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Abstract

Lung ultrasonography (LUS) is a reliable and reproducible tool across various clinical settings. Its high diagnostic accuracy,
portability, and real-time imaging capabilities make it especially suitable for use in Emergency Departments, Intensive Care
Units, and outpatient clinics. LUS has proven particularly effective in evaluating lung congestion. LUS also provides supe-
rior diagnostic accuracy for detecting pleural effusion and lung consolidations, offering real-time imaging with high spatial
resolution and enabling precise monitoring throughout hospitalization. In the Cardiac Rehabilitation Unit, the routine use of
LUS represents a reliable imaging modality for assessing patients with complex clinical conditions. In fact, early identifica-
tion of lung congestion, pleural effusion, or lung consolidation in patients recovering from acute coronary syndrome, acute
heart failure, or cardiac surgery is crucial for optimizing clinical management. Moreover, continuous monitoring of lung
congestion can aid in the appropriate adjustment of diuretic therapy and exercise intensity. This review aims to present the
latest evidence and recommendations for the use of LUS in the cardiac rehabilitation setting.
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Introduction

Over the last 20 years, scientific interest in lung ultra-
sonography (LUS) has increased exponentially. Compared
to other imaging modalities, such as chest x-ray (CXR)
and computed tomography (CT), LUS offers numerous
advantages, including the use of non-ionizing radiation,
reduced equipment costs, real-time imaging, portability,
and bedside availability [1]. As a result, the adoption of
LUS for diagnostic imaging of the lung and pleural space
has grown significantly since 2012, and the spread of cor-
onavirus disease 2019 (COVID-19) has accelerated the
need for a standardized, evidence-based approach in the
international community [2]. LUS provides a highly ver-
satile and valuable diagnostic tool in many conditions that
cardiologists encounter every day in their clinical prac-
tice. In particular, LUS has been shown to be additive to
echocardiography and superior to auscultation and CXR
in identifying acute decompensated heart failure (ADHF),
providing rapid and accurate support in the diagnostic
process of dyspnea, respiratory failure, and shock [3-5].
Therefore, the use of LUS has recently been expanded to
include the assessment of cardiac and pulmonary condi-
tions commonly seen in Cardiac Rehabilitation (CR) units,
especially in patients recovering from post-cardiac surgery
and acute coronary syndrome [6].

Despite that current recommendations for the manage-
ment of patients admitted in CR programs do not provide
specific indications for the routine use of LUS, limiting its
role for the assessment of congestion in patients with HF.

This Expert Opinion of the Working Group on Cardiac
Rehabilitation and Cardiovascular Prevention of the Ital-
ian Society of Cardiology provides a global overview of
the usefulness of LUS in CR through a comprehensive
literature review. We provide updated evidence regarding
scanning protocols, indications, and clinical applications
of LUS, highlighting its role as an essential tool for man-
aging the rehabilitation process.

How? Scanning protocols and pathological
findings

LUS can be performed using different ultrasound
machines, depending on the clinical setting and availabil-
ity. Phased-array (“cardiac”), convex (“abdominal”), and
linear (“vascular”) probes can be useful for LUS. In par-
ticular, the convex probe, due to its intermediate frequency
range, provides a balanced visualization of the pleural line
and subpleural space while maintaining a comprehensive
view of the chest. The linear probe may be particularly
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useful for evaluating the pleural line, especially when
pneumothorax (PNX) is suspected. The phased-array
probe can be used to integrate LUS with echocardiogra-
phy. However, due to its reduced spatial resolution and
limited bandwidth, it is not routinely recommended. For
the assessment of pleural effusion and B-lines, any type
of transducer can be utilized, ensuring that the absence
of an “ideal” probe does not prevent scanning a patient
when clinically indicated. According to current guide-
lines, the convex probe (3—7 MHz) should be ideally used
to perform a full lung examination. Based on the clini-
cal setting, different ultrasound machines can be used for
LUS examinations. Various studies have demonstrated that
standard, portable, and handheld ultrasound devices pro-
vide adequate accuracy in evaluating major lung diseases
[7-9]. The “abdominal” preset for the convex probe and
the “cardiac” preset for the phased-array probe typically
provide adequate image quality. For assessing the pleural
line, the “superficial” preset on the linear probe is prefer-
able. Additionally, some ultrasound machines offer a dedi-
cated “lung” preset. Various protocols have been proposed
for LUS examinations, depending on the clinical setting.

