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Abstract

The utilization of cardiovascular rehabilitation (CR) pro-
grammes in patients with Lower Extremity Peripheral Artery
Disease (LEPAD) is generally poor, with limited evidence of
current policies for referral. The aim of the study was to evalu-
ate, within a cohesive network of CR and vascular surgery facil-
ities with facilitated referral process, the clinical characteristic of
LEPAD patients referred to CR and related outcomes, as com-
pared to patients not referred. The present is an observational
prospective study of consecutive patients recruited at vascular
surgery facilities. Out of 329 patients observed, the average
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referral rate to CR was 34% (28% and 39% in patients with and
without recent peripheral revascularization, p<0.05). LEPAD
patients entering the CR programme were similar to those who
did not according to sex, age, the vascular surgery setting of
evaluation, and localization of arterial lesions. Patients with
moderate intermittent claudication and patients with acute limb
ischemia as index event were more represented among those
who attended CR (41% vs 21% and 9% vs 2% respectively,
p<0.05). Patients referred to CR had five times more episodes of
acute coronary syndrome and heart failure as complication of the
index event. The cardiovascular risk profile (obesity 29.5% vs
11%, p<0.05; hypercholesterolemia 80% vs 61%, p<0.05) was
much worse in LEPAD patients referred to CR, but conversely,
they better achieved secondary prevention targets, particularly
for blood pressure control (97% vs 57%, p<0.05). All-cause 2-
year mortality in the whole patients’ population was 6%. Patients
entering the CR programme displayed less events (13.5% vs
37.7%, p<0.05), mainly death (3.1% vs 11.3%, p<0.05) and
limb-related events (4.2% vs 15.2%, p<0.05). The results of our
study suggest that when a cohesive network of vascular surgery
and CR facilities becomes available, the referral rate to rehabili-
tation may increase up to one third of eligible patients. Patients
with higher comorbidity and cardiovascular risk seem to have
priority in the referral process, nevertheless those with peripher-
al revascularization are still underestimated. Entering CR may
ensure better cardiovascular risk profile and cardiovascular
prognosis in LEPAD patients, and consequently the systematic
adoption of this care model needs to be strongly recommended
and facilitated.

Introduction

Cardiovascular Rehabilitation (CR) has been established as
the most clinically and cost-effective intervention in cardiovascu-
lar disease (CVD) management [1], and patients with Lower
Extremity Peripheral Artery Disease (LEPAD) have been formal-
ly identified as target groups for structured CR programmes,
whose core components and intervention goals are now well rec-
ognized [2]. The most typical and disabling symptom in LEPAD
is intermittent claudication (IC), being supervised exercise train-
ing (SET) included among strategies to increase walking dis-
tances since the beginning of the Nineties [3]. Nowadays, SET
for IC displays high efficacy and safety [4] and is recommended
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as a first-line therapy [5,6]. Although this is called ‘typical clau-
dication’, most patients with peripheral artery disease do not have
these symptoms and often present with atypical painful legs, espe-
cially in the elderly, which may also require a rehabilitative
approach due to the even greater mobility decline as compared to
patients with IC [7]. Moreover, there is now convincing evidence
that LEPAD patients following acute limb events or revasculariza-
tion procedures — both surgical or percutaneous — could also be
considered as target groups for rehabilitation [8], since a combi-
nation of surgical intervention and SET offered superior outcomes
to monotherapy across multiple studies, particularly in terms of
functional benefit [9,10].

Even though the whole pattern of presentation of LEPAD
could appropriately be now referred to CR — with shared expected
outcomes, namely 1) clinical stabilization and reduction of disabil-
ity; ii) better cardiovascular prognosis and mortality; and iii) edu-
cation and psychosocial support - this condition is still character-
ized by poor referral rates, due to several barriers at patient’s and
system’s level. Reasons for nonparticipation may include low
strength of endorsement from physicians, comorbid conditions,
lack of social support, and other clinical and logistical factors [11].
However, the underuse of CR in LEPAD could also be explained
by the limited availability of qualified programmes and subsequent
recruitment competition; the latter phenomenon, indeed, may be
particularly noticeable in the context of “general” CR, where the
imbalance between supply and demand for usual cardiac condi-
tions (such as acute coronary syndromes, cardiac surgery, or heart
failure) inevitably gives LEPAD a lower priority.

