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RESUMO

O programa de transplante de 6rgdos sdlidos e tecidos do Brasil € um dos maiores do
mundo. O transplante de cdrnea é o procedimento aplicado para tratamento para a maioria
dos casos de cegueira, 0s quais estdo relacionados a problemas na cérnea. Os Bancos de
Olhos possuem a fungéo primordial na procura, captacdo, preservacédo e distribuicio de
cérneas para fins de transplante e ao longo dos anos vém buscando meios para aumentar
a qualidade das corneas ofertadas. Existem varios fatores que podem influenciar no
aspecto qualitativo da cornea como idade do doador, nimero das células endoteliais, além
do tempo entre morte, enucleacgdo e preservacgéo do tecido. Visando a melhor qualidade
das cdrneas ofertadas pelo Banco de Olhos do Distrito Federal, este trabalho caracterizou
a influéncia morfoldgica ao longo do tempo na preservacdo dos tecidos oculares, causa
mortis dos doadores e motivos para o descarte das corneas retiradas do banco para
transplantes. Identificamos 1547 notificagdes de potenciais doadores resultando em um
total de 3074 corneas doadas ao Banco de Olhos do DF. As caracteristicas socio
demograficas demonstraram diferenca entre géneros (masculino, 74,8% e feminino,
25,2%), média de idade dos doadores foi de 40+15,9 anos. 25% das causas de morte foram
por doencas cardiovasculares, seguido por 19,6% de perfuragcdo por arma de fogo e 14,2%
foram politraumatismos. Aproximadamente 60% (n=1836) foram transplantadas e 40%
(n=1238) foram descartadas. Em relacdo as causas de descarte, 68% (n = 841) foram
devidas a exames sorologicos positivos ou indeterminados e 39% (n = 486) por
vencimento (periodo maximo garantido expirado de preservacdo da cornea). O tempo
maximo de armazenamento conhecido para as corneas doadoras no meio de preservacéo
Optisol-GS é limitado a 14 dias. Analisamos a morfologia de cada camada de 10 cérneas
preservadas em meio Optisol-GS, a 4 ° C, por microscopia especular em até 48 horas apds
a preservacao e microscopia Otica, eletrdnica de varredura e transmissdo, com intervalos
de preservacdo de 7, 10, 12, 14, 16 e 20 dias. Observamos discretas alteracdes
morfoldgicas para as amostras do 10° dia e mais severas para o0 14°, 16 ° e 20° dias. Como
as lamelas estromais incompactas, diminuicdo ou auséncia de celulas epiteliais e do
endotélio, descontinuidade do padréo hexagonal, ruptura do citoplasma e desorganizacao
stromal. Também registramos a estrutura morfologica da camada de Dua em imagem de
alta qualidade. Tecidos da cornea armazenados por mais de 10 dias ndo sdo apropriados
para transplantes opticos.

Palavras chaves: transplante, cornea, morfologia, preservagao, optisol-GS,
epidemiologia.



ABSTRACT

The Brazilian solid and tissue organ transplantation program is one of the largest in the
world. Corneal transplantation is the procedure used to treat most of the cases of
blindness, which are related to corneal impairment. The Eye Banks have the primary
function in the search, capture, preservation and distribution of corneas for the purpose
of transplantation and over the years have been looking for ways to increase the quality
of the corneas offered. There are several factors that influence the qualitative aspect of
the cornea such as donor age, number of endothelial cells, plus time between death,
enucleation and tissue preservation. Aiming at the best quality of the corneas offered by
the Bank of Eyes of the Federal District, this work characterized the morphological
influence over time in the preservation of ocular tissues, donors causa mortis and reasons
for the disposal of the corneas removed from the bank for transplants. We identified 1547
notifications of potential donors resulting in 3074 corneas donated to DF Eye Bank. The
socio-demographic characteristics showed a difference between genders (male, 74.8%
and female, 25.2%), mean age of the donors was 40 * 15.9 years. 25% of the causes of
death were due to cardiovascular diseases, followed by 19.6% of firearms and 14.2%
were polytrauma. Approximately 60% (n = 1836) were transplanted and 40% (n = 1238)
were discarded. Regarding the causes of discharge, 68% (n = 841) were due to positive
or indeterminate serological tests and 39% (n = 486) by maturity (maximum guaranteed
expired period of corneal preservation). The known maximum storage time for donor
corneas in the Optisol-GS preservation medium is limited to 14 days. We analyzed the
morphology of each layer of 10 corneas preserved in Optisol-GS medium, at 4 ° C, by
specular microscopy up to 48 hours and optical and electronic scanning and transmission
electron microscopy, with preservation intervals of 7, 10, 12, 14, 16 and 20 days. We
observed discrete morphological changes for the samples of the 10th day and more severe
for the 14™, 16" and 20th days. Like incompressed stromal lamellae, decreased or absent
epithelial and endothelial cells, hexagonal pattern discontinuity, cytoplasmic rupture, and
stromal disorganization. We also recorded the morphological structure of the Dua layer
in high quality image. Corneal tissues stored for more than 10 days are not appropriate
for optical transplants.

Key words: transplantation, cornea, morphology, preservation, optisol-GS,
epidemiology.
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1. Introdugao

O globo ocular humano € um conjunto de estruturas bioldgicas cuja funcéo é
possibilitar a captacdo de luz para realizar a fungdo dptica do olho humano (Ramos, 2006;
Presland e Price, 2016). E considerado um globo esférico imperfeito devido a variagio
do raio de curvatura de uma de suas estruturas externa (cornea) em relacdo aos demais
componentes do proprio globo (Almeida, 2016). E constituido por trés membranas
béasicas: neurossensorial (retina), vascular (iris, corpo ciliar e coroide) e fibrosa (cornea e
esclera). As estruturas principais do olho humano séo formadas por dois segmentos: o
anterior (espaco entre a cornea e a iris e anterior ao cristalino) e o posterior (delimitado
pelo cristalino e envolvendo humor vitreo, retina, coroide e nervo optico) (Silva et al,
2013) (Fig. 1). O desenvolvimento histologico do globo ocular inicia a partir do tubo
neural na 3% semana de gestacdo simultaneamente com o sistema nervoso central
(Guimaraes, 2003).

RETINA

IRIS
]
HUMOR

AQUOSO \
S

CORNEA

HUMOR VITREO x

NERVO OPTICO

CRISTALINO

Figura 1: Esquema do globo ocular humano. Adaptado de Higgins (2009).

A cérnea humana é o tecido oftalmoldégico que forma a camada externa
transparente em cobertura da iris e é responsavel por dois ter¢os do poder refrativo total
do olho humano (Delmonte e Kim, 2011; Almeida, 2016; Presland e Price, 2016;
Alzahrani et al., 2017). A morfologia e curvatura da cornea sao gerenciadas pela estrutura
biomecanica intrinseca e 0 ambiente exterior (Usp, 2010; Delmonte e Kim, 2011). A
cornea mede de 11 a 12 mm no sentido horizontal e 9 a 11 mm no sentido vertical (Marfurt
etal., 2010; Delmonte e Kim, 2011; Jacob e Naveen, 2016). A espessura pode variar entre

0,5 mm na regido central da cdrnea e aumenta em até 1 mm em regides proximas ao
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limbo, estrutura de transi¢do entre a cornea e a esclera, sendo considerado o tecido
inervado mais denso do corpo humano (Jacob e Naveen, 2016). O grau de hidratacao e
disposicao das fibras colagenas € o que diferencia a cornea da esclera. Apesar de ser uma
estrutura avascular, sua nutricdo e oxigénio provem de vasos localizados na periferia no
limbo do humor aquoso e no filme lacrimal. O poder de refracdo desse tecido é sua
principal funcdo, além de servir como barreira de protecdo (Usp, 2010; Alzahrani et al.,
2017).

1.1 Morfologia da Cérnea

A cornea é histologicamente caracterizada em seis camadas bésicas: epitélio,

membrana de Bowman, estroma, camada de Dua, membrana de Descemet e endotélio
(Fig. 2).

EPITELIO
MEMBRANA DE BOWMAN
ZONA ESTROMA ZONA
POSTERIOR CAMADA DE DUA ANTERIOR
MEMBRANA DE DESCEMET
= — ENDOTELIO

¥ N

Figura 2: Esquema das estruturas da cérnea. Adaptado (Peh et al., 2011).

O epitélio é a primeira barreira para 0 ambiente exterior ao 6rgdo, estrato tipo
escamoso e ndo queratinizado. As células superficiais possuem desmossomas e juncoes
que estdo presentes principalmente ao longo da superficie proporcionando uma barreira
eficaz contra microrganismos e a penetracdo de lagrimas (Jacob e Naveen, 2016).
Rotineiramente podem sofrer apoptose e descamacéao involuntariamente ou causada por
traumas (Usp, 2010). As células epiteliais apresentam o formato poligonal e formam de
duas a trés camadas. A camada mais profunda do epitélio da cornea € basal, a qual consiste
em um unico estrato de células colunares com aproximadamente 20 mm de altura e

secreta colageno tipo 1V e laminina. (Delmonte e Kim, 2011).

A membrana de Bowman’s é uma resistente camada acelular, medindo 10 a 15
um e localiza-se entre o epitélio e o estroma. Tem a funcéo de auxiliar na manutencgéo da
forma do tecido, resisténcia ao trauma (protegendo o estroma e nervos associados), e

protecdo contra a radiagao ultravioleta (Schlétzer-Schrehardt e Kruse, 2016). E composta
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por arranjos de fibra de col&geno tipo I. Apresenta declinio de 0,06 um em sua espessura
a cada ano de vida, e perde, em média de 1/3 da espessura total entre os 20 a 80 anos de
idade (Delmonte e Kim, 2011; Jacob e Naveen, 2016; Schlttzer-Schrehardt e Kruse,
2016; Alzahrani et al., 2017).

O estroma € a principal membrana responsavel pela estrutura mecénica e até 90%
da espessura da cornea. E morfologicamente composta por fibras de coléageno
heterodiméricas, principalmente tipos | e V e dentre essa organizagdo, encontram-se 0s
fibroblastos como componente celular. Possuem seu formato adequado ao espagamento
disponivel pelas fibras de colageno e formam uma rede celular através de ramificages
dendriticas. Essa camada caracteriza-se por sua avascularidade e inervacdo localizada em
maior quantidade na periferia do tecido do que na parte central. A transparéncia observada
deve-se a organizacdo em lamelas das fibras de colageno, matriz de proteoglicanas
altamente expressas nos espacos intra-fibrilares (Ishida et al., 1984; West-Mays e
Dwivedi, 2006; Usp, 2010; Delmonte e Kim, 2011; Alzahrani et al., 2017).

