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• Academically 

“understood”

• A clinical conundrum…

• No one ever feels 

confident in the diagnosis

• No confirmatory “test” (a test with high PPV)

• No definitive treatment shy of fasciotomy

Acute Compartment Syndrome



What do we really know about 

acute compartment syndrome?



“Dogma”

A principle or set of principles laid down by 

an authority as incontrovertibly true.

“eminence- based medicine”

Regarding ACS, what is dogma and 

what is truly evidence-based?



When acute compartment is present, 

early fasciotomy is critical to 

achieve the best outcome.

Truth or Dogma ?



How do we know “when acute 

compartment is present” ?

How do we know what 

compartments are involved, or how 

severe the muscle damage is?



When acute compartment is present, 

early fasciotomy is critical to 

achieve the best outcome.

Truth or Dogma ?



Are there ever circumstances when 

the treatment is worse than the 

disease?

What if it’s only the deep posterior 

compartment that’s involved? 



The ACS literature is of very 

poor quality

• There is no “gold standard” for diagnosis

• The treating surgeon’s decision to perform 

fasciotomy has been accepted as equivalent 

to a diagnosis of ACS.

• Even though we know that the surgeon’s 

decision is highly biased towards doing 

fasciotomy.



The ACS literature is of very 

poor quality

• What’s in the literature as criteria for a positive 

diagnosis of ACS:

➢Pressure in any compartment > 30mmHG (Blick

1986) 

➢Muscle escape during fasciotomy (McQueen 2000) 

➢Unable to close the fasciotomy wounds primarily at 

forty-eight hours (McQueen 2013)

• No paper uses histopathology for confirmation 

of diagnosis.



When is the Correct Time for 

Fasciotomy ?

• Too early – maybe it wouldn’t have been 

needed.

• Too late – then it won’t help and has more 

morbidity.



• 15% of patients complain of pain at rest 

• 27% reported pain on exertion. 

• A significant reduction of torque and work 

compared to uninjured leg.

Fasciotomy



• 370 fasciotomies

• Overall infection rate was 16.7%. 

• Most prevalent organism was Pseudomonas aeruginosa, 

• Ten patients required amputation for infection control. 

• Six of these were secondary to Pseudomonas infection

• One patient died. 





Diagnosis of compartment 

syndrome begins with suspicion 

and ends with vigilance



Diagnosis of compartment 

syndrome begins with suspicion 

and ends with vigilance

• Suspicion = Understanding who’s at-risk

• Vigilance = Repeated Clinical Exam

• Progression of Objective Findings

• Compartment Pressures

• Oximetry

• Lab Values



Intramuscular Pressure Measurement

• Used for years, but still 
considered an adjunct to 
clinical examination and 
role uncertain.

• Represents the only data 
available in comatose or 
otherwise non-evaluable 
patient:
• Anesthesia

• Head Injury

• Sedated

• Intoxicated



How to Interpret Pressure 

Measurements ?







• 48 consecutive patients with tibial shaft fxs not suspected of having 

compartment syndrome based on physical examinations.

• Pressure measurements were obtained in all 4 compartments at a single 

point in time immediately after induction of anesthesia.

• Preop and intraop blood pressures recorded

• 6 month follow-up with detailed clinical examinations



• No clinical evidence of compartment 

syndrome was observed postoperatively or 

during follow-up until 6 months after 

injury. 

• Using the accepted criteria of delta P of 30 

mm Hg from preoperative diastolic blood 

pressure, 35% of cases (n = 16; 95% 

confidence interval, 21.5Y48.5%) met 

criteria for compartment syndrome. 

• Raising the threshold to delta P of 20 mm 

Hg reduced the false-positive rate to 24% 

(n = 11; 95% confidence interval, 

11.1Y34.9%). Twenty-two percent (n = 

10; 95% confidence interval, 9.5Y32.5%) 

exceeded absolute pressure of 45 mm Hg. 



▪ Observational study 

of adult patients with 

severe lower leg 

injuries at risk for 

ACS

▪ Performed at 7 

METRC sites

THE PACS STUDY 



How to Ascertain Diagnosis of ACS

We convened a panel of expert orthopaedic trauma 

surgeons to review each patient’s complete data as 

well as known 6-month clinical outcomes, to assess 

the likelihood that each patient had ACS.  



• 138 patients were judged with high –consensus to have 

had a low likelihood of having had acute compartment 

syndrome

• 65 of them (47%) had delta P < 30 mm Hg in at least 

one compartment for more than 2 hours.

Pressures

△P



Compartment Syndrome

Present             Absent

Sensitivity = 5/6 (.83)

Specificity = 73/138 (.53)

PPV = 5/70 = .07

NPV = 73/74 = .99

False positives greatly 

outnumber true positives.

