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!  Heart failure remains one of the largest medical problems of our 
time. 

!   It is a very costly disease, and in 2010, its total cost in the United 
States alone was estimated to be $39.2 billion.  

!  Close monitoring is crucial and can be done through a whole 
spectrum of modalities and systems.  

!  This monitoring ranges from a nurse-based disease management 
program, to structured telephone support, to remote or 
telemonitoring with or without the use ICD or ICD CRT 



 
Early detection of worsening heart failure by a monitoring implant 
could enable pre-emptive medical intervention and improve 
outcomes beyond those achieved with stand-alone implantable 
devices.  
 
Early diagnosis and intervention may play a crucial role in 
minimizing major cardiovascular events and reducing 
hospitalizazion 
 



Hospitalization ER 
visit  Urgent Care 

Worsening 
Symptoms or 

Weight 
Change 

Euvolemia 
Stable NYHA 

Class 

Filling Pressures 
Increase 

Sympathetic Activation  

Stable NYHA Class 
Change in Impedance 

Days > 30 -21 to -7 -6 to -2 0 to 5  

Pulmonary congestion is difficult to recognize in its early stages of 
development because of the late appearance of symptoms before 

hospitalization 

Acute HF event prevention 

Proactive phase Reactive phase B. Adamson, 2006 Supp Card. Medicine 



Classification of HF Monitoring Systems 

HF Monitoring Systems 

Invasive Systems 

Non-Invasive Systems 

 
 

Longitudinal Predictors 

Baseline/Cross-sectional  
predictors 



Invasive monitoring system 

Invasive variables 
 
 
Pulmonary artery  pressure     Daily  Automatic(with PTS              

      operated interrogation) 
 
Left atrial pressure                    Daily          Automatic 
 
Impedence         Daily          Fully automatic 
 
Detection of life-threatening 
Arrhythmias in addition to       Daily  Automatic   
Atrial fibrillation or  
Ventricular Tachicardia 
 
 



Lancet, 2011; 377: 
658-666 - CHAMPION 

Trial 

The use of pulmonary 
artery pressure 
measurement system has 
been shown to significan 
tly reduce risk of heart 
failure hospitalization in 
a large randomized 
controlled study 
 



Lancet, 2011; 377: 658-666_CHAMPION Trial 

Invasive Monitoring 

Prospective, multicentre, single-blind, clinical trial undertaken in 64 
centers in the USA. 550 Pts with NYHA class III heart failure.  



Invasive Monitoring 

LAPTOP-HF is a prospective, multicenter, randomized, controlled  
clinical trial.  
It began enrollment in June 2010, and the completion of   
recruitment and follow-up  has been anticipated  in 2015 
 
730 Pts with NYHA class III.  Includes a HeartPOD 
implantable sensor lead (ISL) that measures the LAP waveform, 
core temperature, and the intracardiac electrogram (IEGM) 
 
  Journal of Cardiac Failure  

Vol. 21 No. 6 2015 



The primary safety end point 
is freedom from study related 
major adverse cardiovascular 
and neurologic events 
 
The primary effectiveness end 
point  is the reduction in the 
r e l a t i v e r i s k o f  H F 
hospitalization 

Journal of Cardiac Failure  
Vol. 21 No. 6 2015 



Invasive Monitoring 

Left Atrial Pressure  
monitors 

LAPTOP-HF  is supposed to 
provide essential information 
about the role of implantable 
LAP monitoring.  

Journal of Cardiac Failure  
Vol. 21 No. 6 2015 



Invasive monitoring system 

Invasive variables 
 
 
Pulmonary artery  pressure     Daily  Automatic(with PTS              

      operated interrogation) 
 
Left atrial pressure                    Daily          Automatic 
 
Impedence         Daily          Fully automatic 
 
Detection of life-threatening 
Arrhythmias in addition to       Daily  Automatic   
Atrial fibrillation or  
Ventricular Tachicardia 
 
 



Operation of algorithm for  
detecting decreases in 
impedance over time 

Circulation. 2005;112:841-848 



 Comparison of intrathoracic 
impedance at reference 
baseline and 1 day before 
admission for 24 
hospitalizations resulting from 
worsening heart failure in 9 
patients. 

