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Introduc-on	
  
•  Immediately	
  aNer	
  birth	
  residual	
  lung	
  fluid	
  	
  
– needs	
  to	
  be	
  cleared	
  
–  some	
  fluid	
  needs	
  to	
  be	
  replaced	
  by	
  air	
  

•  The	
  first	
  breaths	
  play	
  an	
  important	
  role	
  to	
  
achieve	
  a	
  gas-­‐filled	
  Func-onal	
  Residual	
  Capacity	
  	
  	
  	
  	
  	
  	
  	
  
(Te Pas et al. J Pediatr 2008;152:607; Hooper et al. NeoReviews 2010;11:e474) 

•  Frac-on	
  of	
  neonates	
  with	
  an	
  Apgar	
  Score	
  ≤3	
  
(Popula-on	
  based	
  data	
  from	
  Sweden,	
  born	
  1985)	
  	
  
(Palme-Kilander. Acta Paediatr 1982;81:739)	
  
–  approx.	
  1%	
  (n=869/97648)	
  of	
  babies	
  ≥2500g	
  	
  
–  21%	
  (147/707)	
  of	
  babies	
  <1500g	
  

•  80%	
  of	
  ELBWI	
  breathe	
  aNer	
  birth	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
(O’Donnell et al. J Pediatr 2010;156:846) 
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Introduc-on	
  

•  European	
  Resuscita-on	
  Council	
  
Guidelines	
  for	
  Resuscita-on	
  
2010:	
  Sec-on	
  7.	
  Resuscita-on	
  of	
  babies	
  
at	
  birth	
  (Richmand & Willie. Resuscitation 2010;81:1389) 

– Breathing	
  
■  “For	
  the	
  first	
  five	
  infla-on	
  breaths	
  

maintain	
  the	
  ini-al	
  infla-on	
  pressure	
  
for	
  2–3	
  s.	
  This	
  will	
  help	
  lung	
  
expansion.“	
  	
  

➜  Concept	
  of	
  prolonged	
  inspiratory	
  
-me	
  is	
  men-oned	
  in	
  NLS	
  (Europe),	
  
but	
  not	
  in	
  NRP	
  (US)	
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1390 S. Richmond, J. Wyllie / Resuscitation 81 (2010) 1389–1399

Fig. 7.1. Newborn life support algorithm.

receiving resuscitation, 8 per 1000 responded to mask inflation and
only 2 per 1000 appeared to need intubation. The same study tried
to assess the unexpected need for resuscitation at birth and found
that for low risk babies, i.e. those born after 32 weeks gestation
and following an apparently normal labour, about 2 per 1000 (0.2%)
appeared to need resuscitation at delivery. Of these, 90% responded
to mask inflation alone while the remaining 10% appeared not to
respond to mask inflation and therefore were intubated at birth.

Resuscitation or specialist help at birth is more likely to be
needed by babies with intrapartum evidence of significant fetal
compromise, babies delivering before 35 weeks gestation, babies

delivering vaginally by the breech, and multiple pregnancies.
Although it is often possible to predict the need for resuscitation
or stabilisation before a baby is born, this is not always the case.
Therefore, personnel trained in newborn life support should be eas-
ily available at every delivery and, should there be any need for
intervention, the care of the baby should be their sole responsibil-
ity. One person experienced in tracheal intubation of the newborn
should ideally be in attendance for deliveries associated with a high
risk of requiring neonatal resuscitation. Local guidelines indicat-
ing who should attend deliveries should be developed, based on
current practice and clinical audit.
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Experimental	
  Studies	
  
•  PEEP	
  (5	
  cmH2O)	
  enhanced	
  the	
  

development	
  of	
  a	
  func-onal	
  
residual	
  capacity	
  in	
  preterm	
  
rabbits	
  aNer	
  birth	
  (Siew et al. J Appl Physiol 
2009;106:1487)	
  

•  Rabbit	
  pubs	
  aNer	
  birth	
  	
   	
  	
  	
  
(Te Pas et al. Pediatr Res 2009;65:537)	
  
–  Effects	
  of	
  PEEP	
  (5	
  cmH2O)	
  and	
  SI	
  

(35	
  cmH2O;	
  20s)	
  were	
  addi-ve	
  	
  
–  In	
  ven-lated	
  preterm	
  rabbits	
  

at	
  birth,	
  combining	
  SI	
  and	
  
PEEP	
  improved	
  FRC	
  forma-on	
  
and	
  uniformity	
  of	
  lung	
  
aera-on,	
  	
  

–  but	
  PEEP	
  had	
  the	
  greatest	
  
influence	
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though gas eventually penetrated into the lung periphery, the
phase-contrast X-ray images show that air was not retained in
the distal airways and some of their conducting airways, at end
expiration (movie 1 and Fig. 2). These observations are sup-
ported by plethysmography measurements, demonstrating that,
without PEEP, a FRC greater than the ADS volume (3.0 ! 0.3
ml/kg) could not be formed. As a result, the mean gas volume
was greater than the ADS volume for "50% of the time in
0PEEP pups. It is unclear why, in the absence of PEEP, FRC
(as measured by plethysmography) tended to decrease below
zero, but this was not due to leaks in the plethysmograph. We
consider it more likely that lung aeration increased the pup’s
buoyancy, causing a small upward displacement of the pup;
this would have been greater in PEEP pups, but any small
reductions in FRC were likely obscured by the larger PEEP-
induced increase in FRC.

In the healthy mature lung, gas exchange is not limited by
gas diffusion rates and is determined by the thickness and
surface area of the air/blood gas barrier (31), as well as partial
pressure gradients for O2 and CO2 (8). However, in a partially
liquid-filled immature lung of a preterm infant, gas diffusion
rates are likely to be limited, particularly for O2, which is much
less diffusible than CO2 (31). This is because the lung gas
barrier is structurally immature, and distal airway collapse at
end expiration limits the volume of gas and the time available
for alveolar gas exchange. A quantitative analysis of this
relationship was assessed by measuring the lung gas volume
time integral above the ADS volume. This integral rapidly
increased in 5PEEP pups and was much greater than in 0PEEP
pups (Fig. 6), because the lung gas volume remained signifi-
cantly above the ADS volume throughout expiration. Thus the
gas exchange potential of the lung, particularly for oxygen, was
greater in 5PEEP pups compared with 0PEEP pups for the first
120 inflations after birth. It is possible that the effect of PEEP
on increasing blood oxygenation during the newborn period
(21, 26, 30) is due to an increase in the gas volume time
integral.

After the first 120 inflations, the VT was greater in 0PEEP
pups compared with 5PEEP pups, despite all pups being

Fig. 4. A: the change in FRC with time measured from birth in preterm rabbit
pups ventilated from birth with either 0PEEP (F) or 5PEEP (E). B: the
percentage of time that the lung gas volume remained above the anatomic dead
space volume in 0PEEP and 5PEEP pups. For each pup, values were averaged
over a 3-breath cycle at breath 5 ! 1 and 20 ! 1 and every 20th breath
thereafter.

Fig. 3. Lung gas volumes, measured using plethysmography, in preterm rabbit pups ventilated from birth with either 0PEEP (top) or 5PEEP (bottom). The dotted
line represents the calculated anatomic dead space volume. Note that pups ventilated with 5PEEP rapidly established a FRC, whereas pups ventilated in the
absence of PEEP (0PEEP) did not develop a FRC.
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cord ligated, and cut and the pup was placed in a water-filled plethysmograph (see
later). The pups were then ventilated for 7 min while they were simultaneously
imaged. After the experiment, pups were killed by anesthetic over dose.

Plethysmography. Lung gas volume changes were measured using water-
based plethysmography (17). The pup was placed in the plethysmograph
(head out), which consisted of a sealed water-filled (37°C) perspex chamber
open to the atmosphere via a water column. The head of the pup was located
outside the chamber and a rubber diaphragm formed a watertight seal around
the neck of the pup. The increase in lung volume caused by ventilation
displaced water from the chamber into the water column and the resulting
increase in pressure was recorded electronically using a computerized data
acquisition system (Powerlab, ADInstruments Sydney, Australia). The ple-
thysmograph was calibrated before each experiment by measuring the pres-
sure change caused by injecting a known volume of water (1 mL) into the
sealed chamber. We recorded FRC, initial volume, tidal volume (Vt), airway
pressure, and gas flow.

Mechanical ventilation. A purpose-built small animal ventilator was used
to ventilate pups with air in a time cycled, pressure-limited mode (positive
pressure ventilation, PPV). Ventilation started with a PIP of 35 cm H2O and
an inspiration time of 1 or 20 s, depending on the group (see later). After the
first inflation, pups were ventilated with a fixed inspiration and expiration time
(rate 24/min, 1:1.5 inspiration: expiration ratio), starting with a peak inspira-
tory pressure of 35 cm H2O which was then adjusted (increased or decreased
by 2 cm H2O per minute) to generate a Vt of !10 mL/kg, PEEP was set at
either 0 or 5 cm H2O.

Protocol. The pups were randomly allocated to one of the following four
ventilation groups:

Group 1: SI for 20 s followed by PPV with PEEP 5 cm H2O (20 SI " PEEP).
Group 2: PPV with PEEP 5 cm H2O (No SI " PEEP).
Group 3: PPV with PEEP 0 cm H2O (No SI " no PEEP).
Group 4: SI for 20 s followed by PPV with PEEP 0 cm H2O (20 SI " no

PEEP).

Phase contrast x-ray imaging. Phase contrast x-ray imaging was used to
image the effect of a SI and PEEP on the rate and spatial pattern of lung
aeration. Details describing the imaging procedures have been reported
previously (18,19). Briefly, the x-ray energy used was 24 keV, and the pups
were located 2.0 m upstream of the detector (Hamamatsu, C4742–95HR) and
a short exposure time (50 ms) and a relatively long inflation time (1 s) were
used to minimize motion blur. Image acquisition was synchronized with, and
triggered by, the ventilator (onset of inflation), which triggered a sequence of
images at 300 ms intervals. A preobject shutter prevented radiation exposure
between image acquisitions and the timing of each image acquisition was
recorded digitally in unison with the plethysmograph recording.

The uniformity of lung aeration was measured by dividing the images into
quadrants and measuring the air volume in each quadrant (at end expiration or
during the SI) using a phase retrieval analysis (17). This analysis has recently
been validated (17) and uses extrathoracic landmarks to track pup movement
between consecutive images to ensure that the relative amount of lung in each
quadrant does not change over time. However, as the amount of lung (thus
potential air volume) varies between quadrants, the air volume of each
quadrant at each time point was expressed as a percentage of the maximum
volume achieved in that quadrant after complete lung aeration. The uniformity
of lung aeration for each pup was then measured by determining the coeffi-
cient of variation in relative air volume between all four quadrants.

Analysis. FRC was defined as the volume of air remaining in the lung at
end expiration. Vt recruitment refers to the gradual increase in Vt with time
for a given pressure gradient.

At 20 s, 1, 3, and 7 min, we calculated the average FRC over four
consecutive inflations. For each group, we used the area under the FRC time
curve (FRC–time integral) to calculate the time-related increase in FRC
between 0 and 1 min and during the total ventilation period (0–7 min). FRC
at start of ventilation was assumed to be zero. One minute was used as this is
a critical time point during neonatal resuscitation when decisions are made about
modes of respiratory support (1). To compare the increase in FRC-time integral
(area under curve) between groups in the two time periods and to see which
variable (SI or PEEP) influenced FRC most, or if there was interaction between
the two variables, we performed a linear regression analysis and adjusted for the
possible clustering effect of several pups having the same mother (24 pups, six
different mothers). Significance was defined as p # 0.05. Statistical analyses were
performed using Stata software (Stata 10 for Windows).

RESULTS

Animal data. Twenty-seven of 35 pups were delivered alive
and studied, of which three were excluded because of equip-

ment malfunctions (n $ 2) and endotracheal tube obstruction
(n $ 1). None of the pups developed a pneumothorax, as
determined by observation of the images. The average (SD)
weight was as follows: group 1 (20 SI " PEEP) 37.9 % 2.3 g,
group 2 (no SI " PEEP) 34.4 % 2.4 g, group 3 (no SI " no
PEEP) 37.3 % 1.5 g, group 4 (20 SI " no PEEP) 39.9 %
11.3 g. Each group contained six pups.

