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Abstract

Aims Patients with acute heart failure (AHF) are included into clinical trials regardless of differences in baseline clinical char-
acteristics. The aim of this study was to assess patients with AHF according to the presence of central and/or peripheral con-
gestion at hospital admission and evaluate treatment response and outcomes in studied phenotypes.

Methods and results We investigated retrospectively 352 patients (mean age: 68 + 13 years, 77% men) hospitalized due to
AHF with the signs of congestion on admission. Patients were divided according to the type of signs of congestion into three
groups: A, isolated pulmonary congestion (n = 52, 15%); B, isolated peripheral congestion (n = 31, 9%); and C, signs of mixed
(peripheral and central) congestion (n = 269, 76%). Patients from Group A had lower concentration of urea, bilirubin, and
gamma-glutamyl transferase whereas higher level of haematocrit, albumin, and leukocytes on admission. The highest baseline
N-terminal pro-B-type natriuretic peptide level (median: 4113 vs. 3634 vs. 6093 pg/mL) and percentage of patients with
chronic heart failure (56 vs. 58 vs. 74%; A vs. B. vs. C, respectively, all P < 0.01) were observed in Group C. There were no dif-
ferences in terms of demographics, co-morbidities, left ventricular ejection fraction, and applied treatment between studied
groups. Patients from Group A had the highest systolic blood pressure on admission (145 + 37 vs. 122 + 20 vs. 130 + 29 mmHg)
and the biggest decrease in systolic blood pressure [—22 (—45 to —4) vs. —2 (—13 to 2) vs. —10 (—25 to 0) mmHg] and heart
rate [—16 (—35to —1.5) vs. —1 (—10to 5) vs. —7 (—20 to 0) b.p.m.] with the lowest weight change [-1.0 (—1.0 to 0) vs. —2.9
(—3.8to —0.9) vs. —2.0 (—3.0 to —1.0) kg; all P < 0.01] after 48 h of hospitalization. There were differences in short-term and
long-term outcomes with favourable results in Group A. Group A experienced less frequent in-hospital heart failure worsening
during the first 48 h (4 vs. 23 vs. 7%), had shorter length of hospital stay [6 (5—8) vs. 7 (5—11) vs. 7 (6—11) days], and had lower
1 year all-cause mortality (12 vs. 28 vs. 29%; all P < 0.05). Presence of peripheral congestion on admission was independent
predictor for all-cause mortality within 1 year [hazard ratio (95% confidence interval): 2.68 (1.06—6.79); P = 0.04].
Conclusions Patterns of congestion in AHF are associated with differences in clinical characteristics, treatment response, and
outcomes. It needs to be considered once planning clinical trials in AHF.
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Introduction of which have not improved the outcomes of patients with

acute heart failure (AHF).%? A heterogeneity of population
The last decades have witnessed recurrent disappointments is widely considered to be the most important reason for
of clinical trials in introducing novel treatment strategies, all neutral findings of these trials.>™ Therefore, accurate
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profiling of patients admitted with AHF generates consider-
able interest in terms of designing clinical trials in the clinical
settings of AHF.6™1°

Current European Society of Cardiology (ESC) Guidelines
for diagnosis and treatment of acute and chronic heart failure
(HF) recommend to classify patients with AHF according to
clinical profiles, based on the presence or absence of conges-
tion (‘wet’ vs. ‘dry’) and peripheral hypoperfusion (‘cold’ vs.
‘warm’) during bedside physical examination.>***? Prognos-
tic value of the aforementioned clinical profiling has been re-
cently confirmed.®®

Fluid overload leading to congestion is the most common
underlying cause of clinical deterioration in patients with
HF, with frequent subsequent need for hospital admission.
Patterns of fluid overload development (i.e. gradual vs.
rapid), localization and magnitude of congestion, and its re-
sponse to the therapy all are important elements for clinical
evaluation of patients admitted with AHF. Despite growing in-
terest in clinical classification of AHF, characteristics of differ-
ent profiles of congestion and their associations with
presence, severity, and duration of HF signs and symptoms,
as well as therapeutic and prognostic impact, have not been
established. Therefore, the aim of this study was to link the
presence of different types of congestion at hospital admis-
sion with clinical characteristics, treatment response, and
outcomes.

Methods
Study population

The studied population consisted of patients recruited for
two AHF registries that run at our institution between
2010-2012 and 2016-2017. In this study, we evaluated pa-
tients with signs of congestion at hospital admission.

Patients were treated in accordance with the recommen-
dations of the ESC Guidelines.™*** Other inclusion and ex-
clusion criteria are listed in our previous references.® ¢ In
particular, for this analysis, to minimize the chance of impre-
cise interpretation of physical examination (see succeeding
text) due to other differential diagnoses, patients with a his-
tory of severe pulmonary disease and advanced liver and re-
nal disease were excluded.

The study protocol was approved by the local ethics com-
mittee and was conducted in accordance with the Declara-
tion of Helsinki.

