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PURPOSE: To determine the optimal imaging strategy in pretreatment workup of patients with intermittent claudi-
cation with use of noninvasive imaging modalities and intraarterial digital subtraction angiography (DSA).

MATERIALS AND METHODS: A decision-analytic model that considered test characteristics such as sensitivity,
complications induced by the test, implications of missing lesions, and the consequences of overtreating patients, was
developed to evaluate the societal cost-effectiveness (CE) of magnetic resonance (MR) angiography, duplex ultra-
sonography (US), and DSA. Our main outcome measures were quality-adjusted life years (QALYs), lifetime costs (in
dollars), and incremental CE ratios. The base-case analysis considered a cohort of 60-year old male patients without
a history of coronary artery disease who presented with severe claudication to undergo pretreatment imaging workup.

RESULTS: The range in effectiveness and lifetime costs among different diagnostic workup strategies was small (largest
difference in effectiveness: 0.025 QALYs; largest difference in lifetime costs: $1,800). If treatment was limited to angioplasty
in patients with suitable lesions, MR angiography had an incremental CE ratio of $35,000 per QALY compared with no
diagnostic workup, and DSA had an incremental CE ratio of $471,000 per QALY compared with MR angiography. If
treatment options included both angioplasty and bypass surgery, DSA had an incremental CE ratio of $179,000 per QALY
compared with no diagnostic workup, and MR angiography and duplex US were less effective and more costly.

CONCLUSIONS: The differences in costs and effectiveness among diagnostic imaging strategies for patients with
intermittent claudication are slight and MR angiography or duplex US can replace DSA without substantial loss in
effectiveness and with a slight cost reduction.

Index terms: Cost-effectiveness • Extremities, blood supply • Peripheral vascular disease
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Abbreviations: CAD � coronary artery disease, CE � cost-effectiveness, DSA � digital subtraction angiography, PAD � peripheral arterial disease, QALY �
quality-adjusted life year

THE pretreatment workup for patients
with intermittent claudication in-
volves selecting the most appropriate

intervention for each patient and var-
ies by institution. Some centers advo-
cate the use of duplex ultrasonogra-

phy (US) as the initial modality,
followed in many cases by intraarte-
rial digital subtraction angiography
(DSA), whereas others advocate the
use of magnetic resonance (MR) an-
giography as the only imaging modal-
ity. So far, most studies on the pre-
treatment imaging workup of
peripheral arterial disease (PAD) have
focused on the diagnostic accuracy of
these tests. For the detection of signif-
icant stenoses, duplex US has reason-
able accuracy compared with DSA,
whereas MR angiography is nearly as
accurate as DSA (1). Currently, in
some clinics, angioplasty procedures,
and sometimes even bypass surgery,
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are planned on the basis of the find-
ings of duplex US (2–4). Likewise, the
results of MR angiography for plan-
ning invasive treatment are also prom-
ising (5,6). Intraarterial DSA, con-
versely, is considered to be the
reference (“gold”) standard and is still
often used despite its slight risk of
morbidity and mortality (7,8) and its
expense. The question arises as to
which imaging workup strategy is
preferred.

To determine which test(s) are pre-
ferred in clinical practice, we need to
take into account not only the diagnos-
tic accuracy of each test, but also the
related effects of diagnostic imaging
tests on the treatment plan, long-term
prognosis, quality of life, and costs.
Although, ideally, one would like to
perform a clinical study to address all
these issues, such a study would be
complicated and time-consuming. Al-
ternatively, a cost-effectiveness (CE)
analysis with use of a decision-ana-
lytic approach can shed light on the
trade-offs involved. A model inte-
grates all relevant effects and costs
and has the ability to compare numer-
ous diagnostic strategies. The purpose
of this study was to assess the CE of
MR angiography, duplex US, and in-
traarterial DSA for the pretreatment
imaging workup of patients with life-
style-limiting intermittent claudica-
tion with use of a decision-analytic
approach.

MATERIALS AND METHODS

Decision Model

A previously developed decision-
analytic model (9) that evaluated treat-
ment and follow-up in patients with
intermittent claudication was ex-
tended with an additional model of
imaging workup to assess which
workup is most appropriate for the
patient. Three different workup strat-
egies were considered: (i) MR angiog-
raphy in all patients, (ii) duplex US in
all patients, and (iii) intraarterial DSA
in all patients. A reference strategy
consisting of exercise therapy without
imaging workup was also considered.

