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Summary

Novel Oral Anticoagulants (NOACs) target factors IIa 
and Xa specifically, thereby significantly changing the 
landscape of thromboembolic prophylaxis in patients 
with Atrial Fibrillation (AF). 

In large phase III trials they have proven to be at 
least as effective as routine therapy (i.e., Vitamin K An-
tagonists (VKAs) and heparins) in preventing throm-
boembolic events with a favourable risk benefit profile 
(i.e., significantly less major and intracerebral bleeding 
events).

Fixed dosing and no need for therapeutic monito-
ring are among their practical advantages, making 
them an attractive alternative in long term anticoagu-
lation for patients and doctors alike.

However, further data concerning specific patient 
subgroups (e.g., oncological / paediatric patients), spe-
cific bleeding management and specific NOACs in dif-
ferent scenarios are awaited. Therefore a non-critical 
use of these substances is to be discouraged.

Key words: direct factor Xa inhibitors; direct throm-
bin inhibitors; atrial fibrillation; stroke; anticoagulant 
therapy

Introduction

Atrial fibrillation as the most common cardiac arrhyth-
mia is of great health and economic relevance, as 
thromboembolic events due to atrial fibrillation result 
in significant morbidity and mortality (two–fold incre-
ased risk of dying, five–fold increased risk of stroke)  
[1, 2].

For 50 years Vitamin K Antagonists have been the 
only anticoagulant option in preventing thromboembo-
lic events in patients with atrial fibrillation. 

Though these drugs are very 
effective, well known, established 
and accepted, as well as cost effici-
ent, they are subject to numerous 
limitations, such as drug-drug or 
drug-food interactions, a narrow 

therapeutic range and the need for anticoagulant mo-
nitoring [3, 4].

Thus novel oral anticoagulants (NOACs) have been 
introduced, changing the landscape of oral cardioembo-
lic prophylaxis in patients with non-valvular atrial fib-
rillation.

These agents specifically target the factors IIa (da-
bigatran etexilate) and Xa (rivaroxaban, apixaban, 
edoxaban).

In large scale clinical trials – ROCKET-AF (rivaro-
xaban) [5], ARISTOTLE (apixaban) [6], RE-LY (dabiga-
tran) [7] and ENGAGE-TIMI (edoxaban) [8] – these 
substances have proven to be at least non inferior to 
standard therapy in preventing ischaemic cerebrovas-
cular events with a favourable risk benefit profile, i.e., 
significantly lower intracranial and major bleeding ra-
tes [9–12]. Dabigatran (150 mg bid) and apixaban (5 
mg bid) were even shown to be superior to VKAs in pre-
venting ischaemic stroke. 

Moreover, the predictable pharmacokinetics with 
no need for therapeutic monitoring – among other as-
pects – has led to wide acceptance with patients and 
doctors alike. 

However, certain aspects e.g., renal dysfunction, 
age, comorbidities and drug-drug interactions should 
be taken into consideration on a case-by-case basis 
when prescribing NOACs. 

Therefore, the use of these agents should be well 
considered. 

The following article aims to present an overview 
of typical scenarios and support individualised clinical 
decision making.
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Clinical scenario 1: Compliance, frail elderly, 
impaired renal function

A 79-year-old female patient is newly diagnosed with 
atrial fibrillation in the course of a syncope evaluation. 
She qualifies for oral anticoagulation.
She lives by herself and treatment compliance accor-
ding to her general practitioner is difficult. Her BMI is 
low at 17. Apart from this she presents with moderate 
renal impairment (CrCl (Cockcroft) 37 ml/min, Crea 
133 μmol/l). Which therapeutic option to choose?

Patients with renal dysfunction and atrial fibrilla-
tion represent a complex population, since they are at 
a substantially higher risk for both bleeding and 
thromboembolic events (3.9% vs 2.9% annually for is-
chaemic stroke, 0.8% vs 0.5% annually for intracranial 
bleeding) [13–17]. 

Due to a lack of clinical outcome data in patients 
with severe renal impairment (CrCl <30 ml/min) cur-
rent ESC Guidelines discourage the use of NOACs in 
this population, although some (apixaban, rivaroxa-
ban) are approved for a CrCl >15 ml/min [18]. 

