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RESUMO

RIOJA, Suzimar. Hipoesplenismo funcional em transplante renal. 2017. 74 f. Tese
(Doutorado em Medicina) — Faculdade de Ciéncias Médicas, Universidade do Estado do Rio
de Janeiro, Rio de Janeiro, 2017.

A partir da observacéo, a ultrassonografia (US), de que ocorria reducdo do tamanho do
baco em receptores de transplante de rim (RTRs) ap6s >seis meses do procedimento, foi
levantada a hipotese da existéncia de hipoesplenismo funcional (condi¢do que pode aumentar
0 risco de infecgcOes, neoplasias, trombose do enxerto e morte), em parte deste grupo de
pacientes. Este estudo foi, entdo, conduzido para verificar a ocorréncia do fenémeno,
determinar sua prevaléncia, comparar métodos diagnosticos usados para seu diagnostico e
verificar sua associacdo com drogas imunossupressoras usadas na manutencdo da funcéo do
enxerto renal. A avaliagdo anatbmica do bacgo incluiu a determinacdo de seu didmetro
longitudinal (DLB) e dados de Doppler, obtidos em artérias esplénicas e intraesplénicas. As
funcdes fagocitica e imunoldgica foram avaliadas através da pesquisa de corpusculos de
Howell-Jolly (HJ) no esfregaco de sangue periférico, da cintilografia hepato-esplénica com
99mTc-Sn-coloidal e da quantificacdo (percentagem e niimero absoluto) de subpopulacées de
células B, no sangue periférico, por citometria de fluxo. Em todos as avaliacbes foram
observadas alteragdes e seus resultados foram comparados entre si. Quando os resultados da
pesquisa de HJ e da cintilografia foram divergentes (HJ positivo e cintilografia normal), foi
observado que a ocorréncia da alteracdo hematoldgica foi mais frequente nos pacientes que
apresentavam menor DLB, sugerindo que, nestes casos, a massa de tecido esplénico
funcionante (“massa critica”) seria inferior a para a remocao de eritrGcitos senescentes da
circulagdo. Quando os grupos em uso de inibidores de calcineurina (IC) ou sirolimo (SRL)
foram comparados, associacdo entre menor DLB e uso de SRL foi encontrada, sem que a
disfuncdo esplénica pudesse ser atribuida a esta droga. Quando 0s grupos em uso de
combinacgbes a base de micofelonato de mofetila (MMF) foram comparados, de acordo com
as distribuicGes dos diferentes subtipos de células B, associagdo estatisticamente significativa
entre terapia com micofenolato-esteréide (MMF-ST) e reducdo na proporcdo de células B
switched de memdria foi encontrada (p=0.028). De acordo com a anormalidade da funcéo
fagocitica, determinada pela presenca de HJ, a prevaléncia de hipoesplenismo em RTRs foi
estimada em 30%. Se observada a combinacdo HJ presente-reducdo da captacdo do
radiocolodide na cintilografia, em 29.09%. E quando consideradas, em conjunto, as funcdes
fagocitica e imunolégica do baco, a prevaléncia do quadro foi calculada em 14,55%. Em
conclusdo, o conjunto dos resultados permitiu confirmar a ocorréncia de hipoesplenismo
funcional em RTRs, em prevaléncia elevada, definir que a US-Doppler do baco € metodo que
pode apontar para a existéncia do fendmeno e verificar como o transtorno se correlaciona com
a dose e o tempo de exposi¢do ao MMF (p<0.001).

Palavras chave: Transplante de rim. Hipoesplenismo funcional. Métodos diagnosticos.

Micofenolato de mofetila.



ABSTRACT

RIOJA, Suzimar. Functional hyposplenism in renal transplant recipientes. 2017. 74 f.
Tese (Doutorado em Medicina) — Faculdade de Ciéncias Médicas, Universidade do Estado do
Rio de Janeiro, Rio de Janeiro, 2017.

From ultrasonography (US) observation that reduction of spleen size in kidney
transplant recipients (RTRs) occurred after> six months of the procedure, the hypothesis of
functional hyposplenism, in part of this group of patients, was raised. Then, we conducted this
study, to verify the occurrence of the phenomenon, to determine its prevalence, to compare
diagnostic methods used for its diagnosis and to verify its association with
immunosuppressive drugs used to maintain renal graft function. The anatomical evaluation of
the spleen included the determination of its longitudinal diameter (DLB) and Doppler data,
obtained in splenic and intrasplenic arteries. The spleen evaluation of the phagocytic and
immunological functions included the presence of Howell-Jolly (HJ) corpuscles in the
peripheral blood smear, the 99mTc-Sn-colloidal hepatosplenic scintigraphy and quantification
(percentage and absolute number) of B-cell subpopulations, in peripheral blood, by flow
cytometry. We observed changes in all evaluations and we compared their results to each
other. In the cases that the results of HJ and scintigraphy were divergent (HJ positive and
normal scintigraphy), we observed that the occurrence of hematological alteration was more
frequent in patients with lower DLB, suggesting that the mass of functioning splenic tissue
("critical mass") would be lower than the necessary for the removal of senescent red blood
cells from the circulation. When we compared the groups using calcineurin inhibitors (IC) or
sirolimus (SRL), association between lower DLB and SRL use was found, without splenic
dysfunction being attributable to this drug. When groups using MMF based combinations
were compared, according to the distributions of the different B-cell subtypes, a statistically
significant association between mycophenolate-steroid therapy (MMF-ST) and reduction in
the proportion of B switched memory cells were found (p = 0.028). According to the
abnormality of the phagocytic function, determined by HJ presence, the prevalence of
hyposplenism in RTRs was estimated at 30%. If the presence of HJ was associated with the
reduction of radiocolloid uptake in scintigraphy, at 29.09%. If taken together, the phagocytic
and immunological functions of the spleen, the prevalence of the condition was calculated
estimated at 14.55%. In conclusion, all the results allowed to confirm the occurrence of
functional hyposplenism in RTRs, in high prevalence, to define that the US-Doppler of the
spleen is a method that can point to the existence of the phenomenon and to verify how the
disorder correlates with the dose and the time of exposure to MMF (p <0.001).

Key words: Kidney transplantation. Functional hyposplenism. Diagnostic methods.

Mycophenolate mofetila.
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INTRODUCAO

Como resultado de participacdes em projetos financiados pela Fundacdo de Amparo a
Pesquisa no Estado do Rio de Janeiro (FAPERJ), a Disciplina de Nefrologia recebeu, em
2012, aparelho de ultrassom-Doppler (US-Doppler), e, a partir de entdo, modificacbes na
rotina de acompanhamento dos receptores de transplante renal (RTRs) foram implementadas:
(i) os pacientes passaram a ser avaliados por um unico examinador, um dos staffs do Servico
de Nefrologia com experiéncia em ultrassonografia; (ii) o exame passou a ser realizado
sequencialmente, a partir do pds-operatdrio imediato, e ndo apenas anualmente, como era
feito no periodo anterior; (iii) e a incluir informacg6es sobre 6rgaos de todo o abdémen e nédo
somente do enxerto renal.

A sequéncia de avalia¢fes levou a observacdo de que alguns pacientes evoluiam com
reducdo do didmetro longitudinal do bago (DLB) apds seis meses da realizacdo do transplante,
achado que levou a hipotese de que a reducdo do volume do érgdo seria acompanhada de
prejuizo de seu funcionamento.

Como estados hipoesplénicos aumentam a susceptibilidade as infeccdes na populacdo
geral [1], a ocorréncia do fendmeno em RTRs poderia explicar, em parte, as elevadas taxas de
morbidade e mortalidade atribuidas as infeccdes que sdo registradas neste grupo [2,3]. Como
a revisdo da literatura, realizada na base PubMed sob os termos ‘“hyposplenism in
transplantation”, “hyposplenism in renal transplantation” e “hyposplenism in kidney
transplantation”, no intervalo entre 1997-2012, resultou na identificacdo de tdo somente sete
publicacdes — cinco em transplante de células tronco (TMO) [4,5,6,7,8] e duas em transplante
renal (TxR) [9,10] — estudo destinado a confirmar a ocorréncia de hipoesplenismo em RTRs,
em uma série, se justificaria.

Inicialmente, a funcdo esplénica de RTRs com > de seis meses de transplante (Tx) foi
avaliada com base na presenca de corpusculos de Howell-Jolly (HJ) no sangue periférico, que
foi, subsequentemente, comparada a dados anatdmicos e hemodindmicos de US-Doppler,
obtidos em bago e rim transplantado. Subsequentemente, procurou-se foi verificar a existéncia
de associacdo entre a ocorréncia de hipoesplenismo e drogas imunossupressoras utilizadas na
manutengdo da fungdo do enxerto renal. Os resultados do exame hematologico e os dados
obtidos por US-Doppler foram, entdo, comparados, aos dois maiores grupos de agentes
imunossupressores empregados na rotina de nosso Servigo — 0s que combinam inibidores de

calcineurina (ICs) ou sirolimo (SRL) com micofenolato de mofetila (MMF). Em seguida,
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tomando-se por base relato anterior de discordancias verificadas entre os resultados dos
diferentes exames empregados na avaliacdo da funcdo esplénica, em distintas condicdes
clinicas [11], o objetivo foi o de estabelecer a importancia da medida do DLB na interpretacédo
dos casos em que os resultados do exame hematoldgico e da cintilografia hepato-esplénica
sejam divergentes. RTRs incluidos nas etapas anteriores foram, aleatoriamente, selecionados
para realizar a quantificacdo de células B (proporcao e numero absoluto) no sangue periférico,
por citometria de fluxo. Inicialmente, os valores obtidos foram comparados aos descritos para
a populacdo de individuos sadios [12]. Em seguida, os pacientes foram separados em grupos,
conforme estivessem em uso de esquema triplice (esteroide, IC ou SRL e MMF) ou duplo
(esteroide-MMF) de imunossupresséo, e foi analisada a distribuicdo dos diferentes subtipos de
células B, em cada um desses grupos. Por fim, calculou-se a prevaléncia de hipoesplenismo
funcional em RTRs, de acordo com a combinacdo dos exames realizados para o diagnostico

do quadro.



1 REVISAO DA LITERATURA

1.1 Estrutura e funcdes do baco
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O baco € recoberto por uma capsula fibrosa de tecido conjuntivo que se desdobra em

trabéculas para seu interior, de modo a dar sustentacdo a rede vascular intraesplénica que

sobre elas corre. Assim estruturado, o 6rgéo realiza varias fungdes, com destaque para as de

fagocitose, reciclagem do ferro e producéo de anticorpos. Essas funcgdes sdo realizadas em trés

zonas distintas — a polpa vermelha, a zona marginal e a polpa branca (Quadro 1)-, que,

permanentemente, interagem entre si.

Quadro 1. Funcdes do baco

POLPA VERMELHA

ZONA MARGINAL

POLPA BRANCA

Hematopoiese extramedular se

necessaria

Fagocitose de microrganismos e
imunocomplexos pelos

macrofagos

Zona de células T

Zona de células B

Sitio de liberacdo de material dos

eritrécitos

Produgdo de linfocitos B apds

estimulo antigénico T1-2

Armazenamento de linfécitos T e
B

Filtracéo de células senescentes ou

Trafego de linfocitos T e B

Maturagdo e proliferacdo de T e B

danificadas apos estimulacdo antigénica
Armazenamento de ferro, | Liberacdo de imunoglobulinas | Liberagdo de imunoglobulinas
eritrocitos, plaquetas, | pelos linfécitos T e B apos | pelos linfocitos B apos
plasmablastos e células | estimulagdo antigénica estimulacdo antigénica

plasmaticas

Liberacdo de anticorpos Producdo de mediadores imunes
produzidos pelas células que participam do clearence de
plasmaéticas bactérias

Defesa contra bactérias utilizando

0 metabolismo do ferro dos

macrdfagos

Fonte: Traduzido e adaptado de: de Porto AP et al. 2010; 29:1465-1473.
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1.1.1 Polpa vermelha

A polpa vermelha ocupa mais da metade do volume do 6rgdo e é responsavel pela
fagocitose e pela reciclagem do ferro. O sistema vascular, na regido, € particularmente
adaptado para realizar as funcdes de filtracdo e depuragdo do sangue porque: (i) se organiza
como um sistema “aberto”, em que arteriolas de menor calibre terminam em um sistema
venoso sinusoidal situado proximo a zona perifolicular [13]; (ii) o endotélio arteriolar é
descontinuo, apresentando fenestras cuja abertura é controlada por filamentos semelhantes a
actina e miosina e que regulam a passagem do sangue das arteriolas para a area de bainha
linféide que as envolve — a bainha linféide periarteriolar (PALS), onde macréfagos se
acumulam -, dai retornando ao sistema venoso [14]; (iii) o fluxo sanguineo se reduz na
passagem pela PALS.

A combinagdo de fenestras com propriedade de contracdo e de reducdo do fluxo
arterial dificulta a passagem de eritrocitos envelhecidos (em razdo do enrijecimento de suas
membranas) e de patdgenos pela regido [15], 0 que aumenta o tempo de exposicdo destes a
acdo de macréfagos ai presentes. Ao encontrar bactérias, os macréfagos secretam moléculas,
em particular a lipocalina-2 que atua bloqueando sider6foros e sequestrando ferro, com o
objetivo de limitar o crescimento bacteriano [16]. Algumas bactérias sdo reconhecidas
diretamente pelos macréfagos, enquanto outras precisam ser primeiro opsonizadas - processo
em que as bactérias tém sua superficie revestida por complemento ou por moléculas
produzidas no préprio baco, caso da properdina e da tuftsina, que interagem com receptores
localizados nos fagolisossomas dos macrofagos. Bactérias opsonizadas sdo, em principio,
removidas eficientemente pelos macréfagos. Entretanto, quando o processo de opsonizacao
ndo é completado, como ocorre com bactérias formadoras de capsula (destaque para
Streptococcus pneumoniae, cuja capsula de polissacarideo impede a ligacdo do complemento
ou que este interaja com os receptores de macrofagos), a remocdo de patdgenos exige a
presenca de anticorpos produzidos na propria polpa vermelha, na zona marginal (IgM) ou na

polpa branca [17].
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1.1.2 Zona marginal

Além de ser area de transito para células que deixam a corrente sanguinea em direcéo a
polpa branca, processo que envolve sinalizacdo atraves de receptores acoplados a proteina G
[18], a zona marginal contém um grande numero de células B residentes que possuem
propriedades Unicas e parecem ter ligacdo de interdependéncia entre si, de modo a contribuir
para manter a “arquitetura” local. A fixacdo de células B na zona marginal envolve uma
gama complexa de interagdes moleculares.

Dois subconjuntos de macréfagos sdo encontrados nesta regido: o de macrofagos da
zona marginal e o de macrdéfagos metalofilicos da zona marginal. Macrofagos da zona
marginal se caracterizam pela expressao de lecitina tipo C (SIGNR1) [19,20,21] e do receptor
de macrdfago com estrutura de coldgeno (MARCO) [22]. SIGNRL se liga, de maneira eficaz,
a antigenos de polissacarideos, sendo crucial na captacdo e fagocitose de Streptococcus
pneumoniae [19,23] e para o clearence de virus [21,24], enquanto o receptor MARCO pode
reconhecer Escherichia coli e Staphylococcus aureus [21]. Macrofagos metalofilicos da zona
marginal estdo localizados mais proximos a polpa branca e se caracterizam pela expressdo da
molécula lecitina 1 de adesdo ao é&cido sidlico (SIGLEC1), também conhecida como
sialoadhesina [25]. Moléculas SIGLEC1 sdo expressas na superficie de células do sistema
hematopoiético, incluindo mondcitos e células dendriticas (CDs), e atuam nas interacfes
celulares. A expressdo de niveis elevados de SIGLEC1 auxilia na captura de patdégenos
mediada por macréfagos metalofilicos, caso da Neiseria meningitidis [26]. Macr6fagos
metalofilicos da zona marginal sdo os maiores produtores de interferon-a e de interferon-f3
durante infecc@es virais, ao passo que macrdéfagos da zona marginal também produzem essas
citocinas, mas em menor escala [27]. Entre os dois subconjuntos de macréfagos, encontram-
se células B que residem na zona marginal e CDs [28,29]. Células B desempenham papel
importante na organizagdo e integridade da regi’ao, tendo sido demonstrado que, se ausentes
no momento do nascimento ou se destruidas, pode haver desaparecimento dos dois
subconjuntos de macrofagos [30,31].

Células B que expressam linfotoxina asff, (LT-asp,) podem se unir ao receptor de
linfotoxina (LT-PaR), expresso por células endoteliais e/ou estromais presentes na zona
marginal, o que leva & indugdo da expressdo de uma gama de quimiocinas que, por sua vez,

podem influenciar a hospedagem de varios subconjuntos celulares nesta regido, inducdo que
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pode ocorrer tanto quando as células B se hospedam na zona marginal (c[elulas B da zona
marginal) ou quando transitam pela zona marginal a caminho dos foliculos das células B [18].

Em modelo animal, ficou demonstrado como os macrofagos de zona marginal
dependem dos quimioatractantes CCL19 e CCL21 para sua localizacdo na regido: na auséncia
dessas duas quimiocinas, os macrofagos da zona marginal ndo foram encontrados em seu
dominio especifico (ao lado do revestimento endotelial do seio marginal), enquanto, na
auséncia do quimioatractante CXCL13, um subconjunto de ligacdo ao receptor de manose de
CDs desapareceu da zona marginal [28,32].

Até o presente momento, nenhuma quimiocina foi identificada como crucial para a
atracdo e/ou retencdo dos macrofagos metalofilicos na zona marginal, podendo-se, todavia,
considerar que as quimiocinas sdo importantes nesses processos, dado o papel crucial das
células B na manutencdo da zona marginal [30]. Além disso, ha demonstracdo de que
MARCO, expresso por macrofagos de zona marginal, é essencial para a retencéo de células B
nesta zona [33], um indicativo de que macréfagos e células B interagem entre si.

Células B da zona marginal sdo consideradas populacdo relativamente séssil e se
distinguem das células B foliculares por expressar altos niveis de IgM (as foliculares
expressam IgD). Para que células B se localizem na zona marginal, é necessaria sinalizacéo
através dos receptores 1 e 3 de esfingosina-fosfato (S1P1 e S1P3), por elas expressos em
niveis muito mais elevados do que pelas células B foliculares. Quando deficientes em S1P1,
células B ndo conseguem se fixar na zona marginal e migram para os foliculos das células B.
No entanto, na auséncia de CXCL13, que atrai células B para a area folicular, a capacidade
das células B deficientes em S1P1 se hospedarem na zona marginal é restaurada, indicando
que a sinalizacdo mediada por S1P1 prevalece sobre o efeito de atracdo promovido por
CXCL13 [34].

