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APRESENTACAO

A pré-eclampsia (PE) é uma sindrome multifatorial complexa e de etiologia ainda ndo
esclarecida. A agressdo oxidativa ao endotélio, levando a inflamagdo e culminando em au-
mento na resisténcia vascular, com consequente elevacdo na presséo arterial, constitui um dos
mecanismos aceitos para explicar a instalacdo dessa doenca.

Muiltiplos 6rgéos sdo afetados pela PE, mas o acometimento cerebral é a complicacao
materna mais séria e potencialmente fatal. VVarios autores, utilizando a dopplervelocimetria da
artéria oftdlmica, identificaram a presenca de vasodilatacdo cerebrovascular na PE. Acredita-
se que a hiperperfusdo do territdrio cerebral esteja envolvida na fisiopatologia do acometi-
mento do Sistema Nervoso Central (SNC) pela pré-eclampsia.

O controle do fluxo sanguineo esta diretamente associado a perfusédo tecidual e o eri-
trocito tem uma funcdo ativa nesse processo. Para o bom desempenho de suas funcées, o
eritrécito deve ser capaz de sofrer extensa deformacéo passiva, mas sem sofrer lise, ao passar
por capilares de pequeno calibre. Isso € possivel gracas as propriedades da membrana eritro-
citaria: deformabilidade, viscoelasticidade, fluidez e estabilidade.

O Laboratorio de Biofisicoquimica (LaBFiQ) da Universidade Federal de Uberlandia
(UFU) tem padronizado métodos para estudo da estabilidade de membrana de eritrocitos in
vitro em diversas situacdes. Nesse trabalho, a estabilidade de membrana de eritrécitos de ges-
tantes com PE e gestantes normotensas, no terceiro trimestre de gestacdo, foi investigada me-
diante exposicao a estresse osmotico e submissdo a agressdo mecanica.

Esses métodos foram utilizados nesta tese para compreender melhor a fisiopatologia
da pré-eclampsia. Para isso, variaveis de estabilidade osmética e mecanica de eritrocitos fo-
ram investigadas, juntamente com variaveis antropométricas, hemodinamicas, hematoldgicas
e bioguimicas.

O Capitulo 1 refere-se a fundamentacéo tedrica da tese. Nesse capitulo, estdo descri-
tos os principais marcos relacionados ao desenvolvimento da placenta na gestagdo normal e
na PE. Esse capitulo também traz uma breve revisdo sobre epidemiologia da doenca, uma
apresentacao de seus fatores de risco e de sua vinculagdo com a disfungédo vascular. Como a
tese investiga a insercao dos eritrocitos no contexto da doenca, uma revisdo sobre caracteris-
ticas estruturais e comportamentais destas células também se faz presente. Além disso, ha
uma apresentacdo sobre a velocimetria fundamentada no efeito Doppler na artéria oftalmica,

uma vez que esse método é de grande utilidade na avaliacdo da pré-eclampsia.



O Capitulo 2 investiga a patogénese da pré-eclampsia a luz de sua classificacdo em
PE de inicio precoce (EOPE) e PE de inicio tardio (LOPE), quando a mesma se desenvolve
antes ou ap0s 34 semanas, respectivamente. Essa classificacdo parece refletir mecanismos
etiopatogénicos que se iniciam em momentos diferentes da gestacdo. Portanto, 0 objetivo
desse capitulo foi investigar se ha diferencas antropométricas, hemodinamicas, hematologicas
e bioguimicas entre gestantes com pré-eclampsia (13 com EOPE e 23 com LOPE) em relacdo
a um grupo controle (C) constituido por 29 gestantes normotensas no momento do parto, no
sentido de tentar estabelecer as possiveis associagdes existentes entre as variaveis.

Por ultimo, o Capitulo 3 incorporou a avaliacdo da cinética de lise mecénica de eri-
trocitos na analise do desfecho gestacional da PE por meio da analise de correlacdes das vari-
aveis antropométricas, hemodindmicas, hematoldgicas e bioquimicas em uma populagdo de

15 pacientes com pré-eclampsia.



Capitulo 1

Fundamentacao Teorica



Da embriogénese a placentacao

O desenvolvimento da placenta e do feto, que se inicia na fecundagdo e formagéo do
zigoto, € um processo continuo durante a gravidez. Na tuba uterina, o zigoto passa pelos pro-
cessos de clivagem, divisao de blastdmeros e formacdo da morula, a qual ira atingir a cavida-
de uterina no terceiro dia ap6s a fecundacdo. No interior da mérula, ha a formacdo de uma
cavidade preenchida de liquido - denominada de cavidade blastocistica - com separacdo dos
blastbmeros em duas partes: a massa celular interna (denominada de embrioblasto), que ira
formar o embrido e a cavidade amnidtica, e a massa celular externa (denominada de trofo-
blasto), que originara a placenta e as membranas fetais. Neste momento, a mérula passa a ser
chamada de blastocisto e encontra-se submersa na cavidade uterina. No sexto dia, apds a fer-
tilizacdo, o blastocisto adere ao epitélio endometrial (Moore, Persaud, & Torchia, 2012; Silva
Filho, 2017; Zugaib, 2008).

Apds a implantacdo no endométrio, o trofoblasto se diferencia em duas linhagens ce-
lulares com fungbes distintas quando em contato com tecido materno: trofoblasto vilo-
so/sinciotrofoblasto e citotrofoblasto extraviloso (EVT). O sinciotrofoblasto € um sincicio
multinucleado, de localizacdo externa na diferenciacdo do trofoblasto, constituido de cito-
plasma sem limites celulares e com ntcleos polimorfos. E descrito como um epitélio especia-
lizado no transporte de gases, nutrientes, eliminagdo de residuos e sintese de horménios. Ja o
EVT é uma camada de células mononucleares, de localizacdo interna na diferenciagdo do
trofoblasto, e possui células germinativas com elevada capacidade de proliferacdo e invasao
no tecido materno. O EVT diferencia-se em componentes proliferativos e invasivos. Estes, ao
invadirem a decidua e miométrio, sdo chamados de EVT intersticial e, a0 penetrarem nas
artérias espiraladas, sdo denominados de EVT endovascular (Burton, Hempstock, &
Jauniaux, 2001; Burton & Jauniaux, 2004; Caniggia, Winter, Lye, & Post, 2000).

Em torno do 8° dia, pos-fertilizacdo, surgem pequenos espacos isolados no interior do
sinciotrofoblasto que se fundem para formar as lacunas. Essas sdo preenchidas por sangue
materno e secrec¢do de glandulas endometriais erodidas. Em um embrido de 12 dias, as lacu-
nas adjacentes se fundem e d&o origem a rede lacunar (primoérdios do espaco viloso da pla-
centa). Em seguida, o sinciotrofoblasto promove a erosdo de vasos sanguineos endometriais,
permitindo que o sangue materno flua para dentro da rede lacunar, estabelecendo, assim, a
circulacédo uteroplacentaria primitiva (Silva Filho, 2017).

Ao final da segunda semana pés-fecundacdo, o sinciotrofoblasto sofre a invaginacao

do EVT e, assim, formam-se as vilosidades coribnicas priméarias. Os corddes mesenquimais,
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derivados do mesoderma extraembrionario, invadem o eixo central das vilosidades primarias,
constituindo as vilosidades secundarias. A partir da terceira semana, pos-fecundacdo, ocorre a
angiogénese no mesoderma extraembrionério e formam-se as vilosidades terciérias (Silva
Filho, 2017). As ramificacdes das vilosidades coribnicas da placenta resultam em uma area
maior onde substancias podem ser trocadas através de uma fina membrana/barreira interposta
entre as circulacdes fetal e materna (Charnock-Jones & Burton, 2000). Os Iimens dos vasos
uteroplacentarios estdo ocluidos por plugs de trofoblastos vasculares até o final do primeiro
trimestre e, assim, ocorre somente a entrada de plasma no espago interviloso (Hustin &
Schaaps, 1987; Lorquet, Pequeux, Munaut, & Foidart, 2010). Essa oclusdo permite que a fase
inicial do desenvolvimento placentario e fetal transcorra em um ambiente com baixa concen-
tracdo de oxigenacdo. Dessa forma, evita-se o efeito teratogénico de espécies reativas de oxi-
génio (ROS) (Burton et al., 2001; Burton, Hempstock, & Jauniaux, 2003). Entre 10 e 14 se-
manas de gestacdo, ha o deslocamento dos plugs trofoblasticos vasculares e estabelece-se,
assim, o fluxo sanguineo no espaco interviloso, com inicio da nutricdo hemotréfica (Caniggia
et al., 2000).

O oxigénio é o principal regulador da invasédo trofoblastica no tecido materno. No ini-
cio da gestacdo, devido ao limitado fluxo sanguineo no espaco interviloso, o desenvolvimento
placentario ocorre em condic¢des de baixa oxigenacdo. Nesse sentido, ha elevada quantidade
de fator induzido de hipdxia 1 (HIF-1) e fator de crescimento transformante beta-3 (TGF-B3)
que sdo inibidores da diferenciacdo do trofoblasto extraviloso em seu fenétipo invasor. Ap6s
o0 estabelecimento do fluxo sanguineo no espaco interviloso, ha o aumento da concentracdo
de oxigénio na placenta o que gera redugdo nas concentraces de HIF-1 e TGF-B3. Em con-
sequéncia disso, 0 EVT endovascular rompe a membrana basal, invade a decidua basal do
endométrio, penetra na parede das artérias espiraladas e promove a substituicdo tanto da ca-
mada muscular quanto do endotélio por células trofoblasticas. Consequentemente, formam-se
artérias uteroplacentarias largas, constituindo um ambiente de baixa resisténcia vascular. 1sso
permite que as trocas de gases e nutrientes ocorram com maior eficiéncia (Burton et al., 2001,
2003; Caniggia et al., 2000).

Os estudos anatdmicos relacionados a formacdo da placenta indicam que o desenvol-
vimento dos vasos uteroplacentarios ocorre por meio de duas ondas ou estagios de invasdes
trofoblasticas. Antes da 122 semana de gestacdo, da-se a primeira onda, com a invaséo e re-
modelacdo das artérias espiraladas da decidua até o limite do miométrio. E a segunda, ocorre
entre a 122 e a 16° semana de gestacéo, e envolve algum grau de invaséo de segmentos intra-

miometriais das artérias espiraladas (Silva Filho, 2017). De maneira geral, as modificagdes
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dos vasos uteroplacentarios envolvem os seguintes processos: substituicdo do endotélio e de
células musculares da camada média das artérias espiraladas por EVT; perda da elasticidade;
dilatagdo e alargamento das artérias; supressdo de sua contratilidade e perda de seu controle
vasomotor (Kaufmann, Black, & Huppertz, 2003).

Anormalidades no desenvolvimento placentario

H4 estudos apontando a placenta como uma peca fundamental para o desenvolvimen-
to da pre-eclampsia (Huppertz, 2008). Acredita-se que, nessa doenca, ocorra um defeito no
mecanismo de invasdo trofoblastica com diferenciacdo incompleta do EVT em seu fendtipo
invasivo endovascular e, assim, as artérias espiraladas ndo sdo invadidas em sua totalidade e,
portanto, ndo formam as artérias uteroplacentarias largas e de baixa resisténcia (Kaufmann et
al., 2003) (Figura 1.1).

Diante de uma invasao trofoblasticas deficiente, ocorre um mau controle da regulacao
do oxigénio no espaco interviloso em fases iniciais do desenvolvimento placentério e, assim
ndo ocorre a remodelacdo das artérias espiraladas e, consequentemente, ha persisténcia de um
territorio vascular de alta resisténcia. Dessa forma, as vilosidades coribnicas sdo banhadas por
“jatos intermitentes” de sangue sob alta pressdao. Processo semelhante ao que ocorre em situa-
¢Oes de isquemia/-reperfusdo. Esse tipo de injdria é marcado por a producdo exagerada de
ROS e RNS (espécies reativas de nitrogénio). A producéo de ROS é caracterizada pela gera-

cdo de moléculas de superdxido (O2) que, em situacOes de ausente ou insuficiente capacida-

de tecidual antioxidativa, desencadeiam uma cascata de eventos com maior producdo de ROS
e peroxidacdo lipidica. Todas essas moléculas levam a resposta , provocam ativagdo leucoci-
taria, adesdo plaquetéria, vasoconstricdo e resposta inflamatéria generalizada (L. G. de
Oliveira, Karumanchi, & Sass, 2010).

Fatores angiogénicos e antiangiogénicos na preé-eclampsia

Os principais fatores angiogénicos que desempenham papéis fundamentais na manu-
tencdo da homeostase endotelial sdo 0 VEGF (do inglés vascular endotelial growth factor),
PIGF (do inglés placental growth fator) e TGF-B1 (do inglés tissue growth fator p1). O
VEGF participa da manutencdo endotelial por meio do receptor com atividade tirosina-



quinase Flt-1 (do inglés fms-like tyrosin), que também pode se ligar ao PIGF (Charnock-
Jones & Burton, 2000).

Ja 0 TGF-B1 liga-se ao complexo formado por receptor de TGF-B tipo | (Charnock-
Jones & Burton, 2000).

O VEGF e 0 TGF-B1 sdo responsaveis por estabilizar a célula endotelial de novos va-
S0s sanguineos. Ja o PIGF é predominantemente expresso nos trofoblastos e estimula a an-
giogénese em situacOes de hipoxia e isquemia placentéria (L. G. de Oliveira et al., 2010).

