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ABSTRACT
Claudication occurs when the blood supply is insufficient to service the musculature 
in the body with oxygen and metabolic waste management. A clinical complaint of 
claudication is commonly seen in primary care among older patients with vascular risk 
factors. A young and healthy patient presenting with claudication is less common and 
often results in delayed diagnosis with numerous extraneous diagnostic studies. This 
case discusses a young, healthy male patient with lower extremity symptoms that got 
worse with exercise and better with rest.  He had normal physical exam findings leading 
to multiple diagnostic studies and over 12 months between the onset of symptoms and 
his return to full activity. Claudication can result from rare conditions, such as chronic ex-
ertional compartment syndrome, popliteal artery entrapment syndrome, fibromuscular 
dysplasia, and cystic adventitial disease. Symptomatic individuals with chronic exertion-
al compartment syndrome experience reversible muscular pain from exercise-induced 
pressure, which increases within the finite spaces of any muscular compartment. Un-
derstanding the pathophysiology of exertional compartment syndrome and its related 
diagnoses allows for an organized diagnostic approach to young, healthy patients with 
claudication symptoms. This organized approach allows timely care, which is imperative 
for primary care physicians to reduce the number of tests performed, decrease the time 
to diagnosis, and reduce both the anxiety and cost for the patient. The approach pre-
sented herein can serve as a reminder of a proper work-up in similar patients and allow 
practitioners to identify the conditions that require intervention to improve outcomes.  
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INTRODUCTION

Claudication is caused by insufficient blood flow 
to muscles, most commonly affecting the distal 
lower extremity. Pain symptoms commonly affect 
the calf, thigh, and buttocks, typically occur with 
exercise, and are relieved with rest.1 Claudication 
is traditionally seen in older patients, especially 
those with risk factors including cardiovascular 
risks of hyperlipidemia, hypertension, diabetes, and 
smoking. Claudication is uncommon in younger 
patients, especially those without risk factors for 
vascular disease. Providers are much less familiar 
with the differential for lower extremity claudication 
in a young, healthy athlete (Table 1), which includes 

chronic exertional compartment syndrome (CECS), 
popliteal artery entrapment syndrome (PAES), cystic 
adventitial disease (CAdvD), and fibromuscular 
dysplasia (FMD).1 As a group, these conditional 
are very rare, but CECS was most frequently seen, 
accounting for 33%.2,3 The incidence of PAES is  
0.17%-3.5%,  with 85% being male and occurring in 
the third decade of life.4 Also predominately in male 
athletes, CAdvD occurs in 1 out of 12,000 cases.5,6 
Iliofemoral artery FMD has very few cases reported.7 

Compartment syndrome occurs when increased 
pressure within a myofascial compartment leads 
to impaired blood flow and innervation to distal 
structures (Figure 1). Acutely, this surgical emergency 
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is most commonly due to high-impact trauma to 
the lower extremities but can also occur in the 
upper extremities and abdomen.8  Chronically, 
compartment syndrome occurs as pressures 
rise slowly during vigorous exercise. Symptoms 
include pain, tightness, cramps, muscle weakness, 
paresthesia, and foot/wrist drop.9,10 Up to 90% 
of patients diagnosed with CECS are affected in 
anterior or posterior compartments of the lower 
leg,11 but lateral compartment and both thigh and 

abdominal involvement does occur.11−13 However, 
vigorous gripping movements such as rowing 
and motocross have led to CECS in the forearm.9 
Although mostly seen in military and young athlete 
populations, it is also seen in older patients who 
experienced prior trauma or are insulin-treated 
diabetics.14 While all family physicians should feel 
comfortable diagnosing and treating claudication 
in an older patient with cardiovascular risk factors, 
not all are comfortable with the same in a young, 

TABLE 1: Differential diagnosis for claudication in a young healthy 
patient. 

FIGURE 1: Anatomy of the Lower Leg demonstrating different 
compartment.
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healthy patient. The potential delay in identification 
and treatment can be problematic. Below is a detailed 
evaluation of a young athlete with lower extremity 
claudication symptoms.

CASE PRESENTATION

A 34-year-old healthy male presented to his primary 
care physician complaining of a 4-month history of 
numbness/tingling in his right lower extremity. The 
patient also described a “pressure-like sensation, like 
my leg is going to fall asleep,” but denied pain. This 
sensation began in his toes, gradually involving the 
distal right lower leg, most apparent in the posterior 
region. An avid runner, the patient noted that his 
symptoms occurred when running or exercising, 
significantly limiting these activities. He denied any 
injury or trauma to the lower extremity. 

