Effects of treadmill training on walking distance and lower limb
blood flow in patients with intermittent claudication

Zmiany dystansu marszu i przeptywu tetniczego w konczynach dolnych
podczas treningu marszowego u pacjentow z chromaniem przestankowym
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Summary

Background: In patients with intermittent claudication treadmill training improves their walking ability. While the benefits of an ex-
ercise rehabilitation programme are recognized, the mechanisms involved are not completely appreciated. The improvement in low-
er limb blood flow may by one of the mechanisms leading to the increase in walking distance. In the present study arterial blood flow
in lower limb as well as walking distance were assessed before and after supervised pain-free treadmill training.

Methods: Eighty patients with peripheral arterial occlusive disease (stage Il according to Fontaine) were randomised into the tread-
mill program or to the control group. Patients in the exercising group participated for 3 months 3 times a week in supervised tread-
mill trainings. Each session consisted of 3 cycles, each amounting to 85% of the pain-free walking distance. Changes in arterial blood
flow and the onset of claudication pain were assessed in both groups.

Results: After 12 weeks of the treadmill training lower limb blood flow in exercising group significantly improved (p<0.05). Pain-
free walking distance was prolonged by 119,6% in the exercising group and only 16.9% in the control group. Those changes were
statistically significant in both groups (p<0.05).

Conclusion: The results indicate that exercise training program using intermittent walking to 85% of the onset of claudication pain
leads to a significant improvement in lower limb blood velocity and increase in pain-free walking distance.
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Streszczenie

Cel: U pacjentéw z chromaniem przestankowym regularnie prowadzony trening marszowy na biezni prowadzi do wzrostu dystansu
marszu. Mechanizm tej poprawy jest wieloczynnikowy a jedng z prawdopodobnych przyczyn moze by¢ wzrost przeplywu tetniczego
w koficzynach dolnych. Przedmiotem badaii byta ocena zmian dystansu marszu oraz przeplywu tetniczego w koficzynach dolnych
podczas treningu marszowego na biezni u pacjentéw z chromaniem przestankowym.

Metoda: 80 pacjentéw z miazdzycg zarostowg koficzyn dolnych (I stopiefi wedtug Fontaine) byto randomizowanych do programu
treningowego lub do grupy kontrolnej. Pacjenci z grupy badawczej przez okres 3 miesiecy uczestniczyli 3 razy tygodniowo w trenin-
gu marszowym. Sesje sktadaly sie z wysitkow marszowych powtarzanych 3-krotnie, kazdy o dystansie marszu wynoszacym 85% in-
dywidualnie okreslonego dystansu chromania. Przed rozpoczeciem programu i po jego zakoficzeniu w obu grupach oceniano dystans
pojawienia sie chromania oraz zmiany w predkosci przeptywu tetniczego w konczynach dolnych (pomiar indeksu pulsacji metoda
dopplerowska).

Wyniki: Po 12 tygodniach programu w grupie badawczej zaobserwowano wzrost indeksu pulsacji mierzony na tetnicy podkolanowej
(43%), piszczelowej tylnej (59%) i grzbietowej stopy (78,8%). W grupie kontrolnej niewielki wzrost (11,4%) odnotowano na tetnicy
podkolanowej. Towarzyszyla temu poprawa dystansu pojawienia sie chromania — 119,6% w grupie badawczej i 16,9% w grupie kon-
trolnej. Zmiany byly istotne statystycznie (p< 0,05).

Whnioski: Wyniki badaf wskazuja, ze trening marszowy prowadzony u pacjentéw z chromaniem przestankowym prowadzi do ko-
rzystnych zmian przeptywu tetniczego w koficzynach dolnych w zakresie poprawy jego predkosci oraz znacznej poprawy dystansu
marszu pokonywanego bez bdlu.
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Introduction

