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Reperfusion Injury (RI)

Lethal myocardial
reperfusion injury
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@ ESC European Heart Journal (2023) 00, 1-107 ESC GUIDELINES

European Society https://doi.org/10.1093/eurheartj/ehad191
of Cardiology

2023 ESC Guidelines for the management
of acute coronary syndromes

9.1.5.2. Interventions to protect the microcirculation

The damage inflicted on the myocardium during AMl is the result of is-
chaemia and subsequent reperfusion (ischaemia/reperfusion injury). In
patient-level pooled analyses, infarct size and MVO are independent
redictors of long-term mortality and HF in survivors of
TEML. Strategies to reduce ischaemia/reperfusion injury in gen-
ral (and MVO in particular) remain an unmet clinical need. Further in-
formation regarding interventions to protect the microcirculation that

are under clinical or experimental investigation is presented in the
Supplementary data online.

Byrne RA et al. Eur Heart J. 2023 Oct 12;44(38):3720-3826.



European Heart Journal (2013) 34, 1714-1724
EUROPEAN doi:10.1093/eurheartj/eht090

SOCIETY OF
CARDIOLOGY®

REVIEW

Novel therapeutic concepts

Myocardial reperfusion injury: looking beyond

primary PCI
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by reperfusion

Myocardium salvaged

About half of the residual Ml is due to lethal Rl and is preventable.

Myocardial ischaemia with timely reperfusion
Ml size 50% of AAR (50% myocardial salvage).

Myocardium salvaged
by preventing myocardial Rl

S5l

! The full benefits of myocardial reperfusion are realized.

Myocardial ischaemia with timely reperfusion and therapeutic

intervention to prevent myocardial Rl
Ml size 25% of AAR (75% myocardial salvage).

I Residual Ml size

I due to acute myocardial

lischaemic injury
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Frohlic GM et al. EHJ 2013, 34 (23): 1714-1722.
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ORIGINAL RESEARCH ARTICLE

Thrombus
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Impact of evolocumab on the pharmacodynamic profiles of
clopidogrel in patients with atherosclerotic cardiovascular
disease: a randomised, double-blind, placebo-controlled

study
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Franchi F et al. Eurolntervention. 2023;18:1254—-1265.
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Capillary rupture
and haemorrhage

Intramyocardial Hemorrhage and the ) | : =%
“Wave Front” of Reperfusion Injury L5
Compromising Myocardial Salvage W )
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Nonhemorrhagic
Ischemia Reperfusion Tlme

<72h Post Reperfusion

Only minimal infarct expansion

Key Findings Post Reperfusion
Relative to Non-Hemorrhagic Mis:

» Cardiac troponin peak is earlier and higher in hemorrhagic Mis

« Hemorrhagic Mis expand following a wavefront pattern and are more transmural
» Hemorrhagic Mis are ~2 fold larger

« Hemorrhagic Mlis experience a ~3 fold progressive loss of salvageable myocardium

- Area at Risk - Nonhemorrhagic M1 - Hemorrhagic MI

Liu T et al. J Am Coll Cardiol 2022;79:35—-48.



'.} Check for updates
Capillary rupture

Circulation: Cardiovascular Imaging and haemorrhage
ORIGINAL ARTICLE ® e
Association of Circulating PCSK9 With Ischemia- ="Y4
Reperfusion Injury in Acute ST-Elevation e

Myocardial Infarction

Low PCSK9 Small infarct area No IMH

High PCSK9 Large infarct area with MVO IMH

Tiller C. et al. Circ Cardiovasc Imaging. 2024;17:e016482.



") Check for updates

Capillary rupture
Circulation: Cardiovascular Imaging and haemorrhage
ORIGINAL ARTICLE 1) E——
Association of Circulating PCSK9 With Ischemia- T
Reperfusion Injury in Acute ST-Elevation v ‘f )

Myocardial Infarction
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'.) Check for updates

Circulation: Cardiovascular Imaging

ORIGINAL ARTICLE

Association of Circulating PCSK9 With Ischemia-
Reperfusion Injury in Acute ST-Elevation
Myocardial Infarction

Capillary rupture
and haemorrhage
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30’ Reperfusion
After 90’ Ischemia

CMR <3 h Reperfusion
Post Anterior STEMI
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Welt FGP et al. J Am Coll Cardiol 2024;83:2196-2213.
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JACC SCIENTIFIC STATEMENT

