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MAINTAIN CORONARY 
PERFUSION 

MAINTAIN CORONARY 
ACCESS

CHOOSING/POSITIONING 
THE SECOND VALVE 

AVOID ANNULAR INJURY 
AND PATIENT 

PROSTHESIS MISMATCH

Redo TAV IS 
going to be a 
Complex ART

For research
To validate gray zones
To bring new ideas

Redo TAV is 
going to be 

logical
MAINTAIN CORONARY 

PERFUSION 
MAINTAIN CORONARY 

ACCESS

CHOOSING/POSITIONING 
THE SECOND VALVE 

AVOID ANNULAR INJURY 
AND PATIENT 

PROSTHESIS MISMATCH

For Practice
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Aortic VIV, Mitral VIV & Valve PPM App Usage

• July 2022 to June 2023
• APPs were used >350,000 times
• Countries: >150
• Contributions by physicians all over the world

Is Redo TAV same as Aortic VIV
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First challenge

All valves have 
different design

Second challenge

Valve 
Compatibility 
within each 

other is 
complex
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Third challenge

Depth of TAV 
implant varies 
in each patient

Fourth challenge

Most TAV are 
under 

expanded, 
hence 

dimensions are 
not constant

Using in-vitro Bench Sizing may lead to issues
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Fifth challenge

Can we make a 
workflow

Which 
accommodates 

all 
combinations?

5 months of work
50+ different workflows

Beta-testing, Logo and Launch (Nov 15)

Dr. Atsushi 
Okada

Dr. Miho
Fukui
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Coronary Obstruction
Annular Rupture
Leaflet Overhang

Index 
TAV

Native 
anatomy

Second 
TAV 

chosen

Main Concerns with Redo TAV
CT Analysis 
1. may not be done by the 

implanter
2. may be done few 

days/weeks before the 
procedure

3. Second TAV may be from 
a different manufacturer

Content 

CT 
Analysis

Procedure 
Guidance

1. TAV Explant
2. Coronary Access

Post 
Procedure 

Data Capture

Additional 
Content
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• Redo TAV  or TAV in TAV ? (TAV rather than TAVI or TAVR)
• Index TAV and Second TAV
• Neoskirt: Area of TAV combination covered with leaflets and/or inner skirt
• Neoskirt plane: Level of the Neoskirt for a given combination
• Coronary risk plane: Plane below the lowest coronary ostia

• VTC: Valve To Coronary distance
• VTA: Valve To Aorta distance
• VTSTJ: Valve to STJ distance

Common Terminology and Nomenclature 

4 Redo TAV Combinations
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1. What is Leaflet overhang and Leaflet deflection

Leaflets deflected up to the top of the leaflet attachment 

No Leaflet overhang

Leaflet overhang and Leaflet deflection

Leaflets deflected up to
node 6

No overhang

Leaflets deflected up to
node 4

Some leaflet overhang
No Leaflet overhang Leaflet overhang +

17
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Example–ER26 and S3 23 (for illustration purpose only)

Node 6 Implant Node 5 Implant Node 4 Implant

A
A

A
L1 L L

Area A: GOA/EOA of S3
Area L: GOA of leaflet overhang

L should be more than A

Node 5 implant

Example–ER23 and S3 23

Dr. Sellers, Vancouver, TCT 2023
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2. Neo skirt: Definition and meaning
Combination of 

Index TAV Pinned leaflets + Skirt of Second TAV

Neo skirt: Definition and meaning
Combination of 

Index TAV Pinned leaflets + Skirt of Second TAV
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Neo skirt: Definition and meaning
Combination of 

Index TAV Pinned leaflets + Skirt of Second TAV

3. Each Valve has unique landmarks

Nodes Commissure Tab
Inflow

Commissure Tab
Top of Upper Crown
Bottom of Upper Crown

Tunning Fork
Inflow
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4. Neoskirt and Neoskirt plane

Short in Short Tall in Tall Tall in Short Short in Tall

Single NSP

Neoskirt planes!

Node 4 Node 5 Node 6 ACURATE neo2

Combination specific with lower and upper limit
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5. Size of Second TAV before Coronary Analysis:  Why?

