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B-lines by lung ultrasound as a
predictor of re-intubation in
mechanically ventilated patients
with heart failure

Junho Hyun, Ah-ram Kim, Sang Eun Lee and Min-Seok Kim*

Division of Cardiology, Department of Internal Medicine, Asan Medical Center, University of Ulsan
College of Medicine, Seoul, Republic of Korea

Introduction: There have been few studies on predictors of weaning failure from
MV in patients with heart failure (HF). We sought to investigate the predictive
value of B-lines measured by lung ultrasound (LUS) on the risk of weaning
failure from mechanical ventilation (MV) and in-hospital outcomes.

Methods: This was a single-center, prospective observational study that
included HF patients who were on invasive MV. LUS was performed immediate
before ventilator weaning. A positive LUS exam was defined as the observation
of two or more regions that had three or more count of B-lines located
bilaterally on the thorax. The primary outcome was early MV weaning failure,
defined as re-intubation within 72 h.

Results: A total of 146 consecutive patients (mean age 70 years; 65.8% male)
were enrolled. The total count of B-lines was a median of 10 and correlated
with NT-pro-BNP level (r*=0.132, p<0.001). Early weaning failure was
significantly higher in the positive LUS group (9 out of 64, 14.1%) than the
negative LUS group (2 out of 82, 2.4%) (p=0.011). The rate of total re-
intubation during the hospital stay (p = 0.004), duration of intensive care unit
stay (p =0.004), and hospital stay (p = 0.010) were greater in the positive LUS
group. The negative predictive value (NPV) of positive LUS was 97.6% for the
primary outcome.

Conclusion: B-lines measured by LUS can predict the risk of weaning failure.
Considering the high NPV of positive LUS, it may help guide the decision of
weaning in patients on invasive MV due to acute decompensated HF.
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Introduction

A subset of patients with heart failure (HF) experience episodes of decompensation
during their clinical course (1). Approximately 5% of hospitalized patients and 23% of
those admitted to the intensive care unit (ICU) due to HF aggravation require invasive
mechanical ventilation (MV) because of respiratory failure (2). However, weaning from
MV among HF patients is challenging, and a significant proportion of them experience
weaning failure or re-intubation (3, 4). During the weaning process, preload and
afterload of both ventricles and the work of breathing are abruptly altered, which can

Abbreviations

FiO,, fraction of inspired oxygen; HF, heart failure; ICU, intensive care unit; IQR, interquartile range; LUS,
lung ultrasound; MV, mechanical ventilation; NP, natriuretic peptide; NT-pro-BNP, N-terminal pro-brain
natriuretic peptide; PCWP, pulmonary capillary wedge pressure.
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increase the risk of early re-intubation in HF patients with poor
myocardial reserve (5-7). In order to avoid the need for re-
intubation due to failed extubation, it is crucial to optimize the
preload by removing excess fluid. An accurate evaluation of any
remaining pulmonary congestion is essential for this purpose,
which is typically done through the use of chest radiography
and natriuretic peptides (NPs). However, over 10% of HF
patients on MV still experience re-intubation with these
conventional methods (3, 4).

B-lines, which can be easily measured using lung ultrasound
(LUS),

correlated with NPs and pulmonary capillary wedge pressure

can detect pulmonary interstitial edema and are
(PCWP), making them useful for diagnosing and predicting
outcomes among patients with HF (8-10). However, the clinical
value of B-lines in patients receiving invasive MV due to
decompensated HF is unclear. While previous studies reported
that LUS parameters can predict post-extubation outcomes, most
of them focused on non-cardiac populations (11). As B-lines can
be used to monitor the adequacy of decongestive therapy (12),
they may also provide clinical information about optimizing the
with HF.
Therefore, we aimed to evaluate the prognostic value of B-lines

preload during ventilatory support in patients

for in-hospital outcomes in HF patients receiving MV.

Materials and methods
Study design and participants

This was a prospective observational cohort study conducted at
a tertiary center (Asan Medical Center, Seoul, Korea) between
March 2020 and December 2022. This study was registered at
ClinicalTrial.gov (identifier NCT04322851) and conducted in
compliance with the Declaration of Helsinki. The study protocol
was approved by the Institutional Review Board of the center
(Asan Medical Center, AMC-2020-0164, approved February 06,
2020), and all of the participating patients provided written
informed consent. When patients were unconscious or delirious,
their legal representatives provided consent for their participation.

This study included consecutive patients who had received
invasive MV for acute decompensated HF despite refractory
respiratory failure with supplementary oxygen therapy and non-
invasive positive pressure ventilation and were subsequently
eligible for MV weaning with planned extubation. Acute
decompensated HF was defined as a sudden or gradual
worsening of the signs and symptoms of HF, leading to
unplanned hospitalization or requiring intravenous therapy to
relieve signs and/or symptoms. Patients were included if they
met the following MV weaning criteria: (1) fraction of inspired
oxygen (FiO,) less than 0.4; (2) stable hemodynamic status with
no need for or a low level of inotropes and/or vasopressors; and
(3) a stable ventilatory state with a spontaneous breathing trial
including a respiration rate less than 35, heart rate lower than
140 beats per minute, and an increase of the heart rate by less
than 20% of baseline, oxygen saturation higher than 90%, and no
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signs of respiratory distress (13). Patients were scheduled for

extubation upon meeting the specified weaning criteria
mentioned above, provided they were cooperative, responsive,
and exhibited an adequate coughing reflex. Patients with a
tracheostomy state, who received MV not attributable to HF, or
who received MV during elective cardiac surgery without
evidence of HF were excluded. Most of the spontaneous
breathing trials were conducted for approximately one hour
using a T-piece. Subsequently, all participants underwent
extubation. Baseline demographics, clinical data during the
hospitalization, and laboratory findings, including N-terminal
pro-brain natriuretic peptide (NT-pro-BNP) on the day of MV
analysis was

weaning, were collected. Arterial blood gas

performed before and after weaning from MV.