Reperfusion Injury in Patients With Acute L)
Myocardial Infarction
JACC Scientific Statement

CLINICAL STUDIES

IC-HOT vs INFUSE-AMI Outcomes at
25% 1 Year in Propensity-Score Matched
Patients (N =166 [83 Pairs])
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@ E S C European Heart Journal (2024) 45, 89-103

European Society https://doi.org/10.1093/eurheartj/ehad486
of Cardiology

STATE OF THE ART REVIEW

Increased leukocyte

Acute cardiovascular care adherence and infiltration

Inflammation in acute myocardial infarction: e

the good, the bad and the ugly
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Matter MA al. European Heart Journal (2024) 45, 89—



Increased leukocyte
adherence and infiltration

S

Post-AMI inflammation?

Weeks to months? Months to years?

Long-term

Acute burst Protection and

of inflammation? healing? systemic
inflammation?
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triggered by plaque rupture, thrombosis anti-inflammatory M2 circulation and IL- by higher levels of |L-6, entailing

and myocardial necrosis 10 stimulates myocardial wound repair residual inflammatory risk

) ] M Infarct size
1 Atheroprogression 1 Adverse

1 Recurrent MACE remodelling

AMI, acute myocardial infarction; CRP, C-reactive protein; IL-1, interleukin-1; IL-10, interleukin-10; IL-2, interleukin-2; IL-6, interleukin-6; IL-8, interleukin-8; M1, macrophage type 1; M2, macrophage type 2; MACE, major adverse cardiovascular event;
MCP, monocyte chemoattractant protein; MMP, matrix metalloproteinase; NET, neutrophil extracellular trap; NK, natural killer cell; NLRP3, NOD [nucleotide oligomerisation domain]-, LRR [leucine-rich repeat]- and PYD [pyrin domain]-containing
protein 3; PAI1, plasminogen activator inhibitor 1; PMN, polymorphonuclear neutrophil; SAA, serum amyloid A; TIMPS, tissue inhibitors of metalloproteinases; TNF-a, tumour necrosis factor alpha; Treg, regulatory T cell

"Matter MA al. European Heart Journal (2024) 45, 89—103.
2Prabhu SD, Frangogiannis NG. Circ Res 2016;119:91—



The NEW ENGLAND
JOURNAL o MEDICINE

Increased leukocyte
adherence and infiltration
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ESTABLISHED IN 1812 DECEMBER 206, 2019 VOL. 381 NO. 26

Efficacy and Safety of Low-Dose Colchicine after Myocardial
Infarction

100
_|

15
—| Hazard ratio, 0.77 (95% Cl, 0.61-0.96)

Anti-inflammatory drugs

Low-dose colchicine (0.5 mg once daily) may be
considered, particularly if other risk factors are
insufficiently controlled or if recurrent cardiovascular
disease events occur under optimal therapy.®>%%

0 7 14 21 28
Months since Randomization
No. at Risk
Placebo 2379 2261 1854 1224 622 144 0
Colchicine 2366 2284 1868 1230 628 153 0

Tardif JC et al. N Engl J Med 2019;381:2497-505.



Increased leukocyte
adherence and infiltration

ORIGINAL ARTICLE

Colchicine in Acute Myocardial Infarction /S Wi

S.S. Jolly, M.-A. d’Entremont, S.F. Lee, R. Mian, J. Tyrwhitt, S. Kedev,
G. Montalescot, J.H. Cornel, G. Stankovi¢, R. Moreno, R.F. Storey, T.D. Henry,
S.R. Mehta, M. Bossard, P. Kala, J. Layland, B. Zafirovska, P.). Devereaux,
J. Eikelboom, J.A. Cairns, B. Shah, T. Sheth, S.K. Sharma, W. Tarhuni, D. Conen,
S. Tawadros, S. Lavi, and S. Yusuf, for the CLEAR Investigators*

1009 15— Hazard ratio, 0.99 (95% Cl, 0.85-1.16)
90 144 P=0.93
T 134 Placebo
12+
80+ 114
. 10 Colchicine
X 70 9
o 8-
= /7
g 604 6
B 5
£ 504 4
g ]
£ 40+ %'
3 i
S 304 0 T T T T 1
S 0 1 2 3 4 5
20+
104
0 T I T T 1
0 1 2 3 4 5
Years of Follow-up
No. at Risk
Colchicine 3528 3329 2688 1686 697 183
Placebo 3534 3349 2683 1674 659 163

Jolly JJ et al. N Engl J Med. 2024 Nov 17. doi: 10.1056/NEJMo0a2405922.