In patients with mild to moderate renal impair-
ment (CrCl 30–50 ml/min) FXa inhibitors in reduced 
dosing – i.e., 15 mg qd for rivaroxaban and 2.5 mg bid 
for apixaban – show similar concentrations as in pati-
ents with higher dosing and normal renal function [18], 
therefore presenting a reasonable alternative to VKA 
in those patients – apixaban perhaps more so than ri-
varoxaban (table 1).

For dabigatran with 80% renal excretion a dose re-
duction to 110 mg bid seems advisable in patients with 
a CrCl <50 ml/min in the presence of additional blee-
ding risks (i.e., age ≥80 y., HAS-BLED Score ≥3).

For these reasons, dabigatran may not be the 
NOAC of first choice in patients with chronic kidney di-
sease if further fluctuations in renal function are to be 
anticipated [18].

Generally we recommend being cautious and re-
strictive in chronic kidney disease with CrCl <40 ml/
min. Furthermore, at least six monthly controls of renal 
function are recommended for patients on NOACs; how-
ever we suggest more frequent clinical and laboratory 

controls in this vulnerable population. Moreover, additi-
onal controls are in order in presence of possibly aggra-
vating factors, such as acute illness (infections, acute 
heart failure, co-medications (NSAIDs), dehydration).

Clinical decision: In this case a VKA was chosen in 
light of the impaired and possibly fluctuating renal 
function and questionable adherence to daily dosing. If 
TTR (Time in Therapeutic Range) should not develop 
satisfactorily, apixaban could be considered.

Clinical scenario 2: Interactions

A 67-year-old male patient with atrial fibrillation is to 
be put on rhythm controlling medication with amioda-
rone. He is currently orally anticoagulated with dabiga-
tran 2 × 150 mg. Renal function is normal, CHA2DS2–
VASc Score 3, HAS-BLED Score 2. Are changes in me-
dication required?

Although NOACs are known for fewer interactions 
than VKAs, prescribing physicians need to take phar-
macokinetics of co-administered drugs into considera-
tion (table 2).

An important interaction mechanism for all NO-
ACs with possible exception of rivaroxaban is a signifi-
cant intestinal re-secretion via a P-glycoprotein trans-
porter (P-gp).

Therefore, inhibition of this mechanism results in 
higher plasma levels. Plenty of drugs, often employed 
in patients with atrial fibrillation, are substrates of 
this pathway (e.g., quinidine, amiodarone, dronedar-
one, verapamil) and should therefore be used with cau-
tion, especially in combination with dabigatran.

Furthermore, CYP3A4 type hepatic elimination is 
of significance in the clearance of rivaroxaban and 
apixaban, less so for edoxaban. Thus combinations 
with strong inhibitors (clarithromycin, erythromycin, 
ritonavir, ketoconazole, fluconazole) or inducers (rifam-
picin, St. John’s wort, carbamazepine, phenytoin, 
phenobarbital) of this pathway should be avoided.

NOACs themselves do not impact these pathways 
and can be combined with further substrates such as 
midazolam, atorvastatin and digoxin without risk of 
elevating plasma levels of these substances.

Table 1
NOACs in renal dysfunction [20].

Dabigatran Apixaban Rivaroxaban Edoxaban*

Fraction of renal 
excretion

80% 27% 35% 50%

Approved for CrCl ≥ … ≥30 ml/min ≥15 ml/min ≥15 ml/min Not available

Dosing in CKD 
– CrCl 30–49  ml/min 
– CrCl 15–29  ml/min 
– CrCl ≤15 ml/min

–  150 mg bid / 110 mg 
    bid if high risk of bleeding 
–  Not recommended 
–  Not recommended

2.5 mg bid if 2 out of 3 
factors present: 
– Serum crea ≥133  μmol/l 
– age ≥80 y 
– weight ≤60 kg

– 15 mg qd 
– Not recommended 
– Not recommended

Not available

* no EMA approval yet
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Concomitant use of all NOACs with platelet inhibi-
tors and NSAIDs elevates bleeding risk by at least 60% 
and should therefore be balanced against the potential 
benefit individually. Since food intake results in an incre-
ased bioavailability of almost 100% in rivaroxaban, it 
should be taken with meals, whereas no significant food 
interaction exists for apixaban, dabigatran and edoxa-
ban. Table 2 (according to the EHRA’s practical guide) gi-
ves an overview of the most relevant interactions  
[19, 20].

