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Intermittent Claudication and Asymptomatic 
Peripheral Arterial Disease
Conservative Treatment Versus Revascularization

Gerhard Rümenapf, Stephan Morbach, Andrej Schmidt, Martin Sigl

P eripheral arterial disease (PAD) is caused by 
 atherosclerotic lesions in the pelvic and leg arteries. 
The incidence of atherogenic risk factors is rising 

worldwide (1), mainly due to the increasing age of the 
population. PAD is the third most common sequelae of ar-
teriosclerosis after coronary heart disease and cerebrovas-
cular diseases (1, 2). As a marker disease, it points to a 
high cardiovascular risk (3). It advances in stages (Table), 
initially causing a reduction in pain-free walking distance 
(intermittent claudication, IC), which impairs quality of 
life and ability to work. At the stage of critical limb ische-
mia (CLI), pain at rest occurs, followed ultimately by 
 tissue necrosis and amputation. The majority of symp -
tomatic PAD patients suffer from IC (4).

Current guidelines (3–8) recommend lifestyle 
changes and risk factor management for all stages of 
PAD. In IC, vasoactive drugs and supervised exercise 
training (SET) are considered standard to achieve 
risk-free improvement in walking distance. Revascu-
larization (percutaneous transluminal angioplasty 
[PTA]/stenting, vascular surgery) is not recom-
mended at the asymptomatic stage, is recommended 
only in exceptional cases in IC (e.g., if conservative 
treatment fails), but is urgently recommended in CLI. 
Angioplasty for IC is not known to achieve better 
medium- and long-term outcomes compared to SET 
(3, 9). Unfortunately, in Germany as well as other 
countries (9), SET remains a largely theoretical 
 option that is unachievable in a practical sense. There-
fore, SET cannot be used as a yardstick for the results 
of arterial revascularization. Moreover, although rev-
ascularized patients are relieved of their symptoms in 
the immediate and longer term, most clinical studies 
have compared only the medium- and long-term 
benefit to SET.

The primary objective of this review article is to in-
vestigate whether guideline-compliant conservative 
treatment for IC can be recommended as an evidence-
based approach in view of its limited efficacy, 
 availability, practicability, and acceptance among pa-
tients. In light of the treatment reality in Germany, the 
benefit of arterial revascularization in IC is evaluated, 
particularly in combination with SET.

Methods
In 2014, the German Society for Angiology (Deutsche 
Gesellschaft für Angiologie) performed an extensive 

Summary
Background: The conservative treatment of peripheral arterial disease (PAD), as 
recommended in current guidelines, encompasses measures such as lifestyle 
 modification and risk-factor management. In addition, in patients with vasogenic 
 intermittent claudication (IC), it is recommended that patients first be given drugs to 
improve perfusion and undergo supervised gait training. Revascularization is not 
recommended for asymptomatic persons, but it is considered mandatory for patients 
with critical ischemia. In this article on conservative and revascularizing treatment 
strategies for IC, we address the following questions: whether all treatment options 
are available, how effective they are, and whether the reality of treatment for IC in 
Germany corresponds to what is recommended in the guidelines. 
Methods: In 2014, the German Society for Angiology carried out a comprehensive 
literature search in order to prepare a new version of the S3 guideline on PAD. This 
literature search was updated up to 2018, with identical methods, for the present 
 review. 
Results: The benefit of lifestyle modification and risk factor treatment is supported 
by high-level evidence ( evidence level I, recommendation grade A ). The distance 
patients are able to walk without pain is increased by drug therapy as well (evidence 
level IIb), but the therapeutic effect is only moderate. Supervised exercise training 
(SET), though supported by high-level evidence (I, A), is of limited efficacy, availabil-
ity, and applicability, and patient compliance with it is also limited. In patients with IC, 
revascularization leads to complete relief of symptoms more rapidly than gait train-
ing, and its long-term benefit is steadily improving owing to advances in medical 
technology. A combination of arterial revascularization and gait training yields the 
best results. In a clinical trial, patients with IC who underwent combined therapy 
 increased the distance they could walk without pain by 954 m in six months, 
 compared to 407 m in a group that underwent gait training alone. 
Conclusion: In the treatment of vasogenic IC, SET and drugs to increase perfusion 
are now giving way to revascularization, which is more effective. As far as can be 
determined, SET is not currently implemented at all in the German health care 
 system. It would be desirable for SET to be more available and more widely used, 
both to sustain the benefit of revascularization over the long term and to lower the 
general cardiovascular risk.
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literature search for the new edition of its S3 guidelines 
on PAD. For the present article, that particular literature 
search has been extended to 2018 using MEDLINE, 
PubMed, and the Cochrane Database of Systematic 
 Reviews. Search terms included: “intermittent 
 claudication,” “claudication,” “periphere arterielle 
Verschlusskrankheit,” “PAVK,” “peripheral arterial dis-
ease,” “PAD,” “exercise therapy,” “supervised exercise 
training,” “angioplasty,” “endovascular therapy,” 
 “endovascular revascularization,” “surgical revascular-
ization,” “stent,” “pharmacotherapy.” The reference 
lists of individual publications were checked for 
 previously unidentified studies. Particular importance 
was assigned to randomized controlled trials (RCTs) 
and their meta-analyses.

