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WHAT IS A CLINICAL 
PRACTICE 
GUIDELINE?

Clinical Practice Guideline

A clinical practice guideline is a 
series of recommendations created 
to inform clinicians of best 
practices, based on best available 
evidence
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Presenter
Presentation Notes
The definition of a clinical practice guideline is a series of recommendations created to inform clinicians of best practices, based on best available evidence.  The next few slides will take you through the AAOS Clinical Practice Guideline development process.



GOALS AND RATIONALE 
OF A CLINICAL 
PRACTICE GUIDELINE 

 Improve treatment based on current best 
evidence 

 Guides qualified physicians through 
treatment decisions to improve quality and 
efficiency of care

 Identify areas for future research 

CPG recommendations are not meant to be 
fixed protocols; patients’ needs, local resources, 
and clinician independent medical judgement 
must be considered for any specific procedure 
or treatment
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Presentation Notes
Goals and Rationale The purpose of a clinical practice guideline is to improve treatment based on current best evidence. A clinical practice guideline consists of a systematic review of all available literature on the topic, and demonstrates where there is good evidence, where evidence is lacking, and what topics require future research. AAOS staff and the physician work group systematically review available literature and subsequently write recommendations based on a rigorous, standardized process. Musculoskeletal care is provided in many different settings by many different providers. A guideline was created as an educational tool to guide qualified physicians and orthopaedic surgeons through a series of treatment decisions in an effort to improve the quality and efficiency of care, and should not be construed as including all proper methods of care or excluding methods of care reasonably directed to obtaining the same results. The ultimate judgment regarding any specific procedure or treatment must be made in light of all circumstances presented by the patient and the needs and resources particular to the locality or institution.



WHAT IS EVIDENCE-BASED MEDICINE?
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Evidence-Based Medicine is a 
Combination of:

 Individual Clinical Experience

 Best External Evidence

 Patient Values and Expectations

EBM

Presenter
Presentation Notes
What is Evidence-Based MedicineWhat is evidence-based medicine?  Clinical practice was historically viewed as the “art of medicine.” The use of the scientific method, as used in bench research, statistical analysis, and epidemiology, was rare in the world of medicine. Expert opinion, experience, and authoritarian judgment were the foundation for decision making.Habits, protocols, and traditions directed care.However,  Clinical decisions should be based on the best patient and population-based evidence.Evidence based medicine applies the scientific method into healthcare decision-making. It is an approach to medical practice intended to optimize decision-making by emphasizing the use of evidence from well designed and conducted researchIt classifies evidence by its strength, with the strongest types yielding the strongest recommendations.



WHAT IS EVIDENCE-BASED MEDICINE?

Haynes, Sackett et al, 1996 

Transferring evidence from research into practice

Sacket et al, 1996, BMJ

EBM: what it is and isn’t

Evidence-Based Medicine
Evidence-based medicine is 
the conscientious, explicit, 
and judicious use of current 
best evidence from clinical 
care research in the 
management of individual 
patients
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Presentation Notes
What is Evidence-based Medicine:The definition of evidence-based medicine is the conscientious, explicit, and judicious use of current best evidence from clinical care research in the management of individual patients.Evidence-Based Medicine combines:Individual Clinical ExperienceBest External Evidence, andPatient Values and ExpectationsAll AAOS Clinical practice guidelines (CPG) provide evidence-based recommendations for current orthopaedic diagnostic, treatment, and postoperative procedures. Multidisciplinary clinician work groups and AAOS staff work together to synthesize published research with the aim of providing a transparent and robust summary of the research findings for a particular orthopaedic disease topic. 



IOM STANDARDS FOR DEVELOPING TRUSTWORTHY GUIDELINE

 Establish Transparency

 Management of Conflict of Interest

 Guideline Development Group Composition

 Clinical Practice Guideline-Systematic Review Intersection

 Establish Evidence of Foundations for and Rating Strength 
of Recommendations

 Articulation of Recommendations 

 External Review

 Updating
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Presentation Notes
IOM StandardsWhen treating patients, doctors and healthcare providers often are faced with difficult decisions. They are dependent on the scientific literature, in addition to their knowledge, experience, and patient preferences, to educate their decisions on how to treat. Clinical practice guidelines are statements that include recommendations intended to optimize patient care. Because of the expansive number of clinical practice guidelines available, users found it difficult to determine which guidelines were of high quality. Users needed a method to distinguish high caliber, trustworthy clinical practice guidelines to aide with their health-related decision making. In 2008, U.S. Congress asked the Institute of Medicine (IOM) to undertake a study on the best methods used to develop clinical practice guidelines. Their efforts resulted in the development of eight standards for developing rigorous, trustworthy clinical practice guidelines. The AAOS uses these standards when developing their Clinical Practice Guidelines.
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CLINICAL PRACTICE GUIDELINE
PROCESS FLOWCHART  

1. Select CPG Topic

2. Assemble Work 
Group Members (WG)

3. WG formulates 
PICO questions, set 
inclusion criteria at 

Introductory Meeting

4. Literature Review 
and Appraisal

AAOS staff 
methodologists, in 

conjunction with work 
group (WG) members, 
review and appraise 

literature

6. Review Periods
Peer Review and Public 

Comment review periods

5. Final Meeting
WG meets in-person to: 

• Review quality 
appraisals and evidence 
tables

• Assign grade/rating for 
each recommendation 
based on evidence

• Develop final 
recommendations 

• Construct risk/harms 
statements 

• Define future research 
needs

7. Approval Process

8. Communication, 
Dissemination, and 

Implementation 

Presenter
Presentation Notes
First Steps to Constructing a CPG Clinical Practice Guidelines (CPG) and Systematic Reviews (SR) are prepared by physician CPG or SR Development Groups (clinical experts) with the assistance of the AAOS Department of Clinical Quality and Value. The difference between a CPG and a SR is the size of the project. CPGs can ask anywhere from 10-30 PICO questions, resulting in 10-30 separate literature reviews, whereas a SR asks 4-7 questions. The smaller scope of the SR lends itself to a quicker turnaround and involves less staff resources and clinician volunteer time commitments. The initial step in creating Clinical Practice Guidelines is the nomination of CPG or SR Topics.  These topics are then voted upon, via an electronic survey, by the AAOS Evidence-Based Quality and Value Committee (EBQV) members, thus choosing which of the topics will ultimately move forward as a new guideline or systematic review. When reviewing and appraising the literature, the workgroup may decide that the quality and quantity of the evidenced included lends itself more to a SR rather than a CPG, and decide to proceed with a SR instead. However, the workgroup does not have the option to choose to construct a systematic review for some recommendations and a clinical practice guidelines for other recommendations.
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FORMULATING PICOs

“P” = Patient Population

“I” = Intervention or 
variable of Interest 

“C” = Comparison

“O” = Outcome

Presenter
Presentation Notes
Formulating PICO Questions The clinician work group commences their work on the Clinical Practice Guideline by constructing a set of PICO questions. These questions specify the patient population of interest (P), describing the most important characteristic of the patient such as age, disease or condition, and gender.  Next is the intervention of interest (I), describe the main intervention, such as drug or other treatment, or diagnostic or screening test.  The comparison (C), what is the main alternative being considered, such as placebo, standard therapy, no treatment, or the “gold” standard.  And lastly, what is the outcome (O), what are you trying to accomplish, measure, improve or affect, such as reduce mortality, morbidity, improve memory. They function as questions for the systematic review, but not as final recommendations or conclusions.   These parameters provide clarity in defining inclusion criteria for the literature review and evaluating the evidence.  Once established, these a priori PICO questions cannot be modified until the final guideline work group meeting.The Following are examples of PICO questions that were used to define the literature search for the Clinical Practice Guideline on the Management of Acute Compartment Syndrome:For patients with suspected extremity compartment syndrome, are there biomarkers (single or combined) which assist in diagnosing acute compartment syndrome? 2. For patients with missed/late extremity compartment syndrome, can biomarkers determine relative need/timing of fasciotomy? 3. For patients with missed/late extremity compartment syndrome, what is the benefit/harm to performing a fasciotomy? 4. For patients with suspected extremity compartment syndrome, does intramuscular pressure monitoring assist in diagnosing (precision, timing of surgery) acute compartment syndrome? The remainder of the PICO questions can be found in Appendix IV of the full pdf guideline. 
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INCLUSION/EXCLUSION CRITERIA

Standard inclusion criteria include:
 Must study humans
 Must be published in English
 Must be published in or after 1966
 Can not be performed on cadavers

Work group members define additional 
exclusion criteria based on PICO question

Presenter
Presentation Notes
Study Selection Criteria:A priori article inclusion criteria is constructed for all CPGs and SRs. These criteria are our “rules of evidence” and articles that did not meet them are, for the purposes of this guideline, not evidence. The AAOS has standard inclusion criteria for guideline development and work group members further refine inclusion/exclusion criteria a priori at the introductory meeting. To be included in a systematic review, all articles must be on the following: Article must be a full article report of a clinical study Studies must appear in peer-reviewed publication.  For studies that used “paper-and-pencil” outcome measures, only those that have been validated are included. For any given follow-up time point in any included study, there must be patient ≥ 50% patient follow-up.  If the follow-up is >50% but <80%, the quality will be downgraded by one level.Must have >10 patients per group Must study humansMust be published in EnglishMust be published in or after 1966All results must be quantitatively presented Can not be an in vitro study Can not be biomechanical studyCan not be performed on cadaversSurrogate outcomes are evaluated only when no patient oriented outcomes are available. The following type of articles are excluded from guideline review: Retrospective non-comparative case series, medical record reviews, meeting abstracts, meta-analyses, systematic reviews, historical articles, editorials, letters, and commentariesConfounded studies that give patients the treatment of interest and along with another treatmentCase studies that have non-consecutive enrollment of patients Controlled trials where patients were not stochastically assigned to groups, difference in patient characteristics or outcomes at baseline, and authors did not statistically adjust for these differences when analyzing the resultsAll studies evaluated as “very low quality”, andComposite measures or outcomes even if they are patient-orientated Study Inclusion Criteria for the AAOS Management of Acute Compartment Syndrome Clinical Practice Guideline also contained the following criteria which was customized by the Work Group:Study must be of monitoring or diagnosis of acute compartment syndrome – Are there any exceptions (e.g. Are we concerned with treatment?)Study must be published in or after <Look at all>Study should have 10 or more patients per group (Work group may further define sample size) For surgical outcome a minimum of  (no limit) 0 months follow up duration. For non-operative treatment a minimum of (no limit) 0 month follow-up. 