Moléculas de adesdo do tipo integrinas associadas a antigeno 1 (FLA1, a4p,-integrina e
agB-integrina), que interagem com a molécula de adesdo intercelular 1 (MAIC1) e com a
molécula de adesdo celular-vascular 1 (MACV1), respectivamente, também parecem estar
envolvidas na hospedagem de células B na zona marginal [35]. A demonstragdo de que
regulagdo deficiente da expressdo dos receptores S1P1 e S1P3 e das integrinas FLA1 e a4
ocorre, apos a estimulacéo de células B da zona marginal com lipopolissacarideos (LPS), deu
suporte a esta observacdo. Todavia, foi verificado que células B de zona marginal de ratos
deficientes em S1P1 ainda podem se ligar fortemente a MAIC1 e a MACVL, in vitro,

excluindo um efeito direto da sinalizacdo S1P1 na expressdo dessas integrinas [34,35].
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Suporte para a participacdo de outros receptores de quimiocinas ou de receptores
lipidicos na fixacdo de células B na zona marginal veio da observacdo de que, na auséncia de
CXCRS5 e de S1P1, células B da zona marginal permaneciam na regido, enquanto o contacto
com toxina pertussis, que bloqueia a sinalizacdo através de receptores de quimiocinas,
provocou sua saida da regido. Nesse modelo foi observado, ainda, que a ligacdo dos
receptores de quimiocinas ou de receptores lipidicos na superficie das células B da zona
marginal pode levar a supraregulacao da expressao de integrinas [34,35].

Células B da zona marginal sdo especializadas na deteccdo de agentes patogénicos que
chegam a esta regido pela via sanguinea: apds o contato com os patégenos, essas células se
diferenciam em células plasmaticas produtoras de IgM ou ganham capacidade para funcionar
como células apresentadoras de antigenos (CAAS) [36]. ApoOs serem ativadas, algumas das
células B que residem na zona marginal e subpopulacGes de CDs migram para a polpa branca,
onde ativam células T CD4+ naive [37,38], etapa crucial para o inicio da resposta imune

adaptativa.

1.1.3 Polpa branca

A polpa branca é constituida por tecido linféide e abriga células T e B, em sitios
especificos. A correta alocacdo destes grupos de células é controlada por quimiocinas que as
atraem para seus respectivos dominios. Na zona das células T, essas interagem com CDs,
enquanto na zona de células B ocorre expansdo clonal de células ativadas, o que leva a
mudanca de isotipo e a hipermutacdo somatica. Para que células B migrem para os foliculos
linféides, a quimiocina CXCL13 é exigida [39], enquanto que os ligantes (ou quimio-
atractantes) CCL19 e CCL21 atraem células T e CDs para a zona de células T [40,41]. A
expressdao dessas quimiocinas € controlada pela linfotoxina-a.f3; (LT-a1f32) e pelo fator de
necrose tumoral (FNT). Quando ndo ha sinalizacdo a partir do receptor de linfotoxina-p (LT-
BR) e do receptor do fator de necrose tumoral 1 (FNTR1), os niveis da quimiocina CXCL13 e
dos ligantes CCL19 e CCL21 caem, 0 que resulta em desorganizacdo das regides da polpa
branca [42].

Células B expressam o receptor CXCRS5, que orienta sua migracdo para os foliculos
linfoides. A sinalizagdo através de CXCR5 induz a expressdo de LT-a1B2 na superficie das

células B que, por sua vez, induzem a diferenciacdo de CDs e sua expressdo de CXCL13,
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criando, assim um loop de feedback positivo [17]. Mecanismo semelhante regula a
integridade da zona de células T.

A entrada de CAAs na polpa branca, em particular na zona das células T, é passo
importante para o inicio da resposta imune adaptativa: apds exposi¢cdo a antigenos nos
foliculos linfoides da polpa branca, ocorre a formacdo de plasmablastos, que expressam o
receptor de quimiocina CXCR4 que vai se unir ao ligante CXCL12, expresso na polpa
vermelha [43]. A acdo coincide com regulacdo negativa da expressao dos receptores de
qguimiocinas CXCR5 e CCR7, que se ligam as quimiocinas homeostaticas presentes nos
foliculos linféides e na zona das células T da polpa branca. Para sobreviver e fazer a transicdo
para células plasmaticas, plasmablastos requerem a presenca de células dendriticas CD11chi
[44]. Alojadas na polpa vermelha, fora da zona marginal, as células plasmaticas podem entrar
na circulacdo sanguinea, rapidamente, sempre que necessario [45].

A importancia do baco no combate as infeccbes pode, com base no exercicio das
fungdes imunes que Ihe sdo prdprias, ser assim resumida: (i) o bago é estruturado de tal forma
gue a passagem da maior parte do fluxo sanguineo através da zona marginal e ao longo da
polpa branca leva ao monitoramento eficiente do sangue pelo sistema imunoldgico; (ii)
células do sistema imune inato, bem como as células B da zona marginal, estdo
estrategicamente localizadas para, efetivamente, eliminar os agentes patogénicos; (iii) na
resposta inicial a patdgenos, CDs fazem sua captura na circulagdo e os levam ao baco; (iv) a
producdo aumentada de lipocalina-2 sequestra ferro e limita o crescimento bacteriano; (v) a
hospedagem de células B de zona marginal neste sitio envolve uma gama complexa de
interacGes moleculares; (vi) S1P é necessaria para a retencao de células B da zona marginal na
regido; (vii) expressdo de SIGNR1 é restrita a macréfagos da zona marginal; (viii) a
diferenciacdo de células B em células B de zona marginal ou em células B foliculares é
regulada por fatores maultiplos; (ix) CDs garantem a diferenciacdo inicial e a sobrevivéncia

das células B para que evoluam até plasmablastos produtores de anticorpos.

1.2 Métodos diagndsticos usados na avalia¢do das fungdes do baco

As diferentes funcgdes do bago sdo avaliadas por métodos distintos que tém por objetivo
ndo so identificar a disfungdo esplénica, mas, também, determinar seu grau de severidade. As

funcbes de filtracdo e fagocitica sdo avaliadas através de exames que usam particulas
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marcadas, caso a cintilografia, e da analise morfolégica do sangue periférico (em busca da
presenca de corplsculos de Howell-Jolly (HJ) — que sdo restos de cromatina nuclear
resultantes de mitoses andmalas - ou de eritrocitos pitted (PIT) — aqueles que apresentam
depressdo na membrana). A funcdo imunoldgica do bago pode ser avaliada através da resposta
a vacinacdo ou da quantificacdo de células imunes em sangue periférico e tecidos por
citometria de fluxo [46,47,48].

1.2.1 Cintilografia hepato-esplénica

Historicamente, as primeiras observacdes relativas a hipoesplenismo tiveram origem
no estudo das funcbes de filtracdo e fagocitica do bago. Assim sendo, métodos diagndsticos
que usam injecdo, absorcdo e depuracdo de substancias particuladas [49] se multiplicaram.
Apdbs injecdo da particula marcada que, via de regra, tem o tamanho de uma bactéria
formadora de cépsula [50], 80 a 90% do volume injetado €, em condi¢Bes normais, captado
pelo figado, pelas células de Kupffer, e 5 a 10% se destina ao baco, enquanto o restante é
absorvido pelo sistema reticuloendotelial (hoje em dia, nomeado mononuclear-fagocitario), na
medula 6ssea. Imagens planares do figado e do baco sdo obtidas nas posicdes anterior,
posterior, lateral esquerda e direita, posterior esquerda e direita e obliqua anterior. A
quantificacdo da captacdo esplénica das particulas marcadas oferece avaliacdo estatica da
funcdo do baco, definindo-se o hipoesplenismo funcional pela reducdo da captagdo do
radiocoldide, estando o baco presente, em oposicdo a asplenia secundaria a remog¢édo do 6rgédo
[11,51,52].

Cintilografia com o emprego de hemacias autdlogas desnaturadas pelo calor e
marcadas com rubidio-81 ou tecnécio-99 [53,54], de agregados de albumina radioativa [55]
ou de coldide radioativo [56] sdo realizadas desde os anos 1960. Entretanto, os custos
elevados, o diagndstico apenas qualitativo e a exposi¢do a radiacdo viriam a limitar o uso do
método e, a partir de entdo, sugeriu-se que este fosse substituido pelo de deteccdo de
alteracdes morfoldgicas em eritrocitos (corpusculos de Howell-Jolly), no sangue periférico,

método que seria menos invasivo, de menor custo e de mais facil execugéo.
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1.2.2 Corpusculos de Howell-Jolly versus hemécias pitted

Corpusculos de Howell-Jolly (HJ) foram descobertos no final do século XIX, com o
uso do microscopio 6tico, mas somente em meados do século XX foi demonstrada sua
associacdo com retardo no clearence de hemacias danificadas [57,58,59], o que levou a
Sociedade Britanica de Hematologia a propor, em 1996, um algoritmo para o diagnostico de
hipoesplenismo em cuja base estaria a presenca do achado [60].

Ap0s sucessivas investigacoes, esse método foi, entretanto, classificado como pouco
especifico [61], por estar presente em algumas situacdes em que ndo ha real disfuncéo
esplénica (sobrecarga transitoria do sistema mononuclear-fagocitario e deficiéncia de
vitamina B12, sdo exemplos), e pouco sensivel [62,63], por ndo identificar graus mais leves
de disfuncdo esplénica, em relacdo aos que usam radiois6topos, sendo proposto que a
contagem de HJ passasse a ser realizada em citdmetro de fluxo e ndo mais ao microscépio
otico [64].

A contagem de hemacias pitted (PIT) se faz por microscopia de interferéncia de fase.
Estudo em portadores de doenca falcémica e de esferocitose definiu que a percentagem média
de PIT ultrapassaria 30% (30,5% + 13,9%), nesta populacédo, enquanto seria da ordem de 0,5
+ 0,5% em individuos sadios [65,66]. Essa contagem foi, posteriormente, validada a partir de
amostras maiores, ficando estabelecido o limite minimo de 4%, em amostra com pelo menos
2000 hemacias, para o diagndstico de hipoesplenismo [67]. Correlacdo significativa entre a
contagem de PIT e os resultados de cintilografia realizada com *™Tc foi documentada
[68,69,70,71]. E, no ensaio multicéntrico, controlado, randomizado, duplo cego, BABYHUG,
realizado em criangas portadoras de anemia falciforme, foi verificada correlacdo entre HJ e

PIT, ambos quantificados por citometria de fluxo [72].

1.2.3 SPECT-TC e VEF

Combinada a tomografia computadorizada de emissdo de fétons (SPECT-TC), a

cintilografia permite calcular o volume esplénico funcionante (VEF), que e assim obtido:
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% da captacao esplénica do radiocoldide D
volume esplénico total

Assim se obtém imagem dindmica, e ndo estatica, o que confere 96% de sensibilidade
e 97% de especificidade ao método [73].

Em estudo realizado em portadores de doenca falcémica e que teve por objetivo
comparar diferentes métodos diagnosticos de disfuncdo esplénica, os individuos foram
submetidos a cintilografia e tiveram o volume esplénico (VEF) calculado. Os resultados
foram comparados com a funcdo imunologica, determinada pela quantificacdo dos diferentes
subtipos de células B, com a presenca de HJ, identificados com microscépio ético, e com as
percentagens de PIT. O VEF correlacionou-se significativamente com a funcdo fagocitica e
imunolégica, concluindo-se que tanto HJ como PIT seriam marcadores validos de disfuncdo
esplénica [74].

A avaliacdo por SPECT-TC ndo se aplicaria, todavia, ao rastreamento de grandes
populagdes, em razdo dos custos e da dificuldade operacional [75]. Por isso, sugere-se que,
como primeira linha de investigacdo da funcdo esplénica, seja utilizada a contagem de PIT,
que permitiria identificar estagios iniciais de disfuncéo esplénica, assim como gradué-los em
intensidade, ainda que se reconheca que O equipamento necessario para sua realizacdo

(microscépio de fase) nem sempre esteja disponivel [76].

1.2.4 Auvaliacdo anatbmica

No que diz respeito & avaliagdo anatdmica, se bago reduzido de tamanho associado a
auséncia de perfusdo (visualizada em ecografia-Doppler com cores) apontou para disfuncao
esplénica, em transplante de células tronco [77], ndo foi possivel, entretanto, demonstrar
correlagcdo entre o tamanho do 6rgdo, medido por US, e fungdo esplénica determinada por
cintilografia, em pacientes com hipoesplenismo secundério a doenca intestinal inflamatoria
crbnica [77].

No ensaio BABYHUG, foi observado que o volume esplénico calculado pela formula

[(comprimento x didmetro anterior-posterior x didmetro transverso) x 0.523], (2)
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que tem por base parametros obtidos por US [79], néo refletiu a funcdo esplénica determinada
por cintilografia [80].

1.2.5 Imunofenotipagem de células B

A técnica de imunofenotipagem por citometria de fluxo permite distinguir as
diferentes subpopulacbes de células B e plasmécitos [81,82,83,84]. De acordo com a
expressdo do anticorpo CD27, considerado marcador de célula de memdria [85], e das
imunoglobulinas IgM e IgD, células B podem ser subdivididas em naive (CD27 1gD"), células
B de memoria da zona marginal ou nonswitched (CD27'IgM"), células B de memoria da
polpa branca (CD27°1gD") e células B de memdria CD27-duplamente negativas(CD27 1gD"),
as que carecem da expressdo de CD27 e IgD na superficie [86,87,88,89,90,91,92]. O método
vem contribuindo para melhor entendimento das funcbes imunes do baco, em diferentes
situacOes clinicas e no transplante de 6rgédos, favorecendo o melhor manejo dos pacientes
[93,94,95,96]: em estudo em que participaram portadores de doenca de Crohn, doenca
inflamatoria intestinal, esplenectomizados e controles sadios, foi observada correlagdo
negativa entre a quantidade (menor) de células B noswitched (IgM™) e o percentual de PIT em
hipoesplénicos (assim definidos por apresentarem percentual de PIT >4%,), o que reafirmou o

valor da pesquisa de PIT para o diagndstico de hipoesplenismo [74].

1.3 Hipoesplenismo funcional

A evidéncia experimental do papel protetor do baco contra infecgdes data do inicio do
século XX, quando Morris e Bullock demonstraram mortalidade pds-operatoria
significativamente maior em ratos esplenectomizados, por quadro atribuido a septicemia
causada por Bacterium enteritidis, em comparacdo com o0s que nao o foram (80.5% v 38.9%,
respectivamente) [97]. Na década de 50, a participagéo crucial do baco na defesa imune foi
sugerida apds estudo em que os autores relataram oObito por meningite fulminante em 4 de 5
criangas portadoras de esferocitose hereditaria submetidas a esplenectomia antes dos seis

meses de idade [98]. Em 1957, Dameshek valeu-se do termo hipoesplenismo para descrever o
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quadro de um paciente com doenca celiaca (DC) em quem HJ foi detectado em esfregaco do
sangue periférico e cujo bago se apresentava atrofiado, no exame post-mortem [99].

Sucessivamente, relatos de caso ou de pequenas séries documentaram, ainda
majoritariamente em criancas, em razdo da condicdo de asplenia ou de doencas de carater
congénito vistas neste grupo, que a auséncia do bago ou sua remocao se associava a quadro de
infeccdo grave: (i) em duas criangas que morreram devido a choque séptico secundario a
infeccdo por Streptococcus pneumoniae foram encontrados, na primeira, baco ectdpico
(condicdo congénita rara causada por fixacdo inapropriada dos ligamentos), auto-infartado e
aderente ao lobo hepatico esquerdo e, na segunda, HJ [100]; ii) hipoesplenismo diagnosticado
por cintilografia e prejuizo da fagocitose de polimormonucleares foram observados em
criancas portadoras de sindrome HRD (hipoparatiroidismo, retardo no crescimento e
dismorfismo) que evoluiram com infeccdo de repeticdo [101]; (iii) baco ectopico, com areas
de infarto e com auséncia de polpa branca foi encontrado em crianca de 8 meses portadora de
trissomia 21 que morreu 12 horas apds instalacdo de quadro de sepse pneumococica com
caracteristicas da sindrome de Waterhouse-Friderichsen [102]. Ainda com respeito as doencas
de carater familiar, desde que asplenia foi diagnosticada em duas criancas, seu pai € um dos
primos dele, todos portadores de sindrome poliendédcrina autoimune tipo | (APS-1), a
avaliacdo da funcéo esplénica passou a ser recomendada em tais condi¢des [103].

Se, inicialmente, o conceito de hipoesplenismo foi relacionado a auséncia congénita do
Orgdo ou a esplenectomia, verificou-se, subsequentemente, que, em algumas situacbes, o
Orgdo estava presente, todavia sem funcionamento adequado: (i) cinco casos de purpura
fulminans (sindrome aguda de necrose progressiva da pele causada por trombose vascular da
derme no contexto da coagulagdo intravascular disseminada) foram comprovadamente
associados a Streptococcus pneumoniae (4 casos) e a Streptococcus do grupo A (1 caso), em
pacientes que apresentavam hipoesplenismo funcional diagnosticado pela presenca de HJ
[104]; (i) em mulher de 84 anos de idade, portadora de mieloma multiplo, que desenvolveu
pneumococcemia fulminante, foi observado, na necropsia, que o bacgo fora quase totalmente
substituido por deposicdo linear difusa de amildide e que o tecido linféide residual era
escasso. Em decorréncia deste achado e considerando-se que infeccdo bacteriana é
complicacdo comum na doenca, foi proposta investigacdo sistematica para a ocorréncia de
amiloidose esplénica, entre 0os que apresentam este tipo de infecgdo [105]; (iii) em homem
infectado pelo HIV que também apresentava vasculite lupus-like, glomerulonefrite
membranosa, traco menor de beta-talassemia e asplenia funcional apos-radioterapia, e que

estava sob terapia com agente antiretroviral, prednisolona e azatioprina (AZA), observou-se
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infeccdo Ossea causada por Salmonella enteritidis em sitio de infecgdo micobacteriana
anterior [106].

