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Objective: To analyze the total direct cost of anticoagulant therapies indicated for the chronic treatment of patients with non-valvular 
atrial fibrillation (AF) and the acute treatment of venous thromboembolism (VTE) in the perspective of a tertiary teaching hospital and the 
national public health system. Methods: Therefore, the review of the treatment regimens that included all the oral anticoagulants based 
on nationals and internationals guidelines. The cost data were extracted and performed the simulation of the costs of pharmacological 
therapy and exams for monitoring therapeutic goals. The time horizon was defined by 365 days for AF and 90 days for TEV. Results: The 
treatment cost of 90 days in VTE was: rivaroxaban (USD $82,96 to USD $156,15), apixaban (USD $110,25 to USD $123,11), edoxaban
(USD $106,56 to USD $265,15), dabigatran (USD $150,71 to USD $249,98) and warfarin (USD $54,94 to USD $159,66). While the
treatment cost of AF was: rivaroxaban (USD $270,35 to USD $508,89), apixaban (USD $414,86 to USD $463,26), edoxaban (USD $402,41
to USD $477,78), dabigatran (USD $414,86 to USD $416,24) and warfarin (USD $20,03 to USD $43,54). Conclusion: Warfarin presented 
the lowest treatment cost for both comorbidities. However, although direct oral anticoagulants (DOACs) are always associated with 
higher price ranges, were observed price ranges in VTE treatment where DOACs proved to be economically more advantageous than 
warfarin, still requiring complete economic assessments.

Keywords: anticoagulants; costs and cost analysis; atrial fibrillation; venous thromboembolism.

Anticoagulantes orais para tratamento de tromboembolismo venoso e fibrilação atrial 
não valvar: análise de custo

Objetivo: Analisar o custo direto total das terapias anticoagulantes indicadas para o tratamento crônico de pacientes com fibrilação 
atrial não valvar e o tratamento agudo de tromboembolismo venoso (TEV) na perspectiva de um hospital terciário de ensino e do 
Sistema Único de Saúde (SUS). Métodos: Para isso, foi realizada a revisão dos esquemas de tratamento que incluíam anticoagulantes 
orais com base em diretrizes nacionais e internacionais. Os dados de custos foram extraídos e realizada a simulação dos custos da 
terapia farmacológica e exames de monitoramento de metas terapêuticas. Foram definidos horizontes temporais de 365 dias para FA 
e 90 dias para TEV. Resultados: O custo do tratamento de TEV por 90 dias foi de: rivaroxabana (USD $82,96 a USD $156,15), apixabana 
(USD $110,25 a USD $123,11), edoxabana (USD $106,56 a USD $265,15), dabigatrana (USD $150,71 a USD $249,98) e varfarina (USD 
$54,94 a USD $159,66). Já para FA os custos do tratamento anual foram de: rivaroxabana (USD $270,35 a USD $508,89), apixabana (USD 
$414,86 a USD $463,26), edoxabana (USD $402,41 a USD $477,78), dabigatrana (USD $414,86 a USD $416,24) e varfarina (USD $20,03 
a USD $43,54). Conclusão: A varfarina se mostrou com o menor custo de tratamento para ambas as comorbidades. Contudo, embora 
os anticoagulantes diretos orais (DOACs) estejam sempre associados a faixas de preços mais elevadas, foram observadas faixas de preço 
no tratamento de TEV nas quais os DOACs se mostraram economicamente mais vantajosos do que a varfarina, sendo ainda necessária 
a realização de avaliações econômicas completas.

