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Purpose: To compare clinical success, functional capacity, and qual-
ity of life during 12 months after revascularization or su-
pervised exercise training in patients with intermittent
claudication.

Materials and
Methods:

This study had institutional review board approval, and all
patients gave written informed consent. Between Septem-
ber 2002 and September 2005, 151 consecutive patients
who presented with symptoms of intermittent claudication
were randomly assigned to undergo either endovascular
revascularization (angioplasty-first approach) (n � 76) or
hospital-based supervised exercise (n � 75). The outcome
measures were clinical success, functional capacity, and
quality of life after 6 and 12 months. Clinical success was
defined as improvement in at least one category in the
Rutherford scale above the pretreatment level. Signifi-
cance of differences between the groups was assessed with
the unpaired t test, �2 test, or Mann-Whitney U test. To
adjust outcomes for imbalances of baseline values, multi-
variable regression analysis was performed.

Results: Immediately after the start of treatment, patients who
underwent revascularization improved more than patients
who performed exercise in terms of clinical success (ad-
justed odds ratio [OR], 39; 99% confidence interval [CI]:
11, 131; P � .001), but this advantage was lost after 6
(adjusted OR, 0.9; 99% CI: 0.3, 2.3; P � .70) and 12
(adjusted OR, 1.1; 99% CI: 0.5, 2.8; P � .73) months.
After revascularization, fewer patients showed signs of
ipsilateral symptoms at 6 months compared with patients
in the exercise group (adjusted OR, 0.4; 99% CI: 0.2, 0.9;
P � .001), but no significant differences were demon-
strated at 12 months. After both treatments, functional
capacity and quality of life scores increased after 6 and 12
months, but no significant differences between the groups
were demonstrated.

Conclusion: After 6 and 12 months, patients with intermittent claudica-
tion benefited equally from either endovascular revascu-
larization or supervised exercise. Improvement was, how-
ever, more immediate after revascularization.
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Intermittent claudication (Rutherford
category 1, 2, or 3) is a lifestyle-
limiting manifestation of peripheral

arterial disease (1,2). The prevalence
varies from 3% to 6% in patients aged
40 to 60 years (3). As individuals in
Western society age, the incidence of
intermittent claudication is expected to
increase, making questions related to
its treatment pertinent (4).

Exercise training is recommended
as an initial treatment for intermittent
claudication by the TransAtlantic Inter-
Society Consensus (TASC) (3). Endo-
vascular revascularization, however, is
becoming more common, presumably
because its immediate benefit may pre-
vent unnecessary disability (3).

In a randomized controlled trial, we
compared clinical success, functional
capacity, and quality of life during 12
months of follow-up after endovascular
revascularization or supervised hospi-
tal-based exercise training in patients
with intermittent claudication.

Materials and Methods

In a single-center (Ikazia Hospital) ran-
domized controlled trial (5) in a large
community (Rotterdam, the Nether-
lands), the clinical effectiveness of pri-
mary endovascular revascularization
was compared with supervised hospital-
based exercise training as the initial
treatment for patients with intermittent
claudication (Rutherford category 1, 2,
or 3). We adhered to the guidelines of
Good Clinical Practice and the Consoli-
dated Standards of Reporting Trials (6).
The institutional review board approved
the study, and all patients gave written
informed consent for participation in
the trial and for endovascular revascu-
larization (if randomly assigned to this
treatment arm).

Patients
From September 2002 to September
2005, all new patients with symptoms
of intermittent claudication who were
referred to the Department of Vascu-
lar Surgery were considered for re-
cruitment (Figure). Inclusion criteria
were as follows: (a) Rutherford cate-
gory 1, 2, or 3 claudication with a
duration of 3 months or longer, (b) a
maximum pain-free walking distance
of less than 350 m (almost 2 miles)
(7), (c) an ankle-brachial index (ABI)
of less than 0.9 at rest or an ABI that
decreased by more than 0.15 after the
treadmill test, (d) one or more vascu-
lar stenoses of greater than 50% diam-
eter reduction at the iliac or femoro-
popliteal level at magnetic resonance
angiography, (e) all criteria having

been met for inclusion, and (f) in-
formed consent. Exclusion criteria
were as follows: (a) abdominal aortic
aneurysm, (b) life-incapacitating car-
diac disease (New York Heart Associ-
ation class III and higher [8]), (c) mul-
tilevel disease (ie, same-side stenoses
at both the iliac and femoral levels,
requiring multiple revascularization
procedures), (d) isolated tibial artery
disease, (e) lesions deemed unsuitable
for revascularization (iliac or femoro-
popliteal TASC type D and some TASC
type B and/or C lesions, such as a
unilateral external iliac occlusion that
involved the origins of the internal il-
iac and/or common femoral artery or
single or multiple femoral popliteal le-
sions in the absence of continuous tib-
ial vessels to improve inflow for a
distal bypass procedure [9]), and
(f) prior treatment for the lesion (in-
cluding exercise training). Multiple ste-
noses localized in one iliac arterial seg-
ment (ie, the common iliac or external
iliac artery) were classified as a single
lesion in the analyses. Vascular sur-
geons and interventional radiologists
decided by consensus to include pa-
tients at the multidisciplinary vascular
conference.

