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Abstract

Aims Lung ultrasound B-lines are the sonographic sign of pulmonary congestion and can be used in the differential diagnosis
of dyspnoea to rule in or rule out acute heart failure (AHF). Our aim was to assess the prognostic value of B-lines, integrated
with echocardiography, in patients admitted to a cardiology department, independently of the initial clinical presentation, thus
in patients with and without AHF, and in AHF with reduced and preserved ejection fraction (HFrEF and HFpEF).

Methods and results We enrolled consecutive patients admitted for various cardiac conditions. Patients were classified into
three groups: (i) acute HFrEF; (ii) acute HFpEF; and (iii) non-AHF. All patients underwent an echocardiogram coupled with lung
ultrasound at admission, according to standardized protocols. We followed up 1021 consecutive inpatients (69 + 12 years) for
a median of 14.4 months (interquartile range 4.6-24.3) for death and rehospitalization for AHF. During the follow-up, 126
events occurred. Admission B-lines > 30, ejection fraction < 50%, tricuspid regurgitation velocity > 2.8 m/s, and tricuspid
annular plane systolic excursion < 17 mm were independent predictors at multivariable analysis. B-lines > 30 had a strong
predictive value in HFpEF and non-AHF, but not in HFrEF.

Conclusions Ultrasound B-lines can detect subclinical pulmonary interstitial oedema in patients thought to be free of
congestion and provide useful information not only for the diagnosis but also for the prognosis in different cardiac conditions.
Their added prognostic value among standard echocardiographic parameters is more robust in patients with HFpEF compared
with HFrEF.
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Introduction

PC.} Lung ultrasound (LUS) has been proposed as a reliable
operator-friendly and patient-friendly assessment of PC, by

Pulmonary congestion (PC) is one of the main features of
both acute and chronic heart failure (HF). The importance
of PC evaluation in HF is confirmed by many clinical trials
showing that it is related to a significant increase in mortality
and HF hospitalization.* Unfortunately, the physical examina-
tion has a low sensitivity and poor predictive value, while a
negative chest X-ray (CXR) does not exclude the presence of

the evaluation of sonographic B-lines.? B-lines are related to
lung water score on CXR, to extravascular lung water (EVLW)
measured invasively,®> to natriuretic peptides,*® and the
severity of diastolic dysfunction, regardless of the level of
systolic dysfunction.>™ B-lines can be readily assessed with
a pocket-size hand-held device and do not require the
expertise necessary for echocardiographic examination and
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interpretation.® All these features allowed the dissemination
of B-lines in different relevant settings, mainly for the differ-
ential diagnosis of acute dyspnoea, to rule in or rule out acute
HF (AHF).*>9711

Several studies have shown that B-lines provide useful in-
formation for the prognostic stratification of patients with
dyspnoea in the outpatient'?™® and inpatient setting.*®™2*
Most of the studies focused on patients with HF, while
limited information is available about patients with heart
disease but without overt AHF. Moreover, little is known
about the different potential role of B-lines in patients with
HF with reduced ejection fraction (HFrEF) compared with
HF with preserved ejection fraction (HFpEF), notwithstanding
the differences in terms of fluid redistribution between the
two HF phenotypes, with patients with HFpEF usually
displaying predominantly pulmonary rather than systemic
congestion, compared with HFrEF. Our study aimed to assess
the prognostic value of B-lines in a broad population of
patients with various cardiac conditions—with and without
AHF—admitted to a cardiology department, compared with
other standardized echocardiographic parameters, and to
evaluate the differences in the predictive role of B-lines in
HFrEF and HFpEF.