Clinical decision: In this case – in absence of further 
risk factors for elevated plasma levels – the therapy 
with dabigatran in the presence of amiodarone was con-
tinued in a lower dose regimen of 2 × 110 mg.

Clinical scenario 3: NOACs and triple  
anticoagulation

A 66-year-old male patient with atrial fibrillation un-
der oral anticoagulation with rivaroxaban has been ex-
periencing stable angina pectoris and in the course is 
newly diagnosed with a two vessel coronary artery di-
sease. In an elective PCI the ACD and RIVA are treated 
with 2 DES (-olimus). How to fare with triple antico-

agulation?
The combination of coronary heart disease and atrial 

fibrillation presents a common and complex clinical 
scenario, associated with significantly elevated mortality 
rates [21]. Concomitant use of oral anticoagulants (VKAs, 
NOACs) and dual antiplatelet therapy results in an at 
least two fold increase of major bleeding events after an 
ACS [22–25] and should be avoided or kept as short as 
possible.  To date, there are no clinical data on the combi-
nation of NOACs with ASA and clopidogrel apart from a 
small number of patients in the RE-LY trial for dabiga-
tran. Moreover, data concerning the combination with 
the newer P2Y12 inhibitors prasugrel and ticagrelor are 
lacking, therefore current guidelines advise against such 
combinations (exceptions being clopidogrel allergy and 
in-stent thrombosis under clopidogrel therapy).

In case of an ACS, NOACs should be discontinued on 
admission. Patients presenting with a STEMI should re-
ceive additional parenteral periprocedural anticoagula-
tion, with no regard to the last dose of NOAC, preferably 
with bivalirudin due to its short half life and lower blee-
ding risk [20].

If a coronary intervention is not pressing, discontinu-
ation of the NOAC is recommended for at least 24 h be-

Table 2
Drug – drug interactions and recommendations toward dosing according to EHRA practical guide [20].

Via Dabigatran Apixaban Rivaroxaban

Atorvastatin P-Gp competition and CYP 3A4 
inhibition

+ 18% (AUC) Minor increase No effect 

Digoxin P-Gp competition No effect No effect No effect

Verapamil P-Gp competition (weak CYP3A4 
inhibition)

+ 12 – 180% Moderate increase Minor increase → Cave if CrCl 
15–50 ml/min

Diltiazem P-Gp competition und CYP3A4 
inhibition

No effect + 40% Minor increase → Cave if CrCl 
15–50 ml/min

Quinidine P-Gp competition + 50 % Moderate increase +50 %

Amiodarone P-Gp competition + 12 – 60% Moderate increase Minor increase → Cave if CrCl 
15–50 ml/min

Dronedarone P-Gp and CYP3A4 inhibition + 70 – 100% Moderate increase Moderate increase

Ketoconazole; itraconazole; 
voriconazole

P-Gp competition, CYP3A4 
inhibition

+ 140 – 150% + 100% + 160% 

Fluconazole CYP3A4 inhibtion No data yet Moderate increase + 42%

Cyclosporin P-Gp competition Strong increase Moderate increase + 50%

Clarithromycin; erythromycin P-Gp competition and CYP3A4 
inhibition

+ 15 – 20% Strong increase + 30–54% 

HIV protease inhibitors P-Gp competition and CYP3A4 
inhibition

Strong increase Strong increase + 153% 

Rifampicin; St John’s wort; 
phenytoin; carbamazepine

P-Gp and CYP3A4/CYP2J2 
inducers

– 66% – 54% – 50% 

Antacids (PPI, H2B) GI absorption – 12–30% No effect No effect

Age ≥80 y. Increased plasma level

Age ≥75 y. Increased plasma level

Weight ≤60 kg Increased plasma level

Red: Contraindicated/not recommended

Orange: Reduce dose (dabigatran 2 x 110 mg; apixaban 2 x 2.5 mg; rivaroxaban 1 x 15 mg)

Yellow: Consider dose reduction in presence of another “yellow” factor



Cardiovascular Medicine 2014;17(7–8):213–220 216

review article

fore PCI and periprocedural anticoagulation should be 
used according to local practice.

