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Aims Lung ultrasound (LUS) relies on detecting artefacts, including A-lines and B-lines, when assessing dyspnoeic patients.
A-lines are horizontal artefacts and characterize normal lung, whereas multiple vertical B-lines are associated with
increased lung density. We sought to assess the prevalence of A-lines and B-lines in patients with acute heart
failure (AHF) and examine their clinical correlates and their relationship with outcomes.

...................................................................................................................................................................................................
Methods
and results

In a prospective cohort study of adults with AHF, eight-zone LUS and echocardiography were performed early
during the hospitalization and pre-discharge at an imaging depth of 18 cm. A- and B-lines were analysed
separately off-line, blinded to clinical and outcome data. Of 164 patients [median age 71 years, 61% men, mean
ejection fraction (EF) 40%], the sum of A-lines at baseline ranged from 0 to 19 and B-line number from 0 to
36. One hundred and fifty-six patients (95%) had co-existing A-lines and B-lines at baseline. Lower body mass
index and lower chest wall thickness were associated with a higher number of A-lines (P trend < 0.001 for
both). In contrast to B-lines, there was no significant change in the number of A-lines from baseline to dis-
charge (median 6 vs. 5, P = 0.80). While B-lines were associated with 90-day HF readmission or death, A-lines
were not [HR 1.67, 95% confidence interval (CI) 1.11–2.51 vs. HR 0.97, 95% CI 0.65–1.43].

...................................................................................................................................................................................................
Conclusions A-lines and B-lines on LUS co-exist in the vast majority of hospitalized patients with AHF. In contrast to B-lines,

A-lines were not associated with adverse outcomes.
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Introduction

Lung ultrasonography (LUS) is increasingly used in acute care set-
tings to rapidly assess patients with acute dyspnoea or heart failure
(HF).1 Although normal lung tissue cannot be directly imaged with
ultrasound due to its high air content, LUS can be used to assess
pulmonary congestion by interpreting artefacts, namely A-lines
and B-lines.2 A-lines are horizontal reverberation artefacts seen at
equal distances reflecting from the pleural line. Current LUS litera-
ture associates the presence of A-lines with normal lung surfaces
and pulmonary diseases without congestion (e.g. obstructive pul-
monary diseases or pneumothorax).3 In addition, the absence of
both A- and B-lines may also be seen within one zone in normal
lung. B-lines are vertical artefacts that arise from the pleural line
and are associated with extravascular lung water but can also be
found in other conditions with increases in lung density (e.g. inter-
stitial lung disease).4

While there is a growing body of evidence regarding the diagnostic
and prognostic value of B-lines in HF, quantitative data regarding
A-line artefacts’ diagnostic and prognostic utility in adults are
sparse.5–8 Despite this lack of evidence, the diagnostic utility of
A-lines has been proposed in several imaging protocols and in the
didactic literature on the assessment of acute dyspnoea and manage-
ment of patients with HF.2,9 Specifically, the presence of A-lines has
been described as a necessary finding to rule out pulmonary

congestion in the examined area of the lung in patients with sus-
pected HF.9,10 This published information has also led to integrating
these assumptions into automated B-line analysis protocols that are
being incorporated into ultrasound software.11,12

Anecdotal clinical experience suggests that A-lines can be detected
in patients with pulmonary congestion. Therefore, we sought to in-
vestigate the prevalence of co-existing A-lines and B-lines in patients
with acute heart failure (AHF) and their respective dynamic changes
with treatment for HF. Secondary goals were to examine clinical cor-
relates of A-lines and, in exploratory analyses, their relationship to
post-discharge outcomes.

Methods

Patient population
We analysed data from a prospective, single-centre, observational study
that enrolled 196 adult patients admitted to an academic hospital in the
U.S. for acute heart failure (AHF). Detailed inclusion and exclusion crite-
ria have been described previously.8 Patients who were admitted to an in-
tensive care unit at the time of LUS1, or those with significant pulmonary
disease (e.g. cancer, fibrosis, and pneumonia), liver failure, dialysis, or
pregnancy were excluded. Clinical, demographic, and laboratory data
were extracted from patients’ hospital records by trained investigators.
The study complied with the Declaration of Helsinki, written informed
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consent was obtained from all study subjects, and the local Institutional
Review Board (Partners IRB #2014P002618) approved the study.

