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A B S T R A C T

Background: Previous studies investigating predictors of Heart Failure (HF) after acute coronary syndrome (ACS) 
were mostly conducted during fibrinolytic era or restricted to baseline characteristics and diagnoses prior to 
admission. We assessed the incidence and predictors of HF hospitalizations among patients treated with 
percutaneous coronary intervention (PCI) for ACS. 
Methods and results: CORALYS is a multicenter, retrospective, observational registry including consecutive pa-
tients treated with PCI for ACS. Patients with known history of HF or reduced left ventricular ejection fraction 
(LVEF) were excluded. Incidence of HF hospitalizations was the primary endpoint. The composite of HF hos-
pitalization or cardiovascular death, and cardiovascular and all-cause death were the secondary endpoints. 
Predictors of HF hospitalizations and the impact of HF hospitalization on cardiovascular and all-cause death were 
assessed by means of multivariable Cox proportional hazards model.14699 patients were included. After 2.9 ±
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1.8 years, the incidence of HF hospitalizations was 12.7%. Multivariable analysis identified age, diabetes, chronic 
kidney disease, previous myocardial infarction, atrial fibrillation, pulmonary disease, GRACE risk-score ≥ 141, 
peripheral artery disease, cardiogenic shock at admission and LVEF ≤40% as independently associated with HF 
hospitalizations. Complete revascularization was associated with a lower risk of HF (HR 0.46,95%CI 0.39–0.55). 
HF hospitalization was associated with higher risk of CV and all-cause death (HR 1.89,95%CI 1.5–2.39 and HR 
1.85,95%CI 1.6–2.14, respectively). 
Conclusions: Incidence of HF hospitalizations among patients treated with PCI for ACS is not negligible and is 
associated with detrimental impact on patients’ prognosis. Several variables may help to assess the risk of HF 
after ACS.   

1. Introduction

Prompt reperfusion strategies as primary Percutaneous Coronary
Intervention (pPCI) along with improvements in PCI devices and med-
ical therapies for Coronary Artery Disease (CAD) significantly improved 
the prognosis of patients suffering Acute Coronary Syndromes (ACS) 
(1–4). However, the increased survival rate after ACS may be associated 
with higher incidence of late myocardial infarction (MI) complications 
such as the development of Heart Failure (HF) (5) which is expected to 
rise due to ageing population (6). Several studies investigated the inci-
dence of HF after ACS, but they were most performed during the fibri-
nolytic era or focused on specific pattern of ACS such as ST-segment 
myocardial infarction (STEMI) or on in-hospital outcomes. Among pa-
tients enrolled in the GRACE registry, 12% were admitted for HF over 
3.8 years of follow-up: however, PCI was performed only in less than 
half of patients (7). A sub-analysis of the HORIZONS-AMI trial showed 
an incidence of HF complicating ACS of 5.1% at two years among 
selected STEMI patients and identified several cardiovascular risk fac-
tors (i.e. diabetes and dyslipidemia) along with female sex and reduced 
left ventricular ejection fraction (LVEF) as predictors of HF onset (8). An 
accurate detection of predictors of HF development among real life ACS 
survivors is required to identify high-risk patients that could benefit 
from the implementation of intensive preventive measures and stricter 
follow-up strategies. 

In this context, the introduction of novel therapeutic options for 
patients suffering from HF (9,10) and the spread of remote monitoring 
reinforce the need for an updated identification of predictors of HF and 
associated prognosis after ACS. For this purpose, we designed the 
“IncidenCe and predictOrs of heaRt fAiLure after acute coronarY Syn-
drome (CORALYS) study” to assess the incidence of HF and the clinical 
features associated with the development of this adverse event across a 
contemporary cohort of patients suffering from ACS and treated with 
PCI. 

2. Methods

2.1. Study design 

The CORALYSIS registry (NCT 04895176) is an international, 
multicenter, retrospective, observational study including consecutive 
patients admitted for ACS in 16 European Centers from 2015 to 2020. 
Where required, study investigators received approval from their local 
institutional boards or ethic committees. Patients were considered 
eligible for inclusion in the registry if all the following criteria were met 
a) age > 18 years-old; b) Confirmed diagnosis of ACS, including STEMI,
non-ST segment myocardial infarction (NSTEMI) or unstable angina 
(UA) at discharge; c) treatment of ACS with PCI. 

Patients with a known history of congestive heart failure (CHF), 
previous HF hospitalizations or reduced left ventricular ejection fraction 
(LVEF <50%) before the index hospitalization for ACS were excluded. 

