
Recommendations from the ICM-VTE:
Hip & Knee

The ICM-VTE Hip & Knee Delegates*

1 - Is VTE after elective total joint arthroplasty a "never
event"?

Response/Recommendation: Venous thromboembo-
lism (VTE) after elective total joint arthroplasty (TJA) con-
tinues to occur despite various strategies in prophylaxis and
should not be considered a “never event.”

Strength of Recommendation: Moderate.
Delegates vote: Agree 94.87% Disagree 5.13% Abstain

0.00% (Strong Consensus).
Rationale: As part of an initiative to address quality of

care and control healthcare costs, in 2002, the United States
Centers for Medicare and Medicaid Services (CMS) defined
“never events” as hospital-acquired conditions that were
considered reasonably preventable1. In 2008, CMS added deep
venous thrombosis (DVT) and pulmonary embolism (PE)
following total knee arthroplasty (TKA) and total hip
arthroplasty (THA)2.

Historically, DVT and PE were important risks for
patients undergoing TJA. In a study of 7,959 patients between
1962 and 1973, Charnley et al., reported a non-fatal PE rate of
7.89% and a 1.04% rate of fatal PE which constituted the
highest single cause of death after a THA3. Coventry et al.,
identified a cohort of 2012 THA from 1969 to 1971 of which 58
did not receive chemoprophylaxis past post-operative day five
and observed a DVT rate of 3.4%, a non-fatal PE rate of 5.2%,
and a fatal PE rate of 3.4%4,5. In a series performed between
1990 and 1991, Warwick et al., identified 1,162 patients
undergoing THA without routine chemoprophylaxis, with
DVT confirmed by venography in 1.89% of patients and a PE
rate of 1.20% with a subsequent mortality rate of 0.34%6.

Early studies demonstrated a much higher incidence of
VTE for TKA7,8. However, DVT in TKA patients occur distally in
the calf which are less likely to progress into a PE which was
observed at a rate of 1.3%9 with fatalities of 0.19 to 0.4%9,10.
Stulburg et al., examined a series of 638 patients from1974 to 1979
among which 49 patients inadvertently did not receive prophy-
laxis; an impressive 83% of these patients developed a DVT11.

In a prospective study with 34,397 consecutive and
unselected THA or TKA procedures, 32 (0.09%) had a VTE
after median two days despite ongoing thromboprophylaxis12.
All surgery was done in a fast-track setup with accelerated
mobilization and discharge. Another study has shown a 90-day
incidence of 0.41% of VTE after unicompartmental knee
arthroplasty13. All patients received thromboprophylaxis until
discharge and were operated in a fast-track setup with amedian
length of stay of one day.

With VTE as a common and potentially dangerous
complication after TKA and THA, safe and effective strategies
for prophylaxis were developed and studied. When warfarin
dosage is titrated to an international normalized ratio (INR) of
1.5 to 2.0 and administered for approximately six weeks, DVT
occurred at a rate of 0.2 to 1% with a non-fatal PE rate of 0.1 to
0.3%14-16. Warfarin was found to consistently decreased rates of
VTE when utilized after THA or TKA, but may lead to a sig-
nificant risk of bleeding complications17-19.

Low-molecular-weight heparin (LMWH) has been used
for post-operative VTE prophylaxis. With LMWH, DVT rates
for THA have been reported from 8 to 20.8% LMWH vs. 14 to
23.2% warfarin with a non-fatal PE rate of 0 to 0.2% observed
with LMWH; DVT rates for TKA ranged from 23 to 45%
LMWH vs. 23.2 to 51.7% warfarin and a non-fatal PE rate of 0
to .2% LMWH vs. 0 to 0.3% warfarin20-23.

Recently, direct-acting oral anticoagulants (DOAC) have
gained popularity for VTE prophylaxis due to ease of admin-
istration and lack of monitoring9. Rivaroxaban used after THA
had an incidence of DVT of 0.8 to 1.6% compared to 3.4 to
6.5% for LMWH and a non-fatal PE rate of 0.1 to 0.3% vs. 0.1
to 0.5% for LMWH24,25. When rivaroxaban VTE prophylaxis
was used after TKA, the DVTrate was 6.3 to 6.9% compared to
9.0 to 18.2% for LMWH and the non-fatal PE rate was 0 to
0.3% compared to 0.5% for LMWH26,27. When apixaban was
used for VTE prophylaxis after THA, the DVT incidence was
1.1 versus 3.6% for LMWH and a non-fatal PE rate was 0.1
versus 0.2% for LMWH28. For VTE prophylaxis after TKA, the
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incidence of DVT for apixaban was 7.8 to 14.6% compared to
8.2 to 24.4% for LMWH, the non-fatal PE rate was 0.26 to 1.0%
apixaban compared to 0 to 0.4% LMWH, and a fatal PE rate of
0.1 to 0.13% apixaban compared to 0% LMWH29,30. Using
dabigatran for prophylaxis after THA, the incidence for DVT
was 5.1 to 8.0% vs. 6.4 to 8.6% for LMWH and a non-fatal PE
rate of 0.1 to 0.4% for dabigatran vs. 0.2 to 0.3% for LMWH,
and a fatal PE rate of 0.1% with dabigatran31,32. For TKA, the
incidence of DVTwas 29.9 to 40.1% for dabigatran vs. 24.6 to
37.3% for LMWH with a non-fatal PE rate of 0 to 1.0% for
dabigatran vs. 0.8% for LMWH33,34.

Aspirin (ASA) has been shown to be an effective pro-
phylactic agent after THA and TKAwith reported rates of DVT
up to 2.6%, non-fatal PE rates of 0.14 to 0.6%, and a fatal PE
rate of 0.7 to 0.2%35-38. A prospective randomized control trial
comparing ASA to warfarin in standard-risk patients under-
going TKA or THA reported a DVT and a PE rate of 4.6%
compared to 0.7% for ASA and warfarin, respectively39. For
patients at “typical” risk of VTE after THA and TKA, the AAOS
guidelines endorse ASA for VTE prophylaxis40.

Non-pharmacologic interventions have also decreased
the incidence of VTE after TJA. Regional anesthesia, hypo-
tensive anesthesia, intermittent pneumatic compression
devices, optimized blood loss management programs, rapid
rehabilitation protocols, and risk stratification protocols have
all contributed to the decrease in VTE over time41-49. However,
even when combined with the most aggressive of pharma-
cologic interventions, the rates of PE and DVT are not zero.
Genetic predispositions for thromboembolism have not been
well-defined and are not yet identified easily in the labora-
tory50-53. Until that testing is available, VTE after TJA will not
be a “never event”.

Post-operative VTE has been a constant concern for
orthopaedic surgeons performing TJA. Prior to prophylaxis,
DVTand PE were common occurrences and a major source of
fatality. Prophylaxis with warfarin, LMWH, and DOAC have
decreased the rates of VTE, however, studies show persistent
presence of VTE despite these investigated regimens. VTE
Prophylaxis is a balance of reducing thromboembolic disease
while mitigating surgical complications associated with anti-
coagulants15,54-56. Current strategies regarding the best prophy-
lactic regimen for each individual patient remain under
investigation40,57. With the continued presence of VTE for the
currently available prophylactic regimens, VTE after THA and
TKA should not be considered a “never event”.

Michael M. Meghpara, James J. Purtill, Richard Iorio,
Thomas Jakobsen
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2 - Is there a difference in VTE risk profile for patients
undergoing total hip arthroplasty or total knee
arthroplasty?

Response/Recommendation: Patients undergoing total
knee arthroplasty (TKA) have a higher venous thromboembolism
(VTE) risk than total hips arthroplasty (THA) patients. In addition,
VTE tends to present earlier in TKA patients. There is no evidence
for different risk profiles among patients undergoing THAor TKA.
Also, there is also no clarity on whether it is necessary to stratify
TKA differently than THA patients, or how to do it.

Strength of recommendation: Limited.
Delegates vote: Agree 93.04% Disagree 4.35% Abstain

2.61% (Strong Consensus).
Rationale: Modern surgical protocols and the use of

thromboprophylaxis have reduced deep venous thrombosis
(DVT) rates in both TKA and THA patients, but not pulmo-
nary embolism (PE) rates58-61. However, differences in VTE risk
persist between both procedures.

DVT rates after THA have varied over time. Dua et al.,
and Shahi et al., both studied the United States National
Inpatient Sample (NIS) and found in-hospital VTE rates of
0.59% after THA (DVT 0.4% and PE 0.23%)59. DVT rates
decreased from 2002 to 2011, from 0.55 to 0.24%, but PE rates
did not58. However, other studies have found conflicting results.
Using the American College of Surgeons National Surgical
Quality Improvement Program (NSQIP) database and ana-
lyzing 30-day VTE rates, Warren et al., found no changes
between 2008 and 2016, and Grosso et al., found no changes
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between 2006 and 201662,63. Pedersen et al., found a slight
increase in 90-day hospitalizations for venous thromboembo-
lism between 1995 and 20067. Lieberman et al., evaluated 21
randomized controlled trials of several VTE prophylaxis
strategies in low-risk patients undergoing THA61. They found a
PE rate of 0.21%, that did not change between 1997 and 2013,
and suggested that PE even in a healthy population are not
completely avoidable.

Similar findings regarding temporal changes in VTE rates
have been found in TKA patients. However, thromboembolic
risk continues to be higher than after THA58,59,62-65. Using the
NIS, Dua et al., found a decrease in in-hospital DVT rates after
TKA between 2001 to 2011, from 0.86 to 0.45%58. Shahi et al.,
found higher in-hospital incidence rates of VTE of 0.62% in
patients undergoing TKA, versus 0.40% in THA, and similarly,
DVTrates decreased during the studied period, but PE rates did
not59. Using the NSQIP database, Sarpong et al., and Warren
et al., found that 30-day VTE rates decreased between 2006 and
201662,65. Sarpong et al., found a 0.87% 30-day DVT rate in
221,764 patients that decreased from 1.5% in the 2006 to 2009
period to 0.79% in the 2014 to 2016 period. Warren et al.,
found a 30-day VTE rate of 1.4% that decreased from 3% in
2008 to 1.4% in 201662. However, mortality and PE rates did
not experience changes. Other studies have also failed to find a
decrease in PE rates after TKA. Cote et al., performed a meta-
analysis including 18 studies with 27,073 patients that under-
went TKA between 1996 and 201066. They found a sympto-
matic PE rate of 0.37%, that did not change over time.

Patients undergoing revision THA appear to have a
higher risk of VTE than primary THA. Studies using the
NSQIP, and NIS databases show VTE, DVT, and PE rates in
revision THA of 0.6 to 1.34%, 0.7 to 1.06%, and 0.3 to 0.4%,
respectively59,67,68. Interestingly, revision TKAconfers a VTE risk
somewhat similar to that of a primary TKA. Shahi et al., found
higher in-hospital VTE rates in revision TKA compared to
primary TKA, using the NIS database59. Thirty-day rates of
VTE, DVT, and PE, using the NSQIP and NIS databases, were
1.16 to 2%, 0.88 to 0.9%, 0.34 to 0.4%, respectively59,62,67.
Contrarily, Boylan et al., found a higher VTE risk within
30 days after primary TKA (i.e., 2.24%, DVT 1.61%, and PE
0.82%) than revision TKA (i.e., 1.84%, DVT, 1.41%, and PE
0.52%), using the New York Statewide Planning and Research
Cooperative System database69. Different from primary
arthroplasties, VTE rates have not decreased over the last
decades for revision surgeries.

Patients undergoing TKA not only have a higher risk of
VTE, but they get a VTE earlier after surgery than THA
patients. Pedersen et al., found a median time to VTE that was
20 to 22 days for patients undergoing THA, and 15 days for
those who underwent TKA, using Danish registers64,70. Gill
et al., found a median time for DVT of 16 days in THA and
14 days in TKA in a cohort of more than 13,000 patients in the
United Kingdom71. Using United States data, several studies
have confirmed these findings68,72-74. Bohl et al., found patients
undergoing TKA had an earlier time to PE (day 3 vs. 5 in THA)

and DVT (day 5 vs. 13)72. Johnson et al., reviewed 341,601
primary THA and TKA patients73. Of patients who had a PE,
those who underwent a TKA had a PE earlier than those who
underwent a THA (81,7% during the first 10 days, vs. 58.8%).
Interestingly, Courtney et al., found no differences in time to
DVT (12.9 vs. 14.8 days) or to PE (9.2 vs. 8.6 days) in patients
undergoing primary or revision THA68.

Most studies have investigated risk factors in both THA
and TKA patients. As such, TKA has been identified as a risk
factor, but most other risk factors appear to be similar
between patients undergoing both procedures68,75-83. Zhang
et al., performed a meta-analysis of ten risk factors for VTE
after TKA and THA84. They included 14 retrospective case
control or prospective cohort studies. They found that three
risk factors were the most associated with VTE: history of
VTE (odds Ratio [OR] > 10.6), varicose veins (OR > 2.7), and
congestive heart failure (OR 2.03). Zhang et al., performed a
systematic review on level I and II evidence on VTE risk
factors after TJA between 2003 and 201385. They included 54
studies. They found that several risk factors were associated
with increased VTE risk. Increasing age, body mass index over
30, bilateral surgery, female patients, and surgery duration
longer than two hours were identified as risk factors for both
TKA and THA patients. Patients undergoing TKA surgery
had a higher VTE risk, compared to those undergoing THA.
In TKA patients, cemented fixation was identified as a risk
factor and early mobilization was identified as a protective
factor. In THA patients, a previous VTE conferred a higher
risk for VTE.

Regional variability may also play a role in VTE rate
differences. Several reports suggest lower VTE rates in Asian
patients, both in THA and TKA75-78,86-91. Lee et al., performed a
meta-analysis of the incidence of VTE in Asian patients
undergoing TKAwho did not use thromboprophylaxis89. They
included 18 studies, totaling 1,838 patients. The rate of
symptomatic PE was low (0.01%), similar between countries,
and consistent in time. Seven studies reported symptomatic
DVT, which was 1.9%. As such, the Asia-Pacific Venous
Thromboembolism Consensus has agreed that the risk of VTE
is lower in patients of Asian ethnicity90. These results differ
markedly from those coming from other parts of the world.
European studies have shown VTE, DVT, and PE rates of 0.79
to1.3%, 0.35 to 0.46%, and 0.35 to 0.57% for THA and 1.5%,
0.3 to 0.51%, and 0.51 to 1.47% for TKA, respectively70,71,79,92,93.
Januel et al., performed a comparative study between
patients who underwent THA in Canada, Switzerland, New
Zealand, California, and France94. They found that VTE rates
varied between countries (0.16 to 1.41%) during hospital
stays. Length of stay and ultrasound screening strategies
explained only partially these differences, but other factors
like completeness of registration and validity of diagnoses
may play a role.

Francisco Bengoa, Henrik Malchau, Juan José Pellegrini,
Agust́ın Vial, Søren Overgaard
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3 - What is the most optimal VTE prophylaxis following
TKA/THA?

Response/Recommendation: Low-dose aspirin (ASA) is
currently the most effective and safest method of prophylaxis
against venous thromboembolism (VTE) in patients undergoing
total joint arthroplasty (TJA).We recommend the use of low-dose
ASA as the primary method of VTE prophylaxis in all patients
undergoing TJA, including moderate-to high-risk patients.

Strength of Recommendation: Strong.
Delegates vote: Agree 76.92% Disagree 19.66% Abstain

3.42% (Strong Consensus).
Rationale: The risk of VTE in orthopaedic surgery

patients is well established95. Patients undergoing elective total
knee arthroplasty (TKA), or total hip arthroplasty (THA) are
considered at high risk for the development of deep venous
thrombosis (DVT) and subsequent pulmonary embolism (PE)
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TABLE I Studies, design, anticoagulation used, and size of sample

Author's Last Name Year of Publication Type of Design Type of Surgery Chemical Name Sample Size

German Hip Arthroplasty Group136 1992 Classic RCT Hip Heparin 168

LMWH 167

Laguardia112 1992 Classic RCT Hip LMWH (Pre-Op) 19

LMWH (Post-Op) 21

Leyvraz et al.137 1992 Classic RCT Hip Heparin 139

LMWH 145

Leyvraz et al.138 1991 Classic RCT Hip Heparin 175

LMWH 174

Freick139 1991 Classic RCT Hip Heparin 48

LMWH 52

Planès et al.140 1991 Classic RCT Hip LMWH 65

LMWH (20 mg) 61

LMWH (40 mg) 62

Levine et al.120 1991 Classic RCT Hip Heparin 263

LMWH 258

Eriksson et al.141 1991 Classic RCT Hip Heparin 59

LMWH 63

Planès et al.142 1988 Classic RCT Hip Heparin 112

LMWH 107

Planès et al.142 1988 Classic RCT Hip Heparin 113

LMWH 124

Josefsson et al.123 1987 Classic RCT Hip ASA 40

Heparin 42

Planès et al.143 1986 Classic RCT Hip LMWH (60 mg) 50

LMWH (30 mg) 28

LMWH (40 mg) 50

LMWH (20 mg) 100

RD Heparin Arthroplasty Group144 1994 Classic RCT Total Joint Heparin (Twice) 328

Heparin (Once) 320

Warfarin 321

Menzin et al.145 1994 Classic RCT Hip Heparin 209

LMWH (30 mg) 195

LMWH (40 mg) 203

Colwell Jr. Et al146. 1994 Classic RCT Hip Heparin 209

LMWH (30 mg) 195

LMWH (40 mg) 203

Hull et al.147 1993 Classic RCT Total Joint LMWH 715

Warfarin 721

Hull148 1997 Classic RCT Total Joint LMWH 590

Warfarin 617

Francis et al.149 1997 Classic RCT Hip LMWH 192

Warfarin 190

Eriksson et al.116 1997 Classic RCT Hip LMWH 1,023

Thrombin Inhibitors 1,028
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TABLE I (continued)

Author's Last Name Year of Publication Type of Design Type of Surgery Chemical Name Sample Size

Warwick et al.150 1998 Classic RCT Hip Mechanical 136

LMWH 138

Colwell Jr. et al.151 1999 Classic RCT Hip LMWH 1,516

Warfarin 1,495

Kakkar et al.152 2000 Classic RCT Hip Heparin 134

LMWH 125

Hull et al.113 2000 Classic RCT Hip LMWH (Pre-Op) 152

LMWH (Post-Op) 139

Warfarin 133

Borghi et al.117 2002 Observational
Retrospective

Hip Heparin 192

LMWH 457

Turpie et al.118 2002 Classic RCT Hip LMWH 797

Thrombin Inhibitors 787

Eriksson et al.153 2002 Classic RCT Total Joint LMWH 308

Thrombin Inhibitors 1,169

Eriksson et al.154 2003 Classic RCT Total Joint LMWH 1,184

Thrombin Inhibitors 1,141

Colwell Jr. et al.155 2003 Classic RCT Hip LMWH 775

Thrombin Inhibitors 782

Eriksson et al.154 2003 Classic RCT Total Joint LMWH 1,178

Thrombin Inhibitors 1,138

Pitto et al.156 2004 Classic RCT Hip Mechanical 100

LMWH 100

Enyart157 2005 Observational
Prospective

Total Joint LMWH 2,627

Warfarin 770

Senaran et al.158 2006 Classic RCT Hip Heparin 50

LMWH 50

Della Valle et al.99 2006 Observational
Prospective

Hip ASA (325 mg) 1,599

Warfarin 348

Gelfer et al.107 2006 Classic RCT Total Joint ASA (100 mg) 61

LMWH 60

Cohen et al.159 2007 Classic RCT Total Joint Thrombin Inhibitors 400

Thrombin Inhibitors
(with compression
stocks)

395

Eriksson et al.160 2007 Classic RCT Hip Factor Xa Inhibitor
(220 mg)

1,146

Factor Xa Inhibitor
(150 mg)

1,163

LMWH 1,154

Tian et al.109 2007 Classic RCT Total Joint ASA (100 mg) 100

LMWH 140

Eriksson et al.122 2008 Classic RCT Hip Rivaroxaban 2,209

LMWH 2,224
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TABLE I (continued)

Author's Last Name Year of Publication Type of Design Type of Surgery Chemical Name Sample Size

Kakkar et al.121 2008 Classic RCT Total Joint Rivaroxaban 1,228

LMWH 1,229

Colwell Jr. et al.108 2010 Other Hip ASA (81 mg) 199

LMWH 196

Raskob et al.161 2010 Other Hip Factor Xa Inhibitor 170

Factor Xa Inhibitor 158

LMWH 144

Lassen et al.162 2010 Classic RCT Hip Apixaban 1,949

LMWH 1,917

Eriksson et al.163 2011 Other Hip Factor Xa Inhibitor 792

LMWH 785

Intermountain Joint Replacement
Center Writing Committee127

2011 Observational
Prospective

Total Joint ASA (325 mg) 152

Warfarin 129

Warfarin 415

Kwong164 2011 Other Total Joint Factor Xa Inhibitor 6,183

LMWH 6,200

Khatod et al.165 2011 Observational
Retrospective

Hip ASA 934

LMWH 7,202

Warfarin 6,063

Jameson et al.119 2011 Observational
Retrospective

Total Joint ASA 22,942

LMWH 85,642

Raskob et al.166 2012 Other Total Joint Apixaban 3,394

LMWH 3,394

Nieto et al.167 2012 Other Total Joint Factor Xa Inhibitor 12,200

LMWH 12,261

Vulcano et al.126 2012 Observational
Retrospective

Total Joint ASA (325 mg) 1,115

Warfarin 426

Fuji et al.168 2012 Other Total Joint Factor Xa Inhibitor
(Low)

