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CHEST PAIN AND HEART DISEASE 

• Heart disease is the leading cause of death for men & women.

• One person dies every 34 seconds from cardiovascular disease
mainly for Coronary heart disease

• About 20.1 million adults aged 20 and older have CAD (about 7.2%)
and 2 in 10 deaths from CAD happen in adults less than 65 years old.

Centers for Disease Control and Prevention, National Center for Health Statistics. About Multiple Cause of Death, 1999–2020. CDC
WONDER Online Database website. Atlanta, GA: Centers for Disease Control and Prevention; 2022. Accessed February 21, 2022.



Chest Pain
•Chest pain is one of the most common reasons for emergency 

department visits, accounting for over 7 million ED visits 
annually. 

• It is one of the most challenging conditions to evaluate, which 
contributes to ED overcrowding, inefficient use of resources, 
and delays to diagnosis. 

•A major challenge is to rapidly identify the small number of 
patients who have acute coronary syndrome or other life-
threatening conditions among the large number who have 
more benign conditions, many of which are noncardiac.







RULE # 1: SYMPTOM EVALUATION

• CHEST PAIN IS CLASSIFIED AS:

• CARDIAC.

• POSSIBLE CARDIAC.

• NON CARDIAC (AVOID ATYPICAL CHEST PAIN).

• Clinical assessment should include the chest pain description and 
associated symptoms, onset, duration, location, radiation, and 
precipitating and relieving factors.





RULE # 2: Initial ECG Interpretation
• The ECG is critical for the initial assessment and management of patients with 

potential ACS and therefore should be performed and interpreted within 10 
minutes of arrival at the ED.

• The pre-hospital ECG is useful, because ischemic changes may have resolved 
before ED arrival.

• In the ED, the initial ECG should be examined for signs of ischemia, particularly 
for STEMI or a STEMI equivalent as this identifies patients who should undergo 
immediate reperfusion therapy.









the ECG with smartwatch and standard ECG in STEMI

Spaccarotella, JAMA C, 2020



Comparison of the amplitude of ST-segment deviations 
between smartwatch and standard ECG.

Spaccarotella, JAMA C, 2020



RULE #3: Emergent Transthoracic Echocardiography

Emergent transthoracic echocardiography (TTE) for assessment of wall motion 
should be considered in patients with ECGs concerning for but not diagnostic of 
ischemia and infarction, particularly when borderline ST-segment elevation or left 
bundle branch block (LBBB) or equivocal signs of posterior MI are present.



In all patients presenting to the ED with 
acute chest pain and suspected ACS, cTn 
should be measured as soon as possible 
after presentation

RULE # 4: HS-Troponin as biomarker of MI



Defining Abnormal Hs-cTn Values

• Key questions for the management of patients with possible ACS in the ED are 
what constitutes an “abnormal” or an “elevated” hs-cTn value and how to rapidly 
and reliably differentiate between ACS and the multitude of other potential causes 
for cTn elevation.

• In the absence of an objective cTn threshold, the 99th percentile URL cTn value 
derived from a “normal reference population” has been endorsed.

• However, studies in large populations have shown that hs-cTn represents a 
continuum of risk, such that minor cTn elevations (detectable but below the 99th 
percentile URL) are associated with structural heart disease, worse cardiovascular 
outcomes, and increased mortality. 

• Based on these findings, no detectable cTn level can be considered entirely 
“normal.”



RELATIVE Vs ABSOLUTE CHANGES OF HS-cTNn

Relative change (Δ) in hs-cTn: the percentage change in hs-cTn across serial measurements. 
Relative changes ≥20% are considered significant and indicative of acute myocardial injury. 
However, at low troponin concentrations near the 99th percentile URL, absolute (rather than 
relative) change values provide greater specificity for acute myocardial injury.

 
Absolute change (Δ) in hs-cTn: The change in hs-cTn across serial measurements, reported as an 
absolute value in ng/L. At low hs-cTn concentrations near the 99th percentile URL, absolute 
rather than relative Δ should be used. Values are assay dependent. Recommended CDPs use 
absolute rather than relative Δ values.



ESC 2020



ESC 2020

0H: HS-cTn
1H: HS-cTn

ALGORITHM 0-1H



Ruling Out MI with a single Blood draw at the time of
presentation (0-Hour Rule Out) provided symptoms
started > 3 hours before the hs-cTn measurement.