To provide direction for potential solutions to improve the
uptake of CR in LEPAD patients, it could be useful to explore the
“physiological need” of CR interventions coming from the vascu-
lar surgery setting, in view of interorganizational collaboration and
facilitated referral process. For this reason, the THINKPAD-
RELOADED (“ATHerosclerosis of the lower extremlties as a
liNKed comorbidity in Patients Admitted for carDiac rehabilitation
— REassessment of global Outcome According to DElivereD
intervention”) survey was carried out by the Italian Association of
Cardiovascular Prevention and Rehabilitation (IACPR), with the
aim to evaluate characteristics of LEPAD patients referred by vas-
cular surgery units to CR facilities, as far as the impact of the refer-
ral process on cardiovascular prognosis.

Patients and Methods

In 2015, the IACPR carried out an educational project (i.e.
the THINKPAD “ATHerosclerosis of the lower extremlties as a
liNKed comorbidity in Patients Admitted for carDiac rehabilita-
tion” project), aimed at increasing the awareness of the cardiac
rehabilitation community about LEPAD, also supported by
national multicentre observational studies [12]. As a second step,
the IACPR organized an operational network by coupling five
CR units with five another neighbouring vascular surgery facili-
ties, on a voluntary basis, and facilitated local relationships and
policies in order to take LEPAD into account as a qualified con-
dition for rehabilitation within this closed network. Current
guidelines on CR [1,2] were presented and discussed during ad
hoc meetings. In a subsequent study period of 6 months, CR units
were invited to give LEPAD the same consideration for referral
as for other cardiac conditions, while vascular surgery facilities
were invited to establish a local decision policy for patients
potentially attending rehabilitation, based on clinical priorities.
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The structured network was located in the Lombardy and Veneto
regions of Italy, where LEPAD is considered by the Regional
Health System as an appropriate and refundable condition both
for residential and ambulatory CR [13]. The three primary end-
points of this THINKPAD-RELOADED prospective observa-
tional study were 1) to analyse clinical characteristics and cardio-
vascular risk profile of patients referred (“CR group”) and not
referred [“usual care (UC) group”] by vascular surgery facilities
to CR units; ii) to compare cardioprotective drugs and the
achievement of secondary prevention targets between patients
referred and not referred; and iii) to provide a 2-year follow-up
for death from any cause, major adverse cardiovascular events
and major adverse limb events in both groups.

The selection criteria, as for previous IACPR collaborative
research initiatives, were based on the centre’s recruitment
potential and (for CR facilities) experience in administering the
core components of the centre’s rehabilitation program that had
to be in concordance with CR international guidelines [1,2]. The
study complied with the Italian Medicines Agency (AIFA)
Registry of Observational Studies requirements and the study
protocol was approved by the Ethical Committee of each partic-
ipating unit.

All consecutive patients discharged alive or observed during a
routine ambulatory visit at the vascular surgery facility within the
study period were considered. Criteria for patients’ inclusion were a
documented diagnosis of LEPAD as a primary indication for hospi-
talization or ambulatory consultation. Patients with life expectancy
lower than six months or missing consent were excluded.
Sociodemographic information about each patient plus data on
comorbidities, global risk profile, clinical status, lifestyle, and risk
factor management were collected. THINKPAD-RELOADED did
not involve any experimentation of drugs or any diagnostic tests,
care interventions or pharmacological treatments that were not part
of the clinical practice routinely adopted by each participating unit.
Patients not completing the CR programme were excluded from
analysis.

