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Transesophageal Echocardiograms: A Prospective Study. Echocardiography. 2011
Aug;28(7):767-73. doi: 10.1111/j.1540-8175.2011.01421. PMID: 21564279

Aragam KG, Baman TS, Kirkpatrick JN, Goldman EB, Brown AC, Crawford T, Oral H,
Eagle KA. The ethics of pacemaker reuse: might the best be the enemy of the good? Heart.
2011 Dec;97(24):2005-6. doi: 10.1136/heartjnl-2011-301031. PMID: 21997673
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53.
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57.
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61.

62.

63.

64.

65.

66.

Kirkpatrick JN, Gottlieb M, Sehgal P, Patel R, Verdino R. Deactivation of Implantable
Cardioverter Defibrillators in Terminal Iliness and End of Life Care. Am J Cardiol. 2012 Jan
1;109(1):91-4. doi: 10.1016/j.amjcard.2011.08.011. PMID: 21943937

Baman TS, Crawford T, Sovitch P, Meier P, Sovitch N, Gakenheimer L, Kirkpatrick J,
Wasserman B, Samson G, Oral H, Eagle KA. Feasibility of postmortem device acquisition
for potential reuse in underserved nations. Heart Rhythm. 2012 Feb;9(2):211-4. doi:
10.1016/j.hrthm.2011.09.067. PMID: 21952007

Ky B, Plappert T, Kirkpatrick J, Silvestry FE, Ferrari VA, Keane MG, Wiegers SE,
Chirinos JA, Sutton MS. Left Ventricular Remodeling in Human Heart Failure: Quantitative
Echocardiographic Assessment of 1,794 Patients. Echocardiography. 2012 Aug;29(7):758-
65. doi: 10.1111/j.1540-8175.2012.01701. PMID: 22497559

Ky B, Plappert T, Kirkpatrick J, Silvestry FE, Ferrari VA, Keane MG, Wiegers SE,
Chirinos JA, St. John Sutton M. Continuing Medical Education Activity in
Echocardiography. Echocardiogr. 2012 Aug;29(7):757.

Agarwal R, Gosain P, Kirkpatrick JN, Alyousef T, Doukky R, Singh G, Umscheid CA.
Tissue Doppler imaging for diagnosis of coronary artery disease: a systematic review and
meta-analysis. Cardiovasc Ultrasound. 2012 Nov 30;10:47. doi: 10.1186/1476-7120-10-47.
PMID: 23199010

Perman SM, Kirkpatrick JN, Reitsma AM, Gaieski DF, Lau B, Smith TM, Leary M, Fuchs
BD, Levine JM, Abella BS, Becker LB, Merchant RM. Timing of neuroprognostication in
postcardiac arrest therapeutic hypothermia. Crit Care Med. 2012 Mar;40(3):719-24. doi:
10.1097/CCM.0b013e3182372f93. PMID: 22080630

Zamani P, Kirkpatrick JN, Litzky LA, Verdino RJ. Longevity of implantable
electrophysiology devices explanted from patients having autopsy in hospitals. Am J Cardiol.
2012 Dec 1;110(11):1643-5. doi: 10.1016/j.amjcard.2012.07.031. PMID: 22939580

Raina A, Rammohan HRS, Gertz ZM, Rame JE, Woo YJ, Kirkpatrick JN. Postoperative
right ventricular failure after left ventricular assist device placement is predicted by
preoperative echocardiographic structural, hemodynamic and functional parameters. J Card
Fail. 2013 Jan;19(1):16-24. Doi: 10: 10.1016/j.cardfail.2012.11.001. PMID: 23273590
Ramjee V, Shreenivas S, Rame JE, Kirkpatrick JN, Jagasia D. Complete Spontaneous Left
Heart and Aortic Thromboses on Extracorporeal Membrane Oxygenation Support.
Echocardiography. 2013 Nov;30(10):E342-3. doi: 10.1111/ech0.12323. PMID: 23889597
Kirkpatrick JN. Goals of care discussion: how hard it can be. JAMA Intern Med. 2015
Apr;175(4):557-8. doi: 10.1001/jamainternmed.2014.7740. PMID: 25643175

Birati EY, Kirkpatrick JN, Rame JE, Bala R, Margulies KB: Dynamic Left Ventricular
Assist Device Inflow Obstruction. Circulation Heart Failure 7(1): 225-226, January 2014.
PMCID:

Cooper JM, Patel RK, Emmi A, Wang Y, Kirkpatrick JN. RV-Only Pacing Can Produce a
Q Wave in Lead 1 and an R Wave in V1: Implications for Biventricular Pacing. Pacing Clin
Electrophysiol. 2014 May;37(5):585-90. doi: 10.1111/pace.12327. PMID: 24372196
Goldstone AB, Howard JL, Cohen JE, MacArthur JW, Paval A, Kirkpatrick JN, Woo YJ.:
Natural History of Coexistent Tricuspid Regurgitation in Patients with Degenerative Mitral
Valve Disease: Implications for Future Guidelines. J Thorac Cardiovasc Surg. 2014
Dec;148(6):2802-9. doi: 10.1016/j.jtcvs.2014.08.001. PMID: 25218532

Hughey AM, Desai N, Baman TS, Gakenheimer L, Hagan L, Kirkpatrick JN, Oral H, Eagle
KA, Crawford TC. Heart Rhythm Society Members' Views on Pacemaker and Implantable
Cardioverter Defibrillator Reuse. Pacing Clin Electrophysiol. 2014 Aug;37(8): 969-977 doi:
10.1111/pace.12418. PMID: 24787631

Ranola P-A, Merchant R, Perman S, Khan AM, Gaieski D, Caplan AL, Kirkpatrick JN.
How long is long enough, and have we done everything we should?-Ethics of calling codes. J
Med Ethics. 2015 Aug;41(8):663-6. doi: 10.1136/medethics-2013-101949. PMID: 25249374
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72.
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74.

75.

76.

77,

78.

79.

Mehta N, Chokshi NP, Kirkpatrick JN. Cardiac Imaging in the Geriatric Population: What
Do We Think We Know, and What Do We Need to Learn? Prog Cardiovasc Dis. 2014 Sep-
Oct;57(2):204-14. doi: 10.1016/j.pcad.2014.07.003. PMID: 25216620

Kirkpatrick JN, Kellom K, Hull SC, Henderson R, Singh J, Coyle LA, Mountis M, Shore
ED, Petrucci R, Cronholm P, Barg FK. Caregivers and Left Ventricular Assist Devices as a
Destination, Not a Journey. J Card Fail. 2015 Oct;21(10):806-15. doi:
10.1016/j.cardfail.2015.05.016. PMID: 26070494

Meltzer EC, Ivascu NS, Acres CA, Stark M, Kirkpatrick JN, Paul S, Sedrakyan A, Fins JJ.
ECMO in adults: A brief review and ethical considerations for non-specialist health providers
and hospitalists. J Hospital Med. 2014 Dec;9(12):808-13. doi: 10.1002/jhm.2262. PMID:
25332093

Khan AM, Kirkpatrick JN, Yang L, Groeneveld PW, Nadkarni VM, Merchant RM;
American Heart Association’s Get With the Guidelines-Resuscitation (GWTG-R)
Investigators. Age, sex, and hospital factors are associated with the duration of
cardiopulmonary resuscitation in hospitalized patients who do not experience sustained return
of spontaneous circulation. J Am Heart Assoc. 2014 Dec;3(6):e001044. doi:
10.1161/JAHA.114.001044. PMID: 25520328

Birati EY, Quiaoit Y, Wald J, Kirkpatrick JN, Goldberg LR, Atluri P, Margulies KB,
Eduardo Rame J. Ventricular assist device thrombosis: A wide spectrum of clinical
presentation. J Heart Lung Transplant. 2015 Apr;34(4):613-5. doi:
10.1016/j.healun.2014.12.007. PMID: 25703960

Kirkpatrick JN, Hauptman PJ, Goodlin SJ. We need to talk: Bundling Informed Consent
and Advance Care Planning in Chronic Cardiovascular Disease. JAMA Intern Med. 2015
Jan;175(1):5-6. doi: 10.1001/jamainternmed.2014.6219. PMID: 25419993

Kirkpatrick JN, Wieselthaler G, Strueber M, St John Sutton MG, Rame JE. Ventricular
assist devices for treatment of acute heart failure and chronic heart failure. Heart. 2015
Jul;101(14):1091-6. doi: 10.1136/heartjnl-2014-306789. PMID: 25948420

*Kini V, Mehta N, Mazurek J, Ferrari VA, Epstein AJ, Groeneveld PW, Kirkpatrick JN.
Focused Cardiac Ultrasound In Place of Repeat Echocardiography: Reliability and Cost
Implications Journal of the American Society of Echocardiography. J Am Soc Echocardiogr.
2015 Sep;28(9):1053-9. doi: 10.1016/j.ech0.2015.06.002. PMID: 26165448

*Stainback RF, Estep JD, Agler DA, Birks EJ, Bremer M, Hung J, Kirkpatrick JN, Rogers
JG, Shah NR. Echocardiography in the Management of Patients with Left Ventricular Assist
Devices: Recommendations from the American Society of Echocardiography. J Am Soc
Echocardiogr. 2015 Aug;28(8):853-909. doi: 10.1016/j.ech0.2015.05.008. PMID: 26239899
Lipman HI, Kalra A, Kirkpatrick JN. Foundations of medical decision-making for older
adults with cardiovascular disease. J Geriatr Cardiol. 2015 Jul;12(4):335-9. doi:
10.11909/j.issn.1671-5411.2015.04.004. PMID: 26347213

Hiraoka A, Cohen JE, Shudo Y, MacArthur JW Jr, Howard JL, Fairman AS, Atluri P,
Kirkpatrick JN, Woo YJ. Evaluation of late aortic insufficiency with continuous flow left
ventricular assist device. Eur J Cardiothorac Surg. 2015 Sep;48(3):400-6. doi:
10.1093/ejcts/ezu507. PMID: 25653250

Daeschler M, Verdino RJ, Caplan AL, Kirkpatrick JN. Defibrillator Deactivation against a
Patient's Wishes: Perspectives of Electrophysiology Practitioners. Pacing Clin
Electrophysiol. 2015 Aug;38(8):917-24. doi: 10.1111/pace.12614. PMID: 25683098
Kramer DB, Matlock DD, Buxton AE, Goldstein NE, Goodwin C, Green AR, Kirkpatrick
JN, Knoepke C, Lampert R, Mueller PS, Reynolds MR, Spertus JA, Stevenson LW, Mitchell
SL. Implantable Cardioverter-Defibrillator Use in Older Adults: Proceedings of a Hartford
Change AGEnts Symposium. Circ Cardiovasc Qual Outcomes. 2015 Jul;8(4):437-46. doi:
10.1161/CIRCOUTCOMES.114.001660. PMID: 26038525
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83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Ramjee V, Grossestreuer AV, Yao Y, Perman SM, Leary M, Kirkpatrick JN, Forfia PR,
Kolansky DM, Abella BS, Gaieski DF. Right ventricular dysfunction after resuscitation
predicts poor outcomes in cardiac arrest patients independent of left ventricular function.
Resuscitation. 2015 Nov; 96:186-91. doi: 10.1016/j.resuscitation.2015.08.008. PMID:
26318576

Bushyhead D, Kirkpatrick JN, Goldberg D. Pre-transplant echocardiographic parameters as
markers of post-transplant outcomes in liver transplant recipients. Liver Transpl. 2016
Mar;22(3):316-23. doi: 10.1002/1t.24375. PMID: 26609681

Porteous MK, Ky B, Kirkpatrick JN, Shinohara R, Diamond JM, Shah RJ, Lee JC, Christie
JD, Kawut SM. Diastolic dysfunction increases the risk of primary graft dysfunction after
lung transplantation. Am J Respir Crit Care Med. 2016 Jun 15;193(12):1392-1400. PMID:
26745666

Kirkpatrick JN, Hauptman PJ, Swetz KM, Blume ED, Gauvreau K, Maurer M, Goodlin SJ.
Palliative Care for Patients with End-Stage Cardiovascular Disease and Devices: A Report
From the Palliative Care Working Group of the Geriatrics Section of the American College of
Cardiology. JAMA Intern Med. 2016 Jul 1;176(7):1017-9. doi:
10.1001/jamainternmed.2016.2096. PMID: 27214624

Alexander KP, Rich MW, Forman DE, Wenger NK, Dodson JA, Alpert JS, Kirkpatrick JN,
Maurer MS. Top 10 List for Cardiovascular Care of Older Adults. Am J Med. 2016
Sep;129(9):901-2. doi: 10.1016/j.amjmed.2016.04.031. PMID: 27215904

Weerahandi H, Goldstein N, Gelfman LP, Jorde U, Kirkpatrick JN, Marble J, Naka Y,
Pinney S, Slaughter MS, Bagiella E, Ascheim DD. Pain and Functional Status in Patients
with Ventricular Assist Devices. J Pain Symptom Manage. 2016 Oct;52(4):483-490. doi:
10.1016/j.jpainsymman.2016.05.016. PMID: 27401516

Sagin A, Kirkpatrick JN, Pisani BA, Fahlberg BB, Sundlof AL, O'Connor NR. Emerging
Collaboration Between Palliative Care Specialists and Mechanical Circulatory Support
Teams: A Qualitative Study. J Pain Symptom Manage. 2016 Oct;52(4):483-490. Doi:
10.1016/j.painsymman.2016.05.016. PMID: 27401517

O’Connor NR, Moyer ME, Kirkpatrick JN. Scripted Nurse Visits: A Resource-Efficient
Palliative Care Model for Ventricular Assist Devices. J Pall Med. 2016 Dec;19(12):1312-
1315. PMID: 27400133

Kini V, Weiner RB, McCarthy FH, Wiegers SE, Kirkpatrick JN. Association of Liability
Concerns with Decisions to Order Echocardiography and Cardiac Stress Tests with Imaging.
J Am Soc Echocardiogr. 2016 Dec;29(12):1156-1160. Doi: 10.1016/j.ech0.2016.08.014.
PMID: 27639813

Chick, JF, Reddy SN, Bhatt RD, Shin BJ, Kirkpatrick JN, Trerotola SO. Significance of
Echocardiographically Detected Central Venous Catheter Tip—Associated Thrombi. J Vasc
Interv Radiol 2016 Dec;27(12):1872-1877. Doi: 10.1016/j.jvir.2016.07.013. PMID:
27659895

Blewer AL, Putt ME, Becker LB, Riegel BJ, Li J, Leary M, Shea JA, Kirkpatrick JN, Berg
RA, Nadkarni VM, Groeneveld PW, Abella BS; CHIP Study Group. Video-Only
Cardiopulmonary Resuscitation Education for High-Risk Families Before Hospital
Discharge: A Multicenter Pragmatic Trial._Circ Cardiovasc Qual Outcomes. 2016 2016
Nov;9(6):740-748. doi: 10.1161/CIRCOUTCOMES.116.002493. PMID: 27703033
Daeschler M, Verdino RJ, Kirkpatrick JN. The ethics of unilateral implantable cardioverter
defibrillators and cardiac resynchronization therapy with defibrillator deactivation: patient
perspectives. EP Europace 2016 Dec 3 (19)81343-1348. doi: 10.1093/europace/euw227
Barg FK, Kellom K, Ziv T, Hull SC, Suhail-Sindhu S, Kirkpatrick JN. LVAD-DT: Culture
of Rescue and Liminal Experience in the Treatment of Heart Failure. Am J Bioeth. 2017
Feb;17(2):3-11. doi: 10.1080/15265161.2016.1265162. PMID: 28112612
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94.
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99.

100.
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102.
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104.

105.

106.

107.

Kirkpatrick JN, Otto CM. Clinical Impact and Costs of Echocardiographic Screening for
Rheumatic Heart Disease. J Am Heart Assoc. 2017 Mar 2;6(3). PMID: 28255081
Kirkpatrick JN, Lee J. The Devilish Details of Cardiovascular Imaging for Heart Failure
Prevention. JACC Cardiovasc Imaging. 2017 Mar;10(3):227-229. doi: 10.1016/j.jcmg.2016.
PMID: 28279369

Blume ED, Hauptman PJ, Gauvreau K, Cooper S, Goodlin S, Swetz KM, Alpert C, Hummel
SL, Josephson RA, Doherty C, Brenes Salazar J, Maurer MS, Cestoni A, Bohannon K, Light-
McGroary KA, Kirkpatrick JN. Deactivation of Ventricular Assist Devices: Prespectives
and Experiences of Adult Cardiovascular Providers. J Card Fail. 2017 Jun;23(6):485-486.
doi: 10.1016/j.cardfail.2017.04.008. PMID: 28433668

Tandon K, Tate T, Kirkpatrick JN. Pacemaker reuse in low-income/middle-income
countries: moral duty or dangerous precedent? Heart. 2017 Dec;103(23):1846-1847. doi:
10.1136/heartjnl-2017-311572. PMID: 28566472

Balkin EM, Kirkpatrick JN, Kaufman B, Swetz KM, Sleeper LA, Wolfe J, Blume ED.;
Pediatric Cardiology Provider Attitudes About Palliative Care: A Multicenter Survey Study.
Pediatr Cardiol. 2017 Jun 29. doi: 10.1007/s00246-017-1663-0. PMID: 28664445
Wordingham SE, Mcllvennan CK, Fendler TJ, Behnken AL, Dunlay SM, Kirkpatrick JN,
Swetz KM. Palliative Care Clinicians Caring for Patients Before and After Continuous Flow-
Left Ventricular Assist Device. J Pain Symptom Manage. 2017 Jul 12. pii: S0885-
3924(17)30270-1. doi: 10.1016/j.jpainsymman.2017.07.007. PMID: 28711755

Steiner JM, Kirkpatrick JN, Heckbert SR, Habib A, Sibley J, Lober W, Randall Curtis J.
Identification of adults with congenital heart disease of moderate or great complexity from
administrative data. Congenit Heart Dis. 2017 Jul 24. doi: 10.1111/chd.12524. PMID:
28736836

Steiner JM, Cooper S, Kirkpatrick JN. Palliative care in end-stage valvular heart disease.
Heart. 2017 Aug;103(16):1233-1237. doi: 10.1136/heartjnl-2016-310538. PMID: 28747535
Weerahandi H, Goldstein N, Gelfman LP, Jorde U, Kirkpatrick JN, Meyerson E, Marble J,
Naka Y, Pinney S, Slaughter MS, Bagiella E, Ascheim DD. The Relationship between
Psychological Symptoms and Ventricular Assist Device Implantation. J Pain Symptom
Manage. 2017 Aug 12. pii: S0885-3924(17)30337-8. doi: 10.1016/j.jpainsymman.
2017.05.002. PMID: 28807706

Carlson S, Kearney K, Li S, Fujioka M, Schwaegler B, Kirkpatrick JN. Preliminary
Interpretations of Transthoracic Echocardiograms by Cardiology Fellows. J Am Soc
Echocardiogr. 2017 Dec;30(12):1234-1238. PMID: 28870437

Gelfman LP, Bakitas M, Warner SL, Kirkpatrick JN, Goldstein NE. The State of Science on
Integrating Palliative Care in Heart Failure. J Palliat Med. 2017 Jun;20(6):592-603. PMID:
29493362

Wordingham SE, Mcllvennan CK, Fendler TJ, Behnken AL, Dunlay SM, Kirkpatrick JN,
Swetz KM. Palliative Care Clinicians Caring for Patients Before and After Continuous Flow-
Left Ventricular Assist Device. J Pain Symptom Manage. 2017 Oct;54(4):601-608. PMID:
28711755

Zhao H, O’Quinn R, Ambrose M, Jagasia D, Ky B, Wald J, Ferrari VA, Kirkpatrick JN,
Han Y. Contrast-Enhanced Echocardiography Has the Greatest Impact in Patients with
Reduced Ejection Fraction. J Am Soc Echocardiogr. 2018 Mar;31(3):289-296. PMID:
29111122

Steiner JM, Patton KK, Prutkin JM, Kirkpatrick JN. Moral Distress at the End of a Life:
When Family and Clinicians Don’t Agree on Implantable Cardioverter-defibrillator
Deactivation. J Pain Symptom Manage. 2018 Feb;55(2):530-534.PMID: 29191724
Kirkpatrick JN, Smith JW. Dilemmas in Dual Disease: complexity and Futility in Prosthetic
Valve Endocarditis and Substance Use Disorder. Am J Bioeth. 2018 Jan;18(1):76-78.

PMID: 29313791
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110.
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112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

Eiser AR, Kirkpatrick JN, Patton KK, McLain E, Dougherty CM, Beattie JM. Putting the
“informed” in the informed consent process for implantable cardioverter-defibrillators:
Addressing the needs of the elderly patient. Pacing Clin Electrophysiol. 2018 Jan 24. [Epub
ahead of print]. PMID: 29363143

Balkin EM, Sleeper LA, Kirkpatrick JN, Swetz KM, Coggins MK, Wolfe J, Blume ED.
Physician Perspectives on Palliative Care for Children with Advanced Heart Disease: A
comparison between Pediatric Cardiology and Palliative Care Physicians. J Palliat Med. 2018
Feb 7. [Epub ahead of print]. PMID: 29412772

Balkin EM, Kirkpatrick JN, Kaufman B, Swetz KM, Sleeper LA, Wolfe J, Blume ED.
Pediatric Cardiology Provider Attitudes About Palliative Care: A Multicenter Survey Study.
Pediatr Cardiol. 2017 Oct. PMID: 28664445

Blume ED, Hauptman PJ, Gauvreau K, Cooper S, Goodlin S, Swetz KM, Alpert C, Hummel
SL, Josephson RA, Doherty C, Brenes Salazar J, Maurer MS, Cestoni A, Bohannon K, Light-
McGroary KA, Kirkpatrick JN. Deactivation of Ventricular Assist Devices: Perspectives
and Experiences of Adult Cardiovascular Providers. 2017 Jun. PMID: 28433668

Gorodeski EZ, Goyal P, Hummel SL, Krishnaswami A, Goodlin SJ, Hart LL, Forman DE,
Wenger NK, Kirkpatrick JN, Alexander KP. Domain Management Approach to

Heart Failure in the Geriatric Patient. JACC 2018 May.10.1016/j.jacc.2018.02.059

Beattie JM, Kirkpatrick JN, Patton KK. Hardwired for Life?: Implantable Defibrillator
Dilemmas in Older Patients. The American Journal of Medicine. Ref. No.: 18-834
Mackensen GB, Lee JC, Wang DD, Pearson PJ, Blanke P, Dvir D, Kirkpatrick JN.

Role of Echocardiography in Transcatheter Mitral Valve Replacement in Native Mitral Valv-
es and Mitral Rings. J Am Soc Echocardiogr. 2018 Apr;31(4):475-490. doi:
10.1016/j.echo.2018.01.011.

Kirkpatrick JN, Nguyen HTT, Doan LD, Le TT, Thai SP, Adams D, Sanchez Ly, Sprague
N, Inanfuku J, Quang R, Hahn R, VVan Hoever AM, Nguyen T, Kirkpatrick TG, Banches J.
Focused cardiac ultrasound by nurses in rural Vietnam. J Am Soc Echocardiogr. 2018 Aug 7.
pii: S0894-7317(18)30281-5. doi: 10.1016/j.ech0.2018.05.013.

Steiner JM, Kirkpatrick JN, Heckbert SR, Sibley J, Fausto JA, Engelberg RA, Randall
Curtis J. Hospital resource utilization and presence of advance directives at the end of life for
adults with congenital heart disease. Congenital Heart Dis. 2018 Sep 19. doi:
10.1111/chd.12638

Steiner JM, Stout K, Soine L, Kirkpatrick JN, Curtis JR. Perspectives on Advance Care
Planning and Palliative Care Among Adults with Congenital Heart Disease. Congenit Heart
Dis. 2019 May;14(3):403-409. doi: 10.1111/chd.12735. Epub 2018 Dec 21.

Nguyen VP, Qin A, Kirkpatrick JN. Three-dimensional echocardiography of mechanical
circulatory support devices. Echocardiography. 2018 Nov 8. doi: 10.1111/ech0.14186
Kirkpatrick JN, Pearlman AS. Ethical Challenges in the Practice of Echocardiography:
What Is Right and How Do We Do It? J Am Soc Echocardiogr. 2018 Nov 17. pii: S0894-
7317(18)30513-3. doi: 10.1016/j.echo0.2018.09.015

Tilkemeier PL, Doukky R, Kirkpatrick JN, Desai MY, Nagueh SF. Coming-of-age: The
ImageGuide™ Registry at three. J Nucl Cardiol. 2018 Sep 14. doi: 10.1007/s12350-018-
1442-1.

Wiegers SE, Ryan T, Arrighi JA, Brown SM, Canaday B, Damp JB, Diaz-Gomez JL,
Figueredo VM, Garcia MJ, Gillam LD, Griffin BP, Kirkpatrick JN, Klarich KW, Lui GK,
Maffett S, Naqvi TZ, Patel AR, Poulin MF, Rose GA, Swaminathan M. 2019
ACC/AHA/ASE Advanced Training Statement on Echocardiography (Revision of the 2003
ACC/AHA Clinical Competence Statement on Echocardiography): A Report of the ACC
Competency Management Committee.J Am Coll Cardiol. 2019 Feb 12. pii: S0735-
1097(19)30477-2. doi: 10.1016/j.jacc.2019.02.003.
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Kaufman BD, Hollander SA, Zhang Y, Chen S, Bernstein D, Rosenthal DN, Almond CS,
Murray JM, Burgart AM, Cohen HJ, Kirkpatrick JN, Blume ED. Compassionate
deactivation of ventricular assist devices in children: A survey of pediatric ventricular assist
device clinicians' perspectives and practices. Pediatr Transplant. 2019 Feb 7:¢13359. doi:
10.1111/petr.133509.

Kirkpatrick JN, Mahr C, Beckman J, Bjelkengren J, Dudzinski DM. Responding to
Ventricular Assist Device Recalls: An Ethical Guide for Mechanical Circulatory Support
Programs. ASAIO J. 2019 Apr 18. doi: 10.1097/MAT.0000000000001005. [Epub ahead of
print] PMID: 31045923

Trang A, Kampangkaew J, Fernandes R, Tiwana J, Misra A, Hamzeh I, Blaustein A, Aguilar
D, Shah T, Ballantyne C, Quinones M, Nagueh SF, Dokanish H, Virani SS, Deswal

A, Kirkpatrick JN, Nambi V. Understanding by General Providers of the Echocardiogram
Report. Am J Cardiol. 2019 Apr 24. pii: S0002-9149(19)30461-8. doi:
10.1016/j.amjcard.2019.04.022. [Epub ahead of print] PMID: 31104774

Chen T, Carlson S, Cheney A, Zwink T, Freeman RV, Kirkpatrick JN. Performance of
Comprehensive Transesophageal Echocardiography: Quality Improvement Through
Educational Intervention. J Am Soc Echocardiogr. 2019 Aug;32(8):1046-1048. doi:
10.1016/j.ech0.2019.03.019. Epub 2019 May 23. No abstract available. PMID: 31130418

Li S, Beckman JA, Welch NG, Bjelkengren J, Masri SC, Minami E, Stempien-Otero A, Levy
WC, O'Brien KD, Lin S, Farris SD, Cheng RK, Wood G, Koomalsingh K, Kirkpatrick J,
McCabe J, Leary PJ, Chassagne F, Chivukula VK, Aliseda A, Mahr C. Accuracy of Doppler
blood pressure measurement in continuous-flow left ventricular assist device patients. ESC
Heart Fail. 2019 Aug;6(4):793-798. doi: 10.1002/ehf2.12456. Epub 2019 May 17. PMID:
31099483

Burke CR, Kirkpatrick JN, Otto CM. Goals of care in patients with severe aortic stenosis;
European Heart Journal (2019) 00, 1-4 EDITORIAL doi:10.1093/eurheartj/ehz567
Chivukula VK, Beckman J; Li S; Masri C; Levy W; Cheng R; Farris S; Wood G; Dardas T;
Kirkpatrick J; Koomalsingh K; Zimpfer D; Mackensen B; Chassagne F; Mahr C; Aliseda A.
Left Ventricle Assist Device (LVAD) inflow cannula insertion depth influences thrombosis
risk. ASAIO Journal. 2019 Aug; DOI: 10.1097/MAT.0000000000001068

Hollenberg SM; Stevenson LW; Ahmad T; Amin VJ; Bozkurt B; Butler J; Kirkpatrick JN;
Davis LL; Drazner MH; Peterson PN; Reed BN; Roy CL; Storrow AB; 2019 ACC Expert
Consensus Decision Pathway on Risk Assessment, Management, and Clinical Trajectory of
Patients Hospitalized With Heart Failure. J Am Coll Cardiol. 2019 Oct 15;74(15):1966-2011.
doi: 10.1016/j.jacc.2019.08.001. Epub 2019 Sep 13.

Asch FM, Miyoshi T, Addetia K, Citro R, Daimon M, Desale S, Fajardo PG, Kasliwal

RR, Kirkpatrick JN, Monaghan MJ, Muraru D, Ogunyankin KO, Park SW, Ronderos RE,
Sadeghpour A, Scalia GM, Takeuchi M, Tsang W, Tucay ES, Tude Rodrigues AC,
Vivekanandan A, Zhang Y, Blitz A, Lang RM; WASE Investigators. Similarities and
Differences in Left Ventricular Size and Function among Races and Nationalities: Results of
the World Alliance Societies of Echocardiography Normal Values Study. J Am Soc
Echocardiogr. 2019 Nov;32(11):1396-1406.e2. doi: 10.1016/j.ech0.2019.08.012.

Campelia GD, Kirkpatrick JN. Reinterpreting Informed Decision-Making Through The
Clinician-Patient Relationship. Ann Thorac Surg. 2019 Dec;108(6):1610-1611. doi:
10.1016/j.athoracsur.2019.08.007. No abstract available. PMID: 31761257

Campelia GD, Barg FK, Kirkpatrick JN, Hull SC. Care Labor in VAD Therapy: Some
Feminist Concerns. Perspect Biol Med. 2019;62(4):640-656. doi: 10.1353/pbm.2019.0037.
PMID: 31761798

Sullivan MF, Kirkpatrick JN. Palliative Cardiovascular Care: The Right Patient at the
Right Time. Clin Cardiol. 2019;1-8. doi: 10.1002/clc.23307
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134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

Kirkpatrick JN, Grimm R, Johri AM, Kimura BJ, Kort S, Labovitz AJ, Lanspa M, Phillip S,
Raza S, Thorson K, Turner J. Recommendations for Echocardiography Laboratories
Participating in Cardiac Point of Care Cardiac Ultrasound (POCUS) and Critical Care
Echocardiography Training: Report from the American Society of Echocardiography. J Am
Soc Echocardiogr. 2020 Feb 28. pii: S0894-7317(20)30016-X. doi:
10.1016/j.echo.2020.01.008.

Kirkpatrick JN, Mitchell C, Taub C, Kort S, Hung J, Swaminathan M, ASE Statement on
Protection of Patients and Echocardiography Service Providers During the 2019 Novel
Coronavirus Outbreak Journal of the American College of Cardiology (2020), doi: https://
doi.org/10.1016/j.jacc.2020.04.002.

Zhang, L, Wang, B, Zhou, J, Kirkpatrick, JN, Xie, M, Johri, AM.

Bedside Focused Cardiac Ultrasound in COVID-19 Infection From the Wuhan Epicenter:
The Role of Cardiac Point of Care Ultrasound (POCUS), Limited Transthoracic
Echocardiography and Critical Care Echocardiography, 2020 Apr 10. In Press Accepted
Manuscript. doi: https://doi.org/10.1016/j.ech0.2020.04.004

Kirkpatrick, JN, Mitchell, C, Taub, C, Kort, S, Hung, J, Swaminathan, M. ASE Statement
on Protection of Patients and Echocardiography Service Providers During the 2019 Novel
Coronavirus Outbreak, J Am Soc Echocardiogr. 2020 Jun;33(6):648-653. doi:
10.1016/j.ech0.2020.04.001. Epub 2020 Apr 3.PMID: 32503700

Kirkpatrick JN, Hull SC, Fedson S, Mullen B, Goodlin SJ. Allocating Scarce Resources
and Triaging Patients During the COVID-19 Pandemic, J Am Coll Cardiol. 2020 Jul
7,76(1):85-92. doi: 10.1016/j.jacc.2020.05.006. Epub 2020 May 11.PMID: 32407772
Miyoshi T, Addetia K, Citro R, Daimon M, Desale S, Fajardo PG, Kasliwal RR, Kirkpatrick
JN, Monaghan MJ, Muraru D, Ogunyankin KO, Park SW, Ronderos RE, Sadeghpour A,
Scalia GM, Takeuchi M, Tsang W, Tucay ES, Tude Rodrigues AC, Vivekanandan A, Zhang
Y, Blitz A, Lang RM, Asch FM; WASE Investigators. Left Ventricular Diastolic Function in
Healthy Adult Individuals: Results of the World Alliance Societies of Echocardiography
Normal Values Study J Am Soc Echocardiogr. 2020 Jul 30:50894-7317(20)30375-8. doi:
10.1016/j.echo.2020.06.008. Online ahead of print.PMID: 32741597

Lam DH, Tiwana J, Li S, Kirkpatrick JN, Cheng RK. Appropriate use of multimodality
stress testing for chest pain in new patient referrals to cardiologists. Coron Artery Dis. 2020
Aug 13. doi: 10.1097/MCA.0000000000000928. Online ahead of print.PMID: 32804780
Steiner JM, Dhami A, Brown CE, Stout KK, Curtis JR, Engelberg RA, Kirkpatrick JN.
Barriers and Facilitators of Palliative Care and Advance Care Planning in Adults with
Congenital Heart Disease. Am J Cardiol. 2020 Aug 28:50002-9149(20)30895-X. doi:
10.1016/j.amjcard.2020.08.038. Online ahead of print.PMID: 32866444

Leedy, DJ., Vasbinder, A, Huang, HD., Fernandes, R, Covan, AJ, Gopal, AK, Kirkpatrick,
JN, Libby EN, Cheng, RK. Assessment of Left Ventricular , Right Ventricular, and Left
Atrial Strain in Light-Chain Amyloidosis. J Am Coll Cardiol CardioOnc. 2020 Nov, 2 (4)
647-649

Soulat-Dufour L, Addetia K, Miyoshi T, Citro R, Daimon M, Fajardo PG, Kasliwal RR,
Kirkpatrick JN, Monaghan MJ, Muraru D, Ogunyankin KO, Park SW, Ronderos RE,
Sadeghpour A, Scalia GM, Takeuchi M, Tsang W, Tucay ES, Tude Rodrigues AC,
Vivekanandan A, Zhang Y, Diehl M, Schreckenberg M, Mor-Avi V, Asch FM, Lang RM;
WASE Investigators. Normal Values of Right Atrial Size and Function According to Age,
Sex, and Ethnicity: Results of the World Alliance Societies of Echocardiography Study.J Am
Soc Echocardiogr. 2020 Nov 17:S0894-7317(20)30722-7. doi: 10.1016/j.ech0.2020.11.004.
Online ahead of print.

Krishnaswami A, Beavers C, Dorsch MP, Dodson JA, Masterson Creber R, Kitsiou S, Goyal
P, Maurer MS, Wenger NK, Croy DS, Alexander KP, Batsis JA, Turakhia MP, Forman DE,
Bernacki GM, Kirkpatrick JN, Orr NM, Peterson ED, Rich MW, Freeman AM, Bhavnani
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SP; Innovations, Cardiovascular Team and the Geriatric Cardiology Councils, American
College of Cardiology. Gerotechnology for Older Adults With Cardiovascular Diseases:
JACC State-of-the-Art Review. J Am Coll Cardiol. 2020 Dec 1;76(22):2650-2670. doi:
10.1016/j.jacc.2020.09.606.

145. Li S, Beckman JA, Welch NG, Cheng RK, Rockom SW, Levy WC, O’Brien KD, Dardas

146.

TF, Lin S, Leary PJ, Kirkpatrick J, McCabe JM, Bjelkengren J, Chassagne F, Aliseda A,
Zimpfer D, Mahr C. Accuracy of Doppler Blood Pressure Measurement in HeartMate 3
Ventricular Assist Device Patients. ESC HF. 2020 Dec; 7(6): 4241-6.

Driggin E, Morris AA, Maddox TM, Mullen JB, Ferdinand KC, Parikh SA, Kirkpatrick
JN, Philbin Jr DM, Ky B, Vaduganathan M, Gluckman TJ, Gulati CM, Aggarwal NR,
Kumbhani DJ, Bhave NM, Krittanawong C, Dehmer GJ, Sala-Mercado JA, Gilbert ON,
Winchester DW, ACC Health Policy Statement on Cardiovascular Disease Considerations for
COVID-19 Vaccine Prioritization, Journal of the American College of Cardiology (2021),
doi: https://doi.org/10.1016/j.jacc.2021.02.017.

2. Book Chapters

1.

2.

3.

10.

11.

Kirkpatrick JN. Chest Pain. In: Smith DS, Sullivan LE, Hay SF (eds.), Field Guide To
Internal Medicine. Lippincott Williams & Wilkins, 24th Ed. Jun 2003.

Kirkpatrick JN. Valvular Heart Disease. In: Smith DS, Sullivan LE, Hay SF (eds.), Field
Guide To Internal Medicine. Lippincott Williams & Wilkins, 24th Ed. Jun 2003.
Kirkpatrick JN. Echocardiography in Advanced Heart Failure (chapter 10). In: Kirklin JK,
Banner NR, Jessup M. (eds.). ISHLT Monograph Series. International Society for Heart and
Lung Transplantation, 2009;3(2);pp.101-116.

Kirkpatrick JN, Mor-Avi V, Lang RM. Advanced Evaluation of Left Ventricular Function
with Three Dimensional Echocardiography. In: Badano L, Lang RM, Zamorano JL. (eds.),
Textbook of Real-Time Three Dimensional Echocardiography. Springer-Verlag, London,
Mar 2011 Notes: Chapter 6.

Kirkpatrick JN. Echocardiographic Evaluation of Ventricular Support Devices. In: St John
Sutton MG, Wiegers SE (eds.), Echocardiography in Heart Failure (Practical
Echocardiography Series). Elsevier Inc, Philadelphia. Oct 2011, Chapter 12.

Kirkpatrick JN, Lang RM. Future Applications of Hemodynamic Monitoring Using
Echocardiography in the Critically Ill. In: Cholley B, De Backer D, Slama M, Vieillard-Baron
A, Vignon P (eds.), Hemodynamic Monitoring Using Echocardiography in the Critically III.
Springer, Feb 2011 Notes.

Kirkpatrick JN, Fedson SE. Medical Ethics. In: Baliga (eds.), Cardiology Boards Review
Book. McGraw-Hill, Oct 2011.

Kirkpatrick JN. Cardiac Assist Devices Normal Findings, Device Failure, and Weaning
Parameters. In: Otto, C (eds), The Practice of Clinical Echocardiography, 4" Ed. Elsevier Inc,
Philadelphia. May 2012, Chapter 31; pp.597-612.

Pak E, Wald J, Kirkpatrick JN. Multimorbidity and end of life care in patients with
cardiovascular disease. In: Rich MW, Boyd C, Pacala JT (eds), Managing Chronic
Conditions in Older Adults with Cardiovascular Disease, An Issue of Clinics in Geriatric
Medicine. Elsevier Inc. May 2016, Chapter 13.

Kirkpatrick JN. Echocardiography in Mechanical Circulatory Support: Normal Findings,
Complications, and Speed Changes. In: Otto, C (ed), The Practice of Clinical
Echocardiography, 5" Ed. Elsevier Inc, Philadelphia. 2017, Chapter 30.

