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Resumo

Introdugdo e Objetivos

Cada vez mais evidéncias sugerem que a ecografia pulmonar (LUS) é uma ferramenta poderosa
na sindrome de dificuldade respiratdria neonatal (NRDS). O principal objetivo desta revisdo
sistematica foi compilar a literatura que reconhece o uso da LUS na NRDS.

Metodologia

Dois investigadores independentes pesquisaram as bases de dados Pubmed®, Scopus® e
Cochrane® Centre Register of Controlled Trials (CENTRAL) e selecionaram os estudos que
respondiam aos critérios de inclusdo. A estratégia de pesquisa incluiu a query (Respiratory
Distress Syndrome, Newborn[MeSH Terms]) AND ((ultrasound[MeSH Terms]) OR
("Lung/diagnostic imaging"[MeSH])) AND (Infant, Newborn[MeSH Terms]). Um terceiro
investigador teve a decisdo final na inclusdo dos artigos em caso de discordancia. Apds a
avaliacdo da qualidade dos artigos (QUADAS-2), foram avaliadas as caracteristicas psicométricas
de cada medida/instrumento.

Resultados

O valor diagndstico da LUS foi avaliado em 11 artigos, enquanto 4 avaliaram como o uso da LUS
interfere na escolha do método terapéutico e 4 avaliaram o valor progndstico. A sensibilidade e
especificidade diagndsticas tiveram valores de 71,4% a 100% e 92% a 100%, respetivamente. J&
na terapéutica, a LUS teve impacto na apreciacdo dos niveis de aeragdo para avaliar se seria
necessaria terapia com surfactante ou ventilacdo mecanica (MV) e qual o nivel ideal de Pressdo
Expiratdria Final Positiva (PEEP). Em termos progndsticos, verificou-se que a LUS pode prever o
desenvolvimento de Displasia Broncopulmonar (DBP), a necessidade de MV ou de terapia com
surfactante.

Conclusodes

A LUS é um método promissor, fidvel, barato, repetivel e ndo ionizante, que pode ser realizado
a beira do leito. As evidéncias atuais apoiam a LUS como uma ferramenta util no diagndstico,

avaliagdo terapéutica e prognodstica da NRDS.



Abstract

Introduction and Objectives

Increasing evidence suggests lung ultrasound (LUS) is a powerful tool in neonatal respiratory
distress syndrome (NRDS). This systematic review’s main aim was to compile literature that
acknowledges the use of LUS in NRDS.

Methods

Two independent researchers searched Pubmed®, Scopus® and Cochrane® Centre Register of
Controlled Trials (CENTRAL) databases and selected the studies that fit the inclusion criteria. The
research strategy included the query (Respiratory Distress Syndrome, Newborn[MeSH Terms])
AND ((ultrasound[MeSH Terms]) OR ("Lung/diagnostic imaging"[MeSH])) AND (Infant,
Newborn[MeSH Terms]). A third investigator decided on the inclusion of the articles in case of
disagreement. Later, after evaluation of the quality of the articles (QUADAS-2), the psychometric
characteristics were evaluated.

Results

The diagnostic value of LUS was evaluated in 11 of them, whilst 4 assessed how the use of LUS
interfered with choosing the therapeutic method and 4 evaluated the prognostic value. The
diagnostic sensitivity and specificity had values from 71,4% to 100% and 92% to 100%,
respectively. In the therapeutic sense, LUS had an impact in evaluating the aeration levels to
address if surfactant therapy and mechanical ventilation (MV) might be needed, and the optimal
positive end-expiratory pressure (PEEP) level. Prognostically, it was found that LUS can predict
the development of Bronchopulmonary Dysplasia (BPD), the need for MV or surfactant therapy.
Conclusion

LUS is a promising method that is reliable, inexpensive, repeatable and nonionizing, which can
be performed at the bedside. Current evidence supports LUS as a useful tool in the diagnostic,

therapeutic and prognostic management of NRDS.