136

LMWH 82

Factor Xa Inhibitor 134

Beyer-Westendorf et al.169 2012 Observational
Retrospective

Total Joint Rivaroxaban 1,043

LMWH 1,495

Shoda et al.114 2015 Observational
Retrospective

Total Joint LMWH 11,049

Thrombin Inhibitors 22,727

Charters et al.170 2015 Observational
Retrospective

Total Joint Rivaroxaban 649

LMWH 1,113

Bonarelli et al.171 2015 Observational
Prospective

Hip Factor Xa Inhibitor 211

LMWH 196

Heckmann et al.172 2015 Observational
Prospective

Total Joint Rivaroxaban 838

LMWH 464

Özler et al.173 2015 Classic RCT Total Joint Rivaroxaban 60

LMWH 60
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TABLE I (continued)

Author's Last Name Year of Publication Type of Design Type of Surgery Chemical Name Sample Size

Ricket et al.174 2016 Observational
Retrospective

Total Joint Rivaroxaban 440

LMWH 438

Kim175 2016 Other Hip Rivaroxaban 350

LMWH 351

Huang et al.125 2016 Observational
Retrospective

Total Joint ASA 796

Warfarin 6,723

Deirmengian124 2016 Observational
Retrospective

Hip ASA 534

Warfarin 2,463

Yhim et al.115 2017 Observational
Retrospective

Hip ASA 3,654

Rivaroxaban 4,843

LMWH 13,653

Thrombin Inhibitors 997

Yhim et al.115 2017 Observational
Retrospective

Knee ASA 24,612

Rivaroxaban 64,859

LMWH 55,181

Thrombin Inhibitors 7,721

Lindquist et al.176 2018 Observational
Retrospective

Total Joint ASA (325 mg) 366

Rivaroxaban 438

LMWH 440

Senay et al.177 2018 Observational
Prospective

Total Joint Factor Xa Inhibitor 904

LMWH 1,468

Tan et al.178 2019 Observational
Retrospective

Total Joint ASA 13,610

LMWH 17,554

Warfarin 29,303

Ghosh et al.179 2019 Observational
Prospective

Total Joint ASA 6,078

Clopidogrel 56

Factor Xa Inhibitor 40

LMWH 995

Warfarin 105

Kasina et al.180 2019 Observational
Prospective

Hip Rivaroxaban 5,752

LMWH 26,881

Gage et al.181 2019 Classic RCT Total Joint Warfarin (Low) 804

Warfarin 793

Cheallaigh et al.182 2020 Observational
Retrospective

Total Joint ASA 3,460

Rivaroxaban 1,212

LMWH 961

Matharu et al.183 2020 Observational
Retrospective

Hip ASA 35,904

Factor Xa Inhibitor 29,522

Thrombin Inhibitors 3,864

Matharu et al.183 2020 Observational
Retrospective

Knee ASA 42,590

Factor Xa Inhibitor 30,697

Thrombin Inhibitors 41,323

Rahman et al.184 2020 Other Hip Rivaroxaban 80

LMWH 80
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that can be fatal96. Historical estimates of the incidence of DVT
without prophylaxis are between 40% and 84% after TKA and
around 39% to 74% after THA97. Recent clinical practice
guidelines (CPG) on effective and safe VTE prophylaxis, along
with perioperative protocols regarding early post-operative
mobilization and spinal anesthesia, have drastically reduced
morbidity and mortality secondary to VTE98,99. Nevertheless,
the National Institutes of Health (NIH) predicts that the
number of patients undergoing TJA and consequently the
number of thromboembolic complications is on the rise100.

In 2008 the American Association of Hip and Knee Sur-
geons (AAHKS) conducted a survey of its members to explore
current hospital guidelines for VTE prophylaxis following TJA.
99% of respondents said they routinely utilized either chemical
or mechanical prophylaxis following both TKA/THA101. Despite
not being able to recommend a specific agent, the 2011 Amer-
ican Academy of Orthopaedic Surgeons (AAOS) CPG advised
that all patients undergoing TJAmust receive some form of VTE
prophylaxis102. However, the more recent American College of
Chest Physicians (ACCP) guidelines of 2012 endorsed the use of
ASA as an appropriate method of VTE prophylaxis following
TJA103. Currently, the selection of a VTE prophylactic agent
following arthroplasty is largely determined by individual sur-
geon preference104. Common anti-coagulants used for the pre-
vention of VTE in orthopaedic patients include ASA, warfarin,
injectable agents like low-molecular-weight heparin (LMWH),
and the more recently approved Factor Xa inhibitors such as
rivaroxaban and apixaban105. The decision of which anticoagu-
lant to use entails achieving an ideal balance of agent efficacy,
while also avoiding the adverse side effects brought on by drugs
with higher risk profiles106.

Comparative analyses were performed using Network
Meta-Analyses (NMA) and odds ratio (OR) with 95% confi-
dence intervals reported. Evaluation of all included studies,
levels I-IV, showed that low-dose ASA (100 mg) demonstrated
the lowest risk of VTE development106-111. Compared to low-
dose ASA, LMWH (postop), LMWH (preop), and rivaroxaban

did not significantly differ in their risk of developing VTE, with
OR of 1.11 (0.33, 3.76), 1.36 (0.41, 4.50) and 1.38 (0.55, 3.45),
respectively. Conversely, high-dose ASA (325 mg) showed the
greatest risk of VTE with an OR of 7.90 (2.60, 24.05) followed
by heparin (5.94 [2.28, 15.47]) and mechanical prophylaxis
(5.76 [1.87, 17.73]), when compared to low-dose ASA. When
assessing for bleeding events in all studies, low-dose ASA
(81 mg) exhibited the lowest risk estimate and was used as a
reference. Mechanical prophylaxis (1.97 [0.04, 94.52]), LMWH
20 mg (2.93 [0.20, 43.80]) and low-dose warfarin (4.32 [0.25,
75.41]) showed the next lowest estimates but did not signifi-
cantly differ in risk from low-dose ASA. Thrombin inhibitors
(23.91 [1.94, 295.06]) were the most likely to be associated with
bleeding events, followed by LMWH (postop) (19.66 [1.53,
252.94]) and heparin (18.32 [1.45, 231.39])112-118.

Limiting analysis to only level I (RCT) studies, rivarox-
aban demonstrated the lowest risk of VTE development99,119-122.
Low-dose ASA (100 mg), when compared to rivaroxaban, did
not significantly differ in risk of VTE development with an OR
of 1.61 (0.47, 5.54). Apixaban (2.70 [1.30, 5.62]) and direct
thrombin inhibitors (3.49 [1.91, 6.39]) had the next lowest risk
of VTE. Additionally, LMWH given post-operatively had an
OR of 3.89 (1.38, 10.97). High-dose ASAwhen compared with
rivaroxaban, was found to have the highest OR of VTE devel-
opment at 26.11 (6.69, 101.90) followed by LMWH 30 mg
(15.02 [1.98, 114.01] and low-dose warfarin (13.83 [6.13,
31.18]). LMWH (20 mg) demonstrated the lowest probability
of bleeding events in level I studies and was used as a reference.
Low-dose warfarin (1.37 [0.25, 7.58]), mechanical prophylaxis
(0.69 [0.03, 15.53]), one dose of heparin (3.11 [0.98, 9.89]) and
ASA (4.03 [1.02, 15.97]) had relatively low risk of bleeding
when compared to LMWH 20 mg. 100 mg ASA (8.67 [2.32,
32.40]), thrombin inhibitors (7.01 [2.50, 19.64] and heparin
(6.23 [2.39, 16.21]) increased the risk of bleeding, when
compared with LMWH 20 mg107-109,123,124.

The results of our meta-analysis are consistent with
currently published scientific literature. We found that in level-

TABLE I (continued)

Author's Last Name Year of Publication Type of Design Type of Surgery Chemical Name Sample Size

Ren et al.185 2021 Observational
Retrospective

Hip ASA (100 mg) 34

Rivaroxaban 36

Borton et al.186 2021 Observational
Retrospective

Hip ASA 2,560

LMWH 1,049

Warfarin 193

Uvodich et al.111 2021 Observational
Retrospective

Total Joint ASA (81 mg) 961

ASA 2551

Hovik110 2021 Observational
Prospective

Total Joint ASA (81 mg) 1,084

LMWH 5,010

RCT=Randomized clinical trial; LMWH=Low-molecular-weight heparin; mg=milligrams: ASA=Aspirin.
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Fig. 1

Figs. 1 through 4 Level I-IV studies.

Fig. 2
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Fig. 3

Fig. 4
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Fig. 5

Figs. 5 through 8 Only Level I studies.

Fig. 6
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I studies, rivaroxaban exhibited slightly lower rates of VTE
occurrence when compared to ASA. However, the significance
of this is limited, as only four such studies included ASA, none
of which directly compared ASA to rivaroxaban99,107,109,123.

Overall, we found that low-dose ASAwas effective at preventing
VTE when compared to other measures. In addition, it ex-
hibited lower rates of bleeding when compared to more com-
monly used prophylactic agents99,107,109,115,123-127.

Fig. 7

Fig. 8
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In the United States, ASA has emerged as the most
commonly used VTE prophylactic agent following TJA101. This
widespread adoption of ASA for VTE prophylaxis in TJA has
reinforced its standing as a safe and effective agent, that
requires no blood test for monitoring95. In a recent meta-
analysis of RCT, Matharu et al.128, demonstrated that there was
no difference in risk of developing VTE, in patients receiving
ASA vs. other anticoagulants following TJA. Furthermore,
Rondon et al.129, showed that patients who received ASA, vs.
those in the non-ASA cohort, had a 3-fold and 2-fold reduction
in risk of death following TJA at 30-days and 1-year, respec-
tively. In addition, ASA has a considerably more benign risk
profile when compared to other more potent anticoagulants.
Patients receiving ASA experience substantially lower rates of
bleeding, hematomas, wound infection, and periprosthetic
joint infection95,130.

Recent literature has now discredited previously
made determinations that high-dose ASA (325 mg twice a
day [bis in die (bid)]) provides greater protection against
cardiovascular and cerebrovascular events than low-dose
ASA (75 - 100 mg bid)131,132. Likewise, the Pulmonary
Embolism Prevention trial of 2001 showed that low-dose
ASA significantly reduced the incidence of DVT and PE in
patients undergoing TJA133. Despite the AAOS guidelines102

recommending high-dose ASA (325 mg bid) for VTE pre-
vention following TJA, Parvizi et al.129,134, demonstrated
that low-dose (81 mg bid) ASA was just as effective at VTE
prevention as high-dose ASA, while also exhibiting no
difference in mortality rates up to 1 year postoperatively.
Moreover, low-dose ASA is also associated with lower rates
of bleeding than high-dose ASA and may potentially reduce
gastrointestinal toxicity135.

Even with the advent of newer more potent anticoagu-
lants, conventional low-dose ASA remains the most optimal
method of VTE prophylaxis following TJA. The results of this
meta-analysis, along with previously published literature,
reiterate low-dose ASA’s position as an effective, safe, widely
available, and inexpensive agent.

Analysis and comparison between studies is shown in
(Table I), and (Figure 1 to Figure 8).

Saad Tarabichi, Matthew B. Sherman, Kerri-Anne Ciesielka,
Colin M. Baker, Javad Parvizi
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Haas SB, Salvati EA. Safety and efficacy of multimodal thromboprophylaxis following
total knee arthroplasty: a comparative study of preferential aspirin vs. routine
coumadin chemoprophylaxis. J Arthroplasty. 2013 Apr;28(4):575-9.
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4 - What is the chemoprophylactic agent of choice for
patients undergoing simultaneous bilateral total knee
arthroplasty (SBTKA)?

Response/Recommendation: Patients undergoing SBTKA
are at a higher risk of venous thromboembolism (VTE) com-
pared to those undergoing unilateral total knee arthroplasty
(TKA). Chemical prophylaxis should be considered for these
patients.

Strength of Recommendation: Limited.
Delegates vote: Agree 94.83% Disagree 1.72% Abstain

3.45% (Strong Consensus).
Rationale: A SBTKA is an effective surgical option for

patients with bilateral knee osteoarthritis as it imparts several
benefits including a decreased cumulative operative time and
lower economic burden187-189. Although SBTKA provides sev-
eral advantages for the patient, it is associated with a higher rate
of complications such as VTE.

A vast body of literature has reported an increased risk of
VTE following SBTKA compared to unilateral TKA190-197. This
heightened risk may be the result of increased operative time,
blood loss, and longer recovery period associated with the
operation. Current VTE prophylaxis guidelines presented by
the American Academy of Orthopaedic Surgeons (AAOS) and
American College of Chest Physicians (ACCP) do not provide
guidance on the most appropriate prophylactic agent to pre-
scribe to patients undergoing SBTKA198,199. Consequently, it is
common practice for surgeons to prescribe more aggressive
anticoagulation for these higher-risk patients.

Although aspirin has shown to be as effective as other
chemoprophylactic agents with a more favorable safety profile
for patients undergoing TKA200-207, existing studies examined
heterogenous cohorts containing both unilateral and bilateral
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procedures208-210. Furthermore, other studies compared aspirin
with potent anticoagulants only after risk-stratifying patients
based on VTE risk, prescribing aspirin only to “low-risk”
unilateral TKA and potent anticoagulants to “high-risk”
bilateral TKA211,212. As a result, current literature still lacks
consensus regarding the most appropriate VTE prophylactic
agent for patients undergoing SBTKA.

Two retrospective studies compared the efficacy of various
chemoprophylactic agents for the prevention of VTE following
SBTKA213,214. Goel et al., evaluated the incidence of VTE in patients
undergoing SBTKA and compared the efficacy of aspirin and
warfarin for VTE prevention213. Employing a validated VTE risk
calculator to control for confounding risk factors, the study found
that aspirinwas as protective as warfarin for these high-risk patients.
Similarly, Nam et al., compared the efficacy of a multimodal regi-
men (mobile compression device with aspirin) and warfarin in
patients undergoing SBTKA, reporting no symptomatic VTE events
in the aspirin cohort compared to one in the warfarin cohort214.

Although it is widely recognized that SBTKA is associated
with an increased risk of VTE, current literature lacks robust data
evaluating the optimal prophylactic agent for these higher-risk
patients. In the absence of such data, it is the recommendation of
this workgroup that chemical prophylaxis, which includes aspirin,
should be considered for patients undergoing SBTKA.

Graham S. Goh, Leanne Ludwick, Andrea Baldini
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5 - What is the chemoprophylactic agent of choice for
patients undergoing simultaneous bilateral total hip
arthroplasty (SBTHA)?

Response/Recommendation: Patients undergoing
SBTHA are at a higher risk of venous thromboembolism (VTE)
compared to those undergoing unilateral total hip arthroplasty
(THA). Chemoprophylaxis should be considered for these
patients, although the optimal agent remains uncertain.

Strength of Recommendation: Limited.
Delegates vote: Agree 94.07% Disagree 1.69% Abstain

4.24% (Strong Consensus).
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Rationale: A SBTHA has demonstrated several advan-
tages in carefully selected patients, including the need for only
one anesthetic, reduced length of stay and decreased periop-
erative costs215-217. Although one recent meta-analysis reported
lower rates of major systemic complications and deep venous
thrombosis (DVT) in SBTHA218, and comparable rates of
pulmonary embolism (PE) and mortality between simulta-
neous and staged procedures, there is ample evidence to suggest
that single-stage bilateral THA is associated with a greater risk
of VTE due to the an increased volume of procoagulants forced
into the venous circulation from the intramedullary canal as
well as the prolonged operative time causing venous sta-
sis219,220. A vast body of literature has reported an increased
risk of VTE following simultaneous bilateral compared to
unilateral THA221-227.

The most recent guidelines from the American Acad-
emy of Orthopaedic Surgeons (AAOS), the American Col-
lege of Chest Physicians (ACCP) and the National Institute
or Health and Clinical Excellence (NICE) do not specify the
optimal VTE prophylactic agent for patients undergoing
SBTHA228-230. While aspirin has been established as an
effective chemoprophylaxis option with a favorable safety
profile compared to more aggressive anticoagulants231, it
remains uncertain whether VTE prophylaxis selection
should be individualized on the basis of the risk profile of the
patient. The guidelines by the AAOS similarly emphasized
the importance of risk stratification but was unable to offer
guidance on such stratification229.

Current literature lacks consensus regarding the most
appropriate VTE prophylactic agent for patients undergoing
simultaneous bilateral joint replacements. Previous studies
comparing different agents examined heterogenous cohorts
containing both unilateral and bilateral THA232-234. In addition,
another study compared the efficacy of aspirin with that of other
anticoagulants only after risk-stratifying unilateral cases into a
“low-risk” group that received aspirin, and bilateral cases into a
“high-risk” group that received potent anticoagulants, thus
making it difficult to make a valid comparison235. While a few
retrospective studies have examined the efficacy of different
chemoprophylactic agents following simultaneous bilateral total
knee arthroplasty236,237, only one study has been performed in
THA literature238. Beksac ̧ et al., retrospectively analyzed 644
patients who underwent SBTHA followed by a multimodal
prophylaxis protocol. Importantly, the authors found no sig-
nificant difference in the rates of symptomatic VTE (6.2% vs.
5.7%), PE (1.4% vs. 1.1%), DVT (7.0% vs. 5.7%) between the
warfarin (n = 292) and aspirin (n= 352) groups. There were two
deaths in each group, neither of which were related to VTE238.

While it is widely acknowledged that bilateral joint
replacements are associated with a greater VTE risk, there is a
paucity of evidence on the optimal prophylactic agent following
these procedures. Therefore, we recommend that routine che-
moprophylaxis, including aspirin as well as more potent antico-
agulants, should be considered for all patients undergoing
SBTHA. Future comparative trials are needed to address this issue.

