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Abstract

Aims Changes in echocardiographic parameters and biomarkers of cardiac and venous pressures or estimated plasma vol-
ume during hospitalization associated with decongestive treatments in acute heart failure (AHF) patients with either preserved
left ventricular ejection fraction (LVEF) (HFPEF) or reduced LVEF (HFREF) are poorly assessed.

Methods and results From the metabolic road to diastolic heart failure: diastolic heart failure (MEDIA-DHF) study, 111 pa-
tients were included in this substudy: 77 AHF (43 HFPEF and 34 HFREF) and 34 non-cardiac dyspnea patients. Echocardio-
graphic measurements and blood samples were obtained within 4 h of presentation at the emergency department and
before hospital discharge. In AHF patients, echocardiographic indices of cardiac and venous pressures, including inferior vena
cava diameter [from 22 (16—24) mm to 13 (11-18) mm, P = 0.009], its respiratory variability [from 32 (8—44) % to 43 (29-70) %,
P = 0.04], medial E/e’ [from 21.1 (15.8-29.6) to 16.6 (11.7-24.3), P = 0.004], and E wave deceleration time [from 129 (105—
156) ms to 166 (128-203) ms, P = 0.003], improved during hospitalization, similarly in HFPEF and HFREF patients. By contrast,
no changes were seen in non-cardiac dyspnea patients. In AHF patients, all plasma biomarkers of cardiac and venous pres-
sures, namely B-type natriuretic peptide [from 935 (514-2037) pg/mL to 308 (183-609) pg/mL, P < 0.001], mid-regional
pro-atrial natriuretic peptide [from 449 (274-653) pmol/L to 366 (242-549) pmol/L, P < 0.001], and soluble CD-146 levels
[from 528 (406—654) ng/mL to 450 (374-529) ng/mL, P = 0.003], significantly decreased during hospitalization, similarly in
HFPEF and HFREF patients. Echocardiographic parameters of cardiac chamber dimensions [left ventricular end-diastolic vol-
ume: from 120 (76-140) mL to 118 (95-176) mL, P = 0.23] and cardiac index [from 2.1 (1.6-2.6) mL/min/m? to 1.9 (1.4-
2.4) mL/min/m?, P = 0.55] were unchanged in AHF patients, except tricuspid annular plane systolic excursion (TAPSE) that im-
proved during hospitalization [from 16 (15-19) mm to 19 (17-21) mm, P = 0.04]. Estimated plasma volume increased in both
AHF [from 4.8 (4.2-5.6) to 5.1 (4.4-5.8), P = 0.03] and non-cardiac dyspnea patients (P = 0.01). Serum creatinine [from 1.18
(0.90-1.53) to 1.19 (0.86-1.70) mg/dL, P = 0.89] and creatinine-based estimated glomerular filtration rate [from 59 (40-75)
mL/min/1.73m? to 56 (38-73) mL/min/1.73m?, P = 0.09] were similar, while plasma cystatin C [from 1.50 (1.20-2.27) mg/L
to 1.78 (1.33-2.59) mg/L, P < 0.001] and neutrophil gelatinase associated lipocalin (NGAL) [from 127 (95-260) ng/mL to
167 (104-263) ng/mL, P = 0.004] increased during hospitalization in AHF.
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Conclusions

Echocardiographic parameters and plasma biomarkers of cardiac and venous pressures improved during AHF

hospitalization in both acute HFPEF and HFREF patients, while cardiac chamber dimensions, cardiac output, and estimated

plasma volume showed minimal changes.
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Introduction

In his landmark paper, WC Little and his group showed that
patients admitted with cardiogenic pulmonary edema and
high blood pressure had preserved left ventricular (LV) ejec-
tion fraction (EF) and increased LV filling pressure, and im-
provement in clinical and radiological signs of pulmonary
edema during hospital stay was associated with improved
LV filling pressure but no change in LVEF.* This was the first
demonstration that pulmonary congestion in acute heart fail-
ure (AHF) is related to afterload mismatch.? However, WC Lit-
tle’s paper did not explore right heart function nor effects of
‘decongestive’ therapies on cardiac parameters or plasma
volume during hospital stay. Several novel biomarkers were
identified in recent years, including natriuretic peptides®
and endothelial soluble CD146,* which are associated with
cardiac and/or venous pressures. To this day, changes in car-
diac function, plasma biomarkers, and plasma volume during
hospital stay associated with decongestive therapy in AHF still
remain elusive.

