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T
here are multiple etiologies of acute compartment syn-

drome (ACS), including thermal burns, crush injuries,

bandages that are too tight, and fractures.1-6 The case

below demonstrates how awareness of the mechanism

of injury is critical to diagnosing ACS. 

Case Presentation

A 15-year-old male presents to urgent care after running

and jumping 4 feet into a shallow ravine and landing

on a rock, twisting his right knee and ankle. Evaluation

revealed pain in the lower right thigh, lateral aspect of

the right knee and medial aspect of the right ankle,

accompanied by decreased strength on plantar and dor-

siflexion of the right leg compared with the left leg.

Examination of the right knee and ankle was notable

for swelling, with no deformity or crepitus upon palpa-

tion. Neither joint demonstrated any gross instability, and

the dorsalis pedis pulses and posterior tibial pulses were

found to be equal bilaterally. X-ray images of the right

femur, tibia/fibula, and foot were negative for fracture and

dislocation. They were positive for an effusion in the right

lateral knee. The patient was discharged home with an

elastic bandage, acetaminophen, ibuprofen, range-of-

motion activities, and follow-up instructions.

Three days later, the patient returned with worsening

pain, nonresponsive to medication and accompanied

by increased right lower leg swelling. On examination,

the right lower leg was extremely tender to palpation

(pain aggravated by flexion), swollen (right calf meas-

ured as 42 cm compared with the left calf measured as

33.5 cm), and cool to touch, with notable ecchymosis.

The right dorsalis pedis pulse was noted as weak and dif-

ficult to palpate, and sensation was decreased. The dif-

ferential diagnosis included deep vein thrombosis,

swelling secondary to muscular strain, and ACS. The
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patient was transported emergently to the hospital,

where it was discovered that he had ACS secondary to

a popliteal artery transection. He underwent emergent

surgery which included repair of the popliteal artery, as

well as an extensive fasciotomy including the anterior,

lateral, and posterior compartments.

Discussion

What is acute compartment syndrome? 

Acute compartment syndrome is a rapidly progressive

neurovascular compromise and collapse within an

anatomical compartment. The fascia that defines

anatomic compartments is composed of dense fibrous

connective tissue, unyielding to increased pressure. ACS

occurs when intracompartment pressure increases to the

point of ischemia, infarction, and necrosis. It is a true sur-

gical emergency as the risk of permanent damage is high. 