The conducted CR was the usual standardised, intensive,
multimodal rehabilitation programme in Italy with a mean dura-
tion of three weeks, which usually begins within 14 days after
discharge from hospital. This CR programme included patient
assessment, exercise training, diet/nutritional counselling, smok-
ing cessation, cardiovascular risk factor (lipid and blood pres-
sure) management, and psychosocial intervention as major core
components defined by current guidelines [1], on an intention-to-
treat basis. Cardioprotective drugs considered were renin-
angiotensin system modulators, beta-blockers, statins, ezetimibe,
antiplatelet agents, and anticoagulants. Secondary prevention tar-
gets (namely, systolic blood pressure <140 mmHg, diastolic
blood pressure <90 mmHg, LDL-Cholesterol <100 mg/dl, and
uric acid <6 mg/dl) were evaluated at the end of the CR pro-
gramme and at vascular surgery evaluation in patients referred
and not referred to CR respectively. The following events were
considered during follow-up: acute coronary syndrome (ACS),
coronary revascularization (Crev), stroke, acute limb ischemia
(ALI), chronic limb ischemia (CLI), peripheral lower limb revas-
cularization (PRev), and amputation.

Sample size calculation

To estimate the minimum number of patients to produce repre-
sentative survey result we hypothesized that, within a cohesive net-
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work potentially providing fast and direct track from vascular sur-
gery to CR facilities, LEPAD would be as likely to be referred as
other cardiac diseases. We determined that to achieve the 95% con-
fidence interval around the estimate of 35% of average utilization
of CR for major qualifying cardiac diagnoses [14,15] with a 7%
absolute precision, a minimum of 178 subjects should have been
targeted.

Statistical analysis

All data were inspected, downloaded and securely stored by
the IACPR Study Center for Research and Education. Results were
shown as mean (SD) or as proportions, and comparisons were by
t-test (for interval data with normal distribution), 2 test (for nom-
inal data) or Mann-Witney test (for interval data with skewed dis-
tribution) as appropriate. The SPSS package (SPSS Inc., SPSS
Statistics for Windows, ver. 17.0., release 2008) was used to per-
form statistical analysis. Statistical significance was set at p<0.05
(two-tailed).

Results

The survey included 329 consecutive patients, 112 (34%) of
whom were referred from vascular surgery facilities to a CR pro-
gramme, with a time to entry of 7+2 days of treatment. The referral
rate was 28% and 39% (p<0.05) in patients with and without
peripheral revascularization. LEPAD patients entering the CR pro-
gramme (Table 1) were similar to those who did not according to
sex, age, the vascular surgery setting of evaluation, and localiza-
tion of arterial lesions. Concerning LEPAD presentation, patients
with moderate IC (i.e. grade I, categories 2 according to
Rutherford classification) and patients with ALI as index event
were more represented among those who attended CR, and
accounted for half of the whole referred population. Patients with-
out any revascularization at index event accounted for 62.5% of
the whole CR group, as compared to 48.5% of those who were not
referred to rehabilitation (p<0.05), and particularly endovascular
procedures were less frequently observed in LEPAD patients
referred to CR (10.7% vs 19.4%, p<0.05). LEPAD patients with
peripheral revascularization and referred to CR suffered more
often from cardiac complications during the acute phase, with a
prevalence of ACS and transient heart failure (HF) five times high-
er than those not entering the rehabilitation programme.
Conditions such as chronic obstructive pulmonary disease (COPD)
(29% vs 15%, p<0.05), carotid stenosis (42% vs 30%, p<0.05), and
past coronary revascularization (45% vs 33%, p<0.05) were also
more represented in the LEPAD group attending CR. Concerning
cardiovascular risk profile, the prevalence of obesity (29.5% vs
11%, p<0.05) and hypercholesterolemia (80% vs 61%, p<0.05)
were significantly higher in LEPAD patients referred to CR, while
an unhealthy lifestyle — in terms of current smoking (33% vs 21%,
p<0.05), low intake of fruit/vegetables (24% vs 8%, p<0.05), and
low fish intake (36% vs 21%, p<0.05) — was more frequently
observed among patients not referred to CR units.