Palavras-chave: anticoagulantes; custos e análise de custo; fibrilação atrial; tromboembolia venosa.
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Anticoagulant therapy, the use of which is essential to control 
thrombotic risks in patients with Atrial Fibrillation (AF) or even 
as a treatment for dissolving thrombi in deep veins or pulmonary 
emboli, has been a major discussion topic currently. For a long time, 
this therapy has been limited to the use of vitamin K antagonists, 
but in recent years the use of direct oral anticoagulants (DOACs) 
has been promoted.1-4

For the choice of therapy, it must be taken into account that there 
is no totally safe anticoagulant with regard to bleeding, and the 
risk must be assessed in the choice of treatment. There are several 
possible lines of treatment, taking into account the benefits and 
disadvantages of each.4,5

Much has been studied about the efficacy and safety outcomes 
among these drugs. It is known that, although vitamin K antagonists 
are effective, they require frequent monitoring because they have 
a narrow therapeutic window, since they significantly interact with 
food and medications and because of their complex dosage, which 
can culminate in low adherence.6-8 The study by Mohan et al. (2019) 
shows that lower doses and duration of therapy significantly improve 
adherence to anticoagulant treatment, and that rivaroxaban 
has shown greater acceptance compared to other direct oral 
anticoagulants.9 In addition to that, DOACs have an advantage for 
having demonstrated effectiveness and safety in view of the risk of 
bleeding and less interactions with food and medications. However, 
the risk for the recurrence of venous thromboembolism (VTE) is 
similar among the classes of oral anticoagulants.10

Another important aspect to be pointed out in the choice of the 
therapy employed is the cost. Cost analysis is a tool that assists 
the actors in the care and management process in decision-
making, enabling the comparison of costs associated with the 
rationalization of expenses and clinical efficiency.11 Several studies 
comparing costs between oral anticoagulant therapies point to a 
saving of resources with the use of DOACs, since the use of these 
medications reduces the risk of bleeding and, consequently of 
readmissions due to these complications, and there is no need 
for routine monitoring. In addition to that, there is evidence of 
efficacy favorable to these medications.12-14 

Given the potential advantages regarding the use of DOACs, this 
study aimed to analyze the total direct cost of anticoagulant 
therapies indicated for the chronic treatment of patients with non-
valvular AF and the acute treatment of VTE from the perspective 
of a tertiary teaching hospital in the city of Curitiba - Paraná and of 
the Unified Health System (Sistema Único de Saúde, SUS).

This is a health cost analysis study that, according to the Brazilian 
guideline for economic evaluations, corresponds to the “partial 
economic assessment, in the scope of health, which considers 
only the costs of using technology”.15

For this, a review of all treatment regimens that included 
oral anticoagulants was carried out based on national and 
international guidelines. The search was complemented with 
a review of the UpToDate database and package inserts of the 
reference medications. The review of anticoagulant therapy 
regimens for AF was based on the guideline of the European 
Society of Cardiology (ESC) published in 2020,1 the guideline of the 
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American College of Cardiology/American Heart Association Task 
Force on Practice Guidelines and the Heart Rhythm Society (AHA/
ACC/HRS) updated in 20192, 3 and in the II Brazilian Guidelines on 
Atrial Fibrillation published in 2016.19 The topic of each medication 
in the databases of UpToDate in the year 202026-30 and the package 
insert for the reference medications were also reviewed. 21-25 
VTE treatment regimens were reviewed in two stages: for the 
treatment of pulmonary thromboembolism (PTE), the bases were 
the European Society of Cardiology (ESC) guideline published in 
201916, the Pulmonary Embolism Guideline published in 2004 by 
Brazilian Society of Cardiology18 and the Recommendations for 
the management of pulmonary thromboembolism published in 
2010 in the Brazilian Journal of Pulmonology (SBPT).20 For the 
treatment of deep vein thrombosis (DVT), the European Society of 
Cardiology (ESC) guideline published in 201817 and the document 
entitled Project Guidelines: Deep Vein Thrombosis: Diagnosis 
and Treatment, published by the Brazilian Society of Angiology 
and Vascular Surgery (Sociedade Brasileira de Angiologia e de 
Cirurgia Vascular, SBACV) in 2015 were reviewed.5 The topic of 
each medication was also reviewed in the UpToDate databases in 
the year 202026-30 as well as the package inserts of the reference 
medications.21-25 For the treatment regimens without fixed doses, 
such as the initial dose of warfarin or the mean weight for calculating 
the dose of enoxaparin, as well as the frequency of INR collections, 
an expert panel was consulted using an electronic form.

