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A b s t r A c t

Ensuing the recent approval of novel oral anticoagulant agents (NOACs) in Greece 
and many other countries for stoke prevention in patients with non-valvular atrial 
fibrillation (AF), an overview is herein attempted of some practical points concerning 
their use with regards to agent selection and patient monitoring. There are currently 
3 NOACs, dabigatran (a direct thrombin inhibitor), rivaroxaban and apixaban (direct 
factor Xa inhibitors), among which physicians are called upon to choose if they de-
cide to use these more expensive agents in lieu of the much cheaper classic vitamin 
K antagonists (VKA), either to initiate or switch anticoagulant therapy in patients 
with AF. All three NOACs were evaluated in large randomized trials and found to be 
effective anticoagulants in patients with non-valvular AF, with comparable to or im-
proved efficacy over warfarin, and a significant reduction in intracranial hemorrhage 
compared to warfarin. There was even a significant (apixaban) or strong trend toward 
reduction (dabigatran and rivaroxaban) in all-cause mortality. These agents are easier 
to administer in fixed once or twice daily doses without the need for routine coagula-
tion monitoring. However, in addition to their much higher pricing, it is important to 
appreciate the potential challenges and limitations posed by their use and to follow 
recommendations and guidelines, in order to achieve optimal patient outcomes.

I N t r O D U c t I O N

Apropos with the most recent approval of novel oral anticoagulant agents (NOACs) 
in Greece and many other countries for stoke prevention in patients with non-valvular 
atrial fibrillation (AF), we attempt to summarize herein some practical points concerning 
their use. There are currently 3 NOACs, dabigatran (Pradaxa®; Boehringer Ingelheim), 
rivaroxaban (Xarelto®; Bayer) and apixaban (Eliquis®; Bristol Myers Squibb), among 
which physicians are called upon to choose if they decide to use them in lieu of the classic 
vitamin K antagonists (VKA), either to commence or switch anticoagulant therapy in 
patients with AF.1,2 A fourth agent, edoxaban (Lixiana®; Daiichi Sankyo), is also going 
to be available in the near future. The -gatrans are direct thrombin inhibitors, while the 
-xabans are direct factor Xa inhibitors. We will not deal herein with the controversial 
issue whether one should opt for a new (more expensive) or a classic (much cheaper) 
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agent, but rather we will discuss the issue of agent selection and 
patient monitoring, should one decide to use one of the novel 
agents. All three NOACs were evaluated in large randomized 
trials and found to be effective anticoagulants in patients with 
non-valvular AF, with comparable to or improved efficacy over 
warfarin.3-5 Notably all three new agents showed a significant 
reduction in intracranial hemorrhage compared with warfarin. 
There were also either significant (apixaban) or strong trends 
toward reductions (dabigatran and rivaroxaban) in all-cause 
mortality. These agents are easier to administer, as they can 
be given in fixed once or twice daily doses without the need 
for routine coagulation monitoring. 

r A N D O M I Z E D  s t U D I E s

Dabigatran (Pradaxa®) was evaluated in the Randomized 
Evaluation of Long-term Anticoagulation Therapy (RE-LY) 
trial comprising 18,000 patients.3 Two doses of the drug (110 
mg bid and 150 mg bid) were each compared with warfarin. 
Both doses were noninferior to warfarin regarding the pre-
vention of stroke and/or embolization, while the 150 mg dose 
was superior to warfarin. There was less major bleeding with 
dabigatran 110 mg than with warfarin, whereas dabigatran 150 
mg had similar major bleeding. In a subanalysis of RE-LY, with 
better control of the international normalized ratio (INR) of 
2.0-3.0 and an increasing time in therapeutic range (TTR) of 
the INR in the warfarin group, fewer ischemic strokes were 
observed, but not fewer intracranial hemorrhages compared 
with dabigatran.6 

Rivaroxaban (Xarelto®) was compared with warfarin in 
the Rivaroxaban Once Daily Oral Direct Factor Xa Inhibition 
Compared With Vitamin K Antagonist for Prevention of Stroke 
and Embolism Trial in Atrial Fibrillation (ROCKET-AF) trial 
comprising 14,000 patients.4 A dose of either 20 mg daily or 
15 mg daily depending on renal function was employed. Ri-
varoxaban was noninferior to warfarin with regards to stroke 
and/or embolism. Major bleeding rates were not different.

Apixaban (Eliquis®) was compared with warfarin in the 
Apixaban for Reduction in Stroke and Other Thromboembolic 
Events in Atrial Fibrillation (ARISTOTLE) trial comprising 
18,000 patients.5 Apixaban dose was 5 mg bid or for individu-
als at higher bleeding risk 2.5 mg bid. Overall, it was superior 
to warfarin in terms of stroke and/or embolism and in major 
bleeding.

Edoxaban (Lixiana®), administered in doses of 30 mg or 60 
mg once daily, is being evaluated in the ENGAGE AF-TIMI 
48 (Effective aNticoaGulation with Factor XA Next GEnera-
tion in Atrial Fibrillation) trial for the prevention of stroke 
and systemic embolic events in patients with non-valvular AF.7 
Edoxaban is currently approved only in Japan, since 2011, for 

the prevention of venous thromboembolism (VTE) after major 
orthopedic surgery. Results from the ENGAGE AF-TIMI 48 
study will be presented at the American Heart Association 
Scientific Sessions in November 2013.

