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Context and Policy Issues 

Hip and knee replacement surgeries, termed total joint arthroplasties (TJA), are common 

procedures in Canada.
1
 At present, more than 100,000 TJAs are performed in Canada 

each year,
1
 and the number of surgeries continues to increase.

1,2
 Venous 

thromboembolism (VTE) is a serious complication that can arise following TJA, due to 

changes in blood flow and immobilization associated with the surgery.
3,4

 VTE consists of 

deep venous thrombosis (DVT; when a blood clot forms in a deep vein) and pulmonary 

embolism (when a DVT breaks off and travels to the lungs obstructing some or all of the 

blood supply).
3,4

 The rates of VTE occurring within 1 to 2 weeks after lower extremity TJA 

are around 40% to 60% without thromboprophylaxis, however these rates are reduced 

substantially with the use of chemical and/or mechanical (e.g., compression stockings) 

prophylactic agents.
5,6

  

There are several chemical thromboprophylactic agents, including acetylsalicylic acid 

(commonly known as “aspirin”), low-molecular-weight heparin, and factor Xa inhibitors.
6
 

While potentially preventing VTE, however, antithrombotic agents are associated with an 

increased risk of excessive bleeding.
6
 Therefore, there is a need to balance the 

effectiveness and safety of prophylactic agents, and controversy exists regarding the 

optimal prophylactic strategy.
6
 

The purpose of this report is to examine the comparative clinical effectiveness of 

acetylsalicylic acid versus low-molecular-weight heparin or factor Xa inhibitors, and 

evidence-based guidelines regarding the use of acetylsalicylic acid or low-molecular-weight 

heparin, for venous thromboembolism prophylaxis in patients undergoing total hip or knee 

replacement surgeries. 

Research Questions 

1. What is the comparative clinical effectiveness of acetylsalicylic acid versus low-

molecular-weight heparin for venous thromboembolism prophylaxis in patients 

undergoing total hip or knee replacement? 

2. What is the comparative clinical effectiveness of acetylsalicylic acid versus factor Xa 

inhibitors with or without addition of mechanical compression for venous 

thromboembolism prophylaxis in patients undergoing total hip or knee replacement? 

3. What are the evidence-based guidelines on the use of acetylsalicylic acid or low-

molecular-weight heparin for venous thromboembolism prophylaxis in patients 

undergoing total hip or knee replacement? 

Key Findings 

Five systematic reviews (including two network meta-analyses) and five non-randomized 

primary clinical studies provided low- to moderate-quality evidence regarding the clinical 

effectiveness of acetylsalicylic acid (ASA) compared to low-molecular-weight heparin 

(LMWH) or factor Xa inhibitors (FXaIs) for venous thromboembolism prophylaxis in patients 
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undergoing total hip or knee replacement surgery. In general, findings were inconsistent; 

although the majority of the evidence suggested that ASA had similar clinical effectiveness 

and safety compared to LMWH or FXaIs, some comparisons favoured ASA and others 

favoured LMWH or FXaIs. These inconsistencies may be related to differences in study 

design, patient characteristics, treatment regimens, or other factors, and additional high-

quality studies are needed in order to provide definitive conclusions regarding the 

comparative clinical effectiveness of ASA versus LMWH and FXaIs. One guideline, based 

on low- to moderate-quality evidence, was identified that provides a strong recommendation 

to use of any one of the following prophylactic treatments for patients undergoing total hip 

or knee replacement surgery: LMWH, dabigatran, FXaIs (fondaparinux, apixaban, or 

rivaroxaban), low-dose unfractionated heparin, adjusted-dose vitamin K antagonist, aspirin 

(i.e., ASA) or an intermittent pneumatic compression device (IPCD). Additionally, the 

guideline provides weak recommendations for: the use of LMWH over the alternatives; the 

combination of pharmacological prophylaxis with an IPCD; and the use of an IPCD or no 

prophylaxis in patients at increased risk of bleeding.  

Methods 

Literature Search Methods 

A limited literature search was conducted on key resources including Ovid Medline, 

Embase, PubMed, The Cochrane Library, University of York Centre for Reviews and 

Dissemination (CRD) databases and a focused Internet search. No methodological filters 

were applied to limit the search by publication type.  A separate search was conducted for 

guidelines which utilized a guidelines filter. For both searches, retrieval was limited to 

English language documents published between January 1, 2012 and October 13, 2017. 

Selection Criteria and Methods 

One reviewer screened citations and selected studies. In the first level of screening, titles 

and abstracts were reviewed and potentially relevant articles were retrieved and assessed 

for inclusion. The final selection of full-text articles was based on the inclusion criteria 

presented in Table 1. 

Table 1:  Selection Criteria 

Population Patients undergoing total hip or knee replacement 

Intervention Q1-2: Acetylsalicylic acid 
Q3: Acetylsalicylic acid or low-molecular-weight heparin  

Comparator Q1: Low-molecular weight heparin 
Q2: Factor Xa inhibitors with or without addition of mechanical compression (e.g., apixaban, betrixaban,  
      darexaban, edoxaban, otamixaban, rivaroxaban) 
Q3: Not applicable 

Outcomes Q1-2: Clinical effectiveness, safety 
Q3: Guidelines 

Study Designs Health technology assessments, systematic reviews, meta-analyses, randomized controlled trials, non-
randomized studies, evidence-based guidelines 
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Exclusion Criteria 

Articles were excluded if they did not meet the selection criteria outlined in Table 1, they 

were duplicate publications, or were published prior to 2012. 

Critical Appraisal of Individual Studies 

The included systematic reviews were critically appraised using AMSTAR,
7
 and network 

meta-analyses within systematic reviews were critically appraised using the “Questionnaire 

to assess the relevance and credibility of a network meta-analysis”.
8
 Primary clinical studies 

were critically appraised using the Downs and Black checklist,
9
 and guidelines were 

assessed with the AGREE II instrument.
10

 Summary scores were not calculated for the 

included studies; rather, a review of the strengths and limitations of each included study 

were described. 

Summary of Evidence 

Quantity of Research Available 

A total of 433 citations were identified in the literature search. Following screening of titles 

and abstracts, 395 citations were excluded and 38 potentially relevant reports from the 

electronic search were retrieved for full-text review. One potentially relevant publication was 

retrieved from the grey literature search. Of these potentially relevant articles, 28 

publications were excluded for various reasons, and 11 publications met the inclusion 

criteria and were included in this report. Appendix 1 describes the PRISMA flowchart of the 

study selection. 

Summary of Study Characteristics 

Additional details regarding the characteristics of included publications are provided in 

Appendix 2. 

Study Design 

Five systematic reviews (SRs) were identified regarding the comparative clinical 

effectiveness of ASA, LMWH and FXaIs for VTE prophylaxis in patients undergoing total hip 

or knee replacement.
11-15

 The searches for the SRs covered different time periods: up to 

June 2016,
11

 January 1990 to June 2016,
12

 January 1990 to December 2015,
15

 January 

2004 to September 2015,
16

 and January 2009 to September 2012.
14

 One SR included both 

randomized controlled trials (RCTs) and non-randomized studies (NRSs),
11

 three SRs 

included only RCTs,
12,15,16

 and one SR included only other SRs (i.e., a review of SRs).
14

 In 

two SRs, network meta-analyses were conducted;
11,12

 in the other two SRs, the results 

were summarized narratively.
14,16

 There was overlap in the studies included in the SRs, but 

unique results are only reported once (i.e., studies were not “double-counted” if they were 

captured in more than one SR). 

Five primary studies regarding the comparative clinical effectiveness of ASA, LMWH and 

FXaI were identified.
17-21

 All were non-randomized retrospective chart review studies that 

were conducted using national healthcare databases,
17,18,21

 a total joint replacement 

registry database,
19

 or electronic medical records and hospital charts.
20

 

One evidence-based guideline
22

 was identified regarding prevention of VTE in patients 

undergoing total hip or knee replacement. The guideline was informed by a SR of the 
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evidence,
23

 and included ratings of the quality of evidence and strength of 

recommendations according to the Grading of Recommendations Assessment, 

Development and Evaluation framework.
22

 Recommendations were consensus-based. 

Country of Origin 

The SRs were led by authors based in Australia,
15

 the USA
11,12,14

 or United Kingdom.
16

 The 

primary clinical studies were conducted in the USA
17-20

 or the Netherlands.
21

 The evidence-

based guideline was developed in the USA.
22

 

Patient Population 

All of the SRs included patients undergoing total hip replacement (THR) or total knee 

replacement (TKR) surgery.
11,12,14-16

 

One primary clinical study included only patients who underwent THR surgery,
17

 two 

included only patients who underwent TKR surgery,
18,19

 and two included patients who 

underwent THR or TKR surgery.
20,21

 

The guideline applies to patients undergoing orthopedic surgery, including THR and TKR 

surgery.
22

 The intended users are health-care providers.
22

 

Interventions and Comparators 

In the SRs, the interventions of interest were various pharmacological VTE prophylaxis 

agents, including ASA, LMWH and FXaI, compared to one another either directly or in 

network meta-analyses.
11,12,14-16

 In one SR, the dosage of LMWH was specified 

(enoxaparin 40 mg, dalteparin 500 IU once per day, or equivalent) but the dosage of ASA 

or FXaI was not;
12

 in three other SRs the dosages were not reported.
11,14,16

 In the final SR, 

dosages were not specified as an inclusion criterion, but actual prescribed dosages in the 

individual included studies were reported (with large variability in dosage and formulation).
15

 

In the primary clinical studies, the interventions were pharmacological VTE prophylaxis 

agents compared to one another.
17-21

 One NRS included comparisons between ASA and 

FXaI;
20

 one included comparisons between ASA and LMWH;
21

 and three included 

comparisons among ASA, LMWH and FXaI.
17-19

 In one NRS, the dosages were reported 

(ASA, 324 to 325 mg/day; LMWH, 40 to 60 mg/day; or FXaI, 2.5 mg/day),
19

 and in another 

the “preferred” dosages were indicated (ASA, 325 mg twice daily; rivaroxaban, 10 mg/day; 

or apixaban, 2.5 mg twice daily) but whether these were the administered dosages was not 

reported.
20

 The dosages were not reported in the other three NRSs,
17,18,21

 and the duration 

of treatment was not specified in any NRSs.
17-21

 

The guidelines considered pharmacological agents (i.e., ASA, LMWH, low-dose 

unfractionated heparin, vitamin K antagonists, dabigatran, and FXaIs [fondaparinux, 

rivaroxaban, and apixaban]) or mechanical devices, or combinations of multiple agents or 

devices, for the prevention of VTE.
22

 

Outcomes 

The outcomes considered in the SRs were any form of VTE event,
14,16

 or the following sub-

categories of VTE specifically: symptomatic VTE,
14

 total PE,
11,15,16

 non-fatal PE,
12

 total 

DVT,
11,12,15,16

 or symptomatic DVT.
11,12

 All SRs also considered safety outcomes, including 

bleeding,
11,12,14-16

 wound complications,
11,16

, infection leading to re-operation,
11

 and all-

cause mortality.
14
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In the primary studies, the clinical effectiveness outcomes were: (prevention of) VTE,
18-21

 

DVT,
17-19

 and PE.
17-19

 The safety outcomes were: requiring incision and drainage;
17

 

hematoma;
17

 infection;
17,19

 wound complications;
19,20

 bleeding
17-21

 or bleeding-related 

complications such as anemia,
18

 change in hemoglobin,
20

 or requiring transfusion;
17,18

 or 

all-cause mortality.
19,21

 

The outcomes of interest in the guidelines were: DVT (asymptomatic or symptomatic), PE 

(fatal or nonfatal), bleeding, reoperation, readmission, and total mortality.
22

 

Summary of Critical Appraisal 

Additional details regarding the strengths and limitations of included publications are 

provided in Appendix 3. 

