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RESUMO

Introducido: A valvoplastia mitral percutanea por balao (VMPB) ¢ a principal escolha
terapéutica para pacientes com estenose mitral (EM) reumadtica. Contudo, reestenose pode
ocorrer ao longo do tempo, tornando-se a principal causa de deterioragdo funcional apds uma
VMPB bem-sucedida. O objetivo deste estudo foi avaliar a incidéncia de reestenose mitral e
identificar os principais fatores associados a sua ocorréncia apés uma VMPB bem-sucedida em
pacientes com EM reumatica. Métodos: Trata-se de uma coorte de pacientes com EM
reumatica submetidos a VMPB entre janeiro de 1997 e maio de 2023, acompanhados no
Hospital das Clinicas da Universidade Federal de Minas Gerais (HC-UFMG). O desfecho
primario foi o desenvolvimento de reestenose mitral clinicamente significativa, definida como
redu¢do da area valvar mitral (AVM) para menos de 1,5 cm? resultando em morte
cardiovascular, necessidade de repeticdo de VMPB ou indicagdo de troca valvar mitral. O
modelo de regressdao de riscos proporcionais de Cox foi utilizado para identificar variaveis
preditoras pré e pés-procedimento de reestenose mitral. O teste de correlagdo de Spearman foi
utilizado para avaliar a correlacao dos niveis de citocinas, quimiocinas e fatores de crescimento
com AVM no acompanhamento em um subgrupo de pacientes. Resultados: Foram incluidos
no estudo 380 pacientes, com idade média de 41,8 + 12,1 anos, e 322 pacientes eram mulheres
(84,7%). A mediana do tempo de seguimento foi de 5,34 anos (I1IQ 2,21-9,38). A reestenose
ocorreu em 127 pacientes (33,4%) com incidéncia de 5,1 eventos/100 pacientes/ano (IC 95%
4,2-6,0%). As taxas de sobrevida livre de reestenose em 5 ¢ 10 anos foram de 85,9 + 2,1% e
63,1 + 3,5%, respectivamente. As varidveis independentemente associadas a reestenose
incluiram idade, escore de Nunes, AVM po6s-VMPB, abertura comissural e variagdo do
peptideo natriurético cerebral (BNP). Além disso, os niveis p6s-VMPB de TNF-a, IL-6, IL-15,
IL-4, IL-5, IL-17, CXCL-10, FGF-basic e VEGF foram negativamente correlacionados com a
AVM no seguimento. Conclusdo: A reestenose permanece prevalente apesar de uma VMPB
bem-sucedida e pode ser prevista pela idade, morfologia valvar, area valvar pos-procedimento,
abertura comissural e grau de reducao do BNP. Num subgrupo de pacientes, a correlacao entre
marcadores inflamatorios e a AVM sugere que a inflamagdo persistente pode ser um fator

critico de reestenose.



Palavras-chave: cardiopatia reumatica; estenose mitral; valvoplastia mitral percutdnea por

baldo; reestenose; citocinas.



ABSTRACT

Introduction: Percutaneous mitral commissurotomy (PMC) is the primary choice of therapy
for patients with rheumatic mitral stenosis (MS). However, restenosis can develop over time,
becoming the main cause of functional deterioration after successful PMC. This study aims to
assess the incidence of mitral restenosis and identify the primary factors associated with its
occurrence after a successful PMC in patients with rheumatic MS. Methods: This is a cohort
of patients with rheumatic MS who have undergone PMC between January 1997 and May 2023,
followed at the Hospital das Clinicas of the Federal University of Minas Gerais (HC-UFMG).
The primary outcome was the development of clinically significant mitral restenosis, defined
as a reduction in mitral valve area (MVA) to less than 1.5 cm?, resulting in cardiovascular death,
the need for repeat PMC, or the indication for mitral valve replacement. Cox proportional
hazards regression model was performed to identify pre and post procedural variables predictors
of mitral restenosis. Spearman correlation test was used to evaluate the correlation of the levels
of cytokines, chemokines, and growth factors with MV A at follow-up in a subgroup of patients.
Results: A total of 380 patients were included in the study, with a mean age of 41.8 + 12.1
years, and 322 patients were women (84.7%). The median follow-up time was 5.34 years (IQR
2.21-9.38). Restenosis occurred in 127 patients (33.4%) with an incidence of 5.1 events/100
patients/year (CI 95% 4.2-6.0%). The 5- and 10-years restenosis-free survival rates were 85.9
+ 2.1%, and 63.1 + 3.5%, respectively. Variables independently associated with restenosis
included age, Nunes score, post-PMC MVA, commissural opening, and brain natriuretic
peptide (BNP) change. Additionally, post-PMC levels of TNF-a, IL-6, IL-15, IL-4, IL-5, IL-
17, CXCL-10, FGF-basic, and VEGF were negatively correlated with MVA at follow-up.
Conclusion: Restenosis remains prevalent despite a successful PMC and can be predicted by
age, valve morphology, post-procedural valve area, commissural opening, and the degree of
BNP reduction. In a subset of patients, the correlation between inflammatory markers and MVA

suggests that persistent inflammation may be a critical driver of restenosis.

Keywords: rheumatic heart disease; mitral stenosis; percutaneous mitral commissurotomy;

restenosis; cytokines.
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1. INTRODUCAO

A febre reumatica (FR) ¢ uma doenca resultante da resposta imune a faringoamigdalite
causada pela bactéria Streptococcus pyogenes. A doenga se manifesta inicialmente com
variados graus de inflamagao das articulagdes, coragao e, menos comumente, ganglios da base,
causando artrite e/ou artralgia, cardite e coreia. Enquanto o acometimento articular regride sem
sequelas, as lesdes valvares podem se resolver, reduzir em gravidade, persistir ou progredir,
levando a cardiopatia reumatica cronica (CRC). Inicialmente assintomatica, a CRC pode levar
ao desenvolvimento de insuficiéncia cardiaca, acidente vascular encefalico (AVE) ou morte (1,
2).

De acordo com os dados do Global Burden of Disease (GBD) Study 2019, estima-se que
em 2019 havia no mundo 40,5 milhdes de pessoas com CRC, sendo causa de cerca de 306.000
mortes ¢ de 10,7 milhdes de anos de vida perdidos ajustados por incapacidade (DALYs),
indicando um alto impacto socioeconomico. Nos ultimos anos, tem ocorrido uma queda na
prevaléncia da CRC. As regides que apresentam as maiores prevaléncias sdo o sudeste asiatico,
Africa subsaariana e Oceania, sendo as populagdes mais pobres e marginalizadas as mais
impactadas (3).

Apenas de 3 a 6% da populacdo das areas endémicas para faringoamidgalite
estreptococica desenvolve FR (4). Um a dois tercos dos pacientes com FR irdo desenvolver
cardite reumatica, e apenas uma porcao desses ird desenvolver cardiopatia grave e persistente.
Os fatores que determinam a evolugao da cardiopatia ndo sdo completamente conhecidos (5).
Fatores genéticos, principalmente relacionados a genes envolvidos na resposta imune, tem

papel importante tanto na suscetibilidade quanto na gravidade da CRC (6).

A CRC se manifesta como doenca valvar assintomatica ou sintomatica com
insuficiéncia cardiaca (33-40%), fibrilacao atrial (FA) (14-20%) e eventos cardioembolicos (4-
16%). A valva mais acometida ¢ a mitral, sendo a regurgitagdo mitral (RM) pura a lesdo
predominante na primeira década de vida e a dupla lesdo mitral a partir da segunda década.
Posteriormente, a estenose mitral (EM) tende a predominar. A CRC ¢ a principal causa de EM
(7-9).

O tratamento da EM importante ¢ baseado na abertura das comissuras fundidas com
aumento do orificio valvar. A valvoplastia mitral percutanea por baldo (VMPB) ¢ o tratamento

de escolha da EM importante nos pacientes com anatomia favoravel. (10-12).
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O procedimento tem uma taxa de sucesso de 65 a 90%, definida como abertura adequada
da valva, sem complicagdes (13). As principais complica¢des imediatas sdo morte (0,2 a 5,9%),
tamponamento cardiaco (0,2%), fendmenos embolicos (0,4 a 2,7%) e desenvolvimento de RM
importante (1,4 a 13,0%) (14-18). A longo prazo, a taxa de pacientes livres de eventos ¢

aproximadamente 80% em 10 anos e 30% em 20 anos (14-16, 18).

O desenvolvimento de reestenose € a principal causa de deterioracdo funcional apds uma
VMPB bem-sucedida (19). Seu desenvolvimento ¢ tempo dependente, mas pode ocorrer em
intervalos curtos como um ano, com uma prevaléncia na literatura que varia de 4 a 39%, de

acordo com o tempo de seguimento dos estudos (20).

Os fatores que levam a continuidade da fibrose com subsequente reestenose valvar ainda
nao sao completamente compreendidos. Os principais preditores de reestenose apés VMPB sao
a area valvar mitral (AVM) pos procedimento menor ou igual a 1,8cm? e um escore de Wilkins-
Block maior que 8 (20-23), embora o didmetro atrial e o gradiente valvar mitral méximo pré-
procedimento também possam estar associados (24). A inflamagdo cronica parece ter papel no
desenvolvimento e progressao da reestenose, podendo ser resultante de fatores hemodinamicos
e de novos surtos de FR (25). Acredita-se que o estresse de cisalhamento devido ao fluxo
sanguineo através da valva pode contribuir para a progressao da doenga e reestenose valvar

através da estimulagdo da produ¢do de mediadores inflamatorios (26).

O objetivo do presente estudo € estimar a incidéncia e os fatores preditores de reestenose

mitral ap6s VMPB em pacientes com EM reumatica.
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2. REVISAO DA LITERATURA

2.1. Febre reumatica e cardiopatia reumatica cronica

A FR aguda ¢ uma doenca que acomete, em geral, criancas ¢ adolescentes de 5 a 15
anos, caracterizada por uma inflamacao das articulagdes, coracao, pele, tecido subcutaneo e
ganglios da base, causando artrite e/ou artralgia, cardite, eritema marginatum, nodulos
subcutaneos e coreia. Tal inflamacdo é consequente de uma resposta autoimune ao estreptococo
beta-hemolitico do grupo A de Lancefiel Streptococcus pyogenes, ocorrendo de algumas
semanas a alguns meses apos um episodio de faringoamigdalite causada por esse patogeno (1,

27, 28).

A cardite decorrente da FR ocorre em 40 a 70% dos casos, acometendo endocardio,
miocardio e pericardio (29). No entanto, a valvulite, decorrente da inflamacao do endocardio
valvar, € a lesdo clinicamente mais importante. A lesdo valvar mitral, adrtica e/ou tricuspide se
manifesta clinicamente através da presenca de sopro cardiaco ou sinais e sintomas de
insuficiéncia cardiaca por disfungdo valvar. No entanto, pode ocorrer cardite subclinica, quando
as lesdes valvares podem ser detectadas ao ecocardiograma, mas nao causam sinais ou sintomas
clinicos (30). Estudo prévio realizado no estado de Minas Gerais utilizando o
ecodopplercardiograma como screening diagndstico (PROVAR study), mostrou prevaléncia de
0,5% de cardiopatia reumatica definitiva e 3,7% de casos “borderline”. Esse estudo incluiu
5996 estudantes entre cinco e 18 anos de escolas publicas de Belo Horizonte e da regido de
Montes Claros, demonstrando que a cardiopatia reumatica continua sendo um problema de

saude publica no Brasil (31).

Embora um episddio inicial de FR pode levar a dano valvar importante, na maioria das
vezes ocorre dano cumulativo resultante de episodios oligossintomaticos recorrentes de FR (28,
32). Nao obstante, 50 a 70% dos pacientes com diagndstico de CRC ndo reportam episodios

sintomaticos de FR (30).

O acometimento valvar da FR pode involuir e até se resolver, mas pode também persistir
ou progredir, levando a CRC, definida como a presenca de lesdo valvar persistente resultando
em regurgitagdo ou estenose das valvas mitral (principalmente), adrtica e/ou tricuspide (menos
frequente) (1). Um estudo prospectivo brasileiro mostrou que 72% das criancas com FR
evoluiram com CRC, sendo que 16% evoluiram com disfuncdo valvar importante (33). O

estudo REMEDY mostrou uma alta prevaléncia de lesdes valvares ja em grau moderado a
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importante nos pacientes com EM (72.9%), RM (60.4%), regurgitacao tricuspide (RT) (54.2%),
estenose aortica (EA) (61.9%) e regurgitacdo adrtica (RA) (44,8%) (9).Cerca de 50% dos
pacientes com diagndstico de CRC grave sdo submetidos a cirurgia valvar em até 2 anos e 10%

morrem em até 6 anos (30).

As complicagdes da CRC sido insuficiéncia cardiaca (33-40%), FA (14-20%) e eventos
cardioembolicos (4,0-16,7%) (7, 9, 30).

Atualmente ndo existem marcadores preditivos de progressao e gravidade da doenga,
nem vacinas para prevenir a infeccdo. Além disso, ndo existe nenhum tratamento especifico

que tenha impacto na evolu¢do da CRC uma vez estabelecida.
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Figura 1: Progressdo da CRC. Fonte: Kumar et al. Circulation. 2020

2.2. Epidemiologia

A FR e a CRC sao doengas relacionadas a pobreza, mas condi¢des de saneamento,
aglomeragdes populacionais, desnutricdo e acesso limitado aos recursos de saude (34). A
distribui¢do da FR entre os sexos ¢ semelhante, mas a CRC ¢ mais prevalente no sexo feminino
(3). O sudeste asiatico, Oceania e Africa subsaariana sio as regides que apresentam as maiores
prevaléncias, sendo as populacdes mais pobres e marginalizadas as mais impactadas, com
destaque para as populacdes indigenas da Australia e Nova Zelandia (8). Dados do estudo

Global Rheumatic Heart Disease Registry (REMEDY) mostram que, nos paises de baixa e
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média renda, os pacientes com CRC apresentam idade média de 28 anos, a maioria do sexo

feminino (66,2%) e com alta taxa de desemprego (75,3%) (9).

Dados do estudo Global Burden of Disease (GBD) Study 2019 estimam um aumento no
numero global de pessoas com CRC de 15 milhdes, em 2005, para 40,5 milhdes, em 2019. As
Figuras 2 e 3 indicam as taxas estimadas de incidéncia e prevaléncia global da CRC em 2021,
respectivamente. Entre 1990 e 2012, houve uma queda no nimero de mortes por CRC. No
entanto, entre 2012 e 2017 esse nimero manteve-se estavel e, desde entdo, apresenta tendéncia
de alta, sendo estimado cerca de 306.000 6bitos por CRC em 2019. Esses dados podem indicar
melhorias no acesso ao sistema de saude nos paises mais pobres, ja que o aumento no niimero
de casos pode estar relacionado ao aumento do niumero de diagndsticos realizados devido a uma
maior disponibilidade de exame de ecocardiografia e a maior sobrevida dos pacientes
decorrente do tratamento invasivo das lesdes valvares. Por outro lado, ¢ uma patologia que
acomete principalmente individuos jovens, com um pico de prevaléncia global de 20 a 29 anos,

levando a 10,7 milhdes de anos de vida perdidos ajustados por incapacidade (DALYs) (3, 4).