Vaidya A and Kirkpatrick JN. The Right Ventricle. In: Otto, C (ed), The Practice of Clinical
Echocardiography, 5" Ed. Elsevier Inc, Philadelphia. 2017, Chapter 30.
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12.

Chen T, Kirkpatrick JN. Echocardiography in Heart Failure. In: Sawyer, Vasan (eds),
Encyclopedia of Cardiovascular Research and Medicine, 1% Ed. Elsevier Inc, Philadelphia.
2017

13. Steiner JM, Kirkpatrick JN. Palliative care and TAVR. In: Iribarne,Stefanescu, Schmidt,

Nguyen (eds), American College of Cardiology Transcatheter Heart VValve Handbook 2018.
Chapter 22

3. Published Books, Videos, Software, etc.

1.

Kirkpatrick JN. Use of LV contrast to distinguish intracardiac masses from thrombus. E-
clips. Echocardiography in Clinical Practice. A case-based learning tool for the practitioner.
Lang RM, Vannan M, Khandheria BK (eds.). American Society of Echocardiography, 2009.
Kirkpatrick JN. Death Just Isn't What It Used to Be. Network for continuing Medical
Education video #889, May 2010.

Kirkpatrick JN. Echo Evaluation for Left Ventricular Assist Devices (LVAD)
ASEUniversity.org

James Kirkpatrick; Continuum of Care With Palliative Care: What You Need to Know
About Payment Reform and Readmission Reduction. ACC Webinars OnDemand. Sept. 20,
2018.

4. Other Publications

1.

2.

3.

10.

11.

12.

13.

Kirkpatrick JN. Catholicism and Healthcare Justice. Health and Development-Christian
Community Health Fellowship (4), 20-24, 2002.

Kirkpatrick JN. Right to discontinue treatment-including pacemakers? Virtual Mentor--
Clinical Ethics in Chicago. American Medical Association, Jun 2002,

Kirkpatrick JN. Putting it all together-the Art and Science of Medicine. Virtual Mentor-
Clinical Ethics American Medical Association Journal of Ethics 8(7): 452-458, 2006 Notes:
Case Commentary

Kirkpatrick JN. Ethics and the Metaphysics of Medicine: Reflections on Health and
Beneficence (review). Perspectives in Biology and Medicine 49(3): 467-470, 2006.
Kirkpatrick JN, Kim AY. Ethical issues in heart failure: overview of an emerging need.
Perspectives in Biology & Medicine 49(1): 1-9, Winter 2006

Nainggolan L. Postmortem device retrieval: Patients unaware of options. Heartwire Nov 2006
Notes: Online Media Coverage of James N. Kirkpatrick, M.D.

Mitka M: Death not necessarily end for heart devices. JAMA 297(2): 144-5, January 2007.
Notes: James N. Kirkpatrick quoted.

Newswise: Ethics in Cardiovascular Medicine Expert Now Available. Newswise January
2007 Notes: Online Media Coverage of James N. Kirkpatrick, M.D.

Kirkpatrick JN, Fedson SE, Verdino R. Ethical Dilemmas in Device Treatment for
Advanced Heart Failure. Current Opinion in Supportive and Palliative Care 1(4): 267-273,
Dec 2007.

Rahmouni HW, Kirkpatrick JN, St John Sutton MG. Effects of cardiac resynchronization
therapy on ventricular remodeling. Current Heart Failure Reports 5(1): 25-30, Mar 2008.
Stawicki SP, Shiroff AM, Hayden GE, Panebianco NL, Kirkpatrick JN, Horan, AD, Gracias
VH, Dean Al. Incidental findings on intensivist bedside ultrasonographic (INBU)
examinations: Why should we care? OPUS 12 Scientist 2(3), 2008.

Stein R. Heart Pump Creates Life-Death Ethical Dilemmas. The Washington Post April 2008
Notes: published 4/24/2008 Dr. Kirkpatrick quoted.

Kirkpatrick JN, Lang RM. Heart failure: hemodynamic assessment using echocardiography.
Current Cardiology Reports 10(3): 240-6, May 2008.
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14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

Kirkpatrick JN, Lang RM. Insights Into Myocardial Mechanics in Normal and Pathologic
States Using Newer Echocardiographic Techniques. Current Heart Failure Reports 5: 143 -
150, 2008.

Kirkpatrick JN. Analyzing the "speckled band" to predict response to CRT: a Sherlockian
conundrum. Journal of the American Society of Echocardiography 22(6): 685-7, Jun 2009.
Kirkpatrick JN. Using echo to evaluate patients with left ventricular assist devices
(LVADSs): adding non-invasive PVR into the diagnostic toolbox. Journal of the American
Society of Echocardiography 22(9): 1063-9, Sep 2009.

Kirkpatrick JN, Wiegers SE, Lang, RM. Left Ventricular Assist Devices and Other Devices
for End-Stage Heart Failure: Utility of Echocardiography. Current Cardiology Reports 12:
257-264, May 2010.

*Kirkpatrick JN, Fields AV, Ferrari VA. Medical Ethics and the Art of Cardiovascular
Medicine. Lancet 376(9740): 508-9, Aug 2010.

Kirkpatrick JN, Wiegers SE, Rame JE, Lang RM. Use of echocardiography to optimize left
ventricular assist devices. U.S. Cardiology 7(2): 2-6, Sep 2010.

Kirkpatrick JN. Infective Endocarditis in the Intravenous Drug User. Virtual Mentor-
Clinical Ethics American Medical Association Journal of Ethics Oct 2010 Notes:
http://virtualmentor.ama-assn.org/2010/10/ccas1-1010.html

Kirkpatrick JN. ABCD's of Heart Failure: Echo-ing through the First Stage. Journal of the
American Society of Echocardiography 23(10): 1035-1038, Oct 2010.

Kirkpatrick JN, Lang RM. Surgical Echocardiography of Heart Valves: A primer for the
cardiovascular surgeon. Seminars in Thoracic and Cardiovascular Surgery 22(3): 200.e1-
200.e22, Autumn 2010.

Baman TS, Kirkpatrick JN, Romero J, Gakenheimer L, Rovero A, Lange DC, Nosowsky R,
Fuller K, Sison EO, Tangco RV, Abelardo NS, Samson G, Sovitch P, Machado CE, Kemp
SR, Morgenstern K, Goldman EB, Oral H, Eagle KA. Response to Letter Regarding Article,
"Pacemaker Reuse: An Initiative to Alleviate the Burden of Symptomatic Bradyarrhythmias
in Impoverished Nations Around the World" Circulation. 123 638, 2011

Beeler C: Conflicts of interest noted among medical guideline writers. WHYY Mar 2011
Notes: Online Media Coverage of James N. Kirkpatrick, M.D.

Burton TM: Study Cites Cardiology Conflicts. The Wall Street Journal Mar 2011 Notes:
Online Media Coverage of James N. Kirkpatrick, M.D.

Salahi L.: Optimism linked to improved survival with coronary artery disease. ABC
News/Health — Heart Health News Mar 2011 Notes: James N. Kirkpatrick quoted on online
article.

Smith M: Conflicts Common Among Heart Guidelines Writers. MedPageToday.com Mar
2011 Notes: Online Media Coverage of James N. Kirkpatrick, M.D.

Stiles S: Many AHA/ACC guidelines writers are conflict-free, says report: Why not all?
Heartwire Mar 2011 Notes: Online Media Coverage of James N. Kirkpatrick, M.D.
Wilson D: Study Finds Conflicts Among Panels' Doctors. The New York Times Mar 2011
Notes: Media Coverage of James N. Kirkpatrick, M.D.

American Society of Registered Nurses: Conflict of Interest "Half the Time" Between Firms,
Heart Experts. American Society of Registered Nurses Apr 2011 Notes: Online Media
Coverage of James N. Kirkpatrick, M.D.

Beeler C: Blood pressure. Cholesterol. Guilt? Newsworks WHY'Y. Online Media Coverage
of James N. Kirkpatrick, M.D. Apr 2011.

Burling S: Scrutinizing guidelines. The Philadelphia Inquirer Apr 2011 Notes: Media
Coverage of James N. Kirkpatrick, M.D.

McCullough M: An End-of-Life dilemma. The Philadelphia Inquirer Apr 2011 Notes: Media
Coverage of James N. Kirkpatrick, M.D.
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34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

Nauet R: Using guilt as prod to change behavior for heart health. PsychCentral Apr 2011
Notes: Online Media Coverage of James N. Kirkpatrick, M.D.

O'Reilly KB. Financial ties to industry widespread on clinical guideline panels.
AMEDNEWS/American Medical News Apr 2011 Notes: Online Media Coverage of James
N. Kirkpatrick, M.D.

PhysOrg.com: Study shed light on end of life management of implanted defibrillators.
PhysOrg.com Apr 2011 Notes: Online Media Coverage of James N. Kirkpatrick, M.D.
Stein J: Are You Sure You Need That Second Piece of Pie? Guilt as a Lifestyle Motivator.
Los Angeles Times Apr 2011 Notes: Media Coverage of James N. Kirkpatrick, M.D.
Miller R: Conflicts of interest abound in diabetes/hyperlipidemia guidelines committees. The
Heart.org Oct 2011 Notes: Media Coverage of James N. Kirkpatrick, M.D.

Caplan A, Kirkpatrick JN. Before you buy that defibrillator...Philadelphia Inquirer Jan
2012 Notes: January 11, 2012 and online via Philly.com
http://www.philly.com/philly/opinion/inquirer/20120111

Kirkpatrick JN, St John Sutton MG. Non-Cardiac Findings: Now You See Them... Journal
of the American Society of Echocardiography 25(5): 558, May 2012.

Francis GS.: Too sick to understand: Doctor-patient device communication falls short.
Heartwire — theheart.org forum Sep 2012 Notes: Media coverage of study by James N.
Kirkpatrick.

Kirkpatrick JN quoted: Patients having devices lack information, says study. The
Cardiomyopathy Association 11(3), Oct 2012 Notes: Dr. Kirkpatrick is quoted in 10/2/2012
posting online.

Kusterbeck S: Focus on satisfaction: Too much autonomy? Medical Ethics Advisor 28(10):
113-114, Oct 2012. Notes: James N. Kirkpatrick quoted.

Kirkpatrick JN, Kadakia MB, Vargas A. Management of conflicts of interest in
cardiovascular medicine. Progress Cardiovascular Disease 55(3): 258-65, Nov 2012.
PMCID: 23217429

Kirkpatrick JN, Kim Y'Y, Kaufman BD. Ethics priorities in adult congenital heart disease.
Progress Cardiovascular Disease 55(3): 266-273, Nov 2012. PMCID: 23217430
VanArtsdalen J, Goold SD, Kirkpatrick JN, Goldman E, Eagle K, Crawford T. Pacemaker
Reuse for Patients in Resource Poor Countries: Is Something Always Better Than Nothing?
Progress in Cardiovascular Diseases 55(3): 300-306, Nov-Dec 2012. PMCID: 23217434
Mukulski J: Life After a Destination LVAD Implantation. Penn Med News Blog 2012. Notes:
James N. Kirkpatrick quoted.

Beattie JM, Kirkpatrick JN. Informed consent for ICD implantation: a potential trigger to
facilitate completion of a device-related advance directive. Circulation: Cardiovascular
Quality and Outcomes 2012 Notes: URL.:
http://circoutcomes.ahajournals.org/cgi/eletters/5/3/283#425.

Fields AV, Kirkpatrick JN. Ethics of the Heart: ethical and policy challenges in the
treatment of advanced heart failure. Perspectives in Biology and Medicine 55(1): 71-80,
2012.

Kadakia MB, Kirkpatrick JN, Silvestry FE. Echocardiography in Percutaneous Mitral Valve
Interventions. Curr Cardiovasc Imaging Rep. MH PICARD, SECTION EDITOR (eds.).
Springer Science+Business Media, LLC 5: 452-461, 2012.

Kirkpatrick JN, St John Sutton M. Assessment of ventricular remodeling in heart failure
clinical trials. Current Heart Failure Reports 9(4): 328-36, Dec 2012 Notes: doi
10.1007/s11897-012-0116-6.

Kirkpatrick JN, Kaufman B. Why Should We Care About Ethical and Policy Challenges in
Congenital Heart Disease? World Journal for Pediatric and Congenital Heart Surgery 4: 7-9,
Jan 2013 Notes: doi:10.1177/2150135112454666 featured on MDLinx
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55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Kusterbeck S. Reuse of devices in the developing world. Medical Ethics Advisor 29(1): 5-6,
Jan 2013 Notes: James N. Kirkpatrick quoted.

Mikulski J. Yes or No? Penn News Today March 2013 Notes: 3/19/2013
http://www.uphs.upenn.edu/news/News_Releases/2013/03/kirkpatrick/ Notes: James N.
Kirkpatrick quoted.

Medwire News Reporters: ICD switch-off a gray area for clinicians. medwire News March
2013 Notes: March 27, 2013 American College of Cardiology 2013; San Francisco, CA 9-11
March. http://mww.medwirenews.com/38/104001/Cardiology/ICD_switch-
off_a_gray_area_for_clinicians.html. Notes: James N. Kirkpatrick quoted.

Kini V, Kirkpatrick JN. Ethical Challenges in Advanced Heart Failure. Curr Opin Support
Palliat Care 7(1): 21-28, March 2013.

Kusterbeck S. Ethics of high-tech, high-cost interventions. Medical Ethics Advisor 29(4): 43-
44, April 2013. Notes: James N. Kirkpatrick quoted.

Kusterbeck S. Communications, Negotiations are Necessary. Medical Ethics Advisor 2013
Notes: Dr. Kirkpatrick quoted.

Kini V, Kirkpatrick JN. Con: Patient's Desire for Termination of Destination LVAD
Therapy Should Be Respected. J Cardiothorac Vasc Anesth. 27(5): 1051-2, October 2013
Stacey Kusterbeck. Guideline Committee Members May Have Conflicts of Interest. Medical
Ethics Advisor March 2014 Notes: James N. Kirkpatrick quoted.

Lipman HI, Kalra A, Kirkpatrick JN. Foundations of medical decision-making for older
adults with cardiovascular disease. J Geriatr Cardiol. 2015 Jul;12(4):335-9. doi:
10.11909/j.issn.1671-5411.2015.04.004.

Pak E, Wald J, Kirkpatrick JN. Multimorbidity and End of Life Care in Patients with
Cardiovascular Disease. Clin Geriatr Med. 2016 May;32(2):385-97. doi:
10.1016/j.cger.2016.01.005.

Menkin E, Kirkpatrick JN. Navigating ‘The Conversation.” Expert Analysis, ACC Online.
Apr 27, 2016.

Kusterbeck S. Very Few Patients Address ICDs in Advance Care Planning. Medical Ethics
Advisor. 2017 Jun;33(6):67-69. Notes: Dr. Kirkpatrick quoted.

Kirkpatrick JN. Professionalism Case Series: Patient Autonomy in End-of-Life Care.
http://www.acc.org. July 26, 2017. Accessed [Insert Access Date].
https://auth.acc.org/ACCFederatedL ogin/PostSP?SP=DI&target=http://edu.acc.org/diweb/cat
alog/item/eid/cpc78.

Kirkpatrick JN. Physician Conflict of Interest Disclosures to Journals for Device-Industry
Ties Fall Short. https://www.tctmd.com. August 24", 2018
https://www.tctmd.com/news/physician-conflict-interest-disclosures-journals-device-
industry-ties-fall-short

Mulrow J, Doherty CL, Bernacki B, Kirkpatrick J, Rich MW, Alexander KP, Goodlin S.
Pallative Care Considerations for Patients with Cardiovascular Disease Under Coronavirus
Disease. https://www.acc.org. April 9, 2020 https://www.acc.org/latest-in-
cardiology/articles/2020/04/09/12/42/palliative-care-considerations-for-patients-with-
cardiovascular-disease-under-coronavirus-disease-2019-covid-19

Warraich, H, Kirkpatrick, JN. Acute Coronary Syndrome in an Older Adult with Recent or
Ongoing Cancer Treatment: A Palliative Care Viewpoint. https://www.acc.org. January 9,
2020 https://www.acc.org/latest-in-cardiology/articles/2020/01/03/08/01/acs-in-an-older-
adult-with-recent-or-ongoing-cancer-treatment-palliative

Mulrow, J, Doherty, CL, Bernacki, G, Kirkpatrick, J, Rich, MW, Alexander, KP, Goodlin,
S, Palliative Care Considerations For Patients With Cardiovascular Disease Under COVID-
19, Journal of the American College of Cardiology, Cardiology Magazine April 9, 2020.
Kirkpatrick, JN, Bernacki, G. Primary Prevention Statins in Older PatientsThe Good News
or the Bad News First? J Am Coll Cardiol. 2020 Jul 7; 76(1): 28-30.
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71.

72.

73.

74.

Mudigonda, P, Kirkpatrick, JN, Cheng, RK. Non-Invasive Cardiac Imaging for LVAD and
OHT in Era of COVID-19. Expert Analysis, ACC online. August 5, 2020
https://www.acc.org/latest-in-cardiology/articles/2020/08/05/12/38/non-invasive-cardiac-
imaging-for-lvad-and-oht-in-era-of-covid-19

The Wide Variability in Ethics Consult Mandates in Medical Ethics Advisor, Your Practical
Guide to Ethics Decision-Making, October 2020, Vol 36, No. 10; p.109-120

Deprescribing CV medications may benefit elderly patients with evolving treatment goals.
Cardiology Today, October 20, 2020

Geriatric and Interventional Cardiology: Finding Intersectionality Through Case Based
Learning. GCS Leadership Council and Members, Geriatric Cardiology Section Case
Studies-20201015 2301-1, ACC WebEXx, October 15, 2020

5. Manuscripts Submitted

1.

2.

o &

Bernacki G, Kirkpatrick JN, Curtis, JR. Addressing cardiopulmonary resuscitation in
patients with heart disease and novel coronavirus 2019 (COVID-19).

Young TJ, Gaieski DF, Kolansky DM, Khan AM, Perman SM, Merchant RM, Kirkpatrick
JN. Provider Perspectives on the Duration of Cardiopulmonary Resuscitation After Cardiac
Arrest.

Morcos M and Kirkpatrick JN. Left Atrial Thrombus (Contrast). Lang- ASE’s
Comprehensive Echocardiography, 3E

Kirkpatrick JN. Cardiac Assist Devices. Otto’s Practice of Clinical Echocardiography 6e
Yamazaki, EM, Garcia-Rosendahl KM, MacMullen LE, Ecker AJ, Kirkpatrick JN, Goel N.
Hemodynamic Profiles Predict Performance Resilience and Vulnerability to Sleep Loss and
Stress.

6. Abstracts and Posters

1.

2.

Kirkpatrick JN, Gundry SR. Outcomes of Surgical Treatment of Total Anomalous
Pulmonary Venous Return. Western Thoracic Surgical Society Meeting, Jun 1998.
Kirkpatrick JN, Gundry SR. Graft Ischemic Time and the Development of Coronary Artery
Disease in Pediatric Heart Transplantation. American Society of Transplantation Meeting
1999.

Kaldjian LC, Jewel JF, Bernene JL, Wu B, Thomas-Geevarghese A, Kirkpatrick JN,
Vaughn-Sarrazin M, Duffy TP. Aggressive palliation and physician-assisted suicide: Do
house officers and established physicians think alike? Journal of General Internal Medicine
17(Suppl. 1): 173-174, Apr 2002.

Kaldjian LC, Wu B, Kirkpatrick JN, Thomas-Geevarghese A, Vaughn-Sarrazin M. Do
house officers religious beliefs influence their ethical attitudes? A preliminary survey with
implications for education in ethics and professionalism. Journal of General Internal
Medicine 17(Suppl. 1): 228, Apr 2002.

Kaldjian LC, Wu B, Kirkpatrick JN, Thomas-Geevarghese A, Vaughan-Sarrazin M.
Medical house officers' attitudes toward aggressive analgesia, terminal sedation, and assisted
suicide in end-of-life care: Are there associations with training, demographic, and religious
factors? Journal of General Internal Medicine 18(Suppl. 1): 245, Apr 2003.

Kirkpatrick JN, Ward RP, Lang RM, Bednarz JE, DeCara JM, Spencer KT. Comparison of
modified acoustic quantification with echocardiographic contrast and radionuclide
ventriculography for evaluation of left ventricular ejection fraction. Journal of the American
College of Cardiology/American College of Cardiology Scientific Sessions 43(5 Suppl. A):
374A, Mar 2004.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

Kirkpatrick JN, DeCara JM, Lang RM, Spencer KT. Internist use of a hand carried
ultrasound device for the screening of cardiovascular disease in the medically underserved.
Journal of The American College of Cardiology/American College of Cardiology Scientific
Sessions 43(5 Suppl. A): 409A, Mar 2004.

Ward RP, Leeper NJ, Kirkpatrick JN, Williams KA, Lang RM, Schwartz LB, Desai TR.
Preoperative statins are associated with shorter length of stay and improved long term
survival in patients undergoing vascular surgery. Journal of the American College of
Cardiology/American College of Cardiology Scientific Sessions 43(5 Suppl. A): 460A-461A,
Mar 2004.

Ward RP, Kirkpatrick JN, Goonewardena SN, Lammertin G, Furlong KT, Balasia B,
Spencer KT, Lang RM. Carotid intima-media thickness predicts complex aortic atheroma in
patients referred for transesophageal echocardiography after stroke or TIA.
Circulation/American Heart Association Scientific Sessions 110(17 Suppl. S): 1893

Oct 2004.

Brennan JM, Blair JE, Goonewardena S, Ronan A, Shah D, Vasaiwala S, Zhang JX,
Kirkpatrick JN, Spencer KT. Estimation of central venous pressure by internal medicine
residents using hand carried ultrasound devices compared to right heart catheterization.
Circulation/American Heart Association Scientific Sessions 112(17 Suppl. S): 2795

Oct 2005.

Kirkpatrick JN, Collins KA, Heilig K, Wang YL, Lammertin G, Schlimme M, Hall J,
Quigg R, Lang RM, Heilig C. Cardiac hypertrophy and renal disease in GLUT-1
overexpressing mice. Journal of the American College of Cardiology/American College of
Cardiology Scientific Sessions 47(4 Suppl. A): 38A, Feb 2006.

Kirkpatrick JN, Guger CJ, Fedson SE. Prevalence and predictors of advance directives in
patients in the cardiac care unit. Journal of the American College of Cardiology/American
College of Cardiology Scientific Sessions 47(4 Suppl. A): 271A, Feb 2006

Kirkpatrick JN, Kim SS, Rajaguru S, Panutich MS, Burke MC, Knight BP. Practices and
opinions of morticians regarding postmortem implantable device analysis and retrieval.
Journal of the American College of Cardiology/American College of Cardiology Scientific
Sessions 47(4 Suppl. A): 14A, Feb 2006.

Kirkpatrick JN, Guger CJ, Arnsdorf MF, Fedson SE. Prevalence of advance directives in
the CCU versus oncology services. Circulation/American Heart Association Scientific
Sessions 113(21): E810-E811, May 2006.

Kirkpatrick JN, Ghani SN, Kim SS, Rajaguru S, Roberts M, Burke MC, Knight BP.
Patients preferences regarding post-mortem implantable device analysis and retrieval:
Potential for a "device advance directive" Circulation/American Heart Association Scientific
Sessions 114(18 Suppl. S): 1981, Oct 2006.

Brennan JM, Blair J, Goonewardena S, Ronan A, Shah D, Vasaiwala S, Kirkpatrick JN,
Spencer KT: Reappraisal of the use of I\VVC for estimating right atrial pressure. Journal of the
American College of Cardiology/American College of Cardiology Scientific Sessions 49(9
Suppl. A): 169A-170A, Mar 2007.

Farmer SA, Kirkpatrick JN, Heidenreich PA, Curtis JP, Wang Y, Groeneveld PW: Racial
and ethnic differences in nationwide utilization of cardiac resynchronization therapy.
Circulation/American Heart Association Scientific Sessions 116(16 Suppl. S): 3627 Oct
2007.

Farmer SA, Kirkpatrick JN, Heidenreich PA, Curtis JP, Wang YF, Groeneveld PW. Racial
and ethnic differences in cardiac resynchronization therapy outside of published guidelines.
Circulation/American Heart Association Scientific Sessions 116(16 Suppl. S): 3778 Oct
2007.
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19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Dean A, Hayden G, Mark D, Ky B, Gracias V, Kirkpatrick J, Everett W. Bedside
Ultrasonography Assessment of Mitral Valve Inflow Velocity and Tissue Doppler Are
Similar to Echocardiology Measurements. Academic Emergency Medicine 2007.

Hayden G, Everett W, Mark D, Paszczuk A, Gracias V, Kirkpatrick J, Dean A. The Right
Intercostal Window for IVC Measurement in Critically Il Patients is an Alternative to
Subxiphoid Views. Academic Emergency Medicine 2007.

Hayden GE, Worth WW, Ky B, McGovern S, Mark D, Kirkpatrick JN, Gracias VH, Dean
AJ. Inferior vena cava measurements of intensivists and echocardiographers have small
statistical differences. World Congress on Ultrasound in Emergency and Critical Care 2007.
Mark D, Hayden G, Paxzuczuk A, Ky B, Everett W, Kirkpatrick J, Dean A: Left
Ventricular Ejection Fraction Estimation using Handheld Ultrasonography in Critically 111
Patients. Academic Emergency Medicine 2007.

Kirkpatrick JN, Romanelli J, Duffy KJ, Scott CH, Sutton MSJ, Wiegers SE, Keane MG.
Women face higher risk for decline in left ventricular ejection fraction following orthotopic
liver transplant. Journal of the American College of Cardiology/American College of
Cardiology Scientific Sessions 51(10 Suppl. A): A356, Mar 2008.

Ogbara J, Ky B, Fields AV, Rhamouni HW, Chirinos JA, Eberman KM, Keane MG,
Silvestry FE, Glassberg HL, Farmer SA, Ferrari VA, Sutton MSJ, Wiegers SE, Kirkpatrick
JN. Appropriateness of indications for transthoracic echocardiography by ordering physician
specialty and predictors of management changing findings. Circulation/American Heart
Association Scientific Sessions 117(21): 66 May 2008.

Testani J, Goldberg L, Chirinos JA, Khera A, Kirkpatrick JN. Inferior Vena Cava
Inspiratory Collapsibility as a Predictor of Change in Renal Function During Hospitalization
for Acute Decompensated Heart Failure. Journal of the American College of
Cardiology/American College of Cardiology Scientific Sessions 53(10 Suppl. 1): A162, Mar
2009.

Testani J, Ky B, Chirinos JA, Khera A, Keane MG, Ferrari VA, Sutton MS, Kirkpatrick JN.
Clinical Categories of Pulmonary Artery Systolic Pressure by Echocardiography Versus
Right Heart Catheterization in 619 Clinically-Performed Studies. Journal of the American
College of Cardiology/American College of Cardiology Scientific Sessions 53(10 Suppl. 1):
A237, Mar 2009.

Anter E, Verdino RJ, St John Sutton MG, Callans DJ, Zado E, Marchlinski FE, Kirkpatrick
JN. Cardiac Resynchronization Therapy Can Improve LV Function and Reduce Mitral
Regurgitation in Patients with Refractory Heart Failure Early after Cardiac Surgery. Heart
Rhythm Society Scientific Sessions May 2009.

Baman TS, Kirkpatrick JN, Lange DC, Oral H, Goldman EB, Eagle KA. Post-Mortem
Cardiac Device Retrieval for Re-Use in Third World Nations: Views of Funeral Directors
Heart Rhythm Society Scientific Sessions May 2009.

Chirinos J, Segers P, Gupta A, Swillens A, Kirkpatrick J, Keane M, Wiegers S, Ferrari V,
St John Sutton M. Increased pulsatile systolic load in hypertension is associated with delayed
left ventricular untwisting. Journal of the American College of Cardiology/American College
of Cardiology Scientific Sessions 53(10): A238, Mar 2009.

Chirinos JA, Segers P, Gupta A, Swillens A, Kirkpatrick JN, Keane MG, Ferrari VA,
Wiegers SE, St John Sutton MG: Pulsatile Systolic Load is Associated With Delayed Left
Ventricular Untwist in Hypertension Journal of the American College of Cardiology,
American College of Cardiology Scientific Sessions Mar 2009.

Chirinos JA, Segers P, Gupta A, Swillens A, Kirkpatrick JN, Keane MG, Ferrari VA,
Wiegers SE, St. John Sutton MG. Isometric Exercise-Induced Hemodynamic Load Strongly
Predicts Left Ventricular Mass in Hypertension Journal of the American College of
Cardiology/American College of Cardiology Scientific Sessions Mar 2009.
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32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Khera A, Testani J, Kirkpatrick JN. Inferior Vena Cava Collapsibility as a Predictor of
Right- and Left-Sided Intracardiac Filling Pressures in 511 Clinical Studies. American
Society of Echocardiography Scientific Sessions 2009.

Kini V, Logani S, Wiegers SE, St. John Sutton M, Chirinos JA, Keane MG, Ky B, Ferrari
VA, Moss JD, Rahmouni HW, Farmer SA, Eberman K, Kirkpatrick JN. Blood Culture
Results are not Associated with Vegetations on Transesophageal Echocardiography:
Implications for the Appropriate Ordering of TEES. American Society of Echocardiography
Scientific Sessions 20009.

Kirkpatrick JN, Baman TS, Papini C, Eagle KA, Dixit S. Reuse of Pacemakers and
Defibrillators in Developing Nations. American Society of Bioethics and Humanities Annual
Meeting 2009.

Lange DC, Kirkpatrick JN, Oral H, Goldman EB, Eagle KA, Baman TS. Post-Mortem
Cardiac Device Retrieval for Re-Use in Third World Nations: Views of the General Public
and Patient Population Heart Rhythm Society Scientific Sessions 2009.

Mendelson B, Kirkpatrick JN, Litzky L, Verdino RJ. Feasibility of Post-Mortem Device
Interrogation for Detection of Terminal Arrhythmias and/or Device Failure American Heart
Association Scientific Sessions 20009.

Mendelson T, Kirkpatrick JN. Conflicts Of Interest In Clinical Practice Guidelines.
American Heart Association Quality of Care and Outcomes Research in Cardiovascular
Disease and Stroke Conference 2009.

Ogbara J, Logani S, Ky B, Moss JD, Chirinos JA, Eberman K, Sutton B, Ryan G, Ferrari VA,
Silvestry FE, Keane MG, St. John Sutton M, Wiegers SE, Kirkpatrick JN. Appropriateness
and Clinical Utility in Carefully-Screened Transesophageal Echocardiograms. American
Society of Echocardiography Scientific Sessions 2009.

Testani J, Yu A, McCauley B, Khera A, Owens A, Kirkpatrick J, St. John Sutton M,
Wiegers S. Prevalence of Reduced Cardiac Index in a Post-Cardiac Transplant Population.
Journal of Cardiac Failure/Heart Failure Society of America Scientific Sessions 15(6), 2009.
Testani J. McCauley B, Khera A, Yu A, Wiegers S, Owens A, St. John Sutton M,
Kirkpatrick J. Effect of Right Ventricular Function on CardioRenal Interactions during the
Treatment of Decompensated Heart Failure. Journal of Cardiac Failure/Heart Failure Society
of America Scientific Sessions 15(6), 2009.

Yu AF, Wang Y, Marzec L, Kirkpatrick JN, Forfia PR. Differences in Accuracy of
Doppler-Estimated Pulmonary Vascular Resistance Relate to the Degree of Left Atrial
Pressure Contribution to Pulmonary Hypertension. Journal of Cardiac Failure/Heart Failure
Society of America Scientific Sessions 16(8), Jan 2010.

Woksob L, Beach MC, Wiegers SE, Kirkpatrick JN. Medical practitioners' perspectives on
guilt as a motivational tool. Communication, Medicine and Ethics 2010 meeting. Jun 2010.
Kirkpatrick JN, Hull S, Rame JE, Morris R. Ethical Dilemmas in Ventricular Assist
Devices: A Paradigm for Ethical Discourse on Implantable Medical Devices. American
Society for Bioethics and Humanities Annual Meeting Oct 2010.

Kirkpatrick JN, Patel R, Verdino J: Living Wills for Defibrillators. Patient Perspectives on
End of Life Handling of ICDs. Journal of the American College of Cardiology/American
College of Cardiology Scientific Sessions 55(10), 2010.

Testani J, Chen J, McCauley B, Khera A, St. John Sutton MG, Wiegers SE, Kirkpatrick JN.
Right Ventricular Dysfunction is Associated with Improved Renal Outcomes during the
Treatment of Decompensated Heart Failure. American Society of Echocardiography
Scientific Sessions 2010.

Testani J, Chen J, McCauley B, St John Sutton MG, Wiegers SE, Kirkpatrick JN. Inferior
Vena Cava Inspiratory Collapse is Poorly Correlated with Right Atrial Pressure but
Significantly Predicts Outcomes in Patients with Decompensated Heart Failure: An
Application of the Evaluation Study of Congestive Heart Failure and Pulmonary Artery
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47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Catheterization Effectiveness Trial Limited Dataset. American Society of Echocardiography
Scientific Sessions 2010.

Baman TS, Gakenheimer L, Sovitch NE, Sovitch P, Romero J, Kirkpatrick JN, Wasserman
B, Samson G, Jones H, Crawford T, Oral H, Eagle KE.: Feasibility of Device Acquisition
with Adequate Battery Life for Potential Reuse in Underserved Nations. Heart Rhythm 2011
32nd Annual Scientific Sessions Apr 2011.

Ferguson KM, Hull SC, Marble JF, Barg FK, Kirkpatrick JN. Caregiver Burden in LVAD-
DT: A Pilot Study The International Society for Heart and Lung Transplantation 31st Annual
Meeting and Scientific Sessions San Diego, CA Apr 2011.

Gottlieb MG, Patel R, Verdino RJ, Baman TS, Eagle KA, Kirkpatrick JN. End of Life
Management of ICDs: Patient Perspectives on Deactivation and Donation. American College
of Cardiology 60th Annual Scientific Session Apr 2011.

Gould AL, Woskob L, Jones NL, Beach MC, Wiegers SE, Kirkpatrick JN. Cardiovascular
Patients' Perspectives on Guild as a Motivational Tool. American College of Cardiology 60th
Annual Scientific Session Apr 2011.

Patel RK, Emmi A, Wang Y, Kirkpatrick JN, Cooper JM. RV Only Pacing Can Produce a
Q Wave in Lead 1 and an R wave in V1: Implications for Bi-ventricular Pacing. Heart
Rhythm Society 2011 32nd Annual Scientific Sessions May 2011.

Allen SF, Siddigi O, Waldman L, Wiegers SE, Silvestry FE, Kirkpatrick JN, Szeto WY,
Bavaria JE, Keane MG. Continued Aortic Root Dilation in Patients With Bicuspid Aortic
Valves Following Isolated Aortic Valve Replacement American Society of Echocardiography
Scientific Sessions Jun 2011.

Rammohan HS, Raina A, Arkles J, Woo JY, St. John Sutton M, Wiegers SE, Kirkpatrick
JN. Inferior Vena Cava Collapsibility is Predictive of Right Ventricular Failure Post-Left
Ventricular Assist Device Placement American Society of Echocardiography Scientific
Sessions Jun 2011.

Kirkpatrick JN, Kellom K, Hull S, Rame JE, Barg FK. What Makes a Good Caregiver For a
Destination Therapy LVAD Patient? Circ Cardiovasc Qual Outcomes. Presented at American
Heart Association Quality of care and outcomes research conference, Atlanta, GA 5: A273,
May 2012 Notes: May 2012.

Vargas A, Mendelson TB, Kirkpatrick JN. Conflicts of Interest in Guidelines vs. Other
Professional Society Statements. American Heart Association Quality of Care and Outcomes
Research Conference, Atlanta, GA May 2012.

Kirkpatrick J, Hull S, Kellom K, Henderson R, Barg F. Pumped up, but Not Prepared:
Examining LVAD-DT Patients' Comprehension of Advance Directive Specifications. Journal
of Cardiac Failure/Heart Failure Society of America Scientific Sessions 18(8): Supplement
Page S37, Aug 2012.

Kerolle S, Gould AL, Woskob L, Jones NL, Beach MC, Wiegers SE, Kirkpatrick JN.
Cardiovascular Patients' Perspectives on Guilt as a Motivational Tool American Society of
Bioethics and Humanities Annual Meeting Oct 2012 Notes: Poster session.

Kirkpatrick JN, Aragam K, Crawford T, Lewis B. Reusing Pacemakers in the Developing
World: moral imperative or conflict of values? American Society of Bioethics and
Humanities Annual meeting Washington, DC. Panel Session 109, Oct 2012 Notes:
10/18/2012.

Barg FK, Kirkpatrick J, Kellom K, Weiss E, Henderson R. LVAD-DT. An Irresistible
Technology for the Treatment of Heart Failure. American Anthropological Association
annual meeting, San Francisco, CA. 2012 Notes: 11/17/2012.

Beattie JM, Kirkpatrick JN. Advance care planning and the management of implantable
cardioverter defibrillators at the end of life. BMJ Supportive and Palliative Care 2(2): 189,
2012.
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61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Zamani P, Kirkpatrick JN, Litzky LA, Verdino RJ. Longevity of Implantable
Electrophysiology Devices Explanted from Patients Undergoing Autopsy in the Hospital
Morgue. Heart Rhythm Society Scientific Sessions, Boston 2012 Notes: May, 2012.

Banchs J, Sanchez L, Sprague N, Bui YK, Main JC, Kirkpatrick JN. Point of Care
Echocardiography in Rural Vietnamese Clinics. American Society of Echocardiography
Scientific Sessions 2015, Boston, MA.

Kini V, Weiner RB, McCarthy F, Weigers SE, Kirkpatrick JN. Impact of Malpractice
Concerns on Decisions to Order Echocardiography and Stress Tests. American Society of
Echocardiography Scientific Sessions 2015, Boston, MA.

Blewer AL, Putt ME, Becker LB, Riegel BJ, Li J, Leary M, Shea JA, Kirkpatrick JN, Berg
RA, Nadkarni VM, Groeneveld PW, Abella BS. Video-only cardiopulmonary resuscitation
education for families before hospital discharge: a multicenter pragmatic clinical trial.
American Heart Association Scientific Sessions 2015.

Moyer M, Kirkpatrick JN, Connor NR. Scripted nurse visits: A resource-efficient palliative
care model for Destination VADs, Heart Failure Society of America Scientific Sessions 2015,
National Harbor, MD.

Pak E, Zalewski C, Laverty-Wilson E, Wald, J, Rame JE, Atluri P, Kirkpatrick JN. How do
Patients with Ventricular Assist Devices Die?- A Look at End of Life Outcomes, Heart
Failure Society of America Scientific Sessions, 2015 National Harbor, MD.

Kirkpatrick JN, Gauvreau K, Hauptman PJ, Goodlin SJ, Cooper S, Josephson RA, Swetz
KM, Maurer M, Hummel S, Ann Light-McGroary K, Brenes Salazar J, Doherty CL, Alpert
C, Blume ED. What Is the Current State of Palliative Care for Patients With TAVR and
VAD? A Survey of ACC Members. American College of Cardiology Scientific Sessions
2016, Chicago, IL, and Harborview Palliative Care Conference, Seattle, WA.

Blume ED, Gauvreau K, Cooper S, Hauptman PJ, Goodlin SJ, Bohannon K, Hummel S,
Josephson RA, Doherty CL, Brenes-Salazar J, Maurer M, Light-McGroary K, Cestoni A,
Alpert C, Kirkpatrick JN. Mind the Gap: Palliative Care Knowledge Among Cardiovascular
Clinicians, American College of Cardiology Scientific Sessions 2016, Chicago, IL and
Harborview Palliative Care Conference, Seattle, WA.

