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Background: VTE is a serious, but decreasing complication following major orthopedic surgery.
This guideline focuses on optimal prophylaxis to reduce postoperative pulmonary embolism and
DVT.

Methods: The methods of this guideline follow those described in Methodology for the Develop-
ment of Antithrombotic Therapy and Prevention of Thrombosis Guidelines: Antithrombotic Therapy
and Prevention of Thrombosis, 9th ed: American College of Chest Physicians Evidence-Based
Clinical Practice Guidelines in this supplement.

Results: In patients undergoing major orthopedic surgery, we recommend the use of one of the
following rather than no antithrombotic prophylaxis: low-molecular-weight heparin; fondaparinux;
dabigatran, apixaban, rivaroxaban (total hip arthroplasty or total knee arthroplasty but not hip
fracture surgery); low-dose unfractionated heparin; adjusted-dose vitamin K antagonist; aspirin
(all Grade 1B); or an intermittent pneumatic compression device (IPCD) (Grade 1C) for a min-
imum of 10 to 14 days. We suggest the use of low-molecular-weight heparin in preference to the other
agents we have recommended as alternatives (Grade 2C/2B), and in patients receiving pharma-
cologic prophylaxis, we suggest adding an IPCD during the hospital stay (Grade 2C). We suggest
extending thromboprophylaxis for up to 35 days (Grade 2B). In patients at increased bleeding risk, we
suggest an IPCD or no prophylaxis (Grade 2C). In patients who decline injections, we recom-
mend using apixaban or dabigatran (all Grade 1B). We suggest against using inferior vena cava
filter placement for primary prevention in patients with contraindications to both pharmacologic
and mechanical thromboprophylaxis (Grade 2C). We recommend against Doppler (or duplex)
ultrasonography screening before hospital discharge (Grade 1B). For patients with isolated lower-
extremity injuries requiring leg immobilization, we suggest no thromboprophylaxis (Grade 2B).
For patients undergoing knee arthroscopy without a history of VIE, we suggest no thromboprophy-
laxis (Grade 2B).

Conclusions: Optimal strategies for thromboprophylaxis after major orthopedic surgery include
pharmacologic and mechanical approaches. CHEST 2012; 141(2)(Suppl):e2785-e3258

Abbreviations: DUS = Doppler (or duplex) ultrasonography; GCS = graduated compression stockings; HFS = hip
fracture surgery; INR = international normalized ratio; IPCD = intermittent pneumatic compression device; IVC = infe-
rior vena cava; LDUH = low-dose unfractionated heparin; LMWH = low-molecular-weight heparin; PE = pulmonary
embolism; PEP = Pulmonary Embolism Prevention trial; RCT = randomized controlled trial; RR = risk ratio; THA = total hip
arthroplasty; TKA = total knee arthroplasty; UFH = unfractionated heparin; VFP =venous foot pump; VKA = vitamin
K antagonist
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SUMMARY OF RECOMMENDATIONS

Note on Shaded Text: Throughout this guideline,
shading is used within the summary of recommenda-
tions sections to indicate recommendations that are
newly added or have been changed since the pub-
lication of Antithrombotic and Thrombolytic Therapy:
American College of Chest Physicians Evidence-
Based Clinical Practice Guidelines (8th Edition). Rec-
ommendations that remain unchanged are not shaded.

2.1.1. In patients undergoing total hip arthro-
plasty (THA) or total knee arthroplasty (TKA),
we recommend use of one of the following for a
minimum of 10 to 14 days rather than no anti-
thrombotic prophylaxis: low-molecular-weight
heparin (LMWH), fondaparinux, apixaban, dab-
igatran, rivaroxaban, low-dose unfractionated
heparin (LDUH), adjusted-dose vitamin K antag-
onist (VKA), aspirin (all Grade 1B), or an inter-
mittent pneumatic compression device (IPCD)
(Grade 1C).

Remarks: We recommend the use of only portable,
battery-powered IPCDs capable of recording and
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reporting proper wear time on a daily basis for inpa-
tients and outpatients. Efforts should be made to
achieve 18 h of daily compliance. One panel member
believed strongly that aspirin alone should not be
included as an option.

2.1.2. In patients undergoing hip fracture sur-
gery (HFS), we recommend use of one of the
following rather than no antithrombotic prophy-
laxis for a minimum of 10 to 14 days: LMWH,
fondaparinux, LDUH, adjusted-dose VKA, aspi-
rin (all Grade 1B), or an IPCD (Grade 1C).

Remarks: We recommend the use of only portable,
battery-powered IPCDs capable of recording and
reporting proper wear time on a daily basis for inpa-
tients and outpatients. Efforts should be made to
achieve 18 h of daily compliance. One panel member
believed strongly that aspirin alone should not be
included as an option.

2.2. For patients undergoing major orthopedic
surgery (THA, TKA, HFS) and receiving LMWH
as thromboprophylaxis, we recommend starting
either 12 h or more preoperatively or 12 h or
more postoperatively rather than within 4 h or
less preoperatively or 4 h or less postoperatively
(Grade 1B).

2.3.1. In patients undergoing THA or TKA, irre-
spective of the concomitant use of an IPCD
or length of treatment, we suggest the use of
LMWH in preference to the other agents we have
recommended as alternatives: fondaparinux,
apixaban, dabigatran, rivaroxaban, LDUH (all
Grade 2B), adjusted-dose VKA, or aspirin (all
Grade 2C).

Remarks: If started preoperatively, we suggest adminis-
tering LMWH = 12 h before surgery. Patients who
place a high value on avoiding the inconvenience of
daily injections with LMWH and a low value on the
limitations of alternative agents are likely to choose
an alternative agent. Limitations of alternative agents
include the possibility of increased bleeding (which
may occur with fondaparinux, rivaroxaban, and VKA),
possible decreased efficacy (LDUH, VKA, aspirin, and
IPCD alone), and lack of long-term safety data (apixa-
ban, dabigatran, and rivaroxaban). Furthermore, patients
who place a high value on avoiding bleeding compli-
cations and a low value on its inconvenience are likely
to choose an IPCD over the drug options.

2.3.2. In patients undergoing HFS, irrespective
of the concomitant use of an IPCD or length
of treatment, we suggest the use of LMWH in
preference to the other agents we have recom-
mended as alternatives: fondaparinux, LDUH
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(Grade 2B), adjusted-dose VKA, or aspirin (all
Grade 2C).

Remarks: For patients in whom surgery is likely to be
delayed, we suggest that LMWH be initiated during
the time between hospital admission and surgery but
suggest administering LMWH at least 12 h before
surgery. Patients who place a high value on avoiding
the inconvenience of daily injections with LMWH
and a low value on the limitations of alternative agents
are likely to choose an alternative agent. Limita-
tions of alternative agents include the possibility of
increased bleeding (which may occur with fonda-
parinux) or possible decreased efficacy (LDUH, VKA,
aspirin, and IPCD alone). Furthermore, patients who
place a high value on avoiding bleeding complica-
tions and a low value on its inconvenience are likely
to choose an IPCD over the drug options.

2.4. For patients undergoing major orthopedic
surgery, we suggest extending thromboprophy-
laxis in the outpatient period for up to 35 days
from the day of surgery rather than for only
10 to 14 days (Grade 2B).

2.5. In patients undergoing major orthopedic
surgery, we suggest using dual prophylaxis with
an antithrombotic agent and an IPCD during
the hospital stay (Grade 2C).

Remarks: We recommend the use of only portable,
battery-powered IPCDs capable of recording and
reporting proper wear time on a daily basis for inpa-
tients and outpatients. Efforts should be made to
achieve 18 h of daily compliance. Patients who place
a high value on avoiding the undesirable consequences
associated with prophylaxis with both a pharmaco-
logic agent and an IPCD are likely to decline use of
dual prophylaxis.

2.6. In patients undergoing major orthopedic
surgery and increased risk of bleeding, we sug-
gest using an IPCD or no prophylaxis rather
than pharmacologic treatment (Grade 2C).

Remarks: We recommend the use of only portable,
battery-powered IPCDs capable of recording and
reporting proper wear time on a daily basis for inpa-
tients and outpatients. Efforts should be made to
achieve 18 h of daily compliance. Patients who place
a high value on avoiding the discomfort and inconve-
nience of IPCD and a low value on avoiding a small
absolute increase in bleeding with pharmacologic agents
when only one bleeding risk factor is present (in par-
ticular the continued use of antiplatelet agents) are
likely to choose pharmacologic thromboprophylaxis
over IPCD.
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2.7. In patients undergoing major orthopedic
surgery and who decline or are uncooperative with
injections or an IPCD, we recommend using
apixaban or dabigatran (alternatively rivaroxa-
ban or adjusted-dose VKA if apixaban or dabig-
atran are unavailable) rather than alternative
forms of prophylaxis (all Grade 1B).

2.8. In patients undergoing major orthopedic
surgery, we suggest against using inferior vena
cava (IVC) filter placement for primary pre-
vention over no thromboprophylaxis in patients
with an increased bleeding risk or contraindi-
cations to both pharmacologic and mechanical
thromboprophylaxis (Grade 2C).

2.9. For asymptomatic patients following major
orthopedic surgery, we recommend against Dopp-
ler (or duplex) ultrasound (DUS) screening before
hospital discharge (Grade 1B).

3.0. We suggest no prophylaxis rather than phar-
macologic thromboprophylaxis in patients with
isolated lower-leg injuries requiring leg immo-
bilization (Grade 2C).

4.0. For patients undergoing knee arthroscopy
without a history of prior VTE, we suggest no
thromboprophylaxis rather than prophylaxis
(Grade 2B).

Total hip arthroplasty (THA) and total knee arthro-
plasty (TKA) are performed with increasing fre-
quency, with close to 200,000 procedures for THA
alone in the United States each year.! The risk for
VTE in major orthopedic surgery, in particular THA
and hip fracture surgery (HFS), is among the highest
for all surgical specialties, and deaths from VTE still
occur, albeit very infrequently. This article discusses
prophylaxis of VTE in patients undergoing ortho-
pedic surgery, including THA, TKA, and HFS; below-
knee injuries; and arthroscopic procedures. We have
included only the drugs that have been approved by

regulatory agencies in more than one country.

1.0 METHODS

1.1 Outcomes of Interest

All recommendations are based on the use of prophylaxis to
reduce the patient-important outcomes of fatal and symptomatic
pulmonary embolism (PE) and symptomatic DVT balanced against
the hazard of an increase in symptomatic bleeding events. The
design and reporting of clinical trials creates challenges in applying
this approach. Studies have used varying definitions of important
bleeding, and it was sometimes difficult to extract data regarding
patient-important bleeding outcomes (those that led to trans-
fusion or an intervention, such as reoperation). Additionally, most
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trials before 2000 used asymptomatic DVT detected by screening
tests as a primary end point. When symptomatic DVTs were not
reported, we used the relative risk estimate from asymptomatic
DVT. Pulmonary embolisms (PEs) were assumed to be symp-
tomatic unless the study described systematic screening for PE.2
Table 1 summarizes the questions we addressed.

1.2 Evaluating and Summarizing Evidence

If available, we used existing systematic reviews as the basis of
evidence. If existing reviews were unavailable or not up to date or
the outcomes of interest were not reported, we performed addi-
tional analyses. For example, we relied on a recent, well-done sys-
tematic review? to inform relative effects of low-dose unfractionated
heparin (LDUH) vs no prophylaxis because studies were per-
formed in the 1970s and 1980s and critical appraisal of the search
strategy made it unlikely that studies would have been missed.
However, we performed an update of the same comprehensive
literature search for all interventions listed in Table 1 to include
the time frame from January 2008 to December 2010. Sources
included Medline, the Cochrane Library (including the Cochrane
database of controlled trials), meeting abstracts, conference
proceedings, and reference lists of studies that were manually
reviewed. No language restriction was applied.

For additional analyses, we pooled the data using a random-
effects model for three or more studies (fixed-effects model for
two studies). When the analysis showed a similar relative effect
for THA, TKA, and HFS, we used this single best relative risk
estimate to inform absolute risk differences in VTE reduction
and bleeding risk increase. When effects differed, we used effects
specific to the surgery.

