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Summary of Recommendations

The following is a summary of the recommendations of the AAOS’ clinical practice
guideline, Preventing Venous Thromboembolic Disease in Patients Undergoing Elective
Hip and Knee Arthroplasty. This summary does not contain rationales that explain how
and why these recommendations were developed, nor does it contain the evidence
supporting these recommendations. All readers of this summary are strongly urged to
consult the full guideline and evidence report for this information. We are confident that
those who read the full guideline and evidence report will see that the recommendations
were developed using systematic evidence-based processes designed to combat bias,
enhance transparency, and promote reproducibility.

This summary of recommendations is not intended to stand alone. Treatment decisions
should be made in light of all circumstances presented by the patient. Treatments and

procedures applicable to the individual patient rely on mutual communication between
patient, physician, and other healthcare practitioners.

1. We recommend against routine post-operative duplex ultrasonography screening
of patients who undergo elective hip or knee arthroplasty.

Grade of Recommendation: Strong

Description: Evidence is based on two or more “High” strength studies with consistent findings
for recommending for or against the intervention. A Strong recommendation means that the
benefits of the recommended approach clearly exceed the potential harm (or that the potential
harm clearly exceeds the benefits in the case of a strong negative recommendation), and that the
strength of the supporting evidence is high.

Implications: Practitioners should follow a Strong recommendation unless a clear and compelling
rationale for an alternative approach is present.

2. Patients undergoing elective hip or knee arthroplasty are already at high risk for
venous thromboembolism. The practitioner might further assess the risk of venous
thromboembolism by determining whether these patients had a previous venous
thromboembolism.

Grade of Recommendation: Limited

Description: Evidence from two or more “Low” strength studies with consistent findings, or
evidence from a single “Moderate” quality study recommending for or against the intervention or
diagnostic. A Limited recommendation means the quality of the supporting evidence that exists is
unconvincing, or that well-conducted studies show little clear advantage to one approach versus
another.

Implications: Practitioners should exercise clinical judgment when following a recommendation

classified as Limited, and should be alert to emerging evidence that might negate the current
findings. Patient preference should have a substantial influencing role.



Current evidence is not clear about whether factors other than a history of
previous venous thromboembolism increase the risk of venous thromboembolism
in patients undergoing elective hip or knee arthroplasty and, therefore, we cannot
recommend for or against routinely assessing these patients for these factors.

Grade of Recommendation: Inconclusive

Description: Evidence from a single low quality study or conflicting findings that do not allow a
recommendation for or against the intervention. An Inconclusive recommendation means that
there is a lack of compelling evidence resulting in an unclear balance between benefits and
potential harm.

Implications: Practitioners should feel little constraint in following a recommendation labeled as
Inconclusive, exercise clinical judgment, and be alert for emerging evidence that clarifies or helps
to determine the balance between benefits and potential harm. Patient preference should have a
substantial influencing role.

Patients undergoing elective hip or knee arthroplasty are at risk for bleeding and
bleeding-associated complications. In the absence of reliable evidence, it is the
opinion of this work group that patients be assessed for known bleeding disorders
like hemophilia and for the presence of active liver disease which further increase
the risk for bleeding and bleeding-associated complications.

Grade of Recommendation: Consensus

Description: The supporting evidence is lacking and requires the work group to make a
recommendation based on expert opinion by considering the known potential harm and benefits
associated with the treatment. A Consensus recommendation means that expert opinion supports
the guideline recommendation even though there is no available empirical evidence that meets the
inclusion criteria of the guideline’s systematic review.

Implications: Practitioners should be flexible in deciding whether to follow a recommendation
classified as Consensus, although they may give it preference over alternatives. Patient preference
should have a substantial influencing role.

Current evidence is not clear about whether factors other than the presence of a
known bleeding disorder or active liver disease increase the chance of bleeding in
these patients and, therefore, we are unable to recommend for or against using
them to assess a patient’s risk of bleeding.

Grade of Recommendation: Inconclusive

Description: Evidence from a single low quality study or conflicting findings that do not allow a
recommendation for or against the intervention. An Inconclusive recommendation means that
there is a lack of compelling evidence resulting in an unclear balance between benefits and
potential harm.

Implications: Practitioners should feel little constraint in following a recommendation labeled as
Inconclusive, exercise clinical judgment, and be alert for emerging evidence that clarifies or helps
to determine the balance between benefits and potential harm. Patient preference should have a
substantial influencing role.



4. We suggest that patients discontinue antiplatelet agents (e.g., aspirin, clopidogrel)
before undergoing elective hip or knee arthroplasty.

Grade of Recommendation: Moderate

Description: Evidence from two or more “Moderate” strength studies with consistent findings, or
evidence from a single “High” quality study for recommending for or against the intervention. A
Moderate recommendation means that the benefits exceed the potential harm (or that the potential
harm clearly exceeds the benefits in the case of a negative recommendation), but the strength of
the supporting evidence is not as strong.

Implications: Practitioners should generally follow a Moderate recommendation but remain alert
to new information and be sensitive to patient preferences.

5. We suggest the use of pharmacologic agents and/or mechanical compressive
devices for the prevention of venous thromboembolism in patients undergoing
elective hip or knee arthroplasty, and who are not at elevated risk beyond that of
the surgery itself for venous thromboembolism or bleeding.

Grade of Recommendation: Moderate

Description: Evidence from two or more “Moderate” strength studies with consistent findings, or
evidence from a single “High” quality study for recommending for or against the intervention. A
Moderate recommendation means that the benefits exceed the potential harm (or that the potential
harm clearly exceeds the benefits in the case of a negative recommendation), but the strength of
the supporting evidence is not as strong.

Implications: Practitioners should generally follow a Moderate recommendation but remain alert
to new information and be sensitive to patient preferences.

Current evidence is unclear about which prophylactic strategy (or strategies) is/are
optimal or suboptimal. Therefore, we are unable to recommend for or against
specific prophylactics in these patients.

Grade of Recommendation: Inconclusive

Description: Evidence from a single low quality study or conflicting findings that do not allow a
recommendation for or against the intervention. An Inconclusive recommendation means that
there is a lack of compelling evidence resulting in an unclear balance between benefits and
potential harm.

Implications: Practitioners should feel little constraint in following a recommendation labeled as
Inconclusive, exercise clinical judgment, and be alert for emerging evidence that clarifies or helps
to determine the balance between benefits and potential harm. Patient preference should have a
substantial influencing role.



In the absence of reliable evidence about how long to employ these prophylactic
strategies, it is the opinion of this work group that patients and physicians discuss
the duration of prophylaxis.

Grade of Recommendation: Consensus

Description: The supporting evidence is lacking and requires the work group to make a
recommendation based on expert opinion by considering the known potential harm and benefits
associated with the treatment. A Consensus recommendation means that expert opinion supports
the guideline recommendation even though there is no available empirical evidence that meets the
inclusion criteria of the guideline’s systematic review.

Implications: Practitioners should be flexible in deciding whether to follow a recommendation
classified as Consensus, although they may give it preference over alternatives. Patient preference
should have a substantial influencing role.

In the absence of reliable evidence, it is the opinion of this work group that
patients undergoing elective hip or knee arthroplasty, and who have also had a
previous venous thromboembolism, receive pharmacologic prophylaxis and
mechanical compressive devices.

Grade of Recommendation: Consensus

Description: The supporting evidence is lacking and requires the work group to make a
recommendation based on expert opinion by considering the known potential harm and benefits
associated with the treatment. A Consensus recommendation means that expert opinion supports
the guideline recommendation even though there is no available empirical evidence that meets the
inclusion criteria of the guideline’s systematic review.

Implications: Practitioners should be flexible in deciding whether to follow a recommendation
classified as Consensus, although they may give it preference over alternatives. Patient preference
should have a substantial influencing role.

In the absence of reliable evidence, it is the opinion of this work group that
patients undergoing elective hip or knee arthroplasty, and who also have a known
bleeding disorder (e.g., hemophilia) and/or active liver disease, use mechanical
compressive devices for preventing venous thromboembolism.

Grade of Recommendation: Consensus

Description: The supporting evidence is lacking and requires the work group to make a
recommendation based on expert opinion by considering the known potential harm and benefits
associated with the treatment. A Consensus recommendation means that expert opinion supports
the guideline recommendation even though there is no available empirical evidence that meets the
inclusion criteria of the guideline’s systematic review.

Implications: Practitioners should be flexible in deciding whether to follow a recommendation

classified as Consensus, although they may give it preference over alternatives. Patient preference
should have a substantial influencing role.
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8.

10.

In the absence of reliable evidence, it is the opinion of this work group that
patients undergo early mobilization following elective hip and knee arthroplasty.
Early mobilization is of low cost, minimal risk to the patient, and consistent with
current practice.

Grade of Recommendation: Consensus

Description: The supporting evidence is lacking and requires the work group to make a
recommendation based on expert opinion by considering the known potential harm and benefits
associated with the treatment. A Consensus recommendation means that expert opinion supports
the guideline recommendation even though there is no available empirical evidence that meets the
inclusion criteria of the guideline’s systematic review.

Implications: Practitioners should be flexible in deciding whether to follow a recommendation
classified as Consensus, although they may give it preference over alternatives. Patient preference
should have a substantial influencing role.

We suggest the use of neuraxial (such as intrathecal, epidural, and spinal)
anesthesia for patients undergoing elective hip or knee arthroplasty to help limit
blood loss, even though evidence suggests that neuraxial anesthesia does not
affect the occurrence of venous thromboembolic disease.

Grade of Recommendation: Moderate

Description: Evidence from two or more “Moderate” strength studies with consistent findings, or
evidence from a single “High” quality study for recommending for or against the intervention. A
Moderate recommendation means that the benefits exceed the potential harm (or that the potential
harm clearly exceeds the benefits in the case of a negative recommendation), but the strength of
the supporting evidence is not as strong.

Implications: Practitioners should generally follow a Moderate recommendation but remain alert
to new information and be sensitive to patient preferences.

Current evidence does not provide clear guidance about whether inferior vena
cava (IVC) filters prevent pulmonary embolism in patients undergoing elective
hip and knee arthroplasty who also have a contraindication to chemoprophylaxis
and/or known residual venous thromboembolic disease. Therefore, we are unable
to recommend for or against the use of such filters.

Grade of Recommendation: Inconclusive

Description: Evidence from a single low quality study or conflicting findings that do not allow a
recommendation for or against the intervention. An Inconclusive recommendation means that
there is a lack of compelling evidence resulting in an unclear balance between benefits and
potential harm.

Implications: Practitioners should feel little constraint in following a recommendation labeled as
Inconclusive, exercise clinical judgment, and be alert for emerging evidence that clarifies or helps
to determine the balance between benefits and potential harm. Patient preference should have a
substantial influencing role.
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|. INTRODUCTION

OVERVIEW

This clinical practice guideline is based on a systematic review of published studies on
preventing venous thromboembolic disease in patients undergoing elective hip and knee
arthroplasty. In addition to providing practice recommendations, this guideline also highlights
gaps in the literature and areas that require future research.

This guideline is intended to be used by all appropriately trained surgeons and all qualified
physicians managing the prevention of venous thromboembolic (VTE) disease in patients
undergoing elective hip and knee arthroplasty.

GOALS AND RATIONALE

The purpose of this clinical practice guideline is to help improve screening, prevention, and
treatment based on the current best evidence. Current evidence-based medicine (EBM) standards
demand that physicians use the best available evidence in their clinical decision making. To
assist them, this clinical practice guideline consists of a systematic review of the available
literature on the prevention of venous thromboembolic disease. The systematic review detailed
herein was conducted between March 2010 and April 2011 and demonstrates where there is good
evidence, where evidence is lacking, and what topics future research could target to improve the
prevention of venous thromboembolic disease among patients undergoing elective hip and knee
arthroplasty. AAOS staff methodologists and the physician work group systematically reviewed
the available literature and subsequently wrote the following recommendations based on a
rigorous, standardized process.

Musculoskeletal care is provided in many different settings by many different providers. We
created this guideline as an educational tool to guide qualified physicians through a series of
treatment decisions in an effort to improve the quality and efficiency of care. This guideline
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.

INTENDED USERS

This guideline is intended to be used by orthopaedic surgeons and all qualified clinicians
managing the prevention of venous thromboembolic disease in patients undergoing elective hip
and knee arthroplasty. Typically, orthopaedic surgeons will have completed medical training, a
qualified residency in orthopaedic surgery, and some may have completed additional sub-
specialty training.

The guideline is intended to both guide clinical practice and to serve as an information resource
for medical practitioners. An extensive literature base was considered during the development of
this guideline. In general, practicing clinicians do not have the resources necessary for such a
large project. The AAOS hopes that this guideline will assist practitioners not only in making
clinical decisions about their patients, but also in describing, to patients and others, why the
chosen treatment represents the best available course of action.



This guideline is not intended for use as a benefits determination document. Making these
determinations involves many factors not considered in the present document, including
available resources, business and ethical considerations, and needs.

Evidence for the effectiveness of medical services is not always present. This is true throughout
all areas of medicine. Accordingly, all users of this clinical practice guideline are cautioned that
an absence of evidence is not evidence of ineffectiveness. An absence means just that; there are
no data. It is the AAOS position that rigorously developed clinical practice guidelines should not
seek to guide clinical practice when data are absent unless the disease, disorder, or condition in
question can result in loss of life or limb. The AAOS incorporates expert opinion into a guideline
under these circumstances, and only under these circumstances. Accordingly, when the AAOS
states that it cannot recommend for or against a given intervention or service, it is stating that
currently available data do not provide clear guidance on which course of action is best, and that
it is therefore reluctant to make a recommendation that has potentially national ramifications.
Although true in all circumstances, the AAOS believes that when evidence is absent, it is
particularly important for the prevention of venous thromboembolic disease to be based on
mutual patient and physician communication, with discussion of available treatments and
procedures applicable to that patient, and with consideration of the natural history of the disease
and the current practice patterns. Once the patient has been informed of available therapies and
has discussed these options with his/her physician, an informed decision can be made. Clinician
input based on experience with both non-operative management and surgical skills increases the
probability of identifying patients who will benefit from specific treatment options.

PATIENT POPULATION

This document addresses the prevention of venous thromboembolic disease in patients
undergoing elective hip and knee arthroplasty. It is not intended for treatment of patients who
present with venous thromboembolic disease.

BURDEN OF DISEASE AND ETIOLOGY

Approximately 200,000 primary total hip arthroplasties and 400,000 primary total knee
arthroplasties were performed in the United States in 2003, with a projected increase to 250,000
hip procedures and over 600,000 knee procedures in 2010.* During the ninety days following
primary arthroplasty surgery, hospitalization due to symptomatic deep vein thrombosis occurs in
0.7% of hip patients and 0.9% of knee patients, while hospitalization due to pulmonary
embolism occurs in 0.3% of both hip and knee patients.? 3

POTENTIAL HARMS, BENEFITS, AND CONTRAINDICATIONS

The goal of prophylaxis is prevention of mortality and other serious complications resulting from
venous thromboembolic (VTE) disease. Most treatments are associated with some known risks,
especially invasive and operative treatments. In addition, contraindications vary widely based on
the treatment administered. Therefore, discussion of available treatments and procedures
applicable to the individual patient rely on mutual communication between the patient and
physician, weighing the potential risks and benefits for that patient.
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DIFFERENCES BETWEEN THE PRESENT AND THE PREVIOUS AAQOS

GUIDELINE

The present clinical practice guideline is an update of the AAOS 2007 guideline, “Prevention of
Symptomatic Pulmonary Embolism in Patients Undergoing Total Hip or Knee Arthroplasty.” As
an update, the present guideline supersedes the previous AAOS guideline.

There are numerous and substantial differences between our present and previous guideline.
Among them are new processes for preventing bias. These new processes are outlined in the
section, “Preventing Bias in an AAOS Clinical Practice Guideline.” We also employ a relatively
new statistical technique, network meta-analysis, to analyze the data. This technique allows one
to gauge how the pharmaceuticals of interest compare to each other, even when published studies
do not explicitly make all comparisons. Also, we employ more rigorous methods for evaluating
the quality of the published studies, and we employ similarly rigorous methods to evaluate the
generalizability of their results.

This update contains information published since we issued our previous guideline in addition to
the studies we previously evaluated. There are some differences between the guidelines in the
article inclusion criteria. (Please see the “Study Selection Criteria”, page 18)
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II. PREVENTING BIAS IN AN AAOS CLINICAL PRACTICE
GUIDELINE

Clinical practice guidelines (CPGs) have come under scrutiny because many of them are not
objective. Shaneyfelt and Centor have noted that most current guidelines are not at all like those
the Institute of Medicine (IOM) had originally intended, and that they have strayed so far from
this original concept that they are mere consensus reports.* More recently, the IOM has stated
that “the quality of CPG development processes and guideline developer adherence to quality
standards have remained unsatisfactory and unreliable for decades.”” The AAOS understands
that only high quality guidelines are credible, and we go to great lengths to ensure the integrity of
our guidelines. The purpose of this section is to highlight the processes whereby the AAOS
accomplishes this. Additional details about how we combat bias also appear in the Methods
section of this guideline.

The AAQOS combats bias beginning with the selection of work group members. Applicants for
AAQS development work groups who have financial conflicts of interest (COI) related to the
guideline topic cannot participate on an AAOS work group if they currently have, or have had a
relevant conflict within a year of the start date of guideline development. Applicants also cannot
participate if one of their immediate family members has, or has had a relevant conflict of
interest.

Financial COI are not the only COI that can influence a guideline. The IOM has noted that
income source, long service on government committees or with private insurers, authorship of
articles on guideline-related subjects, and biases from personal experience can also cause bias. °
This suggests that those with the greatest expertise in any given topic area are also those most
likely to introduce bias into guideline development. It also suggests that bias can only be
counteracted by processes that are in place throughout the entirety of the development, and not
just at the beginning.

One manner whereby the AAOS combats bias throughout guideline development is by having a
team that is free of all of the above-mentioned COI conduct the literature searches, evaluate the
quality of the literature, and sythesize the data (see Appendix | for a list of the work group
members and methodologists who participated in the development of this guideline). Hirsh and
Guyatt” have suggested that using such conflict-free methodologists is critical to developing an
unbiased guideline.

Our use of methodologists changes the traditional role of clinicians in guideline development.
The clinicians on an AAOS guideline work group serve as content experts. One of the clinicians
tasks is to frame the scope of the guideline by developing preliminary recommendations (these
are the questions that will be addressed by the guideline; see below for further information).
Another is to develop the article inclusion criteria. After they have done so, the AAOS medical
librarian obtains key words from work group members and uses words, the preliminary
recommendations, and inclusion criteria to construct literature search strategies. Clinicians are
not permitted to suggest specific articles for inclusion at this time inasmuch as those suggestions
are often about articles they have authored or that support a particular point of view.

2
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Methodologists then determine which articles should be recalled and whether a recalled article
meets the inclusion criteria. After completing this task, the clinician work group is given a list of
the recalled articles that are proposed for inclusion and a list of the recalled studies proposed for
exclusion. The work group then reviews these lists and suggests modifications. The purpose of
this step is to assure the integrity of the guideline’s data set. The methodologists are not
obligated to take the work group’s suggestions, but they are obligated to explain why they did
not. Articles included or excluded as a result of this clinician review are handled as all other
included articles or excluded studies. The methodologists also appraise the quality and
applicability of each included study (we use “quality” as synonymous with “risk of bias.” The
latter term is preferred by others but, since quality and risk of bias are measured exactly the same
way, the difference between the two seems largely semantic. Similarly, we use the terms
“applicability” and “generalizability” as synonyms.)

Quality appraisal is a subject worth special mention because it is a necessary step in performing a
systematic review and in developing a clinical practice guideline. One evaluates the quality (or
risk of bias) of a study to determine how “believable” its results are, the results of high quality
studies are more believable than those of low quality studies. This is why, all other things being
equal, a recommendation based on high quality evidence will receive a higher grade than
recommendations based on lower quality evidence (see Grades of Recommendation for more
information). Biases in quality evaluation can cause overestimates of the confidence one should
have in available data, and in a guideline recommendation.