Intermittent claudication is a com-
mon manifestation of Fontaine stage
IT of peripheral arterial occlusive dis-
ease (PAOD) 12, It is caused by isch-
emic muscular pain due to an imbal-
ance of oxygen supply and demand,
which in turn is usually due to an ar-
teriosclerosis obstruction®. Arterial oc-
clusions and stenosis in PAOD lead to
limited blood flow, both during the
physical effort and at the rest*. Pa-
tients with claudication have suffi-
cient skeletal muscle blood flow at
the rest and insufficient during walk-
ing effort. The rest value of femoral
arterial blood flow velocity may be no
more than 20 cm/s. Under these con-
ditions arterial stenosis to 90% may
be not hemodynamically significant,
but in stenosis of more than 90% the
blood flow and pressure rapidly de-
crease. During physical effort the fem-
oral arterial blood flow velocity may
increase to 150 cm/s. It causes that
50% of arterial stenosis is a serious
hemodynamic problem’. This inabil-
ity to increase lower limb blood flow
during effort results in muscle cramps,
pain and leads to limited capability to
walk®’. The muscle pain occurs usu-
ally peripherally to the arterial steno-
sis. Femoral and popliteal arteries are
most often affected by arteriosclerot-
ic process and therefore the pain usu-
ally appears in the calf muscles. The
development of arteriosclerotic pro-
cess causes decrease of systolic arteri-
al blood pressure and maximal arteri-
al blood velocity distally to the point
of stenosis*.

Walking exercise and cessation of
smoking are most important in con-
servative treatment of patients with
claudication®. It has been suggested
that the optimal program to increase
claudication distance should con-
sist of supervised treadmill walking
exercises’. The improvement in walk-
ing distance usually reaches more than
100%', but the mechanism of this
improvement has not been fully elu-
cidated. Increases in claudication dis-
tance after physical training may re-
sult from changes in oxidative ca-
pacity of the skeletal muscle, great-
er utilization of oxygen, improve-
ment in the biomechanics of walking
and better redistribution or adapta-

tion of blood flow?**!%!1, Some study
suggests that there is relationship be-
tween physical training and elas-
tic vessels properties'?. Also, the de-
crease in arteriosclerotic process after
physical training has been observed
in patients with PAOD®. But there is
no agreement between studies as to
the influence of physical training on
changes in leg blood flow and its re-
lationship to improvement in walk-
ing ability'®'#-1¢, Therefore the aim
of this study was to assess the poten-
tial changes in lower limb blood flow
in response to a treadmill training in
patients with claudication.

Material and Methods

Subjects’ characteristics

Subjects 50-70 years old (127 male;
18 female), with a history of periph-
eral arterial occlusive disease (PAOD)
and intermittent claudication (Fon-
taine stage II) volunteered to partic-
ipate in the study. The subjects at-
tended an outpatient Vascular Clin-
ic. The diagnosis of PAOD was con-
firmed by Doppler ultrasound and
an ankle/brachial index of less then
0.9 at rest with decrease to less then
0.75 after exercise!'”'®. Patients were
recruited for this study if the walk-
ing distance to the onset of claudica-
tion pain, measured on the treadmill
(speed 3.2 km/h, inclination 12°), was
between 50-200 m, and claudication
was stable over a 3-month period pri-
or to enrolment*. Written informed
consent was obtained from each pa-
tient before testing.

Out of 145 patients who volun-
teered for the study, after initial
screening 98 were qualified for further
testing but 47 were excluded based on
one or more of the following criteria:
angina pectoris, recent myocardial in-
fraction, vascular surgery within the
previous year, impaired cardiac or
lung function, diabetes mellitus, can-
cer, kidney and liver disease, arthritis
that limited walking or other condi-
tions presenting contraindications to
the proposed exercise regimen'’.

Pharmacological treatment of
the patients was continued with no
change during the study. Patients tak-
ing B-adrenergic-blocking drugs or
pentoxifylline and other hemorheo-

logicaly active drugs, were excluded
because of the possible effects of these
medicines on exercise training'>!.

Patients were informed about influ-
ence of smoking on progression of ar-
teriosclerosis of lower limbs and asked
for smoking cessation.

Local ethics committee approval
was obtained for the study.

