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A B S T R A C T

Optimal prophylaxis for prevention of venous thromboembolism (VTE) after total joint arthroplasty (TJA)
remains debated. The purpose of this study was to compare postoperative complications in patients
receiving different VTE chemoprophylactic regimens.
Using a nationwide healthcare database, 72,670 THA patients without a history of VTE were identified.

Study cohorts received VTE prophylaxis within 30 days postoperatively. Odds ratios and 95% confidence
intervals were used to assess 30-day and 90-day postoperative complications (hematoma, hemorrhage,
transfusion, pulmonary embolism (PE), VTE, prosthetic joint infection (PJI), and incision/drainage (I&D)).
Of the 72,670 THA patients, 25,966 received single medication VTE prophylaxis; 551 (2.12%) aspirin,

6791 (26.15%) enoxaparin, 12,008 (46.25%) warfarin, 5403 (20.81%) rivaroxaban, 876 (3.37%)
fondaparinux and 337 (1.30%) apixaban. 30-day complications included; aspirin: I&D; warfarin: I&D,
hematoma, hemorrhage, transfusion, PJI, PE and DVT; apixaban: hematoma and hemorrhage. 90-day
complications included; aspirin: I&D; warfarin: I&D, hematoma, hemorrhage, transfusion, PJI, PE and
DVT.
Warfarin was the only anticoagulant associated with a higher risk for DVT, and the highest risk for 30-

day and 90-day complications. Aspirin had the highest risk for I&D. Despite three times increased 30-day
risk for bleeding, apixaban was effective in preventing VTE during the high-risk 3-month-period.
Enoxaparin had the lowest risk for PE and DVT while rivaroxaban had the lowest risk for PJI, hematoma,
I&D, hemorrhage and transfusion.
© 2017 Prof. PK Surendran Memorial Education Foundation. Published by Elsevier, a division of RELX

India, Pvt. Ltd. All rights reserved.
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1. Introduction

Venous thromboembolic (VTE) events continue to be a
relatively common and sometimes fatal complications following
total hip arthroplasty (THA). Despite similar recommendations
from the American Academy of Orthopaedic Surgeons (AAOS) and
the American College of Chest Physicians (ACCP), debate continues
to exist regarding the most optimal VTE prophylactic regimen.
ACCP now recommends aspirin and mechanical compression
devices as adequate forms of thromboprophylactic agents. This
recommendation was based on the Pulmonary Embolism Preven-
tion (PEP) trial that did not include asymptomatic deep venous
thrombosis (DVT) through screening with duplex ultrasonography
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as a thromboembolic event.1 To date there are few large studies
comparing outcomes of different VTE prophylactic methods
following THA.2,3 Because pulmonary embolism is an overall rare
complication, large studies are needed to potentially demonstrate
significant difference in occurrence using different prophylactic
regimens. Currently, under the Surgical Care Improvement Project
(SCIP) Guidelines, low-molecular weight heparin (LMWH), warfa-
rin, fondaparinux, and rivaroxaban are approved following total
hip and knee arthroplasty. Mechanical compression devices alone
are acceptable following TKA, while the addition of aspirin is
required following THA.4 Ideally, the best prophylactic agent
would provide the most effective defense against thromboembolic
events while limiting post-operative complications such bleeding
and infection. The purpose of this study is to compare post-
operative surgical and thromboembolic complications among
patients on different chemoprophylactic agents following total hip
arthroplasty.
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2. Methods

This retrospective review was conducted from January 2007 to
April 2016 within a nationwide private and Medicare insurance
healthcare database containing healthcare administrative records
of over 20 million patients using Pearl Diver technologies (Warsaw,
IN). This Humana database study was exempt from institutional
review board approval at our institution as deidentified patient
data were reviewed. International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM) diagnosis codes and
Current Procedural Terminology (CPT) codes were used to identify
patients who underwent total hip arthroplasty (THA) from 2007 to
2016 within the database. Using the relevant ICD-9-CM diagnosis
codes, CPT codes, and the PearlDiver Boolean language commands,
patients with a history of venous thromboembolism (VTE) prior to
their THA were eliminated from this cohort. The emerging cohort
was further subdivided into six postoperative single agent VTE
prophylactic sub-cohorts; aspirin, enoxaparin, warfarin, apixaban,
fondaparinux, and rivaroxaban. The Boolean commands, ICD-9-CM
and CPT codes were used to identify patients within each sub-
cohort who received only one type of VTE prophylaxis within
30 days of surgery and postoperative complications were assessed
at 30 days and 90 days (Fig. 1).

