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Early use of continuous positive airway pressure (CPAP) is equal to the prophylactic administration
of a surfactant to prevent neonatal respiratory distress syndrome (nRDS) in high-risk infants. However, al-
most half of the smallest infants still require intubation and mechanical ventilation in the first 72 hours after
birth. It is known that ineffective initial CPAP is associated with a poorer prognosis. Therefore, the search
for reliable prognostic risk factors for ineffective CPAP in very preterm neonates whose respiratory support
is started with CPAP is still relevant today. The results of a retrospective cohort study conducted at the Lviv
Regional Clinical Hospital (Ukraine), which included 151 children with birth weight <1500 g and gestational
age <32 weeks, showed that CPAP failure occurred at a median age of five hours in 31% of infants initially
treated with CPAP and average (SD) FiO,, while the failure point was 0.48 (0.15). The prevalence of the main
risk factors for severe nRDS did not differ significantly between two groups (CPAP success and CPAP failure).
The risk of CPAP failure was significantly associated with surfactant treatment (OR — 7.46, 95% CI: 2.3-24.2),
severe RDS (OR — 12.17; 95% CI: 3.8—39.3), requirement in resuscitation after birth (OR — 3.10; 95% CI: 1.2—
8.1), initial CPAP pressure (OR — 0.38; 95% CI: 0.15—0.99). Earlier administration of exogenous surfactant to
children at high risk of developing severe RDS could prevent the need for mechanical ventilation.

Keywords: preterm infants, CPAP failure, neonatal respiratory distress syndrome mechanical ventilation,
surfactant.

ment of long-term outcomes. It is believed that
avoidance of mechanical ventilation (MV) after birth
and early use of continuous positive airway pressure

one of the main causes of neonatal morbidi-

R espiratory distress syndrome (RDS) remains
ty and mortality [1]. There is no doubt that

extremely preterm infants represent the most im-
portant risk group for RDS development, including
severe forms of the disease, as their immature lungs
are especially vulnerable to the influence of various
harmful factors.

The greatest challenge in modern neonatology
is the practical application of effective methods
of prevention and treatment of RDS aimed at
decreasing mortality, averting the development of
bronchopulmonary dysplasia (BPD) and improve-
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(CPAP) are among the key interventions [2].

The main factor contributing to lung protection
is the support of self-breathing by means of creating
a continuous positive airway pressure. CPAP is
based on the so-called “open lung” strategy. When
used in premature infants, CPAP enables adequate
functional residual capacity, improves pulmonary
compliance, decreases overall airway resistance, sig-
nificantly reduces respiratory function, lessens the
risk of pulmonary edema and atelectasis, as well as
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averts V/Q mismatch and improves gas exchange, es-
pecially oxygenation [3]. Apart from that, CPAP fa-
cilitates the synthesis and improves the metabolism
of endogenous surfactant, as well as helps to reduce
the frequency of apnea episodes and avoids MV [2].

The effectiveness of the early use of CPAP,
applied immediately after birth and in most cases
before the onset of clinical signs of RDS, has been
studied intensively. It was shown that early CPAP
could prevent mechanical ventilation in very prema-
ture infants, while also reducing chronic morbidity
(primarily BPD) and mortality without causing sig-
nificant side effects [4-7].

The need for intubation after the initial ad-
ministration of CPAP to extremely preterm infants
is a fairly common problem. According to the data
obtained in large-scale randomized control trials
(RCT) that assessed the routine use of CPAP com-
pared to planned intubation, the frequency of CPAP
failure ranged widely from 21% to 74%. Almost 50%
of infants at age 25-27 weeks failed the initial CPAP,
even though this proportion progressively decreased
with each additional week of pregnancy [5-8].

Having analyzed many infants born at 25-32
weeks of gestational age, the risks and consequences
of failed CPAP were estimated by Dargaville et al.
[9]. Based on the data from the Australian and New
Zealand Neonatal Network for the years from 2007
to 2013, 11,684 very preterm infants (<33 weeks) out
of the total 19,103 (61%) were initially managed with
CPAP.

Within the CPAP group, there was a clear dif-
ference in the risk profile for the development of
adverse effects depending on whether intubation
was avoided during the first 72 hours of life. The
presence of at least one severe pathology (severe in-
traventricular hemorrhage (1VH), cystic changes in
the brain, retinopathy > stage 3 or BPD), death and
combined indicators like death/BPD or death/any
morbidity was significantly higher in infants who
failed CPAP, regardless of gestational age.