Therefore, in the present study, we sought to assess
changes in echocardiographic parameters, plasma biomarkers
of cardiac and venous pressures, and estimated plasma vol-
ume during hospital stay in AHF patients, with special atten-
tion to differences between acute HFPEF, HFREF, and
patients with non-cardiac dyspnea.

Methods
Study population

The study population consisted of a subset of patients in-
cluded in the metabolic road to diastolic heart failure: dia-
stolic heart failure (MEDIA-DHF study, Clinical Trials. gov,
NCT02446327). MEDIA-DHF enrolled patients with acute
dyspnea of non-cardiac origin, AHF, and chronic HF. For this
specific substudy, patients who were admitted for acute
dyspnea of cardiac and non-cardiac origin as the main
symptom at two university hospitals in France (Hopital
Lariboisiere, Paris and Hopital Universitaire Jean Minjoz,

Besangon) and who were 18 years or older, were included
between February 2011 and April 2014. Exclusion criteria
were shown elsewhere.” Adjudication of the final diagnosis
(AHF or non-cardiac dyspnea, using clinical exams, echocar-
diography, and natriuretic peptides) was performed inde-
pendently by two cardiologists blinded from patients’
management. When the two evaluators disagreed regarding
the final diagnosis, a third physician adjudicated the final
diagnosis.® AHF patients were divided into two subgroups
based on their LVEF on admission: HFREF (defined as
LVEF<40%) and HFPEF (defined as LVEF>40%). Data on
AHF with LVEF > 50% were also investigated. For the pur-
poses of this study, we included patients whose echocar-
diographic parameters or plasma biomarkers were
available within 4 h of presentation for dyspnea in the
emergency department and before hospital discharge [at
median (interquartile range) 6 (5-8) days after hospital
admission].

Total intravenous furosemide dose during hospital stay
was collected from the medical record in AHF patients. Forty
milligrames of furosemide was considered equivalent to 1 mg
of bumetanide. AHF patients were divided into two groups
(high and low) using median value of total intravenous furo-
semide dose during hospital stay.

The study protocol complied with the Declaration of Hel-
sinki and was approved by the ethical committee of the par-
ticipating  institutions  (Commission  Nationale  de
I'Informatique et des Libertes 910198; Comité d’Evaluation
de I'Ethique des projets de Recherche Biomedicale 10-017).
All patients provided written informed consent.

Echocardiography

Echocardiographic measurements of cardiac chamber, car-
diac systolic and diastolic functions, and inferior vena cava
(IVC) diameters were obtained according to the guidelines
by experienced cardiologists (RP and MFS) within 4 h of pre-
sentation for dyspnea at the emergency department and be-
fore hospital discharge, using Philips CX50® or Philips iE33®
ultrasound systems.” Investigators involved in image acquisi-
tion were blinded to plasma biomarker values or patients’
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management and were not involved in further statistical data
analysis.

Biomarkers

During initial presentation at the emergency department and
before hospital discharge, blood samples were collected in
plastic tubes containing ethylenediaminetetra-acetic acid. Al-
iquots of plasma samples were stored at —80°C for further
analysis. Several plasma biomarkers were assessed as indica-
tors of cardiac filling pressures [B-type natriuretic peptide
(BNP; Abbott), mid-regional pro-atrial natriuretic peptide
(MR-proANP; BRAHMS AG-ThermoFisher)], venous pressures
[the endothelial soluble cluster of differentiation 146
(sCD146; Biocytex)], or renal function [NGAL (Abbott) and
cystatin C (Abbott)]. Other biomarkers of myocardial ischemia
[high sensitive troponin | (hsTnl; Roche Diagnostics)], cardio-
vascular [soluble suppression of tumorigenecity-2 (sST-2; Crit-
ical Diagnostics)], and systemic inflammation [C-reactive
protein (CRP; Siemens) and procalcitonin (BRAHMS AG—
ThermofFisher)] are also measured. Estimated glomerular fil-
tration rate (eGFR) was calculated from creatinine values
using the modified diet in renal disease formula. Relative
changes in estimated plasma volume ( estimated plasma vol-
ume) between at admission and before discharge were calcu-
lated using the Straus formula: estimated plasma volume =
100 * [(haemoglobin at admission) / (haemoglobin at dis-
charge)] * [(1-haematocrit at discharge) / (1-haematocrit at
admission)].2® Because estimated plasma volume was
thought to be proportional to this value, the instantaneous
estimated plasma volume was defined using this formula as
previously described: estimated plasma volume = (1-
haematocrit) / haemoglobin (g/dL) * 0.01.%°

