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The Rise in Life Expectancy 

 

Black women       12.2 years 

White women        7.4 years 

Black men             10.8 years 

White men              9.1 years 

New York Times, Jan 4, 2014 



Engines of Innovation: Innovative University 

Biomedical Research Enterprise 

Therapy for Cardiac Arrhythmias 

Stretchable and flexible electronics 

Patient-specific therapies 



Big ideas of AT&T(Bell Labs): Telephone, Information 
theory, Transistor, Space satellites, Cell phone, etc.  





1000                                         1500                                              2000 

1st generation: 
Education 

2nd generation: 
Education 
Research 

3rd generation: 
Education 
Research 
Entrepreneurship 

University of Paris 

Cambridge University 

Humboldt University 

Emile Aarts, Eindhoven University  



Emile Aarts, Eindhoven University  

1st generation 2nd generation 3rd generation 

Objective 
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Human capital 
development 

Orientation 

Language 

Organization 

Management 



Ph.D. Individual 
Development Plan: 
 myidp.sciencecareers.org 
Principal investigator in a research-intensive 
institution.  
Combined research and teaching careers.  
Research in industry.  
Clinical practice.  
Teaching-intensive careers in academia. 
Entrepreneurship.  
Sales and marketing of science-related products.  
Research staff in a research-intensive institution.  
Business of science.  
Science policy.  
Science education for K-12 schools or non-
scientists.  
Research administration.  
Intellectual property.  
Scientific/medical testing.  
Science writing.  
Clinical research management.  
Drug/device approval and production.  
Public health related careers.  
Support of science related products    

http://myidp.sciencecareers.org
http://myidp.sciencecareers.org


Entrepreneurial Impact: The Role of MIT. 
Edward B. Roberts & Charles Eesley 

MIT’s licensing income vs. research expenditure in 2011: $76M vs $1,460M - 5%! 



Robert Litan. How the United 
States Can Regain Its 

Entrepreneurial Edge, Foreign 
Affairs, Jan/Feb, p 47-53. 2015 



James Bessen, How Special 
Interests Undermine 

Entrepreneurship. Foreign Affairs, 
Jan/Feb, p 55-60. 2015 



Unpredictable, inefficient and expensive regulatory processes are 
jeopardizing America’s leadership position in Medtech innovation. 



Core Curriculum: 
BME  6482             Medical Measurements (3) 

BME 6483             Medical Instrument Design (3)  

BME 6994            Biomedical Engineering Regulatory Practicum I (3) (to be created)  

BME 6995            Biomedical Engineering Regulatory Practicum II (3) (to be created)  

MAE 3171             Patent Law for Engineers (3) 

RAFF 6201      Introduction to Global Regulatory Affairs (3)   

RAFF 6203      Regulatory Strategy in the Development of Devices and Diagnostics (3)  

RAFF 6205      Regulatory Compliance (3) 



Electives: 
BME 4820   Anatomy and Physiology for Engineers (3)  

BME 4830            Introduction to Medical Imaging Methods (3) 

BME 6486   Clinical Medicine for Engineers (3)  

BME 6487            Rehabilitation Medicine Engineering (3) 

CS 4531  Computer Security (3) 

CS 4532  Information Policy (3) 

ECE 6565          Telecommunication Security (3) 

EMSE 6020  Decision Making with Uncertainty (3) 

EMSE 6765  Data Analysis for Engineers and Scientists (3) 

MAE 6204 Tissue Engineering (3) 

MAE 6238 Biomaterials (3) 
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integration 

reduction 

 Identifying the clinical determinants of the disease at bedside 
 
 Reproducing the symptoms of the disease in an animal model and 
identifying a potential therapy in this model 
 
  Evaluating the safety and efficacy of the therapy in clinical trails 






Jessica Bolker

  “... Many careers, labs and 
journals are built on the primacy of 
the fly, mouse and worm” 
  “But studying only a few 
organisms limits science to the 
answers that those organisms can 
provide” 
  “Disparities between mice and 
humans may help to explain why 
the millions of dollars spent on 
basic research have yielded 
frustratingly few clinical advances” 

http://www.nature.com.beckerproxy.wustl.edu/nature/journal/v491/n7422/full/491031a.html


