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RESUMO

Os objetivos deste trabalho foram 1) avaliar o impacto da terapia anticoagulante oral
no sangramento associado a exodontias durante os periodos intraoperatorio e pos-
operatorio; 2) investigar os efeitos do etexilato de dabigatrana, um inibidor direto da
trombina, sobre as células O6sseas. Para atender o objetivo 1, foram recrutados
individuos em uso de anticoagulantes orais do tipo antagonista de vitamina K (AVK)
e alvo-especifico (DOAC, do inglés direct oral anticoagulant) e individuos sem
terapia anticoagulante com indicacdo de exodontia. As exodontias foram realizadas
sem a suspensdo da terapia anticoagulante e parametros associados a desfechos
hemorrdgicos foram avaliados. A avaliacdo quantitativa do sangramento
intraoperatorio foi realizada por meio da mensuracao do volume e analise dos fluidos
aspirados durante o procedimento e normalizada por um escore. Obtivemos como
resultados que as complicagcdes hemorragicas pos-operatorias bem como o escore
de sangramento intraoperatério foi similar entre os grupos, sendo que nenhum
evento hemorragico foi observado no grupo DOAC. A histéria prévia de
complicacBes hemorragicas em procedimentos odontologicos (p=0,001) e uso de
medidas hemostaticas locais (p=0,017) foram estatisticamente maiores no grupo
AVK. Para atender o objetivo 2, experimentos foram conduzidos a partir de modelo
in vitro, no qual o efeito da terapia anticoagulante foi avaliado diretamente sobre as
células 6sseas e em modelo animal ex-vivo. Neste modelo ex-vivo, células de
animais previamente tratados com etexilato de dabigatrana foram diferenciadas em
osteoclastos. Culturas primarias de células-tronco de camundongos e ratos foram
diferenciadas em osteoclastos e osteoblastos e tratadas com o farmaco disponivel
comercialmente, etexilato de dabigatrana (Pradaxa® 1-6 pg/mL) bem como seu
principio ativo, dabigatrana (0,1, 0,3, 3 e 6 upg/mL). Células ndo expostas aos
medicamentos foram utilizadas como controle. A diferenciacdo de osteoclastos foi
inibida pelo tratamento em ambos os modelos, in vitro e ex-vivo. Paralelamente,
observou-se a reducdo da expressdo génica e proteica do marcador Catepsina K e
da atividade reabsortiva destas células. Nas culturas de osteoblastos, o tratamento
inibiu a expressdo génica dos marcadores fosfatase alcalina (ALP) e osteocalcina,
reduziu a atividade in situ de ALP e a deposicdo de matriz extracelular, indicando um
efeito negativo na diferenciacdo dos osteoblastos. Concluiu-se que o uso de
anticoagulantes orais ndo aumentou a ocorréncia de desfechos hemorragicos na
populacdo estudada, o que reforca a manutencdo da terapia para a realizacao de
exodontias. O tratamento sobre culturas celulares utilizando etexilato de dabigatrana
impactou negativamente a diferenciacéo e atividade de osteoclastos e osteoblastos.

Palavras-chave: Anticoagulantes. Varfarina. Dabigatrana. Hemorragia pos-
operatoria. Extragdo dentaria. Osteoblastos. Osteoclastos.



ABSTRACT

Oral anticoagulant therapy: Bleeding complications in individuals submitted to
dental surgery and in vitro effects on bone cells

The objectives of this study were 1) to evaluate the impact of oral anticoagulant
therapy on the pattern of intraoperative and postoperative bleeding in dental surgery;
2) to investigate the effects of dabigatran etexilate, a direct thrombin inhibitor, on
bone cells. To fulfill objective 1, individuals undergoing oral anticoagulant therapy
with vitamin K antagonists (VKA) or direct oral anticoagulants (DOAC) and individuals
without anticoagulant therapy, who had indication of dental extraction were included.
Dental surgery procedures were performed without interruption of anticoagulant
therapy and parameters associated with hemorrhagic outcomes were evaluated.
Intraoperative bleeding was evaluated by means of the measurement of the total
amount of blood collected during the procedure corrected by absorbance reading and
normalized by score. The results showed that the occurrence of bleeding events and
the intraoperative blood loss were similar among groups and hemorrhagic episodes
were not observed amongst the individuals taking DOACs. The previous history of
complications in dental procedures (p=0.001) and the use of additional hemostatic
measures (p=0.017) were significantly higher in the VKA group. To fulfill objective 2,
experiments were conducted by means of an in vitro model in which the direct effect
of anticoagulant therapy on bone cells was evaluated. An ex-vivo animal model in
which cells of animals previously treated with dabigatran etexilate were differentiated
was also carried out into osteoclasts. Primary cultures of mice and rats cells were
differentiated into osteoclasts and osteoblasts and treated with dabigatran etexilate
solution (Pradaxa® 1-6 ug/mL) and its active principle dabigatran (0.1, 0.3, 3 and 6
pg/mL). Untreated cells were used as controls and the effects of the treatment on cell
viability and differentiation were evaluated. Both dabigatran etexilate and its active
principle, dabigatran inhibited osteoclast differentiation and activity in vitro and in the
ex-vivo model, as demonstrated by the reduction of resorption pits and cathepsin K
gene and protein expression. In osteoblast cultures, dabigatran etexilate reduced the
in situ alkaline phosphatase (ALP) activity, matrix mineralization and gene expression
of ALP and osteocalcin. These findings indicated osteoblast inhibition. In conclusion,
oral anticoagulant therapy did not result in increased bleeding outcomes in this
sample, which strengthen the advocacy of the maintenance of the therapy during
dental surgery. Dabigatran etexilate treatment impaired the activity and differentiation
of osteoclasts and osteoblasts.

Keywords: Anticoagulants. Warfarin. Dabigatran. Postoperative hemorrhage. Tooth
extraction. Osteoclasts. Osteoblasts.
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1 CONSIDERACOES INICIAIS

A hemostasia € um processo fisioldgico e multifatorial que limita a perda
sanguinea associada a um dano tecidual de maneira restrita ao local do estimulo
sem prejuizo ao fluxo sanguineo sistémico (FAKHRI et al., 2013). Em 1964,
Macfarlane, Davie e Ratnoff propuseram um modelo com o objetivo de descrever 0s
mecanismos da coagulacdo que se assemelhavam a uma cachoeira ou cascata.
Este modelo, portanto, foi denominado cascata da coagulacédo (DAVIE e RATNOFF,
1964; MACFARLANE, 1964) (FIGURA 1). O modelo cascata propde a divisdo do
processo de coagulacdo em duas vias; uma via intrinseca cuja ativacdo dos fatores
da coagulacdo ocorre quando o sangue entra em contato com cargas elétricas
negativas, e outra extrinseca, cujo mecanismo € mediado pela acéo do fator tecidual
(FT) (TANAKA, KEY, LEVY, 2009). No modelo proposto por Macfarlane, Davie e
Ratnoff, a ativacdo dos fatores ocorre sequencialmente em ambas vias que se
convergem ao fim da cascata para uma via comum que ira culminar na conversao do
fibrinogénio em fibrina (DAVIE e RATNOFF, 1964; MACFARLANE, 1964).

Figura 1 — Modelo cascata da coagulacéo.
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Fonte: FAKHRI et al., 2013, p. 463
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Embora amplamente utilizado para andlises e rastreamento da
coagulacdo sanguinea em testes laboratoriais, 0 modelo cascata foi considerado
inadequado para explicar os mecanismos que levam a coagulacéo in vivo. Diante
das limitacbes demonstradas por este modelo classico, Hoffman & Monroe (2001)
propuseram um novo modelo baseado em descobertas relacionadas a coagulacao
sanguinea, sobretudo a partir de observacdes clinicas dos disturbios da coagulacao.
O denominado modelo da coagulacdo baseado em superficies celulares enfatiza a
importancia de receptores especificos para as proteinas da coagulacdo cuja
regulacdo é mediada por propriedades das superficies celulares. O processo ocorre
em trés grandes fases; iniciagdo, amplificacdo e propagacédo, e ndo em duas vias
conforme proposto anteriormente. Sendo assim, o novo modelo propiciou um melhor
entendimento do processo da coagulacdo em organismos vivos ao demonstrar que o
evento ndo ocorre como cascata, mas sim em grandes etapas simultaneas
(HOFFMAN & MONROE, 2001) (FIGURA 2).

Figura 2 - Modelo da coagulagdo baseado em superficies celulares.
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Fonte: FAKHRI et al., 2013, p. 465
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Desequilibrios dos mecanismos de hemostasia podem levar a condi¢cfes
de hipocoagulabilidade ou hipercoagulabilidade. Para a segunda, o tratamento por
meio da utilizacdo de medicamentos anticoagulantes é o mais indicado, sendo a
terapia anticoagulante oral preconizada na pratica médica por mais de 50 anos
(ANSELL et al., 2004). Sua aplicacéo clinica representa a principal estratégia para a
prevencdo e tratamento de eventos tromboembdlicos e dentre as condi¢des
sistémicas que requerem terapia anticoagulante oral se destacam a fibrilacdo atrial
(FA), os tromboembolismos venosos e a utilizacdo de valvulas cardiacas protéticas
(AGENO et al.,, 2012; DOUKETIS et al., 2012; NISHIMURA et al., 2014). A FA
representa uma das principais causas associadas a complicacbes tromboembdlicas
e estima-se que cerca de 1,5 milhdes de individuos apresentem a doenca no Brasil
(ZIMERMAN et al., 2009).

A varfarina, um antagonista da vitamina K (AVK), é o farmaco mais
comumente prescrito para anticoagulacdo de longo prazo (WAHL, 1998). Embora
amplamente utilizados, os AVKs apresentam limitacdes relacionadas a necessidade
de ajustes frequentes da dose, monitoramento constante dos niveis de coagulacéo
sanguinea e multiplas interacdes medicamentosas. Estas limitagfes estimularam o
desenvolvimento de novos medicamentos anticoagulantes que nao requerem
monitoramento e ajustes de dose e que apresentem menos interagdes
medicamentosas (FORTIER, SHROFF, REEBYE, 2018).

Os anticoagulantes orais alvo-especificos ou diretos (DOACs, do inglés,
direct oral anticoagulants) surgiram para superar as limitacbes da terapia
convencional. Tais medicamentos tem demonstrado vantagens, especialmente no
gue concerne a sua previsibiliade de resposta e farmacocinética (LITTLE, 2012). De
maneira geral, os DOACs inibem seletivamente proteinas especificas da coagulacéo
(FIGURA 3). Atualmente, quatro medicamentos possuem registro no Brasil: o
etexilato de dabigatrana; um inibidor direto da trombina ou fator Il ativado (Pradaxa®
75 mg, 110 mg, 150 mg, Boehringer, Ingelneim am Rhein, Alemanha), a
rivaroxabana (Xarelto® 10 e 20 mg, Bayer, Leverkusen, Alemanha) e apixabana
(Eliquis® 2,5 mg, 5 mg, Bristol-Myers, Humacao, Porto Rico); inibidores diretos do
fator X ativado (FXa) (CONITEC, 2016), e recentemente a edoxabana (Lixiana® 15
mg, 30 mg, 60 mg, Daiichi Sankyo, Barueri, Sdo Paulo); também inibidor do FXa
(ANVISA, 2018).
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Figura 3 - Mecanismos de acdo dos anticoagulantes do tipo AVK e DOACSs.
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Fonte: NATHWANI & WANIS, 2017, p. 625 (houve alteragdo na ilustracao para fins didaticos).

Estratégias para o manejo odontolégico do paciente em terapia
anticoagulante oral tem sido extensivamente exploradas. As primeiras
recomendagBes para os individuos em uso de AVK foram interrup¢do e/ou
substituicdo da terapia anticoagulante previamente a procedimentos cirdrgicos
odontolégicos (BAJKIN, POPOVIC, SELAKOVIC, 2009; LOCKHART et al., 2003;
ROSER, ROSENBLOOM, 1975). Atualmente, jA se sabe que a exposicdo do
paciente ao risco de novos eventos tromboembodlicos com a suspensdo da
medicacdo excede o risco de possiveis eventos hemorragicos em procedimentos
odontoldgicos. Esta premissa € confirmada pela evidéncia de que a ocorréncia de
complicagbes hemorragicas associadas a cirurgias odontolégicas € baixa e os
episédios podem ser facilmente solucionados por meio de medidas hemostaticas
locais (BAJKIN, BAJKIN, PETROVIK, 2012; DUDEK et al., 2016; FEEBO et al.,
2016; HONG et al., 2012; MORIMOTO, NIWA, MINEMASTU, 2011; ROCHA et al.,

2018). Ademais, a manutengcdo da terapia anticoagulante durante o tratamento


https://www.ncbi.nlm.nih.gov/pubmed/?term=Bajkin%20BV%5BAuthor%5D&cauthor=true&cauthor_uid=19375008
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bajkin%20BV%5BAuthor%5D&cauthor=true&cauthor_uid=19375008
https://www.ncbi.nlm.nih.gov/pubmed/?term=Selakovic%20SD%5BAuthor%5D&cauthor=true&cauthor_uid=19375008
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odontoldgico esta indicada pelas principais diretrizes internacionais (ADA Science
Institute, 2018; DOUKETIS et al., 2012; NISHIMURA et al., 2014).

Frente a insercéo relativamente recente dos DOACs no mercado, ainda
nao ha diretrizes bem definidas acerca do manejo odontolégico cirlrgico dos
individuos submetidos a esta terapia. Um numero limitado de estudos clinicos
investigou a ocorréncia de complicacdes hemorragicas associadas a procedimentos
odontologicos, e ndo ha consenso sobre o risco de sangramento nesta populacao
(BENSI et al., 2018; BERTON et al., 2018; MAUPRIVEZ et al., 2016; MICLOTTE et
al., 2017; MILLER, MILLER, 2018; MIRANDA et al., 2016). Ensaios clinicos de
grande porte como o0 EINSTEIN-Extension (BAUERSACHS et al., 2010), o
Randomized Evaluation of Long-Term Anticoagulation Therapy - RE-LY (HEALEY et
al.,, 2012) e o ARISTOTLE (GARCIA et al., 2014) tem buscado investigar diversos
desfechos associados aos DOACs. Todavia, informagdes sobre os desfechos
hemorragicos associados a procedimentos odontoldégicos ndo sdo descritas de
forma detalhada ou estdo indisponiveis na literatura (BAUERSACHS et al., 2010;
GARCIA et al.,, 2014; HEALEY et al.,, 2012). Assim, a falta de diretrizes clinicas
baseadas em evidéncia cientifica para a conduta perante individuos sob a terapia
alvo-especifica dificulta a tomada de decisdes assertivas durante 0 manejo
odontoldgico seguro nesta populacao.

No que tange a anticoagulacdo, ndo apenas as complicacbes
hemorragicas sdo desfechos explorados na literatura cientifica. Particularmente na
Odontologia, a manutencdo adequada do coagulo é imprescindivel para que a
reparacado alveolar ocorra adequadamente ap0s a realizacdo de exodontias. O
reparo 0sseo do sitio cirtrgico € um processo multifatorial dependente da formacao
do coagulo sanguineo, de sua progressdo para uma matriz organizada e posterior
neoformacdo Ossea. Desequilibrios na formacdo e manutencdo do coagulo pés-
cirdrgico associados a fatores locais, alteracbes sistémicas ou ao uso de
medicamentos sdo criticos para a recuperacdo pos-operatéria do individuo
(SHENOY et al., 2015). Na pratica médica, o uso de farmacos anticoagulantes apds
procedimentos cirdrgicos complexos que exigem imobilidade pds-operatoria reduz o
risco de tromboembolismos. No entanto, a osteopenia e osteoporose sédo efeitos
colaterais reconhecidamente associados ao tratamento a longo prazo com
anticoagulantes, especialmente as heparinas (ANSELL et al., 2004; GARCIA et al.,

2012; GIGI et al., 2012). Sendo assim, embora necessaria, a tromboprofilaxia apos
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cirurgias ortopédicas, por exemplo, pode impactar o processo de remodelacdo
6ssea, condicdo necessaria para a recuperagdo da fratura (KLUTER et al., 2015). A
partir desta constatacdo, estudos experimentais buscaram demonstrar os potenciais
efeitos da heparina e outros anticoagulantes sobre as células 6sseas (ARIYOSHI et
al., 2008; FOLWARCZNA et al.,, 2005; FUSARO et al., 2017; IRIE et al., 2007,
MAZZIOTTI, CANALIS, GIUSTINA, 2010). Trabalhos utilizando modelos
experimentais com o objetivo de avaliar os efeitos dos DOACs, embora escassos,
também revelaram sua acdo sobre a diferenciacdo e atividade de osteoclastos e
osteoblatos (GIGI et al., 2012; KLUTER et al., 2015; MORISHIMA et al., 2013;
SOLAYAR, WALSH, MULHALL, 2011; SOMJEN et al., 2013; WINKLER et al. 2011).

A necessidade de compreender o real impacto da anticoagulacdo oral na
pratica clinica odontolégica bem como seus potenciais efeitos adversos ainda pouco
explorados foram os fatores que motivaram a realizacdo deste trabalho.
Considerando a evidéncia cientifica disponivel referente a terapia anticoagulante oral
e aos desfechos avaliados, as hipéteses deste estudo foram formuladas. Primeiro,
individuos utilizando terapia anticoagulante oral e sem anticoagulacdo poderiam
apresentar parametros de sangramento similiares quando submetidos a exodontias.
Segundo, em um modelo experimental, um DOAC, inibidor direto da trombina,
poderia interferir no processo de diferenciacdo de células 6sseas.

De forma resumida, a partir deste trabalho, buscou-se apresentar dados,
ainda nado disponiveis na literatura, acerca da mensuracdo do sangramento
intraoperatorio e complicagdes hemorragicas em individuos em uso de terapia
anticoagulante oral, bem como o efeito dos DOACSs sobre a diferenciacdo de células

dsseas.
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2 OBJETIVO

2.1 Objetivo geral

Avaliar o impacto da terapia anticoagulante oral no sangramento
associado a exodontias durante os periodos intraoperatdrio e pos-operatorio e seu
efeito sobre as células 6sseas.

2.10Objetivos especificos

a) Comparar parametros clinicos, ocorréncia de complicacdes
hemorragicas poés-operatérias e mensuracdo do sangramento
intraoperatorio durante exodontias por via alveolar realizadas em trés
grupos distintos: (1) individuos em terapia anticoagulante oral do tipo
AVK, (2) individuos em terapia anticoagulante do tipo alvo-especifico e (3)
individuos sem uso de anticoagulante oral.

b)  Avaliar o efeito de um anticoagulante alvo-especifico, inibidor
direto da trombina, sobre a viabilidade, diferenciacédo e atividade de

osteoclastos e osteoblastos.
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3 MATERIAIS E METODOS

Delineamento
O presente estudo foi dividido em dois capitulos:

Capitulo I. Estudo clinico, do tipo coorte prospectivo, em que desfechos
hemorragicos em individuos submetidos a exodontias sem suspensdo da terapia
anticoagulante oral foram avaliados;

Capitulo 1. Estudo experimental, conduzido por meio de modelos animais,
in vitro e ex-vivo, 0 qual buscou-se avaliar o efeito da terapia anticoagulante sobre
as ceélulas 6sseas (FIGURA 4).

Figura 4- Fluxograma do delineamento do estudo

Artigo 1
CAPITULO | —— Estudo clinico — Coorte

Artigo 2
CAPITULO I Estudo | \odelo animal —  Artigo 3

experimental

Fonte: Elaborado pela autora, 2019.

Locais de realizagcao

Este estudo foi idealizado no Departamento de Clinica, Patologia e
Cirurgia Odontologicas da Faculdade de Odontologia da Universidade Federal de
Minas Gerais (FO/UFMG). A coleta de dados bem como as etapas experimentais do
projeto foram executadas nos seguintes locais: Ambulatério Borges da Costa -
Servico Especial de Diagnéstico e Tratamento em Odontologia - vinculado ao
Hospital das Clinicas da Universidade Federal de Minas Gerais (HC/UFMG);
Laboratérios de Analises Farmacéuticas do Departamento de Produtos
Farmacéuticos da Faculdade de Farmacia da UFMG; Laboratorios de Cultura Celular
do Departamento de Fisica e Quimica da Faculdade de Ciéncias Farmacéuticas da
Universidade de Sao Paulo (USP-Ribeirdo Preto) e do Departamento de Biologia

Basica e Oral da Faculdade de Odontologia da USP (Ribeirdo Preto).
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3.1 Capitulo |

3.1.1 Desenho do estudo

A realizacdo deste estudo longitudinal prospectivo foi aprovada pela
Diretoria de Ensino, Pesquisa e Extensdo do Hospital das Clinicas UFMG
(DEPE/HC) (ANEXO A) e pelo Comité de Etica em Pesquisa com Seres Humanos
da Universidade Federal de Minas Gerais (COEP/UFMG), CAAE:
48122215.4.0000.5149 (ANEXO B, C e D). Todos os individuos foram devidamente
informados sobre a pesquisa e assinaram o Termo de Consentimento Livre e
Esclarecido (TCLE) (APENDICE A). A amostra foi composta por pacientes sob
terapia anticoagulante oral do tipo AVK ou DOAC e individuos sem terapia
anticoagulante. Os participantes foram divididos em trés grupos cujas variaveis
dependentes e independentes foram comparadas.

3.1.2 Local e Selecdo dos Pacientes

O estudo foi desenvolvido no Servico Especial de Diagnéstico e
Tratamento em Odontologia (SEDTO) alocado no Ambulatério Borges da Costa do
Hospital das Clinicas da Universidade Federal de Minas Gerais (HC/UFMG). Neste
servico, pacientes com alteracdes sistémicas em acompanhamento médico no
HC/UFMG sao encaminhados por meio de um pedido de interconsulta e atendidos

em nivel ambulatorial.

3.1.3 Céalculo amostral

O calculo do tamanho da amostra foi baseado na variavel continua
(quantidade de sangramento intraoperatorio) avaliada em individuos de dois grupos
(controle e AVK) com um controle para cada individuo experimental. Em um estudo
piloto, a diferenca da média da quantidade de sangramento total aspirado entre os
grupos foi de 9,12 mL e o desvio padrdo de 18,95. Portanto, levando em
consideracdo um poder de teste de 80%; 69 individuos no grupo experimental e 69

no grupo controle foram necessarios para rejeitar a hipotese nula de que nao haveria
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diferenca entre esses grupos. A probabilidade de erro do Tipo | associada a este
teste foi de 0,05.

