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The diagnostic performance of B-type natriuretic peptide (BNP) for acute heart failure
(HF) is impaired in patients with atrial fibrillation (AF). Increased AF burden in HF is
associated with left atrial (LA) remodeling. Recent studies have revealed that LA remodel-
ing may affect LV filling. We hypothesized that LA remodeling affects BNP secretion in
acute HF conditions. The study investigated the clinical impact of LA remodeling on
admission BNP levels in acute HF patients with and without AF. Consecutive acute HF
hospitalized patients (n = 899) were divided into groups with (n = 382) or without AF
(n = 507) and subdivided into disproportionately low BNP (LB) (<200 pg/ml), medium
BNP (200 to 600 pg/ml) and high BNP (=600 pg/ml) subgroups. The AF group had a
higher proportion of patients with LB than the non-AF group (23.6% vs 16.6%,
p = 0.009). BNP levels in both groups were positively correlated with LV end-diastolic vol-
ume and negatively correlated with LV ejection fraction in both groups. In contrast, BNP
was positively correlated with LA volume index in the non-AF group, but negatively corre-
lated in the AF group. The survival rates were significantly higher in the LB group than in
the other groups in non-AF. Conversely, there were no significant differences across all
groups in AF patients. In conclusion, in patients with acute HF and AF, disproportionately
low BNP levels are associated with LA structural remodeling and poor prognosis. ©
2023 The Author(s). Published by Elsevier Inc. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/) (Am J Cardiol
2023;209:128—137)
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B-type natriuretic peptide (BNP) is mainly secreted by
myocytes in the left ventricle (LV) in response to volume
and pressure overload. BNP is the most studied biomarker
reflecting congestion and prognosis in patients with acute
heart failure (HF).! Moreover the levels of BNP are
believed to increase protectively under HF condition, given
the cardioprotective roles of NP in regulating cardiovascu-
lar homeostasis and intravascular volume.” However, the
BNP concentration known to be disproportionately low
(relative BNP deficiency) in some patients with constrictive
pericarditis and obesity despite acute HF conditions.”” In
patients with atrial fibrillation (AF), the diagnostic perfor-
mance of BNP for acute HF is impaired. BNP levels are
also independently influenced by both AF and HF condi-
tions, hence it is difficulat to determine which BNP level
can be used for the diagnosis of one condition in the pres-
ence of the other.” An increased AF burden in HF is
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associated with left atrial (LA) remodeling.7 Recent studies
revealed that LA remodeling may affect LV filling.” We
hypothesized that LA remodeling affects BNP secretion
under acute HF conditions. The study investigated the clini-
cal impact of LA remodeling upon admission BNP levels in
patients of acute HF with and without AF.

Methods

This study was a retrospective observational study of a
small-single center. All study procedures were performed by
the ethical standards of the Institutional and National
Research Committee and the Declaration of Helsinki and its
later amendments or comparable ethical standards. The
Ethics Review Board of Osaka Medical and Pharmaceutical
University approved this retrospective study and waived the
requirement for informed consent (approval number 2194).

Among the 1,016 patients who required immediate treat-
ment for acute HF or acute exacerbation of chronic HF at
Osaka Medical and Pharmaceutical University Hospital
between January 2015 and December 2020, a total of 889
consecutive patients were included in the study. HF was
diagnosed by well-trained cardiologists based on the Fra-
mingham criteria or the universal definition of HF.” More-
over, an expert HF team confirmed the diagnosis. Patients
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1016 patients who admitted with acute or
acute exacerbation of chronic heart failure
from January 1, 2015 to December 31, 2020 (n=1016)

Exclusion (n=120)
+ complete AV block (n=36)
+ Unrepaired cyanotic congenital heart disease (n=1)
+ Acute coronary syndrome requiring revascularization

or mechanical support (n=22)
+ Acute myocarditis (n=8)
+ Chronic renal failure requiring dialysis (n=36)
* Incomplete data (n=45)

| 889 patients. |

non-AF group
(n=507)
non-AF IfB group non-AF MB group non»AI;HB group
BNP <200 pg/mL 200 < BNP =< 600 pg/mL 600 pg/mL < BNP
(n=84) (n=172) (n=251)

AF group
(n=382)
AF LB g;roup AF MB group AF HE group
BNP < 200 pg/mL 200 < BNP < 600 pg/mL 600 pg/mL < BNP
(n=90) (n=177) (n=115)

Figure 1. Study flow chart. A total of 889 patients were included in the study and categorized into the AF or non-AF groups according to their baseline heart
rhythm. We further subdivided the patients into the LB, MB, and HB groups with cut-off BNP levels of 200 and 600 pg/ml at admission in each group.

with complete atrioventricular block, unrepaired cyanotic
congenital heart disease, acute coronary syndrome requir-
ing emergent revascularization or mechanical circulatory
support, acute myocarditis, chronic renal failure requiring
dialysis, or incomplete data were excluded. We categorized
the patients according to their baseline heart rhythm on hos-
pital admission into the with AF (n = 382) or without AF
(non-AF, n = 507) groups. The groups were then subdivided
into the disproportionately low BNP (LB), medium BNP
(MB), and high BNP (HB) subgroups with BNP cut-off lev-
els of 200 and 600 pg/ml (Figure 1), or into the LA volume
index (LAVI) using cut-off LAVI values of 40, 80, 120,
and 160 ml/m? in each group respectively. We extracted
data from the patients’ medical records on the body mass
index (BMI), New York Heart Association functional clas-
sification status, vital signs, medication at admission, heart
disease etiology, and risk factors.

Blood samples were collected on admission. The BNP
levels were measured using a standard radioimmunoassay
(ARCHITECT BNP-JP assay; Abbott Japan Co., Ltd,
Tokyo, Japan). The estimated glomerular filtration rate
(eGFR) was calculated using serum creatinine levels, age,
and gender.'’

Echocardiography was performed using standard ultrasound
equipment (Vivid E9, GE Vingmed, Horten, Norway; EPIQ
7G, Philips Healthcare, Andover, Massachusetts; Artida,
Canon Medical Systems, Tokyo, Japan). All patients under-
went standard comprehensive 2-dimensional and Doppler
echocardiography evaluations. The LV end-diastolic volume
(LVEDV), LV end-systolic volume (LVESV), and LV ejection
fraction (LVEF) were measured using the modified Simpson’s
method. The LA volume was measured retrospectively at end-
systole using the biplane disk summation method.'' The LV
and LA volumes were indexed to the body surface area, to pro-
duce the LVEDV index (LVEDVI), LVESV index (LVESVI),
and LAVI. We defined HF with preserved EV as an EV
>50%. All clinical events were retrospectively obtained from
the medical records. We assessed the outcomes, including all-
cause death or rehospitalization for HF.