Lung ultrasound

LUS was performed using the Philips CX50 ultrasound system
(Philips Medical Systems, Bothell, WA, USA) with a 3.5 MHz
convex probe at a depth of 15-18 cm adjusted to the patient’s
chest wall thickness. The LUS was performed by an investigator
(J.H.) who was trained in a standard protocol recommended by
the international guideline (14). All patients were examined with
LUS immediately before extubation in a semi-recumbent position
and without the support of any positive pressure on a T-piece.
B-lines were measured by scanning eight regions of the thorax in
a longitudinal plane between two ribs with a distance of adjacent
two B-lines <7 mm (14, 15). B-lines were defined as linear,
vertical hyperechoic artifacts that start from the pleura moving
synchronously with respiration. Each hemithorax was divided
into upper and lower regions, which were further divided into
medial and lateral regions by the anterior axillary line. The
scanned images were independently adjudicated by two
investigators (J.H. and A.K.) who were blinded to the clinical
information. A positive region was defined as the presence of
three or more B-line count in each area scanned. A positive LUS
examination was defined as having two or more positive regions

in both hemithoraces.

Outcomes

The patients were divided into two groups based on positive for
B-lines or not. The primary outcome of the study was the rate of
re-intubation within 72 h. Secondary outcomes included the rates
of total re-intubation during entire hospital stay, in-hospital
death, and the durations of ICU and hospital stays. Re-intubation
was performed in those who showed signs of respiratory failure
despite adjunctive supplemental oxygen therapy after the
extubation process. All clinical and outcome data were collected
during the index admission. Outcomes were analyzed according
to the total count of B-lines to determine the relationship
between B-lines and re-intubation and their correlations with the
NT-pro-BNP level.
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Statistical analyses

The rates of re-intubation and in-hospital death were
compared using Pearson’s Chi-square test or Fisher’s exact test,
as appropriate. The odds ratio of outcomes were analyzed with
logistic regression adjusted with variables including age,
hypertension, diabetes, chronic kidney disease, body weight
change between intubation and extubation, and left ventricular
ejection fraction (LVEF). Inter-observer agreements on positive
exams and the total count of B-lines were analyzed by Cohen’s
kappa measure of concordance and the intraclass correlation
coefficient for agreement, respectively. The correlation between
the total count of B-lines and NT-pro-BNP with the log-
transformed value, considering its skewed distribution, was
estimated with the coefficient of determination (1) using linear
regression. Receiver-operating characteristics (ROC) analysis was
used to determine the performance of the B-line result, and the
areas under the ROC curve (AUC) are presented with 95%
confidence intervals (CI). Sensitivity, specificity, and positive and
negative predictive values (PPV and NPV) of the positive LUS
were also analyzed. All statistical analyses were performed using
IBM SPSS Statistics for Windows, version 22.0 (IBM Corp.,
Armonk, NY, USA). All comparisons were two-sided, and

P-values <0.05 were considered statistically significant.

Results
Baseline characteristics

A total of 146 consecutive patients who received invasive MV
due to congestive HF were enrolled. Sixty-four patients (43.8%)
had a positive LUS result (positive LUS group), and the
remaining 82 (56.2%) had a negative LUS exam (negative LUS
group). In terms of baseline characteristics, the positive LUS
group had an older age, lower body weight at the initiation of
MYV, lower hemoglobin level, and higher NT-pro-BNP level
The
proportion of patients with an ischemic etiology of HF was

compared with the negative LUS group (Table 1).

49.3% (n=72) in the entire cohort, which was not significantly
(p=0.851). The study
population received invasive MV for a median of 6 days

different between the two groups
[interquartile range (IQR), 3-12], and the positive LUS group
had a longer median duration (8 days) than the negative LUS
group (5 days) (p =0.027). Echocardiography was performed at a
median of 4 days (IQR, 2-8) before MV weaning, and the
measures were similar between the two groups.

Outcomes

The median total count of B-lines detected by LUS was 10
(IQR, 6-16) (Supplementary Figure S1), and the inter-observer
agreement was acceptable
(CD

[Cohen’s kappa coefficient 0.84,

confidential interval 0.74-0.93; intraclass correlation
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coefficient 0.91, 95% CI 0.83-0.95]. A total B-line count and the
proportion of positive regions (>3 B-lines in the region) were
highest in the lower lateral region of the thorax (Supplementary
Table S1). The details of the B-lines in each group are provided
in Supplementary Table S2. The rate of early re-intubation was
significantly higher in the positive LUS group (14.1%) compared
with the negative LUS group (2.4%) (p=0.011, Table 2). The
rate of re-intubation during the whole period of the index
hospitalization was also significantly higher in the positive LUS
group (26.6% vs. 8.5%, p=0.004). The durations of hospital stay,
total ICU stay, and ICU stay after MV weaning were all longer
in the positive LUS group. In-hospital mortality was not
significantly different between the two groups.

