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Abstract

Aims

Several clinical conditions may precipitate acute heart failure (AHF) and influence clinical outcome. In
this study we hypothesized that precipitating factors are independently associated with 90-day risk of
death infAHF.

Methods and results

The study population consisted of 15’828 AHF patients from Europe and Asia. The primary outcome
was 90-day all-cause mortality according to identified precipitating factors of AHF (acute coronary
syndrome, infection, atrial fibrillation, hypertension and non-compliance). Mortality at 90 days was
15.8%.

AHF precipitated by acute coronary syndrome (ACS) or by infection showed increased 90-day risk of
death compared to AHF without identified precipitants (HR 1.69 [95% CI 1.44-1.97], P<0.001 and HR
1.51 [95% CIl 1.18-1.92], P=0.001), while AHF precipitated by atrial fibrillation showed lower 90-day
risk of death.(HR 0.56 [95% CI 0.42-0.75], P<0.001), after multivariable adjustment.

The riski.of death in AHF precipitated by ACS was the highest during the first week after admission,
while in. AHF precipitated by infection the risk of death had a delayed peak at week 3. In AHF
precipitated._by atrial fibrillation a trend toward reduced risk of death all along the first weeks was
shown=At:weeks 5 to 6, AHF precipitated by ACS, infection or atrial fibrillation showed similar risk of
death to that'of AHF without identified precipitants.

Conclusions
Precipitating_factors are independently associated with 90-day mortality in AHF. AHF precipitated by
acute coronary syndrome or infection is independently associated with higher, while AHF precipitated

by atrial'fibrillation is associated with lower 90-day risk of death.

Key words:-acute heart failure; precipitating factor; mortality; outcome; ACS; atrial fibrillation
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Introduction

Despite major achievements in the treatment of chronic heart failure (CHF) with marked improvement
in survival, the management of acute heart failure (AHF) remains challenging '. One possible
explanation of the persistently high mortality in AHF is its phenotypic heterogeneity. AHF is a
syndrome defined by changes in symptoms and/or signs of heart failure (HF), rather than a specific
disease . "Several conditions are recognized to precipitate AHF, including acute coronary syndrome,
atrial fibrillation, infections, uncontrolled arterial hypertension, and lack of compliance with dietary and

drug prescriptions °.

Current'recommendations for the management of HF advise identification of precipitants of AHF in
order to specifically treat the cause(s) of the acute episode (e.g. revascularization for acute coronary
syndrome, antiarrhythmic treatment for atrial fibrillation, antimicrobial drugs for infections) " In
marked contrast, decisions about intensity of monitoring and therapy (e.g. patient allocation in normal
ward or_intensive care unit) are rather based on haemodynamic parameters and/or biomarkers with

little regard to the underlying precipitants .

It is still_matter of debate whether ascertaining precipitating factors of AHF identify patients at
particularly-high risk of unfavourable outcome in need of more intensive monitoring and therapy. It is
equally unknown whether specific precipitants independently affect outcome of AHF patients %% The
aim ofsthempresent study was to test the hypothesis that precipitating factors of AHF independently

predict the 90-day risk of death of patients admitted for AHF in a large, intercontinental cohort.

Methods

Study population and outcome

The study population is derived from the GREAT registry, an international, prospective observational
cohort_of 20’698 adult patients with AHF as main diagnosis of hospital admission. Details on the
constitution of the GREAT registry have been previously described ®. AHF - both new-onset HF and
acutely decompensated HF - was defined according to the definition of the European Society of
Cardiology fe 4770 patients (23%) included in GREAT were excluded from the present analysis
because. they were missing data on vital status during 90 days after admission or precipitating factors
of AHF. The study population was composed of 15’828 AHF patients from 7 countries in Europe
(Czech Repubilic, ltaly, Spain) and in Asia (China, Japan, Saudi Arabia, South Korea), Figure 1.
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The primary outcome of the study was 90-day all-cause mortality. Six distinct classes of precipitating
factors were considered: acute coronary syndrome, infection, atrial fibrillation, hypertension, non-
compliance, and no identified precipitating factor. Patients were assigned to one or more precipitating
factors by treating physicians according to the initial clinical presentation.

Following definitions were used: “ACS” in presence of ECG alterations and/or dynamic elevation of
standard.troponin levels, according to the criteria of the European Society of Cardiology 78, “infection”
in presence, of fever and/or other evidence of infection at presentation (leucocytosis, elevated
inflammatory .parameters, clinical or microbiological evidence of infection); “atrial fibrillation” in
presence==of= atrial fibrillation (new-onset or recurrent) with ventricular response > 110/min,
“hypertension” in presence of elevated systolic blood pressure (>160 mmHg) at presentation and “non-

compliance™if infringements of dietary or therapeutic recommendation were reported.”

Statistical analysis

Values are expressed as median (interquartile range, IQR) or as number (percentage), as appropriate.
Group characteristics were compared with the Chi-square test or the Kruskal-Wallis test, as
appropriate. Survival was plotted with the Kaplan-Meier curve and differences between groups were
assessed by the log-rank test, with pairwise comparisons if indicated. Univariate and covariate-
adjusted Cox proportional hazards regression models were used to estimate the association between
the presence of precipitating factors and the 90-day risk of death compared to absence of identified

precipitating.factors. Data of patients with more than one precipitating factor were analysed separately.

