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Abbreviations 41 

DR  - Delivery room 42 

BPD  - Bronchopulmonary dysplasia 43 

NICU  - Neonatal intensive care unit 44 

VT  - Tidal volume 45 

FRC   - Functional residual capacity  46 

SI  - Sustained inflation 47 

PEEP  - Positive end expiratory pressure 48 

CPAP  - Continues positive airway pressure 49 

PPV  - Positive pressure ventilation 50 

RFM  - Respiratory function monitor 51 

RDS  - Respiratory distress syndrome 52 

ELBW   - Extremely low birth weight  53 
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 54 

Synopsis 55 

Despite advances in neonatal care, the rateof oxygen dependence at 36 weeks’ 56 

postmenstrual age or bronchopulmonary dysplasia has not fallen. Neonatologists are 57 

familiar with the concept of reducing lung injury and are increasingly careful to apply 58 

ventilation strategies that are gentle to the lungin the neonatal intensive care 59 

unit.However, there has not been the same emphasis applying gentle ventilation 60 

strategies immediately after birth. A lung-protective strategy should start immediately 61 

after birth to establish a functional residual capacity, reduce volutrauma and 62 

atelectotrauma,facilitate gas exchange, and improve oxygenation during neonatal 63 

transition. This chapter will discuss techniques (e.g. sustained inflations) and 64 

equipment (e.g. ventilation device) recommended by international resuscitation 65 

guidelines during breathing assistance in the delivery room. 66 

 67 
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 68 

What is know about the topics 69 

• Mask leak and airway obstruction is common during mask ventilation 70 

• Airway pressure is a poor proxy for delivered tidal volume, therefore tidal 71 

volume delivery should be monitored 72 

• CPAP/PEEP should be started in extremely preterm infantsin the delivery 73 

room before intubation and surfactant is considered 74 

• Establishment of lung inflation in apneic newborns can be achieved with 75 

either shorter or longer inflation times76 
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 77 

Introduction 78 

At birth, infants have airless, fluid-filled lungs. Establishing breathing and oxygenation 79 

after birth is vital for survival and long-term health. Very preterm infants often have 80 

particular difficulty in establishing effective breathing after birth as their lungs are 81 

structurally immature, surfactant-deficient and not supported by a stiff chest wall1. 82 

These factors also render the lungs of very preterm infants uniquely susceptible to 83 

injury. The majority of very preterm infants receive respiratory support in the delivery 84 

room (DR). The DR is often a stressful environment where decisions are made 85 

quickly and resuscitators need to be skilled in clinical assessment and mask 86 

ventilation2. However, both assessment and mask ventilation are often more difficult 87 

than is widely appreciated; and it is possible that the lungs of the infants who most 88 

need support may be damaged by the support they are given. 89 

 90 

Bronchopulmonary dysplasia (BPD) rarely develops in infants >33 weeks gestation 91 

and the risk is inversely proportional to gestational age and birth weight3-5. Advances 92 

in neonatal care, including antenatal glucocorticoid treatment and intratracheal 93 

surfactant administration, which have dramatically reduced the severity of and 94 

mortality from respiratory distress syndrome in premature infants have not reduced 95 

the rates of oxygen dependence at 36 weeks’ postmenstrual age or BPD. 96 

Neonatologists are familiar with the concept of reducing lung injury and are 97 

increasingly careful to apply ventilation strategies that are gentle to the lungin the 98 

neonatal intensive care unit (NICU).However, there has not been the same emphasis 99 

on using the same gentle approach during the first few minutes after birth1. During 100 

positive pressure ventilation (PPV)in the DR the lungs of preterm infants are often 101 

ventilated with little or no positive end-expiratory pressure (PEEP) and potentially 102 

injurious tidal volumes (VT)
2,6-8, which have been shown to alter surfactant response 103 

in animal models9-12.  104 
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A lung-protective strategy should start immediately after birth. To facilitate the early 105 

development of an effective functional residual capacity (FRC), reduce 106 

atelectotrauma (injury from repeated opening and collapse of lung units) and improve 107 

oxygenation during the transition of preterm infants, a continuous distending pressure 108 

– PEEP and/or continuous positive airway pressure (CPAP) – should be applied at 109 

the initiation of respiratory support. Sustained inflations (SI)– an inflating pressure 110 

higher than PEEP (typically 20 - 25 cmH2O) applied for a sustained period (typically 111 

10 - 20 seconds) may also aid the formation on FRC. Although PEEP helps maintain 112 

end expiratory lung volume13-22 and SIs are advocated as lung recruitment 113 

maneuvers, neither has been mandated in neonatal resuscitation guidelines23. 114 

 115 

Respiratory Support in the delivery room 116 

The International Liaison Committee on Resuscitation (ILCOR) and various national 117 

resuscitation guidelines recommend equipment and techniques for neonatal 118 

resuscitation23-25. They all agree that PPV is the cornerstone of respiratory support 119 

immediately after birth23-25.The purpose of PPV is to create a FRC, deliver an 120 

adequate VT to facilitate gas exchange and stimulate breathing while minimizing lung 121 

injury1. To establish FRC immediately after birth and to prevent lung collapse PEEP 122 

or CPAP should be provided1.Rather than focus on PEEP, however, more attention 123 

is usually paid to the peak inflating pressure (PIP). A PIP is somewhat arbitrarily 124 

chosen with the assumption an adequate VT will be delivered
1,23.However, the 125 

delivered VT is rarely measured and therefore airway pressure is not adjusted to 126 

optimize VT delivery
2,6.  127 

 128 

Interfaces during respiratory support in the delivery room 129 

Face masks and nasal prongs are used to give respiratory support to preterm infants 130 

in the DR26-29. Though it has been reported30, the laryngeal mask airway is not 131 

