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Abstract The recent introduction of new oral anticoag-

ulants or novel target specific oral anticoagulants (TSOA’s)

is likely to have a major impact in the years ahead. Many

large clinical trials have been published in the past few

years showing these agents are generally safe and effective

in several clinical settings including acute venous throm-

boembolic disease, prophylaxis in the postoperative set-

ting, prevention of thromboembolism in patients with atrial

fibrillation, and in the management of acute coronary

syndromes. Reported rates of overall and intracranial

bleeding are lower compared to oral vitamin K antagonists.

Other major advantages of oral direct thrombin inhibitors

(dabigatran) and Xa inhibitors (rivaroxaban and apixaban)

include rapid onset and offset of action and predictable

pharmacodynamics with relatively wide therapeutic win-

dow allowing for unmonitored drug use. The relatively

short half-life, rapid onset of action, and predictable

pharmacokinetics should simplify periprocedural use of

these agents. In this review we focus on some practical

issues related to TSOA’s including some limitations,

potential complications, considerations to be made for

certain patient populations, periprocedural management

and issues pertaining to transition to and from these novel

agents.

Keywords Apixaban � Conversion � Dabigatran � Oral

anticoagulation � Periprocedural management � Special

patients � Rivaroxaban

Introduction

Oral vitamin K antagonists (VKA) such as warfarin have

been the cornerstone of outpatient anticoagulation man-

agement for decades. Clinicians have become quite

familiar with protocols for routine monitoring, reversal and

peri-procedural management, and coagulation clinics have

been designed to facilitate these processes in a safe and

efficient manner. There are many obvious limitations to

oral VKA. These include a multitude of drug interactions,

long time to onset and offset of action, narrow therapeutic

window, and wide inter-individual variation in dosing due

to differences in absorption, protein binding and genetics.

In addition warfarin is associated with a significant risk

of intracranial haemorrhage which can have devastating

consequences including a 40 % case fatality rate. In the

real-life setting outside of clinical trial data the incidence

of intracranial haemorrhage likely exceeds 0.5 % of war-

farin treated patients [1].

Recently several new target specific oral anticoagulants

(TSOA’s) have been developed and tested in large clinical

trials for indications including acute treatment of deep

vein thrombosis and pulmonary embolism, prevention of

thromboembolic complications in atrial fibrillation, venous

thromboembolic prophylaxis after orthopaedic surgery and

in hospitalized medically ill patients, and for management

of acute coronary syndromes (ACS). These agents are
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promising and offer potential advantages over oral VKA.

Our familiarity with the use of the agents is limited at this

time, and FDA approval for certain indications is still

pending. This review focuses on: (1) practical issues rela-

ted to the use of the TSOA’s, (including optimal patient

candidates, patient subgroups excluded from the trials, and

use of TSOA’s with other antithrombotic agents), and

complications and limitations of the TSOA’s (including

cost considerations), and (2) periprocedural use of the

TSOA’s and conversion of these agents to and from VKA.

Which patients are optimal candidates for the TSOA’s?

It is worth paying special attention to the various exclusion

criteria employed by some of the major clinical trials using

TSOA’s published to date (Table 1). Keeping these exclu-

sion criteria in mind can be helpful when extrapolating

clinical trial data to the real-world setting. We have

addressed some specific patient populations below where

there may be concern about the safety or efficacy of TSOA’s.

The median age in most of the recent atrial fibrillation clin-

ical trials is the 70–73 range and considerably younger in the

venous thromboembolism (VTE) treatment studies (53–55).

A separate review of TSOA’s in the elderly is included in this

special edition so this population is not addressed here. In

addition a major advantage of TSOA’s over oral VKA is a

relatively wide therapeutic window and predictable phar-

macokinetics which eliminate the need for routine moni-

toring of drug levels. A disadvantage is lack of standardized

tests for monitoring in vivo drug efficacy and lack of reversal

agents. Monitoring and reversal are also discussed in a sep-

arate chapter of this edition so will not be discussed here.

Renal failure

Patients with severe renal failure (creatinine clearance

\30 mg/ml) were excluded from all recent large clinical trials

with novel TSOA’s (Table 1). Pharmacokinetic studies have

demonstrated that 85 % of dabigatran is excreted in the urine

[2]. Population pharmacokinetic (PK) and pharmacodynamic

(PD) models using data from clinical studies in healthy vol-

unteers and patients with atrial fibrillation or undergoing

orthopedic surgery (OS) have shown that renal function is the

only covariate shown to have a clinically relevant impact on

dabigatran exposure [3]. Plasma peak concentration and ter-

minal elimination half-life of dabigatran is significantly

increased in patients with decreased renal function. Terminal

elimination half-life is 13 h in healthy subjects compared to

15, 18, and 27 h in subjects with mild, moderate, and severe

renal impairment respectively [4]. The FDA has approved a

dose of 75 mg BID dabigatran for patients with significant

renal impairment (GFR 30–50 ml/min) based largely on PK

modelling but clinical studies demonstrating the safety and

efficacy of this dose are lacking [5].