Physical examination revealed a healthy-appearing 
man with normal vital signs and no obvious 
abnormalities. The skin of the RLE was normal, 
without pallor, bruising, rashes, or deformity. Both 

lower extremities were non-tender to palpation, 
with full range of motion of knees and ankles, 5/5 
strength, normal sensation, 2+ reflexes, and 2+ 
pulses. Initial laboratory workup included CBC with 
differential, electrolytes, peripheral blood smear, 
ceruloplasmin, rheumatoid factor, anti-CCP, ANA, 
acute hepatitis panel, protime and INR, and zinc. 
All were within normal limits. Mild elevations in 
liver functions aspartate aminotransferase (AST) 
and alanine aminotransferase (ALT) were observed. 
An x-ray of the lumbar spine showed multilevel 
degenerative changes, unlikely to explain the 
symptoms. Brain magnetic resonance imaging (MRI) 
was normal. A nerve conduction study displayed no 
evidence of radiculopathy, plexopathy, neuropathy, 
or nerve entrapment.

One month later (Figure 2), the patient complained 
that the symptoms occurred faster with exercise. 
Sensation began returning 5 minutes after exercise 
but took about 1-2 hours to return completely to 
“normal.” He was referred to a sports medicine 
specialist for further workup with the concern 
for exertional compartment syndrome. Bilateral 

FIGURE 2: Timeline of symptom onset and subsequent steps in 
treatment until resolution of symptoms. **Compartment pressure 
testing was originally scheduled, but later cancelled as it is an invasive 
procedure which the patient chose to forgo as symptom improvement 
occurred.
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tibia-fibula x-rays were unremarkable for acute 
bony abnormality, and a bone scan ruled out a 
stress fracture. Compartment pressure testing was 
ordered but was delayed for over 3 months by local 
unavailability. While awaiting the testing, the patient 
decreased his amount and intensity of running and 
exercising and limited his occupational physical 
activity. Ten months later, the patient felt better 
satisfied running every other day at a moderate pace 
and decreased weekly mileage. He was released back 
to work with no restrictions on physical duty. Since 
his symptoms have been well controlled, he declined 
to pursue compartment pressure testing.

DISCUSSION

Claudication symptoms occur due to occlusion 
of arterial blood flow to distal extremities. In 
compartment syndrome, this typically results from 
an acute increase of pressure within a muscular 
compartment confined by connected fascial planes, 
usually by trauma. Vascular occlusion occurs as 
the pressure of the compartment overcomes 
the pressure driving the blood flow.15 The exact 
physiological mechanism behind CECS is not 
known. It is hypothesized that a combination of 
microtrauma, myopathy, and muscle hypertrophy, 
along with a 20% expansion of muscular volume 
during exercise,16 competes against the inelastic 
fascia of myofascial compartments, leading to 
neurovascular compromise.17 Pain results from 
ischemia during periods of high pressure or pressure-
induced myofascial compartment pain receptors.9,18 

Chronically, repeated episodes of ischemia reduce 
muscular density and increase fat content when 
viewed by computed tomography.15 Muscle biopsy 
shows fewer type 1 muscle fibers.15 Prolonged 
ischemia also decreases mitochondrial function, 
leading to impaired metabolism. This inhibits skeletal 
muscle ATP generation, increasing reactive oxygen 
species and oxidative degeneration.15 

Diagnosis of CECS is difficult due to the variety of 
conditions that present with similar symptomology 
(Table 1).10,11,16 A T2-weighted MRI can rule out other 
causes of intermittent non-claudication pain, such 
as stress fractures, thrombosis, nerve injury, or 
tendon injury.11 Diagnosis of claudication should be 
suspected on clinical presentation. Dorsalis pedis 

and/or posterior tibial pulses may be reduced, and 
a low ankle-brachial index (ABI) of <0.9 further 
supports the diagnosis of claudication.1 Difficulty 
exists in catching these intermittent changes. 
Exclusion of other claudication syndromes in young 
patients is important (Figure 3). The diagnosis of PAES 
is suspected if plantar flexion of the affected lower 
extremity elicits symptoms and diminishes dorsalis 
pedis pulses and is confirmed with a combination 
of MRI and ultrasound.4 Magnetic resonance 
angiography diagnoses CAdvD by revealing an 
“hourglass” appearance within the affected artery, 
indicating stenosis.5,6 Duplex ultrasound will also 
show an anechoic or hypoechoic structure within the 
affected artery or vein.5 Iliofemoral artery FMD can 
be seen by duplex ultrasound, CT angiography, and 
arteriography.7

In CECS, distal pulses or normal ABI do not rule 
out claudication, as this process is intermittent. A 
post-exercise ABI may be required to appreciate the 
decreased pressures upon symptom development.1  
While no specific guidelines exist to diagnose  CECS, 

