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Objectives

• Evidence-based 

review of clinical 

questions 

surrounding the 

diagnosis and 

treatment of acute 

compartment 

syndrome.

Top five questions 

Risk factors 

• What factors increase the risk of compartment syndrome? 

Diagnosis 

• What are the clinical signs and symptoms of compartment syndrome? 

Which can I rely on for diagnosis?

• Is measurement of compartment pressure always necessary? 

Treatment 

• When should fasciotomy be done in the face of positive clinical signs 

and symptoms? 

• Is there a pressure threshold above which fasciotomy should always be 

done? 

Question 1:

What factors increase the risk of compartment syndrome? 

• Younger age (25–35 years), male gender, and 

trauma are consistent risk factors for compartment 

syndrome in patients with fractures of the tibia and 

forearm [overall quality: moderate] 



3

03/31/98 3

Incidence of ACS

• 2-10% tibial fractures

• 10% Calcaneal fractures

• 18% Schatzker VI plateau fractures

• 41% foot crush injuries

• 48% Segmental tibia fractures

• 53% Medial knee fx/dislocations

Tibia Width Femoral Displacement

Odds ratio

Displacement

10-20% 2.5

> 20% 47

Widening

5-10% 6.5

>10% 10.6

Schatzker 4-6 16.3
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Question 2: What are the clinical signs and 

symptoms of compartment syndrome? 

Which can I rely on for diagnosis?

• Due to the many causes of ACS, clinicians must 

consider this diagnosis in any patient with 

swelling of the limb. 

• In an alert patient, careful and frequent (every 1–2 

hour) clinical monitoring of pain (both at rest and 

with passive muscle stretching), limb swelling, 

and neurologic status is usually sufficient. 

Question 2: What are the clinical signs and 

symptoms of compartment syndrome? 

Which can I rely on for diagnosis?

• The clinical findings are of greatest utility when 

several findings are present together. Clinicians 

should remember that clinical findings are positive 

more often in patients without ACS than in 

patients with compartment syndrome. 

• The clinical diagnosis is not reliable if done 

infrequently, in children, or in unconscious 

patients in whom pain cannot be assessed. 

Question 2: What are the clinical signs and 

symptoms of compartment syndrome? 

Which can I rely on for diagnosis?

• The influence of anesthetic technique on the clinical 

examination is uncertain; one systematic review of the 

topic contained mostly single case reports and a very 

small number of patients, such that definitive 

conclusions cannot be drawn. 
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Question 2: What are the clinical signs and 

symptoms of compartment syndrome? 

Which can I rely on for diagnosis?

• The highest available evidence regarding clinical 

signs and symptoms is level I, but it is impossible to 

make conclusive statements because of the inherent 

nature of the treatment of compartment syndrome, in 

which the incidence of unneeded fasciotomy (false-

positive diagnosis) and missed compartment 

syndrome (false-negative diagnosis) is impossible to 

know [overall level: low] 

• Consecutive patients, same hospital, 

random surgeon call.

• Incidence of CS varied from 2-24%

Why is the Diagnosis of 

ACS so Difficult?

• There is no “standard”

• Most criteria are subjective – even the 

“numbers” are open to interpretation.
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Components of Diagnosis

• Clinical Exam

– Can this be made objective?

• Objective “Tests”

– Pressures

– Oximetry

– Biochemical Tests
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New ideas in ACS Research

• Other diagnostic modalities

– Near-infrared spectroscopy

– pH monitoring

– What is the role of biomarkers?

Tissue pressure is not itself a 

direct marker of muscle injury

• Does oximetery work?

• Could one sample biomarkers from the 

injured muscle?

Near-Infrared Spectroscopy

• Measures Tissue Oxygenation

• Preliminary work shows that trauma is 

associated with a rapid hyperemic response

• Sudden drop in tO2 may reflect sudden 

compromise in perfusion.
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• 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.

My Anecdotal Experience

• A useful signal is only obtained in 50% of 

patients with tibial fractures.
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Biomarkers

• Candidate markers

– Muscle injury: CPK, LDH, troponin, 

other

– Markers of ischemia: glucose, lactate, 

pyruvate

– Cellular injury: Ca, K, pH

• Is there a threshold value of serum CK that 

predicts CS?
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• Basic metabolic panel, lactic acid, CK, and 

troponin I levels abstracted in all patients with 

Tibia fractures or Ext CS over 10 yr period.

• Of 97 patients, 39 had ACS

Univariate Analysis

Multivariate Analysis
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• 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

Results: ROC curves prepared: area under the curve =

.92 pH, .73 absolute pressure, .59 for perfusion pressure

3: Is measurement of compartment 

pressure always necessary? 

• When a patient is unconscious or otherwise not 

able to be clinically assessed, then measurement of 

intramuscular pressure within the anterior 

compartment is of benefit. 

• It is difficult to recommend a specific absolute 

measure of pressure at which fasciotomy should 

be done. Performing fasciotomy whenever the 

intramuscular pressure is within 30mmHg of the 

diastolic blood pressure is not likely to result in 

any missed cases of compartment syndrome, but 

may lead to overtreatment if used routinely.  
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3: Is measurement of compartment 

pressure always necessary? 

• Further research is needed to provide more 

sensitive and specific means to diagnose 

compartment syndrome. The highest available 

evidence is level I, but the results are conflicting 

and the studies showing benefit to each modality 

may not be generalizable [overall quality: low] 

4: When should fasciotomy be done in the 

face of positive clinical signs and symptoms? 