Each patient was assigned to a spe-
cific treatment arm by using a computer-
generated block-randomized list (block
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Advances in Knowledge

� To our knowledge, prior to the
current randomized controlled
trial, there was no level I evidence
with respect to the combined out-
come measures clinical success,
quality of life, and functional ca-
pacity of endovascular revascular-
ization versus hospital-based ex-
ercise for intermittent claudica-
tion.

� Although the efficacy of super-
vised exercise programs com-
pared with unsupervised exercise
programs remains controversial,
this randomized controlled trial
shows the benefit of a hospital-
based exercise program.

� The results from the current ran-
domized controlled trial demon-
strate that after 6 and 12 months,
patients with intermittent claudi-
cation benefited equally from ei-
ther endovascular revasculariza-
tion or supervised exercise; this
may lead to further research with
revascularization plus supervised
exercise training as a treatment
arm.

Implications for Patient Care

� The general consensus is that all
patients presenting with symp-
toms of intermittent claudication
should initially be treated with
exercise training and that only if
symptoms fail to improve should
invasive procedures be consid-
ered.

� This randomized controlled trial
showed that endovascular revas-
cularization provides immediate
benefit and therefore may prevent
a patient’s unnecessary disability.
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size, 16) that had been prepared in ad-
vance by an independent statistician,
was sealed for every particular patient,
and was not accessible to the local trial
coordinator (S.S.).

Interventions
Endovascular revascularization was
performed by one of three interven-
tional radiologists, each with more
than 10 years of experience. Revascu-
larization was performed by using a
10% oversized balloon (Powerflex or
Opta-Pro; Cordis Johnson & Johnson,
Miami, Fla). For iliac revasculariza-
tion, the initial balloon angioplasty
was considered technically successful
if the mean residual pressure gradient
across the treated arterial segment
was less than 10 mm Hg at rest. If the
balloon angioplasty failed, a self-
expanding nitinol stent (Luminexx;
Bard, Tempe, Ariz) was placed. For
femoral revascularization, the deci-
sion to place an additional self-ex-
panding nitinol stent (Luminexx) was
based on results of angiography per-
formed after balloon angioplasty (re-
sidual lumen diameter, �50%) rather
than on a persistent pressure gradi-
ent. In all cases in which a stent was
required, stent diameters were cho-
sen with the aim of 1-mm oversizing
and on the basis of the vessel diameter
proximal and distal to the area of the
stenosis. Iliac or femoral occlusions
were treated with conventional guide-
wire recanalizations.

Supervised exercise was per-
formed over 24 weeks on a walking
treadmill (30 minutes per session,
twice weekly) and was supervised by a
vascular technologist (including S.S.,
with 10 years of experience). This is
consistent with the practice in many
previous clinical trials of supervised
exercise in patients with intermittent
claudication (10) and was considered
the maximum attainable number of
sessions in our setting. Treadmill ex-
ercise was initiated at a workload of
3.5 km/h without a graded incline. Pa-
tients decreased the workload to 1
km/h when, in their perception, max-
imum claudication pain occurred and
continued exercising at this reduced

workload until the pain subsided (1–3
minutes), after which the workload
was increased again. If a patient’s
maximum pain-free walking distance
increased, the workload was in-
creased by modifying the treadmill
grade and/or speed to ensure the stim-
ulus of claudication pain during the
workout. In addition, all patients were
instructed to walk for at least 30 min-
utes three times a week outside the

hospital setting. After the 24-week su-
pervised exercise program, patients
were instructed to continue their
walking exercise daily in their own en-
vironment without supervision and
with claudication pain as a guide. Pa-
tients received tips for keeping their
exercise motivation strong, such as
scheduling structured exercise on a
“to-do” list, trying to get an exercise
buddy, or visiting a fitness center with

Flow diagram of study (according to Consolidated Standards of Reporting Trials statement) shows reasons for
exclusion, random assignment to endovascular revascularization or supervised hospital-based exercise
training, and treatment actually received, including 6- and 12-month follow-up. CVA � cerebrovascular
accident.
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a treadmill. Between 6 and 12 months,
we did not evaluate daily exercise until
the follow-up visit at 12 months.