Bias in quality evaluation arises when members of a work group view the papers they authored
as being more believable than similar research performed by others, view certain studies as more
believable simply because they were conducted by thought leaders in a given medical speciality
area, and/or view research results that they are “comfortable” with as more believable than
results they are not comfortable with.

The problem of biased quality evaluations is aggravated by the fact that no method for
qualiy/risk of bias assessment has been empirically validated. Ultimately, therefore, all methods
of quality/risk of bias assessment, are based on expert opinion (including those based on expert
consensus obtained through formal methods like the Delphi method), and they all require
judgements that are arbitrary. The method we use is no exception.

Given that all currently available quality evaluation systems are imperfect, their susceptibility to
bias must be a deciding factor about whether to use them in clinical practice guideline
development. The AAOS methodology is guided by the thinking that, if guideline developers
have the choice between several methodologically imperfect systems, the least biased system is
the best.

The burden that falls to readers of clinical practice guidelines is to determine which ones are not.
Making this determination requires readers to examine two aspects of quality evaluation; the
individual criteria used to evaluate a study, and how those criteria are translated into a final
determination of a study’s believability.

The criteria used to evaluate a study are often framed as one or more questions about a study’s
design and/or conduct. At the AAOS, these questions are answered by independent
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methodologists. This combats bias by virtually eliminating the intellectual conflicts of interest
that can arise when others are providing the answers.

Also preventing bias is the way the quality questions are phrased, and the fact that there are
specific criteria (described in almost 300 pages of documentation) for answering each question.
The simplest example, the AAOS question “Was there >80% follow-up” illustrates the point.
The question is answered “Yes,”, “No”, or “Unclear.” To determine whether a “Yes” or “No”
answer is unclear, the methodologist merely looks at the number of patients present at the
follow-up time of interest, the number of patients present at the start of the study, and expresses
the former as a percentage of the latter. If the article does not report the information required to
compute this percentage (or does not directly report the percentage), an “Unclear” answer is
supplied. In answering this or any other question in the AAOS quality assessment scheme, the
analyst is merely checking to see if the article provides specific data or makes specific
statements. If it does, a “Yes” or “No” answer is supplied. If it does not, an “Unclear” answer is
given. This lack of ambiguity in the criteria required to answer each question makes answering
each question an almost completely objective exercise.

This stands in sharp contrast to the use of Levels of Evidence systems (also called evidence
hierarchies), which are probably the most commonly used way of evaluating study quality in
clinical practice guideline development. The vagueness of these systems opens the opportunity
for bias. For example, these systems often hold that Level | evidence (i.e., the highest quality
evidence) is from a well-designed randomized controlled trial, without ever specifying what
“well-designed” means. This lack of specific instructions creates the possibility for bias in
grading articles because it allows for an ad hoc appraisal of study quality. Furthermore, there are
over 50 such systems, individuals do not consistently apply any given system in the same way,
many are not sensible to methodologists,® and Level | studies, those of the highest level of
evidence, do not necessarily report that they used adequate safeguards to prevent bias.®

Obviously, simply answering a series of questions about a study does not complete the quality
evaluation. All clinical practice guideline developers then use that information to arrive at a final
characterization of a study’s quality. This can be accomplished in two (and only two) ways, by
allowing those who are performing this final characterization to use their judgement, or by not
letting them do so. Bias is possible when judgement is allowed. Bias is not possible in the AAOS
system because the final rating is accomplished entirely by a computer that uses a pre-
determined algorithm.

This aspect of the AAOS system contrasts with the GRADE system,'? which places the final
determination about whether a study has “no”, “serious” or “very serious” limitations in the
hands of the reviewer. Furthermore, the GRADE system allows the investigator to specify “other
sources of bias” (i.e. sources of bias that were not specified a priori) and, although this is a
theoretically sound way to approach quality evaluation, in practice it too, could allow for ad hoc
criticisms of a study, and to criticisms that are not evenly applied across all studies. We
recognize that we may miss some uncommon study flaws in our evaluation. While this means
that our quality evaluation system is not perfectly comprenensive, it does not mean that it is
biased. This is yet another example of how the AAOS, faced with a choice among imperfect
quality/risk of bias systems, chooses the least biased approach. Given the above-mentioned
history of guideline development, the AAOS emphasis on elimination of bias seems prudent.
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The AAOS system, unlike the GRADE system, also specifically addresses the issue of statistical
power (i.e., number of patients enrolled) of a trial. Low statistical power is a common problem in
the medical literature,'! and low power studies can lead reviewers to incorrectly conclude that a
statistically non-significant result means that a given treatment does not work or, perhaps more
serious, to reach positive conclusions about an intervention based on the putative “trends”
reported in such studies. We regard low power studies as uninformative, and do not consider
them when formulating a final recommendation. (We do, however, include low power studies in
meta-analyses, inasmuch as one purpose of a meta-analysis is to overcome the low power of
individual studies.)

Like the GRADE system, the AAOS guidelines will include observational studies. However, we
do not always do so. Rather, we perform “best evidence” syntheses in AAOS guidelines in which
we examine the best available (as opposed to the best possible) evidence. We use the best
evidence because it is more believable than other evidence. The results of studies that are more
believable should not be modified by results that are less believable.

When an AAOS guideline includes uncontrolled studies (e.g., case series) it only includes
prospective case series that meet a number of other quality-related criteria. We do not include
retrospective case series under any circumstances. Such studies lack virtually every component
of a scientific study. There is no specific prohibition against using such studies in the GRADE
system. We suggest that all guideline developers who are attempting to produce unbiased
guidelines employ similar a priori criteria to specify the point at which they consider evidence to
be too unreliable to consider.

Also unlike the GRADE system, the AAOS guidelines make provisions for making
recommendations based on expert opinion. This recognizes the reality of medicine, wherein
certain necessary and routine services (e.g., a history and physical) should be provided even
though they are backed by little or no experimental evidence, and wherein certain diseases,
disorders, or conditions are so grave that issuing a recommendation in the absence of evidence is
more beneficial to patients than not issuing one. To prevent the bias that can result when
recommendations based on expert opinion proliferate, we have (as further discussed below)
specific rules for when opinion-based recommendations can be issued and, perhaps more
importantly, for when they cannot be issued. The AAOS will only issue an opinion-based
recommendation when the service in question has virtually no associated harms and is of low
cost (e.g., a history and physical) or when the consequences of doing (or not doing) something
are so catastrophic that they will result in loss of life or limb

Clinical practice guidelines have not met quality standards for a long time. In recognition of this,
the IOM has developed two checklists, one for systematic reviews'? and another for clinical
practice guidelines.® Meeting the items on these checklists should assure readers of a guideline
that it is unbiased. Table 1 and Table 2 show the performance of the present AAOS guideline on
these standards.

Table 1. IOM Clinical Practice Guidelines Standards

AAQOS Guideline
IOM Standard Meets Standard

1. Establishing transparency Yes
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2. Management of Conflict of Interest

3. Guideline development group composition

4. Clinical practice guideline — systematic review
intersection

5. Establishing evidence foundations for and rating
strength of recommendations

6. Articulation of recommendations
7. External review
8. Updating

Yes
No — do not involve
patient representative

Yes

Yes
Yes
Yes
Yes
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Table 2. IOM Systematic Review Standards

IOM Systematic Review Standard

2.1. Establish a team with appropriate expertise and
experience to conduct the systematic review

2.2. Manage bias and conflict of interest (COI) of the team
conducting the systematic review

2.3. Ensure user and stakeholder input as the review is
designed and conducted

2.4. Manage bias and COI for individuals providing input into
the systematic review

2.5. Formulate the topic for the systematic review
2.6. Develop a systematic review protocol

2.7. Submit the protocol for peer review
2.8. Make the final protocol publicly available, and add any
amendments to the protocol in a timely fashion

3.1. Conduct a comprehensive systematic search for evidence

3.2. Take action to address potentially biased reporting of
research results

3.3. Screen and select studies
3.4. Document the search

3.5. Manage data collection
3.6. Critically appraise each study

4.1. Use a prespecified method to evaluate the body of
evidence

4.2. Conduct a qualitative synthesis

4.3. Decide if, in addition to a qualitative analysis, the
systematic review will include a quantitative analysis (meta-
analysis)

4.4. If conducting a meta-analysis, then do the following:
5.1. Prepare final report using a structured format

5.2. Peer review the draft report

5.3. Publish the final report in a manner that ensures free
public access

AAQS Systematic Reviews
Meet Standard

Yes
Yes
Yes

Yes
Yes

Yes
No — do not have peer review of
protocol

Yes
Yes

No — do not search for
unpublished information
Partially — do not use two

independent researchers to
screen studies (one screener and
all work group members audit
results)

Yes
Partially - do not use two
independent researchers to
extract data

Yes

Yes
Yes

Yes
Yes

Partially - no lay public summary
Partially - do not use
independent third party to
manage peer review process

Yes
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IH1.METHODS

To develop this guideline, the work group held an introductory meeting on March 27, 2010 to
establish the scope of the guideline and the systematic reviews. Upon completing the systematic
reviews, the work group participated in a two-day recommendation meeting on April 2 and 3,
2011 at which time the final recommendations and rationales were edited, written, and voted on.

FORMULATING PRELIMINARY RECOMMENDATIONS

The work group determined the scope of the guideline by constructing a set of preliminary
recommendations. These recommendations specify [what] should be done in [whom], [when],
[where], and [how often or how long]. This is similar to the PICO (patients, interventions,
comparisons, and outcomes) format used when the scope of a guideline is framed using key
questions instead of preliminary recommendations. The preliminary recommendations function
as questions for the systematic reviews that underpin each preliminary recommendation, not as
final recommendations or conclusions. To avoid “wordsmithing” discussions at the initial work
group meeting, the preliminary recommendations are always worded as recommending for
something.

Once established, these preliminary recommendations cannot be modified until the final work
group meeting. At this time, they can only be modified in accordance with the available evidence
and only in accordance with the AAQS rules for how the wording of a recommendation depends
on the grade of recommendation (see below for information about this wording). No
modifications of the preliminary recommendations can require new literature searches and, at the
final work group meeting, no recommendations can be added that require the use of expert
opinion.

FULL DISCLOSURE INFORMATION

All of the work group’s preliminary recommendations are represented in this guideline. This
ensures full disclosure of the information that the AAOS work group examined, and assures
readers that they are seeing all the information, and not just a selected portion of it.

STUDY SELECTION CRITERIA

We developed a priori article inclusion criteria for the systematic reviews for each preliminary
recommendation. These criteria are our “rules of evidence.” Articles that did not meet them are,
for the purposes of this guideline, not evidence.

To be included in our systematic reviews (and hence, in this guideline) an article had to be a
report of a study that:

Investigated elective hip and knee arthroplasty patients

Was a full article report of a clinical study

Was not a retrospective case series

Was not a medical records review, meeting abstract, historical article, editorial, letter, or a
commentary

If a prospective case series, reported baseline values

e Case series studies that have non-consecutive enrollment of patients are excluded

e Appeared in a peer-reviewed publication or a registry report
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e Enrolled 100 or more patients per arm for studying deep vein thrombosis or pulmonary
embolism, and more than 10 patients per arm per intervention (20 total) for all other
outcomes

Was of humans

Was published in or after 1966

Quantitatively presented results

Was not be an in vitro study

e Was not be a biomechanical study

e Was not performed on cadavers

e Was published in English

The restriction on English language papers is unlikely to influence the recommendations in the
present clinical practice guideline. An umbrella review of systematic reviews on language
restriction found that none of the systematic reviews provided empirical evidence that excluding
non-English language studies resulted in biased estimates of an intervention’s effectiveness.'®

We did not include systematic reviews or meta-analyses conducted by others, or guidelines
developed by others. These documents are developed using different inclusion criteria than those
specified by the AAOS work group. Therefore, they may include studies that do not meet our
inclusion criteria. We recalled these documents if their abstract suggested that they might address
one of our recommendations, and we searched their bibliographies for additional studies.

LITERATURE SEARCHES

We searched for articles published from January 1966 to February 24, 2011. We searched four
electronic databases; PubMed, EMBASE, CINAHL, and The Cochrane Central Register of
Controlled Trials. Strategies for searching electronic databases were constructed by the AAOS
Medical Librarian using previously published search strategies to identify relevant studies.#°

We supplemented searches of electronic databases with manual screening of the bibliographies
of all retrieved publications. We also searched the bibliographies of recent systematic reviews
and other review articles for potentially relevant citations. All articles identified were subject to
the study selection criteria listed above. As noted above, the guideline work group also examined
lists of included and excluded studies for errors and omissions.

We went to these lengths to obtain a complete set of relevant articles. Having a complete set
ensures that our guideline is not based on a biased subset of articles.

The study attrition diagram in Appendix IV provides details about the inclusion and exclusion of
the studies considered for this guideline. The search strategies used to identify these studies are
provided in Appendix V.

BEST EVIDENCE SYNTHESIS

We included only the best available evidence for any given outcome addressing a
recommendation. Accordingly, we first included the highest quality evidence for any given
outcome if it was available. In the absence of two or more studies that reported an outcome at
this quality, we considered studies of the next lowest quality until at least two or more
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occurrences of an outcome had been acquired. For example, if there were two “Moderate”
quality studies that reported an outcome, we did not include “Low” quality studies that also
reported this outcome, but if there was only one “Moderate” quality study that reported an
outcome, we also included “Low” quality studies.

APPRAISING EVIDENCE QUALITY AND APPLICABILITY
STUDIES OF INTERVENTIONS

QUALITY
As noted earlier, we judged quality using questions specified before this guideline topic was

selected, and a computer program determined the final quality rating. Accordingly, it is highly
unlikely that bias affected our determinations of quality.

We separately evaluated the quality of evidence for each outcome reported by each study. This
follows the suggestion of the GRADE working group and others.® 2 We evaluated quality using
a domain-based approach. Such an approach is used by the Cochrane Collaboration.?* Unlike the
Cochrane Collaboration’s scheme (which is for studies with parallel control groups), our scheme
allows for evaluation of studies of all designs. The domains we used are whether:

e The study was prospective (with prospective studies, it is possible to have an a priori
hypothesis to test; this is not possible with retrospective studies.)

The study was of low statistical power

The assignment of patients to groups was unbiased

There was blinding to mitigate against a placebo effect

The patient groups were comparable at the beginning of the study

The intervention was delivered in such a way that any observed effects could reasonably be
attributed to that intervention

e Whether the instruments used to measure outcomes were valid

e Whether there was evidence of investigator bias

Each quality domain is addressed by one or more questions that are answered “Yes,” ”No,” or
“Unclear.” These questions and the domains that each addresses are shown in Appendix VI.

To arrive at the quality of the evidence for a given outcome, all domains except the “Statistical
Power” domain are termed as “flawed” if one or more questions addressing any given domain
are answered “No” for a given outcome, or if there are two or more “Unclear” answers to the
questions addressing that domain. The “Statistical Power” domain is considered flawed if a given
study did not enroll enough patients to detect a standardized difference between means of 0.2.

Domain flaws lead to corresponding reductions in the quality of the evidence. The manner in
which we conducted these reductions is shown in the table below (Table 1). For example, the
evidence reported in a randomized controlled trial (RCT) for any given outcome is rated as
“High” quality if zero or one domain is flawed. If two or three domains are flawed for the
evidence addressing this outcome, the quality of evidence is reduced to “Moderate,” and if four
or five domains are flawed, the quality of evidence is reduced to “Low.” The quality of evidence
is reduced to “Very Low” if six or more domains are flawed.
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Some flaws are so serious that we automatically term the evidence as being of “Very Low”
quality, regardless of a study’s domain scores. These serious design flaws are:

o Non-consecutive enrollment of patients in a case series

o Case series that gave patients the treatment of interest AND another treatment

o Measuring the outcome of interest one way in some patients and measuring it in another way
in other patients

o Low statistical power

Table 3 Relationship between Quality and Domain Scores for Interventions

Number of Flawed Domains Strength of Evidence
0-1 High
2-3 Moderate
4-5 Low
>5 Very Low

Although we mention levels of evidence in this guideline, we do so only to provide some very
general information about study quality to those readers familiar with the levels of evidence
system of The Journal of Bone and Joint Surgery - American. However, for the reasons noted
above, we do not use levels of evidence as when we speak of “quality” in this document, and
levels of evidence play no role in our determination of the grade of the final recommendations.

APPLICABILITY

We rated the applicability (also called “generalizability” or “external validity”) of the evidence
for each outcome reported by each study. As with quality, applicability ratings were determined
by a computer program that used predetermined questions about specific applicability domains.
We rated applicability as either “High”, “Moderate”, or “Low” depending on how many domains
are flawed. As with quality, a domain is “flawed” if one or more questions addressing that
domain is answered “No: or if two or more are answered “Unclear.” We characterized a domain
as “flawed” if one or more questions addressing any given domain are answered “No” for a
given outcome, or if there are two or more “Unclear” answers to the questions addressing that
domain (see Appendix VI for the specific applicability questions we employed and the domains
that each question addresses).

Our questions and domains about applicability are those of the PRECIS instrument.?? The
instrument was originally designed to evaluate the applicability of randomized controlled trials,
but it can also be used for studies of other design. The questions in this instrument fall into four
domains. These domains and their corresponding questions are shown in Appendix V1. As
shown in Table 4, the applicability of a study is rated as “High” if it has no flawed domains, as
“Low” if all domains are flawed, and as “Moderate” in all other cases.

Table 4 Relationship between Applicability and Domain Scores for Interventions

Number of Flawed Domains Applicability
0 High
1,2,3 Moderate
4 Low
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STUDIES OF SCREENING AND DIAGNOSTIC TESTS
QUALITY

As with our appraisal of the quality of studies of intervention, our appraisal of studies of
screening and diagnostic tests is a domain-based approach conducted using a priori questions
(please see Appendix VI for the questions we used and the domains to which they apply), and
scored by a computer program. The questions we used are those of the QUADAS instrument,?®
24 and the six domains we employed are listed below:

1. Participants (whether the spectrum of disease among the participants enrolled in the study
is the same as the spectrum of disease seen in actual clinical practice)

2. Reference Test (whether the reference test , often a “gold standard,” and the way it was
employed in the study ensures correct and unbiased categorization of patients as having
or not having disease)

3. Index Test (whether interpretation of the results of the test under study, often called the
“index test”, was unbiased)

4. Study Design (whether the design of the study allowed for unbiased interpretation of test
results)

5. Information (whether the same clinical data were available when test results were
interpreted as would be available when the test is used in practice)

6. Reporting (whether the patients, tests, and study protocol were described well enough to
permit its replication)

We characterized a study that has no flaws in any of its domains as being of “High” quality, a
study that has one flawed domain as being of “Moderate” quality, a study with two flawed
domains as being of “Low” quality, and a study with three or more flawed domains as being of
“Very Low” quality (Table 5).We characterized a domain as “flawed” if one or more questions
addressing any given domain are answered “No” for a given screening/diagnostic/test, or if there
are two or more “Unclear” answers to the questions addressing that domain.