Worse neonatal outcomes in the case of CPAP
failure with the need for mechanical ventilation in
the first 72 hours after birth have been underscored
by other researchers. Thus, Fuchs et al. [10] found a
higher incidence of air leak syndrome, severe IVH,
necrotizing enterocolitis, BPD and death in infants
<29 weeks, whereas the study by De Jaegere et al.
[11] only showed significantly higher rates of BPD
and death in neonates <30 weeks with CPAP failure.

Although the results presented by Rocha et
al. [12] did not reveal a clear difference in any of
the mentioned indicators depending on CPAP fail-
ure, the very preterm infants who needed intubation
within the first 72 hours after birth did have a two
times higher BPD incidence than the babies with
successful CPAP.

According to a systematic review by
G. Schmolzer (2013), encompassing four RCTs and
a total of 2,782 extremely preterm infants, the early
use of CPAP (as compared to MV) enabled one out
of 25 infants to survive without BPD [3].

The Cochrane Review (Subramaniam et al.,
2016) [13] aimed to determine if early preventive
use of nasal CPAP in preterm infants (with the ges-
tational age of less than 32 weeks and body weight
less than 1500 g shortly after birth, aged 5-15 min,
regardless of respiratory status) reduces the need for
mechanical ventilation and decreases the incidence
of BPD without causing side effects. The meta-analy-
sis included three RCTs where the effectiveness of
CPAP was compared with mechanical ventilation
with or without surfactant. The obtained results
demonstrated a moderate but clinically significant
decrease in total death and/or BPD (RR 0.89, 95%
Cl 0.81-0.97), BPD at 36 weeks (RR 0.89, 95% ClI
0.79-0.99) as well as the need for mechanical venti-
lation (RR 0.50, 95% CI 0.42-0.59) in infants with a
background of early use of CPAP.

Considering the potential negative impact of
CPAP failure on neonatal outcomes in very preterm
infants, it remains relevant today to focus on the
elaboration of simple and reliable indicators to pre-
dict CPAP failure and timely effective interventions
to avoid it.

Materials and Methods

A retrospective cohort study was conducted in
2017 and 2018 at Lviv Regional Clinical Hospital and
included 151 children with birth weight <1500 g and
gestational age <32 weeks, who breathed spontane-
ously after birth and were treated with CPAP in the
maternity hospital.

All of these infants had respiratory distress and
were transported for further treatment by neonatal
ambulance equipped with a transport incubator and
a portable ventilator to the neonatal intensive care
unit (NICU) of Lviv Regional Clinical Hospital,
which is a tertiary-care hospital. This time period
was chosen because this institution had provided
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treatment for almost all preterm infants born in Lviv
and that region.

The exclusion criteria for this study were as
follows: Apgar score < 3 at the fifth minute, con-
genital malformations incompatible with life, death
within the first 24 hours after birth, intubation and
mechanical ventilation after birth or later (if the du-
ration of mechanical ventilation before intubation
was less than one hour) and free oxygen flow instead
of CPAP after birth.

Methylxanthines (eufiline or caffeine citrate)
were prescribed for the prevention of apnea in pre-
term infants immediately after admission to the
NICU. Blood oxygen saturation level was continu-
ously monitored with pulse oximetry to maintain the
target measures within 90-94%.

In the NICU, CPAP and mechanical ventilation
devices used included Servo-i Mechanical Ventilator
(Maguet Medical Systems, Wayne, NJ, USA) and/
or Leoni 2 (Heinen Lowenstein, Germany). Long
binaural cannulas of the appropriate size were used
for CPAP. The non-invasive ventilation through
nasal cannulas was performed in some patients to
avoid intubation.

Ineffective CPAP (or CPAP failure) was defined
as the need for intubation and mechanical ventilation
in the first 120 hours of life. The indications for in-
tubation were: the need to increase the oxygen con-
centration (FiO,) >0.4-0.6 with the use of PEEP 7
cm H,O in order to maintain an oxygen saturation of
>89%); severe respiratory distress and/or radiologi-
cal signs of severe neonatal respiratory distress syn-
drome (nRDS) (I11-1V grades), emphysema, pneu-
mothorax; frequent apnea (more than three episodes
within one hour accompanied by bradycardia or one
episode of apnea requiring bag and mask ventila-
tion); hypercapnia based on arterial blood gas analy-
sis PaCO, > 60 mmHg and pH < 7.25. Exogenous
surfactant was administered to infants after intuba-
tion.