3.1.4 Ciritérios de elegibilidade — Grupo AVK e DOAC

Foram incluidos no estudo todos os individuos em uso regular de
anticoagulante oral do tipo AVK ou DOAC encaminhados pela equipe médica ao
SEDTO entre janeiro de 2016 e janeiro de 2018.

a) Os critérios de inclusédo para o grupo AVK e DOAC foram:

- Individuos que concordaram em participar do estudo e assinaram o

TCLE;

- Individuos que necessitaram de procedimento odontoldgico do tipo

exodontia de dente erupcionado;

- Individuos que apresentaram valores de Razdo Normalizada

Internacional (RNI) < 3,5 mensurados no maximo trés dias antes do

procedimento (apenas para pacientes em uso de AVK).

b) Os critérios de excluséo para os grupos AVK e DOAC foram:

- Individuos com RNI fora da faixa terapéutica pré-determinada (para

individuos em uso de AVK);

- Individuos com outras alteracdes de coagulacédo nao relacionadas ao uso

do anticoagulante (doenca hepatica, doenca hematoldégica, contagem de

plaquetas < 50.000 mm?®);

- Individuos com idade igual ou superior a 80 anos;

- Procedimentos que envolveram dentes com condi¢cfes inflamatorias

agudas instaladas (abscesso periodontal ou periapical e supura¢ao);

- Exodontias por via ndo-alveolar.

3.1.5 Ciritérios de elegibilidade — Grupo sem anticoagulagéo

a) Foram incluidos todos os pacientes encaminhados ao SEDTO no mesmo
periodo de tempo e que preencheram os seguintes critérios de incluséo:
- Individuos sem alteragcbes no processo de coagulacdo, associadas a
doencas de base (alteracbes hematoldgicas, hepaticas, condicdes

imunomediadas e/ou inflamatérias) ou ao wuso de medicacdes
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(anticoagulantes, antiagregantes plaquetarios, antiinflamatérios nao
esteroidais);
- Individuos que necessitaram de procedimento odontolégico do tipo
exodontia de dente erupcionado;

b) Os critérios de exclusdo para o grupo sem anticoagulacao foram:
- Individuos com idade igual ou superior a 80 anos;
- Procedimentos que envolveram dentes com condicGes inflamatorias
agudas instaladas (abscesso periodontal ou periapical e supuragao);

-Exodontias por via ndo-alveolar.

3.1.6 Coleta de dados

Dados como idade, sexo, historia prévia de episddios de sangramento em
tratamentos odontoldgicos e/ou médicos, histéria de sangramento na familia (pais ou
irmaos), presenca de doenca de base, uso de medicamentos e contagem de
plaguetas foram coletados a fim de caracterizar a amostra. Para os individuos sob
terapia anticoagulante, o valor de RNI (para individuos em terapia AVK),
informagcbes sobre a indicacdo e tipo de medicamento utilizado (varfarina,
dabigatrana, rivaroxabana, apixabana e edoxabana) bem como o uso concomitante
de outros medicamentos que afetam a hemostasia também foram registrados.

O numero de exodontias realizadas, nimero de dentes extraidos por
procedimento, indicacdo da exodontia (doenca periodontal, lesGes cariosas extensas
ou terceiros molares), classificacdo dos dentes (uni ou multirradiculares) e duracao
do procedimento foram anotados. Na consulta de acompanhamento pds-operatorio,
0s pacientes foram questionados em relacdo a dor e ao numero de gazes utilizadas
durante o periodo.

Em relagdo as variaveis desfecho, informacdes sobre a necessidade de
utilizacdo de medidas adicionais de hemostasia durante o procedimento, ocorréncia
de sangramento pos-operatorio imediato e tardio, escore de sangramento
intraoperatorio e condicdo de reparo do alvéolo (satisfatorio, edemal/eritema ou
exposicdo oOssea) foram registrados. Os eventos hemorragicos poés-operatorios
foram detalhadamente descritos, bem como as medidas necessarias para
atendimento de urgéncia e hemostasia, necessidade de atendimento ambulatorial ou

de internacao hospitalar.
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Os dados foram registrados na ficha de avaliacdo (APENDICE B) e o
procedimento cirargico sera descrito detalhadamente a seguir.

3.1.7 Procedimento odontoldgico cirdrgico

Todos os procedimentos foram realizados em nivel ambulatorial, no inicio
da manhd e executados por cirurgibes-dentistas qualificados, treinados e
supervisionados pela pesquisadora principal. As exodontias foram realizadas sem
suspensao da terapia anticoagulante.

Um hemograma recente foi solicitado a todos os pacientes incluidos no
estudo. Para pacientes em uso de AVK, o tempo de protrombina (RNI) foi
mensurado no prazo maximo de trés dias antes do procedimento.

A presséo arterial (PA) foi mensurada previamente e imediatamente ap0s
todas as intervencgdes cirargicas realizadas, conforme protocolo do servi¢co (SEDTO).
Os parametros maximos aceitaveis foram: PA sistélica maxima de 160 mm/Hg e PA
diastolica maxima 90 mm/Hg (LITTLE, 2000). Pacientes que apresentaram valores
superiores na afericdo pré-operatoria foram encaminhados ao médico assistente
para controle da pressao arterial e o procedimento foi suspenso. Nos casos em que
foram detectados valores superiores na afericdo pdés-operatoria, o0 paciente
permaneceu sob observacdo no Ambulatdrio Borges da Costa até a normalizacao
dos parametros.

A técnica cirdrgica seguiu parametros estabelecidos. Tais parametros
foram observados pela pesquisadora durante todo o procedimento. Intervencdes
fora do padréo foram excluidas do estudo.

As exodontias foram realizadas sob anestesia local, empregando-se
blogueio regional complementado por infiltracdes locais de lidocaina 2% com
epinefrina 1:100.000 (Alphacaine 1:100,000; DFL Industria e Comércio S.A, Rio de
Janeiro, Brasil). A quantidade de agente anestésico local utilizado foi como
recomenda a literatura; 4,4 mg de lidocaina por Kg de peso, ndo ultrapassando a
dose limite de 300 mg (LARAGNOIT et al.,, 2009; NEVES et al., 2007). Para
pacientes com doenca cardiovascular, devido a recomendacdo de limitar a
administracdo de epinefrina, a dose maxima foi de 0,036 mg a 0,054 mg de
epinefrina por procedimento, ou seja, 3,6 mL a 5,4 mL de lidocaina a 2% com
epinefrina 1:100.000 (BARTOLOTTO, NEVES, MONTANO, 2012).
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A técnica cirargica padronizada consistiu das seguintes etapas:

a) Antissepsia extrabucal utilizando solugao de digluconato de clorexidina
2% (Riohex, Rioquimica, Sdo Paulo, Brasil);

b) Bochecho utilizando solucdo de digluconato de clorexidina 0,12%
(Periogard, Colgate-Palmolive, Sdo Paulo, Brasil) durante 1 minuto;

c) Bloqueio anestésico local utilizando seringa carpule e agulha gengival
(curta ou longa);

d) Incisao intrasulcular utilizando lamina de bisturi n°15;

e) Sindesmotomia utilizando sindesmétomo ou descolador tipo Molt;

f) Luxacado do dente com alavancas (reta, seldin);

g) Avulsédo com forceps odontologico;

h) Curetagem do alvéolo utilizando cureta de Lucas;

i) lrrigacdo com um volume total de 100 mL de solucéo fisioldgica 0,9%;

As medidas padrdo de hemostasia local para todos os procedimentos do
estudo incluiram sutura com fio 3.0 nylon 14502 T (Mononylon, Ethicon, Somerville,
New Jersey) e posterior compressdo com gaze do sitio cirdrgico por 20 minutos. O
tempo de procedimento foi mensurado com auxilio de um cronémetro, iniciando da
primeira incisdo para o descolamento gengival até a sutura completa.

Todos os pacientes receberam orientacbes verbais detalhadas e uma
cartilha impressa contendo instrucdes pds-operatérias (APENDICE C). Como
medicacdo pos-operatoéria, analgésicos (dipirona 500 mg ou paracetamol 500 mg) a
cada seis horas em caso de dor foram prescritos. Profilaxia antibidtica foi
preconizada para individuos com risco de endocardite infecciosa, conforme definido
pela American Heart Association (NISHIMURA et al., 2014).

3.1.8 Avaliagédo quantitativa do sangramento intraoperatorio
O periodo intraoperatério, durante o qual a avaliacdo quantitativa do

sangramento foi realizada, se estendeu desde o0 momento da incisdo intrasulcular

até a finalizacdo das suturas com auséncia de sangramento ativo no sitio cirargico.
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A quantidade de sangramento total foi mensurada por meio da coleta dos fluidos
aspirados durante o procedimento cirirgico e armazenados em bomba a vacuo
portéatil (5005 BRS, Nevoni, Sdo Paulo, Brazil). Para todos os pacientes foi utilizado
o volume total de 100 mL de solucéo fisioldgica para irrigacdo do alvéolo. Em funcéo
da padronizacdo do limite de solucdo para irrigagcdo durante os procedimentos, as
exodontias de dentes inclusos por via ndo-alveolar, para as quais volumes maiores
de irrigacdo sao utilizados, ndo foram incluidas na amostra. Dois mL de heparina
(Hepamax-S, Blausiegel, Sdo Paulo, Brazil) foram injetados no frasco de aspiracao
para evitar a formacdo de coagulos e interferéncia na analise. Posteriormente, este
fluido foi quantificado com auxilio de proveta graduada conforme o método a seguir.

Do volume final do fluido aspirado desconsiderou-se o valor total de 100
mL de solucao fisiologica utilizada em todos os procedimentos. Sendo assim, a cada
5 mL de volume de fluido aspirado, a amostra foi categorizada empregando-se o
seguinte escore: amostras com até cinco mL foram classificadas com escore 1,
amostras com seis a 10 mL foram classificadas com escore 2; amostras com 11 a 15
mL foram classificadas com escore 3; amostras com 16 a 20 mL escore 4; amostras
com 21 a 25 mL escore 5; 26 a 30 mL escore 6; 31 a 35 mL escore 7; 36 a 40 mL
escore 8; 41 a 45 mL escore 9 e finalmente amostras com 46 a 50 mL foram
classificadas com escore 10.

3.1.9 Analise de absorbancia do fluido aspirado

A interferéncia da saliva € um aspecto critico para a avaliacdo do
sangramento associado a procedimentos odontolégicos. O conteudo aspirado
durante a cirurgia odontolégica compreende, além do volume de sangramento
proveniente do sitio cirirgico e a solucao de irrigacdo, o fluido salivar produzido
constantemente e que também ira compor a amostra final do fluido coletado. Uma
vez que o volume de secrecdo salivar varia entre os individuos, pressupde-se que
esta variacao possa interferir na quantificacao do fluido total aspirado. Amostras com
volumes maiores poderiam apresentar quantidades excessivas de secrecéo salivar e
nao representar a quantificacdo real do sangramento. Sendo assim, a medida (mL)
do volume final aspirado por si s6 ndo € considerada um método confiavel para

guantificar o sangramento intraoperatério em procedimentos odontol6gicos.
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Com a finalidade de corrigir a influéncia da secre¢éo salivar no volume
total do conteddo aspirado, os fluidos coletados foram analisados. Apds a
quantificacdo do volume, a amostra foi homogeneizada e uma aliquota foi coletada,
a partir do fluido total aspirado, para leitura da densidade Optica (medida indireta da
concentracdo de hemacias) utilizando espectrofotbmetro em 537 nm de
comprimento de onda (RA 50 clinical, Bayer, Sdo Paulo, Brasil). Os valores de
absorbéancia foram categorizados em escores do menor para o maior valor da
seguinte forma: absorbancia até 1,0 foi classificada como escore 1, o valor de
absorbancia de 1,1 a 2,0; como escore 2, 2,1 a 3,0; como escore 3 e valores a partir
de 3,1 foram considerado como escore maximo de 4.

Os menores escores de absorbancia foram observados em amostras de
conteudo translicido e menor concentracdo de hemacias, ao passo que amostras de
conteudo vermelho vivo apresentaram os maiores escores de absorbancia (FIGURA
5).

Figura 5- Diferenca entre concentragdes de amostras do fluido aspirado

Fonte: Elaborado pela autora, 2019.

3.1.10 Mensuracao do escore de sangramento intraoperatério

Os escores obtidos na avaliacdo quantitativa do sangramento e
absorbéancia do fluido aspirado foram somados para alcancar um escore final de
sangramento intraoperatorio. O valor variou de dois a 14, sendo que 0s escores
mais altos indicavam os procedimentos com maior sangramento intraoperatorio, cujo

volume elevado de sangramento (mL) foi associado a um alto valor de absorbancia
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3.1.11 Avaliagdo do sangramento no periodo pés-operatério e manejo

ApOs a realizacdo do procedimento odontolégico, o paciente foi
monitorado durante 20 minutos. Transcorrido este periodo, foi realizada nova
avaliacdo para constatar a presenca ou auséncia de sangramento ativo e formagao
de coagulo apos a remogdo da gaze. Em caso de sangramento ativo, caracterizou-
se 0 evento como sangramento pos-operatério imediato e medidas adicionais para
hemostasia local foram realizadas.

As medidas padronizadas para hemostasia local foram; utilizacdo de
esponja de gelatina absorvivel de 10x10x10mm (Hemospon, Technew, Rio de
Janeiro, Brasil), acido tranexamico (Transamin 250mg, Nikkho, Rio de Janeiro,
Brasil) e/ou novas suturas. O &cido tranexamico foi utilizado em forma de pasta (um
comprimido de 250 mg macerado e misturado a solucéo salina) e aplicado sobre a
esponja de gelatina inserida no alvéolo apés a exodontia. Uma camada adicional da
pasta foi aplicada sobre a ferida cirargica apdés as suturas e coberta com gaze sob
compressdo. Para estes pacientes, o uso local de enxaguatdrio bucal a base de
acido tranexamico foi prescrito da seguinte forma: quatro vezes ao dia durante os
sete dias seguintes ao procedimento cirtrgico (um comprimido diluido em 100 mL de
solucéo salina gelada).

O desfecho clinico caracterizado por um evento hemorragico pos-
operatorio tardio foi definido como um episddio de sangramento apds o paciente ter
deixado o servico e que exigiu pelo menos uma das seguintes medidas: (1)
chamada telefonica para o servico odontolégico ou para a pesquisadora principal
relatando sangramento pds-operatorio; (2) retornar ao servico de origem ou outro
servico ambulatorial devido a sangramento pds-operatorio; ou (3) necessidade de
hospitalizagdo. O nimero do telefone celular da pesquisadora principal foi fornecido
aos pacientes para que eles pudessem entrar em contato em caso de complicacoes
no periodo pos-operatério. Com o0 objetivo de monitorar os episédios de
sangramento desde o dia da cirurgia até uma semana apos as exodontias, 0s
pacientes foram instruidos a realizar compresséo local com gaze em caso de
sangramento e a registrar o numero de gazes utilizadas.

No sétimo dia pos-operatorio, os pacientes foram reavaliados para
remogcdo de suturas e acompanhamento da cicatrizagdo da ferida operatéria.

Parametros como a presenca de eritema/edema local e exposicdo O0ssea foram
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analisados. Durante a consulta, os pacientes foram questionados quanto as
complicagBes hemorragicas durante o periodo pés-operatdrio e em relagdo a dor. A
dor foi medida por meio da numerical rating scale (NRS) (DOWNIE et al., 1978). A
escala variou de 0 a 10. O escore 0 indicou auséncia de dor e o escore 10 indicou a
maior percepcao de dor.

Necessidades adicionais de tratamento odontoldgico foram atendidas de
acordo com a capacidade do SEDTO. Pacientes foram encaminhados também para
a Faculdade de Odontologia da UFMG.

3.1.12 Andlise estatistica
a) Variaveis independentes

As seguintes variaveis independentes foram analisadas:

-ldade e sexo;

-Histdéria de sangramento em procedimentos médicos ou odontolégicos;
anteriores e histérico de sangramento entre os membros da familia (pais e/ou
irmaos);

-Diagndstico médico;

-Indicacéo para terapia anticoagulante oral,

-Tipo de terapia anticoagulante oral;

-RNI (para grupo AVK);

-Contagem de plaquetas e hematdcrito;

-NUumero de exodontias (um dente, dois ou mais dentes);

-Tipo de dentes extraidos (dentes unirradiculares ou multirradiculares);

-Indicacdo da exodontia (doenca periodontal, carie ou terceiro molar);

-Duracao do procedimento cirargico;

-Escala de dor;

-NUmero de gazes utilizadas no periodo pés-operatorio.

b) Variaveis dependentes:

Os desfechos avaliados foram:
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-Necessidade de medidas hemostéticas adicionais no periodo
intraoperatorio (sim ou nao);

-Escore do sangramento intraoperatorio;

-Sangramento pds-operatorio imediato (sim ou nao);

-Cicatrizacdo do alvéolo (satisfatéria, edemaleritema, exposicao
0ssea);

-Sangramento pés-operatério: (1) chamada telefénica para o servico
odontologico ou para a pesquisadora principal relatando sangramento pés-
operatério; (2) retornou ao servico de origem ou a outro servico ambulatorial

devido a sangramento pos-operatorio; ou (3) necessidade de hospitalizacao.

A analise estatistica foi realizada utilizando o Statistical Package for the
Social Sciences (SPSS for Windows, versao 23.0, IL, EUA). Primeiramente foi
realizada a analise descritiva dos dados. Comparacdes intergrupos sobre variaveis
independentes e variaveis dependentes (desfecho) foram realizadas por meio de
analise bivariada. Para as variaveis qualitativas foram utilizados teste qui-quadrado
de Pearson e o teste exato de Fisher. O teste de Kolmogorov-Smirnov demonstrou
que as variaveis quantitativas apresentaram distribuicdo ndo normal. Assim, foi
utilizado um teste ndo paramétrico (teste de Mann-Whitney) para avaliacdo destas
variaveis quantitativas. A unidade de analise era o numero de procedimentos e nédo

0 numero de pacientes. O nivel de significancia foi estabelecido em p<0,05.
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3.2 Capitulo Il

3.2.1 Desenho do estudo

Trata-se de estudo experimental em modelos animais realizado por meio
de culturas de células-tronco e de linhagem celular. O estudo foi aprovado pela
Comissdo de Etica no Uso de Animais (CEUA) da Universidade Federal de Minas
Gerais (protocolo: 247/2018) (ANEXO E) e pelo CEUA da Universidade de Sao
Paulo (protocolo: 2018.1.562.58.0) (ANEXO F). Os experimentos foram realizados
de acordo com as normas éticas definidas pelo Comité de Etica em Experimentacio
Animal (CETEA). Foram utilizados para os experimentos camundongos machos da
linhagem C57BL/6J com seis semanas de vida, ratos machos da linhagem Wistar
Hannover com trés dias de vida e células MC3T3-E1 de linhagem pré-osteoblastica.

Os experimentos foram conduzidos em modelo in vitro, na qual buscou-se
avaliar o efeito da terapia anticoagulante diretamente sobre culturas celulares e em
modelo animal ex-vivo, em que células de animais previamente tratados foram
cultivadas. Para os experimentos foram preconizadas duas formulagcdes de um
DOAC inibidor direto da trombina: o etexilato de dabigatrana, na formulagéo
disponivel comercialmente (mesilato etexilato de dabigatrana) e o seu principio ativo,

a dabigatrana.

3.2.2 Modelo in vitro - Isolamento e cultura de osteoclastos

Para isolamento de osteoclastos foi utilizado um modelo experimental a
partir da diferenciacdo de células-tronco hematopoiéticas derivadas de medula
0ssea de camundongos. Os animais da linhagem C57BL/6J foram eutanasiados
com sobredose de anestésico composto por solucao de cloridrato de cetamina (30-
50 mg/Kg) e xilasina (5-10 mg/Kg) por via intramuscular, seguido por deslocamento
cervical. Posteriormente, procedeu-se com a remocdo dos fémures e tibias. As
epifises dos fémures e tibias foram seccionadas na regido de maior diametro
(FIGURA 6A) e os ossos foram colocados em microtubos de centrifuga perfurados
na base, inseridos em tubos maiores sem perfuragéo e centrifugados a 10.000 rpm
durante 30 segundos (FIGURA 6B). Os sedimentos concentrados no fundo do tubo,

ou pellets de células, foram desfeitos e 1 mL de solucdo tampéao foi acrescido a eles
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(FIGURA 6C). As células obtidas a partir do processo foram contadas utilizando
camara de Neubauer (Laboroptik, London, United Kingdom) e cultivadas em meio
alfa completo (a-MEM, Thermo Fisher Scientific, MA, EUA) suplementado com 10%
de soro fetal bovino (FBS, Gibco, CA, USA).

Fi

o

ura 6- Esquema representativo da obtencédo de células-tronco de fémur de camundongo.

6A 6B

Legenda: A- Cortes das extremidades do fémur e posicionamento do microtubo e
tubo de centrifuga. B — Osso seccionado e preparado para centrifugagdo. C — Apds
centrifugacdo observa-se a presenca do pellet de células no fundo do tubo maior.
Fonte: Elaborado pela autora, 2019.

Para diferenciacéo dos osteoclastos, as células primarias foram cultivadas
em meio a-MEM suplementado (Thermo Fisher Scientific) contendo fator estimulador
de colbnias de macrofagos (M-CSF 30 ng/mL, R&D Systems, MN, EUA) por trés dias
em estufa Gmida a 37°C e 5% CO,. Apbés a obtencdo da confluéncia, as células
precursoras de osteoclastos foram entdo plagueadas em placas de 96 pocos
(Corning Inc., Corning, NY, EUA) a uma densidade de 2 x 10* células por poco e
cultivadas em meio contendo M-CSF (30 ng/mL, R&D Systems) e ligante do receptor
ativador do fator nuclear kappa B (RANKL, 10 ng/mL, R&D Systems).

3.2.3 Modelo in vitro - Isolamento e cultura de osteoblastos

O modelo experimental adotado para obtencao de osteoblastos foi a partir
da diferenciacdo de células de calvarias de ratos recém-nascidos (BELLOWS &
AUBIN, 1989). Para o experimento foram utilizados 8 ratos da linhagem Wistar
Hannover, com trés dias de vida pos-natal. Os animais foram decapitados com

lamina fria e posteriormente as calvarias foram removidas com a utilizagdo de
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tesoura (FIGURA 7). Os osteoblastos foram obtidos por meio da digestdo enzimética
sequencial com solucédo de tripsina 0,25% (Gibco) e colagenase do tipo Il 0,2%
(Gibco) de fragmentos de calvarias. As células enzimaticamente isoladas em
suspensdo foram contadas, plaqueadas na densidade de 2x10* células/poco em
placas de 24 pogos (Corning Inc.), e cultivadas por periodos de até 14 dias, em meio
osteogénico constituido de meio de crescimento a-MEM (Invitrogen Life
Technologies, Grand Island, NY, EUA) suplementado com 5 pg/mL de acido
ascorbico (Gibco), 100 pg/mL de gentamicina (Gibco) e beta-glicerofosfato 7 mM
(Sigma-Aldrich, Merck KGaA, Darmstadt, Alemanha).

Figura 7-Esquema representativo da obtencao de células-tronco de calvéria de ratos recém-nascidos.

Fonte: Elaborado pela autora, 2019.