We considered some design flaws as so serious that their presence automatically guarantees that
a study is characterized as being of “Very Low” quality regardless of its domain scores. These
flaws are:

e The presence of spectrum bias (occurs when a study does not enroll the full spectrum of
patients who are seen in clinical practice. For example, a diagnostic case control study
enrolls only those known to be sick and those known to be well, a patient population
quite different from that seen in practice. Because diagnostic case control studies enroll
only the easy to diagnose patients, these kinds of studies typically overestimate the
abilities of a diagnostic test.)

e Failure to give all patients the reference standard regardless of the index test results

e Non-independence of the reference test and the index text

Table 5. Relationship between Domain Scores and Quality of Screening/Diagnostic Tests

Number of Flawed Domains Quality
0 High
1 Moderate
2 Low
>3 Very Low
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APPLICABILITY

We judged the applicability of evidence pertinent to screening and diagnostic tests using a
modified version of the PRECIS instrument, implying that the questions are determined a priori.
As before, scoring was accomplished by a computer. The applicability domains we employed for
screening and diagnostic tests were:

1. Patients (i.e., whether the patients in the study are like those seen in actual clinical
practice)

2. Index Test (i.e., whether the test under study could be used in actual clinical practice and
whether it was administered in a way that reflects its use in actual practice)

3. Directness (i.e., whether the study demonstrated that patient health is affected by use of
the diagnostic test under study)

4. Analysis (i.e., whether the data analysis reported in the study was based on a large
enough percentage of enrolled patients to ensure that the analysis was not conducted on
“unique” or “unusual” patients)

The specific questions we used, and the domains to which they pertain are provided in Appendix
VI.

We characterized a domain as “flawed” if one or more questions addressing any given domain
are answered “No” for a given screening/diagnostic/test, or if there are two or more “Unclear”
answers to the questions addressing that domain. We characterized the applicability of a
screening/diagnostic test as “High” if none of its domains are flawed, “Low” if all of its domains
are flawed, and “Moderate” in all other cases (Table 6).

Table 6. Relationship between Domain Scores and Applicability for Studies of Prognostics

Number of Flawed Domains Applicability
0 High
12,3 Moderate
4 Low

STUDIES OF PROGNOSTICS
QUALITY

Our appraisal of studies of prognostics is a domain-based approach conducted using a priori
questions, and scored by a computer program (please see Appendix VI for the questions we used
and the domains to which they apply). The six domains we employed are:

1. Prospective (A variable is specified as a potential prognostic variable a priori. This is not
possible with retrospective studies.)

2. Power (Whether the study had sufficient statistical power to detect a prognostic variable
as statistically significant)

3. Analysis (Whether the statistical analyses used to determine that a variable was rigorous
to provide sound results)

4. Model (Whether the final statistical model used to evaluate a prognostic variable
accounted for enough variance to be statistically significant)

5. Whether there was evidence of investigator bias
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We separately determined a quality score for each prognostic reported by a study. We
characterized the evidence relevant to that prognostic variable as being of “High” quality if there
are no flaws in any of the relevant domains, as being of “Moderate” quality if one of the relevant
domains is flawed, as “Low” quality if there are two flawed domains, and as “Very Low” quality
if three or more relevant domains are flawed (Table 7). We characterized a domain as “flawed”
if one or more questions addressing any given domain are answered “No” for a given prognostic
variable, or if there are two or more “Unclear” answers to the questions addressing that domain.

Table 7. Relationship between Quality and Domain Scores for Studies of Prognostics

Number of Flawed Domains Quality
0 High
1 Moderate
2 Low
>3 Very Low

APPLICABILITY

We separately evaluated the applicability of each prognostic variable reported in a study, and did
so using a domain-based approach (please see in Appendix V1 for the relevant questions and the
domains they address) that involves predetermined questions and computer scoring. The domains
we used for the applicability of prognostics are:

1. Patients (i.e. whether the patients in the study and in the analysis were like those seen in
actual clinical practice)
2. Analysis (i.e., whether the analysis was not conducted in a way that was likely to describe
variation among patients that might be unique to the dataset the authors used)
3. Outcome (i.e., whether the prognostic was a predictor of a clinically meaningful
outcome)
We characterized the evidence relevant to that prognostic as being of “High” applicability if
there are no flaws in any of the relevant domains, as being of “Low” applicability if all three
domains are flawed, and as of “Moderate” applicability in all other cases (Table 8). We
characterized a domain as “flawed” if one or more questions addressing any given domain are
answered “No” for a given prognostic variable, or if there are two or more “Unclear” answers to
the questions addressing that domain.

Table 8. Relationship between Domain Scores and Applicability for Studies of Prognostics

Number of Flawed Domains Applicability
0 High
1,2 Moderate
3 Low

OTHER BIASES IN THE PUBLISHED LITERATURE

Despite our efforts to rigorously evaluate the quality of the studies we included, there remains
the possibility that some of the articles considered in this guideline are biased. A 2007 umbrella
review found that 20 of 23 previous systematic reviews found a positive relationship between
pharmaceutical industry support and pro-industry findings,? leading the author to conclude that
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“it is unequivocally the case that sponsorship influences published results.” The relationship also
seems to exist in orthopaedics, where authors of industry-funded studies of hip and knee
arthroplasty come to positive conclusions more often that authors of studies not funded by
industry,?® and where the association between trial outcome and funding source exists across
subspecialty societies.?’

These apparent biases may not be related to the article’s quality?® and, therefore, may not be
detected by our evaluations or the quality/risk of bias evaluations performed by others.
Accordingly, we follow the suggestion of Montori et al.?8 and do not use the conclusions of the
authors of any article. Rather, we use only the information provided in an article’s Methods
section and in its Results section. Furthermore, we perform our analysis using network meta-
analysis, an analytical technique that considers the full range of alternatives rather than just those
comparisons selected by industry.?®

GRADES OF RECOMMENDATION

A grade of recommendation expresses the degree of confidence one can have in each of the final
recommendations. Grades express how likely it is that a recommendation will be overturned by
future evidence, and are termed “Strong,” “Moderate,” or “Limited.”

We used the above-discussed quality and applicability ratings in conjunction with consistency,
whether the studies reported outcomes that the work group deemed “critical,” and the potential
for catastrophic harm to determine the final grade of recommendation. More specifically, we
began by setting the grade as equal to the quality of the available evidence. In other words, high
quality evidence is preliminarily taken as a “Strong” grade, moderate quality as a “Moderate”
grade, and low quality as a “Limited” grade. (As noted above, very low quality evidence is not
included in AAOS guidelines. Accordingly, the final versions of preliminary recommendations
that are based on such evidence will either state that the AAOS cannot recommend for or against
a given medical service or, assuming that the requirements for a recommendation based on
expert opinion are met, it will be a consensus-based recommendation. We then adjusted the
grade down one step if the evidence is of “Low” applicability, is inconsistent (defined as studies
that report qualitatively different effects, a heterogeneous meta-analysis, or a network meta-
analysis with statistically significant inconsistency), if there is only one study that addresses a
given recommendation, or if a majority of the outcomes deemed “critical” are not reported in the
literature. Preliminary grades were adjusted upwards if the evidence is of “High” applicability or
if providing the intervention decreases the potential for catastrophic harm (loss of life or limb).
Preliminary grades were adjusted downward if the evidence is of “Low” applicability or if the
medical service in question is accompanied with catastrophic harm. In the present guideline,
catastrophic harm did not occur frequently enough to allow for increasing or decreasing the
preliminary grade.

For a recommendation of a “Strong” grade, a minimum of two high quality studes are needed. A
minimum of two moderate quality studies are required for a “Moderate” grade, and a minimum
of two low quality studies are needed for a “Limited” grade. Recommendations addressed by
only very low quality studies are consensus-based.
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WORDING OF THE FINAL RECOMMENDATIONS

To prevent biased nuances in the way recommendations are worded, the AAOS uses
predetermined, specific language for its recommendations. The exact wording is governed by the
final grade of the recommendation. This wording, and the corresponding grade, is shown in
Table 9.

Table 9 AAOS guideline language

Guideline Language Grade of Recommendation
We recommend Strong

We suggest Moderate

The Practitioner might Limited

We are unable to recommend for or against Inconclusive

In the absence of reliable evidence, the opinion of

] ; Consensus*
this work group is*

*Consensus based recommendations are made only if specific criteria are met (see below).
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Recommendation Strengths, Descriptions and Clinical Implications

Evidence Rating

Description of Evidence Strength

Implication for Practice

Strong Evidence is based on two or more “High” Practitioners should follow a Strong
strength studies with consistent findings in recommendation unless a clear and
support of recommending for or against the compelllng rationale for an alternative
intervention. approach is present.

A Strong (positive) recommendation means
that the benefits of the recommended
approach clearly exceed the potential harm,
and/or that the strength of the supporting
evidence is high.

A Strong (negative) recommendation means
that the quality of the supporting evidence is
high. A harms analysis on this
recommendation was not performed.

Moderate Evidence from two or more “Moderate” Practitioners should generally follow a
strength studies with consistent results, or Moderate recommendation but remain alert
evidence from a single “High” strength study to new information and be sensitive to patient
recommending for or against the intervention. preferences.

A Moderate recommendation means that the
benefits exceed the potential harm (or that the
potential harm exceeds the benefits in the case
of a negative recommendation), but the
quality/applicability of the supporting
evidence is not as strong.

Limited Evidence from two or more “Low” strength Practitioners should exercise clinical
studies with consistent results, or evidence judgment when following a recommendation
from a single Moderate strength study cla55|f_|ed as _lelted, and_should be alert to
recommending for or against the intervention. emerging e\{ldence that might negate the

current findings. Patient preference should
A Limited recommendation means that the have a substantial influencing role.
strength of the supporting evidence is
unconvincing, or that well-conducted studies
show little clear advantage to one approach
over another.

Inconclusive Evidence from a single low strength study or Practitioners should feel little constraint in
otherwise conflicting evidence that does not following a recommendation labeled as
allow a recommendation to be made for or Inconclusive, Exercise c_IlnlcaI JUdgme'?t: and
against the intervention be alert for emerging evidence that clarifies or

’ helps to determine the balance between
An Inconclusive recommendation means that gfgfeefrletzsg (:h%()l}f; tr:g\I/Ze;rrsrL.bI:g:]et?;
there is a lack of compelling evidence that has influencing role.
resulted in an unclear balance between
benefits and potential harm.
Consensus The supporting evidence is lacking and Practitioners should be flexible in deciding

requires the work group to make a
recommendation based on expert opinion by
considering the known potential harm and
benefits associated with the treatment.

A Consensus recommendation means that
expert opinion supports the guideline
recommendation even though there is no
available empirical evidence that meets the
inclusion criteria in the systematic review.

whether to follow a recommendation
classified as Consensus, although they may
give it preference over alternatives. Patient
preference should have a substantial
influencing role.
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CONSENSUS RECOMMENDATIONS

Consensus recommendations are recommendations based on expert opinion. As noted above,
there are times when it is prudent to make such recommendations. However, liberal use of them
can allow for bias. Accordingly, we allow consensus-based recommendations using the
procedures described by the United States Preventative Services Task Force (USPSTF).% In
effect, this means that the AAOS will only issue a consensus-based recommendation under two
circumstances. The first is for low cost procedures that have virtually no associated harms, are of
relatively low cost, and that reflect current, routine clinical practice. The second is when
providing (or not providing) a service could result in loss of life or limb. Because they are based
on expert opinion, consensus recommendations are the weakest type of recommendation.

In making such recommendations, the AAOS instructs its clinician work group members to
address:

e The potential preventable burden of disease (if the burden is low, a consensus-based
recommendation cannot be issued)

e Potential harms (if there are serious harms that result from providing a medical service, a
consensus-based recommendation cannot be issued)

e Current practice (a consensus-based recommendation cannot be issued if a service is not
currently widely used)

e Why, if warranted, a more costly service is being recommended over a less costly one

The AAOS employs additional rules to combat the bias that may affect such recommendations.
The rationale for the recommendation cannot contain references to studies that were not included
in the systematic reviews that underpin a guideline. Excluded articles are, in effect, not evidence,
and they may not be cited. Also, the final recommendation must use the language shown in
Table 7. The rationale cannot contain the language “we recommend,” “we suggest,” or “the
practitioner might” inasmuch as this wording could be confused with the evidence-based
recommendations in a guideline. In addition, the rationale must address apparent discrepancies in
logic with other recommendations in the guideline. For example, if a guideline does not come to
a recommendation is some instances but, in the instance in question, the work group has issued a
consensus-based recommendation, the rationale must explain the reason for this difference.

One consequence of these restrictions is that the AAOS does not typically recommend new
medical devices, drugs, or procedures. These procedures are usually supported by little research,
and the AAOS is reluctant to make recommendations that could have a national impact based on
small amounts of data.

When it is not possible to issue a recommendation (i.e., when the recommendation reads that “we
are unable to recommend for or against,” the explanation for why a recommendation cannot be
given cannot contain an implied recommendation. For example, in the case of a new device,
drug, or procedure, the work group may not write a recommendation like “Although treatment X
appears to be promising, there is currently insufficient evidence to recommend for or against its
use.” The italicized phrase implies that treatment X is effective, whereas not being able to
recommend “for or against” something implies that effectiveness is currently indeterminate.
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VOTING ON THE RECOMMENDATIONS

The recommendations and their strength were voted on using a structured voting technique
known as the nominal group technique.3* We present details of this technique in Appendix VIII.
Voting on guideline recommendations is conducted using a secret ballot and work group
members are blinded to the responses of other members. If disagreement between work group
members is significant, there is further discussion to see whether the disagreement(s) can be
resolved. Up to three rounds of voting are held to attempt to resolve disagreements. If
disagreements are not resolved following three voting rounds, no recommendation is adopted.
Lack of agreement is a reason that the grade of some recommendations can be labeled
“Inconclusive.”

Formal votes on all recommendations that are evidence-based or that read “we are unable to
recommend for or against” are only on the recommendations. The rationales require only
approval of the work group chair and the methodologists unless the recommendation is
consensus-based. Both the recommendation and the rationale of a consensus —based
recommendation are the subject of formal votes.

OUTCOMES CONSIDERED

In considering the outcomes discussed in this guideline, it is important to distinguish between
patient-oriented and surrogate outcomes. Patient-oriented outcomes measure how a patient feels,
functions, or survives.®? A patient-oriented outcome “tells clinicians, directly and without the
need for extrapolation, that a diagnostic, therapeutic or preventive procedure helps patients live
longer or live better.”® Patient-oriented outcomes include pain relief, death, and fractures.
Surrogate outcomes are laboratory measurements or physical signs used as substitutes for
patient-oriented outcomes. Surrogate outcomes include outcomes like blood cholesterol levels,
laboratory and imaging results, and bone mineral densities.

Surrogate outcomes are problematic. An intervention that improves a surrogate outcome does not
necessarily improve a patient-oriented outcome. The opposite can be true. Using a surrogate
outcome as a study endpoint can make a harmful treatment look beneficial. For example,
although the surrogate outcome cardiac sinus rhythm improves when quinidine is given after
conversion, mortality is tripled. Similarly, sodium fluoride increases bone mineral density, but it
also increases the rate of non-vertebral fractures.®® 34 This leads to an important (and often
overlooked) aspect about surrogate outcomes. To be useful, a surrogate outcome must not only
correlate with the patient-oriented outcome of interest, but also the surrogate must predict
(capture) the effects of an intervention on that outcome.32 3 3° Many surrogates correlate with an
outcome, but few predict the effects of an intervention. A systematic review on this issue has
concluded that it is not currently possible to reach a conclusion about how well deep vein
thrombosis (DVT) captures the effect of thromboprophylaxis from the available data. 3¢

For these reasons, the AAQOS rarely uses surrogate outcomes as endpoints in its clinical practice
guidelines. We make an exception in this guideline for DVT, because it is a surrogate outcome
that has received considerable attention.

When thinking about DVT as an outcome, the clinical issue is that patients and physicians would
ideally like to be reassured that if they do not have a DVT, they will not have a pulmonary
embolism (PE) and, therefore, can avoid the risks that may be associated with thromboembolic
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prophylaxis. They also want to know that patients who have a DVT are at a risk that is high
enough to warrant thromboembolic prophylaxis. Balancing these two considerations is
complicated because it is not only certain that some patients who develop a PE have also had a
DVT, it is also certain that some patients who have had a PE have never had a detectable DVT.
In other words, both true positives (a patient who had a DVT also had a PE) and false negatives
(a patient who had a PE did not have a detectable DVT) occur.

One way to address the issue of how reliably a DVT predicts a future PE is by thinking of DVT
as a diagnostic test for a PE. To accomplish this, we define true positives and false negatives as
just stated, and also define true negatives as patients who had neither a DVT nor a PE, and false
positives as patients who had a DVT but not a PE.

We can now consider the three studies that published relevant information in patients who
received a total hip or total knee arthroplasty. (These studies were of patients not given DVT
prophylaxis. We do not consider studies wherein DVT prophylaxis was given because
prophylaxis could affect the relationship between DVT and PE.) These are the studies by
Barrellier et al., Della Valle et al., and Kalebo et al.>”*® The former two studies diagnosed DVT
using ultrasound, and the latter by venography. Barrellier et al. looked for asymptomatic distal
DVT, and Della Valle et al. looked for proximal DVT. Della Valle et al. enrolled only patients
suspected of having a PE. Barrellier et al. enrolled only patients who received a total knee
arthroplasty, Kalebo et al. enrolled only those who received a total hip arthroplasty, and Della
Valle et al. enrolled both types of patients. When evaluated as studies of diagnostics, two of the
studies are Moderate”, and one is “High” quality. All are of “Moderate” applicability (Table 10).
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Table 10. Quality and Applicability of Studies on the Relationship between DVT and PE
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We can now translate these data into likelihood ratios. In the present case, a positive
likelihood ratio expresses how good of a “rule in” predictor DVT is. A positive likelihood
ratio greater than 10 means that a patient with a DVT is very likely to have a PE. A
negative likelihood ratio expresses how good of a “rule out” test DVT is. A negative
likelihood ratio of less than 0.1 means that a patient without a DVT is very unlikely to
have a PE.** 4! The positive and negative likelihood ratios for each of these studies are
shown in Table 11. For a number of reasons related to the methodology of these three
studies, we stress that our results are not definitive. Regardless, none of the positive
likelihood ratios are more than 10 (in fact, their confidence intervals do not even contain
10), and none of the negative likelihood ratios are less than 0.1 (although one of the
confidence intervals does contain this number). These results illustrate that the presence
of a DVT may not reliably predict PE, and that the absence of a DVT does not seem to
assure physicians and patients that the patient will not have a PE.

Table 11 Positive and Negative Likelihood Ratios for DVT as a Predictor of PE

Study LR*" LR
Barrellier etal.>”  1.49 (0.48-4.7)" 0.75 (0.24-2.34)
Della Valle et
al 38 1.43 (0.27-7.46)  0.98 (0.90-1.08)

Kalebo et al.®® 2.47 (1.59- 3.84) 0.19 (0.01-2.60)

*LR* refers to the positive likelihood ratio, and LR to the negative likelihood ratio.
** Figures in parentheses are the 95% confidence intervals.

DVT is not the only outcome we consider. We also consider PE. That PE is a patient-
oriented outcome does not imply it is a perfect outcome. Many of the trials we include in
this guideline withdrew patients and gave them more aggressive treatment if they
experienced a DVT. From the perspective of an explanatory trial (one that attempts to
determine cause and effect relationships), this likely causes an underestimate of the
effectiveness of treatment. However, this practice may mirror actual clinical practice so,
from the point of view of a pragmatic trial (a trial that attempts to determine how well
something works in routine clinical practice), this is likely a sound procedure. The
requirements of an explanatory trial are captured in our ratings of quality, and those of a
pragmatic trial are captured in our ratings of applicability (see above for how we arrive at
these ratings). The trade-off that occurs between these two sets of requirements is
captured in our grades of recommendation (see below).

We also consider major bleeding, all-cause mortality, symptomatic DVT, and proximal
DVT. We consider these outcomes because they are the outcomes addressed in the
literature, not because they are the most critical clinical outcomes. For the purposes of
this guideline, we define a critical outcome as an outcome the work group deemed
necessary to determine whether a medical device, drug, or procedure is effective.

We used a modified Delphi approach to determine the critical clinical outcomes. In this
approach, work group members individually listed the outcomes they thought were
critical. To combat bias, they did so before the literature searches were conducted. The
group ranked the importance of these outcomes on a scale of 1-9, where rankings of 7-9
indicated that an outcome was “critical.” We conducted three rounds of Delphi rankings,
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and used the average of the final round (please see Appendix Il for further description
of our processes for determining critical outcomes).