Pharmacokinetic studies of rivaroxaban have shown that

33 % of active drug and 33 % of inactive drug after hepatic

processing is eliminated by the kidneys [6]. As expected

plasma levels of the drug increase in patients with renal

insufficiency with mean values 1.44-, 1.52-, and 1.64-fold

higher in patients with mild, moderate and severe renal

impairment respectively compared to healthy controls [7]. In

the ROCKET atrial fibrillation trial patients with creatinine

clearance 30–50 mg/ml were treated with 15 mg daily dose

compared to 20 mg daily in patients with creatinine clearance

[50 mg/ml [8]. Population based PK simulation studies

suggest that rivaroxaban exposure with 15 mg daily dose in

patients with creatinine clearance of 30–49 ml/min would

achieve AUC and Cmax values similar to those observed with

20 mg daily dose in patients with normal renal function [10].

Despite the concern about use of novel oral anticoagu-

lants in patients with impaired renal function, subgroup

analysis from these trials suggests that these agents are safe

and effective in patients with impaired kidney function.

Patients with impaired renal function in ROCKET-AF trial

were older and had slightly higher rates of stroke of sys-

temic embolism compared to patients with normal renal

function, but among patients with impaired renal function

the dose reduced rivaroxaban treated group had similar

rates of stroke or systemic embolism (2.32 per 100 patient-

years with rivaroxaban 15 mg/day vs 2.77 per 100 patient-

years with warfarin, HR 0.84; 95 % CI 0.57–1.23) and

rates of major and clinically relevant non-major bleeding

(17.82 vs 18.28 per 100 patient-years; P = 0.76) [9].

Similarly in patients with impaired renal function (creati-

nine clearance\50 ml/min) from the RE-LY trial bleeding

and systemic embolism rates were lower in the dabigatran

treated compared to warfarin treated patients [10].

Gastrointestinal disease

There are several issues relevant to gastrointestinal

co-morbidities. TSOA’s agents have variable oral bio-

availability ranging from only 7 % with dabigatran [2] up

to 83 % with rivaroxaban [11]. Most likely the major factor

causing increased gastrointestinal bleeding with novel

agents compared to warfarin is that, unlike warfarin which

requires biotransformation in the liver to become active,

novel oral agents are present in feces as active forms. It

may be necessary to exercise some caution when using

these agents in patients with a history of GI bleeding or at

higher risk of GI bleeding.

Ximelagatran was the first oral direct thrombin inhibitor

which was not FDA approved largely due to problems with

liver toxicity [12]. Results from recent trials like the

RE-LY trial [10] suggest that new oral direct thrombin
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Table 1 Exclusion criteria in recent clinical trials of TSOA’s

Drug Study Population Exclusion Criteria

Dabigatran RECOVER [18] Acute PE and DVT • Duration of symptoms longer than 14 days

• PE with hemodynamic instability

• Thrombolytic therapy

• Another indication for warfarin therapy

• Recent unstable cardiovascular disease

• High risk of bleeding

• Liver disease with an ALT [29 upper limit of the normal

• Creatinine clearance \30 ml/min

• Life expectancy \6 months

• Contraindication to heparin or to radiographic contrast

• Pregnancy

• Antiplatelet therapy [100 aspirin daily

RE-NOVATE

[38]

RE-MODEL

[39]

Prophylaxis after knee and hip

replacement

• Elevated liver enzymes

• Creatinine clearance \30 ml/min

• Concomitant treatment with NSAIDS

• Aspirin doses [162 mg/day

• Requirement for continued anticoagulation

RE-LY [10] Atrial fibrillation • Severe heart-valve disorder

• Stroke within 14 days or severe stroke within 6 months

• Condition that increased the risk of hemorrhage

• Creatinine clearance \30 ml/min

• Active liver disease

• Pregnancy

Rivaroxaban EINSTEIN PE

[40]

EINSTEIN DVT

[41]