2.2. Definitions 

Demographics, clinical and main angiographic characteristics were 

retrospectively retrieved and abstracted on pre-specified electronic 
forms. The presence of cardiovascular risk factors, atrial fibrillation, 
chronic obstructive pulmonary disease (COPD), malignancies, periph-
eral artery disease (PAD) and the history of previous MI or myocardial 
revascularizations and stroke was retrieved from medical history re-
cords. Chronic kidney disease was defined as an estimated glomerular 
filtration rate < 60 ml/min/1.73 m2 according to Modification of Diet in 
Renal Disease (MDRD) equation. The diagnoses of STEMI, NSTEMI and 
cardiogenic shock at admission were defined according to the current 
European Society of Cardiology guidelines definitions (11,12) and they 
were retrospectively assessed and retrieved from patients’ medical his-
tory records and hospital discharge letters. Major bleedings were 
defined as Bleeding Academic research Consortium 3,5 bleedings (13). 

Multivessel disease was defined as more than one coronary vessel 
with critical stenosis (≥ 70% diameter stenosis at angiographic evalu-
ation or FFR ≤ 0.8/iFR ≤ 0.89 at invasive physiological assessment in 
non-culprit vessels). Complete revascularization was defined as no re-
sidual critical stenosis in any coronary vessel after PCI. Left ventricular 
ejection fraction (LVEF) was assessed by 2D transthoracic echocardi-
ography and computed according to bidimensional Simpson formula 
[(left ventricular end diastolic volume – left ventricular end systolic 
volume)/ left ventricular end diastolic volume)] and classified as mod-
erate (between 35 and 45%). 

PCI was performed according to the standard local practice in 
accordance with practice guidelines established by the European Society 
of Cardiology (ESC) (14). After PCI, all patients received dual anti-
platelet therapy and were discharged on optimal medical therapy, 
including β-blockers, angiotensin-converting enzyme inhibitor/angio-
tensin receptor blocker (ACEi/ARB) and mineralocorticoid receptor 
antagonist (MRA), if indicated. Follow-up data were obtained from 
electronic medical records of each participating center, clinical visit, 
telephonic contact, or formal query to the primary care physicians. 

2.3. Endpoints 

Occurrence of a first hospitalization for HF after the index ACS, 
confirmed through review of hospital records, consultation notes, 
discharge letters and pertinent laboratory data, was the primary 
endpoint. The composite of first hospitalization for HF or cardiovascular 
(CV) death, along with all-cause death and CV death alone (15) were the 
secondary endpoints. Further, clinical and procedural predictors of the 
primary end point along with the impact of HF hospitalization on all- 
cause and CV death were assessed. 

2.4. Statistical analysis 

Continuous and categorical variables are reported as mean and 
standard deviation or median and interquartile range (IQR) and as fre-
quencies and percentages, respectively. 

Differences in clinical and procedural features between patients who 
experienced an HF admission at FU and those who did not were assessed 
with One-way Analysis of Variance (ANOVA) and chi-square test for 
continuous and categorical variables, respectively. 
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Backward stepwise multivariable Cox proportional hazards model, 
censored at first HF hospitalization or at latest available follow-up, 
was used to identify clinical and procedural predictors of HF hospi-
talizations. The initial model included 21 variables, namely: age, sex, 
hypertension, diabetes mellitus, chronic kidney disease (CKD), 
chronic obstructive pulmonary disease (COPD), previous MI, previ-
ous coronary revascularization, atrial fibrillation, admission diag-
nosis (STEMI vs NSTEMI), GRACE score ≥ 141, cardiogenic shock at 
admission, ULM or multivessel disease, complete revascularization, 
smoking status (non smokers vs current/previous smokers), left 
ventricular ejection fraction <40%, peripheral artery disease (PAD), 
malignancies and discharge therapy (B blockers, ACE-inibhitors/ 
angiotensin receptor blockers, statins). A model including variables 
with missing data above 50% of the sample (namely mineralocorti-
coid receptor antagonists, impaired post-procedural TIMI flow on 
culprit vessel and left ventricular end-diastolic diameter) was per-
formed as sensitivity analysis. To account for the potential impact of 
variables acting as colliders and mediators within the Cox propor-
tional hazard model obtained with the backward stepwise approach, 
we performed further models by removing significant variables in a 
one-by-one fashion and according to clinical plausibility to confirm 
the validity and the proportion of the association between a specific 
variable and the primary endpoint. The calibration and the 
discrimination ability of the model was assessed with the Hos-
mer–Lemeshow statistic and the p value was obtained comparing the 
statistic to a chi-squared distribution with Q-2 degrees of freedom 
(where Q indicates the number of groups). The performance of the 
model was also assessed via Receiver Operating Characteristic Area 
Under the Curve (ROC-AUC) analysis. 

The principal model plus HF hospitalization, censored at death 
occurrence or at latest available follow-up, was used to assess the impact 
of the endpoint on the occurrence of all-cause and CV death. Only sig-
nificant variables at a value of P < 0.05 were retained in the final 
models. Kaplan-Meier analysis were also produced to compare the 
incidence of all-cause death and CV death stratified according to HF 
hospitalizations. Analyses were performed with SPSS® Statistics v24 
and STATA v17 (StataCorp, College Station, Texas). 

