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Abstract

Aim: To verify the added value of respiratory function monitor (RFM) to assess

ventilation and the heart rate (HR) changes during stabilization of preterm infants.

Methods: Preterm infants <32 weeks' gestation, bradycardic at birth and in need for

positive pressure ventilation (PPV) were included. The first 15min of stabilization

was monitored with RFM. Three time points were identified according to HR values

(T0 the start of mask PPV; T1 the HR rise >100 bpm; T2 the delivery of the last PPV).

For each inflation, PIP, PEEP, MAP, expired tidal volume/kg (Vte/kg), and mean

dynamic compliance (Cdyn) were analyzed.

Results: PIP and MAP values were significantly higher at T1 (27.09 ± 5.37 and

17.47 ± 3.85 cmH2O) and at T2 (24.7 ± 3.86 and 15.2 ± 3.78 cmH2O) compared to T0

(24.05 ± 2.27 and 15.85 ± 2.77 cmH2O). PEEP at T1 was significantly higher

(6.27 ± 2.17 cmH2O) compared to T2 (5.61 ± 1.50 cmH2O). Vte/kg showed signifi-

cantly lower T0 values (3.57 ± 2.14ml/kg) compared to T1 (6.18 ± 2.51ml/kg) and

T2 (6.89 ± 2.40ml/kg). There was a significant effect of time on Cdyn.

Conclusions: A clear correspondence between HR rise and adequate Vte/kg during

stabilization of very preterm infants was highlighted. RFM might be useful to tailor

ventilation, following real‐time changes of lung compliance.
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1 | INTRODUCTION

During the fetal‐neonatal transition of preterm infants, achieving

adequate lung aeration and effective functional residual capacity

(FRC) is crucial to promote stable heart rate (HR) rise, circulation

recovery, and proper tissue oxygenation.1 The latest recommenda-

tions for respiratory support at birth in preterm infants advocate

continuous positive airway pressure (CPAP) in those showing

effective spontaneous respiratory drive.2 In case of absence or

inadequate respiratory effort and/or persistent bradycardia, an initial
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attempt with mask positive pressure ventilation (PPV) is recom-

mended before endotracheal intubation.2 Although the widespread

use of antenatal steroids to promote lung maturation in babies at risk

for preterm birth,3 the gestational age (GA) and the birth weight are

inversely proportional to the need for respiratory support immedi-

ately after birth.4 Noteworthy, the more the prematurity, the more

the vulnerability to inappropriate pressure and volume provision.5,6

Avoiding prolonged bradycardia at birth and providing adequate

tidal volume delivery seems crucial for a safe neonatal transition to

extra‐uterine life.7–9

Monitoring the fetal‐neonatal transition has been performed

through different devices, analyzing the various changes characteriz-

ing this phase.10,11 Among these tools, respiratory function monitor

(RFM) can measure almost in real time, calculate and display inflation

pressures, flow, and tidal volumes delivered during resuscitation. To

date, there is a lack of robust evidence supporting the routine use of

RFM in the delivery room (DR).11 However, it has been suggested as

an additional tool to optimize interventions at birth.12–14 We

therefore hypothesized that RFM can be used to assess ventilation

and to associate HR changes to test the added value of RFM over

standard resuscitation guidelines.

2 | METHODS

This is a retrospective, cross‐sectional study conducted at the tertiary

neonatal unit “V. Buzzi” Children's Hospital, Milan, Italy. We analyzed

inborn infants <32 weeks' GA who were bradycardic at birth, received

mask PPV during initial DR stabilization, and had complete video and

RFM files (Figure 1). Infants with major congenital anomalies, intubated in

the DR, or receiving surfactant during resuscitation were excluded. Those

babies enrolled in the MONITOR trial (NCT 03256578) and randomized

to RFM not visible were excluded from the analysis as well. The sample

size was the one available, being this study a secondary analysis of

previous cohorts. All resuscitations were recorded by a standard video

recording setup. All DR resuscitations analyzed in this study were led by

an attending neonatologist and recordings of the RFM were available to

the resuscitation team. The use of RFM during resuscitation was

F IGURE 1 Flow‐chart for patients' selection process
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approved by our local IRB and consent was obtained for the analysis of

RFM traces, recordings, and videos for research purposes.

