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Abstract
This study aimed to evaluate the cardiorespiratory indicators of preterm infants submitted to two 

noninvasive ventilator support systems in two periods. It was an controlled randomized clinical trial (RBR-
7d9dth). Fifty-two newborns (gestational age of 30.6±2.3 weeks, weight of 1,366±445 g) submitted to 
continuous positive airway pressure (CPAP) therapy were studied. The infants were randomly allocated 
to two groups: 31 children received CPAP therapy for 48 hours and 21 children for 72 hours. The 
respiratory rate, heart rate, oxygen saturation and Silverman-Andersen Score were recorded once a day. 
Three measurements were obtained in a 15 minutes intervals. The infants were monitored during the 
predetermined period of noninvasive ventilation and for 24 hours after pressure support withdrawal. The 
Student t-test was used for comparison of the variables between groups after normality evaluation by 
the Kolmogorov-Smirnov test and signifi cance was considered when p<0.05. It was found that the birth 
characteristics were homogenous, without signifi cant differences between groups. The cardiorespiratory 
indicators did not differ signifi cantly between groups, but better mean values were observed for the 72-
hour group. There was a difference in the respiratory rate of 5.0 breaths per minute and the heart rate was 
7.8 bpm, while oxygen saturation was similar in the two groups. 

Conclusions: Neither the duration of noninvasive ventilation of 48 or 72 hours nor the nasal CPAP 
and nasal intermittent positive pressure had an infl uence on the cardiorespiratory indicators of preterm 
infants. However, the period of 72 hours resulted in lower respiratory and heart rates. 
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Abbreviations 

CPAP: Nasal Continuous Positive Airway Pressure; SAS: 
Silverman-Anderson Score 

Introduction 

Nasal continuous positive airway pressure (CPAP) has 
been valued as a benefi cial strategy in neonatal intensive care 
units. Since nasal CPAP is a noninvasive ventilation method, it 
reduces the infl ammatory response in the lung parenchyma [1], 

decreases the failure rates of extubation [2] and reintubations 
[3], minimizes lung injury [4-6] and reduces respiratory 
problems such as apnea and respiratory acidosis, as well as the 
use of supplemental oxygen [7]. Despite the known benefi ts 
of nasal CPAP in preterm infants, there is a lack of specifi c 
knowledge about the parameters adopted [8], modalities used 
[9] and effects of different interfaces [10,11]. The duration of 
noninvasive ventilation is also a factor of interest since the 
literature has shown important variability in the effects of 
different durations [12,13]. 

The duration of nasal CPAP in newborns, a lower 
gestational age and birthweight are directly related to the risk 
of nasal trauma [14,15]. So far, no studies have addressed the 
relationship between the duration of noninvasive ventilation 
and cardiorespiratory response. Part of the scientifi c studies 
have focused on the relationship the ventilator support and 
body position [16-18]. 

Out hypothesis was that cardiorespiratory indicators in 
premature newborns had better values when premature infants 
are submitted to longer periods of noninvasive support and 
nasal intermittent positive-pressure in better mode. 

The purpose of the present study was to evaluate the 
cardiorespiratory indicators of preterm infants submitted to 
two noninvasive ventilator support systems in two periods. 

Patients And Methods 

This was a single-blind, two-arm parallel group, 
randomized clinical trial conducted at the Infant Intensive Care 
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Center of a public tertiary hospital. The study was approved by 
the Ethics Committee of the same institution (No. 070/2009) 
and was registered in the Brazilian Clinical Trials Registry 
(RBR-7d9dth). The infants were included in the study after 
the parents or legal guardians had signed the free informed 
consent form. 

Eighty preterm infants with a birthweight ranging from 
540 to 2,450 g and a gestational age of 24 to 36 weeks, who 
received noninvasive ventilation support (CPAP) through a 
silicon nasal prong (Hudson® RCI Infant Nasal Prong CPAP 
cannula system, Telefl ex, Inc., USA), were eligible. Children 
with heart diseases, congenital malformations, hydrocephalus 
and surgical indications, and newborns who did not complete 
the selected period of nasal CPAP were excluded. 

Study protocol 

Noninvasive ventilation was administered with a 
mechanical breathing system consisting of an expiratory valve 
for the control of positive expiratory pressure and a mixer for 
the oxygen fraction. For nasal CPAP, a continuous fl ow of 7 to 8 
l/min, a positive expiratory pressure of 5 cmH2O, and an oxygen 
fraction of 21 to 40% were used. The following parameters were 
adopted for CPAP with nasal intermittent positive pressure: 
continuous fl ow (7 to 8 l/min), positive expiratory pressure 
(5 cmH2O), inspiratory pressure (15 cmH2O), controlled 
respiratory rate (14 breaths per minute), time of inspiration 
(0.6 s), and oxygen fraction (21 to 40%). 