3. Results

3.1. Incidence of HF and all-cause or cardiovascular death 

14,699 patients were retrospectively enrolled in the CORALYS reg-
istry. Data about HF hospitalizations and survival status were respec-
tively available for 14,507 (98.7%) and 14,527 (98.8%) patients. Over a 
mean follow-up of 2.9 ± 1.8 years, the cumulative incidence of 

hospitalizations for HF was 12.7%. The median time to hospitalization 
for HF after discharge was 1.05 years (IQR 0.29–2.58). 16.2% of patients 
either were hospitalized for HF or died from cardiovascular causes, 
while the incidence of all-cause death and CV death was 14.9% and 
5.3%, respectively. Incidence of the primary and the secondary out-
comes are graphically resumed in Fig. 1 and Supplementary Fig. 1. 

3.2. Baseline features according to HF occurrence 

Baseline features according to the incidence of the primary outcome 
are reported in Table 1. Compared with patients who did not develop 
HF, the group of patients hospitalized for HF at follow-up were older 
(69.6 ± 10.3 vs 64.4 ± 11.7) and were more frequently women (37.7% 
vs 30.6%, p < 0.0001). A higher prevalence of cardiovascular risk factors 
(hypertension 84.9% vs 72.5%, diabetes 44.8% vs 28.8%, all p <
0.0001) and comorbidities was observed in this subgroup (peripheral 
artery disease 4.4% vs 2.5%; COPD 8.7% vs 4.9%; CKD 29% vs 16.5%, 
atrial fibrillation 10.5% vs 4.9%, all p < 0.0001). Patients experiencing 
an admission for HF at follow-up were more likely to have had a pre-
vious MI (38.2% vs 24.6%, p < 0.0001) and a percutaneous or surgical 
revascularization as compared with those not developing HF. An 
admission diagnosis of STEMI was more common in patients without HF 
(30.7% vs 21.4%, p < 0.0001). A higher GRACE score was observed in 
the HF group (GRACE score 126.9 ± 29 vs 114.7 ± 25, p < 0.0001). 
Angiographic features are resumed in Table 2. Extent of coronary artery 
disease was greater in HF patients as outlined by a higher prevalence of 
multivessel disease or ULM involvement (41.8% vs 36.9%, p = 0.001). 
However, a complete revascularization was more frequently achieved in 
patients without HF events at follow-up (29.5% vs 17.5%, p < 0.0001). 
Left ventricular ejection fraction at discharge was significantly lower 
among patients with HF hospitalizations (48.2 ± 7.3% vs 51.58 ± 7.4%, 
p < 0.0001) who were also more likely to be discharged on beta-blockers 
(88% vs 85.3%, p = 0.010) and MRA (37.6% vs 18.6%, p < 0.0001) as 
compared with non-HF patients. Suboptimal procedural outcome (TIMI 
flow grade on culprit vessel) was more frequent among patient who 
developed HF as compared with patients who did not (post-procedural 
TIMI flow on culprit vessel <3, 10.6% vs 5.5%, p = 0.002). 

3.3. Predictors of HF hospitalization 

The multivariable analysis identified 11 predictors of HF hospitali-
zation: age, diabetes mellitus, CKD, previous MI, atrial fibrillation, 
COPD, GRACE risk score ≥ 141, PAD, cardiogenic shock at admission 
and moderately reduced LVEF at discharge, Table 3. Complete revas-
cularization was associated with a reduced risk of the primary endpoint 
(HR 0.46, 95%CI 0.39–0.55, p < 0.0001). Such finding was confirmed in 
the sensitivity analyses, after excluding all other significant variables in 

