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Compartment Syndrome
Major Pain Point in Medicine

• Mentioned in every ICU & ER daily

• Patient morbidity

• Costly Issue to Care Centers

• Physician practice not optimal
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New Publications around Continuous Pressure Monitoring 



Disease of young males
We now understand the epidemiology

• Big Data Examination

• ACS Data - TQIP

• 203,500 tibia fractures post trauma 

• Proximal and midshaft tibial 

• Open fractures twice as likely

• Complex, smokers

• Young people



Tibia Fractures from TQIP Data
 (Injury 2022, Orthoplastic Surgery 2022, Injury 2023)

 Increased likelihood of ACS with cirrhosis (P=0.002)

 Hypertension is protective

 Amputation resulted after 5.4% of fasciotomies 

 17% fasciotomies had necrosis

 Fasciotomies done 4X rate of ACS (!!)

 Fasciotomy for trauma SSI 20%



Dx with clinical signs is gold standard

Shock Trauma Data 

Clinical findings of ACS are inherently subjective as a means of diagnosis. 

Rates of diagnosis have been shown to vary 
between 2% and 24% in a single trauma hospital

Lot of Variability 



Are any Ps enough?
  Lorange et al JOT 2023 

Meta-analysis for Dx of compartment syndrome based on 
clinical findings, ICP monitoring, or a combination of them

Bayes’ theorem predictive value of 

  grouped clinical signs was 21%

   Contradicts Ulmer paper ! 

  the value was 29% for pressure monitoring (OLD devices)

 Publication bias – real numbers probably lower 



Diagnosis is impossible with clinical signs

• We all thought clinical exam was useful

• But we found out that the Ps we were taught in 
residency are not helpful



PP

Ps Useful? – No!
Patients had fasciotomy for ACS

Study across 5 Level-1 TCs USA CANADA FRANCE

ACS

No ACS



Model Building
Stacking the Ps 
 clearly not enough

If it worked to stack the Ps 

the curve would be like that



• Can it be tested?

• People have tried

• Physicians’ Ability to Manually Detect Isolated Elevations in Leg Intracompartmental 
Pressure

• Franklin D. Shuler and Matthew J. Dietz   JBJA A. 2010

 Manual detection of compartment firmness associated with critical elevations in 
intracompartmental pressure is poor

• Accuracy of Measurement of Hand Compartment Pressures: A Cadaveric Study

• Justin C. Wong, MD, et al.           J Hand Surg Am. 2015

 Digital palpation alone was insufficient to detect elevated compartment  
pressures in hands at risk for compartment syndrome.

• Manual Forearm Palpation in Acute Forearm Compartment Syndrome Is Not Accurate: 
A Cadaveric Study

• Haydar, Jouad, MD, et al.     JBJS 2024

 Manual palpation of compartment pressure had a low accuracy in the forearm 
and was not improved by clinician experience.

Maybe Palpation of Pressure ?



• Nobody can make the diagnosis early with clinical signs

• If you wait till the compartment(s) is/are rock hard 
everybody can make the diagnosis 
• Too late

• Needed a biomarker that is more objective

Everyone thinks they can make the diagnosis 
with clinical signs



MEMS devices are the most accurate

• Mil Med 2020



Comparison of Three Devices to 
Measure Pressure for Acute 
Compartment Syndrome

Merle et al Mil Med 2020 

Large variations seen with the Synthes and Stryker devices (30 mmHg)

Variances are large in these two devices even under ideal conditions 

MY01 device was the truest indicator of reference pressure

 (over 600% more accurate)



Absolute values can spike over 80-120 mm Hg with movement or 
muscle spasm
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Magic Single Point Measurement



Single point values are inaccurate
After initial spasm pressure tails off ?



Single Points less effective than Trends
Even if you do serial single sticks



Serial Pressure Measuring as a choice 

Do you have enough information?

3 data points over 8 hours



Continuous Pressure Monitoring

In same 8 hour period you get up to 28,800 data points with continuous monitoring



Next wanted to compare studies
Do away with literature variance

• Every article was different
• Magic numbers = 40

• Previous literature can be examined?

• Outcomes can be measured?



