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Abstract: Background: DOACs are considered to be more effective and safer than warfarin, and offers several advantages such as
predictable pharmacokinetics, allowing for standardized dosing without monitoring, a lack of food interactions and fewer drug
interactions. This study’s objective was to systematically review and summarize current evidence regarding laboratorymeasurement of
the anticoagulant activity of dabigatran, rivaroxaban, and apixaban. Discussion: For Dibigatran, normal TT excludes clinically relevant
drug levels and normal APTT excludes excess drug levels. The best monitoring tests for Dabigatran at therapeutic plasma concentration
is Dilute TT, ECA & ACT. Rivaroxaban & Apixaban at therapeutic drug concentration can be best monitored by Anti-Xa assay &
normal level excludes clinically relevant drug. Summary: Dabigatran, rivaroxaban, and apixaban exhibit variable effects on coagulation
assays & same drug level affects differently in different persons. Studying pharmacokinetics, bioavailability half life and time dependent
trough & peak plasma concentration of drugs aids in monitoring & interpretation of test results. Still research studies are required to
gather thorough information on the relationshipbetween drug levels and clinical outcomes.
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Abbrevations: ACT = activated clotting time, ECT = ecarin clotting time, TT = thrombin time

1. DOAC:s - Updates

In 2010 a new category of anticoagulant drugs were developed & so initially these are called as “New oral anticoagulant
agents” (NOACs), but now this term is replaced by DOACs ( “direct oral anticoagulants™)"

Table I: Classification & Monitoring #**°

Anticoagulants drugs MOA Monitored
1) DOACs
a) Dabigatran DTI/ Flla/Prothrombin 1) Anti lla 2) TCT 3) ECT
b) Rivaroxaban and Apixaban, Edoxaban  |FXa Inhibitor Anti Xa assay
2) SC
c)) LMWH F Xa Inhibitor >Flla Anti Xa assay
d) Fondaparinux F Xa Inhibitor Anti Xa assay
3) IV route
e) Argatroban & Bivalirudin F Ila inhibitors 1) APTT 2) ACT 3) ECT 4)Anti Xa
4) SC/IV
f) UFH Flla=Xa 1) APTT 2) Anti- lla 3) Anti- XaAnti Xa assay
g) Danaproid F Xa
Action Drug Screening  Therapeutic monitoring | | Renal function | Estimated | Low bleeding | High bleeding
_ (C+Cl, ml'mm [half-lifeth) risk (h) risk (h)
Anti-Vitamin Ke=d g::;:‘; =b PI/INR =p (PT/INR) Dab;%%ﬂ‘af' - 2 i
Anti-FIFX =D UHF = APTT AFTT) >350 to <80 5 24.48 4872
Anti-FXa assay Ta 20
) LMWH X =30 to <50 18 48-72 26
Anti-FIVFX =D Fondapainux‘ None =D Anti-FXa assay =30 9 73 13
Anti-Flla =P Dabigatran =P APTT ==p dTT/ECT =30 48 72
Rivaroxaban = PT? ~ Renal clearence
Apixaban
el o5 s
Anti-FXa = => None = calibrated aginst
Darexaban® the speciic drug
Dtasrdiaban®
Letaxaban®
Eribaxaban® -

DOACs are better than traditional anticoagulants like
LMWH, which has to be given. Sc, and for warfarin dosage
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has to monitored frequently and dose adjustment is needed.
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Table 2: Comparison of DabigatranVsRivaroxaban

Dabigatran Rivaroxaban
Dosage Taken orally, 150 mg od, 220 mg 0d,110 mg bd and 150  |Are 10 mg od and 20 mg od (15 mg bd for first 3 weeks of
mg bd treatment of DVT
GFR & half lifel GFR > 80 ml/min half life = 13 hours If GFR < 15 ml/min, it is contraindicated,
DTI (factor Ila) inhibitor if GFR=50mI/min, no dose adjustment.
For bleeding patients, dialysis is not useful because
rivaroxaban is protein-bound.Half life — 9 hours
Indications Prophylaxis and Rx of VTE in major surgeries Rivaroxaban — No dose adjustment for patients > 75 years
Treatment of Acute DVT and to Indications
prevent stroke and Emboli in AF, ACS AF with risk of STROKE - 20 mg/OD (recommended max
dose)
Rx of Acute DVT /VTE, start with 15 mg for first 3 weeks
and then 20 mg.
VTE prophylaxis: Hip and knee replacement surgery, 10
mg/OD and first dose is given 6-10 hours after surgery
Drug Tacrolimus, Ketoconazole, Ritonavir 1 drug Ketoconazole, ritonavir increases drug
interaction
Monitoring APTT ISI/INR system, derived from patients receiving vitamin K

APTT — can be used to determine the relative intensity of
dabigatran and it is usually prolonged by therapeutic doses
of dabigatran, even at trough level.

