-+ HEALTH SCREENING -

Cost Implications of Selective Preoperative Risk Screening in
the Care of Candidates for Peripheral Vascular Operations

Leslee |. Shaw, PhD; Rory Hachamovitch, MD; Mylan Cohen, MD; Daniel S. Berman, MD;
Salvador Borges-Neto, MD; James E. Udelson, MD; Gary V. Heller, MD, PhD; Eric L. Eisenstein, DBA;
Kim A. Eagle, MD; Robert C. Hendel, MD; and D. Douglas Miller, MD

Abstract

The preoperative identification that patients are at
high risk for adverse postoperative outcomes is the
first step toward preventing costly in-hospital compli-
cations. The economic implications of noninvasive
screening strategies in the care of patients undergoing
peripheral vascular operations must be clarified.

A decision model was developed from the
peer-reviewed literature on patients undergoing pre-
operative screening by means of dipyridamole
myocardial perfusion imaging, dobutamine echocar-
diography, or cardiac catheterization before vascular
operations (n = 23 studies). Routine versus selective
screening strategies were compared for patients with
an intermediate likelihood of having coronary artery
disease on the basis of clinical history of coronary dis-
ease or typical symptoms. Median costs (1994 US dol-
lars) of preoperative screening strategies were derived
with two microcosting approaches: adjusted Medicare
charges (top-down approach) and a bottom-up
approach with Duke University Medical Center direct
cost estimate data.

In-hospital cost was 11% higher for preoperative
screening by means of routine cardiac catheterization
($27,760) than for routine pharmacologic stress imag-
ing ($24,826, P = 0.001). The total cost of a do-noth-
ing strategy, that is, no preoperative testing, was
5.9% less than that of routine preoperative pharma-
cologic stress imaging and 15.9% lower than that of
cardiac catheterization (P = 0.001). Selective screen-
ing among patients with a history of coronary disease
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or typical angina resulted in further reduction of the
cost of care to a level comparable with that of a do-
nothing strategy (52.5% reduction in cost with phar-
macologic stress imaging, P > 0.20).

Use of noninvasive testing for preoperative risk
stratification was cost effective for patients 60 to 80
years of age. Cost per life saved ranged from $33,338
to $21,790. However, coronary revascularization
after an abnormal noninvasive test was cost effective
only for patients older than 70 years. In this econom-
ic decision model, substantial cost savings were pre-
dicted when selective noninvasive stress imaging was
added to preoperative screening for patients about to
undergo vascular operations. With a selective screen-
ing approach, the economic impact of initial diagnos-
tic testing may be minimized without compromising
patient outcomes.

(Am | Man Care 1997;3:1817-1827)

diac operations annually, at least one fourth

have serious coronary disease.’ Among this
population, the rate of perioperative cardiac complica-
tions is greater than among patients without concomi-
tant coronary artery disease; in some lnstances, it is as
much as sixfold higher.”> When ischemic heart disease
is identified, prophylactic coronary revascularization
often is undertaken at an additional cost of approxi-
mately $4 billion each year.! Preoperative identifica-
tion that a patient is at risk has become a focus and is
the first step in preventing perioperative complica-
tions and reducing the cost of medical care. There has
been controversy about the use of routine or selective
screening in the care of patients undergoing major
general or peripheral vascular surgical procedures.*
The current low rate of serious perioperative compli-
cations—a result of improvement in anesthetic and
surgical techniques—suggests that routine noninva-

O f the 25 million patients who undergo noncar-
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sive testing may not be warranted because of the diffi-
cult task of predicting the small number of events that
occur. This has prompted some clinicians to rely sole-
ly on markers of clinical risk as a means for preopera-
tive risk stratification among patients at low risk.*’

- A number of unresolved questions remain, in par-
ticular, who among the larger population of partients at
intermediate risk should undergo preoperative screen-
ing for coronary disease, and what are the cost impli-
cations of the varying screening strategies? The
purpose of this investigation was to develop a deci-
sion-analytic model to compare the cost implications
of using routine as opposed to selective screening in
the preoperative evaluation of patients undergoing
peripheral vascular operations when the patients are at
intermediate risk for coronary disease.