Na presenca de estresse oxidativo, ocorre uma maior producgdo placentaria de fatores
antiangiogénicos como o sFlt-1 (do inglés soluble fms-like tyrosin) e a sEndogolin (do inglés,
soluble endogolin). O sFlt-1 € um receptor soltvel que se forma por splicing alternativo, o
que leva a perda da por¢do transmembrana do Flt-1. O s sFlt-1 fixa-se aos fatores circulantes
VEGF e PIGF, o SFt-1 e impede que essas moléculas se liguem aos seus receptores na mem-
brana celular , inibindo a angiogénese. Por sua vez, a sEndogolin age de forma semelhante ao
sFlt-1, impedindo a acdo angiogénica de seu ligante TGF-B1 (Charnock-Jones & Burton,
2000; L. G. de Oliveira et al., 2010) (Figura 1.2).

Pré-eclampsia e peroxidacéo lipidica

Os eritrdcitos sdo bastante vulneraveis as espécies reativas de oxigénio (ROS), pois 0s
acidos graxos polinsaturados (PUFAS) da sua membrana sdo susceptiveis a peroxidacao lipi-
dica. Esse processo leva a modificagcbes fisico-quimicas na bicamada lipidica da membrana
eritrocitaria, gerando prejuizos a fluidez e, assim sendo, perturbaces a sua estabilidade.

A lipoperoxidacdo inicia-se quando um radical livre captura um atomo de hidrogénio
de um carbono insaturado do acido graxo. Dessa forma, havera um elétron ndo emparelhado
no acido graxo, o que o torna capaz de capturar oxigénio e formar o radical peroxil. Os pero-
xidos lipidicos sdo instaveis e decompdem-se em compostos secundarios de carbono altamen-
te reativos, como o malondialdeido (MDA) (Constantinescu, Han, & Packer, 1993; Dordevic
et al., 2008).

A peroxidacdo de lipideos e as modificacGes na antigenicidade de proteinas de mem-
brana aceleram a degeneracédo do eritrécito e sua remogéo precoce da circulacdo sanguinea. A
ocorréncia de hemdlise leva a liberacdo de ferro a partir da hemoglobina e o ferro pode sofrer
a chamada reagdo de Fenton com o peroxido de hidrogénio (H20,), levando a formacéo do

radical hidroxila (HO"), que da inicio a uma cascata de dano oxidativo (Abad et al., 2010).



O teste de estabilidade osmotica da membrana de eritrocitos € um bom indicador da
extensdo do comprometimento celular pela peroxidacéo lipidica (Spickett et al., 1998).

Na PE, o aumento do estresse oxidativo placentério é responsavel por maior conver-
séo de LDL em LDL oxidada (ox-LDL). A oxLDL, por apresentar maior carga negativa
que a LDL nativa, liga-se seletivamente ao LOX-1 (do inglés lecitin-like oxidized LDL recep-
tor-1) que encontra-se predominantemente expresso em células endoteliais, gerando disfun-
¢ao vascular (Schreurs, Hubel, Bernstein, Jeyabalan, & Cipolla, 2013).

A LOX-1 ativada estimula rapidamente a célula endotelial, via ativacdo de NADPH
oxidase, a produzir superoxido, o qual se liga ao 6xido nitrico (NO), resultando na producéo
de peroxinitrito (ONNO ). Essa particula apresenta efeitos deletérios a célula endotelial
(Cominacini et al., 2001).

A agressao ao endotélio, gerada pelo excesso de peroxinitrito na circulagdo sanguinea
de pacientes com PE, constitui uma teoria para a geracdo da disfuncdo endotelial na PE

(Sankaralingam, Xu, Sawamura, & Davidge, 2009).

Disfuncéo endotelial na pré-eclampsia

Vaérios estudos propuseram a disfuncdo celular endotelial difusa materna como even-
to-chave da PE (Amaral, Cunningham, Cornelius, & LaMarca, 2015; Barbosa et al., 2010;
Bell, 2010). Acredita-se que o trofoblasto pobremente perfundido elabore substancias toxicas
para a célula endotelial. No entanto, a natureza exata dessas substancias permanece desco-
nhecida. As células endoteliais, quando injuriadas, perdem suas fun¢des normais, diminuindo
a producdo de substancias vasodilatadoras, como éxido nitrico (NO) e prostaciclinas (PGI2),
e comegam a manifestar outras fungdes, as quais envolvem a producéo de substancias constri-
toras (como a endotelina ET1 e a prostaglandina PGH2), pré-coagulantes (como o tromboxa-
no TXA2) e mitogénicas (Kahhale & Zugaib, 2013).

Além disso, o endotélio torna-se mais sensivel a acdo da angiotensina Il, gerando va-
soespasmo generalizado. Consequentemente, ha um aumento dos niveis pressoricos na tenta-
tiva de manter o fluxo sanguineo em um sistema vascular de elevada resisténcia (AbdAlla,
Lother, el Massiery, & Quitterer, 2001).

Varios autores descreveram a persisténcia da disfuncdo endotelial apds o episodio de
PE. Isso ocorre porque o estado cronico de injuria celular endotelial esta associado a fibrose e
espessamento da camada lisa muscular dos vasos sanguineos, aumentando a vulnerabilidade a

doencas cardiacas e cerebrovasculares na 5° década de vida em pacientes com antecedentes
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de pré-eclampsia (Amaral et al., 2015; Bokslag et al., 2017; Cipolla & Biller, 2017;
Siepmann et al., 2017).

O papel da obesidade na fisiopatologia da pré-eclampsia

Na fase anabdlica da gestacdo ha uma discrepancia na distribuicdo corporal de gordu-
ra, de acordo com o biotipo das gestantes. Em gravidas obesas, o acimulo de gordura ocorre,
predominantemente, em regido abdominal e superior do corpo, fendmeno semelhante ao ob-
servado em portadores de sindrome metabolica. O armazenamento de gordura, em regido
central do corpo representa um hipertrofia de adipocitos e uma falha no armazenamento ade-
quado de acidos graxos, resultando em lipotoxicidade. A associacdo entre 0 excesso de acidos
graxos livres e estresse oxidativo ocasiona a peroxidacédo lipidica. E isso pode causar prejui-
zos tanto a invasdo trofoblastica e quanto a remodelacdo vascular das artérias espiraladas,
predispondo a pré-eclampsia (Brizzi et al., 1999; Herrera, 2000; Jarvie et al., 2010).

No entanto, a obesidade pode provocar a ocorréncia de pré-eclampsia mesmo na pre-
senca de uma placentacdo adequada. Uma das razGes para isso € que na fase catabdlica da
gestacdo ha mobilizacdo de triglicerideos armazenados em fase anterior. Embora a placenta
ndo seja permeavel aos TGCs, o feto beneficia-se deles pela utilizacdo de seus dois metabdli-
tos — os acidos graxos livres (FFA) e os corpos cetdnicos (CB) - que atravessam a placenta e
servem de substrato energético e lipogénico ao feto, particularmente durante o jejum, quando
a glicemia tende a declinar. Quando isso ocorre, sob a acéo regulatéria do glucagon, o figado
ativa a gliconeogénese e, para isso, exige maior aporte de FFA para fornecimento de energia
através da B-oxidacdo. Isto exige a ativacdo da atividade da lipase hepatica para favorecer a
degradacdo de TGC. Nesta circunstancia, a ocorréncia simultanea da gliconeogénese ¢ da [3-
oxidacdo favorece a cetogénese, com formacdo de mais corpos cetbnicos. Ademais, durante o
periodo de jejum prolongado, a mae utiliza-se, preferencialmente, de corpos cetdnicos como
fonte de energia e mantém o aporte de glicose, proteinas e aminoécidos essenciais ao feto
(Jarvie et al., 2010).

Ao final da gestagdo, ha reducdo na atividade da lipoproteina lipase e aumento da
acdo da lipase hepética, resultando em hipertrigliceridemia e, consequentemente, aumento de
VLDL-C e LDL-C. Entre 35 e 36 semanas de gestacdo, 97% das gestantes apresentam o sub-
tipo pequeno e denso de LDL considerada altamente aterogénica (Hubel, Lyall, Weissfeld,
Gandley, & Roberts, 1998; Jarvie et al., 2010).



Esse subtipo de LDL tem uma maior tendéncia de sofrer oxidacdo na presenca de
ROS e, assim, formar ox-LDL. Uma vez que a obesidade esta associada a inflamacéo cronica
e maiores taxas de estresse oxidativo e peroxidacao lipidica, as alteracOes fisioldgicas da ges-
tacdo encontram-se exacerbadas neste grupo de gestantes.

Epidemiologia da pré-eclampsia

Diferencas geograficas, econdmicas e étnicas estdo associadas ao risco desigual de
morte materna, sendo que, em paises desenvolvidos, a taxa € 1 a cada 3800, e 1 em 39 na
Africa subsaariana (Say et al., 2014).

As desordens hipertensivas da gestacdo sdo responsaveis por, aproximadamente, 18%
dos casos de morte materna; em nameros, isso representa 62.000 a 77.000 mortes/ano. Essas
mortes sdo consideradas potencialmente evitaveis pela Organizacdo Mundial de Saude
(OMS) (Abalos, Cuesta, Grosso, Chou, & Say, 2013; Duley, 2009).

Na América Latina e no Caribe, os disturbios hipertensivos constituem a segunda cau-
sa de morte materna, perdendo, apenas, para as hemorragias do ciclo gravidico-puerperal
(Abalos et al., 2013).

Segundo os ultimos dados do Sistema de Informacdes sobre a Mortalidade (DATA-
SUS-SIM-2018), no ano 2017 foram registradas 1421 mortes maternas no Brasil, tendo sido
notificados 89 casos no estado de Minas Gerais (Ministério da Salde;
http://svs.aids.gov.br/dantps/centrais-de-conteudos/infograficos/mortalidade/materna, acessa-
do em fevereiro/2018).

Jé& a eclampsia € responsavel por 1,4% de todas as mortes maternas e apresenta taxas
mais elevadas no continente africano (Abalos et al., 2013). No Brasil, a incidéncia de é
eclampsia foi 0,6%. No ano de 2010, foram registrados 167 casos de mortes por eclampsia
(Giordano et al., 2014).

Pré-eclampsia: fatores de risco

Os principais fatores de risco da PE foram definidos em revisdes sistematicas e serdo
apresentados na forma de tabela (Tabela 1.1) (Duckitt & Harrington, 2005).
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Pré-eclampsia: diagnostico

A definicdo de pré-eclampsia nesse estudo foi baseada nos critérios adotados pelo Co-
Iégio Americano de Ginecologia e Obstetricia em 2013 ("Hypertension in pregnancy. Report
of the American College of Obstetricians and Gynecologists' Task Force on Hypertension in
Pregnancy,” 2013) (Tabela 1.2).

Classificacdo da pré-eclampsia quanto ao inicio de sua instalacéo

No final da década de 70 e inicio de 80, comecaram as primeiras publicacdes estratifi-
cando a PE em duas doencas com base na idade gestacional do inicio dos sinais e sintomas da
doenca: PE de inicio precoce (EOPE) e PE de inicio tardio (LOPE), quando diagnosticada
antes ou apdés 34 semanas de gestacdo, respectivamente (Reis et al., 2010; Valensise,
Vasapollo, Gagliardi, & Novelli, 2008; von Dadelszen, Magee, & Roberts, 2003). Segundo
dados epidemioldgicos, a incidéncia de EOPE € 0.38% e de LOPE , 2.72% em todas as gesta-
cOes (Bahado-Singh et al., 2015; Lisonkova & Joseph, 2013).

A LOPE associa-se a placentacdo normal ou levemente alterada e a agressdo ao endo-
télio placentario é secundaria a doenca materna, por isso denominada de PE materna. Essa
forma de pré-eclampsia esta associada a menor comprometimento clinico tanto fetal quanto
materno (Bahado-Singh et al., 2015).

Ja a EOPE reflete uma placentacdo inadequada, com a liberacdo de fatores antiangio-
génicos e pré-oxidantes responsaveis por lesdo endotelial e, por essa razéo, é conhecida como
PE placentaria. E reconhecida como a forma grave da doenca. A EOPE esta relacionada a
reducdo no volume placentario, maior comprometimento do crescimento e vitalidade fetal,
anormalidades ao estudo da velocimetria por efeito Doppler nas artérias uterinas (presenca de
incisura protodiastdlica e aumento do indice de pulsatilidade) e umbilical, e maior compro-
metimento sistémico materno. Acredita-se que a EOPE seja de origem genética(Lisonkova et
al., 2014; Valensise et al., 2008).

A EOPE foi associada a maior risco de doenca cardiaca e cerebrovascular na quinta

década de vida quando comparada ao grupo LOPE (Bokslag et al., 2017).
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Visdao geral da fisiopatologia da pré-eclampsia

A pré-eclampsia é uma doenga multissistémica, com agravamento progressivo, cuja
cura é o parto (Lorquet et al., 2010).
Esta seccdo se limitou a trazer as principais repercussdes hemodinamicas, hematolo-

gicas, bioquimicas maternas da pré-eclampsia (Figura 1.3).

Alteragdes cardiovasculares

Os distarbios cardiovasculares da PE caracterizam-se por estado hiperdindmico e ele-
vacdo da frequéncia cardiaca. A elevacdo da pds-carga, em funcdo da hipertensdo sistémica, e
reducdo da pré-carga, em consequéncia da hipovolemia, sdo caracteristicas tipicas da doenca
(Zugaib, 2008).