Graham S. Goh, Leanne Ludwick, Yoshi P. Djaja

References
215. Reuben JD, Meyers SJ, Cox DD, Elliott M, Watson M, Shim SD. Cost
comparison between bilateral simultaneous, staged, and unilateral total joint
arthroplasty. J Arthroplasty. 1998 Feb;13(2):172-9.
216. Parvizi J, Tarity TD, Sheikh E, Sharkey PF, Hozack WJ, Rothman RH. Bilateral
total hip arthroplasty: one-stage versus two-stage procedures. Clin Orthop Relat Res.
2006 Dec;453(453):137-41.
217. Kim YH, Kwon OR, Kim JS. Is one-stage bilateral sequential total hip
replacement as safe as unilateral total hip replacement? J Bone Joint Surg Br. 2009
Mar;91(3):316-20.
218. Shao H, Chen CL, Maltenfort MG, Restrepo C, Rothman RH, Chen AF. Bilateral
Total Hip Arthroplasty: 1-Stage or 2-Stage? A Meta-Analysis. J Arthroplasty. 2017
Feb;32(2):689-95.
219. Berend ME, Ritter MA, Harty LD, Davis KE, Keating EM, Meding JB, Thong AE.
Simultaneous bilateral versus unilateral total hip arthroplasty an outcomes analysis.
J Arthroplasty. 2005 Jun;20(4):421-6.
220. Ritter MA, Stringer EA. Bilateral total hip arthroplasty: a single procedure. Clin
Orthop Relat Res. 1980 Jun;(149):185-90.
221. Zhang ZH, Shen B, Yang J, Zhou ZK, Kang PD, Pei FX. Risk factors for venous
thromboembolism of total hip arthroplasty and total knee arthroplasty: a
systematic review of evidences in ten years. BMC Musculoskelet Disord. 2015
Feb 10;16:24.
222. Parvizi J, Huang R, Rezapoor M, Bagheri B, Maltenfort MG. Individualized Risk
Model for Venous Thromboembolism After Total Joint Arthroplasty. J Arthroplasty.
2016 Sep;31(9)(Suppl):180-6.
223. Cronin M, Dengler N, Krauss ES, Segal A, Wei N, Daly M, Mota F, Caprini JA.
Completion of the Updated Caprini Risk Assessment Model (2013 Version). Clin
Appl Thromb Hemost. 2019 Jan-Dec;25:1076029619838052.
224. Trojani C, d’Ollonne T, Saragaglia D, Vielpeau C, Carles M, Prudhon JL; French
Society for Hip and Knee (SFHG). One-stage bilateral total hip arthroplasty: functional
outcomes and complications in 112 patients. Orthop Traumatol Surg Res. 2012 Oct;
98(6)(Suppl):S120-3.
225. Virtanen L, Salmela B, Leinonen J, LemponenM, Huhtala J, Joutsi-Korhonen L,
Lassila R. Laboratory-monitored fondaparinux and coagulation activity in association
with total hip replacement. Blood Coagul Fibrinolysis. 2014 Sep;25(6):597-603.
226. Yeager AM, Ruel AV, Westrich GH. Are bilateral total joint arthroplasty patients
at a higher risk of developing pulmonary embolism following total hip and knee
surgery? J Arthroplasty. 2014 May;29(5):900-2.
227. Won MH, Lee GW, Lee TJ, Moon KH. Prevalence and risk factors of
thromboembolism after joint arthroplasty without chemical thromboprophylaxis in an
Asian population. J Arthroplasty. 2011 Oct;26(7):1106-11.
228. Falck-Ytter Y, Francis CW, Johanson NA, Curley C, Dahl OE, Schulman S, Ortel
TL, Pauker SG, Colwell CW Jr. Prevention of VTE in orthopedic surgery patients:
Antithrombotic Therapy and Prevention of Thrombosis, 9th ed: American College of
Chest Physicians Evidence-Based Clinical Practice Guidelines. Chest. 2012 Feb;
141(2)(Suppl):e278S-325S.
229. Jacobs JJ, Mont MA, Bozic KJ, Della Valle CJ, Goodman SB, Lewis CG, Yates
AC Jr, Boggio LN, Watters WC 3rd, Turkelson CM, Wies JL, Sluka P, Hitchcock K.
American Academy of Orthopaedic Surgeons clinical practice guideline on:
preventing venous thromboembolic disease in patients undergoing elective hip and
knee arthroplasty. J Bone Joint Surg Am. 2012 Apr 18;94(8):746-7.
230. National Guideline Centre (UK). Venous Thromboembolism in over 16s:
Reducing the Risk of Hospital-Acquired Deep Vein Thrombosis or Pulmonary
Embolism. National Institute for Health and Care Excellence (UK); 2018. Accessed
August 23, 2021. http://www.ncbi.nlm.nih.gov/books/NBK493720/
231. Parvizi J, Ceylan HH, Kucukdurmaz F, Merli G, Tuncay I, Beverland D. Venous
Thromboembolism Following Hip and Knee Arthroplasty: The Role of Aspirin. J Bone
Joint Surg Am. 2017 Jun 7;99(11):961-72.
232. Odeh K, Doran J, Yu S, Bolz N, Bosco J, Iorio R. Risk-Stratified Venous
Thromboembolism Prophylaxis After Total Joint Arthroplasty: Aspirin and Sequential
Pneumatic Compression Devices vs Aggressive Chemoprophylaxis. J Arthroplasty.
2016 Sep;31(9)(Suppl):78-82.
233. Intermountain Joint Replacement Center Writing Committee. A prospective
comparison of warfarin to aspirin for thromboprophylaxis in total hip and total knee
arthroplasty. J Arthroplasty. 2012 Jan;27(1):1-9.e2.
234. Yu X, Wu Y, Ning R. The deep vein thrombosis of lower limb after total hip
arthroplasty: what should we care. BMCMusculoskelet Disord. 2021 Jun 15;22(1):547.
235. Vulcano E, Gesell M, Esposito A, Ma Y, Memtsoudis SG, Gonzalez Della Valle
A. Aspirin for elective hip and knee arthroplasty: a multimodal thromboprophylaxis
protocol. Int Orthop. 2012 Oct;36(10):1995-2002.
236. Nam D, Nunley RM, Johnson SR, Keeney JA, Barrack RL. Mobile compression
devices and aspirin for VTE prophylaxis following simultaneous bilateral total knee
arthroplasty. J Arthroplasty. 2015 Mar;30(3):447-50.

198

THE JOURNAL OF BONE & JOINT SURGERY d J B J S .ORG

VOLUME 104-A d NUMBER 6 (SUPPLEMENT 1) d MARCH 16, 2022
RECOMMENDATIONS FROM THE ICM-VTE: HIP & KNEE

http://www.ncbi.nlm.nih.gov/books/NBK493720/


237. Goel R, Fleischman AN, Tan T, Sterbis E, Huang R, Higuera C, Parvizi J,
Rothman RH. Venous thromboembolic prophylaxis after simultaneous bilateral total
knee arthroplasty: aspirin versus warfarin. Bone Joint J. 2018 Jan;100-B(1)(Supple
A):68-75.
238. Beksaç B, González Della Valle A, Anderson J, Sharrock NE, Sculco TP,
Salvato EA. Symptomatic thromboembolism after one-stage bilateral THA with a
multimodal prophylaxis protocol. Clin Orthop Relat Res. 2007 Oct;463(463):
114-9.

6 - Which VTE prophylactic agent used in patients
undergoing TKA/THA has the highest bleeding rate?

Response/Recommendation: Patients undergoing total
hip arthroplasty/total knee arthroplasty (THA/TKA) who
received thromboprophylaxis are at an increased risk of
bleeding. Higher bleeding rates were detected for low-
molecular-weight heparin (LMWH) versus aspirin (ASA)
and for rivaroxaban versus LMWH and other novel oral
anticoagulants (NOAC), while the lowest bleeding rates in
patients receiving NOAC were observed for apixaban. Drug
dosage and patient characteristics (age, renal dysfunction)
may complicate the data on bleeding risk as may changes in
clinical practice (particularly with the wide use of tranexamic
acid (TXA) currently).

Strength of Recommendation: Limited.
Delegates vote: Agree 95.73% Disagree 1.71% Abstain

2.56% (Strong Consensus).
Rationale: Thromboprophylaxis by different strategies

has proven effective in decreasing the risk of venous throm-
boembolism (VTE)239 associated with both THA, and TKA.
VTE can include distal or proximal deep venous thrombosis
(DVT) and occasionally pulmonary embolism (PE). The use of
thromboprophylaxis trades off the decreased risk of VTE with
the potential for increased bleeding.

Bleeding as a complication of THA/TKA surgery under
pharmacological thromboprophylaxis is a safety issue usu-
ally incorporated into clinical trials, even if the definition
and adjudication of bleeding outcomes may be inhomoge-
neous and therefore inconclusive240. Major bleeding may
account for up to 8.9% of total perioperative deaths241 fol-
lowing total joint arthroplasty (TJA) and therefore is a
concerning complication. While major bleeding and hem-
orrhage is usually detected and reported in trials, minor
bleeding remains subjective whilst occult blood loss may be
underdiagnosed. Two large phase 4 trials reported a 0.1%
major bleeding risk following TJA when rivaroxaban was
used for thromboprophylaxis242,243. Heterogeneity increases
when specific bleeding complications are investigated, such
as gastrointestinal bleeding244. Furthermore, a meta-analysis
with trial sequential analysis to test the robustness of find-
ings related to rivaroxaban245 concludes that major bleeding
(not included as primary endpoint) did not reach the
required information size and therefore more evidence may
be needed to verify the risk. However, when surgical-site
bleeding is incorporated in a risk-benefit analysis of NOAC,
the clinical net benefit is not so clear in THA while main-
tained in TKA246. Despite these inconsistencies, efficacy and
safety is universally confirmed and accepted for all throm-

boprophylaxis agents in clinical use today, after clinical trials
and meta-analysis.

An important body of literature is available about the
results of early and pivotal clinical trials for all pharmacological
agents in the market. Individual trials may offer different re-
porting criteria for bleeding events, and therefore, comparative
trials and meta-analysis should be preferred to define bleeding
rates and risks, even if sometimes limited strength of the rec-
ommendations is observed, due to limited or conflicting evi-
dence. Systematic reviews and particularly meta-analysis of
these trials offer best evidence and data to conclude on some
comparisons. But even those may be conflicting due to heter-
ogeneity in reported bleeding, and in surgical or patient con-
founding factors. A recent meta-analysis with pooled analysis
of bleeding events in the rivaroxaban trials247 showed that the
overall rate of major bleeding events, overt bleeding events
associated with fall in hemoglobin (Hb) of > 2g/dL, clinically
overt bleeding events leading to transfusion of > 2 units of
blood, clinically overt bleeding events leading to further sur-
geries, and non-major bleeding events were < 1%, < 1%, <
1%, < 1%, and 3%, respectively. Many procedural factors may
apply. Differences in clinical practice such as the use of TXA
and transfusion indications, means that conclusions are hard to
establish.

Three major studies of safety comparisons were identi-
fied in the literature: LMWH versus ASA248, non-vitamin-Koral
anticoagulants (NOAC, including direct factor Xa inhibitors
and other, such as rivaroxaban, dabigatran, apixaban, ximela-
gatran, etc.) versus LMWH249-262 or ASA263-265, and NOAC of
different groups comparing to each other252,266. Bleeding rates
are not always reported, and bleeding risks may be used as the
surrogate. Rarely, meta-analysis have been published focusing
on the surgical site bleeding risks267, reporting higher relative
risks for LMWH and rivaroxaban, and lower for apixaban.
Network meta-analysis comparing all options268 seem to
confirm a decreased hemorrhage risk with oral anti-Xa com-
pared with LMWH, also lower for both anti-Xa and LMWH to
vitamin-K antagonists (VKA) with international normalized
ratio (INR) between 2 and 3.

When comparing ASA and LMWH248 in a meta-analysis
(4 trials, 1507 patients), no significant difference in the
bleeding risk was detected (major bleeding, relative risk [RR] =
0.84; minor bleeding, RR = 0.77).

NOAC comparisons report slightly different bleeding
rates for each agent against LMWH (usually enoxaparin) and
among them. A synthesis includes: major bleeding in 1.4%
(220 mg) or 1.1% (150 mg) vs. 1.4% (3 trials and 8,135 patients
in dabigatran vs enoxaparin251,); major or non-major, clinically
relevant bleeding RR vs. enoxaparin of 1.52 (ribaroxaban), 0.34
(betrixaban), 0.88 (apixaban), 0.85 (darexaban), 1.30 (edox-
aban)250; better preventive effects on bleeding with apixaban252;
RR of major bleeding of oral direct factor Xa inhibitors vs.
enoxaparin, 1.27 (5 trials, 12,184 patients with THA) and 0.94
(5 trials, 13,169 patients with TKA) being non significantly
different from enoxaparin253; less bleeding (and less efficacy) of

199

THE JOURNAL OF BONE & JOINT SURGERY d J B J S .ORG

VOLUME 104-A d NUMBER 6 (SUPPLEMENT 1) d MARCH 16, 2022
RECOMMENDATIONS FROM THE ICM-VTE: HIP & KNEE



enoxaparin vs. immediately postop ximegalatran with hip odds
ratio (OR) = 0.30 and knee OR = 0.71 (6 trials, 10,051 THA or
TKA patients)254; compared to enoxaparin, the RR of clinically
significant risk of bleeding was higher with rivaroxaban (RR =
1.25), similar with dabigatran (RR = 1.12) and lower with
apixaban (RR = 0.82) in a meta-analysis of 16 trials, 38,747
THA or TKA patients256; compared with dabigatran, enox-
aparin similarly efficacious and similar risk of bleeding (OR =
0.90), while compared with rivaroxaban, enoxaparin less effi-
cacious but lower risk of bleeding (OR = 0.79) in a meta-
analysis with 6 trials, 18,405 THA or TKA patients257; in a
network meta-analysis with 19 trials and 43,838 THA or TKA
patients, OR were also calculated against enoxaparin 30 mg
twice a day (bis in die [bid]) or 40 mg daily, and bleeding
(major/non-major clinically relevant) was significantly
increased for fondaparinux (vs. 40 mg daily, OR = 0.67) and
rivaroxaban (vs. 40 mg daily, OR = 0.77)258, while apixaban as
the comparator (2.5 mg bid) showed increased bleeding with
enoxaparin 30 mg bid (OR = 0.75), dabigatran (OR = 0.73),
fondaparinux (OR = 0.56), and rivaroxaban (OR = 0.65); a
meta-analysis with 21 randomized control trials (RCT)259

produced major bleeding rates with enoxaparin of 1.32%,
dabigatran 1.25%, rivaroxaban 2.02%, apixaban 0.70%, xi-
megalatran 0.93%; a pooled analysis of 2 RCTwith 8,464 THA
or TKA patients comparing apixaban and enoxaparin showed a
major bleeding rate of 0.7% and 0.8%, but when non-major
clinically relevant bleeding was summed, the rates were 4.4%
for apixaban and 4.9% for enoxaparin260. As a summary, major
bleeding rates for enoxaparin were reported from 0.8 to 1.3%,
for dabigatran 1.1 to 1.4%, for apixaban around 0.7, for ri-
varoxaban around 2%. Other clinically relevant bleeding may
account for about 4%, but minor bleeding rates are difficult to
establish.

When comparing ASA and NOAC, the former had less
risk of blood transfusion than rivaroxaban (RR = 0.94)264. A
large trial (3,424 patients) did not find significant differences
between ASA and rivaroxaban in clinically important bleeding
(1.29% vs. 0.99%) or major bleeding (0.47% vs. 0.29%)263,
and a recent meta-analysis269 could not find any significant
differences in any bleeding, major bleeding, minor bleeding,
gastrointestinal tract bleeding or wound hematoma, between
ASA or any other comparator.

Risks associated to dosage were studied between anti-Xa
agents and LMWH255,270. With LMWH as a comparator, enox-
aparin 30 mg bid may decrease the VTE risk but may increase
the clinically significant hemorrhage (in270 significantly, in255

non-significantly). Of note, many clinical trials of NOAC have
used enoxaparin 40 mg once daily, the standard in many cen-
ters at the time of trials. ASA dosage in thromboprophylaxis has
been studied (81 mg bid vs. 325 mg bid) showing similar
bleeding rates with an overall rate of 0.9%, although 325 mg
produced more gastrointestinal symptoms271. Prolonged
administration of thromboprophylaxis with LMWH was not
associated with changes in major bleeding but there was an
increase in minor bleeding (3.7% in long-term administration

vs. 2.5% in short-term prophylaxis)272, although a registry
study273 did not associate any increased bleeding risk. Again,
definition and reporting may be different.

There is little contemporary literature with warfarin as a
comparator and most studies compare different doses274,275.
Early trials with warfarin and LMWH276 seemed to highlight
higher bleeding risks with LMWH vs. adjusted warfarin (2.8%
vs. 1.2% incidence of major bleeding events).

Risks may be increased in case of renal dysfunction277,
and concomitant medications or age may also affect bleeding.
Non-steroidal anti-inflammatory drugs278,279 did not increase
the risk of bleeding for dabigatran278, and age older than 75280

showed lower risk of bleeding with anti-Xa medications than
with LMWH (OR = 0.71).

Fibrinolysis and antifibrinolytic agents (such as TXA)
may have an impact on bleeding281-284, and it is worth consid-
ering that many of the above-mentioned meta-analysis were
based on trials performed without perioperative TXA. Today’s
standard-of-care incorporating TXA may have produced dif-
ferent bleeding rates. Hidden blood loss after TXA in patients
receiving enoxaparin, rivaroxaban or nadroparin was not sta-
tistically significant in a trial with 150 patients281, but this will
need further investigation.

Although all investigated thromboprophylaxis agents
have a reasonable safety profile, bleeding events are a matter
of concern for all surgeons. Variability in patients and pro-
cedures may apply, but careful attention to outweigh risks
and benefits, personalize the thromboprophylaxis regime
and early detection of related bleeding complications is
required to improve the standard of health care invasive
measures such as anticoagulant prescription in the periop-
erative period of total joint replacement, particularly when
no specific antidote is available for most NOAC285, and
anticoagulant overtreatment represents a serious risk of
bleeding in our surgical patients.

Enrique Gómez-Barrena, Per Kjærsgaard Andersen
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7 - What is the incidence of readmission and re-operation
for hematomas secondary to administration of chemo-
prophylaxis for VTE in patients undergoing total joint
arthroplasty?

Response/Recommendation: The incidence of read-
mission and re-operation for hematomas secondary to chemo-
prophylaxis for venous thromboembolism (VTE) in patients
undergoing total joint arthroplasty (TJA) is low and not defini-
tively related to the choice of anti-coagulant. There is a trend
toward increased incidence of hematomas requiring re-operation
in patients on enoxaparin in comparison to warfarin or factor Xa
inhibitors. Thirty-day readmission rates are higher for all che-
motherapeutic agents (low-molecular-weight heparin [LMWH],
direct-oral anticoagulant [DOAC], warfarin), in comparison to
aspirin (ASA). However, risk stratification practices resulting in
higher risk patients who have complex co-morbidities preferably
receiving these more potent agents have not been eliminated as a
confounding variable in existing studies.

Risk stratification can be done as per the American Acad-
emy of Orthopaedic Surgeons (AAOS) and the American College
of Chest Physicians (ACCP) guidelines and by further informa-
tion found in the response to question # 24 of the 2021 Inter-
national Consensus Meeting (ICM) on VTE - General section.

Strength of Recommendation: Limited.
Delegates vote: Agree 93.16% Disagree 3.42% Abstain

3.42% (Strong Consensus).
Rationale: The incidence of unplanned readmission

following TJA has been reported to be 2.4 to 8.5% within
30 days and 5.3 to 11.9% at 90 days286-289.

Hematoma has been reported to be between the 3rd to 7th

most common reason for readmission following primary
TJA290,291, and accounts for up to 6.7% of readmissions fol-
lowing total hip arthroplasty (THA)291 and 8.5% of read-
missions for total knee arthroplasty (TKA)287.

A variety of chemoprophylactic agents are used for VTE
prevention following TJA including low- and high-dose ASA
(81 mg or 325 mg, respectively), LMWH, warfarin, and newer
DOAC such as factor Xa and thrombin inhibitors including

rivaroxaban, apixaban, dabigatran. There is no universal con-
sensus on the optimal strategy for risk stratification and choice
of agent for VTE prevention following primary TJA. While
DOAC have been demonstrated to be more effective and
convenient for patients than injectable medications292, there
remain concerns about increased risk of complications related
to bleeding such as wound healing problems and hematomas,
which can lead to unplanned readmissions and reoperations.

Multiple randomized control trials have shown that while
both enoxaparin and warfarin have good efficacy for VTE pre-
vention in TJA, enoxaparin is associated with a trend towards
increased risks of major and minor bleeding. This finding was
consistently a trend, but not always statistically significant293,294.

A meta-analysis comparing DOAC and LMWH for DVT
prevention in TJAwas performed using a dose-response model
to evaluate the efficacy and safety of anticoagulation for the
prevention of VTE in THA and TKA295. The therapeutic index
was used to compare the safety and efficacy of a variety of
chemoprophylactic agents. The therapeutic index-defined as a
ratio of bleeding/efficacy using major bleeding (defined by the
International Society on Thrombosis and Haemostasis) as the
reference point for bleeding, and VTE as the reference point of
efficacy, was found to be superior for factor Xa inhibitors
(apixaban (5 mg/daily), rivaroxaban (10 mg daily), and edox-
aban (30 mg daily) in comparison to both low- and high-dose
LMWH (enoxaparin 40mg daily or 30mg twice a day [bis in die
(bid)], respectively). Dabigatran was not found to be superior
to enoxaparin for bleeding risk or efficacy. It was found that
there is a difference in the efficacy and safety profile based upon
regional variations of dosing of enoxaparin used: the 30 mg bid
dosing (North American dosing) was associated with increased
risk of major bleeding or clinically relevant bleeding compared
to 40 mg once daily (European dosing)295.

Conversely, in a retrospective analysis of a prospective
database296, use of factor Xa inhibitors was associated with a
significantly higher rate of bleeding and wound complication
in comparison to those on high-dose ASA in patients under-
going primary THA and TKA (18.7% vs. 0%, p < 0.03). Of the
patients with bleeding and wound complications, however,
only one developed a hematoma and two were readmitted.
Another observational study assessed the incidence of post-
operative complications in patients receiving either rivarox-
aban or enoxaparin thromboprophylaxis for THA and TKA.
There were no significant differences in the readmission rate
between rivaroxaban and enoxaparin treated patients, nor in
the incidence of minor bleeding (2.0% vs. 0%) and hemor-
rhagic wound complications (5.0% vs. 1.8%)297.

In a large single center cohort of 17,784 patients under-
going TKA, the incidence of hematomas requiring re-operation
within 30 days of surgery was 0.24%. Patients who had hema-
tomas were compared to those who did not have hematomas
(controls). A history of bleeding disorder (von Willebrand dis-
ease, or Hemophilia A, or B) was found to be associated with
increased risk of hematomas requiring readmission and re-
operation; pre-operative anticoagulation and type of post-operative
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anticoagulant (i.e., no chemoprophylaxis, ASA, LMWH, war-
farin) were not found to be risk factors for hematoma for-
mation298,299, although some studies revealed a higher rate of
bleeding complications and reoperations following TKA using
pre-operative warfarin management300 and pre-operative
dalteparin301.

In a case control series comparing patients who had TJA
that developed periprosthetic joint infection (PJI) and controls
who did not develop a PJI302, the authors found that patients
who had international normalized ratio (INR) > 1.5 on war-
farin chemoprophylaxis had an increased risk of PJI following
TJA and patients who had PJI had higher rates of reoperation
due to hematomas than those who had no infection, of whom
the majority had an INR < 1.5.

In a retrospective review including 21,864 primary THA
and TKA, it was found that 30-day readmission rates after
primary THA were increased when the choice of VTE pro-
phylaxis was any agent other than ASA. However, a major
limitation of this study was that anticoagulant selection was
mainly based on the discretion of the operative surgeon290.

