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The effects of Crenotherapy and exercise in peripheral arterial occlusive disease. A comparison with simple 
exercise training.

BACKGROUND: Conservative therapies for patients affected by Peripheral Arterial Occlusive Disease (PAOD) aim first to
correct the risk factors and to slow down the disease progression. Among these, exercise has positive effects on blood flow,
muscle metabolism and well demonstrated systemic effects. These include reduction of chronic inflammation markers,
improvement of walking mechanics and heart function. Controlled physical training increases the ability to perform the
daily activities improving life expectancy of these patients. The aim of this study is to evaluate the effects and the effec-
tiveness of physical training performed in thermal water compared to traditional treadmill walking exercise.
METHODS: 98 patients affected by IIb stage PAOD, according to Leriche-Fontaine classification, were enrolled. Patients
were randomized into two groups: the first arm carried out an intensive training program under medical supervision
(group A); the second one carried out a rehabilitative exercise associated with crenotherapy (group B). The following
parameters were detected: Ankle-Brachial pressure index (ABI), actual claudication distance (ACD), maximum walking
distance (MWD), flow mediated dilatation (FMD) and the intima-media thickness (IMT). All patients underwent
Doppler echocardiography and complete biochemical assay.
RESULTS: In both groups, there was a statistically significant improvement of lipidaemia compared to baseline. When com-
pared with each other, the two groups did not show statistically significant differences. There were no significant differences
between the two groups regarding echocardiographic findings. Vascular reactivity study showed a statistically significant
improvement of FMD after 3 months of exercise in both groups. In crenotherapy group (B) FMD values were significant-
ly higher than the treadmill ones (A). In both groups a statistically significant improvement in ACD was observed
CONCLUSIONS: Our experience shows that crenotherapy has similar effects compared to traditional physical training in
the treatment of PAOD, being equally well tolerated and safe; it gives an advantage over conventional physical train-
ing in terms of ACD and MWD improvement, although not statistically significant, and it is extremely welcome to
patients compared to traditional physical training.

KEY WORDS: Arterioscleroses, Intermittent Claudicatio, Peripheral Arterial Diseasen, Physical Exercise, Rehabilitation

Atherosclerosis is the main etiological factor 1. According
to the National Cholesterol Education Program - Adult
Treatment Panel III (NCEP-ATP III), PAOD, as well as
diabetes, abdominal aortic aneurysm and symptomatic
carotid disease, determines a cardiovascular risk equiva-
lent to that of coronary heart disease. The PAOD is a
very common condition whose diagnosis is often under-
estimated; its prevalence, evaluated in different epidemi-
ological studies 2-4 with specific tests such ABI (ankle-
brachial-index), is of 3-10%, with a maximum of 15-
20% in subjects with more than 70 years. The annual

Introduction

Peripheral arterial occlusive disease (PAOD) is a chron-
ic condition caused by an obstruction to blood flow in
the aortic-iliac-femoral-popliteal-tibial district.
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incidence increases with age: it is 0.6 in 45-54 years old
patients, 2.5% in 55-64 ones and 8.8% in 65-74 ones.
PAOD tends to be twice more frequent in males than
women between 50-70 years, but this difference decreas-
es in over 70s 5. The ratio between symptomatic and
asymptomatic form is of 1: 3 - 1: 4 and the majority
of symptomatic patients is over 60. 

SYMPTOMS

Intermittent Claudication (IC) is the most common
symptomatic form while critical limb ischemia (CLI) is
less frequent, with a prevalence of 0.4% in a Swedish
population over 60 6-8. IC is a muscle cramp pain down-
stream of the vascular lesion, where arterial pulses are
constantly reduced or absent; nevertheless, diagnoses
based only on this finding, tend to underestimate PAOD.
Edinburgh Artery Study found that one-third of patients
with asymptomatic PAOD has a complete occlusion of
a main artery in a leg 9. In autoptic studies, 15% of
men and 5% of women, who were asymptomatic, had
a > 50% stenosis 10. The absence of CI in a patient
with a severe PAOD can depend on the presence of oth-
er conditions, such as heart failure, pneumopathy, severe
muscle-skeletal disease.

