Chapter 5

The Importance of Non-vitamin K Antagonists
(NOAC) 1n Their Current Use

Veysel Tosun'

Abstract

Non-vitamin K oral anticoagulants are new drugs that are used in the
treatment of atrial fibrillation and venous thromboembolism. There are
4 NOAG:s in use today; dabigatran is a direct thrombin inhibitor, while
rivaroxaban, apixaban, and edoxaban are Factor Xa inhibitors. NOACs can
be used safely in AF patients, except for patients with moderate to severe
rheumatic mitral stenosis, and metallic prosthetic valves. In studies where
NOACs were evaluated in terms of effectiveness and safety, similar or better
results were obtained with VKAs. With the new two antidotes (idaricuzimab
and andexanet alfa) approved for use in NOAC-related bleeding, the potential
for use of NOAC:s in patients with high bleeding risk is expected to increase.

1. Introduction

Protecting patients with atrial fibrillation (AF) from stroke is very
important, and vitamin K antagonists (VKA) have long been used for
this purpose (1). However, non-vitamin K oral anticoagulants (NOAC)
are now considered by AF guidelines worldwide as the preferred choice of
anticoagulants to prevent stroke in patients with AF (2-4). NOACs have
an efficacy/safety ratio and a predictable anticoagulant effect that does not
require routine coagulation monitoring as required with VKAs (5, 6). In
recent years, NOACs have begun to be widely used as an alternative to VKA
in our country, as well as around the world, to protect against stroke and
systemic embolism in AE There are four preparations used as NOAC today.
Of these, dabigatran is a direct thrombin inhibitor, rivaroxaban, apixaban,
and edoxaban are factor Xa inhibitors.
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2. NOAC eligibility and dosage

2.1. NOAC eligibility

NOAGC: are approved especially for stroke prevention in non-valvular AE
In previous guidelines, the term non-valvular AF emphasized AF without a
mechanical prosthetic heart valve or with moderate to severe mitral stenosis
(especially rheumatic origin) (2, 7, 8). There is no randomized controlled
trial (RCT) demonstrating that NOACs are less efficacious in rheumatic
mitral stenosis patients. The INVICTUS program investigating the use of
VKA, rivaroxaban or acetylsalicylic acid, in patients with rheumatic heart
disease is currently ongoing. In patients with mechanical valve replacement,
NOAC:s should not be considered unless there is new evidence reversing
existing data that NOACs may be better than VKA in preventing stroke
(9, 10). In patients with bioprosthetic valves, in the ‘Rivaroxaban for
Valve Disease and Atrial Fibrillation’ (RIVER) trial, it was non-inferior to
warfarin for the median time to the composite endpoint of death, major
cardiovascular events or major bleeding (11). Similarly, edoxaban was
non-inferior in the ‘Efficacy and Safety of Edoxaban in Patients Following
Heart Valve Repair or Bioprosthetic Valve Replacement (ENAVLE) study.
Observational data showed that early thromboembolic and bleeding events
and all-cause mortality were lower with NOACs after TAVI compared with
VKA (12, 13).

A summary of the above and other indications and contraindications for
NOAC use are listed in Table 1. Additionally, NOAC:s are contraindicated in
pregnancy and women of childbearing age must have reliable contraceptive
methods before initiating NOAC therapy (14). Pediatric patients have
been excluded from stroke prevention RCTs because AF requiring oral
anticoagulation (OAC) is rare in this population (14). It can be considered in
tully adult adolescents. Patients with non-valvular AF and antiphospholipid
syndrome should be treated with VKAs rather than NOACs as a higher
rate of thromboembolic events and major bleeding has been observed with
rivaroxaban compared with VKA (15).
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Table 1. Selected indications and contvaindications for NOAC therapy in AF patients (16).

