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RESUMO

Introducao: O autoenxerto pulmonar € considerado por muitos autores
como o melhor substituo valvar para criangas, adolescentes e adultos jovens que
necessitam de substituicdo da valva adrtica. Os resultados tardios de sobrevida e
durabilidade do autoenxerto pulmonar despertaram o interesse em ampliar a
indicagao da Operacédo de Ross em outros subgrupos de pacientes. No entanto, o
impacto de diferentes etiologias nao é bem conhecido uma vez que as evidéncias
atuais consistem em séries compostas predominantemente por pacientes com valva
aortica bicuspide. Objetivos: Avaliar o impacto da etiologia reumatica nos desfechos
tardios da Operacdo de Ross quando comparados a pacientes com valva adrtica
bicuspide. Métodos: Foram analisados pacientes com doenga valvar reumatica e
valva aortica bicuspide submetidos a Operacdo de Ross entre 1995 e 2020. Os
desfechos primarios foram sobrevida tardia e necessidade de reoperagdes no
autoenxerto pulmonar e no homoenxerto utilizado na reconstru¢cédo da via de saida
do ventriculo direito. Foi realizada analise de propensao para ajuste das diferengas
encontradas nas caracteristicas pré-operatorias entre os grupos. A comparacao
entre a incidéncia cumulativa dos eventos entre os grupos pareados foi realizada por
meio do modelo ajustado de Fine-Gray. Resultados: Foram estudados 147
pacientes com doenca valvar reumatica e 314 pacientes com valva adrtica
bicuspide. O tempo mediano de acompanhamento clinico foi de 11,6 (4,6; 14,7)
anos. Antes do pareamento, pacientes reumaticos eram mais jovens, mais
sintomaticos, tinham pior fragdo de ejecdo e mais frequentemente diagndstico pré-
operatodrio de insuficiéncia adrtica. O escore de propensao resultou em 86 pares com
caracteristicas pré-operatdérias semelhantes. Pacientes reumaticos demonstraram
sobrevida tardia similar a pacientes com valva adrtica bicuspide com até 20 anos de
seguimento tanto no grupo né&o pareado (Reumaticos = 67,8% vs Bicuspides =
79,7%, p = 0,27) quando no grupo pareado (Reumaticos = 72,5% vs Bicuspides =
82,9%, p = 0,46). A incidéncia cumulativa de reopera¢des no autoenxerto pulmonar
apos 20 anos também foi semelhante entre o grupo ndo pareado (Reumaticos
13,4% vs Bicuspides 14,4%, p = 0,67) e pareado (Reumaticos 11,6% vs BAV p
21,1%, p = 0,47). A disfungao do autoenxerto pulmonar por envolvimento reumatico
foi detectado em apenas 3 ocasides. A incidéncia cumulativa de reoperac¢des no
homoenxerto da via de saida do ventriculo direito foi maior em pacientes com valva
aortica bicuspide no grupo nao pareado (Reumaticos = 5,5% vs Bicuspides = 16,7%,
p = 0,035), mas esta diferenca tornou-se nao significativa apds pareamento por
analise de propensao (Reumaticos = 9,9% vs Bicuspides = 32,3%, p = 0,051). A
incidéncia cumulativa das reoperacodes relacionados a Operacao de Ross foi similar
entre os grupos. Conclusoées: Dentre pacientes submetidos a Operacéo de Ross,
pacientes com doenga valvar reumatica tem sobrevida tardia e taxas de reoperag¢ao
similar a pacientes com valva aortica bicuspide.

Palavras-chave: Autoenxerto Pulmonar, Operacdo de Ross, Troca Valvar Adrtica,
Doenca Valvar Reumatica.



ABSTRACT

Introduction: Several authors consider the pulmonary autograft as the best
substitute for aortic valve replacement in children, adolescents and young adults. The
long-term survival and autograft durability have prompted the interest to broader
utilization of the Ross Operation in different subset of patients. However, published
results are derived from series that were mostly composed of selected bicuspid aortic
valve and the impact of different aetiologies remains unknown. Aims: To evaluate
the impact of rheumatic heart disease on the long-term outcomes of the Ross
Operation when compared to patients with bicuspid aortic valves. Methods: We
analyzed patients with rheumatic disease and bicuspid aortic valves who underwent
a Ross Operation between 1995 and 2020. The primary outcomes were late survival
and reoperations on the pulmonary autograft and the right ventricular allograft. We
also performed a propensity score analysis to adjust for differences in baseline
characteristics. The cumulative incidence of the events in the matched cohorts was
compared using the Fine-Gray model. Results: There were 147 patients with
rheumatic disease and 314 with bicuspid valves. The median clinical follow-up time
was 11.6 (4.6; 1.4) years. In the unmatched population, patients with rheumatic
disease were younger, more symptomatic, had worse left ventricular function and
were more likely to present a preoperative diagnosis of aortic insufficiency.
Propensity matching resulted in 86 pairs with similar baseline characteristics.
Compared with those with bicuspid valves, rheumatic patients had similar 20-years
survival both in the unmatched (RHD = 67.8% vs BAV = 79.7%, p = 0.27) and
matched cohorts (RHD = 72.5% vs BAV = 82.9%, p = 0.46). Cumulative incidence of
reoperations on the pulmonary autograft after 20 years was also comparable
between them in the unmatched (RHD 13.4% vs BAV 14.4%, p = 0.67) and matched
patients (RHD 11.6% vs BAV p 21.1%, p = 0.47). Pulmonary autograft dysfunction
due to rheumatic involvement was detected in only three occasions. Cumulative
incidence of reoperations on the right sided allograft was higher in patients with
bicuspid aortic valves in the unmatched cohort (RHD = 5.5% vs BAV = 16.7%, p =
0.035), but became non-significant after propensity score matching (RHD = 9.9% vs
BAV = 32.3%, p = 0.051). The cumulative incidence of all Ross-related reoperations
was similar in both groups. Conclusions: Among patients undergoing Ross
Operation, patients with rheumatic heart disease had similar long-term survival and
rates of reoperations, when compared to patients with bicuspid aortic valves.

Keywords: Pulmonary Autograft, Ross Procedure, Aortic Valve Replacement,
Rheumatic Heart Disease.



LISTA DE FIGURAS

FIGURA 1 — OPERAGAO DE ROSS

FIGURA 2 — ASPECTO FINAL DA OPERAGAO DE ROSS .....ccoooveeieiicierecieeien,



AP
Ao
FR
TVAo
VAB
VSVD

LISTA DE ABREVIATURAS OU SIGLAS

Autoenxerto pulmonar
Insuficiéncia aodrtica

Febre reumatica

Troca da valva adrtica

Valva adrtica bicuspide

Via de saida do ventriculo direito



SUMARIO

200 0110 03 Yo 16
T JUSTIFICATIV A e e e e e e e e nneaeaeas 17
2 OBUETIVOS ... s s aaan e 18
2.1.1 ODbjJetivoS PHIMEAIIOS .....uuiiiiiieieieeiiie ettt e e e 18
2.1.2 ODbjJetivoS SECUNAANOS ... ..uueieiiiiiiiiiiiiiaii et 18
3 REVISAO DE LITERATURA ..ottt res e te e ses e sasesessese s saesenesneseenanens 19
BAAVALVA AORTICA ...ttt en e, 19
3.2 DOENCAS DA VALVA AORTICA E SUAS PRINCIPAIS CAUSAS .................... 21
3.3 TRATAMENTO CIRURGICO DA VALVOPATIA AORTICA EM PACIENTES

1 LY RSP 24
3.4 OPERAGCAOQ DE ROSS E A DOENGA REUMATICA .......oovivieeeeeeeeeeeeeee, 28
4 MATERIAL E METODOS .......ccociiieineerteenesiete et te et sesse e e ste e sesassesssessensssnensan 30
4 PACIENTES ..ottt e e e e e eab e e e e s e nnnreeeeas 30
4.2 TECNICA OPERATORIA. ...ttt en et 30
4.3 SEGUIMENTO CLINICO E ECOCARDIOGRAFICO........c.coceeeeeeeeeeeeeeeen 32
4.4 DESFECHOS CLINICOS. ...t 33
4.5 ANALISE ESTATISTICA ..o oot 34
5 APRESENTAGAO DOS RESULTADOS .......cccorrrirereeerresireesessesessesesseesseseeseens 37
6 CONSIDERAGOES FINAIS ........cooeeececre e ere s s sesee e sse s sssessesessesessenessesesanens 38
6.1 RECOMENDACOES PARA TRABALHOS FUTUROS ......cccoeveeeceeeeeeee 38
7 CONCLUSOES.......ccocicceeerec e ses e sae st s se s s ae s s s et e e sesae st e nenanneseenaneas 40
REFERENCIAS ...ttt sttt e e sas e sens st e ssssbe e bt e e st ae s e e stenenesesne e sees 41
ANEXO 1 - APROVAGAO DO COMITE DE ETICA EM PESQUISA....................... 47

ANEXO 2 - COLETA DE DADOS: FICHA DE ACOMPANHAMENTO ..........ccceen. 55



16

1 INTRODUGAO

O autoenxerto pulmonar (AP) é considerado por muitos como o melhor
substituto valvar para criangas, adolescentes e adultos jovens que necessitam de
substituicdo da valva adrtica (DA COSTA et al., 2014; EL-HAMAMSY et al., 2010,
MAZINE et al., 2018a). Neste subgrupo de pacientes, o AP esta associado a
diversas vantagens, incluindo excelente desempenho hemodinadmico, melhor
qualidade de vida, dispensa a necessidade de anticoagulagdo, potencial de
crescimento e sobrevida tardia que se assemelha a da populagdo normal pareada
para sexo e idade (DONALD et al., 2020; SHARABIANI et al., 2016). No entanto, a
utilizacdo do AP em adultos jovens e de meia idade ainda é controversa e limitada a
poucos centros dedicados a esta operacéo (ETNEL et al., 2018). Diante de outras
alternativas cirurgicas, argumentos contra a Operacdo de Ross incluem a
complexidade técnica e possiveis riscos imediatos associados a cirurgia, a
realizacao de dupla troca valvar em paciente com doenca valvar unica e eventual
necessidade de reintervenc¢des tardias (ETNEL et al., 2018).

Estudos recentes com resultados de longo prazo demonstraram que, quando
realizada em centros de referéncia, a Operagdo de Ross € uma opcao superior
quando comparada as cirurgias convencionais de troca da valva aodrtica (TVAO).
Estas evidéncias renovaram o interesse pelo uso do AP em pacientes jovens e de
meia idade e levou alguns autores a sugerir que a Operacéo de Ross merece maior
destaque nas diretrizes europeia e americana (ABOUD et al., 2021; DAVID et al.,
2019). No entanto, é importante ressaltar que os resultados destes estudos provém
de populagdes compostas principalmente por pacientes com valva adrtica bicuspide
(VAB) e o impacto de perfis de pacientes e diferentes etiologias, como a febre
reumatica (FR), nos desfechos da Operagdo de Ross ainda né&o sdo totalmente
conhecidos (ABOUD et al., 2021; DAVID et al., 2019; MARTIN et al., 2017).

A durabilidade do AP em pacientes com FR ainda € questionada devido a
suscetibilidade a envolvimento reumatico secundario, especialmente em pacientes
com menos de 30 anos de idade, com anel adrtico dilatado e doenga mitro-adrtica
(ALSOUFI et al., 2012b; PERGOLA et al., 2020). A experiéncia acumulada em trés
instituicbes na cidade de Curitiba (Instituto de Neurologia e Cardiologia de Curitiba,
Hospital Santa Casa de Misericordia de Curitiba e Hospital Infantil Pequeno
Principe) com a Operagao de Ross (DA COSTA et al., 2014, DA COSTA et al., 2017)
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ja ultrapassa 500 casos com tempo de seguimento de até 25 anos e inclui parcela
significativa de pacientes com doencga valvar reumatica. O presente estudo visa
analisar a influéncia da etiologia reumatica nos desfechos tardios da Operagao de
Ross quando comparados a pacientes com valvopatia bicuspide, com énfase em
sobrevida tardia e necessidade de reoperacoes.

1.1 JUSTIFICATIVA

A necessidade de intervengdo cirurgica para tratamento da valvopatia
reumatica crénica ainda € frequente nos paises de baixa ou média renda. Por se
tratar de pacientes jovens, as proteses bioldgicas sao consideradas inapropriadas
devido a sua rapida degeneracéao por calcificagao, o que implica na necessidade de
uma ou multiplas reoperagdes. Por outro lado, as condi¢gdes socioecondmicas e
educacionais destes individuos resultam em baixa aderéncia e inadequado controle
de anticoagulacdo, e o uso de proteses mecanicas pode estar associado a maior
incidéncia de complicagdes tromboembolicas e/ou hemorragicas, além de ser fator
limitante para a gestacdo em mulheres em idade feértil. Por dispensar o uso de
anticoagulantes e apresentar boa durabilidade a longo prazo, a Operacéo de Ross é
uma opg¢ao para pacientes jovens com valvopatia aortica, faltando dados na
literatura para justificar sua utilizagdo em pacientes reumaticos.

A importancia deste estudo consiste em contribuir com evidéncias quanto ao
comportamento do AP em pacientes reumaticos com o intuito de verificar se os
resultados da Operacido de Ross sdo adequados para esta populagdo e quais séo

suas possiveis limitagdes.
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2 OBJETIVOS

2.1.1 Objetivos Primarios

Avaliar a sobrevida tardia e a incidéncia cumulativa de reoperacoes no AP e
no homoenxerto para reconstru¢ao na via de saida do ventriculo direito (VSVD) em
pacientes reumaticos submetidos a Operacido de Ross, comparando-os a pacientes
com VAB.

2.1.2 Objetivos Secundarios

Avaliar a incidéncia cumulativa de reoperacdo por qualquer causa e eventos
tardios relacionados aos enxertos implantados (tromboembolismo, sangramento e
endocardite infecciosa).

Avaliar a probabilidade de desenvolvimento de disfung¢do estrutural ou nao
estrutural dos enxertos ao longo do tempo.

Identificar fatores de risco associados com as disfun¢cdes e com necessidade
de reoperacoes do AP e do homoenxerto utilizado na reconstrucao da VSVD.
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3 REVISAO DE LITERATURA

3.1 A VALVA AORTICA

O funcionamento da valva adrtica ndo consiste apenas na abertura e
fechamento passivo das cuspides valvares em resposta a gradientes de presséo e
variacbes de fluxo sanguineo entre o ventriculo esquerdo e a aorta. Ele é
dependente de uma estrutura valvar complexa com cada um de seus componentes
exercendo sua fungado e interagindo entre si de forma dinamica durante o ciclo
cardiaco a fim de garantir uma hemodinamica fisiologica. O aparelho valvar aortico
inclui as cuspides valvares, o anel aortico, os seios de Valsalva e a jungao
sinotubular (BREWER et al., 1976; MAZINE et al., 2018a; YACOUB et al., 1999).

As cuspides valvares adrticas tém formato parabdlico com implantacao
semilunar e sdo formadas por feixes de colageno orientados de forma a resistir e
transferir o estresse gerado pelas pressdes do ventriculo esquerdo e fluxo
sanguineo em dire¢cdo ao anel fibroso e parede adrtica (MERCER et al.,, 1973;
YACOUB et al., 1999).

O anel valvar adrtico € uma extensao do esqueleto fibroso do coragao, que
garante estabilidade mecéanica as cuspides valvares que nele se implantam. O anel
tem conformagado de coroa e se ancora aos septos membranosos e musculares
anteriormente, trigonos fibrosos lateralmente e cortina subadrtica posteriormente.
Ele é parcialmente composto de fibras elasticas € musculares ventriculares que lhe
garantem propriedade de elasticidade, acomodando mudancgas ciclicas na sua
dimensdo basal com impacto no funcionamento das cuspides (BREWER et al.,
1976; YACOUB et al., 1999).

Os seios de Valsalva podem ser considerados a unidade estrutural basica da
valva aortica. Eles se estendem desde o anel aodrtico até a jungédo sinotubular e
abrigam as cuspides valvares e os oOstios coronarianos. Constituem trés
protuberéncias que geram espaco para que as cuspides valvares se abram de
maneira completa, desfazendo seu formato parabodlico, e consequentemente
aumentando o orificio efetivo para eje¢ao ventricular (YACOUB et al., 1999).

E por fim a juncéo sinotubular, que € representada pela crista ao topo das

trés comissuras. Sua circunferéncia varia de acordo com o ciclo cardiaco, tornando-
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se maior que o anel adrtico quando pressurizada, 0 que € importante para o
funcionamento fisiologico do aparelho valvar aortico.

Durante o ciclo cardiaco, todas estas estruturas sao fundamentais e devem
funcionar de maneira integrada e harmoniosa, através de deformacgdes contrateis e
expansiveis que promovem as alteragdes geométricas necessarias para garantir um
fluxo laminar e sem gradientes pressoricos (MAZINE et al., 2018a; YACOUB et al.,
1999).

A raiz adrtica ndo se comporta como um tubo rigido, mas apresenta
movimentos dinamicos que alteram seu diametro e formato e permitem neutralizar
tensbes sobre as cuspides valvares (BREWER et al.,, 1976). Na fase inicial da
sistole, antes do inicio da eje¢éo ventricular, observa-se que a raiz aortica como um
todo é tracionada em dire¢ao contraria ao ventriculo esquerdo e a abertura da valva
aortica se inicia mesmo antes do sangue comegar a ser ejetado pela via de saida do
ventriculo esquerdo. O anel aodrtico inicialmente se expande na altura da juncéo
sinotubular, reduzindo a redundancia na coaptacdo das cuspides e facilitando a
abertura da valva aortica, que se retifica formando um orificio triangular (BREWER et
al., 1976; THUBRIKAR et al., 1980).

Durante o restante da sistole, o anel diminui progressivamente em diametro
em funcao da contracdao da musculatura septal do ventriculo esquerdo, facilitando o
deslocamento das cuspides para seu fechamento e diminuindo o estresse mecanico
sobre as mesmas (THUBRIKAR et al., 1980; YACOUB et al., 1999).

A formacdo de vortices no interior dos seios de Valsalva durante o ciclo
cardiaco € importante para preservar a integridade das cuspides. Ao reduzir a
velocidade de abertura e fechamento das cuspides, os vortices atenuam a carga
sobre as quais as cuspides sdo submetidas e evitam o contato direto do tecido
valvar contra a parede da raiz adrtica, além de melhorar o fluxo coronario durante a
diastole (YACOUB et al., 1999).

A juncédo sinotubular tem propriedade elastica e se dilata durante a sistole
devido ao aumento de pressao na aorta e retoma seu didametro durante a diastole,
com influéncia na abertura e fechamento das cuspides (YACOUB et al., 1999).

Até mesmo o esqueleto fibroso do corag¢do, até entdo ignorados no
funcionamento valvar, participam de certa forma através de movimentos da cortina
subadrtica para baixo e para a frente durante a sistole e diastole, estabilizada pelos
triangulos fibrosos (SUTTON et. al, 1995).
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Por fim, estudos demonstraram que as cuspides valvares apresentam
capacidade contratil através de suas fibras elasticas em resposta a estimulos de
neutrotransmissores € neuropeptideos por conterem diversas terminac¢des nervosas
(YACOUB et al., 1999).

