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Case Studies

Case Presentation

A 62-year-old Caucasian man with a past medical history sig-
nificant for coronary artery disease, status post drug eluting 
stent to the left anterior descending artery (LAD) 10 years 
prior, was admitted for elective total right knee arthroplasty. 
The patient underwent combined general and regional anes-
thesia with a total operative time of 70 minutes. The patient’s 
intraoperative course was uneventful with no immediate 
complications. Postoperatively the patient made use of 
sequential compression devices and participated in physical 
therapy the day after surgery.

He was discharged on hospital day 2 with aspirin 325 mg 
twice daily for duration of 6 weeks for venous thromboembo-
lism (VTE) prophylaxis. Three weeks later the patient devel-
oped chest tightness and pain while on vacation 300 miles away 
from his home, having traveled by airplane. He presented to a 
local medical facility where computed tomography angiogram 
showed numerous pulmonary emboli involving segmental and 

subsegmental pulmonary arteries bilaterally along with a small 
element extending into the right main pulmonary artery. 
Ultrasound of the right leg did not show a deep vein thrombosis 
(DVT) and an ultrasound of the leg left was not done.

He was started on rivaroxaban 15 mg twice daily for 21 
days with a plan to transition to 20 mg daily to complete a 
3-month course and advised to follow up with his primary 
physician in 1 week. At the subsequent appointment with his 
primary care physician he was curious about the course of 
events and had questions regarding his current anticoagula-
tion therapy as well as the regimen that he was on prior to the 
pulmonary embolism (PE).
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Abstract
A 62-year-old Caucasian man with past medical history significant for coronary artery disease, status post drug eluting 
stent to the left anterior descending artery 10 years prior, was admitted for elective total right knee arthroplasty. His 
intraoperative course was uneventful, and he was discharged on hospital day 2 on aspirin 325 mg twice daily for 6 weeks 
for venous thromboembolism (VTE) prophylaxis. Three weeks later the patient developed chest pain shortly after an 
approximately 1-hour flight and presented to a local emergency department where computed tomography angiogram 
showed pulmonary emboli involving segmental and subsegmental pulmonary arteries bilaterally. He was transitioned from 
aspirin 325 mg twice a day to rivaroxaban 15 mg twice daily for 21 days, with a plan to transition to 20 mg daily to complete 
a 3-month course. He returned to his primary care physician 6 days after discharge with questions about his current 
anticoagulation therapy as well as the regimen he was on prior to the pulmonary embolism. Two major organizations, The 
American Academy of Orthopedic Surgeons and The American College of Chest Physicians, provide recommendations 
for VTE prophylaxis, but they differ regarding the preferred pharmacologic modality and duration. Although the goal is 
to provide optimal patient care, lack of guideline consensus may lead to different postoperative recommendations. It 
is important for clinicians to discuss with their patients the pharmacologic options available for VTE prophylaxis, how 
organizations differ in their recommendations, and the limitations of these pharmacologic agents.
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Background

Total joint arthroplasties are common elective procedures 
performed for pain relief and return of joint function. 
Primary care providers are often requested to perform the 
preanesthetic medical evaluations to clear patients for sur-
gery. During these medical evaluations, providers are 
responsible not only for evaluating a patient’s intraopera-
tive cardiac risk but also must address risk for complica-
tions in the postoperative period. Orthopedic surgeons 
assume responsibility for the procedure and for intra and 
postoperative complications, including VTE prevention.

It is estimated that approximately 900 000 Americans, 
both male and female, of all ages are affected by VTE 
events each year.1 VTE is associated with a cost of approxi-
mately $7 billion to $10 billion annually.2 Approximately 
50% of episodes are associated with recent hospitalization 
or recent surgery.1 Annually, there are more than 1 million 
total knee arthroplasty (TKA) and total hip arthroplasty 
(THA) procedures performed in the United States. A recent 
observational study suggests that rates of VTE in primary 
TKA may be as high as 3.5 with prophylaxis.3 Pharmacologic 
thromboprophylaxis is reported to reduce the risk of VTE 
after TKA although there is debate in the medical literature 
over the ideal pharmacologic agent to be used.