However, PTT cannot determine the drug level.

The APTT dose-response curve relating dabigatran
concentration and prolongation of APTT is
curvilinear,flattening at higher concentrations (Lisenfeld et
al, 2006; Van Ryn et al, 2010). This effect, coupled with
the lack of specificity of APTT for the presence of drug,
indicates that the APTT is unsuitable for quantification of
drug.

ECT - Linear dose response to therapeutic concentration

PT, APTT - Insensitive (normal range does not exclude
dabigatran)

Hemoclot Thrombin inhibitor assay — sensitive for
monitoring Dabigatran level/conc

ACT — Non-sensitive

Drug level can be determined by HPLC tandem mass

spectrometry

antagonists, is not valid for patients receiving other
anticoagulants

PT —is widely used, correlates well with the drug levels,
results vary with the type of thromboplastin
Conventional INR is used, for VKA is not suitable.

Rivaroxaban INR= )
(PT TestPT COIll'I‘Ol) - ISI rivaroxaban
Very much similar to liver ISI.

FXa chromogenic assays and rivaroxaban standards are
required and Xa assay is useful patients with in bleeding or
the risk of bleeding.

PT is sensitive to measure the intensity of rivaroxaban but it
shouldn’t be used to measure drug level.

ECT - not effected by rivaroxaban

Anti-factor Xa assays are sensitive to rivaroxaban (Samama
et al, 2010) and can be measured by

HPLC tandem mass spectrometry.

are preferable to clot-based assays of protein C and
protein S in the presence of DTIs.

o Fibrinogen should be determined using assays in which
dabigatran has minimal influence.

o Clotting factor assays performed in the presence of

e Thrombophilia testing is best avoided during therapy with
DTlIs, but if activated protein C resistance (APCR) testing
isbeing performed to exclude FV Leiden; genetic testing is
preferred because it would not be affected by the presence
of DTIs.

o Factor Xa-based assays of antithrombin are preferred over dabigatran should include multiple test plasma
thrombin-based assays. Chromogenic or antigen assays dilutionsand an assessment of parallelism.
Table 3: Effect of DOAC on special coagulation tests®®"®
Factors Dabigatran Rivaroxaban

effect and corrective measures effect and corrective measures
Factors 2, 5,7, 8,9, 10, | Underestimated by clot-based assays Underestimated
11 (Factor 2 severly affected)
Correction Chromogenic factor VIII assay can be done Higher test dilution is less affected
APCR Elevated ratio, false normal APCR in Factor V Elevated ratio

ladein mutation

Genetic studies
AT Overestimation Xa based assays Overestimation Ila based assays
PC Overestimation ~ Advised chromogenic assays Overestimation
PS Overestimation ~ Advised free PS Ag assay Overestimation
Coagulation inhibitor False positive Bethesda > 0.2mg/I
DRVVT False positive at 0.05 mg/ False prolongation
Thrombin TT is very sensitive to the presence of dabigatran Rivaroxaban has no effect on TT
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Time
at peak levels (Van Ryn et al, 2010).

(sensitive Van Ryn 2010).

with greater than 10-fold prolongation

Normal TT excludes clinically relevant dabigatran

DDimer

normal

by all anticoagulants but D-dimer assay will be

by all anticoagulants but D-dimer assay will be
normal

Dilute thrombin-based assays, ecarin-based assays or
chromogenic anti-lla assays (in the absence of heparin) are
suitable for determination of plasma concentrations of
dabigatran. PT and APTT should not be used to measure the
plasma concentration of dabigatran. Clotting factor assays
performed in the presence of dabigatran should include
multiple test plasma dilutions and an assessment of
parallelism. Specific reversal agents for dabigatran
isldarucizumab 5g.

Patients taking dabigatran or rivaroxabancould have a

prolonged APTT and/or PT and those on dabigatrana falsely

low fibrinogen and the results might mimic DIC.

(c/fPLTcount& D dimer level is normal in this drug intake).