Rheumatic heart disease
Both sexes, All ages, 2021, New cases per 100,000
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Figura 2: Incidéncia global de CRC em 2021 por 100.000 habitantes. Fonte: https://vizhub.healthdata.org/gbd-

compare/
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Rheumatic heart disease
Both sexes, All ages, 2021, Prevalent cases per 100,000
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Figura 3: Prevaléncia global de CRC em 2021 por 100.000 habitantes. Fonte: https://vizhub.healthdata.org/gbd-

compare/

2.3. Fisiopatologia

O desenvolvimento da FR/CRC se da pelo mecanismo de mimetismo antigé€nico,
definido como o compartilhamento de epitopos entre o patdogeno e o hospedeiro, associado a
uma resposta imune humoral e celular anormal. Dessa forma, a fisiopatologia da doenca ¢
baseada na triade: presenga do S. pyogenes, um hospedeiro geneticamente suscetivel e uma

reposta imune exacerbada (28).

O estreptococo do grupo A apresenta em sua parede celular carboidratos, como a N-
acetil B D-glucosamina (G1cNAc), ligados a proteinas de membrana, dentre elas a proteina M,
proteina T, proteina R, streptopain e proteina de choque térmico 70. Vérias proteinas
plasmaticas, como lectina ligadora de manose (MBL), ficolinas (FCN) e proteinas do sistema
do complemento, se ligam a essas estruturas bacterianas. Macréfagos teciduais reconhecem e

fagocitam o patdgeno através de receptores de membrana que se ligam tanto a essas proteinas
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plasmaticas quanto a estruturas da propria bactéria, como receptores de manose, que se ligam
diretamente a residuos terminais de manose presentes em glicopeptideos da parede celular
bacteriana. Além desses, outros receptores atuam na ativagao de fagocitos, embora nao
participem diretamente na fagocitose do microorganismo, como os receptores semelhantes ao
Toll (TLR), em especial o TLR-2. Esses macrofagos ativados secretam TNF-a, IL-1 e
quimiocinas. O TNF-a e a IL-1 atuam nas células endoteliais e induzem a expressao de varias
moléculas de adesdo, como VCAM-1 e ICAM-1, enquanto as quimiocinas atuam ativando as
integrinas VLA-4 e LFA-1 presentes nos leucocitos, estimulando o recrutamento de neutrofilos,
mondcitos e macrofagos para o local de infecgcdo e fagocitose da bactéria. Os macrofagos
secretam ainda IL-6 e IL-12, ativando a imunidade adaptativa. A IL-6 induz a imunidade
humoral através da estimulacao da producgdo de linfocitos B, que irdo produzir anticorpos. Ja a
IL-12 induz a imunidade celular estimulando a diferenciagao de linfocitos T naive em linfocitos
Th1, além de estimular, juntamente com a IL-18, linfécitos T e células NK a secretarem [FN-

Y, que induzem a ativa¢do de mais macrofagos (5).

Alguns epitopos do S pyogenes sao homologos a proteinas cardiacas humanas como
actina, miosina, tropomiosina, ceratina, vimentina ¢ laminina. Em individuos geneticamente
suscetiveis ocorre, entdo, uma resposta imune humoral e celular exacerbada cruzada contra
proteinas do proprio hospedeiro. Autoanticorpos podem se ligar a autoepitopos que apresentam
sequéncias de aminoécidos idénticas aos da bactéria, epitopos com sequéncias homoélogas, mas
ndo idénticas, e até epitopos de diferentes moléculas, como de carboidratos, DNA e
gangliosideos. Ja linfocitos T CD4+ auto reativos sdo ativados a partir da apresentacdo de
antigenos estreptococicos que apresentam similaridade estrutural ou sequencial com
autoepitopos pelas células apresentadoras de antigenos (APCs) via HLA classe II via receptor
de células T (TCR). Essas células T periféricas migram para o tecido cardiaco, onde se
expandem localmente e se tornam capazes de reconhecer autoantigenos distintos do epitopo
patogénico (5).

Acredita-se que a FR aguda se inicie por um processo mediado por anticorpos e se
perpetue pela imunidade celular. Alguns pacientes com FR aguda irdo desenvolver
preferencialmente uma resposta humoral (tipo Th2), com producao de IL-4, IL-5 e IL-13,
manifestando-se com quadros de cardite leve, coreia de Sydenham e artrite. Por outro lado,
outros pacientes irdo desenvolver uma resposta imune celular (tipo Thl) intensa e duradoura,
com a produgao de citocinas inflamatorias como TNF-a, IL-1, IL-6 e IFN-y. Sabe-se que células

mononucleares periféricas desses pacientes secretam quantidades maiores de IL-1, que
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apresenta um papel fundamental na resposta inflamatoria, principalmente na fase aguda da FR
(2, 5, 35). Enquanto o IFN-y induz o processamento e apresentagdo de antigenos, o TNF-a tem
um papel importante no recrutamento de c€lulas para o sitio de inflamagao e a IL-6 estimula a
producado de anticorpos pelas células B. Niveis mais elevados de IL-6 e TNF-a estao associados
a maior gravidade da disfuncao valvar (36). Esses pacientes apresentam também uma producao
aumentada de IL-17, IL-23 e IL-2 e reduzida de IL-4 e IL-5. A IL-17 e a IL-23 sdo citocinas da
resposta Th17 e desempenham um papel pro-inflamatério importante na mediacdo de
inflamacdes cronicas e doencas autoimunes, como lupus, psoriase, esclerose multiplas e artrite
reumatoide, enquanto a IL-4 e IL-5 s@o citocinas tipicamente Th2, que regulam a atividade
inflamatoria. Ja a IL-2 ¢ uma citocina produzida por linfécitos T que tem agdo autdcrina,
estimulando a proliferacao de células T e B e a sintese de citocinas e anticorpos, mas também
estimulando a apoptose de células T e a produgao de células T reguladoras, promovendo um

mecanismo de controle da inflamagao (36, 37).

A valva mitral ¢ constituida por células endoteliais, que revestem suas faces atrial e
ventricular, e células intersticiais, que produzem a matriz extracelular (MEC), constituida de
trés camadas de tecido conjuntivo especializado (36). A CRC leva a mudancas substanciais na
arquitetura valvar devido a infiltragdo de células inflamatorias e a diferencia¢do das células
intersticiais em células semelhantes a miofibroblastos produtoras de colageno, alterando a
MEC, causando fibrose e espessamento (17). Inicialmente, anticorpos contra antigenos do S
pyogenes se ligam de forma cruzada a proteinas como a laminina, presentes na matriz
extracelular do endotélio valvar, levando a infiltracdo de macrofagos, células B, linfocitos T
CD4+ e, em menor proporgao, linfocitos T CD8+ (38). Ocorre ainda a produgcdo de VCAM-1
e P-selectina, bem como de quimiocinas, como CCL1/I-309 e CXCL9/Mig, estimulando ainda
mais a infiltracdo dessas células no tecido valvar (2, 38). Apos a lesao do endotélio valvar,
ocorre a exposi¢do de epitopos intracelulares, como a miosina, amplificando a resposta
inflamatoria. Além disso, o dano valvar inicial expde o coldgeno presente na membrana basal,
levando a produgdo de anticorpos anti-colageno. A proteina M do estreptococo pode se ligar ao
colageno tipo IV exposto, desencadeando a formacao de autoanticorpos coldgeno especificos
(2, 27). Macrofagos recrutados para o tecido valvar secretam, entre outras citocinas, 1L-1[,
TGF-B, VEGF e FGF. A produ¢do aumentada de IL-1f induz a produ¢do de metaloproteinases
de matriz (MMPs), enzimas que degradam a MEC e a elastina, induzindo a calcificagdo valvar
através da diferenciagdo de células intersticiais valvares em um fenotipo osteoclastico. Além

disso, as MMPs induzem, juntamente com o TGF- e o FGF, o desenvolvimento de fibrose
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através do recrutamento e ativacdo de fibroblastos, com a deposi¢do de colageno tipo I e tipo
II. Ja a secrecao de VEGF causa na valva uma abundante rede neovascular de grandes vasos
imaturos, o que facilita ainda mais a chegada de células e mediadores inflamatorios. Esse
processo culmina com fibrose, calcificacdo e neovascularizagdo da valva, alterando sua

conformagao ¢ fungdo (17, 36).

Ao longo da evolu¢do da doenga, ocorrem modificacdes no perfil das citocinas
produzidas e na relagao entre células T CD4+ e CD8+. Durante a fase de FR aguda, ha um
predominio de IL-2 e IFN-y, com altos niveis de IL-6, TNF-a, IL-8/CXCLS8 e IP-10/CXCLI10,
além de um predominio de células CD4+, com uma relacio CD4+/CD8+ de 1,84. Na fase inicial
da CRC ocorre um aumento na concentragdo de TNF-o e uma queda na concentragdo de IL-6
e na relagdo CD4+/CD8+ para 1,06. Na fase cronica quiescente ocorre uma queda na produgdo
de TNF-a e uma inversao da relagdo CD4+/CD8+ para 0,96 (39). Essa mudanca de padrao ¢
influenciada pela IL-10, que inibe a produ¢do de citocinas Thl e promove a proliferacdo de
linfocitos T CD8+. Encontra-se niveis mais elevados de IL-10 em individuos na fase cronica

da cardiopatia em relagdo a individuos com FR aguda (40, 41).

O mecanismo pelo qual a atividade inflamatoria na CRC se perpetua, levando a
progressdo do acometimento valvar, ainda ndo ¢ completamente conhecido (42). Acredita-se
que esteja relacionado a um estimulo imunolégico extrinseco causado por episodios repetidos
de faringoamidgalite estreptococica, ja que 25% dos individuos com FR aguda apresentam
crescimento do estreptococo do grupo A em cultura de faringe e varios pacientes persistem
como portadores assintomaticos da bactéria por 3 a 4 meses apds uma infecgao (2). Infeccoes
estreptococicas recorrentes estdo associadas a uma maior liberagao de IL-17 pelas células Th17,
recrutando neutr6filos e macréfagos para o tecido valvar (42). De fato, a profilaxia secundaria
com penicilina para erradicacdo do S pyogenes ¢ atualmente a Unica estratégia eficaz para
prevencdao da progressdo da doenga (2). Outro mecanismo proposto ¢ que fatores
hemodinamicos podem estar envolvidos na progressdao da doenca de forma semelhante ao que
ocorre com a valva aortica bictspide. O estresse de cisalhamento devido ao fluxo sanguineo
turbilhonado através da valva lesada pelo processo reumatico inicial pode estimular a ativagao
de TGF-pB1 latente bem como a sua secrecao por plaquetas. Sabe-se que as plaquetas contribuem
com cerca de 45% do TGF-B1 basal circulante e tém 40—100 vezes mais TGF-B1 latente que
qualquer outra célula. Dessa forma, supdem-se que alteragdes no eixo plaqueta-TGF-B1

mediam uma inflamac¢do cronica persistente e um remodelamento inadequado da MEC,
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contribuindo para a progressdao e gravidade da CRC (43, 44). As figuras 4 e 5 ilustram os

mecanismos envolvidos na patogénese da CRC.

Macroscopicamente, a lesdo valvar inicia com o surgimento de nddulos translucentes ao
longo da linha da comissura valvar. Com a cronificagao da lesdo, a valva se espessa, fibrosa e

calcifica, causando fusdo de comissuras e lesdo das cordoalhas tendineas. (1, 27, 35, 38).
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Figura 4: Representago esquematica dos mecanismos de patogénese da valvopatia reumatica. Fonte: Passos et al.
Frontiers in Cardiovascular Medicine. 2020
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2.4. Aspectos genéticos

A susceptibilidade para o desenvolvimento de FR/CRC ¢ hereditaria, como demonstra
a alta taxa de concordancia entre gémeos monozig6oticos comparados com gémeos dizigoticos
(44% vs 12%). O polimorfismo de genes envolvidos na resposta imune inata e adaptativa
desempenha um papel importante na suscetibilidade e na gravidade da CRC. Destacam-se os
genes que codificam as proteinas TLR2 e FCN2 (envolvidas no reconhecimento e eliminacao
da bactéria), MASP2, MBL2, MIF e FCGR2A (envolvidos no clareamento de
imunocomplexos), IL1-Ra, TNF e TGF-f1 (que regulam a proliferacdo, diferenciagdo e
migracdo celular), IL-10 (que induz citocinas anti-inflamatoérias), e CTLA4 (que interfere na
resposta mediadas por células T) (1). Varios estudos reportaram a associacdo de moléculas HLA
classe II codificadas pelos genes DRBI1 e DQ1, localizados no brago curto do cromossomo 6,
com a susceptibilidade para o desenvolvimento de FR/CRC, em especial HLA-DR7
(encontrado em populagdes do sudeste do Brasil, Egito, Turquia e Letonia) e HLA-DR4 (4). O
polimorfismo nos genes codificadores das citocinas IL-2, IL-4, IL-6 e IL-10 estd associado com

a progressao da forma subclinica para manifestagdes mais graves da doenga (45).
2.5. Estenose mitral reumatica

A CRC ¢ a principal causa de EM (46). E uma doenga progressiva, caracterizada por
um periodo de laténcia entre o acometimento reumatico inicial e o desenvolvimento de estenose

significativa com sintomas associados (10).

A valva mitral ¢ composta por trés finas camadas de MEC especializadas contendo
células intersticiais valvares e recobertas por endotélio. A progressao do processo reumatico
leva a uma mudanga substancial na arquitetura valvar devido a alteragdes na MEC e nos
componentes celulares. Os principais achados anatomopatolégicos da EM consistem no
espessamento dos folhetos valvares, areas de calcificagdo, fusdo comissural e encurtamento de

cordoalhas (12).

O principal sintoma ¢ a dispneia, que ocorre, inicialmente, em situagdes que aumentam
a pressdo venocapilar pulmonar (esfor¢o fisico, gestagdo, FA). Em estdgios mais avancados,
pode acontecer mesmo no repouso, com ortopneia e dispneia paroxistica noturna. Outros
sintomas sao palpitagcdes, hemoptise, disfonia, disfagia e tosse (12). A maioria dos casos de EM

sdo detectados quando ocorrem complicacdes como insuficiéncia cardiaca, FA ou eventos
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cardioembélicos. E a principal valvopatia que complica o curso de uma gestagdo, com
significativa morbimortalidade materno-fetal (7). Ao exame fisico, observa-se: estalido de
abertura da valva mitral, sopro diastélico em ruflar mitral, em decrescendo, logo apds o estalido,

com reforgo pré-sistolico no final da diastole presente nos pacientes em ritmo sinusal (12).