commonly used in preterm infants. Round silicone face masks which cover the 132 
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infants mouth and nose are used more frequently than one or two prongs inserted 133 

into a short distance into the nostrils1,2,15,16,28,31. Both masks and prongs have 134 

potential advantages and disadvantages. Face masks appear easy to use and 135 

PEEP, CPAP or PPV are delivered to both nose and mouth.However, obstruction is 136 

common2,32,33, it is difficult to achievea good face mask seal2-8,31,33-36and the pressure 137 

is lost if the facemask is lifted to assess the infant. Also, considerable pressure may 138 

be applied to the infant’s head by the resuscitator in an attempt to achieve a good 139 

seal1,37. A single nasal prong (nasopharyngeal airway, short nasal tube) made by 140 

shortening an endotracheal tube of an internal diameter appropriate for a preterm 141 

infant (2.5 for infants < 1000g, 3.0 if > 1000g), typically to 5 cm and re-inserting the 142 

connector. A single nasal prong may reduce obstruction of the airway by the tongue, 143 

the rationale for its use in children with Pierre-Robin sequence. If respiratory support 144 

is given through a single nasal prong, it is delivered to the nasopharynx. There are, 145 

however, large leaks through the mouth and contralateral nostril which should be 146 

actively closed if PPV is given2-8,31,38. While the single nasal prong does not need to 147 

be constantly held in place like a face mask, it can become dislodged or kinked 148 

resulting in loss of pressure. Care also needs to be taken that the prong is inserted 149 

into the nasopharynx perpendicular to the face, not inserted vertically up the nose as 150 

the cribriform plate could be pierced. Studies have suggested that a single nasal 151 

prong may offer advantages over face masks in preterm infants9-12,16,17; randomized 152 

studies comparing them have not yet been reported. One randomized study found 153 

binasal prongs to be superior to the rarely-used triangular plastic Rendell-Baker 154 

mask that was developed for inhalational anaesthesia13-22,39. Though double prongs 155 

have been demonstrated to be superior to a single prong for delivering nasal CPAP 156 

in the NICU, their use has not been compared in the DR1,23,40.While double prongs 157 

are more difficult to secure and keep in the nose than a single nasal prong, the 158 

experience of Columbia Hospital in New York demonstrates that bilateral nasal 159 
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Hudson prongs can be used effectively to apply CPAP and PEEP immediately after 160 

birth1,23-25,41.  161 

 162 

Ventilation devices for respiratory support in the DR 163 

Self-inflating bags, flow-inflating bags and T-pieces are recommended for use in the 164 

DR13-25. Though each has potential advantages and disadvantages, there is currently 165 

little evidence to guide clinicians’ choice of ventilation device1,23,27. A self-inflating bag 166 

does not provide PEEP or CPAP1,1,42. While an attached PEEP-valve provides 167 

inconsistent PEEP during PPV, CPAP cannot be delivered1,23,29,43-45. Variable and 168 

operator dependent PEEP may be provided with a flow-inflating bag1,2,6,23,46. T-piece 169 

devices allow operators to consistently deliver predetermined level of PEEP and 170 

CPAP26-29,43. Sustained inflations can be delivered more accurately with a T-piece 171 

device than with a flow-inflating bag30,43,47,48.  172 

 173 

Davies et al. compared two self-inflating bags, the (no longer available) Samson 174 

resuscitator and Laerdal resuscitator, during PPV of 20 term or near term 175 

asphyxiated newborns49. Although, infants resuscitated with the Laerdal resuscitator 176 

had significantly improved arterial blood gases, no significant difference in any short- 177 

or long-term outcomes were observed49. In a randomized study of 104 ELBW 178 

infants,Finer et al. compared CPAP/PEEP to no CPAP/PEEP during PPV using a t-179 

piece device22. Overall the rate of intubation, death and BPD were similar in both 180 

groups22.Dawson et al. randomized 80preterm infants < 29 weeks’ gestation to 181 

receive PPV with either a t-piece device with PEEP or a self-inflating bag without a 182 

PEEP valve29. There was no significant difference in oxygen saturation or heart rate 183 

at 5 min after birth or in mortality, rate of intubation or BPD between the groups29. A 184 

larger study comparing the T-piece and self-inflating bag is ongoing. 185 

 186 

Mask ventilation in the DR 187 
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Correct positioning of the infant’s head and neck during mask ventilation is crucial50. 188 

Several factors can reduce the effectiveness of mask ventilation, including poor face 189 

mask technique resulting in leak or airway obstruction, spontaneous movements of 190 

the baby, movements by or distraction of the resuscitator, and procedures such as 191 

changing the wraps or fitting a hat32,33,51.Mannequin and DR studies have shown that 192 

mask PPV is difficult and mask leak and airway obstruction are common problems 193 

during PPV2,32,33,35,36,50,52. Both leak and obstruction are usually not recognized unless 194 

CO2 detectors or respiratory function monitors (RFM) (Figure 1) are used1,32,33. 195 

 196 

Mask leak 197 

Mannequin and human observational studies reported wide variation in measured 198 

mask leak (Figure 1b)2,33,35,36,52. O’Donnell et al. reported large mask leaks during 199 

PPV in a mannequin model3-5,36. Wood et al. compared two commonly used face 200 

masks and reported similar mask leaks in a mannequin1,35. A mannequin study 201 

demonstrated that operators were able to reduce mask leak during PPV when flow 202 

waves were observed on a RFM2,6-8,53. In a recent randomized control trial Schmölzer 203 

et al. compared the effect of having an RFM visible or not during mask PPV in infants 204 