Condition

Eligibility for
NOAC

Comment

-Mechanical prosthetic valve

Contraindicated

-Excluded from pivotal RCTs
Data indicating worse outcome

degenerative aortic stenosis,
mitral regurgitation etc.)
-Bioprosthetic valve/valve
repair (after >3 months
postoperative)

-Moderate to severe mitral | Contraindicated -Excluded from pivotal RCTs

stenosis (usually rheumatic) Little rationale for less efficacy
and safety vs. VKA

-Other mild to moderate Included in NOAC |-Data regarding efficacy and

valvular disease (e.g. trials safety overall consistent with

Acceptable

patients without valvular disease
-Some data from NOAC RCTs
Single RCT indicating non-
inferiority to VKA

Patients without AF usually on
ASA after 3-6 months post-
surgery, hence NOAC therapy
acceptable for stroke prevention if
diagnosed with AF

-Severe aortic stenosis

Limited data
(excluded in RE-LY
study)

-No pathophysiological rationale
for less efficacy and safety most
will undergo intervention

Trans catheter aortic valve
implantation

Acceptable

-Single RCT and observational
data

-Percutaneous transluminal
aortic valvuloplasty

With caution

-No prospective data

-Hypertrophic
cardiomyopathy

Acceptable

-No rational for less efficacy and
safety vs. VKA (observational
data positive for NOACs)

Abbreviations: NOAC: non-vitamin K antagonist oral anticongulant; RCT:
randomized clinical trials; VKA: vitamin-K antagonist; AF: atrial fibvillation;

2.2. NOAC dosage

Four types of NOACs are used and they have different dosages and different
dose reduction criteria for different indications. Therefore, determining the
correct dose has become more complicated. Figure 1 provides an overview
of available NOACs and their dosages in different indications, including
dose reduction criteria (16).
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Stroke preventiol atrial fibrillation (SPAF)
o " Standarddose ~ Commentsidose reduction
Apixaban 5 mg BID 25mg BID if two out of three fulfilled: weight <60 kg, age >80 years, serum creatinine 2133 pmol/L (1.5 mg/dL)

(or single criterion: if CrCl 15-29 mL/min)
Dabigatran 150mg BID/110mg BID Mo pre-specified dose-reduction criteria in phase Il trial*

Edoxaban 60mg QD 30 mg QD if: weight <60 kg or CrCl 15—49 mL/min or concomitant therapy with strong
P-Gp inhibitor (see ‘Pharmacokinetics and drug-drug interactions of NOACs' section)
Rivaroxaban  20mg QD 15 mg QD if CrCl <1549 mL/min

*SmP¢’ refers to European SmPc.
BID, twice daily; CrCl, ereatinine clearance: Gl, gastrointestinal; NOAC, non-vitamin K antagonist oral anticoagulant; QD, once daily.
*SmPC: 110 mg BID if age 280 years, concomitant verapamil, increased risk of Gl bleeding.

NOAC dosing in AF patients post-ACS/PCI (see ‘Patients with atrial fibrillation and coronary artery disease’ section)

Standard dose Comments/dose reduction
Apixaban 5mg BID Dose reduction as for SPAF
Dabigatran 150 mg BID or 110 mg BID 110mg as for SPAF
Edoxaban 60mg QD Dose reduction as for SPAF
Rivaroxaban 15mg QD Dose reduction to 10mg QD if CrCl 30—49 mL/imin
In addition to singl i therapy, where i . See "Patients with atrial fibrillation and coronary artery disease” section for details.

BID, twice daily; CrCl, creatinine clearance; QD, once daily; SPAF, stroke prevention in atrial fibrillation.

Treatment of DYT/PE
Initial therapy Remainder of treatment phase
Apixaban 10mg BID, 7 days 5mg BID. no dose reduction
Dabigatran Heparin/LMWH 150 mg BID. no dose reduction™
Edoxaban Heparin/LMWH 60mg QD, same dose reduction as for SPAF (see above)
Rivaroxaban 15mg BID, 21 days 20mg QD, no dose reduction®

BID:, twice daily; G, gastrointestinal: LMWH, low molecular weight heparin; QD), ance daily; SPAF, stroke prevention in atrial fibrillation.

*Per SmPC: 110 mg BID if age >80 years, concomitant verapamil, increased risk of Gl bleeding [based on pharmacokinetic/pharmacodynamic (PK/PD) analyses; not studied in
this setting].

bPer SmPC: 15 mg if risk of bleeding outweighs risk for recurrent DVT and PE (based on PK/PD analyses; not studied in this setting).

Long-term prevention of recurrent DVT/PE
Standard dose Commentsidose adjustment

Apixaban 25mg BID

Dabigatran 150 mg BID Mo pre-specified dose-reduction criteria in clinical trial®
Edoxaban 60mg QD
Rivaroxaban 10mg QD =

BID, twice daily; QD, once daily.

*SmPC: 110 mg BID if age 280 years, concomitant verapamil (both based on pharmacokineticsipharmacodynamics analyses: not studied in this setting).
®Not specifically studied, fallow-up data available up to 12 months in phase Il trial.