Node 4 Node 5 Node 6

Sizing may change with
Level of implant

6. Coronary Risk Plane (CRP) & its relationship to Index 
TAV landmark

Node 6 Below top of the
Commissure tab

Below the lowest coronary ostia
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Relationship between CRP and NSP

CRP = Coronary risk plane
NSP = Neo skirt plane

NSP
CRP

No/Minimal risk to coronaries
NSP below CRP

Risk to coronaries need assessment
NSP above CRP

CRP
NSP

NSP below STJ: VTA and VTC NSP below STJ: VTSTJ, VTA and VTC

Risk based on NARROWEST MEASUREMENT

7. Coronary Risk Analysis
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VTA >4 VTA 2-4 VTA <2

Possible Risk of Coronary 
obstruction & difficult 

coronary access

Minimal Risk of Coronary 
obstruction & good 

coronary access

Very high risk of
Coronary obstruction & 

Difficult coronary access

Risk classification

Summary Report
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APP development

Emerging faculty
Miho Fukui

Atsushi Okada
Syed Zaid

Ronald Thao
Arif Khoker

CT Guru’s
Hasan Jilaihawi
Omar Khalique

Miho Fukui
Joao Cavalcante
Industry Partners

Physician KOLs
Janar Sathananthan

Uri Landes
Gilbert Tang

Daniel  Blackman
Ole De Backer
Toby Rogers

Developers
Krutsch (Developer)

Fleishhacker 
Foundation

Minneapolis Heart 
Institute Foundation

Free
Unbiased

Home screen

• Multiple links
• Top tabs – commonly used
• Bottom tabs – educational content
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CT planning charts

Combination Specific
Downloadable PDF format

TAVR explant

1. Planning
2. Techniques : subdivided into valve types
3. Expert discussions
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Valve specific content

Deep dive in each design
Case examples
Bench testing data

Developed with Industry 
partners

Publications, Presentations, Workshops
• Publications: 6 to 7 major publications
• Sessions and talks: All major Intervention meetings
• Redo-TAV CT analysis and APP use Course
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Prognosis of Excessive Trabeculation in the setting of normal 
ventricular function but prevalent significant risk factors.

Ali Bahbah, MD.
International Research Scholar, Hear Rhythm Science Center.

ILOs
- Learn why non-compaction is not accurate and should be replaced with excessive trabeculation.
-Definition, Epidemiology and clinical picture.
-The prognosis of Excessive trabeculation in different populations.
-Suggested definition for Excessive Trabeculation.
-Algorithm for management of patients with Excessive trabeculations.
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Excessive 
trabeculation

Development Genetics Imaging Prognosis 

Old Definition
Left ventricular non-compaction (LVNC) is a very rare congenital cardiomyopathy. It is a disease of 
endomyocardial trabeculations that increase in number and prominence. This cardiomyopathy carries a high 
risk of malignant arrhythmias, thromboembolic phenomenon and left ventricular dysfunction.

Excessive TrabeculationNormal Adult Heart
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Excessive 
Trabeculation 

Cardiomyopathic 
disorder

Thromboembolism

Heart Failure

Cardiovascular Death

Malignant ArrhythmiasExcessive 
Trabeculation

Pediatric population

Athletes

Adult population

Pregnant females
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Oechslin et al. Isolated Ventricular Noncompaction

Zemrak et al. LV Trabeculation and Function in MESA
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Ivanov et al. LVNC in Patients Referred for CMR

Van Waning et al. Noncompaction Cardiomyopathy Features and Genetics
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1.Baseline Characteristics of patients with Excessive trabeculation, preserved EF and ICD implanted. (N=20)

10 (50)Gender Female. 
39 (27,54)Age at diagnosis (yrs).

*57.5 (7.5)LVEF at presentation (%) 
13 (9,15)Follow up time (yrs) 

2.Risk factors for SCD and VAs                                                                                               

7(35)Family history of SCD/Genetic cardiomyopathy.
8(40)History of Syncope Prior to ICD implant.
7(35)History of NSVT Prior to ICD implant. 
8(40)LV morphological or Functional abnormality on CMR. 

3.Device Characteristics

41.1 (29,56)Age at ICD implantation (yrs).
2.1 (2.4,6)Time from device Implantation to appropriate therapy

Single chamber 10 (50%) 
Dual chamber 8 (40%) 
Biventricular 2 (10%)

Type of device implanted 

4.Adverse Outcomes

9 (45)Composite outcome
5 (25)Appropriate ICD Therapy
2 (10)Stroke
2 (10)Development of Cardiomyopathy
0 (0)Death 

ICD, Implantable Cardiac Defibrillator; LVEF, Left Ventricular Ejection Fraction; SCD, Sudden Cardiac Death; VAs, Ventricular Arrythmias; CMR, Cardiac Magnetic Resonance.
Numerical variables Median (IQR). Categorical variables; N (%). 
*LVEF, Mean (SD).