In a meta-analysis of the above 3 randomized trials (RE-
LY, ROCKET-AF and ARISTOTLE)8 that compared NOACs 
with warfarin in AF, among a total of 50,578 patients, NOACs 
significantly decreased stroke or systemic embolism (2.8% vs 
3.5%, odds ratio -OR 0.82, P<0.001), death (6.0% vs 6.3%, OR 
0.88, P=0.001) and stroke (2.4% vs 3.0%, OR 0.79, P<0.001). 
The reduction in stroke was mainly driven by fewer hemorrhagic 
strokes (0.3% vs 0.8%, OR 0.79, P<0.001). Major bleeding 
occurred in 5.0% and 5.6% of patients in the NOACs and war-
farin groups (OR 0.85, P=NS). NOACs were associated with 
lower rates of intracranial bleeding (0.6% vs 1.3%, P<0.001) 
and higher rates of gastrointestinal bleeding (2.3% vs 1.3%, 
P=0.036). The authors concluded that in patients with non-
valvular AF, NOACs decrease stroke or systemic embolism, 
hemorrhagic stroke and mortality, with similar risk of major 
bleeding compared to warfarin. A similar meta-analysis of the 
same 3 studies indicated that patients randomized to NOACs 
had a decreased risk for all-cause stroke and systemic embolism 
(relative risk - RR 0.78), ischemic and other stroke (RR 0.87), 
hemorrhagic stroke (RR 0.45), and all-cause mortality (RR 
0.88).9 NOACs were associated with a lower risk for intracranial 
bleeding (RR 0.49). No conclusions could be drawn regarding 
the risks for major and gastrointestinal bleeding. The authors 
concluded the NOACs are more efficacious than warfarin for 
the prevention of stroke and systemic embolism in patients with 
AF with less risk for intracranial bleeding, and thus appear as 
promising alternatives to warfarin.9 In another meta-analysis, 
the authors concluded that NOACs may reduce overall and 
cardiovascular mortality, stroke and systemic embolism, to-
gether with major and intracranial bleeding compared with 
warfarin, but these favorable results need to be confirmed in 
postmarketing studies.10 

Caution in the use of NOACs is also advised by the authors 
of another review of 6 randomized studies involving 61,424 
patients, 3 studies evaluating NOACs for chronic AF (the same 
as discussed above), and 3 studies examining the treatment 
of venous thromboembolism (VTE), all comparing NOACs 
with adjusted-dose warfarin and all funded by pharmaceutical 
companies.11 The authors of this review indicate that subgroup 
analyses suggest a higher risk for myocardial infarction (MI) 
with direct thrombin inhibitors (dabigatran) than with factor 
Xa inhibitors and an increased bleeding risk for NOACs in 
patients older than 75 years or those receiving warfarin who 
have good control.11 The authors conclude that NOACs are a 
viable option for patients who need long-term anticoagulation, 
but treatment benefits compared with warfarin are small and 
vary depending on the control achieved by warfarin treatment.11 
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W H I c H  A G E N t

Without data from direct comparisons among the three 
NOACs, it is not proper to recommend one over the other 
agent. Practice guidelines have recommended a NOAC in 
preference to or as an alternative to warfarin but have not 
differentiated among the NOACs.12-14 

E F F I c A c y  A N D  s A F E t y

From indirect comparisons,15,16 high-dose (150 mg) da-
bigatran and apixaban appear superior to rivaroxaban for 
protection against systemic embolism. With regards to major 
bleeding, apixaban and low-dose (110 mg) dabigatran seem 
superior to rivaroxaban and high-dose dabigatran. Thus, when 
the risk of stroke is high, one may consider dabigatran 150 
mg or apixaban; on the other hand, when the risk of bleeding 
is high, one might opt for apixaban or low-dose dabigatran. 
“Real world” experience suggests higher bleeding rates with 
high-dose dabigatran 150 mg compared to low-dose.17,18

E l D E r ly  pA t I E N t s

In the RE-LY trial, there was no significant interaction 
between age and type of anticoagulant therapy with regards 
to protection from thromboembolism. However, with regards 
to major bleeding, high-dose dabigatran may confer a higher 
risk in patients older than 75 years, and based on this finding, 
the Canadian guidelines have proposed the lower dose of 
dabigatran for the elderly.14 

For rivaroxaban and apixaban, efficacy and safety are in-
dependent of age, and thus age should not affect the choice of 
these agents. Nevertheless, patients ≥75 years have a higher risk 
of stroke and might possibly achieve the best balance between 
efficacy and safety with apixaban.19 

r E N A l  FA I l U r E

use of NOACs has been recommended at the doses used 
in the trials for patients with eGFR >30 mL/min (>25 mL/min 
for apixaban). In Canada, dabigatran has not been approved for 
eGFR <30, while rivaroxaban was approved at a dose of 15 mg 
qd for eGFR at 30-49 mL/min. In the uS, a dose of dabigatran 
75 mg bid and rivaroxaban 15 mg qd have been proposed for 
patients with eGFR between 15 and 30 mL/min and 15-50 mL/
min, respectively. Both the uS and Canada have approved 
apixaban 2.5 mg bid for patients with 2 out of 3 of the following 
criteria: serum creatinine ≥133 mmol/L (1.5 mg/dL), age ≥80 
years, and body weight ≤60 kg. For patients with eGFR 30-50 
mL/min, there may a preference for apixaban over dabigatran or 
rivaroxaban. Finally, NOACs should not be used and VKAs may 
be a more suitable alternative for AF patients on hemodialysis.20