Circulation. 2005;112:841-848 



 335 pts ICD/CRTD with 
OptiVol randomized 

 
 Primary endpoint was a 
composite of all-cause 

mortality and HF 
hospitalizations 



Recommender 
assessment 
frequency* 

Methods of measurement 

Non-invasive variables 
Systolic and diastolic blood pressure 
(mm HG) 

Daily By the patient (via device) 

Pulse rate (beats per min) Daily By the patient (via device) 

3-lead ECG Daily By the patient (via device), electrode 
placement needed 
 

Systolic time intervals Daily By the patient (via ECG) 

Heart-rate variability Daily By the patient (via ECG) 

Bodyweight (kg) Daily By the patient (via device) 

Blood glucose Individually By the patient (via device with blood sample) 

Plasma concentrations of natriuretic 
peptides 

Weekly-monthly By the patient (via device with blood sample) 

Oxygen saturation In case of emergency By the patient (via device) 

Variables derived by acoustic 
cardiography 

Daily By the patient (via device) 

Self-administered questions Daily-monthly By the patient (device-administered 
questionnaire [ie, device asks the questions]) 



Classification of HF Monitoring Systems 

HF Monitoring Systems 

Invasive Systems 

Non-Invasive Systems 

 
 

Longitudinal Predictors 

Baseline/Cross-sectional  
predictors 



Baseline predictors:  
Seattle Heart Failure Model  (SHFM) 

A number of predictive models are currently available stratifying the 
risk of wHF and death as functions of clinical and demographic 
characteristics.* 
One of the most recent and accurate is the SHFM.** 
It essentially receives clinical and demographic data as input : 

! Age and gender;  NYHA Class; Ejection Fraction (LVEF) 
! Ischemic aetiology; Systolic pressure 
! Therapy (including implantable cardiac devices, PM, ICD, 

CRT)  
! Haemoglobin,  lymphocytes, uric acid, cholesterol, and 

serum sodium 
And returns a numerical score between -1 (best prognosis) and 4 

(worst prognosis).  
* Nutter AL, et al. Evaluation of 6 prognostic models used to calculate mortality rates in elderly heart failure 
patients with a fatal heart failure admission. Congest Heart Fail. 2010; 16(5):196-201 
** Levy WC, et al. The Seattle Heart Failure Model: prediction of survival in heart failure. Circulation. 
2006; 113(11): 1424-1433. 



Baseline predictors:   
SHFM Model 

"  To calculate the SHFM score, each single variable is 
multiplied by its coefficient β (log odd ratio) as estimated from 
a 1125 patient cohort of the PRAISE1 trial. 

"  Once the score is computed, survival at time t (=1 year, 2 
year, ...) is given by 

"  Where λ  is 0.0405 /year as estimated with PRAISE1 cohort 

SHFM score = β1x1  + β2x2 + ... + βnxn  

Survival(t)  = exp[λ × t  × exp(SHFM score)] 



SHFM Model 

Pacing Clin Electrophysiol. 2011 Nov 6. doi: 10.1111/j.1540-8159.2011.03258.x. [Epub ahead of print] 



Longitudinal  Indicators 

–  Mean Heart Rate –    1.8% increased risk of wHF per                                                   
 1 bpm increase of mean heart 
 rate 

–  Atrial Arrhythmias –  Well assessed predictor 
of wHF 

–  PVC frequency –  Associated with 5.5-fold 
increased risk of cardiovascular 
death 

–  Exercise and daily 
activity 

–  Inability to maximal exercise 
for at least 4 minutes predicts 
death and wHF 

–  Heart Rate variability –  HRV reduction is associated 
with wHF 

–  Thoracic Impedance –  60% Positive Predictive Value 



Longitudinal  Indicators 
Accuracy of HF prediction is still poor 

"  Despite such long list of HF 
predictors, 7% to 26% of CRT 
patients are hospitalized for 
worsening Heart Failure (wHF) 
every year1,2 

"  This is mainly due to 

–  Limited predictive value of 
single pieces of diagnostic 
information 

–  Periodic, non-continuous 
monitoring of wHF indicators 

26%

74%

Proportion of patients  
hospitalized every year 

1, Bristow MR, et al.  Cardiac-Resynchronization Therapy with or without an Implantable 
Defibrillator in Advanced Chronic Heart Failure. N Engl J Med  2004; 350: 2140-2150. 

