
Introduction 
Birth is characterized by a series of preparatory 

changes in the body, first in the fetus and then in 
the newborn. These changes include a decrease in 
the production of fetal lung fluid and activation of 
its reabsorption, as well as the production of sufficient 
surfactant to maintain surface tension in the open 
alveoli after the first breath  [1]. Stress hormones 
(adrenaline, cortisol, etc.) produced by both the 
mother and fetus in response to natural term delivery 
significantly influence fluid clearance from the 
lungs [2, 3]. 

However, delivery at late preterm gestation 
age (340/7–366/7 weeks), especially via cesarean sec-
tion, disrupts the neonatal adaptation to extrauter-
ine life, which may manifest as acute respiratory 
failure immediately after birth or during the first 
hours of life [4]. Transient tachypnea of the newborn 
(TTN) [5, 6] and surfactant deficiency can lead to 
respiratory distress syndrome (RDS) [5, 7], which 

is associated with fetal fluid retention in the lungs. 
Most neonatal conditions are characterized by 
nonspecific acute respiratory failure (ARF), which 
is also observed in congenital infection (CI) [7–9]. 
When ARF develops in the delivery room, differ-
entiating between TTN, RDS, and CI is extremely 
difficult [5]. Not only are the signs and symptoms 
of these conditions similar, but the morphologic 
changes in the lungs are as well. One study showed 
that hyaline membranes were found in the lungs 
of 93.5% of neonates with an average gestational 
age  (GA) of 28.9±5.3 weeks, a birth weight of 
1404±945  g, and a median life expectancy of 
72 hours  [10]. The causes of hyaline membranes 
were varied and included true surfactant deficiency, 
pneumonia, asphyxia, aspiration, shock, hemor-
rhagic syndrome, and others. Regardless of the 
etiology of ARF, the infant requires prompt and 
appropriate respiratory therapy. In particular, sepsis 
and acute respiratory distress syndrome are the 
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Summary 
The aim of this study was to evaluate the efficacy and safety of a standardized protocol of delivery room CPAP 

therapy in late preterm infants with acute neonatal respiratory failure (ARF) caused by various conditions. 
Material and methods. A retrospective comparative study of the efficacy of the standardized CPAP protocol 

in the cohorts of late preterm infants (34–36 weeks) was conducted at the Yekaterinburg Perinatal Center. The 
comparison group (C, N=256) included infants who received CPAP therapy in the delivery room during 
12 months in 2020 before the introduction of the standardized protocol. The study group (S, N=169) included 
infants treated with standardized CPAP in April-December, 2022. The following subgroups were identified in 
groups C and S based on the cause of ARF: transient tachypnea of the newborn (TTN; C: N=100; S: N=89), res-
piratory distress syndrome (RDS; C: N=84; S: N=39), and congenital infection (CI; C: N=54; S: N=37). Other 
causes of ARF in groups C and S were found in 18 and 4 infants, respectively. 

Results. Switching to the standardized CPAP protocol reduced the duration of mechanical ventilation by an 
average of 24 h (P=0.013), the incidence of documented cerebral ischemia (CI) from 64.1% to 53.2% in all sub-
groups (P=0.022), the length of stay in the neonatal ward from 12 to 11 days (P=0.001), and the length of stay in 
the hospital from 16 to 14 days (P=0.001) as well as the incidence of CI in the STTN subgroup vs CTTN (38.2% 
vs. 61.0%, P=0.002). No significant differences were found in the RDS and CI subgroups. The frequency and du-
ration of binasal CPAP and lung ventilation in the neonatal ICU did not differ between subgroups. Pneumoth-
orax within the first 24 h occurred in one patient in group C and in two patients in group S (P=0.339), all of 
whom were diagnosed with congenital infection. No damage to the nasal passages was observed in any group.  

Conclusion. The use of a standardized protocol of CPAP therapy for neonates born after 35 weeks of ges-
tation with respiratory failure of any etiology can significantly reduce the severity and duration of illness and 
should be considered as a basic respiratory strategy in the delivery room when indicated. 
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tory distress syndrome; congenital infection 
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leading causes of multiorgan failure and mortality 
in neonates [11]. The primary method of respiratory 
support for neonates of any gestational age with 
moderate ARF is continuous positive airway pres-
sure (CPAP) therapy [12–14]. 

Russian guidelines, such as the Methodological 
Letter of the Ministry of Health of the Russian Fed-
eration on Resuscitation and Stabilization of 
Neonates in the Delivery Room (2020) [15] and the 
National Guidelines for Neonatology (2019)  [16], 
recommend CPAP therapy for children older than 
32 weeks of gestation when ARF develops, but do 
not specify the criteria for initiating therapy, its 
continuation, efficacy, or the technique itself, in-
cluding the required parameters of respiratory sup-
port. In our previous studies, we analyzed the 
severity of TTN in full-term neonates and the type 
of respiratory support used  [17]. Based on these 
data, we developed a standardized protocol for 
CPAP therapy in the delivery room. 

In a subsequent prospective study, the protocol 
was found to be highly effective in reducing the 
severity, duration, and incidence of brain 
ischemia (BI) in TTN [18]. 

