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Device-based treatment of heart 
failure

Function of deviceFunction of device ExamplesExamples
Monitor heart failure condition Implantable hemodynamic

 
monitors, 

home scales, home monitoring 
systems

Prevent or treat rhythm disturbances Pacemakers for bradycardia, ICD, 
LifeWest

 
Wearable AED (LIFECOR, 

Inc, PA)
Improve mechanical efficiency of the 
heart

Left ventricular or multisite
 

pacing, 
Biventricular pacing, 
CorCap

 
(Accorn, MN)

Myosplint
 

(Myocor, MN)
Cardiac replacement therapy LVAD, BiVAD, TAH

Adapted from Boehmer, Am J Cardiol, 2003
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Diagnostic capabilities

• Arrhythmia monitoring

• Heart rate 

• Percent pacing

• Physical activity

• Heart rate variability

• Intrathoracic impedance

• RV pressures

Devices in heart failure

מציג
הערות מצגת
å Previous speakers have presented impressive data confirming the effectiveness of cardiac resynchronization therapy and ICD to reduce mortality in HF, and as far as CRT is involved to significantly improve cardiac performance, exercise capacity and QoL. As a consequence of this evidence we see a growing proportion of our HF patients being implanted with devices. And these are not any HF patients, we are talking about the worse cases, those with refractory heart failure despite optimal medical care, and those who generate frequent hospital admissions and require sunstantial health care resources. 
So, we know about the therapeutic input of devices in heart failure, but with this case I want to draw your attention to the diagnostic capabilities. How can we take advantage of the fact that we have a permanent source of diagnostic evaluation in place. A source that can provide us with continuous information on several critical physiological parameters.
Such device based monitoring may help us to improve HF management in diff ways, it may provide early warning of imminent volume overload and thereby help to prevent decompensation and hospitalization for heart failure. In addition monitoring features may give us a tool to guide drug treatment and other interventions in heart failure. 
These options may be particularly valuable if modern telecommunication and internet technology is used to transfer the data directly and continuously from the patient home to the treating physician or heart failure nurse. Such technology is already operating in selected centers and will be widely available in the near future.
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מציג
הערות מצגת
Therefore the Chronicle hemodynamic monitor has been developed. It consists of a memory device



l
 

Primary Effectiveness end-point -
 

the Chronicle 
group would have a 30% lower rate of combined 
HF-related events (hospitalizations, emergency 
department and urgent clinic visits requiring 
intravenous therapy) compared with the control 
group.

Bourge et al., JACC, 2008
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Bourge et al., JACC, 2008

מציג
הערות מצגת
Overall, 25% fewer patients had an event in the Chronicle group compared to the Control group. There were 74 events in the Chronicle group and 102 events in the Control group. The overall event rate in the Control group of 0.89 over the 6-month randomized period was less than the hypothesized rate of 1.2 per 6 months. The overall reduction of 22% did not reach statistical significance. The graph on the right shows that the cumulative events over time were consistently lower in the Chronicle group.



Reduction in relative risk of a first heart Reduction in relative risk of a first heart 
failure related hospitalizationfailure related hospitalization

Bourge et al., JACC, 2008



ConclusionsConclusions

l
 

In patients with moderate to severe HF, the 
addition of an ICHM to optimal medical 
management did not significantly reduce the 
rate of all HF-related events.

l
 

Additional trials will be necessary to 
establish clinical benefit of ICHM-guided care 
in this patient population.

Bourge et al., JACC, 2008







Dryer lungs Wetter lungs

Impedance Impedance

Intrathoracic impedance

מציג
הערות מצגת
The picture above is meant only as a representation, fluid does not actually accumulate in one part of the lung and move upward.  OptiVolTM Fluid Status Monitoring measurements are made during noon and 5pm to ensure that the fluid is as diffuse as possible when the measurements are taken.  The impedance change is directly and inversely related to the fluid accumulation.  A series of impedance measurements trending lower indicate that fluid is building up.  Conversely, a series of impedance measurements trending upward indicate that fluid levels are getting better, i.e. the patient is drying out.

