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Abstract

Peripheral arterial disease (PAD) affects 12% - 20% of the population over 65
years. PAD is a component of systemic atherosclerosis and is associated with
increased rate of all-cause mortality and cardiovascular events, compared
with those without PAD. The strongest risk factors for PAD are older age and
cigarette smoking. PAD accelerates functional decline leading to physical
disability. Many randomized clinical trials demonstrated that treadmill walk-
ing training increases pain-free and maximal walking distances in patients
with PAD. Exercise intervention is strongly recommended for patients with
PAD and symptoms of intermittent claudication (IC). The need to provide an
exercise training program to patients with peripheral arterial disease is essen-
tial, as almost half of these patients will eventually develop coronary artery
disease. There are many existing treadmill walking protocols for patients with
PAD. Most of these are based on claudication severity. We present a case of
significant improvement of pain-free distance and maximum treadmill walk-
ing distance in a patient with PAD after 12 weeks of walking training pro-
gram utilizing the “2/3 claudication distance” formula.
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1. Introduction

Cardiac rehabilitation (CR), according to the WHO guidelines is defined as “the
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comprehensive and coordinated use of medical, social, educational and profes-
sional resources to accommodate patients to a new lifestyle and enable them to
achieve the best performance” [1]. The cardiac rehabilitation program consists
of physical exercise sessions, dietary counselling, educational classes on lifestyle
changes and psychosocial support to patients and their families. Supervised ex-
ercise training remains a core component of the cardiac rehabilitation program,
focusing on aerobic, resistance, neuromotor and flexibility components. Cardiac
rehabilitation is recommended for patients with PAD and claudication, as it re-
duces symptoms, prolongs claudication distance and improves quality of life [2].
The goals of a comprehensive cardiac rehabilitation program in cases of patients
with PAD include symptoms reduction, improvement of exercise capacity and a
decrease in the risk of cardiovascular events. Cardiac rehabilitation program
outcome measures include exercise capacity, modifiable risk factors (blood lipid
and glucose levels, blood pressure, smoking), psychological outcomes (depres-
sion, anxiety), return to work and quality of life. All of them can be easily quan-
tified and interpreted. Functional capacity assessment includes maximum
work-load from exercise test (as peak oxygen uptake in ml/kg/min or as a value
in metabolic equivalents) or change in distance achieved on a 6-minute walking.
A meta-analysis of 21 studies performed in 1995 concluded that a supervised ex-
ercise improved maximum walking distance on a treadmill by 122% and
pain-free walking distance on a treadmill by 179% [3]. Benefits of exercise train-
ing exist also among patients with PAD who do not have claudication. The dis-
putable question remains as to which walking treadmill protocols are optimal

and most effective for patients with PAD.

2. Case Report

A 59-year-old male patient, active smoker (half a pack a day for 20 years), with
peripheral arterial disease and 100 meters claudication distance has been admit-
ted to the Cardiac Rehabilitation Unit at Prince Sultan Cardiac Center, Riyadh.
The Patient had a history of coronary artery disease (anterior wall myocardial
infarction and percutaneous coronary angioplasty with stent implantation in
2016, coronary artery bypass graft surgery in 2018), hypertension and dyslipi-
demia. The patient’s medication regimen included aspirin 75 mg once a day, dil-
tiazem 120 mg twice a day, losartan 50 mg once a day and atorvastatin, 40 mg
once a day Upon admission the patient complained of pain in his calves during
walking. No recent history of chest pain or shortness of breath during daily ac-
tivities. At physical examination his heart rate, blood pressure and oxygen satu-
ration were within normal limits. Lung examination without alterations. Heart
assessment revealed a grade 2 systolic murmur over the apex area. Resting an-
kle-brachial index (ABI) was 0.60 and 0.70 at the right and left dorsalis pedis,
respectively. Transthoracic echocardiography revealed moderately impaired left
ventricular systolic function with ejection fraction (EF) of 45%. Graded stress

test on treadmill utilizing modified Bruce protocol had been stopped due to leg
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fatigue after reaching 5.0 MET, which is indicative of a low functional capacity
according to the American Association of Cardiovascular and Pulmonary Reha-
bilitation guidelines. At a separate session the treadmill walking protocol with 3
km/h speed and no inclination had been performed with calculated distances to
onset of claudication and walking was ceased due to unbearable pain at 100 and
150 meters subsequently. For exercise training purposes we utilized the “2/3
claudication distance” walking treadmill protocol. The patient covers 2/3 of the
calculated maximal treadmill walking distance. One cycle consists of three such
walks, Ze. 3 x 2/3 maximal walking distance, with a 2-minute rest between each.
Full training consists of three such cycles with 10 minutes break between each.
Ideally the patient should perform such training three times a day, most days of
the week. Such a program should be continued for at least 3 - 4 months. In cases
where pain occurs, rest periods should be taken until pain subsides and subse-
quent walking blocks should be adjusted accordingly. In this case the patient re-
peated such training two times more during exercise days and three times during
non-exercise days in addition to his supervised sessions. After 12 weeks of
training, the distances attained prior to the onset of pain and to unbearable pain
significantly increased to 420 and 585 meters respectively. Controlled ABI in-
creased by 0.1 at the right and left dorsalis pedis respectively and controlled
graded stress test had been terminated due to leg pain after reaching 6.5 MET.