ICD-9-CM codes were used to identify postoperative complica-
tions within each sub-cohort including; hematoma, hemorrhage,
Fig. 1. Patient cohort selection flow chart.
THA: Total Hip Arthroplasty, CPT: Current Procedural Terminogy codes, ICD-9: Internatio
Deep Venous Thrombosis, PJI: Prosthetic Joint Infection.
transfusion, pulmonary embolism (PE), deep vein thrombosis (DVT),
prosthetic joint infection (PJI) and incision & drainage (I&D). All the
ICD-9-CM and CPT codes corresponding to each diagnosis or
procedure can be found in the appendix (Appendix A in Supplemen-
tary data).

3. Statistical analysis

All data analyses were done using STATA v.13 software (Stata
corp., College Station, TX). Categorical variables were summarized
as counts (Table 1). Odds ratios (OR) were estimated for the
associated postoperative outcome within each sub-cohort with
95% confidence intervals (CI). Generalized linear models with a log
link were used to report odds ratios and explore associations
between postoperative VTE prophylaxis and the various postoper-
ative complications. A p value of <0.05 was considered statistically
significant.

4. Results

Of the 72,670 patients that underwent THA, 25,966(35.73%)
received a single medication for VTE prophylaxis during the early
postoperative period. Table 1 shows the individual medication
cohorts with 551(2.12%) receiving aspirin alone, 6791 (26.15%)
receiving enoxaparin alone, 12,008(46.25%) receiving warfarin
nal Classification of Disease, Ninth Revision codes, PE: Pulmonary Embolism, DVT:



Table 1
Patient demographics.

Patient
Characteristics

THA + Aspirin
(N = 551)

THA + Enoxaparin
(N = 6791)

THA + Warfarin
(N = 12,008)

THA + Apixaban
(N = 337)

THA + Fondaparinux
(N = 876)

THA + Rivaroxaban
(N = 5403)

Gender
Male 279 2931 4979 125 389 2175
Female 272 3860 6804 212 487 3228

Age
<65 370 2172 3143 159 325 1559
�65 181 4693 8865 186 564 3900

THA: Total Hip Arthroplasty, N: Number of patients.
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alone, 337(1.30%) receiving apixaban alone, 876(3.37%) receiving
fondaparinux alone and 5403(20.81%) receiving rivaroxaban alone
during the 30 days following THA.

30 day medical complications associated with aspirin (Fig. 1)
included I&D (OR 3.24, 95% CI: 2.06–5.12). Warfarin was associated
with the highest number of postoperative complications at 30 days
following surgery including; I&D (OR 2.04, 95% CI: 1.67–2.50),
hematoma (OR 1.95, 95% CI: 1.63–2.33), transfusion (OR 2.29, 95%
CI: 2.11–2.49), PE (OR 1.72, 95% CI: 1.49–1.98), DVT (OR 1.53, 95% CI:
1.39–1.67), PJI (OR 1.44, 95% CI: 1.26–1.64), hemorrhage (OR 1.92,
95% CI: 1.51–2.44). Apixaban was associated with hematoma (OR
4.00, 95% CI: 2.10–7.63) and hemorrhage (OR 3.59, 95% CI: 1.46–
8.79) during the 30-day period following surgery. There were no
statistically significant complications associated with enoxaparin,
rivaroxaban, or fondaparinux during the 30-day postoperative
period (Fig. 2 and Fig. 3).