Statistical analysis

Categorical variables are presented as numbers (%) and
were compared using the chi-square test or Fisher’s exact
test depending on the cell size category. The Shapiro—Wilk
test was used to assess the normality of continuous varia-
bles. All continuous variables were expressed as means +
SD or median with interquartile ranges (IQRs). Normally
distributed variables were compared between the groups
using the Student’s ¢ tests, and non-normally distributed
variables were compared using the Wilcoxon rank-sum
tests. To compare multiple groups, Tukey’s honestly signif-
icant difference test was used for normally distributed vari-
ables, and the Steel—Dwass test was used for non-normally
distributed variables. Cumulative clinical end points were
assessed using Kaplan—Meier curves with post hoc com-
parisons using the log-rank tests. The factors associated
with disproportionately low BNP levels were investigated
using univariate and multivariate logistic regression analy-
ses. Data were analyzed using JMP Pro version 15.1.0
(SAS Institute Inc., Cary, North Carolina).

Results

AF in patients with acute HF

A total of 889 patients were included in this study: 382
(43.0%) with and 507 (57.0%) without AF. BNP was signif-
icantly higher in patients without AF (597.5 pg/ml, IQR
285.6 to 1,152.1 pg/ml) than in those with AF (436.9 pg/ml,
IQR 209.9 to 695.8 pg/ml, p <0.001; Figure 2). HF patients
with LB were more frequently observed in patients with AF
(n =90, 23.6%) than in those without AF (n = 84, 16.6%,
p = 0.009; Figure 2). The prevalence of AF gradually
increased as the degree of LA remodeling advanced
(Figure 2).

As demonstrated in Table 1, the demographics and clini-
cal characteristics of these patients according to the LB,
MB, or HB group stratified by the presence or absence of
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Figure 2. (A) Box plot BNP levels at admission in acute HF patients with and without AF. Legend: box, interquartile range; line, mean value; whiskers, upper
and lower adjacent values; red plot, BNP <200 pg/ml; yellow plot, BNP 200 to 600 pg/ml; blue plot, BNP >600 pg/ml. (B) BNP category according to the
cut-off value determined by BNP levels at admission in acute HF patients with and without AF. Red box, BNP <200 pg/ml; yellow box, BNP 200 to 600 pg/
ml; blue box, BNP >600 pg/ml. (C) Prevalence of AF and non-AF according to the LAVI category in acute HF patients. (D) The difference in BNP levels

based on LAVI upon admission of acute HF patients between AF and non-AF.

AF were compared. Patients with LB displayed higher BMI
among patients with and without AF. The albumin levels
and eGFR were also significantly higher in patients with
LB in both groups.

LV or LA volume and BNP

Acute HF patients with non-AF displayed greater LAVI
with increasing BNP category. However, an opposite trend
was observed with increasing BNP levels in the AF groups.
AF patients with LB displayed the largest LAVI among all
patient groups (Table 2). A higher LAVI shifted to the
descending limb of BNP levels in patients with non-AF,
whereas higher LAVI led to decreased BNP levels in
patients with AF, whereas the BNP levels showed an
inverted U-shape in patients without AF (Figure 2).

BNP levels showed weak positive correlations with
LVEDVI, LVESVI, and LV mass index in patients with
and without AF (AF: r = 0.27, p <0.001, r = 0.35, p
<0.001, and r = 0.12, p = 0.016, respectively; non-AF:
r = 0.29, p <0.001, r = 0.32, p <0.001, and r = 0.26, p
<0.001, respectively; Figure 3) and a weak negative corre-
lation with LVEF (AF: r = —0.37, p <0.001; non-AF:
r = —0.34, p <0.001; Figure 3). In contrast, BNP levels
showed weak positive correlation with LAVI in patients
without AF but weak negative correlation with LAVI in
patients with AF (r = 0.14, p = 0.002 vs r = —0.24, p
<0.001; Figure 3).

Disproportionately low BNP in patients with acute HF

The results of the univariate and multivariate logistic
regression analyses for detecting LB are presented in
Table 3. In patients without AF, multivariate logistic regres-
sion analysis revealed that higher BMI, higher eGFR, and
lower LAVI were significantly correlated with LB. In
patients with AF, multivariate logistic regression analysis
revealed that higher BMI, higher eGFR, lower LVESVI,
and higher LAVI were significantly correlated with LB.
LAVI was also independently associated with LB after
adjusting for other possible confounders; however, there
was an inverse association between patients with AF (odds
ratio 1.01, p <0.0001) and those without AF (odds ratio
0.98, p=0.03).

Furthermore, BNP levels significantly decreased after
conventional HF treatment at the time of discharge com-
pared with those at admission in all groups, including the
LB groups (Figure 4).

Outcomes

During the mean follow-up of 674.4 £+ 601.9 days,
there were 242 cases (27.3%) of rehospitalizations for
HF and 205 (23.1%) all-cause deaths (Table 1). Accord-
ing to the Kaplan—Meier analysis, the incidence of
either HF rehospitalization or all-cause death was signif-
icantly lower in the LB group than in the HB group but
only in non-AF patients; however, the incidence was not
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Table 1

