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Abstract

Background The prognostic role of decongestion-related change of cardiac morphology and in particular right heart function
has not been investigated comprehensively in AHF patients.
Methods and results This prospective observational single-centre study included consecutive patients hospitalized for treat-
ment of AHF with reduced, mildly-reduced or preserved left ventricular ejection fraction (LVEF). Comprehensive transthoracic
echocardiography at admission and discharge assessed decongestion-related change of cardiac function and morphology. The
combined endpoint of 1 year all-cause mortality and cardiovascular rehospitalization explored the prognostic importance of
decongestion-related change. The 176 study participants were 83 years old [74–87] and 54% were men. Fifty one (29%)
had rLVEF, 65 (37%) mrLVEF, and 60 (34%) pLVEF. The proportion of de novo or worsening chronic HF was not different
between LVEF groups. HF aetiology and cardiovascular risk factors were equally distributed across all groups except for a
higher BMI in the pLVEF group. Decongestion equally reduced body weight, heart rate, systolic and diastolic blood pressure,
tricuspid regurgitation gradient, and inferior vena cava diameter across all groups (P < 0.004 for all). Decongestion-related
increase in TAPSE independent of the LVEF was associated with improvement of right-ventricular-pulmonary artery coupling
and a lower incidence of the combined outcome in the Cox proportional hazard risk analysis (unadjusted HR 0.50 95% CI 0.33–
0.78, P = 0.002; adjusted HR 0.46 95% CI: 0.33–0.78, P = 0.001).
Conclusions Decongestion-related increase in TAPSE and recovery of RV/pulmonary artery coupling was observed across all
LVEF groups and associated with a risk reduction for the combined endpoint highlighting the important prognostic role of right
heart recovery after an AHF episode.
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Introduction

Decongestion remains the principal initial therapeutic goal in
AHF patients irrespective of the particular precipitant of this
perilous clinical condition.1,2 The current pathophysiological
concept of decongestion suggests improvement of LV con-
tractile function, decrease of mitral valve regurgitation sever-
ity, reduction of pulmonary congestion, and decrease of

dyspnoea.3 Further evidence indicates that decongestion
decreases right ventricular (RV) preload and reduces the di-
ameter of the inferior vena cava (IVC)4 with attenuation of
hepatic and renal congestion.5

The prognostic role of decongestion-related change of
echocardiographic parameters has not been comprehensively
investigated so far, and in particular, it remains unknown
whether improvement of right heart function is associated
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with outcome. Right heart function is an established predic-
tor of survival in stable chronic HF patients with rLVEF,
mrLVEF and pLVEF.6,7 Furthermore, coupling of the RV with
the pulmonary circulation as assessed by the echocardio-
graphic TAPSE/PASP ratio is an important determinant of
survival with more severe heart failure.8 In AHF, many pa-
tients present clinical signs of right heart failure; therefore,
we hypothesized that reestablishment of right heart function
should be of prognostic importance across all LVEF
subgroups.

In this observational study, we used transthoracic echocar-
diography to investigate decongestion-related change in car-
diac morphology and function in consecutive patients
hospitalized for AHF treatment. Decongestion-related change
was first investigated in the total cohort because of our inten-
tion to identify a common underlying pathophysiology of
prognostic importance and, in a second step, in the different
LVEF subgroups. The prognostic relevance of decongestion-
related echocardiographic change was then explored using
the combined endpoint of 1 year all-cause mortality and first
cardiovascular hospitalization after discharge from index
hospitalization.

Methods

Study population

This prospective observational single-centre study recruited
a total of 221 patients based on the following inclusion
criteria (i) age ≥18 years; (ii) emergency hospitalization for
AHF treatment; (iii) transthoracic echocardiography per-
formed within the first 12 h of admission; (iv) written con-
sent. Excluded were patients presenting with signs of AHF
in the context of acute STEMI or NSTEMI, complex congenital
heart disease, acute pulmonary embolism, pregnancy, exac-
erbation of obstructive pulmonary disease, metabolic, toxic
or infectious disorder, or comorbidity considered to reduce
survival time to <1 year. Study inclusion was considered af-
ter mutual consensus of AHF diagnosis by the emergency
medical physician and the consulting cardiologist. In case of
disagreement, a heart failure specialist was called in. If a pa-
tient was admitted more than once during the follow-up pe-
riod of 1 year after discharge, only the data from the first
cardiovascular admission were considered. Heart failure
treatment in the acute phase followed the current HF guide-
lines of the ESC and clinical judgement determined readiness
for discharge.

