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Abstract: Background: Residual lung congestion is common in patients discharged after an acute heart failure (HF)
hospitalization and represents a risk for HF rehospitalization. The aim of this study was to compare the diagnos-
tic accuracy of B-lines on lung ultrasound and lung auscultation to detect residual congestion. We hypothesized
that lung ultrasound would be more sensitive than physical examination. Methods: In this observational study of
consecutive chronic HF patients discharged after an acute HF exacerbation, auscultation performed by two car-
diologists and ultrasound examination performed by one experienced sonographer were compared at discharge.
Residual congestion was defined by the presence of B-lines in all four zones and/or pleural effusion. Results: The
study compared one hundred patients with severe heart failure (mean left ventricular (LV) ejection fraction 26%),
mean age 70 years. Among the patients with signs of pulmonary congestion by lung auscultation, 31 zones were
positive on lung ultrasound. Using positive ultrasound as reference, the accuracy of lung auscultation was 89.5%,
with 52.5% sensitivity and 95.9% specificity. The positive and negative predictive values of lung auscultation were
68.9% and 92.1%, respectively. Conclusion: Lung auscultation has a moderate sensitivity and high specificity for
detecting residual lung congestion in patients with chronic HF before discharge compared to lung ultrasound. These
findings suggest, that lung ultrasound should be implemented as part of the discharge exam for the detection of
residual congestion.
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Introduction particularly in those with residual pulmonary
congestion [3-5].

Recognizing and treating lung congestion re-

mains the cornerstone of heart failure (HF)
treatment. The incidence of asymptomatic lung
congestion in patients with chronic HF is high
even after intensive and successful diuretic
treatment during the hospital stay [1].

Advanced heart failure (HF) represents the
extreme of HF and is characterized by persis-
tent HF symptoms and progressive myocardial
dysfunction, despite guideline-recommended
treatment [2]. The readmission rate among
patients with advanced HF remains very high,

Physical examination with lung auscultation is
currently used for the assessment of pulmo-
nary congestion, but is not always accurate
and reveals congestion in relatively later and
more severe stages.

Recently, the number of B-lines was reported
to correlate with left ventricular (LV) filling
pressure, making it an important ultrasound
marker in the management of patients with HF
[6-8]. Importantly, patients with HF and chronic
or acute elevation of left atrial pressure will
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often have radiographic and symptomatic signs
of pulmonary congestion [9-11].

Laboratory evaluation with NT-pro-BNP, and
patient evaluation for signs and symptoms of
volume overload taken together with echocar-
diography are the first-line method for the diag-
nosis and follow-up of patients with HF [12].
However, NT-pro-BNP level is not necessarily a
benchmark used for discharge decision-mak-
ing in contemporary practice, and patients may
often remain asymptomatic despite subclinical
hypervolemia.

The possibility of detecting pulmonary conges-
tion through integrated cardiopulmonary ultra-
sound assessment of extravascular lung fluid
and atrial pressure would provide a complete
evaluation of patients with HF both at hospital
and in outpatient settings. NT-pro-BNP may not
be available in all centers or may be judged as
too costly.

Chest X-ray and computed tomography may not
always be accessible and are associated with
radiation, inadequately validated and, thus, not
adapted for repeated assessment during HF
hospitalization. Lung ultrasound (LUS) assess-
ment of B-lines is a rapid, safe and easy bed-
side alternative, which can be repeatedly per-
formed with or without a simultaneous car-
diovascular ultrasound using the same cardiac
transducer.

LUS for the detection of residual congestion in
high-risk HF patients considered clinically sta-
ble at discharge would allow for identification of
patients with residual congestion, who require
more intensive diuretic regimen and HF guide-
line indicated drug or device therapy to prevent
future deterioration and re-hospitalizations.