O ecocardiograma confirma o diagndstico e define a gravidade da estenose. Os
principais achados ecocardiograficos sdo a fusdo comissural e a presenca da abertura do folheto
anterior em dome. O folheto posterior geralmente tem sua movimentagdo restrita durante a
diastole. Os folhetos geralmente sdo espessados e podem apresentar calcificagdo (7). A EM
importante ¢ definida pela presenca de uma AVM < 1,5 cm? avaliada na planimetria, geralmente
com um gradiente transmitral médio > 10 mmHg em uma frequéncia cardiaca normal (10-12).
Por meio do ecocardiograma, ¢ realizada também a avaliacdo de aspectos estruturais da valva

mitral importantes para definir o tipo de tratamento a ser proposto.

Virios escores foram criados para avaliar a anatomia da valva mitral. O escore de
Wilkins-Block considera quatro pardmetros: mobilidade dos folhetos, espessamento valvar,
grau de calcificacdo e acometimento do aparato subvalvar. Uma graduagdao de um a quatro
pontos para cada item resulta num escore que pode variar de 4 a 16 pontos (47). Uma limitacao
desse escore ¢ ndo predizer o desenvolvimento de RM apds a intervencdo, que ¢ um importante
indicador de resultados em longo prazo ap6s VMPB. Posteriormente, foi proposto o escore de
Nunes, que incorpora novos parametros quantitativos para a avaliagdo da morfologia da valva
mitral, principalmente o deslocamento dos folhetos (Figura 6) e a assimetria no remodelamento
comissural (Figura 7). Esse escore mostrou-se mais preciso na previsao do desfecho do
procedimento do que o escore de Wilkins (48). Além disso, ele foi particularmente 1util na
previsdao da RM ap6s VMPB (Quadro 3). Mesmo assim, a predi¢do da RM ap6s o procedimento
ainda nao ¢ acurada e novos parametros sao necessarios para definir melhor o risco de

desenvolvimento dessa complicagdo comum.



Quadro 1: Escore ecocardiografico de Wilkins-Block
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1.

Mobilidade dos folhetos:

Mobilidade elevada da valva com apenas restri¢ao nas extremidades dos folhetos
Regides medial e basal apresentam mobilidade normal
A valva continua se movendo adiante na diastole, principalmente na base

Nenhum ou minimo movimento dos folhetos em diastole

Acometimento subvalvar:

Minimo espessamento subvalvar exatamente abaixo dos folhetos mitrais
Espessamento de cordas estendendo-se por mais de um terco do comprimento
Espessamento expandindo-se para o terco distal das cordas

Espessamento extenso e encurtamento de todas as estruturas das cordas expandindo-se

para os musculos papilares

l.
2.
3.
4.

Espessura dos folhetos:

Espessamento dos folhetos com espessura proxima do normal (4-5 mm)
Camadas médias normais, espessamento consideravel de margens (5-8 mm)
Espessamento expandindo através de toda a camada (5-8 mm)

Espessamento consideravel de toda a camada do tecido (> 8-10 mm)

1.
2.
3.
4,

Calcificacao valvar:

Uma érea Unica da ecoluminosidade aumentada
Minimas areas de luminosidade confinadas as margens do folheto
Luminosidade expandindo-se dentro da por¢ao média dos folhetos

Luminosidade extensa, além dos limites dos folhetos

Fonte: Wilkins et al. Br Heart J, 1988.
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Quadro 2: Escore ecocardiografico revisitado para predigdo de resultados imediatos apos

VMPB (escore de Nunes)

Varidveis Pontos (0 a11) Categoria de risco
Area valvar mitral < 1cm? 2

Excursao maxima dos folhetos < 12mm 3 Baixo (0-3)
Relacdo das areas comissurais > 1.25 3 Intermediario (4-5)
Comprometimento subvalvar 1 3 Alto (6-11)

1: espessamento ausente ou leve versus importante
Fonte: Nunes ef al. Circulation, 2014.

Leaflet Displacement

Figura 6: Avaliagdo do deslocamento apical maximo dos folhetos em relagdo ao anel mitral. Fonte: Nunes ef al.
Circulation, 2014.

Commissural Area Ratio

Perpendicular bisector
of intercommissural line
of orifice

Area Max

Symmetry =
¥ L Area Min

Figura 7: Avaliacdo da relacdo das areas comissurais. Fonte: Nunes et al. Circulation, 2014.



30

Publicamos o artigo de revisdo Rheumatic Mitral Stenosis: Update in Diagnosis and
Evaluation (APENDICE) com o objetivo de fornecer uma visdo geral sobre os métodos atuais

de diagnostico e avaliagdo da EM reumatica.
2.6. Valvoplastia mitral percutanea por balao

O tratamento da EM importante ¢ baseado na abertura das comissuras fundidas para

aumentar a area valvar e reduzir a pressao do atrio esquerdo.

Em 1984, Inoue et al desenvolveram uma técnica de comissurotomia mitral percutanea
por cateter baldo como uma alternativa a cirurgia aberta, exemplificado na Figura 8 (49). O
diametro do baldo ¢ definido utilizando a altura do paciente como parametro, de acordo com a
seguinte formula: didmetro do baldo (mm) = altura do paciente (cm)/10 + 10. Durante e ap6s o
procedimento, ¢ realizado ecocardiograma para avaliar a abertura das comissuras € a AVM,
bem como para avaliar a ocorréncia de complicacdes e o surgimento ou agravamento de RM.
Caso ndo haja piora da RM e a AVM ainda esteja < 1,5 cm?, pode ser realizada nova insuflagao

do cateter baldo com o incremento de 1 ml no volume do balao (13).

A VMPB esta indicada nas seguintes situacoes: (1) pacientes sintomaticos (classe
funcional II-IV NYHA) com AVM < 1,5 cm? e morfologia valvar favoravel, (2) pacientes
assintomaticos com AVM < 1,5 cm? com morfologia favordvel com fatores complicadores,
incluindo FA de inicio recente ou pressao sistolica na artéria pulmonar (PSAP) > 50 mmHg em
repouso, (3) pacientes sintomaticos com AVM > 1,5 cm? com evidéncia de estenose
hemodinamicamente significativa (pressdao de oclusdo de artéria pulmonar > 25 mmHg ou
gradiente valvar mitral médio > 15 mmHg durante esfor¢o), (4) pacientes muito sintomaticos
com AVM < 1,5cm? com anatomia sub-0tima mas que apresentam alto risco para interven¢ao
cirargica. O procedimento ¢ contraindicado na presenga de trombo no atrio esquerdo ou de RM

moderada ou importante (10-12).

Os principais preditores de sucesso da VMPB sdao a AVM, o espessamento subvalvar e
a calcificagdo valvar. As caracteristicas dos pacientes, as estratégias de intervengdo e a
experiéncia da equipe envolvida no procedimento também influenciam os resultados (13). Um
escore de Wilkins-Block > 8 prediz uma abertura insuficiente da valvula, o que esta associado

a reducao da sobrevida livre de eventos (47).

O procedimento tem uma taxa de sucesso de 65 a 90%. As principais complicagdes

imediatas sdo morte (0,2 a 0,4%), tamponamento cardiaco (0,2 a 1,9%), fendmenos embolicos
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(0,3 a 1,17%) e desenvolvimento de RM importante (1,4 a 7,5%), sendo que 2% dos pacientes
irdo necessitar de troca valvar de urgéncia (14-18). O desenvolvimento de RM p6s VMPB pode
ocorrer por 4 mecanismos, apresentados em ordem de maior frequéncia: (1) RM comissural,
(2) laceracao do folheto posterior nos seguimentos P3 ou P1 com RM comissural, (3) laceragdo
do folheto anterior ou posterior em seu segmento central (A2 ou P2) e/ou lesdo subvalvar, (4)
RM central associada a abertura valvar excessiva (50). A lesdo do segmento central do folheto
anterior (A2) ¢ a mais associada a instabilidade hemodinamica e necessidade de cirurgia de
emergéncia (50).

A longo prazo, a taxa de pacientes livres de eventos (morte, nova VMPB, troca valvar
mitral, CF III ou IV de NYHA) ¢ em torno de 80% em 10 anos e 30% em 20 anos, sendo a taxa
de nova VMPB ou cirurgia cardiaca de 28,5% em 15 anos ¢ a taxa de sobrevida de 61,9% em

15 anos (14-16, 18).

Em nosso estudo anterior, demonstramos que apos o alivio da obstrugdo valvar com
melhora dos parametros hemodinamicos, houve redugdo significativa nos niveis plasmaticos de
IL-1B, IL-12, IL-6, IL-4, PDGF e CCLI11. Estratificando os pacientes de acordo com eventos
adversos apos 28 meses de acompanhamento mediano, houve uma queda significativa nos
niveis de IL-1 B, IL-12, IL-6, IL-4, IFN-y, CXCL-10, VEGF, FGF e PDGF nos pacientes que
ndo apresentaram eventos comparados com os pacientes com desfechos adversos. Esses
achados indicam uma correlacdo entre a manuten¢do da inflamagdo e a ocorréncia de

reestenose, levando a eventos adversos futuros (51).

C

Figura 8: Valvoplastia mitral percutanea por baldo. (A) Através da veia femoral direita, ¢ introduzida no atrio
direito uma bainha com uma agulha de pungao transeptal. E realizada, entdo, a pungdo do septo interatrial na fossa
ovalis, de modo a acessar o atrio esquerdo. (B) O cateter baldo ¢ introduzido no atrio esquerdo via transeptal. (C)
O cateter baldo ultrapassa o orificio mitral, onde ¢ posicionado com sua por¢do apical no interior do ventriculo
esquerdo. (D) A porcao distal do baldo ¢ inflada e o cateter ¢ tracionado para tras até atingir o lano valvar mitral.
Em seguida, ¢ inflada a por¢do proximal do baldo, causando a abertura das comissuras e aliviando a estenose.
Fonte: Nunes, et al. Heart 2016
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2.7. Reestenose valvar mitral apds intervencdo percutanea

O desenvolvimento de reestenose (Figura 9) ¢ a principal causa de deterioracdo
funcional ap6s uma VMPB bem-sucedida e esta se tornando uma apresentagcdo frequente da
EM nos paises ocidentais (19). Seu desenvolvimento ¢ tempo dependente, mas pode ocorrer em
intervalos curtos como um ano. De acordo com a literatura, a incidéncia de reestenose varia de
4 a 39%, de acordo com o tempo de seguimento dos estudos, com uma taxa de sobrevida livre
de eventos em 5 e 10 anos variando de 75-94% e 61-90%, respectivamente, como demonstrado
na Tabela 1 (15, 16, 24, 52-57). Bouleti et al, em um seguimento de 912 pacientes submetidos
a VMPB, mostraram uma incidéncia de reestenose mitral com indicagdo de reabordagem de
38,4% em 20 anos, sendo 24% dos pacientes submetidos a novo procedimento percutidneo e

76% submetidos a cirurgia de troca valvar (16).

Tabela 1: Resumo dos principais estudos que avaliaram incidéncia de morte, nova VMPB e

troca valvar mitral em pacientes submetidos 8 VMPB.

Referéncia N°de Idade Seguimento Eventos
(Autor/Ano) pacientes (anos) (anos)

Song/2009 (57) 329 43,2+10,8 9,1(6,2-10,4) 13,7%
Bouleti/2012 (16) 912 49,0+ 14,0 10,7 (4,6-15,8)  33,4%
Mechmeche/2017 (56) 155 462+ 11,0 7,9+2.2 35,5%
Khan/2017 (53) 84 350£11,0 8,0 28,1%
Mazurkiewicz/2017 (55) 97 51,6122 24 22,7%
Kim/2018 (54) 742 412+11,1 17,842 45,9%
Braiteh/2019 (15) 105 42,7 10,2 (4,13-14,3) 38,1%
Dadjo/2021 (52) 186 47,0+ 11,7 5,7+3,2 14,1%
Meneguz-Moreno/2023 1794 36,5+12,8 9,03 (0,33- 26,0%

(24) 23,38)
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Viérios estudos mostram que os resultados obtidos em uma segunda VMPB apds o
desenvolvimento de reestenose sao semelhantes ao primeiro procedimento, mostrando que este
¢ um procedimento seguro e eficiente (58-60). Alguns pacientes chegaram a fazer at¢ mesmo
uma terceira abordagem. Em uma coorte de 1849 pacientes, sete (0,38%) foram submetidos a

segunda e terceira VMPB apds 6,4 £ 2,5 anos e 12,5 + 6,5 anos, respectivamente (61).

Os fatores que levam reestenose valvar provavelmente sdo os mesmos que levam a
progressao da CRC, ou seja, fatores infecciosos pela recorréncia de episddios de infeccao
estreptococica e fatores hemodindmicos. Foi observado o desenvolvimento de reestenose
precoce em pacientes com recorréncia de FR aguda (62). No entanto, a reestenose € mais

observada em pacientes adultos, sem recorréncia de FR e em uso de profilaxia secundaria.

Viérios fatores foram associados a reestenose, sendo os principais preditores de
reestenose apés VMPB a AVM pos procedimento menor ou igual a 1,8cm? e um escore de
Wilkins-Block pré procedimento maior que 8 (20-23). Esses dois fatores refletem os aspectos
anatomicos que predispdem a um maior turbilhonamento do fluxo sanguineo transmitral.
Meneguz-Moreno et al, em um estudo de 1794 pacientes seguidos por 24 anos, mostraram uma
taxa de reestenose de 26%. Foram preditores independentes de reestenose o didmetro atrial
esquerdo pré VMPB (HR 1,03; 95% IC 1,02-1,05; P<0,01), o gradiente valvar maximo pré
VMPB (HR 1,02; 95% IC 1,00-1,03; P=0,04) ¢ o escore de Wilkins-Block (HR 1,38; 95% IC
1,14-1,67; P<0,01). Mais ainda, dentre os critérios avaliados no escore de Wilkins-Block, a
calcificagdo dos folhetos e o espessamento do aparato subvalvar foram preditores
independentes de reestenose. Esses achados sugerem ainda mais a importancia do fator
hemodindmico para o desenvolvimento de reestenose (24). Rifaie et al observaram que
individuos que apresentaram reestenose apé6s VMPB apresentavam niveis plasmaticos de IL-6
significativamente maiores quando comparados com individuos sem reestenose (19).
Mechmeche et al encontraram associacdo de reestenose com niveis plasmaticos de TNF-a
superior a 80ng/ml, enquanto niveis de inibidor tecidual de metaloproteinases 2 (TIMP-2)
superior a 289 ng/ml protegeram contra o desenvolvimento de reestenose. Sabe-se que MMPs
sdo criticas para o remodelamento da MEC e a secrecao de TGF-f, contribuindo assim para o
desenvolvimento de fibrose (56). Por outro lado, outros estudos ndo conseguiram demonstrar a
associacgdo entre outros marcadores inflamatorios, como os niveis de proteina C reativa (PCR)

ou a razao neutrofilos-linfocitos, com reestenose mitral (63, 64).

