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Oral Anticoagulation
Update on Anticoagulation With Vitamin K Antagonists and Non–Vitamin K–Dependent Oral 
 Anticoagulants

Ertunc Altiok, Nikolaus Marx

A trial fibrillation is the most common cardiac ar-
rhythmia, with an estimated prevalence in the adult 
population of approximately 3% and a significantly 

higher prevalence among older patients (1) and patients 
with comorbidities, such as hypertension, heart failure, 
coronary heart disease, valvular heart disease, diabetes 
mellitus, or chronic kidney disease (2). Atrial fibrillation 
is associated with an approximately twofold increase in 
overall mortality risk among women and a 1.5-fold 
 increase among men; this means, for example, that the 
life expectancy of a male patient aged 55–64 years with 
atrial fibrillation is shortened by 5.5 years on average 
compared to men of the same age without atrial fibril-
lation (3). Furthermore, atrial fibrillation is associated 
with an increased rate of heart failure and stroke (4). 
 Current studies have shown that atrial fibrillation was 
diagnosed in 20 to 30 % of all patients with ischemic 
stroke before, during or after a stroke event (5, 6). Oral 
anticoagulation therapy can prevent the majority of 
ischemic strokes in patients with atrial fibrillation (abso-
lute risk reduction from 6.0% to 2.2%) and extend life (7). 
Oral anticoagulation is superior to no anticoagulation 
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CHA2DS2-VASc score ≥ 1 and for women with a score ≥  2. NOAC for this indication are associated with a marginally lower rate 
of stroke than VKA (3.5% vs. 3.8%, number needed to treat [NNT] = 333) as well as a lower rate of major hemorrhage (5.1% vs. 
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therapy or aspirin treatment (8). The net benefit applies to 
almost all patients, except for patients at very low risk of 
stroke. Consequently, oral anticoagulation is recom-
mended to most patients with atrial fibrillation (Figure 1) 
(2). Despite this strong body of evidence in support of 
oral anticoagulation therapy, only 46 % of patients with 
atrial fibrillation receive anticoagulation, according to 
data from a Swedish registry (1). Severe or less severe 
hemorrhagic events—especially among older 
 patients—are frequently stated as reasons preventing the 
use of anticoagulation; thus, here it is crucial to balance 
risk of stroke and risk of bleeding, using a highly 
 differentiated risk stratification approach. For this end, 
risk stratification schemes for risk of stroke and bleeding 
risk were established based on data from various cohorts. 
The indication for anticoagulation in patients with 
 nonvalvular atrial fibrillation is established using the 
CHA2DS2VASc score (Table 1). The use of the 
CHA2DS2-VASc score has been recommended in the 
European guidelines since 2010 and is a class I recom-
mendation for risk stratification in patients with atrial 
 fibrillation (9). Based on the CHA2DS2-VASc score, it is 
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recommended that in the absence of risk factors 
(CHA2DS2-VASc score of 0 in males or 1 in females) no 
antiplatelet or anticoagulant therapy should be initiated. 
With a score of 1 in males or 2 in females, anticoagulation 
should be considered, weighing the individual bleeding 
risk against the risk of stroke. In males with a 
CHA2DS2-VASc score of 2 or females with a score of 3, 
the benefit of anticoagulation therapy for atrial fibrillation 
is supported by strong evidence (2).

However, it should be noted that additional, less 
 established risk factors, such as poor and unstable 
INR control in patients treated with vitamin K antag-
onists (VKAs) or a short time in therapeutic range 
(TTR) are currently not taken into account with this 
score. The same applies to other factors, including al-
cohol abuse, chronic renal failure or poor treatment 
adherence (2).

Currently, the individual bleeding risk is assessed 
using the HAS-BLED score (Table 1) (9). As a 
 general rule, a HAS-BLED score of ≥ 3 indicates an 
increased bleeding risk; however, this does not mean 
that these patients should not receive oral anticoagu-
lation for atrial fibrillation. Especially, it is recom-
mended to identify risk factors for bleeding which can 
be treated and modified.

For patients with atrial flutter, principally the same 
recommendations for anticoagulation apply (2).

