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Objectives

A Evidencebased
review of clinical
questions
surrounding the ViDEN
diagnosis and ORTHOPEDI
treatment of acute
compartment
syndrome.

SWILEY-BLACKWELL BM]1Books

Top five questions

Risk factors

A Whatfactors increase the risk of compartment syndrome?

Diagnosis

A Whatare the clinical signs and symptomscof rtment syndrome?
Which can | rely on fordiagnosis?

A Is measurement of compartment pressure always necessary?

Treatment

A Whenshould fasciotomy be done in the face of positive clinical signs
and symptoms?

A s there a pressure threshold above which fasciotomy should always be
done?

Question 1:

What factors increase the risk of compartment syndro

A Younger age (2535 years), male gender, and
trauma are consistent risk factors for compartment
syndrome in patients with fractures of the tibia and
forearm [overall quality: moderate]
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Incidence of ACS

A 2-10% tibial fractures

A 10% Calcaneal fractures

A 18% Schatzker VI plateau fractures €—
A 41% foot crush injuries

A 48% Segmental tibia fractures

A53% Medial knee fx/dislocations <—

ORIGINAL ARTICLE (J Orthap Trauma 2013,27:612-615)

Radiographic Predictors of Compartment Syndrome in
Tibial Plateau Fractures

Bruce H. Ziran, MD and Stephen John Becher, MD

Tibia Width Femoral Displacement

ORIGINAL ARTICLE (J Orthap Trauma 2013,27:612-615)

Radiographic Predictors of Compartment Syndrome in
Tibial Plateau Fractures

Bruce H. Ziran, MD and Stephen John Becher, MD

Odds ratio
Displacement
10-20%
> 20%

Widening
5-10%
>10%

Schatzker %

03/31/98




Question 2: What are the clinical signs and
symptoms of compartment syndrome?
Which can | rely on for diagnosis?

A Due to the many causes of ACS, clinicians must
consider this diagnosis in any patient with
swelling of the limb.

A In an alert patient, careful and frequent (everg 1
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 | rely on for diagnosis?

A 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.

A 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 | rely on for diagnosis?

A The influence of anesthetic technique on the clinical
examination is uncertain; one systematic review of th
topic contained mostly single case reports and a ver
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 | rely on for diagnosis?

A The highest available evidence regarding clinical
signs and symptoms is level |, 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 (fals@egative diagnosis) is impossible to
know [overall level: low]

Variation in Diagnosis of Compartment Syndrome by Surgeons
Treating Tibial Shaft Fractures

Robert V. O'Toole, MD, Augusta Whitney, BA, Nishant Merchant, BS, Emily Hui, MPH, Jennifer Higgins, MS,
Terrence T. Kim, MD, and Carlos Sagebien, MD

(J Trauma. 2009;67: 735-741)

A Consecutive patients, same hospital,
random surgeon call.

A Incidence of CS varied from24%

Why is the Diagnosis of
ACS so Difficult?

AThere is no fAstandar

A Most criteria are subjectivieeven the
Afinumber so are open
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Components of Diagnosis

A Clinical Exam
I Can this be made objective?

AObjective fiTestso
1 Pressures
i Oximetry
i Biochemical Tests

361
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J Bone Joint Surg Am. 2010:92:361-7
Physicians’ Ability to Manually Detect Isolated
Elevations in Leg Intracompartmental Pressure

By Franklin D. Shuler, MD, PhD, and Matthew J. Dietz, MD

Invstigation performed at the Department of Orthopaedics, West Virginia University, Morgantown, West Virginia

TABLE | Sensitivity, Speciicity, and Positive and Negative Predictive Values for Ability of Paipation to Detect and Locallze Isclated
Elevated Compartment Pressure

Positive Predictive Negative Predictive
Sensitwity (%) Speciicity (%) Vake (%) Value (%)
Overal 24 55 19 63
Junior residents 26 57 21 64
Senior residents 23 69 21 64
Attending surgeons 22 3 1n 56

Percentage F:
by Seniority
100

80

60
Juniors
Seniors

—o— Attendings

Pressure (mmHg)
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New ideas in ACS Research

A Other diagnostic modalities
i Nearinfrared spectroscopy
i pH monitoring
i What is the role of biomarkers?

Tissue pressure is not itself a
direct marker of muscle injury

A Does oximetery work?

A Could one sample biomarkers from the
injured muscle?