Rifaie et al observaram que o uso de colchicina reduziu os niveis plasmaticos de IL-6

e PCR em pacientes com CRC (65). No entanto, ainda ndo se sabe se isso pode reduzir a
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progressdo do dano valvar. Da mesma forma, Yousef et a/ demonstraram que o uso de
penicilina também esté associado a reducdo dos niveis desses marcadores inflamatorios. Esses
achados sugerem haver episodios de reinfeccao pelo S pyogenes levando a manutengao da

resposta inflamatdria e que esse processo possa ser reduzido através da profilaxia secundaria
(66).

Figura 9: Imagem ecocardiografica mostrando: (A) valva mitral estenotica; (B) valva mitral pos VMPB com
abertura da comissura postero-medial; (C) reestenose valvar mitral; (D) imagem ecocardiografica transesofagica
em 3D (zoom da valva mitral) mostrando reestenose valvar.
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3. JUSTIFICATIVA

A CRC ¢ uma doenca importante em paises em desenvolvimento, pela sua
morbimortalidade. Como a prevaléncia de FR ainda ¢ alta, embora ja venha apresentando queda
em sua incidéncia, e as estratégias de preven¢ao ainda sdo deficientes nesses paises, espera-se

que a CRC ainda se mantera prevalente no futuro préximo.

A VMPB ¢ o tratamento de escolha em pacientes com EM importante com anatomia
favoravel, por ser um procedimento menos invasivo € com menor morbimortalidade em relagao
a cirurgia. No entanto, um numero expressivo de pacientes evolui com reestenose valvar mitral,
que ¢ a principal causa de deterioragdo funcional desses individuos, sendo necessario nova
VMPB ou até mesmo troca valvar mitral em alguns casos. Além disso, a emigracdo de
individuos com CRC de areas endémicas para paises desenvolvidos torna a reestenose mitral
uma importante forma de apresentagdo da doenca nessas regidoes, mostrando a importancia

global da doenga.

Os mecanismos que levam a reestenose valvar apés uma VMPB bem-sucedida, bem

como os fatores preditivos de seu desenvolvimento, ainda nao sao bem conhecidos.
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4. OBJETIVOS

4.1. Objetivo geral

e Determinar os fatores associados a reestenose mitral apés VMPB bem-sucedida em

pacientes com EM reumaética.

4.2. Objetivos especificos

e Verificar a incidéncia de reestenose mitral apos VMPB em uma coorte contemporanea de

pacientes com EM reumatica.
e Identificar os preditores clinicos e ecocardiograficos associados a reestenose mitral.

e Analisar a correlagdo entre mediadores inflamatérios apés VMPB e area valvar em longo

prazo em um subgrupo de pacientes.
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5. MATERIAIS E METODOS

5.1. Desenho do estudo e populagio estudada

Trata-se de uma coorte prospectiva de pacientes com EM reumaética submetidos a
VMPB entre janeiro de 1997 e maio de 2023 que foram acompanhados no Hospital das Clinicas
da Universidade Federal de Minas Gerais (HC-UFMG). Representa um sub-projeto de uma
linha de pesquisa em EM, previamente aprovado pelo COEP com o parecer de nimero ETIC
528/08. Todos os pacientes assinaram termo de consentimento livre e esclarecido para

participar do estudo.

5.2. Critérios de inclusio

e Pacientes com EM reumatica importante submetidos a VMPB com sucesso, definido
pela obtencdo de uma AVM maior ou igual a 1,5 cm? sem o desenvolvimento
complicacdes relacionadas ao procedimento, incluindo o desenvolvimento de RM
importante, AVE, tamponamento cardiaco, necessidade de cirurgia de urgéncia ou

morte.

5.3. Critérios de exclusao

e Pacientes que haviam sido submetidos a comissurotomia mitral cirargica prévia.

5.4. Procedimentos médicos

Foi realizado ecocardiograma bidimensional (2D) com doppler em todos os pacientes
antes da VMPB, periprocedimento e durante o seguimento. Os pacientes foram submetidos a
realizagdo de ecocardiograma transtoracico (ETT) antes do procedimento para confirmar o
diagnoéstico de EM grave e avaliar a morfologia valvar para indicagdo da VMPB. Pacientes com
FA também realizaram ecocardiograma transesofagico (ETE) 24-48 horas antes a VMPB para
descartar a presenca de trombo no atrio esquerdo ou apéndice atrial esquerdo. ETT
periprocedimento foi realizado para avaliar aumento de AVM, abertura comissural e

desenvolvimento de RM ou outras complica¢des, como derrame pericardico. Um novo ETT foi
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realizado 48-72 horas pos-procedimento para avaliacdo de resultados e complicagdes do

procedimento. Foram realizados ETTs de controle durante o seguimento.

A AVM foi medida através da planimetria. A RM foi classificada como ausente/trago,
leve, moderada ou importante pela avaliagdo de multiplos parametros, incluindo largura da vena
contracta, volume regurgitante, area do orificio regurgitante efetivo e avaliagdo qualitativa do
jato de fluxo ao Doppler colorido. Os gradientes de pressdo transmitral de pico e médio foram
medidos a partir da analise de Doppler no corte apical de quatro camaras. A RT foi classificada
como ausente/traco, leve, moderada ou importante de acordo com a avaliagao qualitativa do
jato de fluxo ao Doppler colorido. As medidas da PSAP e das dimensdes e fungdo ventricular
esquerdo foram avaliadas conforme recomendado (67). A anatomia valvar foi classificada de

acordo com o escore de Wilkins-Block e escore modificado por Nunes e col (47, 68).

A VMPB foi realizada seguindo as indicagdes formais estabelecidas em diretrizes
nacionais e internacionais(10-12). Foi utilizada a técnica anterdgrada transeptal com cateter
baldo de Inoue (Toray® ou Boynton®). Apos cada dilatacdo do baldo, foi realizado ETT para
determinar a necessidade de uma nova insuflacdo. A maioria dos procedimentos foi realizada
no HC-UFMG, embora também foram incluidos pacientes que realizaram o procedimento em

outros servigos.

5.5. Coleta de dados clinicos e ecocardiograficos

Os pacientes foram seguidos no ambulatorio de valvopatia reuméatica do HC-UFMG até
o término do presente estudo em 07/05/2024. No momento da inclusdo, foram obtidos dados
clinicos de todos os pacientes, incluindo sinais e sintomas, comorbidades, medica¢des em uso,
historia prévia de FR aguda, uso de profilaxia secundaria com penicilina G benzatina, histéria
de abordagens cirtrgicas valvares prévias, historia familiar de cardiopatia reumatica, além de

dados ecocardiograficos, conforme Anexo I — Protocolo de Inclusao.

Durante o seguimento, foram coletados novos dados clinicos incluindo sinais e
sintomas, alteracdes nas medica¢des em uso, incidéncia de FA, AVE ou internagdes, conforme
Anexo II — Seguimento Clinico. Foram também obtidos novos dados ecocardiograficos, na
maioria das vezes com a realizagdo de ETT no ambulatério no préprio dia da consulta do

paciente.
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5.6. Avaliacao de biomarcadores

Amostras de sangue venoso foram coletadas imediatamente antes da VMPB para a
dosagem de peptideo natriurético cerebral (BNP). Apds 24 horas de realizacdo do
procedimento, coletou-se nova amostra de sangue venoso em veia periférica (5 mL) para nova

dosagem sérica de BNP.

Um subgrupo de 18 pacientes foi submetido a coleta de amostras de 5 a 10 mL de sangue
venoso periférico para obtencdo de plasma, que foi usado para mensuragdo das citocinas,
quimiocinas e fatores de crescimento. A coleta foi realizada em um periodo mediano de 7 dias

(11Q 5,8-66,0) apds a realizacdo da VMPB.

Foi realizada a dosagem de citocinas, quimiocinas e fatores de crescimento utilizando o
kit de imunoensaio Luminex (Bio-Plex Pro™ Human Cytokine 27-plex Assay, Bio-Rad,
Hercules — CA, EUA). A leitura das amostras foi realizada no equipamento Bio-Plex 200 e as
analises no software Manager (Instituto René Rachou - Fiocruz Minas). Os resultados obtidos
foram analisados em termos da média das intensidades de fluorescéncia (MIF). Os fatores
soluveis avaliados, sua principal fonte celular e principais alvos celulares e efeitos biologicos

estao descritos na Tabela 2 (69).

Tabela 2: Fatores soluveis avaliados, suas principais fontes celulares, principais alvos

celulares e efeitos bioldgicos

Fatores Principais fontes celulares Principais alvos celulares e efeitos bioldgicos

solaveis

Citocinas da imunidade inata

TNF-a Macrofagos, células T, Células endoteliais: ativacao

c€lulas NK Neutroéfilos: ativacdo
Hipotalamo: febre

Musculo, gordura: catabolismo

IL-1B Macroéfagos, células Células endoteliais: ativacdo

dendriticas, células Hipotélamo: febre

endoteliais, queratinocitos. , , ,
-4 Figado: sintese de proteinas de fase aguda

Células T: diferenciagcdo Th17
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IL-1ra

IL-12p70

IL-10

IL-6

IL-15

Macroéfagos

Macroéfagos, células

dendriticas

Macrofagos, células T
(principalmente células

Treg)

Macroéfagos, células
dendriticas, células

endoteliais, células T

Macrofagos

Citocinas da imunidade adaptativa

IFN-y

IL-2

Células T (Thl, células T
CD8+), células NK

Células T

Virias células: antagonista competitivo de IL-1

Células T: diferenciagdo Thl

Células NK e células T: sintese de IFN- v,

atividade citolitica aumentada

Macrofagos, células dendriticas: inibi¢ao da
expressao de IL-12, co-estimuladores e

moléculas MHC classe 11

Figado: sintese de proteinas de fase aguda

Células B: proliferacao de células produtoras de

anticorpos

Células T: diferenciacao Th17

Células NK: proliferacao

Células T: sobrevivéncia e proliferacdo de

células CD8+ de memoria

Macrofagos: ativagao classica

Células B: troca de isotipo para subclasses de

IgG opsonizantes e fixadoras de complemento
C¢lulas T: diferenciacao Thl

Viarias células: expressao aumentada de
moléculas MHC de classe I e classe 1, aumento
do processamento e apresentagdo de antigenos

para células T

Células T: proliferacao e diferenciagao em
células efetoras e de memoria, promove o
desenvolvimento, sobrevivéncia e funcao de

células T regulatorias

Cé¢lulas NK: proliferagdo, ativagao
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IL-4

IL-5

IL-7

IL-9

IL-13

IL-17

Quimiocinas

CCL2
(MCP-1)

CCL3
(MIP-1a)

CCL4
(MIP-1b)

Células T CD4+ (Th2),

mastocitos

Células T CD4+ (Th2)

Fibroblastos, células do

estroma da medula 6ssea

Células T CD4+

Células T CD4+ (Th2),

células NK, mastocitos

Células T CD4+ (Th17)

Leucécitos, células T,
células endoteliais, células

epiteliais e fibroblastos

Leucocitos, células T,
células endoteliais, células

epiteliais e fibroblastos

Leucocitos, células T,
células endoteliais, células

epiteliais e fibroblastos

Células B: troca do isotipo para IgE, IgG4
Células T: diferenciagdo Th2, proliferacao
Macrofagos: ativagdo alternativa e inibicao da
ativacgdo classica mediada por IFN- vy
Eosindfilos: ativagdo, produ¢do aumentada
Progenitores linfoides imaturos: indugdo de
linfocitos T e B

Linfocitos T: sobrevivéncia de células naive e

células de memoria

Mastocitos, células B, células T e células

teciduais: sobrevivéncia e ativacao

C¢lulas B: troca do isétipo para IgE
Células epiteliais: producao de muco aumentada

Macroéfagos: ativacdo alternativa

C¢lulas epiteliais, macroéfagos e outros tipos
celulares: aumento da producdo de citocinas e

quimiocinas, produ¢do de GM-CSF e G-CSF

Recrutamento misto de leucocitos

Recrutamento misto de leucdcitos

Recrutamento de células T, células dendriticas,

monocitos e células NK
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CCL5 Leucocitos, células T, Recrutamento misto de leucocitos
(RANTES) c¢lulas endoteliais, células

epiteliais e fibroblastos

CCLI11 Leucécitos, células T, Recrutamento de eosinofilos, basofilos e células
(Eotaxina) células endoteliais, células Th2

epiteliais e fibroblastos

CXCL10 Leucécitos, células Recrutamento de células T efetoras
(IP-10) endoteliais, células epiteliais

e fibroblastos

CXCL8 Leucocitos, células Recrutamento de neutrofilos
(IL-8) endoteliais, células epiteliais

e fibroblastos
Fatores de crescimento
FGF-basic  Macrofagos Proliferacao de fibroblastos, angiogénese

G-CSF Macrotagos, fibroblastos, Maturacao de granuldcitos

células endoteliais

GM-CSF Células T, macrofagos, Maturagdo de granulocitos € monocitos, ativacao
células endoteliais, de macrofagos
fibroblastos

PDGF-B Plaquetas, macrofagos, Ativagao e recrutamento de fibroblastos

células endoteliais,

fibroblastos

VEGF Macrotfagos Angiogénese

Abbas et al. Cellular and Molecular Immunology. 2021

5.7. Desfechos clinicos adversos

O desfecho primério foi o desenvolvimento de reestenose mitral clinicamente
significativa, definida como a redu¢do da AVM para valor inferior a 1,5cm? associada a um

evento adverso, incluindo 6bito, indicacao de nova VMPB ou indicacao de troca valvar mitral.



43

Pacientes que ndo apresentaram desfechos foram censurados na data da tultima visita
ambulatorial, ao término do estudo. Os pacientes submetidos a troca valvar mitral por outras
causas que nao a reestenose, como RM ou endocardite, € os pacientes que faleceram por causas

ndo cardiacas foram censurados no momento do evento.
5.8. Analise estatistica

O calculo amostral foi realizado para se determinar os fatores associados a reestenose
valvar ap6és a VMPB. Utilizando-se um modelo de regressao logistica e considerando o
desenvolvimento de reestenose como varidvel dependente (Y) e um determinado fator de
interesse binario (X) com prevaléncia de 33%, propor¢do de reestenose de 50% para X=1 e
33% para X=0, o que correspondente a uma razao de chances de 2,03, erro tipo I bilateral de
5% e poder estatistico minimo de 80%, obteve-se uma amostra total de 297 pacientes. O céalculo

amostral foi feito utilizando-se o software G Power, versao 3.1.0.

