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Introduction
	 Venous Thromboembolism (VTE) is the term used to describe the 
formation of Deep Vein Thrombosis (DVT) followed by its frequent 
sequelae Pulmonary Embolism (PE). VTE is an issue of substantial 
concern in trauma and orthopaedic surgery. Death rates secondary to 
DVT among hospitalised patients have been reported in approximate-
ly 6% of all DVT cases [1]. In addition to increasing mortality, DVT 
also prolongs hospitalisation which leads to increased healthcare costs 
[2]. The valvular destruction associated with a dislodged thrombus 
leads to post-thrombotic chronic venous insufficiency in 30% of cases 
as well as venous ulceration and the risk of recurrent DVT [3,4]. The 
incidence rates of DVT remain unacceptably high with rates as high 
as 30% in general surgical patients and 85% reported in orthopaedic 
patients without prophylaxis [5-8]. Improved methods of reporting 
and imaging has assisted early diagnosis of DVT amongst health  
professionals [9].

	 Virchow described the pathogenesis of DVT as a triad of factors: 
(i) alterations in the blood constitution or hypercoagulability, (ii)  
alterations in blood flow or venous stasis and (iii) vascular endothe-
lial damage [10-12]. Anticoagulants are administered to interrupt the 
potential hypercoagulabilty in post-operative arthroplasty patients. 
Mechanical devices are sometimes administered in conjunction with 
anticoagulants for higher risk patients, or in place of anticoagulants in 
situations where anticoagulants are contraindicated [8].

	 The most common oral anticoagulant available is warfarin. It is 
widely prescribed as a first line anticoagulant in conditions such as 
atrial fibrilliation. Its previous uses include as a prevention tool for 
DVT in post-operative arthroplasty patients. Parenteral medications 
such as Low-Molecular-Weight Heparin (LMWH) have been more 
recently used to prevent post-operative DVT. Second-generation 
LMWH with the lowest molecular weight, the longest half-life and 
the highest anti-Factor Xa/anti-Factor IIa activity ratio-it can be safely 
used in special categories of patients (children, elderly, patients with  
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Abstract
Introduction
	 Venous Thromboembolism (VTE) is an issue of substantial  
concern in Orthopaedic Surgery. Despite developments in its  
detection and treatment, death rates from VTE remain an issue of 
concern. Factor Xa inhibition is the latest method of anti-coagulation 
and is being marketed as a successor to the use of - Low Molecular 
Weight Heparin (LMWH). This review cohort study investigates the 
use of factor Xa inhibitors and its combined use with LMWH.
Methods
	 Patients who had undergone primary Total Hip Arthroplasty (THA) 
or Total Knee Arthroplasty (TKA) were recruited for this retrospective 
study. Patients were divided in to two groups. Group day 1 were 
administered LMWH (Clexane® 40 mg) subcutaneously on the day 
of surgery and rivaroxaban (Xarelto®) was given on day 1 post  
THA/TKA. Group day 3 were administered LMWH (Clexane® 40 
mg) subcutaneously for three days post THA/TKA. This included  
administration of LMWH on day of surgery. Rivaroxaban (Xarelto®) 
was administered therefore on day 3 post surgery. Rivaroxaban 
(Xarelto®) was administered for six weeks in total post operation in 
both groups.
	 33 patients had met the appropriate criteria for inclusion the study 
but were subsequently excluded due to wound related issues while 
on rivaroxaban (Xarelto®). The medication had been held for at least 
48 hours.