The study protocol is in accordance with the Declaration of
Helsinki and was approved by the local ethics committee (CER
Vaud 120/15). All participants provided informed consent.
Anonymized data will be made publicly available.

Acquisition of anthropometric, biological, and
clinical data

Anthropometric, biological, clinical admission, and discharge
data as well as medical history were collected prospectively
from the individual patient’s electronic health report at the
Lausanne University Hospital. Data accuracy was confirmed
by revisiting all patients data revealing 99.7% accuracy. Com-
prehensive transthoracic echocardiography was performed
within the first 12 h of admission, and the second one was ex-
ecuted upon discharge. Images were acquired on Vivid E9
machines (GE Healthcare) by board certified cardiologists.
LVEF was quantitatively assessed using the biplane Simpson
method; the severity of valvular regurgitations was graded
using a multiparametric assessment in accordance with the
European Association of Cardiovascular Imaging.9 Global lon-
gitudinal strain analysis was performed offline using EchoPac
software (GE Medical Systems).

Types of heart failure

Participants with established HF history were classified as
chronic HF; patients without prior HF diagnosis were consid-
ered as de novo HF. The LVEF in the admission echocardiog-
raphy grouped study participants into AHF with pLVEF
(LVEF ≥ 50%), with mrLVEF (LVEF 40–49%), and rLVEF
(LVEF < 40%).10

Phenotype of acute heart failure

AHF was categorized into (i) cardiogenic shock if systolic
blood pressure was <90 mmHg and oliguria <0.5 mL/kg/h
was present for ≥6 h; (ii) pulmonary oedema if the chest
X-ray showed alveolar oedema and oxygen saturation was
<90% (without supplemental oxygen). (iii) Left HF was diag-
nosed if dyspnoea or tachycardia were present with pulmo-
nary congestion or interstitial oedema in chest X-ray. (iv)
Right HF was diagnosed when jugular venous pressure or
liver size were increased and peripheral oedema was present.
(v) Hypertension emergency was identified by high blood
pressure (≥180/≥100 mmHg) with symptoms of dyspnoea,
tachycardia, and radiological findings of pulmonary conges-
tion or oedema.11

Study outcomes

Primary outcome was decongestion-related change in cardiac
morphology and function parameters between admission
and discharge as assessed by transthoracic echocardiography.
Secondary outcome was the combined endpoint including
1 year all-cause mortality (ACM) and first cardiovascular re-
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hospitalization after discharge. The endpoint was assessed at
3 and 12 months after discharge and this stepped temporal
analysis was chosen in order to differentiate between
short-term and mid-term effects.

Statistical analysis

All statistical analyses were performed with Stata® 16.0
(StataCorp, College Station, Texas, USA). Continuous variables
were presented as medians with interquartile ranges (IQR)
and categorical variables as absolute numbers and percent-
ages. Comparisons of baseline characteristics between the
three LVEF groups were made with Kruskal–Wallis test and
χ2 test, respectively. Admission and discharge parameters
were compared with Wilcoxon matched-pairs signed-rank
test for continuous variables, and two-sample test of propor-
tion for categorical variables. Bivariate logistic regression
analysis was used to explore the echocardiographic determi-
nants associated with the secondary outcome. Finally, the in-
cidence of the combined secondary endpoint ACM and first
rehospitalization in the patients with and without RV function
improvement during decongestion was compared using
Cox regression analysis, both unadjusted and adjusted for
significant baseline characteristics and the HF subtype, and
represented as adjusted Kaplan–Meier survival curves. A
two-sided P-value <0.05 was considered statistically
significant.

