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Disclosure 

 Mayo Clinic and Dr. Bruce have a financial 
interest in the technology referenced in this 
presentation 
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Vision: Home Monitoring 

 Develop integrated adaptable system 

 “Dashboard” overall health/well-being 

Screening 

Prevention 

Management 

 Lengthen independence    

Health 
Dashboard 
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Mayo Clinic Facts: Patient Care 2011 

 Unique patients 1,113,000 

 Hospital admissions 123,000 

 Hospital days of patient care 588,000 

 Personnel 56,077 

 Total revenue (millions) 8,475 
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Population and Disease 

Active disease 

Asymptomatic disease 

Overt risk factors 
for disease 

Genetic & dietary 
predisposition 
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Dis 

Asymp 

At risk 

Predisp 

 Alzheimer’s 

 CHF 

 AF 

 HT 

 DM 

Person 

Algorithms 

 CHF 

 AF 

 Biofluidics 

 Prolonged ECG 

EP study; clinical trial 

 Scale/BP 

 Blood flow 

 Edema monitor 

 Hip waist ratio 

 Biofluidics (test selection tool) 

Intelligent medical cabinet 

Device companies 

Pharmacy 

Health care provider 

Sensors 

 Unobtrusive 

 Remote 

 Pervasive 

Relatives 

Mobile 

Hub 
Sessile 

 Data storage 

 Data management 

Infrastructure 
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Our Approach 

 Long-term, unobtrusive monitoring to promote 
mobility and independence 

 Focus on emerging epidemics 

Atrial fibrillation 

Congestive heart failure 

Obstructive sleep apnea 

 Integration of physiological signals 

 Ensure system non-proprietary, adaptable, 
integrated 
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Remote Monitoring Platform 

CHF Monitor “Proof of Concept” 

 ECG 

 Activity 

 Breathing 

 Scale 

 BP 

 Diagnostic/treatment algorithm 
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Initial Band-Aid Prototype 

27 grams 

STM32+BT ECG+ACC Battery (18 grams) 
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Personal Wireless Health Monitor 
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Remote Patient Monitoring 

ECG 

Respiratory 

Body position 

Physical activity 
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Remote Monitoring and AF Recurrence 

 27 patients undergoing DCCV or AF ablation 

 Monitored for four weeks 

AF

No AF

Ave time to AF 

recurrence 

 

11:23:18  

 
Days : Hours : Minutes 

59% 
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An Opportunity? 
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Heart Failure USA – Scope of Problem 

Demographics of an Epidemic 

Prevalence: >6.6 million over age 18 (2.8%) 

 ~9.5 million by 2030 (3.5%) 

Incidence: >680,000 new cases/year 

Mortality: ~57,000 deaths 2008; 
 more than all cancer combined 

Morbidity: Most common discharge diagnosis  
 in patients >65 years;  
 12M annual office visits 

Lifetime risk: 1 in 5 after age 40 

Roger V., et al: AHA Heart and Stroke Statistics. Circ 2012 

Heidenreich P, et al: Circ 2011 
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Cost of CHF 
 

Prevalence (2006) 

Incidence (2006) 

Mortality (2006) 

Hospital discharges (2006) 

50,800,000 

670,000 

282,754 

1106,000 

Direct expense 

Indirect expense (excluding morbidity) 

Total cost 39.2 ($B) 

Hospital cost 

Nursing home 

Physician 

Drugs, etc 

Home health 

Expenditures ($B) 

3.8 

4.7 

3.2 

20.9 
2.5 

Heart Disease and Stroke Statistics 2010 Update: Circulation 2010  
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U.S. Government Response 
CMS – HF Outcome Quality Measures 

 30-day HF mortality and re-admission rates are 
publicly reported 

 30-day HF re-admissions will be linked to 
reimbursement 

http:hospitalcompare.hhs.gov 
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Impact Home Monitoring on HF Outcomes 
Meta-Analysis – 27 Studies (n=8,323) 

Konstam M., Circ 2012 

Inglis SC, et al: Cochrane Database 2010 

Endpoint Intervention Control RR (95% CI) P 

All-cause mortality 

   Telephone 112 127    0.88 (0.76-1.01) 0.08 

   Telemonitor 102 154    0.66 (0.54-0.81)   <0.0001 

HF hospitalization 

   Telephone 164 213    0.77 (0.68-0.87)   <0.0001 

   Telemonitor 225 285    0.79 (0.67-0.94)   0.008 

All-cause hospitalization 

   Telephone 379 412    0.92 (0.85-0.99) 0.02 

   Telemonitor 474 521 0.91 (0.84-.99) 0.02 
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Telemonitoring to Improve HF Outcomes (Tele-HF) 

Randomized Controlled Trial 
 

 Does telemonitoring reduce combined endpoint of re-
admission or death from any cause? 

 Multi-center RCT 1653 pts recently hospitalized for HF; 6 
month f/u 

 Telemonitoring using commercially available system, 
automated questions – responses entered via keypad 

 No difference re-admission rates - 49% at 6 months 

 No difference mortality rates - 11% at 6 months 

Chaudhry SI, et al.  NEJM 2010 
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Circle of Home Heart Failure Management 

Desai, Stevenson: NEJM 2010 

Patient 

Patient’s 

physiological 

indicators 

Recommended 

therapy plan 

Anticipated 

change in 

status 

Patient 

receiving 

own data 

Midlevel team 

member 

empowered to 

make decision 

Midlevel team 

member who must 

wait for MD to 

review and make 

decision 

MD 

Most direct path to action Longer paths to action 

Repeat measurement 

Therapy implemented 

Data transmitted by patient 

Data received and processed for trends and alerts 

Patient contacted 
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Opportunities 

 Creation of framework for delivering appropriate 
and timely care 

 Proposed model - dedicated tele-medical center 
that operates 24/7 

 Practice integration 

 Improve outcomes 

 Cost savings 
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Medical institutions Physician specialists Primary care physicians  Nurses Technicians People Prevent-aid 
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Prevent-aid 
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A Real Multidisciplinary Team Effort 
 Kevin Bennet, Paul Friedman and Virend Somers 

 Revelie Kaplan, her team and the 4D nurses 

 Peter Brady, Doug Beinborn, Ron Menaker 

 Pat Roth, Susan Mikell 

 Christian Milaster and Tom Halverson 

 Brian Striemer, Jan Bukartyk, Christelle van der Walt, Diane Davison 

 Sean Caples, John Dillon, Amy Williams, Michael Ackerman, Sam Asirvatham,  
Yehu Sepir, Amir Geva and Dan Sadot 

 Kristin Vickers Douglas, Rickey Carter, Kent Bailey, David Hodge 

 Nick LaRusso and the CFI team 

 John Abenstein and Michael Kehoe 

 Michael Troska and Barbara Baasch 

 Andy Danielsen and Tim Argo 

 Christian Milaster and Tom Halverson 

 DeJae Ladewig 

 Chet Rihal 