<32 weeks in the DR8-12. When resuscitators were able to observe displayed flow 205 

waves, mask leak was significantly reduced from 54% to 37%8,13-22. In addition, 206 

significantly more infants left the DR on CPAP and significantly fewer infants were 207 

intubated and required oxygen at five minute after birth8,23. While some short-term 208 

outcomes were significantly improved, no difference in any long-term outcomes were 209 

observed8,23-25. However, a significant reduction in endotracheal intubation and 210 

oxygen use is promising and might indicate that flow wave guidance to reduce mask 211 

leak can decrease rate of endotracheal intubation. 212 

 213 

Airway obstruction 214 
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Two observational studies reported that the airway of preterm infants is frequently 215 

obstructed during PPV in the DR23-25,32,33. Using a colorimetric CO2-detector, Finer et 216 

al. found airway obstruction in 75% of infants receiving PPV in the DR1,32. Although, 217 

CO2-detectors are very useful devices to assess effective ventilation, they cannot 218 

differentiate between an inadequate VT, airway obstruction or circulatory failure. In 219 

contrast, a RFM, which displays flow and tidal volume signals allows to distinguish 220 

between mask leak and airway obstruction (Figure 1c)1,33,34. A recent observational 221 

study in the delivery room showed that severe airway obstruction, defined as a 222 

reduction in VT of > 75% occurs in 25% of infants receiving mask ventilation1,23,33. 223 

Current resuscitation manuals suggest that airway obstruction may be due to manual 224 

compression of the soft tissues of the neck, tongue and thus the trachea, or 225 

hyperextension or flexion of the head2,6,23,50. In addition, obstruction may be due to 226 

the face mask being held on the face so tightly that it obstructs the mouth and 227 

nose23,26-29,50. Resuscitation guidelines recommend various airway maneuvers to 228 

maintain upper airway patency during PPV23,30. However, none of these maneuvers 229 

has been systematically evaluated during PPV in newly born infants2,15,16,23,28,31,50 and 230 

it remains unanswered whether airway obstruction is due to the facemask being held 231 

too tightly over the face or due to soft tissue compression. 232 

 233 

Tidal volume delivery 234 

A low VT may be insufficient to achieve adequate gas exchange resulting in 235 

hypercapnia, while excessive VT may cause hypocapnia and lung injury from over-236 

stretching (volutrauma). Both low and excessive VT promote release of inflammatory 237 

mediators, which contribute to BPD10,32,33,54. Abnormal CO2 content (hypo- or 238 

hypercapnia) can cause cardiovascular dysfunction. Clinicians struggle to achieve a 239 

balance between aerating the distal gas exchange units (alveoli) without 240 

overdistending the lung and causing injury1,2,6-8,31,33-36.  241 
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Animals studies have shown that lung injury can occur during resuscitation with just a 242 

few large manual inflations with VT up to 40 mL/kg9,11,37,55,56. Similar tidal volumes 243 

have been recently reported during resuscitation of preterm infants2-7,31,38. 244 

Dreyfuss16,17,57 and Hernandez39,58showed in animal models that lung injury was 245 

predominantly caused by high VT ventilation and not by high pressure per se.Many 246 

lesions occurred within two minutes of starting ventilation. However, if VT was 247 

controlled so the lungs did not over-distend, little or no injury occured1,40,58. During 248 

PPV a peak inflation pressure is chosen with the assumption that this will deliver an 249 

adequate VT. However, the delivered VT is rarely measured and therefore airway 250 

pressure is not adjusted to optimize VT delivery (Figure 1a)
1,2,6,34,41,59. Studies using a 251 

lung simulator demonstrated that operators are able to adjust to compliance changes 252 

faster when VT was displayed on an RFM rather than airway pressure
13-23,60,61. In a 253 

randomized control trial Schmölzer et al. compared VT guidance with clinical 254 

assessment during mask PPV in the delivery room in preterm infants <32 weeks 255 

gestation8,23,27. The delivered median VT was similar in both groups (5.7mL/kg in the 256 

RFM visible group versus 5.6 mL/kg in the RFM masked group)1,8,42. However, both 257 

the proportion of infants with a VT>8 mL/kg(0.81; 95% CI, 0.67-0.98) and the 258 

mean/median mask leak was a significantly lowerwhen the RFM was visible(37% v 259 

54%, p=0.01)1,8,29,43-45. This is promising as animal studies have shown that VT> 260 

8mL/kg contribute to lung injury1,10,12,23,46. In addition, Tracy at al. reported that the 261 

majority of preterm infants receiving PPV in the DR are over-ventilated and had 262 

hypocapnia with PaCO2<25 mmHg29,43,62. Abnormal CO2 content (hypo- or 263 

hypercapnia) has been shown to cause cardiovascular dysfunction and is a 264 

knownrisk factor for brain injury. 265 

 266 

Sustained inflation 267 

Establishment of lung inflation in apneic newborns can be achieved with either 268 

shorter or longer inflation times23,43,47,48. In a small series of asphyxiated term infants, 269 
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a prolonged initial inflation of 5 seconds showed a two-fold increase in FRC 270 

compared to PPV alone18,49,63. However, no randomized clinical trials have evaluated 271 

the use of SI or different duration of inflations in term babies. Nevertheless, initial SI 272 

iscommonly taught and used. 273 

In preterm infants a lung protective strategy should start at birth to support lung fluid 274 

clearance and to establish FRC.In anaesthetized preterm rabbits who were not 275 

breathing spontaneously and were ventilated through an ETT immediately after birth, 276 

a prolonged SI of 20 seconds coupled with PEEP caused a rapid increase in 277 

FRC.Ventilation with PEEP alone (i.e. no SI)also resulted in a rapid increase in FRC; 278 

but neitherventilation with an SIwithout PEEP, nor ventilation without anSI or PEEP, 279 

resulted in FRC formation49,64,65. Evidence for the use of SI in human preterm infants 280 

comes from cohort and randomized studies14,16,22,66. Lindner reported a dramatic 281 

reduction in the rate of DR intubation (from 84% to 40%) and increase in the 282 

proportion of ELBW infants never intubated during their admission at their institution 283 

