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Ab  s t r a c t

Anticoagulants are effective agents in reducing the risk 
of thromboembolism but the most important adverse 
effect of these agents is the occurrence of bleeding. 
Bleeding complications may occur spontaneously but 
the risk of bleeding is particularly increased in case of 
trauma or around invasive procedures. If patients being 
treated with anticoagulants need to undergo an invasive 
intervention, physicians need to consider whether to 
interrupt the use of this medication or to allow its use 
to be continued. Suspending the use of anticoagulants 
increases the risk of thrombosis, whereas continued use 
may cause bleeding complications. To shorten the period 
in which anticoagulant treatment is interrupted, bridging 
strategies have been advocated. No evidence-based scientific 
research has been carried out regarding best practice for 
the perioperative use of anticoagulants. The periprocedural 
anticoagulation policy in patients should be individualised 
based on the risk of a thromboembolic complication (which 
can be estimated with available scoring systems) offset 
against the bleeding risk associated with the intervention.
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I n t r o d uc  t i o n

Anticoagulant agents are often used for the prevention 
and treatment of a wide range of cardiovascular diseases. 
Most frequently used anticoagulants are heparin or its 
derivatives, vitamin K antagonists (such as warfarin or 
coumadin) and antiplatelet agents, including aspirin 

and thienopyridine derivatives, such as clopidogrel or 
prasugrel. A myriad of clinical studies have demonstrated 
that these agents (alone or in combination) can prevent 
or treat acute or chronic thromboembolic complications, 
in patients with atrial fibrillation or prosthetic heart 
valves, after myocardial infarction, percutaneous coronary 
interventions, or ischaemic stroke, and in patients with 
venous thrombosis or pulmonary embolism.1 The most 
important complication of treatment with anticoagulants is 
haemorrhage, which may be serious, may cause long-term 
debilitating disease, or may even be life-threatening.2 
If a patient needs to undergo an urgent invasive procedure, 
such as emergency surgery, it may be required to reverse the 
anticoagulant effect of the various agents. However, in some 
patients reversal will increase the risk of thromboembolic 
complications. For such patients, the interruption of 
anticoagulation should be as short as possible. In many 
cases, so-called bridging strategies are used to shorten 
the duration of the period without anticoagulant cover. 
Depending on the clinical situation, i.e. the urgency and 
estimated risk of the invasive procedure, reversal may take 
place in a few hours, but in some cases immediate reversal 
is necessary.3,4 Generally, each (immediate) reversal of 
anticoagulant treatment also needs to take into consideration 
the indication for the antithrombotic agents. For example, 
the interruption of combined aspirin and clopidogrel 
treatment in a patient in whom an intracoronary stent 
has recently been inserted will markedly increase the risk 
of acute stent thrombosis with consequent downstream 
cardiac ischaemia or infarction. Likewise, in a patient with 
a prosthetic mitral valve and atrial fibrillation, interruption 
of vitamin K antagonists may increase the risk of valve 
thrombosis and cerebral or systemic embolism. Each of 
these specific clinical situations requires a careful and 
balanced assessment of the benefits and risks of reversing 
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anticoagulants (and potential strategies to keep the period 
of reversal as short as possible). In general, the optimal 
periprocedural anticoagulant strategy encompasses a proper 
assessment of both bleeding risk associated with the 
intervention and the risk of a thromboembolic complication. 
In this manuscript we will focus on these risks, in particular 
for patients with atrial fibrillation, and discuss frequently 
used periprocedural bridging strategies. 