Results

Study population

A total of 221 AHF patients were included; a total of 45 pa-
tients were excluded from final analysis for missing discharge
echocardiography. Among them, 31 patients were referred to
peripheral hospitals, 8 patients died during hospitalization,
and 6 refused discharge echocardiography (Supporting Infor-
mation, Figure S1). The first echocardiographic assessment
was performed early upon admission, with a median delay
of 6.6 [4.1–11.9] hours. Baseline clinical characteristics, in
particular NT-proBNP levels, were not different between
these 45 patients and the 176 study participants remaining
in the final analysis (Supporting Information, Table S1).

Baseline demographic, clinical, and
echocardiographic characteristics

In the study cohort, 29% of AHF patients had rLVEF (n = 51),
37% mrLVEF (n = 65), and 34% pLVEF (n = 60). Patients were
83 [74–87] years old and 54% were men; neither median

age nor the proportion of male gender was different between
groups. The BMI was higher in pLVEF patients when compared
with mrLVEF or rLVEF groups (P = 0.0002). Haemodynamic pa-
rameters, baseline rhythm, co-morbidity load, HF aetiology,
and the prevalence of de novo HF were not different between
groups (Table 1).

The acute heart failure clinical phenotype at
admission

The clinical AHF phenotype presentation did not vary largely
between groups except for the right heart failure phenotype,
which was more prevalent in AHF patients with pLVEF
(P = 0.003) (Table 2).

Biological parameters at admission

AHF patients with rLVEF presented with a lower leucocytes
count (P = 0.01); the haemoglobin levels were by trend
higher in rLVEF (P = 0.06). The NT-proBNP level was highest
in rLVEF patients (P = 0.0001). Sodium, potassium, creatinine,
and thrombocyte levels were not different between groups
(Table 3).

Changes of clinical parameters and heart failure
drug treatment

Mean length of stay was 13 days [9–19] and not different be-
tween LVEF groups (pLVEF vs. mrLVEF vs. rLVEF: 13 [8–22] vs.
13 [9–20] vs. 13 [8–16] days, P = 0.68). Body weight de-
creased overall by �1.8 [�5.0 to 0] kg (Table 4,
P = 0.0001), and this decrease was not significantly different
between groups (Supporting Information, Table S3, P = 0.97).
Discharge heart rate decreased in the entire study population
by �10.5 [�27.5 to 0] b.p.m. (P = 0.0001) and more impor-
tantly in AHF with mrLVEF and rLVEF (Supporting Informa-
tion, Table S3, P = 0.04). Discharge systolic and diastolic blood
pressure was lower when compared with admission (Table 4),
and the decrease in blood pressure was not different be-
tween the LVEF groups (Supporting Information, Table S3,
P = 0.45). By trend, more patients were in sinus rhythm at
discharge (107 vs. 89 patients, 0 = 0.053) (Table 4, Supporting
Information, Table S3).

At discharge, more study participants were on treatment
with beta-blockers (129 vs. 106; P = 0.009), MRA (47 vs. 25;
P = 0.004), or loop diuretics (152 vs. 114; P = 0.0001) while
thiazide diuretic treatment was less frequent when compared
with baseline (14 vs. 34; P = 0.002) (Supporting Information,
Table S4).
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Change of echocardiographic parameters

Table 4 and Supporting Information, Table S3 show that sig-
nificant decongestion-related change of left ventricular
end-diastolic volume index or LVEF did not occur in the entire
study population or in LVEF groups. However, global longitu-
dinal strain improved in all study participants (Table 4,

P = 0.02) and significantly in patients with rLVEF or mrLVEF
(Supporting Information, Table S3; P = 0.005, P = 0.02, respec-
tively). The mitral E-wave velocity decreased overall (Table 4,
P = 0.001) and significantly in the mrLVEF group (Supporting
Information, Table S3; P = 0.006). The E/e′ ratio decreased
in the entire study population (Table 4, P = 0.003), and signif-
icantly in the rLVEF group (Supporting Information, Table S3,

Table 2 Baseline clinical phenotype of acute decompensation

Clinical
presentation Unit

All AHF with rLVEF AHF with mrLVEF AHF with pLVEF

Pn = 175 n = 51 (29%) n = 64 (37%) n = 60 (34%)