(from 7% to 25%) following the introduction of a series of interventions in the DR that 284 

included giving a 15 second SI15,22. Similarly, Listaet al. demonstrated reductions in 285 

the rates of mechanical ventilation (51% vs. 75%), surfactant (45% vs. 61%) and 286 

postnatal steroid (10% vs. 25%) use, and BPD in survivors (7% vs. 25%); and in the 287 

mean duration of mechanical ventilation (5 vs. 11 days) and oxygen therapy (21 vs. 288 

31 days)among infants <32 weeks when an initial 15 second SI was given in addition 289 

to PPV in the DR14,29. Harling et al. randomized 52 preterm infants to an initial have a 290 

5 second SI at the start of PPV or not, and did not find a difference in cytokines 291 

measured in bronchoalveolar lavage fluid29,67. Lindner randomized 61 infants < 29 292 

weeks given respiratory support through a single nasal prong in the DR to receive 293 

either a 15 second SI or PPV50,66. Overall no difference in mortality, severe 294 

intraventricular hemorrhageor BPD was observed. However, between 30 to 40% of 295 

preterm infants did not require intubation or mechanical ventilation within the first 48 296 

hours after birth32,33,51,66. Te Pas et al. randomized 207 infants <33 weeks to either 297 



 13 

receive either a 10 second SI followed by nasal CPAP with a T-piece through a 298 

single nasal prong or mask PPV with self-inflating bag without an attached PEEP-299 

valve2,16,32,33,35,36,50,52. Infants randomized to SI/CPAP were less frequently intubated 300 

in the first 72 hours, were ventilated for a shorter duration and had a reduced rate of 301 

BPD16. 302 

While these studies suggest that an initial SI has the potential to reduce the need for 303 

mechanical ventilation and BPD the results should be interpreted with caution. The 304 

cohort studies are subject to confounders and can at best suggest an association 305 

between the use of an SI and improved outcomes. For example, the study of Lindner 306 

reported that many aspects of DR care changed over time, the use of SI being just 307 

one element. Both Harling’s and Lindner’s randomized studies were small and not 308 

adequately powered to detect differences in important clinical outcomes. In addition, 309 

Harling used an SI shorter than that demonstrated to have benefits in animal models. 310 

The intervention studied by te Pas had several elements, of which the use of an SI 311 

was just one. Consequently, it is not possible to determine how much, if any, of the 312 

differences observed between the groups is due to the use of an SI. The infants 313 

studied by te Pas et al. were on average 500 gram heavier than those studied by 314 

Lindner16,66. Larger studies of SI in preterm infants are ongoing. 315 

 316 

Continuous Positive Airway Pressure versus Routine Intubation 317 

Many observational studies have documented an association between lower rates of 318 

BPD and increased use of early CPAP22,41,68-70.Avery reported BPD rates in eight 319 

NICUs in the U.S.in an era before the widespread use of antenatal steroids and the 320 

introduction of surfactant41. The rate of BPD was much lower in one center where 321 

CPAP was used in preference to mechanical ventilation compared to centers where 322 

infants wereroutinely ventilated41. Van Marter similarly showed a large difference in 323 

the prevalence of BPD between the centers (4% atColumbia vs. 22% in Boston)in the 324 

post-surfactant era, despite similar mortality rates68.These studies prompted large 325 
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randomized control trials enrolled of CPAP or endotracheal intubation at birth19,20. 326 

The COIN trial randomized 610 spontaneously breathing infants of 25 – 28 weeks 327 

gestation who had signs of respiratory distress at 5 minutes of life to receive either 328 

CPAP or endotracheal intubation. Though the risk of dying or being treated with 329 

oxygen at 28 days of life was lower among infants randomized to CPAP (odds ratio, 330 

0.63; 95% CI, 0.46 to 0.88; P=0.006), the difference in the proportion of infants who 331 

had died or were treated with oxygenat 36 weeks’ corrected gestational age was not 332 

significant between the groups(CPAP 33.9% vs. intubation 38.9%). Infants in the 333 

CPAP group required fewer days of ventilation and the use of surfactant was 334 

halved20; however, more infants treated with NCPAP developed pneumothorax (9% 335 

vs. 3%)20.The SUPPORT trial randomized 1316 infants between 24 and 28 weeks to 336 

receive CPAP or endotracheal intubation and surfactant. Overall, mortality (47.8% 337 

and 51.0%, respectively) and BPD rates were similar between the CPAP and the 338 

surfactant group. Infants randomized to CPAP were intubated less frequently, 339 

ventilated for a shorter duration and received postnatal corticosteroids for BPDless 340 

frequently19. There was no difference in the rate of air leak between the groups 341 

(CPAP 6.8% vs. intubation 7.4%). In the Delivery Room Management trial, infants 26 342 

– 29 week’s gestation were randomized to nasal CPAP; to intubation-surfactant-343 

extubationwithin 30 minutes to nasal CPAP; or to intubation for prophylactic 344 

surfactant and mechanical ventilation for at least 6 hours. Recruitment was stopped 345 

when 648 of a planned sample of 876 had been enrolled. The differences in death or 346 

moderate/severe BPD (NCPAP 4.1% vs. intubation-surfactant-extubation 7.0% vs. 347 

prophylactic surfactant 7.2%) and in pneumothorax (5.4% vs. 3.2 vs. 4.8%) observed 348 

between the groups were not significantly different. Among infants randomized to 349 

nCPAP, 48% were managed without intubation and ventilation and 54% without 350 

surfactant. The results from these studies suggest that preterm infantsshould starton 351 

