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Background. Accumulating data suggest the potential for lung ultrasound (LUS) to diagnose pathology in preterm babies, but there are
no published data from South Africa (SA).

Objectives. To describe LUS diagnoses, respiratory pathology and outcomes in preterm babies receiving non-invasive respiratory support
in a tertiary SA neonatal unit, and to compare LUS with clinical diagnoses and surfactant administration.

Methods. We conducted a prospective, observational study of babies at 27 - 34 weeks™ gestation, with birthweight >800 g, receiving
non-invasive respiratory support and who had LUS at age <3 hours. Surfactant was administered at a fraction of inspired oxygen (FiO,)
of 0.35 - 0.45 and was not influenced by LUS findings.

Results. Fifty-one neonates were included, of whom 16% received surfactant, all with respiratory distress syndrome (RDS) as their only
clinical diagnosis, compared with multiple diagnoses in the non-surfactant group, including RDS (93%), transient tachypnoea of the
newborn (TTN) (16%) and pneumonia (14%). Lung ultrasound indicated less RDS in the non-surfactant group than the surfactant group
(42% v. 88%; p=0.02), and more TTN (61% v. 13%; p=0.01). The LUS score (LUSS) predicted surfactant administration (area under the
curve 0.8 (95% confidence interval 0.67 - 0.94)). A LUSS of 7 had the best combined sensitivity (75%) and specificity (72%) but a low
positive-predictive value (33%). A LUSS of 8 identified 8 (19%; n=8/43) additional babies for surfactant who did not need treatment.
Conclusion. LUS suggested more diagnoses than clinical assessment, particularly TTN, but did not accurately predict surfactant
administration at an FiO, 0£0.35 - 0.45.
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Respiratory distress syndrome (RDS) is a major cause of death
among preterm neonates, with a mortality rate in low-income
countries ~10-fold higher than in high-income countries.!"?
Meta-analyses from over 10 years ago show reduced neonatal
mortality, and chronic lung disease when surfactant is administered
early to intubated neonates.” More recently, optimal management to
reduce bronchopulmonary dysplasia (BPD) and death includes early
surfactant administration to neonates receiving nasal continuous
positive airway pressure (nCPAP).l!

The severity of RDS may be indicated by inspired oxygen (FiO,)
requirements. While X-rays convey useful information, they are not
routinely performed owing to associated delays, radiation exposure
and resource implications.”) Lung ultrasound (LUS) is a quick and
radiation-free bedside tool with the potential to diagnose RDS,
transient tachypnoea of the newborn (TTN), meconium aspiration
syndrome, pneumothorax and pneumonia.””’ Mounting evidence
suggests a role for LUS to predict surfactant requirement.” Brat
et al® described a LUS score (LUSS) which correlated well with
oxygenation status and predicted surfactant treatment; a LUSS >4 was
associated with increased surfactant treatment of neonates with a
gestational age (GA) <34 weeks, from 25% to 75%. A prospective
cohort study showed LUS scores >6 and >8 had sensitivities and
specificities of 90% and 80% v. 82% and 92%, respectively, for predicting
surfactant treatment.”? A more recent randomised controlled trial
(RCT) comparing a LUSS >8 within the first 3 hours of life with FiO,

threshold of 0.3 - 0.4 as indications for surfactant, showed that the
LUSS indicator was associated with earlier treatment at lower FiO,.”

At the time of writing the present manuscript, there were no
published data or guidelines on the use of neonatal LUS in South
Africa (SA) - LUS was used at the discretion of the senior clinician
in Groote Schuur Hospital (GSH) neonatal intensive care unit
(NICU) and high care unit (HCU), often in the first 3 hours, similar
to other centres.'™'! The primary objective of the present study
was to evaluate the use of LUS in diagnosing respiratory pathology
among surfactant-naive preterm neonates treated with nCPAP, or
high-flow humidified nasal canula (HFHNC) in a public, tertiary
neonatal unit in SA. The secondary objective was to explore the
association between LUS findings and surfactant administration in
this population.

