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Fourth Universal Definition of Myocardial Infarction 

Type 1

Type 2

Type 3

Type 4

Type 5

MI secondary ischemia due to myocardial injury due to mismatch 
between oxygen supply and demand.

MI caused by atherothrombotic CAD and usually precipitated by 
atherosclerotic plaque rupture or erosion.

Patients who suffer cardiac death, with symptoms suggestive of 
MI accompanied by presumed new ischaemic ECG changes or VF

Myocardial infarction associated with PCI

Myocardial infarction associated with CABG
Fourth universal definition of myocardial  infarction 2018.  

European Heart Journal (2019) 40, 237–269 



Fourth universal definition of myocardial  infarction 2018.  European Heart Journal (2019) 40, 237–269 

 Myocardial Infarction Type 1 Myocardial Infarction Type 2

ACS





STEMINSTEMI / UA (NSTE-ACS)
N Engl J Med 2017;376:2053-64.
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..previously known.2 In contrast, haemodynamically stable patients
presenting with chest pain and LBBB only have a slightly higher risk of
having MI compared to patients without LBBB. Therefore, the result
of the hs-cTn T/I measurement at presentation should be integrated
into the decision regarding immediate coronary angiography.24

In patients with right bundle brunch block (RBBB), ST-elevation is
indicative of STEMI while ST-segment depression in lead I, aVL, and
V5!6 is indicative of NSTE-ACS.25 In patients with paced ventricular
beats, the ECG is often of no help for the diagnosis of NSTE-ACS.
Novel ECG algorithms using digital ECG data are in devel-
opment.26!28 In general, it is advisable to perform ECG interpreta-
tion using remote technologies at the pre-hospital stage.

It is important to highlight that more than 50% of patients pre-
senting with acute chest pain and LBBB to the emergency depart-
ment or chest pain unit will ultimately be found to have a diagnosis
other than MI.24 Similarly, more than 50% of patients presenting

with acute chest pain and RBBB to the emergency department will
ultimately be found to have a diagnosis other than MI and should,
therefore, also await the result of the hs-cTn T/I measurement at
presentation.25

3.3.2 Biomarkers: high-sensitivity cardiac troponin

Biomarkers complement clinical assessment and 12-lead ECG in the
diagnosis, risk stratification, and treatment of patients with suspected
NSTE-ACS. Measurement of a biomarker of cardiomyocyte injury,
preferably hs-cTn, is mandatory in all patients with suspected NSTE-
ACS.1,3,10!13 Cardiac troponins are more sensitive and specific
markers of cardiomyocyte injury than creatine kinase (CK), its myo-
cardial band isoenzyme (CK-MB), and myoglobin.1,3,4,10!13,29,30 If the
clinical presentation is compatible with myocardial ischaemia, then a
dynamic elevation of cardiac troponin above the 99th percentile of
healthy individuals indicates MI. In patients with MI, levels of cardiac

©
ES

C
 2

02
0

Figure 1 Diagnostic algorithm and triage in acute coronary syndrome. The initial assessment is based on the integration of low likelihood and/or high likelihood
features derived from the clinical setting (i.e. symptoms, vital signs), the 12-lead ECG, and the cardiac troponin concentration determined at presentation to the
emergency department and serially thereafter. ‘Other cardiac’ includes ! among others ! myocarditis, Takotsubo syndrome, or congestive heart failure. ‘Non-
cardiac’ refers to thoracic diseases such as pneumonia or pneumothorax. Cardiac troponin and its change during serial sampling should be interpreted as a quanti-
tative marker: the higher the 0 h level or the absolute change during serial sampling, the higher the likelihood for the presence of MI. In patients presenting with
cardiac arrest or haemodynamic instability of presumed cardiovascular origin, echocardiography should be performed/interpreted by trained physicians immedi-
ately following a 12-lead ECG. If the initial evaluation suggests aortic dissection or pulmonary embolism, D-dimers and CCTA are recommended according to
dedicated algorithms.1,29!33 CPR = cardiopulmonary resuscitation; ECG = electrocardiogram/electrocardiography; MI = myocardial infarction; NSTEMI = non-
ST-segment elevation myocardial infarction; STEMI = ST-segment elevation myocardial infarction. Listen to the audio guide of this figure online.
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..previously known.2 In contrast, haemodynamically stable patients
presenting with chest pain and LBBB only have a slightly higher risk of
having MI compared to patients without LBBB. Therefore, the result
of the hs-cTn T/I measurement at presentation should be integrated
into the decision regarding immediate coronary angiography.24

In patients with right bundle brunch block (RBBB), ST-elevation is
indicative of STEMI while ST-segment depression in lead I, aVL, and
V5!6 is indicative of NSTE-ACS.25 In patients with paced ventricular
beats, the ECG is often of no help for the diagnosis of NSTE-ACS.
Novel ECG algorithms using digital ECG data are in devel-
opment.26!28 In general, it is advisable to perform ECG interpreta-
tion using remote technologies at the pre-hospital stage.

It is important to highlight that more than 50% of patients pre-
senting with acute chest pain and LBBB to the emergency depart-
ment or chest pain unit will ultimately be found to have a diagnosis
other than MI.24 Similarly, more than 50% of patients presenting

with acute chest pain and RBBB to the emergency department will
ultimately be found to have a diagnosis other than MI and should,
therefore, also await the result of the hs-cTn T/I measurement at
presentation.25

3.3.2 Biomarkers: high-sensitivity cardiac troponin

Biomarkers complement clinical assessment and 12-lead ECG in the
diagnosis, risk stratification, and treatment of patients with suspected
NSTE-ACS. Measurement of a biomarker of cardiomyocyte injury,
preferably hs-cTn, is mandatory in all patients with suspected NSTE-
ACS.1,3,10!13 Cardiac troponins are more sensitive and specific
markers of cardiomyocyte injury than creatine kinase (CK), its myo-
cardial band isoenzyme (CK-MB), and myoglobin.1,3,4,10!13,29,30 If the
clinical presentation is compatible with myocardial ischaemia, then a
dynamic elevation of cardiac troponin above the 99th percentile of
healthy individuals indicates MI. In patients with MI, levels of cardiac
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Figure 1 Diagnostic algorithm and triage in acute coronary syndrome. The initial assessment is based on the integration of low likelihood and/or high likelihood
features derived from the clinical setting (i.e. symptoms, vital signs), the 12-lead ECG, and the cardiac troponin concentration determined at presentation to the
emergency department and serially thereafter. ‘Other cardiac’ includes ! among others ! myocarditis, Takotsubo syndrome, or congestive heart failure. ‘Non-
cardiac’ refers to thoracic diseases such as pneumonia or pneumothorax. Cardiac troponin and its change during serial sampling should be interpreted as a quanti-
tative marker: the higher the 0 h level or the absolute change during serial sampling, the higher the likelihood for the presence of MI. In patients presenting with
cardiac arrest or haemodynamic instability of presumed cardiovascular origin, echocardiography should be performed/interpreted by trained physicians immedi-
ately following a 12-lead ECG. If the initial evaluation suggests aortic dissection or pulmonary embolism, D-dimers and CCTA are recommended according to
dedicated algorithms.1,29!33 CPR = cardiopulmonary resuscitation; ECG = electrocardiogram/electrocardiography; MI = myocardial infarction; NSTEMI = non-
ST-segment elevation myocardial infarction; STEMI = ST-segment elevation myocardial infarction. Listen to the audio guide of this figure online.
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Typical angina
✤ Chest discomfort: diffuse, not localized, not affected by movement

✤ !แห$ง&'อาการ: chest, upper extremity, mandible, epigastrium

✤ อาการมาก-นเ0อ Exertion/stress

✤ Ischemic equivalent: dyspnea, fatigue

✤ ระยะเวลา&'อาการ > 20 นา5

✤ อาการ&เ6ด8วมไ:: diaphoresis, nausea, syncope

✤ Relieved by rest or nitrate



Atypical presentation
•HF

•Typical angina with shorted episode

•Atypical location of pain

•Cardiac arrest

•CNS presentation: stroke (low CO), alteration of consciousness

•Peripheral embolization

•Fatigue



การ;กประ=>?@วย
1.อาการเAบหCอแ$นหDาอก (character), ความFนแรง (severity/pain score), และ
เวลา&เGม'อาการ (onset)


