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Abstract Venous thromboembolism (VTE) is a serious

risk after major orthopedic surgery (MOS) including total

knee replacement, total hip replacement and hip fracture

surgery. This risk can be reduced with several pharmaco-

logic and mechanical prophylactic approaches, and the

choice among them depends on their ability to reduce VTE

with an acceptable increase in adverse events, especially

major bleeding complications. Improvements in medical

and surgical care have led to a progressive decrease in the

risk of VTE after MOS with an estimated baseline risk with

contemporary practice of approximately 4.3 % up to day

39 after surgery. Low-molecular-weight heparin is the most

thoroughly studied thromboprophylactic agent following

MOS and demonstrates good effectiveness with an

acceptable rate of bleeding complications. Warfarin, riva-

roxaban, dabigatran, and apixaban have all been studied in

large trials in comparison with low-molecular-weight

heparin and also show an acceptable benefit: risk ratio.

Mechanical approaches including graduated compression

stockings, intermittent pneumatic compression and venous

foot pump also offer protection against VTE, but there is

less evidence is available regarding their effectiveness and

risks. Combination therapy consisting of an antithrombotic

agent and mechanical device is probably more effective

than either alone. The appropriate use of thromboprophy-

laxis after MOS results in reduced VTE with acceptable

bleeding risks.
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Introduction

Patients undergoing major orthopedic surgery (MOS),

including total hip replacement (THR), total knee

replacement (TKR) and hip fracture surgery (HFS), are at

particular risk of developing post-operative venous

thromboembolism (VTE). The number of such procedures

is increasing as the population ages, focusing attention on

this problem. For example, there are currently over 200,000

THR procedures performed in the United States annually

and a similar number of total knee replacements are per-

formed [1]. The problem of post-operative VTE has come

to the attention of regulatory agencies that have targeted

VTE as a preventable complication and set targets for

reduction. Reimbursement may be denied for hospital

acquired VTE in the future [2] shifting the financial risk of

the cost of caring for patients with these events to pro-

viders. The most effective management strategy is primary

prophylaxis, and nearly all patients having MOS will

receive some form. In recent years there has been an

increase in the choices available for prophylaxis as new

agents have been introduced and new studies and recom-

mendations made available. The available approaches to

prophylaxis and choosing among them will be the topic of

this report which will be limited to consideration of major

orthopedic surgery (MOS) only. Other orthopedic proce-

dures are also associated with increased risk of thrombosis

but will not be considered. The reader is referred to major

comprehensive reviews that have recently been published

[3, 4].
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Balance of thrombosis and bleeding

The goal of thromboprophylaxis is to prevent thrombo-

embolic events that adversely impact patient health

including fatal and non-fatal pulmonary embolism (PE)

and symptomatic deep vein thrombosis (DVT). The post-

thrombotic syndrome may also contribute to morbidity

after development of a post-operative DVT, but the data

available on the frequency of this complication is sparse

and will not be considered here. There is considerable data

on acute VTE after MOS, much of which is the result of

large randomized controlled trials sponsored by pharma-

ceutical companies as part of requirements to introduce

new anticoagulants with regulatory approval. The primary

endpoint in nearly all such studies has been the develop-

ment of ‘‘all venous thromboembolism’’ which has inclu-

ded asymptomatic DVT identified by mandatory screening

using imaging methods including venography or Doppler

ultrasound at some time after surgery. In all cases, the great

majority of thrombotic endpoints that have been identified

in these clinical studies have been asymptomatic DVT,

often confined to the calf. The reason for this choice of

endpoints is that regulatory agencies in North America and

Europe have viewed a reduction in such asymptomatic

thrombi as sufficient to warrant approval. This allows

studies to be done efficiently with many fewer subjects

than would be needed if only symptomatic events were

used as endpoints because there is a high ratio of asymp-

tomatic to symptomatic VTE events in such studies.