The aim of this study was to evaluate the 
efficacy and safety of a standardized protocol for 
delivery room CPAP therapy in late preterm neonates 
with acute respiratory failure caused by various 
conditions. 

Material and Methods 
A single-center, retrospective cohort study was 

conducted on late preterm neonates (340/7–366/7 
weeks of gestation) born at the Yekaterinburg Clinical 
Perinatal Center (YCPC) who underwent CPAP ther-
apy in the delivery room. 

The standardized protocol for CPAP therapy 
in preterm neonates with TTN was approved by 
the local ethics committee of the YCPC (Protocol 
No. 2 dated July 2, 2021). The protocol for CPAP 
therapy in the delivery room for ARF in late preterm 
and term neonates was implemented at the YCPC 
on March 11, 2022 (Decision No. 147). Parents of all 
neonates signed an informed consent for diagnosis 
and therapy, including the use of data obtained for 
scientific purposes. 

The control group (C, N=256) included children 
treated in 2020, before the implementation of the 
protocol. The study group (S, N=169) included chil-
dren hospitalized from April to December 2022, 
after the implementation of the protocol. 

Inclusion and exclusion criteria were the same 
for groups C and S. 

Inclusion criteria: 
— Late preterm birth (GA 340/7–366/7 weeks); 
— Development of ARF within the first 60 min-

utes after birth; 
— CPAP therapy in the delivery room. 

Exclusion criteria: 
— congenital malformations presenting with 

ARF; 
— chromosomal abnormalities; 
— any other condition that could influence 

the results of the study. 
In groups C and S, subgroups of patients were 

identified according to the cause of respiratory dis-
orders in the delivery room: for TTN, the subgroups 
CTTN (N=100) and STTN (N=89); for RDS, the subgroups 
CRDS (N=84) and SRDS (N=39); for CI, the subgroups 
CCI (N=54) and SCI(N=37). 

In addition to TTN, RDS, and CI, the following 
causes of ARF in the delivery room were identified 
in the control group: moderate to severe birth as-
phyxia (N=10), polycythemia (N=3), anemia (N=3), 
and interventricular septal defect (N=2). 

In addition to TTN, RDS and CI, the causes of 
ARF in the study included moderate to severe birth 
asphyxia (N=4). 

All other causes of ARF in the delivery room in 
groups C and S were documented in infants at 
34 weeks' gestation. 

Inclusion and exclusion criteria were consistent 
between control and study subgroups (CTTN and 
STTN, CRDS and SRDS; CCI and SCI). 

Inclusion criteria: 
• for the TTN subgroup, a diagnosis of TTN; 
• for the RDS subgroup, a diagnosis of RDS; 
• for the CI subgroup, a diagnosis of congenital 

infection. 
Exclusion criteria: none. 
The flowchart of group and subgroup recruit-

ment is shown in Fig. 1. 
Description of medical intervention. Stan-

dardized protocol for delivery room CPAP therapy. 
The use of a standardized protocol for delivery 
room CPAP therapy was first studied and described 
in a cohort of preterm infants with TTN  [18] and 
subsequently in those with congenital infection [19]. 
The protocol was developed based on the analysis 
of respiratory therapy in this population  [17] and 
the prognosis of the disease [20]. 

CPAP equipment and methodology. We used 
conventional equipment and supplies available in 
all delivery and operating rooms of the perinatal 
center. When indications were present (described 
below), CPAP was initiated with mask-based CPAP, 
followed by a transition to mononasal CPAP (here-
after referred to as CPAP) for 5 minutes. This was 
delivered via an endotracheal tube (ETT) inserted 
into the child's nasal passage to a depth equal to 
the midpoint of the distance between the earlobe 
and the nasal ala (corresponding to the level of the 
nasopharynx). The transition from mask-based 
CPAP to mononasal CPAP was prompted by the 
need to free the clinician's hands for further assis-
tance to the patient. CPAP was delivered using a 
T-shaped resuscitation breathing circuit (Fisher & 
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Paykel Healthcare Limited, New Zealand), respiratory 
therapy devices integrated into open resuscitation 
stations (ORS), such as the Giraffe Warmer (General 
Electric, USA), BLR-2100 (MEDICOR, Hungary), or 
a separate device capable of titrating oxygen fraction 
and monitoring airway pressure, such as the Neop-
uff™ (Fisher & Paykel Healthcare Limited, New 
Zealand). Within 5 minutes of starting CPAP, the 
clinician placed an orogastric tube in the child and 
left it open. If indicated, ventilation was performed 
with a face mask, with transition to tracheal intu-
bation and invasive ventilation as needed. Starting 
ventilation parameters were PiP 20 cm H₂O, PEEP 
5 cm H₂O, FiO₂ 0.21, and a rate of 40–60/min.  