RISK FACTORS

The risk factors for the development of PAOD are in
common to the other cardiovascular diseases. Among the
modifiable risk factors, smoking diet is considered the
most important 11,12, among the not modifiable ones,
and diabetes 13,14 is proven to be associated with the
development of PAOD 2,15. Dyslipidaemia is present in
about 50% of patients with PAOD. In the US Physicians
Health Study 16, the total cholesterol / HDL ratio was
found to be strongly related to the disease. In the
Framingham study, a fasting total cholesterol greater than
270 mg/dl has been associated with a two-fold increasing
of the incidence of Claudicatio Intermittens 17.
Hypertension is another common risk factor, although the
association with PAOD is not strong as well as cerebro-
vascular disease. The hyperhomocysteinemia is a recent
marker of atherosclerotic vasculopathy and is significantly
increased in PAOD 18,19 as well as other hemostatic, rhe-
ological and inflammatory markers, as plasma fibrinogen
and C-reactive protein, which showed in several studies
an association with PAOD. Other not modifiable risk
factors are advanced age, male sex and Black race, where
the risk of developing PAOD is two-fold increased.
Coronary artery disease is the cause of death in the 40-
60% of patients with PAOD. Other vascular events, as
aortic aneurysm rupture, cause approximately 10% of
deaths. Therefore, only the 20-30% of patients with
PAOD dies for non-cardiovascular causes 20. 

THERAPY

Therapeutic strategies for patients with PAOD are clas-
sified in conservative and invasive. Among invasive ther-
apies, endovascular surgery techniques, such as percuta-
neous transluminal angioplasty (PTA), gave the best
results 21,22. Nevertheless, a correct approach should aim
to prevent the onset of the pathology and treat PAOD
stopping its natural course in the stages which does not
require any invasive treatment. That is why conservative
medical therapeutic strategies are of primarily impor-
tance.
Conservative therapies aim first to correct the risk fac-
tors and to slow down the progression. The most recent
guidelines 23 prescribe the suspension of smoking diet,
weight loss in obese or overweight patients, treatment of
hypercholesterolemia and hypertension. 
Physical exercise is a part of the treatments which cor-
rect the modifiable risk factors.
The American College of Cardiology/American Heart
Association recommended a LDL cholesterol level of
<2.59 mmol/l (100mg /dl) in all patients with PAOD.
In patients with multidistrict vascular disease the goal
should be <1.81 mmol/l (<70 mg/dl) of LDL choles-
terol. The target pressure should be <140/90 mmHg or
<130 / 80mmhg if the patient is also diabetic or has
renal failure. 
In PAOD patients the anti platelet therapy is also indi-
cated: a meta-analysis on clinical trials in which patients
with PAOD were treated with ASA, or clopidogrel, ticlo-
pidine, dipiridamole and picotamide, showed a reduc-
tion of 23% of ischemic events. There is not a clearly
established efficacy for the drugs which relieve the symp-
tom of IC. The only drugs with a demonstrated clini-
cal evidence are cilostazol and naftidrofuryl 10,24. 

AIMS

The aim of the study was to investigate, among con-
servative therapy options, the effects of crenotherapy
applied to physical exercise in subjects with Stage IIb
PAOD and to compare it with a traditional treadmill
training cycle. Actual Claudication Distance (ACD) and
Maximum Walking Distance (MWD) were considered
Primary Endpoint. 
As secondary endpoint, we evaluated the impact of
crenotherapy on major markers and risk factors for
atherosclerotic disease as lipid, cholesterol, triglyceride,
C-Reactive Protein, and total antioxidant status (TAS).

