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This study reports the initial evaluation of treatment efficiency
in 75 patients with intermittent claudication who were randomized
to three treatment groups: 1) reconstructive surgery, 2) recon-
structive surgery with subsequent physical training, and 3) phys-
ical taining alone. Before treatment, there were no statistically
significant differences between the groups in age, sex, smoking
habits, symptom duration of claudication, ankle-arm blood pres-
sure quotient (ankle-index), maximal plethysmographic calf
blood flow, symptom-free and maximal walking distance, the
history of other atherosclerotic manifestations or in the medical
treatment. The walking performance was improved in all three
groups at follow-up 13 ± 0.5 months after randomization. Surgery
was most effective, but the addition of tning to surgery im-
proved the symptom-free walking distance even further. In pooled
observations of the three groups, age, symptom duration, and a
history of myocardial ischemic disease correlated negatively with
walking performance after treatment. In the operated group, the
duration of claudication and a history of myocardial ischemic
disease correlated neptively with the walking performance. This
was not the case when patients were censored if limited by other
symptoms than intermittent claudication after treatment. In the
trained group, the duration of claudication correlated negatively
to symptom-free and maximal walking distance. Ankle-index
and maximal plethysmographic calf blood flow after treatment
and the change of these variables with treatment correlated pos-
itively with both symptom-free and maximal walking distance
when results were pooled for all patients. Although this mainly
was a consequence of the improved blood flow after surgery, the
change of maximal plethysmographic calf blood flow also cor-
related with symptom-free but not withm l walking distance
in the trained group. The results demonstrate that, compared
with physical training alone, operation alone or in combination
with subsequent training are superior treatment modalities in
patients with intermittent claudication.

S EVERAL RETROSPECTIVE STUDIES, both from the
era when arterial reconstruction was not generally
available'4and more recently,5'-have estimated that

the risk for limb loss in patients treated conservatively for
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intermittent claudication is not more than 2-8% during
a follow-up period of 2-8 years. The chance of sponta-
neous improvement ofsymptoms was also fairly good. In
addition to the relative benign natural course of inter-
mittent claudication with respect to limb loss, the risk of
perioperative complications from associated cardiovas-
cular disease in these patients,8 as well as the risk to life
in the long run,9 has been pointed out. Therefore, a con-
servative approach in the treatment of patients with clau-
dication as only symptom have been emphasized. Studies
from the late 1960s have further suggested that, in patients
with claudication, exercise can increase the distance that
the patient is able to walk,10"' and a wealth of literature
has evolved dealing with the possible mechanisms behind
the effect of training in such patients. 12-21 Irrespective of
which mechanisms are responsible for the improved
walking performance after conservative treatment in-
cluding physical training, the need for operation can be
eliminated in a large number of patients.22 Thus, argu-
ments for conservative treatment of intermittent claudi-
cation are based on the relatively benign natural course,
the general and local risks associated with reconstructive
surgery,23 and the positive effects of physical training.
However, the efficiency of conservative treatment in ar-
terial insufficiency with respect to symptom-relief com-
pared with that of reconstructive arterial surgery has not
been evaluated in a controlled way.

Therefore, the purpose of this study was to evaluate
the relative merits of two treatment modalities in three
combinations: reconstructive arterial surgery, supervised
physical training, and the combination of both in the
treatment of patients with intermittent claudication.
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INTERMIVTENT CLAUDICATION

Patients and Methods

Seventy-five patients with intermittent claudication
were randomly allocated to two types of standard treat-

ment-arterial surgical reconstruction and supervised
physical training-in three combinations: 1) reconstruc-
tion without physical training (Op), 2) reconstruction
combined with physical training (Op + Train), and 3)
physical training without reconstructive surgery (Train).
The patients were re-examined after at least 6 months

of treatment. The duration of the arterial insufficiency
was more than 6 months in all patients. All patients were
handicapped in their professional or social life by clau-
dication when they entered the study. Patients with a

maximal walking performance of more than 600 m and
those with rest pain, ischemic ulcers, or a blood pressure

of the first toe below 30 mmHg were not admitted into
the study. Also, patients younger than 40 years ofage and
those older than 80 years of age were not accepted.