The American Academy of Orthopedic Surgeons (AAOS) 
and The American College of Chest Physicians (ACCP) are 
national organizations that provide recommendations for 
post TKA VTE prophylaxis (Table 1). AAOS and ACCP both 
advise that pharmacologic VTE prophylaxis be combined 

with mechanical compressive devices while in the hospital 
for optimal results.4,5 Although both organizations endorse 
the same pharmacologic agents for VTE prophylaxis—low-
molecular-weight heparin (LMWH), aspirin, unfractionated 
heparin (UFH), warfarin, fondaparinux (Arixta), apixaban 
(Eliquis), rivaroxaban (Xarelto), and dabigatran (Pradaxa)—2 
notable differences include recommendations regarding the 
preferred pharmacologic modality and duration of VTE pro-
phylaxis. AAOS guidelines recommend no one pharmaco-
logic agent over another with duration of prophylaxis post 
TKA being patient-provider dependent.4 In contrast, ACCP 
recommends LMWH as the preferred pharmacologic agent 
for 10 to 14 days, but ideally 35 days.4,5

Review of Literature

In the case presented, appropriate guideline-based recom-
mendations were made using aspirin for VTE prophylaxis 
after TKA. However, the patient’s resultant pulmonary 
embolism and questions about his management illustrate 
the importance of understanding all pharmacologic options 
for prophylaxis. Differences in study designs and conflict-
ing results have created debate in the field and led to differ-
ent VTE prevention strategies being used post TKA.

The Pulmonary Embolism Prevention (PEP) trial was a 
prospective randomized trial that evaluated 160 mg of aspirin 
daily for 35 days versus placebo. The trial demonstrated that 
among patients with a hip fracture, aspirin produced propor-
tional reductions in PE of 43% and 29% in symptomatic DVT. 
A smaller group of elective hip arthroplasty patients were 

Table 1. Guidelines for Prevention of VTE by The American Academy of Orthopedic Surgeons (AAOS)4 and The American College 
of Chest Physicians (ACCP)5.

AAOS ACCP

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

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

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

•• In patients undergoing major orthopedic surgery, we 
recommend the use of one of the following rather than no 
antithrombotic prophylaxis: low-molecular-weight heparin; 
fondaparinux; dabigatran, apixaban, rivaroxaban (total hip 
arthroplasty or total knee arthroplasty but not hip fracture 
surgery); low-dose unfractionated heparin; adjusted-dose 
vitamin K antagonist; aspirin (all grade 1B) or an intermittent 
pneumatic compression device (IPCD) (grade 1C) for a 
minimum of 10 to 14 days.

•• We suggest the use of low-molecular-weight heparin in 
preference to the other agents we have recommended as 
alternatives (grade 2C/2B).

•• In patients receiving pharmacologic prophylaxis, we suggest 
adding an IPCD during the hospital stay (grade 2C).

•• We suggest extending thromboprophylaxis for up to 35 days 
(grade 2B).

•• In patients at increased bleeding risk, we suggest an IPCD or no 
prophylaxis (grade 2C).

•• In patients who decline injections, we recommend using 
apixaban or dabigatran (all grade 1B).
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included in the PEP study and there was a 34% reduction in 
risk of VTE (DVT or PE).6 The study has several limitations, 
including allowing additional VTE prophylaxis as deemed 
necessary by providers, with a high number of patients being 
on LMWH or UFH. Results from several studies focused on 
VTE prevention in joint arthroplasty suggested aspirin may be 
inferior to LMWH, had mixed results compared to warfarin, 
and led to an increased risk of bleed.7-9

One observational study found LMWH reduced 3-month 
mortality compared with aspirin. Two other observational 
studies found aspirin to reduce risk of symptomatic DVT/
PE compared with warfarin.9-11 While another observational 
study found no difference in outcomes among different 
pharmacologic agents, including aspirin.2,12

Appropriate assessment of literature regarding aspirin 
use as first line is difficult given fluctuations in design 
among studies, such as evaluating either or both symptom-
atic and asymptomatic DVT/PE, knee and/or hip arthro-
plasties, dosing strategies, allowance of additional VTE 
prophylaxis modalities at discretion of provider, and over-
lap coverage with an additional pharmacologic agent not 
being assessed.

