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Atherosclerotic cardiovascular disease
(ASCVD) Incidence and mortality rates are
declining in many countries in Europe, but it is
still a major cause of morbidity and mortality.

Over the past few decades,major ASCVD
risk factors have been identified.

the prevalence of unhealthy lifestyle is still
nigh, and ASCVD risk factors are often
noorly treated,even in patients considered to
e at high (residual) CVD risk
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Target population for assessing
cardiovascular disease risk

CVD risk assessment or screening can be done
opportunistically or systematically.

Systematic CVD risk assessment assessment in the
general population(adult men >40 and women >50 years
of age) with no known CV risk factors appears not cost-
effective in reducing subsequent vascular events and
premature death, at least in_short-term follow-up, but
does increase detection of CV risk factors.

Risk assessment is not a one-time event; it should be
repeated, for example, every 5 years, although there are
no empirical data to guide intervals.



Persomalized treatment
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Reduction of CVD burden




Recommendations for CVD risk assessment

Recommendatons Class™ Level®

Systermatic global CVD risk assessment is recom-
mended in individuals with any major vascular
risk factor (Le family history of premature CVD,
FH, CVD risk factors such as smoking, arterial
hypertension, DM, raised lipid level obesity, or
comorbidities increasing CVD risk).

Systematic or opportunistic CV risk assessment
in the general population in men =40 years of
age and in women =50 years of age or postme-
nopausal with no known ASCVD risk factors
may be considered.”

In those individuals who have undergone CVD
risk assessment in the context of opportunistic
screening, a repetition of screening after 5 years
(or sooner if risk was close to treatment thresh-
olds) may be considered.

Opportunistic screening of BP in adults at risk
for the development of hypertension, such as
those who are overweight or with a known fam-
ily history of hypertension, should be
considered. ™

Systermatic CVD risk assessment in men <40
years of ape and women <50 years of age with
no known CV risk factors is not recommended.”

ASCYD = atherosderotic ardiovascular disease; BP = blood pressure; O = car-
dicvascular, OVD = ardiovascular disesce; DM = diabetes mellitus; FH = familial
hypercholesterclas mia.

*Class of recomnmen daton.

®Level of evidence.



Risk factors

The main causal and modifiable ASCVD risk factors
are blood apolipoprotein-B-containing lipoproteins [of
which low-density lipoprotein (LDL) is most abundant],
high BP, cigarette smoking, and DM.

Another important risk factor is adiposity, which
Increases CVD risk via both major conventional risk
factors and other mechanisms.

In addition to these, there are many other relevant risk
factors, modifiers, and clinical conditions, which are
addressed under riskmodifiers and clinical conditions

(comorbids).



cholesterol

-The causal role of LDL-C, and other apo-B-containing lipoproteins, in
the development of ASCVD is demonstrated beyond any doubt by
genetic, observational, and interventional studies.

-Non-high-density lipoprotein cholesterol (HDL-C) encompasses all
atherogenic (apo-B-containing) lipoproteins, and is calculated as: total
cholesterol HDL-C = non-HDL-C.

The relationship between non-HDL-C and CV risk is at least as strong as
the relationship with LDL-C. Non-HDL-C levels contain, in essence, the
same information as a measurement of apo-B plasma concentration.
Non-HDL-C is used as an input in the Systemic Coronary Risk Estimation
2 (SCORE2) and SCORE2-Older Persons (SCORE2-OP) risk algorithms.

-HDL-C is inversely associated with CVD risk. Very high HDL-C levels may
signal an increased CVD risk. There is, however, no evidence from
Mendelian randomization studies, or randomized trials of cholesteryl
ester transfer protein inhibitors, that raising plasma HDL-C reduces CVD
risk.



Blood pressure

Longitudinal studies, genetic epidemiological studies, and RCTs have shown that raised BP is a
major cause of both ASCVD and nonatherosclerotic CVD [particularly heart failure (HF)],
accounting for 9.4 million deaths and 7% of global disability adjusted life-years.

Elevated BP is a risk factor for the development of coronary artery disease (CAD), HF,
cerebrovascular disease, lower extremity arterial disease (LEAD), chronic kidney disease (CKD),
and atrial fibrillation (AF).

The risk of death from either CAD or stroke increases linearly from BP levels as low as 90 mmHg
systolic and 75 mmHg diastolic upwards.The absolute benefit of reducing systolic BP (SBP)

depends on absolute risk and the absolute reduction in SBP, except that lower limits of SBP are
imposed by tolerability and safety considerations.

Management is determined by the category of hypertension (optimal, normal, high-normal,
stages 1 to 3, and isolated systolic hypertension), defined according to seated office BP,
ambulatory BP monitoring (ABPM), or home BP average values.

Evidence suggests that lifetime BP evolution differs in women compared to men, potentially
resulting in an increased CVD risk at lower BP thresholds.
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Cigarette smoking

Cigarette smoking is responsible for 50% of all avoidable deaths in
smokers, with half of these due to ASCVD.

A lifetime smoker has a 50% probability of dying due to smoking, and on
average will lose 10 years of life.

The CVD risk in smokers <50 years of age is five-fold higher than in non-
smokers.

Prolonged smoking is more hazardous for women than for men.

Worldwide, after high SBP, smoking is the leading risk factor for disability
adjusted life-years.

Second-hand smoke is associated with an increase in CVD risk.

Some smokeless tobacco is also associated with increased risk of CVD
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’GUEE 2.8 cCardiovascular disease mortality attributable to tobacco smoke in 2017, percentage of total deaths, males versus females. (From Institute for Health M
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Diabetes mellitus

Type 1 DM, type 2 DM, and prediabetes are
independent risk factors for ASCVD, increasing risk
of ASCVD by about two-fold, depending on the
population and therapeutic control.

Women with type 2 DM appear to have a
particularly higher risk for stroke.

Patients with type 2 DM are likely to have multiple
ASCVD risk factors(including dyslipidaemia and
hypertension), each of which mediates an increase
in risk of both ASCVD and non-ASCVD
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Adiposity

Mendelian randomization analyses suggest a linear
relation between BMI and mortality in non-smokers
and a J-shaped relation in ever-smokers.

All-cause mortality is lowest at a BMI of 20-25 kg/m:in
apparently healthy people, with a J-shaped or U-
shaped relation.

In HF patients, there is evidence for an obesity
paradox, with lower mortality risk in patients with
higher BMI.

A meta-analysis concluded that both BMI and waist
circumference are similarly, strongly, and
continuously associated with ASCVD and type 2 DM
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Sex and gender and their impact on health

Where evidence exists on the risk modifying effect of sex or where sex-specific clinical
conditions and clinical management strategies exist, this has been included in these
guidelines.

The influence of gender on an individual’s experience and access to healthcare is
paramount.