For our own analyses, we excluded studies that failed to con-
firm VTE with accurate methods, such as pulmonary angiogram,
CT scan, ventilation/perfusion scanning, venography, and com-
pression Doppler (or duplex) ultrasonography (DUS), and instead
used clinical signs and symptoms, plethysmography, or fibrinogen
uptake as the sole detection method. However, for well-done sys-
tematic reviews, we accepted the authors’ choice of study selec-
tion, even if a less-reliable detection method was used in some of
the studies.

Where possible, we removed doubly counted events from the
outcomes presented in the evidence summaries. For instance, if a
patient died of a PE, the event would only be counted in mortality
and would not appear again under PE. We report deaths from PE
together with all other mortal events, but a footnote presents a
description of those events as deaths from VTE, deaths from
unexplained causes (unable to rule out PE), fatal bleeding, and
death from other causes. Because studies often presented out-
comes as composites, the number of events in our analysis may
at times differ from the result highlighted in the publication.

Different categories of bleeding events have very different
impacts on patients. Trials, therefore, have separated bleeding
into categories, of which traditionally there have been two: major
bleeding and minor bleeding. More recent trials have introduced
another, intermediate category: clinically relevant nonmajor bleed-
ing. However, clinically relevant nonmajor bleeding remains
hard to define, and we decided not to include this outcome in
our evidence summaries, instead exclusively focusing on major
bleeding.

Studies usually defined major bleeding events as any fatal bleed-
ing, bleeding into a critical organ (eg, retroperitoneal, intracra-
nial, intraocular, or intraspinal), clinically overt (eg, GI) bleeding
associated with a =2 g/dL drop in hemoglobin level or requir-
ing =2 units of blood transfused, and bleeding leading to reop-
eration. We separated fatal bleeding and bleeding requiring
reoperation from other major bleeding events because these out-
comes are the least ambiguous. We usually accepted the major
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bleeding definition of the study but recorded any bleeds requiring
reoperation in a separate category to avoid double counting.

Because patients undergoing surgery have some blood loss
and surgeons may have a low threshold for transfusing blood when
autologous blood is used (with perioperative transfusion rates
of 40% not being unusual),* drop in hemoglobin level and trans-
fusion requirements are hard to interpret. The effect of such
transfusion practices on the significance of the outcome of major
bleeding is unknown. However, major bleeding that followed the
above definition appears to have a clinical impact. A regression
analysis of major bleeding events involving > 13,000 patients
enrolled in fondaparinux trials demonstrated a hazard ratio of
death of close to 7 (8.6% vs 1.7%), demonstrating a strong rela-
tionship between major bleeding and poor outcome irrespective
of the study drug used.> Whether this finding can be generalized
to other populations and interventions is unknown.

The major advantage of our outlined approach is that the evi-
dence summaries allow for direct trade-off of undesirable events.
These trade-offs are fewer symptomatic PE and DVT with throm-
boprophylaxis vs increased major bleeding.

1.3 Deriving Baseline Risks

1.3.1 Baseline Risk for VTE: We made considerable effort to
determine the baseline risk of symptomatic VTE and bleeding in
the absence of prophylaxis. For this purpose, we analyzed all con-
trolled trials that had a placebo or no-treatment group extending
back to 1959.6 This has obvious limitations because of important
changes in surgical care, including changes in operative tech-
nique, earlier ambulation, and earlier discharge that have had an
impact on rates of thrombosis and bleeding. For instance, although
the average length of stay after HFS in the 1960s was 35 days,”
current averages of 3.2 days have been reported in a large cohort
after arthroplasties,® and early mobilization starts at 2 to 4 h after
surgery® Randomized controlled trial (RCT) data typically showed
a symptomatic VTE event rate of 15% to 30% without prophylaxis
prior to 1980,6912 and observational data suggest a further drop
from around 5% to 1% to 2% in the years from 1989 to 2001.13

In recent years, there have been no large placebo controlled
trials, and we did not identify any large, well-designed cohort stud-
ies to provide a baseline risk relevant to current practice. However,
there are several large RCTs that have used low-molecular-weight
heparin (LMWH), and we have estimated baseline risk by apply-
ing the observed risk of symptomatic VTE in patients treated with
LMWH and adjusting it by the relative risk reduction in symp-
tomatic VTE from prior randomized trials of LMWH compared
with placebo.

First, we estimated contemporary average on—prophylaxis
rates with LMWH for symptomatic DVT to be 0.8% and for PE
to be 0.35% by averaging the LMWH event rates from trials
enrolling > 16,000 patients since 2003.41426 We selected the year
2003 because of a shift in surgical technique since that time to
be less invasive and possibly less thrombogenic. Concerns that
those rates could be too low given the sometimes highly selected
nature of clinical trials, we compared this rate with older data
from a large observational study.?” The investigators identified
133 0f 19,586 (0.7%) VTE events during the initial hospitalization
for patients receiving prophylaxis (estimated prophylaxis compli-
ance, 88%), suggesting that the symptomatic VTE rate of 1.15%
we used is not too low.

Second, if we assume the effect of LMWH is similar in asymp-
tomatic and symptomatic DVT, then the best evidence suggests
that LWMH reduces the risk for DVT by 50% to 60% and PE by
about two-thirds.? Using this estimate, the contemporary off-
prophylaxis rates are ~1.8% for symptomatic DVT and 1% for PE
for the first 7 to 14 days (the initial prophylaxis period most RCTs
used and that correspond to the nonextended prophylaxis period).

Prevention of VTE in Orthopedic Surgery Patients



The untreated baseline risk for the extended, out-of-hospital
period, defined as the time period starting at around postopera-
tive day 15 and extending up to 35 days, is likely to be somewhat
lower because the VTE risk is highest close to surgery and the
median time of diagnosis for thromboembolic events is 7 days
after TKA and 17 days after THA.” We found only one trial that
enrolled patients after 2003 that examined extended, out-of-
hospital prophylaxis using a placebo group control to estimate the
baseline risk for this time period.* Extracting events from the time-
to-event graph and from the text, 11 of 1,207 (0.91%) symptomatic
VTE events were observed up to postoperative day 39, starting
from the time enoxaparin was stopped at an average of 12 days
postoperation. A trial that enrolled patients slightly before our
cutoff years (2001 and 2002) found a higher rate in the placebo
arm (symptomatic VTE, 8/330 [2.4%]).25

In summary, we have estimated a symptomatic VTE rate that is
about one-half the rate observed in the immediate postoperative
period (1.5%; symptomatic DVT, 1%; PE, 0.5%). For this guide-
line, we therefore estimated a combined 35-day untreated base-
line risk for symptomatic VTE of 4.3%.

Although epidemiologic data from the early 1990s suggest that
the cumulative 90-day symptomatic VTE risk for THA is higher
than that for TKA (2.8% vs 2.1%, respectively),?” randomized trials
fail to confirm this finding. Follow-up epidemiologic data from
the mid-1990s also demonstrated that cumulative 90-day symp-
tomatic VTE rates after HFS did not exceed those reported for
arthroplasty (HFS, 1.9%; THA, 2.4%; TKA, 1.7).22 We therefore
concluded that a 4.3% combined symptomatic VTE untreated
baseline risk for the first 35 days is the best approximation for all
three major orthopedic surgeries. Table 2 and Figure 1 present a
summary of the estimated symptomatic VTE rates for this guideline.

Because VTE-related deaths were rarely observed in trials
since 2003, the data were insufficient to estimate current baseline
risk. In addition, competing risks, such as cardiovascular and
infectious causes of death, often outnumber the risk of death
from VTE, particularly in HFS. When pooling study data, total
mortality—because this outcome includes fatal bleeding—was
selected to better represent the overall balance of fatal events.
The majority of mortal events were seen in HFS populations that
are elderly and experience considerable comorbidity.

1.3.2 Baseline Risk for Major Bleeding Events: The risk for
major bleeding with LMWH, and in particular without treatment,
remains difficult to estimate because better operative techniques
make deriving the untreated bleeding event rate from the placebo
group of past RCTs in major orthopedic surgery problematic. To
estimate untreated bleeding risk, we first determined the median
major bleeding event rate from the placebo (or graduated com-
pression stockings [GCS]) arm of LMWH trials and the Pul-
monary Embolism Prevention (PEP) trial (subgroup that did not
receive any heparin) because those trials were more recent.?0-%

Table 2—/Section 1.3.1] Estimated Nonfatal, Symptomatic
VTE Rates After Major Orthopedic Surgery

Initial Extended
Prophylaxis, Prophylaxis, Cumulative,
Postoperative Postoperative Postoperative
Days 0-14 Days 15-35 Days 0-35
No prophylaxis ~ VTE 2.80% VTE 1.50% VTE 4.3%
(PE 1.00%, (PE 0.50%, (PE 1.50%,
DVT 1.80%) DVT 1.00%) DVT 2.80%)
LMWH VTE 1.15% VTE 0.65% VTE 1.8%
(PE 0.35%, (PE 0.20%, (PE 0.55%,
DVT 0.80%) DVT 0.45%) DVT 1.25%)

See Table 1 legend for expansion of abbreviations.
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FIGURE 1. [Section 1.3.1] Schematic of estimated incidence rates
for LMWH and no prophylaxis for major orthopedic surgery used
for this guideline. Additional example data are from observational
studies (dashed line), which usually represents a cumulative inci-
dence rate resulting from high rates of prophylaxis in the first 7 to
14 days and low rates or no prophylaxis during the extended pro-
phylaxis period. LMWH = low-molecular-weight heparin.

The median rate was 1.5%, but because of the low event rate
in the LMWH trials, variability in the definitions of major bleed-
ing across trials makes this estimate uncertain. This is, however,
consistent with a systematic review that estimated the absolute
untreated bleeding risk to be between 1% and 2%.3

Second, we selected the major bleeding event rate for LMWH
from a recent review that examined the reporting definitions and
event rates from the enoxaparin control arm of recent trials.® We
chose a rate of 1.5%, which was slightly higher than the average
(1.4%) and higher than 12 of 14 trials that enrolled > 16,000 patients
since 2003 that we included in the estimate of baseline VTE risk
(median, 0.91%; maximum, 1.9%).41426 Recognizing the some-
times highly selective process of RCTs in enrolling patients with
low bleeding risk, we believe that a selected bleeding rate that
is somewhat higher than the median is therefore close to what
would be observed in clinical practice. The baseline major bleed-
ing rate of 1.5% (15 of 1,000) and that expected with LMWH
are shown in Table 3 and Table S1 and are very close. (Tables and
figures that contain an “S” before the number denote supplementary
information not contained in the body of the article and available
instead in an online data supplement; see the “Acknowledgments”
for more information.) Intuitively, a greater bleeding rate might
be expected with the use of LMWH, but this increased risk is
likely within the large CI.

1.4 VTE and Bleeding Risk Assessment

Individual risk factor assessment for VTE focuses on patient-
specific characteristics, incorporating surgery-specific risk in
addition to medical factors. Alternatively, group-specific recom-
mendations for thromboprophylaxis, such as major orthopedic
surgery, exist. Although individualized risk factor assessment carries
considerable appeal, it is limited by lack of validation in orthope-
dic surgery. In addition, although we can find ORs for individual
risk factors for VTE, the interaction of these factors in a given
patient is not well understood. Such risk factors include (multivar-
iate ORs): previous VTE (OR, 3.4-26.9),4-3 cardiovascular disease
(OR, 1.4-5.1),442 Charlson comorbidity index =3 (OR, 1.45-2.6),1:4
BMI >25 kg/m? (OR, 1.8), age (OR, 1.1 for each 5-year increment
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vs age <40 years),? advanced age =85 years (OR, 2.1),* vari-
cose veins (OR, 3.6),2 and ambulation before day 2 after surgery
(OR, 0.7).42

However, for major orthopedic surgery, the surgery-specific
risk far outweighs the contribution of the patient-specific factors.
For instance, a population-based case-control study looked at
635 patients with first-time VTE during a period from 1976 to
1990 compared with controls.® The factor hospitalized with recent
surgery resulted in an OR of 22 (95% CI, 9-50). In our view, indi-
vidual risk estimation is not sufficiently secure to mandate different
recommendations for different risk strata.

