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Monitoring strategies for patients with heart failure vary. Physical assessment and pa-
tient reporting are often unreliable and inconsistent. Continuous physiologic informa-
tion from implanted devices identifies the progression to congestion in patients with
chronic heart failure earlier in the process than traditional methods. Common themes
of a successful system will require a means to provide device-based data to interested
providers who then can interpret the information in the context of either remote or
face-to-face clinical assessment.
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Monitoring strategies for patients with heart failure vary depending on
the infrastructure dedicated to the practice group and range from
patient-initiated emergency department visits because symptoms be-

come unbearable to weekly telephone contact with frequent in-office assess-
ment to avert volume accumulation.1-5 Several models of organized heart failure
treatment programs are available with a variety of measured impact on impor-
tant clinical outcomes.1-5 Most profound may be the Trans-European Network-
Home-Care Management System (TEN-HMS) that demonstrated a significant
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survival benefit from instituting spe-
cially trained nurse calls to recently
hospitalized patients with heart
failure.5

Common to all successful heart
failure treatment programs is fre-
quent monitoring of patients, which
can be achieved by involving pa-
tients in their own care with daily

weights and almost immediate ac-
cess to healthcare providers.
Whereas this labor-intensive ap-
proach to the care of patients with
heart failure is very effective, it is not
without significant cost. Ancillary
healthcare providers, including ad-
vanced practice nurses, physician as-
sistants, and specially trained regis-
tered nurses can bear much of the
labor burden in the frequent follow-
up approach, but the fundamental
assessment during frequent patient
assessments generally relies on filling
pressure estimation based on physi-
cal examination. Unfortunately,
study after study demonstrates that
the sensitivity and specificity of
physical examination is questionable
at best, and even in the hands of
“heart failure specialists,” signifi-
cantly elevated filling pressures re-
main undiscovered by physical as-
sessment.6-8 Additionally, physical
assessment can only be made at a
moment in time and cannot be con-
tinuous, which may be important
when assessing a chronic disease
such as heart failure. Patient involve-
ment in monitoring by acquiring
daily weights is important, but the
sensitivity of daily weights in pre-
dicting a heart failure exacerbation is
very low.8 Despite the inherent limi-
tations of physical examination and

daily weights, frequent patient con-
tact presumably increases medical
adherence and encourages lifestyle
changes that profoundly impact out-
comes in patients with heart failure.

A new era of monitoring is upon
us and uses continuous assessment
of physiologic parameters derived
from implanted devices. It became

apparent that implanted therapeutic
devices, such as implantable car-
dioverter defibrillators or cardiac re-
synchronization devices, provide a
tremendous amount of meaningful
physiologic information to deliver
therapy.9-13 Great strides in monitor-
ing heart failure patients may be pos-
sible if this continuously acquired
data can be captured and presented
to the provider in an easy to under-
stand fashion. Continuously ac-

quired data have the potential to
provide an early warning of impend-
ing decompensation by documenting
physiologic changes long before the
traditional markers, such as weight
and symptoms, alert providers of
impending decompensation. 

Traditional monitoring strategies
can be classified as “reactive” in the
sense that they rely on symptoms to
develop before therapy is altered. De-
vice-based monitoring may provide
information to form the basis of a
“proactive” system that may allow
earlier intervention in the progres-
sion to congestion. The purpose of
this review is to examine the current
tools available for heart failure man-
agement with a practical suggestion

for integrating the newest of tools
derived from device-based monitor-
ing into a daily clinical practice.

Device-Based Monitoring in
Heart Failure
A variety of physiologic parameters
can be detected from implanted de-
vices. One of the first large-scale
studies investigating the monitoring
potential of devices implanted in pa-
tients with heart failure examined
heart rate variability derived from
sensed atrial-to-atrial interval in a
cardiac resynchronization therapy
(CRT) device in the context of the
double-blinded placebo-controlled
MIRACLE trial.9 This study found
that CRT improved heart rate vari-
ability compared to clinically
matched individuals who had an in-
active device. The meaning of this
and subsequent findings with heart
rate variability relies on an under-
standing of what the measurement
signifies.