Fig. 1. Incidence of primary and secondary outcomes. HF: heart failure; CV: cardiovascular death.  
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a one by-one-one fashion (see supplementary tables 1–6 and 8–12). In 
particular, the exclusion of potential colliders or mediators from the 
model such as previous MI, CKD and cardiogenic shock on admission 
confirmed an independent association between complete revasculari-
zation and the primary outcome with similar HR and confidence in-
tervals as compared to main model. Moderately reduced LVEF at 
discharge was the most important predictor of HF hospitalizations (HR 
2.48, 95%CI 1.97–3.11, p < 0.0001) followed by CKD (HR 2.22, 95%CI 
1.89–2.61, p < 0.0001). The significant association of LVEF<40% with 
the primary outcome was confirmed also after excluding variables one 
by one from the main model, including the exclusion of potential me-
diators such as AF (HR 1.86, 95%CI 1.51–2.29, p < 0.0001, see sup-
plementary table 7) or colliders as cardiogenic shock on admission (HR 
1.81, 95%CI 1.47–2.22, p < 0.0001). Similarly, the association of CKD 
with the incidence of HF hospitalization was confirmed after removing 
potential colliders as diabetes mellitus (HR 1.84, 95%CI 1.59–2.13, p <
0.0001, see supplementary table 5), and vice-versa (see supplementary 
table 6). Age was associated with a 2.5% increase of HF hospitalization 
for every one-year increase (HR 1.02, 95%CI 1.02–1.03, p < 0.0001). 
The independent association of cardiogenic shock on admission with the 
risk of HF hospitalization that was observed with the stepwise Cox 
proportional hazard model (HR 1.88, 95%CI 1.1–3.2, p = 0.020), was 
not confirmed in the sensitivity analyses performed by excluding sig-
nificant variables on a one-by-one fashion. The main model showed 
satisfactory calibration and discrimination at the Hosmer–Lemeshow 
statistic, with low differences between observed and predicted cases (p 
= 0.09, see supplementary table 13). The model also yielded moderate 
accuracy in predicting the primary endpoint throughout the cohort 
(ROC AUC 0.703, 95%CI 0.689–0.717), see supplementary fig. 2. 

The same variables resulting from the stepwise model were associ-
ated with an increased risk of HF hospitalization or CV death, along with 
STEMI as admission diagnosis, smoking, multivessel or left main disease 
and malignancy. Complete revascularization, along with beta-blockers, 

Table 1 
Baseline features according to the occurrence of HF hospitalization at follow-up.   

Overall 
(n =
14,699) 

No 
Hospitalization 
for HF (n =
13,282) 

Hospitalization 
for HF 
(n = 1225) 

P value 

Age 65.1 ±
11.7 

64.4 ± 11.7 69.6 ± 10.3 < 
0.0001 

Women 4578 
(31.1%) 

4060/13282 
(30.6%) 

462/1225 
(37.7%) 

< 
0.0001 

Hypertension 10,800 
(73.5%) 

9625/13282 
(72.5%) 

1040/1225 
(84.9%) 

< 
0.0001 

Dyslipidemia 8654 
(58.9%) 

7814/13282 
(58.8%) 

748/1225 
(61.1%) 

0.129 

Smoking status    < 
0.0001  

- Non smoker 8950 
(60.9%) 

8028/13281 
(60.4%) 

833/1225 
(68%)   

- Current 
smoker 

2806 
(19.1%) 

2602/13281 
(19.6%) 

148/1225 
(12.1%)   

- Previous 
smoker 

2942 
(20%) 

2651/13281 
(20%) 

244/1225 
(19.9%)  

Peripheral 
artery disease 

416 
(2.8%) 

334/13275 
(2.5%) 

54/1220 (4.4%) < 
0.0001 

Diabetes 
Mellitus 

4416 
(30%) 

3824/13282 
(28.8%) 

549/1225 
(44.8%) 

< 
0.0001  

- on insulin 1167 
(8%) 

1012/13258 
(7.6%) 

141/1225 
(11.5%) 

< 
0.0001 

Previous MI 3781 
(25.7%) 

3260/13279 
(24.6%) 

468/1225 
(38.2%) 

< 
0.0001 

Previous PCI 4333 
(29.5%) 

3802/13276 
(28.6%) 

480/1225 
(39.2%) 

< 
0.0001 

Previous CABG 1509 
(10.3%) 

1253/13280 
(9.4%) 

243/1225 
(19.8%) 

< 
0.0001 

Prior stroke 277 
(1.9%) 

234/13281 
(1.8%) 

28/1225 (2.3%) 0.188 

Prior Major 
bleedings 

111 
(0.8%) 

97/13282 (0.7%) 12/1223 (1%) 0.331 

Cancer    < 
0.0001  

- previous 1908 
(13.3%) 

1726/12996 
(13.3%) 

155/1148 
(13.5%)   

- on treatment 1932 
(13.5%) 

1739/12996 
(13.4%) 

183/1148 
(15.9%)  

COPD 781 
(5.3%) 

656/1382 (4.9%) 107/1225 
(8.7%) 

< 
0.0001 

eGFR 80.6 ±
22.3 

81.3 ± 22.0 72.2 ± 23.4 < 
0.0001 

CKD (eGFR <
60 ml/min/ 
1.73 m2) 

2552 
(17.7%) 

2154/13040 
(16.5%) 

349/1203 
(29%) 

< 
0.0001 

Systolic blood 
pressure (on 
admission)** 

139.4 ±
17.9 

139.5 ± 17.9 139.6 ± 16.2 0.83 

Atrial 
Fibrillation  

653/13234 
(4.9%) 

128/1218 
(10.5%) 

< 
0.0001  

- paroxysmal 610 
(4.2%) 

