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An increasing number of individuals are on novel oral anticoagulants (NOAC) for anticoagulation instead of vita-
min K antagonists (VKA) and roughly 10% of these individuals will require interruption of these agents for pro-
cedures annually. Recent evidence surrounding bridging as well as the FDA approval of a new NOAC call for a
comprehensive review and update regarding periprocedural NOAC management.
The periprocedural management of NOACs involves striking a balance between the risks of bleeding and throm-
boembolism associated with interruption, bridging, and reinitiation of anticoagulation. NOACs have a distinct
pharmacokinetic advantage in this setting with their quick onset and elimination from the body. Procedures at
low risk for bleeding do not require interruption and can be scheduled at the start of the next dosing interval.
Procedures at moderate-high risk of bleeding require interruption of NOAC for 5 half lives prior to the procedure
to allow for adequate elimination of the drug. In light of new evidence highlighting the risks of bleeding, and
given shorter “unprotected” timeswith NOAC interruption versus VKA, patients at low-moderate risk for throm-
boembolism should not be bridgedwhen “unprotected” time is less than 96 h. For patients at high risk for throm-
boembolism, individual patient and surgical factors need to be considered before the decision to bridge is made.
The benefit of bridging these patients who have a considerable risk of bleeding may not outweigh the benefits.
Focused randomized studies on periprocedural management of NOACs are urgently needed.

Published by Elsevier Ireland Ltd.

1. Background

An estimated 2.5million Americans are on oral anticoagulation ther-
apy and ~10% require cessation of anticoagulation for percutaneous and
surgical procedures every year [1]. While there is clear consensus re-
garding the periprocedural management of Vitamin K antagonists
(VKA) [2], the evidence and recommendations surrounding the
periprocedural management of novel oral anticoagulants (NOAC) are
more complex and ambiguous. This is, in part, due to the number of
agents available on the market – dabigatran, rivaroxaban, apixaban,
and edoxaban – as well as their individually unique pharmacokinetic
profiles [3–6]. NOAC use has also increased dramatically since with
~1/3 of patients with atrial fibrillation (AF) using them for stroke

prophylaxis [7]. Cost-effective analyses between NOAC and VKA have
shown that NOAC can be a cost-effective alternative to VKA, particularly
in those with moderate-high risk of stroke and in areas where warfarin
time in therapeutic range is low [8]. In recent years, several review
papers have been published regarding this topic [9,10]. However, in
light of recent studies pertaining to the topic of periprocedural
anticoagulation and the entrance of edoxaban into the United States
market, a thorough review of this topic with evidence-based recom-
mendations will make navigating around the pitfalls of NOAC manage-
ment in the periprocedural setting less formidable [11–13].

1.1. Efficacy of NOACs for stroke prophylaxis in AF

The annual incidence of stroke in patients with AF can vary widely
between 1.9% and 18.2% based on the CHADS2 risk score [14]. Maintain-
ing the international normalized ratio (INR) between 2 and 3 with war-
farin reduces the risk of stroke, with an annual incidence of 1.6–2.2% per
year [3–6]. All NOACs are at least non-inferior to warfarin in terms of
efficacy, reducing the annual incidence of stroke to 1.2–1.7% per year
[3–6]. In terms of major bleeding, all NOACs are also as least as safe as
warfarin [3–6].
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1.2. Efficacy of NOACs for the treatment of venous thromboembolism (VTE)

In the initial treatment of VTE, all NOACswere at least non-inferior to
warfarin with an incidence of recurrent VTE events ranging between
2.1% and 3.2% at 6–12 months of treatment [15–18]. Similarly, all
NOACs were at least as safe as warfarin in terms of major bleeding
[15–18].

1.3. Pharmacology of NOACs

All NOACs are synthetic, reversible inhibitors of key factors involved
in the coagulation cascade. Whereas dabigatran targets factor IIa
(thrombin), apixaban, rivaroxaban, and edoxaban all target factor Xa.
After single-dose oral administration, all NOACs achieve peak serum
drug concentration (Cmax) within 1–3 h (Tmax) [19–22]. All NOACs are
eliminated by first order kinetics and are cleared from the body within
5 half-lives after the last dose, predominantly via renal excretion
[19–22]. The half-lives range from 7 to 8 h for rivaroxaban to 12–14 h
for dabigatran (Table 1), ensuring all NOACs are cleared within 48–
72 h after discontinuation in those with normal renal and hepatic func-
tion [19–24]. However, the anticoagulation effect of the NOAC becomes
clinically irrelevant much sooner. Even dabigatran, which has the lon-
gest half-life among NOACs, loses much of its anticoagulation potency
24 h after the last dose with drug concentration dropping to ~25% of
Cmax [22].