Methods
Patient population

This was a prospective, observational study in adults with
various cardiac conditions who were consecutively admitted
to a cardiology department of a tertiary hospital. We enrolled
in 4 years 1030 consecutive patients, which were classified
into (i) patients with acute HFrEF; (ii) patients with acute
HFpEF; and (iii) patients without AHF (irrespective of the ejec-
tion fraction). The diagnosis of AHF was based, according to
2016 European Society of Cardiology Guidelines,®® on the
presence of a rapid onset or worsening of symptoms and/or
signs of HF requiring urgent evaluation and treatment, with
corroborative information including natriuretic peptides
values, clinical diary, response to diuretics, and CXR. A
definite diagnosis of HFpEF required elevated levels of
N-terminal prohormone of brain natriuretic peptide
(>300 pg/mL) and the presence of relevant structural heart
disease [left ventricular (LV) hypertrophy or left atrial en-
largement] or diastolic dysfunction.?> The non-AHF group
consisted of patients admitted for chest pain, syncope, supra-
ventricular and ventricular arrhythmias, elective coronary an-
giography, elective electrophysiological study, elective
pacemaker or implantable cardioverter defibrillator (ICD) im-
plantation/replacement, but without signs and symptoms
suggestive of acute HF. Two cardiologists, who were blinded
to the number of B-lines and other echocardiographic data,

reviewed all the medical records pertaining to each patient
and made an independent initial assessment of the probabil-
ity of having acute HF. In case of disagreement, a third expert
was involved in the evaluation. To avoid pulmonary condi-
tions that could interfere with LUS assessment, we carefully
excluded all patients with a history of moderate-to-severe
lung disease or when these conditions emerged during the
hospitalization, defined by pulmonary function tests and
computed tomography scans; nine patients were thus
excluded (five patients for fibrothorax, two patients for
pulmonary fibrosis, one patient for acute pneumonia, and
one patient for pulmonary malignancy). None of the patients
was on dialysis nor received mechanical ventilation. The local
ethics committee approved the study. All subjects gave
informed consent, and the study was performed by the
ethical standards of the 1964 Helsinki Declaration and its
later amendments and with local guidelines for good clinical
practice.

Echocardiographic study

All patients underwent a comprehensive transthoracic echo-
cardiography examination at rest within 24 h from admis-
sion. We used commercially available ultrasound machines
(Sonos 7500 and 1E33, Philips Medical Systems, Andover,
MA, USA; Vivid System 7, GE/Vingmed, Milwaukee, WI,
USA). LV volumes were measured, and ejection fraction
was obtained by two-chamber and four-chamber view using
the biplane discs’ summation method (modified Simpson’s
rule). LV mass was calculated by the Devereux formula
and then indexed to body surface area. Tricuspid annular
plane systolic excursion (TAPSE) was measured with the
M-mode cursor oriented to the junction of the tricuspid valve
plane with the right ventricular (RV) free wall, and a
value < 17 mm was used to define RV systolic dysfunction.
RV-right atrial pressure gradient was derived using the simpli-
fied Bernoulli equation from the peak tricuspid regurgitation
(TR) velocity. Inferior vena cava (IVC) was reported, and a di-
lated IVC (diameter > 21 mm) that collapsed <50% with a sniff
was considered abnormal. All measurements were performed
in a European Association of Cardiovascular Imaging
accredited echo laboratory, and all measurements were taken
according to the recommendations of the European
Association of Cardiovascular Imaging/American Society of
Echocardiography. The examinations were performed by
sonographers (non-physicians) and then reported by cardiolo-
gists who were not involved in the patients’ management.

Lung ultrasound

Lung ultrasound examinations were performed at the end of
the standard two-dimensional echocardiogram with the
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patient in the supine position.>?>?* The ultrasound scanning
of the anterior and lateral chest on the right and left
hemithorax was obtained with the same probe used for the
echocardiographic study, with the transducer orientation
parallel to the ribs. We identified 28 scanning sites from the
second to fourth intercostal spaces on the left hemithorax
and from the second to fifth intercostal spaces on the right
hemithorax, along the parasternal, mid-clavicular, anterior
axillary, and midaxillary line. In each intercostal space, the
number of B-lines was quantified real time: when B-lines
were distinguishable, they were counted one by one; when
they were confluent, the percentage of the white screen
compared with the black screen below the pleural line was
considered and then divided by 10.%?*?* The sum of B-lines
from the 28 scanning sites yielded a score denoting the
extent of the EVLW. Zero was defined as a complete absence
of B-lines, while >30 B-lines were considered as severe sono-
graphic PC, according to previous literatures.*®*® The
intra-observer and inter-observer variability for the B-lines
score were previously assessed by two independent ob-
servers in a set of 20 consecutive cases and were 5% and
7%, respectively. No change in therapy was decided because
of B-lines evaluation.

