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Borja Ibafiez holds a degree in medicine from the Universidad Complutense de Madrid and PhD from the Universidad Auténoma de
Madrid. He completed his clinical fellowship in cardiology at the Fundacion Jimenez Diaz Hospital in Madrid, during which he became
interested in clinical research, working mainly with invasive imaging techniques for the study of the atherothrombotic disease. After
completing his training in clinical cardiology, he made a training period of three years in basic research at Mount Sinai in New York. His
doctoral thesis focused on the study of the ability of HDL-cholesterol to stabilize atheroma plaques and their assessment using non-
invasive imaging tools. Since returning to Spain, he combines his scientific activity in the CNIC with clinical activity in the Fundacién
Jimenez Diaz University hospital. His passion is the study of myocardial diseases, with a clear translational vocation. His research
ranges from the study of the mechanisms responsible for the development of myocardial diseases, to clinical trials to test therapies
identified by his group in preclinical studies. His clinical activity consists mainly in coronary interventions of patients suffering an acute
myocardial infarction. To perform this translational research, he uses noninvasive imaging technology, mainly magnetic resonance,
also including the development of new imaging algorithms to improve the use both on research and clinical levels.

Stefan James

Uppsala University Hospital, Uppsala, Sweden

Biography

Dr Stefan James is Professor of Cardiology at Uppsala University and Scientific Director of Uppsala Clinical Research Center. He is a Senior Interventional Cardiologist at Uppsala University Hospital
Sweden. He graduated from Uppsala University Medical School and completed specialist training in Uppsala. He has previously held positions at the Karolinska Hospital, the University Hospital Orebro and
Duke Clinical Research Institute, Duke University.
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EXPERIMENTAL STUDIES ON THE EFFECT OF TEMPORARY
OCCLUSION OF CORONARY ARTERIES

II. THE ProDUCTION OF MYOCARDIAL INFARCTION

HerrMAN L. BruMaarT, M.D., D). ROURKE ({ILLIGAN, M.S., AND
MonNRoOE J. SCHLESINGER, M.D.
BostoN, MAss.

7 DAYS P. O

CONTROL | DAY P. 0. 22 DAYS P.O

Fig, 1.—Dog 7. Electrocardiograms taken before, and one, seven. and twenty-two days after, a
twenty-minuie occlusion of a branch of the left anterior descending coronary artery.

ErFECTs OF TEMPORARY (CORONARY ARTERIAL OCeLusloN ON Dogs

PERSISTENT D‘E‘?;éggo_OF SACRIFIC'E MYOCARDIAL
DURATION | ELECTRO- CARTION OF LESIONS
DOG ARTERY oF CARDIO- G‘R APHIC ANIMAL MICEO-
NO. |OCCLUDED| OCCLUSION | GRAPHIC | o o ALL (TIME GROSS SCOPLC
(MIN.) |ABNORMALI- — POSTOPERA- EVI- EVI-
TIEST (pAYS) TIVELY) | DENCESY | ovins
Animals Sacrificed £ to 40 Days Postoperatively
14 |LC 5 + 4 4 dayst 0
15 |LC 10 0 34 days 0 0
17 |LC 10 0 40 days 0 0
13 |LC 10 + 11 11 days 0 0
7 |LAD(B) 20 + 22 22 days 0 0
19 |LC 20 + 12 34 days 0 +
21 |LC 20 + RA 4 dayst 0
22 |LC 25 + 10 22 days + +
23 |LC 30 0 22 days + +
3 |LAD 30 0 8 days 0 0
9 |LAD(B) 30 + 14 14 days + +
26 |R(B) 35 + 7 3 days 0 +
8 LAD(B) 40 + 18 18 days + +
20 |LC 45 0 7 days ++ +
27 |LC 45 + 10 3 days ++ +
53 |LC 435 0 14 days 0 0
54 |LC 45 + 14 17 days ++ +
55 |LC 45 + 16 16 days ++ +
Sacrificed 4.5 to 28 Hours Postoperatively
51 LC | 15 0 20 hours Edema 0
52 |LC 15 + 28 hours Edema 0
58 |LC 20 0 24 hours Q 0
61 [(LC 20 0 26 hours 0 +
62 |LC 30 4.5 hours 0 0
63 |LC 15 5 hours 0 0
G9 LC 45 4.5 hours 0 0
70 LC 45 4.5 hours 0 0
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The Wavefront Phenomenon of Ischemic Cell Death
1. Myocardial Infarct Size vs Duration of Coronary Occlusion in Dogs

KerrH A. REIMER, M.D., Pu.D., JaAMEs E. Lowg, M.D.,
MARGARET M. RasmuUsseN, M.D., Pu.D., AND ROBERT B. JENNINGS, M.D.