Acute PE

Acute DVT

• Thrombectomy, IVC filter, fibrinolytic agent used

• Contraindication to enoxaparin or warfarin

• Active bleeding or a high risk of bleeding

• Creatinine clearance \30 ml/min

• Clinically significant liver disease

• Systolic blood pressure [180 or diastolic blood pressure [110

• Pregnancy or breast feeding

• Concomitant use of a strong inhibitor of cytochrome P-450 3A4 or a

CYP3A4 inducer

ATLAS [15] Acute coronary syndrome • Platelet count \90

• Hemoglobin \10 g/dl

• Creatinine clearance \30 ml/min

• GI bleed within 12 months

• Previous intracranial hemorrhage

• Previous ischemic stroke or TIA

• Patients taking both aspirin and a thienopyridine

RECORD

[42–44]

Prophylaxis after knee and hip

replacement

• Pregnant or breastfeeding

• Active bleeding or a high risk of bleeding

• Condition that might require anticoagulation

• Substantial liver disease

• Creatinine clearance \30 ml/min

• Concomitant use of protease inhibitors HIV
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Table 1 continued

Drug Study Population Exclusion Criteria

ROCKET AF [8] Atrial fibrillation • Hemodynamically significant mitral valve stenosis

• Prosthetic heart valve

• Active internal bleeding

• Increased bleeding risk

• Major surgical procedure or trauma within 30 days

• Gastrointestinal bleeding within 6 months

• History of intracranial bleed

• Creatinine clearance \30 ml/min

• Known significant liver disease

• Platelet count \90,000

• Systolic blood pressure [180

• Aspirin [100 mg daily

• Dual antiplatelet therapy

• Pregnancy or breast-feeding

Apixaban APPRAISE-2

[16]

Acute coronary syndrome • Persistent severe hypertension

• Creatinine clearance of \20 ml/min

• Active hepatobiliary disease

• Active bleeding or a high risk for bleeding

• Any history of intracranial bleeding

• Ischemic stroke within 7 days

• New York Heart Association class IV heart failure

• Hemoglobin \9 g/dL

• Platelet count \100,000 mm3

• Required treatment with high dose aspirin ([325 mg)

• Treatment with strong inhibitor of CYP3A4

• Life expectancy of B6 months

• Pregnancy or breast feeding

Adopt [45] Prophylaxis in medically ill

hospitalized

• Active bleeding or high risk for bleeding

• Confirmed venous thromboembolism

• Disease requiring parenteral or oral anticoagulant agent

• Active liver disease

• Hemoglobin \9 g/dl

• Platelet count \100,000

• Creatinine clearance of \30 ml/min

• Taking two or more antiplatelet agents or aspirin [165 mg

• Pregnancy or breast feeding

ADVANCE-1

[46]

ADVANCE-3

[47]

Prophylaxis after knee and hip

replacement

• Active bleeding

• Contraindication to anticoagulant prophylaxis

• Disease requiring ongoing anticoagulant or antiplatelet

• Uncontrolled hypertension

• Active hepatobiliary disease

• Hemoglobin \9 g/dl

• Platelet count \100,000

• Creatinine clearance of \30 ml/min
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inhibitors do not cause liver toxicity. In this trial there was

no difference in development of transaminitis (1.9 vs

2.2 %) or other serious hepatobiliary complications (0.6 vs

0.5 %). Similarly development of liver toxicity was not

increased in large clinical trials with rivaroxaban (0.5 vs

0.47 %) or apixaban (0.3 vs 0.4 %) compared to warfarin.

As discussed previously TSOA’s are largely cleared by the

kidneys, however patients with significant underlying liver

disease have been excluded from most of the recent TSOA

trials (Table 1). The safety and efficacy of these agents in

patients with serious existing liver disease is unknown and

thus these agents should likely be avoided in this setting.

Patients well controlled on long term warfarin

A recent randomized non-inferiority trial in patients on

long term warfarin with well controlled INR tested the

safety of INR monitoring every 4 weeks compared to every

12 weeks [13]. The percentage of time in the therapeutic

range was 74.1 % in the 4-week group compared with

71.6 % in the 12-week group demonstrating that less

aggressive INR monitoring was non-inferior. There are

some limitations to this study, but it does suggest that one

major advantage of the novel TSOA’s, namely no need for

routine blood monitoring, may be less of an issue for

patients with well controlled INR. An analysis of the

RE-LY data with stratification of warfarin treated patients

into quartiles based on time in therapeutic range (TTR)

supports this notion [14]. Patients treated with dabigatran

had better outcomes in a number of areas including stroke

and systemic embolism, major bleeding, and total deaths

when compared to poorly controlled warfarin treated

patients (TTR\57 %). This study noted that none of these

outcomes differed significantly when compared to warfarin

treated patients with well controlled INR (TTR [72 %),

however the study was likely not powered to detect sig-

nificant differences in this subgroup.

