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OBJECTIVES
• Address the anesthetic considerations related

to the various pharmacologic agents used in 
the treatment of atrial fibrillation (AF)
– Anesthetic considerations of antiarrhythmic

agents
– Implications of direct oral anticoagulants (DOACs) 

on anesthesia, especially regional anesthesia



OVERVIEW

• Introduction of AF therapy
• Antiarrhythmics

– classification and mechanism of action
– adverse effects
– drug interactions and considerations in anesthesia

• Anticoagulants
– stroke prevention
– Direct Oral AntiCoagulants (DOACS)
– regional anesthesia

• Conclusions



• AF is the most common cardiac arrhythmia
• Estimated prevalence of 33.5 million individuals

– affected individuals with AF is expected to double in 
the next several decades because of older population

• What to address?
– thromboembolism prophylaxis when AF is detected
– treatment options fall into 2 broad overlapping

categories: rate or rhythm control

Pharmacological treatment of AF



Management of atrial fibrillation (AF)

Kirchhof Lancet 2016



• Rate control often use for initial treatment
– use of negatively chronotropic drugs (eg, β-blockers or 

calcium channel blockers) 

• Rhythm control involves the use of 
pharmacological, electrical, or surgical
cardioversion to convert AF to normal sinus rhythm

• Drug choice is often dictated by safety concerns
(toxicities and proarrhythmic adverse effects) as 
well as patient characteristics and comorbidities

Rate and rhythm control in AF



Antiarrhythmic drugs (AAD)

• Vaughan-Williams classification according to 
their mechanism of action: 
– sodium channel blockers (class I)
– β-blockers (class II)
– potassium channel blockers (class III)
– calcium channel blockers (class IV)

• Furthermore, class I drugs are subdivided on 
the basis of drug affinity for sodium channels
into class IA, class IB, and class IC



Vaughan-Williams classification 

Dronedarone



Piccini & Fauchier Lancet 2016



Pharmacokinetic characteristics of 
antiarrhythmic drugs 

Cmax, maximum plasma concentrations; H, hepatic; R, renal; PO, orally; IV, intravenous; EM, 
extensive metabolizer; PM, poor metabolizer. 
* excreted unchanged in urine

Gheorghe et al. Europace 2018
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Canadian Cardiovascular Society Algorithm



DOACS

• DOACs are a major step forward for patients 
with non-valvular AF

• anti-IIa:  dabigatran
• anti-Xa: rivaroxaban, apixaban, and edoxaban

• Dosage determined mainly by indication, age
and/or creatinine clearance, body weight, and 
the use of concomitant drugs



Vascular injurySurface activation



DOAC prescribing for atrial fibrillation

Hogg et al. Eur J Emerg Med 2016

DOACS Commercial 
name

Standard Renal impairment Comment

Dabigatran Pradaxa™ 150 mg
oral bid

110 mg oral bid if creat. 
cl. 30-50 ml/min, or age
> 80 or at risk of 
bleeding

Avoid below creat. 
cl. 35 ml/min

Rivaroxaban Xarelto™ 20 mg oral 
od

15 mg oral od if creat. 
cl. 15-50 ml/min

Can be prescribed
with creat. cl. 15 
ml/min or more

Apixaban Eliquis™ 5 mg oral 
bid

2.5 mg oral bid if 2/3: 
weight < 60 kg, creat. > 
133 µmol/l, age > 80

Can be prescribed
with creat. cl. 15 
ml/min or more

Edoxaban Lixiana™ 60 mg oral, 
od

30 mg oral od if creat. 
cl. < 50 ml/min

Can be prescribed
with creat. cl. 15 
ml/min or more

od: once daily; bid: twice daily creat. cl.: creatinine clearance



Verma et al.



DOACS - pharmacokinetics

DOACS Commercial
name

Mechanism of 
action

Time to 
peak (h)

T1/2 (h)

Dabigatran Pradaxa™ Direct thrombin
(IIa) inhibitor

1.5-3 12-17
(28 in RF)

Rivaroxaban Xarelto™ Factor Xa inhibitor 3 8-10
Apixaban Eliquis™ Factor Xa inhibitor 3-4 8-12
Edoxaban Lixiana™ Factor Xa inhibitor 1-3 10-14



Vranckx et al. Drugs & Devices 2018

Absorption and metabolism of DOACS



Drug interactions

• An important interaction mechanism for all DOACS consists
of significant gastrointestinal re-secretion over a P-
glycoprotein (P-gp) transporter after absorption in the gut
– Competitive inhibition of this pathway increased plasma levels
– Many drugs used in AF patients are P-gp inhibitors (e.g. verapamil, 

dronedarone, amiodarone, and quinidine) 

• Strong CYP3A4 inhibition (verapamil, diltiazem, 
erythromycin, ketoconazole, ritonavir) may increase plasma 
concentrations

• Conversely, strong inducers of P-gp and/or CYP3A4 (such as 
rifampicin, carbamazepine, phenytoin) will markedly reduce
DOAC plasma levels