Considerando o complexo funcionamento do aparelho valvar adrtico, € facil
compreender que proteses valvares convencionais nao sao capazes de reproduzir o
seu funcionamento fisioldgico habitual. Entretanto, como regra geral, o tratamento
cirurgico de patologias da valva adrtica deve almejar a preservacao e restauragao do
dinamismo e interagdo dos diferentes componentes desta estrutura altamente
especializada da melhor forma possivel, o que pode ser importante para aprimorar
os resultados tardios das intervengoes cirurgicas (MAZINE et al., 2018a; YACOUB et
al., 1999).

3.2 DOENGAS DA VALVA AORTICA E SUAS PRINCIPAIS CAUSAS

As doengas valvares apresentam grande impacto em morbimortalidade,
ainda que subdiagnosticadas. Elas representam grande parcela das internagdes
hospitalares por doencga cardiovascular, sendo responsaveis por 17% dos casos de
insuficiéncia cardiaca e correspondendo a 24% de todas as cirurgias cardiacas,
perdendo apenas para a cirurgia de revascularizagao do miocardio (GOMES et al.,
2017; HUNTLEY et al., 2019).

A estenose aortica é caracterizada pela rigidez das cuspides valvares que
dificulta sua abertura e consequentemente leva a um estreitamento do orificio valvar
com aumento de gradiente pressorico entre o ventriculo esquerdo e a aorta
(JOSEPH et al., 2017). Ela apresenta um periodo subclinico prolongado com
aumento progressivo da sobrecarga pressorica e consequente hipertrofia
concéntrica do ventriculo esquerdo. A partir do aparecimento da triade classica de
sintomas com insuficiéncia cardiaca, sincope e angina, a mortalidade anual é
elevada, com sobrevida estimada de apenas 2 a 5 anos (EVEBORN et al., 2013;
SCHWARZ et al.,, 2006). A principal etiologia da estenose valvar adrtica € a
degeneracdo senil com calcificacdo progressiva das cuspides valvares e
consequentemente sua prevaléncia aumenta gradativamente com a idade e

acomete mais de 10% da populacdo acima de 80 anos (JOSEPH et al., 2017). Em
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pacientes jovens, as principais etiologias sao cardiopatia congénita com VAB e/ou
unicuspide e a doenga reumatica (VAHANIAN et al., 2022).

Por outro lado, a insuficiéncia aodrtica (IAo) ocorre quando ha fechamento
inadequado da valva adrtica, com falha de coaptacao das cuspides valvares durante
a diastole ventricular, resultando em fluxo reverso do sangue da aorta para o
ventriculo esquerdo. Ela pode ser decorrente de uma doencga primaria da cuspide
aortica e/ou secundaria a alteragdo geométrica decorrente de doengas da raiz
aortica ou aorta ascendente (FLINT et al.,, 2019). A causa mais frequente de |Ao
cronica € a doencga degenerativa, geralmente em associagao a estenose aodrtica em
pacientes idosos, porém, em pacientes jovens frequentemente s&o decorrentes da
FR, VAB e endocardite infecciosa (TARASOUTCHI et al., 2017). A |Ao tende a
apresentar um curso mais indolente quando comparado a estenose adrtica e a perda
da integridade do aparato da valva adrtica com dilatagéo da raiz aortica e/ou juncéo
sinotubular parece ser um dos principais preditores para progressdo do grau da
regurgitacdo, declinio da capacidade funcional e necessidade de intervengao
cirurgica. Pacientes com VAB também parecem ser mais suscetiveis a progressao
da doenga do que aqueles com doenga degenerativa ou FR e devem ser
monitorados mais regularmente quanto a progressao do volume regurgitante e
remodelamento do ventriculo esquerdo (YANG et al., 2019). Da mesma forma que a
estenose aortica, o aparecimento de sintomas esta relacionado a pior prognostico e
indica a necessidade de intervengao cirurgica. A dilatacdo progressiva do ventriculo
esquerdo decorrente da sobrecarga de volume e subsequente perda do mecanismo
adaptativo com disfuncdo ventricular no curso da doenca também estdo
relacionados a piores desfechos a longo prazo (VAHANIAN et al., 2022).

Dentre as malformagdes congénitas da valva adrtica, a mais comum ¢ a
VAB, com prevaléncia em torno de 1 a 2% da populacido, sendo mais comum em
homens do que em mulheres (EVEBORN et al., 2013). Os diferentes fendtipos sao
descritos conforme a classificacdo proposta por Sievers e Schmidtke, considerando
as possiveis variacdes anatdbmicas que leva em consideracdo o numero de rafes e a
posicao espacial da fusdo da cuspide, com as consequéncias funcionais da
valvopatia adrtica (predominio de estenose, regurgitagdo, presenga de ambos ou
valva normofuncionante). A maioria das valvas adrticas bicuspides é do tipo 1,
caracterizada pela presenca de uma rafe unica devido a fusdo das cuspides
coronarianas esquerda com a direita (SIEVERS et al.,, 2007). A anormalidade da
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anatomia valvar geralmente gera distor¢ao do orificio valvar com diversos graus de
assimetria que predispdem ao desenvolvimento de estenose e/ou |Ao progressiva.
Quase metade dos pacientes apresenta aortopatia associada, manifestada por
dilatagdes de graus variados da raiz aortica, aorta ascendente e/ou arco aortico, com
o potencial risco da formag¢ao de aneurismas e dissecgao aortica aguda (VERMA et
al., 2014).

Apesar da importante reducdo de casos de FR em paises de alta renda
desde o final do século 20, a doenca ainda é considerada um problema de saude
publica em paises de baixa ou média renda e representa a principal etiologia das
doengas valvares, responsavel por 70% dos casos (COFFEY et al, 2016; DE
OLIVEIRA et al., 2024; LEAL et al., 2019). Atualmente, estima-se que 33 a 40
milhdes de pessoas apresentem algum grau de envolvimento cardiaco por FR,
sendo responsavel por 1 a 1,5% de todas as mortes cardiovasculares (DE
OLIVEIRA et al.,, 2024). No Brasil, a incidéncia de doenca reumatica ainda é
bastante elevada, com prevaléncia de 360 casos/100.000 habitantes, concentradas
principalmente nas regides de menor nivel socioecondmico como o norte € o
nordeste do pais (AMARAL et al., 2013; DE OLIVEIRA et al., 2024; LEAL et al.,
2019; TARASOUTCHI et al., 2011).

Por este motivo, diferentemente do que se observa em paises de alta renda,
a apresentacdo da valvopatia adrtica em paises mais pobres frequentemente se
manifesta em criancas, adolescentes ou adultos jovens (COFFEY et al., 2016;
TARASOUTCHI et al, 2011). Conforme a valva aortica é acometida pela
cicatrizagdo do processo inflamatorio inicial pode ocorrer fibrose e fusdo comissural,
infiltracao, espessamento e retracao das cuspides e eventual calcificacdo, com
disfungdo valvar progressiva. A principal manifestacdo da valvopatia aortica
reumatica em criangas e jovens € a regurgitagao, porém graus variados de estenose
concomitante estao frequentemente associados (ALSOUFI et al., 2012a).

Devido a auséncia de uma terapia medicamentosa capaz de alterar o curso
natural da doenga, o diagnostico precoce e acompanhamento clinico sdo essenciais
para que se identifiqgue 0 momento ideal para realizagdo da intervencgéo cirurgica a
fim de minimizar a morbimortalidade associada a progresséo da doenga (COFFEY et
al., 2016).
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3.3 TRATAMENTO CIRURGICO DA VALVOPATIA AORTICA EM PACIENTES

JOVENS

O tratamento cirurgico da valvopatia aortica em criangas e adultos jovens é
desafiador pois envolve pacientes com longa expectativa de vida (ALSOUFI et al.,
2012a). Existem diversas opg¢oes disponiveis para a substituicdo da valva adrtica e
nenhuma delas € ideal, devendo a escolha levar em conta suas vantagens,
limitagdes e resultados a longo prazo (SHARABIANI et al., 2016). O substituto valvar
ideal nestes pacientes deveria ser duravel, propiciar boa qualidade de vida com
baixa incidéncia de complica¢des relacionadas a protese e estar associado a
sobrevida tardia que se aproxime da popula¢ao normal pareada para o sexo e idade
(ALSOUFI et al., 2012a; MAZINE et al., 2018a; SHARABIANI et al., 2016; SIEVERS
et al., 2016).

Atualmente, as proteses mais frequentemente utilizadas neste subgrupo de
pacientes sao as proteses mecanicas, por serem duraveis e de facil implante
cirurgico. No entanto, por estarem associadas a maior incidéncia de eventos
tromboembdlicos, necessitam de tratamento permanente com anticoagulantes com
as inerentes dificuldades de controle laboratorial e complicagdes hemorragicas
decorrentes do seu uso (AL-HALEES et al., 1995; DA COSTA et al., 2014; MAZINE
et al, 2018a). Estudos demonstraram uma taxa linear de complicagdes
tromboembdlicas e de sangramento variando de 1,1 a 4,5% pacientes/ano ao longo
de mais de 20 anos de seguimento (MAZINE et al., 2018a). Além disso, pacientes
submetidos a troca de valva adrtica com préteses metalicas relataram qualidade de
vida insatisfatoria, com diminuigdo da capacidade fisica e pior percep¢ao da doencga
(RUEL et al., 2005).

As proteses biologicas convencionais e/ou homoenxertos valvares
dispensam o uso de anticoagulantes, entretanto, nesta faixa etaria, estao sujeitas a
degeneracéo tecidual calcifica precoce deixando os pacientes com a perspectiva da
necessidade de uma ou multiplas reoperagdes futuras (AL-HALEES et al., 1995;
MAZINE et al., 2018a; SHARABIANI et al., 2016). Em pacientes jovens, a
necessidade de reoperacgdes supera 50% apos 15 anos da operagao primaria (EL-
HAMAMSY et al., 2010; SHARABIANI et al., 2016).
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Para contornar as limitacdes observadas com as préteses convencionais,
Ross idealizou a substituicdo da valva adrtica nativa pela valva pulmonar do proprio
paciente (autoenxerto pulmonar), procedimento este conhecido como Operagéao de
Ross (Figura 1) (CHOUDHARY et al., 1999; PIETERS et al., 1996; ROSS, 1967;
KUMAR et al., 2006).

FIGURA 1 - OPERACAO DE ROSS

FONTE: O autor (2012)

Legenda: Diagrama da Operacéo de Ross com a técnica de substituicéo total da raiz aortica.

A Operacao de Ross apresenta diversas vantagens tedricas e os resultados
de longo prazo tém se demonstrado superiores quando comparados as proteses
valvares convencionais (MAZINE et al., 2022; SHARABIANI et al., 2016). Dentre as
vantagens, o AP apresenta fungdo hemodinamica proxima da fisiologica e, por ser
um tecido autdlogo e vivo, € inerte do ponto de vista imunoldgico, tendo capacidade
regenerativa e de crescimento quando implantado em criangas, e potencialmente
duravel (AL-HALEES et al., 1995; CHOUDHARY et al., 1999; DE VRIES et al., 1994;
KUMAR et al., 1994; MAZINE et al., 2018a; KUMAR et al., 2006). A durabilidade do
AP ¢é decorrente de sua adaptacao as pressoes sistémicas quando transplantado em
criangas e adultos jovens (DONALD et al., 2020) e sua capacidade em reproduzir as
funcdes sofisticadas da raiz adrtica normal, preservando a mobilidade dos
componentes da raiz aortica (MAZINE et al., 2018b). Apesar de ser uma operacao
tecnicamente mais complexa, a taxa de mortalidade imediata é baixa e semelhante a
das préteses valvares convencionais quando realizada em centros de referéncia.
Além disso, estudos recentes sugerem que a Operacéo de Ross esta associada a
uma melhor qualidade de vida e maior sobrevida tardia, sendo uma opc¢ao atraente
para pacientes jovens com valvopatia aortica (ALSOUFI et al., 2012a; PIETERS et
al., 1996; KUMAR et al., 1994; MAZINE et al., 2018a; SIEVERS et al., 2016).
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Outra importante vantagem da Operacdo de Ross ¢é a baixa
trombogenicidade do AP, que dispensa o uso de anticoagulantes. Desta forma, a
Operacido de Ross esta associada a uma menor incidéncia de complicacoes
tromboembdlicas e de sangramento, com escores mais favoraveis para
funcionalidade e qualidade de vida, particularmente relevantes em pacientes jovens
que tem longa expectativa de vida e pretendem manter um estilo de vida ativo
(MAZINE et al., 2018a). Também ¢é considerada uma o6tima opg¢ao para mulheres em
idade fertil, nas quais a anticoagulagao representa um risco para mae e feto durante
a gestacéao (DAVID et al., 2019).

Além disso, 0 AP ¢ resistente as infecgdes. Em estudos pareados, o risco de
recidiva infecciosa em pacientes operados na vigéncia de endocardite bacteriana foi
50% menor no AP quando comparado com aqueles em que foram empregadas
proteses mecanicas (ETNEL et al., 2018; RATSCHILLER et al., 2017).

Estudos recentes com avaliagdes de longo prazo demonstraram resultados
superiores da Operagao de Ross quando comparados as cirurgias convencionais de
TVAO e diversos autores passaram a sugerir recomendagao de maior destaque nas
diretrizes europeias e americanas (ABOUD et al., 2021; DAVID et al., 2019; ETNEL
et al., 2018).

O estudo realizado por Buratto et al. reportou os resultados com até 25 anos
de evolugdo em 275 pacientes pareados por escore de propensao submetidos a
Operacdo de Ross e troca valvar convencional com protese mecanica e demonstrou
que o uso do AP esteve associado a melhor sobrevida tardia (BURATTO et al.,
2018). Mazine et al. realizaram uma metanalise comparando a Operagcéo de Ross
com proteses mecanicas. Os autores demonstraram menor incidéncia de 6bito por
causa cardiaca ou valvar com a Operacado de Ross, com o excesso de mortalidade
associado a proteses mecanicas decorrentes principalmente de complicacoes
valvares ou causas cardiacas (MAZINE et al., 2018b).

Com a introducéo de valvas adrticas percutaneas, o emprego de proteses
biologicas voltou a ser considerado em pacientes jovens com a premissa de que, por
ocasiao da disfuncio estrutural, os pacientes poderao ser tratados com o implante
percutédneo de "protese em protese” (MAZINE et al., 2018a). No entanto, estudo
recente demonstrou que pacientes jovens submetidos ao implante de proteses
biologicas nao somente tiveram maior necessidade de reintervencdes, mas tambem

importante reducdo na sobrevida tardia quando comparados com pacientes
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operados com a técnica de Ross, demonstrando que esta estratégia ndo é
atualmente justificavel (MAZINE et al., 2022).

Por outro lado, a indicacdo para a Operacao de Ross ainda é bastante
controversa. Uma das criticas mais contundentes para este procedimento € o de
substituir duas valvas cardiacas em pacientes com lesdo valvar unica. Além da
substituicdo da valva adrtica pelo AP, a VSVD precisa ser reconstruida,
habitualmente pela interposi¢ao de um homoenxerto pulmonar ou aortico (KUMAR et
al.,, 1994), deixando os mesmos com a eventual necessidade de reoperagdes
complexas, por vezes com disfun¢do estrutural simultiénea do auto e do
homoenxerto valvar (ALSOUFI et al., 2012a; DA COSTA et al., 2018, DA COSTA et
al., 2014; ETNEL et al., 2018; MAZINE et al., 2018a).

Um dos principais mecanismos de disfung¢ao do AP ¢ a dilatagao progressiva
da neo-raiz aodrtica com consequente insuficiéncia valvar, que ocorre mais
frequentemente em pacientes com |Ao e/ou dilatacdo do anel aortico (=2 28 mm)
prévios (DAVID et al.,, 2019; ETNEL et al., 2018; MAZINE et al., 2018b).
Modificagdes técnicas para implante do AP como o implante subcoronario ou técnica
de incluséo sdo estratégias adequadas para evitar disfuncédo do AP em pacientes de
alto risco para dilatagdo da raiz adrtica e evolugdo com |Ao (DAVID et al., 2010;
TAKKENBERG et al.,, 2009). Em casos com necessidade de reoperagcdo por
disfungdo n&o-estrutural, tem sido possivel substituir a raiz adrtica dilatada
preservando as cuspides valvares do AP, prolongando os beneficios do enxerto
autologo. Estes procedimentos conservadores tém sido realizados com baixo risco
cirurgico imediato e bons resultados na primeira década de seguimento (MARTIN et
al., 2017; MOOKHOEK et al., 2015).

A degeneracdo do homoenxerto utilizado na reconstrucédo da VSVD se
manifesta através de estenose e/ou insuficiéncia progressiva da valva e tem a idade
como um dos principais preditores de risco. A incidéncia de reoperacao € bastante
variavel na literatura, mas ocorre especialmente na populacdo pediatrica, com
destaque para criangas com <1 ano. Nesta faixa etaria as estimativas da
necessidade de reoperagao variam de 53 a 82% em 15 anos (DONALD et al., 2020;
ETNEL et al.,, 2018; LUCIANI et al., 2014; NELSON et al., 2015). J& em adultos
jovens, a disfun¢ao leve a moderada do homoenxerto também pode ser observada
no seguimento tardio, porém poucos casos requerem reoperagdo, com taxas
variando de 0.5 a 1% por paciente-ano (DAVID et al., 2014; DONALD et al., 2020;
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SIEVERS et al.,, 2016). A utilizagdo de homoenxertos superdimensionados é uma
estratégia para prolongar a durabilidade dos homoenxertos (MAZINE et al., 2018a).
Acredita-se que fatores imunoldgicos também estejam relacionados a degeneragao
da VSVD, atraveés de resposta imune envolvendo grupo ABO e incompatibilidade do
sistema de antigeno leucocitario humano. Técnicas de descelularizagdo vém sendo
desenvolvidas em alguns centros com o intuito de reduzir esta resposta imunolégica
por meio da remoc¢ao das células do doador, mantendo a matriz extracelular intacta
e, ocasionalmente, permitindo certo grau de repopulacédo do enxerto com células do
proprio paciente (DA COSTA et al., 2014).

Cumpre ressaltar, entretanto, que as reinterven¢gdes no lado direito do
coracao tém sido frequentemente realizadas por meio de terapias percutaneas
menos invasivas, evitando a necessidade de novas toracotomias (MAZINE et al.,
2018a).

3.4 OPERACAO DE ROSS E A DOENGA REUMATICA

A selecao criteriosa dos pacientes, modificacdes técnicas visando otimizar a
anatomia e suporte mecanico do AP e a experiéncia do cirurgido em centros de alto
volume de pacientes tém impacto significativo nos resultados observados com a
Operagao de Ross (DAVID et al.,, 2019; ETNEL et al., 2018; SHARABIANI et al.,
2016).

Os resultados obtidos com a Operacdo de Ross sdo fundamentalmente
baseados em pacientes com VAB ou doengas degenerativas, havendo pouca
informagdo quanto a evolugdo tardia em pacientes com valvopatia reumatica
(ALSOUFI et al., 2012a; MAZINE et al., 2018a).

Pergola et al enfatizou a importéncia de uma adequada seleg¢ao do paciente
para se obter excelentes resultados cirurgicos a longo prazo e incluiu os pacientes
reumaticos dentre aqueles com maior risco para faléncia do AP e necessidade de
reoperagao (PERGOLA et al., 2020). Alguns estudos demonstraram que o AP
implantado em posi¢céo aortica é suscetivel de envolvimento em surtos recorrentes
de atividade reumatica, podendo estar associado a maior necessidade de
reoperacdes precoces em decorréncia de disfuncdo estrutural primaria do AP por
valvopatia inflamatoria recorrente (ALSOUFI| et al., 2012a; MAZINE et al., 2018a;
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KUMAR et al., 1994; KUMAR et al., 2006). De acordo com KUMAR et al, mais de um
terco dos pacientes reumaticos desenvolveram disfuncédo do AP com |Ao em até 5
anos da cirurgia, e aqueles que foram reoperados apresentavam evidéncia de
valvulite por FR no AP. Pacientes reumaticos com < 30 anos de idade sédo aqueles
mais suscetiveis a novos surtos e portanto com desfechos menos favoraveis
(KUMAR et al., 20086).