Experimental procedure

All 98 patients were initially fa-
miliarized with the treadmill walk-
ing exercises!’. After baseline test-
ing all patients were randomly divid-
ed in two groups. Experimental sub-
jects (n = 49) were enrolled in 12-
week exercise program. Comparison
subjects (n = 49) were instructed to
maintain their usual level of activi-
ty. The testing was performed in the
morning hours between 8-9 am. Sub-
jects were asked to refrain from smok-
ing 12 hours prior to the tests. The
examination was performed 2 times
for both groups: on entry into the
study and on exit (12th week) from
the program. Each time claudication
distance, lower limb blood flow and
amount of smoking cigarettes were
assessed.

Treadmill testing

In all subjects, pain-free walking dis-
tance was measured on the treadmill
(Woodway Standard, Woodway, Ger-
many) at a constant speed of 3.2 km/h
and 12° inclination angle. The tread-
mill was calibrated prior to the tests.
Each time, the subject walked on the
treadmill until the onset of claudica-
tion pain. The distance to the onset of
claudication pain (pain-free walking
distance) was recorded when the pa-
tient first noticed calf pain during the
treadmill test — level of 2 on a 1-5 pain
scale (1 = no pain, 2 = onset of pain,
3 = mild pain, 4 = moderate pain and
5 = maximal pain) >'*"., Data from
the first walking test following ran-
domisation to two groups was not col-
lected, and on the next day pain-free
walking distance was reassessed as an
initial value.

Blood flow assessment

Arterial blood flow in lower extremi-
ty was measured using a Doppler flow
detector with fast Fourier signal anal-



ysis system* (Transcranial-Peripheri-
al Doppler Spectrograph TDS—4; So-
nomed, Poland). The measurement
was performed in supine position on
posterior tibialis, popliteal, and dorsa-
lis pedis arteries in the more advanced
arteriosclerotic leg (early pain symp-
toms during treadmill test). Pencil
probe (8MHz) was placed (angle 60°)
in typical places. In the assessment of
arterial blood flow velocity the pulsa-
tion index (P) was determined:

Pl: (Vmax - Vmin) / Vav

V - maximal blood flow velocity,

V:::— minimal blood flow velocity, V
— average blood flow velocity

The P, determines the elasticity of
vessels and decrease subsequently
with the progression of arterioscle-
rotic process. This method has been
recommended as objective and inde-
pendent of ultrasound frequency and
wave angle?’. The Doppler exami-
nation was performed twice in both
groups: on entry in to the study and
day after the end of program by the
specialist blinded as to which group

the patients belonged.

Training program

Patients in the treatment group partici-
pated in 12 weeks of supervised tread-
mill training. The exercise training ses-
sions were conducted 3 times a week
on a treadmill (Woodway Standard,
Woodway Germany) during the morn-
ing hours. Treadmill speed was set at
3.2 km/h and an inclination on 12°.
The session consisted of intermittent
walking to 85% of the previously in-
dividually determined pain-free walk-
ing distance. The goal of such a work-
load was not to produce a claudica-
tion pain. After 6 weeks patients were
reassessed, as described above, and in
case of any increase in pain-free walk-
ing distance, a new workload was in-
dividually determined (85% of pain-
free walking distance).

After the treadmill effort, the sub-
ject stepped off the treadmill and rest-
ed until fatigue subsided from the low-
er limbs and he/she was able to under-
take the next treadmill effort. Exercise
to 85% of pain-free walking distance
and rest periods to subsidence of fa-
tigue were repeated 3 times through-
out each training session.

Training sessions were supervised
and heart rate was monitored using

telemetry (Polar Sport Tester, Polar,
Finland).

Smoking status

The amount of average number of
cigarettes per day and the total num-
ber of years of smoking were record-
ed to determine smoking status of all
patients. Cigarette consumption per
day was assessed on entry and day af-
ter the end of program. The data were
collected anonymously and recorded
on 13 scale (1 - 1-5 cigarette/day; 2
— less than 1 pack/day; 3 — more than
1 pack/day).

