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Lung POCUS

• Goal/problem oriented

• Performed by the clinician

• At the point-of-care

• Repeatable

• Qualitative (or semi-quantitative)

• Interpreted in the clinical context

• Adjunct to clinical examination and monitoring tools

Focused cardiac ultrasound (FCU)

- Point of care cardiac us

- Bedside cardiac us

- Quick look cardiac us

- Hand held cardiac us
Spencer KT et al. JASE 2013;26:567-81.



The newborn baby

• Echogenic

• Small thorax

• Few co-morbidities

• Specific diseases

• Radiation linked risk

• No satisfactory “gold standard”



• Pneumothorax

• Interstitial syndrome 

• Lung consolidation 

• Pediatrics and neonatology





Neonatal lung POCUS

Diagnosis of pneumothorax 

Diagnosis of pleural effusion

Diagnosis of RDS / TTN / MAS

Recognition of lung atelectasis and pneumonia 

Evaluation of lung aeration and recruitment

Recognition of lung edema
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« Air is the enemy of ultrasound … »



Principles of lung ultrasound

• Based on the analysis of artifacts (air/fluid ratio)

• Artifacts are dynamic

• Most lesions are in contact with the surface



LIMITATIONS

•Lesions must be in contact with the lung surface

•Not possible to evaluate overdistension

•Systematic examination
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The pleural line

• Regular

• LUNG SLIDING

• « Starting point » 

Western Sono Dr N. Yousef



Western Sono : Lung  Ultrasound – Interpreting the lung and pleural «signatures »  Dr N. Yousef



Normal lung

A regular pleural line

Lung sliding

Lung sliding

A- lines

Slide courtesy Dr L Cattarossi



Rebel EM

Normal lung : M-mode
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www.ultrasoundpodcast.com



A lines

•A = air (physiological ou pathological)

•Static horizontal lines

•Artifacts of repetition

Lignes A



Normal lung

A regular pleural line

Lung sliding

A LINES

Slide courtesy Dr L Cattarossi



B for fluid

Nadya Yousef

12/11/2022
28





« Comet tails »

• Air/fluid interaction 

• Dynamic

• Arise at the pleural line

B lines

Lichtenstein D. et al. The comet-tail artifact. An ultrasound sign of alveolar-interstitial syndrome. Am JRespir Crit Care Med. 1997
Nov;156(5):1640-6.
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B for fluid

 Dr N. Yousef



B-lines

B-lines/“comet tails”

B LINES



TO B OR NOT TO B….



www.ultrasoundpodcast.com 



C = consolidation

• Non aerated lung

• Tissue/solid organ
appearance

« Tissue-like sign »

• Bronchograms



The shred sign = irregular and ill-defined borders



Dynamic bronchogram : 

pneumonia?
Static bronchogram : atelectasis ? 



Pleural effusion

Often black but not always

• A hypoechoic space

• Anatomical structures defined

• Dynamic



Pleural effusion

Lower frequency probe (3-5Mz)
Transverse view

Higher frequency probe (> 10MHz)
Transverse view

Western Sono



Pleural effusion

Lower frequency probe (micro/convex)
Transverse view

High frequency linear probe 
Transverse view



Lung aeration : artifacts and « real » images

Air/fluid

ratio

98%

95%

80%

10%

5%

Normal (A-lines ) 

B lines

“White lung”

Consolidation

(air bronchograms )

Atelectasis

(hepatization)

100

% Pneumothorax

0%

Effusion

Adapted from L. Cattarossi with permission
 Dr N. Yousef



Horizontal scan

Vertical scan

• All ultrasound signs are found in the newborn

• Fluid-rich lung at birth

The newborn baby
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 Dr N. Yousef
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 Dr N. Yousef



The transitional period

Many B-lines

L Cattarossi
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TTN

APEX BASE

Regular 

pleural line



The « double lung point »





RDS

Ligne pleurale irrégulière et mal définie
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RDS vs TTN 

MMH TTN 

La ligne pleuraleLook for the A-lines!





