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Aim: We aimed to assess the impact of precipitating factors and signs of acute heart failure on the length of hospital stay
according to the ejection fraction (EF) subgroups.

Methods: We conducted a retrospective study among acute heart failure patients hospitalized at the Department of Cardioan-
giology in 2017. The most frequent precipitants and signs were included in the multivariate analysis to assess their association
with the length of hospital stay.

Results: We included 376 patients with a median length of hospital stay 11 days. There were 198, 58, and 120 patients with
reduced, mildly reduced, and preserved EF, respectively. In reduced EF, peripheral swelling (OR 1.97, Cl 1.02-3.78) and pul-
monary congestion (OR 2.72, CI 1.38-5.34) were associated with a longer hospital stay. Non-pulmonary infection (OR 50.57,
Cl 2.82-906.84) and heart failure progression (OR 15.33, Cl 1.25-188.53) were associated with a longer hospital stay in mildly
reduced EF, and acute pulmonary disease was associated with a longer hospital stay in patients with mildly reduced (OR 10.77,
Cl 1.07-108.81) and preserved (OR 3.96, Cl 1.05-14.99) EF.

Conclusion: Precipitating factors and signs of acute heart failure have different impacts on the length of hospital stay among
patients with reduced, mildly reduced or preserved EF.

Key words: acute heart failure, epidemiology, length of hospital stay, precipitating factors, signs of heart failure.

Vliv precipitujicich faktori a znamek akutniho srde¢niho selhani na délku hospitalizace

Cil: Nasim cilem bylo zhodnotit vliv precipitujicich faktord a zndmek akutniho srde¢niho selhdni na délku hospitalizace
podle jednotlivych podskupin ejek¢ni frakce (EF).

Metodika: Provedli jsme retrospektivni studii u pacientl s akutnim srde¢nim selhanim hospitalizovanych v roce 2017 na
kardioangiologické klinice. Nej¢astéjsi precipitanty a znamky byly zafazeny do multivariantni analyzy za ucelem posouzeni
jejich souvislosti s délkou hospitalizace.

Vysledky: Do studie jsme zafadili 376 pacientl s medianem délky hospitalizace 11 dni. Z téchto pacientd mélo 198 snize-
nou, 58 mirné snizenou a 120 zachovalou EF. V pfipadé snizené EF byl s delsi hospitalizaci spojen periferni edém (OR 1,97,
Cl 1,02-3,78) a plicni kongesce (OR 2,72, Cl 1,38-5,34). Naproti tomu mimoplicni infekce (OR 50,57, Cl 2,82-906,84) a progrese
srde¢niho selhani (OR 15,33, Cl 1,25-188,53) byly spojené s delsi hospitalizaci v pfipadé mirné snizené EF a akutni plicni
onemocnéni souviselo s delsi hospitalizaci u pacientli s mirné snizenou (OR 10,77, CI 1,07-108,81) a zachovalou (OR 3,96,
Cl 1,05-14,99) EF.

Zaveér: Precipitujici faktory a zndmky srde¢niho selhani maji u pacientd se snizenou, mirné snizenou nebo zachovalou EF
rozdilny vliv na délku hospitalizace.

Klicova slova: akutni srdecni selhdni, epidemiologie, délka hospitalizace, precipitujici faktory, zndmky srdec¢niho selhani.
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Introduction

Acute heart failure is a severe medical
condition with high mortality rates in the
short-term and long-term follow-up (1). Along
with pharmacological expenditures, investi-
gation methods, and personal expenses, the
length of hospital stay is the main contributor
to the overall financial burden of acute heart
failure care (2).

The recognition of precipitating factors
according to the patient’s history and labora-
tory orimaging methods is an integral part of
the patient’s initial evaluation in an emergen-
cy department setting. Moreover, physicians
can evaluate many physical signs of heart fai-
lure, which aids in making a correct diagno-
sis. This approach is of great importance, as
avoidable or adequately treated factors may
lead to outpatient management or shorter
hospital stay.