As mulheres com PE apresentam edema generalizado, decorrente do acumulo extra-
vascular de liquido. Essa reten¢do hidrica patoldgica estd associada a lesdo endotelial e a di-
minuicdo dos niveis de proteinas plasmaticas, em decorréncia de proteindria e/ou comprome-

timento hepético (Margarson & Soni, 1998).

Alteragdes renais

A presenca de proteindria e a reducdo da funcdo renal sdo carateristicas associadas a
pré-eclampsia (Moran, Lindheimer, & Davison, 2004).

A mais consistente anormalidade anatomopatoldgica associada a pré-eclampsia é o
achado anatomopatoldgico renal de endoteliose glomerular. A tumefacéo do endotélio glome-
rular nessa doenca € um dos primeiros indicios de que a célula endotelial € um dos alvos para
a lesdo em pacientes com PE (Kahhale & Zugaib, 2013).

A vasoconstric¢do sistémica e a redugdo de fluxo sanguineo renal séo responsaveis

pelo aumento de uréia, creatinina e &cido Urico (Zugaib, 2008).

Alteragdes hematoldgicas

A pré-eclampsia estd associada a alteracdes em pardmetros reologicos do sangue. Os
eritrocitos sdo bastante vulneraveis as espécies reativas de oxigénio (ROS), pois os acidos

graxos polinsaturados (PUFAs) da sua membrana sdo susceptiveis a peroxidacdo lipidica.
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Esse processo leva a modificagdes fisico-quimicas na bicamada lipidica da membrana eritro-
citaria, gerando prejuizos a fluidez e, assim sendo, perturbacfes a sua estabilidade e prejuizo
a deformabilidade eritrocitaria (Heilmann, Rath, & Pollow, 2004).

A lipoperoxidagdo inicia-se quando um radical livre captura um atomo de hidrogénio
de um carbono insaturado do &cido graxo. Dessa forma, havera um elétron ndo emparelhado
no acido graxo, o que o torna capaz de capturar oxigénio e formar o radical peroxil. Os pero-
xidos lipidicos sdo instaveis e decompdem-se em compostos secundarios de carbono altamen-
te reativos, como o malondialdeido (MDA) (Constantinescu, Han, & Packer, 1993; Dordevic
et al., 2008).

A peroxidacdo de lipideos e as modificacdes na antigenicidade de proteinas de mem-
brana aceleram a degeneracédo do eritrdcito e sua remogdo precoce da circulacdo sanguinea. A
ocorréncia de hemolise leva a liberagdo de ferro a partir da hemoglobina e o ferro pode sofrer
a chamada reacdo de Fenton com o peréxido de hidrogénio (H,0,), levando a formacédo do
radical hidroxila (HO"), que da inicio a uma cascata de dano oxidativo (Abad et al., 2010).

O teste de estabilidade osmdtica da membrana de eritrocitos € um bom indicador da
extensdo do comprometimento celular pela peroxidacdo lipidica (Spickett et al., 1998)

A exacerbacédo da peroxidacao lipidica da membrana eritrocitaria prejudica a atividade
da Ca-ATPase, com consequente acumulo de célcio no citossol, resultando em diminuicao da
resisténcia osmotica e aumento da lise (Abad et al., 2010).

Em reposta a reducdo na osmolariedade plasmatica da doenca, ha maior concentracao
intracelular de potéassio, célcio e outros osmolitos, o que provoca mudancas na Composicao
dos eritrocitos, tornando-os susceptiveis a lise (Abad et al., 2010).

Observa-se, também, maior proporcao de esquizécitos e equindcitos na PE em relagdo
a gestantes normotensas. Especula-se que essas alteracGes na morfologia dos eritrocitos este-
jam diretamente relacionadas a maior hipercolesterolemia presente na doenca. Uma vez que
ha constante turnover de colesterol entre a membrana do eritrécito e as lipoproteinas plasma-
ticas, a hipercolesterolemia produz aumento no teor de colesterol de membrana e, dessa ma-
neira, promove alterag@es tanto no formato quanto na funcionalidade do eritrocito (Lurie &
Mamet, 2000).

Para Lurie et al (2000), os eritrocitos de pacientes com PE ndo sofreriam as elevagdes
fisiolégicas no volume corpuscular médio (MCV) observado na gravidez normal. Dessa ma-
neira, apresentariam o MCV discretamente maior quando comparados a mulheres ndo gravi-
das (Lurie & Mamet, 2000).
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Para os mesmos autores, 0s macrofagos seriam disfuncionais na PE. Dessa maneira,
haveria uma falha na remocao de eritrocitos senescentes. Isso seria responsavel pelo tempo de
vida do eritrdcito na PE ser semelhante ao de mulheres ndo gréavidas (Lurie & Mamet, 2000).
Nesse sentido, na PE, é possivel encontrar eritrocitos em diferentes idades, o que é responsa-
vel pelo aumento do RDW nessa doenca. Ademais, o estado de hipercoagulabilidade foi, apa-
rentemente, associado a persisténcia de eritrocitos senescentes na circulacao de pacientes com
PE (Lurie & Mamet, 2000).

A vasoconstric¢do sistémica e lesdo endotelial difusa, na PE, sdo responsaveis pelo es-
treitamento do limen de vasos sanguineos e lise mecéanica dos eritrocitos ao passarem por
eles. Alem do mais, na presenca de ativacdo da cascata de coagulacdo, ocorre deposito de
fibrinas na microcirculacdo e seccdo dos eritrocitos e, por consequéncia, exacerbacdo da he-
molise mecanica, resultando em alteragcGes na morfologia do eritrocito (com aparecimento de
esquizaécitos) (Hernandez Hernandez et al., 2015).

Na PE ocorre aceleracdo da eritropoiese - “de emergéncia” - com a diferenciacdo in-
completa dos eritrocitos, na medula 6ssea, e maior liberacdo de reticuldcitos na circulagao
(Lurie & Mamet, 2000).

Trombocitopenia

Uma das hipdteses mais aceitas para a ocorréncia da trombocitopenia, na pré-
eclampsia, é de origem imunoldgica. Verifica-se que uma maior ativacdo plaquetaria gera a
desgranulacdo e liberacdo de tromboxano A2 com diminuicdo de seu espectro de vida
(Zugaib, 2008).

A maior depuracdo de plaquetas intensifica a producéo e liberagdo precoce na circula-
cao (Yucel & Ustun, 2017) de plaguetas com maiores volumes, Isso é responsavel pelo au-

mento no volume plaquetario médio (MPV) (Burrows, Hunter, Andrew, & Kelton, 1987).
AlteracOes hepaticas

As lesBes hepaticas estdo presentes na PE grave e eclampsia, e sdo secundarias ao va-
soespasmo intenso, 0 que eleva o risco de infarto e hemorragia periportal. Isso resulta em
aumento de aspartato aminotransferase (AST), alanina amino transferase (ALT) e lactato de-

sidrogenase (LDH) na circulagdo (Zugaib, 2008).
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Ha uma associacdo entre trombocitopenia, disfuncdo hepatica e anemia hemolitica
microangiopatica. Essa combinacdo de alteracBes foi descrita pelo acrdomio de sindrome
HELLP (do inglés, Hemolysis, Elevated Liver enzymes and Low Platelet count), a qual é

descrita nos casos PE grave e eclampsia (Stone, 1998).

Acometimento cerebrovascular na pré-eclampsia

H& duas teorias antagbnicas propostas para o desenvolvimento de convulsdes em pa-
cientes com PE, ambas sdo baseadas no papel central da hipertensdo. De acordo com o pri-
meiro modelo, 0s niveis pressoricos aumentados superariam a forca de vasoconstric¢do das
artérias e arteriolas cerebrais, levando a perda da capacidade autorregulatoria, com aumento
da permeabilidade da barreira hematoencefélica e edema cerebral hidrostatico (Belfort,
Giannina, & Herd, 1999; Cipolla, 2007; Hammer & Cipolla, 2015). No segundo modelo, a
hipertensdo causaria uma super-autorregulacdo, levando a vasoespasmo, isquemia, hiperper-
fuséo e formacdo de edema cerebral (Marra et al., 2014).

As incertezas sobre a fisiopatologia da eclampsia ocorrem porque os achados clinicos
envolvem variados graus de hemorragia, edema cerebral e vasculopatia (Marra et al., 2014).
A associacao entre a eclampsia e a sindrome da encefalopatia posterior reversivel (PRES, do
inglés Posterior Reversible Encephalopathy Syndrome) (Barbosa et al., 2010) é reforcada
pelas semelhancas tanto nas manifestacfes clinicas quanto nos achados radiol6gicos - pre-
senca de areas simétricas de edema vasogénico na sustancia branca predominantemente em
lobos cerebrais posteriores — descritos nessas duas condicBes patoldgicas. Ademais, ha rapida
reversibilidade dos sintomas quando os niveis pressoricos retornam a normalidade tanto na
eclampsia quanto na PRES (Cipolla, Sweet, & Chan, 2011).

Segundo os trabalhos experimentais de Cipolla et al (2012), um perfil metabolico alte-
rado seria capaz de aumentar o risco de eclampsia mesmo em pacientes com niveis pressori-
cos normais. Em seus estudos, niveis elevados de ox-LDL circulantes em pacientes com PE
foram capazes de aumentar a permeabilidade da barreira hematoencefalica em animais de
laboratério (Barbosa et al., 2010; Chen, Masaki, & Sawamura, 2002).

Vérios autores demonstraram a presenca de hiperfluxo em territério cerebral na PE,
utilizando dopplervelocimetria intracranina (Belfort et al., 1999) e da AO (Takata,
Nakatsuka, & Kudo, 2002).
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Composicdo e estrutura das membranas biologicas

As membranas biologicas sdo complexos organizacionais que delimitam o meio inter-
no celular, separando-o do meio extracelular. A membrana plasmética exerce o controle do
transporte ativo e passivo de inumeras substancias, funcionando com uma barreira seletiva
para manutencdo da constancia do meio intracelular (Mohandas & Gallagher, 2008; Storry,
2000).

As membranas celulares sdo formadas por uma bicamada fosfolipidica, entremeada
por diversas outras moléculas, como glicolipideos, colesterol e proteinas (Singer & Nicolson,
1972). Os lipidios estdo associados entre si e as proteinas pelas forcas atrativas de van-der-
Waals. Essas ligacOes sdo fracas e permitem a movimentagdo das moléculas na membrana
(Cooper, Arner, Wiley, & Shattil, 1975; Mohandas & Gallagher, 2008; Storry, 2000).

As proteinas que compdem a membrana sdo estruturalmente classificadas em integrais
e periféricas. As proteinas integrais sdo aquelas que estdo inseridas na bicamada lipidica, in-
teragindo com a porcao hidrofobica das moléculas lipidicas; ja as proteinas periféricas sdo as
que se encontram na superficie interna e/ou externa da membrana (Storry, 2000).

As proteinas de membrana sdo essenciais para garantir o exercicio da diferentes fun-
cOes exercidas pelas membranas bioldgicas, como o transporte seletivo de substancias entre o
meio intracelular e extracelular (proteinas transportadoras) e a transdugdo de sinais externos
para o interior da célula, dentre outras funcdes (van den Akker, Satchwell, Williamson, &
Toye, 2010).

As proteinas presentes na membrana do eritrocito também possuem papel relevante na
manutencdo de sua integridade fisica, principalmente as que estdo ligadas ao citoesqueleto,
contribuindo para caracterizar a propriedade de membrana definida como estabilidade (Blanc
et al., 2010; Mohandas & Evans, 1994).

A proteina banda-3 € a principal proteina integral da membrana, representando de 25 a
30% de todas as proteinas da membrana, sendo a responsavel pelo transporte de anions (van
den Akker et al., 2010). Outras proteinas da membrana séo aquaporina 1 (transportadora de
agua), o GLUT1 (transportador de glicose), 0o RHAG (transportador de gas, provavelmente de
diéxido de carbono), e os co-transportadores Na'Cl™, Na'K*, Na'K*ATP**, Ca" " ATP** e
Na*K*2ClI", dentre outras. A principal proteina com funcdo adesiva é a ICAM-4 (Mohandas
& Gallagher, 2008).

Outras proteinas integrais importantes sdo as proteinas transportadoras de ions e as

glicoforinas A, B, C e D, as quais possuem receptores de membrana e de antigenos, além de
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participar da estabilizacdo do citoesqueleto e do reconhecimento celular estdo associadas a
especificidade dos grupos sanguineos dos sistemas ABO e MN (Monhandas & Galla-
gher,2008).

As proteinas periféricas estdo concentradas, preferencialmente, na face citoplasmatica
da membrana, onde se ligam ao citoesqueleto e sdo constituidas, principalmente, por espec-
trina, actina, anquirina, banda 4.1 e banda 4.9. A espectrina é responsavel pelo formato em
disco biconcavo do eritrocito (Naydenov & Ivanov, 2011).

Os principais lipideos que compdem as membranas dos eritrdcitos sdo fosfatidilcolina
(25%), fosfatidiletanolanina (22%), fosfatidilserina (10%), esfigomielina (18%) e colesterol
(25%). Ha uma importante assimetria na composicao fosfolipidica entre as duas laminas da
membrana. A fosfatidilcolina e esfingomielina estdo predominantemente localizadas na ca-
mada externa, enquanto a fosfatidiletanolamina e fosfatidilserina (PS) e uma pequena quanti-
dade de fosfoinositol estdo confinadas na camada interna (Mohandas & Gallagher, 2008).