Indications for surfactant administration were
as follows: a requirement for FiO, > 0.40 on CPAP
with a PEEP > 7 cm H,O. If the baby had to be intu-
bated for surfactant replacement therapy (INSURE
method) and required mechanical ventilation after
administration of the drug, the infant was assigned
to the ineffective CPAP group. Some infants received
surfactant in a minimally invasive way (LISA) with-

168 infants with birth weight <1500 g and gestational age <32
weeks initially treated with CPAP

10 patients excluded
3 death within 24 hours after birth

5 required intubation shortly after start of

CPAP (less than 1 hour)
2 congenital anomaly

151 on CPAP at admission included

93 CPAP success

63 CPAP failure

Finally 105 CPAP success

non-invasive ventilation
via binasal cannulas
attempt

Finally 51 CPAP failure

Fig. Patients who were eligible for the study
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out interrupting CPAP or were intubated just to ad-
minister the surfactant and immediately extubated
(INSURE method). CPAP was considered successful
in these patients.

CPAP failure group (CPAP-F) involved 46 in-
fants requiring intubation. One hundred five infants
who avoided mechanical ventilation were included in
the CPAP success group (CPAP-S).

Prevalence of the main risk factors associated
with ineffective CPAP according to other authors
[8, 10-12] — including pathology of pregnancy and
childbirth, antenatal steroid administration, birth
weight and gestational age, first and fifth minutes
Apgar scores, severity of the newborn’s condition,
the need for resuscitation after birth, etc., — were
compared in the formed groups.

RDS was diagnosed on the basis of clinical
course and radiological findings taking into account
the need for exogenous surfactant administration.
The presence of intraventricular hemorrhages and
periventricular leukomalacia was determined by cra-
nial ultrasound. If clinical signs of a patent ductus
arteriosus (PDA) appeared, echocardiography was
performed to confirm the diagnosis.

The current recommendations for respiratory
support, monitoring of vital functions and arterial
blood gases control were used in the NICU.

The obtained data was analyzed with standard
comparative statistics methods and multivariable lo-
gistic regression analysis. Risk estimates for early
nasal continuous positive airway pressure failure
were calculated. Means (SD) or medians (IQR)
were given. All values were considered significant
if P <0.05.

Results

CPAP turned out to be ineffective in 31% of
infants who received respiratory support with this
method immediately after birth but required intuba-
tion and mechanical lung ventilation at an average
age of five hours. The oxygen concentration at the
time of intubation was 48 + 0.15%.

Age at the time of admission to the NICU was
almost the same. There were no statistically sig-
nificant differences between the groups in the fre-
guency of cases of maternal obstetric and infectious
risk factors, pre-eclampsia, placental abruption, etc.
However, in the CPAP-F group, the frequency of an-
tenatal steroid administration was lower. The pro-
portion of boys and infants born small for gestational
age was almost the same in the groups (Table 1).

Although birth weight did not differ significant-
ly between the groups and was 1103.75 + 233.32 g
in the CPAP-F group and 1154.86 + 247.0 g in the
CPAP-S group (P = 0.089), newborns who failed ini-
tial CPAP had a lower GA (28.60 £ 2.21 weeks vs.
29.58 + 1.86 weeks; P = 0.014) and a lower Apgar
score at five minutes (Table 1).

The initial PEEP on CPAP was significantly
lower but the initial concentration of oxygen was
higher in infants from the CPAP-F group and in-
creased to 49.17 + 11.27% at the time of intubation.

The non-invasive mechanical ventilation was
used in 26 infants in whom CPAP turned out to be
ineffective, thus preventing intubation of 12 (11%)
newborns. Eighty-nine infants received exogenous
surfactant. Forty-three (93%) of them were in the
CPAP-F group (P = 0.000001).

The mean age of surfactant administration did
not differ significantly and was five (IQR 3—-6) hours
in the CPAP-S group and four (IQR 3-7) hours in
the CPAP-F group (P = 0.745).

