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Symptoms and Signs: Chest Pain

Gulati M, Levy PD, Mukherjee D, Amsterdam E, Bhatt DL, Birtcher KK, et al. Circulation. 2021;144:e368-e454. 



Testing: ECG

Gulati M, Levy PD, Mukherjee D, Amsterdam E, Bhatt DL, Birtcher KK, et al. Circulation. 2021;144:e368-e454. 



Treatment of STEMI Algorithm

Acute STEMI diagnosed 

in the field

Nearby hospital capable 

of PCI?

Bring to closest hospital 

for chest pain evaluation

STEMI network 

hospital?

Full dose fibrinolysis if 

no contraindications*

Stabilize at receiving 

hospital and transfer for PCI

Transfer to hospital capable 

of PCI, especially if high risk

No

No

No

Yes

Yes

Primary PCIYes

*Consider half-dose agent if 75 years of age or older

Bhatt DL. N Engl J Med. 2013;368:1446-7.



Initial Diagnosis of ACS

Bhatt DL, Lopes RD, Harrington RA. JAMA. 2022;327:662-675.



Evaluating Stable Chest Pain:
Coronary CTA vs Functional Testing
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Blankstein R, Bittencourt MS, Bhatt DL. J Am Coll Cardiol. 2017;69:1771-1773.

*Similar data on medical therapy were not available for the meta-analysis.



Key Questions for Cardiac Imaging 
(Select Appropriate Strategy)

Subclinical CAD Chest pain (ischemia) onset)

Sensitive Specific

FunctionalAnatomical

Bhatt DL, Taqueti VR. JACC Cardiovasc Imaging. 2017;10:350-353.



Cardiac Testing

Gulati M, Levy PD, Mukherjee D, Amsterdam E, Bhatt DL, Birtcher KK, et al. Circulation. 2021;144:e368-e454. 



Causes of ACS

Bhatt DL, Lopes RD, Harrington RA. JAMA. 2022;327:662-675.



Causes of ACS

Bhatt DL, Lopes RD, Harrington RA. JAMA. 2022;327:662-675.



SMuRF=standard modifiable cardiovascular risk factors

Parwani P, Bhatt DL. Eur J Prev Cardiol. 2022;00:1-3.



Management of Chronic Stable Angina in Patients with Abnormal 
Stress Imaging Treated with Optimal Medical Therapy

Patient with 

stable angina 

and abnormal 

stress test on 

OMT

CCS class II-IV 

anginal symptoms 

despite adequate 

antianginals?

High risk 

features* on 

stress imaging?

Left main 

coronary artery 

disease on 

coronary CTA?

OMT with close clinical 

follow-up, frequent 

assessment for symptoms, 

cardiac rehabilitation 

program, risk factor 

management

No No No No

Invasive coronary angiography

Yes Yes Yes Yes

No

Symptom progression?Yes

*e.g., large or multivessel ischemia region, reduced LVEF, ischemic dilation

Bhatt DL, Peterson BE. JACC Cardiovasc Imaging. 2021;14:1394-1397.



Fractional Flow Reserve Measurement for the Physiological 
Assessment of Coronary Artery Stenosis Severity

Pa - measured just beyond 

the ostium of the left or 

right coronary artery

Pd - measured immediately 

distal to the lesion

• Adding FFR to angiography aids 

understanding of angiographically 

ambiguous lesions

• A wire equipped with a pressure sensor 

measures intracoronary pressure 

proximal and distal to the lesion

• FFR = ratio of Pd to Pa

• A value of 1.0 is considered normal flow

• The instantaneous wave-free ratio value 

for ischemia is ≤ 0.89

• An FFR ≤ 0.80 can diagnose 

myocardial ischemia either at rest or 

after vasodilator

Pd 75

Pa 100
= 0.75= 

Bhatt DL. JAMA. 2018;320:1275-1276. 



