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I.ACTION
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II.POLICY DISCLAIMER

Johns Hopkins Health Plans (JHHP) provides a full spectrum of health care products and services for Advantage MD,
Employer Health Programs, Johns Hopkins Health Plan of VirginiaInc., Priority Partners, and US Family Health Plan. Each
line of business possesses its own unique contract, benefits, regulations, and regulators’ clinical guidelines that supersede the

information outlined in this policy.

[11. POLICY
For Advantage MD refer to: eviCore Guidelines

For Johns Hopkins Health Plan of Virginialnc. (JHHPVA) refer to: eviCore Guidelines

For Priority Partners (PPMCO) refer to: eviCore Guidelines

For US Family Health Plan (USFHP) refer to: Tricare Policy Manuals
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. TRICARE Policy Manual 6010.63-M, April 1, 2021, Chapter 5, Section 1.1. Diagnostic Radiology, (Diagnostic Imaging)
(Refer to note below)

*Note: USFHP follows the medically necessary criteriain section IV below for CT Calcium Scoring

IV.POLICY CRITERIA

A. When benefits are provided under the member’s contract, JHHP considers Coronary Artery Calcium Scoring as atool
in refining risk assessment for preventive interventions (e.g., statin therapy) medically necessary for patients ages 40-79
when the following requirements are met:

1.  Asymptomatic patients with a 10-year ASCVD risk score of 5% - 19.9% per the ASCVD Risk Estimator Plus, OR;

2. Asymptomatic patients with low 10-year ASCVD risk score (<5%) who have afamily history of afirst-degree
relative with premature coronary heart disease with myocardia infarction (refer to definitions), AND;

3. No prior computed tomography calcium scoring testing.

4. No known history of coronary artery disease (CAD)

B. Unless specific benefits are provided under the member’ s contract, JHHP considers Coronary Artery Calcium Scoring
experimental and investigational for all other indications, as it does not meet Technology Evaluation Criteria (TEC).
Refer to: CMS01.00 Medical Policy Introduction

C. Documentation Requirements: The patient’s risk factors and ASCVD risk score must be submitted for medical review.

V. DEFINITIONS

ASCVD Risk Estimator Plus: A tool of the American College of Cardiology that estimates a patient's 10-year atherosclerotic
cardiovascular disease (ASCVD) risk. Scores are categorized as follows:

. Low risk: (<5%)
. Borderline risk: (5% to 7.4%)
. Intermediate risk: (7.5% to 19.9%)

*  Highrisk: (220%)

Family History of Premature ASCVD: Is defined as family history of premature myocardial infarction (MI) inamale <55
years of age, or afemale < 65 years of age (Arnett, 2019).

First Degree Relative: A family member who shares about 50 percent of their genes with a particular individual in afamily.
First degree relatives include parents, offspring, and siblings. (National, 2014)

V1. CODING DISCLAIMER

cpPT® Copyright 2023 American Medical Association. All rights reserved. CPT isaregistered trademark of the American
Medical Association.

Note: The following CPT/HCPCS codes are included below for informational purposes and may not be all inclusive. Inclusion
or exclusion of a CPT/HCPCS code(s) below does not signify or imply that the service described by the code is a covered or
non-covered health service. Benefit coverage for health servicesis determined by the member’ s specific benefit plan document
and applicable laws that may require coverage for a specific service. The inclusion of a code does not imply any right to
reimbursement or guarantee of payment. Other policies and coverage determination guidelines may apply.

Note: All inpatient admissions require pre-authorization.
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Adherenceto the provisionsin this policy may be monitored and addressed

through post payment data analysis and/or medical review audits

US Family Health Plan (USFHP): Regulatory guidance supersedes JHHP Medical Palicy. If there are no TRICARE poalicies,
or other regulatory guidelines, apply the Medical Policy criteria.

VIl.BACKGROUND
Coronary artery calcium scanning (CACS) by Computed Tomography (CT) is a noninvasive imaging technique that is most
commonly used to detect calcium deposits in coronary arteries. These coronary calcium deposits indicate the presence of
atherosclerotic disease plaques, and detection of coronary calcifications has important prognostic significance beyond clinical
risk factors. The amount of calcium deposits or calcification upon imaging is expressed as a score (calcium score).