Demographics and clinical characteristics according to the presence of AF and comparison across BNP categories

non-AF AF
non-AF LB non-AF MB non-AF HB AFLB AF MB AF HB
Variables BNP <200 pg/mL BNP 200-600 pg/mL BNP > 600 pg/mL p value BNP <200 pg/mL BNP 200-600 pg/mL BNP > 600 pg/mL p value
n 84 172 251 90 177 115
age (yrs) 725+ 13.8 75.0£11.2 73.7£13.5 0.54 779 £ 8.7 77.6 £9.7 76 +10.2 0.38
male, n (%) 49 (58.3) 93 (54.1) 145 (57.8) 0.71 54 (60.0) 101 (57.1) 74 (64.4) 0.46
BMI (kg/m?) 252 +4.7 23.6 + 4.6* 224 £ 4.1 <0.0001 25.1+4.38 23.8+4.9* 22.6 £3.7% 0.0002
BMI > 25 kg/m® 44 (52.4) 55 (32.0)* 52 (20.7) * <0.0001 45 (50.0) 53(29.9) * 25(21.7) * <0.0001
NYHA
NYHAII n (%) 16 (19.3) 21(12.2) 21 (8.5) 0.12 12 (13.3) 24 (13.6) 13 (11.3) 0.39
NYHAII, n (%) 33(39.8) 72 (41.9) 103 (41.9) 50 (55.6) 78 (44.3) 53 (46.1)
NYHAIV, n (%) 34 (41.0) 79 (45.9) 122 (49.6) 28 (31.1) 74 (42.1) 49 (42.6)
Vital signs on Admission
systolic BP (mmHg) 140.1 £32.7 148.6 £ 32.9 139.6 £ 325 0.01 133.5 £23.5 134.6 £26.0 1264 +2721 0.04
diastolic BP (mmHg) 80.8 £21.2 82.1+£212 83.7+214 0.39 757+ 183 81.1+17.8% 79.4 £ 184 0.05
HR (bpm) 88.2+£223 89.0 £23.6 91.1 £19.7 0.44 85.3+25.0 99.7 £31.8* 97.0 £30.0 * 0.002
Etiologies of heart disease
Ischemic heart disease, n (%) 20 (23.8) 61 (35.5) 100 (39.8) * 0.03 11(12.2) 37 (20.9) 36 (31.3) * 0.004
Cardiomyopathy, n (%) 22 (26.2) 43 (25.0) 96 (38.3) * 0.008 11(12.2) 42(23.7) * 31(27.0) * 0.03
Risk factors
Hypertension, n (%) 63 (75.0) 126 (74.1) 157 (62.8) *! 0.02 71 (78.9) 139 (78.5) 81 (70.4) 0.22
Dyslipidemia, n (%) 43 (51.8) 92 (53.8) 116 (46.4) 0.30 32(35.6) 74 (41.8) 46 (40.0) 0.61
Diabetes Mellitus, n (%) 32 (38.6) 63 (36.8) 72 (28.8) 0.12 26 (29.2) 44 (24.9) 36 (31.3) 0.46
Smoking
never, n (%) 39 (47.0) 94 (55.6) 127 (50.8) 0.65 50 (56.2) 94 (53.4) 66 (57.4) 0.13
past, n (%) 24 (28.9) 39(23.1) 71 (28.4) 19 (21.4) 59 (33.5) 29 (25.2)
current, n (%) 20 (24.1) 36 (21.3) 52 (20.8) 20 (22.5) 23 (13.1) 20 (17.4)
Laboratory data
Albumin (g/dL) 3.5+£0.6 34£05 33+£0.5*% 0.03 3.6+£0.5 3.5+£0.5% 34 +0.5% 0.001
estimated GFR (ml/min/1.73m?) 55.4+£23.0 53.5+£235 452 4 23.6%! <0.0001 51.8 £19.5 49.9 £21.8 41.5 4+ 19.6* 0.0001
BNP at admission (pg/mL) 106.4 £ 49.6 386.0 £ 114.7* 15353 £1165.9 <0.0001 1123 +£49.3 396.8 +119.4 * 1107.1 & 598.9 *! <0.0001
BNP at discharge (pg/mL) 100.9 + 89.6 177.4 £ 1374 624.5 £ 1100.3* <0.0001 84.8 +57.5 2158+ 187.3 * 470.3 £ 405.3 <0.0001
Hematocrit (%) 363+64 35.6 £6.9 36.5+7.1 0.44 35.0+6.2 36.7+5.8 37.7+£7.3* 0.01
Medication at Admission
ACE-inhibitor or ARB, n(%) 36 (42.9) 69 (40.4) 96 (38.4) 0.76 43 (47.8) 77 (43.5) 42 (36.5) 0.25
Bblocker, n (%) 31(36.9) 72 (42.1) 86 (34.4) 0.27 31 (34.4) 82 (46.3) 55 (47.3) 0.11
MRA, n (%) 8(9.5) 27 (15.8) 34 (13.6) 0.39 31 (34.4) 47 (26.6) 29 (25.2) 0.29
loop diuretics, n (%) 26 (31.0) 54 (31.6) 93 (37.1) 0.40 58 (64.4) 93 (52.5) 73 (63.5) 0.08
loop diuretic dose (mg) 8.8 +16.7 10.7£19.3 12.7 £20.1 0.29 28.3 +30.4 20.9 +27.9% 23.8 +25.0 0.05
Tolvapton, n (%) 3(3.6) 2(1.2) 12 (4.8) 0.11 13 (14.4) 12 (6.8) 7(6.1) 0.06
QOutcomes
Heart failure rehospitalization, n (%) 11(13.3) 39(22.8) 65 (25.9)* 0.05 29 (32.2) 60 (34.1) 38 (33.0) 0.95
All cause death, n (%) 10 (11.9) 29 (16.9) 67 (26.7)*" 0.004 18 (20.0) 50 (28.3) 31(27.0) 0.33

AF, atrial fibrillation; BNP, B-type natriuretic peptide; LB, low BNP; MB, medium BNP; HB, high BNP; BMI, body mass index; NYHA, New York Heart Association; BP, blood pressure; HR, heart rate;
GFR, glomerular filtration rate; ACE-I, angiotensin converting enzyme inhibitors; ARB, angiotensin Il receptor blockers; MRA, mineralcorticoid receptor antagonists;
*p < 0.05 vs. LB by Tukey test or Steel-Dwass test,
Tp < 0.05 vs. MB by Tukey test or Steel-Dwass test.
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Table 2
Echocardiographic characteristics according to the presence of AF and comparison across BNP categories
non-AF AF
non-AF LB non-AF MB non-AF HB AFLB AF MB AF HB

