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RESUMO

Introducdo: A Sindrome da Encefalopatia Reversivel Posterior (Posterior Reversible
Encephalopathy Syndrome - PRES) é uma entidade clinico-radiologica caracterizada por
cefaléia, alteracdo do nivel de consciéncia, crises convulsivas e alteracdo visual, a qual esta
associada a edema na substancia branca encefélica, predominantemente acometendo os lobos
occipitais e parietais. A fisiopatologia do PRES permanece desconhecida. Em estudo prévio
desenvolvemos modelo experimental para melhor entender as alteracdes cerebrais dessa
sindrome nos casos relacionados a disttrbios da gestacdo. O uso de microPET-CT com *°F-
FDG é um modo de avaliar as modificacfes de metabolismo cerebral relacionadas ao PRES,
permitindo o0 acompanhamento dessas modificagdes em exames subsequentes.

Objetivos: O objetivo desse trabalho é avaliar as modificagdes do metabolismo de glicose
cerebral e da permeabilidade da barreira hematoencefalica em ratas gravidas submetidas ao
procedimento RUPP em relacdo a ratas gravidas controle.

Métodos: Ratas gravidas foram divididas em dois grupos: grupo RUPP e grupo controle. Os
animais do grupo RUPP realizaram o procedimento para reducdo da pressdo de perfusdo
utero-placentaria. Os animais dos dois grupos foram submetidos a dois exames de microPET-
CT com ®F-FDG (antes e ap6s o parto) e, posteriormente a avaliacdo da permeabilidade da
barreira hematoencefalica com uso de azul de Evans.

Resultados: Avaliando-se o resultado dos exames de microPET-CT com *®F-FDG nos dez
animais que foram submetidos ao procedimento da RUPP em relagdo aos seis animais
controles encontramos que ocorre um hipometabolismo nas ratas que foram submetidas a
RUPP no periodo antes do parto. Ja no periodo de puerpério, esse resultado se inverte e o
grupo de animais submetido ao procedimento apresenta um hipermetabolismo quando
comparado ao controle. Ao avaliar-se a permeabilidade da barreira hematoencefalica ao azul
de Evans, encontramos que em 8 dos 10 animais (80%) submetidos a RUPP havia a presenca
do pigmento, o qual ndo foi encontrado em nenhum dos seis animais do grupo controle.
Conclusdo: Nesse estudo encontramos um padrdo de menor metabolismo cerebral em ratas
Wistar submetidas a8 RUPP quando comparado as ratas do grupo controle antes da realizacéo
do parto utilizando microPET-CT com ®F-FDG para essa avaliacdo. Apds o parto, ocorre
uma inversdo e o grupo de animais submetidos a RUPP passa a ser o de maior metabolismo
em comparacdo aos animais do grupo controle utilizando a mesma técnica para aferi¢do do
metabolismo de glicose. O azul de Evans mantém impregnando o tecido cerebral mesmo ap6s
a passagem de sete dias da realizacdo do parto, assim como as alteragdes microscopicas
também persistem.

Palavras-chave: Sindrome da Encefalopatia Reversivel Posterior, Barreira Hematoencefalica,
microPET-CT, Metabolismo cerebral de glicose



ABSTRACT

Introduction: The Posterior Reversible Encephalopathy Syndrome (PRES) is a
clinicoradiologic entity characterized by headache, altered level of consciousness, seizures
and visual abnormalities, which is associated with an encephalic white matter edema,
predominantly affecting the occipital and parietal lobes. The pathophysiology of PRES
remains unclear. In a previous study, we developed an experimental model to better
understand the cerebral changes of this syndrome in cases related to pregnancy disorders. The
use of microPET-CT with ®F-FDG is a way of assessing brain metabolism changes related to
PRES, allowing perform a follow up of these changes in subsequent exams.

Objectives: The aim of this study is to evaluate the changes of the glucose cerebral
metabolism and the permeability of blood brain barrier in pregnant rats submitted to Reduced
Uterine Perfusion Pressure (RUPP) in comparison with pregnant control rats.

Methods: Pregnant rats were divided in two groups: RUPP group and control group. Animals
of the RUPP group underwent the procedure to reduce uteroplacental perfusion pressure. The
animals of both groups were submitted to two microPET-CT scans with 18F-FDG (before and
after the delivery) and then, we evaluate the permeability of blood brain barrier using Evans
blue.

Results: Evaluating the results of microPET-CT scans with ®F-FDG in the ten animals that
were submitted to RUPP procedure in comparison with the six pregnant controls animals,
there is a cerebral hypometabolism in the exam realized in period before the delivery in the
group of rats underwent RUPP. In the postpartum period this result is reversed and the group
of animals subjected to the procedure presents a cerebral hypermetabolism when compared to
control group.

Evaluating the permeability of the blood-brain barrier with Evans blue, 8 of 10 animals (80%)
that were submitted to RUPP procedure had the pigment in brain parenchyma, which was not
found in any of six animals of the control group.

Conclusion: In this study we described a pattern of lower brain metabolism in Wistar rats
submitted to RUPP procedure when compared to pregnant control rats before the delivery
using microPET-CT with *®F-FDG for this evaluation. After delivery, there is an inversion
and the group of animals submitted to RUPP procedure becomes hypermetabolic when
compared to the control group using the same technique for measurement of glucose
metabolism. The Evans Blue impregnating maintains the same brain tissue after passing seven
days of the completion of delivery, and microscopic changes also persist.

Keywords: Posterior Reversible Encephalopathy Syndrome, Blood Brain Barrier, MicroPET-
CT, Glucose cerebral metabolism
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1 INTRODUCAO
1.2 DEFINICAO, NOMENCLATURA E EPIDEMIOLOGIA

A Sindrome da Encefalopatia Reversivel Posterior (PRES, do inglés Posterior
Reversible Encephalopathy Syndrome) é uma entidade clinico-radioldgica caracterizada por
cefaléia, alteracdo do nivel de consciéncia, crises convulsivas e alteracdo visual, a qual esta
associada a um edema provavelmente vasogénico na substdncia branca encefélica,
predominantemente acometendo os lobos occipitais e parietais.*

As primeiras descri¢es desse quadro surgiram na década de 90 e na ultima década
novos casos foram descritos possivelmente em decorréncia da maior qualidade dos exames de
neuroimagem e em funcdo do aumento de tratamentos que levam a imunossupressdo do
paciente (potencial desencadeador da sindrome). Diferentes nomes foram utilizados para
descrever esta sindrome: “reversible occipitoparietal encephalopathy”, ‘“hyperperfusion
encephalopathy”, “posterior leukoencephalopathy”, “reversible posterior cerebral oedema
syndrome” e “potentially reversible encephalopathy”. Em 2000, Casey ¢ colaboradores
consagraram o termo posterior reversible encephalopathy syndrome, que na atualidade é o
mais frequentemente utilizado.’

A maior parte da literatura disponivel sobre PRES sdo relatos de caso, 0s quais
apresentam essa sindrome nos mais diversos cenarios. Poucos estudos sdo compostos por
séries de casos e estudos de revisdo que trazem novas informacdes sobre a sindrome e fazem
comparac@es entre subgrupos de pacientes. Nas maiores séries de casos, 0 PRES apresenta um
maior nimero de mulheres (mesmo excluindo as pacientes gestantes dessa avaliacao),
possivelmente por as condi¢cdes associadas a essa sindrome serem mais comuns No Sexo

feminino.>®
1.2 HISTORICO

A Sindrome da Encefalopatia Reversivel Posterior (PRES) tornou-se mais conhecida
apos a publicacdo da primeira série de casos em 1996 no periddico New England Journal of
Medicine. Nesse artigo, sdo descritos os casos de 15 pacientes, os quais foram avaliados em
hospitais em Boston e Paris durante o periodo de 1988 e 1994, que apresentaram alteragdes

transitorias em exames de neuroimagem. O grupo de pacientes era composto
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predominantemente por individuos que estavam recebendo agentes imunossupressores,
eclampsia, encefalopatia hipertensiva, IGpus eritematoso sistémico (LES) e glomerulonefrite.

Entretanto, algumas descri¢cbes prévias evidenciavam alteracbes em neuroimagem
semelhantes ao PRES em situacdes como a eclampsia, descrita por Colosimo em 1985 e
Naheedy no mesmo ano.®’

Apo0s a consagracdo do termo PRES e com a maior disponibilidade de aparelhos de
ressonancia magnética (RM), a sindrome comecou a ser reconhecida por mais profissionais,
aumentando muito as descri¢bes de casos. Ao revisar 0 website PubMed, no periodo entre
1996 e 2000 apenas 49 artigos abordam essa sindrome; ja apenas no ano de 2013 foram
publicados 199 artigos sobre o assunto.

1.3 CONDICOES ASSOCIADAS E DESENCADEADORES DE PRES

1.3.1 Principais Condic¢Bes Associadas & Sindrome da Encefalopatia Reversivel Posterior

Inimeras situacdes clinicas sdo descritas como fatores associados ou desencadeadores
de PRES, tais como pré-eclampsia, eclampsia, alteracfes agudas de niveis tensionais,
alteracbes agudas de funcdo renal, uso de quimioterapicos e imunossupressao. Algumas
diferengas sdo descritas em artigos como entre distirbios relacionadas a gestacdo e outras

situacdes clinica®>® 9,10

ou entre adultos e criancas.

As causas mais comuns de PRES variam entre as séries estudadas. Em nossa série,
distdrbios relacionados & gestacéo sdo a causa mais comum.’

Avaliando 96 pacientes, Liman e colegas encontraram como principais desencadeadores
de PRES a eclampsia (24 casos) e a imunossupressdo (22 casos).* Em estudo realizado em
Pequim, as comorbidades mais frequentes foram IUpus eritematoso sistémico (29,2%), doenca
renal (20,8%), eclampsia (20,8%), estenose da artéria renal (12,5%), arterite de Takayasu
(4,2%), sindrome de Sheehan (4,2%), purpura alérgica (4,2%) e porfiria aguda intermitente
(4,2%). Elevacdo aguda da pressdo arterial foi encontrada em 22 pacientes (91,7%). Dez
pacientes (41,7%) estavam em uso de corticoesteroides ou imunossupressores, trés (12,5%)

apresentaram insuficiéncia renal aguda antes dos sintomas.™*
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1.3.1.1 Distarbios Relacionadas a Gestacdo: Pré-eclampsia e Eclampsia

Entre as causas mais descritas em associacdo ao PRES estdo doencas relacionadas a
gestacdo, como pré-eclampsia, eclampsia e Sindrome HELLP: Hemolysis elevated liver
enzymes low platelets (HELLP).

Pré-eclampsia ou toxemia da gravidez € uma sindrome caracterizada pelo inicio subito
de hipertensdo arterial e proteinuria apos 20 semanas de gestacdo em mulheres previamente
normotensas. Eclampsia trata-se do desenvolvimento de crises convulsivas associadas ou néo
a posterior rebaixamento do nivel de consciéncia, a qual ocorre em mulheres com pré-
eclampsia.’*** A fisiopatogenia da pré-eclampsia/eclampsia ainda ndo é totalmente
conhecida. Acredita-se que a ma implantacdo placentaria na parede uterina é o causador
desses distdrbios, devido a uma hipoperfusdo placentéaria.”> A pré-eclampsia desenvolve-se
em aproximadamente 5% das gestacOes e eclampsia, em aproximadamente 1 em cada 3000
nascimentos.’®!’ A associacdo de PRES com toxemia da gravidez é bem estabelecida.®’*%%

Segundo Brewer e colegas, a associacdo de PRES e eclampsia é bastante intensa, tendo
sido encontrada em 46 (97.9%) de 47 pacientes avaliadas por eclampsia utilizando RM ou
tomografia computadorizada (TC). Nesse mesmo artigo, os autores postulam que o PRES
possa fazer parte da sindrome de eclampsia.?*

A retirada da placenta é considerada como ponto crucial no tratamento da pré-
eclampsia/eclampsia; entretanto, existem casos que estao relacionadas a manifestacoes tardias
de encefalopatia hipertensiva em puérperas com retencdo de fragmentos placentarios.?

Outro distarbio hipertensivo gestacional que pode estar associado ao PRES é a

sindrome HELLP. Alguns relatos de caso mostram essa associagdo.?**

1.3.1.2 Doengas Auto-Imunes

A associacdo de doencas auto-imunes e PRES ja foi descrita em indmeros relatos de
caso. Disturbios autoimunes surgem quando a resposta imunoldgica ocorre contra alvos
existentes no préprio individuo com etiopatogénese complexa e multifatorial.

Relatos de caso mostram o surgimento de PRES em pacientes com IUpus eritematoso
sistémico (LES), esclerose sistémica, granulomatose de Wegner e poliarterite nodosa. Esses
pacientes seguidamente estdo expostos a imunossupressdo com altas doses de
corticosteroides, ciclofosfamida e ciclosporina, que também podem estar envolvidos no

desenvolvimento do PRES.?
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O LES é uma doenca auto-imune que frequentemente cursa com alteragdes de fungédo
renal (nefrite), hipertenséo arterial e uso de agentes imunossupressores. Tais fatores,
isoladamente ou em combinacdo, podem estar associados com o surgimento do PRES. Dessa

forma, em muitos casos o PRES apresenta uma etiologia multifatorial.?**! (Anexo C)
1.3.1.3 Neoplasia e uso de Agentes Quimioterapicos

A presenca de neoplasia e 0 seu tratamento através do uso de quimioterapicos sdo
muitas vezes citados em relatos de caso como causa de PRES.**%

Alguns autores levantam a possibilidade de existir relacdo entre drogas que bloqueiam a
angiogénese (bevacizumab e erlotinib) e a quebra da barreira hematoencefalica (BHE). O
mecanismo imunossupressor dessas medicacdes, além de modificacbes de niveis de pressdo
arterial, pode ter papel fundamental na fisiopatogenia do PRES.*’

As neoplasias mais frequentemente relacionadas ao PRES s&o a leucemia e o
linfoma.*"®

Nosso grupo acompanhou e descreveu alguns casos de PRES em associacdo com
neoplasias e tratamento quimioterdpico. O uso de gencitabina em monoterapia para
tratamento de neoplasia de pancreas,* o uso do esquema quimioterapico com oxaliplatin/s-
fluorouacil/leucovorin (esquema conhecido como FOLFOX) em uma paciente com

I** e uma crianca com leucemia linfoblastica aguda em um cenario

adenocarcinoma colorreta
multifatorial (hipertensdo arterial e uso de corticoides) estdo entre nossas descricdes de

casos.®® (Anexos D,E e F)
1.3.1.4 Infeccdo, Sepse e Choque

Na infeccéo, sepse, ou choque, existem casos associados a PRES, onde predominam
infec¢Bes por gram-positivos, e em 40% dos pacientes, a pressdo arterial encontra-se normal
ou estd apenas minimamente aumentada. Nesses casos, possivelmente o paciente é mais
suscetivel a variacbes hemodindmicas menores que podem levar a edema cerebral *°

Existem tambeém relatos que associam PRES com infec¢des por Herpes e Sindrome da
Imunodeficiencia Adquirida (SIDA).**
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1.3.1.5 Transplantes e imunossupressao

PRES tornou-se uma situacdo reconhecida em pacientes que sdo submetidos a
transplante de medula éssea. A necessidade de imunossupressao prolongada parece ter intima
relacdo com o quadro.***

A imunossupressdo, a qual consiste em uma reducdo da atividade do sistema
imunologico, € utilizada no transplante de érgdos ha muitos anos. Com a disponibilizacao de
outras drogas, como o tacrolimus (FK506) e o sirolimus, houve uma melhora no controle
dessas terapias. O uso de drogas imunossupressoras no transplante de 6rgdos vem sendo
reportado em muitos casos de PRES.

A ciclosporina A e o Tacrolimus, tendo por base o sitio de acdo imunomodulatério, séo
classificados como inibidores da transcricdo do primeiro sinal para ativacdo do linfocito T. Os
resultados com o uso de Tacrolimus em transplantes hepéaticos e renais comprovam sua
elevada eficacia na prevencdo da rejeicdo aguda; porém também hé elevada incidéncia de
efeitos colaterais, como a nefro e a neurotoxicidade.*

Relatos de caso mostram a associacdo do Tacrolimus com quadro de leucoencefalopatia

reversivel em funcéo de comprometimento da barreira hematoencefalica.*®

1.3.1.6 Outros desencadeadores menos comuns de PRES

Muitas outras situacdes clinicas incomuns ja foram associadas ao PRES. Diversas
medicagdes (principalmente imunossupressores) e doengas foram relatadas em associagéo
com essa sindrome.

PRES j& foi reportado ap6s realizacdo de transfusdo sanguinea,*® puncdo lombar,>
neurocirurgias e anestesia geral.>*** A sindrome também ja foi relatada apés exposicdo a

veneno de insetos, sendo um desses casos de autoria do nosso grupo.>*>* (Anexo G)
1.4 FISIOPATOGENIA

A fisiopatogenia do PRES permanece desconhecida, embora duas teorias tentem

explica-la: a teoria vasogénica e a teoria citotoxica.
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1.4.1 Teoria Citotdxica

A teoria citotoxica sugere que 0 aumento intenso e subito da pressao arterial causaria
vasoconstricdo cerebral, levando a dano endotelial causado por hipdxia, seguido por um
periodo de vasoespasmo e formacéo de edema citotoxico.”™’ Entretanto, a reversibilidade das
lesbes torna pouco provavel essa hipétese. Drogas citotoxicas podem estar envolvidas na

génese do PRES nessa teoria.”’
1.4.2 Teoria Vasogénica

A teoria vasogénica alicercada nos pacientes que apresentam PRES associado a
hipertensdo arterial grave, estabelece que haveria comprometimento inicial da autoregulacéo
cerebral com consequente vasodilatacdo e quebra ou aumento da permeabilidade da barreira
hematoenceféalica determinando essa sucessdo de eventos a instalacdo do edema
vasogénico.”>>" Outra vertente da mesma teoria sugere que em algumas situacées clinicas em
que a hipertensdo arterial grave ndo seja o fator preponderante, como no uso de agentes
quimioterapicos ou em pacientes expostos a terapias citotdxicas, possa a disfuncdo endotelial
ser 0 elemento desencadeador do aumento da permeabilidade vascular com consequente

edema vasogénico.>’
1.4.3 Teoria Vasogénica em associacdo com mecanismos citotoxicos

Alguns autores defendem que as duas teorias possam ocorrer em conjunto para
desencadear a sindrome. Outra possibilidade menos discutida seria a de que em alguns casos
de PRES ocorre edema vasogénico (esses associados a variacfes de pressdo arterial) e em

outros casos edema citotoxico.”’
1.4.4 Autorregulacédo Cerebral

A autorregulacdo cerebral é uma funcdo intrinseca da vasculatura encefalica,
desenvolvida para manter estavel o fluxo sanguineo cerebral independente das variagcdes da
pressao arterial. O grafico 1 mostra a curva de auto-regulagdo cerebral, evidenciando que com
0 aumento da pressao arterial além do limite superior pode ocasionar um incremento do fluxo

sanguineo cerebral (Figura 1). Em modelos animais, quando a pressao arterial é aumentada de
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maneira rapida até além do limite superior de autorregulagdo, ocorre dilatagdo arteriolar, a
qual pode levar a dano do leito capilar, com lesdo microvascular ocasionado assim edema
vasogeénico e alteracGes da morfologia arteriolar e arterial. O limite superior da autorregulacédo

varia entre os pacientes.’®

Figural- Grafico da Autorregulacdo Cerebral em individuos normais.

FSC

Perda da
Auto-regulagdo

|

PAM

FSC: fluxo sanguineo cerebral; PAM: pressdo arterial média)

O conceito da perda da autorregulagdo como um importante evento na patogénese da
encefalopatia hipertensiva aguda foi demonstrado em estudos prévios. Existe uma maior
facilidade na perda da autorregulagdo em individuos normotensos uma vez que em
hipertensos crénicos ha um deslocamento do ponto da perda de autorregulacdo para a
direita.”

Elevacbes bruscas na pressdo arterial sisttmica que excedem a capacidade de
autoregulacdo da vasculatura cerebral parecem ser o desencadeante mais provavel do
PRES.%®

O encéfalo ¢ um o0rgdo, que embora corresponda a aproximadamente 2% do peso
corporal, recebe entre 15% a 20% do debito cardiaco total, o que faz dele um dos 6rgaos com
maior perfusdo sanguinea.’* Algumas outras importantes caracteristicas do encéfalo também
sdo Unicas a esse 6rgdo: como o fato de estar em um ambiente fechado que ndo permite sua
expansao e o fato de seu sistema vascular apresentar um sistema de “auto-ajuste” (ou
“autocontrole”) sobre a perfusdo sanguinea ao tecido cerebral. Através da vasoconstri¢dao e
vasodilatacdo de artérias e arteriolas cerebrais, o encéfalo mantém o fluxo sanguineo cerebral

constante independente de variacGes de pressdo arterial sistémica (Figura 1). No caso de
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variagcOes extremas de pressdo arterial (tanto no limite inferior como no limite superior)
podem ocorrer alteragdes no fluxo sanguineo cerebral. O ponto superior de perda da
autorregulacédo cerebral varia entre individuos, sendo atingido mais facilmente em individuos
que ndo tenham hipertensio arterial sistémica, como descrito anteriormente.>*®

Algumas possibilidades visam explicar a autorregulacdo baseando-se nas teorias
miogénica, metabolica e neurogénica.

A teoria miogénica pressupde que um mecanismo intrinseco da parede vascular altera a
vasoconstricdo conforme o aumento da pressdo interna do vaso. A regulacdo do tonus
cerebrovascular apresenta descrigdes bastante antigas. Em 1902, Bayliss descreveu a resposta
miogénica da parede vascular a estimulos mecanicos (pressdo intravascular).®® A teoria
metabolica explica as alteracdes vasomotoras da parede vascular a partir de modificacfes
metabolicas do tecido. Nessa hipdtese, o evento primario que desencadearia as demais
alteragOes seria devido a alteragcbes metabodlicas. O aumento do didmetro dos vasos seria
secundario a hipercapnia e a diminuicdo do didametro dos vasos seria devido a hipocapnia. A
acidose metabolica e alteracGes eletroliticas também parecem ter papel importante na
reatividade vascular.

A teoria neurogénica ap6ia a importancia do sistema nervoso autdnomo.®® O controle
vasomotor das artérias e arteriolas cerebrais tem como um de seus principais contribuidores a
inervacdo perivascular. Alguns trabalhos realizados em animais, evidenciaram diferencgas
entre vasos piais (que podem penetrar no cortex cerebral), os quais recebem inervacao
perivascular predominantemente do ganglio cervical superior e ganglio trigeminal (inervacéao
extrinseca); e vasos enceféalicos parenquimatosos e corticais que recebem inervacao
diretamente pelo tecido cerebral (inervacdo intrinseca). Os vasos piais quando penetram no
encéfalo reduzem seu potencial de controle de autorregulacdo. A inervacdo perivascular dos
vasos piais ocorre por nervos autondmicos e sensitivos. A inervacdo dos vasos cerebrais €
basicamente autonémica, utilizando como principais neurotransmissores a noradrenalina e
neuropeptideo Y.%"% Qutra diferenca ocorre no nimero de receptores autonémicos entre o
sistema carotideo e o sistema vertebro-basilar, fato que pode explicar as lesdes do PRES
serem mais comumente reportadas no sistema vertebro-basilar, que possui menor nimero de

receptores autondmicos.®*
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1.5 ASPECTOS CLINICOS

Os sintomas mais comuns em pacientes com PRES sdo cefaleia, crises convulsivas,
alteracBes visuais e rebaixamento do nivel de consciéncia. Outro sintoma comumente
reportado por pacientes é nausea, possivelmente por acometimento de area postrema (local
onde h& maior fragilidade da barreira hematoencefalica). A presenca de déficits focais é
raramente descrita assim como alteragdes de fala, embora encontrada em alguns relatos de
caso, por vezes simulando um acidente vascular cerebral.®

No estudo retrospectivo realizado em Pequim, as apresentacdes clinicas mais comuns
em pacientes com PRES incluiram crises convulsivas (91,7%), cefaléia (83,3%), distlrbios
visuais (62,5%) e encefalopatia (29,2%)."* Na série de casos de Berlim, crises convulsivas

também foram o sintoma mais comum.*

1.5.1 Diferencas clinicas entre adultos e criangas

Ao compararmos casos de criancas e adultos, verificamos importante diferenca entre
desencadeadores do PRES. Em criancas doengas auto-imunes, imunossupressdo e
quimioterapia estdo entre as principais causas. Em adultos, essas causas também séo descritas,
no entanto situacOes clinicas que envolvem variacOes de niveis de pressao arterial sdo mais
comumente relatados na génese dessa sindrome.’® Nefropatias, como glomerulonefrites,

também sédo frequentemente relatadas em associacdo com PRES em criangas.”

1.5.2 Diferencas clinicas entre gestantes e outros desencadeadores

Poucas diferencas sdo reportadas entre o grupo de pacientes gestantes e pacientes nao
gestantes. Entretanto, uma das poucas diferencas entre esses dois grupos é muito interessante.
Pacientes que apresentam PRES devido a disturbios relacionados a gestagdo apresentam essa
sindrome com niveis tensionais inferiores aos do outro grupo. Tal fato pode estar associado a
uma maior facilidade do desenvolvimento dessa sindrome em gestantes. E importante
ressaltar que na gestacdo em que ocorre pré-eclampsia, abordamos uma paciente previamente
higida que se encontra exposta de maneira bastante rapida (com pouco tempo para adaptacéo)
3,58

a hipertensdo arterial, nefropatia e um estado imunologico diferente inerente & gestacao.
(Anexo H)
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1.6 ASPECTOS RADIOLOGICOS

O padrdo mais caracteristico do PRES na neuroimagem, especialmente na ressonancia
magnética de encéfalo, € a presenca de alteracdo de sinal envolvendo a substancia branca da
porcdo posterior de ambos os hemisférios cerebrais, especialmente nas regides parieto-
occipitais, com distribuicdo relativamente simétrica. A Figura 2 ilustra uma imagem de RM
ponderada em Fluid Attenuated Inversion Recovery (FLAIR) de um paciente com PRES
(Figura 2). Entretanto, outras estruturas tais como o tronco cerebral, cerebelo e lobos frontal e
temporal também podem estar envolvidas, e, embora tal sindrome afete principalmente a
substancia branca subcortical, o cértex cerebral e os ganglios da base também podem estar
envolvidos.” O edema é visto na ressonancia como um aumento da intensidade do sinal nas
imagens ponderadas em T2 e difusdo; o que sugere que as areas de anormalidade representam
edema vasogénico que geralmente é completamente revertido em um periodo médio de duas

semanas.’> "

Figura2 - Ressonancia Magnética de Encéfalo (FLAIR\T2) evidenciando hipersinal em
regides occipital e temporal bilateralmente.

Alguns estudos tentam definir padrdes de neuroimagem de acordo com a topografia
acometida, sugerindo subtipos de PRES. Liman e colegas encontraram 0 acometimento de
lobo occipital em 85% e do lobo parietal em 77%.*

Segundo Donmez e colaboradores, as localizagdes mais comumente envolvidas foram
lobo frontal em 51,5%, lobo parietal em 84,8%, lobo occipital em 72,7%, lobo temporal em

33,3% e no cerebelo em 33,3%."’
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Embora ocorra geralmente com acometimento parieto-occipital com relativa simetria,
padrdes atipicos de PRES ja foram descritos.”® Entre essas apresentacdes o acometimento
medular é um dos mais curiosos (Figura 3). Na medula espinhal, ocorre um acometimento de

substancia cinzenta o qual, em geral, é assintomatico.”

Figura 3 - Ressonancia Magnética de Coluna Cervical (T2) evidenciando hipersinal em
regido centro-medular com extensao do tronco cerebral @ medula cervical e dorsal.
(Anexo 1)

1.7 TRATAMENTO

O tratamento do PRES depende dos desencadeadores da sindrome, os quais quando
descobertos devem ser afastados com a maior brevidade possivel. Nos casos que envolvem
gestacdo, apods a retirada da placenta acredita-se que ocorrera o inicio da remissdo do quadro.
No caso de uso de drogas citotoxicas ndo existe nenhum protocolo que defina a conduta a ser
tomada, embora seja recomendada a suspensdo das mesmas como a principal parte do

tratamento. A reducédo gradual da pressdo arterial é recomendada.”>®

1.8 PROGNOSTICO E RECORRENCIA
Poucos estudos avaliam o progndstico dos pacientes com PRES. Em trabalho realizado

em Berlim, avaliando 103 pacientes, cinco pacientes evoluiram para Obito durante a

hospitalizacdo. Nesse estudo, edema severo, alteracdo do nivel de consciéncia no inicio do
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quadro, alteragfes de coagulacdo e internacOes prolongadas estiveram associados com pior
prognéstico.” Os casos de maior mortalidade tem correlagdo com a ocorréncia de tumores e a
exposicao a quimioterapia em funcao da doenca de base.

Em revisdo de 53 casos de PRES, Liman e colaboradores encontraram resolucao
completa (reversibilidade total dos achados de neuroimagem) em 58% e resolugdo quase
completa em 26% dos casos.* Em outro trabalho, Ni e colaboradores em 2010, mostraram a
presenca de lesdes irreversiveis em 16,7% dos pacientes avaliados.™

A recorréncia do PRES parece ocorrer mais comumente em casos de nefropatia

avancada ou em casos de exposicao repetida a esquemas quimioteréapicos.®®®

1.9 EXPERIENCIA CLINICA DO SERVICO DE NEUROLOGIA DO HOSPITAL SAO
LUCAS-PUCRS

Na experiéncia do nosso grupo no Hospital S&o Lucas, avaliamos 58 pacientes com
PRES com idade média de 26,4 anos, sendo 12 homens (20,68%) e 46 mulheres (79,31%).

Entre as causas ou desencadeadores mais comuns estdo: distarbios relacionados a
gestacdo (pré-eclampsia, eclampsia, sindrome HELLP) em 31 casos (53,4%), uso de agentes
quimioterapicos em 4 casos (6,8%) e LES em 4 casos (6,8%).

Os sintomas mais comumente reportados foram: cefaleia em 49 pacientes (84,4%),
alteracdo visual em 43 pacientes (74,1%), crises convulsivas em 30 pacientes (51,7%) e
alteracdo do nivel de consciéncia em 25 pacientes (43,1%). Em 9 casos (15,5%), todos esses
sintomas estavam presentes.