Multiple studies (3-12) have assessed the
prevalence of precipitating factors or signs of
heart failure in populations of patients with
acute heart failure. The effect of precipitating

Tab. 1. General characteristics of patients

factors on mortality or readmission rates has
also been reported (1, 13). However, there are
limited data on their impact on the length of
hospital stay in different subgroups of ejecti-
on fraction (EF) (14).

The aim of our study was to compare the
frequencies of precipitating factors and signs
of acute heart failure among hospitalized pa-
tients according to the categories of ejection
fraction as well as to assess their impact on
the length of hospital stay.

Methods

We used a retrospective design in our
single-centre study. To obtain valuable data
on patient characteristics during a specific time
frame, we collected information about patients
hospitalized from January 2017 to December
2017 at the Department of Cardioangiology of
a tertiary medical centre. We included patients
hospitalized in both intensive and standard ca-
re units. Data were collected from the hospital
information system and medical records. We
identified 376 patients hospitalized with acute

EF <40% EF 40-49% EF >50% P

Number of patients, n (%) 198 (52.7%) 58 (15.4%) 120 (31.9%)

Age, median (IQR) 72 (66-78) 74 (70.5 - 81.5) 76 (69 - 83) < 0.001
Females, n (%) 52(26.3) 23(39.7) 53(44.2) 0.003
LOH, median (IQR) 1 (©6-17) 11 (5-20.25) 10 (7-17.75) 092
SBP, median (IQR) 127 (112 - 145) 125 (108 - 144) 137 (120 - 159) 0.002
DBP, median (IQR) 75 (66 - 89) 72 (58-87) 76 (64 -87) 0.19
Heart rate, median (IQR) 91 (78 - 110) 91 (79-114) 90 (72 - 115) 0.91
BMI, median (IQR) 294 (25.8-33.2) |29.7(26.4-35.7) 29.2 (26.3-34.3) 0.57
BSA, median (IQR) 2(19-22) 2(19-22) 195(1.8-2.2) 033
Ischaemic aetiology, n (%) 125 (63.1) 36 (62.1) 38 (31.7) < 0.001
De novo heart failure, n (%) 101 (57) 35 (60.3) 78 (65) 0.04
Pulmonary oedema, n (%) 22 (11.0) 5(8.6) 14 (11.7) 0.82
Smokers, n (%) 41(20.7) 7(12.0) 10 (8.3) 0.009
CAD, n (%) 141 (71.2) 40 (69) 58 (48.3) < 0.001
Previous MI, n (%) 70 (354) 16 (27.6) 19(15.8) < 0.001
CKD, n (%) 111 (56) 29 (50) 76 (63.3) 0.21
Atrial fibrillation, n (%) 102 (51.5) 28 (48.3) 76 (63.3) 0.07
Atrial flutter, n (%) 11 (5.6) 4(6.9) 7(5.8) 093
COPD, n (%) 34(17.2) 7(12) 19(15.8) 0.65
Dyslipidaemia, n (%) 140 (70.7) 40 (69) 76 (63.3) 0.39
Depression, n (%) 14 (7) 2 (3.5) 14 (11.7) 013
AH, n (%) 142 (71.7) 51(879) 99 (82.5) 0.01
Diabetes mellitus, n (%) 94 (47.5) 30(51.7) 52(43.3) 0.55
Stroke, n (%) 21 (10.6) 3(5.2) 12 (10) 0.46
CRP, median (IQR) 12.2 (4.6-44.8) 15.8 (4-59.3) 11.5(44-452) 0.75
Anaemia, n (%) 94 (47.5) 27 (46.6) 69 (57.5) 0.18

AH - arterial hypertension, BMI — body mass index, BSA — body surface area, CAD — coronary artery disease,
CKD - chronic kidney disease, COPD — chronic obstructive pulmonary disease, CRP — Greactive protein,

DBP - diastolic blood pressure, EF — ejection fraction, LOH — length of hospitalization, Ml — myocardial infarction,

SBP - systolic blood pressure
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heart failure in whom EF was known. Every
patient was included only once during the year,
as many rehospitalizations occurred. For the
present study, patients were categorized into
three main groups according to the EF value:
reduced (<40%), mildly reduced (40-49%),
and preserved (=50%) EF subgroup. The dia-
gnosis of acute heart failure was based on the
personal clinical judgement of a professional
cardiologist together with a clinical examinati-
on, laboratory findings, and imaging methods
(chest X-ray, echocardiography).