Em 2013, o grupo de estudo liderado pelo Dr. Harminder S. Dua sugeriu a
redefinicdo da estrutura morfologica da cornea ao propor a existéncia de uma sexta
camada, chamada de Dua’s (Dua’s Layer), ao observar em seus resultados, uma estrutura
bem definida localizada na parte posterior da cornea (entre o estroma e a membrana de
Descemet). Para possibilitar a visualizacdo desta nova camada, foi utilizada a técnica de
Big Bubble (BB) que consiste em injecdo de ar no estroma para estimular a separacao
entre as camadas citadas. Evidéncias clinicas, observadas durante o Transplante Lamelar
Anterior Profundo (DALK) sinalizaram a formacao dessa nova camada (Dua et al., 2013).
Desde entdo, outros estudos também estéo realizando a caracterizagdo morfologica desta
nova camada (Agarwal et al., 2014; Yahia Chérif et al., 2015; Kocluk et al., 2016)

A membrana de Descemet é composta por varios tipos de colageno (1V, VIII,
XVIII), laminina e outros componentes ndo-colagenosos. Sua espessura pode variar entre
8 a 12 um. A membrana é dividida em zona anterior (espessura aproximada de 3 pum
originada na fase de desenvolvimento fetal) e zona posterior (espessura aproximada de
até 10 um desenvolvida ao longo da vida) (Delmonte e Kim, 2011). Diversos
componentes proteicos presentes nessa membrana conferem a caracteristica de resisténcia
a degradacdo enzimatica bioldgica (Johnson et al., 1982; Schlétzer-Schrehardt e Kruse,
2016)
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O endotélio corneano (EC) é metabolicamente ativo (bomba Na* e K*) e sua
funcdo, além de manter o estroma corneano hidratado, é estabelecer uma barreira ao
movimento do fluido na cornea e uma bomba ativa que move ions, e remove a agua
osmoticamente (Bourne, 2003; Sopapornamorn et al., 2008). A relagéo entre a morfologia
e a funcdo das células endoteliais da cornea tem sido discutida ha mais de 25 anos e sua
importancia foi estabelecida devido sua caracteristica de transparéncia e sua morfologia
de mosaico (70 a 80% em formato hexagonal), que pode ser caracterizada pela densidade
de células endoteliais (ECD) e pela morfologia celular. A morfologia das células
endoteliais é comumente avaliada pela forma (pleomorfismo) e uniformidade de tamanho
(polimegatismo) (Acquart et al., 2010; Jacob e Naveen, 2016). A taxa de células
endoteliais hexagonais (HEX) é usada como um marcador para o pleomorfismo celular
(Mccarey et al., 2008; Gasser et al., 2015), assim como o desvio da hexagonalidade
(Jacob e Naveen, 2016). Esse parametro morfoldgico é importante porque contribui para
a avaliacdo do tecido e as evidéncias de polimorfismo indicam funcdo anormal das células
(Arici et al.,, 2014). As membranas celulares ndo-uniformes, caracterizadas pelo
pleomorfismo, correlacionam-se com a fun¢éo nédo regular da bomba de Na* e K" ATPase
dependente (Mccarey et al., 2008; Usp, 2010; Delmonte e Kim, 2011).

Ja esté estabelecido que as células do endotélio corneano ndo possui atividade
mitotica in vivo. Por ndo serem diferenciadas terminalmente, possuem suas atividades de
proliferacdo celular fixas na fase G1 do ciclo celular (Bourne, 2003; Patel e Bourne, 2009;
Igarashi et al., 2016). Alguns estudos mostraram que o ECD é altamente hereditario com
82% contra 18% pela influéncia ambiental (Racz et al., 2016). No momento do
nascimento, a densidade celular é de aproximadamente 3000 a 4000 células/mm?, mas
diminui gradualmente em aproximadamente 0,3% a 2,4% por ano. Aos 70 e 80 anos de
vida, 0 ECD é de aproximadamente 2.600 células/mm? (Arici et al., 2014; Elbaz et al.,
2016; Mohammad Salih, 2016).

Vérias doencas e agravos podem acometer o tecido oftalmolégico, como
infeccdes, inflamagdes, alergias e distrofias. Os tratamentos podem variar de formas
simples até casos cirargicos (Usp, 2010; Columbia-University, 2015; Nih, 2016). Os
agravos que acometem a cérnea com potencial de alterar morfologicamente sua estrutura
sdo chamados de distrofia, como exemplo a Distrofia de Fuchs, deposi¢cdo anormal de
fibras de colageno tipo VIII (Kelliher et al., 2011) modificando a morfologia da camada
degradando a transparéncia, e o Ceratocone que sdo alteracbes morfoldgicas devido as
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disfuncbes metabolicas celulares da camada endotelial (Hayashi et al., 1988; Bourne,
2003; Bourget e Proulx, 2016).

O tecido corneano, devido suas caracteristicas de avascularidade, possui
capacidade limitada de se recuperar de traumas com graves extensdes (Freire et al., 2015).
As doencas relacionadas a cornea, sdo a segunda maior causa de cegueira reversivel e
atingem, principalmente, jovens adultos (Sano et al., 2010). A partir da segunda metade
do século XX, a Ceratoplastia penetrante se tornou o método padréo-ouro para realizacéo
dos transplantes de cornea (Crespo, 2016; Rij e Dooren, 2016). Nas tltimas duas décadas,
a partir da modernizacdo da intervencao, realiza-se apenas a substituicdo seletiva das
camadas afetadas da cornea, diminuindo os riscos associados (Bourget e Proulx, 2016;
Rij e Dooren, 2016).

O transplante de cornea pode ser definido como o procedimento de substituicdo
de um tecido com o objetivo de restaurar a acuidade visual (Optico), restaurar a morfologia
original (tectdnico), remover o tecido lesionado que ndo responde a outras formas de
tratamento (terapéutico) e melhorar o aspecto ocular (estético) ou provisorio para outro
procedimento definitivo (preparatorio) (Marcon et al., 2013; Crespo, 2016). Essa
substituicdo pode ser realizada de forma penetrante (espessura total) ou lamelar anterior
ou posterior (parciais). A flexibilizacdo nos critérios de uso em relacdo a qualidade do
tecido doador é uma vantagem do tipo de transplante lamelar anterior (DALK) em relacdo
ao transplante penetrante, pois ndo utiliza a parte endotelial da cornea. Ja o transplante
lamelar posterior (DSAEK ou DMEK) possibilita que a camada endotelial seja
substituida, desde que as outras camadas ndo estejam morfologicamente alteradas (Sano
et al., 2008; Marcon et al., 2013; Crespo, 2016; Alzahrani et al., 2017; Khaled et al.,
2017).

O transplante de c6rnea é o mais realizado no mundo, e no Brasil, com menor taxa
de rejeicdo bioldgica observada. Este procedimento é utilizado como referéncia devido
as altas taxas de realizacdo em unidades privadas/conveniadas, quando comparada com
0s procedimentos em outros 6rgdos (Costa e Kara-José, 2008; Marcon et al., 2013;
Bourget e Proulx, 2016). Portanto, esse tipo de transplante permite que o paciente tenha
o melhor progndstico, em relagdo ao tempo de manutencéo do enxerto quando comparada

com outros 6rgdos e tecidos (Sano et al., 2010; Silva, et al., 2016).
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No contexto do transplante, poucos estudos avaliaram as caracteristicas da
deterioracdo das células da cornea pds-morte do doador (Dogaroiu et al., 2014). Ja esta
estabelecido que a morte celular € um processo que ocorre gradualmente ao longo do
tempo, dependendo da capacidade das células para sobreviver ao ambiente com baixa
disponibilidade de oxigénio (hipdxia) causada pela cessa¢do da circulagcdo sanguinea e
respiracdo (Kumar et al., 2013; Dogaroiu et al., 2014). Os principais efeitos desse evento
sdo a desidratacao, a anoxia e a acidose (Dogaroiu et al., 2014). O acumulo de piruvato e
acido latico aumenta as atividades lisossdbmicas proteoliticas e provoca a autdlise pds-
morte das células da cornea (Mauger e Quartetti, 2011). Os efeitos celulares descritos
acima consequentemente causam alteracdes nas juncées celulares da camada epitelial e
endotelial, comprometendo a funcao tecidual desta camada, a qual é evitar o contato de

componentes prejudiciais nas camadas mais profundas da cornea (Ko et al., 2008).
1.2 Epidemiologia do Transplante de Cérnea no Brasil

Transplante é um procedimento cirdrgico de transferéncia de um 6rgéo, tecidos e
sangue de um individuo, sendo o doador, para outro, o receptor. O doador e receptor
podem ser a mesma pessoa em casos especificos tais como transplantes de células ou
tecidos (Moraes, 2018). O transplante é utilizado como indicacdo terapéutica quando
alteragdes irreversiveis comprometem o funcionamento de um determinado 6érgéo, ou
conjunto deles, em individuos acometidos por diversos tipos de patologias, tais como
hipertensdo arterial sistémica, diabetes, hepatopatias entre outras (Silva et al., 2011)
Portanto, o transplante possui o objetivo de reestabelecer uma funcao perdida através da

transferéncia de um ou mais estruturas biologicas.

Atualmente os transplantes podem ser classificados como: autélogo, quando o
tecido a ser transplantado é oriundo do proprio doador; isogénico, quando o receptor é
geneticamente idéntico ao receptor no quesito de histocompatibilidade para antigenos;
alogénico, quando o doador e receptor sdo da mesma espécie; e xenotransplante, quando
0 doador e receptor sdo de espécies diferentes (Kaneno, 2003; Matte, 2017). O
desenvolvimento e aprimoramento das técnicas cirdrgicas sempre tiveram os objetivos de
aumentar a seguranca e recuperacao do paciente além da reducdo do custo financeiro a
fim de ampliar 0 acesso ao maior nimero de pessoas aos procedimentos (Matte, 2017). A
partir desse cenario, varios paises propuseram-se a organizar seus servicos de salde para

a realidade da necessidade de sua populacdo. O maior desafio encontrado, em maior ou
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menor grau e dependendo do tipo de transplante e quais 6rgaos, sangue ou tecidos
necessarios, é a disparidade entre a demanda e oferta para procedimentos terapéuticos
(Silva et al., 2011).

Em 1997 foi criado o Sistema Nacional de Transplantes (SNT), decreto N° 2.268
de 30 de junho, com o objetivo de controlar e monitorar 0 processo de captacdo e
distribuicdo de 6rgdos, tecidos e partes retiradas do corpo humano com finalidade
terapéutica. Vinte anos depois o decreto acima foi revogado por outro de N° 9.175 de 18
de outubro de 2017, o qual atualiza as defini¢Ges propostas pelo primeiro, garantindo o
acesso igualitario ao atendimento médico completo (ambulatorial e hospitalar) pelo
Sistema Unico de Satde (SUS). O Ministério da Saude, é o 6rgdo central desse sistema,
mas também conta com a participacao das secretarias estaduais, municipais de salde além
de todos os outros estabelecimentos publicos e privados autorizados a realizar
transplantes. Devido a organizacéo da rede, 0 SNT concentra seus esfor¢cos em ampliar o
acesso da populacao ao servico e assim reduzir o tempo de espera e melhoria na qualidade
de vida dos pacientes (Brasil, 1997; 2017). O Brasil possui 0 maior sistema publico de
transplante do mundo tanto em nudmero de procedimentos realizados quanto em
financiamento realizado pelo SUS, cerca de 90- 95% dos procedimentos do pais (Medina-
Pestana et al., 2011; Silva, et al., 2016; Portal-Brasil, 2017).

No Brasil, foram realizados 120.549 transplantes de cornea entre 2008 a 2016 e
11.512 de janeiro a setembro de 2017 segundo a Associacdo Brasileira de Transplantes
de Orgdos e Tecidos (ABTO)(Abto, 2015; 2016; 2017). A regido geografica que
apresenta a maior quantidade de transplante de cornea € a regido Sudeste com 51,96%
(68.632/132.061), sequido da regido Nordeste com 18,93% (25.005/132.061), regido Sul
com 16,03% (21.175/132.061), regido Centro-Oeste com 10,2% (13.557/132.061) e
regido Norte com 2,81% (3.712/132.061) do total realizado nesse periodo e descrito na

Figura 3.
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Figura 3: Numero absoluto de transplantes de cdrnea realizados no Brasil de 2008 a 2017. Fonte: RBT 2015, 2016 e 2017.
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O Brasil é o segundo maior pais em numeros absolutos de transplantes renais e
hepaticos realizados, porém ocupa 0 27° lugar quando os nimeros sdo analisados por
milhdo de populacdo (pmp) para 0s mesmos Orgéos citados (Abto, 2016). Varios fatores
influenciam na dindmica dos nimeros de transplantes efetivos totais (todos os 6rgaos
solidos e tecidos), tais como dificuldade de acesso igualitario aos servicos de salde e a
heterogeneidade socio-politico-econémico e geografico de cada estado e/ou municipio
(Marinho et al., 2011; Almeida et al., 2016). Além desses, outro aspecto importante € a
propor¢do entre o nimero total de doadores de 6rgdos solidos e tecidos potenciais e
efetivos, pois no ano de 2009 houveram 6.490 notificacGes de potenciais doadores e
25,54% (1.658) se tornaram doadores efetivos. De 2009 a 2016 o ndmero de potenciais
doadores cresceu 36,10% (10.158) porém a proporc¢éo de efetivacdo da doacdo cresceu
apenas 3,8% (2.981) (Abto, 2016). Vérios fatores sdo descritos em estudos sobre as
diversas varidveis que corroboram com o ndo aumento da taxa de efetivagcdo dos
doadores, tais como a escassez de doadores proporcional a populacdo, falta de
sensibilizacédo da populacéo e dos profissionais intensivistas e falta de infraestrutura fisica

e técnica entre outras causas (Freire et al., 2015; Almeida et al., 2016).