Em relacdo a associacdo com drogas ou substancias toxicas, sindrome de Austrian (em
que se observa a Triade de Osler - combinacdo de meningite, pneumonia e endocardite), que é
causada por Streptococus pneumoniae e fortemente associada a asplenia ou hipoesplenismo,
foi diagnosticada em homem alcoolista de 62 anos [107]. E hipoesplenismo funcional foi
relatado em paciente com historia e achados radiolégicos tipicos de doenca pulmonar
relacionada ao amianto e que apresentava pneumonia pneumocacica recorrente: na necropsia,
pé de amianto foi encontrado no baco e em vérios de seus outros 6rgdos extrapulmonares
[108].

Por décadas, os estudos voltados para o tema hipoesplenismo replicaram registros
obtidos de portadores de doenca celiaca (DC) e anemia falciforme (AF) - das 257 publicacdes
indexadas na base de dados PubMed, sob o termo “hyposplenism”, 56 se referem a DC e 34, a
AF -, em grande esforco para esclarecer a patogénese do quadro, nas duas condi¢fes: 0s
resultados apontaram para patogénese distinta.

Em modelo animal, a perda de linfocitos do intestino e a deplecdo de linfocitos que se
seguiu a drenagem do ducto toracico levaram a alteracbes esplénicas semelhantes as
observadas na DC [109,110], assim como foi evidenciado blogueio reticulo-endotelial que foi
atribuido a presenca de complexos imunes circulantes [111]. Como suporte a existéncia de
componente autoimune na génese da disfuncdo esplénica na DC, atrofia do bacgo foi associada
a presenca dos antigenos de histocompatibilidade HLA-DQ2 e DQ-8 [112,113,114]. Para
alguns autores, o grau de severidade do hipoesplenismo, na DC, estaria relacionado a
gravidade da atrofia da mucosa jejunal [115]. Manifestacdes hematolégicas multiplas
(trombocitose, trombocitopenia, leucopenia, tromboembolismo venoso, hipoesplenismo e
deficiéncia de IgA) sdo tdo frequentes na doenca, que, ndo raro, 0S pacientes procuram 0S
hematologistas antes de receberem o diagnostico de DC [116]. Por esta razédo, na Inglaterra,
um dos primeiros paises a considerar a doenga como problema de saude publica, sugeriu-se
que DC fosse investigada em todos os individuos que apresentassem alteracdes hematoldgicas
ou eventos trombdticos [117].

Dois mecanismos foram propostos para explicar o quadro de hipoesplenismo na AF: (i)
haveria desvio de sangue para shunts intraesplénicos que resultam do bloqueio de sinuséides
da polpa vermelha por células falciformes [118]; (ii) haveria bloqueio reticulo-endotelial em
area onde os macrdfagos esplénicos realizam fagocitose de células falciformes [11]. Em

pacientes com AF, foram encontrados niveis reduzidos de tuftsina [119] e, enquanto houve
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predominio de Th2 nos que apresentavam disfungdo esplénica, nos que apresentavam funcéo
esplénica preservada predominaram as citocinas Th1 [120].

Posteriormente, as publicacdes tiveram como objeto a relacdo do baco com resisténcia
a infeccdo, com base em quatro evidéncias: (i) os resultados de exames post-mortem em
espectro variado de quadros de infeccdo mostravam que o baco respondia com congestéo,
infiltracdo celular, proliferacdo de macrdfagos e hiperplasia do tecido linfatico; (ii) infecgdes
latentes eram reativadas, apos esplenectomia; (iii) em determinadas espécies animais, a
esplenectomia reduziu a resisténcia natural as infec¢bes agudas e cronicas; (iv) o baco e,
sabidamente, o maior reservatorio de linfocitos.

Nas publicacdes mais recentes, niUmero maior de patologias € associado ao quadro de
hipoesplenismo e estdo apresentadas em grupos, conforme tenham natureza mais ou menos
comum, mas um grande numero de condi¢BGes clinicas ainda é listado no subtitulo

“miscelanea” [1,80,121], entre as quais, entendemos, cabe incluir o transplante de rim.

Quadro 2. Doengas associadas a hipoesplenismo funcional
Hematoldgicas:
anemia falciforme, TMO, leucemia aguda, linfoma ndo-Hodgkin, CA avan¢ado de mama

Hepéticas:
cirrose alcodlica, hepatite crbnica ativa, cirrose hepatica com hipertensdo porta
cirrose biliar primaria

Autoimunes:
LES, SAF, vasculites, artrite reumatoéide, tiroidite de Hashimoto

Gastrointestinais:
doenca celiaca, doenca de Crohn, colite ulcerativa, doenca de
Whipple

Infecciosas:
SIDA

Circulatorias:
Trombose de artéria celiaca e esplénica, trombose de veia esplénica

Miscelanea:

amiloidose, sarcoidose, hipertensdo pulmonar primaria, nutricdo parenteral total
irradiagdo do bago, doses elevadas de corticoide?

Fonte: Traduzido e adaptado de William BM et al. 2007 Feb; 12(1):1-13.
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Fora do espectro da DC e da AF, o quadro de hipoesplenismo funcional deve ser
suspeitado quando ha infeccBes de repeticdo, relato de asplenia familiar ou quando ha o
achado incidental de bago reduzido de tamanho na US, de tal modo que a real prevaléncia do
quadro pode estar subestimada. Alguns estudos citam que a incidéncia de mortalidade
secundaria a hipoesplenismo funcional € incerta, em razdo de morte em curto intervalo de
tempo apds hospitalizacdo por quadro infeccioso ou porque o diagnéstico ndo é feito. Em
estudo retrospectivo de pacientes submetidos a esplenectomia, 0s autores estimaram que 0
risco de morte por septicemia provocada por bactérias encapsuladas, em particular
Streptococcus pneumoniae e Haemophilus influenzae, foi até 200 vezes mais elevado do que
entre os que tinham fungdo esplénica normal [122].

Em relacdo ao transplante de ¢rgdos, que é o objeto de interesse deste estudo,
publicacGes que associam hipoesplenismo ao transplante de células tronco (TMO) vém se
multiplicando. Em sua maioria, elas citam a coexisténcia de doenca enxerto versus hospedeiro
(GVHD) em pacientes que apresentam disfuncdo esplénica, 0 que pode sugerir mecanismos
proprios na patogénese do fendmeno neste grupo. Reducdo do tamanho do baco foi verificada
em receptores de TMO submetidos a irradiacdo e quimioterapia na inducdo do transplante,
guando comparados a 10 controles sadios [123]; em 6 de 15 receptores de TMO demonstrou-
se disfuncdo esplénica através da presenca de corpusculos de Howell-Jolly, tamanho reduzido
do baco, maior contagem de plaquetas, reducdo do fluxo sanguineo esplénico e reducdo da
captacdo do radiocoldide, pelo bagco. Os pacientes com asplenia funcional apresentavam
GVHD e, entre estes, a incidéncia de infec¢bes bacterianas foi quatro vezes maior [5]; em
estudo em que se comparou 27 pacientes submetidos a TMO, 20 controles sadios e 10
pacientes esplenectomizados ou que apresentavam atrofia do baco secundaria a condicdes
hematoldgicas outras, utilizando a presenca de hemacias pitted como indicativa de
hipoesplenismo, em 15% dos transplantados foi confirmada a existéncia da disfuncéo do bago
[6]; outro estudo comparou as medidas do DLB, aferidas nas fases pré e pos-transplante, em
22 pacientes que desenvolveram, ou ndo, GVHD: no grupo que evoluiu com disfuncdo do
transplante houve reducéo significativa do DLB, enquanto que diferenca néo foi observada no
grupo controle. Além disso, foi observado que, em 4 pacientes com GVHD, os dois que
apresentavam o DLB mais acentuadamente reduzido evoluiram com infeccdo severa
(meningite e sepsis fulminante) [7]; ha, ainda, relato de caso de infeccdo de repeticdo
provocada por Neisseria, seguida por infeccdo pneumococica fulminante, em paciente com

GVHD que apresentava HJ no sangue periférico [124].
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2 OBJETIVOS

2.1  Objetivo geral

Verificar a ocorréncia de hipoesplenismo funcional em receptores de transplante renal

e estabelecer sua prevaléncia.

2.2  Objetivos especificos

2.2.1 Comparar métodos de diagnostico do quadro de hipoesplenismo funcional.
2.2.2 Verificar se ha associacdo entre o quadro de hipoesplenismo funcional e drogas

imunossupressoras utilizadas na manutencdo da fungéo do enxerto renal.
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3 ARTIGOS PUBLICADQOS

3.1 ARTIGO 1 - “Functional Hyposplenism in Long-Standing Renal Transplant
Recipients” (artigo publicado). Qualis B2, fator de impacto 1.24.

Neste artigo, o objetivo principal foi verificar a ocorréncia de hipoesplenismo
funcional em pacientes em fase tardia do transplante renal (> seis meses). Receptores de
transplante renal (RTRs) foram avaliados para a presenca de corpusculos de Howell-Jolly no

sangue periférico e para alteragdes anatdmicas no baco, verificaveis por ultrassom-Doppler.



bl
ELSEVIER

Functional Hyposplenism in Long-Standing Renal
Transplant Recipients

N.C. Aratjo, S.B.S.G. de Lucena, and S.d.S. Rioja

ABSTRACT

Background. A nephrologist with expertise in ultrasonography noticed that patients
with longstanding renal grafts had smaller spleens than subjects undergoing initial
post-transplantation imaging. This putative finding prompted us to pursue a further
investigation into splenic function based on Doppler ultrasound and hematologic
parameters.

Methods. We enrolled 47 patients with functioning long-standing kidney grafts, measur-
ing longitudinal diameter of the spleen, hilar and intrasplenic peak systolic velocities
(PSV), and hilar and intrasplenic resistivity indices of the splenic artery as well as mean
arterial blood pressure (MAP). Giemsa-stained peripheral blood smears were examined
for the presence of Howell-Jolly bodies (HIBs) using light microscopy. The patients were
then divided into HIB present (HJ ™) or absent (HJ ™) groups for further comparison.

Results.  The overall mean age of 21 females and 26 males was 47.8 = 12.0 years, and the
mean time after transplantation was 2750 *= 1818 days (range, 208-06446). HIBs were
detected in 23/47 patients (48.9%). The intrasplenic artery PSV was significantly lower and
MARP higher in the HI™ group (P < .05). There was no difference in spleen size between
the groups.

Discussion. HIBs in peripheral blood red cells, an indicator of hyposplenism, was
associated with reduced intrasplenic artery PSV, suggesting dysfunction, which may play a

role in the known vulnerability of renal transplant recipients to infections.

OUTINE screening for kidney transplant recipients
in our unit includes surveillance with Doppler
ultrasound in the immediate postoperative period, as
well as at least 1 year later regardless of graft function.
Almost all studies are performed by a specially trained neph-
rologist who noticed that patients with long-standing renal
grafts displayed smaller spleen sizes than those in the
carly post-transplantation period. Patients with chronic
graft-versus-host disease after bone marrow transplanta-
tion also display reduced spleen sizes associated with
hyposplenism,' a condition known to increase suscepti-
bility to infections with encapsulated bacteria.” The
detection of Howell-Jolly bodies (ie, erythrocytes with
nuclear remnants) is a useful method to screen for
hyposplenism.® These findings, together with the known
vulnerability to infections among renal transplant recip-
ients, prompted our study of splenic function in renal
transplant recipients using Doppler ultrasound as well as
clinical and hematologic parameters.

0041-1345/13/$-see front matter
http://dx.doi.org/10.1016/j.transproceed.2013.01.061
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METHODS

This prospective, cross-sectional survey based on single samples
enrolled 47 unselected adult patients with long-standing functional
kidney grafts. Twenty had undergone transplantation from de-
ceased and 27 from living donors.

Their medical treatments included rapamycin and mycopheno-
late (n = 19), calcineurin inhibitors in addition to mycophenolate
or azathioprine (n = 18) or azathioprine or mycophenolate (n =
10). All in combination with steroids. Because the observed
frequency of the third group was less than 5, we limited analysis of
the associations between immunosuppressants and HIBs to the
first and second groups.
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FUNCTIONAL HYPOSPLENISM

Data on the underlying cause of the chronic renal failure were
infrequently recorded and, therefore, not reported in this article.
The ethics committee approved of this study according to local
legal requirements; it was conducted in accordance with the
Declaration of Helsinki.

To evaluate splenic function, we performed Doppler ultra-
sound of the spleen and prepared peripheral smears to detect
HIBs. All ultrasounds were performed by the same operator
using a Sonoline 40 (Erlangen, Germany) instrument with
3.5-MHz transducer. The only parameters that we considered
significant for our study, according to our baseline hypothesis,
were spleen dimension, peak systolic velocity (PSV) of the
splenic artery, and resistive index. With the patient in the lateral
decubitus position, real-time splenic examination was performed
in both longitudinal and transverse planes to achieve complete
visualization of the organ.

First, we measured the longitudinal diameter, which is the
maximum length obtained with clearly defined splenic edges. Then
we examined color Doppler flow and spectral Doppler, studying at
least 2, and in most cases 3, intrasplenic and splenic arteries at the
hilum. Velocity spectra were sampled under the guidance of color
signals to discriminate arterial from venous waveforms. Color spots
with no corresponding detectable Doppler waves were considered
to be artifacts. Measurements were performed with the probe in
such a position as to achieve an ultrasound beam nearly parallel to
the blood flow direction of the artery (as close as possible to 0°).
The position of the probe was adjusted until the velocity profiles
were of maximum value. The PSV and resistive index (RI) ([PSV-
EDV]/PSV) of the spectra were manually measured with built-in
software via the ultrasound scanner. A 2- to 4-mm spectral gate, no
angle correction, and low scale without aliasing were used to
sample blood flow velocity. We also performed an ultrasound and
Doppler study of the kidney grafts, recording kidney length, PSV,
and RI of intraparenchymal and main graft arteries.

Using light microscopy all peripheral smears were reviewed by a
single observer for the presence of HIBs. A blood smear was made
from a drop of blood on a slide. After incubation with May-
Grunwald stain for 3 minutes, water was added for 4 minutes and
the blood was then Giemsa-stained for 10 minutes. HIBs counted
among 100 leukocytes yielded patients who were HIB present
(HI™) or absent (HI ™).

To ensure that the groups were similar, we included related
variables such as those related to the grafts. We compared the
durations of the transplantation and of prior dialysis, age, mean
arterial blood pressure (MAP), serum creatinine concentrations,
and immunosuppressive regimen.

Using a standard statistical package (SPSS for Windows, version
17.0, Chicago, Tll, United States) to perform descriptive statistics
on patient characteristics, we expressed data as mean values *
standard deviations (SD), comparing groups with Student ¢ test.
The chi-square test was used to examine associations between
categorical variables. The factors associated with HIB were as-
sessed using univariate and multivariate logistic regression models.
Multivariate logistic regression analysis evaluated the simultaneous
influence of variables associated with HIB, such as those important
clinically (spleen size) and those that had shown an association with
HIB at an alpha level <0.25 on univariate analysis.* Besides spleen
size, intrasplenic artery PSV, MAP, gender, intrarenal artery RI,
and age were entered into the multivariate model. The accepted
level of statistical significance was 5%.
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RESULTS

Pertinent clinical data and Doppler ultrasound characteris-
tics for patients with versus without HIBs are shown in
Table 1. The overall mean age of the 21 female and 26 male
subjects was 47.8 * 12.0 years (range, 15-74). The mean
time after transplantation was 2750 = 1818 days (range,
208-6446).

HIBs were detected in 23/47 patients (48.9%). There was
no association between HIB detection and transplantation
duration, dialysis duration, donation type, or immunosup-
pressive drug regimen. Serum creatinine level was the same
without regard to HJB detection. Upon univariate analysis,
intrasplenic artery PSV of patients with HIBs was signifi-
cantly lower (P < .015) and MAP significantly higher (P <
017) compared with patients without HIBs. Multivariate

Table 1. Clinical Data and Measurements of Variables of
Interest From Patients With (n = 23) and Without (n = 24) HJB

HJB Mean SD P

Transplant duration (d) 2816.46 2064.19 .803

)
(+) 268222 1563.92
Dialysis duration (mo) -) 38.35 29.59 438
(+) 52.00 65.92
Age (y) -) 46.92 9.77 202
(+) 51.13 12.43
Creatinine (mg/dL) =) 1.96 094 975
(+) 1.95 0.88
Splenic artery PSV (cm/s) (=) 78.66 19.27 426
(+) 73.92 19.73
Splenic artery Rl (-) 0.60 0.09 .768
(+) 0.60 0.10
Intrasplenic artery PSV (cm/s)  (-) 78.49 3146 .015
(+) 58.60 19.38
Intrasplenic artery RI (=) 0.54 0.09 .426
(+) 0.56 0.10
Spleen size (mm) -) 96.53 15.70 519
+) 93.53 15.91
Kidney length (mm) (=) 120.35 1552 436
(+) 117.26 10.94
Graft main artery PSV (cm/s) (=) 169.52 118.12 .896
(+) 165.41 91.36
Craft main artery Rl =) 0.75 0.06 .327
(+) 0.77 0.09
Intrarenal artery PSV (cm/s) (=) 27.34 8.75 .362
(+) 30.13 11.58
Intrarenal artery RI (=) 0.66 0.07 .126
(+) 0.70 0.10
MAP (mm Hg) =) 86.18 9.08 .017
+) 93.03 9.64
% P
Male gender =) 45.8 181
(+) 65.2
Deceased donor (=) 45.8 .851
(+) 39.1
Immunosuppressive regimen, (=) 52.4 .603
calcineurin inhibitor
(+) 438

Abbreviation: SD, standard deviation.
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analysis using a logistic regression model showed lower
intrasplenic artery PSV and higher MAP to remain inde-
pendent factors associated with HIB (Table 2). There was
no difference in mean spleen size between patients with and
without HJBs.

DISCUSSION

The concept of hyposplenism initially referred to a func-
tional state that exists postsplenectomy. It is now consid-
ered to be an acquired disorder potentially associated with
several diseases and sometimes accompanied by a reduction
in spleen size.” In the clinical setting, patients with signs of
functional hyposplenism should be viewed in a similar
fashion to those who are asplenic secondary to splenec-
tomy.” Moreover, impaired filtering function in hy-
posplenism may mirror a corresponding impairment of the
immune system.’

