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ABSTRACT Diagnosis of venous thromboembolism (VTE) requires prompt treatment with
anticoagulants in therapeutic doses. Since these drugs are associated with the occurrence of haemorrhage,
identification of patients at increased risk of major bleeding is of utmost clinical importance for defining
the optimal treatment regimen and duration of anticoagulation. Current suggested prediction scores for
bleeding risk in VTE patients have been derived from observational studies of moderate quality, or from
patients with various indications for therapeutic anticoagulation other than VTE. To date, none of the
scores have been adequately validated in cohorts that underwent dedicated monitoring and independent
adjudication of bleeding complications. In addition, while the scarce available evidence has focused on
patients treated with heparins and/or vitamin K antagonists, risk stratification scores for bleeding
complications in VTE patients treated with non-vitamin K dependent anticoagulants have not yet been
developed. This clinically oriented review covers the incidence and risk factors of anticoagulation-related
bleeding in VTE patients treated with different anticoagulant drugs as well as the available bleeding-
prediction scores. Further, we attempt to provide guidance for bleeding-prevention in clinical practice and
speculate on developments in the near future that may fundamentally change our current thinking on
VTE management.
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Introduction
Venous thromboembolism (VTE), which encompasses deep vein thrombosis (DVT) and acute pulmonary
embolism (PE), requires prompt treatment with therapeutically dosed anticoagulants to prevent
progressive disease which might result in serious morbidity or death. The minimum recommended
treatment duration is 3 months, although this period may be extended to 6 months or even an indefinite
period, depending on the patient’s individual risk profile [1, 2].

Traditionally, the anticoagulant regimen consists of low molecular weight heparin (LMWH), fondaparinux,
or unfractionated heparin (UFH) while awaiting therapeutic international normalised ratio (INR) levels
under overlapping administration of vitamin K antagonists (VKAs) [1, 2]. In recent years, non-vitamin K
dependent anticoagulants (NOACs) have been developed including direct factor IIa (i.e. dabigatran) and
factor Xa inhibitors (i.e. apixaban, edoxaban and rivaroxaban), which lack several of the limitations of VKA
treatment such as food interactions and the need for frequent INR monitoring. The NOACs are reported to
have a superior safety profile compared with VKAs for both acute as well as extended treatment of patients
with VTE [3–10]. Nevertheless, even with the new generation of anticoagulant agents, the most relevant and
frequent complication of anticoagulant treatment is major haemorrhage, which is notoriously associated
with significant morbidity, mortality and considerable costs [11–13]. Since the need for anticoagulation
therapy after an acute VTE episode is undisputable [1, 2, 14–17], assessment of the individual bleeding risk
is most relevant when choosing the appropriate anticoagulant drug and treatment duration.

This clinically oriented review covers the incidence and risk factors of anticoagulation-related bleeding in
VTE patients treated with different anticoagulant drugs as well as the available bleeding-prediction scores.
In addition, we attempt to provide guidance for bleeding-prevention in clinical practice and speculate on
developments in the near future that may fundamentally change current thinking in VTE management.

Risk of bleeding
Incidence of major bleeding during initial heparin treatment
With regard to initial treatment (first 5–10 days) with heparin in combination with a loading dose of
VKA administered within 48 h of VTE diagnosis, several trials have compared the safety of a fixed-dose
LMWH administered subcutaneously to intravenous activated partial thromboplastin time-adjusted dosed
UFH. The results have been summarised in a meta-analysis with pooled data from 7124 patients: major
haemorrhage occurred in 41 (1.2%) out of 3500 patients treated with LMWH compared with 73 (2.0%)
out of 3624 patients treated with UFH (OR 0.57, 95% CI 0.39–0.83), thus suggesting that LMWH may
reduce the occurrence of major bleeding during initial treatment compared with UFH (table 1), with equal
efficacy in preventing recurrent VTE [18].

Incidence of major bleeding during the first months of treatment
Bleeding episodes in the first 3 months should be considered as a distinct category from those occurring
after this period. VKA-related bleeding complications were evaluated by LINKINS et al. [19] in a
meta-analysis of 33 prospective studies. Within the first 3 months (including initial heparin treatment), the
absolute risk of major bleeding was estimated to be 2.06% (54 out of 2422 patients; 95% CI 2.04–2.08%)
with a case-fatality rate of 9.3% (95% CI 3.1–20%) (table 1) [19].