LITERATURE SEARCHES  

• Databases used:
• PubMed
• EMBASE (Excerpta Medica dataBASE) 
• CINAHL (Cumulative Index of Nursing and Allies 

Health Literature) 
• Cochrane Central Register of Controlled Trials 

• Search using key terms from work group’s PICO questions 
and inclusion criteria

• Secondary manual search of the bibliographies of all 
retrieved publications for relevant citations

• Recalled articles evaluated for inclusion based on the 
study selection criteria
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Presentation Notes
Literature SearchesThe systematic review commences with a comprehensive search of the literature by the medical librarian. Articles considered are published in four electronic databases; PubMed, EMBASE (Excerpta Medica dataBASE), CINAHL (Cumulative Index of Nursing and Allies Health Literature), and The Cochrane Central Register of Controlled Trials. The search is conducted by using only the key terms which were previously established from the work group’s a priori inclusion criteria and PICO questions. The search is then supplemented with a manual search of the bibliographies of all retrieved publications, recent systematic reviews, and other review articles for potentially relevant citations. Recalled articles were evaluated for possible inclusion based on the study selection criteria and were summarized for the work group who assisted with reconciling possible errors and omissions. 
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BEST EVIDENCE SYNTHESIS 

Include only highest quality evidence for 
any given outcome if available 

If there are fewer than two occurrences of 
an outcome of this quality, the next lowest 
quality is considered until at least two 
occurrences have been acquired. 

Presenter
Presentation Notes
Best Evidence Synthesis When addressing a recommendation, only the best available evidence for any given outcome is included.  If available, the highest quality evidence for any given outcome is included first. In the absence of two or more occurrences of an outcome of this quality, the next lowest quality of an outcome is considered until at least two or more occurrences of an outcome have been acquired. For example, if there were two ‘moderate’ quality occurrences of an outcome that addressed a recommendation, the ‘low’ quality occurrences of this outcome would not be included.  A summary of the evidence that met the inclusion criteria, but was not considered the best available evidence can be viewed by recommendation in eAppendix 1 of the guideline’s full text pdf. 
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STRENGTH OF RECOMMENDATIONS 

STRENGTH OVERALL STRENGTH OF EVIDENCE STRENGTH VISUAL

STRONG Two or more HIGH Strength Studies
with consistent findings

MODERATE 1 HIGH OR 2 MODERATE strength studies with 
consistent findings

LIMITED

One or more LOW strength studies and/or only 1 
MODERATE strength study

with consistent findings or evidence from a single, 
or the evidence is insufficient, or conflicting

CONSENSUS

Expert opinion (no studies)
No supporting evidence in the absence of reliable 

evidence. Work group is making a 
recommendation based on their clinical opinion

Presenter
Presentation Notes
Defining the Strength of the Recommendations Judging the quality of evidence is only a stepping stone towards arriving at the strength of a CPG or SR recommendation. The strength of recommendation also takes into account the quality, quantity, and the trade-off between the benefits and harms of a treatment, the magnitude of a treatment’s effect, and whether data exists on critical outcomes. Strength of recommendation communicates the level of confidence one can have in a recommendation. Thusly, the strength expresses how conceivable it is that a recommendation will be overturned by future evidence. It is extremely difficult for future evidence to overturn a recommendation that is based on many high caliber randomized controlled trails that demonstrate a large effect. It is more probable that future evidence will overturn recommendations derived from a few small retrospective comparative studies. Consequently, recommendations based on the former kind of evidence are given a “strong” strength of recommendation and recommendations based on the latter kind of evidence are assigned a “limited” strength.When making guidelines, each article that meets the inclusion criteria is appraised for quality and applicability and will be downgraded if there are flaws related to bias, lack of controls, insufficient power, or one of the other domains.  Studies are designated as high, moderate or low strength based on the result of the Appraise methodology.  Guideline recommendations are then rated as Strong, Moderate, Limited or Consensus based on the supporting evidence as outlined in this table. Please note that the work group is only permitted to make a consensus-based recommendation when there is no evidence to support the recommendation and when not establishing a recommendation could have catastrophic consequences. 
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TRANSLATING RECOMMENDATIONS IN A CPG
STRENGTH OF 

RECOMMENDATIO
N

PATIENT COUNSELING TIME DECISION AIDS IMPACT OF FUTURE 
RESEARCH

Strong Least
Least important, unless the 

evidence supports no 
difference between two 
alternative interventions

Not likely to change

Moderate Less Less important Less likely to change

Limited More More Possible / Anticipates

Consensus Most Most Important Impact unknown

Presenter
Presentation Notes
Translating Recommendations in a Clinical Practice Guideline:As demonstrated in the table, with stronger recommendations, physicians will need to spend less time counseling patients, as they do not need to weigh the pros and cons of proposed treatments.  Evidence is strongly favoring one treatment over another.  The effect of future research is not likely to change the proposed treatment option.  As the recommendation strength declines, the more probable the physician will need to provide additional time discussing treatment alternatives, in addition to providing decision aids to help patients see the pros and cons of treatments, so they can use their own preferences/values to determine the best course of treatment.  Future research is more likely to impact the use of these recommendations.



ASSESSING QUALITY OF EVIDENCE

• All included studies undergo a quality 
assessment. 

• Each study’s design is evaluated for risk 
of bias and receives a final quality 
grade, depending on the number of 
study design flaws. 

• Study quality tables are made available 
to the work group in the final data 
report and the final publication of the 
guideline/SR
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Presentation Notes
In accessing the quality of evidence, it is necessary that all included studies undergo a quality assessment, each study’s design is then evaluated for risk of bias and receives a final quality grade, depending on the number of study design flaws, and study quality tables are made available to the work group in the final data report and the final publication of the guideline or systematic review.
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RESULTS OF QUALITY ASSESSMENT:
STUDY ATTRITION FLOWCHART 

3120 articles 
excluded from title 
and abstract review

3607 abstracts 
reviewed. Primary 

search performed on 
March 6, 2018

482 articles recalled 
for full text review

462 articles 
excluded after full 
text review for not 

meeting the a priori 
inclusion criteria or 
not best evidence 

available
20 articles included 
after full text review 
and quality analysis 

Presenter
Presentation Notes
Study Attrition FlowchartThe study attrition diagram provides a detailed description of the number of identified abstracts and recalled and selected studies that were evaluated in the systematic review of the Management of Acute Compartment Syndrome Clinical Practice Guideline. Of the initial 3607 abstracts, only 20 were included after the full-text review and quality analysis.  The literature search strategies used to identify the abstracts are included in the eAppendix 1 section of the guideline’s full text pdf, and is available for review in AAOS’ OrthoGuidelines. 
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FINAL MEETING

The work group is charged with:
 Review of data summaries
 Final recommendation language
 Rationale and risk/harm construction
 Future research 

Presenter
Presentation Notes
Prior to the Meeting:AAOS staff conducts several webinars with the work group to reiterate their charges and ensure that all relevant literature has been included.Using the PEER tool, work group members are responsible for reviewing the included and excluded literature for their assigned PICO questions. Work group members draft recommendation and rationale for their assigned recommendations to catalyze the final meeting discussion. During the Final Meeting: Each member presents the data findings and their draft recommendations and rationales for their assigned recommendations. The work group discusses data findings and composes the final recommendations and rationales, as needed. The strength of evidence will determine the AAOS predefined language stem that is used for the recommendation. All edits to recommendations, rationales, benefits and harms sections, and future research sections should be completed by the end of the meeting. 



VOTING ON THE RECOMMENDATIONS 

• Recommendations and 
recommendation strengths voted on by 
work group during final meeting 

• Approved and adopted by simple 
majority (60%) when voting on every 
recommendation 

• If disagreement, further discussion to 
whether the disagreement could be 
resolved 
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Presentation Notes
Voting on the Recommendations The recommendations and their strength were voted on by the work group members during the final meeting. If disagreement between the work group occurred, further discussion, and up to three rounds of voting were conducted by the work group to resolve the disagreement(s). If disagreements were not resolved following the voting rounds, no recommendation was adopted. 
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PEER REVIEW     
 Guideline draft sent for peer 

review to external experts

 Comments and draft of responses 
reviewed by work group members

 Recommendation changes 
required a majority vote by work 
group

 A detailed report of all resulting 
revisions is published with the 
guideline document 

Presenter
Presentation Notes
Peer ReviewFollowing the final meeting, the guideline draft then undergoes a peer review, seeking additional input from external experts. All peer reviewers were required to disclose any conflicts of interest. To guide which groups participated, the work group identified all specialty societies at the introductory meeting. Organizations, not individuals, were specified. The peer review stage provided external stakeholders an opportunity to provide evidence-based direction for modifications that they believed were overlooked. Since the draft was subject to revisions until its approval by the AAOS Board of Directors, confidentiality of all working drafts was essential. To commence this review, approximately six weeks prior the final meeting, specialty societies were solicited to nominate individual peer reviewers. The peer review period was announced and other interested parties were able to volunteer to also review the draft.  Initial responses to comments that addressed methodology were then drafted by the manager of Department Clinical Quality and Value (CQV) unit. These responses were then reviewed by the work group chair and vice-chair, who responded to all questions concerning clinical practice and techniques, with the CQV director also providing input.  All comments were received and initial drafts of the responses were then reviewed by all work group members. All changes to a recommendation as a result of peer review were based on the evidence and underwent a majority vote by the work group members via teleconference. Final revisions were summarized in a detailed report and were made part of the guideline document.  Following final guideline approval, all individual responses were posted on the AAOS website with a point-by-point response to each non-editorial comment. 



PUBLIC COMMENT      
Following peer review modifications, 
CPG undergoes public commentary 
period 

Comments are solicited from: 

AAOS Board of Directors

AAOS Council on Research and Quality

AAOS Committee on Evidence-Based 
Quality and Value

AAOS Board of Councilors

AAOS Board of Specialty Societies

200 commentators have the 
opportunity to provide input 
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Presentation Notes
Public CommentaryAfter modifying the draft in response to peer review, the Clinical Practice Guideline was subjected to a two-week period of “Public Commentary.” Comments were solicited from members of the AAOS Board of Directors, the AAOS Council on Research and Quality, AAOS Committee on Evidence-Based Quality and Value, the AAOS Board of Councilors, and  the AAOS Board of Specialty Societies.  Based on these bodies, over 200 commentators had the opportunity to provide input on this new Clinical Practice Guideline. 



MANAGEMENT OF ACUTE 
COMPARTMENT SYNDROME
CLINICAL PRACTICE GUIDELINE 
OVERVIEW 

 Based on a systematic review of published 
studies 

 Addresses the management of acute 
compartment syndrome of upper or lower 
extremity in adults.

 This guideline  addresses Acute Compartment 
Syndrome in all settings.  However, there are 
many military applications to these 
recommendations as well.