Patients and Methods

98 patients affected by IIb stage PAOD, according to
Leriche-Fontaine classification, were enrolled. The study
was conducted in our tertiary referral centre at the
University of Naples Federico II in collaboration with
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“Terme di Agnano S.p.A.”. Patients were randomized
into two groups: the first arm carried out an intensive
vascular training program under medical supervision
(group A); the second one carried out a rehabilitative
exercise associated to chrenotherapy, (group B). All
patients were treated with an oral dose of pentoxifilline
(600mg BID) + an oral dose of ASA (100mg / day). If
antiplatelet therapy was different from ASA, it was not
replaced with ASA. Suspension of smoking diet was con-
sidered an integral part of treatment. Smoking diet was
reported in the records of the patient. Other any med-
ical therapies were maintained. Cilostazol was considered
among the exclusion criteria, since cilostazol could not
be administrated in all patients of the two groups, rep-
resenting a potential bias. PAOD diagnosis was made on
the basis of medical history and physical examination,
ABI (ankle-brachial pressure index) and lower limb US
scanning.
Were considered appropriate for the enrollment:
– all patients with ABI <0.8 at rest and a decrease of
the ankle systolic pressure > 30 mmHg after 40 seconds
from an exercise on the treadmill with a slope of 10%
and at a speed 3.2 km / hours; 
– all patients with CI stable for at least three months
and where the actual Claudicatio Distance ACD, was
between 100 and 200 m. 

All patients were submitted to a cardiac assessment, with
EKG and complete doppler echocardiography and com-
plete biochemical assay at baseline, 3, 6 and 12 months,
in order to avoid the onset of cardiovascular adverse
events.
Exclusion criteria were: 
– severe claudication, (less than 50 meters without pain
symptoms); 
– recent (<6 months) acute myocardial infarction; 
– unstable angina; 
– history of cerebrovascular accident; 
– major surgery in the past three months; 
– severe comorbidity (including neurological disorders
associated with difficulty in walking, heart failure in class
NYHA II-IV, important pneumopathy with dyspnea or
severe arthropathy); 
– inability to perform an exercise program; 
– age > 80 years; 
– treatment with cilostazol or with oral anticoagulants. 

During the first and third week of rehabilitation pro-
gram, the following parameters were detected: 
– ankle brachial pressure index (ABI)
– actual claudication distance (ACD)
– maximum walking distance (MWD),
– flow mediated dilatation (FMD) 
– carotid artery Intima-media Thickness (IMT)

The exercise rehabilitation sessions had the duration of
an hour, at least three times a week for 12 weeks. The

exercise was supervised by medical personnel. Each ses-
sion was preceded by 5 minutes training on exercise bike
and muscular stretching exercises, which included lifting
on heels, step-up and sit to stand, each repeated 10
times. Patients in the group A walked on a treadmill at
a 3,2 km/h speed for an hour without any incline.
Patients in the group B walked into two 50-60 cm depth
pools arranged in sequence. Both the pools had 4 steps
at their extremities. The two pools were filled with dif-
ferent temperature salso-Bromo-iodine water, according
to the Kneipp protocol. The first pool water had a tem-
perature of 28-30°C, the second one of 24-26°C. The
crenotherapy exercise has been performed in 3 sessions
per week, for 3 months; every session had a duration of
an hour. Patients were therefore evaluated once again by
measurement of ABI, ACD, MWD and FMD after 3,
6 and 12 months 25. 
At the time of the recruitment, after 3 (12 weeks of
exercise), 6 and 12 months, the patients were subjected
to echocardiography and routine blood sampling, (full
blood count, lipid panel, glucose, liver and renal func-
tionality test) and a not-routinary dosage of inflamma-
tory cytokines, protein C-reactive, igf1, TNF Alpha and
VGFA. Specific markers for inflammatory lipids were also
evaluated: resolvine d1, leukotriene b4 and prostaglandin
2. Inflammatory biomarkers were analyzed by ELISA.
“Federico II” University hospital ethical committee
approved the study protocol and all patients signed a
written informed consent 26. 
Continuous variables are expressed as means ± standard
error of the mean (SEM). Categorical variables were
expressed as percentage. Normally distributed variables
were compared between two groups using the two-ties,
unpaired Student’s t-test with the assumption of unequal
variance.
Rates and proportions were compared between groups
of interest using the chi-square test. Statistical analysis
was performed using the SPSS version 16.0 package
(SPSS Inc., Chicago).