Systematic Reviews 

In terms of strengths, all five SRs used comprehensive literature searches, including 

database searches and hand-searching.
11,12,14-16

 Two of the SRs
11,16

 had published 

protocols prior to their conduct, indicating that the research question and inclusion criteria 

were established a priori; however, in the other three SRs
12,14,15

 there was no reference to a 

protocol, ethics approval, or pre-determined research objectives. Study selection was 

performed in duplicate in four SRs,
11,14-16

 but the methods for study selection were not 

specified in the fifth SR.
12

 Similarly, in four SRs, data extraction was performed in 

duplicate
12,14,15

 or performed by one reviewer and confirmed by a second,
11

 but there was 

unclear methodology for data extraction in the fifth.
16

 A list of included studies was provided 

in four
11,12,14,15

 of the five SRs, but only two
11,14

 provided a list of excluded studies with 

reasons for rejection. Key characteristics of included studies (e.g., treatment dose and 

duration) were only reported in two
11,15

 of the four SRs; these characteristics were available 

for a third SR, but only in supplementary material and not in a summarized or synthesized 

form.
12

 Scientific quality was assessed and used appropriately in formulating conclusions in 

three SRs,
11,14,16

 and in the other two some characteristics of study quality were assessed 

but no overall summary of scientific quality of included studies was provided.
12,15

 

Publication bias was not assessed in any of the SRs.
11,12,14-16

 With respect to conflict of 

interest, in one SR the authors declared conflicts related to receipt of funding or association 

with a relevant biomedical entity,
15

 and in another SR
14

one author declared receipt of 

pharmaceutical funding, however this author did not participate in data extraction or writing. 

The authors of the other three SRs declared no conflicts of interest.
11,12,16

 Potential conflicts 

of interest for included studies were reported in three SRs,
11,12,14

 but in two SRs industry 

sponsorship was the only potential source of conflict of interest that was considered.
11,12

 

Appropriate methods were used to combine the findings of studies where applicable in four 

SRs,
11,12,12,14

 including the SR of reviews in which appropriate methods were used to 

narratively synthesize and summarize findings across included SRs;
14

 in the fifth, there was 

no assessment of clinical, methodological, or statistical heterogeneity in order to determine 

whether pooling results would be appropriate and a narrative summary was provided.
16

 

Two of the SRs also included network meta-analyses.
11,12

 In both network meta-analyses, 

citations were not provided with specific results in the text; therefore, it was not possible to 

discern which primary studies were included in the pooled results.
11,12

 Strengths common to 

both network meta-analyses included: the interventions of interest formed one connected 

network; a graphical representation of the evidence network was provided with information 

on the number of RCTs per direct comparison; appropriate statistical methods were used; 

and measures of uncertainty were reported.
11,12

 In terms of limitations, both network meta-
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analyses: included poor-quality studies; demonstrated evidence of selective reporting of 

outcomes in the included studies; reported results for individual studies only in appendices 

or an online supplement in a table format without interpretation and without comparison to 

aggregate results; and did not report the impact of important patient characteristics on 

treatment effects.
11,12

 Additionally, in the network meta-analysis by Balk et al. 2017
11

 there 

was some disagreement between direct and indirect comparisons that was not discussed, 

and in Kapoor et al. 2017
12

 subgroup analyses and variant network analysis models were 

planned but the results were not presented and there was insufficient information to judge 

whether the conclusions were fair and balanced.  

Clinical Studies 

All of the primary clinical studies were non-randomized retrospective chart review studies, 

without randomization or allocation concealment, and were subject to selection bias.
17-21

 In 

particular, patient characteristics, including relevant confounders, may have influenced the 

treating physicians’ prophylactic agent selection, and outcomes may be due to patient 

selection. In two NRSs, the authors attempted to correct for this by controlling for potentially 

relevant confounders in the analyses.
19,21

 Other limitations common to the five NRSs 

included: absence of a power calculation; no measurement of compliance with the 

interventions; and no information provided on the validity and reliability of the main outcome 

measures.
17-21

 In addition, all outcomes were obtained from diagnostic codes or medical 

records, and how they were defined and measured was not described.
17-21

 

Moreover, details of the interventions and comparators were incompletely reported; in one 

NRS the prophylactic agent dosages were reported,
19

 and in another the “preferred” 

dosages were indicated but whether these were the administered dosages was not 

confirmed.
20

 The dosages were not reported in the other three NRSs,
17,18,21

 and the 

duration of treatment was not specified in any NRSs.
17-21

 The amount and nature of missing 

data were not reported in three NRSs,
17,18,21

 statistical estimates of variability in data were 

not provided in two NRSs,
18,20

 and actual probability values (P-values) were not reported in 

two NRSs.
17,21

  

Conversely, strengths common to the five NRSs included: clear study objectives, provision 

of patient inclusion and exclusion criteria, clear description of main findings, adequate 

consideration of adverse events, and absence of unplanned analyses.
17-21

 No attempt was 

made to blind those measuring the main outcomes of the interventions, however outcomes 

were measured objectively using database or medical record diagnosis codes.
17-21

 

Appropriate statistical tests were used to assess the main outcomes in all five NRSs,
17-21

 

however in two NRSs statistical tests to identify specific between-group differences were 

not conducted.
17,18

 All patients had the same length of follow-up in three NRSs.
17-19

 In the 

remaining NRSs, duration of follow-up was not reported,
21

 or ranged widely from two to 18 

months.
20

 The staff, location, and types facilities where the patients were treated were 

representative of the treatment of the majority of patients in all five NRSs (i.e., 

representative of the usual healthcare setting for the intervention of interest),
17-21

 and 

patients were representative of the entire population from which they were recruited in four 

NRSs.
17,19-21

 In the fifth NRS, patients were selected with age-matching and therefore may 

not be representative of the general population (e.g., some treatments may be more 

frequently prescribed in older patients).
18
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Guideline 

The evidence-based guideline was of high quality overall.
22

 The guideline had a clearly 

defined scope and purpose, stakeholder involvement, rigour of development, and editorial 

independence.
22,23

 Limitations of the guideline were minimal consideration of the resource 

implications of applying the recommendations, lack of consideration of facilitators and 

barriers to applying the recommendations, failure to provide advice and/or tools on how the 

recommendations can be put into practice, and absence of monitoring and/or auditing 

criteria.
22,23

 Future plans for updating the guideline were provided but there was no 

indication that these plans were underway at the time of guideline publication in 2012.
22

 

Summary of Findings 

Rapid Response reports are organized so that the evidence for each research question is 

presented separately. A detailed summary of study findings and recommendations is 

provided in Appendix 4. 

1. What is the comparative clinical effectiveness of acetylsalicylic acid versus low-

molecular-weight heparin for venous thromboembolism prophylaxis in patients 

undergoing total hip or knee replacement? 

Five SRs
11,12,14-16

 and four primary clinical studies
17-19,21

 were identified that concerned the 

comparative clinical effectiveness of ASA and LMWH for VTE prophylaxis in patients 

undergoing THR or TKR surgery. Overall, the evidence regarding the comparative clinical 

effectiveness of ASA was inconsistent, with most comparisons suggesting similar clinical 

effectiveness, but some comparisons favouring ASA and others favouring LMWH. 

In the first SR, by Balk et al. 2017, five primary studies with direct comparisons were 

included and results were presented narratively.
11

 In general, evidence suggested that 

there was no difference between ASA and LMWH with respect to clinical effectiveness or 

safety in patients undergoing THR or TKR surgery, with the exception of one included NRS 

that reported significantly greater rates of infection leading to reoperation in patients treated 

with ASA compared to LMWH.
11

 Similarly, results from network meta-analyses (combining 

results from 32 to 54 RCTs) identified no significant differences in the clinical effectiveness 

(total DVT) or safety (major bleeding) between patients undergoing THR who were treated 

with “antiplatelet drugs” (i.e., ASA) and LMWH as “classes” of interventions (9-10 classes 

included in the network), or between patients treated with ASA and specific LMWH 

interventions (i.e., dalteparin, enoxaparin, semuloparin or tinzaparin; 20 specific 

interventions included in the network).
11

 In contrast, in patients undergoing TKR, results 

from network meta-analyses (combining results from 31 to 32 RCTs) identified that patients 

treated with ASA had greater odds of DVT compared with those treated with LMWH when 

examined as a “class” of interventions (12 classes included in the network), but not when 

examined as individual interventions (i.e., individual comparisons between ASA and each of 

enoxaparin, semuloparin, or tinzaparin; 23 specific interventions included in the network).
11

 

The authors cautioned that evidence for comparison of ASA versus LMWH was too limited 

to draw strong conclusions. 

The second SR, by Kapoor et al. 2016, did not report direct comparisons but rather 

conducted a network meta-analysis that included 12 intervention options from 94 RCTs.
12

 It 

was found that there was no difference between ASA and LMWH (at once-daily dosing) 

with respect to clinical effectiveness or safety in patients undergoing THR or TKR surgery.
12
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The authors cautioned that the evidence regarding ASA was very limited, preventing firm 

conclusions. 

The third SR, by Suen et al. 2017, identified no relevant studies comparing the clinical 

effectiveness of ASA to LMWH.
15

 

The fourth SR, by Wilson et al. 2016, reported no significant difference between ASA and 

LMWH with respect to comparative clinical effectiveness in patients undergoing THR or 

TKR surgery overall.
16

 In one included RCT it was reported that there was a significantly 

lower rate of VTE among patients treated with ASA compared to LMWH, however LMWH 

was also given to all patients taking ASA until they were discharged from the hospital. With 

respect to safety, there were no significant differences between ASA and LMWH in wound 

complications or bleeding complications (one RCT each), but a significantly lower 

transfusion requirement with ASA versus LMWH suggesting a lower risk of bleeding.
16

 The 

authors concluded that the evidence for ASA was incomplete but that ASA may be 

considered a suitable alternative to other agents such as LMWH.
16

 

The last SR, by Adam et al. 2012, included other SRs as the unit of analysis (instead of 

primary studies), and identified no SRs comparing the clinical effectiveness of ASA to 

LMWH.
24

 

In terms of primary clinical studies, in the first NRS by Agaba et al. 2017, the clinical 

effectiveness and safety of each of ASA and LMWH were examined, but between-treatment 

differences were not tested statistically.
17

 Both ASA and LMWH were associated with 

significantly reduced odds of DVT and PE at 30 days post-THR surgery. ASA and LMWH 

were associated with significantly increased and decreased odds of requiring incision and 

draining, respectively.
17

 Both ASA and LMWH were associated with significantly reduced 

odds of infection or of requiring transfusion (at 90 days post-THR only for ASA).
17

 LMWH 

was also associated with reduced odds of hematoma or hemorrhage, whereas ASA was 

not associated with these safety outcomes.
17

  

In the second NRS, by Bala et al. 2017, four prophylactic treatments were examined (ASA, 

LMWH, FXaI and warfarin), and only differences across the four groups were tested 

statistically; pairwise comparisons to identify specific between-group differences were not 

conducted. Therefore, although there were significant between-group differences in clinical 

effectiveness (DVT and PE) and safety (risk of bleeding) outcomes that suggested fewer 

VTE events and a more favourable safety profile with ASA compared to LMWH, these 

specific between-group differences small in magnitude and were not tested statistically.
18

 

Moreover, the groups were significantly different with respect to potentially relevant 

confounders (e.g., VTE risk factors).
18

 

In the third NRS, by Cafri et al. 2017, there were no significant differences between ASA 

and LMWH with respect to clinical effectiveness or safety outcomes in patients undergoing 

TKR surgery.
19

 

Lastly, in the NRS by Nielen et al. 2016, both the risk of VTE and risk of all-cause mortality 

were significantly greater in patients treated with LMWH in comparison to ASA in patients 

undergoing THR or TKR surgery.
21

 Additionally, the risk of gastrointestinal bleeding was 

significantly greater in patients treated with LMWH compared to ASA who were undergoing 

TKR surgery, but not THR surgery.
21
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2. What is the comparative clinical effectiveness of acetylsalicylic acid versus factor Xa 

inhibitors with or without addition of mechanical compression for venous 

thromboembolism prophylaxis in patients undergoing total hip or knee replacement? 

Five SRs
11,12,14-16

 and four primary clinical studies
17-20

 were identified that concerned the 

comparative clinical effectiveness of ASA and FXaI for VTE prophylaxis in patients 

undergoing THR or TKR surgery. In general, the evidence regarding the comparative 

clinical effectiveness of ASA was inconsistent, with most comparisons suggesting similar 

clinical effectiveness, but some comparisons favouring ASA and others favouring FXaI. 