Patients using anti-platelet agents

Several studies have explored the use of TSOA’s in com-

bination with anti-platelet agents in the setting of ACS.

The ATLAS trial [15] randomized patients with ACS to

standard therapy plus placebo or two different doses of

rivaroxaban (2.5 mg BID or 5 mg BID). Rivaroxaban

improved the primary endpoint of death from cardiovas-

cular cause MI or stroke, but rates of major bleeding (2.1 vs

0.6 %, P \ 0.0001) and intracranial haemorrhage (0.6 vs

0.2 %, P = 0.04) were higher in the rivaroxaban treated

group. The APPRAISE-2 trial [16] which randomized ACS

patients to standard therapy plus either placebo or apixaban

(5 mg BID) was terminated early when this showed similar

increased in major bleeding (1.3 vs 0.5 %, P = 0.001) and

intracranial bleeding (0.3 vs 0.1 %, P = 0.03). These

results suggest that bleeding risk is increased in patients

also receiving anti-platelet therapy, and there is very lim-

ited safety data regarding addition of TSOA’s to dual anti-

platelet therapy.

Non-compliant patients

Warfarin poses challenges because of the need for INR

monitoring and patient compliance is often a concern.

Although at first glance TSOA’s may seem to offer

advantages over warfarin in the poorly compliant patient,

Table 1 continued

Drug Study Population Exclusion Criteria

AVERROES

[17]

Atrial fibrillation • Presence of other conditions requiring anticoagulation

• Valvular disease requiring surgery

• Serious bleeding event in the previous 6 months

• High risk of bleeding

• Platelet count of \100,000

• Hemoglobin level \10 g/dl

• Stroke within the previous 10 days

• Current alcohol or drug abuse or psychosocial issues

• Life expectancy of less than 1 year

• Serum creatinine level of [2.5 mg per deciliter

• Creatinine clearance of \25 ml/min

• ALT or AST [29 the upper limit of the normal

• Bilirubin [1.5 times the upper limit of normal

• Allergy to aspirin
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in reality there are several concerns in this population. First

these agents have relatively short half-lives and some of

them require twice daily dosing. If a dose is missed levels

quickly become sub-therapeutic. Also currently there are

not reliable and standard mechanisms for monitoring or

reversing these agents which may pose particular risks in

poorly compliant individuals. Reliability of INR testing at

least ensures that non-compliant patients can be more

readily identified.

Mechanical heart valves

Patients with significant valvular heart disease requiring

surgery were excluded from studies using novel TSOA’s in

patients with atrial fibrillation including the RE-LY [10],

AVERROES [17], and ROCKET [8] trials. Patients with

less significant valvular heart disease and bioprosthetic

valves were included in these trials. However the safety

and efficacy profiles in patients with mechanical heart

valves cannot be determined, and such patients should

remain on warfarin.

Pregnant patients

Pregnant and breast feeding patients were not included in

the clinical trials using TSOA’s (Table 1). These agents are

considered category C for pregnancy and should be avoi-

ded as there are no trials studying safety or efficacy in

setting of pregnancy. It is not known if these drugs are

excreted in breast milk.

Complications and other limitations of the TSOA’s

Bleeding risk

Overall the bleeding risk profile of the novel TSOA’s is

favourable compared to warfarin. Rate of major bleeding

and intracranial bleeding have been lower with dabigatran

in the setting of atrial fibrillation [10] (3.1 vs 3.4 % and 0.3

vs 0.7 % respectively) and acute VTE [18] (5.6 vs 8.8 %

and 0 vs 0.2 %). The oral Xa inhibitors have similar

improvement in reported overall and intracranial bleeding

events compared to warfarin in various clinical settings [8,

17]. As discussed above the rate of gastrointestinal bleed-

ing with TSOA’s appears to be higher than with warfarin

treatment [8, 10]. The benefit of the TSOA’s compared to

warfarin for reduction in intracranial bleeding events per-

sists even in patients with well controlled INR, whereas

overall bleeding complication rate is similar in patients

treated with dabigatran compared to warfarin treated

patients with well controlled INR (TTR [72 %) [14].