Epigenetic effects of social constructs appear to condition the translation of biological sex
into disease pathophysiology.

Furthermore, social constructs can also be determinants of health access, healthcare utilization,
disease perception, decision-making, and perhaps therapeutic response, including in the field of
CVD and ASCVD prevention.

Examples of specific topics regarding physiological, pathological, and clinical differences
related to sex and gender that have been studied include left ventricular (LV) ejection fraction
(LVEF), adverse drug reactions, trends in ASCVD risk factors and awareness, sex disparitiesin
the management of and outcomes after acute coronary syndromes (ACS).

Furthermore, CVD health after menopause transition, pregnancy disorders, and
gynaecologic conditions have recently been reviewed



Cardiovascular disease risk classification

Age is the_major driver of CVD risk. Women below 50
years and men below 40 years of age are almost
invariably at low 10-year CVD risk, but may have
unfavourable modifiable risk factors that sharply
Increase their longer-term CVD risk.

Conversely, men over 65 years and women over 75
years of age are almost always at high 10-year CVD
risk.

Only between the ages of 55 and 75 years in women
and 40 and 65 years in men does the 10-year CVD risk

vary around commonly used thresholds for intervention.
The age categories <50, 50-69, and >70 years should be used with

common sense and flexibility.



Patient categories and associated cardiovascular disease risk.

Patient category

Apparently healthy persons

Persons without established
ASCWYD, diabetes mellitus, CKD,
Familial Hy percholesterolemia

Patients with CKD
CED without diabetes or ASCVD

Familial Hy percholesterolemia

Associated with markedly elevated
cholesterol levels

<50 years

50-69 years

2/0 years

Subgroups

Risk CVD risk and therapy benefit estimation

10-year CVD nisk estimation (SCOREZ). Litetime risk
and benefit estimation of risk factor treatment

(e.g. with the LIFE-CVD lifetime model) to facilitate the
communication of CVYD risk and treatment benefits.

10-year CVD risk estimation (SCORE2). Lifetime
C [C benefit estimation of risk factor treatment
Ll Bl (eg. with the LIFE-CVD lifetime model) to facilitate the
communication of treatment benefits,

10-year CVD nisk estimation (SCORE2-OF). Litetime
HC benefit estimation of risk factor treatment
Ll B (eg. with the LIFE-CVD lifetime model) to facilitate the
communication of treatment benefits.

Moderate CKD (eGFR 30-44 mL/min/1.73 m*
and ACR <30 or

elsFR 45-59 mLimin/1.73 m* and A
ALR 30-300 or

eGFR 260 mUmin/1.73 m" and ACR >300)

Severe CKD (eGFR<30 mUimin/1.73 m* or Yery NIA
eGFR 30-44 mU/min/1.73 m* and ACR >30) high-risk

MIA MNIA




Patients with type 1 diabetes mellitus

Patients with type 1 DM above Patients with well controlled short-standing
40 years of age may also be classified DM (eg <10 years), no evidence of TOD
according to these criteria and no additional ASCVD risk factors

Patients with DM without ASCVD and/or
severe 10D, and not fulfilling the moderate

risk criteria.

Patients with D™ with established ASCYD
andlor severe TOD:® =%
» eGFR <45 mL/min/1.73 m* irrespective

of albuminuria

» eGFR 45-59 mL/min/1.73 m* and
microalbuminuria (ACR 30 -300 mg'g)

* Proteinuria (ACR =300 mg/g)

* Presence of microvascular disease
in at least 3 different sites (e.g.
microalbuminuria plus retinopathy
plus neuropathy)

Patients with established ASCVD

Documented ASCYD, clinical or
uneguivocal onimaging. Documented
clinical ASCVD includes previous
AMI, ALS, coronary revascularization
and other arterial revascularization
procedures, stroke and T 1A, aortic
aneurysm and PAD. Uneguivocally
documented ASCVD on imaging
includes plague on coronary
angiography or carotid ultrasound
oron CTA. ltdoes NOT include
50Me INCrease in continuous Imaging
parameters such as intima—media
thickness of the carotid artery.

MNUA

High-risk

MNIA

Residual 10-year CVD risk estimation after general
prevention goals (e.g. with the ADVAMNCE risk score or
DIAL model). Consider lifetime CVD risk and benefit
estimation of risk factor treatment (e.g. DIAL model).

Residual 10-year CVD risk estimation after general
prevention goals (e.g. with the SMART risk score for
established CVD or with the ADVANCE risk score or
with the DIAL model). Consider lifetime CVD risk and
benefit estimation of risk factor treatment (e.g. DIAL
model).

Residual CVD risk estimation after general prevention
goals (e.g. 10-year risk with the SMART risk score for
patients with established CVD or 1- or 2-year risk
with ELIROASPIRE risk score for patients with CHD).
Consider lifetime CVD risk and benefit estimation of
risk factor treatment (e.g. SMART-REACH model; or
DIAL model if diabetes).






four clusters of countries (low, moderate, high, and very high CVD risk)
that are grouped based on national CVD mortality rates published by the
WHO.

Low-risk countries:

Belgium, Denmark, France, Israel, Luxembourg, Norway, Spain, Switzerland, the Netherlands,
and the United Kingdom (UK).

Moderate-risk countries:

Austria, Cyprus, Finland, Germany, Greece, Iceland, Ireland, Italy, Malta, Portugal, San Marino,
Slovenia, and Sweden.

High-risk countries:

Albania, Bosnia and Herzegovina, Croatia, Czech Republic, Estonia, Hungary, Kazakhstan,
Poland, Slovakia, and Turkey.

Very high-risk countries:

Algeria, Armenia, Azerbaijan, Belarus, Bulgaria, Egypt, Georgia, Kyrgyzstan, Latvia, Lebanon,
Libya, Lithuania, Montenegro, Morocco, Republic of Moldova, Romania, Russian Federation,
Serbia, Syria, The Former Yugoslav Republic (Macedonia), Tunisia, Ukraine, and Uzbekistan.

To estimate a person’s 10-year risk of total CVD events, one must first
identify the correct cluster of countries and the accompanying risk table for
their sex, smoking status, and (nearest) age.Within that table, one then
finds the cell nearest to the person’s BP and non- HDL-C. Risk estimates
then need to be adjusted upwards as the person approaches the next age
category.
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Figure 4 Risk regions based on World Health Organization cardiovascular mortalicy rates.
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Table 5 Cardiovascular disease rislk categories based on
SCORE2Z and SCORE2-OP in apparently healthy people
according to age

<50 years 5069 =T0 years®
years
Low-to-moderate CVD <2.5% =<5% =<7.5%
risk: risk factor treatment gen-

erally not recommended

High CVD risk: risk factor 25 to <75% 5 to<10% 75 w <15%
treatment should be

considered

Very high CVD risk: risk fac- >7.5% =>10%% =>15%
tor treatment generally

recommended®

CWVD = cardiovascular disease.