The lung gas volume changes with ventilation onset were
very different between groups (Fig. 1). In group 1 (20 SI "
PEEP), lung gas volumes rapidly increased and, although
different regions aerated at different rates, by the end of the SI,
the lung was uniformly aerated (Figs. 1–3). Indeed, the coef-
ficient of variation in relative air volumes across the lung (Fig.
3) decreased from 27.9 (12.7)% at 2.5 s to 0.7 (0.6)% at 20 s.
As a result, following a SI (Figs. 1A and D), the Vt did not
increase with time and the Vt was fully recruited (Fig. 4).
Neither the Vt nor FRC increased further with subsequent
ventilation (Table 1; Figs. 1 and 4).

In group 2 (no SI " PEEP), the Vt gradually increased with
each inflation (Fig. 4) as did the FRC (Fig. 1, Table 1), although
the FRC (Table 1) and uniformity of lung aeration (Figs. 2 and 3)
was markedly less than in group 1 (20 SI " PEEP) at 20 s.
Although the coefficient of variation in relative air volumes

Figure 1. Representative examples of recordings from each group. Change
in lung gas volume from birth in anesthetized ventilated preterm rabbit pups
using plethysmography. With PEEP (A and B), an end-expiratory gas volume
(FRC) was rapidly formed whereas in the absence of PEEP a significant FRC
was not formed (C and D).
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•  Rabbit	
  pubs	
  
•  SI	
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  dura-on,	
  PIP	
  35	
  cmH2O	
  
•  Gas	
  volumes:	
  plethysmography	
  
•  Aera-on:	
  Phase-­‐contrast	
  X-­‐ray	
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inflation was 25.3 (29.6) cm H2O/(mL ! kg!1 ! s!1) during the
20-s SI, whereas during PPV in the same pups, the resistance
was nearly a 100-fold lower [0.38 (0.08) cm H2O/
(mL ! kg!1 ! s!1)]. The mean time taken to reach 90% (21.5
(5.5) mL/kg) of the 20-s SI volume was 14.0 (4.1) s and also
varied considerably between pups (8.6 s to "20 s).

FRC. The median (IQR) FRC of each group at each time
point is shown in Table 1. Compared with a 1-s inflation (No
SI), a 5-s SI did not result in a significantly higher FRC at any
of the time points measured. However, a 10-s SI resulted in
a significantly higher FRC at 7 min after birth, and a 20-s
SI resulted in a significantly higher FRC at 20 s and 7 min
after birth.

Tidal volume. After a 20-s SI, the tidal volume (Vt) did not
increase after the first inflation (Figs. 1 and 6). As a result,
during the first seven inflations, the mean (SD) expired tidal
volumes in the 20-s SI group (14.1 (5.1) mL/kg) were signif-
icantly greater than the first seven inflations in all other groups
(No SI, 2.0 (1.8) mL/kg, p # 0.05; 5 SI, 4.9 (3.8) mL/kg, p #
0.001; 10 SI, 6.6 (2.3) mL/kg, p # 0.05). Pups receiving a 10-s
SI gradually recruited Vt during the first 10 breaths. They had
significantly (p # 0.05) larger Vt than pups receiving a 5-s SI
or no SI (Figs. 1 and 6). Pups not receiving a SI had the
slowest tidal volume recruitment.

DISCUSSION

This study has shown that an initial SI of 20 s significantly
increased the volume of air entering the lung during the first
inflation in preterm rabbit pups ventilated from birth using
PPV. The phase contrast x-ray images demonstrated that,
although the spatial pattern of lung aeration is not uniform
during the first SI, by the end of 20 s, the lung had completely
and uniformly aerated before the onset of PPV. Our data also
demonstrated that lung aeration requires a finite time, occur-

Figure 1. Plethysmograph recordings of lung gas volumes from newborn
rabbit pups delivered preterm and ventilated from birth. The four recordings
show the following: (A) The first inflation was not sustained (no SI; i.e. 1 s in
duration); (B) first inflation held for 5 s; (C) first inflation held for 10 s; and
(D) first inflation held for 20 s. Pups were then ventilated initially with a PEEP
of 5 cm H2O and PIP of 35 cm H2O, which was later changed to achieve a
tidal volume of $10 mL/kg.

Figure 2. Phase contrast x-ray images acquired at the end of the first
inflation after birth in ventilated preterm newborn rabbit pups. The first
inflation was either not sustained (No SI; i.e. 1 s in duration) (A) or sustained
for 5 (B), 10 (C), or 20 (D) s.

Figure 3. The increase in air volume during the 20-s SI by dividing the
phase contrast x-ray images into quadrants: red circle, lower left (left caudal
region); blue circle, lower right (right caudal region); purple triangle, upper
left (left rostral region); and blue triangle, upper right (right rostral region).
The relative air volume was significantly greater in both upper (rostral)
(purple and blue triangle), compared with both lower (caudal) (red and blue
circle), regions as indicated by the asterisks.
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inflation was either not sustained (No SI; i.e. 1 s in duration) (A) or sustained
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Figure 3. The increase in air volume during the 20-s SI by dividing the
phase contrast x-ray images into quadrants: red circle, lower left (left caudal
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Physiological responses of the newborn infant
to resuscitation
A. W. BOON, A. D. MILNER, AND I. E. HOPKIN

Department of Child Health, and Nottingham City Hospital,

SUMMARY Lung ventilation, endotracheal, and intraoesophageal pressures were measured during
standard resuscitation of 20 asphyxiated babies born by caesarean section. The most common
response to resuscitation was the production of a large positive intraoesophageal pressure. An
opening pressure >2 0 kPa was required to expand the lungs of most of these babies. The need
for resuscitation was associated with prolonged maternal anaesthesia before delivery.

Endotracheal intubation and IPPV have for many
years been the standard methods of resuscitating
severely asphyxiated newborn infants. The aim is to
expand and ventilate the lungs and to stimulate the
infant into spontaneous respiration. Few attempts
have been made to evaluate this technique or to
study its effects on the neonate. Cross et al. (1960)
showed that lung inflation in the neonatal period
often produces reflex inspiratory efforts-such as,
Head's paradoxical reflex. However, Hull (1969)
demonstrated that during resuscitation the most
common initial response to lung inflation is a reflex
expiratory effort.

Pressure and volume studies on isolated newborn
lung preparations have demonstrated an 'opening
pressure' which has to be exceeded in order to
expand the lung (Agostini, 1959; Gribetz et al., 1959;
Craig, 1963; Gruenwald, 1963; Rosen and Laurence,
1965). However, Karlberg showed that some
spontaneously breathing babies are able to expand
their lungs with a small opening pressure (Karlberg
and Koch, 1962, Karlberg et al. 1962). More
recently, Milner and Saunders (1977) showed that
this is the most common pattern of lung expansion
at birth. We therefore wanted to study the response
of the newborn infant to resuscitation and to find
out if an opening pressure was exhibited in the lungs
of babies requiring resuscitation.

Method
Apparatus. The apparatus used was a Vickers
Department of Neonatal Medicine and Surgery,
Nottingham City Hospital
A. W. BOON, research fellow
I. E. HOPKIN, research sister
Department of Child Health, Nottingham
A. D. MILNER, reader in child health

resuscitation trolley with a spring-loaded valve set
at 30 cmH2O (2-94 kPa) in the inspiratory line.
Oxygen was delivered at a rate of 3 1/min (0.05
1/second) via a modified T-piece (Fig. 1). Inflation
pressure was measured using a strain gauge pressure
transducer (SE Labs SEM 4-86). Intrathoracic
pressure changes were measured using an 8 FG
water-filled catheter perfused at a rate of 1 ml/hour
using an infusion pump (Sandoz infusion pump).
Tidal flow was measured across a pneumotacho-
graph using an Elema-Schonander differential
pressure transducer (EMT 32C). The flow signal was
fed through an electronic integrator to produce
the tidal volume. The oesophageal and inflation

02

Oesophageal
pressure

Fig. 1 Diagrammatic representation of modified T-piece.
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•  Paw,	
  Pes	
  and	
  Vt	
  recorded	
  during	
  the	
  
first	
  3	
  breaths	
  

•  Asphyxia,	
  n=20;	
  born	
  by	
  cesarean	
  
sec-on	
  

•  PIP	
  30	
  cmH2O;	
  Ti	
  1.0s,	
  Rate	
  30-­‐40‘	
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•  No	
  ac-ve	
  change	
  in	
  Pe	
  (some	
  passive	
  transmission)	
  
•  17/60	
  events	
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Fig. 4 (Case 14).
'Longitudinal trace'
showing a rejection
response to the Ist
inflation with a Head's
paradoxical reflex and
rejection response to the
2nd inflation. Note
the pronounced swings
in inflation pressure.
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Fig. 5 (Case 6). X- Yplot of inflation pressure against
volume. The 2nd inflation was associated with a Head's
paradoxical reflex and a pronounced increase in the
volume ofgas entering the lung. Note the low opening
pressure of I * 5 kPa unlike that in Fig. 3.
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had gasped before becoming apnoeic. In 2 infants
lung expansion started with a pressure of 1 5 in

___ _ _ _ _ one and 1 * 3 kPa in the other (Fig. 5).

Factors affecting the response to lung inflation. The
intubated group of babies was compared with 23
matched controls who had a mean birthweight of

/ 3 *24 kg and gestation of 39 *7 weeks. There was no

ol
#I significant difference in the indication for caesarean

section or anaesthetic agents given to the mothers.
However, the time from induction of anaesthesia to

_ ______ delivery of the baby was significantly shorter in the
control group than in the intubated group (7 82
compared with 10-85 minutes, P<0-02). Further-
more, the longer the interval between induction of
anaesthesia and delivery of the baby, the fewer the

active responses to lung inflation produced by the
2 3 4 baby. However, whether the baby had gasped or

Inf lation pressure (kPa) cried before becoming apnoeic did not predict the
baby's response.

Fig. 7 (Case 10). X- Yplot of the same baby as in
Fig. 5. Again, there was an opening pressure in
excess of 3 kPa.

Inflation pressures and volumes during resuscitation.
It was only possible to construct pressure/volume
loops in 12 of the 20 babies. In the other 8 babies,
the initial volume trace was unsatisfactory because of
integrator drift and had to be obtained by in-
tegrating tidal flow from the tape recordings. Of
the 12 babies on whom full data were available, 10
required an opening pressure of 2-0 kPa or more
(mean 2-69 kPa) in order to expand their lungs
(Figs 3 and 7). Rather surprisingly, 7 of this group

Discussion

This study confirms the work of Hull (1969) that the
most common initial response to lung inflation is a
reflex expiratory effort. It is possible that this large
positive intrathoracic pressure represents a cough or
a cry, although this is somewhat unexpected in an
infant who has previously made little or no response
to mucosal stimulation or tracheal intubation. It is
obviously impossible to identify, without complicated
electromyography, whether this is a cough or cry
when the baby is intubated. Only three groups of
lung mechanoreceptor are known to be stimu-
lated by lung inflation: (1) pulmonary stretch
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Fig. 8 (Case 8). Longitudinal trace of a baby who showed all four types of responses to the first 3 inflations.
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„Opening pressure“ of the fluid-filled neonatal lung: 20-30 cmH2O? 
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Fig. 1. Longi tudinal  trace o f  pressure and volume showing prolonged square wave inf lat ion with format ion o f  a 
functional residual capacity. 
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Fig. 2. Longitudinal trace of pressure and volume showing slow-wave inflation with formation of a funcIionaI residuat 
capacity. 

water column. The flow was calibrated using a rotameter,  
the volume using an air filled 50 ml syringe. The signals 
were fed to a four-channel FM recorder (Racal)  and were 
simultaneously displayed on a mult ichannel  oscillo- 
scope. 