Os éacidos graxos polinsaturados presentes em fosfolipideos de membrana sao impor-
tantes na regulacéo da fluidez, deformabilidade e estabilidade da membrana. No entanto, es-
sas moléculas podem ser alvo de peroxidacéo lipidica, gerando prejuizos a fluidez, deforma-
bilidade e estabilidade da membrana, comprometendo a funcionalidade eritrocitaria (Begum
& Terao, 2002).

Teor de colesterol de membrana e niveis de colesterol plasmatico

Uma vez que ha turnover de colesterol entre a membrana e as lipoproteinas plasmati-
cas, a membrana do eritrdcito sofre alteragdes em sua composicédo lipidica de acordo com o0s
niveis de lipidios circulantes. Assim, uma desproporc¢do na relacdo colesterol/fosfolipidios em
lipoproteinas plasmaticas é capaz de gerar uma desproporcao na razdo colesterol/fosfolipidios
na membrana dessa célula (Bernardino Neto et al., 2013; Cooper et al., 1975; da Silva
Garrote-Filho, Bernardino-Neto, & Penha-Silva, 2017).

Na presenca de excesso de LDL-C, uma parte do excesso deste colesterol é direciona-
da para a membrana do eritrocito. Até certo ponto, esta transferéncia de colesterol para a
membrana do eritrdcito é desejavel e visa regular a fluidez de membrana dessa célula, de ma-
neira a melhorar sua deformabilidade e estabilidade. Entretanto, quando essa transferéncia é
excessiva, em funcdo da existéncia de niveis excessivamente elevados de LDL-C na circula-
¢ao sanguinea, esse processo contribui para diminuir a fluidez, a deformabilidade e a estabili-

dade do eritrocito, predispondo-o a sofrer lise (Bernardino Neto et al., 2013; Chabanel et al.,
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1983; da Silva Garrote-Filho et al., 2017; Schick & Schick, 1985). E por isso que a reducio
da colesterolemia com tratamentos realizados com estatinas levam a reducao no teor de coles-
terol de membrana do eritrocito, com diminuicéo da viscosidade sanguinea e melhora na mi-
crocirculagdo (Caliskan, Caliskan, Kuralay, & Onvural, 2000).

Assim, a fluidez, deformabilidade e estabilidade da membrana de eritrocitos depen-
dem de um intervalo critico de teor de colesterol abaixo e acima do qual estas células ficam

com suas propriedades comprometidas (da Silva Garrote-Filho et al., 2017).

Propriedades da membrana eritrocitaria

Fluidez, deformabilidade e estabilidade sdo importantes propriedades de membrana de
eritrocitos e tem relacdo com a lipidemia, a lipoperoxidacdo e mesmo com a glicemia (Abad
et al., 2010; Chabanel et al., 1983; Kung, Tseng, & Wang, 2009; Lemos, Marquez-Bernardes,
Arvelos, Paraiso, & Penha-Silva, 2011). Mas qual a importancia destas propriedades para o
exercicio das funcdes do eritrdcito e que outros fatores estdo associados a elas?

Para desempenhar bem suas funcgdes, o eritrocito deve ser capaz de sofrer extensa de-
formacdo passiva, especialmente ao passar por capilares de pequeno diametro, sem sofrer
lise. Quanto maior a deformabilidade menor é a tensdo a ser aplicada para a passagem dos
eritrécitos em capilares estreitos (Chasis & Mohandas, 1986).

A capacidade dinamica das proteinas do citoesqueleto em se reorganizar diante de um
estimulo mecanico é essencial para determinacdo de sua viscoelasticidade e deformabilidade,
propriedades que dependem da forma/geometria do eritrdcito e de sua viscosidade intracito-
plasmaética (Shiga, Maeda, & Kon, 1990).

A forma do eritrocito é influenciada pelo seu tamanho e pela relacdo superficie de
area/volume (AS/V). A forma de disco bicdncavo assegura ao eritrocito o excesso de superfi-
cie de area (AS) que € necessario para permitir sua deformabilidade ao passar na microcircu-
lagdo sem que ocorra lise. Por outro lado, se o eritrocito fosse esférico ndo conseguiria atingir
a deformabilidade necesséria, para passagem na microcirculagéo, sem perdas em seu volume
ou superficie de area (Mohandas & Gallagher, 2008; Shiga et al., 1990) e, com isto, ele se
fragmentaria facilmente.

A capacidade do eritrocito em alterar rapidamente o seu formato, especialmente em
reposta a tensdo de cisalhamento (shear stress) do fluxo sanguineo, é também determinada

pela viscosidade citoplasmaética, a qual é regulada pela concentragdo de hemoglobina corpus-
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cular média (MCHC) e volume de &gua intracelular. O controle rigoroso da viscosidade cito-
plasmatica, em uma taxa estreita de variacdo aceitavel, permite uma melhor acomodacédo dos
eritrécitos na microcirculagdo sem que ocorra a sua lise (Mohandas & Gallagher, 2008).

Para se manter fisiologicamente ativa, a membrana do eritrocito deve apresentar um
grau intermediario de fluidez, que se situa entre o estado sélido e liquido. A fluidez de mem-
brana esta relacionada a natureza e concentracéo de lipideos em seu ndcleo hidrofébico. Uma
maior quantidade de &cidos graxos polinsaturados nos fosfolipidios aumenta a fluidez da
membrana, pois enfraquece as ligagdes intermoleculares de van der Waals. Ao contrario, uma
quantidade maior de colesterol ird enrijecer a membrana, devido a maior proporcao de anéis
inflexiveis de colesterol (Cooper et al., 1975).

A capacidade da membrana em manter sua integridade fisicoquimica diante de situa-
¢Oes adversas é denominada de estabilidade. Para tanto, a membrana bioldgica precisa resistir
a fragmentacdo diante da agressdo mecéanica promovida pelo préprio fluxo sanguineo e pelo
atrito com a parede dos vasos (estabilidade mecénica), ou diante da expansdo de volume em
um meio hiposmoético (estabilidade osmotica), ou diante da presenca de agentes quimicos
caotropicos (estabilidade quimica) como a uréia e o etanol. Dessa forma, a estabilidade deve
ser entendida com a maxima deformacdo que a membrana é capaz de sofrer antes que ocorra
a sua lise. Entretanto, estabilidade e funcionalidade ndo sdo propriedades equivalentes, uma
vez que uma maior estabilidade de membrana ndo coincide necessariamente com a melhor
funcionalidade (Abad et al., 2010).

Na circulacdo sanguinea, o eritrocito precisa congregar da melhor forma possivel pro-
priedades que ndo sao coincidentes, buscando conciliar a preservagdo de sua estrutura, a ma-
nutencdo da viscosidade sanguinea com o transporte de gases e a manutencdo da homeostase
acido-bésica, dentre outras funcBes exercidas por esta célula. Mas isto nem sempre é possivel,
diante do grande conjunto de fatores que pode afetar desde a sua formacao até a sua elimina-
cao do organismo. Por isso, o estudo destas propriedades carece da utilizacdo de métodos de
estudo bem estruturados, na tentativa de entender as complexas relagdes existentes entre estas
propriedades e todo o complexo conjunto de fatores que as determinam, especialmente em

condi¢Oes patoldgicas como a PE.
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A estabilidade osmotica da membrana de eritrocitos

O Laboratorio de Biofisicoquimica (LaBFiQ) da Universidade Federal de Uberlandia
padronizou métodos para estudo da estabilidade de membrana de eritrocitos na presenca de
solutos, como sorbitol, glicerol (C. C. Cunha, Arvelos, Costa, & Penha-Silva, 2007) etanol
(Penha-Silva et al., 2008), detergentes (Fonseca et al., 2010) e sai (C. C. Cunha et al., 2007) e
tem estudado este comportamento em individuos saudaveis (Bernardino Neto et al., 2013) e
em diversas condicdes, tais como o envelhecimento (de Freitas et al., 2014; Penha-Silva et
al., 2007) e doencas infecciosas (Mascarenhas Netto Rde et al., 2014).

A fragilidade osmotica in vitro é dependente da (1) tonicidade do meio de suspensao,
do (2) pH; do (3) nimero total de constituintes osmoticos ativos, o que determina o volume
celular em qualquer ambiente externo e do (4) volume hemolitico critico, que é considerado
um parametro complexo, pois é dependente da quantidade e qualidade de fatores associados
aos lipidios de membrana e proteinas (Suhail, Patil, Khan, & Siddiqui, 2010).

A medida que aumenta a concentracio de agente caotropico ou diminui a tonicidade
do meio, aumenta a lise dos eritrocitos. A curva de lise gerada através da diminuigéo de toni-
cidade do meio por decréscimo na concentracao salina € dada por uma sigmoide decrescente.
A regressdo sigmoidal gerada pela liberacdo de hemoglobina possui um carater semelhante
aos sistemas cooperativos saturaveis. Ao analisar o perfil da lise eritrocitaria a partir de dife-
rentes gradientes de concentragdes salinas, observamos que a liberacdo de hemoglobina parte
de um platd minimo estavel (representado pela sigla Amin, que se refere ao valor estacionario
minimo de absorvancia), que reflete a menor taxa de hemoglobina liberada no meio e repre-
senta a hemolise ocorrida in vivo. A medida que a concentragéo salina no meio diminui, ha
um aumento gradativo da lise eritrocitaria, que a partir de um determinado ponto sofre uma
aceleracdo exponencial. Ao atingir o ponto intermediario da curva, a liberacdo de hemoglobi-
na sofre uma desaceleracdo hiperbdlica, até atingir um platd maximo estavel (representado
pela sigla Amax), que se refere ao valor estacionario maximo de absorvancia (Bernardino Neto
et al., 2013; de Freitas et al., 2014).

A variagdo na concentragéo de sal (X) promove a transi¢do entre os valores de Ami, €
Amax, Sendo que um quarto da diferenca entre esses dois valores de concentracdo salina é re-
presentada pela variavel dX. O ponto intermediario da concentragdo salina em que h& uma
taxa de 50% de lise dos eritrécitos presente no sistema é representado pela variavel Hsq (de
Freitas et al., 2014).
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A curva também define a varavel Ho, que representa a concentracdo salina necessaria
para iniciar a hemdlise in vitro e é calculada pela formula Ho=Hso+4dX/2, bem como a varia-
vel Higo, que é a concentragdo salina necessaria para promover a lise total das hemécias, cal-
culada pela formula Hypo=Hso-4dX/2.

A varidvel dX, que representa ¥ da variacdo na concentragdo salina necessaria para
promover 100% de hemdlise, é diretamente proporcional a estabilidade, uma vez que, quanto
menor o valor de dX, menor é a estabilidade. Como a estabilidade de membrana é inversa-
mente proporcional a fragilidade osmética, neste caso hd uma menor fragilidade osmotica dos
eritrocitos quanto maior € o valor de dX.

Os parametros Ho, Hsp € Higg S80 proporcionais a fragilidade osmética dos eritrocitos.
Por isso, a utilizacdo de suas formas inversas, 1/Ho, 1/Hso € 1/H100 € que representa efetiva-
mente a estabilidade osmotica daquelas células. dX é efetivamente uma variavel de estabili-
dade osmdtica de eritrécitos e, por isso, as razées dX/Hsg e dX/Anin, Sa0 diretamente propor-
cionais a estabilidade de membrana de eritrocitos, uma vez que Amin € Hso tem relacdes inver-

sas com a estabilidade dessas células.

A cinética de lise mecanica de eritrocitos

Diante da importancia de estudar e analisar a capacidade de deformabilidade das
membranas dos eritrdcitos, observando a resisténcia a lise em resposta a agressao mecanica, o
grupo de pesquisa do LaBFiQ propés a padronizacdo de um método cinético para analise da
lise mecénica de eritrécitos. A lise mecénica de eritrocitos foi promovida em equipamento
desenvolvido pelo préprio grupo de trabalho, constituido por um rotor acoplado a uma hélice
com velocidade controlada que opera em uma célula com 30 mL de capacidade, onde € colo-
cada a suspensdo de sangue a ser analisada apds ser hermeticamente fechada (Figura 1.4).

A cineética de lise mecanica de eritrocitos pode ser convenientemente estudada com a
utilizacdo do formalismo matematico utilizado para estudo da cinética enzimatica e represen-
tado pela chamada equacéo de Michaelis-Menten (Menten & Michaelis, 1913):

_ Vméx [S]

- 1.1
K.+ 5] (1.2),

Vo
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que representa a dependéncia da velocidade inicial da reacdo (vo) com a concentracdo do
substrato (S), onde Vmax é a velocidade maxima da reacdo e Ky, € a concentracao de substrato
necessaria para Vo atingir a metade do valor da velocidade maxima (L. M. Cunha, 2017).

A cinética de Michaelis-Menten foi desenvolvida a partir de considera¢es fundamentadas no
equilibrio de estado estacionario de Briggs-Haldane (Briggs & Haldane, 1925):

k
BLESEN

E+S ES—2 SE+P (1.2),

-—
kg

que considera as reacoes de formacao e dissociacdo do complexo enzima-substrato (ES), ca-
racterizadas pelas suas respectivas constantes cinéticas ki1 e k.1, e a reacdo de formacédo do
produto (P), com regeneracdo da enzima livre (E), caracterizada pela constante cinética K.