Adaptacbdes técnicas que otimizem o suporte mecanico do AP sao
estratégias para prevenir a progressao com dilatagdo da raiz neo-adrtica e/ou
insuficiéncia do AP apos a Operacido de Ross. Esta complicacédo é frequentemente
observada na valvopatia aodrtica reumatica, cujos pacientes ja exibem dilatagdo do
anel adrtico e desproporcéo geométrica das valvas semilunares prévios a cirurgia. E
importante ressaltar que a Operacao de Ross nao deve ser realizada durante a fase
ativa da doenca reumatica (ALSOUFI et al., 2012b).

Além disso, 0 acometimento mitro-adrtico com indicacdo de intervencao
concomitante na valva mitral é frequente em pacientes reumaticos, representando
fonte adicional de possiveis reoperagdes e assim diminuindo as eventuais vantagens
da Operacéo de Ross (KUMAR et al., 1994). A necessidade de abordagem da valva
mitral em pacientes reumaticos concomitante a Operacdo de Ross foi considerada
fator de risco para reoperagcdo (ALSOUFI et al.,, 2012a). O acometimento mitro-
aortico pode ser encarado como marcador de doenga mais agressiva, que associado
a um pior perfil pré-operatério caracterizado por sintomas mais avancados, pior
fragdo de ejegdo e anatomia desfavoravel, faca antever piores desfechos poés-
operatorios tardios (PIETERS et al., 2000).

Em vista destes resultados, alguns autores sugerem que a substituicdo da
valva aortica pelo AP deve ser realizada de forma criteriosa na etiologia reumatica
(RAJA et al., 2010). Entretanto, os estudos disponiveis avaliando a Operagdo de
Ross em reumaticos sdo limitados pelo baixo numero de pacientes e por terem

seguimentos clinicos relativamente curtos e frequentemente incompletos.



30

4 MATERIAL E METODOS

4.1 PACIENTES

Foram analisados os dados de pacientes consecutivamente submetidos a
Operacdo de Ross entre maio de 1995 e fevereiro de 2020 em trés instituicdes em
Curitiba (Instituto de Neurologia e Cardiologia de Curitiba, Hospital Santa Casa de
Misericordia de Curitiba e Hospital Infantil Pequeno Principe). Todas as operagoes
foram realizadas por um unico cirurgiao (FDAC).

Os pacientes foram divididos em dois grupos de acordo com a etiologia da
doenga valvar adrtica: Grupo Reumaticos incluiu pacientes com doenca valvar
reumatica e Grupo Bicuspides compreendeu pacientes com doenga valvar congénita
caracterizada por VAB ou unicuspide. Pacientes com doenga adrtica degenerativa e
endocardite infecciosa da valva nativa ou protética foram excluidos.

A definicdo da etiologia reumatica foi estabelecida baseada em uma historia
clinica e imagens ecocardiograficas compativeis e confirmada por achados
macroscopicos intraoperatorios demonstrando espessamento e rigidez das
cuspides, retracio dos folhetos e fusao comissural.

O trabalho foi submetido ao Comité de Etica do Instituto de Neurologia e
Cardiologia de Curitiba e aprovado sob o numero 4.277.194.

4.2 TECNICA OPERATORIA

Os detalhes da técnica operatdria ja foram previamente descritos (DA
COSTA et al., 2017). O AP foi implantado em posi¢ao aortica pela substituicao total
da raiz aortica ou pelo método de inclusdo, dependendo da técnica julgada mais
apropriada conforme a patologia da raiz adrtica, anatomia coronariana e diametros
da raiz aortica e pulmonar.

Antes do implante, o musculo infundibular do AP foi seccionado
proximamente mantendo-se uma borda muscular de apenas 2 a 3 mm abaixo das
cuspides. Quando utilizada a substituicao total da raiz, a anastomose proximal no
anel aortico foi realizada com pontos separados simples com a agulha passando
tangencialmente no enxerto imediatamente abaixo da cuspide valvar de forma a

posicionar 0 AP em posicdo intra-anular. Uma vez terminada a anastomose
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proximal, a mesma foi reforcada pela sutura dos remanescentes da parede adrtica
na adventicia do AP ou com uma tira externa de Dacron ou de pericardio bovino. A
sutura distal do AP nao foi reforgada com material prostético mesmo na presenca de
dilatagdo da aorta ascendente. Na técnica de inclusédo, foram aplicados 0os mesmos
principios, porém a sutura proximal n&o foi reforcada e a aorta proximal foi fechada
sobre artéria pulmonar para evitar futuras dilatacdes do AP.

Os ¢6stios coronarianos foram reimplantados de forma término-lateral com
chuleios continuos de fio de polipropileno 6-0. Um passo importante da cirurgia é
seccionar o conduto distal do AP logo acima das comissuras antes de realizar a
anastomose distal. No caso de desproporgao significativa (> 2-3 mm) entre os
diametros do AP e os do anel aortico nativo e/ou da aorta ascendente, foram
empregadas técnicas cirurgicas especificas para compatibilizar estes diametros. Em
pacientes com dilatacdo do anel aodrtico, o perimetro entre os trigonos foi reduzido
através de uma tira de Teflon e mais recentemente através de uma reducao
circunferencial similar a utilizada em cirurgias conservadoras que preservam a valva
aortica. Foi realizada aortoplastia redutora quando a aorta ascendente apresentava
dilatacdo moderada ou substituicdo da aorta com enxerto de Dacron quando o
diametro = 4,5 cm e/ou quando a parede da aorta era fina e friavel. O aspecto final
da Operacao final € ilustrado na Figura 2.

A reconstrucdo da V3SVD foi realizada pela interposicdo de um homoenxerto
valvar criopreservado ou descelularizado ou ocasionalmente com tubo valvado de
pericardio bovino descelularizado. Em alguns pacientes, foi realizada uma extensao
do homoenxerto utilizando uma tira circunferencial de pericardio para permitir uma
anastomose proximal mais larga com a VSVD.

A protecdo miocardica foi feita com cardioplegia sanguinea gelada
anterograda de forma intermitente ou, empregando a solu¢éo cardioplégica de Del
Nido a partir de 2019. Nos pacientes com acometimento de outras valvas ou
patologias concomitantes, foram realizados procedimentos associados sempre que

necessarios.
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FIGURA 2 — ASPECTO FINAL DA OPERACAO DE ROSS

FONTE: O autor (2010)

Legenda: Aspecto final da Operagdo de Ross com a técnica de substituicdo total da raiz adrtica.

4.3 SEGUIMENTO CLINICO E ECOCARDIOGRAFICO

Os dados demograficos, variaveis clinicas e achados ecocardiograficos
foram coletados de forma prospectiva em ambos os grupos com 1 e 6 meses de
pos-operatorio e depois anualmente. Os exames clinicos foram realizados, sempre
que possivel, em nosso ambulatério, pelo mesmo cardiologista clinico. Na
impossibilidade de retorno a nossa instituicdo para reavaliacdo, foram coletados
dados por entrevista telefbnica direta com os pacientes e/ou através de informacoes
obtidas com o cardiologista de referéncia. Os pacientes que nao puderam ser
contactados, foram censurados na ultima visita médica em nossa instituicao.
Adicionalmente, foi realizada pesquisa no site da Receita Federal Brasileira por meio
do CPF para identificar eventuais obitos de pacientes nao localizados.

Trata-se de um estudo observacional, no qual o levantamento de dados
consistiu na revisao sistematica dos prontuarios, onde constava a avaliacio clinica e
ecocardiografica dos pacientes. A avaliacdo clinica consistia em dados

demograficos, clinicos e cirurgicos. A avaliagdo clinica compreendia no
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preenchimento de uma Ficha de Acompanhamento que incluia a avaliacdo das
comorbidades clinicas do paciente, classe funcional de acordo com a New York
Heart Association (NYHA) pré e pos-operatoria, complicagdes peri-operatorias,
sintomas atuais, medicag¢des de uso continuo, incluindo uso de anticoagulantes e de
Penicilina G benzatina, complica¢cdes sistémicas e valvares apos a cirurgia e
necessidade de reoperacoes.

Os pacientes foram medicados no pos-operatorio a critério do cardiologista,
de acordo com as necessidades clinicas individuais. No entanto, os pacientes foram
orientados quanto a importadncia do manejo pressorico rigoroso, especialmente
durante o primeiro ano apds a cirurgia. A anticoagulacéo foi indicada para alguns
pacientes com doenca valvar mitral e/ou fibrilacido atrial associada ou apds a
ocorréncia de eventos cerebrais isquémicos. Pacientes reumaticos com < 40 anos
de idade foram incentivados a receber profilaxia com Penicilina G benzatina a cada
3 semanas.

Os exames ecocardiograficos foram realizados por dois ecocardiografistas
experientes em valvopatia de nossa instituicdo, porém ecocardiogramas realizados
em servigos externos foram aceitos na impossibilidade do paciente retornar para
consulta de acompanhamento clinico de rotina.

A avaliagao funcional do AP e do homoenxerto da VSVD incluia gradientes
medio e maximo e determinagdo do grau de insuficiéncia valvar, de acordo com as
recomendagdes preconizadas pela Sociedade Americana de Ecocardiografia (ASE)
(ZOGHBI et al., 2003). Os gradientes transvalvares foram calculados pela equagao
modificada de Bernoulli, baseada na velocidade de fluxo através das valvas por
Doppler continuo, e a insuficiéncia valvar foi estimada pelo comprimento e area do
jato de regurgitacéo e distancia atingida na via de saida do ventriculo esquerdo ou
direito conforme descrito por Perry et al, sendo graduada como ausente, trivial, leve,
moderada ou grave (PERRY et al., 1987).

Na avaliacdo ecocardiografica realizada no nosso servigo eram realizadas
medidas sistematicas da dimensdo do AP ao nivel do anel, seio de Valsalva e
jungao sinotubular assim como a aorta ascendente proximal. Esses dados estavam

frequentemente indisponiveis em ecocardiogramas realizados em servigos externos.

4.4 DESFECHOS CLINICOS
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A analise dos eventos pds-operatorios foi feita de acordo com diretrizes bem
estabelecidas (AKINS et al., 2008).

A mortalidade imediata foi definida como qualquer obito ocorrido durante o
periodo intra-hospitalar ou até 30 dias apos a cirurgia. Apos esse periodo, a
mortalidade foi considerada como tardia. Pacientes que foram submetidos a
reoperagao continuaram a ser acompanhados e foram incluidos na analise de
sobrevida tardia.

A mortalidade relacionada a valva incluiu qualquer morte por disfuncao
estrutural ou nao estrutural, trombose valvar, embolia ou sangramento, endocardite
na valva abordada, qualquer morte relacionada a reintervencao da valva abordada
ou morte subita ndo explicada. Foram consideradas mortes de causa cardiaca
aquelas relacionadas a valva aléem de mortes por causa cardiaca néo relacionada a
valva. A mortalidade por causa cardiaca nao relacionada a valva € decorrente de
envolvimento cardiaco em cenarios como a insuficiéncia cardiaca, eventos
coronarianos ou arritmias cardiacas (AKINS et al., 2008).

Disfuncao estrutural primaria do AP foi definida como qualquer gradiente
médio 2 20 mmHg e/ou insuficiéncia valvar graduada como = moderada. A dilatagdo
do conduto do AP com raiz = 45 mm foi considerada como uma disfuncao valvar nao
estrutural. Ja para o homoenxerto da VSVD, disfun¢ao estrutural foi definida como
gradiente instantdneo maximo = 40 mmHg e/ou insuficiéncia valvar = moderada.

Os desfechos primarios de interesse foram a sobrevida tardia e a incidéncia
cumulativa de reoperacdes no AP e no homoenxerto da VSVD. Desfechos
secundarios consistiram na avaliacao de reoperacdo por qualguer causa ou
relacionadas a Operacao de Ross, incidéncia de eventos tardios relacionados aos
enxertos implantados (tromboembolismo, sangramento e endocardite infecciosa) e
probabilidade de desenvolver disfungao estrutural ou n&o estrutural dos enxertos ao

longo do tempo.

4.5 ANALISE ESTATISTICA

A analise estatistica foi realizada através do programa Stata 17.0

(StataCorp, College Station, Texas 77845 USA; http://www.stata.com/) e do software
estatistico R (R Core Team 2021, http://www.R-project.org/).
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As variaveis quantitativas foram descritas como meédias e desvio-padrao
(DP) ou mediana e intervalo interquartil (25%; 75%), apos testadas para normalidade
usando o teste de Shapiro Wilks. As variaveis com distribuicdo normal foram
comparadas através do teste t de Student. As variaveis com distribuicdo assimétrica
foram comparadas pelo teste de Mann-Whitney. As variaveis categoricas foram
apresentadas como propor¢coes e comparadas através do teste de chi-quadrado.
Todos os testes foram bicaudais e considerados estatisticamente significativos
guando valores de p < 0,05.

A estimativa de sobrevida tardia foi realizada por meio do método de Kaplan-
Meier, incluindo-se os limites de confiangca de 95% e a diferenga entre grupos foi
estimada através do teste de log-rank. Para fins comparativos, a sobrevida da
populacao brasileira normal pareada para sexo e idade estimada para o ano de 2007
(equivalente ao ano mediano de cirurgia dos pacientes analisados) foi obtida pelos
dados publicados no Instituto Brasileiro de Geografia e Estatistica
(http://www.ibge.gov.br). O risco instantdneo de morte foi apresentado como a
probabilidade instantanea de que um individuo viesse a morrer em determinado
intervalo de tempo.

As incidéncias cumulativas dos eventos relacionados ao enxerto foram
estimadas tendo a mortalidade como fator de risco competitivo. Para comparacao
dos grupos, os riscos atribuidos a cada evento através de incidéncia cumulativa
foram estimados usando o modelo de Fine-Gray.

Devido as diferengas significativas das caracteristicas clinicas pré-
operatdrias entre pacientes reumaticos e bicuspides, foi realizada uma analise de
pareamento por escore de propensdo. O escore de propensao foi construido através
de um modelo de regressao logistica multivariada nao-parsimoniosa com a etiologia
(reumatica versus bicuspide) como a variavel dependente. Devido a significancia
estatistica e/ou clinica, caracteristicas pré-operatérias foram incluidas como
covariaveis no modelo de propensdo, sendo elas, doenga da valva mitral, lesao
valvar aortica, classe funcional (NYHA), tabagismo, fragdo de ejecao do ventriculo
esquerdo, hipertensao arterial sistémica, sexo feminino, indice de massa corpodrea,
diabetes mellitus, redugao do anel adrtico, ritmo cardiaco, idade, intervencao aortica
prévia e intervencao adrtica concomitante. O pareamento por escore de propensao
foi conduzido em razédo 1:1 e realizado pelo método de pareamento pelo vizinho
mais proximo com um calibre de 0,05. Na populacdo pareada, o teste de log rank foi


http://www.ibge.gov.br
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estratificado por pares e as analises de Cox foram realizadas utilizando erro-padréao
robustos clusterizados.

Foram realizadas analises univariadas utilizando modelo de risco
proporcional de Cox com o intuito de se identificar possiveis fatores de risco
associados com reoperacao e/ou disfuncao do AP e homoenxerto da VSVD. Depois
disso, as covariaveis com associacdo de p < 0,10 foram incluidas em modelo de
risco proporcional de Cox multivariado para se identificar os fatores de risco
associados com evento.

Modelos de efeito misto foram utilizados para analisar medidas repetidas
como insuficiéncia do AP e disfungdo do homoenxerto. Foram utilizados modelos de
regressdo de medidas repetidas com correlagdo autorregressiva para se estimar a
probabilidade de IAo, dilatagdo da raiz do AP e disfun¢cdo pulmonar ao longo do
tempo. A etiologia e o tempo da avaliagéo ecocardiografica foram considerados os
efeitos fixos enquanto os pacientes eram os efeitos aleatorios. Foram incluidos na
analise repetida de medidas apenas os dados ecocardiograficos obtidos apos a
Operacido de Ross e antes de qualquer reoperacdo. Os resultados foram
considerados significativos até 20 anos.
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5 APRESENTAGCAO DOS RESULTADOS

O artigo “Long-term Results of the Ross Operation in Rheumatic Valve
Disease” foi aceito para publicagcdo em 29/09/2022 na revista European Journal of
Cardio-Thoracics Surgery (EJCTS), de classificagdo A2 segundo avaliagdo da
Estrato Qualis, e sera apresentado nas préximas paginas.

O artigo “Improving outcomes of right ventricular outflow tract reconstruction
during the Ross operation: Homograft decellularization and surgical technique” foi
aceito para publicacgdo em 15/01/2025 na revista Journal of Thoracic and
Cardiovascular Surgery Open (JTCVS Open), de classificagdo A4 segundo calculo
do Qualis considerando o CiteScore, e sera apresentado nas paginas subsequentes.

Os artigos estao formatados segundo as normas exigidas pelos periodicos.
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AIMS: The aim of this study was to evaluate the impact of rheumatic heart disease (RHD) on the long-term outcomes of the Ross oper-
ation when compared to patients with bicuspid aortic valves (BAV).

METHODS AND RESULTS: We analysed patients with rheumatic disease and BAV who underwent a Ross operation between 1995 and
2020. The primary outcomes were late survival and reoperations on the pulmonary autograft and the right ventricular allograft. We also
performed a propensity score analysis to adjust for differences in baseline characteristics. The cumulative incidence of the events in the
matched cohorts was compared using the Fine-Gray model. There were 147 patients with rheumatic disease and 314 with bicuspid valves.
In the unmatched population, patients with rheumatic disease were younger, more symptomatic, had worse left ventricular function and
were more likely to present a preoperative diagnosis of aortic insufficiency. Propensity matching resulted in 86 pairs with similar baseline
characteristics. Compared with those with bicuspid valves, rheumatic patients had similar 20-year survival both in the unmatched (RHD =
67.8% vs BAV = 79.7%, P = 0.27] and matched cohorts (RHD = 72.5% vs BAV = 82.9%, P = 0.46). Cumulative incidence of reoperations on
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the pulmonary autograft after 20 years was also comparable between them in the unmatched (RHD 13.4% vs BAV 14.4%, P = 0.67) and
matched patients (RHD 11.6% vs BAV 21.1%, P = 0.47). Pulmonary autograft dysfunction due to rheumatic involvement was detected in
only three occasions. Cumulative incidence of reoperations on the right-sided allograft was higher in the unmatched cohort (RHD = 5.5%
vs BAV = 16.7%, P = 0.035) but became nonsignificant after propensity score matching (RHD = 9.9% vs BAV = 32.3%, P = 0.051). The cumu-
lative incidence of all Ross-related reoperations was similar in both groups.

CONCLUSIONS: Among patients undergoing Ross operation, patients with RHD had similar long-term survival and rates of reoperations,

when compared to patients with BAV.