The anticoagulant therapy regimens for AF and VTE summarized 
based on the aforementioned are described in Table 1. Warfarin was 
the only representative of the class of vitamin K antagonists, while 
the DOACs contemplated were apixaban, dabigatran, edoxaban 
and rivaroxaban. Due to the need for complementary parenteral 
therapy in the treatment of VTE, the unit costs of the Enoxaparin 
medication, representative of the low molecular weight heparin 
category standardized at the institution, were collected. No costs 
were simulated with unfractionated heparin due to the report of 
disuse for this indication, according to the expert panel.

The cost data from the hospital’s perspective were extracted 
referring to the last purchase of standardized items at the 
institution, between the months of July and December 2020. The 
conversion to the currency in the United States, the Dollar (USD), 
was made based on the quotation on the date of the last 
purchase, and was also expressed in the Brazilian currency, the 
Real (R$). From the perspective of the SUS, for the Medication 
Market Regulation Chamber (Câmara de Regulação do Mercado 
de Medicamentos, CMED) database, the value referring to the 
Maximum Selling Price to the Government (Preço Máximo de 
Venda ao Governo, PMVG) of 18% was used, according to the Tax 
on the Circulation of Goods and Services (Imposto sobre Circulação 
de Mercadorias e Serviços, ICMS) rate of the state of Paraná.

The costs related to the Price Panel (PP) database, which relates 
to public procurement data and information approved in the 
Federal Government Procurement System (COMPRASNET), were 
collected through an electronic address (https://paineldeprecos.
planejamento.gov.br/) consulted in the month of December 2020. 
For both databases, unit costs related to treatments were used with 
the maximum, minimum and median values calculated for each item.

The cost of the monitoring test of time and activity of 
prothrombin (TAP) was extracted from the SUS System of Table of 
Procedures, Medications and OPM (SIGTAP), an examination that 
allows determining the international normalized ratio (INR), for 
assessment of the therapeutic target of the vitamin K antagonist 
anticoagulants.
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The costs related to the treatments were collected in a unitary 
manner and expressed by item and presentation of each 
medication (Table 2). The cost simulations were performed with 
the maximum, minimum and median values according to the 
treatment scheme in Table 1. These were counted with the aid of 
the Microsoft Excel tool, considering adult patients with a weight 
range between 60 kg and 80 kg and time horizons of 365 days for 
AF and 90 days for VTE. There were no divergences in treatment 
in the reviewed guidelines for this population.

In this analysis, only the costs of the pharmacological treatment 
and laboratory tests used to control the therapeutic goals were 
considered. The results were expressed in the currency of the 
United States, the Dollar (USD), according to the conversion made 
by the Brazilian Central Bank on 12/01/2020 (conversion rate 
of 0.1894), with the exception of the costs in the perspective of the 
hospital, based on the quotation of the date of the last purchase. 
They were also expressed in Brazilian currency, the Real (R$).

The DOACs apixaban, edoxaban and dabigatran presented a 
unique value according to the CMED reference due to the validity 
of a patent, and still do not have a purchase value in the hospital 
because they are not standardized items in the institution. For 
enoxaparin, warfarin and rivaroxaban, the median price of all 
presentations available in the databases, whether reference 
medications, generic drugs or similar, was calculated.