Clearly, symptomatic VTE events are of considerable

clinical importance as they may cause death, cardiorespi-

ratory compromise and leg symptoms. Further, their

treatment with anticoagulants may cause serious bleeding

complications by itself. It is, however, less obvious that

asymptomatic DVT detected by screening imaging meth-

ods are of clinical significance. Such asymptomatic

thrombi may later progress and lead to acute symptoms,

although most seem to resolve without sequelae. It is

possible that some asymptomatic DVT may eventually lead

to the development of the post-thrombotic syndrome,

although this is not clearly established by the available

data. Some view asymptomatic DVT identified by

screening is a useful ‘‘marker’’ of the likely development of

clinically symptomatic thrombosis, although they are not

by themselves significant. The differences in rates of

asymptomatic thrombosis identified by screening may be a

valuable indicator of the potential thrombosis risk reduc-

tion in comparing prophylaxis strategies when used in

conjunction with absolute risks of symptomatic thrombosis

and bleeding as suggested in the recent ACCP guidelines

[5]. This distinction is of more than academic interest, as

the benefits of thromboprophylaxis are counterbalanced by

its adverse effects. Because anticoagulants are commonly

used for thromboprophylaxis, bleeding events are the most

common adverse effect. These may be quite serious in the

context of MOS and can result in the need for transfusion,

reoperation and an increased risk of infection. The proper

balance between reducing thrombosis and increasing

bleeding risk is difficult to define. Fortunately, fatal PE is

very uncommon in contemporary practice. Generally, the

need is to consider the relative effects on the patient of

reduction in symptomatic, nonfatal PE, symptomatic DVT

and major bleeding events.

A critical question is whether the occurrence of VTE or

of a major bleeding event has a greater adverse effect on

the overall health of a patient, and more research is needed

in this area. Recently, the ACCP in its new recommenda-

tions has reviewed this topic and judged that most patients

would consider the adverse consequences of a symptomatic

VTE and a major bleeding complication equally [6].

Asymptomatic DVT identified by screening cannot be

included in this judgment, because one cannot balance the

abstract value of preventing an asymptomatic DVT against

a real, symptomatic bleeding event resulting from antico-

agulant thromboprophylaxis.

This balance of thrombosis and bleeding is very

important in evaluating the potential benefit of thrombo-

prophylaxis. For example, if the baseline thrombosis rate

including asymptomatic DVT is in the range of 20 % and

an anticoagulant regimen reduces this by 60 %, then the

absolute benefit is a reduction of 12 %. However, antico-

agulants always increase bleeding. Consequently, if

bleeding were to increase by 2 %, the balance of a 12 %

reduction in thrombosis with a 2 % increase in bleeding

would appear to strongly favor anticoagulant thrombopro-

phylaxis. However, if we reconsider this scenario using the

more relevant symptomatic thrombosis rate, the balance is

close. If for example, the symptomatic thrombosis rate is

4 % with the same relative risk reduction of 60 %, then the

absolute risk reduction would be 2.4 %. If the increase in

bleeding is the same at 2 %, then the balance is close, and

decisions about thromboprophylaxis should consider this

close balance.

Baseline risks of thromboembolism and bleeding

It follows from the above discussion, that critical infor-

mation for evaluating the benefits of thromboprophylaxis is

knowledge of the baseline risks of thrombosis and of

bleeding in the absence of any intervention. However, the

contemporary baseline risks are difficult to define because

thromboprophylaxis has become a standard of care, and

large untreated cohorts have not been recently reported.

Clinical studies of thromboprophylaxis using untreated or

placebo groups were performed prior to the 1990s, and
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most of our data derives from those studies. However, there