Experimental Protocol

The patients were recruited from our out-patient clinic.
A vascular surgeon decided whether the patients were

suitable for the study by means ofa preliminary evaluation
based on the disease history and the results ofthe bedside
investigation, including ankle-arm blood pressure quotient
(ankle-index).24 The patients were then referred to the
vascular laboratory for a complete investigation with tests

of walking performance on a treadmill (speed of 4 km/
hour and slope of 0°). Their walking ability was presented
as symptom-free (SFWD) and maximal walking distance
(MWD). The patients' ability to exercise on a bicycle er-

gometer including ECG was registered.25 Maximal blood
flow of the calf after ischemic exercise measured with
strain gauge plethysmography (PMBF)26 and blood pres-

sure of the first toe (BPFT)27 were registred. If the results
from the vascular laboratory confirmed the diagnosis of
moderate to severe intermittent claudication (typical pain,
consistent pattern ofPMBF and ankle-index in response

to the treadmill test, MWD 600 m and BPFT 30
mmHg) the vascular surgeon entered the patient in the
study after having obtained informed consent. The pa-

tients were randomized to one of the three treatment
groups with help of an algorithm described by Pocock
and Simon,28 accounting for the distribution of sex, age,

and diabetes. The patients randomized to the surgery

group underwent operation, the purpose ofwhich was to
eliminate hemodynamically important arterial obstruc-
tions above the knee level. Thrombendarterectomy, syn-
thetic Y-graft, or bypass with saphenous vein or expanded
polytetrafluoroethylene graft was used. The training pro-
gram was comprised ofthree sessions per week ofdynamic
leg exercise beyond the appearance of leg pain due to

arterial insufficiency. The training sessions, supervised by

a physiotherapist, lasted for 30 minutes, and the patients
were also encouraged to perform the exercises during their
leisure-time. The patient group randomized to receive
combined treatment started their training 6 weeks after
the last operation. The minimum training period was 6
months. Re-examination was done 6-12 months after the
start of treatment and included patient history, clinical
investigation, measurement of ankle-index, and a second
visit to the vascular laboratory for measurement of the
maximal plethysmographic calf blood flow, BPFT,
SFWD, and MWD.

Statistics

Data are presented as mean ± SEM. Comparison be-
tween two independent samples was made using Mann-
Whitney's U test; comparison ofmore than two indepen-
dent samples was made using Kruskall-Wallis' nonpara-
metric analysis of variance (ANOVA); and comparison
between two dependent samples was made using Wilcox-
on's matched pairs signed-ranks test.29 Differences be-
tween categoric data in the treatment groups were tested
with Fisher's distribution-free permutation test.30 Several
surgically treated patients were limited by symptoms other
than intermittent claudication after treatment. Therefore,
life table technique was used to estimate the effect of dif-
ferent treatments on walking performance. The influence
of different covariates on the walking performance was
tested using the logrank technique.3132 When testing for
statistical significance, p . 0.05 was chosen. Not statis-
tically significant is abbreviated NS.

Ethics

Informed consent was obtained from all subjects. The
study was approved by the Committee for Ethics in Med-
ical Investigations, University of Goteborg.

Results

Clinical Characteristics

The mean age of the patients was 64 ± 0.9 years, and
the mean duration of the intermittent claudication was
25 ± 3.3 months. Twenty-one per cent of the patients
were women and 93% were smokers. Several patients had
a history of other diseases associated with atherosclerosis
and intermittent claudication, such as diabetes (8%), an-
gina pectoris (25%), myocardial infarction (19%), hyper-
tension (31%), cardiac insufficiency (7%), and transient
ischemic attacks (3%), but they were not limited in their
performance by factors other than intermittent claudi-
cation. The medical treatment ofthe patients were digitalis
(1 1%), ,8-blockers (32%), Ca-blockers (5%) and diuretics
(21%). Except for having atherosclerotic diseases, they
were in good general health, without any signs of renal
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TABLE 1. Clinical Data for Patients with Intermittent Claudication in the Randomized Treatment Groups Before Treatment (mean ± SEM) *