The highest number of 90-day postoperative complications was
seen in the warfarin cohort (Fig. 4) including; I&D (OR 1.66, 95% CI:
1.34–2.06), hematoma (OR 1.70, 95% CI: 1.41–2.05), transfusion (OR
Fig. 2. 30 day Complications for Aspirin, Enoxaparin, and Warfarin.
PE: Pulmonary Embolism, DVT: Deep Venous Embolism. Complications whose 95% confid
odds ratio (OR) = 1) indicate statistical significance. Complications in which the 95% CI
2.08, 95% CI: 1.91–2.27), PE (OR 1.50, 95% CI: 1.29–1.74), DVT (OR
1.20, 95% CI: 1.08–1.32), PJI (OR 1.17, 95% CI: 1.01–1.34) and
hemorrhage (OR 1.75, 95% CI: 1.37–2.25). I&D (OR 2.41, 95% CI:
1.43–4.05) was the only significant 90-day postoperative compli-
cation within the aspirin cohort. No statistically significant
complications were associated with enoxaparin, fondaparinux,
or rivaroxaban at 90 days postoperatively (Figs. 4 and 5).

Figs. 2–5 show that the lowest number of the 30 day and 90 day
postoperative complications was seen with enoxaparin and
rivaroxaban. Fondaparinux had the lowest risk for DVT (OR 1.18,
95% CI: 0.11–0.30) at both 30 and 90 days. The lowest risk for PE at
both 30 and 90 days postoperatively was identified in the
enoxaparin cohort; (OR 0.23, 95% CI: 0.16–0.33) and (OR 0.22,
95% CI: 0.15–0.31) respectively.

Rivaroxaban (Figs. 4 and 5) had the lowest risk for PJI (OR 0.27,
95% CI: 0.20–0.35), hematoma (OR 0.25, 95% CI: 0.16–0.39),
hemorrhage (OR 0.24, 95% CI: 0.22–0.27), I&D (OR 0.25, 95% CI:
0.15–0.42), and transfusion (OR 0.26, 95% CI: 0.22–0.32) at 90 days
postoperatively.
ence intervals (CI) completely fall on either side of the vertical line (line of no effect,
 overlaps the OR of 1 are statistically insignificant.



Fig. 3. 30 day Complications for Apixaban, Fondaparinux, and Rivaroxaban.
PE: Pulmonary Embolism, DVT: Deep Venous Embolism. Complications whose 95% confidence intervals (CI) completely fall on either side of the vertical line (line of no effect,
odds ratio (OR) = 1) indicate statistical significance. Complications in which the 95% CI overlaps the OR of 1 are statistically insignificant.

Fig. 4. 90 day Complications for Aspirin, Enoxaparin, and Warfarin.
PE: Pulmonary Embolism, DVT: Deep Venous Embolism. Complications whose 95% confidence intervals (CI) completely fall on either side of the vertical line (line of no effect,
odds ratio (OR) = 1) indicate statistical significance. Complications in which the 95% CI overlaps the OR of 1 are statistically insignificant.
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Fig. 5. 90 day Complications for Apixaban, Fondaparinux, and Rivaroxaban.
PE: Pulmonary Embolism, DVT: Deep Venous Embolism. Complications whose 95% confidence intervals (CI) completely fall on either side of the vertical line (line of no effect,
odds ratio (OR) = 1) indicate statistical significance. Complications in which the 95% CI overlaps the OR of 1 are statistically insignificant.
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5. Discussion

There continues to be controversy regarding the optimal agent
for prophylaxis against VTE after total joint arthroplasty.5 For a
specific agent to be considered optimal, it would ideally meet the
following criteria: high efficacy in preventing VTE, minimal risk of
bleeding, cost-effectiveness, ease of administration, and associated
with decreased postoperative complications. There have been
limited large cohort studies looking at the various postoperative
complications among patients receiving different VTE chemopro-
phylaxis following total joint arthroplasty. In this large cohort
study, we evaluated the postoperative complications associated
with six commonly used chemoprophylactic agents.

Aspirin is an antiplatelet agent that prevents platelet aggrega-
tion by inhibiting thromboxane A2 production.6 The Pulmonary
Embolism Prevention (PEP) trial showed no significant difference
in the rate of symptomatic DVT among patients who had
undergone elective THA between the aspirin and placebo cohorts.1

In contrast, our study shows that aspirin was associated with
significantly lower rates for both DVT and PE at both the 30 day and
90 day postoperative period following THA. Several studies have
cited a low risk of bleeding among patients receiving aspirin
following TJA7,8 which is in accordance with our findings showing
that the bleeding risk within the aspirin cohort was insignificant.
Raphael et al.5 reports that the PE incidence was lower in the
aspirin cohort compared to the warfarin cohort. This was similar to
our findings, showing the aspirin cohort had the lowest risk for PE
of all the agents evaluated. Various studies have reported that
aspirin is not only safe but also just as or even more effective than
other agents in VTE prevention.9–14 The only postoperative
complication seen among these patients was the need for I&D
likely due to mild bleeding that may be attributed to patients with
a high risk of bleeding. Various studies have shown that aspirin is
the most cost-saving agent available and an effective alternative,
especially in patients with a moderate to low bleeding risk.15,16