Functional hyposplenism can be demonstrated by the
following examinations: (1) scintigraphy, as a failure in
uptake of a standardized Tc 99m sulphur colloid;® (2)
counting pitted erythrocytes using interference contrast
microscopy;” or (3) appearance of red blood cells contain-
ing HIBs in the peripheral blood smear.® Although radio-
isotopic methods enable assessment of the filtering function
of the spleen, their use in clinical practice is limited by high
costs and technical difficulties.® Detection methods for
morphological alterations of erythrocytes are more suitable
for clinical use because they are easy to perform, inexpen-
sive, and less invasive than radiolabelling. A study compar-
ing these modalities suggested that both HIBs and pitted
erythrocytes are valid biomarkers of splenic dysfunction,
although visualizing HIBs is methodologically advanta-
geous.” Moreover, a positive significant correlation between
HIBs and pitted erythrocytes,” as well as between HIBs and
delay in damaged red blood cell clearance rate,” further
supports HJB visualization as a marker of hyposplenism.

Functional hyposplenism has been already reported in
sickle cell anemia,'’ allogenic bone marrow transplanta-
tion,'" inflammatory bowel disease,' celiac disease,' sys-
temic lupus erythematosus,' and amyloidosis.'> The pres-
ence of HJIBs in the peripheral blood smears of renal
transplant recipients has been reported in 2 cases.">'® In 1
of those cases HIBs observed pretransplantation were
associated with chronic renal failure due to amyloidosis,'® a
condition that has been associated with hyposplenism.'” In

ARAUJO, DE LUCENA, AND RIOJA

the second case, functional asplenia may have been a
consequence of recent disseminated varicella infection.' In
this study, hyposplenism, assessed by HIBs, was a common
finding after renal transplantation, occurring in 48.9% of
long-standing patients, a result comparable with that found
in postsplenectomy patients.”

Lower intrasplenic artery PSV, which mirrors splenic
dysfunction, was observed among patients with HIBs and
was the only difference related to the spleen. Consistent
with this finding, reduced splenic blood flow as assessed by
indium-111-labeled platelets has been shown in patients
with HIBs who survived more than 6 months post-bone
marrow transplantation.'® Although the association be-
tween spleen dysfunction and blood pressure seems unex-
pected, splenectomy has been shown to aggravate hyper-
tension among mice fed a high-fat diet.'” We believe that
this association is not spurious; however, further studies are
necessary to achieve a better understanding of this thread.

Except for lower intrasplenic artery PSV and higher
MAP, HIBs did not appear to be associated with any other
feature. Because HIBs are associated with a more severe
degree of hyposplenism,” we are not able to rule out a
milder degree of hyposplenism among patients without this
finding. Accordingly, it is possible that patients with differ-
ent degrees of hyposplenism could share some features,
which blunt possible differences between groups, particu-
larly with regard to spleen size. We assessed size by
ultrasonic measurement of splenic length, based on the
significant correlation between spleen dimensions mea-
sured by ultrasound and volume measured by helical com-
puted tomography.*

In our study, spleen size was not associated with splenic
function as assessed by HIBs, consistent with previous
studies that failed to demonstrate a relationship between
splenic function, assessed using scintigraphy, and spleen
size, assessed using ultrasonography, among patients with
chronic inflammatory bowel disease.”" In contrast, subjects
with sickle cell anemia have shown autosplenectomy as
detected using ultrasound and associated with an absence of
splenic function by isotope evaluation.”> Moreover, HIBs
were present only when the functional splenic volume, as
assessed by Tc 99m-labeled autologous erythrocyte scintig-
raphy, was low,” suggesting that the relationship between
HJBs and spleen size could be better evaluated using more
sensitive techniques. In bone marrow transplantation,

Table 2. Multivariate Analysis With Their Respective OR and 95% CI (Dependent Variable is HJB Present or Absent)

95% Cl

B Wald P OR Lower Upper
Intrasplenic artery PSV (cm/s) -0.05 5.482 .019 0.95 0.910 0.992
MAP (mm Hg) 0.10 4.180 .041 111 1.004 1.222
Gender =17 1.969 161
Intrarenal artery Rl 6.53 1.292 .256
Spleen size (mm) -0.01 0.306 .580
Age (y) 0.02 0.172 .679

Abbreviations: OR, odds ratio; Cl, confidence interval.

32



FUNCTIONAL HYPOSPLENISM

spleen size, evaluated using Indium-111-labeled platelet
scintigraphy, was smaller in patients with than those without
HIBs.'"® Curiously, after orthotopic liver transplantation,
changes in splenic size have also been reported,*? although
the authors did not study the association with splenic
function.

Although the presence of HIBs in peripheral blood was a
marker of hyposplenism, it is uncertain whether these renal
transplant recipients are at greater risk of infection due to
this disorder becausce they arc alrcady recciving immuno-
suppressive therapy. Overwhelming bacteremia has already
been reported in asplenic renal transplant recipients, in
whom bacteriologic findings and presentation were charac-
teristic of postsplenectomy sepsis reported in nontransplant
paticnts.”* Moreover, the authors have suggested that ab-
sence of the spleen more than immunosuppression with
azathioprine and prednisone predisposed to uncommon
infcctions in long-standing renal transplant recipients.™
Accordingly, we are currently undertaking a prospective
study to examine the role of splenic dysfunction in suscep-
tibility to bacterial infection following renal transplantation.

In conclusion, our data showed functional hyposplenia
a large proportion of paticnts after renal transplantatio:
however, interpretation of the clinical significance of this
complication both for the patient and the graft is uncertain.
Our findings may have important practical implications for
the long-term management of renal transplant recipients.

REFERENCES

1. Picardi M, Selleri C. Rotoli B. Spleen sizing by ultrasound
scan and risk of pneumococcal infection in patients with chronic
GVHD: preliminary observations. Bone Marrow Transplant. 1999;
24:173-177.

2. William BM, Thawani N. S ia S, et al. Hyposplenism: a
comprehensive review. Part 1I: clinical manifestations, diagnosis,
and management. Hematology. 2007;12:89 -98.

3. Di Sabatino A, Carsetti R. Corazza GR. Post-splenectomy
and hyposplenic states. Lancet. 2011;378:86-97.
ms DK, Hosmer DW. Purposcful
ion. Source Code for Biology

selection of var
and Medicine. 2008;
5. Halfdanarson TR, Litzow MR, Murray JA. Hematologic
manifestations of celiac disease. Blood. 2007;109 —421.
6. Dillon AM, Stein HB, English RA. Splenic atrophy in sys-
temiclupuserythematosus. Ann Intern Med. 1982;96:40-43.

0

1561

7. Lammers AJ. de Porto AP, Bennink RJ. et al. ITyposplenism:
comparison of different methods for determining splenic function.
Am J Hematol. 2012:87:484 ,

8. Corazza GR, Ginaldi 1., Zoli G, ct al. Howell-Jolly body
counting as a measure of splenic function. A reassessment. Clin
Lab Haematol. 1990:12:269-275.

9. Robertson DA, Bullen AW, Hall R, ct al. Blood film appcar-
the hyposplenism of cocline discase. Br J ClinPract.

10. Hd!‘l()d VL Howard TA, Zimmerman SA, et al. Quantita-
tive analysis of Howell-Jolly bodies in children with sickle cell
disease. Lixp Hematol. 2007;35:179—183.

11. Cuthbert RJ, Igbal A, Gates A, et al. Functional hy-
posplenism following allogeneic bone marrow transplantation.
J Clin Pathol. 1995;48:257-259.

12. Ryan I'P, Smart RC, Holdsworth CD. et al. Hyposplenism in
inflammatory bowel di se. Gur. 1978;19:50-55.

13. Micle T, Pierconti F, Forgione A, et al. Cystic lymphangioma
of the mesentery and hyposplenism in celiac disease. Eur J Gastro-
enterol Hepatol. 2007:19:1026 -1030.

14. Pilicro P, Furic R. Functional asplenia in systemic lupus
cerythematosus. Semin Arthritis Rhewm. 1990;20:185-189.

15. Hicks RJ, Young W, Shapiro B, et al. Absent splenic uptake
of Indium-111-oxine-labeled autologous leukocytes in functional
asplenia. J Nucl Med. 1991;32:524-526.

6. Bilwani F, Adil SN, Kakcpoto GN. ct al. Impaired splenic
function in systemic amyloidosis: diagnostic importance of periph-
eral blood film. J Pak Med Assoc. 2001;93:360-362.

17. Akpek G. Comenzo RL. Primary (AL) amyloidosis: a con-
cise review. Turk J Cancer. 2001:31:5-14.
18. Kalhs P, Panzer S, Kletter K, et al. Functional asplenia after

bone marrow transplantation. A late complication related to
extensive chronic graft-versus-host disease. Ann Intern Med. 1988;
109:461-464.

19. Gotoh K Inoue M, Masaki T, et al. Obesity-related chronic
kidney discase ociated with \pl(,(,n du—wui 1T-10 [epub ahead
of print]. hrol Dial T I d December 9, 2012.

20. Lamb PM, Lund A, Kanagasabay RR, et al. Spleen size: how
well do lincar ultrasound mceasurcments correlate with  three-
dimensional CT volume assessments? BrJ Racdiol. 2002;75:573-577.

21. Gotthardt M, Broker S, Schlieck A, et al. Scintigraphy with
99mTc-labeled heat-altered erythrocytes in diagnosing hy-
posplenia: prospective comparison (o 99mTe-labeled colloids and
colour-coded  duplex ultrasonography. Nuwklearmedizin. 2007:46:
135-140.

22. Al-Jam’a AH, Al-Dabbous TA, Chirala SK, et al. Splenic
function in sickle cell anemia patients in Qatif. Saudi Arabia. 4m J
Hematol. 2000;63:68 —73.

23. Boozari B, Gebel M, Bahr MJ, et al. Changes of duplex
parameters and splenic size in liver transplant recipients during a
long period of observation. World J Gastroenterol. 2005:11:6787—
67

24. Schroter GPJ, West JC, Weil R 111 Acute bacteremia in
asplenic renal transplant patients. JAMA. 1977;237:2207-2208.

33



34

3.2 ARTIGO 2 — “Effect of Rapamycin on Spleen Size in Longstanding Renal
Transplant Recipients” (artigo publicado). Qualis B3, fator de impacto 1.39.

Neste artigo, o objetivo principal foi verificar o efeito dos inibidores de calcineurina e
da rapamicina sobre a fungéo esplénica. RTRs em fase tardia do transplante (> seis meses)
foram investigados para a presenca de corpusculos de Howell-Jolly no sangue periférico e
para possiveis alteracdes anatbmicas em baco, verificaveis por ultrassom-Doppler, apos serem

subdivididos de acordo com os dois grupos de drogas imunossupressoras.
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ABSTRACT

Background. Based on evidence available in the literature, rapamycin, a mammalian
target of rapamycin (mTOR) inhibitor, but not calcineurin inhibitors (CNIs), has been
shown to decrease spleen size. Small spleen, in some instances, is associated with hypo-
splenism, a condition recently reported in patients with longstanding renal transplant.
Accordingly, the effect of immunosuppressive drugs on spleen size was evaluated.

Methods. Renal transplant recipients (35 taking mTOR and 68 CNI) were included, in

whom a standardized investigation of the kidney allograft and spleen with the use of color
Doppler ultrasound was performed and a peripheral smear were reviewed for the presence

of Howell-Jolly bodies (HJBs).

Results. We enrolled 103 patients (64 men; 66 from a deceased donor). The mean age
was 47.7 years (range, 23.0-74.0 y). Mean transplant duration was 1,899 days (range,
181-6,883 d). According to the presence of HIBs, the prevalence of hyposplenism was
47.6% for the entire cohort. The differences between the mTOR and CNI groups regarding
sex and the presence of HIBs were not statistically significant (P > .05). Age, creatinine,
hemoglobin, leukocytes, platelets, and Doppler parameters in spleen and kidney were
similar in both groups (P > .05). mTOR patients had a decreased spleen length size (90.09
+13.02 mm vs 111.95 + 18.66 mm; P < .001), a longer transplant duration (3,576 + 1,594
d vs 1,036 £ 1,369 d; P < .001) and higher serum cholesterol (227.50 + 38.75 mg/dL vs
182.67 + 37.74 mg/dL; P < .001) and triglycerides (194.23 + 79.88 mg/dL vs 148.70 + 55.54
mg/dL; P = .003) levels compared with the CNI group. A multivariate analysis showed
mTOR inhibitor to be the most important predictor of spleen size. In both the mTOR and
CNI groups, the comparison between the subgroups of present and absent HIBs did not

show any difference.

Conclusions. The findings of this study suggest that small spleens in transplant recipients
may be linked to treatment with an mTOR inhibitor, although this apparently does not

compromise splenic function.

'UNCTIONAL hyposplenism is indicated by an anatom-
ically present spleen which fails to take up radiolabeled
colloid [1,2]. Severe hyposplenism should also be suspected
from a peripheral blood film with the presence of Howell-Jolly
bodies (HJBs) [3]. Inaddition to these methods, a small spleen
associated with a lack of perfusion assessed by color-coded
Doppler ultrasound also points toward impaired splenic
function [4]. Recently, the occurrence of functional hy-
posplenism has been reported in a small group patients
with longstanding renal transplant based on the finding of

© 2014 by Elsevier Inc. All rights reserved.
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intraerythrocyte HIBs in blood smears [5]. It is reasonable to
assume that if the hyposplenic state represents a risk to health
in renal transplantation, further information on the conse-
quences of hyposplenism in renal transplant recipients is
needed. This entails an assessment of splenic function in a
larger number of patients.
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Some immunosuppressive drugs used in transplant pa-
tients have been reported to have an effect on spleen size.
Rapamycin, a mammalian target of rapamycin (mTOR) in-
hibitor (mTORi), has been shown to decrease spleen size ina
variety of experimental studies [6-9], whereas experiments
with the use of cyclosporine or tacrolimus failed to demon-
strate an effect on spleen size [10-13]. Experiments with the
use of azathioprine (AZP) have had contradictory effects
[14-16], and studies with mycophenolate mofetil (MMF) are
lacking. In the present study, we investigated the effect of
immunosuppressive drugs on spleen size and additionally on
the appearance of HIBs in erythrocytes, with the use of color
Doppler ultrasound to evaluate the size and Doppler pa-
rameters of the spleen along with peripheral blood smears to
detect HIBs. We compared patients taking mTOR inhibitors
with those taking calcineurin inhibitors (CNIs).

MATERIAL AND METHODS

The study design was a prospective cross-sectional survey based on
single samples. One hundred three patients with renal allografts
were included, in whom a standardized investigation of the kidney
allograft and spleen with the use of color Doppler ultrasound was
performed and a peripheral smear was reviewed for the presence of
HIBs at least 6 months after transplantation,

All ultrasounds were performed by the same operator with the
use of a Sonoline 40 (Erlangen, Germany) instrument with a 3.5
MHz transducer. The parameters measured were spleen dimension,
peak systolic velocity (PSV), and resistive index (RI) of the splenic
artery at the hilum and within the organ. We also performed an
ultrasound and Doppler study of the kidney graft, recording kidney
length, PSV, and RI of the intraparenchymal and main graft ar-
teries. With the use of light microscopy, all peripheral smears were
reviewed by a single observer for the presence of HIBs. The
methods have been reported elsewhere [5].

To ensure that the groups were similar, we included related vari-
ables such as those related to the graft. We compared the duration of
transplantation, age, and serum creatinine, cholesterol, and triglyc-
eride concentrations. In addition, we included blood variables related
to hyposplenism, such as hemoglobin, leukocytes, and platelets.

On the basis of immunosuppressive drugs, patients were assigned
to the mTOR group or the CNI group with a further subdivision
according to the presence or absence of HJBs. Preliminarily, we
analyzed the effect of different combinations of immunosuppressive
drugs on spleen size: CNI versus mTOR: (regardless of associated
antimetabolites), MMF versus AZP (regardless of associated
mTORi or CNI), MMF plus CNI versus MMF plus mTORi and AZP
plus CNI versus AZP plus mTOR; all drugs were administered in
combination with steroids. Because the analysis yielded a bulk of
data without statistical significance, we decided to include in the
study the comparisons of CNI versus mTORi only, which showed a
statistically significant difference in the variable of interest. Of note,
the distribution of antimetabolites was equivalent in both groups.

The Ethics Committee approved the study according to local
legal requirements, and informed consent was obtained from every
subject.

Statistical Analysis

The results are presented as mean + standard deviation for
continuous variables and as a percentage for dichotomous variables.

Table 1. Clinical Data and Measurements of Variables in Patients
Taking Mammalian Target of Rapamycin Inhibitor (mTORi) or
Calcineurin Inhibitor (CNI)

Group n Mean SD P Value
Transplant duration mTOR 35 3576 1594 <.001
(6] CNl 68 1036 1369
Age (y) mTOR 35 49.34 1010 295
CNI 68 46.85 11.97
Creatinine (mg/dl)  mTOR 35 2.16 093 187
CNI 68 1.85 1.18

Hemoglobin (g/dl) mTOR 35 12.32 208 914
CNl 68 1221 2.52

Leucocytes mm®) mTOR 35 6943 1928 828
CNl 68 6891 2485

Platelets (/mm® mTOR 35 236457 71647 099
CNI 68 211701 71106

Cholesterol (mg/dL) mTOR 35 222.76 39.03 <.001
CNI 68 181.21 36.79

Triglycerides (mg/dL) mTOR 35 186.53 7747 004
CNI 68 148.70 55.54

Splenic artery PSV ~ mTOR 35 7412 1894 969

{cm/s) CNI 68 7397 18.93
Splenic artery Rl mTOR 35 0.59 0.08 .158
CNI 68 0.62 0.08
Intrasplenic artery mTOR 35 67.76 2961 482
PSV {cm/s) CNI 68 72.04 28.54
Intrasplenic artery Rl mTOR 35 0.53 006 .122
CNI 68 0.56 0.09

Spleen size (mm) mTOR 35 90.09 13.02 <.001
CNI 68 111.95 18.66

Kidney length (nm) mTOR 35 17.71 1450 445
CNI 68 119.58 9.87

Graft main artery mTOR 35 161.00 89.08 254

PSV {cm/s) CNI 68 18564  107.69
Graft main artery R mTOR 35 0.75 007 .095
CNI 68 0.78 0.09
Intrarenal artery PSV mTOR 35 28.93 924 110
{cnvs) CNI 68 25.99 8.32
Intrarenal atery R mTOR 35 0.66 007 825
CNI 68 0.67 0.09
% Q-Square
Male sex mTOR 23 65.70 0.591
CNI 4 60.30
HJBs (+) mTOR 20 57.10 0.163
CNI 29 4260

Abbreviations: PSV, peak systolic velocity; RI, resistive index; HJBs, Howell-
Jolly bodies; +, present.

