Journal of

%

Clinical Medicine

Systematic Review

Prognostic Significance of Lung Ultrasound for Heart Failure
Patient Management in Primary Care: A Systematic Review

Anna Panisello-Tafalla 1>*, Marcos Haro-Montoya 3, Rosa Caballol-Angelats #(”/, Maylin Montelongo-Sol 3,

Yoenia Rodriguez-Carralero 3, Jorgina Lucas-Noll > and Josep Lluis Clua-Espuny

check for
updates

Citation: Panisello-Tafalla, A.;
Haro-Montoya, M.; Caballol-Angelats,
R.; Montelongo-Sol, M.;
Rodriguez-Carralero, Y.; Lucas-Noll,
J.; Clua-Espuny, J.L. Prognostic
Significance of Lung Ultrasound for
Heart Failure Patient Management in
Primary Care: A Systematic Review. J.
Clin. Med. 2024, 13, 2460. https://
doi.org/10.3390/jcm13092460

Academic Editor: Carlos Escobar

Received: 21 March 2024
Revised: 2 April 2024
Accepted: 18 April 2024
Published: 23 April 2024

Copyright: © 2024 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

1,2,4,6,%

1 Institut Catala de la Salut (ICS), SAP Terres de I'Ebre, Primary Care Health Tortosa-est, 43500 Tortosa, Spain
Programa Doctorado Biomedicines, University Rovira-Virgili, Campus Terres de 1'Ebre, 43500 Tortosa, Spain
3 Institut Catala de la Salut (ICS), SAP Terres de 1'Ebre, Unitat Docent Terres de 1’Ebre-Tortosa,
Primary Health Care Tortosa-est, 43500 Tortosa, Spain; mharo.ebre.ics@gencat.cat (M.H.-M.);
mmontelongo.ebre.ics@gencat.cat (M.M.-S.); yrodriguezca.ebre.ics@gencat.cat (Y.R.-C.)
4 Institut Catala de la Salut (ICS), SAP Terres de I'Ebre, Family and Community Medicine Unit in Primary Care
Health Tortosa-est, 43500 Tortosa, Spain; rcaballol.ebre.ics@gencat.cat
Regi6 Sanitaria Terres de I'Ebre, CatSalut, 43500 Tortosa, Spain; jlucasn@catsalut.cat
Fundaci¢ Institut Universitari per a la Recerca a I’Atencié Primaria de Salut Jordi Gol i Gurina (IDIAP]Gol),
SAP Terres de I'Ebre, Institut Catala de la Salut, 43500 Tortosa, Spain
*  Correspondence: apanisellot.ebre.ics@gencat.cat (A.P-T.); jlclua.ebre.ics@gencat.cat (J.L.C.-E.)
These authors contributed equally to this work.

Abstract: Background: Heart failure (HF) affects around 60 million individuals worldwide.
The primary aim of this study was to evaluate the efficacy of lung ultrasound (LUS) in manag-
ing HF with the goal of reducing hospital readmission rates. Methods: A systematic search was
conducted on PubMed, Embase, Google Scholar, Web of Science, and Scopus, covering clinical tri-
als, meta-analyses, systematic reviews, and original articles published between 1 January 2019 and
31 December 2023, focusing on LUS for HF assessment in out-patient settings. There is a potential
for bias as the effectiveness of interventions may vary depending on the individuals administer-
ing them. Results: The PRISMA method synthesized the findings. Out of 873 articles identified,
33 were selected: 19 articles focused on prognostic assessment of HF, 11 centred on multimodal
diagnostic assessments, and two addressed therapeutic guidance for HF diagnosis. LUS demonstrates
advantages in detecting subclinical congestion, which holds prognostic significance for readmission
and mortality during out-patient follow-up post-hospital-discharge, especially in complex scenarios,
but there is a lack of standardization. Conclusions: there are considerable uncertainties in their
interpretation and monitoring changes. The need for an updated international consensus on the use
of LUS seems obvious.

Keywords: lung ultrasound; heart failure; B-lines; prognosis; mortality; hospital admissions;
primary care

1. Introduction

The demographic evolution in developed countries is characterized by the emer-
gence of new and complex health needs due to chronic multimorbidity. One of the
conditions with the greatest impact is heart failure (HF) [1]. Currently, it affects about
60 million people worldwide, making it one of the chronic conditions with the greatest
health and economic impact [2,3]. There is a great variability in epidemiological studies, but
its prevalence increases with age being higher than 10% in patients over 70 years old and
>14% in those over 75 years old [4-6] with an average incidence of 2-6 cases per 1000 inhab-
itants. In Spain, the estimated hospitalization rate is 2.37, with an average stay of 8.5 days
and accounts for between 3% and 5% of hospital admissions [7]. The 30-day readmission
rate is 20% [1], remaining the leading cause of hospitalization among patients > 65 years
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old, and the third cause of cardiovascular mortality accounting up to 20%. Also, 55-70%
of patients die within 5 years of diagnosis with a mortality rate of 20% per year, 50% at
5 years, and up to 80% at 10 years [8-19]. Each new hospitalization increases the mortality
risk of these patients by 20%, so avoiding severe decompensation is considered crucial.
Hospitalization is the inevitable consequence of this decompensation. Finally, around 40%
patients are discharged from HF hospitalization prematurely when they are not ready to be
discharged [20].

Studies predict that hospital admissions for heart failure will increase by 50% in the
next 25 years [21] with re-hospitalization rates of up to 50% per year. Each hospitalization
is a step backwards in the quality of life of patients with heart failure, and no cost-efficient
solutions exist that can adequately screen, diagnose and monitor HF. The survival rate
for heart failure has plateaued in the last 7 years, suggesting that additional measures
are needed in addition to pharmacological treatments [2]. New therapeutic targets have
allowed for the modifying of the natural history of heart failure in the last three decades,
but mortality rates and recurrent hospitalizations remain very high in patients with HF.
Despite these numbers, heart failure is still a relatively unknown disease, with a range of
symptoms that many affected individuals initially attribute to other causes, delaying their
diagnosis and treatment and, with it, their prognosis.

Since 1997 [22], lung ultrasound (LUS) technology has been widely utilized for as-
sessing pulmonary congestion of cardiac origin. This is often indicated by the presence of
B-lines, vertical artefacts that appear on ultrasound imaging of the lungs. These lines were
associated with interstitial syndrome, a condition characterized by fluid in the interstitial
spaces of the lung, and the researchers started recognizing the significance of B-lines in the
context of heart failure.

The knowledge and utilization of LUS in primary care are expanding as a clinical
support tool for diagnosing and monitoring heart failure. This growth is based on published
findings related to the outcomes of implementing a transitional care program between
hospitals and primary care [23,24]; LUS is described as a rapid, mobile, and non-invasive
method to monitor dynamic changes in pulmonary congestion, which may identify those
at high risk for adverse events [25-28] more accurately than physical examination and lung
X-ray [29,30]; additionally, it adds discriminative value to neuropeptides for the diagnosis,
prognosis, and treatment of patients with decompensated HF with the use of a new CA19
biomarker [31-34]. Despite the evidence, there is currently no systematic implementation
of LUS for standard monitoring of HF patients in primary care.

Most studies make no distinction between HF with preserved ejection fraction (HFpEF)
and reduced ejection fraction (HFrEF) subtypes, despite the fact that HFpEF represents
nearly half of all heart failure admissions [35-39], though it is clear that the HFpEF occurs
predominantly in older females and patients with more comorbidities [40,41]. A coordi-
nated care process from hospital discharge is essential to prevent decompensation and
hospital readmissions: accessibility (quick contact to resolve any doubts or report any
complications), longitudinality (clinical history and synergistic coordination with hospital
care units), and comprehensiveness (ultrasound that improves resolution capacity, medica-
tion adjustment, and the need for re-evaluation) are three pillars of this review. Therefore,
appropriate monitoring would lead to a decrease in readmissions, costs, and mortality.
Providers are incentivized to use the model to identify high-risk patients, as it allows them
to intervene early and potentially prevent heart failure exacerbations [14].

This study aimed to conduct a systematic review on the impact of integrating Lung
Ultrasound in the management of heart failure patients, stratified by risk, with a focus on
mortality and readmissions. Currently, there is a lack of evidence regarding: 1/the efficacy
of B-lines as a determinant for hospital discharge in patients admitted for decompensated
heart failure or in ambulatory follow-up settings; 2/the prognostic significance of B-lines
when combined with other commonly utilized biomarkers and risk assessment tools in
monitoring HF patients; 3/the existence of indications or guidelines for employing the
predictive value of B-lines to guide out-patient therapeutic interventions during episodes
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of HF decompensation. The hypothesis is that LUS during follow-up in primary care
will reduce the combined risk of worsening heart failure and/or cardiovascular death
as well as symptoms and functional status in patients with heart failure regardless of
their ventricular function.

2. Methods and Analysis

Host Organization: The Foundation University Institute for Primary Health Care
Research Jordi Gol i Gurina (IDIAPJGol). Ethics Committee number 22 /143-P.

Faculty or Research Center: University Institute for Primary Health Care Research
Jordi Gol i Gurina (IDIAP]Gol) and Ebrictus Research Group.

This systematic review was performed in accordance to the PRISMA (Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses) guidelines

2.1. Search Strategy

A systematic search was conducted for scientific articles on PubMed, Embase, Google
Scholar, Web of Science, and Scopus, including clinical trials, randomized controlled
trials, meta-analysis, systematic reviews, and original articles that were related to the
prognostic value of lung ultrasound in patients with HF from 1 January 2019 to 31 De-
cember 2023. The Boolean operator AND was used to combine the keywords and narrow
down the search. Keywords include the following: Prognostic scores/Congestive heart
failure/Cardiac insufficiency /Heart decompensation/Heart Failure/Pulmonary Conges-
tion/Lung ultrasound/B-lines/Pulmonary echocardiography/Transthoracic echocardiog-
raphy/ cardiopulmonary ultrasound/Echocardiographic assessment of the lungs/Lung
diagnostic imaging/Ultrasonography Lung/Transitional care/Readmissions/Mortality.

Furthermore, we manually searched for relevant studies in a reference list of poten-
tially eligible publications. The search in the literature was performed in February 2024.
The articles were selected in two steps. In the first, the abstracts were checked and those
not meeting the inclusion criteria were excluded. In the second step, the studies selected
based on their abstracts were fully read, and those not meeting the inclusion criteria were
excluded, according to the PRISMA model (Figure 1). Two researchers independently
conducted a comprehensive search of biomedical literature databases, using a combination
of subject terms and free words as well as snowball methodology.