ORIGINAL SCIENTIFIC PAPER
Biomarkers

@ E S C European Heart Journal: Acute Cardiovascular Care (2022) 11, 113-123

European Society https://doi.org/10.1093/ehjacc/zuab110
of Cardiology

Increased leukocyte
adherence and infiltration

Association of plasma interleukin-6 with infarct
size, reperfusion injury, and adverse remodelling
after ST-elevation myocardial infarction

IL-6 and myocardial

Myocardial function Myocardial scar injury
““““““ IL-
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107 STEMI treated with Inflamed IL-6 at 2 davs 4
pPCI myocardium a ays
0 0 e
IL-6<17ng/L IL-6 217 ng/L IL-6<17ng/L 1l-62 17 ng/L 170 consecutive STEMI patients treated with PCI
Reperfusion injury * Blood sampling on Day 2
* CMRonDay4
83 P<0.001 6 3 P<0.001
0 . :
g High concentrations of IL-6 48 h after STEMI were
2 g;l 1 associated with:
% 47 % *  Worse myocardial function
0 = .
5 2 * Larger infarct extent
l 0
0 I *  Greater reperfusion injury
0 0

IL-6 < 17 ng/L IL-6 > 17 ng/L

IL-6 < 17 ng/L IL-6 > 17 ng/L

Adverse LV remodeling

CMR, cardiac magnetic resonance; IL, interleukin; IMH, intramyocardial haemorrhage; IS, infarct size; LV, left ventricular; PCl, percutaneous coronary intervention; LVEF, left ventricular ejection fraction; MVO, microvascular
obstruction; STEMI, ST-segment elevation myocardial infarction.

Tiller C et al. European Heart Journal: Acute Cardiovascular Care (2022) 11, 113-123.



ORIGINAL RESEARCH Increased leukocyte

adherence and infiltration
ISCHEMIC HEART DISEASE

Neutrophil Extracellular Traps in ) e o
ST-Segment Elevation Myocardial Infarction |

Reduced by Tocilizumab and Associated With Infarct Size

Neutrophil Extracellular
Traps (NETs)

W E#rtar,a,ﬁildluﬁl,aﬂr A)ouble J Citrullinated Histone 3
Day 3-7

Circulating NET Markers:
‘ + dsDNA 337 ng/ml*

—— Tocilizumab + PCl —» + H3Cit 1.36 ng/ml**

Circulating NET Markers:
+dsDNA 387 ng/ml*
——p Placebo + PCl ——p t « H3Cit 213 ng?ml"

Differences between groups: *P < 0.001, **P < 0.01

Kindberg KM et al. JACC Adv. 2024;3:101193.



Cellular Resistance to Reperfusion Injury

Intracellular Target Intracellular Target

1. Inhibition of Cell Death Pathways
(Necrosis, Apoptosis, Pyroptosis,

2. Activation of Endogenous Pro-Survival
Pathways (RISK, SAFE, PKG)

Necroptosis)
;5,
S ", g o -
oo 6
_ ‘ _ .

Modified by Davidson SM et al. J Am Coll Cardiol 2019;73:89-99.



The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Angiotensin Receptor—Neprilysin Inhibition
in Acute Myocardial Infarction

20+
100— Hazard ratio, 0.90 (95% Cl, 0.78—1.04)
P=0.17
90 15+ Ramipril
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o
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2
._g 40
= 30+ 0 T T T T T 1
£ 0 6 12 18 24 30 36
=] 20
(W] —ﬁ-—ﬁ#
104
O [ | I I I 1
0 6 12 18 24 30 36
Months since Randomization
No. at Risk
Ramipril 2831 2577 2318 1725 1091 570 278
Sacubitril- 2830 2614 2342 1732 1101 568 280
valsartan

Pfeffer MA et al. N Engl J Med 2021;385:1845-55.



