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EYXAPIXTIEX

Oa NBela va evyapiomom tov k. Toghémn AAéEavdpo Kabnynt)y Xnuelog wou
emPrénov ™G epyoaciag pov. Tov xvplo Muktiddn Martcayko Kabnynm
AYYEOXEPOVPYIKNG YIOL TNV TPOYUATOON Kol ONUIOLPYIO TOV UETOTTUYIOKOD TNG
Opoupwonc. Tovg dddokovieg Olwv TV ogpvaplov Yo TG  eEopeTikeég
TOPOVGIACELS, OALQ KOl TN YPOUUOTEID TOL HUETOTTUYLOKOD YO TNV OPYAVMON Kot
aueon avromdkpion mc. Téhog, Oa H0ela va evYOPICTHCH TNV OTKOYEVELYL OV Y10 TNV

ovveyn otpi&n toug og kdbe pov Tpoondbeia.
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Iepiinyn

Ta aviumktikd eivar pdppoka mov gumodifovv ™ dnpovpyia BpoUPwV oto Oipa.
Dvo1oAoYIKA 0 0pYaVIGHOG €XEL TNV IKOVOTNTO UEG® TOV UNYOVIGUOD THEEWS VL
pLOuilel TV TNKTIKOTNTO TOL OUIOTOG OVAAOYO HE TIG TEPIOTAGELS. Ta OVTIINKTIKA
napepPfaivouv 6to pnyaviopud mEEMG e oKOTO Vo SUGKOAEYOVV TN dtadikacion NG
mEemg yo TNV TpdANyM dnpovpyiog OpouPov kot euformv, dnAadn v amdcToom
OpopPov kol peETOPOPE TOV GTN KLVKAOQOPID TOV aiuonogl. Avéykn yu yopnynon
AVTUINKTIK®OV £XouVv o1 acbevelg mov £yovv vtootel kamola Opdupwon dnwg etvar 1 ev
0 PBdOn OpouPwon, n mvevpovikny guPorr), acBeveilg pe KOAMIKY HOPUOPVLY TTOV
&xouv Kivouvo Yoo OpopPoeppforikd emelcdolr OMOC TO OyYEWKO EYKEPAAKO

emelc0010 ko emiong ot aoBevelg pe texvnrég [300»[3{88@59’60

. Edwotepa oty KoAmikn
LopUapLYN To ovTIINKTKG €xovv dgi&el por Beapotikn peiwon tov Kvddvou yua
Opoppocforikd emecddo. Ta amd TOV GTOUOTOS OVTIINKTIKE TPOCPEPOLV
HEYOADTEPN amoTELECUATIKOTNTO Ond TIC KAAOOWKES emAoyég kabmg diabétovv
amAovotepn mopéupacn ot Bepameio Kot 6T TPOANYT KOO Kot O¢ povobepameia
xopic v avaykn yuo cvyvo éleyxo INR tov acBevoig dmwg yiveton pe v Aqum
KOVUOPWIKOV avTimnktikav. H emtoyng avtimmkrikn dpdomn kabopiletor amd v
emoTUoviK €€looppdmmon Tov Kvdvvov Opoufwong kot TG EMUTAOKNAG TNG
apoppayiog. MeydAn onpacio €yel n e€atopikevon g avTOPOUP®OTIKNG oy®YNG

LEG® TOV VTOAOYIGLOV BPOUPOTIKOV Kol apLopparytko Kivohvou tov kibe acBevoug.

AéEerc-Khedd: Opoppmon, apoppayikés emmhokés, dpecot avaotoreic Opoppivng,

KOATILKT LOPLLOPVYT], KAAGGTKE OVTITNKTIKG

[4]

Institutional Repository - Library & Information Centre - University of Thessaly
16/06/2024 17:03:09 EEST - 3.145.10.148



Abstract

Anticoagulants are medications that prevent blood clots from forming. Normally, the
body has the ability through coagulation mechanism to regulate the coagulation of the
blood according to the circumstances. Anticoagulants interfere with the coagulation
mechanism in order to make the coagulation process more difficult, the clot and
emboli prevention, clot detachment and transportation into the bloodstream®.
Anticoagulants need to be administered to patients who have suffered some
thrombosis such as pulmonary embolism, deep venous thrombosis, patients with atrial
fibrillation who are at risk of thromboembolic events such as stroke and also patients
with artificial heart valves®®®. In atrial fibrillation in particular, anticoagulants have
shown a dramatic reduction in the risk of thrombotic and embolic events. Oral
anticoagulants offer greater effectiveness compared to classic options as they have a
simpler intervention in treatment and prevention even as single therapy without the
need for frequent monitoring of INR in case of warfarin. Successful anticoagulation is
determined by the scientific balancing of the thrombotic risk and bleeding. The
individualization of antithrombotic treatment through the calculation of the
thrombotic and bleeding profile of each patient is of great importance.