Lung ultrasound imaging protocol and

analysis
Lung ultrasound examination was performed at the time of transthoracic
echocardiography in the early phase of the hospitalization (LUS1) and be-
fore discharge (LUS2). Patients were examined in a semi-recumbent pos-
ition using a phased array transducer at an imaging depth of 18 cm in
sagittal orientation (perpendicular to the ribs). The chest was divided into
eight zones, four on each haemithorax, and 6-s clips were recorded and
analysed offline, as previously described.4,8,13

We defined A-lines as horizontal reverberation artefacts seen in a sin-
gle intercostal space. Based on the characteristics of reverberation arte-
facts, which are in equal distance from the reflector, the transducer’s
distance to the pleural line was used to define the distance for the first
and subsequent A-lines (Figure 1).14,15 The maximum number of A-lines
was counted and summed for each intercostal space across eight zones.
We did not count horizontal lines appearing outside the pre-specified dis-
tance based on the above definition (n = 10 zones). Zones were consid-
ered missing with respect to A-lines when there was one or more
missing zone per examination, for instance, due to the presence of a pleu-
ral effusion. A single investigator (OJ) performed all A-line measurements
(OJ), and a second investigator (EP) assessed inter-rater agreement.
Intra-observer and Inter-observer variability were determined by Bland–
Altman analyses16 of A-lines measurements in 20 randomly selected
patients with an interval of at least 4 weeks between repeated
measurements.

B-lines were defined as vertical hyperechoic artefacts that arise from
the pleural line, extending towards the edge of the screen and move syn-
chronously with respiration.4 The highest number of B-lines in a single
intercostal space was counted and then summed across all eight zones.
A- and B-lines were quantified independently by different investigators
and blinded to clinical data, the LUS visit (temporal blinding), and
outcomes.

In addition, we obtained chest wall measurements from the LUS1
images. The mean chest wall thickness for each LUS zone was calculated
from the shortest and longest distance in centimetre from the transducer
to the pleural line by a single investigator (V.S.) as previously described.17

Echocardiography
All patients underwent comprehensive transthoracic echocardiography
examinations simultaneously with the LUS, with 2–5 MHz phased array
transducers and standard ultrasound equipment, as previously
described.8 Transthoracic echocardiography cine loops were analysed
offline by trained investigators using echocardiographic software (Syngo
Dynamics; Siemens, Malvern, PA, USA).

Outcome measures
We used a composite outcome of HF hospitalization and all-cause mor-
tality from discharge to 90 days as the primary endpoint in time-to-first
event analyses. Outcome data were collected through follow-up phone
calls, contact with patients’ primary care physician or cardiologist, and
electronic medical records review.8

Statistical analysis
Continuous data are expressed as mean ± standard deviation (SD) or
median with interquartile range [IQR]; categorical data as counts and per-
centages. Due to the lack of established cut-off values in the literature for
A-lines and a skewed distribution with high variance, we analysed baseline
and outcome data based on tertiles of total A-line number in eight zones
(patient-level analysis). For LUS 1: Tertile 1 (0–4 A-lines), Tertile 2 (5–
8 A-lines) and Tertile 3 (>8 A-lines), and for LUS2: Tertile 1 (0–4 A-lines),
Tertile 2 (5–7 A-lines) and Tertile 3 (>7 A-lines). Similarly, the B-line ter-
tiles for LUS2 were as following: Tertile 1 (0–5 B-lines), Tertile 2 (6–11 B-
lines), and Tertile 3 (>_12 B-lines). We assessed trends across the A-line
tertiles with the Cuzick nonparametric trend test18, and we assessed the
dynamic changes in A-line and B-line artefacts from admission to dis-
charge with the Wilcoxon signed-rank test. NT-proBNP and creatinine
were transformed prior to inclusion in models. Given the close associ-
ation between A-line number and chest wall width, a sensitivity analysis