Primary and secondary outcome

The primary outcome of the present study was changes in
echocardiographic parameters and plasma biomarkers of car-
diac and venous pressures during hospital stay in acute
HFPEF, HFREF, and non-cardiac dyspnea patients. The sec-
ondary outcomes were (i) changes in echocardiographic pa-
rameters of cardiac chamber dimensions and function, (ii)
estimated plasma volume, and (iii) changes in plasma renal
biomarkers during hospital stay in acute HFPEF, HFREF, and
non-cardiac dyspnea patients.

Statistical analysis

Continuous variables were summarized as the median (inter-
quartile range). Comparisons of changes within group were
performed using Wilcoxon signed-rank test and changes be-
tween group were Mann—Whitney U-test.

Analyses were performed with PASW Statistics 18 (SPSS
Japan Inc., an IBM company, Tokyo, Japan). A P value
<0.05 was considered statistically significant.

Results
Study population

Of 146 patients in the MEDIA-DHF cohort, 111 patients ful-
filled the inclusion criteria and were analysed in this substudy
comprised of 43 HFPEF [age 83 (76—89) years, LVEF 50 (40—
60) %, BNP 732 (380-1183) pg/mL, systolic blood pressure
(SBP) at admission 149 (134-181) mmHg], 34 HFREF [age 63
(57-76) years, LVEF 27 (20-31) %, BNP 1027 (874-2781)
pg/mL, SBP 132 (116-159) mmHg], and 34 non-cardiac dys-
pnea [age 76 (55-86) years, LVEF 60 (54-65) %, BNP 137
(29-254) pg/mL, SBP 143 (124-162) mmHg] patients. Dys-
pnea improved in all patients, and they all left the hospital
alive.

Changes in echocardiographic parameters during
hospital stay in acute dyspneic patients

Concerning LV filling pressures, medial E/e’ decreased from
21.1(15.8-29.6) at admission to 16.6 (11.7-24.3) at discharge
(P = 0.004), and E wave deceleration time increased during
hospitalization in AHF patients from 129 (105-156) ms at ad-
mission to 166 (128-203) ms at discharge (P = 0.003), sug-
gesting improved LV filling pressures (Figure 1A and
Supporting Information, Table SI). By contrast, most left
heart chamber dimensions and parameters of LV systolic
function, including left atrial areas, LV end-diastolic volume,
LVEF, and cardiac index, were similar during hospital stay
(Figure 2A, 2B and Table S1). Echocardiographic indices of
right heart showed marked decrease in venous pressures dur-
ing hospitalization: IVC diameter at rest decreased from 22
(16-24) mm at admission to 13 (11-18) mm at discharge (P
= 0.009) and respiratory variability of IVC diameter increased
from 32 (8-44) % at admission to 43 (29-70) % at discharge
(P = 0.04), an improvement of TAPSE that increased [from
16 (15-19) mm at admission to 19 (17-21) mm at discharge,
P =0.04], and no changes in right atrial area (Figures 1A, 2A,
2B and Table S1).