3.2.4 Modelo in vitro- Diferenciacdo de células de linhagem pré-osteoblastica
MC3T3-E1

Células de linhagem pré-osteoblastica MC3T3-E1 (American Type Culture
Collection, VA, EUA) também foram utilizadas para 0s experimentos em
osteoblastos. As células foram cultivadas utilizando-se placas de poliestireno de 24
pocos (Corning Inc.) a uma densidade celular de 2 x 10* células/poco por até 14
dias. O ambiente de cultivo para as células foi composto de meio a-MEM essencial
minimo (Invitrogen Life Technologies) suplementado com 10% de FBS (Gibco), 100
U/ml de penicilina (Invitrogen Life Technologies), 100 pg/ml de estreptomicina, 5

pg/ml de &cido ascorbico (Gibco) e 7 uM de B-glicerofosfato (Sigma-Aldrich).
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3.2.5 Tratamento com Etexilato de Dabigatrana

Para preparo da solucdo de estoque de etexilato de dabigatrana a 100
ug/mL, o conteudo de duas capsulas de Pradaxa® (mesilato etexilato de
dabigatrana, Boehringer, Ingelheim am Rhein, Alemanha) foi triturado em cadinho de
porcelana e posteriormente pesado em balanca analitica. A quantidade de 142,73
mg do conteudo das capsulas, que corresponde a 50 mg de etexilato de dabigatrana
foi transferida para um baldo de 500 mL e diluido em agua ultrapura (Milli-Q Plus
system, EMD Millipore, MA, EUA), com auxilio de ultrassonicador por 10 minutos a
temperatura ambiente. Posteriormente a solucédo foi filtrada com filtro de seringa
(0.22 um, 33 mm diametro, PVDF, Millipore, MA, EUA) passivado (Tween™ 20 a
5%, Croda Health Care, East Riding, Inglaterra) e armazenada em temperatura
proxima a 2—-8°C ao abrigo da luz. Testes para identificacdo do principio ativo e
estabilidade da solucdo de estoque, bem como das concentracdes de trabalho foram
realizados utilizando cromatografia liquida de alta eficiéncia (do inglés High
Performance Liquid Chromatography - HPLC- LC system - Shimadzu, Kyoto, Japao).

ApoOs o plaqueamento, as culturas celulares foram expostas a solucéo
aquosa de etexilato de dabigatrana (Pradaxa®) em concentracdes de 1 pg/mL, 2
pg/mL, 3 pg/mL, 4 yg/mL, 5 pg/mL e 6 pg/mL. Tais concentractes foram obtidas a
partir da diluicdo da solucéo estoque (100 ug/mL) em meio de cultura. Células que
nao receberam o tratamento com a medicacdo foram utilizadas como controle. As
culturas foram incubadas em estufa imida a 37°C e 5% CO,. As trocas de meio

foram realizadas a cada 72 horas, quando uma nova estimulagédo foi realizada.
3.2.6 Tratamento com Dabigatrana

ApoOs o plagueamento, as culturas celulares foram expostas a solucao de
Dabigatran-D3 100ug/mL, acetonitrila com 10% 0.01N HCI (Sigma-Aldrich) nas
seguintes concentragdes: 0,1 ug/mL, 0,3 pg/mL, 3 uyg/mL e 6 pg/mL. Células que
nao receberam o tratamento com a medicagcao foram utilizadas como controle. As
culturas foram incubadas em estufa imida a 37°C e 5% CO,. Trocas de meio foram

realizadas a cada 72 horas, quando uma nova estimulacao foi realizada.
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3.2.7 Ensaio de viabilidade celular

O efeito dos tratamentos na viabilidade/proliferacédo celular foi avaliado
nas culturas celulares medindo a reducdo do brometo de 3-(4,5-dimetiltiazol-2yl)-2,5-
difenil brometo de tetrazolina (MTT, Sigma-Aldrich) para cristais de formazan,
processo associado a atividade mitocondrial. Quadruplicatas do tratamento com
etexilato de dabigatrana foram plaqueadas. Apds periodos de trés e sete dias de
incubacdo, 20 pyL de solugdo de MTT 5 mg/mL em tampéo fosfato-salina (PBS,
Sigma-Aldrich) foram adicionados a cada poco, e as placas foram mantidas durante
trés horas em estufa imida a 37°C e 5% CO,. O sobrenadante foi removido e os
cristais de MTT foram solubilizados com 200 pl de dimetilsulféxido (DMSO, Sigma-
Aldrich) ou solucdo de isopropanol acido (100 mL de isopropanol e 134 uL HCI) a
temperatura ambiente. A absorbancia foi mensurada em espectrofotbmetro com
leitura a 540 nm (DMSOQO) e 570 nm (isopropanol) (uQuant, BioTek Instruments Inc.,
Vermont, EUA). As médias dos valores de absorbancia obtidos foram calculadas em
relagdo ao grupo controle e os valores foram expressos como percentual de células

viaveis.

3.2.8 Avaliacdo da expressao génica - qPCR (Reverse transcriptase-polimerase
chain reaction)

A expressao génica foi avaliada no terceiro e no sétimo dia de cultura no
grupo tratado, o qual foi comparado ao grupo controle sem tratamento. Para este
ensaio, o meio de cultura foi removido dos pogos e adicionado o reagente Trizol LS
(Invitrogen Life Technologies) a temperatura ambiente, por cinco minutos, sob
agitacdo por pipetagem. A extracdo do &cido ribonucleico (RNA, Do inglés,
ribonucleic acid) total foi realizada utilizando o kit SV Total RNA Isolation System
(Promega, WI, EUA), de acordo com especificagbes do fabricante. Em seguida, o
RNA total foi quantificado em espectrofotdmetro (GE Healthcare, Buckinghamshire,
Inglaterra) e sua integridade avaliada por meio do aparelho Agilent 2100 BioAnalyzer
(Agilent Technologies Stockport, Inglaterra). Em seguida, foi confeccionada a fita de
DNA complementar (cDNA, do inglés, complementar deoxyribonucleic acid) a partir
do RNA total. Este procedimento foi feito no termociclador Mastercycle Gradient

(Eppendorf, Alemanha) por meio de reacdo com a enzima transcriptase reversa,
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utilizando o kit High-capacity cDNA Reverse Transcription (Applied Biosystems, CA.
EUA). A andlise de PCR foi realizada no sistema StepOnePlus Real-Time PCR
(Thermo Fisher Scientific, MA, EUA) em triplicata, utilizando SYBR® Green PCR
Master Mix kit (Thermo Fisher Scientific). Avaliou-se a expressdo génica dos
marcadores 6sseos catepsina K (CTSK) para osteoclastos e RUNX2 (do inglés, runt-
related transcription factor 2), fosfatase alcalina (ALP, do inglés alkaline
phosphatase), osteocalcina (OC) e osterix (OSX) para osteoblastos. Como controle
endogeno, foi avaliada a expressédo do gene para a enzima gliceraldeido-3-fosfato-
desidrogenase (GAPDH), que foi utilizada para a normalizacdo dos niveis de
expressao dos genes avaliados. Os resultados foram analisados com base no valor
de Ct (cicle threshold, ou ciclo limiar), sendo este o ponto correspondente ao numero
de ciclos em que a amplificacdo das amostras atinge um limiar (determinado entre o
nivel de fluorescéncia dos controles negativos e a fase de amplificacdo exponencial
das amostras), permitindo a analise quantitativa da expressédo dos genes avaliados.
O método comparativo de 2-*2Ct foi utilizado para comparar a expressdo génica das
células dos diferentes grupos experimentais.

3.2.9 Avaliacao da diferenciacao de osteoclastos

a) Expressao de proteinas

A andlise dos niveis de proteina foi realizada por meio do método
Western Blot apos trés dias de cultura dos osteoclastos provenientes de culturas
primarias. As células foram lisadas utilizando tampdo RIPA (do inglés,
radioimmunoprecipitation) (Sigma-Aldrich) e inibidores de protease e fosfatase. A
concentracdo de proteina foi determinada utilizando o kit Bicinchoninic Acid Protein
assay (Sigma-Aldrich). Quantidades iguais de proteina (10 ug) foram submetidas a
eletroforese SDS/PAGE (do inglés, sodium dodecyl sulfate-polyacrylamide
electrophoresis gel) e posteriormente transferidas para a membrana PVDF (do
inglés, polyvinylidene difluoride). A membrana foi incubada com anticorpos
especificos contra catepsina K (CTSK) overnight a temperatura de 4°C. ApoOs trés
lavagens, as membranas foram incubadas com solucdo de anticorpo secundario
conjugado HRP (do inglés, horseradish peroxidase) (Luminata Forte-Millipore, MA,
EUA) durante duas horas a temperatura ambiente. Os experimentos foram

realizados em triplicata. A quantificacdo das bandas foi realizada por meio do
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programa ImageJ (National Institutes of Health, MD, EUA) e a B-actina foi utilizada

como controle.

b) Fosfatase &cida resistente ao tartarato (TRAP)

Apés cinco dias de cultura em condi¢cdes ideais para diferenciacao
osteoclastica, o sobrenadante foi removido e as células fixadas. A fixagdo foi
realizada utilizando solucdo de acetona, citrato e formaldeido a 37% por cinco
minutos e lavadas com tampéao fosfato-salina (PBS, do inglés phosphate buffered
saline). Procedeu-se com a coloracdo das células utilizando kit comercial TRAP
(Sigma-Aldrich) e incubacdo em estufa imida a 37°C e 5% CO, por 60 minutos,
conforme as recomendacdes do fabricante. Apds este periodo as placas foram
lavadas com agua destilada e permaneceram em processo de secagem overnight.
As placas foram digitalizadas utilizando o equipamento Cytation (Cytation Cell
Imaging Multi-Mode Reader -BioTek, Vermont, EUA) e obtidas imagens para
posterior contagem celular. A contagem celular foi realizada por meio das imagens
capturadas utilizando o software Image J (National Institutes of Health, MD, EUA).
Os experimentos foram realizados em triplicata. Células com coloragdo positiva e
contendo mais de trés nucleos foram consideradas positivas. Os resultados foram

expressos como a média de células TRAP +/poco.

c) Ensaio de reabsorcéo

Os osteoclastos foram cultivados em placas para ensaio de reabsorcéo
(Corning™ Osteo Assay Surface, Corning, NY, EUA), sob condicdes ideais para
diferenciacdo e tratados conforme descrito anteriormente. A afericdo da area de
reabsorcao ou pits foi realizada apés dez dias da diferenciacdo dos osteoclastos. Os
pocos foram fotografados em microscépio invertido com ampliagdo de 4x. Os
experimentos foram realizados em triplicata. A quantificacdo das areas de
reabsorcédo foi realizada utilizando ferramentas de contorno no software Leica

Application Suite (Leica Microsystems, Wetzlar, Alemanha).


https://www.biotek.com/products/imaging-microscopy-cell-imaging-multi-mode-readers/cytation-5-cell-imaging-multi-mode-reader/
https://www.biotek.com/products/imaging-microscopy-cell-imaging-multi-mode-readers/cytation-5-cell-imaging-multi-mode-reader/
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3.2.10 Avaliagéo da diferenciacdo de osteoblastos

a) Atividade da fosfatase alcalina (ALP, do inglés alkaline phosphatase)

ApoOs sete dias de cultura, a atividade da ALP in situ foi avaliada pela
coloragéo Fast red. Primeiramente, 0 meio de cultura foi removido e as células foram
incubadas com 1mL/po¢o de uma solucdo contendo 0,9 mM naphthol AS-MX
phosphate (Sigma-Aldrich) e 1.8 mMFast red TR (Sigma-Aldrich). Previamente o
naphthol foi solubilizado com 4mg/mL de dimetilformamida (Merck KGaA). As placas
foram mantidas a 37 °C durante 30 minutos e entdo a solucéo foi removida e as
placas permaneceram em processo de sacagem por 12 horas. Os dados foram
obtidos em quadruplicata e a atividade da ALP in situ foi quantificada pela contagem
de pixels utilizando ferramentas de contorno no software Leica Application Suite

(Leica Microsystems).

b) Coloracgao utilizando vermelho de alizarina

Apds 14 dias de incubacdo com os tratamentos, a atividade dos
osteoblastos foi avaliada por meio da coloracdo da matriz mineralizada produzida. O
meio de cultura foi removido, os pocos fixados com formalina a 10% durante duas
horas a temperatura ambiente e posteriormente o0s depodsitos mineralizados
formados foram corados utilizando o pigmento vermelho de alizarina a 2% (Sigma-
Aldrich), pH 4,2 durante dez minutos. Os pocos foram entdo lavados com PBS e
permaneceram em processo de secagem a temperatura ambiente durante 12 horas.
Os pocos foram fotografados. Para andlise quantitativa, os depdsitos de calcio foram
dissolvidos em solucdo a 10% de acido acético e metanol durante 30 minutos e
mantidos em agitador. As amostras foram aquecidas a 85°C durante 10 minutos e
depois resfriadas no gelo por cinco minutos. Finalmente as amostras foram
centrifugadas e a absorbancia foi avaliada utilizando espectrofotbmetro
(SpectraMax® M Series Multi-Mode Microplate Readers, Molecular Devices, CA,

EUA) com leitura a 405nm. Os experimentos foram realizados em quadruplicata.

c) Superficies de Titanio com Nanotopografia
Discos de titanio (Ti) usinados comercialmente puros, grau 2, de 13 mm
de diametro e 2 mm de altura (Realum, SP, Brasil) foram lixados com lixas de

carbeto de silicio de gramatura 180, 320 e 600. Posteriormente os discos foram
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lavados em ultrassom e tolueno e submetidos a condicionamento em solugéo de 10
N H,SO,4 e 30% de H,O, aquoso (1:1v/v) por quatro horas a temperatura ambiente e
sob agitacdo constante para se obter a superficie com nanotopografia. Os discos
foram, em seguida, lavados em agua destilada e secos. Discos usinados e nao
condicionados foram utilizados como controle. Previamente a utilizagdo nos
experimentos, os discos de ambos 0s grupos foram autoclavados.

As células precursoras derivadas de calvaria foram isoladas e
diferenciadas conforme descrito no item 3.2.3. Os osteoblastos obtidos foram
cultivados nas mesmas condi¢cOes descritas previamente sobre discos de Ti com
nanotopografia e Ti usinado na presenga ou n&o do tratamento com etexilato de
dabigatrana. Ao final de sete dias, foi avaliada a expressdo génica de RUNX2, ALP,
OC e Osterix, conforme descrito no item 3.2.8 e a atividade de ALP, conforme
descrito no item 3.2.10. Apés 14 dias, foi avaliada a deposicédo de matriz extracelular

mineralizada conforme item 3.2.10.

3.2.11 Modelo ex-vivo

Camundongos machos da linhagem C57BL/6J com seis semanas de vida
foram tratados com etexilato de dabrigatrana (Pradaxa®) em formulacdo aquosa
durante o periodo de 28 dias. Os animais, previamente submetidos a sedacao
inalatoria utilizando Isoflurano a 2%, receberam o medicamento por via oral, pelo
método de gavagem, em intervalos de 12 em 12 horas.

A dose de tratamento estabelecida foi calculada proporcionalmente aquela
preconizada em humanos, na qual a dose terapéutica recomendada € de uma
capsula de Pradaxa® (150 mg) de 12 em 12 horas (SCHULMAN et al., 2009).
Considerando-se a dose diaria recomendada de 300 mg/dia para individuos de 70
Kg e o peso médio dos animais selecionados de 20 gr, preconizou-se a dosagem de
85,7 pg/dia. A dose calculada corresponde a 428,5 pL de uma solugdo aquosa de
etexilato de dabigatrana a 100 ug/mL, preparada conforme descrito no item 3.2.5
administrada duas vezes ao dia.

Ap6s 28 dias de tratamento, os animais foram eutanasiados, conforme
meétodo descrito no item 3.2.2. As células-tronco hematopoiéticas derivadas da
medula 6ssea de fémures e tibias foram coletadas e cultivadas em meio a-MEM

suplementado (Thermo Fisher Scientific) contendo M-CSF 30 ng/mL (R&D Systems)
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por trés dias em estufa imida a 37°C e 5% CO,. Posteriormente, com a obtencéo da
confluéncia, as células precursoras de osteoclastos foram entdo plagueadas em
placas de 96 pocos a uma densidade de 2 x 10* células por poco e cultivadas em
meio contendo M-CSF 30 ng/mL (R&D Systems) e RANKL 10 ng/mL (R&D
Systems). ApOs trés dias de cultura celular, foram avaliados expressao génica do
marcador de atividade osteclastica CTSK e niveis de proteina deste marcador,
utilizando-se os métodos de gPCR e Western Blot, respectivamente, conforme
descrito nos itens 3.2.8 e 3.2.9. No sétimo dia de cultura, foi analisada diferenciacao
celular por meio do método TRAP. A atividade osteocléstica foi mensurada apos 10
dias de cultura utilizando o ensaio de reabsorcédo (ver item 3.2.9). O experimento foi
conduzido com cinco animais selecionados de maneira aleatdria. Animais que nao
receberam tratamento com a solucdo de etexilato de dabigatrana foram utilizados

CcoOmo grupo comparativo controle.
3.2.12 Analise estatitica

Os dados foram expressos pelas médias e desvio padrao dos resultados
obtidos para cada grupo de tratamento e controle. O teste Shapiro-Wilk demonstrou
que as variaveis quantitativas apresentavam distribuicdo normal. As analises foram
realizadas utilizando-se o teste t de Student. O programa GraphPad Prism versao
8.0 (GraphPad Software, CA, EUA) foi usado. O nivel de significancia para todos 0s

testes estatisticos foi determinado em p<0,05.
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4 RESULTADOS E DISCUSSAO

Os resultados e discussao serdo apresentados a seguir no formato de trés artigos

cientificos.

4.1 Artigo |

Artigo cientifico | publicado no periddico Journal of Cranio-Maxillofacial Surgery
(Qualis Odontologia A2; Fator de Impacto: 1,252).
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Some prospective studies have been designed specifically to investigate perioperative bleeding in dental
surgery. The quantitative assessment of intraoperative blood loss can be useful for indicating the real risk
of bleeding complications, especially in medically compromised individuals. The aim of this study was to
evaluate the pattern of bleeding in individuals under vitamin K antagonist (VKA) therapy and non-
anticoagulated individuals submitted to dental extractions. Perioperative bleeding was evaluated by

Keywords: using a total collected bleeding corrected by absorbance reading (dental bleeding score). 138 procedures
g'l.‘or(g)?c::ss were performed. When the perioperative dental bleeding score was correlated with the number of
Anticoagulant extracted teeth, the quantity of bleeding was found to be directly proportional to the procedure. Ex-
Hemorrhage tractions of two or more teeth presented higher scores than single extractions (p = 0.003). In a

comparative analysis between the VKA and non-anticoagulated groups, no significant difference in the
scores was found. The previous history of complications in dental procedures (p = 0.001) and the use of
additional hemostatic measures were higher in the VKA group (p = 0.017). VKA therapy did not impact
significantly the volume of blood lost during dental extractions. Perioperative bleeding assessment might

be a useful parameter for evaluating patients under antithrombotic treatment.
© 2019 European Association for Cranio-Maxillo-Facial Surgery. Published by Elsevier Ltd. All rights
reserved.

Tooth extraction

1. Introduction

A number of studies evaluating the influence of anticoagulant
therapy on dental treatment outcomes have been published in the
literature in recent years. In a search in PubMed using the MeSH
terms “anticoagulants and tooth extraction”, more than 300 studies
were retrieved. Although thoroughly studied, dental management
of individuals undergoing oral anticoagulant therapy (OAT) is still
unclear for many clinicians, particularly as regards the need for
interruption of medication before dental treatment, international
normalized ratio (INR) reference values of for warfarin users, and
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Dentistry, Universidade Federal de Minas Gerais, Av. Presidente Antonio Carlos,
6627 — Pampulha, Belo Horizonte, MG, 31270-901, Brazil. Fax: +55 31 34092430.
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the risk of bleeding events (Van Diermen et al., 2013; Ringel and
Maas, 2016; Chinnaswami et al., 2017).

Warfarin, a vitamin K antagonist (VKA), is the most commonly
prescribed anticoagulant drug for prevention and treatment of
thromboembolic disorders (Wahl, 1998). Earlier recommendation
for individuals using warfarin was the interruption and/or
replacement of anticoagulant therapy before dental surgery (Roser
and Rosenbloom, 1975; Lockhart et al., 2003; Bajkin et al., 2009).
However, a large body of evidence has demonstrated that the
incidence of bleeding associated with dental procedures in in-
dividuals undergoing anticoagulant therapy is low, and even if any
complications occur, management using localized measures is
easily applied (Morimoto et al., 2011; Bajkin et al., 2012; Hong et al.,
2012; Wahl et al., 2015; Febbo et al., 2016; Dudek et al., 2016, Rocha
et al., 2018). Therefore, anticoagulant therapy maintenance during
dental treatment has currently been indicated in the most
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important guidelines (Douketis et al., 2012; Nishimura et al., 2014;
ADA, 2018).

Although some limitations of VKA therapy have encouraged the
development of new drugs, such as direct oral anticoagulants
(DOACs), many individuals in need of anticoagulant therapy might
be ineligible for treatment with DOACs (Little, 2012; Djulbegovic
and Lee, 2018). Moreover, there are clinical situations in which
DOACs are not suitable because of insufficient data on their efficacy
and safety (Schulman et al., 2009; Einstein Investigators et al., 2010;
Liu et al., 2015; Nakamura et al., 2015; Lee, 2016; Moustafa et al,,
2018). In addition, DOACs are costly, and affordability and accessi-
bility are an issue for health services in many countries with
different healthcare systems, in particular, emerging countries from
Asia, Africa, and South America (Lee, 2016; Fortier et al., 2018).
Therefore, VKA therapy remains a highly effective strategy for
thromboembolism prevention, and the most widely prescribed
drug for OAT (Van Gorp and Schurgers, 2015).

Studies using quantitative methods to investigate perioperative
bleeding patterns in anticoagulated individuals submitted to dental
extractions are scarce in the literature (Karsli et al., 2011; Erden
et al., 2015). Furthermore, with robust evidence for the low risk
of postoperative bleeding, other questions have arisen: Does OAT
significantly impact the bleeding pattern during oral surgery? Do
individuals on OAT bleed more than non-OAT individuals when
submitted to dental extractions? In addition, increased periopera-
tive bleeding has been shown to be associated with a significant
risk of postoperative bleeding in anticoagulated patients (Rocha
et al., 2018). Therefore, the assessment of perioperative bleeding
might provide additional evidence for predicting and minimizing
postoperative outcomes in patients under antithrombotic
medication.

In this study, we evaluated the impact of OAT on bleeding,
during and after dental extractions, by means of a quantitative
method, as well as hemorrhagic outcomes.