have been many changes since that time which render this

data difficult to extrapolate to contemporary practice. Such

changes include refinements in surgical technique, earlier

mobilization after surgery, earlier hospital discharge,

improvements in rehabilitation after surgery and changes in

demographics. Older studies prior to 1980 often reported a

symptomatic rate of VTE between 15 and 30 % with no

prophylaxis [7–11]. However, evidence indicates that post-

operative VTE after MOS has been decreasing. The recent

ACCP report used an approach that analyzed rates of

thrombosis over time in groups of patients who received

the same LMWH treatment [4]. This is reasonable because

comparable LMWH regimens have been used since the

1990s. Evidence suggests that LMWH results in a relative

risk reduction of between 50 and 60 %. Using this estimate

and the rate of symptomatic VTE reported with LMWH

allows an estimation of the contemporary rate of VTE in

patients who would not be receiving prophylaxis. This rate

is approximately 1.8 % for symptomatic DVT and 1 % for

PE in the first 7–14 days after surgery. Estimates of the rate

of thrombosis after hospital discharge (extended) suggest a

rate of 0.9 % of VTE up to day 39 for a total rate of

symptomatic VTE of 4.3 % (Fig. 1).

Baseline bleeding rates are somewhat easier to estimate

as data can be derived from recent clinical trials consid-

ering those patients randomized to receive only mechanical

means of prophylaxis that should have little or no effect on

hemostasis. Considering all such data, the ACCP review

[4] has identified median rate of bleeding was 1.5 %, a rate

which is consistent with a recent systematic review that

estimated the baseline bleeding rate at between 1 and 2 %

[3]. It is reasonable to conclude that bleeding rates in

studies using anticoagulant prophylaxis that are above

1.5 % are due to the anticoagulant intervention.

One approach to optimizing thromboprophylaxis would

be to perform an initial evaluation of both thrombosis and

bleeding risks as the basis of choosing prophylaxis so that

patients at the highest risk of thrombosis receive the most

effective regimen that may be associated with an increased

bleeding risk. In contrast, those at a high bleeding risk

might not receive an anticoagulant. An example of this

approach is a guideline from the AAOS that divides

patients according to thrombosis and bleeding risk and

provides different recommendations for prophylaxis

depending on risk group [12]. This strategy could be an

ideal approach to the problem, but there is little substantial

data to support such risk stratification. Various patient-

specific characteristics such as prior VTE, Charlson

comorbidity index, body mass index, age and the presence

of cardiovascular disease have been shown to be associated

with increased risk in MOS (see Table 1) [13–16]. How-

ever, the relative risk associated with these factors is typ-

ically small or modest and must be considered in relation to

the very large risk attendant on the surgical procedure

alone. Indeed, there are no studies that have successfully

demonstrated the value of risk stratification in choosing

prophylaxis after MOS. Therefore, judging thrombosis risk

in patients having MOS based on patient characteristics

cannot be recommended generally. However, a particular

patient with a combination of such risk factors such as prior

VTE, advanced age and high BMI could be considered to

be at particularly high risk.

There may be greater value in judging bleeding risk,

although the data is also limited in this area. Typically,

Fig. 1 Schematic of estimated incidence rates for LMWH and no

prophylaxis for major orthopedic surgery. Reproduced with permis-

sion from the American College of Chest Physicians [4]

Table 1 Risk factors for bleeding after major orthopedic surgery

Risk factors for venous thromboembolism

Previous venous thromboembolism

Older age

Cardiovascular disease

BMI [ 25 kg/m2

Charlson comorbidity index C 3

Risk factors for bleeding with anticoagulant thromboprophylaxis

Operative issues

• Greater than expected bleeding

• Revision Surgery

• Extensive dissection

Excessive bleeding with prior surgery

Recent GI or GU bleeding

Concomitant anti-platelet therapy

Severe renal failure
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patients with a clinically important bleeding risk such as

significant thrombocytopenia do not choose to have elec-

tive MOS. They may, however, need HFS. In such cases,

the risk of bleeding would be increased and would influ-

ence the choice of prophylaxis so that a regimen such as

mechanical prophylaxis would be advisable. Procedure-

specific issues may also indicate an increased bleeding risk.

For example, if there is excessive bleeding during the

operative procedure with hemostasis that is difficult to

achieve or if bleeding continues post-operatively, then

anticoagulant thromboprophylaxis is likely to add risk and

mechanical devices may be a better choice (see Table 1).