Records through Databases searching
Cochrane (n=320)
PubMed (n=278)
Embase (n=181)
Google (n=94)
(N total: 873)

Excluded with reasons:
Intra-hospital (n= 463)
Trials without Results (n=138)
Pharmacology (n=85)
Teaching motive (n =73)
(n=752)

Records after checking title and
abstract screening
(n=114 articles)

1 Duplicated articles and C
lh§ (n=82)

Potential relevant articles
(n=32)

l

Heart failure follow-up, and
prognostic assessment
(n =19 articles)

Multimodal diagnostics
assessments

(n =11 articles)

Figure 1. Results searching strategy.

|

Therapeutic guide heart
failure diagnosis
(n =2 articles)
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2.2. Inclusion and Exclusion Criteria

All qualifying studies should meet the following criteria: articles approaching LUS
managed by physicians for the assessment of congestion in patients with HF, followed up
on an out-patient basis at their primary care center, and those discharged from hospital for
new HF diagnosis or/and decompensation with preserved heart failure.

The gold standard for inclusion was the clinical diagnosis of heart failure by cardiolo-
gists or experienced physicians combined with history and relevant clinical examination;
the language of the included literature was English; there is no restriction on the type
of ultrasound instrument and the method of zonal lung ultrasound scanning, and the
location of pulmonary ultrasound examination. The studies were excluded if they met
the following criteria: duplicate publications; conference reports, editorials, letters, and
case reports; studies with a sample size of <30 cases, severely reduced ejection fraction
(LVEF < 35%). The LUS may be employed in various scenarios, including emergency situa-
tions, as a treatment guide for in-patients, during hospital discharge, and for out-patient
follow-up, but the studies using LUS in hospitalized participants were excluded except
when was used around 72 h from hospital discharge and ambulatory follow-up.

Results were organized according to the management process in heart failure: risk/
early-diagnosis-/follow-up /multimodal assessments/therapeutic guide:

(1) LUS accuracy in Heart failure diagnosis in out-patient settings, follow-up, and risk
scores related to outcomes.

(2) Multimodal assessments added to LUS. Modalities of different evaluation (imaging
radiography, computerized tomography, bioelectrical impedance analysis (BIA), labo-
ratory biomarkers, and echocardiographic parameters) in heart failure diagnosis and
follow-up.

(3) Lung ultrasound as therapeutic guide to assessing lung congestion in out-patient settings.

2.3. Data Extraction and Analysis

The data were extracted by two researchers independently in a standardized way,
and then cross-checked the results. If there was disagreement, a discussion or decision
by a third party was conducted. The primary extracted contents include the first author,
publication year, objectives, study design, methodology (participants and instruments),
outcomes, and main results.

2.4. Quality Assessment

Quality assessment was performed using the Newcastle-Ottawa Scale [42]. Publication
bias was assessed using the Deeks funnel plot asymmetry test to determine its presence.
A significance level of p < 0.05 was considered statistically significant.

3. Results

Figure 1 illustrates the search strategy employed. The present review included a total
of 32 articles: 19 focused on the follow-up and prognostic assessment of heart failure,
11 centered on multimodal diagnostic assessments, and two addressing therapeutic guid-
ance for heart failure diagnosis in the out-patient setting, encompassing diagnostic, thera-
peutic, and prognostic defined values.

Table 1 includes the chosen articles focusing on the precision of LUS as a diagnostic
tool as well as the prognostic criteria of readmission and/or all-cause death after hospital
discharge of patients admitted due to an episode of decompensated heart failure and/or
ambulatory following-up:

(1) Diagnostic Accuracy in Heart Failure (HF) Suspicion [43,44]: LUS examinations were
conducted on specific thoracic areas, including two anterior (A), two lateral (L), and
two posterior (P) areas per hemithorax. An area was considered positive if three or
more B-lines were observed. Diagnostic accuracy was determined by the number of
positive areas identified: two positive areas out of four (Anterior-Lateral) on each
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hemithorax and two positive areas out of six (A-L-P) on each hemithorax. It was
showed that incorporating LUS results may enhance the predictive capability of
contemporary HF risk scores [45]. However, the impact of repeated ultrasound scans
on prognostic outcomes remains uncertain [46].

LUS in Stable Chronic HF Patients: LUS was effective in identifying stable chronic
HF patients at high risk of death or HF hospitalization. At discharge, approximately
48.2% of patients exhibited a normal LUS profile [47,48]. The prognostic significance
of the number of B-lines varied across studies. Most studies indicated the presence
of >5 B-lines was found to be associated with a higher probability of 12-month
all-cause death, while the presence of >15 B-lines was associated with a higher proba-
bility of HF readmission [44,48-54]. Others [54] suggested that the accumulation
of 30—40 B-lines upon admission was identified as a risk factor for readmission
or mortality, and the presence of >15 B-lines could just indicate an increased risk
of persistent pulmonary congestion. Each additional B-line was associated with a
1.82 odds ratio for adverse outcomes [47], or a 3-4% increased risk for each additional
B-line, as per reference [50].

LUS-Guided Treatment: LUS-guided treatment was linked to a 45% reduction in the
risk of hospitalization and a decrease in urgent visits [45,46,55-57] with follow-up
after three months, six months, up to one year. However, no significant differences in
death rates were observed [55-57]. Additionally, treatment guided by lung ultrasound
(LUS) was linked to a reduced risk of Major Adverse Cardiac Events (MACEs) [58,59],
and a significantly greater reduction in the number of B-lines during the initial 48 h,
but it did not reduce heart failure readmission [57,60,61].

The results of LUS remained independent of NT-proBNP levels [32,43,50,62]. It seems
there is not any statistically significant association between median NT-proBNP levels
among patients with a positive LUS for congestion and basal median NT-proBNP
levels in patients with LUS without signs of congestion.

Table 1. B-lines and Heart Failure vs. outcomes.

First Author Methods
Year of Publication Objectives Instruments, Results
Country Design Participants Procedure 4 Outcomes
4-zone LUS was
To assess the P i di pc;lrformcﬁlgt Risk of HE The OR ratio for each B-line was
PlatzEetal. 2019  prevalence, changes in, rospective, lscharge. b-ines i ot 1.82 (95% CI 1.14 to 2.88; p = 0.011)
[47] (EEUU) nd prognost observational N =349 were quantified hospitalization or frer adiusting for important
. and prognostie study off-line, blinded to all-cause death atteradjustng or rmporta
importance of B-lines clinical findings clinical variables.
and outcomes.
At discharge normal LUS profile
was observed in 48.2% of patients.
Probability of Sum of B-lines > 5 was associated
To assess the 3 g with higher probability of
Kobalava Zh Detal.  prognostic significance ~ Observational N=162 B lines at hospital 12 m(;)r;‘t;laalicclause 12-month all-cause death ([HR]
2019 [49] (Russia) of B-lines number descriptive - discharge " i bility of 2.86,95% CI 1.15-7.13, p = 0.024);
at discharge. HI:})? oba d ty o and B-lines > 15 B-lines with
readmission. higher probability of HF
readmission (HR 2.83, 95% CI
1.41-5.67, p = 0.003).
To evaluate the
usefulness of LUS + The hospitalization was
physical examination Randomized, Hospitalization rate significantly reduced in ‘PE + LUS’
Marini et al., 2020 (PE) in the multicenter, N = 244 PE + LUS’ group vs. for IEDHF at 90-da group with a reduction of risk for
[55] (Italy) management of and unblinded B ‘PE only’ group. Y hospitalization by 56% (p = 0.01).
. . follow-up. : ;
out-patients with acute study There were no differences in

decompensated heart
failure (ADHEF).

mortality between the two groups.
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Table 1. Cont.

First Author Methods
Year of Publication Objectives . . Instruments, Results
Country Design Participants Procedure Outcomes
LUS-guided treatment was
LUS during follow-up Randomized, Urgent visits, associated with a 45% risk
Araiza- of patients with HF single-center, rehospitalization for ~ reduction for hospitalization (HR
Garaizordobil et al may reduce the rate of blinded, and N=126 LUS vs. usual care worsening HF, and 0.55, 95% CI 0.31-0.98, p = 0.044),
2020 %,; o] (Mexico)., adverse events controlled trial B ’ death from any and reduction in urgent visits (HR
- compared with CLUSTER-HF cause during a 0.28,95% C10.13-0.62, p = 0.001).
usual care. study 6-month period. No significant differences in death
were found.
A standard - Reduction the number of
To evaluate follow- (n=62 urgent visit, d tions and i d
ivas-Lasarte relationship between andomized, N ospitalization an . .
Rvaslasate M laionchp boven  Randomized low "6 pitiaioning  deompmions and improve
etal., 2019 results LUS-guided single-blind N=123 LUS o death, at 14, 30, 90 valking capacity, but
. 3 . © . -guided N-terminal pro-B-type natriuretic
[62] (Spain) follow-up protocol and clinical trial. follow-up (n = 61 and 180 days entide reduction
reduction NT-pro g N after discharge .
duction NT-proBNP. P fter discharg, Pep
LUS group) were not achieved.
LUS was performed Two diagnostic
on 2 anterior (A), 2 criteria were used:
Prospective lateral (L), and ,2 for LUS-C1, 2 LUS was accurate enough to
Conangla et al., 2020 LUS improved study of LUS posterior (1,3) areas positive areas of 4 rule-in HF in a primarygcare
[43] S air'{) diagnostic accuracy in in ambulatory N =223 or hemithorax. An (A-L) on each setting irrespective
P HF suspicion. patients > 50 P - hemithorax; and for & pectve
area was positive i NT-proBNP availability.
years old when >3 B-lines LUS-C2, 2 positive
were observed areas of 6 (A-L-P) on
’ each hemithorax.
Eﬂfcl;qrilens ;}hgrl‘gil The mean number of B-lines was
LUS was performed composite of 5 & 6. Having > 8 B-lines doubled
omingo At s Thesumel e danior etk of s sompeite primay
53021 ' ‘ The prognostic value prospective, N =577 lung zones and the hospitalization f or risk OF; dea{th from any cause by
[50] (Spain) of LUS. single-center quartiles of this HF and mortality 2.6-fold (p < 0.001) with a 3% to 4%
cohort study i from any cause . . .
addition were used durine mean increased risk for each 1-line
for the analyses. follov?—up of addition irrespective
31 + 7 months. NT-proBNP level.
Prognostic value of A Systematic Nine Outcomes of B-lines > 15 and >30 at discharge
Wang Y et al., 2021 1 8 Review and studies . all-cause mortality were significantly associated with
: ung ultrasound . - HF out-patients . .
[51] (Brasil) d by Bli Meta- involving or increased risk of
assessed by b-ines Analysis N=1212 HF hospitalization combined outcomes
. B lines: two groups Patients with >15 B-lines are
To determine the . .
Rueda-Camino JA diagnostic accuracy of . were formedf less Risk of readmission 25 tlmes more likely toobe
2 y
X Prospective than 15 B-lines X . readmitted (HR: 2.39; 95%Cl:
etal. 2021 bedside LUS cohort study (unexposed) and and mortality with 1.12-5.19:
52] (Spain) pr(ﬁlr:l(;it;;itcoiglnfor >15 B-lines 3-month follow-up p =0.024), without differences in
(exposed). terms of mortality.
. Patients at high risk
To evaluate the efficacy LUS was performed
Zisis G et al., 2022 a nurse-led, RISK-HF readrﬁ\oiZs?)i(t))-r?:zd/ or at discharge and at E(?sr;)ciigﬁlgisgg:rsggl ir;rc'lipartoe\l/récs1 gﬂg
v LUICA-guided disease randomized N =404 least twice in the
[60] (Australia) - death to . status but does not reduce heart
management controlled trial . first month of . o
LUS-guided DMP or failure readmission.
program (DMP) sual care follow-up
contemporary HF risk LUS at discharge .
. scores can be Randomized, contemporary HF predict death, Adding th? results (.)f LUS
Maestro-Benedicto, . . . L evaluated at discharge improved
improved upon by the single-center, _ risk scores at 15 urgent visit, or HF o
Aetal., 2022 inclusi £ th impl N=123 d 1 3and 6 dmissi the predictive value of most of the
[45] (Spain) meiusion o t € stmp’e ays, 1, o an readmission at contemporary HF risk scores in the
number of B-lines blind trial months after the 6-month
detected by LUS hospitalization 1-month score and 1-year.
Out-patient LUS-guided diuretic
HF hospitalization, therapy of pulmonary congestion
A point-of-care lung LUS plus PE-guided all-cause mortality, reduces urgent visits for
Mhanna M et al ultrasound (LUS) is a Systematic therapy vs. urgent visits for HF worsening symptoms of HE.
2022 [57] (EEUU-)’ useful tool to detect review and N =493 managed with worsening, acute No significant difference in HF
g subclinical meta-analysis PE-guided kidney injury (AKI), hospitalization rate. Similarly,
pulmonary edema. therapy alone and there was no significant difference
hypokalemia rates. in all-cause mortality,
and hypokalemia.
B-lines and the size - .
Evalu.ate the of the inferior vena Predlct'lor} of Th.e mean number of B-lines at
Rattarasan I et al., prognostic value of Pr " T " readmission discharge was 9 £ 9, and the
2022 B-lines for prediction 25()%?“% N =126 Ca‘xe‘rev}’grissps hospitalization and presence > 12 B-lines before
[48] (Thailand) of rehospitalization B-lines (<12) V'S death within discharge was an independent
and death ’ 6 months predictor of events at 6 months