0-Hour HS-cTn Protocol 





MODIFIED HEART AND EDACS SCORES



ESC 2020













PRE-TREATMENT WITH P2Y12-I IN NSTEMI 
BEFORE CORONARY ANGIOGRAPHY 



ESC 2021



TIMING OF CORONARY ANGIOGRAPHY IN 
NSTEMI







PRE-TREATMENT WITH P2Y12-I IN STEMI 
BEFORE CORONARY ANGIOGRAPHY 



DAPT IN STEMI







CONCLUSIONS

•A systematic approach is essential to achieve optimal 
outcomes for patients presenting with chest pain to the ED.

•A clinical decision pathway with cardiac Troponins and 
pre-test probability of CAD, symptoms, ECG, 
echocardiography and computed coronary tomography 
scan reduce ED “dwell” times and increase the 
proportion of patients with chest pain who can safely be 
discharged without additional testing.



THANK YOU FOR ATTENTION



If initial ECG is 
nondiagnostic

In all patients presenting 
to the ED with acute chest 
pain and suspected ACS, 

cTn should be measured as 
soon as possible after 

presentation











Algorithm for the 
evaluation and 
management of 
patients suspected 
of having ACS. 









0 h/1 h rule-out and rule-in algorithm using 
high-sensitivity cardiac troponin assays in 

haemodynamically stable patients
0 h and 1 h refer to the time from first blood test. 

Ruled out. NSTEMI can be ruled out at presentation if the hs-cTn 
concentration is very low. NSTEMI can also be ruled out by the 
combination of low baseline levels and the lack of a relevant increase 
within 1 h (no 1h∆). 

Ruled in. Patients have a high likelihood of NSTEMI if the hs-cTn 
concentration at presentation is at least moderately elevated or hs-cTn 
concentrations show a clear rise within the first hour (1h∆). Cut-offs are 
assay specific and derived to meet predefined criteria for sensitivity 
and specificity for NSTEMI.











Recommendations Timing of Invasive 
Strategy in NSTE-ACS 

NSTE-ACS

Cardiogenic shock Refractory angina or 
hemodynamic instability

At high risk 
(e.g., GRACE score* 

>140) for clinical events

In initially stabilized 
patients who are at 

intermediate or low risk for 
clinical events

Immediate invasive 
strategy (1)

Early invasive 
strategy within 24 

hours (2a)

Invasive strategy with 
intent to perform 

revascularization before 
hospital discharge 

(2a)

Guiding Principle: 
Revascularization in the 

context of NSTE-ACS 
should consider clinical 

stability, risk of 
recurrent event(s), 

coronary anatomy, and 
degree of myocardium 

at risk.













Early mortality rates have declined in 
major randomized trials of STEMI patients







System goals and initial reperfusion treatment of 
patients with STEMI



Reperfusion strategies for patients with STEMI





Addition of clopidogrel to aspirin in 45,852 patients with acute myocardial 
infarction: randomised placebo- controlled trial. Lancet. 2005;366:1607.)



Prasugrel/Ticagrelor 
vs clopidogrel in 
patients with ST-
elevation acute 
coronary syndromes







Revascularization of Infarct Artery in STEMI to Improve 
Survival/Clinical Outcomes

Patient with STEMI

PCI if…

• ischemic symptoms for <12 hr (1) 

• failed reperfusion after fibrinolytic

• therapy, then rescue PCI (1) 

• cardiogenic shock or hemodynamic instability (1)

• Fibrinolytics w/ angiography 3 to 24 hr with PCI intent 
(2a)

• stable &12 to 24 hr after symptom onset (2a)

• ongoing ischemia, acute severe HF, or life-threatening 
arrhythmia (2a)

In asymptomatic stable STEMI w/ total occlusion >24 hr after 
symptom onset & no severe ischemia, PCI should not be 
performed.  (3:No Benefit)

CABG if…

• mechanical complications:
– ventricular septal rupture
– mitral valve insufficiency due to papillary muscle infarction 

or rupture
– free wall rupture) (1)

• cardiogenic shock or hemodynamic instability (1)

If PCI is not feasible or successful, with a large area of 
myocardium at risk (2a)

In STEMI, emergency CABG should NOT be performed after 
failed primary PCI: In absence of ischemia or large area of 
myocardium at risk, or If surgical revascularization is not 
feasible because of a no-reflow state or poor distal targets. 
(3:Harm)

Abbreviations: CABG indicates coronary artery bypass grafting; HF, heart failure; hr, hour; MI, myocardial infarction; 
PCI, percutaneous coronary intervention; STEMI, ST-segment–elevation myocardial infarction; and w/, with.