NearInfrared Spectroscopy

A Measures Tissue Oxygenation

A Preliminary work shows that trauma is
associated with a rapid hyperemic response

A Sudden drop in tO2 may reflect sudden
compromise in perfusion.
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CORRELATION BETWEEN MUSCLE OXYGENATION
AND COMPARTMENT PRESSURES IN ACUTE

COMPARTMENT SYNDROME OF THE LEG

BY MICHAEL S. SHULER. MD: WILLIAM M. REISMAN. MD: TRACY L. KINSEY,
MSPH: THOMAS E WHITESIDES, JR. MD: E. MARK HAMMERBERG, MD:
MARIA G. DAVILA, MD: THOMAS J. MOORE, MD

Investigation performed at Grady Memorial Hospital, Atlanta, Georgia and Emory
Universitv, Atlanta, GA

A 14 patients with clinical dx ACS
A Mean IMP 79 mmHg (21.76)

A 38/56 compartments had PP < 10mmHg
i Of those, all had NIRS values at least 10% less than opposite
control limb, and magnitude of difference correlated with
magnitude of IMP.
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My Anecdotal Experience

A A useful signal is only obtained in 50% of
patients with tibial fractures.

03/31/98




Biomarkers

A Candidate markers
i Muscle injury: CPK, LDH, troponin,
other

i Markers of ischemia: glucose, lactate,
pyruvate

i Cellular injury: Ca, K, pH

M
VIER

Prediction of Compartment Syndrome Based
on Analysis of Biochemical Parameters

Lactate preop - Iactate O {mamol/t)
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ORIGINAL ARTICLE

Can intramuscular glucose levels diagnose
compartment syndrome?

—_—

i
i

Time Since Compariment Symiroe et i)

J Trauma Acute Care Surg
AAST 2012 PLENARY Papgr  Volume 74, Number 2

Serum creatine kinase levels are associated with extremity
compartment syndrome

Carrie Valdez, MD, Elizabeth Schroeder, MD, Richard Amdur, PhD, Jose Pascual, MD, PhD,
and Babak Sarani, MD, Washington, District of Columbia

Als there a threshold value of serum CK that
predicts CS?
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Patients with CS

Patientswith CS.

A Basic metabolic panel, lactic acid, CK, and
troponin | levels abstracted in all patients with
Tibia fractures or Ext CS over 10 yr period.

A Of 97 patients, 39 had ACS

Univariate Analysis

100%

CK>4000 UL
N=25

CK <4000 UL
N=33

Multivariate Analysis

60%
a0%
X l
0%

1 positive 2positive 3Ipositive

>4000 U/L, BUN < 10 mg/dL, Chloride > 104 mg/dL
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Fri., 10/11/13 Knee / Tibia, PAPER #68, 3:50 pm OTA 2013

Acute Compartment Syndrome: Where Pressure Fails, pH Succeeds
Kirsten G.B. Elliott, FRCS (Ortho), MD; Alan J. Johnstone, FRCS;
Aberdeen Royal Infirmary, Aberdeen, United Kingdom

A 51 Patients at risk for leg CS had both indwelling pressure and p

monitors
A CS diagnosed by clinical or pressure criteria

A 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

Figure 1: ROC curve for pH
Figure 2: ROC curves for ICP
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3: Is measurement of compartment
pressure always necessary?

A When a patient is unconscious or otherwise not
able to be clinically assessed, then measurement o
intramuscular pressure within the anterior
compartment is of benefit.

A 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.

03/31/98
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3: Is measurement of compartment
pressure always necessary?

A Further research is needed to provide more

sensitive and specific means to diagnose
compartment syndrome. The highest available
evidence is level |, 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?

A When compartment syndrome is going to occur,

early fasciotomy can avoid myonecrosis or
ischemic neuropathy.

A However, the challenges in diagnosis, and the fact

03/31/98

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.

A Duration of elevated pressure
A Systemic blood pressure
A Direct muscle trauma
A Other patient factors:
1 Training of individual
T Muscle oxidative fiber type

12
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Muscle Injury Related to
Pressurend Time

Compartment Syndrome is also
a pressuréime phenomenon

ATi ssue doesndt beco
damaged until it has been ischemic feB6
hours.

Aln patients with ext
know when the clock started.

Pressure

Time

03/31/98
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Pressure

CS occurs

Time

Pressure

CS doesé occur

Time

5: Is there a pressure threshold above which
fasciotomy should always be done?

