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Discussion

Most of our knowledge on the physiological changes during the transition at birth is
based on human studies performed in the early 1960s and 70s or animal studies (1-8).
In the studies conducted in humans, healthy term infants were often submitted to cum-
bersome invasive techniques to gather data (5;9-13). After this period no more data were
published, probably reflecting the difficulties in performing studies in this area. In addi-
tion, nowadays ethics committees would not allow the invasive procedures used for data
collection. Currently, there is renewed interest in the physiological changes that occur
during transition and improving the management of infants with transitional problems.
Novel techniques are available to measure respiratory and hemodynamic function which
are less cumbersome and less stressful to the infant in comparison with the methods
used previously (14-17). This thesis has shown that it is feasible, even in the preterm
infant, to gather respiratory and hemodynamic physiological data, allowing us to study
the physiological process of transition in more detail and monitor the effect of resuscita-
tive interventions at birth.

In most of the studies presented in this thesis we have used respiratory function moni-
toring (RFM) in a non-invasive manner by placing the flow meter between the mask and
T-piece ventilator. With this technique flow is measured and inspiratory and expiratory
volumes can be calculated (and when respiratory support is given pressures are also
measured). This, in combination with a pulse oximeter, makes it possible to monitor tran-
sition and evaluate the respiratory support given by the caregivers. The RFM is now even
recommended by several experts in the field of delivery room management as standard
care during resuscitation or stabilization of preterm infants at birth (15;18;19). However,
monitoring ventilation is not recommended in current international resuscitation guide-
lines as there is little evidence to support this. The question remains whether evidence is
needed to use this feedback device in the delivery room, while similar measurements are
daily used to monitor ventilation in the NICU.

Mask ventilation

Previous studies reported RFM measurements during face mask ventilation at birth
(15;17;19). These studies have shown that face mask ventilation is difficult, the tidal volu-
mes given are often inadequate and mask leak and obstruction occurred frequently.
(15;17;19). The observed difficulties are confirmed by our studies in chapter 3 and 4 of
this thesis, where we investigated the initial sustained inflation and the mask ventila-
tion given in the MOUNTAIN trial (20) (comparison of the nasal tube with the face mask
during positive pressure ventilation).
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In chapter 3 we measured the effect of an initial sustained inflation (SI) during respiratory
supportin preterm infants at birth. An initial S has been advocated to overcome the resi-
stance of a liquid filled lung (21) and experimental studies have shown that an initial Sl is
beneficial for uniform lung aeration and establishing functional residual capacity (FRC).
(22;23). The randomized clinical trial performed in Leiden, where the Sl was incorporated
in the approach for resuscitating preterm infants at birth, showed a decrease in the need
of intubation and BPD (24). However, we now observed the direct effect of a Sl given via
a face mask (15;25) and the volume delivered was often inadequate with frequent occur-
rence of obstruction and large mask leak. The obstruction that occurred during the infla-
tion was most likely caused by a closed glottis as we observed that infants take breaths
during the Sl and large volumes enter the lung. The observation that in some apneic
infants breaths were taken during the SI, but that these infants remained apneic after the
Sl was a surprising finding. We speculate that applying a pressure on the pharynx might
induce a respiratory reflex, as was demonstrated in cats (26;27) . It is also possible that we
were not observing obstruction but that the starting pressures of the Sl were too low to
overcome the resistance of the liquid filled lung. The findings that the Sl was not efficient
until the infant takes a breath was also confirmed in chapter 10 where we measured
volumetric CO, and FRC changes during mask ventilation at birth. Similar to our previous
study most Sls applied were not appropriate to contribute to lung aeration and FRC.

In addition, there was very little gas exchange until the infant took a breath. We also
demonstrated the ineffectiveness of the Sl by observing (chapter 3 and 10) no immedi-
ate increase in heart rate (HR) or oxygen saturation (SpQ,), which is currently used as the
indicator of effective ventilation. The beneficial effects of an initial Sl have been shown in
experimental studies, but before we can translate these effects into clinical practice, we
first need to find an effective manner to apply a Sl to the lungs. The non-invasive manner
(face mask) seems to be the weakest link in this lung recruitment strategy.