The children were allocated randomly to the groups using 
sealed envelopes containing the identifi cation of the method 
(Nasal CPAP and Nasal intermittent positive-pressure) 
stratifi ed into two times (48 and 72 hours). 

The following cardiorespiratory variables were collected: 
respiratory rate determined by observing the number of chest 
movements over one minute timed with a chronometer, heart 
rate and oxygen saturation evaluated noninvasively with a 
Dixtal monitor (DX2010), and respiratory distress using the 
Silverman-Anderson Score (SAS), which ranges from 0 (no 
respiratory distress) to 10 (maximum respiratory distress). The 
parameters analyzed were: grunting, nasal fl aring, intercostal 
retractions, xiphoid retractions, and synchrony of chest and 
abdominal movements. 

The variables were collected once a day at the same time. 
Three measurements were obtained at intervals of 15 minutes. 
The infants were monitored during the predetermined period 
of ventilatory support (48 and 72 hours) and 24 hours after 
pressure support withdrawal. 

This was a non-probability sample since the group had 
homogenous birth characteristics. The birth characteristics are 
reported descriptively as the mean, standard deviation, and 
relative frequency. The Student t-test was used for comparison 
of the variables between groups after normality evaluation by 
the Kolmogorov-Smirnov test and WilcoxonMann-Whitney 
test for non-parametric variables. All analyses were performed 
using the GraphPad InStat software (version 3.06 for Windows) 
and signifi cance was considered when p<0.05. 

Results 

During the study, 28 newborns were excluded because they 
did not complete the preestablished period of noninvasive 
ventilator support. The fi nal sample consisted of 52 preterm 
infants that received noninvasive ventilatory support [Figure 1]. 

The two groups submitted to 48 and 72 hours of noninvasive 
ventilation were homogenous in terms of their birth 
characteristics, with no signifi cant difference in the variables 
analyzed (Weight, gestational age, male, antenatal corticoid, 
previous mechanical ventilation and surfactant), p>0.5. The 
only variable that differed signifi cantly between groups, but 
without a direct infl uence on the outcome, was the frequency 
of cesarean delivery, which was 21.3% higher in the 72-hour 
group (p=0.027). 

In general, comparison during and in the fi rst 24 hours after 
pressure support withdrawal showed no signifi cant difference 
in the respiratory rate between the 48- and 72-hour groups or 
between modalities. However, mean respiratory rates tended 
to be lower in the 72hour group. Separate analysis showed a 
signifi cant difference in the respiratory rate between the 48-
hour and the 72-hour cycling CPAP groups in the fi rst 24 hours 
after pressure support withdrawal (p=0.029), with a difference 
of 5.2 breaths per minute in the 72-hour group. A signifi cant 
difference during and after noninvasive ventilation was only 
observed when the 48hour CPAP group was compared to the 
72-hour cycling CPAP group. The difference between mean 
respiratory rates was about 6 breaths per minute, with a lower 
rate in the 72-hour cycling CPAP group [Table 1]. 

The maximum boletim Silverman Anderson did not exceed 
1.5 and was similar in the groups monitored. A signifi cant 
difference was only observed for the 72-hour CPAP group 
when the cycling and conventional groups were compared 
after weaning (p=0.024), but this difference had no clinical 
repercussions. 

Figure 1: Flow diagram of preterm newborns hat were randomly allocated to 
receive nasal intermittent positive pressure and conventional nasal CPAP for 48 
and 72 hours. The 28 newborns were excluded because they did not complete the 
predetermined period of noninvasive ventilation.
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The heart rate showed a similar behavior when the periods 
of 48 and 72 hours and the nasal CPAP modalities (with 
and without cycling) were compared. The mean heart rates 
were within the expected range for age and did not result in 
undesired clinical repercussions [Table 2]. 

Oxygen saturation did not differ signifi cantly between 
infants submitted for 48 and 72 hours to nasal CPAP and nasal 
intermittent positive pressure for 48 and 72 hours. There was 
also no difference when the period of noninvasive ventilation 
and the fi rst 24 hours after weaning were compared. A 
signifi cant difference was only observed between the groups 
submitted to CPAP for 48 hours with and without intermittent 
positive pressure (p=0.001). However, the mean oxygen 
saturation values were similar in the groups and within the 
normal range. All groups exhibited desirable mean oxygen 
saturation levels [Table 3]. 

