15-minute consultation: Using point
of care ultrasound to assess children
with respiratory failure
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Abstract
Point of care ultrasound (POCUS) is well
established in adult emergency medicine and
critical care. It is used for immediate diagnosis
and evaluation of the impact of bedside
interventions in the acutely unwell child.
This article highlights how ultrasound can be
helpful in paediatric practice when dealing
with the neonate, infant or older child with
undifferentiated respiratory distress, respiratory
failure or ventilation problems. It highlights
indications for use, key diagnostic features of
common pathology and outlines the benefits of
POCUS in everyday practice.

What is point of care
ultrasound?
Point of care ultrasound (POCUS) is a
focused ultrasound performed by the
bedside clinician to answer predefined
questions and provides an immediate
answer, potentially guiding lifesaving
therapies. Examples include: is there a
pneumothorax? Is there a pleural effusion? Is there pulmonary oedema? And is
the myocardial function reduced? POCUS
is different to radiology-provided ultrasonography. It is not used to describe
complex pathology or the morphological
appearances of organs and is an augmentation, not replacement of radiology
provision.
How did point of care
ultrasound develop?
POCUS has been well established in adult
emergency medicine and critical care
for several years. It is familiar to many
clinicians to aid with procedures, such as
intravenous access.
Indeed, there is recent randomised
controlled trial evidence to show success
rate, fewer attempts and reduced complication rates in internal jugular vein cannulation can be achieved when the procedure

is ultrasound guided, compared with the
anatomical landmark technique, but it
offers much more than support for practical procedures.1 2
It was first applied as Focused Assessment by Sonography in Trauma (FAST)
scanning in emergency departments. It
aided both diagnosis and management
of life-threatening injuries in patients
without the need for transportation
to a CT scanner. The aim of the FAST
scan is to identify fluid in the pelvis and
abdomen, which may require immediate
intervention.
This has been ‘extended’ to the
‘eFAST’ scan, which includes assessment
of the lungs for pneumothorax and/
or haemothorax and pericardial effusions.3 4 Protocols now exist to assess
the adult medical patient with common
presentations, such as shock, chest pain
and respiratory distress. Its use has also
been extended to both the medical wards
and intensive care unit.
The use of POCUS in paediatrics has
thus far been limited, but is now a rapidly
growing assessment tool. Understanding
the use of POCUS can help you facilitate
its use in a paediatric emergency situation
and encourage you to develop the skills
yourself.
How would I use point of care
ultrasound in paediatrics?
Consider POCUS as an extension of the
bedside clinical assessment. It enables
you to rapidly evaluate a list of differential diagnoses using a predefined set of
questions often leading to simple binary
decisions, for example, pneumothorax:
present or not. POCUS also allows
repeated scanning of the same patient
to assess the impact of an intervention
and improves patient safety during invasive procedures. procedures.5–7
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Table 1

Sensitivity and specificity of lung POCUS compared with X-ray

Pathology diagnosis

Chest X-ray
Sensitivity (%)

14

Pneumothorax
46
51
Pleural effusion15
77–86
Consolidation16 17
50–68
Pulmonary oedema18 19
POCUS, point of care ultrasound.

Lung POCUS
Specificity (%)

Sensitivity (%)

Specificity (%)

100
99
91–96
76–83

87
94
95–97
97

99
98
90–96
98

While POCUS is a sensitive and specific marker for
many conditions (pneumothorax, pulmonary oedema,
pleural effusion), POCUS should be used as any other
test: a supplementary diagnostic tool. Table 1 compares
the sensitivity and specificity of lung POCUS with
the chest radiograph.
POCUS can be used to assess any body system, in
any setting, and is particularly useful in the assessment
of the newly presenting critically unwell neonate/
child.1 5 8 9
We would encourage you to use your experienced
adult teams during POCUS assessment of an acutely
unwell child, as they will have completed formal adult
accredited training, which is currently under development in paediatrics. Attendance at a formal ultrasound course is also strongly recommended, followed
by a well-supported mentoring process.10 Work is
now ongoing to create a UK paediatric-specific critical care ultrasound course, curriculum and mentoring
systems.11

What are the pros and cons of point of
care ultrasound?
Figure 1 illustrates some of the benefits and drawbacks
to the use of POCUS.
Lung point of care ultrasound
The probe selection and location