Myocardial infarction risk

There is evidence suggesting that use of dabigatran a direct

thrombin inhibitor may be associated with an increased risk

of myocardial infarction compared to warfarin-treated

patients. This observation was first reported in the RE-LY

study [10], the largest dabigatran study with over 18,000

patients. RE-LY showed a significant decrease in stroke

and systemic embolism in atrial fibrillation patients treated

with either 110 mg BID or 150 mg BID of dabigatran

compared to warfarin treated patients, and all-cause mor-

tality was lower with dabigatran was lower. The initial

results also reported a significant increase in myocardial

infarction events with an MI rate of 0.53 % per year with

warfarin compared to 0.72 % per year in the 110-mg

dabigatran group (relative risk, 1.35; 95 % CI, 0.98–1.87;

P = 0.07) and 0.74 % per year in the 150-mg dabigatran

group (relative risk, 1.38; 95 % CI, 1.00–1.91; P = 0.048).

The investigators subsequently reported an updated version

of their outcome data revealing several previously unre-

ported events [19]. These events included 4 clinical

myocardial infarctions and 28 sub-clinical myocardial

infarctions defined by the new appearance of pathologic Q

waves on ECG. With the addition of these events the dif-

ference in MI risk was no longer statistically significant

(RR 1.29, p0.09 for 110 mg dose and RR 1.27, p0.12 for

150 mg dose). However a recent meta-analysis including

seven randomized clinical trials and over 30,000 patients

showed that dabigatran use was significantly associated

with a higher risk of MI or ACS than that seen with agents

used in various control groups (1.19 vs 0.79 %, P = 0.03)

[20]. The difference remained significant when using

revised RE-LY data (OR, 1.27; 95 % CI, 1.00–1.61;

P = .05). The difference in observed MI events may in fact

be due to better risk reduction with warfarin compared to

dabigatran rather than true increased risk with dabigatran.

The mechanism for these differences is unknown but may

be related to a relative increase in inflammation with direct

thrombin exposure. There have been no reports of

increased myocardial infarction risk with use of oral direct

Xa inhibitors.

Drug costs

It remains to be determined how these agents will be

reimbursed by health insurance companies and out-

of-pocket expenses may limits use for some patients. A

sophisticated cost-effectiveness study of dabigatran com-

pared to warfarin for management of atrial fibrillation has

been conducted [21]. This study took into account esti-

mated drug costs, thromboembolic events, and complica-

tions. Dabigatran treated patients had higher 35 year
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estimated costs ($168, 398 compared to $143, 193) but this

translated into improvement in estimated quality adjusted

years in dabigatran treated patients (10.84 vs 10.28). The

estimated incremental cost-effectiveness ratio for high dose

dabigatran compared to warfarin was $45,372 per QALY.

Similar cost effectiveness analysis of rivaroxaban in the

post-operative prophylaxis setting demonstrated rivarox-

aban is associated with increased quality-adjusted life years

and lower cost (savings of C$300 per patient). [22]

Drug interactions

There are innumerable dietary and drug interactions with

warfarin which make anticoagulation with this oral VKA

challenging [23]. A major advantage of the novel TSOA’s

is much less potential for adverse drug interactions.

Metabolism of both rivaroxaban and dabigatran are

dependent on P glycoprotein (P-gp) thus medications

which inhibit P-gp such as ketoconazole, quinidine, ami-

odarone or verapamil can increase TSOA drug levels [24].

Similarly substances that induce P-gp activity such as

rifampin and the supplement St Johs wort can decrease

effective drug levels. Rivaroxaban is also metabolized by

CYP3A4 enzyme so medications such as ketoconazole,

clarithromycin, ritonavir, and rifampicin which affect lev-

els of this enzyme should not be used with TSOA’s

(Table 2).

Management of patients on the TSOAs undergoing

elective procedures or surgeries

In patients who are receiving one of the TSOAs and require

elective surgery, the timing of both pre- and post-proce-

dural interruption to ensure a minimal anticoagulant effect

at the time of the procedure is predicated on 3 factors: (1)