Variables BNP <200 pg/mL BNP 200-600 pg/mL BNP > 600 pg/mL p value BNP <200 pg/mL BNP 200-600 pg/mL BNP > 600 pg/mL p value

n 84 172 251 90 177 115

Echogcardiographic data
LAD (mm) 42.8+85 443 £17.1 43.8+7.5 0.37 56.0 £ 13.5 51.0£9.5 49.6 + 8.4+ 0.005
IVSd (mm) 9.8+ 1.5 9.7+2.1 9.7+22 0.62 10.1 £ 1.8 9.8+ 1.8 9.3 +£2.3%1 0.01
PWd (mm) 100+ 1.5 9.6 £1.8 9.6 £2.0 0.17 99+ 1.7 9.6 £ 1.7 9.3+ 1.9* 0.01
LVEDD (mm) 49.6 £9.2 51.5+9.6 55.4 +£9.9%! <0.0001 49.1+79 50.1 £ 8.6 52.7 & 8.4%1 0.008
LVESD (mm) 359+11.3 386+ 11.8 447 £11.6 <0.0001 341+73 36.9 £ 10.0 41.9 £ 10.9% <0.0001
LVMI (ml/m?) 108.7 £+ 34.8 115.1£355 131.5 4+ 38.5%1 <0.0001 106.6 £ 33.5 110.1 £ 36.1 115.1 £33.7 0.18
LAVI (ml/m?) 412+ 195 47.3 £ 18.4% 53.2 + 247 <0.0001 102.9 £ 81.0 76.7 £42.3% 57.4 + 28.0% <0.0001
LAVI < 40 ml/m?, n (%) 40 (47.6) 69 (40.1) 77 (30.7) 5(5.6) 18 (10.2) 34 (29.6)
LAVI 40-80 ml/m?, n (%) 41 (48.8) 92 (53.5) 145 (57.8)* 0.01 43 (47.8) 101 (57.1) 67 (58.3) <0.0001
LAVI > 80 ml/m?, n (%) 3(3.6) 11 (6.4) 29 (11.6) 42 (46.7) 58(32.8) 14 (12.2)
LVEDVI (ml/m?) 58.0£23.8 68.6 £ 31.2% 84.2 £ 36.9% <0.0001 52.6 £209 58.9+24.7 69.1 + 28.1% <0.0001
LVESVI (ml/m?) 283 £19.1 36.6 £27.9* 53.0 £ 31.5%" <0.0001 23.1+12.3 30.2 £20.0* 41.7 & 244+ <0.0001
LVEF (%) 55.1£153 51.3+15.0 40.5 & 14.3*! <0.0001 56.7+£11.6 514 +£13.6 42,9 4 14.2%1 <0.0001
HFpEF, n (%) 54 (64.3) 100 (58.1) 65 (25.9) 72 (80.0) 106 (59.9) 37(32.2)
HFmrEF, n (%) 15 (17.9) 32(18.6) 60 (23.9) 12 (13.3) 37(20.9) 27 (23.5)
HFrEF, n (%) 15(17.9) 40 (23.9) 126 (50.2)%" <0.0001 6(6.7) 34 (23.5) 51 (44.4)%1 <0.0001
TRPG (mmHg) 277+ 11.6 295+ 123 335+ 15.2% 0.006 31.8+ 133 334+ 135 322+ 11.6 0.49
E (cm/s) 80.7 £32.4 84.2 +£31.9 81.3£31.5 0.62 109.0 £+ 32.8 100.4 £+ 30.6 87.6 £ 30.8 <0.0001
E/A 12+0.8 1.3+0.7 1.4+09 0.13
Dct (msec) 195.8 £73.0 185.0 £59.4 164.0 + 52.4%1 <0.0001 186.9 &+ 68.1 173.9 £ 539 153.7 & 50.4%" 0.0002
e’ (septal) 58+25 54+£22 47 £1.7+% 0.0001 8.1+2.6 6.6 £2.1% 5.9 £2.2%I <0.0001
s’ (septal) 6.4+2.0 5.8 £2.0% 514 1.7+ <0.0001 6.6 £2.0 5.5+ 1.6% 49 £1.6%1 <0.0001
e’ (lateral) 7.6+28 72426 6.5 4 2.6 0.0004 10.5 +£3.8 9.2 £3.1% 8.4 £2.8* 0.002
s’ (lateral) 75+24 6.8+24 5.8 £ 2. <0.0001 8.6 £3.1 7.0 £2.5% 6.3 £ 2.4* <0.0001
E/e’ (septal) 154 +6.7 16.7+17.5 18.5 +£9.3* 0.05 153 +8.0 164 £ 8.5 165+ 8.4 0.26
E/e’ (lateral) 11.9+54 12.6 £ 6.1 13.5 £ 5.9*% 0.05 11.9+6.3 120+ 5.7 11.6 £59 0.81
AR moderate-severe, n (%) 6(7.1) 10 (5.8) 23(9.2) 0.44 3(3.3) 15 (8.5) 7(6.1) 0.27
MR moderate-severe, n (%) 14 (16.7) 34 (19.8) 71 (28.3)* 0.03 17 (18.9) 53 (29.9)* 45 (39.1)* 0.01
TR moderate-severe, n (%) 7(8.3) 11(6.4) 22 (8.8) 0.66 28 (31.1) 38 (21.5) 22 (19.1) 0.10
IVCD at expiration (mm) 159 +6.1 16.1 £9.9 172 +£12.8 0.65 20.6 £6.5 189+58 18.6 £ 5.5% 0.04

AF, atrial fibrillation; BNP, B-type natriuretic peptide; LB, low BNP; MB, medium BNP; HB, high BNP, LAD, left atrial diameter, IVSd, interventricular septal thickness at end-diastole; PWd, posterior wall
thickness at end-diastole; LVEDD, left ventricular end-diastolic diameter; LVESD, left ventricular end-systolic diameter; LVMI, left ventricular mass index; LA VI, left atrial volume index; LVEDVI, left ven-
tricular end-diastolic volume index; LVESVI, left ventricular end-systolic volume index; LVEF, left ventricular ejection fraction; HFpEF, heart failure with preserved ejection fraction; TRPG, tricuspid regurgi-
tation pressure gradient; E, peak early diastolic flow velocity; A, peak late atrial diastolic flow velocity; Dct, desceleration time; e’, mitral annular early diastolic velocity; s’, mitral annular peak systolic velocity;
AR, aortic regurgitation; MR, mitral regurgitation; TR, tricuspid regurgitation; IVCD, inferior vena cava diameter.