The covariates included in the regression models were a priori selected among baseline variables with
known associations with study outcomes . age, gender, LVEF, comorbidities (history of heart failure,
coronary artery disease, diabetes), systolic blood pressure, heart rate, eGFR and plasma sodium at
admission. The AHEAD score, based on age (270 years), history of atrial fibrillation, history of
diabetes, anaemia (haemoglobin <120 g/L in women, <130 g/L in men), renal dysfunction (creatinine =
130 pmol/L), was used to estimate the burden of comorbidities °. When these data were missing,

case-wise deletion for that analysis only was used.

We conducted exploratory analyses of the variation in relative hazards of death among those still alive
in the cohort by time since admission. Because there was no literature upon which to base a priori
decisions about functional forms, we used a maximally flexible approach to letting the hazard ratios
vary over time. We divided the cohort into 7 time periods, balancing roughly even numbers of events

without being completely arbitrary: weekly for the first 4 weeks, then biweekly for the next 4 weeks,
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then combining the remaining weeks of the cohort, and estimated separate hazard ratios for each time
period. Because this was an exploratory analysis that could be interpreted in support of several
different questions, no adjustment for multiple comparisons were done—as each of the different
questions implies different numbers of comparisons—but instead standard confidence intervals are

reported and interpreted cautiously.

The null. hypothesis was rejected with an adjusted two-sided p-value < 0.05. All analyses were
performed=with the use of IBM SPSS Statistics, Version 21.0. (IBM Corp, Armonk, NY).

Results

Study population

The study population consisted of a cohort of 15’828 AHF patients from 7 countries (Figure 1). The
median ‘age was 71 years and 58% were men. Medical history reported high prevalence of coronary
artery disease (49%), cardiovascular risk factors (hypertension 66%, diabetes 43%) and comorbidities
(65% of patients had a AHEAD score of 2 or more points). At admission, 46% of patients reported
previous history of heart failure; median LVEF was 38%; median BNP and NT-proBNP were 866 and
3823 ng/L, respectively. In patients with previous history of heart failure, 14% were in NYHA class |,
27% in NYHA class I, 40% in NYHA class lll and 19% in NYHA class IV. Ten percent of patients were

in cardiogenic shock. Other baseline characteristics of the study population are reported in Table 1.

Precipitating factors of AHF

Precipitating factors of AHF were identified in 8784 patients (55%), while in 7°044 patients (45%) no
specific'precipitant could be identified. One single precipitant was identified in 7’764 patients (49% of
the study population) while in 1’020 patients (6% of the study population) a combination of two or more

precipitants 'were identified.

Among the 7°764 patients with one single identified precipitant, acute coronary syndrome (ACS) was
the most common cause (n=4'004, 52%), followed by atrial fibrillation (n=1'228, 16%), infection
(n=1"104, 14%), uncontrolled hypertension (n=831, 11%) and non-compliance (n=597, 8%).
Cardiogenic shock was more frequent in patients with ACS (13%) compared to patients with infection
(6%) and non-compliance (5%), p<0.001. Notable differences in baseline characteristics between the
groups of “precipitating factors were present (Table 1). Of note, elevated plasma troponin

concentrations were found in 66% of patients for whom measurement at hospital admission was
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available (n=8'061). In patients with ACS as precipitating cause, elevated troponin was found in 71%

of patients.

Precipitating factors and 90-day mortality

Figure 2 shows that among patients with only one identified precipitant, every precipitating factor was
associated with strikingly different 90-day mortalities (log-rank £<0.001). Notably, Figure 2 shows that
compared.to.patients without identified precipitants, patients admitted with AHF precipitated by ACS or
by infection=showed higher 90-day hazard of death (ACS: HR 1.51 [95% CI 1.38-1.66], P<0.001 and
infection:xHR -1:40 [95% CI 1.21-1.62], P<0.001, respectively). On the other end of the spectrum,
patients=with=AHF precipitated by uncontrolled hypertension or atrial fibrillation showed reduced 90-
day hazard of death compared to patients without identified precipitant (HR 0.56 [95% CI 0.44-0.72],
P<0.001#and, HR 0.72 [95% CI 0.60-0.86], P<0.001, respectively). The group of patients with AHF
precipitated«by non-compliance showed an intermediate hazard of death, similar to those of patients
without identified precipitant (HR 0.96 [95% CI 0.77-1.21], P=0.74).

After adjustment for 10 a priori-selected prognostic determinants (age, gender, LVEF, history of heart
failure, coronary artery disease and diabetes, systolic blood pressure and heart rate at admission,
renal function and plasma sodium at admission), AHF precipitated by ACS or by infection showed
persistent increased 90-day hazard of death compared to AHF without identified precipitants (HR 1.69
[95% CI 1.44-1.97], P<0.001 and HR 1.51 [95% CI 1.18-1.92], P=0.001). Furthermore, AHF
precipitated by atrial fibrillation showed lower 90-day risk of death compared to AHF without identified
precipitants.(HR 0.56 [95% CI 0.42-0.75], P<0.001), Figure 3. The reduced risk of death associated
with hypertension as precipitating factor lost statistical significance after covariate adjustment.