Alpert C, Hummel S, Gauvreau K, Bohannon K, Cooper S, Goodlin SJ, Josephson RA,
Light-McGroary K, Swetz KM, Hauptman PJ, Cestoni A, Maurer M, Brenes-Salazar J,
Doherty CL, Blume ED, Kirkpatrick JN. Deactivation of Ventricular Assist Devices: Who
and When Results of an ACC Membership Survey. American College of Cardiology
Scientific Sessions 2016, Chicago, IL, and Harborview Palliative Care Conference, Seattle,
WA.

Kirkpatrick JN, Nguyen Hoi TT, Do Doan Loi, Le TT, Thai Son Pham, Adamds D, Sanchez
LY, Sprague J, Inafuku J, Quang R, Hahn R, Van However A, Nguyen T, Kirkpatrick TG,
Banchs J. Echocardiographic Screening in Older Adults and Health Insurance Decisions: A
Report from the ASE-Vietnam National Heart Institute Collaborative Project. American
Society of Echocardiography Scientific Sessions, 2016, Seattle, WA.

Kirkpatrick JN, Nguyen Hoi TT, Do Doan Loi, Le TT, Thai Son Pham, Adamds D, Sanchez
LY, Sprague J, Inafuku J, Quang R, Hahn R, VVan However A, Nguyen T, Kirkpatrick TG,
Banchs J. Focused cardiac ultrasound by nurses in rural Vietnam: Results of the ASE-
Vietnam National Heart Institute Collaborative Project. American Society of
Echocardiography Scientific Sessions, 2016, Seattle, WA.

Carlson S, Kearney K, Li S, Fujioka M, Schwaegler B, Kirkpatrick JN. Accuracy of
Preliminary Interpretations of Echocardiograms by Cardiology Fellows. American Society of
Echocardiography Scientific Sessions, 2016, Seattle, WA.

Airhart S, Cheng R, Kirkpatrick JN, Masri SC. Tricuspid Annular Plane Systolic Excursion
and Pulmonary Arterial Systolic Pressure Ratio as a Predictor of Early Right Heart

27



James N. Kirkpatrick, MD Curriculum Vitae December 2020

74,

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Dysfunction After Left Ventricular Assist Device Implant. American Society of
Echocardiography Scientific Sessions, 2016, Seattle, WA.

Webster LB, Kirkpatrick JN, Dudzinski D, Shannon, SE. Ethical Complexity of POLST
Implementation: Should the POLST be treated differently than other physician’s order?
International Conference on Clinical Ethics Consultation, 2016, Washington, DC.
Ortega-Legaspi JM, AirhartS, Nguyen H, Masri SC, Mokadam NA, Mahr C, Kirkpatrick
JN. Echocardiographic Findings in Continuous-Flow Left Ventricular Assist Device Pump
Thrombosis. Heart Failure Society of America Scientific Sessions, 2016, Orlando, FL.
Airhart S, Cheng R, Dardas T, Kirkpatrick JN, Pal J, Smith J, Mokadam N, Mahr C, Masri C.
Does Right Ventricular-Arterial Coupling Predict Early Right Heart Failure in LVAD
Recipients? J Heart Lung Transpl. 2016,35(4), Supplement, pp S394-S395, International
Society of Heart and Lung Transplantation Meeting, 2016, San Diego, CA.

Dingfield L, Kirkpatrick JN, O’Connor N. Hospice Referral Patterns for Patients with Left
Ventricular Assist Devices (LVAD). Annual Assembly of the American Academy of
Hospital and Palliative Medicine, 2017, Phoenix, AZ.

Swetz KM, Mancarella G, Dionne-Odom J, Wordingham SE, Mcllvennan C, Goodlin S,
Blume E, Alexander K, Cestoni A, Maurer M, Hauptman P, Bakitas M, Kirkpatrick JN.
Describing Collaboration Between Cardiology and Palliative Care: A National Survey Study
of Current Practices, Challenges and Barriers. American College of Cardiology Scientific
Sessions, 2017, Washington, DC.

LiK, Kirkpatrick JN, Cheng RK, Mokadam NA, Mahr C, Shively KB, Masri SC. Prolonged
Right Ventricular Pre-gjection Time In Advanced Systolic Heart Failure Is A Marker Of
Worse Right Ventricular Function. American Heart Association Scientific Sessions,
Anaheim, CA 2017.

Tiffany Chen, Selma Carlson, Amy Cheney, Todd Zwink, Rosario V. Freeman, James N.
Kirkpatrick. Performance of Comprehensive Transesophageal Echocardiography: Quality
Improvement Through Educational Intervention. American Society of Echocardiography
Scientific Sessions, Nashville, TN 2018.

James Lee, Quincy Pham, Tara Jones, G. Burkhard Mackensen, Rosario Freeman, James
Kirkpatrick, Creighton Don. Adequacy of Immediate Post Procedure Transthoracic
Echocardiogram for Transcatheter Aortic Valve Replacement Performed with Monitored
Anesthesia Care. American Society of Echocardiography Scientific Sessions, Nashville, TN
2018.

Hoai T.T. Nguyen, Le T.T, Keith A. Collins, Barry B. Canaday, Gregory H. Tatum, Susan A.
Mayer, Eric L. Bonno, Jennifer Mercandetti, Michelle C. Fujioka, Carol M. Mortier, Debra
A. Herring, Andrea M. Van Hoever, David Adams, Liza Y. Sanchez, Nova Sprague, Jill
Inafuku, Rachel Quang, Tu Nguyen, Thanh G. Kirkpatrick, Rebecca Hahn, Jose Banchs, Loi
Do Doan, Vinh N. Pham, James N. Kirkpatrick. Risk Factors, ECG and Small, Portable
Echocardiography in Vietnam: A Report from ASE-Vietnam National Heart Institute
Outreach Events. American Society of Echocardiography Scientific Sessions, Nashville, TN
2018.

Alex Qin, Claudius Mahr, Jennifer Beckman, Nahush Mokadam, James N. Kirkpatrick. 2D
vs. Novel 3D Assessment of Impella Temporary Mechanical Circulatory Support Devices.
American Society of Echocardiography Scientific Sessions, Nashville, TN 2018.

Li S, Beckman J, Chivukula V, Koomalsingh K, Smith J, Masri C, Dardas T, Cheng R,
Stempien-Otero A, Lin S, Minami E, O'Brien K, Wood G, Farris S, Kirkpatrick J, Sheehan
F, Leary P, Adedipe A, Nichol G, McCabe J, Rockom S, Aliseda A, Bansal N, Mokadam N,
Mabhr C. “Echocardiographic Estimates of Right Heart Pressures Fail to Approximate
Invasive Hemodynamics in Continuous Flow VAD Patients.” American Society for Artificial
Internal Organs, Washington DC, 2018
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86.

87.

88.

89.

90.

91.

92.

93.

Chivukula V, Beckman J, Li S, Mokadam N, Koomalsingh K, Smith J, Masri C, Dardas T,
Cheng R, Stempien-Otero A, Lin S, Minami E, Wood G, Farris S, Kirkpatrick J, Sheehan F,
Leary P, Rockom S, Mahr C, Aliseda A. “Hemodynamic Speed Optimization in VAD
Support.” American Society for Artificial Internal Organs, Washington DC, 2018

Li S, Beckman J, Bjelkengren J, Mokadam N, Koomalsingh K, Smith J, Masri C, Dardas T,
Cheng R, Stempien-Otero A, Lin S, O'Brien K, Wood G, Farris S, Kirkpatrick J, Sheehan F,
Leary P, McLaughlin B, McCabe J, Rockom S, Aliseda A, Chivukula V, Mahr C.
“Correlation of Doppler Opening Blood Pressure to Invasive Mean Arterial Pressure in
Continuous Flow VADs.” American Society for Artificial Internal Organs, Washington DC,
2018

Beckman J, Chivukula V, Li S, Mokadam N, Koomalsingh K, Smith J, Masri C, Dardas T,
Cheng R, Stempien-Otero A, Lin S, Minami E, Wood G, Farris S, Kirkpatrick J, Sheehan F,
Rockom S, Aliseda A, Mahr C. “Atrial Fibrillation Increases Thrombogenicity of LVAD
Support via Increased Platelet Shear Exposure and Residence Time.” American Society for
Artificial Internal Organs, Washington DC, 2018

Aliseda A, Chivukula V, Beckman J, Li S, Mokadam N, Koomalsingh K, Smith J, Masri C,
Dardas T, Cheng R, Stempien-Otero A, Lin S, Minami E, Wood G, Farris S, Kirkpatrick J,
Sheehan F, Leary P, Rockom S, Mahr C. “Excessive LVAD Speed Causes Right Heart
Pressure / Volume Overload and Precipitates RV Failure.” American Society for Artificial
Internal Organs, Washington DC, 2018

Tatsuya Miyoshi, Karima Addetia, Alexandra Blitz, Roberto M. Lang, Federico M. Asch,
Kirkpatrick, JN, On behalf of the WASE Investigators, “Comparison of Left Ventricular
Stroke Volume in Healthy Adults Among Regions Around the World: Results from the
World Alliance of Societies of Echocardiography (WASE) Normal Values Study”.
EuroEcho2019, Vienna, Austria, 2019

Tatsuya Miyoshil, Karima Addetia, Alexandra Blitz, Roberto M. Lang, Federico M. Asch,
Kirkpatrick, JN, On behalf of the WASE Investigators, “Left Ventricular Stroke Volume
Differences among Echocardiographic Methods in Healthy Adults from the World Alliance
of Societies of Echocardiography (WASE) Normal Values Study”. EuroEcho2019, Vienna,
Austria, 2019

Singh A, Addetia K, Miyoshi T, Schreckenberg M, Blankenhagen M, Amuthan V, Citro R,
Daimon M, Gutiérrez-Fajardo P, Kasliwal R, Kirkpatrick JN, Monaghan MJ, Muraru D,
Ogunyankin KO, Park SW, Tude Rodrigues AC, Ronderos R, Sadeghpour A, Scalia G,
Takeuchi M, Tsang W, Tucay ES, Zhang M, Soulat-Dufour L, Asch FM, Lang RM:
Differences in left atrial dimensions by 3D analysis: Insights from a subset of the World
Alliance of Societies of Echocardiography (WASE) Normal Values Study. American Society
of Echocardiography Scientific Sessions, Denver, 2020.

Singh A, Addetia K, Miyoshi T, Schreckenberg M, Blankenhagen M, Amuthan V, Citro R,
Daimon M, Gutiérrez-Fajardo P, Kasliwal R, Kirkpatrick JN, Monaghan MJ, Muraru D,
Ogunyankin KO, Park SW, Tude Rodrigues AC, Ronderos R, Sadeghpour A, Scalia G,
Takeuchi M, Tsang W, Tucay ES, Zhang M, Soulat-Dufour L, Asch FM, Lang RM: the
evolving relationship of age and 3D left atrial phasic function using data from a subset of the
World Alliance of Societies of Echocardiography (WASE) Normal Values Study. American
Society of Echocardiography Scientific Sessions, Denver, 2020.

Soulat-Dufour L, Addetia K, Miyoshi T, Schreckenberg M, Blankenhagen M, Amuthan V,
Citro R, Daimon M, Gutiérrez-Fajardo P, Kasliwal R, Kirkpatrick JN, Monaghan MJ, Muraru
D, Ogunyankin KO, Park SW, Tude Rodrigues AC, Ronderos R, Sadeghpour A, Scalia G,
Takeuchi M, Tsang W, Tucay ES, Zhang M, Asch FM, Lang RM: 2D/3D right atrial size
according to age and gender: Results of the World Alliance of Societies of Echocardiography
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94.

95.

96.

97.

98.

99.

(WASE) Normal Values Study. American Society of Echocardiography Scientific Sessions,
Denver, 2020.

Soulat-Dufour L, Lang RM, Miyoshi T, Schreckenberg M, Blankenhagen M, Amuthan V, Citro
R, Daimon M, Gutiérrez-Fajardo P, Kasliwal R, Kirkpatrick JN, Monaghan MJ, Muraru D,
Ogunyankin KO, Park SW, Tude Rodrigues AC, Ronderos R, Sadeghpour A, Scalia G,
Takeuchi M, Tsang W, Tucay ES, Zhang M, Asch FM, Addetia K: Are there geographic
differences in 2D/3D right atrial size? Results of the World Alliance of Societies of
Echocardiography (WASE) Normal Values Study. American Society of Echocardiography
Scientific Sessions, Denver, 2020.

Soulat-Dufour L, Lang RM, Miyoshi T, Schreckenberg M, Blankenhagen M, Amuthan V, Citro
R, Daimon M, Gutiérrez-Fajardo P, Kasliwal R, Kirkpatrick JN, Monaghan MJ, Muraru D,
Ogunyankin KO, Park SW, Tude Rodrigues AC, Ronderos R, Sadeghpour A, Scalia G,
Takeuchi M, Tsang W, Tucay ES, Zhang M, Asch FM, Addetia K: Impact of age on right atrial
function: Results of the World Alliance of Societies of Echocardiography (WASE) Normal
Values Study. American Society of Echocardiography Scientific Sessions, Denver, 2020.

Addetia K, Miyoshi T, Schreckenberg M, Blankenhagen M, Hitschrich N, Amuthan
V, Citro R, Daimon M, Gutiérrez-Fajardo P, Kasliwal R, Kirkpatrick JN, Monaghan
MJ, Muraru D, Ogunyankin KO, Park SW, Tude Rodrigues AC, Ronderos R,
Sadeghpour A, Scalia G, Takeuchi M, Tsang W, Tucay ES, Zhang M, Mor-Avi V,
Asch FM, Lang RM: Normal Values for Right Ventricular Systolic Function Derived
from an International, Multiethnic Cohort: Data from the WASE Study. ASE, 2021.

Singh A, Miyoshi T, Addetia K, Schreckenberg M, Blankenhagen M, Hitschrich N,
Amuthan V, Citro R, Daimon M, Gutiérrez-Fajardo P, Kasliwal R, Kirkpatrick JN,
Monaghan MJ, Muraru D, Ogunyankin KO, Park SW, Tude Rodrigues AC, Ronderos
R, Sadeghpour A, Scalia G, Takeuchi M, Tsang W, Tucay ES, Zhang M, Mor-Avi V,
Asch FM, Lang RM: Right Ventricular Diastolic Parameters Relate to Gender, Age
and Ethnic Groups: Data from the World Alliance of Societies of Echocardiography
Study. ASE, 2021.

Singh A, Singulane C, Miyoshi T, Prado A, Addetia K, Schreckenberg M,
Blankenhagen M, Hitschrich N, Amuthan V, Citro R, Daimon M, Gutiérrez-Fajardo
P, Kasliwal R, Kirkpatrick JN, Monaghan MJ, Muraru D, Ogunyankin KO, Park
SW, Tude Rodrigues AC, Ronderos R, Sadeghpour A, Scalia G, Takeuchi M, Tsang
W, Tucay ES, Zhang M, Mor-Avi V, Asch FM, Lang RM: Normal Values of 3D Left
Atrial Volumes and Function: Data from the World Alliance of the Societies of
Echocardiography Normal Values Study, ASE, 2021.

Patel H, Miyoshi T, Addetia K, Schreckenberg M, Blankenhagen M, Hitschrich N,
Amuthan V, Citro R, Daimon M, Gutiérrez-Fajardo P, Kasliwal R, Kirkpatrick JN,
Monaghan MJ, Muraru D, Ogunyankin KO, Park SW, Tude Rodrigues AC, Ronderos
R, Sadeghpour A, Scalia G, Takeuchi M, Tsang W, Tucay ES, Zhang M, Mor-Avi V,
Asch FM, Lang RM: Normal Values of Aortic Size According to Age and Sex:
Results of the World Alliance Societies of Echocardiography Study, ASE, 2021.

100. Patel H, Miyoshi T, Addetia K, Schreckenberg M, Blankenhagen M, Hitschrich

N, Amuthan V, Citro R, Daimon M, Gutiérrez-Fajardo P, Kasliwal R, Kirkpatrick
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JN, Monaghan MJ, Muraru D, Ogunyankin KO, Park SW, Tude Rodrigues AC,
Ronderos R, Sadeghpour A, Scalia G, Takeuchi M, Tsang W, Tucay ES, Zhang M,
Mor-Avi V, Asch FM, Lang RM: Normal Values of Cardiac Output and Stroke
VVolume According to Method, Age, Sex and Ethnicity: Results of the World Alliance
of Societies of Echocardiography Study, ASE, 2021.

Addetia K, Miyoshi T, Schreckenberg M, Blankenhagen M, Hitschrich N,
Amuthan V, Citro R, Daimon M, Gutiérrez-Fajardo P, Kasliwal R, Kirkpatrick JN,
Monaghan MJ, Muraru D, Ogunyankin KO, Park SW, Tude Rodrigues AC, Ronderos
R, Sadeghpour A, Scalia G, Takeuchi M, Tsang W, Tucay ES, Zhang M, Mor-Avi V,
Asch FM, Lang RM: 3D Echocardiography-Based Assessment of Left Ventricular
Diastolic Function: A Report from World Alliance of Societies of Echocardiography

(WASE) study. ASE, 2021.

102. Pattock A, Kim MM, Kersey C, Liu L, Kessler R, Adedipe A, Kirkpatrick JN,
Huang G, Kwon Y: Cardiac Point-of-Care Ultrasound Publication Trends. ASE, 2021

103. Muraru D, Miyoshi T, Addetia K, Citro R, Daimon M, Desale S, Fajardo PG,
Kasliwal RR, Kirkpatrick JN, Monaghan MJ, Ogunyankin KO, Park SW, Ronderos
RE, Sadeghpour A, Scalia GM, Takeuchi M, Tsang W, Tucay ES, Tude Rodrigues
AC, Vivekanandan A, Zhang Y, Blitz A, Lang RM, Asch FM, Badano LAge- and
Ethnicity-Specific Normative Values of TAPSE/PASP ratio from the World Alliance
of Societies of Echocardiography (WASE) Study. ASE, 2021.

17. OTHER ACADEMIC/INSTITUTIONAL APPOINTMENTS

1993-1994

1995
1998
1999
2001

2006-2015
2006-2012
2011-2015

Instructor/Curriculum Coordinator, Academic Curriculum Institute, Los Angeles,
California

Volunteer Physician, Hospital de Valle De Angeles, Honduras

Volunteer Physician, Ishaka Adventist Hospital, Uganda

Volunteer Physician, Hospital Albert Schweitzer, Haiti

Volunteer Physician, Center for Disease Control and Bach Mai Hospital, Hanoi,
Vietnam

Volunteer Physician, Esperanza Health Center, Philadelphia, Pennsylvania
Associate Fellow, Center for Bioethics

Associate Fellow, University of Pennsylvania Center for Behavioral Health
Research

TEACHING POSITIONS

2006-2013

2007-2010

2007-2008

2008-2010

2008-2015

Fellows Echocardiography Conference: "Cardiac Masses", Cardiovascular
Division of Medicine

Fellows Echocardiography Conference: "Septae and Shunts", Cardiovascular
Division of Medicine

Stroke Grand Rounds: "Transesophageal Echocardiography”, University of
Pennsylvania Department of Neurology

Fellows Echocardiography Conference: "Strain", Cardiovascular Division of
Medicine

Fellows Echocardiography Conference: "Echo Potpourri”, Cardiovascular
Division of Medicine
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2008

2009-2015

2009-2011

2010

2010

2011

2011

2012

2012

2012

2012

2012
2012
2012-2013
2013
2013

2013

2013

2013

2013

2014

2014

2014

2014

2014

"Reuse of Intracardiac Rhythm Management Devices: an Ethical Issue?"
Bioethics Interest Group. University of Pennsylvania School of Medicine
Coordinator, Fellows Ethics Education Sessions. University of Pennsylvania
Cardiovascular Division.

"Ethical Issues in Cardiovascular Medicine." Clinical Pastoral Care Education,
Hospital of the University of Pennsylvania

"Ethical Issues in Heart Failure" Ethics Grand Rounds. Hospital of the University
of Pennsylvania, Department of Nursing. November 9, 2010

"Reuse of Intracardiac Rhythm Management Devices." University of
Pennsylvania Undergraduate Bioethics Interest Group

"Cardioethics" University of Pennsylvania School of Medicine Bioethics Interest
Group.

"Cardiac Devices in the "Golden Years": All that Glitters"

Hospital of the University of Pennsylvania Geriatrics Grand Rounds
"Cardioethics: Getting to the Heart of Ethics" Department of Cardiology Grand
Rounds Hospital of the University of Pennsylvania. January 26, 2012

FR601 Bioethics and Professionalism 2012 "Conflicts of Interest in Clinical
Practice Guidelines" February 21, 2012

Empirical Bioethics Class 690 "Cardioethics" February 22, 2012

"Palliative Care Issues in Cardiology: Naturally Complicated.” University of
Pennsylvania Interprofessional Palliative Care Seminar Series November 15,
2012

Echocardiography Conference "Endocarditis"

Echocardiography Conference "VAD Evaluation & Emergencies"
Echocardiography Conference: "RA/IVC/SVC"

"New Cardiovascular Technologies and their Impact on End of Life Care
Planning." Ethics Committee Educational Seminar, Hospital of the University of
Pennsylvania Ethics Committee. February 7, 2013

"Works in Progress" seminar. Department of Medical Ethics and Health Policy.
May 1, 2013

"Dilemmas of Devices: A Discussion About Pastoral Needs of Cardiac Patients
and Their Families." Summer Clinical Pastoral Care Education Series, Hospital
of the University of Pennsylvania

"Echo and the Right Ventricle in Ventricular Assist Devices." Heart Failure
Fellows Conference

"Palliative Care Issues in Cardiology: Naturally Complicated.” HUP Internal
Medicine Resident Report. October 18, 2013

"Cardiovascular Anatomy, Physiology and Pathophysiology for the Non-
cardiologist." BSTA 510 Lecture: Intro to Human Health and Diseases

"Size Matters: Appropriateness, Promises and Perils of Mini Echo Machines."
Cardiology Grand Rounds, Cardiovascular Division, University of Pennsylvania.
January 30, 2014

"Ethics of Clinical Studies in Pulmonary Vascular Disease" The Alfred P.
Fishman Symposium: New Treatment Approaches to Pulmonary Hypertension
"Evaluation of Murmurs." Internal Medicine Resident Education Session.
Hospital of the University of Pennsylvania. February 4, 2014

“Empiricism in Cardioethics” Empirical Bioethics Today course lecture. School
of Medicine, University of Pennsylvania. March 20, 2014

"Conflicts of Interest in Clinical Practice Guidelines." FR601 Medical Student
Lecture, University of Pennsylvania School of Medicine
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2014

2015

2015

2016-present
2017

2017
2017
2017
2017
2017

2017
2017-2018

CV Pathophysiology Course, CV Physiologic Data Workshop. University of
Pennsylvania School of Medicine. September 3, 2014

“LVADs and Defibrillators and TAVR's, Oh My! Walking the Road with
Patients who Have Implanted Cardiac Devices.” Palliative Care Grand Rounds,
Hospital of the University of Pennsylvania. May 19, 2015.

“Delivering VAD News: Echo and VAD Emergencies.” UW Fellows Didactic
Conference. December 4, 2015

Cards A/Consult Didactic Lecture Series, Presenter, University of Washington
"Truth Telling in Medicine." Harborview Medical Center Ethics Rounds.
January 11, 2017

“Advance Directives (AD) and Goals of Care (GOC) Discussions in Heart
Failure” UW Fellows Didactic Conference. February 24, 2017

“Informed Consent and Truth Telling: On a ‘Need to know’ basis, and YOU need
to know!” UW Fellows Didactic Conference. April 21, 2017

“Appropriate use of Imaging for CAD”, University of Washington Cardiology
AJCardiology Consult Lecture Series. May 9, 2017

“Ethics of Heart Failure Management.” NW Heart Failure Collaborative, Project
Echo. May 17, 2017

“Update on Echocardiography in Heart Failure.” CME Morning Rounds,
University of Washington. May 23, 2017

“Echo Trends.” NW Heart Failure Collaborative, Project Echo. Dec 20, 2017
“Cardiac Stress Testing” UW Medicine Neighborhood Clinics.

REVIEWING POSITIONS

2005-2006
2006-
2007
2007
2007-
2008-
2008-
2009
2010
2010-
2010
2010-
2012-2013

2014-
2014-
2014-
2017-

Guest Editor/Perspectives in Biology and Medicine (Winter Edition)
Reviewer/Echocardiography

Reviewer/Perspectives on Biology and Medicine
Reviewer/Bioinformatics and Genomics

Reviewer/Journal of the American Society of Echocardiography
Reviewer/American Journal of Cardiology

Reviewer/Journal of Cardiac Failure

Reviewer/European Journal of Heart Failure

Reviewer/Heart Rhythm

Reviewer/Circulation-Heart Failure

Reviewer/Journal of Clinical Ethics

Reviewer/Annals of Internal Medicine

Guest Editor/World Journal for Pediatric and Congenital Heart Surgery.
Proceedings of Symposium on Ethical Challenges of Congenital Heart Disease,
January 2013

Reviewer/Journal of the American College of Cardiology-Imaging
Reviewer/JAMA-Internal Medicine

Reviewer/Journal of Palliative Care

Reviewer/Circulation-Quality of Care and Outcomes

LECTURE PRESENTATIONS

Apr, 2003

Mar, 2004

"Clinical Ethics and Heart Failure: To Boldly Go Where..." Association of
Black Cardiologists Heart Failure Symposium, Richmond, VA

"Ethical Analysis in Clinical Electrophysiology: A Voyage Beyond 'Can’." South
Atlantic Society of Electrophysiology for Allied Professionals annual meeting,
Myrtle Beach, SC
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Sep, 2005

Jun, 2006

Jun, 2006

Jun, 2007
Jun, 2007

Jan, 2008

Mar, 2008

May, 2008
Jun, 2008

Nov, 2008

Apr, 2009
May, 2009
Jun, 2009

Sep, 2009

Jan, 2010
Mar, 2010
Jun, 2010
Jun, 2010
Nov, 2010

Mar, 2011

May, 2011

"Sherlockian Conundrums: 'Atypical Presentations of Cardiovascular and
Respiratory Diseases' or 'Never Say, Elementary..."" Midwestern University,
Downer's Grove, IL

"lIsolated Diastolic Dysfunction and Torsional Deformation.” American Society
of Echocardiography Scientific Sessions, Baltimore, MD

"Echocardiographic Contrast Perfusion in the Differential Diagnosis of Cardiac
Masses." American Society of Echocardiography Scientific Sessions, Baltimore,
MD

"Case of Echo and Heart Transplant." American Society of Echocardiography
Annual Scientific Sessions, Seattle, WA

"A View from the Apex: Aneurysms/Thrombi." American Society of
Echocardiography Annual Scientific Sessions, Seattle, WA

"Emerging Emergencies of Ethics and Implanted Cardiac Devices." Cooper
University Hospital, UMDNJ Medical Center, Department of Emergency
Medicine Grand Rounds, Camden, NJ

"Echo for the Masses, Perfusion the Differential Diagnosis." 24th Annual
International Conference on Recent Advances in Echocardiography and Allied
Techniques, Chicago, IL

"Outcomes Choices Framed in an Ethics Context." American Heart Association
Conference: ECC Outcomes Consensus Conference. Washington, DC

"Vena Contracta." American Society of Echocardiography Annual Scientific
Sessions, Toronto, ON, Canada

"A Tragic Case of Echo and Occam's Razor." 18th Annual International
Conference on Echocardiography and Allied Techniques: Case Studies and
Recent Advances in Echocardiography, New Orleans, LA

"Considerations in Special Populations with Cardiovascular Disease.” American
College of Physicians Scientific Sessions, Philadelphia, PA

Panel discussant: "Establishing an International Emergency Cardiopulmonary
Bypass Network." International ECPB Network Conference. Philadelphia, PA
"Aortic Stenosis with Normal Ejection Fraction”. American Society of
Echocardiography Scientific Sessions, Washington, DC

"Looking out for the Patient--Ethics and Implanted Cardiac Devices." 15th
Annual Workshop of the South Atlantic Society of Electrophysiology for Allied
Health Professionals, Myrtle Beach, SC

"Reuse of Pacemaker/Defibrillators in Developing Nations." University of
Pennsylvania Penn Undergraduate Bioethics Interest Group, Philadelphia, PA
"To the OR or not to the OR?" 26th Annual International Conference on Recent
Advances in Echocardiography and Allied Techniques, Atlanta, GA
"Overview of Echo and Ventricular Assist Devices." American Society of
Echocardiography Scientific Sessions, San Diego, CA

"The Right Atrium-The Forgotten Chamber." American Society of
Echocardiography Scientific Sessions, San Diego, CA

"3D for 3V" 20th Annual International Conference on Echocardiography and
Allied Technique, Chicago, IL

"Echo and Ventricular Assist Devices: Novel Applications of Emerging Imaging
Modalities" Keith Hackney Memorial Lecture, Delaware Valley Echo Society,
Philadelphia, PA

"Device Reprocessing and Re-Implantation: Humanitarian Considerations and
Potential for Cost Containment." Heart Rhythm 2011. 32nd Annual Scientific
Sessions, San Francisco, CA
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Jun, 2011
Jun, 2011
Jun, 2011
Sep, 2011
Sep, 2011

Nov, 2011

Nov, 2011
Feb, 2012
Mar, 2012
May, 2012

Jul, 2012

Jul, 2012
Jul, 2012

Sep, 2012

Sep, 2012
Sep, 2012
Sep, 2012
Jan, 2013

Jan, 2013

Mar, 2013
Mar, 2013
Apr, 2013

May, 2013

"Mini Case Presentation on the Discussion of Quality Considerations." American
Society of Echocardiography Scientific Sessions, Montreal, Quebec, Canada
"TR and PR - Where Are We?" American Society of Echocardiography
Scientific Sessions, Montreal, Quebec, Canada

"Preliminary Reports - When and Why." American Society of Echocardiography
Scientific Sessions, Montreal, Quebec, Canada

"End of life: when the heart is taken out of the equation." Heart Failure Society
of American Scientific Meeting, Boston, MA

"Changing Goals of Care in Advanced Disease" 15th Annual Scientific Meeting
Heart Failure Society of America, Boston, MA

"Hemodynamic Measurements by Echocardiography and Current Dynamics in
‘Cardioethics": Some Things Always Change." Mercy Health System Medical
Grand Rounds Program, Conshohocken, PA

"A Different Way of "Going Green": Reuse of Pacemakers" MacLean
Conference, MacLean Center for Clinical Medical Ethics, Chicago, IL
"Conflicts of Interest in Cardiovascular Clinical Practice Guidelines" Abington
Memorial Hospital Medical Grand Rounds, Abington, PA

"Interesting Case Studies" 28th Annual International Conference on Recent
Advances In Echocardiography and Allied Techniques, Chicago, IL
"Pre-implant Ethical Dilemmas in Mechanical Circulatory Support.” Program for
Biomedical Ethics Seminar Series. Yale-New Haven Hospital. New Haven, CT
"Heart Failure: Transplant and Left Ventricular Assist Devices (LVAD) Can We
Diagnose Transplant Rejection?”” American Society Echocardiography 2012
Scientific Sessions, National Harbor, MD

"Contrast Fundamentals Identification of Masses™ American Society of
Echocardiography 2012 Scientific Sessions. National Harbor, MD.

"Diastole - Relax! Volume Status - Is Echo a Non-Invasive Swan?" American
Society of Echocardiography 2012 Scientific Sessions. National Harbor, MD.
"Cardiac Advanced Directives: How hard it can be?" Georgia Health Sciences
University 2012 annual cardiac conference Registered Nurses symposium,
Atlanta, GA

"Resuscitating Ethics in Cardiac Arrest" Georgia Health Sciences University
2012 Annual Cardiac Conference, Atlanta, GA.

"Destination Ethics: Conundrums in LVAD-DT" Georgia Health Sciences
University 2012 Annual Cardiac Conference, Atlanta, GA

"Symptom Burden and Palliation™ Heart Failure Society of America 16th Annual
Scientific Meeting, Seattle, WA

"The Good, the VAD and the Echo: Imaging of Mechanical Circulatory Support"
Cardiology Grand Rounds, Temple University, Philadelphia, PA. 1/25/2013
"The Good, the VAD and the Echo: Imaging Mechanical Circulatory Support"
Penn Presbyterian Medical Center Cardiology Grand Rounds, Philadelphia, PA.
1/17/2013

"Cardiomyopathy After Pregnancy or...Got LVAD?" American College of
Cardiology Annual Scientific Session, San Francisco, CA 3/9-11/2013
"Mysterious Ways: God's Lessons for a Cardiologist through Heart Surgery"
Medical Campus Outreach, Philadelphia, PA March 3, 2013.

"Hand Carried Cardiac Ultrasound" Cardiovascular Centre at Hue Central
Hospital, Hue, Vietnam. April 15, 2013.

"EF Roulette: Comparing Different Imaging Modalities in Determining Left
Ventricular Ejection Fraction." Heart Rhythm Society Scientific Sessions, May
10, 2013, Denver, CO
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Jun, 2013

Jun, 2013

Jul, 2013

Sep, 2013

Sep, 2013

Oct, 2013

Nov, 2013

Nov, 2013
Jan, 2014
Jan, 2014

Mar, 2014

Apr, 2014

Apr, 2014
Nov, 2014
Jun, 2014

Jul, 2014

Apr, 2015

May, 2015

Jun, 2015

Jul, 2015

"RV Function on LVAD Support: What does the Long Term Look Like?"
Gordon Research Conference: Assisted Circulation. Renaissance Tuscany Il
Choco Resort in Lucca (Barge) Italy. June 25, 2013.

"The importance of the RV in VAD patients" American Society of
Echocardiography Scientific Sessions 2013 June 30, 2013, Minneapolis, MN
"Echo Feature of LVADs/Impalas: How and What to Assess" American

Society of Echocardiography Scientific Sessions 2013 July 1, 2013, Minneapolis,
MN

"Transitions", Christian Medical and Dental Association/Medical Campus
Outreach Interned Fall retreat for Philadelphia Health Sciences Schools, Drexel
College of Medicine, Philadelphia, PA

"Legal Foundations of Autonomy and Shared Decision-Making" Promoting
Patient-Centered Care: Challenges to Autonomy and Justice in a Technological
Era. Heart Failure Society of America 2013 Scientific Sessions, Orlando, FL
September 22-25, 2013

"Ethics ICU/Devices/ECMO and Discontinuation of Care", Georgia Health
Sciences University Annual Cardiac Conference, Atlanta, GA

"Ethical Issues at the end of life end of life management of implantable cardiac
devices" 25th Annual MacLean Center Conference, MacLean Center for Clinical
Medical Ethics, University of Chicago, Chicago, Il

"Portrait of an LVAD: Imaging in Mechanical Circulatory Support" Cardiology
Grand Rounds, University of Chicago, Chicago, IL

"Escape from the Appropriateness Police” Cardiovascular Institute
Echocardiography Update, Philadelphia, PA Jan 12, 2014.

"Portrait of an LVAD", Cardiovascular Imaging Rounds, Jan 13, 2014, Brigham
and Women's Hospital, Boston, MA

"Pocket-size Echo: The Good and the Bad of Being More Than Just an
Ultrasonographic Stethoscope.”" American College of Cardiology 2014, Scientific
Sessions, Joint Symposium of the Italian and Pennsylvania Chapters of the
American College Cardiology.

"Ethics of Clinical Studies in Pulmonary Vascular Disease." The Alfred P.
Fishman Symposium: New Treatment Approaches to Pulmonary Hypertension,
Philadelphia, PA

"More than Plumbing and Electricity: Ethics and Meaning in Implantable
Devices". Transplant Grand Rounds, Mayo Clinic, Rochester, MN

“Death is not what it used to be.” 26th Annual MacLean Center Conference,
MacLean Center for Clinical Medical Ethics, University of Chicago, Chicago, Il
"The Sunshine Act and Handing of Industry Relationships." American Society of
Echocardiography Scientific Sessions, Portland, OR

"When to Introduce Palliative Care" Debate. American Association of Heart
Failure Nurses. Webinar Session, University of Pennsylvania Healthcare
System.