Anticoagulation for first-time atrial fibrillation
Occasionally, new-onset atrial fibrillation is first diag-
nosed while patients are assessed for other clinical 
events, such as surgical procedures, a stay in an inten-

sive care unit or hyperthyroidism. These patients 
should usually receive anticoagulation based on the 
CHA2DS2-VASc score. However, if the triggering 
event is resolved (e.g. euthyroidism restored) or if the 
triggering event can be clearly attributed to another 
clinical condition/surgery/intervention, discontinuation 
of anticoagulation could be considered if no other 
 episode of atrial fibrillation has occurred during the 
 follow-up period (10).

Anticoagulation after cardiac valve replacement
For patients with mechanical heart valves, life-long 
oral anticoagulation with a vitamin K antagonist is rec-
ommended; however, there is only limited evidence 
from controlled trials available to support this recom-
mendation (11). The target INR range has to be adapted 
taking into account the patient’s risk factors and the 
thrombogenicity of the valve. Here, the position and the 
type of artificial valve play a key role. Supported by 
strong evidence, INR patient self-testing is recom-
mended as it helps to continuously achieve the INR 
 target range and maximum TTR. Currently, non-
 vitamin K antagonist oral anticoagulants (NOACs) are 
contraindicated in the treatment of these patients (11). 
In patients with artificial heart valves experiencing a 
thromboembolic event despite adequate INR control, 
the additional administration of low-dose aspirin is 
 recommended. After bioprosthetic valve replacement, 
life-long oral anticoagulation is only recommended in 
patients with a further indication for anticoagulation, 
such as atrial fibrillation or pulmonary embolism. After 
implantation of bioprosthetic valves in mitral or 

FIGURE 1 Recommendation for oral anticoagulation in patients with atrial 
fibrillation (according to [2])

*1  Chronic heart failure, hypertension, age ≥ 75 years   
(2 points), diabetes mellitus, stroke/transient ischemic attack/throm-
boembolism (2 points), preexisting vascular condition, age 65–74 
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*2  Includes females without other stroke risk factors
*3  IIa-B in females with only 1 additional stroke risk factor
*4 I-B in patients with mechanical heart valve or mitral stenosis
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VKAs Vitamin K antagonists
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IIa should be considered  
IIb may be considered  
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 tricuspid position, anticoagulation with a VKA over a 
period of 3 months is an option to consider. The same 
applies to the situation after surgical repair of the mitral 
valve or tricuspid valve (11).

Anticoagulation to prevent venous 
 thromboembolism
Venous thromboembolism (VTE) comprises proximal 
deep vein thrombosis (DVT) and pulmonary embolism 
(PE). With an incidence rate of 114 per 100 000 among 
males and 105 per 100 000 among females, VTE is 
among the third most common cardiovascular diseases 
(12). Besides initial acute parenteral treatment (unfrac-
tionated heparin [UFH], low-molecular-weight heparin 
[LMWH] or fondaparinux) during the first 5 to 10 days, 
oral anticoagulation is required for secondary prophy-
laxis. For patients with venous thromboembolism due 
to transient or reversible risk factors (such as surgical 
procedures, trauma, immobilization, pregnancy, oral 
contraceptives, or hormone therapy), anticoagulation 
for a period of 3 months is recommended (13, 14). The 
parenteral administration of heparin should overlap 
with the initiation of VKA treatment with a target INR 
range of 2.0 to 3.0 (evidence level B, reduction of event 
rate from 20.0% to 6.7%) (13, 15).

For patients with a first episode of unprovoked 
VTE, oral anticoagulation for at least 3 months is rec-
ommended; in this group, prolonged anticoagulation 
should be considered in patients with low bleeding 
risk. Further criteria indicating when anticoagulation 
should rather be prolonged include previously good 
quality of anticoagulation, increased d-dimer levels 
after end of treatment, male sex, a long thrombus, 
proximal thrombus location, existing residual 
 thrombus, severe thrombophilia (e.g. antiphospho -
lipid syndrome), and the patient’s preference to con-
tinue anticoagulation therapy (14). After the second 
episode of unprovoked VTE at the latest, indefinite 
anticoagulation is recommended (13).