Os nameros de transplantes de cdrnea apresentados, apesar de crescentes, ndo sdo
suficientes para atender toda a demanda da populacao brasileira que, até setembro de
2017, ainda possui 9.355 pacientes na lista de espera para transplantes de cornea.
Observa-se que o estado de S&o Paulo possui 0 maior numero de individuos na lista de
espera, 3.048, ainda que seja o estado que mais realizou transplantes em 2017
(3.315/11.512) e o tempo de espera para realizacdo do transplante pode superar a
sobrevida do paciente (Abto, 2017).

2. Justificativa

A analise morfoldgica da integridade tecidual das corneas doadas para transplante
no Brasil é feita por microscopia especular e lampada de fenda, sendo que a microscopia
especular pode ser realizada até 48 h apds a preservagdo, devido a ocorréncia de edema
tecidual (Hirai et al., 2002; Crespo, 2016). Até o presente momento, a literatura carece de
dados que comprovem a influéncia do tempo de preservacdao na densidade celular das
cérneas doadas para transplantes. O tempo de preservacao (tecido submergido) é baseado
principalmente no prazo de validade indicado pelo fabricante dos meios comerciais, ou

seja, apds esse periodo o fabricante ndo garante a eficiéncia do meio de preservacdo em
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manter o ambiente adequado para a manutencdo das células do tecido cérneo. Quanto
menor for o tempo entre a enucleacao e o transplante no receptor, melhor sera a qualidade
do tecido, porém diversos fatores do pais nem sempre possibilitara que essa celeridade
seja maximizada. Portanto, estudos sdo necessarios para subsidiar o aprimoramento de
técnicas de enucleacdo e preservacdo das corneas ofertadas, sendo que a utilizagdo da
microscopia de luz e microscopia eletronica de varredura e transmissao vem a auxiliar na
caracterizacdo da morfologia celular em variados periodos de preservacao permitindo
assim a observacao das modificacdes celulares ao decorrer de um periodo mais longo que
a microscopia especular. A boa qualidade da cornea doada e a adequada manutencao do
enxerto até sua utilizacdo sdo de fundamental importancia para um bom prognostico
visual final (Marcon et al., 2013). As ferramentas estatisticas utilizando dados
epidemiol6gicos quando correlacionados auxiliam no aprimoramento das medidas de
acdo das centrais de transplantes e consequentemente melhoram o acesso da populacgédo
ao servi¢o com qualidade (Garcia et al., 2013). Estudos relacionados a morfologia celular
e dados epidemiologicos referente ao transplante de cdérneas analisados em conjunto
podem fornecer ferramentas de melhorias para gestdo dos Bancos de Tecidos em todo

pais.
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3. Objetivos

3.1 Objetivo Geral
Caracterizar os aspectos epidemioldgicos e morfologicos relacionados a

integridade das corneas doadas para transplante no Distrito Federal (DF).

3.2 Objetivos Especificos
1) Descrever as variaveis demograficas e causas mortis dos doadores de corneas
do DF no intervalo de tempo de 2014 a 2017;

2) ldentificar as causas dos descartes de corneas do Banco de Olhos do DF;

3) Caracterizar a morfologia das cérneas em diferentes tempos de preservagédo no
meio OPTISOL-GS®;

4) Avaliar o uso da microscopia especular, microscopia de luz, microscopia
eletronica de varredura e transmissao na analise da morfologia celular das corneas

doadas.
4. Materiais e Métodos

4.1 Tipo de pesquisa: trata-se de um estudo prospectivo observacional.

4.2 Desenho experimental: Inicialmente o projeto, foi submetido e aprovado ao Comité
de Etica e Pesquisa da Fundago de Ensino e Pesquisa em Ciéncias da Saude (SES — DF)
e da Faculdade de Saude da Universidade de Brasilia CAAE 45898115.8.0000.0030. A
enucleacgéo e preservacgéo foi realizada pela equipe de enfermeiros do Banco de Olhos do
DF, sendo que cada paciente recebe um numero de identificacdo. A integridade das
corneas foi verificada por microscopia especular e lampada de fenda durante o periodo
de janeiro de 2016 a dezembro de 2017 quando autorizado pela familia por meio do
Termo de Consentimento Livre e Esclarecido (TCLE) apresentado no anexo I. Os dados
demogréaficos e epidemioldgicos foram coletados nos prontuarios desses doadores e
analisados na Universidade de Brasilia. A analise morfoldgica por microscopia optica,
eletrénica de varredura e transmissdo das corneas descartadas pelo Banco de Olhos foi
realizada no Laboratdrio de Microscopia Eletronica. O desenho experimental completo

encontra-se descrito na figura 4.
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Figura 4: Desenho Experimental demonstrando o processamento das amostras por tempo e

metodologia utilizadas. Etapas em cor laranja foram realizadas no Banco de Olhos do DF e as

etapas em cor azul foram realizadas no Laboratério de Microscopia Eletronica/Instituto de

Ciéncias Bioldgicas/Universidade de Brasilia.

22



4.3 Sujeitos da Pesquisa, critérios de inclusao e exclusdo: Desde o inicio do estudo, a
rotina do Hospital de Base de Brasilia possibilitou a analise das corneas descartadas que
possuiam os critérios de inclusdo. Foram incluidas as corneas das quais 0s representantes

legais dos doadores assinaram o0 TCLE.

4.4 Analise da qualidade das corneas: Apés a parada cardiorrespiratoria a equipe do
Banco de Olhos era notificada e seus enfermeiros eram responsaveis por realizar a
abordagem familiar para solicitacdo da doacédo dos tecidos. Nesse momento, 0 TCLE
dessa pesquisa também foi apresentado pela equipe de pesquisa. Em seguida, o globo
ocular foi captado (enucleacdo) e enviado ao Banco de Olhos para preservacdo em
OPTISOL-GS® (meio de preservacdo). Apos a preservacio, era introduzida a técnica de
microscopia associada a lampada de fenda (Dos Santos et al., 2010) em intervalo de 48 a
72 h. A contagem das células endoteliais das corneas foi realizada por microscopia
especular utilizando o microscopio Konan EB10 (Konan Medical, Irvine, EUA) e
analisada, pelo software Konan Corneal Endothelial Analytics®, em até 48 h apds a
preservacao. Fotos de trés areas diferentes da cornea foram obtidas para determinacgéo da
densidade celular e morfologia tecidual.

Dez amostras de corneas descartas para transplante e preservadas em meio
Optisol-GS a 4°C, foram utilizadas para caracterizacdo do morfologica dos tecidos
(Figura 5). Os tecidos foram analisados em até 48h ap0s a preservacao por microscopia
especular além da microscopia Optica (coloracdo de Hematoxilina e Eosina) e eletrdnica
de varredura e transmissdo nos intervalos de 7, 10, 12, 14, 16 e 20 dias de preservacgéo,

com o objetivo de detalhar as alteragdes morfologicas nestes tempos de preservagéo.
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Figura 5: Desenho Experimental das analises morfoldgicas demonstrando a quantidade de

corneas por metodologia utilizadas no estudo.

Para analise em microscopia optica as corneas foram fixadas em paraformaldeido
a 4% por até 12 horas, desidratadas em solucdes alcoolicas graduais, diafanizadas
utilizando os reagentes xilol (ou cloroférmio) e emblocadas em parafina. Apos a
microtomia os cortes, de 3 um, foram reidratados utilizando graduais solugdes de xilol e
alcool. A coloracdo do protocolo utilizou os corantes Hematoxilina e Eosina (H.E)
(Sigma- Aldriech, USA).

Para analise por microscopia eletronica de varredura (JEOL 7001F, Tokio,
Japdo), o protocolo consistiu na fixacdo das amostras em solucdo de glutaraldeido a 2%
e paraformaldeido a 2% em tampéao cacodilato de sédio 0.1M, pH 7.2. Apos a fixagéo, o
material foi lavado em solugcdo tampao de cacodilato de so6dio a 0,1M, e po6s-fixado, em
solucdo de tetroxido de ésmio a 1% em tampdo cacodilato de sddio. Em seguida, o
material passou por um processo de desidratacdo gradativa com banhos de solucGes
aquosas de acetona de 30, 50, 70 e 90% e trés banhos de acetona 100%, de 15 minutos
cada, antes de sofrer a secagem ao ponto critico com CO; e metalizacdo de sua superficie

com ouro.

As amostras para analise por microscopia eletrénica de transmisséo foram fixadas
em solucdo de glutaraldeido a 2% e paraformaldeido a 2% em tamp&o cacodilato de s6dio
0.1M, pH 7.2, por no minimo 2 horas e maximo 24 horas, lavadas com tamp&o cacodilato

de sédio 0,1M, pos-fixado com tetroxido de ésmio (1%) e ferricianeto de potassio (0,8%),
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lavado com agua destilada, contrastadas in bloc com acetato de uranila 0,5%, desidratadas
com acetona (30%, 50%, 70%, 90%, 100%), infiltrada em resina Spurr. Os cortes
ultrafinos foram realizados em ultramictomo, os cortes ultrafinos foram contratados em
contrastado com acetato de uranila (3%) e citrato de chumbo, e posteriormente analisados
no equipamento JEOL 1011 (Tokio, Japao) a 80kV.

4.5 Dados Epidemioldgicos e Demograficos: Os dados epidemioldgicos (causa mortis)
e demogréaficos (idade e género) foram obtidos nos prontuérios dos doadores e registros
disponiveis no Banco do Olhos do Distrito Federal e cedidos com a autorizagao da equipe
técnica. Os dados foram disponibilizados em documentos formato em PDF e transcritos
em uma planilha do software Excel (Microsoft, USA). As varidveis descritivas (causa da
morte, causa do descarte, més da doacdo, idade, género, horario da morte, horario da
enucleacdo, horario da preservacdo) foram analisadas no mesmo software e a analise
estatistica foi realizada no software SPSS (IBM, USA). Foram utilizados o0s testes nao
paramétrico Qui-quadrado de Pearson, Independent-sample median e related-sample

Wilcoxon signed rank.
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5. Resultados

Os resultados foram divididos em dois capitulos apresentados aqui em formato

de artigo cientifico que serdo submetidos para publicacdo.

5.1 Epidemiologia: Artigo 1 a ser submetido para a revista Ophthalmic
Epidemiology Journal (editora Taylor & Francis- Londres/Inglaterra).

Resumo

Objetivo: O objetivo deste estudo € identificar as causas do descarte de cérneas no Banco
de Olhos do Distrito Federal e descrever as varidveis sociodemogréaficas e causais de
doador do Distrito Federal do Distrito Federal de 2014 a 2017.