Study design

After inclusion into the study, information on demographics,
co-morbidities, and clinical history was collected together

with careful physical examination (for details, see succeeding
text).

On admission at the emergency department (as a part of a
standard AHF care), venous blood samples were obtained
from all studied patients and subsequently after 24 and
48 h. The following laboratory measurements were assessed
using standard methods in our laboratory: (i) haematology:
haemoglobin (g/dL), haematocrit (%), and leukocytes (white
blood cell, g/dL); (ii) electrolytes: sodium (mEqg/L) and potas-
sium (mEq/L); (i) renal and liver function tests: serum creat-
inine (mg/dL), urea (mg/dL), estimated glomerular filtration
rate (mL/min/1.73 m?), bilirubin (mg/dL), aspartate transam-
inase (IU/L), alanine transaminase (IU/L), gamma-glutamyl
transferase (IU/L), and albumin (mg/dL); (iv) plasma
N-terminal pro-B-type natriuretic peptide (NT-proBNP,
pg/mL) using an immunoenzymatic method (Siemens,
Germany); (v) high-sensitivity cardiac troponin | (ng/mL) using
chemiluminescence (technology LOCI) on Dimension EXL Sys-
tem (Siemens Healthcare Diagnostics, Erlangen, Germany);
(vi)  C-reactive protein (CRP, mg/L) using an
immunoturbidimetric method (Konelab 30, Finland); and
(vii) acid—base balance in the capillary blood sample.

Echocardiography was performed at the discretion of
treating physician.

Definitions

Patients were divided according to the type of signs of con-
gestion on admission to hospital into three groups:

A patients with isolated signs of pulmonary congestion;

B patients with isolated signs of peripheral congestion; and

C patients with signs of mixed congestion (central and
peripheral congestion).

Accurate physical examination of patients with AHF on
admission to hospital was essential for their proper classifica-
tion into the studied phenotypic groups (Groups A-C).
Therefore, to ensure high standard quality of physical exami-
nation in our study, we undertook the following measures:

a clinical examination was always performed in a standard-
ized manner with precisely described definitions of physi-
cal findings, which were applied by a physician to classify
correct signs of AHF in studied population; and

b in all cases, clinical assessment was either performed
or supervised by a cardiologist experienced in HF
management.

Pulmonary congestion was defined as any rales heard over
the lung fields that persisted after a cough in attempt to
clear. It was classified as mild (heard in the lower 1/3 of either
or both lung fields), moderate (rales heard throughout the
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lower half to 2/3 of either or both lung fields) or severe pul-
monary congestion (rales heard throughout more than 2/3
of either or both lung fields). Lack of pulmonary congestion
was defined as no rales heard anywhere in the lung fields, in-
cluding patients with transient rales that needed an initial
clearing with cough.

Testing for pleural effusion was not included in the defini-
tion of pulmonary congestion.

Peripheral congestion was defined as a detection of limited
areas where mild digital pressure elicits an indentation of skin
and subcutaneous tissues on lower extremities or sacrum, if
subject has been recumbent, presence of jugular vein disten-
tion, hepatic enlargement, or ascites. It was classified as mild
oedema (limited to feet and ankles, which resolves over ap-
proximately 10-15 s), moderate peripheral oedema (that dis-
appears slowly after 15-30 s or more), and severe peripheral
oedema (oedema extended to lower legs or thighs, being eas-
ily produced and slowly resolving in more than 30 s)
with/without jugular vein distention and/or hepatomegaly
and/or ascites.

In order to minimalize the chance of the other differen-
tial diagnoses to affect the interpretation of the findings of
congestion, in all uncertain cases, they were confronted
with patients’ history, laboratory findings, or chest X-ray
results.

On admission, after 24 and 48 h of hospitalization, patients
were asked to assess severity of dyspnoea at rest by using a
self-reported 10-point Likert scale, where 0 means ‘lack of
dyspnoea’ and 10 points means ‘dyspnoea of the worst
severity/maximal dyspnoea’. Ten-point Likert scale was cho-
sen as well-validated practical tool widely applied in the clin-
ical settings of AHF.

In order to identify a biochemical evidence of myocardial
damage and alterations in congestion status, we analysed
changes in cardiac biomarkers (troponin | and NT-proBNP)
during the first 48 h of hospitalization in studied groups using
an approach described in our previous publication.’”

The following endpoints were assessed in the study:

e in-hospital HF worsening, defined as a presence of deteri-
oration or lack of relevant improvement in clinical status
despite optimized therapy during the first 48 h of hospital-
ization, assessed by a treating physician (after exclusion of
one patient, who died during the first 48 h of
hospitalization);

e duration of index hospitalization (after exclusion of 12 pa-
tients, who died in hospital); and

e all-cause mortality during the 365 days of follow-up (in-
cluding in-hospital mortality).

Information regarding survival was obtained directly from
the patients or their families during phone calls, HF clinic da-
tabase, or from the hospital system, after 1 year from the
admission.

The length of follow-up of the patients in whom an event
occurred after 1 year, and in all survivors, was censored at
365 days. Four patients (1%) were lost to follow-up.

