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Routine two dimensional echocardiography is
one of the most commonly performed non-
invasive tests in the USA and Europe. Key
subsets of patients who undergo echocardio-
graphy are prone to having a suboptimal image,
including obese patients, those with impaired
pulmonary function, and elderly patients."” A
number of reviews have estimated that, on
average, 10-15% of all routine echocardio-
grams are suboptimal.'™ Ultrasound contrast
agents that have been approved for use in
Europe and the USA for evaluation of left ven-
tricular opacification and endocardial border
delineation include Optison and Levovist.” In
addition to better delineation of regional myo-
cardial segments, clinical trials are under way
to examine the efficacy of these agents for esti-
mating myocardial perfusion.®” Although pro-
viding improved image quality, new advances
in the field of ultrasound imaging must be
viewed within our current era of limited
resources and must be shown to provide added
clinical and economic value before they can be
assimilated into daily clinical practice.

Over the past two decades, large reductions
in mortality and associated cardiovascular
complications have been accomplished as a
result of new therapeutics and devices in the
treatment or prevention of coronary artery dis-
ease. New cardiovascular disease tests and
treatments have resulted in profound reduc-
tions in mortality.® In the USA and in Europe,
a major factor contributing to the high costs of
health care have been new therapeutic and
technological advances. It is estimated that one
third of the costs of care are attributable to new
technology.”"

With the integration and globalisation of
world markets, the resulting free market
economies increasingly dictate the organis-
ation, financing, and delivery of health care. As
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Figure 1  Interaction of cost quality with new advances in echocardiography. ECG,
electrocardiography; LV left ventricular.

a result of the development of new medical
technology and treatments, the costs of health
care rise. With higher health care costs, the
resulting delivery and financing of health care
evolves within a framework of cost constraints,
with an emphasis on decreasing resource use
and decreasing the selective use of expensive
technology. In addition, governments and
health care systems are increasingly requiring
the establishment of the cost implications of
use in relation to any test’s added diagnostic
value. For example, the National Health Serv-
ice instituted the National Institute for Clinical
Excellence to evaluate new technology and
overall quality of care in the UK. In the USA,
health care payers, such as Blue Cross and Blue
Shield, have set up technology evaluation cen-
tres to assess the added clinical and economic
value of new treatments and procedures.
There is the potential for new technology to
increase the clinical value of the patient’s inves-
tigations as well increasing costs (fig 1). This
paper examines the available clinical and eco-
nomic benefits of myocardial contrast echo-
cardiography and gives a brief description of the
types of economic analyses that can be used.

Types of economic analyses

SOCIETAL STANDARDS FOR AN ECONOMIC

BENEFIT

The aim of an economic analysis is to
understand the cost of alternative health care
testing or treatments (for example, the use of
digoxin treatment as compared with the use of
seat belts or disk brakes on automobiles). Soci-
etal standards are then developed into a
common metric, called a league table, for the
comparison of available tests or treatments.'**'
Table 1 depicts the different types of economic
analyses.

COST MINIMISATION (SAVINGS) PRINCIPLES

Cost minimisation can be defined as the lowest
cost strategy given similar outcomes between
the tests being compared.””’ In the evaluation
of suspected coronary disease, only patients
who have evidence of regional dyssynergy (pre-
viously undiagnosed without contrast) are
referred for further testing, thus controlling
costs for all patients and limiting the use of
additional testing to fewer patients.”® Tests that
are highly accurate have a lower rate of false
positives (that is, decreased cost waste as a
result of overuse of cardiac catheterisation or
other investigations) and a lower rate of false
negative tests (that is, decreased cost waste as a
result of a reduction in hospitalisation for
unstable angina or myocardial infarction). For
contrast echocardiography, a reduction in false
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Table 1

Tipes of economic analysis

Cost savings

® Lowest cost strategy with equivalent outcomes

Cost benefit

® Comparison of two strategies—all inputs are converted to a monetary value
@ Difference >$0 indicates an ineffective strategy

Cost effectiveness analysis (CEA)

® Cost for each quality adjusted life year saved or life year saved

Cost utility
Cost/quality adjusted life years

CEA techniques used to compare test modalities
o CEA = incremental cost of one test or test driven strategy v another divided be the
incremental benefit of the same test
® Relates to the economic resources consumed by the test in relation to the benefits attained

by that test
e Equation

Cram — Cr :
Incremental CE = ~=t# =T (Equation)

Test #1

Test #2

C, cost of test; O, benefits of test.

positive or negative tests and increased accu-
racy could result in lower costs of care for at
risk patients. In particular, improved visualisa-
tion of wall motion, thickness, and/or perfusion
could reduce unnecessary cardiac catheterisa-
tion or downstream events (table 2).