Follow-up data

Follow-up data were obtained in all enrolled patients. In pa-
tients who died in a hospital or at home, the cause of death
was elucidated from the medical records or the local physi-
cian who signed the death certificate. The definition of
cardiac death required documentation of significant arrhyth-
mias or cardiac arrest, or both, or death attributable to con-
gestive HF or myocardial infarction in the absence of any
other precipitating factor. We defined a composite endpoint,
which consisted of cardiac death and rehospitalization for
AHF. When both events occurred, patients were censored
at the time of the first event.

Statistical analysis

Data were analysed with SPSS Version 25.0 (IBM Corp.,
Armonk, NY, USA). Continuous measures will be expressed
as the mean value t standard deviation or median and in-
terquartile range (IQR). Categorical variables were pre-
sented as percentages and were compared using the )(2
test or the Fisher exact test. ANOVA or Kruskal-Wallis test
was used to test the differential distribution of data among
groups, with appropriate post hoc corrections for
interactions (Tukey—Kramer or Conover test, respectively).
Cox proportional-hazard regression analysis was used to
identify predictors of outcome. Multivariate analysis was
performed in a stepwise fashion, including the

echo-derived variables with the highest statistical signifi-
cance at univariate analysis, considering P-value and x?
goodness of fit. We excluded collinearity using variance in-
flation factor > 5 and privileged categorical variables in the
final model to favour a more practical, faster, and easier
clinical decision making.”®> Kaplan—Meier curves were
constructed, and log-rank tests were used to test for differ-
ences between curves. A P-value of 0.05 was considered
statistically significant.

Results

We divided the overall final population (n = 1021) into
patients with acute HFrEF (n = 199), with acute HFpEF
(n =97), and without AHF (n = 725). The main characteristics
of the study population are reported in Table 1, showing that
the majority of demographic and ultrasound parameters had
a significantly different distribution in the three subgroups.
LUS images were interpretable in all patients with a feasibility
of 100%, and the time needed for LUS examination was
<5 min in all patients. About one-third of the HF population
(n = 94) had pleural effusion at admission, which precluded
B-lines assessment in those scanning sites where pleural effu-
sion was visible; the number of scanning sites that were
unavailable to B-lines assessment in these patients ranged
from 1 to 4 on the total of 28 scanning sites, usually at the
right and left lung bases. Patients with HFpEF were older
and had the highest prevalence of female subjects with arte-
rial hypertension and atrial fibrillation, while HFrEF showed
the highest frequency of atherosclerosis risk factor (smoking,
diabetes mellitus, and dyslipidaemia) and history of coronary
artery disease, including previous revascularization. HFrEF
had the worst blood test profile and some worse ultrasound
parameters, including dilated IVC without collapse. In
contrast, diastolic function parameters and B-lines number
did not show significant differences in both HFrEF and HFpEF:
patients with HFrEF had a similar number of B-lines com-
pared with HFpEF: median 14 (IQR 3-37) vs. 12 (IQR 0-28),
P = 0.18; the percentage of patients with >30 B-lines, al-
though slightly higher in HFrEF than HFpEF, was also not sig-
nificantly different between the two groups: median 40
(20.1%) vs. 21 (21.6%), P = 0.054. The non-AHF group showed
the most favourable profile: 46 patients (6.3%) had a severe
degree of PC (>30 B-lines), and 56 (7.7%) had a moderate
degree of B-lines (>15 B-lines). Differences between the sub-
group of patients with moderate—severe B-lines and those
with mild or no B-lines—within the non-AHF group—are
presented in Supporting Information, Table S2.