Circulation, 1977

0 ' i '

* Howrs ¢ i
FIGURE 11l. Proportion of ischemic muscle which is viable and
potentially salvageable as a function of time after coronary occlu-

sion. Data are plotted as a percent of 24 hour infarct size.
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Boersma, Lancet, 1996
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STEMI diagnosis®

Preferably
=&0 min

PCIl possible <120 min?

Imnmmediate transfer ¢ ¢

to PCI center

Preferably

Mo
=90 rmin
(=60 min in early presenters) Preferably

=30 min

Immediately T

Immediate transfer
Mo

to PCI center
Successiul
- . . 2
fibrinolysis?
feas

Preferably 3—24 h ,l

*The ome point the diagnosis i confirmed with patient

history and BECG deally withim | Q min from the first
medical contact (FMC).

All delays are related to FMC (first medical contact).
Cath = catheterizadon laboratory; EMS = emergency medical system; FMC = first medical conact, PCI = peroumnecus coronary iImtervention; STEMI = ST-segment elevadon mypocardial infarction.

Figure 2 Prehospital and in-hospital management, and reperfusion strategies within 24 h of FMC (adapted from Wijns et a!.}.“

Steg, Eur Heart J, 2012
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Figure. Hypothetical Construct of the Relationship Among the Duration of Symptoms of
Acute MI Before Reperfusion Therapy, Mortality Reduction, and Extent of Myocardial Salvage
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Figure. Hypothetical Construct of the Relationship Among the Duration of Symptoms of
Acute MI Before Reperfusion Therapy, Mortality Reduction, and Extent of Myocardial Salvage
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outcomes. This Task Force recognizes the lack of contemporaneous
data to set the limit to choose PCl over fibrinolysis. For simplicity, an
absolute time from STEMI diagnosis to PCl-mediated reperfusion [i.e.
wire crossing of the infarct-related artery (IRA)] rather than a relative
PCl-related delay over fibrinolysis has been chosen. This limit is set to

120 min. Given the maximum limit of 10 min from STEMI diagnosis to
bolus of fibrinolytics (see below), the 120 min absolute time would
correspond to a PCl-related delay in the range of 110—120 min, being
in the range of the times identified in old studies and registries as the
limit delay to choose pC). 10711710
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Niveau de recommandations

- "Il est recommandé / il est indiqué”

Classe lla “doit étre considéré”

Classe lIb “peut étre considéré”




Niveau de recommandations

- "Il est recommandé / il est indiqué”

Classe lla “doit étre considéré”

Classe lIb “peut étre considéré”

Niveau de preuves

- Données issues de multiples essais cliniques randomisés ou méta-analyses

| Donnees issues d'un seul essai clinique randomisé ou de grandes études non
Niveau B o
randomisees

Niveau C Consensus d’experts et/ou petites études, études rétrospectives, registres




161 recommandations

80 -

70 -

Niveau C



Anticoagulant therapy

Anticoagulation is recommended for all
patients in addition to antiplatelet therapy
during primary PCI.

In patients with heparin-induced thrombo-
cytopenia, bivalirudin is recommended as

the anticoagulant agent during primary PCI.

Routine use of enoxaparin i.v. should be

considered.2%?292

Routine use of bivalirudin should be

4209215 lla

considere

Fondaparinux is not recommended for pri-
mary PCI."%?
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Clinical presentation
7

O

7

If a patient has
signs/symptoms
suggestive of ACS,

perform an ECG
within 10 min of FMC

e

r

Working diagnosis?®
. J

STEMI

T

Further investigations

J

7

[

+ Angiography

Q

>

hs-cTh levels

Final diagnosis®

STEMI

NSTEMI

Unstable angina

MNon-ACS diagnosis
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ACS encompasses a spectrum

Unstable angina NSTEMI

Think ‘A.C.S.” at initial assessment

AO

Abnormal
ECG? context?