As topografias mais frequentemente acometidas foram: lobos occipitais em 54 casos
(93,1%), lobos parietais em 31 casos (53,4%), lobos temporais em 18 casos (31%) e lobos
frontais em 15 casos (25,8%). Um dos casos que acompanhamos apresentou um achado
bastante atipico que foi a presenca de alteracdo em exames de imagem da medula espinhal em
nivel cervical com caracteristica reversivel (Figura 3).

A Tabela 1 mostra a descricdo dos casos de PRES acompanhados em nosso servigo nos

ultimos seis anos.
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Tabela 1 -Descricdo dos casos de PRES acompanhados no Servico de Neurologia do Hospital

Séo Lucas-PUCRS.

I Méaxima Maxima - x
Diagnédstico e - x Topografia da Les&o na
Creatinina  Presséo . A .
N Idade Sexo desencadeadores - Sintomas Ressonancia Magnética
(mgdl) Arterial
(mmHg)
1 30 F LES, Nefrite lupica 1,31 160/80  Cefaléia e Alteracdo Visual Occipital
2 34 F LES 1,3 150/100 Alteragdo Visual Occipital e Parietal
Crise Convulsiva e
3 14 F LES 0,81 180/90  Rebaixamento do Nivel de Occipital, Parietal e Frontal
Consciéncia
Céncer de Pancreas Cefaléia, Crise Convulsiva e .
4 74 F o ) 14 170/90 Alt 5 Visual Occipital e Temporal
(em quimioterapia) eragao visua
Cancer Colorrectal Crise Convulsiva, Alteracéo
5 27 F o ) 1,9 200/120 Visual e Rebaixamento do Occipital e Parietal
(em quimioterapia) Nivel de Consciéncia
6 16 M Transplante Renal 352 170/100 Cefaléiae Rebaixamentodo  Occipital, Parietal, Temporal e
(em uso de Tacrolimus) Nivel de Consciéncia Frontal
Glomerulonefrite . . . .
7 8 F ) 0,6 190/100 Crise Convulsiva Occipital e Parietal
Difusa Aguda
Crise Convulsiva e
8 39 M Insuficiéncia Renal 17,3 250/120 Rebaixamento do Nivel de Occipital e Temporal
Consciéncia
9 48 F Pico hipertensivo 1,71 240/110 Cefaléia e Aletracédo Visual Occipital, Parietal e Frontal
Glomerulonefrite Difusa Cefaléia, Crise Convulsiva,
10 3 M 2,3 140/90 Alterggao Visual e . Occipital e Parietal
Aguda e Cetoacidose Rebaixamento do Nivel de
Consciéncia
11 47 F  Pico hipertensivo 1,1 200/90 Cefaléia e Alteragdo Visual Occipital e Temporal
12 27 F Eclampsia 0,75 180/90  Cefaléia e Crise Convulsiva  Parietal e Frontal
13 34 F Eclampsia 0,9 200/110 Cefalela}, Cr!se Convulsiva e Occipital e Parietal
Alteragdo Visual
14 26 F  Pré-eclampsia 1,28 160/80  Alteracdo Visual Occipital e Temporal
15 30 F  Pré-eclampsia 1,42 150/90  Cefaléia e Alteracédo Visual Occipital
16 28 F  Pré-eclampsia 1,07 160/90  Alteracdo Visual Occipital e Parietal
17 27 F Eclampsia 1,3 170/100 Cefaléia e Crise Convulsiva  Occipital
Cefaléia, Alteracdo Visual e
18 32 F  Pré-eclampsia 1,7 170/90  Rebaixamento do Nivel de Occipital, Parietal e Temporal
Consciéncia
19 14 E Eclampsia 121 160/90 Cefalela}, Cr!se Convulsivae  Occipital, Parietal, Temporal e
Alteracdo Visual Frontal
Cefaléia, Alteragéo Visual e
20 22 F  Pré-eclampsia 1,1 170/80 Rebaixamento do Nivel de Occipital
Consciéncia
Sindrome Ai ; ;
21 2 M 35  150/90 i‘ffa'e'?’ C\;!SG CIO”"“'S'Va € Occipital e Parietal
Hemolitico-Urémico teragdo Visual
Cefaléia, Crise Convulsiva e
22 39 F LES 2,27 180/110 Rebaixamento do Nivel de Occipital, Parietal e Frontal
Consciéncia
23 25 F  Pré-eclampsia 1,12 150/80  Cefaléia Occipital
24 27 F  Pré-eclampsia 0,93 190/120 Cefaléia e Alteracédo Visual Parietal
Sindrome Cefaléia, Crise Convulsiva,
% 23 F 12 200/90 é"tt‘fr?“?ao V'f“g' S ivelqe  Occipital
Hemolitico-Urémico €barxamento do Nivel ae
Consciéncia
26 27 F Pré-eclampsia 0,7 160/90  Cefaléia e Alteracédo Visual Parietal e Frontal
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- Méaxima Maxima - x
Diagnostico e - = Topografia da Leséo na
Creatinina  Pressdo . a o
N Idade Sexo desencadeadores - Sintomas Ressonancia Magnética
(mgdl) Arterial
(mmHg)
27 14 M Insuficiéncia Renal 14 1go/100 Cefaléia Crise Convulsivae ;i
Alteracéo Visual
Cefaléia, Crise Convulsiva,
. Alteracdo Visual e - .
28 17 F Eclampsia 0,91  140/80 Rebaixamento do Nivel de Occipital e Parietal
Consciéncia
Transplante Renal Cefaléia, Crise Convulsiva,
20 23 F 68  190/90 ’;'tgr‘?‘@ao V'f“g' el qe | Occipital & Parietal
(em uso de Tacrolimus) ebalxamento do Nivel de
Consciéncia
Cefaléia, Crise Convulsiva,
. x Alteragdo Visual e -
30 13 M Picada de escorpiéo 0,83  130/80 Rebaixamento do Nivel de Occipital
Consciéncia
Glomerulonefrite Cefaléia, Crise Convulsiva e - .
31 15 F ) 0,8 190/110 Rebaixamento do Nivel de (chchltal, Parietal, Temporal e
Difusa Aguda Consciéncia ronta
Glomerulonefrite
32 13 M ) 1,1 180/100 Cefaléia e Crise Convulsiva  Occipital e Parietal
Difusa Aguda
. Cefaléia, Crise Convulsiva e -
33 27 F Eclampsia 0,7 140/80 Alteracio Visual Occipital
34 17 F Eclampsia 0,64 150/110 Cefaléia e Crise Convulsiva  Occipital, Parietal e Frontal
Eclampsia e Sindrome Cefaléia, Crise Convulsivae  Occipital, Parietal, Temporal e
% 22 F HELLP 111 160/90 Alteragdo Visual Frontal
L . Crise Convulsiva, Alteracéo - -
36 7 M Leucemia Linfocitica 146 163/109 Visual e Rebaixamento do Occipital, Parietal, Temporal e
Aguda p U Frontal
Nivel de Consciéncia
37 26 F Eclampsia 0,8  140/90 Cefalela}, Crise Convulsiva e Occipital
Alteragdo Visual
38 37 F  Pré-eclampsia 1,1 170/120 Cefaléia Occipital
39 26 F  Pré-eclampsia 1,2 165/90 Cefaléia e Alteracdo Visual Occipital
Cancer de Testiculo
. . Cefaléia, Alteragdo Visual e
40 19 m  (emquimioterapia), 1,4 210/110 Rebaixamento do Nivel de Occipital, Temporal e Medular
pico hipertensivo e Consciéncia
nefropatia
41 34 F  Pré-eclampsia 1,1 160/100 Cefaléia e Alteragdo Visual Occipital
42 28 F Pré-eclampsia 0,67 150/90  Cefaléia e Alteracdo Visual Occipital
Cefaléia, Crise Convulsiva,
. Alteragdo Visual e -
43 19 F Eclampsia 1,01 160/80 Rebaixamento do Nivel de Occipital e Temporal
Consciéncia
Glomerulonefrite Difusa Cefaléia, Alteragéo Visual e
44 9 F Aduda 0,9 155/95 Rebaixamento do Nivel de Occipital, Parietal e Frontal
g Consciéncia
45 22 F Pré-eclampsia 1,3 145/90  Alteragdo Visual Occipital e Temporal
Glomeruloesclerose Cefaléia, Crise Convulsiva e
46 14 F 5 210/160 Rebaixamento do Nivel de Occipital e Parietal
Focal e Segmentar Consciéncia
47 23 F  Pré-eclampsia 0,93 165/90  Cefaléia e Alteracdo Visual Occipital
48 38 M Picohipertensivo 114 24g/120 Cefaléiae Rebaixamentodo il 6 parietal
Nivel de Consciéncia
Cefaléia, Crise Convulsiva,
49 27 F Eclampsia 1,09  170/90 Alteragdo Visual e Occipital e Temporal

Rebaixamento do Nivel de
Consciéncia
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- Méxima Maxima . x
Diagnostico e - ~ Topografia da Leséo na
Creatinina  Presséo . a o
N Idade Sexo desencadeadores - Sintomas Ressonancia Magnética
(mgdl) Arterial
(mmHg)
Cefaléia, Crise Convulsiva,
. Alteragdo Visual e -
50 22 F Eclampsia 1,1 160/90 Rebaixamento do Nivel de Occipital e Temporal
Consciéncia
Pico hipertensivo, Cefaléia e Rebaixamentodo  Occipi i
pital, Parietal, Temporal e
51 58 M Sindrome de Sjogren 0.95 160/100 Nivel de Consciéncia Frontal
52 26 F  Pré-eclampsia 07 160/90 Cefaléia e Alteracdo Visual Occipital e Temporal
53 24 F Eclampaia Cefalela}, Cr!ses convulsivas e Occipital, Parietal e Temporal
0,91 170/85 Alteragdo Visual
Cefaléia, Alteragéo Visual e
54 61 Pico hipertensivo Rebaixamento do Nivel de Occipital
F 161 230/120 Consciéncia
Cefaléia, Crise Convulsiva,
. Alteragdo Visual e - .
55 27 Eclampsia Rebaixamento do Nivel de Occipital, Parietal e Temporal
F 067 170/100 Consciéncia
56 17 g Pré-eclampsia 061 150/90 Cefaléiae Alteragdo Visual ~ Occipital
Cefaléia, Alteragdo Visual e
57 58 Pico hipertensivo Rebaixamento do Nivel de Occipital, Parietal e Frontal
M 1,34 200110 Consciéncia
58 27 g Pré-eclampsia 0.78 160/90 Cefaléiae Alteragdo Visual ~ Occipital
1.10 OUTRAS SITUACOES CLINICAS QUE ENVOLVEM A ALTERACAO

1.10.1 Encefalopatia Hipertensiva

AUTORREGULACAO CEREBRAL

Hipertensao arterial sistémica € definida como niveis tensionais iguais ou superiores a

140/90mmHg. A perda da capacidade de adaptacdo das arteriolas cerebrais (as quais séo

responsaveis por manter uma perfusdo cerebral normal) as modificacfes da pressao arterial

parece estar diretamente relacionada a encefalopatia hipertensiva.

82,83

As diferencas clinicas dessa situacdo para 0 PRES ndo existem de acordo com alguns

autores, sendo o diagnostico diferencial feito apenas pela neuroimagem. O acometimento das

regides posteriores do encéfalo e a reversibilidade dos achados de neuroimagem sdo as

principais diferencas em relacdo ao PRES. O manejo desse quadro é feito com o uso de anti-

hipertensivos, reduzindo a presséo arterial de maneira gradual (aproximadamente 25% a cada

6 a 8 horas).®
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1.10.2 Hiperperfusdo pds Reperfusdo Carotidea por endarterectomia ou stent

A sindrome de hiperperfusdo apds revascularizacdo carotidea é uma situacéo clinica
causada pelo comprometimento da autorregulacdo cerebral em um hemisfério cerebral
cronicamente hipoperfundido. Em geral manifesta-se através de cefaleia intensa, crises
convulsivas e hemorragia intracraniana no territério vascular reperfundido ap6s o
procedimento. A hiperperfusdo apds revascularizacdo carotidea € uma sindrome clinica grave
que pode ocorrer tanto apos a realizagdo de cirurgia como ap6s a implantacdo de stent.
Geralmente, ocorre entre o segundo e 0 sétimo dia ap6s o procedimento.®*#

Estudos com doppler transcraniano ndo contribuiram muito para o melhor entendimento
das alteracdes hemodinamicas nessa sindrome.®® As variacées do fluxo sanguineo cerebral
parecem estar diretamente relacionadas ao risco de hemorragia intracraniana apos
revascularizacdo carotidea, embora existam resultados conflitantes entre diferentes

estudos .t

1.10.3 Sindrome da Vasoconstricdo Cerebral Reversivel

A Sindrome da Vasoconstricdo Cerebral Reversivel, também conhecida como sindrome
de Call-Fleming, é uma sindrome com fisiopatogenia incerta associada a uma alteracdo
transitéria do tdnus da parede vascular caracterizada por cefaléia intensa e vasoconstricdo
cerebral segmentar reversivel com resolucdo posterior. Essa entidade € um diagnostico
diferencial do PRES, a qual além de caracterizar-se por cefaléia de forte intensidade, pode
também apresentar distarbios visuais, crises convulsivas, confusdo e déficit neurol6gicos
focais. O padrao-ouro para o diagndstico é a arteriografia cerebral, a qual evidencia constricdo
arterial segmentar difusa e deve excluir a presenca de aneurisma cerebral/hemorragia
subaracndide. N&o existe um critério diagnostico para essa sindrome e 0 uso de bloqueadores
do canal de célcio (como a nimodipina) parece ser uma boa alternativa para o tratamento,
além do controle dos sintomas.?*%

Alguns artigos descrevem a associacdo do PRES com a sindrome da vasoconstri¢ao
cerebral reversivel em alguns cenarios clinicos, como em distirbios renais na sindrome

hemolitico urémica. %
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1.11 ASPECTOS EXPERIMENTAIS

Na busca do melhor entendimento dos mecanismos desencadeadores da Sindrome da
Encefalopatia Reversivel Posterior procuramos modelos experimentais que auxiliem na
compreensdo da fisiopatologia de tal sindrome. O trabalho que propusemos tem por base o
uso de um modelo experimental ja consagrado para o estudo de mecanismos hipertensivos na
gestacdo. A escolha de modelos experimentais que trabalnem com pré-eclampsia e eclampsia
deve ser valorizada em funcdo de os disturbios hipertensivos gestacionais corresponderem a
um importante percentual dos casos de PRES (em nossa série préximo de 50% dos casos).

Em 2014, propusemos que o modelo utilizado nos estudos da eclampsia experimental
mas ampliado para incluir a avaliacdo do encéfalo era adequado para estudo do PRES.* Este
modelo baseia-se na reducdo da perfusdo sanguinea Utero-placentaria (Reduced Uterine
Perfusion Pressure Model — RUPP Model) em ratas prenhas determinando reducdo da
pressdo de perfusdo utero-placentaria em 40%, hipertensdo arterial, alteragdes de funcgédo
renal, além de alteraces imunoldgicas.®®®° Portanto, na RUPP simulamos uma hipertensdo
gestacional.”’O estudo do cérebro das ratas submetidas a0 RUPP evidenciaram uma maior
permeabilidade da barreira hematoencefélica ao azul de Evans além de uma importante
elevacdo da pressdo arterial média nesses animais.* (Anexo J)

A escolha da avaliagdo da barreira hematoencefalica pela infusdo endovenosa de azul de
Evans foi feita em funcdo deste corante apresentar algumas caracteristicas como inocuidade,
alta solubilidade em &gua e afinidade pela albumina. O azul de Evans, quando injetado
endovenosamente, combina-se com a albumina (complexo corante-albumina) de maneira
reversivel e dependente de pH. Por sua ligagdo a albumina e por outros mecanismos
relacionados ao tamanho do pigmento e polaridade 0 mesmo nao extravasa, enquanto intacta a
barreira hematoencefalica, mas extravasa quando hd quebra da BHE como na lesdo
endotelial 1**™

Avaliando-se quatorze animais submetidos & RUPP, em onze houve impregnacao pelo
azul de Evans em pelo menos um hemisfério cerebral. Outras alteracfes interessantes que
também encontramos na avaliacdo anatomopatologica foram a presenca de edema
(evidenciado pela menor densidade celular que foi vista na avaliacdo histologica dos
encéfalos das ratas Wistar que foram submetidas a8 RUPP em relacdo as animais do grupo
controle) e a presenca de um espago perivascular alterado no grupo de animais submetidos a
RUPP. Algumas descri¢Oes radioldgicas, como as dilatagdes dos espagos perivasculares de

Virchow-Robin, mantém alguma semelhanca com essa alteracéo acima descrita.”
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Posteriormente, Warrington et al em 2014 tambeém realizaram avaliacdo da barreira
hematoencefalica nesse mesmo modelo com resultados bastante semelhantes ao nosso. Nesse
trabalho, os autores descrevem diferencas da coloracdo por azul de Evans entre diferentes
regides cerebrais, sendo essa mais intensa nas regides anteriores.'*

Acreditamos que por ter sua fisiopatologia incerta, pela dificuldade de estabelecer um
modelo Unico para uma sindrome que tem diversos desencadeadores conhecidos e pelo
relativo desconhecimento dessa sindrome, a literatura traz poucas contribui¢es nas ciéncias
basicas em estudos experimentais do PRES. Até o presente momento, ndo foram publicados
trabalhos que avaliem quantitativamente diferentes regibes encefalicas dos animais
submetidos a RUPP.

1.12 AVALIACAO DO METABOLISMO CEREBRAL COM FDG

O uso de 18F-fluorodeoxyglucose (**F-FDG) é uma estratégia ja bastante utilizada em
oncologia e neurologia para avaliagdo do metabolismo de glicose, seja na procura de lesdes
tumorais ou na investigacdo de doencas neurodegenerativas. %%

A Tomografia por Emissao de Poésitrons (do inglés Positron Emission Tomography -
PET) é um exame que une recursos da medicina nuclear e radiologia, permitindo avaliacdo
simultanea de aspectos anatdmicos e metabdlicos.'® (Figura 4)

O PET-CT é uma combinacdo de dois métodos diagndsticos com a finalidade de
potencializar a acurécia de dois exames utilizados isoladamente: a Tomografia por Emissao
de Pésitrons e a Tomografia Computadorizada convencional por emissdo de raios X. Seu
modo de funcionamento baseia-se na utilizacdo de marcadores radioativos (radionuclideos)
incorporados a substancias biologicamente ativas de maneira que quando no tecido-alvo
emitam fotons de aniquilacdo (raios gama), 0s quais sdo gerados em sentidos opostos e sdo
detectados por um scanner. Os isotopos radioativos integrados as moléculas relevantes para
0s processos bioldgicos em estudo tém a propriedade de sofrer decaimento espontaneo com
emissdo de positrons em todas as dire¢cBes apds um curto espaco de tempo em que se
depositam nos tecidos. Esses positrons se propagam rapidamente pelas areas adjacentes, mas
por uma curtissima distancia — variavel de acordo com o tecido, mas em geral de até 1Imm —
até sofrerem desaceleracdo e se combinarem com elétrons (aniquilagéo), liberando fétons. A
sobreposicdo de imagens do scanner que capta esses raios gama com as da tomografia

convencional fornecem informacoes tridimensionais extremamente acuradas que modificaram



38

drasticamente a pesquisa e a assisténcia, em especial nas areas de fronteira da ciéncia, como

neurologia, oncologia e reumatologia.'**%

O exemplo mais amplamente utilizado de radiotracador para PET € a
fluorodesoxiglicose (FDG), um anélogo da glicose excelente para o estudo de tecidos com
alta atividade metabélica.'®® Uma vez injetado no organismo, é rapidamente captado por
células que utilizam grandes quantidades de glicose. No citoplasma, sofre fosforilagéo,
impedindo que seja novamente liberada, garantindo tempo suficiente para a captagdo dos
fotons responsaveis pela imagem gerada no aparelho. 1%

O acumulo intracelular dos analogos de glicose ocorre em funcdo do néo
reconhecimento de uma fracdo de sua molécula pela hexoaminidase. Sols e Crane em 1954
descreveram que a presenca de analogos de glicose pode isolar as reagdes de hexosaminidase
em funcéo da falta do grupo 2-hidroxi; impedindo a conversdo de formas anélogas de glicose
em frutose 6-fosfato e o metabolismo adicional através da via glicolitica. O grupo 2-hidroxi é
a porcdo da molécula que é fundamental para o reconhecimento da hexosaminidase para
catalizar esse processo. Além disso, os andlogos de glicose sdo transportados para o encéfalo
de maneira mais rapida que a glicose, no entanto a glicose é fosforilada pela hexosaminidase
de maneira mais rapida que os seus analogos, fazendo com que o metabolismo desses ocorra
de maneira mais lenta. Quando o nivel de glicose intracelular excede 0,5mmol\L a
hexosaminidase é saturada, ndo metabolizando as formas analogas de glicose. Esse outro fator

também facilita esse acumulo intracelular das formas analogas de glicose.'***!

Figura4 - Aparelho de microPET-CT, localizado no Centro de Pesquisa Pré-Clinica do
Instituto do Cérebro (Inscer) - PUCRS.
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No nosso conhecimento o metabolismo de glicose cerebral do modelo experimental da
RUPP nunca foi avaliado. A utilizagdo do microPET-CT permite definir padrbes do
metabolismo cerebral que podem ser utilizadas para comparacdo com exames de seguimento
realizados no mesmo individuo, possibilitando avaliar a reversibilidade das possiveis

alteracdes.
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2 JUSTIFICATIVA

A Sindrome da Encefalopatia Reversivel Posterior (PRES) é uma entidade que ainda
ndo tem sua fisiopatologia totalmente definida. A maior parte do conhecimento sobre essa
sindrome € baseada em relatos de caso e pequenas séries de casos.

O desconhecimento da fisiopatologia dessa sindrome e a falta de um modelo
experimental que a simule dificultam o desenvolvimento de estratégias que visam estabelecer
condutas terapéuticas e preventivas para o PRES.

Desenvolver um modelo experimental que facilite o estudo das alteragdes
hemodindmicas do PRES e permita a avaliacdo da evolu¢cdo do quadro durante possiveis
intervencdes podera permitir um melhor entendimento e abordagem do PRES. O uso de novas
tecnologias como o microPET-CT é um importante instrumento que permite avaliar a
evolucdo do quadro radioldgico e metabdlico e pode auxiliar a definir padrdes para futuros

estudos a serem realizados.
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3 OBJETIVOS

O objetivo dessa pesquisa é avaliar o metabolismo cerebral com F-FDG e a
permeabilidade da barreira hematoencefalica ao azul de Evans em um modelo experimental

da sindrome da encefalopatia reversivel posterior.

3.1 OBIJETIVOS ESPECIFICOS

e Avaliar qualitativa e quantitativamente as possiveis modificagdes metabolicas no
encéfalo de ratas Wistar prenhas que foram submetidas a RUPP em comparacgédo ao
de ratas Wistar prenhas que ndo foram submetidas ao procedimento, antes e apds o
parto em exames de microPET-CT com *®F-FDG.

e Comparar 0os exames de microPET-CT realizados antes e apds o parto de ratas
Wistar prenhas submetidas a RUPP.

e Descrever as alteracdes anatomopatoldgicas macro e microscopicas no encéfalo de
ratas Wistar prenhas que foram submetidas 8 RUPP em comparagdo com o encéfalo
de ratas Wistar prenhas que ndo foram submetidas ao procedimento; avaliando a
permeabilidade da barreira hematoencefalica ao azul de Evans entre o 7° e 0 10° dia

apos o parto.
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4 MATERIAL E METODOS

Todos os procedimentos desse estudo estiveram de acordo com o protocolo CEUA
12/00312 aprovado pelo Comité de Etica em Uso de Animais da PUCRS. (ANEXO B)

4.1 ANIMAIS

Para a realizacdo desse estudo, foram utilizadas 16 ratas gravidas da linhagem Wistar,
provenientes do CeMBE — Centro de Modelos Bioldgicos Experimentais - da Pontificia
Universidade Catdlica do Rio Grande do Sul.

Os animais permaneceram em ambiente climatizado recebendo racdo padronizada e
agua ad libitum, com ciclo claro-escuro de 12 horas em caixas individualizadas. A analgesia
pos-operatdria foi feita com uso de Cloridrato de Tramadol diluido na &dgua das ratas. Em
todas as situacdes de pds-operatdrio os animais foram mantidos em caixas isolados do contato

com outros.

4.2 DELINEAMENTO EXPERIMENTAL

Para a realizacdo desse estudo os animais foram divididos em dois grupos: Grupo RUPP
(com dez animais) e Grupo Controle (com seis animais). Os animais foram nomeados como:
RUPP-1, RUPP-2, RUPP-3, RUPP-4, RUPP-5, RUPP-6, RUPP-7, RUPP-8, RUPP-9, RUPP-

10, Controle-1, Controle-2, Controle-3, Controle-4, Controle-5 e Controle-6.

4.2.1 Grupo Controle

Seis ratas prenhas compuseram esse grupo. Esses animais foram submetidas a dois
exames de microPET-CT com injecdo de *F-FDG via veia caudal; o primeiro realizado antes
do parto e o segundo ap6s o parto. O primeiro exame foi realizado entre 0 15° e 17° dia da
gestacdo da rata. O segundo exame foi realizado entre o 1° dia ap6s o parto e 0 3° dia apds o
parto.

Os animais desse grupo foram eutanasiados entre o 7° e 0 10° dia ap0s a gestacédo. Foi
aplicada dose de 0,5ml de azul de Evans 2% e realizada perfusdo com paraformaldeido. O
encéfalo das ratas foi removido e, através de exame anatomopatoldgico foi realizado estudo

macro e microscopico para identificar a presenca de azul de Evans no espaco extravascular.
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4.2.2 Grupo submetido a redugdo da pressdo de perfusdo uterina - Reduction of Uterine
Presure Perfusion (Grupo RUPP)

Dez ratas prenhas compuseram esse grupo. Esses animais, apds anestesiados conforme
protocolo (com cetamina e xilasina), foram submetidas & reducéo de fluxo sanguineo uterino
através da colocacdo de clipe de prata de 0,2 mm de espessura na aorta (préoximo a bifurcacéo
iliaca) e artéria uterina com a finalidade de se obter sub-oclusdo desses vasos. Esse
procedimento foi realizado entre 0o 13° e 0 15° dia de gestacdo, com tempo médio de
transoperatério de 45 minutos.

Esses animais foram submetidas a dois exames de microPET-CT com injecdo de *°F-
18-F-FDG via veia caudal; o primeiro realizado antes do parto e o segundo apds o parto. O
primeiro exame foi realizado entre o 15° e 17° dia da gestacao da rata. O segundo exame foi
realizado entre o 1° dia apds o parto e o0 3° dia apds o parto.

Os animais desse grupo foram sacrificados entre o 7° e 0 10° dia ap6s a gestacao. Foi
aplicada dose de 0,5ml de azul de Evans 2% e realizada perfusdo com paraformaldeido. O
encéfalo das ratas foi removido e, através de exame anatomopatologico foi realizado estudo
macro e microscopico para identificar a presenca de azul de Evans no espaco extravascular.

A sequencia cronolégica de procedimentos realizados nos dois grupos sdo apresentados
na figura 5.

Figura 5 - Gréfico mostrando procedimentos realizados nos animais dos dois grupos.

# + -— RUPP

. __________________________________________/ + D Controle

RUPP: realizado no 149 dia da gestacao. ‘ RUPP
MicroPET: um exame antes e outro apds o parto. . Parto
Parto: realizado no 212 dia da gestagao.

Exame anatomo-patoldgico (AP): realizado sete a dez dias apds

o parto, MicroPET

AP
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4.3 DESCRIC;AO DOS PROCEDIMENTOS
4.3.1 Protocolo de anestesia

Antes da realizacdo de procedimentos cirargicos (reducdo da pressdo de perfusdo
uterina), todos os animais foram submetidos a protocolo de anestesia com uso de xilasina
(0,42mg/kg) e cetamina (0,21mg/kg) por via intraperitoneal com uso de agulha de insulina
(12,7mm).

4.3.2 Reducdo do fluxo sanguineo uterino com reducdo da pressdo de perfusdo uterina
(Reduced Uterine Perfusion Pressure Model — RUPP Model)

Com o animal posicionado na mesa cirurgica foi realizada a tricotomia no local da
incisdo e posterior antissepsia com uso de iodofor aquoso. O abddmen foi incisado na linha
média com exposicdo do Utero. Na aorta, junto a bifurcacdo das artérias iliacas, coloca-se o
clipe de prata com 0,2mm de espessura (Figura 6). Em seguida as artérias uterinas sdo
também sub-ocluidas com clipe de prata idéntico. (Figuras 7 e 8). Com 0 posicionamento
correto desses clipes, ocorre reducéo de 40% da pressdo de perfusdo para o Gtero.** %12 Apbs
esses procedimentos os planos cirargicos foram suturados com fio de seda 2.0 (plano

profundo) e fio mononylon 2.0 (plano superficial).

Figura6 - Reducdo da pressdo de perfusdo uterina: posicionamento de clipe metalico na
aorta.

N
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Figura7 - Reducdo da pressdo de perfusdo uterina: posicionamento de clipe metélico nas
artérias uterinas.

4.3.3 Avaliacdo do metabolismo cerebral com FDG MicroPET-CT

Os animais foram submetidos a dois exames de '®F-FDG para avaliacdo do
metabolismo cerebral em aparelho de microPET-CT [Triumph multi-modality system (Trifoil
Imaging Inc., Northridge, CA)] no Centro de Pesquisa Pré-Clinica do Instituto do Cérebro-
PUCRS (Figura 4). O primeiro desses exames foi realizado durante a gestacdo (ap6s o
procedimento RUPP ja ter sido realizado) e o segundo foi realizado no periodo do puerpério.

Para realizacdo de tal exame, os animais foram anestesiados com isoflurano por via

inalatoria misturado com oxigénio hospitalar (3-4% para inducdo anestésica e 2-3% para
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manutencdo da anestesia) e receberam injecdo de 1mCi *|F-FDG via veia caudal. Esse
material injetado foi sintetizado no Centro de Producdo de Radiofarmacos do Instituto do
Cérebro-PUCRS e injetado nos animais estudados com um tempo de captacdo de 30 minutos
(com a rata anestesiada). No periodo de captacdo, os animais foram colocados em gaiolas
isoladas de outras ratas. Apos o periodo de captacdo, os animais foram posicionados no
microPET-CT para aquisi¢do das imagens. O tempo de aquisi¢do das imagens foi de 1 hora.