As an alternative to vitamin K antagonists, NOACs 
can be used. In patients with VTE, however, there are 
differences in the initial treatment one should be 
aware of. If it is planned to use dabigatran or edox-
aban for maintenance therapy, treatment is continued 
after the initial administration of UFH, LMWH or 
fondaparinux without overlapping after day 5 with the 
oral anticoagulant. If it is planned to treat the patient 
with apixaban or rivaroxaban, treatment with these 
medications can be started immediately after the pa-
tient has been diagnosed with VTE; yet, an increased 
initial dose is required for one and three weeks, re-
spectively (13, 16–18).

Differences between the substances
The choice of the anticoagulant is influenced by 
 numerous factors. Since NOACs have not be been ap-
proved for the treatment of patients with valvular atrial 
fibrillation or artificial heart valve, VKAs continue to 
be the standard of care. For other indications, NOACs 
offer the significant advantage of a fixed-dose regimen 

TABLE 1

Individual thromboembolism risk (CHA2DS2-VASc score) with atrial fibrillation 
and bleeding risk (HAS-BLED score) (according to [2, 9, 39])

CHA2DS2-VASc score

 Risk factor

Heart failure

Hypertension
Resting blood pressure >140/90 mm Hg 
(at least 2 measurements) or current 
antihypertensive treatment

Age  
75 years or older

Diabetes mellitus
Fasting blood glucose >125 mg/dL  
(7 mmol/L) or treatment with oral antidia-
betic drugs and/or insulin

Prior stroke, transient ischemic attack 
or thromboembolic event

Vascular disease
Prior myocardial infarction, peripheral 
vascular disease or aortic plaque 

Age  
65–74 years

Sex category 
female 

Maximum score

HAS-BLED score 

Risk factor

Hypertension

Abnormal renal and liver function

Stroke

Bleeding 

Labile INRs

Age >65 years

Drugs that predispose bleeding/alcohol

Maximum score

Points

1

1

2

1

2

1

1

1

9

Points

1

1 or 2

1

1

1

1

1 or 2

9

CHA2DS2-VASc score  
and risk of stroke per year 
without anticoagulation

Score

0

1

2

3

4

5

6

7

8

9

HAS-BLED score  
and bleeding rate per year  
with anticoagulation

Score

0

1

2

3

4

5

6–9

Percent

0%

 1.3%

 2.2%

 3.2%

 4.0%

 6.7%

 9.8%

 9.6%

 6.7%

15.2%

Percent

0.9%

3.4%

4.1%

5.8%

8.9%

9.1%

insufficient data
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without the need for routine coagulation monitoring. 
For the indication of nonvalvular atrial fibrillation, 
meta-analyses of all approved NOACs found a signifi-
cantly improved protection against cardioembolic 
events compared to VKAs (absolute reduction from 
3.8% to 3.1%), primarily due to lower intracranial 
bleeding rates (absolute reduction from 1.5% to 0.7%). 
Comparisons between various NOACs and VKAs 
showed significant event rate reductions for dabigatran 
and apixaban. Furthermore, a minor reduction in all-
cause mortality in favor of NOACs was found com-
pared to VKAs (absolute reduction from 7.7 % to 6.9%) 
while, according to significance, the major bleeding 
rate was the same (absolute reduction from 6.2% for 
VKA treatment to 5.1% for NOAC treatment); the 
single substances apixaban and edoxaban showed a 
 significant advantage over VKA (Table 2). In patients 
receiving NOACs, increased rates of gastrointestinal 
bleeding have been observed (absolute increase from 
2.0% with VKA treatment to 2.6% with NOAC treat-
ment) (19, 20). It is essential to take into account the 
fact that data from clinical studies must not be uncriti-
cally applied in everyday clinical practice where 
 treatment decisions should be based on the specific as-
sessment of the individual patient. In the differential 
therapy of VKAs versus NOACs for the treatment of 
atrial fibrillation, the quality of anticoagulation 
 achieved with VKA is of importance since NOACs do 
not offer an advantage in patients on VKA who achieve 
good INR control (17). In addition, poor treatment 
 adherence and the lack of an antidote for factor Xa in-
hibitors in emergency situations are reasons to rather 
choose VKA therapy. 

