
Creative Commons Attribution-Non Commercial 4.0  ●  August 2022  ●  Cardiology 1

Abstract Review

Volume 10 Supplement 4
August 2022

emjreviews.com

Cardiology

The Clock Is Ticking: The  
Imminent Need to Re-evaluate  
the Standard of Care in the  
90-Day High-Risk Post-Acute 
Myocardial Infarction Period

http://www.emjreviews.com
https://creativecommons.org/licenses/by/4.0/
http://www.emjreviews.com
http://www.emjreviews.com
https://www.emjreviews.com/therapeutic-area/cardiology/


2 Cardiology  ●  August 2022  ●   Cover Image © dudlajzov / AdobeStock

The Clock Is Ticking: The Imminent Need  
to Re-evaluate the Standard of Care 
in the 90-Day High-Risk Post-Acute  

Myocardial Infarction Period
This symposium was supported by CSL Behring and took place  
virtually on 29th August 2021 as part of the European Society of  

Cardiology (ESC) Congress 2021: The Digital Experience

Speakers: P. Gabriel Steg,1,2 Kausik Ray3-5

1. Cardiology Department, Hôpital Bichat-Claude- 
Bernard, Paris, France

2. Cardiology, Université de Paris, France
3. Imperial Centre for Cardiovascular Disease Prevention,  

Imperial College London, UK
4. Imperial Clinical Trials Unit, Imperial College London, UK
5. Commercial Trials, Imperial College London, UK

Disclosure: Steg has received research grants from Amarin Corporation, 
Bayer, Sanofi, and Servier; consulting or speaking fees from 
Amgen, Bristol Myers Squibb/MyoKardia, CSL Behring, Novo 
Nordisk, Regeneron, and Sanofi; support for clinical trials 
(steering committee, clinical event committee, and data safety 
monitoring board) from Amarin Corporation, AstraZeneca, 
Bayer, Boehringer Ingelheim, Bristol Myers Squibb, Idorsia, No-
vartis, Pfizer, Sanofi, and Servier; and being a Senior Associate 
Editor at Circulation. Ray has received research grants from 
Amgen, Daiichi Sankyo, MSD, Pfizer, Sanofi, and Regeneron; 
and consultancy fees from Amgen, Sanofi, Regeneron, MSD, 
Pfizer, AstraZeneca, Eli Lilly and Company, The Medicines 
Company, Kowa, Ionis, Silence Therapeutics, New Amam,  
Bayer, and CSL Behring.

Acknowledgements: Steg and Ray presented the data at a meeting during the ESC 
Congress 2021: The Digital Experience. Writing assistance for 
this article was provided by OPEN Health.

Support: The symposium was organised and supported by CSL Behring. 
This article is intended for healthcare professionals from the 
European Union (EU) only.

Citation: EMJ Cardiol. 2022;10[Suppl 10]:2-6. DOI/10.33590/emjcardi-
ol/22C9177. https://doi.org/10.33590/emjcardiol/22C9177. 

Meeting Summary
This CSL Behring-supported symposium took place during the European 
Society of Cardiology (ESC) 2021 Congress. Experts P. Gabriel Steg 

Cardiology Department, Hôpital Bichat-Claude-Bernard, Paris, France, and the 
Université de Paris, France; and Kausik Ray, Imperial Centre for Cardiovascular 
Disease Prevention, Imperial College London, UK; Imperial Clinical Trials Unit, 
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Significance of the 90-Day High-Risk 
Post-Acute Myocardial Infarction Period 