c O r O N A r y  A r t E r y  D I s E A s E

In the RE-LY trial, a curious finding of higher incidence 

of myocardial infarction (MI) with dabigatran 150 mg vs 
warfarin was reported. Meta-analyses of comparative data 
between dabigatran and warfarin have indeed shown more 
MI but lower mortality with dabigatran; however, this has not 
panned out in the “real world” experience of dabigatran.18 
On the other hand, in ROCKET-AF and ARISTOTLE and 
relevant meta-analyses, there were reductions in MI and all-
cause mortality with rivaroxaban or apixaban. Thus, although 
dabigatran, in comparison with warfarin, has not conferred a 
worse outcome of ischemic events and despite that mortality 
is less, it may be prudent to select rivaroxaban or apixaban in 
patients with unstable coronary artery disease, as suggested in 
the guidelines of the European Society of Cardiology (ESC).12

r I s K  O F  b l E E D I N G

A very important finding of all trials of NOACs is the fact 
that intracranial bleeding was significantly less with all these 
agents. Also, major bleeding was significantly less with 5 mg 
of apixaban and with dabigatran 110 mg, compared with war-
farin, but not with dabigatran 150 mg or rivaroxaban 20 mg. 
unfortunately, major gastrointestinal bleeding was significantly 
greater with dabigatran 150 mg and with rivaroxaban 20 mg 
compared with warfarin. However, apixaban and dabigatran 
110 mg were not associated with increased gastrointestinal 
bleeding. Thus, apixaban or low-dose dabigatran might be 
preferred in cases of patients being at higher risk of bleeding. 
An exception might be a case with very high risk of stroke, 
whereby dabigatran 150 mg could outweigh the risk of major 
bleeding. In order to decrease the risk of bleeding with NOACs, 
one should select patients based on the status of their renal 
function, which should also be monitored during follow-up by 
checking creatinine clearance once or twice per year, especially 
in circumstances of exacerbation of heart failure, hypotensive 
episodes or any event suspected to lead to worsening renal 
function (hypovolemia, dehydration, co-administration of 
certain drugs, etc). Data analysis from the ARISTOTLE trial 
indicate that in patients with AF, renal impairment is associated 
with increased risk of cardiovascular events and bleeding.21 
However, apixaban, compared with warfarin, reduced the rates 
of stroke, death, and major bleeding, regardless of renal func-
tion; rather, patients with impaired renal function seemed to 
have the greatest reduction in major bleeding with apixaban.21

O t H E r  I s s U E s

Among patients with AF and previous stroke or transient 
ischemic attack (TIA), either high-dose dabigatran (150 mg) 
or apixaban might be the preferable agents. With regards to 
side-effects, other than major bleeding, a difference in non-
hemorrhagic side effects was observed with dabigatran, with 
significantly more dyspepsia (11.3% vs 5.8%). Thus, in a patient 
with previous dyspepsia, rivaroxaban or apixaban might be 
preferable to dabigatran. Regarding patient compliance, the 
option of once daily dosage might sway drug selection toward 
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rivaroxaban over dabigatran or apixaban. Recommendations 
for the lower dose (110 mg bid) of dabigatran pertain to elderly 
patients (>80 years), patients receiving P-glycoprotein inhibi-
tors (particularly verapamil), patients with compromised renal 
function (creatinine clearance 30-50 mL/min), and patients 
with gastrointestinal or esophageal problems that might be 
complicated by bleeding.

Finally, the cost of all the new agents is much higher 
compared with the cost of warfarin, but there seem to be no 
differences among the three available agents. Cost-efficacy 
analyses are urgently needed for physicians, patients and insur-
ance agencies to further decide on selection of a suitable agent. 
Some preliminary cost-effectiveness data have been provided 
by analysis of the RE-LY trial.22 For low-risk patients for stroke, 
only aspirin was cost-effective. For patients with a moderate 
stroke risk rate, warfarin was cost-effective unless the risk of 
hemorrhage was high or INR control was poor with time in 
the therapeutic range (TTR) <57%. For patients with a high 
stroke risk, dabigatran 150 mg bid was cost-effective unless 
INR control was excellent with warfarin (TTR >73%). Neither 
dabigatran 110 mg nor dual therapy (aspirin and clopidogrel) 
was cost-effective.22 These data were further corroborated by 
recent analyses, whereby the TTR of the INR is crucial in de-
termining cost-efficacy; when TTR is problematic and <64%, 
then it leaves room for better cost-efficacy of NOACs (e.g. 
dabigatran 150 mg bid). Ways to increase TTR to >77% (e.g. 
genotype-guided anticoagulation), provided that quality of life 
is comparable between warfarin and NOAC, might mitigate 
the need for more expensive NOAC therapy.23 However, it 
all depends on the real cost and pricing of the NOACs, which 
currently remains high, and maybe prohibitively so for popula-
tions afflicted by the economic crisis. If the cost of NOACs is 
curtailed, then there may be real incentive to use the NOACs 
and when head-to-head comparisons are made available, one 
would be able to choose one over the other agent. A recent 
uS study, using published clinical trial data to build a Markov 
decision model, indicated that for patients ≥70 years old with 
nonvalvular AF with an increased risk for stroke, normal renal 
function, and no previous contraindications to anticoagulant 
therapy, apixaban 5 mg, dabigatran 150 mg, and rivaroxaban 
20 mg may be cost-effective substitutes for warfarin, with 
apixaban 5 mg being the most cost-effective anticoagulant 
among the 3 NOACs.24 The results of this and another study 
indicate that cost-effectiveness of NOACs is really dependent 
on drug pricing.24,25

l O N G - t E r M  s A F E t y  /  t r E A t M E N t  
O F  b l E E D I N G

Data are also lacking with regards to the long-term safety 
of these agents. Some preliminary data are currently emerging. 