The outcomes the work group deemed critical for evaluating the effectiveness of
thromboprophylaxis were:

e All cause mortality

e Death from bleeding

e Death from PE

e Periprosthetic joint infection

e Reoperation due to bleeding

e Reoperation for any reason within 90 days of surgery

e Symptomatic PE

STATISTICAL METHODS

We performed network meta-analyses (also known as a mixed treatment comparisons
analyses) to ascertain the comparative effectiveness of strategies for preventing venous
thromboembolism. All of the trials entered into our analyses were randomized controlled
trials (most, but not all, were of “High” quality; additional details on their quality are
presented in the sections of this guideline that present our results of the appraisal of these
studies). Some of the trials that met our original inclusion criteria did not observe any
events in any of their groups. In accordance with suggestions of the Cochrane
collaboration,*? we excluded them from our analyses.

We compare the treatments of interest to both placebo (or no treatment) and enoxaparin.
Although the comparisons to placebo are easier to interpret, more of the published
comparisons are to enoxaparin than any other treatment. This means that the comparisons
to enoxaparin have greater precision than the comparisons to placebo. None of the studies
that report all-cause mortality in our final model used a placebo comparator. Therefore,
we only present the comparisons to enoxaparin.

Analyses were preformed as described by Lu and Ades*® using Winbugs v 1.4.3. This
method preserves the randomization of the original trials. The Markov chains in our
model were said to have converged if plots of the Gelman-Rubin statistics indicated that
widths of pooled runs and individual runs stabilized around the same value and their ratio
was approximately one.** In general, we performed 100,000 iterations, the first 50,000 of
which were discarded as “burn in” iterations for each of the network models we describe.
The one exception was our initial analysis of major bleeding, in which we used a burn in
of 150,000 iterations. We specified vague priors for the trial baselines and the basic
parameters (normal distribution with mean 0 and variance 10,000) and for the random
effects standard deviation (uniform distribution: U(0,2)). We use p <0.05 to define
statistical significance.

To assess the adequacy of our models, we checked their overall fit by comparing the
posterior mean deviance to the number of data points in any given model. These two
figures are approximately equal for models that fit the data well. We also checked the
statistical consistency of the models using a “back-calculation” method for networks with
direct evidence from multi-arm trials.*® This method requires point estimates and
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dispersions of the trial data being entered into the network meta-analysis. When there
were two or more trials comparing two of the same treatments, we obtained these latter
two quantities from meta-analytic models computed using the Peto odds ratio as the test
statistic. This statistic is the optimal way to compute the odds ratio when events are
sparse.*® All traditional meta-analyses were performed using STATA 10.0.

We adopted the following criteria to determine whether a model was satisfactory:

1. A satisfactory model must exhibit statistical consistency for all of the outcomes of
interest. This reflects our view that if a set of studies causes inconsistency in even
one of the five outcomes of interest, then this is prima facie evidence that there is
something different about this set of studies that could influence the analyses all
of the other outcomes. Accordingly, differences in the structure of our initial,
revised, and final models are due solely to differences in the outcomes that were
reported in different trials.

2. Use of a continuity correction should not alter the statistical consistency of a
model. The events of interest are rare. This is illustrated by Table 12, which
shows the rates of several of the outcomes we considered in the placebo/untreated
control groups of the trials that we included in our analysis on the effectiveness of
thromboembolic prophylaxis. These low event rates pose statistical challenges
because no events were observed in many groups in the included studies.

3. Table 12. Event Rates in Placebo/Untreated Control Groups

Number of Rate in Placebo/None
Outcome .

Studies Groups
PE 4 <0.88%
Major Bleeding 10 <1.96%
All-Cause Mortality 0
Symptomatic DVT 2 <1.12%
DVT 3 37%

We included trials that observed no events in some groups, but this necessitated
use of a continuity correction.*? Because such corrections can have undesirable
influences on results, *” we performed additional analyses. We accomplished this
by conducting network meta-analyses from which all studies that required a
continuity correction were omitted, and we did so despite the fact that the initial,
continuity-corrected models were statistically consistent for all outcomes. This
latter analysis yielded statistically significant inconsistency on two outcomes
(pulmonary embolism and major bleeding), and the results suggested that we
exclude trials of heparin (which were also the oldest trials we examined). The
results of a model excluding the trials of heparin were also inconsistent, this time
due to the presence of studies that had more than two arms (the inconsistency
again occurred for pulmonary embolism and major bleeding, and seemed to arise
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in these multi-arm trials that observed no events in at least two groups.
Accordingly, we omitted these trials (along with the trials of heparin) and arrived
at a final model that did not incorporate studies requiring a continuity correction,
and that was consistent for all outcomes.

4. The point estimates of the differences between models that incorporated
continuity-corrected studies and those that did not should not be significantly
different from each other.

5. None of the point estimates from models with data from both hip and knee
patients should significantly differ from the point estimates derived from models
containing only data from patients who received a hip arthroplasty or models that
contained only data from patients who received a knee arthroplasty. This criterion
tests whether it is appropriate to combine data from such patients.

6. The qualitative conclusions (derived from a deliberately strict interpretation of p-
values) of the models must remain logically consistent when the analysis
comparator (i.e., the “anchor”) is changed. For example, our initial models
suggested that enoxaparin was more effective than heparin (there were
significantly fewer pulmonary emboli with enoxaparin than with heparin), and
that enoxaparin was not different from placebo. Taken together, these findings
imply that heparin is less effective than placebo. However, our models did not
yield this result. Accordingly, we termed these models as logically inconsistent.

The primary reason that the results of our models using placebo as a comparator
may qualitatively differ from models using the enoxaparin comparator is that the
fewer trials had a placebo group. This causes the precision of these models to be
lower than that of the models using enoxaparin as a comparator. This criterion
serves as a warning that the precision of the model using placebo comparisons
may be too low.

These five criteria gave rise to that analytical sequence depicted in Figure 1.
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Figure 1. Analytical Sequence for Network Meta-Analyses
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We performed these analyses for each of the six outcomes (PE, major bleeding, all-cause mortality, symptomatic DVT, proximal
DVT, and DVT) of interest. This resulted in a total of 41 network meta-analyses (Table 10, unshaded cells) and 40 consistency checks

(Table 10, shaded cells).

Table 13. Network Meta-Analysis Models and Consistency Checks

All-Cause
Pulmonary Embolism Major Bleeding Mortality Symptomatic DVT Proximal DVT DVT
Initial Model Initial Model Initial Model Initial Model Initial Model

Initial Model (patients
with hip and patients with
knee replacement and
with continuity-corrected
data, using placebo as a
comparator)

(patients with hip and
patients with knee
replacement and with
continuity-corrected
data)

(patients with hip and

patients with knee

replacement and with

continuity-corrected
data)

(patients with hip and
patients with knee
replacement and with
continuity-corrected
data)

(patients with hip and
patients with knee
replacement and with
continuity-corrected
data)

(patients with hip and
patients with knee
replacement and with
continuity-corrected
data)

Logical Consistency
Check (patients with hip
and patients with knee
replacement and with
continuity-corrected data)

“ Hip Combinability”
Check (hip replacement
only, continuity-corrected
data

“ Knee Combinability”
Check (knee replacement
only, continuity-corrected
data)

Logical Consistency
Check (patients with
hip and patients with
knee replacement and
with continuity-
corrected data)

“ Hip Combinability”
Check (hip
replacement only,
continuity-corrected
data)

“ Knee
Combinability”
Check (knee
replacement only,
continuity-corrected

Logical Consistency
Check (patients with
hip and patients with
knee replacement and

with continuity-

corrected data)

“ Hip Combinability”

Check (hip
replacement only,
continuity-corrected
data)

“Knee
Combinability”
Check (knee
replacement only,
continuity-corrected
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Logical Consistency
Check (patients with
hip and patients with
knee replacement and
with continuity-
corrected data)

“ Hip Combinability”
Check (hip
replacement only,
continuity-corrected
data)

“Knee
Combinability”
Check (knee
replacement only,
continuity-corrected

Logical Consistency
Check (patients with
hip and patients with
knee replacement and
with continuity-
corrected data)

“ Hip Combinability”
Check (hip
replacement only,
continuity-corrected
data)

“ Knee
Combinability”
Check (knee
replacement only,
continuity-corrected

Logical Consistency
Check (patients with
hip and patients with
knee replacement and
with continuity-
corrected data)

“ Hip Combinability”
Check (hip
replacement only,
continuity-corrected
data)

“ Knee
Combinability”
Check (knee
replacement only,
continuity-corrected



All-Cause

Pulmonary Embolism Major Bleeding Mortality Symptomatic DVT Proximal DVT DVT
data) data) data) data data)
Statistical Statistical Statistical Statistical Statistical
Consistency Check Consistency Check Consistency Check Consistency Check Consistency Check

Statistical Consistency
Check #1on Initial Model
(patients with hip and
patients with knee
replacement, with
continuity-corrected data)

Statistical Consistency
Check #2 (patients with
hip and patients with knee
replacement, without
continuity-corrected data)

Revised Model (patients
with hip and patients with
knee replacements, no
trials of heparin, no
continuity-corrected
studies)

Statistical Consistency
Check on Revised Model
(patients with hip and
patients with knee
replacements, without

#1on Initial Model
(patients with hip and
patients with knee
replacement, with
continuity-corrected
data)

Statistical
Consistency Check
#2 (patients with hip
and patients with knee
replacement, without
continuity-corrected
data)

Revised Model
(patients with hip and
patients with knee
replacements, no
trials of heparin, no
continuity-corrected
studies)

Statistical
Consistency Check
on Revised Model
(patients with hip and
patients with knee

#1on Initial Model
(patients with hip and
patients with knee
replacement, with
continuity-corrected
data)

Statistical
Consistency Check
#2 (patients with hip
and patients with knee
replacement, without
continuity-corrected
data)

Revised Model
(patients with hip and
patients with knee
replacements, no
trials of heparin, no
continuity-corrected
studies)

Statistical
Consistency Check
on Revised Model
(patients with hip and
patients with knee
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#1on Initial Model
(patients with hip and
patients with knee
replacement, with
continuity-corrected
data)

Statistical
Consistency Check
#2 (patients with hip
and patients with knee
replacement, without
continuity-corrected
data)

Revised Model
(patients with hip and
patients with knee
replacements, no
trials of heparin, no
continuity-corrected
studies)

Statistical
Consistency Check
on Revised Model
(patients with hip and
patients with knee

#1on Initial Model
(patients with hip and
patients with knee
replacement, with
continuity-corrected
data)

Statistical
Consistency Check
#2 Not Performed.
Results from other
outcomes show this
model does not meet
our criteria

Revised Model Not
Performed. Results
from other outcomes
show this model does
not meet our criteria

Statistical
Consistency Check
on Revised Model
Not Performed.
Results from other

#1on Initial Model
(patients with hip and
patients with knee
replacement, with
continuity-corrected
data)

Statistical
Consistency Check
#2 (patients with hip
and patients with knee
replacement, without
continuity-corrected
data)

Revised Model
(patients with hip and
patients with knee
replacements, no
trials of heparin, no
continuity-corrected
studies)

Statistical
Consistency Check
on Revised Model
(patients with hip and
patients with knee



Pulmonary Embolism

Major Bleeding

All-Cause
Mortality

Symptomatic DVT

Proximal DVT

DVT

trials of heparin, and
without continuity-
corrected studies)

Final Model (patients

with hip and patients with

knee replacement, with

continuity-corrected data,

without trials of heparin,

and without trials with >2

arms, placebo
comparator)

Logical Consistency
Check on Final Model
(patients with hip and
patients with knee
replacement, with

continuity-corrected data,
enoxaparin comparator)

“ Hip Combinability”
Check on Final Model
(hip replacement only,

continuity-corrected data,
without trials of heparin,

without trials with >2

replacements, without
trials of heparin, and
without continuity-
corrected studies))

Final Model (patients
with hip and patients
with knee
replacement, with
continuity-corrected
data, without trials of
heparin, and without
trials with >2 arms,
placebo comparator)

Logical Consistency
Check on Final
Model (patients with
hip and patients with
knee replacement,
with continuity-
corrected data,
enoxaparin
comparator)

“ Hip Combinability”
Check on Final
Model (hip
replacement only,
continuity-corrected
data, without trials of
heparin, without trials

replacements, without
trials of heparin, and
without continuity-
corrected studies)

Final Model (patients
with hip and patients
with knee
replacement, with
continuity-corrected
data, without trials of
heparin, and without
trials with >2 arms)

Logical Consistency
Check on Final
Model (patients with
hip and patients with
knee replacement,
with continuity-
corrected data,
enoxaparin
comparator)

“ Hip Combinability”
Check on Final
Model (hip
replacement only,
continuity-corrected
data, without trials of
heparin, without trials
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replacements, without
trials of heparin, and
without continuity-
corrected studies)

Final Model (patients
with hip and patients
with knee
replacement, with
continuity-corrected
data, without trials of
heparin, and without
trials with >2 arms)

Logical Consistency
Check on Final
Model (patients with
hip and patients with
knee replacement,
with continuity-
corrected data,
enoxaparin
comparator)

“ Hip Combinability”
Check on Final
Model (hip
replacement only,
continuity-corrected
data, without trials of
heparin, without trials

outcomes show this
model does not meet
our criteria

Final Model (patients
with hip and patients
with knee
replacement, with
continuity-corrected
data, without trials of
heparin, and without
trials with >2 arms)

Logical Consistency
Check on Final
Model (patients with
hip and patients with
knee replacement,
with continuity-
corrected data,
enoxaparin
comparator)

“ Hip Combinability”

Check on Final
Model (hip
replacement only,
continuity-corrected

data, without trials of
heparin, without trials

replacements, without
trials of heparin, and
without continuity-
corrected studies)

Final Model (patients
with hip and patients
with knee
replacement, with
continuity-corrected
data, without trials of
heparin, and without
trials with >2 arms)

Logical Consistency
Check on Final
Model (patients with
hip and patients with
knee replacement,
with continuity-
corrected data,
enoxaparin
comparator)

“ Hip Combinability”
Check on Final
Model (hip
replacement only,
continuity-corrected
data, without trials of
heparin, without trials



All-Cause
Pulmonary Embolism Major Bleeding Mortality Symptomatic DVT Proximal DVT DVT
arms) with >2 arms) with >2 arms) with >2 arms) with >2 arms) with >2 arms)
“Knee “Knee “Knee “Knee “Knee
Combinability” Combinability” Combinability” Combinability” Combinability”
“Knee Combinability” Check on Final Check on Final Check on Final Check on Final Check on Final
Check on Final Model Model (knee Model (knee Model (knee
(knee replacement only, replacement only,
continuity-corrected data,

continuity-corrected

data, without trials of

heparin, without trials
with >2 arms)

without trials of heparin,
without trials with >2
arms)

with >2 arms)

Statistical Statistical
Consistency Check Consistency Check
Statistical Consistency #1on Final Model

Check #1on Final Model
(patients with hip and
patients with knee
replacement, with
continuity-corrected data)

#1on Final Model
(patients with hip and

patients with knee
replacement, with
continuity-corrected
data)

patients with knee
replacement, with
continuity-corrected

data)
Statistical Statistical
Consistency Check Consistency Check
Statistical Consistency #2 on Final Model

Check #2 on Final Model
(patients with hip and
patients with knee
replacement, without
continuity-corrected data)

#2 on Final Model
(patients with hip and

patients with knee
replacement, without  replacement, without
continuity-corrected continuity-corrected
data) data)

(patients with hip and
patients with knee
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replacement only,
continuity-corrected
data, without trials of
heparin, without trials

continuity-corrected
data, without trials of
heparin, without trials

(patients with hip and

replacement, with
continuity-corrected

replacement, without
continuity-corrected

Model (knee
replacement only,
continuity-corrected
data, without trials of
heparin, without trials
with >2 arms)

Model (knee
replacement only, replacement only,
continuity-corrected
data, without trials of
heparin, without trials

with >2 arms)

with >2 arms)

Statistical

Statistical Statistical
Consistency Check Consistency Check Consistency Check
#1on Final Model #1on Final Model #1on Final Model

(patients with hipand  (patients with hipand  (patients with hip and
patients with knee patients with knee

patients with knee

replacement, with replacement, with

continuity-corrected

continuity-corrected
data) data) data)
Statistical Statistical Statistical
Consistency Check Consistency Check Consistency Check
#2 on Final Model #2 on Final Model #2 on Final Model
(patients with hip and  (patients with hipand  (patients with hip and
patients with knee patients with knee

patients with knee
replacement, without
continuity-corrected
data)

replacement, without

continuity-corrected
data) data



PEER REVIEW

A draft of the present guideline was peer reviewed. Peer review was performed using a
structured peer review form (see Appendix 1X). This form requires all peer reviewers to
declare their conflicts of interest.

To determine who would serve as peer reviewers, the work group nominated external
specialty societies before work on the guideline began. By having work groups specify
organizations for review (as opposed to individuals), we are attempting to prevent overly
favorable reviews that could arise should work group members choose reviewers whom
they had personal or professional relationships. We also blind peer reviewers to the
identities of the work group members when they peer review the draft.

The outside specialty societies were nominated at the beginning of the process and
solicited for names of peer reviewers approximately six weeks before the final
recommendation meeting for a guideline. The physician members of the AAOS
Guidelines Oversight Committee and the Evidence Based Practice Committee review all
draft AAOS clinical practice guidelines.

On occasion, some specialty societies (both orthopaedic and non-orthopaedic) ask their
evidence-based practice (EBP) committee to provide peer review of our guidelines. The
specialty society is responsible for compiling this type of review into one document
before it is returned to us. We ask that the Chairs of these external EBP committees
declare their conflicts of interest and manage the conflicts of interest of their committee
members. Some specialty societies ask to post the guideline on their website for review
by all of their interested members. Again, the AAOS asks that these reviews be collated
into a single response by the specialty society, and that the person responsible for
submitting this document to the AAOS disclose his or her financial conflicts of interest.
We also ask that this posting be to the “members” only portion of the specialty societies’
website because our drafted document represents a “work in progress” and is subject to
change as a direct result of the review process. In addition, the draft has not been
formally approved by the AAOS Board of Directors. This is not an attempt to restrict
input on the draft. Nor do we consider it as a method to imply that outside specialty
societies who provide review of the document necessarily agree with the stated
recommendations. Hence, the reason all peer review comments and our responses are
made publicly available.

The clinical practice guidelines manager drafted initial responses to comments about
methodology. These responses were then reviewed by the work group chair and vice-
chair, who also responds to questions concerning clinical practice and techniques, and the
AAOS Director of Research and Scientific Affairs. All changes to a recommendation as a
result of peer review input were voted on and accepted by a majority of the work group
members via teleconference. All changes to any guideline recommendation must be
based on the evidence. Final changes to the guideline are incorporated, detailed in a
summary sheet and forwarded with the document through the rest of the review and
approval process.
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The AAQOS believes that it is important for guideline developers to demonstrate that they
are responsive to peer review. Accordingly, after the AAOS Board of Directors approves
a guideline, the AAOS posts all peer reviewer comments on its website (see
http://www.aaos.org/research/quidelines/quide.asp to access these documents) with a
point-by-point description of how the AAOS responded to each non-editorial comment
made by each reviewer. Reviewers who wish to remain anonymous can notify the AAOS,
and their names will be redacted; their comments, our responses and their conflicts of
interest will however still be posted for review.

Twenty-six outside organizations were solicited to provide peer reviewers for this
document. The draft of this guideline was sent to 25 review organizations who responded
to the solicitation and a total of 33 peer reviewers received the document not including
the AAOS Evidence-based Practice Committee and Guidelines Oversight Committee
members. Twelve of these reviewers returned comments (see Appendix IX). The
disposition of all non-editorial peer review comments was documented and accompanied
this guideline through the public commentary and the AAOS guideline approval process.