 Highlights limitations in literature and areas 
requiring future research 

 Trained physicians and surgeons are intended 
users
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Presenter
Presentation Notes
Overview PATIENT POPULATION This document addresses the management of acute compartment syndrome of traumatized extremities in adult patients, and the information in this CPG cannot be fully extrapolated to the treatment of children or adolescents. It is not intended to address management of chronic exertional compartment syndrome Burden of Disease:  The economic burden of acute compartment syndrome is unknown. Patients with tibia fractures complicated by acute compartment syndrome have a hospital stay that is more than double and charges that are more 2-3 times greater than tibia fractures without compartment syndrome (Schmidt 2011, Crespo 2015). Multiple factors contribute to patient outcomes and treatment costs after trauma; compartment syndrome contributes to worse patient-reported and functional outcomes, including negative effects on quality-of-life that remain more than a year after injury [Giannoudis 2002]. The significant medicolegal aspects surrounding compartment syndrome diagnosis and treatment also contribute to the burden of this condition on patients, providers and the healthcare system [Bhattacharyya, JBJS 2004]. Etiology:   Acute compartment syndrome is typically associated with high-energy trauma but can be encountered with low-energy mechanisms of injury, electrocution, vascular injury and following ischemia / reperfusion events, such as after prolonged limb compression in patients with altered mental status (such as a drug overdose or intoxication). Regardless of the etiology, an increase in compartment contents from edema or bleeding raises the intracompartment pressure. If the pathophysiologic process continues and the intramuscular pressure becomes high enough, myoneural capillary blood flow ceases and the compartment contents become ischemic. Depending on the duration of ischemia and the metabolic demands of the affected tissue, permanent tissue injury can occur, which is manifested by ischemic contracture of affected muscles and neural deficits. In some cases, systemic consequences of rhabdomyolysis can occur. Incidence and Prevalence:   The incidence of acute compartment syndrome is difficult to ascertain because concrete diagnostic criteria are elusive and most reports use the incidence of fasciotomy as a surrogate for compartment syndrome. Among patients presenting with acute compartment syndrome in one report, the most common diagnoses were tibial diaphyseal fracture (36% of cases), soft tissue injury (23%), distal radius fracture (10%), crush injury and diaphyseal radius / ulna fracture (8% each) (McQueen 2000). For specific injuries, the highest rates seem to be in medial knee fracture-dislocations (53%) and bicondylar tibial plateau fractures (18%) as reported by Stark (2009). Risk Factors:   Risk factors for acute compartment syndrome of an extremity include fracture (especially of the tibia or forearm), crush injury without fracture, male gender, and age under 35 (McQueen 2000). Bleeding or the use of anticoagulant medications is the cause in 10% of cases of compartment syndrome (McQueen 2000). EMOTIONAL AND PHYSICAL IMPACT The quality-of-life after lower leg compartment syndrome was studied by Giannoudis et al. (2002). Thirty patients who were a minimum of one-year post-injury completed the EQ-5D (EuroQol) and were compared to age/ sex-matched patients who had sustained closed tibia fracture without compartment syndrome. Patients with a skin-graft reported more pain and discomfort than patients without a skin-graft. Patients whose wounds were closed faster had significantly better self-rated health status than patients in time to wound closure was longer. Finally, the patients reported significantly more problems on the individual dimensions of the EQ-5D than did the control group; however their overall self-rated health was not statistically different (Giannoudis 2002). Other studies have evaluated the long-term results following fasciotomy, demonstrating that the majority of patients experience problems with the leg, most commonly swelling and decreased endurance (van den Brand 2004). POTENTIAL BENEFITS, HARMS, AND CONTRAINDICATIONS All surgical interventions carry the risk of complication and unforeseen consequences. In the case of ACS, it is possible that failure to perform surgery may lead to far greater disability and morbidity. The accurate diagnosis of ACS is the most confounding aspect in treatment and can be affected by patient factors and the experience of the provider. Failure to diagnose ACS can lead to serious systemic illness, limb loss and significant loss of function. With the resultant high index of suspicion maintained by clinicians in the face of ACS, unnecessary surgery may be performed which may result in prolonged treatment, increased risks of infection and soft tissue damage and resultant disability. Even with an accurate diagnosis, improperly performed fasciotomy increases the risk of increased intracompartmental injury and can complicate the reconstruction of traumatic injuries. Patient factors, including the inciting injury and timing of presentation, always must be considered in the face of clinical signs and symptoms and the clinician’s experience. Synthesis of all available information will facilitate an informed discussion with the patient/surrogate regarding the presence or absence of ACS and the suggested treatment if ACS is suspected or presumed. 
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BIOMARKERS – MYOGLOBINURIA AND SERUM TRIPONIN

 Limited evidence supports that myoglobinuria and serum troponin level may 
assist in diagnosing acute compartment syndrome in patients with traumatic 
lower extremity injury.

Strength of Recommendation: Limited 

Presenter
Presentation Notes
Rationale One moderate quality study (Alamshah, 2016) showed that myoglobinuria had a moderate/strong relationship to the reference standard of fasciotomy, although surgery was performed based on unspecified pressure measurements and clinical criteria. This study also showed troponin levels to be a strong rule-in test (elevated values were associated with fasciotomy) but a poor rule-out test (normal values were not associated with absence of fasciotomy). This paper included 149 patients, of which 82% had trauma and the others had vascular injury. Patients with crush injury were excluded, which is of interest because this is the classic condition that causes myoglobinuria. Fasciotomy was performed in 14 cases, but the indications for fasciotomy are unclear. This paper does not provide enough data to support any specific role for myoglobinuria as a diagnostic indicator for when acute compartment syndrome is present, but suggests that myoglobinuria is more common in patients with leg trauma (but without crush injury) who undergo fasciotomy. ��Future Research�Future research examining the sensitivity and specificity of biomarkers compared to an appropriate reference standard (e.g. validated and/or comprehensive clinical and pressure diagnosis) in a population of patients suspected of ACS would be invaluable.Alamshah, S. M., Jahanshahi, A., Minaee, H., Nahidi, A., Dorestan, N., Kabiri, A., Sadat, S. A. Investigating correlation of lower extremity muscle compartment syndrome with muscle related serum enzyme tests: Is any reliable biomarker?. Biomedical and Pharmacology Journal 2016; 3: 1183-1188
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SERUM BIOMARKERS – FEMORAL VEIN LACTATE CONCENTRATION
 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  

Presenter
Presentation Notes
Rationale One high quality study (Mitas, 2014) of patients with acute limb ischemia from femoral artery embolism reported serial lactate measurements taken from the femoral vein just before and at several time points following limb revascularization. The results showed a strong relationship between the difference in blood lactate concentration immediately before and after revascularization and the reference standard of fasciotomy (which was performed based on clinical findings of new sensorimotor deficits and/or intracompartment pressure greater than 30 mmHg). This strong relationship to the reference standard held true at any threshold of blood lactate level between 1 and 3 mmol/L. Although the pressure criterion used could be considered an overly conservative indication for fasciotomy, the findings show that compartment syndrome is more likely when a more profound metabolic disturbance is present. It is important to recognize that this diagnostic approach is only applied ACS occurring in non-trauma patients with acute lower limb ischemia from femoral artery embolism.��Future Research�Future research examining the sensitivity and specificity of biomarkers compared to an appropriate reference standard (e.g. validated and/or comprehensive clinical and pressure diagnosis) in a population of patients suspected of ACS would be invaluable.Mitas, P., Vejrazka, M., Hruby, J., Spunda, R., Pecha, O., Lindner, J., Spacek, M. Prediction of compartment syndrome based on analysis of biochemical parameters. Annals of Vascular Surgery 2014; 1: 170-7
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BIOMARKERS – ELECTRICAL INJURY
 Limited evidence supports that myoglobinuria does not assist in diagnosing 

acute compartment syndrome in patients with electrical injury.

Strength of Recommendation: Limited 

Presenter
Presentation Notes
Rationale An uncommon cause of extremity compartment syndrome is high-voltage electrical injury, and the diagnosis of ACS in this group is complicated by the associated eschar and the fact that these patients are most-often intubated and cared for in an intensive care unit setting. Biochemical monitoring is therefore of interest in this subset of patients. One moderate quality study (Cancio, 2005) found a weak/poor association between myoglobinuria and the reference standard of fasciotomy (performed based on “clinically evident extremity compartment syndrome or elevated compartment pressures”) for diagnosis of ACS in patients with electrical burn injuries. In relation to this study, neither compartment pressure monitoring nor clinical exam findings have been validated for ACS diagnosis, and treatment standards are biased towards performing fasciotomy/escharotomy. Although there was a weak association between myoglobinuria and performance of fasciotomy in patients with high-voltage electrical injury, the sensitivity and specificity of myoglobinuria are insufficient to recommend it as a diagnostic modality.��Future Research�Future research examining the sensitivity and specificity of biomarkers compared to an appropriate reference standard (e.g. validated and/or comprehensive clinical and pressure diagnosis) in a population of patients suspected of ACS would be invaluable.Cancio, L. C., Jimenez-Reyna, J. F., Barillo, D. J., Walker, S. C., McManus, A. T., Vaughan, G. M. One hundred ninety-five cases of high-voltage electric injury. Journal of Burn Care & Rehabilitation 2005; 4: 331-40
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SERUM BIOMARKERS IN LATE/MISSED ACS

 In the absence of reliable evidence, it is the opinion of the work group that 
serum biomarkers do not provide useful information to guide decision making 
when considering fasciotomy for a presumed late-presentation or missed acute 
compartment syndrome.

Presenter
Presentation Notes
Rationale All information available and consideration of the risk of a potentially late fasciotomy should be considered. POSSIBLE HARMS OF IMPLEMENTATION As noted in this CPG, the diagnosis of ACS at any time point after injury is difficult, uncertain, and potentially controversial, with significant practice variation present. Laboratory value abnormalities alone do not provide sufficient guidance to indicate when fasciotomy is needed. Presuming a missed ACS based on biomarkers may lead to performing fasciotomy on a necrotic compartment with resultant complications. Surgeons should consider irrigation and debridement of an affected limb when faced with evidence of significant infection in an extremity with a presumed missed ACS. FUTURE RESEARCH While reliable diagnostic criteria for ACS may remain elusive, research should be geared towards determining serum markers that differentiate between reversible ischemia caused by ACS and indicators of neuromuscular necrosis that increases the morbidity of fasciotomy.
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PRESSURE METHODS - DIAGNOSIS
 Moderate evidence supports that intracompartmental pressure monitoring 

assists in diagnosing acute compartment syndrome.

