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Parameters to predict
worsening of heart
failure
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Parameters to predict worsening of HF

Predictor for Publication

Occurrence of AF Short-Term 
Destabilization, 
HR=1,48

Opasich, Am J Cardiol 
2001, n=2701

Sudden Cardiac Death, 
p=0,013

Middlekauff, 
Circulation 1991, 
n=390

Occurrence of 
ventricular 
episodes           
( 4 VES)

Sudden Cardiac Death, 
p=0,025

Madsen, Int J Cardiol 
1997

Short-Term 
Destabilization, 
HR = 1,19

Opasich, Am J Cardiol 
2001, n=584

Sudden Cardiac Death, 
Pump Failure

Szabo, Eur Heart J 
1994, n=211



Parameters to predict worsening of HF

Predictor for Publication

Increase of mean 
heart rate

Increase of mortality Lechat, Circulation 
1997 (CIBIS), 
n=557 

Increase of mean 
heart rate at 
rest (MHRR)

Increase of 
cardiovascular 
mortality rate

Kannel, Am Heart J 
1987 
(Framingham)

Increase of MHRR 
by 1 bpm

1,5% increase of risk 
for all-cause-
mortality

Lechat, Circulation 
2001 (CIBIS II)

Increase of MHRR 
by 1 bpm

1,8% increase of risk 
for re-
hospitalisation 

Lechat, Circulation
2001, n=2539 



Concept of an early indicator to recognize
acute decompensated heart failure (ADHF)
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Key of HF Management: 
Early Detection of Subclinical Decompensation 

Advantages of Home Monitoring

• Monitors potential physiologic changes that occur prior to symptoms

• Automatic data collection, with no patient involvement



Extensive Heart Failure Diagnostics

Early detection of subclinical 
decompensation

• Mean heart rate daily/night

• Heart rate variability

• Patient activity

• Thoracic impedance (TI).

Monitoring potential triggers for 
decompensation

• Atrial burden, VT and VF

• Mean HR during atrial burden

• PVC/H

• CRT pacing percentage 

Early Detection and Monitoring



Evaluation of HM 
algorithms in HF patients
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Potential Benefit by
Home Monitoring



Major cardiovascular events were detected with a 
sensitivity of 65.4% and a specificity of 99.5% with the 
enhanced predictor

Basic five-parameter predictor* (sensitivity of 56.9%)

Enhanced seven-parameter predictor** (sensitivity of 65.4%)

All sensitivity values were 

calculated retrospectively for 

the target specificity of 99.5%.

*combinations of two, three and four parameters were made by adding the next best individual parameter
**sensitivities for two new parameters and for combination of all seven parameters

Sack S et al. Eur Heart Fail J 2011 



n = 694



Patient Case: Detecting Decompensation

• TI – thoracic impedance



Evaluation of efficacy and safety of remote

monitoring for ICD follow-up: the TRUST trial

Varma N et al. Circulation 2010:122:325-332



n.s.

p = 0.790
(n = 898) (n = 414)

(n = 414) (n = 898)

Control group –

conventional 

3-months

Follow up

8,7 9,1

Study group –

Remote control 

after 6, 9, 

12 months

Remote control with Home Monitoring are 

equal safe as conventional follow-ups*

Morbidity  

[%]

TRUST Trial

Varma N et al. Circulation 2010;122:325-332



TRUST Trial: Early detection.

Varma N et al. Circulation 2010;122:325-332



Medtronic Care Link

ICD/CRT-D

136 US centers

N = 1,997



In-Time Trial

• Randomized, controlled, 
international, multicenter

• 716 HF patients, 
36 investigational sites

– Inclusion criteria

• ICD indications 
(dual-chamber ICD, CRT-D)

• Chronic heart failure 
(≥ 3 months)

• NYHA Class II or III for 1 month 
prior to screening

• LVEF ≤ 35% within 3 months 
prior to screening

• Indication for therapy with 
diuretics

The Influence of Implant-Based Home Monitoring on the Clinical 

Status of Heart Failure Patients with an Impaired Left Ventricular 

Function 



CRT-D, ICD (DDD)