O fato do Centro de Pesquisa Pré-Clinica e o Centro de Producdo de Radiofarmacos
localizarem-se na mesma instituicdo, permitiu que o material (**F-FDG) fosse infundido no
animal estudado com um tempo pequeno entre sua sintese e a aquisicdo das imagens no
microPET-CT, ndo apresentando variagGes entre as ratas estudadas. Em funcdo do rapido
tempo de decaimento do material radioativo, a brevidade na aquisicdo das imagens de
microPET-CT foi de importancia fundamental para termos exames de excelente qualidade

técnica.
4.3.3.1 Analise de dados do micro-PET-CT com *¥F-FDG

Os resultados dos exames de micro-PET-CT com *°F-FDG foram analisados utilizando
o0 software de quantificagdo cerebral PMOD (Biomedical Image Quantification PMOD
Technologies) com PFUS PFUS (Flexible Image Matching and Fusion Tool) versdo 3.6. 0
qual gera um template representado na Figura 9. Através desse software recebemos o valor
correspondente a captacdo de 18-F-FDG em 58 diferentes pontos distribuidos pelo encéfalo
do animal estudado e um valor global que corresponde ao metabolismo de glicose médio de
todo o encéfalo. Para a reconstrucdo das imagens obtidas pelo microPET-CT utilizamos um
template descrito por Schiffer e colaboradores em 2006. As imagens que sdo obtidas pelo
microPET-CT sdo posicionadas sobre esse sistema, o qual permite mapear com maior
precisdo os pontos de interesse no estudo e evita uma variacdo inter-exames por esse template
fazer um ajuste da imagem ao seu padrdo. As imagens foram padronizadas a partir desse

template sobre o local exato que desejavamos estudar (Figura 9).**%
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Figura9 - Template utilizado para avaliacdo das imagens de microPET-CT adquiridas
durante o estudo.
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Foram estudados quanto ao metabolismo de glicose o cdértex auditivo esquerdo
(CAud_L), cortex auditivo direito (CAud_R), cértex do cingulo esquerdo (CCing_L), cortex
do cingulo direito (CCing_R), cortex entorrinal esquerdo (CEnt_L), cortex entorrinal direito
(CEnt_R), cortex frontal associativo (CFrAss), cértex frontal (CFro_o0), cortex da insula
esquerdo (Clnsul_L), cortex da insula direito (Clnsul_R), cdrtex medial pré-frontal esquerdo
(CMePF_L), cortex medial pré-frontal direito (CMePF_R), cortex motor esquerdo (CMot_L),
cortex motor direito (CMot_R), cortex orbitofrontal esquerdo (COrbfr_L), cortex orbitofrontal
direito (COrbfr_R), cortex parietal esquerdo (CPar_L), cortex parietal direito (CPar_R),
cortex retroesplenial esquerdo (CRetEs_L), cortex retroesplenial direito (CRetEs_R), cortex
somatossensitivo esquerdo (CSomas_L), cértex somatossensitivo direito (CSomas_R), cortex
visual esquerdo (CVis_L), cortex visual direito (CVis_R), nucleo accumbens esquerdo
(ACS_L), nucleo accumbens direito (ACS_R), amigdala esquerda (Amyg_L), amigdala
direita (Amyg_R), nacleos caudado-putamen a esquerda (Ca_Pu_L), nucleos caudado-
putamen a direita (Ca_Pu_R), hipocampo em sua porcao antero-dorsal esquerdo (HipAD_L),
hipocampo em sua porgdo antero-dorsal direito (HipAD_R), hipocampo em sua porcéo
posterior a esquerda, (HipPos_L), hipocampo em sua porgdo posterior a direita (HipPos_R),
hipotdlamo a esquerda (Hypoth L), hipotalamo a direita (Hypoth R), bulbo olfatério a
esquerda (Olfac_L), bulbo olfatério a direita (Olfac_R), coliculo superior esquerdo
(SColli_L), coliculo superior direito (SColli_R), mesencéfalo a esquerda (Midb_L),
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mesencefalo a direita (Midb_R), area tegmentar ventral a esquerda (VTA_L), &rea tegmentar
ventral a direita (VTA_R), substancia cinzenta cerebelar a esquerda (CBg_L), substancia
cinzenta cerebelar a direita (CBg_R), substancia branca cerebelar a esquerda (CBw_L),
substancia branca cerebelar a direita (CBw_R), coliculo inferior esquerdo (IColli_L), coliculo
inferior direito (IColli_R), tdlamo esquerdo (Thal_L), tadlamo direito (Thal_R), glandula
hipofise (Pituit), fluxo sanguineo cerebelar (CBbf), substancia cinzenta peri-aquedutal
(CenCan), ponte (pons), septum (Sept) e bulbo (Medul).

O valor correspondente a todo encéfalo é representado através do nome Total group.

4.3.4 Infusdo de azul de Evans e perfusdo do encéfalo

Foi realizada a infusdo de 0,5 ml de azul de Evans a 2% na veia da cauda entre 0 7° e 0
10° dia apo6s o parto com uso de agulha de insulina (12,7mm). Apds os animais foram
sacrificados e perfundidos com paraformaldeido.

4.3.5 Preparo da peca anatbmica e avaliacdo anatomopatoldgica

Apos a perfusdo com paraformaldeido, realizou-se incisdo longitudinal da pele e gélea
aponeurotica expondo-se a calota craniana para craniectomia ampla e retirada do encéfalo das

ratas gestantes por inteiro através de seccao bulbomedular.

4.3.6 Avaliacdo Anatomo-Patoldgica Macroscépica e Microscopicas

No momento da retirada dos encéfalos, os mesmos foram fotografados com maquina
digital Sony Cybershot 8,1 Megapixel. Os encéfalos dos 16 animais foram submetidos a
processo de fixacdo em paraformaldeido 4% por injecdo dessa substancia intracardiaca
controlando a pressdo de infusdo através de bomba de infuséo. Os encéfalos fixados foram
postos em frascos individuais com paraformaldeido 10% tamponado e, ap0s processamento,
corados por hematoxilina e eosina (H&E) e por acido periddico de Schiff (PAS). Esses encéfalos
foram desidratados em paraformaldeido 10% e ap0s esses processos foram colocados em parafina
para realizacdo de cortes com 30 micra de espessura. A avaliacdo histologica foi realizada por
médica patologista, a qual a fez de maneira cega quanto ao grupo que 0s animais pertenciam
utilizando microscopio Olympus CH-30 com aumentos de 40x, 100x e 400x. Alguns encéfalos

(de dois animais de cada grupo) foram congelados e mantidos em temperatura de -6° Celsius.
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Posteriormente, esses encéfalos foram fatiados em criostato com cortes com espessura de 30

micra para posterior avaliagdo microscépica (Figura 10).

Figura 10 - Preparo da peca anatbmica para analise.

4.4 ANALISE ESTATISTICA

Os dados categdricos foram analisados com o teste exato de Fisher.

As comparacdes realizadas foram entre os animais do grupo RUPP e Controle (antes e

apos o parto); entre os exames realizados pré e pos parto (nos grupos RUPP e Controle) e a

avaliacdo da variacdo (delta:D) entre os exames pré e pos parto entre os dois grupos (RUPP e

Controle).

Para analisar as variaveis quantitativas referentes as medidas de metabolismo de glicose

cerebral utilizamos o teste t de Student considerando as seguintes comparagoes:

RUPP vs Controle no pré-parto;
RUPP vs Controle no pos-parto;
RUPP (p6s-parto) VS RUPP (pré-parto);
Controlepss-parto) VS Controlepre-parto);

D(pés—parto Vs pré—parto)RU PP vs D(pés—parto Vs pré—parto)contrOIE;

Durante a andlise ndo realizamos nenhuma tentativa para o ajuste de comparacfes

maltiplas que, segundo diversos autores, diminuiria consideravelmente o poder estatistico de

uma abordagem exploratoria geradora de hipoteses.

115,116
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Os dados foram processados e analisados com o programa SPSS verséo 22.0. O nivel de
significancia adotado foi de a=0,05.
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5 RESULTADOS

Nesta sessdo dividimos os resultados em dois grandes topicos: avaliacdo da
permeabilidade da barreira hematoencefalica ao azul de Evans e a avaliacdo do metabolismo

cerebral através dos exames de microPET-CT com ®F-FDG.

5.1 VALIACAO DA PERMEABILIDADE DA BARREIRA HEMATOENCEFALICA AO
AZUL DE EVANS

Ao avaliarmos a permeabilidade da barreira hematoencefalica ao azul de Evans,
encontramos que em 8 dos 10 animais (80%) submetidos a RUPP havia a presenca do
pigmento, o qual ndo foi encontrado em nenhum dos seis animais do grupo controle; sendo
essa diferenca estatisticamente significativa (p<0.005) (Figura 11). Avaliando os oito
encéfalos que coraram pelo pigmento, esse foi encontrado de maneira difusa nos encéfalos
(sendo evidenciado tanto na substancia branca como na substancia cinzenta), inclusive em

estruturas da fossa posterior.

Figura 11 - Avaliacdo macroscopica do encéfalo de animal submetido & RUPP.

Nos encéfalos que apresentaram alteracdo da permeabilidade da barreira
hematoencefalica ao azul de Evans a densidade celular foi menor que no grupo de animais
que ndo apresentou alteracdo da permeabilidade da barreira hematoencefélica. Esse maior
espacamento das células sugere a presenga de edema cerebral (Figura 12). Esses achados
foram evidenciados somente nos encéfalos dos oito animais que apresentaram impregnacao

com azul de Evans.
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Figura 12 - Avaliacdo microscopica do encéfalo de animal submetido a RUPP, corado com
H&E (aumento de 400x). Em A representa a histologia de um encéfalo de um
animal do grupo controle, e em B representa a histologia de um encéfalo de um
animal do grupo RUPP.

Outra interessante diferenca histolégica que foi observada no grupo de animais
submetidos ou ndo submetidos & RUPP é uma alteracdo no espago perivascular. Um espaco
perivascular mais amplo foi observado no encéfalo dos animais submetidos a RUPP. Essa
alteracdo que descrevemos nas amostras RUPP como um constante aumento do espago
perivascular, que parece vazio, e que ndo ocorre nos encéfalos de animais ndo submetidos a RUPP
pode ser vista na Figura 13.

Figura 13 - Avaliacdo microscopica do encéfalo de animal submetido a RUPP, corado com
H&E (aumento de 400x) evidenciando aumento do espago peri-vascular.
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Na Tabela 2 apresentamos o resultado da andlise da presenca de azul de Evans no
parénquima cerebral e alteracdo no espacgo peri-vascular, além do numero de filhotes de todos

animais estudados nesse trabalho.

5.2 AVALIAC}AO DO METABOLISMO CEREBRAL COM *F-FDG

Os resultados da avaliacdo do metabolismo cerebral sdo apresentados em Standardized
Uptake Values (SUV), apresentando suas médias e erro padrdo nas figuras que seguem nessa
sessdo. Consideramos que quando um SUV encontrava-se superior & média apresenta uma
tendéncia de hipermetabolismo e quando o SUV encontrava-se inferior a média apresenta
uma tendéncia de hipometabolismo.

Avaliando-se o resultado dos exames de microPET-CT com *®F-FDG nos dez animais
que foram submetidos ao procedimento da RUPP em relacdo aos seis animais controles
encontramos que ocorre uma tendéncia de hipometabolismo nas ratas que foram submetidas a
RUPP no periodo antes do parto [média da avaliacdo metabolica de todo encéfalo (Total
group) em SUV: Grupo RUPP: 2,25 e Grupo Controle: 2,51; p:0,196]. (Figura 14) Ja no
periodo de puerpério, essa tendéncia se inverte e o grupo de animais submetido ao
procedimento apresenta hipermetabolismo quando comparado ao controle. Esses resultados,
tanto no periodo antes do parto como no periodo apds o parto, mostra-se como uma tendéncia,
sem significancia estatistica (média Total group em SUV: Grupo RUPP: 2,76 e Grupo
Controle: 2,41; p:0,151). (Figura 15)
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Figura 14 - Grafico evidenciando a diferenca de metabolismo cerebral de glicose mensurado
por ®F-FDG em aparelho de microPET-CT em todas regides cerebrais estudadas
entre os animais do grupo RUPP em relagdo aos animais do grupo controle antes
do parto.
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Figura 15- Grafico evidenciando a diferenca de metabolismo cerebral de glicose mensurado
por ®F-FDG em aparelho de microPET-CT em todas regides cerebrais estudadas
entre os animais do grupo RUPP em relacédo aos animais do grupo controle apds o
parto.
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Comparando-se os resultados dos exames realizados antes e apds o parto dentro dos
grupos RUPP e Controle, no grupo RUPP existe uma diferenca significativa entre os exames,
sendo o exame realizado durante a gestacdo apresentando um hipometabolismo cerebral em
relacdo ao exame do puerpério (média Total group em SUV: Grupo RUPP pré-parto: 2,25 e

pos-parto:2,76). (Figura 16)

Figura 16 - Grafico evidenciando a diferenca de metabolismo cerebral de glicose mensurado
por ®F-FDG em aparelho de microPET-CT em todas regides cerebrais estudadas
entre os animais do grupo RUPP antes e ap0ds o parto.
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As regides que apresentaram maior variacdo entre os exames realizados antes e apos o
parto foram: cortex orbitofrontal direita (média em SUV: pré-parto: 2,55 e pds-parto: 3,23,
p:0,021), cértex orbitofrontal esquerda (meédia em SUV: pré-parto: 2,57 e pos-parto: 3,27,
p:0,013), bulbo olfatorio direita (média em SUV: pré-parto: 2,40 e pos-parto: 3,08, p:0,016),
bulbo olfatério esquerda (média em SUV: pré-parto: 2,40 e pos-parto: 3,05, p:0,020), ponte
(média em SUV: pré-parto: 2,08 e pds-parto: 2,64, p:0,015) e glandula hipéfise (média em
SUV: pré-parto: 1,63 e pos-parto: 2,19, p: 0,016).
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Ja no grupo controle ndo existem diferencas entre os exames realizados antes e ap6s o
parto (média Total group em SUV: Grupo Controle pré-parto: 2,51 e pés-parto:2,41). (Figura
17)

Figura 17 - Grafico evidenciando a diferenca de metabolismo cerebral de glicose mensurado
por ®F-FDG em aparelho de microPET-CT em todas regides cerebrais estudadas
entre os animais do grupo Controle antes e apos o parto.
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Avaliando-se a variagdo de metabolismo de glicose cerebral entre os exames pré e pés
parto, existe maior variagdo no metabolismo entre os exames realizados antes e ap6s o parto

no grupo RUPP guando comparado ao grupo controle. (p=0,048) (Figura 18).

Figura 18 - Grafico evidenciando uma maior variacdo no metabolismo cerebral de glicose
entre os exames realizados antes e ap6s o parto no grupo RUPP quando
comparado ao grupo controle (média Total group em SUV: Grupo RUPP pré-
parto: 2,25, Grupo RUPP pdés-parto: 2,76, Grupo Controle pré-parto: 2,51 e Grupo
Controle pos-parto: 2,41; p:0,048).
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A Tabela 2 mostra o valor correspondente ao metabolismo cerebral de glicose em todo
encéfalo de cada rata envolvida nesse trabalho antes e ap6s o parto em todos 0s animais
estudados. Verificamos que em sete dos 10 animais do grupo RUPP houve elevacéo do valor
do metabolismo de glicose no pos-parto. No caso de excluirmos os dois animais com menor
ninhada (RUPP-1 e RUPP-2), verificamos que em sete dos oito animais do grupo RUPP
ocorre elevagdo do valor total de metabolismo cerebral de glicose no pos-parto. Também é
possivel descrever que ocorre uma maior variagdo no metabolismo cerebral nos animais do
grupo RUPP em relacdo ao grupo controle. As tabelas que originaram os graficos dessa sessao
e apresentam os valores em SUV de todas as areas encefalicas estudadas com suas variagoes

entre 0s grupos estdo disponiveis nos Anexos M e N.
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Tabela 2 - Valores do metabolismo de glicose no encéfalo dos animais (média do
metabolismo global do encéfalo pré e pds-parto), achados anatomo-patolégicos e
tamanho da ninhada.

Espacamento Ninhada
Animal PET-FDG pré-parto  PET-FDG po6s-parto Presenca de Peri-vascular superior a
estudado (em SUV) +/- EP (em SUV) +/- EP Azul de Evans aumentado 6 individuos
RUPP-1 2,74 +/- 0,28 2,56 +/- 0,25 Sim Sim Nio
RUPP-2 2,72 4/-0,28 2,51 +/-0,26 Sim Sim Nio
RUPP-3 1,48 +/-0,17 3,3+/-0,21 Sim Sim Sim
RUPP-4 2,21 +/-0,32 2,56 +/- 0,31 Sim Sim Sim
RUPP-5 1,86 +/- 0,24 2,99 +/-0,29 Sim Sim Sim
RUPP-6 1,83 +/-0,23 1,63 +/- 0,22 Nao Nao Sim
RUPP-7 2,66 +/- 0,46 2,72 41-0,38 Sim Sim Sim
RUPP-8 2,62 4/-0,51 2,98 +/- 0,43 Sim Sim Sim
RUPP-9 2,42 +1-0,36 3,35 +/-0,36 Sim Sim Sim
RUPP-10 1,97 +/- 0,26 3,02 +/-0,28 N3o Nio Sim
Controle-1 2,46 +/-0,31 2,62 +/-0,37 Nao N&o Sim
Controle-2 2,81+/-0,33 2,12+/-041 Nao Nao Sim
Controle-3 2,19 +/-0,40 2,1+/-047 Nao Né&o Sim
Controle-4 2,25 +/-0,41 2,21 +/-0,48 Nao Nao Sim
Controle-5 3,03 +/-0,38 3,14 4+/-0,41 Néo Néo Sim
Controle-6 2,34 4/-0,31 2,31+4/-0,39 Ndo Ndo Sim

Avaliando essas imagens podemos descrever que ocorre um hipometabolismo nos

animais do grupo RUPP quando comparados aos animais do grupo controle. Apés o parto,
existe inversdo dessa tendéncia, ocorrendo aumento do metabolismo cerebral no grupo RUPP
guando comparado ao grupo controle. Essa diferenca de metabolismo cerebral de glicose
mensurado por ®F-FDG em aparelho de microPET-CT entre os animais do grupo RUPP antes
e apds o parto € apresentada na figura 16; e entre os animais do grupo controle antes e ap6s 0
parto na figura 17.

Nos animais do grupo RUPP, existe uma diferenca estatistica entre o metabolismo de
glicose encefalico comparando os exames realizados antes e ap6s o parto. Nos animais do
grupo controle, essa diferenca ndo ocorre.

Ao compararmos as figuras 16 e 17, evidenciamos que existe maior variacdo no
metabolismo cerebral de glicose entre 0s exames realizados antes e apds o parto no grupo
RUPP quando comparado ao grupo controle, o que esta representado na figura 18.

Nas figuras 19 a 34 mostram as imagens de microPET-CT em plano coronal adquiridas
dos animais do grupo RUPP (Figura 18-27) e dos animais do grupo controle (Figura 29-34)

que foram envolvidos nesse trabalho antes e apds o parto.
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Figura 19 - Exames de MicroPET-CT realizados antes e ap6s o parto (RUPP-1) — Em (A)
exame realizado antes do parto e em (B) exame realizado ap0s o parto.

d: Instituto do Cerebro do Rio Grande do Sul
Av. Ipiranga 6690, prédio 63, Jardim Botanico
Porto Alegre/RS, Brasil, CEP 90610-000

8.42 kBa/ce 850.52 8.42 kBa/ce 850.52

Figura 20 - Exames de MicroPET-CT realizados antes e ap6s o parto (RUPP-2) — Em (A)
exame realizado antes do parto e em (B) exame realizado ap6s o parto.

‘: Instituto do Cerebro do Rio Grande do Sul
Av. Ipiranga 6690, prédio 63, Jardim Botéanico
Porto Alegre/RS, Brasil, CEP 90610-000

8.42 kBa/ee 850.52 8.42 kBa/ce 850.52
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Figura 21 - Exames de MicroPET-CT realizados antes e ap6s o parto (RUPP-3) — Em (A)

exame realizado antes do parto e em (B) exame realizado ap0s 0 parto.

d: Instituto do Cerebro do Rio Grande do Sul
Av. Ipiranga 6690, prédio 63, Jardim Botanico
Porto Alegre/RS, Brasil, CEP 90610-000
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Figura 22 - Exames de MicroPET-CT realizados antes e ap6s o parto (RUPP-4) — Em (A)

exame realizado antes do parto e em (B) exame realizado ap6s o parto.

‘C Instituto do Cerebro do Rio Grande do Sul
Av. Ipiranga 6690, prédio 63, Jardim Botanico
Porto Alegre/RS, Brasil, CEP 90610-000

kBa/ce 850.52 842 kBalce

850.52
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Figura 23 - Exames de MicroPET-CT realizados antes e ap6s o parto (RUPP-5) — Em (A)

exame realizado antes do parto e em (B) exame realizado ap0s o parto.

‘: Instituto do Cerebro do Rio Grande do Sul
Av. Ipiranga 6690, prédio 63, Jardim Botanico
Porto Alegre/RS, Brasil, CEP 90610-000

8.42 kBa/ce 850.52 8.42 kBa/ce

850.52

Figura 24 - Exames de MicroPET-CT realizados antes e ap6s o parto (RUPP-6) — Em (A)

exame realizado antes do parto e em (B) exame realizado ap6s o parto.

‘o: Instituto do Cerebro do Rio Grande do Sul
Av. Ipiranga 6690, prédio 63, Jardim Botanico
Porto Alegre/RS, Brasil, CEP 90610-000
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Figura 25 - Exames de MicroPET-CT realizados antes e ap6s o parto (RUPP-7) — Em (A)
exame realizado antes do parto e em (B) exame realizado ap0s o parto.

d: Instituto do Cerebro do Rio Grande do Sul
Av. Ipiranga 6690, prédio 63, Jardim Botanico
Porto Alegre/RS, Brasil, CEP 90610-000

kBa/ce 850.52 8.42 kBa/ce 850.52

Figura 26 - Exames de MicroPET-CT realizados antes e ap6s o parto (RUPP-8) — Em (A)
exame realizado antes do parto e em (B) exame realizado ap6s o parto.

‘C Instituto do Cerebro do Rio Grande do Sul
Av. Ipiranga 6690, prédio 63, Jardim Botanico
Porto Alegre/RS, Brasil, CEP 90610-000

kBa/ce 850.52 8.42 kBalce 850.52
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Figura 27 - Exames de MicroPET-CT realizados antes e ap6s o parto (RUPP-9) — Em (A)

exame realizado antes do parto e em (B) exame realizado ap0s o parto.

d: Instituto do Cerebro do Rio Grande do Sul
Av. Ipiranga 6690, prédio 63, Jardim Botanico
Porto Alegre/RS, Brasil, CEP 90610-000

8.42 kBa/ce 850.52 8.42 kBa/ce

850.52

Figura 28 - Exames de MicroPET-CT realizados antes e apds o parto (RUPP-10) — Em (A)

exame realizado antes do parto e em (B) exame realizado ap6s o parto.

‘C Instituto do Cerebro do Rio Grande do Sul
Av. Ipiranga 6690, prédio 63, Jardim Botanico
Porto Alegre/RS, Brasil, CEP 90610-000

8.42 kBa/ce 850.52 842 kBalce

850.52
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Figura 29 - Exames de MicroPET-CT realizados antes e apos o parto (Controle-1) — Em (A)

exame realizado antes do parto e em (B) exame realizado ap0s o parto.

d: Instituto do Cerebro do Rio Grande do Sul
Av. Ipiranga 6690, prédio 63, Jardim Botanico
Porto Alegre/RS, Brasil, CEP 90610-000

R OFTR TR TR IR o
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850.52

Figura 30 - Exames de MicroPET-CT realizados antes e ap6s o parto (Controle-2) — Em (A)

exame realizado antes do parto e em (B) exame realizado ap6s o parto.

d: Instituto do Cerebro do Rio Grande do Sul
Av. Ipiranga 6690, prédio 63, Jardim Botanico
Porto Alegre/RS, Brasil, CEP 90610-000

8.42 kBa/ce 850.52 842 kBalce

850.52
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Figura 31 - Exames de MicroPET-CT realizados antes e apds o parto (Controle-3) — Em (A)

exame realizado antes do parto e em (B) exame realizado ap0s o parto.

‘: Instituto do Cerebro do Rio Grande do Sul
Av. Ipiranga 6690, prédio 63, Jardim Botanico
Porto Alegre/RS, Brasil, CEP 90610-000

8.42 kBa/ce 850.52 8.42 kBa/ce

850.52

Figura 32 - Exames de MicroPET-CT realizados antes e ap0s o parto (Controle-4) — Em (A)

exame realizado antes do parto e em (B) exame realizado ap0s o parto.

‘o: Instituto do Cerebro do Rio Grande do Sul
Av. Ipiranga 6690, prédio 63, Jardim Botanico
Porto Alegre/RS, Brasil, CEP 90610-000

B

8.42 kBa/ce 850.52 842 kBalce

850.52
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Figura 33 - Exames de MicroPET-CT realizados antes e ap0os o parto (Controle-5) — Em (A)
exame realizado antes do parto e em (B) exame realizado ap0s o parto.

d: Instituto do Cerebro do Rio Grande do Sul
Av. Ipiranga 6690, prédio 63, Jardim Botanico
Porto Alegre/RS, Brasil, CEP 90610-000

. &

. A

8.42 kBa/ce 850.52 8.42 kBa/ce 850.52

Figura 34 - Exames de MicroPET-CT realizados antes e ap6s o parto (Controle-6) — Em (A)
exame realizado antes do parto e em (B) exame realizado ap6s o parto.

‘C Instituto do Cerebro do Rio Grande do Sul
Av. Ipiranga 6690, prédio 63, Jardim Botanico
Porto Alegre/RS, Brasil, CEP 90610-000
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5.2.1 Avaliacdo do metabolismo cerebral através de **F-FDG excluindo os animais que no

apresentaram alteracdo da permeabilidade da barreira hematoencefélica

Avaliando-se o resultado dos exames de microPET-CT com **F-FDG oito animais que
foram submetidos ao procedimento da RUPP (excluindo as ratas que foram submetidas a
RUPP e ndo apresentaram alteracdes da permeabilidade da barreira hematoencefélica ao azul
de Evans: RUPP-6 e RUPP-10) em relacdo aos seis animais controles encontramos um
resultado similar ao descrito na avaliacdo global dos resultados.

Essa sub-analise foi realizada para uma avalia¢do exclusiva dos animais do grupo RUPP
que apresentaram impregnacgéo pelo azul de Evans uma vez que duas ratas ndo tiveram seus
encéfalos corados. Essa auséncia de coloracdo ao azul de Evans pode ter ocorrido por alguma
falha no procedimento cirdrgico da RUPP ou por esses animais constituirem um grupo a
parte, talvez devido ao corante ndo ter atingido o local por possivel dificuldade técnica
perfusional face ao pequeno diametro dos vasos encefalicos, ou por a microcirculagao ter
apresentado trombose arteriolar mais precoce.

Existe uma diferenca de metabolismo cerebral de glicose mensurado por *®F-FDG em
aparelho de microPET-CT entre os animais do grupo RUPP em relac¢do aos animais do grupo
controle antes e apds o parto. Avaliando essa imagem podemos descrever que ocorre uma
forte tendéncia de hipometabolismo nos animais do grupo RUPP quando comparados aos
animais do grupo controle. Apds o parto, existe inversao dessa tendéncia, ocorrendo aumento
do metabolismo cerebral no grupo RUPP quando comparado ao grupo controle. A exclusédo
dos animais que foram submetidos a RUPP e ndo apresentaram alteracdes da permeabilidade
da barreira hematoencefalica ao azul de Evans aumentou a forga dessa tendéncia, adquirindo
significancia estatistica em algumas regides encefalicas (como cortex frontal, cortex parietal,
cortex cingulado).

Essa diferenca de metabolismo cerebral de glicose mensurado por **F-FDG em aparelho
de microPET-CT entre os animais do grupo RUPP antes e apds o parto apresenta significancia
estatitica; e entre os animais do grupo controle antes e apds o parto ndo possui significancia
estatistica.

Na figura 35 encontramos uma maior variagdo no metabolismo cerebral de glicose entre
0s exames realizados antes e ap0s 0 parto no grupo RUPP quando comparado ao grupo
controle (excluindo os animais que ndo apresentaram alteracdo da permeabilidade da barreira

hematoencefélica). (p=0,039)
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Figura 35 - Gréafico evidenciando uma maior variacdo no metabolismo cerebral de glicose
entre os exames realizados antes e ap6s o parto no grupo RUPP quando
comparado ao grupo controle; excluindo os animais que ndo apresentaram
alteracdo da permeabilidade da barreira hematoencefalica (média Total group em
SUV: Grupo RUPP pré-parto: 2,34, Grupo RUPP pos-parto: 2,87, Grupo Controle
pré-parto: 2,51 e Grupo Controle pos-parto: 2,41; p:0,039).
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5.2.2 Avaliacdo do metabolismo cerebral com *F-FDG excluindo os animais que

apresentaram ninhada com menor nimero de filhotes

Avaliando-se o resultado dos exames de microPET-CT com ‘®F-FDG de oito animais
que foram submetidos ao procedimento da RUPP (excluindo duas ratas que apresentaram
ninhada inferior a seis animais: RUPP-1 e RUPP-2) em relacdo aos seis animais controles
encontramos um resultado similar ao descrito na avaliacdo do global dos resultados. A
exclusdo de animais com menor nimero de filhotes leva em conta o fato de nesses casos (em
funcdo da reabsorcdo dos demais fetos) ndo ocorrerem, de forma téo intensa, as alteragoes
tradicionalmente descritas nesse modelo experimental (elevacéo dos niveis tensionais).

A decisdo de realizar essa sub-anélise parte do principio proposto nos artigos que
descreveram a RUPP. As ratas que apresentavam ninhada com numero inferior a seis animais
eram excluidas das andlises estatisticas em funcdo da chance de ter ocorrido reabsor¢do dos
fetos, 0 que ndo levaria a insuficiéncia vascular Utero-placentaria, causando menor alteracdo

de niveis tensionais.*®®’
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A diferenca de metabolismo cerebral de glicose mensurado por **F-FDG em aparelho de
microPET-CT entre os animais do grupo RUPP em relagdo aos animais do grupo controle
antes e apés o parto mantém o padrdo de hipometabolismo no grupo RUPP pré-parto e
hipermetabolismo no grupo RUPP pds-parto. Nessa sub-analise, ocorre forte tendéncia de
hipometabolismo nos animais do grupo RUPP quando comparados aos animais do grupo
controle (apresentando significancia estatistica no cortex frontal e cértex cingulado). Ap6s o
parto, existe inversdo dessa tendéncia, ocorrendo aumento do metabolismo cerebral no grupo
RUPP quando comparado ao grupo controle. A exclusdo dos animais que foram submetidos a
RUPP e tiveram uma ninhada com menos de seis filhotes aumentou a for¢a dessa tendéncia,
adquirindo significancia estatistica em algumas regides cerebrais.