A CXR at admission was available in 976/1021 patients. We
divided the patients according to the CXR report, between
CXR with signs of interstitial oedema and CXR without signs
of interstitial oedema. The distribution of B-lines in patients
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Table 1 Characteristics of the overall population and of different subgroups

Total population (n = 1021)Acute HFrEF (n = 199)Acute HFpEF (n = 97)Non-AHF (n = 725) P-value

Demographics
Age (years)
Female gender
Family history of CVD
Smoking
Diabetes mellitus
Arterial hypertension
Dyslipidaemia®
CAD
Previous Ml
Previous PCl
Previous CABG
Atrial fibrillation
Creatinine (mg/dL)
NT-proBNP (pg/mL)
CRP (mg/L)
NYHA Class IlI-IV
Ultrasound parameters
EDV (mL/m )
ESV (mL/m )
LV ejection fraction (%)
WMSI
LVMi (g/m?)
E wave (cm/s)
E-wave deceleration time (ms)
E/A ratio
E/e’ ratio
LA anteroposterior diameter (mm)
Mitral regurgitationb
Aortic regurgitation
Aortic stenosis”
TAPSE (mm)
TAPSE < 17 mm
TR velocity (m/s)
TR velocity > 2.8 m/s
IVC expiratory diameter (mm)
Dilated IVC without collapse®
B-lines at admission
B-lines < 5
B-lines 5-15
B-lines 16-30
B-lines > 30
Clinical follow-up
Cardiac death
Rehospitalization for AHF
Composite endpoint

0(61-78)
329 (32%)
440 (42%)
417 (40%)
295 (28%)
655 (63%)
614 (59%)
553 (53%)
7 (9%)
219 (21%)
154 (15%)
181 (17%)
1.04 (0.99-1.27)
821 (50-1662)
0.28 (0.10-0.89)
(1

159 (15%)

69 (6.7%)
7 (5.6%)
126 (12.3%)

70 (62-76)" 73 (66-80) 70 (60-78)" 0.01
40 (20%) 56 (54%) 233 (32%) <0.0001
84 (42%) 32 (31%) 324 (74%) 0.04
94 (47%) 33 (32%) 290 (40%) 0.04
81 (40%) 35 (34%) 179 (24%) <0.0001
115 (57%) 75 (73%) 465 (63%) 0.03
136 (67%) 40 (39%) 438 (60%) <0.0001
120 (59%) 28 (27%) 405 (55%) <0.0001
40 (20%) 0 (0%) 57 (8%) <0.0001
53 (26%) 11 (11%) 155 (21%) 0.02
46 (23%) 8 (8%) 100 (14%) 0.001
50 (25%) 34 (33%) 97 (13%) <0.0001
1.23 (0.99-1.54)* 1.04 (0.85-1.29) 1.01 (0.89-1.18)° <0.0001
2191 (1066-5249)% 1345 (416-2660) 423 (131-931)"% <0.0001
0.38 (0.15-1.11) 0.37 (0.15-1.01) 0.22 (0.08-0.6)°  0.003
103 (52%) 38 (39%) 0 (0%) <0.0001
195 (162- 2332 124 (97-154) 107 (92-130)°  <0.0001
131(97-174) 54 (35-83) 40 (32-58)° <0.0001
30 (23-35) 55 (50-60) 55 (52—60)#‘§ <0.0001
2.1 (2.0-2.4)* 1.0 (1.0-1.1) 1.0 (1.0-1.1)*%  <0.0001
149 (123~ 1722 124 (101-146) 97 (82- 115;"‘§ <0.0001
84 (62-109) 104 (81-130) 75 (61-90) <0.0001
174 (150-228)* 206 (167-254) 225 (190- 2702 <0.0001
1.0 (0.6-2.0) 1.0 (0.7-1.5) 0.9 (0.7-1.1)*%  <0.0001
14.4 (11.2-19.8) 14.7 (10.7-21.2) 9.2 (7.1-11.8)*% <0.0001
45 (40-50) 44 (40-48) 39 (35-43)*°  <0.0001
115 (57%) 40 (39%) 92 (13%) <0.0001
16 (8%) 14 (14%) 25 (3%) <0.0001
12 (6%) 17 (17%) 28 (4%) <0.0001
17 (14-20)* 18 (15-22) 21 (17-24)*%  <0.0001
72 (36%) 15 (15%) 94 (13%) <0.0001
3.04 (2.50-3.46) 3.16 (2.69-3.53) 2.73 (2.50-3.04)*5<0.0001
137 (68%) 71 (69%) 308 (42%) <0.0001
21 (17-24)* 18 (15-22) 16 (13-18)*%  <0.0001
57 (28%) 23 (22%) 73 (10%) <0.0001
14 (3-37) 12 (0-28) 0 (0-19)*% <0.0001
48 (24.1%) 31 (32.0%) 462 (63.7%)*°  <0.0001
48 (24.1%) 25 (25.8%) 161 (22.3% 0.665
40 (20.1%) 21 (21.6%) 56 (7.7%)"%  <0.0001
63 (31.7%) 20 (20.6%) 46 (6.3%)*%  <0.0001