The American Heart Association (AHA) and the American College of Cardiology (ACC) have endorsed the use of coronary
calcium scores in asymptomatic intermediate and borderline risk patients based on a 10-year atherosclerotic cardiovascular
disease (ASCVD) risk score. Coronary calcium scores can be used to encourage these persons to more aggressively manage
risk factor modification and alter therapy. The Consensus Committee felt that there is a need to measure for evidence of
coronary artery disease in this group, which comprises 40% of the population. The Consensus Committee also felt that little
was to be gained by testing for coronary artery calcium (CAC) in low risk groups by ASCVD except in individuals with family

history of premature coronary heart disease. Further, patients with a high ASCVD (=20%) should be treated aggressively
consistent with the secondary prevention goals and need not have CAC.

Clinical monitoring of CAC progression through serial fast CT scanning is not recommended at this time.

A systematic review and meta-analysis on coronary artery calcium score (CAC) and risk of cardiovascular events without
established coronary artery disease was conducted. The objective was to compare the risk of cardiovascular outcomesin
patients with CAC > 0 versus CAC = 0 in asymptomatic and symptomatic population in patients without an established
diagnosis of coronary artery disease. Forty-five studies with 192,080 asymptomatic and 32,477 symptomatic patients were
included. At mean followup of 11 years, CAC > 0 was associated with an increased risk of major adverse cardiovascular and
cerebrovascular events (MACE) compared to a CAC = 0in asymptomatic arm. CAC > 0 was also associated with increased
risk of all-cause mortality in symptomatic population and in asymptomatic population CAC > 0 was associated with higher al
cause mortality. In symptomatic population, revascularization in CAC > 0 was higher compared with CAC = 0. Additionally,
CAC > 0 was associated with more revascularization in asymptomatic population. In a subgroup analysis of asymptomatic
population by gender, CAC > 0 was associated with higher MACE. The conclusion showed the absence of CAC is associated
with low risk of cardiovascular events compared with any CAC > 0 in both asymptomatic and symptomatic population without
coronary artery disease (Abuzaid, 2021).

VIII. CODING INFORMATION

CPT®CODESARE FOR INFORMATIONAL PURPOSES ONLY

cPT® DESCRIPTION
CODES
75571 Computed tomography, heart, without contrast material, with quantitative evaluation of coronary calcium

HCPCS CODES ARE FOR INFORMATIONAL PURPOSESONLY
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HCPCS DESCRIPTION
CODES
S8092 Electron Beam computed tomography (also know as ultrafast CT, Cine CT)

IX. REFERENCE STATEMENT
Analyses of the scientific and clinical references cited below were conducted and utilized by the Johns Hopkins Health Plans
(JHHP) Medical Policy Team during the devel opment and implementation of this medical policy. The Medical Policy Team
will continue to monitor and review any newly published clinical evidence and revise the policy and adjust the references
below accordingly if deemed necessary.

X.REFERENCES
Abuzaid, A., Saad, M., Addoumieh, A., Ha, L.D., Elbadawi, A., Mahmoud, A.N., Elgendy, A., Abdelaziz, H.K., Barakat,
A.F., Mentias, A., Adeola, O., Elgendy, I.Y., Qasim, A., & Budoff, M. (2021). Coronary artery calcium score and risk of
cardiovascular events without established coronary artery disease; a systemic review and meta-analysis. Coronary artery
disease, 32(4), 317-328. https://doi.org/10.1097/mca.0000000000000974

Aetna. (2023, March 31). Cardiac CT, Coronary CT Angiography and Calcium Scoring and CT Fractional Flow Reserve.
Medical Clinical Policy Bulletin Number: 0228. _http://www.agtna.com

American College of Cardiology. (2019). ASCVD Risk Estimator Plus. http://tools.acc.org/ASCV D-Risk-Estimator-Plus

American Heart Association. (2020). Cardiac Computed Tomography (Multidetector CT, or MDCT). http://www.heart.org

Arnett, D. K., Blumenthal R.S., Albert, M.A., Buroker, A.B., Goldberger, Z.D., Hahn, E.J., Himmelfarb, C.D., Khera