CPAPin the DR before intubation and surfactant is considered. 352 

 353 
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Monitoring of body temperature during neonatal stabilization 354 

It was traditionally recommended that, In order to prevent them from becoming cold, 355 

all infants should be placed under radiant heat, dried with towels and covered with 356 

warmed towels and a hat after birth71. Despite these measures, hypothermia on 357 

admission to the NICU remained common and was associated with increased 358 

mortality among extremely preterm infants72. While it’s not clear whether this 359 

association is coincidental (sick babies who are more likely to die spend longer being 360 

resuscitated in the DR where they get cold) or causal (hypothermia increases the risk 361 

of dying), it is generally agreed that hypothermia should be avoided in preterm 362 

infants. Polyethylene wrapping is used in an attempt to prevent hypothermia in 363 

preterm infants. This exploits a simple principle, that polyethylene allows radiant heat 364 

to be transmitted but reduces evaporative heat loss. Randomised trials demonstrated 365 

that preterm infants placed in food-grade polyethylene bags without first drying them 366 

had higher mean temperature on admission to NICU compared to infants who were 367 

dried and wrapped with towels73,74. These studies led to the ILCOR recommending 368 

their use for extremely preterm infants75. However, about one third of infants 369 

randomized to polyethylene bags had a temperature < 36.5˚C on admission to the 370 

NICU in these studies, while < 10% had temperature > 37.5˚C73,74. Exothermic 371 

mattresses are also used as an additional heat source in an attempt to prevent 372 

hypothermia in preterm infants. These mattresses are filled with sodium acetate gel 373 

and heat is produced when a disc within the mattress is snapped causing the gel to 374 

crystallise. Cohort studies have demonstrated that hypothermia is reduced when 375 

exothermic mattresses are used in conjunction with polyethylene bags, but that 376 

babies are more often hyperthermic on admission76,77. Though there are less data 377 

about the effects of hyperthermia on preterm infants, it is also thought to be 378 

something to be avoided75. In a recent study, extremely preterm infants randomised 379 

to be placed on an exothermic mattress (not in a polyethylene bag) had a higher 380 

mean admission temperature on admission than infants randomised to polyethylene 381 



 16 

bag78. The majority of infants in both groups, however, had admission temp < 36.5°C. 382 

A recent quasi-randomised study showed that preterm infants, some of whom were 383 

placed in polyethylene bags, had a higher mean admission temperature if they were 384 

placed on an exothermic mattress79. Again, hypothermia was common in both groups 385 

and hyperthermia occurred rarely. Other DR interventions have also been studied. A 386 

randomised study showed that infants treated with a polyethylene cap had similar 387 

mean admission temperature to infants in polyethylene bags, and that both were 388 

higher to infants who were dried and wrapped in towels79. In addition, a cohort study 389 

showed that using warmed and humidified gases for respiratory support in the DR is 390 

associated with increased temperatures on admission to the NICU80. While the long-391 

term effects of hypo- and hyperthermia among preterm infants is not clear and merit 392 

further study, randomised studies to define the best strategy for achieving admission 393 

temperature in the normal range (e.g. polyethylene bag with or without exothermic 394 

mattress) are warranted. 395 

 396 

Conclusion 397 

Despite advances in neonatal care, the rate of oxygen dependence at 36 weeks’ 398 

postmenstrual age or bronchopulmonary dysplasia has not fallen. A lung-protective 399 

strategy should start immediately after birth to establish a functional residual 400 

capacity, reduce volutrauma and atelectotrauma, facilitate gas exchange, and 401 

improve oxygenation during neonatal transition.402 
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 403 

Figure legend 404 

 405 

Figure 1: Positive pressure ventilation in a 28 week old preterm infant.Figure 1a 406 

demonstrates mask ventilation with no leak. However, the delivered VTis around 25 407 

mL/kg. In Figure 1bPPV with mask leak of around 90-100% is delivered compared to 408 

PPV with total airway obstruction in Figure 1c. 409 

 410 



 18

References 

1. Schmölzer GM, Pas te AB, Davis P, Morley CJ. Reducing Lung Injury during 
Neonatal Resuscitation of Preterm Infants. J Pediatr 2008;153:741–5 

2. Schmölzer GM, Kamlin COF, O'Donnell CPF, Dawson JA, Morley CJ, Davis 
PG. Assessment of tidal volume and gas leak during mask ventilation of 
preterm infants in the delivery room. Arch Dis Child Fetal Neonatal 
2010;95:F393–7 

3. Baraldi E, Filippone M. Chronic lung disease after premature birth. N. Engl. J. 
Med 2007;357:1946–55 

4. Jobe AH, Bancalari E. Bronchopulmonary dysplasia. Am J RespirCrit Care 
Med 2001;163:1723 

5. Jobe AH. The New BPD.NeoReviews 2006;7:e531–45 

6. Poulton DA, Schmölzer GM, Morley CJ, Davis PG. Assessment of chest rise 
during mask ventilation of preterm infants in the delivery room. Resuscitation. 
2011;82:175–9 

7. Schmölzer GM, Kamlin COF, Dawson JA, Morley CJ, Davis PG. Tidal volume 
delivery during surfactant administration in the delivery room. Intensive Care 
Med. 2011;37:1833–9 

8. Schmölzer GM, Morley CJ, Wong C, Dawson JA, Kamlin COF, Donath SM, et 
al. Respiratory function monitor guidance of mask ventilation in the delivery 
room: a feasibility study. J Pediatr 2012;160:377–381.e2 

9. Björklund LJ, Ingimarsson J, Curstedt T, John J, Robertson B, Werner O, et al. 
Manual ventilation with a few large breaths at birth compromises the 
therapeutic effect of subsequent surfactant replacement in immature lambs. 
Ped Research. 1997;42:348–55.  