Strength of Recommendation: Moderate  

Presenter
Presentation Notes
Rationale There are 2 moderate quality studies (McQueen 2013, Janzing 2001) and 3 low quality studies (Sangwan 2003, Mubarak 1978, Dickson 2003) evaluating the sensitivity and specificity of compartment pressure monitoring for diagnosing ACS. Variability in defining ACS, the type and duration of compartment pressure monitoring (single reading vs. continuous vs. intermittent), and the threshold for fasciotomy complicate interpretation of these studies. However, in all of the studies where a differential pressure of 30 mmHg was used as a cutoff (diastolic blood pressure-ICP or mean arterial pressure- ICP), pressure monitoring showed good sensitivity and/or specificity, indicating that, when combined with clinical symptoms, pressure monitoring can be useful in ruling out compartment syndrome. There was not adequate evidence to support a single absolute pressure cutoff to diagnose ACS.��One moderate strength study (McQueen 2013) examined the sensitivity of continuous compartment pressure monitoring with a threshold for fasciotomy of DBP-ICP <30 for >2 consecutive hours. This study also attempted to quantify false positives and false negatives based on intraoperative findings and clinical sequelae, which lends the study practical strength. While this study found DBP-ICP < 30 to have high sensitivity and specificity, another moderate quality study (Janzing 2001) found this threshold to have poorer specificity, indicating that using DBP-ICP < 30 to diagnose compartment syndrome will result in unnecessary fasciotomies (false positives). The three lower quality studies (Sangwan 2003, Murbarak 1978, Dickson 2003) showed that using DBP-ICP < 30 to diagnose compartment syndrome had good specificity, but were variable in their findings as to the sensitivity of the test.��The findings of another low quality study looking at continuous pressure monitoring vs. no pressure monitoring for tibia fractures (McQueen 1996) supports the fact that few compartment syndromes will be missed using DBP-ICP<30 as a cutoff for diagnosing ACS.POSSIBLE HARMS OF IMPLEMENTATION�Using a threshold of DBP-ICP <30 to diagnose compartment syndrome might lead to overtreatment�(fasciotomies for patients without true compartment syndrome). Relying on a single pressure reading as�opposed to serial or continuous compartment readings is not a reliable way to diagnose compartment�syndrome and may result in missed compartment syndrome. Relying solely on pressure readings should�be avoided: clinical suspicion and clinical exam must factor into diagnosis as well.FUTURE RESEARCH�Further studies examining the sensitivity and specificity of pressure measuring methods, techniques and�thresholds vs. reference standards that take into account false negatives and false positives would be�beneficial.McQueen, M. M., Duckworth, A. D., Aitken, S. A., Court-Brown, C. M. The estimated sensitivity and specificity of compartment pressure monitoring for acute compartment syndrome. Journal of Bone & Joint Surgery - American Volume 2013; 8: 673-7Janzing, H. M., Broos, P. L. Routine monitoring of compartment pressure in patients with tibial fractures: Beware of overtreatment!. Injury 2001; 5: 415-21Sangwan, S. S., Marya, K. M., Devgan, A., Siwach, R. C., Kundu, Z. S., Gupta, P. K. Critical evaluation of compartment pressure measurement by saline manometer in peripheral hospital setup. Tropical Doctor 2003; 2: 100-3Mubarak, S. J., Owen, C. A., Hargens, A. R., Garetto, L. P., Akeson, W. H. Acute compartment syndromes: diagnosis and treatment with the aid of the wick catheter. Journal of Bone & Joint Surgery - American Volume 1978; 8: 1091-5Dickson, K. F., Sullivan, M. J., Steinberg, B., Myers, L., Anderson, E. R., 3rd, Harris, M. Noninvasive measurement of compartment syndrome. Orthopedics 2003; 12: 1215-8McQueen, M. M., Christie, J., Court-Brown, C. M. Acute compartment syndrome in tibial diaphyseal fractures. Journal of Bone & Joint Surgery - British Volume 1996; 1: 95-8
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PRESSURE METHODS – RULING OUT

 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  

Presenter
Presentation Notes
Rationale There are 2 moderate quality studies (McQueen 2013, Janzing 2001) and 3 low quality studies (Sangwan 2003, Mubarak 1978, Dickson 2003) evaluating the sensitivity and specificity of compartment pressure monitoring for diagnosing ACS. Variability in defining ACS, the type and duration of compartment pressure monitoring (single reading vs. continuous vs. intermittent), and the threshold for fasciotomy complicate interpretation of these studies. However, in all of the studies where a differential pressure of 30 mmHg was used as a cutoff (diastolic blood pressure-ICP or mean arterial pressure- ICP), pressure monitoring showed good sensitivity and/or specificity, indicating that, when combined with clinical symptoms, pressure monitoring can be useful in ruling out compartment syndrome. There was not adequate evidence to support a single absolute pressure cutoff to diagnose ACS.��One moderate strength study (McQueen 2013) examined the sensitivity of continuous compartment pressure monitoring with a threshold for fasciotomy of DBP-ICP <30 for >2 consecutive hours. This study also attempted to quantify false positives and false negatives based on intraoperative findings and clinical sequelae, which lends the study practical strength. While this study found DBP-ICP < 30 to have high sensitivity and specificity, another moderate quality study (Janzing 2001) found this threshold to have poorer specificity, indicating that using DBP-ICP < 30 to diagnose compartment syndrome will result in unnecessary fasciotomies (false positives). The three lower quality studies (Sangwan 2003, Murbarak 1978, Dickson 2003) showed that using DBP-ICP < 30 to diagnose compartment syndrome had good specificity, but were variable in their findings as to the sensitivity of the test.��The findings of another low quality study looking at continuous pressure monitoring vs. no pressure monitoring for tibia fractures (McQueen 1996) supports the fact that few compartment syndromes will be missed using DBP-ICP<30 as a cutoff for diagnosing ACS.POSSIBLE HARMS OF IMPLEMENTATION�Using a threshold of DBP-ICP <30 to diagnose compartment syndrome might lead to overtreatment�(fasciotomies for patients without true compartment syndrome). Relying on a single pressure reading as�opposed to serial or continuous compartment readings is not a reliable way to diagnose compartment�syndrome and may result in missed compartment syndrome. Relying solely on pressure readings should�be avoided: clinical suspicion and clinical exam must factor into diagnosis as well.FUTURE RESEARCH�Further studies examining the sensitivity and specificity of pressure measuring methods, techniques and�thresholds vs. reference standards that take into account false negatives and false positives would be�beneficial.McQueen, M. M., Duckworth, A. D., Aitken, S. A., Court-Brown, C. M. The estimated sensitivity and specificity of compartment pressure monitoring for acute compartment syndrome. Journal of Bone & Joint Surgery - American Volume 2013; 8: 673-7Janzing, H. M., Broos, P. L. Routine monitoring of compartment pressure in patients with tibial fractures: Beware of overtreatment!. Injury 2001; 5: 415-21Sangwan, S. S., Marya, K. M., Devgan, A., Siwach, R. C., Kundu, Z. S., Gupta, P. K. Critical evaluation of compartment pressure measurement by saline manometer in peripheral hospital setup. Tropical Doctor 2003; 2: 100-3Mubarak, S. J., Owen, C. A., Hargens, A. R., Garetto, L. P., Akeson, W. H. Acute compartment syndromes: diagnosis and treatment with the aid of the wick catheter. Journal of Bone & Joint Surgery - American Volume 1978; 8: 1091-5Dickson, K. F., Sullivan, M. J., Steinberg, B., Myers, L., Anderson, E. R., 3rd, Harris, M. Noninvasive measurement of compartment syndrome. Orthopedics 2003; 12: 1215-8McQueen, M. M., Christie, J., Court-Brown, C. M. Acute compartment syndrome in tibial diaphyseal fractures. Journal of Bone & Joint Surgery - British Volume 1996; 1: 95-8
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PRESSURE MONITORING IN LATE/MISSED ACS
 In the absence of reliable evidence, it is the opinion of the work group that 

compartment pressure monitoring does not provide useful information to guide 
decision making when considering fasciotomy for an adult patient with 
evidence of irreversible intracompartmental (neuromuscular/vascular) damage.

Presenter
Presentation Notes
Rationale Determining when ACS has caused irreversible damage to the nerves, vessels and/or muscle in a given compartment is difficult in the absence of a reliable clinical history. There is no convincing clinical data to indicate that multiple compartment pressure checks can help determine when irreversible damage has occurred. There is also no conclusive clinical data to suggest that elevated compartment pressures in a patient with known irreversible intracompartmental damage are an indication for fasciotomy. Fasciotomy performed on a limb with irreversible intracompartmental damage carries significant morbidity.Possible Harms Of Implementation The indication for fasciotomy should be based on a reliable clinical history and exam. Assuming the viability of the compartment necrosis can lead to a missed diagnosis while performing fasciotomy on a necrotic compartment may lead to significant morbidity. Future Research Determining reliable compartment pressure measurements that indicate the progression to irreversible ischemia would significantly aid the clinician seeking to avoid the morbidity of fasciotomy in this population.
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PHYSICAL EXAM - AWAKE
 Limited evidence supports using serial clinical exam findings to assist in ruling in 

acute compartment syndrome.

Strength of Recommendation: Limited 

Presenter
Presentation Notes
Rationale One moderate quality study (Janzing, 2001) showed serial clinical testing (e.g. pain, pallor, pulse, swelling, etc.) to have a moderate association with the performance of fasciotomy for presumed ACS in patients with tibia fractures. Patients were examined and compartment pressures checked hourly for 6 hours then every 3 hours for at least 24 hours. ACS was defined as a patient indicated for fasciotomy or those who suffered a sequelae attributed to ACS, not a specific intracompartmental pressure or operative findings. This study also compared different thresholds for indicating patients for fasciotomy with clinical examination being specific (0.87) for surgery but less sensitive (0.67) than intracompartmental pressure monitoring. Pressure monitoring in symptomatic patients did obviate the need for fasciotomy in some cases, however the authors acknowledge the inability to truly diagnose ACS, using indicated fasciotomy as a surrogate for the diagnosis. Two other low quality studies (Dickson, 2003; Mubarak, 1978) assessed clinical symptoms for the diagnosis of ACS, but they were deemed relevant only to the pressure testing recommendations (2a and 2b). Mubarak, et al utilized compartment pressure monitoring in patients who presented with clinical symptoms/signs of ACS. These clinical findings were used as the threshold to perform further intracompartmental testing instead of being compared to pressure values. Similarly, Dickson et al identified patients with pain and swelling for inclusion in studying a new device comparing limb hardness to intracompartmental pressure values. The four included studies included patients without acute trauma and varying definitions for ACS, with dissimilar roles of clinical diagnosis for diagnosing ACS, thus the findings should be interpreted with caution. POSSIBLE HARMS OF IMPLEMENTATION Due to the difficulty in accurately diagnosing true compartment syndrome, reliance on clinical examination may lead to both missed diagnosis and, conversely, overtreatment with “unnecessary” fasciotomy. Many clinicians rely on exam findings and the suspicion of ACS should prompt further investigation with serial exams or pressure measurement. Reliance on a single negative exam may result in a missed diagnosis and dependence solely on classic symptoms may lead to overdiagnosis.FUTURE RESEARCH The unreliability of clinical examination further supports the need for research into noninvasive compartment pressure/perfusion techniques as well as delineation of clear pressure values that indicate the presence of ACS. Dickson, K. F., Sullivan, M. J., Steinberg, B., Myers, L., Anderson, E. R., 3rd, Harris, M. Noninvasive measurement of compartment syndrome. Orthopedics 2003; 12: 1215-8Janzing, H. M., Broos, P. L. Routine monitoring of compartment pressure in patients with tibial fractures: Beware of overtreatment!. Injury 2001; 5: 415-21Mubarak, S. J., Owen, C. A., Hargens, A. R., Garetto, L. P., Akeson, W. H. Acute compartment syndromes: diagnosis and treatment with the aid of the wick catheter. Journal of Bone & Joint Surgery - American Volume 1978; 8: 1091-5
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PHYSICAL EXAM – OBTUNDED
 In the absence of reliable evidence, it is the opinion of the work group that 

without a dependable clinical examination (e.g. in the obtunded patient), 
repeated or continuous intracompartmental pressure measurements are 
recommended until acute compartment syndrome is diagnosed or ruled out.