Mask ventilation is the cornerstone for resuscitating infants at birth. Considering the dif-
ficulties described above it has been suggested to abandon the face mask and use an
alternative interface, such as a nasal tube (28;29). The MOUNTAIN trial, comparing the
effect of the face mask vs. a nasal tube during non-invasive ventilation at birth on clinical
outcome, was recently completed (20). Based on the fact that the rate of intubation was
similar and complications of using the interfaces hardly occurred, it was concluded that
eitherinterface could be used and a nasal tube was a good alternative for aface mask (20).
However, we now observed, in chapter 4, respiratory function measurements and the
direct effect when the interfaces were used. There were no difference in terms of HR and
SpO, (20). However, Mask technique was considerably improved in both centers (Leiden
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and RWH), as mask leak and obstruction occurred much less often when compared to
previous reports of these centers (15;25). This improvement could be due to a Hawthorne
phenomenon (30). However, it is also possibly the result of frequent mask technique trai-
ning, which has become been an integral part of resuscitation training in both centers.

During nasal tube ventilation volumes given were more often too low, caused by leak
and obstruction which occurred more frequently when compared to the face mask.
Apparently it is much more difficult to perform the ventilation leak free with a nasal tube,
even when contralateral nostril and mouth are closed. Also, it is possible that the tip of
the tube was placed against the posterior wall of the nasopharynx, causing obstruction.
Based on our findings, the use of a nasal tube as interface instead of a face mask for
non-invasive ventilation in preterm infants at birth cannot be recommended.

Breathing

Previously, it has been described that breathing is difficult to observe and is therefore
often missed, especially in preterm infants covered in a wrap to prevent hypothermia
(15;31).The studies performed in this thesis confirm that the use of a RFM is useful in ade-
quately detecting spontaneous breathing (32). Despite the fact that most of the ventila-
tion we observed was inadequate, most infants were not intubated but were transpor-
ted to the NICU on CPAP. In the studies reported in chapter 3, 4 and 10 we often observed
spontaneous breaths during the initial SI and consecutive ventilation. Although the res-
piratory rate and the volumes of these breaths were not always sufficient, the spontane-
ous breaths produced larger tidal volumes than the inflations given. In addition, when a
spontaneous breath occurred concurrent with the inflation the tidal volume increased.
Not only tidal volumes were larger, but also, as demonstrated in chapter 10, breaths
were more efficient in creating gas exchange (expired CO,, (ECO,) and creating FRC than
the inflations given. The observed breathing of the preterm infants likely influenced the
effect observed when ventilation is applied.

We should also be cautious about the breaths in between and coinciding with inflati-
ons. It has been shown that the observed non-synchronized ventilation, could lead to
inadvertent pressures and increase the risk for lung injury and air leaks (33). In addition,
Schilleman et al. and Schmolzer et al. have described that during inflations coinciding
with breathing, high tidal volumes can be achieved (15;25). These excessive tidal volu-
mes also have the potential to cause lung injury and should be avoided (34;35). In the
NICU synchronized and volume guarantee ventilation is given to reduce the above men-
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tioned risks (36), this could also be considered as a manner to support the spontaneous
breathing of preterm infants at birth.

When considering safe tidal ventilation a distinction should be made between spon-
taneous breaths and inflations applied non-invasively. The current recommendation of
the safe range of tidal volumes at birth is 4-8 mL/kg, but this is based on measurement
of spontaneous breathing and intubated ventilated infants (18). However, during mask
ventilation the complete respiratory system is pressurized and ventilated, which inclu-
des the lungs, the trachea and the nasopharynx. During an inflation given via a mask
or nasal tube the nasopharynx is pressurized leading to a volume displacement in the
nasopharynx, which does not occur during a breath. This volume displacement has to
be taken into account when monitoring mask ventilation. In chapter 6 we investigated
this both in an experimental setting as well as in preterm born infants. We demonstrated
that a large proportion of the volumes measured during an inflation is caused by pres-
surization of the nasopharynx and part of the trachea. It is possible that ventilation will
be more effective when we correct for this and aim for larger tidal volumes. A different
range of safe tidal volume should therefore be defined, in order to avoid inadequate but
also excessive and injurious tidal volumes. In addition to this an adequate mask techni-
que with minimal mask leak is still a prerequisite for effective ventilation.