*In apparently healthy people =70 years old, the treatment recommendation for
lipid-lowering drugs is Class b (‘'may be considered’).

The division of the population into three distinct age groups (=30, 50—69, and
=70 yvears) results in a discontinuous increase in risk thresholds for low-to-mod-
erate, high, and very high rislke. In reality, age is cbviously continuous, and a sensi-
ble application of the thresholds in clinical practice would require some flexibility
in handling these risk thresholds as patients mowve towards the next age group, or
recently passed the age cut-off. Figure 5 illustrates how a continuous increase in
age relates to increasing risk thresholds, and may be used as a guide for daily

pracuce.
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Potential risk modifiers

1-Psychosocial factors

Psychosocial stress is associated, in a dose-response pattern, with the
development and progression of ASCVD, independently of conventional
risk factors and sex.

Psychosocial stress has direct biological effects, but is also highly correlated
with socioeconomic and behavioural risk factors (e.g. smoking, poor
adherence).

Owing to the importance of stress symptoms among ASCVD patients,
several guidelines and scientific statements recommend screening of
ASCVD patients for psychological stress.

A recent prospective cohort study with a median follow-up of 8.4 years
reported favourable effects of screening for depression on major ASCVD
events



Box 2. Core topics for psychosocial assessment

Simultaneous diagnostic assessment At least one in five patients carries a diagnosis of a mental disorder, usually presenting with bodily

symptoms (e.g. chest tightness, shortness of breath). Therefore, physicians should be equally atten-

tive to somatic as to emotional causes of symptoms.

Screening instruments assessing depression, anxiety, and insomnia are recommended (e.g. Patient

Health Questionnaire,® see Supplementary Table _’7?}.11”IE

Stressors There are simple questions to get into a conversation about significant stressors' ' : Are you both-
ered by stress at work, financial problems, difficulties in the family, loneliness, or any stressful events?

Need for mental health support Are you interested in a referral to a psychotherapist or mental health service?

Screening




2-Ethnicity

Immigrants from South Asia (notably India and
Pakistan) present higher CVD rates independent of
other risk factors, whereas adjusted CVD risks

appear lower in most other ethnic groups.

« Southern Asian: multiply the risk by 1.3 for Indians
and Bangladeshis, and 1.7 for Pakistanis.

 Other Asian: multiply the risk by 1.1.

 Black Caribbean: multiply the risk by 0.85.

* Black African and Chinese: multiply the risk by 0.7.



-Imaging

3.1 Coronary artery calcium

Coronary artery calcium (CAC) scoring can reclassify CVD risk
upwards and downwards in addition to conventional risk factors,
and may thus be considered in men and women with calculated
risks around decision thresholds.

If CAC is detected, its extent should be compared with what would
be expected for a patient of the same sex and age.

Higher-than-expected CAC increases the person’s calculated
risk, whereas absent or lower-than-expected CAC is associated
with lower than calculated risk.

CAC scoring does not provide direct information on total plaque
burden or stenosis severity, and can be low or even zero in middle-
aged patients with_soft non-calcified plaque.




3.2 Contrast computed tomography coronary
angiography

CCTA allows Iidentification of coronary stenoses and
predicts cardiac events.

In the SCOT-HEART (Scottish Computed Tomography
of the Heart) study, 5-year rates of coronary death or
myocardial infarction were reduced when CCTA was
used in patients with stable chest pain.

The relative reduction In myocardial infarction was
similar in patients with non-cardiac chest pain.

Whether CCTA improves risk classification or adds
prognostic value over CAC scoring is unknown.



3.3 Carotid ultrasound

Systematic use of intima-media thickness (IMT) to improve risk
assessment is not recommended due to the lack of methodological
standardization, and the absence of added value of IMT in predicting
future CVD events, even in the intermediate-risk group.

Plaque is defined as the presence of a focal wall thickening that is
>50% greater than the surrounding vessel wall, or as a focal region
with an IMT measurement >1.5 mm that protrudes into the lumen.

Although the evidence is less extensive than it is for CAC,

carotid artery plaque assessment using ultrasonography probably
also reclassifies CVD risk,and may be considered as a risk
modifier in patients at intermediate risk when a CAC score is not
feasible.



3.4 Arterial stiffness

Arterial stiffness Is commonly measured
using either aortic pulse wave velocity
or arterial augmentation index.

Studies suggest that arterial stiffness
predicts future CVD risk and improves risk
classification.

However, measurement difficulties and
substantial publication biasargue against
widespread use.




3.5 Ankle brachial index

Estimates are that 12-27% of middle-aged
individuals have an ankle brachial index
(ABIl) <0.9, around 50-89% of whom do
not have typical claudication.

An individual patient data metaanalysis

concluded that the reclassification
potential of ABI was limited, perhaps
with the exception of women at
Intermediate risk.



4.Frailty

Frailty is a multidimensional state, independent of age and
multimorbidity, that makes the individual more vulnerable to the
effect of stressors.

It constitutes a functional risk factor for unfavourable outcomes,
iIncluding both high CV and non-CV morbidity and mortality.

Frailty is not the same as ageing and the two should not be
confused.

The incidence of frailty increases with age, but people of the

same chronological age can differ significantly in terms of health
status and vitality.

‘Biological age’ is much more important in the context of clinical
status (including frailty features) and hard clinical outcomes

(including CVD events).

Similarly, although the presence of comorbidities can exacerbate
frailty within an individual, frailty is not the same as multimorbidity



Frailty is a potential modifier of global CVD risk.

The impact of frailty on CVD risk has been demonstrated across the spectrum of
ASCVD, including people with ASCVD risk factors, patients with subclinical ASCVD,
stable ASCVD, acute cerebral and coronary syndromes, and HF, with frailty itself
rather than classical CVD risk factors predicting both all-cause and CVD mortality in
the very old.

Importantly, the ability of frailty measures to improve CVD risk prediction has not been
formally assessed.

Hence, we do not recommendm that frailty measures are integrated into formal CVD
risk assessment.

Importantly, frailty may influence treatment. Non-pharmacological interventions (e.g.
balanced nutrition, micronutrient supplementation, exercise training, social activation)
aiming to prevent, attenuate, or reverse frailty are of utmost importance.

In terms of pharmacotherapy and device implantations, frailty assessment is not a

method to determine the eligibility for any particular treatment, but rather serves to
build an individualized care plan with predefined priorities.

Frail individuals often have comorbidities, polypharmacy, and may be more susceptible
to drug side-effects and serious complications during invasive and surgical
procedures.



5. Family history

Family history of premature CVD is a simple indicator
of CVD risk, reflecting the genetic and environment
Interplay.

