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ABSTRACT
For decades, vitamin K antagonist warfarin has been used for thromboprophylaxis or stroke prevention 
in atrial fibrillation. Recently, direct thrombin inhibitor - dabigatran and factor Xa inhibitors - rivaroxaban 
and apixaban, have emerged as alternatives to warfarin. The perioperative management of antithrombotic 
therapy involves establishing a balance between hemorrhagic risk and thrombotic risk. Routine coagulation 
assays like prothrombin time and activated partial thromboplastin time provide a crude estimation of their 
activity. Further, no specific antidotes are available to reverse their effect. These drugs are discontinued 
before elective surgery and timing is based on the patient’s renal status also. For emergency surgery or 
bleeding, the management includes the principles of bleeding control; hemodialysis may be effective for 
dabigatran. Prothrombin complex concentrates are found to be more effective than frozen plasma but 
more studies are warranted.
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INTRODUCTION
Vitamin K antagonists (VKA) have been the 
standard of care for treatment and prophylaxis of 
thromboembolic complications in patients with 
mechanical heart valves or atrial fibrillation.1Despite 
their efficacy, they have many limitations. The 
problems encountered with warfarin include 
delayed onset and offset of action, unpredictable 
pharmacokinetics and pharmacodynamics. It has 
numerous drug- drug and drug-food interactions 
and requires frequent laboratory monitoring due to 
narrow therapeutic and safety index.2 Over the last 
5-6 years, new direct oral anticoagulants (NOACs) 
such as dabigatran etixalate, rivaroxaban, apixaban 
and edoxaban have been approved for long term 
anticoagulation. NOACs target key coagulation 

factor which is highlighted in their names like 
rivaroxaban, apixaban and edoxaban inhibit factor 
Xa whereas, dabigatran etixalate inhibits thrombin 
complex (factor IIa).3 NOACs have many advantages 
when compared with VKAs, e.g. comparatively 
short half-lives, predictable pharmacokinetics and 
pharmacodynamics, so there is no requirement 
for routine monitoring (Table 1).4 There are 
many studies to show that NOACs are neither 
inferior, nor superior to VKAs in preventing stroke 
or systemic embolization in patients with atrial 
fibrillation without increasing risk of intracranial 
bleed or mortality.5–9 NOACs have improved 
safety and efficacy when compared with LMWH 
for thromboprophylaxis after major orthopedic 
surgery.9–13 However, perioperative management 
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of patients taking NOACs is a challenge especially 
during emergency surgery, trauma, bleeding or 
drug overdose.

Table 1: Differences between VKA and NOACs

Parameter VKA NOAC

Onset of action Long (days) Short ( Hours)

Duration of action Long Short

Drug interaction Yes Few

Food interaction Yes No

Antidote Yes No

Renal excretion No Yes (dabigatran)

PHARMACOKINETICS OF NOACs

Dabigatran etixalate

Dabigatran is available as a prodrug, dabigatran 
etixalate as the drug itself is highly hydrophilic and 

of 6.5% and a serum half-life of 12-17 hours.15 
In contrast to the other NOACs, the low protein 
binding of dabigatran allows it to be eliminated 
by hemodialysis.16 In case of moderate hepatic 
impairment, it can be safely administered without 
dose adjustment. It is involved in few drug 
interactions (mainly P-glycoprotein inhibitors), 
no food interactions and does not require routine 
coagulation monitoring. The major route of 
elimination is renal which clears 85% of the drug. 
Thus, there is accumulation of the drug in the 
setting of renal insufficiency and this correlates 
with the degree of renal impairment.

Dosage for thromboprophylaxis after surgery is 
110 mg, one to four hours after surgery followed 
by 220 mg once daily. For stroke prevention after 
atrial fibrillation, the dose is 150 mg twice daily 
decreased to 110 mg twice daily in the elderly.