P. Gabriel Steg 

Steg opened the symposium by calling attention 
to the ongoing global healthcare issue posed 
by cardiovascular disease (CVD). He noted that, 
despite therapeutic advances, atherosclerotic 
CVD is still the number one cause of death 
worldwide, and more than 4 million Europeans 
die from CVD each year.1 Most atherosclerotic 
CVD-related deaths are preventable, with around 
one-quarter of all AMIs being recurrent.2-4 Steg 
highlighted data from a study by Norgaard et al.,5 
which assessed all-cause mortality, CV mortality, 
and AMI in over 3 million Danish residents aged 
≥30 years. The data demonstrated that there is 
an elevated risk of a recurrent event in individuals 
who survive AMI, particularly in the short term. In 
the first year following an AMI, the relative risk (RR) 
of a recurrent event is increased 20- to 43-fold 
(21.7 [95% confidence interval (CI): 21.1–22.4] in 
males and 43.3 [95% CI: 41.8–44.9] in females) and 
remains elevated in the longer term (RR 1–3 years: 
2.99 [95% CI: 2.80–3.18] in males and 5.67 [95% CI: 
5.25–6.11] in females; RR 3–5 years: 2.67 [95% CI: 
2.48–2.87] in males and 4.33 [95% CI: 3.93–4.78] 
in females).5 It is estimated that life expectancy is 
approximately halved in patients who experience an 
AMI compared with the general population.6

Steg discussed data from the HELICON study, a 
retrospective cohort analysis of Swedish national 
registries, in which risk of CVD was investigated in 

patients post-AMI. The primary composite endpoint 
of non-fatal AMI, non-fatal stroke, or CV death 
was assessed in patients with a primary diagnosis 
of AMI, who were alive one week after discharge 
(N=97,254). The cumulative rate of the primary 
composite endpoint was 13.3% and 18.3% during 
the first 6 and 12 months, respectively.7 During his 
presentation, Steg drew attention to the shape of 
the composite events curve, highlighting the rapid 
accrual of events in the immediate 90-day  
post-AMI period.

Steg noted that a similar trend is also observed 
in data from several randomised controlled 
trials. In the TRITON–TIMI 38,8 PLATO,9 ATLAS 
ACS 2-TIMI 51,10 and MIRACL11 trials, CV outcomes 
were investigated in patients post-acute coronary 
syndrome (ACS) or post-AMI, who were treated 
with various interventions (Table 1). Steg suggested 
that, across all four trials, CV events appeared to 
accrue quickly in both treatment arms in the early 
post-ACS/post-AMI period and became more stable 
in the long term. 

More recently, a similar trend was observed in 
the BETonMACE study of 2,425 patients post-
ACS (7–90 days) with diabetes and low levels of 
high-density lipoprotein cholesterol (Table 1).12 
Although the primary endpoint was not reached 
in the BETonMACE study, Steg suggested that for 
patients receiving either placebo or apabetalone, 
the highest risk of non-fatal AMI, non-fatal stroke, 
or CV death (primary outcomes) is during the early 
post-ACS period. 

Imperial College London, UK; and Commercial Trials, Imperial College London, UK, 
discussed the clinical significance of the early post-acute myocardial infarction  
(AMI) period and the risk of recurrent events despite optimal recommended standard 
of care.

Steg highlighted data from a retrospective registry study as well as several 
randomised controlled trials, suggesting that recurrent cardiovascular (CV) events 
appeared to accrue quickly in the early post-AMI period. He proposed that this may 
be an important timeframe for additional therapeutic interventions and warrants 
further investigation. 

Ray highlighted guideline recommendations for secondary prevention, currently 
focused on lipid-lowering and antiplatelet therapies. Ray presented data from 
several randomised controlled trials of lipid-lowering therapies, demonstrating 
that despite therapeutic advances and guideline-recommended treatments, there 
is a residual risk of recurrent CV events post-AMI. Ray suggested that additional 
therapeutic targets should be explored to further reduce the incidence of recurrent 
CV events post-AMI.
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TRITON–TIMI 
388 (N=13,608)

PLATO9 
(N=18,624)

ATLAS ACS 
2-TIMI 5110 
(N=15,526)

MIRACL11 
(N=3,086)

BETonMACE12 
(N=2,425)

PARADISE-
MI13,14 
(N=5,669)

Patient 
population

Patients 
with an ACS 
(representative 
of the entire 
spectrum 
of those 
syndromes) 
with scheduled 
PCI