Treatment Groups

Data Op Op + Train Train Significance

Number 25 25 25
Age (years) 64 ± 2 63 ± 2 64 ± 1 NS
Duration (months) 28 ± 6 21 ± 5 26 ± 6 NS
Ankle-index 0.55 ± .03 0.59 ± .02 0.59 ± .03 NS
BPFT(mmHg) 58 ±4 58± 5 55 ± 3 NS
PMBF (ml/ 100 ml/min) 14.8 ± 1.5 15.2 ± 1.6 16.7 ± 1.7 NS
SFWD(m) 85 ± 6 70 ± 7 67 ± 7 NS
MWD(m) 209±20 180±20 183±22 NS

* Statistically differences between the groups where tested with Krus- PMBF = Maximal blood flow after ischemic exercise evaluated with
kall-Wallis' nonparametric ANOVA. strain-gauge venous occlusion plethysmography.

or hepatic insufficiency. The mean hemoglobin concen- trations ofhemoglobin, platelets, creatinine, triglycerides,
tration was 148 ± 1.3 g/L, the platelet particle concen- and cholesterol; there were also no statistically significant
tration was 266 X 109 cells/I, and the serum creatinine differences in the distribution of diabetes, angina pectoris,
concentration was 88 ± 2.4 ,mol/l. The SFWD andMWD myocardial infarction, hypertension, cardiac insufficiency,
were 74 ± 3.8 m and 191 ± 11.9 m, respectively. Ankle- and transient ischemic attacks in the history of the pa-
index, BPFT, and maximal plethysmographic calf blood tients, nor in the medical treatment with digitalis, ,3-
flow ofthe most symptomatic leg were 0.58 ± 0.02 mmHg, blockers, Ca-blockers, and diuretics.
57±2 mmHg, and 15.6 ± 0.9 ml/100 mlmin, respectively.
Forty-seven per cent ofthe patients had the atherosclerotic Treatment Compliance and Follow-up
lesion of the most symptomatic leg below the inguinal
ligament, 41% had the atherosclerotic lesion above the The mean time from randomization to follow-up were
ligament, and 12% had combined lesions. 12.6 ± 0.9, 15.2 ± 0.8, and 11.2 ± 0.6 months (p . 0.01)

There were no statistical differences among the three in the operated (Op), the combined (Op + Train) and the
randomized treatment groups regarding the distributions training group (Train), respectively (Table 2). In the group
of age, duration of the disease, ankle-index, BPFT, max- with combined treatment, the longer observation time
imal plethysmographic calfblood flow, SFWD, andMWD after randomization was due to the more complicated
(Table 1). In addition, there were no statistically significant treatment protocol ofthis group. Thus, these patients had
differences among the groups in the distribution of the to wait until they had undergone one or more operations
location of the atherosclerotic lesions, nor in the concen- before they could start their training program. Two pa-

TABLE 2. Subjects Lacking Compliance in the Three Treatment Groups and the Availability ofComplete Results at Follow-up

Group Patient No. Compliance Complications Complete Follow-up

8 Emergency operation for aortic dissection-died of myocardial infarction No
after 1 week

20 Improved after randomization-no surgery No
Op 33 Died 6 months after surgery before follow-up in cerebral apoplexy No

62 Unsuitable for surgery except at lower leg level-shifted to training No-unable to participate in
group treadmill testing

3 Refused training after surgery Yes
7 Refused training after surgery Yes

Op + Train 15 Never treated due to unhealed venous ulcer No
24 Improved after randomization-no surgery No
48 Unable to train due to cardiac failure Yes
55 Died 4 months after surgery in cardiosclerosis No

6 Developed multiple sclerosis and was never treated for intermitent No-unable to participate in
claudication treadmill testing

29 Refused training after operation for severe ischemia Yes
Training 39 Trained after operation for severe ischemia Yes

49 Never treated: claudication was rejected by angiography No
51 Developed cardiac failure and was unable to train No-unable to participate in

treadmill testing

The subjects are identified with their randomization numbers.
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INTERMITTENT CLAUDICATION

tients never underwent operations, and complete data at
the follow-up were not available for four patients of Op
group. Five patients of the Op + Train group were not
treated according to the protocol, and complete follow-
up data were not available for three of these patients. Four
patients of the Train group never started their treatment
according to the protocol, and follow-up data for these
patients are incomplete.