The information obtained from the
imaging workup was used to make
treatment decisions. The Figure repre-
sents a simplified outline of the model.
The test results indicated whether the
lesion was located in a suprainguinal

or infrainguinal location and which
treatment (angioplasty with selective
stent placement, bypass surgery, or
supervised exercise) was preferable.
Intraarterial DSA was considered to be
the reference standard and yields all
information necessary to make the cor-
rect treatment decision. A treatment
decision cannot always be made based
on the MR angiography or duplex US
results. Therefore, we assumed that
additional workup with DSA was per-
formed if the test yielded technically
inadequate results (eg, bowel gas for
duplex US), no treatment plan could
be determined on the basis of the test
result, no lesion was localized, or the
test could not be performed (eg, if
there were contraindications to MR
angiography such as claustrophobia
or having a pacemaker).

False test outcomes.—MR angiogra-
phy and duplex US could induce
false test results, which could lead to
treatment of an incorrect location
and/or inappropriate treatment. For
example, a patient with a supraingui-
nal lesion suitable for angioplasty
could be diagnosed with MR angiog-
raphy as having a lesion not suitable
for angioplasty. Because of the lim-
ited data reported in the literature,
the following assumptions were
made for the implications of false
test results.

For angioplasty, we assumed that
the preceding diagnostic DSA as part
of an angioplasty procedure would
detect incorrectly located lesions
and/or lesions incorrectly referred
for angioplasty. For depicting incor-
rectly located lesions, we assumed
that, in 10% of the cases, another an-
gioplasty session would be necessary
on another day (eg, because of con-
trast material overload or incorrect
puncture for the angioplasty proce-
dure). The costs of a planned angio-
plasty procedure that had to be
stopped after DSA were assumed to
be equal to a DSA procedure plus an
additional amount of money for inef-
ficient use of personnel, equipment,
and room time (Table 1).

When bypass surgery was per-
formed on nonsuitable lesions, it was
assumed that postoperative success
rates would be lower. For patients in
whom bypass surgery was per-
formed at the wrong location because
of a false test result, we assumed that
repeat DSA would be performed for

persistent symptoms, followed by re-
peat surgery.

Treatment.—The treatment options
for lifestyle-limiting intermittent clau-
dication included percutaneous trans-
luminal angioplasty with stent place-
ment if necessary, bypass surgery,
and supervised exercise. There seems
to be disagreement on whether the
presence of claudication justifies the
use of bypass surgery and, therefore,
we modeled two different treatment
scenarios. In the first scenario, treat-
ment was limited to angioplasty only
and patients with lesions not suitable
for angioplasty entered a supervised
exercise program (minimally invasive
treatment scenario). In the second
scenario, angioplasty was performed
if feasible and bypass surgery was
performed otherwise (more-invasive
treatment scenario). The results avail-
able from the previously developed
decision-analytic model on treatment
and follow-up for intermittent claudi-
cation showed that the more-invasive
treatment scenario was more effec-
tive than the minimally invasive
treatment scenario, but against a very
high cost (9). For the strategy with
no diagnostic workup, all patients
entered a supervised exercise pro-
gram and invasive treatment was
performed only if patients developed
critical limb ischemia.

Patients with recurrent lifestyle-
limiting claudication (defined as
maximum walking distance less than
250 meters), graft failure, or develop-
ment of symptoms in the contralat-
eral limb underwent further treat-
ment (9). Critical limb ischemia (de-
fined as rest pain, ulcer, or gangrene)
was always treated invasively and, if
necessary, an amputation was
performed.

Data Sources

Test characteristics.—Table 2 pre-
sents the data on gadolinium-en-
hanced MR angiography and color-
guided duplex US that were incorpo-
rated in the model (1,4–6,10,11). To
our knowledge, no major side effects
caused by MR angiography or du-
plex US have been reported. DSA,
conversely, has a slight risk of mor-
bidity and mortality. The probability
of systemic complications caused by
DSA was 0.029 (range, 0.017–0.052)
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(8) and the mortality risk was 3.3 �
10�4 (range, 2.9–16.2 � 10�4) (7,12).

