, SP-B and SP-C. 
In contrast, PA (Curosurf®) is extracted from minced porcine lungs and 
undergoes additional steps, including liquid gel chromatography. As 
a result, PA contains the highest amount of phospholipids, and SP-B. 
Furthermore, plasmalogens, which are antioxidant phospholipids, are 
also present in higher amounts in PA. Higher plasmalogen content in 
the tracheal aspirate in preterm infants is associated with a lower risk 
for developing BPD [75]. Higher amounts of DPPC also offers better 
anti-inflammatory properties [76], and down-regulates the respiratory 
burst via modulation of protein kinase C [77]. PA has been approved 
for use with an initial dose of 200 mg/kg, and 100 mg/kg for subsequent 
doses, whereas, BE is used at 100 mg/kg, and CA at 105 mg/kg for first 
and subsequent doses. Treatment with higher doses has been shown to 
result in lower BPD and mortality, less intraventricular hemorrhage, 
longer duration of action, faster weaning of oxygen, less air leaks, longer 
half-life, and less need for re-dosing [78-82]. The European consensus 
guidelines on the management of neonatal respiratory distress 
syndrome in preterm infants [83] recommend an initial dose of 200 
mg/kg dose of PA for the treatment of RDS, which is also endorsed by 
the European Association of Perinatal Medicine. 

Clinical Comparison of Animal Derived Surfactants
Three randomized trials have been published comparing BE versus 

CA for prophylaxis and rescue treatment of RDS. Faster weaning of 
oxygen and mean airway pressure was reported with CA compared to 
BE, and no differences in the need for additional doses, mortality or 
any other clinical outcomes were seen [84,85]. In contrast, comparison 
of porcine surfactant PA, with bovine surfactant BE from 6 randomized 
trials, showed faster weaning of oxygen, faster weaning of PIP and mean 
airway pressure, fewer air leaks, less need for additional doses, less patent 
ductus arteriosus, less patients on invasive ventilation after 72 hours, 
and decreased the incidence of BPD and also reduced mortality [86-91]. 
Clark et al. [92] reported no difference in mortality between BE and CA 
in a retrospective study of 5,169 patients. Recently, Ramanathan et al. 
[93] in the largest retrospective study of 14,173 patients treated with BE, 
CA and PA, reported 37% more likelihood of death with BE (p=0.053), 
and 49.6% more likelihood of death with CA when compared to PA 
treatment. In a systematic review and meta-analysis, Singh et al. [94] 
reported similar findings of reduced mortality and shorter length of 
stay with PA as compared to BE. High amounts of DPPC, plasmalogens, 
SP-B, and polyunsaturated fatty acids contributing to lower viscosity, 
and phosphatidylcholine species resembling those in innate human 
surfactant may have been responsible for the beneficial effects seen with 
PA treatment. Based on evidence from randomized clinical studies and 
meta-analyses, PA appears to be the preferred animal derived surfactant 
for the selective treatment of RDS. 

In summary, preterm infants needing respiratory support soon after 
delivery should be stabilized with NCPAP and or NIPPV. Sustained 
inflation may be used in infants who are not responding to NCPAP. 
Once stabilized, early, selective surfactant therapy should be given 
to infants meeting the criteria for RDS using the INSURE approach. 
Clinicians should begin NIPPV as soon as possible, preferably in 
delivery room, especially, in the ELBW infants, followed by weaning 
to NCPAP, and subsequently to low flow nasal cannula. Non-invasive 
ventilation and early, selective surfactant therapy may have a synergistic 
effect in decreasing bronchopulmonary dysplasia and associated 
adverse outcomes in preterm infants.
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