Severe RDS was diagnosed before intubation
by chest X-ray findings in 50% of infants who failed
CPAP. Nine percent of children had pneumothorax.
All patients with pneumothorax underwent high-
frequency ventilation after intubation.

Hemodynamically significant patent ductus
arteriosus, which usually aggravates respiratory
distress with subsequent need for mechanical ven-
tilation, was found in newborns of both groups.
Although the percentage of PDA was higher in in-
fants who failed CPAP, 30% compared to 9%, this
difference between the groups was statistically sig-
nificant (Table 2).

Severe IVH was diagnosed exclusively in chil-
dren from the ineffective CPAP group — 7 (15%),
(P =0.0004). The overall rate of IVH was also high-
er in this group, though the difference was only clini-
cally significant.

The rate of BPD was two times higher in in-
fants who required intubation and mechanical ven-
tilation after initial CPAP compared to those who
were exclusively on CPAP — 8 (19%) vs. 8 (8%), re-
spectively (P = 0.050). Four (9%) infants from inef-
fective CPAP group died (P = 0.002).

The risk factors of CPAP failure were also as-
sessed in two gestational age ranges (<29 weeks and
29-32 weeks). The results are shown in Table 3.

Lower frequency of antenatal steroid adminis-
tration, development of severe RDS and higher re-
quirement in surfactant treatment were statistically
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Table 1. Demographic and clinical comparison of the groups

Characteristics CPAP-S group (n = 105) | CPAP-F group (n = 46) | P
Birth weight, gt 1154.86 (247.0) 1103.75 (233.32) 0.089
Gestational age, weeks! 29.58 (1.86) 28.60 (2.21) 0.014
Admission age® 3.33 (2-4) 3.80 (2-4) 0.443
Antenatal steroids (24 mg)? 79 (75) 24 (53) 0.008
Male? 48 (46) 22 (48) 0.811
Small for gestational age? 37 (35) 15(33) 0.754
Caesarean section? 59 (56) 29 (63) 0.431
Maternal infectious risk factors? 32 (30) 9 (20) 0.165
Preeclampsia? 26 (25) 12 (26) 0.862
Apgar score 5 min? 6 (6-7) 6 (5-6) 0.0003
Birth asphyxia? 8 (8) 8 (17) 0.072
Surfactant therapy? 46 (44) 43 (93) 0.000
Two doses of surfactant? 22 12 (26) 0.000

Notes: 1 — Mean (SD); 2 — Number of cases (%); 3 — Median (IQR)

Table 2. Features of respiratory support and secondary neonatal outcomes

Characteristics \ CPAP-S (n = 105) \ CPAP-F (n = 46) \ P
Additional non-invasive ventilation! 12 (11) 14 (30) 0.044
Start CPAP FiO,, % 2 34 (30-40) 39 (20-40) 0.005
Initial PEEP, cm H,0° 5.39 (0,50) 5.19 (0.58) 0.04
Average age of surfactant administration, h 5 (3-6) 4 (3-7) 0.745
Severe respiratory distress syndrome! 6 (6) 1 23 (50) 0.0000
Pneumothorax* 1(2) 4 (9 0.014
Patent ductus arteriosust 99 14 (30) 0.0006
Intraventricular hemorrhage! 16 (15) 13 (28) 0.061
Severe intraventricular hemorrhage* 0(0) 7 (15) 0.0004
Necrotizing enterocolitis 2 (2 12 0.913

Notes: 1 — number of cases (%); 2 — Median (IQR); 3 — Mean (SD), *Grade 3 and 4

significant for infants with GA less than 29 weeks
who required intubation after initial CPAP.

For infants who were born in GA 29-32 weeks
and failed CPAP, in addition to the higher incidence
of severe RDS and more frequent administration of
exogenous surfactant, there was also a difference in
the incidence of cesarean section and hemodynami-
cally significant PDA.

The impact of several antenatal (such as birth
weight, gestation age, male sex, elective cesarean
section, birth asphyxia, eclampsia, maternal infec-
tion, PROM, intrauterine growth retardation, pro-
phylactic steroid administration, asphyxia and the
need for resuscitation after birth) as well as post-

26

natal factors (initial FiO, and PEEP, severe RDS,
surfactant administration, early onset sepsis, PDA,
etc.) affecting the risk of a successful CPAP were as-
sessed. According to the results, the most important
preventive factor was prophylactic steroid adminis-
tration. The provoking factors were the following:
resuscitation after birth, severe RDS, early onset
sepsis and hemodynamically significant PDA.

