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ABSTRACT In young patients, generally defined as those under 40 years of
age, intermittent claudication (IC) is relatively rare and represents a different
spectrum of pathology from IC in older patients. Atherosclerosis in older
patients is the most common etiology, but appears to represent a distinct clini-
cal entity with a more virulent course. Furthermore, other causes of lower
extremity ischemia play a more prominent role in young patients. These
include: (1) popliteal artery entrapment syndrome; (2) traumatic occlusion; (3)
adventitial cystic disease; (4) exercise induced compartment syndrome; (5)
repetitive trauma; (6) congenital arterial anomalies; and (7) ergotism. We out-
line the important features of the various causes of (IC) in the young and
review the facets of diagnosis and management of these patients.

Keywords Intermittent claudication, young patients, etiology, management

Claudication from vascular insufficiency is an unusual problem in patients
under 40 years of age. Young patients make up between 1.4 and 7% of all those
treated for lower extremity ischemia. A population-based study indicates an
incidence of 14.6/100,000 person years for patients under 40.1 Because the
diagnosis is relatively unusual in this age group, its recognition is frequently
delayed. Symptoms tend to be attributed to musculoskeletal or other causes,
postponing the correct diagnosis and treatment.2 An awareness of this problem
and its unique diagnostic and therapeutic challenges in young, active patients is
crucial in avoiding the extended morbidity associated with this delay. The dif-
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ferential diagnosis in young patients with claudication includes atherosclerotic
occlusive disease as well as a spectrum of other disorders responsible for arterial
insufficiency of the lower extremities: (1) popliteal artery entrapment syn-
drome; (2) traumatic occlusion; (3) adventitial cystic disease; (4) exercise
induced compartment syndrome; (5) repetitive trauma; (6) congenital arterial
anomalies, and (7) ergotism. We will review the diagnosis and management of
this unusual problem, including the important facets of each etiology.

PREMATURE ATHEROSCLEROSIS

As in the elderly, the most common cause of lower extremity ischemia in
patients under age forty is atherosclerosis.2 There are, however, important
differences in the clinical behavior of atherosclerosis in young patients. Dif-
ferences in demographics, risk factors, anatomic distribution, and prognosis
suggest that atherosclerosis in the young should be regarded as a distinct
clinical entity, rather than simply early onset of the same disease.

Claudication in the elderly, while a marker for systemic atherosclerosis, has
a relatively benign course with respect to ischemic complications in the lower
extremities.3 In most series, fewer than 10% of patients who present with
lower extremity claudication ultimately require amputation.4 By contrast,
young patients with ischemic symptoms in the lower extremities appear to
have a much more virulent form of disease.5 In the study by Levy et al. of
109 patients under 40 years of age with lower extremity ischemia from ath-
erosclerosis, 90% required either revascularization or amputation within 3
years of onset of symptoms. Furthermore, 27% of patients overall and 50% of
those who initially presented with a threatened limb went on to major ampu-
tation during the 6-year study period.1 Bouhoutsos and Martin demonstrated
a strong negative impact of young age on rates of both graft patency and limb
salvage.6 At six year follow-up after femoropopliteal reconstruction, amputa-
tions had been performed on 71% of patients aged 33 to 40, 35% of those
aged 41 to 50, and 14% of those over age 50.

The anatomic distribution of atherosclerosis in young patients is another
distinguishing feature. When patients of all ages with claudication are consid-
ered, infrainguinal disease predominates.7 By contrast, most studies of young
patients with claudication demonstrate a preponderance of aortoiliac dis-
ease.1,2,5,7,8 Furthermore, the pattern of disease tends to be segmental rather
than the diffuse disease seen in older patients.8

Further distinguishing the younger age group is a higher prevalence of
women, compared to claudicants at large. In DeBakey’s series of patients
under 40, 38% were female, similar to the 34% rate in Levy’s series.8,9 Fully
half of patients under age 30 in each series were women. These findings are in
sharp contrast to only 14% women in DeBakey’s total series of 3500 patients.