Precipitating factors and signs of heart fai-
lure were identified retrospectively according
to the final reports, examinations, and personal
medical history. More than one precipitant was
allowed to characterize a patient’s admission.
Among all precipitating factors observed in our
patients, we identified six as the most common
ones: acute coronary syndrome, bradycardia,
non-pulmonary infection, tachyarrhythmia,
acute pulmonary disease (including pulmonary
infection or exacerbation of chronic obstructi-
ve pulmonary disease), and gradual progre-
ssion of heart failure prior to admission. Signs
of heart failure were evaluated based on the
physical examination (peripheral leg swelling,
crackles, jugular vein distension) and findings
on chest X-ray (signs of congestion and pleural
effusion).

Categorical data are reported as num-
bers of patients and percentages, conti-
nuous data are presented as median (with
interquartile range, IQR) because of non-
-normal distribution. Categorical data were
compared using the Pearson’s chi-square
test; continuous variables were compared
by the non-parametrical Kruskal-Wallis test
with multiple comparisons (post hoc testing)
using Dunn’s test and Bonferroni adjustment
of the level of significance.

Multivariate logistic regression was per-
formed to identify independent predictors of
longer hospital stay. We compared the len-
gth of stay <11 days against >11 days because
11 days was the median length of stay of the
entire cohort. Results are presented as odds
ratios with corresponding 95% confidence in-
tervals. A P-value less than 0.05 is considered
a statistically significant difference. Statistical
analysis was performed using the statistical
software NCSS 2019, version 19.0. 6.
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The study was based on retrospective da-
ta collection and no ethics committee appro-

val or patient consent was required.

Results

Our study population consisted of 376 hos-
pitalized patients diagnosed with acute heart
failure. The median age was 73 years (IQR 67-79)
and 34% of the patients were female. Of the
entire population, 198 patients (52.7%) had re-
duced EF, 58 patients (15.4%) had mildly reduced
EF, and 120 patients (31.9%) had preserved EF.
The baseline characteristics of these subgroups
are presented in Table 1. Compared to other
groups, patients with reduced EF were younger
and the proportion of females was lower. They
presented less frequently with de novo heart
failure and arterial hypertension. By contrast,
patients with preserved EF had significantly less
frequently coronary artery disease, previous
myocardial infarction, and ischaemic aetiology
of heart failure.

The rates of the most frequent precipi-
tating factors and the initial clinical and ra-
diological signs of heart failure are shown in
Table 2. At least one of these precipitating
factors was present in 324 patients (86%). Of
allfactors identified in our study, progression of
heart failure (36.4%), acute coronary syndrome
(17.3%), tachyarrhythmia (16%), acute pulmo-
nary disease (14.1%), non-pulmonary infection
(10.6%), and bradycardia (4.3%) were the most
common in the entire cohort. In comparison
to other subgroups, acute coronary syndro-
me was most frequently present in patients
with mildly reduced EF. These patients had the
lowest frequency of progression of heart failu-
re. Other factors and signs of heart failure were
equally distributed among the subgroups.