Meétodo: Foi realizado um estudo exploratorio, sdcio-epidemioldgico e descritivo sobre
a doacdo de cornea. As informacOes da base de dados foram obtidas a partir da analise
dos prontuarios dos doadores de cornea. Todos 0s registros dos potenciais doadores
(causa da morte, causa do descarte de cornea, més de doacdo, idade, sexo e tempo de
morte, enucleacdo e preservacdo da cornea), de 2014 a 2017, foram incluidos no estudo.

Resultados: Analisamos 1.574 notificagdes de doadores de cornea. As caracteristicas
demogréficas apresentaram diferencas significativas na distribuicdo por sexo (masculino,
74,8% e feminino, 25,2%), e a idade média do doador foi de 40 + 15,9 anos. 25% das
causas de morte foram de doencas cardiovasculares seguidas de 19,6% de perfuracdes
por arma de fogo, 14,2% de mdltiplos traumas. Descrevemos 3.074 cérneas doadas do
Banco de Olhos do DF, onde 2,6% ndo foram captadas. Dos 3.074 tecidos da cérnea
doados, aproximadamente 60% (n = 1.836) foram transplantados e 40% (n = 1.238) foram
descartados. Em relagdo as causas de descarte, 68% (n = 841) foram devidas a exames
sorologicos positivos ou indeterminados e 39% (n = 486) por vencimento (periodo
méaximo garantido expirado de preservacao da cornea).

Concluséo: Conforme discutido neste estudo, questdes especificas como causas violentas
de morte, desproporcéo de género e tempo total de processamento da cornea podem ser
melhor gerenciadas para reduzir o tempo de aquisicdo e a disponibilidade de tecido da
cdrnea para transplante.
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Abstract

Purpose: The aim of this study is to identify the causes for discarding corneas at the Eye
Bank of the Federal District in Brasilia, Brazil and to describe the social and demographic
variables and Causa Mortis of Federal District cornea donors from 2014 to 2017.
Method: We conducted an exploratory, social-epidemiologic, and technically descriptive
study regarding cornea donation. The data base information was obtained from the
corneal donor’s medical records analysis. All of the potential donors’ records (cause of
death, cause of cornea discard, month of donation, age, gender, and time of death, corneal
enucleation and preservation), from 2014 to 2017 were included in the study.

Results: We looked at 1,574 corneal donor notifications. Demographic characteristics
displayed significant differences in gender distribution (male, 74.8% and female, 25.2%),
and the average donor age was 40 = 15.9 years. 25% of the causes of death were from
cardiovascular disease followed by 19.6% from sharp or blunt instrument injury, 14.2%
resulted from multiple traumas. We described 3,074 donated corneas from the DF Eye
Bank, where 2.6% has not been uptaken. Of those 3,074 corneal tissues, nearly 60%
(n=1,836) have been transplanted and 40% (n=1,238) were discarded. Regarding the
causes of discard, 68% (n=841) were due to positive or indeterminate serological blood
tests and 39% (n=486) because of matureness (expired medium guaranteed period of
corneal preservation).

Conclusion: As we discuss in this study, specific issues such as violent causes of death,
gender disproportion and total time of corneal processing can be better managed to reduce
procurement times, and availability, of corneal tissue for transplantation.
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Introduction
It is estimated that 36 million people are considered legally blind and another 216.6

million people are classified as vision impaired worldwide 2. The main causes for these
impairments are uncorrected refractive flaws, representing 43%, and cataracts with 33%
of the cases. In cases of blindness, cataract corresponds to 51%, glaucoma 8%, and 34%
from other disorders 341, In this scenario, nearly 5.1% of vision impairment were caused
by corneal opacities®. Trachoma, and vitamin A deficiency, sclerocornea, limbal cornea
dermoids and keratitis are diseases which causes corneal opacities!® .

Corneal Transplantation is the most common and successful form of solid organ
transplantation and is considered the primary treatment for restoring vision to patients
with corneal blindness [, Corneal transplants have been performed all over the world and
in 2012 alone almost 184.576 were done in 116 countriestl. Of those, 8% (nearly 15.000)
were performed in Brazil [3 81,

From 2010 to 2017, 113,219 corneal transplant were performed in Brazil, which is
significantly higher than other solid organs transplantation such as kidney (43.224) and
liver (12.038)[ 0 Beyond the increasing numbers of corneal transplantations, the
procurement process has also increased when compared to transplantation per capita rate
B33 Until December of 2017, 9,266 patients were on the general waiting list for corneal
transplants and 2.14% (199/9,266) of those are from the Federal District (DF) 1%, From
2009 to 2016, the number of potential donors grew 36.10%, but the proportion of effective
and potential donations increased only 3.8%, so the challenge of improving the donor
selection process is still important (2131,

The collection, processing and distribution of corneal buttons is the responsibility
of the Eye Banks (EB), which organize their workflow in accordance with the Pan
American Association of Eye Banks (APABO) and the Eye Bank Association of America

(EBBA). The standardization of procedures by the EB are necessary once they have had
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a direct influence on the final quality of the cornea tissue and, consequently, the post-
operative success #1114,

The National Agency for Health Surveillance (ANVISA) in Brazil regulates the
Eye Banks work through the *’Resolugio da Diretoria Colegiada’> (RDC) n°® 55/2015°],
available on the institution website. This legal rule standardizes the potential donor
selection process using the family interview, medical records analysis, the deceased body
evaluation and the tissue quality itself [** 151, Because of the infectious and transmissible
diseases risks, the RDC n° 55/2015 also establishes the tissue contraindication
parameters, such as the donor serological tests for tissue approval for transplantation 61,

The aim of this study was to identify the causes for discarding corneas from the Eye
Bank of the Federal District and to describe the social and demographic variables and
mortis causes of corneal donors from 2014 to 2017.

Material and Methods
We conducted an exploratory and descriptive study regarding cornea donation to

the DF Eye Bank located in an important tertiary public hospital. The DF Eye Bank was
founded in 2003 as a non-profit entity, which conducts active searches for donations
within the Instituto Hospital de Base do Distrito Federal (Latitude: 15° 46’ 48" S,
Longitude: 47° 55" 45" W), which is in the Central-Western region of the country and has
a population of approximately 3 million people. This information is available on the
Brazilian Institute of Geography and Statistics (IBGE) website*"),

The project was approved by the Ethics Committee for Human Experimentation of
DF Health Secretary and the Health Sciences Faculty (University of Brasilia) under the
protocol number CAAE 45898115.8.0000.0030.

The data collection was performed through analysis of corneal donor’s medical
records, and organized in a database using Excel software (Microsoft Corporation, USA).

All the potential donors’ characteristics (cause of death, cause of cornea discard, month
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of donation, age, gender, time interval of death, corneal enucleation and preservation)
from 2014 to 2017 were included in the study. We processed and analyzed the data using
the Statistical Package for Social Science software (SPSS) (IBM, USA). The collected
information was described as measures of frequency and absolute numbers and
percentages. For the results analyses the Person chi-square was used (P>.05).

Results
From 2014 to 2017, we observed 1,574 corneal donor notifications at DF Eye Bank

Institution and 1.77% (28/1,574) of them were excluded from the medical records
analysis because they did not have all the variable information. The year 2015 had the
highest number (29.3%) of donations and 2017 had the lowest (21.6%) though they also
had the greatest number of excluded registrations (16/28) (Table 1).

Demographic characteristics showed great differences in gender distribution (male,

74.8%, n= 1,157 and female, 25.2%, n= 389), as shown in Table 1.

Table 1. Demographic Characteristics From Cornea Donors From 2014 to 2017.

Age Female Male Total
Year Mean SD N % N % N % P
2014 40 +16.2 91 24.7 277 75.3 368 100 Reference
2015 41 +15.6 118 26.0 336 74.0 454 100 .679
2016 39 +16.1 86 22.1 303 77.9 389 100 .405
2017 41 +15.1 95 28.4 240 71.6 335 100 .305
Total 40 +15.9 389 25.2 1157 74.8 1546 100

t Chi-Square (df=1)
P value: Chi-square comparison between gender
SD: Standard Deviation
The average donor age during the studied period was 40 + 15.9 years (Table 1). The
age range of the majority of cornea donors was 51-60 (21.9%) but the 41-50 (21.5%) age
range had almost the same number of donors, and all of them presented the same variance

throughout the observed period, including those two most representative ranges cited

below (Table 2).
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Table 2. Age Distribution of Cornea Donors from the DF/Brazil Eye Bank of Brazil from 2014 to

2017.
2014 2015 2016 2017 Total
Age Range N % N % N % N % N %
<10 5 14 4 0.9 7 1.8 9 2.7 25 1.6
11-20 51 1.9 63 13.9 70 18.0 37 11.0 221 14.3
21-30 74 20.1 68 15.0 54 13.9 46 13.7 242 15.7
31-40 59 16.0 69 15.2 59 15.2 47 14.0 234 15.1
41-50 64 17.4 107 23.6 74 19.0 87 26.0 332 215
51- 60 73 19.8 95 20.9 96 24.7 74 22.1 338 219
61-70 40 10.9 48 10.6 29 7.5 35 10.4 152 9.8
271 2 0.5 0 0.0 0 0.0 0 0.0 2 0.1
Total 368 100 454 100 389 100 335 100 1546 100

The monthly cornea donation average was about 128 + 29.3 per year. The aggregate
data demonstrated that June presented the biggest number of donations over the past 4

years as shown in Figure 1.
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Figure 1. Corneal donations monthly distributed from 2014 to 2017.
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The causa mortis classification results demonstrated that about 25% of the causes
of death resulted from cardiovascular disease (n= 388/1546) followed by 19.6% from
sharp or blunt instrument injury (n= 303/1546). 14.2% of deaths were from multiple
trauma (n= 220/1546) and other causes as shown in Figure 2.

Stab Wounds
Instrument Injury
2%
Cardiac Arrest

0,
3% Sharp/Blunt Intrument

. . Injury
Respiratory Disease 20% Multiple Trauma
9% 14%
Hepatopathy
2% \
Others
26% Sepsis
2%
Cranium-Encephalic
Accident
6%
Other
To Explain 4%

4%

Figure 2. Cornea donors' causes of death.

The time intervals between death and eye globe enucleation (T1) and between
eye globe enucleation and corneal button preservation in medium storage solution (T2)
demonstrates that T1 averages in 2014 were 7.7 hours (h) and have decreased over the
yearsto 7.3 h in 2015 and 2016 and 7.4 h in 2017 as shown in Table 3. A similar pattern
is observed in T2 comparison, except for the increase between 2016 and 2017. The
median values and comparison between the total time of corneal processing (from the
moment of death until medium preservation) is not significantly related to the causes of
death according to the result of the independent-sample median test, p value = 0,114.
Despite these previous results, the statistical comparison between T1 and T2 for the same
year are almost identical according to the related-sample Wilcoxon signed rank test result,
p value <0,0001. Therefore, they are different from each other, and evidenced by the
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increase of total time of 9.2 hours in 2017 when compared to 2014, demonstrating that in

2017, the T2 intervals had more hours than the T1.

Table 3. Comparison between the time of death, enucleation and preservation interval.