COST EFFECTIVENESS ANALYSIS

Cost effectiveness analysis techniques can be
used when comparing varying  test
modalities—for example, the cost effectiveness
of myocardial perfusion tomography compared
with myocardial contrast echocardiographic
perfusion.'*?' Cost effectiveness can be defined
as the incremental cost of one test or test driven
strategy over another, divided by the incremen-
tal benefit of the same test or treatment. Such
an analysis relates the economic resources con-
sumed by the test in relation to the benefits
attained by that test. For a test to be more cost
effective, the costs of care need to be decreased
and/or the outcome improved. When both cost
and outcomes are improved, then the test of
choice is termed a dominant strategy. Testing is
cost effective in subsets of patient in whom the
test is diagnostically and prognostically accu-
rate because cost effectiveness ratios become
more favourable."** For cost effectiveness
analysis, cost for each life year or quality
adjusted life year saved is frequently used as the
measure of comparison; less than US$50 000/
life year saved (in the USA) is the threshold for
economic efficiency. Other measures of cost
effectiveness might include the cost to identify
a cardiac death or myocardial infarction, or the
cost to identify pronounced coronary disease.
Using a definition of the cost to identify coron-
ary disease, we developed a simulation model
comparing the incremental cost of contrast

Table 2 Classification of expected costs by non-invasive
test results

Test result Negative outcome Positive outcome

Negative Low cost Cost waste
(true =) (false +)

Positive Cost waste High cost
(false —) (true +)

True —, post-test resource use is low; true +, post-test resource
use is appropriately high, including catheterisation and
intervention (as needed); false —, after negative test, patient
presents with documented coronary artery disease (such as
acute myocardial infarction); false +, after positive test, patient
is found to have no coronary artery disease (for example, normal
catheterisation).
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Figure 2 Theorerical relation berween the cost effectiveness
(cost to identify heart disease) using stress contrast
echocardioraphy and improvement in test sensitivity.

with other diagnostic testing modalities by the
per cent improvement in disease detection
(that is, sensitivity; fig 2). It is estimated that
improvements in test sensitivity beyond 15%
could result in a substantial improvement in
cost effectiveness.

CLINICAL IMPLICATIONS OF MYOCARDIAL
CONTRAST ECHOCARDIOGRAPHY USE

Research has shown that myocardial contrast
echocardiography provides a clear definition of
regional wall motion and thickening as well as
enhancing delineation of the left ventricular
chamber for patients with technically difficult
images at rest and during exercise.”” For
patients with a poor acoustic window, reports
have noted a 50-90% improvement in added
visualised segments.” * The incremental value
of contrast echocardiography is approximately
37% additional diagnostic information. In the
diagnostic investigation of patients, an im-
provement in image quality is but one part of
an efficient diagnostic strategy of care.

An improved image may also aid in decreas-
ing the time to diagnosis. For contrast echo-
cardiography to be of value, it must also answer
the patient’s principal diagnostic question
(reason for referral). Of patients referred for
the evaluation of chest pain, the addition of one
dysfunctional myocardial segment might gen-
erate additional diagnostic information. The
use of a contrast agent might alter laboratory
efficiency as well as patient diagnostic effi-
ciency. For contrast echocardiography, poten-
tial advantages are enhanced laboratory
throughput, as a result of a decrease in time to
image difficult patients, and enhanced clinical
decision making for echocardiographers, as a
result of enhanced visualisation. Although the
time required to place an intravenous line need
to be taken into account, there will be further
improvements in the time to diagnosis when
perfusion imaging becomes part of the
echocardiographic armamentarium.

Myocardial contrast echocardiography also
enhances diagnostic confidence in stress echo-
cardiography imaging, with improvements in
image quality in approximately 50% of
patients.”” ** From a 203 patient multicentre
series, Optison imaging resulted in a higher
percentage of studies (74%) being converted to
diagnostic echocardiograms compared with the
first generation agent, Albunex (26%;
p < 0.0001), using a blinded core laboratory
interpretation.”® Diagnostic yield may be
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Figure 3 Improvement in diagnostic accuracy in a phase
11 trial with the use of Optison (p < 0.01).

defined as sufficient information to answer the
reason for referral. From a phase III trial, the
diagnostic yield with Optison was 87%,
compared with 49% with unenhanced echo-
cardiography (fig 3; p < 0.001). Similar results
have been reported with other unapproved
agents, revealing a 91-97% visualisation of left
ventricular segments with myocardial contrast
echocardiography.®” Other agents have re-
vealed modest concordance rates of contrast
enhanced wall motion to nuclear perfusion
abnormalities (range, 54-61%).°”