Bahbah et al. ICD implantation in patients with Excessive Trabeculation and preserved Ejection fraction.

Definition
Excessive trabeculation is a deviation from the conventional developmental process of the human structural myocardium,
which in the presence of certain genetic, familial and clinical factors can give rise to a Cardiomyopathic disorder with 
potentially fatal outcomes.
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Center for Coronary Artery Disease

Diversity and discrimination against 

physicians in interventional 

cardiology

Athanasios Rempakos, MD
Center for Coronary Artery Disease (CCAD), 

Minneapolis Heart Institute Foundation

CENTER FOR CORONARY ARTERY DISEASE

Disclosure of Relevant Financial Relationships

I, Athanasios Rempakos DO NOT have any relevant financial 
relationships to disclose.
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Background

50.4%

19.1%
13.6%

8.2%
5.6% 4.0%

0%

10%

20%

30%

40%

50%

60%

Women Hispanic/Latino Black/African American
United States population Interventional Cardiologists

Colleges AoAM. 2022 Physician Specialty Data Report. 2023.
U.S. Census Bureau QuickFacts: United States. (2021).

CENTER FOR CORONARY ARTERY DISEASE

Background

Sharma G et al. Global Prevalence and Impact of Hostility, Discrimination, and Harassment in the Cardiology Workplace. J Am Coll Cardiol. 2021;77:2398-2409.

Yong CM et al. Sex Differences in the Pursuit of Interventional Cardiology as a Subspecialty Among Cardiovascular Fellows-in-Training. JACC Cardiovasc 
Interv. 2019;12:219-228
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Background

6.2%

61.7%

75.7%

36.4%

45.5%

52.3%

0% 10% 20% 30% 40% 50% 60% 70% 80%

White

Asian/Pacific Islander

Underrepresented
in Medicine

Overall discrimination Race-based discrimination population

Thomas KL et al.; ACC Diversity & Inclusion Task Force and ACC Women in Cardiology Section. Perspectives of Racially and Ethnically Diverse U.S. 
Cardiologists: Insights From the ACC Professional Life Survey. J Am Coll Cardiol. 2021 Oct 26;78(17):1746-1750. 

CENTER FOR CORONARY ARTERY DISEASE

Background

Dover TL, Kaiser CR, Major B. Mixed Signals: The Unintended Effects of Diversity Initiatives. 2020;14:152-181.

Non-evidence-based 
DEI initiatives

Impede the identification 
and resolution of 

discrimination directed 
towards “disadvantaged” 

groups

Increase sensitivity of 
discrimination against 
“advantaged” groups

Evoke feelings of threat 
and victimization among 

“advantaged” groups

Generate uncertainties 
regarding the competence 

and attributions of 
individuals belonging to 
“disadvantaged” groups
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Goal

• Conduct a global, web-based survey of 
interventional cardiology (IC) fellows and attendings 
to:
Assess gender and racial/ethnic diversity of physicians in the 

field of IC

Evaluate discrimination against physicians in the IC 
workplace

CENTER FOR CORONARY ARTERY DISEASE

Methods

• Final survey consisted of 48 questions:

a) Demographic 
information

b) Discrimination 
against physicians

d) Race/ethnicity 
diversity

c) Gender 
Diversity

• Distributed to IC attendings and fellows via social media and 

email lists
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CENTER FOR CORONARY ARTERY DISEASE

Definitions
• Participant group labeled “non-white” included:

 American Indian/Alaska Native

 Asian

 Black/African-American

 Native Hawaiian/Pacific Islander

 Hispanic white

• Comparison populations:

Non-white vs non-Hispanic white Participants practicing in the United 
States

Native vs non-native English 
speakers

Participants practicing in the English-
speaking countries

CENTER FOR CORONARY ARTERY DISEASE

Statistical analysis

• Categorical variables: presented as percentages and compared using 

Pearson’s chi-square test or Fisher’s exact test

• Continuous variables: presented as mean ± SD or as median 

(interquartile range [IQR]) and compared using the Student’s t-test and 

the Mann-Whitney U test 

• A 2-sided p value <0.05 was considered to indicate statistical 

significance

61
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CENTER FOR CORONARY ARTERY DISEASE

Results

445 ICs

379 
attendings

66 fellows

• Median age range → 46-50

• Practicing in the US → 60%

• Married → 88%

• At least one child → 82%

CENTER FOR CORONARY ARTERY DISEASE

Gender differences

13%

87%

Men

Women

Age: 46-50

Age: 41-45

Married: 92%

Married: 62%

Children: 87%

Children: 48%

p = 0.013 p < 0.001 p < 0.001
(adjusted for age)