2014 2015 2016 2017
Interval Period Mean SD Mean SD Mean SD Mean SD
T1 7.7 5.5 7.3 4.7 7.3 5.3 7.4 4.9
T2 6.7 4.6 6.7 3.9 6.2 3.9 6.7 4.3
Total (T1to T2) 8.2 5.2 8.4 5.0 8.0 4.6 9.2 5.6

T1=Time between death and enucleation (in hours)
T2=Time between enucleation and preservation in medium (in hours)

The causes for discarding corneal buttons’ were distinguished in two different
groups, one containing all the systemic causes, and the other ophthalmic or tissue intrinsic
causes. 3,092 corneas were donated to the DF Eye Bank from 2014 to 2017 and 3% (n=
18/3,092) have not been uptaken. So, in total 3,074 corneas were uptaken and processed
by ANVISA’s orientation™!, nearly 60% (n=1,836) were transplanted and 40%
(n=1,238) were discarded. As shown in Table 4, the major causes of discard from
systemic causes were positive or indeterminate serological tests (68.3%, n=424) and
indeterminate donor’s causa mortis (14.4%, n= 90). For the corneal self-tissue, the most
prevalent causes of discard were matureness, which is the exceeded time of tissue
preservation storage, with 39.3% (n=245) and stromal infiltration with 37.2% (n=232).
Considering that each donor has two corneal tissues, the number of samples not taken up
(n=18) demonstrates the case that only one corneal tissue was preserved and the other

was not.
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Table 4. Causes Corneal Tissue Discard from 2014 to 2017

Sistemic Causes N %

Infectious Causa Mortis (sepsis) 58 9,3
Cancer 2 0,3
Indeterminated Causa Mortis 86 13,8
Contraindication 15 2,4
Positive or Indeterminate Serology 424 68,3
Total 585 47,0

Ophtalmic Causes

Non-Biological Artifact 82 13,1
Stromal Infiltrate 232 37,2
Corneal Leukoma 1 0,2
Non-viable Tissue 40 6,4
Total 355 28,5

External Causes

Technical Failure 8 1,3

Inadequate Serological Samples 27 4,3

Not Uptake 18 2,9

Matureness 245 39,3

Total 298 23,9
Discussion

The gender distribution results are similar when compared with data previously
described by our study group, such as 73.3% for male and 26.5% for female from the
2004 to 2013 analysis . Other studies worldwide have described different results; some
of them with greater discrepancies *® °! and others with more equal proportion between
genders 20221 Despite this, the male gender is almost always the largest proportion among
all studies, principally due to the fact that they are the main victims of external causes of
death %1, Violent and non-violent causes of death may influence the discrepancy between
genders among the population in the Federal District. External causes of death are
expected, and have been discussed previously by this work group. & 23, Hopkinson et
al 4 proposed that gender can influence the donor and recipient incompatibility related
to corneal rejection and failure, thereby, the gender distribution information is used to

improve technical procedures, health policies and clinical conduct.
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The mean donor age of our study was 40 + 15.9 years (Table 1) consistent with other
recent studies [ 18 201 put still lower than other national and internationally published
studies 2% 25281,

From 2014 to 2017, the month of December had the lowest absolute number of
donations, at least half (3.9% n= 61) when compared to the rest of the year’s average as
shown in Figure 1. Systematic monthly information regarding donations of corneas
collected throughout the year and compared with other years improves the physical,
technical and financial management of the eye bank,

The scientific literature regarding epidemiological analysis of cause of death, for
corneal tissue donors, demonstrates a heterogeneity of those causes nomenclature and
classifications. Therefore, in order to analyze these types of results in a general way, the
etiological cause of death must be considered even if the Eye Bank Association of
America (EBAA) has established their own unique classifications B%. In light of that, the
most frequent causes of death were cardiovascular diseases (25.1%, n=388) (Figure 2),
which was previously described in the state of 2131 and Cascavel city (Parana State) 28l
in Brazil and agrees with U.S Eye Banks results from 2011 to 2016 B, Thus, other studies
have also demonstrated the frequency and importance of the heart or cardiac disease as
significant non-external cause of death, some with minor and others with higher
representative results [ 2532 The second most observed external cause of death was
sharp/blunt instrument injury (19.6%) which was also described in DF, Brazil by our
group, as well as worldwide 18 %% 27.381 The historical and increasing prevalence of this
type of death may reflect the violent social environment in Brazil 18 23 28],

ANVISA’s RDC n° 55/2015 establishes the maximum range for time interval
between death, eye globe enucleation, corneal preservation and storage conditions. The

results observed in Table 3 showed a slight decrease in T1 interval from 2014 to 2017
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and maintenance of T2 results. Overall average from time between and preservation was
homogeneous throughout the analyzed period. The average time for the same period from
the state of Goias (6.5+4.3 hours) is lower when compared to our results 8. The main
concern is that this average (7.7 — 7.4 hours) does not comply with ANVISA's
standardized time [*°1. This T2 average and the total (T1+T2) time increased in 2017 (9.2
hours), when compared to 2014, 2015 and 2016, and resulted from the necessary changes
to the adequacy of the Bank's services per the new ANVISA RDC n°55[*1 |egal standards
in 2015. Although Eye Bank studies in S&o Paulo have not observed any difference in the
total time interval average, they have shown lower quality tissue samples 4],

Some studies demonstrated the proportion of discarded and transplanted cornea
tissue as about 10-16.3% in S&o Paulo, 21.9% in the state of Rio Grande do Norte ¥ and
24% in the state of Minas Gerais®®l. Table 4 shows that we observed and almost 40%
(n=1,238) discard rate in the Federal District, a higher result when compared to So Paulo
and Rio Grande do Norte , and even the global average ), about 35%, but lower than the
state of Ceara at 49.1 8. In general, the causes for discarding are distributed and
separated into three different groups: systemic, ophthalmic and external causes. Several
studies have described positive diagnosis by blood screening for infectious diseases. Once
all potential deceased organ donors are serologically screened™ ¢! for HIV-1 and -2
antibody, human T cell lymphotropic virus (HTLV)-1 and -2 antibody, HCV antibody,
Anti-HBc and HBsAg, the results of infectious disease prevalence are described in
Brazil** 1*1 and worldwidel?l. Therefore, corroboration with positive or undetermined
serological results are the major cause of corneal tissue discardating (68.3%. n=424) from
our study. Despite the lower rate of positive cornea donor samples, compared to 20%
worldwide B% and 1—32% in local states 0% 27 281 our results consider all the

undetermined serological results that could explain the rate of increase when compared
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to others. The reduced availability of validated serological cadaveric tests has been
discussed as a possibility for false-positive results related to discrepancies between in
vivo and postmortem serological performance [ 161,

Analyzing social, demographic and technical indicators, using statistical tools to
correlate epidemiological data, mitigates the improvement of public health measures of
transplant centers and consequently improves the population's access to the quality
service.

The Eye Banks have a new challenge to enhance safety and effectiveness of corneal
transplantation. As discussed in this study, some specific issues such as violent causes of
death, gender disproportion and total interval time of corneal processing management
seek to reduce those procurement processes and increase availability of corneal tissue for
transplantation. The donor’s medical records analysis, personal clinical history,
serological screening tests and tissue evaluation are influential factors for effective
corneal transplantation. In this study, we noticed the significance of standardizing some
Eye Bank procedures. We observed that the cause of death and discard classification is
not standardized and as a result, it shows a heterogeneity of nomenclatures. For an
effective data analysis, a reclassification based on etiological causes and guided by the
Brazilian Ministry of Health’s technical document “’The death certificate: a necessary
and important document”’# is highly recommended.
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5.2 Morfologia: Artigo 2 a ser submetido para a revista Investigative Ophthalmology
and Visual Science (editora ARVO- Association for Research in Vision and
Ophtalmology).

Resumo

Objetivo: O tempo maximo de armazenamento conhecido para as corneas doadoras no
meio de preservacdo Optisol-GS é limitado a 14 dias. Tempos de armazenamento mais
longos podem permitir melhores resultados em enxertos de alto risco. Aqui analisamos a
morfologia de cada camada da cOrnea em armazenamento em Optisol-GS em diversos
intervalos.

Método: 10 clrneas preservadas em meio Optisol-GS a 4 °C foram analisadas por
microscopia especular em até 48 horas apds a preservacdo e microscopia oOptica e
eletronica de varredura e transmissao, com intervalos de preservagéo de 7, 10, 12, 14, 16
e 20 dias.

Resultado: Observaram-se discretas alteracfes morfoldgicas para as amostras do 10° dia
e mais severas para 0 14° 16 ° e 20° dias. Como as lamelas estromais incompactas,
diminuicdo ou auséncia de células epiteliais e do endotélio, descontinuidade do padrédo
hexagonal, ruptura do citoplasma e desorganizacdo estromal. Também registramos a
estrutura morfoldgica da camada de Dua em imagem de alta qualidade.

Conclusdo: Alteracdes morfoldgicas endoteliais significativas foram observadas no
tecido corneano armazenado em Optisol-GS apds o dia 10 a 4°C. Tecidos da cornea
armazenados por mais de 10 dias ndo sdo apropriados para transplantes épticos.
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Lifetime behavior of corneal tissue morphology during preservation in Optisol-GS.
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Abstract

Purpose: Known maximum storage time for donor corneas in Optisol-GS is limited to
14 days. Longer storage times may allow for better outcomes in high-risk graft. Here we
examine the morphology of each corneal layers stored in Optisol-GS at varing lengths.
Method: 10 corneas preserved in an Optisol-GS medium at 4°C, were analyzed using
specular microscopy up to 48 hours, optical and electron microscopy methods of scanning
and transmission at 7, 10, 12, 14, 16 and 20 day preservation intervals.

Result: We observed discreet morphological alterations for the 10" day samples and more
severe for the 14", 16" and 20™ days. Like incompact stromal lamellae, decrease or lack
of epithelium and endothelium cells, hexagonally pattern discontinuity, cytoplasm
disruption and stromal disorganization. We also registered the Dua’s layer morphological
structure in high quality image.

Conclusion: Significant endothelial morphological changes were noted while corneal
tissue was stored in Optisol-GS after day 10 at 4°C. Corneal tissue buttons stored longer
than 10" days are not appropriate for optical transplants.
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Introduction

Healthy morphology is essential for vision clarity conservation!. A human cornea
is composed of two segments and six layers: endothelium; Descemet’s membrane; Dua's
layer>91214: stroma; Bowman’s layer and epithelium, from posterior to anterior
segments?’. Corneal tissue, due to its non-vascular characteristics, has a limited capacity
to recover from traumas with severe extensions compromising transparency and
biochemical function® °. Besides that, many ophthalmic conditions affect the corneal
tissue structure, resulting in a lack of visual efficiency?.

Cornea transplant is the most common type of transplant surgery worldwide.
Greater quality cornea tissue improves the prognostic chances of visual reestablishment.
One of the main causes of graft failure is endothelial cell loss, therefore corneal donors
with sufficient endothelial cell density (ECD) deduce the risk of late endothelial failure.
Specular microscopy is a useful, reliable and standardized method at eye banks around
the world for ECD assessment%3, This semi-automated, non-invasive, technique enables
observation and recording of the image of the corneal endothelial cell layer, establishing
baselines data of several morphological parameters and providing their functional states.
Scanning (SEM) and transmission (TEM) electron microscopy improves the
ultrastructure characterization of corneal cellular morphology'® . SEM and TEM
technologies, when performed at varying periods of preservation allows for the
observation of cellular modifications for a longer time than specular microscopy®®. Those
observations are important for specular microscopy development, aimed ensuring
corneal quality for better corneal transplant prognosis. Cornea storage in Optisol-GS
(Bausch & Lomb Incorporated, Rochester, NY, USA), the most common storage medium
in the United States and Brazil, maintains endothelial integrity for 14-16 days. It is a

commercially available medium, which osmotically activates substances such as dextran
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chondroitin sulfate, vitamins, and precursors of adenosine triphosphate to maintain the
normal physiological thickness and clarity of the cornea’®. Despite the viability of
extension, endothelium cell density decreases over the time when storage in Optisol-
Gs®17, 18.

Several previous studies have provided a considerable amount of information about
the behavior of the epithelium, the stroma and the endothelium during storage in Optisol-
GS and using light microscopy or specular microscopy. This is limited to the beginning
of the storage period, and few studies provided profound information with SEM and TEM
of the ultrastructure characterization of corneal cellular morphology. The purpose of this
current study was to investigate the morphology of corneal tissue stored in Optisol-GS at

different lengths of time.

