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Within the first 4 months of the 2019 calendar year, 3 articles
appeared in highly respected peer-reviewed publications that
seemingly crowned aspirin as the king of venous thromboem-
bolism (VTE) prophylaxis following total hip arthroplasty
(THA) and total knee arthroplasty (TKA)1-4. Not surprisingly,
such a proclamation could not be more welcomed and better
received among the orthopaedic community. After all, aspirin
is familiar to nearly all medical practitioners as well as the lay
public, it is inexpensive and conveniently used without the
need for any monitoring, and conventional wisdom holds that
it is fraught with the fewest number of bleeding complications
in surgical patients compared with more potent anticoagulants
that are used for the same purpose. The problem, however, is
that because of the joy that is associated with such an uplifting
message, we fail to analyze the scientific basis, and hence the
credibility, of the message, perhaps to our detriment and that of
our patients. In fact, the currently available data do not con-
clusively show that aspirin is the best VTE prophylaxis after
THA and TKA.

The American College of Chest Physicians (ACCP), a
perennial authority on VTE prophylaxis, issued their first set
of clinical practice guidelines in 1986, and have continued to
issue guidelines through 20125. Guideline writers relied pre-
dominantly on evidence from prospective randomized trials
after THA and TKA, often based on a finding of deep venous
thrombosis (DVT) on screening venography as a presumed
precursor to pulmonary embolism (PE), and endorsed potent

anticoagulants over aspirin, with relatively low concern for
bleeding associated with anticoagulant use. During the 1990s,
the introduction of fractionated heparins for VTE prophylaxis
after total joint replacement heralded the way for a plethora of
clinical trials, and surgeons witnessed a dramatic increase in
perioperative bleeding complications. In response, the ortho-
paedic community quietly drifted to aspirin for prophylaxis,
largely on the strength of its perceived low bleeding risk, but
without strong efficacy data. Orthopaedic surgeons placed
greater value on the prevention of clinical PE rather than
asymptomatic DVT, with a competing desire to mitigate the
risk of bleeding that may result in wound hematoma, reopera-
tion, secondary infection, and removal of the joint prosthesis6.
During this time, some centers published large observational
studies that used routine aspirin prophylaxis in patients with
total hip and knee replacement with favorable results, except
for 15% to 20% of patients who were considered “high risk”
and selectively received warfarin prophylaxis7-9.

In 2008, after 7 successive renditions of the guidelines
shunning aspirin, the ACCPoffered a specific recommendation
against the use of aspirin for VTE prophylaxis following THA
and TKA10. That same year, the American Academy of Ortho-
paedic Surgeons (AAOS) responded with its first set of clinical
guidelines, endorsing the use of aspirin for patients at “typical”
risk for VTE after hip and knee replacement, and introducing
an algorithm for risk stratification of patients11. Hence began
the fabled VTE prophylaxis “guideline wars.”12 The AAOS did
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not endorse aspirin for patients perceived to be at “elevated”
risk of VTE; it was recommended that these patients receive
more potent anticoagulants. For patients at “elevated” risk of
bleeding, potent anticoagulants were omitted in favor of aspi-
rin, warfarin, or mechanical compression devices. In the face
of an “elevated” risk of both VTE and bleeding, less potent
anticoagulation was recommended. The AAOS has consis-
tently endorsed less-intensive anticoagulation with aspirin
or low-intensity warfarin, largely based on observational re-
ports; with randomized clinical trials that are underpowered
to demonstrate significant differences, both agents have been
associated with comparable rates of fatal PE and less bleeding
than more potent anticoagulants.

For the ensuing decade, guidance from the ACCP and the
AAOS remained at odds, resulting in confusion for both
patients and practitioners over optimal management12. How-
ever, with the backing of the AAOS guidelines, orthopaedic
surgeons increasingly used aspirin prophylaxis for all but those
patients who were identified as being at “high” risk. Such a
“high-risk” group would include, but not be limited to, patients
with a personal history of an unprovoked DVT or PE, a pro-
voked DVT or PE after joint replacement despite chemopro-
phylaxis, or a documented history of thrombophilia, such as
the presence of factor V Leiden. From the surgeon’s perspective,
as well as the patient’s13, increased bleeding is at least as worrisome
as an increased PE risk; indeed, in practice, fatal PEs occurred
substantially less often than did major bleeding events. Fi-
nally, in 2012, the guideline debate ended with reconciliation
between the 9th ACCP5 and 2nd AAOS14 editions, which were
based on an increased value attached to bleeding complica-
tions. Both groups also conceded that, using clinical PE as the
important end point, there were insufficient data to endorse any
specific prophylaxis regimen as “best practice.” Perfect harmony
was achieved in 2014 when the American College of Surgeons
Surgical Care Improvement Project (SCIP) added aspirin to its list
of acceptable VTE prophylaxis agents15. All groups now decline to
endorse any preferred regimen, other than to recommend doing
something for VTE prophylaxis after hip and knee replacement.

