BJR, 2026, 99, 195-205
https://doi.org/10.1093/bjr/tqaf288
Advance access publication: 2 December 2025

Review British Institute

of Radiology

V‘ﬂBIR

OXFORD

Ultrasound of lung parenchyma—current state and future

Alguili Elsheikh, MRCP UK'?*®, Christian Kildegaard, MD>*, Pia Iben Pietersen, MD, PhD*¢,
Jesper Rembhild Davidsen, MD, PhD3*%7-8, Najib M. Rahman, MD, PhD'?,
Christian B. Laursen, MD, PhD*349

'0xford Centre for Respiratory Medicine, Oxford University Hospitals NHS Foundation Trust, Oxford 0X3 7LJ, United Kingdom

20xford Respiratory Trials Unit, University of Oxford, Oxford 0X3 7LJ, United Kingdom

3Department of Respiratory Medicine, Odense University Hospital, Odense, 5000, Denmark

*0dense Respiratory Research Unit (ODIN), Department of Clinical Research, University of Southern Denmark, Odense, 5000, Denmark
SDepartment of Radiology, Odense University Hospital, Odense, 5000, Denmark

®Radiology Research and Innovation Unit (UNIFY), Department of Clinical Research, University of Southern Denmark, Odense,

5000, Denmark

’South Danish Center for Interstitial Lung Diseases (SCILS), Odense University Hospital, Odense, 5000, Denmark

8Pulmo-Rheuma Frontline Center (PURE), Odense University HospitalOdense, 5000, Denmark

SCenter for Lung Cancer (CFL), Odense University HospitalOdense, 5000, Denmark

*Corresponding authors: Alguili Elsheikh, MRCP UK, Oxford Respiratory Trials Unit, University of Oxford, Churchill Hospital, Old Road Headington, Oxford 0X3
7LE, United Kingdom (alguili.elsheikhn@ndm.ox.ac.uk) and Christian B. Laursen, MD, PhD, Department of Respiratory Medicine, Odense University Hospital,
Sdr. Boulevard 29, Entrance 87/88, Odense C 5000, Denmark (christian.b.laursen@rsyd.dk)

Abstract

The evidence base supporting the use of thoracic ultrasound to assess the lung parenchyma has expanded and consolidated itself significantly
within the last decade. Thoracic ultrasound for lung parenchyma assessment is now finding its way into statements and clinical practice guide-
lines for several conditions in various settings. Since assessment of patients with possible chest disease is a very common clinical scenario,
knowledge of the various types of chest imaging is essential for any physician. The most common indication for thoracic ultrasound for lung pa-
renchymal assessment is for screening and diagnostic purposes. Several new studies have, however, demonstrated a possible large potential
for using thoracic lung ultrasound to monitor lung diseases. The recent COVID-19 pandemic has increased the scope of lung parenchymal ultra-
sound, from diagnosis to monitoring of the disease. Deep learning of contrast-enhanced thoracic ultrasound to aid diagnosis is a new developing
area. Despite increasing use of thoracic ultrasound in respiratory medicine, a consensus on assessment of competencies, and education is lack-
ing. The aim of this review is to provide the reader with a focus overview of the current use and diagnostic limitation of thoracic ultrasound for

assessment of the lung parenchyma, and future development.
Keywords: lung; thoracic; ultrasound; parenchyma.

Introduction

Thoracic ultrasound (TUS) has been widely implemented in
the assessment of pleural diseases, and its use is well-
integrated into international guidelines.'” The use of TUS
as a bedside tool to diagnose and monitor pathologic condi-
tions in the lung parenchyma have, however, received less
attention despite its advantages as radiation free and a bed-
side modality.

Over the past decade, a growing body of evidence has dem-
onstrated that TUS can provide clinical relevant information
on a wide range of parenchymal lung diseases."®® The clini-
cal implementation of TUS for lung assessment was further
facilitated and consolidated by the COVID-19 pandemic,
during which TUS became an important bedside tool for as-
sessment of possible COVID-19.” Within the last years, TUS
for lung parenchyma assessment has also begun to feature in
statements and clinical practice guidelines for several condi-
tions in various settings."”!!