The frequency response ot the pneumotachograph,  
esophageal pressure, and inflation pressure systems was 
assessed by connecting each to a spherical 5 L flask 
containing an inflated balloon. One limb of  the pneumo- 
tachograph was clamped. The pressure changes were 
recorded on tape when the balloon was burst and subse- 
quently displayed on paper running at 250 ram/second.  
The 63% rise time "of the inflation pressure and pneumo- 
tachograph systems were identical at 6.2 msec, which is a 3 
dB attenuation at 25.7 Hz. T h e  63% rise time for the 
esophageal transducer was a little slower, 10.0 msec 
equivalent  to a 3 dB attenuation at 15.3 Hz. 

T E C H N I Q U E  

The baby was placed on the resuscitation trolley imme- 
diately after delivery. Normal  criteria for resuscitation 
were used, including apnea with falling heart rate at 2 
minutes of  age, or apnea earlier with a heart rate of  less 
than 60/minute.  Warnes endotracheal  neonatal  tubes 
were used routinely; the Gaeltec transducer was passed 
through the nostril aiming to place the transducer in the 
lower third of  the esophagus. The initial inflation was 
always a prolonged one, either as a square wave or a 
slow-rise inflation. In the slow-rise inflation, the pressure 
was slowly increased from 0 to 30 cm H~O over several 
seconds (mean 5 seconds). In the square wave inflation, 
the pressure was applied and maintained at 30 cm H._,O for 
a period of  approximately 5 seconds. The lungs were then 
inflated at a rate of  30 to 40 per minute, using an inflation 
time of  one second. This was continued until the baby was 

6 3 6  Vyas et al. The Journal of Pediatrics 
October 1981 

20 cm H20 

, : : , [  . . . . .  -__7_ . . . . . . . . . . . . . . . . . . . . .  
1 _ _  I 

5sec. 

Fig. 1. Longi tudinal  trace o f  pressure and volume showing prolonged square wave inf lat ion with format ion o f  a 
functional residual capacity. 

N 

30 cm H20 

30 ml 

i J 
5 sec. 

Fig. 2. Longitudinal trace of pressure and volume showing slow-wave inflation with formation of a funcIionaI residuat 
capacity. 

water column. The flow was calibrated using a rotameter,  
the volume using an air filled 50 ml syringe. The signals 
were fed to a four-channel FM recorder (Racal)  and were 
simultaneously displayed on a mult ichannel  oscillo- 
scope. 

The frequency response ot the pneumotachograph,  
esophageal pressure, and inflation pressure systems was 
assessed by connecting each to a spherical 5 L flask 
containing an inflated balloon. One limb of  the pneumo- 
tachograph was clamped. The pressure changes were 
recorded on tape when the balloon was burst and subse- 
quently displayed on paper running at 250 ram/second.  
The 63% rise time "of the inflation pressure and pneumo- 
tachograph systems were identical at 6.2 msec, which is a 3 
dB attenuation at 25.7 Hz. T h e  63% rise time for the 
esophageal transducer was a little slower, 10.0 msec 
equivalent  to a 3 dB attenuation at 15.3 Hz. 

T E C H N I Q U E  

The baby was placed on the resuscitation trolley imme- 
diately after delivery. Normal  criteria for resuscitation 
were used, including apnea with falling heart rate at 2 
minutes of  age, or apnea earlier with a heart rate of  less 
than 60/minute.  Warnes endotracheal  neonatal  tubes 
were used routinely; the Gaeltec transducer was passed 
through the nostril aiming to place the transducer in the 
lower third of  the esophagus. The initial inflation was 
always a prolonged one, either as a square wave or a 
slow-rise inflation. In the slow-rise inflation, the pressure 
was slowly increased from 0 to 30 cm H~O over several 
seconds (mean 5 seconds). In the square wave inflation, 
the pressure was applied and maintained at 30 cm H._,O for 
a period of  approximately 5 seconds. The lungs were then 
inflated at a rate of  30 to 40 per minute, using an inflation 
time of  one second. This was continued until the baby was 

Volume 99 Physiologic responses to resuscitation of asphyxiated mf~tnls 6 3 7 
Number 4 

V t 
ml 

8oj 
10 
60 

40 
3 0 -  
2 0 -  
1 0 -  

I i "~  _ _ j  
i0 20 30 

PI cm H20 

1st inflation 
(prolonged) 

- -  2nd inflation 
(normal) 

Fig. 3. Pressure/volume loop obtained on a baby using an initial 
square wave inflation. An opening pressure of 24 cm H._,O was 
noted. 

breathing spontaneously. As a check against leak around 
the tube, a continuous distending airway pressure of  10 
cm H~O was applied for 5 to 10 seconds during sponta- 
neous respiration immediately before extubation; the 
volume was subsequently examined for evidence of  base- 
line drift. 

The output from the tape recorder was subsequently 
fed into a six-channel recorder. Pressure/volume loops 
were constructed manually from data collected at 50 
microsecond intervals. 

S U B J E C T S  

Approximately 200 spontaneous vaginal deliveries and 
50 cesarean section deliveries were attended. From these 
deliveries nine asphyxiated babies were studied. Five of 
these were cesarean deliveries, two had a Kielland rota- 
tion, one was a breech presentation, and one a sponta- 
neous vaginai delivery. The gestation ranged from 31 to 
43 weeks and the mean birth weight was 2.74 kg. At 
cesarean section the mother was given oxygen to breathe 
prior to general anesthesia which was induced by thiopen- 
tone/suxamethonium. Nitrous oxide/oxygen anesthesia 
was main ta ined  Five babies had an initial slow-rise 
inflation and ~bur babies were resuscitated using an initial 
square wave inflation. 

R E S U L T S  

Physiologic responses. Four  of  the babies had a rejec- 
tion response. Three others had an initial Heads paradox- 
ical reflex which reversed the positive inflation pressure, 
as seen in a previous study.'-' In these three, this was 
immediately followed by a rejection response. One baby 
failed to make any respiratory effort during inflation and 
because of  technical problems, we were unable to deter- 
mine the response in the remaining baby. 

Inflation volume. The ntean inflation volume was 33,6 
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Fig. 4. Pressure/volume loop of a baby resuscitated using an 
initial slow-rise inflation. Air had started to enter the lungs by the 
time a positive pressure of 5 cm H~O had reached. 

ml (range l&9 to 70). The inflation volume at 30 seconds 
had fallen to 24.3 ml (5.08 to 37.5). 

Formation of FRC. All nine babies had formed an F R C  
at the end of  the first inflation (Figs. 1 and 2). The  mean 
was 15.9 ml (range 3.92 to 31.0). At 30 seconds the F R C  
had increased to 54.1 ml (range 20.3 to 78) (Table) as 
measured by change in the end-tidal base-line. 

Opening pressure, Construction of pressure volume 
loops showed that when a square wave pressure was 
applied, an apparent  opening pressure of  between 10 and 
25 cm H20 was recorded (Fig. 3). However,  in only one of  
the five slow rise resuscitations did air fail to enter the 
lung by the time the positive pressure had reached 5 cm 
H~O (Fig. 4). On this occasion an opening pressure of  17 
cm H20 was observed. 

D I S C U S S I O N  

Both prolonged square wave and slow-rise inflation 
were effective in producing a larger inflation volume than 
that seen during conventional one second square wave 
inflation. The inflation volume on prolonged inflation 
was 33.6 ml, compared to 18.6 ml in our previous study :~ in 
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„Opening pressure“ of the fluid-filled neonatal lung = 20 cmH2O? 

„Opening pressure“ was much lower (5 cmH2O) 
➜ „Opening pressure“ is caused by rapid rise in Paw in the 
presence of the slowly responding viscous fluid-filled airways 

Paw	
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Paw	
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n=4	
  

n=5	
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Delivery	
  Room	
  Management	
  of	
  ELBWI:	
  
Spontaneous	
  Breathing	
  or	
  Intuba-on?	
  

Lindner et al. Pediatrics 1999;103:961 
•  Retrospec-ve	
  Analysis	
  ELBWI	
  1994	
  vs.	
  1996	
  
–  1994:	
  Bag	
  and	
  mask,	
  intuba-on	
  +	
  mech.	
  Ven-la-on	
  
–  1996:	
  SI	
  20	
  cmH2O	
  -­‐	
  15s	
  via	
  nasopharyngeal	
  tube	
  (mouth	
  and	
  other	
  

	
  	
  	
  	
  	
  	
  	
  	
  nostril	
  closed)	
  +	
  CPAP	
  4-­‐6	
  cmH2O	
   	
   	
  	
   	
   	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  2nd	
  SI	
  with	
  25	
  cmH2O	
  -­‐	
  15s,	
  if	
  HR	
  <100’	
  or	
  if	
  cyanosis	
  persists	
  

■ N-­‐IMV	
  (PIP	
  20-­‐25	
  cmH2O,	
  60’)	
  op-onal	
  un-l	
  sufficient	
  respiratory	
  effort	
  
■ Intub./mech.	
  Ven-la-on	
  in	
  L&D:	
  	
  if	
  HR	
  remained	
  <100’,	
  or	
  SpO2	
  <80%	
  
■ Intub./mech.	
  Ven-la-on	
  NICU:	
  SpO2	
  <80%/FiO2	
  >0.60,	
  PaCO2	
  >70	
  mmHg,	
  severe	
  
apnea	
  

1994	
  	
  
(n=56)	
  

1996	
  	
  
(n=67)	
  

p	
  

GA	
  (wks)	
   26.5	
  ±	
  1.8	
   26.9	
  ±	
  2.0	
   n.s.	
  
BW	
  (g)	
   773	
  ±	
  146	
   739	
  ±	
  156	
   n.s.	
  
Prenatal	
  Steroids	
   32	
  (57%)	
   49	
  (73%)	
   0.052	
  
Apgar	
  (5’)	
   7.8	
  ±	
  2.1	
   7.9	
  ±	
  1.4	
   n.s.	
  
Int./mech.Vent	
  (L&D)	
   47	
  (84%)	
   27	
  (40%)	
   <0.001	
  
Never	
  intubated	
   4	
  (7%)	
   17	
  (25%)	
   <0.01	
  

1994	
  	
  
(n=56)	
  

1996	
  	
  
(n=67)	
  

p	
  

Mortality,	
  n(%)	
   15	
  (27%)	
   15	
  (22%)	
   n.s.	
  
Air	
  Leak,	
  n(%)	
   13	
  (23%)	
   9	
  (13%)	
   n.s.	
  
BPD,	
  n(%)	
   13	
  (32%)	
   6	
  (12%)	
   <0.05	
  
IVH	
  grade	
  3-­‐4,	
  n(%)	
   21	
  (38%)	
   11	
  (16%)	
   <0.01	
  
Hospital	
  days	
   102±27	
   91±36	
   <0.05	
  



Does	
  Sustained	
  Lung	
  Infla-on	
  at	
  Birth	
  Improve	
  	
  
Outcome	
  of	
  Preterm	
  Infants	
  at	
  Risk	
  for	
  RDS?	
  

Lista et al. Neonatology 2011;99:45 

•  Cohort-­‐Study:	
  SLI:	
  2007-­‐2009	
  vs.	
  
historic	
  controls	
  2004-­‐2006	
  

•  GA	
  <32	
  wks	
  
–  SLI	
  (28.1±2.2	
  wks;	
  ANS	
  complete	
  87%;	
  
CRIB	
  score	
  3.6±4.0)	
  

–  Control	
  (28.1±2.0	
  wks;	
  ANS	
  complete	
  
83%;	
  CRIB	
  score	
  4.4±4.1)	
  

•  T-­‐Piece,	
  PEEP	
  5	
  cmH2O;	
  nIMV	
  allowed	
  
•  SLI	
  25	
  cmH2O	
  for	
  15s;	
  repeated	
  if	
  
breathing	
  judged	
  insufficient	
  or	
  HR	
  
<100/min	
  or	
  SpO2	
  ≤80%	
  

•  Primary	
  endpoint:	
  need	
  for	
  mech.	
  
Ven-la-on	
  during	
  first	
  week	
  

•  Criteria	
  for	
  Intuba-on	
  +	
  mech.	
  Vent.:	
  
–  pH<7.20	
  
–  PaO2	
  <50	
  mmHg	
  with	
  FiO2	
  >0.50	
  
–  PaCO2	
  >65	
  mmHg	
  
–  Frequent	
  episodes	
  of	
  apnea	
  requiring	
  
repeated	
  s-mula-on	
  or	
  bag-­‐	
  and	
  mask	
  
ven-la-on	
  despite	
  CPAP	
  =	
  5	
  cmH2O	
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INSURE strategy (RR 0.29, 95% Cl 0.24–0.37) and SLI 
treatment in the delivery room (RR 0.49, 95% Cl 0.34–
0.72) decreased it ( table 2 ).