During the transfer of the patient from the de-
livery room to the NICU, the mode and parameters 
of respiratory support were not changed. Binasal 
CPAP parameters in the NICU were 4–8 cm H₂O, 
with an initial FiO₂ of 0.21. The respiratory support 
device used during transport of the infant to the 
NICU for CPAP or ventilation was the Stephan Re-
animator F120 (Stephan GmbH, Germany) with a 
breathing circuit (Kometaline, Russia). Respiratory 
support devices for CPR in the NICU included the 
Infant Flow CPR (VIASYS Healthcare Inc., USA) and 
the Infant Flow circuit with a set of consumables 
(humidifier chamber, cap, nasal cannulae) (Vincent 
Medical, China). Respiratory support devices for 
NICU ventilation included the Avea (VIASYS Health-
care Inc., USA) and the SLE-5000 (SLE Limited, 
UK). CPAP equipment and technique did not differ 
between groups C and S. 

CPAP parameters. The initial mean airway 
pressure (MAP) was set at 8 cm H₂O with an oxygen 
fraction (FiO₂) of 21%. The oxygen concentration 

could be gradually increased or decreased to main-
tain the saturation (SpO₂) on the right arm in the 
range of 91–95%. CPAP parameters and indications 
for its initiation in the groups are listed in Table 1. 

Indications for initiation of CPAP therapy 
and routing of patients in the delivery room ac-
cording to the protocol. CPAP was initiated according 
to the protocol when the neonate developed ARF 
with Downes score �3 points.  

After 20 minutes of CPAP, the Downes score of 
ARF was assessed:  

• if the score was �3 points, the endotracheal 
tube was removed from the nose and the child was 
monitored by the physician for 5 minutes: 

• if the ARF score remained �3 during this 
period and no other organ or system dysfunction 
was observed, the infant was transferred to the 
neonatal unit (NNU);  

• if the ARF score increased to 3 or higher, 
the clinician resumed CPAP using the MAP and 
FiO₂ parameters described above; 

• CPAP was continued without changing the 
initial parameters if the ARF score remained at the 
baseline level of 3–5 points;  

• if the ARF score increased from 3–4 to 5 or 
more points, or from 5 to 6 or more points, the infant 
was transferred to the NICU with the appropriate 
type of respiratory support (CPAP or ventilation); 

• if the ARF score remained at the baseline 
level of 6 points or increased, the infant was trans-
ferred to the NICU with the appropriate type of 
respiratory support (CPAP or ventilation). 

Similar actions were performed 40 and 60 min-
utes after CPAP initiation. At the same time, the infant 
was transferred to the NICU if the Downes score at 

Fig. 1. Study flowchart. 
Note. C — control group; S — study group; TTN — transient tachypnea of newborns; RDS — respiratory distress syndrome; CI — 
congenital infection.

Table 1. CPAP parameters and indications for CPAP in the delivery room. 
Criterion                                                                                                                                    Control group                                               Study group 
Interface                                                                                                                                     Face mask with switch to nasal mask CPAP 
CPAP therapy when Downes score �4 points                                                                                                  Always 
CPAP therapy when Downes score = 3 points                                               At doctor's discretion                                           Always 
CPAP therapy when Downes score = 2 points                                               At doctor's discretion                                            Never 
МАР, cm Н₂О                                                                                                                              5–10                                                                  8 
FiO₂, %                                                                                                                                                                                 21 
Duration of СРАР, min                                                                                                            5–30                                                             20–60 
Orogastric tube placement within 5 minutes after CPAP initiation                                                        Always 
Note. МАР — mean airway pressure; FiO₂ — fraction of inhaled oxygen; СРАР — continuous positive airway pressure
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60 minutes remained the same 
(3–5 points at 40 minutes) or 
increased (Fig. 2). Neonates were 
transferred from the neonatal 
unit (NNU) and NICU to the 
neonatal pathology unit (NPU) 
if they required additional treat-
ment and monitoring. 

Study Outcomes. 
— Frequency of brain in-

jury (brain ischemia and IVH) 
— Frequency and dura-

tion of mechanical ventilation 
— Frequency and dura-

tion of NICU admission 
— Total length of hospital 

stay 
Methods of outcome as-

sessment. Study outcomes were 
determined by analyzing data 
from primary medical records, 
such as the neonate's medical 
chart. 

CPAP therapy safety pa-
rameters: 

— Air leak syndrome di-
agnosed by radiological exam-
ination within the first 24 hours 
after birth 

— Damage to the nasal 
passages (swelling, bleeding) 
diagnosed by clinical exami-
nation. 

All study parameters were 
recorded throughout the hos-
pital stay at the participating medical center. 

Diagnostic criteria: 
— The diagnosis of TTN was made when other 

causes of ARF were excluded. 
— The diagnosis of RDS was made on the 

basis of characteristic ground-glass opacities in the 
lungs and the absence of clinical and laboratory 
evidence of infection 

— Congenital infection was defined by mani-
festations of infection within the first 72 hours after 
birth; the exact diagnoses were made based on the 
standard definition of cases according to the local 
YCPC protocol: early neonatal sepsis (ICD-10 P36), 
congenital pneumonia (ICD-10 P23), infection spe-
cific to the perinatal period (ISPP) (ICD-10 P39). 
The diagnosis of infection was made both with and 
without a positive bacterial culture from the site of 
infection, based on a combination of clinical, in-
strumental, and laboratory data 

— Prolonged time between rupture of mem-
branes and delivery was defined as amniorrhea oc-
curring more than 18 hours before delivery 

— The diagnosis of BI was made based on 
clinical presentation, neurosonography, and a report 

from a pediatric neurologist; the severity of BI was 
classified according to the Classification of Perinatal 
Neural System Lesions in Newborns (ICD-10 P91.0). 