A 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]

03/31/98
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Quantitation of Skeletal-Muscle Necrosis
in a Model Compartment Syndrome™

JI T ———— Nigncan munce necrean

compormesss wing
9om same pyrophonphete and lassc  wecurs 41 8 threihold mirscomparimental presars of

o riera, tracomparimental mecress was ity millnetes of mercury afer gt hoses. Sc
quanitaid n he aterotatral muncle comperiimeat lime variables are sfea Saknvan 18 susprcted cvm-

SR e s cwstr st s The results in these ex-
periments identify a threshold pressure level (thirty
millimeters of mercury) and duration (eight hours) at
which significant muscle necrosis occurs at normal

ACUTE COMPARTMENT SYNDROME IN
TIBIAL DIAPHYSEAL FRACTURES
M. M. McQUEEN, J. CHRISTIE, C. M. COURT-BROWN

From the Royal Infirmary of Edinburgh, Scotland
J Bone Joint Surg [Br] 1996:78-B:95-8.

Table IL. Complication rates for monitored and non-monitored patients
with acute compartment syndrome after tibial fracture

C licati No icati p value
Monitored 0 12
patients (n=12)
<0.01
Non-monitored 10 1

patients (n= 11)

BYCK 10 AVED
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J Bone Joint Surg [Br] 1996;78-B:99-104.

COMPARTMENT MONITORING IN
TIBIAL FRACTURES

THE PRESSURE THRESHOLD FOR DECOMPRESSION

M. M. McQUEEN, C. M. COURT-BROWN
From the Royal Infirmary of Edinburgh, Scotland

1st1271 hours 20127 hours

IMP > 30 @
IMP > 40

IMP > 50 4

3 Patients had Fasciotomy

No patient had any sequelae of CS at follgqov

Perfusi on

A Currently, the differential
pressure is considered the
most reliable indicator of when
fasciotomy is not necessary

T MAP- IMP <45 mm Hg
i DBP - IMP < 30 mm Hg
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Perfusi on

A Currently, the differential
pressure is considered the
most reliable indicator of
compartment syndrome:

T MAP- IMP < 45 mm Hg
i DBP-IMP < 30 mm Hg

=

The Estimated Sensitivity and Specificity
of Compartment Pressure Monitoring
for Acute Compartment Syndrome

pred patients

d by consensus

TABLE Il Details of the True Positive or Negative and False

Positive or Negative Rates, in Relation to Whether

Fasciotomy Was Performed*
Patient Subgroup No. of Patients (N = 850)
Fasciotomy performedt 152 (17.9%)
True positivef 141 (92.8%)
True negativef 0 (0.0%)
False positive 6 (3.9%)
False negativef 5 (3.3%)
No fasciotomy performedt 698 (82.1%)
True positivef 0 (0.0%)
True negativet 689 (98.7%)
False positivet 5 (0.7%)
False negativef 4 (0.7%)
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TABLE IV The Estimated Diagnostic Performance Characteristics
of Compartment Pressure Monitoring in the Diagnosis

of Acute Compartment Syndrome Following a Tibial

Diaphyseal Fracture
Diagnostic Performance
Characteristic Value*

Sensitivity 0.940 (0.890 to 0.968)
Specificity 0.984 (0.972 to 0.991)
Positive predictive value 0.928 (0.875 to 0.959)
Negative predictive value 0.987 (0.976 to 0.993)
Positive likelihood ratio 59.818 (33.236 to 107.661)
Negative likelihood ratio 0.061 (0.032 to 0.115)

Where & How Should IMP be
Measured?

A Close to fracture site?
A Away from Fx Site

A Which Compartment?

TABLE 3. Correct

hnique for Compartment Pressure Measurement
o the directioms on the back of the momtor and cnsare all conmections < Gt
needle 50 8o a s present

 ensure display shows a clear number
perpendicubar o the skin at the insended level and angle of insertion and zer0 the mositor

ion of the measured comparimers should casse the reading to slightly increase
ove to the next compartrment again zcroing the moeor at the level and angle of macrtion befors repeating steps 610

03/31/98
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Omgnat A

Interobserver Variability in the Measurement of Lower Leg
ompartment Pressures

D e

Thomas M. L

el M, ATC. Dt . Holtman, MDY

100% .
I
80%
70%
= Measurements over 20 mmHg from
0% standard pressure
so% Measurements 10-20 mmHg from
standard pressure
40% ® Measurements 5-10 mmHg from
standard pressure
30%
W Measurements S mmHg or less from
20% + standard pressure
10%
0%
Anterior Lateral Superficial  Deep Posterior
Compartment Compartment  Posterior  Compartment
Compartment

How to measure IMP

Anterior Compartment:

a 1 cm | ateral

Adapted from cy Medicine ProceduresEF Reichmann and R Simon, Eds, McGraw Hill Pr

03/31/98 19
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How to measure IMP