A s s e s s m e n t  o f  t h r o mb  o e mb  o l i c 
r i s k

The risk of a thromboembolic complication in patients 
with atrial fibrillation is generally estimated by means 
of the CHADS2 score. Based on various characteristics, 
namely the presence of heart failure, hypertension, age >75 
years, diabetes mellitus and a history of, ischaemic stroke 
(ischaemic stroke) or transient ischaemic attack (TIA), 
one can determine the risk of thromboembolism. Patients 
with 0 to 2 points have an annual risk of a thromboembolic 
complication of 1 to 4%, whereas in patients with 3 to 
6 points this is 6 to 18% per year.5 Generally, patients 
with a CHADS2 score of >2 are treated with vitamin K 
antagonists and with lower scores by means of aspirin 
or without antithrombotic agents. Clinical studies have 
convincingly shown that treatment with anticoagulant 
agents in patients with atrial fibrillation substantially 
reduces the risk of thromboembolic complications. 
There is only limited data on the perioperative 
thromboembolic risk. By using a large dataset of patients 
with atrial fibrillation who participated in a study on 
the outcome of restoration of sinus rhythm compared 
with control of ventricular rate,6 the risk of bleeding 
and thrombosis around surgery in this cohort was 
investigated.7 Of the 522 patients in this study 94 patients 
(mean 69.9 years) underwent 121 non-cardiac surgical 
procedures during a 29-month follow-up. In all patients 
the anticoagulant treatment was discontinued around the 
operation. In the months after surgery, no thrombotic 
complications occurred, compared with an incidence of 
0.42%/month during the remaining months of the study 
(table 1). However, patients with atrial fibrillation and 
anticoagulation had a 3.6-fold increased risk of bleeding 
within one month after surgery. Severe haemorrhage 
occurred in one patient. Based on this retrospective 
analysis, it would appear that it is a safe policy to interrupt 
anticoagulation around invasive procedures in patients with 
atrial fibrillation. It is important to note, however, that the 
study population was a relatively young group in a relatively 
good cardiac condition. In addition, it should be taken into 
account that the existence of atrial fibrillation and the use 
of anticoagulation may have played a role in whether or not 
to perform surgery. The (slightly) increased risk of bleeding 

may be attributed to a changing institution of anticoagulant 
in a period after an interruption and surgery often with 
hospitalisation and use of various other drugs.
Notwithstanding the results mentioned above, it remains 
the question whether interruption of treatment in 
patients with a higher risk of thromboembolism could be 
potentially harmful.8 In the consensus on antithrombotic 
treatment of the American College of Chest Physicians, 
stratification of patients according to their risk for 
perioperative thromboembolism is based on patients’ 
clinical indication for antithrombotic therapy and the 
presence of comorbidities.9 Although there is no validated 
risk stratification of such patients, the approach that was 
used in these guidelines is to separate patients into a 
high-risk, moderate-risk, or low-risk group according to 
their indication for antithrombotic therapy (table 2).

Table 1. Incidence of thromboembolism and bleeding 
in the first month after surgery in patients with atrial 
fibrillation in whom the anticoagulants were interrupted 
compared with the incidence of these complications in a 
control period

Outcome 1st month 
after surgery
No. (% per 
month)

Control 
period
No. (% per 
month)

Relative risk
(95% CI)

Thromboembolism 0 (0) 11 (0.4) -

Haemorrhage
- Major bleeding
- Minor bleeding

3 (2.6)
1 (0.9)
2 (1.7)

19 (0.7)
8 (0.3)
11 (0.4)

3.6 (1.05-12.0)
2.8 (0.35-22.5)
4.1 (0.91-18.4)

Both outcomes 3 (2.6) 30 (1.2) 1.2 (0.70-7.4)

95% CI = 95% confidence interval.

Table 2. Estimated thromboembolic risk based on the 
ACCP consensus

Risk stratum Atrial fibrillation

High risk CHADS2 score 5-6
Recent (within 3 months) stroke or TIA
Rheumatic valvular heart disease
Prosthetic heart valves

Moderate risk CHADS2 score 3-4

Low risk CHADS2 score 0-2 and no prior stroke or TIA

CHADS2 = congestive heart failure, hypertension, age >75 years, 
diabetes, stroke; TIA = transient ischaemic attack.