Operations

Fifty-eight operations were performed in 48 patients
(the two patients in the group treated with physical train-
ing who underwent operation for limb-threatening isch-
emia and the patient who underwent emergency operation
for aortic dissection are included). Twenty-six of these
operations were performed on the aorta and iliac arteries,
and 32 were performed on the femoro-popliteal level. Of
the 48 patients who underwent operations, 26 underwent
reconstructive surgery on the aortoiliac level, 25 on the
femoro-popliteal level, three on both levels, and 23 bilat-
erally.

Complications

Within the first month of surgery, we had to evacuate
wound hematomas in three patients, perform thrombec-
tomy in three patients perform re-reconstructive surgery
in three patients (Table 2). In two patients, myocardial
infarction developed. The emergency case of aortic dis-
section already had an infarction when the operation was
performed. One patient received a pulmonary emboli
within 1 month after surgery. Except for the patient who
underwent operation for an aortic dissection and died, all
of these patients experienced full recovery despite their
complications. Later, two of the patients who had under-
gone operations had reoperations, and two patients died
before follow-up. In two of the patients who were ran-
domized to the training group, limb-threatening ischemia
developed, and these patients underwent operation. In
another two patients, severe cardiac insufficiency devel-
oped, and therefore these patients were unable to receive
training. However, there were no observed complications
caused directly by the physical training.

Hemodynamic Effects
All three groups improved their maximal plethysmo-

graphic calf blood flow significantly with treatment (Fig.
1). The improvements were 7.6 ± 1.5, 9.9 ± 2.4, and 3.0
± 1.2 ml/ 100 ml/minute for the Op, Op + Train, and
Train groups, respectively. The improvement in the
trained group was statistically significant even when
grouping was based on actual treatment. Two of these
patients underwent operation when they limb-threatening
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FIG. 1. The change in hemodynamic variables with treatment in the
different groups. Grouping is based on randomization (i.e., treatment of
intention). A Ankle-index = change in ankle-arm blood pressure quotient,
A BPFT = change in blood pressure ofthe first toe and A Plet = change
in maximal calf blood flow measured with strain gauge plethysmography.
Data refer to the most symptomatic leg.

*p . 0.05, ***p s 0.001, and ****p . 0.0001, with Wilcoxon's
matched pairs signed-ranks test.

ischemia developed after randomization. When the pa-
tients were tested, the overall difference for the improve-
ment between groups was also statistically significant (p
. 0.02); however, the difference between the Op group
and the Op + Train group was insignificant. The overall
difference ofthe change in ankle-index and BPFT between
the groups were also statistically significant (p : 0.0001).
In the Train group, these last two variables did not change
with treatment.

Walking Performance

Walking performance was improved in all three groups
(Figs. 2-5). In the Op, Op + Train, and Train groups, the
changes in SFWD were 320 ± 78, 489 ± 81, and 120
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5% of those of the Train group; MWD was 2 600 m in
75% of the patients of the Op group, in 95% of the Op
+ Train group, and in 35% those in the Train group (Fig.
3). When grouping of the patients was based on actual
treatment and no censoring was used, SFWD was 2 600
m in 30% ofthe patients ofthe Op group, in 60% ofthose
of the Op + Train group, and in 0% ofthose ofthe Train
group; MWD was 2 600 m in 50% of the patients of the
Op group, in 70% of those of the Op + Train group, and
in 25% ofthose ofthe Train group (Fig. 4). When grouping
of the patients was based on actual treatment and right
censoring was used, SFWD was 2 600 m in 55% of the
patients of the Op group, in 95% of those of the Op
+ Train group, and in 0% of those of the Train group;
MWD was 2 600 m in 80% of the patients of the Op
group, in 95% of those of the Op + Train group, and in
25% of those of the Train group (Fig. 5). For compliance
data see Table 2.

Covariates to Walking Performance After Treatment (Ac-
tual Treatment)

Overall analysis. Age of the patient, duration of the
disease, and a history ofmyocardial ischemic disease cor-

FIG. 2. Life table representation ofthe symptom-free and maximal walk-
ing performance after different treatments. Grouping is based on ran-

domization (i.e., treatment of intention). All causes of limited walking
performance were included. Logrank test was used for the comparison.

