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Abstract

Interruption of long-term therapy with oral anticoagulants in patients undergoing elective surgical procedures is a common 
problem in clinical practice. A large number of patients are receiving oral anticoagulants due to atrial fibrillation, mechani-
cal prosthetic valves, or thromboembolic disease. Each year many of these patients will undergo an invasive procedure. The 
most important aspect is the risk-benefit assessment: the general risk of bleeding related to the procedure, additional risk of 
bleeding during the procedure related to anticoagulants, and on the other hand the risk of thrombotic complications such 
as ischaemic stroke or coronary stent thrombosis, associated with discontinuation of the antithrombotic therapy. The aim 
of the article is to present the management of anticoagulant therapy in patients undergoing elective surgical procedures.

Streszczenie

Wybór odpowiedniego postępowania z pacjentami przyjmującymi doustne leki przeciwzakrzepowe, którzy są poddawani 
planowym zabiegom chirurgicznym, stanowi częsty problem w  praktyce klinicznej. Wielu chorych stosuje doustne leki 
przeciwzakrzepowe z powodu migotania przedsionków, posiadania mechanicznych protez zastawkowych lub choroby za-
krzepowo-zatorowej. Część z  tych osób każdego roku poddawanych jest zabiegom chirurgicznym. Istotne jest ocenienie 
u nich ryzyka krwawienia związanego z procedurą chirurgiczną, ryzyka krwawienia związanego z przyjmowaniem doust-
nych leków przeciwzakrzepowych, a także ryzyka związanego z odstawieniem tych leków i wystąpieniem niekorzystnych 
powikłań w okresie okołooperacyjnym, takich jak udar niedokrwienny mózgu lub zakrzepica w stentach w naczyniach 
wieńcowych. Poniższy artykuł stanowi podsumowanie doniesień na temat zasad odstawiania doustnych leków przeciwza-
krzepowych przed planowymi zabiegami chirurgicznymi.

Introduction

Interruption of long-term therapy with oral anti-
coagulants (OAC) in patients undergoing elective sur-
gical procedures is a common clinical dilemma. It has 
been estimated that 7 million people worldwide are 
receiving long-term therapy with oral anticoagulants 
[1]. Indications for OAC include atrial fibrillation, me-
chanical heart valves, venous or arterial thromboem-
bolism, or ventricular assist devices. Each year around 
15–20% of these patients will undergo invasive pro-
cedures [2–4]. This accounts for 1.4 million patients 
annually, who might require temporary cessation of 
OAC. The number is likely to increase as the preva-

lence of many of comorbidities being indications for 
OAC is rising.

There are many possible scenarios depending on 
the classification of the surgical procedure, indica-
tions and type of OAC, clinical profile of the patient, 
and their individual thromboembolic and bleeding 
risk factors. Best practices are uncertain, the periop-
erative protocol differs between institutions, and mul-
tiple specialists are often involved. There is no univer-
sal expert consensus. To facilitate a decision-making 
process strategies covering atrial fibrillation (AF) pa-
tients have recently been proposed by the American 
College of Cardiology [5] and the European Heart 
Rhythm Association [6]. Minimal guidance for peri-
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procedural management of patients taking OAC for 
indications other than AF are found in the European 
Society of Cardiology guidelines [7, 8], as well as in 
American expert documents [9, 10]. 

The aim of this review is to summarise current 
knowledge and discuss recommendations on inter-
ruption of anticoagulation in patients undergoing 
elective surgical procedures. We specifically address 
the following questions: how to estimate patient- and 
procedure-related bleeding risk, how to estimate pa-
tients’ thromboembolic risk, whether and when to 
stop and restart OAC, and whether and how to use 
parenteral agents for bridging therapy.