Perrin: Nature, 507: 423-425, 2014  



 Jeff Robbins (Circ. Res., 2011): “What have we learned in the past 
20 years? Although the pace of data acquisition and subsequent 
definition of multiple signaling pathways, gene function, and normal 
and pathogenic mechanisms has been exhilarating, we cannot help 
but be humbled by the relatively tiny impact of these data on human 
health in general and cardiovascular disease specifically. Our “wet 
bench” advances have not, with rare exceptions, been translated to 
the bedside. Although this failure is due at least in part to our inability 
to effectively apply what we have learned to drug development, it 
also reflects remaining, serious deficits in understanding the 
mechanisms that drive cell and organ function.” 
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Spontaneous VF and 
sudden cardiac death. 
This figure shows a 
portion of a 24-h ECG 
recording from a 
patient who died a 
sudden cardiac death. 
The lines are separated 
by 1 minute.  
 
P.-S.Chen et al, 
Computerized 
mapping of fibrillation 
in normal ventricular 
myocardium,Chaos, 8: 
127-136, 1998 



An XVIII-century attempt at resuscitating a human patient by blowing smoke into the rectum and applying electric 
stimulation to the chest cavity. Courtesy of Wood Library-Museum of Anesthesiology, Park Ridge, Illinois.  





“…Twenty minutes had at least elapsed before he could apply the shock, which he gave to various parts of 
the body without any apparent success; but at length, on transmitting a few shocks through the thorax, he 
perceived a small pulsation; soon after the child began to breathe, though with great difficulty. In about ten 
minutes she vomited. A kind of stupor remained for some days; but the child was restored to perfect health 
and spirits in about a week”. 

Apresentador
Notas de apresentação
Apparatus as shown in Kite's An Essay on the Recovery of the Apparently Dead (London, 1788). An electrostatic generator charges a Leyden jar capacitor, which can discharge its accumulated electrical energy through the electrodes below. Energy will build up until the voltage is high enough to jump the spark gap ab. In 1788 Charles Kite, a member of the Royal Humane Society of London (an organization devoted to salvaging persons seemingly dead) described the use of electricity to revive a three-year-old child who was taken for dead after falling out of a window. An "apothecary" was sent for, who could do nothing; then electrical resuscitation was attempted by a Mr. Squires, who with the consent of the parents, very humanely tried the effects of electricity. Twenty minutes had at least elapsed before he could apply the shock, which he gave to various parts of the body without any apparent success; but at length, on transmitting a few shocks through the thorax, he perceived a small pulsation; soon after the child began to breathe, though with great difficulty. In about ten minutes she vomited. A kind of stupor remained for some days; but the child was restored to perfect health and spirits in about a week. Kite comments: Do [these examples] not plainly point out, that electricity is the most powerful stimulus we can apply? ... And are we not justified in assuming, that if it is able so powerfully to excite the action of the external muscles, that it will be capable of reproducing the motion of the heart, which is infinitely more irritable, and by that means accomplish our great desideratum, the renewal of the circulation? (I myself feel that given the length of time to apply the stimulus, Kite was managing cardioversion at best; but that's a pretty good best for 1788. - ERK) 



Apresentador
Notas de apresentação
Apparatus as shown in Kite's An Essay on the Recovery of the Apparently Dead (London, 1788). An electrostatic generator charges a Leyden jar capacitor, which can discharge its accumulated electrical energy through the electrodes below. Energy will build up until the voltage is high enough to jump the spark gap ab. In 1788 Charles Kite, a member of the Royal Humane Society of London (an organization devoted to salvaging persons seemingly dead) described the use of electricity to revive a three-year-old child who was taken for dead after falling out of a window. An "apothecary" was sent for, who could do nothing; then electrical resuscitation was attempted by a Mr. Squires, who with the consent of the parents, very humanely tried the effects of electricity. Twenty minutes had at least elapsed before he could apply the shock, which he gave to various parts of the body without any apparent success; but at length, on transmitting a few shocks through the thorax, he perceived a small pulsation; soon after the child began to breathe, though with great difficulty. In about ten minutes she vomited. A kind of stupor remained for some days; but the child was restored to perfect health and spirits in about a week. Kite comments: Do [these examples] not plainly point out, that electricity is the most powerful stimulus we can apply? ... And are we not justified in assuming, that if it is able so powerfully to excite the action of the external muscles, that it will be capable of reproducing the motion of the heart, which is infinitely more irritable, and by that means accomplish our great desideratum, the renewal of the circulation? (I myself feel that given the length of time to apply the stimulus, Kite was managing cardioversion at best; but that's a pretty good best for 1788. - ERK) 