Association of the count of B-lines with
outcomes and NT-pro-BNP level

When divided into three groups according to the tertile of
B-line count, the total count of measured B-lines showed a
proportional increase in the rate of the primary outcome, albeit
(p=0.055)
Table S3). The rate of total re-intubation was significantly

without statistical ~ significance (Supplementary
different according to the groups divided by the B-line count
tertile (p <0.001). Patients in the first tertile (total count of B-
lines <7) had the lowest risk of re-intubation within 72 h (2.0%)
and during the hospital stay (4.0%), while those in the third
tertile (total count of B-lines >14) had the highest rate of re-
intubation within 72h (14.6%) and during the hospital stay
(33.3%) (Figure 1). The NT-pro-BNP level measured on the day
of weaning was weakly correlated with a total B-line count
(r*=0.132, p<0.001) in the whole study population and in
patients not dependent on dialysis [1n=131 (89.7%); r*=0.170,

P <0.001] (Supplementary Figure S2).

Prediction of re-intubation
with  multivariable
demonstrated that a positive LUS result was associated with re-
intubation within 72 h [odds ratio (OR), 6.00; 95% CI, 1.15-
31.42; p=0.034] and during the entire hospital stay (OR, 5.54;
95% CI, 1.60-19.18; p=0.007). ROC analysis showed that the
AUC value of the B-line result was 0.71 (95% CI, 0.56-0.85; p =
0.024) and that of the NT-pro-BNP value was 0.50 (95% CI,
0.31-0.70; p=0.991) (Figure 2). The predictive ability for early
re-intubation was better for a positive LUS result than for a total

Regression  analysis adjustment

B-line count taken as a continuous variable (Table 3). The NPV
of a positive LUS result was 97.6% for early re-intubation and
91.5% for re-intubation during the entire hospital stay (Table 4).

Discussion

This study is the first to investigate the predictive value of
B-lines detected by LUS in patients receiving invasive MV due to
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TABLE 1 Baseline characteristics of the study population.

10.3389/fcvm.2024.1351431

Po e egative p-value
64 3
Demographic data
Age, years 72.8 £10.0 67.8 £13.0 0.012
Male sex 40 (62.5) 56 (68.3) 0.464
Height, cm 163.0+£0.1 163.6+0.1 0.714
Body weight, kga 62.8+13.2 67.6+13.2 0.037
Hypertension 39 (60.9) 54 (65.9) 0.540
Diabetes 27 (42.2) 34 (41.5) 0.930
Chronic kidney disease 25 (39.1) 29 (35.4) 0.646
Renal replacement therapy 5(7.8) 10 (12.2) 0.387
Chronic lung disease 9 (14.1) 9 (11.0) 0.573
Peripheral arterial disease 5(7.8) 13 (15.9) 0.143
Stroke 8 (12.5) 7 (8.5) 0.434
Prior cardiac surgery 24 (37.5) 23 (28.0) 0.225
Coronary artery disease 25 (39.1) 44 (53.7) 0.080
PCI 13 (20.3) 31 (37.8) 0.022
CABG 7 (11.3) 13 (15.9) 0.433
Causes of HF
Ischemic 31 (48.4) 41 (50.0) 0.851
ICMP 11 (17.2) 15 (18.3) 0.862
MI 20 (31.3) 26 (31.7) 0.953
Valvular 17 (26.6) 15 (18.3) 0.231
Dilated cardiomyopathy 4 (6.3) 5(6.1) 1.000
Hypertrophic cardiomyopathy 3 (4.7) 2 (2.4) 0.654
Arrhythmia 3 (4.7) 7 (8.5) 0.513
Others 6 (9.4) 12 (14.6) 0.338
Echocardiographic measures
Interval, days” 6 (2-8) 4 (1-9) 0.744
LVEF, % 40 (28-56) 45 (32-57) 0.368
LVEDD, mm 52 (46-58) 50 (44-56) 0.341
E/A 1.65+1.19 1.31+0.98 0.132
E/e 19.1+129 16.3+9.2 0.156
Septal €', cm/s 54+23 53+19 0.697
Peak TR velocity, m/s 2.5(2.3-3.1) 2.5 (2.2-2.9) 0.502
Characteristics at extubation
Duration on ventilator, days 8 (4-13) 5 (3-10) 0.027
Pa0,/FiO, ratio after extubation, mmHg 265 (210-349) 265 (227-327) 0.814
Body weight, kg 59.4+12.6 64.0+12.2 0.028
Change in body weight* —2.8 (—1.0 to —5.4) —3.1 (-1.2 to =5.1) 0.451
Laboratory data
Hemoglobin, mg/dl 9.0+ 1.4 9.7+18 0.008
eGFR, ml/min/1.73 m? 55.0 £29.8 58.2+354 0.547
Sodium mmol/L 138.6+4.9 138.6+4.0 0.938
NT-pro-BNP, ng/L! 12,539 (4,795-25,109) 4,916 (2,241-10,549) 0.001
Troponin I, pg/ml* 683.5 (90.3-3,799.0) 3,730 (113.8-2,235.0) 0.542
Rhythm 0176
Sinus rhythm 35 (54.7) 57 (69.5)
AF or AFL 22 (34.4) 18 (22.0)
Pacing 6 (9.4) 4 (4.9)
Others 1 (1.6) 3(.7)

Values are presented as patient number (percentage) or median (IQR) or mean + standard deviation.