How to estimate patient- and procedure-
related bleeding risk

The obvious argument for OAC interruption is 
the increased risk of bleeding associated with surgi-
cal procedure in anticoagulated patients. Bleeding 
complications are associated with an increased risk 
for short- and long-term adverse outcomes [11]. It may 
be partially related to the longer period of increased 
thromboembolic risk following the likely need of dis-
continuation of OAC if the patient bleeds from the 
procedure. Despite the fact that some standardised 
definitions for bleeding have been proposed [11], they 
have not been consistently applied in clinical trials 
evaluating procedural risk [5]. In general, bleeding 
complications are at least 3–4 times more frequent 
than thromboembolic events [2, 4, 12, 13]. 

The overall bleeding risk is related to the type of 
interventional procedure as well as the patient’s clini-
cal profile and comorbidities. The first step should be 
to identify the risk of bleeding associated with the 
interventional procedure. The bleeding risk consid-
erations should include the frequency of bleeding 
related to the specific procedure, the possibility of 
achieving adequate local haemostasis, and the clini-
cal consequences if the bleeding occurs (for example 
involving a critical anatomical site). There are many 
types of interventions that should not comprise OAC 
interruption. Classification of interventions have 
been proposed by different medical associations and 
societies [5, 6]. 

There are some procedures that carry very low or 
very high bleeding risk. For the purpose of further 
considerations in the setting of OAC interruption pri-
or to surgery or intervention, bleeding risk should be 
divided into three categories: minimal, low, and high-
er than low. Interventions with minor bleeding risk 
are, e.g. implant positioning or extraction of 1–3 teeth. 
Interventions with high bleeding risk include, e.g. 
thoracic, abdominal surgery, major orthopaedic sur-
gery, and complex left- sided ablation. If the risk is 
higher than low, OAC interruption is necessary. If it is 
minimal or low, OAC discontinuation may be consid-
ered, depending on other factors.

It is important to evaluate patient-related bleeding 
risk in the next step. The popular HAS-BLED scale is 
useful. The HAS-BLED score assigns one point each 
for hypertension, abnormal renal function, abnormal 
liver function, stroke, bleeding tendency, labile INRs, 
old age, antiplatelet drugs, and alcohol use. A  HAS-
BLED score ≥ 3 is commonly interpreted as being as-
sociated with high risk of bleeding, and it was highly 
predictive of bleeding events in the national multi-
centre registry of patients who required interruption 
of OAC for an elective invasive procedure [14]. There-
fore, patients with three or more points should be 
considered as being at high risk of bleeding complica-
tions. As proposed by the American College of Cardi-
ology expert task force, additional items that should 
be included in the periprocedural management al-
gorithm are: prior bleeding event within 3 months, 
quantitative or qualitative platelet abnormality, inter-
national normalized ratio (INR) above the therapeutic 
range at the time of the procedure, bleeding history 
from previous bridging, or bleed history from a simi-
lar procedure [5].

How to estimate patients’ thromboembolic 
risk

OAC interruption may transiently increase the 
risk of thromboembolic complications. Major surgical 
procedures may additionally induce prothrombotic 
state. A hypercoagulant condition can be further el-
evated due to rebound phenomena that occur after 
warfarin withdrawal [15]. However, the actual rate 
of perioperative thromboembolism is relatively low: 
around 0.5% for unbridged OAC interruption based 
on observational data [4]. Higher risk is observed for 
mechanical heart valves (around 1%) [4, 16] and lower 
for venous thromboembolism (VTE) (around 0.2%) 
[17]. For AF it may be as high as 0.5–0.6% [2, 12] and 
is associated with patients’ predicted stroke risk. In  
ORBIT-AF the periprocedural cohort observed a 0.35% 
30-day stroke rate that was similar to the estimated 
30-day stroke risk based on the average CHADS2-
VASc score in this cohort [2]. For vitamin K antagonist 
(VKA)-treated patients the real-life reported average 
time in therapeutic range rarely exceeds 65% [18, 19]. 
This translates into almost 3 months a year that an av-
erage patient spends within the subtherapeutic range. 
The length of time that is required for OAC discontin-
uation due to an invasive procedure is typically a few 
days. Not to mention that even in North America and 
Western Europe less than two-thirds of patients with 
AF and guideline indications for OAC actually receive 
them [19].