According to the pooled results of five multicentre randomised controlled trials (RCTs) that compared
application of the NOACs to conventional LMWH/VKA therapy for initial treatment of acute VTE, NOACs
have a comparable efficacy in preventing recurrent VTE but a superior safety profile. The risk of major
bleeding during the predominantly 6-month treatment period was only 1.1% in those treated with NOACs
(131 out of 12 197 patients; case-fatality rate 5.3%) (tables 1 and 2) [3–7, 20]. Notably, because strict patient
selection criteria were applied, the risk of major bleeding for patients randomised to LMWH/VKA treatment
was considerably lower than reported in historical studies: 1.7% (211 out of 12 193 patients; case-fatality rate
10%). Even so, the incidence of major bleeding (pooled risk ratio 0.60, 95% CI 0.41–0.88) as well as fatal
bleeding (pooled risk ratio 0.36, 95% CI 0.15–0.87) was significantly lower for patients treated with one of the
NOACs [20]. The bleeding risks from the individual NOAC trials are reported in table 2. It should be noted
that NOACs are either administered in an increased initial dosage (apixaban and rivaroxaban), or after initial
treatment with parenteral anticoagulants for at least 5 days (edoxaban and dabigatran) [3–8]. Bleeding risk
during the first 10 days after treatment initiation were not consistently reported in the NOAC trials.

Incidence of major bleeding during continued treatment
After the first 3 months, the rate of VKA-associated major bleeding was estimated to be 2.74 per 100
patient-years (44 out of 2422 patients over a period ranging between 3 and 9 months; 95% CI 2.71–2.77%) with
a comparable case-fatality rate of 9.1% (95% CI 2.5–22%) (table 1) when compared to the first 3 months of
treatment [19]. When considering VKA-treatment of VTE patients regardless of the time-point of occurrence,
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an analysis of 10 757 patients estimated that major VKA-associated bleeding occurred at a rate of 7.22 per 100
patient-years (95% CI 7.19–7.24) with a case-fatality rate of 13.4% (95% CI 9.4–17.4%) (table 1) [19].

Four RCTs have assessed the efficacy and safety of NOACs in an extended treatment period [4, 9, 10].
Although not summarised in a meta-analysis, these four trials showed that rivaroxaban, apixaban and
dabigatran are all effective in preventing recurrent VTE (hazard ratio ranging between 0.08 and 0.36) when
compared with placebo, at the cost of only a few major bleeding complications (table 3) [4, 9, 10]. In addition,
dabigatran was directly compared with warfarin in extended treatment [9]. Recurrent VTE occurred in 1.8% of
the patients in the dabigatran group compared with 1.3% in the warfarin group (hazard ratio 1.4, 95% CI 0.78–
2.6), which was within the predefined limits for noninferiority. Major bleeding occurred in 0.9% of patients in
the dabigatran group and in 1.8% in the warfarin group (hazard ratio 0.52, 95% CI 0.27–1.02) (table 3).

Incidence of major bleeding during treatment of cancer-associated VTE
Patients with cancer-associated VTE have an increased risk of both VTE recurrence and anticoagulant-related
bleeding, compared with those without cancer [21]. Four different large open-label multicentre RCTs
comparing LMWH with warfarin for the treatment of acute VTE in patients with cancer, each reported the
rate of LMWH- versus warfarin-associated major bleeding: 7.0% (five out of 71; none of which were fatal)
versus 3.3% (12 out of 369; two of which were fatal) in the first 3 months, and 5.6% (19 out of 338; one of

TABLE 2 Overview of bleeding risk in the phase 3 clinical trials with non-vitamin K dependent anticoagulants for the initial
treatment of venous thromboembolism

Trial [ref.] Design Treatment Duration
months

Patients Incidence of major
bleeding

RE-COVER [3] Double-blind,
double-dummy

Enoxaparin/dabigatran
(150 mg twice daily) versus

enoxaparin/warfarin

6 2539 patients with acute
DVT and/or PE

1.6% under dabigatran
versus

1.9% under warfarin
RE-COVER II [8] 2568 patients with acute

DVT and/or PE
1.2% under dabigatran

versus
1.7% under warfarin

EINSTEIN-DVT [4] Open label Rivaroxaban (15 mg twice
daily for 3 weeks, then 20
mg once daily) versus
enoxaparin/warfarin