HM arm Control arm

In-Time: Study flow chart

Enrollment

Implantation

Discharge 

Randomization

(baseline)

Home Monitoring 

+ standard care
Standard care

Study termination

(12 months)

Run-in phase

(1 month)



Primary endpoint: Modified Packer 
Score

• Each patient is classified by the end of the study as:

• Worsened
• Unchanged
• Improved

Based on the following elements:

• Death

• Overnight hospitalization for worsening heart failure

• Favorable, unfavorable or no change in NYHA class

• Improvement, deterioration or no change in the patient’s global

self-assessment score



P < 0.05*

Worsened

Improved or 

unchanged

HM arm

(n = 333)

Control arm

(n = 331)

81.1%
72.5%

18.9%
27.5%

Modified Packer Score

* 2 test 

Average FU in HM arm: 11,0 ±2,6 months

Average FU in Control: 10,7 ±3,0 months

-30%



In-Time Trial: All-cause mortality
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HR: 0.356 (95% CI: 0.172–0.735)

Control arm

(27 deaths)
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p = 0.004

(Logrank test)

- 60% reduction



Guidelines:
HomeMonitoring With IN-TIME Approach

• ESC Heart Failure Guidelines mention specifically the IN-TIME approach to improve 
clinical outcome in HF patients



Truecoin Meta-Analysis
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Truecoin (TRUST, ECOST, IN-TIME)

New meta-analysis confirms and explains significant survival benefit for ICD/CRT-D 
patients with heart failure

Hindricks G, Varma N, Kacet S, Lewalter T, Søgaard P, Guédon-Moreau L, Proff J, Gerds T, Anker S, Torp-Pedersen C.; Daily 
remote monitoring of implantable cardioverter-defibrillators: Insights from the pooled patient-level data from three randomized 
controlled trials (IN-TIME, ECOST, TRUST); European Heart Journal 2017, doi:10.1093/eurheartj/ehx015



New Analysis Pooled Patient-level Data of 
IN-TIME, ECOST and TRUST Studies

Indication for ICD or 
CRT-D, heart failure (≥3 
months), NYHA class II 
or III, LVEF ≤35%

Pooled  patient-level data for 
death

n=2405

IN-TIME + ECOST+TRUST

Verifying the mortality findings 
of Parthiban et al. 2015

by using time-to-event analysis instead of the 
pooled odds ratio estimates

• All-cause death

In-TIME

Indication for ICD, not 

NYHA class IV

ECOST

Class 1 indication for 

ICD, not pacemaker 

dependent

TRUST.

Pooled patient-level data for 

adjudicated death and 

hospitalization

n=1078

IN-TIME + ECOST

Exploring mechanism of 

clinical benefit

by investigating further clinical endpoints that 

combine cause-specific death and 

hospitalizations

• CV death, 

• All-cause death or any hospitalisation, 

• All-cause death or CV hospitalisation, 

• All-cause death or worsening of heart 

failure (WHF) hospitalisation, 

• CV death or CV hospitalisation, and 

• WHF death or WHF hospitalisation

Hindricks G, Varma N, Kacet S, Lewalter T, Søgaard P, Guédon-Moreau L, Proff J, Gerds T, Anker S, Torp-Pedersen C.; Daily 
remote monitoring of implantable cardioverter-defibrillators: Insights from the pooled patient-level data from three randomized 
controlled trials (IN-TIME, ECOST, TRUST); European Heart Journal 2017, doi:10.1093/eurheartj/ehx015



Home Monitoring - Meta-analysis confirms and explains significant 
survival benefit for ICD/CRT-D patients with heart failure

• Home Monitoring is associated with a significant reduction of clinically relevant endpoints 

• This clinical benefit is mainly driven by “prevention of heart failure exacerbation”.