Methods
Study design and population
We carried out an exploratory, prospective, observational cohort
study of preterm neonates admitted to the GSH NICU and HCU
during a 4-month convenience period based on feasibility of data
collection, anticipating recruitment of ~50 neonates. The GSH
neonatal unit has ~2 000 admissions per annum and is the major
tertiary referral centre for the Metro West Area of Cape Town.

The study conformed to the principles of the 2013 Declaration
of Helsinki and was approved by the University of Cape Town
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Health Sciences Faculty of Health Sciences Human Research Ethics
Committee (ref. no. 335/2022) and GSH management.

The inclusion criteria identified preterm neonates with suspected
RDS, who were eligible for intubation and surfactant administration
by provincial guidelines: inborn neonates; 27 - 34 weeks GA at
birth; birthweight >800 g; respiratory support at recruitment with
nCPAP or HFHNC; and LUS at age <3 hours. Neonates with the
following exclusion criteria were not recruited: received surfactant
or intubated before LUS; or congenital/chromosomal abnormalities.

Standard care and gestational age assessment
Clinical management was according to GSH protocols, irrespective
of recruitment. Gestational age was assigned based on early obstetric
ultrasound scan (EUS) if performed <20 weeks GA. In the absence
of EUS, the Ballard score was used if birthweight was =1 000
g and foot length measured with Vernier callipers was used
when birthweight was <1 000 g.'*! Infants with infection risk
factors were managed according to the 2021 National Institute for
Health and Care Excellence (NICE) guidelines.!"! If antibiotics were
commenced, they were stopped after 36 - 48 hours if blood cultures
were negative and C-reactive protein (CRP) levels were <10 mg/L.
Respiratory management was based on the 2019 European
guidelines. Surfactant was not administered in the delivery room.
Neonates with respiratory distress after birth and who did not require
intubation were commenced on mask CPAP and transferred to nCPAP
at 5 - 7 cm water. Oxygen saturation was monitored continuously and
FiO, adjusted to maintain pre-ductal saturation at 90 - 95%. If the FiO,
was persistently >0.35 - 0.45, Beractant was administered (100 mg/kg)
via the less invasive surfactant administration (LISA) or intubation-
surfactant-extubation (INSURE) methods.™ A chest X-ray was not
routinely performed prior to surfactant administration via LISA
or INSURE. Repeat dosing was considered if FiO, remained above
0.45 after 6 to 12 hours. Indications for intubation and mechanical
ventilation were apnoea or respiratory acidosis with a pH <7.25 and/
or FiO, >0.6 after surfactant.

Recruitment and informed consent

Participants were identified by daily review by a clinician (FM-
]), of admissions, during normal attending hours from August to
November 2022. After obtaining informed consent, the following
data were entered into a case record form (CRF): maternal and infant
demographic data; maternal medical and obstetric history; labour
and delivery data; respiratory pathologies and major morbidities;
treatment; LUS findings; and outcomes.

Lung ultrasound procedures

For the duration of the study, LUS was performed by a single
clinician (FM-J), who had received training at an international
congress on LUS in neonates and children in France. The LUS was
performed using a Vivid-IQ (GE Healthcare, USA) with a wideband
linear array probe (4 - 15 MHz) over anterior, lateral and posterior
axillary areas per hemi-thorax.® De-identified images were exported
to an external hard drive for later blinded assessment by ARH - only
the blinded interpretation was used for analysis.

Ultrasonographic findings were described based on standard
definitions: lung sliding, movement between lung and pleura;
A-lines, artefacts resulting from pleural reflections; B-lines, artefacts
from reflections of lung fluid; and pleural lines, echogenic lines
formed by the chest wall and aerated lung interface. A LUSS was
derived by allocating a score of 0 to 3 to each lung area: A-pattern
(A-lines only), score = 0; B-pattern ( >3 well-spaced B-lines),
score = 1; severe B-pattern (crowded and coalescent B-lines with or

without consolidation confined to the subpleural space), score = 2;
and extended consolidations, score = 3. A total score was calculated
by adding the individual scores from each lung zone to a maximum
score of 0 to 18.%'*) The LUS findings were not used to influence the
decision to administer surfactant.