  A post-hoc analysis, using the study’s sample size and 
observed variance, demonstrated that our study has 
98.3% statistical power of detecting as statistically sig-
nificant a difference of 25% in the need for mechanical 
ventilation between SLI and control group at an  !  of 0.05 
and a  "  of 0.8.

  Discussion 

 This study evaluated the effect of the SLI treatment at 
birth in a cohort of extremely preterm infants (median 
GA 27 weeks, range 23–32) with signs of respiratory dis-
tress.

  We found that it was associated with a decreased need 
for mechanical ventilation (number needed to treat 4, 
95% Cl 3–8), surfactant replacement therapy, duration of 
oxygen therapy and BPD occurrence, and with an in-
crease in exclusive NCPAP support and INSURE treat-
ment. In addition, multiple regression analysis indicates 
that SLI treatment independently decreases the need for 
mechanical ventilation as do other well-known factors 
such as GA, BW, antenatal steroid therapy, a low CRIB 
score, and INSURE treatment  [19–21] . The SLI treatment 
did not appear to cause any harm in our population; be-
sides, since our data are not the result of a randomized 
controlled study, it is not possible nor recommendable to 
suggest a widespread use of this maneuver.

  To better interpret these effects on respiratory out-
comes, we compared our data with the few previous stud-
ies on SLI application: Lindner et al.  [8]  studied 61 infants 
born at 25–28 weeks’ gestation who were randomized to 
receive a SLI (20–25–30 cm H 2 O according to the re-
sponse of heart rate and oxygenation, sustained for 15 s) 
or N-IMV at birth if they presented cyanosis, heart rate 
 ! 100 bpm, apnea, or tachydyspnea. They found that the 
SLI treatment was associated with a decrease in mechan-
ical ventilation requirement (61 vs. 70%), although the 
difference was not significant, nor was it for the occur-
rence of other complications (i.e. BPD, IVH, mortality), 
which was similar in the study and control groups. More 
recently, te Pas and Walther  [9]  randomized 207 preterm 
infants with GA  ! 33 weeks and insufficient breathing 
(i.e. no signs of spontaneous breathing or spontaneous 
breathing present, but with signs of poor air entry) to re-
ceive a SLI (20 cm H 2 O, sustained for 10 s) or repeated 
manual inflations with a self-inflating bag. In this study 

the SLI procedure was repeated with higher pressure (25 
cm H 2 O, sustained for 10 s) if breathing remained insuf-
ficient and/or the heart rate was  ! 100 bpm and/or the 
infant was cyanotic. The authors observed that the SLI 
administration significantly decreased the need for me-
chanical ventilation within 72 h of life (37 vs. 51%), the 
number of surfactant doses, and occurrence of BPD. 
Thus, even if these studies and our data show a number 
of methodological differences, they consensually suggest 
that the SLI procedure can be really a useful tool for pre-
venting the need for mechanical ventilation and likely the 
development of BPD.

  The mechanisms by which the SLI maneuver can con-
tribute to prevent mechanical ventilation and later the 
BPD occurrence are probably related to the inability of 
extremely preterm infants to develop at birth an inspira-
tory pressure sufficient to obtain adequate lung expan-
sion  [22, 23] . Thus, the application of a SLI may help to 
overcome this condition and to achieve a large increase 
in tidal volume and FRC  [22, 24] . Moreover, the SLI tech-
nique might positively affect the clearance of lung fluid 
and allows a more even distribution of air throughout the 

Table 2.  Outcomes of the SLI and control groups (mean 8 SD, or 
number (%) values)

SLI group
(n = 89)

Control group
(n = 119)

p

INSURE 14 (16) 3 (3) 0.001
Mechanical ventilation 45 (51) 90 (76) <0.0001

duration, days 5811 11819 0.008
Exclusive NCPAP 44 (49) 29 (24) <0.0001
Surfactant 40 (45) 73 (61) 0.027
O2 therapy 89 (100) 119 (100) N/A

duration, days 21827 31831 0.016
Postnatal steroids 9 (10) 30 (25) 0.010
Pneumothorax 8 (9) 10 (8) 0.920
PDA 24 (27) 29 (24) 0.791
BPD 6 (7) 25 (25) 0.004
Grade 3–4 IVH 1 (1) 5 (4) 0.372
PVL 4 (4) 11 (9) 0.299
ROP more than grade 3 10 (11) 7 (6) 0.255
NEC 4 (4) 0 0.068
Stay in hospital, days 54829 55832 0.817
Mortality 8 (9) 17 (14) 0.359

N /A = Not applicable; PDA = patent ductus arteriosus; BPD = 
bronchopulmonary dysplasia; IVH = intraventricular hemor-
rhage; PLV = periventricular leukomalacia; ROP = retinopathy of 
the premature; NEC = necrotizing enterocolitis.
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•  RCT,	
  GA	
  <31	
  wks	
  
•  Interven-on:	
  	
  

–  Sustained	
  infla-ons	
  (5s)	
  vs.	
  conven-onal	
  infla-on	
  (2s)	
  for	
  the	
  first	
  breath	
  
–  Followed	
  by	
  “standard	
  care”	
  

•  PIP	
  25-­‐30	
  cmH2O	
  (discre-on	
  of	
  the	
  neonatologist),	
  PEEP	
  3-­‐4	
  cmH2O,	
  FiO2	
  0.5	
  and	
  1.0	
  
(factorial	
  design)	
  

•  Prim.	
  Outcome:	
  evidence	
  for	
  pulmonary	
  Inflamma-on	
  (cytokines	
  IL	
  6,	
  1β,	
  10	
  and	
  
TNFα	
  in	
  BAL	
  @	
  12h	
  in	
  intubated	
  infants	
  only)	
  

•  Sample	
  size	
  2	
  x	
  20	
  ven-lated	
  infants	
  (Pilot-­‐Trial)	
  
–  Studied:	
  n=52;	
  intubated	
  in	
  L&D:	
  n=42;	
  intubated	
  in	
  the	
  NICU	
  shortly	
  aNer	
  birth:	
  n=4	
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Reduce	
  Lung	
  Injury	
  in	
  the	
  Preterm	
  Infant?	
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parenchymal haemorrhage, or cystic periventricular leucoma-
lacia); necrotising enterocolitis (pneumoperitoneum or pneu-
matosis on abdominal radiograph or confirmed at laparotomy
or postmortem examination); retinopathy of prematurity
leading to treatment in accordance with national guidelines18

or blindness; a patent ductus arteriosus requiring treatment;
systemic infection proven by positive blood culture; pneumo-
thorax requiring chest drain insertion.

Subjects
Babies of less than 31 completed weeks gestation and
without life threatening malformations were recruited into
the study; babies who did not require resuscitation at birth
were excluded.

Resuscitation
Resuscitation was performed if the baby was making little or
no respiratory effort and was bradycardic despite having a
clear airway. Babies were intubated if they did not sustain
adequate respiration after face mask ventilation, did not
respond to face mask ventilation, or required long term
ventilation because of prematurity.
Resuscitation was conducted on a Vickers Resuscitaire

Radiant Warmer Pneumatic System (Air-Shields; Hill-Rom,
Leicester, UK) which delivered ventilation via a diaphragm
controlled adjustable pressure relief valve. The blow off valve
on the resuscitaire was initially set at 25–30 cm H2O and

adjusted at the discretion of the attending clinician. A
positive end expiratory pressure of 3–4 cm H2O was used in
all babies.
The lung inflation manoeuvre was delivered for the first

assisted breath of resuscitation and preceded normal tidal
ventilation. It was delivered through a T piece with blow off
valve using either a Laerdal face mask or endotracheal tube
and was sustained for five or two seconds timed on the
resuscitation clock. Resuscitation then proceeded as normal;
once cardiorespiratory stability was achieved, the first dose of
surfactant was given. On the neonatal unit, all the babies
were ventilated with conventional intermittent positive
pressure ventilation using the SLE 2000 time cycled pressure
limited ventilator (Specialist Laboratory Equipment,
Croydon, Surrey, UK).

BAL fluid
The first BAL fluid sample was collected immediately after
intubation and stabilisation at birth and before the first dose
of exogenous surfactant (0 hours) using a safe, standard
technique.19 20 The second was collected at 12 hours before
the second dose of surfactant was given.

Cytokine quantification
An enzyme linked immunosorbent assay (R&D Systems
Europe Ltd, Abingdon, Oxon, UK) was used to determine
the concentrations of the cytokines in the supernatant. The
cytokine concentrations are expressed as pg/ml BAL fluid in
line with the current recommendations of the ERS task force.21

Statistical analysis
No previously published data were available from which to
generate a sample size calculation. We planned to use any
differences observed between the groups of this pilot study to
calculate a sample size for a later definitive study. To show a
difference of one standard deviation in any of the continuous
variables, we planned to randomise 20 ventilated babies into
each group. The Mann-Whitney U test was used for the
continuous data, and the x2 test for categorical data. Two
tailed tests were used for all statistical comparisons, and
p(0.05 was considered significant. Statistical analyses were
performed using SPSS for Windows 10.0.7. (SPSS, Chicago,
Illinois, USA).

Ethical considerations
Informed parental consent was obtained in the antenatal
period, and the study had the approval of the local paediatric
research ethics committee.

Randomisation
Block randomisation using sealed envelopes was used.
Although consent was obtained earlier, randomisation did
not take place until delivery of the baby was imminent.

Table 1 Basic and clinical details of babies receiving
conventional or sustained lung inflation, and cytokine
concentrations at 0 hours in both inflation groups

CLI (n = 26) SLI (n = 26)

Birth weight (g) 1095 (560–1562) 885 (518–1460)
Gestation (weeks) 28 (23–31) 27 (23–30)
Sex (F/M) 12/14 12/14
Apgar at 1 min 5 (2–10) 6 (1–10)
Apgar at 5 min 8.5 (2–10) 8 (3–10)
PROM (h) 1 (0–1221) 0 (0–277)
Cord pH 7.33 (7–7.4) 7.31 (6.95–7.44)
Delivery mode (C/V) 12/14 10/16
IL6 at 0 h (pg/ml) 537 (0–19208)

(n = 18)
1768 (16–29205)
(n = 16)

IL1b at 0 h (pg/ml) 43 (0–2950)
(n = 18)

29 (0–1972)
(n = 16)

IL10 at 0 h (pg/ml) 514 (111–2330)
(n = 18)

533 (10–1753)
(n = 16)

TNFa at 0 h (pg/ml) 44 (8–662)
(n = 17)

63 (13–449)
(n = 16)

Data are expressed as median (range) or number.
CLI, Conventional lung inflation (two seconds); SLI, sustained lung
inflation (five seconds); C/V, caesarean/vaginal; PROM, premature
rupture of membranes; IL, interleukin; TNFa, tumour necrosis factor a.

Table 2 Cytokine concentrations in the babies
resuscitated with conventional lung inflation compared
with those resuscitated with sustained lung inflation

CLI SLI p Value

IL6 790 (104–19708)
(n = 21)

1156 (42–15192)
(n = 18)

0.69

IL1b 38 (5–2590)
(n = 20)

43 (0–663)
(n = 19)

0.86

IL10 652 (78–1993)
(n = 21)

608 (0–1242)
(n = 19)

0.67

TNFa 25 (0–1838)
(n = 19)

21 (0–143)
(n = 15)

0.50

Values are median (range) expressed as pg/ml bronchoalveolar lavage
fluid.
CLI, Conventional lung inflation (two seconds); SLI, sustained lung
inflation (five seconds); IL, interleukin; TNFa, tumour necrosis factor a.
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Figure 1 Median partial pressure of oxygen over first 24 hours in
babies resuscitated with conventional lung inflation (CLI; two seconds) or
sustained lung inflation (SLI; five seconds).
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Clinical outcomes
Although the SLI group was slightly more premature and had
a lower median birth weight, there was no significant
difference between the two groups in any of the long term
clinical outcomes (table 3).