*p < 0.05 vs. LB by Tukey test or Steel-Dwass test,
Tp < 0.05 vs. MB by Tukey test or Steel-Dwass test.
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Figure 3. The comparison of correlation between BNP levels and echocardiographic parameters in acute HF patients between AF and non-AF. (A) LVEDVI
(ml/m?). (B) LVESVI (ml/m?). (C) LVMI (ml/m?). (D) LVEF (%). (E) LAVI (ml/m?).

different between the LB, MB, and HB groups in AF Discussion
patients (Figure 5). Moreover, we compared the inci-
dence rates of HF rehospitalization and all-cause death
individually according to low, medium, or high LAVI
groups based on cut-off LAVI values of 40 and 80 ml/
m? for both patients with and without AF respectively.
According to the Kaplan—Meier analysis, the incidence
of HF rehospitalization was significantly higher in the
high LAVI group than in the low-LAVI group for
patients both with and without AF (Figure 5).

The study demonstrated that disproportionately low BNP
levels (<200 pg/ml) were more frequently detected in
patients with acute HF and AF than in those without AF.
BNP levels were positively correlated with LAVI values in
the non-AF group, but negatively correlated in the AF
group. Furthermore, BNP levels were useful for predicting
HF rehospitalization and all-cause death in the non-AF
group but not in the AF group.

Table 3
Independent predictor for disproportionately low BNP (BNP<200) in patients with and without AF
non-AF AF

Univariate Multivariate Univariate Multivariate
Variables OR 95% CI pvalue OR 95% CI p value OR 95% CI pvalue OR 95% CI p value
age, yrs 0.99 0.97-1.01 0.25 099 0.97-1.02 0.58 1.01  0.99-1.04 0.41 1.02 0.98—1.05 0.36
male 1.09 0.68—1.75 0.73 — 1.00 0.62—1.62 0.99
BMI, kg/m? .11 1.06—1.17 <0.0001 1.11 1.05—-1.18 0.0003 1.08 1.03—1.14 0.002 1.13 1.06—1.19 <0.0001
systolic BP, mmHg 1.00 0.99—-1.00 043 - 1.00 0.99-1.01 0.50
estimated GFR, ml/min/1.73m> 1.01 1.00-1.02  0.02 1.0l 1.00-1.02 0.04 1.01 1.00—1.02 0.04 1.02 1.00—1.03 0.02
LVEDVI, ml/m? 0.97 0.96—0.98 <0.0001 0.98 0.97-0.99 0.0004
LVESVI, ml/m? 0.97 0.96—-0.98 <0.0001 0.98 0.951.01 0.10 0.96 0.94—0.98 <0.0001 0.97 0.94-1.00 0.02
LVEF, % 1.04 1.03—1.06 <0.0001 1.02 0.98-1.05 0.34 1.05 1.03-1.07 <0.0001 1.01 0.98—1.04 0.53
LAVI, ml/m? 0.98 0.96—0.99 <0.0001 0.98 0.97—-1.00 0.03 1.01 1.01-1.02 <0.0001 1.01 1.01-1.02 <0.0001
LVMI, ml/m* 0.99 0.98-0.99  0.0002 1.00 0.99—-1.01 1.00 1.00  0.99—-1.00  0.19

BNP, B-type natriuretic peptide; AF, atrial fibrillation; OR, odds ratio; CI, confidense interval; BMI, body mass index; BP, blood pressure; GFR, glomeru-
lar filtration rate; LVEDVI, left ventricular end-diastolic volume index; LVESVI, left ventricular end-systolic volume index; LVEF, left ventricular ejection
fraction; LAVI, left atrial volume index; LVMI, left ventricular mass index.
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Figure 4. Changes in BNP levels at admission and discharge according to the cut-off value determined by BNP levels at admission with and without AF.
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Figure 5. (A, B) Kaplan—Meier analysis for all-cause death and rehospitalization for HF in patients in the LB (BNP <200 pg/mL), MB (BNP 200-600 pg/
mL), and HB (BNP >600 pg/mL) groups and the differences between AF and non-AF baseline heart rhythms (AF and non-AF). (C, D) Kaplan—Meier analy-
sis for all-cause death and rehospitalization for HF in patients with LL (LAVI <40 ml/m?), ML (LAVI 40-80 ml/m?) versus HL (LAVI >80 ml/m?), and the
differences between AF and non-AF. LL, low-LAVI; ML, medium-LAVI.
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leading to an increase in the false-positive rate.'> Most recent
clinical trials have used higher BNP cut-off values to include
patients with AF than those without AF to avoid false
positives. 13,14 Therefore, we demonstrated the clinical charac-
teristics in acute HF patients with disproportionately low
BNP levels and AF to prevent underdiagnosis of HF.

LA remodeling and BNP

Generally, BNP levels and the LAVI have been pro-
posed to reflect elevated LV filling pressure.’” Unexpect-
edly, in the study, AF modified the association between LA
remodeling and BNP levels, with a significant inverse asso-
ciation observed in patients with acute HF and AF.
Although these mechanisms were not clarified in the study,
we hypothesize the following mechanisms.

BNP was mainly synthesized in the ventricular myo-
cardium, and stimulation of its secretion may be
explained by ventricular wall stress.'® BNP release was
suppressed in patients with constrictive pericarditis
despite the presence of markedly elevated filling pres-
sures because of the inhibition of myocardial stretch by
the thickened and constricted pericardium.s’I7 Moreover,
patients with obesity have lower BNP concentrations than
those without obesity despite having higher filling
pressures,”' *'? possibly as a result of increased fat depo-
sition, resulting in enhanced pericardial restraint.>'” The
findings are consistent with the relation between BMI and
BNP levels observed in the study (Table 3). Recent stud-
ies have revealed that an increase in pericardial restraint

LA remodeling

Advanced LA remodeling

Secretion of BNP in AHF condition

40 80 120 160
prevalence
non-AF

200 v

AF

Atrial Fibrosis
Pericardial Restraint

not only result from pericardial abnormalities but also
from enlarged epicardial heart volume (enlarged ventricle
or atria).® Moreover, LA systole might contribute up to
20% to 30% of the LV filling in healthy individuals.?’
The absence of LA contractions is associated with
decreased LV filling (atrioventricular uncoupling), result-
ing in limited cardiac output. Advanced LA remodeling
might be associated with marked limitations in LV pre-
load, through the loss of atrioventricular coupling and
pericardial restrain, resulting in reduced secretion of NP
from the ventricular myocytes.