B-lines (>12)




J. Clin. Med. 2024, 13, 2460

7 of 16

Table 1. Cont.

First Author
Year of Publication
Country

Objectives

Methods

Design

Participants

Instruments,
Procedure

Outcomes

Results

Dubon-Peralta E

assessment of

evaluate the
prognostic

Optimization of

The presence of more than 30-40 B
lines at admission were considered

etal. 2022 pulmona{ry congestion A systematic 14 articles significance of the treatment by arisk fagtor for readm1§smn or
[54] (Spain) in patients with review rosence of B lines monitoring the mortality as was persistent
g P heart failure P detected by LUS dynamic changes pulmonary congestion with the
y presence of >15 B-lines.
Arvi investigate if treatment serial LUS of the A single ultrasound measurement
rvig MD et al., X . . . inferior vena . . .
guided by serial LUS Systematic 24 studies e mortality, can influence prognostic outcomes,
2022 d h _ cava-collapsibility dmissi buti . in if d
[46] (Denmark) compared to searc N = 2040 index (IVC-CI) and readmissions ut it remains uncertain if repeate
standard monitoring B-lines on LUS scans can have the same impact.
to evaluate the . MACEg, all-cause . .
usefulness of systematic mortality, and The meta-regression analysis
LUS-euided treatment review and LUS-guided HF-rela,te d showed a significant correlation
Yan Li et al., 2022 & 1 . meta-analysis 10 studies treatment vs. usual hospitalizati between MACESs and the change in
[58] (China) re‘lclsﬁéli;uat}fjiialtr of randomized N =1203 care a, LUS-guided re disr?; arle:afn, B-line count (p < 0.05). LUS-guided
adverse cgar diac o ‘]/ ent controlled treatment follov\%-u of treatment was associated with a
(MACE) rate trials 47 monfhs significantly lower risk of MACEs.
PARADISE-MI Igggrtlensgg'\;in; Patients with acute The proportion of patients without
Platz E et al., 2023 Assess the trajectory of Prospective echocardiography at my(')cardlal. Left pulmonary'cor'lg'estlon at
[59] (EEUU) pulmonary congestion cohort stud N =152 baseline (+2 days of ventricular ejection  follow-up was significantly higher
using lung ¥ randomiza tion)yan d fraction, pulmonary in those with fewer B-lines
ultrasound (LUS) after 8 months congestion or both at baseline
The presence of B-lines at
discharge was associated with a
Number of B-lines Risk of 30-da significantly increased risk of
- . 200 ] ’ $ovaay 30-day readmission. Compared
Association between Prospective . By an 8-zone LUS readmission in . . . o
Cohen et al., 2023 R patients R R with patients with 0-1 positive
N numbers of B-lines study exam to evaluate for  patients hospitalized - : i
[44] (EEUU) A LUS £ adult at the presen for acut zones, patients with 2-3 positive
© : oradults discharge ef%_?e ¢ d ° acute d HF lung zones was 1.25 times higher
or brimes ccompensated B (95% CI: 1.08-1.45), and with 4-8
positive lung zones was 1.50 times
higher (95% CI: 1.23-1.82).
LUS conferred no benefit
BLUSHED-AHEF study: compared with usual care in
. to explore whether . reducing the number of B-lines at
GOIdsmzlgzl:? Jetal, LUS early targeted Multicenter, _ LUS-guided Number of B-lines 6 h or in 30 days, but a
. . randomized, N =130 R R ..
[61] (EEUU) intervention vs. leads ilot trial protocol at 6 h or in 30 days significantly greater reduction in
> improves P the number of B-lines was

pulmonary congestion

observed in LUS-guided patients
during the first 48 h.

Table 2 encompasses selected articles concentrating on the LUS in conjunction with

other commonly used assessments. These include clinical assessment versus chest radiogra-
phy with or without inferior vena cava (IVC) ultrasound, LUS versus computerized tomog-
raphy (CT), Rx thoracic, bioelectrical impedance analysis (BIA), early diagnosis through ex-
ercise LUS, laboratory parameters (pro-BNP, CA125), and echocardiographic parameters.

The LUS showed higher sensitivity ratio 1.2 (95% CI, 1.08-1.34; p < 0.001) compared

with CxR, computerized tomography (CT), and echocardiogram [61-66] in the diagnosis
of HF and using LUS with the clinical evaluation reduced diagnostic errors as compared
to [CxR + Nt-proBNP] combination [67]. However, mortality was significantly associated
with lower inferior vena cava (IVC) collapse [53,65,68] and a higher number of lung B-
lines, as well as elevated NT-proBNP levels [54,68-70], with no differences observed in
the bioelectrical impedance analysis (BIA) parameters. Among the majority of individuals
with ambulatory follow-up and preserved ejection fraction [71,72], the submaximal exercise
increases B-lines number to level of higher probability of 12-month all-cause death or/and
higher probability of HF decompensation [44,48-52]. The total sum of B-lines correlated
significantly, but fairly, with congestion and several biomarkers, especially with high-
sensitive Troponin T (hsTnT) [73].
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Table 2. Multimodal assessment (clinical, laboratory, and LUS).
First Author Lo Methods
Year of Publication Objectives N . Results
Country Design Participants Instruments Outcomes
. Sensitivity LUS vs. CxR 0.88 (95%
To compare the Systematic . o
Maw AM accuracy of LUS with Review and 6 studies Detection of CL0.75 0'357)0‘%' ;)6’;3 (95% CI,
etal., 2019 the accuracy of chest Meta-analysis N < 1827 LUS vs. CxR cardiogenic Specificity LUS vs‘ CxR 0.90 (95%
[63] (EEUU radiography (CxR) in Prospective - ulmonary edema P Y . o °
grapiy P p Y Cl, 0.88-0.92) vs. 0.90 (95% CI
the diagnosis of HF. cohorts 7 . o ’
0.75-0.97).
. To evaluate accuracy . Either LUS or . . LUS was higher than
P“’et[tgﬁ (‘i’: "*]1")2019 of combining [LUS] s. Ra“fgnfzed N =518 [CXR/NT + HF d‘arg“"“s [CXR/Nt-proBNP] (AUC 0.95 vs.
aly [CxR + NT-proBNP] a proBNP] aceuracy 0.87, p < 0.01).
Comparing the
usefulness of inferior Mortality was associated to
vena cava (IVC) LUS significantly lower IVC collapse,
Curbelo et al., ultrasound, lung P " e Parameters of and a greater number of lung
2019 ultrasound, Cofgﬁesct;‘ée N=99 BIA congestion B-lines; and higher NTproBNP
[54] (Spain) bioelectrical y NT-proBNP and mortality levels.
impedance analysis P No differences in the
(BIA), and BIA parameters.
(NT-proBNP)
To evaluate increases LUS during invasive 54% (n = 33) either developed new
Reddy V et al., 2019 in Extravascular water Observacional N =66 hemodynamic B-lines increase B-lines (n = 23, 38%) or developed
[71] (EEUU) at rest and - submaximal during exercise an increase in the number B-lines
during exercise exercise testing (n =10, 16%) during exercise.
total B-line sum significantly
correlated with NT-proBNP
-~ (R=10.29,p<0.001),
1;;2320[{%8 growth/differentiation factor-15
anterolateral areas (GDF-15; R =0.23, p = 0.003),
. To assess relationship prospective high-sensitive Troponin T (hsTnT;
Domingo M et al . plus 4 lower )
2020 ’ between B-lines cohort of N =170 osterior thoracic confirmed HF R =0.36, p < 0.001), soluble
73] (Spain) assessed by LUS ambulatory B P areas) and 11 diagnosis interleukin-1 receptor-like 1 (sST2;
21op and biomarkers patients inflammatory and R =0.29, p <0.001), cancer antigen
Cardiovasct};lar 125 (CA-125; R = 0.17, p = 0.03),
biomarkers high-sensitivity C-reactive protein
(hsCRP; R = 0.20, p = 0.009), and
interleukin (IL)-6 (R = 0.23,
p =0.003).
Evaluate LUS Parameters of Values of NT-proBNP > 3804
Rubio-Gracia ] et al associated to LUS venous congestion pg/mL (HR 2.78 [1.27-6.08];
2021 M NT-proBNP, cancer Retrospective N = 203 CA 125 and pre dic%ors of p =0.010) and rPV > —4.54% (HR
9 . antigen 125, relative study B NT-proBNP pr 2.74 [1.18-6.38]; p = 0.019) were
[69] (Spain) plasma volume PV mortality after one independent predictors of
X . r of follow-up. p p .
(rPV) estimation. yea all-cause mortality
The prognostic
LUS B-lines compared Valuet(})lf B—hnesl and >15 B-lines lines was associated
Morvai-Illés B et al., vs. echocardiographic rospective B-lines 31;;523;3 with a significantly worse
2021 parameters and cl:(,)hoﬁ stud N=75 LUS arameters: elobal event-free survival, and was
[70] (Hungary) natriuretic y NT-proBNP ]lpon it dina.l%; train similar to the predictive value of
peptide level sl . NT-proBNP (AUC 0.863 vs. 0.859)
and left atrial
reservoir strain.
Presence > 5 B-lines
and/or an increase
Assigned either LUS in the diameter of
+ IVC (‘intervention the IVC, with and Mortality was associated to
e e . group’) or without significantly lower IVC collapse,
Bureos et al {I(Lrel:il;‘;te(ll{;g)f erllglr Sﬁ X?II% clinical-guided collapsibility. and a greater number of lung
%022 ’ lung ultrasound Study- N =58 decongestion Endpoints: the B-lines; and higher NTproBNP
[68] (Argentina) (CAVAL US)-guided Randomized therapy ( 0 ntrol ;on.npgsﬁi OfHF Bi di QEVEIS iated
therapy. control trial group ), readmission for HF, -lines at discharge was associate
B-lines unplanned visit for with a significantly increased risk
vC worsening HE, of 30-day readmission
readmission variation of
NT-proBNP or
death at 90 days.
Observational
cohort study rediction of 30-da
Pérez-Herrero S To compare the CxRvs.  based on data CxR pmortalit based ony >6 B-lines per field and IVC
etal., 2022 B-lines by LUS and collected in N =301 B-lines by LUS the digmeter of collapsibility < 50% had higher
[65] (Spain) collapsibility of IVC. the IvC the IVC 30-day mortality rates
PROFUND-IC

