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Backgroud. Modern clinical guidelines recommend surfactant administration when the oxygen requirement (FiO₂) exceeds 0.3 during non-invasive respiratory support via CPAP (continuous positive airway pressure). However, this criterion is non-specific and does not reflect the true extent of lung parenchymal involvement. Lung ultrasound (LUS) enables quantitative assessment of aeration decrease at the bedside without radiation exposure and prior to the development of oxygen dependency. Objective. Aim of the study is to evaluate the predictive characteristics of ultrasound-assessed lung parenchymal aeration in determining the need for surfactant administration in preterm newborns with respiratory distress syndrome (RDS) on non-invasive respiratory support. Methods. This prospective study included preterm newborns with gestational age (GA) of 260–346 weeks with RDS who received nCPAP (nasal CPAP) from birth with FiO₂≤0.3. Lung parenchymal aeration was evaluated via ultrasound within the first 2 hours of life. Each scanned zone (anterior, lateral, and posterior on both sides) was assigned points from 0 to 3, where 0 — A-pattern (horizontal artifacts, normal aeration); 1 — B-pattern (fewer than 3 clearly defined B-lines); 2 — severe alveolar-interstitial syndrome (multiple confluent B-lines, possible subpleural consolidations); 3 — extensive lung parenchymal consolidation. Zone scores were summed up. Possible range of total score was 0 to 18. The predicted outcome was surfactant administration within the first 3 hours of life. Results. This study included 175 preterm infants, 95 (54%) of them received surfactant. The median total lung ultrasound score in the surfactant-treated group was 10 (8; 12) compared to 4 (2; 6) in the group without surfactant (p<0.001). Differences between these groups in total score were observed across all lung scanning zones (p<0.001). The area under ROC curve (AUC) for the total score was 0.911 (95% CI 0.865–0.951). Sensitivity was 82.1%, specificity was 96.2%, positive predictive value was 96.3%, and negative predictive value was 81.9% at cutoff of ≥8 points. Conclusion. Ultrasound assessment of lung parenchymal aeration within the first 2 hours of life is an accurate independent predictor of the need for primary surfactant administration in preterm newborns with RDS on CPAP.
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Fig. 1. Lung ultrasound scanning technique
Note. MCL (СКЛ) — midclavicular line; AAL (ППЛ) — anterior axillary line; PAL (ЗПЛ) — posterior axillary line.
Source: Starkov V.Yu., 2026.

Fig. 2. Lung ultrasound (longitudinal scanning along the posterior axillary line) in preterm newborn (28 weeks of gestation)
Note. Severe alveolar-interstitial syndrome is visualized (black arrow).
Source: Starkov V.Yu., 2026.

Table 1. Characteristics of preterm newborns with/without surfactant administration within the first 3 hours of life
	Indicators
	Group 1 (n=95)
	Group 2 (n=80)
	р

	Gestational age, weeks
	31 (30; 33)
	33 (32; 34)
	< 0,001

	Gender (male), abs. (%)
	55 (58)
	50 (63)
	0,536

	Birth weight, g
	1650 (1265; 2015)
	1885 (1640; 2036)
	< 0,001

	APGAR score at 1 min, points
	6 (6; 7)
	6 (6; 7)
	0,560

	APGAR score at 5 min, points
	8 (7; 8)
	8 (7; 8)
	0,410

	Maternal diabetes mellitus, abs. (%)
	30 (32)
	29 (36)
	0,515

	Cesarean section, abs. (%)
	72 (76)
	58 (73)
	0,620

	Long rupture to delivery interval, abs. (%)
	15 (16)
	12 (15)
	0,885

	Chorioamnionitis, abs. (%)
	2 (2)
	2 (2)
	1,000

	Antenatal corticosteroid prophylaxis for RDS (full course), abs. (%)
	43 (45)
	37 (46)
	0,896