DISCUSSION
Research involving animal models has shown that the lung
sustains mechanical damage when large tidal volume
ventilation is used. The damage occurs in pulmonary capillary
endothelium and the alveolar and airway epithelium,
allowing fluid, protein, and blood to leak into the airspaces
and lung interstitium. This begins a sequence of altered lung
mechanics that promotes lung inflammation.23–27

In an effort to minimise the need for aggressive ventila-
tion and subsequent lung injury after resuscitation at
birth, we reproduced the sustained lung inflation described
by Vyas et al.15 However, we were unable to show any
detectable differences in lung injury between the inflation
groups when assessed by BAL fluid cytokine concentrations
(table 2).
There was a slight difference between our study groups in

the ventilatory requirements during the first 24 hours. The
SLI group required more respiratory support than the CLI
group, but this appeared to be a consequence of the lower
gestation and lower birth weight of the SLI group, rather
than a treatment effect. These early differences did not
translate into any difference in long term outcomes (table 3).
The observations made by Vyas et al were in more mature

babies, with lungs rich in surfactant, rather than premature
babies predisposed to the development of BPD. The injury
that is described usually occurs at a time when premature
lung development is in the canalicular or saccular phase. This
means that, for the most premature babies, the lungs will
only consist of terminal bronchioles, prospective respiratory
bronchioles, and a few branched buds that will eventually
develop into saccules. We have not been able to show a
benefit of SLI during resuscitation of preterm babies in this
study. This may be because developmentally the lung
structure was immature and deficient in surfactant, and
consequently the lungs were unable to respond to the
inflation manoeuvre. We are unable to completely exclude
a small benefit based on this study, however, as, with an
incidence of death or BPD of 50% in our study population, a
study of this size would only be able to detect a difference in
death or BPD rate of 34% with a power of 80% and
significance of 5%.

CONCLUSION
SLI at birth did not prove to be of any benefit to the very
premature baby with respect to minimising the injury
sustained by the lungs through mechanical ventilation.

RECOMMENDATIONS
We recommend that current resuscitation guidelines on
initial lung inflation16 17 continue to be followed, and that we
strive to find other means to reduce mechanical lung injury
in our very premature population.
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Table 3 Long term clinical outcomes in babies resuscitated with conventional lung
inflation or sustained lung inflation

Outcome
CLI
(n = 26)

SLI
(n = 26) p Value

Died 3 6 0.27
Death from respiratory cause 1 2 0.55
Death or BPD at 36 weeks 13 12 0.78
Respiratory death or BPD at 36 weeks 11 8 0.51
BPD (oxygen therapy after 28 days) 15 11 0.37
BPD (oxygen therapy after 36 weeks) 10 6 0.36
Home in oxygen 5 4 0.54
Patent ductus arteriosus (treated) 1 5 0.08
Necrotising enterocolitis 0 2 0.20
Retinopathy of prematurity (treated/blind) 0 0
Pneumothorax 1 2 0.55
Abnormal cranial ultrasound 1 4 0.15
Positive blood culture 7 9 0.54

CLI, Conventional lung inflation (two seconds); SLI, sustained lung inflation (five seconds); BPD, bronchopulmonary
dysplasia

What is already known on this topic

N Low birthweight, low gestation preterm infants who
require prolonged mechanical ventilation are more
likely to develop BPD

N Studies of the effect of a sustained lung inflation at birth
suggest that it may assist in fluid clearance and the
formation of the FRC, facilitating a more homogeneous
distribution of air through the lungs

What this study adds

N The use of a sustained lung inflation for the first assisted
breath of resuscitation of the preterm baby did not
prove to be of any benefit to this population
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parenchymal haemorrhage, or cystic periventricular leucoma-
lacia); necrotising enterocolitis (pneumoperitoneum or pneu-
matosis on abdominal radiograph or confirmed at laparotomy
or postmortem examination); retinopathy of prematurity
leading to treatment in accordance with national guidelines18

or blindness; a patent ductus arteriosus requiring treatment;
systemic infection proven by positive blood culture; pneumo-
thorax requiring chest drain insertion.

Subjects
Babies of less than 31 completed weeks gestation and
without life threatening malformations were recruited into
the study; babies who did not require resuscitation at birth
were excluded.

Resuscitation
Resuscitation was performed if the baby was making little or
no respiratory effort and was bradycardic despite having a
clear airway. Babies were intubated if they did not sustain
adequate respiration after face mask ventilation, did not
respond to face mask ventilation, or required long term
ventilation because of prematurity.
Resuscitation was conducted on a Vickers Resuscitaire

Radiant Warmer Pneumatic System (Air-Shields; Hill-Rom,
Leicester, UK) which delivered ventilation via a diaphragm
controlled adjustable pressure relief valve. The blow off valve
on the resuscitaire was initially set at 25–30 cm H2O and

adjusted at the discretion of the attending clinician. A
positive end expiratory pressure of 3–4 cm H2O was used in
all babies.
The lung inflation manoeuvre was delivered for the first

assisted breath of resuscitation and preceded normal tidal
ventilation. It was delivered through a T piece with blow off
valve using either a Laerdal face mask or endotracheal tube
and was sustained for five or two seconds timed on the
resuscitation clock. Resuscitation then proceeded as normal;
once cardiorespiratory stability was achieved, the first dose of
surfactant was given. On the neonatal unit, all the babies
were ventilated with conventional intermittent positive
pressure ventilation using the SLE 2000 time cycled pressure
limited ventilator (Specialist Laboratory Equipment,
Croydon, Surrey, UK).

BAL fluid
The first BAL fluid sample was collected immediately after
intubation and stabilisation at birth and before the first dose
of exogenous surfactant (0 hours) using a safe, standard
technique.19 20 The second was collected at 12 hours before
the second dose of surfactant was given.

Cytokine quantification
An enzyme linked immunosorbent assay (R&D Systems
Europe Ltd, Abingdon, Oxon, UK) was used to determine
the concentrations of the cytokines in the supernatant. The
cytokine concentrations are expressed as pg/ml BAL fluid in
line with the current recommendations of the ERS task force.21

Statistical analysis
No previously published data were available from which to
generate a sample size calculation. We planned to use any
differences observed between the groups of this pilot study to
calculate a sample size for a later definitive study. To show a
difference of one standard deviation in any of the continuous
variables, we planned to randomise 20 ventilated babies into
each group. The Mann-Whitney U test was used for the
continuous data, and the x2 test for categorical data. Two
tailed tests were used for all statistical comparisons, and
p(0.05 was considered significant. Statistical analyses were
performed using SPSS for Windows 10.0.7. (SPSS, Chicago,
Illinois, USA).

Ethical considerations
Informed parental consent was obtained in the antenatal
period, and the study had the approval of the local paediatric
research ethics committee.

Randomisation
Block randomisation using sealed envelopes was used.
Although consent was obtained earlier, randomisation did
not take place until delivery of the baby was imminent.

Table 1 Basic and clinical details of babies receiving
conventional or sustained lung inflation, and cytokine
concentrations at 0 hours in both inflation groups

CLI (n = 26) SLI (n = 26)

Birth weight (g) 1095 (560–1562) 885 (518–1460)
Gestation (weeks) 28 (23–31) 27 (23–30)
Sex (F/M) 12/14 12/14
Apgar at 1 min 5 (2–10) 6 (1–10)
Apgar at 5 min 8.5 (2–10) 8 (3–10)
PROM (h) 1 (0–1221) 0 (0–277)
Cord pH 7.33 (7–7.4) 7.31 (6.95–7.44)
Delivery mode (C/V) 12/14 10/16
IL6 at 0 h (pg/ml) 537 (0–19208)

(n = 18)
1768 (16–29205)
(n = 16)

IL1b at 0 h (pg/ml) 43 (0–2950)
(n = 18)

29 (0–1972)
(n = 16)

IL10 at 0 h (pg/ml) 514 (111–2330)
(n = 18)

533 (10–1753)
(n = 16)

TNFa at 0 h (pg/ml) 44 (8–662)
(n = 17)

63 (13–449)
(n = 16)

Data are expressed as median (range) or number.
CLI, Conventional lung inflation (two seconds); SLI, sustained lung
inflation (five seconds); C/V, caesarean/vaginal; PROM, premature
rupture of membranes; IL, interleukin; TNFa, tumour necrosis factor a.

Table 2 Cytokine concentrations in the babies
resuscitated with conventional lung inflation compared
with those resuscitated with sustained lung inflation

CLI SLI p Value

IL6 790 (104–19708)
(n = 21)

1156 (42–15192)
(n = 18)

0.69

IL1b 38 (5–2590)
(n = 20)

43 (0–663)
(n = 19)

0.86

IL10 652 (78–1993)
(n = 21)

608 (0–1242)
(n = 19)

0.67

TNFa 25 (0–1838)
(n = 19)

21 (0–143)
(n = 15)

0.50

Values are median (range) expressed as pg/ml bronchoalveolar lavage
fluid.
CLI, Conventional lung inflation (two seconds); SLI, sustained lung
inflation (five seconds); IL, interleukin; TNFa, tumour necrosis factor a.
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Figure 1 Median partial pressure of oxygen over first 24 hours in
babies resuscitated with conventional lung inflation (CLI; two seconds) or
sustained lung inflation (SLI; five seconds).
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RESULTS
Sixty three babies were recruited in the antenatal period and
were then randomised into the inflation group at delivery. Of
the 63 randomised babies, 11 did not require any resuscita-
tion and were therefore not recruited into the study. Fifty two
required some resuscitation and received the intervention via
either the face mask or endotracheal tube. Forty two babies
were intubated at birth, and four were intubated shortly after
birth on the neonatal unit. BAL fluid samples were only
collected from ventilated babies. To measure the primary
outcome of BAL fluid inflammatory markers at 12 hours,
randomisation continued until there were sufficient babies
intubated. Clinical outcomes for all resuscitated babies are
reported, including those in whom BAL was not performed.
Thirty four samples collected at 0 hours and 40 collected at
12 hours were suitable for analysis. The volume of BAL fluid
collected did not permit analysis of all four cytokines at each
time point in every baby.
The babies in the SLI group were slightly more premature

and had lower median birth weights than the CLI group (27 v
28 weeks gestation and 885 v 1095 g; table 1), otherwise the
groups were well matched.

Cytokine concentrations
The interassay coefficient of variation and intra-assay
coefficient of repeatability22 for each cytokine were as follows:
IL6, 5.98% and 24.11%; IL1b, 1.76% and 19.80%; IL10 16.32%
and 33.49%; TNFa 5.93% and 42%.
All four cytokines studied were present in the BAL fluid

from immediately after birth and at 12 hours of postnatal
life, although not all babies had detectable concentrations of
each cytokine at each time point. The distribution of cytokine
concentrations between each group did not show any
significant difference at 12 hours of age (table 2).

