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Cardiovascular disease in Europe 2014

All other causes
19%

Injuries
and
poisoning

. ardiovascula
Res \ disease s
4 / 42% 0%
Other CVD
12%
Other cancer
13%

Stomach cancer

2%

Colo-rectal cancer,_Lung cancer

2% 6%

B

All other causes
21%

C
Injuries and
poisoning ¢
4% K
51% -

L rdiovascular

Respiratory - /

disease
5%

Lung cancer
o

Colo-rectal cancer

2%

More than 4.000.000 deaths from
cardiovascular disease

Nichols M, et al. Eur Heart J. 2014;35:2950-9



Risk factors in patients with ACS:
PHAETHON Study

Table 1  Baseline characteristics according to acute coronary syndrome type at hospital admission.
Variable STEMI (n=411) Non-STEMI (n=303) UA (n=286)

Age (years) 61+12 65+13 63+11
Gender, male (%) 327(79.6%) 231 (76.2%) 68 (79.1%)

Hypercholesterolemia ) 194 (47.3%)

Didbetes T T T T T T T T T T T T T T T T T 83712073%)

Family history of CAD 105 (25.7%) 73 (24.4%) 28 (32.5%)
History of CAD 57 (13.9%) 99 (33.0%) 36 (41.8%)
Smokers (past or current) 308 (74.9%) 200 (66.0%) 61 (70.9%)

Body mass index (kg/m?) 28.2+4.8 28.5+5.1 28.1+4.5

Waist (cm)* 101.4+-13.8 102.4+13.8 99.5+12.8
Metabolic syndrome* 178 (53%) 184 (68%) 41 (53%)
Probability of in-hospital mortality based on GRACE (%)Y 2.25 (1.25-4.18) 2.36 (1.22—4.76) 0.80 (0.49—-1.37)
Probability of 6-month mortality based on GRACE (%)Y 3.17 (1.77-5.66) 5.32 (2.55-9.70) 2.37 (1.48—4.80)
*n=684, 1n=682.

STEMI=ST-elevation myocardial infarction, NSTEMI=Non-ST elevation myocardial infarction, UA=unstable angina, CAD =Coronary
Artery Disease.

Andrikopoulos G. et al, Hellenic J Cardiol. 2016 May - Jun;57(3):157-166
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2019 ACC/AHA Guideline on the Primary
Prevention of Cardiovascular Disease
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High Blood Cholesterol

Primary Prevention

Primary Prevention:
Assess ASCVD Risk in Each Age Group

Emphasize Adherence to Healthy Lifestyle
1
Age O-19 y Age 20-39 y Age 40-75 y and
Lifestyle to prevent or Estimate lifetime risk LDL=C =70 to <190
reduce ASCVD risk to encourage lifestde mg/dL
Diagnosis of Familial 1o reduce ASCVD risk {=1.8-<4.9 mmol/L} iabet : 10
Hypercholesterclemia Consider statin if family without £ Risk a-;:;lm. ‘n:o‘gw d:rs y
— statin history, premature ASCVD diabetes melitus hws’"msity't atenie
and LDL-C =160 mg/dL 10::':; :tscv? n's‘sk ['c"" 3 Ba)
{(=4.1 mmol/L) risk discussion —
Age y
ASCVD Risk Enhancers: | Clinical assessment. Risk discussion
* Family history of premature
ASCVD ¥ ¥ ¥ -
: T&E‘Z’&’ﬁ;’i" <59% 5% - <7.5% >7.5% - <20% >20%
(=4.1 mmol/L) Low Risk Borderline Risk Intermediate Risk High Risk

« Chronic kidney disease

- Metabolc syndrome

- Conditions specific to women
(eg. preeclampsia, premature
menopause)

* Inflammatory diseases
(especially rneumatoid
arthritis, psoriasis, HIV)

- Ethnicity factors
(e.g- Soulh Asian ancestory)