Patients in the revascularization
group did not perform a similar exercise
program but were given general recom-
mendations concerning lifestyle changes
according to the guidelines for cardio-
vascular disease prevention (11,12). In
addition to revascularization or exercise
training, all patients underwent athero-
sclerotic risk factor treatment per-
formed by a designated study internist
that included hypertension, serum glu-
cose, cholesterol, lipid profile, and ho-
mocysteinemia (in patients �50 years
of age) management, and all patients
were prescribed aspirin therapy (100
mg/d). All smokers were advised of the
health hazards of smoking, were strongly
and repeatedly advised to quit smoking,
and were offered a smoking-cessation
program. Although risk factor manage-
ment continued during follow-up, we
did not evaluate the effect as part of our
study.

Clinical Effectiveness
Clinical effectiveness included clinical suc-
cess, functional capacity, and quality of life.
We defined clinical success as an improve-
ment in at least one category in the Ruther-
ford scale (7) above the pretreatment level,
measured after treadmill walking (3.5
km/h, no graded incline). Clinical success
was measured 1 week after revasculariza-
tion or after the first two exercise sessions
(ie, 1 week) and at 6- and 12-month follow-
up. Furthermore, we determined whether
clinical success at follow-up was impaired
by recurring symptomsof intermittent clau-
dication in the initial symptomatic leg (ipsi-
lateral) or by new symptoms in the con-
tralateral leg by using the presence of symp-
toms in either extremity as a binary
outcome (yes or no). We defined contralat-
eral symptoms as the first occurrence of
any contralateral symptoms in the limb, in-
cluding claudication and rest pain that were
not the indication for the initial treatment.

Functional capacity was expressed in
terms of ABI, maximum pain-free walking
distance, and maximum walking distance.
The ABI was measured at rest and after
treadmill walking (3.5 km/h, no graded in-
cline), and maximum and pain-free walking

distances were reported. Clinical success
and functional capacity were both evalu-
ated by an independent observer who was
blinded to the specific treatment that had
been assigned, and patients were in-
structed not to discuss their assigned treat-
ment.

Quality of life was assessed by using
the generic Medical Outcomes Study
36-Item Short-Form Health Survey (SF-
36) (13) and the disease-specific Vascu-
lar Quality of Life Questionnaire (14).
The SF-36 helps evaluate the physical,
social, and physical-role functioning of
patients and elicits their perceptions of
their general health and well-being in
eight health dimensions (13). On the
basis of the results of a previous study
(15), we determined that four of these
dimensions were relevant to intermit-
tent claudication (physical functioning,
role limitations due to physical prob-
lems, bodily pain, and general health
perceptions), whereas the other four
were not (social functioning, role limi-
tations due to emotional problems,
mental health, and change in health dur-
ing the past year). The scoring per di-
mension was valued on a 100-point
scale, from 0 (worst outcome) to 100
(best outcome). The Vascular Quality of
Life Questionnaire was developed espe-
cially for patients with peripheral arte-
rial disease and is responsive to subtle
treatment effects (14). The question-
naire contains 35 questions subdivided
into five dimensions (activity, symptom,
pain, emotion, and social functioning).
Each question has a seven-point re-
sponse option. Patients’ responses were
converted to a scale ranging from 1
(worst outcome) to 7 (best outcome).

In addition, the EuroQol-5D rating
scale and costs were assessed. The
EuroQol-5D is a multiattribute utility in-
strument that assesses quality of life val-
ues from the societal perspective and
helps classify patients into a health state
(16). For each health state, a value was
calculated by using the Dutch scoring
algorithm, which was derived from the
general population (17): 0 equates to
death, and 1 equates to maximum
health. The rating scale required the re-
spondent to rate his or her overall
health on a scale from 0 to 100, where 0

represents death and 100 represents
perfect health (18). These results are
reported separately in an article focus-
ing on cost-effectiveness (19).

Statistical Analysis
The required sample size was estimated
on the basis of the primary outcome:
mean improvement in quality of life. Ap-
proximately 40%–50% of patients were
expected to have a substantial reduction
in their symptoms, as measured with
the physical functioning dimension of
the SF-36, after 6 months (15,20). A
difference of 20%–25% between the
treatment groups was considered to be
clinically relevant on the basis of a dif-
ference of approximately 25% in the
physical functioning dimension between
the general population and patients with
symptoms of intermittent claudication
(21). To demonstrate a difference of
25% with � � .05, a power of .80, and a
two-sided test of differences in unpaired
proportions with an estimated 45% im-
provement in the control group re-
quired 68 patients in each trial arm (to-
tal, 136). To compensate for some loss
to follow-up, we recruited 15 extra pa-
tients; this was based on our prior expe-
rience with clinical studies.

