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Summary

Introduction: In an earlier study, we described and validated a VKA dose-finding algorithm
(B2A), based on a novel bidirectional factor (BF). We designed a prospective study to evaluate the
B2A in a daily care setting.

Methods: In this open-label prospective study, we compared the outcomes of the B2A over the
year 2020 with the outcomes of the previous year (2019), using regular algorithms. The outcomes
were the duration of Time in the Therapeutic Range (TTR), the percentage of automated dose
proposals (PAuP) and the percentage of accepted dose proposals (PAcP). The data were obtained
from three anticoagulation centers in the Netherlands, in four locations. The outcomes of this study
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were based on a non-inferiority level.

Results: The TTR over the year 2020 was at least non-inferior compared with the standard of
care treatment. The percentage of automated proposals increased in all centers to approximately

96% of all dosages.

Conclusion: The B2A performs non-inferior compared with the existing algorithms and in

some aspects even better.

Introduction

Direct Oral Anticoagulants (DOACs) are nowadays the
drugs of choice for the prevention and treatment of most
thrombo-embolic diseases [1-4]. Vitamin K Antagonists
(VKAs) are prescribed for anticoagulant treatment in
selected patients with atrial fibrillation, mechanical heart
valves and antiphospholipid syndrome [5,6]. VKAs have a
narrow therapeutic window and require monitoring of their
anticoagulant activity [7-10]. In addition, frequent dose
control and/or adjustments are necessary to optimize safety
and efficacy [11-13]. In many countries, VKA dose finding is
performed in specialized anticoagulation centers to improve
the quality of VKA therapy [14,15]. Despite the expertise
available at qualified centers, it is often not possible to
increase the quality of VKA therapy. The results of poor
VKA therapy are both undertreatments, which may lead

https://doi.org/10.29328/journal.jhcr.1001020

to recurrent thrombo-embolic events and overtreatment,
with the risk of (major) bleeding. Both risks appeared in the
comparisons of VKA treatment with the DOACs. This is the
main reason for the preference of DOACs over VKA treatment
in several guidelines.

Computerized Decision Support systems (CDS) were
designed to improve VKA monitoring and dose-finding
[16-20].

In an earlier study, we described and validated a dose-
finding algorithm (B2A), based on a novel bidirectional
factor (BF) [21]. This BF is a linear transformation of the
nonlinear INR. A retrospective study with this B2A, based
upon the bidirectional factor (BF), showed similar outcomes
compared to VKA dose finding guided by experienced staff in
the participating anticoagulation centers.
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Improvement of the existing management of VKA
treatment could lead to a better quality of control and to
decrease in clinical outcomes.

We designed a prospective study to evaluate the B2A in a
daily care setting.

Methods
Design

The algorithm was built within the two major CDS
platforms in the Netherlands (Trodis [distributor ASolutions]
and Portavita[ CGM]).

In this open-label prospective study, we compared the
outcomes of the B2A over the year 2020 with the outcomes
of the previous year (2019). In 2019 the medical staff
performed dose finding utilizing the existing CDS algorithms
in routine situations and manually in difficult cases. The
specialized medical staff of the anticoagulation department
evaluated all dosage proposals before they were sent to the
patients. The quality of VKA therapy is usually expressed as
the Time in Therapeutic Range (TTR) [22].

We hypothesized that the algorithm performance was
sufficient if the outcomes were at least comparable in both
years concerning the TTR and if the percentage of accepted
dose proposals would increase.

The Institutional Review Board of the Isala Clinics (Zwolle,
the Netherlands) approved the study.

Outcomes

The outcomes were the duration of Time in the
Therapeutic Range (TTR), the percentage of automated
dose proposals (PAuP) and the percentage of accepted dose
proposals (PAcP). The TTR is predictive for thromboembolic
and bleeding complications in patients on VKA. The
combination of PAuP and PAcP is a key marker of the quality
of the algorithm. If both were comparable in the two years,
the algorithm would be capable of making a high number of
accepted dosage proposals with a comparable TTR as result.