Etiology

ACS can develop from a multitude of causes, all converg-

ing on a common pathogenesis of cellular anoxia leading

to irreparable damage. Trauma most often pre-

cipitates the development of ACS, accounting

for a vast majority of cases. One recent study

by Marchesi found 63.6% of ACS cases to be

due to trauma; a study by Hope showed 69%

of ACS cases developed following fracture.7,8

Of traumatic causes, long-bone fracture is

overwhelmingly the most common, account-

ing for 75% of cases.3,7,8

ACS has also been shown to develop sec-

ondary to elective procedures, especially

involving ischemia reperfusion, and patients

receiving anticoagulation therapy. Hope

found that 10% of ACS cases associated with

nonfracture injuries developed in patients

who either had an underlying bleeding disor-

der or were receiving anticoagulation

therapy.7,8 The reliable association between

fracture injury and ACS development over-

shadows non-trauma-related ACS cases, often

resulting in a delay in diagnosis. Hope found

that ACS cases without fracture had a mean

time to fasciotomy 12.4 hours longer than

those cases occurring secondary to fracture.8

ACS most commonly occurs in the lower

extremity, and the most common preceding

trauma is a posterior tibiofibular dislocation,

with potential involvement of the popliteal

artery.1,9-11

Locations of ACS

While the lower extremity is the most common site of

ACS, other worrisome areas include the buttock, fore-

arm, wrist, and hand.3,10 Both the wrist and hand share

similar mechanisms of vascular compromise to the

lower extremity. The buttock, however, has a more var-

ied blood supply, with rich anastomosis. When ACS

develops in this region, it is most commonly secondary

to procedures; thus, the recognition and evaluation have

a different course.7

Regardless of the site affected, the manifestations of

ACS are dramatic, as the final common pathogenesis is

cellular anoxia leading to irreparable damage. ACS cases

almost always result in significant loss of function, and

even limb amputation.9,10

Symptoms and Signs of Acute Compartment

 Syndrome

The pathogenesis of ACS is such that the extent of dam-

age will not be apparent at initial presentation. While

Figure 1. Pathogenesis of Acute Compartment Syndrome1-6

Fracture

Tibial, most 

commonly

Nonfracture Trauma

• Crush injury

• Thermal burn

• Constrictive bandage

• Penetrating trauma
Decreased

perfusion

Ischemia

Inflammation

Intracompartmental

hemorrhage

Reperfusion

injury

Increase in intracompartmental pressure

Arterial Injury

Decreased Perfusion

Cellular Anoxia

Acute Compartment Syndrone

Venous outflow reduction and increase venuous pressure

Decrease arteriovenous pressure gradient



www. jucm.com JUCM The  Journa l  o f  Urgent  Care  Medic ine  |  Apr i l  2017 13

acute inflammation develops rapidly and is usually self-

limited, associated edema does not reach a maximum

until hours to days after an acute trauma. This delay puts

patients at risk of developing ACS. Those familiar with

pathology recognize and anticipate the 5 Ps of ischemia: 

! pulselessness, 

! pallor, 

! pain, 

! paresthesia, and 

! paralysis.3

Of these hallmark signs, pain is the only variable pres-

ent in all cases of ACS. While pulselessness, pallor, pares-

thesia, and paralysis present as ACS progresses, they

reflect a state of ischemia, suggesting that irreparable

damage may already have occurred. 

The most prevalent symptom of ACS is pain dispro-

portionate to the injury, and pain that increases with pas-

sive stretching.3 This is often referred to as “pain out of

proportion” (POOP), and is a “red flag” of serious illness.

Clear signs of vascular injury include diminished or

absent pulses and pale, cool skin.2,3 Unfortunately, these

unmistakable signs are not always initially present, com-

plicating prompt diagnosis. 

Compartment syndrome of the lower leg

In the case of compartment syndrome of the lower leg,

the initial findings are not necessarily helpful for iden-

tification or diagnosis.3,12-14 Specifically, detection and

evaluation of abnormal peripheral pulses on physical

examination of knee dislocation are not an adequate

evaluation of circulatory stability. 

A metaanalysis of 284 knee dislocations found abnor-

mal pedal pulses had a sensitivity of 0.79 (95% confi-

dence interval [CI], 0.64-0.89), a specificity of 0.91 (95%

CI 0.78-0.96), a positive predictive value of 0.75 (95%

CI, 0.61-0.83), and a negative predictive value of 0.93

(95% CI, 0.85-.96).12 These findings were neither sensi-

tive nor specific enough to detect vascular injury.12 In

the case presented above, dorsalis pedis and posterior

tibial pulses remained palpable, despite significant

injury to the popliteal artery. Similarly, several con-

firmed cases of ACS feature warm skin at the dorsum of

the foot and/or palpable peripheral pulses, highlighting

these findings as misrepresentations of vascular

integrity.4,14-18 These conclusions verify that physical

exam findings of dorsalis pedis or posterior tibial pulses

are insufficient to lower index of suspicion for ACS. Fur-

thermore, posterior tibiofibular dislocation may not

cause overt transactions of the popliteal artery,5,18

instead initiating traction injury to the arterial intima

and/or media. In this case, the vessel appears falsely

intact, and initiates a prothrombotic environment

within the popliteal fossa, increasing the risk of throm-

bus formation several hours or days later.4,11,18

Testing

Evaluation of traumatic knee pain is complex, depend-

ing on the mechanism of injury, symptoms and signs

present in each patient, with a common pathway of

evaluation including a history, exam and consideration

of imaging.3,12,19,20 The imaging modality of choice for

a suspected fracture is plain x-ray, while MRI is preferred

for suspected ligature or meniscal tear.20 Unfortunately,

neither x-ray nor MRI provides adequate visualization

of the vascular system to help guide clinical decision-

making, including transfer and referral decisions. Dis-

position needs to be based on mechanism and exam

findings. 