Thromboprophylaxis compared with no treatment

or placebo

Studies comparing various thromboprophylaxis regimens

with no treatment or with placebo are typically decades old

and have been thoroughly reviewed [3, 4]. All of the fol-

lowing provide reduction in risk of thrombosis compared to

no treatment based on studies with a direct comparison:

warfarin, unfractionated heparin, LMWH, fondaparinux,

aspirin, graduated compression stockings, and intermittent

pneumatic compression or venous foot pump (Table 2).

Approved drug doses are shown in Table 3. The strength of

the data is variable because of the quality of these studies

and the number of patients included. The 95 % confidence

intervals for the relative risks are often large and extend

beyond 1. In the case of aspirin there is only one large

study to evaluate [17]. Similarly, one small study consti-

tutes the data available comparing fondaparinux with no

prophylaxis and that was only for extended treatment after

hospital discharge [18]. In evaluating mechanical devices,

it is notable that there is considerable variation in the

design of these devices and that compliance with their use

is a large problem. This must be considered in evaluating

the data. The comparison of these various agents versus no

treatment or placebo is of considerable academic interest

but of little practical value as standard practice in con-

temporary treatment is to offer some manner of thrombo-

prophylaxis. It is of greater interest to make a comparison

among these various approaches so that the best method

can be selected for prophylaxis. This, again, has been

extensively reviewed in the ACCP [4] and NICE recom-

mendations [3].

The use of aspirin for prophylaxis in MOS has been

quite controversial. It was studied as in several small

studies using varying doses in the 1970s and 1980s. The

results are difficult to interpret. Because of the attractive-

ness of aspirin as a potentially useful agent, it was studied

in a single large multicenter, randomized, placebo con-

trolled trial in the 1990s entitled the pulmonary embolism

prevention trial (PEP) [17]. In that trial, a dose of 160 mg

of aspirin or placebo was given for 35 days, and the end-

point was the rate of development of symptomatic throm-

botic events. The study included 17,444 patients who

primarily had hip fracture surgery, but there was also a

group that had THR (Table 4). It showed a 28 % reduction

in the risk of symptomatic DVT in the aspirin group, and

there was also a suggestion of a decrease in mortality with

17 VTE associated deaths in the aspirin group compared

with 45 in the placebo group. There was a trend toward

more nonfatal myocardial infarctions in the aspirin-treated

group. The study has been criticized because of difficulty

with presentation of the results and changes in sample size

after initiation [19]. Also, the study included primarily HFS

patients with fewer that had THR or TKR. Considering the

THR or TKR patients alone, the results were non-signifi-

cant. However, the study had significant strengths includ-

ing excellent randomization, blinding of patients and

caregivers, and blinded adjudication. Additionally, follow

up was excellent. Overall, the results may be interpreted to

show that aspirin reduces VTE after MOS including HFS

and THR. However, the relative risk reduction that is

reported (28 % in DVT) is considerably less than that with

anticoagulant agents or with mechanical devices, and

aspirin cannot be recommended alone as a single agent for

thromboprophylaxis in patients having MOS. Consider-

ation may be given to combining aspirin with a mechanical

approach, but there is insufficient data to recommend this

at this time.

Comparison of approaches to thromboprophylaxis

An analysis of the results of a large number of clinical

studies forms the basis of choosing among the several

prophylactic approaches, and this topic has been reviewed

[3, 4]. Despite the large number of studies addressing

thromboprophylaxis in MOS, there remains difficulty in

interpreting the results as a guide to choice of therapy.

There are several reasons for this problem. For example,

the studies have been conducted over 40 years, and tech-

niques of surgery and patterns of care have changed and

patient demographics have also altered. Often the primary

endpoint for studies was all VTE including asymptomatic

cases identified by screening imaging tests. In most studies

asymptomatic DVT dominated the endpoint numbers, and

the number of symptomatic events was typically small.