Oral Direct Factor Xa Inhibitors

Factor Xa is the rate limiting factor in thrombin 
generation and amplification. Direct factor Xa 
inhibitors inhibit free factor Xa, factor Xa in the 
clots and in prothrombinase complex.

Rivaroxaban and Apixaban

Both rivaroxaban and apixaban selectively and 
competitively bind with factor Xa and block its 
interaction with prothrombin (Figure 1).

 Both drugs have good bioavailability and high 
protein binding. About 30% of both the drugs 
are excreted unchanged by the kidneys. For 
rivaroxaban, rest of the drug undergoes inactivation 
in the liver. Thus, two-thirds of rivaroxaban is 
eliminated by non-renal mechanism and 25% of 
apixaban is transformed into metabolites in the 
liver and excreted in feces. CYP3A4 is involved in 
hepatic clearance of these drugs, so these should 

Figure 1: Effect site of anticoagulation agents

Table 2: Pharmacokinetics and pharmacodynamics of NOACs

Variables Dabigatran Rivaroxaban Apixaban

Mechanism of action Thrombin inhibitor Factor Xa inhibitor Factor Xa inhibitor

Bioavailability 3-7% 60-70% without 
food,100% with food

60-70%

Plasma Protein binding 35% 90% 87%

Plasma half life 12-16 hours 5-13 hours 8-15 hours

Peak level after ingestion 1.25-3 hours 2-4 hours 3-4 hours

Renal clearance 85% 30% 30%

Hepatic degradation 15% 70% 70%

P-gp transporter interac-
tion

++ + +

CYP3A4 interaction - + +

not orally bioavailable. After oral administration, 
dabigatran etixalate 
is rapidly and 
completely converted 
to dabigatran by serum 
esterases.14 Dabigatran 
is a reversible direct 
thrombin inhibitor 
which inhibits both 
free and fibrin bound 
thrombin. By inhibiting 
thrombin, it prevents 
the conversion of 
fibrinogen to fibrin and 
thus, prevents thrombus 
formation ( Figure 1). 
It has a bioavailability 
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be cautiously administered with inducers and 
inhibitors of CYP3A4.17 Apixaban is one of the 
substrates for P-glycoprotein so the plasma levels 
of the drug can increase if co-administered with 
P-glycoprotein (P-gp) inhibitors. Both rivaroxaban 
and apixaban cannot be eliminated during 
hemodialysis.

The recommended dose of rivaroxaban is 20 mg 
once daily for thrombosis or stroke prevention in 
patients with AF patients. It is reduced to 15 mg 
in patients with CrCl < 50 ml/min. It is given as 10 
mg once daily within 6-10 hours after surgery for 5 
weeks post THR and 2 weeks postTKR.18 Whereas, 
apixaban is given 2.5 mg twice daily within 12-24 
hours of surgery post THR and post TKR. The dose 
is 5 mg twice daily for patients in AF.2

MONITORING ANTICOAGULATION 
WITH NOACs
Due to a narrow therapeutic index, frequent 
monitoring of anticoagulation is required with 
warfarin. The anticoagulant activity of warfarin is 
measurement using INR (International normalized 
ratio). The target is 2.5 (2.0 to 3.0) and 3.0 (2.5-
3.5) for treatment in patients with mechanical heart 
valves.19

Routine monitoring of anticoagulant activity is 
not required with NOACs, it is required during 
emergency surgery, trauma, acute bleed or 
suspected overdose in anticoagulated patients. 
Monitoring is also required for dose adjustment 
in patients with renal impairment. NOACs exhibit 
variable effects on the coagulation assays which 
are influenced by the type of drug, dose of drug 
and reagent used. Routine tests like prothrombin 
time (PT) and activated partial thromboplastin 
time (aPTT) do not show sensitivity or linearity 
for NOACs. A normal PT or aPTT does not exclude 
clinically relevant effect of these drugs.20 Due 
to the site of action of dabigatran, most of the 
coagulation parameters will be prolonged except 
PT. The relationship between dabigatran levels and 
aPTT is curvilinear so as the drug levels increase, 
the precision is lost. Thrombin time (TT) might 
be prolonged even with the clinically insignificant 
levels of the drug as it is overly sensitive. The most 
reliable methods available to measure the effects 
of dabigatran is dilute thrombin time or direct 
thrombin inhibitor (Hemoclot®) assay which has a 
linear correlation with the drug concentration and 
ecarin clotting time assay.21 In ecarin clotting time 
essay, prothrombin is converted to meizothrombin 
by the snake venom ecarin and dabigatran inhibits 