The LUS was also assessed for features of TTN, pneumonia
and pneumothorax, where each feature was assigned a point.
Features of TTN included: a double lung point (two patterns in
one view, including normal A-pattern/B-pattern or B/severe B
pattern); a gradient of echogenicity between inferior and superior
areas with lower echogenicity in superior areas, including areas with
non-compact B-lines but no area with extended consolidation; or a
LUSS of 1 to 6 with normal lung/non-compact B-lines./*!®'”) Features
of pneumonia included one or more of: absent lung sliding with
B-lines in the same view; absent lung sliding with absent B-lines but
lung pulse present and no lung point in same view; LUSS <6 with
pleural line abnormalities (disappearance/irregularity/coarse) or any
lung consolidation/air bronchograms; large (>1 cm) areas of lung
consolidation with irregular margins without a B/severe B pattern.!'*!
Features of pneumothorax included the presence of a lung point -
the transition between an area of lung sliding and absence of lung
sliding and absent B-lines, or absent lung pulse without B-lines or
lung pulse.®"! A LUS respiratory diagnosis was assigned and these
data were entered into a separate LUS report form.

Data management

The data from the CRF and the LUS report form were de-identified
and entered into a UCT hosted REDCap data base. A power
calculation was not performed as our study was exploratory and
descriptive. Stata Version 15 (Stata Corp., USA) was used for
statistical analysis. Data were grouped according to surfactant
treatment. The chi-square or Fisher’s exact tests were used for
categorical comparisons. Students t-test or Wilcoxon-Mann-
Whitney rank-sum tests were used for comparison of parametric
and non-parametric continuous variables, respectively.

Receiver operating characteristic (ROC) analysis was used to
evaluate the ability of the LUSS to predict surfactant administration;
area under the curve (AUC) and cut-off values showing sensitivity,
specificity, predictive values, and likelihood ratios (LR) were
reported. A logistic regression model was used to predict the
probability of surfactant administration. Statistical significance was
denoted by a p-value <0.05.

Results

A total of 51 neonates were included and 8 (16%) received surfactant, all
during nCPAP (Fig. 1). The baseline characteristics, grouped according
to surfactant administration are shown in Table 1. Most of the mothers
received antenatal care and antenatal steroids, and were delivered by
caesarean section. Risk factors for infection were infrequent and no
mother received intrapartum antibiotics. The birthweights and GA
were lower in the surfactant group (median weight 1 178 gv. 1 612 g
(p=0.02) and median GA 29 v. 32 weeks; p=0.05).

Respiratory pathologies and lung ultrasound

The respiratory characteristics and LUS features are shown in Table 2.
There were no differences in respiratory support or age at LUS between
treatment groups. However, all neonates who received surfactant were
receiving nCPAP and none of the neonates on (HFHNC) required
surfactant. At the time of LUS, the FiO, was lower in the non-surfactant
group (FiO, <0.35 in 50% v. 84% of surfactant group; p=0.03). The FiO,
increased to 0.45 during LUS in one neonate who received surfactant
immediately after LUS.
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Potentially eligible babies (n=123)

Excluded (58%; n=72/123)
>3 hours old
- Outside recruiting hours (n=39/72)
- Scanner not available (n=25/72)
Surfactant before scan (n=3/72)
Congenital anomaly (n=3/72)
Intubated in theatre (n=1/72)
Refused consent (n=1/72)

Included (41%; n=51)
All scanned

v

HFHNC during scan (149

ncPAP during scan (86%; n=44/51)

No surfactant (84%; n=43/51) Rescue surfactant (16%; n=8)

Fig.1. Recruitment flow and management of included babies. (HFHNC = high-flow humified nasal canula; LUS = lung ultrasound; nCPAP = nasal continuous
positive airway pressure.)

