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1  | THE INCIDENCE OF POSTOPER ATIVE 
VENOUS THROMBOEMBOLISM 
FOLLOWING THA AND TK A

Total hip arthroplasty (THA) and total knee arthroplasty (TKA) 
are associated with an increased risk of venous thromboembo-
lism (VTE), comprising both deep vein thrombosis and pulmonary 
embolism. In the 1960s, patients undergoing THA or TKA devel-
oped asymptomatic VTE in approximately 30% of cases without 
the administration of any type of mechanical or pharmacological 

thromboprophylaxis.1 Because of the introduction of anticoagu-
lants such as low molecular weight heparins (LMWH) in the 1970s, 
the cumulative incidence of symptomatic VTE declined to approxi-
mately 5% to 10% in the 1990s (Figure S1).2 Thereafter, improve-
ments in thromboprophylactic strategies, for instance an extended 
thromboprophylaxis regimen up to 4 to 6 weeks, have further re-
duced the incidence of symptomatic VTE to a current 1.5% within 3 
months postoperatively.3

It is important to realize that not only the introduction of phar-
macological thromboprophylaxis has led to this strong decline in 
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Abstract
Venous thromboembolism (VTE) is a common complication following total hip ar-
throplasty (THA) and total knee arthroplasty (TKA). Many guidelines advise on the 
ideal pharmacological thromboprophylaxis strategy; however, despite its use, ap-
proximately 1.5% of patients still develop symptomatic VTE. Considering the large 
number of THAs and TKAs performed worldwide (2.5 million in total), the impact 
of VTE following these interventions is enormous. This paper discusses a concept 
how to further lower rates of VTE and bleeding complications following surgery. By 
stratifying patients according to their risk, we can optimize the balance between VTE 
and bleeding for each individual. This way, low-risk patients may be safely withheld 
from treatment (and avoid unnecessary bleeding complications and costs), whereas 
high-risk patients should receive adequate therapy (for instance, an increased throm-
boprophylaxis dosage and duration). An individualized strategy requires a well-func-
tioning VTE prediction model following THA and TKA to help physicians to decide on 
optimal thromboprophylaxis therapy.
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postoperative VTE. New surgical techniques (eg, minimal invasive 
procedures, less traumatic surgery) and improvement in postoper-
ative care have also contributed. For instance, fast-track surgery, a 
treatment protocol with neuraxial/regional anesthesia, early mo-
bilization, and hospital discharge within 3 days, has been a great 
enhancement in orthopedic care. It has been shown consistently 
that shorter hospitalization, as a result of early mobilization, re-
duces VTE risk considerably.4,5 Large registry studies of patients 
included in such fast-track treatment protocols have shown very 
low symptomatic VTE rates (<1%).5 Interestingly, in some of these 
studies, patients only received pharmacological thromboprophy-
laxis (any type) for a maximum of 5 days postoperatively. It has 
even been challenged by some whether THA or TKA patients in 
such fast-track protocols need thromboprophylaxis at all.6

2  | DESPITE THROMBOPROPHYL A XIS , 
1 . 5% OF PATIENTS STILL DE VELOP V TE

As discussed previously by Jørgensen and colleagues, many guide-
lines advice on the optimal type and duration of thromboprophy-
laxis, but there may be little consensus.6 The American College of 
Chest Physicians’ guidelines on thromboprophylaxis suggest to treat 
patients undergoing THA or TKA for a minimum of 10 to 14 days 
postoperatively with (any) pharmacological thromboprophylaxis 
rather than no prophylaxis (grade 1B).7 Even more, an extended du-
ration of therapy is advised up to 35 days, with a lower grade of 
evidence (grade 2B). The UK National Institute for Health and Care 
Excellence advises to treat for a minimum duration of 28 days by 
either an LMWH or the combination of aspirin followed by LMWH. 
For TKA, a treatment duration of 14 days is advised. An extended 
treatment is not advised because this coincides with a high risk of 
(major) bleeding.8

In spite of all these implemented guidelines on thromboprophy-
laxis therapy following THA and TKA, about 1.5% of patients still 
develop symptomatic VTE, which may be explained by several fac-
tors.9,10 First, thromboprophylaxis is not 100% effective, for exam-
ple, the effectiveness of LMWH on VTE prevention following THA 
and TKA is estimated to be approximately 50%.7 Thus, some pa-
tients still develop VTE despite pharmacological thromboprophylac-
tic strategies.11 Second, drug compliance may be an issue that results 
in reduced effectiveness of the drug and finally, VTEs can occur after 
the treatment has stopped.