Circulation

RESEARCH LETTER

Impact of Sacubitril/Valsartan Versus Ramipril on

Total Heart Failure Events in the PARADISE-MI Trial

A

Cumulative Incidence

0.25

0.20

0.154

0.10

0.05

0.00
T

Investigator-Reported Time-to-First Primary Outcome

Ramipril
516 events, 10.8 per 100 pt-years

Sacubitril/valsartan
443 events, 9.1 per 100 pt-years

Hazard ratio 0.85 (95% Cl, 0.75-0.96)
p=0.01

T T T T T T
1] 5 1 1.5 2 2.5 3
Years since Randomization

Mean cumulative events (per 100 patients)

40+

351

30+

254

Total (First and Recurrent) CEC Adjudicated Events

Ramipril
539 events, 10.1 per 100 pt-years

Sacubitril/valsartan
452 events, 8.4 per 100 pt-years

Rate ratio 0.79 (95% Cl, 0.65-0.97)
p =002

Cc
40
35
30

254

Mean cumulative events (per 100 patients)
n
(=]
T

Total (First and Recurrent) Investigator-Reported Events

Ramipril
802 events, 15.0 per 100 pt-years

Sacubitril/valsartan
672 events, 12.5 per 100 pt-years

Rate ratio 0.79 (95% ClI, 0.67-0.93)

p = 0.004

T T T T T T
5 1 15 2 25 3
Years since Randomization

T
0 5 1 1.5 2 2.5 3
Years since Randomization

Pfeffer MA et al. Circulation. 2022;145:87—-89.
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ESC HEART FAILURE EDITORIAL
ESC Heart Failure (2022)

Published online in Wiley Online Library (wileyonlinelibrary.com) DOI: 10.1002/ehf2.14159

The PARADISE-MI trial: a new opportunity to improve
the left ventricular remodelling in reperfused STEMI

Bellis A, Mauro C et al. ESC Heart Fail. 2022 Dec;9(6):3698-3701.



No. of Events/

0.90 (0.78-1.04)

0.92 (0.69-1.23)
0.88 (0.74-1.04)

1.16 (0.91-1.47)
0.76 (0.63-0.92)
0.91 (0.77-1.08)
0.86 (0.65-1.13)

0.84 (0.71-1.00)
1.10 (0.83-1.45)

0.99 (0.68-1.45)
0.90 (0.35-2.34)
0.86 (0.73-1.02)
1.23 (0.71-2.14)

0.89 (0.63-1.26)
1.10 (0.81-1.51)
1.10 (0.73-1.66)
1.06 (0.65-1.75)
0.72 (0.57-0.92)

0.85 (0.66-1.09)
1.02 (0.75-1.39)
0.81 (0.60-1.08)
0.89 (0.75-1.04)
0.97 (0.66-1.42)

1.08 (0.82-1.43)
0.82 (0.69-0.98)

0.84 (0.70-1.01)
1.03 (0.80-1.33)

0.84 (0.70-1.02)
0.98 (0.69-1.39)
1.03 (0.74-1.44)

Subgroup Total No. of Patients Hazard Ratio (95% Cl)
Overall 711/5661 o
No. of risk factors
=1 183/2707 —a—
>1 528/2954 —
Age
<65 yr 269/2837 S
=65 yr 442/2824 -
<75 yr 512/4610 -
275 yr 199/1051 —
Sex
Male 514/4298 —
Female 197/1363 —r—
Race
Asian 1057953 y—
Black 18/75
White 536/4263 —-
Other 52/370 B —
Geographic region
Asia—Pacific and other 130/1101 —
Central Europe 155/1499 ——
Latin America 92/679 —_—
North America 62/529 —_—
Western Europe 272/1853 ——
Left ventricular ejection fraction
<30% 248/1639 —a—
>30 to <35% 161/1160 —_—
>35 to =40% 180/1809 —a
=<40% 589/4608 —
>40% 104/971 B E—
Killip class
| 201/2281 —
= 491/3201 ——
Type of myocardial infarction
STEMI 471/4277 ——
NSTEMI or other 240/1384 ——
Infarct location
Anterior 443/3853 ——
Inferior 128/1053 —_—
Other 140/755 e
014 OI.6 OiS 1.0 2.0