Considering that symptomatic events are the most impor-

tant endpoint clinically, this reduces the precision of esti-

mates of efficacy. Bleeding has been typically the primary

endpoint for safety, but bleeding definitions in various

studies have been different, and categories have been

defined to include fatal, major bleeding, minor bleeding,
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Table 2 Effects of thromboprophylaxis compared with no therapy

Agent PE Symptomatic DVT Major bleeding

Warfarin 0.21 (0.08–0.53) 0.45 (0.32–0.62) 1.5 (0.92–2.43)

Unfractionated heparin 0.69 (0.49–0.99) 0.42 (0.36–0.50) 1.26 (0.99–1.60)

LMWH 0.58 (0.22–1.47) 0.50 (0.43–0.59) 0.81 (0.38–1.72)

Fondaparinux 0.20 (0.01–4.20) 0.17 (0.02–1.39) 1.12 (0.94–1.34)

Aspirin 0.78 (0.51–1.21) 0.72 (0.53–0.96) 1.12 (0.94–1.34)

GCS 0.63 (0.32–1.25) 0.51 (0.36–0.73) –

IPC or VFP 0.40 (0.17–0.92) 0.46 (0.35–0.61) –

Valves are average relative risk (95 % confidence interval). Data from Ref. [4]

PE pulmonary embolism, DVT deep vein thrombosis, LMWH low-molecular weight heparin, GCS graduated compression stockings, IPC
intermittent pneumatic compression, VFP venous foot pump

Table 3 Anticoagulant drugs and doses for thromboprophylaxis after major orthopedic surgery

Drug Dosea

Low-molecular weight heparins

Enoxaparin • 30 mg q12 h starting 12–24 h post-op. 40 mg QD for extended prophylaxis

• 40 mg QD starting 9–15 h pre-op

Dalteparin • 2,500 U 4–8 h post-op; then, 5,000 U QD (at least 6 h after initial dose)

• 2,500 U within 2 h before surgery; then 2,500 U 4–8 h post-op; then, 5,000 U QD (at least 6 h after post-op dose)

• 5,000 U 10–14 h pre-op; 5,000 U 4–8 h post-op and daily

Unfractionated

heparin

5,000 U SQ every 8 or 12 h

Warfarin Start night of surgery and adjust to INR 1.8–3.0

Fondaparinux 2.5 mg SQ daily starting at least 6 h post-op

Rivaroxaban 10 mg daily starting 6–10 h post-opb

Dabigatran 110 mg 1–4 h post-op; then 220 mg once dailyb

Apixaban 2.5 mg q12 h starting 12–24 h post-opb

a The ACCP guidelines suggest starting anticoagulant prophylaxis 12 or more hours preoperatively or postoperatively rather than 4 h or less

preoperatively or postoperatively
b Not FDA approved

Table 4 The pulmonary embolism prevention trial [17]

Design: Randomized, multicenter, double-blind, placebo-controlled prospective trial.

Subjects: 17,444 total

• 13,356 having HFS

• 2,648 having THR

• 1,440having TKR

Intervention: Placebo or ASA 160 mg daily for 35 days

Endpoint: Symptomatic PE or DVT

Strengths Weaknesses

• Large size

• Randomization

• Placebo-controlled

• Double-blind

• Central adjudication of endpoints

• Clinically important endpoints

• Follow-up in 99.6 %

• Few THR; no TKR

• Some patients received other TP agents in addition

• Sample size changed after initiation

• VTE not primary outcome
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clinically relevant non-major bleeding and trivial bleeding

and bleeding requiring reoperation. The lack of a compa-

rable definition of bleeding endpoints across studies makes

comparison difficult, particularly in judging the balance of

thrombosis and bleeding events.

The largest amount of data from clinical trials is avail-

able for LMWH which was introduced in the 1990s and has

recently represented the comparator against which large

clinical trials using newer anticoagulants were conducted.