Epidemiology and concomitant diseases
More than 200 million people worldwide suffer from 
PAD (1). Its prevalence rises with age and stands at 
20% of all primary care patients aged over 65 years in 
Germany (10). A third of PAD patients have IC (1, 10), 
while only 1–3% have CLI (4). IC remains stable over 
5 years in 70–80%, worsens in 10–20%, and develops 
into CLI in 5–10% of patients (4). The number of unde-
tected cases of symptomatic PAD is high (1, 11, 12).

Risk factors include age, sex, cigarette smoking, 
arterial hypertension, hyperlipidemia, diabetes, 
 obesity, lack of exercise, and previous cardiovascular 
events in other vascular territories. Risk factors such 
as cigarette smoking are avoidable, while others can 
be modified, thereby affecting the age at which PAD 
manifests and its severity.

PAD signalizes generalized atherosclerosis with 
the risk of cardiac and cerebral complications and 
 reduced life expectancy, which is generally underesti-
mated (1, 11, 12). The following factors may explain 
the lack of awareness. PAD does not take priority in 
multimorbid patients, it is considered to be self-
 inflicted, and its detection is delayed due to the frag-
mentation of medicine into sub-disciplines. Patients 
are also treated late, insufficiently, and all too often as 

inpatients (12). Furthermore, the public is poorly in-
formed about PAD (3, 12, 13).

Conservative treatment of 
PAD—basic measures
The goal of basic measures is to avoid the progression 
of asymptomatic PAD, improve walking distance and 
quality of life in IC, preserve limbs in CLI, and reduce 
cardiovascular morbidity and mortality. There is a high 
level of evidence (I, A) for the following measures 
(3–8): lifestyle changes, tobacco abstinence, adequate 
exercise, weight reduction, treatment of diabetes, 
 arterial hypertension, and hyperlipidemia, as well as the 
administration of platelet aggregation inhibitors in 
symptomatic patients.

According to the guidelines, revascularization is 
not indicated in asymptomatic PAD (3–8). Exceptions 
include, for instance, endovascular or open surgical 
correction of stenosis in the setting of impending by-
pass occlusion (2). The extent of ischemia in diabetics 
is underestimated due to polyneuropathy (14). In ob-
jectively proven CLI (toe–brachial index, Doppler 
frequency spectrum), revascularization is considered 
despite freedom from symptoms (3, 5).

Conservative treatment of   
intermittent claudication 
In addition to basic measures, a solid foundation also 
comprises pharmacological improvement of arterial 
perfusion and supervised exercise training (SET; Box). 
The following are not recommended (3–8): intermittent 
pneumatic compression, transcutaneous electrical 
nerve stimulation, extracorporeal shock wave therapy, 
and sympathicolysis.

Vasoactive drugs
Although the improvement in pain-free walking dis-
tance with cilostazol or naftidrofuryl is significant 
(IIb), it does not exceed 50–100 m at 1 year (3–8). For 
this reason, there is only a consensus recommendation 
on these drugs (3). Angiotensin-converting enzyme 

TABLE 

Classification of peripheral arterial disease according to Fontaine stages and Rutherford categories

Critical limb ischemia covers stages III and IV or categories 4–6.