As for revision TJA, it is thought that it may expose
patients to higher VTE risks and for developing bleeding and
infection complications. In a retrospective review of a
database including 3,178 patients who underwent revision
TJA303, administration of ASA to low-risk patients reached a
higher efficacy than warfarin to reduce VTE events and
reduced the incidence of reoperations for evacuation of post-
operative hematomas. In a retrospective cohort study of
1,048 revision TJA304, when administering LMWH (tinza-
parin) compared to DOAC (rivaroxaban), higher read-
missions (9 vs. 22, p = 0.046) and reoperation rates (0 vs. 9,
p = 0.032) were found.

Using a multimodal approach in which the treatment
regimen is selected according to patient risk factors may be the
best strategy305. In a retrospective review of 1,179 consecutive
TJA303, reoperations and readmissions due to wound hemato-
mas occurred only in patients being managed with warfarin or
LMWH (p = 0.0001), either for prophylaxis (high-risk factors)
or for treatment of VTE/pulmonary embolism (PE), compared
to those receiving antiplatelet chemoprophylaxis.

Ayesha Abdeen, Maria Jurado, Jaime B. Mariño,
Ernesto Guerra-Farfán

References
286. Workman KK, Angerett N, Lippe R, Shin A, King S. Thirty-Day Unplanned
Readmission after Total Knee Arthroplasty at a Teaching Community Hospital:
Rates, Reasons, and Risk Factors. J Knee Surg. 2020 Feb;33(2):206-12.
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8 - Does the type of VTE prophylaxis influence the risk of
subsequent surgical site infection (SSI) in patients
undergoing orthopaedic procedures?

Response/Recommendation: The use of warfarin is
associated with significantly higher surgical site infection (SSI)
and periprosthetic infection (PJI) rates when used for venous
thromboembolism (VTE) prophylaxis, especially in patients
undergoing total joint arthroplasty (TJA). Limited evidence
points to lower or similar rates of SSI using aspirin (ASA) as
prophylaxis compared to more potent anticoagulants.

Strength of Recommendation: Limited.
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Delegates vote: Agree 93.91% Disagree 2.61% Abstain
3.48% (Strong Consensus).

Rationale: The most suitable pharmacological agent for
VTE prophylaxis in patients undergoing orthopaedic proce-
dures is yet to be identified, given the need to balance clinical
effectiveness and inherent bleeding risk306-308. Several studies
have shown that increased rates of wound drainage and SSI are
associated with chemical thromboprophylaxis use, most
notably when more potent agents are favored309-314.

Warfarin: Is one of the earliest thromboprophylaxis
agents described, but its use in the perioperative orthopaedic
setting remains controversial to this day315-318. A vast body of
level one studies, prospective cohorts, and relevant retro-
spective studies have shown statistically higher rates of SSI
associated with warfarin use when compared to
ASA306,312,315,319-322, low-molecular-weight heparin
(LMWH)315,319,323, and rivaroxaban315,317. Agaba et al., using a
nationwide healthcare database in the US, analyzed 25,966
total hip arthroplasty (THA) patients without a previous
history of VTE315. They compared the use of ASA, enox-
aparin, warfarin, apixaban, fondaparinux and rivaroxaban.
Warfarin use was associated with the highest number of 30-
and 90-days complications, including SSI315. Huang et al.,
described prophylactic warfarin use as an independent risk
factor for PJI following TJA, after a retrospective investiga-
tion and logistic regression analysis324.

Low-molecular-weight heparin (LMWH): There is con-
flicting evidence regarding the rate of infectious complications
following the use of LMWH. Using the Global Orthopaedic
Registry, Wang et al., evaluated the 90-day postoperative
complication rates in 3,755 patients undergoing primary THA
and total knee arthroplasty (TKA) using LMWH or warfarin in
the US323. Patients that received LMWH had significantly
higher risk of SSI and reoperation. Turpie et al., performed a
meta-analysis of four randomized controlled trials (RCT)
comparing fondaparinux against enoxaparin in 7,344 patients
undergoing THA, TKA and hip fracture surgery for 11 days
after surgery324. An increased bleeding risk was associated with
fondaparinux use, but no differences in infection rates were
identified324.

Factor Xa inhibitors and direct thrombin inhibitors: The
published evidence pertaining to the effects of both factor Xa
inhibitors and direct thrombin inhibitors on wound compli-
cations has been inconsistent. After rivaroxaban was approved,
several observational studies found increased rates of wound
complications when it was compared with LMWH325-327. Jensen
et al., evaluated the infection and reoperation rates in 559
consecutive patients undergoing TKA or THA using rivarox-
aban, compared to 489 consecutive patients using tinzapar-
in325.A significant increase in wound complications and
reoperation rates were found to be associated with rivaroxaban,
especially in patients undergoing TKA. However, they did not
find significant differences in infection rates. Jameson et al.,
found similar results, in a multicentric study evaluating 2,762
patients using rivaroxaban compared to a retrospective cohort

of 10,361 patients using LMWH after TJA326. To further eval-
uate these concerns, a meta-analysis was performed, evaluating
the 12,383 patients of the four Rosiglitazone Evaluated for
Cardiac Outcomes and Regulation of Glycaemia in Diabetes
(RECORD) trials, looking at their bleeding and infection
rates328. They found an overall similar complication rate
between patients using enoxaparin and rivaroxaban. However,
in TKA patients specifically, higher infection rates were asso-
ciated with enoxaparin use, and higher bleeding rates were
associated with rivaroxaban use. Other studies have found
similar results308,322,329-334. When directly compared with warfa-
rin, rivaroxaban seems to have lower SSI rates315,317. Glassber
et al., retrospectively studied patients undergoing elective THA
from a US administrative database between 2010 and 2015317.
They included 20,292 patients that received warfarin and
15,631 patients that received rivaroxaban and found signifi-
cantly higher rates of PJI associated with warfarin use. Several
observational studies have expressed concern about problems
with wound discharge when using dabigatran335-338. However,
pooled analysis of the two oral dabigatran versus enoxaparin
for thromboprophylaxis after primary total hip arthroplasty
(RE-NOVATE) trials, which included 4,374 patients, found no
differences in wound complications or infections between da-
bigatran and enoxaparin339.

Aspirin (ASA): The last two decades have seen renewed
interest in the use of ASA as a VTE chemoprophylactic agent,
especially due to reports of lower surgical wound complications
rates. Tan et al., published a multi-institutional, retrospective
study on 60,467 primary and revision THA and TKA, performed
between 2000 and 2015321. They compared the use of ASA,
LMWHand warfarin over 90 days postoperatively. They found a
significantly lower rate of PJI in patients that received ASA
compared to those that received either warfarin or LMWH. This
finding was consistent across all the VTE risk groups. However,
Bozic et al., did not find such differences. They retrospectively
analyzed 93,840 patients undergoing primary TKA between
2003 and 2005307 and compared the use of ASA, warfarin, and
injectable medications such as enoxaparin and fondaparinux.
They found no differences in infection rates or mortality. Similar
results were found in a meta-analysis done by Matharu et al.,
who studied 13 RCT including 6,060 THA and TKA patients340.
In a pooled analysis, they found no differences in infection rates
between ASA and other VTE prophylaxis agents but did not
clarify further with a subgroup analysis.

Compared to ASA, prophylactic warfarin use has dem-
onstrated an increased risk of SSI and PJI306,312,315,319-322,341. Huang
et al., studied 3,156 patients undergoing THA or TKA342. As
mentioned above, following logistic regression analysis, the use
of warfarin was identified as an independent risk factor for
PJI342. Huang et al., conducted a retrospective study including
30,270 THA and TKA patients who received ASA 81 mg or
325 mg bid, or warfarin with an INR goal of 1.8 - 2.0, for four
weeks320. They compared patients considered high-risk to those
considered low-risk for the development of VTE. High-risk
patients that received warfarin had a higher risk of both PJI and

204

THE JOURNAL OF BONE & JOINT SURGERY d J B J S .ORG

VOLUME 104-A d NUMBER 6 (SUPPLEMENT 1) d MARCH 16, 2022
RECOMMENDATIONS FROM THE ICM-VTE: HIP & KNEE



mortality than patients receiving ASA. However, other studies
have not found differences in SSI rates306,343,344.

When comparing ASA with LMWH, the data is less
clear345-348. Kulshrestha, and Kumar, randomized patients
undergoing TKA to receive either routine anticoagulation,
consisting of enoxaparin 40 mg for two weeks postoperatively
followed by ASA for two further weeks thereafter, or a risk
stratified thromboprophylaxis strategy345. The risk stratified
study group were identified as either being “high-risk”, thus
receiving enoxaparin and ASA as above, or “standard-risk”,
receiving ASA 325 mg only for four weeks. No difference was
identified in infection rates between the two groups, but
patients were nearly eight times more likely to experience a
wound complication whilst receiving LMWH as opposed to
ASA. Haac et al., recently conducted an open-label RCTof adult
patients admitted to an academic trauma center with operative
extremity fractures, or a pelvis or acetabular fracture, com-
paring ASA with LMWH347. Deep infections were identified in
4.3% of patients receiving ASA, and in 5.5% in those receiving
LMWH. Given the significant heterogeneity in dosage, dura-
tion, and timing of VTE chemoprophylaxis initiation in dif-
ferent studies, Farey et al., performed a meta-analysis on the
use of early postoperative thromboprophylaxis with ASAversus
enoxaparin in TJA patients348. They included four trials, con-
sisting of 1,507 patients, and found no difference in adverse
event rates. However, they cautioned about the high risk of bias
and low quality of available evidence.

Numerous studies have focused on comparing the use of
ASA with direct oral anticoagulants. A recent meta-analysis
included eight studies with 97,677 THA and TKA patients,
three of which were RCT, comparing the use of rivaroxaban
and ASA349. No difference was identified with regards to the rate
of wound complications. Using data from the National Joint
Registry for England, Wales, Northern Ireland and the Isle of
Man, Matharu et al., studied 218,650 patients undergoing TJA
between 2003 and 2017350. They reviewed patients using ASA
and compared to patients receiving either direct thrombin
inhibitors or factor Xa inhibitors. They found no differences in
either SSI or re-operations between either of the VTE che-
moprophylactic classes.

Several issues limit the available evidence regarding VTE
prophylaxis and SSI in orthopaedic procedures. Orthopaedic
surgeries encompass interventions spanning the entire spec-
trum of operative invasiveness and duration, across a wide
variety of anatomical locations, within both the elective and
emergency settings. Routine VTE chemoprophylaxis use has
not been universally adopted throughout all orthopaedic sub-
specialties, as controversy continues to exist in many domains.
Most studies evaluating the association between infection risk
and thromboprophylaxis modalities are of a retrospective
design, and their heterogeneity reflects the persistent variety in
thromboprophylaxis practices351. Furthermore, perioperative
management has progressed dramatically in the last decade
with a trend towards enhanced recovery programs, early
mobilization, outpatient rehabilitation and ambulatory same-

day procedures. As such, many of the simultaneous temporal
changes in surgical technique and perioperative care over the
last decade may confound the results. Also, thromboprophy-
laxis protocols vary in their doses and duration, making
comparisons difficult. Infection risk is often reported as a
secondary outcome in studies evaluating VTE rates and thus
any attempted sub-analyses are often underpowered. More-
over, SSI definitions demonstrate variety across the studies in
the literature, further compromising the comparisons of
pooled results. Finally, most publications have investigated
VTE prophylaxis within a specific subset of the orthopaedic
population: those undergoing TJA surgery347. Considering that
most of the relevant current published evidence demonstrates
heterogeneity and a high risk of bias, additional level one
studies are needed to truly evaluate the associations between
VTE prophylaxis and SSI across all orthopaedic surgery
subspecialties350.

Francisco Bengoa, Luiz S. Marcelino Gomes, Óliver Marin-Peña,
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9- Does the type of VTE prophylaxis influence the risk of
subsequent periprosthetic joint infection in patients
undergoing joint arthroplasty?

Response/Recommendation: Yes, the type of venous
thromboembolism (VTE) prophylaxis influences the risk of
subsequent periprosthetic joint infection (PJI). The strongest
association is observed for vitamin-K antagonists (VKA) when
compared to acetylsalicylic acid (Aspirin [ASA]).

Strength of Recommendation: Moderate.
Delegates vote: Agree 91.30% Disagree 5.22% Abstain

3.48% (Strong Consensus).
Rationale: Impaired hemostasis and bleeding in an

arthroplasty wound, resulting in hematoma formation and
persistent wound drainage, might favor bacterial growth and
the subsequent development of PJI. Therefore, it is reasonable
to assume that the risk to develop a PJI is influenced by the type
of VTE prophylaxis used. We have conducted a literature search
in PubMed and Embase according to the search strategy
defined in the appendix. From the total of 107 articles, a final
number of 23 articles met the predefined inclusion and
exclusion criteria. The details of these studies are summarized
in Table II.

Most of the included studies compared the infection risk
between low-molecular-weight heparin (LMWH) and direct
oral anticoagulants (DOAC)352-361. The largest analysis has been
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TABLE II

Author Year Joint VTE prophylaxis Dose Duration Outcome
Infection
rate/odds p-value Study design

Agaba
et al.360

2017 Hip ASA (n = 551)
enoxaparin
(n = 6,791)
warfarin
(n = 12,008)
rivaroxaban
(n = 5,403)
fondaparinux
(n = 876)
apixaban (n = 337)

NP £ 30 days PJI
< 30 days*

OR 0.86
(0.54, 1.38)
OR 0.53

(0.44, 0.65)
OR 1.44

(1.26, 1.64)
OR 0.36

(0.29, 0.46)
OR 0.40

(0.24, 0.67)
OR 1.58

(0.83, 3.01)

NP Retrospective
cohort

ASA (n = 551)
enoxaparin
(n = 6,791)
warfarin
(n = 12,008)
rivaroxaban
(n = 5.403)
fondaparinux
(n = 876)
apixaban (n = 337)

NP £ 30 days PJI
< 90 days*

OR 0.47
(0.25, 0.88)
OR 0.34

(0.27, 0.44)
OR 1.17

(1.01, 1.34)
OR 0.27

(0.20, 0.35)
OR 0.40

(0.24, 0.67)
OR 0.77

(0.31, 1.87)

NP Retrospective
cohort

Brimmo
et al.371

2015 Hip,
Knee

Rivaroxaban
(n = 159)

10 -
20 mg OD

‡ 2 weeks Deep SSI
(‡ 2 cultures)

2.5% < 0.015 Retrospective
cohort

other (n = 480)† 0.2%

Cafri
et al.361

2017 Knee ASA (n = 5,124)
enoxaparin
(n=13,318)
fondaparinux
(n=3,225)
warfarin (n=8,832)

325 mg
OD
40 - 60mg
OD
2.5 mg OD
INR goal
1.8 – 2.0

NP SSI: deep
infection
or revision
surgery
for
infection
related
reasons
< 90 days
index
procedure

0.39% / 1.00
0.39% / 0.90
(0.48 - 1.67)
0.41% / 0.84
(0.36 - 1.92)
0.46% / 0.80
(0.42 - 1.53)

0.732
/0.148
0.674/
0.172
0.500/
0.089

Retrospective
cohort

(OR: vs. ASA) (superiority
/non-

inferiority)

Chahal
et al.352

2013 Hip,
knee

Enoxaparin
(n = 227)

40 mg OD 6 weeks
or stopped
at discharge
and
continued
on ASA

Infection
defined as
returning to
theatre
<12 months

0.88% NP Comparison
with
retrospective
cohort
after
change
in protocolrivaroxaban

(n = 160)
10 mg OD 10 days

for knees,
30 days
for hips

1.88%

Charters
et al.353

2015 Hip,
knee

Enoxaparin
(n = 1,113)

30 mg bid
for knees
40 mg OD
for hips

14 days
21 days

Deep
infection
requiring
DAIR

0.9% 0.99 Comparison
with
retrospective
cohort
after
change
in protocol

rivaroxaban
(n = 649)

10 mg OD
for knees
10 mg OD
for hips

12 days
35 days

0.9%

continued
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TABLE II (continued)

Author Year Joint VTE prophylaxis Dose Duration Outcome
Infection
rate/odds p-value Study design

Di Benedetto
et al.372

2017 Hip Rivaroxaban
(n = 145)

NP 35 days PJI < 4 weeks 0% 1.00 Retrospective
cohort

other (n = 60)‡ 0%

Feldstein
et al.367

2017 Hip,
knee

ASA 325 mg bid (n
= 282)

325 mg
bid

1 month PJI < 1 month 0% 1.00 Prospective
cohort

ASA 81 mg bid
(n = 361)

81 mg bid 0%

Glassberg
et al.373

2019 Hip Community insured Retrospective
cohortwarfarin

(n = 12,876)

rivaroxaban
(n = 10,892)

NP
NP

No info PJI < 90 days 0.88%
0.62%
OR 1.57

(1.16, 2.13)

0.02

Medicare

warfarin
(n = 7,416)
rivaroxaban
(n = 4,739)

NP
NP

No info PJI < 90 days 0.85%
0.49%

OR 1.79,
(1.14 - 2.81)

0.02

Huang
et al.363

2016 All
joints

ASA low risk
(n = 4,102)
warfarin low-risk (n
= 18,649)

81 or
325 mg

bid
INR goal
1.8 -2.0

4 weeks
postop
4 weeks
postop

PJI < 90 days
(MSIS criteria)

0.2%
1.1%

< 0.001 Retrospective

ASA high-risk
(n = 796) warfarin
high-risk
(n = 6,723)

81 or
325 mg

bid
INR goal
1.8 – 2.0

4 weeks
postop
4 weeks
postop

0.1%
1.7%

warfarin high-risk (n
= 6,723)

INR goal
1.8 – 2.0

4 weeks
postop

An OR 13.7
(1.9, 98.5)

0.001

Huang
et al.362

2015 All joints ASA (n = 1,456)
warfarin
(n = 1,700)

325 bid
INR goal
1.8 – 2.0

6 weeks
postop

PJI < 90 days 0.4%
1.5%

< 0.001 Comparison
with
retrospective
cohort
after
change
in protocol

warfarin
(n = 1,700)

INR goal
1.8 – 2.0

An OR 2.77
(1.19, 6.45)

Jameson
et al.354

2012 Hip, knee LMWH
(n = 10,361)

NP 14 days
knees

SSI and PJI r
equiring
return to
surgery

< 30 days

0.53% 0.59 Comparison
with
retrospective
cohort
after
change
in protocol

rivaroxaban
(n = 2,762)

21 days
hips

0.62%

Jensen
et al.355

2011 Hip, knee LMWH (n = 489) 4500 U 28 days Deep
infection
requiring
DAIR

< 30 days

1.0% 0.10 Comparison
with
retrospective
cohort
after
change
in protocol

rivaroxaban
(n = 559)

10 mg OD 14 days
knees
28 days
hips

2.5%

continued
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TABLE II (continued)

Author Year Joint VTE prophylaxis Dose Duration Outcome
Infection
rate/odds p-value Study design

Kim et al.356 2015 Hip Rivaroxaban
(n = 350)

10 mg OD 7 -
12 days
postop

PJI 0% 1.00 Randomized
trial

enoxaparin
(n = 351)

40 mg OD 0%

placebo (n = 185) 0%

Kulshrestha
et al.374

2013 Knee Routine LMWH
(n = 450)
Risk stratification

40 mg OD 2 weeks
postop

PJI 0.9% Randomized
trial

(ASA ± LMWH)
(n = 450)

325 bid ±

40 mg OD
4 weeks
postop ±

2 weeks
postop

0.2%

Lassen
et al.357

2012 Hip, Knee Rivaroxaban
(n = 6,183)

10 mg OD 10 -
40 days

Wound
infection

<
30 days

0.16% Randomized
trial

enoxaparin
(n = 6,200)

40 mg OD
or 30 mg

bid

0.27%

Matharu
et al.375

2020 Hip ASA ± LMWH
(n = 28,049) direct
thrombin inhibitor
± LMWH
(n = 28,049)

NP NP SSI < 90 days OR 1.04
(0.84, 1.28)

Retrospective
(national
joint

registry)

ASA ± LMWH
(n = 19,021) factor
Xa
inhibitor ± LMWH
(n = 19,021)

OR 0.91
(0.70, 1.17)

Knee ASA ± LMWH
(n = 34,161) direct
thrombin
inhibitor ± LMWH
(n = 34,161)

OR 1.09
(0.93, 1.27)

ASA ± LMWH
(n = 25,114) factor
Xa
inhibitor ± LMWH
(n = 25,114)

OR 0.91
(0.75, 1.11)

Parvizi
et al.368

2017 Hip Knee ASA 81 mg bid
(n = 1,459)

81 mg bid 4 weeks PJI < 90 days 0.2% 0.28 Prospective
crossover
studyASA 325 mg

bid
(n = 3,192)

325 mg
bid

0.5%

Singh
et al.364

2020 Hip, Knee ASA 325 mg bid (n
= 2,183)

325 mg
bid

6 weeks PJI
< 6 months

1.4% 0.23 Retrospective

warfarin (n =

3,333)
1.8%

Tan
et al.365

2019 All joints§ LMWH (n =

17,554)
NP 4 - 6 weeks PJI

< 90 days
No absolute
numbers or %

reported

Retrospective

warfarin (n =

29,303)
INR goal
1.8 – 2.0

ASA (13,610) 81 mg or
325 mg

bid

continued
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performed by Jameson et al., a retrospective multicenter
observational analysis in which the authors compared the
incidence of several wound complications after total hip
arthroplasty (THA) and total knee arthroplasty (TKA) in 12
hospitals in the United Kingdom before and after a change of
VTE prophylaxis protocol from LMWH to rivaroxaban354. One
of the primary endpoints of the study was deep infection in
which early reoperation was necessary. A total of 13,123
patients were included in the study, in which the infection rate
was 0.53% in the LMWH group and 0.62% in the rivaroxaban
group (no significant difference [NS]). A major limitation of
this study was the fact that it was not possible to discriminate
between surgical wound irrigation for infection or hematoma.