Optimal assessment requires the correct ultrasound
probe. A linear probe in infants and a curved linear
probe in older children are used. The probe is placed in
a longitudinal position, with the probe marker conventionally used to represent the head of the patient.
Figure 2 gives a guide as to which POCUS probe is
best used for which structure.3 4
Correct scanning requires the sequential assessment
at various locations across both lungs, analogous to
the structured approach used when listening to the
chest with a stethoscope. Figure 3 demonstrates the
key zones of the lung which must be scanned when
performing a full lung POCUS. In an emergency

Figure 1 Benefits and drawbacks of using point of care ultrasound.
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Box 1
lung

Point of care ultrasound findings of normal

►► Bat-wing sign: the ribs will provide ‘drop out’ of

Figure 2 Point of care ultrasound (POCUS) probe selection.

setting (eg, trauma, cardiac arrest), the views could be
limited to the anterior thorax, just below the clavicles
(as air in a large pneumothorax would rise in a supine
patient) and to the costophrenic angle regions (as fluid
accumulates here).

ultrasound signal either side of the lung parenchyma
producing the ‘bat-wing’ sign (figures 4 and 5). In
neonates with underdeveloped ribs, you may not see
this sign as clearly, and may just see the ribs as circular
structures.10
►► Pleural line: the dense white pleural line should be
identified. With the probe held static you will see this
dense white line ‘creeping’ forwards and backwards
(representing normal pleural sliding). Failure to see
pleural sliding often represents unventilated lung (eg,
pneumothorax, endobronchial intubation) (figures 4 and
5).
►► Sea-shore sign: motion (M)-mode is an ultrasound tool
used to assess movement of a given structure against
time. M-mode can be applied to confirm sliding of the
pleura. When M-mode is applied across the pleural line,
the ‘sea-shore’ sign is seen; so named as it represents the
waves of the sea meeting the sand grains on the beach
(figure 6).
►► A-lines: A-lines represent reflection of the pleural line and
are a key sign in normal lungs (figures 4 and 5).3 13

Ultrasonographic features of normal lung

The key features of normal lung as seen on POCUS are
outlined in box 1.
Failure to identify the normal signs, or the presence of
additional signs suggest the presence of pathology. Take
the whole clinical picture into account and remember
that in lung POCUS, signs are less specific than they are
sensitive: it is easier to exclude pathology than pick it up.
Cases: lung POCUS in assessing and
managing respiratory failure in the
critically unwell child
We will now work through two cases to illustrate how
POCUS can be used at the bedside to assess a child
with respiratory failure.

Figure 3 Image to show the key areas used in lung point of care
ultrasound.

First let us consider the common causes of respiratory failure in children (figure 7). Many features of
lung POCUS will help differentiate this list.
Case 1: the infant in respiratory distress
Louie is aged 3 months born at 32 weeks with a postnatal diagnosis of a large perimembranous ventricular
septal defect. He is now term corrected.
He is awaiting corrective cardiac surgery and has
been on twice-daily oral diuretics since his discharge
from the neonatal unit a month ago. It is currently
winter. Louie’s mother tells you he has been struggling

Figure 4
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Pulmonary oedema

The features of pulmonary oedema on respiratory
POCUS are displayed in box 2. In addition, findings
on cardiac POCUS may also support the diagnosis of
heart failure.
In pulmonary oedema, the sum of B-lines corresponds with the amount of pulmonary oedema. As
pulmonary oedema improves (eg, with diuretics or
positive pressure ventilation), the number of B-lines
reduces. POCUS can help show the resolution of
pulmonary oedema in real time, unlike the chest
radiograph, which tends to be slower.12 If you see
multiple B-lines, maybe the child does not need
volume resuscitation.
Figure 5 Normal lung with curved-linear probe (older children and
adults).

to gain weight, has become more breathless over the
last 24 hours and cannot now complete feeds.
Differential diagnosis
The clinical history and examination will provide a
list of differential diagnoses. POCUS helps to narrow
down and focus on specific differential diagnosis.
Using the diagram of common cause of respiratory
failure in children (figure 7), the most likely differential diagnosis for case 1 and the POCUS signs that
help us differentiate between them are illustrated in
figure 8.