the elimination half-life of the agent; (2) the patient’s renal

function; and (3) the planned surgery/procedure and anes-

thesia [25, 26]. In the case of dabigatran, for patients

whose renal function is normal (CrCl [80 ml/min) or

mildly impaired (CrCl, 50–80 ml/min), dabigatran has an

elimination half-life of *14–17 h [27], which implies that

in such patients the last dabigatran dose should be given

*2 days before surgery. This corresponds to 4–5 elimi-

nation half-lives (48–60 h). In patients with moderately

impaired renal function, the half-life of dabigatran is

16–18 h [28]; and to allow 4–5 half-lives (64–90 h) to

elapse between the last dabigatran dose and a procedure,

the last dose of dabigatran should be given 4 days before

surgery. In the case of a minor procedure, (e.g., laparo-

scopic general surgical procedure), a 1-day period of

dabigatran interruption may be reasonable, as this would

allow 2–3 drug half-lives to elapse with a modest residual

anticoagulant effect at the time of the procedure. If there is

uncertainty about when to safely interrupt dabigatran

before surgery, the default management should be to

interrupt dabigatran 2 days before a procedure in all

patients with normal or mildly impaired renal function

(CrCl [50 ml/min) and to interrupt dabigatran 4 days

before a procedure in all patients with moderately impaired

renal function (CrCl 30–50 ml/min). The suggested pre-

procedural management for dabigatran-treated patients is

shown in Table 3.

A recent analysis from the RE-LY trial, a[18,000-patient

randomized trial comparing dabigatran (150 or 110 mg

b.i.d.) with warfarin for stroke prevention in non-valvular

atrial fibrillation [10], compared the periprocedural man-

agement of dabigatran with warfarin for patients who

required elective surgery. Although initially the manage-

ment approach was left to the treating physician, a stan-

dardized protocol was adopted midway through the study for

periprocedural interruption of dabigatran and is similar to

that suggested in Table 3. In RE-LY, there were [4,500

patients who had a first interruption of anticoagulation, in

whom dabigatran was interrupted \2 days in 37 % of

patients, 2–5 days in 33 % of patients, and[5 days in 13 %

of patients before surgery. There was no statistically sig-

nificant difference in periprocedural major bleeding among

dabigatran-treated patients (3.8 % with 110 mg dose, 5.1 %

with 150 mg dose) and warfarin-treated patients (4.6 %)

Table 2 Benefits and limitations of the TSOA’s

Advantages Disadvantages and limitations

• Monitoring of drug level and therapeutic effect not required

due to predictable absorption and pharmacokinetics

• Lower risk of overall and intracranial hemorrhage

• Peri-procedure anticoagulation is easier due to short half-life

and quick onset of action

• Minimal drug interactions

• Lack of reliable, validated and widely available laboratory tests make

monitoring for compliance and in the setting of bleeding difficult

• Higher risk of gastrointestinal bleeding

• Questionable benefit in patients well controlled on warfarin

• Decreased clearance in patients with renal insufficiency limits use in setting

of chronic kidney disease

• Potential increased risk of myocardial infarction with dabigatran treatment

• Cost
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[29] and the incidence of arterial thromboembolism was low

(\1 %), irrespective of anticoagulant therapy. These find-

ings suggest that dabigatran-treated patients were not at

increased risk for periprocedural adverse clinical conse-

quences as compared with warfarin-treated patients. In

patients having minor procedures such as dental, cutaneous,

or cataract surgeries, or coronary angiography, in which

warfarin can be safely continued, it is reasonable to continue

dabigatran in patients undergoing these procedures.

Two practical issues relating to resuming dabigatran and

other TSOAs after surgery are their relatively rapid onset of

action. With peak levels occurring 1–3 h after ingestion [24],

the potential effect of postoperative bowel dysmotility and

the use of acid-suppressive therapy on drug absorption

should be considered. In dabigatran-treated patients the

concomitant use of drugs that decrease gastric acidity (i.e.,

proton pump inhibitors, H2-blockers) may decrease drug

absorption. Although such factors may have some effect on

the bioavailability of dabigatran, this is unlikely to be clini-

cally important [30]. The rapid peak anticoagulant effect of

the TSOAs is similar to that of low-molecular-weight hepa-

rin (LMWH) and, therefore, resuming a therapeutic-dose

TSOAs (e.g., dabigatran 150 mg b.i.d. or rivaroxaban 20 mg

o.d.) after surgery may be similar to resuming a treatment-

dose LMWH bridging regimen. Consequently, the post-

procedural resumption of TSOA’s should be done cautiously,

as with post-procedural resumption of LMWH bridging [31].

In patients having major bowel surgery, it is likely that intake

of oral medications will be limited, although this typically

resolves within 24–72 h [32].