Principles of sample size calculation. Sample 
size was not calculated in advance. A continuous 
sampling design was employed. 

Methods of statistical analysis. Accumulation, 
correction, systematization of the initial information, 
and visualization of the obtained results were per-
formed using Microsoft Office Excel 2016. Statistical 
analysis was conducted with IBM SPSS Statistics v.27 
(IBM Corporation) and BioStat (AnalystSoft Inc.) 
software. The normality of the distribution of quan-
titative parameters was assessed using the 
Shapiro–Wilk test (for samples with fewer than 
50 values) or the Kolmogorov-Smirnov test (for sam-
ples with 50 or more values). Non-normally dis-
tributed variables were described by the median 
(Me) and lower and upper quartiles (LQ; UQ). Nom-
inal data were represented as absolute values and 
percentages. The Mann–Whitney U-test was used 
to compare quantitative data in independent groups, 
while Pearson's χ² test was applied for qualitative 
variables. When the frequency of a parameter was 

Fig. 2. Routing of neonates during CPAP therapy in the delivery room according to 
protocol (study group) 
Note. CPAP — continuous positive airway pressure; NICU — neonatal intensive care unit; 
NNU — neonatal unit. 
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less than 10, the χ² test with Yates' correction was 
used. The arithmetic mean (M), standard deviation 
(SD), and Student's t-test were utilized to describe 
numerical parameters with a normal distribution. 
Differences were considered significant at P�0.05; 
a two-sided P level of significance was applied. 

Results and Discussion 
When analyzing the general characteristics of 

the neonates, we found that GA and Apgar scores 
at 1 and 5 minutes were comparable in groups C 
and S (Table 2). There were significantly fewer boys 
in group C, and patients in this group were charac-
terized by lower birth weight. 

There were no significant differences in birth 
weight, sex, GA, and Apgar scores at 1 and 5 minutes 
(P�0.05) among the compared subgroups of patients 
with TTN, RDS, and CI. 

Comparative analysis of the incidence of brain 
injury showed that children in the control group 
were diagnosed with brain injury significantly more 
often overall; however, there was no significant differ-

ence in the incidence of mild-to-moderate and severe 
brain injury. The frequency of IVH did not differ sig-
nificantly between groups, including IVH grades 1–2 
and 3–4: 1 case was recorded in the control group 
and none in the study group (Table 3). 

Comparative analysis of respiratory therapy 
(Table 4) in the patient groups showed that CPAP 
therapy in the delivery room was significantly longer 
in group C, in accordance with the implemented 
protocol. Surfactant was administered to a compa-
rable number of patients in both groups. The fre-
quency of binasal CPAP (BinCPAP) in the NICU 
and its duration did not differ between groups. 
Lung ventilation in the NICU was performed in a 
similar number of patients in both groups, but it 
was significantly longer in group C. The frequency 
of hospitalization in the NPU and NICU, as well as 
the duration of hospitalization in the NICU, did 
not differ between the groups; however, the duration 
of stay in the NPU and the total length of hospital-
ization were significantly shorter in group S. One 
case of pneumothorax was recorded in group C 

Table 2. Patient characteristics in groups, Ме (LQ; UQ), N (%). 
Parameter                                                                                                                                        Values in groups                                                 P-value 
                                                                                                                                       Group C, N=256                Group S, N=169 
Gestational age, weeks                                                                                       35 (34; 36)                          35 (34; 36)                         0.063 t-test  
                                                                                                                                   Me=34.792                           Me=34.9                               (0.058)  
                                                                                                                                   SD=±0.826                         SD=±0.803                                     
Male sex                                                                                                                   116 (45.3)                             97 (57.4)                                0.015* 
Birth weight, grams                                                                                                   2310                                     2480                                   0.019* 
                                                                                                                                  (2035; 2640)                       (2140; 2780)                                    
Apgar score at 1 minute, points                                                                          6 (6; 7)                                  6 (6; 7)                                   0.395 
Apgar score at 5 minute, points                                                                          7 (7; 8)                                  7 (7; 8)                                   0.919 
Note. * — significant difference between groups. 

Table 3. Comparison of the incidence of brain injury in patients, number (%) 
Parameter                                                                                                                                        Values in groups                                                 P-value 
                                                                                                                                       Group C, N=256                Group S, N=169 
BI, total                                                                                                                     164 (64.1)                             90 (53.2)                                0.022* 
BI, mild and moderate severity                                                                       157 (95.7)                             89 (98.8)                                 0.169 
BI, severe                                                                                                                     7 (4.3)                                   1 (1.2)                                          
IVH, total                                                                                                                   60 (23.4)                              33 (19.5)                                 0.340 
IVH, grade 1–2                                                                                                        59 (98.3)                             33 (100.0)                                0.456 
IVH, grade 3–4                                                                                                           1 (1.7)                                    0 (0)                                           
Note. * — significant difference between groups. For Tables 3, 5, 6, 8: BI — brain ischemia; IVH — intraventricular hemorrhage.