« METHODS -

Description of Literature Search

A meta-analysis of the literature on myocardial per-
fusion imaging and dobutamine echocardiography has
been published.® Articles used in the analysis were
obtained from the National Library of Medicine
Medline database and were published between 1980
and the end of 1995. There were 10 articles on dipyri-
damole myocardial perfusion imaging, five on dobuta-
mine echocardiography, and eight on cardiac
catheterization. Only articles published in English in a
peer-reviewed journal were considered. When multi-
ple publications reported on the same patient series,
only the most recent or largest patient series was used
in the analysis.

Quality assessment inclusion criteria included
studies with broad generalizability and those with a
narrower spectrum of generalizability but with few
methodologic flaws.”” Investigators conducting quality
assessment were blinded to author and institutional
data, and the assessment was performed during two
independent sessions. To limit this study to patients at
intermediate risk, only patient cohorts whose rates of
coronary discase or related symptoms ranged from
30% to 60% were included. Studies on major general
nonvascular operations were excluded.® A total of 10
articles were retained for final review with the subject
headings radionuclide imaging, dipyridamole, preop-
erative, and coronary artery disease.® A second search
included articles published from 1990 through 1994 on
the following linked subject headings: dobutamine,
echocardiography, and preoperative.® A third search
included articles published on the following linked
subject headings: cardiac catheterization, vascular
surgery, and prognosis.”*'"'"* These articles represent-

ed Medline-available literature or state-of-the-knowl-
edge of preoperative screening through 1994,

Evidence Tables and
Summated Probability Statistics

Abstracted data were compiled in evidence tables
that detailed study end points. A stress study showing
ischemia was defined as (1) one or more reversible
myocardial perfusion defects detected with thalli-
um-201 imaging or (2) new or worsening dyssynergy
at dobutamine echocardiographic examination. Clini-
cally significant coronary disease was defined as one or
more stenoses of 70% or greater (50% or more stenosis
of the left main coronary artery). Perioperative and
postoperative outcome rates were those reported in
the literature or those identified in the Duke
University databases. In most instances, the reported
event rates among patients who underwent concomi-
tant coronary and peripheral vascular operations repre-
sented assignment on an intention-to-treat basis. For
example, patients with an event after a coronary
bypass operation who did not undergo a vascular oper-
ation were assigned to the coronary and peripheral
revascularization arm of the decision tree.

Probability values (95% confidence intervals) were
derived with an empirical Bayes random effects
model.”"* A random effects model was used to provide
a more conservative range of uncertainty about the
outcome data because of the assumption that the com-
parison of interest did not account for all the explained
variance in the model. Probability values were a
weighted average of all raw probability values; they
were weighted according to the study sample size.

Cost Analysis

Medical costs represented aggregate resource use.
Sources used for cost estimates were (1) direct cost
estimates from the Duke University microcost-
accounting system and (2) Medicare hospital charge
(adjusted by cost-charge ratio), including physician
billing data.”” Cost data from both the top-down and
bottom-up microcost accounting systems were includ-
ed in all decision models. Hospital charges were
obtained from the hospital-specific Medicare cost
report and per diem charges collected for 25 patients
who underwent preoperative scieening or vascular sur-
gical reconstructive procedures at Duke University
Medical Center.

For the “do-nothing” arm of the decision model,
we obtained baseline rates for cardiac death, cardiac
hospitalization, and other expensive items from the
records in the Duke database of patients with a his-
tory of peripheral vascular disease but not referred
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for vascular operations.”’ For physician service costs,
we used the Medicare fee schedule, which provides a
standardized resource base for cost of these services.”
All costs were expressed in 1994 US dollars. "Total costs
were calculated by means of summing the cost of a
vascular operation and the cost of procedures such as
catheterization, pharmacologic stress imaging, and
preoperative revascularization. The marginal cost of
cardiac death and myocardial infarction was included
in a nonadditive estimate for patients who underwent
a vascular operation alone or a vascular operation and
coronary revascularization. In the latter situation, coro-
nary revascularization was defined as the performance
of percutaneous transluminal coronary angioplasty or a
coronary bypass operation (when appropriately indi-
cated). The cost of perioperative or postoperative
complications was estimated from the incremental cost
estimates in the hospital-specific Medicare cost report
and per diem charges collected from an institutional
transitional cost-accounting system and from pub-
lished data on the incremental cost of complications
documented as a secondary diagnosis.' *%