The primary atherosclerotic risk factor in young patients, as in the general
population, is cigarette smoking. In most reports, 90% or more of patients
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under age 40 with claudication caused by atherosclerosis were smokers.5,7,9

Atypical risk factors, however, assume a greater role in the disease process of
young patients. Hypercoagulable states were discovered in 15% of young
patients with lower extremity arterial occlusive disease when studied retro-
spectively, and prospective studies identify far more patients. Using a wide
range of laboratory tests of hypercoagulability, 76 to 90% of patients have
been found to have abnormalities. These disorders of coagulation correlate
with higher rates of graft failure and of amputation.1,9,10

Another risk factor prevalent in younger patients, and particularly in
women, is hypoplasia of the aortoiliac system.11 Diffuse narrowing of the aor-
toiliac segment, and often an “hourglass stenosis” may represent congenital
hypoplasia which, when combined with typical atherosclerosis, can lead to
the early onset of claudication. This may be a contributing factor in 15% of
young patients.1 Other factors such as homocystinuria, which can cause early
atherosclerosis, should also be considered. Finally, Crohn’s colitis has been
reported to have an association with lower extremity arterial occlusions from
premature atherosclerosis.12 A chronic inflammatory state and disordered
coagulation in patients with Crohn’s may contribute to this association.

Treating these patients presents a particular challenge. Because they are
young, active, and generally still in the work force, their claudication is typi-
cally a more severe liability than in older patients. For this reason, some
authors have advocated aggressive intervention based on acceptable results in
the short term.7,8 On the other hand, the results of intervention have been
shown after long term follow-up to be substantially worse than in older
patients, with failure rates on the order of 70%.6,13

In general, intervention should be reserved for those patients with the
most disabling symptoms or with severe, limb threatening ischemia. For
those young patients who do require intervention, an aortoiliac distribution
of disease is more common than in the elderly, and aortobifemoral bypass
offers the best long-term outcome. When infrainguinal bypass is required,
every effort should be made to use autologous vein as the conduit, as the
long-term patency is clearly superior to that of prosthetic grafts. The man-
agement of these patients should include aggressive efforts at smoking cessa-
tion, both to slow progression of disease, and to improve the outcome of
intervention. Patients under age 40 who require arterial reconstruction
should be investigated for hypercoagulable states, as a significant number
may require anticoagulation to prevent graft failure.

POPLITEAL ARTERY ENTRAPMENT SYNDROME

The most commonly reported cause of claudication in young patients other
than atherosclerosis is popliteal artery entrapment syndrome, in which the
popliteal artery is compressed by muscle or by a fibrous band. The incidence
of the anatomic defect was 3.5% in a series of 86 anatomic cadaver dissec-
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tions.14 The typical patient is an otherwise healthy, athletic man with calf pain
induced by strenuous exercise. Males predominate by a ratio of 9:1 in this
disorder. The presentation is that of intermittent claudication in about 70%
of cases. A further 25% present with paresthesias or critical ischemia, and the
remainder with unusual symptoms, including digital ulceration caused by
embolization from a post-stenotic aneurysm.15 The time course can be one of
gradual onset, or of sudden onset during an episode of strenuous exercise,
the latter being suggestive of occlusion of a compressed artery.

The etiology of the disorder is a defect in embryological development. The
popliteal artery develops from the union of two precursors—the poplitea pro-
funda artery and the superficialis poplitea. The major blood supply of the leg
is initially via the profunda which runs between the popliteus muscle and the
tibia. During development the majority of flow is transferred to the superfi-
cialis, which runs posterior to the popliteus. At about the same time, the
medial head of the gastrocnemius muscle migrates cephalad to attach to the
medial epicondyle of the femur. A disruption of this process will lead to
abnormal anatomic relationships among these structures.14

The variations in anatomy that result from this disordered development
form the basis of the classification scheme proposed by Rich et al. in which
five types of popliteal entrapment are described16 (Fig. 1). In type 1, the
popliteal artery takes an abnormal course medial to the medial head of the
gastrocnemius muscle. In type 2, the position of the artery is relatively nor-
mal, but the medial head of the gastrocnemius inserts lateral to the artery. In
type 3, a slip of the medial head of the gastrocnemius inserts laterally. In type
4 the compression is caused by the popliteus muscle or by a fibrous band
overlying it. Type 5 represents any of types 1 through 4 with the additional
involvement of the popliteal vein. Recently, a “type 6” has been proposed in
which there is no clear anatomic abnormality. This variation has been associ-
ated with over-training, and is designated “functional” popliteal entrapment
syndrome.17