STEMI

Primary PCI Fibrinolysis

(If timely primary PCI not feasible)

)

Based on clinical status, co-morbidities,
and disease complexity

Think revascularization

Aim for complete
revascularization

patient?

Think invasive management

Very high-risk NSTE-ACS High-risk NSTE-ACS

~ NSTE-ACS

Immediate angiography + PCI Early (<24 h) angiography

should be considered

Consider adjunctive tests
to guide revascularization

8,8
OR
PCI

CABG

Think secondary prevention

® ©

Smoking Cardiac
cessation rehabilitation

®© &

Antithrombotic
therapy

Lipid lowering
therapy

Intravascular imaging

Intravascular physiology

Psychosocial
considerations

)
‘
s

Risk factor
management
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Diaphoresis

<

'®
oy

wy

Dizziness

\l/

=

/)

Chest pain
or pressure

a0

Epigastric pain/
Indigestion

Nausea/
Vomiting

y<

Jaw/Neck
pain

X

Shoulder/
Arm pain

@

Shortness
of breath

80%

of women and men with ACS
present with chest pain or pressure

Other symptoms, like diaphoresis,
indigestion/epigastric pain and
shoulder/arm pain occur commonly
in both women and men with ACS

Some symptoms may be more common
in women with ACS, including:

- Dizziness/Syncope

- Nausea/Vomiting

- Jaw/Neck pain

- Shortness of breath

- Pain between the shoulder blades
- Palpitations

- Fatigue

Criteria

1§ Signifying

’

.
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Isolated T-wave
inversion

ST-segment
depression

@

De Winter ST-T

@

Wellens sign

T-wave inversion >| mm in =5
leads including |, II, aVL,
and V2-Vé

] point depressed by
=0.05 mm in leads V2 and V3 or
=] mm in all other leads

followed by a horizontal or
downsloping ST-segment for
20.08 s in 21 leads (except aVR)

ST segment elevation in =2
contiguous leads of =2.5 mm in
men <40 years, 22 mm in men >
40 years, or 21.5 mm in women
regardless of age in leads V2-V3
and/or =| mm in the other leads
lasting <20 min

1-3 mm upsloping ST-segment
depression at the | point in leads
V1-Vé that continue into tall,
positive, and symmetrical T waves

Isoelectric or minimally elevated
] point (<] mm)
+

biphasic T wave in leads V2 and V3
(type A)

or

symmetric and deeply inverted T
waves in leads V2 and V3,
occasionally in leads V1, V4, V5, and

V6 (type B)

Only mildly impaired prognosis

More severe ischaemia

Only mildly impaired prognosis

Proximal LAD occlusion/
severe stenosis

Proximal LAD occlusion/
severe stenosis

I, 1, aVLor V2 to Vé

= | leads
T
z. 1 Iéads

\/.Y |

type A

(V1)V2-V3(-v4)

4 .)v1-\'r3(-v4')
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Association of Cardiologists of Kazakhstan, Orazbek Sakhov; Kosovo (Republic of): Kosovo Society of Cardiology, Shpend Elezi;
Kyrgyzstan: Kyrgyz Society of Cardiology, Medet Beishenkulov; Latvia: Latvian Society of Cardiology, Andrejs Erglis; Lebanon:
Lebanese Society of Cardiology, Nicolas Moussallem; Libya: Libyan Cardiac Society, Hisham Benlamin; Lithuania: Lithuanian
Society of Cardiology, Olivija Dobiliené; Luxembourg: Luxembourg Society of Cardiology, Philippe Degrell; Malta: Maltese
Cardiac Society, Matthew Mercieca Balbi; Moldova (Republic of): Moldavian Society of Cardiology, Aurel Grosu; Morocco:
Moroccan Society of Cardiology, Zouhair Lakhal, Netherlands: Netherlands Society of Cardiology, Jurrién ten Berg; North
Macedonia: The National Society of Cardiology of North Macedonia, Hristo Pejkov; Norway: Norwegian Society of Cardiology,
Kristin Angel; Poland: Polish Cardiac Society, Adam Witkowski; Portugal: Portuguese Society of Cardiology, Manuel De Sousa
Almeida; Romania: Romanian Society of Cardiology, Ovidiu Chioncel, San Marino: San Marino Society of Cardiology, Luca
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Table 5 Revised recommendations