Table 4. Respiratory therapy and hospital stay in the groups of patients, Ме (LQ; UQ), N (%).  
Parameter                                                                                                                                        Values in groups                                                 P-value 
                                                                                                                                       Group C, N=256                Group S, N=169 
Duration of CPAP in the delivery room, min                                             15 (10; 15)                          40 (20; 40)                             �0.001* 
Administration of surfactant                                                                             40 (15.6)                              21 (12.4)                                 0.357 
BinCPAP in NICU                                                                                                 177 (69.1)                            120 (71.0)                                0.682 
Duration of BinCPAP, days                                                                                   1 (1; 1)                                  1 (1; 1)                                   0.222 
Lung ventilation in NICU                                                                                   40 (15.6)                              24 (14.2)                                 0.688 
Duration of ventilation, days                                                                               3 (1; 5)                                  2 (1; 3)                                  0.013* 
Admitted to NICU                                                                                                180 (70.3)                            120 (71.0)                                0.878 
Duration of NICU stay, days                                                                                1 (1; 3)                                  1 (1; 2)                                   0.217 
Admitted to NPU                                                                                                  242 (94.5)                            154 (91.1)                                0.173 
Duration of NPU stay, days                                                                              12 (10; 18)                            11 (9; 14)                               0.001* 
Total length of hospital stay, days                                                                  16 (12; 21)                          14 (11; 18)                              0.001* 
Pneumothorax within the first 24 hours                                                         1 (0.3)                                   2 (1.1)                                   0.339 
Death                                                                                                                            2 (0.7)                                   0 (0.0)                                   0.250 
Note. * — significant difference between groups. For Tables. 4, 5, 6, 8: CPAP — continuous positive airway pressure; BinCPAP — bi-
nasal CPAP; NICU — neonatal intensive care unit, NPU — neonatal pathology unit.
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compared to two cases in group S. One case of 
pneumothorax during the first 24 hours after birth 
was observed in each subgroup, as well as two 
deaths in subgroup C. 

Subgroup analysis of patients with TTN. Analy-
sis of the incidence of brain injury showed that 
mild and moderate BI were diagnosed more fre-
quently in the CTTN subgroup, and no statistically 
significant difference was found in the incidence 
of grade 1–2 IVH between the compared subgroups. 
No severe BI or grade 3–4 IVH was observed in 
either subgroup (Table 5). 

CPAP therapy in the delivery room was statis-
tically longer in the STTN subgroup. There were no 
significant differences between subgroups in the 
frequency and duration of BinCPAP use in the NICU, 

or in the frequency and duration of ventilation 
(Table 6). 

There were no significant differences between 
subgroups in the frequency of NICU admission, 
NPU admission, or NICU length of stay. Length of 
stay in the NPU and total length of stay in the peri-
natal center were significantly lower in the STTN 
subgroup. 

Only one neonate with TTN was identified at 
340/7–346/7 weeks of gestation in the STTN subgroup, 
and there were no neonates with TTN and CPAP in 
the delivery room in the CTTN subgroup at this ges-
tational age. 

Subgroup analysis of patients with RDS. Analy-
sis of the frequency of detection of brain injury 
showed no differences in the overall frequency of 

Table 5. Comparison of incidence of brain injury, respiratory therapy parameters, and hospitalization character-
istics of patients in the TTN subgroup, Ме (LQ; UQ), number (%). 
Parameter                                                                                                                                        Values in groups                                                 P-value 
                                                                                                                                           СТТN, N=100                         SТТN, N=89 
BI, total                                                                                                                      61 (61.0)                              34 (38.2)                                0.002* 
BI, mild and moderate severity                                                                        61 (100)                               34 (100) 
BI, severe                                                                                                                      0 (0)                                      0 (0)                                           
IVH, total                                                                                                                   18 (18.0)                              15 (16.9)                                 0.836 
IVH, grade 1–2                                                                                                         18 (100)                               15 (100)                                        
IVH, grade 3–4                                                                                                            0 (0)                                      0 (0)                                           
Duration of CPAP in the delivery room, min                                             15 (15; 20)                          40 (20; 40)                             �0.001* 
BinCPAP in NICU, N                                                                                            57 (57.0)                              47 (52.8)                                 0.563 
Duration of BinCPAP, days                                                                                   1 (1; 1)                                  1 (1; 1)                                   0.976 
Lung ventilation in NICU, N                                                                                1 (1.0)                                   2 (2.2)                                   0.493 
Duration of lung ventilation, days                                                                     1 (1; 1)                                  1 (1; 1)                                     1.0 
Admitted to NICU, N                                                                                            58 (58.0)                              47 (52.8)                                 0.473 
Duration of NICU stay, days                                                                                1 (1; 1)                                  1 (1; 1)                                   0.725 
Admitted to NPU, N                                                                                              91 (91.0)                              75 (84.3)                                 0.158 
Duration of NPU stay, days                                                                                10 (8; 13)                              9 (7; 12)                                 0.022* 
Total length of hospital stay, days                                                                  13 (11; 15)                            12 (9; 14)                               0.018* 
Note. * — significant difference between groups. 