32 (16.1%)
30 (15.1%)
62 (31.2%)"

8 (8.2%)
12 (12.4%)
20 (20.6%)

29 (4.0%)° <0.0001
16 (2.2%)%° 0.001
45 (6.2%)"*

AHF, acute heart failure; CABG, coronary artery bypass graft; CAD,

coronary artery disease; CRP, C-reactive protein; CVD, cardiovascular

disease; EDV, end-diastolic volume; ESV, end-systolic volume; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure
with reduced ejection fraction; IVC, inferior vena cava; LA, left atrial; LV, left ventricular; LVMi, LV mass index; MI, myocardial infarction;
NT-proBNP, N-terminal prohormone of brain natriuretic peptide; NYHA, New York Heart Association; PCI, percutaneous coronary interven-
tion; TAPSE, tricuspid annular plane systolic excursion; TR, tricuspid regurgitation; WMSI, wall motion score index.

Data are presented as number and %, mean and 95% confidence interval if normally distributed, or median and first and third quartile if

not normally distributed.

“Total cholesterol > 200 mg/dL or LDL-C > 130 mg/dL or on lipid-lowering therapy.

°At least moderate severity.

IVC expiratory diameter > 21 mm that collapses <50% with a sniff.

“P < 0.01 vs. acute HFpEF.
°P < 0.01 vs. acute HFrEF.

with and without radiological signs of interstitial oedema is
shown in Table 2. Patients with HFrEF had radiological signs
of interstitial oedema in 60.8% of cases, patients with HFpEF
in 66% (P = 0.861 vs. HFrEF), and patients without AHF in

14.9% (P < 0.0001 vs.
P < 0.0001 among groups).

During a median follow-up of 14.4 months (IQR 4.6-24.3),
a total of 126 events (12.3%) occurred: 69 (6.7%) cardiac

HFrEF, P < 0.0001 vs. HFpEF,
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Table 2 Comparison between lung ultrasound B-lines and chest X-ray (CXR) signs of interstitial oedema

CXR without signs of interstitial oedema (n = 690) CXR with signs of interstitial oedema (n = 286) P
B-lines at admission 0 (0-7) 23 (5-51) <0.0001
B-lines < 5 447 (64.8%) 65 (22.7%) <0.0001
B-lines 5-15 178 (25.8%) 44 (15.4%) <0.0001
B-lines 16-30 53(7.7) 60 (21.0%) <0.0001
B-lines > 30 12 (1.7%) 117 (41.3%) <0.0001

Data are presented as median and first and third quartile, and number and %.

deaths and 57 (5.6%) rehospitalizations for AHF. Adverse
events were more frequent in patients with HFrEF and HFpEF
vs. non-AHF group (Table 7). The event-free survival curves
showed a significantly better outcome for patients with <30
B-lines at admission, compared with patients with >30

B-lines, in both the overall population and each subgroup
(Figure 1). We included cardiopulmonary ultrasound inde-
pendent predictors of the composite endpoint at univariate
analysis (Supporting Information, Table SZ) in a multivariate
model (Table 3). A small number of variables along with

Figure 1 Kaplan—Meier survival curves for the primary endpoint (cardiac death and hospitalization for AHF) in the overall population (A), non-AHF
group (B), HFrEF (C), and HFpEF (D). The presence of B-lines > 30 (dotted line) significantly increased the incidence of adverse events compared with
patients with B-lines < 30 (solid line) in the overall population and the three subgroups. AHF, acute heart failure; HFpEF, heart failure with preserved

ejection fraction; HFrEF, heart failure with reduced ejection fraction.
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Table 3 Multivariable analysis of cardiopulmonary ultrasound parameters to predict the composite endpoint (cardiac mortality and re-
hospitalization for AHF) in the overall population, non-AHF, HFrEF, and HFpEF