Of note, AHF with more than one identified precipitating factor showed similar outcome overall to AHF
with only one precipitating factor (Supplementary Figure, log-rank P=0.67).

Subgroup analysis according to World area are reported in Supplementary Table. AHF precipitated by
ACS was associated with increased 90-day hazard of death in both European and Asian populations,

while AHF precipitated by infection was associated with particularly bad prognosis in Asians.

Patterns of the risk of death during the first weeks after admission

The risk of death associated with different precipitating factors, compared to the absence of identified
precipitants, was not homogeneous during the first weeks after admission. As shown in an exploratory
analysis in Figure 4, the relative hazard of death in AHF precipitated by ACS was the highest during
the first week' after admission (HR 2.57 [95% CI 2.22-2.99], P<0.001), while in AHF precipitated by
infection a delayed peak of the relative hazard of death was shown at week 3 (HR 2.83 [95% CI 1.95-
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4.12], P<0.001). Conversely, in AHF precipitated by atrial fibrillation possible reduced risk of death all
along the first weeks after admission was shown - but that difference was not statistically significant.
Notably, at weeks 5 to 6 and thereafter, AHF precipitated by ACS, infection or atrial fibrillation showed
similar risk of death to that of AHF without identified precipitants (HR 0.93 [95% CI 0.69-1.26], P=0.64,
HR 0.91 [95% CI 0.55-1.51], P=0.72 and HR 0.90 [95% CI 0.57-1.43], P=0.66, respectively for weeks
5-6).

Patients.with._high burden of comorbidities (AHEAD score = 4 points) showed increased risk of death
compared.to:patients with less comorbidities (AHEAD score < 4 points) all along the first weeks after
admission=However, as depicted in Figure 4, while the association between precipitating factors and
risk of death decreased in strength with time since admission, the association between comorbidities
and increased risk of death became closer from week 1 (HR 1.48 [95% CI 1.24-1.76], P<0.001) to
weeks 11:t013 (HR 2.40 [95% CI 1.73-3.34], P<0.001).

Discussion

Ascertainment of precipitating factors is recommended by current AHF guidelines and, as shown by

the presentistudy, allows stratification of 90-day risk of death '*

. This study, using a large,
intercontinental registry, extends the previously described finding of the North-American OPTIMIZE-
HF (Organized Program to Initiate Lifesaving Treatment in Hospitalized Patients With Heart Failure)
registry and substantially extends the concept to the European and Asian AHF populations 3,
Furthermore, our study, by adjusting for several clinical confounders, shows the independent
association of ACS or infection with higher aggregate hazard of death and atrial fibrillation with lower
hazard of-death—and our exploratory analyses suggest that those relative hazards vary with time

since admission in non-trivial ways.

In our large cohort, ACS was shown to be the most common precipitant of AHF, as previously shown
in the"OPTIMIZE-HF and in the French EFICA (Etude Francaise de I'Insuffisance Cardiaque Aigué)
registfies™%. Previous data showed that ACS complicated by AHF carries particularly high risk of

11,12

adverse outcome and, similarly, AHF caused by ACS is associated with the highest risk of short-

31314 The unfavourable association between AHF and

term death; as confirmed by our study
(ischemie); myocardial injury is further supported by the analyses of the ADHERE (Acute
Decompensated Heart Failure National Registry) study, which reported a marked association between
elevated cardiac troponin levels and increased risk of death in AHF * Our study clearly showed that,

when ACS precipitates AHF, the risk of death is highest only transiently, during the first week after
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admission. There is now an urgent need to test whether this early, high risk of death might be reduced
through optimal revascularization and/or medical therapy 16 Timely revascularization might reduce the
burden of AHF in ACS patients "7 A survival benefit of revascularization was shown in the subgroup of
AHF patients with cardiogenic shock complicating ACS, but evidence in the larger group of AHF

patients without shock is less clear *.

The present/study also showed high 90-day risk of death when infection precipitated AHF. The
generalizability of these results is supported by very recent data from a three-centre registry, showing
increased.mortality in patients with AHF precipitated by acute pulmonary disease (mostly pneumonia
or COPD=exacerbation) °. Moreover, the association of AHF and other non-cardiac acute illness is
particularly_unfavourable ¥ In the present study, the risk of death was maximal during week 3 after
admission, though infection was already recorded at admission for AHF. The delay between hospital
admissionwand death supports the concept of a complex interaction between infection and a
combination of endothelial dysfunction, plaque instability, activated coagulation % volume overload,
inflammatory and ischemic myocardial injury " and arrhythmias % and risk for precipitating other non-
cardiac illnesses which may lead to death 2 |t is also possible, however, that this delayed peak may
result from a direct focus on the management of the AHF and a relative neglect of the implied sepsis,
potentially with suboptimal antibiotic management by clinicians focused on the heart. The interplay
between intrinsic physiology and clinician behaviour warrants further study, as infection-triggered AHF

is quite common in our cohort and others.