“SmPec: 20mg QD in patients at high risk of recurrence.
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VTE prevention post-major orthopaedic surgery

Standard dose Comments/dose reduction
Apixaban 25mg BID
Dabigatran 220mg QD/M50mg QD e
Edoxaban 30mg QD Not approved in Europe (only studied in Asia)
Rivaroxaban 10mg QD

BID, twice daily; QD, once daily.
*SmPc 1 150 mg if CrCl 30=50 mlimin; concomitant verapamil, amiodarone, quinidine; age >75 years.

Secondary prevention of atherothrombotic events post-ACS in patients without AF (i.e. no OAC indication)

Standard dose Commentsidose reduction
Rivaroxaban 2.5mg BID In addition to aspirin + P2Y12 inhibitor

BID, twice daily.

Secondary prevention of atherothrombotic events in patients with chronic coronary syndrome and/or symptomatic pe-
ripheral artery disease patients without AF (i.e. no OAC indication)
Standard dose Comments/dose reduction

Rivaroxaban 25mgBID In addition to aspirin

AF, atrial fibrillation; BID. twice daily; ©OAC. oral anticoagulation.

Figure 1. NOACs and approved/studied doses acvoss indications.

3. Pharmacokinetics of NOACs

Treatment with VKAs requires careful consideration of multiple food and
drug-drug interactions. These interactions are less in NOACs. Nevertheless,
physicians need to consider the pharmacokinetic interactions of concomitant
medications and comorbidities when prescribing NOACs. The absorption,
distribution, metabolism, and excretion of the different NOACs, are

summarized in Figure 2 (17).
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Dabigatran Rivaroxaban
Bicavailability 7% 50% 2% 15 mg/20mg: 66% without
food, 100% with food
Prodrug Yes No No No
Clearance non-renalirenal  20%/80% 73%/27% S0%/50% 65%/35%
of absorbed dose
Plasma protein binding 5% B7% 55% 95%
Dialysability 50-60% 14% NA NA
(In part dialysable) (Not dialysable) (Not dialysable) (Not dialysable)
Metabolism Glucoronic acid conjugation  CYP3A4 (25%). CYP1A2,  CYP3A4 (<4% of CYP2A4 (18%)°". CYP2)2
CYP2J2. CYP2CB, elimination)
CYP2CY CYP2C19
Absorption with food No effect No effect 6-22% more; minimal effect  +39% more (see above)
on exposure
Absorption with H2B/PPI —12% to 30% (not clinically  No effect No effect No effect
relevant)
Time to peak levels (h) 3 3 -4 -4
Elimination half-life (h) 12-17 12 10-14 5-9 (young)
11-13 h (elderly)
Apixaban Dabigatran

—r- Apixaban

a} h

t,=12h

= Edoxaban

Bio-availability:
62%

~50%
{~4% Cyp3Ad)

1,=10-14 h

~50%

esterase-mediated
hydrolysis

— Dabigatran

Bio-availability: i
* 66% (without food)
+=100% (with food)

m ~20%

ty=12-17h

e Bio-availability:
50% iy Voo
27% e
Edoxaban Rivaroxaban

ty= 5-9h{young)
11-13h (elderly)

Figure 2. Absovption and metabolism of different NOACs. There ave interaction
possibilities at the level of absorption or first transformation and at the level of
metabolization and excretion. Also via CYPLA2, CYP2]2, CYP2CS8, CYP2C9, and

CYP2C19.

4. NOAGC:s in patients with chronic kidney disease or advanced

liver disease

4.1. Atrial fibrillation and chronic kidney disease

Both bleeding and thrombotic risks are increased in patients with
chronic kidney disease (CKD) and AF compared with other AF patients.
NOAG:s all undergo some renal elimination, although at varying rates.
80% of dabigatran, which is eliminated most, and approximately 25% of
apixaban, which is the least eliminated, are excreted through the kidneys.



Veysel Tosun | 55

Renal functions should be evaluated at least once a year in patients receiving
NOAC therapy, and more frequently in those with renal dysfunction. In
patients who develop acute renal failure, NOACs should be discontinued
and parenteral anticoagulation should be started (18).

