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ABSTRACT. The clinical significance of drugs improving
red cell deformability is not confirmed. We established the
effect of physical training alone and combined with flunari-
zine on intermittent claudication. Twelve patients aged
48-73 years were included in the study. Pain-free walking
distance on treadmill, ankle/arm pressure ratio and trans-
cutaneous oxygen tension were measured. Walking distance
increased significantly (p<0.05) by 130 % from 75 m to 173
m during the first year when the patients were on pro-
grammed physical training. Ankle/arm pressure ratio also
increased significantly (p<0.05) from 0.46 to 0.55 during
this period. The increase in walking distance ceased when
the programmed physical training was discontinued for 6
months. During the following double-blind, cross-over
medication period the patients were given flunarizine 5 mg
b.i.d. and placebos in randomized order for 3 months each.
They also continued the same programmed physical train-
ing as during the first year. Walking distance increased,
albeit not significantly, with time to 392 m after the second
medication period. There was no difference, however, be-
tween flunarizine and placebo. Ankle/arm pressure ratio
was of the same magnitude as at the beginning of the trial.
Oxygen tension measurements did not give consistent re-
sults. We conclude that programmed physical training in-
creased walking distance as a function of time. Flunarizine
had no effect on the performance of patients with intermit-
tent claudication.
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Increasing physical training and giving up smoking
are the first measures taken in the treatment of
arterial insufficiency of the lower extremities (1, 2,
5). Drug therapy has also been tried widely, but
there is no clear evidence of its usefulness (12). A
recent trend is to use drugs improving red cell
deformability, thus increasing circulation of ische-
mic areas. Flunarizine, which inhibits entrance of
calcium into the smooth muscle of the arterial wall
has been shown to also improve impaired red cell

deformability in patients with arteriosclerosis (3).
The clinical significance of this mechanism has not
been confirmed so far.

The purpose of the study was to follow any
changes in walking capacity during 1.5 years of
physical training and in a cross-over, double-blind
manner to compare flunarizine and placebo for effi-
cacy in patients with intermittent claudication.

METHODS

The study included 12 patients with intermittent claudica-
tion due to peripheral arterial disease as confirmed by
ankle/arm pressure ratio measurements (10). Patients with
performance-limiting cardiac symptoms and severe hyper-
tension (WHO III) were excluded.

None of the patients had undergone arterial surgery of the
lower extremities. The mean age of the patients was 60
years (range 48-73 years). There were 8 men and 4 women
with intermittent claudication for 1-6 years (mean 3.5
years). Two of the patients had insulin-dependent diabe-
tes; none were on f3-blockers. Five were smokers, 4 had
given up smoking and 3 were nonsmokers. Informed con-
sent was obtained from all patients and the study was
approved by the Ethical Committee of IV Department of
Surgery, Helsinki University Central Hospital.

The study was divided into five periods. During the first
two periods (6 months each), the patients followed pro-
grammed physical training which was monthly controlled
by a physiotherapist. The patients recorded the time they
used for the training. During the third period (1-12
months, £=6 months), the patients trained only according
to their own activity, with no controls nor records.

The programmed physical training consisted of different
kinds of dynamic exercises of the leg muscles performed
every day as taught by a physiotherapist. In addition to
their daily activities, the patients were encouraged to take
daily walks at least to onset of claudication pain.

The actual drug investigation started upon termination
of the third period. The patients were given randomly
flunarizine 5 mg twice daily and identical appearing place-
bo twice daily. The first medication period lasted 3
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Table 1. Clinical parameters in 12 patients with intermittent claudication

Mean and SEM are given

Programmed
training
Programmed training discontinued
Baseline Ist period 2nd period 3rd period
Pain-free walking distance (m) 75£10 156£30 17344 165+51
Ankle/arm pressure ratio 0.46+0.03 0.50+0.03 0.55+0.04 0.50£0.05
TepO, (mmHg)* - - - 45+5
Recovery time (min)* - - - 4.3+0.8
@ In chronological order.
® Treatments specified irrespective of order of administration.
< n=11.
months (fourth period), during which the patients trained RESULTS

again under the supervision of the physiotherapist as
above. Hereafter medication was changed, and this peri-
od, too, lasted 3 months (fifth period). The fifth period
was otherwise identical with the fourth period.

At the end of each period, pain-free and maximal walk-
ing distance on a treadmill and ankle/arm pressure ratio
were recorded. At onset of the actual drug investigation
and at the end of each medication period, further meas-
urements included transcutaneous oxygen tension at
standard spots in the foot and determinations of B-Hb, B-
Het, B-MCHC, B-leuk, S-GOT, S-alkaline phosphatase,
S-GPT, S-creat, U-prot and U-gluc.

The walking test was performed on a treadmill, with a
speed of 3.6 km/h and elevation (°. The distance when the
patient reported onset of claudication pain (pain-free
walking distance) was measured. Maximal walking dis-
tance could not be applied, because seven of the patients
never experienced symptoms severe enough to make
them stop the walking test which was maximally 10 min
for the training and 20 min for the medication plus training
period. All patients had walked on a treadmill several
times before the trial.