No curso da reacdo, a enzima € encontrada sob a forma livre (E) e a forma ligada ao
substrato (ES). Em baixas concentracdes de substrato, a maior quantidade de enzima esta na
forma livre. Sob estas condicGes, a velocidade inicial da reacdo (vp) (Figura 1.5) aumenta
quase linearmente com o aumento de S, uma vez que ha enzima livre para promover aumento
na velocidade da reacdo. A medida que ocorre maior aumento na concentracdo de S, mas a
concentracgdo total da enzima no meio permanece constante, 0 aumento em vo diminui, porque
a populacdo de enzima livre esta em decréscimo. Quando praticamente todas as moléculas da
enzima estiverem na forma ligada (ES) e a concentragdo da enzima livre (E) for insignifican-
te, a Vmax € atingida. Nesta situacdo, a enzima esta saturada pelo substrato, de forma que o
aumento na concentracdo de S ndo é mais capaz de aumentar a velocidade da reacédo e o sis-
tema estd em equilibrio de estado estacionario (Michaelis, Menten, Johnson, & Goody,
2011).

A cinética de Michaelis-Menten é um dos métodos utilizados para estudo da cinética
de processos saturaveis em sistemas biologicos. Dessa forma, processos biolégicos, como a
cinética de lise de eritrdcitos, que € ajustavel por regressdo ndo linear hiperbdlica, pode ser
analisada utilizando os principios matematicos do modelo cinético de Michaelis e Menten,
com a utilizagéo da equacéo:

At
A = lmmax (1.3),

Ly, 1
onde Ammax, que € 0 maximo valor de absorbancia atingido no platd da curva, representa a
lise total dos eritrocitos, e ty, que € o valor na abcissa do ponto intermediario da curva, re-

presenta o tempo requerido para ocorréncia de metade da hemdlise total (Ammax/2).
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Estabilidade osm@tica de eritrécitos na pré-eclampsia

A PE esta associada a diminuicao da estabilidade da membrana de eritrécitos. A redu-
cao da resisténcia osmdtica da membrana de eritrocitos pode estar associada a disfuncdo na
atividade de macréfagos descrita na PE (Lurie & Danon, 1992). Uma vez que 0s macrofagos
séo responsaveis pela fagocitose de eritrdcitos senescentes, haveria um aumento na populagéo
de eritrdcitos mais velhos os quais sdo menos estaveis quando comparados as formas jovens.
(Lurie & Mamet, 2000).

Acredita-se, também, que o diminuigdo na estabilidade de eritrocitos na PE seja devi-
do & interacio de Mg*™" efou K* com cargas de lipidios e de proteinas da membrana. O ambi-
ente catiénico proporcionado pelo Mg*™, que é essencial para manter a atividade da Na'K*-
APT**levaria a aumento na esfericidade e aumento da fragilidade osmoética da membrana de
eritrécitos (Abad et al., 2010).

Fisiologia do fluxo sanguineo

Os principais fatores que influenciam o fluxo sanguineo sdo: funcdo cardiaca
(Aikimbaev et al., 2001), elasticidade da parede do vaso (complacéncia), tbnus do musculo
liso vascular e os diferentes padrdes de ramificacbes e dimensdes do vaso (Stein, 2009).

Embora 0s vasos sanguineos tenham caracteristicas diferentes das de um tubo rigido e
0 organismo tenha mecanismos dinamicos de controle do fluxo sanguineo, a Lei de Hagen-
Poiseuille ajuda a entender alguns aspectos relevantes do fluxo de sangue por um vaso san-
guineo no organismo humano.

De acordo com a lei de Hagen-Poiseuille, a vazdo ou velocidade do fluxo (¢) de um volume

de liquido em um tubo rigido é dada por:

mR* |AP|

b= (1.4),

87

onde R é o raio do tubo, n ¢ a viscosidade do liquido, AP ¢ a diferenga de pressdo entre os
dois extremos de um tubo de comprimento fixo L (Cipolla, 2007; Hammer & Cipolla, 2015;
Shiga et al., 1990).

A velocidade do fluxo depende do raio do vaso elevado & quarta poténcia. E por isso
que diante de uma ma4 perfusdo tecidual ocorre vasodilatacdo (Cipolla, 2007), por exemplo.

A velocidade do fluxo é inversamente proporcional a viscosidade do sangue. Dessa
forma, a composicdo do sangue e as variaveis e indices hematimétricos relacionados com

volume, forma e teor de hemoglobina tém grande relagdo com as propriedades hemodinadmi-
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cas do sangue, além de suas conhecidas relacdes com a fisiologia da circulacdo sanguinea
(Aikimbaev et al., 2001; Shiga et al., 1990; Teixeira, Duncan, Letsky, & Fisk, 2000). Dali,
inclusive, é que vem a associagdo das alteragdes patoldgicas nas propriedades de eritrocitos
com alteragcbes hemodindmicas observadas no estudo de efeito Doppler do fluxo sanguineo
na artéria oftalmica de pacientes com PE (Stein, 2009) e as consequentes alteracdes na fisio-
logia do transporte de gases.

No interior de um vaso, o fluxo do sangue tende a ser laminar. Isto significa que pro-
ximo a parede do vaso, a velocidade do fluxo de sangue tende a zero, mas fica progressiva-
mente maior no centro do vaso. Quando o fluxo sanguineo torna-se turbulento, da-se maior
atrito dos eritrocitos com a parede do vaso e, consequentemente, ocorre aumento na dissipa-
cdo de energia. Em vasos de menor calibre, a presencga de fluxo turbulento gera um maior

atrito, provocando uma maior resisténcia ao fluxo sanguineo (Stein, 2009).

Efeito Doppler

O objetivo da ultrassonografia Doppler é compreender a dindmica circulatéria em de-
terminado 6rgdo, por meio da determinacdo da velocidade do fluxo sanguineo no local (Lieb
etal., 1991).

O sinal Doppler produzido por um equipamento é obtido por meio de mudangas de
frequéncia do eco em alvos moéveis (eritrécitos). As diferencas de frequéncias de desvios Do-
ppler sdo extraidas a partir de um sinal complexo detectado e apresentado na forma de grafi-
co, em tela de video. Essas representacGes graficas sdo denominadas de onda de velocidade
de pulso (PWV). O ponto maximo alcancado no espectro de uma OVP é denominado de pico
de velocidade sistélico (PSV) e o ponto minimo na morfologia da onda é a velocidade diasto-
lica final (EDF) (Paes & Diniz, 2015; Williamson & Harris, 1996).

A impedancia vascular é determinada por meio de indices que comparam o fluxo du-
rante a sistole e a diastole. Os indices, por serem independentes do comprimento do vaso e
do angulo de insonacdo entre o aparelho e o vaso avaliado, sdo mais vantajosos no estudo de
vasos tortuosos e de pequeno calibre (Diniz et al., 2008; Diniz, Moron, Santos, & Sass, 2004;
Takata et al., 2002; Williamson & Harris, 1996).

24



Avaliacao dopplervelocimétrica do territorio central

O Doppler transcraniano e o Doppler da artéria oftdlmica (AO)tém se mostrado muito
Uteis na avaliacdo da hemodindmica cerebrovascular em varias condicdes fisioldgicas ou pa-
toldgicas. No entanto, o Doppler transcraniano necessita de operador com experiéncia tanto
na realizacdo do exame quanto na interpretacdo dos resultados. Além disso, ha uma barreira
6ssea dificultando a realizacdo do exame e exigindo equipamento especial, que nem sempre
esta disponivel na maioria dos centros de ecografia (Zétola et al., 2006).

A AO apresenta vantagens em relacdo aos demais vasos para o estudo dopplerveloci-
métrico de seu fluxo sanguineo, uma vez que ndo ha interposicao de obstaculos - 0ssos e te-
cido adiposo - entre a AO e o feixe de ultrassom, e 0 seu trajeto € paralelo ao transdutor do
aparelho; portanto, ndo ha necessidade de se corrigir o angulo de insonacao entre eles (Lieb et
al., 1991; Maruyoshi et al., 2010). Além disso, o0 equipamento € o mesmo utilizado na avalia-
cao de 6rgdos superficiais. Por isso, a dopplervelocimetria da AO tem se mostrado como
uma técnica mais promissora para analise vascular do territorio central, principalmente, em

Obstetricia, em que o uso de contrastes é proibido.

Anatomia da artéria oftalmica

A AO ¢ o principal vaso da orbita (Figura 1.6). Ela é o primeiro ramo da artéria caro-
tida interna e origina-se de sua porcdo cerebral em localizacdo medial ao processo clindide
anterior. Na Orbita, ela encontra-se localizada entre 0 musculo reto lateral e 0 nervo oOptico,
voltando-se, medialmente, entre 0 musculo reto superior e nervo Optico. Ela apresenta nume-
rosas ramificacdes, as mais importantes sdo: artéria central da retina, ciliares posteriores e
ciliar anterior. Diante de uma obstrucdo da carotida interna, a artéria oftalmica é capaz de
promover a anastomose entre as artérias cardtidas interna e externa seguindo a sequéncia dos
seguintes vasos: artéria carotida externa, artéria temporal superficial, artéria supra-orbital,
artéria oftalmica, artéria cardtida interna (Diniz et al., 2004; Matias, Costa, Matias, Gordiano,
& Correia, 2014).
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Dopplervelocimetria da artéria oftalmica

Os achados dopplervelocimétricos da artéria oftdlmica podem ser extrapolados para a
circulacao cerebrovascular. Isso ocorre porque a AO tem origem na artéria carotida interna, a
qual é responsavel por grande parte da circulacdo cerebral e, portanto, ela apresenta a mesma
origem embrioldgica, anatbmica dos vasos cerebrais (Carneiro et al., 2008; Diniz et al.,
2008). Portanto, a dopplervelocimetria da artéria oftdlmica é um método alternativo para es-
tudo da hemodinamica intra-craniana (Matias et al., 2014; Takata et al., 2002).

A Figura 1.7 € uma representacdo esquematica da variacdo na velocidade do fluxo
sanguineo na AO em razdo do tempo de duracdo de um ciclo cardiaco. A cada ejecdo de san-
gue do ventriculo esquerdo (sistole), ocorre uma pressao de pulso que € representada por uma
curva ascendente répida, gerando o Pico de Velocidade Sistélica (PSV), o qual é seguido por
queda repentina e uma elevagdo secundaria de velocidade, gerando um segundo pico sistélico
arredondado (P2) e uma incisura (incisura adrtica), antes do final do ciclo sistolico.

A medida que o diametro vascular retorna ao normal, a energia repercutida fornece
um potencial necessario para promover fluxo continuo durante a diéstole, a qual é representa-
da no grafico por uma nova ascensédo da velocidade, seguida por lenta desaceleracao e termi-
nando no pico de velocidade diastdlica final (EDV) (Maruyoshi et al., 2010; Williamson &
Harris, 1996).

A interpretacdo da representacdo grafica do Doppler da AO ocorre pela analise 1) do
formato da onda de velocidade de pulso (OVP), 2) dos picos de velocidades e 3) da velocida-
de média de um ciclo cardiaco (Vmean) € dos indices que relacionam as velocidades sistolica e
diastolica: Indice de Pulsatilidade (PI), dado por (PSV-EDV)/Viean; Indice de Resisténcia
(R1), dado por (PSV-EDV)/PSV; e Peak Ratio (PR), dado por P2/PSV (Diniz et al., 2008;
Takata et al., 2002).

O servico de ecografia do departamento de Ginecologia e Obstetricia da Universidade
Federal de Uberlandia tem empregado a dopplervelocimetria da artéria oftalmica para o co-
nhecimento da hemodinamica cerebrovascular no ciclo gravidico-puerperal (Diniz, Moron,
Santos, Sass, & Pires, 2005) e em suas intercorréncias clinicas (Freitas, Diniz, Santos,
Taliberit, & Ranza, 2009) e patoldgicas (Alves Borges, Goes, de Araujo, Dos Santos, & Debs
Diniz, 2016; Anjos, Diniz, & Santos, 2012), inclusive aquelas, associadas ao abuso de tabaco
(Paes & Diniz, 2015).
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Dopplervelocimetria da artéria oftalmica na pré-eclampsia

O estudo da hemodinamica cerebrovascular, durante a gestacao, iniciou-se com as pu-

blicacOes de Hata et al (1995) que empregou a dopplervelocimetria da AO para conhecer o
comportamento vascular cerebral em um grupo de pacientes com PE leve (Hata, Senoh, Hata,
& Kitao, 1995). Desde entdo, a Dopplervelocimetria da AO vem sendo utilizada para o co-
nhecimento de mudancas de velocidade de fluxo no territdrio orbital e da resisténcia de vasos
sanguineos locais na gestacdo (Carneiro et al., 2008; C. A. de Oliveira et al., 2009;
Laudanska-Olszewska & Omulecki, 2007) e em suas intercorréncias clinicas. A dopplervelo-
cimetria da AO apresentou maior destaque no estudo da pré-eclampsia. Varios autores obser-
varam a presenca de hiperperfusdo no territorio orbital de pacientes com pré-eclampsia
(Aquino, Leite, Cabral, & Brandao, 2014; Ayaz et al., 2003; Barbosa et al., 2010).
Uma das hipoteses para explicar a vasodilatacdo em territorio orbital é a teoria hiperdindmica
proposta por Easterling et al. (1989) que descreve um aumento do débito cardiaco na pré-
eclampsia acompanhado de vasodilatagdo sistémica compensatoria na tentativa de manter a
pressdo estavel. Nesse modelo o débito cardiaco aumentado e a resisténcia periférica diminu-
ida resultam em dano organico (Easterling & Benedetti, 1989). Isso é observado na encefalo-
patia reversivel posterior, conhecida por PRES. Na presenca de hiperfluxo cerebral, ocorre a
perda da autorregulacdo da barreira hematoencefalica, com extravasamento de plasma e ede-
ma, preferencialmente, em territorio posterior do cérebro (Hammer & Cipolla, 2015).