509/13234 
(3.8%) 

91/1218 (7.5%)   

- persistent 49 
(0.3%) 

38/13234 (0.3%) 10/1218 (0.8%)   

- permanent 140 (1%) 106/13234 
(0.8%) 

27/1218 (2.2%)  

Admission 
diagnosis    

< 
0.0001  

- STEMI 4332 
(30.1%) 

3983/12984 
(30.7%) 

262/1223 
(21.4%)   

- NSTEMI 4825 
(33.5%) 

4291/12984 
(33%) 

440/1223 
(36%)   

- UA 5241 
(36.4%) 

4710/12984 
(36.3%) 

521/1223 
(42.6%)  

GRACE score 115.8 ±
26.2 

114.7 ± 25.4 126.1 ± 29.9 < 
0.0001  

- GRACE score 
≥ 141 

2043 
(13.9%) 

1682/13282 
(12.7%) 

302/1225 
(24.7%) 

< 
0.0001 

Cardiogenic 
Shock at 
admission 

186/ 
14697 
(1.3%) 

166/13280 
(1.3%) 

17/1225 (1.4%) 0.679  

Table 1 (continued )  

Overall 
(n =
14,699) 

No 
Hospitalization 
for HF (n =
13,282) 

Hospitalization 
for HF 
(n = 1225) 

P value 

LVEF at 
discharge 

50.6 ±
9.3 

51.58 ± 7.38 48.21 ± 7.26 < 
0.0001 

LVEF < 40% 1096 
(7.5%%) 

933/13122 
(7.1%) 

128/1224 
(10.5%) 

< 
0.0001 

LVEDV at 
discharge * 

106.6 ±
35.1 

35.13 ± 0.6 37.69 ± 2.85 0.398 

Therapy at 
discharge      

- Beta blockers 12,218/ 
14293 
(85.5%) 

11,014/12918 
(85.3%) 

1069/1215 
(88%) 

0.010  

- ACE i/ ARB 10,049/ 
12602 
(79.7%) 

8991/11236 
(80%) 

917/1188 
(77.2%) 

0.021  

- Statins 12,968/ 
13982 
(92.7%) 

11,701/12626 
(92.7%) 

1093/1177 
(92.9%) 

0.811  

- MRA 1531/ 
7531 
(20.3%) 

1254/6743 
(18.6%) 

237/630 
(37.6%) 

< 
0.0001 

Legend: MI: myocardial infarction; PCI: percutaneous coronary intervention; 
CABG: coronary artery bypass graft; COPD: chronic obstructive pulmonary 
disease; eGFR: estimated glomerular filtration rate; CKD: chronic kidney disease; 
STEMI: ST-segment elevation myocardial infarction; NSTEMI: non ST-segment 
elevation myocardial infarction; UA: unstable angina; LVEF: left ventricular 
ejection fraction; LVEDV: left ventricle end-diastolic volume; ACE-i: angiotensin 
converting enzyme inhibitors; ARB: angiotensin receptor blockers; MRA: 
mineralocorticoid receptor antagonists. Significant values in bold 

* Data available for 3371 patients.
** Data available for 1399 patients. 

O. De Filippo et al.                                                  

4



International Journal of Cardiology 370 (2023) 35–42

39

statins and ACE inhibitors at discharge were associated with a lower risk 
of such composite endpoint at follow-up (Table-3). 

Results of the sensitivity analysis performed including in the model 
variables with missing data above 50% of the sample, are presented in 
supplementary Table 14, confirming most of the significant association 
and showing the prognostic impact of impaired post-procedural TIMI 
flow on the culprit vessel (HR 2.44, 95%CI 1.15–5.02, p = 0.020). 

3.4. Impact of HF hospitalization on prognosis 

The incidence of all-cause death and CV death was significantly 
higher among patients experiencing HF hospitalization compared with 
patients who did not (CV death: 28.6% vs 7.8%; all cause death: 35.4% 
vs 11.9%, both p log rank<0.0001), as shown in in Fig. 2. After multi-
variable adjustment, the development of HF at follow-up remained 
independently associated with impaired survival both due to an 
increased risk of CV death (HR 1.89 95%CI 1.5–2.39, p < 0.0001) and 
all-cause death (HR 1.85,95%CI 1.60–2.14, p < 0.0001) (see supple-
mentary table 15 for full list of predictors of all-cause and CV death). 

4. Discussion

The main findings of the CORALYS registry, enrolling 14,699 pa-
tients admitted for ACS and treated with PCI to investigate the incidence 
and predictors of HF hospitalization after such index event, can be 
resumed as follows:  

1) Despite prompt revascularization with PCI, the incidence of HF
hospitalizations is still not negligible (well over 4% per year) among
patients with no previous history of HF or LV dysfunction and
admitted for ACS.