study.
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Table 2. Cont.

First Author Lo Methods
Year of Publication Objectives N . Results
Country Design Participants Instruments Outcomes
LUS diagnostic LUS is more sensitive (91.8% vs.
Chiu L et al., 2022 acourac vgs a chest Meta- 8 studies LUS vs. chest diagnostic 76.5%) and more specific than CxR
[64] (EEUU) y s, Analysis N = 2787 radiography accuracy HF (92.3% vs. 87.0%) than CXR in
Xeray (OxR) detecting pulmonary edema.
Assess the diagnosis
value of exercise lung
Coiro S et al., 2023 ultrasound (LUS) for Case-control N=116 B-line kinetics in Peak B-lines for Peak B-lines > 5 were the best
[72] (France) HF with preserved study - submaximal exercise HFpEF diagnosis cutoffs for HFpEF diagnosis
ejection fraction
(HFpEF) diagnosis.
LUS accuracy vs. .
. . Systematic LUS, (CT), and - The accuracy of LUS was
Xie C et al." 2023 computerized review and N =345 conventional predlctl\{e Valu.e for significantly higher than that of
[66] (Xina) tomography (CT) vs. . . HF diagnosis . _
: Metanalysis echocardiogram echocardiogram (p = 0.01).
echocardiogram

Table 3 includes a residual section featuring articles on LUS and therapeutic guidance
based on the presence of lung ultrasound signs of congestion in ambulatory patients. Few
studies have been found regarding the utility of Lung Ultrasound (LUS) as a guide for
heart failure (HF) treatment in the context of out-patient follow-up, and the results obtained
do not support the use of LUS in relation to its mortality and/or hospital readmission
outcomes [74]. Although in clinical practice there was a higher likelihood of modifying
diuretic treatment based on Lung Ultrasound (LUS) results, no differences were observed
in the incidence of adverse events related to heart failure (HF) [74,75].

Table 3. Therapeutic guidance based on the presence of lung ultrasound signs of congestion in
ambulatory patients.

First Author Lo Methods
Year of Publication Objectives N . Results
Country Design Participants Instruments Outcomes
Participants will be
assigned 1:1 to
to evaluate if receive treatment
LUS-guided c‘huretlc Randgrmzed, guided acFordlng to Coml_alnatlon of LUS did not show any benefit in
therapy could improve multicentre, LUS signs of cardiovascular . .
Torres-Macho J et al., . . . . survival analysis or a need for
) - short- and mid-term single-blind N=79 congestion death and . ! X
2022 [74] (Spain) . .S . . S . intravenous diuretics compared
prognosis compared clinical trial (semi-quantitative readmission for HF with SOC
with standard of care (EPICC trial) evaluation of B lines at 6 months. ’
(SOC) after discharge and the presence of
pleural effusion)
vs. SOC.
LUS results to the HF
assistant physician Prospective . The primary Clinicians were more likely to
would change loop . 70 were randomised outcome was . .
Cruz M et al. . X R . randomised . . titrate furosemide dose, but the
diuretic adjustments in . . N =139 to blind LUS and 69 change in loop . ;
2023 [75] (Portugal) u ” ; single-blinded A risk of HF events or cardiovascular
stable” chronic - to open LUS. diuretic dose (up- or - .
trial o death did not differ.
ambulatory down-titration).
HF patients.

4. Discussion

This systematic review was conducted with the objective of identifying scientific
evidence pertaining to the application of lung ultrasound in Heart Failure. Despite encoun-
tering a substantial number of trials lacking posted results, the review exhibits notable
advantages in the detection of sub-clinical congestion linked to prognostic significance in
terms of re-hospitalization, as indicated by the prognostic value associated with B-lines,
and mortality prediction, both of which constitute pivotal attributes of heart failure in
out-patient settings. The enhanced accuracy, surpassing that of physical examination and
chest X-ray by 90%, establishes LUS as a superior diagnostic modality for congestion,
and facilitates expedited diagnoses in the emergency department. Additionally, it confers
incremental prognostic value during the hospital discharge phase of patients experiencing



J. Clin. Med. 2024, 13, 2460

10 of 16

decompensated HF, and it may play a pivotal role in guiding the treatment strategies for
individuals with HE.

However, despite the extensive evidence supporting the use of LUS across various
medical disciplines, there is a notable scarcity of information regarding its application and
interpretation criteria in the out-patient monitoring of HF patients within primary care
settings. This knowledge gap persists despite the significant healthcare and economic
challenges posed by the aging demographics of society. Recognizing the evolving land-
scape, a multidisciplinary and international panel LUS experts undertook a thorough
review and update of the original international consensus on point-of-care LUS, initially
established in 2012 [76,77]. Also, a statement has been published aimed at pulmonologists
utilizing thoracic ultrasound within the realm of respiratory medicine [78]. The updated
consensus reflects the advancements in LUS technology and its applications, providing a
contemporary framework for practitioners. Ultimately, a clinical consensus statement of the
European Association of Cardiovascular Imaging [79] becomes the reference standard in
heart failure care and facilitates the exclusion of other highly prevalent conditions that may
mimic or overlap with HE. Despite these strides, there remains a need for further research
and exploration, particularly in the context of out-patient monitoring of HF patients in
primary care.

In fact, international clinical practice guidelines on heart failure do not include stan-
dardized interpretation criteria for the predictive value of B-lines associated with interven-
tion patterns, differential diagnosis, and the potential benefit of its use in terms of cost-
effectiveness. Despite a recommendation (Class I, level B) by the ESC Guidelines [14,24],
which suggests an intensive strategy involving the initiation and rapid up-titration of
evidence-based treatment before discharge, along with frequent and careful follow-up
visits in the first 6 weeks following heart failure hospitalization to reduce the risk of HF
rehospitalization or all-cause death at 180 days, it does not specifically advocate the use
of lung ultrasound for detecting pulmonary congestion in out-patients with heart fail-
ure. Furthermore, approximately 40% of patients are discharged prematurely from HF
hospitalization when they may not be adequately prepared for discharge [20].

In the studies that were included, although they present similar results, there are some
limitations such as their interpretation, highlighting the challenges in establishing their
utility as valuable and non-invasive tools for monitoring changes in pulmonary congestion.
These limitations include the absence of studies conducted in comparable populations
and the inconsistent reporting of the technique employed and variable quantification of
‘B-lines’ jeopardize the reproducibility of LUS studies. Additionally, there is diversity in the
healthcare areas from which the results originate, the dynamic nature of LUS findings in
response to therapy, and differences in severity of disease complexity between healthcare
levels. This includes interpretability challenges, especially between hospital care and
out-patient follow-up in primary care.

Notably, the persistence of residual congestion at the time of hospital discharge serves
as an indicator for individuals at heightened risk for adverse events [43,47,50]. On the other
hand, the observation that in most individuals undergoing ambulatory follow-up with
preserved ejection fraction [26,33], submaximal exercise increases the number of B-lines to
a level associated with a higher probability of 12-month all-cause death and/or a higher
likelihood of heart failure decompensation [2,9,11,15,20] may be an uncertain finding in
terms of its prognostic value and implications for treatment. Recognizing the importance
of early diagnosis, particularly in light of its contribution to the prompt implementation
of appropriate treatment, is crucial for mitigating heart failure mortality. Finally, there
is increased controversy concerning the effectiveness and correlation of changes in the
B-lines pattern with monitoring congestion during optimizing therapy, serving as a guide
in the outcomes and use of diuretics. Diuretics are considered one of the more affordable
treatment approaches in the primary care setting. The need for an updated international
consensus on the use of LUS is obvious [80].
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Therefore, there are several potential benefits of using LUS to monitor heart failure

patients in primary care:

a.

LUS can detect changes in lung function in heart failure patients before they become
clinically apparent. Several studies have correlated the presence of B-lines on LUS
with a sensitive marker for diagnosing decompensated HF. Residual pulmonary
congestion at discharge, indicated by a B-line count >30, serves as a strong predic-
tor of outcomes. However, in an HF out-patient clinic, a B-line count >15 cut-off
could be considered for a rapid and reliable assessment of decompensation in HF
out-patients [41,80]. This early detection can help clinicians intervene earlier, poten-
tially reducing the severity of the patient’s condition and preventing the need for
hospitalization. It should not be considered a substitute for imaging technology but
rather a complementary tool in emergency and out-patient assessments.