Results

Baseline characteristics of the two groups are shown in
Table I. 
As regards primary endpoints ACD and MVD has been
performed a comparison between the mean values
obtained at baseline and after 3 months of training and
3 and 6 months after the end of that. There is a sta-
tistically significant difference between the mean values
of ACD and MWD at baseline and after 3 months of
training both in the crenotherapy and exercise groups
(p<0.0001). The mean values after 3 and 9 months of
follow up after the end of the training still remain sta-
tistically different with the respective baseline values; nev-
ertheless does not exist any statistically relevant differ-
ence between the values found at the end of training
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and 3 and 9 months after, between the crenotherapy and
treadmill group.
The results about the impact of crenotherapy+physical
exercise and simple physical exercise on the secondary
endpoints such as cholesterol, triglyceride, fasting glu-
cose, are the following (for complete results see tables
III and IV):
– During the 3 months training there is a statistically
significant decreasing, referring to the baseline, in the
values of Total Cholesterol both in the crenotherapy and
the physical exercise group (respectively p<0.0001 and
=0.024); 
– Fasting glucose does not show any statistical signifi-
cant changing neither in the same group nor between
the two groups; 
– Triglyceride have the same variations as cholesterol with
values which still keep a statistical significant reduction

in respect of the baseline ones after 12 months from the
beginning of the study (respectively p=0,0002 <0.0001
after the training, p<0.00001 for both the groups after
12 months).

To recap, in both groups, there was a statistically sig-
nificant improvement of lipidaemia compared to base-
line. When compared with each other, the two groups
did not show statistically significant differences, although
there was a more favourable trend in the group that also
performed crenotherapy.
There were no statistically significant differences neither
within the groups nor between the two groups regard-
ing the ejection fraction (EF) or the left ventricular mass
and thicknesses. Even diastolic and filling pressure were
not statistically significant although a positive trend for
IRVT (isovolumetric relaxation time) and ventricular fill-
ing pressure index (E/E’) could be observed. The results,
evident after 3 months of training, lasted even after 6
months and 12 months.
Vascular reactivity study showed an evident improvement
of FMD after 3 months of exercise in both groups. This
improvement is also evident at 6 and 12 months. The
effect was more evident in the crenotherapy group (B)
where FMD values were statistically significant
(p<00001, Table II) higher than the treadmill one (A).
No differences were observed for carotid intima/media
thickness (c-IMT).
With regard to biochemical data, patients showed an
alteration of TNF-alpha, hsCRP, VEGF-A values char-
acteristic of the inflammatory pattern described in
patients with PAOD 27. The lipid mediators that affect
the 5-lipoxygenase system were unchanged neither in the
two groups nor in relation to exercise. IGF-1 increases
slightly in both groups, but its changes are not statisti-
cally significant. Even with regard to the VEGF-A angio-
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TABLE I - Baseline characteristics of the study population

Crenotherapy Treadmill 
(n=47) (n=45)

Age (years) 69±11 68±7
Weight (kg) 81,7 ±12 82,2 ±9,7
Winsor index 0,73±0.15 0.71 ±0,11
FMD
ACD (m) 160±34 159±32
MWD (m) 245±69 242±44
Sex (Male %) 78 72
Triglicerids (mg/dL) 212±77 215±48
Total Cholesterol (mg/dL) 205±24 200±26
C-HDL (mg/dL) 44±844 49±5
C-LDL (mg/dL) 118±12 108±10
LDL/HDL 4,65±1,1 4,08,±0,46
Glucose (mg/dL) 97±25 96 ±18

