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Worsening Chronic Heart Failure:  

The Major Reason for Heart Failure Hospitalizations 

Worsening chronic 
heart failure (60-75%) 

De novo acute heart 
failure (25-30%) 

Advanced/ end-stage 
heart failure    (5%) 

Fonarow GC. Rev Cardiovasc Med. 2003; 4 (Suppl. 7): 21       (ADHERE) 
Cleland JG et al. Eur Heart J. 2003; 24: 442                        (Euro Heart Failure Survey) 

Despite optimal medical therapy plus CRT - high mortality rates and readmission with heart failure 

Opportunity for upstream strategies to detect 

early signs of deterioration & avert 

hospitalizations 
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Stevenson LE, ESC Congress, Paris, 2011 



Complex telemonitoring or a simple phone call,  

which is more effective in post-discharge heart failure management?  

HF hospitalization, HR 

(95% CI), p  

All-cause hospitalization, HR 

(95% CI), p  

All-cause mortality, HR 

(95% CI), p  

Monitoring 

technology  

0.77 (0.68-0.87), <0.0001 0.91 (0.84-0.97), 0.008  0.86 (0.75-1.00), 0.04  Telephone call  

1.03 (0.60-1.78), 0.91  1.18 (0.83-1.66), 0.35  0.70 (0.24-2.11), 0.53 Interactive voice 

recognition  

0.79 (0.67-0.94), 0.008  0.91 (0.84-0.99), 0.02  0.63 (0.51-0.77), <0.0001  "Complex" 

telemonitoring  

Clark RA, Inglis SC, McAllister FA, et al. Heart Failure Society of America 2011  Scientific Meeting;             

September 18-21, 2011; Boston, MA.  





Remote Monitoring Approaches 

• Symptoms, Blood Pressure, Weight 

• Implanted Device (CRT, ICD) Based Parameters 
(Intrathoracic Impedance) 

• Implanted Hemodynamic Monitors 

 

• Noninvasive Assessment of Congestion 

• Biomarkers 



Studies Based on Clinical 
Parameters 

 

Symptoms, Weight, Blood pressure 



TELE-HF STUDY 

Telephone-based Interactive Voice Response System 

Included 1653 pts recently hospitalized for HF  

Daily information on symptoms, weight 

N Engl J  Med 2010;363:230-2309 

Result: No difference in Deaths, Readmissions or Combined 

Parameter 



Koehler F, Circulation 2011;123:1873-1880 

TIM-HF Study 

- LVEF<35%+ HF hospitalization or LVEF<25% 

- 710 pts with stable CHF, NYHA II/III 

- Data collected: symptoms, weight, BP,  ECG 

- Automatically transmitted to telemedical center 

- Median follow up 26 months 



Koehler F, Circulation 2011;123:1873-1880 

TIM-HF Study 

Remote Telemedical Management 
had no effect on all cause 
mortality, cardiovascular death 
or hospitalization for HF 



Gheorghiade M et al. Eur J Heart Fail 2010;12:423-433 

Sensitivity of weight gain as low as 17-20% 

Sensitivity of weight gain as low as 17 -  20% 



Implanted Devices (CRT, ICD) 
Based Parameters  

Lung congestion starts about 2 weeks prior to symptoms 



Adamson PB et al. J Am Coll Cardiol. 2003; 41: 565 

Congestion Precedes Hospitalization 

Pressure Change Hospitalization 

Days Relative to the Event 

                Baseline           -7       -6     -5     -4      -3     -2    -1                             Recovery 
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Symptoms 

Onset 

 -3 d 

Days 

 -12.3% 

 -18.3 d 0 

Admission Impedance 

decrease 

Intrathoracic impedance: MIDHeFT 

Impedance reduction prior to admissions 

Decline in impedance preceded symptoms onset by 15.3 days (p<0.001) 

Yu CM et al, Circulation 2005;112:841-848 

N=33, NYHA III/IV 



DOT-HF trial primary endpoint  
all-cause mortality and HF hospitalization in 335 patients 
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DOT-HF trial components of primary endpoint 

all-cause mortality 
   19 in Access Arm 
   15 in Control Arm 

HF hospitalizations 
   60 in Access Arm (41 pts) 
   36 in Control Arm (24 pts) 
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Is There Light at the End  of the Tunnel?  The In-Time Trial 



In-Time Trial 

• Prospective, randomized, controlled, multicenter 
trial  

• 664 patients, mean age 66±9 years, with chronic 
heart failure lasting for 3 months or more, class II 
or III New York Heart Association (NYHA) 
symptoms 

• Reduced left ventricular ejection fraction (LVEF) of 
≤35% 

• With either CRT/D (59%) or ICD (41%)  

Hindricks G et al. ESC Congress, Amsterdam 2013 

IN-TIME: The Influence of Implant-Based Home Monitoring on the 
Clinical Management of Heart Failure Patients with an Impaired Left 

Ventricular Function 



Hindricks G et al. ESC Congress, Amsterdam 2013 



Hindricks G et al. ESC Congress, Amsterdam 2013 



Hindricks G et al. ESC Congress, Amsterdam 2013 



Hindricks G et al. ESC Congress, Amsterdam 2013 



Implanted Sensors/Hemodynamic 
Monitors 



Sensor Modalities for Heart Failure 
Monitoring 

Merchant FM, Singh JP. Circulation 2010;3:657-667 





Abraham WT, Lancet 2011;377:658-666 



HeartPOD, St Jude Medical Inc, Minneapolis, Minn, USA 



PAM 

Ritzema J et al. Circulation 2010;121:1086-1095 

(Patient Advisory Module) 

