
Abstract. – OBJECTIVE: This study exam-
ined the usefulness of nasal Duo positive airway
pressure (DuoPAP) in the treatment of very low
birth weight preterm infants with neonatal respi-
ratory distress syndrome (NRDS).

PATIENTS AND METHODS: Eighty-five very low
birth weight preterm infants with NRDS were ran-
domly divided into two groups. Forty-five infants
were treated with DuoPAP, while 40 infants were
treated using nasal continuous positive airway
pressure (nCPAP). The study outcomes were pH,
PaCO2, PaO2, oxygenation index (PaO2/FiO2), and
the number of failure cases at 1, 12, and 24 hours
after non-invasive respiratory support.

RESULTS: At all studied time points, after non-
invasive respiratory support, PaCO2, PaO2 and
oxygenation index were significantly (p < 0.05)
better in the nasal DuoPAP group compared with
nasal CPAP group. In addition, rates of failure of
assisted ventilation (respectively, 4.44% vs.
22.50%) and the occurrence of apnea (13.33% vs.
32.50%) were significantly (p < 0.05) better in the
nasal DuoPAP group. Other parameters (such as
duration of noninvasive ventilation, number of
retinopathies of premature children, intraventric-
ular hemorrhages, or periventricular leukomala-
cias) were comparable between both non-inva-
sive regimen.

CONCLUSIONS: Nasal DuoPAP better improves
oxygenation, reduces CO2 retention, and diminish-
es the need for invasive mechanical ventilation and
complications in the treatment of NRDS.

Key Words:
Duo positive airway pressure, Continuous positive

airway pressure, Neonatal respiratory distress syn-
drome, Very low birth weight, Premature infant.

Abbreviations

DuoPAP = Duo positive airway pressure; NRDS =
neonatal respiratory distress syndrome; nCPAP = nasal
continuous positive airway pressure; PEEP = positive
end-expiratory pressure; PIP = peak inspiratory pressure.
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Introduction

NRDS and repeated apnea often occur in pre-
mature infants due to immature respiratory and
nervous systems. Immature lungs produce inade-
quate amounts of pulmonary surfactant. Surfac-
tant deficiency leads to extensive alveolar col-
lapse and decreased lung compliance. This is an
important cause of death and a significant deter-
minant of quality of life of premature infants.
Respiratory support therapy is commonly used in
these infants. The INSURE (“intubate-surfactant-
extubate to continuous positive airway pressure”)
procedure can reduce the use of tracheal intuba-
tion for mechanical ventilation1. Our Department
uses nasal Duo positive airway pressure (airway
pressure release ventilation; DuoPAP) to treat
NRDS in order to reduce the use of invasive me-
chanical ventilation and to lower the occurrence
of apnea in premature infants. The objective of
our study is to examine the usefulness of
DuoPAP in the treatment of very low birth
weight preterm infants with NRDS.

Patients and Methods

Patients
Our study included infants with NRDS treated

in the neonatal ICU of our Hospital from January
2013 throughout February 2014. All children met
the diagnostic criteria for NRDS2. The children,
who gave up DuoPAP or CPAP treatment and left
the hospital, are considered as exclusion criteria
and not included in the statistics.The gestational
age at birth was < 37 weeks, birth weight of <
1500 g, and age of ≤12 hours. The X-ray exam
after admission showed NRDS grade I-II. The
exclusion criteria were gestational age at birth of
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< 28 weeks, birth weight of < 1000 g, death with-
in 24 hours after admission, discontinued treat-
ment or spontaneous discharge during the admin-
istration of nasal DuoPAP or nasal CPAP treat-
ment, complications (cyanotic heart disease,
meconium aspiration syndrome, diaphragmatic
hernia and congenital respiratory abnormalities,
etc.), tracheal intubation and invasive mechanical
ventilation after admission, neonatal pulmonary
hemorrhages, absence of effective spontaneous
breathing after recovery from respiratory paraly-
sis, and cardiac or respiratory arrest due to ner-
vous system diseases or muscle diseases. If dis-
ease progresses during the DuoPAP or CPAP
treatment, intubation will be replaced by me-
chanical ventilation. This was considered as non-
invasive ventilation failure cases in the statistics.
What we studied was the noninvasive assisted
ventilation, deaths occurred after intubation and
mechanical ventilation was not included in the
study.The study design was a randomized trial. A
total of 85 premature infants were included. The
randomization was performed using a random
number table, with 45 infants in the nasal
DuoPAP group and 40 infants in the nasal CPAP
group. There were no significant differences be-
tween the groups in the gender, 1 min Apgar
scores, gestational age, birth weight, use of corti-
costeroids from 24 hours prenatally to 7 days af-
ter birth, use of INSURE procedure, or adminis-
tration of pulmonary surfactant (Table I).