Key words: Thrombosis, hemorrhagic complications, direct thrombin inhibitors,

dabigatran, rivaroxan, apixaban, anticoagulants, atrial fibrillation

(5]

Institutional Repository - Library & Information Centre - University of Thessaly
16/06/2024 17:03:09 EEST - 3.145.10.148



Table of Contents

GENERAL PART

Chapter 1. Introduction
1.1 Definition of Anticoagulants

1.1.1 Pharmacology of Heparins and Fondaparinux
1.1.2 Types of Anticoagulants

1.1.3 Unfractionated Heparins

1.1.4 Low Molecular Weight Heparins

1.1.5 Fondaparinux

1.1.6 Direct Thrombin Inhibitors

1.1.7 Oral Anticoagulants- Vit. K Antagonists

1.1.8 Direct Oral Anticoagulants

1.2 Similar Studies
SPECIFIC PART

Chapter 2. Methods

2.1 Purpose of review
2.2 Inclusion and exclusion criteria
2.2 Strategy of research
2.3 Data export

2.4 Definitions

Chapter 3

3.1 Selection of studies
3.2 Synthesis of results
Chapter 4. Discussion
Chapter 5. Conclusions

Summary References

6]

Institutional Repository - Library & Information Centre - University of Thessaly
16/06/2024 17:03:09 EEST - 3.145.10.148



GENERAL PART

Anticoagulants

The main therapy for thrombosis prevention as well as treatment are anticoagulants.
The use of anticoagulants is linked with adverse effects, common adverse event is
hemorrhage which can be life threatening. Many patients, especially in older ages and
patients with concomitant diseases taking warfarin, about half of them will require
hospitalization’. Despite oral direct anticoagulants aim to replace warfarin and
heparin products, dabigatran is linked with serious bleeding, while rivaroxaban with

thrombotic events?,

Types of anticoagulants

ORAL

Newer types of anticoagulants are anti-factor Xa inhibitors (rivaroxaban, edoxaban,
apixaban) and anti-factor Ila inhibitors (dabigatran).

Vitamin K antagonists require monitoring with INR.

INJECTABLE ANTICOAGULANTS

Heparin and low molecular weight heparins

Figl.
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1.1.1 Pharmacology of Fondaparinux and Heparins

Low molecular weight heparins as well as unfractionated heparin are anticoagulants
preferred for acute thrombosis providing rapid onset of anticoagulation activity. The
active pentasaccharide that forms heparins, binds to the AT. After binding
anticoagulation effect starts to begin, through the inactivation of coagulation factors
Xlla, 1Xa, Xla, Xa and thrombin. The active pentasaccharide is responsible for the
catalyzation of AT that is found in 1/3 and 1/5 of the chains of low molecular weight
heparin and unfractionated heparin®>°. A natural synthetic analog deriving from
heparin’s pentasaccharide is fondaparinux*>°. Fondaparinux binds to AT. The result
is the neutralization of factor Xa, which eventually inhibits the formation of thrombin

and the development of thrombus**® .

1.1.2 Types of Anticoagulants
1.1.3 Unfractionated Heparin

Administration routes are subcutaneous and intravenous infusion *>®, When the route
IS subcutaneous injection aiming therapeutic anticoagulation, needing large doses
meaning more than 30.000 units per day in order to overcome unfractionated heparins
low bioavailability. After parenteral administration, unfractionated heparin with
plasma proteins binding rapid, which contributes in a variable anticoagulant response.
Intravenous infusion of unfractionated heparin achieves fast enough the therapeutic
plasma concentrations that could be effectively monitored and adjusted according to
infusion rates®. In order to monitor the anticoagulation effect of the unfractionated
heparin is achieved by the activated partial thromboplastin time. To reach therapeutic
levels, aPTT is measured every 6 h with intravenous administration, and doses
adjusted accordingly, until therapeutic levels are achieved®’. When steady state is
achieved then the frequency of monitoring can be extended®’. Dosing depends on
weight for the treatment of thromboembolic diseases. Dosing is associated with
significantly higher initial UFH doses, shorter time to therapeutic activated aPTT, and
no increase in bleeding events’. UFH dosing are different in hospitals due to
differences of laboratory standardizations of aPTT measurements and agents of

thromboplastin’.
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Clinical Indications

Unfractionated heparin used for preventing as well as treating venous
thromboembolism, acute coronary syndromes, cardioversion and bridging when

489
™.

neede Pharmacokinetic profiles of low molecular weight heparins and

fondaparinux are superior compared to unfractionated heparin, because of that, the

usage of unfractionated heparin is diminished*®®.

Despite the superiority of
pharmacokinetic profiles, in some patients the need of unfractionated heparin is
obligatory, examples are patients with underlying bleeding risk, low creatinine
clearance meaning less than 30mL/min'°. Also, unfractionated heparin has short half
life and the capability of reversal of effect. Low molecular weight heparin and
fondaparinux are not used in patients with less than 30mL/min creatinine clearance

because of the accumulation and the increased bleeding risk™.
Complications and Reversal of Effect