List of Abbreviations

BPD: Bronchopulmonary Dysplasia

CPAP: Continuous Positive Airway Pressure
CS: Caesarean Section

CXR: Chest Radiography

DOL: Day of Life

GA: Gestational Age

LUS: Lung Ultrasound

MV: Mechanical Ventilation

NICU: Neonatal Intensive Care Unit

NRDS: Respiratory Distress Syndrome
TTN: Transient Tachypnea of the Newborn

PEEP: Positive End-Expiratory Pressure



Index

ACKNOWIEAZMENTES ... s s e e e s e e e e aaes [
RESUIMO ... s i
ADBSTIACE ...t st e e s saa e s e st e s bae e e s iii
List of ABBreviations............cccooiiiiiiiiiii e s iv
3T (=) GO OO PSP OPPPPOROTPPPPROt v
LISE OF FIUIES ...ttt e e e e s e b e e aee s e e seesebaabaeeeeeeeesennnes Vi
List OFf TAbI@S......cooiiiiie e s ae e s vii
3N 4o Te [V 4 o] o HO PP PPRROPRPPP 1
IMIEEROMS ... et e e st ae e s et aa e e e s e e e e e s aaraeeeeae 2
INFOrMAtioN SOUICES .........ooiiiiiiiii e s e 2
ElGIDIlity Criteria........vveeeeiiiiiiiieeeee e e e e eree e e e s 2
INCIUSION CRIEEIIA ... e e s ae e s s 2
EXCIUSTON Crit@IIA .....eeeieiiiieciee ettt s s e e sne e 2
SEANCH SEIAtEEY ....oeii i e e et e e e eaes 2
Data Collection PrOCESS ..........ccuiiiiiiiiieeiiiieee ettt e s e e e s baae e s s aeas 3
QUAlitY ASSESSMENT..........oiiiiiiiii e e e e e e e e e e e e arraeeas 3
RESUILS ... e e st e e e st e e e e e st e e e e bbae e e e e aeaeeenans 4
STUAY SEIBCHION.......cii it e e e ee b e e e e e s e e e earbareees 4
Characteristics of the Included Studies................cccooiiiiiiiiniiiin 4
LUS approach, classification and SCOriNgG SYStEM ............uueecvuveeeeciiveeeiciieeeecreeeescieeeseceveeeens 4
Study Purpose: diagnosis, therapeutic and Prognosis............ccccoeeeeeeeecciiieeeeeeeeeeciirieeeaeeen 4
GeStAtioNAl AGE SUDGIOUDS ......eeeee et eeecttte e e e e s e e ctaaae e e e e e e e s sastraeeeaaesesssssraeeeaaeeeennsnnes 5
DISCUSSION ....coiiiiiiiiiiiiiiieee ettt e e e e ettt et e e s e e st e et e e e e e esasabbbeaeeaeesessssssnbaaeaaessssennns 6
CONCIUSIONS ...ttt s te e s e e st e e st e e e sabe e e abeeesabeessabeessnteesseeesaneeesas 8
REFEIENCES ...ttt e e st e st e st e e s bt e e saeeesabeeesanes 9
7Y oY o 1=T o T [ PPNt 12



List of Figures

Figure 1. QUADAS - 2 Risk Of Bias EVAlUALION ....ccceiieririiiiiiiieieiiiiiieee e eessiiiiieeee e e e
Figure 2. Flow diagram. Results of the literature search and selection...........ccccvveeeeeiinnnnnns

Vi



List of Tables

Table I. Results - Lung Ultrasound use in Neonatal Respiratory Distress Syndrome..... 13

vii






Introduction

One of the most prevalent diseases in newborn, is neonatal respiratory distress
syndrome (NRDS). This disorder is mostly caused by pulmonary surfactant deficiency at birth,
which explains the high prevalence in preterm newborns.! The lack of surfactant leads to
atelectasis and alveoli collapse shortly after birth making this one of the most important causes
of morbidity in the neonatal intensive care unit (NICU). The clinical presentation of NRDS is
tachypnea, nasal flaring, expiratory grunting, chest retractions, and central cyanosis.? It is also
known that the risk increases with decreasing gestational age (GA), with a calculated incidence
of about 92% in newborns with a GA of 24-25 weeks, 88% at 26-27 weeks, 76% at 28-29 weeks
and 57% at 30-31 weeks.?

It is of extreme importance to make an early diagnosis to optimize the treatment and
prevent the progression of the disease, which is the main cause of neonatal death.*® At the
moment the leading tool to establish a diagnosis is a chest radiography (CXR) combined with the
clinical findings and blood gases results.®” However, exposing a neonate to ionizing radiation has
a significantly increased potential for negative effects.®® Those who are exposed early in life
have a higher relative risk of cancers throughout life.°

Therefore, a need to find a less harmful diagnostic test has risen and thirty years ago
lung ultrasound (LUS) was first used with the purpose of diagnosing NRDS.**2 LUS has many
advantages over CXR since it's non-ionizing, ready-to-use, and reproducible. Moreover, in recent
years, several publications have showed that it is a feasible and accurate tool for diagnosing
most newborn lung diseases such as pneumonia, transient tachypnea of the newborn (TTN) and
NRDS.1%14

LUS has also been demonstrated to have the ability to predict CPAP failure’>*® and guide
surfactant replacement.' Its efficiency in diagnosing the complications of NRDS, such as
pneumonia, atelectasis or hemorrhage,'® and how it might evolve has also been proven through
the years.?

It's becoming clearer that this could be a method for screening and diagnosing NRDS,
with less long-term effects. The way it can be reproduced through time may make this a useful
tool for monitoring. So, the main aim of this systematic review is to compile literature that
acknowledges the use of lung ultrasound in NRDS and understanding in which way is it useful in

a NICU environment.



Methods

Information Sources

This systematic review was conducted according to the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) guidelines.’ We searched the entries in
PubMed, SCOPUS and Cochrane Centre Register of Controlled Trials databases. The search query
was (Respiratory Distress Syndrome, Newborn[MeSH Terms]) AND ((ultrasound[MeSH Terms])
OR ("Lung/diagnostic imaging"[MeSH])) AND (Infant, Newborn[MeSH Terms]).

Eligibility Criteria
All clinical studies published before May 2023 about NRDS (under 28 days of age) and in

all languages were considered for eligibility.

Inclusion Criteria

For inclusion in this systematic review, we considered cohort or case-control studies that
used LUS as a tool for NRDS considering 3 main domains: diagnostic, therapeutic and prognostic.
The studies needed to have been conducted in human newborns (under 28 days of age at

recruitment).

Exclusion Criteria
Reviews or other secondary studies were excluded. Also, duplicated studies and

conference abstracts were rejected.

Search Strategy

Firstly, all the titles and abstracts identified as potentially eligible were independently
read by two different researchers (AR and SM) for selecting studies based on inclusion and
exclusion criteria. Any disagreements between individual judgements were solved by a third
researcher (MFM). Then, the full-text articles were read to decide which ones were a part of the
final review, according to inclusion criteria. The citation pool was further supplemented from
manual assessment of the reference lists of the retrieved articles and from other publications

identified as being relevant for further review.