Cost-Effectiveness Analysis

Cost effectiveness was expressed as the incremen-
tal cost per life year saved for the comparative patient
care strategies.” First we determined the number of
patients who had to undergo screening with subse-
quent coronary revascularization (when appropriate) to
save one life {1 + (no revascularization mortality -
revascularization mortality)]. This number was multi-
plied by the marginal cost to find the incremental cost
per life year saved. Years of expected life for specific
patient age groups were obtained from US popula-
tion-based life tables.” A subsequent comparison was
made between life expectancy data and available data
from the Duke database.” Life expectancy data were
derived from life table analyses of records of all
patients with vascular disease who underwent cardiac
catheterization at Duke University. The values includ-
ed in this model were averaged from these two
sources. A value less than $50,000 per life year saved
was used as a threshold of economic efficiency. A dis-
count rate of 5% was applied in this analysis,

Patient Care Strategies

The primary analysis was cost minimization. We
compared cost in three strategies: (1) no preoperative
screening tests (do-nothing strategy), (2) preoperative
screening with pharmacologic stress imaging (either
dipyridamole myocardial perfusion imaging or dobuta-
mine stress echocardiography), and (3) preoperative
screening with cardiac catheterization. Two modifica-
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tions of these comparative strategies were used. In one
routine testing was used. In the other selected appli-
cation of testing was used only for patients with signs
and typical symptoms or a history of coronary disease.”

Decision Modeling

To complete the cost efficiency analyses, cost and
probability data were included in the decision model.
Decision analysis is a method whereby the probability
of outcomes for each patient care strategy are quanti-
fied with a branching tree or algorithm. We used
Treeage software (version 2.6, Boston, Massachusetts)
to perform several decision analyses, including roll-
back and Monte Carlo simulations, to form confidence
bounds around the estimates.

The outcome for each patient care strategy was
compared with probability calculations for procedur-
al, complication, and surgical cancellation rates for
each care map being formulated on the basis of pub-
lished data. Rates of cardiac death and subsequent
myocardial infarction were compared with existing
data from the Duke University cardiac surgery data-
base for patients with a history of peripheral vascular
disease.” The resultant probabilities of in-hospital
complications, coronary revascularization proce-
dures, and surgical cancellation rates were used to
calculate aggregate cost estimates by means of mul-
tiplying the probability values by the median cost
estimates. The total costs for each strategy included
were compared by means of analysis of variance.

Sensitivity Analysis

Sensitivity analyses were performed to assess
uncertainties and biases that may have occurred with-
in the modeling assumptions, such as variations in
patient characteristics from those in studies in which
different screening strategies were used. This
involved changing assumptions on the basis of expert
judgment and repeating calculations over a range of
values. The results of the sensitivity analyses allowed
us to determine the degree of dependence of the final
results on a given assumption. We varied surgical costs,
in-hospital complication rates, and rates of coronary
disease for the population by 50% to examine how
varying patient characteristics may have changed the
outcome of our analysis.

++ RESULTS -

Evaluation of Perioperative Outcomes

Chmcal Characteristics. 'The mean age of patients
who underwent direct cardiac catheterization was 64
years. Thirty percent of these patients had a history of
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Table 1. Preoperative Clinical Characteristics in 23 Published Reports on Preoperative Risk Stratification

Mean Age Typical Congestive History of
Study n Y) Angina Heart Failure Myocardial Infarction Diabetes
Dipyridamole perfusion
imaging 1994 66 32 11 33 33
Dobutamine
Echocardiography 445 67 24 7 34 17
Cardiac Catheterization 4469 64 30 12 22 22

Values are percentage of patients unless otherwise indicated

Figure 1. Sources for Decision Model, Including Published Reports from Observational
Series, Meta-Analysis, and the Duke Observational Database

rates of clinically sig-
nificant coronary dis-

No Preoperative Screening®?!

ease, abnormal test
results, and concomi-
tant coronary revascu-
larization are reported

No Significant CAD o1 in Figure 1 for patients
Negative Test who underwent no pre-
Median= 60% operative  screening,
. 0/ (0 ‘
;;jfabmty Pharmacologic Stress Imaging® | 2089~ 26%-65% Fﬁz;ﬁ?olﬁc C;:éfsz
16%-74% PICA/CABG catheter'{zation.
Median= 39% Significant CAD Pooled Rate= 13 Outcome Status.

or Abnormal Test

Range=9%-16% . . .
BT Perioperative cardiac

Median= 40%
Range=32%-59%

Cardiac Catheterization®!0-162!