As per contemporary ERC guidelines, the initial fraction of inspired

oxygen (FiO2) was set at 0.21 and then titrated to maintain peripheral

oxygen saturation (SpO2) between 25° and 50° percentile of standard

ranges.15 PEEP was set at 5–6 cmH2O and initial PIP at 25mmHg. During

resuscitation, PIP was adjusted according to Vt, to maintain it within

4–8ml/kg. WhenVt was <4ml/kg, PIP was increased by 2 cmH2O every

30 s. On the other side, if Vt was >8ml/kg, PIP was decreased with the

same criteria. For DR respiratory support, a T‐piece resuscitator (Neo

Puff, Fisher & Paykel) was used and connected to a face mask (Hudson

RCI, 40mm neonatal air cushion). The flow and pressure sensors

(AveaVaerflex flow transducer; CareFusion) of the RFM (New Life Box;

Neo‐RSD; Advanced Life diagnostics UG) were placed between the

T‐piece and the face mask. Peripheral oxygen saturation and HR were

measured by a Masimo Radical 7 Pulse‐Oximeter (Masimo Corporation).

The pulse oximeter sensor was positioned on the baby's right wrist

immediately after placement on the resuscitation table. Bradycardia was

initially assessed using the stethoscope and later confirmed by the values

of the pulse oximeter. FiO2 delivered was measured byTeledyne AX 300

oximeter (Teledyne Technologies Company) and recorded. Recordings

were retrospectively analyzed using Pulmochart® software (Applied

Biosignal GmbH). Video recordings were reviewed by trained physicians

matching respective ventilatory traces. The first 15min after birth were

analyzed. Three different time points were identified based on the

resuscitation procedures and clinical response, as shown in Figure 2. T0

was defined by the start of mask PPV administration; T1 marked the time

point of HR rise to stable values >100 bpm; T2 identified when the last

PPV was delivered, immediately before CPAP initiation in infants showing

good spontaneous respiratory effort or until the end of the recording in

infants still requiring PPV after 15min after birth. At each time point

(T0, T1, and T2), 10 mask inflations per patient were analyzed. For each

inflation, Peak Inspiratory Pressure (PIP), Positive End Expiratory Pressure

(PEEP), Mean Airway Pressure (MAP), and expired tidal volume/kg

(Vte/kg) were analyzed.

Leak (%) was calculated using the formula ([Vti −Vte]/Vti) × 100,

and we included in the analysis only breaths where leak = 0. Mean

dynamic compliance (Cdyn) for each period was also calculated based

on ∆ pressures and Vte administered.

2.1 | Statistical analysis

Data were analyzed using the R statistical program V 3.5.3

(R Foundation) and described using mean, median, standard deviation

(SD), interquartile range (IQR), frequency, percentage, and range.

One‐way repeated measure ANOVA (rmANOVA) was used to

explore differences among time points (T0–T1–T2). Tukey post hoc

test was used to explore any possible difference resulted from

rmANOVA. A p‐value < 0.05 was considered statistically significant.

3 | RESULTS

Ninety‐five infants <32 weeks of GA were recorded with visible RFM

during DR stabilization. Forty‐eight were excluded from the analysis

due to equipment failure, no bradycardia, or no need for PPV. A total

of 47 neonates were included in the final analysis (Figure 1).

F IGURE 2 Representative monitor screenshot. Signals recorded by RFM during DR stabilization of a preterm infant: Pmask is the signal of
pressures delivered during mask PPV; flow signal, expired tidal volume calculation (Vte), peripheral oxygen saturation (SpO2), and heart rate (HR)
were simultaneously recorded. The HR and SpO2 rise in this figure were clearly correlated with PIP (T1) increase during mask PPV, with
subsequent increase in Vte (original figure created by authors from the unit's RFM recordings). DR, delivery room; PIP, peak inspiratory pressure;
PPV, positive pressure ventilation; RFM, respiratory function monitor; SpO2, peripheral oxygen saturation.
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Mean GA (SD) was 27+3 weeks ±11 days, and mean weight (SD)

was 894.9 ± 108.4 g. Sixteen (34%) were female. Thirty‐nine infants

(82%) were born via cesarean section, and 44 (93%) received

antenatal steroids. Nine infants (19%) were intubated in the DR, 15

(31%) received mechanical ventilation within 72 h after birth.

Surfactant replacement therapy (200mg/kg, Curosurf® Chiesi Farm-

aceutici) was administered in NICU in 32 neonates (68%). No adverse

events like air leak syndrome or IVH > grade 2 within 48 h after birth

were reported.

Characteristics of main parameters and time points are described

in Table 1.

A total of 1410 inflations were individually analyzed.