Gender
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US participant race/ethnicity

51.1%

25.0%

7.8%
3.7%

0.4%

12.0%

0%

10%

20%

30%

40%

50%

60%

Non-Hispanic
white

Asian Hispanic/Latino Black/African
American

Native American Other/Mixed-race

CENTER FOR CORONARY ARTERY DISEASE

Gender diversity
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CENTER FOR CORONARY ARTERY DISEASE

Maternity/paternity leave
Median paid maternity leave → 10-12 weeks

25% reported no
paid maternity leave

62% of women believe it 
can adversely affect their 

career

US vs non-US programs:
6-8 weeks vs 20+ weeks

Median paid paternity leave → 4-6 weeks

41% reported no
paid paternity leave

34% of men believe it 
can adversely affect their 

career

US vs non-US programs:
No difference

CENTER FOR CORONARY ARTERY DISEASE

Race/ethnicity diversity
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CENTER FOR CORONARY ARTERY DISEASE

Discrimination against physicians

42 participants (9%) reported 

incidents of discrimination to 

their organization

8 participants (19%) 

expressed satisfaction with 

the response received

CENTER FOR CORONARY ARTERY DISEASE

Discrimination sources - Gender
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CENTER FOR CORONARY ARTERY DISEASE

Discrimination experiences - Gender

CENTER FOR CORONARY ARTERY DISEASE

Discrimination experiences - Language
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Discrimination experiences – Race/ethnicity

CENTER FOR CORONARY ARTERY DISEASE

Unintended consequences

41% of participants were 

concerned about 

unintended 

consequences of DEI 

interventions

29% women

Vs

43% men

(p = 0.102)

46% non-white

Vs

58% non-Hispanic white

(p = 0.077)

Unintended
consequences
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CENTER FOR CORONARY ARTERY DISEASE

Limitations

• Participants might be more interested in diversity and discrimination 

than non-responders, which might result in selection bias

• Email lists and social media for participant recruitment may introduce 

additional selection bias

• Disparities in cultural norms, expectations, and linguistic barriers could 

influence the interpretation of "discrimination" across different regions

CENTER FOR CORONARY ARTERY DISEASE

Conclusions
• Women practicing IC are less likely to be married or have children

• Women and non-white individuals encounter obstacles in career 
advancement 

• Women, non-native English speakers, and non-white individuals 
have a higher likelihood of experiencing discrimination from patients
and families, peers, supervisors, support staff, and nursing staff

• A portion of the participants (41%) expressed concerns that DEI 
initiatives might result in unintended consequences
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Athanasios Rempakos, MD1; Michaella Alexandrou, MD1; Bahadir Simsek, 
MD1; Spyridon Kostantinis, MD1; Judit Karacsonyi, MD, PhD1; Allison Hall, MD2; 
Arnold H. Seto, MD3; Barbara Danek, MD4; Binita Shah, MD5; Courtney 
Baechler, MD, MS1; Delaine Thomas, MPH1; James W. Choi, MD6; Jeremy 
Rier, DO7; Kathleen E. Kearney, MD4; Ki Park, MD, MS8; Mosi Bennett, MD, 
PhD1; Santiago Garcia, MD9; Thao Duong, MD10; Jimmy Kerrigan, MD11; 
Bavana V. Rangan, BDS, MPH1; Olga C. Mastrodemos, BA1; Salman S. Allana, 
MD1; Yader Sandoval, MD1; M. Nicholas Burke, MD1; Emmanouil S. Brilakis, 
MD, PhD1

1 Minneapolis Heart Institute and Minneapolis Heart Institute Foundation, Abbott Northwestern Hospital, 
Minneapolis, Minnesota, USA. 2 Eastern Health, Memorial University of Newfoundland, St. John's, 
Newfoundland, Canada. 3 Long Beach VA Health Care System, Long Beach, California, USA 4 Division of 
Cardiology, University of Washington, Seattle, Washington, USA. 5 Division of Cardiology, Department of 
Medicine, NYU Grossman School of Medicine, New York, New York 6 Texas Health Presbyterian Hospital, 
Dallas, TX, USA 7 WellSpan York Hospital, York, Pennsylvania, USA 8 Cardiovascular Medicine, University of 
Florida College of Medicine, Gainesville, Florida, USA. 9 The Christ Hospital, Cincinnati, Ohio, USA. 10 HCA 
Midwest Health, Overland Park, Kansas, USA. 11 Division of Cardiology, Ascension Saint Thomas Heart, 
Nashville, Tennessee, USA.