Surgery Cancellation

death occurred among
2.0% of patients who
underwent pharmaco-
logic stress imaging
and 1.9% of patients
who underwent car-

| Medical
Therapy

Median=6.4%
Range=1%-25%

diac catheterization
(P > 0.20, difference

*CAD = Coronary artery disease; PTCA/CABG = preoperative percutaneous transluminal coronary angioplasty or coro-

naty artery bypass graft surgery.

between groups). The
rate of myocardial
infarction was 3.9%

typical angina, 12% had a history of congestive heart
failure, 22% had a prior myocardial infarction, and 22%
had diabetes mellitus (Table 1). Compared with
patients who underwent cardiac catheterization,
patients who underwent dipyridamole stress perfusion
imaging were older (66 vears) with a greater frequency
of prior myocardial infarction and diabetes. Patients
who underwent dobutamine stress echocardiography
were similar to the other two patient cohorts with
respect to age and history of myocardial infarction. The

among patients who

underwent direct cath-
eterization and 4.1% for patients who underwent phar-
macologic stress imaging (P > 0.20) ('Table 2).

Vascular surgical procedures were canceled for
12.0% of patients who underwent cardiac catheteriza-
tion (P = 0.017), 6.4% who underwent dipyridamole
stress myocardial perfusion imaging (P = 0.0001), and
2.8% who underwent dobutamine stress echocardiogra-
phy (P > 0.20). Twenty percent of patients who under-
went pharmacologic stress imaging underwent
diagnostic cardiac catheterization, and 9% of these
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patients underwent con-
comitant coronary revascu-
larization (P = 0.001). Among
patients who underwent rou-
tine cardiac catheterization,
16.0% were referred for pre-
operative COronary revascu-
larization (P = 0.0001).

Predictive Value of Ischemic
Tést Results. The rate of car-
diac death or myocardial
infarction was 1% of 730
patients with a normal intra-
venous dipyridamole myo-
cardial perfusion scans, 7%
of 471 patients with a fixed
subtype, and 9% of 793
patients with a reversible
subtype (P = 0.0001; Figure
2). 'The probability of a car-
diac event was 0.13 (95% CI,
0.07-0.19) for patients who
underwent  dipyridamole
myocardial perfusion imag-
ing with a reversible defect.
Among the 173 patients with
dobutamine-induced (new or
worsening) echocardiograph-
ic dyssynergy, 23.1% had a
perioperative  ischemic
event compared with 0.4%
of 270 patients with a nor-
mal stress echocardiogram
(£ < 0.0001). The probabil-
ity of a cardiac event was
0.25 (95% ClI, 0.16- 0.33)
for abnormal dobutamine
echocardiograms.

Effect of Preoperative
Coronary Revascularization.
Among the patients who
underwent preoperative
coronary revascularization
with prior dipyridamole
scintigraphy, 6% had a
perioperative cardiac event
(3 of 51 patients). Among
the 738 patients who did
not undergo coronary
revascularization after
detection of a reversible
defect, 19% had an event
(P = 0.02). For dobuta-

VOL. 3, NO. 12

Table 2. Outcome Status and Resource Use According to Patient Screening
Strategy from the Decision Model

Pharmacologic
Stress Catheterization P Value*
Outcome Status
Cardiac death rate (%) 20 19 >0.20
Rate of nonfatal myocardial
infarction (%) 4.1 3.9 >0 20
Rate of cancellation
of operation (%) 6.4 12.0 0.017
Rate of performance of
preoperative coronary
revascularization (%) 9.0 160 0 001
Rate of Cardiac Death or Myocardial
Infarction According to Screening Test Result
Evidence of ischemia or disease (574) (359)
Performance of preoperative
coronary revascularization (%) 59 (1) 4.6 (44) >0.20
No preoperative coronary
revascularization (%) 18.1 (523) 10.2 (315) 0.002
No evidence of ischemia
or disease (%) 6.9 (777) 32 (320) 0.02