Considering the large number of annually performed THA and 
TKA worldwide (respectively, 1.4 and 1.1 million), and given the 
high mortality and morbidity associated with VTE,12,13 the impact of 
VTE for both patients as well as society is enormous (despite its low 
incidence). Long-term complications such as postthrombotic syn-
drome,14 chronic thromboembolic pulmonary hypertension,15 and 
recurrent VTE16 all have a harmful effect on patients’ wellbeing. The 
current strategy in thromboprophylaxis management for elective ar-
throplasty surgery therefore needs improvement, which raises the 
question: how?

3  | HOW TO FURTHER REDUCE V TE 
R ATES FOLLOWING THA AND TK A?

Patients undergoing THA or TKA are heterogenous in several as-
pects. Orthopedic surgeons individualize the type and size of the 
implant to match patient specific needs and anatomical character-
istics, known as “individualized therapy or personalized medicine.” 
In contrast, however, for thromboprophylaxis this does not neces-
sarily seem to be the case. Despite individualized antithrombotic 
treatment often being used in medical patients,17 in the majority 
of elective orthopedic surgeries thromboprophylaxis is adminis-
tered according to hospital protocol; a similar thromboprophylac-
tic regimen for all patients undergoing THA or TKA is advised (ie, 
a population-based approach). For instance, patients with a history 
of VTE, patients without any comorbidities, and patients who are 
discharged within 2 days are all considered to be equal in terms 
of VTE risk and hence receive the same dosage and duration of 
thromboprophylaxis. There might be some variance in the type 
of prophylaxis (LMWH, direct-acting oral anticoagulant, aspirin), 
but the dosage is almost never increased to above or even thera-
peutic levels. Although this population-based approach has led to 
a strong decline in VTE rates, it is difficult to further lower VTE 
rates without increasing the risk of major bleeding in all patients. 
A more rational approach would be to intensify thromboprophy-
lactic strategies, by increasing the dosage, duration of therapy or 
both, only in high-risk patients. Likewise, low-risk patients may not 
need prophylaxis at all, or just for the duration of hospitalization. 
By this individualized approach, both bleeding and VTE rates can 
be lowered by tailoring thromboprophylaxis to individual patient 
characteristics. An individual's thrombosis risk is determined by 
many factors which can be grouped into three categories (genetic 
[eg, factor V Leiden mutation or non-O blood type], acquired [eg, 
increasing age, chronic kidney disease], and environmental factors 
[eg, surgery, infection, immobilization]). Thrombosis occurs when 
an individual's thrombosis potential/threshold is crossed, which 
usually happens when multiple factors coincide.18 A prediction 
model can help identifying patients at high risk of VTE by combin-
ing information of all permanent (eg, increasing age) and transient 
factors (eg, infection, surgery) that are predictive of VTE.19

4  | CURRENT PREDIC TIVE MODEL S FOR 
V TE FOLLOWING THA OR TK A

Currently, there are five available models to predict symptomatic 
VTE following joint replacement surgery. Although some of these 
models show promising results, none are routinely used or advised 
in clinical practice. This may be because they are either very exten-
sive (ie, up to 26 predictors), lack performance, are impractical (ie, 
include blood measurements), or not properly validated (Table S1).20 
Moreover, unfortunately, none report any performance measures 
and therefore do not give objective information for potential users. 
Furthermore, important predictors such as start of mobilization 
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or length of hospital stay are often missing. Hence, the develop-
ment and validation of a well-functioning prediction model is highly 
needed.

5  | INTENSIFIED THROMBOPROPHYL A XIS 
IN ALL VERSUS INDIVIDUALIZED C ARE

To illustrate the effect of individualized thromboprophylaxis therapy 
on VTE and bleeding rates, three strategies (current, intensified, 
individualized approach) are shown in Table 1. Of note, these data 
are meant to show proof of concept and do not represent clinical 
data. In this example, we assume that of 1000 patients undergoing 
THA or TKA, 30 would develop VTE without any form of throm-
boprophylaxis (for each strategy; baseline risk of 3%, as estimated 
by the American College of Chest Physicians guidelines7). In the 
current situation (strategy 1), 1.5% of patients develop postopera-
tive VTE despite the use of thromboprophylaxis therapy, assum-
ing drug effectiveness of 50%. Consequently, assuming a baseline 
major bleeding risk of 0.15% and relative risk for major bleeding from 
thromboprophylaxis of 5.0, 0.75% of patients develop postoperative 
major bleeding,9,10 leading to a total of 22.5/1000 complications (15 
VTEs + 7.5 bleedings). To further lower VTE rates, the only option is 
to intensify thromboprophylaxis (strategy 2).