For the baseline analysis, we as-
sumed that the DSA strategy con-
sisted of a complete DSA (ie, from
abdominal aorta to ankles) for the di-
agnostic workup of PAD and that the

information obtained from the DSA
would first be discussed by the
vascular surgeon and radiologist
before proceeding with treatment. If
the patient had a lesion that would
be suitable for angioplasty, an angio-
plasty procedure preceded by selec-

tive DSA was scheduled. In a sensi-
tivity analysis, we explored the ef-
fect of combining DSA and angio-
plasty during one procedure. It
should be noted that the definitive
choice of treatment before DSA is
unknown.

Figure. Schematic representation of the structure of the decision model. Patients who undergo diagnostic workup will be treated
according to the diagnostic test result. In the Markov model, treatment of patients and lifetime follow-up is modeled. Test results are
considered true if the test result and true disease status are the same, whereas test results are considered false if the test result and true
disease status are discrepant. Patients who do not undergo diagnostic workup enter a supervised exercise program. PTA � percuta-
neous transluminal angioplasty with selective stent placement; BS � bypass surgery; EX � supervised exercise program; (M) � Markov
model. *The structure of the subsequent subtree is similar to a structure used elsewhere in the tree.
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Treatment and follow-up.—Probabili-
ties for location of disease and suitabil-
ity for treatment were available from a
vascular registry (9). There were more
suprainguinal lesions than infraingui-
nal lesions and a higher proportion of
suprainguinal lesions than infraingui-
nal lesions was suitable for angioplasty
(Table 3) (9,13). Of all patients under-
going diagnostic workup for PAD, we
assumed that 95% would be eligible
for invasive treatment after workup.
Patency rates were available from pub-
lished meta-analyses (14–16). Probabil-
ities and rates are presented in Table 3
(9,14–18).

Health-related quality of life.—Quali-
ty-adjusted life years (QALYs) were
calculated as the sum of health val-
ues for each health state multiplied
by the amount of time spent in those
states. Health-related quality of life
was expressed as health values rang-
ing from 0 (dead) to 1 (full health).
The health values used are presented
in Table 1 (19–22).

Costs.—Costs were divided into
medical costs, including costs of di-
agnostic tests, treatment, and follow-
up, and nonmedical costs, including
transportation costs and patient time
spent on diagnostic testing, interven-
tions, and follow-up visits. All costs
were converted to 1998 United States
dollars with use of the Consumer
Price Index (United States Bureau of
Labor Statistics Data). We used
Medicare reimbursement rates, which
include technical and professional
fees, for the costs of MR angiogra-
phy, duplex US, and DSA (Table 1).
Extra costs for inefficient use of per-
sonnel, equipment, and housing in
the case of an incorrectly scheduled
angioplasty procedure were available
from a CE analysis (23). The costs for
invasive treatment were available
from a cost-identification analysis in
patients with PAD (24), except for
the costs of angioplasty with selec-
tive stent placement for supraingui-
nal disease (25).

Cost-effectiveness Analyses

The principal outcomes in the
model were QALYs and lifetime costs
and both were discounted at an an-
nual rate of 3% (26). QALYs and life-
time costs for downstream treatment
and follow-up of all possible diagnos-
tic outcomes were calculated in the
Markov model with first-order Monte
Carlo simulations of 100,000 patients
and combined with the costs and ef-
fectiveness of the pretreatment
workup. The time period between pre-
treatment workup and subsequent
treatment was assumed to be negligi-
ble in comparison to the patients’ life
expectancy.

To determine the CE of alternative
diagnostic strategies we used incre-
mental CE ratios. The strategies were
ordered according to increasing effec-
tiveness, and (extended) dominated
strategies were eliminated. A strategy
was considered to be dominated by
another strategy if the latter yielded

Table 1
Health-related Quality of Life and Costs

Variable
Base-case
Value Range*

Source
(Ref. No.)

Health values
Severe intermittent claudication† 0.71 0.67–0.75 (19)
Mild intermittent claudication† 0.79 0.75–0.83 (19)
Critical limb ischemia‡ 0.35 0.15–0.55 (20)
History of angina pectoris§ 0.90 0.60–1.00 (21)
Systemic long-term complications after interventions§ 0.72 0.60–0.90 (22)

Costs
MR angiography 574 287–861� Medicare
Duplex US 243 121–365� Medicare
DSA 1,183 1,822¶ Medicare
Mortality from vascular interventions 12,758 3,950–21,960 (24)
Complications of DSA 7,393 4,100–10,690 (24)
Extra costs for planned but not performed angioplasty# 316 158–474 (23)
Aortic bifurcation bypass surgery 25,790 23,300–28,300 (24)
Suprainguinal angioplasty with selective stent
placement