Since assessment of patient with possible chest disease is a
very common clinical scenario, knowledge of the role TUS in

assessment of lung parenchyma and its limitations is essential
for respiratory physician. The aim of this review is to provide
the reader with a general overview of the current use of TUS
for assessment of the lung parenchyma, as well as in which
areas its role may expand even further in the future.

Indications for using TUS to assess the
lung parenchyma

The most common indication for TUS in lung parenchymal
assessment is screening and diagnosis. However, several new
studies have demonstrated a possible large potential for using
TUS to monitor lung diseases.'>"'® The use of TUS to guide
invasive procedures such as transthoracic ultrasound-guided
lung biopsy, is well-established. Its use is typically limited to
specialized centres, and is therefore not part of this re-
view.'”?® Examples of general TUS “lung” indications are
given in Table 1. It is important to note that these indica-
tions often overlap with TUS assessment of related structures
such as the chest wall, parietal pleura, pleural cavities, and
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Table 1. Overview of general TUS indications for assessment of the lung parenchyma.

Diagnostic TUS

* Assessment of visceral pleura (eg, appearance, movement, and pres-
ence of B-lines)

* Assessment of lung consolidation in contact with the visceral pleura

* Assessment of the presence of intercostal arteries prior to
intervention

* Reassessment and monitoring of treatment response

TUS-guided procedures

* US guided lung biopsy (eg, core biopsy, needle aspiration biopsy)

* US guided lung drain insertion (eg, for lung abscess)

* US guided trocar insertion for thoracoscopic procedures

* US guided ventilatory strategy (prone positioning, positive end-expi-

ratory pressure (PEEP) titration)

R4 |
R3

L U

L7 | R7
SLa L6 | R6
L3 L5 | RS

Figure 1. A 14-zone TUS scanning protocol, in which each hemithorax is divided into 2 anterior, 2 lateral, and 3 posterior zones. The protocol has been

validated in various clinical scenarios and settings. Adapted from Laursen et a

diaphragm. The interested reader can find additional infor-
mation on these aspects and the use of TUS-guided proce-
dures elsewhere,%:¢:20-23

TUS practical aspects when assessing the
lung parenchyma

Assessment principles and scanning protocols

TUS may be performed as part of a focused assessment to an-
swer simple dichotomic clinical questions (eg, is lung consoli-
dation present?>—yes/no) or as part of a comprehensive
diagnostic assessment.”* Many TUS scanning protocols di-
vide the chest into a set of predefined “scanning zones” often
paired with a standardized list of what is to be assessed in
each. The number of zones and areas assessed differs from
studies, settings, and indications.">**° Studies have indicated
that choice of scanning may affect diagnostic accuracy.”®
Therefore the TUS operator needs to know which specific
protocol is optimal for the given clinical setting and patient.”*
An example of a TUS scanning protocol is the 14-zone scan-
ning protocol which has been validated for a wide range of
settings and conditions (Figure 1).'*%2%-27

Equipment and presets

Basic TUS lung parenchyma assessment can be performed us-
ing the most standard stationary or cart-based ultrasound
scanners. A low-frequency curvilinear probe (2-6 MHz) is op-
timal for the initial assessment as it allows assessment of both
superficial structures in the lung (eg, visceral pleura) and
more deeply located structures in case of pathology (eg, large
lung consolidation). A high-frequency linear probe (7-
12 MHz) is used for detailed assessment of the visceral pleura
or subpleural pathology.”**%:*

|.25

Figure 2. A B-line (B) can be seen as a hyperechoic, laser-like, vertical,
reverberation artefact originating from the pleural line (PL). B-lines
continue from the pleural line to the bottom edge of the screen and do
not fade in intensity. This opposed to other more “faint” vertical artefacts
which also originate from the pleura line. One of these are also present in
the image, but noticeably it quickly fades in intensity (Z).