The extension of the RELY trial (RELY-ABLE) indicated that 
the rates of thrombo-embolic, as well as of hemorrhagic stroke 
events were similar with the initial trial for dabigatran.26 How-
ever, during 2.3 years of continued treatment with dabigatran 
after RE-LY, there was a higher rate of major bleeding with 
dabigatran 150 mg twice daily in comparison with 110 mg bid; 
rates of stroke and death were similar.

Important potential limitations of NOACs include the 
following: there is no known antidote, no validated tests exist 
that can monitor the coagulation effect of these agents, there 
may be problems with compliance for agents requiring a twice 
daily dosage, the cost is much higher compared with warfarin 
and there is a lack of cost-effectiveness studies comparing 
them to warfarin, and finally there are no head-to-head com-
parison studies of these new agents. unfortunately, soon after 
market approval was granted for dabigatran, the European 
Medicines Agency (EMA) and the Food and Drug Administra-
tion (FDA) of the uSA received reports of higher incidence 
compared with warfarin of serious and fatal bleeding events 
with dabigatran.17,27 However, following investigation, both 
agencies finally concluded that the risk profile of dabigatran 
may remain the same as bleeding rates were not higher than 
those with warfarin.17,27

When severe bleeding occurs while on NOAC, the offend-
ing agent is immediately discontinued, and intravenous fluid 
replacement and/or vasopressor agent support is promptly 
commenced to ensure hemodynamic stability and avoidance 
of renal insufficiency.28 Type and cross-match for red packed 
cell transfusion should be urgently performed. Ingestion of 
activated charcoal may help prevent further absorption of re-
cently received (<2-4 hours) dabigatran. Invasive catheter- or 
surgery-base cauterization or ligation of the bleeding source 
should be considered. When, despite the above measures, 
acute renal failure supervenes, hemodialysis can be useful in 
removing dabigatran and restoring coagulation. Finally, use 
of a general hemostatic agent, such as prothrombin complex 
concentrate (PCC)29 has been suggested at a dose of 50 Iu/
kg for rivaroxaban and apixaban or anti-inhibitor coagulant 
complex (aPCC) at a dose of 80 u/kg for dabigatran. Activated 
factor VII has also been proposed as an emergency treatment 
for severe bleeding with the NOACs,30-33 but experience is 
limited with use of this agent. Of course, one could argue 
that it is also difficult to rapidly reverse the anticoagulant 
effects of warfarin with fresh frozen plasma and vitamin K, 
often with a considerable delay before complete reversal 
of anticoagulation is achieved. In addition, activated factor 
VII rapidly reverses the effects of warfarin but is associated 
with an increased risk of thrombotic complications.33 Specific 
antidotes are under development for dabigatran and the 
anti-factor Xa agents rivaroxaban and apixaban but are not 
yet approved for clinical use. 
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r E A l - W O r l D  E X p E r I E N c E

Real-world experience with the NOACs is slowly providing 
us with some additional data regarding their safety.18,34 In a 
Danish study, the Nationwide Pharmacoepidemiologic Cohort 
Study, dabigatran safety and efficacy were evaluated in the first 
4 months following its approval.34 Among 52,366 patients with 
AF prescribed oral anticoagulation, ~5% received dabigatran 
(110 mg, n=1612; 150 mg, n=1114). Among anticoagulant-
naive individuals, the risk of thromboembolic events was 
similar between warfarin (1.3%) and both doses of dabigatran 
(110 mg: 1.2%; 150 mg: 1.6%). However, in patients who had 
previously been prescribed warfarin, thromboembolic events 
were more frequent for dabigatran than warfarin (warfarin: 
0.2%; dabigatran 110 mg: 0.6%; dabigatran 150 mg: 0.9%); 
the reason for switching from warfarin to NOAC is not clear 
but might be ascribed to several causes, such as poor compli-
ance, other serious comorbidities, or difficulties in regular INR 
monitoring and maintenance of therapeutic target.

In another Danish study, a dabigatran-treated group 
(n=4978) and a 1:2 propensity-matched warfarin-treated 
group (n=8,936) were compared.18 In this registry, stroke and 
systemic embolism were not significantly different between 
the 2 groups. Adjusted mortality was significantly lower with 
both dabigatran doses (110 mg bid, hazard ratio-HR: 0.79; 
150 mg bid, HR: 0.57). Less intracranial bleeding was seen 
with both dabigatran doses (110 mg, HR: 0.24; 150 mg, HR: 
0.08). As there was an initial concern regarding a possible 
increase in myocardial infarction (MI) with dabigatran, this 
was not confirmed for either dose of dabigatran, rather a lower 
incidence of MI was noted (110 mg, HR: 0.30; 150 mg, HR: 
0.40). Gastrointestinal bleeding was lower with the lower dose 
of dabigatran 110 mg (HR: 0.60) but not with the higher dose. 
Thus, it seems that in this “everyday clinical practice”, there 
were similar stroke/systemic embolism and major bleeding 
rates with both doses of dabigatran compared with warfarin. 
Mortality, intracranial bleeding, pulmonary embolism, and 
MI were lower with dabigatran, compared with warfarin.18,35

In a uS study, among patients receiving dabigatran 
(n=14,297) or warfarin (n=33,548), there was no differ-
ence in systemic thromboembolic rates between groups, but 
intracranial hemorrhage and MI were lower for dabigatran, 
and gastrointestinal bleeding was higher compared to warfa-
rin.36 In a retrospective analysis of a uS database, among AF 
patients naive to warfarin (n=7202) or dabigatran (n=1090) 
therapy, 4-month event rates were higher compared with the 
RE-LY trial; however, there was no difference in embolic 
and bleeding outcomes between warfarin and dabigatran.37 
More data were provided by the Outcomes Registry for Better 
informed Treatment of Atrial Fibrillation (ORBIT-AF).38 In 
this registry, use of warfarin or dabigatran was analyzed among 
10,098 patients with AF (mean age 73 years). Overall, 76% of 

patients received an oral anticoagulant (71% warfarin and 5% 
dabigatran) with a higher use among those with higher stroke 
risk scores. Among those with low bleeding risk, anticoagulant 
use increased significantly with increasing stroke risk. Among 
those with high bleeding risk, stroke risk had a smaller impact 
on use of oral anticoagulant.