Data collection

The data were obtained from three anticoagulation
centers in the Netherlands, in four locations (note: one center
had two locations). Two of the thrombosis centers used the
CDS PortaVita® and one uses both Trodis® (ASolutions) and
PortaVita® in two locations.

From the three anticoagulation centers datasets were
obtained. Each dataset contained the TTR, the percentage of
automated dosage proposals, and the percentage of accepted
proposals. The dataset does not generate information on
an individual patient level because of privacy restrictions
by law.
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In The Netherlands, the Dutch Medicines Evaluation
Board has approved acenocoumarol (Tablet 1 mg) and
phenprocoumon (Tablet 3 mg): Warfarin is not an approved
drug in the Netherlands. Therefore, we analyzed the B2A for
both acenocoumarol and phenprocoumon.

Statistical analysis

We determined the combined TTR values of all patients in
the four participating centers over the years 2019 and 2020.
Furthermore, we compared the percentage of automated
proposals (PAuP) and the percentage of accepted proposals
(PAcP) over these years.

The outcomes of this study are based on a non-inferiority
level [23,24]. The study has an open-label design and the
study population could alter over consecutive years. If the
outcomes of the B2A were lower compared to the standard
method of treatment, the delta value for the statistical testing
would be 4%.

We used MedCalc® software for statistical analysis. If the
results of the B2A were lower than the results of the existing
software we would do several statistical tests in order to
analyze this finding. If the outcomes were equal or better,
then the outcome would be that the B2A was non-inferior.

Results

Datasets were obtained from the three anticoagulation
centers (four locations) over the years 2019 and 2020. In
2019 there were 268.214 INR values and in 2020 257.641.
This decrease was mainly due to the ongoing transfer of
patients from VKA to DOAC. At the end of 2020, there was
a small increase in INR measurements on account of the
COVID-19 vaccinations.

TTR

Table 1 shows the TTR results over the years 2019 and
2020.

The TTR over the year 2020 was at least non-inferior
compared with the standard of care treatment Figure 1.

The percentage of automated proposals (PAuP) and the
percentage of accepted proposals (PAcP).

The percentage of automated proposals increased in
all centers to approximately 96% of all dosages (Table 2,
Figure 2).

The percentage is never 100% because the B2A only
proposes when a former dosage is available. This is not the
case with new patients.

Table 1: TTR of all patients over the years 2019-2020 of the three centers.

Center 2019 2020
1 82,1 83,3
2 79,2 81,8
3 76,1 79,3
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The percentage of accepted proposals increased in all

TTR Total population 2019-2020 . .
centers in subsequent years (Table 3, Figure 3).

There are several possible reasons for the alternation of a
dosage proposal, for instance, a planned medical intervention
or a change of medication intake in the previous period. The
percentage of accepted dose advice differs between the three
centers, but all centers showed an increase in the percentage
of acceptance over the two years.

Discussion

VKA treatment is difficult and hazardous because it
needs several skills and experience to achieve an acceptable
quality of care. The hazards are both a lack of effectiveness
in the sense of recurrence of thrombo-embolic events and
problems with safety on account of a high incidence of major
bleeding. Several studies have shown that DOACs perform

2
u2019 =2020

Figure 1: The TTR of all patients over the years 2019-2020 of the three centers.

Table 2: The percentage of automated proposals.

Center 2019 2020
1 0,85 0,96 better regarding both issues. In these studies, the quality of
2 0,87 0,95 VKA control was low, when regarding the TTR.
3 0,88 0,96

A CDS can be used in order to assist in VKA dose-finding.

Percentage automated proposals 2019-2020 A CDS needs a dose-finding algorithm to calculate the VKA
08 dosage of a patient for the following period of time after the
last INR measurement. Most CDSs have an algorithm, but the

o outcomes are often dissatisfying. Sometimes constructing a
new algorithm e algorithm provides no proposal and often
the proposal needs to be adjusted.