2.อาการ8วม: N/V, เHนลม, เIยนศKษะ, เหMอออก


3.NจPยเQยง: HT, DM, DLP, smoking, FH of CAD


4.RอSามในการใS fibrinolytic therapy เUน


ความเHนไปไ:ของ aortic dissection


ความเQยงWอการเ6ด GI bleeding


ประ=> cerebrovascular disease

การ$กประ'()*วย



การตรวจ8างกายYนแรก& ER
• Airway, Breathing, Circulation (ABC)


• Vital signs, general observation


• Jugular venous distension


• Lungs: rales


• CVS: pulse, heart murmur/gallop


• CNS: consciousness, weakness


• Systemic hypoperfusion

การตรวจ/างกายเ2อง4น



www.escardio.org/guidelines 2020 ESC Guidelines for the management of acute coronary syndromes in patients presenting without
persistent ST-segment elevation (European Heart Journal 2020 - doi/10.1093/eurheartj/ehaa575)
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Table 4 Differential diagnoses of acute coronary syndromes in the 
setting of acute chest pain

Bold = common and/or important differential diagnoses. 
aDilated, hypertrophic and restrictive cardiomyopathies may cause angina or chest discomfort.



ECG Changes 
in STEMI

European Heart Journal 2019;40: 237-269



J-point elevation
1 mm = 0.1 mV

Isoelectric Line



ECG in STEMI

RCA

LAD
LCX

LM



Myocardial ischemia, injury, and infarction

Ischemia:  
T inversion

Injury:  
ST elevation

Infarction:  
Q wave

Reciprocal:  
ST depression



Acute inferior wall MI (+ RV infarction)

• ST elevation in II, III, aVF, and V1 
• Reciprocal ST depression in I, aVL, V4-6



V3R



Standard Precordial Leads Right Ventricular Leads 

V3R

V4R



Acute Myocardial Infarct- Inferior wall, with 
Advanced Heart Block-likely Mobitz type I



Inferior wall MI
 ST elevation in lead II, III, aVF


 Z[า' AV-block หCอ bradycardia 8วม:วยหCอไ\ ]า'ใSเตKยม>ด 
external pacemaker


 ใS^ Right ventricular lead _กราย (V3R, V4R)


 ]า' RV infarction `ก' cardiogenic shock จาก RV failure


- ]า' cardiogenic shock และไ\' sign of left side HF (crepitation) 
ใS load IV fluid aอน อbาเcงKบใS inotropic agent 


- SามใS nitrate เdดขาด จะ^ใS cardiogenic shock เHนมาก-น



Extensive anterior wall MI

• ST elevation in aVR and I,aVR, V1-6 
• Reciprocal ST depression in III, aVF, V3-6



ECG in STEMI

LAD lesions 
• Septal MI  
STE: V1-2 
• Anterior MI  
STE: V3-4 
• Lateral MI  
STE: V5-6, I, aVL

RCA lesions 
• Inferior MI (RCA distal to RV) 
STE: II, III, aVF 
STD: aVL 
• Inferior & RV MI (RCA proximal to RV) 
STE: II, III, aVF, I, V4R 
• Inferolateral MI (LAD/LCX) 
STE: II, III, aVF, I,V5-6 ±V4R 
• Inferoposterior MI (RCA/LCX) 
STE: II, III, aVF,V7-9 
STD: V1-2 (R:S≥1)

ECG, Anatomy, and Pathology

LCX lesions 
• Posterior MI (RCA/LCX) 
STE: V7-9 
STD: V1-2 (R:S≥1) 
• Posterolateral MI (LAD/LCX)

STE: V7-9,I,aVL,V5-6 
STD: V1-2 
• Inferoposterior MI (RCA/LCX) 
STE: II,III,aVF,V7-9 
STD: V1-2 (R:S≥1) 



ECG 
Changes in 
NSTE-ACS

European Heart Journal 2019;40: 237-269

Horizontal 
ST-depression

Down-sloping 
ST-depression Inverted T
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elements of the clinical evaluation to establish the diagnosis of acute
MI. Criteria for determining a pathological rise between two serial
cTn values are assay-dependent and continue to evolve. An idealized
view of troponin kinetics in patients with acute MI is shown in
Figure 7.

It should be appreciated that because biomarker release is sub-
stantially dependent on blood flow,111,112 there is significant variabil-
ity in the time to peak value (velocity), the time when a normal value
may become greater than the 99th percentile URL, or when a chang-
ing pattern of values can be observed. The ability to define a changing
pattern will also depend on timing. For example, around peak values,
it may be difficult to observe a changing pattern of values. Similarly,
the downslope of the time–concentration curve is much slower than
the upslope. These issues need to be taken into account when defin-
ing whether or not a changing pattern is present. In addition, it is
important to make sure that a given change is greater than can be
anticipated by variability alone. This is defined for conventional cTn
assays as a change greater than or equal to three times the standard

deviation around the measurement of the individual assay at relevant
values.12,22 For hs-cTn assays, biological variation also needs to be
considered. In most studies, conjoint analytical and biological varia-
tion is in the range of 50 – 60%.

For that reason, this percentage has been suggested for use when
initial baseline values are <_ the 99th percentile URL.23,31,113

However, for individuals with an initial value greater than the 99th
percentile URL, a lesser degree of change during serial measurements
is necessary to achieve improved clinical sensitivity (as compared
with individuals with initial values <_ the 99th percentile URL). Thus,
an expert consensus group has recommended serial changes > 20%
be used in this situation.22 Absolute changes are assay dependent but
appear superior to relative per cent changes with hs-cTn assays,114

and in some studies this is especially the case when the initial value is
increased.115 The use of a fixed absolute value change criteria trans-
lates into a smaller percentage or relative change as absolute values
rise, and therefore provides greater sensitivity. The use of a changing
pattern is important in allowing clinicians to differentiate an acute

Time from onset of symptoms (hours)

Cardiac
Troponin
(cTn)

Low
cTn
values
Hard to 
detect
delta

Rising cTn values
from below to
>99th percentile
Delta is 
detectable

cTn values
>99th percentile
Delta may not 
be seen over a 
short period cTn values

>99th percentile
Declining delta

Chronic
myocardial
injury

Acute
myocardial
infarction

Very early
sampling Early sampling Later sampling Very late sampling

99th
percentile
URL
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Figure 7 Illustration of early cardiac troponin kinetics in patients after acute myocardial injury including acute myocardial infarction. The timing of
biomarker release into the circulation is dependent on blood flow and how soon after the onset of symptoms samples are obtained. Thus, the ability
to consider small changes as diagnostic can be problematic. In addition, many comorbidities increase cTn values and, in particular, hs-cTn values, so
that elevations can be present at baseline even in those with myocardial infarction who present early after the onset of symptoms. Changes in cTn
values or deltas can be used to define acute compared with chronic events, and the ability to detect these is indicated in the figure. Increased cTn val-
ues can often be detected for days after an acute event. cTn = cardiac troponin; URL = upper reference limit.
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Illustration of early cardiac troponin kinetics in patients after acute 
myocardial injury including AMI

European Heart Journal (2019) 40, 237–269 



Fathil, M. F. et al. “Diagnostics on acute myocardial infarction: Cardiac troponin biomarkers.” Biosensors & bioelectronics 70 (2015): 209-20 .



www.escardio.org/guidelines
2020 ESC Guidelines for the management of acute coronary syndromes in patients presenting without

persistent ST-segment elevation (European Heart Journal 2020 - doi/10.1093/eurheartj/ehaa575)
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Table 1 Clinical implications of high-sensitivity cardiac troponin 
assays (cTn) (2)

Levels of hs-cTn should be interpreted as quantitative markers of cardiomyocyte  damage 
(i.e. the higher the level, the greater the likelihood of MI):
• Elevations beyond 5-fold the upper reference limit have high (>90%) PPV  for 

acute type 1 MI.
• Elevations up to 3-fold the upper reference limit have only limited (50–60%)  PPV 

for AMI and may be associated with a broad spectrum of conditions.
• It is common to detect circulating levels of cTn in healthy individuals.
Rising and/or falling cTn levels differentiate acute (as in MI) from  chronic cardiomyocyte 
damage (the more pronounced the change, the higher the  likelihood of AMI).



