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• Remains high despite evidence-based preventive 
therapies

• Is related, in part, to levels of low-density 
lipoprotein cholesterol (LDL-C) 

• Is reduced when LDL-C is lowered by

– Statin therapy, compared with placebo1

– High-intensity, compared with moderate-intensity 
statin therapy2

– Ezetimibe, compared with placebo, added to statin3

Residual Risk After Acute Coronary 
Syndrome

1. Schwartz GG, et al. JAMA 2001;285:1711-8. 2. Cannon CP, et al. NEJM 2004;350:1495-504. 
3. Cannon CP, et al. NEJM 2015;372:2387-97. 



Two main factors

Time Intensity



Updated evidence on early statin therapy 
for ACS: a new meta-analysis

18 RCTs, 14303 pts Briel M et al. Int J Cardiol  2011



The lower the LDL-C achieved, 
the lower the risk of CV events

TNT1,a

Rate of major CV events

JUPITER2,b

Time to occurrence of major CV events

PROVE-IT3,c

Hazard ratio of primary endpoint

P for trend <0.0001
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1. LaRosa JC, et al. J Am Coll Cardiol 2007;100:747–52.
2. Hsia J, et al. J Am Coll Cardiol 2011;57:1666–75.

3. Wiviott SD, et al. J Am Coll Cardiol 2005;46:1411–6. 



Regulation of LDL
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Trial Design

Evolocumab SC 
140 mg Q2W or 420 mg 

QM

Placebo SC
Q2W or QM

LDL-C ≥70 mg/dL or
non-HDL-C ≥100 mg/dL

Follow-up Q 12 weeks

Screening, Lipid Stabilization, and Placebo Run-in

High or moderate intensity statin therapy (� ezetimibe)

27,564 high-risk, stable patients with established CV disease (prior MI, prior 
stroke, or symptomatic PAD)

RANDOMIZED
DOUBLE BLIND

Sabatine MS et al. Am Heart J 2016;173:94-101



An Academic Research Organization of 
Brigham and Women’s Hospital and Harvard Medical School
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Sabatine MS et al. NEJM 2017



An Academic Research Organization of 
Brigham and Women’s Hospital and Harvard Medical School
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ODYSSEY OUTCOMES – Study Design

Schwartz GG, et al. Am Heart J. 2014;168:682-689.e1.

A randomized, double-blind, placebo-controlled study

Double-blind treatment period 
(from 2 to 5 years or up to 64 months)

n=9000

n=9000

randomization

Diet (NCEP-ATPIII TLC or equivalent) and stable statin dose ± stable dose of other LLT

Month R 24 64

Dose was up-titrated to 150 mg
Q2W at month 2 visit if LDL-C ≥50 mg/dL 

(1.29 mmol/L) at month 1 visit

Double-blind
treatment 

ended

…36302016128642

After 36 months
follow-up visits occur

every 6 months

PRALUENT® (alirocumab) 75 mg or 150 mg* 

Q2W adjusted in blinded fashion to achieve  15 

≤LDL-C<50 mg/d

Placebo SC Q2W

Patients with recent ACS on 
maximally tolerated statin 

± other LLT†

Not at pre-defined
target

(ie, LDL-C  ≥70 mg/dL or 
non-HDL-C ≥100 mg/dL

or apolipoprotein B ≥80 mg/dL)

R

11



Primary Efficacy Endpoint: Coronary artery 
disease death, non-fatal MI, fatal &non fatal 

stroke, hospitalization for UA

*Based on cumulative 
incidence

MACE: CHD death, 
non-fatal MI, 

ischemic stroke, or 
unstable angina requiring 

hospitalization

Steg P, ACC 2018



Incidence (%)
Subgroup Patients Alirocumab Placebo HR (95% 

CI) p-value*

Primary Efficacy in Main Prespecified 
Subgroups

*P-values for 
interaction

Years Since Randomization

M
A

C
E

 (
%

)