The endocrine function of the heart mainly occurs in the
atria, particulary in patients with AF.”"** Previous studies
have suggested that LAVI values, as indicators of LV filling
pressure, are positively correlated with BNP levels in
patients without AF but with chronic HE.>* However, the
studies included patients with chronic HF with less
advanced LA remodeling (median LAVI 34 [28 to 42] ml/
m?) when compared with our study. Fibrotic atrial remodel-
ing may contribute to reduced secretion of NP (NP defi-
ciency) from atrial myocytes.”* Hence, the positive
association between the BNP level and LAVI value might
be explained in patients without AF (mostly with less
advanced LA remodeling) and the negative association in
those with AF (mostly with advanced LA remodeling) in
the present study (Figure 6). We suggest that advanced LA
remodeling leads to pericardial restraint and atrial fibrosis,
resulting in BNP deficiency because of impaired ventricular
and atrial secretion of BNP despite high LV filling
pressure.” >
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Figure 6. Different BNP secretion patterns are observed as a result of progressive LA remodeling in patients with acute HF with and without AF. Increased
AF prevalence in patients with acute HF is associated with the worsening of LA remodeling. A positive association between BNP levels and LAVI in non-
AF patients without advanced LA remodeling and a negative association in AF patients and non-AF with advanced LA remodeling were observed. Advanced
LA remodeling may lead to atrioventricular uncoupling, pericardial restraint and atrial fibrosis, resulting in BNP deficiency because of the impaired ventricu-
lar and atrial secretion of natriuretic peptides. BNP deficiency may lead to atrial remodeling, given the significant role of natriuretic peptides.

AV = uncoupling, atrioventricular uncoupling.
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BNP is believed to increase protectively under condi-
tions of HF, given the cardioprotective roles of NP in regu-
lating cardiovascular homeostasis and intravascular
volume.” Recently, it has been proposed that BNP defi-
ciency causes HF because of the inability to secrete BNP
despite high LV filling pressure.”® BNP deficiency might
lead to increased blood pressure, increased fluid volume,
and increased adipose tissue, possibly resulting in LA
remodeling (Figure 6).

Low BNP and prognosis

Previous studies suggested that BNP levels are associ-
ated with the risk of adverse outcomes in AF patients with-
out HE.”” In contrast, a previous large-scale analysis of
the Prospective comparison of Angiotensin Receptor-nepri-
lysin inhibitor with Angiotensin converting enzyme inhibi-
tor to Determine Impact on Global Mortality and morbidity
in Heart Failure trial and The Aliskiren Trial to Minimize
Outcomes in Patients with Heart Failure trial have revealed
that BNP levels have prognostic value in AF patients with
HF and NT-pro BNP levels >400 pg/ml.'* However,
patients with AF and low NT-pro BNP (<400 pg/ml) levels
had a significantly higher event rate than those without
AF.'* We demonstrated that the presence of LB was related
to a favorable prognosis in the non-AF group, but not in the
AF group, in line with the findings of a previous study.'*
Furthermore, in the study, high LAVI values were associ-
ated with a poor prognosis in patients with and without AF.
The current data on the inverse correlation between BNP
levels and LAVI in the AF group might explain the unex-
pected result that the presence of LB was an indicator of
pOOr prognosis.

Clinical implications

Current clinical guidelines provide class I recommenda-
tions for the use of BNP measurements to support HF diag-
nosis and assess HF severity or prognosis.”® The diagnosis
of HF in the context of AF is challenging because AF is
associated with changes in the echocardiographic parame-
ters and circulating BNP levels that confound HF diagno-
sis.”” Our observations that LB in patients with AF was
related to higher LAVI values and poor prognosis calls into
question why a higher BNP cut-off value was employed in
most clinical HF trials for the inclusion of patients with AF.
Patients with disproportionately low BNP levels and high
LAVI values should be carefully monitored to avoid under-
estimation of HF diagnosis and thus its severity. Our study
identified important knowledge gaps in the management of
patients with acute HF and AF.

BNP-guided therapy using a standard BNP concentration
target threshold may be inappropriate for patients with
advanced LA remodeling and BNP deficiency, even in
acute HF conditions. Our results showed that BNP levels
significantly decreased before and after conventional HF
treatment in all groups, including the LB group. However,
BNP-guided therapy using an individualized BNP concen-
tration target threshold may be useful for patients with acute
HF and BNP deficiency.

Limitations

Our study has some limitations. First, this was a retro-
spective observational study of a small-single center cohort
with a limited follow-up period. Second, the study could
not confirm the causal relation between LA remodeling and
BNP deficiency owing to its retrospective nature. However,
we believe that BNP deficiency could be a cause or result
of atrial remodeling. Future studies may be required to elu-
cidate the existing evidence on LA remodeling and BNP
deficiency. Third, HF was diagnosed by well-trained cardi-
ologists based on the universal definition of HF diagnosis’
and confirmed by an expert HF team. However, despite
this, established diagnostic criteria are lacking for HF diag-
nosis. Fourth, the assignment of the AF group was based on
the electrocardiogram returned to baselines at hospital
admission, and some patients in the non-AF group may
have experienced an AF episode before or after the evalua-
tion. Fifth, the LA remodeling was a complex phenomenon.
Beyond the utilization of the atrial size (LA diameter) and
volume (LAVI), multiple additional indexes are imperative
for its comprehensive evaluation.™”

Conclusions

We demonstrated that LA remodeling in patients with
AF was associated with disproportionately low BNP levels
and poor prognosis, which should be considered in clinical
practice. These complex relations should be carefully con-
sidered in patients with acute HF and AF to avoid the
underestimation of HF diagnosis and prognosis. Further
investigation is needed to test the hypothesis that LA
remodeling affects cardiac filling and BNP secretion.

Lay summary

Generally, both BNP levels and the LAVI have been
proposed to reflect elevated LV filling pressure and poor
prognosis. Unexpectedly, in the study, AF modified the
association between LA remodeling and BNP levels, with a
significant inverse association observed in patients with
acute HF and AF. The complex relations should be care-
fully considered in patients with acute HF and AF to avoid
the underestimation of HF diagnosis and prognosis. Further
investigations are needed to test the hypothesis that LA
remodeling affects BNP secretion, or that BNP deficiency
affects LA remodeling.