www.escardio.org/guidelines 2020 ESC Guidelines for the management of acute coronary syndromes in patients presenting without
persistent ST-segment elevation (European Heart Journal 2020 - doi/10.1093/eurheartj/ehaa575)
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Figure 2 Value of high-sensitivity cardiac troponin. 

aThe limit of detection varies among the different hs-cTn assays 
between 1 ng/L and 5 ng/L. Similarly, the 99th percentile varies 
among the different hs-cTn assays, mainly being between 10 ng/L 
and 20 ng/L. 

hs-cTn assays (right) are reported in ng/L and provide identical 
information as conventional assays (left, reported in μg/L) if the 
concentration is substantially elevated, e.g. above 100 ng/L. In 
contrast, only hs-cTn allows a precise differentiation between 
‘normal’ and mildly elevated. Therefore, hs-cTn detects a relevant 
proportion of patients with previously undetectable cardiac 
troponin concentrations with the conventional assay who have hs-
cTn concentrations above the 99th percentile possibly related to 
AMI. 
??? = unknown due to the inability of the assay to measure in the 
normal range

Value of high-sensitivity cardiac troponin



Reasons for the elevation of cardiac troponin values because of myocardial injury 
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6 Clinical presentations of
myocardial infarction

Onset of myocardial ischaemia is the initial step in the development
of MI and results from an imbalance between oxygen supply and
demand. Myocardial ischaemia in a clinical setting can most often be
identified from the patient’s history and from the ECG. Possible
ischaemic symptoms include various combinations of chest, upper
extremity, mandibular, or epigastric discomfort during exertion or at

rest, or an ischaemic equivalent such as dyspnoea or fatigue. Often,
the discomfort is diffuse; not localized, nor positional, nor affected by
movement of the region. However, these symptoms are not specific
for myocardial ischaemia and can be observed in other conditions
such as gastrointestinal, neurological, pulmonary, or musculoskeletal
complaints. MI may occur with atypical symptoms such as palpitations
or cardiac arrest, or even without symptoms.12 Very brief episodes
of ischaemia too short to cause necrosis can also cause cTn release
and elevations. The involved myocytes can subsequently die due to
apoptosis.42

If myocardial ischaemia is present clinically or detected by ECG
changes together with myocardial injury, manifested by a rising and/
or falling pattern of cTn values, a diagnosis of acute MI is appropriate.
If myocardial ischaemia is not present clinically, then elevated cTn lev-
els may be indicative of acute myocardial injury if the pattern of values
is rising and/or falling, or related to more chronic ongoing injury if the
pattern is unchanging.14 Similar considerations are relevant when
evaluating events that are potentially related to procedures that may
cause myocardial injury and/or MI. Additional evaluations may lead to
a need for the initial diagnosis to be revised.

Patients with suspected acute coronary syndrome (ACS) that are
ruled out for MI with normal cardiac biomarker values (<_ 99th per-
centile URL) may have unstable angina or an alternative diagnosis.
These patients should be evaluated and treated accordingly.11,43

7 Clinical classification of
myocardial infarction

For the sake of immediate treatment strategies such as reperfusion
therapy, it is usual practice to designate MI in patients with chest dis-
comfort or other ischaemic symptoms, who develop new ST-
segment elevations in two contiguous leads or new bundle branch
blocks with ischaemic repolarization patterns as an ST-elevation MI
(STEMI) (see section 27). In contrast, patients without ST-segment
elevation at presentation are usually designated non-ST-elevation MI
(NSTEMI). The categories of patients with STEMI, NSTEMI, or unsta-
ble angina are customarily included in the concept of ACS. In addition
to these categories, MI may be classified into various types based on
pathological, clinical, and prognostic differences, along with different
treatment strategies.

7.1 Myocardial infarction type 1
MI caused by atherothrombotic coronary artery disease (CAD) and
usually precipitated by atherosclerotic plaque disruption (rupture or
erosion) is designated as a type 1 MI. The relative burden of athero-
sclerosis and thrombosis in the culprit lesion varies greatly, and the
dynamic thrombotic component may lead to distal coronary emboli-
zation resulting in myocyte necrosis.44,45 Plaque rupture may
not only be complicated by intraluminal thrombosis but also by
haemorrhage into the plaque through the disrupted surface
(Figure 3).44,45

Table 1 Reasons for the elevation of cardiac troponin
values because of myocardial injury

Myocardial injury related to acute myocardial ischaemia

Atherosclerotic plaque disruption with thrombosis.

Myocardial injury related to acute myocardial ischaemia 
because of oxygen supply/demand imbalance

Reduced myocardial perfusion, e.g.
• Coronary artery spasm, microvascular dysfunction
• Coronary embolism
• Coronary artery dissection
• Sustained bradyarrhythmia
• Hypotension or shock
• Respiratory failure 
• Severe anaemia 

Increased myocardial oxygen demand, e.g.
• Sustained tachyarrhythmia
• Severe hypertension with or without left ventricular 
 hypertrophy

Other causes of myocardial injury 

Cardiac conditions, e.g.
• Heart failure
• Myocarditis
• Cardiomyopathy (any type)
• Takotsubo syndrome
• Coronary revascularization procedure
• Cardiac procedure other than revascularization  
• Catheter ablation
• Defibrillator shocks
• Cardiac contusion

Systemic conditions, e.g.
• Sepsis, infectious disease
• Chronic kidney disease
• Stroke, subarachnoid haemorrhage
• Pulmonary embolism, pulmonary hypertension
• Infiltrative diseases, e.g. amyloidosis, sarcoidosis
• Chemotherapeutic agents
• Critically ill patients
• Strenuous exercise
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For a more comprehensive listing, see39–41

Expert consensus document 245

D
ow

nloaded from
 https://academ

ic.oup.com
/eurheartj/article-abstract/40/3/237/5079081 by guest on 29 July 2019

European Heart Journal (2019) 40, 237–269 

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

6 Clinical presentations of
myocardial infarction

Onset of myocardial ischaemia is the initial step in the development
of MI and results from an imbalance between oxygen supply and
demand. Myocardial ischaemia in a clinical setting can most often be
identified from the patient’s history and from the ECG. Possible
ischaemic symptoms include various combinations of chest, upper
extremity, mandibular, or epigastric discomfort during exertion or at

rest, or an ischaemic equivalent such as dyspnoea or fatigue. Often,
the discomfort is diffuse; not localized, nor positional, nor affected by
movement of the region. However, these symptoms are not specific
for myocardial ischaemia and can be observed in other conditions
such as gastrointestinal, neurological, pulmonary, or musculoskeletal
complaints. MI may occur with atypical symptoms such as palpitations
or cardiac arrest, or even without symptoms.12 Very brief episodes
of ischaemia too short to cause necrosis can also cause cTn release
and elevations. The involved myocytes can subsequently die due to
apoptosis.42

If myocardial ischaemia is present clinically or detected by ECG
changes together with myocardial injury, manifested by a rising and/
or falling pattern of cTn values, a diagnosis of acute MI is appropriate.
If myocardial ischaemia is not present clinically, then elevated cTn lev-
els may be indicative of acute myocardial injury if the pattern of values
is rising and/or falling, or related to more chronic ongoing injury if the
pattern is unchanging.14 Similar considerations are relevant when
evaluating events that are potentially related to procedures that may
cause myocardial injury and/or MI. Additional evaluations may lead to
a need for the initial diagnosis to be revised.