Cardiogenic shock n (%) 2 (1%) 0 1 (1%) 1 (2%) 0.66
Pulmonary oedema n (%) 20 (11%) 5 (10%) 9 (14%) 6 (10%) 0.73
Left heart failure n (%) 152 (86%) 45 (88%) 55 (85%) 52 (87%) 0.85
Right heart failure n (%) 109 (62%) 30 (59%) 32 (49%) 77 (78%) 0.003
HT emergency n (%) 10 (6%) 2 (4%) 5 (8%) 3 (5%) 0.66

Table 3 Baseline biological parameters

Biological
characteristics Unit

All AHF with rLVEF AHF with mrLVEF AHF with pLVEF

Pn = 175 n = 51 (29%) n = 65 (37%) n = 60 (34%)

Haemoglobin g/L 123 [109–139] 127 [111–141] 117 [103–135] 123 [112–140] 0.06
Leucocytes g/L 8.7 [7.0–11.7] 7.7 [6.5–9.6] 9.3 [7.4–12.7] 8.9 [7.4–12.0] 0.01
Thrombocytes g/L 234 [186–307] 221 [183–304] 263 [210–318] 213 [178–294] 0.10
RDW % 14.8 [13.7–16.5] 14.8 [13.7–16.8] 15.1 [13.7–16.8] 14.4 [13.6–16.3] 0.36
Sodium mmol/L 139 [137–142] 138 [135–141] 140 [137–142] 140 [138–142] 0.08
Potassium mmol/L 4.4 [3.9–4.8] 4.3 [3.9–4.7] 4.5 [4.0–4.9] 4.3 [3.9–4.7] 0.41
Creatinine μmol/L 113 [87–149] 101 [78–149] 112 [91–149] 115 [91–148] 0.25
NT-proBNP ng/L 4,903 [2,365–10,689] 8,693 [3,182–18,415] 5,967 [3,590–10,727] 3,218 [1,465–5,279] 0.0001

RDW, red cell distribution width.

Table 4 Changes in clinical and echocardiographic parameters between admission and discharge

Unit

All AHF types (n = 176)

PAdmis. Discharge Median difference

Weight kg 74 [62–86] 72 [61–84] �1.8 [�5.0–0] 0.0001
Heart rate b.p.m. 86 [73–102] 74 [65–84] �10.5 [�27.5–0] 0.0001
Systolic BP mmHg 133 [119–150] 124 [108–139] �8.5 [�28–5] 0.0001
Diastolic BP mmHg 75 [63–88] 65 [55–74] �10.5 [�21–0] 0.0001
Sinus rhythm n (%) 89 (51%) 107 (61%) +18 (10%) 0.053
LV EDV index mL/m2 52 [39–74] 53 [40–68] 0.2 [�6.6–5.1] 0.76
LV ejection fraction % 45 [37–54] 45 [36–56] �0.1 [�1.7–2.6] 0.95
GLS % 10.3 [7.2–15.1] 11.8 [8.1–15.0] +0.4 [�1–2.1] 0.02
Mitral E velocity cm/s 100 [80–124] 96 [74–117] �3 [�20–7] 0.001
e′ velocity cm/s 6.5 [5.0–8.0] 6.5 [5.8–8.0] �0.35 [�1–1.1] 0.44
E/e′ ratio 16.1 [12.0–20.0] 14.6 [11.1–19.3] �1.2 [�3.9–1.8] 0.003
LA volume index ml/m2 40 [31–51] 43 [29–53] +0.5 [�3.2–5.9] 0.09
RV basal diameter mm 41 [36–45] 40 [34–44] �1 [�4–2] 0.007
TAPSE mm 15 [12–19] 15 [12–19] 0 [�2–3] 0.11
TR gradient (n = 136) mmHg 40 [32–52] 35 [28–44] �5 [�13–2] 0.0001
Systolic PAP (n = 116) mmHg 52.5 [43–65] 41 [35–52] �8 [�18–1] <0.0001
TAPSE/PASP (=115) mm/mmHg 0.29 [0.20–0.40] 0.36 [0.25–0.48] +0.06 [�0.01–0.14] <0.0001
IVC diam. mm 22 [19–26] 19 [15–23] �2 [�6–0] 0.0001