An important indication is to perform LUS on the possi-
bly largest area of the chest available during the examination,
with limitations justified by the patient’s clinical condition,
including their ability to cooperate and any chest conditions
such as scars or obesity. The probe should be positioned in
the intercostal space with an orientation parallel to the ribs.
The image depth depends on the size of the patient but is
usually set to ~10—12 cm. Gain and focus settings should be
optimized for pleural line visualization by keeping the probe
in the same position for at least one breath cycle. The foot-
age should be recorded in each scan zone with a suggested
duration of approximately 4-6 s. In each area of the chest,
the operator must scan the entire accessible chest surface to
increase sensitivity. The patient should be kept in a sitting
or semi-orthopnoea position, starting the examination on
each hemithorax. Intercostal scans should be performed to
better examine the peripheral lung parenchyma by focusing
and highlighting subpleural findings and avoiding shadow-
ing from the ribs.

Different protocols have been tested using between 2 and
14 scanning zones per hemithorax, demonstrating the abil-
ity to accurately assess lung congestion in both acute and
chronic heart failure (HF) settings [9-12]. Even for detect-
ing lung consolidation, a 6-zone scanning protocol has been
shown to be accurate [13]. In studies assessing the degree
of fluid overload in dialysis patients, 28 scan protocols (16
scans from the right half and 12 scans from the left antero-
lateral surface of the chest) have been reported [14].

In the context of a CR unit, a complete and standard-
ized protocol should be employed for the assessment of
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lung congestion, pleural effusion, and lung consolidation.
We recommend adopting a standardized LUS protocol for
all patients upon admission to the Cardiac Rehabilitation
Unit. Lung ultrasound should be performed with 6 scans on
each hemithorax (anterior, lateral, and posterior scanning
zones, divided by the anterior and posterior axillary lines
and upper and lower regions), covering 12 imaging areas, in
all patients in the supine position at rest. For the posterior
scan, the patient can sit, as long as there are no contraindica-
tions, which allows for better visualization of the posterior
recesses. For each scan, the specific physiological pattern or
any pathological findings should be documented, including:

“A”: A-lines.

“B”’: B-lines.

“W”’: Confluent B-lines.
“C”: Consolidation.
“PNX”’: Pneumothorax.
“PE”: Pleural effusion.

We strongly recommend the use of the Lung Ultrasound
Score (LUS Score) for monitoring lung aeration, as it has
demonstrated strong prognostic accuracy [11]. A LUS
score for lung aeration can be calculated for each region
of interest, with points allocated according to the worst
ultrasound pattern observed:

e “0” (pattern 0): Presence of A-lines beyond the pleural
line (normal pulmonary aeration).

e “1” (pattern 1): Presence of multiple, well-separated
vertical B-lines (more than 3) (moderate decrease in lung
aeration due to interstitial syndrome) (Fig. 1).

Fig. 1 Lung Ultrasound (LUS)
finding: B-lines in a patient with
acute interstitial syndrome
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e ¢2” (pattern 2): Presence of confluent B-lines affect-
ing less than 50% of the image (severe decrease in lung
aeration due to pulmonary oedema or confluent broncho-
pneumonia).

e “3” (pattern 3): Presence of confluent B-lines affecting
more than 50% of the image (severe decrease in lung
aeration due to pulmonary oedema or confluent broncho-
pneumonia).

e ““C”: Presence of lung consolidation (complete loss of
aeration, with persistent aeration of distal bronchioles as
dynamic bronchograms).