Acredita-se, também, que o hiperfluxo cerebral seja decorrente da vasodilatacdo auto-
regulada de leitos vasculares fisioldgicos (artéria carétida externa versus carétida interna)
para manter uma adequada perfusdo do sistema nervoso central e Orbitas em situacdo de hi-
poxia (Silva Neto, 2015).

Outra hipotese é que um vasoespasmo ocorreria na microcirculacdo, causando isque-
mia local. Em decorréncia disso, ocorreria uma vasodilatacdo compensatéria na AO, com
maior calibre, para aumenta a perfusdo no tecido isquemiado (Aikimbaev et al., 2001). Esse
fendmeno foi denominado de centralizagdo materna, em analogia ao que ocorre na circulacédo
cerebral fetal em situacdo de hipoxia causada pela insuficiéncia placentaria (Diniz et al.,
2008).

Como o maior conhecimento da Dopplervelocimetria da AO foi descrito um novo pa-
rametro para esse vaso, 0 Peak Ratio, que mostrou-se mais sensivel para avaliar as mudancas
na velocidade de fluxo na circulacgdo orbital (Takata et al., 2002). Diniz et al (2008) demons-

trou que o uso do parametro do PR é capaz de discriminar os casos de pré-eclampsia leve e
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grave e, também, demonstrou que nas pacientes com PE grave a OVP assumia o aspecto de
corcova, em razdo de aumento na amplitude e arredondamento de P2 (Diniz et al., 2008).
Matias et al (2014) demonstraram que um valor de PR acima de 0.78 ¢é capaz de diferenciar o
casos de gestantes com PE em relagéo a gestantes normotensas (Matias et al., 2014).

Ha poucos estudos sobre o uso dopplervelocimetria da AO na pré-eclampsia, quando
essa € estratificada em EOPE e LOPE. Brandao et al ndo encontraram diferencas estatisticas
significantes nos valores de RI obtidos por dopplervelocimetria da AO entre as pacientes com
EOPE e LOPE (Brandao, Barbosa, Lopes, Leite, & Cabral, 2012). Para da Silva Netto et al
(2009), os valores de PR da AO demonstraram diferencas significantes entre a EOPE e a LO-
PE (Silva Neto, 2015). Para Alves et al (2012) valores de P2 acima de 24,6 cm/s no primeiro
trimestre de gestacdo foram associados a predicdo do risco de desenvolver pré-eclampsia de
inicio precoce (Alves, Brennecke, & da Silva Costa, 2012).

Consideracoes Finais

Foi dentro deste contexto que a presente tese teve como objetivo estudar as diferencas
antropométricas, hemodinamicas, hematimétricas e bioquimicas existentes entre a pré-
eclampsia de inicio precoce e a pré-eclampsia de inicio tardio, buscando encontrar e interpre-

tar as associagOes existentes entre estes diferentes grupos de propriedades.
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Figura 1.1. Representacdo esquematica da invasdo do trofoblasto endovascular nas artérias
espiraladas apos a 122 semana de gestacdo normal e de gestacdo com preé-eclampsia. O EVT
(trofoblasto endovenoso) adquire o fendtipo invasivo, transformando-se em EVT invasivo,
rompe a membrana basal, invade a decidua basal do endométrio e penetra na parede das arteé-
rias espiraladas (EVT endovascular), promovendo a substituicdo tanto da camada muscular
quanto do endotélio por células trofoblasticas. Consequentemente, formam-se artérias utero-
placentérias largas, constituindo um ambiente de baixa resisténcia vascular capaz de promo-
ver trocas de gases e nutrientes com maior eficiéncia. Na pré-eclampsia, ha diferenciagdo
incompleta do EVT em seu fenétipo invasivo endovascular e, assim, as artérias espiraladas
ndo sdo invadidas em sua totalidade e, portanto, ndo se formam as artérias uteroplacentarias
largas e de baixa resisténcia, gerando um ambiente de hipdxia. Adaptado da literatura
(Kaufmann et al., 2003).

40



sFit

sFit
VEGF *
S —— : " sEndogolin
P e PIGF **
et E 7 | 5,,:. ,,,,,,,, A ﬁ%ﬁw TGF-B1 -

'\ VEGF 'PIGF  TGF-p1

AMARAAN) (AAAAAAA) (RACARAONARAAARE  RORAAAR) (RAARAOR) (AARARAR W AARAAAA
LU EUTUUT PRGOS TGO v PO U P

Fit-1 FIt-1 Endogolin Flt-1 FIt-1 Endogolin

Figura 1.2. No primeiro esquema observa-se a ligacdo normal entre os fatores angiogénicos
VEGF (do inglés Vascular Endotelial Growth Factor), PIGF (do inglés Placental Growth
Fator) ao receptor Flt-1 (do inglés Fms-like Tyrosin) e TGF-B1 (do inglés Transforming
Grouwth Factor 1) ao receptor Endogolin na membrana célula. Em seguida, ha intercepcdo
dos fatores antiangiogénicos pelo sFlt (do inglés soluble Fms-like tyrosin) e sEndogolin (do
inglés, soluble endogolin) impedindo a homeostase celular endotelial. Adaptado da literatura
(L. G. de Oliveira et al., 2010).
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Figura 1.4. Imagens do aparelho desenvolvido para analise de lise mecénica de eritrcitos
por estresse mecanico desenvolvido pelo Instituto de Engenharia Quimica da Universidade
Federal de Uberlandia: A- imagem do rotor; B- (1) conjunto de pas acopladas ao rotor e (2)
célula onde € colocada a suspensao de eritrocitos. Fonte: Cunha, L.M. et al, 2017.
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Figura 1.5. Gréfico ilustrativo do efeito da concentracdo do substrato sobre a velocidade ini-
cial de uma reacdo enzimatica, com representacdo das constantes cinéticas de Michaelis-
Menten (Vmax € Kw).
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Figura 1.6 A) Imagem ultrassonografica da oOrbita e estruturas retro-orbitarias, com superpo-
sicdo de color Doppler para identificacdo da artéria oftdlmica (AO). Fonte: Diniz, A. L. et al.,
2008. B) Representacdo esquemaética da anatomia da artéria oftdlmica e de suas ramificagdes.
Fonte: https://commons.wikimedia.org/wiki/File:Gray514.png (adaptado).
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Figura 1.7. Representacdo esquematica da variacdo na velocidade do fluxo sanguineo na AO
em razdo do tempo de duracdo de um ciclo cardiaco. PSV, Pico de Velocidade Sistolica; P,
segundo pico de velocidade sistolica; EDV, velocidade diastolica final. Adaptada de Willian-
son & Harris,1996.
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Tabela 1.1 Fatores de risco para pré-eclampsia

Fatores de Risco Risco Relativo (RR),

95% do Intervalo de Confianga (IC)

Presenca de anticorpo antifosfolipidio  RR 9.72, 95% IC 4.34-21.75

Histdria prévia de pré-eclampsia RR 7.90, 95% IC 5.85-8.83
Diabetes pré-gestacional RR 3.96, 95% IC 2.54-4.99
Gravidez gemelar RR 2.93, 95% IC 2.04-4.21
Primigesta RR 2.91, 95% IC 1.28-6.61
Histdria familiar de pré-eclampsia RR 2.90, 95% IC 1.70-4.93
indice de Massa Corporal >26 kg/m* RR 2.47, 95% IC 1.66-3.67
Idade acima de 40 anos RR 1.96, 95% IC 1.34-2.87

Niveis pressoricos > 130/80 mmHg RR 1.38 (se PAD > 110 mmHg RR 5.2)

‘Fonte: Duckitt, K., & Harrington, D. (2005). Risk factors for pre-eclampsia at antenatal
booking:  systematic review of controlled studies. BMJ, 330(7491), 565.
d0i:10.1136/bmj.38380.674340.EO0.
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Tabela 1.2 Critérios diagnosticos de pre-eclampsia

Critérios

Pressao Arterial Sistdlica 2 140 mmHg ou Pressao Arterial Diastdlica 2 90 mmHg, observa-
das, em duas ocasides com intervalo de 4 horas, apds a 202 semana de gesta¢dao em paci-
entes previamente normotensas.
Se Pressao Arterial Sistélica 2 160 mmHg ou Pressdo Arterial Diastdlica 2 110 mmHg, obser-
vadas em duas ocasides com intervalo de minutos, apds a 202 semana de gestagao em paci-
entes previamente normotensas.

e
Proteinuria (a excrecdo de proteinas 20,3 g/dL em urina de 24 horas, sem evidéncias de
infecgdo ou relagdo proteina/creatinina = 3 mg/mg).
1+ ou mais em fita reagente de urina, sem evidéncias de infecgao.

ou
Plaquetas < 100.000 células/mm?>.
Creatinina sérica >1.1 mg/dL.
Aumento de Transaminases Hepaticas duas vezes o valor de normalidade do laboratério.
Edema Pulmonar.
Sintomas de comprometimento visual ou cerebral (cefaleia persistente, visdo turva, esco-
tomas cintilantes).

Fonte: American College of Obstetricians and Gynecologists (“Hypertension in pregnancy.
Report of the American College of Obstetricians and Gynecologists' Task Force on
Hypertension in Pregnancy,"” 2013).
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Resumo

[Existem diferencas nos perfis antropométricos, hemodinémicos, hematoldgicos e bio-

qguimicos entre pré-eclampsia de inicio tardio e de inicio precoce?]

A pré-eclampsia (PE) é classificada em de inicio (EOPE) e tardio (LOPE) quando
presente antes ou apos 34 semanas de gestacdo, respectivamente. Este estudo transversal in-
vestigou as diferencas e possiveis associa¢fes existentes entre os perfis antropométricos, he-
modinamicos, hematologicos e bioquimicos na pré-eclampsia entre os grupos EOPE e LOPE.
O estudo incluiu 65 voluntarias admitidas em um hospital universitario no Brasil sendo 29
normotensos (grupo C) e 36 com pré-eclampsia (13 com EOPE e 23 com LOPE). O grupo
LOPE apresentou um aumento significante de peso e aumento limitrofe no indice de massa
corporal ao final da gestacdo em relacdo aos outros grupos, o que é compativel com a origem
metabolica, associada a obesidade, atribuida a esta forma da doencga. As mulheres gravidas do
EOPE apresentaram uma reducgdo limitrofe no nimero de eritrocitos e uma diminuicéo signi-
ficante no numero de plaquetas e um aumento significante de reticulécitos, ferro sérico e fer-
ritina quando comparados ao grupo C e LOPE. O grupo EOPE demonstrou
um aumento significante na estabilidade osmética dos eritrocitos em relacdo aos demais gru-
pos. A analise hemodinamica por ultrasonografia Doppler da artéria oftdlmica mostrou que
ambos os grupos de mulheres gravidas com PE apresentaram alteragdes compativeis com a
ocorréncia de hiperfluxo no territério orbital. Essas alteracdes hemodinamicas foram associa-

das a alteracGes nos indices hematimétricos.

Palavras-chave: Pré-eclampsia, Ganho de Peso, Células Vermelhas do Sangue, Estabilidade

de Membrana, Artéria Oftalmica, Doppler
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Abstract

[Are there differences in the anthropometric, hemodynamic, hematologic and biochemi-
cal profiles between late- and early-onset preeclampsia?]

Abstract
Preeclampsia (PE) is classified in early- (EOPE) and late-onset PE (LOPE) when pre-

sent before or after 34 gestation weeks, respectively. This transversal study aimed to investi-
gate the differences and possible associations existing in the anthropometric, hemodynamic,
hematologic and biochemical profiles of late- and early-onset preeclampsia. The study in-
cluded 65 volunteers admitted to a tertiary hospital in Brazil, 29 normotensive and 36 with
preeclampsia (13 with EOPE and 23 with LOPE). Pregnant women with LOPE presented
greater weight gain and borderline increase in body mass index at the end of gestation in rela-
tion to the other groups, which is compatible with the metabolic origin, associated with obesi-
ty, attributed to this form of the disease. Pregnant women with EOPE presented a borderline
reduction in the number of erythrocytes and a significant decrease in the number of platelets,
in addition to a significant increase in reticulocytes, serum iron and ferritin when compared to
normotensive pregnant women and pregnant women with LOPE. A significant increase in
osmotic stability of erythrocytes was observed in the EOPE group in relation to groups. He-
modynamic analysis by Doppler ultrasonography of the ophthalmic artery showed that both
groups of pregnant women with PE presented alterations compatible with the occurrence of
hyperflow in the orbital territory. These hemodynamic changes were associated with changes

in hematimetric indices.

Key words: Pre-eclampsia, Weight Gain, Red Blood Cells, Membrane Stability
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Introduction

Preeclampsia (PE) is a complex multifactorial syndrome with etiology not yet estab-
lished, which affects between 5 and 7% of pregnancies worldwide [1, 2]. The diversity of
repercussions in the pregnant woman and in the fetus has been investigated in light of its
classification in early- (EOPE) and late-onset PE (LOPE), when present before and after 34
weeks of gestation, respectively [3]. This classification seems to reflect etiopathogenic mech-
anisms that begin at different moments of gestation. Some authors highlight the occurrence of
differences between these two types of PE in terms of the anthropometric, hematologic and
biochemical profiles of the pregnant woman and the maternal-fetal outcomes, so that how
earlier is its onset, worse is the maternal-fetal outcome [3, 4]. This would justify, at least in
part, the theory that EOPE and LOPE would have different pathophysiologies; however, there
are controversies on the subject [5].