Lipid/Biomarkers:
- Persistently elevated
triglycerides (=175 mg/mL)
I selected individuals If risk decision is uncertain:
if measured: Consider measuring CAC in selected adults:
-hsCRP =2,0 mg/L CAC = zero (lowers risk; consider no statin, unless diabetes,
-Lp{a) levels =50 mg/dL or family history of premature CHD, or cigarette smoking are present)
; aﬁf’;l“s‘gm - CAC = 1-99 favors statin (especially after age 55)
. Anklebrachial index (ABI} <0.© CAC = 100+ and/or =75 percentile, initiate statin therapy




Table 1

Experimental studies for
cardioprotection with statins
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(2 mg/kg) siven 20 man prior to IRL
followed by IV infusion of 1 mg/ksih.
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L
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Oral seatment with Rosuwvastatin (O2-
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Restarason of IPC protection mm
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nudeotidase JcIvaty.

TV developed prescure | PMN infilcation
LS upregulaSon in PMN
LPMN ad hertence to rax vascular endothediam
L Poselectin exgp ee=s 3omn

Reduced myocardial marca size No effecz on
chalesteral

Reduced mmyocandial infarct s

LPMN infiltrason

LPMN xdherence to rax vascular endothehium
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(MR spectoscopy ). Thess effiecs dbaohlished
by glibendamade and LNAME

Opomal =csultssesn with 2% oM stmvaatn
LX in effluent.

Lvascular pemeababty

TENGS mENA and protesn

LINGS mRNA and proein.

T1V developed presaume

LPMN mfiltrason [ PMN adherencs o rat
wvascu lar endothebum

Le== arrhythmas mprowved wall-motsan
scores Smmaller mGra i No offec on
cholesteral

Smaller mfarct Inceased «eNGS and
ardmcn hlcded by LNAME

Linfarct iz Protection abalis hed by L-NAME
Lmmyocardial MPOU

Smaller infarct siz= protectson blodied by
shvburde.

Smaller infarct st with protection blodced
By wortmannin or 5.597 given = repesfoson

Reduced cardiomyocyte death_ Prossctaon
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by COOX-2 inlub o Protection assocased
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Reduced infarct sin= with 1 or 3 days
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Protection recapmured if acute Xorvasatin

240 mg grven prior ™ IR
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hext via Kge channel
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ET. 3. Aktand NO_
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Paoaschle © recapmure proe=cSon with acute
high dose of axrvastsn.



Pleiotropic effects of statins
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protective
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administration
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Statins and PCI
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2018 ACC/AHA Guidelines on the Management of Blood Cholesterol
Secondary Prevention — Statins

Clinical ASCVD

Healthy lifestyle

Very high-risk ASCVD*

High-intensity or maximal statin
(Class 1)

If on maximal statin and LDL-C 270 If PCSK9-1 is considered, add
mg/dL (1.8 mmol/L), adding ezetimibe to maximal statin
ezetimibe is reasonable before adding PCSKS-I

(Class lla) (Class 1)

If on clinically judged maximal LDL-C—-Howering therapy and LDL-C 270 mg/dL (1.8 mmol/L),
or non—HDL-C 2100 mg/dL (2.6 mmol/L), adding PCSK9-l is reasonable
(Class lla)

*Very high-risk includes a history of multiple major ASCVD events or 1 major ASCVD event and multiple high-risk
conditions.
Grundy SM, et al. Circulation. 2018. [Epub ahead of print].



Impact of Statin Intensity on CV Outcomes
Post-ACS

9‘..'

80 mg of atorvastatin

-
--w
-

P=0.005

Death or Major Cardiovascular
Event (%)
o
1

Months of Follow-up

No. at Risk
Pravastatin 2063 1688 1536 1423 810 138
Atorvastatin 2099 1736 1591 1485 842 133

Cannon CP, et al. N Engl J Med. 2004;350:1495-1504.
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ARMYDA-ACS (Atorvastatin for Reduction of MYocardial Damage
during Angioplasty- Acute Coronary Syndromes ) trial
Multicenter, randomized, double blind, prospective study evaluating
effects on outcome of atorvastatin pre-treatment in patients with Acute
Coronary Syndromes undergoing early PCI