Fontaine

Stage

I

II a

II b

III

IV

Clinical picture

Asymptomatic

Walking distance >200 m

Walking distance <200 m

Ischemic rest pain

Ulcers, gangrene

Rutherford

Grade

0

I

II

III

Category

0

1

2

3

4

5

6

Clinical picture

Asymptomatic

Mild intermittent claudication

Moderate intermittent claudication

Severe intermittent claudication

Ischemic rest pain

Minor necrosis

Major necrosis
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(ACE) inhibitors, statins, and acetylsalicylic acid 
(ASA) confer similar improvements. These effects do 
not appear to be additive. There is no proof of efficacy 
for pentoxyfylline, buflomedil, ginkgo, and prosta-
noids.

Exercise training 
Prior to the introduction of endovascular revasculari -
zation, SET was the most effective method to treat IC, 
since the alternatives were all higher-risk vascular 
 surgical procedures (15). SET is considered a natural, 
effective, safe, cost-effective, and guideline-compliant 
treatment for IC with a high level of evidence (16, 17), 
assuming symptoms are tolerable (3, 5). At 1 year, SET 
was significantly more effective in terms of maximum 
walking distance (+ 210 m) compared to home-based 
exercise training (+ 120 m) or ineffective walking ad-
vice (18). Most meta-analyses show that SET is able to 
increase pain-free walking distance by more than 100% 
of the baseline value (16, 17). There are reports on an 
improvement of more than 500 m at 1 year with SET 
(19), as well as others on its ineffectiveness (20). As 
early on as 2006, a Cochrane review (21) was deemed 
unable to demonstrate the efficacy of SET in IC due to 
the paucity of evidence (15).

Quality of life improves with SET, for instance, in 
terms of physical function at 3–6 months (18). SET‘s 
mode of action is unclear. It improves, for example, 
gait mechanics, bioenergetics of muscles and collat-
erals, neoangiogenesis, as well as microcirculation 
(22). SET has no effect on mortality and amputation 
rates (16), it increases neither the ankle–brachial 
index (ABI) nor maximum blood flow in the calf 
muscles (16, 18, 20, 22), and is not more effective 
than cycling, strength training, and arm and shoulder 
muscle training (23).

SET is not offered or reimbursed sufficiently in 
Germany. There are approximately 6000 heart sports 
groups (www.dgpr.de), but only 240 vascular sports 
groups (www.deutsche-gefaessliga.de) in Germany. 
Less than a third of all vascular surgeons are able to 
provide access to SET for their patients (24). Due to 

concomitant diseases (for example cardiac disorders) 
or lack of adherence, SET, if available at all, is used 
by only a third of IC patients (25). The discontinu-
ation rate at 1 year is as high as 70% (19, 24). SET is 
contraindicated in individuals with diabetes, since the 
warning signal of “calf pain” is lacking due to poly-
neuropathy (14).

The efficacy of SET depends on whether donor and 
recipient arteries are able to develop collateral circu-
lation (Figure 1). If the inflow into collateral vessels 
is impaired by occlusive processes upstream (Figure 
2), the vascular circulation needs to be prepared for 
SET using either endovascular or vascular surgical 
techniques (3, 5). Failure to do so can result in severe 
calf muscle injury (26).

Revascularization for intermittent claudication 
Contrary to recommendations (3), the majority of 

inpatient PAD patients in Germany receive treatment 
for IC. In 2009, intermittent claudication was identi -
fied in at least 49%, and CLI in at least a third of pa-
tients admitted on an inpatient basis with PAD as the 
main diagnosis. IC patients underwent 65% of endo -
vascular procedures, 55% of all bypass surgeries, and 
78% of all inguinal patch plasty procedures (27). A 
total of 41% of patients in the German statutory Fed-
eral Miners‘ Insurance (Bundesknappschaft) that were 
treated between 2010 and 2012 in an inpatient setting 
with PAD as a main diagnosis had IC. Of these, ap-
proximately 27% were treated by means of vascular 
surgical intervention and around 50% using endovas-
cular methods (28). Many IC patients are revascular-
ized in the outpatient setting (29), and the overall 
number of angioplasty procedures for IC is likely to 
be underestimated. According to the German PTA 
registry (30), 77% of the PAD patients treated (as out-
patients or inpatients) had IC.