Patients 
admitted to 
hospital with 
an ACS, with 
or without 
ST-segment 
elevation

Patients 
with recent 
ACS (within 
7 days of 
hospitalisation)

Patients with 
unstable angina 
or non-Q-wave 
AMI

Patients who 
are post-ACS 
(7–90 days), 
with T2D and 
low HDL-C 
levels*

Patients who 
are post-AMI 
(0.5–7.0 days). 
with LVEF 
≤40% and/
or pulmonary 
congestion 
plus any risk 
enhancer†

Treatment Prasugrel  
(60 mg loading 
dose; 
10 mg daily 
maintenance 
dose) or 
clopidogrel 
(300 mg 
loading dose; 
75 mg daily 
maintenance 
dose)

Ticagrelor 
(180 mg 
loading 
dose; 90 mg 
twice a day 
thereafter) 
or 
clopidogrel 
(300 mg 
loading 
dose;  
75 mg daily 
thereafter) 

Rivaroxaban 
(2.5 mg or  
5.0 mg) or 
placebo twice 
a day

Atorvastatin 
(80 mg daily) 
or placebo 
24–96 hours 
after hospital 
admission
 

Apabetalone 
100 mg orally, 
twice a day, 
or placebo in 
addition to 
standard of 
care

Sacubitril/
valsartan 
(target:  
97/103 mg 
twice a day) 
or ramipril 
(target: 5 mg 
twice a day)

Primary 
endpoint 

A composite 
of the rate of 
death from 
CV causes, 
non-fatal AMI, 
or non-fatal 
stroke during 
the follow-up 
period

A composite 
of death 
from 
vascular 
causes, AMI, 
or stroke

A composite of 
death from CV 
causes, AMI, or 
stroke

Death, non-fatal 
AMI, cardiac 
arrest with 
resuscitation, 
or recurrent 
symptomatic 
myocardial 
ischaemia 
with objective 
evidence, 
who require 
emergency 
rehospitalisation

A composite 
of time to the 
first occurrence 
of CV death, 
non-fatal AMI, 
or stroke

CV death, 
HF 
hospitalisation, 
or outpatient 
HF

Follow-up Median duration 
of therapy: 
14.5 months

Median 
duration 
of therapy: 
277.0 days

Maximum 
follow-up: 
31.0 months

Treatment 
period: 
16.0 weeks 

Median follow-
up: 
26.5 months

Median follow-
up: 
23.0 months

Table 1: Patient population, treatment, and primary endpoint outcomes across various trials in patients 
who are post-acute coronary syndrome and post-acute myocardial infarction.
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TRITON–TIMI 
388 (N=13,608)

PLATO9 
(N=18,624)

ATLAS ACS 
2-TIMI 5110 
(N=15,526)

MIRACL11 
(N=3,086)

BETonMACE12 
(N=2,425)

PARADISE-
MI13,14 
(N=5,669)

Outcome Primary 
endpoint 
occurred 
in 12.1% of 
patients 
receiving 
clopidogrel and 
9.9% of patients 
receiving 
prasugrel 
(HR: 0.81; 95% 
CI: 0.73–0.90; 
p<0.001)

Primary 
endpoint 
occurred 
in 9.8% of 
patients 
receiving 
ticagrelor 
and 11.7% 
of patients 
receiving 
clopidogrel 
(HR: 0.84; 
95% CI: 
0.77–0.92; 
p<0.001)

Primary 
endpoint 
occurred in 
8.9% of patients 
treated with 
rivaroxaban 
and 10.7% of 
patients treated 
with placebo 
(HR: 0.84; 95% 
CI: 0.74–0.96; 
p=0.008)

Primary 
endpoint 
occurred 
in 14.8% of 
patients in the 
atorvastatin 
group and 17.4% 
of patients in the 
placebo group 
(RR: 0.84; 95% 
CI: 0.70–1.00; 
p=0.048)

Primary 
endpoint 
occurred 
in 10.3% of 
patients in the 
apabetalone 
group and 
12.4% of 
patients in the 
placebo group 
(HR: 0.82; 95% 
CI: 0.65–1.04; 
p=0.11)

Primary 
endpoint 
occurred 
in 11.9% of 
patients in 
the sacubitril/
valsartan 
group and 
13.2% in the 
ramipril group 
(HR: 0.90; 95% 
CI: 0.78–1.04; 
p=0.17)

This table is intended as a summary only and should not be used to compare trials.