Os dados foram analisados utilizando os softwares SPSS versdo 25 para Windows
(SPSS, Chicago, IL, EUA) e R for Statistical Computing versdo 4.4.1 (R Foundation, Viena,
Austria). As variaveis continuas foram apresentadas como média + desvio padrio (DP) ou
mediana e intervalo interquartil (IIQ), quando apropriado. As variaveis categoricas foram
apresentadas como frequéncia e porcentagem. Para comparar pacientes com e sem reestenose,
foram utilizados os testes T de Student e U de Mann-Whitney para amostras independentes com
distribuicdo normal ou ndo normal, respectivamente, ¢ o teste qui-quadrado de Pearson.
Utilizamos o teste de Sperman para avaliar a correlagdo entre citocinas ¢ AVM durante o
seguimento. Andlises de regressao de riscos proporcionais de Cox foram realizadas para
identificar preditores de reestenose mitral. As varidveis selecionadas para a andlise univariada
foram idade, sexo feminino, NYHA classe III-1V, insuficiéncia cardiaca direita, presenca de
FA, uso de penicilina benzatina, BNP pré e p6s-VMPB, variacdo de BNP (calculado usando
esta formula: Pré - Pos / Pré), fragdo de eje¢ao do ventriculo esquerdo (FEVE), deslocamento
dos folhetos, calcificagdo dos folhetos, escore de Wilkins-Block, escore de Nunes, AVM pré e
p6s- VMPB, PSAP pré e pds- VMPB, gradiente mitral médio pré e pds- VMPB, presenga de
RM moderada p6s VMPB e presenca de abertura comissural apés VMPB. Para predi¢ao de
desfecho, selecionamos variaveis que estavam significativamente associadas a eventos e eram
clinicamente relevantes. As varidveis selecionadas para o modelo multivaridvel foram idade,

sexo feminino, escore de Wilkins-Block, escore de Nunes, variagdo do BNP, AVM p6s-VMPB,
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gradiente mitral médio pds-VMPB, RM moderada p6s-VMPB e presenca de abertura

comissural. Um valor de p < 0,05 foi considerado estatisticamente significativo.
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ABSTRACT:

Introduction: Percutaneous mitral commissurotomy (PMC) is the primary choice of therapy
for patients with rheumatic mitral stenosis (MS). However, restenosis can develop over time,
becoming the main cause of functional deterioration after successful PMC. This study aims to
assess the incidence of mitral restenosis and identify the primary factors associated with its
occurrence after a successful PMC in patients with theumatic MS. Methods: This is a cohort
of patients with rheumatic MS who have undergone PMC between January 1997 and May 2023,
followed at the Hospital das Clinicas of the Federal University of Minas Gerais (HC-UFMG).
The primary outcome was the development of clinically significant mitral restenosis, defined
as areduction in mitral valve area (MVA) to less than 1.5 cm?, resulting in cardiovascular death,
the need for repeat PMC, or the indication for mitral valve replacement. Cox proportional
hazards regression model was performed to identify pre and post procedural variables predictors
of mitral restenosis. Spearman correlation test was used to evaluate the correlation of the levels
of cytokines, chemokines, and growth factors with MVA at follow-up in a subgroup of patients.
Results: A total of 380 patients were included in the study, with a mean age of 41.8 + 12.1
years, and 322 patients were women (84.7%). The median follow-up time was 5.34 years (IQR
2.21-9.38). Restenosis occurred in 127 patients (33.4%) in a with an incidence of 5.1 events/100
patients/year (CI 95% 4.2-6.0%). The 5- and 10-years restenosis-free survival rates were 85.9
+ 2.1%, and 63.1 £ 3.5%, respectively. Variables independently associated with restenosis
included age, Nunes score, post-PMC MVA, commissural opening, and brain natriuretic
peptide (BNP) change. Additionally, post-PMC levels of TNF-a, IL-6, IL-15, IL-4, IL-5, IL-
17, CXCL-10, FGF-basic, and VEGF were negatively correlated with MVA at follow-up.
Conclusion: Restenosis remains prevalent despite a successful PMC and can be predicted by
age, valve morphology, post-procedural valve area, commissural opening, and the degree of
BNP reduction. In a subset of patients, the correlation between inflammatory markers and MVA

suggests that persistent inflammation may be a critical driver of restenosis.

Keywords: rheumatic heart disease; mitral stenosis; percutaneous mitral commissurotomy;

restenosis; cytokines.



Abbreviations and acronyms

2D = two-dimensional

AF = atrial fibrillation

BNP = brain natriuretic peptide
DALY = disability adjusted life year
ECM = extracellular matrix

EF = ejection fraction

FGF = fibroblastic growth factor

IL = interleukin

IQR = interquartile range

HC-UFMG = Hospital das Clinicas of the Federal University of Minas Gerais

HF = Heart failure

LV = Left ventricle

MMG = mean mitral gradient

MMP = matrix metalloproteinase

MR = mitral regurgitation

MS = mitral stenosis

MVA = mitral valve area

NYHA = New York Heart Association
PMC = percutaneous mitral commissurotomy
RF = rheumatic fever

RHD = rheumatic heart disease

SD = standard deviation

SPAP = systolic pulmonary artery pressure
TTE = transthoracic echocardiography
TEE = transesophageal echocardiography
TNF = tumor necrosis factor

TR = tricuspid regurgitation
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VEGF = vascular endothelial growth factor
YLD = years of healthy life lost due to disability

YLL = years of life lost
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INTRODUCTION:

Rheumatic heart disease (RHD) is still an important health problem in low- and middle-
income countries, especially between the most marginalized and poorest populations. Oceania,
South Asia, the Caribbean, and sub-Saharan Africa are the most affected places in the world.
The global prevalence of RHD in 2019 was estimated in 40.5 million people (95% CI: 32.1 to
50.1 million), causing 306,000 deaths (95% CI: 259,000 to 340,000), 10.7 million disability
adjusted life years (DALYs) (95% CI: 9.21 to 12.1 million), 8.68 million years of life lost
(YLLs) (95% CI: 7.43 to 9.77 million) and 1.99 million years of healthy life lost due to
disability (YLDs) (95% CI: 1.20 to 3.04 million) (1).

Mitral stenosis (MS), a hallmark feature of RHD, is a major cause of valvular heart
disease worldwide, leading to significant morbidity and mortality, particularly among young
adults at the peak of their productivity. The primary treatment for rheumatic MS is percutaneous
mitral commissurotomy (PMC), which significantly increase the valve orifice and improve
clinical outcomes. However, even after relieving valve obstruction, persistent pathological
processes can lead to the progression of MS and subsequent valvular restenosis, occurring at
varying intervals post-intervention. Mitral restenosis, a significant contributor to long-term
adverse outcomes, has been increasing in prevalence with the aging population. The incidence
ranges from 4% to 39%, depending on the duration of follow-up (2-8). The turbulent blood flow
characteristic of MS exacerbates valvular tissue injury, continuously triggering inflammatory

responses and trauma, thereby perpetuating valvular damage.

In a cohort study of patients with rheumatic MS, we observed that levels of
inflammatory cytokines were elevated in patients with severe MS compared to those with mild
MS (9). Importantly, serum cytokine levels decreased following successful percutaneous mitral
valve intervention (10). However, this reduction was not observed in patients whose valve
opening was insufficient. This finding suggests that hemodynamic factors modulate the

immunological response.

Persistent inflammation may play a role in the development of restenosis after PMC
(11-13). This inflammatory response may be consequent to recurrence of acute rheumatic fever
(RF) (14, 15). However, new studies suggest that the hemodynamic stress attributable to shear
stress caused by blood flow through the injured valve has an important role in the maintenance

of inflammation (16). Thus, despite the initial relief of valve obstruction, ongoing inflammatory
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processes can lead to the progression of MS, ultimately resulting in valvular restenosis, which

often requires further intervention.

Therefore, rheumatic MS is a progressive disease that often requires several valvular
interventions. The factors contributing to ongoing fibrosis and the progression of MS remain
unclear. This study aims to identify the key factors associated with mitral restenosis after

successful PMC in patients with rheumatic MS.

METHODS:

1. Study population

This study includes a cohort of patients with rheumatic MS who underwent PMC
between January 1997 and May 2023 and have been followed at the Hospital das Clinicas of
the Federal University of Minas Gerais (HC-UFMG). Patients with severe rheumatic MS were
included if they achieved successful PMC, defined as an increase in mitral valve area (MVA)
to 1.5 cm? or greater, without complications related to the procedure, including developing
significant mitral regurgitation (MR), stroke, cardiac tamponade, need for urgent surgery, or

death. Exclusion criteria were a history of previous surgical mitral valve commissurotomy.

This study was approved by the institutional ethics committee and all patients provided

written informed consent to participate.

2. Medical procedures

Comprehensive two-dimensional (2D) and Doppler echocardiographic examinations
were performed in all patients before PMC, periprocedural and at follow-up. Patients underwent
pre-procedure transthoracic echocardiography (TTE) to confirm the diagnosis of severe MS
and to assess valve suitability for PMC. Patients with atrial fibrillation (AF) also underwent
transesophageal echocardiography (TEE) 24-48 hours before PMC to rule out the presence of
thrombus in left atrium and left atrial appendage. Periprocedural TTE was performed to access
increase in MV A, commissural opening, and development of MR and other complications, such
as pericardial effusion. A new TTE was performed 48-72 hours post-procedure for evaluating
procedural results and complications. During follow-up visits, additional TTEs were performed

as clinically indicated.
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MVA was measured using direct planimetry. MR was graded as none/trace, mild,
moderate, or severe by evaluation of multiple parameters including vena contracta width,
regurgitant volume, effective orifice area, and qualitative assessment of the color flow jet. Peak
and mean transmitral pressure gradients were measured from Doppler profiles recorded in
apical four-chamber view. Tricuspid regurgitation (TR) was graded as none/trace, mild,
moderate, or severe according to qualitative assessment of the color flow jet. Measures of
systolic pulmonary artery pressure (SPAP) and left ventricular (LV) dimensions and function
were assessed as recommended. Anatomic suitability for PMC was classified according to

guidelines for management of valvular heart disease (17, 18).

PMC was performed according to the antegrade transseptal technique with Inoue
balloon catheter (Toray™ or Boynton™). After each dilatation, peri-procedural TTE was
performed to define whether further dilatation was required. Most procedures were performed

at HC-UFMQG, although patients who underwent PMC in other services were also included.

3. Clinical data and follow-up

Patients were followed on an outpatient basis at HC-UFMG from 02/10/2011 to

05/07/2024 annually or more often according to the patients’ clinical status.

At the time of inclusion, clinical data were obtained from all patients, including symptoms,
New York Heart Association (NYHA) functional class, right-sided heart failure (HF), cardiac
rhythm, comorbidities, medications in use, previous history of acute RF, use of secondary
prophylaxis with penicillin benzathine, history of previous valve surgery, stroke, and family

history of RHD.

Follow-up clinical data were collected through in-person consultations or by reviewing

medical records, contacting family members or telephone interview with the patients.

4. Biomarkers data

Blood samples from peripheral vein were obtained from patients immediately before
PMC and repeated after 24 hours to measure brain natriuretic peptide (BNP) using standard

radioimmunoassay.

We also collected plasma samples of a subgroup of patients after PMC to measure the

levels of cytokines, chemokines, and growth factors. Measure was performed using the
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Luminex immunoassay kit (Bio-Plex Pro™ Human Cytokine 27-plex Assay, Bio-Rad,
Hercules — CA, USA). The samples were read using the Bio-Plex 200 equipment and the

analyzes were performed using the Manager software (Instituto René Rachou - Fiocruz Minas).

5. Endpoint definitions

The primary outcome was the onset of clinically significant mitral restenosis, following
successful PMC, defined as a reduction in MVA to less than 1.5¢cm? accompanied by symptoms
requiring further valve intervention, including either redo PMC or mitral valve replacement or
also cardiac death. Patients who died from non-cardiac causes or underwent mitral valve
replacement due to causes other than restenosis (e.g. MR or endocarditis) were censored at the

time of death or the surgical procedure, respectively.

6. Statistical analysis

The sample size calculation was performed to determine the factors associated with
mitral restenosis after PMC. Using a multiple regression model and considering the restenosis
rate of 30%, alpha error of 0.05, and statistical power of 80% a sample of 297 patients was

obtained. The sample calculation was carried out using the G*Power software, version 3.1.0

Data were analyzed using SPSS software version 25 for Windows (SPSS, Chicago, IL,
USA) and R for Statistical Computing version 4.4.1 (R Foundation, Vienna, Austria).
Continuous variables were presented as mean + standard deviation (SD) or median and
interquartile range (IQR), when appropriate. Categorical variables were presented as frequency
and percentage. To compare patients with and without restenosis, we used Student's T and
Mann-Whitney U tests for independent samples with normal or non-normal distribution,
respectively, and the Pearson's chi-square test. We used the Sperman test to evaluate the
correlation between cytokines and MVA. Cox proportional hazards regression analyses were
performed to identify predictors of mitral restenosis. The selected variables for the univariable
analysis were: age, female gender, NYHA class III-IV, right-sided HF, presence of AF, use of
penicillin benzathine, BNP pre- and post-PMC, BNP change (calculated using this formula: Pre
- Post/ Pre), LV ejection fraction (EF), leaflet displacement, leaflet calcification, Wilkins-Block
score, Nunes score, MVA pre- and post-PMC, SPAP pre- and post-PMC, mean mitral gradient
(MMG) pre- and post-PMC, moderate MR post-PMC, and the presence of commissural

opening after PMC. For outcome prediction, we selected variables that were significantly



53

associated with events and were clinically relevant. The selected variables for the multivariable
model were age, female gender, Wilkins-Block score, Nunes score, BNP change, MVA post-
PMC, MMG post-PMC, moderate MR post-PMC, and presence of commissural opening. A p-

value < 0.05 was considered statistically significant.

RESULTS:

Among the 524 patients with rheumatic MS eligible for this study, 41 (7.8%) were not
included due to suboptimal valve opening post-procedure, 30 (5.7%) due to development of
severe MR, and 3 (0.6%) due to other procedure-related complications. Of the 450 patients
who met the inclusion criteria and were initially enrolled, 70 (15.6%) were excluded due to a
prior surgical commissurotomy. This resulted in a final study cohort of 380 patients (Figure 1).
Baseline characteristics of patients are presented in Table 1. The mean age was 41.8 = 12.1

years, with a predominance of female patients (322 women, 84.7%).