LUS has been proven as a highly valuable diag-
nostic method for detection of pulmonary con-
gestion in patients with both acute and chronic
HF. It has several advantages due to its sen-
sitivity to detect pulmonary deaeration, rapid
and noninvasive implementation with integra-
tion to a complex cardiopulmonary ultrasound
examination. Several randomized clinical trials
have shown that implementation of LUS leads
to reduction of HF related events in the 6-12
months following hospital discharge [13, 14].
Moreover, in complex clinical scenarios of acu-
te decompensated HF, LUS can serve as a ra-
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pid non-invasive tool to inform the differential
diagnosis of dyspnea with high sensitivity and
specificity to rule out non-cardiac etiologies
[15].

Methods

The institutional Ethics Committee approved
the study and data collection from the pa-
tients. All the patients had advanced HF with
reduced ejection fraction on admission and
underwent extensive cardiovascular evaluation
and received guideline-recommended medical
treatment in the hospital. Our therapeutic goal
before the discharge consisted of stabilization.

Inclusion and exclusion criteria

Eligibility criteria for inclusion in the study were:
(1) advanced heart failure having at least 1
hospitalization during the last 12 months, (2)
LV ejection fraction <35%, (3) NYHA class IlI-IV,
symptomatic patients on admission despite
the maximally tolerated guideline-recommend-
ed medical treatment.

All patients were considered compensated or
subcompensated and clinically stable before
the discharge. The decision to discharge the
patient from the hospital was made by treating
physician based on clinical stability, absence of
pulmonary congestion signs by physical exa-
mination and interruption of intravenous loop
diuretic use in most of the cases.

Patients with end-stage renal disease were
excluded to rule out various ultrasound pat-
terns of B-lines. Patients with known pulmo-
nary fibrosis, pneumonia, other active lung dis-
eases or COVID-19 were excluded from the
study considering the possible interference
with image acquisition.

Lung auscultation

All patients underwent lung auscultation be-
fore discharge from hospital. Lung ausculta-
tion was performed by two independent cardi-
ology residents who were unaware of patients’
possible congestion at the time of examination.
Pulmonary congestion was assessed by pres-
ence of crackles on lung auscultation. Auscul-
tation was performed by two independent phy-
sicians blinded to the results of the lung ultra-
sound. Zones were predetermined and sepa-
rated into two upper and two lower posterior
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Table 1. Baseline characteristics of the study
patients at discharge

Characteristics Values
Age 70+8.5
NYHA functional class Il (n, %) 54 (54%)
NYHA functional class IV (n, %) 3 (3%)
Male (n, %) 66 (66%)
Female (n, %) 34 (34%)
EF (%) 26.2 + 6.8
eGFR 37.8+14.8
BMI 28.2+4.4
Atrial fibrillation (n, %) 28 (28%)
HTN (n, %) 50 (50%)
CAD (n, %) 68 (68%)
DCM (n, %) 39 (39%)
Valvular disease (n, %) 5 (5%)
Diabetes mellitus (n, %) 38 (38%)
ICD (n, %) 6 (6%)
E/e’ 143+ 7.6
RA Pressure 84+58
Length of hospital stay (days) 8.8

Data presented as Mean + SD. NYHA, New York Heart
Association; EF, Ejection Fraction; eGFR, estimated
glomerular filtration rate; BMI, body mass index; HTN,
hypertension; CAD, coronary artery disease; DCM,
dilated cardiomyopathy; ICD, implantable cardioverter
defibrillator.

and anterior aspects of the chest wall. The
presence of inspiratory crackles or decreased
lung sounds in =1 predetermined zones was
deemed a positive observation indicator for
pulmonary congestion.

Lung ultrasound

LUS examination was performed at the end of
the standard two-dimensional echocardiogra-
phy with the patient in supine position.

According to a recent consensus guideline, the
ultrasound scanning of two sites in each hemi-
thorax was obtained with the same probe used
for the echocardiographic study, with the trans-
ducer orientation parallel to the ribs placing
the probe at the third intercostal space along
the anterior axillary and mid-axillary lines with
imaging depth of 10-14 cm [16, 17]. For each
intercostal space, 3 second clips were record-
ed, and the number of B-lines was analyzed in
real time. The scanning lasted less than 4 min-
utes. The sum of B-lines recorded at each scan-
ning site yielded a score ranging from O to 10,
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which denoted the extent of extravascular fluid
in the lung. Congestion on LUS was defined as
>3 B-lines in one zone bilaterally. B-lines were
defined as discrete, laser-like vertical hyper-
echoic reverberation artefacts arising from the
pleural line, extending to the bottom of the
screen without fading, and moving synchro-
nously with lung sliding. B-lines were consid-
ered cardiogenic if they were homogeneous
without spared areas [18, 19].