Sacubitril-Valsartan Better Ramipril Better

Subgroup

Overall
PCl use at baseline
Yes
No
Time from index myocardial
infarction to randomization
<4.357 days
=4.357 days
Systolic blood pressure
at baseline
=110 mm Hg
>110-140 mm Hg
>140 mm Hg
eGFR at screening
<60 ml/min/1.73 m?
=60 ml/min/1.73 m?
Diabetes
Yes
No
Atrial fibrillation with index
myocatrdial infarction
Yes
No
Previous myocardial infarction
Yes
No
Hypertension
Yes
No
Previous ACEi or ARB use
Yes
No
Beta-blocker use
Yes
No
MRA use
Yes
No
Loop diuretic use
Yes
No

No. of Events/

Total No. of Patients

711/5661

571/4980
140/681

295/2830
416/2831

191/1369
458/3849
62/440

270/1369
441/4292

368/2398
343/3263
98/525

613/5136

157/920
554/4741

522/3676
189/1985

568/4436
143/1225

600/4827
111/834

3172338
394/3323

409/2295
302/3366

Hazard Ratio (95% Cl)

T T 1
0.6 0.81.0

2.0

0.90 (0.78-1.04)

0.81 (0.69-0.96)
1.38 (0.99-1.93)

0.89 (0.71-1.12)
0.91 (0.75-1.10)

0.73 (0.54-0.97)
0.98 (0.82-1.18)
0.88 (0.53-1.45)

1.06 (0.84-1.35)
0.82 (0.68-0.99)

0.99 (0.80-1.21)
0.81 (0.65-1.00)
0.57 (0.38-0.85)

0.97 (0.83-1.13)

0.89 (0.65-1.22)
0.90 (0.76-1.07)

0.96 (0.81-1.14)
0.75 (0.56-1.00)

0.95 (0.80-1.12)
0.74 (0.53-1.03)

0.92 (0.79-1.08)
0.79 (0.55-1.16)

0.95 (0.76-1.19)
0.86 (0.71-1.05)

0.83 (0.68-1.00)
1.00 (0.80-1.25)

Sacubitril-Valsartan Better Ramipril Better

Pfeffer MA et al. N Engl J Med 2021;385:1845-55.
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Empagliflozin in acute myocardial infarction:
the EMMY trial

Empagliflozin following severe myocardial infarction

Multicentre, double-blind RCT
—>
s @e

— : \_
Creatine kinase > 800 U/ — _

Troponin T/I-level > 10x ULN

Empagliflozin Primary outcome Secondary outcomes

. . ¢ e’ e
M» v E\//ESV .
+ LVEDV ?!ﬁ_‘ L

4 NT-proBNP

von Lewinski D et al. European Heart Journal (2022) 43, 4421—4432.
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Empagliflozin after Acute Myocardial Infarction

A First Hospitalization for Heart Failure or Death from Any Cause

Percentage with Event

No. at Risk
Placebo
Empagliflozin

100
90|
30|
704
60-|
50
40
30
20|
10

Hazard ratio, 0.90 (95% Cl, 0.76-1.06)
P=0.21
Placebo

Empagliflozin

T T T T T T T T 1
0 90 180 270 360 450 540 630 720 810

0
0

3262 3002 3044 2832 2486 2071

T T T T T 1
360 450 540 630 720 810
Trial Day

T T T
50 180 270

1556 1040 551 137

3260 3111 3060 2881 2532 2107 1566 1048 531 134

B First Hospitalization for Heart Failure

Estimated Cumulative Incidence (%)

No. at Risk
Placebo
Empagliflozin

100+
904
804
704
60+
504
404
30
20
104
0

*] Hazard ratio, 0.77 (95% CI, 0.60-0.98)

57 Placebo

44 L e
34 Empagliflozin

24 ’,—/

14

0

T T T T T T T T 1
0 90 180 270 360 450 540 630 720 810

0

T T T T T 1
360 450 540 630 720 810
Trial Day

T T T
9 180 270

3262 3092 3044 2832 2486 2071 1556 1040 551 137
3260 3111 3060 2881 2532 2107 1566 1048 531 134

C Death from Any Cause

100+
904
80+
70+
60
50
404
304
20
104
0

Percentage with Event

Hazard ratio, 0.96 (95% Cl, 0.78-1.19)

Placebo

Empagliflozin

4 —

T T T T T T T T 1
0 90 180 270 360 450 540 630 720 810

0

No. at Risk
Placebo
Empagliflozin

3262 3
3260 3

T T T T T T T T 1
90 180 270 360 450 540 630 720 810
Trial Day

186 3159 2975 2632 2207 1660 1111 593 148
177 3148 2995 2639 2218 1658 1119 572 153

Butler J et al.