The recently published WOEST trial [26] demonst-
rated that the combination of VKAs and a single antipla-
telet agent (clopidogrel) is superior to triple therapy 
(VKA, ASA, clopidogrel) when it comes to bleeding, whe-
reas rates of ischemic complications did not differ bet-
ween the groups (any bleeding 19.4% vs 44.4%, HR 0.36, 
95% CI 0.26–0.50).

Therefore, duration of triple anticoagulation is fre-
quently shortened according to clinical practice.

In light of lacking clinical data, adhering to ESC-
Guidelines recommending VKA, ASA and clopidogrel 
seems reasonable, however shortened durations of triple 
anticoagulation are likely to be implemented in the near 
future (table 3) [27, 28].

Clinical decision: In this case the patient was put 
on triple anticoagulation (VKA & clopidogrel & ASA) 
for 3–6 months with 3-monthly re-evaluation, followed 
by clopidogrel and VKA for another 6 months. Thereaf-
ter, a monotherapy with OAC could be considered.

Clinical scenario 4: NOACs and cardioversion

A 58-year-old female patient with atrial fibrillation un-
der oral anticoagulation with apixaban for eight weeks 
is bothered by palpitations and presents for elective car-
dioversion. Can this be safely performed?

According to ESC guidelines [20] patients with atrial 
fibrillation of >48 h duration (or unknown) undergoing 
cardioversion should receive adequate anticoagulation 
for at least three weeks or a prior TEE to rule out left at-
rial thrombi.

Prospective data regarding the safety of cardiover-
sion under NOACs are not available.

Observational data from the RE-LY trial (n = 1270 
patients) have documented a comparatively low rate of 
ischaemic stroke after cardioversion in patients treated 
with dabigatran (0.77% for dabigatran 110 mg bid, 0.30% 

for dabigatran 150 mg bid & 0.60% for warfarin) [29].
Analysis of the subgroup data from the ARISTOTLE 

(apixaban, n = 540 patients) and ROCKET-AF (rivaroxa-
ban, n = 285 patients) trials, although on a smaller pati-
ent population, suggests similar findings.

Since there are no available coagulation assays for 
NOACs providing information on effectiveness of antico-
agulation over the past few weeks, compliance is of ut-
most importance. If it can be reliably confirmed a cardio-
version on NOAC therapy seems acceptable [20]. If in 
doubt, a prior TEE is advisable.

Clinical decision: In this case, as strict adherence/
compliance to therapy was doubtful, a prior TEE was 
performed, not detecting intracardial thrombus forma-
tion.

Clinical scenario 5: NOACs and acute stroke

A 72-year- old female patient with atrial fibrillation 
currently treated with rivaroxaban (20 mg) presents 
with acute onset of right-sided sensomotory paresis. She 
is diagnosed with left hemispheric ischaemic stroke. 
Can a thrombolytic therapy be evaluated?

Currently, guidelines approve of thrombolytic the-
rapy with recombinant tissue plasminogen activator 
(rtPA) within a 4.5 h timeframe after first manifestation 
of stroke symptoms [30].

It is, however, recommended against in patients un-
der anticoagulant therapy. 

Thrombolysis cannot be administered within 48 h 
(representing 4 plasma half lives) after the last dose of 
NOAC (cave: No experience with NOACs, recommenda-
tion in analogy to VKAs). 

In case of uncertainty concerning the last dose of 
NOAC the use of thrombolytics should be discouraged.

In case of haemorrhagic stroke NOACs – by analogy 
to VKAs – can be re-established after 10–14 days if car-
dioembolic risk is deemed to be high and bleeding risk re-
spectively relatively low.

Table 3
Antithrombotic therapy in patients with coronary heart disease and atrial fibrillation.

Low bleeding risk (HAS-BLED 0–2) High bleeding risk (HAS-BLED ≥ 3)

ACS & PCI 
 
 
 

Radial approach recommended 
BMS or DES 
Month 0–6: VKA & clopidogrel & ASA 
Month 7–12: VKA & clopidogrel  
Month 13 +: OAC monotherapy 

Radial approach recommended 
Primarily BMS  
Month 0–1: VKA & clopidogrel & ASA 
Month 2–12: clopidogrel & VKA 
Month 13 +: OAC monotherap

Elective BMS 
 

Month 0–1: VKA & clopidogrel & ASA 
Month 2–12: VKA & clopidogrel 
Month 13 +: OAC monotherapy