Getting a common communication language 

Group of experts solicited (CROCS Network)

 Modified Delphi approach with clinical correlation

 Built a Grading System

 Now validated

 JOT 2023



Price to Treat ACS plus Tibia FX 

  (YHEC – Pub Economics)

  (Sen et al – JBJS - in press)

  (Duckworth et al - submission in process)

  (Van Lancker – submitted)



Initiative to stop missing cases (True Positives)

Money is in Stopping False Positives



Price to Treat ACS plus Tibia FX
American TQIP data + UK Data 
  (YHEC – Pub Economics)

  (Sen et al – JBJS - in press)
  (Duckworth et al - submission in process)
  (Van Lancker – submitted)

American average total costs per outcome  
Clinical event 

costs

Standard of care - standard fracture care – no ACS $56,300

Gr 1. Incorrect ACS diagnosis and fasciotomy $74,800

Gr 2. Minimal necrotic muscle - DPC $93,300

Gr 3. Minimal necrotic muscle with complicated closure $120,400

Gr 4. Complex and extensive muscle necrosis $201,150

Gr 5. Amputation $521,000

   YHEC – 

When used for every tibia fx 
(4(123) B,C)

If you had the right device

could save

4800$ per case US

   Money saved with timely correct Dx



Fasciotomies are safe and best option

• Stopping unnecessary fasciotomies is the real 
economic benefit

• Fasciotomy = 8 hospital days

• 20% infection rate

• Long term issues



Myth that non-MEMS based techniques or exam alone works
   Now have clinical data



no missed cases of ACS

 

no false positives or negatives

150 clinical cases 
over 2 independent 

studies

Final Clinical Study Results

2100 Cases



• Pressure is the first indicator
• Only homogenous early indicator

• Before pain !

• Before O2 changes

• Before pH change

• Shows promise as a real objective measure with an accurate device

Pressure and Trends



Continuous pressures

Quintiles

ACS

Non-ACS



Diagnosis in obtunded patients is possible
Fasciotomy is not the right answer always



Only need to measure one compartment 

• JBJS 2022

No need to measure all 4 compartments 

Continuous values have done away with this



Cadaver Leg



Perfusion Pressure is objective

•Pain is not so useful

•Perfusion pressures provided 
more objective data points 
to both rule in or out CS

COTS data- 2023



Able to eliminate variability
Physician and patient

Rockwood and Green 

Duckworth et al 

2024



Do you have a clinical 
diagnosis of ACS?

Yes

Fasciotomy

Trending Down or Neutral
High iCP (>30mmHg)

Normal DMP (>30mmHg)

Trending Down or Neutral
Low iCP(<30mmHg)

Normal DMP (>30mmHg)

Trending Up
High iCP (>30mmHg)
Low DMP (<30mmHg)

No

Continuous 
Compartment 

Pressure
Monitor

Yes

Continue to Monitor
For 18 Hrs

Trend Worsening

Strong Clinical Suspicion

Yes

No

Trend Upwards >4hrs raises clinical suspicion No

Clinical 
Exam 

Impossible

Suggested Tx

Injury Monitor vs Fasciotomy Observe trends Determine Outcome Treatment

41,42 B or C
12,22 C

High energy injury

Revascularization

Trauma + Anti-
Coagulants**

Injury + Cirrhosis**

At Risk Patients*

Crush Injury

Tx Recommendations - Rockwood and Green 2024

Obtunded Pt with Injury
 or Regional Block



New ACS protocol at our center
McGill - Edinburgh Protocol 

• All patients that have clinical diagnosis of ACS – go directly to OR

• All patients with possible elevated pressures will receive a continuous 

pressure monitoring device if they are not going to the OR. 

• This group that requires monitoring includes:

• High Energy Injuries

• Tibia fx (41, 42 - B and C)

• Forearm fx (22C)

• Obtunded Patients with injury

• Revascularization patients without fasciotomy

• Crush Injuries

• Patients after surgery that need monitoring.

• Acute Lengthening Osteotomies about the knee

• Block after surgery in lower limb

• Other scenarios that need monitoring are at the discretion of the surgical 

team.

• Suggested to monitor Trauma plus anticoagulants and/or cirrhosis



Acute Compartment Syndrome
Myths Busted

• We understand the epidemiology

• Diagnosis with clinical signs may not be easy

• Diagnosis is impossible with clinical signs alone

• No Magic Single Point Measurement

• Single Points less effective than Trends

• Now able to compare studies

• Financial Benefit is Stopping Fasciotomies

• MEMS Sensor Based Trends are Accurate

• Diagnosis in obtunded patients is possible

• Only need to measure one compartment in leg or arm

• Perfusion Pressure is objective

• MEMS devices are the most accurate

• Able to eliminate physician variability 
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