Results were analyzed according to
the intention-to-treat principle: Once a
patient was randomly allocated, the pa-
tient remained in the allocated group
for analysis regardless of whether cross-
over occurred or whether follow-up was
completed. Only patients who withdrew
immediately after randomization—thus,
prior to data collection and interven-
tion—were excluded from analysis. In a
sensitivity analysis, we performed a
per-protocol (on-treatment) analysis in
which only data in patients who com-
pleted the entire trial in the allocated
treatment arm (60 in the revasculariza-
tion group and 61 in the exercise ther-
apy group) (22) were analyzed.

A small number of variable values
(96 of 2400) were missing, namely for
patients who died or who refused fol-
low-up. Because no patients died of pe-
ripheral arterial disease, and because
no relationship was found between
missing values and treatment arm, fol-
low-up period, or variable, we assumed
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the values were missing at random. In
the analyses, mean values for clinical
success, functional capacity, and quality
of life at 6- and 12-month follow-up
were imputed singly and uncondition-
ally (23,24). As relatively few values
were missing, we did not use more so-
phisticated methods. Significance of dif-
ferences between group means was as-
sessed by using the unpaired t test or
the Mann-Whitney U test, as appropri-
ate, whereas dichotomous outcomes
were assessed with the �2 test.

In a Cox proportional hazards analysis,
an event was defined as death, crossover,
additional treatment, or clinical failure. To
assess differences in clinical success rate
between treatment groups, we calculated
the actual numbers of the success rate for
each treatment group and used logistic
regression to determine the adjusted odds
ratios (ORs) of revascularization versus ex-
ercise at 1-week and 6- and 12-month fol-
low-up. To assess interactions between
treatment strategy anddisease level (iliac vs
femoral disease) and between treatment
strategy and smoking (fewer than six or six
or more cigarettes per day) on clinical suc-
cess, we added an interaction term to the
adjusted model for “treatment group and
disease level” or “treatment group and
smoking.” To avoid overfitting, no other in-
teractions were tested. To assess the effect
of stent placement on clinical success in the
revascularization group, we performed a �2

test. Furthermore, we calculated adjusted
ORs to determine if clinical success at fol-
low-up became impaired by recurring ipsi-
lateral symptoms or by new contralateral
symptoms.

Significance of differences in mean
score improvement between the treatment
groupswas assessedbyusing theunpaired t
test or the �2 test. We used multivariate
regression analysis. The variables included
were baseline scores, age, sex, diabetes
mellitus, smoking, hypertension, hyperlip-
idemia, and disease severity (mild or mod-
erate claudication vs severe claudication).
These variables were selected on the basis
of the TASC II report (3) and clinical judg-
ment. To adjust for multiple comparisons, a
significance level of .01 (two tailed) was
used because approximately five (range,
two to eight) comparisons were made for
each type of outcome. Calculations were

performed by using software (SPSS, ver-
sion 14.0 for Windows; SPSS, Chicago, Ill).

Results

Patients and Treatments
During the inclusion period, 293 poten-
tially eligible patients were seen at the
Department of Vascular Surgery (Fig-
ure). Fourteen patients refused to par-

ticipate, and 128 did not meet the crite-
ria. Thus, 151 patients were enrolled.
Of these patients, 76 were randomly
assigned to undergo revascularization
and 75 were randomly assigned to re-
ceive exercise training. One patient re-
fused further participation immediately
after randomization and prior to base-
line data collection and was therefore
excluded from the analysis, leaving 150
patients for analysis (Figure).

Table 1

Baseline Patient Characteristics and Disease Severity

Characteristic

Endovascular
Revascularization
(n � 75)

Hospital-based
Exercise (n � 75) P Value*

Age (y) 65 � 11.4 66 � 9.1 .34
Male sex† 44 (59) 39 (52) .62
Arterial hypertension†‡ 32 (43) 28 (37) .87
Diabetes mellitus† 11 (15) 15 (20) .83
Hyperlipidemia†§ 40 (53) 38 (51) .87
History of ischemic heart disease† 14 (19) 21 (28) .19
Pulmonary disease† 7 (9) 9 (12) .50
Osteoarthritis of lower limb† 7 (9) 5 (7) .66
Renal insufficiency† 1 (1) 3 (4) .35
History of cerebrovascular disease† 8 (11) 4 (5) .32
Smoking† .87

Current 12 (16) 17 (23)
Ever 40 (53) 32 (43)
Never 23 (31) 25 (33)

Body mass index (kg/m2) 26 � 4.3 25 � 4.9 .88
ABI�

At rest 0.62 � 0.18 0.63 � 0.17 .62
After exercise 0.41 � 0.22 0.42 � 0.21 .60

Maximum pain-free walking distance (m) 82 � 48 104 � 65 .04
Maximum walking distance (m) 174 � 76 186 � 97 .62
Rutherford classification†# .87

1 Or 2 57 (76) 57 (76)
3 18 (24) 18 (24)

SF-36 quality of life score**
Physical functioning 42 � 26 49 � 20 .11
Physical-role functioning 37 � 52 49 � 45 .18
Pain 50 � 21 55 � 23 .18
General health 53 � 23 54 � 20 .91

Total Vascular Quality of Life Questionnaire score†† 4.2 � 1.1 4.3 � 1.1 .79

Note.—Unless otherwise indicated, data are means � standard deviations.