2. Cleland JGF, et al. The Effect of Cardiac Resynchronization on Morbidity and Mortality in Heart 
Failure. N Engl J Med 2005; 352: 1539-49 



Prospective, multicenter study in patients receiving cardiac 
resynchronization therapy (CRT) implantable cardioverter-
defibrillators (694 pts, FU 12 months) evaluating the ability of 
combined HF device diagnostics to dynamically risk-stratify patients 
for HF events over set time intervals 



 Partners Study 

Partners: Program to Access and Review Trending Information and Evaluate Correlation to Symptoms in Patients with HF; D.J. Whellan (Department of Medicine, Jefferson 
Medical College, Philadelphia, Pennsylvania) 

Diagnostic Risk Assessment: the 
algorithm was considered positive if a 
patient had 2 of the following 
abnormal criteria during a 1-month 
period 



Partners Study 

 Patients with a combined HF diagnostic algorithm had 5.5 fold ↑risk 
of HF event within 30 days  

 

Partners: Program to Access and Review Trending Information and Evaluate Correlation to Symptoms in Patients 
with HF; D.J. Whellan (Department of Medicine, Jefferson Medical College, Philadelphia, Pennsylvania) 

Increasing the frequency of reviewing 
the HF device diagnostics from 

quarterly to monthly will 
substantially increase the ability to 

identify patients at higher risk, 
whereas changing from monthly to 

semimonthly provides a   
notable increase. 



Mean ventricular HR and 
mean ventricular HR at 

rest 

Level of activities 

VPB /h 

% CRT stimulation  

Heart Rate Variability 

AF  Burden 

  Left ventricular 
capture 

Home Monitoring®   
parameters predictors of heart failure 

Current remote monitoring technology (Home Monitoring) allows 
daily sampling of most longitudinal predictors  

Pulmonary fluid 
accumulation 

sensor 



Combining predictors and highly performing  
Remote Monitoring 

"  The key to success lies in the combinations of  

Longitudinal 
predictors 

Automatic 
Remote 

monitoring  
with high 

(daily)  
sampling rate 

Cross-
sectional  
predictors 
(SHFM) 



SELENE HF 
Selection of potential predictors of worsening  

Heart Failure 

BIO.DETECT HF IV



SELENE HF  
Sample size and  
study duration 

!  Event-driven Study, collecting 50 primary 
endpoint events 

!  625 subjects to enroll, including dropouts 

!  enrollment period: of 3 years  

!  overall study duration: 4 years (expected 
mean follow-up period: 1 year). 

BIO.DETECT HF IV



SELENE HF  
Objectives 

– Primary endpoint 

" First HF-related hospitalization 

– Secondary endpoint 

" A composite of  
– death for worsening HF,  
– hospitalizations  for worsening HF,  
– acute interventions for worsening HF. 

BIO.DETECT HF IV



SELENE HF  
Inclusion Criteria 

 
! Subjects who have already received and ICD and/or CRT-D 

therapy within 12 months before study participation 

! LVEF ≤ 35%; 

! NYHA Class II or III Heart Failure; 

! Men and women 18 years of age or older; 

! Understand the nature of the procedure; 

! Give written informed consent 

BIO.DETECT HF IV



SELENE HF  
Exclusion Criteria 

! No indication or contraindication for ICD or CRT-D therapy; 

! Permanent AF; 

! NYHA Class IV Heart Failure; 

! Subjects with irreversible brain damage from preexisting 
cerebral disease; 

! Subjects with acutely decompensated heart failure; 

! Expected heart transplantation within next six months or 
planned cardiac surgery within next 3 months, or life 
expectancy less than six months. 