AF, atrial fibrillation; AFL, atrial flutter; CABG, coronary artery bypass graft; ', early diastolic mitral annular velocity; E/A, early to atrial filling velocity; E/e’, ratio of the early
transmitral flow velocity to early diastolic mitral annular velocity; eGFR, estimated glomerular filtration rate; FiO,, fraction of inspired oxygen; HF, heart failure; ICMP,
ischemic cardiomyopathy; LUS, lung ultrasound; LVEDD, left ventricular end-diastolic dimension; LVEF, left ventricular ejection fraction; MI, myocardial infarction; NT-
pro-BNP, N-terminal pro-B-type natriuretic peptide; PaO,, partial pressure of oxygen in arterial blood; PCI, percutaneous coronary intervention; TR, tricuspid regurgitation.

“Body weight on the day of initiation of mechanical ventilation.

®|nterval between echocardiography and extubation.

“Change in body weight was calculated as body weight at extubation—body weight at intubation.
9Levels of NT-pro-BNP and troponin | were available in 112 and 132 patients, respectively.
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TABLE 2 Study endpoints according to the B-line result.

Endpoint Positive Negative
LUS LUS

N =64 N=282
Re-intubation
Within 72 h (primary endpoint) 9 (14.1) 2(24) 0.011
During the hospital stay 17 (26.6) 7 (8.5) 0.004
In-hospital mortality 4 (6.3) 3(3.7) 0.699
Duration of stay, days
Entire hospital stay 34 (19-56) 24 (12-41) 0.010
ICU 12 (7-21) 9 (5-14) 0.004
ICU stay after extubation 3 (2-6) 2 (1-3) 0.001

Values are presented as patient number (percentage) or median (IQR).
ICU, intensive care unit; LUS, lung ultrasound.

acute decompensated HF. Our findings suggest that a positive LUS
result is associated with a higher risk of re-intubation during both
the early period after extubation and the entire period of hospital
stay, as well as longer ICU and hospital stays. Moreover, the risk
of re-intubation increased with an increase in a total B-line
count. A B-line count was correlated with the NT-pro-BNP level;
however, a positive LUS result, but not the total count of B-lines
or NT-pro-BNP, was independently associated with re-intubation
risk after weaning. Given the high NPV of a positive LUS result,
it may serve as a useful parameter to exclude the possibility of
re-intubation before deciding on extubation for HF patients on
invasive MV.

A subset of patients with HF may develop respiratory failure
that requires invasive MV due to either decompensation of
pre-existing HF or newly diagnosed HF. HF itself is a risk factor
for weaning failure (16), and positive fluid balance, high levels of
NPs, and echocardiographic parameters of diastolic function

10.3389/fcvm.2024.1351431
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FIGURE 2
Receiver-operating characteristic curves for prediction of early re-
intubation. AUC, area under the receiver operating characteristic
curve; NT-pro-BNP, N-terminal pro-B-type natriuretic peptide.

have been shown to predict weaning failure in patients with HF
(17-19). Moreover, even though many of these patients can be
successfully weaned off with appropriate therapy, a significant
proportion may experience re-intubation (3, 4), which is strongly
associated with adverse in-hospital outcomes (20). Adequate
decongestion is important to avoid re-intubation in the HF
population, as pulmonary edema reduces lung compliance and
can act as a major driver of respiratory failure (21, 22). In

A p=0.055
50%- ...................

[
(%]
"E 8 A0% =] ... DN, .. V——— . ..
Q @©
= QO
S
q6 .$ 306-

(]
S > Houd . 7/48
£ = 0 14.6%*
S w 3/48
e g 10% 1/50 ............
a2 2.0%

0-7 8-13 >13

FIGURE 1

tertile (B-line count <7).

Rates of re-intubation according to the tertiles of total B-line count. (A) Re-intubation within 72 h (NP level cannot reliably predict). (B) Re-intubation
during the entire hospital stay. *p < 0.05 for the comparison with the first tertile (B-line count <7). Jp<0.001 for the comparison with the first

0-7 8-13 >13

- p<0.001

8 1

2 50%_ ...........................
c ©
2 =
5 § 40% - 16/48 .
£ e 33.3%t
QU O
s 30% i D
© + °
Q oo
%S £
- S 20% = 6/48 ...
S 2 12.5%*
c 8
Q_ 4‘-6 10%- coo... RS .. ... I . . .. .
O o
=]
o -

£

@

S

Frontiers in Cardiovascular Medicine

frontiersin.org


https://doi.org/10.3389/fcvm.2024.1351431
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Hyun et al. 10.3389/fcvm.2024.1351431

TABLE 3 Predictive value of B-line result for re-intubation using regression analyses.

Univariable Multivariable

OR (95% ClI) OR (95% CI) p-value
Re-intubation within 72 h
Positive B-line 6.55 (1.36-31.47) 0.019 6.00 (1.15-31.42) 0.034
Total number of B-line 1.03 (0.97-1.09) 0.343 1.07 (0.96-1.20) 0.243
Age 1.05 (0.98-1.12) 0.149
Hypertension 0.66 (0.19-2.28) 0.514
Diabetes 0.78 (0.22-2.80) 0.705
Chronic kidney disease 0.62 (0.16-2.44) 0.491
Body weight change® 1.06 (0.89-1.26) 0.503
LVEF 1.01 (0.97-1.05) 0.663
NT-pro-BNP® 1.01 (0.59-1.71) 0.981
Total re-intubation during the hospital stay
Positive B-line 3.88 (1.50-10.05) 0.005 5.54 (1.60-19.18) 0.007
Total number of B-line 1.06 (1.02-1.11) 0.004 1.11 (1.02-1.21) 0.018
Age 1.02 (0.98-1.06) 0.310
Hypertension 0.94 (0.38-2.33) 0.894
Diabetes 0.99 (0.41-2.42) 0.990
Chronic kidney disease 1.27 (0.52-3.09) 0.604
Body weight change® 1.02 (0.91-1.14) 0.777
LVEF 1.01 (0.99-1.04) 0.354
NT-pro-BNP® 1.26 (0.82-1.94) 0.295

Variables of positive B-line and the total number of B-line were analyzed independently by adjusting the following variables: age, hypertension, diabetes, chronic kidney
disease, body weight change, LVEF, and NT-pro-BNP.