To access patient thromboembolic risk, we need to 
determine their indications for OAC. First, it is ratio-
nal to confirm indications or verify whether they are 
transient. The next step is to identify the patients hav-
ing truly high risk of thromboembolic events.
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Patients with mechanical heart valves or left ven-
tricular assist devices are generally considered as 
having high thromboembolic risk, despite the fact 
that cumulative thromboembolic complications rates 
(ischaemic stroke and pump thrombosis) have been 
reported to be relatively modest – experienced by 
1.5% of patients with HeartMate II LVADs over the 
course of a year [20]. 

Patients with newly inserted biological prosthetic 
heart valves or mitral valvular repair within the past 
3 months are also considered as high risk regarding 
thromboembolic complications. The same applies to 
the patients with thrombophilia in whom discontinu-
ation of VKA is hazardous as well [7].

Patients with AF are a more heterogeneous group, 
and the best way to estimate their risk of stroke is by 
using the CHA2DS2-VASc score, which includes the 
following clinical variables: congestive heart failure, 
hypertension, age, diabetes, prior stroke, other vascu-
lar diseases, and sex. Although this scale has not been 
prospectively validated in the perioperative scenario 
in any large clinical trial, it has been widely used in 
this setting, and expert guidelines have endorsed its 
use [5, 7]. It has been proposed that four points should 
be the cut-off value discriminating high-risk patients. 
Patients with exactly four points are a  borderline 
group and should be assessed individually.

The next problem concerns patients with VTE. 
Thromboembolic risk is greater in the immediate 
period following a  thromboembolic event and de-
clines over time. The perioperative risk of VTE is 
greatest in individuals with an event (e.g. deep vein 
thrombosis, pulmonary embolus) within the prior  
3 months and those with a history of VTE associated 
with a  high-risk inherited thrombophilia. Thus, pa-
tients who require surgery within the first 3 months 
following an episode of VTE are likely to benefit from 
delaying elective surgery, even if the delay is only 
for a  few weeks. The recurrence risk for individuals 
with a  recent VTE is highest within the initial 3 to  
4 weeks and diminishes over the following 2 months 
[21]. Thus, patients with a recent arterial embolism are 
likely to benefit from delaying elective surgery, if such 
a delay is possible.

Interruption of anticoagulation 

When the thromboembolic and bleeding risks 
have been estimated, a  decision can be made about 
whether the anticoagulant should be interrupted or 
continued. Data comparing the relative benefits of 
continuing anticoagulation versus interrupting an 
anticoagulant are limited. Many interventions can 
be performed without stopping the anticoagulant, to 
prevent complications such as stroke or death. Any 
manipulation of the dose of anticoagulants, and es-
pecially their withdrawal for a few days, are only al-
lowed if the procedure is absolutely necessary. The 

procedure should be performed as late as possible 
from the thromboembolic event, but the final deci-
sion about the time of surgery remains the responsi-
bility of the surgeon.

There are three main categories of procedures 
with different risks of bleeding complications. The 
minor or low risk of bleeding includes procedures in 
which the incidence of major bleeding is low or the 
surgeon can easily control haemostasis in the operat-
ing field. These include, for example, the extraction 
of 1–3 teeth and ophthalmic surgery. Treatments with 
a high risk of bleeding include, for example, large or-
thopaedic surgery or abdominal surgery. In general, 
the anticoagulant must be discontinued if the surgical 
bleeding risk is high [6]. Those at very high or high 
thromboembolic risk should limit the period without 
anticoagulation to the shortest possible interval; in 
some cases, this involves the use of a bridging agent. 
If the surgical bleeding is low, we can continue taking 
anticoagulants. 