8,290 5,600–11,000 (24, 25)

Infrainguinal bypass surgery 18,110 15,800–20,400 (24)
Infrainguinal angioplasty 4,480 1,600–7,500 (24)
One year supervised exercise** 4,150 880–9,500 (9)

Note.—Total Costs � US $1998.
* Range or alternative numbers were used for sensitivity analysis.
† Health values were EuroQol responses from participants in an exercise program transformed to time trade-off values.
‡ Values were based on time trade-off.
§ These health values were incorporated by assuming a simple multiplicative relation.
� Ranges in costs represent 50% and 150% of baseline estimate.
¶ Inclusive costs of overnight stay in the hospital.
# Extra costs for one hour of inefficient use of personnel, equipment, and room time were counted if an angioplasty was planned
but not performed. The costs of the planned-but-not-performed angioplasty equaled the costs of an angiography plus the extra
costs for inefficient use.
** Main source of costs was patient time spent on walking.
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more QALYs at lower costs. A strategy
was considered to be extended domi-
nated if another strategy yielded more
QALYs and had a lower incremental
CE ratio. Incremental CE ratios were
then calculated as the difference in av-
erage lifetime costs divided by the dif-
ference in average QALYs for one par-
ticular strategy compared to the next-
best strategy (27). The model was
programmed in the DATA computer
program (Decision Analysis by Tree-
Age, version 3.5.6; Treeage Software,
Williamstown, MA).

Base-case analysis.—The base-case
analysis evaluated a cohort of 60-
year-old men with a 1-year history of
severe unilateral claudication, an ini-

tial ankle-brachial index (systolic an-
kle blood pressure divided by sys-
tolic brachial blood pressure) of 0.70,
and no history of coronary artery
disease (CAD). The analysis was
done separately for the scenario in
which angioplasty was the only treat-
ment option (minimally invasive
treatment scenario) and that in which
angioplasty and bypass surgery were
available (more-invasive treatment
scenario).

In an additional analysis, two
other patient cohorts were consid-
ered: 40-year old men (all other char-
acteristics similar to the base case)
and 70-year old men with a history
of CAD (all other characteristics simi-

lar to the base case). For patients
with a history of CAD, we assumed
that the more-invasive treatment sce-
nario was not possible because these
patients have high complication rates
after bypass surgery.

Sensitivity analysis.—In one-way
sensitivity analyses, we used parame-
ters that varied in a range of plausible
values (Table 2). Extensive sensitivity
analyses for the treatment and fol-
low-up model were previously per-
formed (9); therefore, our sensitivity
analysis focused on diagnostic parame-
ters. We evaluated some of our base-
case assumptions and varied the
threshold walking distance from 250
meters to 175 meters (probabilities and

Table 2
Test Characteristics of MR Angiography and Duplex US

Variable

MR Angiography Duplex US

Base-case
value Range*

Source
(Ref. No.)

Base-case
value Range*

Source
(Ref. No.)

Sensitivity �50% stenosis† 0.96 0.91–0.97 (1) 0.90 0.89–0.90 (1)
Specificity �50% stenosis 0.96 0.94–0.98 (1) 0.95 0.93–0.96 (1)
Probability of:
Uninterpretable test result‡ 0.07 0.05–0.10 § 0.11 0.0–0.23 (10)
Indeterminate test result� 0 – (5#, 6**) 0.089 0.036–0.14 (4)
Test result suggests angioplasty given that
lesion is suitable for angioplasty¶

0.79 0.87 (5, 6) 0.60 0.93 (4‡‡, 11††)

Test result suggests angioplasty given that
lesion is suitable for bypass surgery¶

0.03 0.065 (5, 6) 0.08 0.10 (4, 11)

Test result suggests angioplasty given that
lesion is not suitable for invasive treatment¶

0 0.065 (5, 6) 0.09 0.24 (4, 11)

Test result suggests bypass surgery given that
lesion is suitable for bypass surgery¶

0.97 0.87 (5, 6) 0.87 0.90 (4, 11)

Test result suggests bypass surgery given that
lesion is suitable for angioplasty¶

0.14 0.065 (5, 6) 0.36 0.07 (4, 11)

Test result suggests bypass surgery given that
lesion is not suitable for invasive treatment¶

0 0.065 (5, 6) 0.09 0.29 (4, 11)