We performed an online, anonymous, international survey of 
interventional cardiologists.

A total of 445 interventional cardiologists participated in the survey. 
Median age was 46-50 years and most (61%) practice in the United 
States. Among the participants, 13% were women and 13% belonged 
to underrepresented minority groups. Participants were asked to 
discern which characteristics contribute to discrimination against 
physicians in their workplace. Several characteristics were identified 
(Figure): language accent (48%), race/ethnicity (44%), age (44%), 
gender (43%), and appearance/clothing (40%). Women were more 
likely to have experienced discrimination by patients and families 
(81% vs 54%; p<0.001), peers (81% vs 45%; p<0.001), supervisors 
(73% vs 43%; p<0.001), support staff (64% vs 36%; p<0.001), and 
nursing staff (63% vs 37%; p=0.001), compared with men. Similarly, 
among participants who practice in the US, UK, Canada, and 
Australia (n=296), physicians whose first language was not English 
were more likely to have experienced discrimination from patients and 
families (73% vs 46%; p<0.001), peers (63% vs 35%; p<0.001), 
supervisors (56% vs 33%; p<0.001), support staff (51% vs 28%; p<0. 
001), and nursing staff (52% vs 31%; p=0.001), compared with native 
English speakers. Both women (60% vs 7%; p<0.001) and 
underrepresented minority groups (28% vs 12%; p=0.003) were more 
likely to be mistaken for a non-physician employee, compared with 
men and non-underrepresented minority groups respectively. While 
9% (n=42) of the total participants reported incidents of discrimination 
to their respective organizations, only 19% of those (n=8) expressed 
satisfaction with the response received. 

Discrimination against physicians in 
interventional cardiology

CONCLUSION

Data on discrimination against physicians in the field of interventional
cardiology are limited.

FIGURES

The leading factors contributing to 

discrimination against interventional 

cardiologists were: language accent (48%), 

race/ethnicity (44%), age (44%), gender (43%), 

and appearance/clothing (40%). 

Figure 1: Contributors leading to discrimination against interventional cardiologists.

Figure 2: Forms of discrimination in women vs men.

Our survey provides a snapshot of the current status of discrimination 
faced by interventional cardiologists.

RESULTS

METHODS

BACKGROUND

For more information, scan 
the QR code to go to 
progresscto.org, or email 
thanrempakos@gmail.com
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Center for Coronary Artery Disease

Cardiologist Well-Being and Burnout

Michaella Alexandrou, MD
Center for Coronary Artery Disease

CENTER FOR CORONARY ARTERY DISEASE

Disclosure of Relevant Financial Relationships

I, Michaella Alexandrou DO NOT have any relevant financial relationships to 
disclose.
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CENTER FOR CORONARY ARTERY DISEASE

Seeing the Big Picture: The Significance of Burnout

CENTER FOR CORONARY ARTERY DISEASE

Aging population

Multimorbidity

National Population Projections, U.S Department of Commerce, U.S. Census Bureau, 2017
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Association of American Medical Colleges, The Complexities of Physician Supply and Demand: Projections From 2018 to 2033, 2020

A critical shortage of physicians

CENTER FOR CORONARY ARTERY DISEASE

Heidenreich P.A., Trogdon J.G., Khavjou O.A., et al. "Forecasting the future of cardiovascular disease in the United States: a policy statement from the 
American Heart Association". Circulation 2011;123:8: 933-944. 10.1161/CIR.0b013e31820a55f5.

By 2030

40%
of the U.S. population will have 
clinically evident cardiovascular 

disease

Will the Provider Workforce Be Adequate?

The current number of cardiologists would need to double by 2050 to erase the expected shortage
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Salvagioni DAJ, Melanda FN, Mesas AE, González AD, Gabani FL, Andrade SM. Physical, psychological and occupational consequences of job burnout: A systematic 
review of prospective studies. PLoS One. 2017 Oct 4;12(10):e0185781. doi: 10.1371/journal.pone.0185781. PMID: 28977041; PMCID: PMC5627926.

Hypercholesterolemia

Type 2 diabetes

Coronary heart disease

Musculoskeletal pain

Prolonged fatigue

Headaches

Gastrointestinal issues

Mortality ≤ 45 years

Insomnia

Depressive symptoms

Use of psychotropic & 
antidepressant medications

Psychological ill-health symptoms
Job dissatisfaction

Absenteeism

New disability pension

Burnout consequences

CENTER FOR CORONARY ARTERY DISEASE

It’s all about money
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3 cost categories to 
consider:

1. Turnover
2. Lost revenue associated with  

decreased productivity
3. Financial risk to the 

organization’s long-term viability 
due to decreased patient 

satisfaction and problems with 
patient safety.