+ 47 m, respectively, and the changes in MWD were 361
+ 73, 474 ± 81, and 276 ± 66 m, respectively. The
impression that the MWD/SFWD in the trained group is
higher than in the other two groups is explained by the
fact that the treadmill test was interrupted after 1000 m.

Several of the surgically treated patients were limited
by symptoms other than intermittent claudication at the
follow-up, and the life table technique was therefore used
in the analysis. Walking performance was analyzed sep-
arately based on treatment of intention (randomized
group) and actual treatment (actual group) and with and
without right censoring ofpatients limited by other symp-
toms than intermittent claudication or walking more than
1000 m after treatment. When grouping of the patients
was based on treatment of intention and no censoring
was used, SFWD was 2 600 m in 30% of the patients of
the Op group, in 55% of those of the Op + Train group,
and in 5% of those of the Train group; MWD was 600
m in 45% ofthe patients ofthe Op group, in 70% ofthose
ofthe Op + Train group, and in 30% ofthose ofthe Train
group (Fig. 2). When grouping of the patients was based
on treatment of intention and right censoring was used,
SFWD was 600 m in 55% of the patients of the Op
group, in 90% of those of the Op + Train group, and in
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INTERMITTENT CLAUDICATION

related negatively to both SFWD and MWD after treat-
ment (Table 3). Age had no significant influence on the
walking performance when patients limited by symptoms
other than claudication or those with a walking capacity
of more than 1000 m on the treadmill were censored.
Diabetes, sex, and the location of the atherosclerotic le-
sions had no significant influence on the walking perfor-
mance. Ankle-index after treatment,A ankle-index, and
A PMBF were positively correlated to SFWD, and ankle-
index after treatment was positively correlated to the
minimal walking distance. When censoring was used,
however, ankle-index and maximal plethysmographic calf
blood flow after treatment and A ankle-index and A
PMBF were all positively correlated to walking perfor-
mance (p = 0.01-0.0001).

Analysis within the treatment groups (Table 4-6). In
the Op group, duration of the disease and a history of
myocardial ischemic disease were negatively correlated to
walking performance (p = 0.03-0.0001). When censoring
was used, however, these variables had no significant in-
fluence on walking performance. In the Op + Train group,
ankle-index after treatment was positively correlated to
MWD when censoring was used, but no other factor was
associated with walking performance in this group. In the
Train group, the duration of the disease was negatively
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FIG. 5. Life table representation ofthe symptom-free and maximal walk-
ing performance after different treatments. Grouping is based on actual
treatment. Patients limited by symptoms other than intermittent clau-
dication and those who walked further than 1000 m were right censored.
Logrank test was used for the comparison.
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correlateu to waltung periormance irrespecuve O0 censor-
I ing, and A PMBF was positively correlated to the SFWD.

A separate analysis showed that the initial walking per-
formance had no influence on the walking performance
after treatment-neither in the overall analysis nor in the

1000 different treatment groups.

Symptom-free walking distance after treatment (meters) Discussion

Logrank p=0.007

Op+Train

Op

---- Train
0

0 soo 1000

Maximal walking distance after treatment (meters)

FIG.4. Life table representation ofthe symptom-free and maximal walking
performance after different treatments. Grouping is based on actual
treatment. All causes of limited walking performance were included.
Logrank test was used for the comparison.

This controlled study has evaluated the effectiveness of
three different treatment modalities on the walking per-
formance of patients with well-established intermittent
claudication after 6-12 months of treatment. Recon-
structive surgery, physical training, and the combination
ofboth increase both the SFWD and the MWD. Surgical
treatment of intermittent claudication provided the best
relief of symptoms but was also associated with more
complications. The addition ofphysical trainingto surgery
increased the SFWD even further, but none of the mea-
sured hemodynamic variables could explain this im-
provement. Several ofthe surgically treated patients were
limited after treatment by symptoms (mainly of cardio-
pulmonary origin) other than intermittent claudication
and could therefore not fully benefit from the improved
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TABLE 3. The Correlation ofSFWD andMWD with Age, Duration ofIntermittent Claudication, History ofMyocardial Ischemic Disease (MID),
Diabetes, Sex, Level ofthe Artherosclerotic Lesion, Ankle-Index (Ankle-Arm Blood Pressure Quotient), Maximal Plethysmographic CalfBlood