Accordingly, observational reports must be considered in
light of the prevailing clinical practice guidelines informing
VTE prophylaxis. The 3 clinical studies that were published
in 2019 all share a common theme demonstrating comparable
clinical VTE outcomes with aspirin prophylaxis and with more
potent anticoagulants. However, each of those reports also
relies on retrospective observational data that were accumu-
lated from 2000 to 2017, during a period when orthopaedic
surgeons favored aspirin prophylaxis except for those patients
perceived to be at highest risk, who selectively received warfarin
or another potent anticoagulant. Indeed, the Michigan Arthro-
plasty Registry Collaborative Quality Initiative (MARCQI) data
were collected entirely after the ACCP and AAOS guideline
reconciliation and, with only 31% of patients receiving solely
aspirin prophylaxis and more than two-thirds receiving a
potent anticoagulant, the data were highly selective with respect
to aspirin use1,2. The 2 reports from Philadelphia acknowledge a
switch from routine warfarin to routine aspirin prophylaxis

except for the highest-risk patients, who still selectively
received warfarin3,4. Thus, in all 3 of the reports, patients were
specifically selected to receive something other than aspirin
prophylaxis if they were felt to be at higher risk than other
arthroplasty patients. This selection bias in current clinical
practice strongly favors observational data demonstrating the
effectiveness of aspirin prophylaxis, and negatively biases effec-
tiveness outcomes for more potent anticoagulants. Indeed, to
our knowledge, the last time a prospective randomized clinical
trial was conducted with single-drug VTE prophylaxis using
either aspirin or warfarin, the trial was stopped before completion
because of an unacceptably high rate of clinical VTE observed in
the aspirin group16. A more recent prospective clinical trial with
aspirin used combination therapy with randomization to aspirin
occurring postoperatively, only after all patients had received 5
days of rivaroxaban during the period of greatest VTE risk17.

The analysis of observational data sets, no matter how
many times or by which sophisticated methodology might be
elected, may remain flawed by the prevailing selection bias
implicit in the underlying observational data. In each of the 3
studies mentioned above, the investigators used sophisticated
methods to attempt to adjust the selection bias of lower-risk
patients receiving aspirin. However, the statistical methods that
were used cannot adjust for unmeasured confounding variables
or residual confounding. Therefore, no matter how welcome a
favorable endorsement of aspirin for VTE prophylaxis after
total joint replacement might be, we lack critical data from
prospective randomized clinical trials that randomly assign
patients with similar risk profiles to aspirin versus potent anti-
coagulants for the sake of a credible and level comparison.

We await the results of the Pulmonary Embolism Pre-
vention after Hip and Knee Replacement trial (also known as
The PEPPER Trial; NCT02810704), a large comparative effec-
tiveness trial funded by the Patient-Centered Outcomes
Research Institute (PCORI), to shed some light on this perplex-
ing issue. In The PEPPER Trial, 20,000 patients undergoing
either primary or revision THA or TKA will receive 4 weeks
of VTE prophylaxis and be randomized to either rivaroxaban
(20 mg daily) starting 24 hours after surgery, aspirin (81 mg
twice daily) starting immediately before surgery, or warfarin
adjusted to an international normalized ratio (INR) target of
2.0 starting immediately prior to surgery. With >9,000 patients
randomized from 28 centers in North America, The PEPPER
Trial is nearly halfway to completion. In the meantime, any
conclusions based on observational data must consider the
implicit selection bias in current practice that purposefully
limits aspirin prophylaxis to only the lowest-risk patients fol-
lowing THA and TKA. n
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8. González Della Valle A, Serota A, Go G, Sorriaux G, Sculco TP, Sharrock NE,
Salvati EA. Venous thromboembolism is rare with a multimodal prophylaxis protocol
after total hip arthroplasty. Clin Orthop Relat Res. 2006 Mar;444:146-53.
9. Lotke PA, Lonner JH. The benefit of aspirin chemoprophylaxis for thromboem-
bolism after total knee arthroplasty. Clin Orthop Relat Res. 2006 Nov;452:175-80.
10. Geerts WH, Bergqvist D, Pineo GF, Heit JA, Samama CM, Lassen MR, Colwell
CW. Prevention of venous thromboembolism: American College of Chest Physicians
evidence-based clinical practice guidelines (8th edition). Chest. 2008 Jun;
133(6)(Suppl):381S-453S.
11. Johanson NA, Lachiewicz PF, Lieberman JR, Lotke PA, Parvizi J, Pellegrini V,
Stringer TA, Tornetta P 3rd, Haralson RH 3rd, Watters WC 3rd. Prevention of symp-