“Cardiac Palliative Care: Not so New horizons” Abington Hospital Grand
Rounds, Abington, PA

“Last exit off the cardiac freeway: ethical considerations in palliative care and
cardiovascular implantable electronic devices", MacLean Center for Clinical
Medical Ethics End of Life Seminar Series, University of Chicago, Chicago, IL
"When is a ramp necessary?" American Society of Echocardiography Scientific
Sessions, Boston, MA

“Cardiac Devices and Ethical and Legal Implications for the Determination of
Death.” International Academy of Law and Mental Health, Vienna, Austria
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Aug, 2015
Aug, 2015
Aug, 2015
Nov, 2015
Apr, 2016
May, 2016

Jun, 2016

Jun, 2016
Jun, 2016
Jun, 2016

Jun, 2016

Jun, 2016

Jun, 2016

Aug, 2016

Sept, 2016
Oct, 2016
Mar, 2017
Apr, 2017

Jul, 2017

Sept, 2017

Oct, 2017

Oct, 2017

“Focused Cardiac Ultrasound: Ready for Vietnam?”” Vietnam National Heart
Institute-American Society of Echocardiography Symposium, Hanoi, Vietnam
“Hemodynamic Measurements by Echocardiography.” Vietnam National Heart
Institute-American Society of Echocardiography Symposium, Hanoi, Vietnam
“Research Ethics.” Bach Mai Hospital, Hanoi, Vietnam

“Imaging in the HVAD patient” University of Washington HeartWare Training.
“An Older Adult with Advanced Heart Failure, Multiple Chronic Conditions and
Frailty” American College of Cardiology Scientific Sessions 2016, Chicago, IL
“Imaging in the HVAD patient” University of Washington HeartWare Training.
Seattle, WA

“How and when to discuss device deactivation” 26th International Symposium
on Congenital Heart Disease in the Adult: Innovation Past and Present,
Skamania, WA

“Predicting Right Ventricular Failure: 2D? 3D? Strain?”” American Society of
Echocardiography Scientific Sessions, Seattle, WA

Is This Right Ventricle Good Enough to Support An LVAD? American Society
of Echocardiography Scientific Sessions, Seattle, WA

Hanoi, Vietnam: Effect on the Delivery of Healthcare. American Society of
Echocardiography Scientific Sessions, Seattle, WA

“Truth Telling in Practice* Medical Ethics in the 21st Century: A Practical Skill-
Building Approach to Ethical Reasoning in Healthcare” Virginia Mason Clinic,
Seattle, WA

"Mechanical Circulatory Support Imaging Guidelines: The What, the How and
the Why of performing really VAD Echocardiography" Delaware Valley Echo
Society Meeting, Philadelphia, PA

“Speed Change Echocardiography” Multimodality Imaging Conference,
University of Pennsylvania, Philadelphia, PA

“How To: Having Tough Discussions with Patients and Families—Critical
Conversations” Panelist, Heart Failure Society of America Scientific Sessions,
Orlando, FL

“Impact of Symptom Burden and Episodic Distress” Heart Failure Society of
America Scientific Sessions, Orlando, FL

“Imaging in the HVAD Patient” University of Washington HeartWare Training.
Seattle, WA

“Palliative Care along the VAD Journey.” INTERMACS 11 Annual Meeting
and Scientific Sessions, Atlanta, GA

“Imaging in the HVAD Patient” University of Washington HeartWare Training.
Seattle, WA

“Ethical Aspects of Withdrawing Implantable Cardioverter-Defibrillator and
Ventricular Assist Device Support from Patients Approaching Death”
International Congress on Academy of Law and Mental Health, Prague
“Sexuality and Intimacy in Patients with LVADs and their Partners: Uncovering
the Un-discussed Facts”, University of Washington Cardiovascular Grand
Rounds, Seattle, WA

“Should we Still Assess Dyssynchorony?” Vietnam National Heart Association
National Scientific Meeting 2017 Updates in Management of Heart Failure,
Thanh Hoa City, Vietnam

“Roles of Stress Echocardiography in Assessment of Patients with Valvular
Heart Diseases” Vietnam National Heart Association National Scientific Meeting
2017 Updates in Management of Heart Failure, Thanh Hoa City, Vietnam
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Oct, 2017

Nov, 2017

June 2018

July 2018-19
Oct 2018

Oct 2018

July, 2019
July, 2019
Sept, 2019
Nov, 2019
Nov, 2019
Nov, 2019

Nov, 2019
Nov, 2019

Feb, 2020

Apr, 2020
Apr, 2020

Apr 2020

Apr, 2020

May, 2020

June, 2020

June, 2020

July, 2020

“Quality in Heart Failure Echocardiography” Vietnam National Heart
Association National Scientific Meeting 2017 Updates in Management of Heart
Failure, Thanh Hoa City, Vietnam

“The role of ultrasound imaging in the assessment of LVAD, Impella and other
circulatory support devices.” American Heart Association Scientific Sessions,
Anaheim, CA

“Ethical Challenges in the Practice of Echocardiography: What is Right and How
Do We Do 1t?” Inaugural Richard E. Kerber Ethics/Humanitarian Lecture, ASE,
Nashville, TN

“Negotiating Autonomy and Beneficence in Clinical Care”, Annual Summer
Seminar in Healthcare Ethics, Seattle, WA

“Quality in Echocardiography” Vietnam National Heart Association National
Scientific Meeting, Da Nang, Vietnam

“Perspectives on the Right Ventricle: Structural and Functional Assessment”
Vietnam National Heart Association National Scientific Meeting, Da Nang,
Vietnam

“Cardiac Devices: The Meaning of the Machinery of Life-Prolongation”
International Congress on Law and Mental Health, Rome, Italy

”Ethics, Humanities, and the Future of Mechanical Circulatory Support”
International Congress on Law and Mental Health, Rome, Italy

“Cardioethics: Cases from the trenches” University of Washington
Cardiovascular and Bioethics Grand Grand Rounds, Seattle, WA

“3D echocardiography in imaging the tricuspid valve” Vietham National Heart
Association/Vietnam National Heart Institute Congress, Hanoi, Vietham
“HFpEF: What are we are looking for?” Vietnam National Heart
Association/Vietnam National Heart Institute Congress, Hanoi, Vietnam
“POCUS is coming” for CVD screening” Vietnam National Heart
Association/Vietnam National Heart Institute Congress, Hanoi, Vietham
“Echocardiography and Cardiac Masses” Bach Mai Hospital, Hanoi, Vietnam
“Perspectives on the Right Ventricle: Structural and Functional Assessment”
Bach Mai Hospital, Hanoi, Vietham

“Promoting Quality in Hand-held Cardiac Ultrasound - What is the Future?”
American College of Cardiology Cardiovascular Summit

Disability Ethics, UW LEND Fellows Conference, Seattle, WA

COVID-19 and Echocardiography: Insights from the Frontlines. Brigham and
Women’s Hospital Imaging Rounds

Role of Multimodality Imaging in Diagnosis and Management in Patients With
COVID-19. Webinar Session, American College of Cardiology

Practice Made Perfect: Addressing COVID-19 While Ensuring the Safety and
Well-Being of our Geriatric Patients (Part 1). Bailey, A, Kirkpatrick, JN,
Maurer, MS, Orr, N

Practice Made Perfect: Addressing COVID-19 While Ensuring the Safety and
Well-Being of our Geriatric Patients (Part 2). Bailey, A, Kirkpatrick, JN,
Maurer, MS, Orr, N

Echo is the first choice for LAA occlusion planning

Gladiators arena: Great debates in cardiovascular CT (and echo). Society of
Cardiac Computed Tomography Scientific Sessions

Multimodality Imaging in Acute and Chronic COVID19: Echocardiography
First. Society of Cardiac Computed Tomography Scientific Sessions

Ethical Dilemmas Surrounding Care for Patients with COVID-19. Chief of
Medicine Rounds at the University of Washington Medical Center.
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Aug, 2020
Aug, 2020

Sept, 2020
Oct, 2020

Oct, 2020

Oct, 2020

Mechanical Circulatory Support for the Right Ventricle. American Society of
Echocardiography Scientific Sessions

Point of Care US training for the clinician. American Society of
Echocardiography Scientific Sessions

Research Misconduct. UW Cardiology Grand Rounds

HFrEF: Where should be going in 2020? Vietnam National Heart Association
Congress

The use of POCUS in different clinical settings. Vietnam National Heart
Association Congress

Why we all need more strain in life. Vietnam National Heart Association
Congress

ORGANIZING ROLES IN SCIENTIFIC MEETINGS

Nov, 2008
Jun, 2009
Jun, 2009
Mar, 2010

Jun, 2010

Jun, 2011
Jun, 2011
Jun, 2011
Jun, 2012

Sep, 2012

Jun, 2013
Jun, 2013
Jun, 2014
Jun, 2015

Jun, 2016

Jun, 2016

Mar, 2017

Chair/Moderator, Abstract Session of the American Heart Association Scientific
Sessions, New Orleans, LA

Chair/Moderator. Valve Disease computer tutorial. American Society of
Echocardiography Scientific Sessions, Washington, DC

Chair/moderator. Moderated Oral Abstract Poster Session. American Society of
Echocardiography Scientific Sessions, Washington, DC

Faculty discussion facilitator, poster session. American College of Cardiology
Scientific Sessions, Atlanta, GA

Moderator, Moderated Oral Poster Session, Quality, Appropriateness, Lab
Accreditation, Ergonomics, and Outcomes Research. American Society of
Echocardiography Scientific Sessions, San Diego, CA

Abstract Reviewer. American Society of Echocardiography Scientific Sessions,
Montreal, Quebec, Canada

Co-chair How to Put the "Q" in Quality American Society of Echocardiography
22nd Annual Scientific Sessions, Montreal, Quebec, Canada

Co-chair, Ethics in Echo. American Society of Echocardiography 22nd Annual
Scientific Sessions, Montreal, Quebec, Canada

Abstract Reviewer. American Society of Echocardiography Scientific Sessions,
National Harbor, Maryland

Moderator, Management in Nursing Homes. Heart Failure Society of America
16th Annual Scientific Meeting, Washington State Convention Center, Seattle
WA

Moderator: "Echo in Patients with VADs" American Society of
Echocardiography Scientific Sessions 2013, Minneapolis, MN

Abstract Reviewer. American Society of Echocardiography Scientific Sessions,
Minneapolis, MN

Abstract Reviewer. American Society of Echocardiography Scientific Sessions,
Portland, OR

Abstract Reviewer. American Society of Echocardiography Scientific Sessions,
Boston, MA

Moderator: “ASE Foundation Global Initiatives: Humanitarian Missions in
Argentina and Vietnam.” American Society of Echocardiography Scientific
Sessions, Seattle, WA

Abstract Reviewer. American Society of Echocardiography Scientific Sessions,
Seattle, WA

Organizer and Moderator, “Palliative Care for the 99%”, Intensive, American
College of Cardiology scientific Sessions 2017, Washington, DC
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2015-present
2016-present
Oct, 2018
Nov, 2019
Mar, 2020
Aug, 2020
Aug 2020
May, 2020
Oct, 2020
Oct, 2020
Oct, 2020
Oct, 2020

May, 2020
June, 2021

June, 2021

Abstract Reviewer. American Society of Echocardiography Scientific Sessions
Moderator. American Society of Echocardiography Scientific Sessions
Moderator. Vietnam National Heart Association Scientific Sessions, Da Nang,
Vietnam

Moderator. Vietnam National Heart Association/Vietnam National Heart Institute
Congress, Hanoi, Vietnam

Committee Member: ACC.20/World Congress of Cardiology Program, Cardiac
Imaging (Echocardiography, Nuclear, PET, MR & CT)

Committee Member: ASE Scientific Program

Senior Co-Chair, Episodes of Care #3, ASE Scientific Sessions 2020
Committee Member: ACC.21 Program, Cardiac Imaging (Echocardiography,
Nuclear, PET, MR & CT)

Moderator and co-chair, POCUS training village. Vietnam National Heart
Association Virtual Congress

Panelist, Cardiology in 2020: Challenges and Opportunities. Vietham National
Heart Association Virtual Congress

Chairperson: Future of Echocardiography. Vietnam National Heart Association
Virtual Congress

Frailty and Geriatric Considerations. Great Wall International Congress of
Cardiology (Virtual)

Abstract Reviewer, ACC.21

Committee Member and Chair of Function Track, ASE Scientific Sessions
Program 2021

Abstract co-chair, ASE Scientific Sessions 2021
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WA - Health Technology Assessment

James Kirkpatrick
1959 Pacific St
Seattle, WA 98125

Applicant Name
Address

Click here to enter text.

1. Business Activities

(a) If you or a member of your household was an officer or director of a business during the
immediately preceding calendar year and the current year to date, provide the following:

Title Business Name & Address
Click here to enter text.

Business Type
Click here to enter text.

Click here to enter text.

Click here to enter text. Click here to enter text. Click here to enter text.

Click here to enter text. Click here to enter text. Click here to enter text.

(b) If you or a member of your household did business under an assumed business name during
the immediately preceding calendar year or the current year to date, provide the following
information:

Business Name

Business Address

Business Type

Click here to enter text.

Click here to enter text.

Click here to enter text.

Click here to enter text.

Click here to enter text.

Click here to enter text.

Click here to enter text.

Click here to enter text.

Click here to enter text.

Click here to enter text.

Click here to enter text.

Click here to enter text.

2. Honorarium

If you received an honorarium of more than $100 during the immediately preceding calendar
year and the current year to date, list all such honoraria:

Received From Organization Address Service Performed
Cardiovascular Institute

of Philadelphia

P.O. Box 56598

Philadelphia, PA 19111

www.cviphiladelphia.org

Cardiovascular Institute
of Philadelphia

Educational lecture

Click here to enter text. Click here to enter text. Click here to enter text.

Click here to enter text. Click here to enter text. Click here to enter text.

3. Sources of Income

(a) Identify income source(s) that contributed 10% or more of the combined total gross
household income received by you or a member of your household during the immediately
preceding calendar year and the current year to date.

Source Name & Address Received By Source Type
University of Washington self salary
Hope Central Pediatrics wife salary
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WA - Health Technology Assessment

Click here to enter text. Click here to enter text. Click here to enter text.

Click here to enter text. Click here to enter text. Click here to enter text.

(b) Does any income source listed above relate to, or could it reasonably be expected to relate
to, business that has, or may, come before the Committee?

O Yes X No

If “yes”, describe: Click here to enter text.
Click here to enter text.

Click here to enter text.

(c) Does an income source listed above have a legislative or administrative interest in the
business of the Committee?

O Yes X No

If “yes”, describe: Click here to enter text.

Click here to enter text.

Click here to enter text.

4. Business Shared With a Lobbyist

If you or a member of your household shared a partnership, joint venture, or similar
substantial economic relationship with a paid lobbyist, were employed by, or employed, a paid
lobbyist during please list the following:

(Owning stock in a publicly traded company in which the lobbyist also owns stock is not a
relationship which requires disclosure.)

Type
Lobbyist Name Business Name Business Shared
Click here to enter text. Click here to enter text. Click here to enter text.
Click here to enter text. Click here to enter text. Click here to enter text.
Click here to enter text. Click here to enter text. Click here to enter text.

Provide the information requested in items 5, 6, and 7 below only if:

(a) Your response involves an individual or business if you or a member of your
household did business with, or reasonably could be expected to relate to business
that has or may come before the Health Technology Clinical Committee.

(b) The information requested involves an individual or business with a legislative or
administrative interest in the Committee.

5. Income of More Than $1,000

List each source (not amounts) of income over $1,000, other than a source listed under question
3 above, which you or a member of your household received during the immediately preceding
calendar year and the current year to date:

Page 3 of 4
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Description of
Income Source Address Income Source

Click here to enter text Click here to enter text Click here to enter t¢
Click here to enter text Click here to enter te Click here to enter text

V(..ilns‘ In“;iif: enter text Click here to enter text Click here to enter t
6. Business Investments of More Than $1,000

(Do not list the amount of the investment or include individual items held in a mutual fund or
blind trust, a time or demand deposit in a financial institution, shares in a credit union, or the
cash surrender value of life insurance.)

If you or a member of your household had a personal, beneficial interest or investment in a
business during the immediate preceding calendar year of more than $1,000, list the following:

Business Name Business Address Description of Business

Click here to enter text, Click here to enter text Click here to enter text

Click here to enter text Click here to enter text Click hers

Click re to enter text Clic re to enter tex lick here to enter x1

7. Service Fee of More Than $1,000

(Do not list fees if you are prohibited from doing so by law or professional ethics.)

List each person for whom you performed a service for a fee of more than $1,000 in the
immediate preceding calendar year or the current year to date.

Name Description of Service

| certify that | have read and understand this Conflict of Interest Form and the information |
have provided is true and correct as of this date.

Print Name James Kirkpatrick
Check O [0 Committee Member [J  Subgroup Member O  Contractor
Date '
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Washington State
Health Care -W

Agency medical director comments

Noninvasive Cardiac Imaging: Re-review

Christopher Chen, MD, MBA Linda Liu, MD

Medical Director for Medicaid HCA CQCT Policy Fellow

WA Health Care Authority UW Harborview Inpatient Chief Resident
November5, 2021

A

Washington State , _— )
\——" Health Care /\thority

Noninvasive Cardiac Imaging Background

* Evaluate heart function Indications

and anatomy under Coronary Artery Disease (CAD)
- Angina

stress - Acute Coronary Syndrome

- Known CAD with changing

symptoms
- Prior revascularization

* Heterogeneous topic

— Indications
— Settings Valvular Heart Disease
— Methods of risk Cardiomyopathy

stratification variable )
Arrhythmias

Preoperative evaluation

- A
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Washington State 3
v Health Care /uthority

Stress modalities

SPECT PET

Echo CCTA

Washington State ;
v Health Care /uthority

Noninvasive Cardiac Imaging: Background

* Risk of Coronary artery disease for symptomatic adults
Low
Intermediate
High

*  Multitude of scoring systems

Framingham Global Risk assessment scoring: age, sex, total
cholesterol, HDL cholesterol, smoking, SBP, DM

SCORE: age, set, total-HDL cholesterol ratio, smoking, SBP

PROCAM (men): Age, LDL, HDL cholesterol, smoking, SBP, family
history, diabetes, triglycerides

Reynolds (women): Age, HbA1C, DM, smoking, SBP, total/HDL
cholesterol, CRP, parental history of Ml at <60 years of age

TIMI

“2010 ACCF/AHA Guideine for of ¢ Rsk n Adults,” JACC 5525, 350-103, 2010.

4 ,
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Washington State , _— )
s—” Health Care /\uthority

Previous HTCCdecisions

* No prior decisions on stress echocardiogram
2013: Nuclear imaging including PET/SPECT

— Included asymptomatic individuals
2009: CCTA (no FFR)

* Cardiac magnetic resonance angiography (cMRA) to be
presented November 19; no prior decisions

5
Washington State n _— )
v Health Care /\uthonty
Previous HTCC Decision: SPECT
* Cardiac Nuclear Imaging is a covered benefit for :
— For patients with symptoms of myocardial ischemia (symptomatic) who are:
* At high risk of coronary artery disease (CAD), or
* At low to intermediate risk of CAD, and
— Have abnormal/indeterminate exercise treadmill test (ETT), or
— Unable to perform ETT, or
— Electrocardiogram (ECG) abnormality that prevents accurate interpretation of
ETT.
— For patients with known CAD, monitoring:
* Changes in symptoms
* Cardiac Nuclear Imaging is not a covered benefit for:
— Asymptomatic patients
* Does not apply to pre-operative evaluation of patients undergoing high-risk non-
cardiac surgery or patients who have undergone cardiac transplant.
— Patients with known CAD and no changes in symptoms
6
‘ e
6



Washington State , _— )
v Health Care /\uthority

Previous HTCC Decision: PET

* Covered under the same conditions as SPECT when:
— SPECT is not technically feasible; or

— SPECT is inconclusive

Washington State n _— )
\———' Health Care /\thority

Previous HTCC Decision: CCTA

* Covered when:
— 1) Patients with low to intermediate risk of coronary artery disease;
— 2) For investigation of acute chest pain in an emergency department
or hospital setting; and
— 3) Using Computed Tomography machines with 64-slice or better
capability.
* Not covered when:
— Patients who are asymptomatic or at high risk of coronary artery
disease;
— CCTA used for coronary artery disease investigation outside of the
emergency department or hospital setting; and

— CT scanners that use lower than 64-slice technology.

- A
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B ———

Noninvasive Cardiac Imaging:
HTCC Re-review Rationale

¢ Selected on the basis of high prevalence of coronary
artery disease and high degree of clinical variation in
stress test selection

* High cost and utilization of noninvasive cardiac imaging

» Stakeholder feedback on prior authorization for
noninvasive cardiac imaging

* Further development of evidence base since last reviews
9
‘ — .

Washington State n _— )
Health Care /\uthority

B ——

Scope of discussion today

In scope

- Adult patients (=18 years of age) with
symptoms of suspected (previously
undiagnosed) CAD who present with:

- Stable (nonemergent) typical or atypical
symptoms suspicious for CAD

- Suspected acute coronary syndrome
(ACS) in emergency departments.

- Symptomatic adults with
known/established CAD including those
who have had prior Ml and/or
revascularization.

10

10

Out of scope/not reviewed

- Asymptomatic

- Pre-op

- Cardiac Transplant

- Patients with STEMI

- Assessment of myocardial viability prior

to revascularization for individuals with
LV dysfunction

- Patients presenting for evaluation of

cardiac pathologies other than CAD (e.g.,
congenital abnormalities, valvular
disease, evaluation of cardiomyopathy
etiology, CHF)

A
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\ Washington State , _——"9
Health Care /\Gthority

Agency medical director concerns - overall

é )

Safety= Low
Efficacy = Medium
Cost=  High

! I
—— ..

11

Washington State , _— )
\——" Health Care /\thority

Key Questions

*  What is the comparative effectiveness of noninvasive cardiacanatomic or
functionalimaging modalities (CCTA, stress nuclear imaging, stress
echocardiography)...

— Inleading to improved clinical outcomes (e g., MI, mortality)?
—  With respect to dlinical decision-makingincluding additional testing and treatments?

—  With regard to harms or adverse events which may result directly from testing or additional,
downstream testing?

* Does effectiveness (in terms of clinical outcomes) or safety differ in special
populations (e.g., women, those with comorbidities, the elderly) from noninvasive
cardiac anatomicor functionalimaging (CCTA, stress nuclearimaging, stress
echocardiography)?

*  What s the cost-effectiveness of CCTA, stress nuclear imaging and stress
echocardiography for clinical outcomes?

"’ _g—
P
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Evidence Considerations

* Significant heterogeneity in:
— Comparators
— Definitions of risk

— Populations studied

" I
— .

13

Washington State , _—— )
v Health Care /\uthority

Safety

* Despite being a heterogeneous group of diagnostics, generally
non-invasive cardiac imaging tests are safe with rare
occurrence of life threatening adverse events

* Stress agents may be associated with transient side effects;
contrast agent related adverse events and allergic reactions are
rare

* Radiation exposure is higher for SPECT than CCTA; however
cumulative radiation may be higher with CCTA as index, and
repeated testing may subject patients to greater exposure

* For CCTA, incidental findings are common that may merit
further workup

" _g—
e

14
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Efficacy

* Stress echo compared to exercise ECG

— Insufficient evidence re: risk of MI, all cause mortality, and cardiac
mortality
— In stable patients with suspected CAD, associated with reduced risk of
ICA and downstream NIT (SOE Low)
* SPECT compared to stress echo

— No different in risk of MI, all cause mortality, or cardiac mortality (SOE
low-insufficient)

— No difference in risk of revascularization or hospitalization (SOE
moderate)

* PET compared to SPECT

— No difference in clinical outcomes including Ml, all-cause mortality
(SOE insufficient)

K I
g .
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Washington State , _— )
\———' Health Care /\thority

Efficacy (continued)

e CCTA
— High NPV in low risk patients for CAD rule out
— No clear difference on clinical outcomes, several RCTs with similar
outcomes/cost of care/LOS (PROMISE, BEACON, ROMICAT-II)

* SCOT-Heart: Possible added benefit in stable chest pain reducing
non-fatal MIs and deaths from CAD, but mostly ETTs in the control
arm

* In symptomatic outpatients, CCTA vs function testing leads to ?
higher ICA referral and revascularization with increased radiation

— FFR: PLATFORM study; FFR CT approximates invasive FFR, may
lead to decreased ICA

" _g—
PSS — S
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Cost

* Only a few studies compared one specific test directly
over another; most compared testing strategies and
results were mixed, with many limitations

* For stable outpatients, two systematic reviews suggesting
that stress echo may be more cost-effective than SPECT in
patients with low to intermediate risk

* |n patients with suspected ACS in the ED, CCTA was found
to be the more cost-effective approach in some studies

" I
— ..
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‘—" Health Care /\uthority

Medicaid FFS Non-invasive Cardiac Imaging
Reimbursement

$1.400
$1.200
$1.000
$800
$600

$400

$200 .
i [ ]

Stress EKG Stress Echo SPECT PET CCTA

**Reimbursement does not include codes for radi euticals or drugs ini: during the stress test or added costs
of stress test codes, and are based on non-facility costs. Estimated fadility costs are higher.

’ e
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Non-Invasive Cardiac Imaging Expenditures

$6

b3
$4
$3
$2
" o
ey ey

$o
Stress Test Stress Echo SPECT PET CCTA

Millions

2017 g2018 ;2019 2020

d i i i ¥ i i codes revised i

’ I
—— ..

utilization data.

19

Washington State , _— )
\——" Health Care /\thority

Current Coverage: Stress echo

* AIM: generally covered for symptomatic individuals*
— Suspected CAD in symptomatic patients who have not had evaluation
of CAD within preceding 60 days
— Known coronary artery disease in patients who have new or
worsening symptoms
* WA Medicaid FFS: No current clinical policy

* Other payers:
— Medicare LCD: for patients with ECG abnormality, prior equivocal
stress ECG, or history of posterior wall Ml
* Not covered if incremental information is of no clinical relevance or is
performed too frequently

*Out of scope: icindividuals with
ETT/IMPUCCTA/cath, myocardial uabiity, valwiar disease,

known CAD, post-revascularization, recent MI, Kawasaki, amythmias, CHF, abnormal
ive eval, ion, HOCM

- A
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Current Coverage: SPECT

* AIM:

— Suspected CAD in symptomatic patients who have not had
evaluation of CAD in preceding 60 days with intermediate to high
risk of CAD or commonly coexisting chronic condition (AAA, PVD,
CVA, CKD) or high risk occupation

— Known CAD in patients who have new or worsening cardiac
symptoms

* WA Medicaid: follows 2013 HTCC
* Other payers:

— Medicare LCD: requires documentation of medical necessity per
AUC or similar standard

*Out of scope: fic indivi with known CAD, post- zation, recent ML, K. ki amythmias, CHF,
ETT/MPYCCTA/cath, myocardial wabiity, valwiar disease, preoperative eval

: I
g .

Washington State , _— )
\———' Health Care /\thority

22

Current Coverage: PET

* AIM:

— Appropriate as the initial stress imaging test for suspected or
established CAD in patients who have a relative contraindication
to conventional nuclear perfusion imaging and/or a
contraindication to exercise stress testing

* WA Medicaid: follows 2013 HTCC

* Other payers:
— Aetna: PET is used in place of SPECT in those who are not
candidates for SPECT, or used following an inconclusive SPECT
scan

*Out of scope: ic indiv with known CAD, post- ization, recent M1, K ki amythmias, CHF,
ETT/MPYCCTA/cath, myocardial viabdity, valwiar disease, preoperative eval

- A

10/27/2021
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ACC 2013 Multimodality Appropriate Use Criteria

24

Washington State /,/‘.‘W
Health Care /\Gthority

Current Coverage: CCTA

e AlIM:

— Suspected CAD in symptomatic patients as index study or who have
had abnormal exercise EKG, equivocal or abnormal MPI or stress echo

* WA Medicaid: follows 2009 HTCC
* Other payers:

— Aetna: Symptomatic patients with low-intermediate pre-test
probability of CAD, with or without a positive stress test

— Medicare LCD: as an alternative to invasive angiography and stress
testing; not medically necessary if pre-test evaluation indicates that
patient would require ICA for further diagnosis or for therapeutic
intervention

*Out of scope: known CAD, post- ization, recent M1, K ki amythmias, CHF.
ETT/MPYCCTA/cath, mync:dd\divty alwiar disease, preoperative ed

: e

Washington State , _— )
Health Care /\thority

for Stable Ischemic Heart Disease

['; PnopmMCaldhcAss'ﬁﬁlt]
] L] )

N — 5 )
= = =]

% : =
Lywprim st ~ @
\_"*="_| No Prior Evaluation of CAD

Figuee 1. Hierarchy of Potential Test Ordering Based on Clinicsl Presentation

For thiose Batients wha ma be chvselfed Ita seasm Thn 1 o the chrcas) i cathon bsties on /o SIS, this Sowshon ginces cheicl cONBSOne Wie & Meswchy 3o 841 1
st
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ACC 2013 AUC-no known CAD

Table 1.1 Symptomatic

Low proest prodatifty of CAD
« ECG AND able 10 exercise

Low prodest prodatitty of CAD
ECG OR unable to exorciso

A

Inteamediate pretest probabilty of CAD

Intemmediate pretest probebiity of CAD

.
.

.

* ECG AND abie 10 exerciso

.

+ ECG unnierpretatio OR unablo to cxersis
.

High pro-test probabiity of CAD
ECG AND able to exoreise

« High pro-test probabiity of CAD
* ECG OR unablo to cxorsize

Stross
RN
R
A
A
A
[y
[y

| S | o | argoiu |
R
O]
O
"
®

Aparecriate s Ko A Agpecgiata M May S Apgrogeiaie. 1 o Ramy Appeptaie
A Rpe CAD = COnEiady Aty (howessr; CETA = GOy COTEIA0 EASERNY SAgogray, CUR = CATEA: Sagral wAmsce IEG « MaIncadgee; LN « amcamteg sy,
M - My 89 Appropriate: [~ Rarely Appogriate; TN ~ redonue 5o inagng.
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ACC 2013 AUC—known CAD

Table 2.3. Follow-Up Testing: New or Worsening Symptoms

A

Invasivo
Exercise | Stress | Stress | Stwes | Cocium Coronary
Indication Text ECe RN Echo oM Seorkg | CCTA | Angugmply
57. |« Namal exercke ECG test M A A A R A "
N CAD on coranary w A A A R R "
(vesive or normvasive) OR normel prior stress imagng study
53 | Abnormal oxorcise ECG test R A A A R A A
0. | o Abnormal prior stross imaging stcy R ™ " ] R A Iy
6L |« Otstrucive CAD on OCTA study Ll A A A R R A
62. |« Otstructhe CAD on Invasive cornary anglogaphy A A A M R R A
63 |+ Abnormal CCTA calclim (Agatston Score ~100) A A A A R M A
Aagrogriee Use ey A~ Adrooriste: M — Mey Be Aoprogiots; R — Rarely Asompets.
= osraprinte; CAO = oaronay stey Gzease, CCTA = ‘boogty cendioc mamete esenance; S0 — elevtocantepam; Ecte — aulcaciogagy
M = May Be Assrupriote: R = Rarely Asropriote; ANI = radeaunice inegrs.
2.2. Post (PClor CABG)
Table 2.4.
Invasivo
Exorcito Stross Stress Stross. Coronaty
Indication Text Ece RNI Echo CMR CCTA
64, | o Evaluation of sscremic equvalent M A A A ] A

A = Apacgriate: COTA = Conmey € ompaied Jomagrty wggaply: CVR = cafiac Tag et msone. [06 — S arwocasigran: Coho — aciocstiiog acy: M« My e Aoomitate: R = Raly
Agrngrist: RN = racdonuc e Sisgng.

26
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AGENCY MEDICAL DIRECTOR GROUP iy
Recommendation: Noninvasive Cardiac Imaging — Stress Echo

* Stress echocardiography is a covered benefit for:

— Population:
* Suspected CAD in symptomatic patients, or
* Evaluation of known coronary artery disease in patients who
have new or worsening symptoms, AND
— Criteria:
* Unable to perform ETT, or

* Electrocardiogram (ECG) abnormality that prevents accurate
interpretation of ETT

*Out of scope: ic indivi with known CAD, post ization, recent M1, Kawasaki amythmias, CHF, abnomal
ETT/MPI/CCTA/cath, myocardial viabdity, valwiar disease, ive eval, ion, HOCM

A
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AGENCY MEDICAL DIRECTOR GROUP
Recommendation: Noninvasive Cardiac Imaging - SPECT

* SPECT is a covered benefit for :
— For patients with symptoms of myocardial ischemia
(symptomatic) who are:
= At high risk of coronary artery disease (CAD), or
« At low to intermediate risk of CAD, and
— Have abnormal/indeterminate exercise treadmill test (ETT), or
— Unable to perform ETT, or

— Electrocardiogram (ECG) abnormality that prevents accurate
interpretation of ETT, and

— Stress echocardiography is inappropriate
— For patients with known CAD, monitoring:
= Changes in symptoms
* SPECT is not a covered benefit for:

— Patients with known CAD and no changes in symptoms/stable
symptoms

*Out of scope: ic indivi with or known CAD, post-revascularization, recent MI, Kawasaki, amythmias, CH-, abnormal
ETT/MPICCTA/cath, myocardial uability, valwilar disease, ve eval, pul Y ion, HOCM

A

28

10/27/2021

14



AGENCY MEDICAL DIRECTOR GROUP
Recommendation: Noninvasive Cardiac Imaging - PET

* PETis a covered benefit for:

— Patients under the same conditions as SPECT when:

* SPECT s not technicallyfeasible; or
* SPECTis inconclusive

*Out of scope: ic indivi with known CAD, post ization, recent M1, Kawasaki amythmias, CHF, abnomal
ETT/MPI/CCTA/cath, myocardial viabdity, valwiar disease, ive eval, ion, HOCM

A
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AGENCY MEDICAL DIRECTOR GROUP
Recommendation: Noninvasive Cardiac Imaging - CCTA

* CCTAis a covered benefit for:
— Patients with low to intermediate risk of coronary artery disease;

— Using Computed Tomography machines with 64-slice or better
capability

* CCTAis not a covered benefit for:

— Patients who are at high risk of coronary artery disease;
— CT scanners that use lower than 64- slice technology

* CCTA with FFR is a covered benefit for:
— Patients under the same conditions as CCTA, when further
investigation of concerning stenoses identified on initial CCTA is
necessary

*Out of scope: known CAD, post: zation, recent ML K ki ias, CHF, abnommal

icuals with
ETT/MPI/CCTA/cath, myocardial viabiity, vahwiar disease, e ewal, Hoo'
e
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Questions?

More Information:

Christopher Chen, MD, MBA
Christopher.Chen@hca.wa.gov
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.

31

10/27/2021

16



Washington State , _—" )
Health Care /\uthorlty

Order of scheduled presentations:

Non-invasive cardiac imaging for CAD

1 Susan Mayer, MD, Chair - American Society of Echocardiography Advocacy

2 Randall Thompson, MD - President, American Society of Nuclear Cardiology

3 Johnathan R. Lindner, MD — Oregon Health Sciences University

Scheduled public comments: Non-invasive cardiac imaging for CAD November 5, 2021
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Randall C. Thompson, MD, University of Missouri - Kansas City November 5, 2021

Comments on the HTAP
WSHCA Non-Invasive Cardiac
Imaging for CAD Re-Review

Randall C Thompson MD, FACC, FSCCT, MASNC
Professor of Medicine
University of Missouri — Kansas City
President

American Society of Nuclear Cardiology

Points of Emphasis

* Randomized control trial data indeed show no
major advantages of one diagnostic test compared
to another for patients with suspected CAD in the
various subgroups.

* The logical conclusion is that providers should be
allowed to use all the modalities in the the
diagnostic toolbox based on appropriate use.

* Many, including ASNC, have long pointed out that
patients are variable, the decision about which test
to order is nuanced, and that local availability and
expertise are very important.

Health Technology Clinical Committee meeting



Randall C. Thompson, MD, University of Missouri - Kansas City November 5, 2021

Points of Emphasis

* The one place where the calls CCTA “dominant”
was in cost-effectiveness.

* The study also point out that the data are mixed,
comparators are varied, and there are important
limitations across studies.

* This is indeed true. Expert center bias is also an
issue.

Hulten EA, J Nucl Cardiol, 2021
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Hulten EA, J Nucl Cardiol, 2021

What is not in the review

* How to test patients with established CAD

¢ Individual test absolute contraindications and
relative contraindications

* Combining stress testing with coronary artery
calcium scoring

Health Technology Clinical Committee meeting
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November 5, 2021

Contraindications to CCTA

* Renal insufficiency

* Atrial fibrillation

* Fast and / or irregular heartbeat

* Very heavy coronary calcifications

* Coronary stents

* Unable to take nitroglycerin (for example on Viagra)
* Some claustrophic patients

* (Morbid obesity)

Contraindications for nuclear tests
& Pharmacologic stress agents

* Symptomatic critical aortic stenosis
* Acute MI / Many ACS patients
* Asthma / COPD, especially with recent exacerbation

10
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Combining coronary calcium
scoring with stress testing.

11

12
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Interrelation of Coronary Calcification,
Ischemia and Outcomes

Schenker et al. Circulation 2008;117:1693-1700

13

Incremental Diagnostic Value

Chang SM et al. J Am Coll Cardiol Img 2015;8:134-44

14
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November 5, 2021

Physicians change medical therapy

15

Summary

* The right test for the patient at the right time is a
nuanced decision, patients have considerable
variability, there is considerable variability in local
expertise and availability, and all modalities are
advancing.

* Providers with appropriate expertise, and in the
context of appropriate use, should be able to
utilize the best tool available for optimal patient
care, and not be hindered by restrictive algorithms.

16
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Thank You

rthompson@saint-lukes.org

17
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Noninvasive Imaging for CAD
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Previous Reports and Rationale
2008 Report — CCTA

* 41 studies; 34 on diagnostic accuracy, 7 (6 ED, 1 OP) on clinical outcomes, decision making, only
1 RCT (Goldstein 2007; ED setting)

* Conclusions based on models and their methods:
— Accuracy: CCTA considered highly sensitive with moderately high specificity
— Effectiveness:

* Acute, low to intermediate risk patients: CCTA of comparable effectiveness vs.
UC/alternative strategies and of high value (model assumes CCTA at $466)

* OP, low to intermediate risk: CCTA rated as “unproven but with evidence of potential net
benefit”, reasonable or comparable value

* CCTA may reduce ICA (modeled), would not replace other NIT
— Safety:
* Risk considered similar to tests using contrast

* Radiation risks small but high enough to obviate benefit when applied to very low risk
patients

* Incidental findings are not infrequent, no evidence of improved patient outcomes
balancing cost and potential harms from further testing and anxiety

* Re-review Rationale: new published evidence, focused on clinical outcomes, utility
— 22 RCTs (46 publications) (including Goldstein 2007); 14 ED, 8 OP.

— 1 prospective cohort evaluating CCTA-FFR (new adjunct modality)
& wWnaiytcs 2
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Previous Reports and Rationale (cont.)

2013 Report — Nuclear Stress Testing:

* 34 studies total: 26 evaluated clinical outcomes: 5 RCTs (4 SPECT, 1 PET), 4 included in re-review (3
SPECT [Shaw 2011, Sabharwal 2007, Sharples 2007], 1 PET [Mullani]); 9 comparative cohorts (mostly
retrospective, compared different protocols, stressors), 12 case series

— Included asymptomatic patients (excluded from this re-review)
*  Conclusions:

— Effectiveness:
* In low to intermediate risk: SPECT comparable or better than ETT and comparable to Echo;
* In high risk: SPECT incremental or better than ETT and comparable to Echo;
* In known CAD, insufficient evidence for SPECT vs. ETT and SPECT comparable to Echo.
* All evidence for PET imaging insufficient.

— Safety:

* SPECT and PET appear safe, however, there is a lack of comparative data across modalities.
AEs typically transient and insignificant and due to exercise or pharmacological stressors.
Effective radiation dose ranged from 7-30 mSv for SPECT and 2-14 mSv for PET.

* Re-review Rationale: new evidence; focus on clinical outcomes and utility

— 6 RCTs of SPECT (including the 3 above)

— 2 RCTs of PET (include the 1 above)
& wwnayucs 3

3

Continuum of Medical Testing Studies

Bt i = T =

Test conforming to * Technical efficacy » Technical quality of a radiological image
addtessed technical
specifications * Analytic validity » Chemical assay accuracy for target analyte

* Concordance of a commercial genetic test

Matchar DB. Introduction to the Methods Guide for Medical Test Reviews. In: Methods guide for medical test reviews.
Available at www.effectivehealthcare.ahrq.gov/medtestsguide.cfm. L Fryback DG, Thornbury JR. Med Decis Making 1991
Apr-Jun;11(2):88-94. PMID: 1907710.

4

Health Technology Clinical Committee



Andrea Skelly, PhD, MPH, Aggregate Analytics, Inc. November 5, 2021

Background

Coronary artery disease (CAD); Ischemic Heart Disease (IHD)

— 2019: Leading cause of death in U.S.: 291.93 deaths per 100,000 and in
WA: 241.71 deaths per 100,000

— Annually, ~605,000 Americans have new M| and ~200,000 have recurrent
MI. As of 2016, health care spending related to CAD was over $89 billion
(54% public payer, 42% private payer, 4% out of pocket)

— CAD/IHD: chronic, spans decades; typically cycles through clinically
defined phases: asymptomatic, stable angina, accelerating angina and
acute coronary syndrome; progression may not be linear (European
Society of Cardiology Guideline 2019, Fihn 2012 ACC Guideline)

— Atherosclerosis: Plaque builds on artery walls, may obstruct the vessel
preventing cardiac muscle from receiving blood, oxygen; disruption of
stable plaque may cause bleeding/thrombus formation, increase
obstruction and result in unstable angina and MI.

— Symptoms do not always correlate with lesion presence or severity.
Ischemia may be present without observable obstruction.

[/
Aggregate
nalytics 5

Background

Traditional clinical classification of suspected anginal symptoms

Typical angina Meets the following three characteristics:

(i) Constricting discomfort in the front of the chest or in the
neck, jaw, shoulder, or arm;

(ii) Precipitated by physical exertion;

(iii) Relieved by rest or nitrates within 5 min.

Atypical angina Meets 2 of the above

Non-anginal chest pain | Meets 1 or none of the above

* Patient history used to categorize stable or unstable angina

» Stable angina

— Chest discomfort 1) presenting in a predictable pattern, 2) brought on by
physical or mental stress 3) subsides with rest or angina medications (King
2007 guideline)

— Associated with stenosis, without plaque disruption or plague-associated
thrombosis

)
Aggregate
nalytics 6

Health Technology Clinical Committee



Andrea Skelly, PhD, MPH, Aggregate Analytics, Inc.

November 5, 2021

Canadian Cardiovascular Society (CCS)
Classification of Angina

Clinical Findings Angina may be induced

* With strenuous, rapid, or prolonged exertion

No limitations of ordinary
activity

® Ordinary physical activity, such as walking or climbing

stairs, does not cause angina.

Some limitations of ordinary
activity

Significant (marked)
limitations of normal
physical activity

[« EEE3 \TARN Inability to carry on any
normal physical activity
without discomfort.