Values in parentheses are numbers of patients.
*P values from the decision model

Figure 2. Summary Probability Values for Disease Prevalence, Test Result,
Preoperative Coronary Revascularization, and Perioperative Cardiac Events

No Preoperative Test! B g3
o

Event

Intermediate Pharmacologic Stress®
Risk* —58——@-

Cardiac
Catheterization?10-16.21

Event _
Revasc No p=003
p=016 Event

*Intermediate risk = 16%-74% probability of coronary disease. .
Pharmacologic stress = dobutamine stress echocardiography or dipyridamole myocardial perfusion imaging;
Revasc = preoperative coronary revascularization including percutaneous transluminal coronary angioplasty or
coronary artery bypass surgery.
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mine echocardiography, no cardiac events were
reported among patients with an abnormal stress
echocardiogram who underwent preoperative revas-
cularization (0% of 21 patients; P = 0.007). Patients
with an abnormal stress echocardiogram who did
not undergo preoperative coronary revascularization
had an increased rate of cardiac events (26.3% of
152 patients). Overall, patients with abnormal test

results who underwent preoperative coronary revas-
cularization had a threefold reduction in cardiac
events compared with those who did not undergo
coronary revascularization (P = 0.001).

Selective Preoperative Screeming. The average rate
of signs and symptoms of coronary disease varied
from 32% to 59%. A clinical history without signs
and symptoms of coronary artery disease was associ-

ated with a 1% (of 176
patients) event rate,

Figure 3. Estimated Composite Costs of Care for Preoperative Screening
Strategies for Risk Stratification Among Candidates for Vascular Operations

regardless of noninva-
sive imaging results
(Figure 2).° Among. the
patients with a clinical
history of coronary artery
disease, the cardiac event

Pharmacologic Stress

$24,826
Intermediate
Risk

Cardiac Catheterization $3.350  Byent

$27,760

Ililo Evenf
eVasC No

827,364

Total=344,474

Toral=$23,428

_<ﬁ‘—m\4 Total=852,498

Revasc, No

342,280 < Total=$39,922
L Toui=$57,647

Total=$24,612 -

rate was 5% among 83

patients with a normal or

fixed defect and 19%

among 97 patients with a

redistribution abnormali-

Total=$38,029 ty ( P= 0.0001).6

Total=$23,428
Total=$39,574 Economic Analysis

Decision Model. Fig-

ure 3 shows the patient

care algorithm and the

average cost per patient

for each strategy. The

following estimates in-

Total=$29,998 p=0.601

*Revasc = preoperative coronary revascularization including percutaneous transluminal coronary angioplasty or

coronary artery bypass surgery.

clude standard devia-
tions obtained from the
Monte Carlo simulation;
the range of estimates
varies less than 25 times

Table 3. Comparative Analysis of Preoperative Screening Strategies

Median Routine Selective
Cost/Strategy Lower Upper Screening Screening
(Mean) Range* Range (% Difference) (% Difference)
No Preoperative $23,351 $22,967 $24,058 — —
Screening ($23,513)
Pharmacologic Siress $24,826 $24,123 $26,978 +5.9 +3.1
Imaging ($25,551) (P < 0.001) (P> 0.20)
Cardiac $27,760 $26,972 $33,930 +15.9 +14 .4
Catheterization ($30,451) (P <0.001) (P < 0.001)

*n = 1000 runs in a Monte Carlo simulation,
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(n = 1000 simulations). Cost was $24,826 + 6889 for
pharmacologic stress imaging and $27,760 + 12,896 for
direct catheterization (P = 0.001), a 11% higher rotal
cost (Table 3). Estimated cost was similar for patients
who underwent revascularization regardless of strategy.
Because of the higher frequency of revascularization
among patients who underwent catheterization, how-
ever, this treatment arm was associated with a higher
composite cost of care ($33,162 for pharmacologic stress
and $42,280 for cardiac catheterization; P = 0.001).
When the outcomes for these two strategies were com-
pared with those for a a do-nothing strategy, both phar-
macologic stress imaging and cardiac catheterization
resulted in higher patient care costs (P = 0.01). The
total cost of the do-nothing strategy was $23,351 = 1091,
a cost 5.9% lower than pharmacologic stress and 15.9%
lower than cardiac catheterization (P = 0.01).