Steffel et al. Eur Heart J 2018



Drug interactions (2)

• DOAC dose reduction should be considered
for all DOACS when amiodarone, dronedarone
or other P-gp competitors is a concomitant 
medication
– association between dronedarone and dabigatran

or rivaroxaban is not recommended
– for dronedarone and edoxaban, a 50% reduction

dose is recommended
• For dabigatran and edoxaban, dose reduction

is recommended when taken simultaneously
with verapamil

Gheorghe et al. Europace 2018



Steffel et al. Eur Heart J 2018



Drug interactions in patients on 
antiarrhythmics - MCQ

• 75 yrs old female with AF on dronedarone.  
You want to add a DOAC. Which one do you
choose?
1. Dabigatran
2. Rivaroxaban
3. Apixaban
4. Edoxaban
5. None. They are all contraindicated



Drug interactions in patients on 
antiarrhythmics - MCQ

• 75 yrs old female with AF on dronedarone.  
You want to add a DOAC. Which one do you
choose?
1. Dabigatran is contraindicated
2. Rivaroxaban (try to avoid)
3. Apixaban (no data)
4. Edoxaban dose should be reduced by 50%
5. None. They are all contraindicated



Coagulation tests to measure the 
anticoagulant effects of the DOACs

Test Dabigatran Rivaroxaban Apixaban Edoxaban

aPTT
(intrinsic and common pathways)

 / / /

PT / INR
(extrinsic and common pathways)

/  / 

TT 
(time to conversion of fibrinogen
to fibrin)

 - - -

Diluted thrombin time 
(Hemoclot) – to reduce sensitivity

To quantify
plasma
conc.

- - -

Ecarin clotting time 
(converts prothrombin to 
meizothrombin)

To quantify
plasma
conc.

- - -

Chromogenic anti-Xa
assay

- To quantify
plasma conc.

To quantify
plasma conc.

To quantify
plasma conc.

Normal value does NOT
exclude anticoagulant effect



Peri-operative
management of 

patients on DOAC

Administration of DOACs influenced by:
• Drug elimination half-life
• Effect of renal function on drug elimination
• Bleeding risk associated with the surgery type 
• Whether patient is to receive spinal/epidural

anesthesia







DOAC Low bleed risk
surgery

Moderate bleed
risk surgery

High bleed
risk surgery

Dabigatran
(Creat. cl. ≥ 50)

Safe not to interrupt
anticoagulation 

last dose 2 days
before surgery

last dose 3 days
before surgery

Dabigatran
(Creat. cl. < 50)

Safe not to interrupt
anticoagulation 

last dose 3 days
before surgery

last dose 5 days
before surgery

Rivaroxaban Safe not to interrupt
anticoagulation 

last dose 2 days
before surgery

last dose 3 days
before surgery

Apixaban Safe not to interrupt
anticoagulation 

last dose 2 days
before surgery

last dose 3 days
before surgery

Edoxaban Safe not to interrupt
anticoagulation 

last dose 2 days
before surgery

last dose 3 days
before surgery



When can I restart DOAC therapy for my
patient after surgery?

• The timing of restarting DOAC therapy depends on:
– the type of surgery performed
– hemostasis
– unexpected complications at the time of surgery
– the condition of the patient

• For patients at low bleeding risk who undergo
uncomplicated surgery with good postoperative
hemostasis, DOACS can be safely resumed after 24 h

• For patients who undergo surgery with higher bleeding
risk, the decision to restart DOACS can be made after
48 to 72 h

Verma et al.



Steffel et al. Eur Heart J 2018



• Last DOAC intake 3 days before surgery
resulted in minimal pre-procedural
anticoagulant effect for almost all patients



Godier et al. Eur Heart J 2017

Fit plot of DOAC concentrations measured
at the time of invasive procedure according

to the duration of DOAC discontinuation

Safety haemostatic threshold propo-
sed for high bleeding risk surgery

A duration of DOAC discontinuation of 
49–72 h (54 h = 90% specificity) resulted
in pre-procedural DOAC concentrations      

≤ 30 ng/mL for 95% of the patients



Levy et al. 
Nature Rev Cardiol

2018





IDARUCIZUMAB (Praxbind™)

• Humanized mouse monoclonal antibody
• Acts as a non-competitive inhibitor of 

dabigatran form
• Immediate onset of action (min)
• Lasts 24 h
• Fixed dose of 5 g (50 mL x 2, no more than

15 min apart)
• Approx. $3 000
• REVERSE-AD phase III trial – 503 patients 

(78 yr.)



