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Abstract We aimed to investigate the characteristics of
changes in amount of physical activity of patients with
peripheral arterial disease (PAD) before/after endovascular
treatment (EVT) combined with exercise training. Twenty-
two patients with peripheral arterial disease at stage-1I of
the Fontaine classification who received EVT combined
with exercise training were included in this study. A tri-
axial accelerometer was used to record physical activ-
ity every day from the day before surgery to 3 months
after discharge from hospital. The mean number of walk-
ing steps before surgery was 2664 steps (611 steps—5404
steps), whereas those after surgery was 3393 (567 steps—
7578 steps). Ankle Brachial Index (from 0.69 to 1.03;
p < 0.001), maximum walking distance (from 728.2 to
1271.8 m; p < 0.05) and Vascu-QOL (from 98.9 to 137.9;
p < 0.01) showed improvement between before and after
surgery. Physical activity of patients with PAD was still
low at 3 months after surgery even though walking ability,
QOL, and self-efficacy were improved after EVT combined
with exercise training. Among the 22 patients, the number
of walking steps increased in 17 of them and decreased in
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5 of them. Compared with the patients in the increased-
steps group, those in the decreased-steps group were sig-
nificantly older (p < 0.05), and had a significantly higher
cardiovascular event rate within the first 3 months after sur-
gery (p < 0.05). These results suggested that, not only the
improvement of walking ability, but increase in physical
activity after EVT combined with exercise training is also
important for short-term prognosis.
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Introduction

Endovascular treatment (EVT), which is performed for
patients with peripheral arterial disease (PAD), is mini-
mally invasive and highly safe treatment approach and is
rapidly increasing in number [1]. It is true that the maxi-
mum walking distance (MWD) will improve after EVT
in a short period of time due to the improvement of blood
circulation, but it is reported that walking ability will sig-
nificantly improve in a mid- to long period of time with
the concomitant use of supervised exercise training rather
than EVT alone [2]. Recent studied have suggested that
the improvement of walking ability with the concomitant
use of supervised exercise training in patients with PAD
is not because of a hemodynamic changes, but due to the
improvement of cardiopulmonary function and skeletal
muscle function [3, 4]. Frans et al. [5] conducted a system-
atic review and showed that EVT combined with exercise
training was effective for improving not only walking abil-
ity but also quality of life (QOL), which means that con-
tinuing the exercise training even after EVT is effective for
improving both walking ability and QOL.
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Table 1 Characteristics of the participants

Number of subjects 22
Age (years) 76.0 (60-84)
Sex (male/female) 17/5
Body mass index (kg/m?) 220+ 1.7

Past history n (%)
Hypertension 19 (86.3)
Dyslipidemia 22 (100)
Chronic kidney disease 2(9.0)
Hemodialysis 1(4.5)
Diabetes mellitus 12 (54.5)
Coronary artery disease 14 (63.6)
Cerebral vascular disease 7 (31.8)
Orthopedic disorder 7(31.8)
Smoking n (%) 19 (86.3)

Treated regions (n = 29) n (%)
Iliac artery area 21 (72.4)
Femoral artery area 8 (27.6)

On the other hand, it is reported that patients with PAD
do less physical activity compared with healthy persons [6—
8] and that those who do less physical activity in their daily
life tend to have poor physical functions and have a high
incidence of PAD progression and cardiovascular events
[9, 10]. Although EVT is characterized by allowing early
discharge to home owing to its minimal invasiveness, much
remains unclear about the details of the changes in physical
activity amount after EVT. EVT is beneficial not only for
the improvement of walking ability of patients with PAD
but also for the maintenance/improvement of their physical
activity amount. This fact is important from the perspective
that EVT will prevent cardiovascular events. Many studies
have reported so far on the importance of increasing the
physical activity amount for several diseases management,
but studies reporting on the changes in the amount of phys-
ical activity at before/after EVT are scarce.

In this study, therefore, we aimed to investigate the char-
acteristics of changes in amount of physical activity of
patients with PAD before/after EVT combined with exer-
cise training.

Methods

Participants
Of the 135 patients with PAD at stage-II of the Fontaine

classification who received EVT at our hospital from
January 2013 to August 2015, a total of 33 patients who
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agreed to participate in this study and received supervised
exercise training by a physical therapist after EVT were
enrolled. Patients who received invasive treatment such as
thrombo-endarterectomy involving the skin incision were
not included in this study. All patients received percuta-
neous transluminal angioplasty. Among them, 22 cases of
29 limbs were selected excluding those who were unable
to walk since before surgery and those who withdrew their
agreement. The mean age of the participants was 76.0 years
(60-84; 17 men and 5 women). Table 1 shows the patient
characteristics and treated regions.