Because of the recent approval of myocardial
contrast echocardiography agents, few reports
have documented the estimation of prognostic
outcomes with this technique. In a small study
of 50 patients, microvascular integrity was
assessed on day 2 postinfarction.” Patients with
unacceptable peak grey scale ratios (< 0.46) had
a higher rate of cardiac events (defined as death,
reinfarction, and admission for heart failure); for
a median of 22 months of follow up events were
28% v 4% (Cox hazard ratio, 8.5; p = 0.05).
Furthermore, patients with a risk area of > 0.45
on day 1 and a peak grey scale ratio < 0.46 had
a relative risk of 10.7-fold. In another recent
study of the value of myocardial contrast
echocardiography in estimating improvement in
regional ventricular function for patients under-
going coronary revascularisation, a surrogate
prognostic outcome, myocardial contrast echo-
cardiography had an excellent negative predic-
tive value (> 80%) for estimating attenuated
regional function 60 days after surgery.” A
moderate to strong correlation (0.5) was re-
ported between contrast wall motion scores and
nuclear perfusion defect severity (p < 0.0001)
for the estimation of myocardial viability in 21
patients with chronic coronary disease.” Using
myocardial contrast echocardiography before
and three months after revascularisation, the
negative and positive predictive values were 87%
and 81%, respectively, for improved regional
function recovery (24 patients with acute
myocardial infarction).”

INCREMENTAL VALUE OF HARMONIC IMAGING

Harmonic imaging has also been proposed as a
new method to improve detection of echocar-
diographic abnormalities over fundamental
imaging.”” > The technique has been used to
enhance myocardial visualisation. To evaluate
the true incremental value of myocardial

Shaw, Monaghan, Nihoyannopoulos

contrast echocardiography, it is imperative to
discern the amount of independent infor-
mation defined by harmonic imaging alone. In
a recent report by Spencer and colleagues in 20
patients, harmonic images had less clutter and
better myocardial blood contrast.>* Further-
more, individual segments had enhanced visu-
alisation with harmonic imaging in 30-70% of
segments in apical four chamber views. During
dobutamine stress testing, the overall number
of interpretable segments improved by 20%
with the use of harmonic imaging. Many
segments traditionally difficult to image were
improved with harmonic imaging, with more
segments being clinically interpretable during
stress testing.> For those with an initially sub-
optimal echocardiogram, sufficient diagnostic
information to aid in clinical management can
still be obtained in 25-30% of patients.” ** Fur-
thermore, using preliminary data, it is esti-
mated that harmonic imaging provides a mod-
est improvement in visualisation ([120%), with
greater improvements noted with myocardial
contrast echocardiography.” " ** Figure 4 de-
picts an estimation of the added diagnostic
value of harmonic imaging, with or without
intravenous contrast agents. Although few
reports have compared harmonic and contrast
imaging in a sufficiently large patient sample,””
it is estimated that the combined use of an
intravenous contrast agent with harmonic
imaging might provide the greatest amount of
added diagnostic information.

Cost implications of myocardial contrast
echocardiography use
CONTRAST ENHANCED REST TWO DIMENSIONAL
ECHOCARDIOGRAPHY
Potential cost savings with contrast echo-
cardiography were explored recently.”® The
principle underlying this analysis is that
improved technical efficiency with contrast
enhancement results in a reduction of down-
stream resource use. For the patient with a
suboptimal echocardiogram who does not
receive contrast, the principal diagnostic ques-
tion may remain and, as such, patient manage-
ment might be less efficient

Using this reasoning, improved diagnostic
certainty lowers patient care costs and de-
creases extraneous resource use. In a secondary
analysis of 203 patients undergoing
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non-contrast and contrast echocardiography,
the results of this analysis revealed that the
diagnostic yield was enhanced with the use of
intravenous Optison (by approximately 40%)
compared with non-contrast echocardiography
(fig 3; p < 0.001). Because of improved image
quality in this difficult to image patient cohort,
follow up testing was recommended in 42% of
non-contrast echocardiograms and in only
12% of contrast echocardiograms (p < 0.001).
The resultant costs were 18% lower with the
use of a contrast agent (p < 0.0001). Use of
Optison increased the initial diagnostic cost by
US$110 but resulted in a decrease (17-70%)
in confirmatory transoesophageal echocardio-
graphy, catheterisation, and nuclear studies.
Diagnostic accuracy was improved 2.7-fold for
patients with a non-diagnostic echocardiogram
receiving contrast, with substantial cost savings
of US$319/patient. Thus, the use of contrast
could result in a dominant strategy of improved
effectiveness and cost savings.” In addition to
improved accuracy, a further report suggested
that contrast is able to reduce intra-observer
and interobserver variability in the evaluation
of regional wall motion abnormalities.”