meizothrombin in dose-dependent manner. 
But, this test is not widely available or frequently 
used.22 Partial thromboplastin time (PTT) can be 
used if no other test is available and a normal test 
would indicate the absence of clinically relevant 
anticoagulant activity.23

Rivaroxaban and apixaban cannot be measured 
using routine coagulation assays. Rivaroxaban 
causes prolongation of PT but the results vary with 
the reagent used and the sensitivity is decreased at 
lower drug levels. Anti-factor Xa assay using specific 
drug calibrators can be used to measure blood 
concentration of these drugs and are expressed as 
ng/ml.24

PERIOPERATIVE MANAGEMENT
The perioperative management of patients on oral 
anticoagulants depends upon patient as well as 
procedure related risk of bleeding and thrombosis. 
The discontinuation and restart of therapy depends 
on the pharmacokinetics and pharmacodynamics of 
the drug.25 A bleeding tendency is suspected if there 
is a previous history of bleeding, hepatic or renal 
impairment or treatment with dual antiplatelet 
therapy. There are various scoring systems available 
for assessing the risk for bleeding.26 On the other 
hand, patients with CHADS2 score (score to assess 
stroke risk in patients with atrial fibrillation) more 
than 2 are at an increased risk of thrombosis. It is 
recommended that the elective procedure should 
be delayed if there is history of thrombotic event, 
major hemorrhage in the past three months, the 
patient is pregnant or less than three months 
postpartum.27

Warfarin has a half-life of 36 hours so for low and 
moderate risk procedures, warfarin should be 
stopped five days prior to surgery.28 According to 
2012 ACCP antithrombotic therapy guidelines, 
warfarin can be continued in the perioperative 
period for minor procedures with low risk of 
bleeding like dental procedures (tooth extraction, 
RCT), skin procedures (skin biopsy) and cataract 
surgery.28 Bridging therapy with heparin is 
recommended for patients with high risk of 
bleeding during withdrawal of VKAs but no 
recommendations are available for patients with 
moderate risk of bleeding. Bridging therapy may 
be reserved for patients with mechanical heart 
valves and high risk for TE, history of recent stroke, 
TIA or CHADS2 score of 5 or 6.25 However, recent 
meta-analyses have revealed that bridging therapy 
may not provide added benefit and may lead to 
increased periprocedural bleeding.29
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Like warfarin, there are various studies to prove 
that oral anticoagulants can be safely continued in 
the perioperative period for minor surgeries like 
ophthalmologic surgeries.30 Amongst NOACs, the 
timing of discontinuation of dabigatran is decided 
by creatinine clearance and the bleeding risk 
associated with the procedure (Table 2).23,31

Table 2: Creatinine clearance and the bleeding risk

Creatinine 
clearance
( ml/min)

Half-life 
( hours)