Hemorhage is on of the main complications of unfractionated heparin, including
major bleeding with percentage 0-7, also fatal bleeding with percentage 0-3 and
heparin induced thrombocytopenia with percentage 1-5. Minor bleeding events are,
epistaxis, menorrhagia, metrorrhagia, hematomas etc. Patients who receive
unfractionated heparin more than 30 days are at increased risk for vertebral fractures
resulting from osteoporosis with percentage around 2*2. Bleeding events considered
major can occur within the range of therapeutic levels. Bleeding risk is increased
according to patients profiles, some common risk factors are patients age, gender,
creatinine clearance, very low body weight and increased alcohol consumption?*3,
Patients profile is important to calculate bleeding versus thrombotic risk must be
evaluated and considered before every surgical procedure. Also except from patients
bleeding and thrombotic risk must always been considered the thrombotic and
bleeding risk of the surgery or procedure'>®*’. Patients who require anticoagulation
in elective procedures or surgery, intravenous infusion of unfractionated heparin must
be discontinued 4 hours before the surgery and measuring the aPTT. When the aPTT
remains elevated, every 1 hour aPTT measurments should occur until reaching the
baseline'®*®’. After major surgeries the therapy with unfractionated heparin can be
continued after 12 hours, in the presence of bleeding signs the therapy must be

delayed. Patients in low doses of subcutaneous unfractionated heparin and neuroaxial

[9]
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techniques are in minimal risk of developing spinal hematomas. But in the need of
intraoperative anticoagulation with unfractionated heparin the infusion must begin
after one hour of needle placement. In case of indwelling catheters should be taken off
2—4 hours after discontinuation of the UFH infusion and only after coagulation status

of patients has been assessed™®.

Reversal of effect

In most hemorrhagic events occuring from unfractionated heparin there is no need of
reversal because of the benefit of short half-life. In case of serious and major
hemorrhagic events occurring from unfractionated heparin the antidote is protamine
sulfate. For immediate reversal, less than 30 min from the last dosing of
unfractionated heparin, for every 100 units of unfractionated heparin is given 1mg of
protamine sulfate and the reversal response is evaluated by aPTT. Dosing of
protamine sulfate is dependent by the timing of the last dose of unfractionated
heparin. In cases with unknown dose of unfractionated heparin, dose of protamine
sulfate is 50mg given slowly over 10 minutes followed by serial aPTT
measurements'*?’. Common adverse reactions that can be severe after administration
of protamine sulfate are slow heart rate, low blood pressure and allergy™®%. In case of
severity, management achieved by reducing the administration rate to 1-3mg/min
while the maximum dose rate is 5mg/min. Patients who have been previously exposed
to protamine containing insulin ,have fish allergies ,undergone vasectomy is more
common to have allergic reaction to protamine. In such cases or patients in increased

risk can be treated with corticosteroids before exposure to protamine*®?°,

1.1.4 Low Molecular Weight Heparins

Compared to unfractionated heparin, low molecular weight heparin have longer half-
life around 17 to 21 hours, subcutaneous route and the dose is dependent by the renal
function and body weight. It’s common to be used for tromboprophylaxis in

hospitalized patients®*.

(10]
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Clinical Indications

For hospitalized patients and patients undergone surgery requiring parenteral thrombo
prophylaxis, low molecular weight heparins have become suitable replacement for
unfractionated heparin?*%. In hospitalized patients who receive thromboprophylaxis,
LMWH have been linked with a decreased risk of deep venous thrombosis, lesser
hematomas at the injection sites, and no altering the bleeding risk when compared
with UFH?*. Comparing unfractionated heparin with low molecular weight heparin in
ST segment elevation the first one have higher incidence of death or non-fatal
recurrent myocardial infarction while the low molecular weight heparin have higher
rate in bleeding when is used together with fibrinolysis®>. In cases of non ST segment
elevation MI low molecular weight heparin when compared to unfractionated heparin

reduced the rates of recurrent MI, death and urgent revascularization®,
Complications and Reversal Effects

Bleeding events are the most common complication of low molecular weight
heparins. Major bleeding reported in percentage of 0-3 and bleeding causing death
have been reported in rates of 0-0,8'%. Before every surgery crucial role plays the
thrombotic and bleeding risk of each patient in order to decide the discontinuation or
continuation of low molecular weight heparin prophylactic dose. In case of
discontinuation of therapeutic doses must be done before 12-24 hours before surgery
or even longer in case of low creatinine clearance, and restart after 24 hours of

surgery or neuraxial anesthesia™?.

Reversal effects

Despite the non-existence of specific antidote that fully reverse the effect of low
molecular weight heparin, in cases of major bleeding or over dosing protamine sulfate

2128 In case of

is used intravenously which neutralize the antithrombotic effect
immediate reversal meaning within 8 hours, 1mg of protamine sulfate neutralizes 100
units of low molecular weight heparin®’. More specific protamine reverses completely
the activity of anti-factor Ila, while reverse only the 60 percent anti factor Xa activity.
If hemorrhage continues then additional dose of 0,5mg of protamine sulfate for 100
units of low molecular weight heparin is administrated>”?. Lower doses of protamine

are used when the interval of low molecular weight heparin is more than 8 hours®"?%,
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A non hemmorhagic complication to low molecular weight heparin and
unfractionated heparin is HIT and HITT?. When patients are exposed before to
unfractionated heparin and low molecular weight heparin and more than five to seven
days a possible immune mediated response called heparin induced thrombocytopenia
and heparin induced thrombosis can occur, resulting from antibodies that are against
the heparin platelet factor IV complex®. The rate of HITT ranges from 1-5 % have
been associated with thrombocytopenia and life-threatening thrombosis in
approximately 30-50 % of HIT positive patients®. After 4 to 10 days of
unfractionated heparin or low molecular weight heparin exposure the platelet count
can be decreased by 50%. Before every therapy with low molecular weight heparin
and unfractionated heparin the platelet count must be measured before the initiation

and monitored at least every 5 to 10 days®.
1.1.5 Fondaparinux
Pharmacodynamics and Monitoring