In the SR by Balk et al. 2017, results from a single RCT showed significantly more total 

DVT in patients undergoing TKR surgery who were treated with ASA versus FXaI, but no 

difference in symptomatic DVT or wound complications.
11

 Similarly, results from network 

meta-analyses (combining results from 31 to 32 RCTs) identified that patients undergoing 

TKR who were treated with ASA had greater odds of DVT compared to those treated with 

FXaIs when examined as a “class” of interventions (12 classes included in the network) and 

when examined as individual interventions (i.e., ASA versus each of apixaban, darexaban, 

edoxaban, fondaparinux or rivaroxaban; 23 interventions included in the network).
11

 In 

contrast, results from network meta-analyses (combining results from 32 to 54 RCTs) 

identified no significant differences in clinical effectiveness (total DVT) or safety (major 

bleeding) between ASA and FXaIs as a “class” (10 classes included in the network) or as 

specific interventions (20 interventions included in the network) among patients undergoing 

THR.
11

 The authors concluded that there was insufficient direct comparative evidence and 

that evidence was sparse and “low strength” for ASA overall.
11

 

In the SR by Kapoor et al. 2016, findings from a network meta-analysis that included 12 

intervention options from 94 RCTs showed that there was no significant difference in the 

odds of hemorrhage in patients undergoing THR or TKR surgery who were treated with 

ASA versus FXaI.
12

 No direct comparisons were reported, and the authors concluded that 

the evidence was very limited. 

The third SR, by Suen et al. 2017, identified no relevant studies comparing the clinical 

effectiveness of ASA to FXaI.
15

 

In the fourth SR, by Wilson et al. 2016, results from a single RCT showed no significant 

difference in the rate of asymptomatic DVT or wound complications in patients undergoing 

THR or TKR who were treated with ASA or FXaI, but significantly higher blood loss with 

FXaI.
16

 

Lastly, in the SR by Adam et al. 2012, no studies were identified comparing the clinical 

effectiveness of ASA to FXaI.
24

 

With respect to primary clinical studies, in the first NRS by Agaba et al. 2017, the clinical 

effectiveness and safety of each of ASA and FXaI were examined, but between-treatment 

differences were not tested statistically.
17

 ASA and FXaIs (i.e., apixaban, fondaparinux, and 

rivaroxaban) were associated with significantly reduced odds of DVT at 30 and 90 days 

post-THR surgery.
17

 With the exception of apixaban, ASA and FXaIs were also associated 

with significantly reduced odds of PE at 30 and 90 days post-THR surgery.
17

 Regarding 

safety, at 30 and 90 days post-surgery, the odds of requiring incision and drainage were 

significantly increased with ASA and decreased with rivaroxaban; there was no significant 

association with apixaban and fondaparinux. At 30 and 90 days post-surgery, the odds of 

hematoma or hemorrhage were increased with apixaban (at 30 days only), reduced with 
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rivaroxaban, and not significantly associated with ASA and fondaparinux. ASA was not 

associated with odds of requiring transfusion at 30 days post-THR but was associated with 

reduced odds of requiring transfusion at 90 days post-THR, whereas all FXaIs were 

associated with reduced odds of requiring transfusion at both 30 and 90 days post-THR. 

ASA was associated with reduced odds of infection at 90 days (but not 30 days) post-THR, 

fondaparinux and rivaroxaban were associated with reduced odds of infection at both 30 

and 90 days post-THR, and apixaban was not associated with odds of infection. Of the 

FXaIs examined, rivaroxaban had the most favourable safety profile.
17

  

In the second NRS, by Bala et al. 2017, four prophylactic treatments were examined (ASA, 

LMWH, FXaI and warfarin), and only differences across the four groups were tested 

statistically; pairwise comparisons to identify specific between-group differences were not 

conducted.
18

 There were significant between-group differences in clinical effectiveness and 

safety that suggested more favourable outcomes with ASA versus FXaI, however these 

specific between-group differences were small in magnitude and were not tested 

statistically.
18

 Additionally, the groups were significantly different with respect to potentially 

relevant confounders (e.g., VTE risk factors).
18

 

In the third NRS, by Cafri et al. 2017, there were no significant differences between ASA 

and FXaI with respect to clinical effectiveness outcomes in patients undergoing TKR 

surgery.
19

 Regarding safety, there were no significant differences in odds of bleeding, 

infection or all-cause mortality between patients treated with ASA or FXaI, however FXaI 

was superior with respect to wound complications.
19

 

Lastly, in the NRS by Garfinkel et al. 2017, there were no VTE events in either the ASA or 

FXaI group.
20

 With respect to safety, the incidence of bleeding or wound complications was 

significantly greater in the FXaI group (18.7%) compared to the ASA group (0%; P = 0.03), 

however the FXaI group was also significantly older and tended to have a higher body 

mass index.
20

 The difference between preoperative and postoperative serum hemoglobin 

was not significantly different between groups.
20

 

Note that there was no mention of mechanical compression in combination with FXaIs in 

any of the included studies. 

3. What are the evidence-based guidelines on the use of acetylsalicylic acid or low-

molecular-weight heparin for venous thromboembolism prophylaxis in patients 

undergoing total hip or knee replacement? 

One evidence-based guideline was identified that provides recommendations on the use of 

ASA or LMWH for VTE prophylaxis in patients undergoing THR or TKR surgery.
22

 The 

guideline strongly recommends the use of any one of the following prophylactic treatments 

for patients undergoing THR or TKR surgery: LMWH, dabigatran, FXaIs (fondaparinux, 

apixaban, or rivaroxaban), low-dose unfractionated heparin, adjusted-dose vitamin K 

antagonist, aspirin (i.e., ASA) or an intermittent pneumatic compression device (IPCD). Of 

these prophylactic agents, the guideline provides a weak preferential recommendation for 

LMWH over the alternatives. This is a weak recommendation because it is based on low- to 

moderate-quality evidence and because “Patients who place a high value on avoiding the 

inconvenience of daily injections with LMWH and a low value on the limitations of 

alternative agents are likely to choose an alternative agent” (p. e310S). The authors 

indicate that limitation of using ASA as an alternative agent is “possible decreased efficacy” 

(p. e310S). The guideline further recommends that pharmacological prophylaxis be 

combined with an IPCD (weak recommendation). Lastly, in patients at increased risk of 
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bleeding, the guideline recommends using an IPCD or no prophylaxis rather than 

pharmacological prophylaxis (weak recommendation). The overall quality of evidence that 

informed the guideline was rated as low to moderate.
22

 

Limitations 

The primary limitation of this review is the paucity of high-quality evidence. Across the five 

included SRs,
11,12,14-16

 there were a limited number of RCTs directly comparing ASA to 

LMWH or FXaI in head-to-head comparisons. Although findings from large numbers of 

RCTs were combined in network meta-analyses in the reviews by Balk et al. 2017
11

 and 

Kapoor et al. 2016,
12

 few included RCTs included direct comparisons with ASA, results 

from direct and indirect comparisons were not always consistent with one another, and the 

impact of important patient characteristics on treatment effects was not reported. Authors of 

all five included SRs cautioned that evidence was sparse and that further investigation is 

required. Similarly, all of the primary clinical studies
17-21

 that met the inclusion criteria were 

non-randomized retrospective chart reviews, a study design that is particularly subject to 

issues with selection bias, and it is possible that observed between-group differences may 

be a product of underlying patient characteristics that may have influenced the treating 

physicians’ prophylactic agent selection. In other words, it is possible that there were 

systematic differences in characteristics of patients given the different prophylactic 

treatments that influenced the clinical effectiveness outcomes. In addition, two
17,18

 of the 

five NRSs did not include relevant statistical comparisons, which precluded the ability to 

draw accurate conclusions about comparative effectiveness. In all included SRs
11,12,14-16

 

and primary clinical studies,
17-21

 conclusions were based on statistical significance; clinical 

significance was not considered.  

Additional limitations of this review are related to poor reporting quality and insufficient 

information regarding the interventions. Specifically, the intervention treatment regimen 

(e.g., dosages, when treatment was initiated relative to the surgery, duration of therapy) 

was rarely and inconsistently reported, and differences in treatment would be expected to 

influence clinical effectiveness. In addition, the objective of this report was to examine the 

comparative effectiveness of ASA versus LMWH or FXaIs (with or without mechanical 

compression). However, in some settings adding mechanical compression as an adjunct 

prophylactic strategy is considered the standard of care, and it is possible that in some of 

the included studies the intervention and comparison groups also received (unreported) 

mechanical compression. If this was the case, however, as long as mechanical 

compression was a component of all treatment arms, it would possibly serve to increase the 

absolute clinical effectiveness but would not be expected to influence between-group 

differences. 

Finally, the guideline provides primarily weak recommendations based on relatively older 

evidence (i.e., up to 2010) of varied quality.
22

 

Conclusions and Implications for Decision or Policy Making 

This report identified evidence for the comparative clinical effectiveness of ASA versus 

LMWH and FXaIs, and an evidence-based guideline for the use of ASA and LMWH, for 

VTE prophylaxis in patients undergoing THR or TKR surgery. 

In general, results from five SRs,
11,12,14-16

 including two network meta-analyses,
11,12

 and five 

primary clinical studies,
17-21

 were inconsistent. Although the majority of the low- to 

moderate-quality evidence showed no significant difference between ASA and LMWH or 
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FXaI with respect to clinical effectiveness and safety, some comparisons favoured ASA and 

others favoured LMWH or FXaI. These inconsistencies may be related to differences in 

study design (e.g., NRSs, that are subject to selection bias, versus RCTs), patient 

characteristics (e.g., VTE risk factors controlled versus not controlled for in analyses), 

treatment regimens (e.g., dosages, duration of therapy), or other factors. Therefore, there 

was insufficient evidence to provide definitive conclusions. High-quality randomized 

controlled studies directly comparing the clinical effectiveness of ASA to that of LMWH or 

FXaIs are needed to address uncertainty and to identify the optimal prophylactic strategy 

for patients undergoing THR or TKR surgery. 

The single evidence-based guideline provides a strong recommendation for 

pharmacological or mechanical VTE prophylaxis for patients undergoing THR or TKR 

surgery, with a weak recommendation for LMWH over ASA.
22

 Additionally, the guideline 

provides weak recommendations for: combining pharmacological prophylaxis with an 

intermittent pneumatic compression device, and for using such a device or no prophylaxis 

in patients at increased risk of bleeding. This guideline was published in 2012 and was 

based on evidence up to 2010; and new evidence in the intervening years may give cause 

for guideline revision. 
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Appendix 1: Selection of Included Studies 
 
 
 
 

  

395 citations excluded 

38 potentially relevant articles retrieved 
for scrutiny (full text, if available) 

1 potentially relevant 
reports retrieved from 
other sources (grey 

literature, hand search) 

39 potentially relevant reports 

28 reports excluded: 

 irrelevant population (3) 

 irrelevant intervention (7) 

 irrelevant comparator (3) 

 already included in at least one of the 
selected systematic reviews (2) 

 duplicate (2) 

 published in language other than English (1) 

 other (review articles, editorials, guidelines 
with unclear methodology) (10) 

11 reports included in review 

433 citations identified from electronic 
literature search and screened 
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Appendix 2: Characteristics of Included Publications 

Table 2:  Characteristics of Included Systematic Reviews and Meta-Analyses 

First Author, 
Publication 

Year, Country 

Types and Numbers 
of Primary Studies 

Included 

Population 
Characteristics 

Intervention and 
Comparator(s) 

Clinical Outcomes 

Balk et al. 
2017

11
 

 
USA 

142 studies in total 
 
5 studies relevant to the 
present review: 
RCT, n = 1 
NRS, n = 4 

Patients undergoing 
THR or TKR 
surgery 

Note: Studies were 
only included if 
results were 
reported separately 
by surgery type 

Pharmacological VTE 
prophylaxis agents, including 
ASA, LMWH and FXaI, 
compared to one another 
directly and in network meta-
analyses 

Dosages: NR  

Clinical effectiveness: 
Total PE, total DVT, 
symptomatic DVT 
 
Safety: 
Major bleeding, wound 
complications, infection 
leading to re-operation 

Kapoor et al. 
2017

12
 

 
USA 

94 studies in total (all 
RCTs) 
 
All studies were included 
in a network meta-
analysis; not possible to 
determine the number of 
studies with direct 
comparisons relevant to 
the present review

a 

Patients undergoing 
THR or TKR 
surgery 

VTE prophylactic strategies, 
including ASA, LMWH 
(enoxaparin, dalteparin) and 
FXaI (fondaparinux or direct oral 
factor Xa inhibitors), compared 
to one another in network meta-
analyses 

Dosages: 

ASA or FXaI: NR 

LMWH: Enoxaparin 40 mg, 
Dalteparin 500 IU once per day, 
or equivalent 

Clinical effectiveness: 

Total DVT, symptomatic 
DVT, non-fatal PE 
 
Safety:  

Hemorrhage 

Suen et al. 
2017

15
 

 
Australia 

45 studies in total (all 
RCTs) 
 
No studies relevant to the 
present review 

Patients undergoing 
THR or TKR 
surgery 

Pharmacological VTE 
prophylaxis agents, including 
ASA, LMWH and FXaI 
(apixaban, rivaroxaban) 
compared to one another 

Dosages: NR 

Clinical effectiveness:  
Total DVT, PE 
 
Safety:  
Major and clinically 
relevant non-major 
surgical site-specific (or 
non-site-specific) 
bleeding episodes 

Wilson et al. 
2016

16
 

 
UK 

13 studies in total 
 
11 studies relevant to the 
present review: 
RCT, n = 11 

Patients undergoing 
THR or TKR 
surgery using 
modern surgical 
and anesthetic 
techniques 

ASA compared to other 
prophylaxis agents, including 
LMWH and FXaI (rivaroxaban) 

Dosages: NR 

Clinical effectiveness: 
VTE, DVT, PE 
 
Safety: 
Bleeding, wound 
complications 

Adam et al. 
2012

14
 

 
USA 

6 studies in total  
(all SRs) 
 
One SR relevant to the 
present review was 
identified, however it 
contained no relevant 
primary studies 

Adults undergoing 
THR or TKR 
surgery 

Pharmacological VTE 
prophylaxis agents, including 
ASA, LMWH and FXaI, 
compared to one another 

Dosages: NR 

Clinical effectiveness: 
Symptomatic VTE, 
other VTE events 
 
Safety: 
All-cause mortality, 
bleeding 
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ASA = acetylsalicylic acid; DVT = deep vein thrombosis; FXaI = factor Xa inhibitors; LMWH = low-molecular-weight heparin; NR = not reported;  

NRS = non-randomized study; PE = pulmonary embolism; RCT = randomized controlled trial; SR = systematic review; THR = total hip replacement; TKR = total knee 

replacement; VTE = venous thromboembolism. 