Due to the perioperative (2–3%) or interventional 
risk of complications (1%), revascularization was 
 hitherto considered justified only in significantly 
 limiting CI (3, 5). Warnings were even made that 
 endovascular measures could increase the risk of am-
putation compared to conservative treatment (5). 
However, most treatment studies have not investi-
gated IC and CLI patients separately, despite the fact 
that the risk is higher and the outcome worse in CLI 
(31), meaning that the risk in IC was overestimated. 
For example, an RCT (60% CLI, 40% IC) on short-
segment vascular lesions yielded a periprocedural 
mortality rate of 0%. However, 4% and 5% of CLI pa-
tients died at 1 year following surgery and percut-
aneous transluminal angioplasty, respectively, com-
pared to 0% and only 1% of IC patients, respectively 
(32). The amputation risk in IC patients revascular-
ized for PAD is only 0.4% per year compared to 12% 
in CLI patients at 6 months (33). Modern treatment 
materials and strategies, as well as growing experi-
ence, have led to better and safer outcomes with 
 endovascular treatment (34). For this reason, PTA is 
indicated more liberally today (7). Nitinol stenting 

 BOX 

Supervised exercise training
Supervised exercise training (SET) under medical 
 supervision and with instruction from physiotherapists 
should be offered to all PAD patients with intermittent 
claudication as an integral part of basic treatment. SET 
is carried out in PAD sports groups. In a first step, the 
patient‘s individual capacity is determined, following 
which an appropriate training plan is drawn up. Training 
should take place a least 3 × per week in training 
sessions of 30–60 min for a minimum period of 3–6 
months (3).
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following femoral artery PTA is able to reduce the 
restenosis rate of around 60% to 35% at 1 year (1). 
Iliac artery dilatation with primary stent implantation 
has a patency rate of around 90% at 1 year (3). Mod-
ern studies show rates for periinterventional mortality, 
morbidity, and amputation risk in IC to be virtually 
0% (19, 33–36). Due to its favorable benefit/risk 
ratio, an endovascular-first strategy is recommended 
in short-segment aortoiliac (<5 cm) as well as femo-
ropopliteal (<25 cm) lesions (7). This is associated 
with a significantly lower complication rate and lower 
30-day mortality in aortoiliac (37) and femoropopli-
teal (38) disease compared to bypass surgery. Even at 
24 months following angioplasty, quality of life re-
mains significantly increased in terms of mobility, 
self-care, and pain (30).

Data from the US (29) demonstrate that the major 
amputation rate as well as periprocedural morbidity 
and mortality in inpatient IC patients declined signifi-
cantly between 1998 and 2007 despite an increase in 
comorbidities. This is attributed to the two-thirds drop 
in surgical revascularizations and the 50% rise in 
early endovascular interventions (IC and CLI), as a 
result of the safety of these methods. Outpatient inter-
ventions went up by 80%, while the amputation rate 
in IC was 0.3% (29).

Vascular surgical procedures such as thromboend -
arterectomy for occlusive processes of the inguinal artery, 
bypass (evidence level I for IC and CLI, 7) for long-
 segment femoropopliteal occlusion, or combinations 
with endovascular interventions (hybrids) are available. 
Above-knee bypass for IC normalizes walking distance 
(32, 39) in the long term (3, 4), with a primary patency of 
approximately 80% at 5 years if veins are used (3, 39). 
The fact that this treatment option is used so frequently 
(27, 28) is an indication of its efficacy and the high 
 demand. An interdisciplinary discussion should be held 
prior to all revasculari zation procedures.

Exercise training versus revascularization for IC
Following revascularization, the patient immediately 
has a better walking distance, in contrast to SET (39, 
40). However, meta-analyses of RCTs (9, e1–e3) 
showed that endovascular revascularization alone con-
ferred no advantage at 1 year in terms of walking 
 distance and the future risk of revascularization or am-
putation compared to SET. Ultimately, the studies are 
limited by the fact that SET is the wrong evaluation 
benchmark for comparison, since it is no more than a 
theoretical treatment alternative for revascularization 
that is virtually non-existent in practice. Furthermore, 
all the above-mentioned RCTs excluded the total period 
between intervention and time of observation (1–2 
years) from their comparisons, meaning that the inte-
grated overall benefit in terms of walking distance and 
patient quality of life was negated. Also, none of the 
trials compared revascularization with the inferior 
 alternatives, such as unsupervised exercise training or 
walking advice, which would have more accurately re-
flected the treatment reality.