Blood pressure was measured supine from both arms
with a mercury sphygmomanometer and systolic blood
pressure from both ankles with a Doppler device. The
ratio between the systolic blood pressure in the ankle and
arm was calculated with the higher arm pressure record-
ing as reference value. The calculation was performed for
both legs.

The oxygen tension was measured with a transcuta-
neous oxygen electrode (Radiometer) (6, 8) in the more
affected foot. Arterial circulation of the foot was there-
after occluded for five minutes with a blood pressure cuff
by applying a pressure 50 mm Hg higher than the systo-
lic pressure. During postocclusive reactive hyperemia, the
time for the oxygen tension to return to baseline value
(recovery time) was measured (7). Side effects were ques-
tioned about during the drug investigation using specific
questionnaires. Two-way analysis of variance and
Scheffe’s multiple comparison method were used to test
differences between periods. A p-value <0.05 was consid-
ered statistically significant.
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Testing of pain-free walking distance for all periods
with the analysis of variance gave p<0.05.
Scheffe’s multiple comparison did not, however,
reveal significant differences between the periods.
There was no difference between flunarizine (315
m) and placebo (299 m). For further analyses, the
medication periods were placed in a chronological
order. Even now a statistical significance (p<0.001)
was reached with the analysis of variance and
Scheffe’s multiple comparison showed the second
medication period (irrespective of whether flunari-
zine or placebo had been administered to differ
significantly (p<0.01) from the baseline value (392
m vs. 75 m).

During the first year, when the patients followed
programmed physical training, the pain-free walk-
ing distance increased by 130% as compared to the
baseline value. The analysis of variance gave
p<0.05 and Sceffe’s multiple comparison showed
that there was a statistically significant (p<<0.05)
difference between the second period (173 m) and
the baseline value (75 m) the greatest difference
occurring, however, during the first 6 months.

With regard to ankle/arm pressure ratio, the anal-
ysis of variance gave p<0.05 for all periods when
the periods were in chronological order, but ac-
cording to multiple comparison, there was no statis-
tically significant differences. For the two first peri-
ods with the patients on programmed physical
training, the analysis of variance gave p<0.05.
Scheffe’s multiple comparison showed the value of
the second period (0.55) to be significantly (p<<0.05)
higher than the baseline value (0.46). Ankle/arm
pressure ratio was, however, of the same magni-
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physical training was interrupted by discontinua-
tion of programmed physical training. This finding
implies to the unability of the patients to be consist-
ent enough to carry on the training program without
supervision and encouragement by a physiothera-
pist.

Medication + programmed training

Ist drug 2nd drug” Flunarizine Placebo” The increase in the ankle/arm pressure during the
first year of the present trial was an unexpected

221163 3924131 315+120 299+89 : : :
0.5240.05 0.44+0.06 0.49+0.06 0.48+0.06 nding, even though Skinner & Strandness (11) did
3945 41+5 38+5 42+6 observe in their material of five patients the resting
4.1+0.9 3.6+0.4 3.3%0.6 4.5+0.8 ankle blood pressure to increase as a result of 3-8

tude after the fifth period (0.44) as at the beginning
of the trial.

As to oxygen tension and recovery time, there
were no significant differences (Table I). This could
in part, at least, be explained by the considerable
scattering.

No changes, as a rule, occurred in the laboratory
parameters. However, S-alkaline phosphatase was
slightly elevated in one patient and S-GPT in anoth-
er during the entire study.

Only side effects which the patient experienced
on either medication period and which were at least
moderate in severity (scale: mild, moderate, se-
vere) were considered (Table II). Despite the fact
that statistically significant differences (binomial
test) between flunarizine and placebo could not be
obtained due to the small material size, it seems
evident that flunarizine more often caused drowsi-
ness and fatigue.

DISCUSSION

The positive effect of physical training on walking
has been observed in several earlier studies (2, 4,
9). The present study did, however, reveal quite
well the fact that the favourable trend achieved by

Table II. Number of side effects reported by 12
patients with intermittent claudication

Flunarizine Placebo
Drowsiness 4 -
Fatigue 5 -
Itching - 2

months of physical training. They interpreted this
to be due to the exercise-related improved collater-
al blood flow. In most studies, maximal calf blood
flow did not improve, however, despite the signifi-
cant improvement in walking performance (2, 4, 9,
13). Our two-year results are in accordance with
these observations. The positive effect of physical
training on walking performance is evidently due
rather to local circulatory (2, 13) or metabolic
changes (4) in the leg musculature than to an in-
crease in the net limb flow.

Measurement of transcutaneous oxygen tension
turned out to be a rather inaccurate method for
repeated measurements of drug effects on peripher-
al circulation at least in our hands.

It may be concluded that programmed physical
training increased pain-free walking distance as a
function of time. Flunarizine had no effect on the
walking capacity of patients with intermittent clau-
dication. This could be due to lack of effect on
blood/plasma viscosity and red cell deformability.
We did not include measurements of rheological
variables in the present study. However, in a recent
investigation (14) flunarizine was found to improve
red cell deformability without changes in blood/
plasma viscosity in patients with intermittent clau-
dication.
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