All exams were performed by an experienc-
ed operator with several years of experience,
who was unaware of the auscultation data and
didn’t participate in the clinical management or
the final decision of discharging the patient.
The intra-and inter-observer variability for the
B-lines score were assessed by two indepen-
dent observers.

Statistical analysis

Data were analyzed by a commercially availa-
ble IBM_22.0.0 SPSS statistical package (IBM,
Armonk, NY, USA). Categorical variables were
assessed in terms of percentages. Continuous
variables were reported as mean and standard
deviation.

Comparisons between continuous variables
were performed with Student t test. We used
ultrasound assessment as the comparative
diagnostic modality to physical examination.

The accuracy of LUS was calculated with 95%
confidence interval and agreement was quanti-
fied with the Cohen k coefficient, in which k val-
ues were interpreted as follows; O to 0.2 - no
agreement, 0.2 to 0.5 - weak agreement, 0.5 to
0.7 - moderate agreement, 0.7 to 0.99 - strong
and excellent agreement between examiners.
Sensitivity, specificity, positive and negative
predictive values were assessed as well. Signi-
ficance was defined as P<0.05.

Results

A total of 100 patients with decompensated
HF or after acute HF recovery were examined
before discharge for the assessment of possi-
ble residual congestion in the lungs. The mean
age was 70 years and the mean LV ejection
fraction (EF) 26%. In all patients, the perfor-
mance of LUS was accessible and feasible.
Baseline characteristics of patients are pre-
sented in Table 1.
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Table 2. Performance of physical examination with reference to

LUS
Value 95% Confidence interval

Sensitivity 52.5% 39.1% 10 65.7%
Specificity 95.9% 93.2% t0 97.7%
Positive Likelihood Ratio 12.8 7.31022.6
Negative Likelihood Ratio 0.5 0.41t0 0.6
Disease prevalence 14.8% 11.4% to 18.6%
Positive Predictive Value 68.9% 55.7% to 79.6%
Negative Predictive Value 92.1% 89.9% t0 93.9%
Accuracy 89.5% 86.1% to 92.3%

Congestion was detected in 49% of patients by
ultrasound and in 33% of patients by ausculta-
tion in all lobes. There was a weak to moderate
agreement between physical examination and
LUS (k = 0.5; P = 0.61). Lung auscultation ac-
curacy was 89.5%, (95% CI: 86.1% to 92.3%)
with 52.5% sensitivity (95% Cl: 39.1% to 65.7%)
and 95.9% specificity (95% Cl: 93.2% to 97.7%).
The lung auscultation positive predictive value
was 68.9% (95% Cl: 55.7% to 79.61%) (Table
2).

Discussion

In this study of 100 patients with advanced HF
at discharge after an acute HF exacerbation,
we found that lung auscultation alone was
insufficient to detect residual congestion com-
pared to LUS examination. Thus, we believe
that LUS should accompany lung auscultation
at discharge to identify residual congestion.
Finally, we believe that LUS could have a valu-
able role in the clinical follow-up among high
risk HF patients. In a healthy aerated lung, the
only anatomical structure that can be detected
is the pleura, which appears as “pleural line
with lung sliding” movement. However, when
the air content in the lung is decreased and
lung density is increased, vertical reverberation
artifacts are detected (B-lines), which originate
from pleural line and expand vertically to bot-
tom of ultrasound view on screen [17]. Incre-
asing number of visualized B-lines are associ-
ated with decreasing air/water content ratio
[20]. It should be mentioned that pulmonary
B-lines are not specific for cardiogenic conges-
tion and can be detected in several pulmonary
diseases, including ARDS. However, cardiogen-
ic B-lines have typical sonographic characteris-
tics [18], which can differentiate various types
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of B-lines. For HF with reduced
ejection fraction, B-lines are
characterized by presence of
multiple, diffuse and bilateral
visualization [21].