Homeostasis I&II  



Clinical Outcomes 

• Device was safe 

• Medications 

 - ACE inhibitors/ARBs uptitrated by 37% (p<0.001) 

 - beta blockers uptitrated by 40% (p<0.001) 

 - diuretics downtitrated by 27% (p=0.15) 

• NYHA class improved by 0.7 class (p<0.001)  

• LVEF%  increased by 7% (p<0.001) 

• Lower risk of admission due to ADHF (p=0.012)[32-96%]    

Ritzema J et al. Circulation 2010;121:1086-1095 

RESULTS 



Quo Vadis? 
Israel, the Promised Land of HF Devices  





Proprietary Information Proprietary Information 

Kyma’s mCor® 
Continuous Remote Monitoring of Thoracic Fluid 

Direct and accurate measurement of thoracic fluid & vital signs 

Based on a body-penetrating radar (electromagnetic) technology 

Provides early warning (5-7 days) of pulmonary congestion 

Trials 

Accuracy proven using Thermodilution as a reference 

Extensive clinical & preclinical trials in homes and in hospitals – 
RICU, Internal Ward, Day-Care, in Kaplan, Sheba & US healthcare facilities 

CE marked, FDA in process 

 



Sensible Medical Proprietary and Confidential Sensible Medical Proprietary and Confidential 

 

Remote Dielectric Sensing (ReDS) Technology 

 

 

 

Amir O, Abraham WT et al. Congest Heart Fail 2013;19:149-155 Abraham WT, ESC Congress Amsterdam 2013 



♥ NICaS measures changes of elect’ resistance in the arterial system, 

through two sensors arranged in a wrist-to-ankle configuration, and convert 

them to changes in quantities of blood 

♥ Stroke Volume, Cardiac Output, Total Peripheral Resistance and 

Total Body Water are calculated by proprietary algorithms 

♥ The Whole Body Impedance technology is unique and superior to any 

other, Thoracic based, Cardiac Output measuring technologies and the 

only technology that is within the boundaries of the FDA guidelines of 

bio-equivalence* 

Whole Body Impedance Cardiography 

Whole Body Impedance 
Measured by NICaS ∆R 

β α 

NICaS (Non Invasive Cardiac System) ability to accurately trend major vital signs 

inc. Stroke Volume, Cardiac Output, Total Peripheral Resistance and Total 

Body Water, in the community, enable to better manage CHF patients and keep 

them out of the hospital  

* O. Paredes et al: Impedance Cardiography for Cardiac Output Estimation, Circulation J. 2006; 70:1164-1168 



Detection of Lung Impedance (LI) was done to build a model of normal baseline Lung 

Impedance. M. Shochat. Eur J Heart Fail 2013;15: P 674 

Healthy 

Volunteers 

650 1. 

Preemptive treatment based on LI monitoring reduce in hospital and 6 years 

mortality. Correlation between serial chest X-rays and LI was r= - 0.9.  

M. Shochat. Cardiovasc Revasc Med. 2006;7:41-5. Intensive Care Med. 2006;32: 1214-

21. Acute Card Care. 2011;13:81-8. Am J Cardiol. 2012;110:190-6. 

Prediction and 

prevention AHF 

in course AMI.  

700 2. 

LI-guided preemptive treatment of CHF patients reduce re-hospitalization rate and 

mortality during mean 32 months treatment. M. Shochat. Eur Heart J. 2013;34: 

Evaluation of effectiveness in-hospital anti-congestion treatment by LI.. Eur Heart J. 

2013;34: P1506. 

CHF in 

outpatient clinic. 

230 3. 

Comparison of effectiveness BNP  and LI monitoring for prediction AHF 

hospitalizations in CHF patients. M. Shochat. Eur J Heart Fail 2013;15:P 939.  

CHF in 

outpatient clinic.  

120 4. 

Monitoring was done for proving the hypothesis that removal of fluid by dialysis 

Increase a Lung Impedance. Unpublished data. 

Severe CRF on 

hemodialysis.  

45 5. 

Direction of signal through the chest   

Employment of the device: 
 

1.Reduced AHF episodes after AMI. 

2.Reduced in-hospital and 6-years mortality after 

AMI. 

3.Reduced by 50% re-hospitalizations for AHF 

and by 40% HF Death in out of hospital setting in 

CHF patients. 



 CardioLogic Innovations Ltd. EIT is based on a 

proprietary  algorithm and technology of  

electrical signals processing and spatial 

reconstruction 

 Determines fluid levels in each lung  in isolation 

from other organs in the thorax (Conductivity) 

 Good correlation with pulmonary congestion in 

an animal model compared with  EV1000 

(Edward Lifescience) 

 Good correlation with clinically defined 

pulmonary congestion in pilot clinical studies   

Hospital & out 

patient clinic 

 

 

Add on module for 

implantable 

devices 

 

 

Home Monitor 
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Keren A. ICI 2013 Abstract 

Zlochiver et al. Congest Heart Fail. 2005 



HF-monitoring: Unmet Needs 

• Remote monitoring is a very promising technology 

• At that point in time we still do not know: 

–  Which are the best parameters to be monitored 

–  What are the best algorithms to avoid TMI (too much  
 information) and alter promptly therapies, if indicated  

– Who should be the receiver of the information & in 
charge of changes in Rx 

–   What is the appropriate Nurse : Patient ratio (NNNT-P) 

 



Thank you 