Essa diferenca de metabolismo cerebral de glicose mensurado por **F-FDG em aparelho
de microPET-CT entre os animais do grupo RUPP antes e ap6s o parto em comparacdo com
0s animais do grupo controle antes e ap0s o parto é apresentada na figura 36, onde mostramos
que existe maior variagdo no metabolismo cerebral de glicose no grupo RUPP quando

comparado ao grupo controle. (p=0,028)

Figura 36 - Grafico evidenciando uma maior variacdo no metabolismo cerebral de glicose
entre 0s exames realizados antes e ap6s o parto no grupo RUPP quando
comparado ao grupo controle; excluindo os animais que apresentaram ninhada
com menor nimero de filhotes (média Total group em SUV: Grupo RUPP pré-
parto: 2,13, Grupo RUPP pdés-parto: 2,82, Grupo Controle pré-parto: 2,51 e Grupo
Controle pos-parto: 2,41; p:0,028).
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6 DISCUSSAO

A Sindrome da Encefalopatia Reversivel Posterior € uma entidade que vem sendo
descrita nos ultimos vinte anos e que persiste com uma fisiopatologia incerta. Na tentativa de
melhor estudar essa sindrome desenvolvemos um modelo que procura entender melhor os
mecanismos desse distarbio. A escolha por um modelo experimental que envolve uma doenga
relacionada a gestacdo mostra-se uma opgao interessante para este trabalho, em funcédo do alto
nimero de gestantes em nossa série.® E possivel que alguns mecanismos que descrevemos
nesse trabalho tenham apenas justificativas para melhor explicar a fisiopatologia do PRES na
area da obstetricia; ndo podendo ser reproduzidos em outros cenarios como doengas auto-
imunes e uso de drogas que alterem permeabilidade da barreira hematoencefalica.

A pré-eclampsia e a eclampsia sdo situacdes clinicas em que ocorrem modificacdes
agudas da pressdo arterial em pacientes, em geral, previamente ndo hipertensas (0 que
facilitaria atingir o ponto de perda de autorregulacdo cerebral) e alteracdes agudas de fungéo
renal em um ambiente de imunossupressao inerente a gestacao. Poderiam todos esses fatores,
isoladamente ou em conjunto, serem considerados como facilitadores para o PRES nessas
situacdes clinicas. Em estudo prévio do nosso grupo, evidenciamos que gestantes apresentam
PRES com niveis tensionais inferiores a pacientes que apresentam a sindrome por outras
causas.’

Um dos modelos de estudo da hipertensdo gestacional mais interessante e com grande
nimero de pesquisas realizadas sobre ela é a RUPP, na qual simula se uma hipoperfusdo
utero-placentéria cirurgicamente gerando modificacfes em niveis tensionais e nos marcadores
imunoldgicos entre outras alteracdes.*®*

Em um trabalho previamente publicado, nosso grupo demonstrou a alteracdo da
permeabilidade da barreira hematoencefalica ao pigmento de azul de Evans quando realizada
infusdo do mesmo no 21° dia de gestacéo de ratas Wistar prenhas submetidas a RUPP (altimo
dia da gestacdo normal de ratas Wistar).%® Tal alteracdo também é descrita em outro artigo de
Warrington e colaboradores, publicado em 2014. Nesse artigo, os autores descrevem uma
maior intensidade da pigmentacdo por azul de Evans nas regides anteriores do encéfalo dos
animais estudados.'*

Agora nesse novo experimento, a infuséo de azul de Evans foi realizada entre 0 7° e 0
10° dia apds o término da gestacdo e o pigmento persistia corando os encéfalos dos animais
submetidos a RUPP. Tendo por base esse resultado, o uso de azul de Evans ndo parece ser um

bom marcador de seguimento para avaliacdo da reversibilidade da alteracdo da
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permeabilidade da barreira hematoencefalica nesse modelo. Além disso, o fato da necessidade
de realizar o estudo anatomo-patolégico dos encéfalos torna inviavel ser essa uma avaliagcdo
que permitira avaliar a evolucdo do quadro.

No entanto, os achados descritos nos exames de microPET-CT parecem descrever uma
reversibilidade de uma disfuncdo metabdlica cerebral possivelmente causada pelo edema
gerado pelo modelo de RUPP. O hipometabolismo inicialmente descrito nos exames
realizados antes do parto modifica seu padrdo para um posterior hipermetabolismo cerebral no
periodo de puerpério. Essa reversibilidade das alteracbes metabolicas encefalicas €
extremamente interessante, pois mostra o inicio da reversibilidade do fendmeno ou uma
capacidade de adaptacdo do funcionamento cerebral (quanto ao consumo de glicose) mesmo
mediante a uma possivel lesdo.

Uma teoria que podemos levantar é que a reducdo da captacdo de glicose ocorre em
funcdo de um dano celular, o qual néo é severo o suficiente para causar morte neuronal.*’
Essa disfuncdo inicial pode levar a modificagbes neuronais com consequentes alteragdes
potencialmente reversiveis. A modificacdo metabdlica no tecido neuronal pode, em funcéo da
reducdo da via glicolitica aerdbica, gerar alteracdes metabdlicas suficientes para alterarem a
perfusdo cerebral; levando, em um segundo momento, a uma hipercorrecdo da alteracdo
metabdlica, causando o hipermetabolismo demonstrado no microPET-CT poés-parto. Esse
padrdo de modificacdo de perfusdo ja foi descrito em doencas cerebrovasculares agudas,
como em acidentes vasculares cerebrais. Tanaka e colaboradores, em um estudo com gatos
submetidos a oclusdo de artéria cerebral média, evidenciaram modificacbes de perfusao
cerebral. As modificacdes do consumo de glicose no local de isquemia poderiam manter uma
correlacdo com a perfusdo sanguinea em éareas fora da zona central de isquemia sem gerar
alteracdes histolégicas.™®

Outra possibilidade, é que podemos estar diante do inicio da reversibilidade de todo
quadro, visto inicialmente através de uma correcdo do metabolismo de glicose cerebral.
Talvez, nesse primeiro momento estejamos apenas presenciando a recuperacdo do encefalo
quanto ao metabolismo de glicose; e em outro momento a recuperagdo estrutural ocorra
levando a uma melhora da integridade da permeabilidade da barreira hematoencefalica.*

A disfuncdo da barreira hematoencefalica e a formacdo de edema cerebral podem ter
mais de uma causa. A quebra dessa barreira pode estar relacionada com disfuncdo de
proteinas transmembrana, alteragdes extremas de gradientes de concentragdo idnica e
elevacOes bruscas de niveis tensionais (ocasionando uma alteracdo de posicionamento de

estruturas da membrana das células que compde essa barreira).'*
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Neste trabalho, é interessante descrever que estamos falando de dois processos
diferentes: integridade da barreira hematoencefalica (que apresenta, nesse modelo, uma perda
de sua capacidade de barreira ao pigmento azul de Evans mesmo tardiamente, apds uma
semana do parto) e metabolismo cerebral de glicose mensurado por microPET com uso de
BE_FDG (o qual evidenciou modificacdes, que mostram um padr&o de hipometabolismo antes
do parto e hipermetabolismo ap6s o parto). E possivel que essas duas modificagdes tenham
uma associacdo sendo a disfuncdo na permeabilidade da barreira hematoencefalica o
mecanismo inicial que levara a uma alteracdo metabdlica posterior.

No momento, com o atual conhecimento disponivel sobre este modelo experimental,
ndo podemos definir se os dois processos estudados nesse trabalho (permeabilidade da
barreira hematoencefalica ao azul de Evans e metabolismo cerebral de glicose mensurado
através de microPET com uso de ‘®F-FDG) ocorrem separadamente com desencadeadores
independentes ou se ocorrem como um fendmeno de causa e consequéncia. Nessa Ultima
situacdo, a teoria que podemos propor seria que apos a perda da autorregulacdo cerebral
ocorreria aumento da permeabilidade da barreira hematoencefélica, a qual ira desencadear um
processo de edema cerebral vasogénico.'***? Devido a esse edema, haveria uma disfungdo
celular que leva a um hipometabolismo cerebral. Este processo, no modelo RUPP deve ter
como seu gatilho inicial uma subita elevacdo de pressdo arterial. No entanto, novos estudos
serdo necessarios para confirmar que isso esteja ocorrendo no modelo descrito.

Uma interessante descricdo foi feita por Zunker e colaboradores em dois casos de
mulheres com eclampsia que apresentaram manifestacfes neurologicas reversiveis e foram
avaliadas por mdaltiplas modalidades de exames de neuroimagem (como doppler
transcraniano, ressonancia magnética, angioressonancia magnética e PET-CT). Os autores
descrevem um comportamento inicial do metabolismo de glicose com uma atenuacdo nas
regibes posteriores e normalizacdo posterior ocorrendo em trés semanas. Por outro lado,
algumas areas que se apresentavam hiperintensas nas imagens ponderadas em T2
apresentavam um aumento do metabolismo de glicose. O exames de doppler transcraniano e
angiorressonancia magnética sugerem a presenca de sinais de vasoespasmo no periodo
inicial.**® Essa manifestagdo metabdlica nas regides posteriores € bastante semelhante a que
descrevemos em nosso modelo experimental.

Em um interessante estudo com mulheres que desenvolveram pre-eclampsia grave, Choi
e colaboradores foram o0s primeiros autores a estudarem essas pacientes com PET-CT
utilizando '®F-FDG em relagdo a controles que eram gestantes sem alteracdes de niveis de

pressdo arterial. Nesse estudo, os autores também avaliaram o fluxo sanguineo cerebral e a
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pressdo de perfusdo cerebral com uso de doppler transcraniano. E interessante descrever que
nesse trabalho, Choi et al descrevem que ocorre pouca variagdo nos estudos de metabolismo
cerebral no grupo controle no pos-parto, assim como no nosso modelo experimental. Os
autores sugerem que essa pouca variacdo do metabolismo de glicose cerebral pode estar
relacionada com varios fatores, como a homogeneidade de sua amostra do grupo controle
(mulheres multiparas, sem alteracdes prévias de pressdo arterial e com idade mais elevada em
relacdo ao grupo de pacientes com pré-eclampsia grave).*?*

Choi et al compararam o metabolismo de glicose cerebral entre esses dois grupos
realizando o exame de PET-CT seis horas ap6s o parto e ndo encontrou diferencas
possivelmente por o disturbio inicial que geraria as alteragdes ja estava resolvido com o final
da gestacdo. A avaliacdo com doppler transcraniano ndo evidenciou diferencas significativas
entre exames realizados antes e apds o parto no grupo controle, mas no grupo de pacientes
com pré-eclampsia ocorreu uma elevacdo na pressdo de perfusdo cerebral nas artérias
cerebrais médias e posteriores antes do parto. Outro achado interessante do estudo observa-se
na homogeneidade nos valores de indice de Fluxo Cerebral entre casos e controles, apesar da
alteracdo de Pressdo de Perfusdo Cerebral em alguns territorios vasculares, o que denota
mecanismo de autorregulacio cerebral aparentemente eficaz. E descrito também o aumento
significativo no fluxo sanguineo cerebral em algumas areas no grupo pré-eclampsia ap6s o
parto em comparacdo com ele mesmo e com o grupo controle, possivelmente refletindo uma
supressdo dos mecanismos autorregulatdrios, com aumento de fluxo sanguineo cerebral. Entre
as limitacGes do estudo temos a auséncia de avaliacdo comparativa antes e depois do parto do
metabolismo cerebral nos dois grupos, ignorando a possivel disfuncdo metabdlica na fase
mais sintomatica do distarbio, antes da resolucdo da gestacdo. Essas limitacdes obviamente
refletem a impossibilidade ética de submeter gestantes humanas a exames com potencial
toxicidade fetal e da ndo instituicdo de terapia farmacoldgica adequada em pacientes pré-
eclampticas. Portanto, essas limitacOes reforcam a necessidade de estudos pre-clinicos em

modelos experimentais que explorem todos esses cenarios.'?*

Um topico interessante de discutir no modelo que propusemos para o estudo do PRES,
gue como ja mencionamos € uma situacéo clinica que acomete predominantemente substancia
branca encefélica, é sua investigagdo através de um método que avalia principalmente a
atividade metabolica cortical. No entanto, existem na literatura alguns artigos que mostram

que lesdes na substancia branca podem modificar a atividade metabélica cortical.**®
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Pourdehnad e colaboradores referem que os estudos com '*F-FDG em PET-CT no
edema cerebral, por exemplo no caso de tumores, demonstra extensivo hipometabolismo do
cortex cerebral. A hipdtese de que a quebra da barreira hematoencefalica como consequéncia
ao edema (independente dos fatores causadores como 0s tumores e o tratamento com
radioterapia) seja a causa predominante. Nesse trabalho os autores demonstram que o edema
atua contribuindo significativamente para o hipometabolismo cortical e subcortical e que ha
uma importante correlacdo entre a extensdo do edema e a severidade do hipometabolismo.
Isso indica que o edema da substancia branca definido nos estudos de TC e RMN € a causa do
hipometabolismo nas imagens do PET-CT.*2>%

Esse efeito pode ser secundario ao edema causando efeito de massa e toxicidade direta
nos axonios, possivel lesdo vascular particularmente em areas com perda de colaterais (efeito
de radioterapia) ou desaferentagéo.**%

Uma situacdo em que ocorre hipometabolismo cerebral em areas de edema ocorre
quando este é peri-lesional (causado por tumores e hematomas). Essas alteracfes metabdlicas
tém caracteristicas de reversibilidade quando da resolucdo da lesdo envolvida em sua
génese.’® Lin e colegas descrevem, ao analisar as areas peri-lesionais em um modelo de
hemorragia intracraniana em gatos, que 0s animais apresentam em exames de PET-CT
utilizando FDG uma alteracdo de diminuicdo no metabolismo de glicose inicial com seu
menor indice ocorrendo 12 horas ap6s a hemorragia e recupera¢do posterior do metabolismo
cerebral.**

Portanto, podemos sugerir que as alteracbes de hipometabolismo em algumas regides
cerebrais descritas das ratas Wistar que foram submetidas ao procedimento de reducdo da
pressdo de perfusdo uterina inicialmente (no periodo antes do parto) e que apresentaram
modificacdo apds o parto devem estar relacionadas ao edema cerebral gerado pelo modelo.
Além disso, existem descri¢bes na literatura que mostram que o edema cerebral peri-lesional
(causado por tumores ou por lesées hemorragicas) tem uma caracteristica de hipometabolismo
quando avaliada por PET-CT.*2%1%

Em um raciocinio linear, poderiamos propor que uma quebra na permeabilidade da
barreira hematoencefalica poderia levar a um grau edema vasogénico que causaria disfungédo
no funcionamento celular ocasionando reducdo do metabolismo celular com baixa no
consumo de glicose e que a recuperacdo do metabolismo ocorreria apenas apos a restauragdo
da integridade da barreira hematoencefalica. No entanto, os resultados desse trabalho mostram
uma normalizacdo do metabolismo de glicose mensurado através de micro-PET (inclusive

com valores maiores que 0s animais controle no periodo pos-parto) e a persisténcia da
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alteracdo na barreira hematoencefalica. Tendo por base essa informagdo, também podemos
propor que esses dois processos (alteracdes de permeabilidade da barreira hematoencefalica e
metabolismo cerebral de glicose) ocorrem de forma diferente ou tem recuperac@es de forma
independente.

Outro dado que chama atencdo é o fato que esse aumento de metabolismo cerebral, 0
qual ocorre apds o parto, ndo foi observado nas duas ratas que nao apresentaram impregnacgao
ao pigmento de azul de Evans e nos animais que tiveram menor numero de filhotes. Novos
estudos serdo necessarios para avaliarmos se esse comportamento se mantém.

O uso do PET-CT com '®F-FDG ja é uma técnica bastante utilizada na oncologia em
investigacBes de seguimento apos o tratamento da neoplasia e vem se tornando cada vez mais
utilizada na neurologia na pesquisa de doengas neurodegenerativas. Na doenca de Alzheimer,
0 uso dessa técnica possibilita o diagnéstico na fase pré-clinica da doenca.’®*** No PRES ou
em situacOes clinicas que envolvam alteracdo de barreira hematoencefélica poucos estudos
clinicos séo encontrados.'?

No nosso estudo, as regides que apresentaram maiores diferencas no metabolismo de
glicose foram corticais (cortex orbitofrontal direita e esquerda); além dos bulbos olfativos,
ponte e hipdfise. E importante ressaltar que a maioria dos pontos de estudo estfo localizados
em regides corticais. O acometimento da ponte nesse estudo deve ser melhor avaliado pois
essa poderia estar relacionada com alguns mecanismos de controle autondmico. Na ponte, na
area postrema, a barreira hematoencefalica apresenta-se mais permeavel podendo ser um
mecanismo de maior facilidade para o acometimento dessa regido.***** Alguns autores que
descrevem séries de casos de PRES consideram a ndusea como um sintoma importante dessa

sindrome por acometimento da ponte.>*

6.1 O PAPEL DA BARREIRA HEMATOENCEFALICA NA FORMACAO DO EDEMA
CEREBRAL E NAS MODIFICACOES DO METABOLISMO DE GLICOSE
CEREBRAL

Uma prioridade do nosso estudo € avaliar o papel da barreira hematoencefalica na
disfuncédo cerebral seja como causa direta do edema cerebral ou como causa indireta da
modificacdo do metabolismo cerebral.*?® Poucos estudos com PET-CT exploram mais
profundamente a relagdo da barreira hematoencefalica com metabolismo cerebral.**

Uma grande parcela de artigos cientificos com PET-CT que aborda barreira

hematoencefalica tem por objetivo o teste de drogas com intuito de avaliar sua potencial
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entrada no sistema nervoso central. No entanto, poucos sdo os farmacos que apresentam um
potencial “neuroterapéutico” em fung¢ao do papel neuro-protetor que essa barreira possui. A
disfuncdo da barreira hematoencefalica pode explicar fisiopatologia de diversos disturbios
neuroldgicos, como esclerose mudltipla, neoplasias, neuro-infecgdes, vasculites e outros
distarbios cérebro-vasculares.™’

A barreira hematoencefélica é composta por células endoteliais que através da chamada
unidade neuro-vascular permite o acesso restrito de substancias que se encontram no plasma
ao parénguima do sistema nervoso central. As doencas acima citadas sdo capazes de provocar
alteracOes definitivas na permeabilidade da barreira hematoencefélica, as quais podem ser
revertidas pelo uso de medicacbes (como o0 uso de corticosteroides em doencas
desmielinizantes). A importancia de astrocitos na modificacdo da permeabilidade da barreira
hematoencefalica é bastante estudada, mas ainda ndo se conhece todo mecanismo que envolve
esse controle,'3314

A barreira hematoencefélica é a estrutura responsavel pela regulacdo do influxo e do
efluxo de substancias para o sistema nervoso central, tendo sua morfologia composta pela
interacdo entre trés principais componentes: as células endoteliais, 0s astrocitos e 0s pericitos.
O surgimento de um conceito mais amplo, acrescentando as células sanguineas, a microglia e
o0s neurdnios (fundamentais para a modulacéo das funcdes da barreira sangue-cérebro) aqueles
elementos anteriormente citados, deu origem a um grande sistema regulador conhecido como
unidade neurovascular.***#*

A unidade neurovascular ndo é apenas uma barreira, mas um sistema altamente ativo e
integrado com outros, tendo a capacidade de conferir forma & vasculatura cerebral e a
manutenc¢do do estado impermeével (a barreira fisica propriamente dita). Para que isso ocorra
¢ necessario um adequado funcionamento de diversas proteinas de membrana e
citoplasmaticas. Destacamos aqui duas estruturas: as tight junctions (zonula occludens),
compostas pelas ocludinas, pelas claudinas e pelas JAMs (junctional adhesion molecules),
além da interacdo dessas com proteinas citoplasmaticas integradas ao citoesqueleto, como as
proteinas da zonula occludens 1(Z0O1), ZO2 e as cingulinas; e as juncdes aderentes (zonula
adherens), sistemas de adesdo baseados na interagdo entre outras proteinas (moléculas de
adesdo celular, como caderinas e cateninas). Com essa estrutura, o sistema nervoso central
torna-se praticamente inacessivel a substancias polares, a menos que estas sejam transportadas
ativamente por rotas que regulam o microambiente da barreira. %%

Os astrocitos, através de prolongamentos citoplasmaticos, envolvem o0s vasos do

parénquima encefélico. Esses prolongamentos possuem alta densidade de receptores
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purinérgicos P2Y, canais de potassio e aquaporina-4, o que indica seu papel fundamental na
sinalizacdo gliovascular e na regulacdo da permeabilidade & 4agua da barreira
hematoencefalica. Os astrécitos tambem estdo implicados na manutencdo da integridade de
toda a unidade neurovascular, através da secrecdo de substancias antioxidantes. 34

O pericito € uma célula de origem mesenquimal com fenétipo fagocitico-contrétil que se
interpbe entre as células endoteliais e os prolongamentos astrociticos e é implicada em
diversas funcGes associadas a autorregulacdo do fluxo sanguineo cerebral, a angiogénese e a
manutencdo da integridade da parede vascular. 134

Os neur6nios também participam de maneira indispensavel na sinalizacdo neurovascular
através da secrecdo de neurotransmissores que modulam a liberacdo de substancias vasoativas
por processos astrociticos. 23914

Ja a microglia e outras células inflamatoérias atuam na modulacdo deste sistema atraves
da secrecdo de citocinas, da expressdo de moléculas de adesdo e da producdo de substancias
vasoativas implicadas na fisiopatogenia de diversas doencas como a esclerose multipla. 394

E imprescindivel reconhecer que as funcdes da barreira hematoencefalica vdo muito
além do que € sabido, pois se trata de um sistema altamente complexo e multirregulado que
envolve as estruturas centrais da barreira (endotélio, astrocitos e periquitos) e também
diversos outros elementos, como neurénios, células hematol6gicas e micrdglia, formando,
assim, uma unidade morfofuncional — a unidade neurovascular. *¥*4*

No entanto, no caso do PRES descrevemos uma situacdo bastante rara em que ocorre
uma modificacdo da permeabilidade da barreira hematoencefalica por um periodo de tempo,
seguido pela recuperacdo dessa alteracdo de permeabilidade com reversibilidade do quadro
neurolégico. A reversibilidade da alteracdo de permeabilidade da barreira hematoencefalica ja

142 A reversibilidade do

foi descrita em estudos experimentais prévios de crises convulsivas.
aumento da permeabilidade da barreira hematoencefalica € vista em poucas situacdes clinicas.
Quando ocorrem lesBes organicas, COmo em processos expansivos, infecciosos e vasculares, a
permeabilidade da barreira hematoencefalica permanece persistentemente aumentada. Nesses
casos, existe uma alteragdo do substrato anatdbmico da barreira hematoencefalica que inclui
um sinergismo funcional entre varios elementos teciduais. E importante ressaltarmos que a
variagdo da permeabilidade da barreira hematoencefalica pode ocorrer devido a mecanismos
imunoldgicos assim como devido a elevagfes de niveis tensionais alem do limite de
autorregulacao.

Assim, é fundamental discutir a possibilidade da quebra da barreira hematoencefalica

ocorrer devido a alteragcdes na autorregulacdo cerebral. O papel da presséo arterial pode ter
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uma implicacdo bastante importante na génese da alteracdo da permeabilidade da barreira
hematoencefélica no PRES, uma vez que muitos dos relatos de caso descritos os niveis
tensionais sao bastante elevado.’

Em nosso estudo experimental anterior realizado com o modelo RUPP verificamos uma
elevacdo consideravel dos niveis de pressao arterial dos animais submetidos a8 RUPP quando
comparados ao grupo controle. No entanto, os niveis de pressdo arterial ndo foram o fator
determinante exclusivo para a quebra da barreira hematoencefalica, pois os animais que
apresentaram pigmentacdo pelo azul de Evans ndo necessariamente foram os animais com
maiores niveis de pressao arterial.*®

Uma informacdo importante de discutir ¢ que estamos propondo esse modelo
experimental como um modelo para o estudo do PRES desencadeado por distlrbios
gestacionais. Uma das explicagcfes para 0 PRES ter uma maior predisposi¢cdo para acometer a
circulagdo posterior enceféalica € a menor densidade de receptores autondmicos nas arterias
que compde esse sistema, 0 que pode levar uma maior dificuldade nos mecanismos de
autorregulacdo da vasculatura encefélica.**®” O maior acometimento da circulacéo posterior

encefalica no PRES é bem estabelecido *3

; no entanto, no modelo que propusemos as
alteracBes encontradas ocorreram de maneira difusa em todo encéfalo das ratas.*> Existem
algumas diferencas na circulacdo enceféalica de humanos e ratos que podem explicar essas
diferencas.’*® A diferenca na densidade de receptores autondmicos entre a circulagdo anterior
e posterior também é descrita em ratos.'* Entretanto, alteragdes anatdmicas no poligono de
Willis (com um grande numero de potenciais variacdes em ratos) e uma menor espessura da
camada média da parede vascular s&o descritas em ratos.*****° Qutro fator a ser considerado é
a possibilidade de o valor de pressdo arterial atingida na realizacdo desse modelo
experimental ter sido elevada o suficiente para alterar a permeabilidade da barreira

hematoencefalica tanto na circulacdo posterior como anterior.

A figura 37 resume a provavel evolugdo fisiopatoldgica do PRES, que propusemos
nesse trabalho. A hipertenséo arterial determinaria perda da autorregulacdo cerebral e
modificagfes da permeabilidade da barreira hematoencefalica com o consequente edema
cerebral (avaliado em estudo anatomo-patoldgico) que desencadearia um hipometabolismo
cerebral (avaliado pelo microPET-CT, no qual ja detectamos a reversibilidade desse

fenémeno ap6s o parto).*
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Figura 37 - Esquema proposto para explicar a fisiopatogenia do PRES.
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E possivel que no PRES o mecanismo desencadeador ndo seja tnico; podendo também
ser ele diferente conforme o cenario (devido as diferentes etiologias) em que ocorre essa
sindrome. As alteracdes hemodinamicas, a autorregulacdo cerebral, o edema vasogénico, 0
dano endotelial e neuronal estdo implicados na génese dessa sindrome, juntamente com
alteracbes metabdlicas. Sendo assim, a real fisiopatologia do PRES permanece enigmatica e é

um desafio para pesquisadores que trabalham com neurologia vascular.
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7 CONCLUSOES

1. No presente estudo, encontramos uma tendéncia de um padrdo de menor
metabolismo cerebral em ratas Wistar submetidas a RUPP quando comparado as ratas do
grupo controle antes da realizacdo do parto utilizando microPET-CT com ®F-FDG para essa
avaliacdo. Apo6s o parto, ocorre uma inversdo e o grupo de animais submetidos @ RUPP passa
a ser o de maior metabolismo em comparacdo aos animais do grupo controle utilizando a
mesma técnica para afericdo do metabolismo de glicose.

2. Ao compararmos 0s exames de microPET-CT realizados no grupo dos animais
submetidos a RUPP antes e apds o parto, verificamos a ocorréncia de uma reducdo do
metabolismo de glicose no encéfalo dos animais no exame pré-parto e um aumento do
metabolismo de glicose no encéfalo dos animais no exame pos-parto dos animais que foram
submetidos a RUPP, sendo que esses achados apresentam diferencas significativas.

Essas modificacbes ndo sdo vistas no grupo de animais controle, o qual mantém pouca
variacdo entre 0s exames realizados antes e ap0s o parto.

3. O azul de Evans impregna o tecido cerebral dos animais submetidos a RUPP mesmo
apo6s o periodo de sete dias da realizacdo do parto. As alteracbes microscopicas (edema e
alargamento dos espacos perivasculares) também persistem.

Nosso trabalho permitiu identificar algumas diferencas entre os dois grupos estudados, e
o0 provavel inicio da reversibilidade do fenébmeno. A maior dificuldade no entendimento da
sindrome como o PRES é o desconhecimento da fisiopatologia decorrente da auséncia de
modelos experimentais. Nossa pesquisa experimental propde um modelo para o estudo do
PRES relacionado a distarbios hipertensivos gestacionais, que em nossa série clinica € o

principal desencadeador dessa sindrome.
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8 PERSPECTIVAS

Através de estudos experimentais como este (de fase pré-clinica), poderemos propor
futuros protocolos a serem realizados em humanos com o foco na prevencdo do PRES em
populacdes de risco ou tratamento para abreviar periodo de sintomas.

Com os resultados deste trabalho, algumas possibilidades de futuras pesquisas surgem
como o teste de medicacdes focando a reversdo mais precoce das alteracdes evidenciadas nos
exames do microPET-CT.

Além do ®F-FDG, o uso de carbono-11 é um método que pode auxiliar na investigacio
de distdrbios que acometam a barreira hematoencefalica ou que permita melhor o
entendimento das causas de lesdes estruturais definitivas ao encéfalo.

O uso de outros radiotracadores como o PK-11195, na busca de algum componente
inflamatorio nesse modelo € outra importante perspectiva que se abre na busca do melhor
entendimento sobre mecanismos inflamatdrios que podem estar implicados na génese do
PRES e de alteracbes de barreira hematoencefalica que apresentem mecanismos
inflamatorios.

Paralelamente ao conhecimento da evolucdo das modificacdes encefalicas em ratas
prenhas submetidas ao procedimento RUPP, a avaliagdo do peso, a realizacdo de testes de
desempenho motor e de memdria nos filhotes das ratas submetidas a RUPP talvez permita

detectar eventual dano no desenvolvimento dos filhotes em seu periodo intra-Utero.
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Anexo C — Posterior reversible encephalopathy syndrome (PRES) and systemic lupus
erythematosus: report of two cases

BRIEF COMMUNICATION

Posterior reversible encephalopathy
syndrome (PRES) and systemic lupus
erythematosus: report of two cases

Aline de Souza Streck’, Henrique Luiz Staub?, Caroline Zechlinski Xavier de Freitas',
Luis Marrone’, Jaderson Costa*, Giovani Gadonski’

ABSTRACT

The posterior reversible encephalopathy syndrome (PRES) 1s a novel entity chinically manifested by headache, changes
of sensorium, seizures, and visual loss. PRES pathogenesis has not been fully clarified. The entity can be associated to a
variety of clinical conditions, mainly hypertension, renal insufficiency and immunosuppressive therapy. A possible link
of autoimmune disorders with PRES has been recently hypothesized. We herein describe two cases of systemic lupus

erythematosus whereby PRES was triggered by different factors.