Both groups were compared with the use of Student ¢ test for
continuous variables and chi-square test for dichotomous variables.
Correlation between continuous variables were assessed by Pearson
test. Multivariate logistic regression analysis evaluated the simul-
taneous influence of variables associated with spleen size, such as
those important clinically (immunosuppressive regimen and HJBs)
and those that had shown an association with spleen size at an alpha
level of <0.25 on univariate analysis. Accordingly, besides immu-
nosuppressive regimen and HIBs, age, transplant duration, leuko-
cytes, hemoglobin, platelets, cholesterol, and intrasplenic artery
PSV were entered into the multivariate model. Data were analyzed
with the use of SPSS software, version 17. Significant differences
between groups were indicated by a P value of <.05.

36



EFFECT OF RAPAMYCIN ON SPLEEN SIZE

1321

Table 2. Comparison of Variables Between Patients With Howell-Jolly Bodies Present {+) or Absent {—) in mTORi and CNI Groups

mTORi CNI

HJBs n Mean SD P Value n Mean SD P Value

Transplant duration (d) -) 15 3,402 1,705 585 39 998 1,376 793
+ 20 3,706 1,537 29 1,087 1,383

Age () ) 15 4893 8.56 .839 39 44.64 12.10 077
(S3) 20 49.65 11.32 29 49.83 11.31

Creatinine (mg/dL) =) 15 1.94 0.75 262 39 1.7 1.00 244
(S2) 20 2.33 113 29 2.05 1.39

Hemoglobin (g/dL) (=) 15 12.07 225 546 39 12.86 212 212
(S2) 20 12.51 1.97 29 12.18 2.05

Leucocytes (fmm?) -) 15 7417 1,451 213 39 6,976 2,443 748
(S2) 20 6,588 2,189 29 6,778 2,580

Platelets (/mm°) -) 15 243,733 73,326 610 39 210,763 67,806 .803
(G2 20 231,000 71,771 29 212,931 76,418

Cholesterol (mg/dL) ) 15 229.33 39.77 .391 39 183.24 35.28 616
+ 20 217.58 38.70 29 178.62 39.11

Triglycerides (mg/dL) =) 15 202.93 96.81 279 39 147.68 49.08 .837
(S2) 20 175.25 59.76 29 146.59 61.78

Splenic artery PSV (cm/s) =) 15 72.73 16.78 724 39 73.71 18.66 .901
(So) 20 7515 20.79 29 74.30 19.59

Splenic artery Rl -) 15 0.60 0.08 542 39 0.61 0.08 .270
+ 20 0.58 0.08 29 0.63 0.09

Intrasplenic artery PSV (cm/s) -) 15 66.21 18.31 793 39 76.44 33.19 154
+ 20 68.93 36.32 29 66.22 20.02

Intrasplenic artery RI =) 15 0.54 0.06 671 39 0.54 0.09 187
+ 20 0.53 0.06 29 0.57 0.09

Spleen size (mm) =) 15 90.59 12.52 .848 39 115.28 19.84 .088
) 20 89.72 13.69 29 107.47 16.21

Kidney length {mm) =) 15 120.73 14.27 317 39 120.24 10.21 525
+ 20 115.60 14.64 29 118.69 9.51

Graft main artery PSV (cm/s) =) 15 166.55 83.29 752 39 203.07 109.98 126
+ 20 156.61 95.43 29 161.98 101.66

Graft main artery RI =) 15 0.75 0.06 892 39 0.77 0.10 579
() 20 0.74 0.07 29 0.78 0.09

Intrarenal artery PSV (cm/s) ) 15 2917 9.40 .895 39 26.02 6.53 .969
+ 20 28.74 9.36 29 25.94 10.40

Intrarenal artery RI =) 15 0.65 0.07 433 39 0.65 0.09 107
+ 20 0.67 0.07 29 0.69 0.10

Abbreviations: As in Table 1.

RESULTS

We enrolled 103 patients (64 men, 39 women; 66 trans-
plants from deceased donors, 37 transplants from living
donors). The mean age was 47.7 years (range, 23.0-74.0 y).
Mean transplant duration was 1,899 days (range, 181-6,883
d). The mTORi group consisted of 35 patients (31 rapa-
mycin, 4 everolimus) and the CNI group of 68 patients (49
tacrolimus, 19 cyclosporine). According to the presence of
HIBs, the prevalence of hyposplenism was 47.6% for the
entire cohort. The differences between the mTORi and CNI
groups regarding sex and the presence of HIBs were not
statistically significant (P > .05; Table 1). Age, creatinine,
hemoglobin, leukocytes, platelets, and Doppler parameters
in the spleen and kidney were similar in both groups (P >
.05; Table 1). mTORi patients had a decreased spleen
length size (90.09 + 13.02 mm vs 111.95 + 18.66 mm; P <
.001), a longer transplant duration (3,576 + 1,594 d vs 1,036
+ 1,369 d; P < .001), and higher serum cholesterol (227.50

+ 38.75 mg/dL vs 182.67 + 37.74 mg/dL; P < .001) and
triglycerides (194.23 + 79.88 mg/dL vs 148.70 + 55.54 mg/
dL; P = .003) levels compared with the CNI group
(Table 1). Because the longer transplant duration in mTORi
patients could account for the difference in spleen size, the
patients with shorter transplant duration were gradually
excluded until this variable was similar in both groups.
When only patients with a transplant duration >1,650 days
were included, the difference in transplant duration dis-
appeared (4,014 + 1,248 d vs 3,416 + 1,481 d; P = .180), but
the smaller spleen size in the mTORi group remained
(93.89 £ 17.69 mm vs 106.83 + 19.12 mm; P = .001). Be-
sides immunosupressive regimen and HJIBs, on univariate
analysis the following variables fulfilled the criteria to enter
the multivariable model: transplant duration (r = —0.505;
P < .001), age (r = —0.326; P = .001), intrasplenic artery
PSV (r = 0.242; P = .015), platelets (r = —0.290; P = .003)
leukocytes (+ = —0.215; P = .029), serum cholesterol
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(r = —0.367; P < .001), and hemoglobin, (r = —0.131; P =
.189). Accordingly, multivariate analysis with the use of a
logistic regression model showed mTORi as the most
important predictor of spleen size (Table 3). Age and intra-
splenic artery PSV also remained independent factors asso-
ciated with spleen size, though to a lesser extent (Table 3).

In both mTORi and CNI groups, the comparison between
the subgroups of present and absent HIBs did not show any
difference (Table 2).

DISCUSSION

Recently, the occurrence of hyposplenism has been re-
ported in longstanding renal transplant recipients, based on
hematological parameters [5]. It is well known that a wide
variety of disorders can be complicated by hyposplenism, an
acquired disorder associated with increased morbidity and
mortality from infectious complications [17]. Because
hyposplenism may contribute to the known susceptibility of
transplant patients to infection, any contribution to a thor-
ough understanding of this condition is highly desirable.
Hyposplenism associated with reduction in spleen size has
been reported in sickle cell anemia [18], in chronic graft-
versus-host disease after bone marrow transplant [19], in
celiac disease [20], and in systemic erythematous lupus; [21]
however, the size of the spleen does not correlate with
splenic function [22]. Moreover, in some cases, hyposplen-
ism has been associated with splenomegaly [1,23,24].

The finding of higher levels of serum cholesterol and
triglycerides in the mTORi group is in accord with the
literature [25].

In this study, we found smaller spleens in patients taking
an mTORi compared with those taking a CNI. However, a
statistically significant association with HIBs in blood
smears from patients in the mTORi group could not be
demonstrated. This further corroborates the lack of a rela-
tionship between spleen size and splenic function.

Age also contributed to the spleen size, an effect that has
long been known [26]. The relationship between spleen size

Table 3. Multivariate Analysis With Respective Odds Ratio (OR)
and 95% Confidence Interval (Cl) {Dependent Variable Was
Spleen Size; Cutoff Point Was the 25% Quartile of the Sample:
90.8 mm)

95% Cl
B Wad PValue OR Lower Upper

Immunosuppressive 362 835 .004 3744 321 437.33
regimen, mTORi

Age () 013 791 005 114 1.04 125

Intrasplenic artery -0.09 787 .005 092 08 0097
PSV (cm/s)

Platelets (/mms) 0.00 292 .087 1.00 1.00 1.00

Leukocytes (mm?) 0.00 283 093 100 1.00 1.00
Hemoglobin (g/dL) -0.36 227 .32 070 044 111
Cholesterol (mg/dL) 0.01 131 252 101 099 1.04
Transplant duration (d) 0.00 1.08 .300 1.00 1.00  1.00
HJBs (+) 015 003 864 1.16 021 634

Abbreviations: As in Table 1.

and intrasplenic artery PSV, in multivariate analyses, corrob-
orated that seen in univariate analysis, in which smaller spleen
size was associated with lower PSV.

In studies addressing unrelated issues in mice, rapamycin
treatment significantly reduced the size of the spleen in
nephritis, probably mediated through suppression of lym-
phoproliferation [8]. This treatment has also been shown to
reverse latent membrane protein 2A-induced splenomegaly
in Burkitt lymphoma [7]. Additionally, mTOR blockade by
rapamycin ameliorates spleen enlargement in portal hy-
pertensive rats [9]. Furthermore, in bleomycin-induced
pulmonary fibrosis in rats, a reduction in spleen weight
has been suggested to indicate that rapamycin was given at
an immunosuppressive dose [6]. Although the effect of
rapamycin on spleen size has been well documented, we are
not aware of any report relating mTOR inhibitors to a
reduction in the size of the spleen in humans. On the con-
trary, reports from experimental studies in rats and mice
addressing the toxicity of cyclosporine on lymphoid tissue
demonstrated a reduction in the size of the thymus
[11,12,27], but not in spleen size [10-12].

Based on evidence available in the literature, the different
mechanisms of probable importance for spleen reduction are
mediated by the suppression of neovascularization by the
down-regulation of the mTOR signaling pathway [9]. This
leads to suppression of lymphoproliferation [8] and increases
apoptosis in splenocytes [7] via the inhibition of mTOR.

The mTORI patients had a longer transplant duration,
which could account for the smaller average spleen size.
However, having chosen to investigate only the longest
transplant duration patients in both groups, the differ-
ence in transplant duration disappeared and the smaller
spleen size in the mTORI group remained, suggesting an
effect that could be assigned to the drug. Moreover, in
the multivariate model, transplant duration did not
emerge as an independent factor associated with spleen
size. Longer transplant duration in mTORI patients may
simply reflect that many patients began to receive mTOR
inhibitors when they already had a long duration of
transplant.

In conclusion, the findings of our study suggest that small
spleens in transplant recipients may be linked to treatment
with an mTOR, although this apparently does not compro-
mise splenic function.
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3.3 ARTIGO 3 - “ Howell-Jolly bodies and liver-spleen scanning for assessment of
splenic filtrative function yields discordant results in renal transplant recipients”

(artigo publicado). Qualis B1, fator de impacto 2.028.

Neste artigo, foi desenvolvido um modelo em que o tamanho do bago seria auxiliar na
interpretacdo de resultados, quando houver divergéncia entre os resultados da pesquisa de

corpusculos de Howell-Jolly (positiva) e cintilografia hepato-esplénica (normal).
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Howell-Jolly bodies and liver-spleen scanning for
assessment of splenic filtrative function yields
discordant results in renal transplant recipients

Nordeval Cavalcante Aradjo, MD, PhD®", Margarida Maria Camdes Orlando, MD®,
Moises Bonifécio Neves, MD®, Suzimar Silveira Rioja, MD?, Stella Beatriz Gongalves de Lucena, MD, PhD°,
Carlos Alberto Mandarim-de-Lacerda, MD, PhD?

Abstract

Given discrepancies between methods for diagnosing hyposplenism, the purpose of this study was to evaluate the effect of the
spleen size on the correlation between the methods, and to propose a model for improving the interpretation. Patients with renal
allografts were included, in whom the spleen was assessed using Doppler ultrasound, scintiscan, and the presence of Howell-Jolly
bodies (HJBS) in peripheral smears. In 35 subjects, scintiscan and HJBs were normal (Group 0); 20 had an abnormal result in both
methods (Group 1); 34 had discordant results with HJBs present (Group 2); and 14 had discordant results with decreased spleen
uptake (Group 3). There was no association between HJBs and scintiscan. The patients of Groups 1 and 2 had smaller spleens. The
patients with smaller spleen had more hematological evidence of hyposplenism and exhibit smaller discrepancies between the
methods than patients with larger spleen. The spleen can tip the balance from a normal to impaired function provided that the spleen
size is below the critical mass required to maintain splenic function. A mild impairment of phagocytic function and slight
dyserythropoiesis along with a small spleen would resut in decreased take up of radiocolloid or the appearance of HIBs in blood
smears.

Abbreviations: FH = functional hyposplenism, HJ+ = HJB present, HJ-= HJB absent, HJBs = Howell-Jolly bodies, RES =
reticuloendothelial system, RI = resistive indice, SD = standard deviations, SPSS = Statistical Package for the Social Sciences.

Keywords: howell-jolly bodies, hyposplenism, methodology disagreement, renal transplant, scintigraphy

1. Introduction

Functional hyposplenism (FH) refers to a clinical condition in
which a spleen that can be shown by anatomical imaging
techniques does not take up radiocolloid properly.?!

Besides failure to take up "™ Te-sulphur colloid,*! FH can be
also demonstrated by increase in pitted red cell counts by
interference contrast microscopy,*! or the finding of Howell-Jolly
bodies (H]Bs) on peripheral stained blood smear.”!

Despite an extensive literature of medical conditions associated
with FH, like sickle cell anemia, allogenic bone marrow
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transplantation,” inflammatory bowel disease,®! celiac dis-
case,”! systemic lupus erythematosus,"*! and amyloidosis''" has
been known for decades, to our knowledge a series addressing
this issue in renal transplant recipients has been reported only
recently."”! FH is now well-recognized as a condition associated
with several diseases potentially at risk for developing the
disorder and occasionally along with a small spleen.'! 3%l

As a natural consequence of the use of different methods for the
detection of hyposplenism, discrepancies between methods may be
encountered. Indeed, the correlation between scintigram results
and the presence of HJBs in peripheral blood smears has been
already assessed in many reports that have yielded conflicting
results."1*2!1 Likewise, there is no consensus regarding the
relationship between spleen size and function,'*-15:22-261

The purpose of this study was a comparative assessment of 2
methods for diagnosing hyposplenism and an evaluation of the
effect of the spleen size on the correlation between these 2
methods in a group of renal transplant recipients. Additionally,
we propose a model based on mechanisms of decreased spleen
uptake of radiocolloid and of appearance of HJBs in peripheral
blood smears according to spleen size to improve the interpreta-
tion of test results.

2. Materials and methods

The study design was a prospective cross-sectional survey based
on single samples. One hundred and three patients with renal
allografts were included, in whom a standardized investigation of
the spleen was performed using color Doppler ultrasound and
scintiscan and an examination of a peripheral smear for the
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presence of H]Bs. In case of retransplant, only the second renal
transplant episode during the study period was included; the
results, therefore, reflect one transplant procedure per study
patient. Data on the underlying cause of the chronic renal failure
were infrequently recorded and are therefore not reported in this
article. We included both variables related to the graft and those
related to the hyposplenism.

The ethics committee approved this study according to local
legal requirements, and informed consent was obtained from the
patients.

2.1. Scintigraphy protocol

Scans were obtained using a gamma camera using frames in
128 x 128 and 256 x 256 matrices. Digital planar images were
recorded 20minutes after the patients received a S-mCi
intravenous injection of **™Tc-stannous colloid; particles were
in the nanometer range (according to the manufacturer’s package
insert). In properly exposed images, assessment of the relative
uptake of radiocolloid by the spleen versus uptake by the liver in
anterior projections was performed; 103 scans were qualitatively
interpreted by 2 researchers in single separate sessions. Those
patients whose scans demonstrated equal density in the spleen
and the liver were designated as normal, whereas patients who
had reduced uptake in the spleen compared with the liver were
designated as hyposplenic. In the case of disagreements, differ-
ences were resolved by joint discussion.

2.2. HJBs

All peripheral smears were reviewed for the presence of HJBs by a
single observer using light microscopy. A drop of blood was
placed onto a slide, and a blood smear was made. The film of
blood was incubated with May-Grunwald stain for 3 minutes,
after which water was added for 4 minutes. The blood was then
Giemsa-stained for 10 minutes. HJBs were counted in the
environment of 100 leucocytes. Patients were then further divided
into HJB present (HJ*) or absent (H] ") groups.

2.3. Ultrasonography

All ultrasounds were performed using a Sonoline 40 instrument
(Erlangen, Germany) using the 3.5-MHz transducer. The spleen
and kidney longitudinal diameters were obtained where the
splenic and kidney edges were clearly defined. The resistive
indices of 2 intrasplenic and interlobar graft arteries were
measured using the built-in software. Spleen longitudinal
diameter values were divided into quartiles. The groups
(quartiles) were defined by cutoff values reflecting the <25th,
>25th and <50th, >50th and <75th, and >75th percentiles of
spleen size distribution.

Instead of comparing patients based only on the results of 1
method, we used a composite to compare patients based on both
methods. Based on the combined results, we placed the patients
into 4 mixed groups, to capitalize on the respective strengths of
each approach. The results of the combined examination were
considered concordant if results of both methods were positive or
negative for diagnosis of hyposplenism and discordant in case of
disagreement in either of the 2 tests. Thus, patients with normal
results and agreement between the 2 methods were assigned to
Group 0, those in whom both results pointed toward
hyposplenism were assigned to Group 1, those with HJBs
present in peripheral blood smears but normal scintigrams were
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assigned to Group 2 and those with absent HJBs but abnormal
scintigrams were assigned to Group 3. Additionally, the effect of
the spleen size on the agreement between both methods was
assessed.

2.4. Statistical analysis

Statistical analysis was performed using SPSS statistical package
(SPSS for Windows, version 17.0, Chicago, IL). The values were
expressed as means=+standard deviations. For analysis of the
differences between groups, analysis of variance or Student # test
was used as appropriate. x°, Spearman rank correlation, and
Fisher exact tests were used to discover whether there was a
relationship between categorical variables. The results were
considered statistically significant at P<.03.