2. Methods
2.1. Ethical issues

This was a prospective study, following the STROBE statement
guidelines (von Elm et al., 2007). The study was approved by the
Department of Education and Research of the Hospital das Clinicas
of the Universidade Federal de Minas Gerais (HC/UFMG). Approval
from the Institutional Ethics Committee of UFMG (protocol
48122215.4.0000.5149) was also obtained, and the guidelines
established in the Declaration of Helsinki (revised version/2002),
for research involving humans, were followed. Each participant
signed a statement of informed consent to take part in the study.
Anonymity was guaranteed to all participants.

2.2. Participants, eligibility criteria, setting, and recruitment period

The sample consisted of all individuals undergoing VKA therapy
who met the eligibility criteria, were referred by hematologists and
cardiologists, and were admitted for treatment by the HC/UFMG
Dental Service between January 2016 and January 2018. Inclusion
criteria were as follows: individuals who needed dental extraction
of at least one erupted tooth, and had INR values < 3.5. The study
also had a control group of non-anticoagulated individuals (non-
OAT group), consisting of all those seeking dental treatment at the
service, without coagulation disorders or not using antithrombotic
drugs, and who needed dental extraction of at least one erupted
tooth.

Individuals with INR >3.5, or with any coagulation disorders not
related to anticoagulant use (i.e. hepatic diseases,

thrombocytopenia); elderly individuals aged >80 years old, and
individuals presenting teeth with acute inflammatory conditions
(i.e. periodontal or periapical abscess with suppurative process)
were excluded from the study. Individuals who underwent non-
standard interventions and cases with incomplete follow-up were
also excluded (Fig. 1).

A blood count test was ordered for all participants. An INR test
was run for all individuals taking VKA. The tests needed to be
accomplished 3 days before dental surgery.

2.3. Dental extraction

All procedures were carried out under local anesthesia in the
hospital outpatient clinic, early in the morning, by qualified oral
surgeons who were trained and supervised by the principal
investigator. Dental extractions were performed without inter-
rupting or modifying the OAT regimen. Blood pressure was
measured prior to and shortly after the surgical interventions. Local
anesthesia was standardized for all patients and consisted of a
regional block complemented with local infiltration, using lido-
caine hydrochloride 2% with epinephrine (Alphacaine 1:100,000;
DFL Inddstria e Comércio SA, Rio de Janeiro, Brasil).

The surgical technique followed strictly pre-established pa-
rameters, observed by the principal investigator, including the use
of forceps and elevator, and was carried out as atraumatically as
possible. Hemostatic measures included wound closure with 3.0
nylon 14502 T sutures (Mononylon, Ethicon, Somerville, New Jer-
sey) and a piece of sterile gauze bitten by the participant for 20 min
to compress the operated site. Some 20 min later, the participants
were examined to ensure that hemostasis was achieved, and the
immediate postoperative bleeding outcome was evaluated. When
increased levels of immediate postoperative or perioperative
bleeding were observed, additional measures of hemostasis were
performed, applying a 10 x 10 x 10-mm absorbable gelatin sponge
(Hemospon, Technew, Rio de Janeiro Brazil), tranexamic acid
(Transamin, Nikkho, Rio de Janeiro, Brazil), and/or new sutures.
Tranexamic acid paste (one 250 mg pill macerated and mixed with
saline) was used to soak the gelatin sponge filling the alveolar
socket. An additional layer of the paste was applied on the wound

144 patients were
screened

23 patients did not meet
inclusion criteria or met ———
exclusion criteria

I 1

VKA group n=75 Non-OAT group n =77
procedures* procedures*

—— 2 losses of follow-up —— 5 losses of follow-up

3 non-standard
interventions *

4 non-standard
interventions *

69 procedures with
complete treatment period

69 procedures with
complete treatment period

* The analysis was conducted considering the number of procedures
+ Exceeded the standardized volume of 100 mL of saline solution

Fig. 1. Flowchart for patients recruited to the study groups: screening, inclusion
criteria, and follow-up.
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after sutures and covered with gauze under compression. For these
individuals, local use of tranexamic acid mouthwash (one pill
mixed in 100 ml of cold saline solution), four times a day, was
recommended during the following 7 postoperative days. The in-
dividuals received written postoperative instructions. Procedure
time was measured, with a stopwatch, from the first incision for the
detachment of the gingiva until the complete suture.

Postoperative pain was managed with 500 mg of metamizole or
500 mg of acetaminophen every 6 h for 3 days. Antibiotic pro-
phylaxis was only used in individuals at risk of infective endo-
carditis, as defined by the American Heart Association (Nishimura
et al.,, 2014).

24. Data collection

24.1. Independent variables

The following variables were collected: participants’ age and
sex; history of bleeding in previous medical or dental procedures,
and history of bleeding in family members (parents and/or sib-
lings). Information on medical diagnosis, indication for OAT,
concomitant medications affecting hemostasis (e.g. antiplatelet
agents, nonsteroidal anti-inflammatory drugs, antibiotics), INR (for
the VKA group), hematocrit level, and platelet count were also
collected.

The number and indication of surgical procedures (periodontal
disease, dental caries, or third molar), as well as a number of teeth
extracted, were recorded. The number of tooth extractions (one
tooth, two teeth, or three teeth) and type of teeth (single-rooted or
multi-rooted) were also recorded. Additional parameters collected
were surgical procedure time, pain, and number of gauzes used for
hemostasis.

24.2. Outcome variables

These variables included: the need for additional hemostatic
measures; immediate postoperative bleeding; postoperative
bleeding; dental bleeding score; and wound healing (satisfactory,
swelling/erythema, or bone exposure). Postoperative bleeding
events were recorded, as well as the management of the bleeding
(local hemostatic measures in outpatient care or hospital
admission).

2.5. Quantitative assessment of perioperative bleeding — dental
bleeding score

2.5.1. Bleeding amount

Perioperative bleeding was quantified through the storage of
the fluids aspirated during the surgical procedure using a portable
vacuum pump (5005 BRS, Nevoni, Sao Paulo, Brazil). A standardized
volume of 100 ml of saline solution was used for wound irrigation
in all procedures. To avoid clot formation during aspiration, 2 ml of
heparin sodium 5000 IU/ml (Hepamax-S, Blausiegel, Sao Paulo,
Brazil) were added to the final aspirated solution. Subsequently,
this fluid was measured with a graduated cylinder. For each five ml
of fluid, the sample was categorized from 1 to 10 as follows: sam-
ples up to 5 ml were scored 1; samples with 6—10 ml were scored 2;
samples with 11—15 mIL were scored 3, and so on.

2.5.2. Absorbance of aspirated fluid

A sample was collected from total aspirated fluids and used to
assess optical density (an indirect measurement of red blood con-
centration) using a spectrophotometer at 537 nm (RA 50 clinical,
Bayer, Sao Paulo, Brazil). With this analysis, control of the bias
caused by salivary fluid, which might have had an influence on the
total volume of aspirated fluid, was feasible. The values for absor-
bance were also scored, as follows: absorbance up to 1.0 was scored

1; absorbance of 1.1—-2.0 was scored 2; 2.1-3.0 was scored 3, and 3.1
or more was given the maximum score of 4.

2.5.3. Bleeding score assessment

The scores for total aspirated fluid and absorbance were sum-
med to achieve a final score for bleeding. The values varied from 2
to 14, with lower scores indicating less perioperative bleeding.

2.5.4. Postoperative bleeding

A clinical outcome characterized by a postoperative hemor-
rhagic event was defined as oozing or marked hemorrhage, and
required one or more of the following outcomes: (1) telephone call
to the dental service or to the principal investigator reporting
concern about postoperative bleeding; (2) return to our or other
outpatient facility because of postoperative bleeding; (3) need for
hospitalization. With the aim of monitoring bleeding episodes from
the day of surgery until 1 week after the dental extractions, the
participants were instructed to use gauzes for local compression in
case of bleeding, and to register the number of gauzes used.

On the seventh postoperative day, participants returned for an
appointment to remove the sutures and to evaluate wound healing.
Parameters such as the presence of local erythema/edema, bone
exposure, and suppuration were also analyzed. During the
appointment, the patients were asked to report bleeding compli-
cations during the postoperative period and pain, which was
measured using a numeric rating scale (NRS) (Downie et al., 1978),
ranging from O to 10. A score of 0 indicated no pain and a score of 10
indicated the highest perception of pain. Individuals who did not
return for a follow-up visit were excluded from the analysis.

2.6. Statistical analysis

The analysis was carried out considering the number of pro-
cedures. Comparative analysis was performed between the VKA
group (n = 69) and the non-anticoagulated group (n = 69).

Statistical analysis was performed using the Statistical Package
for the Social Sciences (SPSS for Windows, version 23.0, Chicago, IL,
USA). Intergroup comparisons regarding independent variables and
dependent variables (outcome) were carried out by means of
bivariate analysis. For qualitative variables, Pearson's chi-squared
and Fisher's exact test were used. The Kolmogorov—Smirnov test
demonstrated that the continuous variables presented a non-
normal distribution. Thus, a non-parametric test (Mann—Whitney
test) was used. The level of significance was set at p < 0.05.

3. Results

Some 152 dental extractions were performed. Following the
application of the remaining inclusion and exclusion criteria, 69
procedures in the VKA group and 69 procedures in the non-
anticoagulated group were included for analysis (Fig. 1). As
shown in Table 1, the individuals in the VKA group were between
30 and 77 years of age, with a mean age of 51 (+10) years. Most
participants in the VKA group were female individuals (63.8%), and
all participants were taking warfarin (5 mg). Fifty-six procedures
were carried out in individuals under monotherapy and 13 in in-
dividuals undergoing dual therapy — anticoagulant plus anti-
platelet therapy with acetylsalicylic acid (ASA). A summary of
indications for anticoagulation therapy is also provided in Table 1.

In the non-anticoagulated group, the mean age of individuals
was 48 (+13) years (range 19—77 years). Most of the participants in
this group were female individuals (59.4%). Thirty-seven proced-
ures were performed in individuals without any systemic disease,
20 procedures in individuals with controlled hypertension, seven in
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Table 1
Clinical and demographic characteristics for the VKA and non-OAT groups (n = 138).

VKA group (n = 69)

Table 2
Comparative analysis of the clinical characteristics of surgical procedures for the
VKA versus non-anticoagulated study groups (n = 138).

A % Variables Non-OAT VKA P
Age (years)
Age (yrs) <50 36 (52.2) 37 (536) 0999°
Mean (+SEM) 51.1 (£10.1) - 250 33 (47.8) 32 (46.4)
Range 30-77 - Sex = 8
Sex
Male 28 (40.6) 25(36.2) 0.726°
ek o égi; Female 41(59.4) 44(638)
In d?mi'en for OAT® ) Previous history of bleeding in a medical procedure
D'\’;r“ ton fo 5 SEi No 64(92.38) 63(913) 0999°
AF 20 22'7% Yes 5(7.2) 6(8.7)
MHV 15 ]7'1% Previous history of bleeding in a dental procedure
PE 15 17'1% No 66 (95.7) 52(75.4) 0.001°
BHV 8 9 1'% Yes 3(4.3) 17 (24.6)
CIA 3 3'3% Previous history of bleeding in family
e 5 sl No 68 (98.6) 66 (95.7) 0.619°
B 5 Say Yes 1(14) 3(4.3)
OAT sisscribed - Platelet count (10°/ul)
W;farin 56 81.2% <150 4(5.8) 7(10.1) 0.532"
% ' >150 65 (94.2) 62 (89.9)
Warfarin + ASA 13 18.8% . it (%)
Non-OAT group (n = 69) Mean (median) 40.6 (40.8) 40.1 (40.3) 879
% Min—max 30.0-514 25.5-51.4
n INR
Age (yrs) <230 - 32 (50.0) -
Mean (+SEM) 48.4 (+13.7) - >2.30 32(50.0)
Range 19-77 - Tooth extraction
Sex One tooth 24 (34.8) 34 (49.3) 0.145"
Male 28 40.6% Two teeth 24 (33.8) 19(27.5)
Female 41 59.4% Three teeth 21(304) 16 (23.2)
Teeth
Abbreviations: VKA, vitamin K antagonist; non-OAT, non-anticoagulated; yrs, years; One root 13 (18.8) 14 (203) 0.999°
DVT, deep vein thrombosis; AF, atrial fibrillation; MHV, mechanical heart valve; PE, TWO or more roots 56 (81.2) 55 (79.7)
pulmonary embolus; BHV, biological heart valve; CIA, cerebrovascular ischemic Indication
accident; VD, valvular disorders; PH, pulmonary hypertension; ASA, acetylsalicylic Periodontal disease 19 (27.5) 22 (31.9) 0.455"
acid. ) o Decay 45 (65.2) 44 (638)
% The same patient may have more than one diagnosis. Third molar 5(7.2) 3(43)
Procedure time
individuals with mental disorders, and five in individuals with Mean (median) 383(35.0) 41.1 (40.0) 0.560°
. . Min—max 15-90 10-100
thyroid dysfunction. Paiin
A comparative analysis of clinical and demographic character- Mean (median) 2.5(1.0) 22 (0.0) 0.276¢
istics (independent variables), taking into account the number of Min—max 0-10 0-10
procedures carried out during the study, is presented in Table 2. The Gauzes . :
continuous variables age and INR value were categorized by me- hMAf:fr;";:d'a") g'z 1(8'0) (l)?s(w) 0.000

dian value, and platelet count was grouped according to the min-
imum reference value of the blood count test. There was no
significant difference between groups in relation to participants’
age, sex, platelet count, hematocrit level, previous history of
bleeding in medical procedures, previous history of bleeding in
family members, indication for dental extraction, number and type
of teeth extracted, surgical procedure time, or pain (p > 0.05). In the
VKA group, the previous history of bleeding in dental procedures
occurred more often (p = 0.001) and more gauzes were used for
hemostasis (p < 0.001).

Regarding dependent variables (presented in Table 3), in the
VKA group, the need for additional hemostatic measures was more
frequent than in the non-anticoagulated group (p = 0.017). In
addition, the amount of wound healing was lower in the non-
anticoagulated group (p = 0.048). For the outcome of immediate
postoperative bleeding and postoperative hemorrhage, no differ-
ence between groups was observed (p > 0.05). Three episodes of
immediate postoperative bleeding were observed in procedures
carried out in individuals in the VKA group, and none in individuals
in the non-anticoagulated group. Postoperative hemorrhage
occurred after three procedures carried out in individuals in the
VKA group (4.6%) and after two procedures in individuals in the
non-anticoagulated group (3.0%). No bleeding episode in this study
required hospitalization or medical/systemic intervention. All in-
dividuals returned to the dental service, but those who returned

Bold values are those with a p-value < 0.05.
Abbreviations: VKA, vitamin K antagonist; non-OAT, non-anticoagulated; INR, in-
ternational normalized ratio; min, minimum; max, maximum.

@ Chi-squared test and Fisher exact test.

b Linear by linear.

€ Mann-Whitney U-test.

after the 7th day of follow-up were considered follow-up losses
(Fig. 1).

For the bleeding score outcome, while no difference between
the groups was observed (p > 0.05). As expected, higher scores
(8—14) were more commonly observed in procedures in which
more than one tooth had been extracted (p = 0.003) (Fig. 2). On the
other hand lower scores (2—7) were more observed in procedures
with reduced bleeding, as in single extractions. Thus, it was sug-
gested that the method presents sensitivity distinguishing pro-
cedures, with increased and reduced bleeding.

4. Discussion

This prospective cohort study was designed to analyze bleeding
outcomes after tooth extractions in individuals under OAT. A total of
138 dental procedures were performed in individuals under VKA
therapy and in individuals without anticoagulant treatment.
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Table 3
Clinical and quantitative assessment of bleeding and outcomes in the VKA versus
non-anticoagulated study groups (n = 138).

Variables Non-OAT VKA p
Additional hemostatic measures
No 68 (98.6) 61 (88.4) 0.033"
Yes 1(1.4) 8(11.6)
No 69 (100) 66 (95.7) 0.245%
Yes 0(0.0) 3(43)
Postoperative bleeding
No 67 (97.1) 66 (95.7) 0.999"
Yes 2(29) 3(4.3)
Bleeding score
Mean (median) 7.7(7.0) 6.9 (7.0) 0.195"
Min—max 3-14 2-14
Score 2—7 38 46 0.222°¢
Score 8—14 31 23
Wound healing
Satisfactory 55(79.7) 43 (62.3) 0.045"
Swelling/erythema 13 (18.8) 25(36.2)

Bone exposure 1(1.3) 1(1.5)

Bold values are those with a p-value < 0.05.
Abbreviations: VKA, vitamin K antagonist; DOAC, direct oral anticoagulant; non-
OAT, non-anticoagulated; min, minimum; max, maximum.

2 Fisher exact test.

Y Mann-Whitney U-test.

¢ Linear by linear.

Despite the similar levels of bleeding and postoperative outcomes
observed in the controls and anticoagulated patients, the need for
hemostatic measures was higher in the VKA group.

VKA therapy — represented by warfarin in this study — is used
worldwide, and has been shown to be highly effective for primary
and secondary prevention of venous and arterial thromboembolic
events (Ageno et al., 2012). Despite the disadvantages associated
with the VKAs, such as the need for frequent coagulation blood
tests, dose adjustments, and perceived dietary restrictions,
warfarin still remains the first choice due to its widespread avail-
ability, convenience of administration, and cost-effectiveness
(Douketis et al., 2012; Febbo et al., 2016). DOACs have been intro-
duced as a potental replacement for VKAs, however, pivotal trials
applying strict exclusion criteria have excluded individuals with a
presumed high risk of bleeding (Schulman et al., 2009; Einstein
Investigators et al., 2010; Liu et al., 2015; Nakamura et al., 2015).

The occurrence of postoperative bleeding complications in the
VKA group compared with the non-OAT group was not statistically
different. Only two (2.8%) episodes in procedures performed in
individuals in the non-anticoagulated group and three (4.3%) in
procedures in the VKA group were observed. Febbo et al. (2016)

25 m 1tooth

2 or more teeth
20
15
10 I
0

SCORE 2-7 SCORE 8-14

w

Number of extraxted teeth

Fig. 2. Distribution of categorized dental bleeding score (set at median = 7). The score
bars for 2 to 7 indicate the lower values and those for 8 to 14 the higher values for
bleeding score in relation to the number of teeth extracted in the VKA group (n = 69).

found nine complications (2.1%) in individuals under anticoagu-
lant therapy and no cases of bleeding in the control group. More-
over, the authors found that all postoperative complications
occurred in individuals with an INR >2.2 (Febbo et al., 2016). In our
study, for analysis purposes, the sample was categorized using an
INR median threshold of 2.3, with episodes of postoperative
bleeding occurring in procedures carried out in individuals with an
INR higher than 2.3 (data not shown). The choice of the INR limit
value was based on the fact that the therapeutic ratio for preventing
the development of serious thromboembolic events ranges from
2.0 to 3.5, with individuals with an INR value higher than 4.0 having
an increased bleeding risk and no medical benefit (Thean and
Alberghini, 2016).

Previous studies have demonstrated different values for
bleeding events following dental surgery, with percentages of
incidence from 2.8% to 6.8% (Morimoto et al., 2011; Bajkin et al.,
2012; Hong et al., 2012; Wahl et al., 2015; Febbo et al., 2016;
Dudek et al., 2016, Rocha et al., 2018). In our study, the percent-
age of postoperative bleeding complications seems to be within the
range of those previously described in the literature, with the
occurrence of this outcome in individuals of the VKA group almost
equal to that observed in the non-anticoagulated group. It is
important to note that, due to the matching strategy, and for a
reliable comparative analysis, it was expected that confounding
variables would not present significant differences between
groups. This assumption was confirmed because groups were equal
with regard to the type and indication of dental extraction, and the
demographic characteristics of participants. Other confounding
variables that may have influenced the outcome, such as non-
diagnosed coagulation disorders, measured by platelet count, and
duration of dental procedure, were also evaluated, and no differ-
ences were observed.

Additional hemostatic measures were used in eight procedures
carried out in anticoagulated individuals and one procedure per-
formed in a non-anticoagulated individual. This difference was
statistically significant. These data suggest that localized hemo-
static measures used after dental extractions could explain the low
incidence of postoperative bleeding outcomes. In contrast to our
study, in which additional measures were performed only in
persistent bleeding situations, other authors have reported the use
of hemostatic measures as a reliable strategy for preventing post-
operative bleeding after all dental extractions in anticoagulated
individuals (Miclotte et al., 2017). The localized hemostatic protocol
used in our study was gauze soaked in tranexamic acid, gelatin
sponge, successive sutures, and compression of the postextraction
site with dry gauze. These were effective in preventing post-
operative bleeding (Soares et al., 2015), and may have influenced
our results on reducing bleeding outcomes in the VKA group. The
clinician should be attentive regarding increased bleeding during
surgical procedures, and localized measures should be employed if
necessary (Rocha et al., 2018) In addition to localized hemostatic
measures, the need for local gauze compression in the post-
operative period and previous history of bleeding episodes after
dental procedures were also more frequent among individuals in
the VKA group. These findings may be related to the concerns of the
individuals with respect to bleeding complications, however rare.

The observation of bleeding during the dental procedure is a
relevant factor. It has been previously demonstrated that the risk of
postoperative complications in procedures with increased periop-
erative bleeding is 8.8 times higher than those without perioper-
ative bleeding (Rocha et al., 2018). However, the evaluation of this
variable is mostly achieved by subjective analysis, with few previ-
ous studies providing quantitative data on bleeding amount (Karsli
et al., 2011; Erden et al., 2015). Currently, there is no standardized
methodology for the quantitative measurement of bleeding in
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dental practice, so for this study, a dental bleeding score protocol
was proposed to measure the amount of bleeding during tooth
extractions. This method was developed to allow for salivary
interference in measuring oral perioperative bleeding. The combi-
nation of the optical density of the sample with the total amount of
aspirated fluid made an estimation attainable.

Results for bleeding score analysis performed in VKA and non-
anticoagulated individuals confirmed the clinical outcome of
postoperative bleeding, for which no significant difference between
the groups was found. Although there was no difference between
perioperative bleeding scores for individuals in the VKA group and
non-anticoagulated group, the use of additional hemostatic mea-
sures was higher in the VKA group. This finding may indicate that,
in most individuals undergoing OAT, the alteration in the coagu-
lation process may not significantly influence the amount of
bleeding during tooth extraction. However, OAT can prolong the
final hemostatic process and, for this reason, additional measures
were deemed necessary. Despite this increased time for coagula-
tion, the volume of blood loss in this period did not appear to be
significant. In addition, impaired wound healing was more frequent
in individuals in the VKA group, which might be associated with the
alteration in hemostasis and, consequently, with the formation and
stabilization of the clot in the dental socket.

In contrast with our study, Karsli et al. (2011) found that values
for bleeding amount in individuals under warfarin therapy were
significantly higher than in individuals undergoing bridging ther-
apy and in non-medicated individuals. The authors measured the
amount of immediate postoperative bleeding using the weights of
gauze swabs placed over the extraction socket, over the course of
20 min, on completion of the extraction (Karsli et al., 2011). The
same protocol was applied in the study by Erden et al. (2015),
comparing dental extractions under warfarin and bridging therapy.
In contrast to Karsli et al. (2011), these authors found that bleeding
amount was higher in individuals under bridging therapy than in
their peers under warfarin therapy; no control group was enrolled
(Erden et al., 2015).