Animal and human studies have shown that intrathoracic impedance decreases with fluid accumulation in the lung. 

Medtronic data on file
Wang L et al.  J Cardiac Failure. 1999;5(suppl.):S55{abstract}.
Wang L et al. PACE. 2000;23(4):612{abstract}. 

As the patient’s pulmonary congestion clears, intrathoracic impedance measured by the device will increase.





Fluid Accumulation Notification OptionsFluid Accumulation Notification Options

Intrathoracic impedance

•
 

Observations with Trends

•
 

Device audible alert

•
 

SentryCheckTM

•
 

Patient look indicator

מציג
הערות מצגת
There are several options for notification of intrathoracic fluid accumulation over the physician-set threshold level:
Observation Mode: In this mode, the data can be accessed via the Heart Failure Management Report and the Cardiac Compass Trends reports. In Observation Mode, no alert will sound should the OptiVol Threshold be crossed.
OptiVol Patient Alert: If enabled, an audible tome will sound from the implanted device once a day for 30 seconds at a time selected by the physician when the OptiVol Fluid Index meets or exceeds the OptiVol Threshold. 
SentryCheck Monitor: A hand-held monitor can be used either by the patient or in the clinic as a quick check if the OptiVol Threshold has been crossed. This monitor is not yet CE approved. 





l
 

640 pts with heart failure elligible for CRT-D 
(InSync Sentry®, Medtronic Inc, USA) 
implantation were enrolled in 42 countries.

l
 

Lack of FU reports in 267 pts.
l

 
Finally 373 pt files were analyzed.

Vollmann et al., 2008



Main FindingsMain Findings

l
 

The device alert detected HF deterioration with 
an adjusted sensitivity and an adjusted PPV of 
60% each. 

l
 

Failure of the alert algorithm to detect clinical HF 
deterioration was in 55% of the cases associated 
with an increase of the fluid index that was yet 
below the programmable alert threshold. 

l
 

Half of the false-positive alerts were related to 
other clinical findings or therapeutic 
interventions.

Vollmann et al., 2008
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Severity of Heart Failure and Mode of DeathSeverity of Heart Failure and Mode of Death

MERIT-HF Study Group.  Effect of Metoprolol CR/XL in chronic heart failure:                                
Metoprolol CR/XL randomized intervention trial in congestive heart failure (MERIT-HF).   LANCET.  1999;353:2001-07.  

מציג
הערות מצגת
.The mode of death in HF depends by the severity of HF.The Functional Class may be considered also an “independet predictor” of mode of death.
 Interestingly, most patients who suffer from sudden cardiac death (64%) are the patients who are minimally symptomatic with Class II heart failure.  The sickest, most symptomatic patient (Class IV) experience heart failure deaths (56%) from pump failure, rather than sudden cardiac death (33%).
It is important to remember that although it can be said that a heart failure patient in NYHA Class II may have a higher risk of SCD, their relative annual risk of dying is less than the other NYHA classes.   

The SCD-HeFT Trial (Sudden Cardiac Death in Heart Failure Trial) which enrolled NYHA Class II and III patients, hopes to answer whether patients in these classes are truly at a higher risk for SCD and need protection.



.



SCD-HeFT
 Mortality Rate Overall Results
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No. at Risk
Amiodarone 845 772 715 484 280 97
Placebo 847 797 724 505 304 89
ICD 829 778 733 501 304 103

Hazard Ratio (97.5% Cl) P-Value
Amiodarone vs. Placebo 1.06 (0.86-1.30) 0.53
ICD vs. Placebo 0.77 (0.62-0.96) 0.007

Bardy

 

GH. N Engl J Med. 2005;352:225-237.