Figure 1 A-line measurement on a lung ultrasound image. The skin to pleural distance defines the distance for the A-line artefact. (Left panel) Lung
ultrasound image of an intercostal space showing the pleural line and four subsequent A-lines. (Right panel) Lung ultrasound image showing the pleural
line, one A-line, and two B-lines.
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was performed with an A-line score; the number of zones with any A-
lines present were counted and summed. Please refer to the
Supplementary material online for details regarding missing data and
imputations as well as intra- and inter-rater agreement for A-line quantifi-
cation. In addition to the patient-level analyses, we also report the preva-
lence of A-lines, B-lines and neither artefact for individual zones for LUS1
and LUS2 in Supplementary material online, Table S4.

Spearman rho was used to examine the relationship between the sum
of A-lines in eight zones and other clinical variables. Given the distribution
of A-lines we used unadjusted and adjusted negative binomial regression
models to explore determinants of A-lines as a count variable. We
reported rate ratios (Ratio) with 95% confidence intervals (95% CIs) to
represent the clinical variables’ impact on the sum of A-lines. Models
were adjusted for potential confounding variables including age, sex, sys-
tolic blood pressure, prior HF, chest wall width, New York Heart
Association (NYHA) class, log-transformed NT-proBNP, and sum of B-
lines in eight zones.

We used unadjusted and adjusted Cox proportional hazard models to
explore A-line and B-line tertiles’ relationship to post-discharge out-
comes. Covariates considered for multivariable models included known
predictors of HF events following an AHF hospitalization: age, sex,
NYHA class, left ventricular ejection fraction (LVEF), creatinine, and sys-
tolic blood pressure.19,20 These analyses were performed in imputed
(n = 118) and not imputed datasets (n = 110).

A two-sided P-value of < 0.05 was considered statistically significant
for all tests. Stata SE version 14.2 (Statacorp., College Station, TX, USA
2015) was used for all analyses.

Results

Study population
A total of 192 patients enrolled in the study had LUS performed at
baseline (LUS1) with interpretable images for B-lines and 123
patients had a LUS2 performed within 3 days before discharge (Figure
2). Only patients with complete LUS data with regards to A-lines
were included in the descriptive analysis. The median age of 164

patients was 72 years (range 21–102), 60% were men and the mean
LVEF was 40 ± 14%.

Table 1 demonstrates the baseline characteristics of the study
population, by number of A-lines at baseline. Patients with the lowest
number of A-lines (tertile 1) were more likely to be younger, have a
higher BMI and greater chest wall width, higher systolic blood pres-
sure, and were more likely in NYHA Class III to IV. They displayed a
higher incidence of prior HF, history of sleep apnoea and were more
likely to use insulin at baseline. There were no significant differences
in LVEF or B-lines across A-line tertiles.

Prevalence of A-lines and B-lines at
baseline and pre-discharge
All patients displayed either A-lines or B-lines at baseline and dis-
charge. The sum of A-lines in 8 zones ranged from 0 to 19 (median 6;
IQR 4–8) and the sum of B-lines in 8 zones ranged from 0 to 36 (me-
dian 11; IQR 6–17). For LUS1, 156 patients (95%) had co-existing A-
lines and B-lines. Five patients (3%) demonstrated A-lines without the
presence of any B-lines and three patients (1%) displayed B-lines
without any A-lines. Nineteen (12%) patients required intravenous
inotropes, other than digoxin, underwent left ventricular assist device
placement, were admitted to an intensive care unit or died during the
hospitalization following LUS1 at baseline. These patients had a
higher number of B-lines: 18 B-lines (IQR 16–21) vs. 10 B-lines (IQR
5–17); P < 0.001 on LUS1. In contrast, there was no significant differ-
ence in A-line number on LUS1: 5 A-lines (IQR 4–10) vs. 6 A-lines
(IQR 4–8), P = 0.95.