The chronic compression of the popliteal artery in these conditions eventu-
ally leads to injury of the vessel and pathologic changes. These have been clas-
sified as stage I, in which adventitial thickening and fibrosis occurs, stage II in
which fibrous replacement extends into the media, and stage III in which
involvement of the intima predisposes the artery to thrombosis. In over half of
patients, the popliteal artery is thrombosed at the time of presentation, and
because of the pathologic changes described, thrombectomy is not successful.
These cases require surgical replacement of the diseased segment.18

The diagnosis of popliteal artery entrapment syndrome is suggested by the
clinical setting of a young, healthy patient with intermittent claudication.
Physical exam may demonstrate diminished pedal pulses at rest, or during
active plantar flexion or passive dorsiflexion of the foot. Duplex ultrasound
has been used to help confirm abnormal compression of the popliteal artery
during these maneuvers.19 It is important to interpret these results in the
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context of the clinical setting, as more than half of normal subjects in one
study were able to occlude their popliteal arteries with positional changes.20

Angiography remains the gold standard for diagnosis. Findings at rest
include medial deviation of the proximal popliteal artery, occlusion of the mid
artery, or post-stenotic dilatation. If these findings are absent at rest, films
should be repeated during either active plantar flexion or passive dorsiflexion.
Popliteal entrapment will be demonstrated by medial deviation or by com-
pression.18 Both legs should be studied, as about 20% of cases are bilateral.21

Treatment of this syndrome is surgical. In patients who are diagnosed early,
there may be little or no irreversible arterial injury, in which case only a release
of the compressing structure is necessary. On the other hand, if there is evidence
of stenosis, aneurysm or occlusion, then interposition grafting or bypass is
required. The surgical approach can be either posterior or medial. The posterior
approach may afford better delineation of the anatomic defect, and is probably
preferred in cases in which no arterial reconstruction or only a short interposi-
tion graft is needed. On the other hand, if the popliteal artery is occluded to the
level of the trifurcation, or over a long segment, a medial approach should be
used in order to gain adequate proximal and distal control.18

Patients with “functional” popliteal entrapment and no obvious anatomic
lesion have been treated successfully by lysis of the medial head of the gas-
trocnemius muscle through a medial incision.18 Turnipseed has advocated
treatment of these patients by release of the soleus muscle from the tibia and
resection of the plantaris muscle.17

All angiographically confirmed cases of popliteal entrapment should be
corrected. This includes asymptomatic cases discovered incidentally or on
investigation of the asymptomatic contralateral limb of a patient with
popliteal entrapment. The morbidity of early operation is low, and the conse-
quences of allowing a lesion to progress to thrombosis in a young, active
patient are potentially grave.15

TRAUMATIC OCCLUSION

Delayed presentation of traumatic arterial occlusion deserves mention, and in
one series was the second most common cause of claudication in young
patients after atherosclerosis.2 In this series two patients suffered arterial
trauma in infancy but did not develop symptoms until adulthood. Two oth-
ers were injured in motorcycle accidents and suffered from claudication after-
ward, but were not referred for evaluation for up to 1 year. All four patients
underwent successful arterial reconstruction.

ADVENTITIAL CYSTIC DISEASE

Adventitial cystic disease is a rare cause of claudication in which fluid-filled
cysts form in the arterial wall, resulting in stenosis or occlusion. A review of
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the world literature revealed a total of 323 reported cases since the first
description in 1947. The popliteal artery is by far the most commonly
reported site of involvement (82%) with the iliofemoral segment a distant
second (9%). There are occasional reports of lesions in the radial and ulnar
arteries, as well as in venous sites.22 About 80% of patients are male, and typ-
ically present around age 40, although patients ranging in age from 11 to 70
have been reported.23