1. Long-term restenosis

During the median follow-up of 5.45 years (IQR 2.21-9.41), restenosis occurred in 127
patients (33.4%), with incidence of 5.1 events/100 patients/year (CI 95% 4.2-6.0%). Among
the patients with restenosis, 8 (6.3%) died before any valve intervention, 71 (55.9%) were
referred for a repeat PMC, and 48 (37.8%) were referred for surgical mitral valve replacement.
The 5- and 10-years rate of restenosis-free survival were 85.9 + 2.1%, and 63.1 = 3.5%,
respectively. Ten patients presented adverse events not related to restenosis: 4 patients died (2
due to cancer, 1 due to sepsis, and 1 due to HF), and 6 patients underwent mitral valve

replacement (5 due to MR and 1 due to infective endocarditis).

Table 1 shows characteristics of patients with and without restenosis. Right-sided HF at
baseline was more frequent in patients who developed restenosis (33.1% vs 20.0%,
respectively, p = 0.006). However, there were no significant differences between patients
regarding other clinical variants. There were important differences between groups regarding
mitral valve morphology, characterized by leaflet displacement, leaflet calcification, Wilkins-
Block score, and Nunes score. Patients experiencing restenosis presented post procedure lower
MVA (1.61 £0.18 vs 1.78 £ 0.24, p <0.001), and greater MMG [5.7 (IQR 4.5-7.0) vs 4.4 (IQR
3.5-6.0), p=0.001].
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The levels of BNP after PMC were higher in the restenosis group compared to no
restenosis [108.0 (IQR 68.7-231.0) vs 80.45 (IQR 47.2-138.5), p = 0.04]. The magnitude of
decrease in BNP levels, represented by the BNP change [calculated using this formula: (Pre -
Post) / Pre], was lower in the restenosis group [0.36 (IQR 0.07-0.55) vs 0.49 (IQR 0.26-0.67),
p = 0.004].

Univariable Cox proportional hazards analyses identified several variables as predictors
of adverse outcomes (Table 2). The variables that were independently associated with restenosis
were age (HR 1.045; 95 CI 1.012-1.078, p = 0.006), Nunes score (HR 1.294; 95% CI 1.041-
1.607, p = 0.020), MVA post-PMC (HR 0.003, 95% CI 0.002-0.166; p = 0.003), commissural
opening (HR 0.381; 95% CI 0.165-0.879, p = 0.024), and BNP change (HR 0.561; 95% CI
0.354-0.853, p = 0.008) (Table 3).

2. Inflammatory markers associated with MVA at follow-up

Analysis of inflammatory markers was performed in a subgroup of 18 patients. Boxplots
showing mitral valve area of patients with or without restenosis pre- and post-PMC and at

follow-up are shown in Figure 2.

In this subset of patients, cytokines were measured at a median time of 7 days (IQR 5.8-
66.0) days after successful intervention to identify which cytokines correlate with MV A during
long-term follow-up (Figure 3). We found that IL-15, VEGF, IL-5, IL-6, FGF-basic, TNF-a,
CXCL 10, IL-4, and IL-17 presented negative correlation with valve area.

DISCUSSION:

Our study demonstrates that 92.7% of the composite event of death, redo PMC and
mitral valve replacement after a successful PMC are related to restenosis. These data are in
agreement with previous studies that indicate mitral restenosis as the principal cause of
functional deterioration after PMC, with an event-free survival rate in 5 and 10 years ranging

from 75-94% and 61-90%, respectively (2, 4-8, 12, 19, 20).

1. Clinical and echocardiographic variables related to long-term restenosis

Late outcomes are substantially dependent on immediate results of PMC, which in turn

are directly related to pre-PMC valve morphology. Our data show that age, BNP change, MVA
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post-PMC, commissural opening, and Nunes score were independently associated with
restenosis. Several studies demonstrated that MVA post-PMC is the main predictor of
restenosis (2, 4, 6, 8). However, there are controversial data regarding other predictors of
restenosis. The Wilkins-Block score has been reported as a predictor of long-term events in
previous studies (4, 6, 7). However, this was not observed in the present study. In this cohort,
we evaluated a modified score (Nunes score) that incorporates more quantitative parameters,
including commissural thickening pattern, leaflet mobility, valve area, and subvalvular
thickening, to predict long-term outcomes. This score has proven to be more accurate than the
Wilkins-Block score in predicting results after PMV and also serves as an independent predictor
of long-term event-free survival, reflecting the immediate procedural outcomes (21). Other
studies also found correlation between AF and restenosis (2, 4), although in the present study,
AF was not associated to events. Different from us, in the study of Mazurkiewicz et al/, BNP
level was not a predictor of restenosis (20). These data reflect the importance of the mitral
valve anatomy and the hemodynamic changes caused by the procedure on long-term results,
reinforcing the hemodynamic theory in which progressive valve damage is due to continuous

trauma resulting from turbulent flows through the injured valve (13).

On the other hand, the inflammatory theory suggests that progressive valve injury is
associated with persistent valvular inflammation related to RF (13). Indeed, development of
early restenosis has been observed in patients with recurrence of acute RF (14) and the use of
penicillin benzathine has been described as a protective factor against restenosis (12). We found
no correlation between antibiotic prophylaxis and restenosis, but only 35% of patients reported
current or previous use of it. This low rate of penicillin use can be explained by the mean age
of patients being 41 years old, and currently guidelines recommend the suspension of

prophylaxis from 40 years of age onwards (22-24).

2. Relation between inflammatory markers and MVA

The presence of ongoing chronic inflammation conditioning extracellular matrix (ECM)
remodeling is the responsible for the progressive valve injure in RHD and also for restenosis
after PMC (13). We found negative correlations between MV A at follow-up and the pro-
inflammatory cytokines IL-6, TNF-a, CXCL 10, IL-15, IL-17, FGF-basic, and VEGF, post-
PMC, suggesting that higher levels of this molecules are associated with disease progression

leading to restenosis. IL-6 and TNF-a levels are associated with severity of RHD (9).
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Furthermore, the level of IL-6 >165 pg/ml (11) and TNF-a > 80 ng/ml were independent
predictors of mitral restenosis post-PMC (12). IL-6 is linked to B cell antibody production and
TNF-a activates myofibroblasts and stimulates the secretion of matrix metalloproteinases
(MMPs), proteolytic endopeptidases that play a central role in ECM remodeling (12). CXCL10
is a chemokine that attracts immune cells, such as T cells, to sites of inflammation, while IL-15
stimulates survival and proliferation of memory CD8+ cells (25). IL-17 is a pro-inflammatory
cytokine produced by Thl7 cells, which are involved in promoting inflammation and are
implicated in various autoimmune and inflammatory conditions, including RHD (26). FGF is
responsible for recruitment and proliferation of fibroblasts, developing an important role in
tissue repair and fibrosis (27), while VEGF stimulates neoangiogenesis and mineralization in
areas of inflammation (13). This might imply that persistent or enhanced inflammation could
be contributing to continued valve damage or impaired healing, reducing the efficacy of the
valve repair. It has been proposed that hemodynamic improvement after PMC modulates the
inflammatory profile with decrease inflammation which could prevent mitral valve narrowing

over the time. (10).

LIMITATIONS:

Regular long-term follow-up was not possible in all patients, and this might have

affected the events rate.

The small number of patients submitted to cytokines analyses limited the evaluation of

the correlation of cytokines and restenosis.

CONCLUSION:

Mitral restenosis occurred in one-third of patients who successfully underwent the
procedure. The predictors of restenosis are linked to both age and valvular anatomy, as well as
the immediate procedural results, including valve area, commissural opening, and BNP
reduction. Among a specific set of patients, there is a link between inflammatory markers and
MVA, suggesting that ongoing inflammation may play a significant role in the development of

restenosis.

Late outcomes are substantially dependent on immediate results of PMC, suggesting
that the hemodynamic stress may be the principal cause of inflammation leading to restenosis

in this phase of the natural history of the disease. Understanding this inflammatory response
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may help stratifying patients based on their risk of restenosis and developing targeted
interventions to modulate their immune responses, such as anti-inflammatory therapies or

agents that enhance immune cell function.
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Figure 1: Flow chart of the studied population.
PMC = percutaneous mitral commissurotomy; MR = mitral regurgitation
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Pre-PMC Post-PMC Follow-up

Figure 2: Boxplots showing mitral valve area of patients with (blue) or without (pink) restenosis pre- and
post-PMC and at follow-up.

PMC = percutaneous mitral commissurotomy
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Figure 3: Correlation between cytokines post-PMC and mitral valve area at follow-up
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Table 1: Baseline characteristics of the study population, stratified by the presence of long-

term restenosis following PMC

All Restenosis No Restenosis P

Variable (n = 380) (n=127) (n=253) Value
Clinical variables
Age (Years) 41.8+12.1 404+ 134 4253+114 0.112
Female (%) 322 (84.7%) 112 (88.2%) 210 (83.0%) 0.185
NYHA III-IV (%) 145 (38.2%) 46 (36.2%) 99 (39.3%) 0.565
Right side HF (%) 93 (24.4%) 42 (33.1%) 51 (20%) 0.006
Atrial fibrillation (%) 188 (49.5%) 70 (54.8%) 118 (46.8%) 0.143
Penicillin benzathine use (%) 133 (35.0%) 42 (33.0%) 91 (36.0%) 0.644
Pre-procedural data
LV ejection fraction (%) 0.63 (0.59-0.67) 0.63 (0.59-0.66) 0.63 (0.59-0.67) 0.419
MMG pre-PMC (mmHg) 11.0 (8.0-14.5) 10.5 (8.0-14.0) 11.0 (8.5-15.0) 0.181
SPAP (mmHg) 44.9 (36.0-56.0) 45.0 (36.9-56.1) 44.0 (35.0-55.0) 0.549
BNP pre-PMC (pg/ml) 158.0 (95.6- 158.0 (95.2- 158.0 (97.3-285.5)  0.410

299.3) 287.0)
Mitral valve morphology
MVA pre-PMC (cm?) 0.97 £0.26 0.98 +0.26 0.97 +£0.26 0.868
Leaflet displacement (mm) 14.8 + 2.7 13.8+2.5 15.1 +£2.7 0.004
Leaflet calcification f 57 (15.0%) 33 (25.8%) 24 (9.3%) 0.001
Wilkins-Block score 7 (6-8) 8 (7-9) 7 (6-8) 0.001
Nunes score 2 (0-3) 2 (0-3) 2 (0-2) 0.030
Post-procedural data
MVA post-PMC (cm?) 1.74 £ 0.24 1.61 £0.18 1.78 £ 0.24 0.001
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MMG post-PMC (mmHg)
SPAP

Moderate MR post-PMC
Commissural opening

BNP post-PMC (pg/ml)

BNP change*

5.0 (3.8-6.0)
33.0 (28.0-40.0)
75 (19.7%)
289 (76.0%)

85.6 (51.5-166.0)

0.44 (0.21-0.64)

5.7 (4.5-7.0)
37.5 (30.0-42.8)
30 (23.4%)
87 (68.2%)

108.0 (68.7-
231.0)

0.36 (0.07-0.55)

4.4 (3.5-6.0)
32.0 (28.0-40.0)
45 (17.7%)
202 (79,2%)

80.45 (47.2-138.5)

0.49 (0.26-0.67)

0.001

0.038

0.287

0.127

0.004

0.004

Data are expressed as the mean value + SD, median (IQR), or absolute numbers (percentage).

BNP = brain natriuretic peptide; HF = heart failure; LV = left ventricle;, MMG = Mean mitral gradient; MR =

mitral regurgitation; MV A = mitral valve area; NYHA = New York Heart Association; PMC = Percutaneous mitral

commissurotomy; SPAP = systolic pulmonary artery pressure.

1 Leaflet calcification: defined as the presence of calcium deposits on the anterior leaflet, extending beyond the

tips to the mid-portion or even reaching the base of the leaflet.

*BNP change was calculated using this formula: (Pre-Post)/Pre
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Table 2: Predictors of long-term restenosis after percutaneous mitral commissurotomy

(univariable analysis)

Variable Hazard ratio 95% CI1 P-
Value
Age 1.026 1.011-1.041 0.001
Female gender 1.039 0.605-1.786 0.889
NYHA class III-1V 1.739 1.204-2.512 0.003
Right side HF 2.118 1.439-3.117 <0.001
Atrial fibrillation 0.900 0.629-1.286 0.562
Penicillin benzathine use 0.796 0.548-1.155 0.229
LV ejection fraction (%) 0.980 0.952-1.009 0.169
MMG pre-PMC (mmHg) 0.959 0.908-1.012 0.126
SPAP pre-PMC (mmHg) 1.002 0.989-1.016 0.736
BNP pre-PMC (pg/ml) 1.001 1.000-1.002 0.096
MVA pre-PMC (cm?) 1.021 0.408-2.554 0.965
Leaflet displacement (mm) 0.866 0.781-0.961 0.007
Leaflet calcification 1.824 1.337-2.487 <0.001
Wilkins-Block score 1.441 1.204-1.726 <0.001
Nunes score 1.214 1.086-1.357 0.001
MVA post-PMC (cm?) 0.036 0.008-0.164 <0.001
MMG post-PMC (mmHg) 1.079 1.009-1.154 0.026
SPAP post-PMC (mmHg) 1.012 0.988-1.037 0.338
Moderate MR post-PMC 0.464 0.269-0.801 0.006
Commissural opening 0.498 0.261-0.948 0.034

BNP post-PMC (pg/ml) 1.001 1.000-1.002 0.025
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BNP change* 0.585 0.413-0.828 0.002

1 Leaflet calcification: defined as the presence of calcium deposits on the anterior leaflet, extending beyond the
tips to the mid-portion or even reaching the base of the leaflet.
*BNP change was calculated using this formula: (Pre-Post)/Pre

BNP = brain natriuretic peptide; LV = left ventricle; MMG = mean mitral gradient; MR = mitral regurgitation;
MVA = mitral valve area; NYHA = New York Heart Association; PMC = percutaneous mitral commissurotomy;

SPAP = systolic pulmonary artery pressure.



Table 3: Independent predictors of restenosis after percutaneous mitral commissurotomy

(multivariable Cox regression analysis)
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Variable Hazard ratio 95% CI1 P-
Value
Age 1.045 1.012-1.078 0.006
Female gender 1.586 0.545-4.618 0.398
Nunes score 1.294 1.041-1.607 0.020
BNP change* 0.561 0.354-0.853 0.008
MVA post-PMC 0.003 0.002-0.166 0.003
Commissural opening 0.381 0.165-0.879 0.024

BNP = brain natriuretic peptide; MVA = mitral valve area; PMC = percutaneous mitral commissurotomy.