Similarly, we did not find any bleeding risk assessments that
have been sufficiently validated in the orthopedic surgery pop-
ulation. Table 4 lists general risk factors for bleeding in the setting
of orthopedic surgery, but specific thresholds for using mechan-
ical compression devices or no prophylaxis instead of anticoagu-
lant thromboprophylaxis have not been established.

1.5 Values and Preferences

Both symptomatic VTE and bleeding are important, unwanted
outcomes from the perspective of a patient. There is little infor-
mation available on the opinion of patients regarding the relative
disutility of these two outcomes. This is, however, a very impor-
tant consideration because many of the approaches to reducing
postoperative VTE use anticoagulants, and these all increase the
risk of bleeding. Therefore, it is critical to judge the relative bal-
ance of disutility between an episode of symptomatic VTE and
of bleeding. To do this, we used available literature and the results
of a rating exercise of physicians involved in developing the
Antithrombotic Therapy and Prevention of Thrombosis, 9th ed:
American College of Chest Physicians Evidence-Based Clinical
Practice Guidelines recommendations.* On balance, it was
believed that the adverse consequences of a major postoperative
bleeding event were approximately equal to those of symptomatic
VTE. In developing recommendations, we therefore considered
these as equivalent in their aversiveness or disutility.

2.0 PATIENTS UNDERGOING MAJOR
ORTHOPEDIC SURGERY: THA, TKA, HFS

2.1 Thromboprophylaxis Compared
With No Prophylaxis

2.1.1 LMWH vs No Prophylaxis—Initial and
Extended-Period Prophylaxis: LMWH has become
the thromboprophylaxis agent against which newer
drugs are compared. Several studies published in the
mid-1980s, during the 1990s, and as recently as 2008
have investigated LMWH compared with no prophy-
laxis in > 2,000 patients to test the hypothesis that
LMWH decreases the incidence of VTE after arthro-

Table 4—/Sections 1.4, 2.6, 2.8] General Risk Factors
for Bleeding

* Previous major bleeding (and previous bleeding risk similar to
current risk)

e Severe renal failure

e Concomitant antiplatelet agent

e Surgical factors: history of or difficult-to-control surgical bleeding
during the current operative procedure, extensive surgical
dissection, and revision surgery
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plasty?1394745 and HFS.#5 Our analysis included all
studies of LMWH vs no prophylaxis whether GCS
were used in both groups because this would not
affect the relative risk observed for LMWH. This
allowed us to make more-precise estimates for risk
reduction of VTE and bleeding. We decided against
pooling across other patient groups, such as nonor-
thopedic surgery patients, because of differences in
risk and technique. In those trials, LMWH usually
was continued for 6 to 14 days, which coincided with
discharge from the hospital at the time those trials
were conducted.

For THA or TKA, LMWH consistently reduces asymp-
tomatic DVT by ~50% (combined risk ratio [RR],
0.50; 95% CI, 0.43-0.59). Similar results were seen in
two studies in HFS involving 218 patients.**> Com-
bining results from all relevant studies failed to dem-
onstrate or to exclude a beneficial effect of LMWH
on PE (RR, 0.58; 95% CI, 0.22-1.47). On the basis of
moderate-quality evidence, the use of LMWH for the
initial prophylaxis period (10-14 days) is expected to
prevent 13 VTE per 1,000 patients undergoing major
orthopedic surgery, assuming a baseline risk of 1% for
PE and 1.8% for symptomatic DVT.

The definition and reporting of major bleeding was
inconsistent across studies, and the results failed to
demonstrate or to exclude a detrimental effect of
LMWH on the occurrence of major bleeding (RR,
0.81: 95% CI, 0.38-1.72): the 95% CI was nine fewer
to 11 more major bleeding events per 1,000. Few deaths
occurred, and these were mainly seen in HF'S patients;
two VTE-associated deaths were seen in the placebo
groups compared with one in the LMWH arm (Table 3,
Figs S1-S4, Table S1).

Extended Prophylaxis With LMWH—ODbservational
data suggest that the incidence of VTE after TKA and
THA returns to the presurgical risk levels at about
3 months postoperation.'3?” Extending thrombopro-
phylaxis beyond 10 to 14 days, which coincided with
the duration of hospital stay in older trials, is now
used often, and recent trials have included prophy-
laxis for > 30 days, particularly after THA.

Three systematic reviews>* have examined the
effect of extended-use LMWH vs placebo from seven
trials enrolling >2,600 patients mainly after THA5+%;
one trial also included TKA patients.> Most trials
randomized patients at discharge (which occurred
6-14 days postoperation) to continue with LMWH
vs placebo until postoperative days 27 to 35. Because
most studies screened patients at discharge and only
enrolled patients without asymptomatic DVT, some
authors have argued that the absolute event rate
may be inaccurate.’® However, as discussed in the
Methods section, the relative VTE risks should not
be affected. Additionally, we are providing baseline
risks based on contemporary practice.
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No PE was observed in the LMWH group compared
with five of 1,104 in the placebo group. Symptom-
atic DVT was reduced by more than one-half (RR, 0.46;
95% CI, 0.26-0.82). Results failed to demonstrate
or exclude an effect of LMWH on major bleeding
(RR, 0.43; 95% CI, 0.11-1.65) or on total mortality
(RR, 0.39; 95% CI, 0.08-1.98), although the only two
deaths from VTE were in the placebo group. On
the basis of high-quality evidence, extending throm-
boprophylaxis up to 35 days postoperation compared
with 10 to 14 days will result in nine fewer symptomatic
VTE per 1,000 without an appreciable increase in
major bleeding (Table 5, Figs S5-S8, Table S2).

2.1.2 LDUH vs No Prophylaxis—Initial Prophylaxis
Period: Numerous RCTs examined LDUH vs no
prophylaxis throughout the 1970s and early 1980s.
A systematic review involving close to 7,000 patients
demonstrated a relative risk reduction of 58% (RR,
0.42; 95% CI, 0.36-0.50) in the incidence of asymp-
tomatic DVT found by screening across 57 trials from
surgical and nonsurgical populations.> Only four of the
12 studies in orthopedic surgery used venography to
confirm thrombotic events; the others used fibrinogen
uptake. The relative effect estimates were similar for
the eight studies involving > 500 patients under-
going elective hip replacement (RR, 0.53; 95% CI,
0.32-0.89) and six trials in HFS (RR, 0.56; 95% CI,
0.39-0.81) compared with the entire population.

A significant reduction in PE was observed by pool-
ing all trials from surgical and nonsurgical popula-
tions (RR, 0.69: 95% CI, 0.49-0.99). Unfractionated
heparin (UFH) was associated with a trend toward an
increased risk of major bleeding (RR, 1.26; 95% CI,
0.99-1.6). Using our estimates of baseline risk, the
relative effect translates into a reduction of 13 symp-
tomatic VTEs per 1,000 with UFH, with an increase
in major bleeding events of four per 1,000. Mortal
events in major orthopedic surgery were only reported
for HFS trials (RR, 0.96; 95% CI, 0.55-1.67), and across
all patient groups, UFH appeared to have little or no
effect on overall mortality (RR, 0.91; 95% CI, 0.8-1.04).
The underlying quality of evidence was moderate
(Table 6, Table S3).

2.1.3 Vitamin K Antagonist vs No Prophylaxis—
Initial Prophylaxis Period: Evidence for use of vita-
min K antagonists (VKAs) comes from eight RCTs
involving 703 patients, most with hip fracture, that
demonstrated a 55% relative risk reduction in primarily
asymptomatic DVT (RR, 0.45; 95% CI, 0.32-0.62).
PEs were reduced by almost 80% (RR, 0.21; 95% CI,
0.08-0.53), although this result is based on only
32 events. Although patients and clinicians in those
trials were not blinded, two trials blinded the throm-
bosis outcome adjudicators. VKA use was associated
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with a trend toward increased bleeding (RR, 1.50;
95% CI, 0.92-2.43), which was described as wound
hematomas, wound bleeding, wound leakage, hema-
turia, and hematemesis. There was also more blood
transfused and one intracerebral hemorrhage in the
VKA group.®! Results showed a trend toward a mor-
tality reduction (RR, 0.76; 95% CI, 0.54-1.07). Based on
moderate-quality evidence, VKA prophylaxis for 10 to
14 days would result in 18 fewer VTEs and seven more
major bleeding events per 1,000 (Table 7, Table S4).

2.1.4 Aspirin vs No Prophylaxis—Initial Plus
Extended Prophylaxis Period: Aspirin is inexpen-
sive, orally administered, and widely available. In the
1970s and 1980s, a number of studies investigated
the use of aspirin in THA,06265 TKA,% and HFS.677
Those studies used high doses of aspirin of up to
3.8 g daily. They suffer from serious methodologic
limitations, including the use of an unreliable method
for DVT screening, such as fibrinogen uptake; lack
of blinding; and lack of allocation concealment. Addi-
tionally, there was strong evidence of reporting and
publication bias.

Because of this low quality of evidence, a subse-
quent trial, PEP, was initiated to study the effects of
160 mg of aspirin given for 35 days against placebo in
a routine practice setting that allowed for additional
antithrombotic intervention if deemed necessary.?
This multicenter trial enrolled 17,444 patients pre-
dominantly after HFS in the mid-1990s and included
patients after hip arthroplasty. This study has been
criticized because of perceived changes in the pri-
mary outcome and adjustments of sample size. There
were additional problems with the presentation of
the results that made evaluation of the bleeding end
point difficult. The PEP study, however, had consid-
erable strengths, including concealment of allocation
through remote randomization; blinding of patients,
caregivers, and investigators; and an independent,
blinded adjudication committee that interpreted objec-
tively confirmed end points, such as venographically or
DUS-confirmed DVT, high probability ventilation/
perfusion scans, or pulmonary angiograms. In addi-
tion, there was near-complete follow-up (99.6%).

Although the combined results (arthroplasty and
HFS) failed to demonstrate or exclude a beneficial
effect of aspirin on nonfatal PE, there was a modest
28% relative risk reduction in symptomatic DVT (RR,
0.72; 95% CI, 0.53-0.96). The upper boundary of the
CI crosses a threshold of 10% that clinicians con-
sider the desirable minimum clinical effect, and the
CI of the absolute effect includes as few as one less
DVT in 1,000. The results, therefore, are impre-
cise, despite the large number of patients enrolled.
Although there were 19 VTE-associated deaths in
the aspirin group compared with 45 in the placebo

Prevention of VTE in Orthopedic Surgery Patients



“(eruouwmoud) sasned 10 WOIJ IR HAVAT SYITI(] "SOSTIED I9TI0 WOIJ U0 puw 5 A woxj om) :oqaoe[d syjea(y,

TIp/8 g = Jo [9a9] uiqojsoway] ur dorp a1om $)uaAd [[Y,

"MOLIRU ST SJUIAD DN[OS(R PUNOIE [7) 9SNLIA] uoIsIaIdr 10] paprIsumop 0N,

“(uonpeorqnd eursiio ot ur pajuasard

SE POIJOU OUIES) [9POUI §309Jjo-paxy  Sutsn pajood pue awosino sty 10§ uoneorqnd [BUISLIO 91} WOIJ PAJORIXII 91oM BIe(] "SISA[eur-rjow [eurduio oty ur Jo[d 3so10§ © ur poyuasaxd jou sem otwoono sy,
‘[OPOUI $}09]JO-WOPUR SUIST PAIR[NO[EIAL YSLT DANR[IL INQ 5[ 10 [[NH WOLj A[OOIIP U L] SIUIAD JO IoqUIN Nq

‘([pore[noed o1oMm SYSLL dulaseq

MOT[ O S[IR}OP 10§ 1X9) 99s] 039 ‘uoneziiqout A[1es ‘onbrutpe) [eoims vio Areroduweiuos) paatop woaq sey sowoono juertodu-juaned jo ysu ourppseq prym woiy uonemdod [eorsms Areroduajuoy.
‘suoneAdIqqe Jo uorsuedxo 10§ spuasay ¢ puw | o[qR, 99