Chairman of the Study: Germano Di Sciascio

Principal Investigators: Giuseppe Patti, Vincenzo Pasceri, Rino Sardella, Giuseppe
Colonna

Investigators: Antonio Montinaro, Marco Miglionico, Luigi Fischetti, Andrea
D’Ambrosio, Annunziata Nusca, Giordano Dicuonzo, Bibi NGuyen, Laura Gatto,
Fabio Mangiacapra



BACKGROUND

¢ The original ARMYDA trial demostrated that 7-day pretreatment with
atorvastatin (40 mg/day) confers 81% risk reduction of peri-procedural Ml
In patients with Stable Angina undergoing elective PCI

Primary end point: Incidence of Ml

20- 18
P=0.025

15
ES
N’
- [J Atorvastatin
= 10 . W Placebo

5_

0]

Pasceri V, Patti G, Di Sciascio G, et al. Circulation 2004;110:674-678



BACKGROUND

s Efficacy of statin pretreatment in patients with ACS undergoing early PCI
has not characterized

s An observational study on 119 pts has suggested that patients with ACS
who were already receiving statins at the time of intervention have a lower
iIncidence of peri-procedural myonecrosis; however, patients were treated
with different types of statins, variable doses and unknown duration of
previous treatment, and those findings have not been validated in a
randomized trial.

With Statins Withouwt Statins

[I1'With Statins [ Without Statins

1. Incidence of periprocedural myonecrosis.

Chang SM, et al. Cathet Cardiovasc Interv 2004



ARMYDA-ACS: CONCLUSIONS

* The ARMYDA-ACS trial indicates that even a short-term
atorvastatin pretreatment prior to PClI may improve outcome in
patients with Unstable Angina and NSTEMI.

¢ This benefit is mostly driven by a reduction of peri-procedural Ml
(70% risk reduction)

*» Lipid-independent pleiotropic actions of atorvastatin may explain
such effect

% These findings may support the indication of “upstream”
administration of high dose statins in patients with Acute Coronary
Syndromes treated with early invasive strategy



ARMYDA-ACS trial

Inclusion criteria:

v NSTE-ACS undergoing early angiography (<48 hrs)

Exclusion criteria:

v STEMI

v" ACS with high risk features warranting emergency angiography
v" Previous or current statin therapy

v LVEF <30%

v Contraindications to statins (liver or muscle disease)

v" Severe renal failure (creatininine >3 mg/dl)



ARMYDA-ACS trial: Study design

580 pts excluded for:
- 451 statin therapy
- 41 emergency angiography
-43 LVEF <30%

- 30 contraindications to statins
- 15 severe renal failure 20 pts excluded for indication to:
- medical therapy (N=8)
A - bypass surgery (N=12)
A
30 days
AtorvastatinSomg — A EEEEEEEEEEEEEEEEEEEEEEEEEEEEESN
12 hrs pre-angio;
) - further 40 mg
st T A1 81 atoilisltatin Primary
NSTE-ACS z N=96 / N=86 combined
sent to atorvast Rt
early coronar 5 coronary end point:
y_ y > g angiography \ 30-day
angiography = PCI death, Ml,
(<48 hours) -§ Placebo _ placebo TVR
Jan °05 - Dec ‘06 ks 12 hrs pre-angio; N=85
N further
dose 2 hrs
before —
N=95 v A
15t blood sample 2nd and 3rd

blood samples
(8 and 24 hrs
post-PClI)

(pre-PCI)

N\

CK-MB, troponin-I, myoglobin, CRP



Statins in acute Coronary syndromes

Study Sudy design Number and type of Imterventon follow up Outcomes
Rt

Amz et d, Prospective, open 15 patients undergoing Pravastain stated at 20 mg/d and Angographc mimmal rate of proge=sion of coronary

{2000) Lbel randomised PQ ollowingnew Q wave Stated for LDL.C< 130 mg/dl ar luminal diameter and MACE  gheosderons MACE rxes OR 3 6 9520
infarcSon ar ACS standard care by amaly physican raes at 6 and 24 months 16to 7.8 p= 0.005)