Overall population (n = 1021)  Acute HFrEF (n = 199) Acute HFpEF (n = 97) Non-AHF (n = 725)

HR (95% Cl) P-value HR (95% CI)  P-value HR (95% ClI) P-value HR (95% ClI) P-value
B-lines > 30 2.45 (1.49-4.02) <0.0001 1.63(0.86-3.09) 0.12 5.54(1.35-22.73) 0.017 3.044 (1.12-8.26) 0.029
TR velocity > 2.8 m/s  1.89 (1.15-3.02) 0.011 1.05 (0.53-2.05) 0.89 2.41(0.30-19.45) 0.41 2.05 (0.94-4.44) 0.070
LVEF < 50% 2.30 (1.38-3.84) 0.001 — — — — 0.37 (0.17-0.82) 0.014
TAPSE < 17 mm 1.61 (1.01-2.56) 0.044 2.14(1.12-4.07) 0.021 2.79 (0.68-11.46) 0.16 0.96 (0.40-2.26) 0.918

AHF, acute heart failure; Cl, confidence interval; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced
ejection fraction; HR, hazard ratio; LVEF, left ventricular ejection fraction; TAPSE, tricuspid annular plane systolic excursion; TR, tricuspid
regurgitation.

Note: Numbers marked in bold indicate numbers that are significant.

B-lines were selected to avoid over-fitting, after collinearity
analysis: TR velocity > 2.8 m/s, LV ejection fraction < 50%,
and TAPSE < 17 mm. B-lines at admission showed an inde-
pendent prognostic value in the overall population [hazard
ratio (HR) 2.45, confidence interval (Cl) 1.49-4.02,
P < 0.0001], in acute HFpEF (HR 5.54, ClI 1.35-22.73,
P = 0.017), and non-AHF group (HR 3.04, Cl 1.12-8.26,
P = 0.014), while the presence of TAPSE < 17 mm was the
only independent predictor of the composite endpoint in
acute HFrEF (HR 2.14, Cl 1.12-4.07, P = 0.021). To assess
whether B-lines have additional value over CXR, we built a
regression model including CXR signs of interstitial oedema;
B-lines > 30 remain an independent predictor of events even
when analysed together with CXR: B-lines > 30 HR 2.55, CI
1.62-4.00, P < 0.0001; CXR HR 2.15, Cl 1.38-3.36,
P < 0.001. When adding CXR signs of interstitial oedema at
the multivariate model that included also echocardiographic
parameters, CXR was no more an independent predictor of
events (HR 1.27, ClI 0.70-2.31, P = 0.430), whereas
B-lines > 30 were still an independent predictor of events
(HR 2.17, CI 1.20-3.91, P = 0.010).

In the subgroup of patients without AHF, 462 patients had
non-significant B-lines (<5 B-lines, among which 374 had 0
B-lines), and 263 patients had some degree of sonographic
PC: mild (5-15 B-lines) in 161 (22.2%) patients, moderate
(16—30 B-lines) in 56 (7.7%) patients, and severe in only 46
(6.3%) patients (>30 B-lines), with 14% of patients with mod-
erate—severe degree of sonographic congestion. Similarly,
103/691 patients (14.9%) had signs of interstitial oedema
on CXR. When we evaluated the prognostic value of LUS
and CXR in this subgroup, we found that at univariate analy-
sis, both LUS and CXR are significantly associated with events
(B-lines > 30 HR 6.30, Cl 3.30-12.01, P < 0.0001; CXR HR
3.58, Cl 1.93-6.64, P < 0.0001), but at multivariate analysis,
radiological signs of interstitial oedema are no longer an inde-
pendent prognosticator (B-lines > 30 HR 4.39, Cl 1.77-10.84,
P < 0.0001; CXR HR 1.67, Cl 0.71-3.95, P = 0.24).

