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PREDICTION OF THE EFFECT OF TRAINING ON THE WALKING TOLERANCE
IN PATIENTS WITH INTERMITTENT CLAUDICATION
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ABSTRACT. The possibility of predicting the effect of
training on the walking tolerance in intermittent claudica-
tion has been studied. After three months of supervised
{raining in 54 patients, the maximal walking distance
(MWD) increased by 67 % and the painfree walking dis-
tunce (PFD) by 91 %. The analysis of the relation between
tested background variables and the effect of training
showed covariation only in 14 % of the increase in MWD
and in 19 % of the increase in PFD. The possibility of
predicting the effect of training on the walking tolerance in
the individual patient with intermittent claudication is limit-
ed.
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Physical training is often prescribed for many pa-
lients with intermittent claudication. The beneficial
¢ffect of supervised in-hospital training (4, 5, 6, 11,
12, 13) and also of training at home (7) on the
walking tolerance has been reported in several
studies. The results of training has been reported to
he similar in patients with aorto-iliac and with fe-
moro-popliteal arterial occlusive disease (5, 6). In
many patients with claudication and coronary heart
disease, however, training has a poor result (6).

The present study was undertaken to determine
whether there is any relationship between the in-
crease in walking tolerance achieved with training
and various background variables in patients with
intermittent claudication but without angina pec-
toris. Such relationship could facilitate the selec-
tion of patients who will benefit from training.

PATIENTS AND METHODS

Patients

The study initially comprised 63 patients under 80 years of
nge with intermittent claudication and a walking distance
of less than 1000 m at the treadmill test. Exclusion criteria
were a history of rest pain, previous vascular surgery,
signs of left ventricular failure, a history of angina pec-
loris, or ST deressions on ECG at the treadmill test.

The ankle/arm blood pressure index (ABI) was meas-
ured twice within one week in 141 other patients with

intermittent claudication. The 95% confidence limit for
the difference in ABI between these two measurements
was found to be +0.15, i.e. a change in ABI of 0.16 or
more is considered to represent a significant change in the
peripheral circulation. At the test after completed training
ABI had decreased with more than (.15 in nine patients,
indicating a deterioration in the peripheral circulation.
These nine patients were therefore excluded from the
study.

The remaining 54 patients, 13 women and 41 men, had a
mean age of 65+7 (SD) years. Thirty-nine were smokers.
Twenty-three patients had had their claudication for one
year or less, 31 for more than one year.

Examination

The patients underwent a combination of segmental blood
pressure (BP) measurements and evaluation of the veloc-
ity and direction of the flow in the common femoral and
popliteal arteries with the Doppler shift technique (6). The
location of the arterial disease was determined by a com-
bination of segmental BP measurement and assessment of
the pulses with the Doppler shift technique (8). The accu-
racy in localization of the occlusive arterial disease was
validated in 50 other patients with intermittent claudica-
tion, using angiography as the reference method. The
diagnostic accuracy of our non-invasive method for de-
tecting significant stenoses (=50%) was 87 % for aorto-
iliac, 85% for femoro-popliteal and 88% for combined
aorto-iliac and femoro-popliteal arterial disease.

Thirty-two patients displayed signs of femoro-popliteal
disease, five of aorto-iliac and 17 of combined aorto-iliac
and femoro-popliteal disease.

In 39 patients the calf blood flow was measured by
plethysmography at rest and after five minutes of ische-
mia, with rapid extensions and flexions of the feet during
the last minute. The post-ischemic maximal blood flow
was measured.

The maximal walking distance (MWD) was measured
on a treadmill. The patients started with a load of 30 W,
which was then increased by 30 W every sixth minute.
The speed of the treadmill was 1 m/s. ECG was recorded
continuously during the test and the systolic BP was
measured at each load. The test was stopped when the
pain was no longer bearable, or at a high degree of ex-
haustion, or after the 120 W load (=1440 m). The leg pain
was rated according to a 0-8 Borg scale (3), and the
degree of exhaustion according to a 6-20 Borg scale (2).

The tests were performed before and at the end of the
three months of supervised training, and six months after
the end of this training period. The test six months after
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Table 1. Results from the walking tolerance tests on a treadmill before and after three months of

supervised training and six months after the training

Mean + SD. N=54. The six-month test was performed by 51 patients, and the ankle blood pressure was measured in 44
of them. MWD=maximal walking distance, PFD=painfree walking distance

After three months Six months after

Before training of training completed training (n=51)
MWD (m) 427+216 g 712318 * 689490
L
PFD (m) 10666 *oxk 2024130 —— NS —— 189+125
Fk¥
Leg pain at MWD 6.7+t1.4 —— NS —— 6.8+1.2 * 6.0+1.6
(degree 0-8) ok
Exhaustion at MWD 15.242.0 —— NS ———15.2+1.8 —— NS 15.0+2.2
(degree 6-20) NS
Time taken for disappearance 7.5%6.1 *ok 58+47 —— NS —— 5.3+3.4
of leg pain after work (min) o
Ankle blood pressure 93+19 * 89+22
(mmHg) (n=54)
93+19 NS —— 93%16

(n=44)

* p<0.05, ** p<0.01, *** p<0.001.

completion of training was performed by 51 patients (one
could not perform the test because of back pain, and two
refused).

Training

The patients trained in groups under the supervision of a
physiotherapist for 45 min twice a week for three months.
Before the training started the patients were given infor-
mation about the disease and about available means of
treatment. They were also instructed to perform physical
exercise at home. The importance of stopping smoking
was emphasized. The patients attendance at the training
sessions averaged 88% (range 32-100%). The training
consisted of simple movements such as walking, jumping,
dancing and ropeskipping until almost maximal pain oc-
curred. The most effective training is achieved in the
standing position. At each session most of the patients
also exercised on bicycles.