Pleural effusion

Consolidation

Interstitial syndrome

Pneumothorax

« Occult » Pneumothorax

Lung ultrasound vs CT scans

97 - 94%

90 - 98%

100 - 100%

100 - 91%

79 – 100%

Sensitivity - Specificity



Western Sono : Lung  Ultrasound – Interpreting the lung and pleural «signatures »

Pneumothorax 



Western Sono : Lung  Ultrasound – Interpreting the lung and pleural «signatures »



Pneumothorax 

1. Absence of  lung sliding



Pneumothorax 

1. Absence of  lung sliding

2. No B-lines (only A-lines) 



Pneumothorax 

1. Absence of  lung sliding

2. No B-lines (only A-lines) 

3. Stratosphere sign in M-mode







Pneumothorax

1. Absence of  lung sliding

2. No B-lines (only A-lines) 

3. Stratosphere sign in M-mode

The lung point confirms diagnosis



Pneumothorax 



Lung ultrasound in the crashing infant

• International multicenter trial

• “Crashing neonates”

• Rule in/out pneumothorax

• 26/42 pneumothorax

• Echo = 5.3 min vs RxT = 19 min

• Excellent sensitivity and specificity

Raimondi F et al. J Pediatrics. 2016





• General population 

Sensitivity = 98.6% (97.7%–99.2%), 

Specificity = 85.1% (88.18%–88.5%),

Odds ratio = 387.72% (76.204–1972.7)

• Neonates

Sensitivity = 96.7% (88.3%–99.6%)

Specificity = 100% (97.7%–100%), 

Odds ratio = 1343.1% (167.20–10788.9)

• Adults

Sensitivity = 82.9% (78.3–86.9%

Specificity = 98.2% (97.0%–99.0%)

Odds ratio = 423.13% (45.222–3959.1), 



Meconium aspiration

Marco Piastra et al. Early Human Development.  2014



• Term baby, pregnancy OK

• No history for infection

• Severe and progressive respiratory distress

• Tainted amniotic fluid, but nothing on intubation

• Hypoxic on FiO2 100%

• HFOV, iNO by transport team

Clinical case



Corresponding chest X-ray



• HFOV, iNO by transport team

• Curare

• Sat 90% on FiO2 100%

• Suspected congenital heart disease

• SOS cardiology

• Admitted to NICU for stabilization

Clinical case



Lateral vertical scan 
Consolidation and B-lines

Anterior scan 
Irregular pleural line and B-lines



Lateral vertical scan 
Atelectasis

Horizontal scan - posterolateral
Atelectasis with pleural effusion







Congenital lung malformations
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ORIGINAL ARTICLE

Lung ultrasound findings in congenital diaphragmatic hernia

Iuri Corsini 1
&Niccolò Parri2 &Caterina Coviello1

&Valentina Leonardi1
&Carlo Dani 1,3
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Abstract

Congenital diaphragmatichernia(CDH) occursinapproximately 1 in2500 to5000 infants. Theuseof lung ultrasound (LUS) for

its diagnosis has been reported in only two case reports. The aim of this study was to report the LUS pattern of CDH in a case

seriesof infantswith respiratory distress. Thiscaseserieswaspart of acohort enrolled in alarger prospectiveobservational study.

LUSwasperformed at thepoint-of-careduring the first 24 h of lifeof theneonatesand itsoperation timewasmeasured. Seven

cases (six left and one right CDH) were diagnosed. We found that the pattern of LUS for CDH diagnosis includes (1) partial

absence of the hyperechoic line representing the normal diaphragmatic profile, (2) partial absence of the pleural line in the

affected hemithorax, (3) absenceof A lines in theaffected area, (4) presenceof multi-layered areawith hyperechoic contents in

motion (normal gut), and (5) possible presenceof parenchymatous organs inside the thorax (i.e., liver or spleen).

Conclusion: A description of LUS pattern in infants with CDH is provided. LUS at the point-of-care may allow the prompt

diagnosis of CDH and this is particularly useful in cases of missed prenatal diagnosis.

What is Known:

• Congenital diaphragmatic hernia occursin approximately 1 in 2500 to 5000 infantsbut theuseof lung ultrasound for itsdiagnosishasbeen reported

in only two case reports.

What is New:

• Research provided a description of lung ultrasound pattern in infants with congenital diaphragmatic hernia.

• Lung ultrasound at thepoint-of-caremayallow aprompt diagnosisof congenital diaphragmatichernia, particularly useful in casesof missed prenatal

diagnosis.