Statistical analysis

The assumption of normality was assessed for all studied pa-
rameters using the Kolmogorov—Smirnov test. Normally dis-
tributed  continuous variables were expressed as
means = standard deviations. Variables with a skewed distri-
bution were expressed as medians with lower and upper
quartiles and were log transformed in order to normalize
their distributions. The categorical variables were presented
as numbers and percentages. The statistical significance of
differences between the groups was tested using analysis of
variance (the Kruskal-Wallis test with adequate post-tests)
or the y° test, where appropriate.

To establish the effect of peripheral congestion on sur-
vival (i.e. considering patients who belong to Groups B or
C together as having this risk factor), we performed Cox
proportional hazard regression models. Presence of periph-
eral congestion and other clinical variables were determin-
ing variables (predictors), while the endpoint was clinical
status at the end of follow-up (dead/alive). The follow-up
of patients who survived over 1 year was censored at
365 days. The associations between signs of peripheral con-
gestion and survival were adjusted in multivariable models
for subsequent variables that were statistically significant
predictors in univariable models. The interaction tests be-
tween prognostic indicators were performed, and variables
that demonstrated significant interrelation were excluded
from the model.

The Kaplan—Meier curves for cumulative survival were con-
structed to estimate the effect of the physical signs of AHF on
12 months all-cause mortality.

Because of the fact that our study was a secondary analysis
of a pre-set database, it was not possible to execute a sample
size calculation a priori.

A value of P < 0.05 was considered as statistically signifi-
cant. Alpha was not corrected for multiple comparisons. Sta-
tistical analyses were performed using the STATISTICA 13.3
data analysis software system (StatSoft, Inc.).

Results

We investigated 352 patients hospitalized due to AHF with
signs of congestion. Patients with AHF were mainly men
(n = 271; 77%), with mean age of 68 + 13 years, history of
chronic HF (n = 240; 69%), and mainly ischaemic aetiology
of HF (n = 182; 54%). After admission, 104 (30%) patients
were treated at the cardiac intensive care unit and
subsequently transferred after clinical stabilization to the
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Table 1 Baseline characteristics of patients with acute heart failure according to signs of congestion on admission
A B C
Isolated signs of lung Isolated signs of peripheral Signs of lung and peripheral
congestion (n = 52) congestion (n = 31) congestion (n = 269) P
Demographics and clinical variables
Age (years) 65+ 13 67 =12 67 =13 0.51
Male, n (%) 34 (65) 24 (77) 215 (79) 0.10
LVEF (%) 30 (25-40) 35 (28-55) 30 (23-45) 0.21
HFpEF/HFmrEF/ 15/18/67 31/15/54 20/12/68 0.47
HFrEF (%)
Medical history
HF de novo, n (%) 23 (44) 13 (42) 70 (26) 0.006 (b, c)
Ischaemic HF 28 (56) 15 (50) 140 (54) 0.87
aetiology, n (%)
Hypertension, n (%) 42 (81) 22 (73) 191 (72) 0.42
Atrial fibrillation, 26 (51) 21 (70) 165 (62) 0.20
n (%)
Previous CAD, n (%) 28 (54) 15 (50) 153 (58) 0.66
Chronic kidney 20 (43) 13 (50) 142 (55) 0.28
disease, n (%)
Stroke/TIA, n (%) 7 (16) 6 (23) 32 (14) 0.42
DM, n (%) 18 (37) 15 (48) 101 (39) 0.54
COPD/asthma, n (%) 7 (14) 3(11) 42 (17) 0.71
Laboratory data
N-terminal  proBNP 4113 (2495-7980) 3634 (2772-6372) 6093 (3646-11 958) 0.003 (b, ©)
(pg/mL)
Troponin | (pg/mL) 0.04 (0.02-0.10) 0.05 (0.02-0.11) 0.04 (0.02-0.09) 0.53
Creatinine (mg/dL) 1.10 (0.90-1.34) 1.23 (0.95-1.71) 1.23 (1.02-1.52) 0.07
eGFR (mL/min/ 61 (48-76) 56 (39-74) 56 (42-70) 0.24
1.73 m%)
Urea (mg/dL) 42 (32-56) 50 (38-70) 54 (40-77) 0.005 (c)
Sodium (mEgq/L) 139 (137-141) 140 (135-142) 139 (136-142) 0.79
Glucose (mg/dL) 131 (103-173) 121 (97-147) 117 (102-139) 0.27
AST (IU/L) 26 (21-36) 28 (22-37) 27 (20-39) 0.81
ALT (IU/L) 34 (21-47) 27 (16-33) 28 (18-48) 0.36
Bilirubin (mg/dL) 0.81 (0.64-1.14) 1.26 (0.87-1.91) 1.20 (0.76-1.79) 0.0004 (a, )
WBC (G/L) 9.3(7.7-12.8) 7.6 (6.4-8.8) 8.0 (6.5-9.8) 0.001 (a, ©)
CRP (mg/L) 9.2 (3.4-15.2) 7.4 (3.4-15.4) 7.4 (4.0-18.6) 0.93
Haemoglobin (g/dL) 13.9 (12.7-14.7) 13.9(11.8-14.7) 13.0 (11.6-14.1) 0.001 (c)
Haematocrit (%) 41 =4 40 = 5 39+5 0.01 (c)
GGT (IU/L) 56 (38-89) 73 (36-166) 82 (47-136) 0.03 (o)
Albumin (mg/dL) 3.9 (3.74.1) 3.9 (3.6-4.1) 3.7 (3.5-3.9) 0.004 (c)
Acid-base balance in the capillary blood
pH 7.43 (7.39-7.47) 7.45 (7.7.43-7.49) 7.45 (7.42-7.48) 0.08
sO, 93 (91-95) 94 (90-96) 93 (90-96) 0.88
pO, 65 (60-75) 69 (55-78) 66 (58-74) 0.74
pCO, 36 (33-42) 34 (30-36) 35 (31-38) 0.01 (a)
HCO3 standard 24 (23-26) 25 (21-27) 25 (23-27) 0.62
Lactates 2.1(1.8-2.6) 2.2 (1.6-2.8) 1.9 (1.4-2.4) 0.06
Therapies during hospitalization
Loop diuretics, i.v., 50 (96) 31 (100) 266 (99) 0.13
n (%)
Vasodilator, n (%) 26 (51) 13 (42) 127 (47) 0.73
Inotropes, n (%) 1(2) 3(10) 33(13) 0.09
Beta-blockers, n (%) 50 (96) 29 (94) 257 (96) 0.70
ACE inhibitor/ARB, 47 (94) 25 (89) 234 (89) 0.52
n (%)
MRA, n (%) 24 (48) 12 (39) 124 (48) 0.65