TABLE II - Morphological Parameters

Crenotherapy                                Treadmill
Baseline 3 months 6 months 12 months Baseline 3 months 6 months 12 months

FMD (%) 16.4±1.2 20.7±1*# 22.9±4*# 22.1±3*# 16.7±1.3 19.1.±1.1* 20.5±.9* 20.6±.5*
IMT (mm) 0.98±0.4 0.99±0.3 0.98±0.1 0.99±0.2 0.97±0.3 0.97±0.2 0.98±0.2 0.97±0.2
ABI 1.1±0.6 1.2±0.7 1.3±0.7 1.3±0.3 1.1±0.6 1.1±0.6 1.1±0.7 1.2±0.9
LV End-diastolic volume index (mL/m2) 68±6 69±8 70±1 70±2 69±2 69±2 70±1 70±2
LV End-systolic volume index (mL/m2) 25±2 25±2 24±1 23±3 24±6 24±8 24±5 25±4
LV mass index (g/m2) 72±4 72±4 72±1 72±3 71±8 72±7 71±3 71±2
Relative wall thickness 0.38±.07 0.37±.09 0.37±.08 0.37±.07 0.37±.09 0.36±.08 0.36±.09 0.36±.08
Ejection fraction (%) 57±1 57±4 56±3 57±1 60±2 59±1 59±1 59±1
Deceleration time (ms) 190±25 151±24* 150±18* 151±14* 181±33 168±32* 164±18* 160±18*
Isovolumic relaxation time (ms) 111±8 86±3* 83±6* 84±6* 112 ±5 98 ±3 95 ±2* 90 ±3*
E/A1.8±0.3 2.2±0.5 1.9±0.5 1.9±0.6 1.9±0.3 2.1±0.3 2±0.6 1.99±0.6
E/E’ 6.9±0.5 5.1*±0.6 6*±0.4 6*±0.3 6.9±0.7 6.3±0.8 6.3±0.1 6.2±0.4
PVa (m/s) ns 0.30±.04 0.31±.03 0.31±.02 0.31±.02 0.30±.02 0.30±.05 0.30±.04 0.30±.03

Paired two-tie Student’s T Test: *P<0,001 **P<0,05 comparison with baseline within a single group
# comparison with the same time point of the other group



genetic factor there are no significant changes following
the exercise protocol.
Regarding TNF-alpha and C reactive pro-vitamin, a 3-
months and persistent 6 and 12months statistically sig-
nificant reduction was observed in both groups com-
pared to baseline. When compared with each other, the
two groups showed a statistically significant 3-month dif-
ference favourable to crenotherapy group.
This difference decreases after 6 and 12 months. At these
time-points, the differences between the two groups are
no longer statistically significant although there is a pos-
itive trend in favour of the crenotherapy group.

Discussion

The positive effects of exercise in patients affected by
PAOD are described in numerous studies 28-31. 

ROLE OF PHYSICAL EXERCISE

Exercise has positive effects on blood flow, muscle
metabolism and also systemic effects. Among positive
effects on the blood flow, there is a better redistribution

of blood to the various active muscle groups, higher
levels of nitric oxide, neoangiogenesis, improvement of
rheology and the induction of endothelium-mediated
vasodilation. The effects on muscle metabolism include,
on the other hand, the increase in extractive and oxida-
tive ability and the improvement of carnitine
metabolism. Systemic effects include the reduction of
chronic inflammation markers, the improvement of the
walking mechanics and heart function. Controlled phys-
ical training increases the ability to perform the daily
activities, a factor that could improve the life expectan-
cy of these patients 32. The best benefits of physical
rehabilitation have been reported in programs lasting
3-6 months with at least 3 sessions weekly. The first
protocols required a walking with an intensity lower
than the threshold of the appearance of pain. This
mode has the advantage of being well accepted, pro-
mote possible aerobic adaptations and has a low car-
diovascular commitment. On the other hand, this mode
does not promote tolerance to ischemic pain and should
promote a reduced angiogenetic stimulus. The most
recent indications suggest performing exercises at inten-
sities which could evoke pain and, then, resting the
minimum time required to allow the regression of
symptom and resume the exercise. The aforementioned
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TABLE III - Distance parameters and Lipid levels