* Range or alternative numbers were used for sensitivity analysis.
† Sensitivity was calculated based on specificity with use of summary receiver operating characteristics regression equation
available from a meta-analysis (1).
‡ An uninterpretable test result was defined as a technical inadequate test result (eg, bowel gas for duplex US) or the test could
not be performed (eg, claustrophobia for MR angiography).
§ Including 5% of patients who had a contraindication for MR angiography (personal communication, Ky H., MD, PhD, 2000).
� An indeterminate test result was defined as a technically adequate test result on which no treatment plan could be determined.
¶ We assumed for MR angiography and duplex US that the probabilities for assessing the treatment option were independent of
location.
# Probabilities were estimated from a cross-tabulation of treatment plans based on MR angiography and DSA. Because only the
margin totals of the cross-tabulation were known, it was assumed that the highest proportion of possible agreement between MR
angiography and DSA was achieved based on these totals. Criteria for suitability of lesions for angioplasty were iliac artery
stenoses and occlusions less than 20 mm in length.
** Treatment plans based on DSA were compared with treatment plans based on DSA with additional MR angiography. We
assumed that the proportion of discrepant treatment plans was equally divided over the other two categories. No criteria for
suitability of lesions for angioplasty were reported.
†† Study was performed with grayscale duplex US and included the complete spectrum of patients with PAD. In all patients,
treatment plans based on duplex US and DSA were compared. No criteria for suitability of lesions for angioplasty were reported.
‡‡ In only 64 of 112 patients, treatment plans of duplex US and DSA were compared. No criteria for suitability of lesions for
angioplasty were reported.
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health values were adjusted according-
ly). Only the most influential and clini-
cally relevant sensitivity analyses were
reported in detail.

We also explored the CE of two
additional diagnostic strategies for
the more-invasive treatment scenario.
The first strategy was MR angiogra-
phy in all patients followed by DSA
to plan bypass surgery in those who
required it. The second strategy was
duplex US with DSA for planning
bypass surgery.

RESULTS

Base-case Analysis

Considering the minimally invasive
treatment scenario (Table 4) for the
base-case analysis (60-year old men
with no history of CAD), no diagnostic
workup yielded the lowest effective-
ness and costs. The incremental CE

ratio for MR angiography yielded
$35,000 per QALY compared with no
diagnostic workup. DSA was the most
effective strategy and the incremental
CE ratio was $471,000 per QALY com-
pared with MR angiography. Duplex
US was less effective and more costly
than MR angiography; however, the
differences in QALYs and costs were
slight. Under the more-invasive treat-
ment scenario (Table 5), DSA was the
most effective strategy, with an incre-
mental CE ratio of $179,000 per QALY
compared with no diagnostic workup.
MR angiography and duplex US were
both dominated by DSA.

For 40-year-old men, the results
were quite similar, even though the
incremental CE ratios decreased (min-
imally invasive treatment scenario,
$18,000 per QALY for MR angiogra-
phy; more-invasive treatment sce-
nario, $119,000 per QALY for DSA).

For 70-year-old men with a history of
CAD, only the minimally invasive
treatment scenario was considered
and MR angiography had an incre-
mental CE ratio of $95,000 per QALY.

Sensitivity Analysis

The results were not sensitive to
changes in the diagnostic test charac-
teristics, except that use of the alterna-
tive values for the treatment recom-
mendations by duplex US (4) (Table 2)
changed the results in favor of duplex
US under the minimally invasive
treatment scenario. Duplex US then
became the optimal strategy (6.1503
QALYs and $21,928) and had an incre-
mental CE ratio of $34,000 per QALY.

In a sensitivity analysis, we as-
sumed that angioplasty could imme-
diately follow DSA and found that, for
DSA, the QALYs increased by 0.0007

Table 3
True Disease Status and Patency Rates for Patients with Intermittent Claudication

Variable
Base-case
value Range*

Source
(Ref. No.)