Heart rate variability originates
from the constant interaction of the

2 limbs of the autonomic nervous
system at the sino-atrial node level.14

In particular the “amount” of vari-
ability is linearly related to the
“amount” of cardiac vagal control.14

Chronic heart failure or acute de-
compensated heart failure is associ-
ated with increased cardiac sympa-
thetic discharge and withdrawal of
cardiac vagal control, resulting in re-
duced heart rate variability.10 This as-
pect of heart failure pathophysiology
led to the hypothesis that the behav-
ior of continuously measured heart
rate variability as heart failure de-
compensation led to heart failure
hospitalization may provide an
earlier warning compared to tradi-
tional markers such as weights or

Physical assessment can only be made at a moment in time and cannot be
continuous, which may be important when assessing a chronic disease such
as heart failure.

A variety of physiologic parameters can be detected from implanted devices.
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symptoms. In 34 hospitalized pa-
tients, heart rate variability persis-
tently declined before hospitaliza-
tion and an automatic detection
system found significant changes on
average 17 days before the patient
presented to the healthcare provider
with symptoms of heart failure.10

Device-based heart rate variability
also predicted long-term survival and
risk for heart failure hospitalization.10

Clinical use of this information fo-
cuses on relative risk for imminent
heart failure decompensation, which
can guide need for follow-up.11

Table 1 illustrates a strategy for using
device-based heart rate variability in
clinical practice.11 This information
can be accessed through Internet-
based information systems or di-
rectly from the device using a pro-
grammer in the office. Not only does
continuous heart rate variability
predict clinical events, but the mea-
surement also has significant impli-
cations about heart failure patho-
physiology. When one considers
changes in heart rate variability and
other physiologic markers, such as
intracardiac hemodynamic informa-
tion15 or intrathoracic impedance,12

one can conclude that volume accu-
mulation leading to decompensation
as a syndrome begins many days be-
fore the point that patients consider
symptoms to be severe enough to
contact the healthcare provider. Fig-
ure 1 illustrates a new look at heart
failure pathophysiology leading to
acute congestion decompensation
identifying multiple physiologic pa-
rameters that change long before the
patient exhibits changes in New York
Heart Association (NYHA) symptom
classification or weight.

The “reactive” approach to heart
failure care systems is very effective,
but this paradigm typically inter-
venes late into the progression to
congestion. This is due to a reliance
on symptoms and weight changes or

the random chance that a frequent
office visit will “catch” the patient
early enough. Using an insensitive
instrument such as the physical ex-
amination, however, may decrease
the likelihood that volume accumu-
lation would be discovered, even if
the patient was seen early in the pro-
gression. In contrast, proactive sys-
tems that incorporate device-based
continuous monitoring are more
likely to enter the progression with
an instrument that has higher sensi-
tivity and specificity for discovering
volume accumulation. 

Information Integration
in Practice Settings
Information from implanted devices,
either stand-alone monitoring sys-
tems or components of therapeutic
devices, can be accessed remotely
using Internet-based systems or in pa-
tient encounters using a programmer
interface. Access to this information
in a practice setting, however, may be
difficult and requires coordination be-
tween the implanting physician(s)
and those responsible for heart failure
management. It is very important,
both from the patients’ and the

Table 1
Clinical Application of Continuously Measured Heart Rate Variability 

HRV Value (SDAAM) Predicted Event Risk Suggested Action

� 50 ms High Every 2-4 wk

50-100 ms Intermediate Every 6-8 wk with remote
monitoring monthly

� 100 ms Low Every 12-16 wk with re-
mote monitoring monthly

Persistent decline for 7 days High As for � 50 ms

HRV, heart rate variability; SDAAM, standard deviation of 5-minute median atrial-atrial intervals.
Adapted with permission from Adamson PB.11

Figure 1. A new understanding of the progression to congestion from an implanted device perspective compared
to the traditional monitoring approach. NYHA, New York Heart Association; ER, emergency room.
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provider groups’ perspectives, that the
information flow is seamless. It is not
reasonable to require the patient to be
the party responsible for information
retrieval. Asking the patient, “what
did the EP doctor say?” is not fair and
does not portray to the patient that
the system of care is adequate. Instead,
free access to device monitoring infor-
mation to both those responsible for
the device function and those respon-
sible for the daily heart failure man-
agement is required for successful ap-
plication of device-based information
systems. Each healthcare provider
group has different needs for fre-
quency and content of the accessible
information. For example, electro-
physiology providers may only need a
quarterly assessment of battery life
and arrhythmia burden, whereas the
heart failure provider may need
monthly assessment of atrial fibrilla-
tion burden, heart rate variability,
OptiVol® fluid index (Medtronic, Inc.
Minneapolis, MN), or patient activity.
Each of these components of the
Cardiac Compass® (Medtronic, Inc.)
can be important to guide therapy
decision-making either remotely or in
the office (Figure 2).