Conversely;. our study showed relatively low risk of death when atrial fibrillation precipitated AHF.
These~observations are in line with those of the Spanish PAPRICA-2 (PApel pronostico de los
PRecipitantes de un episodio de Insuficiencia Cardiaca Aguda) study, which showed relatively

' However, other studies

favourable short-term outcome in AHF precipitated by atrial fibrillation
previously described an association between atrial fibrillation, in particular new-onset forms, and
increased risk of both short- and long-term mortality in AHF ?*?°. Very recent data showed an
association between atrial fibrillation and higher risk of readmission in AHF %. New-onset atrial
fibrillation, through loss of atrial contraction and/or high ventricular rate, may rapidly deteriorate the
haemodynamic status and induce AHF even in patients with less severe structural cardiac

27

abnormalities and without major changes in volaemia “'. However, appropriate antiarrhythmic

treatment may rapidly restore haemodynamics without need for intensive treatment with vasodilators

and/or diuretics and their potential adverse effects.

Limitations
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The present study has notable limitations. Variables included in the survival models were selected
among independent predictors of mortality, as previously described in detail ® Asin any observational
study, hidden unmeasured variables might interfere with the results. Nonetheless, random assignment
to alternative triggers of AHF is infeasible, and the clinical implication of the study—that ascertainment
of precipitating factors may distinguish different risk profiles in AHF—remains prognostically relevant
although we have not proven causation. Several differences in the use of oral HF medications at
admission.were observed. However, the impact of chronic treatment on short-term outcome of AHF
patients .isvless pronounced compared to treatment after admission % We further acknowledge that
treatment.after.admission (including information about coronary revascularization, antimicrobial drugs
and antiarrhythmic therapy) is not reported in our registry and that notable differences around the

World may_exist 2%

. However, since recruiting centers are tertiary hospitals with high level of
experience ‘in treating AHF, the observed association between precipitating factors and different
outcomes=might have been smoothened rather than sharpened.

Moreover, inon-compliance to drug and/or dietary recommendation may be larger than reported and
may have been substantially influenced by heterogeneity in cultural habits in different continents.

In addition, the rather large group of patients without identified precipitant may include patients with
other unrecorded precipitants or may reflect the diagnostic challenge of identifying precipitants of AHF.
Substantial differences may exist between patients with different forms of AHF. However, our cohort

included a balanced proportion of patients with new-onset HF and acutely decompensated HF.

Conclusions

Precipitating factors substantially influence 90-day mortality of AHF patients. In particular, AHF
precipitated by ACS or infection is independently associated with higher, while AHF precipitated by
atrial fibrillation is associated with lower 90-day risk of death. Both these facts, and their time-varying

patterns, suggest opportunities for nuanced prognostication and refinements of practice.
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Tables'and Figures

Table'1=Baseline characteristics of the study population

a—
Total One precipitating factor Combined factors No factors P-value
N n=15'828 n=7"764 n=1020 n=7044
u ACS Infection Atrial fibrillation Hypertension Non-compliance
n=4'004 n=1104 n=1'228 n=831 n=597