In the few studies that simultaneously assessed the
effects of family history and genetics, family history
remained significantly associated with CVD after
adjusting for genetic scores.

However, family history only marginally improves the
prediction of CVD risk beyond conventional ASCVD
risk factors.

A family history of premature CVD iIs simple,
Inexpensive information that can trigger comprehensive
risk assessment in individuals with a family history of
premature CVD.



6. Genetics

The aetiology of ASCVD has a genetic component, but this
iInformation is not currently used in preventive approaches.

Advances on polygenic risk scores for risk stratification could
Increase the use of genetics in prevention.For ASCVD, there
IS, however, a lack of consensus regarding which genes and
corresponding single nucleotide polymorphisms should be
Included, and whether to use risk factor-specific or outcome-
specific polygenic risk scores.

Polygenic risk scoring has shown some potential to improve
ASCVD risk prediction for primary prevention, but the
incremental prediction accuracy is relatively modest and
needs further evaluation in both men and women.

Additional evidence Is also needed to evaluate the clinical
utility of polygenic risk scores in other clinical settings, such as
In patients with pre-existing ASCVD




7. Socioeconomic determinants

Low socioeconomic status and work stress are
iIndependently associated with ASCVD development
and prognosis in both sexes.

The strongest association has been found between
low income and CVD mortality, with a RR of 1.76
[95% confidence interval (Cl) 1.452.14].

Work stress is determined by job strain (i.e. the
combination of high demands and low control at
work) and effort-reward imbalance.

There iIs preliminary evidence that the detrimental
iImpact of work stress on ASCVD health is
iIndependent of conventional risk factors and their
treatment.




8. Environmental exposure

Environmental exposures with CVD risk modifying potential include air and soil and water
pollution as well as above-threshold noise levels.

Evaluating individual cumulative exposure to pollutants and noise remains challenging, but
when available, might impact on individual risk assessment.

Components of outdoor air pollution include airborne particulate matter [PM; ranging in size from
coarse particles 2.510 mm in diameter, to fine (<2.5 mm; PM2.5), and ultrafine (<0.1 mm)] and
gaseous pollutants (e.g. ozone, nitrogen dioxide, volatile organic compounds, carbon monoxide,
sulphur dioxide), produced primarily by combustion

of fossil fuels.

Soil and water pollutions are also CVD risk modifiers; increased exposure to lead, arsenic, and
cadmium is associated with multiple CVD outcomes including hypertension, coronary heart
disease (CHD), stroke, and CVD mortality.

Ambient PM pollution recently ranked as a leading modifiable mortality risk factor and also
responsible for attributable disability adjusted life-years at the global level.

A recent model estimated that loss of life expectancy due to ambient air pollution is similar to, if
not exceeding, that due to_tobacco smoking, and accounts for a global excess mortality
estimated at 8.8 million/year.




The short-term attributable effects on mortality are linked primarily
to exposure to PM, nitrogen dioxide, and ozone, with an average
1.0% increase of all-cause mortality for an increment of 10 Ig/m.in
exposure to PM; the long-term effects are associated mainly with
PM.

The evidence linking exposure to PM and CVD events is based
on large-scale epidemiological studies and experimental studies.

Associations with ASCVD mortality vary, but the majority of cohort
studies link long-term air pollution with an increased risk of fatal or
non-fatal CAD, and with subclinical atherosclerosis.

Evidence suggests that reduction of PM Is associated with
iImprovements in inflammation, thrombosis, and oxidative stress, and a
decrease in death from ischaemic heart disease.

As sulfficiently precise individual exposure estimates are hard to obtain,
formal risk reclassification is difficult to quantify at present.



Recommendations for cardiovascular disease risk

related to air pollution

Recommendations

Patients at (very) high risk for CVD may be
encouraged to try to avoid long-term exposure
to regions with high air pollution.

In regions where people have long-term exposure
to high levels of air pollution, (opportunistic) CVD

risk screening prograrmmes may be considered.

CVD = cardiovascular disease.
*Class of recommendation.
® evel of evidence.

Class®

Level®

@ ESC 2021



9. Biomarkers in blood or urine

Many biomarkers have been suggested to improve risk stratification.

Some may be causal [e.q. lipoprotein(a), reflecting a pathogenic lipid
fraction], whereas others may reflect underlying mechanisms (e.g.
Creactive protein reflecting inflammation) or indicate early cardiac
damage (e.g. natriuretic peptides or high-sensitivity cardiac
troponin).

In the 2016 Guidelines,we recommended against the routine use of
biomarkers because most do not improve risk prediction, and
publication bias seriously distorts the evidence.

New studies confirm that C-reactive protein has limited additional
value.

There is renewed interest in lipoprotein(a), but it too provides limited
additional value in terms of reclassification potential.

Cardiac biomarkers are promising,but further work is needed.



10. Body composition

In observational studies, all-cause mortality is minimal at
a BMI of 20-25 kg/m., with a J- or U-shaped relation in
current smokers.

Mendelian randomization analyses suggest a linear
relation between BMI and mortality in never-smokers and
a J-shaped relation in ever-smokers.

A meta-analysis concluded that both BMI and waist
circumference are similarly strongly and continuously
associated with ASCVD Iin the elderly and the young and
INn men and women.

Among those with established ASCVD, the evidence is
contradictory.

Systematic reviews of patients with ACS or HF have
suggested an ‘obesity paradox’ whereby obesity appears
protective.



Which index of obesity is the best predictor of cardiovascular risk?

BMI can be measured easily and is used extensively to define categories of body weight.

Several measures of global and abdominal fat are available, of which waist circumference
IS the simplest to measure.

The WHO thresholds for waist circumference are widely accepted in Europe.

Two action levels are recommended:
 Waist circumference >94 cm in men and >80 cm in women: no further weight gain
 Waist circumference >102 cm in men and >88 cm in women: weight reduction advised.

The phenotype of ‘metabolically healthy obesity’, defined by the presence of obesity in the
absence of metabolic risk factors, has gained interest. Long-term results support the
notion that metabolically healthy obesity is a transient phase moving towards
glucometabolic abnormalities rather than a specific ‘state
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The clinical presentation of acute coronary syndromes
(ACS) is broad.

from silent ischemia to cardiac arrest,electrical or
haemodynamic instability with cardiogenic shock (CS)
due to ongoing ischaemia or mechanical complications
such as severe mitral regurgitation.



The leading symptom initiating the diagnostic and
therapeutic cascade in patients with suspected ACS is
acute chest discomfort described as pain,
tightness, and burning

)

Chest pain-equivalent symptoms may include:
dyspnoea, syncope, LOC, epigastric pain, and pain in
the left arm.



Based on the electrocardiogram (ECG), two groups of
patients should be differentiated:

1- Patients with acute chest pain and persistent (>20
min) ST-segment elevation(STE-ACS).