Recommendations in 2017 and 2020 versions Class®  LoE® Recommendations in 2023 version Class®  LoE®

Recommendations for imaging for patients wi spected N =ACS

In patients with no recurrence of chest pain, normal ECG In patients with suspected ACS, non-elevated (or

findings, and normal levels of cardiac troponin (preferably uncertain) hs-cTn, no ECG changes and no recurrence of

high sensitivity), but still with suspected ACS, a pain, incorporating CCTA or a non-invasive stress

non-invasive stress test (preferably with imaging) for imaging test as part of the initial workup should be tia
inducible ischaemia or CCTA is recommended before considered.
iding on an invasive appr

Recommendations for timing of invasive strategy in NSTE-ACS
An early invasive strategy within 24 h is recommended in An early invasive strategy within 24 h should be
patients with any of the following high-risk criteria: considered in patients with at least one of the following
« Diagnosis of NSTEMI suggested by the diagnostic high-risk criteria:

algorithm recommended in Section 3 + Confirmed diagnosis of NSTEMI based on current a

* Dynamic or presumably new contiguous ST/T-segment recommended ESC hs-cTn algorithms

changes suggesting ongoing ischaemia + Dynamic ST-segment or T wave changes
* Transient ST-segment elevation
* GRACE risk score >140.

* Transient ST-segment elevation
* GRACE risk score >140.

and anti lant therapy in STEMI

for

A potent P2Y;; inhibitor (prasugrel or ticagrelor), or Pre-treatment with a P2Y, receptor inhibitor may be
clopidogrel if these are not available or are contraindicated, considered in patients undergoing a primary PCl strategy.
is recommended before (or at latest at the time of) PCl, and
maintained over 12 months, unless there are

contraindications such as excessive risk of bleeding.

Recommendations for long-term antithrombotic therapy

After stent implantation in patients undergoing a strategy In patients who are event-free after 3—6 months of DAPT

of DAPT, stopping aspirin after 3—6 months should be la and who are not high ischaemic risk, SAPT (preferably

considered, depending on the balance between the with a P2Y4; receptor inhibitor) should be considered.

ischaemic and bleeding risks.

Recommendations for cardiac arrest and out-of-hospital cardiac arrest

Delayed as opposed to immediate angiography should be Routine immediate angiography after resuscitated cardiac
considered among haemodynamically stable patients arrest is not recommended in haemodynamically stable
without ST-segment elevation successfully resuscitated patients without persistent ST-segment elevation (or

after out-of-hospital cardiac arrest. equivalents).

Targeted temperature management (also called Temperature control (i.e. continuous monitoring of core

therapeutic hypothermia), aiming for a constant temperature and active prevention of fever [i.e. >37.7°C])
temperature between 32 and 36 C for at least 24 h, is is recommended after either out-of-hospital or in-hospital
indicated in patients who remain unconscious after cardiac arrest for adults who remain unresponsive after

resuscitation from cardiac arrest (of presumed cardiac return of spontaneous circulation.

cause).

R for in-hospital g

When echocardiography is suboptimal/inconclusive, an When echocardiography is suboptimal/inconclusive,

alternative imaging method (CMR preferably) should be lla c CMR imaging may be considered. c
considered.

R d: for of multivessel di: dy ically stable STEMI patients undergoing primary PCI

Routine revascularization of non-IRA lesions should be Complete revascularization is recommended either

considered in STEMI patients with multivessel disease lla during the index PCI procedure or within 45 days.
before hospital discharge.

Recommendations for acute coronary syndrome comorbid conditions

Glucose-lowering therapy should be considered in ACS Glucose-lowering therapy should be considered in

patients with blood glucose >10 mmol/L (>180 mg/dL), " patients with ACS with persistent hyperglycaemia, while I =
a a

with the target adapted to comorbidities, while episodes episodes of hypoglycaemia should be avoided.

of hypoglycaemia should be avoided.