Keywords: Pulmonary autograft « Ross procedure « Aortic valve replacement » Rheumatic heart disease

ABBREVIATIONS

Al Aortic insufficiency

AVR Aortic valve replacement

BAV Bicuspid aortic valves

cl Confidence intervals

HR Hazard ratio

IQR Interquartile ranges

RHD Rheumatic heart disease

RVOT Right ventricular outflow tract

SVD Structural valve dysfunction
INTRODUCTION

The Ross operation is considered an excellent option for aortic
valve replacement (AVR) in children and adolescents with con-
genital aortic valve disease. In this subset of patients, the pulmon-
ary autograft has appealing advantages, including better
haemodynamics, superior quality of life, avoidance of permanent
anticoagulation, the growth potential of the autograft and long-
term survival that closely resembles that of an age and sex-
matched population [1, 2]. However, broader utilization of the
Ross operation in young adults and middle-aged patients
remains controversial and is limited to a few dedicated centres
131

Recent reports on the very long-term results have shown that,
when properly performed, the Ross operation may be a superior
alternative when compared to conventional AVR. These data
renewed the interest in the use of the pulmonary autograft in
young adults and middle-aged patients and led some authors to
suggest that the Ross operation deserves a stronger recommen-
dation in both the European and American guidelines [4, 5] It
must be noted, however, that published results are derived from
series that are mostly composed of selected bicuspid aortic valve
(BAV) patients and the impact of different aetiologies and patient
profiles on the outcomes of the Ross operation remains largely
unknown [4-6].

There are concerns regarding the durability of the autograft in
patients with rheumatic heart disease (RHD) due to the suscepti-
bility of secondary rheumatic involvement [7, 8]. Our experience
with the Ross operation [9, 10] is now over 500 cases with follow-
up extending up to 25years and included a substantial propor-
tion of patients with RHD. In this study, we sought to evaluate
the impact of RHD aetiology on the very long-term outcomes of
the Ross operation when compared to patients with BAV with
special emphasis on the durability of the pulmonary autograft,
late survival and rates of reoperations.

METHODS
Ethics statement

The Ethics Committee of the Instituto de Neurologia e
Cardiologia de Curitiba has approved the study under the num-
ber 4.277.194. Written consent for anonymity was waived by the
Committee, given the retrospective analysis of the data.

Patients

We analysed the records from all consecutive patients under-
going a Ross operation between 1995 and 2020 at 3 institutions
in Curitiba, Brazil (Instituto de Neurologia e Cardiologia de
Curitiba, Santa Casa de Curitiba and Hospital Infantil Pequeno
Principe). All operations were performed by a single surgeon
(Francisco Diniz Affonso da Costa).

For this study, patients were allocated into 2 groups according
to disease aetiology: group RHD included patients with RHD
while group BAV compromised those with congenital bicuspid/
unicuspid aortic valves. Patients with degenerative aortic valve
disease or active bacterial endocarditis in native or prosthetic
aortic valves were excluded.

Operative technique

The details of the operative technique have been previously
described and demonstrated in Video 1 [10]. The autograft was
implanted using either a total root replacement or the inclusion
technique depending on aortic root pathology, coronary artery
anatomy and sizes of the native aortic and pulmonary roots.

Video 1: XXX.
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After harvesting, the autograft infundibular muscle was
trimmed leaving only a margin of 2-3mm below the cusps.
When using the root replacement, the proximal anastomosis was
performed with tangential interrupted stitches immediately
below the valve cusps and following the scalloped line of the aor-
tic annulus to place the autograft in an intra-annular position.
This was reinforced with a second circumferential suture line
approximating the remnants of the aortic wall to the adventitia
of the autograft or with a Teflon or bovine-pericardium strip. For
the inclusion technique, the same principles were applied, but
the proximal anastomosis was not reinforced, and the proximal
aortic root was closed over the autograft to prevent the future
dilatation.

The coronary buttons were anastomosed end to side with run-
ning 6-0 polypropylene sutures. An important step of the oper-
ation is to trim the distal autograft conduit right above the
commissural posts before performing the distal anastomosis.
Specific surgical techniques were performed to adjust for any sig-
nificant discrepancy (>2-3mm) between the diameter of the
autograft and that of the aortic annulus and/or the ascending
aorta. In patients with the dilated aortic annulus, the perimeter
between the trigones was reduced with an external Teflon strip
and more recently through a circumferential reduction similar to
that used in aortic valve-sparing operations. When the ascending
aorta was moderately dilated, we usually performed a reduction
aortoplasty or replaced it with a Dacron graft when the diameter
was >4.5 cm and/or the aortic wall was thin and friable.

The reconstruction of the right ventricular outflow tract
(RVOT) was completed using cryopreserved or decellularized pul-
monary or aortic valve allografts and occasionally with decellu-
larized bovine pericardial valved conduits. In some patients, an
anterior or circumferential strip of pericardium was employed to
extend the allograft thus allowing a wider proximal anastomosis
with the RVOT. Myocardial protection was performed with inter-
mittent cold blood cardioplegia and, more recently, with the Del
Nido solution.

Follow-up

Clinical and echocardiographic follow-up data were prospect-
ively collected at 1 and 6 months, and annually thereafter in
our outpatient clinic or with the referring cardiologist. Although
postoperative management was left at the discretion of the
referring cardiologists, patients were advised on the importance
of strict blood pressure control, especially during the first year
after the operation. Anticoagulation was indicated for some
patients with mitral valve disease, atrial fibrillation or after the
occurrence of cerebral ischaemic events. Rheumatic patients
<40years of age were encouraged to receive prophylactic peni-
cillin G benzathine injections every 3 weeks. Echocardiographic
evaluation was performed by 2 experienced operators at our
institution, but outside examinations were accepted in case
patients were unable to return for routine follow-up.
Pulmonary autograft and RVOT allograft functional assessment,
including mean and peak gradients and determination of the
degree of valvular insufficiency, was made according to the rec-
ommendations of the American Society of Echocardiography
(ASE) [11]. Pulmonary autograft dimensions were systematically
measured at our institution but were frequently unavailable on
outside echocardiograms.

Clinical outcomes

Valve-related events were reported according to established
guidelines [12]. Early mortality was defined as death before hos-
pital discharge or within 30 days of the operation. Patients who
had any reoperation continued to be followed and were included
in late survival analysis.

Structural valve dysfunction (SVD) of the pulmonary autograft
was defined as a mean gradient >20 mmHg or valve insufficiency >
moderate. Dilatation of the autograft root >45 mm was considered
a non-SVD. Pulmonary allograft dysfunction was defined as a peak
gradient >40 mmHg or pulmonary regurgitation > moderate.

The primary outcomes of interest were all-cause mortality and
the cumulative incidence of reoperations on the pulmonary
autograft and on the RVOT allograft. Secondary outcomes
included rates of any reoperation, incidence of valve-related
events (thromboembolism, bleeding and endocarditis) and the
probabilities of developing structural and/or non-SVD over time.

Statistical analysis

Analysis of clinical data. Analysis was performed in Stata 17.0
(StataCorp, College Station, TX, USA; http:/Aww.stata.com/) and the
R statistical package (R Core Team 2021, https.//mww.R-projectorg/).
Continuous data were described as means and standard deviation or
median with interquartile ranges (IQR), after testing for normality
using the Shapiro-Wilk test Normally distributed data were
compared using the Students t-test. Data not normally distributed
were compared with the Mann-Whitney test. Categorical data are
presented as proportions, and comparisons were made with the Chi-
squared test. All tests were two-sided and statistical significance was
inferred at a P-value of <0.05.

Estimates of late survival were performed using the Kaplan-Meier
method, including the 95% confidence intervals (Cl) and differences
between groups were estimated by the log-rank statistic. Age and
sex-matched Brazilian general population estimates for the year
2007 (the median year of surgery of the study cohort) were
obtained from data published by the Instituto Brasileiro de
Geografia e Estatistica (http://www.ibge.gov.br). The instantaneous
risk of death is presented as the smoothed instantaneous probability
that a patient may die within a certain interval.

Cumulative incidence of valve-related events was estimated
with mortality as a competing risk. The hazards of the event cu-
mulative incidence function were compared between groups
using the Fine-Gray model [13]. As there were significant differ-
ences between the RHD and BAV patients in several baseline
characteristics, we performed a propensity score matching ana-
lysis. The propensity score was constructed using a non-
parsimonious multivariable logistic regression model with the
aetiology variable (RHD versus BAV) as the dependent variable.
Because of their statistical and/or clinical significance, all baseline
characteristics listed in Supplementary Material, Table ST were
included as covariates in the propensity model. Propensity score
matching was conducted at a 1:1 ratio with the use of the nearest
neighbour matching within a calliper of 0.05. For the matched
cohorts, log-rank test was stratified by pairs and the Cox analysis
was performed using cluster-robust standard errors.

We also performed a univariate analysis using the Cox propor-
tional hazard regression to identify possible factors associated
with pulmonary autograft or RYOT reoperation and dysfunction.
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Thereafter, the covariates with an association with P<0.10 were
included in multivariable Cox proportional hazard models to
identify the factors associated with events.

Mixed-effects models were used to analyse repeated meas-
urements such as autograft valve insufficiency and RVOT allo-
graft dysfunction. Repeated-measures regression models with
auto-regressive correlation structure were used to estimate the
probability odds of aortic insufficiency (Al), autograft root dila-
tation or pulmonary dysfunction over time. Aetiology and
time of echocardiographic evaluation were considered fixed
effects while the individuals were the random effects. Only
data from echocardiograms obtained after the Ross procedure
and before any valve reoperation were included in the
repeated-measures analysis. Results were considered meaning-
ful for up to 20 years.

RESULTS

During the period of the study, 511 patients underwent a Ross
operation. Fifty patients with degenerative aortic valve disease or
active bacterial endocarditis in native or prosthetic aortic valves
were excluded. The remaining patients were allocated to group
RHD (n=147) or group BAV (n=314). The propensity score ana-
lysis resulted in 86 matched pairs. Baseline characteristics and
operative details for both matched and unmatched groups are
given in Tables 1 and 2. In the unmatched cohorts, rheumatic
patients were younger (P =0.005), had worse left ventricular func-
tion (P <0.001) and symptoms of heart failure (P=0.046) and pre-
sented more often with a preoperative diagnosis of pure Al and
associated mitral valve disease (P<0.001). On the other hand,
BAV patients had a greater frequency of previous aortic valve
interventions (P<0.001). After propensity matching, there were
no significant baseline differences between the 2 groups
(Table 1). The standardized % bias across the 2 groups covariates
is shown in Supplementary Material, Fig. S1.

The autograft was implanted as root replacement in 406
cases and with the inclusion technique in the remaining 55,
with similar frequencies in both groups. Overall median (IQR)
clinical follow-up was 11.6 years (6.2; 16.8), being longer in the
RHD patients. The follow-up was complete in 91.1% of patients
within 2years of the study closing date (43 patients were lost
to follow-up). The median (IQR) echocardiographic follow-up
was 9.4 years (4.6; 14.7), also longer in RHD patients and being
70% complete within 3years of the study closing date
(Table 1).

Survival

Early mortality was 1.5% (7/461) and comparable between
groups (RHD=1.3%, BAV=1.6%, P=1.00). There were 48 late
deaths (RHD =27/145, BAV =21/309). Of those, 17 were valve-
related (sudden death, n=10; endocarditis, n=2; cerebral haem-
orrhage, n=2, following reoperations for pulmonary autograft
and/or RVOT allograft dysfunction, n=3), 10 were cardiac-
related (progressive heart failure, n=9; acute myocardial infarc-
tion, n=1) and the remaining 21 cases were non-cardiac related.
There were no statistically significant differences in long-term
mortality between RHD and BAV patients both in the unmatched

[RHD=67.8%, 95% Cl: 55.0-77.7; BAV=79.7%, 95% Cl: 69.0-87.1;
hazard ratio (HR) 1.36, 95% Cl: 0.77-2.37; P=0.27] and matched
(RHD =72.5%, 95% Cl: 57.0-83.2; BAV =82.9%, 95% Cl: 60.9-93.1;
HR 1.39, P=0.46) cohorts (Fig. 1, Table 3 and Supplementary
Material, Table S2). However, freedom from cardiac deaths in the
unmatched population (RHD=15/145 BAV=9/309, which
includes valve and non-valve-related deaths) was lower in RHD
when compared to BAV patients (RHD =81.3%, 95% Cl: 69.5-
88.9; BAV =90.1%, 95% Cl: 79.6-95.2, P=0.041). BAV patients had
a late survival that closely resembled that of a matched normal
population up to 20years, but RHD patients had lower than
expected survival, with curves diverging in a more significant way
after 15 years (Supplementary Material, Fig. S2).

Reoperations

Sixty-nine patients (RHD = 30/147, BAV = 39/314) required >1 reop-
erations. There were 40 reinterventions on the pulmonary autograft
(RHD =19, BAV =21), 33 in patients with moderate/severe Al * neo-
aortic root dilatation, 6 due to bacterial endocarditis and 1 patient
with pseudo-aneurysm in the proximal suture line. The cumulative
incidence of reoperations on the pulmonary autograft after 20 years
was similar in the unmatched RHD (13.4%, 95% Cl: 8.3-21.7) and
BAV patients (14.4%, 95% Cl: 8.8-23.6), P=0.67, HR 1.15 (95% ClI:
0.58-2.28) and matched RHD (11.6%, 95% ClI: 5.8-22.4) and BAV
patients (21.1%, 95% Cl: 8.4-47.3, P=0.47; HR 0.69, 95% Cl: 0.25-
1.89) (central picture, Fig. 2, Table 3 and Supplementary Material,
Table S2). On only 3 occasions, valve dysfunction could be attrib-
uted to rheumatic involvement of the autograft, all being younger
than 30 years of age.

On multivariable analysis, factors associated with pulmonary
autograft reoperation were aortic annulus diameter (HR 1.18,
P <0.001) and preoperative diagnosis of Al (HR 4.54, P=0.041)
(Supplementary Material, Table S3).

Twenty-five patients (RHD =6, BAV =19) required reinterven-
tion on the RVOT allograft. In 4 patients, allograft replacement
was performed simultaneously with autograft repair/replace-
ment. The cumulative incidence of allograft replacement at
20years in the unmatched cohort was higher in BAV patients
(RHD =5.5%, 95% Cl: 2.3-13.3; BAV =16.7%, 95% Cl: 9.9-28.2; HR
0.33, P=0.035) but became non-significant after propensity
matching (HR 0.33, P=0.051) (Fig. 3, Table 3 and Supplementary
Material, Table S2). Although age and allograft diameter were risk
factors for RVOT allograft reoperation in the univariable analysis,
only younger age emerged as an associated factor in the multi-
variable analysis (HR 0.95, P=0.026) (Supplementary Material,
Table S3).

Fourteen non-Ross-related reoperations were necessary. In
rheumatics, 8 patients underwent mitral valve reintervention due
to progressive mitral disease, while 1 BAV patient needed a mitral
valve repair due to bacterial endocarditis. Other reoperations
included 4 cases of myocardial revascularization and 1 with an
isolated ascending aorta aneurysm with a normally functioning
PA.

The cumulative incidence of Ross related or the need for any
reoperations at 20years was similar between RHD and BAV
patients in both matched and unmatched cohorts
(Supplementary Material, Fig. S3, Table 3 and Supplementary
Material, Table 52).
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Table 1: Demographics and preoperative characteristics of rheumatic and bicuspid valve patients

Unmatched Matched
RHD BAV P-Value RHD BAV SMD
Patients, n (%) 147 314 86 86
Age at surgery (years), mean 29.0(10.7) 32.5(14.6) 0.005 29.8(10.6) 29.8(14.6) 0.005
(SD)
0-10 2(1.4) 23(7.3) 1(1.1) 8(9.3)
11-20 36(24.5) 56 (17.9) 19 (22.1) 19 (22.1)
21-40 86 (58.5) 129 (41) 52 (60.5) 36(41.9)
>40 23(15.6) 106 (33.8) 14(16.3) 23(267)
Male 109 (74.1) 227(723) 073 64 (74.5) 63(732) -0.026
Race 0.127 0.111
White 139 (94.6) 307 (97.8) 81(94.2) 84(97.8)
Black 4(2.7) 2(0.6) 4(4.7) 1(1.1)
Mixed race 4(2.7) 5(1.6) 1(1.7) 1(1.1)
Body mass index (kg/m?), 236(4.2) 24.0 (4.4) 0.158 24.2 (4.4) 236 (4.0) 0.141
mean (SD)
Hypertension 32(21.8) 67(21.3) 0.90 19 (22) 17 (19.7) 0.056
Diabetes mellitus 2(1.4) 9(2.9) 0.51 2(2.3) 0(0) 0.162
Dyslipidaemia 11(7.5) 28(8.9) 0.72 8(9.3) 8(9.3) 0.000
Obesity 7(4.8) 17 (5.4) 1.00 5(5.8) 1(1.1) 0211
Smoking 23(15.6) 31(9.9) 0.087 14(16.3) 14(16.3) 0.000
Coronary artery disease 0{0) 5(1.6) 0.183 0{0) 1(1.1) -0.131
Previous myocardial infarction 0{0) 0{0) 1.00 0{0) 0{0) -
Previous stroke or transient 2(1.4) 2(0.6) 0.59 1(1.1) 1(1.1) 0.000
ischaemic attack
Chronic kidney disease 1(0.7) 1(0.3) 0.53 0{0) 0{0) 0.000
Chronic obstructive pulmonary (1.4) 3(1.0) 0.65 1(1.7) 0{0) 0.108
disease
Peripheral artery disease 1(0.7 2(0.6 1.00 1(1.7) 2(2.3) -0.143
Anemia 6(4.1) 5(1.6) 0113 4(4.6 3(3.5) 0.070
Rhythm 0.012 -0.103
Sinus 143 (97.3) 312(99.4) 86 (100) 85 (99)
Other 4(2.7) 2(0.6) 0(0) 1(1)
NYHA functional class 0.046 -0.211
| 23(15.6) 69 (22) 15 (17.4) 14(16.3)
I 55 (37.4) 136 (43.3) 40 (46.5) 32(37.2)
I 55(37.4) 79 (25.2) 24 (28) 31(36)
v 5(3.4) 11(3.5) 3(3.5) 3(3.5)
Unknown 9(6.2) 19 (6) 4(4.6) 6(7)
Left ventricular ejection 63.3(10.0) 67.18 (8.96) <0.001 64.1(10.2) 65.3(9.2) -0.131
fraction, mean {SD)
50% 90 (61.2) 216 (68.8) 76 (88) 78 (90)
31-49% 9(6.1) 9(2.9) 6(7) 4(5)
<30% 0(0) 0(0) 0(0) 0(0)
Unknown 48(32) 89 (28) 4(5) 4(5)
Aortic valve lesion <0.001 0.015
Stenosis 18(12.2) 145 (46.2) 16 (18.6) 16 (18.6)
Insufficiency 80 (54.5) 64 (20.4) 40 (46.5) 41 (47.7)
Mixed lesion 49 (33.3) 105 (33.4) 30 (34.9) 29(337)
Concomitant mitral disease 41(27.9) 3(1) <0.001 4 (4.6) 3(3.5) 0.036
Previous aortic valve 7{4.7) 48(15.2) <0.001 7(8.1) 6(7) 0.039
intervention
Clinical follow-up time (years), 15.48 (8.67; 19.41) 10.10 (5.19; 15.23) <0.001 16.51 (9.46; 19.67) 11.83 (6.53; 15.09) 0.558
median (p25%; p75%)
Clinical follow-up index 0.97 {0.95; 0.99) 0.96 (0.91; 0.97) 0.39 0.97 (0.96; 0.99) 0.97 (0.89; 0.97) 0.162
(years), median (p25%;
p75%)
Echocardiographic follow-up 12.24 (7.00; 17.64) 8.01(3.84, 13.37) <0.001 12.50 (7.16; 18.03) 9.37 (4.71; 13.58) 0.491

time (years), median (p25%;
p75%)

Data are presented as n (%), unless otherwise indicated.
BAV: bicuspid aortic valve; NYHA: New York Heart Association; RHD: rheumatic heart disease; SD: standard deviation; SMD: standardized mean difference.
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Table 2: Operative data

Unmatched Matched
RHD BAV P-Value RHD BAV SMD

Patients, N 147 86 86
Operative technique 0.64 -0.142

Root replacement 128 (87) (88.5) 76 (88) 72 (84)

Inclusion 19 (13) (11.5) 10(12) 14 (16)
Aortic annulus diameter (mm), mean (SD) 25.1 (3.3) 23.6 (4.4) 0.002 25(3.1) 24.7 (43) 0.051
Indexed aortic annulus diameter >15 mm/m? 46 (31.2) (25.4) 0.093 22 (25) 22 (25) -0.011
Pulmonary allograft diameter (mm), mean (SD) 246 (2.0) 245 (2.6) 0.79 24.6 (2.0) 24.3(2.6) 0.148
Annulus enlargement

Mannouguian 1(0.6) 6(1.9) 0.43 140) 2(2) -0.103

Konno 1(0.6) 13(4.1) 0.047 1(1) 1(1) 0.000
External annular reduction 8(5.4) 27 (8.6) 0.26 6(7) 5(6) 0.045
Concomitant procedures

Mitral valve repair 39 (26.5) (0.9) <0.001 4(5) 3(3) 0.036

Subaortic membrane resection 0{0) (0.6) 1.00 0{0) 1(1) -0.206

Ascending aortic replacement (Dacron) 1(0.6) (2.8) 0.182 1(1) 0{0) 0.088

Aortoplasty 5(3.4) (19.7) <0.001 4(5) 4(5) 0.000

Patch augmentation RVOT 29 (19.7) (25.8) 0.168 19 (22) 17 (20) 0.055
Extracorporeal circulation time (min), mean (SD) 128 (27) (21) 0.32 126 (25) 121 (26) 0.023
Cross-clamp time (min), mean (SD) 109 (25) (29) 0.58 108 (27) 105 (26) 0.037

Data are presented as n (%), unless otherwise indicated.

