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Abstract

Introduction: The risk of unfavourable outcomes after an acute heart fail-
ure (AHF) episode remains high. Effective decongestion, reflected by hae-
moconcentration (HC), may guide therapy. Optimal timing of HC remains
unspecified.

Methods: We analysed the AHF registry to evaluate the prognostic differ-
ences of various timing of HC. Subjects were divided into 3 groups by time
of reaching HC.

Results: The groups differed in terms of 1-year occurrence of a composite of
the mortality and AHF hospitalization (26% vs. 46% vs. 40%, early vs. late
vs. no HC, p = 0.016).

Conclusions: Patients reaching HC earlier seem to present the best progno-
sis regarding the analysed composite endpoint.
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Heart failure (HF) is a common and cost-intensive syndrome and
a challenge for health care worldwide. The mortality of HF is dramatically
high, reaching 50% at 5 years, despite all the recent advances in its ther-
apy [1-4]. Fluid accumulation and/or fluid redistribution are the most
fundamental pathways in HF decompensation. Therefore, reduction of
congestion is a primary objective during acute HF episode. Fluid removal
and changes in intravascular volume may lead to haemoconcentration
(HC), which increases the concentration of red blood cells and plasma
protein caused by intravascular volume contraction. Intravascular de-
congestion, reflected by the HC, is associated with clinical benefits [5]
and a better haemodynamic response [6]. Notably, the timing of the HC,
complementary to the amount of the removed fluid, has been shown
to affect the outcome [6]. However, the optimal desired time of the HC
remains unclear. The reported benefit from the late HC contrasts with the
described favourable effect of the early diuretic response [7].

In this study, we evaluated the associations between the timing of
reaching HC and patients’ survival.

Methods. We performed the analysis of data collected in the pro-
spective registry of patients hospitalized for acute heart failure (AHF) at
the cardiology department of the 4 Military Hospital, Wroctaw, Poland,
between January 2016 and September 2017. The patients were included
in the registry at the time of admission and then followed for 1 year after
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discharge. AHF was defined as the sudden onset
or exacerbation of symptoms and signs charac-
teristic of heart failure. The study enrolled adult
patients (aged > 18 years) who were admitted to
the hospital with acute heart failure (AHF) as the
primary cause of hospitalization and received in-
travenous furosemide upon admission. Only those
individuals who expressed willingness to partici-
pate in the study and provided informed consent
by signing the required documentation were in-
cluded.

Patients were excluded from the study if they
presented with cardiogenic shock, had a diagno-
sis of acute coronary syndrome, exhibited signs of
known severe liver disease, required renal replace-
ment therapy due to end-stage renal disease, or
showed evidence of an active infection. We anal-
ysed the entire cohort of patients included in the
registry. Detailed inclusion and exclusion criteria
are described in our previous articles [8, 9]. The di-
agnosis of AHF was stated following the then-cur-
rent European Society of Cardiology guidelines
[10]. The patients were included in the registry
regardless of their AHF phenotype, and further di-
vided based on ejection fraction, into two groups:
patients with reduced ejection fraction (EF < 40%)
(Table 1), and the rest were considered as patients
with preserved ejection fraction. Every patient has
undergone clinical assessment, and blood and
urine samples were obtained at 3 time points: ad-
mission, after 48 h and at discharge. Heart rate
was measured during the blood pressure assess-
ment. Subsequently, patients were regularly con-
tacted by phone for 12 months. The endpoints
were determined as all-cause mortality, AHF re-
hospitalization and the composite of them.

Based on previous articles, where HC was de-
fined as a simultaneous increase in both haemo-
globin (HGB) and haematocrit (HCT) levels above
values at admission, we decided to stick to this
definition [6]. The haemoconcentration was de-
fined as any increase between the value at a spe-
cific timepoint and admission value. There was
no specified threshold; any increase in these pa-
rameters was considered significant, but to con-
firm the HC, the increase had to occur in both
HGB and HCT simultaneously. Decongestion was
considered a reduction of clinical signs of volume
overload such as oedema, rales, and jugular ve-
nous filling. For this study, patients were divided
into three groups: early HC (those who matched
HC criteria between admission and the 48" h of
hospitalization, regardless of the possible HC be-
tween further time points), late HC (those who
matched HC criteria between admission and
discharge — but not between admission and the
48" h — or between 48 h and discharge), and no
HC groups.