Cl, confidential interval; LVEF, left ventricular ejection fraction; NT-pro-BNP, N-terminal pro-B-type natriuretic peptide; OR, odds ratio.

#Body weight change was calculated as the change between the value at the time of intubation and extubation.

PNT-pro-BNP level was analyzed with log-transformed value.

TABLE 4 Sensitivity, specificity, positive and negative predictive values of after extubation, while loss of lung aeration may predict post-

a positive LUS result.

Endpoint Sensitivity | Specificity | PPV | NPV

extubation distress (11, 31). However, these studies primarily
included patients with non-cardiac causes for the initiation of

Re-intubation within 72 h 31.8% 59.3% 14.1% | 97.6% MV. In the present study, we demonstrated that the B-lines
Total re-intubation during the 70.8% 61.5% 26.6% | 91.5% detected by LUS were an independent predictor of re-intubation

hospital stay after MV weaning in HF patients. Although the number of early

LUS, lung ultrasound; NPV, negative predictive value; PPV, positive predictive value.  re-intubations in this study was small (a total of 11), a higher
count of total B-lines indicated an increased risk of re-intubation,

supporting the predictive benefit of B-lines by LUS in the current

contrast, insufficient decongestion, reflected by less body weight
reduction, has been associated with a higher risk of re-intubation
(4). However, it is important to note that conventional
parameters such as body weight change, echocardiography, and
NPs are indirect indicators of pulmonary decongestion.

LUS is a quick and straightforward method that can be
completed within a few minutes. A B-line, as measured by LUS,
is a hyperechoic artifact that extends vertically from the pleural
line and represents a sonographic sign of pulmonary edema with
high sensitivity and specificity (23, 24). It has been well
correlated with PCWP and interstitial edema on computed
tomography (25, 26), and its use has been reported in the
diagnosis of suspected HF, the assessment of adequacy in
decongestive therapy, and the prediction of outcomes of chronic
HF (12, 27-30). Although the clinical value of B-lines has been
previously reported for HF patients in pre-hospital or ambulatory
settings, its usefulness in patients with decompensated HF
dependent on MV has not been studied extensively. Previous
studies reported conflicting results for LUS to predict outcomes

Frontiers in Cardiovascular Medicine

study. Furthermore, the high negative predictive value of B-lines
suggests that HF patients with negative LUS results who are
scheduled for extubation can be safely weaned off without a
significant risk of re-intubation. However, given the relatively low
positive predictive value of B-lines for re-intubation risk, they
cannot reliably predict the actual risk of re-intubation. Therefore,
the current study results do not provide information for
identifying patients at a higher risk of re-intubation.

NPs increase in response to volume overload and are
recognized as predictors of outcomes in HF patients.
Furthermore, elevated levels of NPs are predictive of weaning
failure in patients on MV (32). However, the correlation between
NPs and PCWP has been reported to be weak in patients
admitted to the ICU (33, 34). Forfia et al. (33) reported NP level
cannot reliably predict left ventricular filling pressure in the
setting of critical care, especially under circumstance of impaired
renal function. In addition, NPs can be elevated in various
conditions, including worsening renal function, which is frequently

present during episodes of decompensated HF (33, 35). In our
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study, a significant yet weak correlation was observed between
B-line status and NT-pro-BNP, consistent with previous studies.
However, traditional diagnostic tools, such as chest radiography
and NPs often have limited value in ICU settings. Notably,
sonographic findings indicative of interstitial edema correlate
with PCWP, even under mechanical ventilation (26, 36). This is
particularly relevant considering our study’s finding that a
positive LUS exam can predict early re-intubation. Therefore,
B-line measurements may provide valuable information to guide
safe weaning decisions.

Our study had several limitations. First, weaning failure and
subsequent re-intubation is a complex outcome that is influenced
by various factors, including cardiac condition, interstitial edema,
and neuromuscular, metabolic, psychological, and nutritional
factors (13). Therefore, the B-line result alone cannot be the sole
determinant in deciding whether to extubate. Nevertheless,
adequate decongestion is essential for HF patients before being
weaned off MV, and this can be easily detected through LUS.
Second, there are numerous methods used to obtain LUS images
from various regions. We chose to scan eight regions, including
the lateral side of the thorax. The sonographic distribution of
B-lines in cardiogenic pulmonary edema is frequently not even,
possibly being accentuated in the basal part of the lung, which
can be detected by examining the lateral side of the thorax in a
supine position (37). Third, the correlation between a total B-line
count and the NT-pro-BNP level was weak, and its significance
was higher in the study population not dependent on dialysis
than in dialysis-dependent patients. However, NT-pro-BNP levels
can be falsely elevated in dialysis-dependent patients, which
limits its use in making weaning decisions in these populations
(35). Fourth, although multiple B-lines suggest pulmonary
interstitial edema, they can also be present in numerous
conditions, including acute lung injury, pulmonary fibrosis, and
even in normal lung in small numbers. Therefore, sole guidance
by LUS for MV weaning cannot be warranted. Fifth, the study
population was limited to individuals with HF. Consequently,
our study findings cannot be extrapolated to encompass all ICU
patients with MV. Last, despite its high NPV, the low positive
predictive value may limit the clinical utility for identifying
patients at high risk of re-intubation who require further
decongestive therapy. Furthermore, the low rate of the primary
outcome may affect its high NPV, which should be replicated in
other studies.