Patients with suspected acute coronary syndrome (ACS) that are
ruled out for MI with normal cardiac biomarker values (<_ 99th per-
centile URL) may have unstable angina or an alternative diagnosis.
These patients should be evaluated and treated accordingly.11,43

7 Clinical classification of
myocardial infarction

For the sake of immediate treatment strategies such as reperfusion
therapy, it is usual practice to designate MI in patients with chest dis-
comfort or other ischaemic symptoms, who develop new ST-
segment elevations in two contiguous leads or new bundle branch
blocks with ischaemic repolarization patterns as an ST-elevation MI
(STEMI) (see section 27). In contrast, patients without ST-segment
elevation at presentation are usually designated non-ST-elevation MI
(NSTEMI). The categories of patients with STEMI, NSTEMI, or unsta-
ble angina are customarily included in the concept of ACS. In addition
to these categories, MI may be classified into various types based on
pathological, clinical, and prognostic differences, along with different
treatment strategies.

7.1 Myocardial infarction type 1
MI caused by atherothrombotic coronary artery disease (CAD) and
usually precipitated by atherosclerotic plaque disruption (rupture or
erosion) is designated as a type 1 MI. The relative burden of athero-
sclerosis and thrombosis in the culprit lesion varies greatly, and the
dynamic thrombotic component may lead to distal coronary emboli-
zation resulting in myocyte necrosis.44,45 Plaque rupture may
not only be complicated by intraluminal thrombosis but also by
haemorrhage into the plaque through the disrupted surface
(Figure 3).44,45

Table 1 Reasons for the elevation of cardiac troponin
values because of myocardial injury

Myocardial injury related to acute myocardial ischaemia

Atherosclerotic plaque disruption with thrombosis.

Myocardial injury related to acute myocardial ischaemia 
because of oxygen supply/demand imbalance

Reduced myocardial perfusion, e.g.
• Coronary artery spasm, microvascular dysfunction
• Coronary embolism
• Coronary artery dissection
• Sustained bradyarrhythmia
• Hypotension or shock
• Respiratory failure 
• Severe anaemia 

Increased myocardial oxygen demand, e.g.
• Sustained tachyarrhythmia
• Severe hypertension with or without left ventricular 
 hypertrophy

Other causes of myocardial injury 

Cardiac conditions, e.g.
• Heart failure
• Myocarditis
• Cardiomyopathy (any type)
• Takotsubo syndrome
• Coronary revascularization procedure
• Cardiac procedure other than revascularization  
• Catheter ablation
• Defibrillator shocks
• Cardiac contusion

Systemic conditions, e.g.
• Sepsis, infectious disease
• Chronic kidney disease
• Stroke, subarachnoid haemorrhage
• Pulmonary embolism, pulmonary hypertension
• Infiltrative diseases, e.g. amyloidosis, sarcoidosis
• Chemotherapeutic agents
• Critically ill patients
• Strenuous exercise

©
E

S
C

/A
C

C
/A

H
A

/W
H

F 
2

0
18

For a more comprehensive listing, see39–41

Expert consensus document 245
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Initial Assessment & Management in ACS

1. Triage to an ACS pathway

2. Initiate general care

3.Assess risk of CV death or recurrent ischemia

4. Choose invasive or noninvasive initial strategy

5. Select a second antiplatelet agent to add to aspirin 

6. Choose an anticoagulant agent

N Engl J Med 2017;376:2053-64.



STEMI



Time is Muscle



ค ำแนะน ำในกำรดูแลรักษำเบ้ืองต้น STEMI

*ในสถานพยาบาลท่ีมีอปุกรณพ์รอ้ม 
** ขอ้หา้มส าคญั เช่น RV infarction ไดร้บัยากลุ่ม PDE-5 inhibitors ความดนัโลหิตต ่าอยู่แลว้

7



Importance of Time-to-Treatment 
Mortality at 6 months in 10 RCT’s  Meta-analysis

Primary PCI Thrombolysis

Zijlstra at al. EHJ 2002

%



Reperfusion Therapy

2017 ESC Guidelines for the management of acute myocardial infarction in patients presenting with ST-segment elevation 



STEMI Treatment Guidelines



Reperfusion 
Strategies

2017 ESC Guidelines for the 
management of acute myocardial 

infarction in patients presenting with 
ST-segment elevation 



ค ำแนะน ำกำรรักษำโดยกำรเปิดหลอดเลือดหัวใจ STEMI

8



“Important Time Target”
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10). If projected target times are not met, then interventions are
needed to improve performance of the system. Components of the
ischaemic time, delays of initial management, and selection of reperfu-
sion strategy are shown in Figure 2.

To minimize patient delay, it is recommended to increase public
awareness of how to recognize common symptoms of AMI and to
call the emergency services. All components of the system delay rep-
resent the quality of care and it is recommended to measure them as
quality indicators (see Chapter 10).

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. 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.

System delay is more readily modifiable by organizational meas-
ures than is patient delay, and it is a predictor of outcomes.87

When STEMI diagnosis is made in the pre-hospital setting (EMS),
immediate activation of the catheterization laboratory not only
reduces treatment delays but may also reduce patient mortality.88–91

When a STEMI diagnosis is made by the EMS in the pre-hospital set-
ting and the patient is triaged for a primary PCI strategy, it is indicated
to bypass the emergency department and bring the patient straight

Figure 2 Modes of patient presentation, components of ischaemia time and flowchart for reperfusion strategy selection. EMS = Emergency
Medical System; FMC = First Medical Contact; PCI = Percutaneous Coronary Intervention; STEMI = ST-segment elevation myocardial infarction.
The recommended mode of patient presentation is by alerting the EMS (call national emergency number: 112 or similar number
according to region). When STEMI diagnosis is made in the out-of-hospital setting (via EMS) or in a non-PCI centre, the decision for
choosing reperfusion strategy is based on the estimated time from STEMI diagnosis to PCI-mediated reperfusion (wire crossing).
System delay for patients alerting the EMS starts at the time of phone alert, although FMC occurs when EMS arrives to the scene (see
Table 4).!denotes minutes. aPatients with fibrinolysis should be transferred to a PCI centre immediately after administration of the lytic
bolus.

ESC Guidelines 129
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Modes of Patient presentation, components of ischemic time and flowchart for reperfusion strategy selection

European Heart Journal (2018) 39, 119–177 

PCI Center: 
Maximum time from STEMI Dx-
PPCI (wire crossing) ≤ 60 min

Transferred Patient: 
Maximum time from STEMI Dx-
PPCI (wire crossing) ≤ 90 min

Maximum expected delay from  
STEMI Dx-PPCI ≤ 120 min ?

Maximum time from  
STEMI Dx-lytic bolus ≤ 10 min

 Door-in-door-out time < 30 minMaximum time from 
FMC-ECG diagnosis  

≤ 10 min

Non-PCI Center

PCI Center
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this issue, caution is needed when interpreting available data from
post hoc analyses. A PCI-related time delay potentially mitigating the
benefits of PCI has been calculated as 60 min117, 110 min,118 and
120 min119 in different studies. Registry data estimated this time limit
as 114 min for in-hospital patients107 and 120 min in patients present-
ing in a non-PCI centre.120 All these data are old and patients under-
going fibrinolysis did not undergo routine early angiography, which
improves outcomes in patients receiving fibrinolysis. The recent
STrategic Reperfusion Early After Myocardial infarction (STREAM)

trial randomized early STEMI presenters without the possibility of
immediate PCI to immediate fibrinolysis (followed by routine early
angiography) or transfer to primary PCI.121 The median PCI-related
delay in this trial was 78 min, and there were no differences in clinical
outcomes. This Task Force recognizes the lack of contemporaneous
data to set the limit to choose PCI over fibrinolysis. For simplicity, an
absolute time from STEMI diagnosis to PCI-mediated reperfusion [i.e.
wire crossing of the infarct-related artery (IRA)] rather than a relative
PCI-related delay over fibrinolysis has been chosen. This limit is set to

Figure 3 Maximum target times according to reperfusion strategy selection in patients presenting via EMS or in a non-PCI centre. ECG = electro-
cardiogram; PCI = Percutaneous Coronary Intervention; STEMI = ST-segment elevation myocardial infarction. STEMI diagnosis is the time 0 for the
strategy clock. The decision for choosing reperfusion strategy in patients presenting via EMS (out-of-hospital setting) or in a non-PCI centre is based
on the estimated time from STEMI diagnosis to PCI-mediated reperfusion. Target times from STEMI diagnosis represent the maximum time to do
specific interventions.
aif fibrinolysis is contra-indicated, direct for primary PCI strategy regardless of time to PCI.
b10 min is the maximum target delay time from STEMI diagnosis to fibrinolytic bolus administration, however, it should be given as
soon as possible after STEMI diagnosis (after ruling out contra-indications).