2- Patients with acute chest discomfort but no persistent

ST-segment elevation [non-ST-segment elevation ACS
(NSTE-ACS)]
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1- Patients with acute chest pain and persistent (>20 min) ST-
segment elevation.
-This condition is termed ST-segment elevation ACS
-generally reflects an acute total or subtotal coronary
occlusion.
-Most patients will ultimately develop ST-segment
elevation myocardial infarction (STEMI).
-treatment in these patients is immediate reperfusion
by:
a-primary percutaneous coronary intervention (P.PCI)
b-or, if not available in a timely manner, by fibrinolytic
therapy.



2- Patients with acute chest discomfort but no persistent

ST-segment elevation [non-ST-segment elevation ACS
(NSTEACS)]

exhibit ECG changes that may include:

transient ST-segment elevation, persistent or transient
ST-segment depression, T-wave inversion, flat T waves,
or pseudonormalization of T waves; or the ECG may be
normal.



The pathological correlate at the myocardial level is
cardiomyocyte necrosis [non-ST-segment elevation
myocardial infarction (NSTEMI)] or, less frequently,
myocardial ischaemia without cell damage (unstable

angina).

Although the main treatment in this group is

angioplasty, the timing is different from STEMI.



A small proportion of patients may present with ongoing
myocardial ischaemia, characterized by one or more of
the following:

-recurrent or ongoing chest pain

-marked ST-segment depression on 12-lead ECG

-heart failure

-haemodynamic or electrical instability.

Due to immediate coronary angiography and, if
appropriate, revascularization are indicated:

-the amount of myocardium in jeopardy and the risk of developing CS
and/or

-malignant ventricular arrhythmias
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Universal definition of myocardial infarction

Acute myocardial infarction (AMI) defines cardiomyocyte necrosis
in a clinical setting consistent with

the detection of an increase and /or decrease of a cardiac
biomarker, preferably high-sensitivity cardiac troponin (hs-cTn) T
or I, with at least one value above the ggth percentile of the upper
reference limit and at least one of the following:

(1) Symptoms of myocardial ischaemia.

(2) New ischaemic ECG changes.

(3) Development of pathologicalQ waves on ECG.

(4) Imaging evidence of loss of viable myocardium or new regional wall

motion abnormality in a pattern consistent with an ischaemic
aetiology.

(5) Intracoronary thrombus detected on angiography or autopsy.
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Type 1 myocardial infarction

Type 1 myocardial infarction (MI) is characterized by
atherosclerotic plaque rupture, ulceration, fissure, or
erosion with resulting intraluminal thrombus in one or
more coronary arteries leading to decreased myocardial
blood flow and/or distal embolization and subsequent
myocardial necrosis.

The patient may have underlying severe coronary artery
disease (CAD) but, on occasion (10% of cases), there
may be non-obstructive coronary atherosclerosis or no
angiographic evidence of CAD, particularly in women.
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Type 2 myocardial infarction

Type 2 MI is myocardial necrosis in which a condition
other than coronary plaque instability causes an
imbalance between myocardial oxygen supply and
demand.

Mechanisms include hypotension, ,
tachyarrhythmias, : anaemia,
hypoxaemia, but also by definition, coronary artery
spasm, spontaneous coronary artery dissection (SCAD),
coronary embolism, and coronary microvascular
dysfunction.
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Types 3-5 myocardial infarction

type 3 MI (MI resulting in death when biomarkers are
not available) and

types 4 and 5 MI [related to PCI and coronary artery
bypass grafting (CABG), respectively]



MI, even presenting as STEMI, also occurs in the absence
of obstructive coronary artery disease (CAD) on

angiography.

This type of MI is termed ‘myocardial infarction with

non-obstructive coronary arteries’ (MINOCA).



Despite the fact that the majority of STEMI patients are
classified as a type 1iMI (with evidence of a coronary

thrombus), some STEMIs fall into other MI types
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Epidemiology of ST-segment elevation myocardial
infarction and other ACSs

Worldwide, ischaemic heart disease is the single most
common cause of death and its frequency is

In the last decade, cardiovascular disease has become the
most important cause of death in the world and is known as a
global epidemic.

Cardiovascular disease is reported to cause 30% of deaths and
11% of DALYs.
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in Europe, there has been an overall trend for a
reduction in ischaemic heart disease mortality over the
past

Ischaemic heart disease now accounts for almost 1.8
million annual deaths, or 20% of all deaths in Europe,
although with large variations between countries.

The relative incidences of STEMI and NSTEMI are
and increasing, respectively.
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The proportion of patients with NSTEMI in MI surveys
increased from one third in 1995 to more than half in
2015, mainly accounted for by a refinement in the
operational diagnosis of NSTEMI.

As opposed to STEMI, no significant changes are
observed in the baseline characteristics of the NSTEMI
population with respect to age and , while

hypertension, and obesity increased
substantially.
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The mortality in STEMI patients is influenced by many
factors, among them advanced age, Killip class, time
delay to treatment, presence of emergency medical
system (EMS)-based STEMI networks, treatment

strategy, history of MI, diabetes mellitus, renal failure,

number of diseased coronary arteries, and left

ventricular ejection fraction (LVEF).
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Several recent studies have highlighted a fall in acute
and long-term mortality following STEMI in parallel

with greater use of reperfusion therapy, primary

percutaneous coronary intervention (PCI), modern

antithrombotic therapy, and secondary prevention.




These guidelines aim to highlight the fact that women
and men receive from a reperfusion
strategy and STEMI related therapy, and that both

genders must be managed in a



Emergency care
in patients with acute ST- Elevation MI



The importance:
TIME is MUSCLE

The Best Strategy is
PPL |



Initial diagnosis

Management—including diagnosis and treatment—of
STEMI starts from the point of first medical contact
( ) by Faciliated early STEMI diagnisis and triage.

In this system with suspicion of myocardial ischaemia
and ST segment elevation, reperfusion therapy needs to

be initiated as soon as possible.



This is usually based on symptoms consistent with
myocardial ischaemia (i.e. persistent chest pain) and signs
li.e. 12-lead electrocardiogram (ECG)].

Important clues are a history of CAD and radiation of pain to
the neck, lower jaw, or left arm.

Some patients present with less-typical symptoms such as
shortness of breath, , fatigue, palpitations,

or

A reduction in chest pain after nitroglycerin (glyceryl
trinitrate) administration can be misleading and is not
recommended as a diagnostic manoeuvre.



In cases of symptom relief after nitroglycerin administration,
another 12-lead ECG must be obtained.

A complete normalization of the ST-segment elevation

after nitroglycerin administration, along with complete relief
of symptoms, is suggestive of coronary spasm, with or
without associated MI.

In these cases, an early coronary angiography (within 24 h) is
recommended.