• When compartment syndrome is going to occur, 

early fasciotomy can avoid myonecrosis or 

ischemic neuropathy. 

• However, the challenges in diagnosis, and the fact 

that compartment syndrome does not begin at a 

well-defined point in time, make it impossible to 

make draw specific conclusions about when 

fasciotomy is needed that apply to every case 

[overall quality: low] 

The absolute pressure at which 

perfusion ceases varies markedly 

depending on the clinical situation.

• Duration of elevated pressure 

• Systemic blood pressure

• Direct muscle trauma

• Other patient factors:

– Training of individual

– Muscle oxidative fiber type
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Muscle Injury Related to 

Pressure and Time

Compartment Syndrome is also 

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
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Pressure

Time

CS occurs

X

X

Pressure

Time

X

CS doesn’t occur

5: Is there a pressure threshold above which 

fasciotomy should always be done? 

• The concept of perfusion pressure has reduced the need for fasciotomy 

by avoiding unnecessary fasciotomy in patients with high absolute 

pressures but maintained perfusion. Setting the threshold for 

fasciotomy at a perfusion pressure of 30mmHg, as defined by 

McQueen et al., can be considered to be safe, but still may lead to 

overtreatment if used routinely [overall quality: moderate] 

• Transient intraoperative hypotension should be considered when 

making decisions about perfusion pressure. The current literature does 

not contain recommendations for fasciotomy based on any 

measurement of pressure that can be relied upon in every situation 

[overall quality: low] 
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1st 12 – hours 2nd 12 – hours

IMP > 30 53 28

IMP > 40 30 7

IMP > 50 4 0

PP    < 30 1 2

3 Patients had Fasciotomy

No patient had any sequelae of CS at follow-up

Perfusion Pressure (∆P)

• Currently, the “differential 

pressure” is considered the 

most reliable indicator of when 

fasciotomy is not necessary: 

– MAP- IMP < 45 mm Hg 

– DBP - IMP < 30 mm Hg

BP

IMP

> 30 mm HG
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Perfusion Pressure (∆P)

• Currently, the “differential 

pressure” is considered the 

most reliable indicator of 

compartment syndrome: 

– MAP- IMP < 45 mm Hg 

– DBP - IMP < 30 mm Hg

BP

IMP

< 30 mm HG

• 850 monitored patients 

collected over 10-year 

period.

• Fasciotomies performed 

when delta P < 30 mmHg 

for 2 consec. hours.

• Charts reviewed and correct 

or incorrect diagnoses 

ascertained by consensus
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Where & How Should IMP be 

Measured?

• Close to fracture site?

• Away from Fx Site

• Which Compartment?
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How to measure IMP

Anterior Compartment:

≈ 1 cm lateral to tibial crest

Adapted from “Emergency Medicine Procedures”, EF Reichmann and RR Simon, Eds, McGraw Hill Professional, 2003



20

03/31/98 20

Lateral Compartment:

Just anterior to posterior 

border of fibula

Adapted from “Emergency Medicine Procedures”, EF Reichmann and RR Simon, Eds, McGraw Hill Professional, 2003

How to measure IMP

Deep Posterior:

Just behind posteromedial 

border of the tibia

Adapted from “Emergency Medicine Procedures”, EF Reichmann and RR Simon, Eds, McGraw Hill Professional, 2003

How to measure IMP

Superficial Posterior:

From posterior

(away from midline)

Adapted from “Emergency Medicine Procedures”, EF Reichmann and RR Simon, Eds, McGraw Hill Professional, 2003

How to measure IMP
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Basic Science

New ideas in ACS Research

• Other treatment modalities

– Tissue ultrafiltration

– Hyperbaric oxygen

– Anti-inflammatory therapy

Is avoiding fasciotomy a reasonable goal?

• Will improved 

diagnostic criteria will 

decrease fasciotomy rate 

(eliminate unnecessary 

fasciotomies).

• Are there ways to reduce 

IMP without 

fasciotomy?

Our Research Questions
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Alternatives to Fasciotomy

• Other means of improving tissue 

perfusion/oxygenation in the face of elevated 

pressure.

• Increasing tolerance of muscle to ischemia.

• Decreasing intramuscular pressure.

Improving Tissue Oxygenation

Mitigating Effects of Ischemia

• Pharmacologic measures

– Free radical scavengers

• Small-volume resuscitation
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Reduction of Tissue Pressure

• Foot Pumps

• Diuretics

– Mannitol

• Tissue Ultrafiltration

The Role of Inflammation

• Rat model

– Marked elevation of 

inflammatory markers (IL-1, 

GRO/KC, TNF-α levels).

– Neutropenic rats have 50% 

less muscle injury than 

controls.

– Treatment with indomethacin 

during the acute phase almost 

completely mitigated the 

effects of the elevated muscle 

pressures.
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Summary – Current Dx / Rx

• Both the clinical exam and pressure 

thresholds can reliably tell us who does not

have ACS.

– Perfusion pressure has well-validated 

thresholds for when fasciotomy is not needed 

(PP ≥ 30 mmHg).

– Knowledge of pressure vs time trends further 

helps differentiate those who are developing 

ACS.

• Other diagnostic modalities needed:

– biomarkers
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Thank You