Ventilator Application
In the nasal DuoPAP group, ventilation was ap-

plied as follows. Neonatal and pediatric ventilator
(Fabian, Hirzel, Switzerland) was used in the non-
invasive DuoPAP mode. Initial parameters were:
PEEP 5 cm H2O (1 cm H2O = 0.0981 kPa), PIP 8
cm H2O, FiO2 0.4, time for high pressure 0.5 sec,
pressure-switching frequency 30-40/min. Accord-
ing to blood gas analysis and SpO2 regulation pa-
rameters (upper limit: PEEP ≤ 8 cm H2O, PIP ≤ 15
cm H2O, FiO2 ≤ 0.6), SpO2 was maintained at 88-
93% and not higher than 95%, PaO2 > 50 mm Hg,
PaCO2 < 50 mm Hg. If parameters decreased
(FiO2 ≤ 0.3, PEEP ≤ 3 cm H2O, PIP ≤ 5 cm H2O),
the infant was considered as not having repeated
apnea. If blood gas analysis was normal for subse-
quent 24 hours, then the infant was weaned off the
ventilator and moved to an oxygen hood. Neonatal
air-oxygen mixture was used, with FiO2 of 0.3-0.4
and flow of 5 L/min.

In the nasal CPAP group, non-invasive CPAP

574

G
en

d
er

,
A

p
g

ar
sc

o
re

G
es

ta
ti

o
n

al
B

ir
th

P
re

n
at

al
u
se

o
f

U
se

o
f

p
u
lm

o
n

ar
y

m
al

e/
fe

m
al

e,
ag

e,
w

ei
g

h
t,

A
g

e,
h

o
rm

o
n

e,
ab

so
lu

te
su

rf
ac

ta
n

t,
ab

so
lu

te
G

ro
u
p

n
u
m

b
er

1
m

in
5

m
in

w
ee

ks
kg

h
o
u
rs

n
u
m

b
er

s
(%

)
n

u
m

b
er

s
(%

)

N
as

al
D

uo
PA

P
gr

ou
p

25
/2

0
4.

81
±

1.
33

7.
04

±
2.

01
30

.9
6

±
1.

65
1.

31
±

0.
12

6.
72

±
2.

34
21

(4
6.

7)
32

(7
1.

1)
N

as
al

C
PA

P
gr

ou
p

21
/1

9
4.

93
±

1.
44

7.
33

±
1.

95
31

.0
1

±
1.

57
1.

33
±

0.
20

7.
11

±
3.

12
17

(4
2.

5)
29

(7
2.

5)
p

N
.S

.
N

.S
.

N
.S

.
N

.S
.

N
.S

.
N

.S
.

N
.S

.
N

.S
.

Ta
b
le

I.
D

em
og

ra
ph

ic
an

d
cl

in
ic

al
da

ta
in

st
ud

y
gr

ou
ps

.

Fo
ot

no
te

:D
at

a
ar

e
pr

es
en

te
d

as
m

ea
n

±
SD

or
as

in
di

ca
te

d
in

th
e

ta
bl

e.
N

.S
.:

no
ts

ig
ni

fi
ca

nt
.



device (Stephanie, Hamburg, Germany) was
used. The initial parameters were: PEEP 5 cm
H2O, flow 4-8 L/min, FiO2 0.4. The parameters
were adjusted according to blood air analysis and
SpO2: upper limit PEEP ≤8 cm H2O, FiO2 ≤0.6,
SpO2 was maintained at 88 – 93% and not higher
than 95%, PaO2 > 50 mm Hg. If parameters de-
creased (FiO2 ≤0.3 and PEEP ≤3 cm H2O), the
infant was considered as having no repeated ap-
nea. As above, if blood gas analysis was normal
for subsequent 24 hours, then the infant was
weaned off the ventilator and moved to an oxy-
gen hood. Neonatal air-oxygen mixture was
used, with FiO2 of 0.3-0.4 and flow of 5 L/min.

In addition, infants in two study groups re-
ceived bovine pulmonary surfactant therapy. The
INSURE procedure was used: tracheal intuba-
tion, infusion of bovine pulmonary surfactant
through the tracheal catheter, followed by the use
of nasal DuoPAP or nasal CPAP after extubation.
Sputum suctioning was not allowed within 6
hours after administration of bovine pulmonary
surfactant therapy. Routinely, stomach tube was
removed in all infants to reduce the occurrence of
abdominal distension.

If the infant’s condition has not improved sig-
nificantly or has even exacerbated after nasal
DuoPAP or nasal CPAP therapy, then the indica-
tions for tracheal intubation and mechanical ven-
tilation were the following. If FiO2 > 0.6 was
needed, and the infant’s condition has not im-
proved significantly, PaO2 < 50 mm Hg (or SpO2

< 85%), PaCO2 > 70 mm Hg, and pH < 7.25, tra-
cheal intubation and mechanical ventilation were
needed due to occurrence of repeated apnea3. In
addition, intubation with mechanical ventilation
was applied situations like neonatal pulmonary
hemorrhage or in infants without effective spon-
taneous breathing after recovery from respiratory
paralysis, cardiac or respiratory arrest due to ner-
vous system diseases or muscle diseases.