The LUS score, ranging from 0 to 36, is the sum of each
region and provides a global assessment of lung aeration,
which can be regularly monitored. During cardiac reha-
bilitation, a reduction in the LUS score and lung conges-
tion should be a primary goal of the rehabilitation program
(Fig. 2) following the 12-zone protocol and maintaining
the patient in the same position during serial examinations.
Some studies have evaluated the possibility of using a count-
based method for the quantification of B-lines, in which the
sum of B-lines in one intercostal space per zone across all
zones is reported [15]. This method is useful for the quanti-
fication of total lung congestion but does not give any topo-
graphic information on the distribution of B-lines, which
is useful for the diagnostic approach. In the evaluation of
patients with B-lines, it is crucial to assess echographic char-
acteristics, which are useful to differentiate patterns of acute
interstitial syndrome, including acute heart failure or acute
respiratory distress syndrome (ARDS). In patients with
heart failure, B-lines are usually homogeneously distributed
with a typical gravity pattern and no main alteration in the
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Fig.2 Proposal for lung ultra-
sound (LUS) report. O: (pattern
0) presence of A-lines beyond
the pleural line. 1: (pattern 1)
presence of multiple, more than
3 and well-separated vertical
B-lines. 2: (pattern 2) presence
of confluent B-lines, involving
less than 50% of the images. 3:
(pattern 3) presence of confluent
B-lines, involving more than
50% of the images. C: presence
of lung consolidation: complete LAT
loss of aeration POST
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pleural line. In patients with ARDS, B-lines are typically
more heterogeneously distributed, especially in non-gravity-
dependent regions, and are often accompanied by pleural
line abnormalities and subpleural consolidations [16].

When? Clinical settings and indications

Dyspnea on exertion is the cardinal symptom reported
by patients with heart failure with both reduced (HFrEF)
and preserved ejection fraction (HFpEF) and an increase
in extravascular lung water (EVLW) during rest and exer-
cise contributes to symptom occurrence [17]. LUS is a reli-
able and reproducible tool to assess EVLW, with B-lines
homogeneously distributed with a typical gravity pattern
being the hallmark. The complete mechanisms determining
the development of B-lines during exercise in HF patients
are not entirely understood, evidence being scarce, mainly
deriving from mixed cohorts. According to previous reports,
submaximal exercise results in an increase in B-lines in
HF patients. These changes are mirrored by significant
variations in natriuretic peptides, tricuspid regurgitation
velocities, and left ventricular (LV) E/E’, as expressions of
dynamic diastolic dysfunction [18-21]. Also, reduced LV
contractile reserve seems to contribute to the development of
lung congestion during exercise, even at submaximal work-
loads, as assessed by strain and strain rate parameters, while
left ventricular ejection fraction (LVEF) is usually not suf-
ficiently sensitive to capture this subtle systolic impairment.
Interestingly, recent studies in HF and ischemic patients,
using myocardial work (MW) analysis, have identified a
strong correlation between LV myocardial efficiency, peak
effort capacity, diastolic function, and signs of pulmonary
congestion assessed by LUS during various rehabilitation
training protocols [22, 23]. In addition, the appearance or
increase of B-lines during submaximal exercise has been
associated with a rise in both E/E" and with impairment in
right ventricular (RV)-to-pulmonary circulation coupling,
as assessed by respective ratios of tricuspid annular plane
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systolic excursion (TAPSE) or RV S’ and invasive mean pul-
monary arterial pressure [24].

In various studies, the prognostic value of LUS as part of
a multi-parametric score in a mixed cohort of patients with
HFpEF or at risk of developing HF has been described. In
particular, multivariable models identified a change in B-
lines >10 (from rest to peak) as an independent predictor
of cardiovascular death or HF hospitalization, along with
peak oxygen consumption <16 mL/kg/min, minute ventila-
tion/carbon dioxide production slope >36, pulmonary artery
systolic pressure (PASP) > 50 mmHg, and resting N-termi-
nal pro B-type natriuretic peptide (NT-proBNP) > 900 pg/
mL. A weighted risk score (ranging from 0 to 9) including
those variables accurately predicted adverse events during a
median follow-up of 18.5 months. Among those predictors,
B-lines change > 10 showed the highest association with the
combined endpoint (hazard ratio: 7.81, P<0.001) [25].