The effectiveness and safety of all four NOAC types in patients with
creatinine clearance (CC) above 30 mL/min have been demonstrated in
subgroup analyses of phase-III studies of these drugs (19-23). The use of
appropriate NOAC doses has great importance in the treatment of patients
with CKD. In studies of apixaban, edoxaban, and rivaroxaban, dose
reductions were made according to renal functions. In the RELY study, two
different patient groups were created, 110 and 150 mg, regardless of renal
functions. It is reccommended for dabigatran to use 110 mg in patients with
CC below 50 mL/min. The dose adjustment of NOACs according to CC is
shown in Figure 3 (16).

CrCl Dabi d Rivaroxab Edoxab Apixab

r 3
90 mi/min —§------

20 mg 60 mg®

5mg BID |

50 ml/min [~ 2.5 mg BID®

[~ 110mg BID®

40 mi/min — 15mg 30 mg

15mg 30 mg 2.5 mg BID

01 111 Vo ol ey e et A e B e et e e

- +  Contraindicated as per SmPCs ’
Dialysis — . y Y
v

Figure 3. Use of NOACs according to renal functions.

The effectiveness and safety of NOAC:s in patients with CC below 15 mL/
min or in patients undergoing renal replacement treatment are uncertain.
In a study, significantly more hospitalizations and deaths due to bleeding
occurred with oft-label dabigatran and rivaroxaban in patients receiving renal
replacement treatment compared to VKAs (24). Although plasma apixaban
levels are higher than the therapeutic level in stable dialysis-dependent
patients, apixaban treatment of 5 mg twice a day has been approved by the
FDA in the USA (25). Besides that, the 2020 ESC guidelines recommend
the use of factor Xa inhibitors with caution and at reduced doses for patients

with 15-29 mL/min (2).
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There are no data regarding the use of NOAC in renal transplant patients.
In these patients, dosage adjustments should be made according to renal
tunctions and drug-drug interactions with the immunosuppressive agents
used should be taken into consideration.

The use of prophylactic anticoagulants in nephrotic syndrome patients is
still a controversial issue today. There is no data in the literature regarding
the use of NOAC for thromboprophylaxis in patients with nephrotic
syndrome. When deciding which of NOACs or VKAs to prefer in a patient,
the pathology causing the nephrotic syndrome, renal functions, serum
protein levels, thromboembolism, and bleeding risks should be taken
into consideration (26). It should be kept in mind that NOAC may be an
alternative for these patients who cannot comply with VKA treatment.

4.2. NOAG: in patients with advanced liver disease

Advanced liver disease, like kidney disease, creates a predisposition to
both thrombosis and bleeding. In addition, hepatic elimination of drugs,
drug metabolism, effectiveness, and drug-induced liver damage differ in
liver disease (27). Practical considerations for the use of NOACs in liver
disease are presented and summarized in Figure 4 (16).

Baseline assessment:

H/o thromboembolism or bleeding?
Relevant co-medications and over-the-counter drugs? Highest risk
CBC, liver function test, PT/INR, aPTT, renal function patients
High bleeding risk (e.g., H/o major bleeding (varices),
uncontrolled alcohol intake, etc.)?

All other patients l

Parameter 1 point 2 points 3 points NOAC Use recommendations in liver disease
Encephalo-
No Grade 1-2 Grade 3-4
L
Amches, ocdiie MO e Mild. ol =Macerate
ik <2 mg/dL 2-3 mg/dL >3 mg/dL
[ I SAmolfle  A&S0umolll; 2 30umoliL.
5 g/dL 2.8-35g/dL 2.8g/dL
Abwimin 22?1 28-3: gjl. << z: g:’rdl.
----------------- Sl oosBbe L S28BA ] Rivaroxaban Not recommended
INR <17 1.71-2.30 >2.30
Close follow-up (see also Fig. 3)
v Assess Child-Pugh seore —  Signs of (occult) bleeding?
¥" Check NOAC use recommendations in — Adherence? Side effects?
liver disease —  (New) co-medications, incl. NSAIDs, aspirin, OTC?
¥" Check for drug-drug interactions — CBC, liver function, PT/INR, aPTT, renal function
v Discuss in multidisciplinary team — Continue bleeding risk minimization strategies
— Re-enforce education, incl. alcohal abstinence

Figure 4. NOACs in patients with liver disease.
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4.3. NOAC treatments in cancer patients

The risk of thrombosis is increased in patients with cancer compared with
patients without it. There is an increased risk of both arterial and venous
thromboembolism in patients with malignancy. At the same time, the risk
of bleeding in patients with malignancies raises concerns about the use of
anticoagulant drugs. Especially in patients undergoing chemotherapy, it is an
approached adopted in current practice to switch to low molecular weight
heparins and continue the chemotherapy process with heparin treatment,
due to the difficulty in maintaining the therapeutic window and the fact
that these patients do not infrequently require diagnostic and treatment
interventions during the cancer therapy process. On the other hand, many
studies excluded patients with active malignancies, and the remaining studies
included small numbers of cancer patients. In the ARISTOTLE study,
apixaban was more effective and safer than VKA in patients with active
malignancy or a history of malignancy (28).