0 1 2 3 4
0

4

8

12

16

20

Number at Risk
Placebo
Alirocumab

3583 3347 3122 1290 256
3581 3365 3183 1327 233

Placebo
Alirocumab

Years Since Randomization

M
A

C
E

 (
%

)

0 1 2 3 4
0

4

8

12

16

20

Number at Risk
Placebo
Alirocumab

3062 2889 2708 1195 195
3066 2880 2732 1194 213

Years Since Randomization
M

A
C

E
 (

%
)

0 1 2 3 4
0

4

8

12

16

20

Number at Risk
Placebo
Alirocumab

2815 2568 2371 986 178
2814 2602 2431 1053 207

<80 mg/dL 80 to <100 mg/dL ³100 mg/dL

Steg P, ACC 2018



Undesirably 
high

baseline range

LDL-C (mg/dL)

Target 
range

Alirocumab

B
el

ow
 ta

rg
et

705025150

A
cc

ep
ta

bl
e 

ra
ng

e

A Target Range for LDL-C

Schwartz GG, et al. Am Heart J 2014;168:682-689.e1. 

We attempted to 
maximize the 
number of patients 
in the target range 
and minimize the 
number below 
target by blindly 
titrating alirocumab 
(75 or 150 mg SC 
Q2W) or blindly 
switching to 
placebo.



Key differences between ODYSSEY OUTCOMES
and FOURIER

ODYSSEY OUTCOMES1

N=18,536
FOURIER2

N=27,564

Population

Statin background

Dosing
regimen

Primary endpoint
Differences

Baseline 
Demographics

Patient with a coronary event 
within a year (ACS)

MI, stroke, PAD

Diabetes: 24% 
Recurrent MI:20% 
Prior Stroke: 3%

Prior PAD: 4%
Prior CAD (coronary revascularization):20%

Diabetes: 37%
MI: 81%

Stroke: 19%
PAD: 13%

Treat-to-target
75Q2W à 150Q2W
if LDL-C ≥50 mg/dl

Lower the better
140Q2W/420QM 

No titration

Duration (exposure) 2-to-5 years follow-up 1-to-3.5 years follow-up

High-intensity 69%
Moderate-intensity: 30%

Maximally tolerated
High-intensity 89%

Moderate-intensity: 8%

CHD death CV Death
Coronary revascularization

Median baseline
LDL-C (mg/dl)

87 92

1.Goodman and al, Poster presented at the ACC, March 18,2017
2.Sabatine and al, NEJM, March 17,2017
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the CV disease, the older the patient, the longer the diabetes dur-
ation and the more comorbidities that are present, the less stringent
the glucose control should be.

Core components and goals of cardiac rehabilitation, including
physical activity counselling, diet/nutrition counselling, smoking ces-
sation, weight control and goals for lipid and blood pressure man-
agement should be stated in the discharge letter.534

5.9.2 Lifestyle changes and cardiac rehabilitation
Enrolment in a well-structured cardiac rehabilitation/secondary pre-
vention programme after NSTE-ACS should be considered, as it can
enhance patient compliance with the medical regimen and promote
lifestyle changes, including regular physical exercise and smoking ces-
sation, and allows for dietary counselling.521,535 Aerobic exercise train-
ing within a cardiac rehabilitation programme should be offered to
patients after NSTE-ACS, with the need for an evaluation of both ex-
ercise capacity and exercise-associated risk. If feasible, regular exercise
training three or more times a week and 30 min per session is recom-
mended. Sedentary patients should be strongly encouraged to start
light-intensity exercise programmes after adequate exercise-related
risk stratification. Smoking cessation is a highly effective measure to re-
duce morbidity and mortality in patients after ACS.521,536

5.9.3 Recommendations for long-term management after
non-ST-elevation acute coronary syndromes

Recommendations for long-term management after
non-ST-elevation acute coronary syndromes

Recommendations (for the
recommendations on antithrombotic
treatment, see sections 5.2.9 and 5.3.3)

Classa Levelb Ref.c

It is recommended to advise all
patients on lifestyle changes (including
smoking cessation, regular physical
activity and a healthy diet).