Materials and Methods

The Federal District Eye Bank is located in an important tertiary public hospital and
was founded in 2003 as a non-profit entity. The Federal District is the capital of Brazil
(Latitude: 15°46'48" S, Longitude: 47° 55'45" W). The study was approved by the ethics
committee of the Federal District Health Secretariat and the Health Sciences Faculty from
University of Brasilia the protocol number CAAE 45898115.8.0000.0030. Only
discarded corneas were included in the study. Corneal donors demographic
characteristics regarding age, gender and causa mortis were collected.

Preservation of Human Corneal Tissue. For this study, corneal tissues from 10
human corneas were used as convenience samples. All eyes globes were harvested within
6 hours postmortem and had been preserved within 24 hours in Optisol-GS (Bausch &
Lomb Incorporated, Rochester, NY, USA) and stored at 4°C. The excessive sclera,

conjunctiva, and iris were removed; the cornels tissues were prepared for morphological
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analysis or trimmed into six equal parts to obtain tissue cubes of 2 clock-hour width (i.e.,
a size of approximately 3 x 5 mm). The trimmed tissue cubes were placed inside airtight
4 mL glass jars containing 2 mL Optisol-GS corneal storage medium and were preserved,
in submerged conditions.

Corneal lifetime preservation behavior. Ten corneal tissue samples were
analyzed in triplicate using specular microscopy until 48h post-preservation in Optisol-
GS and light microscopy, SEM and TEM after 7, 10, 12, 14, 16 and 20 days of post-
preservation in Optisol-GS medium. They were performed in the Laboratory of Electron
Microscopy at the University of Brasilia and Federal District Eye Bank.

Morphological analysis. Cornel tissue stored in Optisol-GS were verified by
specular microscopy (Konan Cell Check EB10 microscope and the Konan Corneal
Endothelial Analytics software, Irvine, USA) within 48 hours after preservation at the
Eye Bank in order to assess the quality of endothelium®® 2°. Data from average cell size
(AVE), endothelium cell density (ECD), cellular variation rate (CV) and hexagonality
(HEX) were taken from 9 of the 10 samples. For analysis under light microscopy, the
samples were fixed in 4% buffered paraformaldehyde (PFA), and embedded in
paraffin. Three um sections were stained with Hematoxilin and Eosin (H.E.) (Sigma-
Aldrich, USA), and analyzed using light microscope (Primo Star and Axiophot, Zeiss,
Oberkochen, Germany). For scanning (SEM) and transmission (TEM) electron
microscopy, the tissues were fixed in Karnovsky fixative solution (2% glutaraldehyde,
2% PFA in 0.1M sodium cacodylate buffer, pH 7.2), and post-fixed with osmium
tetroxide in 1% sodium cacodylate buffer. Then were processed for each method (SEM
or TEM) standardized protocol?! as follow: in TEM (1011, JEOL, Tokio, Japan) the
material was dehydrated in an ascending acetone series (30-100%) and embedded in

Spurr resin. Ultrathin sections were contrasted with uranyl acetate and lead citrate.
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While for analysis in SEM (7001F, JEOL, Tokio, Japan), following dehydration the
material was subjected to a drying apparatus to the critical point of Balzers CPD 30,
mounted on stubs and metalized on the device Sputter Coater, Balzers SCD 050.
Statistical Analysis. All numeric data obtained was expressed as mean and
standard deviation. Comparisons of ECD; CV; Hex; AVE from positive serology for
hepatitis B virus (HBV) markers donors and nonpositive donors were statistically

analyzed using T- test (P<0.005).

Results

The study included ten corneal tissues samples, and they were maintained for 7 to
20 days of storage to analyze, morphologically, analysis cornea lifetime preservation
behavior. Five corneas had positive serology markers for Hepatitis B virus (HBV), two
displayed tissue damage (non-biological artifact and stromal infiltrate) and other three
were discarded by tissue matureness (reached the maximum preservation time in Optisol-
GS). The positive serology samples demonstrated an ECD, CV, Hex and AVE average
of, respectively, 2571+332.05 cell/mm?, 44+4.36, 46.67+9.29%, 393.67+54.88. The other
samples showed ECD, CV, Hex and AVE average of, respectively, 2484+303.80
cell/mm?, 37.60+7.89, 59+8.04%, 407.20+47.21. Corneal donor’s specular difference
analysis results from corneas discarded due to statistically insignificant matureness
(P>0.005) rather than corneas discarded due positive serology for HBV (ECD P=0.7170;
CV P=0.2522; Hex P=0.1180; AVE P=0.7231). Worldwide recommended parameters
have been established ! for a suitable cornea for transplantation, such as, ECD has to be
more than 2.000 cells/mm?. As shown in Table 1, all samples from our study were
classified as suitable. Corneal donor’s specular analysis results and personal

characteristics are shown in Table 1.
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Table 1. Specular microscopy analysis done 48 hours after preservation.

ECD Hex Donor . L .
Sample n SD CV o AVE Discard Motivation  Causa Mortis
(cells/mm?) (%) Age
1 Not analyzed by specular microscopy 52 Stromal Infiltrate Hemorrage
Sharp/ Blunt Instrument
2 2353 146 34 >3 425 39 Non- Biological Artifact Injury
2188 216 47 57 457 49 Sharp/ Blun.t Instrument
3 Injury
4 2747 143 39 44 364 Matureness
39 Traumatic Brain Injury
5 2778 165 46 39 360
6 2252 144 32 56 444
30 Suffocation
7 2232 143 32 71 448
Positive Serology for HBc
3 2703 152 41 51 370 53 Politraumatism
9 2326 213 50 54 430 63 Pneumonia
Positive Serology for
10 2907 112 33 55 344 18 HBsAg Politraumatism

ECD: endothelium cell density; SD: standard deviation of ECD, AVE: average cell size, HBc: hepatitis B
virus core, HBsAQ: hepatitis B surface antigen, CV: cellular variation rate, Hex: hexagonality. Analysis
done 48 h after preservation.

Normal corneal endothelium was characterized by a monolayer of polygonal cells of
uniform size and shape (Figure 1-A). This is a specular photomicrograph taken from
corneal endothelial presenting recognizable, typical endothelial-cell polygonal
morphology. This micrograph represents well-defined images, which assist the
technicians in performing the identification and selection of cells so the software can
process the algorithm and provide the reliable results presented above. Figure 1-B,
observed different cell size populations (CV), reflected as blurred cell borders and
definition. A large dark area indicated degradation of endothelial cells. This type of image

makes the endothelial cell identification and selection difficult.
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Figure 1. Specular photomicrograph of normal human endothelium took within 48h after
Optisol-GS preservation. (A) Great specular parameters, as the dark well-defined cell borders,
the regular hexagonal array, shown by the black arrows. (B) Blurred cell borders and definition,
large dark areas indicate degradation of endothelial cells, shown by the black arrows. AVE:
Average cell size, CD: Endothelium Density, CV: Cellular Variation Rate, HEX: Hexagonality,
SD: Standard Deviation of CD.
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Corneal Morphological Description at 10" day Post-Preservation
Hematoxylin and eosin (H.E) staining demonstrated that the limbal epithelium was
nearly intact from the epithelium on day 10 (Figure 2-A). The layers preservation was

observed by scanning Electron Microscopy (SEM) (Figure 2-B).

— 100pm JEOL
X 270 15.0kV SEI SEM WD 9mm

Figure 2. Histology of human cornea stored for 10 days in Optisol-GS. (A) Cross-sectional
light microscopy of cornea (x32). (B) Cross-sectional scanning electron microscopy was able to

delineate the corresponding distinct layers of the cornea with similar resolution to histology
(x270). EN: Endothelium and EP: Epithelium.
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The corneal epithelium (EP) showed a regular nucleus shape, dense chromatin and
eosinophilic cytoplasm as observed in figure 3 (A- arrow). The SEM analysis showed the
epithelium layer integral dispositions (Figure 3-B- arrow). For TEM analysis, a near
normal structure with cubical basal was observed. Despite this, some of them began to
lose adhesion of the tight junctions (Figure 3-C-arrow). The Bowman’s layer (B),
localized between the epithelium and the anterior stroma (S), appeared normal and were

composed of compact collagen fibers arranged randomly (Figure 3-A and C).

W dw . /e

100pm JEOL

15.0kV SEI SEM WD 20mm

Figure 3. Human corneal epithelium (EP), Bowman’s layer (B) and stroma (S) stored for 10
days in Optisol-GS. (A) Micrograph using light microscopy from epithelium layer (arrow)
(x1000); (B) Scanning electron microscopy (SEM), epithelium layer integral disposition (arrow)
(x100); (C) Transmission electron microscopy (TEM), showing the cubical basal cells (x4000);
(N) Nucleus.

The stroma is the thickest layer composing 80% of total corneal tissue thickness,
located between the Bowman’s layer and the Descemet’s membrane. The stroma was

divided into an anterior portion, with tightly collagen fibrils better organized (Fig. 4-A,
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star), closer to the bowman’s layer, and a posterior portion, with soft collagen disposition
(Fig. 4-A, triangle), closer to the Dua’s layer. We observed stroma organization
composed by lamellar (Fig. 4-B) collagen fibrils (Fig. 4-D) and fibroblasts (Fig. 4-A and

C, arrows), with glycoproteins production for the extracellular matrix (Fig. 4-C, E.M).

Figure 4. Human corneal stroma stored for 10 days in Optisol-GS. (A) Micrograph using light
microscopy showing tightly collagen fibrils (star) and soft collagen disposition (triangle),
fibroblasts (arrows) from the stroma (x100); (B) Scanning electron microscopy (SEM) of the
collagen fibrils disposition (x500); (C-D) Transmission electron microscopy (TEM) showing a
fibroblast (arrow) disposed into the lamellar structure and the transversal and horizontal
collagen ultrastructure fibrils organization (C: x10000 and D: x25000).

The Dua’s layer (D.L) showed a well-defined acellular structure between the deep
posterior stroma and Descemet’s membrane (D.M) as registered in figure 5-A (arrow).
D.L was composed of tight collagen fibrils extending from the posterior stroma. In figure
5-A (indicated as D.M) we observed that there are two different morphological zones, an

anterior banded zone (Fig. 5-A, 1), and a posterior non-banded zone (Fig. 5-A, 2). We
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also observed evidence of peripherally trabecular beams (Figure 5-B-Stroma). The
endothelium was disposed next to the Descemet’s membrane (Fig. 5-B, End.) as a single

layer of hexagonal cells (Fig. 5-C) with oval and elongated cytoplasm (Fig. 5-A).

Figure 5. Human Corneal Dua’s layer (D.L), Descemet’s membrane (DM) and endothelium
cells (END) stored for 10 days in Optisol-GS. (A) Light microscopy evidencing two banded (1)
and not banded DM zone (2), Dua’s layer better visualized in the inset image (arrow), (x400 and
inset x1000); (B) Scanning electron microscopy (SEM) of endothelium, Descemet’s membrane
and stroma at high resolution disposition (x900); (C) Scanning electron microscopy (SEM), note
the endothelium cells with standard pattern (hexagon) (x1000).
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Corneal Life Time Post-Preservation Morphological Description

At the 7" day, the single layer endothelium presented the classical honeycomb-like
mosaic morphology (70 — 80% of hexagonal shape), great evidence of the collagen fibrils
between the juxtaposed cells, as observed in Figure 6- A. At the 10" day, the endothelial
cells still presented a hexagon pattern, but some presence of pleomorphism (non-uniform
cells membranes) was seen in Figure 6-B. From the 12" day, endothelial cells started to
demonstrate localized cell loss or displacement, as shown in Figure 6-C (arrow) and lower
connection of collagen fibrils. By the 14" day, the endothelium cell damage increased
(Fig. 6-D- arrow), mischaracterizing the honeycomb-like pattern. At the 16" day, there
were only a few clusters of cells, exposing the Descemet’s membrane, as seen in Figure
6-E. The 20" day results demonstrated severe intra and extra cellular damages, as cellular
lysis and cytoplasm disruption (Fig. 6-F).