Time of last dose before 
surgery

Normal 
bleeding risk

High 
bleeding risk

>80 13 1 day 2-4 days

50-80 15 1 day 2-4 days

30-50 18 >2 day >4 days

<30 27 2-5 days >5 days

Numerous anesthesia societies have proposed 
guidelines to improve safety of patients on 
anticoagulants for neuraxial block or surgery. 
The European guidelines recommend a gap of 
two half- lives between discontinuation of drug 
and neuraxial injection for NOACs: 34 hours for 
dabigatran, 22-26 hours for rivaroxaban and 26-30 
hours for apixaban. It was seen that the plasma drug 
concentration decrease to about 25% after two half–
lives.32 After two half-lives ,the elimination slows 
down so waiting longer would not decrease the 
plasma concentration significantly.33 The residual 
anticoagulant effect seems to facilitate prevention 
of TE in the immediate postoperative period also. 
However, these studies were performed in the 
young subjects and the elderly or the patients with 
renal impairment and other comorbidities can have 
longer drug half-lives. The Scandinavian guidelines 
recommend 18 hours for rivaroxaban but there 
are no guidelines for dabigatran and apixaban.34,35 
The French study group recommended a 24 hour 
interval for procedures with low risk of bleeding 
and to restart after 24 hours. They recommend a 
5 day interruption for procedures with moderate 
or high risk of bleeding and to restart according 
to the risk of bleeding. For patients with high 

risk of thrombosis, it is recommended to initiate 
bridging 12 hours after the last dose of NOACs for 
patients with high risk of thrombosis.36 Catheter 
placement and removal should be considered 
when the anticoagulation activity is minimum 
and the patient should be monitored for signs of 
hematoma. Rosenchal et al recommended that the 
anticoagulation should be started 8 hours minus 
the time taken for peak concentration on the 
basis that it takes 8 hours for the clot to reach the 
maximum strength.33

Another simplified approach for temporary 
withdrawal of NOACs before surgery is given in 
Table 3.18

REVERSAL AND MANAGEMENT OF 
BLEEDING
Vitamin K1 can lead to activation of existing clotting 
factors so it can be used for reversal of warfarin. 
It can be used orally as well as iv.19 The maximum 
effect of oral Vitamin K1 is seen within18-24 hours 
as compared to 6-12 hours with intravenous 
Vitamin K1.

37 Oral administration is the preferred 
route where the procedure can be delayed for 
18-24 hours and the risk of bleeding is mild to 
moderate.38 For surgery where the procedure 
can be delayed for 6-12 hours only, intravenous 
Vitamin K1 is given in a dose of 10 mg IV. For 
rapid reversal of warfarin, the options available 
are prothrombin complex concentrate and frozen 
plasma. Prothrombin complex concentrate (PCC) 
is required for rapid reversal of warfarin in patients 
with major bleed or urgent surgery within six 
hours. PCC contains highly purified concentrate of 
coagulation factors prepared from pooled plasma 
and has undergone virus reduction.39 However, the 
efficacy of PCC decreases after 6 hours due to short 
half-life of factor VII so Vitamin K1 10 mg IV has to be 
administered concurrently. The recent guidelines 
by national Advisory Committee recommend the 
dose to target INR of 1.5 and maximum dose of 
3,000 IU (200 ml).39 Frozen plasma is indicated for 
urgent reversal of warfarin if PCC is unavailable 

or contraindicated. The 
target level of coagulation 
factors required for adequate 
hemolysis is 30-40% so 10-15 
ml/kg of frozen plasma would 
be required. 

Summary of 
recommendations for 
reversal of warfarin is given s 
Table 4.39

Table 3: A simplified approach for temporary withdrawal of NOACs before surgery

Anticoagulant Stop before 
insertion

Check before 
block Caution

Dabigatran 3.5-4 days TT, aPTT
CrCl < 50 ml / min

Age > 75years

Rivaroxaban 2-3 days Anti Xa, PT CrCl < 30 ml / min

Apixaban 3-4 days Anti Xa
CrCl<30 ml / min,

age ≥ 80years and weight ≤ 60 kg
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Table 4: Summary of recommendations for reversal of warfarin

