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Abstract

Dyspnea is the main clinical manifesta-
tion of acute respiratory failure; however, it
can be induced by different causes that
require differential diagnosis. In elderly
patients, the medical examination is limited
by cognitive and physical deficits and the
genesis of dyspnea is often multifactorial;
therefore, the definition of the causes is
more complex. In recent years, among the
various diagnostic methods, pulmonary
ultrasonography has found increasing inter-
est and the main patterns of ultrasound
semeiotics have been described, specially in
the emergency and critical care setting, as
for pneumonia, pleural effusion, pneumoth-
orax, pulmonary infarction, interstitial
pathology. The most recent Literature
emphasizes the role of multi-organ ultra-
sound (pleuro-pulmonar; cardiac; caval and
iliac-femoral venous), to diagnose with
good accuracy the causes of dyspnea. In this
review we report the lung ultrasound semei-
otic patterns, useful for the bedside or point-
of-care detection of the cause of dyspnea,
particularly respiratory and/or cardiac, dur-
ing the medical examination.

Introduction

Dyspnea is the main symptom in the
patient with acute respiratory failure.
However, it requires a differential diagnosis
process because it can be induced by differ-
ent possible causes: i) respiratory (tracheal,
bronchial, pulmonary, pleural); ii) ab extrin-
sic compression (pleural effusion, endotho-
rax masses, hiatal hernia); iii) musculoskele-
tal (trauma, neuromuscular diseases, obesity,
sarcopenia); iv) cardiac; v) metabolic (acido-
sis); vi) haematological (anemia, thoracic
masses); vii) psychogenic.
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Specifically in elderly patients the gene-
sis of dyspnea is often multifactorial, due to
frequent comorbidities, making the diagnos-
tic and therapeutic decisions more difficult.

Ultrasound presents two main strengths:
i) non-invasive nature of surface applica-
tions, practically free of iatrogenic risk; ii)
bedside or point-of-care use, for example in
the ward or at home, thanks to the availabil-
ity of transportable equipment, suitable for
the logistical problems of frail patients.!

According to the Health Technology
Assessment (HTA) statements, the validated
contexts of chest ultrasound are: a reliable
complementary diagnostic tool in the study
of pleural effusions and guidance to thora-
centesis; detection but not characterization of
the lesions adhering to the pleura; study of
lymph nodes and chest wall lesions and as a
guide to biopsy.? However, despite this limi-
tation, the bedside ultrasound of some body
districts (such as chest, heart, caval and
femoral veins) can provide important infor-
mation to guide, confirm or rule out clinical
diagnosis by integrating the patient’s physi-
cal examination.

Below we report the main patterns of
pulmonary ultrasound semeiotics, described
in Literature and useful for the bedside or
point-of-care detection of the cause of dysp-
nea, particularly respiratory and/or cardiac.

Ultrasound is not adequate for studying
the normal lung, mainly due to high absorp-
tion coefficient of the air; however, it
acquires importance in the presence of alter-
ations of pleura or subpleural lung, such as
pleural effusion, lung consolidations of var-
ious type (lobar or segmental pneumonia,
pulmonary infarction, benign or malignant
neoplasms, atelectasis), interstitial lung dis-
eases, pulmonary edema, pneumothorax.
Moreover, although the ultrasound meets
the obstacle of the thoracic bones (rib,
scapula, sternum, clavicle), the intercostal
approach of the probe allows the explo-
ration of about 70% of the pleuro-pul-
monary surface. The examination is per-
formed with an ultrasound machine
equipped with a convex probe, using inter-
mediate frequency values (3.5-5 MHz), that
allows a reasonable resolution of both the
pleural line and the subpleural space, main-
taining an overview of the thoracic section;
the use of high frequency probes (over 8
MHz) is useful for the evaluation of the
most superficial structures, such as the chest
wall.3 The scanner is preset for use with a
convex probe, a frequency of 3.5-5 MHz, a
scanning depth of 7-15 cm and a gain of
55%,° initially focusing the ultrasound
beam just below the pleural line; the useful-
ness of the harmonic ultrasound of the lung
has no clear evidence in the literature.

The examination is performed with
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multiple longitudinal and intercostal scans,
following predetermined procedures or
starting from the sites of altered thoracic
physical examination.”

The ultrasound semeiotics of the pleu-
ro-pulmonary pathology has been described
in recent decades, supporting a growing use
of the ultrasonography to define the diagno-
sis in dyspnoic patients, with good diagnos-
tic accuracy in the emergency and critical
care setting,® although the debate is still
open on the distinction between different
forms of consolidation as well as between
different forms of interstitial alterations.’