Revascularization of Non–Infarct-Related Coronary Artery 
Lesions in STEMI 

Patients without significant 
comorbidities with large non-
infarct vessels

In selected 
hemodynamically stable 
patients with STEMI and 
…

multivessel disease, after successful 
primary PCI, staged PCI of a 
significant non-infarct artery stenosis 
is recommended. (Class 1)

low-complexity multivessel disease, PCI of 
a non-infarct artery stenosis may be 
considered at time of primary PCI to 
reduce cardiac events. (Class 2b)

In STEMI…
in selected patients with complex 
multivessel non-infarct artery disease, 
after successful primary PCI, elective 
CABG is reasonable.   (Class 2a)

complicated by cardiogenic shock, routine PCI of a 
non-infarct artery at time of primary PCI should 
NOT be performed due to higher risk of death or 
renal failure. (Class 3:Harm)

Abbreviations: CABG indicates coronary artery bypass grafting; MI, myocardial infarction; 
PCI, percutaneous coronary intervention; and STEMI, ST-segment–elevation myocardial infarction.



Treatment algorithm 
for the duration of 
P2Y12 inhibitor 
therapy in patients 
with recent acute 
coronary syndrome 
(NSTE- ACS or STEMI).



NO

CCS - CRONIC CORONARY SYNDROME
Stable chest pain is a symptom of myocardial ischemia 
characterized by chest pain that is provoked with stress (physical 
or emotional). Risk status in suspected stable ischemic heart 
disease (SIHD) is not well defined.

Originally published 28 Oct 2021 
https://doi.org/10.1161/CIR.0000000000001029Circulation. 2021;144:e368–e454

https://doi.org/10.1161/CIR.0000000000001029


Pretest Probabilities of Obstructive CAD in Symptomatic 
Patients According to Age, Sex, and Symptoms

➢use of validated scores to 
predict the pretest probability 
of obstructive CAD may be 
useful to identify low-risk 
patients for whom testing may 
be deferred. 

➢Among the remaining patients 
classified as intermediate-high 
risk, selective testing may 
improve the diagnosis of CAD 
and for risk stratification 
purposes.

Pretest Probabilities Modified from Juarez-Orozco et al and Winther et al



Pretest Probabilities of Obstructive CAD

• Among patients undergoing a diagnostic evaluation, there 
is a relatively low prevalence of obstructive CAD and 
ischemia (∼10%). 

• Traditional pretest risk scores largely overestimate disease 
probability and contribute to overtesting. 

• Current testing patterns result in a high normal coronary 
angiography rate (upward of 50%–60%).

Originally published 28 Oct 2021 
https://doi.org/10.1161/CIR.0000000000001029Circulation. 2021;144:e368–e454

https://doi.org/10.1161/CIR.0000000000001029




* *

*

*



nonobstructive CAD 
(<50% stenosis)

obstructive CAD (>50% 
stenosis)

inconclusive stress-test Persistent symptoms

FFR-CT for 40-90% 
stenosis or stress testing 

(2a)

High-risk CAD or 
frequent angina

Invasive coronary 
angiography (1)

Consider the INOCA pathway 
as an outpatient for frequent 

or persistent symptoms

FFR-CT ≤0.8 or 
moderate-severe 

ischemia

*

ADVANCE registry - FFR-CT 
N = 5 083 
• 40% -90% coronary stenosis in a proximal 

or mid-segment
• changed treatment recommendations in 

two-thirds of patients
• no MACE at 90 days for negative FFR-CT

• PROMISE trial, the 3-year CAD event rate for 
negative test findings was 0.9% for CCTA versus 
2.1% for stress testing.17

• SCOT-HEART trial, the addition of CCTA to 
standard of care resulted in a reduction in 5-
year CAD death or AMI when compared with 
standard care alone (exercise ECG) (HR: 0.59; 
95% CI: 0.41-0.84; P=0.004).

• CONSERVE trial, a strategy of initial CCTA was 
associated with lower cost but similar 1-year 
MACE rates as direct ICA



BUT IF THE GDMT IS NOT ENOUGH?



Persistent symptoms

CCTA + FFR-CT for 40-
90% stenosis or stress 

testing (2a)

Invasive coronary 
angiography (1)

FFR-CT ≤0.8 or 

moderate-severe 

ischemia

Consider the INOCA pathway 
as an outpatient for frequent 

or persistent symptoms

*

*



High-risk CAD or 
frequent angina

Exercise ECG (2a)

Invasive coronary 
angiography with FFR or 

IFR (1)

GDMT

Stress Testing

CCTA (2a)

Moderate or 
severe ischemia

Mild or no 
ischemia

*

*
NOYES



Revascularization in Patients With SIHD

Abbreviations: CABG indicates coronary artery bypass grafting; CAD, coronary artery disease; EF, ejection fraction; 
GDMT, guideline-directed medical therapy; PCI, percutaneous coronary intervention; and SIHD, stable ischemic heart 

disease.