Breathing does not only lead to a better gas exchange than the ventilation we have
given at birth, we also demonstrated in chapter 11 and 13 that breathing influences the
hemodynamic transition. In fact, in chapter 13 it was shown that when large inspirations
(after crying) were taken there is an increase in left-to-right shunt through the ductus
arteriosus. This would then increase the pulmonary blood flow, leading to an increased
preload and left cardiac output, promoting increased blood flow and oxygenation of the
organs.

Based on all these findings, we speculate that stimulating and effectively supporting
breathing should be the cornerstone of resuscitation of preterm infants at birth. Infants
are currently supported with a continuous positive airway pressure level of 5-6 cmH,0,
but it is possible that initially a higher pressure level is needed to support spontaneous
breathing and maintain FRC after lung aeration. In addition when positive pressure ven-
tilation is considered, ventilation that synchronizes with spontaneous breathing (trigge-
red ventilation, assist/control) and which takes the breathing effort of the infant (volume
guarantee, pressure support) into account would be a better alternative than our current
approach. In this way inflations asynchronous with breathing and excessive tidal volume
during inflations concurrent with breathing will be avoided.
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The brainstem (respiratory center) is pO, sensitive (37) and one of the methods to stimu-
late breathing at birth is to titrate the extra oxygen given to maintain an adequate SpO,,.
The current thought is that low SpO, are well tolerated in preterm infants directly after
birth and supplemental oxygen should be given with caution as hyperoxia could easily
occur. However, the other side of the medal is that the accepted low saturations actually
could inhibit the respiratory effort. In chapter 8 we investigated the effect of oxygena-
tion on breathing effort of preterm infants at birth and observed that a short period of
100% oxygen improved oxygenation and effectively increased the breathing effort and
respiratory rate (37). This was a retrospective analysis and it is likely that the extra oxygen
was needed to compensate for the inadequate lung aeration and FRC that was created.
It is possible that the increased respiratory effort improved lung aeration and FRC as we
observed that once the SpO, and breathing effort increased inspired oxygen could be
reduced quickly to 21-23% and infants were transported to the NICU on CPAP. We spe-
culate that we should aim for a higher oxygen saturation target and an SpO,, higher than
the 10™ percentile, should be maintained to decrease the chance of breathing failure.
Further studies are needed to investigate the effect of SpO, on breathing effort, as also
other agents to stimulate breathing such as caffeine, glucose and doxapram might be
effective in stimulating breathing at birth.

In light of this, a difficult to catch but important observation is the effect of naloxone after
birth. In chapter 9 we reported an observation of an infant receiving mask ventilation
after birth as she was apneic as a result of the antenatal administration of opiates to the
mother. It was difficult to maintain SpO, within the accepted range during ventilation,
but after administration of naloxone breathing effort immediately increased (a high res-
piratory rate and large tidal volumes were observed) with a fast increase in SpO,,. Positive
pressure ventilation was stopped and inspired oxygen could be weaned. This was the first
observation of the direct effect of naloxone on breathing effort. In the current literature
the effect of naloxone on breathing effort was debated and no longer recommended. This
case report demonstrated that in specific cases naloxone could be effective .

However, caution should be taken in stimulating breathing effort as there is always a pos-
sibility of exhausting the preterm infant. In chapter 7, we investigated whether respira-
tory effort and frequency of certain respiratory patterns, expiratory breaking maneuvers
in particular, was related to failure of non-invasive respiratory support at a later stage.
We observed that preterm infants who fail CPAP at later age and were intubated, sho-
wed early signs of fatigue in their breathing efforts and patterns shortly after birth. This
information could be used to intensify the non-invasive support given to a breathing
preterm infant (increase CPAP pressure) or even early identification of the infants that
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need surfactant. In neonatal practice there is a trend towards a more non-invasive man-
ner of surfactant application (38;39), and identifying respiratory fatigue creates oppor-
tunity for surfactant administration in the first ten minutes of life after birth. This early
administration of surfactant would then also be beneficial for lung liquid clearance and
more uniform lung aeration at birth (40). However, also here more studies are needed to
see if the breathing pattern and effort can be used to assess whether infants are likely to
fail non-invasive support and to use this in decision making.