Practical Considerations
The flow of information from device
to provider includes several potential

steps. Device monitoring features
can be viewed as a component of the
vital signs measured at each clinic
visit or as a means to obtain “vital
signs” remotely. An efficient flow of
information may have a variety of
different structures. For example,
some heart failure clinics have a ded-
icated programmer used to interro-
gate the device and obtain device-
based information. Many of these
providers have special training to
make basic programming changes
and evaluate device settings, whereas
others simply obtain diagnostic in-
formation contained in the device.
As patients check in for their visit,
device diagnostics can be printed for
the provider at the same time that
vital signs are obtained. Nursing per-
sonnel can be trained to print the
Heart Failure Management Reports,
which can be a component of the
basic information used during the
visit. An alternative system down-
loads device information through a
special heart failure programmer that
is not capable of changing device
programming. The downloaded in-
formation is sent over a telephone
connection and the Heart Failure
Management Report is sent by fax
from a central processing center. Fi-
nally, a very reasonable approach is
to ask patients to download informa-

tion using their in-home system (eg,
CareLink®; Medtronic, Inc.). The
Heart Failure Management Report
can then be reviewed online at the
patient visit. Sometimes patients
forget to download their device diag-
nostics, which makes it important to
have some means to interrogate the
device in the office visit.

Remote review of data not associ-
ated with an office visit may be a con-
venient means to reduce intensive in-
office follow-up needs for some
patients. Heart rate variability, for ex-
ample, has been proposed to guide
needs for follow-up based on absolute
variability levels or change in variabil-
ity over time. Eventually new device
systems, such as implantable hemo-
dynamic monitors, will allow remote
assessment of right ventricular pres-
sure. Heart failure care providers with
experience in interpreting device in-
formation can dedicate appropriate
time for Internet review of data and
make decisions about management.
This approach can reduce the follow-
up burden on busy heart failure pro-
grams and open more opportunities
to see new patients.

Coordination of visits with the
electrophysiology provider can also
increase efficiency and improve pa-
tient satisfaction. It is important,
however, to clearly identify which
provider will interrogate device infor-
mation and then develop seamless
communication between the groups.
This approach will minimize duplica-
tion and still allow information to be
shared with the interested provider.

Conclusions
Continuously acquired physiologic
information derived from implanted
devices identifies the progression to
congestion in patients with chronic
heart failure earlier in the process
than traditional methods. Developing
a system for integrating the physio-
logic data from implanted devices

Figure 2. Suggested data flow in a practice that includes implanting physicians and those responsible for medical
management of heart failure. CHF, congestive heart failure; EP, electrophysiology; HF, heart failure.
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into a heart failure practice requires
coordination and cooperation be-
tween those responsible for heart fail-
ure care and the electrophysiology or
implanting service. The exact nature
of an effective information flow sys-
tem will depend on local needs and
practice characteristics. Common
themes of a successful system will re-
quire a means to provide device-based
data to interested providers who then
can interpret the information in the
context of either remote or face-to-
face clinical assessment. This may re-
quire access to device programmers
with printing capability, secured ac-
cess to Internet information systems
for heart failure practitioners, and
open communication to achieve po-
tential improvement in patient flow
and clinical outcomes.
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Main Points
• Common to all successful heart failure treatment programs is frequent monitoring of patients, which can be achieved

by involving patients in their care with daily weights and almost immediate access to healthcare providers.

• Implanted therapeutic devices, such as implantable cardioverter defibrillators or cardiac resynchronization devices,
provide a tremendous amount of meaningful physiologic information to deliver therapy.

• Continuously acquired data have the potential to provide an early warning of impending decompensation by docu-
menting physiologic changes long before the traditional markers, such as weight and symptoms, alert providers of
impending decompensation. 

• Proactive systems that incorporate device-based continuous monitoring are more likely to enter the progression with
an instrument that has higher sensitivity and specificity for discovering volume accumulation.

• Common themes of a successful system will require a means to provide device-based data to interested providers who
then can interpret the information in the context of either remote or face-to-face clinical assessment.
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