Several different LMWH preparations have been evaluated

and used in different dosing schedules. Discussion of these

variations is beyond the scope of this report, and the data is

generally comparable across this class of agents. LMWH

was compared with low-dose unfractionated heparin in

many studies of both general surgery and orthopedic sur-

gery. Together they include over 23,000 patients with

approximately 2,300 having MOS and suggest that LMWH

is superior to unfractionated heparin with fewer PE (RR

0.78; CI 0.49–1.24) and DVT (0.80; CI 0.73–0.88) and also

less major bleeding (RR 0.91; CI 0.75–1.09) [4]. This

benefit is small, but more apparent when asymptomatic

events are considered in the efficacy analysis. Several trials

compared LMWH to vitamin K antagonists in THR and

TKR showing significantly less asymptomatic DVT with

LMWH, but there were also fewer symptomatic VTE

events. Early after surgery, LMWH appears to be associ-

ated with an increase in bleeding complications compared

with vitamin K antagonists [4], possibly because vitamin K

antagonists have a delayed anticoagulant effect after initial

administration. However, with longer use, they appear to

have more serious bleeding events.

More recent studies have compared LMWH with

fondaparinux, rivaroxaban, apixaban, and dabigatran.

These studies all used imaging tests to screen patients for

asymptomatic DVT, and total VTE, including asymp-

tomatic events was the primary efficacy endpoint in these

studies. Symptomatic events were reported, but there

were generally few, and this reduces the precision for

clinical endpoints in these study programs. LMWH was

compared to fondaparinux for prevention of VTE fol-

lowing THR, TKR, and HFS in several randomized

controlled trials [18, 20–22]. The combined data shows

that fondaparinux was superior to LWMH in reducing

asymptomatic DVT, but differences in symptomatic VTE

were non-significant. Bleeding events were more com-

mon with fondaparinux.

Three new oral anticoagulants have been tested as

thromboprophylactic agents in MOS including rivarox-

aban, apixaban, and dabigatran. All were evaluated in

randomized, controlled trials in THR and TKR (but not

HFS) using enoxaparin as the comparator in all studies.

Rivaroxaban, a factor Xa inhibitor, was evaluated for

thromboprophylaxis in a program of MOS that included

over 10,000 patients which compared a regimen of 10 mg

daily starting 6–8 h after surgery and continued once daily

compared with standard regimens of enoxaparin [23–26].

Combining the results of these studies, the use of riva-

roxaban led to an approximate 59 % reduction in symp-

tomatic DVT (RR 0.41; 95 % CI 0.20–0.83) with a

nonsignificant effect on PE. Asymptomatic DVT was sig-

nificantly less in patients with rivaroxaban. There was a

nonsignificant trend toward more bleeding with rivarox-

aban, but the overall rates were low in part because the trial

design excluded surgical site bleeding from this endpoint

category.

Apixaban is another Xa inhibitor that has been evaluated

in large randomized, controlled trials for thromboprophy-

laxis in MOS including THR and TKR but not HFS. This

program included over 11,000 subjects who received either

enoxaparin in standard regimens or apixaban 2.5 mg twice

daily starting 12–24 h after surgery [27–30]. The use of

apixaban was associated with a reduction in symptomatic

DVT (RR 0.41; 95 % CI 0.18–0.95) with no statistically

significant effect on the occurrence of PE. There was a

significant reduction in asymptomatic DVT in patients

receiving apixaban. Major bleeding and bleeding requiring

reoperation were uncommon and similar in both the

enoxaparin and apixaban groups in these studies.

Dabigatran, another new oral anticoagulant, differs in

being a thrombin inhibitor and also a prodrug that is acti-

vated after oral administration. The registration trials in

MOS included over 10,000 subjects having either THR or

TKR, and the comparator in all studies was enoxaparin

given in standard regimens [31–34]. Dabigatran was

administered in doses of either 150 or 220 mg daily with

the first dose given approximately 4 h postoperatively with

a reduction in the dose of 50 % for this initial dose. The

overall results show that dabigatran was similar to enox-

aparin in the occurrence of symptomatic DVT, PE and

bleeding events with non-significant differences in rates in

all categories of endpoints.