Conclusions

This study demonstrated that B-lines, measured by LUS before
extubation in patients receiving invasive MV due to acute
decompensated HF, can predict the risk of re-intubation. Also, a
negative LUS result was found to be highly predictive of safe
weaning from MV without significant risk of re-intubation.
Therefore, B-line measurement may assist in guiding decisions
on MV weaning in this population.

Frontiers in Cardiovascular Medicine

10.3389/fcvm.2024.1351431

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by institutional
review board of the Asan medical center. The studies were
accordance with the local
Written

participation in this study was provided by the participants’ legal

conducted in legislation and

institutional requirements. informed consent for

guardians/next of kin.

Author contributions

JH: Conceptualization, Data curation, Formal Analysis,
Investigation, Methodology, Visualization, Writing - original
draft, Writing - review & editing. A-rK: Supervision, Writing -
review & editing. SL: Writing - review & editing. M-SK:
Conceptualization, Formal Analysis, Investigation, Methodology,
Supervision, Writing — original draft, Writing — review & editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fcvm.2024.
1351431/full#supplementary-material

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fcvm.2024.1351431/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcvm.2024.1351431/full#supplementary-material
https://doi.org/10.3389/fcvm.2024.1351431
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Hyun et al.

References

1. Allen LA, Stevenson LW, Grady KL, Goldstein NE, Matlock DD, Arnold RM,
et al. Decision making in advanced heart failure: a scientific statement from the
American heart association. Circulation. (2012) 125(15):1928-52. doi: 10.1161/CIR.
0b013e31824f2173

2. Adams KF Jr., Fonarow GC, Emerman CL, LeJemtel TH, Costanzo MR, Abraham
WT, et al. Characteristics and outcomes of patients hospitalized for heart failure in the
United States: rationale, design, and preliminary observations from the first 100,000
cases in the acute decompensated heart failure national registry (ADHERE). Am
Heart ]. (2005) 149(2):209-16. doi: 10.1016/j.ahj.2004.08.005

3. Thille AW, Richard JC, Brochard L. The decision to extubate in the intensive care
unit. Am ] Respir Crit Care Med. (2013) 187(12):1294-302. doi: 10.1164/rccm.201208-
1523CI

4. Om SY, Hyun J, Nam KH, Lee SH, Song SM, Hong JA, et al. Early decongestive
therapy versus high-flow nasal cannula for the prevention of adverse clinical events in
patients with acute cardiogenic pulmonary edema. J Thorac Dis. (2019) 11(9):3991-9.
doi: 10.21037/jtd.2019.08.114

5. Routsi C, Stanopoulos I, Kokkoris S, Sideris A, Zakynthinos S. Weaning failure of
cardiovascular origin: how to suspect, detect and treat-a review of the literature. Ann
Intensive Care. (2019) 9(1):6. doi: 10.1186/s13613-019-0481-3

6. Dres M, Teboul JL, Monnet X. Weaning the cardiac patient from mechanical
ventilation. Curr Opin Crit Care. (2014) 20(5):493-8. doi: 10.1097/MCC.
0000000000000131

7. Ferré A, Guillot M, Lichtenstein D, Meziére G, Richard C, Teboul JL, et al. Lung
ultrasound allows the diagnosis of weaning-induced pulmonary oedema. Intensive
Care Med. (2019) 45(5):601-8. doi: 10.1007/s00134-019-05573-6

8. Rastogi T, Bozec E, Pellicori P, Bayes-Genis A, Coiro S, Domingo M, et al.
Prognostic value and therapeutic utility of lung ultrasound in acute and chronic
heart failure: a meta-analysis. JACC Cardiovasc Imaging. (2022) 15(5):950-2.
doi: 10.1016/j,jcmg.2021.11.024

9. Chouihed T, Coiro S, Zannad F, Girerd N. Lung ultrasound: a diagnostic and
prognostic tool at every step in the pathway of care for acute heart failure. Am
] Emerg Med. (2016) 34(3):656-7. doi: 10.1016/j.ajem.2015.12.030

10. Hyun J, Cho JY, Youn JC, Kim D, Cho DH, Park SM, et al. Korean society of
heart failure guidelines for the management of heart failure: advanced and acute
heart failure. Int ] Heart Fail. (2023) 5(3):111-26. doi: 10.36628/ijhf.2023.0019

11. Soummer A, Perbet S, Brisson H, Arbelot C, Constantin JM, Lu Q, et al.
Ultrasound assessment of lung aeration loss during a successful weaning trial
predicts postextubation distress*. Crit Care Med. (2012) 40(7):2064-72. doi: 10.
1097/CCM.0b013e31824e68ae

12. Volpicelli G, Caramello V, Cardinale L, Mussa A, Bar F, Frascisco MF. Bedside
ultrasound of the lung for the monitoring of acute decompensated heart failure. Am
] Emerg Med. (2008) 26(5):585-91. doi: 10.1016/j.ajem.2007.09.014