Fondaparinux is administrated subcutaneous , is rapidly absorbed with 17 to 21 h half
life in patients with normal creatinine clearance®. Fondaparinux excretion is by the

kidneys.
Clinical Indications

It’s proven that fondaparinux is safe to be used for treating patients with pulmonary
embolism and DVT®***. Fondaparinux, studied extensively for thromboprophylaxis in
hospitalized and surgical patients®>*. Fondaparinux in several trials have showed
better results in reducing the incidence of venous thromboembolism in patients after
surgeries like hip and knee arthroplasty and hip fracture surgery®=®%. But the
incidence of hemorrhages that can be deadly its not different in comparison with the
other agents® 8%, The timing of administration and the dose of fondaparinux is
associated with higher rates of major bleeding events**. Administration less than 6
hours after procedures is linked with increased rates of major bleeding events*. After
6 hours of surgery is recommended for patients with high bleeding risk. Fondaparinux
may be an option for thromboprophylaxis in case of HIT allergy but no conclusive

data is available*?.
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Clinical uses of fondaparinux

Fondaparinux used for treating venous thromboembolism, NSTEMI, STEMI,
prophylaxis of VTE in hospitalized patients or patients after surgery. The dosing
based on kilograms and creatinine clearance . For patients under 50kg the dose is 5mg
sc daily, 50-100kg dose is 7,5mg sc daily and for more than 100kg the dose is 10mg
sc daily. For patients with clearance of creatinine lower than 30mL/m fondaparinux is

contraindicated®.
Reversal effects

No specific antidote for fondaparinux existed, but administration of factor VII can

normalize thrombin generation and coagulation time™.
1.1.6 Direct Thrombin Inhibitors (DTIs)

Antithrombotic effect of direct thrombin inhibitors is reversible, selectibe and direct
to thrombin’s active site®™. By this leading to the inhibition of thrombin reactions,
including activation of factors V, VIII, XIII and protein C factors, also includes
formation of fibrin and aggregation of platelets”®. Desirudin, bivalirudin and

argatroban are hirudin analogs and the approved direct thrombin inhibitors®.
Pharmacology, Pharmacokinetics, and Monitoring

Hirudin analogs bivalirudin and desirudin have anticoagulant activity by binding
reversible to the enzymatic site and the anion site of thrombin. In the other hand a
small synthetic thrombin inhibitor is argatroban derived from the amino acid arginine
that bind to the active site of thrombin®. Direct thrombin inhibitors have different
pharmacokinetic parameters®. Bivalirudin is one of the most useful agent in cases of
usage before and after surgery because it has the shortest half-life*>*. In order to
select the right bivalirudin must always been considered the patients specific
characteristics such as age, gender and hepatic and renal dysfunction®“. Patients
who have comorbidities or organ dysfunction require low rates of infusion than the
recommended*®“. Like heparin, monitoring for direct thrombin inhibitors achieved
by serial measurements of aPTT. The levels of aPTT must be measured every 6 hours
until the reach of sustainable therapeutic levels, then monitoring frequency can be

extended®’.
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Clinical Indications

In case of heparin induced thrombocytopenia , direct thrombin inhibitors can be used
as an alternative anticoagulant to unfractionated heparin®. Administration of
argatroban lowers the rates of thrombotic and embolic complications in patients with
HIT*. Also, bivalirudin could be used safely in cases of heparin indused
thrombocytopenia®. For patients undergoing percutaneous coronary intervention,
bivalirudin and argatroban are indicated as an anticoagulant for prevention of
thrombosis™. Bivalirudin is used as an anticoagulant treating patients with high risk
of acute coronary syndrome, non ST segment elevation, unstable angina, and

undergoing percutaneous coronary interventions™.
Clinical Indications

Like all the other anticoagulants hemorrhage is the commonest complication of direct
thrombin inhibitors. For direct thrombi inhibitors there is no specific agent although
except from the cessation of treatment and preventive measures like blood
transfusions, in the case of life threatening hemorrhage, the factor rFVIla can be
effectively be useful®*. DTIs can elevate the international normalized ratio (INR),
complicating the transition to warfarin in HIT. Bridging strategy is achieved by
determining the international normalized ratio while the patient is on direct thrombin
inhibitors, target INR level is 1,5 to 2. INR is elevated by DTI , when the target INR
is achieved then withholding the DTI exposure for 4 to 8 hours and rechecking the
INR and aPTT . When the INR is between 2-3 with an aPTT close to baseline the