BAV: bicuspid aortic valve; RHD: rheumatic heart disease; RVOT: right ventricular outflow tract; SD: standard deviation; SMD: standardized mean difference.

Ross Operation
Long-term survival

I

100
|

Survival (%)
25 50 75
|

Unmatched: p = 0.27
Matched: p = 0.78

0

Number at risk

T 1

T
10 15 20

Follow-up (years)

BAV Unmatched 314 236 157 82 30
RHD Unmatched 147 126 101 75 30
RHD Matched 86 78 63 49 19
BAV Matched 86 69 50 23 9
——— BAV Unmatched RHD Unmatched
————— BAV Matched — ———- RHD Matched

Figure 1: Survival estimates of patients with rheumatic valve disease and bicuspid aortic valves who underwent the Ross operation.

Pulmonary autograft and right ventricular outflow
tract allograft dysfunction

During follow-up, 75 patients developed more than mild Al
(RHD =35, BAV =40). The probability of developing more than
mild Al (RHD=29.1%, 95% Cl: 21.2-38.6; BAV =227%, 95% Cl:

16.4-30.5, P=0.21) at 20 years was similar between both groups
(Fig. 4A and Table 4). By multivariable analysis, aortic annulus
diameter was associated with a higher incidence of pulmonary
autograft dysfunction (Supplementary Material, Table S3).

RVOT allograft dysfunction was observed in 66 patients
(RHD =20, BAV=46). The estimated probability of allograft
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Table 3: Late survival and cumulative incidence of valve-related events at various time intervals (unmatched cohorts)
5 years 10 years 15 years 20 years
RHD BAV RHD BAV RHD BAV RHD BAV

Primary outcomes

Survival 94.2(88.8-97.1)  954(92.2-97.3)  90.1(83.6-941)  93.7(89.8-96.1)  85.7(77.7-90.9)

Reoperation on the pulmonary autograft 3.5(1.5-8.3) 1.7 (0.7-4.1) 6.1(3.1-11.9) 4.7 (2.6-8.5) 12.1 (7.4-20.0)
Reoperation on the RVOT allograft 0.0(-) 1.0 (0.3-3.1) 1.6 (0.4-6.3) 4.0(2.1-7.6) 2.7 (0.9-8.3)
Secondary outcomes

Ross-related reoperation 6(1.5-8.4) 2.4(1.2-5.0) 5 (4.8-15.0) .9 (5.0-12.5) 15.9 (10.3-24.4)
Any reoperation 4 (3.4-12.0) 3.4(1.9-6.3) 'l'l 4 (7.1-18.4) .5 (5.5-13.2) 20 7 (14.4-29.9)
Thromboembolic events 1.4 (0.4-5.5) 3.1(1.6-5.9) .8(1.6-8.9) .5(1.9-6.5) .8(1.6-8.9)
Major bleeding 7(0.1-5.0) 0(-) .7 (0.1-5.0) 0(-) .7(0.4-7.0)
Infective endocarditis 7(0.1-5.1) 1.3(0.5-3.5) .7 (0.1-5.1) 1.3(0.5-3.5) .7{(0.4-6.8)

88.8(82.3-92.9)
9.5 (5.8-15.5)
10.0(6.1-16.5)

17.9 (12.6-25.4)
193(138 27.0)
2(23-7.6)
0(-)

o

2.0(0.8-5.1)

67.8(55.0-77.7)
13.4 (8.3-21.7)
5.5(2.3-13.3)

204 (13.6-30.5)

23 6 (16.6-33.5)
0(2.3-11.3)
7(0.4-7.0)
7(0.4-6.8)

79.7 (69.0-87.1)
14.4 (8.8-23.6)
16.7 (9.9-28.2)

27.6(19.2-39.5)

291(206 41.1)
9 (3.0-15.9)
0(-)

{1

46(1.5-14.7)

Data are presented as HR (95% Cl).
BAV: Bicuspid aortic valve; Cl: confidence interval; HR: hazard ratio; RHD: rheumatic heart disease; RVOT: right ventricular outflow tract.
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Figure 2: (A) Cumulative incidence of pulmonary autograft reoperations in unmatched patients with rheumatic heart disease and bicuspid aortic valves, calculated
with death as a competing risk. (B) Cumulative incidence of pulmonary autograft reoperations in matched patients with rheumatic heart disease and bicuspid aortic

valves, calculated with death as a competing risk.
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Figure 3: {A) Cumulative incidence of right ventricular outflow tract allograft reoperations in unmatched patients with rheumatic heart disease and bicuspid aortic
valves, calculated with death as a competing risk. (B) Cumulative incidence of right ventricular outflow tract allograft reoperations in matched patients with rheumatic

heart disease and bicuspid aortic valves, calculated with death as a competing ri

dysfunction at 20years was higher in BAV patients
(BAV=42.6%, 95% Cl: 30.6-55.5; RHD=39.4%, 95% Cl: 27.3-
53.0, P=0.76) (Fig. 4B and Table 4). By multivariable analysis,
pulmonary allograft diameter was the only factor associated
with  late dysfunction of the RVOT reconstruction
(Supplementary Material, Table S3).

The echocardiographic data from patients who developed
SVD are detailed in Supplementary Material, Table S4.

Valve-related events

Thirteen patients experienced a stroke (RHD =5, BAV =8) and
6 had a transient ischaemic attack (RHD =2, BAV=4). Three
rheumatic patients experienced a cerebral haemorrhagic event
that was fatal in 2. Infective endocarditis occurred in 8 occa-
sions (RHD =2, BAV=6). The cumulative incidence of valve-
related events at various time intervals is listed in Table 3.

sk.

Penicillin G benzathine prophylaxis

Only 33 of the 147 patients with RHD were receiving regular
penicillin G benzathine prophylaxis and almost one-third of
them (n=43; 29.2%) completely neglected the prescribed
treatment. However, we could not establish any association
between adequate penicillin G benzathine prophylaxis and
pulmonary autograft dysfunction due to rheumatic fever in-
volvement (HR 1.17, 95% Cl: 0.32-4.31; P=0.80)
(Supplementary Material, Fig. S4).

DISCUSSION

The main finding of our study was that long-term mortality,
Ross-related reoperations and autograft dysfunction were all
similar between patients with RHD and BAV undergoing the Ross
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A Ross Operation
Probability of more than mild aortic regurgitation

100 L

p=0.21

Probability

Follow-up (years)
BAV RHD
Number at risk
- 147 138 132 121 115 101 91 84 67 44 30

- 314 276 252 226 187 157 126 99 64 39 30

0 2 4 6 8 10 12 14 16 18 20
Follow-up (years)

B Ross Operation
Probability of pulmonary allograft dysfunction

100 . . .

p=0.76

Probability (%

0 5 10 15 20

Follow-up (years)
BA RHD
Number at risk
= 147 138 132 121 115 101 91 84 67 44 30

- 314 276 252 226 187 157 126 99 64 39 30

0 2 4 6 8 10 12 14 16 18 20
Follow-up (years)

Figure 4: (A) Predicted probability of more than mild aortic insufficiency over time in patients with rheumatic heart disease and bicuspid aortic valve. (B) Predicted
probability of right ventricular allograft dysfunction over time in patients with rheumatic heart disease and bicuspid aortic valve.

operation. A numerically lower late survival in RHD patients was
mainly driven by an increased cardiac non-valve-related mortal-
ity due to the unfavourable baseline patient characteristics such
as worse left ventricular function and symptoms of heart failure.
Recent studies with follow-up extending into the third decade
have demonstrated that, when performed in experienced centres,
patients undergoing a Ross operation may have survival resem-
bling that of a normal population. However, these outstanding
results may have been biased by patient selection, which in most
series is mainly composed of low-risk BAV patients, with normal
left ventricular function and few comorbidities [5, 14]. On the
other hand, as noted by the German Registry investigators [4],
long-term survival after the Ross operation tends to progressively
deviate from the normal population after 15 years of follow-up.
Klieverik et al. [15] have shown that patient profile may be
even more important than prosthesis type in determining late
outcomes after surgical AVR. Since the beginning of our experi-
ence, we have been less selective and offered the Ross operation
as a surgical option to a wide range of children and young adults,
including those with RHD. Rheumatic patients exhibited a nu-
merically lower 20-year survival when compared to BAV, but this
difference did not reach statistical significance when analysed by
the Kaplan-Meier method. However, differences became appar-
ent when comparisons were made with general age and sex-
matched normal population. While our BAV patients had a 20-
year survival similar to the general population and comparable
to previous reports [4, 6], our findings in the RHD population
support the observations made by others that rheumatic patients,
especially those with Al and concomitant mitral valve disease,
may be at increased risk for late mortality and cardiac-related
complications [7, 8, 16, 17]. Aboud et al. [4] have stated that regu-
lar and close follow-up visits (which is part of the German Ross
Registry protocol) may have a protective and positive prognostic
influence in late survival. One may speculate that in developing

countries, the socioeconomic barriers to optimal medical man-
agement may also be a factor affecting long-term survival, espe-
cially for those RHD patients living in distant rural areas.

A major concern when performing AVR in young patients is
prosthetic valve durability and the eventual need for reoperations
[3, 18, 19]. Our linearized incidence of 1.2%/patient year for all
Ross-related reoperations is similar to what has been reported by
others and represents an acceptable rate considering the young
age of the patients [4, 6]. The cumulative incidence of pulmonary
autograft failure revealed no difference among BAV and RHD
patients, and only preoperative diagnosis of Al and a dilated aor-
tic annulus emerged as risk factors associated with reoperations
secondary to structural and non-structural autograft dysfunction.
This emphasizes the importance of patient selection and the
need to tailor the most appropriate surgical technique according
to specific anatomical findings to improve results even further.

In our experience with the root replacement technique, the
most common mode of failure was dilatation of the neoaortic
root  central Al. We think that some technical nuances are im-
portant to prevent or delay this complication. The proximal su-
ture line should meticulously place the autograft in an intra-
annular position to fully support the autograft valve cusps.
Whenever the aortic annulus is dilated above 27 mm, we became
more aggressive and perform an externally supported annulo-
plasty in a similar fashion when performing aortic valve-sparing
operations. Distally, the autograft should be trimmed right above
the commissures, and the native ascending aorta must have a
perfect match with the diameter of the autograft, either by per-
forming an aortoplasty or by replacement with a Dacron graft.
The reconstruction of the RVOT is usually straightforward; how-
ever, care must be taken not to purse string the distal anasto-
mosis. Patients requiring reintervention on the right side
frequently have retraction and fibrosis at the region of the prox-
imal anastomosis. For this reason, extending the allograft
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Table 4: Probabilities of valve-related events at various time intervals

5years 10 years 15 years 20 years P-Value
RHD BAV RHD BAV RHD BAV RHD BAV
Unmatched
Aortic insufficiency® 6.7 (4.6-9.7) 4.9(3.4-6.9) 11.4 (8.2-15.6) 8.4(6.2-113) 187(13.7-25.0)  141(105-187)  29.1(21.2-386) 227 (16.4-305)  0.21
Pulmonary allograft dysfunction® 8.9 (5.7-13.8) 10.1 (7.6-13.1) 15.6 (10.5-22.5) 17.4 (13.3-22.3) 25.8(17.7-35.8) 28.3(21.0-37.0) 39.4(27.3-53.0) 42.6 (30.6-55.5) 0.76
Root diameter >45 mm 5.6 (3.0-10.4) 7.9(5.6-10.8) 9.9 (5.8-16.4) 13.5 (9.8-18.4) 167(104-25.8)  222(153-31.1)  26.8(17.0-39.6) 343 (223-487) 037
Matched
Aortic insufficiency® 5.7 (3.3-95) 4.9(2.6-8.9) 10.6 (7.0-15.6) 9.2 (53-15.4) 18.8(127-27.1)  165(9.4-27.5) 312(19.8-455)  280(15.0-460)  0.67
Pulmonary allograft dysfunction® 9.9 (4.4-20.8) 11.2 (4.6-24.6) 18.7 (9.0-34.8) 20.9 (9.5-39.8) 32.6 (16.3-54.4) 35.6(17.3-59.2) 50.2 (26.3-74.0) 53.5 (28.0-77.3) 0.85
Root diameter >45 mm 9.6 (4.8-18.4) 59(3.0-114)  14.4(81-243) 9.0 (4.6-16.9) 209(12.0-33.9)  13.5(6.3-26.4) 29.4(15.9-47.8) 197 (8.2-40.5) 0.29

Data are presented as probabilities (95% Cl).

*Greater than mild.

bPeak systolic gradient >40 mmHg or pulmonary insufficiency moderate or severe.
Cl: confidence interval; BAV: bicuspid aortic valve; RHD: rheumatic heart disease.
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proximally with an anterior hood or a circular pericardial patch
has been effective to improve the long-term haemodynamic per-
formance of this conduit.

Several authors have questioned the appropriateness of the
Ross operation in RHD due to the susceptibility of rheumatic in-
volvement of the autograft [7, 8, 20]. We could attribute autograft
dysfunction due to the rheumatic involvement in only 3 occa-
sions despite the poor adherence to adequate penicillin G benza-
thine prophylaxis in our cohort. All recurrent cases were in
patients younger than 30years of age, and strict recommenda-
tions for prophylaxis should be mandatory in the younger vul-
nerable population.

Mild-to-moderate degrees of the RVOT allograft dysfunction is
a frequent observation in the late follow-up of the Ross oper-
ation, but patients are asymptomatic with preserved right ven-
tricular size and function and the need for reintervention has
been relatively low except for children and adolescents [1]. In this
study, multivariable analysis confirmed that only younger age
was independently associated with the need for RVOT reopera-
tion. The higher incidence of reoperations in BAV patients is
most likely explained on the basis that most patients younger
than 10 years of age belonged to this group.

Even though RHD patients had a less favourable baseline char-
acteristics and often required multi-valve surgery, they have prof-
ited with the same quality of life and similarly low rates of valve-
related events, in spite of many of them presenting with com-
bined mitral-aortic disease. The subset of RHD patients with
combined mitral-aortic involvement may be very challenging.
Trying to avoid replacement of the mitral valve in this young
population, we recognize that we may have pushed the limits on
some occasions. Although the best judgement and decision-
making for an individual case may not be straight forward, one
should be aware of the limitations imposed by the presence of
extensive pathological lesions on the mitral valve, especially in
those with mixed lesions. However, in our opinion, due to their
limited socio-economic condition and limited access to health-
care, RHD patients are the ones who most benefit from the Ross
operation, especially by avoiding the need for permanent
anticoagulation.

Limitations

All operations were performed by a single surgeon and results
cannot be generalized. Although most of the data were prospect-
ively collected, this is an observational study with its inherent
limitations. The assessment of valve-related events was based on
guidelines’ definitions that were published long after the inclu-
sion of the first patients, which may lead to some interpretation
biases. A significant proportion of postoperative echocardio-
grams were performed elsewhere and thus lack standardized
measurements on pulmonary autograft and RVOT allograft
haemodynamics and root diameters.

Because of the lack of definitive clinical and laboratory diagno-
sis of new bursts of rheumatic activity, the actual incidence of
rheumatic involvement on the autograft based on echocardiog-
raphy and macroscopic findings during reoperations may be
underestimated.

Although age was not a factor associated with dysfunction and
need for reoperations on the autograft, differences in operative
approaches such as the need for root enlargement procedures

and reduction annuloplasties may have implications with
extended follow-up periods.

Survival comparison between RHD and BAV groups should be
interpreted with caution as it may have been biased by limited
statistical power and the longer median follow-up on RHD
patients.

CONCLUSIONS

In patients undergoing the Ross operation, rheumatic disease
aetiology was associated with similar long-term outcomes com-
pared to bicuspid valve patients. The durability of the pulmonary
autograft was not negatively impacted by RHD aetiology, and
they had similar rates of reoperations, SYD and valve-related
events when compared to patients with BAV. Although pulmon-
ary autograft dysfunction due to rheumatic involvement was un-
common, adequate prophylaxis is advised, especially in patients
under the age of 30 years.

SUPPLEMENTARY MATERIAL

Supplementary material is available at E/CTS online.
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Supplementary Figures

Figure S1. Standardized % bias across covariates before and after propensity score matching.

Figure S2. Survival estimates with 95% confidence limits compared to that of a general age
and sex matched Brazilian population. A - In patients with bicuspid aortic valves. B - In patients
with rheumatic valve disease.

The green line represents the instantaneous risk of death shown on the right Y axis of the

graph.

Figure S3. Cumulative incidence of any Ross-related reoperation in patients with rheumatic

heart disease and bicuspid aortic valves, calculated with death as a competing risk.

Figure S4. Cumulative incidence of reoperation on the pulmonary autograft in rheumatic

patients according to adequacy of Penicillin G benzathine prophylaxis.