*BNP change was calculated using this formula: (Pre-Post)/Pre
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7. CONCLUSOES

A VMPB ¢ um tratamento paliativo para EM reumatica importante que pode postergar
uma cirurgia de troca valvar. Entretanto, a inflamagdo cronica continua relacionada a
recorréncia de FR e/ou estresse de cisalhamento através da valva resulta em reestenose em um
numero significativo de pacientes. Os resultados tardios sdo substancialmente dependentes dos
resultados imediatos da VMPB, que por sua vez sdo influenciados pela morfologia valvar,
sugerindo que o estresse hemodindmico pode ser a principal causa da inflamacdo que leva a
reestenose nesta fase da historia natural da doenga. A compreensao desta resposta inflamatéria
pode ajudar a estratificar os pacientes com base no risco de reestenose e a desenvolver
intervengdes direcionadas para modular as suas respostas imunoldgicas, tais como terapias anti-

inflamatoérias ou agentes que possam melhorar a fungdo das células imunologicas.
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ANEXOS

Anexo I — Protocolo de inclusiao

U ¥ 7772 GG Federal University of Minas Gerais NUMBER:

INCLUSION PROTOCOL (CLINICAL HISTORY AND ECHO) DATE:

Name:

Address:

Telephonss.

[ Weight (kg): Height (cm): BSA (m):

Date of barth: Age (vears): IGe:da: 1-Male( ) 2-Female( )
Race 1-Whte( ) 2-Black( ) 3-Asan( ) 4 Otherrace( )

CLINICAL HISTORY:

NYHA Functiopal Class | 1-ClassI () 2-ClassII ( ) 3-ClassII( ) 4-ClassIV ()

Hemoptyits 1-No ( ) 2-Yes ()

Chest Pain 1-No () 2-Yes ()

Right-sided HF 1-No ( ) 2-Yes ()

Embolic events 1-No () 2-Pulmooary ( )| 3-TIA( ) |4-Suoke ( ) 5 -Systemic ( )

Data of the event: Recurrence oftheevent: 1-No ( ) 2-Yes ( )

Previous percut. plasty 1-No ( ) 2-Once( ) | 3-2ormore( ) | Lastprocedure date:

Previous surg. plasty 1-No ( ) 2-Once( ) | 3-2ormore( ) | Last procedure date:

Comorbidines T-No () 3-SH() 3-DM( ) 3-CHD() 3-Omers ()

Previom ARF =N () TYes( )

Clinxcal features 1. Fever2 Sore throat 2. Polyarthnnis 3. Corena
Druretcs T-No () I-Yes ()
Beta blockers 1-No ( ) 2-Yes ()
Dizitalis 1-No ( ) 2-Yes ()
Inhibitors of the RAA 1-No () 2-Yes ()

| Current medication ARB 1-No ( ) 2-Yes ()

[ Antcoazulants 1-No ( ) 2-Yes ()

' Calcium channel blockers 1-No ( ) 2-Yes ()

| Platelet mhibitors 1-No ( ) 2-Yes ()

| Benzathine peniin T-No () I-Yes ()
Others 1-No ( ) 2-Yes ()




CARDIOVASCULAR EXAM:

Heart rate (bpm):

Systolic blood pressure (mmHg):

Diastolic blood pressure (mmHg):

Artenal pulse 1-Nomal ( ) 2- Small amphnade () 3-Imegular ()
Jugular venous pulse 1-Nomnal ( ) 2-Prommentawave ( )  3-Distended( )
RV left parasternal 1-No () 2-Yes ()

Loud S, 1-No () 2-Yes ()

LoudS; 1-No () 2-Yes ()

Openinz snap 1-No () 2-5-0S shont( ) 3-5-05 wide ( )
Mumw duranor 1-Early diastobc () 3 - Holodmstolic ()

Systolic purmur 1-No ( ) 2-Apex( ) 3-LEE ( ) 4-Both ( )
S 1-No( ) 2-Yes ()

ElecTocarcozaphy

Rhythm 1-Smmus( ) 2 - Amial Sonlation () 3-Otherthytam ()
Chest X Ray

Cardiothoracic ratio 1-Nomal( ) 2-Enlarged ( )

Interstinal edema 1-No () 2-Yes ( )

LV enlargement 1-No ( ) 2-Yes ( )

RV enlargement 1-No ( ) 2-Yes ()

I clmpement TR () =¥s ()
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ECHOPROTOCOL -TTE( )TEE( )
RV diameter (mm): MVA - Planimetry (cm®):
LVDd (mm): Symmetric commissures: ( )1-No ( )2-Yes
LVSd (mm): E wave downslope (cm's?):
IVS (mm): MVA - PHT (c):
PW (mm): Leaflets mobility (13):
LVEF (%): Leaflets thickening (1-4):
AO (mm): Subvalvular thickening (1-4):
LA (mm): Calcification (13):
LA volume (ml): Maximal displacement of the Jeaflets (mm):
LA volume index (mlm?): Peak gradient (mmHg):
LVOT (mm): Mean gradient (mmHg):
LVEF - Smpson (%): TVI mitral mflow (cm):
RA area (cm): VolRA: TVILVOT (cm):
RV fracnonal area —diastole- (cm?): TR velocity (m's):
RV fractional area —systole- (am”): SPAP (mmHg):
RV tissue Doppler E” (co/'s): MV annulus (mm):
RV tissue Doppler A™ (cm's): Tei index A
RV tissue Doppler S” (em's): Tei index B:
Tncuspid annular motion (mm): Tncuspad anmular dlameter (mm):
RV basal dimension (mm): Right atrum pressure (mmHg):
Transesophageal echo LAA-VL: LAA-V2: SEC:
RV contracality 1-Nomal( ) 2-Mad( ) 3-Modenate () 4-Severs ()
Rheumatc process 1-MVoaly( ) -MV-AV( ) -MV-AV-IV( ) |+ MV-TV( )
MR 1-No () 2-Mild( ) 3-Modenate () 4-Severe ()
MR-PISA and Vena C ERO (a®): Regurgtant volume (ml): VC (mm):

[TR T-No () I-Mud( ) 3-Moderate () - Severs ()
AR 1-No () 2-Mud( ) 3-Moderate () 4-Severe ()
AS Peak gradient (mmHg) Mean gradient (mmHg) Valve area (cm?)

TS Peak gradient (mmHg) Mean gradient (mmHg)

Notes




Anexo II — Seguimento clinico

UE 12 G ey s G
J—

Clinical Follow-up: DATE: Student:

Name:

Gender:( )Male ( )Female Birth date: Agze

Address:

Telephones (3 pumbers):

NYHA functonal class 1-ClassI ( ) 2-ClassO () 3-ClassID( ) 4-ClhssIV ()

[ "Worsening functional class T-No ( ) 2-Yes ()

Embolic events 1-No () 2-TIA () 3-Stoke ( ) 4- Systemic ( )

Date of embolic events

Recurence of the embolic events 1-No () 2-Yes ( ) Date:

Heart fatlure hospitalization 1-No () 2-Yes () Date:

Other causes hospitahizaton 1-No () 2-Yes () Cause and date:

Miral valve replacement 1-No () 2-Yes () Date:

Hospital

Percutaneous muwal valvuloplasty 1-No () 2-0One () 3- 2 or more Date:

Surgical commissurotomy 1I-No( ) 2-0ne () 3- 2 or more Date:

Hospital

Amial fibnllation I-No () 2-Paroxastic ( ) | 3-Newonset( ) 4-Chronsc ()

T Date of last ECHO

Mital valve area (cm?) Mitalregurztation 1 -No ( ) 2-muld ( ) 3-modente( ) 4-severe ( )

Eég{::m pressure (mmHg) Trcuspid regwrgtation 1 -No () 2-muld () 3-moderate ( ) 4-severe ( )

Comissural opening ( )None ( ) Anterolateral ( ) Posteromeadial ( ) Both

Acute rheumatx fever hxstory 1-No () 2-Yes () Age at diagnonis:

ARF hospitalization 1-No () 2-Yes ()

Jones Cntena 1-Cardiis () 2-Arthnas( ) |3-Chorea( ) 4-Others( )

Recurring Strep throat in childhood | 1-No ( ) 2-Yes () Numbers year:

Benzathine penxcilln use 1-No () 2-Yes () Age at bezinning: Duration (years):

RHD family (1 degree) 1-No () 2-Yes ()

Lived at countryside (<18ys) 1-No () 2-Yes ()

Notes:




79

APENDICE
Artigo de revisio
Silva VR, Faria SCC, Figueiredo FA, Pantaledao AN, Oliveira MAR, Nunes MCP. Rheumatic

Mitral Stenosis: Update in Diagnosis and Evaluation. Curr Treat Options Cardio Med (2024)
26:207-220. DOI 10.1007/s11936-024-01042-6



Curr Treat Options Cardio Med (2024) 26:207-220
DOI 10.1007/s11936-024-01042-6

Review

Rheumatic Mitral Stenosis: Update
in Diagnosis and Evaluation

Vicente Rezende Silva, MD*?

Sanny Cristina De Castro Faria, MD, PhD?

Fernanda de Azevedo Figueiredo, MD’

Alexandre Negrdo Pantaledo, Medical Student’

Matheus Assuncdo Rabello de Oliveira, Medical Student®
Maria Carmo Pereira Nunes, MD, PhD*?~

Address

“1post Graduate Program in Infectious Diseases and Tropical Medicine, School

of Medicine, Universidade Federal de Minas Gerais, Belo Horizonte, Brazil

Email: mcarmo@waymail.com.br

%Servico de Cardiologia e Cirurgia Cardiovascular Do Hospital das Clinicas da
Universidade Federal de Minas Gerais, Avenida Professor Alfredo Balena 110,
Belo Horizonte, MG 30130-100, Brazil

3School of Medicine, Universidade Federal de Minas Gerais, Belo Horizonte, Brazil

Published online: 17 May 2024
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2024

Keywords Rheumatic heart disease - Mitral stenosis - Echocardiography - Percutaneous mitral commissurotomy

Abstract

Purpose of Review Rheumatic heart disease (RHD) is the predominant cause of mitral ste-
nosis (MS) worldwide. This review provides an overview of MS diagnosis, assessing disease
severity, and the hemodynamic impact of valve obstruction. Additionally, it examines dif-
ferent echocardiographic parameters and scoring systems employed to evaluate mitral valve
morphology and determining suitability for percutaneous mitral commissurotomy (PMC).
Recent Findings Echocardiography remains the cornerstone for diagnosing and assessing
MS severity, while also evaluating valve morphology for potential interventions. Three-
dimensional echocardiography planimetry is increasingly used in clinical practice as an as
accurate method to measure the true mitral orifice area. Net atrioventricular compliance
assessment can be useful for risk stratification, particularly in the presence of a discrep-
ancy between anatomic severity and functional status. Speckle tracking echocardiography
emerges as an innovative tool for early detection of left atrial dysfunction, predicting
the onset of atrial fibrillation, and adverse outcomes in MS patients. Cardiac magnetic

®
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resonance imaging, with its multiparametric analysis, stands as one of the beneficial imag-

ing methods in selected cases.

Summary Individualized approaches based on symptoms, MS severity, mitral valve morphol-
ogy are essential for precise management strategies that can improve patient outcomes.

Opinion Statement

Rheumatic MS remains a serious health concern, par-
ticularly affecting children and young adults
in low-to-middle income countries. It is important to
suspect the diagnosis in symptomatic patients, par-
ticularly those with dyspnea and cardiac murmurs in
endemic areas. Transthoracic echocardiography stands
as the primary imaging method for establishing the
diagnosis and determining disease management. While
a minority of patients necessitate further imaging tests
like stress echocardiography, cardiac computed tomog-
raphy, or cardiac magnetic resonance, echocardiogra-
phy itself is cost-effective and non-invasive. However,
its accessibility remains restricted for the most affected
population, potentially leading to delays in diagnosis,
which may impact survival rates and quality of life.

The treatment relies mainly on percutaneous mitral
valve intervention, leading to a significant increase
of the valve orifice and improvement in clinical out-
comes. Hemodynamic benefits and the risk of proce-
dural-related complications are primarily predicted by

Introduction

the anatomical features of the mitral valve. Patients
with good post-procedural results show promising
long-term outcomes, including excellent survival
rates, no functional impairment, and reduced need
for further surgeries or interventions. Nevertheless,
persistent processes can lead to disease progres-
sion, resulting in valvular restenosis at varying inter-
vals after the intervention, often necessitating valve
replacement at that stage.

Accurate risk stratification tools incorporating clinical,
imaging, and hemodynamic parameters assist in deter-
mining the optimal timing and approach for interven-
tions in patients with MS, considering that percutane-
ous mitral commissurotomy has evolved as an effective
alternative to surgery. Procedural success relies not only
on mitral valve morphology but also on various other
factors, including clinical characteristics, anatomic
features of theumatic MS, interventional management
strategies, and operator expertise.

Rheumatic heart disease (RHD) is the most important sequel of acute rheu-
matic fever (ARF), a disease caused by an abnormal immune response to
Streptococcus pyogenes infection [1, 2]. RHD has significantly declined in
developed countries. However, it remains a considerable challenge in low-to-
middle income nations, where it stands as a primary cause of cardiovascular
mortality among young individuals [3, 4, 5°°].

The Global Burden of Disease Study in 2019 estimated a worldwide preva-
lence of RHD at 40.5 million people (95% UI: 32.1 to 50.1 million). This
number has been on the rise since 1990 due to the disease’s chronic nature,
increased global awareness, wider availability of echocardiography for diag-
nosis, and improved survival rates. Nonetheless, in 2019, it accounted for
306,000 deaths and 10.7 million disability-adjusted life years (DALYs), pri-
marily affecting regions such as Oceania, South Asia, the Caribbean, and
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sub-Saharan Africa. The most vulnerable and poorest populations bear the
greatest impact [6*°].

RHD predominantly affects the mitral valve, being the primary cause of
mitral stenosis (MS) [7, 8¢¢]. Rheumatic fever triggers distinct changes in the
mitral valve, presenting diagnostic features including thickening along the
leaflet edges, commissural fusion, and shortening and fusion of the chordae
tendineae. These anatomic alterations generate a characteristic functional
appearance of rheumatic MS [8¢¢]. In its initial stages, the leaflets, rela-
tively flexible, curve open during diastole due to restricted motion at their
tips, predominantly noticeable in the anterior leaflet (Fig. 1). As the leaflets
progressively undergo fibrotic and calcific changes, this diastolic doming
diminishes. Commissure fusion results in a small oval-shaped central orifice
(Fig. 2). In advanced stages, the thickened leaflets may adhere and stiffen,
limiting their ability to fully open or close, occasionally causing both mitral
stenosis and regurgitation.

