BME Graduate Introduction

Cardiovascular Challenges and
Opportunities for Biomedical Engineering

Prof. Steven S. Saliterman, MD, FACP, wel saliterman.umn.edu/, email: drsteve @umn.edu

Cardiovascular disease, mortality & burden 2015.
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Joseph P, Leong D, McKee M, et al. Reducing the Global Burden of Cardiovascular Disease, Part 1: The
Epidemiology and Risk Factors. Circ Res. 2017;121(6)677-694.

Risk factors.

Table 2. Predominant Risk Factors for Myocardial Infarction and Stroke Based on the INTERHEART
and INTERSTROKE Studies™ "
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Troubling evidence between ~2012 to 2019.
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Ischemic heart disease mortality with achievements

and initiatives.
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Cardiovascular mortality is no longer falling.

e CVD is the leading cause of death 17.3 million globally
per year, projected to 23.6 million by 2030.

e Age adjusted mortality has remained flat in recent
years.

e Decline in CHF in hospital patients is also leveling off.

e Declines in age-adjusted stroke mortality have simililary
plateaued.




Actually rising in

Figure 2. Rising cardiovascular disease mortality rates for people whe
are living in rural areas, middle-aged (45-54 years of age), and white.
Authors’ analysis using data from the Natianal Vital Ssatistics System.
3. Centers for Disease Control and Prevention. Underlying cause of death 1996-2017: COC WONDER
alitern Online Database. https://wonder.cdc.gov/wonder/help/ucd.html. 2018. Accessed December 10, 2018.

Cardiovascular health disparities persist.
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3. Centers for Disease Control and Prevention. Underiying cause of death 1999-2017: CDC WONDER
Online Database. https:/iwonder.cdc goviwonderhelp/ucd.html. 2018. Accessed December 10, 2018.

The value of cardiovascular care is declining.
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Figure 5. Overall spending on cardiovascular disease (CVD) care aver
time (based on self-reports of disease conditions).
Authors' analyss using data from the Medical Expenditure Panel Survey,'"

10.1161/CIR.

McClellan et al. Urgent Challenges in Cardiovascular Disease. Circulation. 2019;
17. Agency for Healthcare Research and Qualty. MEPS summary tables. https://meps.ahrq, gov/mepstrends/home/index. htr.
Accessed October 23, 2018,




Missed opportunities.

Large missed opportunities at every step
in and of i lar disease

McClellan et al. Urgent Challenges in Cardiovascular Disease. Circulation. 2019;139:e44-e54.
DOL: 10.1161/CIR.0000000000000652

Effects of prevention on premature mortality
attributable to cv disease risk factors.
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40. Danaei G, Ding EL, Mozaffarian D, Taylor B, Rehm J, Murray CJ, Ezzati M. The preventable
causes of death in the United States: comparative risk assessment of dietary, lifestyle, and
metabolic risk factors. PLoS Med. 2009;6:e1000058. doi: 10.137 1/journal pmed. 1000058

The medical device industry may be on the brink.

e These risk factors call for a shift toward more upstream
prevention rather than the current emphasis on down-
stream treatment.

For example, a 10% increase in hypertension treatment
could prevent 14 000 deaths each year, and a 10% increase
in treating low-density lipoprotein cholesterol or in preventive
aspirin could prevent 8000 deaths.

Farley TA, Dalal MA, Mostashari F, Frieden TR. Deaths preventable in the U.S. by improvements in use of
clinical preventive services. Am J Prev Med. 201038 doi: 10.1016.




e Although spending on technological changes for
cardiovascular care showed high value through the
1990s, with benefits in length and quality of life that far
outweighed their costs

e The currently stagnating (or worsening) trends in
cardiovascular outcomes along-side higher spending
suggest that this trend no longer holds.

Cutler DM, McClellan M. Is technological change in medicine worth it? Health Aff (Milwood). 2001;20:11-29.

Cutler DM, McClellan M, Newhouse JP, Remler D. Are medical prices declining? Evidence from heart attack
treatments. Q J Econ. 1998;113:991-1024. doi:10.1162/003355398555801

Cutler D, McClellan M, Newhouse J. The costs and benefits of intensive treatment for cardiovascular disease,
National Bureau of Economic Research. 1998. hitps:/www.nber.org/papers/\w6514. Accessed January 3, 2019.

Limited innovation in cardiovascular medical

products.
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72.IQVIA. Medicine use and spending in the US: a review of 2017 and out-look to 2022.
d-spending-in-th 1.2017-

outiook-10-2022. Accessed January 3, 2019.