	IVH grade 1, abs. (%)
	35 (37)
	30 (37)
	0,929

	IVH grade 2, abs. (%)
	3 (3)
	1 (1)
	0,626

	Severe cerebral ischemia, abs. (%)
	45 (47)
	13 (16)
	< 0,001

	Sepsis (ICD-10 – P36.9), abs. (%)
	6 (6)
	6 (8)
	0,993

	Silverman–Andersen score, points
	4 (4; 5)
	3 (3; 4)
	< 0,001

	FiO2*
	0,25 (0,03)
	0,25 (0,04)
	0,665


Note. Group 1 — infants who received surfactant within the first 3 hours after birth; Group 2 — without surfactant. RDS (РДС) — respiratory distress syndrome; IVH (ВЖК) — intraventricular hemorrhage. Quantitative data is presented as median (Q1; Q3), except for FiO₂ values (presented as arithmetic mean and standard deviation). <*> — at the time of lung ultrasound examination.

Table 2. Ultrasound assessment of lung tissue aeration in anatomical zones in patients who received surfactant and in control group
	Indicators
	Group 1 (n=95)
	Group 2 (n=80)
	р

	Right midclavicular line, points
0
1
2
3
	
9 (9)
59 (62)
26 (27)
1 (1)
	
45 (56)
32 (40)
2 (2)
0
	
< 0,001
(df = 3)

	Right anterior axillary line, points
0
1
2
3
	
4 (4)
40 (42)
49 (52)
2 (2)
	
27 (34)
51 (64)
2 (2)
0
	
< 0,001
(df = 3)

	Right posterior axillary line, points
0
1
2
3
	
1 (1)
20 (21)
63 (66)
11 (12)
	
14 (18)
59 (74)
7 (9)
0
	
< 0,001
(df = 3)

	Left midclavicular line, points
0
1
2
3
	
9 (9)
59 (62)
26 (27)
1 (1)
	
45 (56)
35 (44)
0
0
	
< 0,001
(df = 3)

	Left anterior axillary line, points
0
1
2
3
	
4 (4)
39 (41)
51 (54)
1 (1)
	
29 (36)
50 (62)
1 (1)
0
	
< 0,001
(df = 3)

	Left posterior axillary line, points
0
1
2
3
	
1 (1)
20 (21)
64 (67)
10 (11)
	
15 (19)
56 (70)
9 (11)
0
	
< 0,001
(df = 3)


Note. Group 1 — infants who received surfactant within the first 3 hours after birth; Group 2 — without surfactant.

Table 3. Predictors of surfactant administration in preterm newborns within the first 3 hours of life: multivariate regression model
	Predictors
	OR (95% CI)
	R2
	р

	Total lung ultrasound score, +1 point
	1,93 (1,57–2,37)
	0,617
	<0,001

	Gestational age, +1 week
	0,7 (0,57–1,01)
	0,183
	0,063

	Male
	1,22 (0,47–3,16)
	0,003
	0,686

	Absence of antenatal corticosteroid prophylaxis
	1,44 (0,45–4,66)
	0,008
	0,541

	Cesarean section
	0,69 (0,24–1,95)
	0,002
	0,479

	Maternal diabetes mellitus
	0,83 (0,32–2,20)
	0,003
	0,713

	FiO₂ during lung ultrasound, +1%
	1,04 (0,89–1,22)
	0,001
	0,605


Note. OR (ОШ) — odds ratio; CI (ДИ) — confidence interval; US (УЗИ) — ultrasound. 


RESEARCH LIMITATIONS
It should be considered as the research limitations that the study was conducted in one clinical center, that limits the results generalizability to other clinical centers, both Russian and foreign ones, due to local or regional differences in surfactant administration protocols, doctors experience, and patient characteristics. Every infant was examined only once, that did not allow us to evaluate the dynamics of lung aeration via ultrasound, as well as the predictive value of this assessment with serial scanning, and interrater variability of scan results. Furthermore, the clinicians making the decision to administer surfactant were aware of the lung ultrasound findings. The ultrasound specialists were informed of the FiO₂ levels. Altogether, it may have contributed to the high predictive accuracy of lung ultrasound for predicting surfactant administration.
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