Overall, given that postoperative pulmonary complica-
tions (PPCs) remain a major issue after cardiac surgery (with
a prevalence of at least 55%), significantly affecting morbid-
ity, mortality, and length of hospital stay [26], LUS is an
ideal tool for the rapid diagnosis, follow-up, and treatment of
PPCs, complementing clinical evaluation. Compared to radi-
ological investigations, including CXR and CT, LUS offers
the advantages of lower cost, easy repeatability, and reduced
exposure to ionizing radiation, while maintaining high diag-
nostic accuracy [27, 28]. Additionally, this technique can
be performed not only by physicians but also by nurses and
physiotherapists [28, 29]. For the latter, its usefulness in set-
ting up and verifying the rehabilitation program is evident.
The timing of LUS execution is not yet well defined and
can vary during hospitalization [30-33]. LUS is rarely per-
formed preoperatively [34], and the availability of a trained
technician capable of performing it may be a limiting factor.

We strongly suggest performing LUS on admission in CR
unit to quantify lung congestion and to evaluate presence of
atelectasis, consolidation, pleural effusion, pneumothorax,
or diaphragm dysfunction. LUS should be repeated after
implementation of medical therapy and functional capacity
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and once again at the end of the rehabilitation program since
residual congestion at discharge is associated with subse-
quent incident CV events [10-12].

Atelectasis, consolidation, pneumonia

Atelectasis is a common complication following all types of
surgery, with variable clinical manifestations, particularly in
patients who have undergone cardiac surgery. The diagnos-
tic accuracy of LUS surpasses that of auscultation, with a
sensitivity of 86% compared to 21% [35, 36]. Furthermore,
LUS provides more precise anatomical-regional localization.
When compared to CXR, LUS also proves superior, with
its diagnostic capacity increasing from the first to the third
postoperative day (LUS 98.3% vs. CXR 67.8%, p <0.001 on
day 3) [37, 38]. In the context of consolidations, which can
result from various causes (e.g., embolization, contusion,
infection, or cancer), LUS can aid in the diagnosis of pneu-
monia based on the presence of a positive air bronchogram,
abnormal pleural line, pleural effusion, in addition to the
consolidation itself characterized by abnormal shred sign
(Fig. 3) [34]. The clinical evaluation of the patient, com-
bined with the presence of fever or signs of inflammation
(i.e., leucocytosis, increased C-reactive protein, and procal-
citonin), facilitates the differential diagnosis.

Pleural effusion

For pleural effusion evaluation, LUS offers several advan-
tages. First, by analysing the echogenic characteristics of the
fluid, it helps differentiate between transudate and exudate
(Fig. 4). Additionally, it facilitates thoracentesis while mini-
mizing complications, particularly pneumothorax. Moreo-
ver, LUS has a diagnostic sensitivity and specificity compa-
rable to CT [35, 36], enabling accurate and individualized
monitoring of pleural effusion during hospitalization. While
formulas have been proposed for quantitative assessment,

/Visceral pleural line

=

The shred sign

Fig.3 Lung ultrasound (LUS) finding: lung consolidation
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Fig.4 Lung ultrasound (LUS) finding:large pleural effusion

including in patients undergoing cardiac surgery, pleural
effusion is usually classified qualitatively in clinical prac-
tice as mild, moderate, or severe based on the number of
intercostal spaces involved.

Pneumothorax

Compared to CXR, LUS has superior sensitivity while main-
taining the same specificity for pneumothorax [38]. Key
diagnostic findings include the absence of lung sliding and
B-lines. Furthermore, when present, the “lung point” defined
as the transition point where the pleura stops moving, has
100% specificity but low sensitivity [36].

Diaphragm dysfunction

Using subxiphoid M-mode, diaphragmatic movement can
be classified as normal (difference in excursion between the
two hemidiaphragms <50%), reduced (>50%), absent (flat
line), or paradoxical (motion away from the transducer) [27].
The severity of movement abnormality correlates with an
increased risk of atelectasis. More simply, an excursion <2
cm is considered indicative of diaphragm dysfunction, a
common condition affecting up to 70% of patients after
cardiac surgery. Rehabilitation treatment can restore dia-
phragmatic motility in over 50% of patients enrolled in a
Cardiac Rehabilitation program, with recovery associated
with improved functional capacity, as assessed by the 6-min
walking test [39].