Age [years] 71[61-80] 72 [62-79] 72 [60-81] 73 [62-81] 73 [62-80] 67 [54-76] 66 [56-75] 72 [61-80] <0.001
Male gender 58% 63% 53% 52% 47% 67% 61% 56% <0.001
BMI [kg/m?] 26.1[23-29.9] 26.1[23.4-29.3] 24.6 [21.8-28.6] 26.6 [23.5-30.7] 27.7 [24.4-32.5] 27.9[24.2-32.1] 27.6 [24-31.8] 25.7 [22.6-29.5] <0.001
Hypertension 66% 67% 64% 62% 89% 60% 78% 62% <0.001
Diabetes 43% 49% 38% 33% 47% 48% 66% 38% <0.001
Coronary artery disease 49% 87% 40% 18% 27% 47% 64% 34% <0.001
Heart failure 46% 25% 55% 43% 38% 83% 61% 54% <0.001
Atrial fibrillation 30% 15% 37% 68% 22% 32% 22% 33% <0.001
COPD 16% 11% 19% 18% 19% 14% 8% 19% <0.001
Systolic BP-[mmklg] 130 [110-150] 130 [110-150] 127 [110-145] 130 [113-150] 180 [158-200] 119 [104-136] 135[110-160] 130 [110-150] <0.001
Diastolic BP [mmHg] 79 [65-90] 75 [62-85] 73 [62-84] 80 [70-90] 95 [80-110] 70 [60-80] 76 [65-90] 80 [66-90] <0.001
Heart rate [bpm] 88 [73-105] 88 [73-101] 86 [74-100] 114 [86-135] 90 [75-107] 84 [70-97] 90 [78-106] 85 [72-102] <0.001
LVEF [%] 38 [27-50] 37 [30-46] 40 [30-55] 44 [30-55] 50 [45-60] 33 [25-42] 40 [30-52] 35 [25-50] <0.001
Haemoglobin [g/L] 128 [111-142] 130 [113-144] 121 [106-139] 132 [117-144] 127 [111-141] 125 [110-140] 122 [106-139] 128 [112-142] <0.001
Sodium [mmol/L] 138 [135-141] 138 [135-141] 138 [134-141] 139 [136-141] 139 [136-142] 137 [133-140] 136 [133-139] 139 [136-141] <0.001
Potassilim [mmol/L] 4.1[3.9-4.6] 413.8-4.5] 4.2 [4-4.7] 4.1 [4-4.6] 4.1[3.9-4.6] 4.2[3.9-4.7] 4.1[3.8-4.6] 4.213.9-4.7] <0.001
eGFR [ml/min] 54 [38-71] 54 [38-70] 58 [39-80] 57 [43-73] 55 [40-70] 54 [42-71] 51 [36-72] 53 [38-70] <0.001
Glucose [mmoliL] 7.5[5.9-10.9] 91[6.7-13] 7.1[5.6-9.6] 7 [5.8-9.5] 8.2[6.1-11.6] 7.3[5.7-10.1] 8.4[6.1-12.4] 7[5.6-9.7] <0.001
BNP [ng/L] 866 [376-1682] 940 [422-1677] 1007 [463-1665] 591 [336-1362] 1089 [319-2192] 1420 [808-3338] 869 [523-2240] 843 [367-1660] 0.01
NTproBNP [ng/L] 3823 [1656-8454] | 3992 [1428-11018] 3450 [1634-7728] 4406 [2311-8398] 3119 [1344-8871] 5108 [2943-8449] 5370 [2269-9387] 3628 [1575-7941] 0.001
Troponin | [ug/L] 0.05 [0.016-0.2] 0.265 [0.06-3.28] 0.027 [0.01-0.09] 0.05 [0.02-0.161] 0.05[0.01-0.19] 0.05 [0.02-0.19] 0.145[0.05-0.83] 0.03[0.01-0.092] <0.001
Betablocker 40% 42% 39% 34% 43% 67% 2% 32% <0.001
ACEi or ARB 61% 58% 56% 58% 67% 1% 70% 60% <0.001
Diuretic 59% 41% 70% 55% 54% 72% 55% 68% <0.001
Nitrate 18% 23% 13% 12% 20% 22% 23% 16% <0.001
Aspirin 44% 48% 27% 33% 43% 61% 69% 40% <0.001
Statin 34% 33% 23% 24% 33% 53% 60% 31% <0.001

Legend: P-values refer to global comparisons between patients without or with single precipitating factors. ACEi angiotensin-converting enzyme inhibitor, ACS acute coronary syndrome, ARB
angiotensin receptor blocker, BP blood pressure, COPD chronic obstructive pulmonary disease, eGFR estimated glomerular filtration rate, LVEF left-ventricular ejection fraction
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Figure 1. Flowchart of the study population

Legend: The study population consisted of a cohort of 15828 AHF patients for which information on precipitating factors of AHF

and vital status at 90 days were available

Figure 2. Ninety-day survival according to the presence of identified precipitating factors of

acute heart failure

Legend: Difference in 90-day survival according to the presence of identified precipitating factors of AHF was found (overall log-
rank P <0.001)=Pairwise comparisons with patients without identified precipitating factors showed lower survival in patients with
acute coronaryssyndrome or infection as precipitants of AHF (adjusted log-rank P <0.001 for both), and increased survival in
patients with atrial fibrillation or hypertension as precipitants of AHF (adjusted log-rank P=0.004 and P<0.001, respectively). No

difference in survival was found in patients with non-compliance as precipitating factor of AHF.

Figure 3-Precipitating factors and 90-day risk of death

Legend: Risk of.90-day mortality expressed as hazard ratio (HR) and 95% confidence interval (Cl) in presence of precipitating
factors ofl AHF compared with absence of identified precipitating factors. Adjustment was performed for age, gender, history of
heart failure, coronary artery disease, diabetes, systolic blood pressure at admission, heart rate at admission, LVEF, eGFR at

admission;.plasma sodium at admission. e GFR estimated glomerular filtration rate, LVEF left-ventricular ejection fraction

Figure ‘4. "Time-course of risk of death according to precipitating factors and burden of

comorbidities

Legend: The weekly risk of death associated with the presence of selected precipitating factors of AHF (red: acute coronary
syndrome, orange: infection; blue: atrial fibrillation) compared with absence of identified precipitating factors is expressed as
hazard ratio (HR) and 95% confidence interval (Cl). The weekly risk of death associated with the presence of multiple

comorbidities (AHEAD score = 4 points) compared to score < 4 points is depicted in grey

13
This article is protected by copyright. All rights reserved.



References

1. Mebazaa A, Yilmaz MB, Levy P, Ponikowski P, Peacock WF, Laribi S, Ristic AD, Lambrinou E, Masip J,
Riley JP, McDonagh T, Mueller C, deFilippi C, Harjola V-P, Thiele H, Piepoli MF, Metra M, Maggioni A,
McMurray J, Dickstein K, Damman K, Seferovic PM, Ruschitzka F, Leite-Moreira AF, Bellou A, Anker SD,
Filippatos G. Recommendations on pre-hospital & early hospital management of acute heart failure: a
consensus paper from the Heart Failure Association of the European Society of Cardiology, the European
Society of Emergency Medicine and the Society of Academic Emergency Medicine. Eur J Heart Fail
2015;17:544-558.

2. Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JGF, Coats AJS, Falk V, Gonzalez-Juanatey JR,
Harjola V-P, Jankowska EA, Jessup M, Linde C, Nihoyannopoulos P, Parissis JT, Pieske B, Riley JP,
Roesane.GMC, Ruilope LM, Ruschitzka F, Rutten FH, van der Meer P, Authors/Task Force Members,
Document Reviewers. 2016 ESC Guidelines for the diagnosis and treatment of acute and chronic heart
failure: The Task Force for the diagnosis and treatment of acute and chronic heart failure of the European
Society of Cardiology (ESC). Developed with the special contribution of the Heart Failure Association
(HFA) of the ESC. Eur J Heart Fail 2016;18:891-975.

3. Fonarow GC, Abraham WT, Albert NM, Stough WG, Gheorghiade M, Greenberg BH, O'Connor CM,
Pieper K, Sun JL, Yancy CW, Young JB, OPTIMIZE-HF Investigators and Hospitals. Factors identified as
precipitating hospital admissions for heart failure and clinical outcomes: findings from OPTIMIZE-HF. Arch
Intern Med 2008;168:847—-854.

4, McMurray JJV, Adamopoulos S, Anker SD, Auricchio A, B6hm M, Dickstein K, Falk V, Filippatos G,
Fonseca C, Gomez-Sanchez MA, Jaarsma T, Kgber L, Lip GYH, Maggioni AP, Parkhomenko A, Pieske
BM, Popescu BA, Rgnnevik PK, Rutten FH, Schwitter J, Seferovic P, Stepinska J, Trindade PT, Voors
AAZannad F, Zeiher A, ESC Committee for Practice Guidelines. ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure 2012: The Task Force for the Diagnosis and Treatment of
Acute and Chronic Heart Failure 2012 of the European Society of Cardiology. Developed in collaboration
with.the Heart Failure Association (HFA) of the ESC. Eur Heart J 2012;33:1787-1847.

5. Arrigo'M, Tolppanen H, Sadoune M, Feliot E, Teixeira A, Laribi S, Plaisance P, Nouira S, Yilmaz MB,
Gayat:E, Mebazaa A, Network OBOTG. Effect of precipitating factors of acute heart failure on
readmission and long-term mortality. ESC Heart Failure 2016;3:115-121.

6. Mebazaa A, Gayat E, Lassus J, Meas T, Mueller C, Maggioni A, Peacock F, Spinar J, Harjola V-P, van
Kimmenade R, Pathak A, Mueller T, Tavazzi L, diSomma S, Metra M, Pascual-Figal D, Laribi S, Logeart
D, Nouira S, Sato N, Parenica J, Deye N, Boukef R, Collet C, Van den Berghe G, Cohen-Solal A, Januzzi
JL, GREAT network. Association between elevated blood glucose and outcome in acute heart failure:
results:from an international observational cohort. J Am Coll Cardiol 2013;61:820—-829.

7. Roffi M, Patrono C, Collet J-P, Mueller C, Valgimigli M, Andreotti F, Bax JJ, Borger MA, Brotons C, Chew
DPR,.Gencer B, Hasenfuss G, Kjeldsen K, Lancellotti P, Landmesser U, Mehilli J, Mukherjee D, Storey RF,
Windecker S. 2015 ESC Guidelines for the management of acute coronary syndromes in patients
presenting without persistent ST-segment elevation: Task Force for the Management of Acute Coronary
Syndromes in Patients Presenting without Persistent ST-Segment Elevation of the European Society of
Cardiology (ESC). Eur Heart J 2016;37:267-315.

8. Task Force on the management of ST-segment elevation acute myocardial infarction of the European
Society. of Cardiology (ESC), Steg PG, James SK, Atar D, Badano LP, Blomstrom-Lundqvist C, Borger
MA;:Di Mario C, Dickstein K, Ducrocq G, Fernandez-Aviles F, Gershlick AH, Giannuzzi P, Halvorsen S,
Huber K, Juni P, Kastrati A, Knuuti J, Lenzen MJ, Mahaffey KW, Valgimigli M, van 't Hof A, Widimsky P,
Zahger D, Knuuti J, Hasdai D. ESC Guidelines for the management of acute myocardial infarction in
patients presenting with ST-segment elevation. Eur Heart J 2012;33:2569-2619.

9. Spinar J, Jarkovsky J, Spinarova L, Mebazaa A, Gayat E, Vitovec J, Linhart A, Widimsky P, Miklik R,
Zeman K, Belohlavek J, Malek F, Felsoci M, Kettner J, Ostadal P, Cihalik C, Vaclavik J, Taborsky M,

14
This article is protected by copyright. All rights reserved.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Dusek L, Littnerova S, Parenica J. AHEAD score--Long-term risk classification in acute heart failure. Int J
Cardiol 2016;202:21-26.