Kayikoogh Randomised plicebo ¥4 patients having been  Pravastain 40 mg or placeho Cinial ouromes x rate of subsequent nging, 5953 © WX
etd, cnvolled thrombalysed for aate & months (p=0018) , |compasie= MACE, 7561 to
(2002) \a 3253 (p=00001)

Okzaki Fandomased, open 70 patienes following an 20 mg xorvasatin or congol (hpd  Atherosclerosc plague Sigmificant reducton in phquevalume No
etdl, Label ACS and PCI lowering diet and chalesterol vaolume at§ months, MACE  difference in MACE raes
{2004) ahsorption mhibmtor) TXes

Cannon Multi-cemitre, 492 patints following Amrvastain 80 mg aming DL MACE rtes aver avetage Relagwe risk reduction in compo site MACE
etd, randomised.double ACS C<70 mg/d] or pravastain 40 mg 2 year follow up. of 16 (952C1 5 t0 265 p=0005) in
(2004) blind, placebo amang LOLC <00 mg/dl Xorvastain group

conto led

delemas  Multicemtre, 24997 patents Simwastxin 40 mg and then 80 mgor MACE r@esover 4 months  No reduction in MACE at 4 months At
etad., randomised,double plac=bo for one month and then and 2 yexrs. 2 years rar of cardovascular death [ from
(2004) bind placebo smvatatn 4 mg 54t0d1% (p=005)

amnzo lled

Calivicchi  Prospective, £1 patiems Sllowing ACS  Azrvastxin 80 mg or conwensonal 12 manth MACE raes IMACE from 460 223 (OR 033 952 Q12
etad, randomised not amenahle o geatmem o 088 p=00025)
(2002) revasculariatan

Schware Multi-centre, 3086 mtents following  Amrvastzin 80 mg or placebo © sart MACE raes over 16 wedks  [recurrent ischaemnia requinng
etd, randomised.double an ACS 24 10 96 h Jfter admission haspitdisxion from 84 © 622 (p=002)
{2001) bhnd placebo No difference in other MACE outcomes.

congo lled

Liem etal, Randomised plicebo 530 patsems following an Auvaatn 80 mg daily sorted within - Observed schaemia and No difference in observed ischaema no
(2002) cmgolled doubls XS 2 wesks of svern MACE rates owver 12 months  differencs in MACE

blind

Thompson Randomised plicsbo 3408 putens following Pravastam 20 to 40 mg or plhaho MACE rates at 30 days Non.significant trend o benefit of
etal, conto lled, double an ACS praxastasn.
{2004) blind

lenderink  Retrospective cohort 10 484 patients following  stain aive survivors 2 24 hreceiving Al Gase mortality 2 7 and |7 day mortalty (0452 6%, unad justed
etd, an A sxins versus those not. I days HR 016, 952 O 008 1o .37). Non-
[2006) signi ficant imortality a2 30dav<

Breletad Meagmalyssaf 1024 patients following - Vanety of satms and doses started MACE omtcomes at 1 and No reduction indexh Mlor CVA up to
{2006) randomased o A within 14 days 4 months 4 months

conto lled trials

Aranson Praspective 1563 pgens ollowing  stxin stated in-hospita pre- Admixcion with heart fadlure  Pre-discharge sotin thevapy | admission
etal, observatoral study  acute Ml discharge {type and dose not ower median follow up of with hext falure from 148 t0 653
(2008) recorded) or not 17 months (p<Q0001L



IMPROVE-IT: the LDL-lowering

strategy
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'LDL-C and Lipid Changes
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REVERSAL Trial

502 symptomatic coronary artery disease
patients with elevated LDL

Randomized, deuble-blind, multicenter
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REVERSAL Trial

I B
Change in atheroma Change in percent
volume obstruction volume
p=0.02 for change between atorvastatin  P=0.0002 for change between atorvastatin vs
il Vs pravastatin 2 pravastatin

RALOTVastatinis & iRravastiatin 2 Rravastatif’