Note: The included systematic reviews had broader inclusion criteria than the present review (i.e., were wider in scope). Therefore, for each systematic review, in addition 

to the total number of primary studies included in each review, the number of studies relevant to the present review is reported; the remaining study characteristics (i.e., 

population, intervention, comparators, and outcomes) are reported only for the subset of relevant studies.  

aIt was not possible to determine the number of studies with relevant direct comparisons, because 12 prophylactic strategies were included in the network meta-analyses 

but only two comparisons were of interest to the present review (i.e., ASA vs. LMWH and ASA vs. FXaI) and citations were not provided to indicate which studies included 

direct evidence for the intervention and comparators of interest. 
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Table 3:  Characteristics of Included Clinical Studies 

First Author, 
Publication Year, 

Country 
Study Design 

Patient 
Characteristics 

Intervention and 
Comparator(s) 

Clinical Outcomes 

Agaba et al. 2017
17

 
 
USA 

NRS: Retrospective 
chart review 

Patients who underwent 
THR surgery who 
received only one type 
of VTE prophylaxis 
 
ASA: 
n = 551 

LMWH: 
Enoxaparin, n = 6,791 

FXaIs: 
Apixaban, n = 337; 
Fondaparinux, n = 876; 
Rivaroxaban, n = 5,403 
 
Mean age: NR 

Pharmacological VTE 
prophylaxis agents, 
including ASA,  LMWH 
(enoxaparin) and FXaIs 
(apixaban, 
fondaparinux, 
rivaroxaban), compared 
to one another 
 
Dosages: NR 

Clinical effectiveness: 
DVT, PE 
 
Safety: 
Incision and drainage, 
hematoma, transfusion, 
prosthetic joint infection, 
hemorrhage 
 
Length of follow-up:  
90 days 

Bala et al. 2017
18

 
 
USA 

NRS: Retrospective 
chart review 

Patients who underwent 
one TKR surgery during 
the study period who 
did not have a 
prescription for a VTE 
prophylactic agent 
within 1 year before 
surgery 
 
ASA, n = 1,016 
LMWH, n = 6,096 
FXaI, n = 5,080 
 
Mean age: NR; groups 
matched for age and 
sex 

Pharmacological VTE 
prophylaxis agents, 
including ASA, LMWH 
(enoxaparin), and FXaI 
(apixaban, rivaroxaban, 
fondaparinux), 
compared to one 
another 
 
Dosages: NR 

Clinical effectiveness: 

VTE, DVT and PE 
 
Safety: 
Bleeding risk 
(postoperative anemia, 
bleeding-related 
complications, 
transfusion rate) 
 
Length of follow-up:  
90 days 

Cafri et al. 2017
19

 
 
USA 

NRS: Retrospective 
chart review 

Patients who underwent 
unilateral TKR surgery 
 
ASA, n = 5,124 
LMWH, N = 13,318 
FXaI, n = 3,225 
 
Mean age ~66 y 

Pharmacological VTE 
prophylaxis agents, 
including ASA, LMWH 
(enoxaparin), FXaI 
(fondaparinux), 
compared to one 
another 
 
Dosages: 

ASA, 324-325 mg/day 
LMWH, 40-60 mg/day 
FXaI, 2.5 mg/day 

Clinical effectiveness: 
VTE, DVT, PE 
 
Safety: 
Major bleeding, wound 
complications, infection, 
death 
 
Length of follow-up:  
90 days 

Garfinkel et al. 
2017

20
 

 
USA 

NRS: Retrospective 
chart review 

Patients who underwent 
unilateral THR or TKR 
surgery, without a 
history of VTE and not 
previously taking 

Pharmacological VTE 
prophylaxis agents: 
ASA and FXaI 
 
“Preferred” dosages: 

Clinical effectiveness: 

VTE 
 
Safety: 
Bleeding/wound 
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First Author, 
Publication Year, 

Country 
Study Design 

Patient 
Characteristics 

Intervention and 
Comparator(s) 

Clinical Outcomes 

prophylactic agents 
 
ASA, n = 27 
Mean age: 62.8 y 
(range, 41 to 80 y) 
 
FXaI, n = 32 
Mean age: 69.3 y 
(range, 51 to 86 y) 

ASA, 325 mg twice 
daily 

FXaI: 
Rivaroxaban, 10 
mg/day 
Apixaban, 2.5 mg twice 
daily 

complications, change 
in hemoglobin 
 
Length of follow-up:  
Average, 9 mo; Range, 
2 to 18 mo 

Nielen et al. 2016
21

 
 
Netherlands 

NRS: Retrospective 
chart review 

Patients ≥18 y who 
underwent THR or TKR 
surgery, without 
documented pregnancy 
in the year prior to 
surgery 
 
THR, ASA, n = 2,096 
THR, LMWH, n = 1,429 
 
TKR, ASA, n = 1,791 
TKR, LMWH, n = 1,072 
 
Mean age: 66.7 to  
70.9 y across groups 

Pharmacological VTE 
prophylaxis agents, 
including ASA and 
LMWH 
 
Dosages: NR 

Clinical effectiveness: 
VTE 
 
Safety: 
GI bleeding, all-cause 
mortality 
 
Length of follow-up: 
Range, 1 mo to 4 y 

ASA = acetylsalicylic acid; DVT = deep vein thrombosis; FXaI = factor Xa inhibitors; GI = gastrointestinal; mo = months; LMWH = low-molecular-weight heparin; mo = 

months; NR = not reported; NRS = non-randomized study; PE = pulmonary embolism; THR = total hip replacement;  TKR = total knee replacement; VTE = venous 

thromboembolism; y = years. 
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Table 4:  Characteristics of Included Guideline  

Objectives Methodology 

Target 
Population/ 

Intended 
Users 

Intervention 
and Practice 
Considered 

Major 
Outcomes 

Considered 

Evidence 
Collection, 
Selection 

and 
Synthesis 

Evidence 
Quality 

Assessment 

Recommendations 
Development and 

Evaluation 

Guideline 
Validation 

Antithrombotic Therapy and Prevention of Thrombosis, 9
th

 ed: American College of Chest Physicians Evidence-Based 
Clinical Practice Guidelines; Falck-Ytter et al. 2012

22,23
 

Target 
population: 

Patients 
undergoing 
orthopedic 
surgery, 
including THR, 
TKR and HFS; 
below-knee 
injuries; and 
arthroscopic 
procedures 
 
Intended 
users: Health 

care providers 
in primary and 
specialty care 
 

Pharmacological 
or mechanical 
thrombo-
prophylaxis 

DVT 
(asymptomatic, 
symptomatic), 
PE (fatal, 
nonfatal), 
bleeding, 
reoperation, 
readmission, 
total mortality 

Electronic 
database 
searches 
(updated to 
December 
2010) and 
hand-
searching of 
reference lists; 
retrieved 
references 
screened in 
duplicate; 
meta-analyses 
conducted 
where 
appropriate; 
evidence 
summarized in 
tables and 
narratively 

Evidence rated 
using the ACCP 
adaptation of 
GRADE 
 
Levels of 
evidence: 
A, high;  
B, moderate; 
C, low 
 
Strength of 
recommendation: 
1, strong; 
2, weak 

Expert consensus 
based on review of 
evidence and strength 
of recommendation 
assigned according to 
the GRADE grid 

Internal and 
external peer 
review 

ACCP = American College of Chest Physicians; DVT = deep vein thrombosis; GRADE = Grades of Recommendations, Assessment, Development and Evaluation; HFS = 

hip fracture surgery; PE = pulmonary embolism; THR = total hip replacement; TKR = total knee replacement. 
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Appendix 3: Critical Appraisal of Included Publications 

Table 5:  Strengths and Limitations of Systematic Reviews and Meta-Analyses using 
AMSTAR7 and the “Questionnaire to assess the relevance and credibility of a network meta-
analysis”8 

Strengths Limitations 

Balk et al. 2017
11

 

 Research question and inclusion criteria published prior to 
conduct of study 

 Comprehensive literature search performed, including 
database searches, grey literature searches (e.g., trial 
registries), and hand-searching of existing systematic 
reviews and information packages from manufacturers 

 Study selection conducted in duplicate with conflicts 
resolved by the whole research team 

 Data extraction performed by one methodologist and 
confirmed by a second methodologist, with conflicts 
resolved by the whole research team 

 List of included studies provided 

 List of excluded studies, with reasons for rejection, provided 

 Key characteristics of included studies provided (e.g., 
sample size; mean age; treatment dose, duration and 
initiation time) 

 Risk of bias for individual studies assessed using the 
Cochrane risk of bias tool (for RCTs) and Newcastle Ottawa 
Scale (for observational studies) 

 Strength of evidence assessed for each outcome (as high, 
moderate, low, or insufficient evidence) as per the AHRQ 
methods 

 Appropriate methods used to combine the findings of 
studies when applicable 

 Scientific quality used appropriately in formulating 
conclusions 

 Review authors declared no conflict of interest 

 Citations not provided with specific results in the text; 
therefore, difficult to determine which primary studies were 
included in pooled results 

 No assessment of publication bias 

 Industry sponsorship reported where applicable for included 
studies, however other potential sources of conflict of 
interest not reported 

 

Strengths of network meta-analysis: 

 The trials for the interventions of interest formed one 
connected network of RCTs 

 A graphical representation of the evidence network was 
provided with information on the number of RCTs per direct 
comparison 

 Appropriate statistical methods were used 

 Measures of uncertainty were reported 

 Ranking of interventions was provided 

 Conclusions were fair and balanced 

Limitations of network meta-analysis: 

 Poor-quality studies were included, increasing the risk of 
bias 

 There was selective reporting of outcomes in the included 
studies, possibly leading to bias; network meta-analyses 
could only be conducted for select outcomes due to 
selective reporting 

 There was disagreement between direct and indirect 
comparisons that was not discussed 

 No subgroup analyses or meta-regression analyses with 
pre-specified covariates were performed 

 Results for individual studies were reported in appendices, 
but only in a data extraction table format without 
interpretation and without comparison to aggregate results 

 The impact of important patient characteristics on treatment 
effects was not reported 
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Strengths Limitations 

Kapoor et al. 2017
12

 

 Comprehensive literature search performed, including 
database searches and hand-searching (reference lists, 
guidelines, existing meta-analyses) 

 Data extraction performed in duplicate with conflicts 
resolved through discussion 

 List of included studies provided in supplementary material 

 Key characteristics of included studies provided, but only in 
supplementary material for individual studies (i.e., not 
summarized) 

 Appropriate methods used to combine the findings of 
studies (i.e., network meta-analyses under a Bayesian 
framework) 

 Review authors declared no conflict of interest 
 

 No reference to a protocol, ethics approval, or pre-
determined research objectives to indicate that the research 
question and inclusion criteria were established a priori 