& uwWmiaryue>

® Rapidly walking or climbing stairs; walking uphill;

® Walking >2 blocks on level surface or > 1 flight of stairs
at normal pace under normal conditions

® Walking or climbing stairs after meals, in cold, in wind,
within the first few hours after awakening

® Walking 1-2 level blocks; and
® Climbing 1 flight of stairs under normal conditions and at
normal pace

® Angina may occur while at rest

Acute Coronary Syndromes (ACS): Spectrum of conditions compatible with acute
myocardial ischemia and/or infarction due to abrupt reduction in coronary flow

Spectrum of Acute Coronary Syndromes

Presentation Ischemic Discomfort at Rest
l No ST-segment ST-segment
Elevation Elevation

| N A

2 + 4 Cardiac
Markers
Unstable Non-Q-waveMl  Q-wave M|
Angina (UA) (NSTEMI) (STEMI)

Emergency
Department 1

+

In-hospital
6-24 hours

nsTOu

4/\ e = B

Unstable angina (UA) = new onset (w/in 2
months) of > CCS Ill, increasing (frequency,
intensity, duration) or at rest, usually
prolonged (>20 min)

— UA subdivisions based on short-term risk of
death, nonfatal Ml

— Low short-term risk: normal, unchanged
ECG, normal cardiac markers, consider
comparable to stable angina patients

— Frequently associated with plaque
disruption, nonocclusive plaque-associated
thrombus, may have associated
thromboemboli; cardiac biomarkers are
negative

NSTEMI: Non-ST elevation Ml
STEMI: ST-elevation Ml (not included in HTA)

Health Technology Clinical Committee
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Clinical outcomes, the value of testing

* Value of a medical test relates to its ability identify persons for
whom there are appropriate and effective treatments

* Qutcomes are a function of test results in combination with the
treatments received or other decisions made on the basis of test
results

* Value of imaging for assisting with decisions to initiate,
discontinue, continue or change therapy and impact on clinical
outcomes also indirect

» Clinicians and clinical guidelines consider the imaging modalities
in the HTA to be superior to ETT; UC generally includes imaging

» Lack of consensus regarding superiority/inferiority of
noninvasive imaging tests; choice influenced by many factors

[/
Aggregate
nalytics 9

Overview: Diagnosis of CAD

Diagnosis
Noninvasive testing (including stress /functional testing)

Invasive coronary angiography (ICA)

Imaging?
high risk —>  Anatomic imaging?

/ Functional Imaging?
P Abnormal ECG —> Anatomic imaging?

People with symptoms No further testing?

ety ~~. Clinical evaiuation
Suspiclous far oD, (History, PE.ECG) —» Low risk

N StressECG?
\ NomalECG =  Anatomic imaging?
No further testing?

Very low risk ——> Stress ECG?
Stress ECG with Imaging?
No further testing?

» ACC Guideline: “low to intermediate” risk, 10% to 90% risk of event w/in 5 years.

» Low pretest risk: balance of FN with need for diagnosis; events rare.

* Patients at high risk for STEMI or death likely go directly to ICA and urgent
revascularization is considered; they are not included in this HTA.

Figure from Skelly AC, Hashimoto R, Buckley DI, et. al. i ive Testing for C y Artery Disease.

Agn%rl‘;%itse Comparative Effectiveness Review No. 171. AHRQ Publication No. 16-EHC011-EF. 2016 10

10

Health Technology Clinical Committee



Andrea Skelly, PhD, MPH, Aggregate Analytics, Inc.

November 5, 2021

Overview: Initial Treatment

Treatment — optimized base on patient presentation
Medical therapy (optimal MT, guideline directed MT)
— Lifestyle, education, pharmacological
— All CAD patients

Revascularization (in addition to GDMT)

— PCl, CABG
= Lifestyle Changes
Low or Optimal Antianginal Drugs
Intermediate Medical Antiplatelet Drugs
Risk Therapy Lipid-Lowering
Patients
Diagnosed with Percutaneous
Stable CAD - Coronary
High Risk Medlcal;l'herapy / Intervention
Revascularization
Coronary Artery
Bypass Graft
Surgery
4 ‘ 4 B _
Figure from Skelly AC, Hashimoto R, Buckley DI, et. al. Noninvasive Testing for Coronary Artery Disease.
\ gnga "&%i‘: Comparative Effectiveness Review No. 171. AHRQ Publication No. 16-EHC011-EF. 2016 .

11

Background: CCTA

* Noninvasive, x-rays and iodinated contrast used to evaluate
coronary artery anatomy and visually estimate obstruction

* Potential advantages: visualizes obstruction; moderate to
larger hospitals have CT; may identify causes of chest pain
unrelated to the heart

* Potential disadvantages: involves radiation; requires
specialized equipment and interpretation expertise; does not
provide functional information; will not confirm ischemia as a
standalone test; images may be uninterpretable if substantial
coronary artery calcium, rapid heart rate and presence of
stents

* Lack of consensus on the effectiveness of CCTA vs. functional
testing

* New adjuncts to evaluate function: FFR derived from CT data
(FFRct); use of pharmacologic stress referred to as CT
perfusion (CTP)

* FFRct: 1 FDA approved method; data sent to single vendor;
concerns related to delayed evaluation for decision making

‘\‘gngarle g.itse Images: Circulation. Coronary Artery Computed Tomography 12
y“ Scanning, Volume: 129, Issue: 12, , Pages: 1341-1345

12
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Background: Nuclear Stress Testing
(a.k.a. Myocardial Perfusion Imaging)

* Utilizes small amounts of radioactive materials (i.e., radiotracers) to evaluate
physiological function

* Imaging performed using either SPECT (more common) or PET technology
— SPECT: Thallium-201 (201Tl), technetium-99m (99mTc)-sestamibi, and 99mTc-tetrofosmin

— PET: Rubidium (Rb)-82 chloride (used by both trials included in this re-review), N-13 ammonia
(assess myocardial blood flow); #fluorodeoxy-D-glucose (18FDG) (assess myocardial viability)

* Potential advantages: Can evaluate perfusion and wall motion, prior MI; May be
preferred for patients with left bundle branch block and is useful for patients with
poor echocardiography windows; PET may be preferred for assessment of
suspected CAD in women and patients who are obese

* Potential disadvantages: Exposure to radiation from radionuclides; claustrophobia;
PET scans are limited to pharmacologic stress; potential for allergic reaction;
substantial expertise required for interpretation; equipment availability (PET in

particular)
(A) Perfusion polar maps of SPECT-MPI at stress
and rest show largely reversible anteroapical
perfusion defect (ar d). Oliver i
' et al. J Nucl Med 2007;48:696-703
nalytics 13
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Background: Radiation safety - general

» Cardiovascular-related tests and procedures comprise about
40% of all medical radiation exposure

* Increased concerns about cumulative radiation exposure from
all tests across a lifetime

» Large registries and international studies have shown wide
variation in average radiation dose per procedure

» Table 1 provides overview of radiation exposure

* Radiation exposure: a measure of the quantity of ionization
produced in air by photon irradiation

» Radiation dose (“absorbed radiation dose”): the amount of
radiation energy deposited in the human body as a result of
exposure to ionization

)
Aggregate
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Background: Stress Echocardiography

Established CAD diagnostic method

TowChamse  TwsChanter  Ling Aus

YY)

Ultrasound provides a functional assessment of
impact of obstruction or ischemia on cardiac
function and anatomy

— Stress induced by either exercise or a
pharmaceutical agent (typically, Dobutamine)

Potential advantages: functional information
via wall motion analysis, diastolic function, can
evaluate integrity of cardiac structures,, prior
infarct; widely available; portable; inexpensive
(vs. other imaging modalities for CAD); does not
involve ionizing radiation; established protocols

1 Am Soc Echocardiogr. 2020 Jan;33(1):1-41 e8.

Potential disadvantages: may be difficult to
perform/interpret in obese patients or those
with pulmonary disease; operator dependent
and requires substantial expertise for
comprehensive, accurate interpretation; does
not directly visualize coronary arteries

Kosaraju,STATPEARLS

https://www.statpearls.com/ArticleLibr
ary/viewarticle/128

L wwmIanyuus 15
There is controversy o e b e S B & o e o )
and lack of consensus intermediste o ighvisk UAZT vous] 59 ACCHIARA URMSTERH
regarding optimal Syt o in soms

Iy i toiomia
noninvasive imaging Compeatmrsive clirsce assasamant of . nchuing personal | L L f..’".m‘;:y....
i stance vk

approaches Prior stont In unprotected lof

’ $
regate
\ gngaly?ics Fihn et. al., JACC 2012;60:e44 —164 16

1l main coronary anery
Tochncally sequate? wYes: FRBCON XOITHA OF CONTMIO NaQIng study < o Yor
"

~o > Contraindications 10 stress lesting? l

ACCF 2012
Guideline -
Diagnosis
Suspected T

IHD
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ACCF
2012

Guideline
Stable IHD

[)
Aggregate
nalytics

Fihn et. al., JACC 2012;60:e44 —164
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Table 1.1. Symptomatic

Refor to pages 16 and 17 for relevant definitions, In parficular

ACCF: Appropriate Use — Stable IHD

Table A and text for age, sex, symptom presentation,

nalytics

ts

' There is controversy and lack of consensus regarding optimal
garegite noninvasive imaging approaches particularly in low to intermediate
\ pretest risk patien

Invasive
Exercise Stross Stress. Stross Coronary
Indication Text ECG RNI Echo CMR CCTA | Anglography
i * Low predest probability of CAD A R N R R R
« ECG interpretable AND able to exercise
2 « Low pretest probability of CAD A M R
o ECG uninterpretable OR unable to exercise
3. * Intermediate pretest probabity of CAD A A A M M R
o ECG interpretable AND able to exercise
4 o Intermediate pre<est probabiity of CAD A A A A [
« ECG uninterpretable OR unable to exercise
S « High pre-test probability of CAD M A A A M A
ECG interpretable AND able to exercise
6. « High pre-test probabiity of CAD A A A M A
« ECG uninterpretable OR unable to exercise
fop Use Key: A~ M ~ May Be R« Raredy A
A = Aropdate; CAD « coomay sy deesse; CCTA ~ connary computed Drogashy angodagty. CVR « cadia magnetc gam; Edho - g
el ot iR = Ry AN - radonucide mxiog. Wolk, et. al.,  Am Coll Cardiol 2014;63:380-406.
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Questions and Scope

[/
Aggregate
nalytics
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Contextual Questions

In patients with known or suspected CAD who are
symptomatic:
What is the diagnostic accuracy of the tests
compared with ICA? And is there evidence of
differential test accuracy for specific
subpopulations?

Specifically:

1. Sensitivity and specificity and prognostic value
(positive and negative predictive values)

2. Inter- and intra-rater reliability (reproducibility)

)
nalytics

20
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Key Questions

FOCUS: clinical outcomes, decision making, harms, HTE, CE

1. What is the comparative effectiveness of the tests on improved
clinical outcomes (e.g., MI, mortality)?

2. What is the comparative effectiveness of the tests on clinical
decision-making including additional testing and treatments?

3. What is the comparative evidence regarding harms or adverse
events which may result directly from testing or additional,
downstream testing?

4. Does effectiveness (in terms of clinical outcomes) or safety differ
in special populations (e.g., women, those with comorbidities,
the elderly)?

5. What is the cost-effectiveness of noninvasive cardiac anatomic
or functional imaging modalities for clinical outcomes?

[/
Aggregate
nalytics 21
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PICO Scope: Inclusion Criteria

* Population:

— Symptomatic adults with suspected CAD, known/established CAD including those who have
had prior MI and/or revascularization; acute chest pain, suspected ACS (UA or NSTEMI)

* Interventions:
— Coronary CT Angiography (including FFR), CT pharmacologic stress, (264 slice CT)
— Stress nuclear imaging (including PET, SPECT)
— Stress echocardiography

¢ Comparators:
— No testing
— Usual care
— Comparison of the above interventions with each other
— Invasive coronary angiography

¢ Primary Outcomes (SOE):
— Clinical: MI, cardiac death, all-cause mortality
— Decision making: Referral for treatment, referral for additional testing
— Safety: Harms of testing, risks and consequences of testing, radiation, incidental findings
— Cost-effectiveness outcomes: QALY, ICER

)
Aggregate
nalytics
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PICO Scope: Inclusion Criteria

* Timing:

— Emergent or non-emergent
— Any point in the diagnostic workup

» Setting(s):
— Emergency department or similar
— Non-emergent settings

+ Study Design:

— KQ 1, 2, 3, 4: Focus will start with RCT evidence; in the absence of
RCTs, high quality comparative observational studies that control for
potential confounding will be considered

— KQ 5: Full formal economic analyses

— Studies published in English after 2000 (except for stress
echocardiography)

[/
Aggregate
nalytics
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Methods

[/
nalytics
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Individual Studies: Risk of Bias

Criteria

¢ Random sequence generation (RCT)

¢ Statement of allocation concealment (RCT)

e Intent-to-treat analysis (RCT)

¢ Blind, independent assessment of test

¢ Blind or independent assessment, subjective outcome(s)
e Prespecified threshold for definition of a positive test

e Attrition (< 20% overall, <10% between arms)

e Comparable f/u time or accounting for time at risk

e Controlling for possible confounding

e Full reporting of specified outcomes

[/
Aggregate
nalytics

25

Strength of Evidence (SOE) Criteria — Appendices

Overall body of evidence for primary outcomes:

e Risk of bias (one criterion): the extent to which
the included studies protect against bias in
majority of studies

e Consistency: degree to which estimates are
similar in terms of range and variability.

e Directness: evidence directly related to patient
health outcomes.

e Precision: level of certainty surrounding the
effect estimates.

e Publication/reporting bias: selective reporting or

publishing.

)
Aggregate
nalytics
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Systematic Review Process

Studies meeting eligibility criteria
Efficacy: RCTs (effectiveness)
Harms: RCTs, observational studies

Risk of Bias Appraisal (Study)

» Good, Fair, or Poor
Synthesis/analysis

Economic studies

4

I Overall Strength of Evidence Determination (GRADE/AHRQ)

Qutcome #1 3 K B - .
Outcome #2 Bl | L = Strength: Hig

B E = Strength: Moderate
Qutcome #3 L i

L =% Strength: Low

Strength of Evidence Ratings
High | Very confident that effect is true.

Moderate | Moderately confident.

Low | Limited confidence.

Insufficient | No evidence or no confidence in effect.

[/
Aggregate
nalytics
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Organization of results

Contextual Question results

Key question 1-4 results by noninvasive test*

KQ 1. Effectiveness-impact on Ml and mortality

KQ 2. Impact on clinical decision-making
* Referral for ICA and additional testing

* Referral for treatment (revascularization, other)

* Hospitalization

KQ 3. Safety
KQ 4. Differential effectiveness or safety

KQ 5. Cost-effectiveness (across tests)

*Evidence on efficacy for FFRct was insufficient and will not be presented.

No prospective comparative studies of CT perfusion were identified

28
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Contextual question: Overview of Test accuracy vs. ICA

CCTA SPECT PET Stress Echo
Sensitivity 96% to 100% 81% to 85% 82%to91% |76% to 87%
(93.4% to 100%) | (76% to 87%) (82% to 91%) | (64% to 90%)
Specificity 79% to 89% 77% to 85% 86% to 88% | 72% to 80%
(72% to 92%) (70% to 92%) (82% to 91%) | (72% to 96%)
PPV 84% to 93% 79% to 88% 87%to 96% | 85% to 93%
(47% to 93%) (32% to 95%) (78% to 96%) | (72% to 98%)
NPV 97% to 99% 65% to 95% 53% to 90% | 62% to 97%
(89% to 100%) | (47% to 97%) (53% to 94%) | (36% to 97%)
LR+ 4.57 t0 9.2 3.56t0 5.13 5.57t06.50 |3.08t03.8
(3.43t012.50)  [(2.88t010.48) |(4.97 to 8.89) | (3.08 to 18.67)
LR- 0 to 0.05 0.18t0 0.24 0.10t0o 0.21 |0.18t023.0
(0to0 2.64) (0.18 to 2.33) (0.10 to 0.21) |(0.13 to 2.95)
CAD prevalence |24.2% to 75.5% 14.1% to 86% 36.5% to 80% | 35.1% to 90.8%
(all sources)

()
Aggregate
nalytics

No studies of differential accuracy by subgroups identified.

ICA is an anatomic test, so accuracy for anatomic tests such as CCTA may differ from
functional tests such as stress nuclear imaging or stress echocardiography.

29

Contextual question: Test accuracy vs. ICA

FFRct CT perfusion
Sensitivity 84% to 91% 54% to 66%
Specificity 55% to 84% 98% to 100%
PPV 58% to 100% 96% to 100%
NPV 0% to 90% 66% to 100%
LR+ 2.02 to 3.70 33.00 to 54.00
LR- 0.16 to 0.23 0.45 to 0.47
CAD prevalence ranges |32% to 100% NR

[/
Aggregate
nalytics
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Contextual question: Reliability

CCTA

* Inter-rater: CCTA moderate to almost perfect (k=0.58 to 0.94),
CTP substantial to almost perfect (k=0.72 to 0.86)

* Intra-rater: CCTA substantial to almost perfect (k=0.72 to
0.96), FFRct: fair to almost perfect (k=0.40 to 0.94)

SPECT and PET intra- and inter-rater

* Almost perfect for SPECT (k=0.96, k=0.91 to 0.95) and PET
(k=0.94, k=0.82)

Stress echocardiography
* Inter-rater: moderate to almost perfect (k=0.56 to 0.87)
* Intra-rater: almost perfect agreement (k=0.81 to 0.90)

[/
Aggregate
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3 7

Total citations identified:
16,218

- PubMed Search: 8,831

- EMBASE Search: 7,387

Results of

lite ratu re deduplication: 15,443
sea rCh 4’[ Excluded at title/abstract: 15,158 ]

——
Retrieved for full-text
evaluation: 285

L —
—_’[ Excluded at full text: 173 ]

Total number of included studies: 81 studies (across 112 publications)

* Main evidence base: 36 studies (across 66 publications)*
- CCTA: 22 RCTs (across 46 publications)
- CCTA FFR: 1 prospective comparative cohort (across 2 publications)
- SPECT: 6 RCTs (across 9 publications)
- Echocardiography: 6 RCTs (across 9 publications)
- PET: 2 RCTs (across 2 publications)

* Supplemental safety studies: 31 studies (2 SRs and 29 observational studies)

* Cost effectiveness studies: 14 studies (3 SRs and 11 studies) (across 15 publications)

e

' CCTA = coronary computed tomography angiography; FFR = fractional flow reserve; PET = positron emission tomography;
RCT = randomized control trial; SPECT = single phot i : SR = sy i review
- , f .
\ ggregate One trial (CECaT trial) provided data for both SPECT and Stress Echocardiogram.
3 2
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Key Question 1-4
Results
CCTA vs. Functional testing

33

Patients’ pre-test risk for CAD
- Very low-to-low: 1 trial
- Low: 1 trial
- Low-to-intermediate: 8 trials
- Intermediate: 2 trials
- Mixed: 1 trial
- Not reported: 1 trial

Mean age 49-64 years, female 39% to 63%,
non-white race 33%-95% (7 trials)

- 8 trials excluded patients with known CAD
- 2 trials, 14% and 15% of patients had known
CAD

Cardiac risk factors: dyspnea (2%-49%, 2 trials),
hypertension (17%-72%, 13 trials),
hyperlipidemia (25%-52%, 11 trials), diabetes
(69%-32%, 12 trials), smoking hx (14%-49%, 13
RCTs)

)
Aggregate
nalytics

Patient characteristics: CCTA vs. functional testing

Patients with suspected ACS Stable OP with suspected CAD
(14 RCTs; N=3,818) 6 RCTs (N=16,182)

Patients’ pre-test risk for CAD
- Low-to-intermediate: 1 trial
- Intermediate: 1 trial
- Intermediate-to-high: 1 trial
- Mixed: 2 trials
- Not reported: 1 trial

Mean age 57-61 years, female 44% to 53%,
non-white race 22%-29% (3 trials)

- 5 trials excluded patients with known CAD

- Atrials excluded patients with prior
revascularizations

Cardiac risk factors: dyspnea (10%-15%, 2

trials), hyperlipidemia (57%-68%, 3 trials)

34
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Study & test characteristics: CCTA vs. functional testing

Patients with suspected ACS
(14 RCTs; N=3,818)

Emergency Department: 10 trials

Stable OP with suspected CAD
6 RCTs (N=16,182)

Outpatient setting: 6 trials

Inpatient setting: 3 trials
Outpatient setting: 1 trial

Specific functional tests

Specific functional tests

- Any functional testing: 6 trials (N=3,818) -

- SPECT: 4 trials (N=1,944)

- Stress echocardiography: 3 trials (N=1,014) -
- Exercise ECG: 1 trial (N=562)

Use of iodinated contrast: 9 RCTs
CACS as part of CCTA protocol: 7 RCTs

Industry funding (2 RCT), government funding
(4 RCTs), non-profit foundations (4 RCTs), no

Any functional testing: 1 trial (N=10,003)
SPECT: 3 trials (N=1,533)
Exercise ECG: 2 trials (N=4,646)

Use of iodinated contrast: 2 RCTs
CACS as part of CCTA protocol: 2 RCTs

funding (1 RCTs),funding information NR (3

RCTs)

)
Aggregate
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Industry funding (1 RCT), government funding
(4 trials), International organization (1 RCT)
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KQ 1 MI: CCTA vs. functional testing, all populations
N 3 trials (N=667), no Ml in
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No clear difference in MI (SOE MODERATE)
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KQ 1 All-cause mortality: CCTA vs. functional testing, all populations
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6 trials (N=2746), no
events in either arm

Pooled results

Primary: 11 RCTs,
N=18,935)

1.2 vs. 1.3 per 100
RR 0.99 (0.40 to 2.68)
No RD, NS

Exclude SCOT-HEART
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» Across populations: No difference in all-cause mortality (SOE Moderate)
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KQ 2 ICA referral: CCTA vs. functional testing, all populations

Pooled results
19 RCTS (N= 22,335)

Primary:

14.4 vs. 12.0 per 100
RR 1.25 (1.09 to 1.47)
1?=67%

RD 2.7, (1 to 4 per 100)

Exclude SCOT-HEART
12.3 vs. 9.1 per 100
RR1.31,(1.12 to 1.51)
12=45%

RD 3, (1.3 to 4.7 per 100)

ICA referral more common with CCTA
vs. other tests (SOE Moderate)
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KQ 2: Additional NIT, CCTA vs. functional testing, all populations
A Conparator
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Test fr coanal etlect 23 106 (F = 025) FrosOCTA FanrsC:

Test fr singreup ddeences: OV = 230 @2 1 (P08, Pl

.
* NS difference between tests: SOE Low
* Unexplained heterogeneity particularly in stable OP

/ 39

KQ 2 NIT-imaging and radiation: CCTA vs. functional testing
Stable OP: appears to be mostly stress imaging involving radiation

Suspected ACS

No difference on use of any additional NIT at any time frame
after index test by testing arm

* < 6 months after index test: 7 RCTs, RR 0.82, (0.51 to 1.41)
¢ >12 months: 7 RCTs, RR 1.05, 95% Cl 0.74 to 1.39

No difference between CTTA and functional tests in referral for
stress imaging (11 RCTs, pooled RR 0.97, 95%Cl 0.73 to 1.19,
12=38%) across time frames.

Additional testing involving radiation was inconsistently
described; no SOE done

)
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KQ 2 Revascularization: CCTA vs. functional testing

OCTA Compacator
_Stugy or Sedgreup _ Comparater  Fellowip Events Total Events Total Weight Risk Rutlo 195% O
ALSED

Pooled results

08 A ndex 3 omo® 1M A onpsis) N

Decic 2016 At ™ 2 M5 U N &% iapm2N ™ =

Hefimarn 2012 Ay 1 moets 2 o n o - 152089 253) ™ 19 Rc—rs (N 23’124)

Vi 2011 et Imsetss 1N 0 % 0s%  00piamay _—

Goldstoin 2007 ST 6 montns L] “ 1 " RELY SsapT e

Caidein 201 spEcT Smens oW 8 W oam TMpmIN T— : 5

Nadi 2018 SPECT 6 monthe 2 ®» 3 W "~ T P24 —— Prlrnary.

FarsdooCig 204 ETT erts Wowm s M 2% Ao —

Joaneama A ret 7 m @ am sspsed) = 9.5 vs. 7.1 per 100

Uneihy 2317 gcHo 12mectts 5 2 2 2 W% repnuzy —_—

Linde 2083 ANy 1 ety 2 s " a L1 22 [e——— RR 1'52 (1'26 to 1'90)
Loviay 2018 scko 24 recs WM T oW 4% 18pRIN] -+ 12=66%

Levisy 2018 SPECT 24 meres ®s ro » am 0% 107 084.210) """ T

Suboial (% COH ams 20 B 152[1.09.2.10]

Toniest - 1 RD 2.4, (1.4 to 3.3 per 100)
Hetwogeeady Tow = 006 O « 501,41 1209 Q.19 P 25%

Testfoc e efect 22 321 P 0%1)

Siadh Outseiect Exclude SCOT-HEART:
a2 seect sca 7B 1 @ us Tepms — =

Deoglos 205 WY Insens M e 1 ST MT% 19T[1e423) - (18 RCTs, N=18,978)
Karhbyan 2017 SPECT 12 morits. L] ™ » 129 s CRINM04 R PR

Meanah 04 ETT 12 mertts ¥ oM ow N T 19511.98.337] —_ 6.2 vs. 3.6 per 100

Suliman 2020 SPECY W morths b e » L) mm 14082280 T

SCOTHEARTZ01S  ETT Strrerths S 8 WY e 1RM 1] ! RR 1.63, (1.33 to 1.98),
Subional (3% CO ) o2 A% 1.50{1.08 2.16] > 2_.

Tots eveets ) s 1=31%

Heleogeneiy. Tag! = 0.4, CH¥* » 38.95,41 = & (° < 00N ' = 86%

Tethr ot ot 2+ 216 P80y RD 2.4, (1.4 to 3.5 per 100)
Tots 5% C} " 1312 WO 1520126 190] *

Toml everts mr o

Hetwogersiy. Tag! = 011, Ch* « 5258, 41« 18P < D001 F » 66%
Testfor averol efect 2= 383 (P 9031
Teatfor byoup Sertecss: CF = 001, &= 1 (P #052) P2 0%

(] 100

i 1 10
Favors CCTA. Finrs Comparatce

* CCTA was consistently associated with more frequent
revascularization (SOE Moderate )

41

- -
o
KQ 2 PCI: CCTA vs. functional testing
CCTA Comparatat
Sned) or el Evente Total Everss Total M Risk Ratio [95% C1)
ACSED
Chasg 2003 ANY Index » 1= »n m [+ 053253, 150) b (13 P°°Ied reSUIts
il ANY 1 w 5 7 2702 o
i S S R ol vy = 12 RCTS (N=18,960)
Weer 2011 Ay oty » 0 N s sy P
Goldsin 2007 SPECT Smontys [} o 1 i ] 1% SS4 [T 4043 -
Colduon 2001 SPECT Ementss " W 8 m s 1541200, 388) Sh—
2 sRECT 3 ne. —— 3 .
et AT ek w @ 3 0 Im senouum = Primary:
ANY ? z 7 4 2. —
ﬁ:’;vﬁm ECHO 123: 18 : 2 g 1: r::v'v?:;;g _— 8.2 vs. 6.0 per 100
- : »oam ! b=
lrpd B0 Nmeh 3 om 7 B dm rspmsn 4= RR 1.63 (1.3 t0 3.6)
u ’ ¥ sPecT W omorths 1t 20 LI % I:V!:}l 210 e
.S;..k:x.hw o~ i = Ro BN 1828210 * |2=74%
o Tas = 0.06; 02 = e QPO Fe
Y cze gty T RD 2.4, (1.4 to 3.3 per
Sotie Outptian]
Mo 2012 SPECT S i o 1 a 1% TOERM A Yy — 100)
Doagles 2015 AN 2mentns M 6% 1% T N 157[154.236) -
Katkepn 217 SPECT 12morths L] 12 " -] s 08304 204 —
e (4,4 12 marthy - 1 186[1.96.3X —
wﬁ’f’ém spect um: ;v iﬁ : :s 7: 1:::32 ;E ~— Exclude SCOT-HEART:
MK
SCOTHEART 215 Em S8 morthe 2 468 003 uas 1061093, 1
Subtety) (95 G ] B2 W 150{108.218) > (11 RCTS, N=14'814)
Tokal overts w2 L)
e i RS 5.1vs. 2.6 per 100
To (6% G iz M o 1820126 0% . RR 1.89, (1.38 to 2.43),
Total everts. mr w0 2 y
e B et ™ [ G
Tes! for subgoun dferences: CA% » 001, ol 1 (P o082, Feih RD 2.6, (1.3 to 4 per 100)
* CCTA was consistently associated with more frequent PCl (SOE
Moderate)
42

42

Health Technology Clinical Committee 21



Andrea Skelly, PhD, MPH, Aggregate Analytics, Inc.

November 5, 2021

CCTA s Stress ECHO
Levisy 2058
Pinoro-Portola 2021
Scblotal (26 CY

Totaievents

Told (35% Cl)
Totslevents.

KQ 2 Hospitalization: CCTA vs. functional testing
Suspected ACS — at INDEX TEST

LK)

Heterogenaty. Ta"= 023 Ch* =202, df =1 |P =015 "= 2%
Testbor ceersl effect 2w 145 P»

Helrogenety. Tas? = 024; Ch# = 548, df =1 [P = 0.025 F = &2%
Tostor overal efect 2= 045 (P =

0 N 2 W
z o1 3w
n X0
L %
g8
=) a0
035 1078

043

/
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1mo%
165%
1%
148%
(-2

8%
135%
188%

CCTA
Study or Subgroun Events Tatal Events Total Wei
CCTA s Ay Fusciond
[CFH 4 W W oW
Hoffnamn 2012 ® W e @
Chang 2005 5 13 & 1
Dedic 2016 % M5 M M
Subletal (%% CY 1781 159
Totaleverts 83 £l
Heterogenaty Taw = 0.01; Ch* = 10.86, af = 3 (P= 001k F=72%
Testhor oreeal efect Z = 551 (P < 130031
CCTA ve SPECT
Goidsiein 2007 H o®w 3 @
Godstein 2011 9 B 8 3
Sublotal (5% CY &0 4%
Totsleverts 110 68

%
108%

100.0%

Heferogenaty. Tas" = 0.0%, Ch7 = 68,08 of = 7 (P < 000001} F = 30%
Tosthromnalofect Z=0T8 (P =
Tes! hor subgroup difwences. CF » 705, & » 2(P= Q5L F = T16%

Rick Ratio 135% O]

085[080,071)
051[0.5, 067)
032[063,147)
0251063, 167
063[0.60, 085

363104, 1261)
1430108, 138
1.49[1.00, 379

178108, 228)
082[054,125)
1.18]0.83, 300)

084071, 138

oo

s -

Substantial heterogeneity
Results differ by comparator

* CCTA vs. “any” functional
testing: less hospitalization

—— with CCTA
>
* CCTA vs. SPECT: difference
unclear, tends to favor SPECT
*> * CCTA vs. stress echo: mixed

favor stress echo

01 0 00
Favors CCTA. Favers Comparator

Firm conclusions cannot be drawn
SOE INSUFFICIENT

results, largest RCT tends to

S
w
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KQ 2 Hospitalization: CCTA vs. functional testing

No difference at any time following index visit

Hospitalization, ED revisit following index in ED patients with suspected ACS:

nalytics

5 Downgrades i .
O Follow Studies B Cor}clusnon Quality
Effect Estimate (95% Cl) (SOE)
Hospitalization |1t0 6.5 |9RCTs |ROB Yes (-1) 3.0 vs. 3 9 per 100 patients, DODD
After index months RR 0.76, 95% C1 0.49 to 1.1, I>=18% HIGH
212 6 RCTs |ROB Yes (-1) 14 9 vs. 17.4 per 100 patients, DODD
months RR 0.90, 95% Cl 0.77 to 1.03, ’=0% HIGH
SubsequentED |1to 6.5 |7RCTs |ROB Yes (-1) 5.9 vs. 6.7 per 100 patients DODD
visits after index|months RR 0.84, 95% Cl 0.66 to 1.06, P=0% HIGH
visit
212 5 RCTs  |ROB Yes (-1) 30 5 per 30.8 per 100 patients, DODD
months RR 1.06, 95% CI 0 93 to 1.56, 1>=16% HIGH
[/
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Outcome Time

Studies

Hospitalization |Any |4 RCTs ROB (-1)
Stable (N=14,810) |Inconsistency
Outpatients (-1)

Downgrades

Hospitalization (any): Stable OP patients with suspected CAD

Conclusion
Effect Estimate (95% Cl)

CCTA vs. functional testing

Risk: 4.3 vs. 4.5 per 100 patients,
RR 1.00, 95% C1 0.29 to 1.75,
12=77%

Conclusions: No difference in

hospitalization

KQ 2 Hospitalization: CCTA vs. functional testing

Quality (SOE)

o080

MODERATE

[/
Aggregate
nalytics
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KQ 3 Safety

CCTA vs. functional testing
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KQ 3 Safety: CCTA vs. functional test

Major test-related AEs and hospital admission for test-related
complications was rare, there are no differences between testing arms;
some RCTS may have been underpowered

SOE LOW
Downgrade  Conclusion Quality
Out Follow- Studi
| ucies Effect Estimate (95% Cl) (SOE)
Any major test- |Index test |3 RCTs (N= ROB (-1) CCTA vs. Functional testing |®®0OO
related AE upto24 |10,270) Imprecision (-1) | 0% vs. 0% Low
hours Stable OP
1 RCT (N=9470)
Suspected ACS
(N=800)
Hospital Index test |1 RCT (N=9470) Unknown  |CCTA vs. any functional test | ®®OO
admission for |upto24 |stable consistency  |0% vs. 0.1% (stress nuclear) LOW
test-related hours outpatients Imprecision(-1)
complication

()
A\ggregate
nalytics 47
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KQ 3 Safety

Contrast-related AEs were rare.
Some RCTS may have been underpowered

Downgrade Conclusion :
Effect Estimate (95% I) U2ty (SOE)
Index  |stable OP ROB (-1) Stable OP: 0.3% to 0.4%
Extravasation [testto |2 RCTs(N=6411) Imprecision (-1) Suspected ACS: 2%
CCTA arms only |24 hours |Suspected ACS
1 RCT (N=500)
Transient Suspected ACS ROB (-1) CCTA 0.2% to 1% 2000
creatinine 2 RCTs (N=1500) Imprecision (-1) Functional test: 0% to 0.4% LOW
Mild, allergic Stable OP Imprecision (-2) Stable OP: 0 5% (35/6411)
reaction, skin 2 RCTs (N=6411) Suspected ACS: 1.2%
rash, reaction, Suspected ACS (7/569)
pruritis 3 RCTs (N=596)
CCTA arms only
Nephropathy 1 RCT (N=266) ROB (-1) No cases of occurred o000
Unknown consistency INSUFFICIENT
Imprecision (-1)

[/
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KQ 3 Safety

Stress test related symptoms were generally rare; most are expected
responses to pharmacologic stress and not due to ischemia

Downgrade  Conclusion

Outcome Follow-up Studies Effect Estimate (95% C1) Quality (SOE)
Chest pain (CP), |Indextest |suspected ACS: Suspected ACS (CP, SOB, palpitations) ea00
shortness of upto24 |Acs ROB (-1) CCTA vs. SPECT Low
breath (SOB), or | hours 2RCTS Imprecision (-1) | 1 RCT, 0.5% vs. 16% RR 0.03 (0.004 to 0.24)
palpitations (N=751) CCTA vs. Stress Echo

Stable OP 1RCT, 0%vs. 3%
Stress-Related Stable OP Consistency
symptoms 1RCT unknown Stress-related symptoms
(unspecified) (N=7896) Imprecision (-1) | CCTA vs. stress nuclear imaging
and Stress-induced symptoms (unspecified) 0% vs. 0.1%
dipyridamole, Dipyridamole, adenosine related: 0% vs. 0.2%
adenosine-
related events Condlysions: These symptoms are consistent with

expected responses to the medications used for stress
imaging and are not generally considered adverse events.

Arrythmias: Index test |Stable ROB (-1) CCTA vs. functional testing
Rapid atrial upto24 |outpatients (Suspected ACS) | Stable outpatients INSUFFICIENT
fibrillation (AF) |hours 1RCT Both Rapid AF 0% vs. 0%
(N=7896) populations | Ventricular Tachycardia:
Ventricular Unknown 0% vs. 0.2% (nuclear stress test)
tachycardia Suspected consistency
ACS Imprecision (-1) | Suspected ACS
Bradyarrhythmia 1RCT Bradyarrhythmia: 0.1% vs. 0.2%
(N=1370)
M Nraytics =

49

KQ 3 Safety: Radiation exposure

Variably reported; only rough estimates of difference possible

Exposure generally less with CCTA vs. SPECT at index test

.

Cumulative radiation may be higher with CCTA as index test, but results are mixed.

It is unclear if some differences between testing arms would impact clinical decisions

Downgrade

Conclusion Quality

out Follow- Studi :
kel o B RS Effect Estimate (95% CI) (SOE)

Radiation|Index Test |5 RCTs ROB(-1) |conclusions: 5/6 RCTs of CCTA vs. SPECT, cCTA | @@OO
exposure (N=7896) Inconsistent |was associated with a lower radiation dose Low
Stable OP (-1) (estimated range 1.30 mSv to 11.9 mSv)
3 RCTs
Suspected
ACS
3 RCTs
Radiation|Cumulative |9 RCTs; ROB (-1) [conclusions: Results are somewhat mixed but | @8O0
exposure N=13,984 Inconsistent |suggest that cumulative radiation may be Low
Stable OP (1) higher when CCTA is the initial test. Estimated
3 RCTs differences between arms reported higher for
Suspected CCTA 1.9 mSvto 9 0 mSv
ACS
/ 6RCTs
l“ggregate B
nalytics 0
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Outcome

Incidental
findings

KQ 3 Safety
Incidental findings following CCTA

Downgrade

Studies

3 RCTs

ROB (-2)

2 systematic |Inconsistent

reviews
4 Retro
cohorts

(1)

Conclusion
Effect Estimate (95% Cl)

“Any” incidental finding range:
(28% to 44%)

Findings considered “potentially
significant” “clinically significant” or
“required follow-up” range: 4.9% to 16%

Conclusion: Incidental findings are

common; pulmonary findings were most
common. There is wide range of findings
considered potentially important that would
likely result in the need to follow-up and/or
would require additional testing.