The implementation of lung ultrasound in primary care not only facilitates early de-
tection of changes in lung function and improves patient outcomes but also promotes
increased patient engagement [39,40,72]. This patient-centric approach, coupled with
the non-invasive and cost-effective nature of lung ultrasound, represents a promising
avenue for enhancing the overall quality of care for heart failure patients in primary
care settings.

As the population ages globally, there is a simultaneous increase in the prevalence of
multiple comorbidities. The convergence of these demographic and health trends
poses unique challenges for the healthcare system. It is becoming increasingly
essential to address the healthcare needs of older individuals who may have complex
medical conditions and varying degrees of mobility. The LUS has an incremental
value in follow-up, the diagnostic and prognostic approach in potential complex
scenarios as the bedside in non-traditional healthcare settings such as patients” homes
or institutional long-term care facilities. The early detection capabilities of LUS
empower clinicians to intervene at an earlier stage, potentially mitigating the severity
of the patient’s condition and averting the need for readmission [1,81]. This proactive
approach to post-hospitalization care aligns with the goals of improving patient
outcomes and reducing the burden on healthcare resources.

Non-invasive and cost-effective: Lung ultrasound is a non-invasive and cost-effective
method of monitoring heart failure patients. Unlike other diagnostic tests, such as
CT scans, it does not expose patients to radiation and is more affordable [1,79]. While
echocardiography plays a pivotal role in evaluating underlying cardiac structure and
function, its effectiveness is highly dependent on the experience of the sonographer
for image acquisition and precise interpretation by an expert reader. As a result,
several Machine Learning-based platforms are being developed.

The studies found that lung ultrasound was more accurate than clinical assessment,
natriuretic peptides, and echo-Doppler cardiac parameters for detecting pulmonary
congestion. Additionally, patients who received lung ultrasound as part of their
care had a lower risk of death and hospitalization than those who did not [63,72,79].
Additionally, weak or moderate [24] correlations were found between serum biomark-
ers and LUS scores.

As well as a pharmacologic therapeutic guide, LUS is also used in other clinical areas
such as out-patient, pre- and per-operative, hemodialysis, septic shock, cardiogenic
shock, teach-back educational, and pediatric care.

Moreover, the development of new research about LUS in various objectives must

be considered, including: 1/integrating LUS technology into primary care to monitor
out-patients at high and moderate risk of hospitalization or mortality, and post-hospital
discharge; 2/creating a predictive model that utilizes a risk score and/or Artificial Intelli-
gence; 3/assessing the accuracy and performance of the predictive model in a cost-effective
manner using a validation dataset; 4/identifying high-risk subgroups within the patient
population 5/exploring gender-associated differences in the context of heart failure; 6/co-
ordinating efforts between primary care and the Heart Failure Unit for the comprehensive
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follow-up of heart failure patients. It is a main limitation that LUS is neither systematically
incorporated as part of routine hospital discharge, nor as clinical activities in primary care
in follow-up and early diagnosis of decompensation.

5. Conclusions

Lung ultrasound offers advantages in detecting subclinical congestion, which holds
prognostic significance for rehospitalization and mortality prediction in heart failure pa-
tients, guiding treatment strategies effectively. In primary care, LUS provides benefit during
hospital discharge and serves as a valuable, non-invasive tool for monitoring pulmonary
congestion changes in various healthcare settings, including patients’ homes and long-term
care facilities. However, there are uncertainties in interpreting findings, highlighting the
need for an updated international consensus on LUS utilization in HF management.

Author Contributions: All authors have made substantial contributions to the conception, design
and submitted version of the work. Their individual contributions were: Conceptualization, A.P.-T.,
R.C.-A. and ].L.C.-E.; Methodology, A.P-T., R.C.-A.,, M.H.-M., M.M.-S,, Y.R.-C. and J.L.C.-E.; Software,
M.H.-M., AP-T. and J.L.C.-E; Validation, A.P-T., ].L.C.-E. and R.C.-A.; Formal Analysis, A.P-T.,
R.C.-A,, J.L.C-E. and ].L.-N,; Investigation, A.P-T., M.H.-M., Y.R.-C. and R.C.-A ; Resources, A.P.-T.,
R.C-A. and J.L.C.-E.; Data Curation, A.P-T., R.C.-A., J.L.C.-E., M.H.-M. and M.M.-S,;
Writing—Original Draft Preparation, A.P.-T., J.L.C.-E. and R.C.-A.; Writing—Review & Editing,
AP-T,].L.C-E. and R.C.-A,; Visualization, A.P-T,, ].L.C.-E., ].L.-N. and R.C.-A; Supervision, ].L.C.-E.
and R.C.-A,; Project Administration, R.C.-A. and ].L.C.-E.; Funding Acquisition, J.L.C.-E. and J.L.-N.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding and The APC received partial funding through
a grant to the PREFA-TE project from the Strategic Plan in Research and Innovation in Health (PERIS).
This funding was obtained in the 2021 call under the expedient file SLT/21/000027.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Acknowledgments: We are grateful to the clinical and administrative staff of the participating
Primary Care centres. We thank the Primary Care Research Institute-IDIAP Jordi Gol, and the
Fundacio6 Ferran for their technical support on the work. Chat-GPT Al system, as a free-to-use tool,
was used as a supporting tool for reviewing or considering options in the English translation of the
original language.

Conflicts of Interest: The authors declare no conflicts of interest. The APC sponsors had no role in
the design, execution, interpretation, or writing of the study.

References

1.

Ll

Pugliese, N.R.; Pellicori, P; Filidei, F.; Del Punta, L.; De Biase, N.; Balletti, A.; Di Fiore, V.; Mengozzi, A.; Taddei, S.; Gargani, L.;
et al. The incremental value of multi-organ assessment of congestion using ultrasound in outpatients with heart failure. Eur.
Heart ]. Cardiovasc. Imaging 2023, 24, jeac254. [CrossRef] [PubMed]

Bragazzi, N.L.; Zhong, W.; Shu, J.; Abu Much, A.; Lotan, D.; Grupper, A.; Younis, A.; Dai, H. Burden of heart failure and
underlying causes in 195 countries and territories from 1990 to 2017. Eur. J. Prev. Cardiol. 2021, 28, 1682-1690. [CrossRef]
Savarese, G.; Lund, L.H. Global Public Health Burden of Heart Failure. Card. Fail. Rev. 2017, 1, 7-11. [CrossRef]
Diez-Villanueva, P; Jiménez-Méndez, C.; Alfonso, F. Heart failure in the elderly. |. Geriatr. Cardiol. 2021, 18, 219-232. [CrossRef]
Sicras-Mainar, A.; Sicras-Navarro, A.; Palacios, B.; Varela, L.; Delgado, J.F. Epidemiologia de la insuficiencia cardiaca en Espafa:
Estudio PATHWAYS-HE. Rev. Esp. Cardiol. 2022, 75, 31-38. [CrossRef]

Santos, PM.; Freire, R.B.; Fernandez, A.E.; Sobrino, J.L.B.; Pérez, C.E,; Somoza, EJ.E.; Miguel, C.M.; Vilacosta, 1. Mortalidad
hospitalaria y reingresos por insuficiencia cardiaca en Espafia. Un estudio de los episodios indice y los reingresos por causas
cardiacas a los 30 dias y al afio. Rev. Esp. Cardiol. 2019, 72, 998-1004. [CrossRef]

Rodriguez-Artalejo, F.; Banegas Banegas, ]J.R.; Guallar-Castillén, P. Epidemiologia de la insuficiencia cardiaca. Rev. Esp. Cardiol.
2004, 57, 163-170. [CrossRef]

Masarone, D.; Kittleson, M.M.; Pollesello, P.; Marini, M.; Iacoviello, M.; Oliva, E.; Caiazzo, A.; Petraio, A.; Pacileo, G. Use of
Levosimendan in Patients with Advanced Heart Failure: An Update. J. Clin. Med. 2022, 11, 6408. [CrossRef]

LION-HEART Study Investigators. Efficacy and safety of intermittent intravenous outpatient administration of levosimendan in patients
with advanced heart failure: The LION-HEART multicentre randomised trial. Eur. J. Heart Fail. 2018, 20, 1128-1136. [CrossRef]


https://doi.org/10.1093/ehjci/jeac254
https://www.ncbi.nlm.nih.gov/pubmed/36595324
https://doi.org/10.1093/eurjpc/zwaa147
https://doi.org/10.15420/cfr.2016:25:2
https://doi.org/10.11909/j.issn.1671-5411.2021.03.009
https://doi.org/10.1016/j.recesp.2020.09.014
https://doi.org/10.1016/j.recesp.2019.01.020
https://doi.org/10.1016/S0300-8932(04)77080-3
https://doi.org/10.3390/jcm11216408
https://doi.org/10.1002/ejhf.1145

J. Clin. Med. 2024, 13, 2460 13 of 16

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.
23.

24.

25.

26.

27.

28.

29.

30.

31.

Farmakis, D.; Agostoni, P.; Baholli, L.; Bautin, A.; Comin-Colet, J.; Crespo-Leiro, M.G.; Fedele, E; Garcia-Pinilla, ].M.; Gian-
nakoulas, G.; Grigioni, F; et al. A pragmatic approach to the use of inotropes for the management of acute advanced heart failure:
An expert panel consensus. Int. . Cardiol. 2019, 297, 83-90. [CrossRef]

Fang, J.C.; Ewald, G.A.; Allen, L.A,; Butler, J.; Canary, C.A.W.; Colvin-Adams, M.; Dickinson, M.G.; Levy, P,; Stough, W.G;
Sweitzer, N.K,; et al. Advanced (Stage D) Heart Failure: AStatement from the Heart Failure Society of America Guidelines
Committee. J. Card. Fail. 2015, 21, 519-534. [CrossRef]

Miller, L.W.; Rogers, J.G. Evolution of left ventricular assist device therapy for advanced heart failure: A review. JAMA Cardiol.
2018, 3, 650-658. [CrossRef] [PubMed]

Registro espafiol de trasplante cardiaco. XXXIII informe oficial de la Asociacién de Insuficiencia Cardiaca de la Sociedad Espafiola
de Cardiologia. Rev. Esp. Cardiol. 2022, 75, 926-935. [CrossRef]

McDonagh, T.A.; Metra, M.; Adamo, M.; Gardner, R.S.; Baumbach, A.; Bohm, M.; Burri, H.; Butler, J.; Celutkiene, J.; Chioncel,
O.; et al. 2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure: Developed by the Task Force
for the diagnosis and treatment of acute and chronic heart failure of the European Society of Cardiology (ESC) With the special
contribution of the Heart Failure Association (HFA) of the ESC. Eur. Heart J. 2021, 42, 3599-3726. [CrossRef]