Keywords: systemic lupus erythematosus, neuropsychiatric manifestations, posterior encephalopathy syndrome.

© 2012 Eisevier Editora Lida. All rights reserved.

A posterior leukoencephalopathy characterized by transient
headache, changes of mental status, seizures, and visual loss
was originally described in 1996; white-matter vasogenic
edema of occipital, and parietal lobes was a remarkable feature
of those 15 patients then reported.’ In 2000, Casey et al.? pro-
posed the term posterior reversible encephalopathy syndrome
(PRES) for this entity.

The pathogenesis of PRES is not yet fully understood.
Auto-regulatory failure with resultant vasodilatation, as seen
in hypertensive encephalopathy, is often cited as the underlying
mechanism. Vasospasm with ischemic abnormalities are also
postulated.” On magnetic resonance imaging (MRI), parieto-
occipital subcortical T2 hyperintensity without enhancement is
typical. Other structures such as the brain stem, cerebellum, and
frontal and temporal lobes may also be involved. Abnormalities
of the subcortical white-matter are the rule, but the cortex and
the basal ganglia are eventually affected.?

PRES could result from a number of associated morbidi-
ties, including autoimmune disorders. To date, the issue has
been rarely addressed in the Rheumatology scenario. We herein
describe two cases of PRES in patients with systemic lupus
erythematosus (SLE).

Case 1: A 30-year-old Caucasian woman diagnosed with
SLE at the age 19 was on methylprednisolone (MP) pulse
therapy 1 g/daily due to an anti-DNA positive nephritis. On
day four of the treatment the patient suddenly presented
severe headache and right hemianopsia. Mental status was
normal. At that time, her blood pressure was 160/80 mmHg
and her creatinine was 1.31 mg/dL (six months before the
creatinine was 0.72 mg/dL). Sodium and potassium levels
were normal. A cranial computed tomography (CT) was
unremarkable. A brain MRI with T2 and fluid-attenuated
inversion recovery sequences (MRI-T2/FLAIR) showed a
subcortical T2 hyperintensity without enhancement on both
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occipital lobes (Figure 1). MP pulse therapy was interrupted,
and analgesics were prescribed. The vision abnormalities
improved after 72 hours and resolved within five days. After
ten days, the patient was asymptomatic. Three weeks later a
new brain MRI-T2/FLAIR showed no subcortical or cortical
T2 hyperintensity in the occipital region.

Case 2: A 39-year old Caucasian woman with SLE di-
agnosed two years before was on low-dose prednisone and
therapy with azathioprine due to thrombocytopenia. Owing
to a recent episode of severe hemolytic anemia (hemoglobin
1.7 g/L), the patient was submitted to MP pulse therapy and
intravenous immunoglobulin infusion. Subsequently, a bacte-
rial pneumonitis and a catheter infection required intensive
care and a long in-patient stay. After recovery, the patient
was discharged from Hospital in a good general state. A
week later, the patient returned to Hospital due to an acute
cholangitis, which demanded endoscopic treatment followed
by cholecystectomy. Subsequently, the patient evolved with

Figure 1
Brain MRI-T2/FLAIR showing subcortical T2 hyperintensity
without enhancement in occipital lobes.

Rev Bras Reumatol 2012;52(5):804-810

multiple intra-hepatic abscesses. After two weeks in the infir-
mary receiving antibiotics, the patient, who had concomitant
autoimmune hemolysis, showed elevation of blood pressure,
headache, seizure, and mental confusion. A cranial CT was
normal, as well as the cerebrospinal fluid exam. The cerebral
MRI-T2/FLAIR revealed typical features of PRES in the sub-
cortex of occipital and parietal lobes (Figure 2). Neurological
improvement was obtained by adjusting blood pressure levels.
A brain MRI carried out two weeks later showed impressive
regression of findings attributable to PRES (Figure 3). After
one month, the patient died due to a refractory sepsis.

PRES is an enigmatic disorder potentially triggered by a
variety of conditions, most commonly hypertensive crisis, renal
insufficiency, and immunosuppressive therapy.’ Other possible
etiologies include eclampsia.® transplantation,” and systemic
infections.® A 58-year-old woman receiving gemcitabine and
cisplatin chemotherapy for a gallbladder tumor developed
PRES, according to a 2009 report.® Our group recently de-
scribed a case of a 74-year-old woman with pancreatic tumor
who also developed PRES after gemcitabine therapy.!® Of

Figure 2
Brain MRI-T2/FLAIR showing T2 subcortical hyperintensity
without enhancement in parieto-occipital lobes before treatment.
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Figure 3
Brain MRI-T2/FLAIR after two weeks of treatment.

interest, in a series of 120 cases of PRES, autoimmune disor-
ders were identified in 45% of the patients."

The first description of PRES in SLE patients is as recent
as 2006. The pathogenesis of PRES in patients with SLE is
probably multifactorial: hypertension, nephritis, disease activ-
ity and immunosuppressive drugs have all been implicated. The
distinctive role of immune mechanisms in the physiopathology
of PRES can be clouded by these concurrent conditions.’?

In the first case herein reported, PRES was diagnosed in
a patient with active lupus nephritis undergoing MP pulse
therapy. Both renal disease and MP infusion could be triggered
PRES in this case, but the rapid neurological improvement after
withdrawal of MP favored the last hypothesis. In the second
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patient, PRES appeared to be associated to active disease
(hemolysis), infection (hepatic abscesses). and a hypertensive
crisis, probably the latter being more relevant given the clinical
response to anfi-hypertensive drugs. Of interest, visual changes
were present only in the first case. In the second case, differ-
ently from the first, parietal lesions were seen in addition to
occipital changes.

Looking at the recent literature, PRES manifested by
seizures and loss of vision was reported in a case of SLE
in 2007.% In 2008, four new cases of PRES were described
in adults with SLE.'* A woman with lupus nephritis and
PRES developed intraparenchymal and subarachnoid
hemorrhage, according to a 2010 report.” Recently, Balint
syndrome (a disorder of inaccurate visually guided saccades,
optic ataxia, and simultanagnosia) presented as PRES ina SLE
patient.’® Of note, two reports accounted for the occurrence of
PRES in juvenile SLE.!7!8

Varaprasad et al.'* reviewed the features of 13 patients
with SLE and PRES from 2006-2010: all had active disease
and hypertension. Six patients had PRES as part of their initial
presentation of SLE, and nine had nephritis. Four patients were
on cyclophosphamide therapy when they developed PRES."
Of interest, an association of PRES with lupus activity had
already been postulated. -

Even though the classical neurolupus includes seizures
and psychosis, a number of other features such as myelopa-
thy. optic neuropathy, meningitis, cognitive dysfunction, and
antiphospholipid-related cerebral infarction could been seen in
SLE.* PRES has been claimed as a particular form of neuro-
logical manifestation of SLE with characteristic MRI findings
and a usual good outcome. Antihypertensive, antiepileptic, and
supportive care are the mainstay of treatment.'>*

In summary, we herein report the first two cases of PRES
in Brazilian patients with SLE. MP pulse therapy, disease
activity, hypertension, and infection were possible triggers. In
practical terms, patients with SLE presenting headache, altered
sensorium, seizures and visual loss should be suspected of
PRES. Whether the intrinsic mechanisms leading to PRES in
SLE patients are associated to comorbidities or to the disease
itself, it should be solved in the future.

Rev Bras Reumatol 2012;52(5):804-810
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Abstract

Posterior reversible encephalopathy syndrome is a clinicoradiologic entity that may
present with headaches, altered mental status, seizures and visual loss as well as specific
neuroimaging findings. We report a case of a 74-year-old woman receiving adjuvant
gemcitabine chemotherapy as monotherapy for a stage lla pancreatic adenocarcinoma,
who developed posterior reversible encephalopathy syndrome.

Introduction

Posterior reversible encephalopathy syndrome (PRES) is a clinicoradiologic entity
characterized by headaches, altered mental status, seizures, and visual loss and is
associated with white matter vasogenic edema predominantly atfecting the posterior
occipital and parietal lobes of the brain [1-6].

The pathophysiology of PRES remains unclear. Two pathophysiologic mechanisms
have been proposed regarding cerebral autoregulation: cerebral vasospasm, which results
in cytotoxic edema [7, 8], and vasodilatation, which results in vasogenic edema [3, 9, 10].
The latter is more favored by most experimental and clinical data [11-15]. The
pathophysiology of PRES also implicates endothelial dystunctions, such as preeclampsia
or cytotoxic therapies, especially in cases without severe hypertension [1, 16, 17].
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Numerous factors can trigger this syndrome, the most common being acute elevation
of blood pressure, abnormal renal function and immunosuppressive therapy [1]. Other
possible etiologies are eclampsia [7, 18-21], lupus [22, 23], transplantation [24], neoplasia
and chemotherapy treatment [25], systemic infections [26], and acute or chronic renal
disease [27, 28].

Gemcitabine has been associated with PRES; nevertheless, the contributory effects of
other drugs administered simultaneously with or previously to gemcitabine are not well
clarified [29]. The purpose of this report is to present a case treated with gemcitabine as
monotherapy.

Case Report

A 74-year-old woman was diagnosed with pancreatic cancer without evidence of metastasis. She
underwent pancreaticoduodenectomy, which revealed no regional lymph node metastases or
microscopic residual disease (T3 N0 M0). After 4 weeks, the patient was started on her first course of
adjuvant treatment with gemcitabine (1,000 mg/m® on days 1, 8 and 15 of each 28-day cycle). Her
ECOG performance status was 1.

One day after the beginning of the third chemotherapy cycle, the patient developed severe headache.
After a few hours, she experienced a tonic-clonic seizure and visual blurring. At that time, her blood
pressure was 170/90 mm Hg and her creatinine level was 1.4 mg/dl (2 months before, it was 1.0 mg/dl).
A head computed tomography was obtained, which showed mild focal hypodensity in both occipital
lobes without any evidence of brain metastasis. In addition, a brain magnetic resonance imaging (MRI;
T2 and fluid-attenuated inversion recovery image sequences) was performed, which revealed a
subcortical T2 hyperintensity without enhancement, apparent on both the occipital and temporal lobes

(fig. 1).

The patient was treated with phenytoin and had no further seizures. After 10 days, the patient was
asymptomatic and after 2 weeks, she underwent a follow-up brain MRI, which showed no cortical or
subcortical T2 hyperintensity (fig. 2).

Discussion

The cause of PRES is not yet understood. Hypertension with failed autoregulation and
hyperperfusion remains a popular consideration for developing brain edema [1]. The
suggested pathophysiologic mechanisms are cerebral vasospasm with resulting ischemia
within the involved territories and a breakdown in cerebrovascular autoregulation with
ensuing interstitial extravasation of fluid [8].

The most characteristic imaging pattern in PRES is the presence of an edema involving
the white matter of the posterior portions of both cerebral hemispheres, especially the
parieto-occipital regions, in a relatively symmetric pattern that spares the calcarine and
paramedian parts of the occipital lobes [1, 3, 30, 31]. However, other structures such as
the brain stem, cerebellum, and frontal and temporal lobes may also be involved, and
although the abnormality primarily affects the subcortical white matter, the cortex and
the basal ganglia may also be affected [5, 32-34].

No single antineoplastic class or agent has been consistently associated with PRES,
although some chemotherapeutic agents may cause direct CNS microvascular injury [35].
PRES is more likely to be encountered after high-dose multidrug cancer therapy, typically
in hematopoietic malignancies [36-39].
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Gemcitabine is a nucleoside analogue antineoplastic agent structurally similar to
cytarabine that is approved by the US Food and Drug Administration for the use in non-
small cell lung, breast, ovarian, and pancreatic cancers [40]. It is unclear if gemcitabine
can cross the blood-brain barrier [41]. Neurologic toxicities with gemcitabine are
uncommon and include peripheral neuropathy and somnolence in 3 and 9% of patients,
respectively [42]. Few data are available showing the association of PRES and
gemcitabine. Gemcitabine-associated PRES was first identified in 2001 in the treatment of
non-small cell carcinoma of the lung [29]. Two studies demonstrated the association of
PRES and gemcitabine in gallbladder and pancreatic cancer treatment [35, 43]. This case
is the first report of PRES associated with gemcitabine monotherapy in a treatment with
adjuvant intent.

Conclusion

PRES is an entity not well known by neurologists and radiologists. Due to the poor
knowledge of this syndrome, i.e. its cause and pathophysiology are not yet fully defined, it
is sometimes not recognized. However, because of the increasing number of
neuroimaging studies that have been conducted as well as of therapies that can induce
PRES (which increases the number of patients treated with chemotherapy or
immunosuppression), this phenomenon is becoming increasingly common.

Our report demonstrates that gemcitabine per se is associated with PRES, independent
of other drugs.

Fig. 1. Brain MRI showing the subcortical edema in the occipital and temporal lobes.
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Fig. 2. Brain MRI showing a reduction of the subcortical edema.
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Posterior reversible encephalopathy syndrome (PRES) is a clinicoradiologic entity characterized by headaches, altered mental status,
seizures, visual loss, and characteristic imaging pattern in brain MRI. The cause of PRES is not yet understood. We report a case
of a 27-year-old woman that developed PRES after the use of FOLFOX 5 (oxaliplatin/5-Fluoracil/Leucovorin) chemotherapy for a

colorectal cancer.

1. Introduction

Posterior reversible encephalopathy syndrome (PRES) is a
clinicoradiologic entity characterized by headaches, altered
mental status, seizures, and visual loss and is associated with
white matter vasogenic edema predominantly affecting the
occipital and parietal lobes of the brain [1]. The cause of PRES
is not yet understood.

Autoregulatory failure with resultant vasodilation, as
seen in hypertensive encephalopathy, is often cited as the
underlying mechanism. On the other hand, vasospasm with
ischaemic change is also observed in some patients [2, 3].

The most characteristic imaging pattern in PRES is the
presence of edema involving the white matter of the posterior
portions of both cerebral hemispheres, especially the parieto-
occipital regions, in a relatively symmetric pattern that spares
the calcarine and paramedian parts of the occipital lobes
(1. However, other structures (such as the brain stem,
cerebellum, and frontal and temporal lobes) may also be
involved, and although the abnormality primarily affects the
subcortical white matter, the cortex and the basal ganglia may
also be involved [4].

Numerous factors can trigger the syndrome, most com-
monly: acute elevation of blood pressure, abnormal renal

function, and immunosuppressive therapy. Other possi-
ble etiologies are eclampsia, transplantation, neoplasia and
chemotherapy treatment, systemic infections, and a renal
disease, acute or chronic [1, 5].

2. Case Report

A 27-year-old woman with an advanced colorectal adenocar-
cinoma with peritoneal metastasis (T3N1MI; clinical stage
IV) was admitted in the emergency room due to abdom-
inal pain, vomiting, and suspect of intestinal obstruction.
She was submitted to resection of the primary tumor 3
months before the admission and she underwent the sec-
ond cycle of chemotherapy with FOLFOX 5 (oxaliplatin/5-
fluorouacil/leucovorin).

She was without fever and her blood pressure was
200/120mmHg. In the basic blood test, there were no
abnormalities except an increased of creatinine (1.9 mg/dL,
previous creatinine was 0.7 mg/dL three months ago).

During the hospital stay she presented two seizures and
after the second seizure she developed confusional mental
state that progressed to obnubilation. In her clinical exam-
ination, there was no focal neurologic deficit; however the



FIGURE 1: Brain MRI-FLAIR showing an increase of signal in both
occipital and frontal lobes.

patient was poorly cooperative secondary to her confusional
state. The patient was submitted to a gradual reduction of the
blood pressure and it was initiated with anticonvulsive drugs
(valproate sodium 1000 mg/day).

A brain MRI (FLATR/T2) was performed two days after
the onset seizure. This first brain MRI showed an increase of
signal in both occipital and frontal lobes (in watershed zones),
with a symmetric pattern (Figure 1). After three days, when
the patient became more awake, she reported a bilateral visual
disturbance that persisted for one week.

After ten days, a new brain MRI was performed that
shows no evidence of edema or other abnormalities. Three
months after the situation described, the patient died due to
complications of cancer.

3. Discussion

This syndrome was firstly described by Hinchey and col-
leagues as a clinicoradiologic entity with numerous triggers.
In 2000, Casey et al. established the term posterior reversible
encephalopathy syndrome (PRES). The pathophisiology is
usually associated with cerebral blood flow autorregulation
disruption and/or endothelial dystunction. Cytotoxic med-
ications can cause endothelial dysfunction. Hypertension is
the main cause of PRES. However, PRES is not associated
with hypertension in 20 to 30% of patients, and a lack of
hypertension does not rule out the possibility of PRES [1, 6].

Previous reports described the association between
chemotherapy and antiangiogenic drugs with PRES. No sin-
gle antineoplastic class or agent has been consistently associ-
ated with PRES although some chemotherapeutic agents may
cause direct CNS microvascular injury. There are few articles
in the literature that report the correlation between PRES,
cancert and neoplastic treatments (like chemotherapy).

FOLFOX  (oxaliplatin/5-fluorouacil/leucovorin) ~ was
approved by the US Food and Drug Administration as
indicated for first-line therapy for advanced colorectal cancer
in 2000. One of the most common adverse effects of the
FOLFOX is the neuropathy [7].

The relationship between PRES and FOLFOX was not
well established. In a review performed in Pubmed, we found
two cases that showed the use of FOLFOX preceding this
syndrome [8, 9].

In 2007, Skelton and colleagues reported a case of PRES
in a 19-year-old woman with metastatic adenocarcinoma of
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the rectum who received modified FOLFOX6 chemotherapy.
She presented seizures and altered mental status ten days after
the start of fourth cycle of chemotherapy. Her blood pressure
was increased at 170/110 mmHg with and increased creatinine
(1.5 mg/dL). Brain MRI demonstrated a hyperintensity in the
white matter of the posterior hemispheres. One week after
the hospitalization, a follow-up MRI on the brain revealed a
dramatic improvement in the MRI image abnormalities, and
this was consistent with a resolving picture of PRES [8].

In 2011, Kim et al. reported a case of a 52-year-old
woman with advanced gastric cancer, presented with low-
back pain due to spinal metastasis at the 4th lumbar ver-
tebra. The primary tumor was not resectable, and 10 cycles
of chemotherapy with FOLFOX had been completed. An
elective surgical spinal decompression and stabilization was
scheduled. Twenty-three days after the end of chemotherapy,
a generalized tonic-clonic seizure occurred. Her systolic
blood pressure was 166 mmHg at the time of the seizure and
no electrolyte abnormality was observed. After the seizure, a
brain computed tomography was conducted, with no definite
abnormality. One day after the seizure a brain MRI was
conducted, and a signal change was observed in both parieto-
occipital lobes in T2-weighted and FLAIR images. As a
result of typical imaging features, PRES was diagnosed. An
antiepileptic drug was administered and no more seizures
were reported [9].

In this paper, we showed a new case of PRES after the
use of FOLFOX with imaging findings not yet described in
this situation. In this case, hypertension and/or renal failure
can be another trigger for this syndrome. The first brain MRI
of our patient showed typical increased signal intensity in
both occipital lobes but also revealed a watershed/junctional
pattern of distribution affecting the superior frontal sulcus of
frontal lobes.

In typical PRES, the parietal and occipital lobes are most
commonly affected, followed by the frontal lobes. However, in
watershed imaging distribution of PRES, three hemispheric
pattern variants involving cortex, subcortical, and deep
white matter to varying degrees may be encountered with
similar frequency: holo-hemispheric (23%), superior frontal
sulcus (27%), and primary parietal-occipital (22%) [10].
These demarcate border zones between anterior, middle, and
posterior circulations and reflect the junctional/watershed
nature of PRES. There is a fourth imaging pattern distribution
named “partial or asymmetric expression of the primary
patterns” (28%), which occurs when the previous three forms
are found in a partial way or asymmetric fashion. Here, we
describe the first reported case of PRES with a watershed
pattern affecting both superior frontal sulcui after the use of
FOLFOX.

PRES caused by cytotoxic medications should be man-
aged with control of hypertension, management of seizures,
and withdrawal medication. The initial aim of treatment
in hypertension is to lower the diastolic pressure to about
100 mmHg, with the maximum initial fall in BP not exceeding
25 percent of the presenting value. More aggressive lowering
may reduce the blood pressure below the autoregulatory
range, possibly leading to ischemic events. Oral antihyper-
tensive agents are not usually effective in lowering the blood
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pressure to an appropriate range in hypertensive crises to
prevent and treat PRES.

Patients should also receive antiepileptic medications that
can probably be safely tapered as symptoms and neuroimag-
ing findings resolve, usually after one to two weeks. In some
cases patients have reported seizures months after PRES, and
these patients were maintained on antiepileptic drug therapy.

Removal of the cytotoxic drug is usually recommended
in cases of PRES associated with cytotoxic agents. Tt is
not recommended that agents known to induce PRES be
reintroduced, as recurrence has been reported in this setting.

In summary, PRES is an entity not well known by neurol-
ogists and oncologists and the delay in diagnosis can lead to
a worse clinical recovery. Due to the increase in the number
of neuroimaging studies that have been conducted as well as
the increase of cases of patients submitted to chemotherapies
treatments that can induce PRES, this syndrome is becoming
more frequent. A peculiar neuroimaging pattern observed
by T2/FLAIR signal alteration is first reported in FOLFOX
chemotherapy.
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Abstract

Posterior reversible encephalopathy syndrome is a clinicoradiologic disorder characterized by seizures, altered mental status,
headaches and visual disturbance that is associated with white matter vasogenic edema predominantly affecting the occipital
and parietal lobes of the brain. The most common neuroimaging presentation of PRES is the parieto-occipital subcortical T2
hyperintensity without enhancement. We report a case of seven years old boy that developed PRES during a clinical scenario

with many possible triggers.

Keywords: Posterior Reversible Encephalopathy Syndrome, PRES, Chemotherapy, Acute Lymphoblastic Leukaemia, Tumour

Lysis Syndrome, Blood Brain Barrier.

Introduction

Posterior reversible encephalopathy syndrome (PRES) is a
clinicoradiologic entity characterized by headaches, seizures,
altered mental status, and visual disturbance that is associated
with white matter vasogenic edema predominantly affecting
the occipital and parietal lobes of the brain. This edema is po-
tentially reversible in totality, but in some cases it can persist
without recovery [1,2].

During the last years this syndrome was also called by revers-
ible occipitoparietal encephalopathy, hyperperfusion enceph-
alopathy, hypertensive encephalopathy, posterior leukoen-
cephalopathy, reversible posterior cerebral oedema syndrome
and potentially reversible encephalopathy. PRES has gained
substantial recognition since its initial description by Hinchey
et al in 1996 [1]. In 2000, Casey proposes the term Posterior
Reversible Encephalopathy Syndrome (PRES) [3].

The most common neuroimaging presentation of PRES is the

parieto-occipital subcortical T2 hyperintensity without en-
hancement; however, other structures (such as the brain stem,
cerebellum, and frontal and temporal lobes) may also be in-
volved, and although the abnormality primarily affects the
subcortical white matter, the cortex and the basal ganglia may
also be involved. In children, frontal lesions are reported to oc-
cur as frequently as parietal lesions [1,4-5].

Despite PRES has been widely studied in adults, clinical spec-
trum in the pediatric population are limited, mainly because
it's heterogeneous presentation. Few data are available in
literature about incidence or prevalence of PRES in children.
Case series suggest that PRES is more common in women, even
when pregnant patients are excluded; and this syndrome can
occur in patients of all age [6].

Case Report

A 7 year old patient with the diagnosis of acute lymphoblastic
leukaemia (ALL) was admitted to the hospital for persistent
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pancytopenia and fever, following chemotherapy. Treatment
with intravenous fluids along with cefepime for febrile neutro-
penia was begun. Also, innumerous accounts of plaquets trans-
fusions were made. On 30th day of admission, oliguria devel-
oped, with a creatinine level rising to 1.46 (Normal Range:
0.70-1.20), an ionic calcium of 11 (NR: 4.4-5.1), phosphorus
of 5.6 (NR: 2.5-4.5) and a uric acid level of 10.3 (NR: 3.5-8.5),
receiving a diagnosis of tumour lysis syndrome.

He was admitted to ICU and started on pamidronate, hyperhy-
dration, bicarbonate and pulsoterapy with metilprenidsolone
(10mg/kg). On the third day of pulsotherapy, his creatinine
raised to 1.86 and his blood pressure reached 163 /109 mmHg
(range systolic blood pressure - 163-126 and diastolic 112-
74). He started to complain of increased difficult seeing and
developed full cortical blindness in a matter of hours. Also, a
partial seizure was noted in his left side, along with increasing
mental confusion. A brain CT scan was ordered and showed
low-densities predominating in the occipital areas. Brain MRI
demonstrated hyper-intensities in the frontal, parietal and
predominantly occipital areas, with increased signal on fluid
attenuated inversion recovery (FLAIR) and diffusion-weighted
imaging (DWI) and decreased perfusion on apparent diffusion
coefficient (ADC) in the occipital areas. (Figure-1 and Figure-2)
A diagnosis of PRES was made and immediate discontinuation
of pulsotherapy and establishment of blood pressure control
were obtained.

Figure 1: Brain MRI (FLAIR) showing an increase of signal in
both hemispheres, predominantly in posterior zones.

Figure 2: Brain MRI (DWI) showing an increase of signal in
both hemispheres, predominantly in posterior zones.

Continuous focal seizures on his left face and arm began,
which were controlled with diazepam. In the following days,
his mental status, seizures and hemiparesis improved, but he
remained with visual deficits. Nowadays, the patient persists
with visual changes and follows in medical monitoring.

Discussion

The cause of PRES is unclear. Autoregulatory failure with re-
sultant vasodilatation, as seen in hypertensive encephalopa-
thy, is often cited as the underlying mechanism [1,7-8].

PRES iscommonly seenin the setting of hypertension; probably
due to a breakdown of autoregulation. PRES usually presents
in the set of sudden or severe hypertension. Acute elevations
on blood pressure interfere with brain vessels autoregulatory
capacity, resulting in vasodilatation and hyperperfusion, along
with capillary leakage and edematisation, a striking resem-
blance to hypertensive encephalopathy. However, PRES can oc-
cur without hypertension, suggesting endothelial dysfunction
(such as caused by cytotoxic drugs) play an essential role in
disrupting blood brain barrier [9].

Numerous factors can trigger the syndrome, most commonly:
acute elevation of blood pressure, abnormal renal function and
immunosuppressive therapy [1]. Other possible etiologies are
eclampsia [10-12], transplantation [13], neoplasia and chemo-
therapy treatment [4,14,15] and renal disease acute or chronic
[16].

Siebert and colleagues studied 18 patients younger than 18
years old with PRES. Acute kidney dysfunction, haematologic
malignancies and immunossupression were the most common
precipitant factors. In this serie, mean blood pressure was
140/73 mmHg, and for children this is quite elevated, since
they are prone to develop failure of brain vessels autoregula-
tion at a lower blood pressure threshold than adults. One inter-
esting fact in this study is that frontal and parietal edema was
more frequent than occipital location, which gives name to the
syndrome [6].

Our patient had several reasons to develop PRES. First, acute
kidney dysfunction due to tumour lysis syndrome (TLS) and
hypercalcemia led to an important raise in blood pressure.
Second, chemotherapy is known to be a cause of PRES [4,14].
Third, high dose corticosteroid therapy might also be impli-
cated in the fisiopathogenia. By last, infection along with neu-
tropenia certainly contributed to an increased inflammatory
state. are known to damage endothelial cells, precipitating va-
sodilatation and disruption of blood brain barrier. Also, to our
knowledge, only 3 cases of TLS [17-19] in association to PRES
had been published, one of which in a 63 year old man with
LLA who died during the course of PRES [17].
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The treatment of PRES is not clear; however we think that the
use of antihypertensive therapy like in hypertensive emergen-
cy cases and eliminate the possible cause/triggers (like drugs,
immunosuppressive agents) could be the key of an adequate
treatment and for a good outcome. Treatment of hypertension
and seizures, and withdrawal of causative agents are the main-
stays of therapy in PRES.

Although PRES is reversible in most patients, it is not uncom-
mon to see residual lesions on follow-up imaging and per-
sistent symptoms. In a serie of 53 patients with PRES, the com-
plete resolution of radiclogical lesion occurred in 58% of the
cases [20]. Our patient remained with visual deficits despite
adequate therapy. Another point to be considered is that PRES,
a usually benign pathology, is seen in complex and eventually
life-threatening situations [1,20-22], requiring immediate sus-
picion along with control of precipitating factors. Rather than
relief, the diagnosis of PRES must be seen as a marker of po-
tentially serious illness. PRES remains an enigmatic syndrome.
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Anexo G — Posterior reversible encephalopathy syndrome following a scorpion sting.

Case Report

Posterior Reversible Encephalopathy Syndrome Following

a Scorpion Sting
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ABSTRACT

Posterior reversible encephalopathy syndrome (PRES) is a clinicoradiologic entity not yet
understood, that is present with transient neurologic symptoms and particular radiological
findings. The most common imaging pattern in PRES is the presence of edema in the white

Keywords: Posterior reversible en-
cephalopathy syndrome (PRES), scor-
pion sting, seizure, brain MRI, cere-

matter of the posterior portions of both cerebral hemispheres. The cause of PRES is bral - autoregulation, ocedema, Tityus

unclear. We report a case of 13-year-old male who was stung by a scorpion and developed
a severe headche, visual disturbance, and seizures and had the diagnosis of PRES with
a good outcome. Numerous factors can trigger this syndrome, most commonly: acute
elevation of blood pressure, abnormal renal function, and immunosuppressive therapy.
There are many cases described showing the relationship between PRES and eclampsia,
transplantation, neoplasia and chemotherapy treatment, systemicinfections, renal disease
acute, or chronic. However, this is the first case of PRES following a scorpion sting.

Introduction

Posterior reversible encephalopathy syndrome (PRES) is a clin-
icoradiologic entity characterized by headaches, altered mental
status, seizures, and visual loss and is associated with white mat-
ter vasogenic edema predominantly affecting the occipital and
parietal lobes of the brain.!

The cause of PRES is not yet understood. Autoregulatory
dysfunction, as suggested in hypertensive encephalopathy, is
often cited as the underlying mechanism. On the other hand,
vasospasm with ischaemic change is also observed in some
patients.??