DTI can be discontinued®.
1.1.7 Oral Anticoagulants —Vit.K Antagonists

The anticoagulant effect of vitamin K antagonists is through the infibition of vit.K
epoxy reductase. Environmental and genetic factors can influence the absorption of
warfarin their pharmacodynamics and pharmacokinetics®>**°*°¢. Some of the genetic
factors are the age and bleeding profile of the patients while the environmental factors
are the dietary intake, drug interactions and comorbidities®®*****>° According to
patient age and underlying critical illnesses the therapeutic range of INR can be
widened, for example the elderly patients with underlying comorbidities need

decreased warfarin doses in order to achieve the desired therapeutic range®’.
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Clinical Indications

Warfarin is used for the primary as well as secondary prevention in cases like VTE,
systemic embolism in patients with prosthetic heart valves or atrial fibrillation, in
primary prevention of acute myocardial infarction, prevention of stroke, recurrent
infarction, or death in patients with acute myocardial infarction®***®" Warfarin is
used for treatment of VTE, AF, post myocardial infarction ,mechanical valve in atrial
and mitral positions. Warfarin is monitored via INR and should not exceed specific
ranges, for example target INR for VTE, AF, post MI and mechanic valve in atrial
position should be between 2-3 while mechanic valve in mitral position the target INR
is 3.

Complications and Reversal Effects

Hemorrhage, the main and major complication after therapy with warfarin due to the
interaction of environmental factors and drug interactions in the very narrow

therapeutic ranges>2*®

. Major bleeding is increased 0,3 to 0,5 percentage per year by
the use of warfarin and increases the risk of intracranial hemorrhage by 0,2 percentage
per year’>>, The more higher the goal of therapeutic INR (INR >3), the higher the
rates of bleeding risk®>*3. Patients with lower target goals they have benefit against

the hemorrhage®**®,

Reversal effects

In order to reverse the effect of warfarin the primary strategy is the immediate
cessation of the anticoagulant agent. The effect lasts up to few days in the absence of
specific reversal agent. Cases of severe hemorrhage the immediate administration of
vitamin K is crucial in order to reversal of the effect of vitamin K anticoagulants®.
When the INR is between 4,5 and 10 with no signs of significant hemorrhage then the
appropriate strategy is the discontinuation of the vitamin K antagonist and
reevaluation of INR*®. Guidelines recommend administration of oral vitamin K when
the INR exceeds 10, with no signs of significant bleeding. In the other hand, with
every life threatening hemorrhage at any range of INR the management is done by
holding therapy and administration of 10mg of vitamin K with intravenous infusion,
requiring 6 to 12 hours reversal effect. Routes of administration of vitamin K are
orally and parenteral, the intravenous administration has more rapid effect. In cases of

severe bleeding and need of immediate response the usage of prothrombin comlex
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concentrate and fresh frozen plasma are more effective than vitamin K. Adavantages
of prothrombin complex concentrates are their smaller volume, faster onset and that
there is no need for ABO matching. In cases of increased INR and life threatening
bleeding the additional use of factor Vlla may benefit the patients®***®2. Uncommon
adverse effects observed in the 8" day of therapy with warfarin, that are not
hemorrhagic are limb gangrene, acute skin necrosis. Extensive thrombosis of
capillaries and venules within the subcutaneous fat, usually associated with
deficiencies of protein C can cause skin necrosis. Before surgery must withhold the
therapy with vitamin k antagonists at least 5 days, in case of increased risk of venous
or arterial thromboembolism, bridging with unfractionated heparin or low molecular
weight heparin may be necessary™". Restarting of vitamin k antagonists can occur
after 12 to 24 hours after surgery, depending on hemorrhagic risk and hemostasis™
1783 Prior to neuroaxial anesthesia assessment of INR is needed. Patients with
indwelling catheter who take warfarin the INR must be evaluated and be less than 1,5.

However, patients with low hemorrhagic risk may undergo surgery with INR 1,3 to
1 515-17,63.

1.1.8 Direct Oral Anticoagulants

Oral direct anticoagulants are dabigatran, rivaroxaban and apixaban and have major
advantages compared to other agents. Their prediction of anticoagulant effect and fast
onset of action makes them suitable for administration without the need for
monitoring. According to several clinical trials direct oral anticoagulants
demonstrated lower or similar rates of thrombotic events, adverse effects and major
events of bleeding episodes regarding the prevention as well as treatment of the 3
leading causes of cardiovascular death, compared to other agents like low molecular

weight heparin or warfarin.

Pharmacology, Pharmacodynamics, and Monitoring

Excretion of dabigatran is by the kidneys, in patients with severe kidney dysfunction
dabigatran’s half- life is extended. Rivaroxaban is an oral inhibitor of Xa, Xa
inhibition leading to interruption of intrinsic coagulation pathway and extrinsic,
preventing generation of thrombin and ensuing thrombus formation. Patients with
CrCl 15-30 ml/min , must receive a decreased dose of 75mg two times per day®®. In

patients with CrCl less than 15, rivaroxaban is not recommended®®.
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Clinical Indications