Among 123 patients with complete images for B-lines and 110
patients with complete images for A-lines for LUS2, the total A-line
count ranged from 0 to 17, (median 5: IQR: 3–8) while B-lines ranged
from 0 to 29 (median 8, IQR 3–12). Ninety-eight (89%) had co-exist-
ing A-lines and B-lines, while nine (8%) had A-lines without any B-
lines and four (4%) had B-lines without A-lines present.

Figure 3 demonstrates the dynamic changes of A-lines and B-lines
for 99 (60%) patients with complete data for both LUS1 and LUS2.
There was no significant change in the median number of A-lines (6
vs. 5, respectively, P = 0.82). In contrast, there was a decrease in the
number of B-lines (11 vs. 8, respectively, P < 0.001) between baseline
and pre-discharge.

To explore possible determinants of A-lines, we used the sum of
imputed A-lines as the dependent variable in univariate and multivari-
able regression (Supplementary material online, Table S1).

We found an inverse relationship between number of A-lines and
BMI (Spearman’s rho = -0.57, ratio = 0.82, 95% CI 0.78–0.86,
P < 0.001) and for chest wall width (Spearman’s rho = -0.66, ratio =
0.66, 95% CI: 0.61–0.71, P < 0.001). The Ratio represents an 18% de-
crease in A-lines per 5 unit increase in BMI and a 34% decrease in A-
lines per centimetre increase in chest wall width. BMI was removed in
the multivariable analysis due to high collinearity with chest wall width
(Supplementary material online, Figure S1). The association between
higher numbers of A-lines and NT-proBNP in the univariate analysis
did not remain significant when we adjusted for chest wall width.

To test the hypothesis that B-lines erase A-lines, we assumed an in-
verse relationship between these two artefacts and that number of
B-lines would predict the number of A-lines. We found a weak in-
verse relationship between A-lines and B-lines at baseline, which was

Figure 2 Flow chart. AHF, acute heart failure; HFpEF, heart fail-
ure with preserved ejection fraction; LUS, lung ultrasound; LUS1,
lung ultrasound at baseline; LUS2, lung ultrasound before discharge;
NT-proBNP, N-terminal pro B-type natriuretic peptide; RHF, right
heart failure.
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Table 1 Clinical characteristics of the study population stratified by number of A-lines at baseline (n 5 164)

Tertile 1: 0–4 A-lines

(n 5 59)

Tertile 2: 5–8 A-lines

(n 5 65)

Tertile 3: >8 A-lines

(n 5 40)