Table 6. Comparison of incidence of brain injury, respiratory therapy parameters, and hospitalization character-
istics of patients in the RDS subgroup, Ме (QL; QU), N (%). 
Parameter                                                                                                                                        Values in groups                                                 P-value 
                                                                                                                                             СRDS, N=8                           ИRDS, N=39 
BI, total                                                                                                                      57 (67.9)                              28 (71.8)                                 0.660 
BI, mild and moderate severity                                                                        54 (94.7)                               7 (96.4)                                 0.843# 
BI, severe                                                                                                                     3 (5.3)                                   1 (3.6)                                          
IVH, total                                                                                                                   24 (28.6)                               8 (20.5)                                  0.343 
IVH, grade 1–2                                                                                                         24 (100)                                8 (100)                                         
IVH, grade 3–4                                                                                                            0 (0)                                      0 (0)                                           
Duration of CPAP in the delivery room, min                                            15 (12,5; 15)                         20 (20; 40)                             �0.001* 
Intubated in the delivery room                                                                           1 (1.2)                                        0                                        0.494 
Administration of surfactant                                                                             21 (25.0)                              10 (25.6)                                 0.939 
Surfactant using the INSURE technique                                                       20 (23.8)                              10 (25.6)                                 0.826 
Surfactant through the endotracheal tube                                                     1 (1.2)                                        0                                        0.494 
Surfactant 1 time                                                                                                    20 (23.8)                               9 (23.1)                                  0.929 
Surfactant 2 times                                                                                                     1 (1.2)                                  1 (2.6)                                   0.575 
BinCPAP in NICU, n                                                                                              68 (81.0)                              39 (100)                                0.003* 
Duration of BinCPAP, days                                                                                   1 (1; 1)                                  1 (1; 1)                                   0.302 
Lung ventilation in NICU, n                                                                                 2 (2.4)                                   2 (5.1)                                   0.424 
Duration of lung ventilation, days                                                                     2 (1; 3)                                  1 (1; 1)                                   0.617 
Admitted to NICU, n                                                                                             69 (82.1)                              39 (100)                                0.005* 
Duration of NICU stay, days                                                                                1 (1; 1)                                  1 (1; 1)                                   0.171 
Admitted to NPU, n                                                                                               84 (100)                               39 (100)                                    1.0 
Duration of NPU stay, days                                                                              15 (12; 22)                          16 (12; 23)                               0.662 
Total length of hospital stay, days                                                                 19 (14.5; 25)                         20 (16; 25)                               0.342 
Note. # — Chi-square test with Yates correction. * — significant difference between subgroups. For Tables 6, 8: INSURE — sur-
factant administration technique including tracheal intubation, surfactant administration, tracheal extubation.
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brain injury, including mild, moderate, and severe 
BI, among the subgroups. No significant differences 
were found in the incidence of grade 1–2 IVH. No 
grade 3–4 hemorrhage was observed in any of the 
subgroups (Table 6). Comparative analysis of res-
piratory therapy parameters showed that the du-
ration of CPAP in the delivery room was significantly 
shorter in the CRDS subgroup; the frequency of 
BinCPAP use in the NICU was lower in the CRDS 
subgroup, with the same median duration of 1 day, 
and the frequency of ventilation and its duration 
were comparable between the subgroups. Only 
1 infant in the CRDS subgroup was intubated in the 
delivery room. Surfactant was administered in 25% 
of patients in both subgroups. Analysis of the meth-
ods and frequency of surfactant administration 
showed no statistically significant differences. The 
frequency of NICU admission was higher in the 
SRDS subgroup, with the same median NICU length 
of stay of 1 day. All patients in both subgroups 
were treated in the NICU with a comparable length 
of stay, while the total length of stay in the perinatal 
center was 19 (14.5; 25) days in the CRDS subgroup 
and 20 (16; 25) days in the SRDS subgroup, with no 
statistically significant difference. Eighty-two (97.6%) 
infants in the CRDS subgroup and all 39 (100%) 
infants in the SRDS subgroup were enrolled during 
week 340/7–346/7 of GA. 

Subgroup analysis of patients with CI. No sta-
tistically significant subgroup differences were found 
in the incidence of congenital pneumonia, early 

neonatal sepsis, and infections specific to the peri-
natal period (Table 7). 

The frequency of CI was comparable in the sub-
groups, including mild, moderate, and severe. Twen-
ty-five percent of patients in both subgroups had 
IVH, including grade 1–2 IVH. Only one case of grade 
3–4 IVH was observed in the CCI subgroup (Table 8). 