2) Several variables were identified as independent predictors of HF
hospitalizations at FU, mostly including classic cardiovascular risk
factors (age, diabetes mellitus), comorbidities (atrial fibrillation,
COPD, CKD, PAD, previous MI) and clinical complexity at admission
(high-risk GRACE score and presentation as cardiogenic shock).
Moderately reduced LVEF at discharge was the most powerful pre-
dictor of HF hospitalization, while complete coronary revasculari-
zation was associated with a reduced risk of this event.

Table 2 
Procedural features according to the occurrence of HF hospitalization at FU.   

Overall (n = 14,699) No Hospitalization for HF (n = 13,282) Hospitalization for HF (n = 1225) P value 

ULM disease 952 (6.5%) 877/13282 (6.6%) 60/1225 (4.9%) 0.020 
Multivessel disease 5054 (34.4%) 4434/13282 (33.4%) 503/1225 (41.1%) <0.0001 
Complete revascularization* 1397/5054/ (28.3%) 1309/4434 (29.5%) 88/503 (17.5%) <0.0001 
ULM or multivessel disease 5553/14699 (37.6%) 4902/13282 (36.9%) 512/1225 (41.8%) 0.001 
Bifurcation lesion 1332 (9.1%) 1176/13282 (8.9%) 118/1225 (9.6%) 0.360 
Time from symptoms onset to admission (h) 11.94 ± 23.6 11.9 ± 23.8 12.9 ± 14.2 0.157 
Pre procedural TIMI flow (culprit vessel)    0.010  
- 0 2613/6685 (39.1%) 2362/5647 (39.7%) 209/602 (34.7%)   
- 1 634/6685 (9.5%) 565/5647 (9.5%) 61/602 (10.1%)   
- 2 650/6685 (9.7%) 583/5947 (9.8%) 47/602 (7.8%)   
- 3 2788/6685 (41.7%) 2437/5947 (41%) 285/602 (47.3%)  
Post procedural TIMI flow (culprit vessel)    0.001 

0.002  
- 0 59/3662 (1.6%) 48/3292 (1.5%) 10/218 (4.6%)   
- 1 30/3662 (0.8%) 24/3292 (0.7%) 4/218 (1.8%)   
- 2 119/3662 (3.2%) 108/3292 (3.3%) 9/218 (4.1%)   
- 3 3454/3662 (94.3%) 3112/3292 (94.5%) 195/218 (89.4%)   
- Post procedural TIMI flow < 3 208/3662 (5.7%) 180/3292 (5.5%) 23/218 (10.6%)  

Legend: HF: heart failure; ULM: unprotected left main; TIMI: thrombolysis in myocardial infarction; h = hours. Significant values in bold. * rates of complete 
revascularization were computed on patients with multivessel disease. 

Table 3 
Multivariable predictors of HF hospitalization and HF hospitalization or CV death (results of Cox proportional hazard models).   

HF hospitalization HF hospitalization or CV death 

Variable HR 95% CI P value HR 95% CI P value 

Age (1 year increase) 1.02 1.02–1.03 < 0.0001 1.03 1.02–1.04 < 0.0001 
Previous MI 1.23 1.08–1.40 0.002 1.26 1.09–1.45 0.02 
LVEF ≤ 40% 2.48 1.97–3.11 < 0.0001 2.54 2.07–3.12 < 0.0001 
Diabetes mellitus 1.51 1.34–1.72 < 0.0001 1.50 1.34–1.67 < 0.0001 
CKD 2.22 1.89–2.61 < 0.0001 2.24 1.94–2.59 < 0.0001 
Atrial fibrillation 1.68 1.35–2.08 < 0.0001 1.37 1.11–1.68 0.03 
COPD 1.70 1.36–2.12 < 0.0001 1.59 1.30–1.94 < 0.0001 
GRACE score ≥ 141 1.39 1.17–1.66 <0.0001 1.45 1.24–1.70 < 0.0001 
PAD 1.86 1.36–2.53 < 0.0001 1.51 1.13–2.02 0.005 
Cardiogenic shock at admission 1.88 1.10–3.20 0.020 2.10 1.39–3.18 <0.0001 
Complete revascularization 0.46 0.39–0.55 < 0.0001 0.47 0.40–0.55 < 0.0001 
Smoking previous or current   NS 1.17 1.03–1.31 0.011 
ULM or multivessel disease   NS 1.20 1.07–1.35 0.001 
STEMI as admission   NS 1.17 1.02–1.35 0.022 
Malignancy   NS 1.50 1.25–1.81 <0.0001 
Beta blockers at discharge   NS 0.78 0.67–0.92 0.003 
Statin at discharge   NS 0.81 0.67–0.98 0.040 
ACE-i at discharge   NS 0.84 0.73–0.96 0.009 

Legend: LVEF: left ventricular ejection fraction; CKD: chronic kidney disease; COPD: chronic obstructive pulmonary disease; PAD: peripheral artery disease; ULM: 
unprotected left main; STEMI: ST-segment elevation myocardial infarction; ACE: angiotensin converting enzyme. HR: hazard ratio; CI: confidence intervals. 
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3) The predictors of HF hospitalization, together with STEMI at 
admission, smoking and malignancy, were also associated with the 
combined endpoint of HF hospitalizations or CV death at follow-up. 
Beta-blockers, statin and ACE-I at discharge were instead associated 
with a lower risk of such composite endpoint.  