Most ultrasound scanners have specific presets that can be
used for TUS, and increasingly with dedicated lung “sub-pre-
sets” for the assessment of artefacts (eg, B-lines (Figure 2)) or
lung consolidations. If no such presets are available, the ab-
dominal preset (low-frequency transducer) and musculoskele-
tal presets (high-frequency transducer) can generally be used.
When using standard presets, the operator should, however,
be able to adjust image optimization that might diminish the

visibility of artefacts when assessing for the presence
of these.**
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Figure 3. TUS normal sonomorphology of the lung. The hyperechoic
horizontal line just below the 2 ribs (R) represent the parietal and visceral
pleura (PL). The area below (*) the pleural line (PL) does not represent the
lung tissue, but is instead represent artefacts, such as the A-line (A).

Patient positioning

The anterior and lateral zones of the chest can be examined
with the patient in either the sitting, supine or lateral decubitus
position, whereas the posterior zones is best scanned with the
patient is seated.”* In this position, they can be asked to place
their hands across their shoulders. This moves the scapulae lat-
erally, allowing better assessment of the upper zones. In addi-
tion, if the patient is lying on their side, any pleural effusion
will shift posteriorly, making it more difficult to assess and
plan an intervention, particularly in cases of small effusions.
Many critically ill patients can only be assessed in the supine.
Dedicated scanning protocols for assessing critically ill, supine,
patients have been developed and validated for this setting.'*

Normal lung sonomorphology

When placing the ultrasound transducer just above an inter-
costal space the so-called “pleural line” can be visualized just
below and between the 2 ribs. It is seen as a hyperechoic hori-
zontal line representing both visceral and parietal
pleura’**3% (Figure 3). The movement of the visceral pleura
during breathing is visualized as a horizontal movement of
the pleural line in synchrony with the patients breathing. This
movement has been termed “lung sliding”.>**! The normal
aerated lung tissue cannot be directly visualized using TUS.
Hence the area below the pleural line does not represent lung
tissue. Ultrasound waves being reflected back and forth be-
tween the transducer and the pleura line generate the so-
called A-lines (Figure 3).1:2+3°

Clinical integration: limitations and strengths

Due to the air-filled nature of the lungs, ultrasound assessment
of the lung parenchyma has its limitations. Recognition of pos-
sible lung pathology will typically rely on the recognition of:

* Indirect signs of possible lung pathology in the form of
presence of artefacts (B-lines) or pleura line abnormalities

* Direct signs of lung pathology in the form of visible sub-
pleural lung abnormalities

Diseases in which the density of the subpleural lung tissue
is not increased (eg, chronic obstructive lung disease,
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emphysema, cystic lung disease) or the solid/non-aerated tis-
sue (eg, central lung cancer) is not in contact with the visceral
pleura cannot be visualized using TUS.'**%% Despite these
limitations, TUS generally have excellent diagnostic capabili-
ties for assessing lung diseases causing: (1) diffusely increased
lung density (eg, pulmonary oedema, interstitial lung disease,
viral pneumonia) or (2) areas of solid tissue with absence of
air in the lungs (eg, pneumonia, pulmonary embolism [PE],
atelectasis).”>1>-17,27,34-38

TUS diagnostic accuracy and sonomorphology
in specific conditions

Community acquired pneumonia

The use of TUS in the evaluation of pneumonia is rapidly
growing with increasing efficiency and accuracy compared to
other diagnostic tests.*® In a multicentre prospective study on
226 patients, TUS demonstrated a sensitivity of 93.4% and a
specificity of 97.7% with respect to the diagnosis of pneumo-
nia.*® This has been echoed in by Desai et al*” in a recent sys-
tematic review and meta-analysis of 29 studies with a
combined sample size of 6702 participants, pooled sensitivity
was 92% (95% CI: 91%-93%), specificity was 94% (95%
CL, 94%-95%). Furthermore, in a systematic review and
meta-analysis of 2040 patients from 16 studies, Sistani and
Parooie*' compared the diagnostic performance of chest X-
ray and TUS. The overall pooled sensitivity for TUS and chest
X-ray, in diagnosing pneumonia was 96% and 65%, respec-
tively. The pooled specificity for TUS and chest X-ray was
85% and 81%, respectively. The use of TUS for diagnosing
community acquired pneumonia, are now being incorporated
into clinical practice guidelines as an alternative to chest
X-ray.*?