All patients completed of the CR program, with a duration of
20+7 days. Among diagnostic tests, ankle-brachial index was per-
formed in 35 (31%) patients during rehabilitation, as compared to
63% of cases during observation at the vascular surgery facility
(p<0.05). All patients entering the CR programme received struc-
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tured physical training, whose prescription was guided by tread-
mill test in 93% of cases, with improvement of both pain free
(from 159£125 to 464+381 meters, p<0.05) and maximal (from
2924223 to 779+648 meters, p<0.05) walking distances, as evalu-
ated by means of treadmill test. Among other core components of
CR intervention, diet/nutritional counselling, smoking cessation,
cardiovascular risk factor (lipid and blood pressure) management,
and psychosocial interventions were effectively delivered in 92%,
67%, 100%, and 86% of cases respectively.

As compared to patients solely treated at the vascular surgery
facility, those completing the CR programme (Table 2) were taking
more renin-angiotensin system modulators and lipid-lowering
agents; they were also prescribed less heparin, while the utilization
of beta-blockers and antiplatelet agents was similar in both groups.

The utilization of other pharmacological approaches to
increase walking distance in the UC and the CR group was as fol-
lows: cilostazol 12% and 11% (p=NS), pentoxifylline 4% and 3%
(p=NS), and mesoglycan 1% and 5% respectively (P<0.05).

The proportion of patients who achieved secondary prevention
targets for blood pressure was significantly higher among the CR
group as compared to the UC group (97% vs 57%, p<0.05), while
lipid control was similar (Figure 1). Levels of LDL-cholesterol
were 100+41 mg/dl and 83+33 mg/dl in the UC e CR group respec-
tively (p=NS). When lipid targets were modulated according to the
presence of previous ACS (i.e. LDL-C <70 mg/dl instead of <100
mg/dl) [16], patients referred to CR displayed higher achievement
of therapeutic goals (64% vs 48%, p<0.05). The therapeutic target
for uric acid was also more warranted in the CR group (71% vs
26%, p<0.05).

A total of 33 patients (22% of 149 evaluated) experienced one
or more recurrent CV events during the 2-year follow-up, 61% of
whom were in the UC group (Figure 2). All-cause mortality in the
whole patients’ population was 6%. Patients entering the CR pro-
gramme displayed less events (13.5% vs 37.7%, p<0.05), mainly
death (3.1% vs 11.3%, p<0.05) and limb-related events (4.2% vs
15.2%, p<0.05), while the prevalence of coronary events was sim-
ilar among the two groups.
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Figure 1. Therapeutic targets in LEPAD patients not referred to
(UC) and at the end (CR) of cardiovascular rehabilitation. UC,
usual care; CR, cardiovascular rehabilitation.
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Table 1. Characteristics of LEPAD patients observed in the vascular surgery network, according to no-referral (UC) and referral (CR)
to cardiovascular rehabilitation programmes.