In addition, two randomized trials comparing LMWH and
DOAC were performed, in which one was too small a sample
size to detect any infection complication356. The other, per-
formed by Lassen et al., in patients undergoing THA or TKA
(RECORD programme), a post-operative wound infection rate
of 0.27% in the LMWH group was observed compared to
0.16% in the rivaroxaban group (NS)357. No differences were
observed between THA and TKA. Again, no clear definition
was provided for post-operative wound infection. Figure 9A
depicts a forest plot of all studies comparing LMWH with
DOAC with respect to their risk of developing an infection.
Only the studies in which the absolute numbers were depicted
by the authors are included. The analyzed studies showed low

TABLE II (continued)

Author Year Joint VTE prophylaxis Dose Duration Outcome
Infection
rate/odds p-value Study design

Tang et al.369 2020 Knee# ASA (n = 435) 81 mg bid 1 month PJI
< 90 days**

0.2% 0.36 Retrospective

ASA (n = 1,003) 325 mg
bid

0.6%

Tang et al.370 2020 Hip# ASA (n = 388) 81 mg bid 1 month PJI
<90 days**

0.77% 0.46 Retrospective

ASA (n = 973) 325 mg
bid

1.2%

Yen et al.358 2014 Knee Rivaroxaban (n =

61)
10 mg

once
2 weeks Need for I&D

< 90 days
0% 1.00 Retrospective

enoxaparin (n = 52) 20 mg bid 0%

Zou et al.359 2014 Knee Rivaroxaban (n =

102)
10 mg/

day
14 days Wound

complications
< 4 weeks

4.9% 0.027,
0.014

Prospective
randomized
controlled trialLMWH (n = 112) 0.4 ml/

day
2.7%

ASA 100 mg (n =

110)
100 mg/

day
1.8%

Fig. 9A

Forest plot. Depicting studies comparing LMWH with DOAC. LMWH=Low-molecular-weight heparin; DOAC=Direct oral anticoagulants; C.I.=Confidence

interval; PJI=Periprosthetic joint infection.
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heterogeneity, and no differences between both types of VTE
prophylaxis were observed.

The second most common comparison has been made
between ASA and VKA360-365. All of these studies were retro-
spective analyses. The study performed by Huang et al., was the
only one that defined PJI according to the Musculoskeletal
Infection Society (MSIS) criteria363. In this study, the authors
divided patients into those with a high-risk (n = 4,898) versus
low-risk for VTE (n = 22,751), and consistently demonstrated
a significantly lower PJI incidence in the ASA groups vs. the
VKA groups (Table 2), with a PJI incidence of 0.18 versus
1.26% of the total cohort, respectively. The studies of Cafri
et al., and Singh et al., showed a clear trend towards a lower
infection rate in the ASA group, but this difference was NS361,364.
Tan et al., also reported a lower risk for PJI when using ASA,
but absolute numbers in this study were not provided365. In the
study from Agaba et al., analyzing different VTE agents360,
warfarin, (VKA) was the only one significantly associated with
the highest PJI risk, in particular in the early post-operative
period, with an odds ratio (OR) of 1.44. An international
normalized ratio (INR) greater than 1.5 was found to be more
prevalent in patients who had post-operative wound compli-
cations and subsequent PJI366. Figure 9B depicts the forest plot
of the three studies comparing ASAwith VKA, including solely
those studies in which the absolute numbers were depicted by
the authors. With a high heterogeneity between studies, there
was a significant difference observed in infection rate between
the ASA and the VKA group in the pooled analysis. The dose of
ASA (80 mg vs. 325 mg) does not seem to have any influence
on the infection rate, either for THA or TKA when analyzed
separately367-370.

Unfortunately, only a few studies have directly com-
pared infection rates between LMWH vs. ASA. In a retro-
spective analysis, Agaba et al., evaluated different types of
VTE prophylaxis in 72,670 patients undergoing THA360.
Rivaroxaban (DOAC), ASA, enoxaparin (LMWH), and
fondaparinux had a significant protective effect on the
development of PJI within 90 days after the index surgery,
with OR of 0.27, 0.34, 0.40 and 0.47, respectively. For
another DOAC, apixaban, a protective effect was not
observed. With overlapping confidence intervals, the PJI risk

for LMWH versus ASA was not significantly different. The
largest analysis in which LMWH was directly compared to
ASA is the study of Tan et al.365. In this study, 60,467 primary
and revision total joint arthroplasties were retrospectively
evaluated. The use of ASAwas associated with a significantly
lower risk for PJI development compared to LMWH and
VKA (both p < 0.001). For LMWH vs. VKA, the PJI rate was
lower for the high-risk VTE group only (p < 0.001).
Unfortunately, no absolute numbers on PJI rates per type of
VTE prophylaxis were provided in this study.

In conclusion, based on the literature review, VKA
seem to be associated with the highest, and ASA (at least
when compared to VKA) with the lowest risk for PJI. For
LMWH and DOAC, no significant difference in PJI risk
could be identified. Important limitations of the reviewed
articles were the lack of a clear and adequate definition for
(deep) infection and/or PJI. In addition, few studies per-
formed multivariate analyses in which it remains unclear
whether the type of VTE prophylaxis is an independent
predictor for PJI.

MarjanWouthuyzen-Bakker, Krešimir Crnogaća, MarcW. Nijhof
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10 - Should the method for VTE prophylaxis be altered in
patients undergoing revision for infection?

Response/Recommendation: Although infection is
known to increase the risk of venous thromboembolism
(VTE), there is no evidence to support a change in the
approach to this group of patients. In general, aspirin (ASA) is
safe and effective in revision surgery. Nevertheless, more potent
anticoagulation strategies should be considered in the high-risk
cases after risk stratification as determined by the American
Academy of Orthopaedic Surgeons (AAOS) and the American

College of Chest Physicians (ACCP) guidelines and by further
information found in the response to question # 24 of the 2021
International Consensus Meeting (ICM) on VTE - General
section.

Strength of Recommendation: Limited.
Delegates vote: Agree 94.83% Disagree 2.59% Abstain

2.59% (Strong Consensus).
Rationale: Patients undergoing revision arthroplasty

surgery have been shown to have higher rates of VTE when
compared to primary arthroplasty376. However, revision alone
is not considered an independent risk factor for VTE377-379.
Variables such as infection, prolonged operative time, and
decreased post-operative mobilization have been shown to
increase the risk of VTE. Revision arthroplasty due to peri-
prosthetic joint infection (PJI) is complex and challenging to
manage, and much effort has been made to minimize its
associated complications.

PJI is a rare, but devastating, complication of total joint
arthroplasty (TJA) that place significant burden on both
patients and health care systems. The incidence of PJI ranges
from 1 - 2% in primary arthroplasty380. Data collected from
joint registries demonstrates an overall weighted mean of
0.97% for total hip arthroplasty (THA) and 1.03% for total
knee arthroplasty (TKA). The rate of revision due to PJI has
increased by two-fold for primary THA and three-fold for
revision THA381. Infection has been shown to be an indepen-
dent risk factor for VTE382. A recent study demonstrated that
the odds of developing VTEweremore than double for revision
TKA compared to aseptic revisions383. These findings suggest
that the indication for septic revision arthroplasty should be
considered when selecting post-operative VTE prophylaxis.

There are currently no specific guidelines addressing
thromboprophylaxis for revision arthroplasty, and the current
recommendations are extrapolated from primary arthroplasty
procedures. In addition, many clinical trials have excluded
revision arthroplasty when evaluating the efficacy and safety of
anticoagulation modalities. Clinical apprehension of increased
rates of VTE in revision arthroplasty stem from a more
extensive and complex surgical exposure, longer operative
times, larger systemic inflammatory response, and decreased
post-operative mobilization. However, utilization of a more
aggressive thromboprophylaxis regimen following revision
arthroplasty could lead to poorer outcomes, as revision
arthroplasty has been associated with increased rates of
bleeding and complications384. Therefore, the decision of
postoperative anticoagulation must weigh the risk of post-
operative bleeding with that of VTE.

Traditionally, more potent anticoagulants such as
vitamin-K antagonists (warfarin), low-molecular-weight hep-
arin (LMWH), or direct-oral anticoagulants (DOAC) have
been reserved for higher risk patients with established risk
factors including obesity or prior history of VTE385-388. In the
setting of PJI, patients undergoing revision arthroplasty are
receiving antibiotics that have been shown to disrupt the gas-
trointestinal microbiome389. These antibiotics can harm the
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vitamin-K producing gut flora causing agents like warfarin to
be associated with supratherapeutic international normalized
ratios (INR) and increased bleeding. Additionally, LMWH and
DOAC have high potency and fast onset, but have been asso-
ciated with higher rates of post-operative wound drainage390.

In recent years, significant attention has been turned to
using less potent antithrombotic agents such as ASA in both
primary and revision arthroplasties. In a large retrospective
study that looked at 2,997 patients, Deirmengian et al., evalu-
ated whether ASA was as effective as warfarin for VTE pro-
phylaxis in revision arthroplasty. They found a significantly
higher incidence of symptomatic VTE in the warfarin group
(1.75%) compared with the ASA group (0.56%). All other
complication rates were similar except for the rate of bleeding
events, which was also higher with the administration of war-
farin. A limitation of the study included an analysis of con-
founders which revealed that patients in the warfarin group
had higher rates of revision for PJI, higher Charlson comor-
bidity index scores, and longer procedural times.

Another recent retrospective study by Manista et al.,
analyzed various VTE prophylaxis regimens in 1,917 low-risk
patients who underwent revision arthroplasty377. They found
that the most commonly used prophylactic agent was rivar-
oxaban (40.6%), followed by warfarin (28.5%), and ASA
(27.6%). There was no statistically significant difference in
post-operative VTE, or complications observed. They con-
cluded that ASAwas just as effective as the other agents without
the increased risk of bleeding in low-risk patients.

There has also been a trend towards using a lower dose
ASA for VTE prophylaxis in revision arthroplasty compared to
the traditional higher doses used in earlier regimens. Three
retrospective studies within the past two years have cited low-
dose ASA as a suitable chemoprophylactic agent in revision
arthroplasty391-393. Tang et al., compared a prophylaxis protocol
of 81 mg of ASA twice a day (bis in die [bid]) compared to
325 mg ASA bid in 1,361 revision THA patients and found no
difference in total VTE, bleeding, or any other complication
between the two groups391. A similar retrospective study was
conducted for patients undergoing revision TKA and also
observed no significant difference between low- and high-dose
ASA for total VTE, bleeding, or any other complications392.
Finally, Tang et al., reviewed the efficacy and safety of low-dose
ASA in higher risk patients undergoing revision arthroplasty393.
As prior studies have suggested that obesity may be associated
with an increased risk of VTE, wound complications, and
infections, these patients are routinely classified as high-risk
and therefore traditionally prescribed a higher dose of ASA for
prophylaxis. However, in their study, they found no difference
in VTE rates or any other complications using low-dose ASA
and observed similar complication rates to non-obese patients.

The management of revision arthroplasty in the setting
of PJI is variable and challenging due to its complex nature.
Patients with PJI represent a group at elevated risk for VTE
following revision arthroplasty and these factors should be
considered when tailoring VTE prophylaxis. Due to the lack of

current evidence, it is difficult to recommend a specific VTE
prophylaxis or any alterations to existing regimens. While there
is data supporting ASA as a suitable thromboprophylaxis for
most patients, patients at much higher risk of VTEs may
require a more potent agent. However, there is recent literature
to suggest that low-dose ASA may be safe for higher risk
patients undergoing septic revision arthroplasty and is non-
inferior at maintaining low rates of VTE. Further research is
warranted to identify higher risk patients, stratify risk factors,
and determine whether modifications to VTE prophylaxis are
required. Future prospective studies should address the optimal
approach to VTE prophylaxis in this high-risk population.

Karan Goswami, P. Maxwell Courtney, Ran Schwarzkopf,
Mohammad N. Al Mutani, Stephen Silva, Gwo-Chin Lee
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11 - What is the optimal choice for VTE prophylaxis
following two-stage or resection arthroplasty for treat-
ment of knee and hip periprosthetic joint infection?

Response/Recommendation: Following explantation or
reimplantation of components as part of a two-stage procedure
or definitive resection arthroplasty for a hip or knee peri-
prosthetic joint infection (PJI), patients should be stratified
based on the risk of venous thromboembolism (VTE) events
versus risk of post-operative complications associated with
anticoagulation. Anticoagulation can be selected from estab-
lished guidelines for primary total hip arthroplasty (THA) and
total knee arthroplasty (TKA).

Strength of Recommendation: Moderate.
Delegates vote: Agree 93.97% Disagree 2.59% Abstain

3.45% (Strong Consensus).
Rationale: There are minimal clinical studies that

directly focus on the risk and incidence of VTE during the
treatment of PJI. There are a number of retrospective clinical
studies comparing the incidence of VTE events between pri-
mary and revision arthroplasty surgery seeking to identify
associated independent risk factors. Compared to primary
arthroplasty, revision surgery has increased clinical concern for
VTE events given the increased surgical exposure, surgical
duration, and restricted weight bearing and mobilization post-
operatively. However, the available clinical evidence suggests that
revision surgery is not an independent risk factor for VTE, an-
ticoagulation can be associated with post-operative complica-
tions, and that aspirin (ASA) can be non-inferior to other classes
of anticoagulation when patients are appropriately selected.
Combined, the limited available evidence suggests that patients
should be stratified based on risk for thromboembolic events vs.
the risk of post-operative complications associated with anti-
coagulation, and that this can then be selected from established
guidelines for primary THA and TKA in patients being treated
with a two-stage exchange or resection arthroplasty.

Predictors of VTE Events in Revision Arthroplasty Knee and
Hip Surgery: Multiple studies have compared the incidence of
VTE in primary and revision THA and TKA. Comparing direct
VTE rates between revision and primary arthroplasty surgery,
some studies have observed no difference in VTE rates394-397,
some have observed a decreased incidence394, and others have
observed an increased incidence398-400. In the studies that
observed a higher incidence of VTE in revision vs. primary
arthroplasty surgery, when the rates were adjusted for risk fac-
tors and comorbidities, revision surgery was either not associ-
ated with a higher risk of VTE398, or had a lower difference based
on risk stratification401. Only one of these studies, after adjusting
for risk, still observed revision surgery as an independent factor

for increase VTE. Combined evidence suggests that revision
arthroplasty surgery is not an independent risk factor for VTE.

These studies also assessed independent risk factors of
VTE in revision surgery. In a registry study of National Surgical
Quality Improvement Program (NSQIP), independent risk
factors for deep venous thrombosis (DVT) were age > 70 years,
malnutrition, infection, operating time > 3 hours, the Ameri-
can Society of Anesthesiologist score > 4, kidney disease, and
race. Independent risk factors for pulmonary embolism (PE)
were age > 70 years, operating time > 3 hours, and race398. This
was the only study in the literature that identified surgical
infection as an independent risk factor of VTE with an odds
ratio 4.1398. A separate retrospective institutional study identi-
fied independent VTE risk factors: body mass index (BMI) >
25kg/m2, knee procedure, Charlson comorbidity index (CCI)
> 2, chronic obstructive pulmonary disease (COPD), anemia,
DVT, atrial fibrillation, and depression395. A multicenter ret-
rospective study, in a high-risk group for VTE events, identified
independent predictors for VTE, including a previous history
of VTE, metastatic cancer, myeloproliferative disorder, trans-
fusion, peripheral vascular disease, and age394. It should be
emphasized that these are studies and not guidelines.

Restricted weight-bearing and limited mobility remains a
unique risk factor for VTE events following revision as com-
pared to primary THA and TKA surgery. Early mobilization,
when clinically appropriate, remains a key tenant in orthopaedic
fracture care and arthroplasty for preventing VTE events. In
large part because of the unacceptable ethical concerns in con-
ducting the clinical studies, there is minimal literature that can
directly assess if weight-bearing restrictions are an independent
predictor of VTE in fracture care and management. Neverthe-
less, there is strong consensus in orthopaedic surgery that early
mobilization and weight-bearing are important at limiting VTE
events. In non-operative fractures, literature from emergency
medicine suggests that immobilization combined with non-
weight-bearing are a risk factor for VTE events, but the quality of
the evidence is low402,403. In orthopaedic trauma, limited evidence
suggests that weight-bearing status is not a predictor of VTE
events with fracture fixation404,405.

VTE Prophylaxis in Revision THA and TKA: The use of
aggressive anticoagulation in the prevention of VTE is associated
with adverse events and does not have a benign safety profile.
The incidence of VTE in arthroplasty surgery is well-established,
but increased bleeding is associated with its own post-operative
complications406-408. Revision procedures are associated with
increased post-operative bleeding complications397, potentially
leading to poorer outcomes as revision arthroplasty is associated
with higher rates of complications, especially infection396. A
series of studies provide compelling evidence that reducing
complications associated with bleeding reduces rates of
PJI394,409,410. When patients were given a more aggressive anti-
coagulation regardless of VTE or bleeding risk, the incidence of
post-operative wound complications increased with no change
in overall VTE rates as compared to when a more nuanced
approach was utilized that risk stratified patients411.
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ASA has an increased safety profile, and available evi-
dence suggests it is non-inferior to other more aggressive an-
ticoagulation. In revision arthroplasty surgery, the use of ASA
had no difference in VTE rates as compared to other antico-
agulants412. In an institutional registry that compared warfarin
and ASA, no difference was observed in VTE rates, and war-
farin was an independent predictor of mortality and PJI413.

Based on these concerns, the American Academy of
Orthopaedic Surgery (AAOS) recommends stratification of
VTE risk balanced with risks associated with bleeding com-
plications from anticoagulation414. The AAOS clinical practice
guidelines (CPG) on VTE prophylaxis recommended early
mobilization as a consensus recommendation for high-risk for
VTE patients and those with a history of VTE. Furthermore,
there was a consensus recommendation to consider both
mechanical and pharmacologic treatment after surgery. In
comparison, the previous American College of Chest Physi-
cians (ACCP) guidelines recommend more aggressive pro-
phylaxis with low-molecular-weight heparin (LMWH) or
direct oral anticoagulants415. As discussed above, there is pub-
lished evidence that ACCP guidelines with warfarin in partic-
ular lead to higher complication rates411. More recently, the
ACCP guidelines have included the use of low dose ASA based
on non-inferiority clinical studies to other anticoagulants in
primary arthroplasty patients416. Surgeons should consider the
guidelines for prophylaxis after hip and knee arthroplasty as
recommended by the AAOS414 and the ACCP415 as well as
information on stratification of risk discussed in the response
to question # 24 of the 2021 International Consensus Meeting
(ICM) on VTE - General section.

Without direct evidence in the literature regarding the
optimum VTE prophylaxis strategy for this patient group, one
should consider that revision surgery is not an independent
risk factor for VTE, that aggressive anticoagulation has
potential adverse events, that low dose ASA is non-inferior in
the appropriate patient population, and the need to stratify
VTE and bleeding risk factors when selecting anticoagulation
agents for two-stage exchange and resection arthroplasty as per
the AAOS414 and the ACCP415 guidelines with further infor-
mation on stratification of risk discussed in the response to
question # 24 of the 2021 ICM on VTE - General section.

Kenneth L. Urish, Mark J. Spangehl, William M. Mihalko
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12 - Should the use of lower extremity tourniquet be
avoided in patients at a high risk of VTE?

Response/Recommendation: Lower extremity tourni-
quets may be associated with an increased risk of venous
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thromboembolism (VTE) post-operatively and should be used
with caution in patients at a high risk of VTE.

Strength of Recommendation: Moderate.
Delegates vote: Agree 91.30% Disagree 7.83% Abstain

0.87% (Strong Consensus).
Rationale: Tourniquets are commonly used during total

knee arthroplasty (TKA) to minimize blood loss and to improve
visualization during surgery417. However, there is still controversy
regarding the impact of tourniquets on postoperative pain,
functional outcomes and complication rates after surgery417-422.
Specifically, there are concerns that tourniquet use may be
associated with an increased risk of VTE post-operatively417-419.

Several meta-analyses investigating the association
between tourniquet use and the incidence of VTE postopera-
tively have yielded mixed results417-419,423-426. Xie et al., in a meta-
analysis of 14 randomized controlled trials reported that tour-
niquet use doubled the risk of postoperative VTE compared to
no tourniquet use418. Similarly, Migliorini et al., in their meta-
analysis including both randomized and non-randomized
studies found that tourniquet use increased the risk of postop-
erative VTE four-fold, but this increase was of borderline sta-
tistical significance426. Two meta-analyses also reported an
increased risk of postoperative VTEwith use of a tourniquet417,423.