Month 0–1: VKA & clopidogrel & ASA 
Month 2 +: OAC monotherapy 

Elective DES (-olimus) 
 

Month 0–3: VKA & clopidogrel & ASA 
Month 4–12: VKA & clopidogrel 
Month 13 +: OAC monotherapy

Not recommended 
 

Elective DES (paclitaxel) 
 

Month 0–6: VKA & clopidogrel & ASA 
Month 7–12: VKA & clopidogrel 
Month 13 +: OAC monotherapy

Not recommended 
 

ACS: Acute Coronary Syndrome; PCI: Percutaneous Coronary Intervention; BMS: Bare Metal Stent; DES: Drug Eluting Stent



Cardiovascular Medicine 2014;17(7–8):213–220 217

review article

The contraindication against any form of anticoagu-
lation in patients with a history for spontaneous intrace-
rebral bleed is to be taken into consideration, unless the 
cause has been resolved. The decision to reconstitute an-
ticoagulation in patients after intracerebral haemor-
rhage will remain a difficult one, best addressed multi-
disciplinarily considering aetiology, the balance between 
bleeding and thromboembolic risk, as well as personal 
preferences.

In case of ischaemic stroke continuation of NOACs 
depends on stroke size. By analogy to VKAs some advo-
cate the 1–3–6–14 day rule, which re-implements antico-
agulant therapy in patients with TIA after 1 day, with 
small ischaemia after 3 days, with moderate infract after 
6 days and not before 14 days in large strokes [20].

Clinical decision: In this scenario it was decided 
against a thrombolytic therapy, instead local therapy 
was considered, however, due to excellent clinical pro-
gress rejected.

Clinical scenario 6: Surgical procedure

A 64-year-old female patient with atrial fibrillation on 
apixaban is scheduled for a routine colonoscopy. 
CHA2DS2–VASc Score 3, HAS-BLED Score 2. Is it ne-
cessary to discontinue anticoagulation, and if so, when?

Due to the rapid onset of action of NOACs, peripro-
cedural bridging therapy is no longer necessary. The ti-
ming of discontinuation and restarting the drug bases on 
patient characteristics (kidney function, age, concomi-
tant medication) as well as surgical factors (surgical site, 
type of surgery, bleeding risk).

Especially for dabigatran renal function has to be ta-
ken into account (table 4) [20]. In interventions posing no 
clinically important bleeding risk, such as dermatologi-
cal, dental and ophthalmological procedures or endo-
scopy without surgical intervention, the intervention can 
take place at trough concentration (i.e., 12 or 24 h after 
the last intake, for bid or qd dosing respectively) with re-
start of anticoagulation 6 h after haemostasis.

In procedures carrying higher bleeding risks (i.e., 
PM-implantation, atrial fibrillation ablation procedures, 
spinal/epidural anaesthesia…) discontinuation is recom-
mended for at least 48 h prior (table 4) [31,32].

In treatments with complete haemostasis, NOACs 
may be re-established 6–8 h after the procedure. Howe-
ver, many surgical treatments require a longer disconti-
nuation period. In those cases a transient venous throm-
boprophylactic therapy with low molecular weight hepa-
rin could be considered 6–8 h after surgery and achieved 
haemostasis [20].

Clinical decision: In this case the procedure (endo-
scopy without biopsy) posed a small bleeding risk and 
was performed at trough concentration (i.e., 12 h after 
last dose). Apixaban was re-started 6 h after the inter-
vention. If biopsies had been taken, an OAC free inter-
val of up to 7 days with LMWH prophylaxis could be 
considered and discussed with the responsible gastro-
enterologist.

Clinical scenario 7: Bleeding management, monito-
ring and therapy reversal

A 72-year-old male patient with atrial fibrillation on ri-
varoxaban presents with lower gastrointestinal blee-
ding. Haemodynamics are stable; Hb remains stable at 
12.5 g/dl. A specific coagulation assay does not suggest 
overdosing. Should special measures be taken?

In general, bleeding complications, namely major 
and intracranial bleeds, are significantly less frequent in 
patients on NOACs compared to VKAs.

However, the gastrointestinal bleeding risk, espe-
cially on rivaroxaban and dabigatran is elevated. This 
may be due to anticoagulatory active metabolites in the 
gut, which are not present in VKAs.