A number of sensitivity analyses were performed
in which the rate of cardiac catheterization, revascu-
larization, outcomes, and the cost of surgical care were
varied. The cost of dying after a vascular operation
(among patients who did not proceed to preoperative
coronary revascularization) varied fivefold without
identification of a resulting threshold. Throughout the
range of plausible values, cost was dramatically higher
for the cardiac catheterization strategy compared with
the pharmacologic suess or do-nothing strategies {eg,
for stress versus catheterization high cost was $26,978
versus $33,930 and low cost was $24,123 versus
$26,972). For no patient did the use of cardiac
catheterization achieve a threshold value in the sensi-
tivity analysis, that is, when the probability of dying
was varied from 0 to 1.0 and the probability of revas-
cularization was varied from 0 to 0.97 in a two-way sen-
sitivity analysis. Additional sensitivity analyses varied
the probability of revascularization and the resultant
probability of dying among
patients who undergo preop-

symptoms of coronary disease underwent noninvasive
or invasive testing. Analysis of a routine as opposed to
a selective screening strategy revealed that for every
patient, selective screening on the basis of clinical
signs and symptoms of coronary disease resulted in a
19.8% (for dipyridamole stress myocardial perfusion
imaging) and 17% (for dobutamine echocardiography)
reduction in the total cost of care (P < 0.001 for both
models). For patients with symptoms or a history of
coronary disease, the total cost of care was $20,138 =
9548 for cardiac catheterization and $17,956 £ 7225 for
pharmacologic stress imaging (P < 0.001). Compared
with the cost of the do-nothing strategy, the total cost
differences were $774 per patient higher for use of
pharmacologic stress imaging (£ > 0.20).
Cost-Effectiveness Analysis. Table 4 details the cost-
effectiveness analysis for two comparisons: (1) cost
effectiveness of normal versus abnormal results of
noninvasive tests, and (2) cost effectiveness for all
abnormal test results and the differences in outcome
for patients who underwent and those who did not
undergo coronary revascularization. For a 60-year-old
patient, the cost effectiveness of noninvasive screen-
ing was $33,338 per life year saved. On average, cost
effectiveness decreased with patient age. The cost
effectiveness of coronary revascularization among
patients with abnormal results of noninvasive tests are
shown in "Table 4. Cost-effectiveness ratios for coro-
nary revascularization were higher for patients
younger than 70 years. Cost-effectiveness ratios were
less than $50,000 for patients 70 to 80 years of age.

+ DISCUSSION -

The annual cost of noncardiac operations in the
United States exceeds $15 billion.' Because of associ-

erative coronary revascular-
1zation with similar results to
those reported herein.
Selective  Screening  for
Patients with Coronary Disease.

Table 4. Cost-Effectiveness Analysis

We stratified each of the
branches of the decision tree
(ie, do nothing, pharmacolog-
ic stress, and catheterization)

according to the presence or Patient Age (y)

Subset Analysis of
Abnormal Noninvasive
Test Results: Cost-Effectivenes
Comparing the Predictive Value of
Coronary and No Preoperative
Coronary Revascularization

Overall Cost-Effectiveness
of Noninvasive Screening
Comparing the Predictive
Value of Abnormal Versus
Normal Test Results

absence of signs or symptoms

of coronary disease. This 60
decision tree reflects a selec- 70
tive approach to screening; 80

$33,338 $59,861
$26,890 $48,293
$21,790 $39,142

only patients with signs and
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ated cardiac risk, prophylactic coronary revasculariza-
tion is often undertaken at an additional cost of
approximately $4 billion each year.’ Enhancement of
the efficiency of preoperative risk assessment may
produce cost savings for this population. Our results
support the potential for realizing considerable cost
savings by means of identifying signs and symptoms
of coronary disease early during the course of care and
selectively screening patients at high risk during the
preoperative evaluation. Such a strategy appears cost
effective compared with other accepted medical inter-
ventions. This economic decision analysis supports
previous data that show preoperative screening is cost
effective for patient populations at high risk.”