Crespo-Leiro, M.G.; Metra, M.; Lund, L.H.; Milicic, D.; Costanzo, M.R.; Filippatos, G.; Gustafsson, E; Tsui, S.; Barge-Caballero, E.;
De Jonge, N.; et al. Advanced heart failure: A position statement of the Heart Failure Association of the European Society of
Cardiology. Eur. |. Heart Fail. 2018, 20, 1505-1535. [CrossRef]

Gomez-Bueno, M.; de la Sota, E.P; Gil, A.F,; Ortiz-Berbel, D.; Castrodeza, J.; Carmena, M.D.G.-C.; Barge-Caballero, E.; Sousa,
D.R.; Molina, B.D.; Antén, R.M,; et al. Asistencia ventricular de larga duraciéon en Espafia (2007-2020) I informe del registro,
R.E.G.A.L.A.D. Rev. Esp. Cardiol. 2022, 76, 227-237. [CrossRef]

Goldstein, D.J.; Naka, Y.; Horstmanshof, D.; Ravichandran, A.K.; Schroder, J.; Ransom, J.; Itoh, A.; Uriel, N.; Cleveland, J.C.; Raval,
N.Y,; et al. Association of Clinical Outcomes with Left Ventricular Assist Device Use by Bridge to Transplant or Destination
Therapy Intent: The Multicenter Study of MagLev Technology in Patients Undergoing Mechanical Circulatory Support Therapy
With HeartMate 3 (MOMENTUM 3) Randomized Clinical Trial. JAMA Cardiol. 2020, 5, 411-419. [CrossRef]

Rose, E.A.; Gelijns, A.C.; Moskowitz, A.].; Heitjan, D.F.; Stevenson, L.W.; Dembitsky, W.; Long, ].W.; Ascheim, D.D.; Tierney,
A.R;; Levitan, R.G.; et al. Long-Term Use of a Left Ventricular Assist Device for End-Stage Heart Failure. N. Engl. J. Med. 2001,
345, 1435-1443. [CrossRef]

de By, TM.M.H.; Schoenrath, E,; Veen, K.M.; Mohacsi, P.; Stein, J.; Alkhamees, K.M.M.; Anastasiadis, K.; Berhnardt, A.; Beyersdorf,
F.; Caliskan, K.; et al. The European Registry for Patients with Mechanical Circulatory Support of the European Association for
Cardio-Thoracic Surgery: Third report. Eur. J. Cardio-Thorac. Surg. 2022, 62, ezac032. [CrossRef]

Kleiner Shochat, M.; Fudim, M.; Kapustin, D.; Kazatsker, M.; Kleiner, I.; Weinstein, ].M.; Panjrath, G.; Rozen, G.; Roguin, A;
Meisel, S.R. Early Impedance-Guided Intervention Improves Long-Term Outcome in Patients With Heart Failure. . Am. Coll.
Cardiol. 2021, 78, 1751-1752. [CrossRef]

Groenewegen, A.; Rutten, EH.; Mosterd, A.; Hoes, A.W. Epidemiology of heart failure. Eur. |. Heart Fail. 2020, 22, 1342-1356. [CrossRef]
Lichtenstein, D.; Méziére, G.; Biderman, P; Gepner, A.; Barré, O. The comet-tail artifact, an ultrasound sign of alveolar-interstitial
syndrome. Am. |. Respir. Crit. Care Med. 1997, 156, 1640-1646. [CrossRef] [PubMed]

Al Sattouf, A.; Farahat, R.; Khatri, A.A. Effectiveness of Transitional Care Interventions for Heart Failure Patients: A Systematic
Review with Meta-Analysis. Cureus 2022, 14, €29726. [CrossRef]

A McDonagh, T.; Metra, M.; Adamo, M.; Gardner, R.S.; Baumbach, A.; Bohm, M.; Burri, H.; Butler, J.; Celutkiene, J.; Chioncel, O.;
et al. 2023 Focused Update of the 2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure. Eur.
Heart J. 2023, 44, 3627-3639. [CrossRef]

Rivas-Lasarte, M.; Maestro, A.; Fernandez-Martinez, J.; Lopez-Lopez, L.; Solé- Gonzalez, E.; Vives-Borras, M.; Montero, S.;
Mesado, N.; Pirla, M.].; Mirabet, S.; et al. Prevalence and prognostic impact of subclinical pulmonary congestion at discharge in
patients with acute heart failure. ESC Heart Fail. 2020, 7, 2621-2628. [CrossRef]

Picano, E.; Scali, M.C.; Ciampi, Q.; Lichtenstein, D. Lung ultrasound for the cardiologist. JACC Cardiovasc. Imaging 2018,
11, 1692-1705. [CrossRef]

Bekgoz, B.; Kilicaslan, I; Bildik, F.; Keles, A.; Demircan, A.; Hakoglu, O.; Coskun, G.; Demir, H.A. BLUE protocol ultrasonography
in Emergency Department patients presenting with acute dyspnea. Am. J. Emerg. Med. 2019, 37, 2020-2027. [CrossRef]

Wooten, W.M.; Hamilton, L.A. Bedside ultrasound versus chest radiography for detection of pulmonary edema: A prospective
cohort study. J. Ultrasound. Med. 2019, 38, 967-973. [CrossRef] [PubMed]

Gullett, J.; Donnelly, J.P; Sinert, R.; Hosek, B.; Fuller, D.; Hill, H.; Feldman, I.; Galetto, G.; Auster, M.; Hoffmann, B. Interobserver
agreement in the evaluation of B lines using bedside ultrasound. J. Crit. Care 2015, 30, 1395-1399. [CrossRef]

Chiem, A.T,; Chan, C.H.; Ander, D.S.; Kobylivker, A.N.; Manson, W.C. Comparison of expert and novice sonographers
performance in focused lung ultrasonography in dyspnea (FLUID) to diagnose patients with acute heart failure syndrome. Acad.
Emerg. Med. 2015, 22, 564-573. [CrossRef]

Prosen, G.; Klemen, P; Strnad, M.; Grmec, S. Combination of lung ultrasound (a comettail sign) and Nterminal probrain natriuretic
peptide in differentiating acute heart failure from chronic obstructive pulmonary disease and asthma as cause of acute dyspnea in
prehospital emergency setting. Crit. Care 2011, 15, R114. [CrossRef] [PubMed]

’


https://doi.org/10.1016/j.ijcard.2019.09.005
https://doi.org/10.1016/j.cardfail.2015.04.013
https://doi.org/10.1001/jamacardio.2018.0522
https://www.ncbi.nlm.nih.gov/pubmed/29710092
https://doi.org/10.1016/j.recesp.2022.06.001
https://doi.org/10.1093/eurheartj/ehab368
https://doi.org/10.1002/ejhf.1236
https://doi.org/10.1016/j.recesp.2022.07.001
https://doi.org/10.1001/jamacardio.2019.5323
https://doi.org/10.1056/NEJMoa012175
https://doi.org/10.1093/ejcts/ezac032
https://doi.org/10.1016/j.jacc.2021.08.036
https://doi.org/10.1002/ejhf.1858
https://doi.org/10.1164/ajrccm.156.5.96-07096
https://www.ncbi.nlm.nih.gov/pubmed/9372688
https://doi.org/10.7759/cureus.29726
https://doi.org/10.1093/eurheartj/ehad195
https://doi.org/10.1002/ehf2.12842
https://doi.org/10.1016/j.jcmg.2018.06.023
https://doi.org/10.1016/j.ajem.2019.02.028
https://doi.org/10.1002/jum.14781
https://www.ncbi.nlm.nih.gov/pubmed/30280401
https://doi.org/10.1016/j.jcrc.2015.08.021
https://doi.org/10.1111/acem.12651
https://doi.org/10.1186/cc10140
https://www.ncbi.nlm.nih.gov/pubmed/21492424

J. Clin. Med. 2024, 13, 2460 14 of 16

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Nuriez, J.; de la Espriella, R.; Rossignol, P.; Voors, A.A.; Mullens, W.; Metra, M.; Chioncel, O.; Januzzi, J.L.; Mueller, C.; Richards,
AM.; et al. Congestion in heart failure: A circulating biomarker-based perspective. A review from the Biomarkers Working Group
of the Heart Failure Association, European Society of Cardiology. Eur. J. Heart Fail. 2022, 24, 1751-1766. [CrossRef] [PubMed]
Nunez, J.; Llacer, P.; Garcia-Blas, S.; Bonanad, C.; Ventura, S.; Nunez, ] M.; Sanchez, R.; Facila, L.; de la Espriella, R.; Vaquer, ].M.;
et al. CA125-Guided Diuretic Treatment Versus Usual Care in Patients with Acute Heart Failure and Renal Dysfunction. Am. J.
Med. 2020, 133, 370-380.e4. [CrossRef] [PubMed]

Nufiez, J.; Bayés-Genis, A.; Revuelta-Lopez, E.; Ter Maaten, ] M.; Minana, G.; Barallat, J.; Cserkoova, A.; Bodi, V.; Fernandez-
Cisnal, A.; Nunez, E.; et al. Clinical Role of CA125 in Worsening Heart Failure: A BIOSTAT-CHF Study Subanalysis. JACC Heart
Fail. 2020, 8, 386-397. [CrossRef] [PubMed]

Lekavich, C.L.; Barksdale, D.J.; Neelon, V.; Wu, J.-R. Heart failure preserved ejection fraction (HFpEF): An integrated and strategic
review. Heart Fail. Rev. 2015, 20, 643-653. [CrossRef]

Steinberg, B.A.; Zhao, X.; Heidenreich, P.A ; Peterson, E.D.; Bhatt, D.L.; Cannon, C.P.; Hernandez, A.F,; Fonarow, G.C. Trends
in patients hospitalized with heart failure and preserved left ventricular ejection fraction: Prevalence, therapies, and outcomes.
Circulation 2012, 126, 65-75. [CrossRef] [PubMed]

Bhatia, R.S.; Tu, ].V.; Lee, D.S.; Austin, P.C.; Fang, ].; Haouzi, A.; Gong, Y.; Liu, P.P. Outcome of heart failure with preserved
ejection fraction in a population-based study. N. Engl. ]. Med. 2006, 355, 260-269. [CrossRef] [PubMed]

Owan, T.E.;; Hodge, D.O.; Herges, R.M.; Jacobsen, S.J.; Roger, V.L.; Redfield, M.M. Trends in prevalence and outcome of heart
failure with preserved ejection fraction. N. Engl. J. Med. 2006, 355, 251-259. [CrossRef]

Burkhoff, D. Mortality in heart failure with preserved ejection fraction: An unacceptably high rate. Eur. Heart ]. 2012,
33,1718-1720. [CrossRef]