Monitoring

So far, only the use of pulse oximetry (PO) is recommended as an objective manner for
evaluation of the infant’s condition and the effect of interventions. In this thesis we have
demonstrated different parameters that can be used to evaluate the infant’s condition
objectively. In addition to the current used parameters (SpO, and HR), we have shown
that it could be helpful to measure tidal volume (chapter 3,4 and 10), ECO,, relative FRC
changes (chapter 10) and perfusion index (chapter 14 and 15). We have also demonstra-
ted in chapter 12 that the ductal arteriosus shunt could be a good indicator whether
transition is successful or not.

During this thesis, we have developed a monitor device that included all these parame-
ters (except echocardiography) and a video recording. The tidal volume measurements
have been discussed in detail above and currently a large international randomized trial
(NTR 4104) is performed to determine whether this monitor will improve evaluating
infants and ventilation at birth.

An available method to directly determine the adequacy of gas exchange and lung aera-
tion is capnography (41). It has been described that capnography adds to the objective
evaluation of the infant (42). End-tidal capnography can be used to assess gas exchange
(43). Capnography has large potential for monitoring the effect of breathing and venti-
lation given, as shown in chapter 10, but it is not yet recommended to monitor this at
birth. We demonstrated that Monitoring ECO, is more complex than is currently descri-
bed in recent published studies (42). Pressurization and volume displacement in the nas-
opharynx during mask ventilation in combination with a closed larynx could lead to low
ECO, while "adequate” tidal volume are given. Spontaneous breathing during inflations,
obstruction or rebreathing due to dead space ventilation could lead to the measurement
of high ECO, while very low tidal volumes are measured. While low ECO2 values can be
measured due to the occurrence of leak (44). Using ECO, standardly in the delivery room
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would confuse the caregiver, inexperienced with these physiological measurements,
and currently should not be recommended as standard care and if used, should always
be combined with volume measurements. More studies are needed to overcome the
abovementioned pitfalls and make interpretation of CO, measurement less complicated.

The only objective parameter currently used and recommended during resuscitation is HR
(45). It is advised to measure HR by PO and with this technique normograms were deve-
loped which are now used in the delivery room to evaluate the infant’s condition (46). In
chapter 16, we compared the HR measured by PO with HR measured by ECG, which is the
golden standard. In a previous study PO was found to be comparable with ECG, but the
comparison was not performed in course of time after birth (47). During the early phases
of transition when pulmonary blood flow is still low and perfusion of the peripheral tis-
sues might be hampered due to a high systemic vascular resistance. Katheria et al. showed
that it was feasible to measure HR by using electrocardiography in preterm infants at birth
(48). For these reasons we repeated the study in healthy term and preterm infants at birth,
but this time compared in course of time. Overall the HR of the PO was not significantly
lower than measured by the ECG, with the exception of the first minutes after birth. In the
first minutes PO significantly underestimated HR. It is difficult to explain this difference,
but it could be caused by the difference in which both devices determine HR. The PO uses
the pulsatile waves of the contraction of the heart and the ECG uses the electric signal
needed for the cardiac contraction. However, to make sure the ECG showed the true heart
rate, also echocardiography was performed and confirmed that the QRS complexes were
concomitant with a contraction of left ventricular output (LVO) and thus pulse wave. It is
possible that the short circuit that is temporarily present when pulmonary vascular resi-
stance decreases (blood flow directed from the left ventricle to the aorta and pulmonary
artery via the ductus arteriosus) mitigated part of the pulse waves. Until this is investiga-
ted more thoroughly, HR measured by PO must be interpreted with caution, especially
in the first 2 minutes after birth. In case of low HRs we would still recommend to confirm
this with auscultation or palpation of the umbilical cord to make sure PO does not give an
underestimation and unnecessary measures are taken. In addition with this finding the
current internationally accepted normal ranges of HR at birth need to be re-evaluated.

Monitoring additional non-invasive hemodynamic parameters could be useful for eva-
luating the infant’s condition at birth or the interventions given. We investigated the
perfusion index (PI) in term (chapter 15) and in preterm infants (chapter 14). Pl can be
derived from the pulse oximeter by calculating the ratio of the pulsatile signal (arterial
blood flow) indexed against the non-pulsatile signal (static blood flow in skin and other
tissues) and is described as a non-invasive indicator for peripheral perfusion (49). Studies
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performed in the NICU have shown to give extra information on the circulatory status of
the infant (50;51). Also Pl has been studied in term infants at birth (52), but the course
of Pl over time transition was not reported. We described that in healthy infants at birth
very little changes occur in Pl during transition. We also described that preterm infants
breathing on CPAP compared to infants intubated in the delivery room had a signifi-
cantly lower PI. The question remains how clinically important this is as the difference
was very small. In addition the caregiver’s decision to intubate in the delivery room is
often based on subjective observations and this could have influenced the results. It is
also possible that the respiratory problems of preterm infants at birth are not reflected
by the peripheral circulation. More studies are needed before this parameter can be used
for evaluating transition at birth and decision making.