ACE, angiotensin-converting enzyme; ALT, alanine transaminase; ARB, angiotensin Il receptor blocker; AST, aspartate transaminase; CAD,
coronary artery disease; COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; DM, diabetes mellitus; eGFR, estimated
glomerular filtration rate; GGT, gamma-glutamyl transferase; HF, heart failure; HFmrEF, heart failure with mid-range ejection fraction;
HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; i.v., intravenous; LVEF, left ven-
tricular ejection fraction; MRA, mineralocorticoid receptor antagonist; n, number of patients; TIA, transient ischaemic attack; WBC, white

blood cell.

Results are presented as a number of patients (and percentage), mean =+ standard deviations, or median (with lower and upper quantile).
Legend for statistical analysis between studied groups: a/b/c = P < 0.05, where a is comparison between Groups A and B; b is comparison
between Groups B and C; and c is comparison between Groups A and C.
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cardiac ward. All patients were supervised by cardiologists ex-
perienced in HF management. Echocardiography during the
first 48 h was performed in 288 (82%) patients—mean left
ventricular ejection fraction (LVEF) was 35 + 14%, and 67%
of patients had reduced LVEF (LVEF <40%), 14% mid-range
LVEF (LVEF 40-49%), and 19% preserved LVEF (LVEF >50%).
With regard to co-morbidities, the most common were arte-
rial hypertension (73% of studied patients), atrial fibrillation
(61%), chronic kidney disease (53%), and diabetes mellitus
(39%). The mean systolic blood pressure (SBP) on admission
was 132 + 30 mmHg. The median (upper and lower quartiles)
plasma concentration of NT-proBNP was 5553 (3253-10 152)
pg/mL. During hospitalization, 346 patients (99%) received in-
travenous loop diuretic, 165 (47%) vasodilators (nitroglycer-
ine, intravenous), 37 (11%) inotropic agents, 335 (96%)
beta-blockers, 305 (89%) angiotensin-converting-enzyme or
angiotensin Il receptor blockers, and 159 (47%) mineralocor-
ticoid receptor antagonists.

According to the described criteria, this population was di-
vided into three groups: A, patients with isolated pulmonary
congestion (n = 52; 15%); B, patients with isolated peripheral
congestion (n = 31; 9%); and C, patients with signs of mixed
congestion (n = 269; 76%).

Clinical characteristics

Clinical characteristics, laboratory findings, and in-hospital
treatment are given in Table 1. There were no differences
in demographics and LVEF on admission to hospital between
studied groups. Besides the highest percentage of patients
with chronic HF in the group with signs of mixed congestion
(56 vs. 58 vs. 74%; P = 0.006; Group A vs. B vs. C, respec-
tively), there were no other differences regarding the preva-
lence of co-morbidities in studied groups.

Laboratory parameters and treatment

Patients with isolated signs of lung congestion (Group A) had
lower concentration of urea, bilirubin, and gamma-glutamyl
transferase whereas higher level of haematocrit, albumin,
and leukocytes (without significant differences in CRP) when
compared with patients with peripheral congestion.