Ventilator requirements
The number of babies requiring ventilation during the first
24 hours was evenly distributed between the two groups, 24
and 22 in the two and five second group respectively. The
ventilator requirements of the intubated babies and blood gas
analyses and fraction of inspired oxygen (FIO2) for the whole
cohort were similar for the first 4 hours of life. By 13 hours
the ventilation in the SLI group began to increase, and we
observed higher requirements for the FIO2 at 13 hours (0.26
in the SLI group v 0.21 in the CLI group; p = 0.05) and the
ventilator breaths per minute at 24 hours (50 in the SLI
group v 20.5 in the CLI group; p = 0.006). This was reflected
in the significantly higher PCO2 at 13 hours (46.39 in the SLI
group v 39.7 in the CLI group; p = 0.04). Figures 1–6 show
the blood gas analysis and ventilation requirements (median)
for the first 24 hours.
Multiple linear regression analysis using treatment group

as a predictive variable between the covariate groups revealed
that only the difference in PCO2 was independently related to
the treatment group (p = 0.02), and that the difference in
the FIO2 was also related to gestational age (treatment group,
p = 0.01; gestation, p , 0.01), as was the respiratory rate
(treatment group, p , 0.01; gestation, p = 0.03).
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Figure 2 Median partial pressure of carbon dioxide over first 24 hours
in babies resuscitated with conventional lung inflation (CLI; two seconds)
or sustained lung inflation (SLI; five seconds).
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Figure 3 Median pH over first 24 hours in babies resuscitated with
conventional lung inflation (CLI; two seconds) or sustained lung inflation
(SLI; five seconds).
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Figure 4 Median peak inspiratory pressure (PIP) over first 24 hours in
babies resuscitated with conventional lung inflation (CLI; two seconds) or
sustained lung inflation (SLI; five seconds).
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Figure 5 Median breaths per minute over first 24 hours in babies
resuscitated with conventional lung inflation (CLI; two seconds) or
sustained lung inflation (SLI; five seconds).
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Figure 6 Median fraction of inspired oxygen (FIO2 ) over first 24 hours
in babies resuscitated with conventional lung inflation (CLI; two seconds)
or sustained lung inflation (SLI; five seconds).
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•  RCT,	
  GA	
  25+0	
  –	
  28+6	
  wks,	
  need	
  for	
  resp.	
  support	
  (apnea,	
  cyanosis,	
  
retrac-ons	
  or	
  HR	
  <100’)	
  

•  10/1999-­‐	
  2/2002	
  
•  Sustained	
  infla-ons	
  vs.	
  N-­‐IMV	
  (nasopharyngeal	
  tube);	
  ini-al	
  FiO2=1.0	
  

Sustained Inflations (SI) N-IMV 
SI 20 cmH2O - 15s +  
CPAP 4-6 cmH2O 

PIP/PEEP 20/4-6 cmH2O, 
Ti=0.5s, 60‘ 

Pink color or SpO2 >80% with FiO2 <0.60, 
HR >100’ 

NCPAP 4-6 cmH2O* NCPAP 4-6 cmH2O* 

HR 80-100’, or cyanosis or SpO2 60-80%, 
or FiO2 >0.60 to achieve SpO2 >80% 

2nd SI 25 cmH2O – 15s PIP/PEEP 25-30/4-6 cmH2O, 
Ti=0.3s, 60‘ 

No improvement 3rd SI 30 cmH2O – 15s PIP/PEEP 25-30/4-6 cmH2O, 
Ti=0.3s, 60‘ 

SpO2 < 60% or HR <80’ or no improvement  Intubation, mech. Ventilation Intubation, mech. Ventilation 

* N-IMV optional with PIP/PEEP 20-30 cmH2O (according to chest excursions), 60’, Ti 0.3s, if apneic 

Sustained	
  Pressure-­‐Controlled	
  Infla-on	
  or	
  Intermi{ent	
  Mandatory	
  
Ven-la-on	
  in	
  Preterm	
  Infants	
  in	
  the	
  Delivery	
  Room?	
  A	
  RCT	
  on	
  Ini-al	
  

Respiratory	
  Support	
  via	
  Nasopharyngeal	
  Tube.	
  	
  
Lindner et al. Acta Paediatr 2005;94:303 



Sustained	
  Pressure-­‐Controlled	
  Infla-on	
  or	
  Intermi{ent	
  mandatory	
  
Ven-la-on	
  in	
  Preterm	
  Infants	
  in	
  the	
  Delivery	
  Room?	
  A	
  RCT	
  on	
  Ini-al	
  

Respiratory	
  Support	
  via	
  Nasopharyngeal	
  Tube.	
  	
  
Lindner et al. Acta Paediatr 2005;94:303 
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•  Criteria	
  for	
  intuba-on/mech.	
  Ven-la-on	
  NICU	
  
–  SpO2	
  <80%/FiO2	
  >0.60	
  or	
  PaCO2	
  >70	
  mmHg	
  or	
  severe	
  apnea	
  

•  Prim.	
  Endpoint:	
  treatment	
  failure	
  (Intuba-on	
  +	
  mech.	
  Ven-la-on)	
  <48h	
  
–  Failure	
  in	
  the	
  delivery	
  room:	
  cross-­‐over	
  at	
  discre-on	
  of	
  the	
  neonatologist	
  

•  Closed	
  early	
  because	
  of	
  poor	
  recruitment	
  (61/110	
  pa-ents)	
  
Failure:	
  	
  	
  	
  	
  	
  SI:	
  19/31	
  (61%)	
  	
  	
  	
  vs.	
  	
  	
  	
  	
  	
  	
  	
  N-­‐IMV:	
  21/30	
  (70%)	
  	
  	
  	
  n.s.	
  	
  	
  

Sustained	
  Infla-on	
   Nasal	
  IMV	
  



A	
  Randomized	
  Controlled	
  Trial	
  of	
  Delivery-­‐Room	
  
Respiratory	
  Management	
  in	
  Very	
  Preterm	
  Infants	
  

Te Pas et al. Pediatrics 2007;120:322 
•  RCT,	
  EFURCI	
  (Early Functional Residual Capacity Intervention)	
  vs.	
  conven-onal	
  IPPV,	
  GA:	
  25-­‐32	
  
wks,	
  n=217,	
  2005-­‐2006	
  
•  ANer	
  suc-oning	
  (-me	
  30s),	
  no	
  breathing	
  or	
  signs	
  of	
  poor	
  air	
  entry	
  (retrac-ons,	
  
nasal	
  flaring):	
  3	
  interven-ons!	
  
•  Ini-al	
  FiO2:	
  1.0,	
  adjusted	
  according	
  to	
  SpO2	
  
•  Prim.	
  Outcome:	
  Rate	
  of	
  intuba-on/mech.	
  Ven-la-on	
  <72h	
  

•  Criteria	
  for	
  Intuba-on/mech.	
  Ven-la-on:	
  SpO2	
  <88%	
  or	
  PaO2	
  ≤50	
  mmHg	
  with	
  FiO2	
  
≥0.40,	
  or	
  PaCO2	
  >60	
  mmHg	
  with	
  pH	
  <7.20,	
  or	
  >4	
  apnea	
  episodes/h,	
  or	
  >2	
  episodes	
  
requiring	
  bagging/h;	
  Caffeine/Theophylline	
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IntervenDons	
   EFURCI	
   ConvenDonal	
  IPPV	
  
1.	
  Immediately	
  aNer	
  
suc-oning	
  

-­‐	
  20	
  cmH2O,	
  10s,	
  T-­‐Piece,	
  
nasopharyngeal	
  tube	
  (ID	
  2.5-­‐4.0),	
  
mouth	
  +	
  nostril	
  closed	
  
-­‐	
  Repeated	
  with	
  25	
  cmH2O	
  @	
  -me	
  
55-­‐65s	
  if	
  breathing	
  insufficient,	
  or	
  
HR<100‘,	
  or	
  cyano-c	
  

Self-­‐infl.	
  Bag	
  +	
  mask	
  for	
  
30s,	
  PIP	
  30-­‐40	
  cmH2O,	
  
thereaNer	
  20	
  cmH2O	
  if	
  
necessary	
  

2.	
  ThereaNer	
   Nasal	
  IMV:	
  PIP	
  20-­‐25	
  cmH2O,	
  IMV	
  60‘	
   no	
  nasal	
  IMV	
  
3.	
  PEEP/CPAP	
   5-­‐6	
  cmH2O	
   no	
  PEEP	
  or	
  CPAP	
  in	
  L&D	
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  Delivery-­‐Room	
  
Respiratory	
  Management	
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0.736]), but there was no significant difference in intu-
bation !72 hours (13 [65%] of 20 vs 15 [79%] of 19;
not significant).

DISCUSSION
This randomized, controlled trial shows that very pre-
term infants need less intubation, mechanical ventila-

FIGURE 2
Number of infants intubated in the delivery room and at !72 hours of age in subgroups with gestational ages of !28, 28 to 30, and "30 weeks. White bars, EFURCI; black bars,
conventional intervention. DR indicates delivery room.

TABLE 2 Secondary Outcomes

Secondary Outcomes EFURCI
(N # 104)

Conventional
(N # 103)

Univariate
Analysis, P

OR (95% CI)

Intubation delivery room, n (%) 18 (17) 37 (36) .002 0.37 (0.20–0.70)
Total period of mechanical ventilation of intubated infants

!72 h of age, median (IQR), d $n%
2.5 (1–8.3)$38% 4.5 (2–11.5)$52% .2

Total period of NCPAP of total group, median (IQR), d 2 (0.3–8) 2 (0–11) .038
Surfactant doses, mean (SD) 0.4 (0.8) 0.6 (1.0) .3
Surfactant "1 dose, n (%) 10/103 (10) 22/104 (21) .02 0.39 (0.18–0.88)
Mortality, n (%) 2 (2) 4 (4) .4
BPDtotal, n (%)a 22 (22a) 34 (34a) .05
BPDmoderate-severe, n (%)a 9 (9a) 19 (19a) .04 0.41 (0.18–0.96)
PDA needing treatment, n (%) 21 (20) 16 (16) .4
NEC at least stage 2, n (%) 0 (0) 1 (1) .5
ROP above grade 3, n (%) 0 (0) 1 (1) .5
IVH grade 3 & 4, n (%) 7 (7) 3 (3) .3
Cystic PVL, n (%) 2 (2) 5 (5) .4

PDA indicates patent ductus arteriosus; NEC, necrotizing enterocolitis; ROP, retinopathy of prematurity; PVL, periventricular leucomalacia.
a Percentage of survivors.
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No	
  difference	
  in	
  blood	
  gases	
  upon	
  arrival	
  to	
  the	
  NICU	
  
No	
  difference	
  in	
  PTX:	
  1/104	
  (1%)	
  EFURCI	
  vs.	
  7/103	
  (7%)	
  Conven-onal	
  	
  

EFURCI	
   ConvenDonal	
  

Intubation within 72h of age 38/104 (37%) 52/103 (51%) P=0.04, OR 0.57 (95%CI 0.32-0.98) 

Power to detect a significant difference in the rate of IVH °3,4: 0,148 



Sustained	
  Lung	
  Infla-on	
  at	
  Birth	
  for	
  
Preterm	
  Infants:	
  A	
  Randomized	
  Clinical	
  Trial	
  

•  SI	
  (25	
  cmH2O,	
  15‘‘)	
  1-­‐2x	
  vs.	
  CPAP	
  (5	
  cmH2O)	
  
•  25+0	
  –	
  28+6	
  wks	
  GA,	
  n=291,	
  9/2011-­‐1/2013	
  
•  Prim.	
  Outcome:	
  mech.	
  ven-la-on	
  within	
  72	
  h	
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Sustained	
  Infla-on	
  vs.	
  Posi-ve	
  Pressure	
  Ven-la-on	
  at	
  
Birth:	
  a	
  Systema-c	
  Review	
  and	
  Meta-­‐analysis	
  

Mechanical	
  Ven-la-on	
  <72h	
  

•  4	
  RCT	
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IVH,	
  <	
  29	
  wks	
  GA	
  

BPD,	
  <29	
  wks	
  GA	
  

Death,	
  <29	
  wks	
  GA	
  

Death	
  or	
  BPD	
  
<29	
  wks	
  GA	
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Risk	
  for	
  Overdistension?	
  