Flow After Ischemic Exercise (PMBF) After Treatment, AAnkle-Index, and APMBF

SFWD MWD

No censoring Censoring No Censoring Censoring

Variable p-value* Signt p-value* Signt p-value* Signt p-value* Signt

Age 0.02 - NS 0.01 - NS
Duration 0.02 - 0.05 - 0.002 - 0.01
MID 0.02 - 0.05 - 0.008 - 0.02 -
Diabetes NS NS NS NS
Sex NS NS NS NS
Lesion level NS NS NS NS
Ankle-index 0.05 + 0.0001 + 0.05 + 0.0001 +
PMBF NS 0.01 + NS 0.001 +
AAnkle-index 0.05 + 0.0001 + NS 0.0001 +
APMBF NS 0.003 + NS 0.01 +

* Logrank test.
t Direction of the association.
Calculations were performed on all treated patients with complete

limb blood flow. The treatment results are influenced by
old age, the duration ofthe disease, and a history ofmyo-
cardial ischemic disease, but are not substantially influ-
enced by diabetes, the location of the atherosclerotic le-
sion, and sex.

The subjects in this study represent a group of patients
with well-established moderate-to-severe intermittent
claudication who were referred to our surgical unit for
evaluation. They are probably representative of patients
actively seeking advice for intermittent claudication;
however,they may also represent a selected group of pa-
tients with more severe symptoms than patients have
overall. Great care was taken to obtain comparable treat-
ment groups. In addition to the equality between the

follow-up after treatment. Censoring was done if the patient was limited
by symptoms other than intermittent claudication or walked more than
1000 m on the treadmill.

groups with regard to sex, age, and diabetes, which was a

result of the balanced randomization, there were no sta-
tistically significant differences in the duration of the dis-
ease, ankle brachial blood pressure quotient, maximal
plethysmographic calf blood flow, and walking perfor-
mance among the groups before treatment. The distri-
bution ofassociated atherosclerotic diseases and the med-
ical treatment ofthe patients were also without statistically
significant differences.

Although there were no statistically significant differ-
ences in the treatment compliance among the groups, it
appears as though surgery was the treatment that was the
most easy to fulfill, followed by physical training, which
demanded continuous encouragement of the patients in

TABLE 4. The Correlation ofSFWD andMWD with Age, Duration ofIntermittent Claudication, History ofMyocardial Ischemic Disease (MID),
Diabetes, Sex, Level ofthe Artherosclerotic Lesion, Ankle-Index (Ankle-Arm Blood Pressure Quotient), Maximal Plethysmographic CalfBlood

Flow After Ischemic Exercise (PMBF) After Treatment, AAnkle-Index, and APMBF

SFWD MWD

No censoring Censoring No Censoring Censoring

Variable p-value* Signt p-value* Signt p-value* Signt p-value* Signt

Age NS NS NS NS
Duration 0.03 - NS 0.02 - NS
MID 0.02 - NS 0.0001 - NS
Diabetes NS 0.01 - NS NS
Sex NS NS NS 0.02 +(males)
Lesion level NS NS NS NS
Ankle-index NS 0.05 + NS NS
PMBF NS NS NS NS
AAnkle-index NS NS 0.02 + NS
APMBF NS 0.0001 + NS 0.04 +

* Probability for random association with the logrank test.

t Direction of the association.
Calculations were performed on patients actually in the Op group

with complete follow-up after treatment. Censoring was done ifthe patient
was limited by symptoms other than intermittent claudication or walked
more than 1000 m on the treadmill.