Shanafelt T, Goh J, Sinsky C. The business case for investing in physician well-being. JAMA Internal Medicine. 2017;177:1826-1832

CENTER FOR CORONARY ARTERY DISEASE

Estimating the attributable cost of physician burnout in the united states. Annals of Internal Medicine. 2019;170:784-790

National level: $4.6 billion each year

Organizational level: $7600 per 
physician each year
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Hodkinson A, Zhou, A, Johnson J, Geraghty K, Riley R, Zhou A et al. Associations of physician burnout with career 
engagement and quality of patient care: systematic review and meta-analysis BMJ 2022; 378 :e070442 

doi:10.1136/bmj-2022-070442

Patient safety

170 observational studies of 
239,246 physicians

CENTER FOR CORONARY ARTERY DISEASE

Nørøxe KB, Vedsted P, Bro F, Carlsen AH, Pedersen AF. Mental well-being and job satisfaction in general practitioners in denmark and their patients' 
change of general practitioner: A cohort study combining survey data and register data. BMJ Open. 2019;9:e030142

Patient dissatisfaction

569,776 patients and 409 general practitioners (GPs)

Patients were more likely to 
change GPs who had higher 

occupational distress 
(burnout and low job 

satisfaction)   
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What is burnout?

A syndrome conceptualized as resulting from chronic workplace stress that has not been successfully
managed.

3 dimensions:

WHO definition

feelings of energy depletion or exhaustion

↑ mental distance from one’s job, or feelings of negativism or cynicism related to one's job

↓ professional efficacy

CENTER FOR CORONARY ARTERY DISEASE

How many cardiologists are burnout?

The prevalence of burnout varies 
according to definition
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Main ResultsHow was burnout assessedParticipants (n)CountryAuthor (publication year)

26.8% reported burnout symptomsMini-Z surveyCardiologists (2,274)USAMehta, L.S. et al. (2019)

56.5% reported burnout“Do you feel burnout?”
Cardiovascular workers (481)

[70% interventional cardiologists]
USALobo, A.S. et al. (2019)

65% reported significant stress at work and at home 
because of the COVID-19 pandemic

Not applicable
IC, structural, CHIP, and peripheral vascular fellows 

(135)
USAShah, S. et al. (2020)

21% reported symptoms of burnoutMini-Z survey
Cardiovascular Diseases Fellowship Program 

Directors (141)
USACullen, M.W. et al. (2021)

58% reported burnout (64% reported worsening 
during the COVID-19 pandemic)

Not reportedCardiac imaging specialists (125)InternationalJoshi, S.S. et al. (2022)

28% reported any self-reported MHC, of which 
76.1% reported psychological distress

Not applicableCardiologists (5,890)InternationalSharma, G. et al. (2023)

69% of the interventional cardiologists are affected 
by burnout

“Rate the impact of your burnout on 
your life”

Attending IC (1,159) and IC fellows (192)InternationalSimsek, B. et al. (2023)

43% felt burned out (29%) or both burned out and 
depressed (14%)

“Do you feel burnout/and or 
depressed?”

Cardiologists (367)USAKoval, M.L. (2023)

84% considered the interventional cardiology 
fellowship somewhat (62%) or very stressful 

(22%)
Not applicableFirst-year IC fellows (111)USA/CanadaSimsek, B. et al. (2023)

3.85/5 on professional fulfillment, 2.25/ 5 on work 
exhaustion and 2.04/5 interpersonal disengagement

Not applicableCardiologists (382)NetherlandsBogerd, R. et al (2023)

CENTER FOR CORONARY ARTERY DISEASE

Conceptual model of burnout and related symptoms in cardiologists. Adapted and used with permission from: Linzer M, et al. Working conditions in 
primary care: physician reactions and care quality. Ann Intern Med. 2009; 151:28–36.
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Are we superheroes?