Sonographically, lung consolidation is the most common
and diagnostic finding in bacterial pneumonia.*® The sono-
graphic characteristic of the consolidation appears as a sub-
pleural echo-poor region or one with tissue-like echotexture
(Figure 4)."*° The presence of air bronchograms, which
sonographically appear as hyperechoic or linear punctate
spots within the lung consolidation, is a typical feature to be
observed in pneumonic consolidations (Figure 4).*> The oc-
currence of air bronchograms is prevalent in over 90% of
pneumonia cases.”” It is important to emphasize that TUS
has been shown to demonstrate a concurrent pleural effusion
in 55% of pneumonia cases, a figure that is substantially
higher than the 25% observed through conventional chest X-
ray.*” This is of clinical importance since routine use of TUS
in patients admitted with acute respiratory symptoms results
in earlier supplementary thoracocentesis and thus potentially
allow earlier identification and treatment of concomitant
pleural infection.****”

Viral pneumonia

TUS findings in viral pneumonia are characterized by the
presence of minor subpleural consolidations measuring less
than 5mm in diameter (Figure 5). These consolidations are
typically accompanied by multiple and diffuse B-line arte-
facts.** Abnormalities most frequently occur within lower
lung fields, specifically, over the posterior and lateral chest
surface.***

In the Coronavirus Disease-2019 (COVID-19) era, TUS
gained increased attention in the diagnosis and follow-up of
patients.*®*” The presence of certain typical sonographic
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Figure 4. Visible lung consolidation (C) in a patient with community
acquired pneumonia. The lung consolidated lung tissue resemble that of
the adjacent spleen (S) below the diaphragm. Air bronchograms (A) can
be seen as hyperechoic dots and linear structures within the
consolidation. A small, simple, adjoining pleural effusion (E) is

also present.

features has been identified in cases of COVID-19. These in-
clude irregular thickening of the pleural line; the presence of
heterogenous B-lines, which may present as focal, multifocal
or confluent; and consolidation of a variety of types.*”** Gil-
Rodriguez et al*’ conducted a systematic review including 66
articles, with a pooled population of 4687 patients. The most
common sonographic findings were at least 3 B-lines, conflu-
ent B-lines, subpleural consolidation, and uncommonly, a
unilateral or bilateral pleural effusion.

Importantly, the TUS score was used as a predictor of out-
comes in intensive care and emergency department settings; a
higher score was associated with a higher risk of developing
undesirable outcomes (death, Intensive care unit [ICU] admis-
sion, or need for mechanical ventilation).** In the most recent
Cochrane Database Systematic Review on thoracic imaging
tests for the diagnosis of COVID-19, the pooled sensitivity
and specificity of TUS for diagnosing COVID-19 was 88.9%
(95% confidence interval [CI], 84.9%-92.0%), and 72.2%
(95% CI, 58.8%-82.5%), respectively. These results were
based on 15 studies, including a total of 2410 participants.
The sensitivity was found to be comparable with computed
tomography (CT) of the chest and superior to chest X-ray.
All 3 modalities were found to have comparable and only
moderate specificity for COVID-19. Hence, in the context of
suspected COVID-19, TUS and CT have more utility for rul-
ing out COVID-19 than for differentiating COVID-19 from
other causes of respiratory illness.’

Acute respiratory distress syndrome

Berlin’s definition of acute respiratory distress syndrome
(ARDS) consists of clinical criteria and requires the presence
of bilateral opacities on chest imaging (to assess the extent of
pulmonary infiltrates).’”® The Kigali modification of the
Berlin definition, utilizes bilateral TUS abnormalities, to en-
hance the diagnosis of ARDS in low-income countries with
insufficient resources.’’ This approach was further adapted
in the ICU in a high-resource setting and showed reasonable
diagnostic accuracy compared with the Berlin definition.*?
As a result, the new global definition of ARDS published in
2024 by Matthay et al’® now include TUS among the chest
imaging modalities in the definition.
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Figure 5. TUS image from a patient scanned due to suspected COVID-19
with lung involvement. Two anechoic, small, subpleural consolidations (C)
are present just below the pleural line (PL). The examination was
performed with a high-frequency, linear transducer, connected to a hand-
held ultrasound device.