Declaration of Competing Interest

The authors have no competing interests to declare.
Acknowledgment

The authors thank Ms. Taeko Ishikawa, Megumi Hashi-
moto, Hitomi Iwai, Fusako Maeda, Chieko Ohta, and
Yumiko Ogami for their excellent technical support.

1. Maisel AS, Krishnaswamy P, Nowak RM, McCord J, Hollander JE,
Duc P, Omland T, Storrow AB, Abraham WT, Wu AHB, Clopton P,
Steg PG, Westheim A, Knudsen CW, Perez A, Kazanegra R, Herr-
mann HC, McCullough PA. Breathing Not Properly Multinational
Study Investigators. Rapid measurement of B-type natriuretic peptide

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en diciembre 08,
2023. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.


http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0001
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0001
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0001
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0001
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0001
www.ajconline.org

10.

11.

12.

13.

Arrhythmias & Conduction Disturbances/LA Remodeling and BNP 137

in the emergency diagnosis of heart failure. N Engl J Med
2002;347:161-167.

. Nishikimi T, Maeda N, Matsuoka H. The role of natriuretic peptides in

cardioprotection. Cardiovasc Res 2006;69:318-328.

. Sakane K, Kanzaki Y, Tsuda K, Maeda D, Sohmiya K, Hoshiga M.

Disproportionately low BNP levels in patients of acute heart failure
with preserved vs. reduced ejection fraction. Int J Cardiol 2021;
327:105-110.

. Mueller C, McDonald K, de Boer RA, Maisel A, Cleland JGF, Kozhu-

harov N, Coats AJS, Metra M, Mebazaa A, Ruschitzka F, Lainscak M,
Filippatos G, Seferovic PM, Meijers WC, Bayes-Genis A, Mueller T,
Richards M, Januzzi JL Jr, Heart Failure Association of the European
Society of Cardiology. Heart Failure Association of the European
Society of Cardiology practical guidance on the use of natriuretic pep-
tide concentrations. Eur J Heart Fail 2019;21:715-731.

. Spodick DH. Low atrial natriuretic factor levels and absent pulmonary

edema in pericardial compression of the heart. Am J Cardiol 1989;
63:1271-1272.

. Kelly JP, Mentz RJ, Mebazaa A, Voors AA, Butler J, Roessig L, Fiu-

zat M, Zannad F, Pitt B, O’Connor CM, Lam CSP. Patient selection in
heart failure with preserved ejection fraction clinical trials. J Am Coll
Cardiol 2015;65:1668-1682.

. Reddy YNV, Obokata M, Verbrugge FH, Lin G, Borlaug BA. Atrial

dysfunction in patients with heart failure with preserved ejection frac-
tion and atrial fibrillation. J Am Coll Cardiol 2020;76:1051-1064.

. Borlaug BA, Reddy YNV. The role of the pericardium in heart failure:

implications for pathophysiology and treatment. JACC Heart Fail
2019;7:574-585.

. Bozkurt B, Coats AJS, Tsutsui H, Abdelhamid CM, Adamopoulos S,

Albert N, Anker SD, Atherton J, Bohm M, Butler J, Drazner MH,
Michael Felker G, Filippatos G, Fiuzat M, Fonarow GC, Gomez-
Mesa JE, Heidenreich P, Imamura T, Jankowska EA, Januzzi J, Kha-
zanie P, Kinugawa K, Lam CSP, Matsue Y, Metra M, Ohtani T,
Francesco Piepoli M, Ponikowski P, Rosano GMC, Sakata Y,
Seferovi¢ P, Starling RC, Teerlink JR, Vardeny O, Yamamoto K,
Yancy C, Zhang J, Zieroth S. Universal definition and classification
of heart failure: a report of the Heart Failure Society of America,
Heart Failure Association of the European Society of Cardiology,
Japanese Heart Failure Society and Writing Committee of the Uni-
versal Definition of Heart Failure: Endorsed by the Canadian Heart
Failure Society, Heart Failure Association of India, Cardiac Society
of Australia and New Zealand, and Chinese Heart Failure Associa-
tion. Eur J Heart Fail 2021;23:352-380.

Matsuo S, Imai E, Horio M, Yasuda Y, Tomita K, Nitta K, Yamagata
K, Tomino Y, Yokoyama H, Hishida A. Collaborators developing the
Japanese equation for estimated GFR. Revised equations for estimated
GFR from serum creatinine in Japan. Am J Kidney Dis 2009;53:982—
992.

Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande L,
Flachskampf FA, Foster E, Goldstein SA, Kuznetsova T, Lancellotti P,
Muraru D, Picard MH, Rietzschel ER, Rudski L, Spencer KT, Tsang
W, Voigt JU. Recommendations for cardiac chamber quantification by
echocardiography in adults: an update from the American Society of
Echocardiography and the European Association of Cardiovascular
Imaging. J Am Soc Echocardiogr 2015;28:1-39.e14.

Richards M, Di Somma S, Mueller C, Nowak R, Peacock WF, Poni-
kowski P, Mockel M, Hogan C, Wu AH, Clopton P, Filippatos GS,
Anand I, Ng L, Daniels LB, Neath SX, Shah K, Christenson R, Hart-
mann O, Anker SD, Maisel A. Atrial fibrillation impairs the diagnostic
performance of cardiac natriuretic peptides in dyspneic patients:
results from the BACH Study (Biomarkers in ACute Heart Failure).
JACC Heart Fail 2013;1:192-199.

Ibrahim NE, Burnett JC Jr, Butler J, Camacho A, Felker GM, Fiuzat
M, O’Connor C, Solomon SD, Vaduganathan M, Zile MR, Januzzi JL
Jr. Natriuretic peptides as inclusion criteria in clinical trials: a JACC:
heart failure position paper. JACC Heart Fail 2020;8:347-358.

14.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Kristensen SL, Jhund PS, Mogensen UM, Rgrth R, Abraham WT,
Desai A, Dickstein K, Rouleau JL, Zile MR, Swedberg K, Packer M,
Solomon SD, Kgber L, McMurray JJV. PARADIGM-HF and ATMO-
SPHERE Committees and Investigators. Prognostic value of N-termi-
nal pro-B-type natriuretic peptide levels in heart failure patients with
and without atrial fibrillation. Circ Heart Fail 2017;10:¢004409.

. Appleton CP, Galloway JM, Gonzalez MS, Gaballa M, Basnight MA.