3. Results

We enrolled 103 patients (65 men; 62 cadaveric donors; 8
retransplants). The mean age was 48.16 £11.67 years (range
23.0-74.0 years). The mean transplant duration was 2331 days
(range 8-8978 days).

Medical treatments included rapamycin and mycophenolate or
azathioprine (n = 30); calcineurin inhibitors in addition to
mycophenolate or azathioprine (n=60); or azathioprine or
mycophenolate (n=13). All treatment regimens were adminis-
tered in combination with steroids.

Thirty-five subjects had concordant normal results (33.98%)
from both methods (normal spleen uptake and no HJBs in
peripheral blood smears; Group 0); 20 had a concordant
abnormal result (19.42%) in both methods (decreased spleen
uptake and HJBs in peripheral blood smears, Group 1); 34 had
discordant results (33.01%) with HJBs in peripheral blood
smears, Group 2; and 14 had discordant results (13.59%) with
decreased spleen uptake, Group 3. There was no evidence of a
significant association between the presence of HJBs and spleen
scintigraphy for diagnosing hyposplenism (Q-square=0.833;
P=.362).

The patients in Groups 1 and 2 were characterized by smaller
spleen size (Table 1). None of the other analyzed variables were
different among groups (Table 1).

The average spleen size was 104.1+20.4mm and the range
was between 57.2 and 168.1mm. The spleen length was <90.0
mm in 25 subjects (first quartile), between 90.0 and 102.6 mm in
26 subjects (second quartile), between 102.8 and 115.6mm in 26
subjects (third quartile), and >115.6mm in 26 subjects (fourth
quartile). The patients in the first quartile (smaller spleen) had
higher hematocrit and hemoglobin levels and higher lymphocyte,
monocyte, and platelets counts than those in the fourth quartile
(larger spleen, Table 2).

The correlation between the groups and spleen size quartiles
showed that smaller spleens were associated with the appearance
of HJBs and decreased colloid uptake by the spleen, as inferred
from the relationship between Group 1 and the lower quartile of
the spleen size (Spearman rho=0.40; P=.003; Fig. 1). Addition-
ally, HJBs (irrespective of scintigram) were more common in the
first than in the fourth quartile (x*=8.63; P=.003) (Fig. 1).

Discordance between splenic uptake of Te-99m colloid and
the presence of HJBs has been described in many conditions. To
compare our results with those reported in the literature, data
concerning agreement between the methods are presented in
Table 3. Compared with values reported for a variety of
conditions, there was an intermediate level of agreement
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Clinical data and measurements of variables of interest from patients studied”.

Group 0=35 Group 1=20 Group 2=34 Group 3=14 P
Age, y 46.46+11.56 53.90+12.51 45.85+10.43 49.79+11.81 064"
Transplant duration, days 210242359 2819+2355 2367 +2351 212641738 500%
Dialysis duration, mo 72.11+55.00 60.10+59.55 53.56+46.65 53.93+40.53 572
Creatinine, mg/dL 2.08+1.97 2.30+2.11 226+1.07 256+2.57 094
Albumin, g/dl. 4304068 4.43+0.50 4614040 455+0.58 264
AST, lUL 19.19+9.16 19.53+6.69 22.00+15.25 3213+23.19 189
ALT, UL 22.07+20.38 17.93+8.98 18.62+£15.75 29.14+32.93 583¢
Direct biliruin, mg/dL 0.17+0.12 0.13+0.09 0.16+0.08 0.21+0.12 o7
Indirect bifirubin, mg/dL 0.30+0.31 0.17+0.04 0.27+017 0.25+0.09 097
Hematocrit, % 31.35+8.14 36.58+6.76 33.54+8.98 36.20+6.03 146"
Hemaglobin, g/dL 10.15+2.60 11.82+2.23 10.83+2.89 11744199 153°
Leucocytes, celly/mm® 7669+2968 787245812 817942794 7328+3287 904
Neutrophils, celis/mm® 573842721 42412832 5824+3072 5004 +3119 258"
Lymphocytes, cells/mm® 1284+962 1746 +559 1580+861 1696 +929 256"
Monocytes, cells/mm® 526+370 583+217 609+296 641371 680"
Platelets, cells/mm® 195387 +83186 228176 +63668 213176 £69771 197125+ 62748 469"
Spleen size, mm 115.21+21.41 93.47+19.06° 99.70+15.04/ 102.09+18.90 000"
Intrasplenic artery RI 0.54+0.07 0.58+0.08 0.54+0.06 0.55+0.11 218
Kidney length, mm 118.07+9.27 116.67+16.64 118.33+12.65 116.64 +11.66 801*
Intrarenal artery RI 0.66+0.09 0.71+0.09 0.65+0.08 0.68+0.10 067
PRA class |, % 425+13.16 7.60+13.66 3.53+13.35 1.53+4.04 500°
PRA class Il % 2.26+9.86 9.89+23.13 7.05+£22.59 283+6.94 614
n (%) n (%) n (%) n (%) 7
Sex, male 18 (51.4) 14 (70.0) 23 (67.6) 10 (71.4) 0.164
Calcineurin inhibitor 22 (62.9) 10 (50.0) 19 (55.9) 9(64.3) 0.958
ATG or Anti-IL2 9(25.7) 3(15.0 389 4(28.6) 0.110
HLA-mismatches, >3 22 (75.9) 13 (81.3 15 (53.6) 8 (66.7) 0.058
AST=aspartate aminotransferase, ALT = alanine aminotransferase, Rl =resistive index, PRA=panel reactive antibody, ATG = rabbit anti-thymocyte globulin, Anti-IL2 = interleukin-2 receptor antagonists, HLA=
human leukocyte antigen.
Mean +standard deviation.
¥ ANOVA test.
¥ Kruskal-Walls test.
§P<.001 vs. Group 0.
I P=.005 vs. Group 0.

between the methods in our renal transplant patients
(Table 3),/1-3-101115-22.24-71]

We have integrated the examination results and mechanisms
associated with the findings of hyposplenism reported in the
literature in a theoretical model to help the interpretation of the
results (Table 4). Besides the mechanisms, the model includes
distributions as required to assign the results of scintigraphy, the
presence of HJBs and spleen size according to severity class
adjustments. The lowest level of the 3-level patient severity score
corresponds to findings in the normal range and is indicative of
low-risk patients. The highest level corresponds to patients who
have examination findings that indicate severe hyposplenism.

Hematological data according to the spleen size quartile'.

Variable <25th >T5th P

Hematocri, % 35.12+7.68 28.56+9.09 on
Hemoglobin, g/dl. 11.424251 9.39+2.94 015
Leucocytes, cellymm® 8004+3190 7154+2942 350
Neutrophils, cells/mm® 5192+2990 5706+2792 559
Lymphocytes, cells/mm® 19754752 878685 <001
Monocytes, cells/mm® 691+359 4484264 015
Platelets, cells/mm® 246600463543  173667+65455  <.001

* Mean£SD.

4. Discussion

To date, several useful techniques have been available for the
evaluation of spleen function in clinical practice. Among them,
excellent procedures such as liver-spleen scintigraphy and the
examination of peripheral blood smears for the presence of HJBs
are the most common, and are able to provide a specific
diagnosis.*7

To our knowledge, the present study is the first comparative
assessment of these 2 traditional methods for the diagnosis of
hyposplenism in a large study enrolling patients with the same
condition.

In this prospective observational study, the most important
observation was the finding that among 103 patients trans-
planted, 33 (32.7%) were found to be hyposplenic as measured
by **™Tc-labeled stannous colloid spleen scans, whereas 54
(53.1%) were hyposplenic on the basis of HJBs.

These results showed that besides the groups in which both
methods have a concordant relationship for the diagnosis of
hyposplenism (19.42%) or for normal spleen function (33.98%);
there are 2 discordant groups: one in which HJBs are present on
peripheral blood smears but scintigrams are normal (33.01%)
and a second one in which HJBs are absent but scintigrams point
toward hyposplenism (13.59%).

Our findings are in accordance with data in previous reports of
studies in smaller numbers of subjects in which radionuclide liver-
spleen scan and peripheral blood smears did not correlate
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A component-based mechanism involved in the impaired spleen
uptake of radiocolloid and appearance of HJBs on peripheral

blood smears. Compromised extent.

Mechanism Normal Mild/moderate Severe
RES impairment
Liver-spleen scan Normal Normal/Decreased Decreased
HJBs Absent Absent/Present Present
HJBs overload
Liver-spleen scan Normal Normal Normal
HJBs Absent Absent/Present Present
Spleen critical mass
Liver-spleen scan Normal Normal/Decreased Decreased
HJBs Absent Absent/Present Present

GO Gl GO Gl
5 10 6 3
First Second
quartile | G2 | G3 G2 1 G3 Quartile
i 3|13 4
GO Gl GO Gl
8 4 16 3
Third Fourth
quartile | G2 | G3 G2 ' G3 quartile
10 4 4 3

Figure 1. Distribution of subsets of concordant and discordant groups (GO~
G3) according to the spleen size quartile. While the subgroup of normal
concordant examination (Group 0) predominantly had spleen sizes in the upper
quartile, the subgroup of hyposplenic concordant results (Group 1) showed the
opposite result, with more spleen sizes in the lower quartile (Spearman=0.40;
p=0.003) (Numbers highlighted in grey). Group 2 (HJBs present and normal
scintiscan) had seven cases of spleen in the lower quartile (Cross-hatched
number). HJBs were more common in the first than in the fourth quartile (17/25,
68.0% versus 7/26, 26.9%) (Chi-square=8.63; p=0.003). Spleen length
quartiles: A: <25th, B: >25th to <50th, C: >50th to <75th, D: >75th.

well,m'”]
(Table 3).

There is no consensus concerning the best method for assessing
spleen function. Although one study of functional asplenia in
adults has suggested that HJBs are a more sensitive indicator of
splenic function than sulfur colloid scanning," others have
found radionuclide sulfur colloid and heat-treated red cell studies
to be more sensitive indicators of red cell function.!®””!

Based ona compilation of case reports, concordance between the
methods is the rule (Table 3). Indeed, in 52 case reports, from 47
articles, ina variety of conditions, the concordance (both normal or
both abnormal) was as high as 80.8%, a figure quite a lot higher
than that found in the current study (53.4%). However, the figure
is substantially lower when the concordance is based on series
instead. From 159 cases studied in 13 series (those including at least
five cases), also in a variety of conditions, the concordance only
reached 54.7% (from 21.8% in miscellaneous conditions to

although the correlation may vary among disease

RES =reticuloendothelial system, HJBs =Howell-Jolly bodies.

100.0% in sickle cell anemia), a percentage very similar to that
found in the present study (53.4%).

It is not entirely clear why concordance in compilations of case
reports is different from that in series studies. However, one might
hypothesize that part of this inconsistency may derive from
fundamental problems associated with the way the patients are
enrolled. In case reports, usually only cases with severe infection or
fatal outcome are reported, a situation in which hyposplenism is
more severe, while in series a wide range of disease severity is
included. Inaccordance with this, itis well known that in mild cases
of hyposplenism, although spleen dysfunction can be assessed by
using scintiscan, H]JBs are regularly absent on peripheral blood
smears, that is, the appearance of HJBs in blood smears points
towards a more severe form of hyposplenism.”>”* Therefore,
based on these assumptions, it is reasonable to believe that our
concordant results represent either normal spleen function (H]Bs
absent and normal spleen scintigraphy) or severe hyposplenism
(HJBs present and impaired spleen uptake of colloid) and in cases
of disagreement where there is an absence of HJBs, we are dealing
with a less severe dysfunction of the spleen. The more problematic
discrepant results are the 34 patients in which the HJB tests are
positive but the scintigrams are negative. This discrepancy may be
caused by conditions other than hyposplenism.

This disagreement (HJBs present along with normal spleen
scan) has been attributed to a bone marrow abnormality
(dyserythropoiesis), in which an overload of HJBs delivered to
the circulation can overwhelm the ability of a normal spleen to
clear them from circulation.”™®! In accordance with this, HJBs

Comparison of the results obtained in this study with the summation of several case reports and series found in the literature.

Concordant Discordant
Total Abnormal Normal Total HJBs absent HJBs present
Case reportg!®'01121:2224-56] 78.6% (44/56) 88.6% (39/44) 11.4% (5/44) 21.4% (12/56) 58.3% (7/12) 41.7% (5/12)
Serigg!"315-2067-71] 54.7% (87/159) 77.0% (67/87) 23.0% (2087 45.3% (721159 67.6% (48/72) 33.3% (24/72)
Current 53.4% (55/103) 36.4% (20/55) 63.6% (35/55) 46.6% (48/103) 29.2% (14/48) 70.8% (34/48)
Distribution of series cases according to specific diseases
Amyloidosis"> 168! 46.6% (14/30) 92.9% (13/14) 7.1% (1/14) 53.3% (16/30) 68.7% (11/16) 31.3% (5/16)
Sickle cell anemial""%%! 87.0% (20/23) 95.0% (19/20) 5.0% (1/20) 13.0% (3/23) 66.7% (213) 33.3% (113)
Asplenia/ Splenectomy!'3205% 67.3% (33/49) 545% (18/33) 45.5% (15/33) 32.7% (16/49) 12.5% (2/16) 87.5% (14/16)
SLE, Sjdgren syndrome®™” 63.7% (7/11) 85.7% (6/7) 14.3% (1/7) 36.4% (4/11) 0.0% (074) 100.0% (4/4)
Heterotaxy™" 75.0% (9/12) 77.8% (7/9) 22.2% (2/9) 25.5% (3/12) 100.0% (3/3) 0.0% (03)
Miscellaneous!'”! 11.8% (4/34) 100.0% (4/4) 0.0% (0/4) 88.2% (30/34) 100.0% (30/30) 0.0% (0/30)

HJBs=Howell-Jolly bodies, SLE =systemic lupus erythematosus.
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have also been reported in some hematological abnormalities,
such as iron deficiency anemia, hemolytic anemias, and
megaloblastosis.”*7>! Thus, it is reasonable to speculate that
the finding of HJBs in peripheral blood smears along with a
normal spleen scan might represent the hematological disorders
mentioned in renal transplant recipients. However, as no
comprehensive study to detect hematological disorders was
performed in the present study, it is not possible to confirm this
hypothesis.

Whether the disassociation of radiocolloid uptake from the
appearance of HJBs is a qualitative or quantitative phenomenon
is unknown. However, there are several pieces of evidence that
support the influence of spleen size on the blood film features of
hyposplenism.

We performed some further analyses to examine whether
incorporating a spleen size parameter in interpreting the
traditional methods for diagnosing hyposplenism would improve
the concordance between the methods. In our study, the findings
on peripheral blood smears correlated better with spleen size than
with the findings on radionuclide liver-spleen scans. Indeed, the
appearance of HJBs increases from 26.9% to 70.0% as spleen
size reduces from the upper to the lower percentile, respectively.
Accordingly, HJBs was found in all patients submitted to total
splenectomy,®! whereas no case of HJBs could be detected in
patients undergoing subtotal splenectomy.*”! To a lesser extent,
a similar relationship was also found between spleen size and
spleen colloid uptake.

There is also further supporting evidence from the literature.
Indeed, based on data from the literature, 55 of 90 (61.1%)

patients with a presence of HJBs had an absent or small
spleen,1-H101LII618,19.21.2204-27.29,32.3335,36,41-45.49,50,52,5455,

37-59,61,62.66.6869.711 \yhereas only 1 of 13 (7.7%) patients with
absence of HJBs had a small spleen,|"626:283740:5364651 \ore.
over, of 35 cases of H]Bs present with normal or enlarged spleen, 9
were sickle cell anemia cases'!! and in S, microscopic sections
showed extensive splenic parenchymal replacement by tissue
infiltration of the underlying disease."82+-26-501

Moreover, agreement between the methods increases depend-
ing on the spleen size. The lower the spleen size, the better the
agreement between methods for diagnosing hyposplenism: 50%
versus 15% agreement in the lower quartile and upper quartile,
respectively. However, agreement on negative results for
hyposplenism (normal results using both methods) presented
the opposite trend (14.3% in the lower vs. 45.7% in the upper
quartile).

If one assumes that the lower quartile is below the critical size
of spleen required to clear H]Bs, this assumption supports the
appearance of HJBs in the peripheral blood smears of further 7
patients from the discordant group with HJBs, which in turn,
further reduces the percentage of unexplained cases of H]Bs from
33.0% to0 26.2% (Fig. 1).

From a diagnostic perspective, it is comforting when the results
of both methods agree, that is, both methods point toward
hyposplenism or normality. However, when combinations of
methods often vary, it seems to be a good idea to add other
parameters to improve diagnosis. Clinicians need to be aware of
the limitations of both methods when making management
decisions. Adding information from the measurement of the
spleen to the results of HJBs and scintiscanning might help to
refine the diagnosis of hyposplenism. The addition of spleen size
measurement increases the agreement between HJBs and
scintiscanning, and it would be reasonable to include it to
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further improve prediction in subgroups of patients with
borderline degrees of hyposplenism.

Accordingly, a theoretical model is proposed (Table 4) to
explain the discordance between the scintigraphy and HJBs
methods based on the interaction of 3 mechanisms underlying
medical tests for spleen function. This developed model is
expected to maximize the strengths and minimizes the weak-
nesses of each type of data. Like other models, this contains
approximations and assumptions that limit the range of validity
and predictive power, but may help us to gain insights into the
disagreements between different methods for diagnosing hypo-
splenism. This process was performed for 3 different grades of
severity for each variable.

The model assumes that as the impact of each mechanism (or
the summation of more than one mechanism) impairment on the
spleen function (as assessed by the method) are expected to vary
substantially according to the degree of severity, then a stratified
composite mechanism can help in interpreting the examination
results and its consistency across these subgroups.

One might hypothesize that if all components are normal, the
spleen uptake of radiocolloid should be normal and HJBs absent.
However, if all components are abnormal—as in a severe disease
extent—the spleen uptake of radiocolloid should be decreased
and HJBs present, the classical features of hyposplenism.
However, a composite score of abnormal components at different
extents could yield a spectrum of spleen impairment severity that
could explain the disagreements in results between liver-spleen
scintiscanning and peripheral blood smears in hyposplenism, as
reported in different clinical conditions.