/
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KQ 4 Differential Effects
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KQ 4: Differential effects (HTE, Modification)

Does the effect of an intervention (or test)

Risk difference and 95% CI on an outcome vary by levels of another
variable?
. 060025 HTE/EM: defines an association between

the variable (modifier) and the causal effect

Need to consider:

We SR e R e of the intervention on the outcome

Favors Treatment A Favors Treatment B

Subgroup Risk difference and 95% CI

Overall treatment effect note fat de
sk differences fior those with and

A priori specification, hypothesis With characeristic without e characensic 5l on
o . opposite sides of e cverall effect
Role of chance (test for interaction) Widhoot chvaceritic i HIE .
Number of analyses
Prior evidence
Overall Effect

Sample size
Hypothesis generating

40 45 00 05 10

() Favors Treatment A Favors Treatment B
nalytics Dettori JR, EBSJ 2011;2(2):7-10 >

Figures from:
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KQ 4 differential effects: CCTA vs. functional testing

Subgroup, Population Outcomes and Findings

factor Studies

Male, female | Suspected There was no modification by sex for
ACS * |CA referral or downstream testing
1RCT * Revascularization

(ROMICAT 11) * Repeat ED visit or hospitalization for chest pain
Stable OP Potential modification by sex for

1RCT  Test positive rate: higher w/CCTA for males, lower in females (interaction p<0.001)
(PROMISE) There was not modification by sex for

* Cumulative radiation dose (<90 days)

DM, no DM Suspected Patients with DM had higher

ACS * Rates of downstream testing w/CCTA at index, 28-day follow-up (interaction p <0.001)
1RCT = Mean cumulative radiation with CCTA (interaction p=0.04)

(ROMICAT 1) | There was no modification by DM for

= |CA referral, revascularization

Stable OP There was no modification by DM for

1RCT  Test positivity rate

(PROMISE) = |CA within 90 days of index test

* Revascularization

Confidence in findings: very low

Sex and diabetes status may modify testing results for some outcomes; findings are
hypothesis generating are require verification

Age, type of angina and race did not modify the effect of testing on outcomes
evaluated (see report); findings for most were insufficient

[/
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Summary: CCTA vs. Functional Testing

KQ 1. Impact on clinical outcomes
* MI: No clear difference (Moderate SOE)
* All-cause mortality: No difference (Moderate SOE)
* Cardiac mortality: Insufficient evidence
KQ 2. Clinical decision making
* ICA referral: 1 with CCTA (Moderate SOE)
» Additional testing: No difference (Low SOE)
* Revascularization and PCl: 1 with CCTA (Moderate SOE)
* Medication initiation/change: Insufficient evidence

* Hospitalization:

* No difference after index test for suspected ACS (High SOE) or at any
time for stable OP (Moderate SOE)

* Insufficient evidence at index test for suspected ACS

[/
Aggregate
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Summary: CCTA vs. Functional Testing

KQ 3. Safety (Low SOE)
» Test-specific AEs — Rare
* Radiation:
= Index test, |, for CCTA
= Cumulative, 1 for CCTA
* |ncidental findings: Common
KQ 4. Differential effectiveness or safety

* Sex and diabetes may modify testing; limited confidence,
verification needed

)
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Summary: Other CT-related

FFRct: 1 prospective NRS (see full report)

* KQ 1 and 2: Insufficient evidence

» Safety: CCTA + FFRct, greater cumulative radiation (Low SOE)
CT perfusion: No prospective comparative studies identified.
CCTA vs. direct referral to ICA: (see full report)

* KQ1: Clinical outcomes: NS difference in Ml, all-cause
mortality (Low SOE)

» KQ 2: CCTA associated with |, risk of ICA without obstructive
CAD and of PCl/any revascularization but /) in additional
testing (Moderate SOE for all)

* KQ 3: Safety — 2 major AEs (bleeding 0.4%) with ICA (Low SOE)

[/
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A

Patient characteristics: SPECT vs. functional testing

Mixed suspected or known (24%-27%) CAD

1 stable outpatients (referred for ICA)
69% high, 31% low pretest risk*

1 acute ED presentation (hospitalized)
Pretest risk: NR

Mean age 57-62 years, female 30%-54%
female, Caucasian 75% (1 trial)

Chest pain type NR

Cardiac risk factors: hypertension (58%-76%),
hyperlipidemia (48%-78%), diabetes (12%-
39%), family hx CAD (26%, 1 RCT), smoking hx
(43%, 1 RCT) cerebrovascular accident (6%-8%)

Industry funding (1 RCT, GE healthcare) and
government funding (1 RCT)

ggregate
nalytics

SPECT vs. Stress Echocardiography SPECT vs. exercise ECG
2 RCTs (N=679) 2 RCTs (N=1,281)

Suspected CAD (known CAD excluded)

Stable outpatients
84%-100% intermediate-to-high
pretest risk

Mean age 60-63 years; female 44%-100%;
Caucasian 52%-87%

Presenting symptoms, 1 RCT (100% female):
typical angina (60%), atypical angina (9%),
nonspecific angina (28%), dyspnea (51%)
Cardiac risk factors: hypertension (50%-
53%), hyperlipidemia (55%, 1 RCT), diabetes
(13%-17%) and family history of CAD (43%-
47%), smoking history (14%-45%*)

Industry funding both RCTs (research grants
alsoin 1).

59
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Results KQ 1, MI: SPECT vs. functional testing, all populations

SHECT  Comginaor
Sudporditgep  Fokwsy  Selng Pagultion Eront Tota Eveets Tel Weight sk Raie o &
SPECT £OH)
Sapes 20 Breeds (P e SpcaabanCl 2B 6 B NN ONPRIS —
Soame 2% Torh EDHasptsl At Suspeciad orinown CAD" 0 m "m e
Stk (5401 w WA AMONIS P
T 2 §
Helanganedy. Vot apoicable
Tos iy owaletict 1= 1H P09
SPECT i EXECG
Sebd 20 Shes (P Sube  SupadCt VA 1 W NN Ay —————T—
Stk (50 B A BE EE i —
T 0
Feogeoly Nt spicsbe
T rownleliet 130N P0G)
Tl S5 Y @ WOMN LRPK1S -
T H
ooy Tad 100, OF s 101 21 P09} P 0% R mr
Testbrownilefedt 20 15572 0.10) v Qmsx.mmm

Tt s o O 501, = 1P 151 P

SOE: Insufficient: 4 RCTs total (N=1,908);

* Pooled estimates (2 RCTs, N=907); Risk: 0.3 vs. 1.3 per 100
patients, 1 additional RCT: no events in either group
* 1 RCT, SPECT vs. ECG (N=772): 0.4 per 100 patients (NR by arm)

)
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Results KQ 1, Mortality: SPECT vs. functional testing, all populations

No difference in all-cause mortality (SOE: Low)
Pooled estimates (4 RCTs, N=1,908); Risk: 1.4 vs. 1.6 per 100 patients

SPECT  Camparator
StueyorSubgroup  Folowsp  Semisg Popuation Evests Total Events Totsl Weight Risk Ratio [55%
SPECTvs ECHO
Thon 2014 Bt OP,Suble Suspeciodor known CADY T onoum BN 0PI -
Salare 2018 Tooth  EDWesslalAod  Suspeciedor kaows CAD" 1M 0 M S 2epune| —
Susbotal (7% CY W LT Y YT -
Tetsenerts ] 1
Holnogenaly. Tas' =000, CP =080, = 1 [P=0 37 F=0%
Testlor ovealafiect 20 071 (P2 046)
SPECTvs EXECG
Shav 2011 Hmts  OP.Sube Suspecd CAD B2 W W 20PN —_1—
Sethurwal 207 188ments  OP, Suble Suspectsd CADY 230 2 W W% OBEALSA .
Sublatal (6% CY 6 [T 138027644] s
Total overts [} 4
Hettrsgensty. Tas# = 000, O 2 046, e 1 [P= 050, F = 0%
Test e el efect 22 043 P 2 082)
Tetal 6% C) M 0NN 04228
Tets everts. “ 15
Heorgenaty. Tas' =007 0= 1 80, &'=3 P =0 3 F=0% P T T
Testlor overai etect 22 00 P * 075) P SPECT P Caturt

Testlor subgoup dferseces CHF2 086 = 1 P=0.2) F= 0%

Cardiac mortality (SOE: Insufficient)

3 RCTs total (N=1,679); Pooled estimates (2 RCTs, N=907); Risk 0.3 vs. 1.3 per 100 patients
* 1 RCT, SPECT vs. ECG (N=772): 0.4 per 100 patients (NR by test arm)
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Results KQ 2, ICA: SPECT vs. functional testing, all populations

SPECT  Companator
SudyorSibgroup  Folowsp  Seting Poguaticn Erents Total Evorts Totl Weight sk Ratio [16% C]
SPECT vs FCH)
Shaples 2007 oW1 W WA MNP
Ssam 2000 Himdy: ‘OF.S SepcdorbomCAY' Ty gy g gy g uagms?] _—
Siblotal (5% C1) Imoth  EDHopll Acste  Suspeciedorbaows CAD' W o U N[O <
Tolalewnts 1 14
Heteogensty. Taut = 0.17,Ch7 = 150, f= 1 P02 F=33%
Testroveraefoct 200 P=075)
SPECT vs, ExECG
Stan 2011 Mrcits 0P, Sude Suspacied CADY N oW B W AT 0RQALI4Y e
Sathreal 207 WEmohs 0P, St Supecisd CADE @/ B WM A% OBEBLT -
Seblotal (95% C) 1) 0 5T% 050}0.191.47] -
Totalevents [} 1
Hetemgenety Tau'» 032, C0F 590, 1 (P = 100G F= 86%
Testhrovea o 25155 P o0 1)

Tolal (95% G m B¢ 1000% 054 [031,1.2]
Totalevents m i)

Heterogenedy. Tau* = 0.60; Ch# = 50,39, of = 3P < 0.00001) F = 5% =°m
Testhor overall eflect 2= 1.13 (P =0.26)
Testlor suboyoep dferences: Ch = 083 o = 1 (P= 0.M) F= 0%

] i 00
Favors SPECT Favers Comparater

No difference, SOE: Low (ROB, inconsistency)

4 RCTs; N=1,908; Risk: 24.5 vs. 31.9 per 100 patients
RR 0.64 (0.31 to 1.22)
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KQ 2, Any additional NIT: SPECT vs. functional testing, all populations

SPECT  Comparstor
_SwdyorSibgroap  Followsp  Semirg Popelaien Events Total Evants Tetsl Waight Risk Ratio 35% Cf
SECTys ECH)
Shapies 2007 Wnors  OF, Sube Suspeced o aomn CAD" I 26 R IBPRNE 4‘;
Sibota 34 01 w 7w B 3BRIB
Togearss [ ¢
Hawagenedy Nat applicash
Tost b ovral et 2= 088 P =050)
SPECTvs B ECG
St Mnoss 0P Sute Suspeced CADY ® W oW owm spsen -+
Savunval 20 t56ruets 0P, Sable Sspecnd CADY 00X 8 A AW WMERNN ———
Sutlste 355 0 £ g men 0y ——
Tota everts % 120
Helsgerety Tad' s 1153, Ch' e W27, d e 1 Po OOy gt
Testirovral efoct 2= 096 P =0.4)
Totl (%1 ] e 0P 88
Totaleverts b4 12

Hetegenedy Tagf = T2 O = S, d=2 (P =0 0005 F = 7%
Tostfor overal efiect 2=082 P =041)
Test e subyoep éfermnces: CF 2 1.7 = 1P=0 2 P21 2%

o 1 L 100

(1]
Favars SPECT Favors Comparator

SOE: Insufficient (ROB, inconsisency, imprecision)

Pooled estimates (3 RCTs; N=1,679); Risk: 4.3 vs. 14.6 per 100 patients
* SPECT vs. Echo (1 RCT; N=450): Risk, 0.4 vs. 0 per 100 patients
* SPECT vs. ECG (2 RCTs, N=1,229): Risk, 5.7 vs. 20.2 per 100 patients

A/
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KQ 2, Any revascularization: SPECT vs. functional testing, all populations

SPECT  Comparater
Study or Subgroup Followsp  Setting Posulaticn Events Totsl Events Total Weight Risk Ratio [35% O]
SPECT ys ECHO
Salamo 2018 imeat  EDbossial Acte  Suspecied o inown CAD' 0 18 113 osw o R0t 72
Thom 2014 Gmonhs  OP, Stable Suspactad o Inown CAD 8 o o 26 8™ 0B 167.05¢)
Sablotal 5% CY & 39 e 082(0.53,1.16] 4
Total eens £l it
Hetwsogenery: Tau' = 0.03; ChF = 032, of = § (P = 05T): F = 0%
Testfor ovecall eflact 2 2.10 P # 0.05)
SPECT vs. Ex ECG
Shaw 2011 2modhs  OP, Suble Suspected CADY L) 4 %8 3% 2021061, 6.66] T
Sabharwal 2007 196 menths  OP. Stable Suspacand CADT AW W AT B/ 06010.18,05€) -
Sublotal (95% CY ] 66 360% 07100203.7 g
Totsl eenss % 4
Hetercgenety Tau' =052 Chi =345, 0f=1(P =006 F=T1%
Tos! for overal eflact 2= 0.05 P = 0.98)
Totd (88%CY) o 04 1000% 080 10,60, 1.06)
Total events. 133 163

Hetercgenedy: Tau' = 003, Ch7 = 4,10, df = 3 (P = 025, F = 27%
Tost for overal efloct 2= 12(P=0.13)
Test for subgroup diffecences: Ch# = 0.08.df = 1(P= 0771 F= 0%

01 l 0 100
Favors SPECT Favors Compasator

No difference in revascularization, SOE Moderate (ROB)
4 RCTs (N=1,908); Risk: 13.7 vs. 17.5 per 100 patients
No difference when PCl and CABG considered separately

{
i ggregate
\\nalytics 64

64

Health Technology Clinical Committee

32



Andrea Skelly, PhD, MPH, Aggregate Analytics, Inc. November 5, 2021

Results KQ 2, Cardiac-related hospitalization and ED revisit:
SPECT vs. functional testing, all populations

Cardiac-related hospitalization (SOE: Low)
Pooled estimates (3 RCTs, N=1,451); Risk: 5.4 vs. 5.9 per 100 patients

SPECT  Comparator
Study or Subgroup  Follow-sp __ Seming Populaton Events Total Events Tetol Woight  Risk Ratio [95% CI)
SPECT ya ECHO
Sharples 2007 thmonhs O, Subie Suspacasd o kaown CAD" A 2, N W s 071 042 1.20|
Safame 2018 1 menty EDHospial Acute  Suspected o kaown CAD" 3 118 1 1 5™ 2920031, 21.68)
Subtotsl (86% C) 3 EC 0.76[0.38 3,18
Tetal avorss. “ 3
Heterogensty: Tau? = 0.32; Ch* = 148, df = 1 (P = 0.23) P = 32%
Test for overall efect 2= 0.13(P =090
SPECT s ECG
Shaw 2011 monhs 0P, Sable Suspecind CADY 15oM 12 M 126060, 248 —{.—
Suttol (6% C) B4 B8 7% 1.26[0,60, 266] <>
Tota svers " 7
Hatroganady Net sppicadie
Testfor overal sflect 2= 081 (P =054)
Tokal 446% CI| 74 7 1000% 0£9[0.54,2.14] <
Tetal sverrs » o
Hoterogenety: Tau! = 006; Cht = 267, df = 2 (P = 0.26) = 2% Y r'y —

Test for overal eflect 2= 0.18(P = 0885)

Favors SPECT Favors Companator
Test for subgrowp dfferences: Ch# =020, df = 1 (P = 085). I = 0%

ED re-visit (SOE: Low)
1 RCT (N=229); Risk: 2.6 vs. 2.7 per 100 patients; RR 0.97 (95% C1 0.20 to 4.73)

[/
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Results KQ 1: SPECT vs. NICE guideline-directed care (GDC) and
clinical assessment only

Downgm de Conclusion Quality (SOE)
Effect estimate

edi 1RCT(N=721) Unknown Risk: 0.4 vs. 0.8 per 100
an 16 consistency patients,
mos.  SPECT vs. NICE Imprecision RR 0.50 (95% Cl 0.07 to 3.52)

GDC (stable, 0P)  (-2)

All-cause Risk: 0.6 vs. 1.3 per 100
mortality patients,
cumulative RR 0.50 (95% Cl 0.10 to 2.45) e000
Cardiac 12, 2 RCTs (N=2,229) ROB (-1), Risk: 0.4 vs. 0.1 per 100 INSUFFICIENT
mortality medi Imprecision  patients
cumulative an16 1SPECTvs.NICE (-2) RR 2.04 (95% Cl 0.25 to
mos.  GDC (stable, OP) 19.09), 1=0%

1 SPECT vs.

clinical exam

(acute, ED)

» Insufficient
[/
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Results KQ 2, ICA: SPECT vs. NICE guideline-directed care (GDC) and
clinical assessment only

ICA referral lower with SPECT (2 RCTs, N=2,229); SOE: Low (ROB, inconsistency)
Risk: 10.2 vs. 21.1 per 100 patients; RD —11.1% (95% Cl —14.4% to —7.8%)

SPECT  Comparator

StudyorSubgroup  Fallowup  Setting Pogulitica Evests Totsl Events Total Weight Risk Rasio 5% O]
SPECT s NICE GuidelneStandied Carg

Grrenwosd 2017 1Gmont's O, Stitle Sutpacied CAD WM W W R% 033P0.049 -
Un 2013 T2mostts  EDMosptal Acie  SespechdACS MoK % 4 4T 085047,081] &+
Suslotal {#5% CO {05 746 1000% 049025, 084 <
Total evorts 15 1

Fosaogenaty. Tae? =0.12; Ch' = 635, df = 1 (P =001 F= 5%
Tostfor overal ofoct Z=260 (P = 0.%9)

Totd (5% C) 85 T4 1000% 08[026,05) >

Tols everts 11 18

Hetwoganaity Tac? # 0.12; Ch » 6.55,df « 1 (P w 001L Fw 85% o 0100
Testfer oveeal aliect 2+ 260 (P = 0009) Fauers SPECT Favers Comparatar

Testhor subgroup dferesces. Not sopicabie

* ICA showing no obstructive CAD (SPECT vs. clinical assessment, N=1,508): Risk: 21.9 vs.
39.3 per 100 patients, RR 0.56 (95% Cl 0.32 to 0.96), RD —17.4% (95% Cl1 —33.3% to —1.4%)

* Unnecessary ICA (SPECT vs. NICE GDC, N=721): Risk: 7.1 vs. 28.8 per 100 patients, RR 0.25
(95% Cl1 0.17 to 0.36), RD —21.7% (95% Cl1 —27.9% to —15.5%)

* SOE Low for both

[/
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Results KQ 2, Any revascularization:
SPECT vs. NICE guideline-directed care and clinical assessment only
No difference in revascularization (SOE Low)
Pooled estimates, 2 RCTs (N=2,229):
Risk: 5.9 vs. 7.0 per 100 patients
SPECT  Comparator

Study or Subgroup Followsp  Satting Population Events Total Evonts Total Weight Risk Ratio [36% CI)
SPECTvs, NCE GuidelinaiStandaed Cate
Greenweod 2017 16months 0P, Stabie Suspectod CAD & @ 20 ¥ 0% 086 057,157
Lim 2013 2months  EOMospial Acute  Suspectod ACS 4 1004 31 5M TN 0780.£0,1.21]
Subtotal {96% CI| 1485 Tak  1000% 085057, 1.28]
Total ovents. L 2

Heterogenaty: Tau' = 0.00: O = 035, of = 1 (P = 0.5 = 0%
Testfor overall effect: Z= 0.8 (P = 0.33)

Tota 95%C) 185 w00 035PSTIA
Tots events 8 2

Hetwogenaty. Tas'=000; Ct¥ =0.35.d1= 1 (P =081 F=0% T 1 '
Tolinchoine 2 SN =) Fanes SPECT Favors Conparatr
Test for subgroup differences: Not appicable
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Results KQ 2, Any additional NIT and hospitalization:
SPECT vs. clinical assessment only

Downgrade Conclusion Quality
Effect estimate (SOE)

Additional NIT 1RCT ROB (-1), Risk: 12.1 vs. 68.3 per 100 patients,
(any) mos. (N=1,508) Consistency RR 0.18 (95% Cl 0.15 to 0.21),
unknown RD —56.2% (95% Cl1 —60.7% to —
Acute, 51.7%)
ED setting ®000
LOW
Hospitalization  Index Risk: 10.2 vs. 18.5 per 100 patients,

RR 0.55 (95% Cl1 0.42 to 0.71),
RD —8.3% (95% Cl1—12.2% to —4.4%)

»  risk with SPECT for both outcomes

()
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Results KQ 1: SPECT vs. ICA

Downgrades Conclusion Quality (SOE)
Effect estimate

18 mos. 1RCT Unknown 0.9 vs. 0 per 100 patients;
(N=446) consistency all admissions for acute Ml
72 mos. iogecun Lo 18 months
All-cause Stable, OP 1.8 vs. 1.8 per 100 patients,
mortali RR 0.99 (95% C1 0.25 to 3.91
cumulal:irle 72 mont(hs ) ®O000
N INSUFFICIENT
3.1 vs. 3.2 per 100 patients,
RR 0.99 (95% C1 0.35 to 2.78)
Cardiac 18 mos. 2.2 vs. 1.4 per 100 patients,
mortality RR 1.65 (95% Cl1 0.40 to 6.83)

cumulative

» SOE Insufficient
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KQ 2: SPECT vs. ICA

Downgrades Conclusion Quality (SOE)
Effect estimate

Additional NIT Unclear 1RCT Unknown 0.4 vs. 3.6 per 100 patients,
(any) (N=448) consistency RR 0.12 (95% Cl 0.02 to 0.98),
Imprecision RD —3.2% (95% Cl —5.8% to —
-2) NIT
Stable, (-2) 0.6%) NIT
36 mos. OP Index OO0

Imprecision (-1)
Renvacc and 30.4 vs. 34.2 per 100 patients, INSUFFICIENT

RR 0.89 (95% Cl1 0.68 to 1.16)
36 months (cumulative)

Revascularization hospitalization

(any) 43.8 vs. 53.2 per 100 patients,
RR 0.82 (95% CI 0.68 to 0.99) Revasc., hosp.
RD —9.4% (95% Cl —18.6% to — o000
0.2%) LOW

Hospitalization 18 mos. 8.5 vs. 6.3 per 100 patients,

(chest pain) RR 1.35 (95% Cl 0.69 to 2.62)

»  any revascularization SOE low, NIT insufficient

A » No difference b/w testing arms for cardiac hospitalization

ggregate .
nalytics
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Results KQ 3: SPECT

Downgrades Conclusion Quality (SOE)
Effect estimate

Test-related Media 1RCT(N=721) Unknown Test-related AEs appear
AEs ni16 SPECT vs. consistency to be rare w/ SPECT.
mos. NICE GDC Imprecision (-1) 5 test-related medical 600
(stable, OP) AEs; none following LOW
SPECT.

Radiation Index 1RCT(N=722) Unknown Mean exposure, 14 mSv

exposure SPECT vs. Ex.  consistency (no SD or Cl) OO0
ECG Stable, ROB (-1) INSUFFICIENT

OP (females)  Imprecision (-1)

AEsrelatedto NR 3 studies ROB (-1), 2%—13% of patients

regadenoson (N=380, 604  Imprecision (-1) Dipyridamole 5%—37%

and AEs) of AEs

dipyridamole 1 retro cohort Regadenoson 4%—53% 00
2 case series of AEs LOW

Many may be expected
Suspected or responses to these
known CAD drugs
" Wnalytics 72
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Summary: SPECT vs. Other functional tests

KQ 1. Impact on clinical outcomes

* MI, cardiac mortality: Insufficient evidence

*» All-cause mortality: NS difference vs. ETT or Echo (Low SOE)
KQ 2. Clinical decision making

* ICA referral: NS difference (Low SOE)

* Additional testing: Insufficient evidence

* Revascularization: NS difference (Moderate SOE)

* Cardiac hospitalization, ED revisit: NS difference (Low SOE)
KQ 3. Safety

» Test-specific AEs — Rare (Low SOE)

* Radiation: Insufficient evidence

[/
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Summary: SPECT vs. other comparators
(NICE Guideline directed care, clinical assessment, ICA)

KQ 1. Impact on clinical outcomes (all comparators)
* M, cardiac and all-cause mortality: Insufficient evidence
KQ 2. Clinical decision making
* ICA referral:
* NICE GDC, clinical assessment: |, with SPECT (Low SOE)
» Additional NIT:
* Clinical assessment alone: |, with SPECT (Low SOE)
» |CA: insufficient evidence
* Revascularization:
* NICE GDC, clinical assessment: NS difference (Low SOE)
« ICA: { with SPECT (Low SOE)
* Hospitalization:
* Clinical assessment alone: |, with SPECT (Low SOE)

'A « ICA: NS difference (Low SOE)
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Stress Echocardiography

75
75
KQ 1, MI: Stress Echo vs. Exercise ECG, all populations
ECHO Comparator
Study or Subgroup Follow-up Population Events Total Events Total Weight Risk Ratio [95%Ci]
Aude ED
Desideri 2005 12 monhe Uncomp. MI 5 1R 2 130 554% 2,66 (049, 1246} i
Jeetey 2008 8.5 months Susp, or known CAD 1 1@ 2 151 55% 0.530.05, 580} N 7T TR
Nucfora 2009 2 monts. Susp, ACS 0 77 0 75 Not estmabie
Subtotal (95% CI} 351 3 B0% 1521018, 852 —Pes—
Totsl everts (] 4
Heterogenarty: Tau =0.09; Chi? = 1,08, = 1 (P=030L F=8%
Test for overal offect: Z=0.55 (P = 0.58)
Stable CP Oulpatient
Gurunathan 2018 38 months Susp, CAD LI 1184 101% 1.02 10,06, 16,12} Y. 3
Sublotal (95% CI) 191 194 191% 1.2 (006, 16.12| e =
Totsl events 1 1
Haterogenaity: Not applicable
Test for overal offect 2=001 (P =099)
Total {95% CI) 542 550 100.0% 1.410.30, 5.00)
Total everts 7 5
Haterogenarty: Tau® = 0.00; Cni* =115, =2 (P =0.56). P= 0% k + + J
Tes! for overal eflect: 7= 0.55 (P = 0.58) S cF::vaCNO‘Fn-oqu:\w tor -
Test for subgroup diffesences: Chi* =008, df = 1 (P =081), F=0%
5 RCTs total (N=1,250); SOE: Insufficient
* Pooled estimates (3 RCTs, N=940); Risk: 1.3 vs. 0.9 per 100 patients
— 1RCT: no events in either group
* 1RCT in stable OPs (N=158): 0.3 per 100 patients (NR by test arm)
nalytics 76
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KQ 1, Mortality: Stress Echo vs. Exercise ECG, all populations

All-cause mortality (SOE: Insufficient)
Pooled estimates (3 RCTs, N=940) [0 events in 1 RCT]; Risk: 0.6 vs. 0.9 per 100 patients

Heterogeneity: Tau? = 0.00; Chi* =023, df = 1 (P=0.631 F = 0%
Test for overal effect: Z =047 (P = 084)

Stable CP Outpalieat

Gurunathan 2018 38 months Susp. CAD 1 9 4 194 478% 0.250.03,225) —
Subtotal (35% Cl) 191 194 478% 025[0.03, 225) R
Total events 1 4

Heterogeneity: Not appicable

Test for everalieffect: 2= 123 P =022)

Total (35% CI) 542 550 100.0% 0651013, 454]
Tetal ovents 3 5

CCTA Compatator
Study or Subgroup Follow-up Population Events Total Events Total Weight  Risk Ratio [95% CI)
Acta ED
Desided 2005 12 months Unzomp. MI 112 0 10 224% 295 10.12, 71,88 e o
Jostiey 2008 8.5 months Susp. o known CAD 1142 1151 298% 1,08 [0.07, 16.84) -_—
Nucifora 2009 2 months Susp. ACS L 0 75 Not estmabie
Subtotal (96% C) 351 3 522% 1601013, 21.89) —=ERo—
Total events 2 1

Helerogeneity: Tau? = 0.00; Chi* = 1.70,df = 2 (P = 043 F = 0%

100

Testfor overall effect: 2= 0.51 (P = 051) oot urj;.m Ec»oi Favors Cor;:tw
Test for subgroup differences: Chi* = 147, df = 1(P=0.23), F= 32.1%
Cardiac mortality (SOE: Insufficient)
1 RCT in stable OPs (N=385); Risk 0.5 vs. 0 per 100 patients
l\ ggregate )
nalytics 77
77
KQ 2, ICA: Stress Echo vs. Exercise ECG, all populations
CCTA  Comparator
Study or Subgroup Follow-up Populsion Events Total Events Tots Weight Risk Ratio [95% CI)
B ED
Desideri 2005 Rmends  Uncomp Ml B 12 68 10 Bk 103[081,132) *
Jeedey 2005 85 menhs Susp. o knawn CAD A W ¥ 14 NN 0.61[0.37,088 -
Nusifora 2008 2months Susp. ACS [ 3 i) 0% 0.14[001,265) ——————1—
Subtetal (85% C1) o) %9 7% 0850318 &>
Total events a 102
Hetaroganedty. Tau® = 0.14; C =560, df= 2 (P = 0.08) I =84%
Tost for overall eect 2=090 (P =0.37)
Siable CP Outpatiant
Gurunathan 2018 35 monds Susp. CAD 17 M B 1M %0% 0.47[024,080) )
Subtotal (85% C1) 191 19 B0% 047024, 090] -
Total events 12 %
Heteroganeity: Not sppicadle
Tes! for overall efiect 2=227 (P=002)
Tolal (6% C1) 8 563 1000% 071036, 1.11) L3
Total events o 128
Hetorogeneity: Tau? = 0.17: Ch# = 969, df = 3 (P = 0.02), 1 =69% TR P S—
Testfor overall afact 2= 1.48 P =0.14) 2 ¢
Test for subgroup diferonces: Che = 127, df = 1(P = 0.26) F= 214% Form P10: Fomry
Stable OPs: |, risk of ICA with Stress Echo (1 RCT)
Acute/ED patients: no difference
SOE: Low
[)
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KQ 2, Any additional NIT: Stress Echo vs. Exercise ECG, all populations

Testfor overail e¥fect 2= 188 (P = 0.08)

[/
Aggregate
nalytics

Test for subgroup Sforoaces: Ch” = 13.20, f = 1 (P = 0.0003), F=82.4%

Acute/ED patients: Insufficient
Stable OPs: | risk of additional NIT with Stress Echo

01 10
Favers ECHO Favors Comparator

CCTA Comparator
Stusy or Subgroup Folowup  Populafon  Events Totsl Events Totsl Weight _ Risk Ratia [95% C1)
BamED
Nuctora 2009 2ments Susp ACS & T 1 e 191 [042.292)
Subtal (%% C) i % 35% 111042, 232 SOE:
Totslevents s 1 -
b S Insufficient
Tostforovers ofbct 25022 P 03)
Stabla CP Outpatisat
Gurnathar 2018 3 montrs Susp CAD % W © ™ B 096 [0.90.0.27] - ey
Sanfispo 2005 Brows  Susp CAD 2 M 13 S 2% 0080020 2 ——e— Less additional
Subbtal {66% CI 25 2 662 015006028 > testing w/Echo
Total events 17 106
Hetrogensty. Ta® » 0.00; Ch » D84, df» 1 (P » 036 F» 0% SOE: Low
Test for overall effect Z = 7.72 P < 0.00001)
Total 95% 0 an 200 026(0041.2% |
Totalavests = 113
Hetwrogensity. Tas* » 1.31; CIV « 14.15, & » 2P = Q000K F  56% = s

79

79

Any revascularization
or Subgreup

CCTA

Comgwator
Erents Toeal Eronts Tatal

L]

Risk Ao §6% O]

Results KQ 2, Any revascularization and Hospitalization:
Stress Echo vs. Exercise ECG, all populations

Mackra 2009
Suckal (565 C1)
Tets oty

SRk CP Oupatived
Guneatan 2118

Suvtetal (I8 Y

Totx vevs.

Hemmgeasty Wt applcate

Tota % G0
Teis waes

Hospitalization

udy or Sudgraup

12monts Unsorg N “
Susp o inwen CAD Ll
Sup ACS $

Hunmgeoety Tas o 100,00 w0 M 21e 2 (F o 0881 P o
Testr ovsl ofect 2204 P x07Y)

% ot

Towt by ovwal efect 24018 P+ 056)

Follonip

m
w2

£

Hetmngessty Yoo v 106 CN w0 M oo 3 (o085 Fr %
Testtr overal effec 22 0.8 P = 071)
Tost b scdiyon Swmnces OF « 200 o« 1P+ 056) P e 0N

CCTA
Population

u
a2

L]

n

7

m
15

7S
e

Comgaraar
Events Totsl Eveets Totsl Weight

an
1%

i
"

1™
nm

100 14
TR 141
81BN 259
0850612

P 20y

P e

055068, 1.25)

Rk Ragio [35% 0]

<

4

P .

vl

0ot

No difference

SOE: Moderate

R —

[X] ]
Fros ECHO Frves Comparair

100

No difference

Desien 2008
Nuckey 206
Subtata @95 CO
Taalevers

St CP Qulpetent
Gunaytas 218
Subtatal 9% CY
Tazioans

Tokd (354 )
Toalovens

Hetarsgenaty Mot agpicatia
Tost ke ovesl oot 2= 067 Po0 30y

12mos
imorty

JEmoms

Aggregm T e

na'wic_wummw-om o1 PeCEFo 0%

%

Uscoep. M El
2 §

Sup ACS

2 2

Felwogeoaty Tad 028 CH w 170w 1 P2 005 Po %
Tt keoveal et 20323 P00

Susp. CAD L) L]

]

8a

Bus

T

Hoan
wooam

w0

12p67,227)
030008, 154
N, 22

0B 159
B[00 159

024042 151

SOE: Moderate
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KQ 1: Stress Echocardiography vs. ICA

Downgrades Conclusion Quality (SOE)
Effect estimate

()
Aggregate
nalytics

» SOE Insufficient

18 mos. 1RCT Unknown 2.7 vs. 0 per 100 patients, p=0.01;
(N=448) consistency all admissions for acute Ml
72 mos. SUpREC e §2) 18 months
All-cause Stable, OP 2.7 vs. 1.8 per 100 patients,
mortality RR 1.47(95% Cl1 0.42 to 5.15) 000
cumulative 72 months | N?UFFI CIENT
4.9 vs. 3.2 per 100 patients,
RR 1.54 (95% Cl 0.61 to 3.91)
Cardiac 18 mos. 0.4 vs. 1.4 per 100 patients,
mortality RR 0.33 (95% Cl 0.03 to 3.12)
cumulative

81

(chest pain)

KQ 2: Stress Echocardiography vs. ICA

Additional NIT Unclear 1RCT
(any) (N=448)
36 mos.
Stable,
Revascularization S
(any)
Hospitalization 18 mos.

Unknown
consistency
Imprecision

(-2) (NIT)

Imprecison
(-1) for
Revasc.,
hosp.

0 vs. 3.6 per 100 patients, p=0.01

Index

Risk: 35.4 vs. 34.2 per 100 patients,
RR 1.03 (95% Cl 0.80 to 1.33)

36 months (cumulative)

Risk: 53.5 vs. 53.2 per 100 patients,
RR 1.01 (95% Cl 0.85 to 1.20)

Risk: 10.6 vs. 6.3 per 100 patients,
RR 1.68 (95% Cl 0.89 to 3.17)

Downgrades Conclusion Quality (SOE)
Effect estimate

®000

INSUFFICIENT

®e00

LOW

» No difference b/w testing arms for Revascularization or Hospitalization

Stress Echo vs. standard care: 1 poor quality RCT (N=132),

all outcomes: SOE Insufficient
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KQ 3: Stress Echocardiography

Downgrades Conclusion Quality
Effect estimate (SOE)

2 mos. 1RCT (N=152) ROB (-1), No test-related complications
compllcatlon SPECT vs. Ex. ECG Unknown 000
Uncomplicated MI consistency INSUFFICIENT
Imprecision (-1)
Dobutamine, Index Dobutamine: 11 ROB (-2), Potentially life-threatening AEs: 0%
dipyridamole- case series (N range, Unknown t0 <0.1%
and 86-2799)* consistency Any arrythmia/tachycardia:
adenosine- Dipyridamole: 3 0%-18% (dobutamine only) @000
related AEs case series (N=945)‘ AF, VF, bradycardia: 0%—1.2% Low
Adenosine: 1 case Hypotension: 0%-12.5%
series (N=1429)* Hypertension: 0%—7.5%
Other/generalt: 0%-31%
Noniodinated  Index 3 studies (N=9,821)  ROB (-2), Definite or suspected contrast-
contrast [2 comparative Unknown related adverse events: 1.3% 00
cohorts (N=6,750)  consistency (41/3071) and 2 2% (68/3071), Qﬁ)w
and 1 database respectively (1 database study)
study (N=3,071)] Allergic reaction: <0 5% of patients

(2 cohorts, 1 database study)

Some symptoms/events (e.g., dyspnea, flushing, etc.) are mild, transient and
common expected reactions to stress agents and may not be considered AEs

[)
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Summary: Stress Echo vs. ETT

KQ 1. Impact on clinical outcomes
* MlI, all-cause and cardiac mortality: Insufficient evidence
KQ 2. Clinical decision making
* |ICA referral (Low SOE):
¢ Stable OP: { risk of ICA with Stress Echo (1 RCT)
* Acute/ED patients: NS difference
* Additional NIT:
» Stable OP: { risk with Stress Echo (Low SOE)
» Acute/ED patients: Insufficient evidence
* Revascularization, Hospitalization: NS difference (Moderate SOE)
KQ 3. Safety
* Serious test-specific AEs — Rare (Low SOE)
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Summary: Stress Echo vs. SOC and ICA

KQ 1. Impact on clinical outcomes
* MI, all-cause and cardiac mortality: Insufficient evidence
KQ 2. Clinical decision making
* |ICA referral: Insufficient evidence
* Additional NIT: Insufficient evidence
* Revascularization, Hospitalization:
* Stress Echo vs. SOC/UC: Insufficient evidence
* Stress Echo vs. ICA: NS difference either outcome (Low SOE)

[)
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PET
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Mi; all-cause 1RCT Unknown
mortality mos. (N=322) consistency
(cumulative) Imprecision
ICA Known (-2)
(cumulative) CAD, e
e 1
symptomE KA Revanr

revascularization
(cumulative)

Medication
change

revascularization (SOE Low)

« Safety (KQ3): no evidence

KQs 1, 2 and 3: PET vs. SPECT

Studies Downgrades Condusion Quality (SOE)
Effect estimate

MI: Risk, O vs. 1.2 per 100 patients, p=NS
All-cause mortality: Risk, 1 vs. 1 2 per 100
patients; RR 0.50 (95% Cl 0.04 to 5.46)

3 months: Risk, 20.5 vs. 15.5 per 100 patients;
RR 1.32 (95% Cl1 0.82 to 2.11)

6 months: Risk, 22.4 vs. 18.6 per 100 patients;
RR 1.20 (95% CI1 0.78 to 1.85)

12 months: Risk, 28.6 vs. 28.0 per 100
patients; RR 1.02 (95% C1 0.72 to 1.45)

3 months: Risk, 11.2 vs. 9.9 per 100 patients;
RR 1.13 (95% Cl1 0.60 to 2.13)

6 months: Risk, 12.4 vs. 11.8 per 100 patients;
RR 1.05 (95% Cl1 0.58 to 1.90)

12 months: Risk, 15.5 vs. 14.9 per 100
patients; RR 1.04 (95% C1 0.62 to 1.74)

3 months: Risk, 26 vs. 23 per 100 patients; RR
1.11 (95% Cl1 0.75 to 1.63)

* Mixed suspected, known CAD: Cardiac death: Insufficient, 1 poor RCT (N=210)

o000
INSUFFICIENT

o000
Low

* Known CAD: Insufficient evidence for Ml, all-cause mortality; NS difference in ICA,

87

[/
Aggregate
nalytics

KQ 5 Cost-effectiveness
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KQ 5 Cost-effectiveness: All modalities
3 SRs, 11 additional primary economic studies
Firm conclusions regarding cost-effectiveness are not possible

Most studies evaluated testing strategies vs. individual tests and
were from health systems outside of the U.S.

Results across studies were mixed likely due to substantial
heterogeneity (data sources, modeling, clinical pathways, etc.)