A published prescription registry analysis showed that bleeding and
thrombotic risks were similar in patients with and without malignancy and
that NOACs used at standard doses were more effective in both bleeding
thromboembolism risks in both groups (29). Another important point to
consider is that the interaction of chemotherapeutic drugs and NOACs is
not yet fully known, and NOACs should be used more carefully in patients
receiving chemotherapy (18). It is important to use proton pump inhibitors
along with NOAGC:s in patients with malignancy to reduce the bleeding risk.

5. Cardioversion and NOACs

Current guidelines recommend anticoagulation at least 3 weeks
before cardioversion and 4 weeks afterward, regardless of the type of
cardioversion (30). Three different studies have been published comparing
the use of apixaban, edoxaban, and rivaroxaban with the use of VKAs in
patients undergoing cardioversion (31-33). Data regarding dabigatran and
cardioversion were presented in a post-hoc analysis of the RELY study
(34). As a result of these studies, both thromboembolic events and bleeding
rates were observed to be lower with each of the four NOACs compared
to warfarin, but none of these studies had the statistical power to evaluate
superiority or non-inferiority.
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| Patient on NOAC for 2 3 weeks |
.

Assessment of adherence
= Document in chart

J_l_l

Well-adherent Doubt about adherence Goal = late OV early OV Intermediate / Low risk patients;
fi.e., 100% or deemed high-risk for Start trawtmant Start NOAC 2 (2) - 4h high risk patients / || Limited data for
adherent over left atrial thrombus. with NOAC for before CV situations (ie., NOAC, but ikely

CHA,DS,-VASC feasible (taken
23m [z2fand /o 2(2)- 4 h before CV).
AF onset >12
hours)

the last 3 weeks) 23 weeks

Rule out LASLAA thrombus
Thrombus detected?

Pastpone CV after longer
period of anticoagulation

J o — !
|
| 1 1
Lifelong if CHA,DS,-VASc 2 1 (men) /2 2 4 weeks if CHA,D5,-VASc 0 (men) / Unclear in CHA,DS,-VASc 0 in men / 1 in
(women) as with all paroxysmal / persistent AF 1 (women) and AF = 48 hours women if AF < 48h. Omission may be
considered, especially if AF definitely <24 h.!

Figuve 5. Practical management of patients that cavdioverted with or without NOAC
therapy (16).

6. NOAC treatment in venous thromboembolism and pulmonary
embolism

In RCTs regarding the use of NOACs in the treatment of venous
thromboembolism (VTE) and pulmonary embolism (PE), patients using
dabigatran and edoxaban received parenteral heparin therapy for at least
5 days before starting oral therapy. Dabigatran 150 mg twice daily and
edoxaban 60 mg once daily have been used. In studies of apixaban and
rivaroxaban, parenteral anticoagulant treatment was not given beforehand
and anticoagulation was started directly with NOAC. The results of these
studies showed that NOAC treatment was non-inferiority and safer than
standard heparin and VKA treatment (35). As a result of these RCTs and
meta-analysis, NOAC treatment was included in the PE guideline with a
Class-1 indication (36). In a meta-analysis, 5 RCTs involving a total of 7897
were examined and similar results were obtained with NOAC treatment
compared to standard VKA treatment in deep vein thrombosis, PE, recurrent
PE, recurrent VTE, all-cause of death and major bleeding (37).

7. AF patients presenting with acute stroke while on NOACs

Ischemic stroke occurs in 1-2% of patients receiving anticoagulant
therapy each year. When encountering such patients, medication compliance
should be questioned first. If there is an opportunity to optimize treatment
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in secondary prevention, drug levels can be measured at admission to the
hospital (38). Thrombolytic therapy within 4.5 hours after stroke is an
important treatment in suitable patients. Fibrinolytic therapy cannot be used
in patients receiving anticoagulant therapy. Thrombolytic therapy should
not be administered to patients receiving NOAC until 24 hours after the
last dose. Alternatively, anticoagulant therapy with idarucizumab can be
rapidly reversed in patients receiving dabigatran. Published case series have
reported that intravenous thrombolytic therapy is possible and safe after the
reversal of dabigatran effect (39, 40). In addition, fibrinolytic treatment can
be applied by measuring the plasma level Factor Xa inhibitors, but the use
of rapid tests measuring plasma levels is not yet widespread worldwide. If
measurable, fibrinolytic treatment can be safely applied at levels below 30
ng/mL. (41).