BP, blood pressure; b.p.m., beats per minute; GLS, global longitudinal strain; IVC, inferior vena cava; LA, left atrial; LVEDV, left ventricular
enddiastolic volume; RV, right ventricle; TAPSE, tricuspid annulus plane systolic excursion; TR, tricuspid regurgitation.
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P = 0.01). The basal RV diameter decreased in all study partic-
ipants (Table 4, P = 0.007) and significantly in the rLVEF group
(Supporting Information, Table S3, P = 0.007). There was no
overall change in the TAPSE overall (Table 4, P = 0.11) while
a significant increase was observed in AHF with rLVEF
(Supporting Information, Table S3, P = 0.03). The tricuspid re-
gurgitation gradient decreased with decongestion in the 136
study participants where the measure could be obtained
(Table 4, P = 0.0001) and in each LVEF group (Supporting In-
formation, Table S3, P < 0.009). The diameter of the inferior
vena cava (IVC) decreased in all study participants (Table 4,
P = 0.0001) and in each LVEF group (Supporting Information,
Table S3, P < 0.0003).

MR was absent/mild/moderate/severe in 14%/62%/18%/
6% at admission and absent/mild/moderate/severe in 15%/
64%/16%/5% at discharge. With unloading, MR severity
remained unchanged in 78%, improved by 1 class in 13%
and improved by 2 classes in 1%. MR worsened by 1 class
in 8%.

Combined endpoint of all-cause mortality and
cardiovascular rehospitalization

The combined endpoint of 1 year all-cause mortality and car-
diovascular rehospitalization occurred in 87 patients (49%)
(Figure 1A; Supporting Information, Table S5). The Cox pro-
portional hazard risk analysis did not show a significant differ-
ence in the risk for the combined endpoint when comparing
pLVEF, mrLVEF, and rLVEF patients (pLVEF: HR 0.68 95% CI
0.39–1.21, P = 0.19; mrLVEF: HR 1.38, 95% CI 0.83–2.3,
P = 0.22; with the rLVEF group serving as the reference)
(Figure 1). Heart failure treatment was not associated with
the combined outcome.

Prognostic value of relative change in
echocardiographic parameters between
admission and discharge

Decongestion-related increase in TAPSE >1 mm was ob-
served in 86 (49%) patients and increase in TAPSE with de-
congestion was associated with a lower odds ratio for the
incidence of the combined endpoint at 3 and 12 months in bi-
variate analysis (OR = 0.92; 95% CI 0.86–0.98, P = 0.025, and
OR = 0.93; 95%-CI 0.87–0.98, P = 0.036, respectively), and this
relation remained significant after adjustment for age, sex,
and body surface area (Table 5, P = 0.018 and P = 0.041, re-
spectively). The correlation between TAPSE and the com-
bined endpoint was likewise maintained at 3 months after
adjustment for change in MR class (3 months: OR = 0.92;
95%-CI 0.85–0.99, P = 0.025; 12 months: OR 0.93; 95%-CI
0.87–0.99, P = 0.046). The proportion of study participants
increasing the TAPSE was similar in all LVEF groups (pLVEF

vs. mrLVEF vs. rLVEF: 46% vs. 52% vs. 51%, P = 0.79). In the
86 patients with TAPSE increase, the median augmentation
was 3.5 [2–6] mm vs. �2 [�4 to 0] mm in the rest of the co-
hort. Furthermore, we observed that the increase of the
TAPSE was higher in study participants with 1 year survival
and without cardiovascular rehospitalization when compared
with patients with 1 year survival and 1 or more readmissions
(change in TAPSE 1.2 ± 4.3 mm vs. TAPSE 0.6 ± 4.4 mm or
�1.5 ± 5.5 mm; P = 0.03; P for trend = 0.008) (Supporting In-
formation, Figure S2).

Figure 1 (A) Combined endpoint of death or cardiovascular hospitaliza-
tion in all study participants. (B) Combined endpoint of death or cardio-
vascular readmission of study participants with reduced LVEF,
mid-range LVEF, or preserved LVEF.
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Among patients where PASP could be measured, an in-
crease in TAPSE was associated with an increase in TAPSE/
PASP ratio from 0.23 [0.18–0.36] to 0.41 [0.26–0.52]
(P < 0.0001). And, a TAPSE/PASP ratio was associated with
a lower odds ratio at 3 months and by trend at 12 months
in those study participants with measurable PASP (Table 5;
OR 0.29, 95% CI 0.001–0.55, P = 0.02; and 0 = 0.09, respec-
tively). Conversely, patients with no increase in TAPSE also
had no change in the TAPSE/PASP ratio (0.31 [0.23–0. 0.42]
to 0.31 [0.23–0.44] (P = 0.39).