132 ESC Guidelines
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Maximum target times according to repercussion strategy selection in patients presenting via EMS or non-PCI center

European Heart Journal (2018) 39, 119–177 

Time delay from start of 
fibrinolysis to evaluation  

(success/failure) 60-90 min

Time delay from start of 
fibrinolysis to angiography  

(if success fibrinolysis)  
2-24 hours

“Fibrinolysis 
Strategy”



Successful Reperfusion

Symptom

ECG

Reperfusion 
arrhythmias

Relief of symptoms, maintenance or restoration of 
hemodynamic and electrical stability

Reduction of at lease 50% in the initial ST segment 
elevation

• Ventricular arrhythmias 
• Accelerated idioventricular rhythm (AIVR) 
• Non-sustained bradycardia

CAG
• Patency of Infarct-related artery (IRA) 
• Distal TIMI flow/myocardial blush score/TIMI 
frame count



ECG evolution during acute ST elevation myocardial infarction 



Acute Coronary 
Occlusion

Reperfusion



Accelerated idioventricular rhythm (AIVR)

Wide complex  tachycardia
Ventricular rate เeวก[า atrial rate, VR 60-125 bpm



Desirable features of ideal Thrombolytic drug

110

Cardiology Section 4

chest pain to SK infusion [risk ratio (RR) 0.74, 0.80, 0.87 and 1.19 for 
the 0–3, 3–6, 6–9 and 9–12 hours subgroups].3 Likewise in the ISIS-
2 trial, patients with AMI randomized to SK and aspirin compared 
with neither treatment resulted in signi!cant reduction not only 
in death (8% versus 13.2%), but also stroke (0.6% versus 1.1%) and 
reinfarction (1.8% versus 2.9%).4 "e early survival bene!t obtained 
with SK and aspirin persisted up to 10 years during follow-up.5

 Allergic reaction manifesting as rash, fever, chills, rigors and 
rarely, anaphylaxis occurs in about 5% of patients treated with SK. 
Transient hypotension is common with SK and re#ects plasmin-
mediated release of bradykinin. Patients given SK invariably develop 
antistreptococcal antibodies, precluding readministration.

Tissue Plasminogen Activator (Alteplase)
"e tissue plasminogen activator (t-PA) molecule contains the 
following !ve domains: (1) !nger, (2) epidermal growth factor, (3) 
Kringle 1 and (4) Kringle 2 and (5) serine protease (Figure 3).6 In 
the absence of !brin, t-PA is a weak plasminogen activator. Plasma 
clearance of t-PA is mediated to a varying degree by residues in 
each of the domains except the serine protease domain, which is 
responsible for the enzymatic activity of t-PA. Alteplase is a t-PA 
produced by recombinant deoxyribonucleic acid (DNA) technology. 
"e accelerated dose regimen of t-PA over 90 minutes produces 
more rapid thrombolysis than the standard 3 hours infusion of t-PA. 
"e recommended dosage regimen for t-PA is a 15 mg intravenous 
bolus followed by an infusion of 0.75 mg/kg (maximum 50 mg) over 
30 minutes, followed by an infusion of 0.5 mg/kg (maximum 35 mg) 
over 60 minutes.
 "e Global Use of Strategies to Open Occluded Coronary Arteries 
(GUSTO), GISSI-27 and ISIS-38 investigators compared intravenous 
SK and t-PA in the treatment of AMI. Although no signi!cant 
di$erence was observed between SK and t-PA in GISSI-2 and ISIS-3, 
the GUSTO trial demonstrated that an accelerated regimen of t-PA 
resulted in signi!cant reductions in death and disabling strokes 
among patients with AMI. Accelerated t-PA group resulted in 14% 

reduction in mortality at 30 days compared with the SK strategies. 
"ere was slight excess of hemorrhagic stroke for accelerated t-PA 
when compared with the SK strategies. However, the combined 
endpoint of death or disabling stroke was signi!cantly lower in 
the accelerated t-PA group than in the SK only groups (6.9% versus 
7.8%, P = 0.006).9 "e Phase-I "rombolysis in Myocardial Infarction 
(TIMI) trial demonstrated that the administration of alteplase in 
patients with AMI resulted in reperfusion in twice as many occluded 
infarct-related arteries compared with SK during the !rst 90 minutes 
of initiation of treatment.10

Reteplase
Reteplase is a recombinant deletion mutant form of t-PA, and has a 
longer half-life of 13–16 minutes. It binds !brin, and has the ability to 
penetrate into thrombi. Reteplase when compared with accelerated 
alteplase infusion regimen was demonstrated to o$er no signi!cant 
bene!t in terms of reduction in 30 days mortality among patients with 
AMI.11 Likewise, rPA in combination with abciximab did not provide 
signi!cant bene!t in terms of 30 days survival.12 However a double-
dose rPA (10 + 10 MU) utilized in the Revitalising Areas by Planning, 
Investment and Development (RAPID) trial resulted in complete, 
rapid and sustained thrombolysis of infarct-related arteries (IRAs) at 
90 minutes and 5–14 days (63% versus 49%, P = 0.019; and 88% versus 
71%, P < 0.001) compared with alteplase and improved regional 
and global left ventricular function at discharge. "e RAPID II trial 
further con!rmed the advantage of rPA over accelerated alteplase 
in achieving higher rates of early reperfusion in the IRA and fewer 
acute coronary interventions. "is, however, did not translate into 
improved clinical outcomes in the International Joint E%cacy 
Comparison of "rombolytics (INJECT) trial, which demonstrated 
no signi!cant di$erence between rPA and SK in reducing 35-day 
mortality.13

Tenecteplase
Tenecteplase is a mutant form of t-PA with speci!c amino acid 
substitutions in the Kringle 1 domain and protease domain. 
A single bolus TNK was demonstrated to be associated with 
increased IRA patency rates (64% TIMI 3 #ow with 50 mg bolus 

Figure 2: Mechanism of action of streptokinase. Streptokinase binds to 
plasminogen and induces a conformational change in plasminogen that 
exposes its active site. The Streptokinase-plasminogen complex then 
serves as the activator of additional plasminogen molecules

TABLE 1 │ Generational classification of the thrombolytic 
                  agents
Generation of 
thrombolytic 
drug

Fibrin specific Nonfibrin specific

First

Second 

Third

—
—
Recombinant tissue
plasminogen activator* 
(t-PA)
Alteplase
Tenecteplase* (TNK-tPA)
Reteplase*
Monteplase 
Lanoteplase
Pamiteplase
Staphylokinase
Desmoteplase 
(Bat-PA)
Chimeric thrombolytics

Streptokinase*
Urokinase *
Prourokinase
(scu-PA)

APSAC
—
—
—
—
—
—
—

* Approved for clinical use

TABLE 2 │ Desirable features of ideal thrombolytic drug
• Fibrin specificity 
• Longer half life ( bolus administration) 
• Good patency
• Low or no reocclusion rate and systemic bleeding
• Resistant to plasminogen activator inhibitor-1(PAI-1)
• Nonantigenic and cost effective

Circulation. 2004;110:e82. 

“Fibrinolysis Strategy”



Circulation. 2004;110:e82. 