Data Collection Process

Data was extracted and checked by two researchers (AR and SM) and disagreements
between individual judgements were resolved by the third investigator (MFM), that made the
final decision. For the data extraction, information about the participants’ gestational age, LUS

use, associated diseases, study design, settings, the methodology, and results were included.

Quality Assessment

For the studies included, their methodological quality was assessed by two researchers

(AG and SM) using the QUADAS-2 grid (Fig. 1).%!



Results

Study Selection

A total of 772 articles were identified in PubMed (n = 768), Scopus (n = 4) and Cochrane
Centre Register of Controlled Trials (n = 0). From these, 749 were excluded from the title and 33
had their abstract assessed, resulting in the exclusion of 10 for being systematic reviews and 6
for being comments to the editor. After full-text eligibility evaluation, 17 studies met the

18,19,22-30

inclusion criteria (Fig.2). The diagnostic value of LUS was evaluated in 11 of them, whilst

4 assessed how the use of LUS interfered when choosing the best therapeutic method?3** and 4

evaluated the prognostic value, 2303536

Characteristics of the Included Studies
As seen in Table |, the 17 studies included were published between 2006 and 2022, all
of them written in English. All the included studies were prospective, 3 case-control**?42> gnd

14 cohort.1822232636 15 were single-center and 2 were multicentric. Three of them were

25,28,33 18,19,22,23,26,27,29-32,34-36

conducted in Asia, one in Northern Africa?* and the rest in Europe,

mostly in Italy (6)!2326:2931.35,

LUS approach, classification and scoring system

The approach technique that was mostly used was transthoracic (14 studies). However,
there were small differences between approach criteria, 2 of them used both transthoracic and
transabdominal views'®%, while only one focused exclusively on the transabdominal method.?
Four studies used the score validated by Brat et al.,>30313435 3nd others used a modified Brat
score: Pang et al.?® used 12 scanned areas, Gregorio-Hernandez et al.3? used different score

1.3 — lateral zone to posterior and 5

grades, and others used mixed changes (Szymanski et a
grades; Jiang et al.3® - 14 areas and 6 grades). Poerio et al.?° used a different classification,
according to the general appearance of the lung (Type 1, Type 2 and Type 3). All others used a

LUS pattern to identify NRDS, with no scoring system added.!81%22-27

Study Purpose: diagnosis, therapeutic and prognosis

From the 11 studies that assessed the diagnostic accuracy of LUS, 9 assessed the
accuracy in diagnosing NRDS 1922232530 gnd 2 the accuracy in diagnosing complications of
NRDS.%2% In NRDS diagnosis, the estimated specificity and sensitivity ranged from 92.0 to 100
and 71.4 to 100, respectively. Five of them had 100% specificity (4 studies with transthoracic

view and 1 with transabdominal plus transthoracic view).1%2>%7.2° Regarding sensitivity, 3 studies

4



had an estimated value of 100%,%*%?” with 1 of the studies using an exclusive transabdominal
view?? while the others only focused on the transthoracic approach. When evaluating the
accuracy in diagnosing complications of NRDS, Lovrenski et al. found a high correlation with CXR,
having an almost perfect match in 98% (pneumonia, atelectasis, hemorrhage) and 2% of false

). Sawires et al. corroborated this information by also finding

negatives (partial pneumothorax
that LUS was superior to CXR in the detection of consolidation and sub-pleural atelectasis, but
less reliable in the detection of pneumothorax.*

When evaluating the therapeutic implications of LUS, this tool was found to have a high
accuracy to assess newborns who might benefit for surfactant treatment (sensitivity of 86% and
specificity of 88%).3! Also, Jiang et al. published a scoring system to predict the risk of withdrawal
failure of Mechanical Ventilation (MV), with sensitivity of 92.4% and specificity of 93.8%.3% An
increased advantage of LUS was also observed in finding the optimal positive end-expiratory
pressure (PEEP) level according to the aeration level visualized.?* Gregorio-Hernandez et al. had
also demonstrated that the changes in aeration arrive before the increase in FiO2, which was
linked to a better understanding of the need for surfactant or MV.3?

The prognostic value was also assessed by Raimondi et al. in infants with GA of 28-30
weeks; LUS higher scores in the first 24 hours of life predicted higher incidence of BPD at 7 days
of life (sensitivity of 78% and specificity of 87%).3° Vardar et al. has shown that a cut-off LUS
score of 4 predicted the need for surfactant with 96% sensitivity and 100% specificity, while a
LUS score of 9 predicted Continuous Positive Airway Pressure (CPAP) failure.>®* Meanwhile, the
postnatal (first 24 hours) LUS score has a significant predictive ability for the need for MV at 3™
day of life, according to Szymanski et al.,3 which was also supported by Pang et al., following

the analysis of the consolidation area. 28

Gestational age subgroups
Most of the studies targeted preterm infants, except Poerio et al. and Rodriguez-Fanjul
et al.®3* There were 6 that evaluated the diagnostic value,®?2%32%7 7 for the

18,24,28,30,32,3536 gand 2 for the therapeutic purposes.?>3 Raimondi et al. had 3 cohorts

prognostic
divided by GA, 25-27, 28-30 and 31-33, that, during the analysis, demonstrated the capacity that
LUS performed on the seventh day had of predicting BPD in GA from 25 to 30 weeks.3*Rodriguez-
Fanjul et al. studied purely term neonates finding that LUS was a useful tool in the evaluation of
therapeutic success since it helped calculate the optimal PEEP level by seeing in real time the
pulmonary aeration with LUS.3* Poerio et al. also focused solely on late preterm and term infants

born via caesarean section, finding that LUS performed in the first 30 min of life had a specificity

of 100% and sensitivity of 71.4% for NRDS and need to NICU admission.?