N Engl J Med. 2024;390:1455-66.
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Decreasing the Risk of Heart Failure in a Changing
Post—Myocardial Infarction Environment

eling. However, with time, the risk of cardiovas-
cular events decreases markedly as these processes
subside, and prompt revascularization, as occurs
in the majority of patients (including those in the
EMPACT-MI trial), leads to substantial reversal of]
myocardial stunning.! Thus, some of the patients
in this trial probably recovered, with a resulting

lower risk of subsequent heart failure.

cardiovascular trials. Lhis ralses the question of]
whether alternative, yet appropriate!® outcome
measures (e.g., the total number of events rather
than the first event, investigator-reported events
rather than centrally adjudicated events, or heart-
failure events that did not lead to hospitalization)
to increase rates of the primary end-point event
houl hether f such measur

Rouleau J. N Engl J Med. 2024 Apr 25;390(16):1524-1526.



Remote conditioning

Remote ischaemic

J_p‘reconditioning
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Heart

I\
Brainstem%‘ |_.
|

Spinal cord —* ‘

L Ischaemia—
reperfusion injury

Intrinsic
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ganglion

| J‘Eﬁ:f-_‘rent
| vagalnerves

Area at risk Infarct
of infarction area

NO generation

Sympathetic —

T Shear stress induces | Y/ e Tt

nerve ~

- Activation of efferent vagal
nerves induces the release

of cardioprotective factors

Heusch G. Nat. Rev. Cardiol. 2020.



Clinical Track

Combined Intrahospital Remote Ischemic Perconditioning
and Postconditioning Improves Clinical Outcome
in ST-Elevation Myocardial Infarction
Long-Term Results of the LIPSIA CONDITIONING Trial

A c:; 407 RIC + PostC vs. Control: B 40 RIC + PostC vs. Control:
g__ HR 0.60 (95% Cl 0.36-1.00), p=0.05 ] HR 1.22 (95% CI 0.57-2.61), p=0.49
884 PostConly vs. Control: ¥, PostConly vs. Control:
Eo HR 0.91 (95% CI 0.72-1.15); p=0.44 = HR 1.03 (95% Cl 0.69-1.52); p=0.90
o3
x= 3
£ 207 T 20
=2 Q
5t ] s |
o2 T
gL 10 § 101
5° | |
S rL.—'—
O o
T T T T T N T ' T ’ T " T T
0 1 2 3 0 1 2 3
No. at risk Time (years) No. at risk Time (years)
Control 232 189 181 130 Control 232 204 200 131
RIC + PostC 232 199 186 124 RIC + PostC 232 203 192 124
PostC only 232 205 191 127 PostC only 232 214 204 128
C D
407 RIC + PostC vs. Control: 40 RIC + vs. Control:
HR 0.92 (95% CI 0.33-2.55), p=0.88 ] HR 0.35 (95% CI 0.14-0.88), p=0.02
2 30+ PostC only vs. Control: T 30 PostC only vs. Control:
= HR 1.46 (95% CI 0.96-2.22); p=0.07 < HR 0.67 (95% CI 0.44-1.02); p=0.06
3 3
'.}E 20 F 207
£ t
& 107 T 101
0 0
T T T T T T T T T g T T T ‘ T ‘
0 1 2 3 0 1 2 3
Ti Ti
No. at risk ime (years) No. at risk ime (years)
Control 232 202 196 132 Control 232 189 181 130
RIC + PostC 232 200 188 124 RIC + PostC 232 198 186 124
PostC only 232 209 195 127 PostC only 232 202 189 126

Stiermaier T et al. Circ Res. 2019;124:1482-1491.
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The benefits of oral glucose-lowering agents: GLP-1 receptor agonists,
DPP-4 and SGLT-2 inhibitors on myocardial ischaemia/reperfusion injury

DPP-4i

o1P-1739 I

bl oPed )

CSF/G-CSF,
SDF-1a/CXCR4, ANP/BNP
HMGB-1

ER stress l mitochondrial l

dysfunction inflammtion l

e N Y S

e Positive Regulation

el Negative Regultion @ —
SR S B S S S R B S 4 cell death | MI/RI |

Huang XD et al. Eur J Pharmacol. 2024 Aug 5:976:176698.