In PE neurologic changes are the most serious and potentially fatal maternal compli-
cations. Epidemiological studies have shown that neurologic complications occur more fre-
quently in EOPE than in LOPE [6, 7]. Notably, this suggests that EOPE is the most severe
form of PE, promoting neurologic complications due to central vascular alterations [8-11].
However, the factors that contribute to neurologic involvement during EOPE are not well
known [7].

The maternal cerebral vasculature can be studied by Doppler of the ophthalmic artery
(OA). Doppler velocimetric findings of OA can be extrapolated to the cerebrovascular circu-
lation [12-14], because of origin in the internal carotid, which is responsible by much of the
cerebral circulation, and by their embryological and functional similarities with small-caliber
cerebral vessels [15]. Previous studies on the subject have identified in PE the presence of
cerebrovascular hyperflow, which many authors have termed maternal centralization, in anal-
ogy to what occurs in the fetal cerebral circulation in situations of hypoxia [12, 16, 17]. Sev-
eral authors have previously described the hemodynamic profile of OA in pregnant women
with PE [17-19], but there are no specific publications on this vascular pattern in EOPE and
LOPE.

The oxidative aggression to the endothelium, leading to inflammation and culminating
in an increase in vascular resistance, with consequent elevation in blood pressure, is one of
the mechanisms accepted to explain the installation of PE [20, 21]. Blood flow control is di-
rectly associated with tissue perfusion and the erythrocyte has an active function in this pro-

cess. For the good performance of its functions, the erythrocyte must be able to undergo ex-
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tensive passive deformation, without suffering lysis, when passing through small-capillary
capillaries. This is possible thanks to the viscoelasticity of the erythrocyte membrane.

It is known that the relative content of cholesterol and phospholipids (with polyun-
saturated fatty acids), which depends on blood lipid levels, is essential for maintaining the
fluidity, deformability, stability and functionality of erythrocytes [22]. Since PE is related to
dyslipidemia, oxidative stress, and hematologic and vascular changes [23-25], it is possible
that these changes are associated with each other. Within this context, it makes perfect sense
to consider the participation of the erythrocyte in the etiology of PE/eclampsia, even because
it has been associated with disease progression, particularly due to the strong association be-
tween this cell and oxidative stress [26, 27].

In this study, the possible association of alterations in erythrocyte behavior with PE
will be investigated through the analysis of osmotic stability. The analysis of the erythrocyte
behavior in an hyposmotic gradient is a powerful method that reflects the deformability [28],
stability [29, 30] and the membrane composition of these cells, allowing the investigation of
the influences of the lipid blood levels [31] oxidative aggression [26], among other factors.
Although there are already studies on the osmotic stability of erythrocytes in both pregnancy
and PE, they are usually presented as a percentage of hemolysis as a function of time [32] and
lysis ratio at specific salt concentration [26]. In this work, the osmotic stability of erythro-
cytes was evaluated by statistical treatment of the hyposmotic gradient lysis curve, using var-
iables and indices that have been very useful in the evaluation of several other physiologic or
pathologic conditions [29, 33]

Faced with the need to better understand the differences between EOPE and LOPE,
this study compared anthropometric, hemodynamic, biochemical, hematologic and osmotic
stability profiles of red blood cells between these two types of PE.

Material and Methods

Population

The study project was registered and approved by the Research Ethics Committee of
the Federal University of Uberlandia (CEP-UFU) under the number CAAE
23236614.4.000.5152. All patients signed a Free and Informed Consent Form. The study in-
cluded 65 pregnant women admitted to the Clinical Hospital of the Federal University of Ub-

erlandia between December 2014 and June 2017. Pregnant patients without pathologic
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changes in pressure and obstetric routine exams, without signs of labor, and gestational age
greater than or equal to 39 weeks were selected to form the control group (n = 29). The prob-
lem group consisted of pregnant patients who met the criteria defined for diagnosis of PE (n
= 36) by the American College of Obstetricians and Gynecologists [34].

The problem group was stratified into subgroups of pregnant women with EOPE (n =
13) or LOPE (n = 23), according to the gestational age of onset of signs/symptoms of the dis-
ease [35].

All the pregnant women included in the study took folic acid supplementation (5
mg/day) in the first trimester and started supplementation of elemental iron (40 mg/day) at
the second trimester of pregnancy.

Volunteers with a history of thyroid diseases, erythrocytopathies, chronic hyperten-
sion, autoimmune diseases, diabetes, renal diseases and current use of anticonvulsants, anti-
depressants, magnesium sulfate, tobacco, alcohol and/or other drugs, and patients with gesta-
tions associated with congenital (toxoplasma, cytomegalovirus) and sexually transmitted dis-
eases, twin pregnancy, fetal malformation, restriction of fetal growth not associated with hy-
pertensive disease, and natimortality were excluded from the study.

Blood collection

Blood samples were collected by venipuncture in tubes with K3EDTA or without an-
ticoagulant (Vacutainer, Becton Dickinson, Juiz de Fora, Brazil), and were stored at 0-4 °C
until the time of each test. Blood collection was performed on admission of the volunteers at
the Clinical Hospital of the Federal University of Uberlandia (CH-FUU).

Determination of osmotic stability of erythrocytes

A duplicate set of test tubes (24) containing 1 mL of 0.1-1.0 g/dL NaCl solution
(Labsynth, Diadema, Brazil) was preincubated at 37 °C in a thermostated water bath (Marco-
ni, Model MA 184, Piracicaba, SP, Brazil) for 10 minutes. After addition of 20 puL of whole
blood, the tubes were gently shaken, reincubated for 30 minutes and then centrifuged at 1600
X g in a Hitachi Koki centrifuge (model CFR15XRII, Hitachinaka, Japan) for 10 minutes, for
removal of the supernatant and analysis of the amount of hemoglobin released in the hemoly-
sis by the absorbance reading at 540 nm in a UV-VIS spectrophotometer (Shimadzu ™,
UV1650TC model, Japan).
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The graphs of A540 as a function of the NaCl (X) concentration were adjusted by

non-linear sigmoidal regression, according to the Boltzmann equation:

A -A

=17 gormlox A (L),

540

where Amax and Anmin represent respectively the maximum and minimum plateaus of

Asso; Hsp is the concentration of NaCl capable of promoting 50% hemolysis and dX repre-
sents the change in NaCl concentration responsible for 100% hemolysis [31]

The analysis of osmotic stability of erythrocytes was performed up to 24 hours after

blood collection.

Doppler ultrasonography of the ophthalmic artery

The OA Doppler was performed on Medison ultrasound equipment (model SonoAce
8800MT, Japan), by a single examiner with more than 10 years of experience. OA was in-
sonated in the medial region of the optic nerve with a linear transducer at 7-10 MHz frequen-
cy, 50 Hz filter, 5 kHz pulse repetition frequency and 7 mm sample volume [12, 13]. Only
one eye was examined because previous studies did not show significant differences between
the eyes [12, 36].

The study of Doppler velocimetry of the ophthalmic artery was performed on admis-
sion of volunteers in CH-FUU.

Determination of hematologic and biochemical parameters at the third trimester of
gestation

Hematologic parameters were obtained using an automated system (Sysmex K4500;
Sysmex Corporation™, Mundelein, IL, EUA). These parameters, with their respective refer-
ence values (third trimester of gestation), included: erythrocyte count (RBC), 2.71-4.43 X
106/mm3; hematocrit (Ht), 28.0-40.0%; hemoglobin (Hb), 9.5-15.0 g/dL; mean corpuscular
volume (MCV), 81-99 fL; mean corpuscular hemoglobin (MCH), 29-32 pg/cell; mean cor-
puscular hemoglobin concentration (MCHC), 31-36 g%; red-cell distribution width (RDW),
12.7-15.3%); platelet count (Plt), 146-429 x 103/mm3; mean platelet volume (MPV), 8.2-10.4
fL [37, 38].

Biochemical parameters were measured by an automated analyzer (Architect ¢8000,
IL, EUA) and included: triglycerides (TGC), 131-453 mg/dL; total colesterol (t-C), 219-349
mg/dL; high-density lipoprotein cholesterol (HDL-C), 48-87 mg/dL; low-density lipoprotein
cholesterol (LDL-C), 101-224 mg/dL; very-low density lipoprotein cholesterol (VLDL-C),
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21-36 mg/dL; lactate dehydrogenase (LDH), 82-524 U/L; alanine aminotransferase (ALT),
2-25 U/L; aspartate aminotransferase (AST), 4-32 U/L; urea (U), 3-11 mg/dL; creatinine
(Cn), 0.4-0.9 mg/dL; uric acid (UA), 3.1-6.3 mg/dL; human serum albumin (HSA), 2.3-4.2
g/dL; sodium (Na+), 130-148 mEq/L; potassium (K+), 3.3-5.1 mEq/L; indirect (iB), 0.1-0.5
mg/dL, and total bilirubin (tB), 0.1-1.1 mg/dL; serum iron (Fe), 30 193 pg/dL; and ferritin
(Ferritin), 0-116 ng/mL [39, 40].

The evaluation of the presence of proteinuria and its quantification were performed on
urine reagent tape (Labtest, Lagoa Santa, MG, Brazil).

Statistical analysis

The normality of the data set was evaluated by the Shapiro-Wilk test. Analysis of var-
iance (ANOVA) test, followed by Bonferroni post-hoc test, and Kruskal-Wallis test, followed
by Dunn-Bonferroni post-hoc test, were used to compare the groups of normal and non-
normal variables, respectively. Differences associated with p values <0.05 and 0.05<p<0.10
were considered statistically significant and borderline, respectively. Most variables were not
normally distributed and, therefore, the Spearman correlation test was used to find associa-
tions between studied variables. All analyzes were performed using Origin 8.5 professional
(Microcal, Northampton, MA, EUA) and SPSS 15.0 (SPSS Inc., Chicago, IL, EUA) software

packages.

Results

Fig. 1 shows a typical sigmoid curve obtained in the determination of erythrocyte
membrane stability variables. The parameters HO, H50 and H100 are proportional to the os-
motic fragility of the erythrocytes. Therefore, their inverse forms, 1/HO, 1 / H50 and 1/H100
are those which effectively represent the osmotic stability of those cells. dX is effectively a
variable of osmotic stability of erythrocytes and, therefore, the dX/H50 and dX/Amin ratios
are directly proportional to the erythrocyte membrane stability, since Amin and H50 have
inverse relationships with the stability of these cells.

Fig. 2 is a schematic representation of the variation of blood flow velocity in OA as a
function of the duration time of a cardiac cycle. At each ejection of blood from the left ven-
tricle (systole), a pulse pressure, which is represented by a rapid upward curve, occurs, gener-

ating the peak systolic velocity (PSV), which is followed by sudden drop and a secondary
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elevation of velocity, generating a second systolic peak (P2) and a notch (aortic notch) before
the end of the systolic cycle. As the vascular diameter returns to normal, the accumulated
energy provides a potential needed to promote continuous flow during diastole, which is rep-
resented in the graph by rise of the speed, followed by slow deceleration and finishing at the
peak of end diastolic velocity (EDV). The interpretation of the graphical representation of an
OA Doppler occurs by the analysis of the pulse wave velocity (PWV), the velocity peaks, the
average velocity of a cardiac cycle (Vmean) and the indexes that relate the systolic and dias-
tolic velocities: Pulsatility Index (PI), given by (PSV-EDV)/Vmean; Resistance Index (RI),
given by (PSV-EDV)/PSV; and Peak Ratio (PR), given by P2/PSV. Fig. 3 shows typical
Doppler velocimetry results observed in OA of normal pregnant women (Fig. 3A) and preg-
nant women with preeclampsia in the present study (Figures 3B and 3C). In PE, a specific
alteration in the morphology of the wave, which acquires the shape of hump, is observed due
to the increase in amplitude and rounding of P2, indicating the presence of hyperflow in or-
bital territory. The elevation of PR and P2 indicates hyperflow in orbital territory. On the
other hand, the decrease in IP and IR represents an increase in the flow velocity at that loca-
tion [12].

Table 1 shows the values obtained for the main variables analyzed in the three groups
of this study, presented as frequency (categorical variables), median + IQR (variables without
normal distribution) and mean + SD (normal distribution).

In relation to the anthropometric variables, there was a significant increase in weight
gain and a borderline increase in BMI during gestation in the group of pregnant women with
LOPE in relation to the control (C) group. The weight gain during pregnancy was also signif-
icantly higher in LOPE group than in EOPE group. In fact, the deliveries of the EOPE group
volunteers were very premature, according to World Health Organization criteria, with fetal
weight 48% and 37% lower than in C and LOPE groups, respectively. The weight of the pla-
centa in the EOPE group was also significantly lower than in the other groups.

Regarding blood cell counts, there was a borderline decrease in the erythrocyte count
and a significant increase in the reticulocyte index in the EOPE group when compared to the
C group. A significant reduction in platelets was also observed in the EOPE group in relation
to the C group.

As for the liver function biomarkers, blood levels of ALT, AST and LDH were higher
in the LOPE and EOPE groups than in the C group. Blood levels of LDH were also signifi-
cantly higher in EOPE group than in LOPE group.

The changes observed in these biomarkers make sense in relation to the lower levels
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of HSA observed in the volunteers of the EOPE group both in relation to the C group and the
LOPE group.