The highest NT-proBNP level on admission was observed in
Group C [4113 (2495-7980) vs. 3634 (2772-6372) vs. 6093
(3646-11 958) pg/mL; P = 0.003; Group A vs. B vs. C, respec-
tively]. No significant differences were observed between
studied groups with regard to changes in cardiac biomarkers
during the first 48 h of hospitalization (Supporting Informa-
tion, Table S1) and therapies applied during the inpatient
care.

Physical findings and acute heart failure signs and
symptoms

Table 2 demonstrates physical findings and changes in vital
signs and AHF symptoms in studied population.

There were no differences in baseline weight and heart
rate. The highest SBP on admission was observed in Group
A (145 £ 37 vs. 122 + 20 vs. 130 + 29 mmHg; P = 0.003;
Group A vs. B vs. C, respectively). Patients with isolated lung
congestion had also the biggest decrease in SBP and heart
rate, with the lowest weight change after 48 h of
hospitalization.

In analysed population, 94% of all patients reported dys-
pnoea at rest, and the mean self-reported severity was 8
(7-10) points using 10-point Likert scale on admission to
hospital. Whereas there were no differences between
Groups A and C, patients with isolated signs of peripheral
congestion had dyspnoea at rest less frequently and with
milder magnitude. The shortest duration of dyspnoea before
admission was observed in group with isolated lung
congestion.

Outcomes

Detailed description of the outcomes in studied population is
summarized in Table 3.

There were differences in short-term and long-term out-
comes, with favourable results in patients with isolated lung
congestion. Patients with isolated lung congestion less often
experienced in-hospital HF worsening during the first 48 h
of hospitalization and stayed in hospital for a shorter period,
in comparison with the other groups.

During 1 year of follow-up, 92 (26%) patients died,
including 12 (3%) in-hospital deaths. In terms of long-term
outcomes, there was a significant difference in 1 year
all-cause mortality, with the lowest prevalence in Group A
(12 vs. 28 vs. 29%; P = 0.03; Group A vs. B vs. C,
respectively).

On the univariate analysis, presence of peripheral conges-
tion on admission to hospital in patients with AHF predicted
all-cause mortality (Figure ). This association remained sig-
nificant [hazard ratio (HR) (95% confidence interval, Cl):
2.68 (1.06—6.79); P = 0.04] after adjusting to other determin-
ing variables, which also significantly predicted all-cause mor-
tality: SBP, NT-proBNP, urea, white blood cells, haemoglobin,
and albumin (Table 4).

Separately, we analysed prognostic role of peripheral con-
gestion in relation to LVEF. As only 14% of patients had HF
with mid-range ejection fraction, we combined patients with
HF with preserved ejection fraction and HF with mid-range
ejection fraction. In patients with HF with reduced ejection
fraction, presence of peripheral congestion predicted 1 year
all-cause mortality [HR (95% ClI): 3.19 (1.07-9.55);
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Table 2 Physical findings and changes in vital signs and symptoms in patients with acute heart failure according to signs of congestion on

admission

Changes in physical findings and AHF symptoms

A
Isolated signs of
lung congestion

B
Isolated signs of

C
Signs of lung and

peripheral congestion peripheral congestion

(n =52) (n =31) (n = 269) P
Physical findings
Moderate—severe pulmonary congestion on 23 (44) — 78 (29) <0.0001 (c)
admission, n (%)
Moderate-severe  peripheral oedema on — 19 (61) 167 (62) <0.0001 (b)
admission, n (%)
Ascites on admission, n (%) — 5(16) 47 (17) 0.005 (b)
Elevated JVD on admission, n (%) — 18 (58) 133 (49) <0.0001 (b)
Systolic blood pressure on admission (mmHg) 145 + 37 122 = 20 130 = 29 0.003 (a, ©)
Change at 24 h —17 (-48 to —3) —-1(-10to 10) —5(-21to5) <0.001 (a, ©)
Change at 48 h —22 (—45 to —4) -2 (-13t02) —-10(-25t0 0) <0.001 (a, ¢)
Diastolic blood pressure on admission (mmHg) 84 + 19 77 = 11 75 = 16 0.030 (c)
Change at 24 h -9 (-20to 0) 0(-10to 3) -5(-121t0 0) 0.037 (a)
Change at 48 h —10 (=20 to 0) 0(-=12to 1) —5(-15to 1) 0.021 (c)
Heart rate on admission (b.p.m.) 95 (77-110) 80 (68-104) 84 (75-100) 0.121
Change at 24 h —10 (=32 to —-2) —5(=14to 0) —5(-18to 2) 0.036 (c)
Change at 48 h —16 (—35to —1.5) —-1(-10to 5) —7(-201to0 0) 0.006 (a, ¢
Weight on admission (kg) 78 =18 82 + 14 82 18 0.42
Change at 24 h 0(—1.0t0 0) —-1.0(-2.0to 0) —-1.0(-2.0to —0.3)  0.015 (¢)
Change at 48 h —-1.0(-1.0to0) —-2.9(-3.8to —0.9) —2.0(-3.0to —1.0) 0.002 (a, ©)
Dyspnoea
Dyspnoea at rest on admission, n (%) 51 (98) 21 (68) 258 (96) <0.0001 (a, b)
Duration of dyspnoea before admission (days) 1(1-3) 7 (7-14) 4 (2-7.5) <0.0001 (a, b, ©)
Dyspnoea severity assessed by patient using 8 (7-10) 6 (4-8) 8 (7-10) 0.0004 (a, b)
10-point Likert scale on admission (points)
Difference in dyspnoea severity assessed by —3 (-6 to —2) —1(=31t00) -2 (-4 to 1) 0.006 (a)
patients using 10-point Likert scale after
24 h (points)
Difference in dyspnoea severity assessed by -5 (-8 to —2) -2 (-5t00) —-4(-6to —2) 0.002 (a, b)