Table 1. Baseline characteristics

Whole cohort No surfactant Received surfactant

Variable (N=51), n (%)* (n=43), n(%)* (n=8), n(%)* p-value
Antenatal care 47 (94) 39 (93) 8 (100) 1.00
Maternal illicit drug use/alcohol/smoking 4(8) 4(9) 0 1.00
Maternal hypertension 22 (43) 19 (44) 3 (38) 1.00
Antenatal or intrapartum MgSO, 16 (31) 13 (30) 3 (38) 0.69
Diabetes 0 0 0 -
Antenatal pyrexial illness/ infection/ antibiotics 1(2) 0 1(13) 0.16
Antenatal steroids 46 (90) 38 (88) 8 (100) 0.58
Two doses antenatal steroids, 7/N (%) 29/46 (63) 25/38 (66) 4/8 (50) 0.71
Spontaneous preterm labour 17 (33) 13 (30) 4 (50) 0.42
Caesarean delivery 47 (92) 40 (93) 7 (88) 0.51
Prelabour ROM 9 (18) 7 (16) 2 (25) 0.62
Prolonged ROM >18 h 3(6) 3(7) 0 1.00
Clinical chorioamnionitis/ intrapartum antibiotics 0 0 0 -
Abnormal intrapartum events 22 (43) 18 (42) 4 (50) 0.71
Male 27 (53) 25 (58) 2 (25) 0.13
Birthweight (g), mean (SD) 1544 (481) 1612 (484) 1178 (261) 0.02
Gestation at birth (weeks), median (IQR) (n1=50; n2=42; n3=8) 32 (29 - 34) 32 (29 - 34) 29 (28 - 31) 0.05
5-minute Apgar score, median (IQR) 9(7-9) 9(7-9) 9 (8.5-9.0) 0.57
Cord/infant blood gas done within the first hour of birth, n (%) 16 (31) 14 (33) 2 (25) 1.00
Temperature at 1 hour, mean (SD) (n1=50; n2=42; n3=8) 36.18 (0.44) 36.16 (0.47) 36.25 (0.30) 0.61

MgSO, = magnesium sulphate; IQR = interquartile range; ROM = rupture of membranes; SD = standard deviation.
*Unless otherwise specified.

There were no differences in diagnoses between treatment groups  less TTN, particularly in those with a TTN score 22 (13% v. 61%;
without LUS; however, TTN and pneumonia were not diagnosed at ~ p=0.02). The neonates who received surfactant had higher LUS
all in the surfactant group, compared with 16% and 14%, respectively,  scores (7.5 (1.6) v. 5.0 (2.4); p=0.01) and lower TTN scores (0.75
in the non-surfactant group. In contrast, LUS indicated features of  (1.16) v. 1.74 (1.16); p=0.03).

multiple overlapping diagnoses; more RDS in the surfactant group Comparison of clinical diagnoses compared with LUS in the
compared with the non-surfactant group (88% v. 42%; p=0.02) and  whole cohort, showed more RDS (94% v. 49% with LUS; p<0.001),
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Table 2. Respiratory characteristics, clinical diagnoses, and lung ultrasound assessments