13. Boles JM, Bion J, Connors A, Herridge M, Marsh B, Melot C, et al. Weaning
from mechanical ventilation. Eur Respir J. (2007) 29(5):1033-56. doi: 10.1183/
09031936.00010206

14. Volpicelli G, Elbarbary M, Blaivas M, Lichtenstein DA, Mathis G, Kirkpatrick
AW, et al. International evidence-based recommendations for point-of-care lung
ultrasound. Intensive Care Med. (2012) 38(4):577-91. doi: 10.1007/s00134-012-
2513-4

15. Ang SH, Andrus P. Lung ultrasound in the management of acute
decompensated heart failure. Curr Cardiol Rev. (2012) 8(2):123-36. doi: 10.2174/
157340312801784907

16. Cabello B, Thille AW, Roche-Campo F, Brochard L, Gémez FJ, Mancebo J.
Physiological comparison of three spontaneous breathing trials in difficult-to-wean
patients. Intensive Care Med. (2010) 36(7):1171-9. doi: 10.1007/s00134-010-1870-0

17. Frutos-Vivar F, Ferguson ND, Esteban A, Epstein SK, Arabi Y, Apezteguia C,
et al. Risk factors for extubation failure in patients following a successful
spontaneous breathing trial. Chest. (2006) 130(6):1664-71. doi: 10.1378/chest.130.6.
1664

18. Zapata L, Vera P, Roglan A, Gich I, Ordonez-Llanos ], Betbesé AJ. B-
type natriuretic peptides for prediction and diagnosis of weaning failure
from cardiac origin. Intensive Care Med. (2011) 37(3):477-85. doi: 10.1007/s00134-

010-2101-4

19. Papanikolaou J, Makris D, Saranteas T, Karakitsos D, Zintzaras E, Karabinis A,
et al. New insights into weaning from mechanical ventilation: left ventricular diastolic

Frontiers in Cardiovascular Medicine

08

10.3389/fcvm.2024.1351431

dysfunction is a key player. Intensive Care Med. (2011) 37(12):1976-85. doi: 10.1007/
s00134-011-2368-0

20. Thille AW, Cortés-Puch I, Esteban A. Weaning from the ventilator and
extubation in ICU. Curr Opin Crit Care. (2013) 19(1):57-64. doi: 10.1097/MCC.
0b013e32835c5095

21. Brown CC Jr., Fry DL, Ebert RV. The mechanics of pulmonary ventilation in
patients with heart diseases. Am J Med. (1954) 17(4):438-46. doi: 10.1016/0002-
9343(54)90119-9

22. Pryor WW, Hickam JB, Sieker HO, Page EB. Effect of circulatory changes on the
pulmonary compliance of normal subjects and patients with mitral stenosis.
Circulation. (1957) 15(5):721-5. doi: 10.1161/01.CIR.15.5.721

23. Lichtenstein DA, Meziére GA. Relevance of lung ultrasound in the diagnosis of
acute respiratory failure: the BLUE protocol. Chest. (2008) 134(1):117-25. doi: 10.
1378/chest.07-2800

24. Lichtenstein D, Meziére G. A lung ultrasound sign allowing bedside distinction
between pulmonary edema and COPD: the comet-tail artifact. Intensive Care Med.
(1998) 24(12):1331-4. doi: 10.1007/s001340050771

25. Baldi G, Gargani L, Abramo A, D’Errico L, Caramella D, Picano E, et al. Lung
water assessment by lung ultrasonography in intensive care: a pilot study. Intensive
Care Med. (2013) 39(1):74-84. doi: 10.1007/s00134-012-2694-x

26. Agricola E, Bove T, Oppizzi M, Marino G, Zangrillo A, Margonato A, et al.
“Ultrasound comet-tail images™ a marker of pulmonary edema: a comparative
study with wedge pressure and extravascular lung water. Chest. (2005) 127
(5):1690-5. doi: 10.1378/chest.127.5.1690

27. Platz E, Lewis EF, Uno H, Peck ], Pivetta E, Merz AA, et al. Detection and
prognostic value of pulmonary congestion by lung ultrasound in ambulatory heart
failure patients. Eur Heart J. (2016) 37(15):1244-51. doi: 10.1093/eurheartj/ehv745

28. Miglioranza MH, Gargani L, Sant'Anna RT, Rover MM, Martins VM,
Mantovani A, et al. Lung ultrasound for the evaluation of pulmonary congestion in
outpatients: a comparison with clinical assessment, natriuretic peptides, and
echocardiography. JACC Cardiovasc Imaging. (2013) 6(11):1141-51. doi: 10.1016/j.
jcmg.2013.08.004

29. Platz E, Campbell RT, Claggett B, Lewis EF, Groarke JD, Docherty KF, et al.
Lung ultrasound in acute heart failure: prevalence of pulmonary congestion and
short- and long-term outcomes. JACC Heart Fail. (2019) 7(10):849-58. doi: 10.
1016/j.jchf.2019.07.008

30. Prosen G, Klemen P, Strnad M, Grmec S. Combination of lung ultrasound (a
comet-tail sign) and N-terminal pro-brain 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(2):R114.
doi: 10.1186/cc10140

31. Antonio ACP, Knorst MM, Teixeira C. Lung ultrasound prior to spontaneous
breathing trial is not helpful in the decision to wean. Respir Care. (2018) 63
(7):873-8. doi: 10.4187/respcare.05817