Results
	 The use of rivaroxaban (Xarelto®) earlier in the post operative  
period is associated with higher rate of dressing change and  
earlier dressing change. The use of rivaroxaban (Xarelto®) early in 
the prevention of VTE is also associated with an increased average 
total blood loss when compared with those using rivaroxaban (Xarel-
to®) at a later stage (p < 0.001). Patients who received rivaroxaban 
(Xarelto®) directly post operation required more dressing changes 
(2.19) as opposed to 1.92 dressing changes in those patients who 
received rivaroxaban (Xarelto®) at a later stage (p < 0.01).
Conclusion
	 There are better clinical results when administering rivaroxaban 
(Xarelto®) at day 3 post operation as described. Wound compli-
cations may be avoided if rivaroxaban (Xarelto®) administration is 
delayed until the third post-operative day. The authors in this study 
have altered their practice in relation to the timing of rivaroxaban 
(Xarelto®) administration. The use of rivaroxaban (Xarelto®) will 
need to audited regularly in our unit as it is new method of anti-co-
agulation. Failure to complete a full treatment course of rivaroxaban 
(Xarelto®) due to early wound complications in our THA/TKA will also 
inform any decisions on its long-term use.
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renal impairment and congestive heart failure) [13]. Aspirin has also 
been advocated in terms of reducing postoperative DVT rates [14].

	 Direct factor Xa inhibition in the clotting cascade is the latest  
attempt to help reduce VTE. Rivaroxaban (Xarelto®-Bayer AG, 
Leverkusen, Germany) is the factor Xa inhibitor used as part of this 
study. It is recommended to be given as a 10 mg tablet once daily over 
differing time periods for THA and TKA. It is to be administered with 
caution in patients with poor creatinine clearance [15].

	 The use of an oral anti-coagulant which is deemed to be both 
safe and beneficial to patients would provide for a major change 
in ths treatment and prevention of VTE. Post-operatively the first 
aim should be to prevent VTE. Recent use of Xa inhibitors would  
indicate that its use is quiet favourable when used to prevent VTE in 
post operative patients in comparison to other anti-coagulants [15]. 
Xa inhibitors are also being advocated for patients as its use does not 
have to monitored by means of blood test nor is there the discomfort 
of sub-cutaneous injection therapy.

Objective
	 The hypothesis of this study is that the use of rivaroxaban  
(Xarelto®) is a suitable method of anticoagulation in patients post hip 
and knee arthroplasty. The main objective is:

	 To determine the most suitable protocol of administration of  
rivaroxaban (Xarelto®) for the patient population in the observed  
patient cohort.

Patients and Methods
	 Consecutive patients who had undergone primary Total Hip  
Arthroplasty (THA) or Total Knee Arthroplasty (TKA) in our  
institution were recruited for this study. All surgeries were carried 
out by or under the direct scrubbed supervision of 6 consultant grade  
surgeons. This study was deemed exempt from formal ethical approval 
following an application to the local ethical committee review group. 
Exclusion criteria for patients included:

1.	 Patients on Warfarin pre-arthroplasty surgery.

2.	 Revision surgery.

3.	 Unicompartmental knee replacement.

4.	 Patients who had rivaroxaban (Xarelto®) held for more than  
forty-eight hours or more due to wound related issues.

Patient groups
	 The rivaroxaban (Xarelto®) dosing recommendations allow for 
the use of LMWH in combination. Rivaroxaban (Xarelto®) may be  
given in place of LMWH provided that it is given 0 to 2 hours prior  
to the time of the next scheduled administration of LMWH [13]. 
The recommendations also state that rivaroxaban (Xarelto®) may be  
commenced 6 to 10 hours after surgery provide that haemostasis has 
been established. LMWH (Clexane® 40 mg) was administered six 
hours post completion of surgery in each case. Rivaroxaban (Xarelto®) 
was administered for six weeks in total post operation in both groups.

	 These recommendations therefore allowed for the creation of two 
different treatment protocols:

1.	 Group day 1 were administered LMWH (Clexane® 40 mg- Sa-
nofi-Aventis, NJ, USA.) subcutaneously on the day of surgery.  
Rivaroxaban (Xarelto®) was administered on day one post  
THA/TKA.

2.	 Group day 3 were administered LMWH (Clexane® 40 mg)  
subcutaneously for three days post THA/TKA. This included  
administration of LMWH on day of surgery. Rivaroxaban  
(Xarelto®) was administered therefore on day 3 post surgery.