The clinical presentation is typically with a sudden onset of unilateral clau-
dication that is generally severe. Because of the severity, patients generally
present after a relatively short time. Physical examination may reveal a bruit
in the popliteal fossa and loss of pulses with sharp flexion of the knee. If the
lesion has progressed to occlusion, as is seen in one quarter of cases,23

popliteal and pedal pulses will be absent at rest.
The etiology of this lesion remains uncertain. One theory, however,

appears to be gaining more widespread support. Several authors have pro-
posed that this condition is the result of a defect in embryological develop-
ment. The pathologic cysts may arise from cell rests derived from the
condensing mesenchyme of adjacent developing joints. Evidence to support
this hypothesis includes the fact that all reported cases occur in nonaxial
arteries that form in proximity to joints at the embryologic stage when this
condensation occurs. Importantly, those vessels that arise from the embry-
ologic axial arteries, which form prior to this process, are not involved in any
reported cases of adventitial cystic disease. Since the composition of the fluid
within cysts differs from that of synovial fluid, it is presumed that these cells
rests are not synovial cells, but less differentiated mesenchymal cells.22

Other potential etiologies have been proposed. These cysts could simply
represent ectopic ganglion cysts. In that case, however, the cyst fluid would
be expected to match synovial fluid in composition, which it does not.22 One
popular theory has been that repetitive trauma causes cystic degeneration of
the artery. If this were the case, however, one would expect to see this lesion
in association with over-training, or in high-level competition athletes, nei-
ther of which has been observed. Finally, adventitial cystic disease may be part
of a systemic degenerative disease. However, there are no reported cases of
contralateral lesions developing or of a second lesion at another location.

The diagnosis of adventitial cystic disease should be suspected in a young
nonsmoker with sudden onset of claudication. As noted above, physical find-
ings can include a popliteal bruit, loss of pulses with knee flexion, or absent
distal pulses. Angiography may show a characteristic “scimitar sign,” or
smooth, eccentric narrowing representing luminal encroachment by the cyst.
Less invasive diagnostic techniques have been successful in establishing the
diagnosis, including ultrasound and MRI.24

Treatment of adventitial cystic disease has been highly successful. In Flani-
gan’s review, treatment was fully successful in about 90% of cases.23 In only
one case out of 115 did treatment failure lead to amputation. The authors
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advocate cyst excision when the arterial lumen is intact, and interposition
grafting if the artery is thrombosed or extensively replaced by cysts. This
approach has been borne out in a review of more recent experience as well.22

Needle aspiration of cyst fluid, either percutaneously under image guidance
or during open surgery, has also been used. Results of this approach have
been variable, with recurrence rates of approximately 10%. In one report,
however, seven patients were treated with ultrasound guided percutaneous
aspiration with no recurrences at 1- to 32-month follow-up. These authors
suggest that this technique may be the treatment of choice.25

EXERCISE INDUCED COMPARTMENT SYNDROME

Exercise induced compartment syndrome can cause calf pain clinically identi-
cal to claudication with vigorous activity. Sports activities lead to elevated
muscle volume that results in elevated comparment pressures if fascial com-
partments are excessively tight.26 In one study of patients with a clinical diag-
nosis of exercise-induced calf compartment syndrome, symptomatic patients
were compared with controls to assess the effect of exercise on compartment
pressures. Both groups had similar resting pressures of approximately 5
mmHg. In the symptomatic patients, pressures rose with exercise to nearly
20 mmHg, whereas in the controls, pressures fell by half. After fasciotomy,
the normal pressure drop with exercise was restored, and pain was relieved.27

The diagnosis of chronic compartment syndrome depends on clinical sus-
picion and measurement of compartment pressures at rest and with exercise.
In fact, it may be necessary for the patient to perform the specific exercise
that induces the symptoms to elicit the elevated pressures.28 Doppler
pressures and pulse-volume recordings are expected to be normal.4 Treat-
ment requires release of the involved fascial compartment by fasciotomy or
fasciectomy.

REPETITIVE TRAUMA

Highly trained athletes have been reported to develop arterial lesions caused
by repetitive trauma. Dissection of the external iliac artery has been reported
in endurance athletes between 40 and 50 years of age. The presentation is
one of acute onset of short distance claudication associated with vigorous
endurance training or competition. The pathologic lesion is isolated dissec-
tion of the external iliac artery with no other arterial abnormality. Treatment
with reconstruction or interventional techniques has been successful.29