Comparison of Approved Fibrinolytic Agents
Parameter Streptokinase (SK) TNK t-PA Alteplase (t-PA) Reteplase (rPA)

Dose 1.5. MU in 30-60 min 30-50 mg 

(based on weight)

Up to 100 mg in 90 min 
(based on weight)

10 U × 2 (30 min apart) 
each over 2 min

Bolus administration No Yes No Yes

Antigenic allergic reaction 
(hypotension) Yes No No No

Systemic fibrinogen 
depletion Marked Minimal Mild Moderate

90-min potency rate (%) ~ 50 ~ 75 ~ 75 ~ 75

TIMIgrade III flow (%) 32 63 54 60

Cost/dose (USD) 568 2,750 2,750 2,750





Onset of angina

Check list contraindication for SK

Inform consent:

•Disease

•SK/TNK: Indication, mechanism, side effect, and 

complication (worse situation) 

•Outcome and prognosis

Evaluate pain score

Vital signs

การประเมินผู้ป่วยก่อนให้ Fibrinolysis



 Prior intracranial hemorrhage (ICH) 

 Known structural cerebral vascular lesion 

 Known malignant intracranial neoplasm 

 Ischemic stroke within 3 months 

 Suspected aortic dissection 

 Active bleeding or bleeding diathesis (excluding menses)

 Significant closed head trauma or facial trauma within 3 months

 Intracranial or intraspinal surgery within 2 months 

 Severe uncontrolled hypertension (unresponsive to emergency therapy) 

 For streptokinase, prior treatment within the previous 6 months

Absolute contraindication for fibrinolysis

2013 ACCF/AHA guideline for the management of ST-elevation myocardial infarction: a report of the American College of Cardiology Foundation/American Heart Association Task Force on Practice Guidelines.



Relative Contraindication 
• History of chronic, severe, poorly controlled HT

• Severe uncontrolled HT on presentation (SBP> 180 or DBP > 110 mmHg)

• History of prior ischemic stroke > 3 month, dementia, or known intracranial 

pathology not covered in contraindications

• Traumatic or prolonged (>10 min) CPR or major surgery (< 3 wk)

• Recent (within 2-4 wk) internal bleeding

• Noncompressible vascular punctures

• For streptokinase/anistreplase: prior exposure (> 5 days) or prior allergic 

reaction to thoses agents

• Pregnancy

• Active peptic ulcer

• Current use of anticoagulants: the higher the INR (INR > 1.7 or PT > 15 sec)



 Medical team: doctor, nurse (ACLS) 

 Set emergency (prepare for resuscitation) 

 Defibrillator, AED 

 Monitor & record clinical, V/S, ECG 

 Ambulance (Telemetry), refer team

ระหว่างให้ Fibrinolysis during เตรียมอะไรบ้าง



•Not known pathophysiology: allergy (antistreptokinase Ab), 
bradykinin, prostacyclin (vasodilatation) 

•Severe hypotension in patients with severe left ventricular dysfunction 

•Slowing or stopping the infusion (slow rate ≤ 200-250 U/kg/min) 

•Placing the patient in the Trendelenburg position 

•Administering an infusion of low-dose norepinephrine or dopamine

How to manage hypotension during SK infusion



• อุบัติการณ์ของ ICH ~ 0.6% (เกิด stroke ทั้งหมด 1.34%) 
• 65-75% เกิดภายใน 24 ชม. 
• ตำแหน่งที่เกิดบริเวณ  

Lobar/subcortical 77% 
Parenchyma hemorrhage 15-33% 
Subdural hematoma 15% 

• ปัจจัยที่มีผลต่อการเกิด ICH ได้แก่ 
อายุ > 65 ปี 
น้ำหนักตัวน้อย (ผู้ชาย < 70, ผู้หญิง < 65 kg) 
SBP > 160, DBP > 95 mmHg

การเ6ด ICH ใน?@วย&ไ: fibrinolysis
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www.escardio.org/guidelines 2020 ESC Guidelines for the management of acute coronary syndromes in patients presenting without
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Figure 13
Central illustration. 
Management strategy for 
non-ST-segment elevation 
acute coronary syndrome 
patients.

www.escardio.org/guidelines 2020 ESC Guidelines for the management of acute coronary syndromes in patients presenting without
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Figure 13
Central illustration. 
Management strategy for 
non-ST-segment elevation 
acute coronary syndrome 
patients.

2020 ESC Guidelines for the management 
of acute coronary syndromes in patients 
presenting without persistent ST-segment 
elevation 

Diagnosis

Choice of 
antithrombotic 

treatment

Invasive vs 
Selective invasive 

strategy

D/C & post D/C 
management



www.escardio.org/guidelines 2020 ESC Guidelines for the management of acute coronary syndromes in patients presenting without
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Figure 13 (1) Central illustration. Management strategy 
for non-ST-segment elevation acute coronary syndrome 
patients.

www.escardio.org/guidelines 2020 ESC Guidelines for the management of acute coronary syndromes in patients presenting without
persistent ST-segment elevation (European Heart Journal 2020 - doi/10.1093/eurheartj/ehaa575)
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Figure 13 (1) Central illustration. Management strategy 
for non-ST-segment elevation acute coronary syndrome 
patients.Diagnosis

2020 ESC Guidelines for the management of acute coronary syndromes in patients presenting without persistent ST-segment elevation 



www.escardio.org/guidelines 2020 ESC Guidelines for the management of acute coronary syndromes in patients presenting without
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Figure 3 (1)
0 h/1 h rule-out and
rule-in algorithm using 
high-sensitivity cardiac 
troponin assays in 
haemodynamically stable 
patients presenting with 
suspected non-ST-
segment elevation acute 
coronary syndrome to the 
emergency department. 

aOnly applicable if CPO >3 h.



www.escardio.org/guidelines 2020 ESC Guidelines for the management of acute coronary syndromes in patients presenting without
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Figure 4 (1)  Timing of the 
blood draws and clinical 
decisions when using 
the European Society
of Cardiology 
0 h/1 h algorithm. 

2020 ESC Guidelines for the management of acute coronary syndromes 
in patients presenting without persistent ST-segment elevation 



www.escardio.org/guidelines 2020 ESC Guidelines for the management of acute coronary syndromes in patients presenting without
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Recommendations on biomarker measurements for prognostic
stratification (2)

Recommendations Class Level
Score to risk stratify in NSTE-ACS
GRACE risk score models should be considered for estimating prognosis. IIa B
The use of risk scores designed to evaluate the benefits and risks of 
different DAPT durations may be considered.

IIb A

To estimate bleeding risk, the use of scores may be considered in patients 
undergoing coronary angiography.

IIb B
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Supplementary Figure 3
Clinical scores for risk 
assessment. 

The figure shows a nomogram for calculation of the GRACE 
risk score and was adapted by Granger et al.

Global Registry of 
Acute Coronary 

Syndrome (GRACE)
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www.escardio.org/guidelines 2020 ESC Guidelines for the management of acute coronary syndromes in patients presenting without
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Figure 9 Selection of 
non-ST-segment 
elevation acute 
coronary syndrome 
treatment strategy and 
timing according to 
initial 
risk stratification

Invasive vs Selective 
invasive strategy

Selection of NSTEMI treatment strategy & time according to initial risk stratification 

PCI center EMS or Non-PCI center



ค ำแนะน ำกำรฉีดสีหลอดเลือดหัวใจในผู้ป่วย NSTE-ACS

* ภายใน 72 ชัว่โมง ในสถานพยาบาลมีความพร้อม
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ค ำแนะน ำกำรฉีดสีหลอดเลือดหัวใจในผู้ป่วย NSTE-ACS (ต่อ)

** โดยเรว็ ในสถานพยาบาลท่ีมีความพร้อม

32



Initial Assessment & Management in ACS

1. Triage to an ACS pathway

2. Initiate general care

3.Assess risk of CV death or recurrent ischemia

4. Choose invasive or noninvasive initial strategy

5. Select a second antiplatelet agent to add to aspirin 

6. Choose an anticoagulant agent


N Engl J Med 2017;376:2053-64.



Thrombosis after rupture of 
atherosclerotic plaque



www.escardio.org/guidelines 2020 ESC Guidelines for the management of acute coronary syndromes in patients presenting without
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Figure 6
Antithrombotic 
treatments in non-ST-
segment elevation acute 
coronary syndrome 
patients: pharmacological 
targets. Drugs with oral 
administration are shown 
in black letters and drugs 
with preferred parenteral 
administration in red. 
Abciximab (in brackets) is 
not supplied anymore.