3, 6, or 12 3449 patients with acute
DVT

0.8% under rivaroxaban
versus

1.2% under warfarin
EINSTEIN-PE [5] 4832 patients with acute

PE
1.1% under rivaroxaban

versus
1.2% under warfarin

AMPLIFY [6] Double-blind,
double-dummy

Apixaban (10 mg twice
daily for 7 days, then 5 mg

twice daily) versus
enoxaparin/warfarin

6 5395 patients with acute
DVT and/or PE

0.6% under apixaban
versus

1.8% under warfarin

Hokusai-VTE [7] Double-blind,
double-dummy

LMWH/edoxaban (60 mg
once daily) versus

UFH or LMWH/warfarin

3–12 8240 patients with acute
DVT and/or PE

1.4% under edoxaban
versus

1.6% under warfarin

DVT: deep vein thrombosis; PE: pulmonary embolism; LMWH: low molecular weight heparin; UFH: unfractionated heparin.

TABLE 1 Risk of anticoagulant-related bleeding in patients with venous thromboembolism according to treatment phase

Treatment period VKA LMWH (patients
with cancer)

NOAC

Initial treatment in the first 5–10 days
(case-fatality rate %)

1.2%# (0–40%¶) Not reported Not reported in general for all NOACs

Treatment in the first 3 months
(case-fatality rate %)

2.1% (9.3%) 3.3–7.0%¶ (0–17%¶) Not reported in general for all NOACs

Extended treatment (case-fatality rate %) 2.74 per 100
patient-years (9.1%)

Not reported 0.1–0.9% in 6–12 months following
an initial treatment period of

6–12 months¶ (0–4%¶)
Total treatment period (case-fatality rate %) 7.22 per 100

patient-years (13.4%)
5.6–9.3% in first 6
months¶ (0–5%¶)

1.1% in first 6–12 months (5.3%)

VKA: vitamin K antagonist; LMWH: low molecular weight heparin; NOAC: non-vitamin K dependent anticoagulants. #: LMWH and VKA loading
dose; ¶: data not pooled in meta-analysis.
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which was fatal) versus 9.3% (six out of 64; none of which were fatal) in the entire 6 month study period,
respectively (table 1) [22–25]. It should be noted that no significant differences were observed in the risk of
major bleeding in cancer patients treated with LMWH compared with those treated with warfarin after
pooling of the data from these RCTs, with an overall relative risk of 1.10 (95% CI 0.77–1.58) [26].

In all recent RCTs that compared application of NOACs to conventional LMWH/VKA therapy, 973 patients
(5.1% of the total study populations) with cancer-associated VTE were studied [27]. Pooled incidence rates
of the combined end-point of major bleeding and clinically relevant non-major bleeding were 15% (95% CI
12–18%) for treatment with NOACs and 16% (95% CI 9.9–22%) for treatment with VKA, with a
corresponding risk ratio of 0.94 (95% CI 0.70–1.3) [27]. The risk ratio for recurrent VTE was 0.66 (95% CI
0.38–1.2) in favour of the NOACs. Notably, patients included in the LMWH/VKA or NOAC/VKA RCTs
suffered from a wide range of different cancer types, and patients with advanced metastatic cancer, who are
at greatest risk of bleeding complications, were relatively under-represented. Therefore, these bleeding risks
must be interpreted with caution, especially if applied to individual patients.

Prediction of bleeding events
Common risk factors for bleeding events while on anticoagulant treatment include older age, female sex,
history of bleeding, peptic ulcer, active cancer, hypertension, prior stroke, renal insufficiency, alcohol abuse,
liver disease, targeted intensity of anticoagulant therapy and poor anticoagulant control [28–39]. The
translation of these risk factors to clinical practice remains difficult, and physicians’ estimates of the risk for
anticoagulant-related bleeding are often inaccurate and poorly reproducible [40]. In contrast to the extensive
literature in patients with atrial fibrillation, assessment of bleeding risk scores in patients with VTE is at a
preliminary stage. Nonetheless, in the past two decades, some cohort studies have addressed this issue.