Results

Table 1. Description of the treatment regimens for AF2 and VTE3 in adult patients

Medication INR1 Description Time horizon

AF2,4

Warfarin 2.0 - 3.0 5 mg every 24h

365 days

Apixaban NA6 5 mg every 12h

Dabigatran NA6 150 mg every 12h

Edoxaban NA6 60 mg every 24h

Rivaroxaban NA6 20 mg every 24h

TEV3,4

Warfarin + LMWH5 2.0 - 3.0 LMWH5 in the first 5 days or until reaching 
therapeutic target 
+ 
Warfarin 
5 mg every 24h

3 months 
(90 days)

Apixaban NA6 10 mg every 12h for 7 days 
followed by 5 mg every 12h

Dabigatran + LMWH5 NA6 LMWH5 in the first 5 days or until reaching 
therapeutic target 
+ 
Dabigatran 
150 mg every 12h

Edoxaban + LMWH5 NA6 LMWH5 in the first 5 days or until reaching 
therapeutic target 
+ 
Edoxaban 
> 60 kg: 60 mg every 24h 
≤60 kg: 30 mg every 24h

Rivaroxaban NA6 15 mg every 12h for 21 days 
followed by 20 mg every 24h

1INR: International Normalized Ratio. 2AF: Atrial Fibrillation. 3VTE: Venous Thromboembolism. 4The treatments were reviewed with the following guidelines as basis: AF - ESC (2020)1; 
AHA (2019/2014)2,3; SBC (2016)18; UpToDate (2020)25-29 and package inserts of the reference medications20-24; VTE - ESC (2019)15, SBC (2004)17 and SBTP (2010)19 for TEP and ESC (2018)16 
and SBACV (2015)5 for VTP; UpToDate (2020)25-29 and package inserts of the reference medications20-24. 5LMWH: Low Molecular Weight Heparin. 6NA: Not Applicable.

Table 2. Unit costs of the medications and examination for 
treatment of AF1 and VTE2

Medication 
(by presentation)

Hospital
USD
R$

CMED4 

USD
R$
Median (P25; P75)

PP5 
USD
R$

Warfarin 5 mg 0.04
0.22

0.07 (0.06; 0.06)
0.37 (0.32; 0.32)

0.03
0.17

Apixaban 5 mg NSM3 0.57
3.00

0.63
3.35

Dabigatran 150 mg NSM3 0.57
3.01

0.57
3.00

Edoxaban 30 mg NSM3 0.65
3.46

0.65
3.41

Edoxaban 60 mg NSM3 1.31
6.91

1.10
5.82

Rivaroxaban 15 mg 1.38
7.36

1.14 (1.01; 1.14)
6.01 (5.33; 6.02)

1.33
7.04

Rivaroxaban 20 mg 1.38
7.36

1.14 (1.01; 1.14)
6.01 (5.33; 6.02)

1.32
6.99

Enoxaparin 60 mg 4.73
25.30

10.83 (10.51; 12.59)
57.17 (55.47; 66.45)

4.84
25.56

Enoxaparin 80 mg 6.00
31.00

13.99 (13.99;14.45)
73.89 (73.84; 76.27)

5.12
27.03

Exam SIGTAP6

INR7 0.52
2.73

1AF: Atrial Fibrillation. 2VTE: Venous Thromboembolism. 3NSM - Non-Standardized 
Medication. 4CMED: Câmara de Regulação do Mercado de Medicamentos (Medication 
Market Regulation Chamber). 5PP: Pricing Panel. 6SIGTAP 7International Normalized Ratio 
Note: The values referring to the PP database have already been extracted as median; 
there is no availability of dispersion measures such as IQR in the database.
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Rivaroxaban varied its unit price between USD 0.74 and USD 1.14 
for the CMED reference, and between USD 1.02 and USD 50.90 in 
the 20 mg presentation and from USD 1.08 to USD 41.67 in the 
15 mg presentation for the PP reference. Warfarin, on the other 
hand, varied its price between USD 0.05 and USD 0.10 for the 
CMED reference and between USD 0.02 and USD 0.17 for the PP 
reference. Taking into account the calculation of the enoxaparin 
dose by weight, a variation of unit price from USD 10.37 to 
USD 11.06 was found by the CMED reference and from USD 3.49 to 
USD 9.47 by the PP reference for the 60 mg presentation, and from 
USD 13.80 to USD 14.73 for the CMED reference and USD 4.64 to 
USD 8.90 for the PP reference for the 80 mg presentation. 