The contribution of the same factors to the risk
of CPAP-F was also estimated for two gestational
age ranges, <29 weeks and 29-32 weeks, respec-
tively (Table 4).

According to the logistic regression analysis
(LRA), results by the Wald test method with step-
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Table 3. Demographic and clinical comparison for gestational age ranges

25-28 weeks 29-32 weeks
Characteristics CPAP-S CPAP-F P CPAP-S | CPAP-F P
(n=34) (n=19 (n=71) (n=27)

Antenatal steroids (24 mg)* 26 (76) 9 (47) 0.031 53 (75) 15 (56) 0.066
Birth weight less

than 1000 g* 16 (47) 12 (63) 0.260 15 (21) 5(19) 0.774
Male! 12 (35) 9 (47) 0.388 36 (51) 13 (48) 0.821
Caesarean section! 12 (35) 5 (26) 0.501 47 (66) 24 (89) 0.02
Maternal infectious

risk factorst 12 (35) 6 (32) 0.784 20 (28) 3(11) 0.075
Preeclampsia* 5 (15) 2 (11) 0.666 21 (30) 10 (37) 0.478
Birth asphyxia! 4 (12) 6 (32) 0.077 4 (6) 2(7) 0.743
Resuscitation after birth* 11 (32) 8 (42) 0.478 13 (18) 13 (48) 0.002
Surfactant therapy* 22 (65) 18 (95) 0.014 24 (34) 24 (89) 0.000
Start CPAP FiO,, %? 32.5(30-40) 40 (30-60) 0.165 30 (30-40) 40 (30-40) 0.02
Initial PEEP, cm H,O ® 532 (0.47) 5.05(0.62) 0.08 5.42 (0.53) 5.30 (0.54) 0.294
Severe respiratory

distress syndrome* 2 (6) 9 (47) 0.0004 4 (6) 14 (52) 0.000
Patent ductus arteriosus* 12 (35) 8 (42) 0.623 5(7) 8 (30) 0.003
Early sepsist 14 (42) 8 (42 0.947 11 (15) 11 (42) 0.074
Notes: 1 — number of cases (%); 2 — Median (IQR); 3 — Median (IQR)
Table 4. Factors affecting the risk of CPAP failure (all infants, n = 151)

Eactors Relative Odds ratio p
risk (RR) (OR)
Completed course of antenatal steroids 0.51 0.36 0.005
Resuscitation after birth 1.98 2.84 0.004
Severe respiratory distress syndrome 4.21 16.5 0.0001
Early onset sepsis 171 2.25 0.031
Hemodynamically significant patent ductus arteriosus 2.43 4.67 0.001
<29 weeks, n = 53
Completed course of antenatal steroids 0.46 0.28 0.03
Severe respiratory distress syndrome 3.44 14.4 0.002
Surfactant therapy 5.85 9.82 0.035
29-32 weeks, n = 98

Caesarean section 3.04 4.09 0.03
Resuscitation after birth 2.57 4.14 0.002
Surfactant therapy 8.33 15.67 0.0002
Severe respiratory distress syndrome 4.79 18.04 0.0001
Early onset sepsis 2.38 3.75 0.005
Hemodynamically significant patent ductus arteriosus 2.75 5.56 0.006
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Table 5. Factors associated with CPAP failure based on LRA data (all infants, n = 151)

Factors B | SE | Wwad | df | P | OR | 95%Cl
Resuscitation after birth 1130 0.489 5.335 1 0.021 3.10 1.2-8.1
Surfactant administration ~ 2.010 0.601 11.198 1 0.001 7.46 2.3-24.2
Severe respiratory
distress syndrome 2.499 0.598 17.439 1 0.000 12.17 3.8-39.3
Initial CPAP
pressure (cm H,O) -0.973 0.488 3.968 1 0.046 0.38 0.15-0.99
Constant 1.938 2.582 0.564 1 0.045 6.95