True disease status
Probability of suprainguinal disease 0.56 0.12–0.85 (9)
Probability that a suprainguinal lesion is suitable for
angioplasty†

0.51 0.43–0.59, 0.74 (9, 13)

Probability that an infrainguinal lesions is suitable for
angioplasty†

0.18 0.11–0.25, 0.50 (9, 13)

Probability that lesions are suitable for invasive treatment 0.95 0.85 (6, 9)
Annual rate of progression of invasively untreated disease§ 0.20 – (17)
Annual rate of changing diseased location� 0.15 – (18)

Two-year patency
Aortic bifurcation bypass surgery 0.95 – (15)
Angioplasty of suprainguinal lesions
Stenosis 0.84 – (16)
Occlusion 0.67 – (16)

Infrainguinal bypass surgery
Autologous vein 0.89 – (14)
PTFE, above-knee anastomosis 0.86 – (14)
PTFE, below-knee anastomosis 0.80 – (14)

Angioplasty of infrainguinal lesions
Stenosis 0.75 – (14)
Occlusion 0.46 – (14)

Note.—PTFE � polytetrafluoroethylene.
* Range or alternative numbers were used for sensitivity analysis.
† A lesion was considered suitable for angioplasty if there was one focal stenosis 50%–99% above the knee joint.
‡ In the Markov model, analyzing treatment and follow-up, it was assumed that 5% of the lesions were not suitable for invasive
treatment.
§ For patients with lesions suitable for angioplasty who incorrectly participated in the supervised exercise program, it was
assumed that the proportion of lesions suitable for angioplasty decreased over time, and, consequently, the proportion of lesions
suitable for bypass surgery increased, which equaled the rate of progression of disease.
� For patients who entered the supervised exercise program, it was assumed that the predominant disease location could change
over time as long as the patient was not treated invasively, and it was assumed that the rate of changing diseased location
equaled the rate of developing symptoms in the contralateral limb.
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and the costs decreased by $217, but
only the incremental CE ratio for DSA
under the minimally invasive treat-
ment scenario changed to $195,000 per
QALY. Also, when we broadened the
criteria of suitability for angioplasty
for patients with intermittent claudica-
tion (0.74 for suprainguinal lesions
and 0.50 for infrainguinal lesions; Ta-
ble 3), the results changed in favor of
DSA. Effectiveness and costs for DSA
were 6.2449 QALYs and $24,640 for
the minimally invasive treatment sce-
nario, and the incremental ratio for
DSA relative to MR angiography de-
creased to $91,000 per QALY. Effec-
tiveness and costs were 6.3024 QALYs
and $40,714 for the more-invasive
treatment scenario, and the incremen-
tal ratio for DSA relative to the no-
diagnostic-workup strategy decreased
to $90,000 per QALY.

By defining severe intermittent
claudication by a walking distance
shorter than 175 meters (base-case
analysis, 250 meters), the effectiveness

increased and the costs decreased. For
both the minimally invasive treatment
scenario and the more-invasive treat-
ment scenario, the incremental CE ra-
tio of DSA increased ($968,000 per
QALY and $233,000 per QALY,
respectively).

Finally, we explored the CE of MR
angiography (6.2253 QALYs and
$48,587) and duplex US (6.2257
QALYs and $48,374) in combination
with DSA for planning bypass surgery
for the more-invasive treatment sce-
nario, and these strategies were simi-
lar to DSA. The strategy of duplex US
with DSA for planning bypass surgery
was the optimal strategy, with an in-
cremental CE ratio of $179,000 per
QALY compared with the no-diagnos-
tic-workup strategy.

DISCUSSION

We found that differences in costs
and effectiveness between the various
diagnostic imaging strategies for pa-

tients with intermittent claudication
were slight. Differences between the
strategies arise from differences in
costs of the tests, risks of the tests, and
the proportion and consequences of
false test results, all of which seem
important at the time of testing. How-
ever, what may seem to be a large
difference at the time of testing be-
comes relatively small when consider-
ing long-term overall outcomes such
as lifetime costs and quality-adjusted
life expectancy. In addition, the results
were dependent to some extent on the
treatment options considered. When
treatment was limited to angioplasty,
MR angiography, duplex US, and DSA
yielded similar costs and effectiveness,
whereas if both angioplasty and by-
pass surgery were considered as treat-
ment options, DSA yielded slightly
lower costs and higher effectiveness
compared to the other strategies. The
reason that the optimal diagnostic
strategy depended on the available
treatment options can be explained by
considering that the consequences of a
false diagnostic test result were more
influential if the treatment scenario in-
cluded bypass surgery than if only an-
gioplasty was considered. For exam-
ple, if bypass is performed in an
incorrect arterial segment, a second
bypass procedure is necessary, which
yields high costs and has a risk of com-
plications; DSA preceding the angio-
plasty procedure would prevent treat-
ment of an incorrect arterial segment.
Also, bypass surgery was more expen-
sive than angioplasty, resulting in
higher incremental CE ratios for the
more-invasive treatment scenario.