Dabigatran indicated in systemic embolism, cerebral infarction and thrombosis
prevention of non valvular AF. The dosing of dabigatran depending in creatinine
clearance for example above 30ml/min: 150mg two times per day, CrCl 15-30
ml/min: 75 mg two times per day. Rivaroxaban indicated in prevention of cerebral
infarction, atrial fibrillation without mechanical valve, treatment of DVT and
pulmonary embolism and DVT prevention after surgery of knee or hip replacement.
Also, dose depending on creatinine clearance for example CrCl >50 ml/min: 20 mg
once per day, CrCl 15-50 ml/min: 15 mg once per day. When treating pulmonary
embolism or DVT dose is 15 mg two times per day with meal for 21 days, then 20
mg one time per day with meal until the end of treatment. Apixaban used for ischemic
stroke and systemic embolism prophylaxis in non-valvular AF and the dose is 5 mg
two times per day or 2.5 mg two times per day in patients having two of those
characteristics, age more than 80 years old, weighting less than 60 kg and having

serum creatinine less than 1,5mg/dl.
Complications and Reversal Effects

Direct oral anticoagulants achieve a plasma peak concentration about 2- 4 hours after
administration. Dabigatran’s elimination is mainly achieved by renal excretion
thereafter is strongly dependent on renal function. Compared to the other direct iral
anticoagulants dabigatran followed by rivaroxaban and then apixaban predisposes to a
higher risk of drug accumulation and emergence of adverse effect when is
administrated in patients with impaired renal function. Such adverse effects include
shortness of breath, dyspepsia, headache, dizziness’’. Gastrointestinal like symptoms
may be due to capsule formulation’’. Bleeding events are the main adverse effect of

all anticoagulants.
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Reversal effects

Oral direct anticoagulants, including dabigatran, which ensues anticoagulation by
inhibition of thrombin, and rivaroxaban, apixaban, edoxaban and betrixaban, with
inhibition of Xa, predispose to a similar or reduced bleeding events in comparison
with warfarin’®. The necessity for immediate cessation of anticoagulation effect may
occur in patients who need emergent surgery or patients with life-threatening
hemorrhage®. Idarucizumab, is the only specific reversal agent for dabigatran
available, with a reversal effect starting within few minutes after administration. In
addition adnexanet alpha having a reverse effect on factor Xa inhibitors, was
approved in United States in 2018"°. In case of not having reversal agents of the factor
Xa inhibitors withholding the direct oral inhibitors dabigatran, rivaroxaban and
apixaban may be sufficient because of their short half-life. Blood transfusions and
administration of anthrax if the ingestion of the direct anticoagulant is within 2 hours
is recommended in case of bleeding. Prothrombin complex concentrate given in

patients having life-threatening hemorrhage’®.
1.1 Similar Studies

Choosing the appropriate treatment for thromboembolic disease involves multiple
physician specialties. Many studies have been conducted including DOACS compared
with vitamin K antagonists, low molecular weight heparins and DOACS compared in

different doses.

SPECIFIC PART

2.1 Purpose of review

The purpose of the literature review was to analyze the different types of
anticoagulants (injectable and oral administered), their complications and the role of
antidotes. Also, to compare anticoagulants in different thrombotic event via

randomized clinical trials.
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2.2 Inclusion and exclusion criteria

Criteria of inclusion for this literature review are referring in legal age for consent and
randomized clinical trials. Before randomization patients were checked if they had
consumed doses within the therapeutic ranges of unfractionated heparin, low
molecular weight heparin, fondaparinux or more than 1 dose of vitamin K antagonist
before 48 hours. Also, checked for history of thombectomy , vena cava filters or any
fibrinolytic agents for the current episode of thrombosis as well as contraindications
to take enoxaparin, acenocoumarol or warfarin. Therefore patients were eligible if
they had symptomatic deep venous thrombosis, pulmonary embolism and have been
treated with warfarin or accenocumarol for 6 to 12 months. Criteria of exclusion are
referring to patients are randomly assigned, not included in specific groups for
example having resistance to anticoagulants, over sensitivity, creatinine clearance
below 30mL per minute, liver diseases (acute hepatitis, liver cirrhosis or chronic
active hepatitis etc.), bacterial endocarditis , active bleeding or a high risk of bleeding
contraindicated anticoagulant treatment, pregnancy or breast feeding, life expectancy

less than 3 months, participation in another clinical trial etc.®”"

2.3 Strategy of research

The research of data was mainly from Pubmed and the terms that were used are
complications of oral anticoagulants, warfarin, venous thromboembolism, non
valvular AF, antidotes for DOACS, pulmonary embolism, types of anticoagulants.
The initial research pointed out 200 articles, were selected and studied for the final

result of the literature review.
2.4 Data export

Data were exctracted for each study based on type, when it was published, the type of
anticoagulants and their main characteristics. Comparing direct oral anticoagulants
with warfarin in different cases of thrombosis. The complications of oral and
injectable anticoagulants, their pharmacokinetic and pharmacodynamics profiles, the

treatment of them and the role of antidotes.
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2.5 Definitions

Common feature of all studies that were found was the efficacy of oral anticoagulants
comparing with warfarin in non valvular AF in pulmonary embolism. Safety is
defined based on the occurrence of major hemorrhage. Major bleeding is defined
blood loss that cause a hemoglobin drop of 20g/l or bleeding that will followed by 2
units of blood transfusion or a pericardial bleed or a retroperitoneal bleed or a

intracranial bleed or bleeding that will be fatal for the patient.