The sonographic pattern in ARDS is that of heterogenous
B-lines with a non-gravity-dependent distribution that may
coexist with spared areas, pleura line irregularities, and con-
solidations (Figure 6).>*>° The various patterns seen in differ-
ent scanning zones can be used as a means of scoring and
classifying ARDS into focal and non-focal phenotypes.*® In a
recent meta-analysis, Boumans et al’” reviewed 11 studies in-
cluding 2075 patients, of whom 598 (29%) had ARDS. Nine
studies reported on ARDS diagnosis, and 2 reported on focal
versus non-focal ARDS subphenotypes classification. Meta-
analysis showed a pooled sensitivity of 0.631 (95% CI,
0.450-0.782) and pooled specificity of 0.942 (95% CI,
0.856-0.978) of TUS for ARDS diagnosis and in addition,
TUS has shown accurately differentiate between focal versus
non-focal ARDS subphenotypes.

Pulmonary embolism

In the diagnosis of pulmonary embolism CT pulmonary an-
giogram (CTPA) remains the most widely used reference
standard investigation.’® However, there is emerging evi-
dence of using lung parenchymal ultrasound to support pul-
monary embolism diagnostic pathways. Lung consolidations
are the most typical and common TUS finding in patients
with PE.>* The parenchymal changes occur secondary to em-
bolic vascular occlusion, which can lead to either round atel-
ectasis due to surfactant breakdown or lung parenchymal
infarction with or without necrosis. These lung parenchymal
changes can be identified by TUS as a subpleural consolida-
tion.’” The typical sonographic appearance of such a lesion is
as a hypoechoic, sharply demarcated, pleural-based lesion,
which can vary in size and shape (Figure 7).>°



BJR, 2026, Volume 99, Issue 1178

Figure 6. TUS image from the anterior chest surface in a patient with
ARDS. Multiple B-lines (B) are present alongside a thickened and irregular
pleural line (PL), and small subpleural consolidations (C).

Figure 7. TUS image of a single, small, hypoechoic, sharply demarcated,
pleural-based lesion (L) just below the pleural line (PL). The image if from
a patient with dyspnoea and pleuritic chest pain. Subsequent CT

pulmonary angiography confirmed the diagnosis of pulmonary embolism.

The diagnostic accuracy depends on which specific TUS
findings are considered as being diagnostic for PE. Falster et
al®® conducted a systematic review and meta-analysis on the
diagnostic accuracy of ultrasound in suspected PE. For the
meta-analysis of TUS findings, 19 studies were included, in
which a total of 2134 patients had been included. The most
sensitive TUS finding was that of one or more hypoechoic
pleural-based lesion(s), which had a sensitivity of 81.4%
(95% CI, 73.2%-87.5%), and a specificity of 87.4% (95%
CIL, 80.9%-91.9%). It is noteworthy, that of different find-
ings when performing TUS, echocardiography, or ultrasound
assessment of the deep veins included in the meta-analysis,
this TUS finding was the most sensitive of all ultrasound signs
for PE. The most specific TUS finding was that of 2 or more
hypoechoic pleural-based lesions, which had a sensitivity and
specificity of 44.2% (95% Cl, 38.0%-50.6%) and 96.5%
(95% CI, 93.2%-98.5%), respectively.

More recently Falster et al®® conducted a randomized clini-
cal trial in which patients with suspected PE were randomly
assigned to either direct diagnostic imaging (controls) or fo-
cused lung, cardiac, and deep venous ultrasound by
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unblinded investigators. Ultrasound could: (1) dismiss PE if
no signs of PE and low clinical suspicion or an alternate diag-
nosis, (2) confirm PE in case of visible venous thrombus, >2
subpleural infarctions, McConnell’s, or D-sign, or (3) refer to
diagnostic imaging if neither category was fulfilled or a pa-
tient with confirmed PE by ultrasound required admission.
The primary endpoint was the proportion of patients referred
to diagnostic imaging. In the trial, ultrasound reduced refer-
ral for diagnostic imaging substantially by 45.2% (95% ClI,
34.3%-56.6%) (P <.0001). During follow-up the number of
patients who did not receive anticoagulation but was diag-
nosed with PE was, however, higher in the ultrasound group.
Despite this difference was not statistically significant, further
studies demonstrating an acceptable safety rate is warranted,
especially if ultrasound is to be used as a rule-out-tool.