Table S1. Variables included to build the propensity score matching

analysis

Variable

Age Value

Sex Male/Female

Body mass index

Rhythm

Left ventricular ejection fraction
NYHA functional class
Hypertension

Diabetes mellitus

Smoker

Aortic valve lesion

Previous aortic valve operation
Concomitant mitral valve disease
Aortic annulus reduction
Concomitant aortic procedures

Value
Sinus/Other
Value
[-11/11-1IvV
Yes/No
Yes/No
Yes/No
Stenosis/Insufficiency/Mixed Lesion
Yes/No
Yes/No
Yes/No
Yes/No

NYHA, New York Heart Association



Table S2. Propensity Score Matching

Unmatched Matched
RHD BAV RHD BAV
(n=147) (n=314) (n=286) (n=286)
n events (%) n events (%) HR (95% Cl) p value n events (%) n events (%) HR (95% Cl) p value

Primary Outcomes

Survival 29 (19.7%) 26 (8.3%) 1.36 (0.77-2.37) 0.27 16 (19%) 7 (8%) 1.39 (0.56-3.42) 0.46

Reoperation on the pulmonary autograft 19 (12.9%) 21 (6.6%) 1.15 (0.58-2.28) 0.67 11 (13%) 9 (10%) 0.69 (0.25-1.89) 0.47

Reoperation on the RVOT allograft 6 (4.1%) 19 (6.1%) 0.33(0.12-0.89) 0.035 5 (6%) 9 (10%) 0.33(0.10-1.00) 0.051
Secondary Outcomes

Ross-related reoperation 23 (15.6%) 36 (11.4%) 0.89(0.51-1.54) 0.67 14 (16%) 16 (19%) 0.58(0.26-1.26) 0.170

Any reoperation 30 (20.4%) 39(12.4%) 1.13(0.70-1.83) 0.61 15 (17%) 19 (22%) 0.45(0.22-0.92) 0.031
Clinical Outcomes

Thromboembolic event 8 (5.4%) 12 (3.8%) 1.03 (0.43-2.46) 0.93 3 (3%) 2 (2%) 1.08 (0.19-5.99) 0.92

Major bleeding 3 (2.0%) 0 (0%) - - 0 (0%) 0 (0%) - -

Infective endocarditis 2 (1.3%) 6 (1.9%) 0.55 (0.10-2.81) 0.47 2 (2%) 5 (6%) 0.31 (0.05-1.70) 0.18

RHD, Rheumatic heart disease; BAV, Bicuspid aortic valve; HR, Hazard ration; Cl, Confidence interval.



Table S3. Risk Factors associated with reoperations and valve dysfunction in Ross Operation

Univariate Analysis Multivariate Analysis
HR (95% Cl) P HR (95% Cl) P
value value
Survival
NYHA functional class 1.38(1.07-1.77) 0.011 1.38 (1.07-1.77) 0.011
Reoperation on the pulmonary autograft
Previous aortic valve regurgitation 5.85(1.80-19.0) 0.003 4,54 (1.06-19.44) 0.041
Aortic annulus diameter 1.22(1.11-1.32) <0.001 1.18 (1.08-1.29) <0.001
Reoperation on the RVOT allograft
Age 0.95(0.92-0.98)  0.008 0.95(0.91-0.99)  0.026
Pulmonary allograft diameter 0.77(0.63-0.93) 0.008 - -
Aortic regurgitation
Previous aortic valve regurgitation 2.02(1.11-3.68) 0.021 - -
Aortic annulus diameter 1.13(1.06-1.20) <0.001 1.12 (1.05-1.19) 0.001
Aortic aneurysm
Previous aortic valve regurgitation 5.60(1.33-23.56) 0.019 - -
Aortic annulus reduction 2.69(1.02-7.10)  0.045 - -
Aortic annulus diameter 1.23(1.12-1.36) <0.001 1.21(1.08-1.35) 0.001
Pulmonary dysfunction
Pulmonary allograft diameter 0.87(0.77-0.97) 0.017 0.87(0.77-0.97) 0.017

HR, Hazard ration; Cl, Confidence interval.



Table S4. Postoperative data from patients with structural valve dysfunction

Pulmonary autograft insufficiency
No. patients (n)

Degree of pulmonary autograft insufficiency

Moderate (n)
Severe (n)
Left ventricle
Left ventricular end-diastolic diameter
Left ventricular end-systolic diameter
Left ventricular ejection fraction
Aortic aneurysm
No. patients (n)
Aortic dimensions
Aortic annulus
Valsalva sinus
Sinotubular junction
Left ventricle
Left ventricular end-diastolic diameter
Left ventricular end-systolic diameter
Left ventricular ejection fraction
Pulmonary allograft dysfunction
No. patients (n)
Pulmonary stenosis
Pulmonary valve mean gradient
Pulmonary valve peak gradient

Degree of pulmonary allograft insufficiency

Moderate (n)
Severe (n)

RHD

35

31
4

58.93 (SD: 5.52)
38.65 (SD: 6.85)
58.23 (SD: 17.33)

11

31.55 (SD: 4.71)
49.72 (SD: 4.26)
44.50 (SD: 5.70)
58.45 (SD: 5.16)
39.27 (SD: 3.55)
60.36 (SD: 3.85)

20

32.5 (SD: 15.50)
53.6 (SD: 17.31)

4
0

BAV

40

34
6

56.3 (SD: 13.23)
38.02 (SD: 10.66)
57.27 (SD: 15.96)

20

32.05 (SD: 3.91)
49.23 (SD: 3.73)
43.56 (SD: 7.75)
60.31 (SD: 7.57)
41.42 (SD: 8.51)
58.26 (SD: 10.50)

46

31.95 (SD: 10.74)
58.05 (SD: 19.76)

22
1

045
0.72

0.30
0.78
0.81

0.191

0.77

0.75

0.74

047

043

0.53

0.043

0.89
0.44

1.00

Data presented as mean (standard deviation), unless otherwise indicated.
RHD, Rheumatic heart disease; BAV, Bicuspid aortic valve
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Improving outcomes of right ventricular outflow tract
reconstruction during the Ross operation: Homograft
decellularization and surgical technique
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Objectives: To evaluate the influence of decellularization and surgical technique in | o,
the cumulative incidence of homograft dysfunction and reinterventions after the §§15% P 033

. EZ 10%
Ross Operation. 3% i; L
Methods: From 1995 to 2024, 414 patients underwent a Ross operation using cry- 0 s 10 15
opreserved (n = 161, median follow-up = 20.4 years) or decellularized homografts Numbar ot P Gears)
(n = 253, median follow-up = 9.1 years). Thirty-nine patients receiving decellularized — 182 148 1
homografts had a proximal conical extension of the homograft with decellularized B Gryopressrved M Decelilarized

human pericardium. Homograft dysfunction was defined as a peak gradient
>40 mm Hg or pulmonary insufficiency moderate or greater.

Results: The cumulative incidence of any dysfunction at 15 years was similar among
the 2 groups (decellularized = 12.4%, vs cryopreserved = 11.2%). However, serial
echocardiographic measurements revealed that peak gradients were lower in the
decellularized homografts (8 = —2.99, P < .0o7). Age and homograft size were
risk factors for homograft stenosis in cryopreserved homografts, but only age
was associated with this event in the decellularized cohort. The cumulative inci-
dence of reoperations at 15 years was lower in the decellularized group (1.2% vs
6.8%). Conical extension improved hemodynamic performance of decellularized
homografts even further and was associated with lower late peak gradients
(8 = —6.37 and § = —7.44, in relation to direct anastomosis and anterior hood,
respectively).

Conclusions: This study represent the longest follow-up with decellularized homo-
grafts during the Ross Operation. Decellularized homografts were associated with
slower progression of late gradients and lower cumulative incidence of reopera-
tions up to 15 years of follow-up. Conical extension with decellularized human peri-
cardium may further improve their early and late hemodynamic performance.
(JTCVS Open 2025;M:1-14)

Cumulative incidence of reoperations using decel-
lularized and cryopreserved homografts.

CENTRAL MESSAGE

Decellularized homografts are
associated with lower gradients
and lower incidence of reopera-
tions. Proximal conical extension
of decellularized homografts
may further improve
hemodynamics.

PERSPECTIVE

Decellularized homografts and modified surgi-
cal technique are associated with improved
late outcomes after the Ross operation. Both
should be considered when performing a Ross
operation, especially in younger patients or
when larger homograft sizes are not readily
available.
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Abbreviations and Acronyms

CI = confidence interval

DPH = fresh decellularized pulmonary valve
homograft

RO = Ross operation

RVOT = right ventricular outflow tract
SCH = standard cryopreserved pulmonary valve
homograft

To view the AATS Annual Meeting Webcast, see the
URL next to the webcast thumbnail.

In recent years, there was a renewed interest in the Ross
operation (RO) to treat young and middle-aged patients
with an indication for aortic valve replacement,’ as several
institutions have shown improved long-term survival when
compared with other conventional valve substitutes.””
However, there are still concerns regarding the need for
late reinterventions, both in the pulmonary autograft and
in the conduit used to reconstruct the right ventricular
outflow tract (RVOT).4

RVOT reconstruction is often accomplished with stan-
dard cryopreserved pulmonary valve homografts (SCH).
However, after implantation they are prone to varying de-
grees of conduit shrinkage and progressive intrinsic calcifi-
cation, which may result in elevated residual gradients and
ultimately lead to an increased risk of reinterventions.” The
mechanisms involved in homograft dysfunction are multi-
factorial, including patient age at baseline, conduit size,
and the immune response of the host after implantation.

Different decellularization protocols were developed to
produce an intact acellular matrix scaffold with reduced
immunogenicity, capable of being repopulated “in vivo”
by host cells after implantation that may ultimately improve
hemodynamic performance and late outcomes.®’

Previous single and multi-institutional studies demon-
strated lower rates of reoperations with decellularized ho-
mografts in patients undergoing a RO or correction of
complex congenital heart defects.” ! Notwithstanding,
most of the published studies were limited as the result of
either lack of a control group, small sample sizes, or short
periods of follow-up.*"*

Our experience with decellularized homografts during
the RO extends up to 18 yealrs.9 We therefore ought to
compare the incidence of late conduit dysfunction, modes
of failure, and the need for reoperations among patients
receiving SCH versus DPH. In addition, we performed
a subgroup analysis to evaluate whether a technical

2 JTCVS Open - B 2025

modification during homograft implantation could also
play a role in these end points.13

METHODS

Study Cohort

We reviewed the records of all patients submitted to a RO by a single
surgeon (F.D.A.C.) between May 1995 and June 2024 in 3 main institutions
(Instituto de Neurologia e Cardiologia de Curitiba, Santa Casa de Curitiba,
and Hospital Pequeno Principe). During this period, the type of homograft
used to reconstruct RVOT has evolved from antibiotic-preserved and SCH,
followed by cryopreserved valves that were subsequently decellularized
with either deoxycholic acid or sodium dodecyl sulfate, and since 2005
with fresh pulmonary valves decellularized with sodium dodecyl sulfate
(DPH). This study includes patients with either DPH (group DPH,
n = 253) or SCH (group SCH, n = 161). Patients operated in other institu-
tions and those treated with homografts processed with different techniques
or xenografts were excluded (Figure E1). The Ethics Committee of Insti-
tuto de Neurologia e Cardiologia de Curitiba approved the study under
# 6.853.825 (5/8/2024).

Homografts

All homografts were obtained from the former Pontificia Universidade
Catélica do Parana Multi-Tissue Bank, which is currently run by Macken-
zie University. The protocols for cryopreservation and decellularization
have been previously described."* In brief, for decellularized homografts,
fresh homografts were decellularized immediately after sterilization using
a low concentration of 0.1% sodium dodecyl sulfate solution in shakers at
37 °C for 24 hours and stored at 4 °C for up to 90 days in phosphate-
buffered solution. This method has been patented (Brazilian patent,
PI0800603-2).

Operative Technique

Details of the operative technique have been previously described.'’
The RVOT reconstruction was performed in a consistent fashion, indepen-
dent of the type of homograft implanted. Homografts were cut at the level
of the pulmonary bifurcation, and the muscle band at the proximal end was
trimmed, leaving only a small 0.5- to 1-cm rim. The distal suture line was
always performed with a running suture of 4-0 or 5-0 polypropylene. The
proximal anastomosis was performed with a running 4-0 polypropylene su-
ture (direct anastomosis), using a proximal anterior hood of bovine or de-
cellularized human pericardium (anterior extension) or using a conical
extension of decellularized human pericardium (conical extension).

Clinical and Echocardiographic Follow-Up

The postoperative clinical and echocardiographic assessment was
scheduled at discharge and 6 months, 1 year, and yearly thereafter.
Maximum velocities across the RVOT homograft were obtained by contin-
uous Doppler measurement, and pressure gradients were calculated by the
modified Bernoulli equation. The degree of conduit regurgitation was esti-
mated by the maximum length and area of the regurgitant jet at the level of
the outflow tract and graded as absent/trivial, mild, moderate, or severe.'®
Follow-up (within 2 years before study closure or until patient death) in the
unmatched cohort was 90.3% complete overall, consisting of 92.9% in the
FDH group and 83.3% in the SCH group.

Data Collection

All data were prospectively collected. Homografts that developed mod-
erate or greater regurgitation and/or a peak gradient >40 mm Hg were
considered dysfunctional. The indications for reinterventions were individ-
ualized and determined by a combination of symptoms, a peak gradient
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>50 mm Hg, severe pulmonary valve insufficiency, right ventricular size
and function, or cases presenting with active infective endocarditis.

Propensity Score Analyses

Because there were significant differences between the patients in the
DPH and SCH groups in several baseline characteristics, we performed a
propensity score matching (Table 1). The propensity scores were con-
structed using a multivariable logistic regression model considering the
most significant patient baseline characteristics, with the treatment variable
(DPH vs SCH) as the dependent variable. Propensity score matching was
conducted at a 1:1 ratio with the use of the nearest neighbor matching
within a caliper of 0.10.

Statistical Analysis

Analyses of clinical data. Analyses of clinical data were per-
formed in R statistical software (R Core Team, 2024; R Foundation for Sta-
tistical Computing; https://www.R-project.org). Continuous data are
presented as mean + standard deviation or median (IQR: 25%-75%),
and comparisons were performed using the unpaired ¢ test unless the
data were not normally distributed (Shapiro-Wilk test); in these instances,
the Mann-Whitney U test was used for comparison. Categorical data are
presented as proportions, and comparison was performed using the x>
test or the Fisher exact test where appropriate. Estimates of late survival
were performed using the Kaplan-Meier method, including the 95% con-
fidence intervals (CIs). The cumulative incidence of homograft dysfunction
and the need for reinterventions were estimated with mortality as a
competing risk. The hazards of the cumulative incidence function were
compared between groups using the Fine-Gray model.'” Because most re-
operations were attributable to stenosis in the homograft, we performed
Cox proportional hazards models to identify uni and multivariable risk fac-
tors associated with this complication. All tests were 2-sided.
Analyses of echocardiographic data. Mixed-effects linear
models were used to analyze repeated measurements such as homograft
stenosis and degree of insufficiency. Repeated-measures regression models
with autoregressive correlation structure were used to estimate the proba-
bility odds of pulmonary stenosis defined as peak gradient >40 mm Hg
and the evolution in the degree of pulmonary valve insufficiency over
time. Conduit preservation technique and time of echocardiographic eval-
uation were considered fixed effects whereas the individuals were the
random effects. Only data from echocardiograms obtained after the RO
and before any valve reoperation were included in the repeated-measures
analysis. To allow for more flexibility in the specification of the patient-
specific longitudinal trajectories, we used natural (k = 5) cubic splines.
Subgroup analysis: influence of surgical technique. From
November 2011 to July 2014, 39 patients the in the DPH group had a
conical extension of the homograft with a patch of decellularized human
pericardium. This subset of patients had a mean age of 34 + 16 years,
and 32 were male. Their median follow-up was 11.7 (IQR: 11.0-12.3)
years. The same echocardiographic analysis as described previously was
performed to compare their outcomes with the other patients also receiving
decellularized homografts but with direct proximal anastomosis or just
with an anterior hood of pericardium at the RVOT.

RESULTS

Baseline characteristics of the unmatched (DPH = 253
and SCH = 161) and matched patients (DPH = 117 and
SCH = 117) are listed in Table 1. In the unmatched cohort,
patients in the DPH group were older (33.3 years vs 29.9
years; P = .02), had a greater incidence of systemic arterial
hypertension (26.9% vs 16.7%, P = .04), had fewer patients

with rheumatic disease (14.2% vs 36.0%; P <.001), were
more likely to be less symptomatic (P = .006), and presented
less often with preoperative diagnosis of pure aortic insuffi-
ciency (P = .005). Propensity matching resulted in 117 pairs
with balanced demographics (Table 1, Figure E2). Operative
details in both groups are listed in Table 2.

Outcomes in the Unmatched Cohort

Thirty-day mortality was 0.7% (2/253) in the DPH and
0.6% (1/161) in the SCH cohort. Long-term survival was
similar among the DPH and SCH groups (DPH 94.1%
[95% CIL, 90.6-97.4] vs SCH 90.0% [95% CI, 85.4-94.7]
at 15 years, P = 460), as shown in Figure E3, A. Reopera-
tions on the RVOT were performed in 3 patients in the DPH
group and in 15 patients in the SCH group. Reoperations in
the SCH group were performed at a median 11.7 (IQR: 7.9-
15.9) years after the original RO, whereas in the DPH the 3
reoperations were necessary at 2, 4, and 28 months postop-
eratively. The cumulative incidence of reoperations at
15 years was significantly lower in the DPH versus SCH
group (1.2% [95% CI, 0.4-3.8] vs 6.8% [95% CI, 3.9-
12.1], P = .033) (Figure 1, A). Indications for reoperations
in the DPH group were homograft stenosis, insufficiency
secondary to pseudoaneurysm at the proximal autograft su-
ture line causing erosion and compression on the homo-
graft, and endocarditis, one case each. In the SCH group,
reoperations were attributable to homograft stenosis
(n = 13), insufficiency (n = 1), and endocarditis (n = 1).
Sixteen reoperations were performed in our institution
with no mortality, but 2 patients who underwent reoperation
elsewhere died in the first 30 days after the procedure.