Overall, the hypothesized model fits well. Both normal (Group
0) and abnormal concordant (Group 1) results can be associated
with normal and at least 1 severely abnormal mechanisms,
respectively (Table 4). If the spleen shows a decreased uptake by
liver-spleen scan, without HJBs in peripheral blood (Group 3),
the reason may be mildly or moderately compromised reticulo-
endothelial function of the spleen, without HJB outpouring and a
spleen larger than a critical size. However, if HJBs are present and
a liver-spleen scintiscan is normal (Group 2), reticuloendothelial
function should be normal (or only mildly compromised) and
either HJB outpouring or small spleen size or both should be
taken into account.

It seems plausible to speculate that according to its size, the
spleen can tip the balance from normal to impaired function as
assessed by the tests, provided that the spleen is below a critical
size that is required to maintain splenic function. Accordingly, an
association of mild impairment of phagocytic function and slight
dyserythropoiesis along with a small spleen would result in a
clear decreased take up of radiocolloid or the appearance of HJBs
in peripheral blood smears.

There are separate lines of evidence that support the hypothesis
that spleen size may help in the understanding of disagreements
between liver-spleen scintiscanning and peripheral blood smears.
Some studies have shown an association of reduction in spleen
size with a heterogeneous group of diseases that include
hematological disorders,"**! chronic intestinal inflamma-
tion,””® and in systemic erythematous lupus.”®! However, there
is significant uncertainty and divergence of opinion regarding the
correlation between spleen size and function.””! Moreover, the
occurrence of hyposplenism in patients with splenomegaly or
palpable spleen"*%7%77 seems an apparent contradiction.
Nonetheless, in cases in which there was no clear evidence of
hematologic stress and no outpouring of reticulocytes, a small
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spleen, below a critical necessary size, cannot adequately clear all
HJBs from red cells.””!

Data from experimental”*! and clinical studies!”' showed that
a greater amount of implanted spleen tissue reduces the
likelihood of appearance of HJBs in peripheral blood smears.
Based on the summation of the results from the reports
mentioned abovel”®”! and those of the present study, we are
confident that small spleen size in renal transplant patients plays
an important role in the finding of HJBs without impaired uptake
in spleen scans. It is noteworthy that small spleen has also been
associated with the use of rapamycin, a common immunosup-
pressant used in renal transplant.’®"!

Nonetheless, our results are in line with the concept that a small
spleen below a crucial size is an important cause HJB presence in
peripheral blood.””® Interestingly, spleen size but not HJBs and
spleen scintiscanning correlated with peripheral blood cell
counting, suggesting that a small spleen size is a more specific
variable for the identification of some features of hyposplenism
than spleen reticuloendothelial system function alone. Accord-
ingly, small spleen correlated better with higher hemoglobin
levels and lymphocyte and platelet counts.

As the blood filtrative function of the spleen relies on the
amount of clarified senescent cells that travel through venous
sinusoids and the elevation of spleen blood flow may play an
important role in the development of hypersplenism,®!l it is
reasonable to assume that the clearance of HJBs from peripheral
blood might be compromised if the spleen blood flow decreases.
On the one hand, an increase in the cardiac output ratio to the
spleen in splenomegaly has been reported;®"! on the other hand,
it seems plausible to infer that a decrease in cardiac output ratio to
asmall spleen could produce features of hyposplenism. Indeed, in
patients with chronic graft-versus-host disease after bone marrow
transplantation, HJBs were associated with smaller spleen and
lower splenic flow.*?

A weakness of this study was the fact that we were not able to
answer why a large number of renal transplant recipients present
HJBs in peripheral smears without signs of impaired radiocolloid
uptake by the spleen. The assumption that the presence of HJBs is
a feature of severe splenic dysfunction is in disagreement with
normal spleen colloid scintigraphy, at least at first sight.
However, if different mechanisms, such as RES dysfunction,
HJB overload, and spleen critical mass, take place to different
extents, an intricate summation effect could be expected that
might explain the discordant findings in different clinical
situations.

According to the proposed model, it is possible that even an
otherwise normal small spleen overwhelmed by an outpouring of
HJBs cannot adequately clear all corpuscles from red cells,
although clearance of colloidal particulate remains intact. This
assumption would be valuable for interpreting the finding of
HJBs in peripheral blood smears in patients with normal liver-
spleen scans and could be used as an alternative to the present
system.

The results of this study extend our knowledge concerning
discrepancies between tests used for diagnosing hyposplenism by
examining the underlying mechanisms responsible for the
abnormal results. However, further exploration with longitudi-
nal studies is necessary before any generalizations can be drawn
regarding the significance of this model for refining the next steps
in identifying limiting, worst-case, or special scenarios for
diagnosing hyposplenism.
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4 DISCUSSAO

Este estudo teve como base a observagao de que RTRs podem evoluir com reducao do
diametro longitudinal do baco (DLB), na fase tardia (> seis meses) do transplante (Tx). Como
estados hipoesplénicos sdo fortemente associados a quadros infecciosos e neoplasias, eventos
que concorrem para perda de enxertos e mortalidade elevada, neste grupo, esta investigagao
teve por objetivos verificar a ocorréncia de hipoesplenismo funcional em RTRs, comparar
métodos utilizados no diagndstico do quadro, verificar a existéncia de associacdo do
fenomeno com as drogas imunossupressoras utilizadas na manuten¢do da func¢do do enxerto
renal e estabelecer sua prevaléncia.

RTRs foram, inicialmente, submetidos a US-Doppler do bago e do enxerto renal e a
pesquisa de corptsculos de Howell-Jolly (HJ), em esfregago do sangue periférico. O emprego
de US-Doppler tomou por base a correlagdo entre as dimensdes do baco medidas por US e seu
volume medido por tomografia computadorizada (TC) helicoidal [125]. As varidveis aferidas
foram: (i) o DLB e o comprimento do rim transplantado; (ii) as velocidades de pico sistolico
(VPS) em artérias esplénica e renal do rim transplantado, e em artérias intraesplénicas e intra-
renais do rim transplantado; (ii1) os indices de resisténcia (IR) em artérias esplénica e renal do
rim transplantado e em artérias intraesplénicas e intra-renais do rim transplantado, (iv) a
média das pressdes arteriais (mPA) aferidas em membro superior sem fistula arteriovenosa
(FAV). A presenca de HJ foi encontrada em 48.9% dos pacientes, resultado comparavel ao
relatado em individuos esplenectomizados [74]. Apds a analise univariada, a presenca de HJ
foi associada a menor velocidade de pico sistolica (VPS) em artéria intraesplénica, a pressao
arterial (PA) mais elevada, a maior idade, a IR mais elevado em artéria intra-renal e ao sexo
masculino. Apds a andlise multivariada, em que HJ foi definido como varidvel dependente,
apenas a menor VPS em artéria intraesplénica e a PA mais elevada foram confirmadas como
fatores associados a presenca de HJ.

A presenca de HJ no sangue periférico fora, anteriormente, registrada em dois casos de
transplante renal: no primeiro, o paciente era portador de amiloidose, causa estabelecida de
hipoesplenismo, e a presenga HJ ja havia sido identificada na fase pré-transplante [10]. No
segundo, o quadro de hipoesplenismo funcional, identificado pela presenca de HJ e por
reducdo na captagdo de radiocoldide na cintilografia hepato-esplénica, pode ter sido

secundario ao quadro de varicela que o paciente desenvolveu no pds-transplante [9].
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Conforme os conceitos béasicos de Anatomia e Fisiologia, o fluxo sanguineo
intraesplénico ¢, fisiologicamente, reduzido na zona marginal, de modo a que ai ocorra a
filtracdo e a remogao de detritos celulares e de patogenos. Em caso de aumento do nimero de
hemacias senescentes nesta zona, o fluxo sanguineo, advoga-se, poderia estar mais
acentuadamente reduzido na regido, na tentativa de remové-las [97], o que explicaria, a nosso
ver, a associacao entre menor VPS intraesplénica e HJ aqui encontrada. Por outro lado, na
eventual substituicdo de tecido esplénico sadio por tecido de granulagdo ou por areas de
fibrose, poderia ocorrer aumento da resisténcia ao fluxo sanguineo intraesplénico, o que
também implicaria em menor VPS em artérias intraesplénicas. Achado semelhante ao por nés
observado ao Doppler foi anteriormente visto em cintilografia em que se utilizou plaquetas
marcadas com indium-111, em pacientes submetidos a transplante de células tronco (TMO)
que desenvolveram doenca enxerto versus hospedeiro (GVHD) e que apresentavam HJ no
sangue periférico [5]. Quanto a associacdo entre HJ e PA mais elevada, ainda que pudesse nao
ser esperada, esplenectomia foi associada a agravamento da hipertensdo em camundongos
alimentados com dieta rica em gordura [126]. Como a frequéncia de dislipidemia ¢ elevada
entre os RTRs, explicada em parte pela dieta e em parte como efeito adverso tanto dos
inibidores de calcineurina (IC) como do sirolimo (SRL) [127,128], optou-se por crer que a
associacao nao seja espuria. Todavia, considera-se que mais estudos devam ser realizados para
a confirmacao do achado. Nesta fase da investigagcdo, nao conseguimos demonstrar associagao
entre o tamanho do baco, medido em seu didmetro longitudinal, e a presen¢a de HJ, o que
poderia estar na dependéncia da menor severidade do quadro de disfungdo esplénica,
conforme anteriormente registrado [59,74,129,130,131].

Aspecto comum aos RTRs € o uso continuado de imunossupressores, que tém por
objetivo evitar a rejei¢do do rim transplantado. Assim sendo, seria natural interrogar se
alguma(s) droga(s) imunossupressora(s) seria(m) o fator predisponente para a ocorréncia de
hipoesplenismo em individuos transplantados de rim.

Reducdo do tamanho de orgdos, incluindo o baco, foi registrada em estudos
experimentais com SRL em mamiferos [132,133,134,135], 0 que ndo ocorreu com 0 uso de
IC [136,137,138,139]. A observacdo ndo foi, todavia, acompanhada de avaliagdo da fungéo
esplénica. Em relacdo a AZA, os resultados foram contraditorios [140,141,142] e dados com 0
uso de MMF néo foram encontrados. Com base nessas informagdes, buscou-se determinar a
associagdo entre tamanho do bago, presenca de HJ e drogas imunossupressoras. Inicialmente,
0s pacientes foram agrupados e comparados, de acordo com as todas as diferentes

combinacbes de drogas utilizadas em nosso Servico: IC (CsA ou TAC) v. SRL,
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independentemente de associagdo com antimetabdlitos; MMF v. AZA, independentemente de
associacdo com IC ou SRL; MMF combinado a IC v. MMF combinado a SRL; e AZA
combinada a IC v. AZA combinada a SRL. Todos o0s pacientes estavam em uso de baixa dose
de esteroide (5mg/dia). Com este desenho, a analise estatistica produziu uma grande
quantidade de dados sem significancia, razdo pela qual se optou por fazer apenas as
comparacgdes entre IC e SRL. Antimetabolitos (AZA e MMF) fizeram parte de ambos 0s
esquemas, em distribuicdo similar. Apos a avaliacdo do baco e do aloenxerto atraves de US-
Doppler e a pesquisa de HJ, procedeu-se a subdivisdo dos grupos ICs e SRL, de acordo com 0
resultado da pesquisa de HJ. Para garantir a semelhanca entre 0s grupos, outras variaveis
foram incluidas na andlise estatistica.

Na analise univariada, verificou-se que no grupo SRL o DLB era significativamente
menor (90.09 £ 13.02 mm v. 111.95 + 18.66 mm, p<0.001), que o tempo de transplante era
maior (3.576 £+ 1.594 dias v 1.036 + 1.369 dias, p<0.001), o colesterol sérico mais elevado
(227.50 = 38.75 mg/dL v. 182.67 + 37.74 mg/dL, p<0.001), assim como os triglicerideos
(194.23 + 79.88 mg/dL v. 148.70 + 55.54 mg/dL, p = 0.003) do que no grupo em uso de IC.
Como o tempo de transplante fosse muito maior no grupo SRL, para evitar possivel viés,
pacientes com menor tempo de transplante foram gradualmente excluidos até que a variavel
fosse da mesma ordem, em ambos 0s grupos. Quando apenas individuos com tempo de
transplante > 1.650 dias foram incluidos na anélise, a diferenca desapareceu (4.014 + 1.248
dias v. 3.416 * 1.481 dias, p = 0.180), mas o tamanho do baco persistiu menor no grupo SRL
(93.89 + 17.69 mm v. 106.83 + 19.12 mm; p= 0.001).

Modelo de analise multivariada foi, entdo, criado com as varidveis que preencheram
critério para tanto: (i) idade (r= -0.326; p= 0.001); (ii) VPS em artéria intraesplénica (r =
0.242; p = 0.015); (iii) numero de leucacitos (r= -0.290; p= 0.003); (iv) numero de plaquetas
(r= -0.215; p= 0.029); (v) e nivel de hemoglobina (r= -0.131; p= 0.189). Como resultado,
verificou-se que o uso de SRL, a idade e a VPS em arteria intraesplénica permaneceram como
fatores independentes associados ao tamanho menor do bago. A notar que o tempo de
transplante ndo emergiu como fator independente associado ao tamanho do bago, em
concordancia com a situacdo clinica real de que SRL foi inserido no esquema terapéutico
quando os pacientes ja estavam em fase avancada do transplante.

Como ndo foram observadas diferengas entre os grupos SRL e IC, em relacdo a
presenca de HJ, concluiu-se que a reducdo do tamanho do baco em RTRs pode estar
relacionada ao uso de SRL, sem que haja, todavia, comprometimento da funcdo esplénica.

Justificativas para a reducdo do baco com o uso desta droga estariam na supressdo da
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neovascularizacdo do 6rgdo, mediada por regulagdo negativa, na inibi¢do da proteina alvo da
esplendcitos [132,133, 134]. Estudos em modelo animal demonstraram que a rapamicina foi
capaz de reverter a esplenomegalia induzida pela proteina 2A de membrana, no linfoma de
Burkitt [135] e de reduzir o tamanho do bago em ratos que apresentavam hipertensdo portal
[134]. Em ratos com fibrose pulmonar induzida por bleomicina, a reducédo no peso do bago foi
usada como critério para indicar que a dose de rapamicina administrada aos animais atingira
efeito imunossupressor [132]. Quanto aos IC, em estudos experimentais realizados em ratos e
camundongos em uso de CsA, foi observada apenas reducéo no tamanho do timo e com doses
da droga consideradas toxicas para o tecido linfoide [136].

Niveis mais elevados de colesterol e de triglicerideos no grupo SRL ja haviam sido
registrados na literatura [143], assim como de ha muito se conhece a relacdo entre maior idade
e redugéo do tamanho do bago [144].

O terceiro objetivo da investigacao foi o de estabelecer o valor da US na avaliagdo de
risco para hipoesplenismo, considerando que este ndo €, primariamente, um exame destinado
a avaliar a funcdo do baco. Os pacientes realizaram cintilografia hepato-esplénica cujo
resultado foi definido como normal quando houve captacéo do radiocoldide pelo figado e pelo
baco na mesma intensidade ou como alterado, quando a captacdo do radiocoldide pelo baco
foi menor do que pelo figado. Os pacientes foram distribuidos segundo os quartis do DLB ¢, a
sequir, cada um destes quartis foi subdividido de acordo com os resultados do exame
hematoldgico e da cintilografia. Nos pacientes em quem estes dois exames foram normais, o
DLB foi maior, em oposi¢cdo aos pacientes que apresentaram alteracdo nos dois exames
(Spearman= 0.40; p=0.003). Quando houve divergéncia entre os resultados de HJ (positivo) e
cintilografia (normal), foi observado que a ocorréncia da alteracdo hematoldgica foi mais
frequente nos pacientes que apresentavam menor DLB, 0 que, a nosso ver, sugere que a massa
funcionante do bago (“massa critica™) poderia ser, em tal condicéo, inferior a necessaria para
a remocao dos eritrocitos senescentes. Mais estudos nessa linha séo, todavia, necessarios.

As afirmacbes de que o estado hipoesplénico representa risco para a saude [121], que
hipoesplenismo funcional (HF) pode estar associado a efeito tdxico direto de algumas
substancias [1,17,67,76], de que o baco desempenha importante papel na maturacéo de células
B de memoria [81,82,83,84] e o atual incremento nos esforgos para maior compreensdo dos
efeitos dos agentes imunossupressores sobre essa subpopulacdo de linfocitos [145,146] nos

levaram a insistir na hipétese de que a ocorréncia de HF, em RTRs, poderia ser atribuida ndo
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apenas a acao continuada e/ou a dosagem das droga(s) imunossupressora(s) sobre o tecido
esplénico, mas, também, sobre as células B.

A maturacdo e a proliferacdo de células B ocorrem nos 6rgéos linféides secundarios
[81,82], podendo ser prejudicadas por fatores intrinsecos ou extrinsecos [1,121,147,148].
Assim sendo, RTRs anteriormente avaliados foram, aleatoriamente, selecionados para realizar
a quantificacdo de células B no sangue periférico, por citometria de fluxo, de modo a se
ampliar o numero de observacbes sobre as funcGes do baco, em diferentes esquemas de
imunossupressao. Linfocitos B e suas diferentes subpopulacdes foram identificados de acordo
com a expressdo do anticorpo marcador de célula B CD19, do anticorpo marcador de célula B
de memdria CD27 e das imunoglobulinas IgM e IgD. Células naive (assim chamadas por ndo
terem sido, ainda, expostas a antigenos), que nio expressam CD27 (CD27 1gD"); células B de
memoria da zona marginal, ou células nonswitched, que carreiam a imunoglobulina M
(CD27°1gM"); células B de memodria da polpa branca, ou switched, que carreiam a
imunoglobulina D (CD2771gD™); e células B de memoria CD27-duplamente negativas (CD27°
IgD"), que carecem da expressdo de CD27 e IgD na superficie, foram quantificadas, em
percentagem e numero absoluto. Inicialmente, os valores obtidos foram registrados (em
medianas e intervalos interquartis nos percentis 25 e 75) ao lado de valores atribuiveis a
individuos sadios, segundo estudo anterior [12]. Em um primeiro momento, observou-se, em
RTRs, reducdo no numero absoluto de linfcitos B, com particular destaque para as
subpopulac@es de células naive e células de memoria (noswitched e switched), resultado que

poderia ser dependente do efeito dos agentes imunossupressores sobre as células B.
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Tabela 1 — Distribuicao do subtipos de células B em individuos sadios e em RTRs*

subtipos de linfécitos B sadios** RTRs
linfécitos b% 9.2 3.89
7.2-11.2 1.94-5.20
naive% 65.1 56.52
58.0-72.1 35.57-80.27
noswitched% 15.2 2.47
13.4-21.4 0.53-8.32
switched% 13.2 50.52
9.2-18.9 27.92-66.40
memotardia% 3.3 30.12
2.1-5.3 11.44-54.18
linfdcitos b totais 199.00 41.0
169.00-271.00 18-63
naive totais 131.00 21.00
112.00-169.00 5.00-43.00
noswitched totais 35.00 1.00
22.00-54.00 0.00-3.00
switched totais 29.00 15.00
18.00-40.00 5.00-36.00
memotardia totais 7.00 7.0
4.00-13.00 3.0-23.0

Legenda: *Valores expressos em mediana e intervalos interquartis, nos percentis 25 e 75;

Fonte:**Compilado de Morbach 2010;271-9.