We have made a new algorithm based on a mathematical
concept of transforming the exponential INR value into a
linear value. With this value, a new dosage proposal can be

calculated easily. We have proven the correctness of this

concept in a previous retrospective study.
1 2 3

m2019 m2020

We designed a new prospective study to compare our

Figure 2: The percentage of automated proposals. dose-finding algorithm with regular software. The open, non-

randomized design of the study was chosen because of an
expected change in population characteristics over the years

Table 3: The percentage of accepted proposals.

Ceter o 0 2019 and 2020 as a result of an ongoing transition of patients
) 078 082 using VKA’s to DOAC [25,26]. This fact and the COVID-19

3 0,82 0,88 pandemic in 2020 made the population characteristics not
entirely compatible [27].

Percentage accepted proposals 2019-2020 . .
¢ precprop The TTR over the year 2020 was not inferior compared

with the TTR over the year 2019. The percentage of
. automated dosage proposals increased from 87% in 2019 to
96% in 2020, which means that the B2A proposes in almost
all cases. Of the computer-generated proposals, 76% - 88%
were considered to be correct by the thrombosis center staff.

Every working day the CDSs produce three different lists
of dosage proposals. The first list contains proposals that
are probably correct, the second list contains proposals that
need some attention and the third list appears the difficult
cases. The percentage of acceptance decreases from almost
100% for list 1% to 60% for list 3. This implies that list 1 is

Figure 3: The percentage of accepted proposals. almost an expert system because the algorithm provides a
https://doi.org/10.29328/journal.jhcr.1001020 www.hematologyresjournal.com m
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correct dosage proposal for almost every case on this list. List
3 contains patients that are ill, patients with new interacting
medication, or patients with a planned medical intervention
in the nearby future. This may explain the lower percentage
of acceptance of this list.

This prospective study has shown that the B2A performed
well in two existing CDSs.

The performance of our B2A proved to be comparable
and in some aspects even better than the CDSs used in the
anticoagulant centers. We confirmed that the results from
our retrospective study are also achievable in a daily care
setting.

The B2A can support the VKA dose finding of the medical
staff. It is not an expert system, so medical evaluation of the
outcomes is always necessary. In the future, B2A may further
evolve into an expert system, that can perform dosage advice
in non-complicated situations.

Building the B2A into existing CDSs can improve the TTR
of a patient and hopefully improve the issues of effectiveness
and safety of VKA therapy.

Conclusion

The B2A performs non-inferior compared to the existing
algorithms and in some aspects even better.

Acknowledgment

The study was supported by a Grant from the Dutch
Federation of Thrombosis Centers.

Conflict of interest: Maarten Beinema is a member of the
Scientific Board of Portavita and a member of the Medical
Committee of Portavita. Henk Adriaansen is a member of the
Medical Committee of Portavita.

Addendum

The role and contribution of the authors: MB: Study
design and founder of the B2A; ]B: Study design and input
manuscript; HA: Input manuscript, a leading physician of one
of the centers; FJ: Study design, input manuscript.

References

1. van der Hulle T, Kooiman J, den Exter PL, Dekkers OM, Klok FA,
Huisman MV. Effectiveness and safety of novel oral anticoagulants
as compared with vitamin K antagonists in the treatment of acute
symptomatic venous thromboembolism: a systematic review and
meta-analysis. J Thromb Haemost. 2014;12(3):320-8. doi: 10.1111/
jth.12485. PMID: 24330006.

2. van der Hulle T, den Exter PL, Kooiman J, van der Hoeven JJ,
Huisman MV, Klok FA. Meta-analysis of the efficacy and safety of
new oral anticoagulants in patients with cancer-associated acute
venous thromboembolism. J Thromb Haemost. 2014 Jul;12(7):1116-
20. doi: 10.1111/jth.12605. Epub 2014 Jun 19. PMID: 24819040.