UC pts CR pts
(n=217) (n=112)
n % n % p
Demographics Males 169 779 88 78.6 NS
Females 48 22.1 24 214 NS
Age (yrs) 71+9 7248 NS
Setting In-hospital 102 47.0 40 35.7 NS
Out-of-hospital 115 53.0 72 64.3 NS
PAD classification Fontaine 1/ Rutherford grade 0, cat.0 19 8.8 1 0.9 <0.05
Fontaine 24/ Rutherford grade I, cat. 1 48 22.1 29 25.9 NS
Fontaine 2B/ Rutherford grade I, cat. 2 45 20.7 46 41.1 <0.05
Fontaine 2B/ Rutherford grade I, cat. 3 55 25.3 9 8.0 <0.05
Fontaine 3/ Rutherford grade I, cat. 4 20 9.2 5 45 NS
Fontaine 4/ Rutherford grade II1, cat. 5 19 8.8 8 71 NS
Fontaine 4/ Rutherford grade III, cat. 6 6 2.8 4 3.6 NS
ALI 5 2.3 10 8.9 <0.05
Localization of arterial lesions Aortoiliac 39 18.0 13 11.6 NS
Femoropopliteal/infrapopliteal 132 60.8 69 61.6 NS
Both 43 19.8 29 25.9 NS
Not available 3 14 1 0.9 NS
Revascularization procedure at enrolment None 108 49.8 70 62.5 <0.05
Surgery 45 20.7 18 16.1 NS
Endovascular 42 194 12 10.7 <0.05
Combined surgery and endovascular 12 5.5 6 54 NS
Other 10 46 6 54 NS
Complications among revascularized patients at enrolment ~ ACS 2 1.8 5 11.9 <0.05
Heart failure 2 1.8 5 11.9 <0.05
Arrhythmias 1 0.9 2 48 NS
ALI/CLI 2 1.8 3 7.1 NS
Major bleeding 11 10.1 8 19.0 NS
Infections 1 0.9 5 11.9 <0.05
Acute kidney failure 4 3.7 2 48 NS
Comorbidities Previous ACS 75 34.6 39 348 NS
Previous coronary revascularization 7 33.2 50 44.6 <0.05
Chronic heart failure 14 6.5 12 10.7 NS
Paroxysmal or chronic AF 14 6.5 12 10.7 NS
Previous ALI/CLI 30 13.8 14 12.5 NS
Previous lower limbs revascularization 62 28.6 27 24.1 NS
Previous carotid revascularization 23 10.6 17 15.2 NS
Previous treatment of AAA 14 6.5 5 45 NS
Previous TIA/stroke 18 8.3 9 8.0 NS
Actual carotid stenosis >50% 65 30.0 47 42.0 <0.05
Previous VTE 6 2.8 2 1.8 NS
Actual renal artery stenosis 2 0.9 3 2.7 NS
Previous limb amputation 8 3.7 3 2.1 NS
COPD 33 15.2 32 28.6 <0.05
Chronic kidney disease 32 14.7 18 16.1 NS
Cardiovascular risk factors /lifestyle Obesity 23 10.6 33 29.5 <0.05
Hypertension 180 82.9 89 79.5 NS
Diabetes 81 373 47 42.0 NS
Hypercholesterolemia 132 60.8 90 80.4 <0.05
Hypertriglyceridemia 20 9.2 9 8.0 NS
Hyperuricemia 18 8.3 9 8.0 NS
Family history of CV disease 11 5.1 39 348 <0.05
Current smoking 72 332 24 214 <0.05
Past smoking 74 34.1 48 429 NS
Low physical activity 92 424 54 482 NS
Low intake of fruitAvegetables 53 244 9 8.0 <0.05
Low fish intake 78 35.9 24 214 <0.05

UC, usual care; CR, cardiovascular rehabilitation; PAD, peripheral arterial disease; ALI, acute limb ischemia; ACS, acute coronary syndrome; CLI, chronic limb ischemia; AF, atrial fibrillation; AAA, abdominal aortic
aneurysm; TIA, transient ischemic attack; VTE, venous thromboembolism; COPD, chronic obstructive pulmonary disease; CV, cardiovascular.
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Discussion

In the present observational study, patients referred from vas-
cular surgery to CR facilities (namely, about one third of all
observed) displayed more comorbidities and cardiometabolic risk
factors, were less revascularized, and presented more coronary
complications after the index event as compared to those who were
not. Apart from functional benefit, the CR programme also result-
ed in a significant enhancement of the use of cardioprotective
drugs and of cardiovascular risk profile, especially in terms of
blood pressure control. Two years after CR, referred patients
reduced 2-year mortality by three times and limb-related (i.e. a
combined end point of ALI, CLIL, and PRev) events almost by
twice, while coronary (i.e. ACS and coronary revascularization)
events were not significantly modified.

To date, few evidence exist about current utilization of CR

Table 2. Drug therapies in LEPAD patients not referred to (UC)
and at the end (CR) of cardiovascular rehabilitation.

CR
(n=112)
n %
ACE-I/ARB 139 64.1 99 88.0 <0.05
BB 100 46.2 52 46.7 NS
Statin 124 57.2 99 88.0 <0.05
Ezetimibe 7 34 18 16.0 <0.05
Antiplatelet agents 190 87.6 102 90.7 NS
Heparin 18 8.3 3 2.7 <0.05
Warfarin 15 6.9 15 13.3 NS
NOAC 5 2.1 1 1.3 NS

UC, usual care; CR, cardiovascular rehabilitation; ACE-1, angiotensin-converting-enzyme inhibitor; ARB,
angiotensin Il receptor blockers; BB, beta-blocker; NOAC, nonvitamin K antagonist oral anticoagulants.