The median length of hospital stay in the
overall population was 11 days. Factors inde-
pendently associated with longer hospital stays
are shown in Table 3. The presence of peripheral
leg swelling (OR 1.97,95% CI 1.02-3.78, P = 0.04)
and signs of pulmonary congestion on chest
X-ray (OR 2.72,95% Cl 1.38-5.34, P = 0.003) was
associated with longer hospital stays (=11 days)
in patients with reduced EF. By contrast,among
those with mildly reduced EF, non-pulmonary
infection (OR 50.57, 95% Cl 2.82-906.84, P
< 0.001), progression of heart failure (OR 15.33,
95% Cl 1.25-188.53, P = 0.02), and acute pul-
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Tab. 2. Precipitating factors and signs of acute heart failure

EF <40% EF 40-49% EF >50% P
Acute coronary syndrome, n (%) 36(18.2) 17 (29.3) 12 (10) 0.005
Bradycardia, n (%) 9 (4.6) 4 (6.9) 3(2.5) 0.38
Infection (non-pulmonary), n (%) 15 (7.6) 9 (15.5) 16 (13.3) 0.12
Progression of heart failure, n (%) 84 (42.4) 13 (22.4) 40 (33.3) 0.01
Tachyarrhythmia, n (%) 28 (14.0) 8(13.8) 24 (20) 0.34
Acute pulmonary disease, n (%) 28 (14.0) 9 (15.5) 16 (13.3) 093
Crackles, n (%) 127 (64.1) 40 (69) 81 (67.5) 0.72
Peripheral swelling, n (%) 115 (58.1) 32 (55.2) 73 (60.8) 0.76
Jugular vein distension, n (%) 73 (36.9) 15 (25.9) 45 (37.5) 0.26
X-ray pulmonary congestion, n (%) 141 (71.2) 36 (62.1) 75 (62.5) 0.19
X-ray pleural effusion, n (%) 72 (36.4) 19 (32.8) 40 (33.3) 0.81
EF — ejection fraction
Tab. 3. The multivariate analysis of predictors of longer hospital stays (> 11 days)
EF <40% subgroup Odds ratio 95% Cl P
Acute coronary syndrome 0.41 0.15-1.14 0.09
Bradycardia 112 0.24-5.26 0.88
Infection (non-pulmonary) 148 0.46 - 4.81 0.51
Progression of heart failure 1.24 0.55-2.8 0.6
Tachyarrhythmia 1 0.38-2.66 0.99
Acute pulmonary disease 1.58 0.61-4.11 0.35
Peripheral swelling 197 1.02-3.78 0.04
Crackles 146 0.76 - 2.82 0.25
Jugular vein distension 092 047-1.81 0.81
X-ray pulmonary congestion 2.72 1.38-5.34 0.003
X-ray pleural effusion 0.61 03-1.23 0.17
EF 40-49% subgroup Odds ratio 95% Cl P
Acute coronary syndrome 292 0.26-32.75 0.36
Bradycardia 277 0.09 - 81.37 0.56
Infection (non-pulmonary) 50.57 2.82-906.84 < 0.001
Progression of heart failure 15.33 1.25-188.53 0.02
Tachyarrhythmia 5.68 047 - 68.89 0.17
Acute pulmonary disease 10.77 1.06 - 108.81 0.03
Peripheral swelling 2.87 0.57-14.5 0.2
Crackles 1.07 0.17 - 6.86 094
Jugular vein distension 333 045 - 2444 0.22
X-ray pulmonary congestion 199 0.34-11.49 044
X-ray pleural effusion 197 0.38-10.39 042
EF =50% subgroup Odds ratio 95% ClI P
Acute coronary syndrome 0.58 0.12-2.88 0.5
Bradycardia 41 0.32-51.95 0.26
Infection (non-pulmonary) 146 0.43-499 0.55
Progression of heart failure 217 0.79-595 013
Tachyarrhythmia 093 0.29-294 09
Acute pulmonary disease 3.96 1.05 - 14.96 0.03
Peripheral swelling 194 0.78-4.82 0.15
Crackles 1.74 0.74-4.1 0.2
Jugular vein distension 1.28 0.55-2.96 0.57
X-ray pulmonary congestion 1.12 0.49-2.53 0.79
X-ray pleural effusion 1.38 06-32 045

EF — ejection fraction, Cl — confidence interval (upper and lower limit)

monary disease (OR 10.77, 95% Cl 1.07-108.81,
P = 0.03) were associated with longer hospital
stays. Acute pulmonary disease (OR 3.96,95% Cl
1.05-14.99, P = 0.03) was associated with longer
hospital stays in patients with preserved EF.
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Discussion