Exercise therapy after EVT

After EVT, all the patients started standing and walking
training from the day after surgery. Supervised exercise
training was started when a patient was found to have no
complications and became able to walk on level ground
independently. One course of supervised exercise training
was comprised of warm-up, treadmill walking (20 min)
and cool-down, and was performed 5 times a week. The
exercise prescription was compliant with the guidelines of
TASC-II [11]. The speed of walking and the gradient load
was increased gradually as the walking ability improved.
The mean days of the exercise training was 6.87. On dis-
charge from hospital, all the patients were given instruc-
tions to set a goal of doing exercise at least 3 times a week
for more than 30 min.

Prior to hospital discharge, encouragement of walking
from the medical doctor, medication instruction from the
pharmacist, along with lifestyle guidance from nurse were
carried out. ADL guidance was also given to prevent exces-
sive flection at the stent insertion site. After discharged
from the hospital in this study, all patients did not attend
outpatient exercise rehabilitation program.

Measurement of PA

A waist-mounted physical activity monitor (Active style
Pro HJA-350IT, Omron Co. Japan) was used to record the
number of steps, time, and metabolic equivalents (METs)
every day from before surgery to 3 months after discharge
from hospital. The physical activity monitor was attached
all the time from waking up to going to sleep except the
time of bathing. Excluding data during days when the
wearing time measured by a three-axis acceleration sen-
sor was less than 480 min/day for some reason, the mean
value such as the number of steps, time, and METs before
admission and 3 months after discharge were adopted. The
mean number of days when the physical activity monitor
data were adopted was 11.6 days before admission and
49.4 days at 3 months after discharge.
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Table 2 Comparison of each parameters between before and after
endovascular treatment

Before After

Average steps 2663.6 (611-5404) 3392.5 (567-7578)

PA (METsS hour)

Life activity 149 £2.61 14.9 £2.96

Walking activity 226 £1.25 250 £1.18

Total activity 17.1 £2.91 17.4 £2.89
ABI 0.69 +0.16 1.03 4 0.13%**
MWD (m) 494.0 £ 705.6 1415.0 £ 870.7*
WIQ 1269 +75.1 271.6 £ 113.1%%*
SEPA 36.1 £22.2 61.3 £26.1%*
Vascu-QOL 98.9 +33.8 137.9 & 35.4*%*
HADS

Anxiety 6 (1-10) 7 (1-10)

Depression 4 (1-9) 4 (0-9)

Total 10 (2-20) 11 (1-16)

PA physical activity, METs metabolic equivalents, ABI ankle brachial
pressure, MWD maximum walking distance, WIQ Walking Impair-
ment Questionnaire, SEPA self-efficacy for physical activity, Vascu-
QOL Vascular Quality of Life Questionnaire, HADS Hospital Anxiety
and Depression Scale

*p <0.05, ¥ p < 0.01, ¥+ p < 0.001

Evaluation of PAD, walking ability, psychological state,
and ADL

The following factors were evaluated at before admission
and 3 months after discharge: Ankle Brachial Index (ABI)
to evaluate arterial sclerosis; maximum walking distance
(MWD) and Walking Impairment Questionnaire (WIQ)
to evaluate walking ability [12]; Hospital Anxiety and
Depression Scale (HADS) to evaluate anxiety/depression
[13], Self-Efficacy for Physical Activity (SEPA) to evaluate
subjective self-efficacy [14], and Vascular Quality of Life
Questionnaire (Vascu-QOL) to evaluate activities of daily
life [15].

Since not a few patients showed difficulty to walk on a
treadmill in this patients population, we measured the field
walking distance continued to walk as much as they can
between the mark placed at 10 m intervals. We instructed
before the test as follows; “Remember that the object is to
walk as far as possible, but don’t run or jog.”

Analytical methods and statistical procedures

We compared the mean number of steps before surgery with
those 3 months after discharge from hospital, and defined
the patients with increased steps as the increased-steps
group and patients with decreased steps as the decreased-
steps group. Then we compared patients demographics,
postoperative course, postoperative cardiovascular events,

and METs hour (life activity, walking activity, total activ-
ity), and MWD, WIQ, HADS, SEPA, and Vascu-QOL
between the two groups. SPSS (ver. 21.0; IBM, Tokyo,
Japan) was used as statistical analysis software. Paired ¢
test, unpaired 7 test, x2 test were used to compare the two
groups. A two-sided test was used with p value of 0.05
defined as statistically significant.

Research ethics

This study was approved by the Ethical Committee of
Jyuzenkai Medical Corporation Sakakibara Heart Institute
of Okayama (approval number: 20140901). Written as well
as oral informed consent was obtained from all patients
prior to participation in this study.