ACS occurring in adolescent males is most often asso-

ciated with a tibial fracture and posterior tibiofibular dis-

location. The growth plates in this population may still

be prominent, and may obscure tibial plateau frac-

tures.1,2,11,21 This clinical nuance is further support for

maintaining a high index of suspicion of ACS through-

out any workup of knee trauma with history congruent

with ACS risk factors. 

The definitive exam is measurement of compartment

pressures, which is commonly performed by an ortho-

pedist in a critical care setting. Possible techniques

include using a handheld manometer, simple needle

manometer system, or the wick/slit catheter technique. 

ACS Secondary to Popliteal Artery Injury

The popliteal artery, a continuation of the femoral artery,

is the main blood supply to the lower leg, passing

through the popliteal fossa before branching to form the

anterior and posterior tibial arteries. The artery’s close

proximity to the joint capsule, paired with the resting

tension across the fossa, makes the popliteal artery vul-
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Differential diagnosis of severe extremity pain (ie,
pain out of proportion) includes:

• Vascular embolus

• Arterial dissection

• Necrotizing soft tissue infection

• Dislocation

• Hematoma compressing a nerve
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nerable to injury, especially in posterior tibiofemoral

joint dislocations and general fractures. During complete

knee flexion, the popliteal artery can become com-

pressed, with vascular stability provided by the genicular

anastamosis.22 Our case involved an unusual cause of

ACS: injury to the popliteal artery. Though this is a rare

finding, it serves to demonstrate the mechanism of ACS

(ie, decreased or absent blood supply causing tissues

ischemia and necrosis with ensuing swelling), confirmed

by the finding of increased compartment pressures.

Maintain a High Index of Suspicion—Indications for

Transfer

Patients presenting to urgent care with findings con-

cerning for ACS should be transferred to an ED with the

capabilities to perform compartment pressures. All yield

similar results, though utility depends on accessibility

of the equipment and, most importantly, a high index

of suspicion for ACS.12,23-25

Management

Fasciotomy is the appropriate treatment for ACS. It

should be performed emergently to relieve elevated

compartment pressures and restore blood flow. If the

extremity has already become necrotic, amputation may

be necessary.

Medical Legal Pearls 

! ACS is more common in young males due to their

propensity for high-velocity activities and their strong

fascial structure. 

! A high index of suspicion for ACS should be main-

tained in patients who have a high-risk injury.

! Explicit instructions should accompany all injuries

and conditions that can lead to ACS; patients should

be instructed on what signs or symptoms should

prompt a return for re-evaluation.

! Do not rely on the presence of dorsalis pedis or pos-

terior tibial pulse to exclude ACS. 

! Referral for additional testing is paramount if the

patient has a high-risk injury or has signs or symp-

toms consistent with ACS. 

! One study showed that 32% of claims stemmed from

a delayed diagnosis and 23% of claims were because

of missed diagnosis.7

Conclusion

The history and mechanics of the injury are essential

clues in determining whether a patient is at risk for ACS.

Cases of potential knee dislocation should be approached

with a high index of suspicion and thorough history

guided, but not dictated, by a careful physical exam.

Assessing joint stability by accurate anterior and posterior

drawer test, as well as palpating distal pulses and assess-

ing capillary refill, are necessary parts of the physical

exam; however, normal findings are certainly not suffi-

cient to rule out hemodynamic compromise that could

potentially progress to ACS. “Pain out of proportion” is

an important clue to look for a life- or limb-threatening

cause of symptoms. !
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