Statistical methods

Student’s two-tailed r-test was used for comparison of
means. A stepwise multiple regression analysis was per-
formed and only variables with p<(0.15 for the regression
coefficients were included in the regression model.
p<0.05 was considered as statistically significant.

RESULTS

Walking distance (Table I)

MWD and the painfree walking distance (PFD) in-
creased significantly with training. There was a
slight but significant decrease in the ankle BP.
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MWD increased from 451 to 766 m in the 37
patients with single stenoses (p<<0.001), and from
375 to 595 m in the 17 patients with multiple steno-
ses (p<<0.001). The increase in MWD did not differ
significantly between these two groups of patients.

At the test six months after the completion of the
supervised training MWD was slightly but signifi-
cantly decreased compared with that at the end of
the training period. PFD did not differ significantly
between these two tests, and there was no further
decrease in the ankle BP. A lower degree of leg
pain was attained at this test. As at the test after
three months of training, the time taken for disap-
pearance of the leg pain after work was shorter than
at the pre-training test.

Analysis of the increase in maximal and painfree
walking distances (Table II)

The increases in MWD and PFD after three months
of training were analyzed by multiple stepwise re-
gression analysis. The following independent varia-
bles were tested: age, sex, smoking, compliance to
the training sessions, duration of the claudication,
single vs. multiple arterial stenoses, post-ischemic
blood flow in the calf, ankle BP and ABI at rest and
four minutes after the pre-training test and the pre-
training MWD and PFD.
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Table I1. Multiple stepwise regression analysis of
the increase in maximal and in pain-free walking
distance after three months of training.

The coefficient of determination (R?) obtained when each
variable was entered is presented. B=the regression coef-

ficient and p=the level of significance for the coefficient.
ABl=ankle/arm blood pressure index. N=54

Variable R? B p

Increase in maximal
walking distance

ABI at rest 0.10 446.9 p<0.05
Age 0.14 —6.5 p<0.12
Increase in pain-free
walking distance

ABI at rest 0.07 224.1 p<0.05
Duration of

claudication 0.14 -62.4 p<0.05
Sex 0.19 65.6 p<0.08

The independent variables were classified: Duration of
claudication: 0=<one year, 1==one year; sex: 0=man,
|=woman.

Only 14% of the increase in MWD could be
explained by a combination of ABI at rest and age.
No other variable was included in this regression
model. MWD increased with a higher ABI and
decreased with a higher age, but only the regression
coefficient for ABI was statistically significant.

A regression model comprising ABI at rest, the
duration of claudication and sex explained 19% of
the increase in PFD. No other variable was includ-
ed. PFD increased with a higher ABI, a shorter
duration of the disease, and increased more in
women than in men. Only the regression coeffi-
cients for ABI and duration were statistically sig-
nificant.

Smoking habits

Five of the 39 smokers stopped smoking after the
initial examination. Nineteen patients decreased
their smoking from 1911 g/day to 10+6 g/day after
the initial examination. There were no significant
correlation between the increase in MWD or PFD
and smoking habits, or changes in smoking habits,
during the training period.

DISCUSSION

The increase in the maximal walking distance was
of the same magnitude as has been noted in several
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Fig. 1. The increase in the maximal walking distance on a
treadmill as a function of the ankle/arm blood pressure
index at rest. The correlation coefficient was 0.32
(p<0.05).

other studies (4, 5, 6, 11, 12, 13). In two of the
studies (3, 6) no difference was found between the
effect of training in patients with aorto-iliac and
femoro-popliteal disease. In the present study there
was no significant difference in the result between
patients with single and multiple (combined aorto-
iliac and femoro-popliteal) stenoses. The increase
in maximal and painfree walking distances were
almost maintained six months after the end of the
supervised training. As at the test after training, the
time taken for disappearance of the leg pain after
work, was shorter than at the pre-training test.
However, a lower degree of leg pain was attained at
the test. One explanation to this could be that many
patients were limited by exhaustion and not by
claudication at the test six months after training.
This indicates that the patients continued training at
home with a persisting effect on the peripheral arte-
rial circulation. This training, however, had less
effect on the general conditioning.

As the purpose with this study was to determine
whether there is any relationship between common
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clinical variables and the result of training, patients
with signs of deterioration of the peripheral circula-
tion were excluded from the analysis. In one study
(6) only 14 of 24 patients with angina pectoris and
intermittent claudication increased their walking
distance. We therefore did not include patients with
angina pectoris in our study.

Only 14 % of the increase in the maximal walking
distance was related to the tested variables, mainly
the ankle/arm blood pressure index. The scatter
diagram of this index plotted against the increase in
the maximal walking distance (Fig. 1) showed a
considerable overlap. Thus, this index has no clini-
cal value for selecting patients who will benefit
from training. For the pain-free walking distance
the result was of the same magnitude, 19% of the
increase being explainable by the ankle/arm blood
pressure index, the duration of the disease and sex.
This finding is also of little practical value for se-
lecting patients for training.

Smoking is a risk factor for the development and
progression of the disease (8, 9, 10). The walking
tolerance is decreased after exposure to carbon
monoxide (1). There were however no correlation
between smoking habits during the training, or
changes in smoking habits, and the increase in
walking tolerance.

In conclusion, the possibility of predicting a
beneficial effect of physical training in the individu-
al patient with intermittent claudication without an-
gina pectoris, with common clinical characteristics
and peripheral circulatory conditions, is limited.
We do not seem to be able to select patients in
whom a good or poor result of training might be
expected. Future studies including metabolic varia-
bles might perhaps improve the possibility of se-
lecting patients for training. A training period of
three months can therefore be recommended for all
patients, without contraindications against training,
before surgery is further considered.
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