Crenotherapy Treadmill
Baseline 3 months 6 months 12 months Baseline 3 months 6 months 12 months

ACD (m) 160±34 221±45* 228±30* 230±15* 159±32 209±33* 215±22* 227±18*
MWD (m) 245±69 359±56* 360±50* 355±35* 242±44 300±43* 320±41* 330±23*
Triglicerids (mg/dL) 212±77 160±49** 160±38** 160±23** 215±48 168±43** 165±23** 168±12**
Total Cholesterol (mg/dL) 205±24 190±22* 180±21* 179±32* 200±26 188±25* 185±15* 180±12*
C-HDL (mg/dL) 44±8 42,4±6,5** 47,4±7,7** 46,5±3,6** 49±5 45±5 47±8 47±7
C-LDL (mg/dL) 118±12 116±14** 110±13** 105±21** 118±10 124±17 120±21 115±5
Glucose (mg/dL) 97±25 97±51 98±22 96±10 96 ±18 95 ±18 93 ±12 94±6

Paired two-tie Student’s T Test: *P<0,001 **P<0,05 comparison with baseline within a single group 
# comparison with the same time point of the other group

TABLE IV - Inflammation markers

Crenotherapy Treadmill
Baseline 3 months 6 months 12 months Baseline 3 months 6 months 12 months

Resolvin D1 (pg/ml) 51±18 55±10 55±17 54±15 51±14 50±16 51±16 52±18
Leukotriene B4 (pg/ml) 34±16 35±17 36±15 35±16 35±18 36±16 32±19 33±18
Prostaglandin E (pg/ml) 16±5 15±4 16±3 16±2 16±5 17±5 16±3 16±3
IGF-1 (ng/ml) 91±15 100±23 101±18 97±14 96±11 105±15 100±15 100±12
VEGF-A (pg/ml) 31±7 30±7,5 31,4±7,7 31±5,6 30±6 29±5 31±7 31±7
TNF-alpha n(pg/ml) 21±11 13±8** 11±7** 10.5±8** 22±10 18±10# 14±7*# 11.5±5*
hsCRP (mg/ml) 8.7±6 6.5±4.3* 6±4.1* 5.8±3.6* 8.7 ±3.7 6.5 ±4.9# 6.8 ±5.6* 6.3±4*

Paired two-tie Student’s T Test: *P<0,001 **P<0,05 comparison with baseline within a single group 
# comparison with the same time point of the other group



mode, carried out under medical supervision and at least
three times a week for a minimum 12 weeks, on tread-
mill or track, is adopted by the current protocols and
currently registered.
International literature data refer mainly to symptomat-
ic disease, while little is known about the possible ben-
efits that exercise could have in asymptomatic patients.
In our population, we have observed that the training
program improves the lipid profile, according to previ-
ous data 33,35.
Interestingly, the beneficial effects of physical exercise
have been highlighted also in the crenotherapy group,
showing that this therapeutic mode, which combines the
principles of physical training with the properties of ther-
mal medicine, is not less than the already proven effec-
tive training.
Cardiovascular effects of immersion in water can be dis-
tinguished in:
– effects related to the immersion itself; 
– temperature related; 
– water composition related.