Keywords Congenital diaphragmatichernia . Lungultrasound . Neonate . Intensivecare

Abbreviation

CDH Congenital diaphragmatic hernia

CXR Chest X-ray

IQR Interquartile range

LUS Lung ultrasound

Iuri Corsini and Niccolò Parri contributed equally to this work.

Communicated by Patrick Van Reempts

Electronic supplementary mater ial The online version of thisarticle
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Congenital diaphragmatic hernia
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CPAM



Yousef et al, 2018



THE QUEST FOR « FONCTIONNAL » 

LUNG ULTRASOUND



Lung ultrasound evaluates loss of lung aeration

Normal lung
“White” lung as in RDS

Loss of aeration
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Multiple lung ultrasound scores available

• Guide respiratory management

• Evaluate for EVLW

• Response to treatment

• Progression towards CLD

• Adapted neonatal scores

• Surfactant

• Progression towards CLD



TO B OR NOT TO B….



Bahadue FL et al, Cochrane Databse Syst Rev 2012

• Early surfactant (3 hrs) reduces mortality and BPD

• No easy bedside tools to estimate lung volumes

Surfactant elective administration now recommended





A semi-quantitative score can predict surfactant need



Brat R et al. JAMA Pediatr 2015









LUS >8



Surfactant treatment Surfactant re-treatment

AUC 0.94 (95%CI: 0.90-0.98;p<0.0001)
Global accuracy 89% 

AUC 0.803 (95%CI: 0.72-0.89;p<0.0001)
Global accuracy 73%





Raschetti R, Yousef N
J Pediatr. 2019 

ESTHER

“Echography”-guided Surfactant THERapy



M
0

M
1

M
5

M3
5

M4
5

M5
0Chronologie des soins, minute par minute, dès l’arrivée dans le service

Période de 
tolérance

M
60

H
3

Zone d’évaluation 
médicale ultérieure

La première heure en RNN pour les enfants ≤ 28 semaines –
“golden hour”

Ce qu’il ne faut pas faire avant 
H3

• Pose d’un KTA
• Administration des antibiotiques

• Administration de la sédation
• Prise de tension au brassard
• Mesurer la température, la taille, le PC
• Prélèvements bactériologiques
• Prélèvements sanguins autres que glycémie capillaire au KTVO
• Vérifier le repère de la sonde endo-trachéale
• Mettre des électrodes sur le thorax

Ce qui peut être fait entre H1 et H3 
(sur demande médicale)
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SCORE 0 SCORE 1 SCORE 2 SCORE 3



ESTHER: Echo-guided Surfactant THERapy

Raschetti R. J Pediatr 2019
De Luca D. Am J Perinatol 2020



The ULTRASURF Trial

Rodriguez-Fanjul J. Eur J Pediatr 2020



De Luca D. Neonatology 2021

Razak A. Arch Dis Child Fetal Neonatal Ed  2019

4 DTA studies 6 DTA studies



• BPD a multifactorial and complex diseases

• No new treatment options 

• Transabdominal approach used previously. Limited view

• Growing evidence using the transthoracic approach

Can LU predict BPD?



Francesco Raimondi



Francesco Raimondi

And then …. what ??

Day
1

36 weeksDa
y 7 

High 
LUS BPD ???

Treatment 
!
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Multicenter, international, prospective, longitudinal, cohort, 
diagnostic accuracy study consecutively enrolling inborn neonates 
with gestational age ≤30+6 weeks.

Lung ultrasound (D1, D7, D14, D28) +  blood gases + WOB score. 

BPD severity and GA-adjusted LUS significantly correlated at 7 and 14 
days (p <0.0001). 
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SAFE-R

Yousef et al, EJPE 2021

Lung	
Sliding?

Other	cause

NO

YES

Tamponade?

Anterior	chest	wall
Vertical	scan.	

YES	

NO

Effusion?

Inferior	postero-
lateral	chest	wall
Vertical	scan	

Needle	
aspirate

Lung	
point?

Needle	
aspirate

Move	probe	laterally
Vertical	scan.	

Only	A	
lines?

No	B	lines?