 No formal grey literature search conducted (limited to hand-
searching) 

 Unclear whether study selection was performed in 
duplicate; methods not specified 

 List of excluded studies not provided 

 Citations not provided with specific results in the text; 
therefore, difficult to determine which primary studies were 
included in pooled results 

 Some characteristics of study quality assessed in duplicate 
and documented (e.g., method of randomization, blinding, 
intention to treat analysis, loss to follow-up), but no overall 
summary of scientific quality of included studies provided 

 Scientific quality of the included studies was not adequately 
considered in the analysis and conclusions of the review 

 No assessment of publication bias 

 Industry sponsorship reported where applicable for included 
studies, however other potential sources of conflict of 
interest not reported 

Strengths of network meta-analysis: 

 The trials for the interventions of interest formed one 
connected network of RCTs 

 A graphical representation of the evidence network was 
provided with information on the number of RCTs per direct 
comparison 

 Agreement between direct and indirect comparisons was 
reported 

 Appropriate statistical methods were used 

 Measures of uncertainty were reported 

Limitations of network meta-analysis: 

 Poor-quality studies were included, increasing the risk of 
bias 

 There was selective reporting of outcomes in the included 
studies, possibly leading to bias; network meta-analyses 
could only be conducted for select outcomes due to 
selective reporting 

 Subgroup analyses or meta-regression analyses with pre-
specified covariates were planned but the results were not 
presented 

 Results for individual studies were reported in an online 
supplement, but only in a data extraction table format 
without interpretation and without comparison to aggregate 
results 

 The impact of important patient characteristics on treatment 
effects was not reported 

 Ranking of interventions was not provided 

 There was insufficient information to judge whether the 
conclusions were fair and balanced 

 

Suen et al. 2017
15

 

 Comprehensive literature search performed, including 
database searches and hand-searching existing systematic 
reviews 

 Study selection and data extraction performed by two 
independent reviewers 

 List of included studies provided 

 Key characteristics of included studies provided (e.g., 
sample size, treatment dose and duration) 

 No reference to a protocol, ethics approval, or pre-
determined research objectives to indicate that the research 
question and inclusion criteria were established a priori 

 No formal grey literature search conducted (limited to hand-
searching) 

 Methods for resolving conflicts during study selection and 
data extraction not described 

 List of excluded studies not provided 
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Strengths Limitations 

 Risk of bias for individual studies assessed using the 
Cochrane risk of bias tool 

 Appropriate methods used to combine the findings of 
studies when applicable 
 

 Scientific quality of the included studies was not adequately 
considered in the analysis and conclusions of the review 

 No assessment of publication bias 

 Potential conflict of interest in included studies not reported 

 Review authors declared conflicts of interest, which may 
include “receipt of payment, either direct or indirect, 
institutional support, or association with an entity in the 
biomedical field which may be perceived to have potential 
conflict of interest with this work” p. 2911 

Wilson et al. 2016
16

 

 Research question and inclusion criteria published prior to 
conduct of study 

 Comprehensive literature search performed, including 
database searches and grey literature search 

 Study selection performed by two independent reviewers 
with a third reviewer resolving conflicts 

 Levels of evidence assessed using the Oxford Centre for 
Evidence-Based Medicine working group methods by two 
independent reviewers, and only level I to III evidence was 
retained 

 Risk of bias for individual studies assessed using the 
Cochrane Handbook for Systematic Reviews of 
Interventions (for RCTs) and ACROBAT-NSRI for non-
randomized studies, but whether this was done in duplicate 
was not reported 

 Scientific quality of included studies considered 
appropriately in formulating conclusions 

 Review authors declared no conflict of interest 

 List of included studies not provided 

 List of excluded studies not provided 

 Unclear whether data extraction was performed in duplicate; 
method not specified 

 Some key characteristics of included studies not provided 
(e.g., dosages, duration of treatment) 

 No assessment of clinical, methodological, or statistical 
heterogeneity of included studies in order to determine 
whether pooling results would be appropriate; narrative 
summary provided 

 No assessment of publication bias 

 Potential conflict of interest in included studies not reported 

Adam et al. 2012
14

 

 Comprehensive literature search performed, including 
database searches and hand-searching (systematic reviews 
and guidelines) 

 Study selection and data extraction performed by two 
independent reviewers with a third reviewer resolving 
conflicts 

 List of included studies provided 

 List of excluded studies, with reasons for rejection, provided 

 Key characteristics of included studies provided (e.g., SR 
quality rating, databases and search dates, analytic 
approach and major outcomes analyzed), however key 
characteristics of interventions within included studies not 
provided (e.g., dosages, duration of treatment) 

 Scientific quality of included SRs assessed in duplicate 
using the AMSTAR criteria, and poor-quality SRs were 
excluded; the overall quality of the evidence was evaluated 
as described in the “Methods Guide for Effectiveness and 
Comparative Effectiveness Reviews” (p. 17) 

 Scientific quality used appropriately in formulating 
conclusions 

 Appropriate methods used to narratively synthesize and 
summarize findings across included SRs 

 No reference to a protocol, ethics approval, or pre-
determined research objectives to indicate that the research 
question and inclusion criteria were established a priori 

 No formal grey literature search conducted (limited to hand-
searching) 

 Publication bias was assessed in each of the included SRs, 
but publication bias was not assessed for this systematic 
review of SRs 
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Strengths Limitations 

 Only one SR co-author declared conflict of interest (i.e., 
receipt of pharmaceutical funding), and this author 
participated only in the design and review of the report and 
did not participate in data abstraction or writing 

 Conflicts of interest for included studies were reported, and 
only one of six included SRs had potential conflict of interest 

ACROBAT-NSRI = Cochrane Risk of Bias Assessment Tool for Non-Randomized Studies of Interventions; AHRQ = Agency for Healthcare Research and Quality; 

AMSTAR = A MeaSurement Tool to Assess systematic Reviews; RCT = randomized controlled trial; SR = systematic review. 
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Table 6:  Strengths and Limitations of Clinical Studies using the Downs and Black 
Checklist9 

Strengths Limitations 

Agaba et al. 2017
17

 

 Study objective clearly described 

 Patient inclusion and exclusion criteria provided 

 Staff, places, and facilities where the patients were treated 
were representative of the treatment of the majority of 
patients 

 Patients representative of the population from which they 
were recruited 

 No attempt made to blind those measuring the main 
outcomes of the intervention, however outcomes were 
measured objectively using database diagnosis codes 

 Same length of follow-up for all patients 

 Statistical estimates of variability in the data provided for the 
main findings 

 Adverse events associated with the intervention were 
considered 

 Main findings clearly described 

 No retrospective, unplanned analyses reported 

 No randomization or allocation concealment (retrospective 
chart review design) 

 Important characteristics of interventions not reported (e.g., 
dosages and duration of treatment) 

 Main outcomes identified but all outcomes were obtained 
from diagnostic codes and how they were defined and 
measured was not described 

 Power calculation not performed 

 Potentially relevant confounders (e.g., VTE risk factors) 
were not controlled; patient characteristics may have 
influenced the treating physicians’ prophylactic agent 
selection (and outcomes may be due to patient selection) 

 Some key characteristics of intervention and comparators 
not clearly described (e.g., dosage, duration of prophylactic 
treatment) 

 Compliance with the intervention was not measured 

 No information provided on validity and reliability of the 
main outcome measures 

 Amount and nature of missing data not reported 

 Appropriate statistical tests used to assess main outcomes, 
however significant differences were not further explored to 
identify specific between-group differences 

 Actual probability values (P-values) not reported 

Bala et al. 2017
18

 

 Study objective clearly described 

 Patient inclusion and exclusion criteria provided 

 Staff, places, and facilities where the patients were treated 
were representative of the treatment of the majority of 
patients 

 Distribution of principal confounders in the intervention and 
comparator groups clearly described 

 No attempt made to blind those measuring the main 
outcomes of the intervention, however outcomes were 
measured objectively using database diagnosis codes 

 Same length of follow-up for all patients 

 Adverse events associated with the intervention were 
considered 

 Main findings clearly described 

 No retrospective, unplanned analyses reported 

 Patients in the study not representative of the entire 
population from which they were recruited (e.g., warfarin is 
prescribed more frequently in older patients, and the sample 
was drawn with age-matching and therefore may not 
represent the general population) 

 No randomization or allocation concealment (retrospective 
chart review design) 

 Important characteristics of interventions not reported (e.g., 
dosages and duration of treatment) 

 Main outcomes identified but all outcomes were obtained 
from diagnostic codes and how they were defined and 
measured was not described 

 Power calculation not performed 

 Potentially relevant confounders (e.g., VTE risk factors) 
were not controlled; patient characteristics may have 
influenced the treating physicians’ prophylactic agent 
selection (and outcomes may be due to patient selection) 

 Groups were matched for age and sex, but there were 
between-group differences in comorbidities that were not 
controlled for in the analyses (e.g., those treated with FXaI 
were more “medically complex” p. 2210) 

 Some key characteristics of intervention and comparators 
not clearly described (e.g., dosage, duration of prophylactic 
treatment) 
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Strengths Limitations 

 Compliance with the intervention was not measured 

 No information provided on validity and reliability of the 
main outcome measures 

 No statistical estimates of variability in data provided 

 Amount and nature of missing data not reported 

 Appropriate statistical tests used to assess main outcomes, 
however significant differences were not further explored to 
identify specific between-group differences 

 Probability values (P-values) reported, but only for the 
omnibus chi-squared tests (i.e., significant differences not 
further explored using post hoc tests) 

Cafri et al. 2017
19

 

 Study objective clearly described 

 Patient inclusion and exclusion criteria provided 

 Staff, places, and facilities where the patients were treated 
were representative of the treatment of the majority of 
patients 

 Patients representative of the population from which they 
were recruited 

 Distribution of principal confounders in the intervention and 
comparator groups clearly described, and confounding 
variables controlled for appropriately in analyses 

 Interventions and comparators clearly described 

 References for evidence of validity of outcome measures 
provided 

 No attempt made to blind those measuring the main 
outcome of the intervention, however outcomes were 
measured objectively using codes in patient records 

 Main findings clearly described 

 Statistical estimates of variability in the data provided for the 
main findings 

 Appropriate statistical tests used to assess main outcomes 

 Actual probability values (P-values) reported 

 Small amount of missing data (~0.3 to 1%) and missing 
data were handled appropriately in the analyses 

 Same length of follow-up for all patients 

 Adverse events associated with the intervention were 
considered 

 No retrospective, unplanned analyses reported 

 No randomization or allocation concealment (retrospective 
chart review design) 

 Main outcomes identified but all outcomes were obtained 
from diagnostic codes and how they were defined and 
measured was not described 

 Power calculation not performed 

 Compliance with the intervention was not measured 

 No information provided on reliability of the main outcome 
measures 
 

Garfinkel et al. 2017
20

 

 Study objective clearly described 

 Patient inclusion and exclusion criteria provided 

 Staff, places, and facilities where the patients were treated 
were representative of the treatment of the majority of 
patients 

 Consecutive patients enrolled; patients representative of the 
population from which they were recruited 

 No attempt made to blind those measuring the main 
outcome of the intervention, however outcomes were 
measured objectively using patient records 

 Main findings clearly described 

 No randomization or allocation concealment (retrospective 
chart review design) 

 Interventions and comparators were described, however the 
“preferred” dosages were indicated but whether these were 
the administered dosages was not reported 

 Main outcomes identified but all outcomes were obtained 
from medical records and hospital charts and how they 
were defined and measured was not described 

 Power calculation not performed 

 Compliance with the intervention was not measured 

 Potentially relevant confounders (e.g., age, BMI) were 
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Strengths Limitations 

 Appropriate statistical tests used to assess main outcomes 

 Actual probability values (P-values) reported 

 No patients lost to follow-up (due to study design) 

 Adverse events associated with the intervention were 
considered 

 No retrospective, unplanned analyses reported 
 

different between groups and were not controlled for in the 
analyses; other potential confounders were not assessed or 
reported (e.g., comorbidities) 

 No information provided on the validity and reliability of the 
main outcome measures 

 No statistical estimates of variability in data provided 

 Different lengths of follow-up were not accounted for in the 
analyses; follow-up ranged from 2 to 18 months 

Nielen et al. 2016
21

 

 Study objective clearly described 

 Patient inclusion and exclusion criteria provided 

 Staff, places, and facilities where the patients were treated 
were representative of the treatment of the majority of 
patients 

 Consecutive patients enrolled; patients representative of the 
population from which they were recruited 