4) After multivariable adjustment, HF hospitalization was significantly 
associated with an increased risk of all-cause and CV death at sub-
sequent follow-up. 

Our findings offer a contemporary picture of coronary artery disease 
implications. Indeed, while prompt and revascularization has substan-
tially improved survival of patients with ACS, the risk of late adverse 
events such as HF remains significant. Previous studies showed discor-
dant results with respect to the incidence of HF after discharge for ACS. 
In the CARE study, authors reported a global incidence of HF of 6.3% 
over five years, with a linear pattern rate of 1.3%/year (16). On the 
other hand, a large nation-wide cohort study showed that the incidence 
of HF discharge is highest in the first months and up to one year after MI 
discharge, thereby dropping at a stable rate of 1.3%–2.2% per year, 
which is in line with our findings (17). This is in line with our findings 
showing 4.4% incidence of HF hospitalizations at one year, 6.6% at two 
years and 12.7% at the latest available FU. Differences in study findings 
are largely influenced by differences in patients’ populations and study 
definitions, thus hampering a direct comparison. However, the 
increasing incidence of HF hospitalizations in the modern PCI era may 
reflect the increased proportion of aged patients with multiple co- 
morbidities surviving an index ACS event, therefore being exposed to 
late complications. In line with this hypothesis and with previous find-
ings, we found age and several chronic illnesses such as CKD and dia-
betes mellitus to be independently associated with HF hospitalization in 
our cohort (18–20). Reduced LVEF at discharge, likely mirroring a larger 
infarct size, more extensive coronary artery disease and less cardiac 
reserve was the most powerful predictor of HF hospitalization at follow- 
up consistent with previous evidence. The association between PAD and 
hospitalization and poor outcomes among patients with HF had been 
previously described (21). Although PAD and HF share risk factors, the 
persistence of such association despite extensive adjustment suggests an 
intrinsic effect of PAD on HF hospitalization, whose mechanism should 
be further investigated. Similarly, new-onset or pre-existing atrial 
fibrillation may reflect atrial pressure increase or adverse myocardial 
remodeling, thereby supporting the association of the arrythmia with 
the risk of HF after MI (18,22). 

In previous studies focusing on the prognosis of patients with HF and 
concomitant COPD, the latter was consistently an independent predictor 
of death and HF hospitalizations when reported in multivariable models 
(23). We found that suffering from chronic pulmonary disease among 
patients experiencing ACS was associated with higher hospitalizations 
for HF. One possible pathophysiological link may lie in the chronic low- 
grade systemic inflammation characterizing COPD, that may contribute 
to progression of atherosclerosis and adverse cardiovascular events (24). 
Further, common respiratory infections are frequently associated with 
heart decompensation at admissions, along with right ventricular 
involvement with associated peripheral congestion (25). 

Of interest, previous studies showed discordant findings about the 
association of female sex with HF risk after AMI(16;18;19). The absence 
of such relationship in the present registry may suggest that this issue 
could be partly related to historical suboptimal hospital care of female 
patients including an underuse of revascularization (26) and that dis-
parities have been hopefully overcome in the modern practice. The 
impact a previous MI on the risk of incident HF was reported by several 
studies and confirmed in our analysis (8,20,27). A preexisting systolic 
dysfunction has been frequently advocated as the most probable 
mechanism subtending such excess of risk. We confirmed this associa-
tion despite the fact that patients with impaired LVEF were excluded in 
this study. This finding points to the role of additional potential mech-
anisms such as residual subclinical ischemia after MI and diastolic 
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dysfunction. 
The association of complete revascularization with a reduced risk of 

HF and HF or CV death among an unselected cohort of ACS patients is 
among the most interesting findings of this study. Complete revascu-
larization proved superior to culprit-only PCI in reducing the risk of 
cardiovascular death or MI among STEMI patients with multivessel 
disease (28). Indirect evidence supports the benefit of complete revas-
cularization also among NSTE-ACS patients being associated with 
decreased mortality (29). However, the suggestion that complete 
revascularization may be associated with a lower risk of HF hospitali-
zation among patients without previously impaired myocardial 
contractility is novel. Possible underlying mechanisms include the pre-
vention of recurrent acute MI (30) and the prevention of residual 
myocardial ischemic areas, associated with contractile dysfunction (31). 