B-lines presented a significant direct correlation with TR
velocity and indirect correlation with LV ejection fraction
and TAPSE (all P < 0.0001; Table 4). Figure 2 summarizes
the results of the integrated cardiopulmonary evaluation in

Table 4 Correlation between B-lines and the ultrasound parame-
ters that were found to be independent predictors of the compos-
ite endpoint

Ultrasound parameter Correlation coefficient r P-value
TR velocity (m/s) 0.42 <0.0001
LV ejection fraction (%) —0.32 <0.0001
TAPSE -0.23 <0.0001

LV, left ventricular; TAPSE, tricuspid annular plane systolic excur-
sion; TR, tricuspid regurgitation.

three patients belonging to the three different groups (one
admitted for ICD replacement, one for acute HFrEF, and
one for acute HFpEF).

Discussion

In patients admitted to a cardiology department for various
cardiac conditions, the presence of a severe PC at admission
evaluated by LUS (B-lines > 30) identifies a subgroup at
higher risk of events, independently of the presence of overt
AHF and the aetiology. The independent prognostic value of
B-lines is especially significant in HFpEF compared with HFrEF
and is valid also in patients without apparent overt AHF.
Heart failure is the most frequent admitting diagnosis in
cardiology departments, and congestion rather than low car-
diac output is the primary pathophysiological event leading
to hospitalization.?® However, PC is related to increased
EVLW and has an asymptomatic phase that offers the possi-
bility to anticipate the clinical stage and guide the therapy.?’
B-lines are a marker of pulmonary interstitial oedema, and it
is reasonable that their severity is associated with a worse
outcome.***16720 preyious studies have demonstrated that
B-lines predict adverse events in chronic HF.*>*3 Likewise,
the value of B-lines at discharge and their dynamic changes
from admission have been linked to adverse outcomes also
in AHF.2*72° To the best of our knowledge, this is the first
study to address the prognostic value of LUS very early during
admission (i.e. the first day of the hospitalization) in a large
cohort and is the first study including patients with heart
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Figure 2 The integrated cardiopulmonary evaluation in three different patients from each group of the study: (A) Group 1: HFrEF; (B) Group 2: HFpEF;
and (C) Group 3: subject with dilated cardiomyopathy and reduced ejection fraction admitted for implanted cardioverter defibrillator replacement,
without signs and symptoms of acute heart failure. The scheme with 28 scanning sites shows the distribution of B-lines. The image displayed for each
example refers to the highlighted area in the scheme. HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection
fraction; NA, not available because images were not interpretable.
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disease, hospitalized for reasons other than AHF, and to ana-
lyse HFrEF and HFpEF separately. Our findings confirm the in-
dependent prognostic role of LUS in a large population of
consecutive patients both with and without AHF, suggesting
the added value of LUS independently of the initial diagnosis.
The predicted power of LUS also in the non-AHF group re-
veals that a non-negligible number of patients with
apparently no features of AHF and seemingly stable haemo-
dynamic status carry a significant degree of pulmonary
interstitial oedema indeed, with prognostic relevance. In par-
ticular, we observed B-lines > 30 in 6.3% and B-lines > 15 in
14.2% of patients, mainly in those with a history of HF but ad-
mitted for other cause (e.g. elective coronary angiography,
elective electrophysiological study, and pacemaker or ICD im-
plantation/replacement). This implies that a high percentage
of patients with HF thought to be free of congestion, i.e. clin-
ically stable, have instead silent ongoing PC, which has an im-
pact on outcomes. Our results are in line with Pellicori et al.
who observed that many stable outpatients with chronic HF
have subclinical PC, which mediates a worse prognosis,13
and with Platz et al. who recently demonstrated that a higher
number of B-lines at admission in patients with AHF are
linked to adverse events, even adjusting for creatinine and
N-terminal prohormone of brain natriuretic peptide values.°