SIHD

Refractory angina 
on medical therapy?

Revascularization 
(1)

YES NO

CABG
(1)

Left main disease?YES NO

Significant left main 
stenosis & high anatomic 

complexity CAD?
YES NO

Suitable candidate 
for CABG?

YES NO

Heart Team 
Discussion (1)

GMDT with or 
w/o PCI

CABG
(1)

PCI
(2a)

Multivessel CAD with 
anatomy suitable for PCI 

or CABG?
YES NO

GMDT

Ischemic cardiomyopathy 
EF< 50%?

YES NO

EF>50% and 
triple-vessel 

disease 

CABG
(2b)

PCI
(2b)

Suitable candidate 
for CABG?

YES NO

Heart Team 
Discussion (1)

GMDT with or 
w/o PCI

EF<35%
EF 35% 
to 50%

CABG
(1)

CABG
(2a)

Indications to 
improve symptoms

Anatomic indications 
to improve survival



Lesion Severity

Coronary 
Physiology

(Class 1)

In patients with angina or 
an anginal equivalent, 
undocumented ischemia, 
and angiographically 
intermediate stenoses, the 
use of FFR or iFR is 
recommended to guide 
the decision to proceed 
with PCI.

Coronary 
Physiology

(Class 3: 
No Benefit)

In stable patients with 
angiographically 
intermediate stenoses and 
FFR >0.80 or iFR >0.89, PCI 
should not be performed.

IVUS
(Class 2a)

In patients with 
intermediate stenosis of 
the left main artery, 
intravascular ultrasound 
(IVUS) is reasonable to 
help define lesion severity. 

SYNTAX Score
(Class 2b)

In patients with 
multivessel CAD, an 
assessment of CAD 
complexity, such as the 
SYNTAX score, may be 
useful to guide 
revascularization. 

Coronary 
Angiography

• Significant stenosis is 
defined as >70% for 
non-LMT and >50% for 
LMT.

• Intermediate stenoses 
(40-69%) generally 
warrant additional 
investigation.

• No standard cutoffs for 
lesion length used to 
classify a severe 
stenosis.

Abbreviations: CAD indicates coronary artery disease; FFR, fractional flow reserve; iFR, instantaneous 
wave-free ratio; IVUS, intravascular ultrasound; LMT, left main trunk; PCI, percutaneous coronary 
intervention; and SYNTAX, Synergy Between PCI With TAXUS and Cardiac Surgery.

ICA - Invasive coronary angiography



Patient Subsets Deriving Class I Benefits of Revascularization

Patient Subsets Deriving Class 2a or 2b Recommendations

Patient Subsets Deriving Class 3 Recommendations

Revascularization Based Approach to Improve Mortality Compared with GDMT



Revascularization Approach to Reduce Cardiovascular Events in SIHD 
Compared with Medical Therapy

Revascularization Approach to Improve Symptoms 



ISCHEMIA trial

• N = 5179 

• patients with stable CAD and site-
determined moderate-severe ischemia on 
stress testing were randomized to 
invasive vs conservative care strategies.

• No difference in the composite primary 
MACE endpoint was observed at ∼3.3 
years of follow-up. 

• Patients presenting with daily, weekly, or 
monthly angina had a prompt and 
durable improvement in symptoms when 
randomized to invasive compared with 
conservative management

April 9, 2020 - N Engl J Med 2020; 382:1395-1407
DOI: 10.1056/NEJMoa1915922



Assessing Risk for Patients Undergoing CABG

Guiding Principle: In patients who are being considered for CABG, 
calculation of the STS risk score is recommended to help stratify 

patient risk. The MELD score, gait speed, and the MUST score may 
help in patients with cirrhosis, frailty, and malnutrition respectively. 

Abbreviations: CABG indicates coronary artery bypass grafting; MELD, Model for End-Stage Liver Disease; 
MUST, Malnutrition Universal Screening Tool; and STS, Society of Thoracic Surgeons.

* See: https://www.sts.org/resources/risk-calculator

In patients who are being considered for CABG, calculation of the 
Society of Thoracic Surgeons (STS) risk score is recommended to help 

stratify patient risk (Class 1).*

Reoperation
Prolonged 
Ventilation

Renal Failure Death
Permanent 

Stroke

Deep Sternal 
Wound 

Infections

Prolonged 
Length of Stay



PCI vs CABG

Complex 
CAD

Severe 
tortuosity

Heavy 
calcification

Complex 
bifurcation

Trifurcation 
lesion

Aorto-ostial 
stenosis

Thrombotic 
lesion

Guiding Principle: 
CABG improves survival compared with PCI in patients 

with left main and complex CAD.