Pneumonia

When pneumonia has a peripheral, sub-
pleural extension, it is placed in the space
that can be explored by ultrasound'’ and lit-
erature suggests that most pneumonias in
critically ill patients is in contact with the
pleura.'! In these patients pneumonia has an
ultrasonographic pattern dense of the
parenchyma, often hypoechoic, which
shows an echo-texture similar to that of
liver or spleen (tissue-like pattern); within
the pulmonary consolidation it is possible to
detect hyperechoic linear striae, which can
be referred to air in intraparenchymal
bronchial branches (air bronchograms)
(Figure 1).1%1214 Although this aspect is not
pathognomonic, a recent meta-analysis of
studies in critical or emergency areas (1.172
patients) reported a sensitivity and speci-
ficity of ultrasound for pneumonia of 94%
and 96%, respectively.'s In particular, a study
conducted among multimorbid patients
admitted to an acute geriatric ward, lung
ultrasound was more accurate than chest X-
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ray for the diagnosis of pneumonia (90 vs
77%), particularly in those with frailty.!¢

Polmonary infarction

Pulmonary infarction appears as an
hypoechoic consolidation area without vas-
cular signals, frequently triangular or
wedge-shaped with sub-pleural base
(Figure 2); in our experience this aspect is
not specific, but the diagnosis of pulmonary
infarction is suggestive if there is ultra-
sound evidence of deep venous thrombosis
along the iliac-femoral axis and dilatation
of the right ventricle.!”'8

Neoplasms

Sub-pleural neoplasms, primitive or
secondary, appear as solid round areas, usu-
ally hypoechoic, single or multiple, with an
irregular profile, demarcated by the aerated
lung, with a variable level of vasculariza-
tion, if it is evaluable in a dyspnoic patient,
usually poor in metastases* (Figure 3A-C).

Interstitial alterations

The so-called B-lines are an artifact (ring
down artifact) due to resonance of the ultra-
sound beam, caused by interfaces made of
fluid (exudate or transudate) and air. They
consist of mobile hyperechoic lines that orig-
inate from the pleuro-parenchymal plane and
distally extend from it; their presence indi-
cates interstitial alterations and their number
would increase with decreasing air content
and increasing lung density.'**

B-lines, however, are not a very specific
echographic sign; indeed, they can be associ-
ated with different interstitial alterations such
as: pulmonary edema, pulmonary fibrosis,
lung contusions, pneumonia or acute respira-
tory distress syndrome (ARDS); moreover,
single B-lines can be observed even in
healthy subjects and in those who had under-
gone pneumonectomy.®? Despite this limita-
tion, the clinical integration of B-line detec-
tion with anamnestic and physical findings
(e.g. fever, chest pain, trauma, cough,
hemoptysis, efc.) can supports diagnostic and
therapeutic decision-making.?

Some studies have reported the useful-
ness of B-lines to distinguish cardiogenic
pulmonary edema (in which the B-lines
would be numerous, widespread and bilat-
eral, up to the white lung pattern) from
other interstitial pulmonary alterations,
such as pulmonary fibrosis or interstitial
pneumonia (in which the B-lines would be
less numerous and irregularly or focally
distributed) (Figure 4A-C); this argument
has not been confirmed in other studies
and is still debated.®?

Pleural effusion

The presence of pleural effusion is indi-
cated by a mainly anechoic area that sepa-
rates the thoracic wall or the diaphragm from
the adjacent lung, which appears atelectasic
according to the extent of the effusion
(Figure 5A and B). Especially in elderly bed-
ridden patients, ultrasound has better diag-
nostic accuracy than chest X-ray.?!

Ultrasonography can detect even small
effusions (about 100 mL) and allows the
volumetric evaluation of pleural effusion.
One of the different methods proposed is
based on the following formula: Volume
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(mL) = 16 x parietal to visceral pleura dis-
tance (mm) at the mid-diaphragm.? In clin-
ical practice, however, a qualitative assess-

Figure 1. Pneumonia - Extended consoli-
dation area (arrowheads), with liver-like
echotexture and multiple hyperechoic stri-
ae (compatible with azr bronchograms).

Pleural ...

Figure 2. Pulmonary infarction - Area of con-
solidation (dotted line), hypoechoic, wedge-
shaped, with disappearance of the pleural
line; this pattern appears poorly differen-
tiable from that of segmental pneumonia.