Pulmonary consolidation

It is well known that chest radiograph changes of
pulmonary consolidation lag behind the clinical
features; this is not the case with ultrasound. By scanning sequentially, you will identify lobar consolidation
prior to its appearance on the chest radiograph.
The key features to identify pulmonary consolidation
are outlined in box 3, and demonstrated in figure 10.
Case 2: the teenager with acute
respiratory distress
James is aged 13 years with a past medical history of
mild asthma. He is a keen footballer and was unable
to attend training today due to being acutely short of
breath unresponsive to his usual inhalers. He complains
of non-specific chest pain.

Figure 6 Normal lung on motion (M)mode (demonstrates the sea-shore sign).
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Figure 7 The aetiology of respiratory failure in children. CCAM, congenital cystic adenomatoid malformation; CDH, congenital diaphragmatic
hernia; FB, foreign body; LMN, lower motor neuron; UMN , upper motor neuron.

As with case 1, you can use the diagram of common
cause of respiratory failure in children (figure 7) to
help identify the most likely differential diagnosis for
case 2 and then use the POCUS signs to help us differentiate between the causes (figure 11).
Pneumothorax

A pneumothorax is air in the pleural space, causing
pleural separation; it is this separation that produces
the change in ultrasound findings.
The features to identify a pneumothorax are
described in box 4.

Pleural effusion

The use of ultrasound to assess pleural effusions is well
established. If the patient is supine, remember to ultrasound as posterior as possible, as this will reduce the
chances of missing a pleural effusion. The fluid will
follow gravity.
The features to identify a pleural effusion are highlighted in box 5.

Box 2 Point of care ultrasound (POCUS) findings in
pulmonary oedema
►► Normal pleural sliding (both visually and on motion-

mode)—see Box 1.

►► B-lines: these are dense white lines radiating down

Figure 8 Possible differential diagnosis for case 1 and the point
of care ultrasound (POCUS) signs helpful in investigating this at the
bedside.

from the pleura into the lung parenchyma. They can
extend to the edge of the screen, and move with the
pleural sliding. It can be normal to see one or two of
these lines (particularly in the transitioning neonate
shortly after delivery) (figure 9). Multiple B-lines can
represent pulmonary oedema, fibrosis, acute respiratory
distress syndrome or transient tachypnoea of the
newborn. As with all clinical assessments, you apply
your POCUS findings of B-lines to the clinical
picture.
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Figure 10

Point of care ultrasound features of lung consolidation.

Box 4 Point of care ultrasound findings in
pneumothorax
►► Absence of pleural sliding: seen and confirmed with

motion (M)-mode.

Figure 9 B-lines (representing pulmonary oedema in both these
cases) demonstrated using a curved-linear probe in an older child (A)
and with a linear probe in an infant (B).

POCUS: the heart
A critically unwell child with respiratory distress can
present due to cardiovascular insufficiency and inadequate tissue oxygenation. POCUS cardiac assessment
should be done in all critically unwell children to help
you formulate a holistic assessment.

►► No B-lines:presence would exclude a pneumothorax.
►► Barcode or stratosphere sign: the M-mode represents a

static ‘barcode’ or ‘stratosphere’ sign; so named because
there is no movement of the pleura with time
(figure 12).
►► Presence of a ‘lung point’: this describes the visualisation
of the point that the visceral pleura start to separate
from the chest wall parietal pleura. The lung point is
highly specific; it can be hard to find without careful
sequential scanning. This is the only sign that helps you
‘rule in’ a pneumothorax.3 6 9 10 (figure 12).

Box 3 Point of care ultrasound findings in
pulmonary consolidation
►► The tissue-like sign:– lung looks more like solid viscera,

such as the liver.

►► Dynamic air bronchograms: air filled alveoli can are

echogenic due to dense consolidated surrounding lung.

►► Shred sign: the deeper border of consolidated lung tissue

that makes contact with the aerated lung is shredded
and irregular.
►► Lung pulse: the lung pulse is a phenomenon that is
observed when the lung is not fully inflated. It is a
measure of cardiac motion transmitted to the pleura
through consolidated lung. In a ventilated patient, if seen
with reduced pleural sliding. This can also indicate main
stem bronchial intubation.