A, Lloyd-Jones D, McEvoy JW, Michos ED, Miedema MD, Munoz D, Smith SC, Virani SS, Williams KA S, Y eboah J,
Ziaeian B. (2019). ACC/AHA Guideline on the Primary Prevention of Cardiovascular Disease: A Report of the American
College of Cardiology/American Heart Association Task Force on Clinical Practice Guidelines. Circulation, 140(11). https://
www.ahajournals.org/

Bax, J. J., Wackers, F. J., & Delgado, V. (2023). Screening for coronary heart disease in patients with diabetes mellitus.
UpToDate. Retrieved 9/5/2023 from https.//www.uptodate.com

Budoff, M.J., Ac. Cohenbach, S., Blumenthal, R.S., Carr, J.J., Goldin, J.G., Greenland, P., Guerci, A.D., Lima, JA.,

Rader, D.J,, Rubin, G.D., Shaw, L.J., Wiegers, S.E. (2006). Assessment of Coronary Artery Disease by Cardiac Computed
Tomography: A Scientific Statement from the American Heart Association Committee on Cardiovascular Imaging and
Intervention, Council on Cardiovascular Radiology and Intervention, and Committee on Cardiac Imaging, Council on Clinical
Cardiology. Circulation, 114, 1761-1791. https.//www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.106.178458

Cheong, B.Y ., Wilson, JM., Spann, S.J., Pettigrew, R.I., Preventa, O.A., Muthupillai, R. (2020). Coronary artery
calcium scoring: an evidence-based guide for primary physicians. Journal of Internal Medicine, 289(3),309-324. https.//
doi.org/10.1111/j0im.13176

Cigna. (2023, August 15). Radiology Cardiac Imaging Guidelines. Medical Coverage Policy. https.//www.evicore.com/cigna

Folsom, A.R., Kronmal, R.A., Detrano, R.C., O'Leary, D.H., Bild, D.E., Bluemke, D.A, Budoff, M.J,, Liu, K., Shea, S., Szklo,
M., Tracy, R.P., Watson, K.E., & Burke, G.L. (2008). Coronary artery calcification compared with carotid intima-media

© Copyright 2024 by The Johns Hopkins Health System Corporation and/or The Johns Hopkins University


https://doi.org/10.1097/mca.0000000000000974
https://www.aetna.com/cpb/medical/data/200_299/0228.html
http://tools.acc.org/ASCVD-Risk-Estimator-Plus/#!/content/about/
https://www.heart.org/en/search?searchText=electron+beam+tomography#sort=relevancy
https://www.ahajournals.org/doi/full/10.1161/CIR.0000000000000678
https://www.ahajournals.org/doi/full/10.1161/CIR.0000000000000678
https://www-uptodate-com.proxy1.library.jhu.edu/contents/screening-for-coronary-heart-disease-in-patients-with-diabetes-mellitus?topicRef=1519&source=see_link#H1425863346
https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.106.178458
https://doi.org/10.1111/joim.13176
https://doi.org/10.1111/joim.13176
https://www.evicore.com/cigna

Version 10.0

\ Johns Hopkins Health Plans Policy Number CMS05.02
f\ . .
[} Med!cal Pol!cy Manual Effective Date 02/01/2024
Medical Policy
JOHNS HOPKINS Approval Date 11/21/2023
HEALTH PLANS  1oibject Supersedes Date 02/01/2023
Computed Tomography and Coronary Calcium Scoring
Page 50f 7

thicknessin the prediction of cardiovascular disease incidence: the Multi-Ethnic Study of Atherosclerosis (MESA). Archives of
Internal Medicine. 168(12), 1333-1339. https://doi.org/10.1001/archinte.168.12.1333

Gopal, A., Nasir, K., Liu, ST., Flores, F.R., Chen, L., & Budoff, M.J. (2007). Coronary calcium progression rates with a zero
initial score by electron beam tomography. International journal of cardiology, 117(2), 227-231. https.//doi.org/10.1016/
j.ijcard.2006.04.081