The most common imaging pattern in PRES is the presence
of edema in the white matter of the posterior portions of both
cerebral hemispheres, especially the parieto-occipital regions,
in a relatively symmetric patrem.l However, other structures
{such as the brain stem, cerebellum, and frontal and temporal
lobes) may also be involved, and although the abnormality
primarily affects the subcortical white matter, the cortex and
the basal ganglia may also be involved.*
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Of around 1,500 species of scorpions worldwide, only 30 are
potentially dangerous to human.® The incidence and severity
vary around the world; in Brazil, Tityus bahiensis is one of the
most venomous scorpions and is responsible for most of the
accidents that occur in our country.” There is no relationship
between PRES and scorpion sting in the literature.

Case Report

A male 13-year-old patient, previously healthy, was stung by a
scorpion (Lityus bahiensis) in his right foot. Two hours after the
sting, he initiated with severe headache, vomiting, and visual
disturbance. He was relocated to a Basic Health Unit, where
he presented two seizures 12 hours after the sting, and after
these seizures, he developed an altered mental state. On exam-
ination, he was obnubilate, afebrile, heart rate 92 per minute
and his blood pressure was 90/60 mmHg. After 4 hours, he
was hemodynamically stable (blood pressure 130/80 mmHg)
and was relocated to another hospital where he received an
acute treatment (vaccine tetanus, intravenous saline .9%, and

Copyright © 2013 by the American Society of Neurcimaging 535



Fig 1. Brain MRI FLAIR showing an increase of signal in both oc-
cipital lobes and in right frontal lobe.

fenitoine). The creatinine was .83 and there was no other alter-
ation in blood basic tests.

A brain MRI was performed that showed an increase of
signal in both occipital lobes, with a symmetric pattern and in
right frontal lobe (Fig 1).

After 5 days, the patient was totally asymptomatic and a new
brain MRI was performed 3 weeks after the first that shows no
evidence of edema or other abnormalities.

Discussion

Since the first large series of PRES described by Hinchey
in 1996, many papers were published; however, the pre-
cise pathophisiological mechanism remains unclear.! In 2000,
Casey et al proposed the term PRES.” Numerous factors have
been seen in the setting of PRES or in association with PRES
including: acute elevation of blood pressure, abnormal renal
function, and immunosuppressive therapy.! Other possi-
ble etiologies are eclampsia,® transplantation, neoplasia and
chemotherapy treatment,” systemic infections, renal disease
acute, or chronic."

We conducted a review of the Pubmed in May 2012 and
found only one case that shows the relationship between insect
bites/sting and PRES. Loh and colleagues report a case of a
29-year-old woman who presented acute renal failure and PRES
after a multiple wasp sting.!!

Scorpion sting has many clinical manifestations, such as pain
sensation at the sting site, followed by itch, erythema, local tis-
sue swelling, and ascending hyperesthesia, that persists for sev-
eral weeks, and is the last symptom to resolve before the victim
recovers. Hyperthermia, tachypnea, tachycardia, hypertension,
arrythimia, and other symptoms are also described.'?

The most common neurological manifestations are ptosis,
dysphagia, pharyngeal reflex loss or muscle spasm, paralysis,
and seizure. Scorpion sting can cause cerebrovascular accidents
by various mechanisms such as venom-induced autonomic dis-
orders leading to hypertension, hypotension, disseminated in-
travascular coagulation, or vasculitis.

There are few reports about central neurological manifesta-
tion and the venom of scorpion. Dube and colleagues reported
a case of intracerebral bleed following scorpion sting. '

PRES is commonly seen in the setting of hypertension or en-
dothelial dysfunction; probably due to a breakdown of autoreg-

536 Journal of Neuroimaging Vol 23 No 4 October 2013

ulation. The autoregulation is an intrinsic function of the vas-
culature of the brain, designed to maintain a stable blood flow
independent of the variation of blood pressure. In animal mod-
els, when a severe increase in blood pressure beyond the upper
limit of autoregulation was caused, occur an arteriolar dilation,
injury to the capillary bed, vasogenic edema, and vessel injury
with altered artery morphology.!* The upper limits of autoreg-
ulation range among the patients. This limit depends primary
on the capillary hydrostatic pressure, under the influence of the
systolic blood pressure, the integrity of blood-brain barrier, and
other situations (various disease and neurotoxic agents).'

In this case, we think that variation of blood pressure and
endothelial dysfunction due to scorpion venom can lead to a
breakdown of cerebral autoregulation. Another potential cause
in this case could be systemic immune trigger in the setting of
scorpion venom. This clinical report demonstrated that scor-
pion sting can lead to a PRES.
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Anexo H — Posterior reversible encephalopathy syndrome: differences between pregnant
and non-pregnant patients.
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Abstract

Posterior reversible encephalopathy syn-
drome (PRES) is a clinical-radiologic entity
not yet understood, that presents with tran-
sient neurologic symptoms and particular radi-
ological findings. Few papers show the differ-
ences between pregnant and non-pregnant
patients. We review the cases of 38 women
diagnosed with PRES, in order to find signifi-
cant differences between pregnant (18) and
non-pregnant (20) patients. We found differ-
ences among the age of patients (25.83 years
old in pregnant and 29.31 years old in non
pregnant, P=0.001); in the mean of highest
systolic blood pressure, that was higher in non-
pregnant group (185:162 mmHg, P=0.121);
and in creatinine levels that was higher in
non-pregnant group (3.47:1.04 mgML;
P=0.001). To our knowledge, just a few papers
analyzed whether PRES syndrome presented
in the same way in pregnant and non-pregnant
patients. The differences and the possible
pathophisiology of this syndrome still remain
enigmatic.

Introduction

Posterior reversible encephalopathy syn-
drome (PRES) is a clinicoradiologic entity
characterized by headaches, altered mental
status, seizures, and visual loss; it is associat-
ed with white matter vasogenic edema pre-
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dominantly affecting the occipital and parietal
lobes of the brain.! The cause of PRES is not
yet understood. Auto-regulatory failure with
resultant vasodilation, as seen in hypertensive
encephalopathy, is often cited as the underly-
ing mechanism. On the other hand, vasospasm
with ischemic change is also observed in some
patients.23

Several factors can trigger the syndrome,
most commonly: acute elevation of blood pres-
sure, abnormal renal function and immuno-
suppressive therapy.! Other possible etiologies
are eclampsia,*” transplantation® neoplasia
and chemotherapy treatment,? systemic infec-
tions,!? renal disease acute or chronic.!L12

The most characteristic imaging pattern in
PRES is the presence of edema involving the
white matter of the posterior portions of both
cerebral hemispheres, especially the parieto-
occipital regions, in a relatively symmetric pat-
tern that spares the calcarine and paramedian
parts of the occipital lobes (Figure 1).
However, other structures (such as the brain
stem, cerebellum, and frontal and temporal
lobes) may also be involved, and although the
abnormality primarily affects the subcortical
white matter, the cortex and the basal ganglia
may also be involved.13

Pre-eclampsia (PE) is one of the most com-
mon situations described in association with
PRES. PE is a multisystem disorder that com-
plicates 3-8% of pregnancies in Western coun-
tries,!415 and has a complex pathophysiology.
Defective invasion of the spiral arteries by
cytotrophoblast cells is observed during pre-
eclampsia.!6 The crucial issue to understand is
that the prime mover of PE is abnormal placen-
tation. Two common theories appear to be
interlinked, a genetic theory and an immuno-
logical theory.!? Clinical and laboratory tests
are intended to define and determine the
severity of PE. Headaches, tinnitus, visual dis-
orders, brisk tendon reflexes, and vigilance
disorders are related to cerebral edema; olig-
uria to acute renal failure; uterine contraction,
vaginal bleeding to placental abruption; vomit-
ing to HELLP syndrome (Hemolysis Elevated
Liver enzymes Low Plaquet count); bandlike
epigastric pain to subcapsular hepatic
hematoma; and dyspnea to cardiac failure.
Eclampsia, the major neurological complica-
tion of pre-eclampsia, is defined as a convul-
sive episode or any other sign of altered con-
sciousness arising in a setting of PE, and
which cannot be attributed to a pre-existing
neurological condition. Delivery is the only
curative treatment for PE.1#

Materials and Methods

We realized a study on 38 cases of PRES (18

[Neurology International 2014; 6:5376]
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pregnant and 20 non-pregnant patients), that
were admitted to the Neurologic Service of
Hospital Sdo Lucas-PUCRS (Brazil) or that
were assisted in other units of the same hospi-
tal by our services. All the patients underwent
a brain magnetic resonance image (MRI): 36
patients (94.73%) were submitted to two brain
MRI; 1 was submitted to one brain MRI plus
one brain CT, and the other one realized only
one exam. The following data was evaluated:
age, sex, previous diseases and past medical
history, use of medications, the neurologic
manifestations, the highest blood pressure
during the neurologic presentation, the high-
est creatinine during the period of observation
and the neuroimage alterations in brain MRI.
The highest blood pressure was measured
during the 48 hours before the neurologic
manifestation and the highest creatinine was
analyzed during a mean period of two week
before the neurologic manifestation. All the
brain MRI were analyzed by a neurologist, who
had no contact with the patient’s clinical data.
We analyzed the data using the Statistical
Package for the Social Sciences (SPSS). We
applied Chi-square test or Exact Fischer test
for comparing data with non-parametic distri-
bution and the Student t test for comparison of
means. A P value <0.05 was considered signif-
icant. All of the procedures and protocols exe-
cuted in this study were approved by the
Institutional Ethics Committee from Pontificia
Universidade Catdlica do Rio Grande do Sul.
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Results

It was performed a review of 38 cases of
patients with the diagnosis of PRES, that were
assisted in Hospital Sdo Lucas-PUCRS. Among
this 38 cases, with mean age 25.11 years old
(range from 2 to 74) and 78.9% of female,
there were three children, that were excluded
of some analyzes. The children were excluded
of analyze of the creatinine and blood pres-
sure, because in our opinion, their age didn’t
premises us to include them in some evalua-
tions (creatinine level and blood pressure). By
the way, it was identified 34 patients (eighteen
were pregnant or in puerperium period). The
other group was composed by four patients
with lupus, four with neoplasia in chemother-
apy,%19 four with glomerulonephritis, two
patients with hypertension, two patients in use
of Tacrolimus after renal transplantation, two
patients with Hemolitic Uremic syndrome, one
after scorpion sting and one patient with alter-
ation of renal function.2?

The mean age of the group of pregnant
patients was 25.83 years old and was 29.31
years old in the other group. The group of non-
pregnant patients was composed by five men
and eleven women.

There was an important difference in the
highest systolic blood pressure among both
groups. In the non-pregnant group the mean
highest systolic blood pressure was 185 mmHg
and in the pregnant group was 162 mmHg, but
without statistical diference.

The mean creatinine was 3.47 mg/dL in the
non-pregnant patients and was 1.04 mg/dL in
the pregnant patients.

The most common symptom was headache
in both groups 78.8% overall (reported by
88.9% of the pregnant patients and 70% of non-
pregnant patients); followed by visual distur-
bance 65.8% overall (66.7% of pregnant
patients and 65% of non-pregnant patients);
seizure 63.2% overall (50% in pregnant group
and 75% in non-pregnant group) and mental
status alteration (22% of pregnant patients
and 52% of non-pregnant patients).

The alterations in all patients and the neu-
roimaging findings are described in Table 1.

Discussion and Conclusions

Since 1985, neuro-radiologic findings had
been described in the presence of eclampsia
and other pregnant dysfunctions.® After its
first description in 1996, many papers were
published; however the precise pathophisio-
logical mechanism remains unclear.! In 2000,
Casey et al proposer the term Posterior
Reversible Encephalopathy Syndrome.2l Few
papers analyzed if the syndrome presented in

[page 12]

pregnant patients was the same described in
the other patients with PRES.

In our group of patients, there was a differ-
ence in creatinine level; both of them with
higher value in non-pregnant group. Even
excluding the patient with renal disease (in
case of creatinine level analyzes), the differ-
ence between the groups remains.

In 2009, Roth explored the differences
between pregnant patients and non pregnant
patients in a very interesting paper. Studying
21 patients, Roth described few differences in
both groups, like headache was more reported
by pregnant patients (87.5%) than non-preg-
nant patients (30.8%) and visual disturbance
that was also more reported in pregnant
patients than in non-pregnant patients (75%
vs 46.2%). In this study, the mean age of preg-
nant patients was 22 years old and was 49
years old in the group of non-pregnant

\Yﬂl‘eﬂﬁ

patients. The blood pressures of both groups
were very similar.22

Liman and colleagues performed the inves-
tigation of the mean arterial pressure in differ-
ent groups of patients with PRES and found in
infection (131 mmHg), auto-imunes disorders
(123 mmHg), eclampsia (119 mmHg) and
chemotherapy (110 mmHg).?3 Liman also
reported that preeclampsia-eclampsia patients
had significantly less severe edema, less cyto-
toxic edema, hemorrhage and contrast
enhancement, while more frequent complete
resolution of edema and less frequent residual
structural lesions were seen on follow-up
imaging.24 PRES is commonly seen in the set-
ting of hypertension; probably due to a break-
down of autoregulation.

The autoregulation is an intrinsic function
of the vasculature of the brain, designed to
maintain a stable blood flow independent of

Table 1. Differences among pregnant and non-pregnant patients.

Age 25.83 29.31 0.001*
Highest systolic blood pressure, mmHg* 162 185 0.121
Patients systolic blood pressure >160 mmHg, % 66.7 81 0.308
Patients systolic blood pressure =180 mmHg, % 16.7 61.9 0.004*
Highest creatinine, mg/dL* 1.04 347 0.001*
Headache (%) 88.9 (16) 70 (14) 0.154
Seizure (%) 30 (9 75 (15) 0.111
Visual disturbance (%) 66.7 (12) 65 (13) 0.914
Altered mental status (%) 24 55 (11) 0.039*
Magnetic resonance findings (%)
Occipital 83.3 (15) 100 (20) 0.057
Parietal 55.6 (10} 65 (13) 0.552
Frontal 218105 30 (6) 0.565
Temporal 224 30 (6) 0.587

*Patients with less than 12 vears old were excluded of analysis.

Figure 1. Brain magnetic resonance imaging (FLAIR) showing an increase of signal in

both parieto-occipital lobes.

[Neurology International 2014; 6:5376]
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the variation of blood pressure. In animal mod-
els, when a severe increase in blood pressure
beyond the upper limit of autoregulation was
caused, occur an arteriolar dilation, injury to
the capillary bed, vasogenic edema and vessel
injury with altered artery morphology2 The
upper limits of autoregulation range among
the patients. This limits depends primary on
the capillary hydrostatic pressure, under the
influence of the systolic blood pressure, the
integrity of blood-brain barrier and other situ-
ations (like medications) .26

Evaluating the differences of blood pressure
among pregnant and non-pregnant patients,
we demonstrated that pregnant patients pres-
ent breakdown of cerebral autoregulation with
lower mean arterial blood pressure. We specu-
late that the pregnant patients had different
triggers of the other patients and the fact of
the delivery is the curative treatment for PE
can represent the finish of the stimulus for the
brain vasogenic edema. Is it the reason that
causes differences in the pregnant patients
when compared with non-pregnant patients?
This paper contributes showing differences of
blood pressure and creatinine in this both
groups. The precise pathophysiology mecha-
nism of this syndrome remains enigmatic.
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CASE REPORT

PRES with asymptomatic spinal cord involvement. Is this
scenario more common than we know?

LCP Marrone, WA Martins, JPF Brunelli, H Fussiger, GF Carvalhal, JRH Filho, RE Soder, M S5chuck, FS Viola, ACH Marrone and JC da Costa

INTRODUCTION: Posterior reversible encephalopathy syndrome (PRES) is an entity characterized by neurologic symptoms such as
headaches, altered mental status, seizures and visual changes, and it is associated with white matter vasogenic edema
predominantly affecting the posterior occipital and parietal lobes of the brain.

CASE REPORT: A 19-year-old patient developed PRES after the use of chemotherapy for a testicular teratocarcinoma and after the

development of a blood pressure elevation.

DISCUSSION: Few cases described the involvement of the spinal cord in this syndrome. In the majority of these cases, the spinal
cord involvement was asymptomatic or with few symptoms of spinal cord disease.

Spinal Cord Series and Cases (2016} 3, 15001; doi:10.1038/scsandc.2015.1; published online 7 January 2016

INTRODUCTION

Posterior reversible encephalopathy syndrome (PRES) is a
clinicoradiologic syndrome that is characterized by headaches,
altered mental status, seizures and visual disturbance, and it is
associated with white matter vasogenic edema predominantly
affecting the posterior occipital and parietal lobes of the brain.'

Many factors can act as triggers of this syndrome; the most
common factors are the acute elevation of blood pressure,
such as during eclampsia, abnormal renal function and immuno-
suppressive '[herapy.1'2 Other possible etiologies already
described are autoimmune diseases (lupus)’, allogeneic bone
marrow and solid organ transplantation®™, neoplasia and
chemotherapy treatment®’, systemic infections, sepsis®® and
exposure to venom.” '

The pathophysiology of PRES remains unclear; however,
it appears to be related to cerebral autoregulation failure.
The cerebral autoregulation maintains the cerebral blood flow
constant over a range of mean blood pressures by arteriolar
vasoconstriction and vasodilatation.’ If the upper limit of cerebral
autoregulation is exceeded, the arteriolar system will dilate
leading to brain hyperperfusion and blood-brain barrier disrup-
tion, allowing a cerebral edema.''?

The most common radiological presentation of PRES is an
increase of signal in T2-fluid-attenuated inversion recovery (FLAIR)
in both parieto-occipital lobes."? There are a few cases in literature
that describe the spinal cord involvement in this syndrome.

CASE REPORTS

We report the case of a 19-yearold patient with a history of
testicular teratocarcinoma treated with local surgery and BEP
(bleomycin, cisplatin and etoposide) chemotherapy who was
submitted to an extensive resection of paraaortic lymph nodes.
After this procedure, he developed a stenosis in his right renal
artery and secondary hypertension. On admission, his creatinine
level raised to 2.35mgdl ™', and it came back to normal values 2
week later. Two months later he came to the emergency room

complaining of headache, nausea and a central scotoma in the left
eye. On examination, blood pressure levels were 180/140 mm Hg,
heart rate was 85 and his temperature was normal. Partial third-
nerve palsy was evident, along with gait ataxia and bilateral optic
disc edema, retinal hemorrhages and vasospasm. Mental status
and muscular strength were unremarkable.

Laboratory studies showed a creatinine value of 1.01 mgd| ™',
and undetectable B-HCG and alpha-fetoprotein. His laboratory test
results were as follows: uric acid, 46mgdl~'; LDH, 614U17%;
sodium, 138 meg | '; and potassium, 3.6 meq |~ . Initial brain CT
scan did not show any abnormalities.

He was admitted and was started on intravenous antihyperten-
sive drugs to control the severely elevated blood pressure.

We performed brain magnetic resonance imagining (MRI)
studies that demonstrated bilateral basal ganglia and brain stem
increase of signal in FLAIR, suggestive of PRES. The brain MRI also
showed a cyst in the left temporal lobe (Figure 1). Because of
involvement of the brain stem, we performed a cervical spinal
cord MRI to evaluate the extension of the lesion, and this MRI
showed an increase of signal in T2 in the interior of the cervical
spinal cord. (Figure 2) Despite extensive edematous lesions on the
spinal cord, he remained without sensitive and motors deficits.
After his BP and creatinine peaked to 240/140 and 1.54 mgd| ™',
respectively, his condition started to improve quickly, which
completely resolved his neurological symptoms.

Two weeks later a control MRI did not show any permanent
lesion. Nowadays, 6 months after the episode, he is currently on
blood pressure medications and remains asymptomatic.

DISCUSSION

After Hinchey's paper in 1996, many new publications had
reported clinical situations and drugs that can be directly or
indirectly associated with PRES' Nowadays, PRES is a clinicor-
adiologic entity encountered in several cinical conditions. The
increase in PRES descriptions in literature is becoming more
common because of the elevation of the number of patients in

Hospital S3o Lucas/nstituto do Cérebro—Pontificia Universidade Catélicas do Rio Grande do Sul (PUCRS), Porto Alegre, Brazil.
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Figure 1.

Figure 2. Cervical MRl demonstrated an increase of signal in T2 in
the interior of the spinal cord.

Spinal Cord Series and Cases (2016) 15001

Brain MRI showing an increase of signal in T2/Flair in bilateral basal ganglia and brain stem.

chemotherapy and in the use of immunosuppressive agents,
as well as the widespread of MRI technology.

The most characteristic imaging pattern in PRES is the presence
of an edema involving the white matter of the posterior portions
of both cerebral hemispheres, especially the parieto-occipital
regions, in a relatively symmetric pattern that spares the calcarine
and paramedian parts of the occipital lobes. However, other
structures such as the brain stem, cerebellum and frontal and
temporal lobes may also be involved, and although the
abnormality primarily affects the subcortical white matter the
cortex and the basal ganglia may also be affected. The reversibility
of the clinical manifestation and the improvement in the
neuroimage exams are ‘hallmarks’ of the PRES."®'* There are a
few cases in literature that report the involvement of the spinal
cord in this syndrome.'*"®

The elevation of blood pressure was reported in the cases
of spinal cord involvement in PRES. In the case described in
this paper, the patient was exposed to many triggers for
PRES: elevation of blood pressure, acute renal failure and
chemotherapy.''®

Another interesting topic is that PRES involves predominantly
the white matter of the brain, and in the brain stem and spinal
cord the lesions described affect the gray matter. Normally,
patients with spinal cord lesion had alterations in neurological
examination (sensitive and motor deficits). However, in this case
and in other previously described cases, there were no
neurological deficits related to spinal cord lesion. There is only
one case that describes a neurological signal (Babinski sign) in a
patient with spinal cord involvement.'*"”

The prediction for posterior brain regions is not yet understood.
Probably, the low sympathetic innervation in posterior circulation
leads to the prediction for this topography.'® Typically, PRES
occurs predominantly in vertebro-basilar artery topography

© 2016 International Spinal Cord Society



distribution. The cervical spinal cord is irrigated by the anterior
spinal arteries (that are branches of vertebral arteries)

In the experience of our group, we evaluated 51 patients during
the past 5 years and this is the first case of spinal cord injury in
patients with PRES.

In the majority of these cases, the spinal cord involvement was
asymptomatic or with few symptoms of spinal cord disease.
We speculate that the involvement of the spinal cord is more
common than we see described in literature, because spinal cord
involvement leads to none or few symptoms, and there are few
patients with PRES who were submitted to cervical spinal
cord MRI.
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Anexo J — Blood-brain barrier breakdown in reduced uterine perfusion pressure: a

possible model of posterior reversible encephalopathy syndrome.

Blood—-Brain Barrier Breakdown in Reduced Uterine Perfusion
Pressure: A Possible Model of Posterior Reversible
Encephalopathy Syndrome
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Background: Posterior reversible encephalopathy syndrome (PRES) is a clinical en-
tity characterized by headaches, altered mental status, seizures, and visual distur-
bances and is associated with white matter vasogenic edema. There are no
experimental models to study PRES brain changes. Methods: Twenty-eight pregnant
Wistar rats were divided into 4 groups of 7: (1) pregnant-control; (2) reduced uterine
perfusion pressure (RUPP); (3) invasive blood pressure (IBP); and (4) reduced uter-
ine perfusion pressure plus invasive blood pressure (RUPP-IBP). The RUPP and
RUPP-IBP groups were submitted to a reduction of uterine perfusion pressure at
pregnancy days 13 to 15. The invasive mean arterial pressure of the IBP and
RUPP-IBP groups was measured on day 20. The blood—brain barriers (BBBs) of all
groups were analyzed using 2% Evans Blue dye on day 21. Resulfs: RUFPP rats
had higher blood pressures and increased BBB permeability to Evans Blue dve
compared with the control animals. Brain staining occurred in 11 of 14 RUPP rats
and in none of the control groups (P < .0001). Conclusions: The physiopathology
of PRES remains unclear. Here, we described the use of RUPP rats as a potential
model to better comprehend this syndrome. Key Words: Posterior reversible
encephalopathy syndrome—blood-brain barrier—experimental model—reduction
of uterine blood pressure—hypertension.
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is a clinical entity characterized by headaches, altered
mental status, seizures, and visual loss. It associated

with white matter vasogenic edema on radiologic imag-

ing, predominantly affecting the occipital and parietal
lobes of the brain.' Numerous factors can trigger the syn-
drome, most commonly an acute elevation of blood pres-
sure, renal dysfunction, and/or immunosuppressive
Lhorapy.' Pre-eclampsia (PE) is one of the most common
syndromes that is associated with PRES. Other clinical
conditions that are associated with PRES are transplanta-
tirm,1 cancer and chemotherapy treatmem,“ systemic in-

6

fections,” and acute or chronic renal diseases.™
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The most characteristic imaging pattern in PRES is the
presence of edema involving the white matter of the pos-
terior portions of both cerebral hemispheres, especially
the parieto-occipital regions, in a relatively symmetric
pattern that spares the calcarine and paramedian parts
of the occipital lobes.! However, other structures (such
as the brain stem, cerebellum, and frontal and temporal
lobes) may also be involved. The abnormality primarily
affects the subcortical white matter, but the cortex and
the basal ganglia may also be involved.”

The cause of PRES is unknown. Autoregulatory failure
with resultant vasodilation, as observed in hypertensive
encephalopathy, is often suggested as the underlying
mechanism.” On the other hand, vasospasm with
ischemic changes is also observed in some patientq.“"“
To our knowledge, a PRES animal model evaluating the
underlying mechanisms of this serious syndrome has
not yet been established. A well-established model of PE
in rats is the reduced uterine perfusion pressure
(RUPP), which is associated with arterial hypertension,
increased urinary protein excretion, reduced glomerular
filtration rate and renal plasma flow, and decreased litter
size and pup weight.'""!

The blood-brain barrier (BBB) of RUPT animals has not
been previously examined. We hypothesize that altered
permeability is present and that this model may be pro-
posed to study PRES.

Methods

All the studies were performed in age-matched, timed
pregnant Wistar rats. The animals were housed in a
temperature-controlled room (23°C) with a 12:12-hour
lightdark cycle. All the experimental procedures and
protocols executed in this study were approved by the
Institutional Animal Care and Ethics Committee from
Pontificia Universidade Catdlica do Rio Grande do Sul.

Twenty-eight pregnant rats were divided in 4 groups:
(1) pregnant-control group (n = 7); (2) RUPP group
(n = 7); (3) invasive blood pressure (IBP) group (n = 7);
and (4) reduced uterine perfusion pressure plus invasive
blood pressure (RUPP-IBP) group (n = 7).

Protocol for RUPP

The animals of the 2 groups (RUPP and RUPP-IBF)
were submitted to the intervention to reduce the uterine
perfusion pressure.

From day 13 to day 15 of pregnancy, the pregnant rats
were anesthetized with 5% of ketamine and 2% of xylazine
by intraperitoneal injection. The abdominal cavity was ap-
proached via a midline incision. The lower abdominal
aorta was exposed, and a silver clip (.2 mm interdiameter)
was placed around the aorta above theiliac bifurcation and
below the renal arteries as previously described.'*1>1?

This procedure has been shown to reduce the uterine
perfusion pressure in the gravid rat by 40%.'* The

L.C. PORCELLO MARRONE ET AL,

compensation of blood flow to the placenta occurs in
pregnant rats by an adaptive increase in the ovarian blood
flow. Consequently, a silver clip (.2 mm interdiameter)
was also placed on the main uterine branches of both
the right and left ovarian arteries.””

The RUTPP rats in which the clipping procedure re-
sulted in maternal death (n = 1) or total reabsorption
(n = 3) of the fetuses were excluded from the study. All
the other animals had at least 8 pups.

Protocol for Measurement of Invasive Blood Pressure

The animals of the 2 groups (mean invasive blood pres-
sure and RUPP-IBP) were submitted to the measurement
of mean arterial pressure (MAP).

On day 20, an arterial catheter was placed in the carotid
artery under anesthesia. On day 21, the measurement of
MAP in the conscious rat was performed using a pressure
transducer. The arterial pressure was monitored with a
pressure transducer connected to the Kananda arterial
pressure recording device (Dr. Marcio Flavio Dutra Mo-
raes, Belo Horizonte, Brazil). Kananda is a device that
transforms blood pressure measurements via sphygmo-
manometerinto records on a microcomputer inreal time. 1o

The measured blood pressure values were transferred
to the Excel 2007 software to calculate the MAT of these

groups.

Ewvaluation of the BBB by Evans Blue and Brain Tissue
Processing

The BBB permeability was evaluated in all the animals
using Evans Blue at day 21. Evans Blue dye (2% wt/volin
9% NaCl) was intravenously administered (3 mL/kg) via
the tail vein at the start of a 3-hour perfusion. At the end
of perfusion, the rats were transcardially perfused with
250 mL cold phosphate buffered saline to remove the
intravascular Evans Blue dye. The brains were then
removed and rapidly frozen in a —20°C freezer.

Brain Evaluation

All the rat brains were macroscopically evaluated by a
pathologist who was unaware of the groups. After this
analysis, the brains were prepared for a microscopic eval-
uation using an Olympus CH-30 electronic microscope
(Olympus, Tokyo, Japan). The brains were cut into
30 um coronal sections with a cryostat for microscopic
evaluation.

Statistical Analysis

Data were analyzed using Statistical Package for the So-
cial Science version 16.0 (SPSS/IBM~-Chicago, IL). The re-
sults are presented as the mean and standard deviation.
The comparisons between the groups were performed us-
ing Student ¢ test or the chi-square test.
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Figure 1. Reduced uterine perfusion pressure (RUPP) group mean arterial
pressure (MAP) increased significantly compared with the control group
(102.5 = 8.3 mm Hg vs 85.4 = 2.2 mm Hg, P < .002).

Results

The MAP in the RUPP group was significantly higher
than that of the controls (1025 *= 83 mm Hg vs
85.4 = 2.2 mm Hg, P < .002; Fig 1).

The BBB permeability was examined in the 28 rats
from the 4 groups. Evans Blue dye was detected in

Figure 2. Macroscopic and microscopic sam-
ples. Brain slices from animals subjected to
reduced uterine perfusion pressure (RUPP) after
staining with Evans Blue in the RUPP group
(A) and the control group (B); histologic sections
stained with hematoxylin and eosin (400%)
RUPP animal (C) vs control animal (D). Lower
cell density and increased perivascular space
(arrowhead) in RUPP animal (C).

3

brain parenchyma in the 2 groups that were submitted
to reduced uterine perfusion pressure (RUPP and
RUPP-IBP). Evans Blue was present in the parenchyma
of 6 of the 7 animals in the RUPP group and 5 of the 7
in the RUPP-IBP group. Only 1 hemispheric brain
staining was observed in 2 animals from each of the
RUPP groups.