Statistical analysis

The data are expressed as means *
SD. Statistical significance was set as
P < 0.05. The distribution of all vari-
ables was tested for normality with
the Shapiro-Wilk test. The data were
not normally distributed. Changes in
claudication distances and P, with-
in groups after 12 weeks were exam-
ined by the Wilcoxon signed rank test.
Differences between the two groups
on entry were determined with the

Table 1

Mann-Whitney U-test. The results
were analysed on a personal comput-

er using a commercial statistical pro-
gram (STATISTICA 95).

Results

Out of 98 eligible patients, 80 com-
pleted the full 12-weeks program. Ten
subjects in the control group did not
return for following examinations,
eight subjects in the exercising group
refused to continue. The cause of this
refusal was not connected with health
problems. The clinical characteristics
of 80 patients completing the program
are shown in Table 1. There were no
significant differences noted in base-
line variables between the training and
control group.

Twelve weeks of program resulted
in an 119.6% increase of pain free
walking distance in the training group
and 16.9% in the control group (Ta-
ble 2). There were no significant dif-
ferences in pain-free walking distance
between groups at the beginning of
the program. In both groups signifi-
cant decrease of the amount of smok-

Baseline clinical data of the studied patients

Experimental group Control group P

(n=41) (n=39)

Sex, men/women 35:6 31:8
Age (years) 61,4 £6,5 60,9 +5,4 n.s.
Mean claudication time (years) 4,8 £3,7 55+28 n.s.
Smoking (years) 32,3 £8,5 31 +94 n.s.
Smoking (n) 36 32
ABI (ankle/brachial index)

rest 0,68 £0,12 0,69 +0,15 n.s.

after exercise 0,49 £0,17 0,48 £0,16 n.s.

Values are expressed as mean + SD
n.s. = non significant

Table 2

Changes in pain-free walking distan
and the control group

ce after 12 weeks in the training group

Pain-free waking distance (m)

Experimental group

Control group

Baseline 87,4 £38 86,9 +40 p>0,05

6 weeks 135,4 +63,9 96,7 £45,2 p<0,01

12 weeks 191,6 £94,8 102,3 £56,6 p<0,001
p'<0,001 p'<0,05

Values are expressed as mean + SD
p' — after 12 weeks to baseline




Table 3

Smoking status of the patients studied before and after 12 weeks

of the program

Amount of cigarettes / day

Experimental

Control group

group
baseline 30,5 2+0,5 p>0,05
12 weeks 0 +0,5 0 +1 p>0,05
p<0,001 p<0,001
Values are expressed as median = quartile range
0 - nothing
1-1to5

2 - less than one pack
3 - more than one pack

ing cigarettes after 12 weeks of pro-
gram (p<0.001) was observed. The di-
mensions of changes were the same in
both groups. There were no significant
differences between groups in smoking
status both at the beginning and at the
end of the program (Table 3).

Three months of treadmill exercise
resulted in a significant increase in P,
measured on popliteal (43%), poste-
rior tibialis (50.9%) and dorsalis pe-
dis (78.8%) arteries (Figure 1). In the
control group small but significant in-
crease in P, (11.4%) we noted only on
popliteal artery (Figure 2). There were
no significant differences between
groups in the entry values of P..

We did not observe any significant
correlation between improvement in
walking distance and P. Also no sig-
nificant changes in ABI were observed
after 12 weeks both in the training
and in the control group.

Discussion

After 12 weeks of treadmill training
we achieved significant increase of P,
measured on posterior tibialis, popli-
teal and dorsalis pedis arteries.
There is disagreement between
studies as to the influence of exercise
training on leg blood flow. In gener-
al, it is indicated that exercise train-
ing is not associated with significant
changes in limb blood flow'¢. Larsen
and Lassen in 1966 *! for the first time
used xenon—133 clearance technique
to measure the maximal blood flow
in the anterior tibial muscle. Despite
of significant improvement in walking
distance (155%) they did not observe
any significant change in blood flow
in the group of 7 claudication patients
after 6 months of training. Three years