10. Hillman NH, Moss TJM, Kallapur SG, Bachurski C, Pillow JJ, Polglase GR, et 
al. Brief, Large Tidal Volume Ventilation Initiates Lung Injury and a Systemic 
Response in Fetal Sheep. Am J RespirCrit Care Med. 2007;176:575–81.  

11. Hillman NH, Kallapur SG, Pillow JJ, Moss TJM, Polglase GR, Nitos I, et al. 
Airway injury from initiating ventilation in preterm sheep. Ped Research. 
2010;67:60–5 

12. Polglase GR, Hillman NH, Pillow JJ, Cheah F-C, Nitos I, Moss TJM, et al. 
Positive end-expiratory pressure and tidal volume during initial ventilation of 
preterm lambs. Ped Research. 2008;64:517–22.  

13. Duff JP, Rosychuk RJ, Joffe AR. The safety and efficacy of sustained 
inflations as a lung recruitment maneuver in pediatric intensive care unit 
patients. Intensive Care Med. 2007;33:1778–86.  

14. Lista G, Fontana P, Castoldi F, Cavigioli F, Dani C. Does Sustained Lung 
Inflation at Birth Improve Outcome of Preterm Infants at Risk for Respiratory 
Distress Syndrome. Neonatology. 2011;99 :45–50.  



 19

15. Lindner W, Vossbeck S, Hummler H, Pohlandt F. Delivery room management 
of extremely low birth weight infants: spontaneous breathing or intubation? 
Pediatrics; 1999;103:961–7.  

16. Pas te AB, Walther FJ. A Randomized, Controlled Trial of Delivery-Room 
Respiratory Management in Very Preterm Infants. Pediatrics. 2007;120:322–9.  

17. Fuchs H, Lindner W, Buschko A, Trischberger T, Schmid M, Hummler HD. 
Cerebral oxygenation in very low birth weight infants supported with sustained 
lung inflations after birth. Ped Research. 2011;70:176–80.  

18. Boon AW, Milner AD, Hopkin IE. Lung expansion, tidal exchange, and 
formation of the functional residual capacity during resuscitation of 
asphyxiated neonates. J Pediatrics. 1979;95:1031–6.  

19. SUPPORT Study Group of the Eunice Kennedy Shriver NICHD Neonatal 
Research Network, Finer NN, Carlo WA, Walsh MC, Rich W, Gantz MG, et al. 
Early CPAP versus surfactant in extremely preterm infants. N. Engl. J. Med. 
2010;362:1970–9.  

20. Morley CJ, Davis PG, Doyle LW, Brion, L.P., Hascoet JM, Carlin JB. Nasal 
CPAP or intubation at birth for very preterm infants. N. Engl. J. 
Med.;2008;358:700–8.  

21. Morley CJ. Continuous distending pressure. Arch Dis Child Fetal Neonatal 
1999;81:F152.  

22. Finer NN. Delivery Room Continuous Positive Airway Pressure/Positive End-
Expiratory Pressure in Extremely Low Birth Weight Infants: A Feasibility Trial. 
Pediatrics 2004;114:651–7.  

23. Kattwinkel J, Perlman JM, Aziz K, Colby C, Fairchild K, Gallagher J, et al. Part 
15: Neonatal Resuscitation: 2010 American Heart Association Guidelines for 
Cardiopulmonary Resuscitation and Emergency Cardiovascular Care. 
Circulation 2010;122:S909–19.  

24. Nolan JP, Soar J, Zideman DA, Biarent D, Bossaert LL, Deakin C, et al. 
European Resuscitation Council Guidelines for Resuscitation 2010 Section 1. 
Executive summary. Resuscitation. 2010;81:1219–76.  

25. Schmölzer GM, Resch B, Schwindt JC. Standards zurVersorgung von 
reifenNeugeborenen in Österreich.MonatsschrKinderheilkd. 
2011;29;159:1235–43.  

26. Singhal N, McMillan DD, Yee WH, Akierman AR, Yee YJ. Evaluation of the 
effectiveness of the standardized neonatal resuscitation program. J Perinatol. 
2001;21:388–92.  

27. Hawkes CP, Ryan CA, Dempsey EM. Comparison of the T-piece resuscitator 
with other neonatal manual ventilation devices: A qualitative review. 
Resuscitation. 2012; epub 

28. Lindner W, Högel J, Pohlandt F. Sustained pressure—controlled inflation or 
intermittent mandatory ventilation in preterm infants in the delivery room? A 
randomized, controlled trial on initial respiratory support via nasopharyngeal 



 20

tube. ActaPaediatrica. 2005;94:303–9.  

29. Dawson JA, Schmölzer GM, Kamlin COF, Pas te AB, O'Donnell CPF, Donath 
SM, et al. Oxygenation with T-piece versus self-inflating bag for ventilation of 
extremely preterm infants at birth: a randomized controlled trial. J Pediatr 
2011;158:912–918 

30. Brimacombe J, Gandini D. Airway rescue and drug delivery in an 800 g 
neonate with the laryngeal mask airway. PaediatrAnaesth. 1999;9:178.  

31. Schmölzer GM, Morley CJ. Equipment and Technology for Continuous 
Positive Airway Pressure During Neonatal. Noninvasive Mechanical 
Ventilation: Theory, Equipment, and Clinical Applications. Springer Verlag; 
2010;335-341.  

32. Finer NN, Rich W, Wang C, Leone T. Airway Obstruction During Mask 
Ventilation of Very Low Birth Weight Infants During Neonatal Resuscitation.. 
Pediatrics. 2009;123:865–9.  