Patients whose HGB and HCT were not as-
sessed at any of the 3 time points during the
observation were excluded from the analysis, in-
cluding patients whose stay at the hospital was
terminated by death.

Statistical analysis. The normality of the distri-
bution was assessed using the Kolmogorov-Smirn-
ov test. Variables with a normal distribution are
shown as mean + standard deviation, while data
with a skewed distribution are shown as median
(interquartile range). The differences were as-
sessed using Pearson’s y?, variance analysis, log-
rank and Kruskal-Wallis ANOVA tests; the post hoc
analyses were performed using NIR and Scheffe
tests. Kaplan-Meier curves were used to show the
differences in survival. A value of p below 0.05 was
considered significant. All the statistical analyses
were performed in Statistica 12 (TIBCO, USA).

Results. The study included 189 patients; 69
(37%) were in the early HC group, 67 (35%) in the
late HC and 53 (28%) in the no HC group.

The median age in the whole cohort was 70.2
+12.8, and 139 (74%) patients were male. The
baseline characteristics of the overall cohort and
the specific subgroups are displayed in Table I. The
groups did not differ regarding many clinically im-
portant aspects, e.g. proportion of the de novo HF
presentation, NT-proBNR serum creatinine, eGFR
(calculated MDRD formula) and sodium levels.
Systolic blood pressure between the groups did
not differ at any time point. The groups differed in
terms of serum HGB and HCT levels at admission.
However, the difference in the post-hoc analysis
was significant only between the no HC and the
other 2 groups (both p < 0.05). The early HC group
had the lowest incidence of composite mortality
or AHF rehospitalization (26%), followed by the no
HC group 21 (40%). The composite endpoint was
most frequent in the late HC group: 31 (46%) (Fig-
ure 1). The patients in the early HC group stayed in
the hospital for the shortest time (median 5 days
vs. 7 days vs. 8 days for early HC, late and no HC
groups, respectively, p = 0.004).

There was no association between HC and all-
cause post-discharge mortality. The outcomes in
the subgroups are displayed in Table II.

Discussion. Our study shows that early HC,
in the first 48 h of hospitalization, is associated
with the lowest occurrence of the composite of
mortality and AHF hospitalization. These results
seem intuitive — the patients who experience
prompt decongestion should have a better prog-
nosis. However, the results contradict the previous
studies, reporting better outcomes in the late HC
group®. Some essential differences between the
studies, which may partly explain the distinctions,
should be pointed out. First, the early and late
HC in our study have been defined differently. In
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Table 1. Baseline characteristics in the overall cohort and subgroups

Timing of decongestion and its impact on acute heart failure prognosis

Parameter Whole cohort Early HC Late HC No HC P-value
n, (%) 189 69 (37) 67 (35) 53 (28)
Demographics:
Age, mean + SD 70.2 £12.8 70.6 £13.6 72.1 ¥11.1 67.4 +£13.4 0.123
Males, n (%) 139 (74) 57 (83) 44 (66) 38 (72) 0.077
Comorbidities, n (%):
Hypertension 153 (81) 56 (81) 57 (85) 40 (75) 0.212
Diabetes 72 (38) 21 (30) 28 (42) 23 (43) 0.326
AF 114 (60) 44 (64) 35(52) 35 (66) 0.235
Coronary artery disease 103 (55) 37 (54) 36 (54) 30 (57) 0.968
De novo HF 81 (43) 30 (43) 31 (46) 20 (38) 0.660
Reduced EF 125 (66) 47 (68) 42 (63) 36 (68) 0.660
Ischaemic aetiology 90 (48) 31 (45) 32 (48) 27 (51) 0.719
Physical examination:
Clinical status 48 h:

Improvement 161 (88) 62 (91) 55 (86) 44 (88)

Worsening 8 (4) 2 (3) 3 (5) 3 (6)

No change 13 (7) 4 (6) 6 (9) 3 (6) 0.840

Clinical status discharge:

Improvement 169 (96) 62 (94) 59 (95) 48 (100)

Worsening 1(1) 1(2) 0 (0) 0 (0)

No change 6 (3) 3 (5) 3 (5) 0 (0) 0.400
Heart rate, median [IQR] 90 [74-101] 78 [70-100] 90 [73-102] 90 [77-110] 0.036
Systolic blood pressure, 132 [119-150] 130 [120-150] 131 [120-156] 135[110-150] 0.679
admission, median [IQR]

Systolic blood pressure 48 h, 120[108-132] 120[110-138] 120[108-130] 115[105-130] 0.1382
median [IQR]
Systolic blood pressure 120[110-130] 120 [110-130] 120[108-132] 120[110-130]  0.7083
discharge, median [IQR]
Body weight, median [IQR] 82 [71-95] 87 [75-98] 78 [69-91] 88 [70-99] 0.076
Limb oedema, n (%) 136 (72) 51 (74) 53 (79) 32 (60) 0.062
Limb oedema admission:

No oedema 52 (28) 17 (25) 14 (21) 21 (40)

10-15s 43 (23) 18 (26) 18 (27) 7 (13)

15-30 47 (25) 16 (24) 17 (26) 14 (26)

>30s 46 (24) 17 (25) 18 (27 11 (21)

[Rebound time] 0.268
Limb oedema 48 h:

No oedema 95 (51) 32 (47) 35 (54) 28 (54)

10-15s 48 (26) 20 (29) 17 (26) 11 (21)

15-30s 33 (18) 15 (22) 11 (17) 7 (13)

>30s 9 (5) 1(1) 2(3) 6(12)

[Rebound time] 0.161
Limb oedema discharge:

No oedema 143 (80) 52 (80) 51 (81) 40 (80)

10-15s 31(17) 12 (18) 12 (19) 7 (14)

15-30's 3(2) 1(2) 0 (0) 2(4)

>30s 1(1) 0(0) 0 (0) 1(2)

[Rebound time] 0.458
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Table I. Cont.
Parameter Whole cohort Early HC Late HC No HC P-value
Rales, n (%) 168 (89) 63 (91) 57 (85) 48 (91) 0.613
Rales admission:

No rales 20 6 (9) 9 (14) 5(9)

1/3 of lungs 103 40 (58) 35 (53) 28 (53)

1/3-2/3 of lungs 47 20 (29) 13 (20) 14 (26)

> 2/3 of lungs 18 3(4) 9 (14) 6 (11) 0.472
Rales 48 h:

No rales 131 (70) 50 (72) 48 (73) 33 (63)

1/3 of lungs 52 (28) 19 (28) 16 (24) 17 (33)

1/3-2/3 of lungs 4 (2) 0 (0) 2 (3) 2 (4)

> 2/3 of lungs 0 (0) 0 (0) 0 (0) 0(0) 0.459
Rales discharge:

No rales 168 (97) 61 (97) 61 (95) 46 (98)

1/3 of lungs 5(3) 2(3) 2 (3) 1(2)

1/3-2/3 of lungs 1(0.6) 0 (0) 1(2) 0 (0)

> 2/3 of lungs 0(0 0 (0) 0(0 0(0) 0.761
Medications before
admission, n (%):

Loop diuretics 95 (50) 36 (52) 30 (45) 29 (55) 0.333

ACEI 87 (46) 37 (54) 29 (43) 21 (40) 0.280

Beta-blocker 112 (59) 40 (58) 42 (63) 30 (57) 0.699

MRA 42 (22) 20 (29) 16 (24) 6(11) 0.119
Laboratory parameters:

Haemoglobin at admission, 13.26 +1.98 12.83 +1.89 13.14 £1.91 13.96 +2.03 0.006

mean + SD

Haematocrit at admission, 40.01 £5.46 38.83 5.2 39.73 £5.33 41.9 £5.55 0.007

mean + SD

Haemoglobin at 48 h, 13.07 £1.95 13.51 +1.93 12.4 +1.85 13.33 +1.9 0.002

mean + SD

Haematocrit at 48 h, 39.6 5.5 40.8 +5.2 37.8 5.3 40.3 +5.4 0.003

mean + SD

Haemoglobin at discharge, 13.13 +2.05 13.4 £2.02 13.25 +1.91 12.63 +2.21 0.098

mean + SD

Haematocrit at discharge, 39.8 £5.9 40.4 +59 40.3 £5.5 38.5 6.3 0.171

mean * SD

Sodium, median [IQR] 140 [137-142] 140 [138-143] 139 [137-142] 139 [136-142] 0.238

Potassium, mean + SD 4.19 +0.61 4.12 +0.53 4.15 +0.59 4.35 +0.71 0.085

Serum creatinine, median  1.21[1.04-1.54] 1.17[1.07-1.44]  1.23[1-1.66] 1.27[1.09-1.56] 0.579

[IQR]

Serum creatinine admission 0.07 [-0.06—0.19] 0.06 [-0.04-0.15] 0.1 [-0.04-0.22] 0.03[-0.12-0.17] 0.309

— 48 h, median [IQR]

Serum creatinine admission 0.08 [-0.07-0.25] 0.03 [-0.09-0.18] 0.11 [-0.07-0.28] 0.08 [-0.01-0.36] 0.103

— discharge, median [IQR]

eGFR ml/min/1.73 m?, 56 +19 58 +17 53+18 56 +23 0.345

mean + SD

No. of patients with eGFR 114 (60%) 36 (52%) 44 (66%) 34 (64%) 0.219

<60 ml/min/1.73 m?, n (%)

NT-proBNP, median [IQR] 5674 6336 5654 5025 0.730

[3485-12317] [4082-10572]  [3368-11579] [3169-13828]
NT-proBNP in sinus rhythm, 5669 6599 5297 5731 0.547

median [IQR]

[3211-12289]

[3836-12496]

[2958-10036] [3068-17225]
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Table I. Cont.

Parameter Whole cohort Early HC Late HC No HC P-value
NT-proBNP in AF, median 5749 6124 5750 4143 0.585
[IQR] [3656-12317] [4374-9101] [4083-13486 [3467-10152]
NT-proBNP admission — 1640 [11-3650] 2007 [185-3910] 1345 [-73-3443] 885[-120-3395] 0.314
48 h, median [IQR]

NT-proBNP admission — 2155 [352-4986] 2581 [1270-4678] 1837 [200-4705] 1910 [160-6234]  0.653
discharge, median [IQR]
Urinary sodium, mean + SD 87 +35 96 +35 82 +34 82 +35 0.039

IQR — interquartile range, HF — heart failure, EF — ejection fraction, ACEl — angiotensin-converting enzyme inhibitors, MRA — mineralocorticoid
receptor antagonists, SD — standard deviation, SBP — systolic blood pressure, eGFR — estimated glomerular filtration rate, AF — atrial

fibrillation.

different authors’ studies [6], half of the average
percentage of the length of hospital stay since the
peak HC has been used to dichotomize the groups.
In both studies, the overall cohorts’ median length
of hospitalization differs considerably (5 days vs.
7 days). Given these, the reference points for the
HC classification vary significantly and are, there-
fore, difficult to compare. Further, the patient’s
data were gathered in different years — 2009 vs.
2016, which may also be a potential confounder.

Interestingly, the group which experienced the
worst outcome was the late HC group. It can be
somehow explained by the fact that the group
presented the poorest natriuretic response, which
impedes diuresis and has been considered an om-
inous prognostic factor [11].