Hemodynamic transition

The significant hemodynamic changes during neonatal transition are intimately linked
with the respiratory changes (53). Most of the data of the hemodynamic transition are
derived from animal studies. In this thesis we have provided data from human infants
using echocardiography, ECG and non-invasive blood pressure. In chapter 11 we descri-
bed that a successful transition in healthy term infant born after a cesarian section is cha-
racterized by a significant increase in LVO between 2 and 5 minutes after birth, which was
due to anincrease in preload and an increase of pulmonary blood flow (53). HR remained
unchanged during this time period (53). The LVO was equivalent to values measured at
later time points after birth (14). The increase in stroke volume that was observed directly
after birth is in contrast to the current held belief that newborns can only increase their
cardiac output by increasing HR and that stroke volume cannot be increased directly after
birth. These assumptions were based on extrapolated data from fetal observations of the
cardiac output, when the circulation is completely different compared to the circulation
during transition (54). Clamping the cord before lung aeration will result in a 25-50%
decrease in LVO as during this time the left ventricle was dependent on the venous return
from the placenta. When lungs are aerated before cord clamping the sudden decrease
in LVO will not occur as the left ventricle is then dependent on the pulmonary venous
return. Lung aeration at birth causes a decrease in pulmonary vascular resistance and an
increase in pulmonary blood flow, which then increases the preload in left ventricle (55).
Most of the infants in our cohort immediately breathed and aerated their lungs before
the cord was clamped, which compensated the sudden loss of venous return from the
placenta (56). A reversal of shunt (from right-to-left to left-to-right) in the ductus arte-
riosus in ventilated newborn lambs was shown to be responsible for almost 50 % of the
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increase in pulmonary blood flow and thus venous return (55). We now have demonstra-
ted in chapter 12 that a smooth transition in spontaneously breathing human infants is
also characterized by reversal of this ductal shunt (from right-to-left to left-to-right). The
ductal shunt ratio (right-to-left/left-to-right) has the potential to be used as a parameter/
indicator for the success of the neonatal transition.

Blood pressures at birth were previously unknown, but we now provided (chapter 11)
values of blood pressure in healthy term infant in the first minutes after birth. We obser-
ved that despite significant hemodynamic changes, blood pressures did not change in
the first 10 minutes after birth and these values were similar to values measured at later
time points during the first day of life. We only measured preductal blood pressure, it is
possible that we would have observed different results when blood pressure was measu-
red post-ductally. Blood pressure is the product of cardiac output and vascular resistance,
and is mediated by cardiovascular reflexes, stress and relaxation and hormonal control
(such as adrenalin) (57). It is possible that the decrease in pulmonary vascular resistance
and increase in systemic vascular resistance (by cord clamping) mitigated the effect of
cardiac output on blood pressure (55). Apparently the large hemodynamic changes after
birth are not reflected in blood pressure and Pl measured at the extremity. Although the
stable Pl and blood pressure measured in the extremity makes it likely that the systemic
vascular resistance increases in the extremities, this has not been investigated. Blood
pressure was easy to measure at birth and could be used as an extra parameter for eva-
luating the hemodynamic condition.

We also described in chapter 13 that breathing and crying has large influence on the
hemodynamic observations. The large inspirations during crying caused an increase in
left-to-right ductal shunt, increasing the pulmonary blood flow and therefore influen-
cing LVO. Although we could not measure the effect of the expiratory phase of crying
(the cry itself), our findings are in line with previous findings (58) that breathing is impor-
tant for the hemodynamic transition. We speculate that crying at birth has more physio-
logical function than only expressing discomfort.