A s s e s s m e n t  o f  b l e e d i n g  r i s k

The most important complication of treatment with vitamin 
K antagonists (VKAs) is haemorrhage, which may be 
life-threatening.2 In well-controlled patients in clinical trials 
treatment with VKAs increases the risk of major bleeding 
by 0.5%/year and the risk of intracranial haemorrhage 
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by about 0.2%/year.10 The most important risk factor for 
haemorrhage in users of VKAs is the intensity of the 
anticoagulant effect.10 Studies indicate that with a target 
INR of >3.0 the incidence of major bleeding is twice as 
large as in studies with a target INR of 2.0 to 3.0.11 Patient 
characteristics constitute another important determinant 
of the bleeding risk bleeding. Elderly patients have a 
twofold increased risk of bleeding12 and the relative risk of 
intracranial haemorrhage (in particular at higher INRs) 
was 2.5 (95% CI 2.3 to 9.4) in patients >85 years compared 
with patients aged 70 to 74 years.13 Comorbidity, such 
as renal or hepatic insufficiency, may also significantly 
increase the risk of bleeding. A case-control study in 1986 
patients on VKAs showed that this comorbidity increased 
the risk of bleeding by about 2.5.14 Another very important 
determinant of the risk of bleeding is the use of other 
medication, in particular agents affecting platelet function. 
Two meta-analyses, comprising six trials with a total of 3874 
patients and ten trials with a total of 5938 patients, found a 
relative risk of major bleeding when VKAs were combined 
with aspirin of 2.4 (95% CI 1.2 to 4.8) and 2.5 (95% CI 1.7 
to 3.7), respectively.15,16 
There is no evidence that patients with atrial fibrillation 
have a different bleeding risk during invasive procedures 
compared with other patients. It may be, however, that 
patients with atrial fibrillation represent a relatively 
vulnerable population and thereby will have a somewhat 
enhanced risk of bleeding. Although bleeding is a treatable 
perioperative complication, there is emerging evidence 
that the clinical impact of bleeding is considerable and, 
perhaps, greater than previously appreciated.9 Furthermore, 
postoperative bleeding delays the resumption of 
antithrombotic therapy, with the potential to further 
expose patients to an increased risk for thromboembolism. 
Stratifying patients according to their risk for perioperative 
bleeding can be based on the risk for bleeding associated 
with the surgery or procedure. Although there is no 
precise information that quantifies perioperative bleeding 
risk, special attention is warranted for certain surgical or 
other invasive procedures associated with a high risk for 
bleeding. These include coronary artery bypass or heart 
valve replacement surgery, intracranial or spinal surgery, 

major vascular surgery including aortic aneurysm repair or 
peripheral artery bypass, major orthopaedic surgery (such 
as hip or knee replacement), major cancer surgery and 
prostate and bladder surgery.

R e v e r s a l  o f  v i t a m i n  K 
a n t a g o n i s t  t r e a t m e n t

When interrupting the administration of VKAs important 
differences in the half-lives of the various agents (nine 
hours for acenocoumarol, 36 to 42 hours for warfarin, 

and 90 hours for phenprocoumon, respectively) need 
to be taken into account.4,17 The most straightforward 
active intervention to counteract the effect of VKAs is the 
administration of vitamin K.18 There is quite some debate 
on the use of vitamin K in patients with a too high INR 
who require surgery. Although a randomised controlled 
trial did not find any difference in bleeding or other 
complications in nonbleeding patients with INR values 
of 4.5 to 10 who were treated with vitamin K or placebo,19 
consensus-based guidelines advocate the use of small doses 
of vitamin K (2 mg orally) in patients with an INR >7 and 
using long-acting vitamin K antagonists. In patients who 
require subacute emergency surgery administration of 
vitamin K is crucial to reverse the anticoagulant effect of 
VKAs. Vitamin K can be given orally and intravenously, 
whereas the parenteral route has the advantage of a more 
rapid onset of the treatment.20 After the administration of 
intravenous vitamin K, the INR will start to drop within 
two hours and will be completely normalised within 12 to 
16 hours,21 whereas after oral administration it will take 
up to 24 hours to normalise the INR.18 Intramuscular 
injections of vitamin K should be avoided in patients who 
are anticoagulated and subcutaneous administration of 
vitamin K results in a less predictable bioavailability.20 
When the INR is below 7 a dose range of 2.5 to 5 mg of 
vitamin K has been advocated whereas with higher INRs 
a dose of 5 to 10 mg is required to correct the INR. Higher 
doses of vitamin K are equally effective but may lead to 
VKA resistance for more than a week, which may hamper 
long-term management.22 A potential concern with the use 
of parenteral vitamin K is the occurrence of anaphylactic 
reactions, although the incidence of this complication 
is very low, in particular with the more modern micelle 
preparations.23