Presenter
Presentation Notes
Rationale A high suspicion for compartment syndrome should always be maintained in the obtunded patient. In contradistinction to the patient with an unknown clinical timeline leading to compartment syndrome, the timeline of the obtunded patient’s clinical course might be more obvious. Mechanism and/or previous surgical interventions (i.e. vascular repair, ORIF) should alert surgeons to the potential for ACS, and we recommend that surgeons closely monitor these patients and ensure that appropriate perfusion is maintained and hypotension avoided. With at-risk patients and equivocal findings of acute compartment syndrome, fasciotomy is less morbid than the consequences of a missed acute compartment syndrome. POSSIBLE HARMS OF IMPLEMENTATION In this patient population, there is limited risk in performing serial examination of the affected extremity. Increased risk may be introduced if an inappropriate threshold is used to diagnosis acute compartment syndrome in these patients allowing acute compartment syndrome to evolve into irreversible intracompartmental damage. FUTURE RESEARCH Further studies examining the sensitivity and specificity of pressure measuring methods, techniques and thresholds vs. reference standards that take into account false negatives and positives, as done by McQueen 2013, would be beneficial.McQueen, M. M., Duckworth, A. D., Aitken, S. A., Court-Brown, C. M. The estimated sensitivity and specificity of compartment pressure monitoring for acute compartment syndrome. Journal of Bone & Joint Surgery - American Volume 2013; 8: 673-7
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ALTERNATIVE METHODS OF DIAGNOSIS
 In the absence of reliable evidence, it is the opinion of the work group that 

there are no reported diagnostic modalities, other than direct pressure 
monitoring or clinical exam findings, that provide useful information to guide 
decision making when considering fasciotomy for acute compartment 
syndrome.

Presenter
Presentation Notes
RATIONALE Only one low quality study (Dickson, 2003) meeting the inclusion criteria for this CPG was found that addressed any diagnostic modalities other than clinical or pressure testing. This study showed that in patients with a clinical diagnosis suggesting or confirming compartment syndrome, a “hardness ratio” of 2 or more had a weak association to the reference standard of a clinical diagnosis of ACS (as determined by the attending physician’s clinical assessment). Hardness measurements were made using an investigational device consisting of a force plate that was applied to the skin. The hardness of the compartment with the highest compartment pressure was comparted to the final clinical assessment, and diagnostic parameters calculated. In particular, this diagnostic method had low specificity, resulting in a significant number of false positive diagnoses, leading the authors not to recommend this as a useful diagnostic modality. Many other examples of alternative diagnostic modalities have been considered to be of potential value for the diagnosis of ACS, including near-infrared spectroscopy (NIRS), electromyography (EMG), and pH testing. However, at the time of publication of this CPG, these modalities were not supported by any published literature meeting the inclusion criteria for this review. It is the opinion of the panel that this is an area of significant research with potential clinical impact, and readers should continue to review the published literature as new data regarding new diagnostic modalities for ACS become available. POSSIBLE HARMS OF IMPLEMENTATION Misdiagnosis could lead irreversible intracompartmental damage. FUTURE RESEARCH Studies examining the sensitivity and specificity of various diagnostic modalities (e.g. NIRS, Imaging, NCS, etc.) as compared to an appropriate reference standard (e.g. validated and/or comprehensive clinical and pressure diagnosis) in a population of patients suspected of ACS may have significant impact on clinicians’ ability to accurately diagnose acute compartment syndrome in a timely fashion.Dickson, K. F., Sullivan, M. J., Steinberg, B., Myers, L., Anderson, E. R., 3rd, Harris, M. Noninvasive measurement of compartment syndrome. Orthopedics 2003; 12: 1215-8
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FASCIOTOMY METHODS
 In the absence of reliable evidence, it is the opinion of the work group that 

fasciotomy technique (e.g. one vs two incision, placement of incisions) is less 
important than achieving complete decompression of the compartments of the 
affected extremity.

Presenter
Presentation Notes
RATIONALE Four low quality studies (Bible, 2013; Jang, 2017; Kanj, 2013; Heemskerk, 2003) examined various fasciotomy techniques displaying varying results and inconsistent outcomes, which led to the lack of an evidence-based recommendation for this topic. Clinicians should consider the soft tissue envelope when determining incision placement as the literature does not clearly suggest an advantage or disadvantage for choosing different techniques. Surgeons should choose the fasciotomy technique deemed best to allow for full decompression of the involved compartments and may be tailored to other considerations such as plans for staged fixation. For the inexperienced clinician, it is recommended that the 2-incision method be used. POSSIBLE HARMS OF IMPLEMENTATION Incomplete fasciotomy can have severe consequences. In the war wounded, the need for fasciotomy revision is associated with a 4-fold increase in mortality. FUTURE RESEARCH While fasciotomy is not technically challenging, research into the most effective educational tools to improve fasciotomy techniques may be of benefit. A fasciotomy education program, as conducted in the U.S. military, improved survival rates however, the rates of delayed fasciotomy did not change.Bible, J. E., McClure, D. J., Mir, H. R. Analysis of single-incision versus dual-incision fasciotomy for tibial fractures with acute compartment syndrome. Journal of Orthopaedic Trauma 2013; 11: 607-11Jang, Y. S., Lee, B. H., Park, H. S. Lower amputation rate after fasciotomy by straight midline incision technique for a 22,900-V electrical injury to the upper extremities. Injury 2017; 11: 2590-2596Kanj, W. W., Gunderson, M. A., Carrigan, R. B., Sankar, W. N. Acute compartment syndrome of the upper extremity in children: diagnosis, management, and outcomes. Journal of Childrens Orthopaedics 2013; 3: 225-33Heemskerk, J., Kitslaar, P. Acute compartment syndrome of the lower leg: retrospective study on prevalence, technique, and outcome of fasciotomies. World Journal of Surgery 2003; 6: 744-7
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FASCIOTOMY FOR LATE/MISSED ACS
 In the absence of reliable evidence, it is the opinion of the work group that 

performing fasciotomy is not indicated in an adult patient with evidence of 
irreversible intracompartmental (neuromuscular/vascular) damage. Fracture 
stabilization, if warranted in these patients, should utilize a technique (external 
fixation/casting) that does not violate the compartment.

Presenter
Presentation Notes
RATIONALE Patients may present with evidence of advanced compartment syndrome of uncertain but likely prolonged duration, as in the case of a patient found obtunded or incapacitated. When evidence of irreversible muscle ischemia and necrosis (rhabdomyolysis) is observed, as indicated by the presence of myoglobinuria, renal failure, and dramatic elevations in creatine phosphokines (CPK), fasciotomy may increase the potential for further reperfusion injury. In addition, exposure of necrotic muscle by performing fasciotomy may necessitate extensive debridement and create large wounds with the potential for soft tissue infection. For these reasons, the panel recommends that fasciotomy not be performed in such circumstances. In such cases where there is an associated fracture, operative fracture care should be approached with caution and fixation methods that do not violate the compartment (external fixation, casting) should be considered. POSSIBLE HARMS OF IMPLEMENTATION When presented with the possibility of late ACS, clinicians should be wary of erroneously assuming the patient has an irreversible injury. In the absence of any reliable techniques to accurately determine the timing of the compartment syndrome, the clinician is left with few options. Fasciotomies in an extremity with irreversible compartment syndrome can lead to systemic reperfusion injuries and exposes devitalized muscle potentially increasing the risk of infection. A small incision to determine the presence or absence of devitalized muscle in the compartment may be a reasonable option. If necrotic muscle is found, extension of the incision is not advised. Fracture stabilization is warranted in these extremities in certain situations. In the short term, temporizing stabilization with external fixation or casting is preferred. FUTURE RESEARCH Future research to define serum biomarkers or determine imaging modalities that reliably establish the extent of muscle necrosis would be beneficial.
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ASSOCIATED FRACTURE
 In the absence of reliable evidence, it is the opinion of the work group that 

operative fixation (external or internal) should be performed for initial 
stabilization of long bone fractures with concomitant acute compartment 
syndrome requiring fasciotomy.

Presenter
Presentation Notes
RationaleOne low quality study (Kim, 2017) supports the use of either immediate intramedullary nailing or internal fixation in tibial fractures requiring fasciotomy. This study retrospectively reviewed a small cohort of patients who underwent fasciotomy with concomitant intramedullary nailing, internal plate fixation, or external fixation. Patients later underwent delayed fasciotomy closure or skin grafting. The investigators found no difference in functional outcomes or complications.Possible Harms Of ImplementationEarly internal fixation with open fasciotomy wounds may lead to contamination of hardware and deep infection. The above study must be interpreted with caution.Future ResearchIn the absence of studies randomizing patients requiring fasciotomy for ACS to either internal or external fixation, analysis of complications and patient outcomes in large, matched, stratified, controlled treatment groups at equal follow up times would be beneficial.Kim, T. H., Chung, J. Y., Kim, K. S., Song, H. K. Is external fixation needed for the treatment of tibial fractures with acute compartment syndrome?. Injury 2017; 0:
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WOUND MANAGEMENT
 Limited evidence supports use of negative pressure wound therapy for 

management of fasciotomy wounds with regard to reducing time to wound 
closure and reducing the need for skin grafting.