Similarly, the external iliac artery can be affected by a stenotic intimal
thickening caused by progressive fibrosis. This lesion has been reported
almost exclusively in high-level competition cyclists. Presumably repetitive,
strenuous hip flexion results in a particular pattern of arterial trauma that
causes this unique lesion. The presentation is of thigh claudication during
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maximal strain while cycling. Patients have been managed with arterial recon-
struction which allows many patients to return to competition.30,31

CONGENITAL ANOMALIES

Claudication in young adults can, on rare occasions, be a late presentation of
a congenital arterial anomaly. Aortic coarctation typically presents with severe
hypertension early in life, and in 98% of cases the lesion is located in the aor-
tic arch at the level of the ligamentum arteriosum.32–34 Those cases in which
the abdominal aorta is the site of coarctation generally present with renovas-
cular hypertension, either because the stenosis is above the level of the renal
arteries or because of separate stenosis of the renal arteries themselves. In
these cases, claudication is a secondary consideration. On the other hand, if
the lesion is located infrarenally and the renal arteries are spared, symptoms
may be limited to claudication. These patients tend to present somewhat
later, in early adulthood.35 Patients with new onset claudication presenting in
the fifth decade have also been reported. However, these patients may have
an acquired form of coarctation from an inflammatory etiology.36

Treatment of abdominal aortic coarctation has generally consisted of
thoracic aorta-to-infrarenal aorta bypass using prosthetic graft. In cases of
renovascular hypertension caused by separate renal artery stenosis, renal
revascularization is generally accomplished through aortorenal bypass origi-
nating from the graft. Alternate methods of reconstruction that have been
reported include prosthetic patch aortoplasty, bypass using the splenic artery,
or bypass using homograft.34–36

Another congenital anomaly that has been implicated in claudication is the
persistent sciatic artery. During embryologic development, the sciatic artery
supplies the limb bud of the lower extremity. As development proceeds, this
artery involutes and the arterial supply to the leg is taken over by the exter-
nal iliac and femoral arteries. If this process of involution fails, the sciatic
artery can persist into adulthood as an extension of the hypogastric artery
through the buttock, into the thigh, and in cases of complete persistence,
continuous with the popliteal artery.37 The persistent sciatic artery can coex-
ist with a relatively normal femoral artery, or the femoral artery can be
hypoplastic or absent.

About 40% of persistent sciatic arteries will develop aneurysms, which can
be detected as a pulsatile mass in the buttock. If these aneurysms thrombose
or embolize, the result can be limb threatening ischemia or claudication.37,38

Furthermore, patients may develop claudication in the absence of aneurysm
formation if the abnormal artery is insufficiently developed to supply the limb
with normal blood flow.39 In the absence of aneurysm, treatment is with
femoropopliteal bypass. If an aneurysm is present, treatment requires ligation
of the aneurysm via a posterior approach, with femoropopliteal bypass if the
femoral artery is absent or hypoplastic.
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ERGOTISM

Historically, toxicity from ergot alkaloids was caused by ingestion of grain
contaminated by the fungus Claviceps purpurea. The resulting vasospasm
caused ischemic neuropathy and a burning pain known as St. Anthony’s
fire.40 Modern ergotism is caused by use or abuse of ergotamine-containing
drugs used for the treatment of migraine headaches. Several reports describe
patients complaining of cool, cyanotic extremities and intermittent claudica-
tion.40–42 The mechanism of the vasospasm is the direct action of ergotamine
on smooth muscle that occurs at high doses.

The first line of treatment for ergotism is discontinuation of the drug.
Vasospasm typically resolves within a few days. Several vasodilating agents
have been used in an attempt to reverse the vasospasm, but have had limited
success. Tolazoline and sodium nicotinate are the only agents that have been
shown to have an immediate clinical benefit, and these results are limited to
case reports.42 Because severe vasospasm has been associated with arterial
thrombosis, anticoagulation with heparin or dextran may be indicated in
cases of impending gangrene.40

Despite the fact that ergotamine-induced ischemia represents a toxic effect
of the medication, claudication and persistent ischemia can persist chronically,
even after discontinuation of the drug. In one report, a patient presented with
7 months of claudication caused by ergotamine and continued to suffer symp-
toms one year after stopping the medication.41 Angiogram revealed persistent
stenosis of the external iliac arteries, which in the face of continued symptoms,
was treated by atherectomy. A focal stenosis in this setting may be amenable
to angioplasty, but cases of ergotism that require arterial intervention are rare,
and no conclusions can be drawn as to the best method of reconstruction.