Thus, there appears that real-world data of the use of 
NOACs provide reassurance of both the efficacy and safety 
of dabigatran, further confirming a lower rate of intracranial 
bleeding with dabigatran compared to warfarin and similar 
other bleeding events. Finally, further information is expected 
from the ongoing registry, the Global Anticoagulant Registry in 
the FIELD (GARFIELD).39 In an initial report of a cohort of 
10,614 adults diagnosed with non-valvular AF, a total of 38% 
of patients with a CHADS2 score ≥2 did not receive antico-
agulant therapy, whereas 42.5% of those at low risk (score 0) 
received anticoagulant therapy.39 The authors concluded that 
these observational worldwide data on non-valvular AF, col-
lected at the end of the VKA-predominant era, indicate that 
these drugs are frequently not being used according to stroke 
risk scores and guidelines, with overuse in patients at low risk 
and underuse in those at high risk of stroke. There remains 
to see how the NOACs will fill in these gaps. 

t r A N s I t I O N I N G  F r O M  W A r F A r I N  
t O  N O A c

Another issue pertains to transitioning from warfarin 
to NOAC. In the ROCKET AF trial, 7897 (~55%) patients 
were warfarin-experienced (with at least 6 weeks of prior 
treatment) and 6367 (~45%) were warfarin-naive.35,40 The 
beneficial effect of rivaroxaban vs warfarin on stroke was 
consistent: 2.32 rates per 100 patient-years of follow-up vs 2.87 
for warfarin-naive patients (hazard ratio-HR, 0.81) and 1.98 
vs 2.09 for warfarin-experienced patients (HR, 0.94; P=NS). 
During the first 7 days of switching, rivaroxaban was associ-
ated with more bleeding than warfarin (HR in warfarin-naive 
patients 5.83, and in warfarin-experienced patients, 6.66). 
After 30 days, rivaroxaban had less bleeding than warfarin 
in warfarin-naive patients (HR, 0.84) and similar bleeding in 
warfarin-experienced patients (HR, 1.06; P = 0.003). Patients 
enrolled with INRs of 2.0-3.0 had outcomes similar to those 
with INRs <2.0. The authors recommend that patients who 
are going to switch from warfarin to rivaroxaban should start 
20 mg of rivaroxaban and stop warfarin only when the INR is 
<3.0.35,40 A brief guide for switching between anticoagulants 
is provided in Table 1.

p E r I - p r O c E D U r A l  U s E  O F  N O A c s

One of the main advantages of the NOACs is their short 
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half-life (Table 1), which facilitates short interruption and rapid 
reintroduction around the time of surgery without the need 
for coagulation testing and monitoring, as confirmed by the 
RE-LY trial, in which 46% of patients treated with dabigatran 
were able to have their procedure within 48 hours of stopping 
dabigatran, compared with only 11% of patients treated with 
warfarin.41 Nevertheless, a strategy of uninterrupted coagu-
lation therapy is emerging for the management of patients 
with moderate or high thromboembolic risk undergoing low 
bleeding risk procedures. This strategy has gained acceptance 
for patients having cataract, dental, and pacemaker or ICD 
surgery, all these procedures accounting for ~30% of the 
procedures among patients with AF.42 Finally, the timing of 
the procedure is important; if the procedure is needed on an 
urgent or emergent basis, increased bleeding rates should be 
anticipated and relevant measures should be taken, including 
immediate discontinuation of the anticoagulant, proper means 
for local or surgical hemostasis, volume replacement, transfu-
sion of blood products and other hemodynamic support (e.g. 
inotropes and/or vasopressors) as needed. 

I M p l A N t A t I O N  O F  c A r D I A c  I M p l A N t A b l E 
E l E c t r O N I c  D E V I c E s  ( c I E D s )  /  c A t H E t E r 
A b l A t I O N

A strategy of uninterrupted warfarin therapy at the time of 
pacemaker or ICD implantation has been recently suggested 
and followed by many centers, as studies, like BRuISE CON-
TROL and others, have shown that, compared with bridging 
therapy with heparin, a strategy of uninterrupted warfarin 
treatment at the time of pacemaker or ICD implantation sig-
nificantly reduces the rate of bleeding (mostly device-pocket 
hematomas), without a difference in the risk of thromboembolic 
events.43,44 Preliminary data indicate that a similar strategy could 
be followed with continuous anticoagulation with dabigatran 
during implantation of CIEDs.45 Further information will be 
provided by BRuISE CONTROL 2 study, a randomized trial 
of continued vs interrupted dabigatran in pacemaker patients.