In patients with ACS and severe/refractory CS, short-term mechanical circulatory
support may be considered.

—— Extracorporeal life support  ---- Control i
100- ,
Extracorporeal Life Support
- in Infarct-Related Cardiogenic Shock
'zé H. Thiele, U. Zeymer, I. Akin, M. Behnes, T. Rassaf, A.A. Mahabadi, R. Lehmann,
K] I. Eitel, T. Graf, T. Seidler, A. Schuster, C. Skurk, D. Duerschmied,
"5 P. Clemmensen, M. Hennersdorf, S. Fichtlscherer, I. Voigt, M. Seyfarth, S. John,
& 60 S. Ewen, A. Linke, E. Tigges, P. Nordbeck, L. Bruch, C. Jung, J. Franz, P. Lauten,
o) T. Goslar, H.-J. Feistritzer, J. P8ss, E. Kirchhof, T. Ouarrak, S. Schneider, S. Desch,
g,b and A. Freund, for the ECLS-SHOCK Investigators*
S 404
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Relative risk, 0.98 (95% Cl, 0.80-1.19)
P=0.81
0 T T T T T 1
0 5 10 15 20 25 30

Days since Randomization

No. at Risk

Control 208 146 120 109 105 104 100
Extracorporeal life support 209 161 136 119 109 107 105




Recommendations for cardiac arrest and out-of-hospital cardiac arrest

Evaluation of neurological prognosis (no earlier than 72 h after admission) is
recommended in all comatose survivors after cardiac arrest.
Transport of patients with out-of-hospital cardiac arrest to a cardiac arrest centre

according to local protocol should be considered.

lla C

Cardiacarrest Standard
centre group group (n:

(n=414)

In conclusion, this large, multicentre, randomised trial of
expedited transfer to a cardiac arrest centre did not show a
survival benefit compared with standard of care. This study
does not support prehospital transportation of all patients
to a cardiac arrest centre following resuscitated cardiac

‘arrest without ST elevation within this health-care setting.

Cumulative incidence of all-cause mortality (%)

100+

80

60

40

20

—— Standard care group
— Cardiac arrest centre group

Risk ratio at 30 days 1-00, 95% Cl 0-90-1-11; p=0-96

Number at risk

Standard care group 413
Cardiac arrest centre group 414

30 60 90
Time since randomisation (days)

154 153 148
153 148 144




Total ischaemic time and
sources of delay to reperfusion

There is a lack of contemporaneous data to inform the treatment delay
limit at which the advantage of PCl over fibrinolysis is lost. For simplicity, an

absolute time of 120 min from STEM
sion (i.e. wire crossing of the infarct-re
tive PCl-related delay over fibrino
recommended time interval of 10 min

diagnosis to PCl-mediated reperfu-
ated artery [IRA]) rather than a rela-

ysis has been chosen. Given the
from STEMI diagnosis to administra-

tion of a bolus of fibrinolytics (see below), the 120 min absolute time delay

would correspond to a relative PCI-

related delay in the range of 110-

120 min. This is within the range of the times identified as the limit of delay

below which PCl should be chosen in older studies and registries.

r

to PClcentre |  to PClcentre

I Tmmediate transfer ; Immediate transfer
for primary PCl | after fibrinolysis

Patient delay
EMS delay

"*

System delay
@» Total ischaemic time

@ESC
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Plaque rupture or
plaque erosion
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12.3.4. Older adults with frailty and multimorbidity
12.3.4.1. The older person

In the context of STEMI, PPCI has drastically improved outcomes for
all ages. However, data are limited in the ‘very old’ cohort, with lack of
formal assessment of frailty or comorbidity.°® In the context of CS and
cardiac arrest, age is an independent predictor of mortality following
PC1.°°**®’ In the absence of robust RCT data, PPCI should be consid-
ered for all patients with STEMI. When PPCI cannot be performed in a
timely manner, fibrinolysis may be a reasonable strategy in these pa-
tients. For details regarding pharmacotherapy in older patients, please
see the Supplementary data online.
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Perform an ECG to assess Consider the clinical Perform an exam to assess
for evidence of ischaemia context and available if the patient is clinically
or other abnormalities investigations and vitally stable
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