Results

Neither death nor complications occurred to all the patients
during hospitalization. The mean days of hospitalization
after surgery were 6.9 & 3.7 days, and all the discharged
patients were able to walk home on their own.

1. Comparison of PA between before and after surgery

The mean number of steps before surgery was 2664
steps (611 steps—5404 steps), whereas those after surgery
was 3393 (567 steps—7578 steps). There was no statisti-
cal significance between them. Among the 22 patients, the
number of steps increased in 17 of them and decreased in 5
of them. There was no significant difference in the METs
hour between before and after surgery in all the items such
as life activity, walking activity, and total activity (Table 2).

2. Comparison of ABI, walking ability, psychological
state, and ADL ability between before and after surgery

ABI showed a significant improvement between before
and after surgery (0.69 vs. 1.03; p < 0.001). MWD (from
728.2 to 1271.8 m; p < 0.05) and WIQ (from 126.9 to
271.6; p < 0.001) showed a significant improvement after
surgery. SEPA (from 36.1 to 61.3; p < 0.01) and Vascu-
QOL (from 98.9 to 137.9; p < 0.01) also showed a sig-
nificant improvement after surgery. HADS did not show
any significant difference in all the sections of “anxiety”,
“depression”, and “total score”.

3. Comparison between the increased-steps group and the
decreased-steps group

The rate of change increased by 42.3 % in the increased-
steps group (n = 17) and decreased by 21.8 % in the
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Table 3 Comparison of
patient’s characteristics between
the increased-steps group and

Increased-steps group (n = 17)

Decreased-steps group (n = 5)

Average age (years) 74.0 (60-84) 81.6 (78-84)*
the decreased-sieps group Sex (male/female) 1512 3R

Body mass index 222426 212+28

Past history n (%) n (%)
Hypertension 15 (88.2) 4 (80.0)
Dyslipidemia 17 (100) 5(100.0)
Chronic kidney disease 2(11.7) 0(0)
Hemodialysis 1(5.8) 0(0)
Diabetes mellitus 10 (58.8) 2 (40.0)
Coronary artery disease 9(52.9) 5 (100.0)
Cerebral vascular disease 4(23.5) 3 (60.0)
Orthopedic disorder 4 (23.5) 3 (60.0)
Smoking 15 (88.2) 4 (80.0)

Treated regions (n = 29) (n=24) (n=15)
Iliac artery area 17 (70.8) 4 (80.0)
Femoral artery area 7(29.1) 1(25.0)

ABI
Before EVT 0.71 £0.15 0.64 £0.15
After EVT 1.01 £0.14 1.06 £ 0.05

Postoperative events for 3 months after discharge n (%) n (%)
Cardiovascular events 4(23.5) 4 (80.0)*
Others 2(11.7) 1(20.0)

EVT endovascular treatment
* p <0.05

decreased-steps group (n = 5), respectively, from before- to
after surgery (Table 3). Compared with the patients in the
increased-steps group, those in the decreased-steps group
were significantly older (p < 0.05), and had a significantly
higher cardiovascular event rate within the first 3 months
after surgery (p < 0.05).

There was no significant difference in the mean walk-
ing steps at both before and after surgery, but a significant
difference in the METs hour of walking activity was found
between the increased-steps group (2.81 + 1.12) and the
decreased-steps group (1.50 £ 0.68) (Table 4). Although
there was no significant difference in MWD between the
increased-steps group and the increased-steps group, the
former group showed a significant difference at 3 months
after discharge (p < 0.05). While WIQ was significantly
higher in the increased-steps group than in the decreased-
steps group at 3 months after discharge (302.5 £ 95.5 vs.
163.3 £+ 103.1, p < 0.05), there was no significant differ-
ence in SEPA, Vascu-QOL, and HADS between the two
groups.
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Discussion

Previous studies have reported the respective effects of
EVT and supervised exercise training in patients with PAD.
Timothy et al. [16] reported the effect on maximum walk-
ing time on the treadmill after EVT alone and alone after
exercise therapy for 6 months. EVT alone increased 169 %
of the maximum walking time compared to the pre-EVT,
and exercise training alone increased 211 % of the maxi-
mum walking time compared to the pre-exercise training.
Furthermore, there are many reports that EVT combined
with exercise training improved maximum walking dis-
tance and QOL compared with EVT alone and exercise
training alone [5, 17, 18].