Needle	
aspirate

Need	for	other	
diagnostic		
modalities

NO

NO

NO

YES	

YES	

YES	

Pneumothorax	
CONFIRMED

Pneumothorax
HIGHLY	
PROBABLE	

Tamponade	
CONFIRMED

Pneumothorax	
RULED	OUT

Pneumothorax	
NOT	ruled	out

Pneumothorax	
RULED	OUT	

Effusion
CONFIRMED

Targeted
Echocardiography

Anterior	chest	wall
Substernal	or	left	parasternal	axis

Myocardial	
dysfunction? Echocardiogram

Expert	opinion	needed	
Rule	out	CHD

Expert	opinion	needed	
Rule	out	CHD

Severe	
IVH?	

Abundant	free	
abdominal	fluid	

Critical	acute	abdomen
IMPROBABLE

Brain	ultrasound	
Coronal/sagittal		view

YES	

NO

Supportive	
Management

Subcostal	view
Vertical	scan	

Suspect	
Critical	coarctation or	
thrombosis	of	aorta	

NO

YES	

Pulsatile	
Abdominal	

Aorta?

YES	

NO

Suspect	
Intestinal	perforation

PN	extravasation
Hemoperitoneum

Acute/critical
aortic	occlusion	
RULED	OUT

Abdominal	ultrasound	
Iliac	fossae

Severe	cerebral	bleeding
RULED	OUT

URGENT	Expert	
opinion	needed	

Targeted
Workup/	
Management	

Other	cause

Expert	opinion	needed	
Rule	out	CHD

Further	workup	needed	
Rule	out	sepsis

START



SAFE-R

Yousef et al, EJPE 2021



Yousef et al, EJPE 2021

Lung	
Sliding?

Other	cause

NO

YES

Tamponade?

Anterior	chest	wall
Vertical	scan.	

YES	

NO

Effusion?

Inferior	postero-
lateral	chest	wall
Vertical	scan	

Needle	
aspirate

Lung	
point?

Needle	
aspirate

Move	probe	laterally
Vertical	scan.	

Only	A	
lines?

No	B	lines?

Needle	
aspirate

Need	for	other	
diagnostic		
modalities

NO

NO

NO

YES	

YES	

YES	

Pneumothorax	
CONFIRMED

Pneumothorax
HIGHLY	
PROBABLE	

Tamponade	
CONFIRMED

Pneumothorax	
RULED	OUT

Pneumothorax	
NOT	ruled	out

Pneumothorax	
RULED	OUT	

Effusion
CONFIRMED

Targeted
Echocardiography

Anterior	chest	wall
Substernal	or	left	parasternal	axis

Myocardial	
dysfunction? Echocardiogram

Expert	opinion	needed	
Rule	out	CHD

Expert	opinion	needed	
Rule	out	CHD

Severe	
IVH?	

Abundant	free	
abdominal	fluid	

Critical	acute	abdomen
IMPROBABLE

Brain	ultrasound	
Coronal/sagittal		view

YES	

NO

Supportive	
Management

Subcostal	view
Vertical	scan	

Suspect	
Critical	coarctation or	
thrombosis	of	aorta	

NO

YES	

Pulsatile	
Abdominal	

Aorta?

YES	

NO

Suspect	
Intestinal	perforation

PN	extravasation
Hemoperitoneum

Acute/critical
aortic	occlusion	
RULED	OUT

Abdominal	ultrasound	
Iliac	fossae

Severe	cerebral	bleeding
RULED	OUT

URGENT	Expert	
opinion	needed	

Targeted
Workup/	
Management	

Other	cause

Expert	opinion	needed	
Rule	out	CHD

Further	workup	needed	
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• Quick

• Accessible

• No radiation

• Bedside

• Real time 

• Cost

• Steep learning curve

Lung ultrasound



Many barriers remain

• “Resistance” to change = multifactorial

• Significant variation in  clinical practice

• Poor governance structure

• Poor training structure

• Medico-legal concerns?

Neonatal Lung ultrasound today



• Specific pediatric guidelines published

• Educational guidelines/Training  (Urgent!)

• Certification/Governance (Urgent!)

• Functional LU/Integration into POCUS protocols:  The future?

Neonatal Lung ultrasound today



Thank you!

And a big thank you to the teams at 
A Beclere, APHP- Paris Saclay
And to collaborators, to the patients and their families



Please come visit

us!



LUNG ULTRASOUND IN THE NICU AND THE PICU

anne-marie.amaral@aphp.fr