7th day 10" day 12th day

Figure 6. Human corneal endothelium morphological comparative analysis at 71, 10, 121,
14™ 16", 20" storage time in Optisol-GS by scanning electron microscopy (SEM). (A) 7" day:
Endothelium classical honeycomb-like mosaic (x1000); (B) 10" day: discreet pleomorphic
(x2000); (C) 12" day: localized cell loss or displacement (arrow) (x2000); (D) 14" day: cell
damage increase (arrows) (x2000); (E) 16" day: few clusters of cells (arrows) (x1000); (F) 20t
day: severe intra and extra cellular damages (arrow) (x6000).
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Cellular death in a storage medium is a process that occurs gradually over time
depending on cells ability to survive in an anoxious environment caused by cessation of
nutrients. For more detailed information about the cellular death process in corneal tissue
after 10 days of Optisol GS storage, we selected 10, 14 and 20 day intervals to perform
light microscopy and SEM observation. The 10" day post-preservation corneal samples
showed compact lamellar collagen fibrils, large number of fibroblasts, integral epithelium
and endothelium (Fig. 7- A and D). The same tissue samples analyzed at the 14" day,
already showed some morphological differences, such as adhered epithelial cells that
were not adjacent (Fig.7-B and E- arrows), and the lamellar collagen fibrils presented
remission patterns and lower numbers of fibroblasts (Fig. 7- B and E- star and triangle).
The 20" day, post-preservation samples, showed lack of epithelium cells (Fig.7-C and F-
arrows), disarranged stromal lamellar collagen fibrils and absence of fibroblasts (Fig. 7-
C and F-triangle). The Bowman’s and Descemet’s membrane were integral by all the

evaluated periods.
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Figure 7. Human corneal tissue comparative analysis at 10", 14" and 20" storage time in
Optisol-GS and analyzed by light (A,B,C) and scanning electron microscopy (D,E,F). (A) 10"
day,-Epithelium (arrow), compact lamellar stroma and large number of fibroblasts (star) is
observed; (B) 14" day, not integral epithelium (arrow), soft lamellar stroma and lower number
of fibroblasts (star) is observed; (C) 20" day, lack of epithelium (arrow), incompact lamellar,
stroma and almost absence number of fibroblasts (star); (D) 10" day, preserved epithelium
(arrow), compact lamellar stroma (triangle); (E) 14" day, epithelium (arrow), soft lamellar
stroma (triangle), lack of endothelium (D.M-arrow) and (F) 20" day, lack of epithelium (arrow),
incompact lamellar stroma (triangle). Magnification x100; EP: Epithelium, EN: Endothelium
and D.M: Descemet’s membrane.

We detailed the morphological description of the 20" day sample cornea stored in
Optisol-GS storage. The lack of epithelium and endothelium were observed for both light
microscopy and SEM analysis (Fig. 8-A- arrow). Lower number of fibroblasts, (Fig. 8-
A- circle), incompact collagen (Fig. 8-B), disorganization of the horizontal lamellar
aspect (Fig.8-B) were observed for all 20" day samples. The ultrastructure analysis done
by SEM demonstrate the acute cell damage and disarranged endothelial cell pattern
(Fig.8-C- circle, D-circle). Loss of cell junction (Fig. 8- C) and stromal acellular focus
evidence presented by the absence of fibroblast making an blanc physical space (Fig. 8-

D-arrow) were also observed.
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Figure 8. Human Cornea 20" day in Optisol-GS storage and analyzed under light (A,B) and
scanning electron (C,D) microscopy; (A) Absent epithelial cells (arrow) and low number of
fibroblasts (circles) (x200); (B) Incompact stroma (x200); (C) Endothelial layer damage (circle)
(x1000) and (D) More evidence of disarranged endothelial cell pattern (circle) and stromal
acellular focus (arrow) (x300).

The D.L morphological differences compared to the D.M collagen organization and
normal size is clearly observed in the light microscope image (Fig.9-A) and SEM images
(Fig.9- B and C). For those samples, the processing probably led to the loss of the
endothelial cells (Fig. 9- C- END) but the Dua’s layer and the Descemet’s membrane are
structures composed of collagen fibrils, and therefore being more resistant to the method

of processing.
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15.0kV SEI

Figure 9. Dua’s layer description. (A) Histological analysis with 20 days post-preservation in
Optisol-GS evidencing the Descemet’s membrane (D.M) and Dua’s layer (D.L) (x1000);
(B) Tightly acellular and thinner layer between the Descemet’s membrane (D.M) and stroma, by
scanning electron microscopy (SEM), with 14 days post-preservation (x1200); (C) The D.M
anterior banded zone (star) and not banded zone (triangle), Dua’s layer (D.L), stroma and a
remaining endothelial cell (arrow), by SEM (x2700).
Discussion

Nowadays, the development of surgical techniques, along with qualified surgeons,
aim to improve corneal graft survival, to perform selective replacement of the debilitated

layers during corneal transplant procedures??. Our group has stablished the proportion of

positive serology in corneal donors from the Federal District Eye Bank? corroborating
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the epidemiological characteristics of ours tissue donors where 50% (5/10) tissues were
discarded by HBV positive serology. Despite the insignificant differences from
seropositive tissues and discard motives, using specular microscopy endothelial analysis,
our study is important and recommends continued the donor serological screening®* 2.
The Eye Banks performed, principally, specular microscopy to evaluate the donated
corneal tissues. The specular microscopy can be only performed up to 48 hour after the
corneal preservation, therefore cannot evaluate the tissue quality until the end of the
preservation interval (14 days post-preservation in Optisol-GS)® and as such is an
important disadvantage.

The morphological characteristics are important parameters for transplantation
tissue evaluation!! during the routine service at the eye banks. Each corneal layers
function is relevant to the post-surgical success?.

The tight epithelial junctions works as effective physical and chemical barriers?,
therefore, the 14" and 20" day post-preservation samples demonstrated a morphological
epithelium wane and consequently compromised function. Mechanical trauma, corneal
dryness and other causes are the most common consequences of epithelium disorders?,
The cornea is extremely touch sensitive to touch because of the nervous fibrils. A
breakdown of the corneal epithelium causes great pain 2. Our results showed instability
of corneal epithelium maintence along the time post-preservation.

The Bowman’s layer (B.L) showed preserved structure during all analyzed time
intervals, because it’s acellular morphological pattern. There are cytokine-mediation
between the epithelium and fibroblasts, intermediating apoptotic effects on the
fibroblasts®. Because of this, the B.L may works as an epithelial and stromal relationship
indicator, and when this interaction is deficient, as in bullous keratopathy disease, there

are greater chances of morphological damage.
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The stroma comprises almost 80-90% of the thickness of the cornea, It’s 200 to 250
distinct lamellars organized at right angles to the adjacent fibers are responsible for
transparency characteristics and the mechanical strength®. The results corroborate the
already morpholy described in the literature 3132, The 10" to 20" days post-preservation
intervals demonstrate stromal evaluation differences of the lamellar disposition. Any kind
of different pattern, usually compromises the stromal function®, as the decreased number
of the fibroblasts along the interval observation, principally the 20" day post-preservation,
which are involved in maintaining the extracellular matrix environment, and
consequently, the homeostasis®. Some evidence of stromal dysregulation by systemic
infection, such as keratitis®® 34, correlates with the high number of corneal discard by
serological infections at the Distrito Federal and worldwide eye banks? *°.

The Dua’s layer (D.L), shown in figure 5, could not be visualized as well the corneal
buttons analysis, thus, figure 9 evidence clarifies the existence and its morphological
description. Despite the thinner thickness, is strong enough to resist up to two bars of
pressure and are related to acute hydrops, Descematocele and pre-Descemet's
dystrophies®. The anterior banded zone and not banded zone confirmed the Descemet
membrane (D.M) and the tightly acellular and thinner layer right above the Descemet’s
membrane is the Dua’s layer (D.L).

The Descemet’s membrane (D.M) showed two morphologically different zones, an
anterior banded zone and non-banded zone®. This result corroborates the classical
literature and was essential to confirm the Dua’s layer image finding. The D.M presented
integral appearance at all post-preservation analysis. Corneal endothelium injuries may
be associated with D.M morphological disorders. Foremost the D.M layers importance
for the major types of corneal transplantations, the morphological analysis is relevant to

improve the surgeon’s techniques.
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The corneal endothelium layer pumps water from stroma to the aqueous humor, by
its metabolic activity, aiming to hydrate the stroma working as a barrier to fluid movement
into the cornea and an active pump that moves ions, and draws water osmotically
maintaining the corneal transparency®’. By the 10" day analysis, the endothelium was
integral and continuous cells were separated from Descemet's membrane at some points
and present in others. Even so, with most of our samples, they were not tightly attached
to each other as expected from the literature, although did indeed present the honeycomb-
like mosaic shape observed by specular microscopy*. The number of samples was
sufficient to determine the sample processing or the biological effect caused the lack of
endothelium for the 14™ and 20" post-preservation samples. We found a consistent
pattern with biological degradation.

Once the endothelial layer has maintained corneal clarity, as indicated by their
honeycomb-like mosaic morphology, endothelial cell morphology is commonly
evaluated by pleomorphism and polymegatism®: *°. The eye bank routine standardized
specular microscopy, a semi-automated analysis for corneal tissue evaluation utilizing a
mathematical algorithm. We observed the endothelial cells integrity, along the proposed
intervals. The alterations observed at the 7" and 10" day, post-preservation, were mainly
hexagonal shape, evidence of collagen fibrils and juxtaposed cells corroborating with
other studies* that also identified a hexagonal shape. The 14" and 16" day samples also
displayed similar findings as that of 15" day analysis*®, such as widespread cellular
damage, affecting small groups instead of only punctual cells, loss of the hexagonal shape
pattern, and exposed Descemet’s membrane. The 20™ day had all the morphology
described above and also evidence of the entire cell lysis (cytoplasm disruption).

Not many studies about corneal post-preservation, mainly up to the 20" day,

observed an endothelial cells loss. Lower number of fibroblasts, collagen
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homogenization, diffused horizontal lamellar aspects; acute cell damages, non-hexagonal
pattern and other described cellular alterations indicate hard tissue quality management.
We intended to compare and contribute to other studies related to corneal morphology
description for longer storage periods, such as 21 days*! 2,

The Dua’s layer has been morphologically described over a long the past years,
since its proposal in 2013*, Our results clearly demonstrated the different collagen
composition of the Descemet’s membrane and the Dua’s layer tightly adhered, also
observed by Meek and Knupp?® as collagen fibrils anchoring zone of interwoven. The
Dua’s lamellae and a significant number of proteoglycans are impervious to air. These
morphological descriptions and high quality microscopy images are excellent for the
lamellar transplants (DALK), improving the surgeons and their technique protocols.