AC defibrillation 

C.S. Beck, W.H. Pritchard, H.S. Feil, 
Ventricular fibrillation of long duration abolished by electric shock. 
JAMA. 135: 985, 1947 



Paul M. Zoll (1911-
1999)  

Zoll PM, Linenthal AJ, Gibson W, Paul M, Norman LR.  
Termination of Ventricular Fibrillation in Man by Externally Applied 
Electrical Countershock. New Eng J Med 1956; 254: 727-732. 



Michel Mirowski, 1924-1990 

  Mirowski M, Mower MM, Staewen WS, Tabatznik 
B, Mendeloff AL. Standby automatic defibrillator: 
An approach to prevention of sudden coronary 
death. Arch Intern Med. 1970; 126:158-161. 
  Schuder JC, Stoeckle H, Golg JH, et al. 
Experimental ventricular defibrillation with an 
automatic and completely implanted system. 
Trans Am soc Artif Organs. 1970; 16:207-212. 
  Mirowski M, Reid PR, Mower MM, Watkins L, 
Gott VL, Schauble JF, Langer A, Heilman MS, 
Kolenik SA, Fischell RE, Weisfeldt ML. 
Termination of malignant ventricular arrhythmias 
with an implanted automatic defibrillator in human 
beings. N Engl J Med. 1980; 303:322-4. 

Apresentador
Notas de apresentação
Reproduced results of Prevost and Batelli, stimulating interest to defibrillation



Dr. Beck’s defibrillator 1947 
Automatic Implantable Cardioverter Defibrillator (ICD) 



Drug therapy: none 

Pacemakers: low-definition 

Device failure 














Antiarrhythmic drugs: limited options 

Ablation: in progress of development 

Implantable defibrillator therapy: effective but side effects 









Antiarrhythmic drug therapy: efficacy 15% and side effects 

Ablation: high recurrence, less effective in persistent 

Implantable device therapy: none, too painful 









 

Ripplinger et al, 2008 



Monophasic shock                    Biphasic shock 
Efimov et al, 1998 









Tereshchenko et al,  JACC, 2009 

Apresentador
Notas de apresentação
Transient LIC on bipolar NF RV EGM after induced VF rescue ICD shock is associated with increased risk of CHF progression



Ripplinger, 2009 



Ripplinger, 2009; Li, 2009 

1MP Max vs Min:  
7.8 ± 1.9 vs. 4.1 ± 1.6 V/cm 

 
1BP Max vs Min:  
8.6 ± 1.7 vs. 3.7 ± 1.9 V/cm 



Li W, Ripplinger CM, Lou Q, Efimov IR. Multiple monophasic shocks improve electrotherapy of ventricular tachycardia in a rabbit model 
of chronic infarction. Heart Rhythm (2009) 6:1020-1027. 

Multiple Shocks Terminate VT With Lower 
Field Strength Than a Single Shock In an ex 

vivo Rabbit Model 

Apresentador
Notas de apresentação
External field can create excitation at heterogeneity,  thereby, unpin reentry.  Once unpinned, Antitachycardia pacing can be used effectively to annihilate the wavefront.



Janardhan et al, JACC, 2012 



 Peak shock voltage was 7.2 ± 6.9 V versus 137.7 ± 43.8 V for a single BP shock. 
 Mean DFT was 0.03 ± 0.05 J versus 2.37 ± 1.20 J for a single BP shock. 