Discussion 

Noninvasive ventilation of newborns with respiratory 
distress before extubation is a recognized and valued practice 
in intensive care units. However, there are no reports in the 
scientifi c literature investigating the infl uence of the duration 
of noninvasive ventilation on neonatal cardiorespiratory 
indicators. Evidence indicates wide variation ranging from 
hours to weeks in the duration of nasal CPAP among newborns 
[12,13]. 

The relationship between a longer duration of the CPAP 
device in the nostrils and nasal trauma has been recognized 
[19]. The occurrence of nasal bleeding has been shown to be 
directly proportional to the duration of nasal CPAP therapy in 
preterm infants, with the observation of a higher risk after 48 
hours of therapy [13]. 

In the present study investigating the duration and modality 
of noninvasive ventilation, we found no important difference 
in the mean values of the cardiorespiratory variables studied. 
Thus, the infants showed a similar behavior during the two 
periods and in the two modalities. 

Although the cardiorespiratory variables were within the 
desired range for age in the present study, infants submitted 
to noninvasive ventilation for 72 hours tended to have lower 
mean respiratory rates, with a difference of up to 5.9 breaths 
per minute during noninvasive ventilation. The same trend 
was observed in the fi rst 24 hours after weaning from the 
pressure support, with a difference of up to 5.2 breaths per 

Table 1: Mean respiratory rate of preterm infants submitted to nasal CPAP and 
nasal intermittent positive.

CPAP 48 vs CPAP 72 h
Overall mean
(breaths per 

minute)

% Difference between means 

%Difference 95%CL p

During 50.6x48.5 2.1 (-)2.82 -7.02 0.380 

After  
Int CPAP 48 vs Inter. CPAP 72 h 

52.1x50.7 1.4 (-)7.4-10.20 0.766 

During 50.3x44.4 5.9 (-)1.55-13.35 0.118 

 After 50.9x45.7 5.2 0.60-9.80 0.029 

CPAP 48 vs Int. CPAP 72 h    

During 50.6x44.4 -6.0 (-)2.11–(-)9.88 0.003 

 After 52.1x45.7 -7.0 (-)3.38–(-) 10.6 0.000 

CPAP 48 vs Int. CPAP 48 h    

 During 50.6x50.3 0.3 (-)6.79-7.39 0.923 

 After 52.1x50.9 1.2 (-)3.86-6.26 0.643 

CPAP 72 vs Int. CPAP 72 h     

 During 48.5x44.4 4.1 (-)2.81-11.01 0.233 

After 50.7x45.7 5.0 (-)2.30–12.30 0.228 

CPAP continuous positive airway pressure, Int CPAP intermittent positive pressure, 
95% CI 95% confi dence interval, h hours. 

Table 2: Mean heart rate of preterm infants submitted to nasal CPAP and nasal 
intermittent positive pressure for 48 and 72 hours.

 CPAP 48 vs 72 h 
Overall mean 

(bpm) 

% Difference between 
means 

% Difference 95% CI p 

 During  144.7x136.9  7.8 (-)1.78-17.38 0.104 

 After 
 Int. CPAP 48 vs Int. CPAP 

72 h 
142.7x149.4 (-)6.7 (-)20.7-7.31 0.325 

 During 142.1x141.0 1.1 (-)8.46 -10.6 0.818 

 After 
CPAP 48 vs Int. CPAP 72 h 

144.0x143.9 0.1 (-)12.5 - 12.7 0.983 

 During 144.7x141.0 (-)3.0 3.53–(-)9.53 0.356 

 After 
CPAP 48 vs Int. CPAP 48 h 

142.7x143.9 1.0 (-)11.46-13.46 0.871 

 During 144.7x14  2.1 2.6 (-)6.96 -12.1 0.584 

 After 
CPAP 72 vs Int. CPAP 72 h 

142.7x144.0 (-)1.3 (-)12.2-9.6 0.809 

 During 136.9x141.0 (-)4.1 (-)14.2-6.07 0.404 

 After 149.4x143.9 5.5 (-)12.1-23.1 0.520 

CPAP continuous positive airway pressure, Int CPAP intermittent positive pressure, 
BPM beats per minute, 95% CI 95% confi dence interval; H hours. 

Table 3: Mean oxygen saturation of preterm infants submitted to nasal CPAP and 
nasal intermittent positive pressure for 48 and 72 hours.