I A
536,
537

It is recommended to start
high-intensity statin therapy as early as
possible, unless contraindicated, and
maintain it long term.

I A
522,
527,
528

An ACE inhibitor is recommended in
patients with LVEF ≤40% or heart
failure, hypertension or diabetes,
unless contraindicated. An ARB
provides an alternative, particularly if
ACE inhibitors are not tolerated.

I A

478–
481,
530,
531,
538

Beta-blocker therapy is recommended
in patients with LVEF ≤40%, unless
contraindicated.

I A
482–
486

Mineralocorticoid receptor
antagonists, preferably eplerenone, are
recommended in patients with LVEF
≤35% and either heart failure or
diabetes after NSTE-ACS but no
significant renal dysfunction or
hyperkalaemia.d

I A
487,
488,
525

A diastolic blood pressure goal of ,90
mmHg is recommended (,85 mmHg
in diabetic patients).

I A
539,
540

Participation in a well-structured cardiac
rehabilitation programme to modify
lifestyle habits and increase adherence
to treatment should be considered.

IIa A
535,
541–
546

In patients with LDL cholesterol
≥70 mg/dL (≥1.8 mmol/L) despite a
maximally tolerated statin dose, further
reduction in LDL cholesterol with a
non-statin agente should be considered.

IIa B 529

A systolic blood pressure goal
of ,140 mmHg should be considered.

IIa B
547–
549

ACE ¼ angiotensin-converting enzyme; ARB ¼ angiotensin receptor blocker;
LDL ¼ low-density lipoprotein; LVEF ¼ left ventricular ejection fraction;
NSTE-ACS ¼ non-ST-elevation acute coronary syndromes.
aClass of recommendation.
bLevel of evidence.
cReferences supporting level of evidence.
dSerum creatinine ,221 mmol/L (2.5 mg/dL) for men and ,177 mmol/L
(2.0 mg/dL) for women; serum potassium concentration ,5.0 mmol/L.
eAt the time of finalizing the guidelines, this recommendation applies only to ezetimibe.

6. Performance measures
Variations in the application of evidence-based strategies are associated
with significant differences in outcome. Several large registries have
shown deficiencies in the treatment of NSTE-ACS patients when com-
pared with recommendations from contemporary guidelines. Under-
utilization of evidence-based treatments is common. Adherence to
guidelines has been correlated with improvements in patient outcomes
in ACS, including reduced mortality.550,551 Thus priority needs to be gi-
ven to improving the utilization of evidence-based guidelines. Continu-
ous monitoring of performance indicators is strongly encouraged to
enhance the quality of treatment and minimize unwarranted variations
in evidence-based care. Consistent application of therapies based on

Table 14 Performance measures in NSTE-ACS
patients

• Use of aspirin

• Use of ticagrelor/prasugrel/clopidogrel

• Use of fondaparinux/bivalirudin/UFH/enoxaparin

• Use of beta-blocker at discharge in patients with LV dysfunction

• Use of statins

• Use of ACE-inhibitor or ARB in patients with systolic LV dysfunction  
 or heart failure, hypertension or diabetes

• Use of early invasive procedures in intermediate- to high-risk patients

• Smoking cessation advice/counselling

• Enrolment in a secondary prevention/ cardiac rehabilitation  
 programme

• Development of regional and/or national programmes to measure  
 performance indicators systematically and provide feedback to  
 individual hospitals 

ACE ¼ angiotensin-converting enzyme; ARB ¼ angiotensin receptor blocker;
LV ¼ left ventricular; NSTEMI ¼ non-ST-elevation myocardial infarction;
UFH ¼ unfractionated heparin.