For the indication of venous thromboembolism, 
NOACs showed similar efficacy compared to VKAs 
(recurrent VTEs 2.0% with NOAC treatment, 2.2% 
with VKA treatment) along with reduced rates of 
bleeding complications; however, this advantage was 
small (number needed to treat [NNT]: 149 for major 
bleeding and 1111 for fatal bleeding) (21, 22).

Vitamin K antagonists
The group of vitamin K antagonists (VKAs) comprises 
phenprocoumon, acenocoumarol (not approved in Ger-
many) and warfarin. In Germany, phenprocoumon is 
commonly prescribed and, to a lesser extent, warfarin. 
While most studies are based on warfarin, a similar 
 effectiveness is assumed for the other substances in this 
group. VKAs mainly show differences in their half-
lives (phenprocoumon 72–270 h, warfarin 36–42 h and 
acenocoumarol 8–24 h). Numerous drug-drug interac-
tions resulting in an increased effect of VKAs have 
been described, including interactions with non -
steroidal anti-inflammatory drugs, tetracyclines, 
 erythromycin, sulfonamides (e.g. sulfonylureas), val-
proate, allopurinol, and levothyroxine; by contrast, the 
effect of VKAs is reduced by rifampicin, azathioprine, 
carbamazepine, barbiturates, cholestyramine, and glu-
cocorticoids. In addition, interactions with food have to 
be taken into account, such as reduction in the effect of 
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VKAs related to the intake of alcohol and vitamin 
K-rich foods.

A major disadvantage of VKAs is their narrow 
therapeutic index and the little time patients actually 
are in the therapeutic INR range (TTR, time in thera-
peutic range). Even in well-designed studies 
 comparing VKAs with NOACs, the mean TTR was 
only in the range of 55 to 65% (23–26). INR self-
management can increase TTR and is associated with 
a lower rate of thromboembolic events among pa-
tients receiving VKAs (absolute event reduction from 
5.2% to 3.7%) (27).

Non-vitamin K antagonist oral anticoagulants 
Non-vitamin K antagonist oral anticoagulants 
(NOACs) were developed as an alternative to VKAs 
for oral anticoagulation therapy in patients with nonval-
vular atrial fibrillation and venous thromboembolism. 
The key advantage of NOACs over VKAs is that they 
allow for a fixed-dose regimen without the need for 
regular coagulation monitoring. Therefore, treatment 
with NOACs is especially useful in patients who, 
 despite good compliance, tend to show considerable 

fluctuation in INRs with VKA treatment, who have 
drug-drug interactions with VKAs or in whom regular 
INR monitoring is difficult for logistic reasons. Among 
the 4 approved NOACs, it can be differentiated be-
tween the thrombin (coagulation factor IIa) inhibitor 
dabigatran and the direct factor Xa inhibitors rivarox-
aban, apixaban and edoxaban (Table 3) (2, 28, 29). 
Both patients receiving VKAs and those receiving 
NOACs should be provided with patient cards and be 
regularly monitored (30).

The anticoagulant effect of dabigatran can be 
 reliably estimated using the ecarin clotting time or, 
 alternatively, using the widely available thrombin 
time (sensitive across the entire concentration range). 
The activated partial thromboplastin time (aPTT) in-
creases with dabigatran administration; however, 
there is no linear relationship between intake and anti-
coagulant effect. By contrast, reliable monitoring of 
the effect of factor Xa inhibitors can only be achieved 
by a costly specific anti-factor Xa activity test. The 
standard coagulation parameters—Quick one-stage 
prothrombin time/INR and aPTT—are changed by 
the administration of factor Xa inhibitors (small or 

TABLE 3

Overview of the non-vitamin K antagonist oral anticoagulants (NOACs) (according to [2, 28])

* Detailed information of the respective summary of product characteristics should be taken into account.

Standard dosing*

Dose adjustment in patients with 
chronic kidney disease and for 
age, weight, co-medication*

Bioavailability

Prodrug

Non-renal/renal clearance of the 
absorbed dose (with normal renal 
function)

Hepatic drug metabolism:  
CYP450 involved

Absorption with concomitant food 
intake

Recommended to take with food?