In cases of recurrent episodes of ST-segment elevation or
chest pain, immediate angiography is required
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If the ECG is equivocal or does not show evidence to

support the clinical suspicion of MI, ECGs should be
repeated and, when possible with previous
recordings.

If interpretation of pre-hospital ECG is not possible on-
site, field transmission of the ECG is recommended.

at least two contiguous leads with ST-segment elevation
2.5mm in men < 40 years, , Or
1.5mm in women in leads V2-V3 and/or 1mm in the

other leads [in the absence of left ventricular (LV) hypertrophy or left
bundle branch block LBBB)].
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In patients with inferior MI, it is recommended to record

right precordial leads (V3R and V4R) seeking ST-segment
elevation, to identify concomitant right ventricular

(RV) infarction.

Likewise, ST-segment depression in leads Vi-V3 suggests
myocardial ischaemia, especially when the terminal T-wave

is positive (ST-segment elevation equivalent), and
confirmation by concomitant ST-segment elevation o.5mm
recorded in leads V7-Vg should be considered as a means to
identify posterior MI.

The presence of a Q-wave on the ECG should not necessarily
change the reperfusion strategy decision



Recommendations

Class®

b
Level

ECG monitoring

12-lead ECG recording and interpretation is
indicated as soon as possible at the point of
FMC, with a maximum target delay of

. 3638
10 min.

ECG monitoring with defibrillator capacity

is indicated as soon as possible in all patients
with suspected STEMI.*44=

The use of additional posterior chest wall
leads (V+—Vs) in patients with high suspicion
of posterior Ml (circumflex occlusion)

should be considered ®***

The use of additional right precordial leads
(V3R and V4R) in patients with inferior Ml
should be considered to identify concomi-

tant RV infarction.®*

Blood sampling

Routine blood sampling for serum markers
is indicated as soon as possible in the acute
phase but should not delay reperfusion

treatment.”




In patients with LBBB, The presence of

(i.,e. in leads with positive QRS
deflections) appears to be one of the best indicators of
ongoing MI with an occluded infarct artery.

Patients with a clinical suspicion of ongoing myocardial
ischaemia and LBBB should be managed in a way similar
to STEMI patients, regardless of whether the LBBB is
previously known.

[t is important to remark that the presence of a
(presumed) new LBBB does not predict an MI per se.



/ : —

Patients with MI and right bundle branch block (RBBB)
have a poor prognosis.

[t may be difficult to detect transmural ischaemia in
patients with chest pain and RBBB.

Therefore, a primary PCI strategy(emergent coronary
angiography and PCI if indicated) should be considered
when persistent ischaemic symptoms occur in the
presence of RBBB.



magnostic ECG:

Some patients with an acute coronary occlusion and
ongoing MI may have an initial ECG without ST-
segment elevation:

-very early after symptom onset (in which case, one should look for

hyper-acute T-waves, which may precede ST-segment elevation).
-those with an occluded circumflex coronary artery
-acute occlusion of a vein graft, or

-left main disease

[t is important to repeat the



Extending the standard 12-lead ECG with V7-Vg leads
may identify some of these patients.

In any case, suspicion of ongoing myocardial ischaemia
is an indication for a primary PCI strategy even in
patients without diagnostic ST-segment elevation.

Table 3 lists the atypical ECG presentations

that should prompt a primary PCI strategy in patients
with ongoing symptoms consistent with myocardial
ischaemia.



/

Table 3 Atypical electrocardiographic presentations
that should prompt a primary percutaneous coronary
intervention strategy in patients with ongoing symp-

toms consistent with myocardial ischaemia

Bundle branch block
Criteria that can be used to improve the diagnostic accuracy of STEMI
in LEBB*":
* Concordant 5T-segment elevation =| mm in leads with a positive
QRS complex
* Concordant 5T-segment depression =l mm in V|-V;
* Discordant 5T-segment elevation =5 mm in leads with a negative
QRS complex
The presence of REBB may confound the diagnesis of STEMI

Ventricular paced rhythm

During RV pacing, the ECG also shows LBBB and the above rules also
apply for the diagnosis of myocardial infarction during pacing; however,
they are less specific

Isolated posterior myocardial infarction
Isolated 5T depression =0.5 mm in leads Vi-V: and S5T-segment
elevation (0.5 mm) in posterior chest wall leads Vi—Vs

Ischaemia due to left main coronary artery occlusion or
multivessel disease

ST depression =l mm in eight or more surface leads, coupled with
5T-segment elevation in aVR and/or Vi, suggests left main-, or left main
equivalent- coronary cbstruction, or severe three vessel ischaemia

/



Isolated posterior MI:

In AMI of the inferior and basal portion of the heart, often
corresponding to the left circumflex territory, isolated

ST-segment depression 0.5 mm in leads Vi-V3 represents
the dominant finding. These should be managed as a STEMI.

The use of additional posterior chest wall leads [elevation
V7-Vg o.5mm (1mm in men, 40 years old)] is recommended
to detect STsegment elevation consistent with inferior and
basal MI.



Left main coronary obstruction:

The presence of ST depression 1mm in eight or more
surface leads (inferolateral ST depression), coupled with
ST-segment elevation in aVR and/or Vi, suggests
multivessel ischemia or left main coronary artery
obstruction, particularly if the patient presents with

haemodynamic compromise.



Table 10 Diagnostic criteria for myocardial infarction
with non-obstructive coronary arteries (adapted from
Agewall et al'?)

The diagnosis of MINOCA is made immediately upon
coronary angiography in a patient presenting with
features consistent with an AMI, as detailed by the
following criteria:

(1) Universal AMI criteria®

(2) Non-obstructive coronary arteries on angiography, defined as no
coronary artery stenosis =50% in any potential IRA

SC 2017
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(3) No clinically overt specific cause for the acute presentation

AMI = acute myocardial infarction; IRA = infarct-related artery; MINOCA = myo-

cardial infarction with non-obstructive coronary arteries.
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Blood sampling for serum markers is routinely carried
out in the acute phase. This is indicated, but should not
delay the reperfusion strategy/treatment.

If in doubt regarding the possibility of acute evolving
MI, emergency imaging aids the provision of timely
reperfusion therapy to these patients.

Recommendations for the use of echocardiography for
initial diagnosis are described in later slides



Summary of indications for imaging and stress testi
in ST-elevation myocardial infarction patients

Recommendations Class™ Level®

At presentation

Emergency echocrdiography is indicated in
patients with cardiogenic shodk and/or haemody-
namic instability or suspected mechanical compli-

cations without delaying angiography.”™

Emergency echocrdiography before coronary

angicgraphy should be considered if the diagnosis

is uncertain. >

Routine echocardiography that delays emergency

angiography is not recommended.””*

Coronary CT angiography is not recommended

During hospital stay (after primary PCI)

Routine echocardiography to assess resting LV
and RV function, detect early post-M| mechanical
complications, and exdude LV thrombus is rec-

ommended in all patients.*”**"7

Emergency echocrdicgraphy is indicated in has-

modynamically unstable patienr_i.ﬁf'




During hospital stay (after primary PCI)

Routine echocardicgraphy to assess resting LV

and RV function, detect early post-M| mechanical
complications, and exdude LV thrombus is rec-
296,297

ommended in all patients.