Specific antidotes are not yet available, though 
phase II trials are ongoing (as of May 2014). Current re-
commendations based on in vitro and scarce experimen-
tal data and suggest the administration of procoagula-
tory substances in major bleeds only [33–36], whereas for 
minor to moderate bleeding the usual measures apply, as 
half-lives are short (fig. 1) [20].

Routine use of specific coagulation assays for thera-
peutic monitoring is not recommended, as rapidly chan-
ging concentrations and short half-lives of NOACs ren-
der them hard to interpret.

Clinical decision: In this case no special measures 
(i.e., treatment with procoagulant substances) were ta-

Table 4 
Periprocedural management of NOACs [20]

Clearance (ml/min) Dabigatran Apixaban Rivaroxaban

Low risk High risk Low risk High risk Low risk High risk

≥ 80 ≥ 24 h ‡ ≥ 48 h ≥ 24 h ≥ 48 h ≥ 24 h ≥ 48 h

50 – 80 ≥ 36 h ≥ 72 h ≥ 24 h ≥ 48 h ≥ 24 h ≥ 48 h

30 – 50 ≥ 48 h ≥ 96 h ≥ 24 h ≥ 48 h ≥ 24 h ≥ 48 h

15 – 30 Not recommended (ESC guidelines 2010/2012)

‡ Timing of last dose before surgical procedure  
High bleeding risk procedures: Pulmonary vein isolation; VT ablation; spinal or epidural anaesthesia, lumbar punction; thoracic surgery, 
abdominal surgery, liver biopsy, kidney biopsy 
Low bleeding risk procedures: Endoscopy with biopsy, prostate biopsy, angiography, PM- or ICD implantation 
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ken (fig. 1). Were the bleeding more severe, PCC (Pro-
thrombin Concentrate Complex) would be considered.

Clinical scenario 8: Prosthetic heart valves

A 58-year- old female patient who receives anticoagula-
tion with phenprocoumon because of a mechanical aor-
tic valve and atrial fibrillation asks her GP about the 
possibility of switching therapy to a NOAC since she’s 
tired of anticoagulant monitoring. What will the answer 
be?

The RE-ALIGN trial compared dabigatran to warfa-
rin in patients with mechanical heart valves. The trial 
had to be prematurely terminated in phase II due to a si-
gnificant increase in thromboembolism (5% vs 0%) and 
bleeding events (4% vs 2%; HR 1.76, 95% CI 0.37–8.46) 
[37]. This observation may be due to coagulation activa-
tion on contact (FIX) or via tissue damage (FVII) which 
is both targeted by VKAs, not however by NOACs. There-
fore VKAs currently represent the only form of oral anti-
coagulation applicable to patients with mechanical heart 
valves, which thus represent an important limitation for 
the use of NOACs.

Clinical decision: The therapy with VKA was conti-
nued.

Clinical scenario 9: Compliance – forgotten dose(s)

A 62-year- old female patient with atrial fibrillation on 
dabigatran calls her GP at 11 A.M. because she has for-

gotten to take the morning dose at 07:00 A.M. What 
should the recommendation be and how to fare with do-
sing errors in general?

As NOACs have a predictable therapeutic effect, its 
monitoring is not necessary to guide therapy. As the the-
rapeutic effect however fades rapidly after 12–24 h strict 
drug adherence is crucial and should be regularly 
addressed by the treating physician.

In case of a missed dose of NOACs with a bid regi-
men (i.e., every 12 h), like dabigatran and apixaban, a 
forgotten dose should still be taken up to 6 h after sche-
duled intake. For NOACs with a qd dosing regimen (i.e., 
rivaroxaban, edoxaban), up to 12 h after scheduled in-
take. If the mistake lays further back, the next scheduled 
dose should be taken.

In case of accidental double dosing of NOACs with a 
bid regimen, skipping the next planned dose (i.e., after 12 
h) is advisable. In NOACs with a qd intake, the regimen 
should be continued as planned, since at 24 h a major 
part of the drug will have been eliminated.

In case of uncertainty concerning dose intake, one 
could advise patients with a bid regimen to continue as 
planned without taking another pill. In case of qd dosing 
it seems recommendable taking another pill, as the next 
dose is scheduled after 24 h with a longer potential pe-
riod without sufficient anticoagulant effect [20].