23% REDUCTION IN 
ALL-CAUSE MORTALITY





Shrier
 

http://www.mmip.mcgill.ca/unit2/shrier/lect34electrocardiogram.htm

Contraction Depends on 
Activation



HF1 ASW



BASE

SEPTUM

APEX

Normal Dilated Cardiomyopathy

Normal vs Abnormal Contraction
Mechanical Dyssynchrony with IVCD

Tagged MRI Imaging

Curry C. Circulation 2000;101:e2



Dysynchrony  -  Consequences

•
 

Abnormal septal
 

motion1

•
 

Reduced dP/dt3,4

•
 

Reduced pulse pressure4

•
 

Lower ejection fraction4

•
 

Reduced diastolic filling 1,2,4

•
 

Mitral
 

regurgitation1,2,4

1 Grines

 

CL, Bashore

 

TM, Boudoulas

 

H, et al. Circulation 1989;79:845-853.
2 Xiao, HB, Lee CH, Gibson DG. Br Heart J 1991;66:443-447.
3 Xiao HB, Brecker

 

SJD, Gibson DG. Br Heart J 1992;68:403-407.
4 Yu C-M, Chau

 

E, Sanderson JE, et al. Circulation. 2002;105:438-445.

מציג
הערות מצגת
Key Messages: Ventricular dysynchrony has been associated with paradoxical septal wall motion, reduced dP/dt max, prolonged mitral regurgitation duration, and reduced diastolic filling times in studies comparing patients with left bundle branch block with normals or with comparable patients without LBBB.
Grines C, Bashore T, Boudoulas H, et al.  Functional abnormalities in isolated left bundle branch block: the effect of interventricular asynchrony.  Circulation 1989;79:845-853
Using simultaneous ECG, phonocardiogram, radionuclide ventriculograms, and 2D and M-mode echoes, Grines et al studied 18 patients with LBBB (and no other underlying cardiac disease) compared with 10 normals.  In LBBB patients she found significant delays in LV systolic and diastolic events, reduced diastolic filling times, abnormal interventricular septal wall motion, and a loss of septal contribution to global ejection fraction. 
This study concluded that a LBBB causes a delay in the left ventricular depolarization resulting in delayed left ventricular contraction and relaxation compared with the right ventricle. Delay in left ventricular systole results in a delay in left ventricular diastole, which may contribute to displacement of the interventricular septum.  In addition, asynchronous right-left ventricular contraction and relaxation may produce dynamic alterations in transseptal pressure and volume that may be responsible for the abnormal septal deflections.  This abnormal septal motion results in an altered regional ejection fraction with decreased septal contribution to global left ventricular performance.
Xiao Lee C, Gibson D. effect of left bundle branch block on diastolic function in dilated cardiomyopathy. Br Heart J 1991;66:443-447.
Xiao H, Brecker S, Gibson D. Effects of abnormal activation on the time course of left ventricular pressure pulse in dilated cardiomyopathy. Br Heart J 1992;68:403-407.
Yu C-M, Chau E, Sanderson J, et al. Tissue Doppler Echocardiographic Evidence of reverse remodeling and improved synchronicity by simultaneously delaying regional contraction after biventricular pacing therapy in heart failure. Circulation 2002;105:438-445.
Animation Filename: “4-chamber.avi.” The animation can be started by positioning the mouse-cursor over the image and clicking once. To stop or restart the animation video at anytime, click once on the image.  In this video clip, when cardiac resynchronization is off in a patient with a LBBB, the interventricular septum is not able to contribute to the global ejection fraction and is displaced.   When cardiac resynchronization is ON, the interventricular septum appears more stable and is able to contribute to the global ejection fraction.