Interruption of vitamin K antagonist

Patients qualified for surgery with high risk of 
bleeding require discontinuation of warfarin for 5 days, 
and acenocoumarol 2–3 days before surgery. INR 
measurement is made 24 h before the procedure; if 
the INR value exceeds 1.5 we should wait an addition-
al day or give a small dose of vitamin K (1–2 mg) p.o. 
[21]. Higher doses of vitamin K given intravenously 
induce a resistance to VKA for a few days, which may 
occur after its re-inclusion after the procedure. At the 
end of the operation, VKA may be taken if the local 
haemostasis is provided, usually after 24–48 h (at the 
earliest 12 h after surgery) [21]. If discontinuation of 
VKA for a few days is too risky (e.g. in a patient with 
high thromboembolic risk), in the periprocedural 
period, bridging therapy with low-molecular-weight 
heparin (LMWH) administered subcutaneously or 
unfractionated heparin administered intravenously 
is used. Administration of heparin begins 3–4 days 
before the procedure, usually 24 h after the last dose 
of warfarin (in the case of acenocoumarol – 2–3 days 
before the procedure) [22]. 

If a  patient taking VKA requires an emergency 
invasive procedure, it is necessary to quickly nor-
malise the activity of the coagulation system. If INR 
is increased, the ACCP guidelines recommend the 
transfusion of fresh frozen plasma or prothrombin 
complex concentrate, simultaneously with vitamin K 
at a dose of 2.5–5 mg PO or IV [10]. However, a sud-
den inversion of VKA activity is not possible by ad-
ministering vitamin K alone. Instead of a concentrate 
of prothrombin complex factors, recombinant factor 
VIIa (NovoSeven) can be administered, especially in 
the case of simultaneous bleeding [23]. This strategy is 
expensive and can promote thromboembolism com-
plications; therefore, it is a good option for persistent 
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bleeding that cannot be cured by other treatments. 
NovoSeven should not be used to reverse the antico-
agulant effect of VKA. It is recommended that the INR 
be checked at least every 6–12 h, as long as the INR is 
not normalised.

Interruption of NOAC

The decision to stop new anticoagulants before 
planned surgery is determined by two factors: The 
risk of bleeding associated with invasive surgery 
(large or small) and renal function. Rivaroxaban, and 
dabigatran may accumulate in the body in the case 
of impaired renal function – these drugs are excreted 
by the kidneys in 66% and 80% of cases [24]. The ac-
tivity of warfarin or acenocoumarol does not depend 
on kidney function. In the case of rivaroxaban, liver 
function parameters should also be determined to ex-
clude serious organ damage (ALT > 3×). Severe liver 
damage may slow the elimination of rivaroxaban, but 
in practice the effect of this factor in the context of 
surgery is negligible [24].

The time to stop therapy of NOAC is summarised 
in Table 1. 

In contrast to patients treated with warfarin or 
acenocoumarol with high or medium thromboem-
bolic risk, who are advised to use bridging therapy, 
patients with new anticoagulants do not require such 
treatment [25]. If a patient with atrial fibrillation has 
a high risk of thromboembolism, especially with a ce-
rebral ischaemic event in the last 3 months prior to 
invasive surgery, heparin may be considered after sur-
gery if the physician is concerned that the full dose of 
rivaroxaban (or dabigatran) could expose the patient 
to an excessive risk of bleeding. In the US, it is sug-
gested that lower doses of drugs be used initially, for 
example 75 mg dabigatran, but this approach is cur-
rently considered non-standard, and in Polish condi-
tions, administration of low-molecular-weight hepa-
rin seems to be a safer option.

Patients who require urgent surgery during NOAC 
need proper treatment. If the last dose of dabigatran 
or rivaroxaban was taken more than 2–4 h ago, it is 
recommended that activated carbon be administered. 