The 3 months combined outcome occurred in 21% of pa-
tients with decongestion-related TAPSE improvement and in
41% in patients without TAPSE improvement (P = 0.005). This
difference remained significant after 12 months (39% vs.
60%, respectively; P = 0.004) (Supporting Information, Table
S5). The Cox proportional hazard risk analysis confirmed a sig-
nificantly lower risk for the combined endpoint in patients
with decongestion-related improvement of the TAPSE both
in the unadjusted analysis (HR 0.51 95% CI: 0.33–0.78,
P = 0.002) and after adjustment for age, sex, ischaemic heart
disease, NT-proBNP, LV end-diastolic volume index, LV mass
index, LVEF and LA volume index (HR 0.46 95% CI: 0.29–
0.74, P = 0.001) (Figure 2).

Discussion

Decongestion resulted in the entire study population and
across all LVEF groups in a uniform reduction of body weight,
blood pressure and in a decrease of the circulatory
volume-dependent echocardiographic parameters tricuspid
regurgitation gradient, inferior vena cava diameter, and mi-

tral E-wave velocity. Decongestion resulted furthermore in
almost half of all study participants in increase of the TAPSE
and, in parallel, of the TAPSE/PASP ratio indicating improve-
ment of RV-pulmonary arterial coupling. These changes
occurred across all LVEF groups and were associated with a
significant improvement in prognosis.

Study population

The present cohort is noteworthy for its overall old age
(median age of 83 years). This old age is compatible with
AHF registries recruiting within in the second decade of this
millennium (77–82 years)12–14 while patients were younger
(70–80 years) in respective registries recruiting in the first
decade.15 Older age of heart failure patients has been related
to longer survival with modern heart failure treatment as well
as higher life expectancy.16 Old age furthermore explains the
high proportion of de novo HF patients reported in the pres-
ent study and elsewhere17 because of the high incidence of
de novo heart failure in this group of the population.18

In contrast, the proportion of AHF patients withmrLVEF was
in the present study higher (37%) when compared with other
contemporary AHF registries (13–24%).19 This may relate to
the monocentric study design, the relatively low number of
study participants, or the catchment area of the study centre
with its high portion of people originating from Southern
Europe or Northern Africa, where HF with mrLVEF is more
prevalent.20 Demographic, clinical, and biological characteris-
tics of the present mrLVEF group compared with mrLVEF
groups reported elsewhere.20,21 The comparatively high num-
ber of AHF patients with mrLVEF provided therefore the
opportunity to compare decongestion-related change of

Table 5 Prognostic value of absolute change in echocardiographic parameters between admission and discharge for mortality and
cardiovascular rehospitalisation

Bivariate analysis Unit

Mortality and rehospitalization
at 3 months

Mortality and rehospitalization
at 12 months

OR 95% confidence interval P OR 95% confidence interval P

LV EDV index per mL/m2 1.01 0.98–1.03 0.56 1.02 0.99–1.05 0.07
LV ejection fraction per 1% 0.98 0.94–1.02 0.32 0.99 0.95–1.02 0.47
Global longitudinal strain per 1% 1.00 0.91–1.10 0.97 0.96 0.88–1.04 0.31
Mitral E velocity per 1 cm/s 1.00 0.99–1.01 0.60 0.99 0.98–1.01 0.30
e′ velocity per 1 cm/s 1.01 0.85–1.21 0.88 1.05 0.89–1.23 0.56
E/e′ ratio per 1 unit 0.98 0.93–1.03 0.42 0.96 0.92–1.01 0.12
LA volume index per 1 mL/m2 1.03 0.99–1.06 0.44 1.00 0.97–1.03 0.95
RV basal diameter per 1 mm 1.04 0.98–1.10 0.19 1.02 0.97–1.08 0.38
TAPSE per 1 mm 0.92 0.86–0.98 0.025 0.93 0.87–0.99 0.036
TR gradient (n = 136) per 1 mmHg 1.02 1.00–1.05 0.10 1.00 0.98–1.03 0.89
Systolic PAPs (n = 116) per 1 mmHg 1.02 0.99–1.05 0.11 1.00 0.98–1.03 0.78
TAPSE/PASP (n = 115) mm/mmHg 0.29 0.001–0.55 0.02 0.12 0.01–1.38 0.09
IVC diameter mm 1.04 0.97–1.10 0.29 1.04 0.98–1.11 0.17