There was a significant effect of time on PIP (F(2,42): 9.53,

p < 0.001) and on MAP (F(2,42): 10.39, p < 0.001). As shown in Table 2

and Figure 2, the cohort of preterm infants showed an increase in

both parameters when HR reached 100 bpm onward (T1), and then

they witnessed a progressive reduction until the PPV was discon-

tinued (T2).

To further explore the detected intra‐group differences among

the specific time points, Tukey post hoc analyses were performed. As

illustrated in Table 2, there were significant differences between the

individual time points (p < 0.01). Indeed, PIP and MAP values were

significantly higher at T1 than at T0 (PIP: t(46): 4.225, p < 0.01; MAP:

t(46): 3.169, p < 0.01) and T2 (PIP: t(46): 3.119, p < 0.001; MAP: t(46):

4.387, p < 0.001). PEEP showed significant changes in the three

periods (F(2,42): 3.40, p < 0.05). Post hoc comparisons, however,

showed that only values at T1 were significantly higher compared to

T2 (PIP: t(46): 2.532, p < 0.05). Vte/kg showed significant effect of

time (F(2,42): 30.84, p < 0.001) and post hoc single t‐tests revealed

lower values at birth as compared to T1 (t(46): 5.844, p < 0.001) and

T2 (t(46): 7.467, p < 0.001). On the other hand, no significant

difference was found between T1 and T2 (t(46): 1.624, p = 0.23).

Finally, there was a significant effect of time on Cdyn (F(2,42): 30.76,

p < 0.001). Further post hoc analysis demonstrated statistically

significant differences among the three different periods (T1 vs. T0:

t(46): 4.969, p < 0.001; T2 vs. T0: t(46): 7.836, p < 0.001; T2 vs. T1: t(46):

2.867, p = 0.01).

4 | DISCUSSION

Our study showed the close association between PPV, Vte, and HR

during resuscitation of very and extremely premature infants at birth.

To date, respiratory support in the DR is the least controlled form

of ventilation for preterm infants. Upon admission to NICU and

during their hospital stay, clinicians have means of closely monitoring

Vte, the PIP, the PEEP, and the amount of oxygen given.16,17 On the

other side, Vte during neonatal resuscitation is not routinely

measured, and although mask PPV is commonly used in the DR,

available data demonstrating its effectiveness remain scarce.18

Currently, evaluation of the efficacy of PPV during resuscitation,

and then of the administration of adequate Vte, is mainly based on

the clinical assessment of the infant's chest wall movements.

However, evidence has shown how frequently this leads to

misinterpretation of the success of ventilation.19,20 Achieving a

stable HR > 100 bpm is commonly considered an indirect clinical

parameter of delivering effective respiratory support.21 In the

present study, we confirmed that HR can be considered a reliable

parameter to evaluate the efficacy of ventilation in the DR and that it

is strictly related to the onset of physiological Vte and adequate

lung recruitment.

In very premature infants, representing the majority of our study

population, the respiratory drive is usually ineffective. Therefore,

achieving an adequate FRC needs to be facilitated with additional

applied pressure to overcome the respiratory muscles' weakness and

the high resistance of the liquid‐filled airways and lung tissue.

TABLE 1 Characteristics of main parameters and time points are
expressed as mean ± SD

Mean ± SD

HR detection time (s) 58.5 ± 16.3

HR at first detection (bpm) 71.2 ± 24.1

SpO2 at first measurement (%) 49.1 ± 20.8

T0–T1 (s) 176 ± 60

T1– T2 (s) 301 ± 70

Abbreviations: HR, heart rate; SpO2, peripheral oxygen saturation.

TABLE 2 Main ventilatory parameters
during resuscitation at the three different
time points

T0 T1 T2 Post hoc test*

PIP (cmH2O) 24.05 ± 2.27 27.09 ± 5.37 24.7 ± 3.86 a,c

MAP (cmH2O) 15.85 ± 2.77 17.47 ± 3.85 15.2 ± 3.78 a,c

PEEP (cmH2O) 5.82 ± 1.30 6.27 ± 2.17 5.61 ± 1.50 c

Vte (ml/kg) 3.57 ± 2.14 6.18 ± 2.51 6.89 ± 2.40 a,b

Cdyn (ml/cmH2O/kg) 0.20 ± 0.11 0.31 ± 0.13 0.38 ± 0.12 a,b,c

Note: Data are expressed as mean ± SD. Post hoc tests' statistical significance was considered <0.05
and indicated with *: (a) T0 versus T1; (b) T0 versus T2; (c) T1 versus T2.