Strength of Recommendation: Limited 

Presenter
Presentation Notes
Rationale There was one moderate strength (Li, 2015) and three low strength (Zannis, 2009; Mittal, 2017; Krticka, 2016) studies evaluating wound management after fasciotomy. Li et al. found that use of negative pressure wound therapy resulted in a decrease in days to wound closure/coverage (9 days versus 14 days). Zannis et al. found that negative pressure wound therapy resulted in decreased need for split thickness skin graft in both the lower limb (17% versus 44%, RR 0.39) and upper limb (43% versus 66%, RR0.67). Of the three studies that reported important but rare outcomes including infection and/or other complications, all were underpowered to adequately assess these rare outcomes (subject sizes: 52 patients in Li et al., 63 patients in Krticka et al. and 50 patients in Mittal et al.). Krticka 2016 compared vacuum- assisted closure with dermatotaxis technique versus dressing fabrics and reported that dressing fabrics resulted in a higher rate of infection that was not statistically significant (9.5% versus 14.3%). For context, based on this rate of infection a study would require 1,478 patients (739 per group) to be adequately powered to detect a statistically significant difference with 80% power, assuming an alpha of 5%. Mittal et al. compared two specific dermatotaxis techniques to aid wound closure without use of negative pressure wound therapy and found that use of tensioned wires (as opposed to sutures) resulted in higher risk of infection (12% versus 4%, RR 3). Possible harms of implementation We believe that there is no harm associated with use of negative pressure wound therapy to assist wound management/wound closure of fasciotomy wounds, particularly if used in the short term. However, there may be a relationship between time to wound closure/coverage and risk of infection, particularly in the setting of metallic implants. However, this is not been examined in the literature in this patient population. Furthermore, the risk benefit ratio of dermatotaxis techniques are not yet clear. Future Research Future research is needed to further clarify the relative benefits associated with use of negative pressure wound therapy, with particular consideration for austere environments. This work has important implications for forward surgical teams utilized by the military. However, there may be barriers to performing this work in civilian settings due to the substantial benefits of negative pressure wound therapy in terms of patient care (fewer dressing changes, easier nursing care) as well as theoretical benefits (including reduction in nosocomial contamination due to sterile placement in the operating room, improved granulation tissue formation to improve skin graft bed). Adequately powered high quality studies are needed to explore the relationship between management of fasciotomy wounds and complication such as infection as well as rate of and time to delayed wound closure and/or skin graft. Independent variables important to study include type of wound care method (ie negative pressure wound therapy versus wet to dry guaze), use of dermatotaxis techniques (ie “Jacob’s ladder” or “shoestring” technique versus traditional), time to closure or skin graft, timing for definative fixation/definative hardware. Both hard outcomes as well as functional outcomes and health-related quality of life outcomes are needed to adequately guide decision-making.Krticka, M., Ira, D., Bilik, A., Rotschein, P., Svancara, J. Fasciotomy closure using negative pressure wound therapy in lower leg compartment syndrome. Bratislavske Lekarske Listy 2016; 12: 710-714Li, W., Ji, L., Tao, W. Effect of vacuum sealing drainage in osteofascial compartment syndrome. International Journal of Clinical and Experimental Medicine 2015; 9: 16112-16116Mittal, N., Bohat, R., Virk, J. S., Mittal, P. Dermotaxis v/s loop suture technique for closure of fasciotomy wounds: a study of 50 cases. Strategies in Trauma and Limb Reconstruction 2017; 0: 1-7Zannis, J., Angobaldo, J., Marks, M., DeFranzo, A., David, L., Molnar, J., Argenta, L. Comparison of fasciotomy wound closures using traditional dressing changes and the vacuum-assisted closure device. Annals of Plastic Surgery 2009; 4: 407-9
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PAIN MANAGEMENT EFFECTS ON DIAGNOSIS
 In the absence of reliable evidence, it is the opinion of the work group that 

neuraxial anesthesia may complicate the clinical diagnosis of acute 
compartment syndrome. If neuraxial anesthesia is administered, frequent 
physical examination and/or pressure monitoring should be performed.

Presenter
Presentation Notes
Rationale As there is no objective, gold standard for the diagnosis of acute compartment syndrome, the clinician should seek an aggregate of data points (including physical examination findings, escalating need for pain medication, pain out of proportion of injury, perfusion pressure, absolute pressure). At the present, in the absence of adequate studies, we believe that the risk of neuraxial anesthesia delaying and/or masking signs/symptoms associated with impending compartment syndrome (including physical examination findings, need for pain medication, magnitude of pain) outweighs the potential benefits of this treatment modality in high risk patient populations. We acknowledge that this opinion is made in the setting of only isolated extremely low-quality case reports and case series, none of which meet standards for inclusion in this analysis. The current literature suggests both that regional anesthesia may delay diagnosis of acute compartment syndrome and that regional anesthesia does not mask timely diagnosis. If neuraxial anesthesia is administered, we recommend that more emphasis is placed on intra- compartmental pressure monitoring as well as break through pain despite regional anesthesia. Furthermore, we believe that clinicians should be attentive to quantity of narcotic pain medications administered to patients as an indicator of impending acute compartment syndrome. Possible Harms Of Implementation Both delayed diagnosis of acute compartment syndrome and the increased utilization of narcotic pain medication increase risk for adverse outcomes. Excessive and prolonged narcotic use can lead to substantial patient harm however, there may be a role for neuraxial anesthesia to decrease acute narcotic use and, potentially, subsequent dependence. In patients with severe cardiopulmonary disease general anesthesia may carry substantially increased risk of anesthesia- associated complication – in this setting clinicians and patients must carefully weigh the risk/benefit ratio of neuraxial anesthesia versus general anesthesia. Future Research High quality studies are needed to assess the ability to diagnose acute compartment syndrome in the setting of regional anesthesia. Similar to the obtunded patient, patients who may benefit from neuraxial anesthesia would benefit from improved monitoring for compartment syndrome. Further studies are also needed evaluate the relationship between regional anesthesia and the development of chronic pain/chronic opioid use.
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FUTURE RESEARCH
• Consideration for future research is provided for each recommendation within this document. 

Review of the published literature indicates there is significant controversy regarding the 
accurate diagnosis of ACS. The dearth of information includes both the definition of ACS and 
the means to reliably and efficiently obtain objective clinical data. While fasciotomy is widely 
accepted as the treatment for ACS, it is also commonly done for prophylaxis (in cases of so-
called “impending” compartment syndrome), and perhaps even for medicolegal reasons. Since 
there is no diagnostic standard for ACS, fasciotomy has become a surrogate for the diagnosis of 
ACS; the substitution of a treatment for a diagnosis represents a significant bias that cannot be 
easily controlled for in the literature. This is especially true given the strong bias that surgeons 
have for performing fasciotomy in order to avoid a “missed case”.

Presenter
Presentation Notes
Consideration for future research is provided for each recommendation within this document. Review of the published literature indicates there is significant controversy regarding the accurate diagnosis of ACS. The dearth of information includes both the definition of ACS and the means to reliably and efficiently obtain objective clinical data. While fasciotomy is widely accepted as the treatment for ACS, it is also commonly done for prophylaxis (in cases of so- called “impending” compartment syndrome), and perhaps even for medicolegal reasons. Since there is no diagnostic standard for ACS, fasciotomy has become a surrogate for the diagnosis of ACS; the substitution of a treatment for a diagnosis represents a significant bias that cannot be easily controlled for in the literature. This is especially true given the strong bias that surgeons have for performing fasciotomy in order to avoid a “missed case”. 
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FUTURE RESEARCH
• Future research should be aimed at defining medical treatments that mitigate the 

pathophysiologic effects of sustained elevations in compartment pressure so that there are 
options other than surgical fasciotomy. An important goal would be to develop diagnostic tests 
that are physiologically-based and provide the clinician with information indicating whether 
fasciotomy must be done urgently, or whether the patient can be followed with some form of 
medical management initiated. Finally, methods to tell whether fasciotomy would be beneficial 
in the late-presenting compartment syndrome would be very significant for the proper 
management of such patients.

Presenter
Presentation Notes
Future research should be aimed at defining medical treatments that mitigate the pathophysiologic effects of sustained elevations in compartment pressure so that there are options other than surgical fasciotomy. An important goal would be to develop diagnostic tests that are physiologically-based and provide the clinician with information indicating whether fasciotomy must be done urgently, or whether the patient can be followed with some form of medical management initiated. Finally, methods to tell whether fasciotomy would be beneficial in the late-presenting compartment syndrome would be very significant for the proper management of such patients.
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FUTURE RESEARCH – BIOMARKERS

 Future research examining the sensitivity and specificity of biomarkers compared to an 
appropriate reference standard (e.g. validated and/or comprehensive clinical and pressure 
diagnosis) in a population of patients suspected of ACS would be invaluable.
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FUTURE RESEARCH – SERUM BIOMARKERS IN LATE/MISSED ACS

 While reliable diagnostic criteria for ACS may remain elusive, research should 
be geared towards determining serum markers that differentiate between 
reversible ischemia caused by ACS and indicators of neuromuscular necrosis 
that increases the morbidity of fasciotomy.
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© 2019 American Academy of Orthopaedic Surgeons 

FUTURE RESEARCH – PRESSURE METHODS

 Further studies examining the sensitivity and specificity of pressure measuring 
methods, techniques and thresholds vs. reference standards that take into 
account false negatives and false positives would be beneficial.
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FUTURE RESEARCH - PRESSURE MONITORING IN LATE/MISSED ACS

 Determining reliable compartment pressure measurements that indicate the 
progression to irreversible ischemia would significantly aid the clinician seeking 
to avoid the morbidity of fasciotomy in this population.
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FUTURE RESEARCH – PHYSICAL EXAM (AWAKE)

 This question centers on the timing of post-operative mobilization exercises, 
defined in the 6 studies reviewed here, as the initiation of supervised physical 
therapy. Although easy to quantify, a physical therapy visit may not be the 
measure most indicative of stress on the healing repair. Absolute load and cyclic 
loading have been identified as factors affecting suture durability in 
biomechanical studies.
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FUTURE RESEARCH – PHYSICAL EXAM (AWAKE)

 Further studies examining the sensitivity and specificity of pressure measuring 
methods, techniques and thresholds vs. reference standards that take into 
account false negatives and positives, as done by McQueen 2013, would be 
beneficial.
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FUTURE RESEARCH – ALTERNATIVE METHODS OF DIAGNOSIS

 Studies examining the sensitivity and specificity of various diagnostic modalities 
(e.g. NIRS, Imaging, NCS, etc.) as compared to an appropriate reference 
standard (e.g. validated and/or comprehensive clinical and pressure diagnosis) 
in a population of patients suspected of ACS may have significant impact on 
clinicians’ ability to accurately diagnose acute compartment syndrome in a 
timely fashion.
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FUTURE RESEARCH – Physical Exam ObtundedStudies examining the sensitivity and specificity of various diagnostic modalities (e.g. NIRS, Imaging, NCS, etc.) as compared to an appropriate reference standard (e.g. validated and/or comprehensive clinical and pressure diagnosis) in a population of patients suspected of ACS may have significant impact on clinicians’ ability to accurately diagnose acute compartment syndrome in a timely fashion.
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FUTURE RESEARCH – FASCIOTOMY METHODS