patients using 10-point Likert scale after
48 h (points)

AHF, acute heart failure; JVD, jugular vein distention.

Results are presented as a mean + standard deviation or median (with lower and upper quantile).

Legend for statistical analysis between studied groups: a/b/c = P < 0.05, where a is comparison between Groups A and B; b is comparison
between Groups B and C; and c is comparison between Groups A and C.

P = 0.04] whereas in those with LVEF >40%, there was no
such relationship [HR (95% CI): 1.69 (0.44-6.53); P = 0.45],
with P = 0.04 for significant interaction between the two
groups.

Discussion

The main finding of this study is that in patients with AHF,
different patterns of congestion detected on physical

Table 3 Clinical outcomes in patients with acute heart failure according to signs of congestion on admission

A B C
Isolated signs of lung Isolated signs of peripheral  Signs of lung and peripheral

Clinical outcomes congestion (n = 52) congestion (n = 31) congestion (n = 269) P
In-hospital mortality, n (%) 1(2) 1(3) 10 (4) 0.80
In-hospital HF worsening during 2 (4) 7 (23) 19 (7) 0.006 (a, b)
the first 48 h, n (%)

Duration of index hospitalizations 6 (5-8) 7 (5-11) 7 (6-11) 0.02 (c)
(days)

12 months all-cause mortality, 6(12) 8 (28) 78 (29) 0.03 (0

n (O/o)

HF, heart failure.

Results are presented as a number of patients (with percentage) or as a median (with lower and upper quantile).

Legend for statistical analysis between studied groups: a/b/c = P < 0.05, where a is comparison between Groups A and B; b is comparison
between Groups B and C; and c is comparison between Groups A and C.
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Figure 1 Kaplan—Meier curves for 1 year all-cause mortality according to
the type of congestion on admission to the hospital in patients with acute
heart failure.
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examination at hospital admission are associated with
diverse clinical characteristics, treatment responses, and
outcomes.

Until now, many different classifications of AHF based on
bedside clinical profiling, history of chronic HF, values of SBP
on admission, and presence of co-morbidities have been
proposed, which simply reflects clinical diversity of this

population of patients.>®*®9 Similarly, there are multiple
pathophysiologic factors, causing clinical deterioration and
leading to development of AHF. Despite such heterogeneity,
fluid overload with clinical signs and symptoms of congestion
is present in vast majority of patients admitted to hospital
due to AHF. It is tempting to expect that characterization
of congestion on hospital admission can determine certain
clinical phenotypes with subsequent consequences for
clinical practice.?>™*® Therefore, we have decided to charac-
terize patients according to the type of congestion present
on physical examination on admission to hospital and
evaluate their response to treatment and impact on the
outcomes.

Present analysis focuses on patients with clinical signs
of congestion on admission who belong to a ‘wet’ profile
category, according to recently proposed bedside
classification.®® In fact, patients’ characteristics indicate
that studied population represents mainly ‘wet—warm’ pro-
file, as majority had preserved SBP and only 11% of patients
required inotropic support.

Although the most common physical sign of AHF is periph-
eral and lung congestion (present as isolated sign or concur-
rently), only half of patients with decompensation present
significant increase in body weight on admission.?*?® Fluid
overload is a key pathophysiologic feature in AHF, which
may manifest as a peripheral, central, or mixed type of
congestion.?%2® Traditionally, it has been established that
fluid overload is an equivalent of fluid accumulation caused

Table 4 Predictors of 12 months all-cause mortality in patients with acute heart failure—univariable and multivariable models