In contrast, several meta-analyses have reported no dif-
ference in VTE rates between patients who had tourniquet use
and no tourniquet use during TKA424,426. Cai et al., included 541
TKA from 11 randomized controlled trials and found no dif-
ference in VTE rates between patients who had tourniquets and
those that did not424. However, one limitations of meta-analyses
published to date is that the majority of these included a single
study with a high rate of postoperative deep venous thrombosis
(DVT) that was inconsistent with other studies. In a study of
103 patients who were not given chemoprophylaxis post-
operatively and were screened for asymptomatic VTE, Mori
et al., observed that 53% of patients with a tourniquet (n = 27)
had a VTE post-operatively compared to 23% of patients
without a tourniquet (n = 12)427. Including this study in ameta-
analysis artificially inflates the rate of VTE, as most surgeons in
contemporary practice provide chemoprophylaxis post-
operatively and do not perform routine VTE screening in
asymptomatic patients. A recent systematic review by Ahmed
et al., excluded this study in a meta-analysis of 17 randomized
controlled trials419, noting an increased risk of VTEwith the use
of tourniquet compared to no tourniquet use, although this
only approached statistical significance (Relative risk [RR] 1.95,
95% confidence interval [CI] 0.99 to 3.82).

An additional limitation of the literature is the heteroge-
neity in the way tourniquets are used, which may influence the
rate of VTE post-operatively. Some surgeons use a tourniquet
from incision to closure, others use it for cementation only, and
the remainder use a tourniquet until the cement is dry and let it
down prior to wound closure. Zhang et al., investigated the
timing of tourniquet release and its impact on post-operative
pain and complications in a meta-analysis of 11 randomized
controlled trials417. In their series of 670 TKA, they found that

early release of the tourniquet before wound closure was asso-
ciated with fewer VTE post-operatively compared to late release
after wound closure417. In addition to variation in the duration of
tourniquet use, there is also variation in the cuff pressure selected
among different surgeons. Consequently, it is unknown how
different cuff pressures influence the rate of post-operative VTE.

With varied data on the influence of tourniquet use on
the incidence of VTE post-operatively, it is recommended that
surgeons use tourniquets with caution in patients who are at
high risk of VTE or ischemia-related events post-operatively.
Examples include patients with evidence of calcification of
their popliteal or distal superficial femoral artery on radio-
graphs, low ankle-brachial-index, history of VTE, peripheral
vascular or arterial disease, or absent or asymmetrical pedal
pulses. In these patients, avoidance of a tourniquet should be
considered. However, if a tourniquet is used, minimizing the
duration of tourniquet use and the cuff pressure could help to
minimize complications postoperatively.

Charles P. Hannon, Nicolaas C. Budhiparama, Matthew P. Abdel
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13 - Considering the trend to ambulatory hip and knee
arthroplasty, is there a role for the use of pneumatic
compression devices?

Response/Recommendation: Pneumatic compression
devices have been demonstrated to be effective prophylaxis
against venous thromboembolism (VTE) following hip/knee
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arthroplasty when used concurrently with chemoprophylaxis.
However, their use in present-day ambulatory hip/knee
arthroplasty is not clearly supported in current literature.

Strength of Recommendation: Limited.
Delegates vote: Agree 83.76% Disagree 13.68% Abstain

2.56% (Strong Consensus).
Rationale: Considering the serious consequences of

VTE, arthroplasty surgeons are sensitive to the need for VTE
thromboprophylaxis428. Clinical practice guidelines gener-
ally recommend either pharmacologic and/or mechanical
VTE prophylaxis. Pharmacologic options include anti-
coagulation agents such as low-molecular-weight heparin
(LMWH), warfarin, new oral anticoagulants, and aspirin
(ASA). The issue with the administration of anticoagulation
is the associated bleeding risk with some of the agents. The
focus in VTE prevention after total knee arthroplasty (TKA)
and total hip arthroplasty (THA) is shifting away from the
use of high-risk medications towards ASA and mechanical
prophylaxis in an effort to minimize symptomatic bleeding
and wound-related complications. Despite advantages,
controversy remains regarding the efficacy of pneumatic
compression devices in preventing VTE429. The patient
population with the greatest consensus for the use of
mechanical prophylaxis with intermittent pneumatic com-
pression devices (IPCD) are those patients at high risk for
bleeding430-432, due to well documented decreased risk of
major bleeding and surgical site bleeding associated with
IPCD433-435.

Evidence in Total Knee Arthroplasty (TKA): Numerous
studies have supported the use of pneumatic compression
devices (including ambulatory devices) after undergoing hip and
knee arthroplasty433,436-442. According to the AAOS443 and the
ACCP, pneumatic compression devices are effective against
VTE after TKA as a part of multimodal VTE prophylaxis
protocol431,437. Arsoy et al., reported no difference in the
VTE rates in a cohort of patients receiving mobile com-
pression devices and ASA compared with patients receiving
LMWH, except that bleeding events and related compli-
cations were significantly lower in the compression device
group (p = 0.015)444.

Evidence in Total Hip Arthroplasty (THA): According to
the AAOS and ACCP, there is less evidence for the effectiveness
of mechanical prophylaxis after THA. Nonetheless, Colwell
et al.433, in a multicenter randomized controlled trial (RCT)
compared IPCD against enoxaparin and found IPCD to be just
as effective as enoxaparin in preventing proximal and distal
deep venous thrombosis and pulmonary embolism (PE)
events, with a significantly lower bleeding risk (1.3% IPCD vs.
4.3% LMWH). In over 400 patients, they found a significant
decrease in major bleeding events in the mobile compression
group (0%) compared with the LMWH group (6%) after THA
(p = 0.0004). The symptomatic VTE rates using mechanical
compression alone have been reported at 0.92%, in a series of
patients with obesity undergoing THA445. In addition, in one
RCT prolonged outpatient use of pneumatic compression

devices further decreased the incidence of VTE compared to
isolated inpatient use only446.

In addition, IPCD have been shown to be effective in
Asian population undergoing TKA and THA439,442. The pro-
phylactic efficacy of IPCD against VTE, when used in combi-
nation with chemoprophylaxis, has been demonstrated in
many other studies447-449.

In a systemic review Pavon et al., identified 14 eligible
RCT (2,633 subjects) and 3 eligible observational studies (1,724
subjects). IPCD were comparable to anticoagulation agents for
major clinical outcomes (VTE: risk ratio, 1.39; 95% confidence
interval, 0.73 - 2.64). Limited data suggest that concurrent use
of anticoagulation with IPCD may lower VTE risk compared
with anticoagulation alone and that IPCD alone compared with
anticoagulation may lower major bleeding risk429.

The use of IPCD alone or with ASA after lower
extremity arthroplasty has shown similar VTE rates to more
potent chemoprophylaxis in standard-risk patients. The use
of a risk stratifying protocol with ASA/LMWH and portable
pneumatic compression pumps as part of a multimodal VTE
prophylaxis protocol resulted in a very low rate of sympto-
matic VTE events in patients undergoing outpatient primary
TKA438. Higher DVT risk was observed in “high-risk
patients” such as those with a prior history of VTE, active
cancer, or others. As IPCD continue to evolve, it is important
to consider the most appropriate prophylaxis while maxi-
mizing compliance. The proposed duration for the use of
IPCD is > 18 - 20 hours a day, and with different periods of
postoperative use - in hospital, for 10 days, and up to 20 days.
Several studies show concerns with compliance, with many
patients stopping the use of these devices upon discharge
from hospital438,450.

Muhammad S. Amin, Mohsin Javid, Plamen Kinov,
William A. Jiranek
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14 - Should mechanical compressive devices be used
routinely in patients undergoing total hip arthroplasty or
total knee arthroplasty?

Response/Recommendation: Mechanical compressive
devices can be used routinely in patients undergoing total hip
arthroplasty (THA) or total knee arthroplasty (TKA) as venous
thromboembolism (VTE) prophylaxis.

Strength of Recommendation: High.
Delegates vote: Agree 92.37% Disagree 7.36% Abstain

0.00% (Strong Consensus).
Rationale: Prevention of VTE following total joint

arthroplasty (TJA) remains a priority for orthopaedic surgeons,
and many modalities are currently available. The main
advantage of compressive mechanical devices is that their use,

unlike chemical prophylaxis, is not associated with increased
bleeding after surgical procedures.

The VTE prevention Guidelines from the American
Academy of Orthopaedic Surgeons (AAOS)451 advocate for the
use of mechanical compressive devices for the prevention of
VTE in patients undergoing elective TJA and who, independent
of the surgery, are not at an increased risk for VTE. In the
consensus recommendation, the authors highlighted the ben-
efit of mechanical compressive devices specifically for patients
who are at a higher risk of bleeding, such as patients who have
hemophilia, liver disease, and other bleeding disorders. The
AAOS guidelines also endorse the use of mechanical com-
pressive devices for patients with prior history of VTE who are
undergoing THA or TKA451. Importantly, the AAOS recom-
mendations are in agreement with the American College of
Chest Physicians’ (ACCP) recommendations in that mechan-
ical compression devices can be used alone, without chemical
prophylaxis, for the prevention of VTE particularly in low-risk
patients452. The ACCP guidelines also propose that mechanical
compressive devices may be used alone in TJA patients who are
at an increased risk of bleeding452.

Since the publication of AAOS and ACCP guidelines on
prevention of VTE, there have been additional publications on
this topic. A total of 21 studies were identified from the liter-
ature review, of these, nine reports were summaries/review
articles and 12 were original studies. The study by Dietz et al.,
highlighted the low patient compliance (35%) with these
devices453. A few other studies described the efficacy and safety
of aspirin, low-molecular-weight heparin (LMWH), or direct-
oral anticoagulants (DOAC) in combination with mechanical
prophylaxis454-457. There are many different types of compres-
sive devices in the market, with some of them being portable
devices. The study by Dietz et al., described the efficacy of a
portable pneumatic compression pump, while Arsoy et al.,
described the efficacy of a mobile compression device453,458. A
meta-analysis by Pour et al., examined the issue of distal
application of compression devices, namely foot pumps, and
found current literature supported the efficacy of these distal
devices459. Another study by Zhao et al., a quasi-randomized
controlled design, compared the efficacy of plantar compres-
sion devices and calf compression devices in 121 patients,
concluding that calf-thigh pneumatic compression was more
effective than plantar compression for reducing thigh swelling
during the early postoperative period459,460. The remaining
studies supported the use of mechanical devices in patients
undergoing THA or TKA461-472.

The synergistic relationship between compression
devices and chemical prophylaxis has been examined in a few
studies. Kakkos et al., investigated the efficacy of combined
mechanical compression and pharmacologic prophylaxis for
the prevention of VTE in patients undergoing THA and TKA,
performing a systematic review and meta-analyses that
included a total of 22 trials (15 randomized controlled trials)
and 9,137 patients457. The types of interventions studied were
intermittent pneumatic leg compression devices, which
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included calf sleeves as well as foot pumps, and pharmacologic
prophylactic agents such as unfractionated heparin and
LMWH. The authors provided specific data for the additive
value of mechanical compression in combination with phar-
macologic prophylaxis and reported a decrease in the incidence
of symptomatic pulmonary embolism (PE) from 2.92% to
1.20% when comparing pharmacological prophylaxis alone to
combined mechanical compression and pharmacological
prophylaxis (95% confidence interval, 0.23 to 0.64). While
Harrison-Brown et al., An et al., and Torrejon et al., also argued
in support of the synergistic role of chemical prophylaxis in
combination with mechanical compression, their reports did
not demonstrate any additive value of mechanical compression
in combination with pharmacologic prophylaxis454-456.

Another issue regarding the use of mechanical com-
pressive devices relates to the duration of use. As previously
stated, guidelines from the AAOS did not give recommenda-
tions on the duration of use of mechanical compression
devices451, and only recommended that patients discuss the
usage duration with their treating physician. The AACP on the
other hand recommended that mechanical compressive devices
should be used throughout the hospital stay and for a mini-
mum of 10 to 14 days452. Since the publication of these two
guideline reports, there have been 12 original studies evaluating
various compression devices used from one day to three
months postoperatively. Due to the large range, there appears
to be no compelling evidence to suggest an optimal duration of
mechanical compression amidst the current era of short-stay
hospitalizations453,458.

Another search was performed regarding VTE prophy-
laxis for ambulatory surgeries of the hip and knee. While
several studies were found, the majority only studied phar-
macological prophylaxis, and none provided compelling data
on the duration of mechanical compression473-478. Further
studies are needed to address this knowledge gap.

In summary, mechanical devices can be used as VTE
prophylaxis in patients undergoing THA and TKA. Recent
studies support prior established guidelines that recommend
the use of mechanical compression devices. Further research
should aim to clarify the most appropriate devices, duration
of use, as well as synergistic relationship with pharmacological
agents.

Zhongming Chen, Daniel J. Berry, Mojieb M. Manzary,
Michael A. Mont
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15 - Should pneumatic compression devices (PCD)
routinely be co-administered to patients receiving aspirin
for VTE prophylaxis?

Response/Recommendation: It appears that coadmin-
istration of aspirin (ASA) with pneumatic compression devices
(PCD) may be more effective than ASA alone in prevention of
venous thromboembolism (VTE) following total joint
arthroplasty (TJA).

Strength of Recommendation: Moderate.
Delegates vote: Agree 82.76% Disagree 12.93% Abstain

4.31% (Strong Consensus).
Rationale: Multiple studies in the literature have ana-

lyzed the concomitant use of ASA and PCD in prevention of
VTE479-495. Two studies have specifically evaluated the question
on hand489,496.

The study by Snyder et al., was a randomized control trial
(level II) that assessed the difference in the rate of deep venous
thrombosis (DVT) following total knee arthroplasty (TKA)
using ASA-based prophylaxis with or without extended use of
mechanical PCD therapy. One hundred patients undergoing
TKA, were placed on ASA for three weeks and were random-
ized to receive PCD during hospitalization only or extended use
at home up to six weeks post-operatively. Lower extremity
Duplex venous ultrasonography was used to diagnose DVT at
different time intervals. The rate of DVTwas significantly lower
for patients receiving extended use of PCD at 0% compared to
23.1% for those with inpatient use of PCD (p < 0.001)489.

Another study by Daniel et al., was a retrospective review
(level III) of the clinical records of 463 consecutive patients
undergoing primary total hip arthroplasty (THA) (487 pro-
cedures) to determine the incidence of DVT. In 258 proce-
dures, (244 patients) PCD were not used, whereas, in 229
procedures (219 patients) bilateral PCD were utilized. Doppler
ultrasound screening for DVT was performed in all patients
between the fourth and sixth post-operative days. No symp-
tomatic calf or DVT. Asymptomatic DVT was detected in 25
patients (10.2%) in the cohort not receiving PCD and ten
patients (4.6%) receiving PCD (p = 0.03)496.

In another study (Level II) Colwell Jr, et al., evaluated the
effectiveness of a mobile compression device with or without
ASA compared with current pharmacological protocols for
prophylaxis against VTE in patients undergoing elective pri-
mary unilateral arthroplasty. Among 3,060 patients in the
entire cohort, 28 patients (0.92%) had VTE of which 23
patients (0.72%) developed DVT, and five (0.16%) developed

pulmonary embolism (PE). The rate of symptomatic VTE
among the cohort receiving mobile compression device was
similar in patients receiving mobile compression devices
compared to those receiving chemoprophylaxis484.

The study by Sharrock et al., (level III) performed a
systematic review to determine the incidence of all-cause
mortality and PE in patients undergoing TJA. They found that
the incidence of all-cause mortality non-fatal PE was higher in
patients receiving low-molecular-weight heparin (LMWH)
compared to those receiving ASA and PCD. Group A than in
Group B (0.41 vs. 0.19%) and (0.60 vs. 0.35%), respectively.
The latter study provided further support for the use of PCD
and ASA as VTE prophylaxis in patients undergoing TJA488.

Crawford et al., retrospectively reviewed the incidence of
symptomatic VTE in 1,131 patients undergoing outpatient
primary TKA who used a portable PCD as part of their VTE
prevention protocol. An ASA-based VTE prophylaxis was used
in patients who had a standard-risk for VTE. High-risk patients
received a stronger chemoprophylaxis for two weeks followed
by ASA for four weeks. PCD were worn for 23 hours/day for
14 days. They concluded that the use of portable PCD as part
of amultimodal VTE prophylaxis protocol led to a very low rate
of symptomatic VTE events in patients undergoing outpatient
primary TKA483.

In another level III evidence study, Khatod et al., examined
whether a best prophylactic agent exists for the prevention of post-
operative PE and whether the type of anesthesia affects the rates of
PE. Patients received either mechanical prophylaxis alone (n =
1,533), ASA alone (n = 934), warfarin (n = 6,063), LMWH (n =
7,202) with or without mechanical prophylaxis. No clinical dif-
ferences were detected in the rate of VTE between different types
of prophylaxis or the types of anesthesia. Notably in the ASA
group, 874 patients also received PCD, and 60 patients did not
have PCD. In this small cohort size, there was no difference in the
rate of PE, or mortality between the two groups480.

Based on the available literature, it appears that coad-
ministration of PCD with ASA is likely to reduce the rate of
VTE further in patients undergoing TJA.

Ariel E. Saldaña, Ronald J. Pérez
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16 - Does the use of Continuous Passive Machine (CPM)
reduce the risk of VTE following knee surgery?

Response/Recommendation: There is no conclusive
evidence that continuous passive machine (CPM) reduces the
risk of venous thromboembolism (VTE) following knee sur-
gery. Three moderate quality studies demonstrate no difference
in the risk of VTE in knee surgery with the use of continuous
passive motion, with five low quality studies showing a
potential reduced risk of VTE.

Strength of Recommendation: Limited.
Delegates vote: Agree 95.69% Disagree 3.45% Abstain

0.86% (Strong Consensus).
Rationale: VTE is a well-established complication of

lower limb surgery. This is attributable to the nature of the
lower limb surgery, which facilitates Virchow’s triad of venous
stasis, endothelial damage, and hypercoagulability.

Since its invention in 1978, CPM has been used in total
knee arthroplasty (TKA), septic arthritis, tendon repairs, and
ligament reconstruction to improve range of motion and
stimulate healing497. Studies have demonstrated that using
CPM increases venous and lymphatic flow, thus reducing
venous stasis and reducing risk for the development of
VTE497,498.

Two moderate quality randomized-controlled trials
(Goll et al.499, and Lynch et al.500), reported no statistically sig-
nificant differences in the incidence of VTE following TKAwith
the use of CPM with concurrent aspirin (ASA) use, when
compared to ASA alone.

Goll et al.499, evaluated the incidence of VTE and pul-
monary embolism (PE) in 102 TKA patients via venography on
day 12, and ventilation perfusion (VQ) scanning on day 13.
Their data demonstrated that 76% of venograms were positive
for VTE in the control group, and 75% in the CPM group
respectively. With regards to PE, 10 of the 50 patients in the
control group and 8 of the 45 in the CPM group had positive
VQ scans. Although no p-value was reported in this study, the
authors have stated that there was no statistically significant
difference in VTE outcomes between the groups.

Lynch et al.500, serially randomized 150 TKA patients
treated with ASA, performing venography on day seven post-
operatively. They reported positive venograms in 28 of the 75
patients in the control group, and 34 of the 75 in the CPM
group, representing no statistically significant difference
between the groups (although no p-value was reported).

A cohort study comprised of 103 patients by Ververeli
et al.501, reported the incidence of PE as a secondary outcome in
TKA patients on warfarin by the post-operative day seven. VQ
scanning identified PE in two of the 52 control patients, and
one of the 51 CPM patients. With regards to their reported VTE
outcomes, this was low-quality evidence and although sug-
gestive of no statistical difference, the authors did not explicitly
comment on this.

Contradicting the findings of the above studies, Fuchs
et al.502, designed a randomized controlled trial (RCT) of 227
heparinized lower limb trauma patients allocated to control
versus a method of ankle CPM. All patients were screened
weekly with ultrasound and plethysmography. If suggestive of
VTE, patients underwent venography for definitive diagnosis.

The data from Fuchs et al.502, demonstrated a statistically
significant reduction in incidence of VTE in patients receiving
CPM, recording 29% positive venograms in the control group,
compared to 3.6% in the CPM group (p < 0.001). With regards
to their data on knee surgery in particular (six patients total),
one of three patients in the control group developed a deep
venous thrombosis (DVT), with none reported in the CPM
group. Although a high-quality study with a relatively large
sample size of trauma patients, the small number of patients
undergoing knee surgery limited the ability to make conclu-
sions specific to VTE outcomes in this patient group.

In a cohort study of 40 TKA patients receiving ASA,
Lynch et al.498, performed venography and VQ scanning on
post-operative day five. In the control group, 50% had positive
venograms and 30% had positive VQ scans. In the CPM group,
5% had positive venograms and none had a positive VQ scan.
This represented a statistically significant difference in VTE
incidence between groups in this low-quality study spanning
12-year, with p < 0.0007 for VTE and p < 0.0057 for PE
respectively. This group had previously published503 a very
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similar study with almost identical patient numbers, repre-
senting likely duplication of data.

Vince et al.504, analyzed 62 TKA patients using venogra-
phy and VQ scans on post-operative days four and five,
respectively. With regards to VTE, 75% of control patients had
positive venograms compared to 45% of CPM patients. No PE
were diagnosed in either group. However, it is not reported
whether this difference is statistically significant, nor is it
documented whether patients received any chemical VTE
prophylaxis in this low-quality study.