Emergency echocardiography is indicated in hae-

modynamically unstable patie mts.*">

When echocardicgraphy is suboptimalfinconclu-
sive, an alternative imaging method (CMR prefera-
bly) should be considered.

Either stress echo, CMR, 5PECT, or PET may be

used to assess myocardial ischaemia and viability,

including in multivessel CAD, %%

After discharge

In patients with pre-discharge LVEF <405, repeat
echocardiography 6—12 weeks after M|, and after
complete revascularization and optimal medical
therapy, is recommended to assess the potential
need for primary prevention [CD

impLant.atic:nu“

When echo is suboptimal or inconclusive, alterna-
tive imaging methods (CMR preferably) should be

considered to assess LYV function.
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If echocardiography is not available or if doubts persist
after echo, a primary PCI strategy is indicated

(including immediate transfer to a PCI centre if the
patient is being treated in a non-PCI centre).

In the STEMI emergency setting, there is no role for
routine computed tomography (CT).



Use of CT should be confined to selected cases where
acute aortic dissection or pulmonary embolism is
suspected, but CT is not recommended if STEMI
diagnosis is likely.

Some non-AMI conditions can present with symptoms
and ECG findings similar to STEMI.

An emergency coronary angiography is therefore
indicated in these cases.



Pre-hospital logistics of care:
-Delays

Treatment delays are the most easily audited index of quality
of care in STEMI

they should be recorded in every system providing care to

STEMI patients and be reviewed regularly.

Components of the ischaemic time:
1- delays of initial diagnosis(patient& EMS&hospital delay)
2-delay of selection of reperfusion strategy



| Total ischaemic time |

I Patient delay I | EMS delay | System delay I
FMC: EMS
O mm
e N— =
<0 Primary <gg° X
— = <120 min—  PCI NR;E;T;:" l
strategy nE,

STEMI _Jlf\
lagnosis Time

to PCI?
A 0 Fibrinolysis <10"  Reperfusion

= > 120 min strategy . (Lytic bolus)*

FMC: Non-PCl centre

<I0’ F’rgg.:r}f <60’ Reperfusion
STEM strategy (Wire crossing)
FMC: PCI centre diagnosis
I Patient delay Il System delay I

| Total ischaemic time |
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To minimize delays:

recod of tims carefully and regularly check them

1- Patient delay: increase public awareness of how to recognize common
symptoms of AMI and to call the emergency services(the most difficaut).

2- diagnosis delay: In hospitals and EMS participating in the care of STEMI

patients, the goal is to reduce the delay between FMC and STEMI diagnosis to <_
10 min.

3-treatment delay: STEMI diagnosis refers to the time when the ECG is

interpreted as ST-segment elevation or equivalent and it is the time zero to guide
appropriate therapy.
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4-immediate activation of the catheterization laborator
When STEMI diagnosis is made in the pre-hospital setting
(EMS)

s-bypass the emergency department and bring the
patient straight to the catheterization laboratory(20
min).

6-For patients presenting in a non-PCI centre, door-in
to door-out time(duration between arrival of the patient at the hospital to
discharge of the patient in an ambulance en route to the PCI centre)<_30min



/
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Emergency medical system

An EMS with an easily recalled and well publicized
unique medical dispatching number (112 for most
medical emergencies across Europe and 115 in Iran) is
important to speed up activation.

Parallel circuits for referral and transport of patients
with a STEMI that bypass the EMS should be avoided.

The ambulance system has a critical role in the early
management of STEMI patients and it is not only a
mode of transport but also a system to enhance early
initial diagnosis, triage, and treatment.



It is indicated

e

that all ambulances in the EMS are

equipped with ECG recorders, defibrillators, and at least

one person trained in advanced life support.

The quality of the care provided depends on the training

of the staff invo|

ved.

It is indicated that all ambulance personnel are trained

to recognize the symptoms of an AMI,

support.

, relieve pain, and provide basic life
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Ambulance staff should be able to:
- record an ECG for diagnostic purposes
- either interpret it
- transmit it
- so that it can be reviewed by experienced staff in a

coronary care unit (CCU)/ ICCU or elsewhere and
establish a STEMI diagnosis.

Paramedics trained to administer fibrinolytics do so
safely and effectively.
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As pre-hospital fibrinolysis is indicated in patients
presenting early when anticipated STEMI diagnosis to
PCI-mediated reperfusion time is > 120min, ongoing

training of paramedics to undertake.

these functions is recommended, even in the current

setting of primary PCI.
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Organization of ST-segment elevation myocardial
infarction treatment in networks

Optimal treatment of STEMI should be based on the
implementation of networks between hospitals (‘hub’
and ‘spoke’) with various levels of technology, linked by

a prioritized and efficient ambulance service.



The goal of these networks is to provide optimal care
while minimizing delays, thereby improving clinical
outcomes.

Cardiologists should actively collaborate with all
stakeholders, particularly emergency physicians, in
establishing such networks.



The main features of such a network are:

- Clear definition of geographic areas of responsibility

- Shared written protocols, based on risk stratification
and transportation by a trained physician, nurse, or
paramedic staff in appropriately equipped ambulances

or helicopters.
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Pre-hospital triage of STEMI patients to the appropriate
institution, bypassing non-PCI hospitals or hospitals
without a 24 h a day, 7 days a week (24/7) primary PCI
programme.

On arrival at the appropriate hospital, the patient
should immediately be taken to the catheterization
laboratory, bypassing the emergency department.



Patients presenting to a non-PCI-capable hospital and
awaiting transportation for primary or rescue PCI must
be attended in an appropriately monitored and staffed
area.

If the diagnosis of STEMI has not been made by the
ambulance crew and the ambulance arrives at a non-
PCI-capable hospital, the ambulance should await the
diagnosis and, if a STEMI diagnosis is made, should
continue to a PCI-capable hospital.



To maximize staff experience, primary PCI centres should perform
the procedure systematically on a 24/7 basis for all STEMI patients.

Othermodels, although not ideal,may include weekly or daily
rotation of primary PCI centres or multiple primary PCI centres in
the same region.

Hospitals that cannot offer a 24/7 service for primary PCI should be
allowed to perform primary PCI in patients already admitted for
another reason who develop STEMI during their hospital stay.