Absorption with H2 blocker/
proton pump inhibitor treatment

Asian patients

Gastrointestinal tolerability

Elimination half-life

Specific antidote available

Dabigatran

150 mg or  
110 mg twice daily

No 
(creatinine clear-
ance <30 mL/min 
contraindicated)

3–7%

Yes

20% / 80%

No

No effect

No

–12–30%

+25%

Dyspepsia  
5–10%

12–17 hrs 

Yes

Apixaban

5 mg twice daily

2.5 mg twice daily in patients with 
 atrial fibrillation and severe chronic 

kidney disease (creatinine clearance 
15–29 mL/min) or at least 2 of the fol-
lowing criteria: age ≥ 80 years; body 
weight ≤ 60 kg or serum creatinine ≥ 

1.5 mg/dL

50%

No

73% / 27%

Yes (elimination; low 
CYP3A4 involvement)

No effect

No

No effect

No effect

No problems

12 hrs 

No

Edoxaban

60 mg once daily

30 mg once daily, in the presence of 
the following factors:  

Creatinine clearance 15–49 mL/min, 
body weight ≤ 60 kg, co-medication 

with cyclosporine, dronedarone, 
 erythromycin or ketoconazole

62%

No

50% / 50%

minimal  
(<10% of elimination)

No effect

No

No effect

No effect

No problems

9–11 hrs 

No

Rivaroxaban

20 mg once daily

15 mg once daily in 
patients with atrial 

 fibrillation, if creatinine 
clearance 15–49 mL/

min

66% without food, al-
most 100% with food

No

65% / 35%

Yes (elimination)

+39% more

Compulsory

No effect

No effect

No problems

5–9 hrs  (younger) 
11–13 hrs (older)

No
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variable increase within the therapeutic range); how-
ever, both parameters do not allow reliable quanti-
tative interpretation of the anticoagulant effect.

In patients with renal failure, rivaroxaban, apixa-
ban and edoxaban can normally be prescribed up to a 
glomerular filtration rate (GFR) of 15 mL/min. In the 
relevant studies on all 4 NOACs, however, only pa-
tients with GFR  ≥ 30 mL/min (apixaban ≥ 25 mL/
min or creatinine <2.5 mg/dL) were included; 
 consequently, meaningful data are only available for 
 patients with moderately impaired renal function. 
Moreover, it should be noted that similar to the 
 situation with low-molecular-weight heparins no 
specific antidote for the factor Xa inhibitors riva -
roxaban, apix aban and edoxaban has (yet) become 
available. For the thrombin inhibitor dabigatran, the 
antidote idaru cizumab is approved which rapidly 
and safely  reverses the anticoagulant effect of the 
drug (31).

Bridging
Each year, 10% to 20% of all patients on oral antico-
agulation require treatment interruption for surgery or 
interventional procedures (32, 33). Typically, peri -
operative bridging anticoagulation using unfractionated 

FIGURE 2A

Decision tree for interruption of anticoagulation (adapted from [32]) 

No Yes

No Yes

Yes No

Low Intermediate High

Patient on chronic oral anticoagulation (OAC)

Is OAC still required?

Discontinue OAC indefinitely Do not interrupt OAC Interrupt OAC

Interrupt OAC,  
consider reversal agent  
and proceed to surgery

Is a high-bleeding risk procedure required emergently?

What is the bleeding risk with uninterrupted OAC?

YesNo

Is surgeon willing to operate 
with uninterrupted OAC?

Is thromboembolic risk low?

FIGURE 2b

Decision tree for bridging anticoagulation (adapted from [32]) 

Do not bridge Consider bridging

Low Intermediate High

Yes No

No Yes

What is the daily thromboembolic risk?

Is atrial fibrillation the indication for 
oral anticoagulation?

Does the thromboembolic risk clearly 
outweigh the increased bleeding risk 

from bridging?

Deutsches Ärzteblatt International | Dtsch Arztebl Int 2018; 115: 776–83 781



M E D I C I N E

heparin or low-molecular-weight heparin is undertaken 
to prevent thromboembolic events during the period 
without oral anticoagulation. In recent years, several 
studies have questioned the safety and efficacy of this 
bridging anticoagulation. For example, the recently 
published randomized, double-blind BRIDGE study in 
which patients with moderate risk of thromboembolic 
events prior to surgical intervention on oral anticoagu-
lation for atrial fibrillation were randomized to receive 
either dalteparin or placebo found only few 
 thromboembolic events and no significant difference 
between placebo and dalteparin. However, patients 
treated with dalteparin showed a higher rate of hemor-
rhagic events (34). These data suggest that in patients 
with low to moderate risk anticoagulation should be in-
terrupted and no bridging with low-molecular-weight 
heparin should be performed.