The narrowing of the valve orifice hinders blood flow from the left atrium
(LA) to the left ventricle (LV), elevating LA pressure and the gradient across
the mitral valve, which triggers LA dilation and impairs its function. This con-
dition initiates an upstream surge in pulmonary venous pressure, prompting
constriction in pulmonary arterioles and subsequently causing pulmonary
hypertension. Consequently, increased right ventricular (RV) afterload occurs,
resulting in RV hypertrophy, dilation, and eventual failure. Moreover, LV dys-
function can also be detected in MS related to various factors including rheu-
matic myocardial fibrosis, scarring of the subvalvular apparatus, decreased LV
compliance, abnormal right-left septal interactions, increased afterload, and
reduced LV filling [7, 8°¢, 9°].

Accurate diagnosis and evaluation play a pivotal role in identifying the
optimal timing and procedure for valve intervention, thereby enhancing

Fig. 1 Parasternal long axis view in diastole, showing diastolic doming (hockey-stick shape) of anterior mitral valve leaflet
and thickened, restricted posterior mitral valve leaflet. AO aorta, RVright ventricle, LV left ventricle, LA left atrium.
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Fig. 2 Three-dimensional transesophageal echocardiography, zoom-mode of mitral valve in the left atrial view exhibits
comissural fusion with a small valve orifice, indicative of severe rheumatic mitral stenosis.

survival rates and quality of life [10, 11*¢]. Echocardiography stands as
the most accurate method for diagnosing and assessing MS severity 8ee,
11+¢]. However, in specific cases, emerging imaging tools such as cardiac
computed tomography (CCT) and cardiac magnetic resonance (CMR) can
be helpful.

The purpose of the present study is to provide an overview of the cur-
rent diagnosis and evaluation methods for rheumatic MS.

Diagnosis

Clinical Presentation

Patients with MS typically manifest dyspnea, initially triggered by factors
elevating pulmonary venocapillary pressure, such as physical exertion,
pregnancy, or atrial fibrillation, gradually worsening over time [8¢°, 13,
15]. Additional symptoms include orthopnea, cough, hemoptysis, and
chest pain. Dysphagia and dysphonia can also occurs due to pressure
effects of a dilated left atrium on adjacent structures. Patients may also
be diagnosed after a complication like heart failure, atrial fibrillation,
embolic events, or infective endocarditis [10, 11°°, 12, 13].

Signs in physical examination indicating moderate-to-severe MS typi-
cally include a prolonged diastolic murmur (with presystolic accentuation
in normal sinus rhythm), a shortened interval between the second heart
sound (S2) and the mitral opening snap (OS), along with indications of
pulmonary arterial hypertension or RV overload [8¢¢].



Curr Treat Options Cardio Med (2024) 26:207-220 211

Imaging methods

Echocardiography stands as the most accurate method for diagnosing and
evaluating MS. Transthoracic echocardiography (TTE) is recommended for all
patients suspected of having MS to establish a diagnosis, determine its etiol-
ogy, quantity its severity, and assess its hemodynamic consequences [Class 1,
Level B] [11¢¢, 12-14]. The 2023 WHEF guideline for the echocardiographic
diagnosis of RHD presents updated recommendations concerning popula-
tion-based echocardiography and risk assessment strategies [11*¢].

The rheumatic process often involves the mitral valve distinctly, display-
ing characteristic features, including commissural fusion, leaflet thickening,
restricted leaflet motion, chordal thickening and shortening [16¢°].

Transesophageal echocardiography (TEE) is performed to evaluate the
presence of thrombi before percutaneous procedure and to determine mitral
valve morphology and the severity of mitral regurgitation when there are
uncertainties in the parameters obtained through transthoracic echocardi-
ography. [Class 1, Level C] [12, 17]. Overall, echocardiography is crucial in
managing MS progression, aiming to define the optimal timing for surgical
intervention, guides catheter-based or surgical treatments during procedures,
and diagnoses complications after intervention.

Although echocardiography is the cornerstone image method for diagno-
sis and evaluation of MS, cardiac computed tomography (CCT) and cardiac
magnetic resonance (CMR) imaging gain importance when echocardiography
is suboptimal or discordant with symptoms [18-20].

CCT may be useful in assessing the extent and localization of calcifica-
tion and in determining the feasibility of an intervention, especially to guide
transcatheter mitral valve procedures [19, 21, 22]. On the contrary of echocar-
diography and CMR, CCT lacks velocimetry data, limiting analyses to mitral
valve orifice planimetry. Few studies have investigated the role of CCT in
diagnosing MS, and the results remain insufficient to infer the reliability of
this method. Similar to CMR, CCT often overestimates mitral valve area by
planimetry [19, 20, 23]. Furthermore, CCT serves as an additional modality
for detecting left atrial thrombus [24, 25].

Current literature supports that CMR is feasible to diagnose MS as a
diagnostic alternative when echocardiography proves inconclusive [18, 19,
26-28]. Initially confined to morphological evaluations, CMR now incorpo-
rates velocity and gradient assessments through phase-contrast image analy-
sis. This expansion allows for the inclusion of mean transmitral gradient or
PHT indicators in CMR, facilitating a multiparametric analysis. Compari-
sons of mitral valve area (MVA) measurements by planimetry or PHT exhibit
strong correlations between echocardiography and CMR, albeit with CMR
often overestimates valve area [18, 20, 27-31]. Conversely, CMR frequently
underestimates peak velocities (E and A) and mitral valve gradients [18, 19,
26-28]. Hence, recognizing these anticipated discrepancies becomes crucial
in decision-making processes when diagnosing MS using CMR.

In conclusion, the accessibility of CMR and CCT is limited, especially in
low-income countries where the majority of MS cases occur. Additionally, the
cost of these examinations is also frequently a limitation for these patients.
Therefore, widespread diagnosis relying on these methods is unrealistic.
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Evaluation

While CMR remains more reliable than CCT, its use should be considered
when echocardiography is insufficient for diagnosing MS. Current guidelines,
therefore, do not advocate for the routine use of these methods in diagnosing
and evaluating rheumatic MS [12, 14].

Assessment the Severity and Hemodynamic Impact of MS

Echocardiography is pivotal in assessing the severity of MS. Various param-
eters are utilized to evaluate the severity of MS, including mitral valve area
(MVA), pressure half-time (PHT), transmitral mean pressure gradient, and
systolic pulmonary artery pressure (SPAP) [13, 14].

MVA is the most important echocardiography parameter to define MS
severity. Severe MS is defined when MVA<1.5 cm? and very severe MS is
indicated by MVA<1.0 cm? [12, 13].

Planimetry is the preferred method to measure MVA [13, 32]. The imaging
plane should be positioned at the tip of the valve to prevent overestimation,
and this method remains unaffected by flow changes [13]. Three-dimensional
(3D) echocardiography planimetry offers greater precision and consistency
compared to two-dimensional measures (Fig. 3). It eliminates the need for
assumptions and allows easy manipulation to accurately identify the true
mitral orifice, particularly beneficial in cases of an eccentrically oriented or
irregularly shaped mitral valve orifice [32-35]. 3D transesophageal echocar-
diography with multiplanar reconstruction can improve image alignment at
the mitral tips [36].

The pressure half-time (PHT), indicating the time for the instantaneous
pressure gradient to decline by half from its peak during early mitral inflow,
correlates inversely with MVA. PHT estimates functional valve area from the
pressure decay between the LA and LV. A value of>150 ms indicates severe
MS. This measurement is affected by the LA and LV compliance. Factors that
can alter this compliance, such as the presence of LV hypertrophy, associ-
ated aortic regurgitation, and immediate post-percutaneous procedures may
impact the results obtained by PHT. Significant MR reduces the reliability
of PHT-derived MVA, potentially leading to an underestimation of the valve
area [13].

Alternative methods to calculate MVA, such as the proximal isovelocity sur-
face area (PISA) method and continuity equation, are not routinely utilized due
to their complexity and susceptibility to multiple sources of error [13].

The transmitral mean gradient correlates with the severity of mitral steno-
sis: mild MS is indicated by <5 mmHg, moderate falls between 5 to 9 mmHg,
and severe by>10 mmHg, typically assessed at a heart rate of 60-80 bpm [13].
These gradients are influenced by flow dynamics and heart rate and should
be complemented by other parameters for a comprehensive MS assessment.

Systolic pulmonary artery pressure (SPAP) reflects the hemodynamic
impact of MS, calculated through the tricuspid regurgitation jet velocity and
estimated atrial pressure by the inferior vena cava during respiration. SPAP
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Fig. 3 The mitral valve area calculated through direct three-dimensional planimetry by transesophageal echocardiography
and QLAB software version 15. This process involves deriving two orthogonal views of the mitral valve from a 3D zoom-
mode acquisition, followed by meticulous alignment and tracing of the mitral valve orifice for accurate measurements. LV
left ventricle, LA left atrium.

levels>50 mmHg denote significant MS, 30-49 mmHg suggest moderate
severity, and <30 mmHg indicate mild MS [13, 14].

Net atrioventricular compliance (Cn) assessment can be useful for risk
stratification, particularly in the presence of a discrepancy between symptoms
and severity of MS [37¢]. Calculated non-invasively using echocardiography
based on the formula: Cn (mL/mm Hg) = 1270 x [planimetric MVA (cm?) /
E-wave downslope (cm/s?)]. A low Cn (<4 mL/mm Hg) significantly predicts
adverse outcomes in MS patients [37¢, 38, 39¢, 40], correlating with increased
SPAP during exercise [37¢, 41, 42].

In the echocardiographic evaluation of MS, another crucial aspect is assess-
ment the size and function of the left atrium (LA). Enlargement of the LA
indicates the hemodynamic burden imposed by MS and carries prognostic
implications. It is crucial not only to assess enlargement but also the shape
of the LA, as it contributes to the risk of thrombus formation and stroke
[15]. Furthermore, impaired LA function may indicate atrial myopathy from
rheumatic carditis, exacerbated by the chamber pressure overload. The inte-
gration of two-dimensional echocardiography with speckle tracking (2D-STE)
to measure strain offers a non-invasive means to detect early LA dysfunction,
facilitating risk stratification in these patients [43, 44]. Although LA con-
tributes to ventricular filling through its three functions, including reservoir,
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conduit and contractile, the reservoir function represents the most crucial
component of LA function in MS. Consequently, LA reservoir strain demon-
strates prognostic value in MS, as evidenced by previous studies establishing
its correlation with determining NYHA functional class and its association
with heart failure symptoms [43, 44]. Additionally, LA reservoir strain is also
a predict of new-onset AF in patients with rheumatic MS [43].

Right ventricular (RV) function significantly influences clinical symptoms
and prognosis. RV dilation and reduced contractility often indicate pulmo-
nary hypertension in MS [8¢¢, 9¢]. However, debate exists among researchers
regarding the etiology of RV dysfunction, with some suggesting direct rheu-
matic involvement leading to myocyte necrosis, fibrosis, and calcification.

Stress Echocardiography

Stress echocardiography is indicated in MS when there are discrepancies between
symptoms (NYHA functional class) and parameters of severity evaluated in
echocardiography at rest [Class 1, Level C] [12, 14, 44]. It can determine the
hemodynamic impact of MS, helping in clinical decision making [45].

Exercise echocardiography is the preferred choice due to its physiological
nature, capacity to demonstrate symptoms and NYHA functional class, and
the absence of drug-related side effects. The test should be maximum, limited
by symptoms. Exercise can be conducted using either a bicycle or treadmill,
depending on availability. The advantage of exercise in the bicycle is the pos-
sibility of assessing SPAP and mitral gradients throughout the examination.
However, with treadmill exercise, capturing images immediately after exertion
can pose practical limitations.

The most important parameters evaluated during the physical effort are
SPAP and transmitral mean gradient, considered hemodynamic significant
in theumatic MS when>60 mmHg and > 15 mmHg, respectively [8¢°, 13,
45]. SPAP at peak exercise predicts clinical outcomes and offers additional
prognostic value beyond standard resting measurements, including valve area
[37¢]. Not only SPAP at peak exercise is important, but the rapid increase in
SPAP and the decrease in Cn at lower loads can be associated with symptoms
in MS patients [46, 47].

Dobutamine echocardiography can be an alternative for patients unable
to undergo exercise testing. A transmitral mean gradient exceeding 18 mmHg
predicts adverse events, especially in patients with moderate MS, permit-
ting identify patients who may benefit from interventional procedures [48].
Notably, the assessment of SPAP is not recommended during dobutamine
echocardiography [45].

Mitral Valve Morphology Evaluation for Percutaneous Mitral Commissurotomy

A comprehensive assessment of valve morphology, including leaflet thickness
and mobility, degree and specific location of calcifications, and the extent of
subvalvular involvement, is critical to ascertain suitability for the percutane-
ous mitral commissurotomy (PMC). Various echocardiographic parameters
and scoring systems have been proposed to enhance patient selection and
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Conclusions

predict outcomes more effectively. Table 1 summarizes the main scores used
in predicting outcomes after PMC [49-60]. The most widely method used was
proposed by Wilkins et al. [49], which involves evaluating leaflet mobility,
thickening, calcification, and subvalvular thickening. Despite its widespread
use, this method presents several limitations. These include uneven distribu-
tion of pathological abnormalities, equal weighting given to all components
without differentiation in their contributions, a semiquantitative evaluation
leading to interobserver variations, and the lack of assessment of commissural
involvement, impacting its accuracy in predicting MR.

Another commonly used scoring system focuses on subvalvular disease
and mitral calcification using fluoroscopy, categorizing patients into three
groups based on the severity of subvalvular disease and valve calcification
[50]. The Nunes score includes dichotomous variables with different weight,
making evaluation more quantitative and precise to predict MR [51]. It
assesses multiple parameters, including valve area, subvalvular disease extent,
anterior mitral leaflet displacement, and the commissural area ratio. This
scoring system proves valuable in predicting outcomes for patients falling
within intermediate Wilkins score values [51]. Incorporating the extent of
commissural calcification [52], an integrated evaluation has been proposed to
accurately predict procedural outcomes. Among these approaches, the com-
bination of the Wilkins, Sutaria, and Nunes scores demonstrated the most
effective prediction of outcomes following PMC [53].

However, there have been no direct comparisons made between the exist-
ing scoring systems. Additionally, procedural success relies not only on mitral
valve morphology but also on various other factors, including clinical char-
acteristics, anatomic features of rheumatic MS, interventional management
strategies, and operator expertise [60].

Rheumatic MS is an important cause of heart valve disease worldwide. Stand-
ard transthoracic echocardiography remains the cornerstone of imaging
modality for diagnosing this condition. 3D echocardiography is increasingly
utilized in clinical practice due to its ability to provide a more consistent
and precise assessment of the valve area. The 2023 WHEF guideline for the
echocardiographic diagnosis of RHD presents updated recommendations
concerning population-based echocardiography and risk assessment strate-
gies. MS treatment relies mainly on valvular interventions, which results in a
significant increase of valve orifice with improvement in clinical outcomes.
Assessing the morphological characteristics of the mitral valve plays a pivotal
role in determining intervention strategies.
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