Shah, K.S.; Xu, H.; Matsouaka, R.A.; Bhatt, D.L.; Heidenreich, P.A.; Hernandez, A.F,; Devore, A.D.; Yancy, C.W.; Fonarow, G.C. Heart
failure with preserved, borderline, and reduced ejection fraction: 5-year outcomes. J. Am. Coll. Cardiol. 2017, 70, 2476-2486. [CrossRef]
Borlaug, B.A.; Paulus, W.J. Heart failure with preserved ejection fraction: Pathophysiology, diagnosis, and treatment. Eur. Heart ].
2011, 32, 670-679. [CrossRef]

Wells, G.S.A.; O’Connell, D. The Newcastle-Ottawa Scale (NOS) for Assessing the Quality of Nonrandomized Studies in Meta-
Analysis. Available online: http://www.ohri.ca/programs/clinical_Epidemiology/oxford.htm (accessed on 14 February 2024).
Conangla, L.; Domingo, M.; Lupén, J.; Wilke, A.; Junca, G.; Tejedor, X.; Volpicelli, G.; Evangelista, L.; Pera, G.; Toran, P; et al.
Lung Ultrasound for Heart Failure Diagnosis in Primary Care. J. Card. Fail. 2020, 26, 824-831. [CrossRef] [PubMed]

Cohen, A.; Li, T.; Maybaum, S.; Fridman, D.; Gordon, M.; Shi, D.; Nelson, M.; Stevens, G.R. Pulmonary congestion on lung ultrasound
predicts increased risk of 30-day readmission in heart failure. J. Ultrasound. Med. 2023, 42, 1809-1818. [CrossRef] [PubMed]
Maestro-Benedicto, A.; Rivas-Lasarte, M.; Fernandez-Martinez, J.; Lopez-Lopez, L.; Solé-Gonzdlez, E.; Brossa, V.; Mirabet, S.;
Roig, E.; Cinca, J.; Alvarez-Garcia, J.; et al. Incremental prognostic value of lung ultrasound on contemporary heart failure risk
scores. Front Physiol. 2022, 13, 1006589. [CrossRef]

Arvig, M.D.; Laursen, C.B.; Jacobsen, N.; Geede, PH.; Lassen, A.T. Monitoring patients with acute dyspnea with serial point-
of-care ultrasound of the inferior vena cava (IVC) and the lungs (LUS): A systematic review. J. Ultrasound. 2022, 25, 547-561.
[CrossRef] [PubMed]

Platz, E.; Campbell, R.T,; Claggett, B.; Lewis, E.F,; Groarke, ].D.; Docherty, K.F.; Lee, M.M.Y.; Merz, A.A.; Silverman, M.; Swamy,
V.; et al. Lung Ultrasound in Acute Heart Failure: Prevalence of Pulmonary Congestion and Short- and Long-Term Outcomes.
JACC Heart Fail. 2019, 7, 849-858. [CrossRef]

Rattarasarn, I.; Yingchoncharoen, T.; Assavapokee, T. Prediction of rehospitalization in patients with acute heart failure using
point-of-care lung ultrasound. BMC Cardiovasc. Disord. 2022, 22, 330. [CrossRef]

Kobalava, Z.D.; Safarova, A.E,; Soloveva, A.E.; Cabello, F,; Meray, I.A.; Shavarova, E.K; Villevalde, S.V. Pulmonary congestion by lung
ultrasound in decompensated heart failure: Associations, in-hospital changes, prognostic value. Kardiologiia 2019, 59, 5-14. [CrossRef]
Domingo, M.; Lupon, J.; Girerd, N.; Conangla, L.; de Antonio, M.; Moliner, P,; Santiago-Vacas, E.; Codina, P; Cediel, G.; Spitaleri, G.;
et al. Lung ultrasound in outpatients with heart failure: The wet-to-dry HF study. ESC Heart Fail. 2021, 8, 4506-4516. [CrossRef]
Wang, Y.; Shi, D.; Liu, F,; Xu, P.; Ma, M. Prognostic Value of Lung Ultrasound for Clinical Outcomes in Heart Failure Patients:
A Systematic Review and Meta-Analysis. Arq. Bras Cardiol. 2021, 116, 383-392. (In English, Portuguese) [CrossRef]
Rueda-Camino, J.A.; Saiz-Lou, E.M.; Del Peral-Rodriguez, L.J.; Satué-Bartolomé, J.A; Zapatero-Gaviria, A.; Canora-Lebrato, J.
Prognostic utility of bedside lung ultrasound before discharge in patients with acute heart failure with preserved ejection fraction.
Med. Clin. 2021, 156, 214-220, (In English, Spanish). [CrossRef] [PubMed]

Curbelo, J.; Rodriguez-Cortes, P.; Aguilera, M.; Gil-Martinez, P.; Martin, D.; Fernandez, C.S. Comparison between inferior vena
cava ultrasound, lung ultrasound, bioelectric impedance analysis, and natriuretic peptides in chronic heart failure. Curr. Med.
Res. Opin. 2019, 35, 705-713. [CrossRef] [PubMed]

Dubdn-Peralta, E.E.; Lorenzo-Villalba, N.; Garcia-Klepzig, ].L.; Andres, E.; Méndez-Bailon, M. Prognostic value of B lines detected
with lung ultrasound in acute heart failure. A systematic review. J. Clin. Ultrasound. 2022, 50, 273-283. [CrossRef] [PubMed]
Marini, C.; Fragasso, G.; Italia, L.; Sisakian, H.; Tufaro, V.; Ingallina, G.; Stella, S.; Ancona, F; Loiacono, E; Innelli, P; et al. Lung
ultrasound-guided therapy reduces acute decompensation events in chronic heart failure. Heart 2020, 106, 1934-1939. [CrossRef] [PubMed]


https://doi.org/10.1002/ejhf.2664
https://www.ncbi.nlm.nih.gov/pubmed/36039656
https://doi.org/10.1016/j.amjmed.2019.07.041
https://www.ncbi.nlm.nih.gov/pubmed/31422111
https://doi.org/10.1016/j.jchf.2019.12.005
https://www.ncbi.nlm.nih.gov/pubmed/32171764
https://doi.org/10.1007/s10741-015-9506-7
https://doi.org/10.1161/CIRCULATIONAHA.111.080770
https://www.ncbi.nlm.nih.gov/pubmed/22615345
https://doi.org/10.1056/NEJMoa051530
https://www.ncbi.nlm.nih.gov/pubmed/16855266
https://doi.org/10.1056/NEJMoa052256
https://doi.org/10.1093/eurheartj/ehr339
https://doi.org/10.1016/j.jacc.2017.08.074
https://doi.org/10.1093/eurheartj/ehq426
http://www.ohri.ca/programs/clinical_Epidemiology/oxford.htm
https://doi.org/10.1016/j.cardfail.2020.04.019
https://www.ncbi.nlm.nih.gov/pubmed/32522554
https://doi.org/10.1002/jum.16202
https://www.ncbi.nlm.nih.gov/pubmed/36840718
https://doi.org/10.3389/fphys.2022.1006589
https://doi.org/10.1007/s40477-021-00622-7
https://www.ncbi.nlm.nih.gov/pubmed/35040102
https://doi.org/10.1016/j.jchf.2019.07.008
https://doi.org/10.1186/s12872-022-02781-9
https://doi.org/10.18087/cardio.2019.8.n534
https://doi.org/10.1002/ehf2.13660
https://doi.org/10.36660/abc.20190662
https://doi.org/10.1016/j.medcli.2020.03.012
https://www.ncbi.nlm.nih.gov/pubmed/32546316
https://doi.org/10.1080/03007995.2018.1519502
https://www.ncbi.nlm.nih.gov/pubmed/30185067
https://doi.org/10.1002/jcu.23080
https://www.ncbi.nlm.nih.gov/pubmed/34643289
https://doi.org/10.1136/heartjnl-2019-316429
https://www.ncbi.nlm.nih.gov/pubmed/32571960

J. Clin. Med. 2024, 13, 2460 15 of 16

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Araiza-Garaygordobil, D.; Gopar-Nieto, R.; Martinez-Amezcua, P.; Cabello-Lopez, A.; Alanis-Estrada, G.; Luna-Herbert, A;
Gonzalez-Pacheco, H.; Paredes-Paucar, C.P,; Sierra-Lara, M.D.; Brisefio-De la Cruz, J.L.; et al. A randomized controlled trial of
lung ultrasound-guided therapy in heart failure (CLUSTER-HF study). Am. Heart ]. 2020, 227, 31-39. [CrossRef] [PubMed]
Mhanna, M.; Beran, A.; Nazir, S.; Sajdeya, O.; Srour, O.; Ayesh, H.; Eltahawy, E.A. Lung ultrasound-guided management to reduce
hospitalization in chronic heart failure: A systematic review and meta-analysis. Heart Fail. Rev. 2022, 27, 821-826. [CrossRef] [PubMed]
Li, Y;; Ai, H.; Ma, N,; Li, P; Ren, J. Lung ultrasound-guided treatment for heart failure: An updated meta-analysis and trial
sequential analysis. Front. Cardiovasc. Med. 2022, 9, 943633. [CrossRef] [PubMed]

Platz, E.; Claggett, B.; Jering, K.S.; Kovacs, A.; Cikes, M.; Winzer, E.B.; Rad, A.; Lefkowitz, M.P.; Gong, J.; Keber, L.; et al.
Trajectory and correlates of pulmonary congestion by lung ultrasound in patients with acute myocardial infarction: Insights from
PARADISE-MLI. Eur. Heart |. Acute Cardiovasc. Care 2023, 12, 155-164. [CrossRef] [PubMed]

Zisis, G.; Yang, Y.; Huynh, Q.; Whitmore, K.; Lay, M.; Wright, L.; Carrington, M.].; Marwick, T.H. Nurse-Provided Lung and
Inferior Vena Cava Assessment in Patients with Heart Failure. ]. Am. Coll. Cardiol. 2022, 80, 513-523. [CrossRef]

Goldsmith, A.J; Jin, M,; Lucassen, R.; Duggan, N.M.; Harrison, N.E.; Wells, W.; Ehrman, R.R.; Ferre, R.; Gargani, L.; Noble,
V.; et al. Comparison of pulmonary congestion severity using artificial intelligence-assisted scoring versus clinical experts:
A secondary analysis of BLUSHED-AHE. Eur. |. Heart Fail. 2023, 25, 1166-1169. [CrossRef]

Rivas-Lasarte, M.; Alvarez-Garcia, J.; Fernandez-Martinez, J.; Maestro, A.; Lopez- Lopez, L.; Solé-Gonzalez, E.; Pirla, M.].; Mesado,
N.; Mirabet, S.; Fluvia, P; et al. Lung ultrasound-guided treatment in ambulatory patients with heart failure: A randomized
controlled clinical trial (LUS-HF study). Eur. J. Heart Fail. 2019, 21, 1605-1613. [CrossRef]