CE/ICERs varied based on test sequencing, pre-test CAD
probability, assumed accuracy of various tests
Common limitations:

— Insufficient modeling of: indeterminant tests, test accuracy based on
sequencing, FN/FP results, potential AEs, incidental finding f/u

— Extrapolation to lifetime time horizon;
— Impact of tests on clinical outcomes is indirect
— Assumed 100% accuracy of ICA

[/
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Summary: CCTA vs. any functional test — Efficacy

Outcome ED/similar setting I Stable outpatients
Key Question 1: Clinical
Mi ©* Moderate SOE e o*
(14; N=21,661) (10; N=5,977) (4; N=15,684)
All-cause death © Moderate SOE e e
(11; N=18,935) (7; N=4,001) (4; N=14,934)
Cardiac death — Insufficient evidence Insufficient evidence
Key Question 2: Decision-making
ICA 1M+ Moderate SOE 1 o
(19; N=22,335) (14; N=7,227) (4; N=15,107)
Any additional NIT © Low SOE e e
(17; N=11,595) (13; N=6,491) (4; N=5,104)
Any revascularization 1 Moderate SOE o T
(19; N=23,124) (13; N=7,014) (19; N=16,110)
Any timepoint:
Hospitalization Data not pooled © High SOE © Moderate SOE
1-6.5 mos. (9; N=5,144) (4; N=14,810)
212 mos. (6; N=3,624)
Subsequent ED visit © High SOE
NR 1-6.5 mos. (7; N=4,294) NR
212 mos. (5; N=2,855)
[ Medication change Insufficient evidence Insufficient evidence
ggregate © =no diff. b/w groups  { = decreased risk with CCTA /M = increased risk with CCTA
nalytics 91
91
.
Summary: other CCTA — Efficacy
Outcome CCTA vs. ICA CCTAFFR
KQ 1: Clinical outcomes 1 prospective cohort (N=584)
Mi © Moderate SOE vs. planned noninvasive test
(2; N=1,832) (any) (N=204)
All-cause death © Moderate SOE vs. planned ICA (N=380)
2; N=1,832
- {2:1452,832) SOE: Insufficient for all dlinical and
[codincaeats [T oeicentevidenee W] | decision-making outcomes
KQ 2: Decision making
R SOE: Low — cumulative radiation
Ica Not showm:d ructive CAD exposure
b poderste oL - 1 with CCTA FFRvs. any NIT;
(2; N=1,832) no difference vs. ICA
Any additional NIT 4 Moderate SOE
(1; N=1,503)
Any revascularization J Moderate SOE
(2; N=1,832)
LB © Moderate SOE
Hospitntzation (2; N=1,832)
Subsequent ED visit NR
‘ Medication change NR
Aggregate © = no diff. b/w groups ¥ = decreased risk with CCTA 4 = increased risk with CCTA
nalytics 92
92
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Summary: CCTA vs. any functional test — Safety

Outcome

All patients

Any major test-related AE

© Low SOE (0%; 3 RCTs, N=10,270)

Hospital admission for test-related complication

© Low SOE (0% vs. 0.1%; 1 RCT, N=9,470)

Nephropathy

Insufficient evidence

Transient creatinine increase

© Low SOE (0.2%—1% vs. 0%—0.4%; 2 RCTs, N=1,500)

Chest pain, shortness of breath, or palpitations

J Low SOE (0%-0.5% vs. 3%—16%; 2 RCTs, N=751)

Stress-related symptoms and events;
dipyridamole, adenosine-related events

© Low SOE (0% vs. 0.1%0.5%; 1 RCT, N=7,896)

Arrythmias (rapid AF, ventricular tachycardia,
bradyarrhythmia)

Insufficient evidence

Radiation exposure — Index test (CCTA vs. SPECT)

J Low SOE (estimated range, 1.3—11.9 mSv; 5/6 RCTs, N=7,981)

Radiation exposure — Cumulative

4 Low SOE (range of differences 1.9-9.0 mSv; 9 RCTs; N=13,984)

id I findi o ially serious” or
requiring additional i |magmg (CCTA arms only)

Common, Low SOE (“any”: 28%—44%; “potentially serious, required
follow-up”: 5%—16%; 3 RCTs)

Extravasation of contrast (CCTA arms only)

Rare, Low SOE (stable OP: 0.3%-0.4%; ED: 2%; 3 RCTs, N=6,911)

Mild lated reaction, allergic reacti
skin rash/reaction, pruritis ({CCTA arms only)

Rare, Low SOE (stable OP: 0.5%; ED: 1.2%; 5 RCTs, N=6,980)

/
Aggregate © = no diff. b/w groups
% nalytics

< = decreased risk with CCTA 4 = increased risk with CCTA

93

2 RCTs (N=1,832)

adverse hours,
events median  Syspected CAD:
12 1 stable OP;

months 1 stable and
acute, atypical
chest pain

[/
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nalytics

Summary: CCTA vs. ICA — Safety

Major AEs were rare, there were no differences between testing arms;
RCTS may have been underpowered.

CCTA was associated with fewer minor procedural AEs (data not shown).

SOE LOW

Downgrades Conclusion Quality (SOE)
Effect estimate

Imprecision  Any complications prolonging

(-2) hospital stay
No events in either test arm
(1 RCT; N=327) ee00
LOW
Major bleeding

Risk: 0 vs. 0.3 per 100 patients
(1 RCT; N=1,503)
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Summary: SPECT — Efficacy

Outcome SPECT vs. Any functional SPECT vs. NICE guideline- SPECT vs. ICA
test directed care/clinical assessment
Key Q 1: Clinical
Mi Insufficient evidence Insufficient evidence Insuffident evidence
© Low SOE 3 2
All-cause death (4; N=1,908) Insufficient evidence Insufficient evidence
Cardiac death Insufficient evidence Insufficient evidence Insufficient evidence
Key Question 2: Decision-making
©" Low SOE 4 Low SOE
i (4; N=1,908) (2;N=2,229) A
ICA showing no NR ¥ Low SOE NR
obstructive CAD (1; N=1,508; clinical)
4 Low SOE
Unnecessary ICA NR (1; N=721; NICE) NR
4 S ¥ Low SOE -

Any additional NIT Insuffidient evidence* (1; N=1,508, clinical) Insufficient evidence
Any ©* Moderate SOE © Low SOE ¥ Low SOE
revascularization (4; N=1,908) (2; N=2,229) (1; N=448)
Hospi % © Low SOE J Low SOE © Low SOE

ST (3; N=1,451) (1; N=1,508; clinical) (1; N=448)

e © Low SOE
Subsequent ED visit (1; N=229) NR NR
Medication change NR NR NR
mnaly?ics o - o . . o . .
© = no diff. b/w groups = decreased risk with CCTA 4 = increased risk with CCTA

95

AEsrelatedto  NR
regadenoson

and

dipyridamole

[/
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Test-related Median

Summary: SPECT — Safety

AEs 16 mos.
Radiation Index 1RCT (N=722) ROB(-1),
exposure

imprecision (-2)

1 retro cohort, ROB(-1),

2 caseseries  imprecision (-1)
(N=380

patients, 604

AEs)

Mean ionizing radiation: 14 mSv
(SPECT) vs. NA (exercise ECG)

Range 2% to 13% of patients
Dipyridamole 5% to 37% of AEs
Regadenoson 4% to 53% of AEs

most are likely expected, minor
and transient

Follow-up Downgrades Conclusion Quality (SOE)
Effect estimate

1RCT (N=721) Imprecision (-2) None following SPECT

LOW

@000
INSUFFICIENT

o000
LOW
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Summary: Stress Echocardiography — Efficacy

Outcome I Stress Echo vs. Exercise ECG | Stress Echo vs. Standard Care I Stress Echo vs. ICA
Key Q 1: Clinical
Mi Insufficient evidence Insufficient evidence Insufficient evidence
All—c.ause and _ _ fhicient evid Insuffici id
cardiac death
Key Question 2: Decision-making
IcA Stable outpatients:
< Low SOE
(EIGE) Insufficient evidence (i
ED/similar setting”:
© Low SOE
(3; N=716)
Any additional NIT Stable outpatients:
4 Low SOE -
(1, N=385) Insufficient evidence Insufficient evidence
ED/similar setting':
Insufficient evidence
Any © Moderate SOE Insufficient evidence © Low SOE
revascularization (4; N=1,092) (1, N=385)

2 % © Moderate SOE Insufficient evidence © Low SOE
Hospitalization (3: N=799) (1, N=385)
Subsequent ED visit NR NR NR
Medication change NR NR NR

nalytics g = no diff. b/w groups { = decreased risk with CCTA 4 = increased risk with CCTA
97

oomplwaﬂon

Dobutamine- NR
related AEs

Dipyridamole- NR
and adenosine-
related AEs

Noniodinated
contrast-related
AEs

ggregate
nalytics

1RCT(N=152) ROB (-1),
impredision (-2)

11 case series ROB (-2)

(N range, 86—

2799)*

4 case series ROB (-2)

(N range, 109

1429)

2 cohorts ROB (-2)

(N=6,750), 1

database study

(N=3,071)

Major AEs (death, MI, UA, CVA, acute pulmonary
edema): <0.1% across all outcomes

Armrythmia-related AEs

Summary: Stress Echocardiography — Safety

Follow— Downgrades Conclusion Quality
Effect estimate (SOE)

None occurred (stress echo vs. exercise ECG)

6000
INSUFFICIENT

ea00
Low

= Any arrythmia and tachycardias: 0%—18%
= Atrial fibrillation and bradycardia: £1%

Hypotension: 0.1%—12.5%
Hypertension: 0%—7.5%

General, other (e.g., chest pain, nausea/vomiting,
headache, dyspnea and tremors): 0%—31%

No major AEs; minor AEs are not uncommon and
occurred with variable frequency and ranged from
0.2% (vomiting and nausea) to 43% (headache).

Definite, 1.3% (41/3071) and Suspected, 2.2%

(68/3071) AEs [1 database study]

Allergic reaction: <0.5%

Some symptoms/events (e.g., dyspnea, flushing, etc.) are mild, transient and
' common expected reactions to stress agents and may not be considered AEs
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Summary: PET — Efficacy and Safety

Outcome PET vs. SPECT

Mi; all-cause death;

cardiac death Insufficient evidence
Chsany © Low SOF
revascularization; (1; N=322)

medication change

» KQ3 (Safety): No evidence

/
A\ggregate © = no diff. b/w groups ¥ = decreased risk with CCTA 4 = increased risk with CCTA
nalytics 99
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KQ 5 Cost-effectiveness: All tests

* Firm conclusions regarding cost-effectiveness are
not possible

« Results across studies were mixed

» CE/ICERs varied based on test sequencing, pre-test
CAD probability, assumed accuracy of various tests

/
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Considerations
Pathology considerations

* ldentification and degree of obstruction do not always correlate to patient
symptoms, presence or degree of ischemia or functional impact

* Ischemia may be present in the absence of obstruction and would not be
identified by anatomic testing

* Patient pre-test probability and other factors impact testing choice
Applicability

* There is substantial heterogeneity across studies regarding patients,
determination of pre-test risk, equipment, testing and study methods

* All imaging tests require substantial expertise. Tests performed in the RCTs
reflect this. The same level of expertise may not be available in all clinical
settings. Similarly, state of the art equipment may not be available in all
settings.

* Stress echo, SPECT are established modalities for CAD diagnosis; Fewer trials,
reflect older technology and research methods; different research funding
opportunities vs. CCTA

* Allimaging modalities are clinically considered to be better than ETT

[/
Aggregate
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Questions?
!
e
[/
Agngar'ey%it: 102
102

Health Technology Clinical Committee 51



Andrea Skelly, PhD, MPH, Aggregate Analytics, Inc.

November 5, 2021

[/
Aggregate
nalytics

APPENDIX SLIDES

103

Risk Rt (354,01

Hetwogety Ta s 0.00. 0% s §. 54 = 10 P = 0481 2 0%
Testforoveral efict 2o 205 (P2 0.13)
Testforsbgpocs Serencer ONF 3 013, of s 1P » 0.66] 2 0%

CCTA

Stedy orSubgrosp  Comparster  Followup Evests Tots Eveots Total Weight
ACSED

Oodc 216 A e L WU MU
Chaeg 208 A 1000 MO 18 M
Hofinan 2012 AN 1mohh 9 50 19 4 2N
Gokinten 200 RECT 6oty o w0 %
Goldsten 201 SPECT moshs 1% 5 3 s
ACRNIA D Nt 12rmnts "o 5 o Im
ey 017 ECRO 12monts 2% 1 X W
Linde 2015 AN 12 monlhs P T H AN
Loy 2018 ECR0 2 ronls T M 4 1 5N
Prer-orsa 2t ECIO 56 moty 2 W 2 K 2%
Susloes (3% Cf ) 518 8’1
Totsl events. % n

Pewrogrety. Tav' » 007, O .1 ot « (P 042k Po %

Testtroweal ot 2 14 P o0 Y)

Stabia Outoadect

Nin 200 spicT Sdas [ 0w
Karthikayan 2017 SPECT 12 rmels 0w 0w
Sman 200 SPECT 16 ronlts 2 5 T 8 3N
Oovgias 2015 AN B N L
‘Sublons (55% CY ST ST A
Tolal ety 2 a

Hetorogoedy Tos = 009 O = 121 ¢f = 1 P 0261 F= 21%

Test foroveral otct 2 = 128 (P = 0.1

Tetal 5% CY e B4 1000%
Total ety #n 120

10045, 208
SRR, 14
2P, 10§
Not mtmaie
0882 154
1009, 1200
1R 27y
025006, 13
173[082,48
1DRIS.117
0% J0.5S, 108

Net estimabie
Nt essimable
025006, 141)
OSP4T 1200
054]032, 1260

074055, 058

.||I|1! 14

94,\

4

I T
T 0

01 )
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No clear difference in MI (SOE MODERATE)

KQ 1 MI: CCTA vs. functional testing, excluding ETT

3 trials (N=667), no Ml in
either testing arm

Plot with

Pooled results

CCTA vs. Imaging only
(11 RCTS, N= 16, 465)
RR 0.74 (0.55 to 0.98)

Exclude SCOT-HEART
(13 RCTs, N=17,515)

1.0 vs. 1.4 per 100

RR 0.75, (0.57 to 0.99)
RD 0.3, (0 to 0.5 per 100)
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HTCC Coverage and Reimbursement Determination
Analytic Tool

HTA'’s goal is to achieve better health care outcomes for enrollees and beneficiaries
of state programs by paying for proven health technologies that work.

To find best outcomes and value for the state and the patient, the HTA program focuses on three questions:

1. lIsitsafe?
2. lIsit effective?
3. Does it provide value (improve health outcome)?

The principles HTCC uses to review evidence and make determinations are:

Principle One: Determinations are evidence-based

HTCC requires scientific evidence that a health technology is safe, effective and cost-effective’ as
expressed by the following standards?:

* Persons will experience better health outcomes than if the health technology was not covered and that
the benefits outweigh the harms.

o The HTCC emphasizes evidence that directly links the technology with health outcomes. Indirect
evidence may be sufficient if it supports the principal links in the analytic framework.

e Although the HTCC acknowledges that subjective judgments do enter into the evaluation of evidence
and the weighing of benefits and harms, its recommendations are not based largely on opinion.

e The HTCC is explicit about the scientific evidence relied upon for its determinations.

Principle Two: Determinations result in health benefit

The outcomes critical to HTCC in making coverage and reimbursement determinations are health
benefits and harms3:

¢ In considering potential benefits, the HTCC focuses on absolute reductions in the risk of outcomes that
people can feel or care about.

* In considering potential harms, the HTCC examines harms of all types, including physical,
psychological, and non-medical harms that may occur sooner or later as a result of the use of the

technology.

* Where possible, the HTCC considers the feasibility of future widespread implementation of the
technology in making recommendations.

Based on Legislative mandate: RCW 70.14.100(2).
The principles and standards are based on USPSTF Principles at: http://www.ahrg.gov/clinic/ajpmsuppl/harris3.htm

The principles and standards are based on USPSTF Principles at: http://www.ahrg.gov/clinic/ajpmsuppl/harris3.htm
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HTCC Analytic Tool

The HTCC generally takes a population perspective in weighing the magnitude of benefits against the
magnitude of harms. In some situations, it may make a determination for a technology with a large
potential benefit for a small proportion of the population.

In assessing net benefits, the HTCC subjectively estimates the indicated population's value for each
benefit and harm. When the HTCC judges that the balance of benefits and harms is likely to vary
substantially within the population, coverage or reimbursement determinations may be more selective
based on the variation.

The HTCC considers the economic costs of the health technology in making determinations, but costs
are the lowest priority.

Using evidence as the basis for a coverage decision

Arrive at the coverage decision by identifying for Safety, Effectiveness, and Cost whether (1) evidence
is available, (2) the confidence in the evidence, and (3) applicability to decision.

1. Availability of evidence:

Committee members identify the factors, often referred to as outcomes of interest, that are at
issue around safety, effectiveness, and cost. Those deemed key factors are ones that impact the
question of whether the particular technology improves health outcomes. Committee members
then identify whether and what evidence is available related to each of the key factors.

2. Sufficiency of the evidence:

Committee members discuss and assess the evidence available and its relevance to the key
factors by discussion of the type, quality, and relevance of the evidence* using characteristics
such as:

Type of evidence as reported in the technology assessment or other evidence presented to
committee (randomized trials, observational studies, case series, expert opinion);

The amount of evidence (sparse to many number of evidence or events or individuals studied);
Consistency of evidence (results vary or largely similar);

Recency (timeliness of information);

Directness of evidence (link between technology and outcome);

Relevance of evidence (applicability to agency program and clients);

Bias (likelihood of conflict of interest or lack of safeguards).

Sufficiency or insufficiency of the evidence is a judgment of each clinical committee member and
correlates closely to the GRADE confidence decision.

likely to change confidence.

Not Confident Confident
Appreciable uncertainty exists. Further Very certain of evidentiary support. Further
information is needed or further information is information is unlikely to change confidence

4 Based on GRADE recommendation: http://www.gradeworkinggroup.org/FAQ/index.htm
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HTCC Analytic Tool

3. Factors for Consideration - Importance

At the end of discussion a vote is taken on whether sufficient evidence exists regarding the
technology’s safety, effectiveness, and cost. The committee must weigh the degree of importance
that each particular key factor and the evidence that supports it has to the policy and coverage
decision. Valuing the level of importance is factor or outcome specific but most often include, for
areas of safety, effectiveness, and cost:

Risk of event occurring;

The degree of harm associated with risk;

The number of risks; the burden of the condition;

Burden untreated or treated with alternatives;

The importance of the outcome (e.g. treatment prevents death vs. relief of symptom);
The degree of effect (e.g. relief of all, none, or some symptom, duration, etc.);

Value variation based on patient preference.

Clinical committee findings and decisions

Efficacy considerations

What is the evidence that use of the technology results in more beneficial, important health
outcomes? Consider:

Direct outcome or surrogate measure

Short term or long term effect

Magnitude of effect

Impact on pain, functional restoration, quality of life
Disease management

o O O O O

What is the evidence confirming that use of the technology results in a more beneficial
outcome, compared to no treatment or placebo treatment?

What is the evidence confirming that use of the technology results in a more beneficial
outcome, compared to alternative treatment?

What is the evidence of the magnitude of the benefit or the incremental value?

Does the scientific evidence confirm that use of the technology can effectively replace other
technologies or is this additive?

For diagnostic tests, what is the evidence of a diagnostic tests’ accuracy?

o Does the use of the technology more accurately identify both those with the condition
being evaluated and those without the condition being evaluated?

Does the use of the technology result in better sensitivity and better specificity?

Is there a tradeoff in sensitivity and specificity that on balance the diagnostic technology is
thought to be more accurate than current diagnostic testing?

Does use of the test change treatment choices?

Page 3



HTCC Analytic Tool

Safety

e What is the evidence of the effect of using the technology on significant morbidity?

o Frequent adverse effect on health, but unlikely to result in lasting harm or be life-
threatening, or;

o Adverse effect on health that can result in lasting harm or can be life-threatening?
e Other morbidity concerns?
e Short term or direct complication versus long term complications?
o What is the evidence of using the technology on mortality — does it result in fewer adverse

non-fatal outcomes?

Cost impact

o Do the cost analyses show that use of the new technology will result in costs that are greater,
equivalent or lower than management without use of the technology?

Overall
¢ What is the evidence about alternatives and comparisons to the alternatives?
o Does scientific evidence confirm that use of the technology results in better health outcomes
than management without use of the technology?
Next step: Cover or no cover
If not covered, or covered unconditionally, the chair will instruct staff to write a proposed findings and
decision document for review and final adoption at the following meeting.
Next step: Cover with conditions

If covered with conditions, the committee will continue discussion.

1) Does the committee have enough information to identify conditions or criteria?

e Refer to evidence identification document and discussion.
e Chair will facilitate discussion, and if enough members agree, conditions and/or criteria will be
identified and listed.

e Chair will instruct staff to write a proposed findings and decision document for review and final
adoption at next meeting.

2) If not enough or appropriate information, then Chair will facilitate a discussion on the following:

¢ What are the known conditions/criteria and evidence state
¢ What issues need to be addressed and evidence state

The chair will delegate investigation and return to group based on information and issues identified.
Information known but not available or assembled can be gathered by staff ; additional clinical
questions may need further research by evidence center or may need ad hoc advisory group;
information on agency utilization, similar coverage decisions may need agency or other health plan
input; information on current practice in community or beneficiary preference may need further public
input. Delegation should include specific instructions on the task, assignment or issue; include a time
frame; provide direction on membership or input if a group is to be convened.
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Clinical committee evidence votes

First voting question

HTCC Analytic Tool

The HTCC has reviewed and considered the technology assessment and information provided by the
administrator, reports and/or testimony from an advisory group, and submissions or comments from
the public. The committee has given greatest weight to the evidence it determined, based on
objective factors, to be the most valid and reliable.

Discussion document: What are the key factors and health outcomes and what evidence is there?
(Applies to the population in the PICO for this review)

Safety outcomes

Importance
of outcome

Safety evidence/
confidence in evidence

Any major test-related AE

Hospitalization for test-related complication

Nephropathy

Transient creatinine increase

Chest pain, shortness of breath, or palpitations

Stress-related symptoms and events;
dipyridamole, adenosine-related events

Arrythmias

Radiation exposure

Radiation exposure — Cumulative

Incidental findings: “potentially serious” or
requiring additional imaging (CCTA arms only)

Contrast-related reaction, allergic reaction, skin
rash/reaction, pruritis

Efficacy — effectiveness outcomes

Importance
of outcome

Efficacy / Effectiveness evidence

MI

All-cause death

Cardiac death

ICA referral
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Importance
Efficacy — effectiveness outcomes of outcome Efficacy / Effectiveness evidence

Additional noninvasive testing (NIT)

Revascularization

Percutaneous coronary intervention (PCI)

Hospitalization

Subsequent ED visit

Medication change

ICA showing no obstructive CAD

Importance
Cost outcomes of outcome Cost evidence

Cost

Cost effectiveness

Special population / Importance | Special populations/ Considerations
Considerations outcomes of outcome evidence

Age

Race

Gender

Ethnicity

Gender

Diabetes (DM)

For safety:

Is there sufficient evidence that the technology is safe for the indications considered?

Unproven Less Equivalent More in some More in all
(no) (yes) (yes) (ves) (yes)
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For efficacy/ effectiveness:
Is there sufficient evidence that the technology has a meaningful impact on patients and patient care?

Unproven Less Equivalent More in some More in all
(no) (yes) (yes) (yes) (yes)

For cost outcomes/ cost-effectiveness:
Is there sufficient evidence that the technology is cost-effective for the indications considered?

Unproven Less Equivalent More in some More in all
(no) (yes) (yes) (yes) (yes)
Discussion

Based on the evidence vote, the committee may be ready to take a vote on coverage or further
discussion may be warranted to understand the differences of opinions or to discuss the implications
of the vote on a final coverage decision.

e Evidence is insufficient to make a conclusion about whether the health
technology is safe, efficacious, and cost-effective;

o Evidence is sufficient to conclude that the health technology is unsafe, ineffectual,
or not cost-effective

o Evidence is sufficient to conclude that the health technology is safe, efficacious,
and cost-effective for all indicated conditions;

o Evidence is sufficient to conclude that the health technology is safe, efficacious,
and cost-effective for some conditions or in some situations

A straw vote may be taken to determine whether, and in what area, further discussion is necessary.

Second Vote
Based on the evidence about the technologies’ safety, efficacy, and cost-effectiveness, it is

Not covered Covered unconditionally Covered under certain conditions

Discussion item
Is the determination consistent with identified Medicare decisions and expert guidelines, and if not,
what evidence is relied upon.
Next step: proposed findings and decision and public comment
At the next public meeting the committee will review the proposed findings and decision and consider
any public comments as appropriate prior to a vote for final adoption of the determination.

1) Based on public comment was evidence overlooked in the process that should be considered?

2) Does the proposed findings and decision document clearly convey the intended coverage
determination based on review and consideration of the evidence?
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Next step: final determination

Following review of the proposed findings and decision document and public comments:

Final vote

Does the committee approve the Findings and Decisions document with any changes noted in
discussion?

If yes, the process is concluded.

If no, or an unclear (i.e., tie) outcome chair will lead discussion to determine next steps.
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Medicare Coverage

[see page 92 of the final report]

HTCC 1BAnalytic Tool

Determination (NCD) for
Noninvasive Fractional
Flow CT

No other NCD was
determined to be
appropriate at this time

5 diagnostic accuracy
studies

1 prospective
observational cohort

3 retrospective
observational studies

1 registry study

necessary in the management of
patients with symptomatic, stable
ischemic heart disease (SIHD)
when the CCTA analysis is
completed and demonstrates one
of the following criteria:

1. Left main disease with
intermediate coronary
stenosis (lumen diameter
reduction of 30-50%);

OR

2. Proximal and mid-left anterior
descending (LAD) coronary
artery disease with
intermediate stenosis (lumen
reduction 40-70%); OR
Proximal and mid-left
circumflex disease with
intermediate coronary
stenosis (lumen reduction 40-
70%; (considered equivalent
to two-vessel disease); OR

3. Proximal two- or three-vessel
disease with intermediate
coronary stenosis in at least
two vessels; OR

4. Right coronary disease with
intermediate (lumen
reduction 40-70%) coronary
stenosis

This service should be performed
in patients with stable coronary
symptomes. It should not be
performed until after the base
study (CCTA) has been completed
and interpreted. If higher grade
stenoses (i.e., >70%) are present,
this study is not medically
necessary, as the patient should
proceed to catheterization.
Similarly, low-grade stenoses (<
30%) do not require additional
confirmatory data. If more than
two intermediate risk coronary

Payer (year) Evidence Base Covered Not Covered
CMS (2021) 2 SRs of diagnostic FDA-approved FFRct technology FFRct is not considered
National Coverage accuracy may be considered reasonable and | reasonable in the

following clinical
circumstance:

1. Severe obesity (BMI
>39 kg/m2)

2. Prior placement of
prosthetic
valves

3. Known severe
aortic stenosis

4. Prior placement of
grafts in coronary
bypass surgery

5. Suspicion of acute
coronary syndrome
(where Ml or
unstable angina
have not been ruled
out)

6. Intracoronary
metallic stent

7. Status post-heart
transplantation

8. Recent MI (30 days
or less)

9. Prior pacemaker or
defibrillator lead
placement

10.Newly diagnosed
systolic heart
failure, with no
prior left heart
catheterization

11. Left main coronary
artery disease with
Intermediated
Coronary Stenosis
(lumen reduction
less than or equal
to 30%)

12.Non-obstructing
stenosis (<50% of
all major epicardial
vessels) on CTA or
catherization in the
past twelve
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Payer (year)

Evidence Base

HTCC 1BAnalytic Tool

Covered

Not Covered

lesions are identified, the clinical
situation is considered high risk,
and the patient should proceed
directly to catheterization.

months, in the
absence of a new
symptom complex

Clinical Practice Guidelines
[see page 54 of the final report]

Imaging Modality [Evidence |Recommendation Strength of
or Diagnostic Base Recommendation
Consideration
American College [ CCTA in patients |5 meta- Because the presence |e Class of
of Cardiology  |able or unable to |analyses, |of significant recommendation:
E::’;?:;';’"’Ame" exercise 3 controlled | calcification often can lla
S clinical preclude the accurate |e Level of evidence:
é‘ss°°'at'°" Task trials assessment of lesion B
orce on Practice ¢
Guidelines, and severity arcausea
the American false positive study, (Recommendation in
College of CCTA should notbe  |favor of treatment or
Physicians, performed in patients |procedure being
American who have known useful. Some
Association for extensive calcification |conflicting evidence
ThoraCi(} Surgery, or a high risk of CAD. |from single
graer\éie:\}gsecular ' randomized trial or
Nurses CCTA is reaspnable nonrandomized
Association for patients with a low | studies)
Society for ’ to |nterrr)ed|ate pretest
Cardiovascular probability of IHD who
Angiography and are incapable of at
Interventions, least moderate
and Society of physical functioning or
Thoracic have disabling
Surgeons’ comorbidity.
2012 CCTA might be
Guideline for the rqasonqble for pgtients
Diagnosis and with an mtermgcjmte
Management of pretest probability of
Patients with IHD who have at least
Stable Ischemic moderate physical
Heart Disease functioning or no
disabling comorbidity.
CCTA in patients |1 CCTAisreasonable |4 cClass of
with inconclusive | prognostic |for patients with an -
functional tests | study intermediate lla
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Imaging Modality [Evidence |Recommendation Strength of
or Diagnostic Base Recommendation
Consideration
probability of CAD Who | | evel of evidence: C
has any of the
following: (Recommendation in
a) Continued favor of treatment or
symptoms with prior | 5rocedure being
normal test, or useful. Only
b) Inconclusive divergent expert
BXETCISCOE opinion, case
pharmacological studies, or standard
stress, or of care available).
¢) Unable to undergo
stress with MPI or
Echo
Exercise with 5 meta- Exercise stress with e Class of
nuclear MPl or |analyses, 2 |nuclear MPI or recommendation:
Echo in patients |cost echocardiography is |
able to exercise |effectivene |recommended for e Level of
ss studies, |patients with an evidence: B
and 2 intermediate to high
additional |pretest probability of
publication [IHD who have an
s of uninterpretable ECG
unknown and at least moderate
study physical functioning or
design no disabling
comorbidity.
Exercise stress with e Class of
nuclear MPI or recommendation:
echocardiography is lla
reasonable for patients |e Level of
with an intermediate to evidence: B

high pretest
probability of
obstructive IHD who
have an interpretable
ECG and at least
moderate physical
functioning or no
disabling comorbidity.

(Recommendation in
favor of treatment or
procedure being
useful. Some
conflicting evidence
from single
randomized trial or
nonrandomized
studies)
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Imaging Modality [Evidence |Recommendation Strength of
or Diagnostic Base Recommendation
Consideration

Exercise stress with e Class of

nuclear MPI is not recommendation:

recommended as an 11l (no benefit)

initial test in low-risk e Level of

patients who have an evidence: C

interpretable ECG and

at least moderate

physical functioning or

no disabling

comorbidity.
Pharmacological |1 Pharmacological e Class of
stress with observation | stress with nuclear recommendation:
nuclear MPI, al study, 2 |MPI, Il (no benefit)
Echo, or CMR in [economic [echocardiography, or |e Level of
patients able to |evaluations [CMR is not evidence: C
exercise recommended for

patients who have an

interpretable ECG and

at least moderate

physical functioning or

no disabling

comorbidity.
Pharmacological |5 meta- Pharmacological e Class of
stress with analyses, 1 |stress with nuclear recommendation:
nuclear MPl or  |observation [MPI or |
Echo in patients |al study, 1 [echocardiography is e Level of
unable to position recommended for evidence: B
exercise statement, |patients with an

1 economic |intermediate to high
evaluation |pretest probability of

IHD who are incapable

of at least moderate

physical.
Pharmacological |3 meta- Pharmacological e Class of
stress CMR in analyses |stress with CMR can recommendation:
patients able to be useful for patients |
exercise with an intermediate to e Level of

high pretest probability evidence: B

of obstructive IHD who
have an
uninterpretable ECG
and at least moderate
physical functioning or
no disabling
comorbidity.
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Imaging Modality [Evidence |Recommendation Strength of
or Diagnostic Base Recommendation
Consideration
Pharmacological |3 meta- Pharmacological e Class of
stress CMR in analyses, |stress CMR s recommendation:
patients unable |1 RCT reasonable for patients lla
to exercise with an intermediate to |e Level of
high pretest probability evidence: B
of IHD who are
incapable of at least
moderate physical (Recommendation in
functioning or have favor of treatment or
disabling comorbidity. |procedure being
useful. Some
conflicting evidence
from single
randomized trial or
nonrandomized
studies)
Hybrid Imaging [N/A This diagnostic N/A
imagining modality is
discussed, but no
specific
recommendations for
the use of hybrid
imaging are included in
this guideline.
The Task Force |Stress 5 RCTs, Stress e Class of
for the echocardiograph |1 meta- echocardiography, recommendation:
diagnosis and |y, stress CMR, |analysis, stress CMR, SPECT, |
management of |SPECT, PET, or |and 1 PET, or CCTA is e Level of
chronic CCTA recommen [recommended as the evidence: B
coronary dation initial test to diagnose
syndromes of document |CAD in symptomatic
the European patients in whom
Society of obstructive CAD
Cardiology cannot be excluded by
(ESC)'* clinical assessment
alone.
2019 Selection of None cited. (It is recommended that [e Class of
initial non- selection of the initial recommendation:
2019 ESC invasive non-invasive |
Guidelines for | giagnostic test. diagnostic test is done |e Level of
the diagnosis based on the clinical evidence: C

and
management of
chronic

likelihood of CAD and
other patient
characteristics that
influence test
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Imaging Modality
or Diagnostic
Consideration

Evidence
Base

HTCC 1BAnalytic Tool

Recommendation

Strength of
Recommendation

coronary
syndromes

performance (e.g.
characteristics
determining ability to
exercise, likelihood of
good image quality,
expected radiation
exposure, and risks or
contraindications),
local expertise, and the
availability of tests

CCTA

None cited.

CCTA should be
considered as an
alternative to invasive
angiography if another
non-invasive test is
equivocal or non-
diagnostic.

e Class of
recommendation:
lla

e Level of
evidence: C

CCTA is not
recommended when
extensive coronary
calcification, irregular
heart rate, significant
obesity, inability to
cooperate with breath-
hold commands, or
any other conditions
make obtaining good
image quality unlikely.

e Class of
recommendation:
1

e Level of
evidence: C

National
Institute for
Health and
Care
Excellence
(NICE)?

2016
Recent-onset

chest pain of
suspected

cardiac origin:

assessment
and diagnosis

CCTA

Specific
references
used to
make this
recommen
dation were
not
explicitly
stated.

Offer 64-slice (or

above) CCTAIf:

e clinical assessment
indicates typical or
atypical anginat, or

¢ clinical assessment
indicates non-
anginal chest pain
but 12-lead resting
ECG has been
done and indicates
ST-T changes or Q
waves.

The committee’s view
is that CCTA should be
considered the first
choice diagnostic test

NR
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Imaging Modality
or Diagnostic
Consideration

Evidence
Base

HTCC 1BAnalytic Tool

Recommendation

Strength of
Recommendation

for all people assessed
as having typical or
atypical angina.
However individual
circumstances,
including potential
contraindications,
should be considered
when deciding the
most appropriate
strategy for diagnostic
investigation.

American
College of
Cardiology
(ACC) and the
American
Heart
Association
(AHA)™

2014

Guideline for
the
Management of
Patients With
Non-ST-
Elevation Acute
Coronary
Syndromes

ECG

1 position
statement

In patients with chest
pain or other
symptoms suggestive
of ACS, a 12-lead
ECG should be
performed and
evaluated for ischemic
changes within 10
minutes of the patient’s
arrival at an
emergency facility.

Level of
evidence: C
Class of
recommendation:
|

ECG

None cited.

If the initial ECG is not
diagnostic but the
patient remains
symptomatic and there
is a high clinical
suspicion for ACS,
serial ECGs (eg, 15-to
30-minute intervals
during the first hour)
should be performed to
detect ischemic
changes.

Level of
evidence: C
Class of
recommendation:
|

Treadmill ECG,
Stress MPI,
Stress Echo

Treadmill
ECG: 3
RCTs
Stress
MPI/Stress
Echo: 1
comparativ
e cohort, 1
prognostic
study

It is reasonable for
patients with possible
ACS who have normal
serial ECGs and
cardiac troponins to
have a treadmill ECG,
stress myocardial
perfusion imaging, or
stress
echocardiography
before discharge or

Treadmill ECG
Level of
evidence: A
Class of
recommendatio
n: lla

Stress MPI,

stress echo
Level of
evidence: B
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Imaging Modality [Evidence |Recommendation Strength of
or Diagnostic Base Recommendation
Consideration
within 72 hours after - Class of
discharge. recommendatio
n: lla
CCTA 3 RCTs In patients with e Levelof
possible ACS and a evidence: A
normal ECG, normal e Class of
cardiac troponins, and recommendation:
no history of CAD, it is lla
reasonable to initially
perform (without serial
ECGs and troponins)
coronary CT
angiography to assess
coronary artery
anatomy
MPI 1 RCT, 1 In patients with e Level of
case series |possible ACS and a evidence: B
normal ECG, normal |e Class of
cardiac troponins, and recommendation:
no history of CAD, itis lla
reasonable to initially
perform (without serial
ECGs and troponins)
rest myocardial
perfusion imaging with
a technetium-99m
radiopharmaceutical to
exclude myocardial
ischemia
Stress testing 4 Noninvasive stress e Levelof
observation |testing is evidence: B
al studies |recommendedinlow (e Class of
and intermediate-risk recommendation:
patients who have |
been free of ischemia
at rest or with low-level
activity for a minimum
of 12 to 24 hours
Exercise stress |3 Stress testing withan |e Level of
test observation |imaging modality evidence: B
al studies |should be used in e Class of
patients who are able recommendation:

to exercise but have
ST changes on resting
ECG that may interfere
with interpretation.
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Imaging Modality [Evidence |Recommendation Strength of
or Diagnostic Base Recommendation
Consideration

In patients undergoing
a low-level exercise
test, an imaging
modality can add
prognostic information.

Pharmacological |None cited. | Pharmacological e Levelof

stress test stress testing with evidence: C
imaging is e Class of
recommended when recommendation:

physical limitations |
preclude adequate
exercise stress.
CCTA = coronary computed tomography, CMR = cardiac magnetic resonance, ECG =
electrocardiogram, ECHO = echocardiography, IHD = ischemic heart disease, MP| = myocardial
perfusion imaging, N/A = not applicable, NR = not reported, PET = positron emission
tomography, RCT = randomized control trial, SPECT = single photon emission computed
tomography.

* In 2014, an update to this guideline was published. However, none of the updates involved
imagining modalities of interest to this review.

T According to NICE Guideline recommendation 1.3.3.1, assessing the typicality of chest pain
should be done as follows:

- Presence of three of the features below is defined as typical angina.

- Presence of two of the three features below is defined as atypical angina.

- Presence of one or none of the features below is defined as non-anginal chest pain.

Anginal pain is:

- constricting discomfort in the front of the chest, or in the neck, shoulders, jaw, or arms

- precipitated by physical exertion

- relieved by rest or GTN within about 5 minutes.