(910w ¢ 0} 19M9J G WOL))

000°T 1od 10md5 | 000°T 12d g (86'1-80°0) 6€°0 Y PYSTH (>so1pmas 1) GBL°G Aeout oy,
(910U ¢ 0} ToMd] § WOI))
000°T 1od 10am05 ¢ 2000°T 2od ¢ (S9T-1T°0) €F°0 MU pYSIH (-S91pIIS L) GBL'G Surpes[q [eyejuou 10y
0)0 uoneradoar Sutmbar Futpasyg
(1omay /, 0} 10D} 7 WOL))
000°T 20d 193] ¢ 000°T od o7
«(sxe[Aydoxd papueixe) uonemdod Arerodueyuoy)
000T d gg
uonendod Apmg 1(28°0-92°0) 9%°0 U4 ST (So1pMIS L) L¥9°G LA onewoydwidg
(910w E 0} 1oM9} G WOy)
000°T 1od om0y 0001 1od g

«(sxe[Aydoxd papueixe) uonemdod Arerodueyuoy)
000°T 22d ¢

uonendod Apmg (7' 170°0) 750 WY USIH (so1pms 9) €83 Hd [PRJUoN
(1D %S6) sxejiydorg papuaixy OqPIR[J YHAN YSTY (ID %S6) Y21 H oAneRY (IAVYD) (sorpmig) eluitelalile)
I0F AN AN 9OULIDIJICT ST Q0UAPIAF A} JO AI[enc) sjuedonied jo oN

SYIOJJH Mjosqy muwu.m@_oﬁﬁm\\

ecze(SAP g 01 d)) haading opadoyri wolvpy 1a1fy 0qaov)g sa sixvjhiydosg papuaixy 1of HAMINT ssurpurg fo havwwmng [1°1°g u013928 |—¢ S[qEL

e287S

CHEST /141 /2 / FEBRUARY, 2012 SUPPLEMENT

www.chestpubs.org

Downloaded From: http://journal.publications.chestnet.or g/ on 02/15/2014


http://www.chestpubs.org

'SOIpMS ST woj A[uQy,

JIRJIUIIS SEA JD9]J9 9SIIEIA(| SSOUIDAIIPUI I0] PIPLRISUMOp JON “sjuaned [eorpout ur Pa.Lmodo sjuaad jo Auofeur o],

‘anbruoe) [eorsims Lrerodureiuos 1apar 03 ejer Surpasq dnos [pnuod geuNy

1Joue(q pue suLrey sopnpul [

“POPLISUMOP JON] "SOIPTS UaMI( A[[PURISqNS SIDJJIP Surpea[q jo suntodor pue Juaussassyy

UOTBULIOJUL ST} UIR 9JORIIXOT JOU DIOM SOT AMOTADL ONBUIOISAS O} UT Pajtodol J0u sem ouodno SIy I 5
“UOTJRULIOJUT ST} UTE}C[O O} PAIOLIIXOAT JOU I9M STPN)G MITAI ONEUIISAS o1} Ul Pajrodar Jou sem ouwoomo sty
‘owooino Juertodur-juaned v jou onewoyduisse orom sjueso jo Auofeyy,

"POPERIFUMOP JON "SUOTIIPUOD AURUL SSOIDE $)09JJ0 SFIL] JUIISISUOD DB I} TOAIMOT] (950G < ¢]o
‘oyerdn usBoutiqy uo paseq syuaas onrwoyduisse 0y anp ssoudRIIPUT M Surpridumop aeordnp proae 0} papeisumop 10N LA 12919p 03 »erdn uagourqy pasn sfeLn jo Aol

.Q.@@u.ﬂzoﬁmo oM SYSLL aul[aseq

MO U0 S[ejop 10} 1X93 @@m_ (218} HGCEwNﬂwﬁcgﬁ \Af.mw A®:T_E£U®u ~mowwv~:m vIo waCQHEQMECOV PRALIDD U292 ST S9WO00N0 MGQ#HCQQHTHQQENQ JO 3SLL aul[ase(q {orym wo.j ECE&T—QC& Hmoww.i—m \/\.H.mHCQAZGuECUu

OOCJ UL JU2A9 .~®>>®m 0197 wvg:ocw I1Dq

"PRAISS(O 199 fo O} IE[IUWIS JO9Jf0 9S1EII(| SSoUdaIIpUlL .10f @QUNHWE\V»O@ JON ‘K1ogins OSU@QO&#MO UL SoIPN}s WOL) SJUIAI 9} JO PIIY}-2u0 \AMCO,.

‘suonemarqqe jo QCQG«QN@ 10} wTC®w®~ ¢ pue T 9[qeL, 22§

(910w ¢ 03 TOMOJ €T WOL))

000°T *od I1oM9J 9 1000°T 1od 99 (F0'1-8°0) 16'0 U4 uorswoaxduwir 0y NP y19FRIIPOIA (sotpmis OT) GS9°G1 b__mtoE [®10L,
(910w @ 03 1OMOJ () WOI)
000°T 1od axow § 000°T tod ¢T
i(sxepdydoad [enmur) wonemdod Areroduweyuoy)
000 T 1od T¢
:obﬁ:&o& Apms (9°1-66°0) 93'T U4 uorsoarduir 0y anp (PILIIPOIN (sorpmis 6¥) 699°9 m:%umz solepy
(50) 0 uonerodo-or SuLimbar Surpes|g

(1oM9f BT 03 oMo} G WOL)
000°T 4od tomay O 000°T 2d g1

»(sxefAydoad penrur) uonemdod Aretoduayuoy)

0001 1od 683

(LAQ onewoyduidse

uonendod Apmg (C'0-9€°0) 2F'0 MY SSAUOAIIPUT 0} NP ;,PRIOPOIA (so1pmis 1.C) 1869 woxy parajut se) LA onewoyduig
(1oM] ¢ 0} TOMO] () WOL))

000°T 10d 10md) ¢ 0001 1od o1
»(seejAydoad penrur) uonemdod Aretoduayuop)
000°T 2d 09

uonemdod Apmg (66°0-6%°0) 69°0 MM uorspaxdur 03 onp ¢+23eIPON (so1pmus 0g) FEF°C Ad

(ID %%6) HNA'T HAATON YA ST (ID %S6) 35 eaue[eYy (AAVYD) 2duspiay (serpmig) syuedonaeg jo -oN SIUONO)

HAA OOURIDJJI( ST a1} Jo Lpeng)

$19955 oM[osqy paredonuy

¢(shivng g1 01 dn) porag sixvjfiydoag pipuy) haasing opadoyrig rolvpy 1of sixvifiydosdoquioryf oN sa N AT :sswpur fo Aavpuaung [Z°]°g u0119a§ [—9 S[qEL

Prevention of VTE in Orthopedic Surgery Patients

e€288S

Downloaded From: http://journal.publications.chestnet.or g/ on 02/15/2014



“onbrutpey [eordms Lreroduweyuos opgar 0y oyex Surpasjq dnoid [onuod ooy ys

“S)JOUD( PUE SULIRY SOPNOUL [0y

“POPRISUMOD JON 199JJ0 JO 9IRS A} UO 09JJ0 O[N] A[ONI] TOAIMO]] 'SATPNIS UaM}a( PaIajip Suniodal pue JuowIssassy "POPUI[( JOU SJUIAD SUTIPID( JO uoneapn(py,
“UOTRULIOJUT ST} UL} 0 POIORIXOAT JOU DTIM SITPIIG "MITADT DRUIISAS [} Ul PoIodar Jou sem auoono sty

“owoono Juerrodur-juoned v JoN “sjuass oneuwojdudse [e jsowyy,

‘([perR[no[ed 91oMm SYSLI dUI[ISL(

MOY U0 S[fejop 10} }xo} @@& [oate] AQOE.NN_ﬁQOQH %Tm@ a®5mv_ﬂﬂoww Hmo_w.uﬂm rIo \A.Hm.uCQHCGHEOOV PRALIDD U292 ST S9WO0oNo wﬂzﬂhcmﬂﬂ_uwﬁwﬁ.ﬁ& JO 3[SLL auleseq [OIym wo.f QOE.BEQC& ?NO_MHSV, \QﬁHCQEQwEOU;

"00L > Jo ozis ofdures e s Aprys ot} Ur SJUOA M v
‘suoneaIqqe jo uorsuedxa 10y Spuado ¢ pue T [qeL, 29§

(910UL GT O 1OMI] g/, WOLY)

000°T 1od Tomay T 0001 1od 0LT (LO'T-#S'0) 9L°0 UY uorspaxdwr 03 anp ;e3eI8pON (So1pMmIs 9) L1 Aeyow Teyog,
(210U T 0} 1oAMOJ T WOL))
000°T 1od axour 1 000°T 2od ¢
s(sexeAiydoad fenmur) uonemdod Areroduioyuoy
000°T 10d gg
uonendod Apnig (£¥'3-36°0) €T Uy uorsardur 0} anp j,RIPOIN (serpmnis Q) OFS Surpaayq Toley
(r0) 0 uoneradoar Sutrmbar Furpasyq
(1oM] BT 0} 1oM9J , WOL))
000°T 1od 10ma5 1 000°T 1od g1
q(sexejAydoad penur) uonendod Areiodwajuoy)
000°T 1od ¢op (LAQ onewoydudse
:cﬂﬂ:&cm \AvEm (39°0-3€'0) 7’0 9 SSOUIDIIPUT 0} ONP ,JLIOPOIN (sorpmis §) COL WLy paLIdjur se) LA onewoydwisg
(1oMI] @ 0} TOMOJ ¢ WOIj)
000°T 1od 10105 g 000°T 1od 01
q(sexejAydoad penur) uonendod Areiodwajuoy)
000°T 22d 26
uonendod Apnyg (£5°0-80°0) 12°0 U1 uorspoxdurr 03 NP IJLIOPON (se1pmIs ) 019 ad
(HAVYD) 2ouapIay 9y} jJo b:s:@ (sorpmg) sowoom()

109554 PI[osqy paredonuy

(ID %S6) VA A\ 0USIDHICT ST VIAON IS (1D %€6) WRJH 2ARv[Y
|

syuedonieg jo 'oN

¢(shin 1 01 dp) porag sixvifiydo.rg pipuy) hiasing orpadoyriQ 1olppy 10f VYA ON sa VA ssurpurg fo hvwmng [¢'1°g w0302 [—), d|qel,

€289S

CHEST /141 /2 / FEBRUARY, 2012 SUPPLEMENT

www.chestpubs.org

Downloaded From: http://journal.publications.chestnet.or g/ on 02/15/2014


http://www.chestpubs.org

group, the RR for overall mortality was 0.96 (95% CI,
0.85-1.09). There was a trend toward more major non-
fatal bleeding associated with aspirin (RR, 1.12;
95% CI, 0.94-1.34), but there were no difference in
bleeding requiring reoperation or bleeding deaths.
In addition, the investigators reported no difference
in major bleeding in the subgroup that did not receive
additional heparin (aspirin alone, 95 of 3,711; placebo
alone, 94 of 3,789). Perioperative aspirin use was
associated with a trend toward more nonfatal myo-
cardial infarctions (RR, 1.59;: 95% CI, 0.98-2.57).

In summary, given the moderate-quality evidence,
it appears that low-dose aspirin given before major
orthopedic surgery and continued for 35 days will
result in seven fewer symptomatic VTEs per 1,000
but at the expense of a possible three more major
bleeding episodes and two additional nonfatal myo-
cardial infarctions per 1,000, thus resulting in a close
balance between desirable and undesirable effects
(Table 8, Figs S9-S14, Table S5).

When considering aspirin vs anticoagulants, the
impact of anticoagulants on myocardial infarction has
not been studied. The relative effects of aspirin are
likely similar whether other additional thrombopro-
phylaxis, including heparins or mechanical interven-
tions, are used. The absolute reduction in thrombosis,
however, will be greater in the absence of antico-
agulants than in their presence, and the absolute
increase in bleeding, if present, is likely to be less in
the absence of anticoagulants than in their presence.