Cardioversion of Atrial Fibrillation (AF) to sinus 
rhythm using a single high-energy external shock 
remains a mainstay of therapy for symptomatic 
patients. 

 External cardioversion is painful, necessitating costly 
anesthesia and careful peri-procedural patient 
monitoring. 

 Previous attempts to develop an implantable atrial 
cardioverter fell out of favor due to the pain 
associated with internal cardioversion (3-6 J). 

Geller et al., 2003. Eur Heart J. 



Ambrosi, HRJ, 2011 



Ambrosi, HR, 2011 



Vagus nerve Cuff electrode 

SVC disk 
electrode 

RAA disk 
electrode LAA disk electrode 

Three vectors: 

• SVC--CSd;  

• LAA-CSp;  

• RAA--LAA 

Li, Circ AE, 2012 



Stage 1: UNPINNING 
Stage 3: ANNIHILATION 

Stage 1: UNPINNING 
Stage 2: ANTI-REPINNING 

Stage 3: ANNIHILATION 

Stage 1: UNPINNING 

Multi-Stage Therapy 

Li, Circ AE, 2012 



ST1           ST1+3      ST1+2+3 
Li, Circ AE, 2012 

Apresentador
Notas de apresentação
LEAP



Test the Three-Stage Electrotherapy in a more 
clinically relevant model of AF. 

 Develop chronic atrial high rate pacing (HRP) 
canine model of AF.   

Develop a transvenous lead system to deliver 
this therapy.  

Limitations: acute AF, open chest configuration 



Implant high rate pacing device (MDT Entrust ICD with HRP software, 
connected to MDT 5096 pacing lead). 

Implant three defibrillation coils connected to subcutaneous button 
electrodes (RAA, CS, LPA).  
Janardhan, JACC, 2014 



LVD in a canine model of Persistent AF 

WEEK 4+: Defibrillation Study 
1. Intubation, mechanical ventilation with isoflurane 
2. Determination of AERP, Ventricular Shock Excitation Threshold 

(SET) via each vector 
3. AF induction via 50 Hz burst pacing 
4. Evaluation of defibrillation electrotherapies for termination of AF 

Janardhan, JACC, 2014 



Significantly lowers the atrial defibrillation threshold compared to a single biphasic shock in a canine 
model of persistent AF: 0.16 ± 0.02 J vs 1.48 ± 0.15 J (p<0.001) or 33.5 ±2.5 V vs 164 ±5.5 V 
(p<0.001).  
Can be delivered through a transvenously implanted lead system. 
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Sulkin M S et al. Am J Physiol Heart Circ Physiol 2013; 305: H1569-
H1573 



Sulkin M S et al. Am J Physiol Heart Circ Physiol 2013; 305: H1569-
H1573 



Sulkin M S et al. Am J Physiol Heart Circ Physiol 2013; 305: H1569-
H1573 



Xu et al, Nature Communications, 2014 



Xu et al, Nature Communications, 2014 



Xu et al, Nature Communications, 2014 



Xu et al, Nature Communications, 2014 



Xu et al., Adv. Mater., 2015 

Apresentador
Notas de apresentação
Figure 1. (a) Image of a representative device integrated on a Langendorff-perfused rabbit heart. White arrows highlight functional components. (b) Side view image. (c) Schematic exploded view illustration of device structures and functional components. Lizhi Xu, Sarah R. Gutbrod, Yinji Ma, Artin Petrossians, Yuhao Liu, R. Chad Webb, Jonathan A. Fan, Zijian Yang, Renxiao Xu, John J. Whalen III, James D. Weiland, Yonggang Huang, Igor R. Efimov, and John A. Rogers. Materials and Fractal Designs for 3D Multifunctional Integumentary Membranes with Capabilities in Cardiac Electrotherapy. Adv. Mater. subm. 2014.  