Maw, A.M.; Hassanin, A.; Ho, PM.; McInnes, M.D.E; Moss, A.; Juarez-Colunga, E.; Soni, N.J.; Miglioranza, M.H.; Platz, E.; DeSanto,
K. et al. Diagnostic Accuracy of Point-of-Care Lung Ultrasonography and Chest Radiography in Adults with Symptoms Suggestive
of Acute Decompensated Heart Failure: A Systematic Review and Meta-analysis. JAMA Netw Open. 2019, 2, e190703. [CrossRef]
Chiu, L.; Jairam, M.P.; Chow, R.; Chiu, N.; Shen, M.; Alhassan, A.; Lo, C.H.; Chen, A.; Kennel, PJ.; Poterucha, T.J.; et al. Meta-
Analysis of Point-of-Care Lung Ultrasonography Versus Chest Radiography in Adults with Symptoms of Acute Decompensated
Heart Failure. Am. . Cardiol. 2022, 174, 89-95. [CrossRef]

Pérez-Herrero, S.; Lorenzo-Villalba, N.; Urbano, E.; Sdnchez-Sauce, B.; Aguilar-Rodriguez, F.; Bernabeu-Wittel, M.; Garcia-Alonso,
R.; Soler-Rangel, L.; Trapiello-Valbuena, F.; Garcia-Garcia, A.; et al. Prognostic Significance of Lung and Cava Vein Ultrasound in
Elderly Patients Admitted for Acute Heart Failure: PROFUND-IC Registry Analysis. J. Clin. Med. 2022, 11, 4591. [CrossRef]
Xie, C.; Qi, Y.; Li, D. Value of Thoracic Echocardiography in the Diagnosis of Acute Heart Failure: Systematic Review and
Meta-analysis. Altern. Ther. Health Med. 2023, 29, 322-327. [PubMed]

Pivetta, E.; Goffi, A.; Nazerian, P.; Castagno, D.; Tozzetti, C.; Tizzani, P; Tizzani, M.; Porrino, G.; Ferreri, E.; Busso, V.; et al. Study
Group on Lung Ultrasound from the Molinette and Careggi Hospitals. Lung ultrasound integrated with clinical assessment for
the diagnosis of acute decompensated heart failure in the emergency department: A randomized controlled trial. Eur. |. Heart
Fail. 2019, 21, 754-766. [CrossRef]

Burgos, L.M,; Vila, R.B.; Goyeneche, A.; Mufioz, E; Spaccavento, A.; Fasan, M.A.; Ballari, F,; Vivas, M.; Riznyk, L.; Ghibaudo, S.;
et al. Design and rationale of the inferior vena CAVA and Lung UltraSound-guided therapy in Acute Heart Failure (CAVAL
US-AHEF Study): A randomised controlled trial. Open Heart 2022, 9, e002105. [CrossRef]

Rubio-Gracia, J.; Giménez-Lopez, I.; Josa-Laorden, C.; Sdnchez-Marteles, M.; Garcés-Horna, V.; Ruiz-Laiglesia, F.; Legarre, P.S.;
Juana, E.B.; Amores-Arriaga, B.; Pérez-Calvo, J. Prognostic value of multimodal assessment of congestion in acute heart failure.
Rev. Clinica Esparfiola 2021, 221, 198-206. [CrossRef]

Morvai-Illés, B.; Polestyuk-Németh, N.; Szab6, I.A.; Monoki, M.; Gargani, L.; Picano, E.; Varga, A.; Agoston, G. The Prognostic
Value of Lung Ultrasound in Patients with Newly Diagnosed Heart Failure with Preserved Ejection Fraction in the Ambulatory
Setting. Front. Cardiovasc. Med. 2021, 8, 758147. [CrossRef] [PubMed]

Reddy, Y.N.V.; Obokata, M.; Wiley, B.; Koepp, K.E.; Jorgenson, C.C.; Egbe, A.; Melenovsky, V.; Carter, R.E.; Borlaug, B.A. The
haemodynamic basis of lung congestion during exercise in heart failure with preserved ejection fraction. Eur. Heart J. 2019,
40, 3721-3730. [CrossRef] [PubMed]

Coiro, S.; Echivard, M.; Simonovic, D.; Duarte, K.; Santos, M.; Deljanin-Ilic, M.; Kobayashi, M.; Ambrosio, G.; Girerd, N.
Exercise-induced B-lines for the diagnosis of heart failure with preserved ejection fraction: A two-centre study. Clin. Res. Cardiol.
2023, 112, 1129-1142. [CrossRef]

Domingo, M.; Conangla, L.; Lupén, J.; Wilke, A.; Junca, G.; Revuelta-Lépez, E.; Tejedor, X.; Bayes-Genis, A. Lung ultrasound
and biomarkers in primary care: Partners for a better management of patients with heart failure? J. Circ. Biomark 2020, 9, 8-12.
[CrossRef] [PubMed]

Torres-Macho, J.; Cerqueiro-Gonzalez, ].M.; Arévalo-Lorido, ]J.C.; Llacer-Iborra, P.; Cepeda-Rodrigo, ].M.; Cubo-Romano, P;
Casas-Rojo, ].M.; Ruiz-Ortega, R.; Manzano-Espinosa, L.; Lorenzo-Villalba, N.; et al. The Effects of a Therapeutic Strategy Guided
by Lung Ultrasound on 6-Month Outcomes in Patients with Heart Failure: Results from the EPICC Randomized Controlled Trial.
J. Clin. Med. 2022, 11, 4930. [CrossRef]

Cruz, M,; Ferreira, ].P; Diaz, S.0,; Ferrao, D.; Ferreira, A.L; Girerd, N.; Sampaio, F.; Pimenta, J. Lung ultrasound and diuretic
therapy in chronic heart failure: A randomised trial. Clin. Res. Cardiol. 2024, 113, 425-432. [CrossRef] [PubMed]

Demi, L.; Wolfram, F; Klersy, C.; De Silvestri, A.; Ferretti, V.V.; Muller, M.; Miller, D.; Feletti, F.; Welnicki, M.; Buda, N.; et al. New
International Guidelines andConsensus on the Use of LungUltrasound. J. Ultrasound Med. 2023, 42, 309-344. [CrossRef]


https://doi.org/10.1016/j.ahj.2020.06.003
https://www.ncbi.nlm.nih.gov/pubmed/32668323
https://doi.org/10.1007/s10741-021-10085-x
https://www.ncbi.nlm.nih.gov/pubmed/33835332
https://doi.org/10.3389/fcvm.2022.943633
https://www.ncbi.nlm.nih.gov/pubmed/36072884
https://doi.org/10.1093/ehjacc/zuad001
https://www.ncbi.nlm.nih.gov/pubmed/36649251
https://doi.org/10.1016/j.jacc.2022.04.064
https://doi.org/10.1002/ejhf.2881
https://doi.org/10.1002/ejhf.1604
https://doi.org/10.1001/jamanetworkopen.2019.0703
https://doi.org/10.1016/j.amjcard.2022.03.022
https://doi.org/10.3390/jcm11154591
https://www.ncbi.nlm.nih.gov/pubmed/37347689
https://doi.org/10.1002/ejhf.1379
https://doi.org/10.1136/openhrt-2022-002105
https://doi.org/10.1016/j.rce.2019.10.014
https://doi.org/10.3389/fcvm.2021.758147
https://www.ncbi.nlm.nih.gov/pubmed/34926610
https://doi.org/10.1093/eurheartj/ehz713
https://www.ncbi.nlm.nih.gov/pubmed/31609443
https://doi.org/10.1007/s00392-023-02219-y
https://doi.org/10.33393/jcb.2020.2164
https://www.ncbi.nlm.nih.gov/pubmed/33717358
https://doi.org/10.3390/jcm11164930
https://doi.org/10.1007/s00392-023-02238-9
https://www.ncbi.nlm.nih.gov/pubmed/37289237
https://doi.org/10.1002/jum.16088

J. Clin. Med. 2024, 13, 2460 16 of 16

77.

78.

79.

80.

81.

Volpicelli, G.; Elbarbary, M.; Blaivas, M.; Lichtenstein, D.A.; Mathis, G.; Kirkpatrick, A.W.; Melniker, L.; Gargani, L.; Noble, V.E,;
Via, G; et al. International Liaison Committee on Lung Ultrasound (ILC-LUS) for International Consensus Conference on Lung
Ultrasound (ICC-LUS). International evidence-based recommendations for point-of-care lung ultrasound. Intensive Care Med.
2012, 38, 577-591. [CrossRef]

Laursen, C.B; Clive, A.; Hallifax, R.; Pietersen, PI.; Asciak, R.; Davidsen, J.R.; Bhatnagar, R.; Bedawi, E.O.; Jacobsen, N.; Coleman,
C.; et al. European Respiratory Society statement on thoracic ultrasound. Eur. Respir. ]. 2021, 57, 2001519. [CrossRef] [PubMed]
Platz, E.; Jhund, PS.; Girerd, N.; Pivetta, E.; McMurray, ].].V.; Peacock, W.E.; Masip, J.; Martin-Sanchez, E]J.; Mir¢, O.; Price, S.; et al.
Expert consensus document: Reporting checklist for quantification of pulmonary congestion by lung ultrasound in heart failure.
Eur. J. Heart Fail. 2019, 21, 844-851. [CrossRef] [PubMed]

Coiro, S.; Rossignol, P.; Ambrosio, G.; Carluccio, E.; Alunni, G.; Murrone, A; Tritto, I.; Zannad, F.; Girerd, N. Prognostic value
of residual pulmonary congestion at discharge assessed by lung ultrasound imaging in heart failure. Eur. J. Heart Fail. 2015,
17,1172-1181. [CrossRef]

Mousa, A.; Blok, S.G.; Karssen, D.; Aman, J.; Annema, ].T.; Bogaard, H.J.; Bonta, PI1.; Haaksma, M.E.; Heldeweg, M.L.A; Lieveld,
AW.E,; et al. Amsterdam Umc COVID-Biobank Investigators. Correlation between Serum Biomarkers and Lung Ultrasound in
COVID-19: An Observational Study. Diagnostics 2024, 14, 421. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1007/s00134-012-2513-4
https://doi.org/10.1183/13993003.01519-2020
https://www.ncbi.nlm.nih.gov/pubmed/33033148
https://doi.org/10.1002/ejhf.1499
https://www.ncbi.nlm.nih.gov/pubmed/31218825
https://doi.org/10.1002/ejhf.344
https://doi.org/10.3390/diagnostics14040421

	Introduction 
	Methods and Analysis 
	Search Strategy 
	Inclusion and Exclusion Criteria 
	Data Extraction and Analysis 
	Quality Assessment 

	Results 
	Discussion 
	Conclusions 
	References