Discussion

This systematic review showed that LUS is a useful tool in the diagnosis, in the
therapeutic management and in the prognosis evaluation of neonates with NRDS. Till date, there
were identified 17 original studies assessing this LUS applicability (3 case-control*®?4%> and 14
prospective studies 182%23:26-36)

LUS is already a disseminated tool in most of the critical care adult centers,?” and it is an
important diagnostic tool in some guidelines.®

Several authors have been keen to pursue the importance to apply on clinical grounds
what our systematic review showed. Specifically, the need to use some tool that is less arming
to the neonate than CXR is reinforced, while also being reliable, quick, repeatable, easy-to-use
and highly performative, to act as soon as possible to prevent further damage is being
demonstrated.®® Current guidelines, in line with new data, reinforces that CXR may be an
unreliable and delayed resource for guiding NRDS therapy, since there is no consensus in criteria
to guide surfactant or CPAP therapy.” In fact, Perri et al. showed that LUS had better accuracy
for recognition of those newborn requiring surfactant treatment when compared with CXR
(sensitivity: LUS 86% vs CXR 82%; specificity: LUS 88% vs CXR 76%).3!

Therefore, the studies analyzed in this review consolidate this information by showing
there is a much more effective way to diagnose NRDS while also doing its follow-up and
assessing the therapeutic efficacy and prognostic value.

The most common LUS score is the one validated by Brat et al., also the one used in 4 of
the studies included in this review.? It divides the lungs into 3 areas (anterior upper and lower,
and lateral) with a 4-grading system (0 = A-pattern; 1= B-pattern, >3 well-spaced B-lines; 2=
severe B-pattern, crowded and coalescent B-lines; 3= extensive consolidation), its use was
proven to be helpful in finding if the therapeutic applied was making any difference in the

improvement of the neonate, 33134

also having a role in the prediction of BPD as a major
complication associated with NRDS.* The other modified scores are also important in the sense
that complement those findings. For instance, Pang et al., Szymanski and Jiang, included the
posterior fields, instead of lateral, with the underlying rational that consolidations may be
located in the posterior areas of the lung, following the gravitational pool in a newborn that is
mostly in dorsal decubitus.?3%36

The number of assessed lung sites was also different. Pang et al. used 12 and Jiang et al.
14, which encapsulates more lung areas assessed when compared to Brat et al. This is still aissue

of debate since fewer scanned areas may be easier to implement because of the small size of

the neonate thorax.?%3



The scoring systems was also heterogenic, with some authors giving more or less points
in each scanned area according to slight differences in the appearance of the lung.3*3® For
instance, the simplified version of the scoring system used by Poerio et al. has the lowest
sensitivity of all studies (71.4%), which might be due to the lack of accuracy inherent to a more
simplistic way of evaluating the parenchyma. %It would be important to have some consensus
on the scoring system approach in order to adopt it in future guidelines.

Looking to the different LUS approaches, Copetti et al. claimed that, when compared
with the transabdominal approach, the transthoracic view could examine all the lung fields
rather than only the base.’ This report might have had a clinical and research impact since
following this manuscript, in 2008, all the studies that used transabdominal view have associated
also the transthoracic view.*2°

In the last four years, the purpose of the studies has also shifted. In the recent years, the
studies were more directed towards finding the value in prognosis®>3 and in therapeutic
effect.333* This might be a response to the way LUS has been constantly scoring high in specificity
and sensitivity when diagnosing NRDS. ¥%2°-27:2° Another information perceived when examining
the data was that there is a lack of studies that assessed the accuracy of LUS in the assessment
of late preterm and term neonates. Even though the lack of studies might be due to the lower
incidence of NRDS with increased GA,*! it would be important to have a more knowledgeable
understanding of how LUS performs in all GA. This is also important when noticed that the study
that had the lowest sensitivity was precisely Poerio et al., the one that have focused on
newborns with GA higher than 34 weeks, with 71.4% against all other studies that have values
above 95%.%°

LUS has come a long way since the first time it was thought that it could become an
essential tool in NRDS management. Still, there is room for improvement by having more studies
that include those who have congenital malformation, structural heart disease or chromosomal

diseases/syndromes, since these were largely left out in most of the papers.



Conclusions

LUS is an accurate tool for NRDS, specifically, with applicability in diagnosis, evaluation
of therapeutic management, prediction of complications or prognosis of future evolvement. Its
benefits, when in comparison to CXR, are being a low-cost, non-ionizing and repeatable method
that can be performed at the bedside. However, it is important to note that this conclusion is
based on a small and heterogenic number of studies. It would be of most importance to invest
in more multicenter studies and in studies with more late term and term newborns to assess the

full capacity of LUS in NRDS.



References

1. Hermansen CL, Lorah KN. Respiratory distress in the newborn. Am Fam Physician. Oct 1
2007;76(7):987-94.

2. Warren JB, Anderson JM. Newborn respiratory disorders. Pediatr Rev. Dec
2010;31(12):487-95; quiz 496. doi:10.1542/pir.31-12-487

3. Sweet DG, Carnielli V, Greisen G, et al. European consensus guidelines on the
management of neonatal respiratory distress syndrome in preterm infants--2013 update.
Neonatology. 2013;103(4):353-68. doi:10.1159/000349928

4, Mortier |, Blanc J, Tosello B, Gire C, Bretelle F, Carcopino X. Is gestational diabetes an
independent risk factor of neonatal severe respiratory distress syndrome after 34 weeks of
gestation? A prospective study. Arch Gynecol Obstet. Dec 2017;296(6):1071-1077.
doi:10.1007/s00404-017-4505-7