later Alpert et al?? using the same tech-
nique on the group of 19 patients with
claudication reported 6% increase in
calf muscle blood flow also after 6
months of training. Following studies
using venous occlusion pletysmogra-
phy technique demonstrated increase
between 18-122% 22 or very of-
ten no increase in blood flow despite
a significant improvement in walking
distance ranged 58-150%2—3!. John-
son et al.’* used duplex scanner* to
demonstrate that in claudication pa-
tients the common femoral artery
blood flow reminds similar to pre-
exercise levels despite a claudication
distance increase of over 80% after
5 months of training. What is impor-
tant, the method used in the study was
very sensitive, but small group of 10
patients was a week point of this re-
search. Sorlie and Myhre* who used

a termodilution technique to mea-
sure blood flow reported similar re-
sults. They observed 79% increase in
walking distance with no change in
blood flow.

However, initial studies on animals
with ligated femoral arteries demon-
strated that following exercise train-
ing blood flow returned to preligation
values within a year**—3, Therefore it
has been suggested that an increase in
absolute blood flow may be second-
ary to the development of a collater-
al circulation'’, and the changes in
this circulation after physical train-
ing may be caused by development of
new or widening of present collater-
al vessels''. However, American Heart
Association * did not confirm the in-
fluence of physical exercise on deve-
lopment of a collateral circulation in
patients with claudication. Despite of
this standpoint it is indicated that el-
evated blood flow causes the increase
of vessel wall shear stress. This phys-
iologic factor may improve endothe-
lial vasoreactivity**—3%, The improve-
ment of endothelial-dependent vaso-
dilatation connected with lowering of
vascular resistance may increase blood
flow. It is also suggested that long-last-
ing elevated shear stress may mediate
release of different growth factors
leading to stimulation of vascular ad-
aptation process and therefore to in-
crease of total diameter of collateral
vessels!>¥7:39,

B

Changes in artery blood flow (pulsation index) after 12 weeks in the patients
undergoing exercise training (*p<0,05; ***p<0,001)



Mean value

23

2,1

1,9

PULSATION INDEX

a popliteal 1
a popliteal 2
a post tibialis 1

1 - baseline

Figure 2

1,9

1.7

a post tibialis 2
a dorsalis pedis 1
a dorsalis pedis 2

2 -12 weeks

Changes in artery blood flow (pulsation index) after 12 weeks in the control group

(**p<0,01)

The results of this study confirm the
improvement in arterial wall elasticity
determined by P, (Figure 1). Based on
present findings we may hypothesize
that vascular resistance was decreased
and therefore arterial blood flow con-
sequently improved according to Poi-
seuill law**:4!

Q=Pr'II/8Ly
Q - intensity of blood flow, P —change
in blood pressure from entry to the
end of the vessel; r — radius of the ves-
sel; L — vessel length; # — blood vis-
cosity.

The intensity of blood flow under-
stand as a total value of vascular blood
flow in the amount of time is directly
proportional to pressure changes and
the 4-th power of radius and inverse-
ly proportional to the length of the
vessel and blood viscosity. Therefore,
vasodilatation is the most important
factor leading to improvement in the
blood perfusion. Also, the bigger are
changes in the pressure and the small-
er is the vascular resistance, the bigger
is blood volume (Q = P/R; R - vas-
cular resistance). The improvement in
blood perfusion may be achieved by
increase in blood pressure or by low-
ering vascular resistance. Consequent-
ly we can say that minimal vasodilata-
tion can significantly decrease vascu-
lar resistance and increase blood flow:
R = 8L y/ IIr*

This finding makes the problem
of vascular elasticity very important.