Bleeding-prediction scores derived from VTE patient populations
Four bleeding-prediction scores have been derived from VTE patient cohorts by NIEUWENHUIS et al. [31],
KUIJER et al. [32], KEARON et al. [28] and RUÍZ-GIMÉNEZ et al. [33]. They all comprise four to 10 different
weighted variables and categorise patients into three risk categories (table 4). The first bleeding prediction
rule for VTE, the so-called Nieuwenhuis score, was derived in 194 patients who were treated with either
LMWH or UFH for acute VTE and followed over a period of 9 days [31]. Based on a critical review of the
literature to identify risk factors for anticoagulant-associated bleeding events, KUIJER et al. [32] constructed
the second published bleeding-prediction rule for VTE patients in 1999. The third rule was designed by
the authors of a RCT aiming to compare low-intensity warfarin therapy with conventional-intensity
warfarin therapy for the extended treatment of unprovoked VTE, and was based on ten predefined risk
factors for major bleeding from the literature [28]. Risk factors for major bleeding were also evaluated in a
post hoc analysis of the Registro Informatizado de la Enfermedad TromboEmbolica venosa (RIETE)
registry, an international multidisciplinary project initiated in 2001 that collects patient data in a
computerised registry [33]. However, the derivation of the four scores suffered from methodological flaws,
including small patient samples, use of observational registries or small cohort studies with different
follow-up periods, different definitions of major bleeding and inclusion bias. Consequently, attempts to

TABLE 3 Overview of bleeding risk in the phase 3 clinical trials with non-vitamin K dependent anticoagulants for the continued
treatment of venous thromboembolism

Trial Design Treatment Duration
months

Patients Incidence of major bleeding

RE-SONATE [9] Double-blind Dabigatran (150 mg twice
daily) versus placebo

6 1343 patients after
uneventful initial treatment
for acute DVT and/or PE

0.3% under dabigatran versus
0% under placebo

RE-MEDY [9] Double-blind,
double-dummy

Dabigatran (150 mg twice
daily) versus warfarin

18–36 2856 patients after
uneventful initial treatment
for acute DVT and/or PE

0.9% under dabigatran versus
1.8% under warfarin

EINSTEIN-EXT [4] Double-blind Rivaroxaban (20 mg once
daily) versus placebo

6–12 1196 patients after
uneventful initial treatment
for acute DVT and/or PE

0.7% under rivaroxaban versus
0% under placebo

AMPLIFY-EXT [10] Double-blind Apixaban (2.5 mg twice
daily or 5 mg twice daily)
versus enoxaparin/warfarin

12 2482 patients after
uneventful initial treatment
for acute DVT and/or PE

0.2% under apixaban 2.5 mg
twice daily versus 0.1% under
apixaban 5 mg twice daily
versus 0.5% under placebo

DVT: deep vein thrombosis; PE: pulmonary embolism.
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TABLE 4 Prediction models for anticoagulation-related major bleeding in venous thromboembolism patients

Score name/first
author [ref.]

Follow-up
duration

Score
Low-risk group# Intermediate-risk group# High-risk group#

Score
points

% of
population

% risk of
major

bleeding

Score
points

% of
population

% risk of
major

bleeding

Score
points

% of
population

% risk of
major

bleeding

NIEUWENHUIS [31]¶ 9 days WHO grade 2: 1 point;
WHO grade 2 or 3: 2 points;
Recent trauma or surgery:
1 point; History of bleeding

diathesis or body surface area
<2 m2: 2 points each

0–2 44 2.3 3–4 42 11 ⩾5 14 44

KUIJER [32]¶ 3 months Age >60 years: 1.6 points;
Female sex: 1.3 points;

Active malignancy: 2.2 points

0 17–22 0–1 1–3 58 1–2 ⩾3 20–25 7–14

KEARON [28]¶ 12.5 months§ Age >64 years, previous stroke,
peptic ulcer disease, previous
gastrointestinal bleeds, renal
impairment, liver disease,
anaemia, thrombocytopenia,
diabetes mellitus, antiplatelet

therapy: 1 point each

0 56 0.4 per 100
patient-years

1 33 1.8 per 100
patient-years

⩾2 11 1.0 per 100
patient-years

RUÍZ-GIMÉNEZ [33]¶ 3 months Recent major bleeding: 2 points;
Creatinine levels >1.2 mg·dL−1 or

anaemia: 1.5 points each;
Age >75 years, active cancer or

PE diagnosis: 1 point each

0 20–21 0.1–0.3 1–4 74 2.6–2.8 >4 5.2–5.8 6.2–7.3

HAS-BLED [44]+ 1 year Hypertension, abnormal renal
function, abnormal liver function,

stroke, bleeding history or
predisposition, labile INR, age

>65 years, drugs/alcohol
concomitantly: 1 point each

<3 95 1.2 NA NA NA ⩾3 4.6 7.7

OBRI [54]+ 1 year Age >64 years, history of stroke,
history of gastrointestinal

bleeding and serious comorbidity
(recent myocardial infarction,
creatinine level >1.5 mg·dL−1,
haematocrit <30%, diabetes):