3. Lopes RD, Al-Khatib SM, Wallentin L, Yang H, Ansell J, Bahit MC,
De Caterina R, Dorian P, Easton JD, Erol C, Ezekowitz JA, Gersh BJ,
Granger CB, Hohnloser SH, Horowitz J, Hylek EM, McMurray JJ,

https://doi.org/10.29328/journal.jhcr.1001020

10.

1.

12.

6]

Mohan P, Vinereanu D, Alexander JH. Efficacy and safety of apixaban
compared with warfarin according to patient risk of stroke and of
bleeding in atrial fibrillation: a secondary analysis of a randomised
controlled trial. Lancet. 2012 Nov 17;380(9855):1749-58. doi:
10.1016/S0140-6736(12)60986-6. Epub 2012 Oct 2. Erratum in:
Lancet. 2013 Jan 19;381(9862):204. PMID: 23036896.

Patel MR, Mahaffey KW, Garg J, Pan G, Singer DE, Hacke W,
Breithardt G, Halperin JL, Hankey GJ, Piccini JP, Becker RC,
Nessel CC, Paolini JF, Berkowitz SD, Fox KA, Califf RM; ROCKET
AF Investigators. Rivaroxaban versus warfarin in nonvalvular atrial
fibrillation. N Engl J Med. 2011 Sep 8;365(10):883-91. doi: 10.1056/
NEJMoa1009638. Epub 2011 Aug 10. PMID: 21830957.

Lip GYH, Collet JP, Caterina R, Fauchier L, Lane DA, Larsen TB,
Marin F, Morais J, Narasimhan C, Olshansky B, Pierard L, Potpara T,
Sarrafzadegan N, Sliwa K, Varela G, Vilahur G, Weiss T, Boriani G,
Rocca B; ESC Scientific Document Group. Antithrombotic therapy
in atrial fibrillation associated with valvular heart disease: a joint
consensus document from the European Heart Rhythm Association
(EHRA) and European Society of Cardiology Working Group on
Thrombosis, endorsed by the ESC Working Group on Valvular Heart
Disease, Cardiac Arrhythmia Society of Southern Africa (CASSA),
Heart Rhythm Society (HRS), Asia Pacific Heart Rhythm Society
(APHRS), South African Heart (SA Heart) Association and Sociedad
Latinoamericana de Estimulacién Cardiaca y Electrofisiologia
(SOLEACE). Europace. 2017 Nov 1;19(11):1757-1758. doi: 10.1093/
europace/eux240. Erratum in: Europace. 2018 Apr 1;20(4):658.
PMID: 29096024.

Tektonidou MG, Andreoli L, Limper M, Amoura Z, Cervera R,
Costedoat-Chalumeau N, Cuadrado MJ, Dérner T, Ferrer-Oliveras R,
Hambly K, Khamashta MA, King J, Marchiori F, Meroni PL, Mosca M,
Pengo V, Raio L, Ruiz-Irastorza G, Shoenfeld Y, Stojanovich L,
Svenungsson E, Wahl D, Tincani A, Ward MM. EULAR
recommendations for the management of antiphospholipid syndrome
in adults. Ann Rheum Dis. 2019 Oct;78(10):1296-1304. doi: 10.1136/
annrheumdis-2019-215213. Epub 2019 May 15. PMID: 31092409.

Wieloch M, Sjalander A, Frykman V, Rosenqvist M, Eriksson N,
Svensson PJ. Anticoagulation control in Sweden: reports of
time in therapeutic range, major bleeding, and thrombo-embolic
complications from the national quality registry AuriculA. Eur Heart J.
2011 Sep;32(18):2282-9. doi: 10.1093/eurheartj/ehr134. Epub 2011
May 26. PMID: 21616951.