WY Clinical trial results.o AHARZ00B06riando s




REVERSAL Trial

Among patients with symptomatic CAD and elevated LLDL,
use ofi an aggressive lipid-lewering strategy: through
treatment with 80-mg atorvastatin was, assecliated with a
rleduction In percent change in atherema voelume compared
Withr a more moederate lipid-lewernng strategy: through
treatment With 40-mg pravastatin
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The Myocardial Ischemia Reduction with Acute Cholesterol

Lowering (MIRACL) trial: a new frontier for statins?
David Waters*, Gregory G Schwartz' and Anders G Olsson*

* Division of Cardiology, Room 5G1, San Francisco General Hospital, 1001 Potrero Avenue, San Francisco, CA 84110, USA.
Tel: +1 415 206 8320; fax: +1 415 206 5100

' Cardiology Section, Denver VA Medical Center, 1055 Clermont Street, Denver, CO 80220, USA
* Department of Medicine Care, University Hospital, Link&ping, S-58 185, Sweden

Aggressive lowering of the LDL-C can was associated with a reduction in recurrent acute
coronary ischemia at 16 weeks. This is consistent with improved endothelial function and
possibly accelerated healing of ruptured plaque. Unfortunately the study only tested very
high-dose atorvastatin and not the value of lower doses and the effect of other agents such
as ACE inhibitors. The 16-week cost of treatment with atorvastatin is estimable at about
$34,000 per event prevented, In an accompanying editorial, Frank Sacks observed: 1) since
there was no association between outcome and baseline or on treatment LDL-C within the
treatment arm, the standard 10 mg dose of atorvastatin may have been as effective; 2) the
results were of borderline significance and the 11 patients lost to follow-up could have
influenced the data, Nevertheless, the study lends support for statin therapy to be

considered in all patients discharged from the hospital with an acute coronary syndrome
including M,



Methods

PROVE-IT STUDY

This study randomized 4,126 patients who had been hos-
pitalized for an acute coronary syndrome within the pre-
ceding 10 days. The goal of the study was to establish the
non-inferiority of pravastatin versus atorvastatin in terms
of the time to an end-point event. Standard therapy of
pravastatin, 40 mg/day. was compared with intensive ther-
apy of atorvastatin, 80 mg/day.

The primary end point was a composite of death from
any cause, myocardial infarction, documented unstable
angina requiring rehospitalization, revascularization (per-
formed at least 30 days after randomization) and stroke.
Followup lasted 18 to 36 months, with the mean being 24
months.

Patients receiving pravastatin achieved a median low-
density lipoprotein cholesterol (LDL-C) of 2.46 mmol/L,
compared to an LDL-C level of 1.60 mmol/L achieved in
the high-dose atorvastatin group (p < 0.001).

Estimates of the rates of the primary end point at two
years were 26.3% and 22.4% in the pravastatin and ator-
vastatin groups, respectively, reflecting a 16% reduction
in the hazard ratio in favour of atorvastatin (p = 0.005).

The authors concluded that an intensive, lipid-lower-
ing statin regimen is superior to a standard regimen in
providing protection against death or major cardiovas-
cular events among patients who have recently had an
acute coronary syndrome. Furthermore, these findings
indicate such patients benefit from early and continued
lowering of LDL-C to levels substantially below current
targets.
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FIGURE 6. PROVE-IT TIMI 22 is superior to previous or ongoing statin trials in ACS, because it has
the combination of the longest duraton and the highest number of end points
(http://www.timi.org, http://www.clinicaltrialresults.org).



Statin therapy and cardiac surgery

Statin therapy and cardiac surgery.