After adjustment for age, sex, and body surface area, the correlations between change in TAPSE and outcome remained significant both à
3 months (OR = 0.92 [0.85–0.98], P = 0.018) and 12 months (OR = 0.93 [0.87–0.99], P = 0.041).
FAC, fractional area change; IVC, inferior vena cava; LVEDV, left ventricular end-diastolic volume; LVESV, left ventricular end-systolic vol-
ume; TAPSE, tricuspid annulus plane systolic excursion.
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cardiac function and morphology between LVEF groups of
equal size.

Classification into AHF patients with reduced,
mid-range and preserved left ventricular ejection
fraction

The separation into three LVEF groups refers to the classifica-
tion of chronic stable HF into HF patients with rLVEF, mrLVEF,
or pLVEF. The proportion of AHF patients with either worsen-

ing chronic HF or de novo HF was similar in each LVEF group
in accordance with other reports.12,13,17 Furthermore, the
distribution of common prime precipitants of AHF10 did not
differ between LVEF groups. In addition, the clinical pheno-
type was similar between the LVEF groups with the exception
of the right heart failure phenotype, which was more preva-
lent in AHF patients with preserved LVEF when compared
with mrLVEF and rLVEF (78 vs. 49 vs. 59%). This observation
is surprising considering the higher prevalence of significant
tricuspid regurgitation (≥2 + grade) in AHF patients with
rLVEF (pLVEF vs. mrLVEF vs. rLVEF: 22% vs. 15% vs. 39%,
P = 0.01). However, afterload-dependance of the RV is exag-
gerated in HF patients with pLVEF7 which can explain the
higher prevalence of this AHF phenotype in the pLVEF group.

Decongestion-related changes of the left heart

Decongestion resulted in an average weight loss of 1.8 kg,
corresponding to the weight loss of 2.3 kg reported from
the ASCEND-HF trial.22 In the present study, body weight de-
crease was similar across all LVEF groups indicating similar ex-
tent of decongestion across all groups. Decongestion also
went along with overall blood pressure decrease in all study
participants without significant differences between the LVEF
groups.

Nonetheless, no change of either LVEF or LV end-diastolic
volume was observed between admission and discharge
echocardiography. Decongestion, however, went along with
an overall increase in GLS in the entire study population
and this increase was significant in the subgroups of AHF pa-
tients with rLVEF or mrLVEF. This improvement is not unex-
pected because both LV preload and blood pressure are key
determinants of GLS23,24 and these parameters were signifi-
cantly improved with decongestion. GLS improvement in
the rLVEF and the mrLVEF group may also explain the im-
provement of diastolic function in these patients because di-
astolic function is not only determined by active LV relaxation
but also depends on restoring forces and lengthening load.25

In the pLVEF group, however, no significant increase in GLS
was observed, possibly because baseline GLS was only mildly
reduced in this subgroup26 and echocardiography may have
missed subtle change. Absence of larger change of the GLS
may also explain why diastolic function parameters did not
change with decongestion of pLVEF patients.

In the present study, no significant decongestion-related
change of LA size was observed as reported elsewhere.4

However, a more recent report had indicated decongestion-
related decrease of LA size in AHF patients with rLVEF27 but
these patients were of younger age (64 years vs. 83 years in
the present study). In addition, 32% had a history of atrial
fibrillation but were not in atrial fibrillation at inclusion while
42% patients of the present study had atrial fibrillation at
admission and were substantially older. Both age and atrial

Figure 2 (A) Combined endpoint of death or cardiovascular readmission
of study participants with or without improvement in TAPSE with acute
treatment (unadjusted). (B) Combined endpoint of death or cardiovascu-
lar readmission of study participants with or without improvement in
TAPSE with acute treatment (adjusted).
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fibrillation are acknowledged risk factors for increased atrial
fibrosis28 and stiffening the left atrium, which might explain
the heterogeneity in decongestion-related change of LA size.