CONTRAST ENHANCED STRESS TWO DIMENSIONAL
ECHOCARDIOGRAPHY
For stress imaging, it is estimated that contrast
might enhance accurate diagnosis because of the
limited time available for image acquisition and
poor image quality at peak stress. With this lim-
ited time, echocardiographers often struggle to
document the views and anatomic landmarks
for test interpretation. As a result of improved
endocardial delineation, the use of contrast
agents in stress echocardiography might result in
an estimated 50% improvement in test quality
and improve interobserver variability.®

With limited financial resources, we should
consider shifting resources to less expensive
testing that give a similar diagnostic and prog-
nostic accuracy. For stress echocardiography,
recent reports have suggested that its diagnos-
tic accuracy is similar to nuclear myocardial
perfusion imaging.”® *” The addition of contrast
perfusion information in the future might add
incremental information for patient manage-
ment that could help decrease false positive
(for example, wall motion abnormality with
normal perfusion) and false negative (for
example, lack of wall motion abnormality with
decreased in myocardial uptake of a contrast
agent) test results (table 2). The combination
of discerning myocardial perfusion, thickness,
and global and regional wall motion could pro-
vide a “one stop” test for cardiology at
potentially lower test costs. At the Emory Uni-
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Figure 5 Estimated diagnostic test costs.
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Figure 6 Cost savings of myocardiol contrast
echocardiography versus SPECT imaging across a range of
test specificities.

versity Hospital (Atlanta, Georgia, USA), the
average cost of producing one stress echocar-
diogram is US$291, compared with US$469
for gated SPECT imaging (fig 5). Despite the
added cost of a contrast agent, stress contrast
echocardiography could still provide a 15%
cost saving, given similar accuracy and out-
come assessment. Although the absolute values
may differ, the relative savings should still apply
in different world wide health systems.

An analysis of the cost effectiveness of stress
contrast echocardiography compared with nu-
clear perfusion imaging was reported
recently.” ** For diagnostic cardiology, short
term costs are affected dramatically by the rate
of false positive non-invasive test results. Thus,
this analysis compared the added value of con-
trast imaging in affecting changes in false posi-
tive test results with the addition of contrast
perfusion information. In a dataset of 24
patients (average age 64 years, 80% typical
angina history), the sensitivity and specificity of
contrast echocardiography using SPECT is-
chaemia as the gold standard were 86% and
100%, respectively.”” Average cost savings were
US$348-450 with contrast echocardiography
and there was a minimum 10% improvement
in false positive rates (fig 6).**

Recent observational series from Europe and
the USA have noted that cardiac imaging driven
diagnostic strategies might result in fewer
expended resources (expensive coronary revas-
cularisation procedures), although achieving
similar outcomes to the more aggressive, diag-
nostic catheterisation approaches.”” * The “eco-
nomics of myocardial perfusion imaging study”
enrolled 396 patients from eight European hos-
pitals and compared the costs and clinical
outcomes for patients who proceed to a variety
of diagnostic strategies, including direct cath-
eterisation, nuclear imaging, and selective
catheterisation.” Total two year costs were
£6047 for direct catheterisation compared with
£4854 for nuclear driven patient management.”
In the “economics of non-invasive diagnosis
study”, total costs were 30-41% lower for
nuclear imaging compared with cardiac cath-
eterisation for stable patients with chest pain.”
Additional cost savings would be expected using
lower cost echocardiography, with and without
contrast agents.

CURRENT LIMITATIONS OF AVAILABLE DATA
Because this technique is so new, it will be
essential not only to assess the efficacy of cur-
rent contrast agents (either approved or in
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development), but also their effectiveness in
improving patient management. Despite the
potential cost savings that could be accrued in
shifting patients from other modalities to con-
trast echocardiography, it is crucial that a simi-
lar level of diagnostic and prognostic accuracy
be achieved, so that downstream care is
unaffected. Currently, the body of prognostic
evidence with nuclear imaging is more widely
established in diverse patient samples than with
echocardiography, although there are a
number of recent reports detailing clinical
outcomes.*”* Using evidence based practice,
data on contrast echocardiography will have to
establish its incremental value over and above
other techniques. However, preliminary results
from small patient samples, derived predomi-
nately from preapproval clinical trials, reveals
positive evidence that the use of a contrast
agent might produce real improvements in
clinical decision making.

Summary

Despite the newness of available myocardial
contrast echocardiographic agents, there is a
growing body of evidence that demonstrates
their clinical and economic value. In general,
an overall improvement in image quality is seen
with the use of intravenous contrast agents in
patients with an initially poor acoustic window.
The added value of contrast might be especially
important for patients undergoing stress echo-
cardiography. Given a similar diagnostic accu-
racy, shifting of resources from nuclear to stress
contrast echocardiographic imaging could pro-
vide tremendous cost savings for the limited
financial resources of any European country or
North American state.

Grant support has been provided to the authors for research
detailed in this review paper including institutional support
from Bertex Laboratories and Molecular Biosystems. No finan-
cial support was received for the preparation of this document.
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