Manual Ventilation with a Few Large Breaths at Birth Compromises the Therapeutic 
Effect of Subsequent Surfactant Replacement in Immature Lambs                   
(Björklund et al. Pediatr Res 1997:42, 348) 
 

•  Preterm	
  lambs	
  (n=10),	
  aNer	
  drainage	
  of	
  20	
  ml	
  lung	
  fluid	
  randomized	
  into	
  2	
  groups:	
  
–  6	
  infla-ons	
  35-­‐40	
  ml/kg	
  for	
  5s	
  (Bagged	
  lambs),	
  200	
  mg/kg	
  surfactant	
  aNer	
  30	
  min	
  
–  Surfactant	
  before	
  mechanical	
  ven-la-on	
  

•  PPV	
  29/4	
  cmH2O,	
  IMV	
  50’,	
  supported	
  for	
  4h	
  
•  Gas	
  exchange	
  was	
  be{er	
  in	
  the	
  	
  control	
  group	
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Similar	
  data	
  from:	
  
• Björklund et al. Acta Anaesthesiol 

Scand 2001;45:986 
•  Ingimarsson et al. Intensive Care 

Med 2004;30:1446 
•  Ikegami et al. Pediatr Res 

2000;47:398 



Risk	
  Indicators	
  for	
  Air	
  Leaks	
  in	
  Preterm	
  Infants	
  
Exposed	
  to	
  Restric-ve	
  Use	
  of	
  Endotracheal	
  Intuba-on	
  

•  Retrospec-ve	
  Analysis,	
  GA	
  <29	
  wks,	
  inborn	
  2005-­‐2009,	
  Univ.	
  of	
  Ulm,	
  
270/297	
  (91%)	
  of	
  all	
  infants	
  survived	
  to	
  discharge	
  
–  GA	
  26+0	
  (22+4	
  to	
  28+6)	
  wks;	
  BW	
  790	
  (265	
  –	
  1660)g	
  
–  CPAP	
  5	
  cmH2O	
  via	
  nasal	
  tube	
  
–  S.I.	
  if	
  no	
  vigorous	
  respiratory	
  effort:	
  20,	
  25	
  and	
  30	
  cmH2O	
  for	
  15	
  s	
  followed	
  by	
  

nasal	
  IMV	
  
•  63/297	
  (21.2%)	
  pa-ents	
  developed	
  air	
  leaks	
  

–  32	
  (10.8%)	
  pneumothorax	
  
–  44	
  (14.8%)	
  pulmonary	
  inters--al	
  emphysema	
  
–  1	
  (0.3%)	
  	
  	
  pneumopericardium	
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Risk	
  Indicators	
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  Air	
  Leaks	
  in	
  Preterm	
  Infants	
  
Exposed	
  to	
  Restric-ve	
  Use	
  of	
  Endotracheal	
  Intuba-on	
  

Variables	
  of	
  Delivery	
  Room	
  Care	
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  Restric-ve	
  Use	
  of	
  Endotracheal	
  Intuba-on	
  

Mul-variate	
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Other	
  Safety	
  Issues	
  
•  Sustained	
  infla-ons	
  in	
  rabbits	
  with	
  surfactant	
  

deficiency	
  may	
  impair	
  blood	
  pressure	
  and	
  cerebral	
  
blood	
  flow	
  (Fuchs et al. Minerva Anesthesiol 2013;79:733) 

•  Sustained	
  infla-ons	
  as	
  recruitment	
  procedures	
  in	
  
pa-ents	
  with	
  ARDS	
  …	
  
–  may	
  worsen	
  oxygena-on	
  (Musch et al. Anesthesiology 2004;100:323) 
–  may	
  decrease	
  blood	
  pressure	
  and	
  leN	
  ventricular	
  

ejec-on	
  frac-on	
  (Park et al. Journal Intensive Care Med 2009;24:376) 

–  risk	
  for	
  acute	
  air	
  leaks	
  low	
  (Guerin et al. Annals of Intensive Care 2011;1:9) 
35	
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The team member assisted to apply the sensor, activated the
device and was responsible for documenting the event flow.
The study was approved by the local ethics committee
(Ethikkommission University of Ulm; No. 49/08; 01/11) and
informed consent was obtained before or after delivery in
agreement with the decision of the Ethics committee.
Direct impact of sustained inflations on cerebral oxygenation
from a subgroup of this cohort of preterm infants has been
reported elsewere.22

Neonatal resuscitation
Neonatal resuscitation was performed according to a standardized
protocol: resuscitation was performed under an overhead
heater and infants were placed into a plastic bag to avoid
heat loss. A laser sensor utilizing four different wavelengths for
cerebral StO2 monitoring (FORE-SIGHT, Casmed, Branford,
CT, USA) was attached at the infants’ forehead. The sensor was
fixed accurately with cohesive conforming bandage (Peha-haft,
Hartmann, Heidenheim, Germany). In very immature infants a
sterile glove was interposed between sensor and skin. Further,
sensors for pre- and postductal pulse oximetry (Radical Software
Version 7.0.3.3, Masimo, Irvine, CA, USA) were applied to
the right hand and left leg. If necessary, excessive secretions were
suctioned from the mouth. Thereafter, the infants were
stimulated. If respiratory support was indicated because of low
respiratory effort a nasopharyngeal tube was inserted 3 to 4 cm into
one nostril and nasal continuous positive airway pressure was
applied at 5 cm H2O at FiO2 0.4 using a F120 neonatal
ventilator (Stephan, Gackenbach, Germany). If the heart rate
remained below 100 bpm or SpO2 remained <70% without
increase, up to three sustained inflations were applied for lung
recruitment at increasing pressures (20, 25, 30 cm H2O)
for 15 s each, followed by nasopharyngeal intermittent mandatory
ventilation or nasal continuous positive airway pressure as
described before.23,24 FiO2 was adjusted to maintain SpO2 at
80 to 92%. Infants were intubated in the delivery room if the
heart rate remained below 100 beats per minute or if their
oxygen need remained above 40%. Following standard protocol
chest compressions would have been applied for persistent
bradycardia after intubation.

Data analysis
Serial data of the Radical pulse oximeters and the FORE-SIGHT
cerebral oximeter were simultaneously recorded in 2 s intervals.
Percentiles for cerebral StO2, SpO2 and heart rate were fitted by
polynomial regression analysis of the raw data. Fractional tissue
oxygen extraction (FTOE) was calculated using the formula:
(SpO2-cerebral StO2)/SpO2. Data were analyzed using analysis of
variance or analysis of variance on ranks for repeated
measurements. Data were analyzed with SigmaStat (Systat
Software, San Jose, CA, USA).

Results

Clinical details of study infants are given in Table 1. Cerebral StO2

after delivery was low with a median of 37 (31 to 49)% at 1 minute
(n¼ 34 infants) and continuously rose reaching a steady state of
61 to 84 % B7 min after birth (Figure 1a). Percentiles of cerebral
StO2, preductal SpO2, heart rate and FTOE are shown in
Figure 1a–d, respectively. Heart rate and SpO2 reached a steady
state before cerebral StO2. Relative changes of median heart rate
and SpO2 in relation to cerebral StO2 and FTOE are shown in
Figure 2a for comparison.

Very low and negative FTOE values were found at low SpO2 as
measured by pulse oximetry (Figure 2b).

In most infants (n¼ 41; 80%) the application of sustained
inflations followed by nasal intermittent mandatory ventilation was
necessary for stabilization. Ten infants had very good respiratory
effort, therefore no respiratory support or simple nasal continuous
positive airway pressure was applied. Cerebral StO2, heart rate and
SpO2 of these infants were similar to infants needing more
aggressive support of respiration (Figure 3a). In two infants who
developed intraventricular hemorrhage cerebral StO2

measurements were below the 10th centile (Figure 3b).
Median time from birth to availability of the cerebral StO2

signal was 52 (44 to 68) s. This was before the pulse oximeter
signal was available (P<0.001). Median time from birth to
availability of the pulse oximetry signal was 74 (62 to 94) s for the
preductal and 85 (66 to 113) s for the postductal pulse oximeter

Table 1 Characteristics of infants

All study

infants

(n¼ 51)

Infants without

respiratory

support or with

nCPAP only

(n¼ 10)

Gestational age (weeks)a 27.8 (2,6) 29.1 (2.7)

Birth weight (g)a 913.3 (298) 1119 (226)

Male 25 (49%) 5 (50%)

Intrauterine growth restriction 15 (29%) 1 (10%)

Premature rupture of membranes

(>24 h)

9 (18%) 2 (20%)

Full course of steroids 39 (76%) 7 (70%)

Cesarean section 47 (92%) 8 (80%)

Apgar score at 1 minb 6 (4–6) 8 (7–9)

Apgar score at 5 minb 9 (8–9) 10 (9–10)

Apgar score at 10 minb 10 (9–10) 10 (10–10)

Cord pHa 7.31 (0.11) 7.37 (0.05)

Number of sustained lung inflationsb 2 (1–2) F
Intubation in delivery room 7 (14%) F

Abbreviation: nCPAP, nasal continuous positive airway pressure
aMean (s.d.).
bMedian (interquartile range).

Brain oxygenation monitoring in the delivery room
H Fuchs et al
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Figure 2

•  Cohort-­‐Study:	
  	
  
–  Healthy	
  term	
  newborns	
  aNer	
  delivery	
  
–  No	
  oxygen,	
  no	
  respir.	
  Support	
  

■  Spont.	
  Vag.	
  Delivery:	
  n=20	
  
■  Cesarean	
  sec-on:	
  n=22	
  
■  Vacuum-­‐assisted:	
  n=4	
  

•  Compared	
  to	
  the	
  VLBWI-­‐cohort	
  (n=51)	
  
–  Sustained	
  infla-ons	
  (n=41)	
  
–  No	
  respiratory	
  support	
  (n=10)	
  

•  VLBWI	
  had	
  a	
  similar	
  SpO2	
  early	
  on,	
  a	
  lower	
  
heart	
  rate	
  but	
  a	
  higher	
  cStO2	
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•  Clinical	
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  infla-ons	
  
•  Poten-al	
  risks	
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  ques-ons	
  
•  Summary	
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Effect	
  of	
  a	
  S.I.	
  in	
  Preterm	
  Infants	
  at	
  Birth	
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•  14/50	
  no	
  breathing 	
  	
  
–  V-	
  	
  0,9	
  (0,4-­‐2,7)	
  ml/kg	
  
–  Vte	
  	
  0,6(0,1-­‐2,0)	
  ml/kg	
  
–  FRC	
  gain:	
  0,0	
  (-­‐0,5-­‐0,6)	
  ml/kg	
  

•  36/50	
  breathing	
  
–  V-	
  	
  2,9	
  (0,9-­‐9,2)	
  ml/kg	
  
–  Vte	
  3,8	
  (1,0-­‐5,9)	
  ml/kg	
  
–  FRC	
  gain	
  7,1	
  (1,7-­‐15,9)	
  ml/kg	
  

n=50,	
  with	
  no	
  leak	
  

Paw	
  
	
  
	
  
Flow	
  
	
  
	
  
	
  
	
  
Vt	
  

Paw	
  
	
  
	
  
Flow	
  
	
  
	
  
	
  
	
  
Vt	
  



Effect	
  of	
  Sustained	
  Infla-on	
  Dura-on	
  –	
  Resuscita-on	
  
of	
  Near-­‐Term	
  Asphyxiated	
  Lambs	
  

•  Asphyxiated	
  (induced	
  by	
  delayed	
  ven-la-on	
  un-l	
  BP	
  25%BL),	
  
n=18	
  	
  3	
  groups:	
  
–  0.5s;	
  60	
  breaths/min	
  
–  5	
  x	
  3s	
  S.I.	
  	
  
–  1	
  x	
  30s	
  S.I.	
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  Klingenberg et al. Arch Dis Child 2013;98:F222 

RESULTS
Before cord occlusion, minor differences in PaO2 and lactate
values were detected between the groups (table 1), but all
physiological parameters were within normal ranges for anaes-
thetised fetal sheep. The duration of asphyxia (10–11 min) was
similar in all groups. At the end of the asphyxia, immediately
before onset of ventilation, all physiological parameters were
similar between the groups (table 2).

In the 30 s SI group, there was an early and rapid increase in
HR compared with the other two groups (figure 1). Lambs in
the 30 s SI group reached the target HR of 120 bpm significantly
earlier than lambs in both other groups (table 3, figure 1). From
4 min after the onset of ventilation, there were no differences in
HR between all groups (figure 1). The rapid increase in HR in
the 30 s SI group was accompanied by a rapid increase in mean
CBP (table 3, figure 2). In contrast, it took significantly longer
for lambs in the two other groups to achieve the target CBP of
40 mm Hg (table 3) and the CBP was significantly lower in
these groups between three and 5 min after ventilation onset
(table 3, figure 2). No significant differences in the metabolic
components of asphyxia (lactate and BE) were observed
between the groups at any time point during the study period.

The PaCO2 decreased earlier in the 30 s SI group compared
with both other groups (figure 3). In the 30 s SI group, the
PaO2 values were significantly higher from 5–10 min after start
of ventilation compared with both other groups (figure 3).