*Males <40 mg/dL; females <45 mg/dL.
†≥70 years, eGFR <60 mL/min/1.73 m2, diabetes, prior AMI, atrial fibrillation, LVEF <30%, Killip class ≥III, and 
STEMI without reperfusion.

ACS: acute coronary syndrome; AMI: acute myocardial infarction; CI: confidence interval; CV: cardiovascular; 
eGFR: estimated glomerular filtration rate; HDL-C: high-density lipoprotein cholesterol; HF: heart failure; HR: 
hazard ratio; LVEF: left ventricular ejection fraction; PCI: percutaneous coronary intervention; RR: relative 
risk; STEMI: ST-segment elevation myocardial infarction; T2D: Type 2 diabetes. 

Table 1 continued.

The PARADISE-MI trial was another large, 
randomised study that enrolled patients (N=5,669) 
post-AMI (0.5–7.0 days; Table 1).13,14 Patients had 
either left ventricular ejection fraction ≤40% and/or 
pulmonary congestion, plus additional risk factors 
such as age ≥70 years, diabetes, or atrial fibrillation. 
Steg noted that, similar to the BETonMACE and 
PARADISE-MI studies, the cumulative incidence 
of the primary outcome of CV death, heart failure, 
hospitalisation, or outpatient heart failure increased 
early before becoming almost linear thereafter in 
both treatment arms.

Steg concluded that the early 90-day post-AMI 
period may be an important timeframe for additional 
therapeutic interventions. Currently, it remains to 
be shown whether this period of early risk can be 
modified to address the continuing risk of recurrent 
CV events in patients who have experienced AMI.

Risk of Recurrent Cardiovascular Events 
with the Current Standard of Care 

Kausik Ray 

Ray began his presentation by outlining the 
current ESC and the European Atherosclerosis 
Society (EAS) recommendations for the secondary 
prevention of recurrent CV events, which include 
a combination of lifestyle and pharmacological 
interventions.15 Reflecting on these guidelines, Ray 
suggested that, despite the recommended clinical 
standard of care, there is still an ongoing risk of 
recurrent CV events in patients post-AMI. Low-
density lipoprotein cholesterol (LDL-C) is  
the primary focus of lipid-modification treatments 
and therapies include statins, ezetimibe, and 
the proprotein convertase subtilisin/kexin type 
9 (PCSK9) inhibitor. Icosapent ethyl may also be 
considered in patients with high triglyceride (TG) 
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PROVE IT–TIMI 2216 
(N=4,162)

IMPROVE-IT17 
(N=18,144)

ODYSSEY 
OUTCOMES18 
(N=18,924)

REDUCE-IT19 
(N=8,179)

Patient population Patients hospitalised 
for an ACS (within  
10 days)

Patients* 
hospitalised for an 
ACS (within 10 days)

Patients with an ACS 
(within 1–12 months), 
LDL-C level  
≥70 mg/dL, non-
HDL-C level  
≥100 mg/dL, or ApoB 
level  
≥80 m/dL, receiving 
a high-intensity or 
maximum tolerated 
dose of statin 
therapy

Patients with 
established CVD or 
diabetes and other 
risk factors receiving 
statin therapy with 
a fasting TG level 
135–499 mg/dL and 
LDL-C level  
41–100 mg/dL

Treatment Atorvastatin (80 mg) 
or pravastatin  
(40 mg)

Simvastatin (40 mg) 
plus ezetimibe  
(10 mg) or 
simvastatin  
(40 mg) plus 
placebo (simvastatin 
monotherapy)