FFR Example

2 serial lesions of intermediate severity

FFR measurement post induction of maximal hyperemia

• This patient received a 2.5 × 23-mm everolimus-

eluting stent initially placed in the distal lesion, as 

it was more hemodynamically significant

• AFFR with adenosine was repeated after this

• procedure for the proximal lesion, revealing a 

nadir value of 0.78

• The patient received an overlapping 2.75 × 18-

mm everolimus-eluting stent in the proximal 

lesion

• With stents in both lesions, the repeated FFR 

value with adenosine was 0.93

• >0.95 is ideal post stent placement, but the 

residual proximal disease in this patient can be 

treated medically

Kumbhani DJ, Bhatt DL. JAMA Cardiol. 2016;1:359-360.



Yes No

Stable Coronary Disease: Evaluation

Are symptoms 

stable?

Ischemia present on stress test with exercise (or with a 

pharmacologic agent if patient cannot exercise)

Evaluate in the 

emergency 

department

Continue medical therapy and periodically assess for 

recurrent symptoms or change in exercise tolerance

Continue medical therapy 

and periodically assess for 

worsening or new symptoms

Lesions present in major 

coronary arteries on 

angiography?

If stenosis is >80%, perform PCI

If stenosis is 40–80%

and iFR is ≤0.89, perform PCI

and iFR is >0.89, do not perform PCI

If stenosis is <40%, do not perform PCI

Reassure and 

continue medical 

therapy for risk 

reduction

No

Yes

No

Yes

No Yes

Are symptoms resolved with 

medical therapy for risk 

reduction (e.g., statins and 

aspirin) or treatment of 

symptoms (e.g., beta-

blockers and nitrates)

Bhatt DL. N Engl J Med. 2017;376:1879-1881. 



Second Generation Drug-Eluting Stents and Decreased 
Risk of MI and CV Death: Theoretical Framework

Bhatt DL. Lancet. 2012;380:1453-5. 



Timing of PCI Based on Clinical Syndrome

Stable Angina

• ~20% treated with PCI

• Severe stenosis on angiogram

• PCI elective: after patient begins 
maximally tolerated medical therapy, if 
substantial symptoms and ischemia 
persist

• PCI improves angina and reduces future 
need for urgent revascularization in 
severe single-vessel disease; advantages 
and disadvantages vs CABG in 
multivessel disease and in left-main 
disease

• If no PCI: antianginal medications, which 
may require dose escalation with time; 
when medications are no longer effective 
there may be a need for elective or urgent 
revascularization

NSTEMI or Unstable Angina

• ~50% treated with PCI

• Ulcerated lesion on 
angiogram

• PCI urgent: 24-48 hours 
(within 24 ideal)

• PCI emergent: if ongoing 
symptoms or dynamic ECG 
changes

• PCI reduces the composite of 
death or myocardial infarction

• If no PCI, stress test prior to 
discharge, and if significant 
ischemia, coronary 
angiography and 
revascularization based on 
coronary anatomy

STEMI

• ~90% treated with 
PCI

• Occlusive lesion on 
angiogram

• Emergent: within 
90-120 minutes 
(within 60 ideal)

• PCI reduces death

• If no PCI, treatment 
with fibrinolytics, 
with prompt transfer 
for probable PCI

Bhatt DL. JAMA. 2018;319:2127-8.



CABG for Patients with Diabetes 
and Multivessel Disease

Patient with 

multivessel 

CAD clinically 

and 

angiographically 

suited for either 

CABG or PCI?

CABG

Yes

Left main 

lesion with 

additional 

complex 

multivessel 

disease?

Multivessel 

disease 

with 

diabetes?

Multivessel 

disease without 

diabetes? 

Discuss with 

heart team and 

discuss patient 

preference

CABG

Yes

CABG

Yes

CABG

Yes

No No No

Favors CABG:
Patient with high lesion 

complexity due to lower 

incidence of repeat 

revascularization and 

lower burden of residual 

angina

Favors PCI:
Patient with high stroke 

risk or advanced age 

due to less arrythmia, 

bleeding, and wound 

complications as well as 

faster recovery time

Bhatt DL. Lancet. 2018;391:913-914.