These new oral anticoagulants offer expanded choices

for thromboprophylaxis in THR and TKR, but it is

important to note that none has been evaluated in large

studies with HFS. Important advantages include oral

administration, with both dabigatran and rivaroxaban

administered once daily and apixaban twice daily. This

facilitates the continuation of thromboprophylaxis after

hospital discharge which is necessary in nearly all patients.

The choice among these agents will be guided by regula-

tory approvals, analysis of the trial results, local practice

patterns and expense. At this time all 3 agents are approved

in the European Union for prophylaxis after THR and

TKR, whereas both dabigatran and rivaroxaban are

approved for these indications in Canada, but only riva-

roxaban is approved in the United States.
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Mechanical approaches

Several mechanical approaches to thromboprophylaxis

have been evaluated in MOS, and they act primarily by

increasing venous blood flow. Broadly, these approaches

can be divided into graduated compression stockings,

pneumatic compression devices and the venous foot pump.

They have the considerable advantage of not increasing

bleeding after surgery, and this makes their use attractive.

A major disadvantage is compliance, as all devices must be

properly applied and need to be removed for events such as

a washing and ambulation. Patients may also remove these

devices because of discomfort, and their use after hospital

discharge is problematic. Compliance is a particular

problem with devices that require an external power

source, but new portable and battery powered power

devices that can be used after hospital discharge have been

introduced, and these represent a promising technical

improvement.

Several clinical studies have been reported using these

mechanical devices for prophylaxis after MOS, but they

have serious limitations. First, there are several different

devices with varying properties that have been tested, and

it is unclear whether they are all comparable. Overall, the

studies are smaller than contemporary trials with antico-

agulants. Further, blinding is not practical with these

studies introducing the possibility of bias in ascertainment

of endpoints. Few studies have been reported evaluating

graduated compression stockings. However, a recent meta-

analysis considering the available studies in both orthope-

dic and non-orthopedic surgery showed that GCS had a

non-significant effect on PE (RR 0.63; CI 0.32–1.25) but

reduced overall VTE including asymptomatic DVT (RR

0.51; CI 0.36–0.73)[4]. Although the data supporting their

use is fairly small, they are frequently used in combination

with an antithrombotic agent.

Pneumatic compression devices have been compared

with anticoagulant thromboprophylaxis in MOS patients in

studies using either warfarin or LMWH as the comparator

[35–39] and these have been analyzed [4]. Overall, the

rates of symptomatic DVT and PE appear to be somewhat

greater in patients receiving prophylaxis with compression

devices, but the small size of the trials limits confidence in

the results. Fewer bleeding events are reported as might be

expected, but these studies were non-blinded raising the

possibility of bias in judging bleeding events.

Graduated compression stockings or pneumatic devices

may also be used in combination with an antithrombotic

agent. For example, recent trials evaluated a combination

of the portable pneumatic compression device in combi-

nation with aspirin compared to LMWH in patients having

THR and TKR [40, 41]. The occurrence of VTE was

comparable in the treatment groups with fewer bleeding

complications in those receiving aspirin and compression.

Overall, however, the numbers are small, limiting confi-

dence in these conclusions. A Cochrane review and ACCP

analysis [42] have been performed of the reported studies

using combination therapy, and these found that the com-

bination appears to reduce asymptomatic DVT signifi-

cantly, but the overall data is quite limited with imprecision

in the results, an important problem with study design that

limit confidence in the conclusions.

Summary

The skillful use of thromboprophylaxis after MOS will

result in a decrease in VTE with acceptable adverse effects.

The goal is to optimize therapy to minimize the occurrence

of both VTE and bleeding events. New agents have been

introduced that must be considered in choosing a prophy-

lactic approach, and they offer the advantage of oral

administration without monitoring which is particularly

suitable for post discharge administration. Mechanical

approaches to thromboprophylaxis and especially a com-

bination therapy using both mechanical devices and an

antithrombotic agent offer new opportunities to optimize

thromboprophylaxis, and more studies are needed in this

area.
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