PUBLIC COMMENTARY

After modifying the draft in response to peer review, the guideline was sent for a thirty
day period of “Public Commentary.” Public Commentators are blinded to the identities of
the work group members. Commentators consist of members of the AAOS Board of
Directors (BOD), members of the Council on Research and Quality (CORQ), members of
the Board of Councilors (BOC), and members of the Board of Specialty Societies (BOS).
AAOS guidelines are automatically forwarded to the AAOS BOD and CORQ for
commentary. Members of the BOC and BOS are solicited for interest. If they ask to see
the document, it is forwarded to them. For this guideline, 20 members not including the
CORQ and the AAOS BOD, received the draft for comment.

The draft guideline is, if warranted, modified in response to public commentary by the
AAOS Clinical Practice Guidelines Unit and the work group members. If changes are
made as a result of public comment, these changes are summarized, and those who
provided commentary are notified that their input resulted in a change in the guideline.
Changes as a result of public commentary must be based on evidence. All changes are
detailed in a summary sheet that accompanies the document through the approval
process.

Over 200 commentators have had the opportunity to provide input into this guideline. Of
these, 66 members received the document and returned comments (see Appendix X).

THE AAOS GUIDELINE APPROVAL PROCESS

This final guideline draft was approved by the AAOS Evidence Based Practice
Committee, the AAOS Guidelines Oversight Committee, the AAOS Council on Research
and Quality, and the AAOS Board of Directors. Descriptions of these bodies are provided
in Appendix Il. These reviewing bodies do not have the option to modify the draft
guideline during the approval process. They can only vote to approve it or reject it.
Accordingly, no changes were made to this guideline during the approval process.
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REVISION PLANS

This guideline represents a cross-sectional view of current treatment and may become
outdated as new evidence becomes available. This guideline will be revised in
accordance with new evidence, changing practice, rapidly emerging treatment options,
and new technology. This guideline will be updated or withdrawn in five years in
accordance with the standards of the National Guideline Clearinghouse.

GUIDELINE DISSEMINATION PLANS

The primary purpose of the present document is to provide interested readers with full
documentation about not only our recommendations, but also about how we arrived at
those recommendations. This document is also posted on the AAOS website at
http://www.aaos.org/research/quidelines/quide.asp .

Shorter versions of the guideline are available in other venues. Publication of most
guidelines is announced by an Academy press release, articles authored by the work
group and published in the Journal of the American Academy of Orthopaedic Surgeons,
and articles published in AAOS Now. Most guidelines are also distributed at the AAOS
Annual Meeting in various venues such as on Academy Row and at Committee Scientific
Exhibits.

Selected guidelines are disseminated by webinar, an Online Module for the Orthopaedic
Knowledge Online website, Radio Media Tours, Media Briefings, and by distributing
them at relevant Continuing Medical Education (CME) courses and at the AAOS
Resource Center.

Other dissemination efforts outside of the AAOS will include submitting the guideline to

the National Guideline Clearinghouse and distributing the guideline at other medical
specialty societies’ meetings.
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Recommendations

RECOMMENDATION 1
We recommend against routine post-operative duplex ultrasonography screening of
patients who undergo elective hip or knee arthroplasty.

Grade of Recommendation: Strong

Description: Evidence is based on two or more “High” strength studies with consistent findings for
recommending for or against the intervention. A Strong recommendation means that the benefits of the
recommended approach clearly exceed the potential harm (or that the potential harm clearly exceeds the
benefits in the case of a strong negative recommendation), and that the strength of the supporting evidence
is high.

Implications: Practitioners should follow a Strong recommendation unless a clear and compelling rationale
for an alternative approach is present.

RATIONALE

We cannot recommend the routine use of ultrasound for the screening of patients after
knee or hip arthroplasty for VTED. The best available evidence comes from two
randomized controlled studies, both of high quality and moderate applicability (see Table
14 for a summary of the results of these studies, Table 15 through Table 18 for a detailed
presentation of results, and Table 47 in Appendix XIII for our appraisal of their quality
and applicability), that compared routine ultrasound screening to not screening. The
control group was prolonged prophylaxis in one study, and a sham ultrasound in the
other. In the ultrasound groups, treatment of asymptomatic DVTs was based on the
ultrasound findings. Neither study found a statistically significant difference in
symptomatic PE rates (Table 15) between the ultrasound-screened and unscreened
patients, despite the fact that they had adequate statistical power.

Similar results are found when screening is accomplished using venography (Table 14
summarizes the results of the studies that evaluated the effects of ultrasound and
venographic screening on patient outcomes). Two retrospective comparative studies of
low quality and moderate applicability (see Table 47 in Appendix XII1) compared results
of patients who were screened for DVT by venography against results of patients who
were not screened (Table 16). Treatment of asymptomatic DVT varied according to
venographic results. Rates of readmission for PE and DVT did not significantly differ
between those who received screening venography and those who did not.

The available evidence also suggests that D-dimer is not a useful screening test for DVT
after arthroplasty. Three studies, one of high quality and two of moderate quality and all
of moderate applicability (Table 48 in Appendix XIII), evaluated the screening
performance of D-dimer. Two used ultrasound as the reference standard, while one used
venography.

One study of high quality and moderate applicability evaluated the screening
performance of magnetic resonance (MR) venography as compared to standard
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venography. These data indicated that MR venography may be a good “rule in” test but
not a good “rule out” test.

Given the lack of utility of ultrasound for diagnosis of unsuspected DVT’s and the lack of
any commonly available alternative screening test with greater utility, we do not
recommend routine screening for DVT in the hip and knee arthroplasty postoperative
patient population.

The reasons we excluded some studies initially considered for this recommendation
appears in Appendix X1V, Table 57.

FINDINGS
Table 14. DVT Screening Summary Table
Ultrasound vs. Ultrasound
Prolonged (proximal) vs. Venography vs. No
Outcome Prophylaxis Sham Ultrasound Venography
Fatal PE O O O
Symptomatic PE o O
Symptomatic DVT o
Symptomatic
Proximal DVT O O
Symptomatic Distal
DVT © ©
DVT O
Proximal DVT o
Distal DVT O
Major Bleeding O
Readmission for PE o
Readmission for
DVT ©

o: no statistically significant difference. ®: statistically significant in favor of screening

QUALITY AND APPLICABILITY

Two high quality randomized trials addressed ultrasound screening. Two low quality
comparative studies addressed venography screening. One high quality and two moderate
quality diagnostic studies addressed D-dimer screening, and one high quality diagnostic
study addressed MR venography. Each of these studies was of moderate applicability.
For details, see Table 47 and Table 48 in Appendix XIII.
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RESULTS

Table 15. Ultrasound Screening vs. No Screening - Results

Author N Joint | Group 1 Group2 Strength | Outcome Groupl | Group2 | Results
% %
(event/n) | (event/n)
Schimdt 346 | Both | Ultrasound | Prolonged | High Fatal PE 0% 0.6% Not
et al. Screening Prophylaxis (0/174) (2/172) Significant
2003
Schimdt 346 | Both | Ultrasound | Prolonged | High Symptomatic PE 0.6% 1.2% Not
et al. Screening Prophylaxis (1/274) (2/172) Significant
2003
Schimdt 346 | Both | Ultrasound | Prolonged | High Symptomatic DVT 1.1% 1.7% Not
et al. Screening Prophylaxis (2/174) (3/172) Significant
2003
Schimdt 346 | Both | Ultrasound | Prolonged | High Symptomatic Proximal | 1.1% 1.2% Not
et al. Screening Prophylaxis DVT (2/174) (2/1172) Significant
2003
Schimdt 346 | Both | Ultrasound | Prolonged | High Symptomatic Distal 0% 0.6% Not
et al. Screening Prophylaxis DVT (0/174) (1/172) Significant
2003
Schimdt 346 | Both | Ultrasound | Prolonged | Moderate | Asymptomatic DVT 4.1% 6.8% Not
et al. Screening Prophylaxis (at day 35) (71172) (11/162) | Significant
2003
Schimdt 346 | Both | Ultrasound | Prolonged | Moderate | Asymptomatic 1.7% 1.9% Not
etal. Screening Prophylaxis Proximal DVT (atday | (3/172) (3/162) Significant
2003 35)
Schimdt 346 | Both | Ultrasound | Prolonged | Moderate | Asymptomatic Distal 2.3% 4.9% Not
et al. Screening Prophylaxis DVT (at day 35) (4/172) (8/162) Significant
2003
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Table 15. Ultrasound Screening vs. No Screening - Results

Author N Joint | Group 1 Group2 Strength | Outcome Groupl | Group2 | Results

% %

(event/n) | (event/n)
Robinson 1024 | Both | Ultrasound | Sham High Symptomatic Proximal | 0.8% 0.6% Not
et al. Screening Ultrasound DVT (4/518) (3/506) Significant
1997 (proximal)
Robinson 1024 | Both | Ultrasound | Sham High Symptomatic PE 0% 0.4% Not
et al. Screening Ultrasound (0/518) (2/506) Significant
1997 (proximal)
Robinson 1024 | Both | Ultrasound | Sham High Fatal PE 0% 0% Not
et al. Screening Ultrasound (0/518) (0/506) Significant
1997 (proximal)
Robinson 1024 | Both | Ultrasound | Sham High Major Bleeding 0.2% 0% Not
et al. Screening Ultrasound (1/518) (0/506) Significant
1997 (proximal)
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Table 16. Venography Screening vs. No Screening - Results

Author N Joint | Group 1 Group2 | Strength | Outcome Groupl | Group2 | Results
% %
(event/n) | (event/n)

Pellegrini et al. 2006 559 | Knee | Venogram | No Low Readmission | 0% 0% Not
(Rochester data) venogram for PE (0/199) (0/360) Significant
Pellegrini et al. 2006 707 | Knee | Venogram | No Low Readmission | 0.5% 0% Not

(Penn State data) venogram for PE (3/611) (0/96) Significant
Pellegrini et al. 2006 559 | Knee | Venogram | No Low Fatal PE 0% 0% Not
(Rochester data) venogram (0/199) (0/360) Significant
Pellegrini et al. 2006 707 | Knee | Venogram | No Low Fatal PE 0.2% 0% Not

(Penn State data) venogram (1/611) (0/96) Significant
Pellegrini et al. 2006 559 | Knee | Venogram | No Low Readmission | 0.5% 0.6% Not
(Rochester data) venogram for DVT (1/199) (2/360) Significant
Pellegrini et al. 2006 707 | Knee | Venogram | No Low Readmission | 0.3% 0% Not

(Penn State data) venogram for DVT (2/611) (0/96) Significant
Pellegrini et al. 2005 | 1079 | Hip Venogram | No Low Readmission | 1.4% 0.4% Not
(Rochester data) venogram for PE (5/347) (3/732) Significant
Pellegrini et al. 2005 824 | Hip Venogram | No Low Readmission | 0.9% 0% Not

(Penn State data) venogram for PE (6/685) (0/139) Significant
Pellegrini et al. 2005 | 1079 | Hip Venogram | No Low Fatal PE 0.6% 0% Not
(Rochester data) venogram (2/347) (0/732) Significant
Pellegrini et al. 2005 824 | Hip Venogram | No Low Fatal PE 0.1% 0% Not

(Penn State data) venogram (1/685) (0/139) Significant
Pellegrini et al. 2005 | 1079 | Hip Venogram | No Low Readmission | 0.6% 1.2% Not
(Rochester data) venogram for DVT (2/347) (9/732) Significant
Pellegrini et al. 2005 824 | Hip Venogram | No Low Readmission | 1.0% 0% Not

(Penn State data) venogram for DVT (7/685) (0/139) Significant
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Table 17. D-dimer - Diagnostic Performance

Author N Test Joint | Reference | Outcome | Positive LR | Negative LR | Sensitivity | Specificity
Standard

Abrahamet | 168 | D-dimer, day 1, | Both | Ultrasound | Total 2.67 0.85 0.21 0.92

al. 1999 cut-off 2.808 DVT (1.2,5.95) (0.74,0.99) | (0.12,0.34) | (0.85,0.96)
pg/ml

Niimi et al. 207 | D-dimer, day 1, | Both | Ultrasound | Total 1.28 0.27 0.92 0.28

2010 cut-off 4.88 DVT (1.12,1.47) | (0.13,0.57) |(0.85,0.97) | (0.2,0.38)
pg/ml

Niimi et al. 207 | D-dimer, day 1, | Both | Ultrasound | Total 1.67 0.56 0.66 0.6

2010 cut-off 9.78 DVT (1.27,2.19) | (0.41,0.76) | (0.56,0.75) | (0.5,0.7)
pg/ml

Niimi et al. 207 | D-dimer, day 7, | Both | Ultrasound | Total 1.18 0.41 0.9 0.23

2010 cut-off 5.35 DVT (1.04,1.33) |(0.21,0.82) | (0.83,0.95) | (0.16, 0.33)
pg/ml

Niimi et al. 207 | D-dimer, postop | Both | Ultrasound | Total 1.64 0.49 0.73 0.55

2010 day 7, cut-off DVT (1.28,2.09) | (0.34,0.7) (0.63, 0.81) | (0.45, 0.65)
8.26 pg/ml

Bounameaux | 119 | D-dimer, day 3, | Knee | Venography | Total 1.06 0.15 1 0.06

etal. 1998 cut-off 1pg/ml DVT (0.99,1.13) | (0.01,2.68) |(0.93,1) (0.02, 0.14)

Bounameaux | 119 | D-dimer, day 3, | Knee | Venography | Total 1.15 0.75 0.73 0.37

et al. 1998 cut-off 2pg/ml DVT (0.9, 1.47) (0.43,1.29) | (0.58,0.84) | (0.25,0.49)

Bounameaux | 119 | D-dimer, day 3, | Knee | Venography | Total 2.22 0.56 0.59 0.74

etal. 1998 cut-off 3ug/mi DVT (1.41,3.51) |(0.39,0.8) (0.44,0.72) | (0.61, 0.83)

Bounameaux | 119 | D-dimer, day 3, | Knee | Venography | Total 2.67 0.78 0.31 0.88

et al. 1998 cut-off 4ug/ml DVT (1.24,5.74) | (0.63,0.95) | (0.19,0.46) | (0.78, 0.95)

Bounameaux | 119 | D-dimer, day 3, | Knee | Venography | Total 2.93 0.85 0.22 0.93

et al. 1998 cut-off  Sug/ml DVT (1.09,7.92) |(0.72,0.99) |(0.11,0.35) | (0.84, 0.98)
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Table 18. MR Venography - Diagnostic Performance

Author N Test Joint | Reference | Outcome | Positive LR | Negative LR | Sensitivity | Specificity
Standard

Larcometal. | 191* | MR venography | Both | Venography | Proximal | 44.55 0.55 0.45 0.99

1996 DVT (9.7,204.3) |(0.32,0.95) |(0.17,0.77) | (0.96, 1)

4207 extremities in 191 patients
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RECOMMENDATION 2

Patients undergoing elective hip or knee arthroplasty are already at high risk for venous
thromboembolism. The practitioner might further assess the risk of venous
thromboembolism by determining whether these patients had a previous venous
thromboembolism.

Grade of Recommendation: Limited

Description: Evidence from two or more “Low” strength studies with consistent findings, or evidence from
a single “Moderate” quality study recommending for or against the intervention or diagnostic. A Limited
recommendation means the quality of the supporting evidence that exists is unconvincing, or that well-
conducted studies show little clear advantage to one approach versus another.

Implications: Practitioners should exercise clinical judgment when following a recommendation classified
as Limited, and should be alert to emerging evidence that might negate the current findings. Patient
preference should have a substantial influencing role.

Current evidence is not clear about whether factors other than a history of previous
venous thromboembolism increase the risk of venous thromboembolism in patients
undergoing elective hip or knee arthroplasty and, therefore, we are unable to recommend
for or against routinely assessing these patients for these factors.

Grade of Recommendation: Inconclusive

Description: Evidence from a single low quality study or conflicting findings that do not allow a
recommendation for or against the intervention. An Inconclusive recommendation means that there is a
lack of compelling evidence resulting in an unclear balance between benefits and potential harm.

Implications: Practitioners should feel little constraint in following a recommendation labeled as
Inconclusive, exercise clinical judgment, and be alert for emerging evidence that clarifies or helps to
determine the balance between benefits and potential harm. Patient preference should have a substantial
influencing role.

RATIONALE

Patients undergoing elective hip or knee arthroplasty are at high risk for venous
thromboembolic disease (VTED). Only one risk factor, previous history of VTED, has
sufficient evidence indicating that some of these patients may be at even higher risk.

The relevant evidence comes from two studies that evaluated patients with a personal
history of VTED — one of medium and one of low strength. The Pedersen study of over
68,000 patients found a relative risk of 8.1, and the Warwick study of over 14,000
patients found a hazard ratio of 4.92 for post-operative VTED in patients with a previous
history of VTED (see Table 20 for a summary of the results of these studies).

Twenty-nine studies addressed whether patients with one or more potential risk factors,
other than previous VTED, have higher rates of VTED. The list of potential VTED risk
factors for which we sought evidence is listed in Table 19. The studies were all of low or
very low quality (see Table 49 in Appendix XIII for a summary of our appraisal of the
quality and applicability of these studies). A statistically significant increase in VTED
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resulting from these other risk factors that confer an increased risk of VTED in surgeries
other than primary hip or knee arthroplasty was not found in studies of hip or knee
arthroplasty patients. This might be because these other VTED risk factors confer a lower
overall risk than primary hip or knee arthroplasty surgery itself. Therefore, their effects
may not be seen against the relatively high background risk already being experienced by
patients receiving elective hip or knee arthroplasty. Therefore, we are unable to
recommend further risk stratification based on these factors.

No data specific to hip or knee arthroplasty were found addressing many potential risk
factors, and in many instances where it was found, it was of very low quality and it was
contradictory (see Table 19 for a summary of the results of these studies and Table 21 for
a detailed presentation of their results). Data from patients undergoing surgical
procedures other than primary hip and knee arthroplasty were found also of very low
quality (Table 23) and therefore were unreliable. We excluded some of the studies we
retrieved to address this recommendation. These studies, and the reasons for their
exclusion are listed in Appendix XIV, Table 58.
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FINDINGS
Table 19. VTED Risk Factors Summary Table

Symptomatic Symp. Symp.

Risk Factor VTE PE DVT VTE PE DVT
Personal history of VTE o0 o)
Age 00 000 °
Cancer o 00@0

Personal/family history of

blood clotting disorders © ¢
Birth control or hormone

o o o o
replacement therapy
Varicose Veins oce o)
Venous Stasis Disease o o
Obesity ° oJe) Yeo! °
Chronic Lung Disease o] Yo
Current bed rest or o o
restricted mobility
Diabetes o 00 o)
Stable hypertension 00 o 00
Stable cardiovascular

. 0 000

disease
Smoking 0000 00
Ethnicity/race cee OOee
Duration of surgery oe o
Peripheral vascular o o
disease
Recent pelvic or lower o
extremity surgery
Screening instruments PR
(Caprini)
Central venous access ¢
Inflammatory bowel
disease

Immobilization of limb

for last month

Recent confinement to

bed rest for 72 hours (3

months)

Lymphedema

o: no statistically significant difference; e: statistically significant risk factor; #: statistically
significant risk factor among non-arthroplasty patients; ¢: no statistically significant difference
among non-arthroplasty patients

Note: Each circle or diamond represents a separate study.
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QUALITY AND APPLICABILITY

Three low quality studies addressed the history of VTED as arisk factor for VTED. One
study was of high applicability, raising its overall strength to moderate. The other two
studies were of moderate applicability. For details, see Table 49 in Appendix XIII.