No

CENTER FOR CORONARY ARTERY DISEASE

Impact of burnout on IC physicians

Simsek , B., Konstantinis, S., et al. International psychological well-being survey of interventional cardiologists. JACC Cardiovasc Interv. 2023

1,159 IC attendings and 192 IC fellows 
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Contributors to burnout

Simsek, B., Konstantinis, S., et al. International psychological well-being survey of interventional cardiologists. JACC Cardiovasc Interv. 2023
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Women vs men IC attendings/fellows

9.60%

18.50%

5%

16.70%

63%

69.20%

32.50%

48.30%

25.60%

17.40%

16.20%

26.40%

7.70%

16.10%

72.10%

59.30%

40.10%

49.80%

7.90%

26.90%

0.00% 20.00% 40.00% 60.00% 80.00% 100.00%

More than 3 times/week on call

More than 6 weeks of Vacation each year

More than 100 Peripheral Cases in a year

More than 100 Structural Cases in a year

More than 100 PCIs in a year

Practice in Academic Institution/Hospital with…

Practicing IC > 10 years

Country of practice US

Marital Status Single

Age > 50 years

Men Women*p<0.05

*

*

*

*

Men

Women

Alexandrou, M., Simsek, B., Rempakos, A., et al. (2023). Sex Differences in the Well-being of Interventional Cardiologists. Journal of Invasive Cardiology (accepted)

CENTER FOR CORONARY ARTERY DISEASE

Women asked more often for

Mentorship opportunities 
(7.5 vs 6.4, p=0.002)

Respect/recognition from the 
administration

(7.9 vs 7.2, p=0.016)

Opportunities for professional growth 
(7.9 vs 7.2, p=0.017)

Alexandrou, M., Simsek, B., Rempakos, A., et al. (2023). Sex Differences in the Well-being of Interventional Cardiologists. Journal of Invasive Cardiology (accepted)
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Shanafelt T, Goh J, Sinsky C. The business case for investing in physician well-being. JAMA Internal Medicine. 2017;177:1826-1832

CENTER FOR CORONARY ARTERY DISEASE

Shanafelt TD, Noseworthy JH. Executive leadership and physician well-being: Nine organizational strategies to promote engagement and reduce burnout. Mayo Clin Proc. 2017;92:129-146

“When individually focused offerings are 
not coupled with sincere efforts to address 

the system-based issues contributing to 
burnout, this approach is typically met with 
skepticism and resistance by physicians 
(“they are implying I am the problem”)”.
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AI adoption could alleviate the workload burden

“We estimate that wider adoption of AI could lead
to savings of 5 to 10 percent in US healthcare
spending—roughly $200 billion to $360 billion
annually in 2019 dollars.”

Non direct financial benefits:
• improved healthcare quality

• increased access
• better patient experience

• and greater clinician satisfaction

Sahni NaS, George and Zemmel, Rodney and Cutler, David M. The potential impact of artificial intelligence on healthcare spending. 2023;30857

CENTER FOR CORONARY ARTERY DISEASE

STRAIN study

Interventional cardiology 
attendings/fellows 

(STRess Assessment of INterventional cardiology fellows and attendings)

POLAR H1O 
Chest strap

WHOOP 
wearable

Intraoperative stress assessment 
based on heart rate variability (HRV)

Reporting also:
• Burnout assessed by the Mini-Z survey

• Subjective stress assessed by the 
STAI-short version survey

Wearables

Does intraoperative stress accumulate?
Which procedures are more stressful?

When do IC attendings/fellows recover?
Does stress decrease with training?
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Thank you!
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Causes of Long-Term Mortality in Patients 
with Microvascular Obstruction Following 

ST-segment Elevation Myocardial 
Infarction

Giselle Fisher, Bethany White, Brynn Okeson, Evan Walser- Kunz, 
Jay H Traverse

Minneapolis Heart Institute Foundation 
Minneapolis Heart Institute at Abbott Northwestern Hospital
University of Minnesota School of Medicine, Cardiovascular Division

Microvascular Obstruction (MVO)

 Observed on cMRI in 40 -70% of STEMI patients.

 Manifested as persistent ST-elevation on EKG or as No-Reflow following PCI.

 Likely diverse etiologies including:
 Distal athero-embolic debris and platelet and WBC clumping
 Microvascular dysfunction secondary to I / R injury.
 Extrinsic compression of micro-vessels due to edema.
 Destruction of vascular integrity and intramyocardial hemorrhage

(IMH).
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Historical Observations of MVO (no-reflow)

 First described in the heart by Kloner et al (JCI, 1974) “ The no-reflow 
phenomenon after temporary coronary occlusion in the dog”.

-40 min LAD coronary occlusion = normal reperfusion following release of occlusion.
-90 min occlusion = impaired blood flow following release of occlusion.

Histopathology (electron microscopy):
- Sig capillary damage in subendocardium with swollen endothelium and intra-

luminal endothelial protrusion.
- Intraluminal platelets and fibrin thrombi.
- Interstitial and intramyocardial edema (extrinsic compression)

 First observed in the Brain !