If the drug has been used more than 4 h earlier, acti-
vated carbon will not improve the situation, and sur-
gery for life indications may be associated with a high 
risk of bleeding. Time up to 48 h and more from the 
last dose of dabigatran or rivaroxaban may not be suf-
ficient for normalisation of coagulation when renal 
function is impaired. How can we check whether the 
patient remains under the action of the drug, espe-
cially when contact with him/her is difficult and in-
formation about taking of the drug is impossible? Rou-
tinely available coagulation parameters are not used 
to monitor anticoagulant effects of either dabigatran 
or rivaroxaban. Specific tests, such as the modified 
thrombin time and anti-Xa activity, are not always 
available. Before surgery, it is worth determining the 
simple parameters of the coagulation system, which is 
activated partial thromboplastin time (APTT) in the 
case of dabigatran and prothrombin time in the case of 
rivaroxaban. If the APTT is the reference limit (< 40 s), 
the anticoagulant effect of dabigatran has passed and 
the patient can be safely operated. Similarly, a  pro-
thrombin time < 15 s shows that the risk of bleeding is 
similar to the risk in people not using anticoagulants 
[25]. The prolongation of these times indicates the 
presence of active drug in the blood. When surgery 
cannot be delayed, especially if no more than 6 h have 
passed since taking the drug and the results of basic 
laboratory tests show a two-fold prolongation (APTT 
> 80 s for dabigatran and INR > 1.5 for rivaroxaban), 
before the operation, the anticoagulant effect should 
be reversed. However, specific preparations that re-
verse the effects of dabigatran and rivaroxaban are 
not currently available. For comparison, to reverse the 
activity of warfarin or acenocoumarol a  concentrate 
of prothrombin complex factors must be used (factor 
II, VII, IX, and X - Beriplex, Prothromplex). The effi-
cacy of prothrombin complex concentrate in revers-
ing the action of new anticoagulants is limited. Data 
from experimental studies suggest that in reversing 
the anticoagulant effect of dabigatran, the concentrate 
of activated prothrombin complex agents (e.g. FEIBA) 
may be more effective. However, the drug is expen-
sive, and in most surgical departments it is not avail-
able [26]. In the case of dabigatran, we can increase 

Table 1. Timing of last non-vitamin K antagonist oral anticoagulant intake before start of an elective intervention [6]

CrCl [ml/min] Dabigatran Apixaban – edoxaban – rivaroxaban 

Low risk High risk Low risk High risk

≥ 80 » 24 h » 48 h » 24 h » 48 h

50–79 » 36 h » 72 h » 24 h » 48 h

30–49 » 48 h » 96 h » 24 h » 48 h

15–29 Not indicated Not indicated » 36 h » 48 h

< 15 No official indication for use 

CrCl – creatinine clearance.
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diuresis by giving a  large volume of fluids with the 
diuretic drug [25]. Dabigatran may also be removed 
by haemodialysis. A much more sensitive parameter 
for the activity of dabigatran is the thrombin time. 
A specific test based on thrombin time determination 
in patients treated with dabigatran, called HemoClot, 
is available. The administration of vitamin K or prot-
amine sulphate is definitely discouraged, because it is 
completely ineffective in reversing the anticoagulant 
effect of dabigatran and rivaroxaban [27].

After surgery, if local haemostasis is satisfactory, 
dabigatran or rivaroxaban may be restarted: after 24 h 
in the case of surgery with low risk of bleeding (after 
minor surgery, e.g. gastroscopy, it may be possible to 
return to the drug after only 4–6 h) and after 48 h for 
an operation with a high risk of bleeding. It is the best 
to start administering these drugs after the procedure, 
at the earliest after 12 h. The full anticoagulant effect 
is observed after 2 h, so local haemostasis is essential. 
If local haemostasis is not achieved after surgery, the 
administration of dabigatran or rivaroxaban should 
be delayed, also for the reasons listed earlier. If, after 
surgery, persistent bleeding occurs after using a new 
anticoagulant, fresh frozen plasma is recommended. 
In addition to the red blood cell concentrates, a four-
component concentrate of prothrombin factors is also 
used in large amounts, optionally a concentrate of the 
plates (if the number of plates is too small). In addi-
tion, the use of rFVIIa beyond the registration indi-
cations (off-label) is also suggested (also in the dabi-
gatran characteristics), although arterial thrombosis 
may develop as a complication [23]. 