5. Najafian B, Karimi-Sari H, Khosravi MH, Nikjoo N, Amin S, Shohrati M. Comparison of
efficacy and safety of two available natural surfactants in Iran, Curosurf and Survanta in
treatment of neonatal respiratory distress syndrome: A randomized clinical trial. Contemp Clin
Trials Commun. Aug 15 2016;3:55-59. doi:10.1016/j.conctc.2016.04.003

6. Hiles M, Culpan AM, Watts C, Munyombwe T, Wolstenhulme S. Neonatal respiratory
distress syndrome: Chest X-ray or lung ultrasound? A systematic review. Ultrasound. May
2017;25(2):80-91. doi:10.1177/1742271x16689374

7. Arthur R. The neonatal chest X-ray. Paediatr Respir Rev. Dec 2001;2(4):311-23.
do0i:10.1053/prrv.2001.0169

8. Mazrani W, McHugh K, Marsden PJ. The radiation burden of radiological investigations.
Arch Dis Child. Dec 2007;92(12):1127-31. doi:10.1136/adc.2006.101782

9. Frush DP, Donnelly LF, Rosen NS. Computed tomography and radiation risks: what
pediatric health care providers should know. Pediatrics. Oct 2003;112(4):951-7.
doi:10.1542/peds.112.4.951

10. Gilbert ES. lonising radiation and cancer risks: what have we learned from
epidemiology? Int J Radiat Biol. Jun 2009;85(6):467-82. doi:10.1080/09553000902883836
11. Avni EF, Braude P, Pardou A, Matos C. Hyaline membrane disease in the newborn:

diagnosis by ultrasound. Pediatr Radiol. 1990;20(3):143-6. doi:10.1007/bf02012957

12. Avni EF, Cassart M, de Maertelaer V, Rypens F, Vermeylen D, Gevenois PA. Sonographic
prediction of chronic lung disease in the premature undergoing mechanical ventilation. Pediatr
Radiol. Jul 1996;26(7):463-9. doi:10.1007/bf01377203

13. Heuvelings CC, Bélard S, Familusi MA, Spijker R, Grobusch MP, Zar HJ. Chest ultrasound
for the diagnosis of paediatric pulmonary diseases: a systematic review and meta-analysis of
diagnostic test accuracy. Br Med Bull. Mar 1 2019;129(1):35-51. doi:10.1093/bmb/Idy041

14. Chen SW, Fu W, Liu J, Wang Y. Routine application of lung ultrasonography in the
neonatal intensive care unit. Medicine  (Baltimore). Jan  2017;96(2):e5826.
doi:10.1097/md.0000000000005826

15. Brat R, Yousef N, Klifa R, Reynaud S, Shankar Aguilera S, De Luca D. Lung Ultrasonography
Score to Evaluate Oxygenation and Surfactant Need in Neonates Treated With Continuous
Positive Airway Pressure. JAMA Pediatrics. 2015;169(8):e151797-e151797.
doi:10.1001/jamapediatrics.2015.1797

16. De Martino L, Yousef N, Ben-Ammar R, Raimondi F, Shankar-Aguilera S, De Luca D. Lung
Ultrasound Score Predicts Surfactant Need in Extremely Preterm Neonates. Pediatrics. Sep
2018;142(3)d0i:10.1542/peds.2018-0463

17. Raschetti R, Yousef N, Vigo G, et al. Echography-Guided Surfactant Therapy to Improve
Timeliness of Surfactant Replacement: A Quality Improvement Project. J Pediatr. Sep
2019;212:137-143.e1. doi:10.1016/j.jpeds.2019.04.020



18. Lovrenski J. Lung ultrasonography of pulmonary complications in preterm infants with
respiratory  distress  syndrome. Ups J Med Sci. Mar  2012;117(1):10-7.
doi:10.3109/03009734.2011.643510

19. Copetti R, Cattarossi L, Macagno F, Violino M, Furlan R. Lung ultrasound in respiratory
distress syndrome: a useful tool for early diagnosis. Neonatology. 2008;94(1):52-9.
doi:10.1159/000113059

20. Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. BMJ. 2021;372:n71. doi:10.1136/bmj.n71

21. Qu VJ, Yang ZR, Sun F, Zhan SY. [Risk on bias assessment: (6) A Revised Tool for the
Quality Assessment on Diagnostic Accuracy Studies (QUADAS-2)]. Zhonghua Liu Xing Bing Xue
Za Zhi. Apr 10 2018;39(4):524-531. doi:10.3760/cma.j.issn.0254-6450.2018.04.028

22. Bober K, Swietlinski J. Diagnostic utility of ultrasonography for respiratory distress
syndrome in neonates. Med Sci Monit. Oct 2006;12(10):Cr440-6.
23. Vergine M, Copetti R, Brusa G, Cattarossi L. Lung ultrasound accuracy in respiratory

distress syndrome and transient tachypnea of the newborn. Neonatology. 2014;106(2):87-93.
doi:10.1159/000358227

24, Sawires HK, Abdel Ghany EA, Hussein NF, Seif HM. Use of lung ultrasound in detection
of complications of respiratory distress syndrome. Ultrasound Med Biol. Sep 2015;41(9):2319-
25. doi:10.1016/j.ultrasmedbio.2015.04.024

25. Rachuri H, Oleti TP, Murki S, Subramanian S, Nethagani J. Diagnostic Performance of
Point of Care Ultrasonography in Identifying the Etiology of Respiratory Distress in Neonates.
Indian J Pediatr. Apr 2017;84(4):267-270. doi:10.1007/s12098-016-2288-7