When pharmacologic stress imaging was used
selectively, substantial cost savings were accrued
compared with use of a routine screening strategy.
The cost of selective pharmacologic stress imaging
was similar to that accrued for patients who under-
went clinical risk assessment alone. This cost
reduction is achieved in large part with cancellation
of operations for patients with high-risk symptoms
or abnormal results at noninvasive imaging.
Reduction also is achieved in the documented low
rate of events among patients with normal test
results and improved outcomes for patients with
abnormal tests who undergo preopeiative coronary
revascularization.

In most instances, use of a diagnostic or prognos-
tic test is more cost effective for populations at high
risk than those at low risk.” For example, the cost
effectiveness of using an exercise test in screening
for a 40-year-old man without symptoms is $124,400
compared with $30,200 for testing for a patient with
known coronary disease.” Noninvasive testing
reports generally include patients with an interme-
diate pretest risk for coronary disease. Results of the
analysis reveal that two cohorts within the popula-
tion referred for testing may benefit from screening.
Our study demonstrated that there is a considerable
cost savings with screening of only patients with
signs and symptoms of coronary artery disease and
that the cost effectiveness of screening is greatest
among elderly patients.

Optimizing Patient Qutcomes and
Realizing Cost Efficiency

Of candidates for vascular surgical procedures,
because of the low rate of serious perioperative com-
plications associated with improved perioperative
monitoring, anesthetic agents, and surgical tech-
niques, many authors have posited that noninvasive
testing is not warranted and that preoperative risk may

THE AMERICAN JOURNAL OF MANAGED CARE

be sufficiently assessed with clinical risk markers
alone.” In a recent decision model by Mason et al,**
risk stratification by clinical means alone was the rec-
ommended patient care strategy.

Cardiac mortality is only a portion of the account-
able determinants of cost and resource use.” Nearly
half of all cardiac events reported in the vascular
surgery literature have been attributed to in-hospital
myocardial ischemia.® Among one population of
patients who experienced myocardial infarction,
recurrent ischemia precipitated referral for cardiac
catheterization more often than did a patient’s mortal-
ity risk.” For this population with peripheral vascular
disease, in-hospital use of resources and cost may be
driven by varying factors other than risk for periopera-
tive mortality.

The goal of healthcare in the managed care era is
to identify efficient and less expensive treatment
strategies to contain escalating healthcare costs. We
performed a systematic review of evidence that may
be used to develop a decision tree in the hospital set-
ting for use in daily patient care. With any screening
technique, identification of key patient selection cri-
teria will allow for a maximum change in patient care
and identify key outcome variables. The measure of a
screening test is ability to classify risk, that is, to dif-
ferentiate the largest number of events among
patients with abnormal test results and the smallest
number of events among patients with normal test
results. When the patient population is enriched with
patients at high risk (patients with symptoms or those
with a history of cardiac disease), the predictive value
of a test may be enhanced, and the potential for real-
location of a large number of patients to a higher or
lower 1isk category may be realized.

As evidenced by several reports, the cardiac event
rate is as much as sixfold higher among patients with
coronary disease than among those without coronary dis-
ease.”® With identification and testing of only patients at
greatest risk for perioperative complications, resource
use becomes more efficient, and patient care costs may
be minimized. In our study, cost savings ranged from
9% to 47% after implementation of a selective preoper-
ative screening strategy. The published data show that
3% to 12% of patients had their operations canceled
because of high-risk symptoms or a markedly abnormal
screening test result. "This is an important component of
the abilicy of a test to help classify risk. When rates of
cardiac events and cancellation of operations were
ageregated and compared among the reports of nonin-
vasive cardiac imaging, the cost-effectiveness of screen-
ing was further enhanced after risk stratification
according to results of noninvasive imaging studies.
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For more efficient patient care, practice patterns
for risk stratification should include a stepped
approach for resource use from least to most expen-
sive; this optimizes outcome detection at each step
along the incremental assessment pathway. Such a

decision algorithm may aid in the selective use of

technology and enhance risk stratification -of less
expensive technology. Additional diagnostic evalua-
tion is completed only for patients at intermediate to
high risk. This results in subsequent enrichment of
the population; patients at high risk effectively
enhance the diagnostic or prognostic yield of testing.
If 1isk stracification were to end after clinical assess-
ment, an important high-risk subset defined according
to the piesence of echocardiographic worsening
dyssynergy or one or more reversible perfusion
defects would not be identified.