In summary, new anticoagulants increase the risk 
of haemorrhagic complications also in the periproce-
dural period. However, the management is easier with 
dabigatran or rivaroxaban than with the use of VKA. 
Compliance with the recommended duration of drug 
interruption, taking into account the glomerular fil-
tration rate (GFR) value, allows in most cases the pre-
vention of dangerous bleeding. 

Bridging anticoagulation

Anticoagulation bridge therapy refers to the use of 
a short-acting parenteral anticoagulant – unfraction-
ated heparin (UFH) or LMWH – during periods of in-
adequate anticoagulation [22]. The aim of bridging is 
to minimise the time the patient is not anticoagulated, 
thereby minimising the risk for perioperative throm-
boembolism. However, this needs to be balanced with 
the importance of reducing the risk of postoperative 
bleeding. A small delay in resumption of postopera-
tive anticoagulation is preferable to premature initia-
tion of postoperative bridging that results in bleeding, 
which will lengthen the period without an antico-
agulant and increase thromboembolic risk. Bridging 
anticoagulation may be appropriate in patients who 
will have a very high thromboembolic risk with pro-

longed interruption of their anticoagulant (generally 
a VKA). Individual patient comorbidities that increase 
bleeding risk may also need to be considered because 
an increased postoperative bleeding risk may be a rea-
son to avoid bridging. It is suggested that bridging be 
used in individuals taking warfarin for one of the fol-
lowing conditions [28]:
•	 Embolic stroke or systemic embolic event within 

the previous 3 months,
•	 Mechanical mitral valve,
•	 Mechanical aortic valve and additional stroke risk 

factors,
•	 Atrial fibrillation and very high risk of stroke (e.g. 

CHADS2 score of 5 or 6, stroke or systemic embolism 
within the previous 12 weeks, concomitant rheu-
matic valvular heart disease with mitral stenosis),

•	 VTE within the previous 3 months (preoperative 
and postoperative bridging),

•	 Previous thromboembolism during interruption of 
chronic anticoagulation.

For most patients with atrial fibrillation the bridg-
ing anticoagulation is not necessary. Generally, it is 
recommended to avoid bridging therapy in patients 
with low thromboembolic risk (e.g. lower CHADS2 or 
CHA2DS2-VASc score and higher the risk of bleeding). 
This practice is supported by the BRIDGE trial, which 
randomly assigned 1884 patients with atrial fibrilla-
tion, who required interruption of warfarin for an in-
vasive procedure to receive bridging anticoagulation 
with the LMW heparin (dalteparin) versus placebo 
[13]. The incidence of arterial thromboembolic events 
30 days after the procedure was similar in those who 
received dalteparin or placebo. The incidence of major 
bleeding (a secondary outcome) was higher in those 
who received dalteparin, although none of the bleeds 
was fatal. Patients were excluded from the trial if they 
had a mechanical heart valve or a recent (within the 
previous 12 weeks) stroke, embolism, or transient 
ischaemic attack. Bridging versus no bridging did not 
affect major outcomes in patients who required a ma-
jor procedure during participation in large anticoagu-
lation trials for atrial fibrillation, including the RE-LY 
(warfarin versus dabigatran), ROCKET-AF (warfarin 
versus rivaroxaban), and ARISTOTLE (warfarin ver-
sus apixaban) trials [28–30]. In the RE-LY trial, pa-
tients receiving warfarin had more thromboembolic 
events associated with bridging than with non-use 
of bridging; patients who received bridging also had 
a higher risk of major bleeding [28]. In the ORBIT-AF 
study 2200 of 7372 individuals (30%) had interrup-
tion of anticoagulation for a procedure [2]. Bridging 
was used in 24% of these interruptions, especially in 
patients with a history of stroke or a mechanical heart 
valve and/or receiving warfarin; bleeding events were 
more common in individuals who received bridging 
compared with those who did not receive bridging. 
A composite endpoint that included major bleeding, 
myocardial infarction, stroke, systemic embolism, 
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hospitalisation, or death within 30 days was also 
higher in those who received bridging. In the Dres-
den NOAC registry, over 800 patients who were re-
ceiving dabigatran, rivaroxaban, or apixaban for any 
indication and underwent an invasive procedure had 
similar rates of major cardiovascular events if they re-
ceived bridging, no bridging, or no anticoagulant dis-
continuation [31]. Bridging was not an independent 
risk factor for major bleeding; however, individuals 
undergoing major procedures were more likely to re-
ceive bridging and to have major bleeding.