Lung congestion
The presence of homogeneously distributed with typical

gravity pattern B-lines on LUS is indicative of increased
EVLW and worsening pulmonary congestion. The detection
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of three or more B-lines in each scanning area indicates
progressive parenchymal deaeration, with further increases
reflecting greater EVLW accumulation and worsening con-
gestion. Therefore, a correlation has been observed between
the number of B-lines and several clinical factors, includ-
ing the duration of coronary artery bypass graft surgery,
length of mechanical ventilation, risk of deoxygenation, and
length of stay in the intensive care unit [30]. Given its supe-
rior diagnostic accuracy for detecting pulmonary oedema
compared to CXR [32], LUS can effectively guide treatment
decisions, including the use of inotropes and/or diuretics, to
optimize fluid balance.

Why? Rationale and implications

Chronic HF is characterized by neurohumoral activation and
sodium retention, leading to excessive fluid accumulation
in both the systemic and pulmonary circulations [40, 41].
Several registries (e.g., ADHERE, OPTIMIZE-HF, and the
EuroHeart Failure survey) have shown that acute HF hospi-
talizations are primarily driven by volume overload rather
than low cardiac output in most cases [42]. Analogous to
fluid mechanics, if the pulmonary vascular bed is consid-
ered a confined system, congestion can be described as an
increase in the weight of the fluid column. Since force is
transmitted through a fluid as a pressure wave, pulmonary
capillary wedge pressure (PCWP) serves as a reasonable
estimate of the pressure across this fluid column. An ele-
vated PCWP indicates a state of “hemodynamic congestion”.
As aresult, an increased PCWP can cause the redistribution
of excess fluid within the lungs, leading to interstitial and
alveolar oedema, collectively referred to as PC, which mani-
fests clinically as dyspnoea, orthopnoea, pulmonary rales,
peripheral oedema, and jugular venous distension [42—-45].
Although the development of these congestive signs and
symptoms represents the main reason for hospitalization in
HF patients, this often occurs several days after the onset
of PCWP elevation [46-50]. However, the distribution of
excess fluid within the lungs depends on hydrostatic pres-
sure and several other factors, including plasma oncotic
pressure, permeability and integrity of the alveolar-capillary
membrane, and lymphatic drainage. Accordingly, some HF
patients can tolerate even marked LA pressure elevations
without developing clinical or radiographic lung congestion
[51]. Indeed, the extent of lung congestion has been linked
not only to markers of capillary hydrostatic pressure (PAWP
and NT-proBNP) and plasma oncotic pressure (hypoalbu-
minemia) [41] but also to anaemia, elevated pulmonary vas-
cular resistance, declining renal function, and the presence
of coronary artery disease (CAD) [52].

On the one hand, natriuretic peptides may directly
enhance capillary permeability [53]. Moreover, as observed
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in chronic kidney disease, congestion worsens with declin-
ing renal function, likely due to a combination of high
hydrostatic pressure from hypervolemia and direct effects
on capillary permeability [54]. The strongest correlates of
congestion include low haemoglobin, anaemia, iron defi-
ciency, reduced oncotic pressure, and haemodilution due
to expanded circulating volume [55]. CAD has also been
linked to more severe lung congestion, possibly due to pro-
inflammatory cytokines contributing to increased capil-
lary permeability [56]. Additionally, the renin—angiotensin
system likely plays a role, as previous studies have dem-
onstrated that angiotensin-converting enzyme (ACE) inhi-
bition protects against fluid extravasation from lung capil-
laries, thereby improving gas diffusion [57]. Furthermore,
increased LV filling pressures augment LV wall stress, lead-
ing to chamber dilation and increased ventricular sphericity,
which may result in mitral regurgitation, further contributing
to hemodynamic deterioration and ventricular enlargement
[51].

On the other hand, pulmonary adaptation to increased
post-capillary pressure in HF is believed to involve reduced
capillary filtration due to basal membrane thickening [58],
enhanced alveolar fluid clearance [58], and increased lym-
phatic drainage [40, 58, 59]. While radiological scoring has
been correlated with mortality, no direct relationship has
been found with hemodynamic data. These findings align
with the understanding that congestion results from multi-
ple mechanisms driving HF progression and that congestion
persists longer than transient hemodynamic changes [52].
Finally, patient-related factors, such as excessive salt and
water intake, nonadherence to medication regimens, and the
use of cardiotoxic substances (e.g., alcohol, cocaine) may
also contribute to congestion [52].