The cost of VTE treatment for 90 days (Table 3) ranged from 
USD 54.71 to USD 159.66 with warfarin, from USD 110.25 to 

USD 123.11 with apixaban, from USD 150.71 to USD 249.98 with 
dabigatran, from USD 106.56 to USD 265.15 with edoxaban and 
from USD 82.96 to USD 154.77 with rivaroxaban. Assessing the 
price ranges, scenarios can be noticed in which the DOACs prove 
to be more economically advantageous compared to warfarin.

For the annual treatment of AF (Table 3), the costs of annual 
treatment ranged from USD 20.03 to USD 43.54 with warfarin, 
from USD 414.86 to USD 463.26 with apixaban, from USD 414.86 
to USD 416, 24 with dabigatran, from USD 402.41 to USD 477.78 
with edoxaban and from USD 270.35 to USD 503.70 with 
rivaroxaban. Contrary to what was seen for the treatment of VTE, 
treatment with DOAC proved to be more expensive.

Table 3. Costs of annual AF4 treatment and in 90 days for VTE5 per treatment scheme and price basis

Strategy
Hospital
USD
R$

CMED2

USD
R$

PP3

USD
R$

AF4

Warfarin (min − max) 21.59 − 39.78
116.68 − 214.96

33.86 − 43.54
178.73 − 229.83

20.03 − 38.65
105.73 − 204.01

Apixaban NSM1 414.86
2,190.00

463.26
2,445.50

Dabigatran NSM1 416.24
2,197.30

414.86
2,190.00

Edoxaban NSM1 477.78
2,522.15

402.41
2,124.30

Rivaroxaban (min − max) 503.70
2,686.40

270.35 − 415.55
1,427.15 − 2,193.65

402.41 − 483.31
2,124.30 − 2,551.35

VTE5

Warfarin + LMWH6 (min − max) 54.71 − 65.46
290.11 − 347.11

112.05 − 159.66
591.51 − 842.81

54.94 − 57.72
290.01 − 304.71

Apixaban NSM1 110.25
582.00

123.11
649.90

Dabigatran + LMWH6 (min − max) NSM1 206.29 − 249.98
1,089.00 − 1,319.60

150,71 − 153,50
795.60 − 810.30

Edoxaban + LMWH6 (min − max) NSM1 167.29 − 265.15
883.10 − 1,399.7

106,56 − 150,43
562.50 − 794.10

Rivaroxaban (min − max) 154.77
824.32

82.96 − 127.51
437.92 − 673.12

148.70
784.98

1NSM - Non-Standardized Medication. 2CMED: Câmara de Regulação do Mercado de Medicamentos (Medication Market Regulation Chamber). 3PP: Pricing Panel. 4AF: Atrial Fibrillation. 
5VTE: Venous Thromboembolism. 6LMWH: Low Molecular Weight Heparin.

The results of the cost simulation demonstrated that, comparing 
only the pharmacological treatment, the DOACs present a 
significant and unfavorable acquisition difference in the prolonged 
treatment. However, a study by Piedade et al 2017, comparing the 
budgetary impact for the treatment of VTE from the perspective 
of the Supplementary Health System, demonstrated the potential 
for reducing total costs with the introduction of rivaroxaban, a 
result expressed mainly by the reduction in hospitalization time 
when compared to warfarin.11 