For dabigatran, determining the optimal postoperative

resumption is based on two sources of evidence. The first

comes from studies assessing dabigatran as thrombopro-

phylaxis after OS [33, 34]. In these studies, the starting

Table 3 Pre-procedural interruption of the target specific oral anticoagulants: a suggested management approach (adapted from [48])

Drug (dose)a Patient renal function Low bleeding risk surgery (2–3 drug half-

lives between last dose and surgery)b
High bleeding risk surgery (4–5 drug half-

lives between last dose and surgery)c

Dabigatran (150 mg

b.i.d.): t1/

2 = 14–17 h

Normal or mild

impairment (CrCl

[50 ml/min)

Last dose: day-2 before surgery Last dose: day-3 before surgery

t1/2 = 16–18 h Moderate impairment

(CrCl 30–50 ml/min)

Last dose: day-3 before surgery Last dose: day-4 to 5 before surgery

Rivaroxaban (20 mg

o.d.): t1/2 = 8–9 h

Normal or mild

impairment (CrCl

[50 ml/min)

Last dose: day-2 before surgery Last dose: day-3 before surgery

t1/2 = 9 h Moderate impairment

(CrCl 30–50 ml/min)

Last dose: day-2 before surgery Last dose: day-3 before surgery

t1/2 = 9–10.5 h Severe impairment (CrCl

15–29.9 ml/min)

Last dose: day-3 before surgery Last dose: day-4 before surgery

Apixaban (5 mg b.i.d.):

t1/2 = 7–8 h

Normal or mild

impairment (CrCl

[50 ml/min)

Last dose: day-2 before surgery Last dose: day-3 before surgery

t1/2 = 17–18 h Moderate impairment

(CrCl 30–50 ml/min)

Last dose: day-3 before surgery Last dose: day-4 before surgery

Patients receiving rivaroxaban, 15 mg o.d

CrCl creatinine clearance
a Estimated t1/2 based on renal clearance
b Aiming for mild-to-moderate residual anticoagulant effect at surgery (\12–25 %)
c Aiming for no or minimal residual anticoagulant effect (\3–6 %) at surgery

Table 4 Post-procedural resumption of the target specific oral anticoagulants: a suggested management approach (adapted from [48])

Drug Low bleeding risk surgery High bleeding risk surgery

Dabigatran Resume on day after surgery, 150 mg b.i.d. Resume day ? 2 or day ? 3 surgery, 150 mg b.i.d.a

Rivaroxaban Resume on day after surgery, 20 mg q.d. Resume day ? 2 or day ? 3 after surgery, 20 mg q.d.

Apixaban Resume on day after surgery, 5 mg b.i.d. Resume day ? 2 or day ? 3 after surgery, 5 mg b.i.d.a

CrCl creatinine clearance
a Patients at high risk for thromboembolism, consider administering a reduced dose of dabigatran (e.g., 75 mg once-daily) on evening after

surgery and on following day (first postoperative day) after surgery

G. Connolly, A. C. Spyropoulos

123

Author's personal copy



dose of dabigatran was 75 or 110 mg on the evening after

surgery followed by 220 mg daily the next day. The inci-

dence of postoperative bleeding was comparable to that in

patients who received enoxaparin, 40–60 mg daily, sug-

gesting that a lower dose of dabigatran can be safely given

soon after surgery. The second source of evidence comes

from the reported experience in the RE-LY trial in which

post-operative resumption of dabigatran was left to the

discretion of the treating physician [29]. In RE-LY,

dabigatran was resumed within 1 day, after 2 days, after

2–5 days, and [5 days after surgery in 49, 15, 13, and

10 % of patients, respectively. For patients having major or

high bleed risk surgeries, one option is to resume dabiga-

tran at 50 % of the total daily dose (i.e., 150 mg o.d.) for

the first 2 days after surgery followed by a full-dose

dabigatran regimen (i.e., 150 mg b.i.d.) thereafter. An

alternative approach is to use the prophylactic dose of

dabigatran 75 mg daily during the initial 1–2 days after

surgery, especially if there is greater than expected bleed-

ing. The suggested approach to post-procedural resumption

of dabigatran is summarized in Table 4.

In patients who are receiving the rivaroxaban or apix-

aban, the pre-procedural drug interruption will be predi-

cated on: (1) their drug elimination half-lives which is

9–15 h for rivaroxaban and 9–14 h for apixaban, and (2)

the drug dependence on renal clearance (33 % for riva-

roxaban, 25 % for apixaban) [35, 36]. As shown in

Table 3, rivaroxaban may be stopped 2 days before surgery

as this would correspond to *4 half-lives expired and a

minimal residual anticoagulant effect at surgery. A longer

duration of interruption is likely required in patients with

impaired renal function but there are no published studies

relating to the pre-procedural interruption of rivaroxaban

and apixaban in such patients.