The methods suggested in previous studies differ from that used
in our study in two ways. First, our method allows the measure-
ment of bleeding throughout the procedure, not only after removal
of the tooth. Second, it takes into account salivary flow during oral
surgery, which can increase bias in the measurement of bleeding
amount. In addition, the score was correlated with the number of
extracted teeth, implying that the method presents sensitivity
distinguishing procedures with increased and reduced bleeding.
Thus, our study proposes a new method of quantitative measure-
ment of bleeding, by using total collected bleeding corrected using
absorbance reading, that could be useful for further studies aiming
to analyze amounts of perioperative bleeding.

The study has strengths and limitations. Blinding of the study's
personnel and assessors was deemed unfeasible, which might have
influenced how the surgeon conducted perioperative procedures.
Several analyses were not possible due to the non-occurrence or
rarity of the event. The methodology adopted was new, so further
studies, with different and larger samples, should be developed in
this field to validate it. Nevertheless, this study presents novel in-
formation on bleeding outcomes with chronic OAT, and our find-
ings provide an additional and objective parameter for evaluating
blood loss in dental surgery.

5. Conclusion

The results of the bleeding score method demonstrated that the
amount of blood lost in dental extraction was similar in anti-
coagulated and non-anticoagulated individuals, in spite of the need
for localized hemostatic measures being higher in patients under

VKA therapy. Additional measures for hemostasis were effective,
and could be used in cases of persistent bleeding. Bleeding ten-
dencies, identified by previous history of hemorrhage and by
perioperative bleeding pattern, suggest the need for careful
monitoring, and these parameters can be useful for predicting and
minimizing postoperative complications.
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ABSTRACT

The aim of this study was to evaluate the pattern of bleeding in individuals taking
direct oral anticoagulants (DOACs) submitted to dental extractions. Intraoperative
bleeding was evaluated by using total collected bleeding corrected by absorbance
reading (dental bleeding score), and the postoperative bleeding was characterized by
delayed hemorrhagic complications. To monitoring bleeding episodes from the day of
surgery, the patients were followed up until the seventh postoperative day. Forty-five
procedures were performed in three comparative groups, patients under DOACs,
individuals taking vitamin K antagonists (VKAs) and without anticoagulant therapy.
No bleeding events were observed in procedures carried out in individuals of the
DOAC group. Additional hemostatic measures were required in two procedures in the
VKA group and one in the non-anticoagulated group. The dental bleeding scores
obtained for the DOAC and VKA groups were similar. Our data suggest that the

DOAC therapy did not result in increased bleeding outcomes in this sample.
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INTRODUCTION

Anticoagulant therapy has been widely used in the primary and secondary
prevention of venous and arterial thromboembolic events. Heparin was first
introduced as an anticoagulant agent; however, one of the major drawbacks is the
need for parenteral administration.”? Warfarin has been the most popular oral
anticoagulant drug used over the last 60 years, but it has limitations such as dietary
and drug interactions, narrow therapeutic range, and the need for monitoring.*
Therefore, in the last years, new anticoagulant agents have been introduced as
alternatives to overcome the limitations of the conventional anticoagulants,?
improving safety and providing higher therapeutic value.’

The direct oral anticoagulants (DOACS) are novel targeted agents that present
the advantages of more predictable pharmacokinetics and fewer drug interactions,
which improves the quality of care and avoids a requirement for dosage adjustments
and monitoring.’ The DOACs comprise direct thrombin inhibitors that are represented
by dabigatran (Pradaxa®) and inhibitors of Xa factor, such as rivaroxaban (Xarelto®),
apixaban (Eliquis®), edoxaban (Lixiana®) and betrixaban (Bevyxxa®).” The DOACs
emerged as an alternative approach for the acute treatment of deep vein thrombosis
(DVT) and pulmonary embolism (PE), for the prevention of stroke and systemic
embolization in  non-valvular atrial fibrillation (NVAF) and for venous
thromboembolism (VTE) prophylaxis after orthopedic surgery. 8*2

Limited evidence on the periprocedural management of DOAC therapy during
dental extractions is available, and an optimal surgical protocol remains undefined.*®
Few clinical studies have evaluated bleeding outcomes in individuals under DOAC

1317 and, there is no consensus and no defined clinical

treatment during oral surgery
guidelines for this population thus far. The lack of evidence-based guidelines for
patients on DOACs precludes assertive decisions of health providers about the
safest way to perform tooth extractions in this group.'® Therefore, the aim of this
study was to evaluate the impact of DOAC therapy on bleeding outcomes, in
individuals undergoing dental extractions, by means of a quantitative method to

assess bleeding and hemorrhagic outcomes.
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METHODS

Ethical guidelines

The study protocol was approved by the Institutional Ethics Committee of
Universidade Federal de Minas Gerais (UFMG) (Protocol 48122215.4.0000.5149).
The guidelines established in the Declaration of Helsinki (revised version/2002) for
research involving humans were followed. The study also has the approval of the
Department of Education and Research of the Hospital das Clinicas of the UFMG
(HC/UFMG). Each participant signed a statement of informed consent to take part in

the study. Anonymity was guaranteed to all participants.

Participants

The sample consisted of individuals, who had been admitted to treatment at
the Dental Service of the HC/UFMG, between January 2017 and January 2018.
Patients enrolled in the study consisted of a group of individuals undergoing DOAC
therapy (n = 11); a group of individuals under Vitamin K Antagonist (VKA) therapy
with International Normalized Ratio (INR) values < 3.5 (n = 15); and a group of non-
anticoagulated individuals without coagulation disorders and who were not using an
antithrombotic drug (n = 15). The criterion for recruitment of participants was a need
for extraction of at least one erupted tooth. The following were excluded from the
study: individuals with INR > 3.5; individuals with any coagulation disorders not
related to anticoagulant use (i.e., hepatic diseases, thrombocytopenia); elderly
individuals over the age of 80 years; and individuals presenting any tooth with acute
inflammatory conditions (i.e., periodontal or periapical abscess). Individuals who had
undergone non-standard interventions and cases with incomplete follow up were
excluded. A blood count test was requested for all participants. Individuals taking
VKA were also subjected to INR tests. The tests were performed within three days

prior to dental surgery.
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Dental extraction

All procedures were carried out in the hospital outpatient clinic, early in the
morning, under local anesthesia by qualified oral surgeons, trained and supervised
by the principal investigator. For individuals under DOAC therapy, the dental
extractions were performed without withdrawal of the daily dose, as long as possible
after the last dose. When the medication had been taken in the morning, this dose
was delayed until after the procedure, following the protocol proposed by Nathwani &
Wanis (2017).” In the VKA group, the drug regimen was maintained. Blood pressure
was measured previously and shortly after the surgical interventions. Local
anesthesia was standardized for all patients and consisted of a regional block
complemented with local infiltration of 2% lidocaine hydrochloride with epinephrine
(Alphacaine 1:100,000; DFL Indastria e Comércio S.A, Rio de Janeiro, Brazil).

The surgical technique followed strictly pre-established parameters observed
by the principal investigator. The surgical technique, including the use of forceps and
elevator, was carried out as atraumatic as possible. Hemostatic measures included
wound closure with 3.0 nylon 14502 T sutures (Mononylon, Ethicon, Somerville, New
Jersey) and a piece of sterile gauze bitten by the participant for 20 minutes to
compress the operated site. Twenty minutes later, the participants were examined to
ensure that hemostasis was obtained, and the immediate postoperative bleeding
outcome was evaluated. When increased levels of immediate postoperative or
intraoperative bleeding were observed, additional hemostatic measures were
performed, applying a 10 x 10 x 10-mm absorbable gelatin sponge (Hemospon,
Technew, Rio de Janeiro Brazil), tranexamic acid (Transamin, Nikkho, Rio de
Janeiro, Brazil) and/or new sutures. Tranexamic acid paste (one 250-mg pill
macerated and mixed with saline) was used to soak the gelatin sponge. The gelatin
sponge was placed in the alveolar socket. An additional layer of the paste was
applied on the wound after the sutures and covered with gauze under compression.
For these individuals, local use of tranexamic acid mouthwash (one pill mixed in 100
mL of cold saline solution), four times a day, was recommended during the following
seven postoperative days. The individuals received written postoperative instructions.
Procedure time was measured with a stopwatch from the time of the first incision for

the detachment of the gingiva until the complete suture was made.
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Postoperative pain was managed with 500 mg of metamizole every six hours
or 500 mg of acetaminophen every six hours for three days. Antibiotic prophylaxis
was only used in individuals at risk of infective endocarditis as defined by the

American Heart Association.*®

Data collection

Information on participants’ age and sex, history of bleeding in previous
medical or dental procedures, and history of bleeding among family members
(parents and/or siblings) were collected. Information on medical diagnosis, indication
for oral anticoagulant therapy (OAT), type of OAT, INR (for VKA group) and platelet
count was also obtained. The number of tooth extractions (one tooth, two or more
teeth), type of teeth (single-rooted or multi-rooted teeth), the indication of surgical
procedures (periodontal disease, dental caries or third molar) were recorded.
Additional collected parameters were surgical procedure time, pain and number of
gauzes used for hemostasis.

The outcome variables were as follows: the need for additional hemostatic
measures (yes or no), immediate postoperative bleeding (yes or no), postoperative
bleeding (yes or no), dental bleeding score, and wound healing (satisfactory,
swelling/erythema or bone exposure). The postoperative bleeding events were
recorded as well as the management of the bleeding (local hemostatic measures in

outpatient care or hospital admission).

Quantitative assessment of intraoperative bleeding — Dental Bleeding Score

Bleeding amount

The amount of intraoperative bleeding was quantified by means of the storage
of the aspirated fluids during the surgical procedure in a portable vacuum pump
(5005 BRS, Nevoni, Sdo Paulo, Brazil). A standardized volume of 100 mL of saline
solution was used for wound irrigation in all procedures. To avoid clot formation
during aspiration, two mL of heparin sodium (5000 1U/mL) (Hepamax-S, Blausiegel,
Séao Paulo, Brazil) was added to the final aspirated solution. Afterwards, the volume
of the fluid was measured with a graduated cylinder. For each five mL of fluid, the

sample was categorized from one to 10, from the lowest to the highest volume using
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the following score: samples with up to five mL were classified with score 1; samples
with six to 10 mL were classified with score 2; samples with 11 to 15 mL were
classified with score 3, and then successively until score 10; samples with more than
45 mL.

The absorbance of the aspirated fluid

A sample of the total aspirated fluids was collected and used to assess optical
density (an indirect measurement of red blood concentration) with a
spectrophotometer at 537 nm (RA 50 clinical, Bayer, S&o Paulo, Brazil). With this
analysis, control of the bias that salivary fluid might have had to influence the total
volume of aspirated fluid was feasible. The values of absorbance were also
categorized in scores, from the lowest to the highest value as follows: absorbance up
to 1.0 was classified as score 1; absorbance value of 1.1 to 2.0 was score 2; 2.1 to

3.0 was score 3 and 3.1 or more was considered as the maximum score of 4.

Bleeding score assessment

The scores of total aspirated fluid and absorbance were summed to achieve a
final score of bleeding. The values varied from two to 14, for which lower scores
indicated less intraoperative bleeding.

Postoperative bleeding

A clinical outcome characterized by a postoperative hemorrhagic event was
defined as a marked hemorrhage that required one or more of the following
outcomes: (1) telephone call to the dental service or to the principal investigator
reporting concern of postoperative bleeding; (2) return to our or another outpatient
facility due to postoperative bleeding; (3) need of hospitalization. With the aim of
monitoring bleeding episodes from the day of surgery until one week after the dental
extractions, the participants were instructed to use gauzes for local compression in
case of bleeding and to record the number of gauzes used.

On the seventh postoperative day, participants returned for an appointment to
remove the sutures and to evaluate the wound healing. Parameters such as the
presence of local erythema/edema, bone exposure, and suppuration were also
analyzed. During the appointment, the patients were surveyed regarding bleeding

complications during the postoperative period and whether pain had occurred. The
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pain was measured by means of a numerical scale (NRS).?° The scale ranged from 0
to 10. A score of O indicated no pain and a score of 10 indicated the highest
perception of pain. Individuals who did not return for a follow-up visit were excluded

from the analysis.
Data analysis

The analyses were carried out considering the number of procedures, rather
than the number of individuals. Descriptive analyses regarding demographic, clinical
and bleeding outcomes were performed using the Statistical Package for the Social
Sciences (SPSS for Windows, version 23.0, Armonk, NY, USA). Results were

reported with means, standard deviations (SD) and percentages.
RESULTS

In this study, 45 surgical procedures were carried out in three groups.
Following the application of the inclusion and exclusion criteria, fifteen dental
extractions were performed in 11 individuals under DOAC therapy, fifteen procedures
in 15 individuals under VKA therapy and fifteen in 15 non-anticoagulated individuals.
One non-standard intervention was excluded from the analysis and 13 individuals
using DOAC therapy were not included in the sample because they had not met the
criterion for dental extraction.

The main clinical and demographic characteristics of the individuals enrolled in
this study are reported in Table 1. In the DOAC sample, six procedures were carried
out in individuals taking apixaban (5 mg twice daily), five procedures were performed
in individuals taking dabigatran (150 mg twice daily), and four procedures were
carried out in individuals taking rivaroxaban (10 mg once daily). In the VKA group, all
procedures were performed in individuals under warfarin (5 mg once daily) therapy,
and the continuous variable INR was collected for this group in particular. The VKA
and the non-anticoagulated individuals were matched to the DOAC group in relation
to the individuals’ age and sex as well as characteristics of the dental extraction.

Data on the number, type, and indication of extractions are summarized in
Table 2. Due to the standardized volume of 100 mL of saline solution stated in the

method, extraction of impacted teeth were not included in the sample. The mean time
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of surgery was 43 minutes (interquartile range/IQR = 30-55). Individuals of the non-
anticoagulated group complained more with respect to pain during the postoperative
days, while the use of gauzes was higher among individuals undergoing DOAC
therapy during the same period.

No occurrences of additional hemostatic measure, immediate postoperative
bleeding or postoperative bleeding were observed in procedures carried out in
individuals of the DOAC group (Table 3). In the VKA group, two procedures required
additional hemostatic measures. One episode of postoperative bleeding was
observed and the participant returned to the outpatient facility. In the non-
anticoagulated group, additional hemostatic measures were necessary for one
procedure. All bleeding events were easily controlled with local measures and no
individual included in the study had severe bleeding requiring hospitalization.
Increased bleeding during the dental procedure was managed by applying
tranexamic acid paste (one 250 mg pill macerated and mixed with saline) soaked in
the gelatin sponge placed in the alveolar socket and digital compression with gauze
soaked with tranexamic acid paste. For postoperative bleeding, surgical
management of the wound was performed. The above-mentioned additional
hemostatic measures, including topical hemostatic agents and new sutures were
used to control bleeding.

As regards to the dental bleeding score, values observed among the non-
anticoagulated group (8.6 + 3.4), DOAC (7.5 £ 2.8) and VKA (7.9 £ 2.8) individuals
were quite similar. A tendency of unsatisfactory wound healing was observed among
individuals undergoing DOAC therapy (Table 3). Data of procedures performed in

individuals under DOAC therapy are summarized in Table 4.

DISCUSSION

Few studies have investigated the surgical dental management of individuals
under DOAC therapy”***’ Individuals enrolled in this study showed a low incidence
of bleeding complications following dental extractions of erupted teeth. Bleeding
episodes were not observed amongst the individuals taking DOACS, following a non-
cessation protocol. The data regarding bleeding outcomes observed in individuals
under DOAC therapy were similar to those obtained by analyses of the VKA and non-

anticoagulated groups.
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The present study evaluated bleeding during dental extractions by means of a
guantitative method, using the total collected bleeding corrected by absorbance
reading — the dental bleeding score. The assessment of the dental bleeding score
was, in general, similar among the three groups, with a slight increase among the
individuals in the non-anticoagulated group. Currently, there has been no
standardized methodology for the measurement of quantitative bleeding in dental
practice. In the present study, the protocol proposed by Rocha et al. (2019) was
adopted for the measurement of oral intraoperative bleeding that otherwise might be
considered unfeasible due to salivary interference. The combination of the optical
density of the sample with the total amount of aspirated fluid made the estimation
attainable?.

The evaluation of intraoperative bleeding was performed by Miclotti et al.
(2016)*3, in their case-control study. The assessment was estimated by a scale, in
which 1 was no bleeding and 5 was continued bleeding despite standard measures.
The method suggested by Miclotti et al. differs from the current one since our method
allowed us to objectively assess bleeding during dental extraction. The authors did
not observe a significant difference in intraoperative bleeding between individuals
taking DOAC (n = 26) and matched controls (n = 26). In the same study, seven
individuals of the DOAC group presented delayed postoperative bleeding episodes.
This outcome was not observed in the control group. It is important to emphasize that
individuals with bleeding were significantly older than individuals without bleeding.*®
In the present study, elderly individuals (> 80 years old)* were excluded from the
sample with the intent to mitigate likely bias.

Findings in the literature are heterogeneous regarding the postoperative
outcomes of dental procedures. Mauvipirez et al. (2016) *°, found no statistical
difference in the number of bleeding complications between individuals under DOAC
therapy and individuals under VKA therapy. Similarly, in another comparative clinical
study, only one individual undergoing DOAC therapy and two individuals undergoing
VKA therapy presented postoperative bleeding, and no statistically significant
difference was observed between the groups.!” In a study comparing individuals
under DOAC therapy and under bridging anticoagulation (warfarin replaced by low-
molecular-weight heparin), the authors reported no complications among individuals

in the DOAC group and 15% of bleeding incidence in the bridging group.?
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Similar to our findings, no bleeding episode was described among DOAC
individuals in a retrospective cohort study of Miller & Miller (2018). Interestingly, the
authors reported a variability in DOAC discontinuance and in the duration of
discontinuance advocated by the practitioners.** Bensi et al. (2018) pointed out in
their systematic review that the included articles followed different protocols in the
management of individuals taking DOACSs: 46.1% of the providers did not discontinue
the therapy, while 53.9% changed the anticoagulant administration.'® In the present
study, the surgery was performed as long as possible after the last dose. When the
medication had been taken in the morning, the intake was postponed until after the
procedure, following the protocol proposed by Nathwani & Wanis (2017).’

DOAC-related postoperative bleeding episodes have also been described in
the literature. In a case series, one of the five individuals developed significant
postoperative bleeding after multiple extractions, which ceased after dabigatran
withdraw.?® In a cohort of 111 procedures performed in individuals under DOAC
therapy, a 13.5% incidence of postoperative complications was observed. In this
study, the authors discontinued DOAC doses before and/or after the procedure and
they concluded that the drug discontinuation or continuation had not been a factor
affecting bleeding outcomes.?* Similarly, other authors demonstrated that the time
between the last DOAC dose and the extraction in patients with or without bleeding
was not significantly different.*?

Large medical trials, such as the Randomized Evaluation of Long-Term
Anticoagulation Therapy (RE-LY)™, EINSTEIN-Extension® and ARISTOTLE! have
investigated several outcomes among individuals under DOAC therapy, including
bleeding complications. However, detailed information on dental procedures has
been unavailable. The RE-LY study consisted of an evaluation of 7,637 procedures,
comparing outcomes regarding the intraoperative use of dabigatran with warfarin.
This trial has demonstrated that both drugs are associated with similar rates of
bleeding.’® The Continued Treatment Study EINSTEIN-Extension was a double-blind
study, in which the authors included 602 patients in the rivaroxaban group and 594 in
the placebo group. Four individuals in the rivaroxaban group had major bleeding
(0.7%), versus none in the placebo group.® Data from the ARISTOTLE trial, have
shown that individuals taking apixaban, may be subjected to low-risk procedures

without OAT discontinuance.!
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For the safe management of individuals under DOAC therapy, caution must be
exercised in some critical situations. Impaired renal function, comorbidities, multiple
tooth extractions, and poor oral hygiene may negatively influence bleeding
outcomes.'”*® In addition, despite the favorable bleeding profiles of DOACs, the
occurrence of major bleeding may, sometimes, be of difficult management, due to the
lack of prompt access to techniques for controlling and reversing drug activity.?
Idarucizumab is the only reversal agent approved by the United States Food and
Drug Administration (FDA). Other hemostatic factors that have been studied as
potential nonspecific DOAC reversal agents are prothrombin complex concentrates
(PCCs), activated PCCs (aPCCs), recombinant activated factor VII, and fresh-frozen
plasma (FFP).?® Laboratory measurement of the anticoagulant effect of DOACs can
be necessary in cases of hemorrhage. The monitoring may be accomplished in its
best with specialized assays that are expensive and routinely unavailable.?’

In the present study, the DOAC sample was composed of individuals who had
undergone 15 procedures for dental extraction performed under rivaroxaban
prophylactic dosage; dabigatran and apixaban in therapeutic form. The small sample
depicts issues regarding DOAC implementation in Brazil. DOACs are costly®
precluding free supply by the national health system. Individuals who have access to
expensive treatments with DOAC present higher socioeconomic levels, access to
private health services and improved oral health. Twenty-five individuals under
DOAC therapy had been evaluated in this study; however, 13 did not meet the dental
extraction criterion and were excluded. The strict exclusion criteria justify the small
sample in this group, which is the major limitation of this study. It is clear that more
research is warranted to develop evidence-based guidelines for the dental
management of individuals on DOAC therapy. Furthermore, trials with larger sample

sizes should be performed to confirm our results.

CONCLUSION
Our data suggest that bleeding risk during and after dental extractions in
individuals under DOAC therapy is low. Bleeding complications could be easily

managed in the outpatient setting by using local hemostatic measures.
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Table 1: Clinical characteristics of individuals undergoing surgical procedures in

study groups: Non-OAT (n= 15), DOAC (n=15) and VKA (n=15).