Alirocumab (75 mg)† 
or placebo every 2 
weeks in addition to 
established high-
intensity statin 
therapy

Icosapent ethyl  
(2 g twice daily) or 
placebo in addition 
to established statin 
therapy 

Primary endpoint A composite of 
death from any 
cause, AMI, unstable 
angina requiring 
rehospitalisation, 
revascularisation 
with either PCI, or 
coronary-artery 
bypass grafting 
(≥30 days after 
randomisation), and 
stroke

A composite of 
CV death, non-
fatal AMI, unstable 
angina requiring 
rehospitalisation, 
coronary 
revascularisation 
(≥30 days after 
randomisation), or 
non-fatal stroke

A composite of death 
from coronary heart 
disease, 
non-fatal AMI, 
fatal or non-
fatal ischaemic 
stroke, or unstable 
angina requiring 
hospitalisation

A composite of CV 
death, non-fatal 
AMI (including 
silent myocardial 
infarction), non-fatal 
stroke, coronary 
revascularisation, or 
unstable angina

Follow-up Mean follow-up: 24.0 
months 

Median follow-up: 
6.0 years 

Median follow-up: 
2.8 years

Median follow-up: 
4.9 years

Outcome Primary endpoint 
occurred in 26.3% 
of patients in 
the pravastatin 
group and 22.4% 
of patients in the 
atorvastatin group 
(HR: 0.84; 95% CI: 
0.05–0.26; p=0.005)

Primary endpoint 
occurred in 32.7% 
of patients in 
the simvastatin–
ezetimibe group and 
34.7% of patients 
in the simvastatin-
alone group 
(HR: 0.94; 95% CI: 
0.89–0.99; p=0.016)

Primary endpoint 
occurred in 9.5% 
of patients in the 
alirocumab group 
and 11.1% of patients 
in the placebo group 
(HR: 0.85; 95% CI: 
0.78–0.93; p<0.001)

Primary endpoint 
event occurred in 
17.2% of patients 
in the icosapent 
ethyl group and 
22.0% of patients in 
the placebo group 
(HR: 0.75; 95% CI: 
0.68–0.83; p<0.001)

Table 2: Patient population, treatment, and primary endpoint outcomes across trials in patients post-
acute coronary syndrome or with stable cardiovascular disease treated with intensive low-density 
lipid-lowering or triglyceride-lowering therapies.

*Patients with LDL-C levels 50–100 mg/dL on lipid-lowering therapy or 50–125 mg/dL without lipid-lowering 
therapy.
†Dose was adjusted to target an LDL-C level of 25–50 mg/dL.

ACS: acute coronary syndrome; AMI: acute myocardial infarction; ApoB, apolipoprotein B; CI: confidence 
interval; CV: cardiovascular; CVD: cardiovascular disease; HDL-C: high-density lipoprotein cholesterol;  
HR: hazard ratio; LDL-C: low-density lipoprotein cholesterol; PCI: percutaneous coronary intervention;  
TG: triglyceride. 
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levels (135–499 mg/dL), in addition to  
statin treatment.15

Ray highlighted data from several randomised 
controlled trials with LDL-lowering or TG-lowering 
therapies.16-19 He suggested that even intensive 
lipid-lowering therapies do not abolish the risk of 
a recurrent CV event post-ACS or an initial event 
in patients with established CVD or diabetes 
(Table 2). In the PROVE IT–TIMI 22 study, patients 
(N=4,162) were randomised to daily high-dose 
atorvastatin (80 mg) or low-/moderate-dose 
pravastatin (40 mg). There was a 16% reduced 
risk of death in patients treated with high-dose 
atorvastatin compared with low-/moderate-dose 
pravastatin (95% CI: 5–26%; p=0.005).16 In the 
IMPROVE-IT trial, patients hospitalised for an 
ACS (N=18,144) received either simvastatin plus 
ezetimibe (40 mg/10 mg) or simvastatin (40 mg) 
plus placebo daily. Similar to PROVE IT–TIMI 22, 
intensive lipid-lowering treatment with simvastatin 
plus ezetimibe was effective in reducing CV events 
compared with simvastatin monotherapy (hazard 
ratio [HR]: 0.94; 95% CI: 0.89–0.99; p=0.016).17 Ray 
commented that, in light of the positive primary 
endpoint outcomes in these studies, a high risk  
of recurrent events remains in both the 
interventional and control arms, particularly in the 
early post-ACS period.