Em seguida, os pacientes foram divididos em quatro grupos, de acordo com as
combinagOes de drogas em uso: micofenolato de mofetila-esteroide (MMF-ST) combinado a
CsA; MMF-ST combinado a TAC; MMF-ST combinado SRL; e MMF-ST.
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Subsequentemente, procedeu-se a comparagdo da distribuicdo dos diferentes subtipos de

celulas B aos esquemas de imunossupresséo.

Tabela 2 — Comparacéo de diferentes esquemas de imunossupressao com a distribuigéo de
células B (ANOVA)

subtipos de células B | CsA-MMF | TAC-MMF | SRL-MMF MMF p

CD19" % 3.29 4.67 3.60 2.40 147
CD19*/ul 30.52 65.76 56.27 29.07 173
CD27'1gD* % 42.95* 60.85 46.58 74.32* .064
CD27'1gD*/ul 15.58 40.31 26.14 24.77 231
CD27" % 42.57 34.23 47.29 43.89 198
cD27*/ul 12.57 21.96 23.77 10.69 440
CD27'1gM™ % 4.80 6.61 6.35 3.47 .847
CD27"IgM*/ul 0.61 331 2.31 0.68 .236
CD27°IgD" % 62.99* 44.34 52.03 24.01* .028
CD27°IgD"/ul 18.99 31.79 31.40 4,98 220
CD27'1gD" % 44,71 26.61 40.49 21.26 .098
CD271gD/ul 12.46 21.22 22.43 3.02 .236

razdo CD27°/CD27" 1.17 2.19 1.38 2.78 .138

Legenda: * marca a diferenca entre os grupos MMF combinado a esterdide versus CsA combinada a
MMF e esteroide; p se refere a comparagdo entre 0s quatro grupos de pacientes.
Fonte: A Autora, 2017

Em individuos adultos, espera-se encontrar reducdo do numero de células naive e
aumento do nimero de células de memoria, considerado o tempo de exposicdo a antigenos de
diversas naturezas [88,149,150]. No grupo estudado, o resultado apontou para tendéncia a
aumento da razdo entre células naive/células de memoria (CD27%), no grupo em uso de MMF-
ST (ou seja, superior a esperada em condicdes de normalidade da fungdo esplénica), quando
comparada a observada no grupo MMF-ST-CsA (N= 2; média = 2.8 e 1.17, respectivamente).
Assim como para acgdo significativamente negativa da combinacdo MMF-ST sobre a
maturacdo e a proliferacdo de células B, consideradas a elevada propor¢édo de células naive e a
reducdo na proporc¢édo de celulas B switched encontradas no grupo em uso desta combinacéo
de drogas, quando comparado ao grupo MMF-ST-CsA (p = 0.028). Células B naive que nédo
s80 expostas a antigenos retornam a circulacdo, mas ndo nos parece ser esta a explicacéo para
0 achado, dado que transplantados estdo permanentemente expostos a estimulacdo antigénica.

O aumento da razdo células naive/células de memoria CD27+ também se correlacionou
negativamente com a percentagem de células B de memdria duplamente-negativas (r = -

0.525, p <0.001). Por outro lado, neste grupo de pacientes, a correlacdo negativa verificada
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entre idade e percentagem de células de memoéria CD27" (r = -0.315, p = 0.019) foi achado
diverso do que é registrado na literatura, sobretudo se considerada a idade dos pacientes
incluidos na amostra (média = 50.94 + 12.43 anos). O conjunto dos resultados, a nosso ver,
reforcam a hipotese de existéncia de distarbio no processo de maturacdo e proliferacdo de
células B, em transplantados de rim.

Uma vez que MMF fez parte dos quatro regimes terapéuticos comparados, a
interpretacdo dos resultados, deve se concentrar, acreditamos, nos seguintes aspectos: na acao
diferenciada dos imunossupressores sobre células B; nas interacdes entre as drogas, em
particular sobre o efeito de CsA, TAC e SRL sobre a cinética do acido micofendlico (MPA),
principio ativo do MMF; nas doses das drogas; e no tempo de exposi¢do ao MMF.

Com respeito a acdo de drogas imunossupressoras sobre células B, sabe-se que,
enquanto os inibidores da calcineurina (IC), como CsA e TAC, inibem, principalmente, a
proliferacdo de células T, por atuar, seletivamente, bloqueando a transducdo do sinal de
ativacdo desencadeado pelo receptor de células T e a transcricdo do genes de citocinas pro-
inflamatdrias, em particular a interleucina 1L-2 [151,152], SRL € capaz de inibir as a¢fes da
proteina alvo da rapamicina (m-TOR) e a proliferacdo celular, assim como a acao de varias
enzimas e do fator de crescimento, em linfdcitos T, B e em células do musculo liso vascular
[153]. Por outro lado, células T e B se mostram mais sensiveis a deplecdo de purinas e
pirimidinas provocada pelo MMF: a deplecdo de nucleotideos consequente a acdo da droga
leva a interrupcdo da sintese de DNA e a glicosilacdo de proteinas de membrana, interferindo
no processo de adesdo celular que impede, entdo, a sobrevivéncia de células T e B
[154,155,156,157]. Em consonancia com nossos resultados, no que diz respeito aos efeitos de
MPA/MMF sobre as células imunes, foi observado que: (i) a adicdo de MPA bloqueou a
expansdo de células de memdria, em co-culturas de células T e células B obtidas de doadores
saudaveis e de individuos com artrite reumatoide [158]; (ii) houve recuperacdo da deplecéo de
células B em crianca submetida a transplante duplo figado-rim imunossuprimida com TAC e
MMF, quando este ualtimo foi retirado [159]; (iii) houve associacdo de MMF com
percentagem significativamente maior de células B naive e menor de plasmablastos em
pacientes com lupus eritematoso sistémico, em comparagdo ao tratamento com azatioprina
[160]; (iv) houve reducdo significativa na contagem de linfocitos B 3 meses apés o inicio de
terapia com MMF, em receptores de transplante cardiaco [161].

A pesquisa basica comprovou, nas ultimas décadas, que a integridade da func¢do
imunolégica do bago exige correto equilibrio do microambiente esplénico, o que ¢

determinado por interacdes adequadas entre os diferentes grupos celulares que ai residem ou
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transitam e os mecanismos moleculares que organizam esse transito, sobretudo os que
envolvem quimiocinas, fator de necrose tumoral, integrinas, fosfolipideos e moléculas de
adesdo [162]. Em modelo animal, estudo de mecanismos de agdo do MPA demonstrou que o
tratamento ex vivo de esplendcitos de camundongos MRL-Ipr/lpr com a droga levou a redugao
da secre¢do de quimiocinas e da producdo de autoanticorpos. Em modelo de aloenxerto de
rim, em ratos, o tratamento com MMF reduziu a expressdo de uma variedade de quimiocinas.
Em humanos sadios ¢ em portadores de artrite reumatdide, MPA inibiu a expressao de uma
série de quimiocinas, mais especificamente IL-10, IFN-y e IL-21, e bloqueou a expansao de
células de memoria, assim como impediu a diferenciagdo de células plasmaticas e a produgio
de anticorpos [163]. Assim sendo, a nosso ver, os resultados obtidos refletem as
anormalidades celulares e moleculares descritas com MPA/MMEF sobre o tecido esplénico ¢ as
células B.

Com relagdo aos efeitos de CsA, TAC e SRL na cinética do MPA, demonstrou-se que
individuos que receberam TAC ou SRL combinados a MMF apresentaram niveis plasméticos
de MPA mais elevados (aproximadamente 30-40%) do que os que receberam CsA-MMF
[164,165,166,167]. A explicacdo para o achado esta no fato de que a secrecdo biliar do
glucoronideo do acido micofenélico (MPAG) € inibida pela acdo da ciclosporina sobre o
transportador de proteina 2 presente na membrana dos hepatécitos, o que leva a reducdo da
circulacdo entero-hepatica do MPAG, com consequente menor exposi¢cdo ao MPA. Por esta
razdo, se a dose de CsA é reduzida ou sua administracdo é interrompida, as concentracfes de
MPA podem aumentar em 50-100% [168,169].

Em nossa série, 0s pacientes receberam MMF em diferentes doses: em combinag¢do com
CsA-ST (100-250 ng/mL), a dose diaria de MMF variou de 11 a 32mg/Kg/dia (média
17.24mg/Kg/dia); com TAC-ST (8-10 ng/mL), de 10 a 34mg/Kg (média = 20.74mg/Kg/dia);
e com SRL-ST (6-12 ng/mL), de 6 a 26mg/Kg (média = 14.36mg/Kg/dia). Quando
combinado apenas com ST, a dose diaria de MMF variou de 13 a 37mg (média =
23.83mg/Kg/dia), a maior registrada. Doses elevadas de MMF, em combinagdo com TAC ou
ndo, induziram estresse oxidativo e genotoxicidade no bago de ratos Wistar [185]. Esses
aspectos ndo foram aqui investigados, mas consideramos que ndo seria totalmente improprio
pensar que as elevadas percentagens de HJ que encontramos podem refletir, pelo menos em
parte, a possibilidade de neoplasia neste grupo de individuos.

A comparacdo entre subpopulacdes de células B com HJ, cintilografia e US mostrou
que a reducdo no “pool ” de células B CD27" foi associada a presenca de HJ (p = 0.05) e forte

tendéncia para reducéo de células B switched (p= 0.057) e de células de memoria duplamente-
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negativas (p = 0.052), quando os pacientes apresentaram a combina¢do HJ positivo-DLB
reduzido, resultados que, a nosso ver, sugerem a existéncia de desarranjo na zona marginal e
na polpa branca do baco de RTRs.

Quanto ao tempo de exposicdo as drogas imunossupressoras, 0 maior foi observado no
grupo MMF-ST (média 4765 dias, p<0.001), razdo pela qual acreditamos que o0 desarranjo no
processo de maturacdo e proliferagéo celular observado no estudo pode estar na dependéncia
ndo so de dose elevada de MMF, mas, também, no tempo prolongado de exposicdo as drogas,
0u seja, ao que se convencionou chamar de “imunossupressdo cumulativa”.

A prevaléncia de hipoesplenismo funcional, diagnosticado com base na presenca de
HJ, foi estimada em 30%; em 29.09%, se identificados HJ presente e hipocaptacdo do
radiocoldide na cintilografia; e em 14.55%, quando observadas, em conjunto, as funcoes
fagocitica e imunoldgica do baco, expressas pela combinacdo HJ presente-reducéo de células
B switched-reducéo do DLB.
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CONCLUSAO

O conjunto dos resultados obtidos no estudo permitiu: (i) confirmar a existéncia de
hipoesplenismo funcional em fase tardia do transplante renal; (ii) verificar o
comprometimento de todas as fun¢des do baco, representado pela presenca de corpusculos de
Howell-Jolly (HJ), pela reducéo na captacdo de radiocoloide na cintilografia hepato-esplénica,
pela reducdo do diametro do baco e da VPS em artéria intraesplénica, na US-Doppler, e pela
reducdo do pool de células B de memadria, de células B switched e de células B duplamente
negativas; (iii) comparar os resultados obtidos entre métodos usados no diagndstico de
hipoesplenismo e estabelecer um modelo em que a reducdo do DLB auxilie na interpretacdo
dos resultados, quando houver divergéncia entre a pesquisa de HJ (presente) e cintilografia
(normal); (iv) estabelecer a prevaléncia do quadro de hipoesplenismo em RTRs em 30%, se
tomada como referéncia a funcdo fagocitica do 6rgdo, expressa pela presenca de HJ; em
29.09%, se considerada a combinacdo HJ presente-cintilografia alterada; ou em 14.55%, se
tomada como referéncia o conjunto das funcBes fagocitica e imunoldgica, expressas pela
combinacdo HJ presente-reducdo de células B switched e de células B duplamente-negativas-
reducdo do DLB. A investigacdo mostrou redugdo do volume do bago, em humanos, com o
uso de rapamicina, sem que se observasse disfungdo esplénica. A associagdo de um dos
esquemas de imunossupressao utilizados na pratica clinica (MMF-ST) com reducdo de células
B switched, que secretam anticorpos de alta afinidade capazes de reconhecer patdégenos
previamente encontrados e, assim, proteger o hospedeiro de re-infecgdes, aspecto crucial para
a sobrevivéncia dos enxertos e dos pacientes, nos leva a recomendar que RTRs sejam,
periodicamente, avaliados com US abdominal total e que, diante de achado incidental de baco
menor do que o tamanho normal, sejam encaminhados a realizar testes confirmatérios da
existéncia de disfuncdo esplénica. Assim fazendo, acreditamos, pode-se aumentar a
possibilidade de distinguir pacientes com risco de anormalidades no compartimento das
células B e de apurar o uso de drogas imunossupressoras, no sentido de alcancar melhores

resultados no transplante de rim.
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LimitacGes do estudo

Este é um estudo observacional, realizado em um unico centro e com ndmero reduzido
de participantes. Como ndo ha consenso sobre quais parametros ou valores farmacocinéticos
estdo especificamente relacionados a eventos adversos relacionados ao MMF, o
monitoramento terapéutico do medicamento nédo € realizado em nosso Servico, limitacdo que
é, também, comum a outros centros transplantadores. No entanto, tal pratica pode ser util,

pelo menos para pacientes em quem o uso da ciclosporina é descontinuado.

Pontos fortes do estudo

A comprovagdo, pela primeira vez na literatura, da ocorréncia de hipoesplenismo
funcional em série de RTRs. A comprovacdo, pela primeira vez, de reducdo do tamanho do
baco associado ao uso de rapamicina, em seres humanos, sem comprometimento da funcéo
esplénica. E, ao que sabemos, também € a primeira vez que se documenta a reducéo de células

de memoria B switched, em RTRs.
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Apresentagdo do Projeto:

O transplante renal é considerado a terapia de escolha na substituigdo da fungao renal de pacientes em
insuficiéncia renal crénica. Entretanto, h4 consenso entre a comunidade transplantadora que a sobrevida de
enxertos e pacientes esta hoje em dia limitada por rejeigdo tardia mediada por anticorpos e por infecgoes,
sendo estas, em principio, favorecidas por um estado de imunodepressao que inclui ndo somente a
imunossupresséo

exégena, mas também a presenga de co-morbidades, algumas ainda parcialmente investigadas, e a pressdo
epidemiolégica que cerca os individuos submetidos a tal procedimento/terapia. O hipoesplenismo funcional foi
descrito em algumas condi¢des clinicas, com destaque para a anemia falciforme e doenca celiaca, e, mais
recentemente, em pacientes submetidos a transplante de medula éssea, particularmente nos que desenvolvem
doenga crdnica enxerto vs. hospedeiro. Sua ocorréncia, até onde verificamos, ndo foi ainda registrada em
transplante renal. Todavia, temos observado bago reduzido de tamanho na US/Doppler que realizamos, de
rotina, no acompanhamento dos pacientes de nosso Servigo e, assim

sendo, a existéncia do fendmeno sera o objeto do presente estudo.

Objetivo da Pesquisa:

Objetivo Primario: Estabelecer se pacientes com transplante renal apresentam hipoesplenismo funcional.
Objetivo Secundario: 1. Estabelecer se pacientes com insuficiéncia renal em estadio terminal apresentam
hipoesplenismo funcional. 2.Estabelecer se ocorre hipoesplenismo funcional em pacientes transplantados de
rim, com o decorrer do tempo de transplante.3. Estabelecer se o tipo de esquema imunossupressor associa-se
com a ocorréncia de hipoesplenismo funcional, em pacientes que recebem transplante renal.4. Estabelecer se
existe diferen¢a na incidéncia de infecgdes entre pacientes transplantados conforme apresentem, ou néo,
hipoesplenismo funcional.5. Avaliar a eficacia do regime de imunizagdes a que submetemos os pacientes, no
pré e no pés-transplante, conforme rotina de nosso Servico

Avaliacdo dos Riscos e Beneficios:

Riscos: Os pacientes transplantados ja sdo submetidos, em nosso Servigo, a hemograma completo e
US/Doppler do e enxerto. Pesquisa de IgM de células B serdo feitas em sangue periférico. A cintigrafia
figado/baco ira utilizar contraste ndo téxico para o rim. Nao se esperam riscos para os pacientes envolvidos.
Beneficios:O estudo ird prover informagdes exclusivas e detalhadas que podem ajudar clinicos e
transplantadores a tomar medidas mais eficazes na protegao da situagao de salde e da fungao do enxerto
renal de pacientes que apresentem hipoesplenismo.
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Comentarios e Consideracoes sobre a Pesquisa:

Projeto esta estruturado e obedece as boas praticas em pesquisa.

Consideracdes sobre os Termos de apresentacgéo obrigatoéria:
bem adequados a pesquisa

Recomendacoes:

Conclusoes ou Pendéncias e Lista de Inadequagées:

de acordo para aprovagio

Situacao do Parecer:
Aprovado

Necessita Apreciacao da CONEP:
Néo

Consideragoes Finais a critério do CEP:

1. Comunicar toda e qualquer alteragdo do projeto e termo de consentimento livre e esclarecido. Nestas
circunstancias a inclusédo de pacientes deve ser temporariamente interrompida até a resposta do Comité, apés
andlise das mudancas propostas.

2. Os dados individuais de todas as etapas da pesquisa devem ser mantidos em local seguro por 5 anos para
possivel auditoria dos érgéos competentes.

3. O Comité de Etica solicita a V. S2., que ao término da pesquisa encaminhe a esta comissao um sumario dos
resultados do projeto.
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