LV Unloading
Myocardial Ischemia Reperfusion Only Before Reperfusion

- "
\ \
SW

\
Ischemia

a | . TPVA o ‘ “ TTPVA a LIPVA
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\
Increased MVO, Increased MVO, Decreased MVO;

{ Collateral Flow 4 Collateral Flow T Collateral Flow

FAO Glycolysis FAO Glycolysis FAO Glycolysis

L L P N/

CAC CAC

ATP

g " g

No Injury T Myocardial Damage J Myocardial Damage

Welt FGP et al. J Am Coll Cardiol 2024;83:2196-2213.



Combination Strategies For Multi-Target Cardioprotection

Protective Modality A;;I:»T;fa?it) : Cellular Target Intracellular Target

1. Ischemic Conditioning

¢

1. During Ischemia

' -

Pre-pPCl Phase

T TEREARRARRRRARARCRRIRRNIERET T T REARERE

1. Cardiomyocytes 1. Inhibition of Cell Death Pathways
(Necrosis, Apoptosis, Pyroptosis,
Necroptosis)

SRPRRL SRR Ima s FREINBINNINENINES

e ———

cEAIRRRLRRAY

nlllllll‘"l.llli-

2. Pharmacological
Protection

2. At Reperfusion

'

During-pPCl Phase

2. Non-Cardiomyocytes,
Microvascular Obstruction

2. Activation of Endogenous Pro-Survival
Pathways (RISK, SAFE, PKG)

3. Physical Intervention

3. Late Into
Reperfusion

o

Post-pPCl Phase

3. Circulating Cells

<

Davidson SM et al. J Am Coll Cardiol 2019;73:89-99.



pPClI

(Timing £120’)

Transition to
Ticagrelor

v

“Perspective” Pharmacological Therapy
And Mechanical Interventions

’
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Mechanical
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Therapy
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v
“Conventional” Pharmacological
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Post-pPCl Pharmacological Therapy
Modified by Bellis A, Mauro C et al. J. Clin. Med. 2021, 10, 2968.
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Yet in therapy Yet in therapy

with Statins with statins and
Ezetimibe
Lipid Lowering Therapy

LVEF <40% LVEF >40%

ACE-
inhibitors

E3n

If glycaemia 2180 mg/dlI

Insulina lla .

Hypoglycemizing Therapy

24 h
Therapy at

Discharge

Discharge Modified by Bellis A, Mauro C et al. J. Clin. Med. 2021, 10, 2968.



“Fast Track” Use of PCSK9

Inhibitors

“Early” Effect “Delayed” Effect

Anti-Platelet : Anti-inflammatory
Pro-Survival Power
Power Power

WV LDL-C W Macrophage grade
WV Lp(a) inside the plaque
IDL-C WV NF-kB pathway
Vv VLDL-C WV Transition to
WV Chylomicrons myofibroblasts

bound V' Apoptosis

V Platelet WV Autophagy
aggregation \ Piroptosis

(thrombin, ADP, N7 Ferroptosis

@Plaque
erosion or
rupture
WV Cardiac
fibrosis

WV PAV
W Lipid Arc
ANFibrous cap
thickness

W Death
of
cardiomyocytes

W No-reflow
phenomenon
WVIMH

W Major Adverse Cardiovascular Events (MACE)
Bellis A, Mauro C et al. High Blood Press Cardiovasc Prev. 2024 Oct 4.



	Diapositiva 1
	Diapositiva 2
	Diapositiva 3
	Diapositiva 4
	Diapositiva 5
	Diapositiva 6
	Diapositiva 7
	Diapositiva 8
	Diapositiva 9
	Diapositiva 10
	Diapositiva 11
	Diapositiva 12
	Diapositiva 13
	Diapositiva 14
	Diapositiva 15
	Diapositiva 16
	Diapositiva 17
	Diapositiva 18
	Diapositiva 19
	Diapositiva 20
	Diapositiva 21
	Diapositiva 22
	Diapositiva 23: Cellular Resistance to Reperfusion Injury
	Diapositiva 24
	Diapositiva 25
	Diapositiva 26
	Diapositiva 27
	Diapositiva 28
	Diapositiva 29
	Diapositiva 30
	Diapositiva 31
	Diapositiva 32
	Diapositiva 33
	Diapositiva 34
	Diapositiva 35
	Diapositiva 36
	Diapositiva 37
	Diapositiva 38