Abbreviations: Cdyn, dynamic compliance; MAP, mean airway pressure; PEEP, positive end‐expiratory
pressure; PIP, peak inspiratory pressure; Vte, expired tidal volume.
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The current recommendations advocate the use of 25 cmH2O of

PIP,2 since higher values have been shown to be harmful, increasing

the risk of air leak syndromes, lung damage, and brain injuries.22,23

However, there is evidence that mask leaks, airway obstruction and

interpersonal differences lead to a high degree of uncontrolled

variations in the pressure and volume delivery during neonatal

resuscitation.18,24,25 In our study, resuscitation was performed with

RFM, and then changes in PIPs were done according to the real‐time

information it provided, trying to keep Vte/kg within the physiologic

range (4–8ml/kg)26 and avoiding uncontrolled variations.

It is reasonable that the low Vte values we observed at T0 are

indicators of ineffective ventilation related to glottis obstruction,

undetected mask leak, or high resistance of the liquid‐filled airways,

which could be the reason why these infants showed persistent

bradycardia at birth. Recently, the relevance of bradycardia exposure

during stabilization in the DR has been highlighted. Kapadia et al.

showed that preterm infants <32 weeks' GA who experienced

prolonged bradycardia during resuscitation are at increased risk for

death and intraventricular hemorrhage.9 In a recent study, Bresesti

et al. showed that the degree of bradycardia exposure during the first

15min after birth, when associated with peripheral hypoxemia,

significantly impacts cerebral oxygenation parameters of preterm

infants receiving respiratory support.8 For these reasons, providing

proper adjustments of face mask position and then of the PIP values

in real time allows a more effective early lung recruitment and avoids

prolonged bradycardia exposure.

In our study, after having overcome bradycardia, we observed

that despite the lower pressures administered the Vte remained

within range values. Also, we observed a constant progressive rise of

Cdyn lung compliance over the first minutes of life. These findings

demonstrated that once the lungs have begun their recruitment and

initial FRC was achieved, a closely monitored decrease in PIP avoided

alveolar recruitment loss and inappropriately high volumes adminis-

tration. If ventilation with high pressures had been maintained after

the lung recruitment establishment, Vte would likely have become

dangerously high, increasing the risk of early volutrauma.27 Interest-

ingly, we did not report air leak syndromes nor IVH > grade 2 within

48 h after birth in any patient, supporting the safety of higher PIP

level changes when guided by the RFM monitoring of Vte. Of note,

the majority of our patients received prenatal steroids for lung

maturation.

Our study has some limitations. First, it is an observational study

with small sample size and a high cesarean section rate. The lack of

a control group prevented us from drawing broad conclusions

about the real value of RFM in the DR. In addition, we have

analyzed only short‐term outcomes. Of note, in our unit, the use of

PPV during resuscitation in infants below 32 weeks of GA seemed

quite high, around 70%. Upon a retrospective analysis of the

recordings, we concluded that a minority of the infants without

bradycardia might have been supported with CPAP alone. Also, the

mean time needed to reach a stable HR ≥ 100 bpm was 176 s, and

we hypothesized that it could have been lower if the PIP increase

had been faster. The device provides the measurement with a

delay, since the sampling is averaged over an interval. This is an

inherent pitfall of the device. These aspects suggest that the

efficacy of RFM monitoring is strictly dependent on individual

skills of reading and interpreting real‐time information. Therefore,

the implementation of good clinical practice seems necessary to

maximize this tool's utility in future clinical trials.

RFM may promote earlier attainment of adequate Vte and

presumably stabilization of the HR, potentially avoiding some

intubations. However, further research is needed to confirm these

speculations. A recently published multi‐center trial (NCT 03256578)

showed that the use of visible RFM during resuscitation of preterm

infants <28 weeks GA is able to reduce the incidence of cerebral

injuries, although it did not increase the percentage of inflations in a

predefined Vte target range.28

5 | CONCLUSION

The present study highlighted a clear correspondence between stable

HR rise over 100 bpm and adequate Vte administration during DR

stabilization of very preterm infants with initial bradycardia. Our

findings showed that HR is a reliable clinical sign of adequate early

lung aeration and recruitment. Moreover, it seemed that RFM might

be safely used for tailored ventilation in the DR, following the real‐

time lung compliance changes during the immediate neonatal

transition.

For their potential implications in routine clinical practice, these

findings warrant further large‐scale studies.
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