The results of our study demonstrate that
recognition of the precipitating factors and
signs of heart failure during the initial investi-
gation contributes to the characterization of
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a patient’s state and describes a possible tra-
jectory of the patient’s hospitalization with re-
gard to the length of hospital stay. Therefore,
the precipitating factors that contribute to the
hospitalization of patients with acute heart
failure should be at the forefront of the phys-
icians’ interest because they have a significant
implication in the course of hospitalization.
The value and main contribution of our stu-
dy are in the characterization of a relatively
consistent population during a consecutive
12-month period across a broad spectrum of
EF values and specifically in each EF subgroup.

Many external factors are considered to be
the precipitating factors for heart failure. Their
contribution to the development of acute
heart failure (de novo or decompensation of
chronic heart failure) depends on the severity
and characterization of heart failure in a pati-
ent, including age, frailty, comorbidities, and
the underlying cause of heart failure. Many
of these factors were identified in retrospec-
tive studies or were used to characterize and
monitor patients in prospective observatio-
nal registries (3-5). The most common pre-
cipitating factors identified in a prospective
multicentre study (3) with 7,764 patients and
a single precipitant included acute coronary
syndrome (52%), atrial fibrillation (16%), infec-
tion (14%), uncontrolled hypertension (11%),
and non-compliance (8%). In another prospec-
tive study with 755 patients with acute heart
failure (4), the frequencies of acute coronary
syndrome (6%), atrial fibrillation with a rapid
ventricular response (17%), and acute pul-
monary disease (20%) were reported. Similar
precipitants were also identified in a study
with 692 patients in a primary care setting,
with a reported rate of respiratory infection
(28.2%), another infection (7.1%), atrial fibrilla-
tion (14.5%), cardiac ischaemia (5.3%), or drug
treatment and diet non-compliance (22.8%
and 26.8%, respectively) (5). In an analysis
of the CHARM (Candesartan in Heart Failure
Assessment of Reduction in Mortality and
morbidity) programme (6) with 1,668 patients
hospitalized for heart failure, the investigators
identified a cardiovascular precipitant in 54%
of the patients, with arrhythmia (15%), non-
-compliance/decrease in heart failure the-
rapy (10%), and myocardial ischaemia (8%)
being the most common. In the same study

and among non-cardiovascular reasons for
hospitalization, respiratory infection (10%),
worsening renal function (4%), or other infec-
tions (2%) were reported. According to these
reported results, the cardiorespiratory causes
predominate and potentially preventable cau-
ses (drug or diet non-compliance) are present
at a significant rate.

The presence of signs of heart failure may
vary across different studies, but they remain
important characteristics of patients with acu-
te heart failure and aid in assessing the con-
gestion and perfusion status (10). The rates of
heart failure signs in our study correspond to
the prevalence of signs reported previously.
The prevalence of jugular vein distension is
reported to be between 14% and 63% (4, 6,
7) and its presence may be associated with
increased short-term and long-term mortality
(7). The frequency of peripheral oedema in
acute heart failure patients is relatively high,
accounting for 55-77% (10, 11). However, its
sensitivity is low in detecting elevated pul-
monary capillary wedge pressure in patients
with advanced heart failure (15). It is also more
frequently present in patients with decom-
pensation of chronic heart failure than in tho-
se with de novo heart failure (67% vs. 49%) (8)
and is more common in patients with pre-
served EF than in those with reduced EF (9).
Similarly, pulmonary rales or crackles can be
present in up to 75-90% of patients (8, 10, 12)
with slightly higher rates in those with pre-
served EF than in those with reduced EF (9).