<29 weeks, n =53

Birth asphyxia 2.701 1138 5.630 1 0.018 14.89 1.60-138.62
Severe respiratory
distress syndrome 3.604 1.130 10.168 1 0.001 36.73 4.01-336.48
Initial CPAP
pressure (cm H,O) -2.638 1.001 6.946 1 0.008 0.07 0.010-0.508
Constant 11.791 4979 5.608 1 0.018  132083.21

29-32 weeks, n = 98
Maternal infectious
risk factors -2.428 1177 4.251 1 0.039 0.09 0.01-0.89
Resuscitation after birth 2.110 0.774 7.432 1 0.006 8.25 1.81-37.59
Surfactant administration ~ 2.193 0.779 7.919 1 0.005 8.96 1.95-41.29
Severe respiratory
distress syndrome 2.005 0.748 7179 1 0.007 7.43 1.71-32.19
Early sepsis 1.705 0.735 5.385 0.020 5.50 1.30-23.24
Constant -3.732 .818 20.817 1 0.000 0.024

wise inclusion of variables (inclusion of all impor-
tant risk factors within 120 hours), the risk of CPAP
failure was significantly associated with the need for
resuscitation after birth, severe RDS, surfactant ad-
ministration and initial CPAP pressure (Table 5).

Predictive value for CPAP failure is 82%.

For infants with GA <29 weeks, the most im-
portant factors associated with CPAP failure were
birth asphyxia, severe RDS and initial CPAP pres-
sure. For babies with GA 29-32 weeks, except se-
vere RDS, were important other causes like maternal
infectious risk factors, resuscitation after birth, sur-
factant administration and early sepsis.

Discussion

The frequency of CPAP failure remains a wide-
spread and important problem among very preterm
infants. The results of our study showed that 31%
of newborns whose respiratory support was started
with CPAP needed further intubation.

28

Results obtained by Dargaville et al. [8]
in a large cohort of premature infants revealed
considerable differences between the groups of in-
fants 25-28 weeks and 29-32 weeks of gestation
in the incidence of failed CPAP (43% vs. 21%, cor-
respondingly). Although we did not estimate the
prevalence of CPAP failure in infants of different
GA groups due to the small number of patients, our
results are comparable with this study.

In most cases, intubation was followed by ad-
ministration of exogenous surfactant, which was too
late (average age of five hours). Therefore, most of
those infants could not be successfully extubated
immediately after surfactant replacement therapy
and still required mechanical ventilation for some
period of time. The attempts to avoid intubation and
mechanical ventilation delayed the administration
of surfactant, which usually worsened the final out-
comes in very premature neonates with RDS. Dif-
ferent investigators put forward a common finding —
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the lower oxygen concentration under which tracheal
intubation was performed and surfactant was mostly
administered [10, 11] was indeed associated with
better treatment outcomes in the most premature
infants.

But since most studies, including ours, were
retrospective, it was not possible to evaluate the real
benefits of using lower concentrations primarily for
administration of exogenous surfactant. Current
recommendation for surfactant administration is the
persistent need to use >30% oxygen in the first two
hours after birth [1].

It is obvious that most risk factors of CPAP
failure found by different researchers [8-11] and by
us are actually related to the development of a more
severe RDS (gestational age, male gender, higher
oxygen and pressure demand on CPAP, etc.). Most
infants who manage to avoid mechanical ventilation
and stay on CPAP started after birth either do not
need additional oxygen administration altogether or
require a small amount of it. According to results
of our research, CPAP failure was significantly
associated only with exogenous surfactant therapy.
Early selective administration of surfactant may im-
prove the effectiveness of CPAP, reduce the likeli-
hood of mechanical ventilation and prevent further
lung damage.

Less invasive method of surfactant adminis-
tration (LISA) for spontaneously breathing preterm
is preferable [1]. A potential disadvantage of LISA
might be the need for pre-trained, highly qualified
personnel in the procedure who may not be on site to
administer the surfactant as took place in our study;
therefore, method LISA was substituted by INSURE
in some cases.

Predicting an unsuccessful CPAP beyond the
optimal time for surfactant treatment is still a di-
lemma.

In fact, oxygenation depends on several factors,
such as peripheral perfusion, cardiac output, oxygen
concentration in arterial blood, fetal hemoglobin
level, temperature, degree of lung maturity and
development, pressure used on the CPAP and the
gas leakage through the open mouth, etc. [14, 15].
Respiratory support allows to control only a part of
these indicators. Therefore, the need to use a certain
concentration of oxygen on CPAP alone cannot re-
flect the severity of RDS and determine the need for
exogenous surfactant administration.