	 Patients were followed in these two comparative cohort groups. 
This study looks retrospectively at the two patient groups into which 
patients were enrolled contemporaneously as per the preferences of 
each individual consultant surgeon. Five hundred and fifty six patients 
were initially included in this study of which 147 were excluded based 
on the criteria outlined previously.

The following outcome measures were assessed:

1.	 The day of first dressing change. A standard Jubilee® (Convatec UK, 
Middlesex, United Kingdom) dressing was applied to all patients.

2.	 The number of dressing changes.

3.	 The total blood loss.

	 Statistical analysis was performed using Analysis of Variance  
techniques (ANOVA) from the Microsoft Excel programme  
(Microsoft Corporation, Seattle WA, USA). Statistical significance was 
taken for all values of p ≤ 0.05.

Results
	 Four hundred and nine consecutive patients were included in 
this study of which 241 were allocated to the day 1 group comprising 
131 THA and 110 TKA. One hundred and sixty eight patients were  
allocated to the day 3 group with 87 THA and 81 TKA. The average 
age was 66.4 for all patient groups inclusive.

Dressing change
	 Standard post-operative protocol in the reporting institution  
involves a standard dressing change which takes place on all  
THA/TKA patients on day 5. A Jubilee® dressing has been applied on 
all wounds following arthroplasty cases based on its associated low 
complication rate which has been confirmed by means of randomised 
controlled trial [16]. Both patient groups required early a dressing 
change; day 1 group at 2.41 days and day 3 group at 2.37 days. The 
difference between the 2 groups was not significant. However, the day 
1 group required more dressing changes (2.19) as opposed to 1.92 
dressing changes for the day 3 group. This was found to statistically 
significant (p < 0.01) (Figure 1).

Blood loss
	 Blood loss was calculated following assessment of drain contents 
and wound dressing measurement. In the day 1 group 200 patients  

Figure 1: Day of first dressing/number of dressing changes.
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(total 241) had drains inserted. In the day 3 group 47 patients had 
drains inserted (total 168). The total average blood loss was found 
to be 605 mls and 340 mls in the day 1 group and day 3 group  
respectively (p < 0.001). The trend of higher blood loss with those in 
the day 1 group in comparison with the day 3 group was also observed 
when patients without drains were analysed - 265 mls and 220 mls in 
the day 1 and day 3 groups respectively.

Limitations
	 Overall, 147 patients were excluded as part of this study.  
Initially, however, 33 patients had met the appropriate criteria for  
inclusion the study but were subsequently excluded due to wound  
related issues while on rivaroxaban (Xarelto®). The medication had 
been held for at least 48 hours. 24 of these patients had been part of the 
day 1 group whilst 9 patients were part of the day 3 group. The authors 
acknowledge that there is a significant number of patients excluded 
at this point of the study. These patients were excluded in order to 
compare a full treatment protocol of rivaroxaban (Xarelto®) and early 
administration of LMWH (Clexane® 40 mg).

	 The review of patients in this study was retrospective in nature. The 
comparative groups were created based on surgeon preference for the 
use rivaroxaban (Xarelto®) in the post-operative setting.

Discussion
	 Multiple therapies have contributed to the reduction in VTE 
in post-operative THA and TKA. Factor Xa inhibitors such as  
rivaroxaban (Xarelto®) have become well established in orthopaedic  
practice following the publication of the RECORD studies [17].  
Despite the reported results in reduced VTE the changeover to oral 
factor Xa inhibitors has not been universal. Concerns have been  
expressed in relation to post-operative bleeding and subsequent 
wound complications [18]. Jameson et al., prospectively collected 
data on 2762 patients who were administered rivaroxaban (Xarelto®) 
post THA/TKA and found that there were more likely to have wound  
complications at 30 days than over 10,000 patients administered  
LMWH. Jensen et al., also reports retrospectively on 1048  
THA/TKA patients equally divided to receive either LMWH or  
rivaroxaban (Xarelto®) 10 mg as part of their post-operative treatment 
[19]. During the first 30 days post-operation 9 (1.8%) of the LMWH 
group returned to theatre for irrigation and drainage compared to  
22 (3.94%) in the rivaroxaban (Xarelto®) groups.