Overall, there was a similar 15-year cumulative incidence
of homograft dysfunction among the 2 groups
(DPH = 12.4% [95% CI, 8.1-18.9] vs SCH = 11.2%
[95% CI, 7.2-17.3], P = .729) (Figure 1, B). During this
period, the cumulative incidence of stenotic homografts
with a peak gradient >40 mm Hg (DPH 5.2% [95% CI,
2.5%-11.1%] vs SCH 8.7% [95% CI, 5.3-144],
P = .121) or attributable to insufficiency moderate or
greater (DPH 10.7 [95% CI, 6.1-18.9] vs SCH 6.2%
[95% CI, 3.4-11.3], P = .247) were also similar among
the 2 groups (Figure 1, C and D). However, overall gradients
were lower in the DPH group, with the most severe cases of
stenosis belonging to the SCH group, as shown by the lon-
gitudinal serial echocardiographic peak homograft gradient
measurements (§ = —2.99, P <.001) (Figure 2, A). Peak
gradients >50 mm Hg were present in 15 patients in SCH
and in 4 cases in the DPH group. Multivariable analysis
identified younger age and homograft size as independent
predictors associated with the development of a peak
gradient >40 mm Hg in the SCH cohort; however, in pa-
tients in the DPH group only age was associated with ste-
notic conduits (Table El). During this period, there was
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TABLE 1. Demographics of standard cryopreserved homograft and fresh decellularized homograft
Unmatched Matched
Variable SCH FDH P value SCH FDH P value SMD
Patients, n 161 253 117 117
Age at surgery, y, mean + SD 29.99 + 11.59 33.30 + 15.68 022 31.13 +11.81 31.35 + 15.01 9 —0.016
0-19 37 (23.0) 54 (21.3) 23 (19.7) 24 (20.5)
20-39 85 (52.8) 103 (40.7) 61 (52.1) 55 (47.0)
>40 39 (24.2) 96 (37.9) 33 (28.2) 38 (32.5)
Male 113 (70.2) 186 (73.5) 532 84 (71.8) 79 (67.5) 57 0.093
Race 268 361 0.203
White 135 (83.8) 181 (71.6) 100 (85.5) 80 (68.4)
Black 3(1.9) 4(1.6) 3(2.5) 2(L.7)
Mixed race 2(12) 9 (3.5) 27 54.3)
Unknown 21 (13.1) 501(233) 12 (10.3) 30 (25.6)
Body mass index, kg/m?, mean + SD 23.88 +4.11 2474 + 495 .098 23.92 £ 445 2429 + 4.63 573 —0.081
Hypertension 27 (16.7) 68 (26.9) .046 24 (20.5) 22 (18.8) 818 0.052
Diabetes mellitus 2 (1.2) 13(5.1) .091 21D 1 (0.8) 982 0.079
Dyslipidemia 15 (9.3) 27 (10.7) 933 10 (8.5) 11 (9.4) 1.00 —0.025
Obesity 10 (6.2) 17 (6.7) 1.00 7 (6.0) 6(5.1) 962 0.044
Smoking 26 (16.1) 24 (9.6%) .036 20 (17.0) 9(7.7) 042 0.296
Coronary artery disease 1(0.6) 4(1.6) 674 1(0.8) 0 (0) 1.00 0.131
Previous stroke or transient 0 (0) 5(2.0) 197 0 (0) 4 (3.4 2182 —0.267
ischemic attack
Chronic kidney disease 0 (0) 1(0.4) 1.00 0 (0) 0 (0) NA <0.001
Chronic obstructive pulmonary disease 2(1.2) 4(1.6) 1.00 1 (0.8) 0 (0) 993 0.132
Peripheral artery disease 1 (0.6) 1(0.4) 1.00 1(0.8) 1 (0.8) 1.00 0.002
Anemia 2(1.2) 6 (2.5) 163 2(1.7) 4(3.4) 727 —0.102
Congenital heart disease 10 (6.2) 23 (9.1) 022 8 (7.7) 12 (10.2) 122 —0.261
Etiology <.001 701 0.258
Congenital (bicuspid/unicuspid valve) 71 (44.1) 187 (73.9) 63 (53.8) 67 (57.3)
Ventricular septal defect 2(1.2) 1(0.4) 200 0 (0)
Degenerative 10 (6.2) 10 (4.0) 5(4.3) 7 (6.0)
Prosthetic valve/aortic valve repair 8 (5.0) 12 4.7) 8 (6.8) 6(5.1)
dysfunction
Endocarditis 11 (6.8) 7 (2.8) 7 (6.0) 6(5.1)
Rheumatic 58 (36.0) 36 (14.2) 31 (26.5) 31 (26.5)
Other 1 (0.6) 0(0) 1(0.9) 0(0)
Rhythm 479 378 0.189
Sinus rhythm 148 (91.9) 237 (93.7) 110 (94) 112 (95.7)
Atrial fibrillation 0 1(0.4) 0 1(0.9)
Pacemaker 0(0) 1(0.4) 0(0) 0(0)
Complete AV block 0 2(0.8) 0 1(0.9)
Unknown 13 (8.1) 12 (4.7) 7 (6.0) 3(2.6)
NYHA functional class .006 978 0.058
I 30 (18.6) 46 (18.2) 23 (19.7) 25 (214)
II 54 (33.5) 115 (45.5) 45 (38.5) 46 (39.3)
111 54(38.5) 76 (30.0) 46 (39.3) 43 (36.8)
v 12 (7.5) 4(1.6) 3 (2.6) 3 (2.6)
Unknown 11 (6.8) 12 (4.7) 0(0) 0(0)
(Continued)
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TABLE 1. Continued
Unmatched Matched
Variable SCH FDH P value SCH FDH P value SMD
Left ventricular ejection fraction, 64.45 +11.18 66.35 £ 8.57 106 64.49 +11.71 64.82 +9.25 842 —0.031
mean + SD, %
Aortic valve lesion .005 846 0.076
Stenosis 44 (27.3) 103 (40.7) 39 (33.3) 38 (32.5)
Insufficiency 62 (38.5) 64 (25.3) 36 (30.8) 40 (34.2)
Mixed lesion 55 (34.2) 86 (34.0) 42 (35.9) 39 (33.3)
Previous aortic valve intervention 23 (14.3) 31(12.2) 656 21 (17.9) 11 9.4) .087 0.251
Clinical follow-up time, y, median (IQR, 20.4 (16.9; 23.3) 9.1 (4.5; 12.4) <.001 20.6 (17.1; 23.3) 9.6 (5.7; 13.0) <.001 2.131
25%-75%)
Echocardiographic follow-up time, y, 184 (12.9;21.7) 75(2.6;114) <.001 18.6(13.5;21.7) 8.0 (4.1; 12.0) <.001 1.574

median (IQR, 25%-75%)

Data are presented as n (%), unless otherwise indicated. SCH, Standard cryopreserved pulmonary valve homograft; FDH, fresh decellularized pulmonary valve homograft; SMD,
standardized mean difference; SD, standard deviation; NA, not available; AV, atrioventricular; NYHA, New York Heart Association.

also an increase in homograft regurgitation grades over time
but progressing to severe grades in only 6 cases (DPH,
n = 3; SCH, n = 3) (Figure E4).

Outcomes in the Matched Cohort

After propensity matching, the outcomes were essen-
tially the same as those observed in the overall cohort. There
was | reoperation in the FDH group and 11 in the SCH. At
15 years, there was a trend toward greater reoperation rates
in the SCH group (FDH = 0.9% [95% CI, 0.1-7.0] vs
SCH = 6.8% [95% (I, 3.5-13.3], P = .076) (Figure 1, E).

After matching, there were also no significant statistical
differences in the cumulative incidence of overall homo-
graft dysfunction (FDH = 16.8% [95% CI, 10.2-27.6] vs

TABLE 2. Operative data

SCH = 12.85 [95% CI, 8.0-20.6]) (Figure 1, F), either
because of stenosis (FDH 7.6% [95% CI, 3.2-18.2] vs
SCH 9.0% [95% CI, 8.3-9.4], P = .476) or insufficiency
(FDH 15.1% [95% CI, 8.1-28.2] vs SCH 6.8% [95% CI,
3.5-13.4], P = .089) (Figure 1, G and H). Again, longitudi-
nal serial echocardiographic measurements showed a
slower progression rate of the gradients in the FDH
(8= —2.02, P <.001) (Figure 2, B). Cox regression models
revealed the same risk factors identified in the unmatched
population (Table E1).

Influence of Surgical Technique
The subanalysis with longitudinal serial echocardio-
graphic measurements within the DPH cohort showed that

Unmatched Matched
Variable SCH FDH P value SCH FDH P value SMD
Patients, n 161 253 117 117
RVOT homograft .057 614 0.132
Pulmonary 160 (99.4) 242 (95.7) 116 (99.1) 114 (97.4)
Aortic 1 (0.6) 11 (4.3) 1 (0.9) 3 (2.6)
Pulmonary homograft diameter, mm, 24.66 +2.17 24.55 £ 2.45 657 24.88 +2.28 2447 £+ 2.60 201 0.168
mean + SD
Operative technique 719 647 0.09
Root replacement 147 (91.3) 227 (89.7) 108 (92.3) 105 (89.7)
Inclusion 14 (8.7) 26 (10.3) 9 (1.7 12 (10.3)
RVOT augmentation 884 719 0.067
Anterior 49 (31.0) 43 (16.9) 37 (31.6) 17 (14.5)
Conical 0 (0) 39 (15.4) 0(0) 15 (12.8)
Extracorporeal circulation time, min 123.58 + 18.57  141.38 + 33.58 012 120.18 +20.68  145.30 + 36.41 .008 —0.848
Crossclamp time, min 98.21 + 15.18 119.55 +27.19 <.001 97.35 £+ 16.80 122.63 + 32.00 .002 —0.989

Data are presented as n (%), unless otherwise indicated. SCH, Standard cryopreserved pulmonary valve homograft; FDH, fresh decellularized pulmonary valve homograft; SMD,
standardized mean difference; RVOT, right ventricular obstruction tract; SD, standard deviation.
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FIGURE 1. A, Cumulative incidence of reoperations; B, any conduit dysfunction; C, dysfunction attributable to peak gradient >40 mm Hg; and D,
dysfunction due to moderate or greater insufficiency in fresh decellularized versus standard cryopreserved homografts in the unmatched cohort. E, Cumu-
lative incidence of reoperations; F, any conduit dysfunction; G, dysfunction attributable to peak gradient >40 mm Hg; and H, dysfunction attributable to
moderate or greater insufficiency in fresh decellularized versus standard cryopreserved homografts in the matched cohort.
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FIGURE 2. Longitudinal serial echocardiographic peak homograft gradient measurements in the unmatched cohort (A), matched cohort (B), and according
to surgical technique in the fresh decellularized homograft cohort (C).
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and anterior hood, respectively) (Figure 2, C). The degree of
late homograft insufficiency was not compromised with this
maneuver, and no patient progressed to severe regurgitation
up to 11 years of follow-up.

DISCUSSION

To date, few studies have specifically focused on the
long-term fate of the RVOT reconstruction after the RO."®
Cryopreserved pulmonary homografts are considered the
gold-standard conduit, and the reported rates of reopera-
tions have been low, ranging from 3.4% to 18% at 20 years
of follow-up.'”*" In contrast, mild-to-moderate degrees of
ongoing structural valve dysfunction occur more frequently,
may impact patient functional capacity, and will eventually
lead to an increased need for reinterventions with longer pe-
riods of follow-up.'”

Interpretation and comparison of reported outcomes of
homografts used for RVOT reconstruction are hampered
by differences in definitions of homograft dysfunction and
criteria used for reinterventions.'” In addition, different pa-
tient profiles, subtleties in surgical techniques, and avail-
ability of larger homograft sizes may lead to different
conclusions.””"* In this study, we applied a threshold of
peak gradient >40 mm Hg and moderate or greater insuffi-
ciency to define structural valve dysfunction as a reasonable
approximation to the Guidelines for the Evaluation of
Prosthetic Valve Function of the American Society of
Echocardiography.'®

Different decellularization protocols have been pro-
posed, with varying degrees of clinical success.”’** On
the basis of the theoretical advantages of decellularization,
we started employing decellularized homografts in 2003.
Since 2005, we started the exclusive use of FDH with a
low concentration of SDS (patented in Brazil; PI
0800603-2).”"> To our knowledge, this is the largest
single-surgeon series of decellularized homografts during
the RO with the longest follow-up reported to date.

Data comparing standard cryopreserved against decellu-
larized homografts during the RO are scarce and rather
inconclusive.”' ' The main findings of this comparative
study were the slower progression of late peak gradients
and lower cumulative incidence of reoperations with
DPH, with follow-up observations extending up to 18 years
with DPH and 30 years with SCH (Figure 3). In addition,
conical extension of the proximal end of the decellularized
homograft with a decellularized human pericardium patch
(FFigure 4) was associated with even better early and late he-
modynamic performance, when compared to DPH im-
planted with traditional surgical techniques.

In this series, all reinterventions were performed surgi-
cally. Sixteen cases were performed in our institution,
with no mortality, but 2 patients operated elsewhere died
during reintervention. Although re-replacement of RVOT
conduits is usually a straightforward operation, in
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occasional patients it may present with additional diffi-
culties related to the presence of a dilated autograft root
and extensive adhesions between the neo-aortic root and
the previously implanted homograft. This reinforces the
concept that reoperations after the RO should ideally be
referred to specialized centers.” Of note, during reopera-
tions, in contrast to what commonly seen with cryopre-
served conduits, we noted that decellularized homografts
presented with soft walls and with a clearer dissection plane
between the homograft and the ascending aorta, facilitating
the operative steps.

‘When solely analyzed by the cumulative incidence of ho-
mografts with a peak gradient >40 mm Hg, DPH (5.2%)
had a numerically lower incidence of stenosis than SCH
(8.7%), although this difference did not reach statistical
significance. However, serial echocardiographic measure-
ments have shown that, overall, peak gradients were lower
in the DPH group. Indeed, the extreme upper values of
late gradients were concentrated in the SCH group. This
was reflected in the lower rates of reoperations in the
FDH patients as well as in the different indications that
led to reinterventions. These observations are similar to
those reported by the Hannover group in the ESPOIR trial,
although their series were mostly compromised by younger
patients with different forms of congenital heart disease.’

Although multifactorial, the immune response from the
host plays a central role in long-term tissue degeneration.’
This was corroborated in our multivariable analysis that re-
vealed younger age as the most significant risk factor asso-
ciated with the occurrence of late stenosis. Previous
studies™”* have shown that decellularized homografts
were associated with none or only mild HLA antibodies
activation, creating an expectation that cell free homografts
could possibly be fully repopulated by host cells and even-
tually not subjected to degenerative processes. More
recently, however, it has been shown that there might be a
wide variation in individual immune response to other epi-
topes in decellularized tissues, indicating that further im-
provements in the decellularization protocols are
warranted.”

‘We had the opportunity to evaluate the histologic findings
from one explanted homograft and four biopsies of homo-
graft wall in patients undergoing reoperations for autograft
failure. These preliminary data seem to indicate that the bio-
logical behavior of decellularized homografts is distinct and
more favorable to what have been described with cryopre-
served tissues.” The extracellular matrix appeared intact
with well-preserved collagen fibers, partially repopulated
by host cells and absence or only mild calcification of the
conduit wall.

Our current echocardiographic data and previous
computed tomography scanning imaging suggests that con-
trary to cryopreserved conduits, decellularized homografts
appears to be more resistant to calcific degeneration and
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IMPROVING OUTCOMES OF RVOT RECONSTRUCTION DURING THE ROSS OPERATION: HOMOGRAFT DECELLULARIZATION AND SURGICAL TECHNIQUE

414 patients from 3 institutions in Brazil submitted to Ross Operation between 1995 to 2024
Effect of decellularization and surgical technique on the overall cumulative incidence of homograft dysfunction and reoperations at 15 years

ROSS

Homograft processing
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FIGURE 3. Decellularized homografts and proximal conical extension of the conduit may improve RVOT outcomes after the Ross operation. RVOT, Right

ventricular outflow tract.

were less prone to conduit shrinkage after implantation.'® In
addition, close observation of computed tomography im-
ages led us to speculate that during the healing process, sub-
sequent fibrosis at the proximal suture line may cause
retraction and distortion of the homograft and possibly
contributed to the occurrence of mild to moderate obstruc-
tion in decellularized conduits (Figure 5). Although this
could be minimized by the implantation of oversized homo-
grafts as systematically performed by some centers, larger
homografts are not always available to us. This encouraged
us to introduce a modified technical implantation as pro-
posed by the Sievers’s group in Liibeck, Germany."” By

A

removing most of the proximal muscular homograft tissue
and extending this proximal end with a conical-shaped de-
cellularized human pericardium we were able not only to
perform a wider proximal anastomosis but also place the
valve leaflets well away from the suture line (Figure 5).
This simple modification resulted in lower peak gradients
and none or only mild degrees of valvular insufficiency at
late follow-up (Figure E5). On the basis of these outcomes,
we feel encouraged to increase our experience with the
conical extension that will eventually enable us to perform
a more rigorous analysis and draw more definitive conclu-
sions on the merits of this technique.

FIGURE 4. A, Decellularized pulmonary homograft with conical extension of decellularized human pericardium. B, Proximal anastomosis with the RVOT
and C, Final aspect of the RVOT reconstruction. RVOT, Right ventricular outflow tract.

JTCVS Open * Volume l, Number H 9



Adult

Réa et al

3 0,0
1,20 1,38:1/1,25p 0.5/H1P.

Vo0l =28 P

A

olume Rendering No cut

FIGURE 5. A, Computed tomography scan demonstrating mild to moderate stenosis at the proximal suture line, below the valvular plane. B, 3-D recon-

struction of the same homograft. C, Surgical macroscopic appearance of this homograft during reoperation for autograft dysfunction. D, 3-D reconstruction

of a homograft with circular extension, showing wide proximal anastomotic site. 3D, 3-dimensional.

Limitations

All operations were performed by a single surgeon and
results cannot be generalized. Although most of the data
were prospectively collected, this is an observational study
with its inherent limitations. The assessment of valve-
related events was based on guidelines’ definitions that
were published long after the inclusion of the first patients,
which may lead to some interpretation biases. This study
covered patients operated during a period of 30 years and
changes in management may have influenced the outcomes.
Patients in the cryopreserved and decellularized groups
were operated in different eras and subtle changes in surgi-
cal technique may also have been introduced. Cumulative
incidence comparisons between DPH and SCH groups
should be interpreted with caution, as they may have been
biased by limited sample size and statistical power as well
as the shorter duration of follow-up in patients in the DPH
group. In addition, echocardiograms were performed at
different institutions and were not independently reviewed,
which may be prone to report inconsistencies.

CONCLUSIONS

Compared with SCH, DPH was associated with slower
progression of late gradients and lower cumulative inci-
dence of reoperations up to 15 years of follow-up. A conical
extension of the homograft with decellularized human peri-
cardium was able to further improve their early and late he-
modynamic performance.

Webcast @
You can watch a Webcast of this AATS meeting presenta-
tion by going to: Xxx.
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All patients undergoing Ross
Operation between May 1995
and June 2024 n = 601

Excluded n = 187
Antibiotic-preserved homograft = 31
Cryopreservad + decellularized homograft = 52
DOA Decellularized = 29
Bovine pericardial valved conduit = 15
Operations in other institutions = 60

Final cohort of Ross Operation
using cryopreserved or fresh

decellularized homograft for
RVOT reconstruction n = 414

v v

Standard cryopreserved Fresh decellularized
homograft (SCH) n = 161 homografts (FDH) n = 253

FIGURE El. Graphical overview of the study cohort. RVOT, Right ventricular outflow tract.
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FIGURE E2. Standardized difference of the means before and after propensity score matching. SMD, Standardized mean difference; SAH, systemic arterial
hypertension; NYHA, New York Heart Association; BMI, body mass index.
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FIGURE ES. Mixed-effects model of decellularized homograft regurgitation over time according to surgical technique: (A) conical extension and (B) other
decellularized homografts.

TABLE El. Final multivariable Cox regression models for homografts with peak gradients >40 mm Hg

SCH DPH
Unmatched w Unmatched w
Variable HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value
Age at surgery 0.94 (0.00-0.99) 017 0.94 (0.00-0.98) .004 3.97 (1.59-9.87) .003 2.58 (1.03-6.42) 042
RVOT homograft size  0.80 (0.00-0.99) 047 0.80 (0.63-1.03) .082 0.99 (0.77-1.30) 990 1.00 (0.45-2.23) 1.000

Data are presented as HR (95% CI). SCH, Standard cryopreserved pulmonary valve homograft; DPH, fresh decellularized pulmonary valve homograft; HR, hazard ratio; CI,
confidence interval; RVOT, right ventricular outflow tract.
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6 CONSIDERAGOES FINAIS

A Operacédo de Ross € a unica opgdo cirurgica em que a substituicdo da
valva adrtica é feita por um enxerto autdlogo vivo, capaz de simular o dinamismo
entre os diferentes componentes do complexo valvar aoértico e se aproximar do
funcionamento hemodinamico fisiologico. Isso explica, pelo menos em parte,
resultados superiores aqueles obtidos com proéteses valvares convencionais.