When immediate correction of the INR is necessary, 
this can be achieved by the administration of vitamin 
K-dependent coagulation factors. Theoretically, these 
factors are present in fresh frozen plasma; however, 
the amount of plasma that is required to correct the 
INR is very large, carries the risk of fluid overload, 
and will probably take hours to administer.24 Therefore, 
prothrombin complex concentrates (PCCs), most of which 
containing all vitamin K-dependent coagulation factors, 
are more useful. It should be mentioned that the exact 
composition of PCCs (i.e. the content of individual vitamin 
K dependent proteins) may significantly vary between 
preparations. Although PCCs can indeed be given using 
fixed dose schemes, it has been shown that individualised 
dosing regimens based on INR at presentation and body 
weight are more effective.25 In a prospective cohort study 
of patients on VKAs who presented with major bleeding, 
PCCs were effective in reducing the INR below 2 in 56 
out of 58 patients.26 Another prospective study in patients 
using VKA and presenting with bleeding also found 
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that PCCs resulted in at least satisfactory and sustained 
haemostasis in 98%.27 In recent years the safety of PCCs, 
in particular regarding the transmission of blood-borne 
infectious diseases, has markedly improved owing to 
several techniques, such as pasteurisation, nanofiltration, 
and addition of solvent detergent. The risk of disseminated 
intravascular coagulation (DIC) due to traces of activated 
coagulation factors in PCCs comes from older literature 
and modern PCCs do not seem to be associated with 
eliciting DIC.28 

R e v e r s a l  o f  a n t i p l a t e l e t  a g e n t s

It has been shown that the use of aspirin is associated with 
increased perioperative blood loss in major procedures, 
although this does not necessarily translate into clinically 
relevant endpoints, such as the requirement for transfusion 
or re-operation.29 Over the last years the approach to 
the patient who is taking aspirin and who presents with 
bleeding or needs to undergo an invasive procedure 
has changed considerably. In fact, in current clinical 
practice bleeding can almost always be managed with 
local haemostatic procedures or conservative strategies 
without interrupting aspirin and also most invasive 
procedures do not require the cessation of aspirin when 
adequate attention is given to local haemostasis. In 
contrast, interruption of aspirin has been associated 
with an increased risk of thromboembolic complications, 
potentially due to a rebound hypercoagulability. Obviously, 
in special clinical circumstances, such as the need to 
undergo a neurosurgical or ophthalmic procedure, the 
antihaemostatic effect of aspirin needs to be reversed 
immediately. The most rigorous measure to achieve that 
is the administration of platelet concentrate after cessation 
of aspirin. Another approach is the administration of 
de-amino d-arginin vasopressin (DDAVP, desmopressin). 
DDAVP is a vasopressin analogue that despite minor 
molecular differences has retained its antidiuretic properties 
but has much less vasoactive effects.30,31 DDAVP induces 
release of the contents of the endothelial cell associated 
Weibel-Palade bodies, including von Willebrand factor. 
Hence, the administration of DDAVP results in a marked 
increase in the plasma concentration of von Willebrand 
factor (and associated coagulation factor VIII) and (also 
by yet unexplained additional mechanisms) a remarkable 
augmentation of primary haemostasis as a consequence. 
Clopidogrel and prasugrel belong to the class of 
thienopyridine derivatives which act by blocking the 
adenosine diphosphate (ADP) receptor on the platelet. 
Importantly, the combination of aspirin and clopidogrel 
is vastly superior over aspirin alone in patients who have 
received intracoronary stents or in other patients with 
high-risk coronary artery disease. There is ample evidence 

that dual platelet inhibition of aspirin plus clopidogrel 
has a significantly higher efficacy than aspirin alone 
in patients with acute coronary syndromes who have 
undergone coronary interventions for at least a year (and 
possibly longer) after the event. However, the increased 
efficacy of the combined use of aspirin and clopidogrel 
is also associated with a significantly higher bleeding 
risk.32 Prasugrel is another thienopyridine derivative 
that after rapid and almost complete absorption after 
oral ingestion irreversibly binds to the ADP receptor. 
Prasugrel has a stronger antiplatelet effect than clopidogrel 
because of more effective metabolism and less dependence 
of cytochrome P450 enzymes that may be subject to 
genetic polymorphisms.33 The decision whether or not the 
interrupt or even reverse antithrombotic treatment with 
dual platelet inhibition in case of the need to perform an 
invasive procedure will depend on the specific clinical 
situation. Especially in patients with recent implantation of 
an intracoronary stent (in the last 6-12 weeks), cardiologists 
will often not or only reluctantly agree with cessation of 
treatment.34 In this period re-endothelialisation of the stent 
has not yet occurred and the patient is very vulnerable to 
acute thrombotic occlusion of the stent. In patients with 
drug-eluting stents this period may be even longer. If, 
however, the decision is made to stop and even reverse the 
treatment with aspirin and clopidogrel, administration 
of platelet concentrate is probably the best way to correct 
the haemostatic defect.35 In addition, DDAVP was shown 
to correct the defect in platelet aggregation caused by 
clopidogrel, so this may be another option.36 