Echocardiographic changes during hospital stay were simi-
lar in HFPEF and HFREF (Table 1). Echocardiographic findings
of AHF with LVEF > 50% were similar to those with LVEF >
40% (Table S2). Echocardiographic changes were also similar
(i) between AHF patients receiving high (>median cumulative
dose of 280 mg during hospital stay) and low (<280 mg) total
intravenous furosemide dose and (ii) between those receiving
intravenous furosemide alone and those receiving the

ESC Heart Failure 2020; 7: 996-1006
DOI: 10.1002/ehf2.12645



Improved cardiac and venous pressures during hospital stay in AHF

999

Figure 1 Percent changes in echocardiographic parameters and plasma biomarkers of cardiac and venous pressures and estimated plasma volume
during hospital stay for AHF. Figure 1(A) shows median values of percent changes in echocardiographic parameters of right and left cardiac filling pres-
sures (IVC rest diameter, IVC respiratory variability, medial E/e’, and E wave deceleration time) during hospital stay in AHF. Figure 1(B) shows median
values of percent changes in plasma biomarkers of cardiac and venous pressures (BNP, MR-proANP, and sCD146) and estimated plasma volume during
hospital stay in AHF. *P < 0.01, tP < 0.05. AHF, acute heart failure; BNP, B-type natriuretic peptide; ePV, estimated plasma volume; IVC, inferior vena
cava; MR-proANP, mid-regional pro-atrial natriuretic peptide; sCD146, soluble cluster of differentiation 146.
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combination of intravenous furosemide and vasodilators dur-
ing hospital stay (Tables S3 and S4).

In patients with non-cardiac dyspnea, echocardiographic
parameters were normal at admission and unaltered during
hospitalization (Figures 1A, 2A, 2B and Table S1).

Changes in plasma cardiovascular biomarkers and
estimated plasma volume during hospital stay in
acute dyspneic patients

All plasma biomarkers of cardiac and venous pressures im-
proved during hospitalization in AHF patients: BNP decreased
from 935 (514-2037) pg/mL at admission to 308 (183-609)
pg/mL at discharge (P < 0.001), MR-proANP decreased from
449 (274-653) pmol/L at admission to 366 (242-549) pmol/L
at discharge (P < 0.001), sCD146 decreased from 528 (406—

654) ng/mL at admission to 450 (374-529) ng/mL at dis-
charge (P = 0.003) (Figure 1B and Table S5). Estimated plasma
volume significantly increased during hospitalization in AHF
patients from 4.8 (4.2-5.6) at admission to 5.1 (4.4-5.8) (P
= 0.03) (Figure 1B and Table S5).

High sensitive troponin | [from 36 (18-87) pg/mL at admis-
sion to 22 (11-66) pg/mL at discharge, P = 0.02] and sST2
[from 83 (61-132) ng/mL at admission to 42 (36-59) ng/mL
at discharge, P < 0.001] significantly decreased, while CRP
and procalcitonin were similar during hospitalization (Table
S5).

The decrease in circulating biomarkers during hospital stay
was similar (i) in HFPEF and HFREF (Table 2 and Table S6 for
LVEF > 50%), (ii) in AHF patients receiving high and low dose
of intravenous furosemide (Table S7), and (iii) in AHF patients
receiving intravenous furosemide alone and the combination
of intravenous furosemide and vasodilators (Table S8).
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Figure 2 Percent changes in cardiac chamber dimensions and function during hospitalization for AHF. Figure 2(A) shows median values of percent
changes in cardiac chamber dimensions assessed by echocardiography during hospital stay in AHF. Figure 2(B) shows median values of percent changes
in echocardiographic parameters of cardiac function during hospital stay in AHF. *P < 0.01, TP < 0.05. AHF, acute heart failure; LA, left atrial; LVEDV,
left ventricular end-diastolic volume; LVEF, left ventricular ejection fraction; RA, right atrial; TAPSE, tricuspid annular plane systolic excursion.
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Regarding patients with non-cardiac dyspnea, BNP, hsTnl,
sST2, and CRP levels decreased, whereas MR-proANP and
sCD146 levels were unchanged during hospitalization (Figure
1B and Table S5). Estimated plasma volume increased in pa-
tients with non-cardiac dyspnea as in AHF patients (Figure
1B and Table S5).