Immersion in thermal water at a temperature of 35 ° C
induces an increase of the cardiac index with no change
in heart rate and differential blood pressure. Immersion
also results in a decrease in vascular resistance, a reduc-
tion in plasma viscosity and albuminemia. The mecha-
nism of action has been attributed to a change in the
breakdown of intracorporeal fluids since immersion
involves mobilization of peripheral venous blood, an
increase in circulating blood volume, diuresis and car-
diac debt. With regard to the pathophysiology under-
pinning these effects, some authors 36,37 emphasized the
importance of Atrial Natriuretic Factor, which was sig-
nificantly increased after only 15 minutes of diving. On
the other hand, Epstein 38,39 proposed other mechanisms
involving the Prostaglandine and the Kinin-kallikrein sys-
tem. Moreover, thermal stress results in an increase in
plasma β-endorphins and ACTH levels, with increased
collagen-rich tissues extensibility and a reduced viscosity
of synovial fluid. In this sense, physical exercise in ther-
mal waters is easier for elderly patients with concomi-
tant articular pathology. 
The composition of thermal waters 40 is extremely vari-
able but there is no evidence in the literature of a close
link between the chemical-physical composition of ther-
mal waters and therapeutic effects. The above-mentioned
mechanisms of action provide a theoretical presupposi-
tion for hypothesising the beneficial effects of immer-
sion in thermal waters in venous and arterial diseases.
Studies assessing the effects of immersion in thermal
waters in patients with venous-lymphatic and arterial dis-
orders, are not conclusive and require further, more
extensive evaluations. However, none of the studies
reported in the literature evaluates the combined effect
of physical exercise and immersion in thermal waters,
nor comparative studies have been conducted comparing

physical exercise and physical exercise by immersion in
thermal water under medical surveillance. 
Crenotherapy has shown to increase the distance of ACD
and MWD as well as traditional training. Interestingly,
crenotherapy has shown to have an immediate (although
not statistically significant compared to treadmill group)
effect, which improves to 3 months and then stabilizes
after 6 months while traditional training improves these
two parameters progressively, 
Data on inflammatory markers may help explain this
effect. In our patients, there was a decrease in TNF alpha
and reactive protein C. It is well known that TNF-alpha
and hsCRP are both elevated in PAOD 41,42 and both
physical exercise and spa therapy reduce plasma levels.
The more rapid decrease of these markers observed in
patients underwent spa therapy may be due to the par-
ticular chemical composition of the waters used for bal-
neotherapy. In a number of studies, it has been shown
that the use of thermal mud and bromo-iodine salt water
results in a drastic decrease in hsCRP and TNF-alpha
43,27. Of note, considering that neither the 5-lipoxyge-
nase system, of which the resolvine D1 is a known mark-
er, nor the leukotriene B4 underwent to substantial vari-
ations during the study, it is possible to speculate that
the observed improvement was not due to classical mech-
anisms that attenuate inflammatory processes involved in
atherosclerotic processes.
Several studies are focusing on other new potential arte-
rial inflammation markers. The most promising of them
are Glycated Albumin (GA) 44 and, in general, circulat-
ing soluble receptor for advanced glycation end products
(sRAGE) 45, and Malondialdehyde-modified low-density
lipoprotein (MDA-LDL) 46. Nevertheless, despite their
potential role, we choose not to analyse them for the
not yet completely clarified role in pathogenesis of arte-
rial wall inflammation and arteriosclerosis, focusing on
a commonly ascertained validity inflammation cytochines
panel. 
IGF-1, which mediates most of GH actions 43,47 increas-
es significantly in both groups and this effect could be
explained with a moderate stimulation of the GH / IGF-
1 axis by exercise. Considering the importance of this
pathway in cardiovascular disease 48,49, this is an impor-
tant finding that needs further investigation. Our patients
showed low VEGF-A value at baseline that lasts
unchanged during the study in both groups. VEGF-A
is an angiogenic factor that is altered in patients with
PAOD and in several studies it has been observed a sig-
nificant increase in physical exercise 50-52. Our finding
could be related to the intensity of the exercise or its
duration, as well as the frequency of blood sampling.
With regard to ultrasound findings, although no
improvement in morphology and systolic and diastolic
function of the left ventricle has been observed, a pos-
itive trend was showed with respect to IVRT and left
ventricular filling pressures (E/E ratio). This allows to
extend positive observations even at the level of the cen-
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tral cardiovascular system and, therefore, not only periph-
erally. FMD showed a positive trend in both groups.
Interestingly, crenotherapy group showed a more effec-
tive improvement.