Oake N, Jennings A, Forster AJ, Fergusson D, Doucette S, van
Walraven C. Anticoagulation intensity and outcomes among patients
prescribed oral anticoagulant therapy: a systematic review and
meta-analysis. CMAJ. 2008 Jul 29;179(3):235-44. doi: 10.1503/
cmaj.080171. PMID: 18663203; PMCID: PMC2474869.

Jensen CF, Christensen TD, Maegaard M, Hasenkam JM. Quality of
oral anticoagulant therapy in patients who perform self management:
warfarin versus phenprocoumon. J Thromb Thrombolysis. 2009
Oct;28(3):276-81. doi: 10.1007/s11239-008-0274-2. Epub 2008 Sep
25. PMID: 18827976.

Holbrook A, Schulman S, Witt DM, Vandvik PO, Fish J, Kovacs MJ,
Svensson PJ, Veenstra DL, Crowther M, Guyatt GH. Evidence-based
management of anticoagulant therapy: Antithrombotic Therapy
and Prevention of Thrombosis, 9th ed: American College of Chest
Physicians Evidence-Based Clinical Practice Guidelines. Chest.
2012 Feb;141(2 Suppl):e152S-e184S. doi: 10.1378/chest.11-2295.
PMID: 22315259; PMCID: PMC3278055.

Odén A, Fahlén M. Oral anticoagulation and risk of death: a
medical record linkage study. BMJ. 2002 Nov 9;325(7372):1073-
5. doi: 10.1136/bm;j.325.7372.1073. PMID: 12424167; PMCID:
PMC131183.

Pengo V, Denas G. Optimizing quality care for the oral
vitamin K antagonists (VKAs). Hematology Am Soc Hematol
Educ Program. 2018 Nov 30;2018(1):332-338. doi: 10.1182/
asheducation-2018.1.332. PMID: 30504329; PMCID: PMC6245991.

www.hematologyresjournal.com m



Prospective evaluation of a computerized algorithm for Vitamin K antagonist drug dose calculation

13.

14.

15.

16.

17.

18.

19.

20.

Lin KJ, Singer DE, Glynn RJ, Blackley S, Zhou L, Liu J, Dube G,
Oertel LB, Schneeweiss S. Prediction Score for Anticoagulation
Control Quality Among Older Adults. J Am Heart Assoc. 2017 Oct
5;6(10):006814. doi: 10.1161/JAHA.117.006814. PMID: 28982676;
PMCID: PMC5721874.

Keller K, Gobel S, Ten Cate V, Panova-Noeva M, Eggebrecht L,
Nagler M, Coldewey M, Foebel M, Bickel C, Lauterbach M, Espinola-
Klein C, Lackner KJ, Cate HT, Minzel T, Wild PS, H Prochaska J.
Telemedicine-Based Specialized Care Improves the Outcome of
Anticoagulated Individuals with Venous Thromboembolism-Results
from the thrombEVAL Study. J Clin Med. 2020 Oct 13;9(10):3281.
doi: 10.3390/jcm9103281. PMID: 33066188; PMCID: PMC7602093.

Bernaitis N, Badrick T, Anoopkumar-Dukie S. Dedicated warfarin
care programme results in superior warfarin control in Queensland,
Australia. Int J Clin Pract. 2018 Mar;72(3):e13051. doi: 10.1111/
ijicp.13051. Epub 2018 Jan 9. PMID: 29316055.

Witt DM, Delate T, Hylek EM, Clark NP, Crowther MA, Dentali F,
Ageno W, Martinez KD, Garcia DA. Effect of warfarin on intracranial
hemorrhage incidence and fatal outcomes. Thromb Res.
2013;132(6):770-5. doi: 10.1016/j.thromres.2013.10.024. Epub
2013 Oct 17. PMID: 24521790.

Nielsen PB, Lundbye-Christensen S, Rasmussen LH, Larsen TB.
Improvement of anticoagulant treatment using a dynamic decision
support algorithm: a Danish Cohort study. Thromb Res. 2014
Mar;133(3):375-9. doi: 10.1016/j.thromres.2013.12.042. Epub 2014
Jan 7. PMID: 24444650.