3. Discussion

Exercise intervention is strongly recommended for patients who present with
peripheral artery disease. Regular exercise sessions reduce symptoms, prolong
claudication distance and improve quality of life in patients with PAD. It must
be remembered that patients with PAD and claudication have about 50% reduc-
tion in peak oxygen consumption in comparison with age-matched individuals
[4]. It affects their functional status, but also their quality of life and they often
start to avoid physical activity, especially walking, which in turn leads to further
decline in functional status. Patients with PAD present also with higher preva-
lence of depression [5]. As mentioned earlier, meta-analysis from 1995 revealed
increase of maximal walking distance by 122% and pain-free walking distance by
180% [6]. Systematic review of controlled clinical trials (22 studies with over
1200 participants conducted by the Cochrane group in 2008 compared programs
based on supervised exercise training with usual care), concluded that exercise
significantly increased walking time (by 5 minutes) and walking distance (by
100 m). Degree of exercise-related improvement varies across studies, de-
pending on intensity of exercise training as well as adherence to exercise pro-
grams. Nevertheless, all existing studies have shown exercise-related im-
provements. Mechanisms of such improvement have been explained by im-
proved skeletal muscles metabolism, rheological changes and blood redistribu-
tion [7]. It includes reduction of post-exercise lactates production, reduced

blood viscosity, and increased production of endothelial nitric oxide. Potential
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neovascularization or dilation of existing collaterals has been also postulated.
Exercise training in cases of patients with PAD should have intensity set between
40% and 70% of heart rate reserve and should last for at least 20 - 30 minutes
(without specified accurate time of a day). Weight-bearing exercises such walk-
ing are preferred. There are many existing walking treadmill protocols dedicated
to the patients with PAD, e.g. Larsen protocol with a constant speed of 4.6 km/h
and grade adjustment or protocol by Dahloff with speed adjustment (starting
from 4 km/h) and no grade. Some centers utilize protocols with both speed and
inclination change [8]. In general, trainings are conducted to onset of pain or
when pain becomes moderate-to-severe. In studies comparing both types of
training significant improvement in walking distance within both groups has
been demonstrated, with no statistical differences between them. Typically exer-
cise programs for patients with PAD consist of 3 supervised sessions per week
with a minimum of 20 - 30 minutes of exercise. Patients usually are asked to
walk to the moment when pain is maximal. Such programs usually last 4 - 6
months. There is a general agreement that training progression should be gra-
dual to enable adaptation to training stimulus. This can be achieved by change of
training components, Le. the duration of walking or rest periods, workload
(treadmill speed and/or grade), or frequency. In most cases, total exercise vo-
lume is increased by alternative increase in duration and workload [9]. Optimal
walking training duration is disputable. Meta-analysis by Fakhry demonstrated
beneficial effects of walking training regardless of program duration, Ze 4 - 11
weeks, 12 - 26 weeks and >26 weeks. Improvement in treadmill walking perfor-
mance occurs within 4 - 8 weeks and benefits are achieved usually by 10 - 12
weeks [10]. In a trial trainings ranged in duration from 4 to 104 weeks (more
than half had durations between 12 and 26 weeks). Whereas we strictly followed
the model of 3 supervised sessions per week, lasting at least 30 minutes each,
with a total program duration of 12 weeks, both training protocols and training
progression at our center vary. We consistently commence with precise calcula-
tion of distances to onset of claudication and to unbearable pain. Based on these
we start the exercise walking treadmill sessions utilizing one of existing protocols
(eg. Dahloff, Larsen or “2/3 claudication distance” formula). In a case of “2/3
claudication distance” training protocol, we commence the first treadmill walk-
ing sessions with constant speed (usually it is 3.0 km/h or 3.5 km/h for a taller
individuals) and no inclination. Such a speed is similar to many existing walking
protocols. Ze. 3.2 - 4.0 km/h). Walking time is calculated to cover approximately
2/3 of maximal walking distance from the test. In this case, our patient training
program consisted of 5 such walking blocks with 2 min rests (or until pain sub-
sides) three times a week. Once a week after the fifth block and subsequent 10
min rest, we performed the test with new calculation of distances to onset of
pain and to unbearable pain. Then the duration of blocks for the next sessions
had been recalculated based on test results. As mentioned earlier, improvement

of maximal walking distance as well as distance to onset of pain in case of this
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patient reached over 300%, which is significant in comparison with data from
the literature. What we found as a real advantage of 2/3 claudication formula is
the absence of severe pain. Covering 2/3 claudication distance rarely provokes
maximal pain. If present, usually a mild degree and well tolerated pain occurred
which did not affect the overall training schedule. One of potential pitfalls of
protocols till moderate to severe pain is low program adherence, related to pain
intolerance. Ze some patients reduce the number of training sessions or even
avoid walking. Regular (ie once a week) recalculation of distance to onset of
claudication and to maximal walking distance allows for adequate training pro-
gression by increasing duration of walking blocks, without workload change. In
practice we used constant speed (3.0 or 3.5 km/h) with no grade, and increased
training duration. From our experience “2/3 claudication distance” formula
seems to be a feasible and very effective exercise intervention for patients with

peripheral arterial disease and intermittent claudication.
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