3.1 Selection of studies

RELY TRIAL

Dabigatran is approved in prophylaxis as well as treatment in cases of non valvular
atrial fibrillation and venous thromboembolism. It is evaluated in two different doses
of 110 mg and 150mg.At a dose of 150mg its approved two time a day with a
clearance of creatinine more than 30mg/dl and at a dose of of 75mg two time per day

with clearance of creatinine 15 to 30mg/dI®’

. The randomized evaluation of long term
anticoagulation therapy (RE-LY) trial, it’s a clinical trial that is randomized
comparing two doses of dabigatran with warfarin in patients with atrial fibrillation
without mechanical valves®’. At a dose of 150mg of dabigatran two times per day was
linked with lower incidence of intracranial hemorrhage, stroke and systemic
embolism®. Major hemorrhage was the primary safety outcome. Systemic embolism,
stroke and death were the secondary outcomes. Pulmonary embolism, transient
ischemic attack, myocardial infarction and hospitalization were other outcomes®’. In
conclusion, the comparison between two doses of dabigatran and warfarin the risk for
stroke was increased in patients with atrial fibrillation®”. The two doses of dabigatran
were non inferior to warfarin according the primary outcomes of systemic embolism
and stroke. Comparing warfarin with dabigatran dose of 110mg was linked with lower
rates of major hemorrhage, but similar rates of systemic embolism and stroke.
Dabigatran at a dose of 150mg was linkes with similar rates of major hemorrhage but

lower rates of systemic embolism and stroke®’.
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ROCKET-AF

In patients with atrial fibrillation the administration of warfarin showed a decreased
frequency of ischemic stroke events, however, it requires frequent monitoring and
dose adjustment in order to achieve the wanted therapeutic effect and diminish the
emergence of side effects’?. Oral factor Xa inhibitors like rivaroxaban provides a
more consistent and predictable anticoagulant effect compared to warfarin eliminating
the need for monitoring and frequent dose adjustment’. In the ROCKET-AF TRIAL
rivaroxaban has been evaluated in comparison to warfarin regarding stroke prevention
in patients with non valvular atrial fibrillation as well as the frequency of major
bleeding. According to ROCKET-AF TRIAL warfarin was non superior to
rivaroxaban at a dose of 20mg once per day in decreasing systemic embolism and all
cause of stroke events with a similar frequency of major hemorrhagic events’.
However, rivaroxaban demonstrated a decreased rate of intracranial fatal hemorrhage
and on the other hand and an increased rate of bleeding from gastrointestinal sites
including upper, lower and rectal sites’?.Rivaroxaban has been evaluated for the acute
deep venous thrombosis and pulmonary embolism treatment and for the long-term

secondary prevention of recurrent venous thromboembolism’ ",

EINSTEIN TRIALS

Rivaroxaban provides treatment with a fixed dose in cases of venous thrombosis
without the need for monitoring. Rivaroxaban is approved for treatment of deep
venous thrombosis and pulmonary embolism as well as the prophylaxis of venous
thromboembolism through the EINDTEIN DVT and EINSTEIN PE clinical trials.
The EINSTEIN-DVT and EINSTEIN-PE clinical studies found that rivaroxaban at a
dose of 15mg two times per day for 21 days followed by a dose of 20mg once daily
showed effectiveness of anticoagulation in patients with deep venous thrombosis and
pulmonary embolism®’. In the EINSTEIN-Extension trial, rivaroxaban 20 mg two
times per day for an additional treatment in cases of prevention of recurrent venous
thromboembolism, for 6-12 months significantly lowered the incidence of VTE
without increasing the rates of major hemorrhage or non-major bleeding when
compared with placebo®’. In conclusion, rivaroxaban oral regimen, at a dose of 15mg
two time per day for the first 21 days, followed by 20mg once per day, with no need
of laboratory monitoring, could provide an effective, safe, single-drug approach to the
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initial and continued treatment of venous thrombosis®’. In EINSTEIN-PE randomized
clinical trial involved patients with acute symptomatic pulmonary embolism with or
without the presence of deep venous thrombosis, compared rivaroxaban at a dose of
15mg two times per day for 21 days, followed by a dose of rivaroxaban at 20mg once
daily with standard therapy with enoxaparin followed by adjusted dose vitamin K
antagonist for 3,6 and 12 months. Rivaroxaban is not inferior to enoxaparin when
combined with warfarin in preventing recurrent VTE and provides a significant

decrease in major bleeding™.
ARISTOTLE TRIAL

According to ARISTOTLE TRIAL, the use of warfarin to a goal INR 2-3 was inferior
in preventing systemic embolism and stroke events compared to administration of
apixaban 5 mg twice per day”. In addition, apixaban demonstrated a decreased
frequency of bleeding events and resulted in lower mortality rates’.

3.3 Synthesis of results

The main goal of usage of anticoagulants is to choose the appropriate dose and type of
anticoagulant according to patients bleeding and thrombotic profiles. DOACS will be
safe for patients in terms of bleeding, but it will not adversely affect their quality of
life, they are easy to use no need of monitoring and have better outcomes according to
bleeding. Vitamin K antagonists need monitoring with INR while low molecular
weight heparins are in injectable form at the expense of daily injections for patients.
In terms of efficacy, the superiority of DOACS was shown compared to vitamin K
antagonists. When compared to placebo, rivaroxaban showed a superiority for treating
deep venous thrombosis characterized as acute and also preventing subsequent like
events with a decreased risk of bleeding.