We included eight low quality and twenty-one very low quality studies addressing other
potential risk factors for VTED. One low quality study had high applicability, raising its
strength to moderate, while another low quality study had low applicability, lowering its
strength to very low. Five very low quality studies had low applicability. All other studies
were of moderate applicability. For details, see Table 49 in Appendix XIII.

RESULTS
Table 20. History of VTE as a Risk Factor for VTE
Author N Strength Outcome Joint | Risk Factor Results
VTE History of RR: 8.1
Pedersen | 68,155 | Moderate | hospitalization | Hip VTE (6.1, 10.8)
Symptomatic History of HR: 4.92
Warwick 14,802 Low VTE Both VTE (3.15, 7.67)
History of
Joseph 569 Low VTE Both VTE NS
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Table 21. Risk Factors for VTE among Hip and Knee Arthroplasty Patients
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Author N Strength | Outcome Joint | & <| O xon I mxl > > O O O I| o ol o W 0O &
VTE
Pedersen 68,155 Moderate | hospitalization | Hip o |o |x X X | x X
DVT
Fujita 302 Low (venogram) Both e | X |X X o | X o
Joseph 569 Low VTE Both o |o0% |OP o o |x X
Symptomatic
Warwick 14,802 Low VTE Both o | X |X X e | X X
Leizorovicz | 386 Low VTE Both o |o |x X o |o o
Guijarro
(hip) 31,769 Low VTE Hip e [0 |X X o |o X
Guijarro
(knee) 58,037 Low VTE Knee o |e |X X o | o X
Eriksson 135 V.Low | VTE Hip o | X |X X X | X o
Beksac 1,986 V.Low | VTE Hip o |e [|X X e | X o
DVT
Lowe 374 V. Low (venogram) Hip X | X of X
Won 1,608 V. Low | VTE Both o? | x X X
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V. Low | Symptomatic
Gandhi 1,460 DVT Knee [x |o |x |X X X X |x |od9|x |o%|lod|x |x |x |Xx
Mahomed | 55,975/ | V.Low o/
2003 12,233} PE Hip |Xx |e |X |X X X X [ X [ X X [X |X |X |x |[x |o
Mahomed 124,986/ | V. Low o/
2005 11,7267 PE Knee [X |o | X |X X X X | X [ X [X | X |[X |[X |X |X |o
Memtsoudis | 6,901,324 | V. Low | PE Both | x |*® | x |X X X X |x |® |o |* |x |* |x |x
V. Low | DVT
Pearse 223 (ultrasound) Knee |o |o |Xx [|X X o X |o |o |X |X |X |[X |X |X |X
V. Low | Symptomatic
Ryu 338 PE Knee | x |o |x |[X X X X |Xx |o |o |o |o |[x |Xx |o |x
SooHoo V. Low
2006 222,684 PE Knee | X e | X X X X X X X X X X X | X X °
V. Low | Symptomatic
Mraovic 7,389 PE Both [x |e |o |x X | x X [x |e |o |of|o |o |x |x |x
Keeney 705 V. Low | VTE Hip |e |e |x |X X X X |X |o |[x |x |x |x |x |x |o
White 1998 | 77,629 V. Low | VTE Hip X | O |[x |x X X X | X [ X |X |[x |X |[xX |[X |X
SooHoo V. Low
2010 138,399 VTE Hip X o | X X X X X X X X o | X X o | X °
VTE
White 2000 | 889 Low hospitalization | Hip |e |e | o |Xx X o X |X |e | x |X |x |x |x |x |o
Hurbanek 318 V. Low | VTE Both |o0 |Oo |o |x X o X |x |o|o |o|o |o|x |o|x
Lemos 240 V. Low | PE Both |[o |e |o |X X o o |X |Xx |o |o o |* |o |o |X
Proximal DVT
Nathan 137 V. Low (ultrasound) Knee [ X | X |X [X X X X [ X [ X X [X |X |[X |xX |x [X

o= statistically significant risk factor; o= not statistically significant risk factor; x=not included in regression model;*= significantly lower risk; o=
used as covariate in model, multivariate results not reported

2 History of cancer; PRecent surgery; “APC Resistance p=.02 ,Factor V Leiden p=0.08; ¢ individual variable not significant but included in model
with metabolic syndrome, which was significant and included the individual variables; ¢ lower risk at <44 years and at >85 years; " diabetes not
significant, but elevated blood glucose was significant in same model; primary / revision

54




Table 22. Risk Factors for VTE among Hip and Knee Arthroplasty Patients - Results

Author N Strength Outcome Joint Risk Factor Results
Fujita 302 Low DVT (venogram) | Both Age OR: 1.036/yr.
Symptomatic
Warwick 14,802 Low VTE Both Age NS
Joseph 569 Low VTE Both Age Significant
Leizorovicz 386 Low VTE Both Age NS
Guijarro 31,769 Low VTE Hip Age Age >70 OR: 1.5 (1.1, 1.9)
Guijarro 58,037 Low VTE Knee Age NS
<50 yrs = reference
50-59: RR =0.81 (0.54, 1.22)
60-69: 0.92 (0.64, 1.32)
VTE 70-79: 0.92 (0.59, 1.44)
Pedersen 68,155 Moderate hospitalization Hip Age 80+: 0.88 (0.59, 1.32)
Leizorovicz 386 Low VTE Both Cancer NS
Guijarro 31,769 Low VTE Hip Cancer NS
Guijarro 58,037 Low VTE Knee Cancer OR: 2.2 (1.03, 4.6)
VTE
Pedersen 68,155 Moderate hospitalization Hip Cancer RR: 0.93 (0.68, 1.28)
Symptomatic Cardiovascular
Warwick 14,802 Low VTE Both Disease NS
Cardiovascular
Leizorovicz 386 Low VTE Both Disease NS
Cardiovascular
Guijarro 31,769 Low VTE Hip Disease NS
Cardiovascular
Guijarro 58,037 Low VTE Knee Disease NS
VTE Cardiovascular
Pedersen 68,155 Moderate hospitalization Hip Disease RR: 1.4 (1.15,1.7)
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Table 22. Risk Factors for VTE among Hip and Knee Arthroplasty Patients - Results

Author N Strength Outcome Joint Risk Factor Results
Chronic Lung
Leizorovicz 386 Low VTE Both Disease NS
Chronic Lung
Guijarro 31,769 Low VTE Hip Disease NS
Chronic Lung
Guijarro 58,037 Low VTE Knee Disease OR: 1.5 (1.02, 2.1)
Guijarro 31,769 Low VTE Hip Diabetes NS
Guijarro 58,037 Low VTE Knee Diabetes NS
VTE
Pedersen 68,155 Moderate hospitalization Hip Diabetes RR: 1.13 (0.76, 1.69)
Joseph 569 Low VTE Both | Duration of Surgery NS
Leizorovicz 386 Low VTE Both | Duration of Surgery OR: 1.47/hr. (1.08, 2.01)
Joseph 569 Low VTE Both History of VTE NS
APC Resistance OR: 3.13 (1.2,
8.17)
History of Blood Factor V Leiden OR: 3.21 (0.88,
Lowe 374 V.Low | DVT (venogram) | Hip Clotting Disorders 11.69)
History of Blood
Joseph 569 Low VTE Both | Clotting Disorders NS
Joseph 569 Low VTE Both History of Cancer NS
Symptomatic
Warwick 14,802 Low VTE Both History of VTE HR: 4.92 (3.15, 7.67)
VTE
Pedersen 68,155 Moderate hospitalization Hip History of VTE RR: 8.1 (6.1, 10.8)
Hormone
Pearse 223 V. Low | DVT (ultrasound) | Knee | Replacement Therapy OR: 0.69 (0.15, 3.1)
Hormone
Lemos 240 V. Low PE Both | Replacement Therapy NS
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Table 22. Risk Factors for VTE among Hip and Knee Arthroplasty Patients - Results

Author N Strength Outcome Joint Risk Factor Results
Hormone OR: 0.68 (0.3,1.2)
Hurbanek 318 V. Low VTE Both | Replacement Therapy | (95% CI estimated from graph)
Low VTE Hormone
White 2000 889 Hospitalization Hip | Replacement Therapy NS
OR: 2.3 (0.6, 32.2);
Symptomatic also metabolic syndrome OR: 3.0
Gandbhi 1,460 V. Low DVT Knee Hypertension (1.1,12.4)
Ryu 338 V. Low Symptomatic PE | Knee Hypertension NS
Mraovic 7,389 V. Low Symptomatic PE | Both Hypertension OR: 0.86 (0.56, 1.32)
Guijarro 31,769 Low VTE Hip Hypertension NS
Guijarro 58,037 Low VTE Knee Hypertension NS
Fujita 302 Low DVT (venogram) | Both Obesity OR: 1.122/unit BMI
Symptomatic
Warwick 14,802 Low VTE Both Obesity BMI >30: HR: 1.68 (1.25, 2.26)
Joseph 569 Low VTE Both Obesity NS
Leizorovicz 386 Low VTE Both Obesity NS
Guijarro 31,769 Low VTE Hip Obesity NS
Guijarro 58,037 Low VTE Knee Obesity OR:1.7(1.2,2.3)
Peripheral Vascular
Lemos 240 V. Low PE Both Disease NS
Peripheral Vascular
SooHoo0 2010 | 138,399 V. Low VTE Hip Disease OR: 1.10 (0.69, 1.77)
Mahomed 55,975 African American vs. White
2003 (primary) V. Low PE Hip Race OR: 1.07 (0.69, 1.65)
Mahomed 12,233 African American vs. White
2003 (revision) V. Low PE Hip Race OR: 1.24 (0.53, 2.92)
Mahomed 124,986 African American vs. White
2005 (primary) V. Low PE Knee Race RR: 1.0 (0.8, 1.3)
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Table 22. Risk Factors for VTE among Hip and Knee Arthroplasty Patients - Results

Author N Strength Outcome Joint Risk Factor Results
Mahomed 11,726 African American vs. White
2005 (revision) V. Low PE Knee Race OR: 1.4 (0.6, 3.5)
White = reference
African American:
OR:1.45 (1.38, 1.53)
Not Stated: OR: 1.32 (1.28,1.36)
Memtsoudis | 6,901,324 | V. Low PE Both Race Other: OR: 0.82 (0.72, 0.93)
White = reference
African American:
OR: 1.74 (1.36, 2.23)
SooHo0 2006 | 222,684 V. Low PE Knee Race Hispanic: OR: 0.84 (0.65, 1.09)
Keeney 705 V. Low VTE Hip Race NS (African American vs. White)
White = reference
Asian
African American
White 1998 77,629 V. Low VTE Hip Race Hispanic
White = reference
African American:
OR: 1.89 (1.44, 2.47)
Asian: OR: 1.17 (0.75, 1.83)
SooHoo0 2010 | 138,399 V. Low VTE Hip Race Hispanic: 0.73 (0.53, 1.01)
Joseph 569 Low VTE Both Recent Surgery NS
Significant - univariate
(9.5% of homebound patients vs.
Proximal DVT 4.8% of ambulant <1 km vs.
Nathan 137 V. Low (ultrasound) Knee | Restricted Mobility 0% of ambulant >1 km)
Joseph 569 Low VTE Both | Restricted Mobility NS
Lowe 374 V. Low DVT (venogram) | Hip Smoking NS
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Table 22. Risk Factors for VTE among Hip and Knee Arthroplasty Patients - Results

Author N Strength Outcome Joint Risk Factor Results
Leizorovicz 386 Low VTE Both Smoking NS
Eriksson 135 V. Low VTE Hip Smoking NS
Beksac 1,986 V. Low VTE Hip Smoking NS
Won 1,608 V. Low VTE Both Smoking NS
Lowe 374 V.Low | DVT (venogram) | Hip Varicose Veins NS
Leizorovicz 386 Low VTE Both Varicose Veins NS
Eriksson 135 V. Low VTE Hip Varicose Veins Significant
Venous Stasis
Pearse 223 V.Low | DVT (ultrasound) | Knee Disease OR: 2.7 (0.95, 7.6)
Symptomatic Venous Stasis
Warwick 14,802 Low VTE Both Disease NS

HR= Hazard Ratio; OR= Odds Ratio; RR= Relative Risk; NS= Not Significant in multivariate analysis
Note: If 95% Confidence Intervals are not listed in the above table, they were not reported by the study authors
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Table 23. Risk Factors for VTE - Data from Non--Arthroplasty Patients

Author | N Strength Outcome | Type(s) of Surgery | Risk Factor Results
Kosir 108 V. Low DVT General, lasting at Prognostic indicator (risk score No DVTs in any of 108
least 1 hour based on age, BMI, Hemoglobin | patients in study
level, and colorectal patients)
Hatef 360 V. Low VTE Excisional Body 4-level risk score based on Significant risk factor; no
Contouring Davison-Caprini model adjustment for other variables
Bahl 8216 | V. Low VTE General, Vascular, 4-level risk score based on Significant risk factor after
and Urologic Caprini model adjustment for year and length
of inpatient stay
Bahl 8216 | V. Low VTE General, Vascular, Inflammatory Bowel Disease Not significant risk factor
and Urologic
Bahl 8216 | V. Low VTE General, Vascular, Central venous access Significant risk factor after
and Urologic adjustment for other factors in
Caprini model
Frizzelli | 810 V. Low DVT Cardiac Central venous catheter 48% of patients had DVT

(case series)
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RECOMMENDATION 3

Patients undergoing elective hip or knee arthroplasty are at risk for bleeding and
bleeding-associated complications. In the absence of reliable evidence, it is the opinion of
this work group that patients be assessed for known bleeding disorders like hemophilia
and for the presence of active liver disease which further increase the risk for bleeding
and bleeding-associated complications.

Grade of Recommendation: Consensus

Description: The supporting evidence is lacking and requires the work group to make a recommendation
based on expert opinion by considering the known potential harm and benefits associated with the
treatment. A Consensus recommendation means that expert opinion supports the guideline
recommendation even though there is no available empirical evidence that meets the inclusion criteria of
the guideline’s systematic review.

Implications: Practitioners should be flexible in deciding whether to follow a recommendation classified as
Consensus, although they may give it preference over alternatives. Patient preference should have a
substantial influencing role.

Current evidence is not clear about whether factors other than the presence of a known
bleeding disorder or active liver disease increase the chance of bleeding in these patients
and, therefore, we are unable to recommend for or against using them to assess a patient’s
risk of bleeding.

Grade of Recommendation: Inconclusive

Description: Evidence from a single low quality study or conflicting findings that do not allow a
recommendation for or against the intervention. An Inconclusive recommendation means that there is a
lack of compelling evidence resulting in an unclear balance between benefits and potential harm.

Implications: Practitioners should feel little constraint in following a recommendation labeled as
Inconclusive, exercise clinical judgment, and be alert for emerging evidence that clarifies or helps to
determine the balance between benefits and potential harm. Patient preference should have a substantial
influencing role.

RATIONALE

Bleeding complications related to the soft tissue envelope around the surgical site and the
effects of bleeding on functional outcomes are an important concern. A hematoma can
lead to joint stiffness and a compromised functional outcome or to a periprosthetic joint
infection (with its associated morbidity). Although these potential risks have historically
not been addressed in other guidelines on this topic, given the seriousness of these
concerns, this work group believed it necessary to address them.

We found very little data that addressed risk factors for bleeding in patients undergoing
elective hip or knee replacement surgery (see Table 24 for the list of risk factors for
which we sought evidence and for a summary of these results. Two studies of very low
quality (see Table 50 in Appendix XII1) addressed patients with hemophilia, with the
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only comparative study finding it to be a significant predictor of hemarthrosis. One
comparative study of very low quality addressed cirrhosis of the liver and found it to be a
significant predictor of perioperative blood loss (Table 25).

Therefore, patients with a known bleeding disorder or active liver disease may have an
increased risk for bleeding. Evaluating patients for these factors has minimal cost and low
risk to the patient; we believe that these actions are consistent with the current practice of
most orthopaedic surgeons. Recommendation 7 discusses the recommended
thromboprophylaxis strategy for these patients.

Evidence about whether factors other than the presence of a known bleeding disorder or
active liver disease affect the risk for bleeding in patients undergoing primary hip and
knee arthroplasty is unclear. Six low quality studies among non-arthroplasty surgical
patients did not find convincing evidence that preoperative coagulation screening predicts
postoperative bleeding (Table 50 in Appendix XIII summarizes our evaluation of the
quality and applicability of these studies).

e Dbleeding time predicted blood loss in one of three studies

e fibrinogen predicted blood loss in one of three studies

e platelet count predicted blood loss in one of six studies

e prothrombin time predicted blood loss in one of six studies (Table 27).

In other very low quality (and, therefore, unreliable) studies of non-arthroplasty surgical
patients (Table 26):

e thrombocytopenia was a significant predictor of postoperative intracranial
hematoma among intracranial surgery patients,

e a history of gastrointestinal (GI) bleed was not a significant predictor of
postoperative upper Gl bleeding among non-ulcer surgery patients,

e a history of bleeding with previous surgery did predict excessive bleeding among
cardiac bypass patients, while

e epistaxis and a history of bleeding with dental extraction each did not predict
major bleeding among Type 1 von Willebrand disease patients undergoing
surgery.

No data were found addressing the other risk factors (see Table 24 for the list of risk
factors for which we sought evidence).

The data on hemorrhage-related complications are also sparse. Three low quality and
fourteen very low quality studies addressed whether patients with one or more potential
risk factors have higher rates of hemorrhage-associated complications. (The results of
these studies are summarized in Table 28, Table 29 and Table 30, which provide a
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detailed description of these studies’ results. Our evaluation of their quality and
applicability is shown in Appendix XIII, Table 51) Low hemoglobin levels and more
complex revision procedures did predict a higher risk of transfusion, but none of the
factors studied could be directly tied to hemorrhage-associated complications such as
deep periprosthetic joint infection.

Due to the inconclusive evidence regarding other risk factors for bleeding or hemorrhage-
associated complications among elective hip and knee arthroplasty patients, we are
unable to recommend for or against further risk stratification.

The clinician should be aware of established contraindications against the use of
individual anticoagulant agents.

We excluded some of the studies we retrieved to address this recommendation. These
studies, and the reasons for their exclusion are listed in Appendix XIV, Table 59- Table
60.
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FINDINGS
QUALITY AND APPLICABILITY

The two studies addressing hemophilia and the study addressing cirrhosis of the liver
were of very low quality. The six studies addressing coagulation screening were all of
low quality. The five included studies addressing other potential risk factors for bleeding
were all of very low quality. All included studies for this recommendation were of
moderate applicability. For details, see Table 50 in Appendix XIII.

We included three low quality and fourteen very low quality studies addressing potential

risk factors for hemorrhage-associated complications. All included studies were of
moderate applicability. For details, see Table 51 in Appendix XIII.
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1 RESULTS
2  Table 24. Risk Factors for Bleeding Summary Table
Peri- Intra-

Hemar-  operative  operative
Risk Factor throsis  Blood Loss Blood Loss

Post- Intra- Reoperation Upper
operative cranial due to Major  Excessive Gl
Blood Loss Hematoma  Bleeding Bleeding Bleeding Bleeding

History of GI Bleeding

History of Bleeding with

Previous Surgery

Bleeding Disorder °

History of Bleeding After

Dental Extractions

History of Hemorrhagic

Stroke

History of Retroperitoneal

Bleeding

Liver Disease i

Thrombocytopenia

Easy Bruising

Epistaxis

History of DIC

Abnormal Coagulation

Screening:
aPTT 0000
Bleeding Time 00
Fibrinogen
Platelet Count 0000
Prothrombin Time 0000

Relevant bleeding in the past

6 months

<&
L 2R Rl e

0

<SS <O
<

3 o:no statistically significant difference; ®: statistically significant risk factor; #: statistically significant risk factor among non-arthroplasty
4 patients; 0: no statistically significant difference among non-arthroplasty patients Note: Each circle or diamond represents a separate study.