Bridging is generally not used for the shorter-act-
ing direct oral thrombin inhibitors or factor Xa inhibi-
tors. However, bridging may be appropriate for indi-
viduals receiving these agents, who have a very high 
thromboembolic risk and a more prolonged interrup-
tion of their anticoagulant (e.g. due to postoperative 
intestinal ileus that prevents oral intake). 

Special types of procedures

Pacemaker and implantable cardioverter
defibrillator implantation

While there are many data surrounding the peri-
procedural use of warfarin for permanent pacemaker 
(PPM)/implantable cardioverter defibrillator (ICD) 
implantation, data on NOAC use in this setting are 
limited. Recent studies suggest that the clinical prac-
tice is to interrupt NOAC therapy prior to pacemaker 
and ICD implantation [32]. For NOAC-treated patients, 
there is no reason to deviate from the global scheme, 
with timed cessation before intervention, without 
bridging, and restarting a  few hours up until 2 days 
afterwards (depending on CHA2DS2-VASc risk). The 
risk of pocket haematomas is 2–3% with uninterrupt-
ed oral anticoagulation [33]. The use of NOACs during 
PPM/ ICD placement confers an intermediate risk of 
bleeding [34]. With regard to bridging, multiple stud-
ies, including a  prospective randomised trial as well 
as a  meta-analysis, have demonstrated that uninter-
rupted warfarin therapy results in significantly fewer 
pocket hematomas versus bridging with heparinoids 
[35]. The Bruise Control 2 trial showed very low risk of 
pocket haematoma regardless of whether NOAC was 
interrupted or not, and very low risk of thromboem-
bolic complications. Both strategies seem to be com-
parable, and the decision should be made individually 
[36]. However, the study did not have adequate statis-
tical power to conclude that the differences were not 
significant. In light of these studies, it appears that the 
risks of bridging outweigh the benefits during device 
placement, especially considering the short period of 
unprotected time given the rapid clearance of NOACs. 

Atrial fibrillation ablation procedures 

Pulmonary vein isolation (PVI) is an intervention 
with a risk of serious bleeding. Tamponade or haemo-