Whole cohort No surfactant  Received surfactant
Variable (N=51), n (%)* (n=43),n(%)* (n=8),n (%)* p-value
Age at lung scan (hours), median (IQR) 2.1(1.4-2.6) 2.1(1.5-2.6) 1.5 (1.1 - 2.5) 0.24
Respiratory support at scan
nCPAP 44 (86) 36 (84) 8 (100) 0.22
HFHNC 7 (14) 7 (16) 0 0.22
FiO, at scan, median (IQR) 0.3 (0.2-0.3) 0.3(0.2-0.3) 0.4 (0.3-0.4) 0.01
FiO, (%) at scan
<0.35 40 (78) 36 (84) 4 (50) 0.03
0.35-0.44 10 (20) 7 (16) 3(37) 0.17
30.45 1(2) 0 1(13) 0.02
Clinical respiratory diagnosis (without LUS)
RDS 48 (94) 40 (93) 8 (100) 0.44
Pneumonia 6(12) 6 (14) 0 0.26
TTN 7 (14) 7 (16) 0 0.22
Pneumothorax 0 0 0 -
Respiratory diagnosis on LUS
RDS (LUSS >6) 25 (49) 18 (42) 7 (88) 0.02
TTN (TTN score >1) 37 (73) 34 (79) 3(38) 0.03
TTN (TTN score >2) 27 (53) 26 (61) 1(13) 0.02
Pneumonia (pneumonia score > 1) 36 (71) 32 (74) 4 (50) 0.16
Pneumonia (pneumonia score > 2) 4(8) 4(9) 0 1.00
RDS and any features of TTN 11 (22) 9 (21) 2 (25) 0.80
RDS and any features of pneumonia 11 (22) 8 (19) 3 (38) 0.23
Any features of TTN and pneumonia 30 (59) 28 (65) 2 (25) 0.03
RDS and any features of pneumonia and TTN 5(10) 4(9) 1(13) 0.78
Pneumothorax 0 0 0 -
LUS score, median (IQR) 5.0 (4.0 - 7.0) 5.0 (3.0 - 7.0) 7.5 (6.5 - 8.5) 0.01
TTN score, median (range) 2(0-3) 2(0-3) 0.5 (0 - 3) 0.04
Pneumonia score, median (range) 1.0 (0 - 4.0) 1.0 (0 - 4.0) 0.5 (0-1.0) 0.23

IQR = interquartile range; nCPAP = nasal continuous positive airway pressure; IQR = interquartile range;
HFHNC = high-flow humidified nasal canula; LUS = lung ultrasound; RDS = respiratory distress syndrome;

TTN = transient tachypnoea of the newborn; LUSS = lung ultrasound score.
*Unless otherwise specified.

less TTN with score =1 (14% v.73%; p<0.001) or = 2 (14% v.53%;
p<0.001), and less pneumonia with a score 21 (12% v. 71%; p<0.001),
but no difference with a score >2.

Lung ultrasound score prediction model

The receiver operating characteristic (ROC) curve for the LUSS
to predict surfactant administration, is shown in Fig. 2. The area
under the curve (AUC) was 0.8 (95% confidence interval (CI)
0.67 - 0.94) with adequate fit and acceptable discrimination (Hosmer
and Lemeshow p=0.92). Logistic regression analysis showed that
LUSS was a significant predictor of surfactant administration with
increasing odds ratio (OR) of 1.68 (CI 1.10 - 2.57), for every 1-unit
increase in LUSS (p=0.02).

The predictive values of LUS scores are shown in Table 3. A LUSS
26 had a high negative-predictive value (NPV) (96%), but only 14%
probability of surfactant administration. The LUSS giving the most
correct classification (73%) with the highest sensitivity (75%) was
LUSS 27, which coincided with the probability cut-off of 21% at the
intersection of positive predictive value (PPV) and NPV (Fig. 3).
However, at this value the PPV (33%) and specificity (72%) were low.
A LUSS 210 had high specificity (98%), correct classification (84%)
and a positive LR (5.4), but its sensitivity (13%) was very low.

Morbidity and mortality
The mean maximum FiO, and the duration of respiratory support
during the first week were higher (0.57 (0.2) v. 0.29 (0.06); p=0.01)

and longer (median (IQR) days 8 (4.5 - 13) v. 3 (2 - 6); p=0.01) in
the surfactant group. The surfactant group had higher maximum
CRP levels (median mg/L (IQR): 10 (1 - 39) v. 1 (1 - 2); p=0.02),
more necrotising enterocolitis (NEC) (25% v. 0; p=0.01); and more
blood transfusions (38% v. 2%; p=0.01). No neonates were treated
with inotropes, had early infection, or had severe periventricular
intracranial haemorrhage or periventricular leukomalacia.
One neonate developed BPD. One death was recorded in the
non-surfactant group and was due to septicaemia.