We found two other studies (28,29)
that analyzed the CE of the pretreat-
ment workup for PAD. In one study
(29), duplex US and DSA were com-
pared and it was concluded that du-
plex US was not a cost-effective alter-
native because of its low sensitivity.
The other study (28) reported that MR
angiography alone or in combination
with selective use of DSA might be a
cost-effective alternative compared
with DSA. The inflow and outflow as-
sessments were evaluated in that anal-
ysis, which was comparable to our
analysis, in which we evaluated
whether the lesion was located in a
suprainguinal or infrainguinal loca-
tion and which treatment was prefer-
able. Three key differences between
their analysis and ours were that they

Table 4
QALYs, Costs, and Incremental CE Ratios for the Base-case Analysis, Minimally
Invasive Treatment Scenario

Diagnostic Strategy* QALY Cost ($)
Incremental
CE Ratios

No diagnostic workup 6.0606 18,912 –
Duplex US 6.1465 22,042 D
MR angiography 6.1487 21,959 35,000
DSA 6.1498 22,497 471,000

Note.—D � dominated. Numbers of incremental CE ratios could be slightly
different from calculating based on the numbers in the table because of rounding.
Incremental CE ratios were calculated compared to the next best strategy after
excluding dominated strategies.
* Strategies were ordered on increasing effectiveness (QALYs).

Table 5
QALYs, Costs, and Incremental CE Ratios for the Base-Case Analysis, more
Invasive Treatment Scenario

Diagnostic Strategy* QALY Cost ($)
Incremental
CE Ratios

No diagnostic workup 6.0606 18,912 –
Duplex US 6.2002 50,178 D
MR angiography 6.2136 48,980 D
DSA 6.2254 48,411 179,000

Note.—D � dominated. Numbers of incremental CE ratios could be slightly
different from calculating based on the numbers in the table because of rounding.
Incremental CE ratios were calculated compared to the next best strategy after
excluding dominated strategies.
* Strategies were ordered on increasing effectiveness (QALYs).
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considered patients with limb-threat-
ening PAD instead of intermittent
claudication, they did not consider
angioplasty as a possible treatment
option, and they performed MR
angiography without gadolinium
enhancement.

Rather than performing a clinical
trial, we developed a decision model
and retrieved data from various liter-
ature sources. The use of such second-
ary data has limitations in that data
are not always fully applicable to the
question under study. For instance,
much of the radiologic literature on
the diagnostic workup of PAD has fo-
cused on the diagnostic performance
of the imaging modalities for arterial
segments, whereas, in our analysis, we
estimated the lifetime costs and quali-
ty-adjusted life expectancy for pa-
tients. With use of various modeling
strategies, we were able to integrate
the per-segment diagnostic perfor-
mance data to a more meaningful pa-
tient level. Also, many studies have
been published on treatment recom-
mendations according to MR angiog-
raphy and duplex US, but most do not
give sufficient detail for use in a deci-
sion model. The data for duplex US on
treatment recommendations were
available from an older study (11) in
which no color guidance was used,
implying that the diagnostic perfor-
mance of duplex US is probably better
than our baseline estimate. When we
used data from a more recent study (4)
in the sensitivity analysis, the results
of strategies including duplex US im-
proved. Besides, criteria for the suit-
ability of lesions for angioplasty were
reported in only one (5) of the quoted
studies (4–6,11) and, therefore, we
were unable to compare the criteria.

Another limitation of decision anal-
ysis is that assumptions have to be
made to keep the model tractable. We
had to make assumptions about out-
comes after false test results because
not all the consequences are known. In
our model, all false test results en-
tailed a decrease in quality-adjusted
life expectancy and/or an increase in
costs. Another assumption that may
be questionable is the assumption of
DSA to be the reference standard. Ear-
lier studies (30,31) reported that MR
angiography detected more patent
runoff vessels than DSA, which may
be important for assessing the feasibil-
ity of bypass surgery and the optimal

distal anastomosis. Also, the definition
of severe intermittent claudication
(walking distance less than 250
meters) may be arbitrary. We found
that the use of a more stringent cutoff
value (175 meters) did not change the
conclusions. Finally, we did not model
the option of workup for CAD before
proceeding with imaging workup and
treatment for PAD because this is a
different question than we set out to
address and is beyond the scope of our
paper. However, we did consider the
presence of CAD in patients with in-
termittent claudication. In our analy-
ses, we assumed that patients with a
history of CAD would not undergo
bypass surgery for symptoms of inter-
mittent claudication because the re-
sults of an earlier CE analysis (9)
showed that bypass surgery for these
patients was less effective and more
costly than supervised exercise or
angioplasty.