2.1.5 Fondaparinux vs No Prophylaxis—Extended
Prophylaxis Period: We did not identify trials exam-
ining fondaparinux vs placebo for the initial prophy-
laxis period. However, one trial that used fondaparinux
for 6 to 8 days in HF'S randomized 656 patients on
postoperative days 6 to 8 to either extended fonda-
parinux for an additional 19 to 23 days or placebo.?
No PE was observed in the fondaparinux group com-
pared with two of 330 in the placebo group. The
results for symptomatic DVT failed to demonstrate
or to exclude a beneficial effect (RR, 0.17; 95% CI,
0.02-1.39). Six major bleeding events occurred in the
fondaparinux group compared with none in the pla-
cebo group (RR, 13; 95% CI, 0.74-231), and results
failed to exclude a beneficial or detrimental effect of
fondaparinux on total mortality (RR, 0.76; 95% CI,
0.27-2.16) (Table 9, Figs S15-520; Table S6).

Based on moderate-quality evidence, 12 fewer symp-
tomatic VTE per 1,000 would be expected with the
use of fondaparinux, but this beneficial effect would
be offset by an increase of at least 12 major bleeds
per 1,000. The close balance between desirable and
undesirable effects makes the use of fondaparinux for
extended thromboprophylaxis less appealing, partic-
ularly compared with LMWH.
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2.1.6 Mechanical Interventions vs No Prophylaxis—
Initial Prophylaxis: There are few data regarding the
use of GCS compared with no prophylaxis in major
orthopedic surgery, although they are used frequently
in conjunction with other thromboprophylaxis. A sys-
tematic review identified nine trials in a variety of
patient populations,® but only one small trial included
orthopedic surgery patients.™ The pooled results from
all trials failed to demonstrate or to exclude a benefi-
cial or detrimental effect of GCS on PE (RR, 0.63;
95% CI, 0.32-1.25). Although GCS showed a ben-
eficial effect on asymptomatic, venographically con-
firmed DVT overall (RR, 0.51; 95% CI, 0.36-0.73),
evidence from a higher-quality large trial in patients
with stroke™7™ only showed a trend toward reduced
symptomatic DVT (RR, 0.92; 95% CI, 0.77-1.09),
and this was offset by a fourfold increase in skin com-
plications (Table 10, Table S7).

Mechanical approaches to perioperative thrombo-
prophylaxis with pneumatic compression devices have
the potential advantage of reducing the incidence of
VTE but without the risk for increased bleeding.
In addition, an intermittent pneumatic device (IPCD)
can be used in the contralateral leg even during sur-
gery and the immediate postoperative period.

Seven RCTs that included >900 patients under-
going arthroplasty or HFS compared mechanical com-
pression to no thromboprophylaxis.31.6676-™ Six used an
IPCD, and one a venous foot pump (VFP).” The risk
of bias varied. For instance, in most trials, it was
unclear whether allocation was concealed. Blinding of
patients and caregivers is not possible in such studies,
and not all provided blinded VTE adjudication. In
addition, a systematic review indicated funnel plot
asymmetry, raising the possibility of publication bias.®
Variation in design and performance of the devices
as well as information about compliance, which was
rarely reported in older trials, introduce uncertainty
in how to apply the evidence.

Taken together, the evidence is of low quality.
Nevertheless, a relative risk reduction of >50% was
observed for both DVT and PE in THA, TKA, and
HFS (PE RR, 0.4; 95% CI, 0.17-0.92; DVT RR, 0.46;
95% CI, 0.35-0.61). The corresponding estimated
absolute risk difference is 16 fewer symptomatic VTE
per 1,000. The results failed to demonstrate or to
exclude a beneficial effect on mortality (Table 11,
Figs S21-523, Table S8).

Compliance remains the biggest challenge associ-
ated with the use of IPCDs. Most devices currently in
use require an external power source, and they often
are found not functioning when patients are getting
out of bed or being transported. Properly functioning
IPCDs were encountered in <50% in one study®! and
as low as 19% in another.52 In addition, those studies
reported no significant improvement in compliance

Prevention of VTE in Orthopedic Surgery Patients
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rates with systematic education and training of nursing
and other staff. However, because the low compliance
is presumably largely due to the IPCD requiring a
power outlet, newer battery-powered portable devices
are now available, and a recent study reported increased
compliance with those devices (77.7% vs 58.9%).%
Other disadvantages of IPCDs are logistical and
include having enough units available and keeping
them in good working condition. Additionally, there
are multiple devices available that have differing prop-
erties, and this makes comparison of benefits difficult.
In summary, use of an IPCD for thromboprophylaxis
is attractive because of its possible effectiveness and
likelihood of no increase in bleeding events. However,
suboptimal compliance with the use of an IPCD while
in the hospital and the inability to continue this treat-
ment at home for most patients may limit their use.
Newer battery-powered IPCDs that monitor compli-
ance might be successfully used after discharge.

2.1.7 Other Modalities vs No Thromboprophylaxis:
Few recent orthopedic trials have compared other
thromboprophylaxis agents against placebo.®* How-
ever, large, well-done trials with direct comparisons
against LMWH are available for newer antithrom-
botic agents, and their similar effects attest to their
benefits compared with no prophylaxis. Examples
include fondaparinux, apixaban, dabigatran, and rivar-
oxaban. The latter three have been evaluated in THA
and TKA but not in HFS.

Recommendations

2.1.1. In patients undergoing THA or TKA, we
recommend use of one of the following for a
minimum of 10 to 14 days rather than no anti-
thrombotic prophylaxis: LMWH, fondaparinux,
apixaban, dabigatran, rivaroxaban, LDUH,
adjusted-dose VKA, aspirin (all Grade 1B), or an
IPCD (Grade 1C).

Remarks: We recommend the use of only portable,
battery-powered IPCDs capable of recording and
reporting proper wear time on a daily basis for inpa-
tients and outpatients. Efforts should be made to
achieve 18 h of daily compliance. One panel member
believed strongly that aspirin alone should not be
included as an option.

2.1.2. In patients undergoing HFS, we recom-
mend use of one of the following rather than
no antithrombotic prophylaxis for a minimum
of 10 to 14 days: LMWH, fondaparinux, LDUH,
adjusted-dose VKA, aspirin (all Grade 1B), or an
IPCD (Grade 1C).

Remarks: We recommend the use of only portable,
battery-powered IPCDs capable of recording and
reporting proper wear time on a daily basis for inpa-
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tients and outpatients. Efforts should be made to
achieve 18 h of daily compliance. One panel member
believed strongly that aspirin alone should not be
included as an option.

2.2 Timing of Commencement of Anticoagulants

Risk of bleeding complications is closely linked to
the timing of thromboprophylaxis around surgery.
For instance, many trials started LMWH before sur-
gery, sometimes as close to surgery as 2 h. Trials in
which LMWH was started 2 h before surgery showed
a larger increase in major bleeding.% A systematic
review compared preoperative (at least 12 h, usually
defined as the evening before surgery), postopera-
tive (12-24 h after surgery), and perioperative (2 h
before to =4 h after) initiation of LMWH.%6 Peri-
operative initiation of LMWH resulted in major bleed-
ing rates of 5% to 7%, whereas rates were in the 1%
to 3% range with preoperative and postoperative
administration. The authors concluded that starting
prophylaxis ~12 h before surgery is no more effec-
tive in preventing DVT than starting 12 h postoper-
atively and that despite a trend of lower VTE rates
associated with perioperative initiation, the increased
risk of major bleeding outweighed any potential ben-
efit. These findings were based on venographically
confirmed, but mostly asymptomatic DVT, and the
comparisons were indirect. It is unknown whether
this would be equally true for symptomatic events or
would be confirmed with direct comparisons.

Recommendation

2.2. For patients undergoing major orthopedic
surgery (THA, TKA, HFS) and receiving LMWH
as thromboprophylaxis, we recommend starting
either 12 h or more preoperatively or 12 h or
more postoperatively rather than within 4 h or
less preoperatively or 4 h or less postoperatively
(Grade 1B).

2.3 Choice of Thromboprophylaxis

2.3.1 LMWH vs LDUH—TInitial Prophylaxis: A
systematic review of comparisons between LMWH
and LDUH included >23,000 patients from 64 trials
across surgical and nonsurgical patient groups;
2,800 patients were included in arthroplasty or HFS
trials.3 Pooled estimates showed a 20% relative risk
reduction of primarily asymptomatic DVT in favor
of LMWH (RR, 0.80; 95% CI, 0.73-0.88), with sim-
ilar effects seen in the subgroups of THA, TKA, and
HFS. LMWH was associated with a trend toward
reduced PE in THA, although the pooled results
from all groups failed to demonstrate or exclude a
beneficial effect of LMWH on PE (RR, 0.78; 95% CI,
0.49-1.24). There was a trend toward less major
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bleeding with LMWH after THA (RR, 0.59; 95% CI,
0.34-1.01) but not across all trials (RR, 0.91; 95% CI,
0.75-1.09). These results suggest that LMWH may
reduce symptomatic VTE from 16 per 1,000 with
LDUH to 13 per 1,000 without an increase in major
bleeding (Table 12, Table S9).

There have been no trials directly comparing the
effectiveness of LDUH every 12 h vs LDUH every 8 h.
In 1988, two separate meta-analyses were published
that commented on UFH dosing schedules.5"55
Collins et al*™ included studies in orthopedic, urologic,
and general surgery. Overall, a 72% odds reduction
was found for the 8-h regimen and a 63% odds reduc-
tion for the 12-h regimen, which was not a signifi-
cant difference. In orthopedic surgery studies only,
the odds reduction was 68% for both regimens. In
contrast, the meta-analysis by Clagett et al*® was con-
fined to general surgery studies and reported DVT
rates in pooled analysis of 11.8% with the 12-h reg-
imen compared with 7.5% using the S8-h regimen.
The authors concluded that the 8-h regimen was
superior. Neither meta-analysis reported differences
in major bleeding between these regimens. These indi-
rect comparisons provide only low-quality, or perhaps
very-low-quality, evidence for the alternate regimens.

2.3.2 LMWH vs VKAs—Initial and Extended
Prophylaxis: Several RCTs in THA and TKA$% but
not HFS have compared LMWH to VKA (mainly
warfarin) in >9,000 patients for the initial prophylaxis.
The results failed to establish or refute a difference
in PE (RR, 0.68; 95% CI, 0.22-2.1), but LMWH use
was associated with significantly less asymptomatic
DVT (RR, 0.68; 95 % CI, 0.6-0.78) at the cost of an
increase in major bleeding events (RR, 1.56; 95% CI,
1.23-2.0). Most of these trials, however, started
LMWH shortly before surgery, which as we have dis-
cussed, likely increases the risk of bleeding substan-
tially. Our sensitivity analysis, excluding trials that
administered LMWH close to the operation (<12 h
perioperatively),5%991 still shows a trend in increased
bleeding events, but the magnitude of the effect is
smaller (RR, 1.36; 95% CI, 0.95-1.96). We used this
RR in our evidence summaries for the initial throm-
boprophylaxis period with VKA vs LMWH.

Based on those considerations, we estimate that
there will be three fewer symptomatic VTE events
per 1,000 with the use of LMWH compared with
warfarin, but this benefit is closely balanced by a
possible increase of four major bleeding events
per 1,000. However, given the two fatal bleeding
events with the use of VKA (vs none in the LMWH
group), safety concerns with warfarin remain (Table 13,
Figs $24-S28, Table S10). Furthermore, the evi-
dence regarding extended prophylaxis, presented
next, favors LMWH.
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Extended Prophylaxis With LMWH vs VKA—One
large trial enrolling > 1,200 patients scheduled for
THA compared LMWH vs adjusted-dose VKA (inter-
national normalized ratio [INR] 2-3) given for an
extended 6-week period.* No PE was observed in
the LMWH group compared with four of 636 in
the VKA arm. The results failed to demonstrate or to
exclude a beneficial effect of VKA compared with
LMWH for asymptomatic DVT (RR, 1.35; 95% CI,
0.70-2.6). However, almost four times as many major
nonfatal bleeds were observed with VKA compared
with LMWH (RR, 3.9; 95 % CI, 1.9-8.1). One of the
two deaths in the study (both in the VKA group) was
related to a fatal GI bleed (Table 14, Figs S29-S32,
Table S11). In summary, there is moderate-quality
evidence of a substantial increase in major bleeding
with the use of VKA compared with LMWH for
extended prophylaxis.