uninterrupted oral anticoagulant therapy with warfarin 
has also been suggested and implemented at many centers 
performing catheter ablation of AF. Recent data indicate that 
the administration of dabigatran is also as safe and effective as 
warfarin for uninterrupted oral anticoagulant therapy during 
catheter ablation of AF.46 In a recent study, in the warfarin 
group (n=251) the warfarin dose was adjusted to maintain an 
INR of 2–3 and warfarin was continued throughout the peripro-
cedural period. The dabigatran group (n=212) received 150 mg 
of dabigatran twice daily, and patients did receive the morning 
dose on the day of the ablation procedure. Postprocedural 
warfarin or dabigatran were administered on the evening of 
the procedure in all patients. There were 3 complications in the 
dabigatran group and 6 in the warfarin group (P = NS). There 
were 2 bleeding complications in the dabigatran group and 6 in 
the warfarin group (P = NS). There was one thromboembolic 

complication (a possible TIA) in the dabigatran group and 
none in the warfarin group (P = NS). However, in another 
study,47 employing a different protocol, where dabigatran was 
stopped for 12 hours pre-procedurally and was resumed at 24 
hours after the last dose, an increased risk of major bleeding 
and a composite of bleeding and embolic complications was 
found with dabigatran compared with uninterrupted warfarin. 
A plausible explanation may be offered by the different protocol 
applied, relating to the short half-life (11–14 hours) of dabi-
gatran with its anticoagulant effects expected to significantly 
decline when used in this manner. 

O t H E r  E l E c t I V E  p r O c E D U r E s

All NOACs have very short times to peak concentration 
(2-4 hours) and the half-life is similar, around 12 hours, and 
thus they are more predictable for the duration of their effect, 
which makes NOAC handling for elective cases of surgery much 
easier than managing anticoagulation with VKA therapy. One 
should keep in mind some important patient characteristics, 
such as renal function and features of the procedure, e.g. 
procedure of low vs high bleeding risk, when being consulted 
for peri-operative management of these patients. In addition 
to the kind of surgery, the bleeding risk specific to the type 
anesthesia (e.g., neuraxial blockade) must also be considered.48 
Mechanical means for hemostasis should be available. 
There are no specific antidotes for NOACs. Prothrombin 
complex concentrate (PCC) may reverse the xabans (Table 
1). For excessive bleeding, the use of non-specific hemostatic 
agents such as PCC, factor VIII inhibitor bypass activity or 
recombinant factor VIIa must be weighed against the risk of 
thrombotic complications. The creatinine clearance should be 
measured. In patients with creatinine clearance ≥50 mL/min, 
discontinuing anticoagulation for 4-5 half-lives before surgery 
may be adequate, but for patients with creatinine clearance 
<50 mL/min, the time should be extended to 2 days. For 
procedures with high bleeding risk, a normal preoperative aPTT 
or thrombin time indicates sufficient dabigatran elimination. 
Currently, there is no available assay for ensuring complete 
rivaroxaban or apixaban elimination. Bridging therapy with 
heparin is generally not indicated. Postoperatively, restarting 
these agents should be delayed >48 hours and once complete 
hemostasis is assured. upon re-initiation, the patient will be 
fully anticoagulated within 1-2 hours.

For procedures with low peri-operative risk (electrophysi-
ology studies or simple arrhythmia ablation), one can stop 
NOAC 24 hours earlier and restart it 6-8 hours after secure 
hemostasis is achieved. For procedures of high bleeding risk 
(e.g. orthopedic or abdominal surgery), and a patient with 
normal renal function (creatinine clearance >80 ml/min), 
NOAC should be withheld 48 hours earlier and re-started at 
6-8 hours afterwards or at a time when adequate hemostasis 
has been achieved or the risk of bleeding is considered low, 
but, as aforementioned, one should balance it out with the 



NOVEL ORAL ANTICOAGuLANTS

159

risk of thromboembolism.42,48 The time to stop a NOAC for an 
elective procedure in patients with renal insufficiency should 
be graded according with the kidney function (Table 1).

O t H E r  p r A c t I c A l  p O I N t s

c O A G U l A t I O N  M O N I t O r I N G

The new agents do not require routine coagulation moni-
toring.49 However, in certain circumstances, one needs to 
know the coagulation status of the patients. This relates to 
emergency situations, including need for urgent surgery, when 
serious bleeding or thrombotic events occur, when there is 
need to administer thrombolysis, when there is renal or he-
patic insufficiency, or when suspecting drug-drug interactions 
or drug overdosing. It should be pointed out that the NOAC 
anticoagulation assays test for an anticoagulant effect, not 
for intensity of anticoagulation; and the assays should not be 
used for dose adjusting of these agents (Table 1). Starting 
with the INR, one should know that the INR is affected by 
NOACs but not in the same or a consistent way that the INR 
is affected by VKAs, and thus it should not be used in patients 
taking NOACs, otherwise one may be greatly confused by the 
results. The activated partial thromboplastin time (aPTT), when 
measured at trough (i.e. at 12-24 hours after ingestion) and 
found to be prolonged, it suggests that dabigatran is present 
in sufficient quantity to produce an anticoagulant effect, but 
it cannot provide a quantitative measure of this effect, while 
it is insensitive to low dabigatran concentrations. When the 
aPTT is greater than twice the upper limit of normal, it may 
indicate excess bleeding risk for dabigatran, but it cannot be 
used for guidance with the other agents. Similarly, a trough 
ecarin clotting time level greater than 3 times the upper nor-
mal limit may suggest excess bleeding risk with dabigatran 
but not with other agents. For surgical procedures with a 
high bleeding risk, the HEMOCLOT test (direct thrombin 
inhibitor assay), wherever available, may be used to detect 
low levels of dabigatran. Prothrombin time (PT) testing is 
useful for detecting the presence of rivaroxaban; however, it 
is insensitive for measuring the effects of low levels of the drug 
and cannot provide a quantitative measure of anticoagulant 
activity. In most patients who discontinue rivaroxaban after 
steady-state dosing, the PT will fall rapidly within 4-6 hours 
and reach to near-normal levels within 24 hours.28 A properly 
calibrated anti-factor Xa activity assay constitutes a quantita-
tive test and can provide a reasonable estimate of rivaroxaban 
plasma level. Also for apixaban, prothrombin time may not be 
as reliable as with rivaroxaban, but an anti-factor Xa activity 
assay may be useful. 