! Unstable geographical residence and/or GSM-free residence; 

BIO.DETECT HF IV



SELENE HF 
 Study  procedures 

!  Patients will be stratified according the baseline 
indexes (SHFM score) 

!  wHF hospitalizations will be documented  

!  HF monitor trends will be correlated with wHF 
hospitalization episodes 

!  Remote Monitoring trends related wHF will be 
blinded to Investigators but collected by nurses 

BIO.DETECT HF IV



Future HF Hemodynamic sensors 

–  The intracardiac impedance is directly correlated 
with hemodynamics and has been implemented in 

new generation CRT-D devices 

SELENE HF 
IntraCardiac Impedance 



SELENE HF  
Future HF Hemodynamic sensors 

Systole Diastole 

SV 

S
Z

 

Positive correlation 
between impedance 
and systolic volume 

LVEDV 

ED
Z

 

Impedance Impedance 

Inverse correlation 
between impedance and 

diastolic volume 



Studio SELENE HF 
Selection of potential predictors of  

worsening Heart Failure.  
"  Steering Committee 

–  G. Botto, Como 
–  L. Calò, E. De Ruvo, Roma 
–  Maria Rosa Costanzo, Neperville IL 

(US) 
–  A. Curnis, L. Bontempi, Brescia 
–  A. D'Onofrio, Napoli 
–  E. Gronda, Milano 
–  L. Padeletti, Firenze 
–  R. Ricci,  Roma 
–  G. Sinagra, M. Zecchin, Trieste 
–  A. Vado, Cuneo 
–  G. Zanotto, Legnago 

"     Adverse Event Advisory Board  
 

BIO.DETECT HF IV



Adverse Event Advisory Board  
(AEAB) 

AEAB members : 
Giuseppe Boriani, Bologna, chairman 
Emanuele Bertaglia, Padova, primary adjudicator 
Ennio Pisanò, Lecce, primary adjudicator 
 

AEAB responsibility: 
AEAB  is   in  charge  of  adjudicating  ( serious)  adverse  
events  which  are  associated  with  the following primary and 
secondary endpoints:   

Primary endpoint:  first  HF-related hospitalization   
Secondary  endpoint:   a  composite  of  death  for  
worsening  HF,  hospitalizations  for worsening HF, acute 
interventions for worsening HF.  

BIO.DETECT HF IV



Selene HF Study 
Analysis purpose  

–  A multivariate logistic analysis will be implemented 
modelling the log-odd-ratio of first HF hospitalizations as 
a function of proper transformations (f k) of the HM 
variables, and adjusting with the baseline characteristics 
(SHFM score). 

–  HF Monitor trends will be blinded to Investigators and to 
Event Adjudication Board. 

–  HF remote Monitor Trends will be reviewed and analyized 
off-line basing on a Varying Time Windows Model 

BIO.DETECT HF IV



Logistic model in  
Selene HF Study 

–  where 
! P is the probability of the primary endpoint event 

(first wHF-related hospitalization) 
! xk HF Monitor variables (mean heart rate, daily 

activity, AF burden, etc.) 
!  fk suitable transformations to be applied during 

analysis 
! α, βk, γSHFM regression coefficient estimating the 

log odd ratios associated with each covariate. 
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BIO.DETECT HF IV



Time window model BIO.DETECT HF IV



Home Monitoring trends  
of HF related variables 



P < 0.05* 

Worsened 

Improved / 
Unchanged 

(n = 333) (n = 331) 

81.1% 
72.5% 

18.9% 27.2% 

Conventional HM 

Reduction of worsening of 
clinical status 

Lancet 2014; 384:583-90 



10 deaths (3.4%) 

27 deaths (8.7%) 

all-cause Mortality  
after 12 months 



Conclusions 
!  Remote control is becoming part of routine HF patient follow-up 

management. 

!  The clinical benefit of RM on HF treatment is the objective of 
current research. 

!  Several HF-related indexes are currently available remotely on 
daily basis but an isolated piece of information have a limited 
predictive value 

 
!  A proper combination of more  variables and their 24-hour 

sampling may allow developing a combined HM diagnostic 
algorithm to effectively predict HF worsening within given time 
windows. 