* Considering multiple statistical tests, P � .01 was considered to indicate a statistically significant difference.
† Data are numbers of patients, with percentages in parentheses.
‡ Diastolic pressure of more than 95 mm Hg.
§ Cholesterol level of 5.0 mmol/L or greater.
� Minimum value of those for right and left legs.
# Most severe classification per person.

** On a scale from 0 (worst) to 100 (best).

‡‡ On a scale from 1 (worst) to 7 (best).
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The two treatment groups had simi-
lar demographic data and comorbidi-
ties, and there were no significant dif-
ferences at baseline in functional capac-
ity or quality of life scores (Table 1).
Table 2 shows lesion characteristics. In
four patients, revascularization failed
technically for the following reasons:
failure to enter the vessel (n � 2), fail-
ure to cross the lesion (n � 1), or failure
to improve arterial blood flow (n � 1).
Two of these patients were advised to

practice home-based exercise, one re-
ceived an aortobifurcation graft, and
one underwent patch plasty of the com-
mon femoral artery. Stents were used in
46 of 71 iliac lesions (34 patients) and in
20 of 40 femoral lesions (16 patients).
Asymptomatic iliac and femoral lesions
on the contralateral side remained un-
treated. The two groups had a similar
distribution of lesion characteristics and
a similar distribution of contralateral
symptoms (Table 2).

The mean number of sessions in the
supervised exercise program was 33 �
10 (standard deviation) (median, 32).
The mean time spent on home-based
walking exercise was 4.2 hours per
week � 4.7 (median, 3.5 hours per
week) during the first 6 months and 3.4
hours per week � 3.5 (median, 3.5
hours per week) during the second 6
months. Sixty-nine (92%) of the 75 pa-
tients who underwent revascularization
responded to the questionnaires at 6
months, and 67 (89%) responded at 12
months. Among the 75 patients in the
exercise program, 74 (99%) responded
at 6 months, and 72 (96%) responded
at 12 months.

During follow-up, 10 patients who
underwent revascularization and 11 pa-
tients in the exercise program under-
went additional treatment (Table 3). Of
these patients, eight in the exercise pro-
gram crossed over to the endovascular
revascularization arm, whereas no pa-
tient crossed over in the opposite direc-
tion. Additional treatment of patients
who underwent revascularization was
indicated by (a) technical failure (n � 4
[one iliac occlusion, two femoral occlu-
sions, and one instance of multiple fem-
oral stenoses]) and (b) symptomatic
and hemodynamic failure (n � 6 [two
iliac occlusions and four femoral occlu-
sions]). Additional treatment of pa-
tients in the exercise program was re-
lated to symptomatic failures (three pa-
tients with iliac occlusions, five patients
with bilateral iliac lesions, and three pa-
tients with multiple femoral lesions).
Seven patients in the revascularization
group experienced minor complications:
six hematomas and one small dissec-
tion, for which a second stent place-
ment was needed. The patients in the
exercise group had no complications.
Two patients in the revascularization
group, but no patients in the exercise
group, were lost to follow-up, while five
patients in the revascularization group
and three patients in the exercise group
died during follow-up (Figure) (unad-
justed death rate OR � 1.7; 99% confi-
dence interval [CI]: 0.4, 7.4; P � .47).
The causes of death were not related to
either peripheral arterial disease or the
intervention. Adjusted Cox regression

Table 2

Baseline Lesion Characteristics

Variable
Endovascular
Revascularization (n � 75)

Hospital-based
Exercise (n � 75) P Value

Iliac disease 55 (73) 51 (68) .47
Bilateral 13 (17) 12 (16) .88
Unilateral in both common and external iliac

arteries 3 (4) 5 (7) .77
Total no. of iliac lesions 71 68

Stenosis* 62 (87) 61 (90) .90
Occlusion 9 (13) 7 (10) .96

Femoral disease 20 (27) 24 (32) .47
Bilateral 8 (11) 12 (16) .32
Unilateral with multiple (�1) femoral lesions 5 (7) 6 (8) .17

Total no. of femoral lesions 40 45
Stenosis* 23 (58) 29 (64) .18
Occlusion 17 (42) 16 (36) .67

Note.—Unless otherwise specified, data are numbers of patients, with percentages in parentheses.

* Diameter reduction of 51%–99%.