65



5

(ep]

Table 25. Risk Factors for Bleeding - Data among Arthroplasty Patients

Author | Risk Factor | N | Strength | Joint Outcome Results
Sikkema 52% in hemophilia patients vs.
2010 Hemophilia | 81 | V.Low | Both | Hemarthrosis | 7% in control patients (p<.001)
Perioperative 1100 mL
Blood Loss (range: 300-1200)
V. Low
Innocenti (Case
2007 | Hemophilia | 20 | Series) | Knee | Hemarthrosis 1 (5%)
470 mL more in cirrhosis
Shih Cirrhosis Perioperative patients
2004 | of the Liver | 84 | V.Low | Knee | Blood Loss (1370 vs. 900: p <.001)
V.Low
Kim Aplastic (Case Postoperative
2000 Anemia 19 | Series) | Hip | Blood Loss 656 mL (range: 252-1274)
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Table 26. Risk Factors for Bleeding - Data among Non-Arthroplasty Patients

Author Risk Factor N | Strength Patient Type Outcome Results
Type 1 von Willebrand and
possible Type 1 von
Willebrand disease patients Not significant in
undergoing any surgical multivariate
Woods 2008 Epistaxis 311 | V.Low procedure Major bleeding analysis
Type 1 von Willebrand and
possible Type 1 von
Willebrand disease patients Not significant in
History of Bleeding with undergoing any surgical multivariate
Woods 2008 Dental Extractions 311 | V.Low procedure Major bleeding analysis
Excessive
Bleeding (chest
tube drainage Significant
History of Bleeding with Cardiac Surgery with over 24 hours of | Adjusted OR: 2.42
Nuttall 2006 Previous Surgery 174 | V.Low | Cardiopulmonary Bypass 750mL) (1.1,5.29)
Postoperative
Upper NS
Della Ratta Grastrointestinal | OR: 1.31 (0.36,
1993 History of Gl Bleed 180 | V. Low Nonulcer Surgery Tract Bleeding 4.36)
Postoperative
Thrombocytopenia (platelet Intracranial Significant
Chan 1989 count < 150,000/ul) 1582 | V. Low Intracranial Surgery Hematoma OR: 41 (17, 94)
9
10
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Table 27. Coagulation Screening among Non-Arthroplasty Patients - Results

Results from

Coagulation Multivariate
Author Screening Test Test Range N | Strength Patient Type Outcome Analysis
Activated Partial Cardiac Surgery with
Gravlee Thromboplastin Cardiopulmonary Mediastinal Drainage (16
1994 Time Not Reported | 897 Low Bypass hours) NS
Activated Partial
Dorman Thromboplastin Coronary Artery Intraoperative Blood
1993 Time 17.8-40 (s) 60 Low Bypass Surgery Loss NS
Cumulative (24 hours)
Activated Partial Cardiac Surgery with Chest Tube Drainage
Despotis | Thromboplastin Cardiopulmonary (CTD) and Excessive
1996 Time Not Reported | 487 Low Bypass CTD NS
Activated Partial 80-153
EIMalik | Thromboplastin (Pt/control Transurethral Total Blood Loss (24
2000 Time %) 121 Low Prostatectomy hours) NS
Activated Partial Coronary Artery
Karlsson | Thromboplastin | All in normal Bypass Grafting Chest Tube Drainage (12
2008 Time range 170 Low Surgery hours) NS
Partial
Gerlach Thromboplastin
2002 Time Not Reported | 876 Low Intracranial Surgery Intracranial Hematoma NS
Dorman Coronary Artery Intraoperative Blood
1993 Bleeding Time 1.5-12 (min) | 60 Low Bypass Surgery Loss P<.05
Cumulative (24 hours)
Cardiac Surgery with Chest Tube Drainage
Despotis Cardiopulmonary (CTD) and Excessive
1996 Bleeding Time Not Reported | 487 Low Bypass CTD NS

68




Table 27. Coagulation Screening among Non-Arthroplasty Patients - Results

Results from

Coagulation Multivariate
Author Screening Test Test Range N | Strength Patient Type Outcome Analysis
Cardiac Surgery with
Gravlee | Earlobe Bleeding Cardiopulmonary Mediastinal Drainage (16
1994 Time Not Reported | 897 Low Bypass hours) NS
Dorman 201-812 Coronary Artery Intraoperative Blood
1993 Fibrinogen (mg/dL) 60 Low Bypass Surgery Loss NS
Gerlach
2002 Fibrinogen Not Reported | 876 Low Intracranial Surgery Intracranial Hematoma NS
Coronary Artery
Karlsson Bypass Grafting Chest Tube Drainage (12 r=-0.53,
2008 Fibrinogen 2.4-8.1¢g/L | 170 Low Surgery hours) P<.001
Cardiac Surgery with
Gravlee Cardiopulmonary Mediastinal Drainage (16
1994 Platelet Count Not Reported | 897 Low Bypass hours) NS
Dorman 140-440 Coronary Artery Intraoperative Blood
1993 Platelet Count (x10%/mm?®) | 60 Low Bypass Surgery Loss P<.05
Cumulative (24 hours)
Cardiac Surgery with Chest Tube Drainage
Despotis Cardiopulmonary (CTD) and Excessive
1996 Platelet Count Not Reported | 487 Low Bypass CTD NS
ElMalik 101-525 (x Transurethral Total Blood Loss (24
2000 Platelet Count x10%/uL) 121 Low Prostatectomy hours) NS
Gerlach
2002 Platelet Count Not Reported | 876 Low Intracranial Surgery Intracranial Hematoma NS
Coronary Artery
Karlsson All in normal Bypass Grafting Chest Tube Drainage (12
2008 Platelet Count range 170 Low Surgery hours) NS
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Table 27. Coagulation Screening among Non-Arthroplasty Patients - Results

Results from
Coagulation Multivariate
Author Screening Test Test Range N | Strength Patient Type Outcome Analysis
Cardiac Surgery with

Gravlee Cardiopulmonary Mediastinal Drainage (16

1994 Prothrombin Time | Not Reported | 897 Low Bypass hours) NS
Dorman Coronary Artery Intraoperative Blood

1993 Prothrombin Time | 10.7-13.2(s) | 60 Low Bypass Surgery Loss P<.05

Cumulative (24 hours)
Cardiac Surgery with Chest Tube Drainage

Despotis Cardiopulmonary (CTD) and Excessive

1996 Prothrombin Time | Not Reported | 487 Low Bypass CTD NS

91-125

ElMalik (Pt/control Transurethral Total Blood Loss (24

2000 Prothrombin Time %) 121 Low Prostatectomy hours) NS
Gerlach

2002 Prothrombin Time | Not Reported | 876 Low Intracranial Surgery Intracranial Hematoma NS

6 patients
had elevated Coronary Artery

Karlsson INR (1.3- Bypass Grafting Chest Tube Drainage (12

2008 Prothrombin Time 1.9) 170 Low Surgery hours) NS

12
13
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Table 28. Summary Table for Hemorrhage-Associated Complications Risk Factors
Hemarthrosis

Requiring

Risk Factor Infection Transfusion Dehiscence  Operation
Patient unwilling to accept
transfusion
Obesity coe 00
Low Hemoglobin (XX X )
Immunocompromised State o0 oce O
Inflammatory Arthritis ce 0O o

Connective Tissue Disease
Previous surgery or revision
arthroplasty

Spinal or epidural anesthesia
for which >2 attempts at
placement were made, or the
placement was traumatic
Planned indwelling intrathecal
or epidural catheter >6 hours
post-surgery

00000

o: no statistically significant difference. ®: statistically significant risk factor
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Table 29. Risk Factors for Hemorrhage-Associated Complications - Multivariate Results
.3 g = 2
2f EE 38 2 5%
> 5 E = > @ ‘o &
ES E€ 32 8 3£
- - EE 8¢ "E ock¢f
Anticoagulation S E T <
Author N Strength Used Outcome Joint
Guerin 162 Low Yes Transfusion Both X X ° X | X
Aderinto 1016 Low Yes Transfusion Hip X X ° o | X
Borghi 2884 Low Not Reported Allogenic Transfusion Both X X ° X | ®
Mesa-
Ramos 121 V. Low Yes Transfusion Knee o X ° o | X
Moran 759 V. Low Not Reported Superficial Wound Infection Hip X X X o | X
Amin 76 V. Low Yes Superficial Wound Infection Knee X O X e | X
Chee 106 V. Low Yes Superficial Wound Infection Hip X X X o | X
Rashiq 918 V. Low Not Reported Allogenic Transfusion Hip X X ° X | o
Rashiq 957 V. Low Not Reported Allogenic Transfusion Knee X X ° X | o
Bong 1194 V. Low Yes Any Transfusion/Allogenic Transfusion Knee X o/e ° o | X
Walsh 1035 V. Low Yes Any Transfusion/Allogenic Transfusion Hip X o e/o | o | X
Sikkema 81 V. Low N/Y+ Hemarthrosis requiring reoperation Both o X X X | X
SooHoo | 138,399 | V.Low Not Reported Infection Hip ° o X X | X
Marchant | 1,032,039 | V. Low Not Reported Infection/Transfusion/Other Wound Complications | Both | e*/e/o | X X X | X
Larocque 599 V. Low Not Reported Transfusion Both X X ) X | ®
Saleh 1142 V. Low Not Reported Transfusion Both X X ° X | ®
Marx 354 V. Low Not Reported Transfusion Hip X o ) X | o
White 9580 V. Low Not Reported Wound infection/dehiscence Hip X ° X X | X
o= statistically significant risk factor; o= not statistically significant risk factor; x=not included in regression model; o= used as covariate in
model, multivariate results not reported; *Infection is significant only for uncontrolled diabetes, not controlled diabetes; +Hemophilia patients did
not receive antithrombotic prophylaxis but control patients did
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Table 30. Risk Factors for Hemorrhage-Associated Complications — Results Details

Author N Strength Outcome Joint Risk Factor Results
Hemarthrosis requiring 11.1% vs. 1.9%
Sikkema 81 V. Low reoperation Both Hemophilia (not significant)
Bong 1194 V. Low Allogenic Transfusion Knee | Inflammatory Arthritis RR: 2.36 (significant)
Walsh 1035 V. Low Allogenic Transfusion Hip Inflammatory Arthritis | RR: 1.51 (not significant)
Bong 1194 V. Low Any Transfusion Knee | Inflammatory Arthritis | RR: 1.41 (not significant)
Walsh 1035 V. Low Any Transfusion Hip Inflammatory Arthritis | RR: 1.27 (not significant)
SooHoo 138,399 V. Low Infection Hip Inflammatory Arthritis OR: 1.47 (0.90, 2.41)
Marx 354 V. Low Transfusion Hip Inflammatory Arthritis Not Significant
0.6% vs 0.1% (age-
White 9580 V. Low Wound Dehiscence Hip Inflammatory Arthritis adjusted p<0.001)
1.7% vs. 0.8% (age-
White 9580 V. Low Wound Infection Hip Inflammatory Arthritis adjusted p=.01)
Significant; <13 g/dL vs.
Low Hemoglobin 13-15 g/dL: RR=1.5; vs.
Guerin 162 Low Transfusion Both (continuous) 15+: RR=4
Low Hemoglobin (<10
Borghi 2884 Low Allogenic Transfusion Both g/dL) OR: 8.8 (6.5, 16.8)
Low Hemoglobin
Aderinto 1016 Low Transfusion Hip (continuous) Significant
Superficial Wound
Moran 759 V. Low Infection Hip Obesity Not Significant
17.1% among morbidly
Superficial Wound obese vs. 0% among non-
Amin 76 V. Low Infection Knee Obesity obese (significant)
9.1% among morbidly
obese vs. 3.6% among
Superficial Wound non-obese (not
Chee 106 V. Low Infection Hip Obesity significant)
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Table 30. Risk Factors for Hemorrhage-Associated Complications — Results Details

Author N Strength Outcome Joint Risk Factor Results
Aderinto 1016 Low Transfusion Hip Obesity Not Significant
Mesa-Ramos 121 V. Low Transfusion Knee Obesity Not Significant
OR of hip revision vs.
primary hip or knee: 5.8
Borghi 2884 Low Allogenic Transfusion Both Revision Arthroplasty (3.9,8.5)
Rashiq 918 V. Low Allogenic Transfusion Hip Revision Arthroplasty OR: 1.07 (0.61, 1.89);
Rashiq 957 V. Low Allogenic Transfusion Knee Revision Arthroplasty OR: 1.08 (0.63, 1.85)
Larocque 599 V. Low Transfusion Both Revision Arthroplasty OR: 4.5 (1.36, 14.6)
Reference: Primary knee
Revision knee
OR: 1.88 (0.62, 5.22)
Primary hip:
OR: 4.6 (3.01, 6.83)
Revision hip:
Saleh 1142 V. Low Transfusion Both Revision Arthroplasty OR: 17.8 (9.6, 33)
Marx 354 V. Low Transfusion Hip Revision Arthroplasty Not Significant
Marchant 1,032,039 | V.Low Infection Both Uncontrolled Diabetes OR: 2.310 (1.424,3.747)
Marchant 1,032,039 | V.Low Infection Both Controlled Diabetes OR: 0.998 (0.843, 1.066)
SooHoo 138,399 V. Low Infection Hip | Uncomplicated diabetes OR: 1.72 (1.48, 2.08)
SooHoo 138,399 V. Low Infection Hip Complicated diabetes OR: 3.7 (2.39, 5.74)
Other Wound
Marchant 1,032,039 | V.Low Complications Both Uncontrolled Diabetes | OR: 2.587 (0.637, 10.510)
Other Wound
Marchant 1,032,039 | V. Low Complications Both Controlled Diabetes OR: 1.062 (0.620, 1.819)
Marchant 1,032,039 | V.Low Transfusion Both Uncontrolled Diabetes OR: 1.29 (1.133,1.468)
Marchant 1,032,039 | V.Low Transfusion Both Controlled Diabetes OR: 1.092 (1.058, 1.126)
Mesa-Ramos 121 V. Low Transfusion Knee Diabetes Not Significant
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RECOMMENDATION 4
We suggest that patients discontinue antiplatelet agents (e.g., aspirin, clopidogrel) before
undergoing elective hip or knee arthroplasty.

Grade of Recommendation: Moderate

Description: Evidence from two or more “Moderate” strength studies with consistent findings, or evidence
from a single “High” quality study for recommending for or against the intervention. A Moderate
recommendation means that the benefits exceed the potential harm (or that the potential harm clearly
exceeds the benefits in the case of a negative recommendation), but the strength of the supporting evidence
is not as strong.

Implications: Practitioners should generally follow a Moderate recommendation but remain alert to new
information and be sensitive to patient preferences.

RATIONALE

Among non-arthroplasty surgical patients, preoperative antiplatelet use predicted higher
perioperative blood loss in three studies of moderate to high quality. Reoperation rates
due to bleeding only varied in one of the three studies (see Table 26 for a detailed
presentation of these results, and Table 52 in Appendix XIII for our appraisal of the
quality and applicability of these studies).

Although this evidence is not specific to elective hip or knee arthroplasty patients, the
work group believed the evidence is still applicable to these patients who are at risk for
bleeding and bleeding-associated complications.

We excluded some of the studies we retrieved to address this recommendation. These
studies and the reasons for their exclusion are listed in Appendix XIV, Table 61.

FINDINGS
QUALITY AND APPLICABILITY

Of the three studies addressing preoperative antiplatelet use, one was of high quality and
two were of moderate quality. All three were of moderate applicability. For details, see
Table 52 in Appendix XIII.
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RESULTS

Table 31. Preoperative Antiplatelet Use - Data among Non-Arthroplasty Patients

Author Risk Factor N | Strength Patient Type Outcome Results
Significantly more
Antiplatelet Use (aspirin vs. blood lost in the
placebo for 2 weeks before Coronary Artery Bypass Intraoperative | aspirin group (454
Kallis 1994 surgery) 100 High Grafting Blood Loss vs. 372 ml, p=.05)
Antiplatelet Use (stopping
Firanescu clopidogrel 5 days vs. 3 days Coronary Artery Bypass Intraoperative
2009 vs. 0 days before surgery) 118 | Moderate Grafting Blood Loss NS
Significantly more
blood lost in the
Antiplatelet Use (aspirin vs. aspirin group
placebo for 2 weeks before Coronary Artery Bypass Postoperative (1185 vs. 791 ml,
Kallis 1994 surgery) 100 High Grafting Blood Loss p=.001)
Significantly more
Antiplatelet Use blood lost in the
(preoperative aspirin use vs. aspirin group (608
Ghaffarinejad | no aspirin for at least 7 days Coronary Artery Bypass Postoperative vs. 483 ml,
2007 before surgery) 200 | Moderate Grafting Blood Loss p=.005)
Significantly more
blood lost in
patients stopping
Antiplatelet Use (stopping clopidogrel the
Firanescu clopidogrel 5 days vs. 3 days Coronary Artery Bypass Postoperative day of surgery
2009 vs. 0 days before surgery) 118 | Moderate Grafting Blood Loss (p=.022)
Higher reoperation
Antiplatelet Use (aspirin vs. rate in aspirin
placebo for 2 weeks before Coronary Artery Bypass | Reoperation due | group (8% vs 0%,
Kallis 1994 surgery) 100 High Grafting to Bleeding p=.04)
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Table 31. Preoperative Antiplatelet Use - Data among Non-Arthroplasty Patients

Author Risk Factor N | Strength Patient Type Outcome Results
Antiplatelet Use
(preoperative aspirin use vs. No significant
Ghaffarinejad | no aspirin for at least 7 days Coronary Artery Bypass | Reoperation due | difference (3% in

2007 before surgery) 200 | Moderate Grafting to Bleeding each group)

Antiplatelet Use (stopping
Firanescu clopidogrel 5 days vs. 3 days Coronary Artery Bypass | Reoperation due
2009 vs. 0 days before surgery) 118 | Moderate Grafting to Bleeding NS
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RECOMMENDATION 5

We suggest the use of pharmacologic agents and/or mechanical compressive devices for
the prevention of venous thromboembolic disease in patients undergoing elective hip or
knee arthroplasty, and who are not at elevated risk beyond that of the surgery itself for
venous thromboembolism or bleeding.

Grade of Recommendation: Moderate

Description: Evidence from two or more “Moderate” strength studies with consistent findings, or evidence
from a single “High” quality study for recommending for or against the intervention. A Moderate
recommendation means that the benefits exceed the potential harm (or that the potential harm clearly
exceeds the benefits in the case of a negative recommendation), but the strength of the supporting evidence
is not as strong.

Implications: Practitioners should generally follow a Moderate recommendation but remain alert to new
information and be sensitive to patient preferences.

Current evidence is unclear about which prophylactic strategy (or strategies) is/are
optimal or suboptimal. Therefore, we are unable to recommend for or against specific
prophylactics in these patients.

Grade of Recommendation: Inconclusive

Description: Evidence from a single low quality study or conflicting findings that do not allow a
recommendation for or against the intervention. An Inconclusive recommendation means that there is a
lack of compelling evidence resulting in an unclear balance between benefits and potential harm.

Implications: Practitioners should feel little constraint in following a recommendation labeled as
Inconclusive, exercise clinical judgment, and be alert for emerging evidence that clarifies or helps to
determine the balance between benefits and potential harm. Patient preference should have a substantial
influencing role.

In the absence of reliable evidence about how long to employ these prophylactic
strategies, it is the opinion of this work group that patients and physicians discuss the
duration of prophylaxis.

Grade of Recommendation: Consensus

Description: The supporting evidence is lacking and requires the work group to make a recommendation
based on expert opinion by considering the known potential harm and benefits associated with the
treatment. A Consensus recommendation means that expert opinion supports the guideline
recommendation even though there is no available empirical evidence that meets the inclusion criteria of
the guideline’s systematic review.