thorax may occur secondarily to transseptal puncture 
or extensive manipulation and ablation in the left 
atrium [37]. Separate data on major groin bleedings 
were not presented but are not uncommon. On the 
other hand, ablation is performed in a pro-thrombot-
ic setting, while endocardial ablation lesions further 
increase thromboembolic risk. Recent international 
consensus statements recommend performance of 
PVI in VKA-treated patients without VKA interrup-
tion, because such a  strategy is associated not only 
with fewer thromboembolic events but also with less 
bleeding [37]. These expert recommendations have 
been confirmed in a large controlled trial comparing 
interrupted and uninterrupted warfarin therapy [38]. 
There has been a recent shift towards performing AF 
ablation on uninterrupted VKA therapy with a target 
INR of 2.0–2.5. Whether such an approach is safe in 
patients on NOAC therapy is less clear. Most studies 
recommend ablation during use of NOAC. A number 
of factors should be considered for the timing of last 
intake, such as renal function, CHA2DS2-VASc risk of 
the patient, experience of the operator, type and ex-
tent of additional ablation beyond PVI, and the pres-
ence of periprocedural imaging to guide transseptal 
puncture [6]. Meta-analysis data indicate that a  last 
intake of NOAC 24 h before the procedure is a viable 
strategy. Continued intake until the evening before 
the procedure or even the morning of the procedure 
seems to be equally safe, especially in experienced 
centres, but more data are needed to make statements 
on the best strategy. When NOAC is last taken ≥ 36 h 
before the intervention, a transoesophageal echocar-
diography (TOE) should be considered before abla-
tion. The same applies if adherence to correct NOAC 
intake in the weeks before ablation is doubtful. Tran-
soesophageal echocardiography can be performed 
shortly before the ablation procedure or at its onset, so 
that it can also guide transseptal puncture. Note that 
some operators prefer systematic TOE in every patient 
with elevated CHA2DS2-VASc risk at the initiation of 
the ablation procedure [6]. Non-vitamin K antagonist 
oral anticoagulant intake can be resumed 3–4 h after 
sheath removal if adequate haemostasis and the ab-
sence of pericardial effusion have been confirmed.

Gaps in evidence, ongoing clinical trials, 
and future directions 

There is a  gap in evidence of thromboembolic 
risk in the very high-risk patients interrupting anti-
coagulation, including those with mechanical heart 
valves and AF with numerous thromboembolic risk 
factors. Patients with mechanical heart valves were 
excluded from the BRIDGE trial, and only around 3% 
of the patients included had a CHADS2 score of 5–6 
[13]. In large clinical trials the mean CHADS2 score 
ranged from just 2.1 in ARISTOTLE [39] and RE-LY 
[40] to 2.8 in ENGAGE-AF [41], with somewhat high-
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er risk in patients who enrolled in ROCKET-AF [42] 
(mean CHADS2 score, 3.5). Any sub-analyses cannot 
cover sufficiently those very high-risk patients; there-
fore, evidence guiding perioperative anticoagulation 
management in this subset of patients is needed [29]. 
The ongoing double-blind randomised control trial 
of Safety and Effectiveness of LMWH versus Placebo 
Bridging Therapy for Patients on Long-Term Warfa-
rin Requiring Temporary Interruption of Warfarin 
(PERIOP 2) will specifically focus on AF patients with 
prosthetic heart valves and another major risk fac-
tors for stroke [3, 43]. The results of this study are ex-
pected late in 2018 [44] and are anticipated to provide 
important guidance on periprocedural management 
of anticoagulation in high-risk patients with AF and 
mechanical heart valves.

Research on perioperative management of NOACs 
is also evolving. Current recommendations are largely 
based on renal clearance of the agent and the bleeding 
risk of the procedure [3]. NOACs allow shorter inter-
ruption periods, but it is uncertain if they should be 
stopped even for low bleeding-risk procedures. Their 
safety has recently been improved with the introduc-
tion of drug-specific antidotes, which will have an in-
fluence on recommended perioperative strategies [45, 
46]. Few prospective data on the perioperative manage-
ment of NOAC are available [6]. The aim of the Peri-
operative Anticoagulant Use for Surgery Evaluation 
(PAUSE) study is to establish a safe, standardised proto-
col for the perioperative management of patients with 
AF, who are receiving either dabigatran, rivaroxaban, or 
apixaban and require an elective surgery or procedure 
[47]. The study is currently recruiting patients, and re-
sults are expected in December 2018 [48]. It will provide 
more information on the relation between last intake, 
preprocedural plasma level, and clinical outcomes [49].
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