In one study the summary odds of cardiac death or
myocardial infarction increased threefold when
patients at risk with coronary disease and a reversible
perfusion defect were compared with those without a
reversible defect but with signs and symptoms of coro-
nary disease.’ In the current series, patients at high
risk should be referred directly for cardiac catheteriza-
tion. Among patients at intermediate risk before test-
ing, noninvasive screening is most cost effective
among patients 70 to 80 years of age.

Study Limitations

A large proportion of the studies contained few
outcome events. Early in the development of new
imaging agents or techniques, reports on small
series of patients or those with a limited follow-up
period may be more likely to be published because
of interest in the possible impact of a new modality.
Variation in definitions of end points, particularly
for reinfarction, may provide additional differences

within our predictive estimates. The problem of

publication bias has been shown to lead to consid-
erable overestimation of treatment effect—it is
likely that studies with positive will be reported,
whereas studies with negative results are disregard-
ed as too small.

The literature on noninvasive screening commonly

represents referral populations, thus the problem of

referral bias should be considered in this analysis. We
attempted to correct for bias of internal validity in sev-
eral ways. First, we used strict entry criteria to make the
dataset as homogeneous as possible. Second, our
meta-analysis was adjusted for estimated dilution, con-
tamination, ascertainment, and differential follow-up
biases. Other limitations included temporal shifts in
predischarge medical care, short follow-up times, and

differences in referral cohorts. Third, we used a ran-
dom-effects model that incorporated uncertainty aris-
ing from the imprecision of the parameter of interest.
The result was a wider range of uncertainty about the
parameter of interest. Because of our attempts to cor-
rect for internal validity, this meta-analysis has the
potential to aid our understanding of risk stratification
with noninvasive testing for patients with peripheral
vascular disease while taking into account the observa-
tional nature of the data. We also incorporated sensitiv-
ity analysis in the decision model.

+ CONCLUSIONS -

In this economic decision model, substantial cost
savings may be predicted with implementation of a
selective approach to preoperative screening for
patients undergoing vascular operations. The
approach is based on clinical risk assessment before
testing. With this selective screening approach, the
economic impact of initial diagnostic testing may be
minimized. At the same time, patients and surgical
teams receive substantial reassurance regarding the
near term risk of perioperative cardiac events. The
cost effectiveness of preoperative screening is
enhanced among patients older than 70 years.
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Appendix 1. Dipyridamole Nuclear Perfusion and Dobutamine
Stress Echocardiography for Preoperative Risk Stratification:
Probability of Events in Patients with an Abnormal Test Used for
Perioperative Event Rates in the Decision Model

Study Estimate 95% Confidence Interval
Baron® 0.01409 -0.04303-0 07112
Boucher® 0.1840 -0.02023-0.3735
Bry* 0 1076 0.04703-0.1674
Davila-Roman® 0 06438 -0 04573-0.1730
Eagle® 0 2804 0.1677-0 3858
Eichelberger” 0.07932 -0.02897-0.1858
Hendel* 0.1340 0.07586-0.1911
Kresowik* 0 01706 -0 03703-0.07105
Lalka® 0 1806 -0.02249-0 3694
Lane® 0.1084 0.006962-0 2077
Langan” 0.1768 0.0002334-0 3428
Mangano® -0 006246 -0 1520-0 1397
McEnroe™ 0 04698 -0.07031-0 1630
Poldermans* 0.1482 0.02942-0.2628
Younis™ ' 0.1494 0.03402-0.2609
Dobutamine echocardiography 01310 0 06790-0.1931
Dipyridamole perfusion 01126 0.07443-0 1504

Appendix 2. Range of Median Cost Estimates for Preoperative Screening
Strategies From Available Participating Institutions and From Available
Literature® ** # %

Screening Strategy Cost ($)
Pharmacologic stress myocardial perfusion imaging 350-850
Cardiac catheterization 1,500-5,200
Percutaneous transluminal coronary angioplasty 7,000-14,000
Coronary artery bypass surgery 18,800-32,000
Myocardial infarction 16,000-27,400
Inhospital death 20,500-34,700
Total vascular surgery 22,400

VOL. 3,NO 12

THE AMERICAN JOURNAL OF MANAGED CARE