Despite the limited number of patients who received aspirin alone
(2.12%) vs enoxaparin alone (26.15%) for VTE prophylaxis, our study
showed that the former had lower risk for DVT within the 30 day
postoperative period. Furthermore, as an oral agent without a need
to monitor blood levels, aspirin is an easy to use, safe, and effective
prophylactic agent.

Enoxaparin is a low molecular weight heparin (LMWH) agent
that indirectly inhibits Factor Xa by binding antithrombin (an
endogenous anticoagulant glycoprotein produced by the liver)
preventing the growth and propagation of already formed thrombi.
However, enoxaparin does not break down existing blood clots.17,18

This agent is administered subcutaneously and does not need
serum monitoring. Prior studies comparing LMWH to warfarin
have shown equal or higher bleeding rates among patients taking
LMWH.19–22 However, our study shows that enoxaparin is
associated with significantly lower bleeding rates and lower
overall postoperative complications compared to warfarin after
THA. Our results are similar to those reported by Lieberman et al.3

in regards to enoxaparin being more effective in preventing VTE
when compared to warfarin. This study shows that enoxaparin was
superior to the other agents studied in preventing DVT within
90 days while having the lowest risk for bleeding within the first
30 days following THA.

Warfarin is a vitamin K antagonist that inhibits hepatic
synthesis of procoagulant vitamin K dependent factors II, VII, IX,
and X as well as anticoagulant proteins C, S, and Z.17,23 Prior
randomized clinical trials have shown no significant differences in
symptomatic events including PE between warfarin and LMWH
following TJA.19,21,24 However, our study shows that warfarin was
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associated with the highest overall risk for all the postoperative
complications evaluated including PE and DVT following THA
(Figs. 2 and 4). Warfarin also requires international normalized
ratio (INR) monitoring and interacts with certain medications and
foods making it a cumbersome choice for VTE prophylaxis.25

Furthermore, warfarin has no effect on previously formed
circulating coagulation factors causing a 3–7 day delay in the
anticoagulation effect.26 This presents the need to bridge all
patients who are on warfarin with another agent for at least 3–
5 days during the early postoperative period for optimal prophy-
laxis. Sachs et al.27 reports double the rate of wound related
complications among patients receiving warfarin postoperatively
compared to those not receiving any form of thromboprophylaxis.
Similarly, our results show a two-fold increased risk for I&D and
hematoma formation within the warfarin cohort. For patients on
long term warfarin management due to their medical history, we
suggest taking a multi-disciplinary approach to optimize patients
in order to decrease the risk of postoperative complications after
THA given their complex postoperative profile (Figs. 2 and 4).

Fondaparinux is a synthetic pentassacharide and indirect
inhibitor of activated Factor Xa.28 It is an effective VTE prophylactic
agent with peak levels occurring 2–3 h following subcutaneous
administration.29 Prior studies have shown that despite fondapar-
inux being more effective compared to enoxaparin at preventing
asymptomatic blood clot formation, its use is limited in North
America due to concerns for bleeding complications.3,30 In
accordance with Turpie et al.31 our study shows that fondaparinux
had the lowest risk for DVT during the 30 day postoperative period
among all the other agents studied. Additionally, our study shows
that fondaparinux was associated with a low risk for PJI, PE, and
need for transfusion. Some studies have shown that fondaparinux
is more cost-effective in the short term compared to enoxaparin32–

36 while the opposite has been reported in the long term.37 This
may explain why some patients are opting for fondaparinux in the
early postoperative period. In-depth cost-analysis studies are
necessary as fondaparinux is considered a more expensive option
currently.