Estimation of left ventricular filling pressures using two-dimensional
and Doppler echocardiography in adult patients with cardiac disease.
Additional value of analyzing left atrial size, left atrial ejection frac-
tion and the difference in duration of pulmonary venous and mitral
flow velocity at atrial contraction. J Am Coll Cardiol 1993;22:1972—
1982.

de Lemos JA, McGuire DK, Drazner MH. B-type natriuretic peptide in
cardiovascular disease. Lancet 2003;362:316-322.

Leya FS, Arab D, Joyal D, Shioura KM, Lewis BE, Steen LH, Cho L.
The Efficacy of Brain Natriuretic Peptide Levels in Differentiating
Constrictive Pericarditis From Restrictive Cardiomyopathy. J Am Coll
Cardiol 2005;45:1900-1902.

Taylor JA, Christenson RH, Rao K, Jorge M, Gottlieb SS. B-type
natriuretic peptide and N-terminal pro B-type natriuretic peptide are
depressed in obesity despite higher left ventricular end diastolic pres-
sures. Am Heart J 2006;152:1071-1076.

Obokata M, Reddy YNV, Pislaru SV, Melenovsky V, Borlaug BA.
Evidence supporting the existence of a distinct obese phenotype of
heart failure with preserved ejection fraction. Circulation 2017;136:
6-19.

Thomas L, Marwick TH, Popescu BA, Donal E, Badano LP. Left atrial
structure and function, and left ventricular diastolic dysfunction:
JACC state-of-the-art review. J Am Coll Cardiol 2019;73:1961-1977.
Goetze JP, Friis-Hansen L, Rehfeld JF, Nilsson B, Svendsen JH. Atrial
secretion of B-type natriuretic peptide. Eur Heart J 2006;27:1648—
1650.

McGrath MF, de Bold ML, de Bold AJ. The endocrine function of the
heart. Trends Endocrinol Metab 2005;16:469-477.

Burstein B, Qi XY, Yeh YH, Calderone A, Nattel S. Atrial cardiomyo-
cyte tachycardia alters cardiac fibroblast function: a novel consider-
ation in atrial remodeling. Cardiovasc Res 2007;76:442-452.
Triposkiadis F, Pieske B, Butler J, Parissis J, Giamouzis G, Skoularigis
J, Brutsaert D, Boudoulas H. Global left atrial failure in heart failure.
Eur J Heart Fail 2016;18:1307-1320.

Nattel S, Harada M. Atrial remodeling and atrial fibrillation: recent
advances and translational perspectives. J Am Coll Cardiol 2014;
63:2335-2345.

Shah SJ. BNP: biomarker Not Perfect in heart failure with preserved
ejection fraction. Eur Heart J 2022;43:1952-1954.

Hamatani Y, Iguchi M, Ueno K, Aono Y, Esato M, Tsuji H, Wada H,
Hasegawa K, Ogawa H, Abe M, Morita S, Akao M. Prognostic signifi-
cance of natriuretic peptide levels in atrial fibrillation without heart
failure. Heart 2021;107:705-712.

Writing Committee, Maddox TM, Januzzi JL Jr, Allen LA, Breathett
K, Butler J, Davis LL, Fonarow GC, Ibrahim NE, Lindenfeld J,
Masoudi FA, Motiwala SR, Oliveros E, Patterson JH, Walsh MN,
Wasserman A, Yancy CW, Youmans QR. 2021 Update to the 2017
ACC Expert Consensus decision pathway for optimization of heart
failure treatment: answers to 10 pivotal issues about heart failure with
reduced ejection fraction: a report of the American College of Cardiol-
ogy solution set oversight committee. J Am Coll Cardiol 2021;77:772—
810.

Kotecha D, Lam CS, Van Veldhuisen DJ, Van Gelder IC, Voors AA,
Rienstra M. Heart failure with preserved ejection fraction and atrial
fibrillation: vicious twins. J Am Coll Cardiol 2016;68:2217-2228.
Sanna GD, Moccia E, Canonico ME, Sanna S, De Toni C, Santoro C,
Masia SL, Saderi L, Sotgiu G, Parodi G. Left atrial remodeling in heart
failure: the role of sphericity index (the SPHERICAT-HF study). Int J
Cardiovasc Imaging 2022;38:1723-1732.

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en diciembre 08,
2023. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.


http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0001
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0001
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0002
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0002
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0003
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0003
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0003
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0003
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0004
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0004
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0004
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0004
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0004
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0004
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0004
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0005
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0005
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0005
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0006
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0006
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0006
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0006
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0006
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0007
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0007
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0007
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0008
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0008
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0008
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0009
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0009
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0009
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0009
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0009
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0009
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0009
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0009
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0009
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0009
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0009
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0009
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0009
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0009
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0009
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0009
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0009
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0010
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0010
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0010
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0010
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0010
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0011
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0011
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0011
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0011
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0011
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0011
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0011
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0012
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0012
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0012
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0012
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0012
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0012
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0012
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0013
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0013
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0013
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0013
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0013
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0014
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0014
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0014
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0014
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0014
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0014
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0015
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0015
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0015
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0015
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0015
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0015
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0015
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0016
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0016
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0017
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0017
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0017
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0017
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0018
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0018
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0018
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0018
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0019
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0019
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0019
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0019
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0020
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0020
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0020
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0021
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0021
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0021
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0022
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0022
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0023
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0023
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0023
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0024
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0024
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0024
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0025
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0025
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0025
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0026
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0026
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0027
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0027
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0027
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0027
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0028
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0028
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0028
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0028
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0028
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0028
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0028
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0028
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0028
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0029
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0029
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0029
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0030
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0030
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0030
http://refhub.elsevier.com/S0002-9149(23)01066-4/sbref0030

	Left Atrial Remodeling Related to Disproportionately Low B-Type Natriuretic Peptide in Acute Heart Failure Patients with Atrial Fibrillation
	Methods
	Statistical analysis

	Results
	AF in patients with acute HF
	LV or LA volume and BNP
	Disproportionately low BNP in patients with acute HF
	Outcomes

	Discussion
	AF and BNP
	LA remodeling and BNP
	Low BNP and prognosis
	Clinical implications
	Limitations
	Conclusions
	Lay summary

	Declaration of Competing Interest
	Acknowledgment