The characterization of patients according
to the value of EF is essential for identifying
patients with chronic heart failure and left
ventricular systolic dysfunction, in whom
specific pharmacotherapy has been shown
to be clearly beneficial. In the setting of acu-
te heart failure, the value of EF (along with
other echocardiographic parameters such
as valve function and morphology, diastolic
function, or myocardial wall motion abnorma-
lities) primarily has a diagnostic significance
for patients with dyspnoea or haemodynamic
alteration. However, patients with acute he-
art failure also exhibit distinct characteristics
when categorized according to the value of
EF. In the present study, patients with mildly
reduced EF were more similar to the preserved
EF subgroup in terms of age. By contrast, they
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were more similar to the reduced EF subgroup
in terms of a higher rate of an ischaemic ae-
tiology of heart failure and the presence of
coronary artery disease. They had similarly
lower systolic blood pressure on admission.
However, the mildly reduced EF subgroup
was intermediate in the prevalence of pre-
vious myocardial infarction and current smo-
kers between the preserved and reduced EF
subgroups. In terms of precipitating factors,
compared to the other subgroups, patients
with mildly reduced EF had a higher rate of
acute coronary syndromes, but the lowest
rate of progression of heart failure. These data
underscore that patients with mildly reduced
EF share many common characteristics with
those with reduced or preserved EF, even
in the setting of acute heart failure. As also
shown in our study, coronary artery disease
is generally one of the most common causes
of heart failure. In addition, acute coronary
syndromes are identified as one of the most
common precipitating factors. But in patients
with preserved EF, in whom the prevalence of
coronary artery disease, history of myocardial
infarction, and ischaemic aetiology of heart
failure are significantly lower, other precipi-
tants than acute coronary syndromes must
be considered. As shown by our results, the
prevalence of acute coronary syndrome in this
subgroup is lower.

A comparison with other studies investi-
gating precipitating factors, signs of heart
failure, and the risk of a longer hospital stay
is partially limited because of a different size
of the study population and criteria for data
collection. However, many parallel findings
can be reported. Similarly to our results, in
OPTIMIZE-HF (Organized Program to Initiate
Lifesaving Treatment in Hospitalized Patients
with Heart Failure) (16), pneumonia/respirato-
ry processes as a precipitating factor identi-
fied patients with acute heart failure at a sig-
nificantly increased risk of a longer hospital
stay. But, comparable to other publications
concerning the risk factors for the length of
hospital stay (12, 17), these studies did not di-
stinguish patients according to the value of EF.

In GWTG-HF (Get With The Guidelines —
Heart Failure) (14), pulmonary disease and
arrhythmia were similarly reported among
the most frequent precipitating factors (be-
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sides medication and diet non-compliance,
worsening renal failure, and uncontrolled
hypertension). In addition, pulmonary di-
sease was associated with a longer hospital
stay in each EF subgroup. Further precipi-
tants associated with a longer hospital stay
included worsening renal failure (in patients
with reduced and preserved EF), arrhythmia
(in those with reduced EF), and medication
non-adherence (in the mildly reduced and
preserved EF subgroups).

In our study, while acute pulmonary di-
sease was a significant predictor of a longer
hospital stay in patients with preserved and
mildly reduced EF, signs of congestion (peri-
pheral swelling and pulmonary congestion on
chest X-ray) were related to a longer hospital
stay in patients with reduced EF. Furthermore,
two other precipitating factors for acute heart
failure (non-pulmonary infection and pro-
gression of heart failure) were identified as
predictors of a longer hospital stay in patients
with mildly reduced EF. The effect of these
precipitating factors in mildly reduced EF sub-
group and signs of congestion in reduced EF
subgroup on the length of hospital stay is
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ents in each EF subgroup. Furthermore, only
some variables (precipitating factors and
signs of heart failure) were included in the
multivariate analysis, although many other
factors are known to influence the duration
of hospitalization.

Conclusion

In conclusion, this retrospective single-
-centre study has shown that more than half
of the patients hospitalized for acute heart fai-
lure had a reduced ejection fraction. Although
these subgroups have many similarities in the
rate of comorbidities or initial haemodynamic
parameters, there are numerous differences
in the precipitating factors for heart failure
and, along with signs of heart failure, they
have a significant implication for the length
of hospital stay.
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