Clopidogrel (antiplatelet agent) ADP receptor antagonist

half-life 7-8 hours, TIA, stroke, Ml — to reduce ischemic

attacks CAD, stenting or angioplasty. Monitor verify now

system °

Golden words®*>"#

e Thrombophilia testing is best avoided during therapy
withDTIs, but if APCR testing isbeing performed to
exclude FV Leiden, genetic testing is preferred because it
would not be affected by the presence of DTls.

o Factor Xa-based assays of antithrombin are preferred over
thrombin-based assays.

e Chromogenic or antigen assays are preferable to clot-
basedassays of protein C and protein S in the presence of
DTls.

e The APTT can be used with most reagents for a crude
estimate of the relative intensity ofanticoagulation due to
dabigatran but some patients with therapeutic
concentrations will have a normal APTT.

e The APTT cannot be used to determine the drug
concentration.

o A normal thrombin time suggests the level of dabigatran is
likely to be very low.

e Fibrinogen should be determined using assays in which
dabigatran has minimal influence.

e Clotting factor assays performed in the presence of
dabigatran should include multiple test plasma dilutions
and an assessment of parallelism.

e Anti-Xa chromogenic assays should be used to determine
plasma concentration of direct FXa inhibitors. Product-
specific calibrator should be used and result should be
expressed in mass concentration.

For Dibigatran, normal TT excludes clinically relevant drug
levels and normal APTT excludes excess drug levels. The
best monitoring tests for Dabigatran at therapeutic plasma
concentration is Dilute TT, ECA & ACT. Rivaroxaban &
Apixaban at therapeutic drug concentration can be best
monitored by Anti-Xa assay & normal level excludes
clinically relevant drug.

Table 1VV: Summarizing the monitoring of DOACS at various drug concentration in plasma

Clinical Objective
Determine If Clinically Relevant Below Estimate Drug Levels Within Determine If Above
On-Therapy Drug Levels Are Present On-Ther apy Range On-Therapy Drug Levels Are Present
Suggested Suggested Suggested
Drug Test Inter pretation Test Interpretation Test Interpretation
Dabigatran 1T Normal TT bkely excludes clinically Diute TT, - APTT, cluta TT,  Nommal APTT bkely excludes
rdevant drug ewels ECA, ECT ECA ECT excess drug kevels only
Gilute TT, ECA and ECT
are sutable for quanttation
Rrharoxaban Anti-Xa Normal anti-Xa activity bkely excludes Anti-Xa - Ant-Xa, PT Normal PT Likely excludes excess
cinically relevant Crug levels drug levelg only ant-)Q &
sutable for quantitation
Aptaban Anti-Xa Normal anti-Xa activity lkely excludes  Anti-Xa - Ant-Xa -

cinically relevant drug levels

No Funding Sources

No Conflict Of Interest
References

[1] Adcock, D.M., Gosselin, R., Kitchen, S. &Dwyre,D.M.
(2013) The effect of dabigatran on select speciality
coagulation tests. American Journal  ofClinical
Pathology, 139, 102-109.

[2] Al Dieri, R. &Hemker, H.C. (2010) Monitoringnew oral
antithrombotics: what we should know before we can

decide. Journal of Thrombosis andHaemostasis, 8, 2833—
2835.

[3] Asmis, L.M., Alberio, L., Korte, W., Mendez, A.(2012)
Rivaroxaban: quantification by anti-FXaassay and
influence on coagulation tests: a studyin 9 Swiss
laboratories. Thrombosis Research,129, 492-498.

[4] Baglin, T., Keeling, D. & Kitchen, S. (2012) Effectson
routine coagulation screens and assessment of
anticoagulant intensity in patients taking oraldabigatran
and rivaroxaban: guidance from theBritish committee for
Standards in  Haematology.British ~ Journal  of
Haematology, 159, 427-429.

Volume 7 Issue 7, July 2018

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: ART2019197

DOI: 10.21275/ART2019197

1277


www.ijsr.net
http://creativecommons.org/licenses/by/4.0/

International Journal of Science and Research (1JSR)
ISSN (Online): 2319-7064
Index Copernicus Value (2016): 79.57 | Impact Factor (2017): 7.296

[5] Baglin, T., Hillarp, A., Tripodi, A.(2013) Measuring
oraldirect inhibitors of thrombin and factor Xa: a
recommendation from the Subcommittee onControl of
Anticoagulation of the Science and Standardisation
Committee of the ISTH. Journalof Thrombosis and
Haemostasis, 11, 756-760.

[6] Agnelli, G., Buller, H.R., Cohen, A. Oral apixaban for
the treatment of acute wvenous thromboembolism
(AMPLIFY). New Engl. J. Med. 369 (9), 799-808.

[7] Atlena, R., van Roon, E., Folkeringa, M., 2014. Clinical
challenges related to novel oral anticoagulants: drug—
drug interactions and monitoring. Haematologica 99 (2),
€26-7.

[8] Buller, H.R., Prins, M.H., Lensing, 2012. Oral
rivaroxaban for the treatment of symptomatic pulmonary
embolism (EINSTEIN PE). New Engl. J. Med. 366 (14),
1287-1297

Volume 7 Issue 7, July 2018

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: ART2019197 DOI: 10.21275/ART2019197 1278


www.ijsr.net
http://creativecommons.org/licenses/by/4.0/