D r U G - D r U G  I N t E r A c t I O N s

VKAs are associated with many drug-drug interactions. 
Fortunately, drug-drug interactions associated with NOACs 

are limited, but nevertheless, there are certain interactions 
(Table 1).20 There are a least 2 important mechanisms impli-
cated for NOAC drug-drug interactions. The first is resecretion 
of P-glycoprotein (P-gp) transporter after absorption in the 
gastrointestinal tract. The second is cytochrome P-450 3A4 in-
hibition. Liver metabolism concerns apixaban and rivaroxaban. 
There are also some patient characteristics, such as age, body 
weight and renal function, and also some pharmacodynamic 
interactions that may have an effect on the plasma level and, 
thus, the anticoagulant effect of NOACs potentially leading 
to an excessive bleeding risk (Table 1). It should be noted that 
dabigatran is a prodrug, whereas the other factor Xa inhibi-
tors are not prodrugs. Dabigatran is highly renally excreted 
by ~80%, whereas apixaban and rivaroxaban are ~30% and 
edoxaban ~50% renally excreted.

There are a few important interactions with cardiac medi-
cines, best studied for dabigatran. An interaction (P-glycopro-
tein mechanism) exists between dabigatran and verapamil and 
the patient should receive only the lower dose of dabigatran. 
Dabigatran has also a strong interaction with dronedarone (again 
P-gp mechanism) and thus this combination is contraindicated. 
Interestingly, however, the interaction with amiodarone does 
not appear to require a dose adjustment for dabigatran. 

With regards to food interactions, it is well known that 
VKAs are associated with food interactions, particularly in-
take of green vegetables, which are a source of vitamin K. It 
is important to know that there are no food interactions with 
NOACs, except in the case of rivaroxaban. Rivaroxaban should 
be taken with meals. When rivaroxaban is taken with food, 
absorption increases by about 40%, which is significant. The 
absorption of the other NOACs is not affected by food, and 
they can be taken irrespective of meals. It is also important 
to know that there no interactions of NOACs with antacids 
or proton-pump inhibitors. Patients receiving dabigatran may 
develop dyspepsia, in which case they are advised to take the 
drug with food or water; proton pump inhibitors (PPIs) may 
also be very helpful in this situation. A cautionary advice 
relates to dabigatran packaging; when the drug is exposed to 
air, it degenerates after 30 days, and the unused pills should 
be discarded.

c A r D I O V E r s I O N

Cardioversion of patients presenting with new-onset AF 
within 48 hours can be performed regardless of anticoagula-
tion status, albeit some latest data strongly advise for prompt 
initiation of heparin therapy.50 However, for patients with AF 
of >48 h duration, or AF of unknown onset and duration, 
cardioversion should only be performed after effective oral 
anticoagulation has been given for at least 3 weeks prior to 
cardioversion. Otherwise, transesophageal echocardiography 
(TEE) can guide management and cardioversion can be per-
formed when the presence of left atrial thrombi is excluded. 
After cardioversion, oral anticoagulation is continued for at 
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least another 4 weeks. Although, no prospective data exist 
concerning the safety of cardioversion under NOAC treatment, 
a similar algorithm has been followed with the exception of not 
being able to document effective anticoagulation by laboratory 
monitoring, as done in patients receiving VKAs. However, 
patient compliance is most important in this case and should 
be explicitly discussed with the patient. When there is doubt, 
a TEE preceding cardioversion could be a safer approach.20 

U s E  O r  N O N - U s E  O F  N O A c s  I N  O t H E r 
G r O U p s

The new oral anticoagulant agents have already received an 
indication for use in patients afflicted by venous thromboembo-
lism (VTE) or for prophylaxis against VTE. However, concern 
has recently been voiced and documented to alert physicians 
against the use of NOACs in patients with artificial mechanical 
valves and in patients with acute coronary syndromes. In the 
former group, the results of the phase II rE-AlIGN study 
were recently presented in the 2013 ESC Annual Congress, 
indicating that the oral anticoagulant dabigatran failed to 
protect patients with mechanical valves from thromboembolic 
events.50 Rather, a higher number of thromboembolic and 
bleeding complications occurred in these patients compared 
to standard treatment with warfarin. This adverse outcome 
prompted the early termination of this study after enrolment of 
252 patients. The composite of stroke, TIA, systemic embolism, 
MI or death occurred in 15 patients (9%) in the dabigatran 
group and in 4 patients (5%) in the warfarin group. Major 
bleeding occurred in 7 patients (4%) on dabigatran and 2 (2%) 
on warfarin.50 For the latter group, a meta-analysis of 7 stud-
ies indicated that in patients with acute coronary syndrome, 
the addition of a NOAC to antiplatelet therapy may result in 
modest reduction of cardiovascular events, but a substantial 
increase in bleeding events, accentuated in patients who are 
already on dual antiplatelet therapy.51

pA t I E N t s  W I t H  c A N c E r

Malignancies, interacting directly or indirectly with the 
coagulation system, are associated with increased risk for 
thromboembolic events. Other factors implicated in increased 
risk of bleeding in this population group may comprise surgical 
wounds, tissue effects of irradiation, and bone marrow effects 
from chemotherapy or irradiation leading to thrombocytopenia. 
There no data regarding the use of NOACs in patients with 
cancer, as this patient group was excluded from NOAC trials. 
Thus, until such data become available, therapy with VKAs or 
heparins should be considered over NOACs, as conventional 
anticoagulants offer the possibility of close monitoring and 
reversal of their action should this become necessary. In AF 
patients already receiving a NOAC, who develop cancer during 
follow-up, this therapy could be continued together with gastric 