This effect can be explained by the action mechanism of 

Discussion anticoagulants. Warfarin exerts its effect by reducing the synthesis 
of clotting factors activated by decreasing vitamin K reserves. 
The main enzyme responsible for the metabolization of this 
drug is CYP2C9, so that the factors that modulate its expression 
and its activity will influence the antithrombotic response. The 
interaction mechanism of drugs and food with warfarin is not 
exclusively dependent on its metabolization, and other factors, 
such as increased intake of foods rich in vitamin K or changes in 
the absorption of the pharmaceutical form, they can lead to a 
reduction or potentiation of its effect. It is also known that most 
antibiotics, antifungals, anti-depressants, antiplatelet agents 
and anti-inflammatories interact significantly with warfarin. 
Consequently, attentive monitoring of the therapeutic target must 
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be carried out when the combination of these drugs is necessary. 
In addition to that, some foods, teas and natural extracts have 
their use discouraged during treatment due to the lability of the 
therapeutic target.8, 31-34

The need for this additional care when using vitamin K antagonists 
against DOACs ends up adding up to the cost of global treatment 
due to the periodicity of monitoring INR and to the increased 
likelihood of unfavorable outcomes. In addition to the disadvantage 
in the sum of direct costs, a study by Van Walraven et al 2006 
showed that patients spend, on average, more than one third 
of their time outside the therapeutic range, and that this time in 
the therapeutic range reduced further in the studies in which the 
patients were followed-up in the community when compared to 
randomized controlled trials,35 resuming the discussion that the 
instability in the control of the therapeutic goals contributes to 
this unfavorable safety profile of Warfarin.

In addition, it is already evident that the effectiveness of the 
DOACs compared to warfarin is equivalent. 6 However, real-
world studies point to superior effectiveness and safety, with a 
lower incidence of stroke and a significant reduction in the risk 
of bleeding compared to warfarin, and even differences between 
representatives of the class.6, 8, 40, 41

Not least important, the patient’s adherence to the anticoagulant 
therapy is a decisive factor for obtaining a safe and effective 
therapy. There are several factors that contribute to the failure 
of this process, including dosage complexity, the need for 
monitoring and the cost of the therapy.9 The main disadvantage 
of the DOACs is their higher direct costs, which in many scenarios 
favor non-adherence due to difficulties in accessing the therapy. 
However, some studies suggest that there can be an improvement 
in adherence despite the high cost, since the DOACs present 
easy dosage and there is no need for constant monitoring. 37, 38 
In addition to this, another limiting point in this class is the low 
availability of an antidote in cases of severe bleeding; the study 
by Toorop et al 2020 shows that more than half of the patients 
rate this as an important factor in treatment satisfaction.42 
Another study showed that there was no significant difference 
in adherence compared to warfarin.38 The use of DOACs at the 
expense of warfarin is still a hotly debated issue due to its multiple 
determining factors, for example, considering the context of AF, 
anticoagulant therapy is indicated purely for the prevention of 
thrombotic events, so it does not treat symptoms and is especially 
vulnerable to non-adherence. In addition to that, the process 
of adhering to the anticoagulant therapy has proved to be a 
challenge, regardless of the medication used.37 

This study has some limitations. The only costs contemplated 
were those of the pharmacological treatment. This shows the 
simplified value of the treatment, allowing a direct comparison. 
When discussing the cost of global treatment, consideration must 
be given to all therapy interfering factors, which can increase the 
likelihood of an unwanted outcome during treatment. In addition 
to that, another limitation of this study was that it was not 
possible to evaluate measures of variability and dispersion such 
as interquartile range (IQR) in most data, since some medications 
only have one manufacturer due to the validity of a patent, and 
yet, the values withdrawn from the PP database have already been 
extracted as median, without the availability of these measures in 
the database.

Despite the advantages of direct anticoagulants over warfarin, 
such as ease of use, absence of need for monitoring and low 
potential for food/drug interactions, the high acquisition costs are 
disadvantageous. However, for the treatment of VTE, price ranges 
were observed in which the DOACs proved to be economically 
more advantageous than warfarin, adding only the costs of the 
pharmacological therapy.

This study was a partial economic assessment of direct medical 
costs, and the results obtained can support the conduction of 
complete economic assessments, such as cost-effectiveness 
studies, on the use of DOACs for better decision-making.
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