6

Figure 11 Possible differential diagnosis for case 2 and the point
of care ultrasound (POCUS) signs helpful in investigating this at the
bedside.
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Box 5 Point of care ultrasound findings in pleural
effusion
►► Visualisation of the fluid: appears black, between the

lung parenchyma and the soft tissues (figures 13 and
14).
►► PLAPS point: the presence of lung edge floating within
the dense black effusion (figure 12).
►► The QUAD sign: shape drawn between the pleural line
and the lung line (visceral pleura) at its deepest point,
with the rib shadows either side.10

Cardiac POCUS is used to help answer three key
questions to guide immediate resuscitation:
1. Is there a cardiac tamponade or extrinsic compression?
2. Is the child adequately filled (ie, adequate preload)?
3. Is the myocardial function normal?

Figure 15 describes the POCUS signs that allow you
to answer these questions.4

These questions will be unlikely to identify specific
congenital heart disease, nor is this a full echocardiographic assessment, but is designed to help guide
further fluid resuscitation or inotropic support.
How to get training in POCUS for the
paediatrician
Adult critical care-based ultrasound courses (Core
Ultrasound in Intensive Care and Focused Intensive
Care Echocardiography courses) are well established
and part of ICM training. These all provide key skills
in POCUS, although in the adult population.13
A number of tertiary centres across the UK provide
regular paediatric echocardiography courses, with the
focus on congenital heart disease.
Work is now ongoing to create a UK paediatric-specific critical care ultrasound course, curriculum and
mentoring systems. Three pilot Childrens ACute
UltraSound (CACTUS) courses have taken place.11

Figure 12 Pneumothorax on point of care ultrasound as demonstrated by absence of pleural line lung sliding on motion (M)-mode (barcode
or stratosphere sign) with a curved-linear probe in an older child (A) and a linear probe in an infant (B). The lung point (point of separation of the
pleura) is seen in (C).
Ord HL, Griksaitis MJ. Arch Dis Child Educ Pract Ed 2018;0:1–9. doi:10.1136/archdischild-2017-313795
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Figure 15 Summary of additional questions that can be answered
using cardiac point of care ultrasound in a child with respiratory
distress. IVC, inferior vena cava.

Test your knowledge
Figure 13 Pleural effusion demonstrated using a linear probe in an
infant.

The key aspects to developing your POCUS skills
are to have good initial training, regular hands-on
scanning time and a mentor to help review and interpret your findings. Caution must be taken about
using POCUS to make clinical decisions, without
appropriate governance and mentoring. Your adult
emergency medicine and critical care colleagues
could form a good starting point for this.

1. The linear ultrasound probe is best used to scan which of
the two following structures:

A.
B.
C.
D.
E.

Vessels
The heart
The lung in neonates/infants
The lung in adolescents/adults
The brain

2. Which one of the following ultrasound features suggests
lung consolidation:

A.
B.
C.
D.
E.

Barcode sign
Absence of a lung pulse
A-lines
PLAPS point
Tissue-like sign

3. Which two of the following lung ultrasound features are
normal findings during lung POCUS:

A.
B.
C.
D.
E.

Pleural sliding
A-lines
Multiple B-lines
Shred sign
Barcode sign

4. Which one of the following is a feature of a
pneumothorax on lung POCUS:

A.
B.
C.
D.
E.

Presence of pleural sliding
QUAD sign
Sea-shore sign
Lung point
Tissue-like sign

5. Which two of the following features may you see after
the endobronchial intubation of a neonate, on the
unventilated lung:

Figure 14 Pleural effusion and the PLAPS point demonstrated using
a linear probe in an infant.
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A.
B.
C.
D.
E.

Presence of pleural sliding
PLAPS point
Barcode sign
Lung pulse
QUAD sign

Answers to the quiz are at the end of the references.
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Conclusions
POCUS is an essential skill in adult emergency medicine and critical care; this should be the case in paediatrics too. The POCUS can help you determine key
diagnoses and treatment options at the bed space, in
real time and then assess the effect of your intervention. This article outlines the key findings you may
encounter to help you differentiate the breathless
child, but attendance at accredited training should be
encouraged for all paediatric staff dealing with acute
paediatric emergencies.
Twitter @MJGriksaitis
Acknowledgements The authors would like to acknowledge Dr Kylie Baker
for providing some of the images displayed in this paper, Dr Benjamin Cambers
for being our ultrasound subject to obtain normal images and Dr Ollie Ross and
Dr Rebecca Kemp for providing constructive feedback on this paper.
Contributors HLO and MJG both contributed to the idea, design and final
production of the article.
Funding This research received no specific grant from any funding agency in
the public, commercial or not-for-profit sectors.
Competing interests None declared.
Patient consent Parental/guardian consent obtained.
Provenance and peer review Commissioned; externally peer reviewed.
© Article author(s) (or their employer(s) unless otherwise stated in the text of
the article) 2018. All rights reserved. No commercial use is permitted unless
otherwise expressly granted.