Therefore, it is necessary to search for other
criteria that would allow to distinguish infants who

have not yet reached an oxygen demand of more than
30% on CPAP within the first 2-3 hours after birth
when the administration of surfactant is most opti-
mal but in whom RDS will progress.

Assessment of the available endogenous sur-
factant pool in preterm infants with RDS who are
treated with CPAP after birth may provide important
information for understanding the pathophysiology
and course of the disease in each particular case.

Theoretically, if a study to determine the sur-
factant pool was carried out as soon as possible after
birth, it would make it possible to predict unsuccess-
ful CPAP and optimize the timing of exogenous sur-
factant administration.

Many researchers have studied the suitability
for predicting the occurrence of RDS of various
rapid and easy-to-use tests aimed at determining the
amount and assessing the function of the newborn’s
own surfactant (stable microbubble test, lamellar
body count, non-invasive surfactant adsorption test,
etc.) [16]. However, the pronounced heterogeneity of
the studies conducted and their results make it dif-
ficult to determine the most optimal threshold for as-
sessing lung maturity. The search for the best test to
predict CPAP failure is still ongoing and requires in-
vestigation in large and adequately designed studies.

Lung ultrasound can be a worthy alternative to
laboratory tests to determine the need for exogenous
surfactant administration. It is a simple, affordable
and safe non-invasive method of lung imaging in re-
al-time that is being widely implemented in the cur-
rent practice of neonatal intensive care units. Lung
ultrasound (LUS) may help to accurately estimate
the lung volume available for gas exchange.

A significant correlation between the results of
lung ultrasound performed in the first hours of life
in infants who were treated with CPAP and oxygena-
tion status/need for surfactant therapy has recently
been identified by some authors [17, 18].

In particular, the use of the ESTHER (Echog-
raphy-guided Surfactant Therapy) protocol in neo-
natal intensive care units increased the proportion
of infants who received exogenous surfactant in the
first three hours after birth by almost 20%, without
an increase in the overall frequency of surfactant use
in infants after the introduction of the protocol [19].

The quantitative approach to LUS, using ap-
propriate scoring scales, makes this instrumental
method suitable for monitoring the course of pulmo-
nary disease and early identification of infants who
will progress in severity of RDS despite the initial
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administration of CPAP, which will allow to opti-
mize the treatment of the most premature infants.

Our study has several limitations, firstly, retro-
spective study design and quite small size of CPAP
failure group. In addition, higher concentration of
oxygen was used as criteria for intubation and sur-
factant administration because there were other
recommendations at the time of the study. Another
limitation was a quite late administration of methyl-
xanthines to stimulate self-breathing and improve
lung function in preterm infants. Our patients re-
ceived methylxanthines only after admission to the
NICU, not immediately after birth as is currently
recommended.

Since at the time of the study there were limi-
tations with the state procurement of surfactant for
hospitals, three infants from the CPAP failure group
did not receive surfactant for the treatment of RDS.
The principles of care for babies born in Lviv city
and region did not differ. Infants who were on CPAP
in a maternity hospital and demonstrated signs of
severe respiratory distress (RD) were intubated be-
fore being transported to the NICU of Lviv Regional
Clinical Hospital. Patients with mild and moder-
ate RD were kept on CPAP. During transportation,
infants received glucose infusion and vital signs
were closely monitored. Although there was no sig-
nificant difference in age at the time of admission
between the groups, children transported from re-
mote areas of the Lviv Region were admitted to the
unit later than children from maternity hospitals in
Lviv. During the study period, the approaches to the
initial administration of CPAP, transportation, treat-
ment (including the administration of exogenous
surfactant) and indications for intubation did not
change. It is important to note that, in contrast to
current European guidelines for the treatment of
RDS, the initial pressure on the CPAP in our study
was 5 cm H20 and surfactant was administered
when the oxygen demand reached more than 40%
or the newborn was radiographically diagnosed with
severe RDS.

Conclusions. CPAP failure in very low birth
rate infants is related to severe acute disease of
immature lungs and needs surfactant replacement
therapy with more accurate instruments for venti-
lation like a high-flow nasal cannula (HFNC) are
needed.