Table 3

Additional Treatment during Follow-up

Additional Treatment

Endovascular
Revascularization (n � 75)

Supervised Hospital-based
Exercise (n � 75)

0–6 Months 6–12 Months 0–6 Months 6–12 Months

Home-based exercise 3 0 0 0
Endovascular revascularization with or

without stent placement
Common iliac artery 0 1 2 3
Femoral artery 0 1 2 1

Surgical intervention
Aortic bifurcation graft 2 0 1 0
Femoral-femoral crossover graft 1 0 0 0
Femoropopliteal bypass 0 0 2 0
Patch plasty of common femoral artery 2 0 0 0

Note.—Data are numbers of patients.
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analysis demonstrated that the risk of
treatment failure was not significantly
different after revascularization versus
after exercise (hazard rate ratio, 1.2;
99% CI: 0.6, 2.2; P � .59).

Clinical Outcomes
After revascularization, the clinical suc-
cess rate was 88% at 1 week (66 of 75
patients; 99% CI: 78%, 98%), decreas-
ing to 75% at 6 months (56 of 75 pa-
tients; 99% CI: 61%, 88%) and 68% at
12 months (51 of 75 patients; 99% CI:
54%, 82%). After initiation of exercise,
the clinical success rate was 16% at 1
week (12 of 75 patients; 99% CI: 5%,
27%), increasing to 77% at 6 months
(58 of 75 patients; 99% CI: 64%, 90%)
and then decreasing to 65% at 12
months (49 of 75 patients; 99% CI:
51%, 80%). Although clinical success at
1 week was significantly higher with re-
vascularization than with exercise (ad-
justed OR, 39; 99% CI: 11, 131; P �
.001), there was no significant differ-
ence at 6-month (adjusted OR, 0.9;
99% CI: 0.3, 2.3; P � .70) or 12-month
(adjusted OR, 1.1; 99% CI: 0.5, 2.8;
P � .73) follow-up. Clinical success was
not significantly associated with the in-
teraction term “treatment group and
level of disease” after 6 months (ad-
justed OR, 3.7; 99% CI: 0.7, 18; P �
.03) or 12 months (adjusted OR, 0.8;
99% CI: 0.2, 3.3; P � .71) or with the
interaction term “treatment group and
smoking fewer than six cigarettes” after
6 months (adjusted OR, 0.52; 99% CI:
0.1, 4.4; P � .43) or 12 months (ad-
justed OR, 1.5; 99% CI: 0.3, 6.9; P �
.46). Furthermore, clinical success after
endovascularization was not signifi-
cantly associated with stent placement
after 6 months (adjusted OR, 0.8; 99%
CI: 0.2, 4.1; P � .78) or 12 months
(adjusted OR, 0.74; 99% CI: 0.2, 3.2;
P � .59).

At 6 months, significantly fewer pa-
tients in the revascularization group
than in the exercise group had symp-
toms of intermittent claudication on the
ipsilateral side on the binary yes-or-no
scale (37% vs 69%; adjusted OR, 0.4;
99% CI: 0.2, 0.9; P � .001). However,
this difference disappeared at 12 months
(41% vs 58%; adjusted OR, 0.7; 99%

CI: 0.4, 1.3; P � .25). More patients in
the revascularization group than in the
exercise group had new intermittent
claudication symptoms on the contralat-
eral side after 6 and 12 months, al-
though the difference was not significant
(17% vs 8% [adjusted OR, 2.4; 99% CI:
0.9, 6.7; P � .09] and 21% vs 17%
[adjusted OR, 1.6; 99% CI: 0.6, 4.2;
P � .34], respectively).

At 6 and 12 months, patients in both
the revascularization and exercise
groups showed improvement in mean
ABI at rest and after exercise, maxi-
mum pain-free walking distance, and
maximum walking distance (Table 4).
After adjustment for the baseline vari-
ables, there were no significant differ-
ences in functional capacity between the
two groups at 6- or 12-month follow-up.
Both revascularization and exercise im-
proved the mean quality of life scores of
the SF-36 dimensions and the total Vas-
cular Quality of Life Questionnaire

score (Table 5). After adjustment for
the baseline variables, there were no
significant differences in the quality of
life scores between the two groups at 6
or 12 months (Table 5).

The per-protocol analysis demon-
strated no substantial differences com-
pared with the results reported above.