Zannad F, Mebazaa A, Juilliére Y, Cohen-Solal A, Guize L, Alla F, Rougé P, Blin P, Barlet M-H, Paolozzi
L, Vincent C, Desnos M, Samii K, EFICA Investigators. Clinical profile, contemporary management and
one-year mortality in patients with severe acute heart failure syndromes: The EFICA study. Eur J Heart
Fail 2006;8:697-705.

Bahit MC, Lopes RD, Clare RM, Newby LK, Pieper KS, Van de Werf F, Armstrong PW, Mahaffey KW,
Harrington RA, Diaz R, Ohman EM, White HD, James S, Granger CB. Heart failure complicating non-ST-
segment elevation acute coronary syndrome: timing, predictors, and clinical outcomes. JACC Heart Fail
2013;1:223-229.

Kubena:P; Arrigo M, Parenica J, Gayat E, Sadoune M, Ganovska E, Pavlusova M, Littnerova S, Spinar J,
Mebazaa A, GREAT network. Plasma Levels of Soluble CD146 Reflect the Severity of Pulmonary
Congestion Better Than Brain Natriuretic Peptide in Acute Coronary Syndrome. Ann Lab Med
2016;36:300-305.

Miro Oy Aguirre A, Herrero P, Jacob J, Martin-Sanchez FJ, Llorens P, en nombre del grupo ICA-SEMES.
[PAPRICA-2 study: Role of precipitating factor of an acute heart failure episode on intermediate term
prognosis]. Med Clin (Barc) 2015;145:385—-389.

AlFaleh H, Elasfar AA, Ullah A, AlHabib KF, Hersi A, Mimish L, Almasood A, Ghamdi Al S, Ghabashi A,

Malik A, Hussein GA, Al-Murayeh M, Abuosa A, Habeeb Al W, Kashour TS. Acute heart failure with and
without acute coronary syndrome: clinical correlates and prognostic impact (From the HEARTS registry).
BMC Cardiovasc Disord 2016;16:98.

Peacock WF, De Marco T, Fonarow GC, Diercks D, Wynne J, Apple FS, Wu AHB, ADHERE
Investigators. Cardiac troponin and outcome in acute heart failure. N Engl J Med 2008;358:2117-2126.

Kristensen SD, Laut KG, Fajadet J, Kaifoszova Z, Kala P, Di Mario C, Wijns W, Clemmensen P, Agladze
V, Antoniades L, AlHabib KF, De Boer M-J, Claeys MJ, Deleanu D, Dudek D, Erglis A, Gilard M, Goktekin
O, Guagliumi G, Gudnason T, Hansen KW, Huber K, James S, Janota T, Jennings S, Kajander O,
Kanakakis J, Karamfiloff KK, Kedev S, Kornowski R, Ludman PF, Merkely B, Milicic D, Najafov R, Nicolini
FA=Noc M, Ostojic M, Pereira H, Radovanovic D, Sabate M, Sobhy M, Sokolov M, Studencan M, Terzic,
| Wahler S, Widimsky P, on behalf of the European Association for Percutaneous Cardiovascular
Interventions. Reperfusion therapy for ST elevation acute myocardial infarction 2010/2011: current status
in 37 ESC countries. Eur Heart J 2014;35:1957—-1970.

Santoro GM, Carrabba N, Migliorini A, Parodi G, Valenti R. Acute heart failure in patients with acute
myocardial infarction treated with primary percutaneous coronary intervention. Eur J Heart Fail
2008;10:780—785.

Hoehman JS, Sleeper LA, Webb JG, Sanborn TA, White HD, Talley JD, Buller CE, Jacobs AK, Slater JN,
ColJ;:McKinlay SM, LeJemtel TH. Early revascularization in acute myocardial infarction complicated by
cardiogenic shock. SHOCK Investigators. Should We Emergently Revascularize Occluded Coronaries for
Cardiogenic Shock. N Engl J Med 1999;341:625-634.

Shoaib A, Farag M, Nasir M, John J, Gupta S, Pellicori P, Antony R, Perveen R, Rigby A, Goode KM,
Yassin-A, Clark AL, Cleland JGF. Is the diagnostic coding position of acute heart failure related to
mortality? A report from the Euro Heart Failure Survey-1. Eur J Heart Fail 2016;18:556—-563.

Corrales-Medina VF, Musher DM, Shachkina S, Chirinos JA. Acute pneumonia and the cardiovascular
system. Lancet 2013;381:496-505.

Rudiger A, Singer M. Mechanisms of sepsis-induced cardiac dysfunction. Crit Care Med 2007;35:1599—
1608.

15
This article is protected by copyright. All rights reserved.



22.

23.

24,

25.

26.

27.

28.

29.

30.

Hu Y-F, Chen Y-J, Lin Y-J, Chen S-A. Inflammation and the pathogenesis of atrial fibrillation. Nat Rev
Cardiol 2015;12:230-243.