 



Conclusions 

!  Large prospective trials are needed to achieve this 
objective 

!  The upcoming Selene HF Study will be a large 
prospective trial combining several cross-sectional and 
longitudinal HF predictors with current Remote 
Monitoring technology. 
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Invasive Monitoring 

"  The use of pulmonary artery 
pressure measurement system 
has been shown to 
significantly reduce risk of 
heart failure hospitalization in 
a large randomized controlled 
study (CHAMPION) 

Abraham WT et al. Lancet, 2011; 377: 
658-666_CHAMPION Trial 



Baseline predictors:  
Seattle Heart Failure Model  SHFM 

A number of predictive models are currently available stratifying the 
risk of wHF and death as functions of clinical and demographic 
characteristics.* 
One of the most recent and accurate is the SHFM.** 
It essentially receives clinical and demographic data as input : 

#  Age and gender 
#  NYHA Class 
#  Ejection Fraction (LVEF) 
#  Ischemic aetiology 
#  Systolic pressure 
#  Therapy (including implantable cardiac devices, PM, ICD, 

CRT)  
#  Haemoglobin,  lymphocytes, uric acid, cholesterol, and serum 

sodium 
And returns a numerical score between -1 (best prognosis) and 4 (worst 
prognosis).  
* Nutter AL, et al. Evaluation of 6 prognostic models used to calculate mortality rates in elderly heart failure patients with a fatal heart failure 
admission. Congest Heart Fail. 2010; 16(5):196-201 
** Levy WC, et al. The Seattle Heart Failure Model: prediction of survival in heart failure. Circulation. 2006; 113(11): 1424-1433. 



Classification of HF Monitoring Systems 

HF Monitoring Systems 

Invasive Systems 

Non-Invasive Systems 

 
 

Longitudinal Predictors 

Baseline/Cross-sectional  
predictors 



!  Whellan et al. (2010) showed that 
!  Combining more longitudinal predictors and 
!  Within narrow evaluation periods 

!  Predictive power remarkably increases  

* Whellan DJ, et al. Combined heart failure device diagnostics identify patients at higher risk of subsequent 
heart failure hospitalizations: results from PARTNERS HF (Program to Access and Review Trending 
Information and Evaluate Correlation to Symptoms in Patients With Heart Failure) study. J Am Coll 
Cardiol. 2010; 55(17): 1803-10. 



"  Advances in telecommunication technologies 
have created new opportunities to provide 
telemedical care as an adjunct to medical 
management of patients with heart failure. 

"  The mainstay of telemedicine is early detection 
of disease deterioration and prompt medical 
intervention. 

"  The key to success of this approach is the 
predictive value of the monitored variables. 



Invasive Monitoring 

"  Implantable cardiac devices with telemedical features 
can remotely monitor 
–  device function and usage in heart failure,  
–  ICD shocks and status of batteries 
–  changes in various physiological variables, such as 

heart rate, heart rate variability, atrial fibrillation, 
physical activity… 



Telemonitoring of HF: 
misleading messages 

New Engl J Med 2010; 363: 2301-2309 



Telemonitoring of HF: 
misleading messages 

Chadhry SI, et al. 
New Engl J Med 
2010; 363: 2301-2309 

1653 patients were enrolled 
 from 2006 through 2009 



Telemonitoring of HF: 
misleading messages 

Chadhry SI, et al. 
New Engl J Med 
2010; 363: 
2301-2309 



Telemonitoring of HF: 
misleading messages 

Chadhry SI, et al. 
New Engl J Med 
2010; 363: 2301-2309 



Telemonitoring of HF: 
misleading messages 

We found no reduction in the risk of readmission or death 
from any cause with telemonitoring as compared with usual 
care 
 
There were no reductions in the risk of hospitalization 
for heart failure, the number of days in the hospital, or                
the time to readmission or death 
 
In summary, a telemonitoring strategy failed to provide a 
benefit over usual care in a setting optimized for its use. 