Study Design Type of patients (No) [ntervention Follow up  Outcome

Panetal,  Retrospective cohort 1663 patients undergoing  Pre-operative statinor not. ~ 30days | all cause mortality from 3.75% to 1.8% (p<005). | all
(2004) primary CABG cause mortality and stroke from 7% t 4.6% (p<0.05),

Alietal,  Retrospective cohort 5469 patients undergoing  Pre-operative statin or not.  In-hospital N significant difference between matched groups in
(2005)  (with matched propensity  primary CABG outcome  mortality or other measures

model analysis)

Collard ~ Pre-specified subset analysis 2666 patients undergoing  Pre-operative statin or not, ~ Hospital |cardiac mortality in first 3 post-operative days
etal,  of aprospective longitudinal primary elective CABG say (0.3% v 14%, p=0.03), No reduction of in-hospital M.
(2006)  study

Chelloet al,, Randomised, placebo 30 patients undergoing on-  Simvastatin40 mgor placebo  N/A | IL6.and IL-8. 1 neutrophil apoptosis
(2007)  controlled pump CABG started 3 weeks pre-0p

Fedoruk  Retrospective cohort 447 patients undergoing ~ Pre-operative statinornot ~ 30days  Adjusting for risk factors- composite outcome of 30 day
etal, isolated cardiac valve surgery mortality/ stroke, renal failure |with OR 27
(2008) (95% (1124:5.66, p=0012)

Liakopoulos  Meta-analysis 30000+ patients undergoing Variable typesof preoperative Variable A 15% absolute reduction in early all cause mortality.
etal, cardiac surgery, gatin or not, Reduced peri-operative stroke and AF. No reduction in
(2008) peri-operaive MI or renal failure,




Statin therapy a non —cardiac surgery

Table 6

Statin therapy and non-cardiac surgery.

Study Study design Number and type of patients  Intervention Follow up Outcomes

Poldermans Retrospective case 2816 patients 160 cases matched 30 day mortality Significantly |mortality rate in
etal, controlled undergoing major with 320 controls statin uses against controls
(2003) vascular surgery. Analysis of statin use. (OR0.22,95 1 0.1 to 0.47)

Kertai et al., Retrospective cohort 570 patients Analysis of pre-op statin In hospital and 30 statin use independently associated
(2004) undergoing elective and f3-blocker use or not. day mortality and Ml with |mortality or post-op MI

AAA repair (OR 0.24, 95% C1 0.1 t0 0.7, p=0.01)

Lindenauer Retrospective cohort 780,591 patients 70,159 statin users with In hospital mortality  statin use assoc. with | crude mortality
etal, undergoing major matched propensity from 3.05 to 2.13% (p=0.001).
(2004) non-cardiac surgery. analysis

Durazzo et al. Prospective, 100 patients 20 mg atorvastatin for a 6 months | adverse cardiac events from
(2004) randomised, placebo  undergoing major mean of 30 days pre-op 26to 8% (p=0.031).

controlled, double vascular surgery. or placebo.
blind

O'Neil-Callahan  Retrospective cohort 1163 patients who had Pre-operative statin or not In hospital \peri-op cardiac events from 165 to
etal, undergone major 99% (p=0001). Mainly | myocardial
(2005) vascular surgery ischaemia.

Feringa et al, Prospective 359 patients Pre-operative statin therapy 30 days and longer  Higher statin doses significantly
(2007) non-randomised. undergoing elective or not. Variety of types and doses  (mean 2.3 years) \post-op Troponin T release, statins

major vascular surgery. significantly | 30 day and late
post-operative cardiac events.

Poldermans, Prospective, 497 patients scheduled to 80 mg fluvastatin extended 30 days | myocardial ischaemia from 18.9%
2008 randomised, undergo vascular surgery release or placebo started o 10.9% (OR 0.53; 95%C1 0.32-088).
(Unpublished)  placebo controlled, pre-operatively | cardiovascular death or non-fatal

double blind

MI from 10.1% to 4.8%
(OR 0.48; 95% (1 024-0.95)




Xanthelasma




In conclusion

Statins are established as playing a major role in cardiovascular
disease in almost all categories of patient risk.

The ‘pleiotropic’ effects
of statins continue to reveal further potential benefits in a diverse
range of interventional settings. The benefit of using statins acutely

prior to scenarios where myocardial injury may be expected and in
emergent situations is slowly being realised.

The potential benefits of limiting myocardial injury in these settings are evident
and further work is needed to clarify the optimum statin regimen in different
settings and the mechanisms behind the cardioprotective actions.

Whether or not further cardioprotective effects can be gained by

additional acute doses of statins has exciting potential and merits