Development pipeline is flat with no clear path
forward.
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Figure 5, Negative spending growth for cardiovascular products.
CVD indicates cardiovascular disease, Data derved from IQVIA_ 2018 and
Beyond: Outlock and Turning Points.”

80.1QVIA. 2018 and Beyond: outlook and tuming points. https:/fwww.iqvia.
S. Salitern i . Accessed December 12, 2018,




Penpective
Treatment of chronic heart failure in the 215t century: A new era of

biomedical engineering has come
Chun-Song Ha

o, Qing-Hisa W ", Da-Yi Ha ™', Tengiz Thebuci

Conventional medical therapy...

e Administration of anglotensm-convemn? enzyme inhibitors, angiotensin
receptor blockers, beta-blockers, and aldosterone antagonists.
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Hu, Chun-Song, QH Wu, Da-Yi Hu, T. Tkebucava. Treatment of chronic heart failure in the 21st century A new
e S. Salitern era of biomedical engineering has come. Chronic Diseases and Translational Medicine 5 (2019) 75e88.
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Hu, Chun-Song, QH Wu, Da-Yi Hu, T. Tkebucava. Treatment of chronic heart failure in the 21st century A new
evens. Sater era ofbiomedical engineering has come. Chronic Diseases and Translalonal Medicine 5 (2019) 75e88.




Engineering opportunities in chronic heart failure.

Interventional
Mechanical
Surgical
Tissue
Rehabilitation

o~ w0 Dd =

1. Interventional engineering...

e Percutaneous balloon mitral valvotomy (PBMV)
e Percutaneous coronary intervention (PCI)
e Pacing:

Left ventricular pacing (LVP)

Biventricular pacing (BiVP) or cardiac resynchronization
therapy (CRT)

Implantable cardioverter defibrillator (ICD)
CRT-ICD (CRT-D) Catheter ablation (AF, VT)

Hu, Chun-Song, QH Wu, Da-Yi Hu, T. Tkebucava. Treatment of chronic heart faiure in the 21st century A new
era of biomedical engineering has come. Chronic Diseases and Translational Medicine 5 (2019) 75e88.

2. Mechanical engineering...

e Left ventricular assistant device (LVAD)

e VA-ECM Olmpella Recover 2.5 (IR2.5)

e Tandem Heart Venoarterial Shunt (VAS)

e Internal artery balloon counter-pulsation (IABP)

e Cardiopulmonary support (CPS)

e Cardiac support device (CSD)

e Total artificial heart (TAH)

e Pulmonary artery pressure sensor

e Interatrial shunt device (IASD)Intravenous inotropic therapy

Hu, Chun-Song, QH Wu, Da-Yi Hu, T. Tkebucava. Treatment of chronic heart failure in the 21t century A new
era of biomedical engineering has come. Chronic Diseases and Translational Medicine 5 (2019) 75e88.




3. Surgical engineering...

e Coronary artery bypass graft (CABG)
e Valve surgery (VS)

e Partial left ventriculectomy

e Dynamic cardiomyoplasty

e Myosplint implantation

e Heart transplantation (HT)

Hu, Chun-Song, QH Wu, Da-Yi Hu, T. Tkebucava. Treatment of chronic heart faiure in the 21st century A new
era of biomedical engineering has come. Chronic Diseases and Translational Medicine 5 (2019) 75e88.

4. Tissue engineering...

e Gene therapy (GT)

e Stem cell transplantation

e Cellular cardiomyoplasty

e Myocardial tissue engineering

Hu, Chun-Song, QH Wu, Da-Yi Hu, T. Tkebucava. Treatment of chronic heart faiure in the 21st century A new
s. saliterm era of biomedical engineering has come. Chronic Diseases and Translational Medicine 5 (2019) 75e88.

5. Rehabilitating...

Cardiac rehabilitation (CR)
External counter-pulsation (ECP)
Enhanced ECP (EECP)

Health education

Psychological interventions
Home-based hydrotherapeutic
Thermal program

Functional electrical stimulation
Nursing

Intravenous ferric carboxymaltose (FCM)
Diet: Flavanol-rich chocolate
Palliative care

Hu, Chun-Song, QH Wu, Da-Yi Hu, T. Tkebucava. Treatment of chronic heart failure in the 21t century A new
S. Salltern era of biomedical engineering has come. Chronic Diseases and Translational Medicine 5 (2019) 75e88.