Guiding Principle: 
CABG compared to PCI has a benefit in mortality 

and repeat revascularizations in diabetics.

Diabetes with 
multivessel CAD

Appropriate candidate for 
CABG



Revascularization in CKD patients

Chronic Kidney Disease



Best Practices in Cath Lab for Patients with 
CKD Undergoing Angiography

RECOMMENDATIONS

Assess the risk of contrast-
induced AKI before the procedure.

Administer adequate 
preprocedural hydration.

Record the volume of contrast 
media administered, and 
minimize contrast use.

Pretreat with high-intensity 
statins.

Use radial artery if feasible.

Delay CABG in stable patients after 
angiography beyond 24 hours when 
clinically feasible.

Do not administer N-acetyl-L-cysteine to 
prevent contrast-induced AKI.

Do not give prophylactic renal 
replacement therapy.



Special Clinical Situations: Nonatherosclerotic Lesions

Spontaneous coronary 
artery dissection

Expert consensus 
recommends conservative 
care for most patients.

Research is needed to 
understand optimal 
management in patients 
with ongoing symptoms, 
hemodynamic instability, 
or severely compromised 
flow to a large myocardial 
territory.

Coronary artery aneurysms

Coronary artery aneurysms can 
be asymptomatic or lead to 
ischemia, thrombosis, fistula 
formation, or rupture. The ideal 
timing and mode of intervention 
is unknown.

Myocardial bridging

In cases of severe ischemia 
and significant myocardial 
bridging, surgical approaches 
are available, but the long-
term risks and benefits are 
uncertain.

✓

?

? ?



INOCA PATHWAY 
➢ alterations in flow within the microvasculature. 

➢ symptomatic patients without obstructive CAD 
may be candidates for assessment of coronary 
microvascular dysfunction 

➢ Patients at highest risk for coronary 
microvascular dysfunction: women with 
hypertension, diabetes or insulin-resistant 
states.



Originally published13 Dec 2019https://doi.org/10.1161/CIRCINTERVENTIONS.119.008126Circulation: 
Cardiovascular Interventions. 2019;12:e008126



Traditional and Non-Traditional Risk Factors for CVD

After revascularization, patients should be educated about CVD risk factors 
and their modification to reduce CV events (Class 1).

Behavioral interventions 
and pharmacotherapy 

(NRT, varenicline, 
bupropion) (Class 1)

Cognitive behavioral 
therapy, psychological 

counseling, and/or 
pharmacological 

treatment (Class 1)

Abbreviations: ASCVD indicates atherosclerotic cardiovascular disease; CV, cardiovascular; CVD, cardiovascular disease; and NRT, nicotine replacement therapy.



Aspirin and Oral P2Y12 Inhibitors in Patients Undergoing PCI

Guiding Principle: 
The benefit of Gp IIb/IIIa inhibitors has decreased with 

shorter revascularization times and potent DAPT.



Use of DAPT for Patients After PCI

Abbreviations: BMS indicates bare metal stent; DAPT, dual antiplatelet therapy; DES, drug eluting stent; 
PCI, percutaneous coronary intervention; and SIHD, stable ischemic heart disease. 

Patients Undergoing PCI

SIHD ACS

DES BMS

0 mo

1 mo

3 mo

6 mo

12 mo

≥1 mo 
aspirin plus 
clopidogrel 

(Class 1)

≥12 mo 
aspirin plus 
clopidogrel, 
or prasugrel,
or ticagrelor 

(Class 1)

Discontinue aspirin after 
1-3 mo with continued P2Y12 
monotherapy (Class 2a)

Discontinue aspirin after 1-3 
month with continued P2Y12 
monotherapy (Class 2a)

If high risk of bleeding or overt 
bleeding on DAPT, discontinuing 
P2Y12 after 3mo may be reasonable 
(Class 2b) If high risk of bleeding or overt 

bleeding on DAPT, discontinuing 
P2Y12 after 6mo may be reasonable 
(Class 2b)

If no high risk of bleeding or 
significant overt bleeding on DAPT,  
>6 mo. DAPT may be reasonable 
(Class 2b)

If no high risk of bleeding or 
significant overt bleeding on 
DAPT, >1 mo DAPT may be 
reasonable (Class 2b)

If no high risk of bleeding or significant 
overt bleeding on DAPT, >1 y DAPT may 

be reasonable (Class 2b)

≥6 mo 
aspirin plus 
clopidogrel 

(Class 1)



Guiding Principle: 
Antithrombotic therapy is a mainstay of treatment in 

patients undergoing PCI. 

Anticoagulation in Patients Undergoing PCI
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