There is no RCT on which NOAC treatment should be chosen or drug
switching in patients with ischemic stroke under NOAC treatment.

When to restart NOAC treatment after stroke should be determined
according to the patient’s risk of re-ischemic stroke and hemorrhagic
transformation secondary to stroke. In patients who have a transient ischemic
attack and are shown to have no bleeding by CT or MRI, anticoagulation
should be restarted after 1 day. In patients with mild neurological deficits
(National Institutes of Health Stroke Scale score, NIHSS, below 8), it is
recommended to restart anticoagulation treatment 3 days after onset of the
event. In patients with moderate neurological deficits (NIHSS between 8
and 15) the presence of bleeding should be evaluated with CT or MRI on
day 6. If there is no bleeding, restarting anticoagulant treatment should be
considered. In patients with the severe neurological deficit (NIHSS over
16), anticoagulant treatment should be started on 12" day and bleeding
status should be evaluated with imaging methods (1, 18).

It has been shown that the prognosis of patients receiving NOAC therapy
and developing intracranial bleeding is similar to that of patients experiencing
bleeding under VKA (42). In these patients, NOACs should be discontinued
immediately and the coagulation status should be corrected. Idarucizumab
should be used in patients receiving dabigatran therapy. Andexanet alfa can
be used in patients who develop bleeding under Factor Xa inhibitors.

The decision and timing of restarting anticoagulant treatment after
intracranial bleeding is evaluated together with the degree of regression of
intracranial bleeding, the risk of recurrence, and the patient’s risk of ischemic
stroke. An individualized decision should be made based on the benefit/loss
ratio on a patient basis.
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| Acute ischemic stroke ‘

| No hemorrhagic transformation ] | Hemorrhagic transformation i
l |
bl i ettt i i = = Clinical improvement or
| | et td e k] no clinical worsening
lesion on brain | | lesion on brain neurological neurological neurological
imaging imaging deficit deficit deficit 1
,L ,l, ,[, 4 ¥ Document significant
Clinical reduction of hemorrhagic
No clinical No clinical improvement or Eichdstismarnhagic mnenmetion transformation by brain
worsening worsening no clinical by brain CT or MRI CT or MRI £ 1 day before
worsening < 1 day before (re-)starting a NOAC (re-Jstarting a NDAC

I I | | I I
[ Consider (re-) starting NOAC therapy after: ‘

y v R S T
1day 1-3 days 23 days 26-8 days 212-14 days 23-28 days
[ Consider ASA until initiation of NOAC ]

Based on expert opinion! No RCT data available yet

Figure 6. Re-initiation of anticongulation after TLA/stroke. Without proven evidence/
RCT data available, based on expert opinion (16).

7. AF patients presenting with bleeding on NOACs

Studies have shown that NOACs cause less intracranial and life-
threatening bleeding than VKAs. In addition, more positive results were
obtained in patients receiving NOAC, especially intracranial bleeding,
compared to warfarin (43-45). In patients with bleeding, treatment methods
are determined according to the severity of the bleeding. The first thing to
do is to increase the diuresis of the drug the wear oft. Other options are the
use of specific (antidotes) and nonspecific agents (prothrombin complexes).
Fresh frozen plasma, protamine and vitamin K are ineffective in bleeding
with NOAC (46). Local hemostatic methods should be used in minor
bleeding that occurs under NOAC treatment. If recurrent bleeding occurs
despite precautions, it is necessary to switch to a NOAC with a different
bleeding profile or dose adjustment should be made.