tomatic pulmonary embolism in patients undergoing total hip or knee arthroplasty. J
Am Acad Orthop Surg. 2009 Mar;17(3):183-96.
12. Eikelboom JW, Karthikeyan G, Fagel N, Hirsh J. American Association of
Orthopedic Surgeons and American College of Chest Physicians guidelines for
venous thromboembolism prevention in hip and knee arthroplasty differ: what
are the implications for clinicians and patients? Chest. 2009 Feb;135(2):
513-20.
13. MacLean S, Mulla S, Akl EA, Jankowski M, Vandvik PO, Ebrahim S, McLeod S,
Bhatnagar N, Guyatt GH. Patient values and preferences in decision making for
antithrombotic therapy: a systematic review: antithrombotic therapy and prevention
of thrombosis, 9th ed: American College of Chest Physicians evidence-based clinical
practice guidelines. Chest. 2012 Feb;141(2)(Suppl):e1S-23S.
14. American Academy of Orthopaedic Surgeons. Preventing venous thromboem-
bolic disease in patients undergoing elective hip and knee arthroplasty: evidence-
based guideline and evidence report. 2nd ed. Rosemont: American Academy of
Orthopaedics Surgeons; 2011. Accessed 2013 April 4. http://www.aaos.org/
research/guidelines/VTE/VTE_full_guideline.pdf
15. The Joint Commission. Surgical Care Improvement Project. Fact Sheet: Peri-
operative Management of Antithrombotic Therapy. July 2012. Accessed Dec 18,
2019. https://www.jointcommission.org/-/media/deprecated-unorganized/
imported-assets/tjc/system-folders/assetmanager/perioperative_management_
of_antithrombotic_therapy_12_july_2012_finalpdf.pdf?db=web&hash=
A054A452B6DBCEEAEFEEDC0078759261https://www.jointcommission.org/
specifications_manual_for_national_hospital_inpatient_quality_measures.aspx
16. Woller SC, Bertin KC, Stevens SM, Jones JP, Evans RS, Lloyd JF, Samuelson
KM, Hickman JM, Hanseen RB, Barton S, Aston VT, Elliott CG; 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. Epub 2011 May 31.
17. Anderson DR, Dunbar M, Murnaghan J, Kahn SR, Gross P, Forsythe M, Pelet S,
Fisher W, Belzile E, Dolan S, Crowther M, Bohm E, MacDonald SJ, Gofton W, Kim P,
Zukor D, Pleasance S, Andreou P, Doucette S, Theriault C, Abianui A, Carrier M,
Kovacs MJ, Rodger MA, Coyle D, Wells PS, Vendittoli PA. Aspirin or rivaroxaban for
VTE prophylaxis after hip or knee arthroplasty. N Engl J Med. 2018 Feb 22;378(8):
699-707.

633

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

VOLUME 102-A d NUMBER 7 d APRIL 1, 2020
SELECTION BIAS, ORTHOPAEDIC STYLE

mailto:Vincent.d.pellegrini.jr@hitchcock.org
mailto:eikelbj@mcmaster.ca
mailto:Patricia.franklin@northwestern.edu
mailto:sgoldhaber@bwh.harvard.edu
mailto:riorio@bwh.harvard.edu
mailto:Carol.a.lambourne@hitchcock.org
mailto:jmagazin@epi.umaryland.edu
mailto:lmagder@epi.umaryland.edu
http://orcid.org/0000-0001-7492-0684
http://orcid.org/0000-0003-4126-1285
http://orcid.org/0000-0001-5079-9306
http://orcid.org/0000-0002-4441-0533
http://orcid.org/0000-0002-6450-0448
http://orcid.org/0000-0001-8083-8687
http://orcid.org/0000-0003-4939-1746
http://orcid.org/0000-0002-9221-5425
http://orcid.org/0000-0001-9297-1952
http://www.aaos.org/research/guidelines/VTE/VTE_full_guideline.pdf
http://www.aaos.org/research/guidelines/VTE/VTE_full_guideline.pdf
https://www.jointcommission.org/-/media/deprecated-unorganized/imported-assets/tjc/system-folders/assetmanager/perioperative_management_of_antithrombotic_therapy_12_july_2012_finalpdf.pdf?db=web&hash=A054A452B6DBCEEAEFEEDC0078759261https://www.jointcommission.
https://www.jointcommission.org/-/media/deprecated-unorganized/imported-assets/tjc/system-folders/assetmanager/perioperative_management_of_antithrombotic_therapy_12_july_2012_finalpdf.pdf?db=web&hash=A054A452B6DBCEEAEFEEDC0078759261https://www.jointcommission.
https://www.jointcommission.org/-/media/deprecated-unorganized/imported-assets/tjc/system-folders/assetmanager/perioperative_management_of_antithrombotic_therapy_12_july_2012_finalpdf.pdf?db=web&hash=A054A452B6DBCEEAEFEEDC0078759261https://www.jointcommission.
https://www.jointcommission.org/-/media/deprecated-unorganized/imported-assets/tjc/system-folders/assetmanager/perioperative_management_of_antithrombotic_therapy_12_july_2012_finalpdf.pdf?db=web&hash=A054A452B6DBCEEAEFEEDC0078759261https://www.jointcommission.
https://www.jointcommission.org/-/media/deprecated-unorganized/imported-assets/tjc/system-folders/assetmanager/perioperative_management_of_antithrombotic_therapy_12_july_2012_finalpdf.pdf?db=web&hash=A054A452B6DBCEEAEFEEDC0078759261https://www.jointcommission.
https://www.jointcommission.org/-/media/deprecated-unorganized/imported-assets/tjc/system-folders/assetmanager/perioperative_management_of_antithrombotic_therapy_12_july_2012_finalpdf.pdf?db=web&hash=A054A452B6DBCEEAEFEEDC0078759261https://www.jointcommission.