Figure 1: Short-segment occlusion of the right superficial femoral 
 artery. Structured supervised exercise training can improve collateral 
circulation.

Figure 2: Strong collateral circulation between the deep femoral 
 artery and the popliteal artery is hindered by upstream high-grade 
 stenosis of the common femoral artery, meaning that exercise training 
is unable to have a sufficient effect.
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Modern RCTs show an advantage for endovascular 
therapy at all vascular levels in IC even at 1 year compared 
to SET (19). The MIMIC study already demonstrated this 
in 2008 for femoral dilatation (36). The improvement in 
walking distance and quality of life following primary 
stenting of the superficial femoral artery compared to best 
medical treatment is also evident at 2 years, thereby high-
lighting the value of endovascular procedures for the 
“real-world” situation without SET (34).

According to the most recent RCT on this topic pub-
lished in 2015, PTA combined with selective stenting and 
SET is the most effective approach (19). For example, the 
pain-free walking distance in IC patients increased with 
SET or PTA/stenting combined with SET (baseline walk-
ing distance 135 and 117 m, respectively) to 181 and 
724 m after 1 month, respec tively, and to 542 and 1071 m 
at 6 months, respec tively. Patients were symptom-free fol-
lowing PTA/stenting, whereas walking distance rose sig-
nificantly more slowly with SET. Several meta-analyses 
also concluded that SET and angioplasty together have a 
more far-reaching effect on functional outcome and 
quality of life than does SET alone (e3, e4). The combi-
nation of angioplasty and unsupervised exercise training 
was not superior to SET alone (e1).

Successful revascularization encourages patients to 
be mobile and enables them to benefit from the long-
term advantages of SET. At 1 year, a third of patients 
that had undergone PTA/stenting combined with SET 
had relevant restenosis of the target lesion; however, 
only 17% of these required repeat angioplasty (19). 
The 2017 ESC guidelines recommend (evidence level 
IIa) combining revascularization with SET if activity 
in everyday life is restricted (7). The same applies to 
bypass surgery. Whereas SET for IC increased the 
pain-free walking distance by 120 m within 1 year, 
bypass surgery normalized walking distance immedi-
ately (32, e5); the combination of vascular surgery 
and SET had the strongest effect (31, e5, e6).

The comparison of a one-off endovascular inter-
vention with long-term SET fails to recognize the fact 
that numerous follow-up interventions are needed to 
maintain treatment success. Although this puts a 
burden on patients and cost-bearers, this has not been 
called into question as yet. Precise data on this topic 
for IC are lacking. Therefore, patients should always 
be strongly encouraged to increase their level of 
physical activity and, where available, participate in 
SET following both angioplasty and vascular surgery 
in order to ensure the long-term success of these 
costly treatments and reduce their cardiovascular risk.
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Translated from the original German by Christine Rye.

Key messages
● Patients with any stage of PAD should be advised to make 

lifestyle changes (exercise, nicotine abstinence, weight 
 reduction) and receive pharmacological treatment for con-
comitant diseases (antihypertensive drugs, acetylsalicylic 
acid [ASA], statins, etc.).

● Asymptomatic PAD does not require revascularization. Ex-
ceptions include service interventions in the case of impend-
ing bypass occlusion due to PAD or individuals with diabetic 
neuropathy and proven critical leg ischemia.

● The value of SET in IC patients is highly evident, in contrast 
to unsupervised exercise training or walking advice. How-
ever, availability, effectiveness, practicability, and patient 
 adherence are low. This makes comparisons between revas-
cularization and SET a poor reflection of reality, while on the 
other hand highlighting structural problems in the health 
 system.

● Endovascular or vascular surgical interventions in IC result in 
freedom from symptoms more rapidly compared to SET. 
Thanks to technical advances, these procedures are now 
lower-risk, more effective, and more sustainable in the long 
term. Arterial revascularization followed by SET achieves the 
best results.

● Patients that have undergone revascularization should be 
strongly advised to increase their physical activity 
and—where available—participate in SET. In this way, it is 
possible to ensure the medium- and long-term success of 
this expensive treatment (compared to SET), prevent reinter-
vention, and reduce the cardiovascular risk.
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