FIGURE 3: Suggested patient diagnostic workflow.
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the current standard practice is intra-compartmental 
pressure testing by traditional manometry. Diagnosis 
of CECS using the Pedowitz criteria requires a 
pressure  >15 mmHg at rest, > 30 mmHg after 1 
minute of exercise, or > 20 mmHg after 5 minutes of 
exercise.19 Less-invasive diagnostic techniques such 
as T2 MRI, infrared spectroscopy,11,18 vascular testing, 
bone scans, and laser Doppler flow have also been 
utilized.8,20

Primary care physicians rely on epidemiology and 
exposure to develop a differential for patients’ 
symptoms. It is only in retrospect that the diagnosis 
is clear. As a majority of patients with claudication 
symptoms have risk factors for vascular disease, an 
extensive evaluation was undertaken and found to 
be negative. With a normal physical exam and a lack 
of cardiovascular risk factors for vascular disease, the 
evaluation shifted away from traditional claudication-
associated syndromes. Despite the lack of manometry 
testing, this patient clearly had CECS. His subjective 
symptoms were consistent with exercise-induced 
claudication and improved with conservative therapy. 
His lack of hypertension, family history, or supporting 
physical exam reduced the chance of FMD. Both 
CAdvD and PAES would have failed to improve with 
conservative treatment.

TreaTmenT/Prognosis

The treatment of claudication in a young, healthy 
adult differs based on the overall cause of the 
symptoms. Surgically releasing the popliteal artery is 
only beneficial for symptomatic patients with PAES, 
as asymptomatic individuals rarely progress to have 
symptoms.4 While surgical resection of the affected 
area and venous grafting is the definitive treatment 
for CAdvD,5,6 ultrasound-guided cyst aspiration has 
also been shown to improve symptoms.5 Stenting of 
the affected area, followed by anti-platelet therapy, is 
the treatment of choice for FMD.7 

Treatment of CECS varies depending upon 
the patient’s case. Fasciotomy of the affected 
compartment  is invasive and should be reserved 
for severe cases.9,18,20 Conservative treatments such 
as gait modification, rest, activity modulation, 
chemodenervation, and physical therapy have shown 
success.21 Recovery depends upon the individual 
case, but while best outcomes are associated with 

fasciotomies, surgical complications can be as high 
as 13%.10 Compared to age-matched peers, patients 
with intermittent claudication have an increased 
mortality rate of 12%/year22 due to heart disease 
(66%) and stroke (10%).1 This risk is inverse to the 
patient’s ABI. Serious adverse outcomes are related 
to cardiovascular risk factors like smoking and 
diabetes, with amputation rates between 1-7% at 
5-10 years.1

CONCLUSION

All primary care providers are familiar with 
identifying and managing claudication in older 
patients with cardiovascular risks. However, exposure 
to the same symptoms in young, healthy patients is 
rare. Unfamiliarity with the differential, evaluation, 
and treatment can lead to delays in management. 
An algorithmic approach available for primary care 
providers would allow them to more efficiently test, 
educate, and treat their young, healthy patients with 
claudication.

AUTHOR AFFILIATIONS

1. Marshall University Joan C. Edwards School of 
Medicine, Huntington, West Virginia

2. Self Regional Healthcare, Greenwood, South 
Carolina

REFERENCES

1. Cassar K. Intermittent claudication. BMJ. 
2006;333(7576):1002–5. http://dx.doi.
org/10.1136/bmj.39001.562813

2. Mohile N, Perez J, Rizzo M, Emerson CP, 
Foremny G, Allegra P, et al. Chronic lower leg 
pain in athletes: Overview of presentation and 
management. HSS J. 2020;16(1):86–100. http://
dx.doi.org/10.1007/s11420-019-09669-z

3. Clanton TO, Solcher BW. Chronic leg pain in the 
athlete. Clin Sports Med. 1994;13(4):743–59.  
Available from: http://dx.doi.org/10.1016/s0278-
5919(20)30283-0

4. Breen MA, Hassan MM, Johnston P, Upton J, Bixby 
SD. Quantification of popliteal artery narrowing 
with QISS MRA during active ankle plantarflexion 



™

MARSHALL JOURNAL OF 

MEDICINE
Expanding Knowledge to Improve Rural Health.

mds.marshall.edu/mjm 
© 2023 Marshall Journal of Medicine

Marshall Journal of Medicine 
Volume 9 Issue 4

in healthy, asymptomatic volunteers and its 
potential application in the diagnosis of popliteal 
artery entrapment syndrome (PAES). Skeletal 
Radiol. 2021 [cited 2022 Sep 29];50(10):2091–102. 
https://www.ncbi.nlm.nih.gov/books/NBK441 
150965/

5. Ketha SS, Bjarnason H, Oderich GS, Misra S. 
Clinical features and endovascular management 
of iliac artery fibromuscular dysplasia. J Vasc 
Interv Radiol. 2014;25(6):949–53. http://dx.doi.
org/10.1016/j.jvir.2014.03.002