Urgency of procedure
Recommendations for reversal 

of warfarin

Emergency ( 0-6 hours)
PCC based on weight and INR

Vitamin K1 slow iv infusion

Urgent ( 6-12 hours) Vitamin K1 slow iv infusion

Able to wait 24-36 hours Vitamin K1 slow iv infusion

Immediate reversal of NOACs might be required 
for emergency surgery or in a bleeding patient. 
If the bleeding is not severe and the surgery can 
be delayed, stopping the drug and providing 
supportive treatment is sufficient. In case of 
moderate bleeding, initial measures are volume 
resuscitation, identification of the source of 
bleeding and local hemostasis. FFP or PCC do not 
have a role in bleeding due to NOACs as there 
is an ongoing clotting factor inhibition rather 
than a deficiency of the factors. If anticoagulant 
overdose is suspected, activated charcoal can 
be administered within 1-2 hours but it has no 
role during intraoperative period. Hemodialysis 
or hemoperfusion can be useful for dabigatran. 
Tranexamic acid and antifibrinolytics may be used 
as adjuncts to augment coagulation. The role of 
FFP’s or factor VIIa has not been studied in human 
beings. PCCs are available as concentrates of three 
(II, IX, X) or four (II, VII, IX, X) factors and enhance 
thrombin generation. The four factor PCCs have 
activated and inactivated form. 40Small quantities 
of heparin, antithrombin, protein C and S can also 
be added to PCCs but the results with PCCs are 
controversial. The best approach to stop NOAC 
bleeding would be the administration of antidote.

Thus, the management of bleeding due to 
anticoagulants would depend upon the severity 
of bleeding, hemodynamic stability and mortality 
risk as well as the possible results from the future 
research.

AND FUTURE RESEARCH FOR 
ANTAGONIST (RE-VERSE AD)™ 
(NCT02104947)
RE-VERSE AD™ is an ongoing, global Phase III 
patient study initiated by Boehringer Ingelheim® 
in 2014 to investigate idarucizumab in emergency 
settings. Up to 300 patients taking dabigatran, aged 
18 years or over are expected to be enrolled from 
more than 400 centers in 38 countries worldwide. 
The broad inclusion criteria reflect the types of 

patients that would require urgent anticoagulant 
reversal in the real-world emergency setting. These 
include severely ill or injured patients, (e.g. patients 
with sepsis, a severe intracranial hemorrhage or a 
large vessel injury).

Idarucizumab is a humanized antibody fragment, 
or Fab, designed as a specific reversal agent to 
dabigatran.41 Idarucizumab binds specifically to 
dabigatran molecules only, neutralizing their 
anticoagulant effect without interfering with the 
coagulation cascade.41

 Results from an interim analysis of the Phase III 
RE-VERSE AD™ patient study demonstrate that 
5 gm of idarucizumab immediately reversed the 
anticoagulant effect of dabigatran (Pradaxa®) in 
patients requiring urgent anticoagulant reversal. 
The primary endpoint of the study is the degree of 
reversal of the anticoagulant effect of dabigatran 
achieved by 5 gm idarucizumab within 4 hours 
measured by diluted thrombin time (dTT) and 
ecarin clotting time (ECT).

Patients received 5 gm of intravenous idarucizumab* 
administered as two 50 ml bolus infusions, each 
containing 2.5 gm of idarucizumab, no more 
than 15 minutes apart.3 Blood was collected and 
assessed for anticoagulant effect at baseline, after 
administration of the first vial of idarucizumab*, 
and then between 10 and 30 minutes and 1, 2, 4, 
12 and 24 hours after administration of the second 
vial.41

The primary endpoint was the maximum degree of 
reversal of the anticoagulant effect of dabigatran, 
determined using different laboratory tests 
(including the coagulations tests diluted thrombin 
time (dTT) and ecarin clotting time (ECT)) at any 
point from the end of the first idarucizumab* 
infusion, up to 4 hours after administration of the 
second infusion.41

Secondary endpoints include the proportion of 
patients achieving complete normalization of the 
dTT or ECT in 4 hours, the reduction in unbound 
dabigatran concentration, and clinical outcomes as 
assessed by the treating clinician. 
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