Malignancy

In lung cancer, guidelines advocate staging CT and positron
emission tomography (PET) scans for the diagnosis, staging
and follow-up of treatment response of lung cancer.®!
Nevertheless, these modalities have some limitations in the
identification of chest wall invasion, which is present in up to
45% of all T3 lung cancers and 5% of all primary lung can-
cers.®” Several studies have documented TUS being superior
to CT in the assessment and diagnosis of possible chest wall
invasion in malignancy.®®®® Therefore, it is suggested that
for appropriate staging, TUS should be used as an adjunct
tool to further characterize the tumour, guide tissue sam-
pling, and determine presence of invasive growth s.'**®

Sonographically, malignant lung lesions appear in variable
sizes, shapes, echogenicity, and with well-defined as well as
more diffusely demarcated margins (Figure 8). Hence apart
from obvious signs of malignancy (eg, visible invasive
growth), conventional B-mode findings are generally unspe-
cific for malignancy (Figure 9)."**” A mobile lesion with the
presence of lung sliding rules out invasive growth into the pa-
rietal pleura and chest wall, whereas absence of lung sliding
can indicate possible invasive growth.®3"

Interstitial lung disease

Interstitial lung diseases (ILD) constitute a heterogeneous dis-
ease entity that encompasses idiopathic, granulomatous, ex-
posure- and drug-related ILD, but also connective tissue
disease (CTD)-related subtypes.®® High-resolution CT
(HRCT) together with multidisciplinary discussions are con-
sidered the diagnostic gold standard and required for classifi-
cation of ILD; however, at risk of exposure to radiation and
increasing health costs. Therefore, TUS has been investigated
as an alternative tool to diagnose ILD,"*? but its utility is
mostly investigated in order to detect ILD based on the num-
ber of B-lines in patients with CTD-ILD.*®"%7* A recent
meta-analysis of 487 patients with CTD revealed, TUS to
have a sensitivity and specificity of 85.9% (95% CI, 81.2%-
89.8%) and 83.9% (95% CI, 78.2%-88.6%), respectively
for diagnosing CTD-ILD,”* thus demonstrating the potential
of TUS to detect possible ILD in patients with CTD. Apart
from using TUS as a tool for screening and diagnosing ILD,
results from disease monitoring studies are awaited in order
to establish whether TUS could have a potential role in
this context.”®

In ILD, the most crucial sonographic pattern to indicate
ILD is diffuse, bilateral B-lines with a heterogeneous distribu-
tion, whereas pleural irregularity with nodulation,
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Figure 8. TUS image from a patient with a small, subpleural placed, lung
cancer. The lesion (L) is hypoechoic and relatively well-demarcated. Lung
sliding was absent, but no obvious invasive growth into the chest wall
(CW) is present. The ultrasound pattern is unspecific. The diagnosis was
established by ultrasound guided transthoracic biopsy.

Figure 9. TUS image from a patient with a large, lung cancer (C). The
lesion has an irregular shape with a homogenic, tissue organ-like
echogenicity. Invasive growth of the lesion into the chest wall can be
directly visualized (arrow). The finding is highly suspicious for malignancy.
The diagnosis was confirmed by ultrasound-guided transthoracic biopsy.

thickening, or fragmentation indicate fibrotic phenotypes
subtypes of ILD (Figure 10).””>”® Furthermore, TUS may be
useful tool to assess the extent of pulmonary fibrosis and cor-
relate with the reduction in the static lung volume and gas
transfer when there is an increase in the distance between B-
lines and increasing pleural line irregularity.®’

Cardiogenic and non-cardiogenic

pulmonary oedema

The pathophysiology of acute pulmonary oedema involves
the accumulation of fluid in the alveoli and pulmonary inter-
stitial spaces. This ultimately leads to impaired gas diffusion,
thereby contributing to shortness of breath.”” TUS is consid-
ered as being superior to chest X-ray as the initial imaging
modality for diagnosing pulmonary oedema.’>!'"?7-30:80 A
systematic review and meta-analysis undertaken by Maw et
al®! compared the diagnostic accuracy of chest X-ray and
TUS for diagnosing pulmonary oedema in patients with

Figure 10. TUS image from a patient with idiopathic pulmonary fibrosis.
The transducer has been placed corresponding to assessment of the right
lower lobe (scanning zone R5). Multiple B-lines (B) are present, the pleural
line (PL) is irregular, fragmented, and thickened.