CPAP duration was significantly shorter in the 
CCI subgroup; the frequency of BinCPAP use in the 
NICU and its duration did not differ. Surfactant 
was administered to a similar number of patients 
in both subgroups. The percentage of patients re-
ceiving mechanical ventilation did not differ, but 
the duration of mechanical ventilation was signifi-
cantly longer in the CCI subgroup (Table 9). The fre-
quency of admission to the NICU did not differ be-
tween the subgroups, but the duration of treatment 
for children in the NICU was longer in the CCI sub-
group. A similar number of patients were admitted 
to the NPU in both subgroups, though the hospital 
stay was longer in the CCI subgroup, without a sta-
tistically significant difference. 

Two deaths were documented in the CCI sub-
group (P=0.241). The hospital stay was significantly 
longer in this subgroup. 

Adverse events. Pneumothorax during the first 
24 hours occurred in one patient in the control 
group and in two patients in the study group 
(P=0.339); all 3 patients were diagnosed with infec-
tion. No damage to the nasal passages was observed 
in the studied groups. 

Table 7. Diagnoses in patients of CI subgroups, Me (LQ; UQ), N (%)  
Parameter                                                                                                                                        Values in groups                                                 P-value 
                                                                                                                                              СCI, N=54                              SCI, N=37 
Congenital pneumonia                                                                                       23 (42.5)                              17 (45.9)                                 0.752 
Early neonatal sepsis                                                                                           17 (31.4)                               9 (24.3)                                  0.458 
Infection specific for the perinatal period                                                    14 (25.9)                              11 (29.7)                                0.690 

Table 8. Comparison of incidence of brain injury, respiratory therapy parameters, and hospitalization character-
istics of patients in the CI subgroup, Ме (LQ; UQ), number (%). 
Parameter                                                                                                                                        Values in groups                                                 P-value 
                                                                                                                                              СCI, N=54                              SCI, N=37 
BI (N), of them:                                                                                                       34 (62.9)                              26 (70.2)                                 0.471 

BI, mild and moderate severity (N)                                                         30 (88.2)                              26 (100)                                 0.198  
BI, severe (N)                                                                                                     4 (11.8)                                   0 (0)                                           

IVH (N), of them:                                                                                                    14 (25.9)                               9 (24.3)                                  0.863 
IVH, grade 1–2 (N)                                                                                          13 (92.8)                                9 (100)                                   0.820 
IVH, grade 3–4 (N)                                                                                            1 (7.2)                                    0 (0)                                           

Duration of CPAP in the delivery room, min                                             15 (10; 15)                          40 (20; 40)                             �0.001* 
Administration of surfactant, N                                                                        19 (35.1)                              11 (29.7)                                 0.587 
BinCPAP in NICU, N                                                                                             52 (96.2)                              34 (91.8)                                 0.366 
Duration of BinCPAP, days                                                                                   2 (1; 3)                                  1 (1; 2)                                   0.064 
Lung ventilation in NICU, N                                                                              37 (68.5)                              20 (54.0)                                 0.162 
Duration of lung ventilation, days                                                                     3 (2; 5)                                  2 (1; 3)                                  0.032* 
Admitted to NICU, N                                                                                            53 (98.1)                              34 (91.8)                                 0.153 
Duration of NICU stay, days                                                                                5 (3; 7)                                  3 (2; 6)                                  0.024* 
Admitted to NPU, N                                                                                              49 (90.7)                              36 (97.2)                                 0.216 
Duration of NPU stay, days                                                                              14 (10; 18)                          11 (9; 14.5)                               0.075 
Death, N                                                                                                                       2 (3.7)                                        0                                        0.241 
Total length of hospital stay, days                                                                 19,5 (16; 23)                         16 (13; 19)                              0.037* 
Note. * — significant difference between subgroups. 
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Discussion 

BI was diagnosed less frequently in the study 
group than in the control group, 53.2% vs. 64.1% 
(P=0.022). However, a significant difference in BI 
was found only in patients with TTN, 38.2% vs. 
61.0% (P=0.002). After the implementation of a 
standardized protocol for CPAP therapy in the 
routine work of the perinatal center, the frequency 
of CPAP use in the delivery room significantly de-
creased in this cohort of children (P=0.018). In the 
group of premature neonates who received CPAP 
therapy according to the protocol, positive results 
were observed regarding the severity and duration 
of the diseases that caused ARF, namely a decrease 
in the frequency of BI and the total length of hospital 
stay from 16 to 14 days (P=0.049). 

Treatment of patients with TTN according to 
the CPAP therapy protocol had a significant effect 
on their clinical status: the duration of mechanical 
ventilation was reduced by an average of 1 day 
(P=0.013), the frequency of BI was reduced from 
64.1% to 53.2% (P=0.022), the length of stay in the 
NPU decreased from 12 to 11 days (P=0.001), and 
the total length of hospital stay was reduced from 
16 to 14 days (P=0.001). 

In the group of patients with RDS, the CPAP 
protocol was not effective but was associated with 
an increase in the frequency of NICU admission 
from 82.1% to 100% of patients (P=0.005). 