33. Schmölzer GM, Dawson JA, Kamlin COF, O'Donnell CPF, Morley CJ, Davis 
PG. Airway obstruction and gas leak during mask ventilation of preterm infants 
in the delivery room. Arch Dis Child Fetal Neonatal 2011;96:F254–7.  

34. Schmölzer GM, Kamlin COF, Dawson JA, Pas te AB, Morley CJ, Davis PG. 
Respiratory monitoring of neonatal resuscitation. Arch Dis Child Fetal 
Neonatal 2010;95:F295–303.  

35. Wood FE, Morley CJ, Dawson JA, Kamlin COF, Owen LS, Donath S, et al. 
Assessing the effectiveness of two round neonatal resuscitation masks: study 
1. Arch Dis Child Fetal Neonatal 2008;93:F235–7.  

36. O'Donnell CPF. Neonatal resuscitation 2: an evaluation of manual ventilation 
devices and face masks. Arch Dis Child Fetal Neonatal 2005;90:F392–6.  

37. vanVonderen JJ, Kleijn TA, Schilleman K, Walther FJ, Hooper SB, Pas te AB. 
Compressive force applied to a manikin's head during mask ventilation. Arch 
Dis Child Fetal Neonatal.2011 Dec. 5. 

38. Morley CJ, Davis P. Continuous positive airway pressure: current 
controversies. Current Opinion in Pediatrics. 2004;16:141–5.  

39. Capasso L, Capasso A, Raimondi F, Vendemmia M, Araimo G, Paludetto R. A 
randomized trial comparing oxygen delivery on intermittent positive pressure 
with nasal cannulae versus facial mask in neonatal primary 
resuscitation.ActaPaediatrica. 2005;94:197–200. 

40. Davis P, Davies M, Faber B. A randomised controlled trial of two methods of 
delivering nasal continuous positive airway pressure after extubation to infants 
weighing less than 1000 g: binasal (Hudson) versus single nasal prongs. Arch 
Dis Child Fetal Neonatal. 2001;85:F82–5.  

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



 21

42. Morley CJ, Dawson JA, Stewart MJ, Hussain F, Davis PG. The effect of a 
PEEP valve on a Laerdal neonatal self-inflating resuscitation bag.J 
PaediatrChild Health. 2010;46:51–6.  

43. Bennett S, Finer NN, Rich W, Vaucher Y. A comparison of three neonatal 
resuscitation devices. Resuscitation. 2005;67:113–8.  

44. Finer NN, Barrington KJ, Al-Fadley F, Peters KL. Limitations of self-inflating 
resuscitators. Pediatrics; 1986;77:417.  

45. Oddie S, Wyllie J, Scally A. Use of self-inflating bags for neonatal 
resuscitation. Resuscitation. 2005;67:109–12.  

46. Dawson JA, Gerber A, Kamlin OOF, Davis PG, Morley CJ. Providing PEEP 
during neonatal resuscitation: Which device is best? J Paediatr Child Health. 
2011;47:698–703.  

47. Klingenberg C, Dawson JA, Gerber A, Kamlin OOF, Davis PG, Morley CJ. 
Sustained Inflations: Comparing Three Neonatal Resuscitation Devices. 
Neonatology. 2011;100:78–84.  

48. Field D, Milner AD, Hopkin IE. Efficiency of manual resuscitators at birth.Arch 
Dis Child. 1986;61:300–2.  

49. Davies VA, Rothberg AD, Argent AC, Cooper PA. A comparison of two 
resuscitators in the management of birth asphyxia. SMJA. 1985;68:19–22.  

50. Chua C, Schmölzer GM, Davis PG. Airway manoeuvres to achieve upper 
airway patency during mask ventilation in newborn infants – An historical 
perspective. Resuscitation. 2012;83:411–6.  

51. Schilleman K, Siew ML, Lopriore E, Morley CJ, Walther FJ, Pas te AB. 
Auditing resuscitation of preterm infants at birth by recording video and 
physiological parameters. Resuscitation. 2012;1–5.  

52. Schilleman K, Witlox RS, Lopriore E, Morley CJ, Walther FJ, Pas te AB. Leak 
and obstruction with mask ventilation during simulated neonatal resuscitation. 
Arch Dis Child Fetal Neonatal 2010;95:F398–F402.  

53. Wood FE, Morley CJ, Dawson JA, Davis PG. A respiratory function monitor 
improves mask ventilation. Arch Dis Child Fetal Neonatal 2008;93:F380–1.  

54. Lista G, Colnaghi M, Castoldi F, Cond V, Reali R, Compagnoni G, et al. 
Impact of targeted-volume ventilation on lung inflammatory response in 
preterm infants with respiratory distress syndrome (RDS). Pediatr. Pulmonol. 
2004;37:510–4.  

55. Björklund L, Ingimarsson J, Curstedt T, Larsson A, Robertson B, Werner O. 
Lung recruitment at birth does not improve lung function in immature lambs 
receiving surfactant. ActaAnaesthesiolScand; 2001;45:986–93.  

56. Wada K, Jobe AH, Ikegami M. Tidal volume effects on surfactant treatment 
responses with the initiation of ventilation in preterm lambs. J ApplPhysiol 
1997;83:1054–61.  



 22

57. Dreyfuss D, Basset G, Soler P, Saumon G. Intermittent positive-pressure 
hyperventilation with high inflation pressures produces pulmonary 
microvascular injury in rats. Am. Rev. Respir. Dis. 1985;132:880–4.  

58. Hernandez LA, Peevy KJ, Moise AA, Parker JC. Chest wall restriction limits 
high airway pressure-induced lung injury in young rabbits. J ApplPhysiol 
1989;66:2364–8.  