A cohort study by Maloney et al.505, in 111 TKA patients
receiving ASA reported four positive VQ scans in the control
group (73 patients), compared to no positive scans in the CPM
group (38 patients). Patients were only scanned if there was
clinical suspicion of PE, representing high risk of selection bias.
Moreover, the authors have not commented on whether their
data was statistically significant.

In a low-quality cohort study by Wasilweski et al.506, 74
patients (91 TKAs) receiving ASA were screened for VTE on
post-operative day three, six, eight, and twelve with phle-
bography and diagnosed using venography. PE was screened
using clinical suspicion and diagnosed with VQ scanning.
They reported five VTE and one PE in the control group (44
TKA), compared to no VTE and one fatal PE in the CPM
group (47 TKA). Although suggestive, it was not reported
whether this difference was statistically significant. More-
over, there are discrepancies in their number of patients in
the study, and confounding data as they included both knees
in bilateral TKA patients. For these reasons, this is a low-
quality study.

The vast majority of published articles on CPM identified
in the literature search included VTE as a secondary outcome,
and of these papers only a small proportion507-510 actually report
raw data (often grouped within ‘complications’). As a result,
there is a high risk of bias of selectively reporting VTE, and
most study designs preclude statistical analyses, thus rendering
them low quality evidence with respects to VTE outcomes.

In conclusion, the heterogeneity of the low to moderate
quality evidence suggests there is no evidence that CPM
reduces the incidence of VTE in knee surgery. Our recom-
mendation is limited, as the current literature varies immensely
in terms of chemical VTE prophylaxis used, methods for
screening for VTE, as well as CPM prescription (hours per day
and endpoints). Therefore, we recommend that additional
research be undertaken to provide higher-quality evidence.
Further adequately powered RCT with larger sample sizes,
standardized chemical VTE prophylaxis and CPM prescrip-
tions, as well as VTE screening protocols pre- and post-
operatively are necessary to answer the question.

We accept the risk of language bias in this systematic
review, as studies not originally published in English were
excluded.

Charlotte Brookes, Caroline B. Hing, William Roberts,
Nelson E. Socorro, Andres Silberman
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17 - Does the "enhanced recovery" concept, which
includes early ambulation, reduce the risk of VTE in
patients undergoing primary total hip or knee
arthroplasty?

Response/Recommendation: The “enhanced recovery”
concept including early mobilization is likely to reduce the risk
of venous thromboembolism (VTE) in patients undergoing
primary total hip arthroplasty (THA) or total knee arthroplasty
(TKA). However, the literature lacks studies with a high level of
evidence considering this topic.

Strength of Recommendation: Limited.
Delegates vote: Agree 96.58% Disagree 1.71% Abstain

1.71% (Strong Consensus).
Rationale: Data from The American College of Surgeons

National Surgical Quality Improvement Program (NSQIP)
database demonstrates a risk of VTE in patients undergoing
THA of 0.6% within 30 days of surgery, and 1.4% in patients
who undergo TKA511. Santana et al., report similar rates,
highlighting that due to the total number of THA and TKA
performed worldwide, a large number of patients suffer from
VTE, which can be associated with marked morbidity and
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mortality512. Therefore, it is of high importance to minimize
complications in these patients.

The Enhanced Recovery After Surgery (ERAS) concept
has been developed as a multidisciplinary and multimodal
approach with the goal of improving clinical outcomes and
maximizing efficiency of healthcare resource use. The utili-
zation of the ERAS concept has been effective in reducing
lengths of stay and complications513. However, no previous
review has defined the effect of the ERAS concept on the
incidence of VTE. The ERAS society issued a consensus
statement for peri-operative care in THA and TKA in 2019,
making evidence-based recommendations across 17 topic
areas514. With regards to antithrombotic prophylaxis treat-
ment, the ERAS society recommended that patients should be
mobilized as soon as possible after surgery and receive VTE
prophylaxis in accordance with local policies.

A summary of studies analyzed in this current recom-
mendation is shown in Table III515-526. Studies were selected for
inclusion if they compared the incidence of VTE in patients
undergoing surgery using an ERAS protocol to a control group.
In addition, comparative studies of ‘early mobilization’ were
included. There were only 12 published studies meeting the
inclusion criteria and the majority were retrospective in design.

One randomized controlled trial was identified, which
showed no statistically significant difference in the incidence of
deep venous thrombosis (DVT) between the ERAS and control
group in patients undergoing THA for osteonecrosis518. How-
ever, the quality of this evidence was determined to be low due
to the lack of a defined randomization process, allocation

concealment, and the procedure for identification and diag-
nosis of DVT, with no blinding of assessors. In addition, the
primary outcome of the trial was post-operative function, and
the study is unlikely to have sufficient power to detect a dif-
ference in the incidence of symptomatic DVT. Two non-
randomized, prospective cohort studies reported a lower fre-
quency of DVTwith the use of an ERAS protocol in both THA
and TKA patients, and of both DVTand pulmonary embolism
(PE) in TKA patients516,519. These differences were not statisti-
cally significant in either study. Venditolli et al., also observed a
non-statistically significant decrease in the incidence of DVT
in a prospective cohort of THA and TKA patients using an
ERAS protocol, compared to a historical control520.

In the majority of the remaining retrospective studies,
VTE was less frequent in the group where the ERAS concept
was utilized, but only two studies identified a statistically sig-
nificant difference515,522. After full implementation of an ERAS
pathway in a large cohort of both TKA and THA patients,
Glassou et al., observed a reduction in the incidence of DVT
from 0.8 to 0.5%522. Millar et al., observed a reduction in DVT
from 1.5 to 0.7% and from 3.6 to 1.6% in both THA and TKA
respectively, after the introduction of an ERAS pathway515.
However, it is noted that the ERAS measures used were not
clearly defined in the study and were introduced alongside a
specific focus on VTE prophylaxis, in addition to the ERAS
concept.

No comparative studies using ‘early mobilization’ as a
specific intervention were identified in the systematic search.
However, additional observational papers in the wider

TABLE III Data extracted from the literature

Author Year
Sample
Size Prophylaxis Method

Mean Age
(years) Dosage Duration

Major
Bleeding VTE Rate

Sugano et al.549 2009 70 Mechanical 1 ASA* 30.2 Unmentioned 2 weeks No 0

Thawrani et al.547 2010 83 No Prophylaxis 15.6 Unmentioned Unmentioned No 0

Ito et al.548 2011 158 ASA** 32 Unmentioned 2 weeks No 0.6%

Zaltz et al.545 2011 1067 24 Unmentioned Unmentioned No 0.94%

Polkowski et al.551 2014 134 Mechanical 1 ASA 30 2x325 mg per day 6 weeks No 1.3%

Wassilew et al.550 2015 48 LMWH 31.7 Unmentioned Unmentioned No 0

Wingerter et al.552 2015 50 Mechanical 1 ASA 28 2x325 mg per day 6 weeks No 0

Bryan et al.553 2016 75 Mechanical/ASA 28 2x325 mg per day 6 weeks No 1.33%

Yamanaka et al.554 2016 144 Mechanical ±
LMWH(Enoxoparin/
Edoxaban)

32.2 Unmentioned Unmentioned No 2.1%

Azboy et al.557 2018 87 ASA (High dose) /
ASA
(Low dose) /
Warfarin

31.3 2x325mg ASA
(High dose)
2x81mg (Low dose)
Warfarin dose
Unmentioned

4 weeks No 1.1%

VTE=Venous thromboembolism; ASA=Aspirin; mg=milligrams; LMWH=Low-molecular-weight heparin. *Only few patients take chemical prophylaxis.
**Given to patients at high-risk for thrombosis.
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literature have been considered for the purpose of discus-
sion. Immobility is a recognized risk factor for developing
VTE527,528. However, Chindamo and Marques considered that
there was currently insufficient evidence in the wider liter-
ature that early mobilization in isolation reduces the risk of
VTE529. In the context of arthroplasty surgery, Lei et al.,
found an incidence of DVT of 0.71% in cohort of patients
mobilized within 24 hours after TKA, compared to 1.41% in
patients beginning mobilization beyond this time point530.
This study was purely observational and there was no dif-
ference in the mobilization protocol between the two groups.
Therefore, although baseline demographics were comparable
for both groups, it is possible that the early mobilization
group represented patients who have higher pre-operative
mobility and performance status, which may predispose
them to a lower risk of VTE. Chandrasekaran et al., reported
that mobilization in the first 24 hours after TKA is an
effective way to reduce the incidence of DVT531. However, the
follow-up was at longest, seven days post-surgery. Further-
more, Husted et al., analyzed the importance of early
mobilization within the ERAS concept for TKA and THA,
highlighting that the incidence of VTE was lower in patients
mobilized two to four hours post-surgery in comparison to
patients mobilized six to eight hours post-surgery532.
Therefore, it should be further investigated whether early
mobilization per se or inclusion into an ERAS protocol
reduces the risk of VTE in THA and TKA patients.

Limitations of this review include heterogeneity of the
included studies, with major variations in mobilization and
ERAS protocols, thus complicating the estimation of any
intervention effect. Furthermore, as most of the studies are
retrospective, reporting on multiple outcomes of the ERAS
concept, and not focused specifically on VTE, it is likely that
many are under-powered to detect any significant difference in
rates of DVT and PE.

In summary, the data on VTE in the context of ERAS in
the literature is limited. Two retrospective studies with a
large number of patients, identified an association between
the use of ERAS concept and a lower incidence of DVT in
both TKA and THA. No studies demonstrated a statistically
significant difference in the rate of PE in patients undergoing
THA and TKA in an ERAS setting. Future interventional
studies using well-defined ERAS protocols may provide
greater insight into the effect of ERAS concept, including
early mobilization, on the incidence of DVT and PE.

William G. Fishley, Mihovil Plečko, Rasmus T. Mikkelsen, Ivan
Bohaček, Per Kjærsgaard Andersen, Óliver Maŕın-Peña, Mike Reed
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18 - Do patients undergoing elective pelvic and/or
femoral osteotomy require routine VTE prophylaxis?

Response/Recommendation: Given the low rate of
venous thromboembolism (VTE) in patients undergoing
elective pelvic and/or femoral osteotomy, as well as the absence
of robust data in current literature, this workgroup recom-
mends that aspirin (ASA) and/or mechanical prophylaxis
should be used as VTE prophylaxis in this patient population.
Only patients at a high risk of VTE should be givenmore potent
or additional chemoprophylaxis.

Strength of Recommendation: Limited.
Delegates vote: Agree 86.32% Disagree 10.26% Abstain

3.42% (Strong Consensus).
Rationale: Periacetabular osteotomy (PAO) and/or

femoral osteotomy are surgical options available to treat young
patients with developmental dysplasia of the hip or other hip
conditions533-538. Although isolated femoral osteotomy is per-
formed in the pediatric patient population, femoral osteotomy
is often combined with a pelvic osteotomy in adults. Patients
undergoing these surgical procedures are often young and
healthy536,537,539. However, the nature of the surgical procedure is
such that these patients are often required to limit weight-
bearing postoperatively540, which could potentially increase the
risk of VTE. The other aspect to consider is that these patients
are also at increased risk for bleeding as the surgery involves
multiple cuts through pelvic bone and/or femoral shaft. Thus,
the use of an anticoagulant agent needs to be carefully con-
sidered, taking into account the potential risk for bleeding and
VTE.

The issue of VTE after pelvic and/or femoral osteotomy
has been evaluated previously. The incidence of VTE in patients
undergoing PAO has been reported to be very low at 0% to
5%541-546. Although the incidence of VTE after osteotomy seems
to be lower than that after total joint arthroplasty without
prophylaxis, these values are not negligible and VTE prophy-
laxis should still be considered. Notwithstanding, there are no
specific recommendations regarding the most appropriate
method of VTE prophylaxis in patients undergoing pelvic and/
or femoral osteotomy.

In a study by Thawrani et al., on 76 patients undergoing
PAO (83 hips) with a mean age of 15.6 years, there was no
detected VTE event without any VTE prophylaxis547. Ito et al.,
retrospectively reviewed the long-term outcomes of PAO in
patients younger than 40 years of age (n = 103; mean age 27.1
years) and older patients (n = 36; mean age 47.2 years)548. Only
high-risk patients with a previous history of VTE were given
2 weeks of ASA for VTE prophylaxis, although the dose of ASA
administered is not disclosed in the study. One patient in the
older cohort died of pulmonary embolism on day 4548. The
latter patient was not receiving ASA for prophylaxis. In another
retrospective study, Sugano et al., evaluated the role of

mechanical prophylaxis for VTE in 70 patients with a mean age
of 32.5 years who underwent pelvic and femoral osteotomy549.
Epidural anesthesia, perioperative calf compression, early
mobilization and intermittent pneumatic compression were
used in the patient group. VTE was not observed in any patient
at the 6-month follow-up549.

In another study by Wassilew et al., weight-adjusted
subcutaneous low-molecular-weight heparin (LMWH) was
used in 48 patients, with a mean age of 31.7 years, undergoing
PAO. LMWH was administered until patient was allowed to
fully weight-bear at around 12 weeks, and no patients devel-
oped VTE550.

Polkowski et al., studied 134 patients (149 hips) under-
going PAO at a mean age of 30 years. The patients received ASA
325 mg twice a day (bis in die [bid]) and compression stockings
for 6 weeks, following which, proximal deep venous throm-
bosis (DVT) was detected in 2 patients (1.3%)551. Wingerter
et al., evaluated 100 patients who underwent PAO with tra-
nexamic acid (TXA) (50 hips) and without TXA (50 hips),
analyzing the cohort for development of VTE and other
complications. No VTE prophylaxis was administered to
patients younger than 18 years of age in that study. Older
patients were given contralateral mobile mechanical com-
pression device intraoperatively and bilateral mechanical
compression device for 10 days postoperatively. All patients
older than 18 received 325mg of ASA bid for 6 weeks, and none
of the patients in either group developed VTE552. The issue of
TXA and its influence on VTE was also studied by Bryan et al.,
in a study on 150 patients undergoing PAO553. Of these, 75
patients received intravenous TXA, and 75 patients did not
receive TXA. All patients received mechanical prophylaxis in
the hospital and 325 mg ASA bid for 6 weeks. The authors
reported two VTE events (2.7%) in patients receiving TXA and
1 (1.3%) in the group that did not receive TXA553. Yamanaka
et al., examined the incidence of VTE in patients who
underwent a total of 820 major hip surgeries, including 144
PAO554. The mean age of these patients was 32.2 years.
Mechanical prophylaxis and LMWHwere used in combination
in 79 patients, and mechanical prophylaxis only was used in 65
patients. VTE rate was 1.3% in patients who received
mechanical prophylaxis and chemical prophylaxis together,
and 3.1% in patients who receivedmechanical prophylaxis only
(p = 0.43)554.

Another study investigated the incidence of VTE after
PAO in 1,067 patients with a mean age of 24 years (range, 13 -
56) who had surgery at six North American centers545. Multiple
types of VTE prophylaxis were employed including mechani-
cal, pharmacological, and combined mechanical and phar-
macological methods. Pulmonary embolism (PE) was observed
in four patients and DVT in seven patients, and the incidence of
clinically symptomatic VTE was reported to be 0.94% (9.4/
1,000). Two of the six participating hospitals used both che-
moprophylaxis and mechanical prophylaxis for VTE, and the
crude incidence of VTE per 1,000 patients after PAO were 6.73
(2/297) and 8.73 (2/297), respectively. In two other hospitals,

225

THE JOURNAL OF BONE & JOINT SURGERY d J B J S .ORG

VOLUME 104-A d NUMBER 6 (SUPPLEMENT 1) d MARCH 16, 2022
RECOMMENDATIONS FROM THE ICM-VTE: HIP & KNEE



only pharmacological or mechanical prophylaxis were used,
and the incidence of VTE was 9.37 (3/32) and 12.05 (3/249),
respectively. These results suggested that the combination of
pharmacological and mechanical prophylaxis methods was
useful in preventing VTE after PAO. Conversely, two of the
participating hospitals that treated younger patients had a
lower incidence of VTE compared to the others, even though
they did not adopt pharmacological nor mechanical prophy-
laxis or only used one of them. This suggested that the risk of
postoperative VTE after PAO may be lower in children than in
adolescents. However, Allahabadi et al.555, noted that 9 patients
among 1,480 operated joints in a cohort aged 10 - 18 years
developed VTE within 90 days, concluding that pharmacologic
prophylaxis had no effect on the incidence of VTE. Prevention
of VTE after osteotomy in children remains controversial, and
further research is necessary to address this knowledge gap.
Although the risk of VTE after PAO in adolescents remains
contentious, according to the report by Salih et al.556, the incidence
of grade IV complications according to the modified Dindo-
Clavien grading system (which included PE) was higher in
patients aged 40 years or older (odds ratio [OR] 3.126, p = 0.012),
with body mass index > 30kg/m2 (OR 2.506, p = 0.031) and joint
laxity (Beighton's score of ‡ 6, OR). However, they focused not
only on VTE, but also on other complications after PAO, and only
one case (0.45%) of PE occurred among 223 patients treated with
mechanical and pharmacological prophylaxis using LMWH and
ASA on outpatient basis. Regarding the effectiveness of pharma-
cological prophylaxis, Azboy et al.557, described the usefulness of
ASA (325 mg bid) in 87 patients who underwent PAO, and only
one patient developed uneventful DVT in the cohort.

Both the American College of Chest Physicians (ACCP)
and the American Academy of Orthopedic Surgeons (AAOS)
recognize ASA as a safe and effective prophylactic agent for total
joint arthroplasty558,559. ASA has also been employed as VTE
prophylaxis in patients undergoing joint preservation proce-
dures557. A recent retrospective study investigating VTE prophy-
laxis methods in patients undergoing PAO included a total of 80
patients (87 hips; mean age 31.3 years). Three different chemical
prophylaxis methods were used in the study. A total of 33 patients
were given ASA 325mg bid, 31 were given ASA 81mg bid, and 23
were given warfarin. Uneventful PE developed in only 1 patient
who was on 325 mg ASA. No significant difference in the inci-
dence of VTE was seen among the three cohorts (p = 0.516)557.

Our search of the literature did not reveal any high-quality
studies related toVTE risk after pelvic and/or femoral osteotomy. In
the absence of robust data and guidance from the ACCPand/or the
AAOS, this workgroup recommends that mechanical prophylaxis
and/or ASAmay be sufficient to minimize the risk of VTE in adult
patients undergoing pelvic and/or femoral osteotomy. Adolescent
and children appear to be at extremely low risk of VTE after
osteotomy. The issue of whether VTE prophylaxis should be
administered to these patients is discussed in the Pediatric section of
the International Consensus Meeting (ICM) on VTE.

Oğuzhan Korkmaz, Yutaka Inaba, Taro Tezuka, Ibrahim Azboy
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19 - What are the indications for Doppler ultrasound of
the lower extremity to confirm or rule out DVT?

Response/Recommendation: In the absence of any
specific guidance from the literature we would propose that in
any patient who is within 6 weeks following a lower limb
surgery that a Doppler scan should be requested when:

a. There is lower limb swelling that does not respond to
elevation or after a night’s rest in bed.

b. The lower extremity swelling worsens after a night
spent recumbent.

c. There is a high index of suspicion for deep venous
thrombosis (DVT) in patients with active cancer and/
or history of prior venous thromboembolism (VTE).

Strength of Recommendation: Limited.
Delegates vote: Agree 89.57% Disagree 6.09% Abstain

4.35% (Strong Consensus).
Rationale: Having assessed the literature the presently

available tools, such as the Well’s score560, are based predomi-
nantly on assessing the indications for Doppler in the situation
of an unprovoked DVT. When using such scores, the majority
of postoperative total joint arthroplasty (TJA) meet the criteria
for a Doppler investigation and therefore such scores are
unsuitable for this patient population.

There are no studies specifically assessing the indications
for Doppler ultrasound in determining the presence of a DVT
following TJA. In addition, there are no studies that have
determined the positive or negative predictive value of clinical
criteria used to trigger the use of a Doppler ultrasound to
determine if a DVT has developed following TJA.

DVToccurring after lower limb TJA appears to follow a
different and more benign pathway than unprovoked
DVT561,562, which has significantly reported morbidity and
mortality. Postoperative DVT is largely asymptomatic with the
reported incidence often being about 10% when every post-
operative TJA has a Doppler563. The presence of DVT has not
been shown to correlate with age, gender, race, presence of
diabetes mellitus, history of malignancy, smoking status, fixa-
tion type, primary versus revision type of surgery, or operating
time564. Although a symptomatic DVT may occur in the hos-
pital, the assessment and diagnosis are more commonly an
issue for patients who have been discharged and then present to
the emergency room with lower limb pain and or swelling.

To highlight the present uncertainty about the indica-
tions for a Doppler scan following TJA, a study using data from
Musgrave Park hospital in Belfast, Northern Ireland looked at
over 10,000 TJA performed since 2016. This yet unpublished
study found that over 8% of patients had at least one Doppler

after TJA with < 5% having a proximal DVT. According to the
British National Institute for Health and Care Excellence (NICE)
guidelines565, if a Doppler scan cannot be done within 4 hours of
being requested then the patient should receive therapeutic anti-
coagulation. As a result, many of the patients with a negative scan
received therapeutic anticoagulation. Furthermore, if the scan is
negative then NICE recommends a further scan in the following 6
to 8 days565. As a result, many patients had a second Doppler.