Greenland, P., Bonow, R.O., Brundage, B.H., Budoff, M.J., Eisenberg, M.J., Grundy, S.M., Lauer, M.S., Post, W.S., Raggi,
P., Redberg, R.F., Rodgers, G.P., Shaw, L.J,, Taylor, A.J., Weintraub, W.S., American College of Cardiology Foundation
Clinical Expert Consensus Task Force (ACCF/AHA Writing Committee to Update the 2000 Expert Consensus Document on
Electron Beam Computed Tomography), Society of Atherosclerosis Imaging and Prevention, & Society of Cardiovascular
Computed Tomography (2007). ACCF/AHA 2007 clinical expert consensus document on coronary artery calcium scoring
by computed tomography in global cardiovascular risk assessment and in evaluation of patients with chest pain: areport of
the American College of Cardiology Foundation Clinical Expert Consensus Task Force (ACCFAHA Writing Committee to
Update the 2000 Expert Consensus Document on Electron Beam Computed Tomography) developed in collaboration with
the Society of Atherosclerosis Imaging and Prevention and the Society of Cardiovascular Computed Tomography. Journal of
American College of Cardiology, 49(3), 378-402. https.//pubmed.nchi.nIm.nih.gov/17239724/#.~:text=doi %63A %2010.1016/
j.jacc.2006.10.001.

Greenland, P., Bonow, R. (2008). How Low-Risk Isa Coronary Calcium Score of Zero? The Importance of Conditional
Probability. Circulation, 117(13), 1627-1629. https.//www.ahajournals.org/doi/full/10.1161/CIRCULATIONAHA.108.767665

Grundy, S. M., Stone, N. J,, Bailey, A. L., Beam, C., Birtcher, K. K., Blumenthal, R. S,, Braun, L. T., deFeranti, S., Faiella-
Tommasino, J., Forman, D. E., Goldberg, R., Heidenreich, P. A., Hlatky, M. A., JOnes, D. W., LIoyd-Jones, D., Lopez-Pajares,
N., Ndumele, C. E., Orringer, C. E., Perdlta, C. A., Saseen, J. J,, Smith, S. C., Sperling, L., Virani, S. S., Yeboah, J. (2019).
Guideline on the Management of Blood Cholesterol: Executive Summary: A Report of the American College of Cardiology/
American Heart Association Task Force on Clinical Practice Guidelines. Journal of the American College of Cardiology,
73(24), 3168-3209. https.//www.sciencedirect.com

Gupta, A., Bera, K., Kikano, E., Pierce, J.D., Gan, J., Rajdev, M., Ciancibello, L. M., Gupta, A., Rgjagopaan, S., & Gilkeson,
R. C. (2022). Coronary Artery Calcium Scoring: Current Status and Future Directions. Radiographics: a review publication
of the Radiological Society of North America, Inc, 42(4), 947-967. https.//pubmed.nchi.nlm.nih.gov/35657766/#:~:text=https
%3A//doi.org/10.1148/rg.210122

Hayes, Inc. (2021, April 21). Coronary Artery Calcium Scoring for Risk Assessment and Stratification of Coronary Artery
Disease in Asymptomatic Adults. https.//www.hayesinc.com

Hecht, H., Blaha, M. J,, Berman, D. S, Nasir, K., Budoff, M., Leipsic, J., Blankstein, R., Narula, J., Rumberger, J., Shaw, L. J.
(2017). Clinical indications for coronary artery calcium scoring in asymptomatic patients: Expert consensus statement from the
Society of Cardiovascular Computed Tomography. Journal of Cardiovascular Computed Tomography, 49(2), 157-168. https:/
www.sciencedirect.com

Hendel, R.C., Patel, M.R., Kramer, C.M., Poon, M., Hendel, R.C., Carr, J.C., Gerstad, N. A., Gillam, L.D., Hodgson, JM.,
Kim, R.J, Kramer, CM., Lesser, JR., Martin, E.T., Messer, V., Redberg, R.F., Rubin, G.D., Rumsfeld, J.S., Taylor, A.J.,
Weigold, W.G., Woodard, P.K., ... Society of Interventional Radiology (2006). ACCF/ACR/SCCT/SCMR/ASNC/NASCI/
SCAI/SIR 2006 appropriateness criteriafor cardiac computed tomography and cardiac magnetic resonance imaging: a report
of the American College of Cardiology Foundation Quality Strategic Directions Committee Appropriateness Criteria Working
Group, American College of Radiology, Society of Cardiovascular Computed Tomography, Society for Cardiovascular