P<0.05
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Figure 2. Events during 2-year follow-up in LEPAD patients not
referred (UC) and referred (CR) to cardiovascular rehabilitation.
UC, usual care; CR, cardiac rehabilitation; ACS, acute coronary
syndrome; CRev, coronary revascularization; ALI, acute limb
ischemia; CLI, chronic limb ischemia; PRev, peripheral revascu-
larization; MACE, major adverse cardiovascular events.
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and/or SET in LEPAD patients. Unfortunately, global surveys [17]
or national audits [18-20] did not include details of LEPAD as a
referral indication to CR per se, being this condition often linked
to “other non-coronary CVD” or not considered at all. Small obser-
vational studies or questionnaires have demonstrated that referral
and participation rates of eligible LEPAD patients is extremely
low. During a cross-sectional study, a referral for SET was directly
initiated by Dutch general practitioners only in 10% of new
LEPAD patients with IC [21]. Even though reporting of SET trials
is generally poor with regard to the numbers of subjects screened
and reasons for exclusion to CR, a review performed in 2016 [22]
estimated a 24% uptake rate in the field of IC. To our best knowl-
edge, no exhaustive data are available on LEPAD patients referred
to comprehensive CR after peripheral revascularization.

Unlike low physician commitment, limited resources availabili-
ty seems to be one of the most important reason for CR underutiliza-
tion. Structured CR programmes are often poorly dedicated to
LEPAD, inadequately linked to the vascular surgery setting, and not
everywhere reimbursed, all these factors contributing to unsatisfac-
tory participation rates. A survey carried out by the Vascular Society
of Great Britain and Ireland in the year 2009, as for instance,
revealed that only 24% of UK resident surgeons had access to SET
for LEPAD patients [23], being presumably this estimate even less
when considering a multimodal CR intervention instead of exercise
only. Then, when specifically referred for their condition, LEPAD
patients constitute a minority of all patients engaged to CR, with a
prevalence varying from less than 1% to 7% [12,24].

Overall, the current study attested the positive attitude by vas-
cular surgeons towards CR as a treatment option, when adequately
offered and incentivized. The referral rate of LEPAD patients we
found was superimposable to other cardiac conditions, and con-
firmed our hypothesis that the global demand for CR by vascular
surgery units may be similar to that manifested by cardiac surgery
units or acute cardiac wards. Nevertheless, while in the cardiology
setting the main need is after surgical or endovascular procedures,
vascular surgeons seem to give priority to medically managed
patients: recent data from >500 US hospitals contributing to the
Premier Registry - representing approximately 20% of inpatient
US hospitalizations — reported patient utilization of CR of 43%,
27%, 16%, and 11% after cardiac surgery, percutaneous coronary
intervention, medically managed myocardial infarction, and heart
failure respectively [25], while in the present survey the utilization
of CR was highest in those without invasive therapy (39%). This
may arise from misconception that revascularized patients are not
likely to benefit from rehabilitation: structured and intensive CR,
on the contrary, may be useful after surgical or endovascular inter-
vention, due to its efficacy in promoting clinical stabilization and
better cardiovascular prognosis, in addition to treatment of func-
tional impairment. Peripheral revascularization, rather than an
exclusion criterion, is in fact an additional strong indication for
participation in a comprehensive CR programme. However, addi-
tional benefits derived from the combination of revascularization
followed by SET may be no longer present after 12 months [26]
and probably, as for other major cardiac conditions [27], there is
need for prolonged or recall interventions.

Among potential intervention to improve the delivery of rehabil-
itation in LEPAD patients, considering SET alone as a surrogate of
multimodal CR may not be the best policy, as methods and goals of
CR are wider and include smoking cessation advice, lifestyle coun-
selling, and proper medications up-titration also. Moreover, even
when considering both SET and CR together for cardiac conditions,
they failed to reach even half of the potentially eligible population
[25]. Consequently, attention should be paid to consider CR for
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