2.3.3 LMWH wvs Aspirin—Initial and Extended
Prophylaxis: Two trials compared LMWH against
aspirin, with one trial using aspirin 325 mg bid®" and
the other 650 mg bid (only the abstract was avail-
able).? The pooled results showed more asymptom-
atic DVT in the aspirin group (RR, 1.87; 95% CI,
1.3-2.7), but PEs were too few to provide a mean-
ingful estimate. No major bleeding events or deaths
were reported. Overall, the evidence from a head-to-
head comparison of LMWH compared with aspirin
is sparse and of low quality. However, indirect evi-
dence from trials of LMWH and aspirin against pla-
cebo also shows greater relative efficacy of LMWH
(Table 15, Figs S33, S34, Table S12).

2.3.4 LMWH vs Fondaparinux—Initial Prophylaxis:
Several large trials compared fondaparinux 2.5 mg
started 6 to 8 h after wound closure with LMWH
(started either 12 h before or after surgery) in THA 9100
TKA,!9! and HFS.12 Because the relative effects across
outcomes were similar, we included a trial in abdominal
surgery patients,'® thus including > 10,000 patients.
In addition, we included all trials, whether GCS were
used in all or only in a portion of patients, as long as it
was used equally in both arms.

The pooled results failed to demonstrate or exclude
a beneficial or detrimental effect of fondaparinux
on symptomatic DVT and PE despite a substantial
reduction in asymptomatic DVT. There was a sub-
stantial increase in bleeding requiring reoperation
associated with the use of fondaparinux (RR, 1.85;
95 % CI, 1.1-3.11), but the results failed to demon-
strate a difference in nonfatal major bleeding (RR,
1.35; 95 % CI, 0.89-2.05). VTE deaths were rare and
similar in both groups (fondaparinux 5/5,049 vs LMWH
6/5,046). There were two fatal bleeds with fonda-
parinux and three with LMWH. Caution is advised

Prevention of VTE in Orthopedic Surgery Patients
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with fondaparinux in patients weighing <50 kg
(110 Ibs) and elderly and frail patients because bleed-
ing complications may be increased. In summary,
based on moderate-quality evidence, the use of fonda-
parinux compared with LMWH does not appear to
reduce patient-important VTE events but may increase
major bleeding events by nine per 1,000 (Table 16,
Figs S35-540, Table S13).

2.3.5 LMWH vs Rivaroxaban—Initial and Extended
Prophylaxis: Rivaroxaban, an oral direct factor Xa
inhibitor, is approved in the United States, Canada,
and Europe for the prevention of VTE after THA and
TKA, but it has not been evaluated in HFS. Seven
RCTs enrolling > 10,000 patients after THA!$19.104
and TKA222 examined the efficacy of rivaroxaban
10 mg/d (started 6-8 h postoperatively) against enox-
aparin 40 mg/d. Enoxaparin was usually started the
evening before surgery and continued 6 to 8 h post-
operatively, but two studies used 30 mg bid dosing
rather than 40 mg once daily and started 12 h post-
operation. For TKA patients, rivaroxaban usually was
given for 10 to 15 days, and earlier trials in THA had
similarly short treatment durations, but one later
trial treated patients for 31 to 39 days.!? Because the
relative effects of extended prophylaxis were similar
to shorter-term trials, we estimated pooled effects
across all rivaroxaban trials to increase precision, as
long as rivaroxaban and control treatment were given
for the same duration.

Rivaroxaban reduced symptomatic DVT by >50%
(RR, 0.41; 95% CI, 0.20-0.83). There was a trend
toward increased major bleeding and bleeding requir-
ing reoperation (major bleeding: RR, 1.58; 95% CI,
0.84-2.97; bleeding requiring reoperation: RR, 2.0;
95% CI, 0.86-4.83; combined: RR, 1.73; 95% CI,
0.94-3.17). The absolute rates for major bleeding were
low in both arms, and the rates were lower than
one would expect from other large trials using sim-
ilar enoxaparin controls. Unlike other trials, the two
major THA studies (RECORD 1 and 2) did not include
surgical site bleeding (other than bleeding requiring
reoperation), and drop in hemoglobin level was cal-
culated compared with the postoperative instead of
the preoperative baseline value.*

The evidence summaries therefore include the
alternate major bleeding rate of 1.5% to better illus-
trate the trade-offs between VTE and bleeding with
rivaroxaban: The best estimates suggest that five
fewer symptomatic DVT per 1,000 achieved with
rivaroxaban over LMWH will be offset by nine
more major bleeding events. In summary, based on
moderate-quality evidence, both the possibility of
increased major bleeding events and the availability
of long-term safety data for LMWH makes LMWH
more appealing than rivaroxaban in spite of the incon-
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venience of subcutaneous administration (Table 17,
Figs S41-S47, Table S14).

Extended Prophylaxis With Rivaroxaban: The
extended use of rivaroxaban was studied in one trial
enrolling > 2,400 patients after THA.* The control
group received short-term LMWH for the first 12 days
followed by placebo for an additional 22 days. Rivar-
oxaban significantly reduced symptomatic VTE (symp-
tomatic DVT: RR, 0.18; 95 % CI, 0.04-0.82; PE: RR,
0.25; 95 % CI, 0.02-2.2). There was only one major
bleeding event in both groups. However, in contrast
to most other studies, the major bleeding definition
in this study excluded surgical site bleeding, and the
baseline used for change in hemoglobin level was
postoperative day 1. The result was a major bleeding
rate of only one-10th of comparable studies using the
same control agent.* Bleeding requiring reoperation
was recorded.

Based on moderate-quality evidence, 12 fewer symp-
tomatic VTE would be expected. However, because
of the uncertainty about the major bleeding rate, it is
unknown whether some of the benefit would be off-
set by a higher bleeding rate of rivaroxaban compared
with placebo (Table 18, Figs S41-S53, Table S15).

2.3.6 LMWH vs Dabigatran—Initial and Extended
Prophylaxis: Dabigatran, a new oral direct thrombin
inhibitor, has been approved by the US Food and
Drug Administration since 2010 for stroke preven-
tion in atrial fibrillation, and European and Canadian
agencies have granted marketing authorization for
the prevention of VTE after total hip and knee arthro-
plasty. Four RCTs examined the use of dabigatran
in >10,000 patients undergoing THA232 and TKA2%
at doses of 220 and 150 mg taken orally once daily
(usually started within 4 h postoperatively at half the
dose) compared with enoxaparin (mainly at doses of
40 mg once daily started the evening before surgery,
although one study used the 30 mg bid dosing sched-
ule that commenced 12 h postoperatively). Treatment
duration ranged from 10 to 15 days (for TKA) to 28 to
35 days for THA. Again, relative effects were similar
to the shorter-term TKA trials, facilitating pooled
effects across all dabigatran trials.

The studies using the 220 mg dose of dabigatran
failed to demonstrate or exclude a difference in
the number of symptomatic VTEs (PE: RR, 1.22;
95% CI, 0.52-2.85: DVT: RR, 0.7; 95% CI, 0.12-3.91)
or major bleeding events (RR, 1.06; 95% CI,
0.66-1.72). Point estimates of absolute differences
between thrombotic and bleeding events were closely
balanced to within one event per 1,000 (Table 19,
Figs $54-S59, Table S16).

Although dabigatran at the 150-mg dose reduced
asymptomatic DVT less than enoxaparin (RR, 1.2;
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95% CI, 1.05-1.37), one trial that used a 50% higher
dosing schedule (enoxaparin 30 mg bid) contrib-
uted the majority of the excess asymptomatic events.
Symptomatic VTE results, however, failed to dem-
onstrate or to exclude a beneficial effect of dabigatran
compared with LMWH (PE: RR, 0.31; 95% CI,
0.04-2.48; symptomatic DVT: RR, 1.52; 95% CI,
0.45-5.05). Overall, the additional two symptomatic
VTE events per 1,000 observed with the lower dose
of dabigatran are offset by four additional major
bleeding events per 1,000 in the enoxaparin group,
although this increased bleeding is more likely with
the higher enoxaparin dose of 30 mg bid (Table 20,
Figs S60-S65, Table S17).

In summary, dabigatran is similar to LMWH in
terms of efficacy and propensity to cause bleeding,
based on moderate-quality evidence. Greater long-
term experience with LMWH still favors its use.

2.3.7 LMWH vs Apixaban—Initial and Extended
Prophylaxis: Apixaban, an oral direct factor Xa inhib-
itor, is approved in Europe for the prevention of VTE
after THA and TKA but similar to the other newer
agents, has not been evaluated in HFS. Four RCTs
enrolling close to 12,000 patients after THA™ and
TKA>17 examined the efficacy of apixaban 2.5 mg bid
taken orally (started 12-24 h postoperatively) against
enoxaparin. Enoxaparin at the 40-mg dosing sched-
ule was started the evening before surgery and con-
tinued after surgery according to the investigators’
standard of care (usually 12 h postoperatively). Two
studies used 30 mg bid dosing rather than 40 mg
once daily and started 12 h postoperatively. For TKA
patients, apixaban usually was given for 10 to 14 days,
and the single trial in THA used an extended protocol
of 32 to 38 days.

Apixaban reduced symptomatic DVT by 59%
(RR, 0.41; 95% CI, 0.18-0.95) and appeared to
have little or no effect on major nonfatal bleeding
(RR, 0.76;95% CI, 0.44-1.32) or bleeding requiring
reoperation (RR, 0.82; 95% CI, 0.15-4.58) compared
with enoxaparin. However, similar to the two major
rivaroxaban trials, drop in hemoglobin level was cal-
culated compared with the postoperative instead of
the preoperative baseline value for the ADVANCE
(Apixaban Dosed Orally vs Anticoagulation with Enox-
aparin) 2 and 3 trials, which may underestimate
the true major bleeding event rate.* Results failed
to demonstrate a beneficial or detrimental effect of
apixaban on nonfatal PE (RR, 1.09; 95% CI, 0.31-3.88)
and total mortality (RR, 1.87; 95% CI, 0.61-5.74),
and the only five deaths from VTE were found in the
apixaban group.

Best estimates suggest that seven fewer symptom-
atic DVT per 1,000 could be achieved with apixaban
over LMWH without an appreciable increase in
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major bleeding events (from eight fewer to five more
per 1,000), although results failed to demonstrate
a difference when all nonfatal and fatal VTE were
combined (Fig S72).

In summary, based on moderate-quality evidence,
apixaban is similar to LMWH in terms of efficacy
based on all symptomatic VTEs (including DVT,
non-fatal and fatal PE) (see Fig S72) and showed a
comparable low risk for major bleeding events. How-
ever, the lack of long-term postmarketing safety data
(eg, the confirmation of bleeding-related safety) for
apixaban currently makes LMWH still the agent of
choice (Table 21, Figs S66-S72, Table S18).

2.3.8 IPCDs vs Pharmacologic Thromboprophylaxis—
Initial Prophylaxis: Compression devices are attrac-
tive because they do not increase bleeding. IPCDs
were compared against VKAs in > 500 patients from
four trials: three in patients undergoing THA105-107
and one with both THA and TKA.1% Because of the
small sample sizes, no PE was observed. The results
for asymptomatic DVT failed to demonstrate or to
exclude a beneficial effect of IPCDs over VKAs (RR,
0.79; 95% CI, 0.5-1.25). All major bleeding events
were reported in one study'® in which warfarin was
started 1 week prior to the operation and the INR
was kept initially at =1.5 during the operation. In
this trial, eight patients required = 4 units of blood
transfusion, and two had higher intraoperative blood
loss. Because the usual practice is to give warfarin the
night before surgery and adequate anticoagulation
levels will not be achieved for several days, those
bleeding events may not be applicable to current prac-
tice. Using a more-precise estimate of 2% (90 major
bleeds observed in 4,547 patients) as seen in the VKA
arm of RCTs vs LMWH, it is likely that 19 more bleeds
will occur per 1,000, offsetting the two fewer DVT
seen with warfarin (Table 22, Figs S73-S75, Table S19).