Implications: Practitioners should be flexible in deciding whether to follow a recommendation classified as

Consensus, although they may give it preference over alternatives. Patient preference should have a
substantial influencing role.
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RATIONALE

We recognize the diversity of opinion concerning the clinical importance of DVT as an
isolated event or as a surrogate outcome for PE or post-thrombotic syndrome, (for further
discussion, please see the Methods section), and understand that for clinical, and
sometimes for even medico-legal reasons, DVT prevention may be the clinician’s
immediate concern. There is moderate evidence to suggest that pharmacological agents
and/or mechanical compression devices reduce DVT rates in patients undergoing elective
knee or hip arthroplasty. This is why we are suggesting prophylaxis. Readers of this
guideline should recognize, however, that the available, published evidence does not
establish whether these prophylactic strategies affect rates of all-cause mortality, fatal
PE, symptomatic PE, or symptomatic DVT in patients undergoing elective hip or knee
arthroplasty.

We also note that the present recommendation for prophylaxis is of a “Moderate” (rather
than “Strong”) grade partly because it is based on a surrogate outcome we do not
consider “critical” (we considered major bleeding, pulmonary emboli, and all cause
mortality as “critical,” and symptomatic DVT, any DVT, and proximal DVT as not
critical). The “critical” outcomes are all patient-oriented. The non-critical outcomes are
not.

The inability to recommend a specific prophylactic strategy is a direct result of the
network meta-analyses we performed. We performed numerous such analyses with
sensitivity analyses that included separately analyzing data from patients who underwent
hip and knee arthroplasty, analyzing these data combined, evaluating the impact of study
quality on the results, and by comparing the results of each prophylactic strategy to
placebo (or no treatment) and, when placebo/no treatment data were not available,
comparing the results of each strategy to results obtained with enoxaparin (as discussed
in the Methods section, this use of two comparators allows us to check the logical
consistency of our models). The results of these analyses did not consistently suggest that
any one strategy is preferable to another (please see Figure 38 - Figure 55 and Table 32 -
Table 34; and, for the results of our sensitivity analyses, see Appendix XV).

We also analyzed data on other outcomes but, due to lack of data, network meta-analysis
was not possible for them. In total, then, our analyses of the different prophylactic
strategies is comprised of 112 high-or medium quality randomized controlled studies that
enrolled patients undergoing elective hip and/or knee arthroplasty (see Appendix XIII,
Table 53). As with the network meta-analyses, the data did not suggest that any specific
prophylactic strategy was superior or inferior.

Part of the reason that current data do not permit a conclusion about specific prophylactic
strageties is that, in our final network meta-analyses, no pharmacological agents showed
a statistically significant effect in preventing all-cause mortality, symptomatic pulmonary
emboli, symptomatic DVT, and major bleeding, when data from hip and knee studies
were analyzed separately or when they were combined. This may be because these events
are rare. In addition, infection rates and re-operations (for any reason) were not reported.
Reoperations due to bleeding were reported, but were often part of the study authors’
definition of major bleeding.
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Many of the commonly used agents such as sodium warfarin and various low molecular
weight heparinoids did not show efficacy for preventing VTED. This may be partially
explained by the lack of comparison studies with placebo controls and by the rarity of the
events of interest. In the final model with PE as the outcome, there were 181 events
among 42,390 patients across 25 trials, and only 3 of these trials had a placebo or no
prophylaxis arm.

There were a limited number of studies that evaluated mechanical compression devices.
In one study on total hip arthroplasties,*® there was a lower risk of major bleeding in the
mechanical group. However, this study was only of moderate quality, partially because
only 37% of the compression group had this device alone, with the remainder of the
patients receiving low dose aspirin (81 mg/day) as well. There were also difficulties with
the comparability of the control and intervention groups (that some of the studies we
examined were not of high quality is another reason why the present recommendation is
of “Moderate” strength).

In some analyses of mechanical compression device studies, less bleeding was found in
comparison to no treatment. This may not appear intuitively logical, but might be
occurring because of problems with randomization and the patient populations which
may not be generalizable to the standard population of patients typically undergoing total
hip and knee arthroplasties. The effect may also be occurring for some presently
unknown physiological reasons. Other potentially confounding factors with these studies
are enumerated below.

Conclusions about specific prophylactic strategies are also difficult because, in addition
to the above-mentioned challenges posed by the rarity of the events of interest and the
lack of reporting of critical outcomes, the available studies:

e Enrolled a select group of patients and did not necessarily include patients who
had a high risk for VTED or bleeding and may not be representative of a typical
patient population

e Used different drug doses (e.g. Enoxaparin at 30 mg bid vs. 40 mg per day).

e Used different timing of administration of agents (short-term vs. longer-term
dosing)

e Used different routes of administration

Comparing different prophylactic strategies is difficult because there is a paucity of
placebo-controlled trials because of early acceptance of prophylaxis being the standard of
care.

Also, we are unable to recommend specific pharmacologic agents and/or mechanical
devices because the results of our analyses with DVT as the outcome were not robust on
sensitivity analyses. Due to the rarity of the critical outcomes of interest and the limited
number of placebo-controlled trials, we had to rely on the analysis of DVT (i.e., any
DVT), a surrogate measure, to evaluate the relative efficacy of the prophylactic
strategies. However, the results of these analyses depend on the structure of the model
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used, as agents shown to significantly reduce the occurrence of DVT in one model are
often not statistically significant in an alternate model (see Table 97 in Appendix XV).

Some clinical practice guidelines make recommendations about the duration of
pharmacologic prophylaxis. The available evidence is partially from manufacturer-
funded trials, and is of only one agent. The latter is particularly problematic because the
potential differences in the risks and benefits of various pharmacological agents may
become more prominent as the duration of prophylaxis increases. We are, therefore,
reluctant to make such a recommendation until more is known about the relative
risk/benefit profiles of these different agents. Rather, the work group recommends that
patients and physicians discuss the appropriate duration of prophylaxis for each
individual situation. This physician-patient discussion is low cost and consistent with
current practice.

As of April 1, 2011, several of the analyzed agents are not approved for marketing or the
treatment of any medical condition in the United States. The United States Food and
Drug Administration’s (FDA) current policy regarding disclosure of marketing
applications can be found in “Current Disclosure Policies for Marketing Applications” on
the FDA website.

We excluded some studies we retrieved for this recommendation. The reasons for doing
so are shown in Appendix X1V, Table 62).
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FINDINGS
QUALITY AND APPLICABILITY
Of the 112 included studies for this recommendation, 87 were of high quality and 25

were of moderate quality. All but two studies were of moderate applicability; the other
two were of low applicability. For details, see Table 53 in Appendix XIII.

RESULTS
SUMMARY OF DIRECT COMPARISONS

The figures below summarize the results of direct comparisons made for the six outcomes
addressed by the network meta-analysis. If a single study addressed a given comparison
of two treatments, that is the result presented. If multiple studies addressed a given
comparison, results of the corresponding meta-analysis are presented. More information
on these direct comparisons can be found in Appendix XV (Table 67 through Table 84).
Studies with no events in any arm are not included in this analysis.

Note: For all figures and tables in this recommendation, the outcome Deep Vein
Thrombosis (DVT) refers to any DVT: symptomatic or asymptomatic.

Figure 2. Pulmonary Embolism Direct Comparisons among Hip and Knee Patients

Treatment

Comparison Peto OR (95% CI)
GCS v None 1.00 (0.06, 16.09)
IPC v None + 0.14 (0.01, 2.21)
Aspirin (<300mg/day) v Placebo —— 1.00 (0.37, 2.66)
Enoxaparin v Placebo/None 1.04 (0.07, 16.59)
IPC + Aspirin (>300mg/day) v Aspirin (>300mg/day) 1.04 (0.07, 16.81)

Enoxaparin v GCS 0.13 (0.00, 6.82)

0.13 (0.00, 6.72)

* o

Enoxaparin + GCS v Foot Pump + GCS

Tinzaparin + GCS v GCS 1.00 (0.06, 16.09)
IPC + Low-dose Aspirin v Enoxaparin —_—— 0.97 (0.13, 6.93)
IPC + Aspirin (>300mg/day) v IPC + Enoxaparin g > 7.74(0.15, 390.51)
IPCv GCS g 0.13 (0.00, 6.82)
Enoxaparin + IPC v Enoxaparin 0.96 (0.06, 15.50)
Apixaban v Enoxaparin - 1.13 (0.65, 1.95)
Dabigatran v Enoxaparin —_— 1.03 (0.50, 2.12)
Desirudin v Enoxaparin —— 0.50 (0.13, 1.86)
Fondaparinux + GCS v Enoxaparin + GCS - 1.58 (0.78, 3.19)
Heparin v Enoxaparin 7.35(1.98, 27.22)

Rivaroxaban v Enoxaparin —_— 0.58 (0.29, 1.20)
0.99 (0.06, 15.89)

1.01 (0.06, 16.14)

Tinzaparin v Enoxaparin

Tinzaparin v Warfarin

[ ' fITT
|

Warfarin v Enoxaparin —_— 0.90 (0.46, 1.76)
Desirudin v Heparin ——] 0.31 (0.05, 1.78)
I I
1 1 10
Favors Groupl Favors Group2
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Figure 3. Pulmonary Embolism Direct Comparisons among Hip Patients

Comparison Peto OR (95% ClI)
IPC v None g 0.14 (0.00, 7.09)
Aspirin (<300mg/day) v Placebo —— 1.00 (0.37, 2.66)
Enoxaparin v Placebo/None > 7.97 (0.16, 402.40)
IPC + Aspirin (>300mg/day) v Aspirin (>300mg/day) 1.04 (0.07, 16.81)
Enoxaparin + GCS v Foot Pump + GCS 0.13 (0.00, 6.72)
Tinzaparin + GCS v GCS 1.00 (0.06, 16.09)
IPC + Low-dose Aspirin v Enoxaparin _— 0.97 (0.14, 6.93)
Apixaban v Enoxaparin —_—— 0.37 (0.12, 1.14)
Dabigatran v Enoxaparin —_— 1.00 (0.35, 2.84)
Desirudin v Enoxaparin —— 0.50 (0.14, 1.86)
Fondaparinux + GCS v Enoxaparin + GCS —— 2.20(0.97, 4.98)
Heparin v Enoxaparin —_—— 7.30 (1.65, 32.23)
Rivaroxaban v Enoxaparin —_— 0.86 (0.29, 2.54)
Tinzaparin v Enoxaparin 0.99 (0.06, 15.89)
Tinzaparin v Warfarin 1.01 (0.06, 16.14)
Warfarin v Enoxaparin —_—— 0.81(0.38, 1.73)
Desirudin v Heparin —_—— 0.31 (0.05, 1.78)
T T
1 1 10
Favors Groupl Favors Group2

Figure 4. Pulmonary Embolism Direct Comparisons among Knee Patients

Comparison Peto OR (95% CI)
GCS v None 1.00 (0.06, 16.09)
IPC v None 0.14 (0.00, 6.82)
Enoxaparin v Placebo/None 0.14 (0.00, 6.82)
Enoxaparin v GCS 0.14 (0.00, 6.82)
IPC + Aspirin (>300mg/day) v IPC + Enoxaparin > 7.74 (0.15, 390.51)
IPCv GCS 0.14 (0.00, 6.82)
Enoxaparin + IPC v Enoxaparin 0.96 (0.06, 15.50)
Apixaban v Enoxaparin T 1.59 (0.85, 2.99)
Dabigatran v Enoxaparin —_— 1.06 (0.40, 2.85)
Fondaparinux + GCS v Enoxaparin + GCS —_— 0.60 (0.15, 2.43)
Heparin v Enoxaparin 7.52 (0.47, 120.60)
Rivaroxaban v Enoxaparin —_— 0.44 (0.17,1.13)
Warfarin v Enoxaparin —_— 1.33 (0.30, 5.88)

T T
1 1 10

Favors Groupl Favors Group2
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Figure 5. Major Bleeding Direct Comparisons among Hip and Knee Patients

Treatment
Comparison Peto OR (95% ClI)
Dabigatran v Placebo e R GE— 2.64 (0.37, 19.00)
Enoxaparin v Placebo/None —_— 0.99 (0.32, 3.10)
Fondaparinux v Placebo —_— 2.81 (0.39, 20.13)
Heparin v Placebo/None —_— 9.27 (1.54, 55.80)
Enoxaparin v GCS * 7.46 (0.46, 119.98)
Enoxaparin + GCS v GCS 1.00 (0.06, 16.12)
IPC + Low-dose Aspirin v Enoxaparin —_— 0.13 (0.04, 0.42)
Fondaparinux + GCS v Fondaparinux * 0.14 (0.00, 7.05)
Enoxaparin v IPC > 7.46 (0.46, 119.98)
Apixaban v Enoxaparin —er 0.79 (0.53, 1.18)
Dabigatran v Enoxaparin T 1.28 (0.90, 1.83)
Desirudin v Enoxaparin —_— 1.00 (0.53, 1.86)
Fondaparinux v Enoxaparin —_—— 1.33 (0.49, 3.56)
Fondaparinux + GCS v Enoxaparin + GCS —— 1.77 (1.23, 2.53)
Heparin v Enoxaparin T 1.34 (0.80, 2.23)
Rivaroxaban v Enoxaparin T 1.55 (0.89, 2.71)
Tinzaparin v Enoxaparin —_— 0.51 (0.10, 2.52)
Tinzaparin v Warfarin —— 2.19 (1.05, 4.56)
Warfarin v Enoxaparin — 0.56 (0.30, 1.06)
LY517717 v Enoxaparin * 0.85 (0.05, 13.78)
YM150 v Enoxaparin * 0.14 (0.00, 7.26)
Apixaban v Warfarin *> 7.20 (0.14, 363.02)
Aspirin (>300mg/day) v Warfarin —_— 0.73 (0.16, 3.42)
Dalteparin v Warfarin — 1.94 (1.22, 3.08)
Desirudin v Heparin —_— 1.96 (0.39, 9.78)

I I

1 1 10

Favors Groupl
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Figure 6. Major Bleeding Direct Comparisons among Hip Patients

Comparison

Enoxaparin v Placebo/None

Fondaparinux v Placebo

Peto OR (95% Cl)

1.49 (0.26, 8.73)
2.81 (0.39, 20.13)

Favors Groupl

Favors Group2

Heparin v Placebo/None —_— 9.27 (1.54, 55.80)
Enoxaparin + GCS v GCS 1.00 (0.06, 16.12)
IPC + Low-dose Aspirin v Enoxaparin —_— 0.13 (0.04, 0.42)
Fondaparinux + GCS v Fondaparinux € + 0.14 (0.00, 7.05)
Apixaban v Enoxaparin re— 1.22(0.65, 2.27)
Dabigatran v Enoxaparin —— 1.59 (1.04, 2.40)
Desirudin v Enoxaparin — 1.00 (0.53, 1.86)
Fondaparinux v Enoxaparin — 1.33(0.49, 3.56)
Fondaparinux + GCS v Enoxaparin + GCS —— 1.56 (1.07, 2.28)
Heparin v Enoxaparin — 1.38(0.80, 2.37)
Rivaroxaban v Enoxaparin —— 1.76 (0.74, 4.17)
Tinzaparin v Enoxaparin —_— 0.50 (0.10, 2.52)
Tinzaparin v Warfarin —— 2.19 (1.05, 4.56)
LY517717 v Enoxaparin 0.85 (0.05, 13.78)
YM150 v Enoxaparin € * 0.14 (0.00, 7.26)
Aspirin (?300mg/day) v Warfarin —_—— 0.74 (0.16, 3.42)
Dalteparin v Warfarin — 1.94 (1.22, 3.08)
Desirudin v Heparin —— 1.96 (0.39, 9.78)
T T
1 1 10

Figure 7. Major Bleeding Direct Comparisons among Knee Patients

Comparison

Peto OR (95% CI)

Favors Groupl
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Favors Group2

Dabigatran v Placebo —_— 2.64 (0.37, 19.00)
Enoxaparin v Placebo/None —_—— 0.74 (0.17, 3.28)
Fondaparinux v Placebo —_— 2.81(0.39, 20.13)
Enoxaparin v GCS 7.46 (0.46, 119.98)
Enoxaparin v IPC 7.46 (0.46, 119.98)
Apixaban v Enoxaparin — 0.59 (0.35, 0.99)
Dabigatran v Enoxaparin — 0.77 (0.41, 1.48)
Fondaparinux + GCS v Enoxaparin + GCS —_—— 5.39(1.73, 16.82)
Heparin v Enoxaparin — 1.01 (0.20, 5.07)
Rivaroxaban v Enoxaparin —— 1.42 (0.68, 2.94)
Apixaban v Warfarin 7.20 (0.14, 363.02)

T T
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Figure 8. All Cause Mortality Direct Comparisons among Hip and Knee Patients

Treatment

Comparison

IPC v None

Aspirin (<300mg/day) v Placebo
Enoxaparin + GCS v Foot Pump + GCS
Warfarin + GCS v IPC + GCS

Tinzaparin + GCS v GCS

Aspirin (>300mg/day) + IPC v Aspirin (>300mg/day)

Fondaparinux + GCS v Fondaparinux
Apixaban v Enoxaparin

Warfarin v Enoxaparin

Dabigatran v Enoxaparin

Desirudin v Enoxaparin

Heparin v Enoxaparin

Fondaparinux v Enoxaparin
Fondaparinux + GCS v Enoxaparin + GCS
Rivaroxaban v Enoxaparin

Desirudin v Heparin

Dalteparin v Warfarin

Tinzaparin v Warfarin

Peto OR (95% Cl)

7.74 (0.48, 124.33)
0.82 (0.34, 1.96)
0.38 (0.05, 2.73)
1.00 (0.06, 16.09)
1.00 (0.06, 16.09)
7.72 (0.15, 390.00)
0.38 (0.05, 2.70)
1.22 (0.51, 2.93)
1.28 (0.58, 2.82)
1.23 (0.38, 4.02)
1.91 (0.39, 9.49)
1.82 (0.19, 17.66)
0.19 (0.00, 10.09)
1.00 (0.41, 2.40)
0.63 (0.33, 1.17)
0.13 (0.01, 1.30)
0.99 (0.14, 7.02)
1.01 (0.29, 3.50)
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Figure 9. All Cause Mortality Direct Comparisons among Hip Patients

Comparison Peto OR (95% ClI)
IPC v None 7.74 (0.48, 124.33)
Aspirin (<300mg/day) v Placebo + 0.82(0.34, 1.96)
Warfarin + GCS v IPC + GCS 1.00 (0.06, 16.09)
Tinzaparin + GCS v GCS 1.00 (0.06, 16.09)
Aspirin (?300mg/day) + IPC v Aspirin (?300mg/day) 7.72 (0.15, 390.00)
Fondaparinux + GCS v Fondaparinux —_— 0.38 (0.05, 2.70)
Apixaban v Enoxaparin —_— 2.35(0.53, 10.35)
Warfarin v Enoxaparin —_—— 1.13 (0.46, 2.78)
Dabigatran v Enoxaparin —_— 1.49 (0.26, 8.61)
Desirudin v Enoxaparin —_— 1.91 (0.38, 9.49)
Heparin v Enoxaparin *> 1.82(0.19, 17.66)
Fondaparinux v Enoxaparin 0.19 (0.00, 10.09)
Fondaparinux + GCS v Enoxaparin + GCS —_—— 1.14(0.41,3.14)
Rivaroxaban v Enoxaparin —_— 0.74 (0.32, 1.75)
Desirudin v Heparin g 0.14 (0.01, 1.30)
Dalteparin v Warfarin 0.99 (0.14, 7.02)
Tinzaparin v Warfarin —_— 1.01 (0.29, 3.50)
T T
1 1 10
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Figure 10. All Cause Mortality Direct Comparisons among Knee Patients

Comparison

Enoxaparin + GCS v Foot Pump + GCS

Apixaban v Enoxaparin

Warfarin v Enoxaparin

Dabigatran v Enoxaparin

Fondaparinux + GCS v Enoxaparin + GCS

Rivaroxaban v Enoxaparin

Peto OR (95% Cl)