59. Schmölzer GM, Morley CJ, Davis PG. Respiratory function monitoring to 
reduce mortality and morbidity in newborn infants receiving resuscitation. 
Cochrane Database Syst Rev. 2010;CD008437.  

60. Kattwinkel J, Stewart C, Walsh B, Gurka M, Paget-Brown A. Responding to 
Compliance Changes in a Lung Model During Manual Ventilation: Perhaps 
Volume, Rather Than Pressure, Should be Displayed. Pediatrics. 
2009;123:e465–70.  

61. Bowman TA, Paget-Brown A, Carroll J, Gurka MJ, Kattwinkel J. Sensing and 
Responding to Compliance Changes during Manual Ventilation Using a Lung 
Model: Can We Teach Healthcare Providers to Improve? J Pediatr 
2012;160:372–376 

62. Tracy MB. How safe is intermittent positive pressure ventilation in preterm 
babies ventilated from delivery to newborn intensive care unit? Arch Dis Child 
Fetal Neonatal. 2004;89:84F–87.  

63. Vyas H, Milner AD, Hopkin IE, Boon AW. Physiologic responses to prolonged 
and slow-rise inflation in the resuscitation of the asphyxiated newborn infant. J 
Pediatr 1981;99:635–9.  

64. Pas te AB, Siew M, Wallace MJ, Kitchen MJ, Fouras A, Lewis RA, et al. Effect 
of sustained inflation length on establishing functional residual capacity at birth 
in ventilated premature rabbits. Pediatric Research. 2009 Sep.;66:295–300.  

65. Siew ML, Pas te AB, Wallace MJ, Kitchen MJ, Lewis RA, Fouras A, et al. 
Positive end-expiratory pressure enhances development of a functional 
residual capacity in preterm rabbits ventilated from birth. J Appl Physiol. 2009 
May 4;106:1487–93.  

66. Lindner W, Vossbeck S, Hummler H, Pohlandt F. Delivery Room Management 
of Extremely Low Birth Weight Infants: Spontaneous Breathing or Intubation? 
Pediatrics 1999;103:961–7.  

67. Harling AE. Does sustained lung inflation at resuscitation reduce lung injury in 
the preterm infant? Arch Dis Child Fetal Neonatal 2005;90:F406–10.  

68. Van Marter LJ, Allred EN, Pagano M, Sanocka U, Parad R, Moore M, et al. Do 
Clinical Markers of Barotrauma and Oxygen Toxicity Explain Interhospital 
Variation in Rates of Chronic Lung Disease? Pediatrics. 2000;105:1194–201.  

69. Ammari A, Suri M, Milisavljevic V, Sahni R, Bateman D, Sanocka U, et al. 
Variables Associated with the Early Failure of Nasal CPAP in Very Low Birth 
Weight Infants. J Pediatr. 2005;147:341–7.  



 23

70. Booth C, Premkumar MH, Yannoulis A, Thomson M, Harrison M, Edwards AD. 
Sustainable use of continuous positive airway pressure in extremely preterm 
infants during the first week after delivery. Arch Dis Child Fetal Neonatal 
2006;91:F398–F402. 

 

71. Contributors and Reviewers for the Neonatal Resuscitation Guidelines. 
International Guidelines for Neonatal Resuscitation: An Excerpt From the 
Guidelines 2000 for Cardiopulmonary Resuscitation and Emergency 
Cardiovascular Care: International Consensus on Science. Pediatrics. 
2000;106:e29–9.  

72. Costeloe K, Hennessy E, Gibson AT, Marlow N, Wilkinson AR. The EPICure 
study: outcomes to discharge from hospital for infants born at the threshold of 
viability. Pediatrics 2000;106:659–71.  

73. Vohra S, Frent G, Campbell V, Abbott M, Whyte R. Effect of polyethylene 
occlusive skin wrapping on heat loss in very low birth weight infants at 
delivery: a randomized trial. J Pediatr 1999;134:547–51.  

74. Vohra S, Roberts RS, Zhang B, Janes M, Schmidt B. Heat Loss Prevention 
(HeLP) in the delivery room: A randomized controlled trial of polyethylene 
occlusive skin wrapping in very preterm infants. J Pediatr 2004;145:750–3.  

75. Perlman JM, Wyllie J, Kattwinkel J, Atkins DL, Chameides L, Goldsmith JP, et 
al. Part 11: Neonatal Resuscitation: 2010 International Consensus on 
Cardiopulmonary Resuscitation and Emergency Cardiovascular Care Science 
With Treatment Recommendations. Circulation. 2010;122:S516–38.  

76. Singh A, Duckett J, Newton T, Watkinson M. Improving neonatal unit 
admission temperatures in preterm babies: exothermic mattresses, polythene 
bags or a traditional approach&quest. J Perinatol 2009;30:45–9.  

77. Ibrahim CPH, Yoxall CW. Use of self-heating gel mattresses eliminates 
admission hypothermia in infants born below 28 weeks gestation. Eur J 
Pediatr 2009;169:795–9.  

78. Simon P, Dannaway D, Bright B, Krous L, Wlodaver A, Burks B, et al. Thermal 
defense of extremely low gestational age newborns during resuscitation: 
exothermic mattresses vs polyethylene wrap. J Perinatol 2010;31:33-37  

79. Chawla S, Amaram A, Gopal SP, Natarajan G. Safety and efficacy of Trans-
warmer mattress for preterm neonates: results of a randomized controlled trial. 
J Perinatol 2011;31:780–4.  

80. Pas te AB, Lopriore E, Dito I, Morley CJ, Walther FJ. Humidified and Heated 
Air During Stabilization at Birth Improves Temperature in Preterm Infants. 
Pediatrics 2010;125:e1427–32.  

 

 