Discussion

This randomized controlled trial evalu-
ated the effect of endovascular revascu-
larization versus supervised hospital-
based exercise training on clinical suc-
cess, functional capacity, and quality of
life after 6 and 12 months of follow-up in
patients with intermittent claudication.
While patients in the revascularization
group scored better in clinical success
shortly after the start of treatment, the
benefit compared with exercise was lost
over time. Revascularization reduced
ipsilateral symptoms at 6 months, but

Table 4

Mean Improvement in Measures of Functional Capacity during Follow-up Compared
with Baseline and Differences between Groups

Measure of Functional Capacity

Mean Score Improvement Compared with
Baseline

Adjusted Mean
Difference*

Adjusted
P Value†

Endovascular
Revascularization
(n � 75)

Hospital-based
Exercise (n � 75)

ABI at rest‡

6 Months 0.14 (0.08, 0.19) 0.03 (�0.01, 0.07) 0.00 (�0.05, 0.05) .92
12 Months 0.16 (0.10, 0.21) 0.04 (0.00, 0.07) 0.00 (�0.04, 0.04) .97

ABI after exercise‡

6 Months 0.27 (0.20, 0.34) 0.14 (0.08, 0.20) 0.01 (�0.06, 0.08) .69
12 Months 0.27 (0.24, 0.30) 0.20 (0.15, 0.26) 0.01 (�0.04, 0.06) .58

Maximum pain-free walking
distance (m)

6 Months 679 (519, 837) 899 (743, 1054) �16 (�32, 2) .02
12 Months 806 (646, 960) 943 (786, 1099) 24 (�42, 91) .34

Maximum walking distance
6 Months 755 (600, 909) 1138 (1006, 1270) 16 (�60, 93) .58
12 Months 826 (680, 970) 1034 (896, 1170) 24 (�42, 91) .34

Note.—Data in parentheses are 99% CIs.

* Adjusted for baseline ABI, maximum pain-free walking distance or maximum walking distance, age, sex, severity of disease
(mild or moderate versus severe), smoking, hypertension, hyperlipidemia, and diabetes mellitus. Positive difference indicates
endovascular revascularization has a better outcome; negative difference indicates supervised hospital-based exercise has a
better outcome.
† Considering multiple statistical tests, P � .01 was considered to indicate a statistically significant difference.
‡ Minimum value of those for right and left legs.
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this did not translate into improved clin-
ical success, functional capacity, or
quality of life when compared with exer-
cise training. After 6 and 12 months, the
treatment groups did not differ signifi-
cantly in functional capacity or quality of
life scores.

In a small randomized controlled
trial (25,26) evaluating functional ca-
pacity in patients with intermittent clau-
dication, maximum walking distance at
6 years was better among patients
treated with exercise than among pa-
tients treated with angioplasty; how-
ever, quality of life outcomes were not
reported. A randomized controlled trial
comparing angioplasty to conventional
medical treatment (27,28) revealed that
angioplasty improved neither walking
nor quality of life after 2 years. Another
randomized controlled trial (29) com-
pared invasive treatment (eg, endovas-
cular or open surgical procedures), ex-

ercise, and simple observation in pa-
tients with intermittent claudication.
These researchers concluded that only
invasive therapy improved walking abil-
ity; however, compliance with exercise
programs was low. A systematic review
(20) showed that quality of life at
6-month follow-up improved after ei-
ther exercise training or angioplasty,
whereas functional capacity improved
only after angioplasty. That systematic
review, however, was limited by the
quality of the included studies—not ran-
domized, with insufficient power, incon-
sistently reported data, and nonstand-
ardized exercise programs.

Several studies (10) have evaluated
the efficacy of exercise programs, but
the value of supervision remains contro-
versial. Some studies (30,31), particu-
larly in Europe, have shown good re-
sults from a home-based program; how-
ever, other studies have demonstrated

little benefit from home-based exercise
(32). Supervised exercise, however, has
induced clinical improvement in almost
every study (32–35).

The most important limitation of
our study was that it was a single-center
study performed in the Netherlands
with adherence to strict inclusion and
exclusion criteria, which may affect the
generalizability of the results to other
countries. However, the patient popula-
tion was homogeneous and representa-
tive of the typical patient with claudica-
tion, as baseline patient characteristics
were similar to those of patients in a
systematic review of revascularization
versus exercise in patients with claudi-
cation (20). Our study may also have
been limited by lack of power, as it was
designed to demonstrate clinically rel-
evant differences, rather than equiva-
lences, in quality of life and because
the sample size calculation did not
take the multiple comparisons into ac-
count. The negligible effect size (indi-
cating no clinically significant differ-
ence) was found for practically all out-
comes.

Quality of life is a subjective out-
come that may be influenced by the per-
ception of individual subjects. Patients
in an exercise program might underes-
timate quality of life because improve-
ment occurs slowly and less noticeably
during an exercise program. Con-
versely, patients who underwent revas-
cularization might overestimate quality
of life because improvement is immedi-
ate and therefore contrasts with the
preintervention state. Furthermore,
more patients in the exercise group
than in the revascularization group in
our study had ipsilateral symptoms at 6
months, even though the proportion of
patients with clinical success was equal.
This may be most likely related to the
specific induction of claudication symp-
toms during exercise (3).