In case of major bleeding that is not life-threatening, adequate diuresis,
especially in dabigatran, should be provided. If idarucizumab cannot be
reached in case of severe bleeding with dabigatran, dialysis may be considered
in patients with renal failure (18). Dialysis is ineffective in bleeding due
to the factor Xa inhibitors because they are highly bound to the plasma
proteins. Tranexamic acid or desmopressin may be considered, especially
in patients with coagulopathy. Studies are showing the benefits of using
tranexamic acid, especially in patients with bleeding due to trauma (47).
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In case of major bleeding that is life-threatening idarucizumab and
andexanet alfa should be used. Idarucizumab is administered as two bolus
doses of 2.5 g and its effect begins within minutes. In clinically appropriate
patients, dabigatran can be restarted 24 hours after treatment. Andexanet
alfa should be used in different doses depending on the NOAC type and the
last time the drug was taken. In cases where antidotes are not available, the
use of prothrombin or activated prothrombin coagulation complexes should
be considered. Which of these two complexes is preferred should be based
on the center’s experience (18).

8. NOAG: for patients undergoing surgical or percutaneous
intervention

When to stop NOAC before surgery and when to start again after surgery
should be determined according to the characteristics of the patients such as
age, bleeding history, kidney functions, and the type of surgical operation. In
dental procedures, cataract and glaucoma operations, superficial surgeries,
and endoscopies that do not require biopsy, the operation should be
performed without discontinuing anticoagulant treatment, even if bleeding
can be easily stopped and the risk of bleeding is very low. Such operations
can be performed 12-24 hours after the last NOAC dose. The appropriate
approach is to start the anticoagulant agent again 6 hours after the
procedure. It is recommended to perform the procedure 24 hours after the
last NOAC dose in patients with normal kidney functions and low bleeding
risk (endoscopic procedure, prostate or bladder biopsy, electrophysiological
studies and ablations, pacemaker implantation or non-coronary angiographic
interventions).

In patients receiving dabigatran, if the CC is 30-50 mL/min, the last 4
doses should not be given, if it is between 50-80 mL/min, the last 3 doses,
and if it is over 80 mL/min, the last 2 doses should not be given and the
procedure should be performed. In patients receiving Factor Xa inhibitors
and whose CC is between 15-29 mI/min, the last dose should be taken at
least 36 hours before the procedure and not continued afterward.

In a big meta-analysis including 9 RCTs, the effectiveness and safety
of NOACs (other than edoxaban) and VKA were compared in patients
undergoing surgical procedures (48). The majority of patients underwent
surgical interventions with a low or very low risk of bleeding. The frequency
of embolic events observed in patients receiving NOAC and VKA therapy
was similar, but the frequency varied according to the type of surgery
performed. Perioperative major bleeding rates were similar in both groups.
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Additionally, in the analysis, bleeding occurred more with dabigatran than
with warfarin, and with the other two NOAC:s at rates similar to warfarin.
There was no change in bleeding rates according to surgery type.

It 1s recommended that NOAC should be discontinued 48 hours or
carlier in operations such as polypectomy with high-risk bleeding, complex
endoscopic procedures, thoracic and abdominal surgeries, epidural, spinal
anesthesia, liver, and kidney biopsy. In patients receiving dabigatran,
treatment should be stopped gradually according to CC. It should be kept in
mind that bridging with LMWH is not recommended before any operations.
The bridging therapy causes an increase in the risk of bleeding (49).

If postoperative bleeding control is fully achieved, NOAC can be restarted
6-8 hours after the operation. In types of operations where the risk of
bleeding continues for 48-72 hours, thromboprophylaxis should be started
6-8 hours after the operation and NOAC should be postponed during this
period. There is no data regarding the use of low-dose NOAC after surgery.

NOAGCs should be discontinued in patients undergoing emergency
surgery. If there is an opportunity for emergency surgeries that need to be
performed within minutes, idarucizumab should be used for dabigatran,
andexanet alfa should be used for Factor Xa inhibitors (50). If antidotes
cannot be obtained, routine coagulation tests should be performed, non-
specific bleeding precautions should be taken, and general anesthesia should
be preferred for the operation (49). In operations should be performed
within hours, the intervention should be postponed at least 12 hours, ideally
24 hours, after the last dose received (18).

9. Conclusion

NOAGC:s are drugs used as an alternative to VKAs in the treatment of
AF and venous thromboembolism. In studies, similar or better results were
obtained with the use of NOACs than VKAs in terms of effectiveness and
reliability. Each NOAC preparation has different metabolic properties. It
is expected that the use of NOACs in patients with high bleeding risk will
increase with the introduction of two antidotes (idaricuzimab and andexanet
alfa) that have recently been approved for use in bleeding. Their use will
become safer with ongoing and upcoming new RCTs.
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