 No attempt made to blind those measuring the main 
outcome of the intervention, however outcomes were 
measured objectively using patient records 

 Main findings clearly described 

 Statistical estimates of variability in the data provided for the 
main findings 

 Appropriate statistical tests used to assess main outcomes 

 Potentially relevant confounders controlled for appropriately 
in the analyses 

 Adverse events associated with the intervention were 
considered 

 No retrospective, unplanned analyses reported 

 No randomization or allocation concealment (retrospective 
chart review design) 

 Important characteristics of interventions not reported (e.g., 
dosages and duration of treatment) 

 Main outcomes identified but all outcomes were obtained 
from diagnostic codes and how they were defined and 
measured was not described 

 Power calculation not performed 

 Compliance with the intervention was not measured 

 Some key characteristics of intervention and comparators 
not clearly described (e.g., dosage, duration of prophylactic 
treatment) 

 No information provided on the validity and reliability of the 
main outcome measures 

 Patients followed-up until the occurrence of the outcomes; 
however, duration of follow-up not reported 

 Amount and nature of missing data not reported 

 Actual probability values (P-values) not reported 
 

BMI = body mass index; FXaI = factor Xa inhibitors; VTE = venous thromboembolism. 
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Table 7:  Strengths and Limitations of Guideline using AGREE II10 

Item 

Guideline 

Antithrombotic Therapy and Prevention of 
Thrombosis, 9

th
 ed: American College of Chest 

Physicians Evidence-Based Clinical Practice 
Guidelines; Falck-Ytter et al. 2012

22,23 

Domain 1: Scope and Purpose 

1. The overall objective(s) of the guideline is (are) specifically described.  

2. The health question(s) covered by the guideline is (are) specifically described.  

3. The population (patients, public, etc.) to whom the guideline is meant to apply is 
specifically described. 

 

Domain 2: Stakeholder Involvement  

4. The guideline development group includes individuals from all relevant 
professional groups. 

 

5. The views and preferences of the target population (patients, public, etc.) have 
been sought. 

 

6. The target users of the guideline are clearly defined.  

Domain 3: Rigour of Development 

7. Systematic methods were used to search for evidence.  

8. The criteria for selecting the evidence are clearly described.  

9. The strengths and limitations of the body of evidence are clearly described.  

10. The methods for formulating the recommendations are clearly described.  

11. The health benefits, side effects, and risks have been considered in 
formulating the recommendations. 

 

12. There is an explicit link between the recommendations and the supporting 
evidence. 

 

13. The guideline has been externally reviewed by experts prior to its publication.  

14. A procedure for updating the guideline is provided.  

Domain 5: Applicability  

18. The guideline describes facilitators and barriers to its application. X 

19. The guideline provides advice and/or tools on how the recommendations can 
be put into practice. 

X 

20. The potential resource implications of applying the recommendations have 
been considered. 

 

21. The guideline presents monitoring and/or auditing criteria. X 

Domain 6: Editorial Independence 

22. The views of the funding body have not influenced the content of the 
guideline. 

 

23. Competing interests of guideline development group members have been 
recorded and addressed. 

 

 = yes; X = no or unclear.  
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Appendix 4: Main Study Findings and Author’s Conclusions 

Table 8:  Summary of Findings of Included Systematic Reviews and Meta-Analyses 

Main Study Findings Author’s Conclusion 

Balk et al. 2017
11

 

Results from Direct Comparisons 
 
Clinical Effectiveness 
 
Total Hip Replacement 
 
LMWH vs. ASA (2 non-randomized studies; N = 110,117): 

The following were not significantly different between patients 
treated with LMWH and ASA (low strength of evidence): 

 Total PE: 

o Adjusted OR = 0.97; 95% CI, 0.81 to 1.17; 
Propensity-adjusted OR = 0.94; 95% CI, 0.75 to 
1.17, P = 0.56; LMWH, 0.68%; ASA, 0.68% (1 
study; N = 108,584) 

o LMWH (0.2%) vs. ASA (1.7%), but no statistical 
analysis (1 study; N = 1,533) 

 Symptomatic DVT: Adjusted OR = 0.91; 95% CI, 0.79 to 

1.06; Propensity-adjusted OR = 0.84; 95% CI, 0.70 to 1.03, 
P = 0.10; LMWH, 0.94%; ASA, 0.99% (1 study; N = 
108,584) 

 
Total Knee Replacement 

 
LMWH vs. ASA 

1 RCT;
a
 N = 212; LMWH (enoxaparin): 

 There were no PE events in either group 

 There was no significant difference in total DVT (LMWH, 

13%; ASA, 16%; OR = 0.73; 95% CI, 0.34 to 1.55) or 
symptomatic DVT (LMWH, 0.9%; ASA, 1.8%; OR = 0.49; 

95% CI, 0.04 to 5.44) between groups 

2 non-randomized studies; N = 158,630 

 In one non-randomized study, the following were not 
significantly different between LMWH (type not specified) 
and ASA (N = 156,798): 

o Total PE: LMWH, 0.45%; ASA, 0.49%; adjusted 
OR = 0.88; 95% CI, 0.74 to 1.05, P = 0.16 

o Total DVT: LMWH, 0.63%; ASA, 0.66%; adjusted 
OR = 0.93; 95% CI, 0.81 to 1.08, P = 0.37 

 In the second study (N = 1,832), the following were not 
different between LMWH and ASA (P-values not reported): 

o Total VTE: LMWH, 0.52%; ASA, 0.34% 
o Fatal PE: 0% in both groups 

 
ASA vs. FXaI (rivaroxaban) (1 RCT; N = 212) 

 There were no PE events in either group 

 There were significantly more total DVT in the ASA (16%) 

vs. FXaI (2.9%) group (OR = 6.46; 95% CI, 1.84 to 22.6), 

“[T]here is only sparse or low [strength of evidence] data on the 
comparative effectiveness of aspirin […] Given the likely low risk 
of major bleeding and other adverse events with aspirin […], it 
would be clinically important to determine whether patients at 
low risk of VTE events, in particular, could get adequate VTE 
prophylaxis with these low-risk interventions.” p. ES-35 
 
“LMWH and aspirin [i.e., ASA] result in similar rates of total PE, 
symptomatic DVT, and major bleeding (all low [strength of 
evidence], based on observational studies).” p. 179 
 
“For all other class comparisons and outcomes there was 
insufficient direct comparative evidence” [i.e., in reference to 
ASA vs. FXaI comparison for total knee replacement]. p. ES-17 
 
“Thromboprophylactic interventions that are most likely to have 
lower risk of major bleeding (particularly aspirin and mechanical 
devices, for which there is limited research funding support 
compared with newer pharmaceutical interventions) have been 
inadequately studied in direct comparison studies, severely 
limiting strong conclusions regarding their relative effectiveness 
and safety.” p. 177 
 
“Conclusions from all network meta-analyses are limited due to 
the sparseness of direct comparisons between most 
interventions within each network. Network meta-analyses that 
included more than sparse connections could be constructed for 
only total DVT and major bleeding. Other outcomes were too 
sparsely populated to allow interpretable networks.” p. 152 
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Main Study Findings Author’s Conclusion 

but there was no difference in symptomatic DVT between 

the ASA (1.8%) and FXaI (0%) group (OR = 4.72; 95% CI, 
0.22 to 99.6) 

 
Safety 
 
Total Hip Replacement 
 
LMWH vs. ASA 

 Major bleeding events (cerebrovascular accident or 

gastrointestinal hemorrhage) were not significantly different 
between LMWH and ASA (low strength of evidence): 
Adjusted OR = 0.92; 95% CI, 0.77 to 1.09; Propensity-
adjusted OR = 0.95; 95% CI, 0.77 to 1.17, P = 0.63; LMWH, 
0.72%; ASA, 0.77% (1 study; N = 108,584) 

 
Total Knee Replacement 

 
LMWH vs. ASA 

1 RCT;
a
 N = 212; LMWH (enoxaparin): 

 There was no significant difference in wound 
complications (LMWH, 2.7%; ASA, 1.8%; OR = 1.49; 95% 

CI, 0.24 to 9.07) between groups 

1 non-randomized study; N = 156,798; LMWH, type not 
specified: 

 Major bleeding was not significantly different between 

LMWH and ASA: LMWH, 0.39%; ASA, 0.37%; adjusted OR 
= 1.01; 95% CI, 0.83 to 1.22, P = 0.94 

 Infection leading to re-operation was significantly greater 

in the ASA group: LMWH, 0.19%; ASA, 0.26%; adjusted OR 
= 0.73; 95% CI, 0.58 to 0.94, P = NR 

 
ASA vs. FXaI (rivaroxaban) (1 RCT; N = 212) 

 There was no significant difference in wound 
complications between ASA (1.8%) and FXaI (4.9%) 

groups (OR = 0.36; 95% CI, 0.07 to 1.89) 
 
Results from Network Meta-Analyses 
 
Clinical Effectiveness 
 
Total Hip Replacement 
 

 In network comparison of 10 intervention classes (from 53 
RCTs), the odds of total DVT were not significantly different 

between patients treated with “antiplatelet” drugs (i.e., ASA) 
and those treated with LMWH 

 In network comparison of 20 specific interventions (from 54 
RCTs), the odds of total DVT were not significantly different 

between patients treated with ASA and those treated with 
dalteparin, enoxaparin, semuloparin or tinzaparin (LMWHs), 
or apixaban, darexaban, edoxaban, fondaparinux, or 
rivaroxaban (FXaIs) 
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Main Study Findings Author’s Conclusion 

Total Knee Replacement 

 
In network comparison of 12 intervention classes (from 31 
RCTs) for total DVT in total knee replacement: 

 Patients treated with ASA had greater odds of DVT 

compared to those treated with LMWH:  
OR = 2.05; 95% CI, 1.33 to 3.2 

 Patients treated with ASA had greater odds of DVT 

compared to those treated with FXaI:  
OR = 4.34; 95% CI, 2.71 to 7.13 

 
In network comparison of 23 specific interventions (from 32 
RCTs) for total DVT in total knee replacement: 

 The odds of DVT were not significantly different between 

patients treated with ASA and those treated with the 
following LMWHs: enoxaparin, semuloparin, or tinzaparin 

 Patients treated with ASA had greater odds of DVT 

compared with the patients treated with the following FXaIs: 
o Apixaban: OR = 3.09; 95% CI: 1.5 to 6.3 
o Darexaban: OR = 2.99; 95% CI, 1.1 to 8.35 
o Edoxaban: OR = 3.41; 95% CI, 1.6 to 7.41 
o Fondaparinux: OR = 4.01; 95% CI, 1.89 to 8.3 
o Rivaroxaban: OR = 7.48; 95% CI, 2.54 to 27.5 

 
Safety 
 
Total Hip Replacement 
 

 In network comparison of 9 intervention classes (from 32 
RCTs), the odds of major bleeding were not significantly 

different between patients treated with “antiplatelet” drugs 
(i.e., ASA) and those treated with LMWH or FXaI 

 In network comparison of 17 specific interventions (from 34 
RCTs), the odds of major bleeding were not significantly 

different between patients treated with ASA and those 
treated with dalteparin, enoxaparin, semuloparin or 
tinzaparin (LMWHs), or apixaban, darexaban, edoxaban, 
fondaparinux, or rivaroxaban (FXaIs) 

 
There were insufficient data to allow network meta-analyses for 
other clinical effectiveness or safety outcomes. 

Kapoor et al. 2016
12

 

Results from Network Meta-Analysis 
 
Total Hip Replacement or Total Knee Replacement 
 

Clinical Effectiveness 
 
 
LMWH vs. ASA 

In network comparison of 12 intervention options (from 94 
RCTs), compared to LMWH, there was no difference with ASA 
for the following: 

 Total DVT: OR = 0.80; 95% CI, 0.34 to 1.86 

“Small numbers prohibit firm conclusions about aspirin.” p. 287 
 
“Although we cannot discount aspirin, given the limited number 
of studies we found, there does not seem to be a compelling 
reason for professional societies to continue to suggest it as a 
prophylaxis option for the average patient undergoing THR and 
TKR. Aspirin could be used in very-low-risk populations, 
although we are unfamiliar with a robust algorithm to identify 
sufficiently low-risk patients.” p. 293 
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 Symptomatic DVT: OR = 2.04; 95% CI, 0.56 to 7.38 

 Non-fatal PE: OR = 3.97; 95% CI, 0.31 to 68.64 

 
Safety 
 
LMWH vs. ASA 

In network comparison of 12 intervention options (from 94 
RCTs), compared to LMWH, there was no difference with ASA 
for the odds of major hemorrhage:  

OR = 1.08; 95% CI, 0.47 to 2.42 
Direct oral Xa inhibitors vs. ASA 

In network comparison of 12 intervention options (from 94 
RCTs), the odds of hemorrhage were not significantly different 

with ASA relative to direct oral Xa inhibitors:  
OR = 0.88; 95% CI, 0.35 to 2.22. 