In the assessment of lung congestion, LUS has shown
excellent diagnostic accuracy [58]. Pulmonary tissue
oedema or congestion is identified by the presence of
comet-tail artifacts or B-lines homogeneously distributed
with a typical gravity pattern [60, 61]. The distance between
B-lines at the pleura can help differentiate the localization
of oedema. B-lines separated by approximately 7 mm cor-
respond to interstitial oedema, whereas a 3 mm distance
indicates the presence of alveolar oedema [62]. Ultrasound
cannot distinguish the nature of the fluid (water, pus) or
proliferating tissue (fibrotic, infiltrative), nor the mecha-
nism causing the passage from the vessel to the interstitium
(hydrostatic pressure or increased permeability) [63]. The
differential diagnosis of conditions causing this syndrome
should consider additional characteristics. A hallmark of
permeability-increased oedema is the presence of patchy
areas (normal lung regions adjacent to pathological ones),
absence of pleuropulmonary sliding, and consolidations.
Some authors have attempted to correlate the severity of
alveolar-interstitial syndrome with the extent of pulmonary
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oedema, using EVLW measurement as a reference. Agri-
cola et al. [64] proposed an ultrasonographic scoring system
based on the sum of B-lines homogeneously distributed with
a typical gravity pattern observed in scanned areas, which
has shown moderate correlation with EVLW measured by
transpulmonary thermodilution. This score serves as a useful
semi-quantitative estimation of pulmonary oedema in clini-
cal practice. Based on the score obtained, oedema can be
classified as absent (<5 B-lines), mild (5—-15 B-lines), mod-
erate (15-30 B-lines), or severe (more than 30 B-lines) [64].

Similarly, LUS offers superior diagnostic performance
in detecting pleural effusion. Moreover, it enables dynamic
assessment, facilitating the evaluation of pleural fluid move-
ment with changes in patient position or respiratory effort
[63, 65]. Confirming the diagnosis is the first step in assess-
ing patients suspected of having pleural effusion, particularly
when a white hemithorax is observed on CXR [66]. Ultra-
sound is a valuable tool in this context, allowing differentia-
tion between effusion and lung consolidations while demon-
strating superior accuracy compared to bedside CXR (93%
vs. 47%) [66]. Notably, CXR is limited in detecting pleural
effusion, particularly in patients in the orthostatic position,
and is generally effective only when effusion volumes exceed
200 mL. In contrast, ultrasound can detect effusions as small
as 20 mL, regardless of patient positioning [67, 68].

The next step involves distinguishing between transuda-
tive and exudative pleural effusions. The ultrasound char-
acteristics of the effusion can provide initial diagnostic
clues, with appearances ranging from anechoic to complex
non-septate, complex septate, or homogeneously echo-
genic (Fig. 5). However, a definitive diagnosis requires
thoracentesis for comprehensive physical, chemical, and

microbiological analysis of the fluid. Typically, complex
effusions suggest an exudative process, while anechoic
effusions are more likely to be transudative. Nonetheless,
exceptions exist, as some transudative effusions may pre-
sent as complex non-septate due to the presence of cells,
proteins, and lipids. Conversely, some exudative effusions
may appear anechoic. Homogeneous echogenic effusions
generally indicate haemorrhagic effusions or empyema
[69].

Several studies have assessed the diagnostic accuracy of
LUS for lung congestion and pleural effusion across differ-
ent patient populations and clinical settings. Meta-analyses
have consistently demonstrated high sensitivity and specific-
ity for detecting these pulmonary abnormalities, with pooled
estimates exceeding 90% for both parameters [70]. Further-
more, LUS has shown excellent agreement with reference
standards such as CXR and CT, thus reinforcing its role as a
reliable diagnostic tool for respiratory pathology [71].