Ray also highlighted a similar trend in studies with 
PCSK9-inhibitor and TG-lowering therapies (Table 
2). In the ODYSSEY OUTCOMES trial, patients with 
an ACS and LDL-C level  
≥70 mg/dL, who were already receiving high-
intensity statin therapy (N=18,924), were 
randomised to receive alirocumab (75 mg) 
or placebo every 2 weeks.18 There was a 15% 
reduction in risk of death from CV-related causes 
in patients treated with alirocumab compared with 
placebo (HR: 0.85; 95% CI: 0.78–0.93; p<0.001); 
however, even with a marked reduction in LDL-C, 
Ray suggested that the early risk of a recurrent CV 
event post-ACS is not completely eliminated. 

In the REDUCE-IT trial, patients (N=8,179) with 
established CVD or at high-risk of a first CV event, 
who had elevated TG levels and were established 
on statin therapy, received either icosapent ethyl 
or placebo. In patients with elevated TG and 
controlled LDL-C levels, there was a 25% reduction 
in the risk of CV events when treated with 
icosapent ethyl compared with placebo  
(HR: 0.75; 95% CI: 0.68–0.83; p<0.001).19 

However, over a 5-year period, approximately 
one-quarter of all patients in the icosapent ethyl 
group experienced a recurrent CV event.20 Ray 
suggested that, even with the risk reduction 
achieved by PCSK9 inhibitors or TG-lowering 
therapies, the risk of a recurrent CV event remains 
and alternative molecular pathways need to 
be explored to identify additional preventative 
treatments.

Consistent with observations from lipid-lowering 
studies, Ray presented data from the COMPLETE 
trial that suggest that the risk of recurrent AMI 
remains despite advances in surgical interventions. 
In the COMPLETE trial, patients with ST-segment 
elevation myocardial infarction and multivessel 
coronary artery disease (N=4,041) were 
randomised to receive complete revascularisation 
with percutaneous coronary intervention or no 
further revascularisation. The data demonstrated 
that a complete revascularisation approach 
(including non-culprit lesions) reduced the primary 
endpoint composite of CV death and recurrent AMI 
by 26% compared with culprit lesion percutaneous 
coronary intervention alone (HR: 0.74; 95% CI: 
0.60–0.91; p=0.004).21 The benefit from complete 
revascularisation was doubled (8.9% versus 16.7% 
for revascularisation versus non-revascularisation, 
respectively) when the endpoint also included 
ischaemia (HR: 0.51; 95% CI: 0.43–0.61; p<0.001).21 
However, Ray highlighted that, despite complete 
revascularisation and evidence-based treatment, 
the results showed that there was still a clinically 
relevant risk of recurrent events, suggesting that 
there is an unmet need in the post-ACS period.

Ray highlighted that there are multiple pathways 
contributing to the risk of recurrent events in 
patients post-AMI, affirming the need for a 
multifactorial approach to treatment. Beyond 
lifestyle interventions and the guideline-
recommended standard of care, there are a 
number of potential early-risk targets, including 
coagulation, platelets, metabolism, inflammation, 
and lipoproteins.22 

To conclude the symposium, Ray reiterated that, 
despite therapeutic advances in the recommended 
standard of care, data from multiple randomised 
controlled trials have demonstrated that recurrent 
CV events are still observed in some patients 
post-AMI and additional therapeutic targets should 
be explored to further reduce the incidence of 
recurrent CV events in the future. ●
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