 CPAP 48 vs 72 h Overall mean (%) 
% Difference between 

means 

Difference 95% CI p 

 During 96.5x95.9  0.6 (-)0.89-2.09 0.434 

 After 
 Int. CPAP 48 vs Int. CPAP 

72 h 
96.5x97.0 (-)0.5 (-)1.89-0.89 

0.470 
 

 During 94.6x96.8 (-)1.5 (-)5.59-2.59 0.450 

 After 
 CPAP 48 vs Int. CPAP 72 h 

97.7x96.8 
 

0.9 
 

 0.04-1.76 
 

0.077 
 

 During 96.5x96.1 0.0 (-)0.72–0.72 1.00 

 After 
 CPAP 48 vs Int. CPAP 48 h 

96.5x96.8 0.0 (-)0.72–0.72 
1.00 

 

 During 96.5x94.6 1.9 (-)2.36-6.16 0.363 

 After 
 CPAP 72 vs Int. CPAP 72 h 

96.5x97.7 (-)1.2 (-)1.87-(-)0.53 
0.001 

 

 During 95.9x96.1   (-)0.2   (-)1.60 -1.20 0.772 

 After 97.0x96.8 0.2 (-)1.35-1.75 0.878 

CPAP continuous positive airway pressure, Int CPAP intermittent positive pressure, 
95% CI 95% confi dence interval; H hours. 
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minute. There was also a trend towards lower respiratory rates 
in the 72-hour intermittent positive pressure CPAP group. The 
sample studied exhibited mean SAS scores less than 1.5 and the 
lowest mean score was observed in the 72-hour intermittent 
positive pressure CPAP group (0.6), demonstrating that 
the infants were not experiencing respiratory distress. This 
result can be explained by the infl uence of positive expiratory 
pressure through noninvasive ventilation. However, the 
infants exhibited a low Boletim Silverman Andersen even after 
pressure support withdrawal, irrespective of the duration of 
noninvasive ventilation. 

Respiratory rate responses of preterm infants have been 
demonstrated under different clinical conditions. Studies have 
shown lower mean respiratory rates in newborns in the prone 
position before and after feeding [20], during tube feeding [21], 
in oxygen-dependent infants [22], and during quiet sleep [23]. 
In the present study, despite the lack of signifi cant differences 
between groups, lower respiratory rates were observed during 
the period of 72 hours of noninvasive ventilation and in the 
intermittent positive pressure modality. 

The literature indicates that the heart rate also responds 
to neonatal conditions. Lower mean heart rates of newborns 
have been demonstrated in the supine position, during active 
sleep [24], during spontaneous breathing [25] and during 
ventilator support [17]. However, the infants studied here 
exhibited mean heart rates expected for age. The noninvasive 
ventilation modality and the duration of pressure support did 
not infl uence the heart rate of the groups. The threshold of 
170 bpm was observed in only one infant during noninvasive 
ventilation and in fi ve infants after withdrawal of the pressure 
support. The latter may have been due to support withdrawal 
and not to the modality and/or duration of ventilation. 

Oxygen saturation did also not differ between the groups 
submitted to noninvasive ventilation for 48 and 72 hours. 
The oxygen mixer was part of the nasal CPAP system and 
the inspiratory fraction used ranged from 21 to 40%. This 
inhaled fraction of oxygen may have directly infl uenced the 
oxygen saturation values obtained, since there was no effect 
of the duration of noninvasive ventilatory support. Another 
important factor is the positive expiratory pressure provided 
by the nasal CPAP prong, which increases the alveolar area 
and consequently the functional residual capacity, optimizing 
gas exchange and increasing saturation [13]. It was therefore 
expected that oxygen saturation was infl uenced by these 
factors. However, the infants continued to exhibit desirable 
values after weaning from noninvasive ventilation and no 
signifi cant difference was observed between groups. 

However, some limitations of the study should be 
mentioned. The sample size of each separate group was small 
and the results therefore only apply to this profi le of preterm 
infants. Furthermore, the infants received pressure support 
for 48 and 72 hours, a period during which the respiratory 
system achieves greater balance of ventilatory mechanics. 
Future studies should therefore include a group submitted to 
noninvasive ventilation for 24 hours. 

Conclusion 

In conclusion, the results suggest no advantages of 
noninvasive ventilation for 48 and 72 hours or of the 
intermittent positive pressure and conventional modality of 
nasal CPAP in preterm infants. However, the period of 72 hours 
resulted in lower respiratory and heart rates. 
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