1 point each

0 30–33 0.7–0.8 1–2 60–63 8–12 3–4 6.1–6.8 30–48

OBRI: Outpatient Bleeding Risk Index; WHO: World Health Organization; PE: pulmonary embolism; INR: international normalised ratio; NA: not applicable. #: in original derivation and/or
validation cohorts; ¶: derived in VTE patients only; +: derived in any patients; §: score for extended treatment only.
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validate these scores in external populations showed poor reproducibility and low c-statistics suggesting
limited predictive value and poor reproducibility [34, 41–43]. For this reason, these scores are neither
widely accepted nor applied. Prediction of bleeding in VTE patients treated with any of the NOACs, or
treated for longer than 6 months, has not yet been undertaken.

Bleeding-prediction scores derived from non-VTE patient populations
In striking contrast to the limited attention paid to bleeding-prediction scores in VTE patients, multiple
bleeding-prediction scores for VKA-related bleeding have been proposed and widely validated in
outpatients with VKA treatment in general (Outpatient Bleeding Risk Index (OBRI)), and patients with
atrial fibrillation (e.g. HAS-BLED, ATRIA and HEMORR2HAGES) [40, 44–46]. Available evidence has led
international guidelines to recommend the use of one of these scores to make an assessment of a patient’s
bleeding risk before treatment initiation [47, 48]. The main reasons why scores developed for patients with
other indications for anticoagulant therapy may not be applicable to the VTE population include major
differences in patient demographics and underlying conditions as well as the fact that initial dosing may
be different across indications. Nonetheless, the predictive accuracy of some of these bleeding-prediction
scores has been evaluated in VTE patients.

Three studies analysed the predictive value of the HAS-BLED score in VTE patients. The HAS-BLED
score was derived from 3978 patients in the Euro Heart Survey on atrial fibrillation and has repeatedly
been shown to be predictive of bleeding in various conditions, even in patients who are not treated with
any anticoagulant drugs (table 4) [44, 49–51]. The first study evaluating the HAS-BLED score in VTE
patients was performed in 663 elderly patients, and reported a poor c-statistic of 0.55 [52]. A second study,
performed in 515 patients with various indications for the use of VKAs, reported a c-statistic of 0.57 for
the HAS-BLED score for the entire population of VKA-users, without reporting the area under the curve
for the VTE population separately [43]. In the third study, the HAS-BLED score was calculated in 223
patients with PE and 314 patients with DVT, who were treated with VKAs for a period of 6 months.
Major bleeding occurred in 11 out of 537 patients (5.2 per 100 patient-years) [53]. The HAS-BLED
accurately differentiated between patients at non-high- and high-risk of bleeding using a cut-off of 3 points
(hazard ratio for major bleeding 8.7, 95% CI 2.7–28). The c-statistic of the continuous score for major
bleeding was 0.78, and 0.81 after exclusion of the item “labile INR”. The latter is obviously relevant for
potential bleeding-risk prediction of oral anticoagulants with a fixed dose such as the NOACs.

The OBRI for the prediction of bleeding in outpatients treated with VKAs was proposed by LANDEFELD
et al. [54] in 1989 (table 4). Notably, VTE was the indication for VKA therapy in only 15% of patients in
this derivation cohort. The score was successfully validated in a second sample of 187 patients from the
same study [54]. In addition, the OBRI was tested in 194 VTE patients who were treated with either
LMWH or UFH [31]. The 9-day major bleeding risk was more pronounced in the high-risk category
compared with the intermediate- and low-risk categories, 15% versus 7% and 0%, respectively. Almost one
decade later, the OBRI was validated in 264 outpatients who started VKA therapy for various conditions
[40]. The c-statistic in the latter cohort was 0.78. This score was finally prospectively assessed in 222 VTE
patients, who were treated with LMWH followed by VKA for at least 3 months [41]. The rate of major
haemorrhage per 100 patient-years was 0% in the low-risk group and 4.3% in the moderate-risk group.
Only two patients were classified as high risk and neither suffered a major bleed. In both external cohorts,
a c-statistic was not provided [31, 41].