In patients with CI, the use of the protocol re-
sulted in a decrease in severity and duration of 
illness: a decrease in duration of mechanical venti-
lation from 3 to 2 days (P=0.032), a decrease in du-
ration of NICU stay from 5 to 3 days (P=0.024), and 
a decrease in total hospital stay from 19.5 to 16 
days (P=0.037). 

Analysis of diagnoses and GA showed that at 
340/7–346/7 weeks, 121 (98.3%) out of 123 infants 
with RDS were enrolled in the control and study 
groups, and only 1 (0.5%) infant with TTN out of 
189 patients in the control and study groups. In 
contrast, patients with CI were observed at all ges-
tational ages, but their numbers were significantly 
lower compared to those with TTN and RDS. A 
large national multicenter study showed that 
80–100% of neonates admitted to the NICU at 
340/7–366/7 weeks' gestation required respiratory 
support, and the most common cause of ARF in 
this study was RDS  [21]. The median GA in this 
study was 34.0 (34.0; 35.0) weeks, which correlates 
with our findings. 

Due to the proven efficacy of the CPAP protocol 
in patients with TTN and the lack of a positive 
effect in patients with RDS, we decided to change 
the protocol indications for CPAP therapy, specifically 
by increasing the minimum GA to 350/7 weeks. 

Comparison of the control and study groups 
showed that the main causes of ARF in the delivery 

room in late preterm neonates with GA of 
350/7–366/7 weeks (N=247) were: 

— TTN (N=188; 76.1%); 
— CI (N=57; 23.1%); 
— RDS (N=2; 0.8%). 
According to previous studies, the incidence 

of TTN increases with decreasing GA at birth: 
0.2–0.6% in preterm neonates [22, 23], 5% in neonates 
at GA 35–36 weeks, and up to 10% in neonates at 
33–34 weeks gestation  [24–26]. Intrauterine fetal 
infection is the most established factor for premature 
rupture of membranes and preterm birth [27, 28], 
and stillbirths due to congenital infection can be as 
high as 10–25%, even in countries with high so-
cioeconomic levels  [29–31]. The concept of early 
neonatal infection is typically defined by the onset 
of symptoms in the first 72 hours after birth [32]. In 
the delivery room, when the primary respiratory dis-
order develops, the differential diagnosis of TTN and 
CI is challenging. The clinical presentation of ARF in 
newborns is not specific, and both conditions do not 
have characteristic symptoms. Laboratory diagnosis 
of CI in the delivery room is limited due to the absence 
of changes in complete blood count and inflammatory 
markers (C-reactive protein and procalcitonin) in 
most cases in the first hours after birth, and radiologic 
examination is cumbersome [6, 7, 32]. The need for 
immediate care of the infant prompted us to conduct 
several studies to develop and evaluate the efficacy 
of a standardized respiratory therapy protocol, re-
gardless of the primary condition, based solely on 
the assessment of ARF. Taking into account the above 
data, the developed protocol for CPAP therapy can 
be considered as a universal method for the treatment 
of ARF in the delivery room for preterm and premature 
infants from 35 weeks of gestation, provided the pro-
tocol criteria are met. 

Brain ischemia resulting from respiratory dis-
orders and hypoxemia has been described as a con-
sequence of RDS and infection [33], but no studies 
have been found to suggest an association between 
brain damage and TTN in late preterm infants. 

Our previous studies on TTN in preterm infants 
have shown an association of this condition with 
functional and biochemical changes in the brain, 
characterized by a low level of cerebral oxygenation 
after birth and its gradual increase [34], as well as 
lower levels of nerve growth factor beta (NGF-β) 
6–12 hours after birth compared to healthy preterm 
infants [35]. Furthermore, the use of a standardized 
protocol of CPAP therapy in the delivery room in 
preterm infants with TTN reduced the incidence of 
BI (from 85.5% to 29.1%, P=0.001), the incidence of 
infant admission to the NICU (from 70.3% to 18.2%, 
P=0.001), and the total length of hospital stay (from 
10 (7; 12) to 3 (2; 7) days, P=0.001)  [16]. On the 
other hand, the use of the same CPAP protocol in 
preterm infants with infections did not affect the 
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incidence of the above outcomes but also did not 
worsen their condition [19]. 

Considering that TTN is the most common 
cause of ARF in the delivery room in neonates born 
over 350/7 weeks of gestation, and that TTN and CI 
together account for 95–99% of ARF cases, the ap-
plication of the CPAP protocol in late preterm 
neonates at GA over 350/7 weeks with ARF of any 
etiology is justified from both a scientific and 
practical perspective as a standardized method that 
significantly reduces the severity of the disease and 
the duration of treatment. 

Study limitations: 
1. Single-center, retrospective nature of the 

study. 

2. Significant differences in baseline charac-
teristics of the control and study groups regarding 
sex and birth weight, which may have a confounding 
effect. 

Conclusion 
The developed standardized protocol of CPAP 

therapy in the delivery room has demonstrated 
high efficacy and safety and can be recommended 
as a basic method of therapy for late preterm 
neonates. The maximum efficacy of the protocol 
was achieved in patients with TTN, which is the 
predominant cause of ARF in this cohort.
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