Univariable models

Multivariable models

Parameters HR (95% Cl) P HR (95% Cl) P
Demographics and clinical variables
Age (years) 1.00 (0.99-1.02) 0.361 — —
Male (yes) 1.21 (0.72-2.04) 0.453 — —
LVEF (%) 1.00 (0.98-1.01) 0.787 —
SBP (5 mmHg) 0.94 (0.90-0.97) <0.001 0.94 (0.91-0.98) 0.004
Heart rate (5 b.p.m.) 0.98 (0.94-1.02) 0.297 —
Ischaemic HF aetiology (yes) 1.02 (0.67-1.54) 0.927 — —
Previous CAD (yes) 0.99 (0.65-1.50) 0.946 — —
Stroke/TIA (yes) 1.54 (0.89-2.67) 0.121 — —
DM (yes) 1.37 (0.91-2.08) 0.134 — —
COPD/asthma (yes) 1.17 (0.68-2.01) 0.565 — —
Laboratory data
N-terminal proBNP (100 pg/mL) 1.00 (1.00-1.00) <0.001 1.00 (1.00-1.00) 0.066
Troponin | (pg/mL) 1.71 (0.96-3.03) 0.069 — —
Urea (mg/dL) 1.01 (1.01-1.01) <0.001 1.01 (1.00-1.01) 0.016
Glucose (mg/dL) 1.00 (1.00-1.00) 0.658 — —
WBC (G/L) 1.07 (1.01-1.12) 0.015 1.12 (1.06-1.17) <0.001
CRP (mg/L) 1.01 (1.00-1.01) 0.071 — —
Haemoglobin (g/dL) 0.89 (0.79-0.99) 0.031 0.95 (0.84-1.07) 0.363
Albumin (mg/dL) 0.32 (0.20-0.53) <0.001 0.37 (0.21-0.66) <0.001
Presence of peripheral congestion (yes) 2.78 (1.21-6.36) 0.016 2.68 (1.06-6.79) 0.037

%% = 61, P for multivariable model <0.0001

CAD, coronary artery disease; Cl, confidence interval; COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; DM, diabetes
mellitus; HF, heart failure; HR, hazard ratio; LVEF, left ventricular ejection fraction; SBP, systolic blood pressure; TIA, transient ischaemic

attack; WBC, white blood cell.
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by either an excessive fluid and salt intake or non-optimal di-
uretic therapy that lead to an increase of patient’s weight.
However, this concept made it impossible to explain an
underlying pathophysiology of cardiac decompensation in
patients with no, or inconsiderable, weight gain and no
detectable peripheral oedema. Recently, there is an interest
in a new concept of fluid overload in AHF, based on the
hypothesis of fluid redistribution.?6° The pathomechanism
underlying AHF without noticeable total body weight gain
seems to be associated with an endogenous fluid shift from
venous body reservoirs, mainly due to the splanchnic bed
vasoconstriction triggered by an increased sympathetic
activation, 242631733

In our study, majority of patients with AHF had signs of
concurrent peripheral and pulmonary congestion (76%),
which can suggest mixed pathophysiologic explanation, in-
volving both fluid redistribution and fluid accumulation with
mean 2 kg of weight loss after 48 h of diuretic treatment. In
patients with isolated pulmonary congestion (15%), a slight
weight change during the first 2 days of hospitalization and
the highest decrease in SBP and heart rate seem to confirm
the hypothesis of fluid redistribution caused by increased
sympathetic tone, as the main mechanism of cardiac decom-
pensation in this group of patients. Therefore, patients from
Group A may be seen as those with increased left ventricu-
lar afterload and significantly elevated SBP, often leading to
AHF. Consequently, the target for therapy in this group can
be impaired sympathetic/parasympathetic balance, rather
than adjustment of diuretic treatment.?®3%3% patients with
isolated signs of peripheral congestion had the lowest
blood pressure and heart rate on admission and the largest
weight loss after 48 h of treatment in comparison with
other studied groups—this profile most likely reflects
gradual fluid accumulation as the underlying pathophysiol-
ogy of AHF and can benefit from optimally guided diuretic
treatment.3

Another noticeable observation to emerge from data com-
parison showed that dyspnoea constituted a common symp-
tom of AHF and was experienced also by 68% of patients
without signs of pulmonary congestion. These findings indi-
cate the complexity of dyspnoea pathophysiology and sug-
gest that dyspnoea is not a simple equivalent of lung
congestion assessed on physical examination.?*>*® These
data are consistent with our previous study, in which we
analysed the pattern of dyspnoea onset in AHF, and we have
shown that only 26% of patients with dyspnoea at rest,
as a major symptom of AHF on admission, presented
moderate/severe pulmonary congestion.!” Our study pro-
vides additional interesting finding that the patients with pe-
ripheral signs of congestion experienced longer duration of
dyspnoea before admission to hospital than patients with
pulmonary congestion, in whom dyspnoea onset was more
rapid. The aforementioned conclusion also stays in agree-
ment with our previous paper, in which we proved that

patients with subacute onset of dyspnoea (>7 days preceding
hospital admission) have poorer short-term and long-term
outcomes in comparison with patients with acute onset
(<7 days).'” Almost every third studied patient with AHF
manifested as peripheral congestion, either isolated or con-
current with pulmonary congestion, died during 12 months
after the index hospitalization. Our study has shown that pa-
tients with the involvement of peripheral congestion on ad-
mission to the hospital had increased the risk of all-cause
death within 1 year by 2.5 times.