	 The results produced in our study also indicate that there is greater 
need to change dressings and a higher rate of blood loss in that patient 
group that commenced rivaroxaban (Xarelto®) on day 1 post-opera-
tion compared to those who have delayed administration of the drug. 
There is clear evidence from this study that early administration of  
rivaroxaban (Xarelto®) leads to an increased amount of wound  
haemorrhage when compared to the delayed administration of 
the medication. In order to reduce the risk of post-operative 
wound complications such as haematoma and infection we believe 
that a modified approach to the use of rivaroxaban (Xarelto®) in  
conjunction with LMWH is appropriate. It has been acknowledged 
that the American College of Chest Physicians (ACCP) and the 
American Academy of Orthopaedic Surgeons (AAOS) have adopted 
new guidelines which allow for varied pharmacological prophylaxis 
[20,21]. The AAOS guidelines allow the surgeon increased autonomy 
to choose suitable anti-VTE prophylaxis based primarily on clinical 
judgment. The AAOS advocate early engagement with the patient 
in relation to post-operative prophylaxis, the risks and benefits of  

treatment and also discussion in relation the length of treatment 
post-operation.

	 During this review 33 patients initially included in the study were 
excluded due to the fact that rivaroxaban (Xarelto®) was held for  
48 hours. The medication was held due to the fact that there was 
wound haemorrhage. The authors have suggested that a day 3  
administration of rivaroxaban (Xarelto®) is more appropriate in terms 
of wound management. 24 of the 33 patients who were excluded were 
given rivaroxaban (Xarelto®) at day 1. Despite these patients being  
excluded from our results it does support the finding of wound  
haemorrhage when rivaroxaban (Xarelto®) is administered early. As 
a result of the findings, all of the surgeons involved in the study have 
changed their practice to the day 3 protocol.

	 A number of concerns have been expressed in relation to the use 
of rivaroxaban (Xarelto®). These concerns include economic and also 
concerns related to the direct side effects of the medication. A review  
of the use of the medication in the German healthcare system  
reflected positively on rivaroxaban (Xarelto®) from a cost perspective. 
The decreased rate of VTE in TKA when patients are treated with  
rivaroxaban (Xarelto®) indicated a saving of €27.3 per patient  
treated [22]. This figure makes allowances for VTE events that would 
be avoided when rivaroxaban (Xarelto®) is administered. A LMWH 
was also given over the same time period as that of rivaroxaban  
(Xarelto®) (32 days for THA and 13 days for TKA). The use of a 
LMWH post discharge from hospital would not be standard practice 
in all THA/TKA. The use of a LMWH and its associated cost over 
a longer timeframe in this study might therefore alter the cost base 
analysis. However, the authors believe that a long term view of the 
positive results of rivaroxaban (Xarelto®) in relation to VTE treatment 
should be taken when considering cost concerns. Case reports [23]  
published in the literature in relation to rivaroxaban (Xarelto®)  
cannot be ignored. However the risk of gasto-intestinal haemorrhage 
is a recognised side effect of most if not all anti-VTE medication. The 
AAOS recommend therefore that each patient should be counselled 
in relation to the most appropriate anti-VTE medication to be used 
in order to explain the potential risks and benefits of each medication 
[21]. The authors in this study have altered their practice in relation 
to the timing of rivaroxaban (Xarelto®) administration. The use of  
rivaroxaban (Xarelto®) in all patients will continue.

Conclusion
	 There are better clinical results when administering rivaroxaban 
(Xarelto®) at day 3 post operation as described. Wound complications 
may be avoided if rivaroxaban (Xarelto®) administration is delayed 
until the third post-operative day. The authors in this study have  
altered their practice in relation to the timing of rivaroxaban (Xarel-
to®) administration. The use of rivaroxaban (Xarelto®) will need to 
audited regularly in our unit as it is new method of anti-coagulation. 
Failure to complete a full treatment course of rivaroxaban (Xarelto®) 
due to early wound complications in our THA/TKA will also inform 
any decisions on its long-term use.
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