352



Vol. 209 * No. 3 INTERMITTENT CLAUDICATION 353
TABLE 5. The Correlation ofSFWD andMWD with Age, Duration ofIntermittent Claudication, History ofMyocardial Ischemic Disease (MID),
Diabetes, Sex, Level ofthe Artherosclerotic Lesion, Ankle-Index (Ankle-Arm Blood Pressure Quotient), Maximal Plethysmographic CalfBlood

Flow After Ischemic Exercise (PMBF) After Treatment, AAnkle-Index and APMBF

SFWD MWD

No Censoring Censoring No Censoring Censoring

Variable p-value* Signt p-value* Signt p-value* Signt p-value* Signt

Age NS NS NS NS
Duration NS NS NS NS
MID NS NS NS NS
Diabetes NS NS NS NS
Sex NS NS NS NS
Lesion level NS NS NS NS
Ankle-index NS NS NS 0.03 +
PMBF NS NS NS NS
AAnkle-index NS NS NS NS
APMBF NS NS NS NS

* Probability for random association with the logrank test.
t Direction of the association.
Calculations were performed on patients actually treated with recon-

order to motivate them. Some patients found the treat-
ment with physical training to be time-consuming, and
younger patients found it difficult to combine with an
active professional life. The more complicated combined
treatment was sometimes difficult to carry out, especially
in those patients who had achieved exceilent results after
surgery. Even if operative surgery was readily applied, it
was also the type oftreatment associated with most com-
plications, including death in one patient (although this
patient underwent operation for aortic dissection as an
emergency), whereas no complications were directly at-
tributable to the training treatment.
As a consequence of the removal of the arterial ob-

structions, in the two groups of patients who underwent
operation, the ankle-index increased towards normal at

structive surgery and training with complete follow-up after treatment.
Censoring was done if the patient was limited by symptoms other than
intermittent claudication or walked more than 1000 m on the treadmill.

the end of the study. The improved ankle-index was re-
flected by a 70-80% increased maximal plethysmographic
calf blood flow and a 50% increased BPFT. However, in
the group subjected to training only, there were no sig-
nificant changes in the ankle-index or the BPFT, but there
was a moderate (30%) and significant improvement ofthe
maximal calf blood flow. Walking performance was sig-
nificantly improved by all three therapies, as measured
by both SFWD and MWD. Several of the patients who
had undergone operations walked completely unlimited
by claudication, but were nevertheless registered with a
MWD of 1000 m. This fact explains the smaller differences
among the groups in the maximal walking performance
compared with the symptom-free performance.
From the comparison of Figures 2 and 3, it is evident

TABLE 6. The Correlation ofSFWD andMWD with Age, Duration ofIntermittent Claudication, History ofMyocardial Ischemic Disease (MID),
Diabetes, Sex, Level ofthe Artherosclerotic Lesion, Ankle-Index (Ankle-Arm Blood Pressure Quotient), Maximal Plethysmographic CalfBlood

Flow After Ischemic Exercise (PMBF) After Treatment, AAnkle-Index and APMBF

SFWD MWD

No Censoring Censoring No Censoring Censoring

Variable p-value* Signt p-value* Signt p-value* Signt p-value* Signt

Age NS NS NS NS
Duration 0.02 - 0.02 - 0.03 - 0.01
MID NS NS NS NS
Diabetes NS NS NS NS
Sex NS NS NS NS
Lesion level NS NS NS NS
Ankle-index NS NS NS 0.03 +
PMBF NS NS NS NS
AAnkle-index NS NS NS NS
APMBF 0.02 + 0.02 + NS NS

* Probability for random association with the logrank test.

t Direction of the association.

Calculation were performed on patients actually in the Train group

with complete follow-up after treatment. Censoring was done ifthe patient
was limited by symptoms other than intermittent claudication or walked
more than 1000 m on the treadmill.
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that, at the follow-up, several patients in the groups treated
with surgery were limited by symptoms other than inter-
mittent claudication. Despite the fact that most of these
patients had an almost normal ankle-index after treat-
ment, they were unable to fully benefit from the improved
calf blood flow and were instead limited in their walking
performance by cardiac and pulmonary factors of im-
portance for their general physical fitness. This finding
was not a consequence of differences in treatment com-

pliance, as is evident from the comparison of Figures 4
and 5, illustrating walking performance after actual treat-
ment, which reveals the same pattern. This observation
underlines the importance ofa careful selection ofpatients
for surgery to avoid unnecessary risks to life and limb in
those who can not fully benefit from surgery.33 Although
cardiopulmonary factors seem most important in this re-