P trend*

A-lines (n) 3 [1–4] 6 [5–7] 11 [10–12] –

Clinical characteristics

Age (years) 71 [54–78] 72 [63–81] 72 [64–83] 0.045

Male 35 (59) 40 (62) 24 (60) 0.92

White race 46 (78) 49 (75) 31 (78) 0.92

BMI (kg/m2) 33.1 [27.8–39.5] 27.1 [24.3–32.6] 23.6 [21.7–26.5] <0.001

Chest wall width (cm)a 4.0 ± 1.2 3.0 ± 0.8 2.4 ± 0.5 <0.001

Heart rate (beats/min) 81 ± 17 78 ± 16 76 ± 14 0.14

Systolic BP (mmHg) 126 ± 20 121 ± 20 118 ± 22 0.05

Diastolic BP (mmHg) 67 ± 11 67 ± 11 68 ± 11 0.65

NYHA Class III—IV 47 (80) 50 (77) 23 (57) 0.021

Past medical history

Heart failure 51 (86) 50 (77) 26 (65) 0.013

Diabetes 28 (47) 28 (43) 11 (28) 0.06

Hypertension 47 (80) 55 (85) 32 (8) 0.89

Myocardial infarction 15 (25) 23 (35) 14 (35) 0.27

PCI/CABG 23 (39) 31 (48) 9 (23) 0.16

Atrial fibrillation/flutter 20 (34) 13 (20) 11 (28) 0.41

Pacemaker 10 (17) 12 (18) 11 (28) 0.22

CRT 6 (10) 6 (9) 5 (13) 0.51

OSA 16 (27) 8 (12) 5 (13) 0.042

COPD/asthma 21 (36) 14 (22) 8 (20) 0.07

Pre-admission medications

ACEi, ARB, or ARNI 29 (49) 25 (38) 21 (52) 0.89

Beta-blockers 52 (88) 49 (75) 30 (75) 0.85

MRAs 15 (25) 9 (14) 7 (19) 0.25

Calcium channel blocker 15 (25) 10 (15) 9 (23) 0.61

Insulin 20 (36) 16 (36) 3 (15) 0.018

Diuretics 38 (64) 46 (71) 25 (63) 0.94

Digoxin 5 (8) 3 (5) 7 (18) 0.19

Warfarin/NOAC/other anti-coagulant 24 (41) 30 (46) 23 (57) 0.11

Laboratory values

NT-proBNP (pg/mL)a 3476 [1835–7010] 6192 [2743–11 206] 6492 [2712–12 782] 0.007

Sodium (mmol/L) 139 [137–141] 138 [135–141] 140 [136–141] 0.39

Blood urea nitrogen (mg/dL) 24 [17–50] 26 [19–54] 28 [21–42] 0.39

Creatinine (mg/dL) 1.28 [1.04–2.36] 1.42 [1.06–2.26] 1.34 [1.13–1.88] 0.85

Haemoglobin (g/dL) 11.6 ± 2.1 11.2 ± 2.3 11.8 ± 2.3 0.80

Ultrasound measures

B-lines (n) 10 [5–18] 12 [5–18] 12 [7–16] 0.50

LVEF (%) 41 ± 14 39 ± 13 39 ± 16 0.42

*The P-value expresses the trend across the tertiles calculated by Cuzick test.18

aChest wall width (n = 157), NT-proBNP (n = 153).
ACEi, angiotensin-converting enzyme inhibitors; ARB, angiotensin II receptor blocker; BMI, body mass index; BP, blood pressure; BUN, blood urea nitrogen; CABG, coronary
artery bypass graft; COPD, chronic obstructive pulmonary disease; CRT, cardiac resynchronization therapy; LUS, lung ultrasound; LVEF, left ventricular ejection fraction; MRA,
mineral corticoid receptor antagonist; NOAC, non-vitamin K antagonist oral anticoagulants; NT-proBNP, N-terminal pro B-type natriuretic peptide; NYHA, New York Heart
Association; OSA, obstructive sleep apnoea; PCI, percutaneous coronary intervention.
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only detected after adjusting for chest wall width (unadjusted Ratio =
1.00, 95% CI 0.97–1.04, adjusted Ratio = 0.96, 95% CI 0.93–0.99)
(Supplementary material online, Table S1). In a sensitivity analysis with
the outcome as the number of zones with A-lines present this inverse
association between A-lines and B-lines was not statistically significant
(Ratio = 0.99, 95% CI 0.95–1.01, P = 0.09).

A-lines and B-lines as predictors of
longer-term outcomes
There were 37 events among 110 patients with available LUS2 data
during the 90 days following hospital discharge (Tables 2 and 3).
There was no significant association between higher A-line number in
tertiles and HF hospitalization or death [unadjusted HR for trend
across three tertiles was 0.97 (95% CI 0.65–1.43, P = 0.88)]
(Figure 4B). The results from the adjusted models were similar. In
contrast, there was a trend towards increased risk to experience an
event in higher B-line tertiles (unadjusted HR 1.67, 95% CI 1.11–2.52,
P = 0.014) (Figure 4A). The HR, after adjusting for sex, creatinine, sys-
tolic blood pressure, was 1.48 (95% CI 1.00–2.19, P = 0.05). Age,
LVEF, and NYHA class were not statistically significant in multivari-
able analyses and were excluded from the final model to avoid over-
fitting. We reproduced these findings for A-line tertiles and B-line
tertiles in the imputed dataset.

Discussion

To our knowledge, this is the first study to comprehensively assess
the prevalence of A-lines and B-lines in patients hospitalized for acute
heart failure (AHF). We found that most patients had detectable A-
lines at baseline and discharge and that there were no significant dy-
namic changes of A-lines number between the two timepoints. In
contrast, the number of B-lines was significantly reduced from base-
line to discharge. Furthermore, the number of A-lines did not provide
prognostic information regarding 90-day HF readmission or death, as
opposed to B-lines. These findings have several clinical, technological,
and research-related implications.