Pneumatic compression devices were compared with
LMWH in > 1,000 patients scheduled for THA09-111
and TKA31112: five studies used a VFP, and two used
an IPCD. We included studies in our analysis whether
GCS were used in both treatment arms. A single non-
fatal PE was observed in the IPCD/VFP group. Use
of a compression device was associated with a trend
toward an increase in asymptomatic DVT (RR, 1.38;
95% CI, 0.92-2.06). Less major bleeding occurred
in the IPCD group (RR, 0.32; 95% CI, 0.12-0.89).
In these studies, bleeding event adjudication was
not blinded, and bleeding events were inconsistently
reported (eg, bleeding requiring reoperation remained
unreported despite the sample size of >1,000). Three
deaths from VTE occurred with the compression
device vs none in the LMWH group.

Overall, 10 fewer symptomatic VTE events per
1,000 can be expected with the use of LMWH
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compared with a compression device at the expense of
10 additional major bleeds per 1,000. This closely
balanced estimate is sensitive to the baseline bleed-
ing risk, which was set to 1.5% for LMWH as observed
in trials since 2003. Although the actual observed
bleeding rate was 2.6%, these trials were performed
before our cutoff for contemporary surgical technique
and may not be representative of current practice.
Additionally, there was no blinding, and this could
result in overestimating the number of major bleeds
associated with LMWH (Table 23, Figs S76-S79,
Table S20). In summary, low-quality evidence, mostly
because of imprecision and risk of bias, reduces our
confidence in the estimate of the true effect of an
IPCD against LMWH and tilts our judgment in favor
of LMWH.

Newer-generation IPCDs have the advantage of
being portable and able to record effective use time.
Two trials compared these IPCDs in combination with
low-dose aspirin (81-100 mg) to LMWH in THA!"®
and both THA and TKA'* enrolling > 500 patients.
Results failed to demonstrate or to exclude a benefi-
cial effect of the IPCD on PE due to the low number
of events observed, but fewer asymptomatic DVT
were seen in one of the two trials (pooled RR, 0.47;
95% CI, 0.24-0.91). Fewer major bleeding events
occurred with IPCD in one of the trials with LMWH
but not in the other (pooled estimate RR, 0.04; 95%
CI, 0-0.7). However, all results were imprecise because
of low numbers of events (total of 42 VTE and
11 bleeding events), and the definition of bleeding
differed from other trials, making a direct compar-
ison difficult (Table 24, Figs S80-S82, Table S21).

Overall, there are significant methodologic limita-
tions in the trials of new- and prior-generation IPCD
vs LMWH, which include lack of concealment of
allocation, an unblinded adjudication process for
bleeding, the uncertainty generated by the lack of a
standard definition of major bleeding, and a gener-
ally small sample size and variation in the properties
of pneumatic compression devices. These limitations
make it difficult to accept the apparent benefit of
new-generation IPCD in combination with aspirin
over LMWH based on a simple trade-off of throm-
botic events against patient-important bleeding.

2.3.9 Summary—Choice of Thromboprophylaxis:
Selecting from the range of pharmacologic and
mechanical interventions in major orthopedic sur-
gery, the agent that has similar or superior properties
of effective thromboprophylaxis combined with little
risk of bleeding and extensive clinical experience is
LMWH; extending thromboprophylaxis up to 35 days
compared with 10 to 14 days results in an additional
reduction of symptomatic VTE with a similar safety

profile.
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In situations where LMWH is unavailable (eg, for-
mulary restrictions) or the patient has a history of
heparin-induced thrombocytopenia, reasonable alter-
nate choices include apixaban, dabigatran, rivaroxaban,
VKA, fondaparinux, IPCD, or IPCD in combination
with low-dose aspirin. The choice of a second-line
strategy should be guided by its relative effectiveness,
propensity to cause major bleeding (fondaparinux,
rivaroxaban, VKA), and challenges with logistics and
expected compliance (mechanical devices, VKA, and
any drug that requires injections during the out-of-
hospital period). Apixaban 2.5 mg bid taken orally as
well as dabigatran 220 mg (with the availability of an
alternate lower dose of 150 mg) once daily combined
with no monitoring requirement appear to have the
most of these desirable properties. However, long-
term safety data (eg, the absence of clinically relevant
liver toxicity) will be important when using these new
oral antithrombotic agents.

Recommendations

2.3.1. In patients undergoing THA or TKA, irre-
spective of the concomitant use of an IPCD
or length of treatment, we suggest the use of
LMWH in preference to the other agents we
have recommended as alternatives: fondaparinux,
apixaban, dabigatran, rivaroxaban, LDUH (all
Grade 2B), adjusted-dose VKA, or aspirin (all
Grade 2C).

Remarks: 1f started preoperatively, we suggest adminis-
tering LMWH =12 h before surgery. Patients who
place a high value on avoiding the inconvenience of
daily injections with LMWH and a low value on the
limitations of alternative agents are likely to choose
an alternative agent. Limitations of alternative agents
include the possibility of increased bleeding (which
may occur with fondaparinux, rivaroxaban, and VKA),
possible decreased efficacy (LDUH, VKA, aspirin,
and IPCD alone), and lack of long-term safety data
(apixaban, dabigatran, and rivaroxaban). Further-
more, patients who place a high value on avoiding
bleeding complications and a low value on its incon-
venience are likely to choose an IPCD over the drug
options.

2.3.2. In patients undergoing HFS, irrespective
of the concomitant use of an IPCD or length of
treatment, we suggest the use of LMWH in
preference to the other agents we have recom-
mended as alternatives: fondaparinux, LDUH
(Grade 2B), adjusted-dose VKA, or aspirin (all
Grade 2C).

Remarks: For patients in whom surgery is likely to
be delayed, we suggest that LMWH be initiated

Prevention of VTE in Orthopedic Surgery Patients
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during the time between hospital admission and sur-
gery but suggest administering LMWH at least 12 h
before surgery. Patients who place a high value on
avoiding the inconvenience of daily injections with
LMWH and a low value on the limitations of alterna-
tive agents are likely to choose an alternative agent.
Limitations of alternative agents include the possi-
bility of increased bleeding (which may occur with
fondaparinux) or possible decreased efficacy (LDUH,
VKA, aspirin, and IPCD alone). Furthermore, patients
who place a high value on avoiding bleeding compli-
cations and a low value on its inconvenience are likely
to choose an IPCD over the drug options.

2.4. For patients undergoing major orthopedic
surgery, we suggest extending thromboprophy-
laxis in the outpatient period for up to 35 days
from the day of surgery rather than for only 10 to
14 days (Grade 2B).

2.5 Use of Combination Thromboprophylaxis

The combined use of anticoagulant thrombopro-
phylaxis with a compression device may further
reduce the rate of VTE. A Cochrane systematic review
examined the effects of adding compression devices
to anticoagulant prophylaxis in mostly orthopedic
populations, but some trials also included other sur-
gical groups.’> Four trials were included"11%; we
identified another study that was published more
recently.'” We reanalyzed the original data by adding
this additional study without reextracting the data in
the Cochrane review, bringing the total number of
patients included to >2,400. Some older trials used
LDUH or VKA for thromboprophylaxis, but other-
wise, LMWH was the agent used in both arms.

Adding a compression device reduced the inci-
dence of asymptomatic DVT by >70% (RR, 0.26;
95% CI, 0.14-0.48). However, there were a number
of methodologic limitations, such as issues with ran-
domization, lack of allocation concealment, and lack
of blinding of personnel performing the DVT screen-
ing, resulting in low-quality evidence overall. There-
fore, the apparently large effect must be interpreted
with caution. Bleeding events were not reported, but
adding a compression device should have little or no
effect on bleeding outcomes (Table 25, Figs S83,
S84, Table S22).

Recommendations

2.5. In patients undergoing major orthopedic
surgery, we suggest using dual prophylaxis with
an antithrombotic agent and an IPCD during
the hospital stay (Grade 2C).

Remarks: We recommend the use of only portable,
battery-powered IPCDs capable of recording and
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reporting proper wear time on a daily basis. Efforts
should be made to achieve 18 h of daily compliance.
Patients who place a high value on avoiding the unde-
sirable consequences associated with prophylaxis
with both a pharmacologic agent and an IPCD are
likely to decline use of dual prophylaxis.

2.6. In patients undergoing major orthopedic
surgery and increased risk of bleeding (Table 4),
we suggest using an IPCD or no prophylaxis
rather than pharmacologic treatment (Grade 2C).

Remarks: We recommend the use of only portable,
battery-powered IPCDs capable of recording and
reporting proper wear time on a daily basis for inpa-
tients and outpatients. Efforts should be made to
achieve 18 h of daily compliance. Patients who place
a high value on avoiding the discomfort and inconve-
nience of an IPCD and a low value on avoiding a
small absolute increase in bleeding with pharmaco-
logic agents when only one bleeding risk factor is pre-
sent (in particular the continued use of antiplatelet
agents) are likely to choose pharmacologic thrombo-
prophylaxis over IPCD.

2.7 Other Considerations

A systematic review examining nonadherence in
outpatient thromboprophylaxis after major orthope-
dic surgery found a nonadherence rate of 13% to 37%
in patients receiving LMWH or fondaparinux.'?! The
additional burden of self-injection, or in organizing
family members or visiting nurses to come in for daily
visits, is believed to contribute to the noncompliance.
Newer agents such as apixaban, dabigatran, or rivar-
oxaban can be taken orally and do not require INR
monitoring, potentially improving adherence.

Recommendation

2.7. In patients undergoing major orthopedic
surgery and who decline or are uncooperative
with injections or an IPCD, we recommend using
apixaban or dabigatran (alternatively rivaroxa-
ban or adjusted-dose VKA if apixaban or dabig-
atran are unavailable) rather than alternative
forms of prophylaxis (all Grade 1B).

2.8 Use of IVC Filter for Thromboprophylaxis

There have been no randomized trials of the use of
IVC filters in the prevention of PE in patients at high
risk for DVT but who do not yet have a documented
DVT (primary prevention). Rajasekhar et al'?? pub-
lished a systematic review of seven observational
studies in patients with trauma. Although the potential
benefit is substantial (79% relative risk reduction
in PE), the quality of the evidence is very low. Most
studies used historical controls, and inconsistent
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effects were noted for DVT. In addition, substantial
harms were documented in 2% to 6% of patients
receiving an IVC filter. These harms included DVT at
the insertion site, occlusion of the IVC due to throm-
bosis below the filter, and migration of the filter
(Table 26, Table S23).

A recent observational study involving > 9,000
patients reported on the use of IVC filters in ortho-
pedic surgery.'?® Ninety (0.96%) patients received
IVC filters, 55 (0.6%) for prophylaxis. Of these, most
were arthroplasty or spinal surgery patients. Only 13
were fracture surgery patients. The most commonly
cited indication for IVC filter prophylaxis was pre-
vious VTE. Only 23 of the 55 (42%) patients with
prophylactic filters had a contraindication to antico-
agulation. Of the 51% who had retrievable filters, less
than one-half had been removed at 6 months after
placement. Two patients had complications of filter
removal (carotid artery puncture in one and filter
limb migration to right atrium and lung in the other).
In summary, given the low-quality evidence for ben-
efit but documented adverse events during place-
ment, during their clinical course, on retrieval, and
during the long term (postphlebitic syndrome), the
balance tips toward definite net harm, even in patients

with high bleeding risk.
Recommendation

2.8. In patients undergoing major orthopedic
surgery, we suggest against using IVC filter
placement for primary prevention over no throm-
boprophylaxis in patients with an increased
bleeding risk (Table 4) or contraindications to
both pharmacologic and mechanical thrombo-
prophylaxis (Grade 2C).