Discussion

The present study of early LUS in surfactant-naive neonates at
27 - 34 weeks GA, during non-invasive ventilation, found that a
wider range of diagnoses were suggested by LUS compared with
clinical assessment. A LUSS of 7 predicted surfactant administration,
but with a low PPV and only 16% required surfactant.

A LUSS of 8 was proposed by De Martino et al;” their score
of 8 had higher predictive values (82% sensitivity, 92% specificity
and 92% PPV) than our score of 7; however, their cohort only
included neonates <30 weeks GA, and their threshold FiO, for
surfactant administration was lower at >0.3 or >0.4 for neonates
<28 and >28 weeks’ GA, respectively. A RCT including neonates
<32 weeks' GA, comparing a LUSS of 8 with the same FiO,
thresholds for surfactant administration used by De Martino
et al., ") showed that the LUSS of 8 was associated with earlier
treatment than FiO, thresholds (1 hour v. 6 hours; p<0.001), at
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Fig. 2. Receiver operating characteristics curve for LUS score to predict surfactant administration. (LUS = lung ultrasound scan; ROC = receiver operating
characteristics.)

Table 3. Predictive values of LUSS on ROC curve to predict surfactant

Probability
LUSS of surfactant Correctly
Cut-off  administration*  Sensitivity (%) Specificity (%) PPV (%) NPV (%) classified’ (%) LR+ LR-
>0 >0.0069 100 0 15.69 0 15.69 1.0000
>1 >0.0111 100 2.33 16.00 100 17.65 1.0238 0.0000
>2 >0.0192 100 6.98 16.67 100 21.57 1.0750 0.0000
>3 >0.0322 100 13.95 17.78 100 27.45 1.1622 0.0000
>4 >0.0528 100 27.91 20.51 100 39.22 1.3871 0.0000
>5 >0.0857 100 41.86 24.24 100 50.98 1.7200 0.0000
>6 >0.1361 87.50 60.47 29.17 96.30 64.71 2.2132 0.2067
>7 >0.2091 75.00 72.09 33.33 93.94 72.55 2.6875 0.3468
>8 >0.3083 50.00 81.40 33.33 89.74 76.47 2.6875 0.6143
>9 >0.4279 25.00 95.35 50.00 87.23 84.31 5.3750 0.7866
>10 >0.5572 12.50 97.67 50.00 85.71 84.31 5.3750 0.8958
>11 >0.6787 0 97.67 0 84.00 82.35 0.0000 1.0238
>11 >0.6788 0 100 0 84.31 84.31 1.0000

LUSS = lung ultrasound score; ROC = receiver operating characteristics; LR = likelihood ratio; NPV = negative predictive value; PPV = positive predictive value.
*Estimated using the logistic regression model that was fitted.
"Overall proportion of positives and negatives that were correctly classified.

lower FiO, (0.25 v. 0.3; p=0.016) and increased SpO,/FiO, ratio 8 (19%) additional neonates, none of whom ultimately required or
after treatment.”! Both these studies had lower GA inclusion  received surfactant.

limits and lower FiO, administration thresholds than our study, Our findings differ from a recent observational study in India.?
and both were conducted in high-income countries. In contrast  Singh et al.” enrolled 100 neonates <34 weeks GA, similar to our
to their findings, the LUSS of 8 in our study had lower sensitivity ~ study, but with lower FiO, at the time of surfactant administration,
(50%) and PPV (33%); although the specificity was high (81%),  of 0.3 - more neonates received surfactant (40% v. 16%), and the
the use of this score would have indicated surfactant treatment in  age at LUS was earlier than our study (mean 1.37 hours in their
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Fig. 3. Intersection of PPV and NPV of LUS score to predict surfactant administration. (LUS = lung ultrasound scan; NPV = negative predictive value; PPV = positive

predictive value.)

study v. median 2.1 hours in our study). The LUSS of 7 was the best
predictor of surfactant administration in their study, but with higher
predictive values (sensitivity 92.5%, specificity 96.7%, and PPV
94.9%) than in our study.