Heart Failure Monitor 
 
Monitoring  parameters predictors  of heart  failure 

!     % stimulation CRT: monitors  the delivery of CRT therapy  

!    HR Variability : information about the neurohumoral status 

!    Mean ventricular rate and PVC/h: predictor of hospitalization                                        
 and mortality 1-4  

!    AF Burden: quickly identifies this dangerous co-morbidities 5-6  

!    Level activities: identifying the patient's activity and the quality                                            
 of life 

1) Lechat P. et al, Circulation. 1997 Oct 7; 96 (7): 2197–205. 
2) Kannel WB. et al, Am Heart J. 1987 Jun; 113 (6): 1489–94. 
3) Lechat P. et al, Circulation. 2001 Mar 13; 103 (10): 1428–33. 
4) Madsen BK. et al, Int J Cardiol. 1997 Jan 31; 58 (2): 151–62. 
5) Opasich C. et al, Am J Cardiol. 2001 Aug 15; 88 (4): 382–7. 
6) Middlekauff HR. et al, Circulation. 1991 Jul; 84 (1): 40–8. 



Thoracic Impedance 

SELENE HF 

BIO.DETECT HF IV



Intrathoracic impedance 



Intrathoracic impedance 

"  Despite IT has been estimated 60% 
sensitive with poor specificity, it may be 
an important wHF predictor if combined 
with other indexes and with 24-hour 
sampling RM trasmissions. 

*Vollmann D, Eur Heart J 2007 



Bio.Detect HF IV 
Objectives 

– Primary endpoint 
     First HF-related hospitalization 
 

– Secondary endpoint 
     A composite of  death for worsening HF,  

hospitalizations for worsening HF,  
acute interventions for worsening HF. 

BIO.DETECT HF IV



Impedance and stroke volume 
correlation r = 0.82 ± 0.16* 

Aorta Pressure 

ECG 

Impedance signal 

*Bocchiardo M, Europace, 2010 



AT/AF%

Day%and%Night%
HR%increase%

↓ Patient%
Activity%

AF%induced%HF%

�%%%
CRT%
 



Bio.Detect HF IV-SELENE HF Study. 
Objective 

Patients will be stratified according the baseline 
indexes (SHFM score) 
 
Remote Monitoring trends related HF Monitor trends 
will be blinded to Investigators and collected. 
 
wHF hospitalizations will be documented  
 
HF monitor trends will be correlated with  
wHF hospitalization episodes BIO.DETECT HF IV



Inclusion Criteria 

Inclusion 
! subjects who have already received and ICD and/

or CRT-D therapy within 12 months before study 
participation. 

! LVEF ≤ 35%; 
! NYHA Class II or III Heart Failure; 
! Men and women 18 years of age or older; 
! Understand the nature of the procedure; 
! Give written informed consent 

BIO.DETECT HF IV



Exclusion Criteria 

Main Exclusion Criteria 
! No indication or contraindication for ICD or CRT-D 

therapy; 
! Permanent AF; 
! NYHA Class IV Heart Failure; 
! Subjects with irreversible brain damage from 

preexisting cerebral disease; 
! Subjects with acutely decompensated heart failure; 
! Expected heart transplantation within next six months 

or planned cardiac surgery within next 3 months, or 
life expectancy less than six months. 

! Unstable geographical residence and/or GSM-free 
residence; 

BIO.DETECT HF IV



Sample size and  
study duration 

!  Event-driven Study, collecting 50 primary 
endpoint events. 

!  625 subjects to enroll, including dropouts 

!  enrollment period: of 3 years 
!    
!  overall study duration: 4 years (expected mean 

follow-up period: 1 year). 

BIO.DETECT HF IV



Non-invasive Monitoring systems 

Anker SD, Koehler F, Abraham WT. Telemedicine and remote management of patients with heart 
failure.    Lancet 2011; 378: 731–39 



Invasive Monitoring 

"  Implantable haemodynamic 
monitors that can remotely 
monitor changes in intra 
cardiac or pulmonary artery 
pressures 

Pulmonary Artery Pressure 
Monitoring system: 

CardioMEMS sensor and 
transmitter 

Abraham WT et al. Lancet, 2011; 377: 
658-666_CHAMPION Trial 