 In the absence of reliable evidence, it is the opinion of the work group that 
fasciotomy technique (e.g. one vs two incision, placement of incisions) is less 
important than achieving complete decompression of the compartments of the 
affected extremity.
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FUTURE RESEARCH – FASCIOTOMY FOR LATE/MISSED ACS

 In the absence of reliable evidence, it is the opinion of the work group that 
performing fasciotomy is not indicated in an adult patient with evidence of 
irreversible intracompartmental (neuromuscular/vascular) damage. Fracture 
stabilization, if warranted in these patients, should utilize a technique (external 
fixation/casting) that does not violate the compartment.
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FUTURE RESEARCH – Fasciotomy for Late/Missed ACSIn the absence of reliable evidence, it is the opinion of the work group that performing fasciotomy is not indicated in an adult patient with evidence of irreversible intracompartmental (neuromuscular/vascular) damage. Fracture stabilization, if warranted in these patients, should utilize a technique (external fixation/casting) that does not violate the compartment.
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FUTURE RESEARCH – ASSOCIATED FRACTURE

 In the absence of reliable evidence, it is the opinion of the work group that 
operative fixation (external or internal) should be performed for initial 
stabilization of long bone fractures with concomitant acute compartment 
syndrome requiring fasciotomy.
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FUTURE RESEARCH – Associated FractureIn the absence of reliable evidence, it is the opinion of the work group that operative fixation (external or internal) should be performed for initial stabilization of long bone fractures with concomitant acute compartment syndrome requiring fasciotomy.
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FUTURE RESEARCH – WOUND MANAGEMENT

 Future research is needed to further clarify the relative benefits associated with use of negative pressure 
wound therapy, with particular consideration for austere environments. This work has important 
implications for forward surgical teams utilized by the military. However, there may be barriers to 
performing this work in civilian settings due to the substantial benefits of negative pressure wound 
therapy in terms of patient care (fewer dressing changes, easier nursing care) as well as theoretical 
benefits (including reduction in nosocomial contamination due to sterile placement in the operating 
room, improved granulation tissue formation to improve skin graft bed). Adequately powered high quality 
studies are needed to explore the relationship between management of fasciotomy wounds and 
complication such as infection as well as rate of and time to delayed wound closure and/or skin graft. 
Independent variables important to study include type of wound care method (ie negative pressure 
wound therapy versus wet to dry guaze), use of dermatotaxis techniques (ie “Jacob’s ladder” or 
“shoestring” technique versus traditional), time to closure or skin graft, timing for definative
fixation/definative hardware. Both hard outcomes as well as functional outcomes and health-related 
quality of life outcomes are needed to adequately guide decision-making.
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FUTURE RESEARCH – PAIN MANAGEMENT EFFECTS ON DIAGNOSIS

 High quality studies are needed to assess the ability to diagnose acute compartment syndrome in the 
setting of regional anesthesia. Similar to the obtunded patient, patients who may benefit from neuraxial 
anesthesia would benefit from improved monitoring for compartment syndrome. Further studies are also 
needed evaluate the relationship between regional anesthesia and the development of chronic 
pain/chronic opioid use.
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ACUTE COMPARTMENT SYNDROME CASE STUDY

The American Academy of Orthopaedic Surgeons Management of Acute Compartment Syndrome Evidence-
Based Clinical Practice Guideline helps guide surgeons and other healthcare providers management of acute 
compartment syndrome of the upper or lower extremity in adults. The guideline summary provides the best 
available evidence and identifies areas with strong literature support and areas in need of future investigation. 
The full case study document is available electronically at:
https://journals.lww.com/jaaos/Fulltext/2020/10010/AAOS_Clinical_Practice_Guideline__Management_of.2.a
spx and was published on January 1, 2021. The case presented demonstrates how this CPG can be use in a 
clinical setting to help determine treatment
Please cite these case studies as follows: Coe, Marcus P. MD, MS; Osborn, Colonel Patrick, M. MD; Schmidt, 
Andrew H. MD. AAOS Clinical Practice Guideline: Management of Acute Compartment Syndrome. Journal of 
the American Academy of Orthopaedic Surgeons: January 1, 2021-Volume 29 – Issue 1 – p e1-e4
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ACUTE COMPARTMENT SYNDROME CASE STUDY

A 32-year-old man is involved in a high-speed motor vehicle accident. He was a restrained driver and was 
extricated from the vehicle and transferred via ambulance to a tertiary care facility. There he was found to have 
a painful, deformed right proximal tibia. His vital signs are stable. He is first evaluated by the trauma surgery 
team, who do not identify other life-threatening injuries. Radiographs reveal a Schatzker VI tibial plateau 
fracture (Figure 1, A and B). The treating orthopaedic surgeon is asked to evaluate the patient.
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CASE STUDY – ACUTE COMPARTMENT SYNDROME – CASE 1A 32-year-old man is involved in a high-speed motor vehicle accident. He was a restrained driver and was extricated from the vehicle and transferred via ambulance to a tertiary care facility. There he was found to have a painful, deformed right proximal tibia. His vital signs are stable. He is first evaluated by the trauma surgery team, who do not identify other life-threatening injuries. Radiographs reveal a Schatzker VI tibial plateau fracture (Figure 1, A and B). The treating orthopaedic surgeon is asked to evaluate the patient.
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ACUTE COMPARTMENT SYNDROME CASE STUDY
• AAOS Clinical Practice Guideline: 

Management of Acute Compartment 
Syndrome

•
• Coe, Marcus P.; Osborn, Colonel Patrick M.; 

Schmidt, Andrew H.
• JAAOS - Journal of the American Academy of 

Orthopaedic Surgeons29(1):e1-e4, January 1, 
2021.

• doi: 10.5435/JAAOS-D-19-00326

• (A and B): radiographs of the patient's 
initial injury in case #1.

Presenter
Presentation Notes
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ACUTE COMPARTMENT SYNDROME CASE STUDY 

On initial evaluation, the patient is awake, alert, and conversant. He has a history of greater than 2 years of 
narcotic use for a back injury but has not taken opioids in over 3 months. He rates his pain as 5/10, but shifting 
position causes him to wince. He received intravenous pain medication in the ambulance and again on his 
arrival in the hospital. Examination of the right leg reveals a swollen lower leg with intact ankle dorsiflexion, toe 
dorsiflexion, and ankle plantar flexion. He has a palpable dorsalis pedis and posterior tibial pulse. Sensation is 
intact in the deep peroneal, superficial peroneal, and tibial nerve distributions. Passive stretch of his great toe 
causes some pain, but he is able to maintain a conversation while the orthopaedic surgeon performs the 
maneuver. Given the clinical examination, the orthopaedic surgeon elects to monitor the patient clinically. This 
is consistent with the recommendation of the ACS CPG that serial clinical examinations can assist in ruling in 
ACS (limited evidence).
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CASE STUDY – ACUTE COMPARTMENT SYNDROME – CASE 1On initial evaluation, the patient is awake, alert, and conversant. He has a history of greater than 2 years of narcotic use for a back injury but has not taken opioids in over 3 months. He rates his pain as 5/10, but shifting position causes him to wince. He received intravenous pain medication in the ambulance and again on his arrival in the hospital. Examination of the right leg reveals a swollen lower leg with intact ankle dorsiflexion, toe dorsiflexion, and ankle plantar flexion. He has a palpable dorsalis pedis and posterior tibial pulse. Sensation is intact in the deep peroneal, superficial peroneal, and tibial nerve distributions. Passive stretch of his great toe causes some pain, but he is able to maintain a conversation while the orthopaedic surgeon performs the maneuver. Given the clinical examination, the orthopaedic surgeon elects to monitor the patient clinically. This is consistent with the recommendation of the ACS CPG that serial clinical examinations can assist in ruling in ACS (limited evidence).
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ACUTE COMPARTMENT SYNDROME CASE STUDY 

Given the unstable nature of the patient's fracture, the orthopaedic surgeon does elect to schedule the patient 
for urgent external fixation of his fracture with a knee-spanning construct. The orthopaedic surgeon is told that 
it will be a few hours before the operating room is ready because the driver of the other vehicle involved in this 
collision is undergoing an emergent exploratory laparotomy. The orthopaedic surgeon places the patient in a 
knee immobilizer and attends to other patients with plans to reevaluate the patient.
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CASE STUDY – ACUTE COMPARTMENT SYNDROME – CASE 1Given the unstable nature of the patient's fracture, the orthopaedic surgeon does elect to schedule the patient for urgent external fixation of his fracture with a knee-spanning construct. The orthopaedic surgeon is told that it will be a few hours before the operating room is ready because the driver of the other vehicle involved in this collision is undergoing an emergent exploratory laparotomy. The orthopaedic surgeon places the patient in a knee immobilizer and attends to other patients with plans to reevaluate the patient.
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ACUTE COMPARTMENT SYNDROME CASE STUDY 

Two hours later, the orthopaedic surgeon returns to see the patient. The patient is visibly uncomfortable, 
shifting in bed, and rating his pain as 9/10. Palpation of his lower leg compartments reveals no notable change 
in skin tension or fullness, but the patient has more discomfort with ankle dorsiflexion and plantar flexion. He 
still endorses full sensation to light touch in his foot but says it feels “weird.” The orthopaedic surgeon checks 
the chart and sees that over the last 2 hours, the patient has received three doses of intravenous pain 
medications.
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CASE STUDY – ACUTE COMPARTMENT SYNDROME – CASE 1Two hours later, the orthopaedic surgeon returns to see the patient. The patient is visibly uncomfortable, shifting in bed, and rating his pain as 9/10. Palpation of his lower leg compartments reveals no notable change in skin tension or fullness, but the patient has more discomfort with ankle dorsiflexion and plantar flexion. He still endorses full sensation to light touch in his foot but says it feels “weird.” The orthopaedic surgeon checks the chart and sees that over the last 2 hours, the patient has received three doses of intravenous pain medications.
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ACUTE COMPARTMENT SYNDROME CASE STUDY 