Moreover, other studies demonstrated that certain 
surgical procedure with low bleeding risk can be per-
formed without interruption of VKA anticoagulation. 
These data refer to pacemaker or defibrillator 

 implantations (35), extractions of teeth (36) and 
 cataract surgery (37). Furthermore, NOAK anticoagu-
lation is received by a large proportion of the patient 
in whom bridging of the interrupted treatment with 
parenteral anticoagulation appears to be unnecessary.

In the light of these data, risk stratification for peri-
operative management is recommended and should 
be adapted to the procedure and the individual risk 
(32). Decision-making for or against bridging should 
take into account the individual risk of thrombo -
embolism, the individual bleeding risk and the 
 bleeding risk associated with the surgery/procedure 
type (Figure 2) (32).

For patients treated with NOACs, the following 
recommendations apply: No bridging with unfrac-
tionated heparin or low-molecular-weight heparin 
when NOAC treatment is interrupted; this also 
applies to patients with high thromboembolic risk. 
Preoperatively, it should be clearly defined for how 
many days treatment will be interrupted; for this 
 decision, the factors renal function, age, individual 
bleeding risk, bleeding risk of surgery, and concomi-
tant treatments, for example with aspirin, are to be 
considered (Table 4). For procedures where complete 
and immediate hemostasis is achieved, it is 
 recommended to restart treatment with NOACs after 
a period of 6 to 8 hours. For procedures associated 
with a high bleeding risk, it is recommended to restart 
NOAC treatment after a period of 48 to 72 hours; in 
this case, the aim is to provide venous thrombo -
embolism prophylaxis, e.g. with low-molecular-
weight heparin, 6 to 8 hours after surgery. Currently, 
no data on the effect of NOAC dose reduction are 
available. VKA therapy should not be bridged using 
NOACs (38).

With bridging decision-making, the bleeding risk is 
frequently underestimated compared to the 
 thromboembolic risk. Bridging therapy is indicated in 
patients with high thromboembolic risk. In patients 
with moderate thromboembolic risk, benefits should 
be carefully weighed against risks; patients with low 
thromboembolic risk treated with NOACs should not 
receive bridging anticoagulation.

TABLE 4

Management of last intake of non-vitamin K antagonist oral anticoagulants (NOACs) before elective procedures taking into consideration 
 bleeding risk and renal function (adapted from [38])

 

Creatinine clearance

 ≥ 80 mL/min

50–80 mL/min

30–50 mL/min

15–30 mL/min

<15 mL/min

Dabigatran

Low bleeding risk

 ≥ 24 h

≥ 36 h

≥ 48 h

Not indicated

No approved NOAC indication

High bleeding risk

 ≥ 48 h

≥ 72 h

≥ 96 h

Not indicated

Apixaban – Edoxaban – Rivaroxaban

Low bleeding risk

 ≥ 24 h

≥ 24 h

≥ 24 h

≥ 36 h

High bleeding risk

 ≥ 48 h

≥ 48 h

≥ 48 h

≥ 48 h

Key messages
● Atrial fibrillation, venous thromboembolism and cardiac valve 

replacement are the main indications for oral anticoagulation.
● For atrial fibrillation, the use of the CHA2DS2-VASc score is 

recommended;  anticoagulation is indicated if score ≥ 1 for 
males and ≥ 2 for females.

● In patients with mechanical heart valves, life-long oral antico-
agulation with vitamin K antagonists (VKAs) is recom-
mended.

● Non-vitamin K antagonist oral anticoagulants (NOACs) are 
considered an alternative to VKAs in patients with nonvalvu-
lar atrial fibrillation or venous thrombo embolism.

● Elective surgery or interventional procedures require an indi-
vidual risk-benefit  assessment to determine whether or not 
and, if yes, what type of bridging anti coagulation is indicated.
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