In hospitalized HF patients, the number of B-lines
detected by LUS at admission [10, 72] or discharge [73-75]
has been associated with subsequent outcomes. Studies have
used different outcome definitions, with some considering
only HF hospitalization [72, 75] and others including a com-
posite measure that also accounts for all-cause mortality [10,
74]. Follow-up durations have varied, ranging from 3 [72] to
6 [10, 73, 75] or 12 months [76], but results have remained
consistent across studies. However, there is no clear consen-
sus on the optimal B-line threshold, which has ranged from
5 [73] to 22 [74]. These associations have been observed
regardless of EF category (reduced [76, 77], mildly reduced
[10, 75, 78], or preserved [76]) and have also been confirmed
in chronic HF outpatients [76, 78].

Lab
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Fig.5 Lung Ultrasound (LUS) finding: pleural effusion characterized by exudate on the left panel and transudate on the right panel
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Only two trials have assessed the prognostic impact
of LUS-guided decongestion therapies. In the first, 20
patients managed with LUS guidance (compared to one
hundred receiving standard care) experienced greater
decongestion over a shorter hospital stay, along with a
significant reduction in adverse outcomes [77]. In the
second study, patients recently hospitalized for HF were
randomized to either LUS-guided management or stand-
ard care during outpatient follow-up (61 vs. 62 patients).
Those in the LUS-guided group had a significant reduction
in subsequent HF hospitalizations, all-cause mortality, or
urgent visits for HF symptoms, with the latter being the
primary driver of the composite outcome [76].

In patients with severe aortic stenosis (AS), HF and pul-
monary congestion (PC) are common and nearly universal
pathophysiological features [63, 79—81]. LUS assessment
of B-lines in AS reliably reflects structural and functional
impairment associated with severe valvular heart disease,
as well as the hemodynamic consequences of AS. This
technique provides insights into a distinct pathophysio-
logical target (the alveolar-capillary barrier rather than the
physiologically critical epicardial artery stenosis), identi-
fies a different clinical marker (B-lines instead of regional
wall motion abnormalities), and captures these changes in
a different temporal phase (post-stress rather than at peak
stress) [3]. The presence of severe B-lines (>30) strongly
predicts adverse events. Current guidelines recommend
valve replacement when a comprehensive assessment
(i.e., pressure gradients, aortic valve area, valve calcifica-
tion severity, and flow parameters) confirms severe AS,
accompanied by signs of LV decompensation detected
through echocardiographic measurements or the onset of
symptoms [79, 82]. Stress echocardiography and cardiac
magnetic resonance (CMR), both strong predictors for
AS, are not always available, and repeated measurements
are not feasible [79]. Integrating LUS with standard tran-
sthoracic echocardiography (TTE) or incorporating LUS
into stress echocardiography protocols could enhance risk
stratification. Cardiac damage, involving LV, mitral valve,
and left atrium (LA), leads to PC, contributing to HF signs
and symptoms. Therefore, early detection of PC via LUS
may offer additional prognostic and diagnostic value. A
more precise evaluation of PC may serve as a promis-
ing tool for identifying high-risk patients, optimizing the
timing of interventional procedures such as transcatheter
aortic valve replacement (TAVR) or open-heart surgery,
and refining HF management strategies [79]. Furthermore,
LUS may impact postoperative outcomes; however, further
studies are required to validate these hypotheses. B-lines
are valuable in differentiating acute HF syndromes from
noncardiac causes of acute dyspnea in emergency settings,
demonstrating high sensitivity and specificity [79, 83, 84].
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Conclusions

The present review underscores the importance of LUS
as a fundamental tool for evaluating patients referred to
Cardiac Rehabilitation programs. Considering patients’
comorbidities and the need to monitor lung congestion,
LUS provides a unique diagnostic opportunity to tailor
both therapy and exercise. Multi-centre studies are needed
to define its role throughout the entire rehabilitation pro-
cess and to assess the beneficial effect of early identifi-
cation and management of clinical conditions such as
atelectasis, consolidation, pneumonia, pleural effusion,
pneumothorax, diaphragm dysfunction, and lung conges-
tion. The potential role of artificial intelligence in this
setting is emerging to guide the acquisition of diagnostic-
quality LUS images by non-expert health care profession-
als and to provide specific tools for the advanced imag-
ing analysis able to distinguish different patterns of acute
interstitial syndrome.
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