spect, making a prediction for any given individual is dif-
ficult, and further studies are needed to develop exact
criteria for the selection procedure ofsuch patients. How-
ever, the efficiency of reconstructive surgery in the treat-
ment of intermittent claudication in patients unlimited
by other factors is evident (Figs. 3 and 5). When patients
limited by other symptoms than intermittent claudication
were censored, the probability of an unlimited maximal
walking performance was 75-95% in the Op group, com-

pared with only 10-20% in the Train group. The proba-
bility of an unlimited symptom-free walldng performance
in patients treated with surgery alone was 50%, as com-

pared to 85% in those who had supplemental training.
The influence of the surgical treatment on the walking
performance is illustrated by the overall analysis of co-

variates associated with SFWD and MWD (Table 3). Es-
pecially when patients limited by symptoms other than
intermittent claudication are censored, ankle-index and
maximal plethysmographic calf blood flow after treat-
ment, as well as the change with treatment of these vari-
ables, had a highly statistically significant influence on the
treatment results.

Even if the substantially improved blood flow and an-

kle-index in the Op group explain the good results
achieved by these patients, it is not evident why the ad-
dition of physical training to surgery or physical training
alone improve the walking performance. In a subgroup
ofthe patients in the present study, we analyzed glycolytic
and mitochondrial enzyme activities in the calf muscle
tissue before and after treatment.34 Increased activities of
cytochrome-c-oxidase, citrate synthetase and 3-OH-acyl-
CoA-dehydrogenase were found. This metabolic adap-
tation was positively correlated with the maximal walking
performance. In the Op group, the metabolic adaptation
was reversed, and in the Train group, the activity of cy-
tochrome-c-oxidase was further augmented, whereas the
initially high activity of cytochrome-c-oxidase was main-

tamned in the group with combined treatment. The in-
creased activity of cytochrome-c-oxidase in the Train
group was positively correlated with the improvement in
symptom-free walking performance. Thus, improved local
muscle metabolism with an increased oxidative capacity
may explain why physical training improves the walking
performance. In physically trained patients, the improved
calf blood flow also seems to have some importance, but
it is not clear if this is mainly a consequence of an in-
creased collateralization'2 or whether it is due to a redis-
tribution ofthe available blood flow to the ischemic mus-
cles.'4

In the present study, we found age, sex, a history of
myocardial ischemic disease, diabetes, and the level ofthe
arteriosclerotic lesion to have no influence on the success

of physical training. This is in line with the findings of
Ekroth et al.,22 who found no differences in walking per-

formance after training between patients with and without
diabetes, nor between those with lesions above and those
with lesions below the inguinal ligament. However, Jon-
ason et al.35 found significantly inferior results after pa-

tients with coronary insufficiency underwent training, and
in a study where patients with coronary heart disease were
excluded, they found that ankle-index was positively cor-

related to SFWD as well as to MWD after treatment,
whereas the symptom duration was negatively correlated
with SFWD.36 They concluded that the possibility ofpre-
dicting the success of training in individual patients was
limited.
The durability ofthe present results are important. Un-

certain long-term patency is also one reason for contro-
versy regarding the advisability offemoro-popliteal surgery

in patients with intermittent claudication,37 whereas the
indications for aortic and iliac surgery appear to be more
established. However, although several studies of the 5-
year patency after aorto-iliac as well as femoro-popliteal
surgery in patients with intermittent claudication have
reported encouraging results,37-39 it is not known whether
this also is associated with good functional results in the
long-run. After conservative treatment with physical
training, the risk of limb loss seems small, even in the
long-run;22 40 nevertheless, the durability of the training
results with respect to symptom relief is not very well-
known.

In conclusion, the results ofthis controlled study dem-
onstrates that, compared with physical training alone, ar-

terial reconstruction alone or in combination with sub-
sequent training gives superior SFWD and MWD in pa-
tients with intermittent claudication. These results refer
to a mean follow-up of 13 months after randomization
in all treated groups. The improvement in the Op group
was probably due to the significantly higher calf blood
flow and ankle blood pressure after operation.
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