26. Corsini |, Parri N, Gozzini E, et al. Lung Ultrasound for the Differential Diagnosis of
Respiratory Distress in Neonates. Neonatology. 2019;115(1):77-84. doi:10.1159/000493001
27. Grimaldi C, Michel F, Brévaut-Malaty V, et al. Thoracic ultrasound accuracy for the

investigation of initial neonatal respiratory distress. Arch Pediatr. Nov 2019;26(8):459-465.
doi:10.1016/j.arcped.2019.09.009

28. Pang H, Zhang B, Shi J, Zang J, Qiu L. Diagnostic value of lung ultrasound in evaluating
the severity of neonatal respiratory distress syndrome. Eur J Radiol. Jul 2019;116:186-191.
doi:10.1016/j.ejrad.2019.05.004

29. Poerio A, Galletti S, Baldazzi M, et al. Lung ultrasound features predict admission to the
neonatal intensive care unit in infants with transient neonatal tachypnoea or respiratory distress
syndrome born by caesarean section. Eur J Pediatr. Mar 2021;180(3):869-876.
doi:10.1007/s00431-020-03789-z

30. Vardar G, Karadag N, Karatekin G. The Role of Lung Ultrasound as an Early Diagnostic
Tool for Need of Surfactant Therapy in Preterm Infants with Respiratory Distress Syndrome. Am
J Perinatol. Dec 2021;38(14):1547-1556. doi:10.1055/s-0040-1714207

31. Perri A, Riccardi R, lannotta R, et al. Lung ultrasonography score versus chest X-ray score
to predict surfactant administration in newborns with respiratory distress syndrome. Pediatr
Pulmonol. Sep 2018;53(9):1231-1236. doi:10.1002/ppul.24076

32. Gregorio-Hernandez R, Arriaga-Redondo M, Pérez-Pérez A, Ramos-Navarro C, Sdnchez-
Luna M. Lung ultrasound in preterm infants with respiratory distress: experience in a neonatal
intensive care unit. Eur J Pediatr. Jan 2020;179(1):81-89. doi:10.1007/s00431-019-03470-0

33. Jiang QX, Shi LJ, Shen LY, et al. Application Value of a New Lung Ultrasound Scoring
Method in Neonatal Respiratory Distress Syndrome Treatment. Ultrasound Med Biol. Feb
2022;48(2):275-282. doi:10.1016/j.ultrasmedbio.2021.10.009

34, Rodriguez-Fanjul J, Corsini I, Orti CS, Bobillo-Perez S, Raimondi F. Lung ultrasound to
evaluate lung recruitment in neonates with respiratory distress (RELUS study). Pediatr Pulmonol.
Oct 2022;57(10):2502-2510. doi:10.1002/ppul.26066

35. Raimondi F, Migliaro F, Corsini I, et al. Lung Ultrasound Score Progress in Neonatal
Respiratory Distress Syndrome. Pediatrics. Apr 2021;147(4)doi:10.1542/peds.2020-030528

10



36. Szymanski P, Kruczek P, Hozejowski R, Wais P. Modified lung ultrasound score predicts
ventilation requirements in neonatal respiratory distress syndrome. BMC Pediatr. Jan 6
2021;21(1):17. doi:10.1186/s12887-020-02485-z

37. Chiumello D, Mongodi S, Algieri |, et al. Assessment of Lung Aeration and Recruitment
by CT Scan and Ultrasound in Acute Respiratory Distress Syndrome Patients. Crit Care Med. Nov
2018;46(11):1761-1768. doi:10.1097/ccm.0000000000003340

38. Volpicelli G, Elbarbary M, Blaivas M, et al. International evidence-based
recommendations for point-of-care lung ultrasound. Intensive Care Med. Apr 2012;38(4):577-
91. doi:10.1007/s00134-012-2513-4

39. De Luca D. Respiratory distress syndrome in preterm neonates in the era of precision
medicine: A modern critical care-based approach. Pediatr Neonatol. Feb 2021;62 Suppl 1:53-s9.
doi:10.1016/j.pedneo.2020.11.005

40. Sweet DG, Carnielli V, Greisen G, et al. European Consensus Guidelines on the
Management of Respiratory Distress Syndrome - 2019 Update. Neonatology. 2019;115(4):432-
450. doi:10.1159/000499361

41. Besnard AE, Wirjosoekarto SA, Broeze KA, Opmeer BC, Mol BW. Lecithin/sphingomyelin
ratio and lamellar body count for fetal lung maturity: a meta-analysis. Eur J Obstet Gynecol
Reprod Biol. Jul 2013;169(2):177-83. d0i:10.1016/j.ejogrb.2013.02.013

11



Appendix

OLow OHigh OUnclear

FLOW AND TIMING |

REFERENCE STANDARD

INDEX TEST | |

QUADAS-2 Domain

PATIENT SELECTION |

0% 20% 40% 60% 80% 100%

Proportion of studies with low, high or unclear
RISK of BIAS
Figure 1. QUADAS - 2 Risk of Bias Evaluation
[ Identification of studies via databases and registers
)
c Records identified from:
2 Pubmed (n = 768)
S SCOPUS (n = 4)
:E-' Cochrane Central Register of
§ Controlled Trials (n = 0)
(n=772)
—
)
Records screened Records excluded by Title
(n=772) —¥»| (n=749)
o0
c
=
()]
(0]
5
wv
v
Reports assessed for eligibility
(n=33) —— | Reports excluded:
Reviews (n = 10)
Comment on study (n = 6)
—

Studies included in review
(n=17)

Figure 2. Flow diagram. Results of the literature search and selection.