2020 ESC Guidelines for the management of acute coronary syndromes 
in patients presenting without persistent ST-segment elevation 
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Figure 13 (2) Central illustration. Management strategy 
for non-ST-segment elevation acute coronary syndrome 
patients.Choice of antithrombotic 

treatment

2020 ESC Guidelines for the management of acute coronary syndromes in patients presenting without persistent ST-segment elevation 

Management strategy for NSTEMI

www.escardio.org/guidelines 2020 ESC Guidelines for the management of acute coronary syndromes in patients presenting without
persistent ST-segment elevation (European Heart Journal 2020 - doi/10.1093/eurheartj/ehaa575)
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Figure 13 (1) Central illustration. Management strategy 
for non-ST-segment elevation acute coronary syndrome 
patients.



Algorithms for Reperfusion Therapy of ACS:  Initiate DAPT & Anticoagulant Therapy

Invasive Stratigy

1. ASA (Class I, A) 
2.P2Y12 Inhibitor (Class I, A) 

    - Ticagrelor (Class I, B)** 
    - Prasugrel (Class I, B) 
    - Clopidogrel (Class I, C) 

3.Anticoagulant

** All patients at moderate-to-high risk of ischaemic events 

Fibrinolytic 
Strategy

PPCI 
Strategy

Ischemia-Guided 
Strategy

1. ASA (Class I, A) 
2.P2Y12 Inhibitor (Class I, A) 

    - Ticagrelor (Class I, B)* 
    - Clopidogrel (Class I, B) 

3.Anticoagulant

* Low bleeding risk

STEMI NSTE-ACS

1. ASA (Class I, A) 
2.P2Y12 Inhibitor (Class I, A) 

    - Ticagrelor (Class I, A) 
    - Prasugrel (Class I, A) 
    - Clopidogrel (Class I, A) 

3.Anticoagulant

1. ASA (Class I, A) 
2.P2Y12 Inhibitor 
- Clopidogrel (Class I, A) 
3.Anticoagulant

- Enoxaparin (Class I, A) or 
- UFH (Class I, B) or

- Fondaparinux (Class IIa,B)

Until revascularization or duration 

of hospital stay up to 8 days. 

- UFH (Class I,C) or 
- Enoxaparin  (Class IIa, A) or

- Bivalirudin (Class IIa, A)  

During PPCI

- Fondaparinux or 
- Enoxaparin or

- UFH


5-8 days (Class I, B)

- UFH (Class I,C) 
- Fondaparinux with UFH 

bolus (Class I, B)

- Enoxaparin (Class IIa, B)

- Bivalirudin (Class IIb, A)


During PCI



Dose of Antiplatelet in ACS

2017 ESC Guidelines for the management of acute myocardial infarction in patients presentingwithST-segmentelevation 

Oral Antiplatelet Loading Dose Maintenance Dose Caution

Aspirin 150-300 mg 75-100 mg/day

Clopidogerl
600 mg

(PPCI)

75 mg/day
300 mg


(Fibrinolysis) • Loading dose 75 mg in patients ≥ 75 years

Ticagrelor 180 mg 90 mg bid

Prasugrel 60 mg 10 mg/day

(5 mg in BW ≤ 60 kg)

• Contra-indicated in patients with previous 
stroke.  

• Generally not recommended in patients ≥ 75 
years (but dose 5 mg/d should be used if 
necessary) 

2017 ESC Guidelines for the management of acute myocardial infarction in patients presenting with ST-segment elevation 



Dose of Anticoagulant Co-therapies in ACS 
Anticoagulant Bolus dose Maintenance Dose Caution

Enoxaparin

In patients < 75 years:

30 mg IV bolus

1 mg /kg SC every 12 hr

(followed 15 min after bolus dose)

• Until revascularization or hospital 
discharge (maximum of 8 days) 

• In patients with eGFR < 30 ml/min/1.73 
m2, regardless of age, the SC dose are 
given once every 24 hr 

• Not recommend if eGFR <15 ml/min/
1.73 m2

In patients ≥ 75 years:

No IV bolus dose

0.75 mg/kg every 12 hr

(start with first SC dose)

Fondaparinux 2.5 mg IV bolus 2.5 mg SC once daily
• Only with streptokinase 
• Not recommended for PPCI 
• Not recommend if eGFR < 20 ml/min/
1.73 m2

UFH 60 IU IV bolus

(maximum 4000 IU)

12 IU/kg IV infusion 

(maximum 1000 IU/hr) for 24-48 hr

• Target aPTT 50-70 sec or 1.5-2.0 times 
(monitored at 3, 6, 12, and 24 hr)

2017 ESC Guidelines for the management of acute myocardial infarction in patients presenting with ST-segment elevation 
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Table 7 P2Y12 receptor inhibitors for use in non-ST-segment 
elevation acute coronary syndrome patients (3)

Oral administration i.v. administration

Clopidogrel Prasugrel Ticagrelor Cangrelor

Delay to 
surgery

5 days 7 days 5 days No significant delay

Kidney 
failure

No dose 
adjustment

No dose 
adjustment

No dose 
adjustment

No dose 
adjustment

Dialysis 
or CrCl
<15 mL/min

Limited data Limited data Limited data Limited data
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Figure 13 (4) Central illustration. Management strategy 
for non-ST-segment elevation acute coronary syndrome 
patients.D/C & post D/C 

management

www.escardio.org/guidelines 2020 ESC Guidelines for the management of acute coronary syndromes in patients presenting without
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Figure 13 (1) Central illustration. Management strategy 
for non-ST-segment elevation acute coronary syndrome 
patients.

2020 ESC Guidelines for the management of acute coronary syndromes in patients presenting without persistent ST-segment elevation 



Long Term Therapy



Long Term Therapy
Medication


Antiplatelets (DAPT for 12 months if no bleeding)

Statin (±Ezetimibe, ±PCSK9i)


RAAS Inhibitors

Beta-blockers


Life style intervention & risk factor control



2017 ESC Focused Update on DAPT in Coronary Artery Disease, developed in collaboration with EACTS 
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Figure 7 (1)
Algorithm for antithrombotic 
therapy in non-ST-segment 
elevation acute coronary 
syndrome patients without 
atrial fibrillation undergoing
percutaneous coronary 
intervention.

Very HBR is defined as recent bleeding in the past 
month and/or not deferrable planned surgery.

Algorithm for 
antithrombotic 

therapy in NSTEMI 
without AF 

undergoing PCI

2020 ESC Guidelines for the management of 
acute coronary syndromes in patients presenting 

without persistent ST-segment elevation 
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Recommendations for pharmacological long-term management 
after non-ST-segment elevation acute coronary syndrome 
(excluding antithrombotic treatments) (1)
Recommendations Class Level
Lipid-lowering drugs
Statins are recommended in all NSTE-ACS patients. The aim is to reduce LDL-C 
by ≥50% from baseline and to achieve LDL-C <1.4 mmol/L (<55 mg/dL) . I A

If the LDL-C goala is not achieved after 4–6 weeks with the maximally 
tolerated statin dose, combination with ezetimibe is recommended. I B

If the LDL-C goalc is not achieved after 4–6 weeks despite maximally tolerated 
statin therapy and ezetimibe, the addition of a PCSK9 inhibitor is 
recommended.

I B

aFor patients at very high cardiovascular risk (such as patients with ACS), an LDL-C reduction of at least 50% from baseline and an LDL-C goal <1.4 mmol/L (<55 
mg/dL) are recommended.

www.escardio.org/guidelines 2020 ESC Guidelines for the management of acute coronary syndromes in patients presenting without
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Recommendations for pharmacological long-term management 
after non-ST-segment elevation acute coronary syndrome 
(excluding antithrombotic treatments) (2)
Recommendations Class Level
Lipid-lowering drugs (continued)
If the current NSTE-ACS episode is a recurrence within less than 2 years of a 
first ACS, while taking maximally tolerated statin-based therapy, an LDL-C 
goal of <1.0 mmol/L (<40 mg/dL) may be considered.

IIb B

ACE inhibitors or ARBs
ACE inhibitors (or ARBs in cases of intolerance to ACE inhibitors) are 
recommended in patients with heart failure with reduced LVEF (<40%), 
diabetes, or CKD unless contraindicated (e.g. severe renal impairment, 
hyperkalaemia, etc.) in order to reduce all-cause and cardiovascular mortality 
and cardiovascular morbidity.

