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Objectives

• Describe current information related to the diagnosis 
and treatment of acute compartment syndrome.

• Relate this information to what defines a current 
standard of care with respect to the evaluation of 
patients at risk for extremity compartment syndrome.
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• Academically 
understood

• A clinical 
conundrum…
• No one ever feels 

confident in the 
diagnosis

• No “test”

• No treatment shy 
of fasciotomy

Acute Compartment Syndrome

What do we actually know about 
compartment syndrome?

When acute compartment is present, 
early fasciotomy is critical to 
achieve the best outcome, and 

fasciotomy is only effective when 
done early.
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There are several bad outcomes 
that might occur related to 

compartment syndrome

The Missed Compartment Syndrome

An Inadequate Fasciotomy 
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The unnecessary fasciotomy

• 15% of patients complain of pain at rest 
• 27% reported pain on exertion. 
• A significant reduction of torque and work 

compared to uninjured leg.

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

• Objective Findings
• Pressures

• Oximetry

• Lab Values
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Reported Causes of Compartment Syndrome

• Trauma
• Fracture
• Crush syndrome
• Soft tissue injury

• Bleeding
• Reperfusion Injury

• Vascular Injury
• Overdose
• “Well-leg syndrome”

• Intensive muscle use
• Burns
• Snakebite
• Venous obstruction
• Injection injuries

Anything that adds mass to the compartment:
Blood, edema

Anything that constricts the volume of the leg

Incidence of ACS

• 2-10% tibial fractures

• 10% Calcaneal fractures

• 18% Bicondylar plateau fractures

• 41% foot crush injuries

• 48% Segmental tibia fractures

• 53% Medial knee fx/dislocations

Tibia Width Femoral Displacement
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Odds ratio
Displacement

10-20% 2.5
> 20% 47

Widening
5-10% 6.5
>10% 10.6

Schatzker 4-6 16.3

Acute compartment syndrome
WHO IS AT RISK?

M. M. McQueen, P. Gaston, C. M. Court-Brown
From the Royal Infirmary of Edinburgh, Scotland

J Bone Joint Surg [Br] 2000;82-B:200-3.
Received 12 January 1999; Accepted after revision 15 June 1999

The 
per 
compartment 

Risk Factors

• Age / Gender: young males

• Mechanism of injury: Crush, fracture

• Site: upper tibia injuries, forearm fractures, 
especially with displacement
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Does this patient have compartment syndrome? 

Clinical Diagnosis of ACS

• Traditionally based on clinical 
assessment of the “6 P’s”:



8
03/31/98 8

Problems with Physical Diagnosis

• Literature meta-analysis found that clinical 
findings have poor sensitivity.
• Sensitivity of 13-19%

• Positive predictive value of 11-15%.

• Specificity = 97% (3% incidence of C.S. in 
patients without clinical findings

Ulmer, J Orthop Trauma 2002:16;572

Just 4 papers, each of very poor quality

Presence of Multiple Signs Increases 
Positive Predictive Value

Assuming prevalence of 5%

Ulmer, J Orthop Trauma, 16: 572

Conclusion: Clinical Findings

• Most helpful in ruling ACS out.

• The so-called positive findings are just as 
common in patients without ACS; low 
sensitivity means the clinical exam is poor 
as a screening test. 

• Multiple findings are more significant. 

• Must examine often to pick up changes.

• Must examine opposite limb for patient to 
report side – side differences. 



9
03/31/98 9

Admitted 6 pm: No swelling, 
pain appropriate, alert, 
Able to wiggle toes, sensation 
intact

More information?

Measure pressures?

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 ?



10
03/31/98 10

• There is variability of pressure within 
muscle compartments. (Heckman 1994)

• There is variability in measuring 
known pressures, and technical errors 
in pressure measurement are 
common. (Large 2015)

• Many things influence tolerance of 
muscle to ischemia:
• Degree of direct muscle trauma

Patient factors
• Blood pressure is part of the 

equation, so perfusion pressure is 
probably the key variable

• Time is a factor

Perfusion Pressure 
(∆P)

DBP

IMP

> 30 mm HG

• There is variability of pressure within 
muscle compartments. (Heckman 1994)

• There is variability in measuring 
known pressures, and technical errors 
in pressure measurement are 
common. (Large 2015)

• Many things influence tolerance of 
muscle to ischemia:
• Degree of direct muscle trauma

Patient factors
• Blood pressure is part of the 

equation, so perfusion pressure is 
probably the key variable

• Time is a factor

Perfusion Pressure 
(∆P)

DBP

IMP

< 30 mm HG
> 2 hours

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.
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• 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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• 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. 
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Perfusion pressure lacks 
diagnostic specificity for the 

diagnosis of acute compartment 
syndrome.

Andrew H Schmidt, MD; Michael J. Bosse, MD; William T. 
Obremskey, MD, MPH, MMHC; Robert V. O'Toole, MD; Eben
A. Carroll, MD; Daniel J. Stinner, MD; David J. Hak, MD, MBA, 
FACS; Madhav A. Karunakar, MD; Roman A. Hayda, MD; 
Katherine Frey, PhD, RN, Junrui Di, MS, Vadim Zipunnikov, 
PhD, Ellen MacKenzie, PhD

• 150 subjects had 2 hours of continuous muscle pressure 
data in at least one leg compartment. 
• 138 were assessed as having low-likelihood of ACS, 

• 6 considered as uncertain, and 

• 6 as high-likelihood. 

