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Abstract: This review focuses on the current technique and evidence regarding the use of
point-of-care ultrasound (POCUS) to evaluate lung isolation for thorax surgery in infants and
children. Previous reports in infants and children are presented. Figures and high-quality
video are used to demonstrate the technique for POCUS in pediatric patients and to highlight
differences between pediatric and patients. Lung sliding in B-mode and the seashore sign in
M-mode suggest that the lung is ventilated. Pediatric anesthesiologists should be familiar
with this technique as it is non-invasive and may also be more accurate when compared with
auscultation.
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Introduction

Effective one-lung ventilation (OLV) is essential for successful video-assisted
thoracic surgery in children as it allows exposure of the operative field. Failure
of the technique has been reported as the most common cause for the need to
convert to open thoracotomy.! There are several ways to confirm lung separa-
tion, including ultrasound, auscultation, visual examination, and fiberoptic
bronchoscopy. Although fiberoptic bronchoscopy is the gold standard, it may
be difficult to ventilate the patient during the procedure especially in an infant
or small child.

Lung ultrasound has been shown to have a higher diagnostic accuracy than
auscultation in determining tracheal versus bronchial intubation in adults.? Similar
results have been reported when using a double lumen endotracheal tube for
OLV.>® To date, there are a limited number of case reports regarding the use of
lung ultrasound in children and no prospective clinical trials. There is increasing
clinical use of point-of-care ultrasound (POCUS) to identify effective lung separa-
tion thereby eliminating the need for bronchoscopy and limiting inaccuracies with
auscultation. Confirmation of lung separation using point-of-care ultrasound can be
performed with both the Brightness-mode (B-mode) and Motion-mode (M-mode).
Lung sliding and lung pulse are used in B-mode while the seashore sign and the
bar-code sign are important in M-mode.”*

Therefore, there appears to be a need to increase the understanding of the
applications of lung ultrasonography in clinical practice in infants and children.
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A systematic search of PubMed®™ was conducted through
September 2020 using a combination of controlled voca-
bulary (MeSH) and free text terms (Supplementary Table

1). The abstracts from the publications were reviewed and
those pertaining to pediatric-aged patients were included
for further review. Additionally, the reference list of these
publications was reviewed to ensure that all pediatric
reports regarding the use of POCUS involving thoracic
surgery and OLV had been identified.

Previous Publications

We identified 72 articles which fit our search strategy.
Upon further review, we identified 4 case reports and 2
letters to the editor which were associated with lung ultra-
sound and one-lung ventilation in infants and children.” '
One case report and one letter were written by the authors
of this manuscript. Our letter was in response to one of the
case reports and pointed out a potential misunderstanding
of the images reported. Point-of-care lung ultrasound to
confirm one lung ventilation is a developing field. The
current review describes out a technique for POCUS of
the lung and its applications during OLV in infants and
children.

Equipment and Preparation

The patient is positioned in the supine position. After
placement of the device for OLV such as a double
lumen endotracheal tube or bronchial blocker, lung
separation can be confirmed by point-of-care ultra-
sound. A high-frequency linear probe (5-13 MHz)
with standard lung settings is best to evaluate the
pleural membrane and its artifacts in children. The
probe should be covered with a plastic cover with
standard ultrasound gel inside and outside the cover.
In general, medical ultrasound uses the convention that
the orientation marker should correspond to the left
side of the screen. The depth is adjusted so that the
pleural membrane is 1/2nd to 1/3rd of the distance of
the screen from the top.

Procedure
Confirmation by B-Mode

Scans are longitudinal. The probe is placed in the
midclavicular line between the second and the third
intercostal space or at the mid-axillary line between
the 4th and 5th intercostal spaces.'>'* In B-mode,
two types of movement can be seen at the pleural

line: lung sliding and lung pulse. Both lung sliding
and lung pulse are a horizontal movement at the
pleural line. Lung sliding is a movement in rhythm
with respiration, indicating sliding of the visceral
pleura against the parietal pleura (Supplementary
Video 1)."* Lung pulse is a smaller and faster move-
ment than lung sliding (Supplementary Video 2),

because lung pulse is generated by the heartbeat
(Table 1)."° Lung pulse is usually easy to see and
faster in small children than in adults.

Lung POCUS begins with identification of the Bat
sign, the most basic image of lung ultrasound (Figure 1A
and B). One will be able to see the pleural line under the
rib in infants and small children because of immature
ossification of the bones. Once this view is obtained,
focus on the pleural line without ventilating the patient
to see lung pulse. Then, ventilate the patient and identify
lung sliding, which is identified at the pleural line. The
sound of the pulse oximeter is helpful to differentiate lung
sliding from lung pulse. If the lung is collapsed such as
during OLV, neither lung sliding, nor lung pulse will be
seen. These are the same findings that are seen in the
presence of a pneumothorax. What you can see are multi-
ple A-lines which are reverberation artifacts of the pleural
line.

Confirmation by M-Mode

The seashore sign and the bar-code sign (stratosphere sign)
are important findings in M-mode (Figures 2—4). Again,
one needs to identify the Bat sign as in the B-mode. The
M-mode scanning line must be set on the pleural line, not
on the rib. If the lung is ventilated, the seashore sign will
be seen with the M-mode (Figure 2). If the lung is not
ventilated, the bar-code sign will be seen. There may be
small artifacts in bar-code sign at regular intervals, which
are generated by the lung pulse (Table 2). M-mode is more
helpful in older patients than in infants and young children
because a higher heart rate creates a lot of noise in the Bar-
code sign which may be misinterpreted as Sea-shore sign
(Figures 3 and 4).