12



Table I. Results - Lung Ultrasound use in Neonatal Respiratory Distress Syndrome

Sam o
.. Study LUS LUS Criteria Study Purpose e s
Study Year Origin ple GA (weeks) X . ] . . Limitations
Type Size Technique Diagnosis Therapeutic Prognosis
There was no
320444 Retrophrenic The transabdominal information about
Bober et Prospective <34 (61,8%) hyperechogenicity ultrasound treatment before LUS.
2006  Poland 131 ! Transabdominal . . . . examination has Only accounted for
al.2? , cohort 37-37 (19,8%) with B lines diverging o L .
537 (18,4%) radially 100% sensitivity and alterations on the
! ' 92% specificity in lung bases. It was also
NRDS. monocentric.
The small sample size,
. Bi-lateral white lung, . the ultrasound
Copetti et Prospective absence of spared The sensitivity and operator was not
p 2008 Italy , case- 55 27.2+2.7 Transthoracic . P specificity were 100% p .
al.”® areas, thickened and blinded to the clinical
control ) ) for NRDS. .
irregular pleural line. history and
radiological findings.
Consolidation, air cD;rt:cltich:igLs The investigator who
bronchograms and B- P . evaluated the LUS
. . (pneumonia,
Lovrenski Prospective Transthoracic + Lines, anterior, hemorrhage, and was the same one
2012  Serbia 47 30.9+3.2 X posterior, and lateral = that evaluated clinical
et al.’® , cohort Transabdominal . atelectasis) in o
lung areas with . . and CXR findings, the
transhepatic/splenic preterm infants with monocentric design
NRDS with the same
for both lung bases. of the study.
accuracy as CXRs.
33+4.0
4 cohorts
A itivity of 95,69 Th Il lesi
<24 (4%) Bi-lateral white lung, sensitivity ot 35, % e small sample size
Vergine et Prospective 24-26 (13%) coalescent B-lines and a specificity of and only NRDS and
2014  Italy 59 Transthoracic R R 94,4% for NRDS, in TTN were evaluated,
al.23 , cohort 27-29 (17%) with thickened and . .
X . the first hour of the monocentric
30-32 (39%) irregular pleural line. admission desien of the stud
33-35 (23%) ‘ & v:
>35 (4%)
A thickened and LUSis a good . There was no
. R alternative to CXR in . .
irregular pleural line . comparison with
. R the detection of
Sawires et Prospective with a small sub- combplications of other causes of
.24 2015  Egypt , case- 130 299+13 Transthoracic pleural patch of NRDE as respiratory distress,
al. control consolidation, - such as pneumonia or
. consolidations, .
scattered echogenic R TTN, being a
atelectasis.

air bronchogram.

and micro-abscesses.

monocentric study.
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Trans-thoracic -

The sensitivity and

Failure to include

Bilateral white lung specificity of more infants with
absence of spared transthoracic LUS other etiologies for
. Prospective . areas, thickened and were 98.4% and comparison such as
Rachuri et . Transthoracic+ . . . .
2017 India , case- 63 345+3.2 X irregular pleural line. 100%, respectively. pneumonia and
al.2® Transabdominal . X .
control Trans-abdominal - Via transabdominal, pneumothorax, small
Diffuse retro- all infants with NRDS sample size, and the
diaphragmatic hyper-  had diffuse monocentric design
echogenicity. echogenicity. of the study.
Recognition of
those who might
mean of 31.0 Brat et al score with need surfactant The small sample size
Perri et Prospective GA <30 (48%) . X ; N with a sensitivity P .
2018  Italy 67 Transthoracic its 4-grading system and the monocentric
al.3? , cohort 30<GA >33 (41%) (0,1,2,3) of 86% and desien of the stud
GA >33 (11%) % specificity of 88% g V-
vs CXR with 82%
and 76%.
The concordance
overall, 33.0 £ 5.0 Bilateral sign of between LUS and CXR
preterm 30.0 £ 1.0 abnormalities of the diagnosis was 91%,
(57%) pleural line with a shorter time to The small sample size
Corsini et 2018 Italy Prospective 124 late preterm 36.0 Transthoracic gthlckened and . dlagn?se WIth LL!S (= and the monocentric
al.2¢ , cohort +1.0 irregular pleural line), 9,5 min), in the first desien of the stud
(14%) white lung image and 24 hours of life. g V-
term 39.0 £3.0 absence of spared Sensitivity of 96,7%
(29%) areain all lung fields.  and specificity of
100%.
!)lffusg ?lveOIO_ Sensitivity and The small sample size,
interstitial syndrome PR : :
. . specificity in only one radiologist
mean of 33 (25— with compact B-lines . R .
a1) or elobal hvoer diagnosis accuracy for was analyzing the
. . . s . .yp NRDS was 100%, the LUS, and there was a
Grimaldi et Prospective preterm 25-37 ) echogenicity, o .
2019  France 52 Transthoracic X . same value was big-time difference
al.?’ , cohort (77%) irregular pleural line
R calculated for TTN, between the CXR and
full term 37-41 with small subpleural neumomediastinum the LUS. which ma
(23%) hyperechoic P ’ v

abnormalities or
consolidations.

and meconium
aspiration syndrome.

have caused a delay
on the performance.
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Modified LUS score
with 12 areas, 6 for
each lung (upper and
lower areas of