Walking ability, QOL, and self-efficacy significantly
improved after EVT combined with exercise training in
this study as similarly as previous studies. It can be inferred
that the improvement of walking ability is attributable to
the improvement of blood supply to the lower limb skeletal
muscles during walking due to revascularization by EVT
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Table 4 Comparison of walking steps, walking function and walking ability, psychological state between increased-steps group and decreased-

steps group

Before endovascular treatment

After endovascular treatment

Increased-steps group (n = 17) Decreased-steps group (n = 5) Increased-steps group (n = 17) Decreased-steps group (n = 5)

Average Steps 2670.7 (1275-4994) 2639.3 (611-5404)
PA (METs hour)

Life activity 14.6 £ 1.75 15.8 £ 4.28

Walking activity 2.30 & 1.29 2.12 £ 1.09

Total activity 16.9 £2.01 17.9 £ 4.78
MWD (m) 551.7+769.2 298.0 4 359.8
WIQ 145.8 £75.8 68.7 £ 29.9%
SEPA 38.0 £20.0 28.7 £28.4
Vascu-QOL 96.0 +33.2 108.0 = 34.0
HADS

Anxiety 6 (1-11) 6 (5-7)

Depression 4 (1-9) 5(1-8)

Total 10 (2-20) 11 (6-15)

3799.4 (1639-7578)* 2090.5 (567-4257)

145 +221 16.1 +4.39
281 +1.12 1.50 & 0.68*
17.3 4+ 1.98 17.5+4.73
1646.6 + 856.2* 720.0 £ 435.47%
302.5 + 95.5% 163.3 4+ 103.17
61.0 £ 27.2% 63.2 +16.2
135.9 + 37.3* 145.0 + 26.1

7 (1-9) 7 (4-10)

4 (0=7) 3(1-9)

12 (1-17) 11 (10-13)

MWD maximum walking distance, WIQ Walking Impairment Questionnaire, SEPA self-efficacy for physical activity, Vascu-QOL Vascular Qual-
ity of Life Questionnaire, HADS Hospital Anxiety and Depression Scale, PA physical activity, METs metabolic equivalents

* Vs. increased-steps group before EVT, p < 0.05
T Vs. decreased-steps group before EVT, p < 0.05
* Vs. increased-steps group after EVT, p < 0.05

in addition to the improvement of blood flow redistribution
and oxygen utilization efficiency in the skeletal muscles
due to supervised exercise training. Moreover, since there
is a report that SEPA and Vascu-QOL will increase along
with the improvement of the postoperative walking ability
[18, 19], QOL and self-efficacy of the patients in this study
may also have improved along with improvement of walk-
ing ability.

Although walking ability, QOL, and self-efficacy
showed an improvement after EVT combined with exercise
training, no significant improvement was observed in the
mean number of walking steps at 3 months after surgery.
In addition, the mean number of walking steps decreased
in 5 out of 22 patients since before surgery. Compared
between the cases that increased the number of walking
steps after surgery and those that decreased the number of
walking steps after surgery, the decreased-steps group was
significantly older in age and lower in preoperative WIQ,
MWD, and self-efficacy. It can be inferred that because of
the deterioration of the walking function since before sur-
gery due to the effect of aging, the obtained mean number
of walking steps fell short of improvement although there
was an improvement in MWD, WIQ, and SEPA after sur-
gery. In this study, we did not investigate into the physi-
cal functions. However, the fact that all the patients in the
decreased-steps group had previous history of coronary

artery disease and a high rate of history of cerebrovascu-
lar disease and motor organ disease leads to a possibility
that physical functions and exercise intolerance had already
been deteriorated since before surgery.

In the decreased-steps group, physical activity decreased
significantly after surgery although MWD and WIQ showed
a significant improvement after surgery. As is reported in
a study [7], PAD patients with low physical activity are
susceptible to cardiovascular events and will have a poor
prognosis. In our study, too, the incidence of cardiovascu-
lar event was significantly high in the first 3 months after
surgery in the decreased-steps group. Therefore, not only
the improvement of walking ability, but also the increase
in physical activity is important after the EVT. In the
increased-steps group, on the other hand, the number of
walking steps significantly increased after surgery, which
was relatively less than the age-specific mean walking steps
reported in the National Health Survey [20, 21]. The mean
number of walking steps of men in their 70s or over was
5393. Based on this, it was revealed that the mean number
of walking steps in the increased-steps group was about
70.5 % and that physical activity of patients with PAD was
still low at 3 months after surgery even though walking abil-
ity, QOL, and self-efficacy were improved. Taken together,
postoperative follow-up of physical activity by the quantita-
tive evaluation is required even for minimally invasive EVT.
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The major limitation of this study is the lack of the num-
ber of subjects. In addition, we did not perform a power
analysis before starting this study as it was designed as a
longitudinal observational study to evaluate natural recov-
ery of physical activity after EVT. Future randomized
controlled trials are needed to help critically evaluate the
effects of specific intervention on recovery of physical
activity after EVT.
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