Table | Lung Sliding and Lung Pulse

Lung Sliding Lung Pulse
Direction Horizontal Horizontal
Frequency Respiratory rate Heart rate
Movement Large Small
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Figure | Demonstration of the Bat sign in an adult patient (A) and an infant (B). The Bat sign is the most basic view of lung ultrasound. The ribs are identified as low echoic
regions (circles) with an acoustic shadow. The pleural line (between arrows) is a high echogenic (white) line just below and between the two ribs. Above the pleural line is
subcutaneous tissue. All of the findings below the pleural line are artifact.
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Figure 2 M-mode (left image) and B-mode (right image). On the right image, the M-mode shooting line is in the middle of the picture (circle and yellow line). Above the
pleural line (yellow arrows), there are several horizontal lines. A sandy pattern below the pleural line is known as the seashore sign, which is generated by lung sliding. This
confirms that the lung is ventilated.

Keys to Success 4. M-mode should be evaluated when the patient is
1. The Bat sign is the first view to obtain as it helps ventilated.

one find the pleural line. 5. Lung pulse with a high heart rate may lead to the bar-

2. Manual ventilation makes it easier to differentiate code sign being misinterpreted as the sea-shore sign.

lung sliding from lung pulse.

3. Try to avoid including the heart in the image Limitations of Lung Ultrasonography
because cardiac motion will make it difficult to  Although it has high diagnostic accuracy in several clinical
focus on the pleural line. scenarios, POCUS of the lung has specific limitations. There
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Table 2 Ultrasound Findings in B-Mode and M-Mode

Mode Ventilated Non-Ventilated

B-mode Lung pulse Present Present or absent
Lung sliding Present Absent

M-mode Seashore sign Bar-code sign

is an initial investment required for the purchase of the
machine. Lung ultrasonography is point-of-care and provides
only an instantaneous view. As such, intermittent scanning
may be required during surgery. Although lung ultrasonogra-
phy is not difficult, training and continued practice is neces-
sary. Finally, there are several situations which decrease the
diagnostic accuracy of lung ultrasound. Lung ultrasound is
based not only on the anatomical structure, but also on the
interpretation of the artifact, which is made by a combination
of the visceral pleura and the parietal pleura.

Various pathologic processes or conditions can inter-
fere with the use of lung ultrasound. Pneumothorax is
a well-known cause of absent lung sliding.'® In patients
with pneumothorax, the parietal pleura is not attached to
the visceral pleura. Therefore, the ultrasound beams are
reflected at the parietal pleura with the production of
multiple reverberation artifacts known as a-lines.'”'® As
air in the thoracic cavity is generally trapped toward the
apex, if both lung sliding and lung pulse are not visible,
the dependent areas should be scanned to confirm whether
the lung is ventilated or not.

Figure 3 Bar code sign in an adult. M-mode point-of-care ultrasound. Numerous
horizontal lines are seen both above and below the pleural line (between large
yellow arrows). This is known as the bar code sign (stratosphere sign), which
suggests the absence of lung sliding and the fact that the lung is not ventilated.
Artifact created by the heart beat is detected at constant intervals (small yellow
arrows).

M: G:50 2D: G:50
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Figure 4 Bar code sign in an infant (A) and in a child (B). The ribs are the echoic
areas within the yellow circles. The pleural line is noted by the larger yellow arrow.
There are numerous artifacts in the bar code sign (small yellow arrows).

with
a pneumothorax or after it is evacuated. The gas trapped in

Subcutaneous emphysema may be present
the subcutaneous tissue reflects ultrasound beams resulting in
a high echoic line, known as an E line."” The difference
between E lines and pleural lines is the shape of the high
echoic line and the places where the high echoic lines are
generated. E lines are generated from subcutaneous tissue,
which is more superficial and more scattered than pleural
lines. When there is significant subcutaneous emphysema,
the majority of the ultrasound beams are reflected at very
shallow points with multiple artifacts, making it impossible
to identify pleural lines. This process is referred to as
“white out”.

Many of the studies evaluating lung ultrasound were
performed in patients who were scheduled for elective sur-
gery with limited intrinsic lung disease.” ® Pulmonary par-
enchymal with consolidation or atelectasis may impede lung
ultrasound as lung sliding is observed only in ventilated
areas. Therefore, even if two-lung ventilation is performed,
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areas with consolidation or atelectasis may impede identifi-

cation of lung sliding.?*?' If pleural lines are not visible

clearly below the ribs, atelectasis and consolidation may be

present and other areas identified for scanning.'®

Summary
Point-of-care ultrasound is an easy and powerful tool with

potential applications during thoracic surgery in infants

and children including confirmation of lung isolation dur-

ing OLV. Lung sliding in the B-mode and the seashore

sign in M-mode suggest that the lung is ventilated (Table

2). Pediatric anesthesiologists should be familiar with this

technique because as it is not only non-invasive, but also

more accurate when compared with auscultation.
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