Factor Xa inhibitors antidote: 
andexanet alfa

• Bioengineering product, created for the specific
reversal of both direct and indirect FXa inhibitors
– Human recombinant FXa variant

• Andexanet strategically acts as a decoy antidote 
that binds FXa inhibitors

• Rapid reversal (min) – short duration if bolus (1h)
• Well tolerated
• Ongoing ANNEXA-4 trial (NCT02329327)



CIRAPARANTAG
• Anticoagulants universal antidote
• Fast-track designation by FDA 
• Broad-spectrum reversal agent fitting to neutralize :

– DOACs
– unfractionated heparin (UFH)
– low molecular weight heparins (LMWHs)

• Binds the anticoagulant compounds through a non-
covalent hydrogen bonding and charge-charge
interaction

• Ongoing trials…



Epidural catheter removal - MCQ

• 68 yrs old man had TKA 48 h ago – normal renal
function – epidural inserted for pain relief. 
Apixaban 2.5 mg bid (8am – 8pm) - last dose 
this morning at 8am.

• When do you remove the epidural catheter? 

• When do you give the next dose of apixaban?

From Dr A. Godier 2017 with permission



Epidural catheter removal - MCQ
• 68 yrs old man had TKA 48 h ago – normal renal

function – epidural inserted for pain relief. 
Apixaban 2.5 mg bid (8am – 8pm) - last dose this
morning at 8am

• When do you remove the epidural catheter?
1. Two hours before the next dose of apixaban
2. No medication tonight and removal tomorrow morning
at 8am
3. At 8pm tonight
4. No medication neither tonight nor tomorrow morning
and removal at 8pm tomorrow
5. 6 hours after last apixaban intake

From Dr A. Godier 2017 with permission



Epidural catheter removal - MCQ
• 68 yrs old man had TKA 48 h ago – normal renal

function – epidural inserted for pain relief
• Apixaban 2.5 mg bid (8am – 8pm) - last dose this

morning at 8am
• When do you remove the epidural catheter?

1. 2 hours before the next dose of apixaban
2. No medication tonight and removal tomorrow
morning at 8am
3. At 8pm tonight
4. No medication neither tonight nor tomorrow morning
and removal at 8pm tomorrow
5. 6 hours after last apixaban intake

From Dr A. Godier 2017 with permission



Epidural catheter removal - MCQ
• 68 yrs old man had TKA 48 h ago – normal renal

function – epidural inserted for pain relief. 
Apixaban 2.5 mg bid (8am – 8pm) - last dose this
morning at 8am

• When do you give the next dose of apixaban?
1. 12 hours after catheter removal
2. 8 hours after catheter removal
3. 5 hours after catheter removal
4. 2 hours before the 8pm dose, i.e., at 6pm
5. The next day at 8am



Epidural catheter removal - MCQ
• 68 yrs old man had TKA 48 h ago – normal renal

function – epidural inserted for pain relief. 
Apixaban 2.5 mg bid (8am – 8pm) - last dose this
morning at 8am

• When do you give the next dose of apixaban?
1. 12 hours after catheter removal
2. 8 hours after catheter removal
3. 5 hours after catheter removal
4. 2 hours before the 8pm dose, i.e., at 6pm
5. The next day at 8am



Rosencher et al. Anaesthesia 2007

Apixaban: catheter removal and next dose
T1/2 = 8-12 h
Tmax = 3-4 h

24 h

8 h

8 – 3 = 5 h



CONCLUSIONS ON DOACS 

• Not all procedures require anticoagulants to be held (eg, 
minor dental and skin procedures, cataract extraction, etc.)

• Bridging anticoagulation is not routinely recommended for 
DOAC-treated patients during treatment interruption for an 
elective surgery

• DOACs should be held for 1 to 4 days pre-procedure, with
the interruption interval depending on the DOAC, patient 
renal function, and surgery/procedure bleeding risk

• Postoperative resumption of DOACs can be approximately 24 
hours after low-bleed-risk and 48 to 72 hours after high-
bleed-risk procedures







Parker & Sanoski J Pharm Pract 2016



Vranckx et al. Drugs & Devices 2018





Essential features of vitamin K antagonists and 
non-vitamin K antagonist oral anticoagulants

Vitamin K antagonists
• Slow onset and off set of action, 

with some thrombophilia during
onset and off set

• Narrow therapeutic window (target
INR 2.0–3.0)

• Several interactions with food and 
other drugs

• Variable dose response depending
on the individual’s genetic
background

• Regular INR monitoring and 
frequent dose adjustments

• TTR of > 65–70% is vital for 
optimum stroke prevention

• Used in clinical practice for a long 
time; not expensive

Non-vitamin K antagonist oral 
anticoagulants
• Fast onset and off set of action; 

onset faster than off set
• Fixed once or twice daily dosing
• A few clinically relevant interactions 

with other drugs; no food
interaction

• Stable, dose-related anticoagulant 
effect; no need for regular
laboratory monitoring but renal
function assessment is mandatory
at baseline and during follow-up

• Strict adherence is crucial for 
optimum efficacy

• Relatively new drugs, expensive, 
but cost-effective, in comparison
with vitamin K antagonists

TTR=time in therapeutic range



Finkel et al. Pharmacology : Lippincott’s Illustrated Reviews 2009

Effective
refractory period

Effective
refractory period

Effective
refractory period

Effective
refractory period

Class IA drugs Class IB drugs

Class IC drugs Class III drugs
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