Xu et al., Adv. Mater., 2015 

Apresentador
Notas de apresentação
Figure 2. (a-c) Optical images (left) and FEA results of the distribution of maximum principal strain (right) of a representative device (a) in the undeformed state, (b) with 20% uniaxial stretching in the horizontal direction, and (c) with 15% biaxial stretching. The insets show magnified views of the fractal electrode. (d) FEA results of the stress-strain relation of the elastomer membrane and the 3D-MIM.Lizhi Xu, Sarah R. Gutbrod, Yinji Ma, Artin Petrossians, Yuhao Liu, R. Chad Webb, Jonathan A. Fan, Zijian Yang, Renxiao Xu, John J. Whalen III, James D. Weiland, Yonggang Huang, Igor R. Efimov, and John A. Rogers. Materials and Fractal Designs for 3D Multifunctional Integumentary Membranes with Capabilities in Cardiac Electrotherapy. Adv. Mater. subm. 2014.  



Xu et al., Adv. Mater., 2015 

Apresentador
Notas de apresentação
Figure 3. (a) SEM image of a fractal electrode. (b) SEM image of the surface of Pt-Ir alloy coating. (c) SEM image of the surface of PEDOT:PSS coating. (d) Bode magnitude plot of electrochemical impedance spectroscopy (EIS) data for Au base electrode and nano-textured Pt-Ir alloy coated electrode. (e) Bode magnitude plot of EIS data for Au base electrode and PEDOT:PSS coated electrode. (f) Bode phase lot of EIS data for Au base electrode, nano-textured Pt-Ir alloy coated electrode and PEDOT:PSS coated electrode.Lizhi Xu, Sarah R. Gutbrod, Yinji Ma, Artin Petrossians, Yuhao Liu, R. Chad Webb, Jonathan A. Fan, Zijian Yang, Renxiao Xu, John J. Whalen III, James D. Weiland, Yonggang Huang, Igor R. Efimov, and John A. Rogers. Materials and Fractal Designs for 3D Multifunctional Integumentary Membranes with Capabilities in Cardiac Electrotherapy. Adv. Mater. subm. 2014.  



Xu et al., Adv. Mater., 2015 

Apresentador
Notas de apresentação
Figure 4. (a) A representative epicardial electrogram recorded with a PEDOT:PSS electrode. (b) Activation maps created from optical signals on one side of the epicardium during a sinus beat (left) and immediately following a 50V shock (right) from a Langendorff-perfused rabbit heart.  (c) Virtual electrode pattern and representative traces from the virtual anode and the virtual cathode illustrating the effect of a 50V shock applied across the heart from the device. The electrode used shown in the field of view is highlighted in white. (d) Left: Positions of the temperature sensors/heater (white boxes) and the steady-state temperature distribution on the epicardium obtained by FEA. Right: steady-state temperature recordings from each of the temperature sensors/heater by experiment.  Lizhi Xu, Sarah R. Gutbrod, Yinji Ma, Artin Petrossians, Yuhao Liu, R. Chad Webb, Jonathan A. Fan, Zijian Yang, Renxiao Xu, John J. Whalen III, James D. Weiland, Yonggang Huang, Igor R. Efimov, and John A. Rogers. Materials and Fractal Designs for 3D Multifunctional Integumentary Membranes with Capabilities in Cardiac Electrotherapy. Adv. Mater. subm. 2014.  
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Rudy et al, Nature Medicine, 10:422-428, 2004; PNAS  2006;103:6309-6314.  



Haissaguerre M et al. Circulation. 2014;130:530-538 



Haissaguerre M et al. Circulation. 2014;130:530-538 





Trayanova NA, IEEE Spectrum, 
2014 



Trayanova NA, IEEE Spectrum, 
2014 



Trayanova NA, IEEE Spectrum, 
2014 





Xu et al, Nature 
Communication, 2014 



Medical imaging provides high-resolution 
organ anatomy as an input for 3D 
printing of device manufacturing 

Stretchable/flexible electronics platform 
offers numerous sensors and actuators 
for high definition diagnostics and 
therapy 

Energy harvesting offers the power 

Transient electronics technology offers 
biodegradable device approach 

New devices will address metabolic, 
electrical and mechanical dysfunction 
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