Prescott HC, Langa KM, Iwashyna TJ. Readmission diagnoses after hospitalization for severe sepsis and
other acute medical conditions. JAMA 2015;313:1055-1057.

Ahmed A, Thornton P, Perry GJ, Allman RM, DelLong JF. Impact of atrial fibrillation on mortality and
readmission in older adults hospitalized with heart failure. Eur J Heart Fail 2004;6:421-426.

Rivero-Ayerza M, Scholte Op Reimer W, Lenzen M, Theuns DAMJ, Jordaens L, Komajda M, Follath F,
Swedberg K, Cleland JGF. New-onset atrial fibrillation is an independent predictor of in-hospital mortality
in_hespitalized heart failure patients: results of the EuroHeart Failure Survey. Eur Heart J 2008;29:1618—
1624.

Gouda P, Brown P, Rowe BH, McAlister FA, Ezekowitz JA. Insights into the importance of the
electrocardiogram in patients with acute heart failure. Eur J Heart Fail 2016;18:1032—1040.

Arrigo M, Bettex D, Rudiger A. Management of Atrial Fibrillation in Critically Ill Patients. Crit Care Res
Pract 2014;2014:840615.

Bohm_ M, Link A, Cai D, Nieminen MS, Filippatos GS, Salem R, Cohen-Solal A, Huang B, Padley RJ,
Kivikko'M, Mebazaa A. Beneficial association of 3-blocker therapy on recovery from severe acute heart
failurestreatment: data from the Survival of Patients With Acute Heart Failure in Need of Intravenous
Inotropic Support trial. Crit Care Med 2011;39:940-944.

Greene SJ, Fonarow GC, Solomon SD, Subacius H, Maggioni AP, Bohm M, Lewis EF, Zannad F,
Gheorghiade M, ASTRONAUT Investigators and Coordinators. Global variation in clinical profile,
management, and post-discharge outcomes among patients hospitalized for worsening chronic heart
failure: findings from the ASTRONAUT trial. Eur J Heart Fail 2015;17:591-600.

Crespo-Leiro MG, Anker SD, Maggioni AP, Coats AJ, Filippatos G, Ruschitzka F, Ferrari R, Piepoli MF,
Delgado Jimenez JF, Metra M, Fonseca C, Hradec J, Amir O, Logeart D, Dahlstrom U, Merkely B, Drozdz
J, Goncalvesova E, Hassanein M, Chioncel O, Lainscak M, Seferovic PM, Tousoulis D, Kavoliuniene A,
Fruhwald F, Fazlibegovic E, Temizhan A, Gatzov P, Erglis A, Laroche C, Mebazaa A, on behalf of the
Heart-Failure Association (HFA) of the European Society of Cardiology (ESC). European Society of
Cardiology Heart Failure Long-Term Registry (ESC-HF-LT): 1-year follow-up outcomes and differences
acrossregions. Eur J Heart Fail 2016;18:613-625.

16
This article is protected by copyright. All rights reserved.



AHF cohort of the GREAT registry
n=20'598

Missing data (n=4'770)
No vital status at 90 days

Study population
n=15'828
Europe Asia
(n=8'563) (n=7'265)
Czech Republic China
(n=5'688) (n=1'083)
Italy Japan
(n=1'855) (n=733)
Spain Saudi Arabia
(n=1'020) (n=2'595)
South Korea
(n=2'854)

figurel

This article is protected by copyright. All rights reserved.



100 % overall log-rank P < 0.001
90 %
®
2
2
=)
(/2]
80 %
Precipitating factor
-1 No identified factor
—I1 Acute coronary syndrome
Infection
—I1 Atrial fibrillation
—I1 Hypertension
-1 Non-compliance
70 %
| I [ |
0 30 60 90
Time [days]
figure2

This article is protected by copyright. All rights reserved.



Acute coronary syndrome

Infection

Atrial fibrillation

Hypertension

Non-compliance

This article is protected by copyright. All rights reserved.

Unadjusted
Adjusted

Unadjusted
Adjusted

Unadjusted
Adjusted

Unadjusted
Adjusted

Unadjusted
Adjusted

=]

Hazard ratio (95% confidence interval)
figure3

HR [95% CI]

1.51[1.38 - 1.66]
1.69 [1.44 - 1.97]

1.40 [1.21 - 1.62]
1.51[1.18 - 1.92]

0.72[0.60 - 0.86]
0.56 [0.42 - 0.75]

0.56 [0.44 - 0.72]
0.99 [0.61 - 1.60]

0.96 [0.77 - 1.21]
0.78 [0.47 - 1.31]



Hazard ratio (95% confidence interval)

| B Acute coronary syndrome
O Infection
0.25 ) T
® Atrial fibrillation
O Comorbidities (AHEAD score 2 4)
W1 W2 w3 W4 W 5-6 W 7-8 W 9-13
Patients at risk 14°808 13’959 13'634 13411 13'245 12’999 12’815
Number of events 849 325 223 166 246 184 339

figure4

This article is protected by copyright. All rights reserved.



The authors do hereby declare that all illustrations and figures in the
manuscript are entirely original and do not require reprint permission

This article is protected by copyright. All rights reserved.