Conclusions

The hypothesis that exercise-associated crenotherapy may
contribute to enhancing its effect, allowing a faster
improvement in cardiovascular risk and symptomatolo-
gy, is very promising. Further explanations can be pro-
vided by the results of levels of Cytokines and growth
factors, as they could provide pathophysiological expla-
nations about the pleiotropic effects of training and
crenotherapy in association.
Our experience shows that crenotherapy have similar
effects of traditional physical training in the treatment
of PAOD, being equally tolerated and safe; it gives an
advantage over conventional physical training in terms
of ACD and MWD improvement, although not statis-
tically significant, and is extremely welcome to patients
compared to traditional physical training with the only
negative consideration of the difficulty in reaching the
Thermal Centres. 
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Riassunto 

Le terapie conservative per i pazienti affetti da
Arteriopatia Obliterante Periferica mirano, a correggere I
fattori di rischio e a rallentare la progressione della sto-
ria naturale della malattia. Tra queste, l’esercizio fisico
ha effetti positive sul flusso sanguigno, il metabolismo
muscolare ed altri ben dimostrati meccanismi sistemici
che includono la riduzione dei markers di infiammazio-
ne cronica, il miglioramento della meccanica del cam-
mino e la funzione cardiaca. L’esercizio fisico controlla-
to incrementa l’abilità di svolgere le comuni attività quo-
tidiane, migliorando l’aspettativa di vita di questi pazien-
ti. Lo scopo di questo studio è valutare gli effetti e l’ef-
ficacia dell’esercizio fisico eseguito in acqua termale con-
frontato con l’esercizio tradizionale eseguito su tapis rou-
lant.
Sono stati arruolati 98 pazienti affetti da Arteriopatia
Obliterante Periferica allo stadio IIb della classificazione

di Leriche-Fontaine. Dopo la randomizzazione, i pazien-
ti sono stati divisi in due gruppi: il primo braccio ha
eseguito un programma di allenamento intensive sotto
supervisione medica (gruppo A); il secondo ha eseguito
un allenamento riabilitativo associate a crenoterapia
(gruppo B). Sono stati rilevati i seguenti parametri:
Indice Caviglia/Braccio (ABI), Actual Claudication
Distance (ACD), Maximum Walking Distance (MWD),
Flow-Mediated Dilation (FMD) e lo Spessore Medio-
Intimale (IMT). Tutti i pazienti sono stati sottoposti ad
un Ecografia Color Doppler Cardiaca e un completo
assessment biochimico ematico.
In entrambi i gruppi, esiste un miglioramento statistica-
mente significativo della lipidemia in confronto al tem-
po 0. Quando confrontati tra di loro, i due gruppi non
dimostrano differenze statisticamente significative. Non
esistono differenze statisticamente significative tra i due
gruppi per quanto riguarda i reperti ecocardiografici. Lo
studio di reattività vascolare ha dimostrato un migliora-
mento statisticamente significativo del FMD dopo 3 mesi
di allenamento. Nel gruppo B i valori sono significati-
vamente più alti rispetto a quelli ottenuti nel gruppo A.
In entrambi i gruppi sono stati osservati incrementi sta-
tisticamente significativi dell’ACD.
La nostra esperienza ha dimostrato che la crenoterapia
associate all’esercizio fisico ha effetti simili comparati al
tradizionale allenamento riabilitativo nei pazienti affetti
da Arteriopatia Obliterante Periferica, essendo egualmente
ben tollerato e sicuro; la crenoterapia conferisce all’eser-
cizio fisico un vantaggio rispetto all’esercizio tradiziona-
le in termini di miglioramento dell’ACD e dell’MWD,
sebbene non statisticamente significativo; inoltre è meglio
accettato e tollerato dai pazienti rispetto all’esercizio tra-
dizionale. 
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