© Copyright 2024 by The Johns Hopkins Health System Corporation and/or The Johns Hopkins University


https://doi.org/10.1001/archinte.168.12.1333
https://doi.org/10.1016/j.ijcard.2006.04.081
https://doi.org/10.1016/j.ijcard.2006.04.081
https://pubmed.ncbi.nlm.nih.gov/17239724/#:~:text=doi%3A%2010.1016/j.jacc.2006.10.001.
https://pubmed.ncbi.nlm.nih.gov/17239724/#:~:text=doi%3A%2010.1016/j.jacc.2006.10.001.
https://www.ahajournals.org/doi/full/10.1161/CIRCULATIONAHA.108.767665
https://www.sciencedirect.com/science/article/pii/S0735109718390338?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/35657766/#:~:text=https%3A//doi.org/10.1148/rg.210122
https://pubmed.ncbi.nlm.nih.gov/35657766/#:~:text=https%3A//doi.org/10.1148/rg.210122
https://www.hayesinc.com/hayes/
https://www.sciencedirect.com/science/article/pii/S1934592517300461?via%3Dihub#bib36
https://www.sciencedirect.com/science/article/pii/S1934592517300461?via%3Dihub#bib36

Version 10.0

\ Johns Hopkins Health Plans Policy Number CMS05.02
f\ . .
[} Med!cal Pol!cy Manual Effective Date 02/01/2024
Medical Policy
JOHNS HOPKINS Approval Date 11/21/2023
HEALTH PLANS  1oibject Supersedes Date 02/01/2023
Computed Tomography and Coronary Calcium Scoring
Page 60f 7

Magnetic Resonance, American Society of Nuclear Cardiology, North American Society for Cardiac Imaging, Society for
Cardiovascular Angiography and Interventions, and Society of Interventional Radiology. Journal of the American College of
Cardiology, 48(7), 1475-1497. https://doi.org/10.1016/j.jacc.2006.07.003

Kopecky, S. L., Halkar, M. G. (2021). Screening for coronary heart disease. UpToDate. Retrieved September 27, 2023
from https://www.uptodate.com/

Kramer, C.M., Villines, T.C. (2022). Coronary artery calcium scoring: Overview and clinical utilization. UpToDate. Retrieved
September 27, 2023 , from https://www.uptodate.com/

Kullerj, L.H., Matthews, K.A., Edmundowicz, D., Chang, Y. (2008). Incident coronary artery calcium among postmenopausal
women. Atherosclerosis, 200(2), 278-285. https.//doi.org/10.1016/j.atherosclerosis.2007.12.057

National Human Genome Research Ingtitute (2014). Talking Glossary of Genetic Terms: First Degree Relative. https.//
www.genome.gov/genetics-glossary/

OMalley, P.G., Feuerstein, I.M., Taylor, A.J. (2003). Impact of Electron Beam Tomography, With or Without Case
Management, on Motivation, Behavioral Change, and Cardiovascular Risk Profile. JAMA, 289(17), 2215-2223. doi:10.1001/
jama.289.17.2215

Regence BlueCross BlueShield. (2023, August 1). Computed Tomography to Detect Coronary Artery Calcification. Medical
Policy Number 06 https://blue.regence.com/trgmedpol/radiol ogy/rad06.pdf

Shreya, D., Zamora, D. |, Patel, G. S., Grossman, |., Rodriguez, K., Soni, M., Joshi, P. K., Patel, S. C., & Sange, |., (2021).
Coronary Artery Calcium Score - A Reliable Indicator of Coronary Artery Disease? Cureus, 13(12), €20149. https.//
doi.org/10.7759/cureus.20149

Society of Cardiovascular Computed Tomography (2019). Blue Cross Blue Shield Coverage Policies for Cardiac CT by State.
https:.//scct.org/