In the control groups (pregnant-control and IBP
groups), there was no staining of the brain. Brain staining
occurred in 11 of the 14 RUPP or RUPP-IBP brains (Fisher
exact test, P < .0001). Macroscopic examination revealed
an intense diffused uptake, especially of the blue pigment
in the cortex of the RUPP brains (Fig 2).

On microscopic examination, histologic differences
were observed between the RUPP and the controls.
RUPP animals had an increased perivascular space,
which was not present in the pregnant-controls or
IBP (Fig 2). An interesting observation on microscopic
examination was that the cell density was reduced in
the group submitted to RUPP when compared with
the groups that were not subjected to RUPP
(79 = 1.1 cells per field X 10.6 = 1.5 cells per field,
P < .0001).

t
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Discussion

For the first time, we have demonstrated the altered
BBB permeability in the RUPP model of PE. We suggest
that this model may be used to further investigate the
pathophysiologic mechanisms involved in PRES.

The search for an experimental model that simulated
PRES made us consider using a PE animal model. In
our experience, PE is the most frequent cause of PRES
at Sao Lucas Hospital (Porto Alegre, Brazil). The RUPT
model is an established model for the study of the phys-
iopathologic features of PE and is an excellent opportu-
nity to examine the brain. The changes found in the
brains of the RUPP animals, arising from the breakdown
of the BBB, were confirmed with the macroscopic and
microscopic identification of Evans Blue dye in the cere-
bral cortex.

Anacute increase in blood pressure is a frequent finding
in PRES and a typical aspectin the RUPF model. The mech-
anism involved in the BBB breakdown is not clear. Accord-
ing to Brewer et al,” FRES is the primary central nervous
system injury in patients with eclampsia. Some of the
changes in normal pregnancy include substantially
increased levels of vasoangiogenic growth factors and cy-
tokines in the maternal circulation. However, during
normal pregnancy, the BBB adapts to prevent these circu-
lating permeability factors from entering the brain and
thus leading to vasogenic brain edema. Interestingly,
plasma from pre-eclamptic women has been found to in-
crease the BBB permeability. This suggests that an increase
in BBB permeability could permit the passage of damaging
antivasogenic and antiendothelial proteins into the brain
to cause the neurologic complications of eclampsia.

PRES is commonly observed in the setting of hyperten-
sion, most likely because of a breakdown of cerebral
blood flow autoregulation. The cerebral blood flow autor-
egulation is an intrinsic function of the brain, which is de-
signed to maintain a stable blood flow independent of the
variation of blood pressure. In animal models, an arteri-
olar dilation, injury to the capillary bed, vasogenic edema,
and vessel injury with altered artery morphology would
occur when a severe increase in blood pressure beyond
the upper limit of autoregulation was caused.'®

The histologic evaluation of the brains allowed us to
verify that the Evans Blue dye was only found in animals
that were subjected to the RUPP model. Some changes
may be evidenced in the RUPT samples in which there
is a persistently expanded perivascular space that ap-
pears to be empty and without any dye stains; this may
correspond to perivascular edema. The lower cell density
may also indicate that these cells are more spaced by
interstitial edema in the RUPP groups.

In humans, the abnormal findings are mainly in the pos-
terior areas of the brain for unknown reasons. The anterior
cerebral circulation, via carotids and arteries, has more
autonomic receptors than the posterior circulation via the

L.C. PORCELLO MARRONE ET AL.

vertebrabasilar system.'””” This fact can be a potential
difference that leads to the predominance of PRES in the
posterior lobes. If the cerebral autoregulation is more
sensible in the posterior circulation, this predisposes
patients to an autoregulation breakdown in this vascular
zone. In this model, all the encephalic parenchyma
showed an increased permeability of the BBB because
this vascular difference is not present in Wistar rats.*” In
addition, a difference in the brain territories is not
described in rats. We speculate that this may explain the
lack of preference for alteration in the posterior regions
of the rat brain.

The reversibility of the increased permeability of the
BBB is observed in a few clinical situations. When tissue
damage occurs as a result of brain tumors, infection,
and vascular disorders, the permeability of the BBB re-
mains persistently increased. In these cases, there is a
change in the anatomic substrate of the BBB that includes
a functional synergism between the various tissue ele-
ments.”’ The reversibility of transient BBB permeability
was observed in previous experimental studies that
induced seizures in rats, suggesting functional changes
in the permeability of the BBB. Thus, the electrophysio-
logic changes determined by the seizures could explain
the changes in the selectivity of the BBB to dyes.” The ma-
jor limitation of this model is that we were unable to
verify the reversibility of cerebral edema. The reduced
uterine perfusion was obtained by a mechanical mecha-
nism; the clip was permanent. We believe that the evalu-
ation of the reversibility of cerebral edema development
and evolution could be monitored with the help of neuro-
imaging evaluations in the future.

In summary, the physiopathology of PRES remains enig-
matic. In this article, we suggested for the first time the use
of the RUPP model as a PRES model, which we believe will
be crucial for a better comprehension of this syndrome.
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Abstract

Introduction: Posterior reversible encephalopathy syndrome (PRES) is a clinicoradiologic
syndrome not yet understood, that’s present with transient neurologic symptoms and
particular radiological findings. There are no articles that describe the clinical differences
between patients with PRES that involve carotid and vertebro-basilar circulation.

Methods: We review the cases of 54 patients with diagnosis of PRES. The patients were
divided in two groups (1- exclusively in posterior zones and 2- anterior plus posterior zones
or exclusively anterior zones). The clinical differences between these two groups were
evaluated.

Results: We evaluated 54 patients with posterior reversible encephalopathy syndrome with a
mean age of 28,5 years old (9 men and 45 women). The mean of the systolic blood pressure
among patients with lesions only in posterior zones was 162.1 mmHg and 179.2 mmHg in the
other group. The most common symptoms in the two groups were headache and visual
disturbances.

Discussion: The higher blood pressure to develop PRES with involvement of carotid vascular
territory is one of the most important differences between the two groups. This difference
probably occurs because a large number of autonomic receptors in carotid artery when
compared with vertebra-basilar system.

Key words: Posterior reversible encephalopathy syndrome, PRES, cerebral autoregulation,
cerebral edema, blood pressure.
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Introduction

Posterior reversible encephalopathy syndrome (PRES) is a clinicoradiologic entity
characterized by headaches, altered mental status, seizures, and visual disturbance and is
associated with white matter vasogenic edema predominantly affecting the posterior occipital
and parietal lobes of the brain. [1]

Many factors can act as a trigger of this syndrome, the most common are the acute
elevation of blood pressure, like during eclampsia, abnormal renal function and
immunosuppressive therapy. [1,2] Other possible etiologies already described are
autoimmune diseases [3], allogeneic bone marrow and solid organ transplantation [4,5],
neoplasia and chemotherapy treatment [6,7] and systemic infections. [8]

The pathophysiology of PRES remains unclear. Two pathophysiologic mechanisms
have been proposed regarding cerebral autoregulation: cerebral vasospasm, which results in
cytotoxic edema [7,8], and vasodilatation, which results in vasogenic edema. [3,9-10]

The most characteristic imaging pattern in PRES is the presence of an edema
involving the white matter of the posterior portions of both cerebral hemispheres, especially
the parieto-occipital regions, in a relatively symmetric pattern that spares the calcarine and
paramedian parts of the occipital lobes. [1,3,11-12] (Figure 1) However, other structures such
as the brain stem, cerebellum, and frontal and temporal lobes may also be involved, and
although the abnormality primarily affects the subcortical white matter, the cortex and the
basal ganglia may also be affected. [5,12-13]

The majority of the articles published about PRES are case reports or small series; few
papers explore the differences between some subgroups of this disorder.

Methods

It was performed a review of 59 cases of PRES that were admitted in the Neurologic
Service of Hospital Sdo Lucas-PUCRS or that were assisted in other units of the same
hospital by our service from February 2009 to December 2015. All patients were submitted to
a brain magnetic resonance image (MRI). Of these 59 patients, 5 were excluded for being
younger than 12-years-old.

It was evaluated the following data: age, sex, previous diseases, the neurologic
manifestations, the highest blood pressure during the neurologic presentation, the highest
creatinine during the period of observation and the neuroimaging alterations in brain MRI.

A neurologist/neuroanatomist with more than 40 years of experience (Marrone ACH),
who had no contact with the patient’s clinical data, analyzed all the brain MRI to evaluate the
anatomic distribution of the lesions [1- exclusively in posterior zones (vertebrobasilar
vascular territory) and 2- anterior (carotid vascular territory) plus posterior zones or
exclusively anterior zones].

The highest blood pressure was measured during the 48 hours before the neurologic
manifestation and the highest creatinine was analyzed during a mean period of two week
before the neurologic manifestation.

We analyzed our data using the Statistical Package for the Social Sciences (SPSS)
version 19 was used. We applied Chi-square test or Mann-Whitney for comparing data with
non-parametric distribution. A p value of <0.05 was considered significant. All of the
procedures and protocols executed in this study were approved by the Institutional Ethics
Committee from Pontificia Universidade Catolica do Rio Grande do Sul.
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Results

We evaluated 54 patients with posterior reversible encephalopathy syndrome with a
mean age of 28.5 years old (9 men and 45 women). Most commom etiologies were disorders
related to pregnancy (57.4%), followed by hypertensive crisis (11.1%), autoimmune disorders
(11.1%) and others.

The patients were divided in two groups (1- exclusively in posterior zones and 2-
anterior plus posterior zones or exclusively anterior zones). Nineteen patients had only
cerebral alterations in posterior zones and 35 patients had involvement of anterior zones (4
patients had lesions in only in the anterior zones).

Among the 19 patients with only posterior zones involvement, 14(73.3%) had
disorders related to pregnancy; and among 35 patients with anterior zones involvement 18
(51.4%) had disorders related to pregnancy (p=0.112; y2=2.527).

The mean value of the systolic blood pressure among patients with lesions only in
posterior zones was 162.1mmHg and 179.2mmHg in the other group (p=0.01; Mann-
Whitney).

The most common symptoms in the two groups were headache and visual
disturbances, with 87% and 74.1%, respectively. Headache was the only symptom
significantly more common among less extensive PRES (100% x 87%; p=0.036, y2=4.366).

The main important differences of these two groups are represented in table 1.

Discussion

Since the first description of PRES in 1996, many articles were published; however
the precise pathophysiological mechanism remains unclear. [1] In 2000, Casey et al proposed
the term Posterior Reversible Encephalopathy Syndrome (PRES). [14] Few papers analyzed if
the location of the brain MRI alterations causes differences in symptoms and prognosis or
have an association with the possible triggers for this disorder. [15]

The cause of PRES is not yet complete understood. Two theories try to explain the
physiopathology of PRES. The vasogenic theory suggests that an increase in blood pressure
exceeding the cerebrovascular autoregulatory limits leads to vasodilation followed by
disruption of the blood-brain barrier. The endothelial theory suggests that the factor that leads
to blood-brain barrier disruption is endothelial damage.

In this study, we also demonstrate that the level of blood pressure had relation with the
location of the alteration in brain MRI. It is necessary a higher blood pressure to develop a
blood-brain barrier disruption in the anterior circulation zones. The autonomic system is
important to the control of cerebral autoregulation. The lack of autonomic innervation in the
posterior vessels could explain the PRES topographic predilection for posterior zones. [16]
This clinical scenario is more favorable to the vasogenic physiopathology theory.

In a rat model of pre-eclampsia, we demonstrated that the mean blood pressure had a
particular importance in the blood brain barrier disruption in the evaluation of a possible
model of PRES. [17]

Liman and colleagues performed the investigation of the mean arterial pressure in
different groups of patients with PRES and found in infection (131mmHg), auto-imune
disorders (123mmHg), eclampsia (119mmHg) and chemotherapy (110mmHg). [18] In a
previous paper of our group, we identified that the systolic blood pressure necessary to cause
PRES in a group of pregnant patients is inferior to the systolic blood pressure in patients with
other causes not related with pregnancy (162mmHg x 185mmHg). [19]
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In a cohort of 50 patients, Kastrup described that 66.5% of lesions in PRES affected
the anterior circulation and only 6% showed isolated occipital involvement. [15] This
contrasts with our findings, which showed similar rates of anterior circulation lesion (64.8%)
but much higher rate of isolated occipital edema (35.2%). One possible explanation is the low
rate of pregnant-related PRES in their cohort (16.1%) as compared to ours (59.3%).
Pregnancy-related PRES comprised 73.3% of isolated occipital involvement, thus explaining
in part this discrepancy. Other studies corroborate the high frequency of PRES in pregnant
patients, [19,20] including the study of Brewer and colleagues which raises the hypothesis
that PRES is the pathophysiological substrate of eclampsia. [19]

There are some anatomo-physiological differences between carotid and vertebro-
basilar circulation that can explain why PRES occurs so easily in occipital regions and at
lower pressures thresholds. One important difference is autonomic innervation. [16] Density
of autonomic innervation is much higher in the anterior circulation, providing better control of
cerebral autoregulation in the vascular territory. This would lead the vertebro-basilar
circulation more susceptible to abrupt blood pressure variations and blood-brain-barrier
disruption. Also, it explains how higher pressures also affects the carotid or anterior
circulation, bypassing this ‘autonomic advantage’.

We speculate that the alteration in anterior zones is a hallmark of severity in PRES.
This fact probably has a direct relation with the higher blood pressure to develop PRES with
involvement of carotid vascular territory showed in this paper.
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Table 1: Differences between involvement of posterior and anterior circulation in PRES.

Posterior circulation Anterior P value
circulation
Age 26.6 +-10.4 29.5+-13.9 0.643 (Mann-
Whitney)
Gender - Female 17 (89.5%) 28 (80%) 0.372 (x2=0.796)
Male 2 (10.5%) 7 (20%)
Pregnancy 14 (73.7%) 18 (51.4%) 0.112 (y2=2.527)
Systolic blood | 162.1 +- 23.1 179.2+- 25.3 0.01 (Mann-
pressure Whitney)*
Mean arterial | 115.4 +- 14.7 126.2 +- 16.4 0.009 (Mann-
pressure Whitney)*
BBB break > | 3(15.8%) 16 (45.7%) 0.028 (y2= 4.836)*
180mmHg
Creatinine 1.62 +- 2.5 1.94 +-2.9 0.379 (Mann-
Whitney)
Headache 19 (100%) 47 (87%) 0.037 (y2=4.366)*
Visual alterations 16 (84.2%) 24 (68.6%) 0.210 (42=1.568)
Seizure 7 (36.8%) 20 (57.1%) 0.154 (42=2.030)
Altered  state  of | 5(26.3)% 17 (48.6)% 0.112 (y2= 2.527)
consciousness
Total 19 (35.2%) 35(68.2%) | e

*P<0.05 - significantly differences between groups.

Figure 1: Brain MRI (FLAIR): (A): PRES showing in posterior circulation; (B): PRES

showing in anterior and posterior circulation.
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Abstract
Introduction

Posterior reversible encephalopathy syndrome (PRES) is a clinicoradiologic syndrome
characterized by headaches, altered mental status, seizures, and visual disturbance and is
associated with particular neuroimage findings. Disorders related to pregnancy are one of the
most common causes of PRES. In a rat model of pre-eclampsia, it was demonstrated that the
mean blood pressure had a particular importance in the blood brain barrier disruption in the
evaluation of a possible model of PRES.

Methods

Pregnant rats were divided in two groups: Reduction of Uterine Perfusion Pressure (RUPP)
group (n:10) and pregnant control group (n:6) . Animals of the RUPP group underwent the
procedure to reduce uteroplacental perfusion pressure. The animals of both groups were
submitted to two microPET-CT scans with 18F-FDG (before and after the delivery) and seven
after the delivery, we evaluate the permeability of blood brain barrier using Evans blue.

Results

Evaluating the results of microPET-CT scans with ®F-FDG in the ten animals that were
submitted to RUPP procedure in comparison with the six pregnant controls animals, there is a
cerebral hypometabolism in the microPET-CT realized in period before the delivery in the
group of rats that underwent RUPP. In the postpartum period this result is inversed and the
group of animals subjected to the procedure presents a cerebral hypermetabolism when
compared to control group. In 8 of 10 animals (80%) that were submitted to RUPP procedure
had the Evans blue pigment in brain parenchyma, which was not found in any of six animals
of the control group.

Conclusion

In this study we described a pattern of lower glucose cerebral metabolism in Wistar rats
submitted to RUPP procedure before the delivery and an inversion of this result after the
delivery. It is possible that hypertension leads to blood brain barrier disruption that causes
cerebral edema. During the period of cerebral edema, the brain has a reduction of glucose
cerebral metabolism. The correction of the level of glucose cerebral metabolism demonstrated
in the microPET-CT with ®F-FDG, can be the beginning of the resolution of the other
alterations.
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Introduction

Posterior reversible encephalopathy syndrome (PRES) is a clinicoradiologic syndrome
characterized by headaches, altered mental status, seizures, and visual disturbance and is
associated with white matter vasogenic edema predominantly affecting the posterior occipital
and parietal lobes of the brain. [1]

The most common radiological presentation of PRES is an increase of signal in T2-
FLAIR in both parieto-occipital lobes. [1,2] However, other structures such as the brain stem,
cerebellum, and frontal and temporal lobes may also be involved, and although the
abnormality primarily affects the subcortical white matter, the cortex and the basal ganglia
may also be affected. [3,4]

The pathophysiology of PRES remains unclear, however it appears to be related to

cerebral vascular autoregulation failure. The cerebral autoregulation maintains the cerebral
blood flow constant over a range of mean blood pressure by arteriolar vasoconstriction and
vasodilatation. [5] If the upper limit of cerebral autoregulation is exceeded, the arteriolar
system will dilate leading to brain hyperperfusion and blood brain barrier disruption allowing
a cerebral edema. [5,6] Many factors can act as a trigger of this syndrome, the most common
are the acute elevation of blood pressure, like during eclampsia, abnormal renal function and
immunosuppressive therapy. [1,2]

In a previous paper of our group, we identified disorders related to pregnancy as the
most common cause of PRES. In this study, the systolic blood pressure reported in beginning
of PRES symptoms in a group of pregnant patients was inferior to the systolic blood pressure
in patients with other causes not related with pregnancy (162mmHg x 185mmHg). This
difference may represent a facility for developing PRES in this group of patients. [7]

In a rat model of pre-eclampsia, Porcello-Marrone and colleagues (OU we)
demonstrated that the mean blood pressure had a particular importance in the blood brain
barrier disruption in the evaluation of a possible model of PRES. [8] A very similar results
were described by Warrington and colleagues. [9] In this model, it was performed the
procedure named: “Reduction of Uterine Perfusion Pressure (RUPP)”, that is a well
established model associated with arterial hypertension; increased urinary protein excretion;
reduced in glomerular filtration rate and renal plasma flow; decreased litter size and pup
weight. [10,11]

The aim of this study is to evaluate the potential of reversibility of the cerebral
modification (glucose cerebral metabolism and blood brain barrier disruption) in the rat model
of RUPP.

Methods

All the studies were performed in age-matched, timed pregnant Wistar rats. The
animals were housed in a temperature-controlled room (23°C) with a 12:12-hour light:dark
cycle. Sixteen pregnant rats were divided in 2 groups: (1) pregnant-control group (n: 6) and
(2) RUPP group (n:10).

All the experimental procedures and protocols executed in this study were approved
by the Institutional Animal Care and Ethics Committee from Pontificia Universidade Catolica
do Rio Grande do Sul.
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Protocol for RUPP

The animals of the group RUPP were submitted to the intervention to reduce the
uterine perfusion pressure. From day 13 to day 15 of pregnancy, the pregnant rats were
anesthetized with 5% of ketamine and 2% of xylazine by intraperitoneal injection. The
abdominal cavity was approached
via a midline incision. The lower abdominal aorta was exposed, and a silver clip (.2mm
interdiameter) was placed around the aorta above the iliac bifurcation and below the renal
arteries as previously described. [11,12]

This procedure showed to reduce the uterine perfusion pressure in the gravid rat by
40%. The compensation of blood flow to the placenta occurs in pregnant rats by an adaptive
increase in the ovarian blood flow. Consequently, a silver clip (.2 mm interdiameter) was also
placed on the main uterine branches of both the right and left ovarian arteries. [12,13]

The RUPP rats in which the clipping procedure resulted in maternal death or total
reabsorption of the fetuses were excluded from the study. All
the other animals had at least 6 pups.

MicroPET-CT

All animals were transported to the Preclinical Research Center in Instituto do
Cérebro-PUCRS at least 24 hours before the microPET scans. The rats were individually
anesthetized using a mixture of isoflurane and medical oxygen (3-4% induction and 2-3%
maintenance dose) and 1mCi of **F-FDG was administered through the tail vein.

The animals were returned to the home cage for a 30 minute period of conscious tracer
uptake. After the uptake period, the rat was placed in a head-first prone position and scanned
with the Triumph™ MicroPET (TriFoil Imaging Inc, Northridge, CA, USA) under inhalatory
anesthesia. For radiotracer readings, one hour list mode static acquisitions were acquired with
the field of view centered on the rat’s brain. Each reconstructed microPET image was
spatially normalized into an *®F-FDG template [14] using brain normalization in PMOD v3.6
and the Fusion Toolbox (PMOD Technologies, Zurich, Switzerland). The glucose cerebral
metabolism was expressed as standard uptake values (SUVs) in whole brain. [15,16]

Evaluation of the Blood Brain Barrier by Evans Blue and Brain Tissue Processing

The blood brain barrier permeability was evaluated in all the animals using Evans
Blue seven days after the delivery. Evans Blue dye (2% wt/vol in .9% NaCl) was
intravenously administered (3 ml/kg) via the tail vein at the start of a 3-hour perfusion. At the
end of perfusion, the rats were transcardially perfused with 250 mL cold phosphate buffered
saline to remove the intravascular Evans Blue dye. The brains were then removed and rapidly
frozen in a -20°C freezer.

Brain Evaluation

All the rat brains were macroscopically evaluated. After this analysis, the brains were
prepared for a microscopic evaluation using an Olympus CH-30 electronic microscope
(Olympus, Tokyo, Japan). The brains were cut into 30 mm coronal sections with a cryostat for
microscopic evaluation.
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Statistical Analysis

Categorical data were analyzed using Fisher's exact test. To analyze the quantitative
variables concerning the cerebral glucose metabolism measures, we used the Student t test.

During the analysis, we do not realize the adjustment for multiple comparisons. Many
authors consider that the application of the adjustment for multiple comparisons decreases the
ability of an exploratory approach of generating hypotheses. [17,18]

The data were processed and analyzed using SPSS version 22.0. The significance level
was defined as a = 0.05.

Results

Evaluating the blood brain barrier disruption, Evans blue dye was detected in brain
parenchyma in eight of ten (80%) rats of RUPP group and in none of the five rats of group
control.(p<0.005)

On evaluation of *®F-FDG in the microPET-CT scans, we identified that animals of
RUPP group had a reduction of glucose cerebral metabolism when compared to control group
in the exam performed before the delivery. However, after the delivery, occurs an inversion of
these results, and the RUPP group presents an elevation of glucose cerebral metabolism when
compared to control group.

The values of glucose cerebral metabolism in whole brain evaluated by the microPET-
CT scans were more similar in the group control (mean of group range from 2.553 SUV
during the pregnancy to 2.441 SUV after the delivery); and had an increase in RUPP group
(mean of group range from 2.269 SUV during the pregnancy to 2.661 SUV after the delivery).
This difference was significantly. (p=0.039)

If we exclude the animal of RUPP group that had no Evans blue dye detected in this
analyze, the difference of glucose cerebral metabolism among the exams realized before and
after the delivery increases (mean of group range from 2.331 SUV to 2.807 SUV; p=0.028).
(Figure 1)

Figure 2 shows a microPET-CT scans of a rat of RUPP group and a rat of a control
group with their exams realized after e before the delivery.

Discussion

Previous articles established that in RUPP model occurs hypertension, increased
urinary protein excretion; reduced in glomerular filtration rate and renal plasma flow;
decreased litter size and pup weight. [10-12] Brain changes were posteriorly described,
showing disruption in blood brain barrier and cerebral edema in rats submitted to RUPP. [8-9]
There are no studies that shows the reversibility of these cerebral modifications.

In this paper, we tried to demonstrate the reversibility of these brain alterations in rats.
There are some disorders (in particular, PRES) that are characterized by transitory changes
during the pregnancy following by a complete or partial resolution of the clinical
manifestations after the delivery. The resolution of this clinical situation probably is due the
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correction of blood pressure. [1,7] The knowledge of these cerebral changes can help the
clinicians to perform a better conduct to resolve these disorders.

In a previous article, Evans blue was already detected in RUPP rats brains in the
ending of pregnancy. [8] In this study, Evans blue dye was detected seven days after the
delivery in the brain parenchyma. This particular technique for evaluation of blood brain
barrier possibly is not the best way to describe the reversibility of cerebral changes. However,
it is possible that the same procedure realized with a large interval can lead us for another
result. How many days blood brain barrier needs to reorganize in this situation?

Other possibility to answer this question is evaluating the glucose cerebral
metabolism. It was already described that cerebral areas with edema present reduction of
glucose metabolism. [19]

Evaluating the results of this study, we identified a modification of glucose cerebral
metabolism (analyzed by **F-FDG microPET-CT scans) of pregnant rats that were submitted
to RUPP, which was not identified in control group. We think that the changes in glucose
cerebral metabolism can be the beginning of the resolution of brain alterations.

We speculate that hypertension leads to blood brain barrier disruption that causes
cerebral edema. During the period of cerebral edema, the brain has a reduction of glucose
cerebral metabolism. The normalization of the level of glucose cerebral metabolism after the
delivery can be the beginning of the resolution of the other alterations.

New studies are necessary to elucidate the cerebral changes described in PRES and in
this rat model. We think that this paper can contribute to a better understand of this syndrome
and this relation with blood brain barrier and cerebral glucose metabolism. The cause of
PRES is a question that remains enigmatic.
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Figure 1: Mean of cerebral glucose metabolism (in SUV): mean of group Control range from
2.553 SUV during the pregnancy to 2.441 SUV after the delivery; mean of group RUPP range
from 2.331 SUV during the pregnancy to 2.807 SUV after the delivery

Figure 2: Brain microPET with 18F-FDG. In (A) a RUPP rat before the delivery; in (B) a
RUPP rat after the delivery; in (C) a Control rat before the delivery; and in (D) a Control rat
after the delivery.