Figure 11. TUS image from a patient with cardiogenic pulmonary
oedema, multiple B-lines (B) are present. The pleural line (PL) appears
normal, without signs of thickening, fragmentation or irregularities.

suspected decompensated heart failure. A total of 6 compara-
tive studies were included, representing a total of 1827
patients. Pooled estimates for TUS were 88% (95% CI, 75%-
95%) for sensitivity and 90% (95% CI, 88%-92%) for specif-
icity. Pooled estimates for chest X-ray were 73% (95% CI,
70%-76%) for sensitivity and 90% (95% Cl, 75%-97%) for
specificity. Similarly, in a systematic review and meta-analysis
by Elgenidy et al,®* including 33 studies with 2301 haemodial-
ysis patients, TUS was found to be an efficient bedside tool for
detecting non-cardiogenic pulmonary oedema and changes in
extravascular lung water. In this context, it is noteworthy that
Corcoran et al'® could demonstrate that TUS seems to be supe-
rior to CT in detecting changes in extravascular lung water.
Randomized clinical trials have additionally demonstrated a
potential impact when TUS is used as a pulmonary oedema
monitoring tool.">'” Hence one of the next steps in TUS re-
search and clinical implementation, will most likely be as an
extravascular lung water monitoring tool.

In cardiogenic and non-cardiogenic pulmonary oedema,
the typical pattern is that of multiple B-lines in several
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Figure 12. CEUS image from a patient with a lung abscess. When
compared to the conventional 2D image (left), the CEUS image (right)
allows a more accurate identification and delineation of the abscess (A)
within the consolidated lung tissue (C).

scanning zones (Figure 11). As opposed to the B-line pattern
seen in viral pneumonia, ARDS, and ILD, the B-lines in pul-
monary oedema are the most pronounced in dependent areas
of the lung and spared areas with normal findings in these
areas not being common. To what an extent multiple B-lines
must be present in order to fulfil TUS diagnostic criteria for
pulmonary oedema varies. In many studies the proposed defi-
nition of the so-called “interstitial syndrome” has been used
as diagnostic criteria.’?”8! The interstitial syndrome has
been defined as multiple B-lines (>2) in at least 2 of the
scanned anterior and lateral zones on each side.>*-%?

Advanced TUS techniques
Contrast-enhanced ultrasound

In current international contrast-enhanced ultrasound
(CEUS) guidelines, the recommendations with regards to the
lungs is limited to delineate lung abscesses (Figure 12) and to
guide ultrasound-guided lung biopsy. The more general rec-
ommendations of using CEUS to identify needle or catheter
position is also of relevance in a TUS context.®* Several stud-
ies have documented that CEUS can improve the diagnostic
yield of TUS-guided biopsies, by identifying malignant vascu-
larization patterns and necrotic, non-viable areas within a
malignant lesion.®’ Several other indications in which CEUS
could have a clear clinical potential have been described, but
more research is needed to establish its ideal use in current
clinical practice guidelines.®*-3¢

Elastography

The use of supplementary elastography to assess and monitor
tissue density have been assessed and implemented in other
forms of clinical ultrasound.®?” From a theoretical perspective
TUS with supplementary elastography might have the same
clinical utility.®® In a recent systematic review Vargas-Ursua
et al®® identified 18 studies in which various forms of elastog-
raphy (eg, strain transient elastography, point shear-wave
elastography, 2D shear-wave elastography) had been studied
as a supplement to TUS. The most common conditions in
which the use of elastography had been assessed were sub-
pleural consolidations, ILD, and pleural effusion. Study de-
sign and the used ultrasound methods were, however, to
heterogenic to allow any meta-analysis or clear indications.®®
As such clinical implementation must addi-
tional research.