Literature on the prevalence of A-lines and B-lines in healthy vol-
unteers is sparse. Zoneff et al.21 investigated B-line prevalence in 200
individuals without symptoms or prior pulmonary disease. In this co-
hort, B-lines were rare findings in individuals without respiratory
symptoms. Only 12.5% had B-lines, with a 20% prevalence in the
younger and 5% in the older (>50 years) group.21 These findings are
consistent with prior research in patients with known or suspected
HF identifying B-lines as markers of pulmonary congestion providing
diagnostic information in patients presenting to the Emergency
Department with undifferentiated dyspnoea.6,22 These LUS findings
change dynamically in hospitalized patients with AHF who receive HF
treatment and mark patients at increased risk for subsequent adverse
outcomes after hospital discharge.8

Research regarding the prevalence of A-lines is sparse.4 In a study
comparing LUS patterns in 150 healthy subjects without a history of
smoking, cardiac, or pulmonary disease, younger subjects demon-
strated significantly more A-lines than the elderly (>65 years). They
found that 96% of the younger subjects demonstrated A-lines in
every examined lung region vs. 6% of the elderly. Subsequently, a
higher number of A-lines were considered as a sign of normal lungs.23

In contrast, we found no association between A-lines and age after
adjusting for baseline characteristics.

Despite this lack of evidence supporting A-lines as a normal finding
on LUS, these artefacts are nevertheless incorporated into diagnostic
algorithms for patients with dyspnoea.9,10 For example, the Bedside
Lung Ultrasound in Emergency (BLUE)—protocol,10 uses A-lines and
B-lines to assign clinical profiles based on these LUS findings.
According to the BLUE-protocol, patients are assigned to the ‘A-pro-
file’ when bilateral anterior A-lines are the predominant artefacts.
The ‘A-profile’ is not associated with pulmonary congestion in AHF.9

The BLUE-protocol was derived from patients in an intensive care
unit and is used across different clinical settings to assess patients
with dyspnoea. A recent study challenged the BLUE-protocol’s diag-
nostic utility in dyspnoeic Emergency Department patients and found
that strict implementation of the BLUE-protocol led to a high num-
ber of false-positive results for asthma and COPD.5 A potential ex-
planation for this finding may be an over-reliance on A-lines to rule
out pulmonary congestion.

Finally, A-lines lacked dynamic features compared to B-lines from
baseline to hospital discharge in our AHF cohort. If A-lines and
B-lines were truly mutually exclusive artefacts, we would expect to
observe an increase in A-lines relative to the B-line number in the
context of decongestion. This lack of reciprocity suggests that A-lines
are a less dynamic feature of LUS than B-lines and may not be as
closely associated with the absence of pulmonary congestion as
previously thought.

Body mass index and chest wall width were the strongest
predictors of A-line number in univariate analysis; one unit increase in
chest wall width was associated with a 36% decrease in A-lines. Since
A-lines are horizontal imaging artefacts, their presence depends on
the distance between the pleural line and the screens’ edge if the
imaging depth is standardized. In the sensitivity analysis with A-lines
as a score from one to eight based on a binary finding of A-lines in the
lung zone, a strong association between chest wall width and A-line
score was sustained. Moreover, in our cohort, A-lines did not pro-
vide any prognostic information regarding 90-day outcomes when

Figure 3 Box plot displaying dynamic changes in A-lines and B-
lines artefacts from baseline to discharge (n = 99). Baseline = LUS1,
Discharge = LUS2.
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..assessed before hospital discharge. Further research in larger cohorts
is warranted to determine whether A-lines provide diagnostic or
prognostic utility in patients with known or suspected HF.