SUMMARY

Claudication in young patients has important differences from the more
familiar clinical entity in the older age group. The clinician faces greater chal-
lenges in making the diagnosis of a vascular cause of claudication, which is
generally unexpected in the young. These patients typically have higher
expectations and needs in terms of functional results. Crucial to effective
management of these patients is a clear understanding of the distinct spec-
trum of pathophysiology that causes claudication in the young age group.
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Expert Commentary B. Timothy Baxter, M.D.

Drs. Krug, Calligaro, and Dougherty have outlined the current information
available on the young patient with claudication. My comments will add only
my personal perspective on the incidence and treatment of this problem. This
is timely because my perception is that we are all seeing a larger number of
these patients. They are challenging and their optimal treatment depends on
understanding differences in the causes and natural history of claudication in
the 40-year-old as compared to the 65-year-old.

What is surprising about this problem is how little is known about the true
incidence of claudication in young patients. Perhaps the best evidence we have
is from the Framingham Study where 2.3% of men age 35–44 years reported
symptoms consistent with claudication.1 Data from retrospective practice-
based surveys are important and useful but have limitations. First of all, these
studies rarely identify young patients with mild symptoms. The diagnosis
becomes nearly inescapable to the primary care giver when advanced clinical
signs of ischemia occur. This leads to referral to a vascular laboratory. Thus,
the most severe cases always come to attention, while milder disease remains
undiagnosed. Population-based screening studies are difficult to interpret
because most are based on questionnaires. Since we really don’t know the
denominator, it is difficult to substantiate our belief that patients who develop
vascular disease at an earlier age have more rapid progression and a poor out-
come. This conclusion is probably biased by the select group of young
patients with more severe disease that reach our offices.

The high incidence of hyercoagulability in this group adds to the challenge
of providing their care. This raises an important practical question regarding
the cost of evaluation for hypercoaguable states. Thrombocytosis and con-
nective tissue diseases are treated by specific therapies that require accurate
diagnosis. The remainder of the hypercoagulable states are treated with long-
term coumadin anticoagulation. Is it of practical value to identify specific
coagulation defects? My current approach is to perform cell counts for
thrombocytosis and serologic studies for connective tissue disorders. If these
are negative, I empirically treat these patients with life-long coumadin after
intervention. Obviously, individual considerations such as an occupation
associated with a high risk of trauma, alcoholism, or unreliability have to be
taken in account when considering long-term anticoagulation.

If claudication is caused by atherosclerosis in a young person, then we need
to look for treatable factors contributing to accelerated atherosclerosis.
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Tobacco use is usually the single most important contributing factor. I insist
that the patient enroll in, and complete, a smoking cessation program before
performing any elective intervention. Hypercholesterolemia can be effectively
treated. Identification of hyperhomocysteinemia is important because it is
treatable. Additionally, there is a growing body of evidence to suggest that
active inflammation may be important in progression of atherosclerosis.2 If C-
reactive protein levels are high, I add aspirin to the coumadin regimen. This is
not associated with an excessive risk of bleeding in this patient population.

These patients are challenging. They require multi-modality therapy that
combines standard revascularization techniques with aggressive treatment of
their hypercoagulable, serologic, metabolic, and systemic inflammatory
states. The group from Pennsylvania Hospital has done a very nice job of lay-
ing out the background for our current approach to these patients.
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The Last Word Keith D. Calligaro, et al.

We appreciate Dr. Baxter’s comments and agree with his points concerning
claudication in young patients. Although population based screening studied
may be flawed, and a select group of young patients with more advanced dis-
ease are referred to vascular surgeons, most series report lower patency and
limb-salvage rates in patients younger than 50 years old compared to older
patients. Although cost-effectiveness of hypercoaguable screening in these
patients prior to performing a lower extremity revascularization is difficult to
prove, we generally obtain hypercoaguable laboratory studies preoperatively
and frequently will administer life-long anticoagulation for lower extremity
bypasses in patients younger than 50 years old. We also agree with Dr. Bax-
ter’s recommendations concerning identifying risk factors for atherosclerosis
and trying to modify them prior to intervention.
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