Historical Observations of MVO
 Increases with Ischemic duration.

 No-Reflow area increases over time (process, not an event).

 Cell contracture may contribute to microvascular compression

 Platelet and leukocyte depletion may reduce extent of no-reflow.

 Confined to region of myocardial infarction

Kloner R, et al. JCI 1974
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MVO is represented by hypo-enhanced (orange) region 
inside the hyper-enhanced (yellow) infarct region

De Waha S., et al. Eur Heart J 2017

Van Kranenburg M, et al. JACC Imag. 2014

Freedom from cardiac death
CHF, recurrent MI.

MVO more powerful 
predictor than Infarct size

1025 STEMI Patients
From 8 PCI trials who 
received primary
PCI
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Increasing amounts of MVO are Associated with Increased 
All-cause Mortality and Heart Failure Admissions over 1-Year

De Waha S., et al. Eur Heart J 2017

Data pooled from 7
Randomized Primary PCI
Trials where MVO was
Measured by cMRI
Within 7 days of STEMI.
MVO occurred in 57% of
All Patients 

The Presence of MVO as Powerful as Infarct Size or     
LV function in Predicting Event-Free Survival

Eitel, et al. JACC 2014

Multicenter Study from 
Germany  Of 738 
STEMI patients
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Jay H. Traverse, MD
Principal Investigator, TIME Study

Minneapolis Heart Institute at Abbott Northwestern Hospital
University of Minnesota Medical School

Cardiovascular Cell Therapy Research Network (CCTRN)

2016 Scientific Sessions of the AHA

The NHLBI TIME Trial:
Role of Microvascular

Obstruction in 2-Year Clinical 
and MRI Follow-up
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Traverse J, et al. Circ Res 2018
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Long-Term Causes of Mortality in Patients with 
MVO Following STEMI – Rationale and Methodology

 We analyzed the long-term follow-up and cardiac MRIs of 475 patients admitted through
the Level 1 Program (Mean age = 60 years, 76% male) for the presence (n=337) or absence
(n=138) of MVO  following STEMI and successful reperfusion with PCI between 2007 -2017.

 Causes of death were determined from the patient's electronic medical record or 
death certificate.

Rationale: The long-term natural history and mortality is not 
known in patients with MVO following STEMI beyond 2 years.

Long-Term Causes of Mortality in Patients with 
MVO Following STEMI – RESULTS

 Patients with MVO had greater ischemic times (159 vs. 141 mins; p = 0.012) and were 
more likely to have TIMI 0 flow on presentation (71 vs 54%; p <0.002).

 Patients with MVO had greater infarct size by cardiac enzymes resulting in greater 
LV end-diastolic volume index (LVEDVI) (80 vs.75 ml/m2) and LV end-systolic volume 
index (LVESVI) (39 vs 30 ml/m2) LV mass (146 vs 134 g) and reduced LVEF (48 vs 58 %; 
all p < 0.01) by cardiac MRI performed 1-3 days following STEMI and PCI.

 During long-term follow-up a total of 56 patients with MVO died compared to 18 patients 
without MVO. 

 Patients with MVO died sooner after STEMI (5.9 vs 7.8 years) and were more likely to die 
from cardiovascular causes such as progressive heart failure or sudden cardiac death 
(Table). LVEF before death was lower in the MVO group (46 vs 52%).
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Long-Term Mortality of STEMI Patients 
who have MVO on cardiac MRI

Time from 
STEMI to 
death 
(years)

Natural 
Causes

CancerPulmonary
-pneumonia
-respiratory  
failure
- COVID-
ARDS

SepsisNeurological
- Dementia
- Stroke
- ICH

Cardiovascular
- CHF
- Cardiac arrest 
- MI

Cause 
of 
Death

5.9 ± 44976822*MVO +
(n=56)

7.8 ± 4773011MVO –
(n=18)

* P < 0.004 Fishers Exact Test

Kaplan-Meier Mortality Curve over 10-Years

p = 0.12
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CONCLUSIONS
 There is significant long-term mortality associated with MVO following STEMI with the 

majority of patients dying from cardiovascular causes. In contrast, patients with STEMI 
without MVO rarely died from a cardiac etiology but from cancer and natural causes.

These findings may suggest that MVO acts as  a surrogate marker for greater underlying 
atherosclerosis, microvascular dysfunction or other unknown co-morbidities that enhances
Long-term cardiovascular mortality.
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