Suen et al. 2017
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No primary studies comparing the clinical effectiveness of ASA 
to LMWH or FXaI were identified. The authors reported results 
for one RCT as having compared the clinical effectiveness of 
ASA versus LMWH, however this RCT also included mechanical 
compression in both treatment arms and therefore the results 
are not reported here. 
 
Note: This SR identified RCTs comparing other 
thromboprophylaxis agents to one another (e.g., LMWH and 
apixaban) or to control. 

“No evidence of efficacy was found with aspirin [i.e., ASA] 
compared with control, warfarin, or LMWH, although trial 
numbers were small.” p. 2917 

Wilson et al. 2016
16

 

Total Hip or Knee Replacement 
 

Clinical Effectiveness 
 
ASA vs. LMWH 

 One RCT (N = 778) found ASA was non-inferior to LMWH 
for prevention of VTE (values not reported; P ≤ 0.001) 

 One RCT found no significant difference in rates of VTE 

with ASA (0.2%) versus LMWH (1.4%; P = 0.07) 

 One RCT (N = 1,728) found a significantly lower rate of VTE 
with ASA (0.3%) compared to LMWH (2.4%; P = 0.047); 
however, LMWH was also given to all patients taking ASA 
until discharge 

 A trial registry report (N ~100,000) found “no difference in 
adjusted outcomes between aspirin and LMWH” p. 1,059; 

outcomes and values not specified 
 
 
ASA vs. FXaI 

 One RCT (N = 120) found no significant difference in 
asymptomatic DVT rate between those treated with ASA 

and FXaI (rivaroxaban) 
 
Safety 
 

“There were a variety of dosage regimes, often varying between 
inpatient and outpatient setting.” p. 1,059 
 
“The results suggest aspirin may be considered a suitable 
alternative to other thromboprophylactic agents following THA 
and TKA. Further investigation is required to fully evaluate the 
safety and efficacy of aspirin.” p. 1,056 
 
“In conclusion, the evidence for aspirin is incomplete, but there 
is reason to consider it a suitable alternative to other 
chemoprophylactic agents. Its action may well be enhanced with 
concomitant use of mechanical prophylaxis.” p. 1,060 
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ASA vs. LMWH 

 One RCT (N = 778) found no difference in wound 
complications between ASA and LMWH (P = 0.09) 

 One RCT (N = 1,728) found a significantly decreased 
transfusion requirement with ASA (0.39 units) versus 

LMWH (0.57 units; P = 0.001), but no significant difference 
in bleeding complications between ASA and LMWH 

(values not reported) 
 
ASA vs. FXaI 

 One RCT (N = 120) found no difference in wound 
complications between those treated with ASA and FXaI 
(rivaroxaban), but significantly higher blood loss with FXaI 

(values not reported) 
 
NOTE: Additional studies were also included in the review by 
Balk et al. 2017;

11
 findings are not repeated here. 

Adam et al. 2012
24

 

No systematic reviews comparing the clinical effectiveness of 
ASA to LMWH or FXaI were identified. 
 
Note: This SR identified SRs comparing other 
thromboprophylaxis agents to one another (e.g., LMWH and 
FXaI). 

“Neither oral FXa inhibitors nor [direct thrombin inhibitors] have 
been compared directly with adjusted-dose warfarin, oral 
antiplatelet drugs [i.e., ASA], or unfractionated heparin in 
existing SRs.” p. 23 
 
“[One of the included SRs] reported on the comparative effects 
of LMWH versus oral antiplatelet agents [i.e. ASA] but identified 
no studies comparing these drug classes.” p. 26 

a Note: In Balk et al. 2017
11

 it was indicated that there were two RCTs that compared ASA vs. LMWH in patients undergoing total knee replacement surgery, however 

examination of the results revealed that one study included the addition of mechanical compression in both treatment arms; therefore, the results from the second RCT 

are not included here. 

ASA = acetylsalicylic acid; CI = confidence interval; DVT = deep vein thrombosis; FXaI = factor Xa inhibitors; LMWH = low-molecular-weight heparin; NR = not reported; 

OR = odds ratio; PE = pulmonary embolism; RCT = randomized controlled trial; THA = total hip arthroplasty (i.e., total hip replacement); THR = total hip replacement; TKA 

= total knee arthroplasty (i.e., total knee replacement); TKR = total knee replacement; vs. = versus; VTE = venous thromboembolism. 
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Agaba et al. 2017
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Total Hip Replacement 
 
Clinical Effectiveness 
 
ASA, LMWH and FXaI 

 ASA, LMWH (i.e., enoxaparin) and FXaIs (i.e., apixaban, fondaparinux, 
rivaroxaban) were associated with significantly reduced odds of DVT at 30 and 90 

days post-THR surgery 

 ASA, LMWH and FXaIs (i.e., fondaparinux, and rivaroxaban) were associated with 
significantly reduced odds of PE at 30 and 90 days post-THR surgery 

 Apixaban was not associated with odds of PE at 30 or 90 days post-THR surgery  

 
Clinical Effectiveness: ASA, LMWH, FXaIs 

Medication 
DVT 

OR (95% CI) 
PE 

OR (95% CI) 

30 day   

ASA 0.21 (0.11 to 0.40) 0.03 (0.00 to 0.52) 

LMWH 0.24 (0.19 to 0.29) 0.23 (0.16 to 0.33) 

FXaI: Apixaban 0.34 (0.14 to 0.84) 0.10 (0.01 to 1.67) 

FXaI: Fondaparinux 0.18 (0.11 to 0.30) 0.37 (0.20 to 0.70) 

FXaI: Rivaroxaban 0.26 (0.22 to 0.32) 0.36 (0.27 to 0.48) 

90 day   

ASA 0.21 (0.11 to 0.40) 0.03 (0.00 to 0.52) 

LMWH 0.16 (0.13 to 0.20) 0.22 (0.15 to 0.31) 

FXaI: Apixaban 0.03 (0.00 to 0.53) 0.10 (0.01 to 1.67) 

FXaI: Fondaparinux 0.18 (0.11 to 0.30) 0.37 (0.20 to 0.70) 

FXaI: Rivaroxaban 0.20 (0.16 to 0.25) 0.33 (0.24 to 0.44) 
Italics indicate statistical significance in a favourable direction at P < 0.05. 

 
Safety 

 
ASA, LMWH, and FXaI 

 ASA was associated with significantly increased odds of requiring incision and 
draining at 30 and 90 days post-THR surgery, and with significantly reduced odds 
of prosthetic joint infection and of requiring transfusion at 90 days post-THR 

surgery  

 ASA was not significantly associated with odds of hematoma or hemorrhage at 

30 or 90 days post-THR 

 Of the other prophylactic agents examined, enoxaparin (LMWH) and rivaroxaban 
(FXaI) had the most favourable safety profiles 
 

Safety Outcomes: ASA, LMWH, FXaIs 

Medication 
Incision and 

Drainage 
OR (95% CI) 

Hematoma 
OR (95% CI) 

Transfusion 
OR (95% CI) 

30 day    

ASA 3.24 (2.06 to 5.12) 1.19 (0.63 to 2.23) 0.72 (0.50 to 1.04) 

LMWH 0.55 (0.39 to 0.79) 0.36 (0.25 to 0.53) 0.54 (0.47 to 0.62) 

FXaI: Apixaban 0.25 (0.02 to 4.01) 4.00 (2.10 to 7.63) 0.36 (0.15 to 0.88) 

FXaI: Fondaparinux 1.35 (0.81 to 2.27) 0.67 (0.36 to 1.26) 0.60 (0.45 to 0.81) 

FXaI: Rivaroxaban 0.55 (0.39 to 0.78) 0.36 (0.25 to 0.52) 0.34 (0.29 to 0.40) 

“[A]spirin was associated with 
significantly lower rates for both DVT and 
PE at both the 30 and 90 day 
postoperative period following THA. […] 
[T]he aspirin cohort had the lowest risk 
for PE of all the agents evaluated.” p. 541 
 
“The only postoperative complication 
seem among [patients treated with 
aspirin] was the need for [incision and 
drainage] likely due to mild bleeding that 
may be attributed to patients with a high 
risk of bleeding.” p. 541 
 
“Patients in the aspirin cohort may consist 
of healthier patients with minimal 
comorbidities compared to the other 
cohorts and could be at less risk of post-
operative complications.” p. 542 
 
“Although our study shows agents such 
as rivaroxaban and fondaparinux are 
associated with lower risk of post-
operative bleeding and thromboembolic 
events, they remain relatively expensive 
choices for VTE prophylaxis. Aspirin has 
a relatively low bleeding and 
thromboembolic complication profile and 
is an inexpensive, easy to administer 
option for VTE prophylaxis following 
TJA.” p. 542 
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90 day    

ASA 2.41 (1.43 to 4.05) 1.19 (0.63 to 2.33) 0.43 (0.27 to 0.68) 

LMWH 0.45 (0.31 to 0.66) 0.31 (0.21 to 0.47) 0.44 (0.37 to 0.51) 

FXaI: Apixaban 0.25 (0.02 to 4.01) 0.19 (0.01 to 3.00) 0.36 (0.15 to 0.88) 

FXaI: Fondaparinux 0.90 (0.48 to 1.68) 0.67 (0.36 to 1.26) 0.53 (0.39 to 0.73) 

FXaI: Rivaroxaban 0.25 (0.15 to 0.42) 0.25 (0.16 to 0.39) 0.26 (0.22 to 0.32) 
Italic and bold fonts indicate statistical significance, in a favourable and unfavourable direction respectively, at 
P < 0.05. 

 
Additional Safety Outcomes 

Medication 
Prosthetic Joint 

Infection 
OR (95% CI) 

Hemorrhage 
OR (95% CI) 

30 day   

ASA 0.86 (0.54 to 1.38) 1.09 (0.45 to 2.65) 

LMWH 0.53 (0.44 to 0.65) 0.32 (0.19 to 0.55) 

FXaI: Apixaban 1.58 (0.83 to 3.01) 3.59 (1.46 to 8.79) 

FXaI: Fondaparinux 0.40 (0.24 to 0.67) 0.62 (0.25 to 1.50) 

FXaI: Rivaroxaban 0.36 (0.29 to 0.46) 0.32 (0.19 to 0.55) 

90 day   

ASA 0.47 (0.25 to 0.88) 1.09 (0.45 to 2.65) 

LMWH 0.34 (0.27 to 0.44) 0.30 (0.17 to 0.52) 

FXaI: Apixaban 0.77 (0.31 to 1.87) 0.35 (0.02 to 5.56) 

FXaI: Fondaparinux 0.40 (0.24 to 0.67) 0.62 (0.25 to 1.50) 

FXaI: Rivaroxaban 0.27 (0.20 to 0.35) 0.24 (0.22 to 0.27) 
Italic and bold fonts indicate statistical significance, in a favourable and unfavourable direction respectively, at 
P < 0.05. 

 
Note: Between-group differences were not tested statistically. 

Bala et al. 2017
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Total Knee Replacement 

 

 Groups were matched on age and sex, but there were between-group differences 
in comorbidities (e.g., cardiovascular and metabolic) 

 
Clinical Effectiveness 
 

 There were significant between-group differences in: incidence of DVT events at  
2 wk, 30 d, 6 wk, and 90 d; and in incidence of PE events at 90 d only. 

 
Incidence of VTE Events (%) 

Time ASA LMWH FXaI P-value* 

DVT     

  2 wk 1.8 2.1 2.0 <0.01 

  30 d 2.2 2.7 2.4 <0.01 

  6 wk 2.5 3.1 2.5 <0.01 

  90 d 3.0 3.5 2.9 <0.01 

PE     

  2 wk <1.0 (N/A) 0.8 0.7 N/A 

  30 d <1.0 (N/A) 0.9 0.8 N/A 

  6 wk <1.0 (N/A) 1.0 0.8 N/A 

  90 d 1.2 (N/A) 1.1 0.9 <0.01 
*P-values from 4-way Chi-squared test (fourth group, warfarin, not reported here). No post hoc 

“[ASA] provided comparable VTE 
prophylaxis compared with factor Xa 
inhibitors with improved VTE prophylaxis 
compared with enoxaparin [i.e., LMWH] 
and […] with the lowest risk of bleeding.” 

p. 2206 
 
“[W]e found that factor Xa inhibitors had a 
lower VTE incidence than aspirin [ASA].” 

p. 2211 
 
“[P]atients who were at higher risk for 
VTE may have been appropriately 
prescribed enoxaparin [LMWH], and the 
favorable aspirin [ASA] outcomes may be 
attributable to patient selection.” p. 2211 
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tests for between-group differences were conducted. When value was between 1 and 10 patients 
the incidence was not available (N/A). 