The effect of an intensified thromboprophylaxis strategy for all 
patients undergoing THA/TKA is shown in strategy 2. An increased 
dosage and duration of thromboprophylaxis improves the effective-
ness on VTE (from a relative risk of 0.50 to 0.25); however, the risk 
for (major) bleeding also increases (relative risk of 5.0 to 10). Overall, 
7.5 fewer VTEs occur at the expense of 7.5 bleedings induced by 
intensified thromboprophylaxis. Altogether, this leads to 22.5/1000 
complications (7.5 VTE and 15 bleedings), which is no improvement 
compared with the current strategy. Moreover, more clinically rele-
vant nonmajor bleedings will occur (not shown in this example) and 
decreased coagulation might lead to increased rates of wound leak-
age and possibly implant infections.

The concept of individualized thromboprophylaxis is illustrated 
in strategy 3. Again, a total of 1000 patients undergo THA/TKA, 
but in this scenario, patients are stratified according to their individ-
ual VTE risk. Assume that we have a prediction model for VTE risk 
with a test sensitivity of 80% (thus, this model correctly identifies 
80% of all patients that will develop postoperative VTE as high-risk 
patients). The model identifies 200/1000 patients at high risk of 
postoperative VTE and 800/1000 patients are identified as low risk. 
Considering a test sensitivity of 80%, in this case 24/200 (12%) pa-
tients will develop VTE in the high-risk group versus 6/800 (0.75%) 
patients in the low-risk group. The high-risk group can be treated 
with a longer and higher dosage of anticoagulants (similarly to strat-
egy 2). On the other hand, the low-risk group can be treated with 
a shorter duration of therapy. Because patients are stratified ac-
cording to their VTE/bleeding risk, the overall effect is substantial. 
In total, only 16.5/1000 patients develop a VTE or bleeding com-
plication (10.5 VTEs and 6 bleedings), which is a net improvement TA
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of 27% compared with the current thromboprophylaxis strategy 
(22.5/1000 complications). Moreover, the number needed to harm 
and number needed to treat (NNH/NNT) ratio improves in high-risk 
patients (NNH/NNT 6.67), whereas in low-risk patients it is evi-
dent we could even consider to stop treatment altogether (NNH/
NNT 0.8). In low-risk patients, for every 444 patients treated with 
thromboprophylaxis, one major bleeding is induced, whereas 533 
patients have to be treated to save one patient from a VTE. This 
implies more harm than benefit. An individualized approach thus 
saves 800 low-risk patients from the costs and burden (bleeding) of 
thromboprophylaxis.

6  | PRE VENTING V TE FOLLOWING 
TOTAL HIP AND KNEE ARTHROPL A ST Y: IS 
PREDIC TION THE FUTURE?

In this paper, we discuss the concept of individualized thrombo-
prophylaxis therapy to reduce both VTE and bleeding complications. 
High-risk patients may need intensified thromboprophylaxis treat-
ment to reduce their risk, whereas thromboprophylaxis in low-risk 
patients may be safely withheld. However, before such a strategy 
can be implemented in clinical practice, several challenges lie ahead. 
First, there is an urgent need for (the development of) a well-per-
forming and validated prediction model for VTE risk following THA/
TKA. This can help physicians to determine an individual's risk and to 
decide on pharmacological thromboprophylaxis therapy. Model per-
formance is expressed in terms of risk calibration, discrimination, and 
overall performance. Calibration is the ability to accurately estimate 
an individual's risks. Discrimination is the ability to discriminate be-
tween individuals who develop an event versus those who do not (ie, 
differentiating between low- and high-risk patients). The discrimina-
tive ability of a model to select a population that may benefit from 
an intensified thromboprophylaxis regimen is therefore paramount. 
For more details on model development techniques and statistics we 
refer to Steyerberg.21

Besides good performance measures, the model needs to be 
user friendly to successfully implement its use in clinical practice, 
the number of predictors should therefore be kept to a minimum 
while maintaining good performance. This balance between usabil-
ity in clinical practice and optimal model performance is challenging: 
too many predictors will scare off potential users, whereas a limited 
number of predictors can hamper model performance.

Following the development phase, a second step would be to 
implement the score in clinical practice to prospectively validate its 
performance. Good model performance in a wide variety of clinical 
settings is vital for successful implementation. Finally, a randomized 
controlled clinical trial is necessary to test whether an individualized 
approach is indeed superior compared with the current “one-size-
fits-all” strategy. In such a trial, low-risk patients will receive minimal 
or no thromboprophylaxis, whereas high-risk patients receive an 
intensified regimen. The preferable dose and duration of thrombo-
prophylaxis will depend upon the average VTE and bleeding risk in 

the high-risk group. Hence, at this point, detailed advice on a spe-
cific intensified regimen (for example, a double or even therapeutic 
dose of either a LMWH, direct-acting oral anticoagulant, or aspirin) 
is too speculative. Because the overall incidence of VTE will be low, 
for both a randomized controlled clinical trial and model develop-
ment and validation, international collaboration within a best evi-
dence-based perioperative protocol is vital to reach adequate study 
power and success.
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