Figure 3. A) Pulmonary adenocarcinoma - A solid, hypoechoic, roundish expanding process that displaces the adjacent pulmonary
parenchyma; inside some nuanced anechoic area, referable to colliquative necrosis; absent hyperechoic striae; disappearance of the pleu-
ral line. B) Sub-pleural pulmonary metastases (breast cancer) - Two small subpleural hypoechoic nodules (arrows); the echo-color shows
no vascular signals. C) Sub-pleural pulmonary metastases (hepatocarcinoma) - Two hypo-anechoic nodules (calipers) that interrupt the

pleural line.
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ment of the effusion volume is usual, distin-
guishing categories such as: minimal, small,
moderate, large.

In the context of effusion, the presence
of mobile echoes may indicate exudate, pus
or blood, while the presence of septa indi-
cates its multiloculated structure (Figure
5C). Moreover, being an imaging method in
real time, the ultrasound also easily sup-
ports the pleural drainage procedures,
allowing visualizing the needle during the
introduction or, at least, to define previously
the route and the depth of introduction, thus
reducing complications from accidental
puncture of the lung or other structures.*

Pneumothorax

In patients with pneumothorax, ultra-
sound shows the presence of static A-/ines,
which are an artifact due to the presence of
pleural air that generates multiple reflec-
tions from the chest wall.

In the case of pneumothorax, 4-lines typ-

ically appear static, because they do not fol-
low the respiratory movement of the lung,
displaced from the parietal pleura (absence
of pleural sliding); in fact, they represent
extra-pulmonary air in the pleural cavity.

In the supine patient, due to the effect of
gravity, these reverberations can be detected
in the parasternal region around the II-III-
IV intercostal space. The diagnosis of pneu-
mothorax is confirmed by the finding of the
lung point, that is the borderline between
the pleural air and the lung!® (Figure 6). In
the setting of emergencies and traumas,
ultrasound appears to have a high accuracy,
better than portable chest x-ray, to detect
pneumothorax.?

Multi-organ ultrasonography

More recently, the literature has report-
ed the diagnostic utility of multi-organ
ultrasonography to establish the cause of
dyspnea with good diagnostic accuracy: not
only pleuro-pulmonary, but also at the same

time cardiac, caval and femoral venous
ultrasound.'” Thus, for example, the pres-
ence of right ventricular dilatation and
femoral venous thrombosis orients towards
venous thromboembolism, while dilatation
of the vena cava with poor respiratory
excursion of the caliber indicates cardiac
failure (Figure 7), which can be confirmed
by the presence of ventricular abnormalities
(dilatation, hypertrophy, hypokinesia).
Specifically, a good correlation between the
diameter of the inferior vena cava and right
atrial pressure is reported in the Literature.?

Conclusions

The role of ultrasound for the diagnostic
definition of patients with dyspnea was
mainly developed in the critical and emer-
gency area,''1%2325 but it is still a topic of
debate in other points-of-care, such as geri-
atrics. This is because pulmonary ultra-
sound appears to be a sensitive method for
detection of sub-pleural consolidations and

Figure 4. A) Acute pulmonary edema - Multiple B-lines, vertical, originating from the pleural plane and extending distally. B) Acute
pulmonary edema - White lung pattern. C) Pulmonary fibrosis - Thickened and irregular pleuro-pulmonary profile; presence of irreg-
ularly distributed B-lines.

Figure 5. A) Pleural effusion (PE) - Large anechoic area overlying the diaphragm (L, liver; K, kidney). B) PE - Transverse and longitu-
dinal scan of the right thorax: diffuse anechoic area that surrounds and compresses the lung (L), atelectasic. C) Multiloculated PE -
Large hypo-anechoic area surrounding atelectatic lung (L); present numerous echogenic septa between parietal and pulmonary pleura.
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Figure 6. Pneumothorax - B-mode ultra-
sound (above): hyperechoic reverberation
band (A-Lines) originating from the pleural
line and distally directed (static in real time
imaging); M-Mode ultrasound (below): on
the right bar code sign, corresponding to the
static reverberations of the pneumothorax;
the lung point represents the borderline
between the lung and the pleural air.

Figure 7. Heart failure - Inferior vena cava in
longitudinal scan: B-mode (above) and M-
Mode (below); the caliber of the vein is dilat-
ed (2.5 cm) without respiratory changes.

for interstitial alterations (B-lines), but if
used alone, in both cases it does not allow
their characterization.

We consider reasonable that in any
care setting the pulmonary or, better,
multi-organ ultrasound is most useful if the
ultrasound findings are evaluated in the
patient’s clinical context, ie considering
the presence or absence of other signs and
symptoms, such as fever, pain, cyanosis,
cough, hemoptysis, jugular vein dilatation,
hypotension, edema, efc.

In this perspective, bedside or point-of-
care ultrasound could be a useful decision-
making tool, during the medical examina-
tion, to make the diagnosis faster and more
correct, so the therapy more timely and
appropriate.
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