Summary slides
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Summary: CCTA vs. any functional test — Efficacy

Outcome ED/similar setting l Stable outpatients
Key Question 1: Clinical outcomes
Mi ©* Moderate SOE e e’
(14; N=21,661) (10; N=5,977) (4; N=15,684)
All-cause death © Moderate SOE e e
(11; N=18,935) (7; N=4,001) (4; N=14,934)

I\\ggregate
nalytics

O =no diff. b/w groups

Cardiac death _ Insufficient evidence Insufficient evidence
Key Question 2: Decision -making
IcA Pt Moderate SOE T et
[19:=H=22,‘.335'_]' (14; N=7,227) (4; N=15,107)
Any additional NIT 8 Low SOE e e
(17; N=11,595) (13; N=6,491) (4; N=5,104)
Any revascularization ‘I‘ModemmSQE T T
(19; N=23,124) (13; N=7,014) (19; N=16,110)
_ Any timepoint:
Hospitalization Data not pooled © High SOE © Moderate SOE
1-6.5 mos. (9; N=5,144) (4; N=14,810)
212 mos. (6; N=3,624)
Subsequent ED visit © High SOE
NR 1-6.5 mos. (7; N=4,294) NR
212 mos. (5; N=2,855)
|| Medication change Insufficient evidence Insufficient evidence

J =decreased risk with CCTA 1 =increased risk with CCTA

Summary: other CCTA - Efficacy

Omcams CCTA vs. ICA CCTAFFR
KQ 1: Clinical outcomes 1 prospective cohort (N=584)

Mi © Moderate SOE vs. planned noninvasive tes

(2; N=1,832) (any) (N=204)
Allcause death © Moderate SOE vs. planned ICA (N=380)

2:0EL032) SOE: Insufficient for all clinical and
Cardiacdeath | [N NINSUMCIGNRSVIBERCE N | dcision-making outcomes

KQ 2: Decision making
SOE: - ti iati
ICA Not showing obstructive CAD ex:osl:r‘: sumubive tadiak o
Vv ';'.":fl";t;zso'z « 1 with CCTA FFR vs. any NIT;
_(' =1,832) no difference vs. ICA

Any additional NIT T-:-Mo_f.!efate'_S_QE

(1;N=1,503)
Any revascularization J Moderate SOE

(2:N=1,832)
HUoisltalization 8 Moderate SOE

i (2;N=1,832)

Subsequent ED visit NR
Medication change NR

()
Aggregate © =no diff. b/w groups  =decreased risk with CCTA 1 =increased risk with CCTA
nalytics 92
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Summary: CCTA vs. any functional test —Safety

Outcome

All patients

Any major test-related AE

© Low SOE (0%; 3 RCTs, N=10,270)

Hospital admission for test-related complication

© Low SOE (0% vs. 0.1%; 1 RCT, N=9,470)

Nephropathy

I_n_sufﬁci'e nt evidence

Transient creatinine increase

© Low SOE (0.2%—1% vs. 0%-0.4%; 2 RCTs, N=1,500)

Chest pain, shortness of breath, or palpitations

4 Low SOE (0% —0.5% vs. 3%-16%; 2 RCTs, N=751)

Stress-related symptoms and events;
dipyridamole, adenosinerelated events

© Low SOE (0% vs.0.1%0.5%; 1 RCT, N=7,896)

Arrythmias (rapid AF, ventricular tachycardia,
bradyarrhythmia)

Insufficient evidence

Radiation exposure — Index test (CCTA vs. SPECT)

J Low SOE (estimated range, 1.3-11.9 mSv; 5/6 RCTs, N=7,981)

Radiation exposure — Cumulative

4 Low SOE (range of differences1.9-9.0 mSv;9 RCTs; N=13,984)

Incidental findings: “potentially serious” or
requiring additional imaging (CCTA arms only)

Common, Low SOE (“any”: 28%44%; “potentially serious, required
followsup”: 5%-16%; 3 RCTs)

Extravasation of contrast (CCTA arms only)

Rare, Low SOE (stable OP: 0.3%0.4%; ED: 2%; 3 RCTs, N=6,911)

Mild contrastrelated reaction, allergic reaction,
skin rash/reaction, pruritis (CCTA arms only)

Rare, Low SOE (stable OP: 0.5%; ED: 1.2%; 5 RCTs, N=6,980)

© =no diff. b/w groups

[/
Aggregate
nalytics

J, =decreased risk with CCTA 4 =increased risk with CCTA
93

Summary: CCTA vs. ICA - Safety

Major AEs were rare, there were no differences between testing arms;
RCTS may have been underpowered.

CCTA was associated with fewer minor procedural AEs (data not shown).

SOE LOW

Studies Downgrades Conclusion Quality (SOE)
Effect estimate

Major 2 RCTs (N=1,832)
adverse hours,
events median  syspected CAD:
12 1 stable OP;
months 4 gtable and
acute, atypical
chest pain

)
Aggregale
nalytics

Imprecision  Any complications prolonging

(-2) hospital stay
No events in either testarm
(1 RCT; N=327) 2000
LOW

Maijor bleeding
Risk: 0 vs. 0.3 per 100 patients
(1 RCT; N=1,503)
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Summary: SPECT - Efficacy

Outcome SPECT vs. Any functional SPECT vs. NICE guideline - SPECT vs. ICA
test directed care/clinical assessment
Key Question 1: Clinical outcomes
Mi Insufficient evidence Insufficient evidence Insufficient evidence
B8 Low SOE .
Allcause death (@; N‘:‘; 508) Insufficient evidence Insufficient evidence
Cardiac death Insufficient evidence Insufficient evidence Insufficient evidence
Key Question 2: Decision -making
8" LowSOE J Low SOE
1A (4; N=1,908) (2; N=2,229) NA
ICA showing no HR 4 Low SOE NR
obstructive CAD (1; N=1,508; clinical)
J Low SOE
Unnecessary ICA NR (1; N=721; NICE) NR
- 4 Low SOE
T
Any additional NIT Insufficient evidence (1; N=1,508; clinical) Insufficient evidence
Any 8* Moderate SOE 8 Low SOE J Low SOE
revascularization (4; N=1,908) (2; N=2,229) (1; N=448)
R P 6 Low SOE J Low SOE B8 Low SOE
Hospitalization (3: N=1,451) (1; N=1,508; clinical) (1; N=448)
e
Subsequent ED visit u}ﬁ":égf NR NR
Medication change NR NR NR

mnalwicse =no diff. b/w groups  =decreased risk with CCTA 4 =increased risk with CCTA

Summary: SPECT — Safety

Downgrades Conclusion Quality (SOE)
Effect estimate

Test-related Median  1RCT (N=721) Impreci
AEs 16 mos.
Radiation Index 1 RCT (N=722) ROB {1)
exposure impreci
AEs relatedto  NR 1 retro cohort, ROB {1)
regadenoson 2 case series impreci
and (N=380
dipyridamole patients, 604

AEs)

)
Aggreg ate
nalytics

siond) None following SPECT (7 0@)]
LOW

i Mean ionizing radiation: 14 mSv = @OQO0O

siond) (SPECT) vs. NA (exercise ECG) INSUFFICIENT

5 Range 2% to 13% of patients (07 0@)]

sionl) Dipyridamole 5% to 37% of AEs Low

Regadenosof® to 53% of AEs

mostare likely expected, minor

and transient
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Summary: Stress Echocardiography — Efficacy

Outcome I Stress Echo vs. Exercise ECG | Stress Echo vs. Standard Care | Stress Echo vs. ICA
Key Question 1: Clinical outcomes
M
Allcause and
cardiac death
Key Question 2: Decision -making
ICA Stable outpatients:
J Low SOE
(1, N=385)
= NA
ED/similar setting :
B Low SOE
(3; N=716)
Any additional NIT Stable outpatients:
4 LowSOE

(1, N=385)

Any © Moderate SOE 8 Low SOE
revascularization (4; N=1,092) (1, N=385)
8 Moderate SOE 6 Low SOE
Hospitalization (3; N=799) | {1, N=385)
Subsequent ED visit NR NR NR
Medication change NR NR NR

/ m}*"y‘ics © =no diff. b/w groups = decreased risk with CCTA 4 = increased risk with CCTA

Summary: Stress Echocardiography — Safety

Downgrades Conclusion Quality
Effect estimate (SOE)

1 RCT (N=152) ROB(-1), None occurred (stress echo vs. exercise ECG) a0O00
mmpll:atim imprecision ( -2) INSUFFICIENT
Dobutamine - NR 11 case series ROB(-2) Major AEs (death, MI, UA, CVA, acute pulmonary o000
related AEs (N range, 86— edema): =0.1% across all outcomes LOW

7 *
2] Arrythmia-related AEs
+ Any arrythmia and tachycardias: 0% -18%
+ Atrial fibrillation and bradycardia: <1%
Hypotension: 0.1%-12.5%
Hypertension: 0%—7.5%
General, other (e.g., chest pain, nausea/vomiting,
headache, dyspnea and tremors): 0% —-31%
Dipyridamole - NR 4 case series ROB(-2) No major AEs; minor AEs are not uncommon and
and adenosine- (M range, 109— occurred with variable frequency and ranged from
related AEs 1429) 0.2% (vomiting and nausea) to 43% (headache).
Noniodinated 2 cohorts ROB(-2) Definite, 1.3% (41/3071) and Suspected, 2.2%
contrast-related (N=6,750), 1 (68/3071) AEs [1 database study]
AEs database study Allergic reaction: <0.5%
(N=3,071)

Some symptoms/events (e.g., dyspnea, flushing, etc.) are mild, transient and
common expected reactions to stress agents and may not be considered AEs

\ ggregate
alytics
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Summary: PET — Efficacy and Safety

QOutcome PET vs. SPECT

MI; alkcause death;
cardiac death

ICA; any
revascularization;
medication change

© Low SOE
(1; N=322)

» KQ3 (Safety): No evidence

()
Ag"gregale © =no diff. b/wgroups  =decreased risk with CCTA 4 =increased risk with CCTA
alytics 99

KQ 5 Cost-effectiveness: All tests

* Firm conclusions regarding cost -effectiveness are
not possible

* Results across studies were mixed

* CE/ICERs varied based on test sequencing, pre -test
CAD probability, assumed accuracy of various tests
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Considerations
Pathology considerations

* |dentification and degree of obstruction do not always correlate to patient
symptoms, presence or degree of ischemia or functional impact

* Ischemia may be present in the absence of obstruction and would not be
identified by anatomic testing

« Patient pre-test probability and other factors impact testing choice
Applicability

* There is substantial heterogeneity across studies regarding patients,
determination of pretest risk, equipment, testing and study methods

* All imaging tests require substantial expertise. Tests performed in the RCTs
reflect this. The same level of expertise may not be available in all clinical
settings. Similarly, state of the art equipment may not be available in all
settings.

* Stress echo, SPECT are established modalities for CAD diagnosis; Fewer trials,
reflect older technology and research methods; different research funding
opportunities vs. CCTA

» All imaging modalities are clinically considered to be better than ETT
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	54. 
	54. 
	Ky B, Plappert T, Kirkpatrick J, Silvestry FE, Ferrari VA, Keane MG, Wiegers SE, Chirinos JA, Sutton MS. Left Ventricular Remodeling in Human Heart Failure: Quantitative Echocardiographic Assessment of 1,794 Patients. Echocardiography. 2012 Aug;29(7):75865. doi: 10.1111/j.1540-8175.2012.01701. PMID:  22497559 
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	64. 
	64. 
	Goldstone AB, Howard JL, Cohen JE, MacArthur JW, Paval A, Kirkpatrick JN, Woo YJ.: Natural History of Coexistent Tricuspid Regurgitation in Patients with Degenerative Mitral Valve Disease:  Implications for Future Guidelines. J Thorac Cardiovasc Surg. 2014 Dec;148(6):2802-9. doi: 10.1016/j.jtcvs.2014.08.001. PMID: 25218532 
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	74. 
	74. 
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	-


	88. 
	88. 
	Kini V, Weiner RB, McCarthy FH, Wiegers SE, Kirkpatrick JN. Association of Liability Concerns with Decisions to Order Echocardiography and Cardiac Stress Tests with Imaging.  J Am Soc Echocardiogr. 2016 Dec;29(12):1156-1160. Doi: 10.1016/j.echo.2016.08.014. PMID: 27639813 
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	98. 
	98. 
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	111. 
	111. 
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	114. 
	114. 
	Mackensen GB, Lee JC, Wang DD, Pearson PJ, Blanke P, Dvir D, Kirkpatrick JN. Role of Echocardiography in Transcatheter Mitral Valve Replacement in Native Mitral Valves and Mitral Rings.  J Am Soc Echocardiogr. 2018 Apr;31(4):475-490. doi: 10.1016/j.echo.2018.01.011. 
	-


	115. 
	115. 
	Kirkpatrick JN, Nguyen HTT, Doan LD, Le TT, Thai SP, Adams D, Sanchez Ly, Sprague N, Inanfuku J, Quang R, Hahn R, Van Hoever AM, Nguyen T, Kirkpatrick TG, Banches J.  Focused cardiac ultrasound by nurses in rural Vietnam. J Am Soc Echocardiogr. 2018 Aug 7. pii: S0894-7317(18)30281-5. doi: 10.1016/j.echo.2018.05.013. 
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	Nov, 2013 
	"Portrait of an LVAD:  Imaging in Mechanical Circulatory Support" Cardiology 

	TR
	Grand Rounds, University of Chicago, Chicago, IL 

	Jan, 2014 
	Jan, 2014 
	"Escape from the Appropriateness Police"  Cardiovascular Institute 

	TR
	Echocardiography Update, Philadelphia, PA Jan 12, 2014. 

	Jan, 2014 
	Jan, 2014 
	"Portrait of an LVAD", Cardiovascular Imaging Rounds, Jan 13, 2014, Brigham 

	TR
	and Women's Hospital, Boston, MA 

	Mar, 2014 
	Mar, 2014 
	"Pocket-size Echo: The Good and the Bad of Being More Than Just an 

	TR
	Ultrasonographic Stethoscope." American College of Cardiology 2014, Scientific 

	TR
	Sessions, Joint Symposium of the Italian and Pennsylvania Chapters of the 

	TR
	American College Cardiology. 

	Apr, 2014 
	Apr, 2014 
	"Ethics of Clinical Studies in Pulmonary Vascular Disease."  The Alfred P. 

	TR
	Fishman Symposium: New Treatment Approaches to Pulmonary Hypertension, 

	TR
	Philadelphia, PA 

	Apr, 2014 
	Apr, 2014 
	"More than Plumbing and Electricity:  Ethics and Meaning in Implantable 

	TR
	Devices".  Transplant Grand Rounds, Mayo Clinic, Rochester, MN 

	Nov, 2014 
	Nov, 2014 
	“Death is not what it used to be.”  26th Annual MacLean Center Conference, 

	TR
	MacLean Center for Clinical Medical Ethics, University of Chicago, Chicago, Il 

	Jun, 2014 
	Jun, 2014 
	"The Sunshine Act and Handing of Industry Relationships." American Society of 

	TR
	Echocardiography Scientific Sessions, Portland, OR 

	Jul, 2014 
	Jul, 2014 
	"When to Introduce Palliative Care" Debate. American Association of Heart 

	TR
	Failure Nurses.  Webinar Session, University of Pennsylvania Healthcare 

	TR
	System. 

	Apr, 2015 
	Apr, 2015 
	“Cardiac Palliative Care: Not so New horizons” Abington Hospital Grand 

	TR
	Rounds, Abington, PA 

	May, 2015 
	May, 2015 
	“Last exit off the cardiac freeway: ethical considerations in palliative care and 

	TR
	cardiovascular implantable electronic devices", MacLean Center for Clinical 

	TR
	Medical Ethics End of Life Seminar Series, University of Chicago, Chicago, IL 

	Jun, 2015 
	Jun, 2015 
	"When is a ramp necessary?" American Society of Echocardiography Scientific 

	TR
	Sessions, Boston, MA 

	Jul, 2015 
	Jul, 2015 
	“Cardiac Devices and Ethical and Legal Implications for the Determination of 

	TR
	Death.” International Academy of Law and Mental Health, Vienna, Austria 
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	Aug, 2015 
	Aug, 2015 
	Aug, 2015 
	“Focused Cardiac Ultrasound: Ready for Vietnam?” Vietnam National Heart 

	TR
	Institute-American Society of Echocardiography Symposium, Hanoi, Vietnam 

	Aug, 2015 
	Aug, 2015 
	“Hemodynamic Measurements by Echocardiography.” Vietnam National Heart 

	TR
	Institute-American Society of Echocardiography Symposium, Hanoi, Vietnam 

	Aug, 2015 
	Aug, 2015 
	“Research Ethics.”  Bach Mai Hospital, Hanoi, Vietnam 

	Nov, 2015 
	Nov, 2015 
	“Imaging in the HVAD patient” University of Washington HeartWare Training. 

	Apr, 2016 
	Apr, 2016 
	“An Older Adult with Advanced Heart Failure, Multiple Chronic Conditions and 

	TR
	Frailty” American College of Cardiology Scientific Sessions 2016, Chicago, IL 

	May, 2016 
	May, 2016 
	“Imaging in the HVAD patient” University of Washington HeartWare Training. 

	TR
	Seattle, WA 

	Jun, 2016 
	Jun, 2016 
	“How and when to discuss device deactivation” 26th International Symposium 

	TR
	on Congenital Heart Disease in the Adult:  Innovation Past and Present, 

	TR
	Skamania, WA 

	Jun, 2016 
	Jun, 2016 
	“Predicting Right Ventricular Failure: 2D? 3D? Strain?” American Society of 

	TR
	Echocardiography Scientific Sessions, Seattle, WA 

	Jun, 2016 
	Jun, 2016 
	Is This Right Ventricle Good Enough to Support An LVAD? American Society 

	TR
	of Echocardiography Scientific Sessions, Seattle, WA 

	Jun, 2016 
	Jun, 2016 
	Hanoi, Vietnam: Effect on the Delivery of Healthcare. American Society of 

	TR
	Echocardiography Scientific Sessions, Seattle, WA 

	Jun, 2016 
	Jun, 2016 
	“Truth Telling in Practice“ Medical Ethics in the 21st Century: A Practical Skill-

	TR
	Building Approach to Ethical Reasoning in Healthcare” Virginia Mason Clinic, 

	TR
	Seattle, WA 

	Jun, 2016 
	Jun, 2016 
	"Mechanical Circulatory Support Imaging Guidelines: The What, the How and 

	TR
	the Why of performing really VAD Echocardiography" Delaware Valley Echo 

	TR
	Society Meeting, Philadelphia, PA 

	Jun, 2016 
	Jun, 2016 
	“Speed Change Echocardiography” Multimodality Imaging Conference, 

	TR
	University of Pennsylvania, Philadelphia, PA 

	Aug, 2016 
	Aug, 2016 
	“How To: Having Tough Discussions with Patients and Families—Critical 

	TR
	Conversations” Panelist, Heart Failure Society of America Scientific Sessions, 

	TR
	Orlando, FL 

	Sept, 2016 
	Sept, 2016 
	“Impact of Symptom Burden and Episodic Distress” Heart Failure Society of 

	TR
	America Scientific Sessions, Orlando, FL 

	Oct, 2016 
	Oct, 2016 
	“Imaging in the HVAD Patient” University of Washington HeartWare Training. 

	TR
	Seattle, WA 

	Mar, 2017 
	Mar, 2017 
	“Palliative Care along the VAD Journey.” INTERMACS 11th Annual Meeting 

	TR
	and Scientific Sessions, Atlanta, GA 

	Apr, 2017 
	Apr, 2017 
	“Imaging in the HVAD Patient” University of Washington HeartWare Training. 

	TR
	Seattle, WA 

	Jul, 2017 
	Jul, 2017 
	“Ethical Aspects of Withdrawing Implantable Cardioverter-Defibrillator and 

	TR
	Ventricular Assist Device Support from Patients Approaching Death” 

	TR
	International Congress on Academy of Law and Mental Health, Prague 

	Sept, 2017 
	Sept, 2017 
	“Sexuality and Intimacy in Patients with LVADs and their Partners: Uncovering 

	TR
	the Un-discussed Facts”, University of Washington Cardiovascular Grand 

	TR
	Rounds, Seattle, WA 

	Oct, 2017 
	Oct, 2017 
	“Should we Still Assess Dyssynchorony?” Vietnam National Heart Association 

	TR
	National Scientific Meeting 2017 Updates in Management of Heart Failure, 

	TR
	Thanh Hoa City, Vietnam 

	Oct, 2017 
	Oct, 2017 
	“Roles of Stress Echocardiography in Assessment of Patients with Valvular 

	TR
	Heart Diseases” Vietnam National Heart Association National Scientific Meeting 

	TR
	2017 Updates in Management of Heart Failure, Thanh Hoa City, Vietnam 
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	Oct, 2017 
	Oct, 2017 
	Oct, 2017 
	“Quality in Heart Failure Echocardiography” Vietnam National Heart 

	TR
	Association National Scientific Meeting 2017 Updates in Management of Heart 

	TR
	Failure, Thanh Hoa City, Vietnam 

	Nov, 2017  
	Nov, 2017  
	“The role of ultrasound imaging in the assessment of LVAD, Impella and other 

	TR
	circulatory support devices.”  American Heart Association Scientific Sessions, 

	TR
	Anaheim, CA 

	June 2018 
	June 2018 
	“Ethical Challenges in the Practice of Echocardiography: What is Right and How 

	TR
	Do We Do It?” Inaugural Richard E. Kerber Ethics/Humanitarian Lecture, ASE, 

	TR
	Nashville, TN 

	July 2018-19 
	July 2018-19 
	“Negotiating Autonomy and Beneficence in Clinical Care”, Annual Summer 

	TR
	Seminar in Healthcare Ethics, Seattle, WA 

	Oct 2018 
	Oct 2018 
	“Quality in Echocardiography” Vietnam National Heart Association National 

	TR
	Scientific Meeting, Da Nang, Vietnam 

	Oct 2018 
	Oct 2018 
	“Perspectives on the Right Ventricle: Structural and Functional Assessment” 

	TR
	Vietnam National Heart Association National Scientific Meeting, Da Nang, 

	TR
	Vietnam 

	July, 2019 
	July, 2019 
	“Cardiac Devices:  The Meaning of the Machinery of Life-Prolongation” 

	TR
	International Congress on Law and Mental Health, Rome, Italy 

	July, 2019 
	July, 2019 
	”Ethics, Humanities, and the Future of Mechanical Circulatory Support” 

	TR
	International Congress on Law and Mental Health, Rome, Italy 

	Sept, 2019 
	Sept, 2019 
	“Cardioethics:  Cases from the trenches” University of Washington 

	TR
	Cardiovascular and Bioethics Grand Grand Rounds, Seattle, WA 

	Nov, 2019 
	Nov, 2019 
	“3D echocardiography in imaging the tricuspid valve” Vietnam National Heart 

	TR
	Association/Vietnam National Heart Institute Congress, Hanoi, Vietnam 

	Nov, 2019 
	Nov, 2019 
	“HFpEF: What are we are looking for?” Vietnam National Heart 

	TR
	Association/Vietnam National Heart Institute Congress, Hanoi, Vietnam 

	Nov, 2019 
	Nov, 2019 
	“POCUS is coming” for CVD screening” Vietnam National Heart 

	TR
	Association/Vietnam National Heart Institute Congress, Hanoi, Vietnam 

	Nov, 2019 
	Nov, 2019 
	“Echocardiography and Cardiac Masses” Bach Mai Hospital, Hanoi, Vietnam 

	Nov, 2019 
	Nov, 2019 
	“Perspectives on the Right Ventricle: Structural and Functional Assessment” 

	TR
	Bach Mai Hospital, Hanoi, Vietnam 

	Feb, 2020 
	Feb, 2020 
	“Promoting Quality in Hand-held Cardiac Ultrasound -What is the Future?” 

	TR
	American College of Cardiology Cardiovascular Summit 

	Apr, 2020 
	Apr, 2020 
	Disability Ethics, UW LEND Fellows Conference, Seattle, WA 

	Apr, 2020 
	Apr, 2020 
	COVID-19 and Echocardiography: Insights from the Frontlines. Brigham and 

	TR
	Women’s Hospital Imaging Rounds 

	Apr 2020 
	Apr 2020 
	Role of Multimodality Imaging in Diagnosis and Management in Patients With 

	TR
	COVID-19. Webinar Session, American College of Cardiology 

	Apr, 2020 
	Apr, 2020 
	Practice Made Perfect: Addressing COVID-19 While Ensuring the Safety and 

	TR
	Well-Being of our Geriatric Patients (Part 1). Bailey, A, Kirkpatrick, JN, 

	TR
	Maurer, MS, Orr, N 

	May, 2020 
	May, 2020 
	Practice Made Perfect: Addressing COVID-19 While Ensuring the Safety and 

	TR
	Well-Being of our Geriatric Patients (Part 2). Bailey, A, Kirkpatrick, JN, 

	TR
	Maurer, MS, Orr, N 

	June, 2020 
	June, 2020 
	Echo is the first choice for LAA occlusion planning 

	TR
	Gladiators arena: Great debates in cardiovascular CT (and echo). Society of 

	TR
	Cardiac Computed Tomography Scientific Sessions 

	June, 2020 
	June, 2020 
	Multimodality Imaging in Acute and Chronic COVID19:  Echocardiography 

	TR
	First. Society of Cardiac Computed Tomography Scientific Sessions 

	July, 2020 
	July, 2020 
	Ethical Dilemmas Surrounding Care for Patients with COVID-19. Chief of 

	TR
	Medicine Rounds at the University of Washington Medical Center. 
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	Aug, 2020 
	Aug, 2020 
	Mechanical Circulatory Support for the Right Ventricle.  American Society of 

	TR
	Echocardiography Scientific Sessions 

	Aug, 2020 
	Aug, 2020 
	Point of Care US training for the clinician. American Society of 

	TR
	Echocardiography Scientific Sessions 

	Sept, 2020 
	Sept, 2020 
	Research Misconduct.  UW Cardiology Grand Rounds 

	Oct, 2020 
	Oct, 2020 
	HFrEF:  Where should be going in 2020? Vietnam National Heart Association 

	TR
	Congress 

	Oct, 2020 
	Oct, 2020 
	The use of POCUS in different clinical settings. Vietnam National Heart 

	TR
	Association Congress 

	Oct, 2020 
	Oct, 2020 
	Why we all need more strain in life. Vietnam National Heart Association 

	TR
	Congress 


	ORGANIZING ROLES IN SCIENTIFIC MEETINGS 
	Nov, 2008 Chair/Moderator, Abstract Session of the American Heart Association Scientific Sessions, New Orleans, LA 
	Jun, 2009 Chair/Moderator.  Valve Disease computer tutorial. American Society of Echocardiography Scientific Sessions, Washington, DC 
	Jun, 2009 Chair/moderator.  Moderated Oral Abstract Poster Session. American Society of Echocardiography Scientific Sessions, Washington, DC 
	Mar, 2010 Faculty discussion facilitator, poster session.  American College of Cardiology Scientific Sessions, Atlanta, GA 
	Jun, 2010 Moderator, Moderated Oral Poster Session, Quality, Appropriateness, Lab Accreditation, Ergonomics, and Outcomes Research. American Society of Echocardiography Scientific Sessions, San Diego, CA 
	Jun, 2011 Abstract Reviewer.  American Society of Echocardiography Scientific Sessions, Montreal, Quebec, Canada 
	Jun, 2011 Co-chair How to Put the "Q" in Quality American Society of Echocardiography 22nd Annual Scientific Sessions, Montreal, Quebec, Canada 
	Jun, 2011 Co-chair, Ethics in Echo. American Society of Echocardiography 22nd Annual Scientific Sessions, Montreal, Quebec, Canada 
	Jun, 2012 Abstract Reviewer. American Society of Echocardiography Scientific Sessions, National Harbor, Maryland 
	Sep, 2012 Moderator, Management in Nursing Homes. Heart Failure Society of America 16th Annual Scientific Meeting, Washington State Convention Center, Seattle WA 
	Jun, 2013 Moderator: "Echo in Patients with VADs" American Society of Echocardiography Scientific Sessions 2013, Minneapolis, MN 
	Jun, 2013 Abstract Reviewer. American Society of Echocardiography Scientific Sessions, Minneapolis, MN 
	Jun, 2014 Abstract Reviewer. American Society of Echocardiography Scientific Sessions, Portland, OR 
	Jun, 2015 Abstract Reviewer.  American Society of Echocardiography Scientific Sessions, Boston, MA 
	Jun, 2016 Moderator: “ASE Foundation Global Initiatives: Humanitarian Missions in Argentina and Vietnam.” American Society of Echocardiography Scientific Sessions, Seattle, WA 
	Jun, 2016 Abstract Reviewer.  American Society of Echocardiography Scientific Sessions, Seattle, WA 
	Mar, 2017 Organizer and Moderator, “Palliative Care for the 99%”, Intensive, American College of Cardiology scientific Sessions 2017, Washington, DC 
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	2015-present 
	2015-present 
	2015-present 
	Abstract Reviewer.  American Society of Echocardiography Scientific Sessions 

	2016-present 
	2016-present 
	Moderator. American Society of Echocardiography Scientific Sessions 

	Oct, 2018 
	Oct, 2018 
	Moderator.  Vietnam National Heart Association Scientific Sessions, Da Nang, 

	TR
	Vietnam 

	Nov, 2019 
	Nov, 2019 
	Moderator. Vietnam National Heart Association/Vietnam National Heart Institute 

	TR
	Congress, Hanoi, Vietnam 

	Mar, 2020 
	Mar, 2020 
	Committee Member: ACC.20/World Congress of Cardiology Program, Cardiac 

	TR
	Imaging (Echocardiography, Nuclear, PET, MR & CT) 

	Aug, 2020 
	Aug, 2020 
	Committee Member:  ASE Scientific Program 

	Aug 2020 
	Aug 2020 
	Senior Co-Chair, Episodes of Care #3, ASE Scientific Sessions 2020 

	May, 2020 
	May, 2020 
	Committee Member: ACC.21 Program, Cardiac Imaging (Echocardiography, 

	TR
	Nuclear, PET, MR & CT) 

	Oct, 2020 
	Oct, 2020 
	Moderator and co-chair, POCUS training village. Vietnam National Heart 

	TR
	Association Virtual Congress 

	Oct, 2020 
	Oct, 2020 
	Panelist, Cardiology in 2020:  Challenges and Opportunities. Vietnam National 

	TR
	Heart Association Virtual Congress 

	Oct, 2020 
	Oct, 2020 
	Chairperson:  Future of Echocardiography. Vietnam National Heart Association 

	TR
	Virtual Congress 

	Oct, 2020 
	Oct, 2020 
	Frailty and Geriatric Considerations. Great Wall International Congress of 

	TR
	Cardiology (Virtual) 

	May, 2020 
	May, 2020 
	Abstract Reviewer, ACC.21 

	June, 2021 
	June, 2021 
	Committee Member and Chair of Function Track, ASE Scientific Sessions 

	TR
	Program 2021 

	June, 2021 
	June, 2021 
	Abstract co-chair, ASE Scientific Sessions 2021 
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	Figure
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	Randall C. Thompson, MD, University of Missouri ‐Kansas City November 5, 2021 
	1 
	Comments on the HTAP WSHCA Non‐Invasive Cardiac Imaging for CAD Re‐Review 
	Randall C Thompson MD, FACC, FSCCT, MASNC 
	Professor of Medicine University of Missouri – Kansas City President American Society of Nuclear Cardiology 
	Points of Emphasis 
	• 
	• 
	• 
	Randomized control trial data indeed show major advantages of one diagnostic test comparedto another for patients with suspected CAD in thevarious subgroups. 
	no 


	• 
	• 
	The logical conclusion is that providers should beallowed to use all the modalities in the the diagnostic toolbox based on appropriate use. 

	• 
	• 
	Many, including ASNC, have long pointed out thatpatients are variable, the decision about which testto order is nuanced, and that local availability andexpertise are very important. 
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	Health Technology Clinical Committee meeting 
	Randall C. Thompson, MD, University of Missouri ‐Kansas City November 5, 2021 

	Points of Emphasis 
	• 
	• 
	• 
	The one place where the calls CCTA “dominant”was in cost‐effectiveness. 

	• 
	• 
	The study also point out that the data are mixed,comparators are varied, and there are importantlimitations across studies. 

	• 
	• 
	This is indeed true. Expert center bias is also anissue. 
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	Hulten EA, J Nucl Cardiol, 2021 
	4 
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	Randall C. Thompson, MD, University of Missouri ‐Kansas City November 5, 2021 

	Hulten EA, J Nucl Cardiol, 2021 
	5 
	What is not in the review 
	• 
	• 
	• 
	How to test patients with established CAD 

	• 
	• 
	Individual test absolute contraindications and relative contraindications 

	• 
	• 
	Combining stress testing with coronary arterycalcium scoring 
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	Randall C. Thompson, MD, University of Missouri ‐Kansas City November 5, 2021 

	Number of Tests 
	Cardiac Test Volumes 2014‐2019 
	2500000 
	2,088,050 
	Figure

	2,046,624 
	1,979,900 1,978,737 
	1,922,630 
	1,822,730 
	2000000 
	SPECT MPI 
	Figure

	1500000 
	383,778 
	400000 
	366,373 365,333 
	353,901 
	338,137 337,728 
	350000 
	69,032 
	Figure

	Stress Echo 
	Figure

	300000 
	179,360 
	200000 
	106,327 
	15,5398 PET MPI 
	Figure

	2,090 2,129 2,287 2,428 2,688 
	Figure

	134,279 
	150000 
	118,149 
	101,016 
	86,531 
	100000 
	58,771 Coronary CTA 
	54,447 
	51,314 
	44,026 
	50000 
	3,546 
	5000 
	Stress MRI 
	0 
	2017 2018 2019
	2014 2015 2016 
	Year 
	7 
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	9 
	Contraindications to CCTA 
	• 
	• 
	• 
	Renal insufficiency 

	• 
	• 
	Atrial fibrillation 

	• 
	• 
	Fast and / or irregular heartbeat 

	• 
	• 
	Very heavy coronary calcifications 

	• 
	• 
	Coronary stents 

	• 
	• 
	Unable to take nitroglycerin (for example on Viagra) 

	• 
	• 
	Some claustrophic patients 

	• 
	• 
	(Morbid obesity) 


	Contraindications for nuclear tests 
	& Pharmacologic stress agents 
	• 
	• 
	• 
	Symptomatic critical aortic stenosis 

	• 
	• 
	Acute MI / Many ACS patients 

	• 
	• 
	Asthma / COPD, especially with recent exacerbation 
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	Combining coronary calcium scoring with stress testing. 
	11 
	Figure
	12 
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	Randall C. Thompson, MD, University of Missouri ‐Kansas City November 5, 2021 
	Interrelation of Coronary Calcification, Ischemia and Outcomes Schenkeretal.Circulation2008;117:1693‐1700Schenker et al. Circulation 2008;117:1693‐1700 
	13 
	ChangSMetal.JAmCollCardiolImg2015;8:134–44Chang SM et al. J Am Coll Cardiol Img 2015;8:134–44 IncrementalDiagnosticValueIncremental Diagnostic Value 
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	Randall C. Thompson, MD, University of Missouri ‐Kansas City November 5, 2021 

	Physicians change medical therapy 
	15 
	Summary 
	• 
	• 
	• 
	The right test for the patient at the right time is anuanced decision, patients have considerablevariability, there is considerable variability in localexpertise and availability, and all modalities areadvancing. 

	• 
	• 
	Providers with appropriate expertise, and in thecontext of appropriate use, should be able to utilize the best tool available for optimal patientcare, and not be hindered by restrictive algorithms. 
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	Randall C. Thompson, MD, University of Missouri ‐Kansas City November 5, 2021 

	Thank You 
	rthompson@saint‐lukes.org 
	rthompson@saint‐lukes.org 
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	HTCC Analytic Tool 
	3. Factors for Consideration -Importance 
	At the end of discussion a vote is taken on whether sufficient evidence exists regarding the technology’s safety, effectiveness, and cost.  The committee must weigh the degree of importance that each particular key factor and the evidence that supports it has to the policy and coverage  decision.  Valuing the level of importance is factor or outcome specific but most often include, for areas of safety, effectiveness, and cost: 
	 
	 
	 
	Risk of event occurring; 

	 
	 
	The degree of harm associated with risk; 

	 
	 
	The number of risks; the burden of the condition;  

	 
	 
	Burden untreated or treated with alternatives; 

	 
	 
	The importance of the outcome (e.g. treatment prevents death vs. relief of symptom);  

	 
	 
	The degree of effect (e.g. relief of all, none, or some symptom, duration, etc.); 

	 
	 
	Value variation based on patient preference. 


	Clinical committee findings and decisions 
	Efficacy considerations 
	 
	 
	 
	 
	What is the evidence that use of the technology results in more beneficial, important health outcomes? Consider: 

	o 
	o 
	o 
	Direct outcome or surrogate measure 

	o 
	o 
	Short term or long term effect 

	o 
	o 
	Magnitude of effect 

	o 
	o 
	Impact on pain, functional restoration, quality of life 

	o 
	o 
	Disease management 



	 
	 
	What is the evidence confirming that use of the technology results in a more beneficial outcome, compared to no treatment or placebo treatment? 

	 
	 
	What is the evidence confirming that use of the technology results in a more beneficial outcome, compared to alternative treatment? 

	 
	 
	What is the evidence of the magnitude of the benefit or the incremental value? 

	 
	 
	Does the scientific evidence confirm that use of the technology can effectively replace other technologies or is this additive? 

	 
	 
	 
	For diagnostic tests, what is the evidence of a diagnostic tests’ accuracy? 

	o Does the use of the technology more accurately identify both those with the condition being evaluated and those without the condition being evaluated?  

	 
	 
	Does the use of the technology result in better sensitivity and better specificity? 

	 
	 
	Is there a tradeoff in sensitivity and specificity that on balance the diagnostic technology is thought to be more accurate than current diagnostic testing? 

	 
	 
	Does use of the test change treatment choices? 
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	Safety 
	 
	 
	 
	 
	What is the evidence of the effect of using the technology on significant morbidity?   

	o 
	o 
	o 
	Frequent adverse effect on health, but unlikely to result in lasting harm or be life-threatening, or; 

	o 
	o 
	Adverse effect on health that can result in lasting harm or can be life-threatening? 



	 
	 
	Other morbidity concerns? 

	 
	 
	Short term or direct complication versus long term complications? 

	 
	 
	What is the evidence of using the technology on mortality – does it result in fewer adverse non-fatal outcomes? 


	Cost impact 
	 Do the cost analyses show that use of the new technology will result in costs that are greater, equivalent or lower than management without use of the technology? 
	Overall 
	 
	 
	 
	What is the evidence about alternatives and comparisons to the alternatives? 

	 
	 
	Does scientific evidence confirm that use of the technology results in better health outcomes than management without use of the technology? 


	Next step: Cover or no cover 
	If not covered, or covered unconditionally, the chair will instruct staff to write a proposed findings and decision document for review and final adoption at the following meeting.   
	Next step: Cover with conditions 
	If covered with conditions, the committee will continue discussion. 
	1) Does the committee have enough information to identify conditions or criteria? 
	 
	 
	 
	Refer to evidence identification document and discussion. 

	 
	 
	Chair will facilitate discussion, and if enough members agree, conditions and/or criteria will be identified and listed.  

	 
	 
	Chair will instruct staff to write a proposed findings and decision document for review and final adoption at next meeting. 


	2) If not enough or appropriate information, then Chair will facilitate a discussion on the following: 
	 
	 
	 
	What are the known conditions/criteria and evidence state 

	 
	 
	What issues need to be addressed and evidence state 


	The chair will delegate investigation and return to group based on information and issues identified.  Information known but not available or assembled can be gathered by staff ; additional clinical questions may need further research by evidence center or may need ad hoc advisory group; information on agency utilization, similar coverage decisions may need agency or other health plan input; information on current practice in community or beneficiary preference may need further public input. Delegation shou
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	HTCC Analytic Tool 
	Next step: final determination 
	Following review of the proposed findings and decision document and public comments: 
	Final vote 
	Does the committee approve the Findings and Decisions document with any changes noted in discussion? If yes, the process is concluded. If no, or an unclear (i.e., tie) outcome chair will lead discussion to determine next steps. 
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