An additional limitation included
lack of use of a graded incline, given that
graded treadmill testing is superior to
nongraded testing in patients with inter-
mittent claudication (9). Our study was
further limited by the revascularization
technique used. While our technique re-
flected clinical practice at the time of the

Table 5

Mean Improvement in Measures of Health-related Quality of Life during Follow-up
Compared with Baseline and Differences between Groups

Measure of Quality of Life

Mean Score Improvement Compared
with Baseline

Adjusted Mean
Difference*

Adjusted
P Value†

Endovascular
Revascularization
(n � 75)

Hospital-based
Exercise
(n � 75)

SF-36 quality of life score‡

Physical functioning
6 Months 19 (14, 25) 12 (7, 18) 2 (�3, 8) 0.22
12 Months 17 (12, 22) 13 (8, 18) 2 (�1, 6) 0.10

Physical-role functioning
6 Months 25 (14, 36) 14 (4, 24) 7 (�5, 19) 0.12
12 Months 21 (10, 32) 6 (�4, 16) 7 (�5, 19) 0.11

Bodily pain
6 Months 14 (7, 21) 7 (2, 13) 4 (�4, 10) 0.11
12 Months 11 (5, 17) 10 (4, 16) 3 (�3, 8) 0.20

General health
6 Months 1 (�4, 6) 5 (1, 9) �1 (�6, 5) 0.74
12 Months 2 (�3, 7) 5 (1, 9) �1 (�4, 4) 0.73

Vascular Quality of Life
Questionnaire score§

6 Months 0.6 (0.1, 1.1) 0.7 (0.4, 1.0) 0.1 (�0.3, 0.4) 0.08
12 Months 0.7 (0.3, 1.1) 0.6 (0.3, 0.9) 0.1 (�0.2, 0.3) 0.61

* Adjusted for baseline quality of life scores, age, sex, severity of disease (mild or moderate versus severe), smoking,
hypertension, hyperlipidemia, and diabetes mellitus. Positive difference indicates endovascular revascularization has a better
outcome; negative difference indicates supervised hospital-based exercise has a better outcome.
† Considering multiple statistical tests, P � .01 was considered indicate a statistically significant difference.
‡ On a scale from 0 (worst) to 100 (best).
§ On a scale from 1 (worst) to 7 (best).
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study, better results may be currently
achievable with the use of improved
stents and changes in practice. For ex-
ample, we now know that primary stent
placement in the femoral arteries re-
sults in better patency at 6 and 12
months than the balloon angioplasty–
first approach followed here (36,37). In
addition, new-generation stents com-
bined with clopidogrel administration
have improved patency compared with
that of the stent type without clopi-
dogrel used in this study (37).

Another limitation of our study was
that exercise treats both limbs, which is
an advantage compared with revascu-
larization because one extremity is not
discerned from the other and therefore
symptoms of the contralateral extremity
are treated as well. The severity of
baseline ipsilateral symptoms may have
disguised contralateral symptoms in
some patients. Increased mobility after
revascularization would encourage the
discovery of the contralateral symp-
toms. Most patients with bilateral le-
sions, however, underwent bilateral
treatment. Furthermore, as peripheral
arterial disease is a two-limb problem, a
patient-based analysis of treatment ef-
fects is the appropriate approach.

In a previous randomized study
(38), albeit one with a small number of
patients, the combination of revascular-
ization and home-based exercise was
better than either approach to treat-
ment alone. To the best of our knowl-
edge, early intervention plus supervised
exercise has never been studied in a
large randomized controlled trial, but
this combination is certainly an interest-
ing option. Revascularization plus exer-
cise would presumably combine effec-
tive short-term relief of claudication
symptoms with the added long-term
benefits of exercise training. Further-
more, the cost-effectiveness of the com-
bination would need to be evaluated.

In conclusion, our randomized con-
trolled trial demonstrated that endovas-
cular revascularization or supervised
hospital-based exercise in patients with
claudication yielded similar benefits in
terms of clinical success, functional ca-
pacity, and quality of life after 6 and 12
months of follow-up, whereas the bene-

fit was more immediate with revascular-
ization.
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correspondence.  You may use the reverse side of this form as a 
proforma invoice.  Please return your order form and 
prepayment to:

Cadmus Reprints
P.O. Box 751903
Charlotte, NC  28275-1903

Note:  Do not send express packages to this location, PO Box.
FEIN #:541274108

Please direct all inquiries to:

Rose A. Baynard
800-407-9190 (toll free number)
410-819-3966 (direct number)
410-820-9765 (FAX number)
baynardr@cadmus.com (e-mail)

Reprint Order Forms 
and purchase order 
or prepayments must 
be received 72 hours 
after receipt of form.
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