The different prognostic relevance of B-lines, which is more
reliable in patients with acute HFpEF compared with HFrEF,
had also not been reported in previous literature. In patients
with acute HFrEF, the presence of a TAPSE < 17 mm,
reflecting the critical role of concomitant RV dysfunction,
has a higher impact than admission B-lines in predicting the
composite endpoint. In our study, the number of B-lines at ad-
mission was similar between HFrEF and HFpEF [median 14
(IQR 3-37) vs. median 12 (IQR 0.24), P = 0.12], consistently
with other cohorts. However, our patients with HFrEF pre-
sented more often an RV dysfunction and a dilated IVC with-
out inspiratory collapse than HFpEF, possibly suggesting a
higher burden of systemic congestion. Indeed, systemic con-
gestion is a typical feature of HFrEF more than HFpEF,*®
whereas patients with HFpEF often exhibit more PC with little
weight increase.?® Thus, the discrepancy in pulmonary and
systemic haemodynamics could explain the different prognos-
tic value of B-lines we observed in HFrEF and HFpEF. At the
same time, HFrEF is usually more easily recognized and better
treated than HFpEF, which represents a more heterogeneous
and challenging syndrome.®?%3° Noteworthy, the absence of
evidence-based therapy in patients with HFpEF should en-
courage further research to determine whether management
guided by ultrasonic measures of PC could improve outcome.

Clinical implications

Lung ultrasound is readily available in the clinical routine and
can provide a large amount of information in terms of the

degree of decompensation and risk stratification.3! Although
counting B-lines shows some degree of intra-rater and
inter-rater variability,2? the number of B-lines and their distri-
bution are highly informative and help to differentiate be-
tween mild degrees of PC (few B-lines localized in the
lateral scanning sites especially at pulmonary bases) and se-
vere degrees of PC (multiple and diffuse B-lines, fanning
out also on the more apical regions of the chest).? Prior stud-
ies using LUS protocols demonstrated the prognostic impor-
tance of a higher number of B-lines at the time of
discharge after admission for AHF.'*° Recently, the
LUS-HF study has shown that tailored LUS-guided diuretic
treatment of PC reduced the number of decompensations
and improved walking capacity in patients with HF.>®> Our
study expands on these findings evaluating a more extensive,
heterogeneous population with different types of heart
disease at admission and for a longer follow-up. We demon-
strated that LUS might provide useful information regardless
of the admitting diagnosis because sonographic signs of PC at
admission are associated with an increased risk for rehospi-
talization for HF and cardiac death even in patients without
conventional signs and symptoms of AHF at admission.
Moreover, the more definite prognostic value of B-lines in
HFpEF compared with HFrEF underlines the relevance of this
biomarker in HFpEF, opening promising horizons for the
management of this complex condition.

Limitations

This is a single-centre study with a broad, unselected popula-
tion with different aetiologies of heart disease. This limita-
tion, however, reflects the potentialities of LUS B-lines in
different clinical scenarios, including patients without signs
and symptoms of overt AHF at admission. It should be em-
phasized that B-lines are a non-specific sign of PC and can
also be found in interstitial pulmonary fibrosis, interstitial
pneumonia, and acute respiratory distress syndrome.? This
must be reminded, especially when using B-lines for the dif-
ferential diagnosis of dyspnoea. Interpreting B-lines not as
an isolated imaging biomarker but in the context of the over-
all clinical picture and other findings is the key to avoid gross
misinterpretation of this sign. LUS was performed as soon as
possible after patients’ admission, but in all patients with
AHF, the first diuretic dose was administered before the
echocardiogram and LUS examinations, not to delay
life-saving treatment for the patients. We did not report data
on LUS at discharge because they were available only in a mi-
nority of the population. The sonographers did the LUS exam
at the end of the echocardiogram; therefore, they were not
completely blind to the patients’ conditions. We used a
28-zone imaging protocol, which is more time-consuming
than the simplified four-zone or eight-zone schemes®*3*;
however, even a more extensive assessment requires only a
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few minutes in addition to the time needed for a resting
echocardiogram and assures interpretable images in all pa-
tients. We excluded tissue Doppler imaging-derived E/e’ ratio
from the multivariate analysis due to collinearity with B-lines
at admission (variance inflation factor = 7), and we did not
measure more sophisticated methods (e.g. strain imaging).
However, this is a ‘real-world’ analysis, and one of the
strengths of the study is the simplicity of the proposed
approach, based on very basic echocardiographic parameters
that could easily fit in the workflow of a busy clinical arena.

Conclusions

Ultrasound B-lines can detect subclinical pulmonary intersti-
tial oedema even in patients thought to be free of conges-
tion. A severe degree of PC defined by >30 B-lines on the
anterolateral chest strongly predicts HF rehospitalization
and cardiac death in patients with different cardiac
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