Taylor, A.J., Cerqueira, M., Hodgson, JM., Mark, D., Min, J., O'Gara, P., ....Rubin, G.D., American College of Cardiology
Foundation Appropriate Use Criteria Task Force, Society of Cardiovascular Computed Tomography, American College of
Radiology, American Heart Association, American Society of Echocardiography, American Society of Nuclear Cardiology,
North American Society for Cardiovascular Imaging, Society for Cardiovascular Angiography and Interventions, Society

for Cardiovascular Magnetic Resonance, Kramer, C.M., Berman, D., Brown, A., Chaudhry, F.A., ... Smith, S.C., (2010).
ACCF/SCCT/ACR/AHA/ASE/ASNC/NASCI/SCAI/SCMR 2010 appropriate use criteriafor cardiac computed tomography.
A report of the American College of Cardiology Foundation Appropriate Use Task Force, the Society of Cardiovascular
Computed Tomography, the American College of Radiology, the American Heart Association, the American Society of
Echocardiography, the American Society of Nuclear Cardiology, the North American Society for Cardiovascular Imaging, the
Society for Cardiovasculary Angiography and Interventions, and the Society for Cardiovascular Magnetic Resonance. Journal
of American College of Cardiology, 56(22),1864-94. https.//pubmed.ncbi.nim.nih.gov/21087721/

U.S. Food and Drug Administration (FDA). (2023). Radiation Emitting Products- What is Computed Tomography? http://
www.fda.gov

Wilson, PWF. (2022). Cardiovascular disease risk assessment for primary prevention: Risk calculators. UptoDate. Retrieved
September 27, 2023 from _http://www.uptodate.com/

© Copyright 2024 by The Johns Hopkins Health System Corporation and/or The Johns Hopkins University


https://doi.org/10.1016/j.jacc.2006.07.003
https://www-uptodate-com.proxy1.library.jhu.edu/contents/screening-for-coronary-heart-disease?search=Diagnostic%20and%20Prognostic%20Implications%20of%20Coronary%20Artery%20Calcification%20Detected%20by%20Computed%20Tomography&source=search_result&selectedTitle=7~150&usage_type=default&display_rank=7
https://www.uptodate.com/contents/coronary-artery-calcium-scoring-image-acquisition-and-clinical-utilization?search=clinical%20utilization%20of%20coronary%20%20artery
https://doi.org/10.1016/j.atherosclerosis.2007.12.057
https://www.genome.gov/genetics-glossary/First-Degree-Relative?id=64
https://www.genome.gov/genetics-glossary/First-Degree-Relative?id=64
https://doi.org/10.1001/jama.289.17.2215
https://doi.org/10.1001/jama.289.17.2215
http://chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/blue.regence.com/trgmedpol/radiology/rad06.pdf
https://doi.org/10.7759/cureus.20149
https://doi.org/10.7759/cureus.20149
https://scct.org/page/BCBS
https://pubmed.ncbi.nlm.nih.gov/21087721/
https://www.fda.gov/Radiation-EmittingProducts/RadiationEmittingProductsandProcedures/MedicalImaging/MedicalX-Rays/ucm115318.htm
https://www.fda.gov/Radiation-EmittingProducts/RadiationEmittingProductsandProcedures/MedicalImaging/MedicalX-Rays/ucm115318.htm
https://www.uptodate.com/contents/cardiovascular-disease-risk-assessment-for-primary-prevention-in-adults-our-approach

Version 10.0

1

1
m

JOHNS HOPKINS

HEALTH PLANS

Johns Hopkins Health Plans Policy Number CMS05.02
e I S I ¢y Man = Effective Date 02/01/2024
Medical Policy

Approval Date 11/21/2023
Subject Supersedes Date 02/01/2023
Computed Tomography and Coronary Calcium Scoring

Page 7of7

Winchester, D.E., Maron, D.J,, Blankstein, R, Chang, C.I., Kirtane, A.J., Kwong, R.Y ., PellikkaP.A., Prutkin, JM., Russell, R.
and Sandhu, A.T. ACC/AHA/ASE/ASNC/ASPC/HFSA/HRS/SCAI/SCCT/SCMR/STS 2023 Multimodality Appropriate Use
Criteriafor the Detection and Risk Assessment of Chronic Coronary Disease. J Am Coll Cardiol 2023 Jun, 81(25) 2445-2467.
https://doi.org/10.1016/j.jacc.2023.03.410

X1. APPROVALS

Historical Effective Dates: 08/31/2005, 10/22/2006, 10/22/2007/ 10/15/2008, 09/27/2010, 08/23/2011, 06/05/2015, 06/02/2017,
05/01/2020, 11/16/2021, 02/01/2023, 02/01/2024

© Copyright 2024 by The Johns Hopkins Health System Corporation and/or The Johns Hopkins University


https://doi.org/10.1016/j.jacc.2023.03.410