await
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Use of TUS for lung parenchyma assessment
in specific settings

Acute respiratory failure in the

emergency department

Several studies have described TUS as an integrated bedside
tool for assessment of patients admitted to an emergency de-
partment with respiratory failure.>>>>”-8%:83:8% A common sce-
nario in this context is the differentiation between
cardiogenic pulmonary oedema and chronic obstructive pul-
monary disease (COPD) exacerbation. TUS is particularly
useful for this differentiation since patients with cardiogenic
pulmonary oedema is expected to have diffuse, multiple B-
lines bilaterally, as opposed to patients with COPD exacerba-
tion in which diffuse, bilateral B-lines are absent.>*%’ Pivetta
et al’® studied the effect on diagnostic accuracy when TUS
was integrated into clinical assessment for differentiating
acute decompensated heart failure from noncardiogenic dys-
pnoea in the emergency department. The study prospectively
enrolled 1005 patients and could demonstrate that the LUS-
implemented approach had a significantly higher sensitivity
(97% [95% CI, 95%-98.3%]) and specificity (97.4% [95%
CL, 95.7%-98.6%]) than initial clinical work-up, chest X-
ray, and natriuretic peptides. In a trial by Laursen et al,*’
patients acutely admitted with respiratory symptoms patients
were randomized to usual diagnostics or an approach in
which focused lung, cardiac, and deep venous ultrasound was
integrated into the diagnostic pathway. The primary end-
point was the proportion of patients with a correct presump-
tive diagnosis 4 hours following admission. In the study,
88.0% (95% CI, 82.8%-93.1%) in the ultrasound group ver-
sus 63.7% (95% Cl, 56.1%-71.3%) in the control group had
correct presumptive diagnoses (P <.0001) 4 hours after ad-
mission. Additionally, more patients in the ultrasound group
had received correct treatment 4 hours following admission
(78% [95% CI, 71.3%-84.4%] vs. 56.7% [95% CI, 48.9%-
64.5%], P<.0001). Hence, both classical diagnostic accu-
racy studies, as well as randomized trials have demonstrated
the utility of TUS as an important diagnostic tool for acute
respiratory failure in the emergency department.'>'%!1-3

Intensive care setting

Imaging in an ICU pose a particular clinical dilemma.
Transfer of the patients for imaging procedures in the radiol-
ogy department is challenged by the patient being critically
ill, and often with need of concomitant respiratory and circu-
latory support.'®”' As such, point-of-care TUS have been
particularly studied and implemented in an ICU setting.'>
14,23,30,34,56.92 The general TUS principles used for the pa-
tient with acute respiratory failure in an ED setting, also ap-
ply in an ICU setting.”* An important difference is the choice
of scanning protocol. Several of the TUS scanning protocols
developed and validated in an ICU setting, therefore use scan-
ning principles in which the protocols rely less on posterior
“scanning zones.”'>1%2392 Apart from using TUS as a diag-
nostic tool, studies have also assessed TUS as monitoring tool
for lung aeration, ventilator associated pneumonia, and to
guide mechanical ventilation and fluid management.'*
14,23,93,94 Several trials are ongoing in this field and will help
further clarify the optimal use of TUS in this context.?>?3:%
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Evidence-based training and
competency assessment

Health-care staff performing TUS needs to have sufficient
training to establish indications, perform, interpret, and inte-
grate the findings into the given clinical context." Within re-
cent years, several studies have provided a framework which
can be used to ensure evidence-based education and compe-
tency assessment in TUS.”*”? Generally, local or national
training requirements for obtaining basic competency in TUS
should be followed,*'*° but if none exists the European
Respiratory Society training program may serve as an alter-
native until such has been established.'®!

Conclusions and future direction

Lung parenchymal ultrasound has emerged as an effective
and valuable tool for diagnosing, monitoring, and guiding in-
tervention of certain lung parenchymal diseases. Further re-
search, including the use of contrast-enhanced ultrasound,
may expand its diagnostic utility and accuracy.
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