Moreover, it should be emphasized that the
prognostic significance of many markers differs be-
tween early vs. late in-hospital assessment [6, 7].
Spot urine sodium has proved its predictive effica-
cy when assessed at admission and in the first 2
days of hospitalization but not at discharge [12].
Conversely, the discharge versus admission BNP
levels plus clinical model presented the more ac-
curate predictive value [13]. Further, the various
patterns of serum creatinine changes during hos-
pitalization have shown distinct prognostic value
[14]. Some differences between the prognostic
value of anaemia at admission and discharge
have also been reported [15].

Interestingly, the three groups did not differ in
terms of many well-known markers of poor out-
come, i.e. NT-proBNP or serum creatinine. The
groups did not differ in terms of the NT-proBNP

Table Il. Outcomes in the overall cohort and subgroups

100 A
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60 4
504
40
301
204
10 A

0 T T T
0 100 200
Time [days]
— No hemoconcentration
— Early hemoconcentration — Late hemoconcentration

Probability of event-free survival (%)

Figure 1. Differences in occurence of composite
of mortality or AHF rehospitalization between the
groups

level — a known marker of elevated intracardiac
pressure [16, 17]; therefore we presume that the
groups were relatively balanced in terms of the in-
travascular pressure. Importantly, there was no dif-
ference in NT-proBNP levels regardless of the con-
current atrial fibrillation occurrence. Regardless of
the lack of significance, the early HC group reached
the lowest HGB and HCT. We may only speculate
that the early HC group had significantly higher in-
travascular fluid accumulation and a better early di-
uretic response. Our speculation may be supported
by the facts that the early HC group had the lowest
creatinine concentration and the highest natriure-
sis, which are well-defined markers of good diure-
sis. Certainly, the patients with the lowest baseline

Parameter All cohort Early HC Late HC No HC P-value
n (%) 189 69 (37) 67 (35) 53 (28)
All-cause mortality, n (%) 45 (24) 11 (16) 17 (25) 17 (32) 0.107
Mortality or AHF rehospitalization, n (%) 70 (37) 18 (26) 31 (46) 21 (40) 0.016
Length of hospital stay, days, median [IQR] 7 [5-10] 5 [5-8] 7 [6-10] 8[6-12] 0.004
NT-proBNP discharge — admission, median [IQR] -1910 -2327.5 -1609 -1835 0.716
[193-4574] [1184.5—-4108] [30-4117] [91-4628]
HC — haemoconcentration, AHF — acute heart failure, IQR — interquartile range.
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HGB/HCT had the highest chances of experiencing
an increase of HC, due to the regression to the
mean phenomenon, which cannot be excluded.

The groups were also relatively balanced re-
garding the comorbidities, clinical presentation
and prior-admission treatment.

Our study has several limitations. The data
come from a relatively small, single-centre pop-
ulation. The patients were treated according to
outdated guidelines, which may disrupt the gen-
eralization of the results. Data about the post-dis-
charge treatment were also not collected. No data
about AHF phenotype were collected. Moreover,
there was not an established protocol of the di-
uretic therapy during the study — it was left to
the discretion of the physician. Regrettably, data
about the dosing and the type of diuretics were
not collected, so the possibility that differences in
outcome may be caused by the distinctions in the
diuretic treatment protocol cannot be excluded.
Further, the daily amount of diuresis and weight
change — critical parameters during the decon-
gestive therapy — were not stored. The analyses
are derived from the pre-existing data; thus, some
important parameters, e.g. uric acid [18] or sar-
copenia status [19], were not assessed and their
impact was not evaluated. Importantly, the hae-
moconcentration would reflect the changes in the
intravascular volume, being a rather poor indica-
tor of the tissue volume overload fluctuations.

Due to the concise format of the research let-
ter and the constraints imposed on the article’s
length, certain analyses such as regressions or
the assessment of changes in laboratory param-
eters over subsequent days could not be included
in the final version of the manuscript. Finally, the
evidence is derived from observational data. Ran-
domized prospective studies should be performed
to assess the effect of the different HC-timing
strategies on patients’ survival.

In conclusion, early HC seems to present the
best prognosis regarding the composite of mortal-
ity and AHF hospitalization and also the length of
the hospitalization.
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