Mariani G, Manotti C, Dettori AG. A computerized regulation of
dosage in oral anticoagulant therapy. Ric Clin Lab. 1990 Apr-
Jun;20(2):119-25. PMID: 2371492,

Marco F, Sedano C, Bermudez A, Lopez-Duarte M, Fernandez-
FontechaE,ZubizarretaA.Aprospectivecontrolledstudyofacomputer-
assisted acenocoumarol dosage program. Pathophysiol Haemost
Thromb. 2003 Mar-Apr;33(2):59-63. doi: 10.1159/000073847.
PMID: 14624045.

Durieux P, Trinquart L, Colombet I, Niés J, Walton R, Rajeswaran A,
Reége Walther M, Harvey E, Burnand B. Computerized advice on drug
dosage to improve prescribing practice. Cochrane Database Syst

https://doi.org/10.29328/journal.jhcr.1001020

21.

22.

23.

24.

25.

26.

27.

6]

Rev. 2008 Jul 16;(3):CD002894. doi: 10.1002/14651858.CD002894.
pub2. Update in: Cochrane Database Syst Rev. 2013;11:CD002894.
PMID: 18646085.

Beinema MJ, van der Meer FJ, Brouwers JR, Rosendaal FR.
Optimization of vitamin K antagonist drug dose finding by
replacement of the international normalized ratio by a bidirectional
factor: validation of a new algorithm. J Thromb Haemost. 2016
Mar;14(3):479-84. doi: 10.1111/jth.13240. Epub 2016 Feb 9. PMID:
26712475.

Rosendaal FR, Cannegieter SC, van der Meer FJ, Briét E. A method
to determine the optimal intensity of oral anticoagulant therapy.
Thromb Haemost. 1993 Mar 1;69(3):236-9. PMID: 8470047.

Angeli F, Verdecchia P, Vaudo G, Masnaghetti S, Reboldi G.
Optimal Use of the Non-Inferiority Trial Design. Pharmaceut Med.
2020 Jun;34(3):159-165. doi: 10.1007/s40290-020-00334-z. PMID:
32277352.

Head SJ, Kaul S, Bogers AJ, Kappetein AP. Non-inferiority study
design: lessons to be learned from cardiovascular trials. Eur Heart J.
2012 Jun;33(11):1318-24. doi: 10.1093/eurheartj/ehs099. Epub
2012 May 7. PMID: 22564354.

Steffel J, Verhamme P, Potpara TS, Albaladejo P, Antz M, Desteghe L,
Haeusler KG, Oldgren J, Reinecke H, Roldan-Schilling V, Rowell N,
Sinnaeve P, Collins R, Camm AJ, Heidbichel H; ESC Scientific
Document Group. The 2018 European Heart Rhythm Association
Practical Guide on the use of non-vitamin K antagonist oral
anticoagulants in patients with atrial fibrillation. Eur Heart J. 2018
Apr 21;39(16):1330-1393. doi: 10.1093/eurheartj/ehy136. PMID:
29562325.

Lip GYH, Banerjee A, Boriani G, Chiang CE, Fargo R, Freedman B,
Lane DA, Ruff CT, Turakhia M, Werring D, Patel S, Moores L.
Antithrombotic Therapy for Atrial Fibrillation: CHEST Guideline
and Expert Panel Report. Chest. 2018 Nov;154(5):1121-1201. doi:
10.1016/j.chest.2018.07.040. Epub 2018 Aug 22. PMID: 30144419.

Ten Cate H. Thrombosis managementin times of COVID-19 epidemy;
a Dutch perspective. Thromb J. 2020 Apr 20;18:7. doi: 10.1186/
$12959-020-00220-3. PMID: 32336956; PMCID: PMC7169369.

www.hematologyresjournal.com m