Factor Xa inhibitors were recently included as another 
option for postoperative VTE prevention. The mechanism 
of action of these drugs and other pharmacologic agents 
used for DVT prophylaxis are outlined in Table 2. The 
results from the RECORD trials demonstrated that rivar-
oxaban may be superior to enoxaparin regardless of dosing 
strategy used for enoxaparin in reducing adverse outcomes, 
including DVT, nonfatal PE, and mortality, but with a 
slight increased risk of major bleeding events. In the 
ADVANCE trials, apixaban also demonstrated superiority 
over enoxaparin but with a reduced risk of bleeding events. 
It is worthwhile to note that the superiority of apixaban in 
reducing these outcomes was only seen when compared 
with enoxaparin dosed as 40 mg once daily but not as 30 
mg twice a day.13-19

A large database analysis assessed VTE incidence post 
TKA with aspirin, warfarin, enoxaparin, and factor Xa 
inhibitors used as chemoprophylaxis. The results suggested 
incidence of VTE was lowest with Xa inhibitors, but with a 
higher incidence of bleeding complications, with results 
varying at different time points of evaluation (2 weeks, 30 
days, 42 days, and 90 days).21 The comparable results but 

Table 2. Pharmacologic Agents Used for Venous Thromboembolism Prophylaxis, Usual Doses, and Mechanism of Action.a

Drug Dosing Mechanism of Action

Aspirin Variable dosing strategies Inhibits cyclooxygenase-1 and 2 (COX-1 and 2) enzymes, via 
acetylation, which results in decreased formation of prostaglandin 
precursors; irreversibly inhibits formation of prostaglandin derivative, 
thromboxane A2, via acetylation of platelet cyclooxygenase, thus 
inhibiting platelet aggregation.

Low-molecular-weight 
heparin

30 mg every 12 hours or 40 
mg once daily

Strongly inhibit factor Xa and have a small effect on the activated partial 
thromboplastin time.

Apixaban (Eliquis) 2.5 mg twice daily Inhibits platelet activation and fibrin clot formation via direct, selective 
and reversible inhibition of free and clot-bound factor Xa (FXa). 
FXa, as part of the prothrombinase complex consisting also of 
factor Va, calcium ions, and phospholipid, catalyzes the conversion 
of prothrombin to thrombin. Thrombin both activates platelets and 
catalyzes the conversion of fibrinogen to fibrin.

Rivaroxaban (Xarelto) 10 mg daily Inhibits platelet activation and fibrin clot formation via direct, selective 
and reversible inhibition of free and clot-bound factor Xa (FXa). 
FXa, as part of the prothrombinase complex consisting also of 
factor Va, calcium ions, and phospholipid, catalyzes the conversion 
of prothrombin to thrombin. Thrombin both activates platelets and 
catalyzes the conversion of fibrinogen to fibrin.

Fondaparinux 
(Arixtra)

2.5 mg once daily A synthetic pentasaccharide that causes an antithrombin III–mediated 
selective inhibition of factor Xa. Neutralization of factor Xa interrupts 
the blood coagulation cascade and inhibits thrombin formation and 
thrombus development.

Dabigatran (Pradaxa) 220 mg once daily Inhibits coagulation by preventing thrombin-mediated effects, including 
cleavage of fibrinogen to fibrin monomers, activation of factors V, VIII, 
XI, and XIII, and inhibition of thrombin-induced platelet aggregation.

Warfarin Dosing is individualized 
to goal international 
normalized ratio 2-3

Competitively inhibits the subunit 1 of the multiunit vitamin K epoxide 
reductase VKOR complex, thus depleting functional vitamin K 
reserves and hence reduces synthesis of active clotting factors.

a Lexicomp.20
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trend toward more of a positive outcome in these studies 
suggest new oral anticoagulants may be more favorable. 
However, the long-term studies with LMWH currently may 
still make it a more desirable choice.13

Given all the available pharmacologic options, indi-
rect comparisons of all, and varied results, it is under-
standable how challenging managing patients post TKA 
may be. Additional factors to be reviewed that modify 
risk for thrombosis include the type of anesthesia used. 
Multiple studies have shown that neuraxial anesthesia 
alone or in combination with general anesthesia reduces 
the rate of thromboembolic complications, including 
DVT and PE.22,23

Teaching Point

Clinicians often rely on national guidelines for medical 
management decision making but assessing the risk and 
benefit of postoperative VTE prevention options is espe-
cially challenging given the lack of consensus on best 
approach. The patient’s medical history, including prior epi-
sodes of VTE or bleeding diathesis, intraoperative compli-
cations, postoperative risks, and plans for long trips in the 
near future and other provoking factors should play a role in 
the decision-making process. Additionally, affordability, 
frequency of dosing, drug-drug interactions, needle aver-
sion, and monitoring requirements should be considered 
along with potential advantages and disadvantages outlined 
in Table 3. Discussion with the patient using a shared deci-
sion-making approach is also important to ensure that 
patient priorities are understood and incorporated into the 
VTE prevention plan.24,25
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