Lateral Compartment:
Just anterior to posterior
border of fibula

Adapted from Emergency Medicine ProceduresEF Reichmann and RR Simon,

How to measure IMP

Deep Posterior:
Just behind posteromedial
border of the tibia

Adapted from Emergency Medicine ProceduresEF Reichmann and RR Simon, Eds, McGraw Hill Professional, 2003

re IMP

Superficial Posterior:
From posterior
(away from midline)

Adapted from Emergency Medicine Procedure<EF Reichmann and RR Simon, Eds, McGraw Hill Professional, 2003

03/31/98
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Basic Science

New ideas in ACS Research

A Other treatment modalities
i Tissue ultrafiltration
i Hyperbaric oxygen
i Anti-inflammatory therapy

Our Research Questions

Is avoiding fasciotomy a reasonable go

A Will improved

diagnostic criteria will -(ﬂ
decrease fasciotomy rate g/

’
(eliminate unnecessary W% s
fasciotomies). H”‘

s

A Are there ways to reduce
IMP without
fasciotomy?

03/31/98
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Alternatives to Fasciotomy

A Other means of improving tissue
perfusion/oxygenation in the face of elevated
pressure.

A Increasing tolerance of muscle to ischemia.

A Decreasing intramuscular pressure.

Improving Tissue Oxygenation

Mitigating Effects of Ischemia

A Pharmacologic measures
I Free radical scavengers

A Smallvolume resuscitation

03/31/98
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AR

Reduction of Tissue Pressure

A Foot Pumps

A Diuretics
T Mannitol

A Tissue Ultrafiltration

The Role of Inflammation

= TRAUMA
Contribution of inflammation to cellular
injury in compartment syndrome in an
experimental rodent model

AR. Lawendy, a devastating limb trauma, i
A. Bihari, issue injury and mi P deficits. i

D.W. Sanders, i ide signifi inst mi v and preserve tissue
G. McGarr, Using our clini model of syndrome, mi

A. Badhwar, sion and tissue injury were directly visualised by intravital video microscopy in

G. Cepinskas leucopenic animals. We found that while the tissue perfusion was similar in both groups.

(38.8% (standard error of the mean (sew) 71), 36.4% (sEm 5.7), 32.0% (sem 1.7), and 30.5%
(seMm 5.35) continuously-perfused capillaries at 45, 90, 120 and 180 minutes compartment

From Victoria
syndrome, respectively versus 39.2% (SEM 8.6), 43.5% (SEW 8.5), 36.6% (SEM 1.4) and 50.8%

Hospital, London

Health Sciences (56 4.5) at 45, 30, 120 and 180 minutes compartment syndrome, respectively in

Cntre, Ontario, leucopenia), musclo injury was sig

Canadi in leucopenic animals (70% (s& 2.0), 20%, (sc 1.0),8.0% (se 1.0) and 5.0% (se 2.0) at 45,
90,120 and

versus.
18.0% (5EM 4.0), 23.0% (SEM 4.0), 32.0% (SEM 7.0), and 20.0% (SEM 5.0) at 45, 90, 120 and 180

central to of the

Rosoorc Labs, i A6 142, 80 ury

Neadcs “ Cite this article: Bone Joint J 2015;97-B:539-43

Ot Auics

Indomethacin Reduces Cell Damage: Shedding New
Light on Compartment Syndrome

Vi Manion, D FRCS(C).* Do Senders, MD, VS FRCSI)
Vichae Gladwll, MD.* Dary G, 55, D FRCS(C
i it B, PRDS.

7. D, S, FRCS(C)

at model

Marked elevation of
inflammatory markers (It1b,
GRO/KC,TNFU | evel s:
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.

03/31/98
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s Ascs

The Severity of Microvascular Dysfunction Due to
Compartment Syndrome Is Diminished by the Systemic
3

Application of CO-Releasing Molec

Table 1: Summary of costing scenarios considered.
Scenario Description Total cost to health services
(first year post diagnosis) (£)

Scenario 1:
Earliest possible diagnosis - no significant muscle damage 4,690
Scenario 2:
Appropriate diagnosis with moderate muscle damage 11,559
Scenario 3:
Current practice - late but correct diagnosis 17,064
Scenario 4:
Missed acute compartment syndrome. (Limb salvage) 36,787
Scenario 5:

Missed acute compartment syndrome (Limb amputation required) 40,360

Summaryi Current Dx / Rx

A Both the clinical exam and pressure
thresholds can reliably tell us who doest
have ACS.

i Perfusion pressure has wedlidated
thresholds for when fasciotomy is not needed

(PP O 30 mmHg) .
i Knowledge of pressure vs time trends further

helps differentiate those who are developing
ACS.

A Other diagnostic modalities needed:
i biomarkers
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Thank You
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