The orthopaedic surgeon is now concerned for compartment syndrome, but given the patient's history, he 
elects to check intracompartmental pressure readings, consistent with the ACS CPG's recommendation that 
compartment pressure monitoring can assist, but is not always necessary, in diagnosing ACS (moderate 
evidence). The patient's blood pressure before compartment checks is 145/70 mm Hg. The orthopaedic
surgeon uses a handheld syringe-based pressure monitor and measures pressures of 30 mm Hg in the 
superficial posterior compartment, 35 mm Hg in the deep posterior compartment, 55 mm Hg in the anterior 
compartment, and 50 mm Hg in the lateral compartment. Given these findings, when combined with the 
increase in narcotic use and pain, the orthopaedic surgeon diagnoses him with ACS and calls the operating 
room to increase the urgency of his case. This diagnosis is consistent with the ACS CPG's recommendation that 
a difference between the patient's diastolic pressure and the intracompartmental pressure of 30 mm Hg can be 
used as a threshold for diagnosing ACS and performing fasciotomy (moderate evidence).
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CASE STUDY – ACUTE COMPARTMENT SYNDROME – CASE 1The orthopaedic surgeon is now concerned for compartment syndrome, but given the patient's history, he elects to check intracompartmental pressure readings, consistent with the ACS CPG's recommendation that compartment pressure monitoring can assist, but is not always necessary, in diagnosing ACS (moderate evidence). The patient's blood pressure before compartment checks is 145/70 mm Hg. The orthopaedic surgeon uses a handheld syringe-based pressure monitor and measures pressures of 30 mm Hg in the superficial posterior compartment, 35 mm Hg in the deep posterior compartment, 55 mm Hg in the anterior compartment, and 50 mm Hg in the lateral compartment. Given these findings, when combined with the increase in narcotic use and pain, the orthopaedic surgeon diagnoses him with ACS and calls the operating room to increase the urgency of his case. This diagnosis is consistent with the ACS CPG's recommendation that a difference between the patient's diastolic pressure and the intracompartmental pressure of 30 mm Hg can be used as a threshold for diagnosing ACS and performing fasciotomy (moderate evidence).
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ACUTE COMPARTMENT SYNDROME CASE STUDY 

A second anesthesia team is brought in, and the patient is in the operating room in less than an hour. The 
orthopaedic surgeon performs two incision, four compartment fasciotomy with care to make sure that he is 
visualizing and releasing all compartments while keeping in mind his plan for definitive fixation in placing these 
incisions. Herniating, viable, contractile muscle is found in the anterior and lateral compartments after release. 
The superficial and deep posterior compartments also contain viable muscle, although it does not herniate 
after being released. The orthopaedic surgeon then places a diamond-shaped external fixator spanning pins 
placed in the anterior lateral femur and anterior tibia. Treatment with fasciotomy and external fixation of the 
fracture are both in keeping the ACS CPG's consensus statements on treatment modalities. The skin and fascia 
are left open and dressed with negative pressure wound dressings in accordance with the recommendation of 
the ACS CPG that negative pressure wound dressings may reduce time to wound closure and the need for skin 
grafting (Limited Evidence).
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CASE STUDY – ACUTE COMPARTMENT SYNDROME – CASE 1A second anesthesia team is brought in, and the patient is in the operating room in less than an hour. The orthopaedic surgeon performs two incision, four compartment fasciotomy with care to make sure that he is visualizing and releasing all compartments while keeping in mind his plan for definitive fixation in placing these incisions. Herniating, viable, contractile muscle is found in the anterior and lateral compartments after release. The superficial and deep posterior compartments also contain viable muscle, although it does not herniate after being released. The orthopaedic surgeon then places a diamond-shaped external fixator spanning pins placed in the anterior lateral femur and anterior tibia. Treatment with fasciotomy and external fixation of the fracture are both in keeping the ACS CPG's consensus statements on treatment modalities. The skin and fascia are left open and dressed with negative pressure wound dressings in accordance with the recommendation of the ACS CPG that negative pressure wound dressings may reduce time to wound closure and the need for skin grafting (Limited Evidence).
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ACUTE COMPARTMENT SYNDROME CASE STUDY

The patient is taken back to the operating room every 2 to 3 days to change his negative pressure dressings, 
and after 7 days, the skin overlying both fasciotomies is closed. Two and a half weeks after his initial injury, the 
patient undergoes open reduction and internal fixation (Figure 2, A and B).
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PLEASE CITE CLINICAL PRACTICE GUIDELINE AS:  

American Academy of Orthopaedic Surgeons Evidence-Based Clinical Practice 
Guideline on the Management of Acute Compartment Syndrome. 
http://www.orthoguidelines.org/topic?id=1026. Published December 7, 2018. 

Presenter
Presentation Notes
ReferencesAmerican Academy of Orthopaedic Surgeons Evidence-Based Clinical Practice Guideline on the Management of Acute Compartment Syndrome. http://www.orthoguidelines.org/topic?id=1026. Published December 7, 2018. 

http://www.orthoguidelines.org/topic?id=1026


© 2019 American Academy of Orthopaedic Surgeons 

Free for both iOS and Android
or at www.orthoguidelines.org

Provides easy access to all AAOS: 
• Clinical Practice Guidelines
• Full Guideline PDF’s
• Appropriate Use Criteria
• Case Studies
• Clinician Checklists
• Impactful Statements
• Plain Language Summaries
• Evidence-based Databases
• Evidence-based Methods, Appraisals 

and Standards

Presenter
Presentation Notes
The AAOS OrthoGuidelines app is an easy way to access Clinical Practice Guidelines right from your smartphone.  Free for both Android and iOS users, this app not only contains all AAOS CPG’s, but also contains Appropriate Use Criteria, guideline case studies, full text pdfs, clinician checklists, impactful statements, along with other useful tools. 

http://www.orthoguidelines.org/


Easier access to AAOS Guidelines: 
 Sort Alphabetically by Topic
 Sort Recommendations by Strength 
• (Strong, Moderate, Limited, Consensus) 
 Sort by Stage of Care
 Search Across all CPGs via a Single Keyword Search

Easier Access to Individual Recommendations:
 View recommendations via shortened titles
 Access to full recommendation & rationale
 Links to references (PubMed)

Clinical Practice 
Guidelines Now 

Available on Your 
Smartphone

Download on the App Store
Get it on Google play

Presenter
Presentation Notes
OrthoGuidelines OrthoGuidelines furnishes the user with easy access to all AAOS guidelines. Guidelines can be sorted either alphabetically, by strength of recommendation, or stage of care.  All CPG’s are able to be located via a single keyword search.  OrthoGuidelines additionally enables the user to view recommendations via abbreviated titles, and enables access to full recommendations and rationale.  The user may likewise interface with PubMed references.



© 2019 American Academy of Orthopaedic Surgeons 

Search across all CPG and AUC 
Via a Single Keyword Search

Imaging

Presenter
Presentation Notes
OrthoGuidelines allows the user to search across ALL Clinical Practice Guidelines and Appropriate Use Criteria via a single keyword search.



References provided for each recommendation

Links to PubMed

Presenter
Presentation Notes
The user is able to access all references for each recommendation via PubMed.



Appropriate Use Criteria Tool

Presenter
Presentation Notes
The American Academy of Orthopaedic Surgeons began developing Appropriate Use Criterias in 2011 as a tool to implement Evidence-based Clinical Practice Guidelines. Appropriate Use Criteria are created to inform clinicians for whom a procedure should be done. This involves using clinician expertise and experience, in conjunction with the relevant evidence, to rate the appropriateness of various treatments in a set of hypothetical, but clinically realistic, patient scenarios.  Users can easily access this valuable tool via OrthoGuidlines.



© 2019 American Academy of Orthopaedic Surgeons 

 Acute Achilles Tendon Rupture
 Acute Compartment Syndrome
 Anterior Cruciate Ligament Injuries
 Carpal Tunnel Syndrome
 Diagnosis and Prevention of Periprosthetic Joint Infections
 Distal Radius Fractures
 Glenohumeral Joint Osteoarthritis
 Hip Fractures in the Elderly
 Osteoarthritis of the Hip
 Osteoarthritis of the Knee (Arthroplasty)
 Osteoarthritis of the Knee (Non-Arthroplasty)
 Osteochondritis Dissecans
 Pediatric Developmental Dysplasia of the Hip in infants up to Six Months
 Pediatric Diaphyseal Femur Fractures
 Pediatric Supracondylar Humerus Fractures
 Prevention of Orthopaedic Implant Infections in Patients Undergoing Dental 

Procedures
 Rotator Cuff Injuries
 Surgical Site Infections
 VTE Disease in Patients Undergoing Elective Hip & Knee Arthroplasty 
 Tranexamic Acid in Total Joint Arthroplasty (Endorsement)
 Use of Imaging Prior to Referral to a Musculoskeletal Oncologist (Endorsement)

For additional information, please visit 
http://www.orthoguidelines.org/

PUBLISHED CLINICAL PRACTICE GUIDELINES

Presenter
Presentation Notes
Published Clinical Practice GuidelinesAcute Achilles Tendon RuptureAcute Compartment SyndromeAnterior Cruciate Ligament InjuriesCarpal Tunnel SyndromeDiagnosis and Prevention of Periprosthetic Joint InfectionsDistal Radius FracturesGlenohumeral Joint OsteoarthritisHip Fractures in the ElderlyOsteoarthritis of the HipOsteoarthritis of the Knee (Arthroplasty)Osteoarthritis of the Knee (Non-Arthroplasty)Osteochondritis DissecansPediatric Developmental Dysplasia of the Hip in infants up to Six MonthsPediatric Diaphyseal Femur FracturesPediatric Supracondylar Humerus FracturesPrevention of Orthopaedic Implant Infections in Patients Undergoing Dental ProceduresRotator Cuff InjuriesSurgical Site InfectionsVTE Disease in Patients Undergoing Elective Hip & Knee Arthroplasty Tranexamic Acid in Total Joint Arthroplasty (Endorsement)Use of Imaging Prior to Referral to a Musculoskeletal Oncologist (Endorsement)

http://www.orthoguidelines.org/

	�Management of Acute Compartment Syndrome: Evidence-Based Clinical Practice Guideline
	Slide Number 2
	Slide Number 3
	GOALS AND RATIONALE OF A CLINICAL PRACTICE GUIDELINE 
	WHAT IS EVIDENCE-BASED MEDICINE?
	WHAT IS EVIDENCE-BASED MEDICINE?
	IOM STANDARDS FOR DEVELOPING TRUSTWORTHY GUIDELINE
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	MANAGEMENT OF ACUTE COMPARTMENT SYNDROME�CLINICAL PRACTICE GUIDELINE OVERVIEW 
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Slide Number 52
	Slide Number 53
	Slide Number 54
	Slide Number 55
	Slide Number 56
	Slide Number 57
	Slide Number 58
	Slide Number 59
	Slide Number 60
	Slide Number 61
	Slide Number 62
	Slide Number 63
	Slide Number 64
	Slide Number 65
	References provided for each recommendation
	Appropriate Use Criteria Tool
	Slide Number 68