2.9 Screening for DVT Before Hospital Discharge

Screening for asymptomatic DVT before dis-
charge has been studied to examine the question of
whether DVT seen on compression DUS should be
treated to prevent symptomatic DVT and PE occur-
ring after hospital discharge. One study that did not
use extended out-of-hospital prophylaxis randomized
patients to discharge DUS (and, if positive, 3 months
of warfarin treatment) vs sham DUS screening and
only warfarin treatment if the patient returned with
symptomatic VTE within 90 days.’** Study results
failed to demonstrate or exclude a beneficial effect:
DUS screening detected symptomatic VTE on out-
of-hospital follow-up in four of 518 patients vs sham
screening in five of 506 (RR, 0.78; 95% CI, 0.21-2.9).
One of the patients who was found to have an asymp-
tomatic DVT on DUS screening and was subse-
quently treated with warfarin for 3 months developed
a major bleeding complication (Table 27, Table S24).

Prevention of VTE in Orthopedic Surgery Patients
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A second trial randomized patients to a combina- . Bl HE 2
tion of DUS screening on discharge and no extended o e -
thromboprophylaxis vs no screening but extended % go =z %; 5
prophylaxis until day 35.125 Similar to the first study, 5o 52 = E 2
any asymptomatic DVT detected during discharge 2 S B2 EE E

. . DX £ [apy= 3
DUS screening (day 7 mean) was treated. Again, the . g Q5 23 5
results failed to demonstrate or exclude a beneficial RIER HE =5 po
effect of predischarge screening (RR, 0.56; 95% CI, gﬂ 5 ?d N ;,% = ;5 %g ¥
0.17-1.9), and major bleeding events were seen in EEIR: A g §_§ g £, g %
only two patients who had been treated after diagno- 218 € |E |9z = c=
sis of asymptomatic DVT based on screening DUS ~§_ f 2 ?; g » o] ,E 5
(Table 28, Table S25). S| &l & E SHEE £E 3

In summary, moderate-quality evidence indicates g g 2l | g|e|m £° =
that DUS screening before hospital discharge does 5| 2 o S - E =
not result in fewer symptomatic postdischarge VTE. Sy E 22 %
However, screening for asymptomatic DVT appears % ;33 SIRE g E ; g
to cause harm by leading to unnecessary anticoagula- S 2 el Bl B w2 g
tion for several months, resulting in a higher risk of N = |5 |42 g 2203
major bleeding. § E =T So E

® i T 5 122
Recommendation E == 5 *§ z
S g 23 §
2.9. For asymptomatic patients following major E s|la ~ g 2
orthopedic surgery, we recommend against DUS S S 2 E = 2R 3
screening before hospital discharge (Grade 1B). %‘D gl= S|E 25 £
3 2| = =2 <4 3
3.0 ISOLATED LOWER-LEG INJURIES N ;S = = 2L £
Di1STAL TO THE KNEE < s i 2 ”;

_ = S Z =

Lower-leg injuries are a heterogeneous mix and ¥ Léi 5 55| 2 S‘g ”2
include fractures below the knee, tendon ruptures, g |8 g5 | £ :§ g 45
and cartilage injuries of the knee and ankle. There is S 5| & SRR S8 £
less evidence about the incidence of patient-important - g1 Sl's g °s =
VTE events associated with these injuries compared g a8 EEA: E S
with major orthopedic surgery, but the risk of DVT = 2|3 AR 2 £ £
increases with proximity of the fracture to the knee.!? g 5| £ EE| = % R E

A Cochrane systematic review analyzed data from "§ :? é‘ ;3 ;3 = ‘% o g0
six randomized trials involving close to 1,500 patients a & §D &2 -
who required lower-leg immobilization for at least ° = £%3 &

1 week and comparing once-daily LMWH vs no throm- § 6 Tg = é T %
boprophylaxis continued, typically, until the cast or § 1R |z ZB = 2
brace was removed.’?” We identified an additional S jmg’ ] g | S ég 584
multicenter study that has remained published only 3 g \Ej ; ; ,—5 TEE 5 :-:
in abstract form'? and updated the meta-analysis by 2 2|3 MR b@o 2
performing our own analysis. We did not reextract 8 £ = ZEefe s Z
the data found in the Cochrane review. S E ER ';5 E2

PE was diagnosed in two of 585 patients in the pla- = z 2584 25
cebo group and one of 576 in the LMWH group. > 2 3 g Z-ffg g =
Results failed to demonstrate or exclude a beneficial 2 £ ETEE Eg
effect of LMWH on symptomatic DVT (RR, 0.34; £ £ EINIERE I S
95% CI, 0.09-1.28), and two major bleeding events E 7 55 ¢ g é gﬂ"‘@
were seen with LMWH vs none in the placebo group. g E ol B é‘ S 62 é*%
The patient population was quite heterogeneous, and ) T:‘ :_z 3 ;t g ‘};ﬂ %é £E
patients with a higher risk for VTE were excluded. £l E S g ﬁ =3 %’05 %‘ i’ij
Detailed information was not provided with regard to g2 Bzlz:iiiis
immobility. S1= ZElaes 3592
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Table 28—/ Section 2.9] Summary of Findings: DUS Screening Before Discharge Plus No Extended Prophylaxis vs No Screening Plus Extended Prophylaxis After

symptomatic DVT on follow-up up to 90 d postoperation. Before discharge, DUS detected 64 asymptomatic DVT, of which all received treatment with LMWH for 10 d and then prophylaxis dose until day
dContemporary surgical population from which baseline risk of patient-important outcomes has been derived (contemporary era surgical technique, early mobilization, ete [see text for detail how baseline

aNo predischarge screening and extended-prophylaxis group: one nonfatal PE, five symptomatic DVT on follow-up up to 90 d postoperation. Predischarge screening group: one nonfatal PE and three

"Reporting unclear with regard to blinding of outcome adjudication. Allocation concealment unclear. Assumed to have small effect of confidence in effect. Not downgraded.
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The results did not establish the benefit of throm-
boprophylaxis in the patients enrolled. Results from
higher-risk populations may, however, be reason-
ably extrapolated to patients at higher risk of DVT
(who were excluded from these studies), particu-
larly those with prior VTE (Table 29, Figs S85-S87,
Table S26).

Recommendation

3.0. We suggest no prophylaxis rather than phar-
macologic thromboprophylaxis in patients with
isolated lower-leg injuries requiring leg immo-
bilization (Grade 2C).

4.0 KNEE ARTHROSCOPY

Knee arthroscopy and arthroscopic-assisted knee
surgery is performed frequently and most often as
outpatient procedures in a relatively young patient
population. A systematic review'? that included
four RCTs examined the use of LMWH vs no throm-
boprophylaxis after arthroscopic knee surgery in
527 patients.!*-13 The knee surgeries included were
anterior cruciate ligament reconstruction, meniscecto-
mies, and other diagnostic and therapeutic arthros-
copies. No trial was blinded to patients, outcome
adjudication was blinded in only two trials, and allo-
cation concealment was unclear or not done in
three trials. One trial was stopped early for benefit.
Although asymptomatic DVTs were significantly
reduced (RR, 0.16; 95% CI, 0.05-0.52), this was based
on a total of only 23 events, and there were only
five symptomatic DVTs reported (LMWH one of
262 vs four of 265) and one symptomatic PE, which
was seen in the LMWH group.'® No major bleeding
events were reported, and there were no bleeding
events requiring reoperation. Based on the low-quality
evidence from these trials, one would expect nine
fewer symptomatic DVTs and four more nonfatal PE
per 1,000, but the sample size was not large enough
to estimate the possible increase in bleeding compli-
cations (Table 30, Table S27).

These findings are in contrast to a recent trial that
randomized > 1,700 patients to either LMWH or
GCS.1* This study examined three groups: 14-day
nadroparin, 7-day nadroparin, and GCS. The 14-day
LMWH arm was stopped early because harms poten-
tially outweighed the benefits. Although numerically
more major bleeds were reported in the LMWH
group, including one bleeding event requiring reop-
eration, the effect estimate failed to demonstrate or
exclude a detrimental effect on major bleeding events
because of low event rates (RR, 2.1;: 95% CI, 0.44-10).
Significantly fewer symptomatic DVT were observed
in the LMWH groups (RR, 0.2; 95% CI, 0.07-0.62),
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although this was based on only 16 events. The over-
all quality of evidence from this study was judged
to be moderate because of imprecision (Table 31,
Table S28).

Given the close balance between the potential risk
for major bleeding (three more per 1,000), the occur-
rence of a bleed requiring reoperation in the LMWH
group and the generally low rate of VTE (1.5%-2%,
with 14 fewer symptomatic VTE per 1,000 expected
with LMWH), routine thromboprophylaxis after an
arthroscopic procedure does not appear warranted.
However, evidence of benefit from higher-risk popu-
lations may be reasonably extrapolated to patients at
higher risk of DVT, particularly those with prior VTE
(Tables 30, 31, Tables S27, S28).

Recommendation

4.0. For patients undergoing knee arthroscopy
without a history of prior VTE, we suggest no
thromboprophylaxis rather than prophylaxis
(Grade 2B).

5.0 DIRECTION OF FUTURE STUDIES

Large, practical, RCTs are needed to further study
thromboprophylaxis after orthopedic surgeries. Those
trials should avoid screening for asymptomatic VTE
and ensure that symptomatic VTE is recorded up to
3 months after surgery, regardless of duration of
intervention. To ensure sufficient methodologic rigor,
independent adjudication of outcomes not only for
VTE but also for major bleeding events are essential,
as is ensuring allocation concealment through cen-
tral randomization, blinding of data collectors (and
optimally patients and caregivers, which may or may
not be possible with mechanical devices), and using
methods to limit losses to follow-up. In addition to
independent adjudication, it is important to provide
more-precise and clinically important operational
definitions for postoperative bleeding and drainage
at the surgical site. Surgical site bleeding and drainage
should be routinely reported in clinical trials.

Relative risk differentials for distal vs proximal
DVT and portable devices using wireless tech-
nology for compliance data for inpatients vs outpa-
tients need to be explored. At a minimum, trials
that use mechanical devices for thromboprophylaxis
should be able to accurately record and report proper
use and daily and cumulative wear time to docu-
ment compliance. In summary, trials with patient-
important end points and long follow-up should be
conducted to evaluate the potential benefits vs risks
and downsides of antithrombotic regimens in nonse-
lected populations.'®

Prevention of VTE in Orthopedic Surgery Patients
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Comparisons where additional data are particularly
needed include the following:

* Major orthopedic surgery: IPCD (= aspirin) vs
LMWH

e HFS: preoperative IPCD plus LMWH fol-
lowed by postoperative IPCD plus LMWH
vs preoperative IPCD alone followed by post-
operative IPCD plus LMWH

* Major orthopedic surgery: aspirin vs LMWH

* Major orthopedic surgery: mechanical device for
35 days vs 10 to 14 days

* Lower-leg injury: anticoagulant thrombopro-
phylaxis vs aspirin stratified by type of injury and
procedure and expected degree of immobility

* The influence of antithrombotic regimens, sepa-
rately and combined, on perioperative and post-
operative venous and arterial thromboembolism.

CONCLUSIONS

VTE is an important complication after major
orthopedic surgery, and numerous approaches to its
prevention have been evaluated. This article reviews
the effectiveness and safety of these approaches and
provides guidelines using methods that differ some-
what from prior versions. First, recommendations
have been based on patient-important outcomes that
include symptomatic PE and DVT, bleeding, and
death, whereas asymptomatic venous thrombosis
identified by screening tests are not used as a basis
for the guidelines. After our review, we recommend
that all patients undergoing major orthopedic surgery
receive prophylaxis with a pharmacologic agent or
IPCD for a minimum of 10 to 14 days, and we suggest
extending prophylaxis for up to 35 days. In patients at
an increased risk of bleeding, we suggest the use of
an IPCD or no prophylaxis. We do not recommend
the use of IVC filter placement for primary preven-
tion, and we recommend against DUS screening. For
patients with isolated lower-extremity injuries requir-
ing immobilization and for patients undergoing knee
arthroscopy without a history of VTE, we suggest no
thromboprophylaxis. Adherence to these guidelines
will minimize the adverse consequences of VTE

following orthopedic surgery.
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