Clinical decision: In this case, the patient was ad-
vised to still take the missed dose at this delayed point 
of time.

Figure 1
Absorption and metabolism  
of NOACs.
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Clinical scenario 10: Liver cirrhosis

A 67-year- old male patient is newly diagnosed with at-
rial fibrillation (CHA2DS2–VASc Score 1, HAS-
BLEED 5). As a concomitant disease he suffers from al-
coholic liver cirrhosis Child C with a spontaneous INR 
of around 1.7. Can NOACs be (safely) introduced?

Ever since the first oral thrombin inhibitor (xime-
lagatran) was withdrawn from the market due to liver 
toxicity this has been a concern.

In the phase III trials for dabigatran and rivaroxa-
ban, patients with significant liver disease (acute or chro-
nic hepatitis, cirrhosis or asymptomatic elevation of ami-
notransferases >3× upper limit) were excluded. Monito-
ring of liver function did not suggest significant toxicity 
however [5, 7].

The results of a phase I trial evaluating apixaban in 
patients with mild to moderate hepatic impairment 
(Child-Pugh A or B), suggests that dose adjustment is not 
necessary in these patients, as the pharmacodynamics 
and – kinetics seem predictable [38].

However, adding rivaroxaban and dabigatran to 
plasma from patients with liver disease resulted in an 
enhancement of anticoagulant response compared to 
controls [39].

According to the manufacturers’ instruction rivaro-
xaban and apixaban can be administered in patients 
with mild to moderate liver disease (Child A/B) in ab-
sence of coagulopathy, if close clinical and laboratory mo-
nitoring can be provided, whereas dabigatran is not re-
commended in this population. 

In conclusion, NOACs should be withheld in patients 
with liver disease for the time being due to limited clini-

cal data. Alternatively LMWH or long term VKAs could 
be considered, however posing a challenge in therapeutic 
monitoring. Some authors in those cases recommend FII 
and FV to guide therapy [40, 41].

Clinical decision: In this case – with VKA-monito-
ring presenting a challenge as well – the decision was 
made against oral anticoagulation all together, since 
apart from ongoing drinking the patient also presents 
with oesophageal varices, therefore being at a very high 
bleeding risk, outweighing the risk for systemic embo-
lism. As there are some reports pointing to a relatively 
safe use of VKAs in patients with cirrhosis, three 
monthly re-evaluations are in order.

Conclusion

NOACs have proven to be not only non-inferior to 
VKAs in cardioembolic prophylaxis, but even superior 
when it comes to intracranial and major bleeds [5–8].

Moreover, the fixed dosing regimen and rapid onset 
of action without therapeutic monitoring makes them a 
widely accepted and attractive alternative option in long-
term anticoagulation.

Although they interact less with drugs and food than 
VKAs, combinations with CYP3A4 and P-gp inducers/in-
hibitors, as well as NSAIDs and platelet inhibitors (due 
to elevated bleeding risk), have to be carefully considered 
[20].

In presence of renal or hepatic dysfunction, as well 
as in frail and elderly patients, NOACs should be used 
with caution and intake tightly monitored.

Readily available (point of care) specific coagulation 
assays – however not recommended in routine practice – 

Figure 2
Management of bleeding in patients 
taking NOACs. From: Heidbuchel H, 
Verhamme P, Alings M, Kichhof P,  
et al. European Heart Rhythm 
Association Practical Guide on  
the use of new oral anticoagulants 
in patients with non-valvular atrial 
fibrillation. Europace 2013;15(5): 
625–51 [20], reprinted with 
permission.
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exist, whereas antidotes in case of severe bleeding are yet 
to be introduced.

In light of the rapid onset and short half-lives of NO-
ACs, strict drug adherence is of utmost importance and 
should be frequently addressed by the treating physi-
cian. Laboratory controls of renal and hepatic function 
should take place at regular intervals.

Clinical experience for many patient subgroups, 
such as oncological or paediatric patients is still lacking 
and further data evaluating different indications are ur-
gently needed.

Therefore, a non-critical use of NOACs is discoura-
ged in favour of a careful, individual clinical decision-ma-
king, keeping in mind that anticoagulant drugs are still 
among the most effective and hazardous at the same 
time.
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