Patients in the lowest A-line group (Tertile 1) had the highest BMI
and accordingly lower NT-proBNP levels but higher prevalence of
prior HF and were in higher NYHA classes. Several studies have dem-
onstrated an inverse association between NT-proBNP and BMI in
the general population, chronic HF, and AHF.24–26 While we cannot

exclude the possibility that obesity may impact the visibility of A-lines
on LUS, our analyses suggest that B-line rather than A-line number
may represent a graded measure of pulmonary congestion in HF
patients.

Although LUS is relatively easy to learn, the acquisition and inter-
pretation of LUS images depend on the sonographer’s knowledge
and skills.27 Consequently, there are ongoing efforts to automatize
LUS image interpretation through machine learning.11 The results of

....................................................................................................................................................................................................................

Table 2 Outcomes by A-line tertiles from discharge to 90 days (n 5 110)

Tertile 1: �4A-lines

(n 5 43)

Tertile 2: 5–7 A-lines

(n 5 35)

Tertile 3: �8 A-lines

(n 5 32)

P (trend)

Primary composite outcome 15 (14) 12 (11) 10 (9) —

All-cause mortality (%) 9 (24) 4 (11) 5 (14) —

HF hospitalization (%) 10 (27) 11 (30) 7 (19) —

Unadjusted HR (95% CI) (Reference) 1.06 (0.49–2.26) 0.93 (0.42–2.07) 0.88

Model 1: Adjusted HR (95% CI) (Reference) 1.15 (0.53–2.48) 0.70 (0.30–1.61) 0.43

Model 1: Adjusted for statistically significant variables; sex, baseline systolic blood pressure baseline log creatinine, and sum of B-lines in eight zones.
Harrell’s C-statistic: Unadjusted: 0.52, Model 1: 0.76.

....................................................................................................................................................................................................................

Table 3 Outcomes by B-line tertiles from discharge to 90 days (n 5 110)

Tertile 1: 0–5 B-lines

(n 5 40)

Tertile 2: 6–11 B-lines

(n 5 37)

Tertile 3:�12 B-lines

(n 5 33)

P (trend)

Primary composite outcome (%) 10 (9) 10 (9) 17(15) —

All-cause mortality (%) 3 (8) 2 (5) 13 (35) —

90 day HF hospitalization (%) 9 (24) 9 (24) 10 (27) —

Unadjusted HR (95% CI) (Reference) 1.16 (0.48–2.78) 2.64 (1.21–5.78) 0.014

Model 1: Adjusted HR (95% CI) (Reference) 1.98 (0.77–5.10) 2.25 (1.00–5.09) 0.051

Model 1: Adjusted for statistically significant variables: sex, baseline systolic blood pressure, and baseline log creatinine.
Harrell’s C-statistic: Unadjusted: 0.62, Model 1: 0.75.

Figure 4 (A) Cumulative incidence of 90-day events by A-line tertiles (n = 110). (B) Cumulative incidence of 90-day events by B-line tertiles
(n = 110).
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.
this current study should be considered when applying machine
learning to develop automated LUS algorithms to evaluate patients
with dyspnoea or HF with respect to A-lines and B-lines. Our data
would suggest that these algorithms focus on detecting and quantify-
ing B-lines irrespective of A-lines’ presence and account for the
patient’s chest wall width.

Limitations
This was a small, though well-characterized sample enrolled at a sin-
gle centre, which may affect generalizability. Future studies could ad-
dress this limitation by assessing the presence of A-lines and B-lines in
larger cohorts and compare the prevalence of these LUS findings
with healthy controls. Pre-discharge NT-proBNP results were only
available in a minority of patients. Given the limited sample size of
our study cohort and limited number of events in patients with avail-
able pre-discharge LUS exams, the relationship between A-lines and
post-discharge outcomes should be confirmed in larger cohorts.

Conclusions

A-lines and B-lines commonly co-exist among patients hospitalized
for AHF. The A-line number decreased with higher BMI and chest
wall thickness and was not related to the number of B-lines. These
findings suggest that A-lines and B-lines are not mutually exclusive
artefacts, and A-line presence does not rule out pulmonary conges-
tion. In contrast to B-lines, A-lines were not associated with adverse
outcomes.
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