In our base-case analysis, we as-
sumed that DSA for the pretreatment
workup of PAD and a subsequent an-
gioplasty procedure would be sched-
uled in separate sessions. However, in
clinical practice, diagnostic DSA and
angioplasty may be planned as one
procedure, even though the definite
choice of treatment is unknown before
the procedure. If the lesion is not suit-
able for angioplasty, the procedure
will be terminated after the diagnostic
DSA procedure and, depending on the
flexibility of the work process, the an-
giography room may remain unused.
This implies inefficient use of person-
nel, equipment, and room time, which
increases costs. The advantages of
combining DSA and angioplasty into
one procedure are that the patient is
exposed only once to the risks of a
percutaneous procedure and that it is
cost-saving as a result of more efficient
use of room time, personnel, and other
resources. In a sensitivity analysis, we
assumed that 10% of patients needed a
second session for angioplasty. The
cost savings of performing the proce-
dures in one session outweighed the
cost increase of inefficient use of per-
sonnel, equipment, and room time,
and there was a slight increase in ef-
fectiveness, which suggests that plan-
ning diagnostic DSA and angioplasty
as one procedure is preferred to per-
forming initial noninvasive imaging.

The incremental CE ratios in our
baseline analysis ranged from $35,000

to $471,000 per QALY. Society’s will-
ingness to pay for health care inter-
ventions is unknown and depends on
many aspects such as the health care
system and economic situation in a
country. In the literature, a wide range
of estimates for society’s willingness
to pay have been published. A study
that determined estimates for society’s
willingness to pay by converting val-
ue-of-life estimates available from var-
ious fields to dollars per QALY dem-
onstrated a range of $25,000 to
$450,000 per QALY (1998 US dollars,
rounded) (32). However, in the medi-
cal literature, the generally reported
range varies between $10,000 and
$100,000 per QALY (33).

In the current analysis, we evalu-
ated MR angiography, duplex US, and
DSA, three imaging modalities that
are currently widely used for the diag-
nostic workup of PAD. However, not
every center has all three modalities at
its disposition and, therefore, the com-
parison of MR angiography and du-
plex US may be irrelevant for these
centers. The choice to use MR angiog-
raphy or duplex US may depend on
parameters other than those consid-
ered in our analysis, such as the exper-
tise of the radiologists or the availabil-
ity of equipment. The development of
new radiologic techniques is ongoing
and multidetector spiral CT angiogra-
phy might be a new alternative for the
workup of PAD (34–36). It is often
used for the diagnostic workup of ab-
dominal aortic aneurysms and has
been shown to have excellent diagnos-
tic accuracy with relatively low costs
($300 in 1997 dollars) (37). In the fu-
ture, the currently developed decision
model may be useful in comparing CT
angiography with the existing imag-
ing modalities as more information be-
comes available regarding sensitivity
and specificity and the effect on the
treatment plan, prognosis, quality of
life, and costs.

Although we attempted to incorpo-
rate all the relevant costs and effects of
the diagnostic imaging workup for pa-
tients with intermittent claudication in
this CE analysis, this analysis has lim-
itations, as discussed, and presents
only one way of looking at the prob-
lem. A decision analysis does not
make a clinical study superfluous. In
fact, we consider the current study a
prelude to, rather than a substitution
for, a clinical study. Because the differ-
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ences in costs and effectiveness across
diagnostic imaging strategies were
slight, our results suggest that a clini-
cal study should focus on the decision-
making process and workflow in clin-
ical practice. An appropriate design
for such a comparison would be a
pragmatic randomized controlled trial
in which patients are randomized
among available diagnostic imaging
modalities and the outcome measures
focus on the clinical decision-making
process (38).

In conclusion, the differences
among diagnostic imaging strategies
for patients with intermittent claudica-
tion are slight. This implies that MR
angiography or duplex US can replace
DSA without substantial loss of effec-
tiveness at a slightly reduced cost, es-
pecially if minimally invasive treat-
ment options are considered. In
addition, planning an angioplasty pro-
cedure in conjunction with diagnostic
DSA yields a minimal gain in effec-
tiveness and a slight cost reduction.
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