I A
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Total CV risk assessment
See Table 4

Baseline LDL-C levels

Lifestyle advice /
Lifestyle intervention

Define treatment goal
See Table 7

LDL-C goal reached?

LDL-C goal reached?

Follow-up
Annually, or more frequently

if indicated
Add ezetimibe

Follow-up
Annually, or more frequently

if indicated
Add PCSK9 inhibitor

High potency statin at highest
recommended /

tolerable dose to reach the goal

Indication for drug therapy?
See Table 5

In selected low- and moderate-risk patients

Risk modifiers
imaging (subclinical atherosclerosis)

Risk Reclassification?

• Secondary prevention (very-high-risk)
• Primary prevention: patients with
FH and another major risk factor
(very-high risk)

Consider adding
 PCSK9 inhibitor

• Primary prevention: patients at
very-high risk but without FH
(see Table 4)

Y N

Y N

Y N

Treatment goal
for LDL-C

Low

& !50%
reduction

from
baseline

Moderate High Very high CV Risk

• SCORE <1%

•  SCORE !1% and <5%
•  Young patients (T1DM <35 years;
   T2DM <50 years) with DM duration
   <10 years without other risk factors

• SCORE !5% and <10%
• Markedly elevated single risk factors, in 
   particular TC >8 mmol/L (310 mg/dL) or 
   LDL-C >4.9 mmol/L (190 mg/dL) or
   BP !180/110 mmHg
• FH without other major risk factors
• Moderate CKD (eGFR 30–59 mL/min)
• DM w/o target organ damage, with DM
   duration !10 years or other additional risk factor 

• ASCVD (clinical/imaging)
• SCORE !10%
• FH with ASCVD or with another
   major risk factor
• Severe CKD (eGFR <30 mL/min)
• DM & target organ damage: !3
  major risk factors; or early onset of
  T1DM of long duration (>20 years)

3.0 mmol/L
(116 mg/dL)

2.6 mmol/L
(100 mg/dL)

1.8 mmol/L
(70 mg/dL)

1.4 mmol/L
(55 mg/dL)

Low

Moderate

High

Very High

A

B

Figure 4 (A) Treatment algorithm for pharmacological low-density lipoprotein cholesterol lowering. (B) Treatment goals for low-density lipoprotein
cholesterol across categories of total cardiovascular disease risk. ASCVD = atherosclerotic cardiovascular disease; BP = blood pressure; CKD = chronic
kidney disease; CV = cardiovascular; DM = diabetes mellitus; eGFR = estimated glomerular filtration rate; FH = familial hypercholesterolaemia; LDL-C =
low-density lipoprotein cholesterol; PCSK9 = proprotein convertase subtilisin/kexin type 9; SCORE = Systematic Coronary Risk Estimation; T1DM =
type 1 DM; T2DM = type 2 DM; TC = total cholesterol.
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2018 AHA/ACC (updated): Secondary Prevention

Healthy Lifestyle

Clinical ASCVD

Very high-risk ASCVD ?No Yes

Age > 75
Initiate High-intensity 

Statin (Class I)

Add Ezetimibe (Class IIa) 
• If on maximal statin & LDL-C ≥ 70 mg/dL

Add PCSK9 inhibitor  
(Class IIa) 

• If on clinical judged maximal  LDL-C 
lowering therapy and LDL-C ≥ 70 mg/
dL (or non-HDL ≥ 100 mg/dL)

Age ≤ 75

Initiate High-
intensity Statin 

(Class I)

Add Ezetimibe 
(Class IIb) 

• If on maximal statin 
therapy and LDL-C ≥70 
mg/dL

Initiate moderate or 
high-intensity statin 

(Class IIa)

Continuation of high-
intensity statin (Class 

IIa)



Guidelines specify statin doses

High-intensity 
↓ LDL-C by ≥50%

Moderate-intensity ↓ 
LDL-C by 30–50%

Low-intensity 
↓ LDL-C by <30%*

Atorvastatin (40)–80 mg 10–20 mg –
Rosuvastatin 20–40 mg 5–10 mg –

Simvastatin – 20–40 mg 10 mg

Pravastatin – 40–80 mg 10–20 mg

Lovastatin – 40 mg 20 mg

Fluvastatin XL – 80 mg –

Fluvastatin – 40 mg bid 20–40 mg

Pitvastatin – 2–4 mg 1 mg

Bold: Statins and doses evaluated in RCTs
Italics: Statins and doses approved by US FDA but not tested in RCTs reviewed
*Should be used in patients unable to tolerate moderate-to high-intensity therapy
Asian ancestry may modify the statin dose prescribed

Stone NJ, et al. J Am Coll Cardiol 2013 Nov 7. Epub ahead of print
Reproduced with kind permission from American College of Cardiology Jan 2014
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Recommendations for pharmacological long-term management 
after non-ST-segment elevation acute coronary syndrome 
(excluding antithrombotic treatments) (2)
Recommendations Class Level
Lipid-lowering drugs (continued)
If the current NSTE-ACS episode is a recurrence within less than 2 years of a 
first ACS, while taking maximally tolerated statin-based therapy, an LDL-C 
goal of <1.0 mmol/L (<40 mg/dL) may be considered.

IIb B

ACE inhibitors or ARBs
ACE inhibitors (or ARBs in cases of intolerance to ACE inhibitors) are 
recommended in patients with heart failure with reduced LVEF (<40%), 
diabetes, or CKD unless contraindicated (e.g. severe renal impairment, 
hyperkalaemia, etc.) in order to reduce all-cause and cardiovascular mortality 
and cardiovascular morbidity.

I A
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Recommendations for pharmacological long-term management 
after non-ST-segment elevation acute coronary syndrome 
(excluding antithrombotic treatments) (3)
Recommendations Class Level
Beta-blockers
Beta-blockers are recommended in patients with systolic LV dysfunction or 
heart failure with reduced LVEF (<40%). I A

In patients with prior MI, long-term oral treatment with a beta-blocker 
should be considered in order to reduce all-cause and cardiovascular 
mortality and cardiovascular morbidity.

IIa B
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Recommendations for pharmacological long-term management 
after non-ST-segment elevation acute coronary syndrome 
(excluding antithrombotic treatments) (2)
Recommendations Class Level
Lipid-lowering drugs (continued)
If the current NSTE-ACS episode is a recurrence within less than 2 years of a 
first ACS, while taking maximally tolerated statin-based therapy, an LDL-C 
goal of <1.0 mmol/L (<40 mg/dL) may be considered.

IIb B

ACE inhibitors or ARBs
ACE inhibitors (or ARBs in cases of intolerance to ACE inhibitors) are 
recommended in patients with heart failure with reduced LVEF (<40%), 
diabetes, or CKD unless contraindicated (e.g. severe renal impairment, 
hyperkalaemia, etc.) in order to reduce all-cause and cardiovascular mortality 
and cardiovascular morbidity.

I A
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Recommendations for pharmacological long-term management 
after non-ST-segment elevation acute coronary syndrome 
(excluding antithrombotic treatments) (4)
Recommendations Class Level
MRAs
MRAs are recommended in patients with heart failure with reduced LVEF 
(<40%) in order to reduce all-cause and cardiovascular mortality and 
cardiovascular morbidity.

I A

Proton pump inhibitors
Concomitant use of a proton pump inhibitor is recommended in patients 
receiving aspirin monotherapy, DAPT, DAT, TAT, or OAC monotherapy who 
are at high risk of gastrointestinal bleeding in order to reduce the risk of 
gastric bleeds.

I A



Lifestyle Interventions & Risk Factor Control

Smoking cessation

Diet, alcohol and weight control

Exercise-based cardiac rehabilitation

Resumption of activities

Risk factor control: HT, DLP, DM, etc



Conclusion

 Accurate diagnosis of ACS has life-saving implications and 
requires a careful assessment. 

 The initial management involves both aggressive medical 
therapy and revascularization.  

 Early risk stratification permits the identification of high-risk 
patients who stand to gain the most from potent therapies. 

 Aggressive attention to secondary prevention initiatives for 
ACS patients (longterm therapy and control risk factor).