The benefit of LUS in identifying alternative diagnoses to RDS
and the high concordance with X-ray and interobserver agreement
is well described."®"! Our study demonstrated that LUS more
frequently indicated diagnoses other than RDS compared with clinical
assessment alone, particularly in the non-surfactant group. Individual
LUS diagnostic features for both TTN and neonatal pneumonia are
established, but predictive values of individual and collective features
vary between studies, and overlap between the LUS features.”?!! While
several studies show high diagnostic sensitivity and specificity of
LUS features of TTN, these studies frequently included term and/
or near-term neonates, late presentations, ventilated neonates and/
or asymptomatic controls.?? In order to address the overlap of
features, we developed TTN and pneumonia scores. The TTN score
of 22, in 61% of neonates in the non-surfactant group compared
with 13% of the surfactant group (p=0.02), was in keeping with their
benign clinical course (median 3 days respiratory support, with no
intubation). The high frequency of LUS pneumonia score >1 (74%),
compared with clinical diagnosis of pneumonia in 14%, and the low
frequency of sepsis indicators (<16% pre-labour/prolonged ruptured
membranes, no chorioamnionitis, no intrapartum antibiotics, and
median highest CRP 1 mg/L), in the non-surfactant group, suggests
the LUS pneumonia score >2 may be a more appropriate indicator
of pneumonia, than a score >1. Liu ef al.?¥ reported that a large
area of lung consolidation with irregular margins on LUS, had 100%
sensitivity and specificity for neonatal pneumonia. However, their
study was based on a non-consecutive convenience sample of neonates
with suspected pneumonia, compared with a control group admitted

for non-pulmonary reasons. Our sample was not designed to establish
diagnostic criteria for pneumonia, as it contained a group at low risk;
however, the high frequency of LUS features of pneumonia in our
setting where pulmonary infection was unlikely, indicates the need for
caution when interpreting LUS findings.

The increased morbidity in the surfactant-treated group in our
study may be related to lower birthweights and lower GA. Early
surfactant administration is associated with decreased morbidity
in intubated neonates;® however, surfactant administration may
contribute to morbidity if it is not indicated. The benign course of the
untreated neonates suggests that surfactant was not indicated. The
low incidence of sepsis (2%) and NEC (4%), and the low mortality
rate (1.9%) in our cohort relative to the higher rates reported in both
high- and low-income countries, suggests that our management
protocols are reasonable." If a LUSS of 7 was used instead of an
FiO, of 0.35 - 0.45, 25% of the neonates who received surfactant
would not have been treated, which may have led to later invasive
intervention, while 28% of those who did not receive surfactant,
would have been treated, with potentially increased morbidity.

Study limitations and strengths

Firstly, despite the small sample size employed in the present study,
ROC analysis can still yield valuable insights, in exploratory or
pilot studies (with small samples).? It is worth mentioning most
descriptive elements in this study were based on proportions, which
are less affected by sample size than continuous variables. Secondly,
14% of neonates were receiving HFHNC, and LUS may appear
different with HFHNC compared with nCPAP. Third, inclusion of
neonates >32 weeks GA led to low surfactant requirements. Despite
these limitations, this is the first study to contribute neonatal LUS
data from an SA centre. Uniformity was promoted by single-centre
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data-collection by one clinician performing LUS scans, and bias was
limited with LUS interpretation by a blinded clinician. Additionally,
while sample size constraints limit generalisability, it does not
invalidate the trends observed.

Conclusion

Early LUS of surfactant-naive preterm neonates, receiving HFHNC
or nCPAP, identified a wider range of diagnoses than clinical
assessment alone, but the predictive values of LUS scores for
surfactant administration at FiO, thresholds 0.35 - 0.45, were
low. The high frequency of TTN features in the non-surfactant
group, and the associated benign clinical course, highlights TTN
as an alternative diagnosis. Our findings do not preclude potential
predictive value of LUSS for surfactant administration, at lower GA
or lower FiO, thresholds. The present exploratory study provides
foundational data in an SA neonatal population, but larger, gestation-
stratified studies in similar settings are needed to robustly determine
the validity of our findings.
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