A adequada selecao de pacientes também €& importante para otimizar os
resultados e maximizar os beneficios da Operacao de Ross. A importancia do nosso
trabalho foi demonstrar que a durabilidade do AP e a sobrevida tardia em pacientes
reumaticos foram similares a de pacientes com VAB, apesar da preocupacao
levantada em alguns estudos quanto a suscetibilidade do AP a surtos recorrentes de
atividade reumatica e potencial necessidade de reoperagdes por doenga mitro-
aortica.

O emprego de proteses metalicas € especialmente problematico em
pacientes reumaticos pela dificuldade em se manter adequado controle da
anticoagulacédo em uma populacéo com baixo nivel socioecondmico e educacional e
gue muitas vezes vivem em areas rurais com dificil acesso ao sistema de saude. Da
mesma forma, a utilizagdo de proteses bioldgicas com a estratégia percuténea de
resgate através de “protese em protese” quando da ocorréncia de disfungao
estrutural tem resultados limitados em decorréncia de complicacdes relacionadas a
protese e menor sobrevida tardia, ndo podendo ser recomendada como melhor
alternativa.

Em nossa opinido, pacientes reumaticos de baixa condi¢éo socioeconémica
sdo os que eventualmente mais se beneficiam das potenciais vantagens
proporcionadas pela Operacao de Ross. Entretanto, por ser uma operacdo complexa
e ainda restrita a poucos centros, existe a necessidade premente de treinamento
dedicado para que a técnica possa ser reproduzida de forma mais generalizada e

rotineira em nosso meio.

6.1 RECOMENDACOES PARA TRABALHOS FUTUROS

Apesar de nosso trabalho ter demonstrado resultados satisfatérios com a
Operacdo de Ross, tanto em pacientes reumaticos como em pacientes com VAB, o
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estudo apresenta algumas limitagdes que podem ser esclarecidas em estudos
futuros.

Uma das limitagbes de nosso trabalho se deve ao fato de ser uma série
operada por um unico cirurgido e os resultados nédo poderem ser generalizados.
Assim, pode-se recomendar um estudo multicéntrico randomizado comparando a
Operacdo de Ross com o implante de proteses mecanicas em pacientes reumaticos
para verificar se os resultados sao efetivamente reprodutiveis.

Um outro aspecto que deve ser analisado de forma mais detalhada séo os
resultados tardios de homoenxertos descelularizados quando comparados com
homoenxertos criopreservados, especialmente nos pacientes pediatricos, que estao
sujeitos a uma maior incidéncia de disfunc¢ao estrutural primaria.

Por fim, um estudo em pacientes operados na vigéncia de endocardite
bacteriana aguda poderia ser interessante para comprovar que o AP é resistente a
recidiva do processo infeccioso e pode ser recomendado no tratamento de

endocardite de valvas nativas ou de proteses valvares.
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7 CONCLUSOES

Em pacientes submetidos a Operacdo de Ross, pacientes reumaticos
apresentaram desfechos clinicos de longo prazo semelhantes a pacientes com VAB.
A durabilidade do AP n&o foi negativamente impactada pela etiologia reumatica, com
taxas similares de reoperacao, disfuncao estrutural primaria e eventos relacionados

aos enxertos quando comparados a pacientes com VAB.
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DADOS DO PARECER

Namero do Parecer: 4.277.194

Apresentacao do Projeto:
A pesquisa consistira em um estudo observacional através de analise de prontuario de 510 pacientes
submetidos a Operagdo de Ross entre 1995 e 2020 em que se avaliara os desfechos clinicos e
ecocardiograficos de pacientes com doenga valvar adrtica de etiologia reumatica, comparando-os a
populagdo ndo reumatica.

Objetivo da Pesquisa:

Determinar os desfechos clinicos e ecocardiograficos da Operacdo de Ross em pacientes com doenca
valvar de etiologia reumatica com até 25 anos de seguimento, comparando sua evolu¢do com a de
pacientes com valvopatia aértica de outras etiologias.

Avaliacao dos Riscos e Beneficios:

Beneficios:

Este estudo trara enorme beneficio para a comunidade cientifica, académica e médica ao proporcionar
evidéncia quanto ao comportamento do autoenxerto pulmonar em pacientes reumaticos a fim de definir se
os resultados da Operagédo de Ross sdo adequados nesta populagao
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e quais sdo suas possiveis limitagdes. Beneficios futuros ao novos pacientes com o melhor entendimento.
Riscos:

Em relagédo a pesquisa, os pacientes nao sao expostos a riscos uma vez que se trata de uma avaliagao de
prontuarios Os riscos incluem o extravio ou perda de informagdes.

Comentarios e Consideragdes sobre a Pesquisa:

Entendemos que o estudo proposto possa ser essencial uma vez que o desfecho do mesmo possa ser de
bastante impacto no entendimento da evolugéo clinica do paciente submetido a cirurgia de Ross ao longo
do periodo de tempo estipulado, assim como o N apresentado para as analises dos prontuarios.

Consideragoes sobre os Termos de apresentacao obrigatéria:

Pesquisador solicita dispensa de TCLE, devido ao fato de ser pesquisa em prontuario e retrospectiva. Dados
serdo planilhados em Excel e mentido com pesquisador principal, que se compromete com seu sigilo em
carta enviado a este CEP.

Conclusdes ou Pendéncias e Lista de Inadequacdes:

Pesquisador cumpriu com todas as recomendagdes sugeridas, estando esta relatoria em total acordo com o
projeto e sua viabilizagao.

O presente projeto, seguiu nesta data para andlise da CONEP e s6 tem o seu inicio autorizado apés a
aprovacéao pela mesma.

Este parecer foi elaborado baseado nos documentos abaixo relacionados:
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Informacdes Basicas| PB_INFORMACOES_BASICAS_DO_P | 21/08/2020 Aceito
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14:03:24 |Affonso da Costa
Rea
Outros dispensa.pdf 21/08/2020 |Ana Beatriz Brenner | Aceito
14:01:36 | Affonso da Costa
Rea
TCLE/Termos de | TCLE.docx 21/08/2020 |Ana Beatriz Brenner | Aceito
Assentimento / 13:59:38 |Affonso da Costa
Justificativa de Rea
Auséncia
Brochura Pesquisa | projeto_pesquisa.pdf 21/08/2020 |Ana Beatriz Brenner | Aceito
13:57:22 |Affonso da Costa
Rea
Projeto Detalhado | Brochura.pdf 21/08/2020 |Ana Beatriz Brenner | Aceito
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Rea
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DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Operacao de Ross com Homoenxertos Pulmonares - Descelularizados - Resultados de
longo prazo.

Pesquisador: Ana Beatriz Brenner Affonso da Costa Rea

Area Tematica:

Verséo: 3

CAAE: 76837123.3.0000.5227

Instituicao Proponente: Hospital ECOVILLE/ Instituto de Neurologia de Curitiba S/C Ltda
Patrocinador Principal: Financiamento Proprio

DADOS DO PARECER

Numero do Parecer: 6.853.825

Apresentacao do Projeto:
Operacao de Ross com Homoenxertos Pulmonares - Descelularizados - Resultados de longo prazo.

Objetivo da Pesquisa:

Objetivo Primario:

Determinar os desfechos clinicos e ecocardiografico da Operacao de Ross com até 28 anos de seguimento,
comparando a evolugdo de pacientes que receberam homoenxertos descelularizados e criopreservados.

Avaliacdo dos Riscos e Beneficios:

Riscos:

Em relacéo a cirurgia, os riscos sao inerentes ao procedimento. A Operacao de Ross apesar de ser uma
operacgao tecnicamente mais complexa, apresenta uma taxa de mortalidade imediata baixa e semelhante ao
das proteses valvares convencionais, quando realizada em centros de referéncia. Em relagcdo a pesquisa, 0s
pacientes ndo sao expostos a riscos uma vez que se trata de uma avaliacdo de prontuarios. Os riscos
incluem o extravio ou perda de informagoes.

Beneficios:

Estudos recentes sugerem que a Operacao de Ross esta associada com melhor qualidade de vida e maior
sobrevida tardia, sendo uma excelente opgao para pacientes aorticos jovens. Os
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beneficios estariam relacionados aos melhores resultados da fungao hemodinamica e de durabilidade, além
de dispensar o uso de anticoagulacgao evitando as complica¢des tromboticas e hemorragicas associadas a
seu uso. Por outro lado, este estudo trara enorme beneficio para a comunidade cientifica, académica e
médica ao proporcionar evidéncia quanto ao comportamento do homoenxerto pulmonar implantado para
reconstrucao da via de saida do ventriculo direito a fim de definir se os resultados da Operacao de Ross sao
adequados nesta populacao e quais sdo suas possiveis limitagoes.

Comentarios e Consideracoes sobre a Pesquisa:

A metodologia do estudo consiste na avaliacdo de dados de prontuario de pacientes submetidos a
Operacao de Ross. Esses pacientes mantém acompanhamento clinico e ecocardiografico regular para
vigilancia ativa de piora da classe funcional e disfun¢des dos enxertos. Esta base de dados ja foi utilizada
para demonstrar os resultados de 18 anos de evolugdo desses pacientes e foi publicado em 2014 na
European Journal of Cardio- Thoracic Surgery. A partir destes prontuarios atualizados, pretendemos avaliar
os desfechos dos pacientes descelularizados estendendo o tempo de seguimento para 28 anos com
enfoque na deteccdo dos benéficos e possiveis limitagdes da Operagcao de Ross nesta populagéo.
Serdo incluidos no estudo de pacientes que foram submetidos @ Operagdo de Ross no Instituto de
Neurologia e Cardiologia de Curitiba e Hospital Infantil Pequeno Principe entre maio de 1995 a junho de
2023.0s pacientes serdao divididos em dois grupos de acordo com o homoenxerto utilizado para
reconstrucdo da via de saida do ventriculo direito: homoenxertos descelularizados (Grupo 1) e
homoenxertos criopreservados (Grupo 2).As variaveis analisadas serao: mortalidade imediata e tardia,
necessidade de reoperacao, incidéncia e prevaléncia de disfuncdao do homoenxerto, avaliacao
ecocardiografica do perfil hemodindmico dos homoenxertos pulmonares e eventos tardios relacionados aos
enxertos implantados.Para esta analise retrospectiva, os prontuarios serdo acessados e os dados referentes
as variaveis acima planilhados em Excel. Nao havera intervencéao direta no sujeito de pesquisa, limitando-se
somente a coleta das informagdes contidas no prontuario, ndo havendo necessidade do uso de TCLE.
Trabalhos anteriores realizados em nossa Instituicdo com até 10 anos de evolugao sugerem que
homoenxertos descelularizados possam apresentar evolucao tardia mais favoravel quando comparados a
pacientes com homoenxertos criopreservados. Este estudo, com maior numero de pacientes e tempo de
seguimento, visa verificar estes achados iniciais.
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Estudo multicentrico - 542 divididos em 3 centros de estudos (IRMANDADE DA SANTA CASA DE
MISERICORDIA DE CURITIBA, ASSOCIACAO HOSPITALAR DE PROT INFANCIA DR RAUL CARNEIRO)
Data de inicio: maio de 2024 término: dezembro de 2024

Consideracdes sobre os Termos de apresentacéo obrigatoria:
Vide Conclusdes, Pendéncias e Lista de Inadequacoes.

Recomendacoées:
Vide Conclusdes, Pendéncias e Lista de Inadequagoes.

Conclusoes ou Pendéncias e Lista de Inadequacoes:
Pendéncias:

1. Dispensa do TCLE: devido ao prazo estabelecido pelo pesquisador em que se refere ao periodo de maio
de 1995 e maio de 2023 entende-se que estariamos de acordo.
RESPOSTA: APROVADO

2. Ajuste inicio do projeto:
RESPOSTA: APROVADO
3. Adequacao do orcamento:
RESPOSTA: APROVADO

4. Centros de pesquisas a serem citados
RESPOSTA: APROVADO

Consideracoes Finais a critério do CEP:

Este parecer foi elaborado baseado nos documentos abaixo relacionados:
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Tipo Documento Arquivo Postagem Autor |Situagﬁo|
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Informacoes Basicas| PB_INFORMACOES_BASICAS_DO_P | 22/04/2024 Aceito
do Projeto ROJETO_2194506.pdf 11:20:52
TCLE / Termos de |tcle.pdf 22/04/2024 | Ana Beatriz Brenner | Aceito
Assentimento / 11:20:21 Affonso da Costa
Justificativa de Rea
Auséncia
Outros Encaminhamento.docx 22/03/2024 | Ana Beatriz Brenner | Aceito
13:51:53 | Affonso da Costa
Rea
Declaragao de Declaracao.docx 22/03/2024 | Ana Beatriz Brenner | Aceito
Manuseio Material 13:50:55 |Affonso da Costa
Biologico / Rea
Biorepositorio /
Biobanco
Outros Confidencialidade.docx 22/03/2024 | Ana Beatriz Brenner | Aceito
13:49:35 |Affonso da Costa
Rea
Outros dispensa.docx 22/03/2024 | Ana Beatriz Brenner | Aceito
13:49:14 | Affonso da Costa
Rea
Outros Concordancia.docx 22/03/2024 | Ana Beatriz Brenner | Aceito
13:48:20 |Affonso da Costa
Rea
Outros Publico.docx 22/03/2024 | Ana Beatriz Brenner | Aceito
13:48:01 Affonso da Costa
Rea
Outros AnaliseM.docx 22/03/2024 | Ana Beatriz Brenner | Aceito
13:45:20 |Affonso da Costa
Rea
Projeto Detalhado / | PROJETO.pdf 09/01/2024 | Ana Beatriz Brenner | Aceito
Brochura 12:39:16 | Affonso da Costa
Investigador Rea
Outros ENCAMINHAMENTO.pdf 09/01/2024 |Ana Beatriz Brenner | Aceito
12:38:03 |Affonso da Costa
Rea
Outros CONFIDENCIALIDADE.pdf 09/01/2024 | Ana Beatriz Brenner | Aceito
12:31:22 | Affonso da Costa
Rea
Declaragao de AOCOORDENADOR.pdf 09/01/2024 | Ana Beatriz Brenner | Aceito
concordancia 12:27:47 | Affonso da Costa
Rea
Outros DECLARACAOPUBLICO.pdf 09/01/2024 |Ana Beatriz Brenner | Aceito
12:19:21 Affonso da Costa
Rea
Declaracao de DECLARACAO.pdf 09/01/2024 |Ana Beatriz Brenner | Aceito
Manuseio Material 12:15:11 Affonso da Costa

Biologico /
Biorepositorio /

Rea

Endereco: Rua Jeremias Maciel Perreto, 300

Bairro: Campo Comprido
UF: PR

Telefone: (41)3046-5501

CEP: 81.210-310

Municipio: CURITIBA

Fax: (41)3028-8580 E-mail:
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Biobanco DECLARACAO.pdf 09/01/2024 | Ana Beatriz Brenner | Aceito
12:15:11 | Affonso da Costa
Rea
TCLE / Termos de |DISPENSA.pdf 09/01/2024 | Ana Beatriz Brenner | Aceito
Assentimento / 12:11:55 | Affonso da Costa
Justificativa de Rea
Auséncia
Outros ANALISE.pdf 09/01/2024 | Ana Beatriz Brenner | Aceito
12:05:40 |Affonso da Costa
Rea
Outros Tomografia.pdf 28/08/2023 |Ana Beatriz Brenner | Aceito
14:15:32 | Affonso da Costa
Rea
Folha de Rosto folharosto.pdf 28/08/2023 |Ana Beatriz Brenner | Aceito
14:08:36 | Affonso da Costa
Rea

Situacao do Parecer:

Aprovado

Necessita Apreciacdo da CONEP:

Nao

CURITIBA, 28 de Maio de 2024

Assinado por:

Samanta Fabricio Blattes da Rocha

Endereco: Rua Jeremias Maciel Perreto, 300

Bairro: Campo Comprido
Municipio: CURITIBA
(41)3046-5501

UF: PR
Telefone:

Fax:

(41)3028-8580

(Coordenador(a))

CEP: 81.210-310

E-mail:

cep@inc-neuro.com.br
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ANEXO 2 - COLETA DE DADOS: FICHA DE ACOMPANHAMENTO

INC

Data do acompanhamento: Data da cirurgia:
Paciente:

FICHA DE ACOMPANHAMENTO

Nome do investigador:

Local de investigagdo:

Hospital: Prontuario:
Enderego:

Telefone:

Cardiologista:

Comorbidades pré-op: () HAS () DPOC ( ) DM ( ) Tabagista ( ) DRC
( ) Doenga cerebrovasular ( ) Doenga vascular periférica
( ) Estenose carotidea >50% ( ) Dislipidemia ( ) Obesidade ( ) Anemia
( ) Doengas sistémicas:
( ) Operagdes prévias:
Classe funcional pré: () | on o om (O

Tempo na UTI:
Complicagdes peri-operatérias:

Classe funcional pés: ()1 ()1l ()l Ow
Ritmo: () Sinusal ()Juncional ()FA ()Marca-passo ()BAVT () Outro:

Histéria clinica:
Medicagdes em uso:

Uso de anticoagulante: ( ) Nao () Dipiridamol () Marcoumar () Pradaxa ( ) Eliquis
()AAS () Plavix () Marevan () Xarelto

Uso de Benzetacil: ( ) Nao ( ) Sim Data inicio: Data término:

Disfungdo primaria de prétese (DPP):( ) Nao
Data DPP: ( ) Estenose por Calcificagdo
( ) Estenose por Deformagéo do anel protético
( ) Insuficiéncia por Rotura
( ) Insuficiéncia por Prolapso - Sagging
( ) Dilatagédo do Autoenxerto
( ) Estenose por Retragdo de enxerto

Disfungdo ndo-estrutural da prétese (DNEP): ( ) Nao
Data DNEP: () Leaking Paravalvar
( ) Disfungdo por Pannus
( ) Desproporgéo Prétese-Paciente
( ) Posicionamento Inadequado da Protese
() Pseudoaneurisma

Trombose valvar: ( ) Ndo ( ) Sim
Data trombose valvar:

Endocardite infecciosa: ( ) Nao ( ) Sim
Data endocardite:

Embolia cerebral: ( ) Ndo () AIT () DNIR () AVC com sequela ( ) AVC sem sequela
Data embolia:

Embolia periférica: () Nao ( ) MMII ( ) MMSS ( ) Renal ( ) Mesentérica ( ) Outra:
Data embolia:

Evento hemorragico: ( ) Nao ( ) Externo ( ) AVC ( ) Abdominal ( ) Outro:
Data evento hemorragico:

ICC: () Nao ( ) Sim
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Reoperagdo: () Nao ( ) DEP () DNEP ( ) Trombose valvar ( ) Endocardite infecciosa () Outra:

Data reoperagéo: Resultado da reoperagao: () Alta ( ) Obito

Status atual: () Vivo ( ) Obito

Data ébito:

Causa obito: ( ) Nao () Trombose Prétese
( ) Disf. Protese ( ) Endocardite
() Reop ( ) Hemorragia subita

Ecocardiograma:

Explante do enxerto: ( ) Ndo () Sim
Data explante:

Descrigao explante:

Local estudo histolégico:
Estudo histolégico explante:

Data préxima consulta:

() Arritmias comprovadas
() ICC progressiva
() Outras:
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