Biventricular pacemaker leads



CRT Background

• CRT has been shown to be consistently 
associated with:
– Reductions in LV size and volume
– Increased Stroke Volume
– Increased Ejection Fraction
– Reduced Mitral Regurgitation
– Improved exercise capacity
– Improved QOL and functional capacity

מציג
הערות מצגת
Additional Information:
Cardiac resynchronization therapy (CRT) involves detection of sinus rhythm and stimulation of the ventricle in a conventional fashion and placing a third lead via the coronary sinus and veins to pace the left ventricular free wall. CRT has been shown to improve symptoms, quality of life and exercise capacity over periods of up to 6 months.
The COMPANION study suggested that CRT may also reduce the rate of hospitalization (all-cause and for HF). No significant effect on mortality was observed. Meta-analysis of existing trials indicate persisting uncertainty about the effect of CRT on hospitalization for HF and on mortality.
The COMPANION study suggested that CRT-ICD (CRT combined with a defibrillator) reduced not only hospitalization but also mortality. However, the effects of CRT-ICD on mortality were not statistically greater than the effect of CRT alone.



Quality of Life and CRT

McAlister FA. Ann Intern Med 2004;141:381-390
Favors CRT Favors no CRT



CHF Hospitalizations with 
CRT

McAlister FA. Ann Intern Med 2004;141:381-390

Favors CRT Favors no CRT



Does CRT Prevent Death?



McAlister FA. Ann Intern Med 2004;141:381-390

All Cause Mortality and CRT

Favors CRT Favors no CRT



The COMPANION Trial

•
 

1520 patients* enrolled at 30 centers

•
 

NYHA FC III/IV, LVEF ≤0.35, QRS 
≥120 ms

•
 

Optimal medical therapy vs. CRTp
 

vs. 
CRTd

 
with optimal medical therapy

*stopped early by DSMB; 2200 planned



Bristow M  N Engl
 

J Med 2004;350:2140-2150

COMPANION: 10
 Endpoint

Death, Hospitalization or Outpatient Medication



CARE –  HF Study

Cleland JGF N Engl
 

J Med 2005;352:1539-1549

Maybe CRTp is all that is needed
36% reduction in all-cause mortality,
10% absolute risk reduction  



PROSPECT - Predictors of Response to CRT 

• 53 European, American and Hong Kong 
centers

• 498 pts with standard CRT indications
• Twelve echo parameters of dyssynchrony 

were evaluated.
• Outcomes  - improved clinical composite 

score and >=15% reduction in LVESV at 6 
months

• AUC<0.62 

(Circulation. 2008;117:2608-2616 



PROSPECT - Predictors of Response to CRT 

• Conclusion
– Given the modest sensitivity and specificity in 

this multicenter setting despite training and 
central analysis, no single echocardiographic 
measure of dyssynchrony may be 
recommended to improve patient selection for 
CRT beyond current guidelines. 

(Circulation. 2008;117:2608-2616 

































Possible Risks for Implantable 
Devices

•
 

Vascular complications
•

 
Long-term risk of infections

•
 

Leads may break/fracture
•

 
Recalls

BUT:
Significant benefits –evaluate patients carefully
Devices are very reliable and improving 

constantly



The Importance of Patient 
Selection

•
 

Maintain relationship with EP/patient 
and family

•
 

Need to understand:
–

 
Why treatment is indicated

–
 

What are the downsides
–

 
Will continue with medical therapy

–
 

Possibility of inappropriate shocks



IMPROVE HF: Registry to Improve the 
Use of Evidence-Based Heart Failure 
Therapies in the Outpatient Setting

•
 

167 outpatient cardiology practices surveyed in the USA
•

 
15 381 pts with HF, previous MI/LV Dx

•
 

Results for utilization of device therapy in eligible 
patients:
–

 
ICD/CRT-D 51%

–
 

CRT –
 

39%
•

 
Median 27% of pts received all HF therapies for which 
they were potentially eligible on the basis of chart 
documentation.

•
 

Use of guideline-recommended therapies by practices 
varied widely

•
 

Need to translate outcomes of RCTs, guidelines into 
clinical practice

Fonarow
 

G, Circ Heart Fail, 2008



Stages of Therapy

Jessup M. N Engl J Med.  2003:348;.2007-2018
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