The study outcomes were infant’s heart rate,
breathing rate, blood pressure, SpO2, blood gas
analysis, chest X-ray, oxygenation index (calcu-
lated as PaO2/FiO2), weaning time, number of
tracheal intubations for mechanical ventilation
due to failure of non-invasive ventilation, number
of infants with apnea, air leak syndrome, bron-
chopulmonary dysplasia or retinopathy of prema-
turity, number of intraventricular hemorrhage and
periventricular leukomalacia in premature in-
fants, who received conventional cranial B-ultra-
sonography 3 days after birth.
Statistical Analysis

The statistical analysis was performed using
SPSS, version 13.0 (SPSS Inc., Chicago, IL,
USA). Quantitative data were presented as mean
± SD, and the t test was used for intergroup com-
parisons. Qualitative data were presented as per-
cent, and the chi-square test was used for inter-
group comparison. The p value of < 0.05 was
considered statistically significant.

Results

Blood Gas Analysis Before and
After Treatment

Two study groups showed comparable para-
meters of blood gas analysis at 0 hours (Table II).
After respiratory support therapy, there was a sig-
nificant difference in PaCO2, PaO2, and oxygena-
tion index after 1, 12, and 24 hours of treatment.
Blood pH value increased with a similar magni-
tude in both study (Table II).

Efficacy and Outcome
The time of non-invasive nasal ventilation did

not differ between infants on nasal DuoPAP or
CPAP (Table III). The number of failures of non-
invasive ventilation and apnea episodes was low-
er in the nasal DuoPAP group (p < 0.05; Table
III), while numbers of pneumothoraxes, bron-
chopulmonary dysplasias or retinopathies of pre-
maturity were similar between both study groups
(Table III). Furthermore, the rate of intraventricu-
lar hemorrhages and periventricular leukomala-
cias in premature infants, determined by cranial
B-ultrasonography at 3 days after birth, was
comparable between both groups (Table III).

Discussion

Synthesis of pulmonary surfactant increases
only after 35 weeks of gestational age, leading to
more frequent NRDS in the neonates with very
low birth weight. Therapy with pulmonary sur-
factant for neonate NRDS, using INSURE thera-
py, can reduce the use of invasive mechanical
ventilation1. The CPAP non-invasive ventilation
can provide positive pressure to the child with
spontaneous breathing during the inspiration and
expiration phases of respiratory cycle to improve
the ventilation/perfusion ratio and promote oxy-
genation3. However, the number of failures of
non-invasive ventilation was higher in the nasal
CPAP group compared with nasal DuoPAP
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group, indicating that premature infants are still
at risk of respiratory failure after nasal CPAP
therapy and may still require tracheal intubation
for mechanical ventilation. Common reasons
were apnea and development of lung disease4.

Our study found that PaCO2, PaO2, and oxy-
genation index improved better in infants on nasal
DuoPAP. DuoPAP is a novel respiratory support
mode combining two CPAP regimen. The PEEP
is shown in the ventilator as fundamental CPAP
pressure, while PIP is the upper limit of intermit-
tently superimposed pressure5,6. The frequency
(RR) is the number of superimposed PIP per
minute. The switch from PIP to PEEP depended
on time, and the infant could breathe freely under
two pressures. Therefore, it was similar to the
biphasic positive airways pressure (BIPAP)
mode7. The respiratory support was stronger in
nasal DuoPAP than in nasal CPAP. The former
ventilation regimen also added a frequency of in-
termittent positive pressure ventilation to CPAP,
increased mean airway pressure, tidal volume and
ventilation volume per minute. This improved hy-
poxemia and CO2 retention8-10, while maintaining
dilatation of the respiratory tract and preventing a
small airways collapse and reducing the work of
breathing. It was similar to a nasal intermittent
positive pressure ventilation mode, and the effica-
cy was similar to that of nasal synchronized inter-
mittent mandatory ventilation11.

Our study also found that nasal DuoPAP more
efficiently than nasal CPAP decreased the occur-
rence of tracheal intubation in infants with
NRDS and reduced appearance of apnea. There-
by, nasal DuoPAP demonstrated a better suitabil-
ity for the treatment of NRDS.

Conclusions

When nasal CPAP or DuoPAP were used, in-
fants breathed through nasal mask or rhinobyon.
Conventional blood gas analysis should be car-
ried out during ventilation. As the flow sensor is
not used, an alternative warning system (e.g., im-
pedance respiration measurement) should be
used for detection of asphyxia. Further studies
are needed to determine whether nasal DuoPAP
is beneficial for transitional treatment after extu-
bation after invasive mechanical ventilation.
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