The two major concerns about missing a DVT are propa-
gation to the lung with a subsequent pulmonary embolism (PE)
and risk of death and post thrombotic syndrome. With regard to
the first concern, we are not aware of any literature that has
demonstrated that propagation of a DVT to the lung occurs fol-
lowing TJA. With regard to the post thrombotic syndrome, this is
clearly an important clinical issue with a reported incidence of
between 20% and 50% following DVT566 but again this would
appear to be following unprovoked DVTwith no published evi-
dence about DVT as a consequence of TJA. It is generally con-
sidered that a venous clot will recanalize within 3months and that
this process is not aided by anticoagulation with the latter simply
preventing extension locally or to the lung.

The rationale of focusing attention on postoperative
swelling that doesn’t respond to elevation is that these are the
patients who are perhaps at higher risk from developing a post
thrombotic syndrome and who may therefore benefit from
anticoagulation to reduce the risk of local extension.

In the general population, it has been shown that when
leg edema or calf tenderness was present, the incidence of acute
DVT was significantly greater (p < 0.0001)567. Although these
may be common symptoms after TJA, it is not unreasonable to
consider that increased or sudden unilateral swelling after
elevation or first thing in the morning after awakening may
indicate the need for a Doppler ultrasound568. We recommend
that once the scan has been ordered the patient should not
normally be anticoagulated prior to a positive scan result unless
the scan cannot be done for more than 24 hours. If the patient
is on routine VTE prophylaxis this should continue as pre-
scribed. If there is a distal or calf DVT, then the patient does not
need to be anticoagulated, and the scan does not need to be
repeated unless there is a further change in the symptoms. If the
scan is negative, it does not need to be routinely repeated unless
there is a further change in symptoms. If the patient has a
proximal DVT, then the patient should be anticoagulated ac-
cording to local protocols. Throughout this process and
regardless of the diagnosis, the patient should continue with
their normal rehabilitation program. If the investigations have
not been ordered by the surgical team, they should be informed
independently of the outcome.

Geno J. Merli, Michael Tanzer, Nicola Gallagher, David E.
Beverland
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20 - Should the presence of a distal DVT in an extremity
mandate repeat imaging of proximal veins?

Response/Recommendation: Based on current litera-
ture and recommendations from official bodies, patients
with an isolated distal deep venous thrombosis (DVT) (in
whom a proximal component was not detected at the initial
scan) can be managed without anticoagulation but need to
have a follow up ultrasound (US) of the proximal veins after
1 week to rule out DVT extension. It is reasonable to treat
the patient empirically with anticoagulation, especially
in situations where a follow-up ultrasound may not be
possible.

Strength of Recommendation: Consensus.
Delegates vote: Agree 89.57% Disagree 6.09% Abstain

4.35% (Strong Consensus).
Rationale: Isolated distal DVTencompasses thromboses

of the calf veins below the knee, with the popliteal vein not
being involved. Most calf vein DVTare located in the posterior
tibial and peroneal veins569-573. The rate of extension to the
proximal veins and the rate of pulmonary embolism (PE) are
highly variable. Studies have shown that 9% – 21.4% of isolated
distal DVTmay propagate proximally570,572,574.

Venous compression ultrasound (US) is the standard
imaging test for patients with suspected lower extremity DVT.
Protocols recommended by the American College of Chest
Physicians (ACCP)575, the American Institute of Ultrasound in
Medicine/American College of Radiology/Society of Radiolo-
gists in Ultrasound576(p30), and the Intersocietal Accreditation
Commission Vascular Technology577 have been inconsistent
with regards to the necessary components of the US. While
scanning the proximal veins is agreed by all societies, the
necessity of routine scanning of the distal calf veins remains
debatable570,578,579.

If the distal veins are imaged and isolated distal DVT is
diagnosed, the two treatment strategies involve either treating the
patient with anticoagulation or holding anticoagulation and fol-
lowing up with repeated US examination. Surveillance studies

from non-orthopedic literature suggest that proximal DVT is
diagnosed at the second US in 1.9% – 12.8% of patients572,580,581.

The majority of orthopaedic literature that examined the
rate of propagation of distal DVTwas conducted in the context
of total joint arthroplasty, and mainly total knee arthroplasty
(TKA). Barrellier et al., conducted a randomized prospective
study582 comparing short vs. extended venous thromboembo-
lism (VTE) prophylaxis. While not the main outcomes, the
authors found that distal DVT progressed to the proximal veins
in 27 of 141 patients (19.1%) who received short-term pro-
phylaxis. In those who received extended VTE prophylaxis, the
rate was significantly lower but still affected 9 of 144 patients
(6.3%), suggesting the need for routine surveillance of the
proximal veins regardless of prophylaxis modality. Several
retrospective studies support these findings, although lower
rates of propagation were reported; Oishi et al.583, examined the
clinical course of isolated DVT diagnosed with routine US at
day 4 postoperatively. Out of 41 asymptomatic patients that
were diagnosed with an isolated DVT and had serial US sur-
veillance, seven (17%) developed a proximal DVT in the ipsi-
lateral limb by the fourteenth postoperative day. Tateiwa
et al.584, retrospectively followed up 42 patients with an isolated
DVTusing consecutive US and reported a DVTexacerbation in
five patients (11.9%), three of whom showed additional
thrombus formation. The remaining two patients had throm-
bus elongation or propagation from the distal to proximal
veins. More recently Omari et al.585, retrospectively reviewed
445 patients who were diagnosed with isolated DVT following
TKA. The authors reported propagation to the popliteal vein in
10 of 459 patients (2.2%). In contrast with these studies, Yun
et al.586, found no propagation in a 6-month computer
tomography (CT) follow-up of 39 TKA patients with an iso-
lated DVT. Notably, the methodology of that study had major
flaws as half of the cohort (37 of 78 patients) that were diag-
nosed with isolated DVT on day 7 were not further evaluated
and outcomes were not available.

While not intended specifically for orthopedic use, sev-
eral official bodies have designed protocols for the follow-up of
distal DVT, all of which support the continued surveillance of
these patients through a serial US of the proximal veins in cases
of distal DVT that are managed expectantly573,574,587. Current
recommendations entail repeating the US at 1 week and then at
2 weeks if the distal DVT persists but does not extend570. No
further imaging is required if the distal DVT resolves at 1 week
or does not extend significantly at 2 weeks. Serial US is not
indicated if the patient receives anticoagulation unless there is a
change in the clinical condition of the patient that warrants a
change in treatment588.

Acknowledging the limited data available on the subject,
especially in the field of orthopaedics, our literature review
suggests that up to 19% of distal DVTmay subsequently extend
into the proximal veins. It is therefore recommended that an-
ticoagulation be administered immediately, or serial US be
performed as surveillance to detect thrombus extension589-592.
The abovementioned protocols for surveillance of patients with
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an isolated DVT should be followed. It should be noted,
however, that compliance with repeat US imaging is inconsis-
tent593, so, if a repeat US cannot be done, it may be best to treat
that patient with anticoagulation.

Noam Shohat, Gregg R. Klein, William J. Hozack

References
569. Kabashneh S, Singh V, Alkassis S. A Comprehensive Literature Review on
the Management of Distal Deep Vein Thrombosis. Cureus. 2020 May 10;12(5):
e8048.
570. Bates SM, Jaeschke R, Stevens SM, Goodacre S, Wells PS, Stevenson MD,
Kearon C, Schunemann HJ, Crowther M, Pauker SG, Makdissi R, Guyatt GH.
Diagnosis of DVT: Antithrombotic Therapy and Prevention of Thrombosis, 9th ed:
American College of Chest Physicians Evidence-Based Clinical Practice Guidelines.
Chest. 2012 Feb;141(2)(Suppl):e351S-418S.
571. Schellong SM. Distal DVT: worth diagnosing? Yes. J Thromb Haemost. 2007
Jul;5(Suppl 1):51-4.
572. Kirkilesis G, Kakkos SK, Bicknell C, Salim S, Kakavia K. Treatment of
distal deep vein thrombosis. Cochrane Database Syst Rev. 2020 Apr 9;4:
CD013422.
573. Palareti G, Agnelli G, Imberti D, Moia M, Ageno W, Pistelli R, Rossi R, Verso M;
MASTER investigators. A commentary: to screen for calf DVT or not to screen? The
highly variable practice among Italian centers highlights this important and still
unresolved clinical option. Results from the Italian MASTER registry. Thromb
Haemost. 2008 Jan;99(1):241-4.
574. Garry J, Duke A, Labropoulos N. Systematic review of the complications
following isolated calf deep vein thrombosis. Br J Surg. 2016 Jun;103(7):789-96.
575. Kearon C, Akl EA, Ornelas J, Blaivas A, Jimenez D, Bounameaux H, HuismanM,
King CS, Morris TA, Sood N, Stevens SM, Vintch JRE, Wells P, Woller SC, Moores L.
Antithrombotic Therapy for VTE Disease: CHEST Guideline and Expert Panel Report.
Chest. 2016 Feb;149(2):315-52.
576. The American College of Radiology, with More than .Pdf.” Accessed
December 27, 2021. https://www.acr.org/-/media/ACR/Files/Practice-
Parameters/unsealedsources.pdf?la=en
577. Intersocietal Accreditation Commission. Vascular Testing. Download the
2020 IAC Standards. Accessed August 17, 2021. https://www.intersocietal.org/
vascular/seeking/vascular_standards.htm
578. Kearon C, Akl EA, Comerota AJ, Prandoni P, Bounameaux H, Goldhaber SZ,
Nelson ME, Wells PS, Gould MK, Dentali F, Crowther M, Kahn SR. Antithrombotic
therapy for VTE disease: Antithrombotic Therapy and Prevention of Thrombosis, 9th
ed: American College of Chest Physicians Evidence-Based Clinical Practice
Guidelines. Chest. 2012 Feb;141(2)(Suppl):e419S-96S.
579. Righini M, Bounameaux H. Clinical relevance of distal deep vein thrombosis.
Curr Opin Pulm Med. 2008 Sep;14(5):408-13.
580. Bernardi E, Camporese G, Büller HR, Siragusa S, Imberti D, Berchio A,
Ghirarduzzi A, Verlato F, Anastasio R, Prati C, Piccioli A, Pesavento R, Bova C,
Maltempi P, Zanatta N, Cogo A, Cappelli R, Bucherini E, Cuppini S, Noventa F,
Prandoni P; Erasmus Study Group. Serial 2-point ultrasonography plus D-dimer vs
whole-leg color-coded Doppler ultrasonography for diagnosing suspected
symptomatic deep vein thrombosis: a randomized controlled trial. JAMA. 2008 Oct
8;300(14):1653-9.
581. Righini M. Is it worth diagnosing and treating distal deep vein thrombosis? No.
J Thromb Haemost. 2007 Jul;5(Suppl 1):55-9.
582. Barrellier MT, Lebel B, Parienti JJ, Mismetti P, Dutheil JJ, Vielpeau C;
PROTHEGE study group; GETHCAM study group. Short versus extended
thromboprophylaxis after total knee arthroplasty: a randomized comparison. Thromb
Res. 2010 Oct;126(4):e298-304.
583. Oishi CS,Grady-Benson JC,Otis SM,Colwell CW Jr,Walker RH. The clinical courseof
distal deep venous thrombosis after total hip and total knee arthroplasty, as determined
with duplex ultrasonography. J Bone Joint Surg Am. 1994 Nov;76(11):1658-63.
584. Tateiwa T, Ishida T,Masaoka T, Shishido T, Takahashi Y, Onozuka A, Nishida J,
Yamamoto K. Clinical course of asymptomatic deep vein thrombosis after total knee
arthroplasty in Japanese patients. J Orthop Surg (Hong Kong). 2019 May-Aug;27(2):
2309499019848095.
585. Omari AM, Parcells BW, Levine HB, Seidenstein A, Parvizi J, Klein GR. 2021
John N. Insall Award: Aspirin is effective in preventing propagation of infrapopliteal
deep venous thrombosis following total knee arthroplasty. Bone Joint J. 2021 Jun;
103-B(6)(Supple A):18-22.
586. Yun WS, Lee KK, Cho J, Kim HK, Kyung HS, Huh S. Early treatment outcome of
isolated calf vein thrombosis after total knee arthroplasty. J Korean Surg Soc. 2012
Jun;82(6):374-9.
587. Needleman L, Cronan JJ, Lilly MP, Merli GJ, Adhikari S, Hertzberg BS, DeJong
MR, Streiff MB, Meissner MH. Ultrasound for Lower Extremity Deep Venous

Thrombosis: Multidisciplinary Recommendations From the Society of Radiologists in
Ultrasound Consensus Conference. Circulation. 2018 Apr 3;137(14):1505-15.
588. ChoosingWisely. Society for Vascular Medicine. Published February 24, 2015.
Accessed August 17, 2021. https://www.choosingwisely.org/societies/society-for-
vascular-medicine/
589. Masuda EM, Kistner RL, Musikasinthorn C, Liquido F, Geling O, He Q. The
controversy of managing calf vein thrombosis. J Vasc Surg. 2012 Feb;55(2):550-61.
590. Hughes MJ, Stein PD, Matta F. Silent pulmonary embolism in patients with
distal deep venous thrombosis: systematic review. Thromb Res. 2014 Dec;134(6):
1182-5.
591. Spencer FA, Kroll A, Lessard D, Emery C, Glushchenko AV, Pacifico L, Reed G,
Gore JM, Goldberg RJ. Isolated calf deep vein thrombosis in the community setting:
the Worcester Venous Thromboembolism study. J Thromb Thrombolysis. 2012 Apr;
33(3):211-7.
592. De Martino RR, Wallaert JB, Rossi AP, Zbehlik AJ, Suckow B, Walsh DB. A
meta-analysis of anticoagulation for calf deep venous thrombosis. J Vasc Surg. 2012
Jul;56(1):228-37.e1, discussion :236-7.
593. McIlrath ST, Blaivas M, LyonM. Patient follow-up after negative lower extremity
bedside ultrasound for deep venous thrombosis in the ED. Am J Emerg Med. 2006
May;24(3):325-8.

21 - Do patients undergoing UKA, including
patellofemoral joint arthroplasty, have a different VTE
risk profile compared to TKA?

Response/Recommendation: The incidence of sympto-
matic venous thromboembolism (VTE) is low in both uni-
compartmental knee arthroplasty (UKA) and total knee
arthroplasty (TKA) patients, deep venous thrombosis (DVT)
and pulmonary embolism (PE) occur in up to 1.6% and 0.13%
of UKA patients. Most studies had a trend of decreased VTE
risk following UKA compared to TKA but were underpowered,
only registry studies were sufficiently powered and showed a
VTE risk ratio (RR) of 0.39 (0.27 - 0.57). There is a paucity of
data on patellofemoral joint arthroplasty (PFJA) and VTE risk.

Strength of Recommendation: Moderate.
Delegates vote: Agree 96.49% Disagree 0.88% Abstain

2.63% (Strong Consensus).
Rationale: UKA is an alternative option to TKA for the

surgical management of symptomatic osteoarthritis and ac-
counted for 2.7% of all primary TKA reported in the American
Joint Replacement Registry594, 5.6% of the Australian Regis-
try595, 8% of the Swedish Register596, and 9.1% of the British
Registry597.

A vast body of literature has reported comparable or
better clinical UKA outcomes compared to TKA598-600, fewer
early postoperative complications599,601-605, fewer early reopera-
tions601,603-605, and decreased mortality599,601,606 but a greater
revision rate compared to TKA594,595,597,601,606. VTE related to
UKA is reported less frequently and symptomatic VTE occurs
in 0.41 - 1.6%607,608 of patients including symptomatic DVT in
0.28 – 1.6%607-610, and PE in 0.13%607. Several large consecutive
series report an absence of symptomatic VTE610, or asymptomatic
VTE following UKA611. Conversely, Koh et al., reported a con-
secutive series of 70 patients without VTE symptoms following
UKA, but 26%had aVTE lesion identifiedwithmultidetector row
computer tomography (CT), and all resolved without thrombo-
prophylaxis nor thrombotic treatment612.

There are no randomized controlled trials (RCT) pow-
ered to examine uncommon sentinel events such as VTE and
mortality following UKA compared to TKA, but every study
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has reported similar or improved complication rates, VTE
incidence and mortality in UKA patients compared to TKA
patients. Systemic review methodologies with meta-analysis
remain underpowered to measure these events. Wilson et al.,
used a systemic review of RCTof more than 50 patients, nation-
wide databases, joint registries and large cohort studies to com-
pare UKA to TKA599. In that review and meta-analysis the UKA/
TKAVTE RR was 0.39 (0.27 – 0.57, p < 0.001) derived from the
British Registry601, and four American national databases603,606,609,613,
that include 32,711 UKA and 228,499 TKA patients.

Wilson et al., identified two RCT including 614 patients
and four large cohort studies including 574 patients that were
underpowered to compare VTE incidence in UKA and TKA599.
Additionally Beard et al.600, conducted amulticenter RCTof 528
patients with 2 VTE events in both cohorts, Schmidt-Braekling
et al.610, added a RCTof 112 patents to the literature and Brown
et al.614, examined 605 UKA and 22,235 TKA in an institutional
database with a trend toward less VTE related to UKA.

Liddle et al.601, used propensity matched UKA and TKA
patients in the National Joint Registry for England andWales
from 2003 - 2012 and included 25,334 UKA and 75,996 TKA.
The VTE RR was 0.42 (0.34 – 0.52, p < 0.001). Mortality risk
was significantly decreased for UKR patients (0.23 (0.11 –

0.50) at 30 days and 0.47 (0.31 – 0.69) at 90 days). Mortality
is multifactorial and may be related to fatal pulmonary
embolism and other factors such as myocardial infarction
and stroke which were both decreased in the UKA group;
odds ratio 0.53 (0.31 – 0.90) and 0.37 (0.16, 0.86)
respectively.

Di Martino et al.604, reported on 6,453 UKA and 54,012
TKA from the Italian Registro Implantologia Protesica Orto-
pedica (RIPO) data base from 2000 - 2017; DVTwas reported
in 0.03% of UKA and 0.2% of TKA patients.

The American College of Surgeons National Surgical
Quality Improvement Program (ACS NSQIP) has been inter-
rogated over three time periods. Duchman et al.609, used pro-
pensity matched UKA and TKA patients in the ACS NSQIP
database from 2005 to 2011 and included 1,588 UKA and 1,588
TKA; the VTE RRwas 0.32 (0.16 – 0.66, p < 0.02). Drager et al.603,
examined 36,274 TKA and 1,340 UKA non-matched patients in
the ACSNSQIP database from2011 to 2012; the VTERRwas 0.33
(0.16 – 0.69). Courtney et al.613, examined 49,136 TKA and 1,351
UKA non-matched patients in the ACS NSQIP database from
2014 to 2015; the VTE RR was 0.44 (0.24 – 0.82).

Bolognesi et al.606, examined 65,505 TKA and 3,098 UKA
American Medicare patients from 2000 - 2009; after multi-
variable adjustment, UKA patients had no significant risk dif-
ferential of VTE (adjusted hazard ratio [HR] = 0.86; 95%
confidence interval [CI] = 0.57 to 1.29) or mortality (adjusted
HR = 0.75; 95% CI = 0.50 to 1.11). Hansen et al.605, used
propensity matched UKA and TKA patients in the 2002 - 2011
USA Medicare database and 2004 - 2012 MarketScan database
and report on 4,414 matched UKA Medicare patients and
20,721MarketScan patients. The VTE RR for TKA patients was
1.67 (1.16 - 2.38, p = 0.006) in the Medicare cohort and 1.69

(1.45 - 1.96, p < 0.001) in the MarketScan cohort and mortality
RR was 2.63 (1.35 - 5.00), p = 0.004) in the Medicare cohort
and 2.08 (1.96 - 2.022, p < 0.001) in the MarketScan cohort.

Enhanced recovery after surgery (ERAS) following TKA
has potential to decrease VTE risk, potentially approximating
the risk to UKA patients who typically have a rapid recovery
pathway. UKA patients have similar prothrombotic serum
markers following surgery615 and the addition of rapid mobi-
lization, decreased tourniquet use and multimodal analgesia
protocols could diminish the prothrombotic potential of TKA
compared to UKA. Petersen et al.607, report a VTE incidence of
0.41% following 3,927 UKAwhich was comparable to 0.39% in
fast-tracked TKA patients616 over the same time period.

PFJA are used less frequently and account for 0.36 to
1.2% of knee arthroplasties595,597, and the incidence of VTE
related to PFJA is less well described. Tarassoli et al.617,
performed a meta-analysis of PFJA outcomes and identified only
one study reporting one postoperative DVT in 56 PFJA (1.8%)618.
No additional reports of VTE following PFJA were identified.

Tad Gerlinger, Ivan Bohaček, David G. Campbell
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Marcelino Gomes, MD, Santa Casa de Misericórdia de Batatais, São Paulo, Brazil; Jaime Mariño,
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