Changes in renal function during hospital stay in
AHF

In patients with AHF, serum creatinine and creatinine-based
eGFR seemed similar during hospitalization: creatinine from
1.18 (0.90-1.53) at admission to 1.19 (0.86—1.70) mg/dL at
discharge (P = 0.89), eGFR from 59 (40-75) mL/min/1.73m?
at admission to 56 (38-73) mL/min/1.73m? at discharge
(P = 0.09), while urea nitrogen increased from 8.9 (6.9—
13.2) mmol/L at admission to 10.2 (7.6—-16.0) mmol/L at dis-
charge (P = 0.006), cystatin C increased from 1.50 (1.20-
2.27) mg/L at admission to 1.78 (1.33-2.59) mg/L at dis-
charge (P < 0.001), and plasma NGAL increased from 127

(95-260) ng/mL at admission to 167 (104-263) ng/mL at dis-
charge (P = 0.004) (Figure 3 and Table S5).

The results were consistent in HFPEF, HFREF, and in AHF
patients receiving low or high total intravenous furosemide
dose (Table 2, Table S6 for LVEF > 50%, and Table 7). Serum
creatinine increased, and eGFR decreased in patients receiv-
ing the combination of intravenous furosemide and vasodila-
tors (Table S8).

In patients with non-cardiac dyspnea, most of renal param-
eters were similar, except that eGFR and cystatin C slightly
but significantly improved during hospital stay (Figure 3 and
Table S5).

Discussion

Our study shows that AHF is a single disease, regardless of
LVEF, and surrogates for right and left cardiac filling pressures
as assessed by echocardiography, and circulating cardiovascu-
lar biomarkers improve in both acute HFPEF and HFREF pa-
tients during hospital stay despite minimal changes in
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Figure 3 Percent changes in renal biomarkers during hospital stay for AHF. It shows median values of percent changes in renal biomarkers during hos-
pital stay in AHF. *P < 0.01, TP < 0.05. AHF, acute heart failure; Cys C, cystatin C; eGFR, estimated glomerular filtration rate; NGAL, neutrophil

gelatinase associated lipocalin.
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cardiac chamber dimensions, cardiac output, or estimated
plasma volume.

Our study confirms the concept delineated by Gandhi and
Little et al. that excess of congestion upstream the LV, rather
than acute deterioration of LV systolic function, is critical in
the pathogenesis of acute pulmonary edema.® We recently
showed that right cardiac function was also altered, with de-
creased TAPSE and increased IVC diameter, in both acute
HFPEF and HFREF patients.” The present study shows a
marked and parallel improvement in left and right cardiac
and venous pressures during hospital stay in AHF. The
marked reduction in intracardiac and central venous pres-
sures was associated with increased estimated plasma vol-
ume during hospitalization. Similarly, Konishi et al. showed
haemoglobin decrease associated with improvement of acute
pulmonary edema following diuretic treatments.'* Discrepan-
cies between improvement in cardiac and venous pressures
with minimal changes in estimated plasma volume in AHF pa-
tients suggest that venous capacitance better accommodate
plasma volume during hospital stay compared with the early
phase, as previously mentioned.’> A better cardio-arterial
coupling of both right and left ventricle may have improved
venous congestion. Increased estimated plasma volume was
also observed in non-cardiac dyspnea, suggesting that it
might be related to uncontrolled fluid balance during hospital
stay. Although the impact of “decongestive” therapies on im-
provement in cardiac and venous pressures seemed minimal
in our study, further studies are needed.

Our study further clarifies the role of echocardiography in
the management of AHF patients. Recent recommendations
mention that echocardiography should be performed at ad-
mission only in case of hemodynamic instability, including
cardiogenic shock or acute valvular disease.®® However, there
are no clear guidelines on when performing an echocardiog-
raphy in the following days. Our study showed that cardiac di-
mensions, LV systolic indices of cardiac function, and cardiac
output were roughly unchanged in the days following admis-
sion in both acute HFPEF and HFREF, suggesting that assess-
ment of cardiac function by echocardiography could be
performed during hospital stay. By contrast, elevated filling
pressures of right and left ventricle as assessed by IVC

parameters, medial E/e’, and E wave deceleration time were
significantly improved by decongestion therapy in AHF pa-
tients, again regardless of LVEF. These results suggest that se-
rial echocardiographic measurement of congestion could be
useful for the follow-up during hospital stay.