Lower number of ACS cases 

means much greater 

uncertainty in the sensitivity 

than the specificity.

1 false negative

5 true positive

73 true negative

65 false positive

6 compartment syndromes 138 without ACS



• We don’t know where in the compartment to 

measure or how many “samples” we need.

• We don’t know if the measurements we obtain 

are accurate/ representative

• We don’t have any criteria that tells us what a 

given pressure means for a specific patient. 

The concept of a pressure-based threshold for 

fasciotomy has limitations…



Compartment Syndrome is

a pressure-time phenomenon

• Tissue doesn’t become irreversibly 

damaged until it has been ischemic for 6 -8 

hours. 

• In patients with extremity injury, you don’t 

know when the clock started.



Pressure

Time

CS occurs

X

X



Pressure

Time

X

CS doesn’t occur
X



Near-Infrared Spectroscopy

• Measures tissue oxygenation.

• Limb trauma is associated with 

a rapid hyperemic response.

• Sudden drop in tO2 relative to 

a control limb may reflect 

sudden compromise in 

perfusion.

• Oxygenation correlates with 

tissue pressure in patients with 

ACS.



• 14 patients with clinical dx ACS

• Mean IMP 79 mmHg (21-176)

• 38/56 compartments had PP < 10mmHg

• Of those, all had NIRS values at least 10% less than opposite 

control limb, and magnitude of difference correlated with 

magnitude of IMP.







NIRS 

• Not ready for prime time…



How else might we diagnosis 

acute compartment syndrome? 

• Objective measurement of 

“pathophysiologic state”:

• Evidence of ischemia / altered metabolism



Tissue pressure is not itself a 

direct marker of muscle injury

• Might one sample biomarkers from the 

injured muscle or the patient’s serum? 

• Candidate markers would be anything 

indicating impaired perfusion or metabolic 

“exhaustion” of the muscle.



• 51 Patients at risk for leg CS had both indwelling pressure and pH 

monitors

• CS diagnosed by clinical or pressure criteria

• Initial Follow-up

13 cases CS 7 missed CS

All 20 cases would have been picked up by pH

Slide courtesy of Alan Johnstone



Area under the curve =  .73 pressure, .92 pH
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Results - Critical levels 
(Sustained for 60 minutes)

Criteria SensitivitySpecificity

pH < 6.4 95% 80%

ICP > 40mmHg 65% 60%

dP < 20mmHg 53% 60%

Slide courtesy of Alan Johnstone



• Longitudinal skin 

incision that extends 

the entire length of 

the compartment.

• Leg – 2 incisions 

safest.

• Release fascia of 

involved muscle.

• Skin left open.

Treatment of Compartment Syndrome 

is (a properly timed) Fasciotomy



25 of 30 patients with 

possible extremity 

compartment after being 

found down treated with 

fasciotomy

4 operations

20% infection rate

12% amputation rate



Minneapolis Experience

31 patients with rhabdomyolysis following event not occurring 

within 6 hours of admission.

Drug use most common etiology

45 anatomic regions affected. 

64% of affected muscles had fasciotomy

87% of affected limbs had sensory dysfunction and 76% had motor 

deficits at last follow up. 

42% of our patients required short-term dialysis. All had normal 

kidney function at avg follow-up of 200 days

2% amputation rate



Table 4.  Complications   

Affected extremities Total (n=45) Fasciotomy (n=29) Non-operative (n=16) 

Sensory dysfunction at 

final follow up 

39  (87%) 25 (86%) 14 (88%) 

Motor dysfunction at 

final follow up 

34 (76%) 25 (86%) 13 (81%) 

Deep infection 2 (4%) 2 (7%) 0 (0%) 

Superficial infection 1 (2%)  1 (2%) 0 (0%) 

Amputation 1 (2%) 1 (2%) 0 (0%) 

Deep vein thrombosis 1 (2%) 0 (0%) 1 (6%) 

Pulmonary embolus 0 (0%) 0 (0%) 0 (0%) 

Affected individuals Total (n=31)   

Dialysis 13 (42%) 7 (23%) 6 (19%) 

Mortality 3 (10%) 1 (3%) 2 (6%) 

 

 



• Current diagnosis for ACS is based on ruling it out rather 

than making a definitive diagnosis.

• For a specific patient, changes in pressure or other 

metabolic measure with time are most helpful when 

correlated with other information.

• More precise methods to diagnose ACS are available, but 

we are still hampered by the lack of a gold standard, both 

in the clinical and research settings.

Summary



Thank you !