The LUS score and
consolidation areas

LUS can predict
the need for MV,

The small sample size,
the consistency and
time of LUS image
analysis were not

Pang et 2019 China Prospective 146 29+3.4 Transthoracic anterior, posterior, can discriminate according to the eva.luated, there was
al.* » cohort and lateral sections) NRDS from non-NRDS consolidation a discrepancy
and the same 4- ! and the different area between the GA of
rading svstem® as NRDS grades. ’ those with NRDS and
grat etgaly the TTN ones, being a
’ monocentric study.
t Il
A score based on E;itz:n;szegrlrjeant The small sample size
Brat et al, with only of those who are and being a
Gregorio- Prospective 1,2 or 3 points at ereater risk of monocentric study.
Hernandez 2019  Spain cohr:)rt 128 29+3.0 Transthoracic according to A- & Patient were lost due
32 ! tt B-patt to the lack of
etal. pattern, S-pattern, surfactant or MV, ;o the fack 0
white lung, ) investigators
. before having the o
respectively. availability.
A cutt-of LUS of 4 The small sample size
predicted the and the missing
need for a follow-up evaluations
Brat et al score with The LUS score in surfactant with by determining
Vardar et Prospective mean of 30 (27- . . ) «  breterminfants can 96% sensitivity consecutive doses of
2020  Turkey 45 Transthoracic its 4-grading system
al.3° , cohort 32) (0,1,2.3) accurately assess the and 100% surfactant therapy
e severity of NRDS. specificity. A LUS and predicting BPD in
score of 9 preterm infants with
predicted CPAP NRDS. It is also a
failure. monocentric study.
LUS perfi d 30
Type 1: hyper echoic R per orme . The score used
min after birth, in L
appearance - term and late simplifies the
coalescent B lines . description of lung
. preterm infants born
mean of 37.0+5 (white lung) [ appearance, not
Poerio et Prospective days Type 2: numerous t0 CS, has a specificity acknowledging when
2020 Italy P 100 ¥ Transthoracic ype . of 100% and a ging )
al.?? , cohort Late preterm non-compact B line sensitivity of 71.4% the parenchyma is not
(13%) Type 3: normal ¥ e affected

aerated lung, with
the dominance of A
lines

for those who will
require NICU
admission for NRDS
and TTN.

homogeneously. It is
also a monocentric
study.
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Modified LUS score
that substitutes the

The postnatal
(first 24 hours)
LUS score has a

The diverse spectrum
of patients can hinder
the standardization of
the results, since

Szymaniski 2021  Poland Prospective 70 27324 Transthoracic Iateral.for the ) significant there might be some
et al.3® cohort posterior lung field
: ! and a 5-eradin predictive ability not acknowledged
s stem*i © 1% 3.4) for the need for confounding factors,
¥ e MV on DOL 3. also monocentric
study design.
In infants, with GA  The index test used is
- +
jiyzs; (18646 of 28-30 weeks, an imperfect marker
Raimondi Prospective 28-30 (206 £ 6 ' ?rat etal .score Wlth* the L.US at DOL 7 of the |nf?nt .
¢ a3 2021  Italy cohort 240 days) Transthoracic its 4-grading system predicted BPD, oxygenation status, in
etal. ! 0,1,2,3). with a sensitivity hemodynamic
31-33(227+6
days) - of 78% and instability and poor
¥ specificity of 87%.  perfusion.
Cvﬂi(t):ﬁfirl;;i score A diagnostic The small sample size,
. . threshold of 41.0 the score used onl
(anterior superior ¥
and inferiorpaxillary points was used to considered the depth
. . . - . predict the risk of of the consolidation
Jiang et 2021 China Prospective 88 31.5+45 Transthoracic superl(?r and |nfer|or, withdrawal failure and not the
al.33 cohort posterior superior
. ! and inferior. basal of MV with a intercostal spaces
lung), with ; 6- sensitivity of 92,4% involved. Also, this
ra(gjiln tem*** and specificity of was a monocentric
grading system 93,8%. study.
(0,1,2,3,4,5) ¥
The small sample size,
LUS score can being a monocentric
. study and there
detect dynamic wasn't one patient
Rodriguez- Prospective Brat et al score with changes in lung that re uireF:j MV
Fanjul et 2022  Spain cohr:)rt 40 38+0.6 Transthoracic its 4-grading system* aeration, making it which r?'na reflect’ a
al.3 ’ (0,1,2,3), scoring > 8. a useful tool to v

assess the optimal
PEEP level.

lack of "severe" cases,
reducing the
generalization of this
study.

*4-grading system, 0 = A-pattern (defined by the presence of A-lines only or the presence of <3 B-lines); 1 = B-pattern (defined as the presence of >3 well-spaced B-lines); 2 = severe B-pattern (defined as the presence of
crowded and coalescent B lines, with or without consolidations limited to the subpleural space (alveolar-interstitial syndrome); 3 = extended consolidations; **5-grading system, 0 = normal lung (A-pattern); 1 = B line (B-
pattern); 2 = white lung; 3 = white lung and fluid alveologram; 4 = white lung and consolidations; ***6-grading system, 0 = A-pattern, <2 non-fused B-lines; 1 = B1: multiple non-fused B-lines; 2 = B2: dense, partially fused
B-lines; 3 = B3: completely fused B-lines; 4 = C1: abnormal pleural line with a small range (depth <1 cm) of subpleural lung consolidation; 5 = C2: abnormal pleural line with extensive (depth >1 cm) lung consolidation; BPD
— Bronchopulmonary Dysplasia, CPAP — Continuous Positive Airway Pressure, CS — Cesarian Section, CXR — Chest Radiography, DOL 3 — Day of Life 3, GA — Gestational Age, LUS — Lung Ultrasound, MV — Mechanical Ventilation,

RDS — Respiratory Distress Syndrome, TTN — Transient Tachypnea of the Newborn
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