Early selective use of surfactant could be the
key intervention to prevent CPAP failure along with
the need to use mechanical ventilation in very pre-
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term infants. Although, the need to use higher oxy-
gen concentrations may be a marker of severe nRDS
and predict ineffective CPAP.
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Panne 3actocyBaHHsS TOCTIHHOIO MO3UTHB-
HOro THCKY B auxaibHuX nuisixax (CPAP) y HoBo-
HApOJKEHUX JiTeH 3 BUCOKMM PHU3UKOM PO3BHUTKY
pecriparopHoro aucrpec-cunapomy (PIC) mpupis-
HIOETHCS 32 CBOEIO €(PEKTHBHICTH A0 MPOdiTaKTHy-
HOT'0 IMpH3Ha4YeHHs cypdakranTy. OnHak, B nepui
72 rop micis HApOIKEHHS Maiike MOJIOBHHA He-
MOBJIIAT BCE X MOTPeOyIOTh iHTYOawil Ta mTy4HOi
BeHTwiAMi1 tereds (LIBJI), a Heycminiae mouaTtko-
Be 3actocyBaHHs CPAP y nux nitedl acomiroeThes
3 ripmuM nporsozoM. Tomy momryk HaaiiHUAX IPo-
THOCTUYHHMX YWHHUKIB PHU3UKY Hee(EeKTHBHOCTI
CPAP y rinnOoKOHEIOHONIEHUX HOBOHAPOIKEHUX,
JUXaJlbHY MIATPUMKY B SKHX PO3IMOYMHAIOTH 3i
CPAP, 3amumaerhcsi akTyallbHUM 1 ChOTOAHI. Y
PETPOCIIEKTUBHE KOTOPTHE AOCIIJKEHHS, IO MPO-
Boamiiock Ha 0a3zi KHIT JIOP «JIbBiBchka oOJiacHa
KJIiHiYHa JikapHs» (Ykpaina), Oyio 3amydeHo 151
IUTUHY 3 Macoro Tina <1500 r i recTariiHuM BiKOM
<32 THXKHIB, IKUM Biapasy Micis HApOIKECHHS PH-
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3Hauanu CPAP. 3a orpumanuMu pe3yibraMu dac-
ToTa HeedeKkTUuBHOTO 3acTocyBanus CPAP B naniit
koropti cranoBuia 31%. [lorpeba B inTyOamii qu-
TUHU BUHUKaJa B CEPEIHbOMY 4epe3 I'STh MOAHH
IICJIsI HAPOJKEHHSI, TIPU LIBOMY CEepPEeIHsI KOHIICH-
tpauis kucHio (FiO,) cranosuna 0,48 (0,15). Ilo-
IIUPEHICTh OCHOBHUX YHMHHUKIB PU3UKY PO3BHTKY
Tspkkoro PJIC cyTTeBO He BipI3HsIIACS MK JIBOMa
rpynamu (ycmimae CPAP i neycnimne CPAP). Pu-
3WK HeycmimHoro 3acrocyBanas CPAP OyB mocto-
BIpPHO TOB’SI3aHUI 3 JIKYBaHHSIM cCyp(aKkTaHTOM,
MpU 1[bOMY KOe(IIli€HT CHiBBIJHOIIEHHS IIAHCIB
(KCII) — 7,46; 95% nosipuwnii intepsan (AI): 2,3-
24,2, tsoxkkum PIC (KCLI — 12,17; 95% JI: 3.8-
39,3), moTpebot0 B peaHiMarlii micas HaAPOIKCHHS
(KCII - 3,10; 95% Al: 1,2-8,1), HOYaTKOBUM THCKOM
na CPAP (KCIII - 0,38; 95% J1I: 0,15-0,99). binpm
paHHE BBEICHHSI €K30T€HHOTO CypQakTaHTy IiTsIM
BHCOKOT0 pu3uKy po3Butky PJIC mormo 6 monepe-
IATH HEOOX1THICTB 3acTocoByBatH y HuX IIBJL

KnmoyoB1 cJ0oBa: HEJNOHOIIEH] AITH, He-
epextuBHe 3actocyBaHHsi CPAP, pecmipatopHuii
JUCTPEC-CUHIPOM HOBOHAPOIKECHUX, IITYy4YHA BEH-
TUJIALS JIETeHb, Cyp(aKTaHT.
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