Variables Non-OAT DOAC VKA
Age (yrs)
Mean (SD) 54.0 (11.0) 58.9 (11.1) 53.8 (10.1)
Min — Max 30-66 35-70 34-72
Gender (%)
Male 12 (80.0) 12 (80.0) 12 (80.0)
Female 3(20.0) 3(20.0) 3(20.0)
Previous history of
bleeding in a medical
procedure
No 11 (73.3) 15 (100.0) 14 (93.3)
Yes 04 (26.7) 00 (0.0) 01 (6.7)
Previous history of
bleeding in a dental
procedure
No 15 (100.0) 13 (86.7) 13 (86.7)
Yes 0 (0.0) 2 (13.3) 2 (13.3)
Previous history
of bleeding in Family
No 15 (100.0) 15 (100.0) 15 (100.0)
Yes 0 (0.0) 0 (0.0) 0 (0.0)
Platelet count
Mean (SD) 246.5 (74.2) 273.2 (69.2) 230.7 (105.1)
Min — Max 123-331 182-367 107-535
INR
Mean (SD) - - 2.4 (0.4)
Min — Max - - 1.8-3.41
Indication for OAT
DVT - 4 3
AF - 5
MHV - - 4
PE - 2 3

68
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Variables Non-OAT DOAC VKA
CIA - 2 -
OAT prescribed
Warfarin - - 15 (100)
Rivaroxaban - 4 (26.7) -
Dabigatran - 5 (33.3) -
Apixaban - 6 (40.0) -

Abbreviations: DOAC, Direct Oral Anticoagulant; VKA, Vitamin K Antagonist; Non-OAT, non-
anticoagulated; yrs; years; SD, standard deviation; DVT, Deep Vein Thrombosis; AF, Atrial
Fibrillation; MHV, Mechanical Heart Valve; PE, Pulmonary Embolus; CIA, Cerebrovascular

Ischemic Accident; INR, International Normalized Ratio; Min, minimum; Max, maximum.
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Table 2: Clinical characteristics of procedures for tooth extraction performed in
groups: non-anticoagulated (n= 15), DOAC (n=15) and VKA (n=15).

Variables Non-OAT DOAC VKA

Tooth extraction

1 tooth 6 (40.0) 5(33.3) 5(33.3)

2 or more teeth 9 (60.0) 10 (66.6) 10 (66.6)
Teeth

1 root 3(20.0) 4 (26.7) 1(6.7)

More than 1 root 12 (80.0) 11 (73.3) 14 (93.3)
Indication

Periodontal disease 4(26.7) 3 (20) 4 (26.7)

Decay 11 (73.3) 11 (73.3) 11 (73.3)

Third molar - 1(6.7) -
Procedure time (minutes)

Mean (SD) 43.3 (13.5) 46.6 (10.8) 40.3 (15.4)

Min — Max 20-65 30-60 20-60
Pain

Mean (SD) 4.0 (3.4) 2.53 (2.9) 0.9 (1.3)

Min — Max 0-10 0-9 0-4
Gauzes

Mean (SD) 0.6 (1.4) 3.4 (4.8) 2.6 (2.4)

Min - Max 0-5 0-10 0-5

Abbreviations: VKA, Vitamin K Antagonist; DOAC, Direct Oral Anticoagulant; Non-OAT, non-

anticoagulated; SD, standard deviation; Min, minimum; Max, maximum.
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Table 3 - Clinic and quantitative assessment of bleeding and outcomes in study
groups: non-anticoagulated (n= 15), DOAC (n=15) and VKA (n=15).

Variables Non-OAT DOAC VKA

Additional hemostatic
measures

No 14 (93.3) 15 (100.0) 13 (86.7)

Yes 1(6.7) 0 (0.0) 2 (13.3)
Immediate
postoperative bleeding

No 15 (100.0) 15 (100.0) 15 (100.0)

Yes 0 (0.0) 0 (0.0) 0 (0.0)
Postoperative bleeding

No 15 (100.0) 15(100.0) 14 (93.3)

Yes 0 (0.0) 0 (0.0) 1 (6.7)
Bleeding score

Mean (SD) 8.6 (3.4) 75(.8)  7.9(2.8)

Min - Max 4-14 3-13 3-13
Wound healing

Satisfactory 11 (73.3) 7 (46.7) 10 (66.7)

Swelling/erythema 4(26.7) 8 (53.3) 5 (33.3)

Abbreviations: VKA, Vitamin K Antagonist; DOAC, Direct Oral Anticoagulant; Non-OAT, non-

anticoagulated; SD, standard deviation; Min, minimum; Max, maximum.



72

Table 4 - Baseline characteristics of DOAC individuals on whom the procedures were

performed (n=15).

Case Age Gender DOAC Indication Bleeding Platelet Number Dental Bleeding
for OAT history count of teeth bleeding complication

extracted score

1 M 59 D AF No 182 2 13 No
2 M 68 D CIA Yes 244 3 12 No
3 M 68 D CIA Yes 244 2 7 No
4 M 60 D PE No 183 2 6 No
5 M 70 R DVT No 261 1 3 No
6 F 49 R DVT No 205 1 6 No
7 M 60 D PE No 183 2 4 No
8 M 66 R DVT No 280 1 9 No
9 M 66 A AF No 339 3 5 No
10 M 66 A AF No 339 3 8 No
11 M 66 A AF No 339 3 7 No
12 M 66 A AF No 339 2 6 No
13 F 35 A AF No 367 1 10 No
14 M 42 R AF No 363 1 7 No
15 F 43 A DVT No 231 3 10 No

Abbreviations: M, Male; F, Female; D, Dabigatran; R, Rivaroxaban; A, Apixaban; DVT, Deep
Vein Thrombosis; AF, Atrial Fibrillation; PE, Pulmonary Embolus; CIA, Cerebrovascular

Ischemic Accident;
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ABSTRACT

Background: Anticoagulants are widely used in orthopedic surgery to decrease the
risk of deep vein thrombosis. While significant bone impairment is induced by long-
term heparin therapy, little is known about the effects of direct oral anticoagulants
(DOACS).

Questions/purposes: To investigate the effects of dabigatran etexilate (Pradaxa®), a
DOAC inhibitor of thrombin, on bone cells using in vitro and ex vivo cell culture
models.

Methods: Osteoblasts and osteoclasts exposed to different concentrations of
dabigatran etexilate and untreated cells were assayed for cell differentiation and
activity. Favorable osteogenic conditions for osteoblasts were tested using titanium
with nanotopography (Ti-Nano). In addition, mice treated with a dabigatran etexilate
solution had bone marrow cells analysed for the ability to generate osteoclasts.
Results: Dabigatran etexilate at concentrations of 1 pg/mL and 2 ug/mL did not
impact osteoclast or osteoblast viability. The drug inhibited osteoclast differentiation
and activity as observed by the reduction of TRAP+ cells, resorption pits and gene
and protein expression of cathepsin K. Consistently, osteoclasts from mice treated
with dabigatran showed decreased area, resorptive activity, as well as gene and
protein expression of cathepsin K. In osteoblast cultures, grown both on polystyrene
and Ti-Nano, dabigatran etexilate reduced alkaline phosphatase (ALP) activity,
matrix mineralization, gene expression of ALP and osteocalcin.

Conclusions: Dabigatran etexilate inhibits osteoclast differentiation in ex vivo and in
vitro models in a dose-dependent manner. Moreover, the drug reduced osteoblast
activity even under optimal osteogenic conditions. This study provides new evidence
regarding the negative overall impact of DOACs on bone cells.

Clinical Relevance: The present findings demonstrated for the first time the negative
impact of dabigatran etexilate on osteoblasts and osteoclasts. These effects may
further compromise the bone healing after surgery and clinical outcome of orthopedic

prostheses .



77

INTRODUCTION

Long-term oral anticoagulation is indicated for the prevention and treatment of
thromboembolic diseases. Coumarins or vitamin K antagonists have been the first
choice therapy for over 50 years [1]. Nevertheless, over the last few years, direct oral
anticoagulants (DOACs) have been approved, with the advantages of having more
predictable pharmacokinetics and fewer drug interactions [2]. These drugs avoid the
drawbacks associated with warfarin and the need of dosage adjustments and
monitoring [3].

Dabigatran is a direct thrombin inhibitor (DTI) of the DOAC class that binds
directly to thrombin and blocks its interaction with its substrates [4]. Commercially,
the drug is available in the mesylate salt form, Pradaxa® (dabigatran etexilate
mesylate). After oral administration, the prodrug, dabigatran etexilate, is converted by
esterases to its active form, dabigatran — a potent, competitive and reversible direct
inhibitor of the active site of thrombin [5]. Dabigatran was approved as being effective
in the prevention and treatment of venous thromboembolism, stroke and systemic
embolism in individuals with nonvalvular atrial fibrillation [6].

DOACs are a novelty on the market and the knowledge of possible risks of
their use for treatment is essential in order to improve clinical practice by making
them more effective and safer. In this regard, studies investigating the potential side
effects of anticoagulants on bone remodeling have been reported elsewhere [7-9].
Bone remodeling is a complex and continuous process maintained as a tighly
coupled balance between bone deposition by osteoblasts and bone resorption by
osteoclasts [7]. Abnormalities in this mechanism may lead to imbalance in bone
homeostasis, triggering skeletal disorders [9]. Osteopenia and osteoporosis are
acknowledged side effects of heparins after long-term treatment [1, 10, 11]. Warfarin
could have direct negative effects on bone by the inhibition of y-carboxylation of
osteocalcin as well as indirect effects, because individuals treated with warfarin may
limit their dietary intake of foods rich in vitamin K [12]. In contrast, the effects of
DOACSs on bone cells are poorly studied. DTIs and factor Xa inhibitors have been
evaluated in vitro and in vivo and, although no consensus exists, some results have
suggested their negative impact on bone cells and structure [11, 13-17].

Since the publication of the RE-MODEL clinical trial [18], the use of dabigatran

has increased for the prevention of venous thromboembolism in individuals submitted
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to elective hip or knee arthroplasty. These are clinical situations in which a well-
preserved bone cell function is required for successful interaction between the cells
with the prosthesis interface and hard tissue formation. Therefore, the purpose of the
present study was to investigate the effects of dabigatran etexilate (Pradaxa®) on
osteoblasts and osteoclasts and the interaction of osteoblasts with titanium (Ti)

surfaces.
MATERIAL AND METHODS

Preparation of the dabigatran etexilate (Pradaxa®) solution

A stock solution of dabigatran etexilate (100 ug/mL) was prepared by the
accurate weighing of 142.73 mg of the contents of the Pradaxa® capsule (Boehringer,
Ingelheim am Rhein, Germany) corresponding to 50 mg of dabigatran etexilate. This
amount was diluted in 500 mL of ultrapure water and sonicated for 10 minutes. Prior
to the experiments, the dabigatran etexilate stock solution (100 ug/mL) was filtered
through a 0.22 um membrane filter [33 millimeters (mm) in diameter, PVDF, Millipore,
Burlington, MA, USA]. Filters were pretreated in order to eliminate the binding of
dabigatran etexilate to the membrane filter. The devices were soaked in a
passivating solution (Tween™ 20, 5% wl/v, Croda Health Care, East Riding, UK)
maintained overnight at room temperature and washed with distilled water prior to
use. The filtered solutions were stored at 2—8°C protected from light until analysis.
The stability of the solutions was evaluated for 30 days by high-performance liquid
chromatography (HPLC). The working solutions (1-6 ug/mL) were prepared by the
proper dilution of the stock solution (100 pg/mL) in alpha minimum essential medium
(a-MEM, Invitrogen Life Technologies, Grand Island, NY, USA). The detection of
dabigatran etexilate after dilution in the culture medium was also evaluated by HPLC
analysis.

HPLC analysis was performed by adapting the method described by Bernardi
et al. [19]. A Shimadzu HPLC system (Kyoto, Japan) consisting of a quaternary
pump, an autosampler, and a diode array detector (DAD) was used. An Agilent C18
column (250 mm, 4.6 mm, 5 ym particle size) was also used. Ultraviolet (UV)
detection was performed at 225 nm. The mobile phase was an acetonitrile:

triethylamine solution, pH 6.0, adjusted with phosphoric acid (65:35 v/v). The
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optimized flow rate was 1.0 mL/min, and a 50 pL aliquot of the sample was injected
during each run.

To assess the effects of the active principle, cells were treated with dabigatran
(Dabigatran-D3 100 pg/mL solution, acetonitrile with 10% 0.01 N HCI, Sigma-Aldrich,
Merck KGaA, Darmstadt, Germany) at concentrations of 0.1 yg/mL, 0.3 pg/mL, 3
pg/mL, and 6 pg/mL. Untreated cells under the same conditions were used as

controls for the in vitro experiments.

Animals

Male C57BL/6 mice (six weeks of age) and Wistar Hannover rats (three days
of age) were acquired from the center of animal care of the Federal University of
Minas Gerais (UFMG) and University of Sdo Paulo (USP). Animals were treated in
conformity with the regulations of the Institutional Ethics Committee of the universities
(No. 247/2018 and No. 2018.1.562.58.0).

Bone marrow cell-derived osteoclasts

Bone marrow cells (BMCs) were isolated from the femurs and tibiae of
C57BL/6 mice and cultured with a-MEM (Thermo Fisher Scientific, MA, USA)
supplemented with 10% heat-inactivated fetal bovine serum (FBS, Gibco®, CA, USA).
Cells were grown in a humidified atmosphere containing 5% CO, at 37°C and a
soluble macrophage colony-stimulating factor (M-CSF, 30 ng/mL, R&D Systems, MN,
USA) for three days. The adherent cells (osteoclast precursors) were then plated in
96-well microplates (Corning Inc., Corning, NY, USA) at a density of 2x10* cells/well,
and cultured in a-MEM (Thermo Fisher Scientific) containing M-CSF (30 ng/mL, R&D
Systems) and receptor activator of nuclear factor kappa-B ligand (RANKL 10 ng/mL,
R&D Systems).

Tartrate-resistant acid phosphatase staining

The BMC-derived osteoclasts were fixed after five days of culture with
acetone, citrate, and 37% formaldehyde and stained with a tartrate-resistant acid
phosphatase (TRAP) commercial kit (Sigma-Aldrich) according to the manufacturer’s
instructions. The experiments were carried out in triplicate and performed at least
twice. Multinucleated (three or more nuclei) TRAP+ cells were considered to be

osteoclasts. The cells were counted and measured in mm. The images were
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captured using ImageJ software (National Institutes of Health, Betesda, MD, USA)
and the Cytation Cell Imaging Multi-Mode Reader (BioTek, Winooski, Vermont, USA).
Resorption pit assay

Osteoclasts were generated and cultured in 96-well osteoassay microplates
(Corning Inc.). Resorption and pit formation area were measured after 10 days of
osteoclast differentiation. The experiments were performed in triplicate. The pits were
observed and captured under a microscope at 4x magnification. The results are
reported as percent pit areas/well using the contouring tools of Leica Application

Suite software (Leica Microsystems, Hessen, Wetzlar, Germany).

Calvaria-derived osteoblasts

Osteoblasts were harvested from calvaria fragments of eight newborn Wistar
Hannover rats by sequential enzymatic digestion. Briefly, a 0.25% trypsin solution
and 0.2% type Il collagenase (all from Gibco®) were added to the fragments to isolate
the cells [20]. Cells were counted and plated in 24-well culture microplates (Corning
Inc.) at a cell density of 2x10* cells/well. The osteoblasts were cultured in a-MEM
osteogenic growth medium (Invitrogen Life Technologies) supplemented with 10%
FBS (Gibco®), 100 pg/mL gentamicin (Gibco®), 5 pg/mL ascorbic acid (Gibco®), and
7 mM B-glycerophosphate (Sigma-Aldrich) for up to 14 days. During the culture
period, the cells were kept at 37°C in a humidified atmosphere of 5% CO, and 95%

air. The medium was changed every three days.

Osteoblast cell line

The MC3T3-E1 pre-osteoblastic cell line (American Type Culture Collection,
Manassas, VA, USA) was also used for the experiments. The cells were plated in 24-
well polystyrene microplates (Corning Inc.) at a density of 2x10* cells/well and
cultured for up to 14 days. The medium for MC3T3-E1 cells was a-MEM (Invitrogen
Life Technologies) supplemented with 10% FBS (Gibco®), 100 U/mL penicillin
(Invitrogen Life Technologies), 100 ug/mL streptomycin (Gibco®), 5 pg/mL ascorbic
acid (Gibco®), and 7 mM B-glycerophosphate (Sigma-Aldrich). During the culture
period, the cells were kept at 37°C in a humidified atmosphere of 5% CO, and 95%

air, and the medium was replaced every three days.
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Alkaline phosphatase (ALP) activity

After seven days of osteoblast culture in situ, ALP activity was qualitatively
evaluated by Fast red staining. This staining results in an insoluble Naphthol-Fast
Red complex that precipitates where cells show ALP activity. The medium was
removed and the cultures were incubated with 1 mL/well of a mixture of 0.9 mM
naphthol AS-MX phosphate (Sigma-Aldrich) and 1.8 mM Fast red TR Salt (Sigma-
Aldrich). Before mixing, naphthol AS-MX phosphate was solubilized with 4 mg/mL
dimethylformamide (Merck KGaA). The plates were kept at 37°C for 30 minutes and
the solution was removed and dried overnight. The experiments were undertaken in
quadruplicate. In situ ALP was quantified by counting pixels with Leica Application
Suite software (Leica Microsystems). The results are reported as percent stained

areas in relation to the control group.

Alizarin red staining

After 14 days of osteoblast culture, extracellular matrix mineralization was
quantified using alizarin red staining. The culture medium was removed and the wells
were fixed in 10% formalin for two hours at room temperature, dehydrated and
stained with 2% alizarin red (Sigma-Aldrich), pH 4.2, for 10 minutes. For quantitative
analysis, calcium content was determined by a colorimetric method. Briefly, 280 mL
of 10% acetic acid were added to each well and the plate was incubated for 30
minutes under shaking at room temperature. This solution was vortexed for one
minute, heated to 85°C for 10 minutes, and transferred to ice for five minutes. The
samples were then centrifuged and 100 mL of the supernatant was mixed with 40 mL
of 10% ammonium hydroxide. The optical density values were evaluated
spectrophotometrically with the mQuant plate reader (BioTek) at 405 nm. The

experiments were carried out in quadruplicate.

Ti surfaces

Machined discs of commercially pure grade two Ti 13 mm in diameter and 2
mm thick (Realum, S&o Paulo, SP, Brazil) were polished with 180, 320 and 600 grit
silicon carbides, cleaned by sonication, and washed with toluene. The discs were
conditioned with a solution of 10 N H,SO,4 and 30% aqueous H,O, (1:1 v/v) for four

hours at room temperature under continuous agitation in order to obtain the
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nanotopography surface. Non-conditioned discs were used as control (machined). All

discs were autoclaved before the cell culture experiments.

Mice treated with dabigatran etexilate solution and ex vivo model

Ten male C57BL/6 mice (six weeks) were randomly divided into two groups:
dabigatran etexilate treatment (n=5) and untreated controls (n=5). The standardized
dose of treatment was calculated proportionally to that recommended for humans,
i.e., one Pradaxa® capsule (150 mg) every 12 hours [19]. Considering the
recommended daily dose of 300 mg/day for individuals weighing 70 kg and the mean
animal weight of 20 g, a dose of 85.7 ug/day was used in this study. The dose
corresponds to 428.5 uL of the aqueous solution of dabigatran etexilate at 100 ug/mL
concentration, administered twice daily. The treatment was administered by gavage
under inhalatory sedation with 2% isoflurane for 28 days. The animals were housed
five to a cage with free access to food and water. At the end of the study, the animals
were anesthetized and euthanized. BMCs were isolated from femurs and tibiae and

cultured as described above.

Cell viability assay

Cell viability/proliferation of dabigatran etexilate-treated cultures of osteoclasts
and osteoblasts were evaluated by measuring the reduction of 3-[4,5-dimethylthiazol-
2-yl]-2,5 diphenyl tetrazolium bromide (MTT, Sigma-Aldrich) to purple formazan
crystals, according to manufacturer instructions. Briefly, 20 uL of MTT solution in 96-
well and 1 mL in 24-well culture microplates (Corning Inc.), 5 mg/mL in PBS was
added to each well, and the plates were incubated for three hours at 37°C. The
medium was removed and the MTT crystals were solubilized with 200 uL dimethyl
sulfoxide (DMSO, Sigma-Aldrich) or isopropanol acid solution (100 mL isopropanol
and 134 pL HCI) at room temperature. The spectrophotometric absorbance of each
sample was then measured at 540 nm (DMSO dilution) and 570 nm (isopropanol
dilution). The experiments were carried out in quadruplicate and the results are

reported as percent optical density of viable cells in relation to the control group.

Real-time polymerase chain reaction (RT-gPCR)
Gene expression was evaluated in osteoclasts and osteoblasts and compared

to that of untreated cells. After three and seven days of culture, total ribonucleic acid
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(RNA) was extracted with Trizol reagent (Invitrogen Life Technologies) followed by
the SV total RNA isolation system (Promega, Madison, WI, USA), according to the
manufacturer’s instructions. Concentration and purity were determined using a
GeneQuant® spectrophotometer (GE Healthcare, Buckinghamshire, UK) and integrity
was investigated using a 2100 Bioanalyzer (Agilent Technologies, Stockport, UK).
Complementary deoxyribonucleic acid (cDNA) was synthesized using the high
capacity cDNA reverse transcription kit (Applied Biosystems, Foster City, CA, USA)
according to the manufacturer’s instructions. RT-qPCR was carried out in triplicate
and performed using SYBR® green PCR master mix (Thermo Fisher Scientific). The
gene expression of cathepsin K (CTSK) was evaluated in osteoclast cultures, and the
expression of bone markers runt-related transcription factor 2 (RUNX2), osterix
(OSX), alkaline phosphatase (ALP) and osteocalcin (OC) were evaluated in
osteoblast cultures. The results are reported as target genes normalized by the
constitutive gene glyceraldehyde-3-phosphate dehydrogenase (GAPDH) using the 2-
A2Ct method [21].

Protein levels

Protein analysis was performed by the western blot assay for BMC-derived
osteoclasts after three days of treatment. The total cell lysates were obtained using
radioimmunoprecipitation assay buffer (RIPA, Sigma-Aldrich) with a cocktail of
protease and phosphatase inhibitors. Protein concentration was determined using a
bicinchoninic acid protein assay kit (Sigma-Aldrich). Equal amounts of protein (10 ug)
were loaded to sodium dodecyl sulfate-polyacrylamide electrophoresis gel
(SDS/PAGE) and further transferred to a polyvinylidene difluoride (PVDF) membrane.
The membrane was blocked with 5% nonfat milk for one hour at room temperature
and incubated with specific antibodies against CTSK overnight at 4°C. After three
washes with tris-buffered saline 0.1% tween 20 (TBS-T, Sigma-Aldrich), the
membranes were incubated with appropriate horseradish peroxidase (HRP) and
conjugated with secondary antibody solution (Luminata Forte, Millipore, Burlington,
MA, USA) for two hours at room temperature. The experiments were carried out in
triplicate. Bands were quantified using the ImageJ software. Results were normalized
by B-actin as a loading control. Gels were run under the same experimental

conditions.
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Statistical analysis

Data are reported as mean + standard deviation (SD). The Shapiro-Wilk test
was used to evaluate normality and the statistical analysis was performed using the
Student t-test. Data obtained from all evaluations were processed with GraphPad
Prism, version 8.0 (GraphPad Software, San Diego, CA, USA). The level of
significance was set at 5% in all statistical analyses.