Discussion

In the last decades, new oral anticoagulants have been developed. Factor Xa inhibitors
(rivaroxaban, apixaban, edoxaban) and thrombin inhibitors (dabigatran) comprared to
vitamin K antagonists have the superiority of shorter half-life , the no need of close
monitoring and lower incidence of interaction with environmental,food and drug
interactions’®. Anticoagulants aiming in lowering the incidence of thrombosis by
changing the normal coagulation. The main adverse reaction of all anticoagulants is
hemorrhage that in some cases can be even life threatening, except from this unlikely

reaction other reasons contributing in reversal of effect are in cases of emergent
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surgeries or even overdosing. Vitamin K antagonists and heparins have universal
available reversal agents but in the case of the direct oral anticoagulants the reversal
agents are not in widespread clinical use. Therefore, oral anticoagulants with the no
need of close monitoring and dose adjustment enhancing the quality of life, having
more predictable outcomes and clinical trials approved that they are more effective
and safer than their comparator agents’®. When reversal is required, for the majority
of cases the patient can be stabilized via supportive measures because of their short
half-lives’®. When hemorrhage is life threatening then additional to supportive
measures may be considered, like PCC, aPCC, and rFVlla. Rversal by PCC is faster
than aPCC or rFVlla. aPCC is more thrombogenic increasing the incidence of
thrombosis compared to PCC , although containing activated clotting factors®. In
order to protect patients from deadly outcomes, health care professionals must be
educated, having accessible guidelines and reversal agents to ensure proper

management and treatment’®.
Limitations

Direct oral anticoagulants include limitations according to the patients renal function,
for example patients with severe renal dysfunction cannot consume these oral agents,
also limitations according to drug administration (e.g. rivaroxaban of 20mg or 15mg
must be consumed with a large meal or must be consumed two times per day),
Gastrointestinal bleeding is the most common site of bleeding from direct oral
anticoagulants’®. Vitamin K antagonists and heparins, in the other hand require close
monitoring, even daily, in the beginning of the therapy until the dose adjustment
according to patients profiles’®. Also, other important disadvantages of vitamin K
antagonists are the food, drug to drug and environmental interactions. Less common is
the interactions of direct oral anticoagulants with other drugs. The risk of hemorrhage
is increased when there is administration of direct oral anticoagulants with antiplatelet
agents, NSAIDS, SSRI, SNRI, and other types of anticoagulants’®. Most of the
patients in every day practice suffer from comorbidities, because of the high risk of
renal dysfunction in older patients, the evaluation of renal function must be evaluated
before the administration of direct oral anticoagulants to decrease the risk of
hemorrhage. Furthermore, no other antidotes are available for DOACs except
idarucizumab, which is effective againts dabigatran and this is a problem in case of
overdose. Also, specific antidotes of DOACs are not worldwide available in everyday
setting.
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Conclusions

The cornerstone therapy for the treatment as well as prevention of thrombosis are
anticoagulants. For more than a half century vitamin K antagonists have been the
anticoagulation therapy. Over the past few years, direct oral anticoagulants came to
alter the ordinary practice and the treatment as well as prophylaxis of thrombosis,
including the direct thrombin inhibitors (dabigatran) and the factor Xa inhibitors
(apixaban, rivaroxaban and edoxaban). Like most drugs, anticoagulants come with
adverse events, the most common is the increased risk of hemorrhage. Time is always
crucial, faster handling of these situations leading to safer outcomes for the patients.
Make use of current clinical treatment guidelines and following the new approved
reversal agents will lower the risk that is associated with these medications.

Summary

In conclusion, with the increased rates of venous thromboembolism, atrial fibrillation
cases and other thrombotic and embolic diseases, anticoagulants will continue be an
important part of treatment plans. Vitamin K antagonists and heparins have many
limitations, some of them are the unpredictable pharmacologic and pharmacokinetic
responses to many adverse effects including serious bleeding complications. Strict
laboratory control is also required for the use of traditional anticoagulants in terms of
both insufficient and excessive dosage. The direct oral anticoagulants expected to
replace the older agents with their ease of use and more favorable pharmacodynamics
profiles. The main adverse effect of all anticoagulants is hemorrhage. Furthermore, is
important for the clinicians to have a better understanding of anticoagulant
pharmacology, toxicity, dosing and their specific antidotes. Unfortunately, not all
specific antidotes of direct oral anticoagulants are available in different hospitals. For
example, Andexanet Alpha rivaroxaban’s and apixaban’s specific antidote is not
available in all countries including Greece. The management of mild bleeding from
apixaban, rivaroxaban and dabigatran often can be controlled with withholding
treatment because of their short half-lives. More severe bleeding episodes require
hemodynamic supportive measures, such as blood transfusions, monitoring, usage of
anthrax and administration of PCC. When specific antidotes are available in case of

life threatening bleeding events or emergent surgeries are always preferable.
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