In this study, for prognostic purposes, we focused on 1 year
all-cause mortality. As congestion type on admission seems
to affect in-hospital course, it may also influence risk of
post-discharge re-hospitalization for HF. The ESC-EORP-HFA
Heart Failure Long-Term Registry included 7865 patients
with AHF who were divided into four clinical profiles based
on the evidence of congestion and/or hypoperfusion at ad-
mission. There were significant differences in the rate of
1 year HF re-hospitalizations between studied groups, with
the highest rate observed in those with ‘wet—cold’ (29%)
and ‘wet-warm’ (26%) profiles compared with ‘dry—cold’
(17%) and ‘dry-warm’ (14%) profiles.® Our protocol
pre-specified the information for HF hospitalization only for
the first cohort (142 patients); thus, this outcome was not
analysed in the whole studied population. In the first cohort,
however, we did not find any difference regarding
re-hospitalization for HF within 1 year between groups (rate
of HF hospitalizations: 41 vs. 50 vs. 29%; P = 0.26; Group A
vs. B vs. C, respectively). However, that results should be
interpreted with caution due to small number of patients in
studied subgroups in the first cohort.

AHF comprises heterogeneous population of patients in
terms of clinical presentation (signs/symptoms, SBP on ad-
mission), coexisting co-morbidities, and underlying aetiology
of cardiac decompensation. This seems to be one of the
possible explanations of recurrent disappointments in clini-
cal trials that apply the rule ‘one size fits all’ for the inclu-
sion and therapy regardless of different profiles. We believe
that our findings can be usefully employed in designing fu-
ture clinical trials in AHF. The results of this study indicate
relevant differences in clinical characteristics, response to
standard therapy, and finally, short-term and long-term
outcomes between patients with limited central congestion
and those with peripheral congestion, the latter group be-
ing at higher risk. Therefore, in our opinion, future clinical
trials should carefully focus on the aforementioned, partic-
ularly vulnerable population of AHF patients with peripheral
congestion. It seems that patients with signs of peripheral
congestion may benefit from effective decongestive
strategies based on new diuretics-like agents or renal re-
placement therapies. Whereas, patients with isolated lung
congestion may rather benefit from new vasodilation
agents or therapies targeting sympathetically mediated
fluid shift.
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Limitations of the study

This study has some limitations. This is retrospective analy-
sis from a single centre combining the data sets from two
registries that run during two different time periods. An ob-
servational nature of the registries needs to be acknowl-
edged. The classification into three studied groups was
determined post hoc. However, we made our best effort
to ensure that the primary reason for admission was the
AHF. Additionally, we did our best to minimize the chance
of the other differential diagnoses to affect the interpreta-
tion of the findings of congestion; in all uncertain cases, we
confronted them with patients’ history, laboratory findings
(e.g. levels of NT-proBNP, CRP, and white blood cell), or
chest X-ray results. All our patients had markedly elevated
NT-proBNP levels [median (interquartile range): 5553
(3189-10 152) pg/mL]; there was no difference in CRP
level between studied groups and no difference in preva-
lence of chronic obstructive pulmonary disease and asthma.
Patients with history of severe pulmonary disease and
advanced liver or renal disease were excluded from the
analysis.

In our study, presence of pleural effusion was not in-
cluded into the definition of pulmonary congestion. Pleural
effusion, although often present in patients hospitalized
due to AHF, may either represent sign of central congestion
or alternatively result from biventricular failure. In the
settings of chronic HF, pleural effusion is predominantly
related to left ventricular failure and elevated pulmonary
capillary pressure (including capillaries of the visceral
pleura) causing fluid to pass into the pleural space.
However, concomitant elevation of right atrial pressure by
interfering with lymphatic drainage may further increase
pleural effusion. Additionally, pleural fluid accumulation
due to predominant right ventricular dysfunction is also
not rare finding in HF (therefore representing peripheral
congestion).

In the setting of AHF, chest X-ray is an important part of
the diagnostic work-up to assess pulmonary congestion.
However, the idea of this analysis was to focus solely on
bedside clinical assessment (without using any other mea-
sures), in order to characterize different types of conges-
tion in patients admitted with AHF. Additionally, we did
not set up any specific protocol for chest X-ray (to control
patients’ position, time window from admission, administra-
tion of diuretics, etc.), which may lead to potential inconsis-
tencies in the interpretation. Therefore, results of chest
X-ray were not included into definition of congestion.
Nevertheless, in daily clinical practice, whenever feasible,
it is recommended to consider also instrument-based diag-
nostics tools (such as a chest X-ray and lung and/or abdo-
men ultrasonography) to improve accuracy of a diagnosis

of peripheral and central congestion based only on bedside
physical examination.®®* Dedicated universal protocols for
performing and analysis of each diagnostic method are
warranted for consistent interpretation of the results in
patients with AHF.

Conclusions

In summary, the careful physical examination is a crucial ele-
ment of a comprehensive assessment of patients admitted to
hospital due to AHF. Patterns of congestion in AHF are asso-
ciated with differences in clinical characteristics, duration of
HF symptoms, treatment response, and short-term and
long-term outcomes. Therefore, it needs to be considered
once designing clinical trials in AHF.
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