ESC Guidelines Page 39 of 59
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538  European Heart Journal: Acute Cardiovascular Care 7(6)

 • Lack of compliance may be due to intolerance and 
can be detected during the first weeks after the intro-
duction of statin therapy.64

 • The efficacy and safety of low LDL-C levels (<40 mg/
dL) is widely assumed, but not definitively proven.

 • The probability that a patient has FH is high when 
the LDL-C level exceeds 190 mg/dL in the absence 
of statin therapy. Given the efficacy of statins, the 
threshold for a high probability of FH is 130 mg/dL 
in patients treated with statins.18 In patients with a 
confirmed diagnosis of FH, PCSK9 inhibition can 
be considered using either alirocumab65 or 
evolucumab66 when LDL-C levels are still elevated 
under high-intensity statins and ezetimibe.

b. Algorithm for in-hospital prescription
The algorithm for in-hospital prescription in the context of 
ACS takes into account a wide variety of clinical situations, 

prior treatment regimens and LDL-C levels. Two situations 
are distinguished at admission, depending on the existence 
(or not) of prior statin therapy.

In a patient admitted without prior statin therapy, which 
is about 70% of all patients, the statin intensity can be 
modulated depending on the admission LDL-C level 
(Figure 3).

 • In patients with an admission LDL-C <70 mg/dL, 
the prescription of a high-intensity statin is strongly 
encouraged. Nevertheless, moderate-intensity statins 
can be considered, given the greater risk of intoler-
ance with high-intensity doses and the current lack 
of scientific evidence supporting a target LDL-C 
<55 mg/dL.

 • In patients with an admission LDL-C <100 mg/dL, a 
high-intensity statin is probably sufficient to achieve 
a target LDL <70 mg/dL and probably close to 55 
mg/dL.

Figure 3. Decision algorithm at admission.

A consensus statement on lipid
management after ACS

Sschiele F et al. Eur Heart Acute Cardiovasc Care   2018

Schiele et al. 539

 • In patients with an admission LDL-C >100 mg/dL, 
the probability of achieving an LDL-C <70 mg/dL 
with treatment is high; however, the probability of 
achieving an LDL-C <55 mg/dL is low. This situa-
tion corresponds to the conditions of the 
IMPROVE-IT study, where the patients were 
included if LDL-C was 50–125 mg/dL without 
statins and the addition of 10 mg ezetimibe, in addi-
tion to statin therapy, yielded a 6.4% reduction in the 
risk of death, stroke and recurrent MI.

 • In patients with admission LDL-C >190 mg/dL 
without any LLT, the presence of FH should be 
actively investigated.

In patients already treated with statins at admission, the 
same principles should be followed to adjust therapy 
appropriately.

 • Pursuing treatment at the same dose associated with 
reinforced lifestyle changes or increasing statin 
intensity with the addition of ezetimibe can be con-
sidered for LDL-C values >55 mg/dL. The likely 
course of LDL-C values under treatment can be cal-
culated fairly accurately using the ‘6% rule’ by dou-
bling the dose.

 • In patients already receiving statin therapy, LDL-C 
values >130 mg/dL should prompt suspicion of FH 
(Figure 3).

c. Prescription algorithm at 4–8 weeks
The second algorithm (Figure 4) is to be used 4–8 weeks 
after discharge and assumes that the patient attends a con-
sultation again (although not necessarily by the cardiolo-
gist) and that appropriate instructions were given regarding 
medical follow-up when the patient was discharged.

This algorithm takes into consideration biological effi-
cacy, tolerance and compliance with treatment. Treatment 
modifications can be proposed according to the treatment at 
follow-up.

 • In patients who have stopped taking statins at fol-
low-up, intolerance and compliance need specific 
management. In cases of non-compliance, an expla-
nation of the risk–benefit ratio of statins should be 
given because disinformation is a common cause for 
a lack of compliance with statins. In cases of intoler-
ance, a strategy of careful history-taking should be 
adopted to determine whether the symptoms are 
consistent with the effects of statin. Discontinuation 

Figure 4. Decision algorithm at follow-up.