In summary, widely validated bleeding risk scores for patients with atrial fibrillation have not been shown
to consistently predict bleeding events in VTE patients, although HAS-BLED and OBRI have been
reported to have useful predictive ability in at least one VTE cohort. A major limitation of all these scores
is that they provide only vague definitions of the included variables and, thus, remain poorly reproducible.

A practical guide for bleeding prevention in clinical practice
General recommendations that essentially apply to all patients on anticoagulant treatment include patient
education, discouraging use of concomitant anticoagulants, non-steroidal anti-inflammatory drugs or
platelet-inhibitors, and adequate control of hypertension. Notably, although these measures seem likely to
reduce the bleeding risk, high quality evidence underscoring this hypothesis is lacking. Only one RCT
showed that an intervention comprising, among other components, extensive patient education was
associated with a 50% reduction in the occurrence of major bleeding events [55].

Monitoring of the anticoagulant effect in VKA treatment
Due to the complex pharmacokinetics and pharmacodynamics of VKAs, it was expected that interventions
focusing on more stringent INR control by specialised clinics or genotype-guided dosing strategies would
result in less anticoagulation-associated bleeding. Indeed, computerised INR monitoring, simple two-step
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warfarin-dosing algorithms, patient self-management and patient self-testing have been shown to be
associated with better VKA control and clinical outcomes, although not to a large extent [56–58].
However, two high-quality RCTs showed that use of a pharmacogenetic-based dosing strategy did not
significantly reduce the risk of bleeding when compared with a clinical algorithm [59, 60]. Two other
RCTs failed to show a significant difference in major haemorrhage or recurrent VTE in patients managed
by a general practitioner versus a specialised anticoagulant clinic [61, 62]. Hence, despite many attempts,
monitoring interventions and pharmacogenetic algorithms cannot be expected to considerably improve the
safety of VKA treatment in the near future.

Anticoagulant intensity and choice of drug
Several efforts to improve the traditional combination of parenteral anticoagulant and VKAs by changing
drug intensity were unsuccessful in reducing the bleeding risk: once-daily and twice-daily LMWH regimes
have comparable bleeding risks [29], delaying initiation of VKA treatment until day 10 did not reduce the
number of bleeding complications [63], and lowering the intensity of VKA from a target INR range of
2.0–3.0 to 1.5–2.0 was not associated with fewer bleeding events and was shown to be inferior in
preventing recurrent VTE [28, 64].

Consequently, the current most promising measure to reduce the risk of bleeding might be a more
widespread use of NOACs in clinical practice. From a recent meta-analysis, it was suggested that treatment
a NOAC decreases the risk of major bleeding by 40% compared with a VKA in VTE patients, with
comparable efficacy [3–8, 20]. Importantly, a 75% relative reduction in fatal bleeding was observed.
However, the number needed to treat with any one of the NOACs (instead of a VKA) to prevent one case
of major bleeding was estimated at 149, and to prevent one fatal bleeding was as high as 1111. Moreover,
and importantly, bleeding management with the new drugs is still uncertain, no specific antidotes are
currently available for clinical use (phase II trials are ongoing) and routine monitoring of the anticoagulant
effect of NOACs is not recommended [47]. The activated partial thromboplastin time and prothrombin
time may provide a qualitative assessment of the presence of factor IIa inhibitors and factor Xa inhibitors,
respectively, although these tests are not sensitive enough for quantitative assessment of the treatment effect
[65]. Also, the cost-effectiveness of NOACs for VTE treatment has not yet been established.