6. Monroe E, Ha A. Cystic adventitial disease of the 
popliteal artery. Radiol Case Rep.  2011;6(4):558. 
http://dx.doi.org/10.2484/rcr.v6i4.558

7. Fatic N, Nikolic A, Maras D, Bulatovic N. Cystic 
adventitial disease in former athlete. Maced J Med 
Sci. 2015;3(3):429–31 http://dx.doi.org/10.3889/
oamjms.2015.084 

8. McMillan TE, Gardner WT, Schmidt AH, 
Johnstone AJ. Diagnosing acute compartment 
syndrome-where have we got to? Int Orthop. 
2019;43(11):2429–35. http://dx.doi.org/10.1007/
s00264-019-04386-y

9. Liu B, Barrazueta G, Ruchelsman DE. Chronic 
exertional compartment syndrome in athletes. J 
Hand Surg Am. 2017;42(11):917–23. http://dx.doi.
org/10.1016/j.jhsa.2017.09.009

10. Schubert AG. Exertional compartment 
syndrome: review of the literature and proposed 
rehabilitation guidelines following surgical 
release. Int J Sports Phys Ther. 2011;6(2):126–41.

11. Nico MAC, Carneiro BC, Zorzenoni FO, Ormond 
Filho AG, Guimarães JB. O papel da ressonância 
magnética no diagnóstico da síndrome 
compartimental crônica do exercício. Rev 
Bras Ortop. 2020;55(6):673–80. http://dx.doi.
org/10.1055/s-0040-1702961

12. van Zantvoort APM, Hundscheid HPH, de Bruijn 
JA, Hoogeveen AR, Teijink JAW, Scheltinga MRM. 
Isolated lateral chronic exertional compartment 
syndrome of the leg: A new entity? Orthop J 
Sports Med.  2019;7(12):2325967119890105. 
http://dx.doi.org/10.1177/2325967119890105

13. Khan SK, Thati S, Gozzard C. Spontaneous thigh 
compartment syndrome. West J Emerg Med. 
2011;12(1):134–8.

14. de Bruijn JA, van Zantvoort APM, van Klaveren 
D, Winkes MB, van der Cruijsen-Raaijmakers M, 
Hoogeveen AR, et al. Factors predicting lower leg 
chronic exertional compartment syndrome in a 

large population. Int J Sports Med. 2018;39(1):58–
66. http://dx.doi.org/10.1055/s-0043-119225

15. Hamburg NM, Creager MA. Pathophysiology of 
intermittent claudication in peripheral artery 
disease. Circ J. 2017;81(3):281–9. http://dx.doi.
org/10.1253/circj.CJ-16-1286

16. Tucker AK. Chronic exertional compartment 
syndrome of the leg. Curr Rev Musculoskelet 
Med. 2010;3(1–4):32–7. http://dx.doi.
org/10.1007/s12178-010-9065-4

17. Velasco TO, Leggit JC. Chronic exertional 
compartment syndrome: A clinical update. Curr 
Sports Med Rep. 2020;19(9):347–52. http://dx.doi.
org/10.1249/JSR.0000000000000747

18. Brennan FH Jr, Kane SF. Diagnosis, treatment 
options, and rehabilitation of chronic lower 
leg exertional compartment syndrome. Curr 
Sports Med Rep. 2003;2(5):247–50. http://dx.doi.
org/10.1249/00149619-200310000-00003

19. Pedowitz RA, Hargens AR, Mubarak SJ, Gershuni 
DH. Modified criteria for the objective diagnosis 
of chronic compartment syndrome of the leg. 
Am J Sports Med. 1990;18(1):35–40. http://dx.doi.
org/10.1177/036354659001800106

20. Campano D, Robaina JA, Kusnezov N, Dunn JC, 
Waterman BR. Surgical management for chronic 
exertional compartment syndrome of the leg: A 
systematic review of the literature. Arthroscopy. 
2016;32(7):1478–86. Available from: http://dx.doi.
org/10.1016/j.arthro.2016.01.069

21. Rajasekaran S, Hall MM. Nonoperative 
management of chronic exertional compartment 
syndrome: A systematic review: A systematic 
review. Curr Sports Med Rep. 2016;15(3):191–8. 
Available from: http://dx.doi.org/10.1249/
JSR.0000000000000261

22. Muluk SC, Muluk VS, Kelley ME, Whittle JC, 
Tierney JA, Webster MW, et al. Outcome events 
in patients with claudication: a 15-year study 
in 2777 patients. J Vasc Surg. 2001;33(2):251–7; 
discussion 257-8. http://dx.doi.org/10.1067/
mva.2001.112210