protection (e.g. with use of PPIs) until cancer therapies are 
planned, when dose reduction or discontinuation of NOAC 
therapy may be considered versus close monitoring of platelet 
counts, liver and renal function, and for signs of bleeding.20 

r E c E N t  G U I D E l I N E s

According with the recent 2012 European guidelines, the 
recommendations for prevention of thromboembolism in 
non-valvular AF using NOACs are as follows12:
 1) In patients with a CHA2DS2-VASc score ≥2, oral antico-

agulant therapy with:
	 	•	adjusted-dose	VKA	(INR	2–3);	or	•	a	direct	thrombin	
inhibitor	(dabigatran);	or	•	an	oral	factor	Xa	inhibitor	(e.g.	
rivaroxaban, apixaban) (apixaban: pending approval)… is 
recommended, unless contraindicated (class I / level A)

 2) In patients with a CHA2DS2-VASc score of 1, oral antico-
agulant therapy with:

	 	•	adjusted-dose	VKA	(INR	2–3);	or	•	a	direct	thrombin	
inhibitor	(dabigatran);	or	•	an	oral	factor	Xa	inhibitor	(e.g.	
rivaroxaban, apixaban) (apixaban: pending approval)…. 
should be considered, based upon an assessment of the risk 
of bleeding complications and patient preferences (class 
IIa / level A)

 3) When adjusted-dose VKA (INR 2–3) cannot be used in 
a patient with AF where an oral anticoagulant is recom-
mended, due to difficulties in keeping within therapeutic 
anticoagulation, experiencing side effects of VKAs, or 
inability to attend or undertake INR monitoring, one of 
the NOACs, either:

	 	•	a	direct	thrombin	inhibitor	(dabigatran);	or	•	an	oral	
factor Xa inhibitor (e.g. rivaroxaban, apixaban) … is rec-
ommended (class I / level A)

 4) Where oral anticoagulant is recommended, one of the 
NOACs, either:

	 	•	a	direct	thrombin	inhibitor	(dabigatran);	or	•	an	oral	
factor Xa inhibitor (e.g. rivaroxaban, apixaban)… should 
be considered rather than adjusted-dose VKA (INR 2–3) 
for most patients with non-valvular AF, based on their net 
clinical benefit (class IIa / level A).

 5) Where dabigatran is prescribed, a dose of 150 mg bid should 
be considered for most patients in preference to 110 mg 
bid, with the latter dose recommended in:

	 	•	elderly	patients,	age	≥80;	•	concomitant	use	of	interacting	
drugs	(e.g.	verapamil);	•	high	bleeding	risk	(HAS-BLED	
score ≥3);	•	moderate	renal	impairment	(CrCl	30–49	mL/
min) (class IIa / level b)

 6) Where rivaroxaban is being considered, a dose of 20 mg 
o.d. should be considered for most patients in preference 
to 15 mg od, with the latter dose recommended in:

	 	•	high	bleeding	risk	(HAS-BLED	score	≥3);	•	moderate	
renal impairment (CrCl 30–49 mL/min) (class IIa / level c)
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7) Baseline and subsequent regular assessment of renal
function (by CrCl) is recommended in patients following
initiation of any NOAC, which should be done annually but 
more frequently in those with moderate renal impairment 
where CrCl should be assessed 2–3 times per year (class
IIa / level b)

8) NOACs (dabigatran, rivaroxaban, and apixaban) are not
recommended in patients with severe renal impairment
(CrCl <30 mL/min) (class III / level A)
According with the most recent 2013 combined American 
and European guidelines, the indications for dabigatran
are as follows52:
● “CLASS I / 2011 New Recommendation: Dabigatran is
useful as an alternative to warfarin for the prevention of 
stroke and systemic thromboembolism in patients with 
paroxysmal to permanent AF and risk factors for stroke or 
systemic embolization who do not have a prosthetic heart 
valve or hemodynamically significant valve disease, severe 
renal failure (creatinine clearance 15 mL/min) or advanced 
liver disease (impaired baseline clotting function). (Level 
of Evidence: B)”.

c O N c l U s I O N

Although the new anticoagulants may finally replace VKAs, 
certain changes in hospital and outpatient routine and patient 
management strategies are required when introducing these 
new, more expensive, agents to clinical practice. It is antici-
pated that the new agents may simplify the routine of patient 
management and, finally, improve their clinical course. How-
ever, it is important to appreciate the potential challenges and 
limitations posed by their use and to follow recommendations 
and guidelines, to achieve optimal patient outcomes.

N.b.: CHADS2 & CHA2DS2-VASc are risk scores proposed to 
determine the risk of thromboembolism in patients with AF and 
the acronyms represent the following parameters: C = congestive 
heart failure; H = hypertension; A = age >75 years; D = dia-
betes mellitus; S = stroke; V = vascular disease; A = age 65-74; 
S = female gender (each parameter receives 1 point except for 
stroke receiving 2 points in CHADS2; age >75 also receives 2 
points in CHA2DS2-VASc; maximum score for CHADS2 is 6 and 
for CHA2DS2-VASc is 9).
HAS-BLED is a risk score for bleeding (H = hypertension; A = 
abnormal liver and/or renal function; S = stroke; B = bleeding; L 
= labile INRs; E = elderly >65; D = drugs or alcohol)
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