P e r i p r o c e d u r a l  a n t i c o a gu  l a t i o n 
i n t e r r up  t i o n  a n d / o r  b r i d g i n g 
s t r a t e g i e s  i n  p a t i e n t s  w i t h 
a t r i a l  f i b r i l l a t i o n

A practical guide in selecting the most appropriate 
interruption and/or bridging strategy is outlined in table 3. 
In general, in patients undergoing interventions with a 
low risk of bleeding and major potential for adequate local 
haemostasis, continuation of antithrombotic treatment 
may be considered. In case of VKA treatment tapering the 
intensity of anticoagulation, for example to an INR of 1.5 
to 2.0, is advocated.9 For larger interventions, the optimal 
strategy is determined by the risk of thromboembolic 
complications when anticoagulant treatment is 
interrupted. In patients with low risk of thromboembolism, 
short-lasting interruption of anticoagulant treatment is 
advised. Anticoagulant treatment should not be resumed 
until 12 and preferably 24 hours after the intervention, to 
avoid bleeding complications.37 
For patients with a high risk of thromboembolism, 
the window of no anticoagulant prophylaxis should be 
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minimised using heparin (‘bridging’). In this strategy, 
therapeutic doses of heparin are administered after 
cessation or interruption of vitamin K antagonists. Shortly 
before the intervention, heparin is temporarily stopped and 
reinstated after termination of the procedure. The most 
precise bridging may be obtained by the administration 
of continuous intravenous unfractionated heparin, as the 
short half-life (about 90 minutes) may allow cessation 
of its administration only two to three hours before the 
intervention, whereas anticoagulation can be immediately 
resumed as soon as possible after the procedure. Also in 
this case it has been shown that resumption of heparin 
treatment before 12 to 24 hours after the intervention may 
lead to major bleeding complications.38 The disadvantage of 
this strategy with unfractionated heparin is that it requires 
intravenous treatment, thereby potentially prolonging 
the hospital stay, and the variable intraindividual and 
interindividual effect, necessitating frequent laboratory 
monitoring with sequential aPTTs. An alternative 
to unfractionated heparin may be low-molecular-
weight (LMW) heparin, which may be administered 
subcutaneously and has a more predictable anticoagulant 
effect. Bridging strategies with LMW heparin may be 
performed in an outpatient setting and in general do not 

require laboratory monitoring. The disadvantage of LMW 
heparin is its relatively longer half-life (8 to 12 hours), 
which may make it somewhat more difficult to precisely 
plan cessation of this agent relative to the timing of the 
intervention. 
For patients with an intermediate risk of thromboembolic 
complications it is hard to formulate clear guidelines. 
Especially in this area individualised treatment decisions 
should be made in close consultation between cardiologist, 
haemostasis specialist, and surgeon. Most local guidelines 
now advocate to treat intermediate-risk patients as low-risk 
patients; however, in individual cases and dependent on the 
intervention, clinical circumstances, and preferences of 
patients and doctors, it seems justified to follow a bridging 
rather than an interruption strategy in selected patients. 

C o n c l u s i o n

The periprocedural anticoagulation policy in patients with 
atrial fibrillation should be individualised based on the 
risk of a thromboembolic complication offset against the 
bleeding risk associated with the intervention. A proper 
assessment should be made of the perioperative risk of 
thromboembolism after discontinuation of anticoagulant 
therapy versus the bleeding risk due to continuing this 
treatment around the invasive procedure. In case of a high 
risk of thromboembolic complications and a procedure 
with a high bleeding risk, bridging of anticoagulant 
treatment with heparin or LMW heparin to interrupt 
anticoagulant prophylaxis as short as possible should be 
considered. 
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