We might also ask the question whether all NOACs are equal with regard to the bleeding risk. Head to
head comparisons of NOACs have not been performed in VTE patients or in patients with atrial
fibrillation. Nonetheless, when carefully evaluating the individual VTE trials, some details do catch the eye.
First, because of intrinsic pharmacological dissimilarities, absorption and metabolism is different between
the NOACs, as are drug–drug interactions, as described in the European Heart Rhythm Association
Practical Guide on the use of NOACs in patients with non-valvular atrial fibrillation [65]. In this respect,
it should be taken into account that of all the NOACs dabigatran is most dependent on renal clearance.
Secondly, the meta-analysis by VAN DER HULLE et al. [20] showed relevant between study heterogeneity for
the end-point of gastrointestinal bleeding, which may be due to a higher risk of gastrointestinal bleeding in
patients treated with dabigatran (150 mg twice daily) compared with VKA in the RECOVER I studies (risk
ratio 1.50, 95% CI 0.99–2.29) [3, 8]. A similar effect was observed with the high dabigatran dose in the
RE-LY trial [8, 66]. Thirdly, the fact that initial treatment differs between the individual NOACs, for
example starting with a higher initial oral dose for apixaban and rivaroxaban, or preceded by parenteral
treatment with LMWH for edoxaban and dabigatran, may be relevant for patients in whom invasive
treatment is imminent. Fourthly, although cancer patients were not explicitly excluded from the trials, only
a very limited number of patients with active malignancies were actually included [3–7, 20, 27]. Hence, the
safety or efficacy benefit of NOACs in these specific patients has not yet been demonstrated, and no firm
conclusions can be drawn regarding differences between the individual NOACs. It should be noted that
rivaroxaban was post hoc reported to have been tested in a subpopulation of “fragile VTE patients”,
arbitrarily defined as those aged >75 years, or with an estimated creatinine clearance between 30 mL·min−1

and 50 mL·min−1, or a body weight <50 kg: the efficacy of this NOAC in this patient group appeared to be
comparable to that in “non-fragile patients”, and the safety even improved [10, 67]. Even so, it is likely
that very elderly patients with concomitant severe renal insufficiency and/or additional comorbidities were
not sufficiently represented in the rivaroxaban or other NOAC trials.

Treatment duration
Guidelines provide recommendations on the length of standard anticoagulation, i.e. at least 3 months
duration in the case of a transient risk factor for VTE and at least 6 months in the case of persistent risk
factors or absence of a clear risk factor [1, 2]. These recommendations are based on landmark trials that
compared shorter (4–6 weeks) to both standard (3–6 months) and extended (6–24 months) treatment
durations [1, 2, 68–72]. From these studies, it became clear that extended anticoagulation therapy with
VKAs is very effective in preventing VTE recurrence, but also that the risk/benefit ratio of extended
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treatment after the first 3–6-month period is controversial because of the relatively frequent occurrence of
major bleeding episodes (table 1). An additional argument against extended treatment is the reported
case-fatality rate of bleeding (13.4%, 95% CI 9.4–17.4%), that exceeds that of recurrent VTE (3.6%, 95% CI
1.9–5.7) [13, 19]. Even so, the paradigm that the harms of extended treatment outweigh its benefits has
begun to shift in recent years since the publication of the extended treatment studies with NOACs, in
which patients were treated with a NOACs for 6–12 months after the “standard” recommended treatment
period [4, 9, 10]. From these studies it became apparent that extended treatment with NOACs also
effectively protects against recurrent VTE at a relatively low cost of major bleeding (0.1–0.9% over a
treatment period of 6–12 months). These findings could change clinical practice of VTE management:
extended treatment after the first 6 months may become a more frequent option, especially for patients
with a high recurrence risk such as those with unprovoked VTE. In this regard, the availability of well
validated bleeding risk scores for long-term anticoagulation therapy seems crucial for the development of
widely supported recommendations.

Conclusions
Major bleeding events may be devastating events and, if associated with VKA treatment, have been
reported to have a higher case fatality rate than recurrent VTE itself. Attempts to improve the safety of
VKA treatment, including stringent INR control by specialised clinics and genotype-guided dosing
strategies, were largely unsuccessful. By contrast, recent studies have revealed advantages of NOACs over
VKAs in terms of a reduced bleeding risk, with comparable efficacy. Differences between the individual
NOACs and the limited experience with NOACs in specific patients groups underline that the choice of a
specific anticoagulant drug for the first 3–6-month treatment period should depend on age, the presence
of comorbidities and comedication, physicians experience, patient preferences and costs. Unfortunately,
optimal risk assessment tools for both bleeding and recurrent VTE are unknown, and validated sensitive
risk scores are, as yet, unavailable. Hence, one major aim for future VTE research should be the
development of a validated bleeding-prediction score for VTE patients that helps decision making in
clinical practice. Until then, clinicians might, in addition to their clinical judgment, decide to make use of
either the HAS-BLED or OBRI bleeding-prediction scores. With the results of the extended
anticoagulation trials, treatment with one of the NOACs may become a realistic option for many patients
in the near future, although the decision for extended treatment should still always depend on weighing up
the risk of major haemorrhage against the risk of thromboembolic recurrence in each individual patient.
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