Anexo M - Metabolismo de glicose em SUV em todas areas encefalicas estudadas em

todos animais
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Avaliacdo da variacao do metabolismo de glicose em todas areas encefalicas estudadas

em todos animais

Area Encefélica Média  limite inferior limite superior p
Total Group ,60900 ,06400 1,15500 ,03100
AcbCore Shell L o ,69400 ,08600 1,30300 ,02800
Achore_SheII_R_o , 75400 ,11300 1,39500 ,02500
Amygda|_a_|__o_ ) 52400 03300 1,01600 03800
Amygdala_R_o ,52700 ,02200 1,03300 ,04200
CaudatePutamen L o ,64900 -,00200 1,30100 ,05100
Caudateputamen_R_o ,64000 -,00900 1,29000 ,05300
CortexAuditory_I___; ,57500 ,03600 1,11400 ,03800
CortexAuditory R_o ,58700 ,06800 1,10700 ,03000
CortexCingulate_L_o ,71600 ,06300 1,37000 ,03400
CortexCingulate_R_o ,69700 ,05600 1,33900 ,03500
CortexEntorhinal L o ,58000 ,08900 1,07200 ,02400
CortexEntorhinaI_R_o ,57600 ,08500 1,06800 ,02500
CortexFrontal Association_o 59800 14300 1,05300 ,01400
CortexFrontal o ,54500 ,07600 1,01300 ,02600
Cortexlnsular_L 0 ,64100 ,11000 1,17100 ,02200
Cortexlnsular_R_o ,55500 ,02800 1,08100 ,04000
CortexMedialPrefrontal_L_o ,80000 10500 1,49500 ,02700
CortexMedialPrefrontal_R_o ,80100 13400 1,46700 ,02200
CortexMotor L o ,61200 ,07700 1,14800 ,02800
CortexMotor_R_o ,56200 ,03000 1,09400 ,04000
CortexOrbito;ro;taI Lo 179100 119400 1,38800 ,01300
CortexOrbitofrontaI_R_o ,72000 ,12700 1,31200 ,02100
CortexParA L o o ,61400 ,07200 1,15700 ,02900
CortexParA_R_o ,57700 ,03900 1,11400 ,03700
CorteXRetro_sp;nial_L_o ,59700 ,06200 1,13200 ,03100
CortexRetrosplenial_R_o ,61300 ,07400 1,15200 ,02900
CortexSomatosensory L o 63500 07600 1,10400 02900
CortexSomatosensory_R_o ,60400 ,03800 1,16900 ,03800
CortexVisual L o ,53800 ,00800 1,06700 ,04700
CortexVisuaI_R_o ,52800 ,00500 1,05200 ,04800
HippocampusAnteroDorsal_L_o 66600 ,07100 1,26200 ,03100
HippocampusAnteroDorsal_R_o 166600 ,06300 1,27000 ,03300
HippocampusPosterior L o 51800 -,01900 1,05700 05800
HippocampusPosterior R 0 ,50800 -,02300 1,03900 ,05900
Hypothalamus_L_o ,60400 ,08300 1,12400 ,02600
Hypothalamus_R_o ,64400 ,12900 1,15800 ,01800
,70300 ,13100 1,27500 ,02000

Olfactory L_o




Area Encefélica Média  limite inferior limite superior p
Olfactory R_o ,71400 ,15500 1,27300 ,01600
SuperiorColliculus_L o ,69000 ,03800 1,34300 ,04000
SuperiorColliculus_R_o ,68800 ,04800 1,32900 ,03700
Midbrain L o ,65200 ,05800 1,24600 ,03400
Midbrain_R_o ,64900 ,05200 1,24600 ,03500
VTA L ; ) ,61100 ,09700 1,12600 ,02300
VTA_R_o ,63600 ,09400 1,17700 ,02400
CBgr;y__L_o ,50100 -,03300 1,03600 ,06400
CBgrey R o ,48800 -,04200 1,02000 ,06900
CBwhite L o ,61500 -,04700 1,27900 ,06600
CBWhite_R_o ,59700 -,03700 1,23200 ,06300
InferiorC_oIIi_cqus Lo ,77300 ,13000 1,41500 ,02200
InferiorCoIIicqus_R_o ,76200 ,10500 1,41800 ,02600
ThalamusWhole ; ; ,72600 ,09300 1,36000 ,02800
ThalamusWhoIe_R_o ,72800 ,10100 1,35400 ,02600
Pituitary_o o ,51200 ,11200 ,91200 ,01600
CBbloodflow o ,62300 -,15800 1,40400 ,10900
CentraICanaH;AG 0 ,57300 -,04500 1,19200 ,06700
Pons o ) ,58700 ,13000 1,04500 ,01500
Septu_m_o ,65600 ,08000 1,23100 ,02900
,59500 -,01300 1,20500 ,05500

Medulla_o
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Avaliacdo da variacdo do metabolismo de glicose em todas &reas encefélicas estudadas
excluindo os animais do grupo RUPP que ndo apresentaram pigmentacgéo pela Azul de

Evans
Area Encefélica Média  limite inferior  limite superior p
,63100 ,00600 1,25500
Total Group 0,048
,73900 ,00800 1,47000
AcbCore_Shell_L o 0,048
AcbCore Shell R o ,79600 ,03100 1,56100 0,043
Amygdala_L_o ,53900 -,04900 1,12800 0,069
Amygdala_R_o ,54300 -,06200 1,14900 0073
,65300 -,11400 1,42100
CaudatePutamen_L._o 0,087
CaudatePutamen R o ,64900 -,11300 1,41100 0.087
, 7 -01 11 '
CortexAuditory L o 58700 01500 19000 0,055
; ,60300 ,02400 1,18200
CortexAuditory R_o 0,042
CortexCingulate_L_o ,79100 ,04500 1,53600 0.04
CortexCingulate_R_o ,77000 ,04900 1,49000 0039
CortexEntorhinal_L_o 59200 ,01000 1,17300 0.047
CortexEntorhinal_R_o 58600 01100 1,16200 0.046
CortexFrontal Association_o 68400 18900 1,17900 0.011
,62100 ,09300 1,15000
CortexFrontal_o 0,025
CortexInsular_L_o ,68400 ,05100 1,31700 0,037
,57900 -,04300 1,20200
CortexInsular_R_o 0,065
CortexMedialPrefrontal_L_o 85400 02600 1,68200 0.044
CortexMedialPrefrontal_R_o 85700 ,05900 1,65500 0.038
CortexMotor_L_o ,67000 ,08600 1,25500 0,029
CortexMotor_R_0 ,61900 ,03000 1,20700 0041
CortexOrbitofrontal_L_o 86200 15300 1,57000 0.022
CortexOrbitofrontal_R_o /77900 ,08000 1,47700 0.032
CortexParA_L_o ,64100 ,07000 1,21300 0,031
,59800 ,02400 1,17200
CortexParA_R_o 0,043
CortexRetrosplenial_L_o 61800 06600 1,17100 0.031
CortexRetrosplenial_R_o 64400 09500 1,19300 0.025
CortexSomatosensory_L_o 67800 05800 1,29800 0.035
CortexSomatosensory R_o 64600 01200 1,28100 0.046
CortexVisual_L_o ,55600 ,01600 1,09600 0,045
; ,55500 ,00600 1,10300
CortexVisual_R_o 0,048
HippocampusAnteroDorsal_L_o ,69900 ,00400 1,39500 0,049
HippocampusAnteroDorsal_R_o 69600 -,00400 1,39800 0,051
HippocampusPosterior_L_o 53800 -,10000 1,17600 0,09
HippocampusPosterior_ R_0 53700 -,09200 1,16600 0,087
Hypothalamus_L._o ,63400 ,02100 1,24600 0.044
Hypothalamus_R_o ,66800 ,05200 1,28500 0036
74| 1,42
Olfactory_L_o ,74000 ,05300 42600 0,037
,76100 ,09200 1,42900
Olfactory R_o 0,03
SuperiorColliculus_L_o /70400 -,03900 1,44700 0.061
SuperiorColliculus_R_o ;71100 -,00300 1,42600 0,051




Area Encefélica Média  limite inferior  limite superior p
; ; ,64400 -,05100 1,34100
Midbrain_L_o 0,066
; ; ,64500 -,04800 1,33900
Midbrain_R_o 0,065
VTA L o ,60000 -,00090 1,20200 0.05
,63000 ,00600 1,25400
VTA R 0 0,048
CBgrey L_o ,48800 -,10100 1,07800 0,095
CBgrey R 0 ,47300 -,10500 1,05100 0099
; ,59800 -,14700 1,34400
CBWhIte_L_O 0,105
; ,57700 -,13700 1,29200
CBWhIte_R_O 0,103
InferiorColliculus_L_o 80100 ,08800 1,51400 0.031
InferiorColliculus_R_o 80300 08200 1,52300 0.032
,75700 ,02100 1,49400
ThalamusWhole_L_o 0,045
ThalamusWhole R o ,75400 ,03000 1,47900 0,043
i ,52800 ,06000 ,99500
Pituitary o 0,03
CBbloodflow o ,60600 -,29100 1,50400 0.165
57400 13300 1,28300 '
CentralCanalPAG_o 0,102
7 1,101
Pons_o ,57900 ,05800 ,10100 0032
Septum_o ,66200 -,01800 1,34400 0,085
Medulla o ,58900 -,14900 1,32700

0,105
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Avaliacdo da variacdo do metabolismo de glicose em todas &reas encefélicas estudadas
excluindo os animais com menor ninhada

. limite limite

Area Encefélica Média inferior  superior p

Total Group ,78500 ,19600  1,37500 0,014
AcbCore_Shell_L_o ,88500 ,21300  1,55600 0,015
AcbCore_Shell_R_o ,95600 ,25100  1,66000 0,013
Amygdala_L_o 69100 16800  1,21500 0015
Amygdala_R_o ,71100 ,18900  1,23200 0,012
CaudatePutamen_L_o ,83600 ,10600  1,56700 0,029
CaudatePutamen_R_o ,82300 ,08800  1,55900 0,032
CortexAuditory L_o ,73600 ,13600  1,33600 0,021
CortexAuditory R_o ,76400 ,21300  1,31600 0011
CortexCingulate_L_o ,91600  ,19100  1,64000 0018
CortexCingulate_R_o 88300 16700  1,59800 0,02
CortexEntorhinal_L_o ,75000 21900  1,28000 0011
CortexEntorhinal_R_o ;75500 24500  1,26600 0.008
CortexFrontal Association_o 66400 11600  1,21200 0022
CortexFrontal_o ,63500 ,09200 1,17900 0,026
CortexInsular_L_o ,80300 ,21700  1,38800 0,012
Cortexinsular R o 72700 16000  1,29400 0017
CortexMedialPrefrontal_L_o 1,03400 27300  1,79500 0013
CortexMedialPrefrontal_R_o 1,01700  ,28200  1,75200 0012
CortexMotor_L_o 75400 13900  1,36900 00rt
CortexMotor_ R_0 ,71200 ,11200 1,31200 0,024
CortexOrbitofrontal_L_o /93500 ,23300  1,63600 0014
CortexOrbitofrontal_R_o 86700 18200  1,55300 0018
CortexParA_L o 75600 13900  1,37300 -
CortexParA_R_0 75100 17100  1,33100 0016
CortexRetrosplenial_L_o ;72800 11700 1,33900 0024
CortexRetrosplenial_R_o ;73600 11900  1,35300 0,024
CortexSomatosensory_L._o ;78800 15600  1,42000 0,019
CortexSomatosensory_R_0 ;78300 16800  1,39900 0017
CortexVisual_L_o 67400 07400  1,27500 0031
CortexVisual_ R_o ,69300 ,13100  1,25400 002
HippocampusAnteroDorsal_L_o 84900 19600  1,50200 0,016
HippocampusAnteroDorsal_R_o ,85000  ,18100  1,52000 0,018
HippocampusPosterior_L_o ,68300  ,10000  1,26700 0026
HippocampusPosterior_R_o 67100 ,09200  1,25000 0027
Hypothalamus_L_o 76100 20100  1,32100 0012
Hypothalamus_R_o ,80000 ,23100  1,36800 0011
Olfactory_L_o 86600 21900  1,51200 0014
Olfactory R_o ,87400 ,24000  1,50800 0,012
SuperiorColliculus_L_o /90800  ,21400  1,60200 0015
SuperiorColliculus_R_o 89500 21900  1,57100 0,014
Midbrain L o ,84800 ,21900  1,47700

0,013




) limite limite
Area Encefélica Média inferior  superior p
; ; ,84400 ,21100  1,47700
Midbrain_R_o 0,013
,77700 ,22100  1,33300
VTA L_o 0,011
,80900 ,23900  1,38000
VTA_R_o 0,01
CBgrey L o ,67300 ,10500  1,24200 0,024
CBgrey R 0 66700 11400  1,22100 0022
; ,83900 ,14800  1,52900
CBWhIte_L_O 0,021
; ,81700 ,15900  1,47500
CBWhIte_R_O 0,019
InferiorColliculus_L_o ,98000 29800 1,66200 0.009
InferiorColliculus_R_o 95500 124300 1,66600 0.013
ThalamusWhole L o ,92800 ,24300  1,61300 0,013
ThalamusWhole R o ,92200 ,24800  1,59700 0,012
. ,55600 ,07700  1,03500
Pituitary o 0,027
CBbloodflow o ,89700 ,09300  1,70100 0,032
78100 14100 142100 ’
CentralCanalPAG_o 0,021
71 222 1,217
Pons_o ,71900  ,22200 ,21700 0,009
Septum_o ,83300 ,19700  1,47000 0,015
Medulla o ,85200 ,26900  1,43500

0,008
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Anexo N- Avaliac¢do do metabolismo de glicose em todas areas encefalicas estudadas em

todos animais

nrato RUPP1  RUPP2 RUPP3 RUPP4 RUPP5 RUPP6 RUPP7 RUPP8 RUPP9 RUPP10  Contri  Contr2  Contr3  Contr4  Contr5  Contr6

Grouppré 2,74 2,73 1,48 2,21 1,87 1,84 2,66 2,62 242 1,97 2,46 2,81 2,20 2,26 3,04 2,34
AcbCore_Shell_L_opré 3,02 3,19 1,61 2,53 2,18 2,12 3,08 2,78 2,53 2,07 2,91 317 245 2,54 340 243
AcbCore_Shell_R_opré 3,15 3,28 1,64 2,58 2,21 2,12 3,16 2,80 2,56 2,10 2,99 3,29 2,52 2,57 346 243
Amygdala_L_opré 2,39 247 1,16 1,94 1,65 1,57 2,35 1,92 2,01 1,53 2,18 242 1,85 1,92 2,46 1,82
Amygdala_R_opré 247 248 1,19 2,01 1,62 1,58 2,33 2,04 1,95 1,55 2,22 2,46 1,88 1,91 2,49 1,82
CaudatePutamen_L_opré 3,26 335 1,72 2,66 2,26 2,15 3,09 291 2,75 2,22 2,99 332 2,58 2,69 353 2,62
CaudatePutamen_R_opré 332 332 1,75 2,69 2,29 2,23 3,18 297 2,72 2,12 3,01 3,37 2,64 2,72 3,59 2,60
CortexAuditory_L_opré 2,60 2,53 1,49 2,06 1,80 1,74 2,59 2,57 2,22 1,85 2,31 2,70 2,11 2,19 2,91 2,21
CortexAuditory_R_opré 2,54 241 142 2,00 1,61 1,66 2,37 248 2,17 1,82 2,18 2,49 2,05 2,16 2,79 2,10
CortexCingulate_L_opré 3,11 3,16 1,82 249 2,16 2,24 2,95 2,96 2,76 2,35 2,94 323 2,59 2,67 351 2,70
CortexCingulate_R_opré 3,09 3,15 1,80 2,53 2,26 2,28 2,98 297 2,74 2,32 2,93 3,30 2,63 2,64 357 2,66
CortexEntorhinal_L_opré 248 2,56 1,28 2,01 1,68 1,62 247 2,08 2,10 1,69 2,24 2,53 1,93 1,98 2,66 1,98
CortexEntorhinal_R_opré 2,40 2,56 1,20 2,03 1,63 1,59 244 2,05 2,06 1,66 2,23 249 1,94 1,98 2,59 1,92
CortexFrontalAssociation_opré 2,18 2,11 1,60 1,78 1,69 1,71 2,06 2,23 2,36 1,99 2,26 244 1,99 1,99 2,73 2,32
CortexFrontal_opré 2,15 2,21 148 1,82 1,68 1,67 2,12 2,18 2,26 2,03 2,34 2,40 1,99 1,94 2,54 2,31
CortexInsular_L_opré 2,90 2,76 1,66 2,30 2,01 1,85 2,69 2,51 245 2,01 2,65 2,99 2,28 2,34 3,15 2,35
CortexInsular_R_opré 2,73 2,84 149 2,31 1,89 1,86 2,65 241 2,35 1,93 2,60 2,92 2,20 2,30 3,03 2,29
CortexMedialPrefrontal_L_opré 351 341 1,86 2,88 243 241 327 3,10 3,07 2,31 329 343 2,79 2,89 377 2,83
CortexMedialPrefrontal_R_opré 3,50 3,36 1,91 293 243 2,31 334 3,09 2,99 243 3,28 342 2,79 2,80 387 2,87
CortexMotor_L_opré 2,51 245 1,59 2,02 1,82 1,84 2,37 2,56 2,54 2,14 241 2,69 2,19 2,19 3,02 2,52
CortexMotor_R_opré 246 248 1,56 2,04 1,83 1,84 241 2,59 2,46 2,12 242 2,70 2,20 2,22 2,90 243
CortexOrbitofrontal_L_opré 3,05 3,00 1,82 2,58 2,24 2,11 2,98 2,82 2,88 2,22 3,01 323 2,62 2,57 346 2,70
CortexOrbitofrontal_R_opré 3,03 3,07 1,81 2,60 2,21 2,11 2,95 2,74 2,82 2,20 3,01 3,11 2,56 248 3,50 2,7
CortexParA_L_opré 247 2,20 147 1,85 1,60 1,70 2,30 2,66 2,27 1,87 2,29 2,57 2,16 2,12 2,74 2,37
CortexParA_R_opré 248 2,26 1,46 1,85 1,54 1,65 2,13 2,55 2,23 1,86 2,15 242 2,09 2,06 2,7 2,32
CortexRetrosplenial_L_opré 2,63 244 1,45 2,07 1,66 1,81 249 2,75 2,34 1,95 2,31 2,65 2,17 2,19 2,88 2,39
CortexRetrosplenial_R_opré 2,56 241 147 2,04 1,70 1,79 248 2,69 2,39 1,98 2,30 2,66 2,16 2,22 2,90 242
CortexSomatosensory_L_opré 2,70 2,62 1,60 2,17 1,90 1,89 2,63 2,75 247 2,06 2,53 2,89 2,29 2,31 3,11 2,49
CortexSomatosensory_R_opré 2,64 2,61 1,52 2,15 1,82 1,86 2,49 2,70 2,40 2,04 242 2,76 2,25 2,26 2,98 2,39
CortexVisual_L_opré 2,52 2,24 1,45 1,86 1,51 1,73 2,33 2,69 2,27 1,92 2,11 2,50 2,04 2,10 2,84 2,32
CortexVisual_R_opré 2,55 2,27 143 1,82 1,46 1,65 2,22 2,55 2,23 1,93 2,04 2,39 1,99 2,04 2,75 2,27
HippocampusAnteroDorsal_L_opré 3,05 3,10 1,63 2,52 2,15 2,05 3,00 3,00 248 2,07 2,78 3,20 245 2,52 340 244
HippocampusAnteroDorsal_R_opré 3,04 3,10 1,63 2,49 2,13 2,09 3,02 3,00 2,51 2,03 2,83 3,17 2,46 2,52 3,30 242
HippocampusPosterior_L_opré 2,79 2,78 1,40 2,24 1,92 1,83 2,67 2,46 2,24 1,80 2,46 2,81 2,09 2,13 2,85 2,13
HippocampusPosterior_R_opré 2,79 2,84 143 2,31 1,93 1,87 2,67 245 2,19 1,81 2,45 2,86 2,17 2,21 2,88 2,07
Hypothalamus_L_opré 2,62 2,81 1,34 2,14 1,86 1,69 2,60 2,29 2,10 1,68 2,39 2,76 2,05 2,13 2,88 2,03
Hypothalamus_R_opré 2,55 2,76 1,31 2,17 1,83 1,69 2,63 2,24 2,06 1,67 2,39 2,73 2,06 2,19 291 2,01
Olfactory_L_opré 2,87 3,08 1,54 2,53 2,18 1,97 3,03 247 2,38 1,95 2,91 3,17 2,39 2,52 324 2,34
Olfactory_R_opré 291 3,12 1,54 2,50 2,16 1,99 297 246 249 1,95 2,85 3,08 244 2,39 334 2,35
SuperiorColliculus_L_opré 332 3,26 1,85 2,69 2,29 2,22 325 324 2,66 2,22 2,94 340 2,61 2,65 3,68 2,54
SuperiorColliculus_R_opré 3,34 3,31 1,86 2,63 2,35 2,27 3,28 3,29 2,73 2,17 3,03 348 2,63 2,81 3,71 2,57
Midbrain_L_opré 3,07 3,06 1,60 2,50 2,08 1,96 3,00 297 2,53 1,98 2,66 3,10 2,39 2,46 345 2,37
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nrato RUPP1  RUPP2 RUPP3 RUPP4 RUPP5 RUPP6 RUPP7 RUPP8 RUPP9 RUPP10  Contri  Contr2  Contr3  Contr4  Contr5  Contr6

Midbrain_R_opré 3,11 313 1,61 2,56 2,10 2,01 3,00 2,93 248 1,93 2,72 3,14 2,38 2,46 349 2,38
VTA_L_opré 2,76 2,83 1,37 2,26 1,92 1,70 2,76 2,59 2,14 1,67 2,50 2,82 2,13 2,22 3,06 2,10
VTA_R _opré 2,71 2,80 1,36 2,20 1,90 1,67 2,67 248 2,19 1,68 2,42 2,86 2,11 2,21 3,08 2,09
CBgrey_L_opré 245 2,31 1,29 1,86 1,58 1,58 2,40 2,58 2,12 1,77 1,98 242 1,87 1,94 2,69 2,09
CBgrey_R_opré 2,40 2,30 1,23 1,83 1,52 1,56 2,30 2,50 2,11 1,75 1,91 2,32 1,83 1,87 2,56 2,07
CBwhite_L_opré 3,01 2,86 1,57 2,27 1,97 1,93 2,90 3,14 246 2,04 2,38 3,03 2,29 241 334 2,36
CBwhite_R_opré 2,94 2,89 1,51 2,24 1,95 1,91 2,86 3,10 244 2,02 2,39 291 2,23 2,34 317 2,36
InferiorColliculus_L_opré 344 341 1,89 2,80 2,33 2,30 326 3,36 2,69 2,29 3,00 349 2,67 2,72 379 2,72
InferiorColliculus_R_opré 340 340 1,90 2,70 2,33 2,30 335 3,38 2,80 2,30 3,12 344 2,79 2,84 3,86 2,67
ThalamusWhole_L_opré 3,19 322 1,74 2,66 2,24 2,16 313 312 2,68 2,12 2,83 3,30 2,60 2,68 3,58 2,60
ThalamusWhole_R_opré 3,18 321 1,75 2,67 2,25 212 3,09 3,05 2,67 2,14 2,86 334 2,59 2,66 3,59 2,59
Pituitary_opré 2,02 2,19 0,92 1,80 1,42 1,25 2,27 1,57 1,67 1,24 1,90 2,07 1,52 1,64 2,02 1,52
CBbloodflow_opré 3,76 3,60 1,88 292 2,50 2,36 3,60 3,65 295 2,35 2,96 383 2,79 297 4,03 2,76
CentralCanalPAG_opré 321 317 1,64 2,51 2,12 2,10 3,05 3,07 2,53 2,09 2,70 3,16 2,39 243 349 2,40
Pons_opré 2,60 2,72 1,29 2,20 1,79 1,66 2,61 2,34 2,07 1,61 2,37 2,66 1,97 2,07 2,94 1,95
Septum_opré 2,98 2,94 1,51 244 2,03 1,93 2,87 2,78 245 1,93 2,69 3,03 2,33 244 322 2,33
Medulla_opré 2,62 2,72 1,24 2,13 1,75 1,70 2,7 2,38 2,12 1,69 2,33 2,72 1,97 2,08 297 1,99
Grouppos 2,57 2,52 330 2,56 2,99 1,64 2,73 2,98 335 3,02 2,62 2,10 2,13 2,21 3,14 2,31
AcbCore_Shell_L_opos 3,02 292 3,82 2,81 3,58 2,04 3,16 329 3,67 3,03 3,02 246 249 248 354 248
AcbCore_Shell_R_opos 3,05 3,09 391 3,01 377 2,04 313 341 363 3,16 3,12 2,51 249 2,48 3,58 2,51
Amygdala_L_opos 2,18 2,30 2,87 2,13 2,83 1,58 2,39 248 2,68 2,37 2,33 1,90 1,84 1,76 2,73 1,83
Amygdala_R_opds 2,18 2,28 2,93 2,18 2,73 1,60 2,50 2,55 2,80 2,39 2,39 1,91 1,90 178 2,78 1,83
CaudatePutamen_L_opos 317 3,06 4,02 3,04 3,67 2,05 3,14 352 2,88 341 3,19 2,51 2,58 2,59 3,68 2,64
CaudatePutamen_R_opés 317 3,11 4,05 3,03 372 2,07 327 354 2,86 332 324 2,61 2,62 2,59 375 2,61
CortexAuditory_L_opds 242 2,32 325 2,37 2,74 143 2,54 2,79 3,07 2,95 245 1,99 2,03 2,11 2,98 2,08
CortexAuditory_R_opds 2,26 2,14 313 2,35 249 1,36 2,50 2,88 2,86 2,87 2,27 1,79 1,87 2,00 2,90 2,02
CortexCingulate_L_opds 2,88 3,00 4,00 293 3,62 1,82 3,01 347 391 3,38 3,02 241 2,65 2,62 3,65 2,60
CortexCingulate_R_opos 2,89 3,05 392 2,95 3,64 1,84 3,04 346 3,88 3,36 3,10 245 2,68 2,61 3,61 2,62
CortexEntorhinal_L_opds 2,33 245 3,09 2,25 2,86 1,60 2,61 2,73 2,81 2,72 2,36 2,04 1,97 1,91 2,82 2,01
CortexEntorhinal_R_opds 2,27 2,33 297 2,27 2,62 1,57 2,67 2,78 2,85 2,68 2,35 1,97 1,92 1,90 2,85 1,94
CortexFrontalAssociation_opds 2,56 2,21 3,26 2,20 2,75 1,36 2,11 2,49 3,13 2,64 2,15 1,85 2,16 2,11 2,70 2,18
CortexFrontal_opds 2,50 2,10 3,14 2,23 2,54 1,41 2,06 2,52 323 2,63 2,12 1,81 2,14 2,07 2,60 2,37
CortexInsular_L_opos 273 2,85 374 2,72 324 1,84 2,83 317 322 2,90 2,75 2,39 2,36 2,38 335 2,37
CortexInsular_R_opds 2,61 2,64 341 2,62 2,89 1,81 2,66 312 3,15 2,84 2,66 2,33 2,30 2,32 333 2,25
CortexMedialPrefrontal _L_opds 333 3,14 444 330 397 2,20 335 399 413 3,50 3,28 2,75 2,74 2,81 4,08 2,80
CortexMedialPrefrontal_R_opds 329 3,30 441 335 394 2,19 340 3,96 417 355 3,31 2,72 2,83 2,74 41 2,86
CortexMotor_L_opds 2,30 246 334 2,40 2,84 1,35 2,38 2,83 3,52 3,1 2,34 1,97 2,18 2,22 297 2,47
CortexMotor_R_opds 2,30 2,33 328 247 2,80 1,39 241 2,86 344 3,02 2,33 1,99 217 2,29 3,01 242
CortexOrbitofrontal_L_opds 331 2,99 4.21 3,04 3,66 2,00 294 357 3,81 317 2,98 2,56 2,69 2,68 3,59 2,55
CortexOrbitofrontal_R_opos 322 3,04 4,10 2,99 351 2,02 2,87 351 3,88 317 2,92 242 2,68 2,65 3,64 2,80
CortexParA_L_opos 2,31 2,01 2,96 2,23 2,46 1,16 2,25 2,68 3,30 2,98 2,32 1,72 1,94 2,08 2,69 2,17
CortexParA_R_opos 2,16 1,93 3,01 2,29 2,34 1,14 2,16 2,73 3,03 2,94 2,20 1,61 1,85 2,00 2,69 2,16
CortexRetrosplenial_L_opds 2,62 2,26 2,99 2,38 2,59 1,31 2,51 2,87 3,24 3,14 2,35 1,85 1,97 2,16 2,95 2,32
CortexRetrosplenial_R_opds 2,63 2,26 3,03 243 2,59 1,27 248 2,87 332 3,16 242 1,83 1,96 2,15 2,96 2,35
CortexSomatosensory_L_opos 2,53 2,53 337 2,54 3,01 1,49 2,61 297 3,50 3,09 2,60 2,10 2,22 2,30 313 2,39
CortexSomatosensory_R_opos 243 2,31 333 2,54 2,84 145 2,57 297 335 3,03 2,44 1,98 2,14 2,26 3,09 2,29
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nrato RUPP1 RUPP2 RUPP3 RUPP4 RUPP5 RUPP6 RUPP7 RUPP§ RUPP9 RUPP10  Contr! Contr2  Contr3  Contr4  Contr5  Contr6

CortexVisual_L_opds 233 2,02 2,82 2,20 229 1,14 226 2,70 3,16 3,06 222 1,69 1,84 2,07 2,74 2,19
CortexVisual_R_opés 2,25 1,96 2,90 2,26 2,15 1.1 2,21 2,80 2,95 2,95 21 1,57 1,76 2,00 2,78 2,17
HippocampusAnteroDorsal_L_opés 297 2,88 3,67 2,88 3,51 1,90 3,1 329 3,52 31 3,00 244 244 248 348 244
HippocampusAnteroDorsal_R_opds 3,01 2,83 3,67 2,86 3,55 1,88 3,07 3,29 3,53 3,16 2,90 2,45 2,44 2,50 3,50 241
HippocampusPosterior_L_opos 2,64 2,66 3,32 2,46 3,09 1,85 2,72 2,98 297 2,67 2,68 2,20 2,16 21 322 2,14
HippocampusPosterior_R_opos 2,72 2,63 3,31 2,48 3,07 1,82 2,73 2,95 3,08 2,66 2,67 2,28 2,26 2,16 3,21 2,12
Hypothalamus_L_opos 2,61 2,70 3,14 243 3,14 1,75 2,7 2,80 3,02 2,51 2,60 21 2,04 2,06 322 2,01
Hypothalamus_R_opds 2,60 2,61 3,16 2,44 3,14 1,73 2,63 2,78 2,98 2,58 2,58 2,14 2,04 2,09 3,10 1,94
Olfactory_L_opoés 3,00 2,96 3,69 2,77 3,51 1,99 3,00 327 341 2,95 2,96 2,52 2,46 2,51 347 2,36
Olfactory_R_opés 3,02 3,09 3,7 2,84 3,53 1,99 2,99 3,32 348 2,93 2,88 2,46 2,48 243 3,47 2,51
SuperiorColliculus_L_opés 3,06 297 393 3,18 3,80 2,01 340 3,55 3,58 3,62 3,20 2,57 2,54 2,69 3,81 2,46
SuperiorColliculus_R_opds 31 3,04 3,89 3,15 3,54 2,01 3,52 3,54 3,79 3,40 3,27 2,56 2,60 2,72 3,88 2,52
Midbrain_L_opos 2,94 2,80 3,63 2,88 341 2,04 3,08 3,32 337 3,14 297 2,36 232 241 3,65 2,33
Midbrain_R_opés 2,93 2,90 3,62 291 3,37 2,02 3,10 3,27 3,37 3,09 3,04 2,37 2,37 243 3,62 2,27
VTA_L _opos 2,72 2,63 3,14 2,51 3,08 1,76 2,86 2,89 3,04 2,78 2,67 2,19 2,05 2,20 324 2,05
VTA_R_opds 2,67 2,60 3,25 2,57 3,06 1,75 2,83 2,88 3,00 2,79 2,68 2,12 2,06 2,18 3,26 2,09
CBgrey_L_opos 213 2,00 2,64 221 2,49 133 242 2,46 313 2,87 2,31 1,71 1,68 1,92 2,57 2,03
CBgrey_R_opos 2,09 1,91 2,61 2,20 2,39 1,29 2,35 2,49 2,98 2,88 2,22 1,60 1,60 1,87 2,52 2,06
CBwhite_L_opos 2,59 247 3,34 2,72 3,18 1,74 2,96 3,06 3,62 3,34 2,82 2,16 21 238 3,19 2,38
CBwhite_R_opos 2,58 2,39 3,22 2,67 3N 1,70 2,93 3,00 347 3,29 2,70 2,05 2,02 2,30 3,08 2,38
InferiorColliculus_L_opés 329 3,16 395 333 3,79 2,04 3,60 3,75 3,58 3,59 3,36 2,64 248 2,69 3,88 248
InferiorColliculus_R_opés 3,32 317 4,05 3,36 347 1,95 3,61 3,62 3,93 3,56 3,34 2,54 2,45 2,80 4,10 2,63
ThalamusWhole_L_opés 3,05 2,95 3,85 3,08 3,68 1,99 3,19 3,52 3,72 324 3,12 2,50 249 2,54 3,70 248
ThalamusWhole_R_opos 3,04 2,99 3,87 3,09 3,60 2,01 3,15 3,48 3,67 3,24 3,18 2,49 2,50 2,56 3,65 2,48
Pituitary_opés 2,57 2,40 2,38 1,86 2,50 140 2,18 213 242 2,08 2,01 1,75 142 1,65 2,46 1,64
CBbloodflow_opés 3,20 3,02 4,10 3,30 4,03 2,16 3,62 3,7 3,95 3,74 3,34 2,78 2,68 3,09 4,04 2,83
CentralCanalPAG_opos 2,89 2,84 3,58 292 3,31 2,00 3,15 333 3,38 320 3,03 2,31 242 246 3,66 2,32
Pons_opés 2,71 2,66 2,96 2,46 2,88 1,77 2,80 2,86 2,66 2,67 2,61 2,10 1,93 2,01 3,22 1,89
Septum_opds 293 2,77 3,55 2,73 3,40 1,93 293 3,1 347 3,08 2,84 2,37 232 242 3,36 242
Medulla_opés 1,98 2,38 3,00 2,46 2,86 1,74 2,82 2,80 3,60 2,77 2,63 2,10 1,90 1,94 3,12 2,01