Analyzing the same tissue using different microscopy methodologies will assist in
the characterization of the cellular morphology for several periods of preservation, thus
allowing for the observation of cellular modifications over a longer period than specular
microscopy. This kind of research encourages ophthalmic physician’s to improve the
procurement process for good quality donor corneas and the adequate maintenance of the

graft until its use is of fundamental importance for a visual prognosis.
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6. Conclusao Geral

O Sistema Unico de Salde (SUS) garante o acesso a saude como direito
constitucional. Nesse cenario, a saude publica pode ser utilizada como uma poderosa

ferramenta para gestdo, ampliando consideravelmente o seu espaco dentro desse sistema.

e PERFIL EPIDEMIOLOGICO DOS DOADORES

A epidemiologia utiliza ferramentas cientificas e estatisticas para estudo de relac6es
causais, analisa os fatores que determinam a frequéncia e a distribuicdo das doengas em
grupos de pessoas. Portanto, a utilizacdo da epidemiologia descritiva permitiu identificar
as principais caracteristicas dos doadores do Distrito Federal. Todas essas informac6es
contribuem para o planejamento de estratégias com o objetivo de aprimorar as atividades
técnicas e sociais (abordagem e sensibilizacdo da populacdo) aprimorando 0s servigos
realizados no Banco de Olhos.

A faixa etaria dos doadores assim como a despropor¢do entre 0s géneros, onde 0 sexo
masculino contribuiu com a maior parte e desta forma corroborou com as causas de morte

analisadas pelo estudo.

e CAUSA DE MORTE DOS DOADORES

As discussdes realizadas nesse trabalho sobre as principais causas de morte dos
doadores reforcaram a contribuicdo equilibrada de morte violenta e ndo violenta. Os
politraumatismos associados aos acidentes de transito, ferimentos por arma de fogo e
arma branca além da predominéncia do género masculino dos doadores refletem direta e
indiretamente a influéncia da violéncia na sociedade.

O impacto socioecondmico das doencas cardiovasculares, presente em nosso estudo
como a maior causa de morte dos doadores, reforca a necessidade de realizagcdo de
andlises correlativas entre as informacdes epidemioldgicas. Demonstrando a necessidade
logistica adequada e integrada dos servicos de saude e seguranca publica a fim de otimizar

a captacdo e aumentar a disponibilidade de érgaos.

e CAUSA DE DESCARTE DAS CORNEAS DOADAS
A prevaléncia de doencas infecciosas relatados em outros estudos foi também
observada nas causas de descarte das cérneas deste estudo de acordo com os resultados,

tal qual o impacto da triagem soroldgica como resultados positivos e inconclusivos.
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Diante deste fato, a utilizacdo de testes sorolégicos e/ou moleculares com pardmetros de
precisdo adequados podem diminuir a quantidade de corneas descartadas por resultados
inconclusivos, além de garantir a confiabilidade dos resultados positivos e negativos.
Outra discussdo significativa realizada no trabalho, foi a grande porcentagem de
corneas descartadas devido a ndo utilizagdo no prazo maximo de preservacdo em meio
comercial Optisol-GS (tempo de vencimento). Quando o numero de cérneas descartadas
por condigdes teciduais ndo adequadas para transplante € menor do que o descarte por
tempo de vencimento, entende-se que a oferta de tecido estaria maior do que a
necessidade da populacdo. Porém, durante o periodo do estudo, ainda haviam pacientes
na fila de espera pelo procedimento cirdrgico sugerindo, portanto, a necessidade de
reavaliacdo dos processos de trabalho realizados no Banco de Olhos. Os resultados
encontrados na avaliagdo epidemioldgica, evidenciaram a importancia das andlises
realizadas posteriormente, onde possibilitou a analise morfoldgica para aprimorar 0s

métodos de avaliacdo da qualidade das corneas.

e MORFOLOGIA DAS CORNEAS DOADAS
As analises morfoldgicas realizadas no presente estudo demonstraram as mudancas
celulares que afetam o tecido da cornea durante o periodo de preservacao na rotina do
Banco de Olhos. As microscopias de lampada de fenda e especular, realizadas na rotina,
possuem limitado poder de visualizacdo das camadas, portanto, as andlises utilizando
microscopias eletrénicas possibilitaram a analise da ultraestrutura da cornea quanto as
alteracGes histoldgicas ao longo do tempo de preservacdo. Os resultados observados
nesse trabalho, demonstraram alteragOes celulares a partir do 10° dia e se estendendo a
proporcao de danos até o 20° de armazenamento em meio de preservacdo Optisol-GS. A
avaliacdo detalhada de corneas com 14, 16 e 20 dias de preservagdo comprovaram a
impertinéncia desse tecido para transplante. Essa e outras evidéncias subsidiam a
avaliacdo médica do tecido doado na rotina quanto aos aspectos de viabilidade endotelial
da cornea, espessura e acuidade visual prognostica.
O meio de preservacdo Optisol-GS atendeu a necessidade do Banco de Olhos para
armazenamento dos tecidos até o 10° dia. Porém, os dados aqui apresentados reforcam a
necessidade de aprimoramento da tecnologia de composi¢cdo do meio com o objetivo de

melhorar a integridade tecidual e a médio prazo, aumentar o tempo maximo de utilizac&o.
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De forma geral, todos os resultados apresentados nesse trabalho, auxiliardo na gestéo
interna das atividades realizadas pelo banco, por exemplo o método de andlise da
qualidade das cdrneas, e externa, como a descri¢do do perfil dos doadores e eficiéncia nas
condutas de busca ativa dos tecidos. Desta maneira, possibilita e aprimora a implantacédo
de politicas publicas direcionadas para o cumprimento das normas de regulamentagéo dos
procedimentos de processamento dos tecidos, resultando na melhoria de efetividade no
transplante utilizando tecidos adequados e seguros além de evitar desnecessariamente o
descarte de tecidos. Os projetos de pesquisa realizados em conjunto com 0s servigos de
salde, estimulam e demonstram a importancia do investimento em educacdo continuada

dos profissionais da rede.
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7. Perspectivas

A descricdo morfolégica do tecido da cdérnea se mostrou importante para o
aprimoramento das técnicas de avaliagdo das corneas doadas para transplante. Porém,
além da observacdo do padrdo da forma e quantidade celular, em sua estrutura tecidual,
seria importante também avaliar as condi¢cdes da atividade metabolica das camadas
celulares que sdo essenciais para a avaliagdo do tecido. Portanto, metodologias que
possibilitem essa observacdo corroboram com os achados descritivos morfologicos.

e VIABILIDADE CELULAR
Ensaios de cultura celular do endotélio e epitélio da cornea com analise da
citotoxidade, limite de sensibilidade dessas camadas. Em alguns paises ja sdo realizadas
a avaliacdo do endotélio da cérnea por metodologias de viabilidade celular (trypan blue).
Essa anélise em diversos tempos de armazenamento no meio de preservagdo, apresentarao
outro aspecto da qualidade do tecido para transplante.
e IMUNOHISTOQUIMICA
Metodologias  complementares, tais como imunohistoquimica e/ou
imunofluorescéncia, possibilitam a avaliacdo qualitativa dos marcadores celulares da
estrutura tecidual da cérnea. A observacéo da distribuicdo dos tipos de fibras de colageno,
proteinas intrinsecas, marcadores de apoptose entre outros fatores presentes nos tecidos
ao longo do tempo também corroboram com a avaliagdo morfoldgica realizada pelo nosso
estudo.
e PRESERVACAO POR MEIO DA CULTURA CELULAR
Em alguns paises europeus, a utilizacdo de preservacdo das corneas por meio de
cultura celular j& vem sendo utilizada rotineiramente pelos Bancos de Olhos. Neste
cenario, o qual tem sido recomendada o uso, estende o tempo de preservagdo da cornea,
aumentando a disponibilidade no banco de tecidos. Tal fato torna importante para
avaliacOes futuras, a comparacdo entre 0 armazenamento hipotérmico (submersdao em
meio de preservagdo comercial a 4°C) e cultura celular.

Pensando nos futuros servicos dos bancos de olhos, quanto maior for o nimero de
pesquisas na area utilizando diversas metodologias, maiores sdo as chances de adaptacao
para implementar novas analises de qualidade da cornea doadas para transplante

adequadas a infraestrutura fisica e técnica dos Bancos de Olhos.
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ANEXO |

Termo de Consentimento Livre e Esclarecido — TCLE - Doador

0O(a) Senhor(a) esta sendo convidado(a) a participar do projeto: “QUALIDADE DAS CORNEAS
RETIRADAS PARA TRANSPLANTE PELO BANCO DE OLHOS DO DISTRITO FEDERAL/BRASIL”.

O objetivo desta pesquisa € verificar se o tempo atual de remogdo do tecido ocular e o tempo
de preservagdo em meio poderiam ser prolongado para possibilitar o aumento na captacdo de
corneas. O aumento da oferta de cdrneas pode reduzir o tempo de espera na fila pelo transplante.
Essa pesquisa tera a duragdo de dois anos, a partir de maio de 2015, e auxiliara o Banco de Olhos a
aprimorar as técnicas de captagdo e preservagdo de cdrneas para transplante e serd conteudo de
formacdo de alunos de inicia¢do cientifica, mestrado e doutorado da UnB.

O seu consentimento na pesquisa, autoriza a coleta de informagdes do prontuario do doador
e a utilizacao da cdrnea para pesquisa tecidual. Asseguramos que seu home e do doador sera
mantido no mais rigoroso sigilo através da omissdo total de quaisquer informag&es que permitam
identifica-lo(a) de acordo com a Resolugdo 466/2012 do Conselho Nacional de Saude do Ministério
da Saude.

O material ficard sob a guarda da pesquisadora Thatiane na UnB e enfermeiros/médicos do
Banco de Olhos do DF. Todas as cérneas serdo avaliadas no Banco de Olhos quanto ao numero de
células e estado do tecido. As cdérneas que apresentarem contra-indicagdo médica para transplante
pelo Banco de Olhos serdo armazenadas na UnB para caracteriza¢do do estado do tecido segundo a
Resolugdo CNS N2 441, de 12 de maio de 2011. O(a) senhor(a) podera ter ao conhecimento dos
resultados obtidos com a utilizagdo do material bioldgico do doador.

O(a) senhor(a) recebera todos os esclarecimentos necessarios antes, durante e no decorrer
da pesquisa. Os dados fornecidos, coletados e obtidos a partir dessa pesquisa poderdo ser utilizados
nas pesquisas futuras. Habitualmente existe risco minimo no desenvolvimento dessa pesquisa, mas
segundo Resolugdo CNS N2 196/96, pode haver danos a dimensdo fisica do doador, que sera
minimizado pela equipe de captagao.

A sua participacdo sera através da aceitacdo do Termo de Autoriza¢do de Doagdo de Orgdos
e Tecidos para fins de pesquisa que o(a) senhor(a) deverd asssinar conforme a MP n 1.718. Sua
participacdo é voluntaria, isto é, ndo ha pagamento por sua colaboragdo. O(a) senhor(a) tem plena
liberdade de recusar-se a participar ou retirar o seu consentimento a qualquer fase da pesquisa sem
penalizagdo alguma. O(a) senhor(a) serd indenizado caso |lhe sobrevenha algum dano decorrente da
participacdo da pesquisa, podendo ser encaminhado para Universidade de Brasilia, Instituto de
Biologia Celular.

Os resultados da pesquisa serdo divulgados na UnB, ANVISA, Instituto Federal de Brasilia e
periddicos na area cientifica e utilizadas em pesquisas futuras.

Se o(a) Senhor(a) tiver qualquer duvida em relagdo a pesquisa, por favor telefone para:

Thayssa Neiva da Fonseca Victer, na Universidade de Brasilia. Telefone: (61) 3107-3122, no
horario: 09:00 as 18:00.

Este projeto foi Aprovado pelo Comité de Etica em Pesquisa da Faculdade de Ciéncias da
Saude da Universidade de Brasilia. As duvidas com relacdo a assinatura do TCLE ou os direitos do
sujeito da pesquisa podem ser obtidos através do telefone: (61) 3107-1947 ou do e-mail
cepfs@unb.br.

Este documento foi elaborado em duas vias, uma ficard com os Pesquisadores Responsaveis
e a outra com o sujeito da pesquisa.
Assinatura do responsavel Legal do Doador:

Nome:
Registro do Doador
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