Management of Stable Angina in Patients with 
CAD: Revascularization

Multivessel CAD, left main disease, complex coronary artery

CABG is 
associated with 
lower MACEs 

compared to PCI

Use of internal 
mammary artery to 
anterior wall is an 
important driver of 
benefit of CABG

Typically achieve 
more complete 

revascularization 
with CABG vs PCI

Newest-generation 
drug-eluting stents 
have narrowed the 

gap between 
CABG and PCI

Both surgical and percutaneous revascularization outcomes 

are impaired in the setting of T2DM, with increased risk of both 

procedural complications and recurrent ischemic events

Arnold SV, Bhatt DL, Barsness GW, Beatty AL, Deedwania PC, Inzucchi SE, et al. Circulation. 2020;141:e779–e806



Evaluation 
Algorithm:
No Known CAD

Gulati M, Levy PD, Mukherjee D, Amsterdam E, Bhatt DL, Birtcher KK, et al. Circulation. 2021;144:e368-e454. 



Evaluation 
Algorithm:
Known CAD

Gulati M, Levy PD, Mukherjee D, Amsterdam E, Bhatt DL, 

Birtcher KK, et al. Circulation. 2021;144:e368-e454. 



CCTA = coronary computed tomography angiography; ETT = 

exercise tolerance test; SPECT = single-photon emission computed 

tomography; CMR = cardiovascular magnetic resonance 

Testing: Choosing the Right Test

Gulati M, Levy PD, Mukherjee D, Amsterdam E, Bhatt DL, Birtcher KK, et al. 

Circulation. 2021;144:e368-e454. 



Testing: Choosing the Right Test

Gulati M, Levy PD, Mukherjee D, Amsterdam E, Bhatt DL, Birtcher KK, et al. Circulation. 2021;144:e368-e454. 



Revasc Guidelines: Patient-Centered Care

When the optimal 

treatment strategy is 

unclear, a Heart 

Team approach 

that includes 

representatives from 

interventional 

cardiology, cardiac 

surgery, and clinical 

cardiology is 

recommended to 

improve patient

outcomes

Lawton JS, Tamis-Holland JE, Bangalore S, Bates ER, Beckie TM, Bischoff JM, et al. Circulation. 2022;145:e18-e114. 
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Revasc Guidelines: Shared Decision-Making



2021 Chest Pain Guidelines: Novel Aspects

• First U.S. or international guideline for evaluating chest pain

• Recommendations for both acute and stable chest pain

• Deferral of testing in low-risk individuals

• Contemporary models to estimate risk/pretest probability of CAD

• Emphasis on more selective use of imaging

• Evidence-based recommendations (with increased quantity and 

quality vs prior)

• Emphasis on intensification of preventive therapies

• Incorporates use of contemporary imaging techniques

Blankstein R, Gulati M, Jaber WA, Bullock-Palmer RP, Bhatt DL, Shaw LJ. JACC Cardiovasc Imaging. 2022;15:140-144.



2021 Chest Pain Guidelines: Novel Aspects

• Specific recommendations for the evaluation of nonobstructive CAD

• Emphasis on unique aspects of evaluating women with chest pain, 

including microvascular disease and ischemia with nonobstructive 

CAD

• Moving away from atypical chest pain as a descriptor

• Incorporation of prior test results when deciding on patient 

management and need/type of testing, including warranty period of 

prior normal coronary CTA and stress test results

• Factors to consider when selecting between coronary CTA and 

stress testing

• Detailed recommendations on evaluating noncardiac causes of 

chest pain

Blankstein R, Gulati M, Jaber WA, Bullock-Palmer RP, Bhatt DL, Shaw LJ. JACC Cardiovasc Imaging. 2022;15:140-144.



Take-Home Messages for the Evaluation and 
Diagnosis of Chest Pain

Gulati M, Levy PD, Mukherjee D, Amsterdam E, Bhatt DL, Birtcher KK, et al. Circulation. 2021;144:e368-e454. 
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