RESULTS

Dabigatran etexilate solution: pharmacological and analytical aspects

Since experiments were conducted over 3-30 days, the stability of the
dabigatran etexilate stock solution was an important analytical aspect. HPLC analysis
showed that the stock solution of dabigatran etexilate (100 ug/mL) remained stable
for 30 days at 2-8°C, with less than 2% of drug reduction being observed
(Supplementary Figure 1A-C). Moreover, the time course assay (one, two and three
days) evaluated by HPLC analysis showed a reduction of dabigatran etexilate peak
area in cell culture growth medium, suggesting the conversion of dabigatran etexilate
to its active moiety, dabigatran (Supplementary Figure 2A). The capacity of HPLC
analysis to detect the dabigatran etexilate peak in cell culture growth medium was
determined before the tests (Supplementary Figure 2B, C). Accordingly, preliminary
tests using dabigatran etexilate added to the cell cultures demonstrated effects on

the differentiation and activity of osteoblasts and osteoclasts (data not shown).

Effects of dabigatran etexilate on osteoclasts in an ex vivo model

We first investigated whether BMCs from mice treated with dabigatran
etexilate [at a dose calculated in proportion to that used for human anticoagulant
therapy (85.7 pg/day)] preserved the ability to generate osteoclasts, as determined
by the analysis of cell differentiation and activity (Figure 1). No difference in the total
number of TRAP-atined osteoclasts was observed (Figure 1A); however, the
treatment significantly reduced the total area of osteoclasts compared to the
untreated control group (p=0.0001) (Figure 1B-D). Consequently, resorptive activity
was also reduced in osteoclasts from treated animals (p=0.04) (Figure 1E-G). The
gene expression of CTSK (p=0.03) (Figure 1H) and its protein expression (p=0.01)

(Figure 11, J) were significantly reduced in osteoclasts derived from treated animals.
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Effects of dabigaran etexilate on osteoclasts treated in vitro

To better characterize the effects of dabigatran etexilate, osteoclasts were
treated with different concentrations of the drug (1-6 pg/mL) and the effects on cell
differentiation were assessed. Among the tested concentrations, dabigatran etexilate
at 2-6 pg/mL exhibited a similar pattern of cell differentiation impairment
(Supplementary Figure 3A). Thus, 1 yg/mL and 2 pg/mL were selected as the
working standardized concentrations since these concentrations did not interphere
with cell viability (Figure 2A).

Dabigatran etexilate treatment (2 pg/mL) resulted in reduced osteoclast
differentiation and function, as confirmed by TRAP staining (p<0.0001) (Figure 2B-E)
and resorptive activity (p=0.01) (Figure 2F-H). Consistently, the treatment also
reduced the gene (p<0.05) (Figure 21) and protein expression (p=0.01) (Figure 2J, K)
of the osteoclast marker CTSK.

To confirm whether the effects of dabigatran etexilate were linked to an active
principle, dabigatran was used to treat BMC-derived osteoclasts. At the
concentrations of 0.1 ug/mL, 0.3 yg/mL and 3 pg/mL, dabigatran did not influence
cell viability (0.1 pg/mL: 112.75£13.67; 0.3 pg/mL: 121.25+9.21; 3 pg/mL:
117.50+£10.66; control: 100.00+0.00; p>0.05). The results of TRAP staining
demonstrated that dabigatran (3 ug/mL) significantly reduced the number of TRAP+
cells (3 pg/mL: 34.67+6.02; control: 106.74+16.33; p=0.04). The doses of 0.1 pg/mL
and 0.3 pg/mL had no effect on osteoclast numbers (0.1 pg/mL: 110.30+11.29; 0.3
Mg/mL: 146.00+7.37; control: 106.74+66.33; p>0.05).

Effects of dabigatran etexilate on osteoblasts

Considering the biological mechanisms of interaction between osteoclasts and
osteoblasts in bone remodeling/repair and the impairment observed in osteoclasts,
our next step was to assess the effects of dabigatran etexilate on osteoblast cell
cultures. The tests were performed on cell cultures of calvaria-derived osteoblasts
grown on polystyrene, Ti with nanotopography (Ti-Nano) or Ti with machining (Ti-
Machined). Ti-Nano has been previously described as a surface with higher
osteogenic potential [22].

In a first set of experiments, the MC3T3-E1 pre-osteoblastic cell line was used
to define the working dose of dabigatran etexilate. The analysis of matrix

mineralization revealed that all the tested concentrations (1-6 ug/mL) inhibited



86

MC3T3-E1 differentiation (Supplementary Figure 3B). Concentrations of 3 pg/mL
showed a pattern of osteoblast impairment that could make tests unfeasible. Doses
of 1 ug/mL and 2 ug/mL resulted in a similar pattern. Thus, 2 uyg/mL was selected as
the working standardized concentration.

Viability was also tested for calvaria-derived osteoblasts. The MTT assay
showed that dabigatran etexilate (2 ug/mL) had no effect on cell viability compared to
control. Optical density values were determined as percent control absorbance at
three (2 pg/mL: 92.29+5.53; control: 100.00+0.00; p>0.05) and seven days (2 pg/mL:
91.53+7.68; control: 100.00+0.00; p>0.05) of treatment.

Dabigatran etexilate (2 pg/mL) treatment inhibited osteoblast differentiation
and function in all tested surfaces; in cells grown on polystyrene, on Ti-Machined and
on Ti-Nano (Figure 3). This effect was verified by the reduction of ALP activity of cells
grown on polystyrene after seven days of treatment (p<0.0001) (Figure 3A-C) and
the reduction of mineralized matrix formation (p<0.0001) (Figure 3D-F) after 14 days
of treatment. In calvaria-derived osteoblasts grown on Ti-Machined, the presence of
dabigatran etexilate (2 pg/mL) also reduced ALP activity (p<0.0001) (Figure 3G-I)
and mineralized matrix formation (p=0.001) (Figure 3J-L). Similarly, ALP activity
(p<0.0001) (Figure 3M-0O) and the calcium deposits (p<0.0001) (Figure 3P-R) were
significantly lower in treated cells grown on Ti-Nano.

Corroborating the phenotypic findings, osteoblasts grown on polystyrene and
on both Ti-Machined and Ti-Nano surfaces exhibited reduced gene expression of
ALP and OC in the presence of dabigatran etexilate (2 pg/mL) (p<0.0001) (Figure
4A-C). No statistically significant difference in the expression of early osteoblast
markers, RUNX2 and OSX, was observed between the dabigatran etexilate and
control groups.

The active principle, dabigatran, was also used to treat osteoblast cell
cultures. Accordingly, inhibition of cell differentiation was also observed. A significant
reduction in mineralized matrix formation detected by optical density values of
calcium was observed at the highest concentrations of dabigatran, i.e., 3 pg/mL and
6 pg/mL, compared to control (3 pg/mL: 0.42+0.09; 6 pg/mL: 0.38+0.07; control:
0.51+0.06; p<0.05). The doses of 0.1 pg/mL and 0.3 upg/mL had no effect on
mineralization (0.1 upg/mL: 0.44+0.08; 0.3 pg/mL: 0.55+0.04; control: 0.51+0.06;
p<0.05).
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DISCUSSION

Bone healing consists of complex biological mechanisms involving local and
systemic factors. The recruitment of progenitor cells and their proliferation and
differentiation into osteoblasts and osteoclasts are essential during bone repair [23].
Knowledge about the effects of medications on bone metabolism, in particular
postoperatively used drugs, is of clinical relevance. In surgical orthopedic practice,
this is particularly applicable since the prescription of drugs for thromboprophylaxis is
usually necessary after major procedures. These medications have effects on bone
cells, impairing the surgical outcome, which is strictly dependent on bone remodeling
[16]. Herein, we evaluated the effects on osteoclast and osteoblast cells of a DTI in
two presentations: the mesylate salt form dabigatran etexilate (Pradaxa® and its
active principle dabigatran. Our main findings showed that both dabigatran and
Pradaxa® inhibited osteoclast differentiation and resorptive activity in a dose and
time-dependent manner, were also negatively affected, as demonstrated by the
reduced expression of ALP and OC, as well as the shortened ALP activity and
mineralized matrix formation. Particularly, osteoblasts growing under favorable
osteogenic conditions such as on a Ti-Nano surface, still showed impairment of their
differentiation ability and function.

Osteopenia, a recognized side effect of long-term therapy with heparin and
low-molecular-weight heparin, may impair the healing of bone fractures and the
osseointegration of prostheses [1, 10, 11]. Therefore, several studies have
investigated the effects of anticoagulants on cell differentiation and function, as well
as on bone structure [7-9, 11, 13-16]; however, the specific effects of these drugs on
the complex mechanism of bone healing remain unclear. Previous in vitro
experiments have tested the impact of several anticoagulants on bone cells. These
experiments have focused on heparin-related drugs [7, 8, 24-26] and, more recently,
on DOACs [11, 13, 15, 17]. Nevertheless, no data on the effects of dabigatran on cell
cultures have been described in the literature thus far.

Regarding the impact of anticoagulant therapy on cultured osteoclasts, while
data about DOACs are not available, the heparin-related impairment has been well
described. In a co-culture system, heparin enhanced osteoclastic activity but did not
change osteoclastogenesis [7]. Muir et al. [26] have observed that heparin increased
bone resorption by inflating both osteoclast number and activity. Conversely,

Folwarczna et al. [24] have shown that heparins affected osteoclast formation in rat
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BMCs in two directions depending on the drug concentration. At the highest
concentrations, heparins reduced the number of osteoclasts and at lower
concentrations they increased osteoclast formation [24]. In the present study,
dabigatran and the prodrug dabigatran etexilate reduced osteoclast differentiation at
their highest concentrations, i.e., 2 yg/mL and 3 pg/mL. The resorption pit assay also
showed reduction of function in the treated group. Furthermore, dabigatran etexilate
downregulated the expression of CTSK, a key marker of osteoclast differentiation
and activity. Consistent with our in vitro data, we also observed that the differentiation
and function of osteoclasts was impaired in mice treated with dabigatran etexilate.
Nevertheless, when dabigatran-treated rats were compared to warfarin-treated rats it
was observed that dabigatran did not interfere with bone structural parameters [12].

In vitro effects of DOACs have been mostly reported in experiments with
osteoblasts [11, 13, 15, 17]. Somjen et al. [15] have shown that rivaroxaban at
different concentrations (0.01-50 pg/mL) inhibited the proliferation of osteoblasts from
female individuals. This effect was maintained even in the presence of molecules that
stimulate DNA synthesis and ALP specific activity [15]. Similarly, in the present
investigation, the upregulation of osteoblast differentiation markers induced by Ti-
Nano [27-30] was inhibited in the presence of dabigatran etexilate.

The effect of melagatran, a DTI similar to dabigatran, was investigated in
human osteoblasts [13]. In line with our findings, melagatran at the highest
concentration (50 nmol/mL) caused a significant reduction of collagen type |
deposition and ALP activity [13]. The inhibition of ALP activity by DOACs was also
confirmed in two previous studies [11, 17] in which rivaroxaban induced a reduction
of ALP activity in osteoblast cultures. However, in one study [11], the osteoblast
function remained unaffected. In the other study [17], rivaroxaban and enoxaparin
treatment led to a reduction in bone morphogenetic protein-2 (BMP-2), OC and
RUNX2 mRNA expression. In contrast, in our experiment, there was no change in
RUNX2 or OSX expression after dabigatran etexilate treatment.

Several mechanisms have been assessed to demonstrate how anticoagulants
impair bone physiology. Experimental in vivo models have been proposed in order to
explain how these agents may impair healing of fractures or may cause bone loss,
[12, 14, 16, 26]. In a histomorphometric analysis comparing warfarin-treated rats and
dabigatran-treated animals, an increase in osteoclast activity was observed when

warfarin was used [12]. Kluter et al. [16] have demonstrated that there was no
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significant differences between the control and rivaroxaban groups in femur bone
healing. Despite inconclusive results from the limited number of in vivo models with
DOACS, there is a consensus from in vivo studies on bone metabolism that heparins
reduce bone mineral mass [31] and increase bone resorption, as a consequence of
the increase of both osteoclast number and activity [26]. The effects on osteoblasts,
such as the inhibition of ALP activity and the impairment of OC carboxylation have
been demonstrated in rats treated with heparin [26] and warfarin [14], thus
strengthening the in vitro findings [17].

In summary, the findings of our in vitro and ex vivo models clearly
demonstrated for the first time the negative impact of the prodrug dabigatran etexilate
and its active principle, dabigatran, on osteoblasts and osteoclasts. Further in vivo
drug-comparative studies are encouraged to disclose the response of the set of cells
in tissues or organs. The present study provides new evidence about the potential

negative impact of dabigatran etexilate on bone turnover and repair.
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Figure 1. Assessment of the differentiation of bone marrow cell (BMC)-derived
osteoclasts from mice treated with dabigatran etexilate administered by gavage twice
daily for 28 days. Number (A) and mean area (B) of tartrate-resistant acid
phosphatase (TRAP)-positive cells identified as osteoclasts after five days of culture.
TRAP+ cells of non-treated animals (C), and of animals treated with dabigatran
etexilate (D). Resorptive activity was measured by the pit formation area in the
osteoassay microplate after 10 days of culture (E). Resorption pit of non-treated
animals (F), and of animals treated with dabigatran etexilate (G). For the analysis of
gene expression and protein levels of cathepsin K, an osteoclast marker, the total
cell lysates were subjected to real-time polymerase chain reaction (H) and western
blot analysis (I, J) after three days of treatment. Data are reported as mean and
expressed in relation to the control B-Actin and the constitutive gene glycer-aldehyde-
3phosphate dehydrogenase (GAPDH), respectively. Statistical analysis was
performed by the Student t-test. *p<0.05 compared to control. Acquisition of images
with the Cytation Cell Imaging Multi-Mode Reader (BioTek, Winooski, Vermont,
USA). Bands were quantified using The ImageJ Software and the Leica Application
Suite for pit area determination using contouring tools. AU, arbitrary unit; scale bars =
40 uM.


https://www.biotek.com/products/imaging-microscopy-cell-imaging-multi-mode-readers/cytation-5-cell-imaging-multi-mode-reader/
https://www.google.com.br/search?q=biotek+&stick=H4sIAAAAAAAAAOPgE-LSz9U3SDJLz0kxUuIEsQ0NssxLtLSyk63084vSE_MyqxJLMvPzUDhWGamJKYWliUUlqUXFi1jZkzLzS1KzFQAhW2fKTwAAAA&sa=X&ved=2ahUKEwjire7d9cDiAhVlFLkGHe4sCgoQmxMoATAPegQIDBAK
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Figure 2. Effect of dabigatran etexilate (1 yg/mL and 2 yg/mL) on the viability and
differentiation of BMC-derived osteoclasts. Results of the optical density values of the
3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide (MTT) assay at three
days of treatment expressed as percentage relative to the absorbance of the control
(A). Number of tartrate-resistant acid phosphatase (TRAP)-positive cells after five
days of culture (B). TRAP+ cells of the control group (C) and of the group treated
with dabigatran etexilate at 1 ug/mL (D) and 2 pg/mL (E). Resorptive activity was
measured by the pit formation area after 10 days of treatment (F). Resorption pit of
the control group (G) and of the group treated with dabigatran etexilate at 2 ug/mL
(H). Gene (1) and protein expression (J, K) of cathepsin K (CTSK) after three days of
treatment. Results were reported in relation to the control B-Actin and to the
constitutive  gene  glycer-aldehyde-3-phosphate  dehydrogenase  (GAPDH),
respectively. Data are reported as mean. Statistical analysis was performed by the
Student t-test. *p<0.05 compared to control. AU, arbitrary unit; scale bars = 40 yM.
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Figure 3. Effect of dabigatran etexilate (2 ug/mL) on the differentiation of calvaria-
derived osteoblasts grown on polystyrene, titanium (Ti) with nanotopography (Ti-
Nano) or machined Ti (Ti-Machined). In situ alkaline phosphatase (ALP) activity
measured by percent stained area after seven days of treatment of cells grown on
polystyrene (A). Stained area of in situ ALP activity of the control group (B) and of th
dabigatran etexilate group (C). Extracellular matrix mineralization measured by
optical density (OD) values of calcium deposit mineralization after 14 days of
treatment of cells grown on polystyrene (D). Alizarin red-stained calcium deposits in
the control group (E) and in the dabigatran etexilate group (F). In situ ALP activity of
cells grown on Ti-Machined (G), stained ALP area in the control group (H) and in the
dabigatran etexilate group (I). Extracellular matrix mineralization of cells grown on Ti-
Machined (J), alizarin red-stained calcium deposits in the control group (K) and the
dabigatran etexilate group (L). In situ ALP activity of cells grown on Ti-Nano (M),
stained ALP area in the control group (N) and in the dabigatran etexilate group (O).
Extracellular matrix mineralization of cells grown on Ti-Nano (P), alizarin red-stained
calcium deposits in the control group (Q) and in the dabigatran etexilate group (R).

Statistical analysis was performed by the Student t-test. *p<0.05 compared to control.
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Figure 4. Gene expression of the bone markers runt-related transcription factor 2 (RUNX2), osterix (OSX), alkaline phosphatase

(ALP), and osteocalcin (OC) in calvaria-derived osteoblasts treated with dabigatran etexilate (2 pg/mL) and grown on polystyrene

(A), machined titanium (Ti-Machined) (B) or Ti with nanotopography (Ti-Nano) (C). Data are reported as mean and expressed as

fold change in relation to the constitutive gene glycer-aldehyde-3-phosphate dehydrogenase (GAPDH). Statistical analysis was

performed by the Student t-test. *p<0.05 indicating a statistically significant difference between control and dabigatran etexilate (2

Mg/mL) for each gene evaluated gene. AU, arbitrary unit.
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Supplementary Figure 1

B
Sample (day) Peak AUC (mean * SD) %
0 17940062 + 1.30 100.00
15 17790954 + 1.15 99.16
21 17665246 + 0.35 98.46
17654096 + 1.57 98.40
el

Supplementary Figure 1. Stability analysis of dabigatran etexilate stock solution
(100 pg/mL) at day 0O, 15, 21 and 30, stored at 2-8°C (A). The parameter was
evaluated by high-performance liquid chromatography (HPLC) and presented as the
mean area under the curve (AUC) of three samples and percentage relative to day 0
(B). Ultraviolet (UV) scanning spectrum of the dabigatran etexilate interest peak and
characteristic bands of dabigatran etexilate at 223 nm and 324 nm (C). HPLC
parameters: the detector was set at 225 nm and peak areas were integrated
automatically by a computer using Shimadzu Class VP V6.12 software. The HPLC
system was operated isocratically at room temperature using a mobile phase
consisting of acetonitrile and a solution of 0.1% triethylamine, pH 6.0, adjusted with
phosphoric acid (65 + 35, v/v). The solution was then filtered through a 0.45 pm

membrane filter and run at a flow rate of 1.0 mL/min. The injection volume was 50

ML.
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Supplementary Figure 2. Analytical aspects of the dabigatran etexilate (Pradaxa®)
solution. Time course analysis of dabigatran etexilate at 6 pg/mL in cell culture
growth medium. The decrease of the peak area suggests the conversion of
dabigatran etexilate in the orally available form to its active moiety, dabigatran (A).
Chromatogram of a dabigatran etexilate solution (Pradaxa®, at 100 ug/mL) sample in
cell culture growth medium (alpha minimum essential medium supplemented with
10% heat-inactivated fetal bovine serum). The interest peak of dabigatran etexilate
was detected next to the retention time of 6.0 minutes (B). Ultraviolet (UV) scanning
spectrum of the dabigatran etexilate interest peak and characteristic bands of
dabigatran etexilate at 223 nm and 323 nm (C). The analysis was performed by high-
performance liquid chromatography (HPLC). HPLC parameters: the detector was set
at 225 nm, and peak areas were integrated automatically by a computer using
Shimadzu Class VP V6.12 software. The LC system was operated isocratically at
room temperature using a mobile phase consisting of acetonitrile and a solution of
0.1% triethylamine, pH 6.0, adjusted with phosphoric acid (65 + 35, v/v). The solution
was then filtered through a 0.45 pum membrane filter and run at a flow rate of 1.0

mL/min, and the injection volume was 50 pL.


https://pubchem.ncbi.nlm.nih.gov/compound/Dabigatran%20Etexilate%20Mesylate
https://pubchem.ncbi.nlm.nih.gov/compound/Dabigatran%20Etexilate%20Mesylate
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Supplementary Figure 3. Dose-response effect of dabigatran etexilate (1-6 ug/mL)
on the differentiation of BMCs-derived osteoclasts and MC3T3-E1 osteoblasts.
Number of tartrate-resistant acid phosphatase (TRAP)-positive cells identified as
osteoclasts counted after five days of culture (A). Optical density (OD) values of
solubilized calcium deposits after 14 days of treatment (B). Data are reported as
mean. Statistical analysis was performed by the Student t-test. *p<0.05 compared to

control.
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5 CONCLUSOES

Pelos resultados deste trabalho, podemos concluir que:

Os desfechos relacionados ao sangramento intraoperatério, bem como as
complicacbes hemorragicas pos-operatorias foram semelhantes entre 0os grupos
AVK, DOACs e sem anticoagulacdo o que reforca a ndo suspensédo da terapia
anticoagulante oral para a realizagdo de exodontias. Ainda que eventos raros, as
complicagcbes hemorragicas podem ser minimizadas por meio da utilizacdo de
medidas hemostéticas locais bem como a monitorizacdo cuidadosa dos parametros
reconhecidamente associados a tendéncias para sangramento.

O tratamento sobre culturas celulares utilizando etexilato de dabigatrana
impactou negativamente as células 6sseas, reduzindo a diferenciacéo e atividade de

osteoclastos e osteoblastos.
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APENDICE A - Termo de Consentimento Livre e Esclarecido

Vocé esta sendo convidado (a) a participar, como voluntario (a), de uma pesquisa.
Apos ser esclarecido (a) sobre as informacfes, se aceitar fazer parte da pesquisa,
assine este documento, que estd em duas vias. Uma delas é sua e a outra é da
pesquisadora responsavel. Caso nao aceitar participar, vocé ndo sera penalizado (a)
de forma alguma. Em caso de divida, vocé podera procurar o Comité de Etica em
Pesquisa da Universidade Federal de Minas Gerais (Av. Antbnio Carlos, 6677,
Unidade Administrativa I, 2° andar, sala 2005; 3409-4592).
INFORMAC}()ES SOBRE A PESQUISA

Titulo da Pesquisa: AVALIAQAO DO RISCO DE SANGRAMENTO E
COMPLICACOES POS-OPERATORIAS EM PACIENTES EM USO DE
ANTICOAGULANTE ORAL SUBMETIDOS A EXODONTIAS

Pacientes em uso de anticoagulantes orais (Varfarina, Marevan®, Rivaroxabana,
Xarelto®, Dabigatrana, Pradaxa®, Apixabana, Eliquis® Edoxabana, Lixiana®)
frequentemente enfrentam dificuldades em conseguir tratamento odontolégico,
principalmente para realizagdo de cirurgia (extragbes de dentes). O tratamento
dentario € cercado de mitos sobre do risco de complicacbes durante e apds a
cirurgia, principalmente o risco de hemorragias. Atualmente, j4 se sabe que parar 0
uso da medicacdo pode causar problemas sérios a saude do paciente. Por isso, 0
recomendado é que seja feito o tratamento odontolégico sem a necessidade de
parar a medicacao, desde que seu RNI esteja adequado.