1.4. Laboratory monitoring

All the currently available NOACs have predictable pharmacokinet-
ics and routine laboratory monitoring is neither employed nor recom-
mended to assess efficacy of anticoagulation in day-to-day clinical
practice. INR and activated partial thromboplastin time (aPTT) cannot
be used in the clinical setting due to low sensitivity and large variability

in clotting times between the numerous commercially available re-
agents [19,25]. Anti-factor Xa assays are more sensitive and less vari-
able, making factor Xa activity the most suitable test to monitor drug
concentrations of apixaban [25]. Factor Xa activity also correlated well
with plasma concentration of rivaroxaban and edoxaban [20,21].
Dabigatran, however, works downstreamof factor Xa in the coagulation
cascade and its effect cannot be assessed by factor Xa activity. Ecarin
clotting time appears to be the most sensitive and useful measurement
of dabigatran's anticoagulation activity [22,26,27]. While the manufac-
turer does report that aPTT levels can be used to approximate anticoag-
ulant effects, a specific aPTT value appropriate for surgery is not known
[28]. An accurate, reliable, andwidely available assay is not yet available
for this class of medication and would be clinically very useful.

2. General principles guiding periprocedural management of NOACs

The risk-benefit assessment of periprocedural NOACmanagement is
similar to that of VKA. The first step is to determine the bleeding risk of
the procedure and compare it to the risk of interrupting or withholding
anticoagulation during the time leading up to the procedure. If the risk
of interrupting anticoagulation is prohibitively higher than the proce-
dural bleeding risk, anticoagulation should not be interrupted or at
least be substituted with a low-molecular weight heparin (LMWH) or
unfractionated heparin regimen. For patients on chronic warfarin ther-
apy, the usual practice is to stop warfarin 4–5 days before the
anticipated procedure with high risk for bleeding [1]. Bridging is then
started in those individuals with moderate-high risk for periprocedural
thromboembolism in the form of LMWH or unfractionated heparin
[1,2]. Post-procedural warfarin is usually reinitiated on postoperative
day 0 as long as hemostasis is achieved [1].

The use of a NOAC offers two distinct pharmacokinetic advantages
over a VKA in the periprocedural setting. First and foremost, a NOAC pro-
vides concentration-dependent, and therefore, predictable levels of
anticoagulation [19–22].Minor dental, dermatologic, and ophthalmologic

Table 1
Pertinent pharmacologic characteristics for currently available NOACs compared to warfarin.

Dabigatran Rivaroxaban Apixaban Edoxaban Warfarin

Pharmacology Direct thrombin inhibitor Direct factor Xa inhibitor Direct factor Xa inhibitor Direct factor Xa inhibitor Vitamin K antagonist

Time to peak concentration 1.5 h [22] 1.9 h [20] 1.0–3.3 h [24,105] 1.3 h [21] 2–6 h, but onset of action
is 3 days [106]

Half life
CrCl N80 mL/min

12–14 h [26] 7–8 h [23] 11 h [19] 9 h [21] 35 h [106]

CrCl 50–80 mL/min 16.6 h [38] 8.7 h [36] 14.2 h [37] 12.9 h [11] 35 h [106]
CrCl 30–50 mL/min 18.7 h [38] 9.0 h [36] 18.2 h [37] 16.5 h [11] 35 h [106]
CrCl 15–30 mL/min 27.5 h [38] 9.5 h [36] N/A 17.5 [11] 35 h [106]

Dietary Restrictions None [28] Take with evening meal
[33]

None [32] None [12] Avoid inconsistent intake
of vitamin K [106]

Nonvalvular AF dose 150 mg PO BID [28] 20 mg PO daily [33] 5 mg PO BID [32] 60 mg PO daily [12] Requires therapeutic
drug monitoring [106]

Normal VTE dose 150 mg PO BID (after 5–10
days of parenteral
anticoagulation) [28]

20 mg PO daily (after 15
mg BID × 21 days) [33]

5 mg PO BID (after 10 mg
PO BID × 7 days) [32]

60 mg PO daily [12] Requires therapeutic
drug monitoring [106]

Renal dosing For CrCl between 15 and 30
mL/min, dose for nonvalvular
AF is 75 mg PO BID; not
recommended when CrCl is
b15 mL/min; avoid use in
VTE when CrCl b30 mL/min
[28]

Avoid use when CrCl
b30 mL/min [33]

For non-valvular AF,
reduce dose to 2.5 mg PO
BID in patients who have 2
of the following 3 criteria:
1) Age N80 years
2) Body weight ≤60 kg
3) Serum creatinine
≥1.5 mg/dL
No renal dosing
adjustment for VTE
treatment [32]

For CrCl between 15 and
50 mL/min, decrease
dose to 30 mg PO daily;
avoid use when CrCl b15
mL/min or N95 mL/min

Dosing dependent on
therapeutic drug
monitoring [106]

Drug interactions P-glycoprotein inhibitors
[28]

P-glycoprotein and
CYP3A4 inhibitors and
inducers [33]

P-glycoprotein and
CYP3A4 inhibitors and
inducers [32]

P-glycoprotein inhibitors
[12]

CYP2C9, CYP1A2, CYP3A4
inhibitors and inducers
[107]

Dialysis 62–68% of drug removed
[38]

Not effective [41] Not effective [32] Not effective [42] Not effective [106]

CrCl — creatinine clearance, BID — twice daily.
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