However, these hospitals should be discouraged from
initiating a service limited to daytime- or within-hours
primary PCI, as this may generate confusion with the
EMS operators and may affect the STEMI diagnosis-to-

reperfusion time and the quality of intervention of

focused 24/7 true primary PCI centres.
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Therefore,

it is indicated that the EMS transports STEMI patients to

hospitals with an established interventional cardiology

programme available 24/7, if necessary bypassing a non-

PCI-capable hospital (if t!

he transfer time is within the

recommended time-winc

3).

lows for primary PCI; see Figure
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Geographic areas where the expected transfer time to the

primary PCI centre makes it impossible to achieve the

maximal allowable delays indicated in the
recommendations (Figure 2, Total ischemic time slide) should
develop systems for rapid fibrinolysis, at the place of
STEMI diagnosis, with subsequent immediate transfer to

primary PCI centres.
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Such networks increase the proportion of patients
receiving reperfusion with the shortest possible
treatment delay:.

The quality of care, , and patient outcomes
should be measured and compared at regular intervals
for improvement.
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General practitioners

In some countries, general practitioners play a role in the early care
of patients with AMI and are often the first to be contacted by the
patients.

[f general practitioners respond quickly they can be very effective,
as they usually know the patient and can perform and interpret the
ECG.

Their first task after the STEMI diagnosis should be to alert the
EMS.
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In addition, they can administer opioids and
antithrombotic drugs (including fibrinolytics, if that

management strategy is indicated),and can undertake
defibrillation if needed.

However, in most settings, consultation with a general
practitioner—instead of a direct call to the EMS—will

pre-hospital delay.



Therefore,

in general,

the public should be educated to call the EMS
rather than
the primary care physician for symptoms
suggestive of MI.



Logistics of pre-hospital care

Recommendations Class® | Level”

It is recommended that the pre-hospital
management of STEMI patients is based on
regional networks designed to deliver
reperfusion therapy expeditiously and effec-
tively, with efforts made to make primary
PCI available to as many patients as

possible.’™

It is recommended that primary PCl-capable
centres deliver a 24/7 service and are able
to perform primary PCl without

d ElEI}F.1H'1 03,104

It is recommended that patients transferred
to a PCl-capable centre for primary PCI
bypass the emergency department and
CCUNCCU and are transferred directly to

the catheterization laboratory "% 119

It is recommended that ambulance teams

are trained and equipped to identify STEMI
(with use of ECG recorders and telemetry
as necessary) and administer initial therapy,

including fibrinolysis when applicable.™



It is recommended that ambulance teams
are trained and equipped to identify STEMI
(with use of ECG recorders and telemetry

as necessary) and administer initial therapy,
including fibrinclysis when applicable.™

It is recommended that all hospitals and
EMS participating in the care of patients
with STEMI record and audit delay times
and work to achieve and maintain quality

targets. 25197

It is recommended that EMS transfer STEMI
patients to a PCl-capable centre, bypassing

non-PCl centres.

It is recommended that EMS, emergency
departments, and CCU/ICCU have a writ-
ten updated STEMI management protocol,
preferably shared within geographic
networks.

It is recommended that patients presenting
to a non-PCl-capable hospital and awaiting
transport@ation for primary or rescue PCI
are attended in an appropriately monitored
area (e.g. the emergency department, CCLY
ICCU, or intermediate care unit).
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Table5 Summary of important time targets

Maximum time from FMC to ECG and diagnosis®

<|0 min

Maximum expected delay from STEMI diagnosis
to primary PCI (wire crossing) to choose primary
PCl strategy over fibrinolysis (if this target time
cannot be met, consider fibrinolysis)

=20 min

Maximum time from STEMI diagnosis to wire
crossing in patients presenting at primary PCI
hospitals

<60 min

Maximum time from STEMI diagnosis to wire
crossing in transferred patients

<90 min

Maximum time from STEMI diagnosis to bolus or
infusion start of fibrinolysis in patients unable to
meet primary PCl target times

<|0 min

Time delay from start of fibrinalysis to evaluation
of its efficacy (success or failure)

60-90 min

Time delay from start of fibrinolysis to
angiography (if fibrinolysis is successful)

2-24 hours

S5C 2017
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Figure 4 Reperfusion strategies in the infarct-related artery according to time from symptoms onset. PCl = percutaneous coronary intervention;
STEMI = ST-segment elevation myocardial infarction.

In early presenters (i.e. those with STEMI diagnosis within 3hours from symptoms onset), a primary PCl strategy is the reperfusion
strategy of choice. If the anticipated time from STEMI diagnosis to PCl-mediated reperfusion is > 120 min, then immediate fibrinolysis is
indicated. After 3 hours (and up to 12 hours) of symptoms onset, the later the patient presents, the more consideration should be given
to a primary PCI strategy as opposed to administering fibrinolytic therapy. In evolved STEMI (12-48 hours after symptoms onset), a
routine primary PCl strategy (urgent angiography and subsequent PCl if indicated) should be considered in all patients. After 48 hours
(recent STEMI) angiography should be performed but routine PCl of a total occluded IRA is not recommended. Regardless of the time
from symptoms onset, the presence of ongoing symptoms suggestive of ischaemia, haemodynamic instability, or lifethreatening arrhyth-
mias is an indication for a primary PCl strategy.
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Figure 7 Diagnostic test flow chart in MINOCA. CMR = Cardiac Magnetic Resonance; IVUS = IntraVascular UltraSound; LV = Left Ventricle;
MINOCA = Myocardial Infarction with Non-Obstructed Coronary Arteries; OCT = Optical Coherence Tomography; STEMI = ST segment
Elevation Myocardial Infarction; TOE = Trans-Oesofageal Echocardiography; TTE = Trans-Thoracic Echocardiography. Takotsubo syndrome cannot
be diagnosed with certainty in the acute phase as the definition requires follow up imaging to document recovery of left ventricular function. IVUS
and OCT frequently show more atherosclerotic plaque than may be appreciated on angiography. They also increase sensitivity for dissection. If intra-
coronary imaging is to be performed, it is appropriate to carry out this imaging at the time of the acute cardiac catheterization, after diagnostic angiog-
raphy. Patients should be made aware of the additional information the test can provide and the small increase in risk associated with intracoronary
Imaging,

1+ Provocative testing for coronary artery spasm might be considered in selected patients with a recent AMI with suspected vasospas-
tic angina. Provocative manoeuvres have to be always performed by operators with experience and not necessarily in the acute phase
of STEMI.

2 + Clinically suspected myocarditis by ESC Task Force criteria = No angiographic stenosis >50% plus non ischemic pattern on CMR,
Definite myocarditis by ESC Task Force criteria = No angiographic stenosis >50% plus endomyocardial biopsy confirmation (histology,
immunohistology, polymerase-chain reaction based techniques to search for genome of infectious agents, mainly viruses).
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