Accurate detection of lung con-
gestion represents important
clinical value and remains a
challenge in everyday practice
despite advances in radiologic
opportunities. X-Ray examina-

tion and computed tomogra-
phy have several limitations for
dynamic assessment of congestion and safety
concerns. In this context, LUS has several
advantages offering non-invasive bedside rapid
and safe evaluation for detection of pulmonary
congestion. LUS is a valuable non-invasive
diagnostic method with safe rapid dynamic
assessment for patients with advanced HF.

Pre-hospital discharge evaluation of residual
congestion seems to identify patients with
worse prognosis and higher probability of
rehospitalization [22]. A recent meta-analysis
showed that a greater number of B-lines at
admission, at hospital discharge, and in the
outpatient setting was associated with higher
rates of rehospitalization for HF decompensa-
tion and mortality [23].

Taking these data into consideration, we aimed
to assess the opportunity of LUS to better and
more accurately determine pulmonary conges-
tion in high-risk patients with advanced HF,
having high probability of rehospitalization.

The main finding of our study was that lung
auscultation has low to moderate sensitivity
(52.5%) and high specificity (95.9%) with mod-
erate agreement (k = 0.54 for right lower ante-
rior zone, 0.55 for left lower anterior zone) for
detection of lung congestion in patients with
decompensated HF after treatment with diuret-
ics before the discharge.

Our study is the first to assess the accuracy
and clinical value of lung auscultation compar-
ing with LUS as a reference in detecting con-
gestion among vulnerable HF patients at dis-
charge. In the pre-specified subgroup analysis,
we have demonstrated benefit of LUS over a
physical examination for congestion assess-
ment. ldentifying patients or subgroups who
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may have residual congestion before discharge
despite adequate auscultation carries impor-
tant implications for HF management, including
diuretic titration at discharge.

Despite significant progress in HF treatment in
recent decades, a high proportion of patients
continue to be re-hospitalized with decompen-
sation after the discharge. Meanwhile, clinical
signs of congestion may not be present in su-
ch patients. Therefore, detailed assessment of
lung congestion by LUS may allow physicians
to detect congestion both before discharge
and at outpatient period for modifying diuretic
and other treatment approaches. The recent
STRONG-HF study demonstrated that intensive
up-titration of neuro-humoral blocking pharma-
cotherapy in HF patients at baseline in hospital
led to successful and sustained decongestion,
lower risk of 180-day re-hospitalization [24].
Several studies showed that LUS-guided man-
agement strategy reduces hospitalizations, ur-
gent visits, mortality in patients with HF and
after acute decompensated HF.

In our opinion, routine assessment of B-lines is
important and feasible to evaluate whether a
patient in HF is compensated at discharge and
along with clinical assessment should be part
of an integrated congestion exam. Moreover,
the moderate reliability of lung auscultation, as
reported in literature, raises concerns on whe-
ther the physical examination alone is ade-
quate [25, 26]. Accordingly, patients with HF
should be examined by ultrasound to evaluate
for subclinical pulmonary congestion as oppo-
sed to relying on lung auscultation alone.

Limitations

Several factors may limit the generalization
of the study findings. In addition, ultrasound
examination of the lungs requires certain skill
level with ultrasound and detection of B-lines is
operator dependent. While LUS has high diag-
nostic sensitivity in HF congestion assessment,
the detection of B-lines is not always related to
cardiogenic etiologies. To avoid causes for non-
cardiogenic B-lines we excluded any patholo-
gies which could possibly cause B-lines.

Conclusions

In 100 patients with advanced HF at discharge
after a hospitalization for acute HF exacerba-
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tion, LUS offered better diagnostic accuracy for
detection of pulmonary congestion than lung
auscultation. Our findings suggest the impor-
tance of routine incorporation of LUS at dis-
charge and follow-up in high risk HF patients.

These findings suggest that when searching
for pulmonary congestion at discharge it may
be advisable to provide ultrasound evaluation
instead of relying on lung auscultation.
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