Biomarkers of cardiac filling pressures, namely natriuretic
peptides, are released by cardiac overstretch and are impor-
tant tools for diagnosis and risk prediction in HF.3 Our study
showed a striking reduction in BNP and MR-proANP despite
no changes in atrial and ventricular dimensions by echocardi-
ography and even increase in estimated plasma volume. This
is true in both acute HFPEF and acute HFREF. Our study also
shows that circulating sCD146, the endothelial marker of ve-
nous pressure, decreased during hospital stay in AHF patients
as previously described.*** Our study confirms that natri-
uretic peptides and sCD146 are good markers of cardiac
and venous pressures, independent from estimated plasma
volume and may be measured at admission and during hospi-
tal stay to evaluate benefits of management on cardiac filling
pressures.

Increased right and left filling pressures, in a context of al-
tered endothelial properties, are major determinants of or-
gan congestion, including lung and kidney and hospital
admissions for AHF. It is, however, very difficult to assess
the degree of right and left filling pressures and to follow
its reduction during hospitalization.”> Many AHF patients
are discharged with persistent signs and symptoms of con-
gestion,® and residual congestion has been shown to be as-
sociated with worse outcomes in hospitalized AHF
patients.”” ! Our study showed that repeated measures of
IVC, medial E/e’, E wave deceleration time, and biomarkers
allow to assess improvement in cardiac and venous pressures
during hospital stay for AHF and might help to decide on the
optimal time point for hospital discharge, which supports the
concepts of the current practical guidance of the Heart Fail-
ure Association of the European Society of Cardiology.?*?>

The present study also shows that some biological markers
of renal function such as serum creatinine and eGFR were
similar, whereas other renal biomarkers including cystatin C
and NGAL worsened during hospital stay for AHF. Recently,
venous congestion has gathered increased attention in the
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pathogenesis of renal dysfunction in patients with HF, espe-
cially in patients with advanced decompensated HFREF who
underwent right heart catheterization.?*” By contrast, other
papers showed low central venous pressure at admission,?®
or aggressive decongestive therapy®® was associated with
worsening renal function. The recent subanalysis of Renal Op-
timization Strategies Evaluation (ROSE)-AHF trial®® showed
that cystatin C levels were elevated, though renal tubular bio-
markers such as urine NGAL were unchanged or slightly im-
proved during aggressive decongestive treatment. These
differences between ROSE-AHF and our study might be
caused by differences in baseline renal function, follow-up
duration, or prevalence of HFPEF. ROSE-AHF also reported
that changes in renal tubular biomarkers were not associated
with changes in urine output or body weight. Further studies
are needed to clarify whether the improvements in cardiac
filling pressures were associated with changes in renal func-
tion or renal tubular injury in the broad spectrum of AHF pop-
ulation including HFPEF.

Study limitations

Our study has several limitations. First, the present study in-
cluded only a small number of AHF patients from two French
university hospitals, and AHF patients were not consecutively
recruited. Moreover, our cohort has missing values of echo-
cardiographic parameters and plasma biomarkers. Selection
bias might affect the results. Those results should be con-
firmed by larger AHF population enrolled consecutively,
though obtaining echocardiographic parameters at emer-
gency room in consecutive AHF patients has much difficulty
in both clinical and research settings. Second, echocardio-
graphic measurement and biomarkers were available only at
admission and before discharge, and early changes in those
parameters could not be ascertained. Third, we lack data re-
garding patients’ urine output, body weight, or HF signs and
symptoms during hospital stay and at discharge. Our study
could not assess relationships between echocardiographic pa-
rameters and plasma biomarkers of congestion and classical
HF signs and symptoms. Fourth, because estimated plasma
volume was calculated using haemoglobin and haematocrit,
repeated blood sampling tests might affect the results of
changes in estimated plasma volume.

Conclusions

Our study showed that echocardiographic parameters and
plasma biomarkers of cardiac and venous pressures improved
during hospitalization for AHF in both acute HFPEF and
HFREF, while echocardiographic parameters of cardiac cham-
ber dimensions, cardiac output, and estimated plasma vol-
ume showed minimal changes. Serial assessment of cardiac

filling pressures using echocardiography and plasma bio-
markers could be useful for the follow-up during hospital stay
and determining benefits of management in AHF patients.
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