It was possible to perform these hemodynamic measurement in infants born by cesa-
rean section, as in our hospital it was standard procedure to evaluate these infants on the
resuscitation table. However, this is also a limitation to this part of the thesis and we are
not informed if in vaginally born infants similar measurements would have been obser-
ved. It is however much more difficult to gather reliable measurements as these infants
are directly placed on the chest of their mother. Although a faster transition could take
place in vaginally born infants, we expect that measurements will be comparable to the
measurements we described above.

217



CHAPTER 17

Conclusions

We have shown that it is possible to translate experimental findings to clinical setting
and perform non-invasive physiological measurements in human infants at birth. We
have gathered unique data of both respiratory and hemodynamic transition and during
interventions when transition failed. We have demonstrated that the Sl and consecutive
inflations given via mask are often inadequate and not effective. This could be explained
by inadequate ventilatory pressures used and inadequate mask technique, but also a
closed glottis could play a role in an ineffective non-invasive ventilation. We have shown
that in a trial mask technique was improved when compared to previous observations,
this could be explained by a Hawthorne phenomenon or the effect of frequent training
in mask technique. We also observed that a nasal tube is not a good alternative for the
face mask, as more leak and obstruction occurred.

The general finding of this thesis is the importance of breathing for the neonatal tran-
sition, as it both aerates the lungs, creating FRC and causes hemodynamic changes.
Breathing in preterm infants is often missed, and although it is not always sufficient, it
is likely that breathing has contributed to the effect of ventilation given. This suggests
that stimulating and supporting breathing might be a more efficient respiratory strategy
at birth. We speculate that synchronization of inflations with breathing and supporting
breathing using triggered ventilation with volume guarantee or pressure support might
be a good alternative for the currently used manual positive pressure ventilation. Howe-
ver, still a proportion of infants are apneic and adequate mask ventilation technique
should still be a focus in resuscitation training.

We demonstrated that the use of several objective parameters, other than SpO, and HR,
will inform the caregiver how adequate the infant’s breathing is and/or how adequate
the ventilation is given. In addition the breathing pattern and effort observed in more
detail could have the potential to show early signs of fatigue and predict respiratory
failure.

We have collected important observations of hemodynamic changes in human infants at
birth. We observed that newborns are capable to increase LVO by increasing the cardiac
preload, not necessarily only by increasing HR. We have described the ductal shunt rever-
sal that occurred during uneventful transitions and that the ductal shunt ratio could have
the potential to be used as a parameter to monitor transition. The blood pressures values
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measured in term infants can be used as an extra parameter for evaluating the infants
hemodynamic condition. Measuring HR by PO at birth is currently recommended by inter-
national resuscitation guidelines and normal ranges are based on PO measurements, but
we now demonstrated that the pulse oximeter significantly underestimates the heart rate
in the very first minutes. The currently accepted normal ranges should be re-evaluated.

Future directions

With this thesis much progress has been made in understanding the physiological process
of transition at birth and the effect of our support given when transition fails. However,
many questions still need to be answered as we are not yet fully informed about the res-
piratory and circulatory changes taking place. Understanding the physiology of transition
and the most effective way to support transitional problems is important to improve our
care of the preterm infant in his/her most vulnerable period, right after birth. The following
are the most important questions that need to be addressed in the near future:

1. What causes the infant to start breathing and what is the best way to stimulate this
and what is the most effective way to support this?

2. lIs starting a higher level of CPAP and then titrating down based on clinical parame-
ters a better way than a Sl followed by CPAP?

3. Is it feasible to use triggered ventilation and volume guarantee for ventilating pre-
term infants in the delivery room and what is the effect?

4. What is the lower level of SpO, that is acceptable and is needed to maintain respira-
tory effort at birth?

5. Which parameters can be used best to monitor respiratory changes or support at
birth, tidal volume or capnography and which parameters should be used as stan-
dard of care?

6. Can the respiratory effort and pattern at birth predict respiratory failure and if so, can
we use it to select these infants for early surfactant treatment?

7. How can we combine the support of breathing with delayed cord clamping in pre-
term infants at birth?

8. Can we use non-invasive parameters such as the ductus arteriosus ratio to monitor
transition and does this add to the current used parameters?

9. How should we interpret and use the international accepted normal ranges of heart
rate at birth measured by pulse oximeter.

These questions can be answered by conducting both experimental and observational
studies as well as randomized controlled trials.
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