• A PP threshold of 30 mm Hg yielded 65 false-positive 
cases and 1 false-negative results, with a diagnostic 
sensitivity = 0.83, specificity = 0.53, positive-predictive-
value = 0.07, and negative-predictive-value = 0.99. 

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
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• 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.

Anterior
n = 147

Posterior
n = 137

Overall
n = 150

threshold Sensitivity Specificity PPV NPV Sensitivity Specificity PPV NPV Sensitivity Specificity PPV NPV

pp ≤ 30 0.83 0.64 0.09 0.99 0.8 0.64 0.08 0.99 0.83 0.53 0.07 0.99

pp ≤ 25 0.83 0.71 0.11 0.99 0.8 0.78 0.12 0.99 0.83 0.62 0.09 0.99

pp ≤ 20 0.83 0.79 0.15 0.99 0.6 0.84 0.13 0.98 0.83 0.71 0.11 0.99

pp ≤ 15 0.33 0.83 0.08 0.97 0.6 0.87 0.15 0.98 0.5 0.75 0.08 0.97

pp ≤ 10 0.33 0.87 0.1 0.97 0.6 0.89 0.18 0.98 0.5 0.79 0.09 0.97

Does the actual PP threshold make a difference ?

With lower Delta P, sensitivity drops while specificity improves.
PPV and NPV not much different.

Conclusion

• Fixed “Delta P” thresholds can be found 
that have high sensitivity (good for a 
screening test), but have very high numbers 
of false positive results 

• Significant overtreatment possible if this is 
the only criteria used.
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• 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 that patient. 

Pressure measurement has limitations…

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.



16
03/31/98 16

NIRS 

• Not ready for prime time…

6 am the next morning:
• pain a little more, but patient very stoic
• Claimed he could ’feel everything” and 

could wiggle his toes.

Anyone Worried?

6 am the next morning:
• pain a little more, but patient very stoic
• Claimed he could ’feel everything” and 

could wiggle his toes.
• Side to side comparison to uninjured leg 

clearly revealed altered sensation in 1st

web and weakness of EHL.

Anyone Worried  Now?
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• 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 Fasciotomy

Fasciotomy Pearls

• Mark incisions ahead of time

• Make long incisions

• Find superficial peroneal n. in lateral 
compartment fasciotomy before release

• Beware of saphenous n. and vein medially

• Deep posterior compartment most easily 
identified distally where FDL is just behind 
tibia. Proximally, release soleus off posterior 
tibia.

• Inadequate documentation in 21 of 30 cases of CS
• No date/time

• Missing info about signs and symptoms

• Pressures not documented
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Kosir et al, 
J Trauma 

2007;63:268

• Clinical exam findings are subtle, and must 
be catalogued frequently, documented 
thoroughly, and interpreted with an 
awareness of the likelihood of ACS in a 
given setting. 

Summary

• Objective data (pressure, NIRS) not helpful 
with respect to any set threshold, but for a 
specific patient, changes in pressure or other 
metabolic measure may be helpful when 
correlated with other information.

• New modalities such as pH might be of 
value in “filling in the gap”.
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“ALECS is a capricious entity, insidious in onset and 
elusive of diagnosis. No single physical finding or 
clinical or laboratory findings establish the 
diagnosis; it is a combination of intuitive integration 
of available findings and above all an alertness to the 
possibility of the emergence of this entity that leads 
to early diagnosis and treatment.”

      

 
 
 
 
 
 
 

MANAGEMENT OF ACUTE COMPARTMENT 
SYNDROME  

 
CLINICAL PRACTICE GUIDELINE  

 

Adopted by the American Academy of Orthopaedic Surgeons 
Board of Directors 

12.07.2018 
 
 

Endorsed by: 

 
 

 
B. Moderate evidence supports that, in patients with acute vascular ischemia, femoral vein lactate 
concentration sampled during surgical embolectomy may assist in the diagnosis of acute 
compartment syndrome. 
 

Strength of Recommendation: Moderate  
Description: Evidence from two or more “Moderate” quality studies with consistent findings, or evidence from a 
single “High” quality study for recommending for or against the intervention. 
 
 

7 

 
PRESSURE METHODS  

 
A. Moderate evidence supports that intracompartmental pressure monitoring assists in diagnosing 
acute compartment syndrome. 
 

Strength of Recommendation: Moderate  
Description: Evidence from two or more “Moderate” quality studies with consistent findings, or evidence from a 
single “High” quality study for recommending for or against the intervention. 

SERUM BIOMARKERS 

 
B. Moderate evidence supports the use of repeated/continuous intracompartmental pressure 
monitoring and a threshold of diastolic blood pressure minus intracompartmental pressure >30 
mmHg to assist in ruling out acute compartment syndrome. 
 

Strength of Recommendation: Moderate  
Description: Evidence from two or more “Moderate” quality studies with consistent findings, or evidence from a 
single “High” quality study for recommending for or against the intervention. 
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Thank you !