32. Chien JY, Lin MS, Huang YC, Chien YF, Yu CJ, Yang PC. Changes in B-type
natriuretic peptide improve weaning outcome predicted by spontaneous breathing
trial. Crit Care Med. (2008) 36(5):1421-6. doi: 10.1097/CCM.0b013e31816f49ac

33. Forfia PR, Watkins SP, Rame JE, Stewart KJ, Shapiro EP. Relationship between
B-type natriuretic peptides and pulmonary capillary wedge pressure in the intensive
care unit. ] Am Coll Cardiol. (2005) 45(10):1667-71. doi: 10.1016/j.jacc.2005.01.046

34. Knebel F, Schimke I, Pliet K, Schattke S, Martin S, Borges AC, et al. NT-ProBNP
in acute heart failure: correlation with invasively measured hemodynamic parameters
during recompensation. J Card Fail. (2005) 11(5 Suppl):S38-41. doi: 10.1016/j.cardfail.
2005.04.012

35. Baggish AL, van Kimmenade RR, Januzzi JL Jr. The differential diagnosis of an
elevated amino-terminal pro-B-type natriuretic peptide level. Am J Cardiol. (2008) 101
(3a):43-8. doi: 10.1016/j.amjcard.2007.11.019

36. Corradi F, Brusasco C, Vezzani A, Santori G, Manca T, Ball L, et al. Computer-
aided quantitative ultrasonography for detection of pulmonary edema in mechanically
ventilated cardiac surgery patients. Chest. (2016) 150(3):640-51. doi: 10.1016/j.chest.
2016.04.013

37. Volpicelli G, Noble VE, Liteplo A, Cardinale L. Decreased sensitivity of lung
ultrasound limited to the anterior chest in emergency department diagnosis of
cardiogenic pulmonary edema: a retrospective analysis. Crit Ultrasound J. (2010) 2
(2):47-52. doi: 10.1007/s13089-010-0037-0

frontiersin.org


https://doi.org/10.1161/CIR.0b013e31824f2173
https://doi.org/10.1161/CIR.0b013e31824f2173
https://doi.org/10.1016/j.ahj.2004.08.005
https://doi.org/10.1164/rccm.201208-1523CI
https://doi.org/10.1164/rccm.201208-1523CI
https://doi.org/10.21037/jtd.2019.08.114
https://doi.org/10.1186/s13613-019-0481-3
https://doi.org/10.1097/MCC.0000000000000131
https://doi.org/10.1097/MCC.0000000000000131
https://doi.org/10.1007/s00134-019-05573-6
https://doi.org/10.1016/j.jcmg.2021.11.024
https://doi.org/10.1016/j.ajem.2015.12.030
https://doi.org/10.36628/ijhf.2023.0019
https://doi.org/10.1097/CCM.0b013e31824e68ae
https://doi.org/10.1097/CCM.0b013e31824e68ae
https://doi.org/10.1016/j.ajem.2007.09.014
https://doi.org/10.1183/09031936.00010206
https://doi.org/10.1183/09031936.00010206
https://doi.org/10.1007/s00134-012-2513-4
https://doi.org/10.1007/s00134-012-2513-4
https://doi.org/10.2174/157340312801784907
https://doi.org/10.2174/157340312801784907
https://doi.org/10.1007/s00134-010-1870-0
https://doi.org/10.1378/chest.130.6.1664
https://doi.org/10.1378/chest.130.6.1664
https://doi.org/10.1007/s00134-010-2101-4
https://doi.org/10.1007/s00134-010-2101-4
https://doi.org/10.1007/s00134-011-2368-0
https://doi.org/10.1007/s00134-011-2368-0
https://doi.org/10.1097/MCC.0b013e32835c5095
https://doi.org/10.1097/MCC.0b013e32835c5095
https://doi.org/10.1016/0002-9343(54)90119-9
https://doi.org/10.1016/0002-9343(54)90119-9
https://doi.org/10.1161/01.CIR.15.5.721
https://doi.org/10.1378/chest.07-2800
https://doi.org/10.1378/chest.07-2800
https://doi.org/10.1007/s001340050771
https://doi.org/10.1007/s00134-012-2694-x
https://doi.org/10.1378/chest.127.5.1690
https://doi.org/10.1093/eurheartj/ehv745
https://doi.org/10.1016/j.jcmg.2013.08.004
https://doi.org/10.1016/j.jcmg.2013.08.004
https://doi.org/10.1016/j.jchf.2019.07.008
https://doi.org/10.1016/j.jchf.2019.07.008
https://doi.org/10.1186/cc10140
https://doi.org/10.4187/respcare.05817
https://doi.org/10.1097/CCM.0b013e31816f49ac
https://doi.org/10.1016/j.jacc.2005.01.046
https://doi.org/10.1016/j.cardfail.2005.04.012
https://doi.org/10.1016/j.cardfail.2005.04.012
https://doi.org/10.1016/j.amjcard.2007.11.019
https://doi.org/10.1016/j.chest.2016.04.013
https://doi.org/10.1016/j.chest.2016.04.013
https://doi.org/10.1007/s13089-010-0037-0
https://doi.org/10.3389/fcvm.2024.1351431
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	B-lines by lung ultrasound as a predictor of re-intubation in mechanically ventilated patients with heart failure
	Introduction
	Materials and methods
	Study design and participants
	Lung ultrasound
	Outcomes
	Statistical analyses

	Results
	Baseline characteristics
	Outcomes
	Association of the count of B-lines with outcomes and NT-pro-BNP level
	Prediction of re-intubation

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