In order to identify patients most likely to benefit from intensive 
management, international guidance recommends the use of validated 
prognostic scores. McAllister et Al. showed that the GRACE risk score, 
commonly used to predict the risk of impaired prognosis among patients 
admitted for ACS, could also have a role for the identification of patients 
at risk of HF (7). Our results confirm and extend such finding in a larger 
real-world cohort. However, there is still an unmet need to draw score 
specifically conceived for this purpose. 

Drugs modulating neurohormonal systems as ACE-I and beta- 
blockers were associated with a reduced risk of HF hospitalization or 
CV death but not HF hospitalization alone in our cohort. Despite these 
medications, along with MRA, represent a standard of care for patients 
with ACS and LVEF <40% to reduce CV mortality (class I A ESC 
guidelines recommendation) (11), their use among all ACS patients 
regardless of LVEF is still debated (32,33) and thereby supported by a 
lower class of recommendation. In our multivariable model, including 
adjustment for LVEF <40%, ACE-I and beta blockers, but not MRA, still 
preserved an independent association with a reduced risk of HF or CV 
death. 

Finally, our results confirm and extend to a contemporary cohort 
existing evidence showing an association between HF complicating MI 
and prognosis (34). Despite advancements in management of both these 
conditions, we found HF to be associated with a near two-fold increased 
risk of CV death despite adjustment for key confounders. Further, HF 
after ACS was also associated with overall mortality. Despite the precise 
mechanism for this association is yet to be determined, there is evidence 
supporting the concept of HF as a marker of frailty and as a mirror of 
worsening of chronic diseases (35). Taken together our results indicate 
that patients experiencing ACS should be carefully assessed at discharge 
for potential late adverse events such as HF. Although adequate follow- 
up should be offered to all, patients suffering from chronic illnesses and 
with impaired LVEF at discharge would deserve stricter and tailored 
screening, likely including remote monitoring. In line with the finding 
that HF hospitalizations are associated with an increased risk of death, 
further efforts should be made to offer optimal medical treatment to 
patients deemed at high risk. In this sense, age and comorbidities should 
not be considered a deterrent for the prescription of novel therapies for 
HF as these patients are supposed to receive the highest benefit in terms 
of prevention. The association of complete revascularization with a 
reduced risk of HF should be considered as hypothesis generating in line 
with the observation design of this registry. Our findings may prompt to 
account for HF as a relevant endpoint in adequately designed trials 
assessing the role of complete vs culprit-only revascularization. 

4.1. Limitations 

The findings of the present study should be considered in the context 
of some limitations. First, this registry has a retrospective, observational 
design. Despite the large sample size, a potential bias due to the effect of 
unmeasured (i.e infarct size and location) and unknown variables 
cannot be excluded. Among the others we acknowledge that data about 
patients’ compliance to discharge therapies were not available. We 

acknowledge that HR reported in the main analyses should be consid-
ered conditional and susceptible to “Table 2 fallacy” (36). Despite we 
sought to account for variables acting as colliders and mediators through 
multiple sensitivity analysis, the effect of unmeasured confounding may 
persist. In this context, we highlight that the association of cardiogenic 
shock on admission with the primary outcome was no longer significant 
after removing each single variable from the main model. From a clinical 
point of view this may be related to the high mortality rate of these 
patients consequently limiting the impact of this variable. From a sta-
tistical point of view this may represent an example of “fallacy”, as 
described above. 

Further, the definition of the main outcome was mostly based on the 
retrospective evaluation of electronic medical records. However, the 
results of this study show that the diagnosis of HF used in the present 
analysis is associated with a significant prognostic value. Further, 
despite a high proportion of patients discharged on optimal medical 
therapy, the use of heart failure medication at discharge was not stan-
dardized. Lastly, patients were enrolled in this registry over a 5-year 
period. During this period, there has been a progressive introduction 
of new HF therapies in clinical practice. Our study was not designed to 
evaluate the impact of such pharmacological treatments on HF inci-
dence. The incidence of heart failure may be therefore lower in more 
contemporary cohorts. However, to date the rate of prescription of these 
drugs is still suboptimal, mainly due to reimbursement issues across 
European countries. In this context, our results could help to identify the 
patients who benefit the most from more effective pharmacologic 
agents. 

5. Conclusions 

In the contemporary PCI era HF is still a frequent complication after 
ACS and is associated with impaired prognosis. Several independent 
predictors of HF hospitalization, including chronic illnesses and 
impaired LVEF at discharge may help identify patients at risk deserving 
intensive treatment and follow-up. Conversely, complete revasculari-
zation is associated with a reduced risk of HF hospitalization and CV 
death. 
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