The average VT obtained with the PIP set at 35 cm H2O
increased gradually in the 30 s SI group and from 8–10 min it
was significantly higher than in both other groups (figure 4).
This was due to improved lung compliance (figure 4). Following
the switch to volume-guarantee ventilation (set VT 8 ml/kg), the
expired VTwas similar in all groups (figure 5). However, the PIP
required to achieve the set VT was lower and the lung compli-
ance was significantly higher in the 30 s SI group compared
with both other groups (figure 5).

DISCUSSION
This is the first study to investigate initial ventilation strategies
for severe perinatal asphyxia in near-term animals. We compared
strategies recommended by expert groups from US6 and Europe/
UK7 as well as one based on our previous experiments of using a
single long SI.8 19 Our primary objective was the speed of circula-
tory recovery, particularly an increase in HR which is the most
sensitive indicator of effective ventilation after birth.2 20

Our main finding was a significantly improved increase in HR
and CBP, in lambs initially ventilated with a single 30 s SI com-
pared with the much slower increase in HR and CBP observed in

Table 2 Characteristics before the onset of ventilation

No SI 5×3 s SI 30 s SI

Duration of asphyxia (min) 10.2 (0.7) 10.9 (2.9) 11.7 (2.9)
Lung liquid drained (ml) 21 (2) 23 (3) 26 (5)
Heart rate (bpm) 81 (13) 79 (14) 77 (17)
Mean carotid BP (mm Hg) 22 (3) 23 (2) 22 (2)
pH 6.94 (0.07) 6.94 (0.06) 6.89 (0.06)
BE (mmol/l) −16 (2) −17 (3) −14 (2)
PaO2 (mm Hg) 7 (4) 8 (6) 7 (7)
PaCO2 (mm Hg) 96 (34) 85 (28) 123 (11)
Lactate (mmol/l) 6.3 (2.5) 7.8 (2.7) 7.9 (1.1)

Values are presented as mean (SD). There were no significant differences between the
groups.

Figure 1 Heart rate in lambs receiving five sustained inflations of 3 s
(5 x 3 s SI; •), a single 30 s sustained inflation (30 s SI; ▴), or no
sustained inflation (No SI; •). Top panel is from 0 to 30 s, middle
panel is from 0–10 min and bottom panel is from 10–30 min. The
initiation of ventilation is designated as time 0. BV; before onset of
ventilation. Data are mean (SD). * p<0.05 5 x 3s SI vs 30 s SI; #
p<0.05 30 s SI vs No SI.

Table 3 Speed of circulatory recovery

No SI 5×3 s SI 30 s SI

Time to reach heart
rate 120 bpm (s)

64 (35–110)† 38 (20–134)† 8 (5–11)*,‡

Time to reach heart
rate 150 bpm (s)

74 (47–234)† 93 (32–517) 15 (8–23)*,‡

Time to reach mean
CBP 40 mm Hg (s)

264 (132–577)† 466 (137–914)† 74 (63–88)*,‡

Time to reach mean
CBP 45 mm Hg (s)

272 (155–617)† 684 (166–1022)† 93 (88–132)*,‡

Values are presented as median (IQR). p values >0.05 are considered not significant
(NS).
*p<0.05 vs 5 x 3 s SI.
†p<0.05 vs 30 s SI.
‡p<0.05 vs No SI.
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both other groups. In contrast, no difference in HR and CBP was
observed between lambs receiving initial inflations of 0.5 s at rate
60/min or 5 inflations of 3 s duration. Similar increases in HR
have been reported previously in babies21 22 and are consistent
with observations of a pulmonary vagal inflation reflex reported
in a previous animal model.23 This vagal reflex may be modu-
lated by the effectiveness of ventilation, but has primarily been
linked with the degree of compromise in infants with primary
apnoea.21 Infants and newborn animals showing a slower
increase in HR are usually more severely compromised and
hence reliant on assisted ventilation.13 It was, however, a striking
observation that lambs with similar levels of bradycardia, hypo-
tension and lactic acidosis demonstrated a different pattern of
HR-response depending on the initial ventilation strategy.

There is limited evidence supporting guidelines recommend-
ing resuscitation with five inflations of 2–3 s duration.7 The use
of prolonged inflation times (2–5 s) via an ETT to improve FRC
during resuscitation of asphyxiated infants (n=9) was first
reported in 1981.3 In a later study, 22 infants were given pro-
longed inflations by face mask. Most of these 22 infants made
an initial cry before the apnoeic episode and were probably not
severely compromised.4 Consistent with our findings, in a
preterm lamb study, the application of five initial inflations for 5
s produced no significant alteration in gas exchange or lung
mechanics, compared with commencing conventional ventila-
tion with PEEP.24 Longer inflation times (≥10 s) have been used
in other human and animal studies and these have been asso-
ciated with beneficial clinical outcomes11 12 and uniform aer-
ation of the lungs.8 25

Normal term newborns inhale by creating a subatmospheric
intra-thoracic pressure as high as −80 cm H2O during their first
few breaths.26 An asphyxiated apnoeic newborn infant is unable
to generate the pressures required to clear lung liquid and,
therefore, will need assistance to initiate lung aeration.27 28 The
combination of inflation pressure and duration (‘inspiratory
effort’) are required for lung aeration and creation of
FRC.3 27 29 High inflating pressures alone are not sufficient29

and may potentially cause a pneumothorax.30 Previous studies
have indicated a significantly different pattern of lung expansion
in asphyxiated infants requiring resuscitation compared with
those breathing spontaneously.31 As inflation times > 2–3 s are
needed to rapidly clear lung liquid and improve gas exchange,8

longer inflations may be required to speed circulatory recovery
following perinatal asphyxia.

Improved lung aeration results in a marked increase in pul-
monary blood flow.19 An increase in oxygenated blood flow
returning from the lungs restores cardiac function, resulting in
an increased coronary perfusion and cerebral blood flow during
the initial resuscitation. We have shown that the initiation of
resuscitation in preterm animals may result in adverse fluctua-
tions to pulmonary blood flow, left ventricular output, and sub-
sequently, cerebral blood flow.32 However, an initial SI of 30 s
improved the circulatory transition during the immediate resus-
citation at birth and stabilised cerebral blood flow in preterm
lambs.19 A 30 s SI may thus facilitate a smoother circulatory
transition. It is, however, important to acknowledge that large
rapid swings in cardiac function caused by ventilation, resuscita-
tion and volume expansion have been associated with cerebral

Figure 3 PaCO2 (top panel) and PaO2 (bottom panel) in lambs
receiving five sustained inflations of 3 s (5×3 s SI; •), a single 30 s
sustained inflation (30 s SI; ▴), or no sustained inflation SI (No SI; O).
The initiation of ventilation is designated as time 0. BV; before onset of
ventilation. Data are mean (SD). *p<0.05 5×3 s SI vs 30 s SI; #p<0.05
30 s SI vs No SI.

Figure 2 Carotid arterial pressure in lambs receiving five sustained
inflations of 3 s (5×3 s SI; •), a single 30 s sustained inflation (30 s SI;
▴), or no sustained inflation (No SI; O). The initiation of ventilation is
designated as time 0. Top panel is from 0 to 10 min and bottom panel
from 10 to 30 min. BV; before onset of ventilation. Data are mean
(SD). *p<0.05 5×3 s SI vs 30 s SI; #p<0.05 30 s SI vs No SI.
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Cardiopulmonary	
  Resuscita-on	
  with	
  Chest	
  
Compressions	
  During	
  Sustained	
  Infla-ons	
  

•  Asphyxiated	
  newborn	
  piglets,	
  n=	
  16	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
standard	
  resusci-a-on	
  3:1	
  vs.	
  120/min	
  with	
  S.I.	
  30	
  cmH2O	
  for	
  30s	
  

•  ROSC:	
  32±10s	
  (S.I.)	
  vs.	
  205±113s	
  (standard	
  group)	
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2498  Circulation  December 3/10, 2013

During CPR, the SI group had 119 (119–121) infla-
tions/min until ROSC was achieved in comparison with 30  
(29–32) inflations/min in the 3:1 group (P<0.0001). In addi-
tion, numbers of CCs in the SI group were significantly 
increased in comparison with the 3:1 group 119 (119–121) 
versus 90 (89–93) CCs/min (P<0.001), respectively.

Hemodynamic Parameters During CCs
PAP and MAP were significantly higher in the SI group than 
in the 3:1 group during CPR (Table 2). However, no differ-
ence in CVP or MAP/PAP ratio among groups was observed. 
Cardiac output as a reference for recovery was significantly 

increased in the SI group than in the 3:1 group (47±27% 
versus 14±23% of normoxic baseline, respectively, P<0.05). 
Figure 4 summarizes changes in PA and regional blood flows 
during the first 5 minutes after CPR was commenced. The pig-
lets in the SI group had better systemic and regional hemody-
namic recovery with significantly faster recovery of both PA 
and common carotid blood flows in the SI group than the 3:1 
group (P<0.05; Figure 4).

Respiratory Parameters During CCs
VT was significantly higher in the 3:1 group versus the SI 
group (Table 3). However, in comparison with the 3:1 group, 

Figure 2. Respiratory waveforms during CPR in the 3:1 (A) and SI groups (B; gas flow (LPM=L/min), airway pressure, ECO2, and tidal 
volume). CPR indicates cardiopulmonary resuscitation; ECO2, exhaled CO2; and SI, sustained inflation.



Sustained	
  Aera-on	
  of	
  Infant	
  Lungs	
  (SAIL)	
  trial:	
  Study	
  
Protocol	
  for	
  a	
  Randomized	
  Controlled	
  Trial	
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• The	
  Sustained	
  Aera-on	
  of	
  Infant	
  Lungs	
  (SAIL)	
  
Study	
  (NIH Grant Number 1-U01-HD072906-01A1; PI: H. Kirpalani) 
– 23-­‐26	
  wks,	
  n=	
  600	
  infants	
  of	
  23-­‐26	
  weeks	
  GA	
  
– 14	
  sites	
  in	
  US,	
  Canada,	
  Italy,	
  The	
  Netherlands,	
  
Australia,	
  Germany	
  
– Interven-on	
  
■ SI	
  20/25	
  cmH2O,	
  standard	
  PEEP/CPAP	
  of	
  5-­‐7	
  cm	
  H2O	
  in	
  the	
  
DR	
  
■ Primary	
  Outcome:	
  death	
  or	
  BPD	
  
■ neurodevelopmental	
  outcome	
  at	
  18	
  -­‐	
  24	
  mo.	
  of	
  corr.	
  age	
  



Open	
  Ques-ons	
  

•  Are	
  S.I.	
  really	
  be{er	
  than	
  CPAP	
  or	
  
conven-onal	
  respiratory	
  support	
  for	
  babies?	
  

•  Which	
  is	
  the	
  right	
  pressure/-me	
  for	
  S.I.?	
  
•  How	
  important	
  is	
  own	
  respiratory	
  effort?	
  
•  Stepwise	
  increase	
  of	
  CPAP	
  spontaneous	
  

breathing	
  be{er	
  than	
  S.I.?	
  
•  What	
  is	
  the	
  role	
  of	
  S.I.	
  during	
  cardiac	
  

compressions?	
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Summary	
  

•  Experimental	
  and	
  (limited)	
  clinical	
  evidence	
  
suggests	
  that	
  sustained	
  infla-ons	
  may	
  facilitate	
  
transi-on	
  of	
  preterm	
  infants	
  aNer	
  birth	
  to	
  avoid	
  
mechanical	
  ven-la-on	
  	
  

•  Based	
  on	
  current	
  evidence	
  the	
  general	
  use	
  of	
  
sustained	
  infla-ons	
  cannot	
  be	
  recommended	
  

•  Large	
  RCTs	
  with	
  important	
  long-­‐term	
  endpoints	
  
are	
  needed	
  to	
  prove	
  efficacy	
  and	
  safety	
  

•  If	
  sustained	
  infla-ons	
  for	
  respiratory	
  support	
  
immediately	
  aNer	
  birth	
  are	
  considered,	
  the	
  
pressure	
  used	
  should	
  probably	
  be	
  limited	
  to	
  a	
  
certain	
  threshold	
  (>25	
  cmH2O	
  ?)	
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