 

Safety 
 

 There were significant between-group differences in: incidence of anemia, and 
transfusion rates at 2 wk, 30 d, 6 wk, and 90 d; and in incidence of bleeding 
complications at 90 d only. 

 
Risk of Bleeding (%) 

Time ASA LMWH FXaI P-value* 

Anemia     

  2 wk 19 22 23 <0.01 

  30 d 19 22 23 <0.01 

  6 wk 19 22 23 <0.01 

  90 d 19 23 23 <0.01 

Transfusion    

  2 wk 7 13 9 <0.01 

  30 d 7 13 9 <0.01 

  6 wk 7 13 9 <0.01 

  90 d 7 13 9 <0.01 

Bleeding Complication   

  2 wk <1.0 (N/A) 1.1 0.9 >0.05 

  30 d <1.0 (N/A) 1.2 1.2 >0.05 

  6 wk <1.0 (N/A) 1.3 1.3 >0.05 

  90 d 1.2 1.5 1.4 0.81 
*P-values from 4-way Chi-squared test (fourth group, warfarin, not reported here). No post hoc 
tests for between-group differences were conducted. When value was between 1 and 10 patients 
the incidence was not available (N/A). 

 

Note: Overall, results suggested fewer VTE events and lower risk of bleeding with ASA 
compared to LMWH or FXaI, however between-group differences were not tested 
statistically. 

Cafri et al. 2017
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Total Knee Replacement 

 
Clinical Effectiveness 
 
ASA vs. LMWH 

Compared to ASA, there was no significant difference in the clinical effectiveness of 
LMWH: 

 VTE: OR = 0.91; 95% CI, 0.62 to 1.34; superiority P = 0.632;  
non-inferiority P = 0.254 

 PE: OR = 0.99; 95% CI, 0.62 to 1.88; superiority P = 0.978;  
non-inferiority P = 0.182 

 DVT: OR = 0.85; 95% CI, 0.49 to 1.49; superiority P = 0.577;  

non-inferiority P = 0.409 
 
ASA vs. FXaI 

Compared to ASA, there was no significant difference in the clinical effectiveness of 
FXaI: 

 VTE: OR = 0.68; 95% CI, 0.38 to 1.24; superiority P = 0.209;  
non-inferiority P = 0.698 

“Among TKA patients, we did not find 
evidence for decreased effectiveness or 
increased safety with the use of aspirin 
[ASA], but enoxaparin [LMWH] had 
comparable safety to aspirin for bleeding 
and fondaparinux [FXaI] had comparable 
safety to aspirin for wound 
complications.” p. 3524 
 
“In this study, fondaparinux [and] 
enoxaparin […] were not found to differ 
from aspirin in the prevention of PE, DVT, 
or VTE. Furthermore, aspirin was not 
found to differ from the alternative 
chemoprophylactics with respect to safety 
endpoints. The lack of significant 
difference should not (incorrectly) be 
interpreted as evidence for equivalence 
or noninferiority among these 
chemoprophylactics. When specifically 
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 PE: OR = 0.71; 95% CI, 0.33 to 1.57; superiority P = 0.402;  

non-inferiority P = 0.611 

 DVT: OR = 0.71; 95% CI, 0.34 to 1.51; superiority P = 0.374;  
non-inferiority P = 0.620 

 
Safety 
 
ASA vs. LMWH 

Compared to ASA, LMWH was non-inferior (but not superior) with respect to: 

 Any bleeding: OR = 0.82; 95% CI, 0.65 to 1.04; superiority P = 0.106;  
non-inferiority P < 0.001 

 Wound complications: OR = 0.64; 95% CI, 0.36 to 1.13; superiority P = 0.127; 
non-inferiority P = 0.011 

 
Compared to ASA, there were no significant differences in the following safety 
parameters with LMWH: 

 Infection: OR = 0.90; 95% CI, 0.48 to 1.67; superiority P = 0.732;  

non-inferiority P = 0.148 

 Death: OR = 0.66; 95% CI, 0.26 to 1.68; superiority P = 0.385;  
non-inferiority P = 0.090 

 
ASA vs. FXaI 
Compared to ASA, FXaI was superior with respect to wound complications:  
OR = 0.27; 95% CI, 0.11 to 0.64; superiority P = 0.003; non-inferiority P < 0.001 
 
Compared to ASA, there were no significant differences in the following safety 
parameters with FXaI: 

 Any bleeding: OR = 1.02; 95% CI, 0.76 to 1.37; superiority P = 0.904;  
non-inferiority P = 0.087 

 Infection: OR = 0.84; 95% CI, 0.36 to 1.92; superiority P = 0.675;  
non-inferiority P = 0.172 

 Death: OR = 0.63; 95% CI, 0.22 to 1.76; superiority P = 0.376;  

non-inferiority P = 0.095 
 
NOTE: For tests of non-inferiority, a non-inferiority bound corresponding to a 25% 
increase in risk was used (rationale not provided). 

testing for noninferiority (i.e., if aspirin as 
effective as the alternatives and are the 
alternatives as safe as aspirin), 
enoxaparin was found to be as safe as 
aspirin with respect to bleeding and 
fondaparinux as safe as aspirin for risk of 
wound complications.” p. 3526 

Garfinkel et al. 2017
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Total Knee Replacement or Total Hip Replacement 

 The FXaI group was significantly older (by an average of 6.5 y) and tended to have 
higher BMI (by an average of 2.5 kg/m

2
; not statistically significant) than the ASA 

group 

 In the FXaI group, all patients received rivaroxaban, except one who received 
apixaban 

 
Clinical Effectiveness 

ASA vs. FXaI 

 There were no VTE events in either group 

 
Safety 

ASA vs. FXaI 

 The incidence of bleeding/wound complications was significantly greater in the 

“Our analysis revealed that patients 
receiving factor-Xa inhibitors had 
significantly more bleeding and wound 
complications, while there were no VTE 
events in either group.” p. 3 
 
“[P]atients receiving Xa inhibitors were 
significantly older (by an average of 6.5 
years) and trended toward higher BMI (by 
an average of 2.5 kg/m

2
). […] Thus, it is 

possible that these variables could have 
influenced the higher rate of 
bleeding/wound complications found in 
the factor-Xa inhibitor group.” p. 3 
 
“[O]ur study was underpowered to find a 
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FXaI group (18.7%) compared to the ASA group (0%; P = 0.03) 

 The difference between preoperative and postoperative serum hemoglobin was not 
significantly different between the FXaI group (-2.84 mg/dL) and the ASA group  
(-2.76 mg/dL; P = 0.73) 

 

difference between the study groups in 
the incidence of VTE.” p. 3 
 
“In conclusion, we demonstrate that use 
of factor-Xa inhibitors for VTE 
chemoprophylaxis in primary [total hip or 
knee replacement] patients is associated 
with a significantly higher rate of bleeding 
and wound complications than aspirin.”  

p. 4 

Nielen et al. 2016
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Total Hip Replacement 
Clinical Effectiveness 
 
ASA vs. LMWH 

 Compared to the ASA group, the risk of VTE was significantly greater in the LMWH 

group: HR = 39.5; 95% CI, 18.0 to 87.0 
 
Safety 
 
ASA vs. LMWH 

 Compared to the ASA group, the risk of GI bleeding was not significantly different 

in the LMWH group: HR = 2.0; 95% CI, 0.2 to 17.2 

 Compared to the ASA group, the risk of all-cause mortality was significantly 

greater in the LMWH group: HR = 4.0; 95% CI, 2.4 to 6.7 
 
Total Knee Replacement 
Clinical Effectiveness 
 
ASA vs. LMWH 

 Compared to the ASA group, the risk of VTE was significantly greater in the LMWH 

group: HR = 17.2; 95% CI, 6.9 to 43.0 
 
Safety 
 
ASA vs. LMWH 

 Compared to the ASA group, the risk of GI bleeding was significantly greater in 

the LMWH group: HR = 20.9; 95% CI, 1.9 to 232.3 

 Compared to the ASA group, the risk of all-cause mortality was significantly 

greater in the LMWH group: HR = 4.5; 95% CI, 1.7 to 12.4 

“In contrast to previous studies, we found 
an increased risk of VTE, GI bleeding and 
all-cause mortality with the use of 
LMWHs compared with aspirin. […] 
However, we would like to stress that 
these results should be interpreted with 
great care. Based on the results 
presented in this study, comparison of the 
safety and efficacy of […] LMWHs after 
TKR or THR cannot be made accurately.” 
p. 1252 

ASA = acetylsalicylic acid; BMI = body mass index; CI = confidence interval; d = days; DVT = deep vein thrombosis; FXaI = factor Xa inhibitors; GI = gastrointestinal; HR 

= hazard ratio; LMWH = low-molecular-weight heparin; OR = odds ratio; PE = pulmonary embolism; THA = total hip arthroplasty (i.e., total hip replacement); TJA = total 

joint arthroplasty (i.e., total joint replacement); vs. = versus; VTE = venous thromboembolism; wk = weeks. 
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Table 10:  Summary of Recommendations in Included Guidelines 

Findings and Recommendations Grade/Strength of Recommendation 

Antithrombotic Therapy and Prevention of Thrombosis, 9
th
 ed: American College of Chest Physicians Evidence-Based 

Clinical Practice Guidelines; Falck-Ytter et al. 2012
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“In patients undergoing total hip arthroplasty (THA) or total knee 
arthroplasty (TKA), we recommend the use of one of the 
following for a minimum of 10 to 14 days rather than no 
antithrombotic prophylaxis: low-molecular-weight heparin 
(LMWH), fondaparinux, apixaban, dabigatran, rivaroxaban [i.e., 
factor Xa inhibitors], low-dose unfractionated heparin (LDUH), 
adjusted-dose vitamin K antagonist (VKA), aspirin, or an 
intermittent pneumatic compression device (IPCD).”  
p. e279S 

Recommendations for LMWH; dabigatran; fondaparinux, 
apixaban, rivaroxaban [i.e., factor Xa inhibitors]; low-dose 
unfractionated heparin (LDUH); adjusted-dose vitamin K 
antagonist (VKA); and aspirin: 
Level of Evidence: B (moderate) 
Strength of Recommendation: 1 (strong) 
 
Recommendation for intermittent pneumatic compression 
devices: 
Level of Evidence: C (low) 
Strength of Recommendation: 1 (strong) 
 

“In patients undergoing THA or TKA, irrespective of the 
concomitant use of an IPCD or length of treatment, we suggest 
the use of LMWH in preference to the other agents we have 
recommended as alternatives: fondaparinux, apixaban, 
dabigatran, rivaroxaban, LDUH, adjusted-dose VKA, or aspirin.” 
p. e279S 

Recommendations for LMWH over fondaparinux, apixaban, 
dabigatran, rivaroxaban, and LDUH:  
Level of Evidence: B (moderate) 
Strength of Recommendation: 2 (weak) 
 
Recommendation for LMWH over adjusted-dose VKA or aspirin: 
Level of Evidence: C (low) 
Strength of Recommendation: 2 (weak) 
 

“In patients undergoing major orthopedic surgery, we suggest 
using dual prophylaxis with an antithrombotic agent and an 
IPCD during the hospital stay.” p. e280S 

Level of Evidence: C (low) 
Strength of Recommendation: 2 (weak) 
 

“In patients undergoing major orthopedic surgery and increased 
risk of bleeding, we suggest using an IPCD or no prophylaxis 
rather than pharmacologic treatment.” p. e280S 

Level of Evidence: C (low) 
Strength of Recommendation: 2 (weak) 
 

IPCD = intermittent pneumatic compression device; LDUH = low-dose unfractionated heparin; LMWH = low-molecular-weight heparin; THA = total hip arthroplasty (i.e., 

total hip replacement); TKA = total knee arthroplasty (i.e., total knee replacement); VKA = vitamin K antagonist. 

 