Para melhorar e facilitar o atendimento aos pacientes que usam anticoagulantes,
vocé esta sendo convidado a participar de uma pesquisa que tem como obijetivo:

e Avaliar o risco de sangramento aumentado em pacientes que utilizam
anticoagulantes orais e necessitam de extracdo dentéria.

e O seu tratamento odontolégico serd realizado normalmente no consultério
odontologico do Ambulatério Borges da Costa. Todas as medidas para evitar
sangramentos e hemorragias seréo utilizadas. Alguns dados seréo coletados
durante o tratamento e vocé devera retornar apos 7 dias para retirada dos
pontos e reavaliacao.

e Os riscos a sua saude serdo 0S mesmos casO VOCE ndo estivesse

participando da pesquisa.
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Pesquisadores responséaveis: Prof2 Tarcilia Aparecida da Silva, Prof?2 Denise Vieira
Travassos e a Cirurgid Dentista Amanda Leal Rocha, vinculadas a Faculdade de
Odontologia da Universidade Federal de Minas Gerais (FO-UFMG).

Telefones para contato: (31) 3409-9191/ (31) 8839-1959 - Amanda Leal

(31) 3409-2478 - Prof2 Tarcilia Silva

Vocé ndo pagara nada para participar da pesquisa. Sua participacéo € voluntaria. Os
pesquisadores garantem a vocé que todas as informacdes que vocé der serdao
sigilosas. Além disso, vocé pode cancelar sua participacdo a qualquer momento e
isto ndo vai prejudicar o seu tratamento. Os resultados do estudo ser&o divulgados
por meio de apresentacdo em congressos ou publicacdo em revistas médicas ou

odontoldgicas e sua identidade ndo sera divulgada de forma alguma.

CONSENTIMENTO DA PARTICIPACAO

Eu, , RG/ CPF n°

, abaixo assinado, concordo em participar do estudo

acima especificado como sujeito. Fui devidamente informado e esclarecido pela
pesquisadora responsavel sobre a pesquisa, 0s procedimentos nela envolvidos,
assim como os possiveis riscos e beneficios decorrentes de minha participagéo. Foi-
me garantido que posso retirar meu consentimento a qualquer momento, sem que
isto leve a qualquer penalidade ou interrupcdo de meu acompanhamento/

assisténcia/ tratamento.

Belo Horizonte, de de 20 )

Paciente participante:

Pesquisadores:
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APENDICE B - Ficha de avaliac&o clinica

FICHA DE AVALIACAO CLINICA O GRUPO 1 [OGRUPO2 [IGRUPO 3

NOME: NUMERO:
DATA DE NASCIMENTO: __/ /  SEXO: LJFEMININO LIMASCULINO
TELEFONE DE CONTATO: Data do procedimento: _ / [/

INDICACAO PARA ANTICOAGULACAO/COMORBIDADES:

[0 FIBRILAGAO ATRIAL

CJPROTESE METALICA [JPROTESE BIOLOGICA: [adrtica ~ [Cmitral
LITROMBOEMBOLISMO PULMONAR

LITROMBOSE VENOSA PROFUNDA

CJACIDENTE VASCULAR ENCEFALICO ISQUEMICO

LIVALVOPATIA

[LJOUTROS

HISTORIA PREVIA DE EPISODIOS SANGRAMENTO:
JA APRESENTOU SANGRAMENTO AUMENTADO APOS TRATAMENTOS ODONTOLOGICOS:

Osim  [CNAO
Se sim:

[1Sem complicacdes;

LIFoi necessario contato telefénico com o cirurgido dentista, por iniciativa do paciente;
[1Foi necessario retornar ao consultério odontolégico;

[IFoi necessario procurar servico de emergéncia hospitalar

JA APRESENTOU SANGRAMENTO AUMENTADO APOS CORTES OU PROCEDIMENTOS
CIRURGICOS:

Osim CONAO
Se sim:

[1Sem complicagbes;

[IFoi necessario procurar servico de emergéncia hospitalar

TEM CASOS NA FAMILIA (PAIS OU IRMAOS) DE SANGRAMENTO AUMENTADO APOS
CIRURGIAS:

Osim COONAO

CONTAGEM DE PLAQUETAS: mm® DATA DO EXAME:
HEMATOCRITO: DATA DO EXAME:

RNI: DATA DO EXAME:

ABSORBANCIA:
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MEDICAMENTOS EM USO

LIANTIGOAGULANTE ORAL:
CJVARFARINA — REGIME TERAPEUTICO:

CJRIVAROXABANA- REGIME TERAPEUTICO:

CIDABIGATRANA- REGIME TERAPEUTICO:

CIAPIXABANA- REGIME TERAPEUTICO:

CJEDOXABANA REGIME TERAPEUTICO:

CJANTIAGREGANTE PLAQUETARIO:[JAAS [JCLOPIDROGREL [ITICLOPIDINA [IDIPIRIDAMOL

CJANTIINFLAMATORIOS:CINAO ESTEROIDALCINAO ESTEROIDAL INIBIDOR SELETIVO DE
COX-2

CJINIBIDORES SELETIVOS DA RECAPTACAO DE SEROTONINA

[JOUTROS:

PROCEDIMENTO ODONTOLOGICO (EXODONTIA):

[J 1 DENTE INDICACAO:

(02 DENTES___, INDICACAO:

03 OU + DENTES v v .___,___ INDICACAO:
SANGRAMENTO INTRAOPERATORIO:_ ml

MEDIDAS DE HEMOSTASIA ADICIONAIS: O NAO O SIM:
CJESPONJA DE FIBRINA [JACIDO TRANEXAMICO

TEMPO CIRURGICO: min

SANGRAMENTO NO POS-OPERATORIO_IMEDIATO (APOS 20 MINUTOS DE COMPRESSAO
COM GAZE):

SANGRAMENTO ATIVO: [JPRESENTE JAUSENTE
FORMACAO DE COAGULO: [JPRESENTE [JAUSENTE

SE SANGRAMENTO ATIVO: (medidas de hemostasia adicionais)

CJCOMPRESSAO COM GAZE
LIMAIS SUTURAS
LIESPONJA DE FIBRINA
CJAC. TRANEXAMICO
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AVALIACAO DO POS-OPERATORIO TARDIO (7 DIAS APOS PROCEDIMENTO)
DATA: / /

1 - COMPLICAGOES HEMORRAGICAS NO POS-OPERATORIO:

[1Sem complicacbes;
[IFoi necessario contato telefonico com o cirurgido dentista, por iniciativa do paciente;
[IFoi necessario retornar ao consultério odontologico;
[IFoi necessario procurar servico de emergéncia hospitalar:
Necessaria transfusio [Isim [In&do

Repercussio em parametros do hemograma [lsim [Inéo

Numero de gazes utilizadas para conter o sangramento:
ESCALA DE DOR: (0 A 10)

2- REPARACAO ALVEOLAR DO SiTIO CIRURGICO

[ledema/eritema [lexposicédo 6ssea [lsem alteractes

CICATRIZAGCAO: [ISATISFATORIA CIINSATISFATORIA
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APENDICE C - Orientacdes pos-operatorias

INTRUCOES POS-OPERATORIAS:

1)
2)

3)
4)
5)

6)
7

8)

9)

Morder firmemente a gaze por 30 minutos apds a cirurgia.

Alimentacao liquida/pastosa e fria nas primeiras 72 horas. Mastigue com os dentes do lado
contrario ao operado.

Apliqgue bolsa de gelo na face sobre o local operado (aplicar 10 minutos e descansar 15
minutos nas primeiras 48 horas). Passe um creme na face, no local onde o gelo for aplicado.
Mantenha repouso relativo com a cabeca mais alta que o resto do corpo, nas primeiras 48
horas. Evitando esforgos fisicos e exposi¢édo ao sol.

N&o cuspir e ndo fazer nenhum tipo de bochecho nas primeiras 48horas.

Nao fume ou tome liquidos com canudinho nas primeiras 48 horas

Higienizagdo: escovar os dentes normalmente nas regifes distantes do local da cirurgia;
remover as possiveis crostas que se formem sobre pontos com cotonete embebido em
solucao fisiol6gica.

E comum haver um leve sangramento durante os primeiros dias. Em caso de sangramento
intenso: lavar a boca com agua gelada e morder firmemente um rolo de gaze, por uma hora.
Persistindo o sangramento, entrar em contato, ou procurar o Ambulatério Borges da Costa ou
um hospital.

Podera haver febre leve nos primeiro dias. Caso persista ou for acima de 38, entrar em
contato.

10) A face podera ter aumento de volume(edema) e ocasionalmente manchas vermelhas ou

roxas podem aparecer na face ou no pescogo. Trata-se de problemas sem gravidade e irdo
desaparecer naturalmente
Retorno em [ as__ horas, para controle do tratamento.

CONTATO: DRA. AMANDA LEAL (31) 98839-1959
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ANEXO A — Parecer Diretoria de Ensino, Pesquisa e Extensdo do Hospital das
Clinicas (DEPE/HC)

Universidade Federal de Minas Gerais

Hospital das Clinicas
Gerente de Ensino e Pesquisa E 'S E R H
Hospital o } \ 1

Uneskdod fade HOSPITAI

Belo Horizonte, 02 de outubro de 2015.

PROJETO DE PESQUISA n° 088/15: “Avaliagio do risco de sangramento e
complicagbes pés-operatérias em pacientes em uso de anticoagulante oral
submetidos a cirurgia oral menor em nivel hospitalar’.

Reportando-nos ao projeto de pesquisa acima referenciado, considerando sua
concordancia com o parecer da Comiss&o de Avaliagdo Econdmico-financeira de Projetos
de Pesquisa do Hospital das Clinicas e a aprovagao pelo COEP/UFMG em 10/09/2015,
esta Geréncia aprova seu desenvolvimento no ambito institucional. Solicitamos enviar a

GEP relatério parcial ou final, apés um ano.

Atenciosamente,
Prof. Alexandre Rodnigues Femeira
M*E"*F::E isa do
/\_, m'moia-omzmo
PT- 937 de 10/11/14

Pfof. Alexandre Rodrigues Ferreira

Gerente de Ensino e Pesquisa do HC-UFMG

Asr

Prof?. Tarcilia Aparecida da Silva
Odontologia

Ambulatério Borges da Costa- UFMG

HC/UFMG/Filial EBSERH - Superintendéncia
Av. Prof. Alfredo Belena, 110 — 1° andar - ala leste — Bairro Santa Efigénia - CEP 30130.100 — BELO HORIZONTE - MG
Telefone: 31)3409-9612 — 3409-9613 FAX: 31)3409-9380 e-mail: dirgeral@hc.ufmg.br




ANEXO B - Parecer do comité de ética em pesquisa

UNIVERSIDADE FEDERAL DE MINAS GERAIS
COMITE DE ETICA EM PESQUISA - COEP

Projeto: CAAE — 48122215.4.0000.5149

Interessado(a): Profa. Tarcilia Aparecida da Silva

Departamento de Odontologia Social e Preventiva
Faculdade de Odontologia

DECISAO

O Comité de Etica em Pesquisa da UFMG — COEP aprovou, no
dia 02 de setembro de 2015, o projeto de pesquisa intitulado "Risco
de sangramento e complicagées poés-operatorias em pacientes
em uso de anticoagulante oral submetidos a cirurgia oral menor"
bem como o Termo de Consentimento Livre e Esclarecido.

O relatorio final ou parcial devera ser encaminhado aoc COEP um
ano apos o inicio do projeto através da Plataforma Brasil.

%fﬂ@ CQ:ZQOS 37/]@0&&2@‘ Lo

Profa. Dra. Te mpos Medeiros Lorer
Coordenadora do COEP-UFMG

Av. Pres. Antonio Carlos, 6627 — Unidade Administrativa Il - 2° andar — Sala 2005 — Cep:31270-901 — BH-MG
Telefax: (031) 3409-4592 - ¢-mail: coepl@prpqg.ufmg.br
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ANEXO C - Parecer emenda

UNIVERSIDADE FEDERAL DE MINAS GERAIS
COMITE DE ETICA EM PESQUISA - COEP

Projeto: CAAE - 48122215.4.0000.5149

Interessado(a): Profa. Tarcilia Aparecida da Silva

Departamento de Odontologia Social e Preventiva
Faculdade de Odontologia

DECISAO

O Comité de Etica em Pesquisa da UFMG — COEP aprovou, no
dia 16 de setembro de 2016, a emenda com alteragdes no projeto de
pesquisa intitulado "Risco de sangramento e complicagoes pos-
operatorias em pacientes em uso de anticoagulante oral
submetidos a cirurgia oral menor".

O relatério final ou parcial devera ser encaminhado ao COEP um
ano apos o inicio do projeto através da Plataforma Brasil.

Profa. Dra. Vivian Resende
Coordenadora do COEP-UFMG
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ANEXO D - Cadastro Plataforma Brasil

UNIVERSIDADE FEDERAL DE £ Plataforma
MINAS GERAIS %oﬂl

PARECER CONSUBSTANCIADO DO CEP
DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Risco de sangramento e complicactes pos-operatorias em pacientes em uso de
anticoagulante oral submetidos a cirurgia oral menor

Pesquisador: Tarcilia Aparecida da Silva

Area Tematica:

Verséao: 1

CAAE: 48122215.4.0000.5149

Instituicao Proponente: UNIVERSIDADE FEDERAL DE MINAS GERAIS
Patrocinador Principal: Financiamento Proprio

DADOS DO PARECER

Numero do Parecer: 1.222.370
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ANEXO E - Parecer Comisséo de Etica no Uso de Animais (UFMG)

%
%

",
0,

et UNIVERSIDADE FEDERAL DE MINAS GERAIS

LT
LD

'-.'_:,,:"'""'\ :::..-' ) ~ CEUA
RATITON COMISSAQ DE ETICANO USO DE ANIMAIS
UFMG
Prezado(a):

Esta é uma mensagem automatica do sistema Solicite CEUA que indica mudanca na situacdo de uma solicitacao.

Protocolo CEUA: 247/2018 ’
Titulo do projeto: TERAPIA ANTICOAGULANTE ORAL: AVALIACAO DO EFEITO IN VITRO DO ETEXILATO DE DABIGATRANA

SOBRE AS CELULAS OSSEAS

Finalidade: Pesquisa

Pesquisador responsavel: Soraia Macari

Unidade: Faculdade de Odontologia

Departamento: Departamento de Odontopediatria e Ortodontia

Situagao atual: Decis3o Final - Aprovado

Aprovado na reunido do dia 03/09/2018. Validade: 03/09/2018 3 02/09/2023

Belo Horizonte, 04/09/2018.
Atenciosamente,

Sistema Solicite CEUA UFMG
https://aplicativos.ufmag.br/solicite ceua/




ANEXO F — Parecer Comisséo de Etica no Uso de Animais (USP-Ribeir&o
Preto)

UNIVERSIDADE DE SAO PAULO
FACULDADE DE ODONTOLOGIA DE RIBEIRAO PRETO

Comissdo de Etica no Uso de Animais

Of. CEUA 088/2018 Ribeir3o Preto, 15 de agosto de 2018.

Ref. processo n® 2018.1.562.58.0

Senhor(a) Pesquisador(a),

A Comissio de Etica no Uso de Animais, em sua 59 SessBo, realizada em
15/08/2018, APROVOU o0s procedimentos éticos apresentados no Protocolo sobre a Pesquisa
intitulada: “Efeito do etexilato de dabigatrana em osteoblastos crescidos sobre titdnio com
nanotopografia® emitindo o certificado anexo.

Informamos, também, que deverd ser entregue na Secretaria da CEUA, até
01/10/2019, o Relatdrio Final contendo os resultados e/ou resumo do trabalho publicado.

Atenciosamente,

Prof. Dr. Michel Reis
Coordenador da Comiss30 de Etica no Uso de Animais
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ATIVIDADES DESENVOLVIDAS DURANTE O DOUTORADO

1- Histoérico e disciplinas cursadas

1.1 Progresséo direta para o programa de Doutorado.

Sistema Académico da UFMG 17/01/2019
Pés-Graduagéo 10:11

Consultar Ocorréncias Académicas
[ Informacéo para simples consulta. sem validade oficial ]

Dados Pessoais

Numero de Registro Nome

2015710307 AMANDA LEAL ROCHA

Curso Situacdo Atual

2781 - ODONTOLOGIA/D NORMAL
OQcorréncias Académicas

Periodo Dat{.‘ c}e Qcorréneia Discriminacio Data

Decisdo i Lancamento
. o 'S0 & jor: 2751 - o

2016/2 16/09/2016 Mudanca de Nivel Curso anterior: 2751 23/09/2016

ODONTOLOGIA/M

1.2Relacao de Atividades no Histérico.

Periodo Nome Atividade Freq Nota Conc. F?:él Créd. Integr.
2015/2 ESTUDOS AVANCADOS EM ESTOMATOLOGIA | S 98 A A 04 Sim
2015/2 ESTUDOS AVANCADOS EM ESTOMATOLOGIA 1l S 90 A A 04 Sim
2015/2 ESTAGIO DOCENTE | S 100 A A 03 Sim
2016/1 ESTUDOS AVANCADOS EM ESTOMATOLOGIA I S 95 A A 04 Sim
2016/1 ESTAGIO DOCENTE Il S 95 A A 03 Sim
2016/1 SEMINARIOS DE PESQ. EM ODONTOLOGIA | S 100 A A 03 Sim
2016/2 PESQUISA EM ESTOMATOLOGIA | S 95 A A 06 Sim
2016/2 SEMINARIOS DE PESQ. EM ODONTOLOGIA I S 100 A A 03 Sim
2016/2 BIOESTAT. APL. A PESQ. ODONTOLOGICA | S 92 A A 04 Sim
2016/2 EPIDEMIOLOGIA | S 92 A A 02 Sim
2017/1 SEMINARIOS DE PESQ. EM ODONTOLOGIA IlI S 100 A A 03 Sim
2017/1 BIOESTAT. APL. A PESQ. ODONTOLOGICA II S 96 A A 04 Sim
2017/1 EPIDEMIOLOGIA I S 96 A A 03 Sim
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2017/2
2017/2
2017/2
2018/1
2018/1
2018/1
2018/2

EST.CLIL.E LAB. EM ESTOMAT.E PAT. BUCAL |
METODOLOGIA DA PESQ. EM ODONTOLOGIA 1l
NORMALIZACAO BIBLIOGRAFICA

PESQUISA EM ESTOMATOLOGIA I

EST. CLi. E LAB. EM EST. E PAT. BUCAL Il
EXAME DE QUALIFICAGAO

ELABORACAO DE TRABALHO FINAL

nw nu unu nu n

95

97

98
100
100

> >» > > >

> > >» > > >

04
02
02
06
04

Sim
Sim
N&o
Sim
Sim
Sim

Sim

Tipo Mat: Tipo de Matricula: Normal ou Eletiva
Freq: Frequéncia

Conc: Conceito

Sit Final: Situacdo Final na Atividade

A: Aprovado

S: Suficiente

4: Dispensa

Créd: Namero de créditos atribuidos

Integr :Indica se a atividade sera computada ou nédo na integralizagdo dos créditos exigidos.

1.3 Integralizacado de créditos

Créditos em Atividades Académicas

Exigidos 31

Cursados/Dispensados 64

Aproveitamento de Créditos 00

Utilizados para Integralizacdo 31
Em Curso 00

Situacéo Curricular

INTEGRALIZADO



https://sistemas.ufmg.br/iapWeb/historico/outrasatividades/solicitar/solicitarAcaoOutrasAtividades.do?acao=consultar&numeroRegistro=2015710307&codigoPeriodo=20181&codigoOfertante=192720&tipoAtividade=EQP&codigoTurma=%20&atividadeAcademica=ODO005
https://sistemas.ufmg.br/iapWeb/historico/outrasatividades/solicitar/solicitarAcaoOutrasAtividades.do?acao=consultar&numeroRegistro=2015710307&codigoPeriodo=20181&codigoOfertante=192720&tipoAtividade=EQP&codigoTurma=%20&atividadeAcademica=ODO005
https://sistemas.ufmg.br/iapWeb/historico/outrasatividades/solicitar/solicitarAcaoOutrasAtividades.do?acao=consultar&numeroRegistro=2015710307&codigoPeriodo=20181&codigoOfertante=192720&tipoAtividade=EQP&codigoTurma=%20&atividadeAcademica=ODO005
https://sistemas.ufmg.br/iapWeb/historico/outrasatividades/solicitar/solicitarAcaoOutrasAtividades.do?acao=consultar&numeroRegistro=2015710307&codigoPeriodo=20181&codigoOfertante=192720&tipoAtividade=EQP&codigoTurma=%20&atividadeAcademica=ODO005
https://sistemas.ufmg.br/iapWeb/historico/outrasatividades/solicitar/solicitarAcaoOutrasAtividades.do?acao=consultar&numeroRegistro=2015710307&codigoPeriodo=20181&codigoOfertante=192720&tipoAtividade=EQP&codigoTurma=%20&atividadeAcademica=ODO005
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2- Artigos completos publicados em periédicos

Durante o doutorado, foram produzidos cinco artigos cientificos

relacionados ao tema da tese, sendo trés deles ja publicados:

1)

2)

3)

ROCHA, AMANDA L.; OLIVEIRA, SICILIA R.; SOUZA, ALESSANDRA F.;
TRAVASSOS, DENISE V.; RIBEIRO, DANIEL D.; ABREU, LUCAS G.; SILVA,
TARCILIA A. Bleeding assessment in oral surgery: A cohort study comparing
individuals on anticoagulant therapy and a non-anticoagulated group. J.
Craniomaxillofac. Surg. v.47, p.798-804. 2019.

ROCHA, AMANDA L.; SOUZA, ALESSANDRA F.; MARTINS, MARIA AP,
FRAGA, MARINA G.; TRAVASSOS, DENISE V.; OLIVEIRA, ANA C.B.; RIBEIRO,
DANIEL D.; SILVA, TARCILIA A Oral surgery in patients under antithrombotic
therapy. Blood Coagulation & Fibrinolysis v.29, p.97 - 103, 2018.

SOUZA, ALESSANDRA F.; ROCHA, AMANDA L.; CASTRO, WAGNER H;
GELAPE, CLAUDIO L.; NUNES, MARIA CARMO P.; OLIVEIRA, SICILIA R;
TRAVASSOS, DENISE V.; SILVA, TARCILIA A Dental management for patients
undergoing heart valve surgery. Journal Of Cardiac Surgery v.2017, p.1 - 6, 2017.

Artigos submetidos:

4)

5)

ROCHA, AMANDA L.; OLIVEIRA, SICILIA R.; SOUZA, ALESSANDRA F;
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