For the post-procedural management of rivaroxaban-

and apixaban-treated patients, the same approach as with

dabigatran-treated patients can be initiated which anchors

resumption of a treatment-dose regimen to procedural

bleed risk. A low-dose regimen for the first 2 to 3 days in

patients undergoing major surgery followed by a treatment-

dose regimen thereafter, can be considered as shown in

Table 4, This approach suggests resuming rivaroxaban

10 mg daily for 2 days, starting on the morning after sur-

gery, and increasing to 20 mg daily thereafter. In patients

undergoing less invasive surgery or minor procedures, a

treatment-dose regimen of rivaroxaban (i.e. 20 mg daily)

either on the day of the surgery or procedure or within 24 h

can be considered in order to allow sufficient time for

wound hemostasis.

The rapid onset and offset of action of the TSOAs

should obviate the need for perioperative heparin bridging

anticoagulation for the majority of patients. However, there

may be a role for a 2–3 day low-dose LMWH bridging

regimen (e.g., enoxaparin 40 mg or dalteparin 5,000 IU

daily) in the post-procedural setting in patients who are

unable to take oral medications and require thrombopro-

phylaxis. In addition, an extended period of bridging, for

example with therapeutic-dose LWMH, may be warranted

in patients with gastric resection or postoperative ileus in

whom the bioavailability of the TSOA’s may be affected

over a prolonged period.

Conversion of warfarin to the TSOAs or the TSOAs

to warfarin

In situations where patients on chronic warfarin will be

converted to the TSOAs, one should take into account the

PK characteristics of both warfarin (elimination half-life

4–5 days) and the TSOAs (elimination half-life of 14–17 h

for dabigatran; 8–9 h for rivaroxaban; and 7–8 h for

apixaban) in addition to a patient’s underlying renal func-

tion (especially for dabigatran). There is some evidence

from the large Phase III randomized trials that warfarin can

be discontinued with the international normalized ratio

(INR) at 2.3 before starting dabigatran and INR of 3.0

before starting rivaroxaban [8, 10]. There was no signal in

the studies that this temporary overlap between warfarin

and the TSOAs led to an increased risk of bleeding. In the

case of dabigatran, point-of-care INR monitors should be

avoided for monitoring this transition phase, as dabigatran

may lead to potential inaccuracies in the INR reading from

the instrument [37].

In the case of the need to transition from the TSOAs to

warfarin (due to drug intolerance, failure syndromes, etc.),

the same considerations for the PK of the various agents and

a patient’s underlying renal function should also be taken

into account. A suggested transition strategy for conversion

of the TSOAs to warfarin was developed by Schulman et al.

as shown in Table 5, based on a patient’s calculated creat-

inine clearance and warfarin start date. Although not evi-

dence-based, an INR should be obtained within 3–4 days of

initiating warfarin for the purpose of assessing an excessive

warfarin dose. Extra caution should be exercised in patients

with near severe renal insufficiency. Point-of-care INR

Table 5 Suggested strategy for conversion of the target specific oral

anticoagulants to warfarin based on renal function (adapted from

[24])

Calculated

CrCl (ml/min)

Dabigatran start date

with warfarina
Rivaroxaban or apixaban

start date with warfarina

[50 Day-3 Day-4

31–50 Day-2 Day-3

15–30 Day-1 Day-2

a The TSOAs are stopped on day 0
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monitors should be avoided during this transition period for

the reasons already stated.

Conclusions

The application of the TSOA’s in routine clinical practice

have the potential to revolutionize the management of both

primary and secondary prevention, as well as treatment, of

thromboembolic disease. Compared with VKA’s such as

warfarin, these agents lack the need for routine monitoring

and have few drug–drug and other interactions, as well as

relatively rapid onset and offset in periprocedural settings.

However, the major limitations of their use stem from

patient subgroups in which they have not been adequately

studied, such as patients with mechanical heart valves,

pregnancy, or disease states in which there is potential for

toxicity, such renal insufficiency, use of multiple antith-

rombotic/antiplatelet agents, and a history or risk of

myocardial infarction. There is also the issue of cost of

these agents compared to warfarin, especially if patients

are well-controlled on warfarin. Finally, the TSOA’s rel-

atively rapid onset and offset will likely make them sim-

pler to use in periprocedural settings, likely obviating the

need for bridging therapy. As data accumulates for the

TSOA’s in specific patient subgroups, disease states, or

periprocedural settings, their relative safety and efficacy in

these situations will be better established to assist the

practitioner in determining optimal benefit to risk as to

their use.

Disclosure of funding for this work There is no financial reim-

bursement from any organization for this work.
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