This issue, evaluated in present study,
may be connected with improvement
in endothelial function and increased
flow-dependent dilation mediated by
the endothelium?®®?’. It has been sug-
gested that enhanced endothelial re-
lease of nitric oxide may be respon-
sible for the increased endothelial
vasoreactivity 3,

It is also indicated that changes in
blood flow observed in some studies
may be due simply to a redistribution
of blood flow from less to more active
muscles during physical effort!-1%22,
This idea was supported by a study
showing reduced femoral venous oxy-
gen saturation during exercise in clau-
dicants after training program'’. How-
ever, the increased lower limb oxygen
uptake may not be due to redistribu-
tion of blood flow. It may be mediat-
ed by metabolic capabilities of muscle
fibers change after exercise training
as an increase in the number of mi-
tochondria per muscle fiber or higher
level of oxidative enzymes'®!!,

The following, often observed,
problem is poor or no correlation
between lower limb blood flow and
walking performance in patient with
claudication’ ', Also in present study
we did not note significant correlation
between improvement in walking dis-
tance and elevation in P. Some study
indicated that there may be a relation-
ship between this variables*. Alpert et
al.? after 6 months of physical train-

ing observed that increased maximal
blood flow correlated with increased
walking distance.

There is also disagreement be-
tween studies as to the influence of
exercise training on ABI. Womac et
al." observed increase of ABI from
0,36 to 0,43 after 4 months of train-
ing, but Gardner et al.”” did not note
any changes in ABI after 6 months of
training, while increase in calf blood
flow was observed. The study of Bren-
dle et al." also indicated on increase
in blood flow after 6 months of train-
ing connected with improved endo-
thelial-dependent vasodilation. The
small increase of ABI observed in this
study was not significant. The result
of our study is in agreement with pre-
vious researches. We did not note any
change in ABI, despite observed in-
crease in P.

Gardner and Poehlman’ reviewed
studies of exercise training for claudi-
cants and concluded that the increase
in lower limb blood flow was small,
while exercise tolerance regularly in-
creased by over 100%. They indicat-
ed that the Pearson correlation be-
tween the improvement blood flow
and walking distance lies between
0,23 and 0,55 and suggested that the
flow increase could account for only
5—-30% of the improvement in walk-
ing distance.

In our study we observed almost
120% increase in claudication dis-
tance, 43-79% increase of P, (Figure
1), but we did not note any correla-
tion between these variables. There-
fore an improvement in blood flow
is not the main factor leading to an
increase in walking ability in patients
with claudication.

In non-exercised control group the
improvement in claudication distance
(16.9%) and increase in P (11.4%)
measured on popliteal artery has been
also observed (Figure 2). The reduc-
tion of smoking may be responsible
for these changes. In treatment of pa-
tients with PAOD cessation of smok-
ing is a standard procedure***. The
nicotine stimulates adrenal medulla
and increase catecholamine secretion
leading to vasocontraction and there-
fore to increase of peripheral vascular
resistance. Additionally, carbon mon-
oxide released during smoking caus-



es endothelial injury. It is also known
that smokers have increased blood vis-
cosity — one of the factors of increased
blood flow resistance?. The Framing-
ham study** shows that smoking is
a key risk factor for the development
and progression of PAOD. It has been
indicated that cessation of smoking
can significantly increase walking dis-
tance in patients with claudication®.
Therefore reduction of smoking ob-
served in our study in the control
group may be the reason of positive
changes in walking distance and blood
flow. Additionally, the same range of
smoking reduction observed in ex-
ercising group could add to the im-
provement (in part) in walking dis-
tance and P. These observations con-
firm the importance of smoking cessa-
tion in treatment of claudication.

In summary, the results of this study
indicate that treadmill training may
improve lower limb blood flow in pa-
tient with claudication. These changes
may be related to elastic properties of
blood vessels and decreased vascular
resistance. The improvement in blood
flow may be one of the factors lead-
ing to improvement in walking ability
in patients with claudication. Future
investigations evaluating changes in
lower limb blood flow with treadmill
training, measured with more precise
devices, should be planned.

Conclusions

1. The increase in P after 3 months
of treadmill training may confirm
improvement in lower limb blood
flow velocity. These changes may
lead to the increase in walking dis-
tance in patients with claudica-
tion.

2. The absence of correlation between
increase in P, and improvement in
walking distance may suggest that
changes in lower limb blood flow
are not the main factor of improve-
ment in walking ability in patients
with claudication.

3. The smoking cessation may cause
significant improvement in lower
limb blood flow and walking dis-
tance in patients with claudication.

The research was supported by grant 6 PO5D
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