Main Clinical Results

• Hindricks G, J. Proff, N. Varma, S. Kacet, T. Lewalter, P. Sogaard, L. Guedon-Moreau, TA. Gerds, SD. Anker

• Daily remote monitoring of implantable cardioverter-defibrillators: Pooled individual patient data from IN-TIME, ECOST, 

and TRUST trials suggest a mechanism of clinical benefit, ESC Congress 2016, Rome

Clinical endpoint
(at 12 months)

relative 
risk reduction

absolute 
risk reduction

All-cause mortality 38% 1.9% p<0.05

All-cause mortality or WHF 
hospitalization

36% 5.6% p<0.01

WHF, Worsening Heart Failure



Significant Reduction of All-cause Mortality 
with Home Monitoring 

•38%
relative reduction of 
all-cause mortality

at 1 year

Relative risk = 0.62 

• 95% CI: 0.40 to 0.95

• Hindricks G, J. Proff, N. Varma, S. Kacet, T. Lewalter, P. Sogaard, L. Guedon-Moreau, TA. Gerds, SD. Anker

• Daily remote monitoring of implantable cardioverter-defibrillators: Pooled individual patient data from IN-TIME, ECOST, and TRUST trials 

suggest a mechanism of clinical benefit, ESC Congress 2016, Rome

Home Monitoring 



Significant Reduction of All-cause Death or WHF 
Hospitalization with Home Monitoring 

•5.6%
absolute reduction of

all-cause death or
WHF hospitalization

at 1 year

95% CI: -9.7% to -1.5%
p=0.007

• Hindricks G, J. Proff, N. Varma, S. Kacet, T. Lewalter, P. Sogaard, L. Guedon-Moreau, TA. Gerds, SD. Anker

• Daily remote monitoring of implantable cardioverter-defibrillators: Pooled individual patient data from IN-TIME, ECOST, and TRUST trials 

suggest a mechanism of clinical benefit, ESC Congress 2016, Rome

-6.2

-4.9

-5.6



“Prevention of Heart Failure Exacerbation” as 
the Main Driver for the Observed Benefits

All-cause mortality or WHF
hospitalization

Risk reduction

− Absolute: -5.6% (p=0.007)
− Relative: -36%

All-cause mortality or CV hospitalization

Risk reduction

− Absolute: -4.1%  (p=n.s.)
− Relative: -15%

All-cause mortality or any hospitalization

Risk reduction

− Absolute: -5.0%  (p=n.s.)
− Relative: -14% 

All-cause Mortality or is a subset of is a subset of 

…WHF hospitalization
… CV hospitalization

… any hospitalization
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BIO.Detect HF IV Study (SELENE HF)
Heart Failure Index Derivation 

Index Derivation

• Development of a logistic model including proper transformations of the home monitoring variables 

and adjusting with a baseline index

• Calculation of the composite index

HM Trend Clinical Relevance

Mean Heart Rate 1.8% increased risk of wHF per 1 bpm increase of mean heart rate1

Heart Rate at Rest Inversely related to mortality 2

Atrial Burden Well assessed predictor of wHF 3

Heart Rate Variability HRV reduction is associated with wHF 4

Activity Inability to maximal exercise for at least 4 minutes predicts death and wHF 5

Extrasystolies Associated with 5.5-fold increased risk of cardiovascular death 6

Thoracic impedance Congestion is the most common cause for hospitalization due to HF and readmission7

1: Lechat P et al. Circulation 2001; 103: 1428-1433

2: Hori M et al. Journal of Cardiology 60 (2012)86-90

3: Middlekauf HR et al. Circulation 1991; 84: 40-48

4: Fantoni C et al. J Am Coll Cardiol. 2005; 46(10):1875-1882

5: Madsen BK  et al. Int J Cardiol. 1997; 58(2):151-62

6: Le VV et al. Ann Noninvasive Electrocardiol. 2010;15(1):56-62

7: Gheorghiade M et al. Am J Med 2006;119 (12 Suppl 1):S3–S10



BIO.Detect HF IV Study – Index Derivation Results

Receiver Operating Curve (ROC) 

• Area under curve (AUC) : 0.88

• Odds Ratio (OR)
for index unitary increase : 2.72 (confidence interval (CI): 1.79-3.75; p<0.001)
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Conclusion

• Home Monitoring can be used to predict worsening of HF in 

ICD/CRT-D population with impaired LV Function.

• Parameters adressed in the Heart Failure Monitor are solid 

when used as a combined multi-factor analysis

• Patients well being and survival can be improved with Home 

Monitoring