References
1 O'Brien AJ, Brady RM. Point-of-care ultrasound in paediatric
emergency medicine. J Paediatr Child Health 2016;52:174–80.
2 de Souza TH, Brandão MB, Santos TM, et al. Ultrasound
guidance for internal jugular vein cannulation in
PICU: a randomised controlled trial. Arch Dis Child
2018:archdischild-2017-314568 (Epub ahead of print 04 Apr
2018).
3 Husain LF, Hagopian L, Wayman D, et al. Sonographic diagnosis
of pneumothorax. J Emerg Trauma Shock 2012;5:76–81.
4 Bowman, Boitnott, Miesemer. The point of care ultrasound
handbook, 2017.
5 Shah VP, Tunik MG, Tsung JW. Prospective evaluation of pointof-care ultrasonography for the diagnosis of pneumonia in
children and young adults. JAMA Pediatr 2013;167:119–25.
6 Lichtenstein DA, Meziere GA. Relevance of lung ultrasound in
the diagnosis of acute respiratory failure: The BLUE protocol.
Chest 2013;144:721.
7 Dietrich AM, Coley BD. Bedside pediatric emergency
evaluation through ultrasonography. Pediatr Radiol
2008;38(Suppl 4):679–84.

8 Pereda MA, Chavez MA, Hooper-Miele CC, et al. Lung
ultrasound for the diagnosis of pneumonia in children: a metaanalysis. Pediatrics 2015;135:714–22.
9 Xirouchaki N, Magkanas E, Vaporidi K, et al. Lung ultrasound
in critically ill patients: comparison with bedside chest
radiography. Intensive Care Med 2011;37:1488–93.
10 Lichtenstein DA. Lung ultrasound in the critically ill. Ann
Intensive Care 2014;4:1.
11 Griksaitis MJ, Raffaj D, Stephens J, et al. Children’s Acute
Ultrasound (CACTUS) training: the development of a point of
care ultrasound curriculum for paediatric critical care in the
UK.
12 Leidi F, Casella F, Cogliati C. Bedside lung ultrasound in the
evaluation of acute decompensated heart failure. Intern Emerg
Med 2016;11:597–601.
13 Intensive Care Society. The intensive care society runs two
high-quality accreditation programmes. FICE offers training in
focused transthoracic echo and CUSIC ultrasound for intensive
care. http://www.ics.ac.uk/ICS/Education/Accreditation/
ICS/Accreditation.aspx?hkey=c88fa5cd-5c3f-4c22-b007-
53e01a523ce8 (accessed 22nd Feb 2018).
14 Ebrahimi A, Yousefifard M, Mohammad Kazemi H, et al.
Diagnostic accuracy of chest ultrasonography versus chest
radiography for identification of pneumothorax: a systematic
review and meta-analysis. Tanaffos 2014;13:29–40.
15 Yousefifard M, Baikpour M, Ghelichkhani P, et al. Screening
performance characteristic of ultrasonography and radiography
in detection of pleural effusion; a meta-analysis. Emerg
2016;4:1–10.
16 Ye X, Xiao H, Chen B, et al. Accuracy of lung ultrasonography
versus chest radiography for the diagnosis of adult communityacquired pneumonia: review of the literature and metaanalysis. PLoS One 2015;10:e0130066.
17 Iorio G, Capasso M, De Luca G, et al. Lung ultrasound in
the diagnosis of pneumonia in children: proposal for a new
diagnostic algorithm. PeerJ 2015:3:e1374.
18 Cardinale L, Priola AM, Moretti F, et al. Effectiveness of
chest radiography, lung ultrasound and thoracic computed
tomography in the diagnosis of congestive heart failure. World
J Radiol 2014;6:230–7.
19 Yang X, Yinghua Y, Wang S, et al. Sensitivity and specificity
of ultrasound for the diagnosis of acute pulmonary edema:
a systematic review and meta-analysis. J Thorac Dis
2016;8:2822–31.

Answers to test your knowledge quiz
1. (A and C); 2. (E); 3. (A and B); 4. (D); 5. (C and D).
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