Apixaban is a competitive, selective, and reversible direct Factor
Xa inhibitor and does not require blood monitoring for therapeutic
dosing. Prior multicenter randomized trials have shown that
apixaban, a direct oral anticoagulant, was associated with a
significantly lower VTE rate compared to enoxaparin without
additional bleeding risk.38–40 This is in contrast to our findings in
which enoxaparin had a lower rate for both VTE and hemorrhage
compared to apixaban 30 days after THA. Keating et al.41 reports a
bleeding rate of 4.5% per year for atrial fibrillation patients
receiving apixaban with a hazard ratio of 1.18 compared to 3.8 for
aspirin. Our study shows that apixaban had the highest rate for
hemorrhage and hematoma during the 30 day postoperative
period compared to any other agent evaluated. However, by
90 days postoperatively, the bleeding risk was insignificant and
apixaban had the lowest risk for VTE compared to any other agent
(Figs. 2–5). In this study, apixaban had the smallest cohort size
(1.3%) for a single medication VTE chemoprophylaxis and a larger
sample size may be needed to fully evaluate the extent of the
postoperative complications in patients using this agent alone for
prophylaxis after THA.

Rivaroxaban, like apixaban, is a competitive direct factor Xa
inhibitor with high selectivity and also does not require monitor-
ing. Phase-III randomized trials have previously shown that
rivaroxaban is more effective at VTE prevention after total hip
arthroplasty when compared to enoxaparin.42–45 Our study shows
that both rivaroxaban and enoxaparin were associated with an
overall lower rate of postoperative complications compared to the
other agents evaluated (Figs. 2–5). In addition, our study shows
that enoxaparin had a slightly lower rate for both DVT and PE than
rivaroxaban at both 30 and 90 days postoperatively. These differ-
ences, however, were not statistically significant. Eriksson et al.42

reports that the bleeding risk was higher in patients receiving
rivaroxaban compared to enoxaparin unlike our findings. Our
study shows that rivaroxaban had the lowest rate for hemorrhage,
hematoma, transfusion, and I&D at 90 days after THA and a similar
bleeding rate when compared to enoxaparin at 30 days postoper-
atively. The differences in the bleeding events between rivarox-
aban and enoxaparin were statistically insignificant which is
similar to the results reported by Diamantopoulos et al.46

Furthermore, rivaroxaban was associated with the lowest rates
for PJI at both the 30 days and 90 days postoperatively.

To our knowledge, this is the first study to use a large
nationwide database to compare outcomes between the six most
commonly described chemoprophylactic agents after THA. The
advantage of using a large database is the ability to obtain a large
sample size that is likely to accurately represent this patient
population. Limitations of a large, nationwide, multicenter
database study include the potential for confounding factors,
especially since patients were not randomized to studied cohorts.
Under the SCIP guidelines, all patients require appropriate VTE
prophylaxis within 24 h before or after surgery. As a result, the
cohorts could not be matched to a control group that was not
provided VTE prophylaxis. This study did not match patients based
on comorbidities across all cohorts. This could have a potentially
significant impact on the results. Although there are no current
guidelines regarding optimal VTE prophylaxis for certain patient
populations, patients who are arbitrarily identified as high risk for
VTE are likely prescribed anti-thrombotic agents as opposed to
anti-platelet agents. 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. According to the demographic data, the majority
of patients in the aspirin cohort were less than 65 years of age as
opposed to the other cohorts. Selection bias also exists as patients
on two or more chemoprophylactic agents were excluded from this
study. This included all patients taking low-dose aspirin in
combination with another agents following THA. This excluded
group of patients could have been on low-dose aspirin for
cardioprotective purposes or using enoxaparin to bridge for
warfarin. It can be argued that these patients inherently have
more comorbidities biasing selection to include a majority of
healthy patients in this study. This can also explain the low
percentage (35.73%) of all patients who underwent THA that we
included in this study as over 30% of adults over the age of 40 use
low-dose aspirin for primary or secondary cardiovascular disease
prevention.47

In this study, we did not indicate the specific duration of VTE
prophylaxis. Other confounding variables include, but are not
limited to, the length of hospital stay, the use of mechanical
prophylaxis, dose of chemoprophylactic agent used. This study is
based purely on ICD-9 codes, which are inherently subjective based
on the accuracy of coding at different institutions.

6. Conclusion

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. Further high-powered prospective randomized
studies investigating the efficacy of these agents in higher risk
patients with history of VTE, hypercoagulable diseases, and cancer
are warranted.
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