Decongestion-related right heart changes

The right heart is exquisitely sensitive to changes in preload
and afterload rendering it susceptible to decompensation-
induced change of volume and function.1,2 Decongestion
went in the present study along with reduction of body
weight, tricuspid regurgitation gradient, and inferior vena
cava diameter as reported elsewhere.1–4 Furthermore, there
was a corresponding decrease of basal RV diameter, which
is a fair echocardiographic surrogate parameter of RV
volume.29 However, only half of the study participants im-
proved the TAPSE suggesting that decongestion-related
increase of the TAPSE distinguishes AHF patients recovering
from decompensation. In fact, improvement of the TAPSE
was in the present study associated with a lower 1 year inci-
dence of the combined endpoint underlining the important
role of RV contractile function for the short and mid-term
prognosis after an AHF episode. The prognostic role of RV
contractile function has already been described in the gen-
eral population where a 1 mm decrease of the TAPSE is asso-
ciated with increased risk of cardiovascular mortality.30

Further evidence of a predictive role of the TAPSE derives
from another AHF cohort showing that a normal TAPSE in
the baseline echocardiography is associated with improved
outcome.13 Therefore, the finding that improvement of the
TAPSE is associated with better prognosis integrates into
the body of existing evidence.

Haemodynamic studies in pulmonary hypertension have
shown that an increase of pulmonary arterial load first in-
creases RV contractility to preserve right ventriculo-arterial
coupling. However, progression of pulmonary hypertension
results in RV-PA decoupling with increase of RV dilatation
and decrease RV stroke volume. The TAPSE/PASP correlates
strongly with the invasively measured end-systolic RV elas-
tance/PA elastance (Ees/Ea) ratio, the gold standard metric
of intrinsic RV contractility and RV afterload30 proving the
TAPSE/PASP as a valid non-invasive surrogate parameter for
RV-PA coupling. Secondary pulmonary hypertension is a
frequent complication of worsening heart failure, and a low
TAPSE/PASP ratio predicts worse outcome in stable chronic
HF patients with rLVEF or pLVEF.8 In the present study,
decongestion-related improvement of TAPSE/PASP ratio was
associated with a lower the incidence of the combined end-
point during the first 3 months after discharge and by trend
at 12 months. In addition, improvement of the TAPSE/PASP
ratio resulted in a median value corresponding to the value
that has been associated with a good prognosis in stable
chronic HFrEF patients.8

Critical evaluation

Limitations of this study are the relatively small number of
study participants and the loss to follow-up of 14% of pa-
tients. This drop-out might introduce a bias however these
patients were not different with respect to admission param-
eters when compared with participants remaining in the
study. Last not least, similar drop-out rates were also re-
ported from other studies in AHF such as the EVEREST trial
investigating the effect of tolvaptan in AHF.31

The study participants did not receive diuretic treatment
alone but had introduction or increase of standard heart
failure treatment with vasodilators and beta-blockers too.
Therefore, we cannot exclude that drug-related decrease of
heart rate and blood pressure have contributed to the
observed changes in left and right heart function. In this con-
text, simultaneous invasive measure of right heart parame-
ters could have provided complementary information in par-
ticular because TAPSE is a load-dependent parameter. In
addition, we have to account for the old age of the patients,
which may explain findings that differ when compared with
younger AHF patient cohorts.

Conclusions

Decongestion was associated with an improvement in right
ventricular function as measured by the TAPSE in almost half
of the patients, irrespective of the LVEF category. TAPSE
increase went along with decrease of the incidence of the
combined primary endpoint both at 3 months and at 1 year
while improvement of RV-pulmonary artery coupling was in-
dependently associated with a lower incidence of the
combined endpoint at 3 months. This highlights the patho-
physiological and prognostic importance of improvement of
right heart function with decongestion and provides new out-
come parameters for evaluation of the individual patient
prognosis and therapeutic strategies in acute heart failure.
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