In the category of nitrogen excretion products, urea and uric acid levels were signifi-
cantly higher in the EOPE and LOPE groups than in the C group and were also higher in EO-
PE group than in LOPE group. The creatinine levels were higher only in the EOPE group
than in the C group. There were no significant differences in the levels of indirect and total
bilirubin between the groups.

Regarding electrolytes, plasma levels of Na+ were significantly lower in the EOPE
group than in the LOPE and C groups, while K+ levels were significantly higher in EOPE
group than in the C group.

Serum iron and ferritin levels were significantly higher in the EOPE and LOPE
groups than in the C group, and also higher in EOPE group than in the LOPE group.

As for Doppler velocimetric variables, there were significantly lower values of re-
sistance index (RI) and pulsatility index (PI) of the OA Doppler in the EOPE and LOPE
groups when compared to the C group. The volunteers of the EOPE group also presented
significantly higher values of P2 than C group. The PR values of EOPE and LOPE groups
were significantly higher in relation to the C group.

Regarding the membrane stability variables, the values of 1/H50 of the EOPE group
presented a significant increase in relation to the C group and a borderline elevation in rela-
tion to the LOPE group. The EOPE group presented a borderline reduction of HO and a sig-
nificant reduction of H100 in relation to C group, as well as a borderline reduction of H100 in
relation to the LOPE group.

In order to determine if the aforementioned differences would have been driven by the
occurrence of growth restriction, the statistical analyzes applied to the data in Table 1 were
redone after the withdrawal of the volunteers with newborns whose growth was below the
10th percentile (results not shown), with probable etiology associated with pre-eclampsia. In
total, 3 cases were withdrawn in the EOPE group and 1 in the LOPE group. Significant statis-
tical differences were preserved in this new analysis, except for reticulocyte index and pa-
rameter H100. Differences with borderline significance were also preserved, except for the
number of erythrocytes and the membrane stability variable HO.

The matrices for the correlations between all pairs of variables in the groups of preg-
nant women (normotensive, LOPE and EOPE, respectively) are not presented in this study,

but the Spearman’s correlation coefficient (p) values, along with their respective p values,

58



were mentioned in the discussion, whenever they were useful to support findings reported

here.

Discussion

In the present study, the EOPE group presented the worst obstetric results when com-
pared to the other groups, with very premature births, lower fetal and placental weights, and
greater maternal systemic impairment, demonstrated by significant changes in hematological,
biochemical and Doppler velocimetric indices of AO. On the other hand, the LOPE group
had a full-term birth, fetal weight close to 3 kg and placental weight without significant dif-
ference in relation to C group, and lower maternal systemic compromise when compared to
the EOPE group.

Differences in gestational outcomes and maternal involvement suggest the presence of
two distinct clinical phenotypes for PE [1, 41]. According to some authors, LOPE, described
as its mild form, is associated with normal or slightly altered placentation, with clinical mani-
festations resulting from a previous endothelial compromise, which is exacerbated by preg-
nancy, and, therefore, this form of the disease is called of maternal PE. On the other hand,
EOPE, a determinant of most serious cases, reflects an inadequate placentation, with the re-
lease of antiangiogenic and pro-oxidant factors, responsible for the promotion of endothelial
lesion, and for this reason this form of the disease is referred to as placental PE [42]. Endo-
thelial dysfunction is the common pathway to all forms of presentation of the disease [5]. In
PE there is an imbalance between pro and antioxidant factors, which characterizes the state of
oxidative stress and can be proven by the elevation of biomarkers of lipid peroxidation in
relation to normotensive pregnant women [26, 43].

Erythrocytes are quite vulnerable to reactive oxygen species (ROS), since their poly-
unsaturated fatty acids are susceptible to lipid peroxidation [44, 45]. This process leads to
changes in the lipid bilayer of the erythrocyte membrane, affecting its fluidity and stability.
With lysis, the iron released from hemoglobin favors the formation of free radicals superox-
ide (O2¢) and hydroxyl (HO¢), thus amplifying the cascade of oxidative damages. This is why
membrane stability of erythrocytes should be a determining factor in the progression of
preeclampsia [26].

Previous studies indicate that both gestation and PE are associated with changes in

blood rheological behavior [46-51]. Although PE was previously associated with increased
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osmotic fragility of erythrocytes [43], in this study the EOPE group showed a significant in-
crease in membrane osmotic stability in relation to the C group and a borderline increase in
relation to the LOPE group. These results suggest that EOPE and LOPE actually have differ-
ent etiologies. As osmotic stability is a good indicator of the extent of cellular impairment by
lipid peroxidation [26], it is possible that this change in erythrocyte behavior is due to exac-
erbation of oxidative stress. The in vivo exacerbation of this oxidative aggression to erythro-
cytes would reduce their ability to deform and decrease their longevity, increasing their re-
moval rate, the bilirubin production and the ferritin circulating levels, with consequent de-
crease in erythrocyte counts and acceleration of erythropoiesis, which is trivially associated
with increased reticulocyte count. In fact, the EOPE group showed lower counts of red blood
cells, higher levels of ferritin and increased reticulocyte index.

In this complex situation, the involvement of erythrocytes in the pathophysiology of
PE also has other implications that can be inferred from correlations presented by blood vari-
ables. Although the deformability of the erythrocyte membrane is related to its fluidity, which
is impaired by oxidative stress, it is also influenced by cytoplasmic viscosity, which in turn is
regulated by mean corpuscular hemoglobin concentration (MCHC) and intracellular volume
of water. The cytoplasmic viscosity of the erythrocyte rises with increasing hemoglobin con-
centration, such that excessive elevation will disturb the deformability of the erythrocyte.
Thus, MCHC reference values reflect physiologic patterns of viscoelasticity of erythrocytes.
In this sense, the negative correlation observed between MCHC and the stability variable
dX/Amin in the control group (p = - 0.392; p = 0.047) should be meaning that, within the
physiologic reference range of this variable, lower MCHC values are associated with greater
osmotic stability, certainly because lower hemoglobin levels mean less impact of osmotic
pressure in the promotion of in vitro lysis of the cells of normotensive pregnant women. For
some reason not yet understood, in the LOPE group, the positive correlation of MCHC with
the erythrocyte membrane stability was manifested in relation to the H50 (p = + 0.465; p =
0.039) and H100 (p = + 0.647; p = 0.002) variables. But the positive nature of this association
should mean that also in LOPE lower hemoglobin concentrations are associated with greater
osmotic stability of erythrocytes. Indeed, the MCHC values should remain in a critical range
to avoid compromising the stability and deformability of red blood cells.

Although the osmotic stability of erythrocytes in vitro does not strictly reflect erythro-
cyte stability in vivo, since the hypo-osmolarity conditions that leads to the in vitro hemolysis

will not occur in vivo, it helps to understand erythrocyte behavior in vivo, where a broader set
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of mechanisms is at work. In vivo, the mechanical friction of erythrocytes with vessel wall,
especially in smaller caliber capillaries, is a more relevant threat to the maintenance of eryth-
rocyte stability. This mechanical aggression is aggravated by an increase in blood pressure.
The influence of pressure on blood rheology is associated with an increase in the rate of re-
moval and elevation of erythrocyte generation. The strong positive correlations observed be-
tween dX and with SBP (p = + 0.865; p = 0.006) and DBP (p = + 0.740; p = 0.036) and
dX/H50 with SBP (p = + 0.636; p = 0.036) and DBP (p = + 0.664; p = 0.026) reveal that the
increase in blood pressure is also associated with the increase in erythrocyte stability in vitro,
certainly due to an increase in the proportion of reticulocytes due to increase in the mechani-
cal aggression by arterial hypertension on erythrocytes weakened due exacerbation of oxida-
tive aggression on their membrane lipids. The high pressure must have contributed to the
removal of the most fragile cells, such that the in vitro analysis is using only the more stable
cells, which are remnants of a process of mechanical selection of stability. The negative and
strong correlations of MCHC with DBP (p = - 0.851; p <0.001) and SBP (p = - 0.911; p
<0.001) in the EOPE group indicate a very strong association between increased blood pres-
sure and decline in MCHC. This should mean that this decline in MCHC is associated with
change in the dynamics of the formation and removal of red blood cells. High MCHC values
are associated with increased viscosity, which, in view of the elevation in blood pressure,
would compromise the deformability and stability of the erythrocyte, and consequently the
dynamics of gas exchange in the pregnant woman. As smaller MCHC values were related to
osmotically more stable erythrocytes in pregnant women with LOPE, as stated earlier, this
suggests that the MCHC decrease is a compensatory mechanism to ensure the preservation of
the erythrocytes (Fig. 4), in view of the elevated pressure present in the disease, ensuring the
preservation of the pregnant woman's life.

Returning to the mechanical selection hypothesis, it is possible that the criterion for
selection is exactly the hemoglobin concentration. The erythrocytes with higher hemoglobin
content would offer more resistance and would be more vulnerable to damage and removal,
leaving unchanged the erythrocytes populations with lower hemoglobin content and with
greater deformability and stability both in the presence of mechanical aggression in vivo and
in the presence of aggression by osmotic expansion in a low osmolarity medium in vitro (Fig.
4).

The absence of a significant correlation between MCHC and indirect bilirubin (p = -

0.033; p = 0.932) total bilirubin (p = - 0.336; p = 0.262) in EOPE should mean the existence
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of a much more complex environment in this condition, with a larger group of factors govern-
ing bilirubin levels. This is in fact true in light of the interference of oxidative stress on the
deformability, stability and lysis of erythrocytes, on the one hand, and the interference of
hepatic dysfunction on bilirubin levels, on the other hand. Indeed, a significant and strong
positive correlation was observed between AST and t-B levels (p = + 0.500; p = 0.019) levels
in EOPE.

Although erythropoiesis accelerates in normal gestation, with increased reticulocyte
release in the circulation [52], erythropoiesis becomes even more accelerated in EOPE, as can
be inferred from the higher values observed in the reticulocytes index of EOPE group with
respect to C group. After a few days in the bloodstream, reticulocytes completely lose their
organelles and acquire the biconcave disc format that is typical of young mature erythrocytes.
For this reason, the erythrocyte population in gestation is predominantly composed of young
cells [47], which would be osmotically more fragile [48], due to the occurrence of progres-
sive increase in the sphericity of the erythrocyte, with reduction of diameter and thickening of
the membrane during pregnancy [47, 53]. Indeed, the positive correlation observed between
H50 and reticulocyte index (p = + 0.524; p = 0.009) in the control group means that in vitro
the osmotic stability of erythrocytes decreased with increasing reticulocyte ratio in the blood
of healthy pregnant women in this study. But there are reports that reticulocytes show a 10%
increase in their membrane stability when compared to young erythrocytes [54]. However,
due to the non-inclusion of a group of non-pregnant women, the present study could not de-
termine the influence of gestation on the membrane stability of erythrocytes. Given the com-
plex and non-linear nature of the relationships between the variables of the broad set of fac-
tors governing osmotic stability of erythrocytes, it is difficult to establish inferences exclu-
sively from bivariate correlations.

Even so, some significant correlations deserve to be highlighted, especially when as-
sociated to situations where there has been greater variation, as is the case of the EOPE group
in relation to normal pregnancy. In the EOPE group, in which there was an acceleration of
erythropoiesis associated with hepatic dysfunction, the correlations presented by RDW are
noteworthy. RDW showed significant negative correlations with TGC (p = - 0.661; p =
0.019), t-C (p = - 0.749; p = 0.005), LDL-C (p = - 0.612; p = 0.046) and urea (p = - 0.601; p
= 0.030), and a positive correlation with 1/H50 (p = + 0.658; p = 0.028). Although high lev-
els of RDW have been associated with excess membrane cholesterol content [55] and exces-

sively high blood levels of cholesterol have been associated with the generation of hemolytic

62



anemia and morphological atypia [31, 56], the relationship of RDW with cholesterolemia
should not be linear [31]. Particularly in view of the increase in reticulocyte population, an-
other aspect of the influence of blood cholesterol levels should be manifested. This is why in
the EOPE group, RDW was negatively associated to TGC, t-C and LDL-C, as previously
affirmed. These correlations make even more sense in light of the possible meaning of the
also negative correlation observed between RDW and urea (p = - 0.601; p = 0.030). Although
high levels of urea in the EOPE group are associated with a decline in renal function, lower
levels of urea also signal the occurrence of hepatic dysfunction, which means less production
of lipids. Thus, higher urea levels would also mean higher hepatic triglyceride and cholesterol
production and lower RDW values, due to the hematologic context present in this group, i.e.,
in the presence of an increased reticulocyte population. On the other hand, the positive corre-
lation observed between RDW and 1/H50 (p = + 0.658; p = 0.028) shows that for the range
of values of this variable presented by the EOPE group the increase in RDW was associated
with an increase in erythrocyte stability. In relation to the variability existing between these
parameters it is difficult to infer what is desirable and what is undesirable, because each of
these variables or properties is undergoing the simultaneous influence of other variables.

This is the case of erythrocyte membrane stability, which in LOPE showed to be in-
versely associated with MCHC (due to the positive correlations presented by H50 (p = +
0.465; p = 0.039) and H100 (p = + 0.647; p = 0.002) with MCHC) and MCV values (due to
the negative correlations presented by variables dX (p = - 608; p = 0.27), dX/Amin (p = -
0.731; p < 0.001) and dX/H50 (p = - 0.666; p = 0.001) with MCV). Since MCV is governed
by MCH, which is quite obvious and can be confirmed by the strong correlations observed
between MCV and HCM in the three groups of this study, it seems that the increase in eryth-
rocyte stability with the decrease in volume is due to a decrease in hemoglobin content. This
makes a lot of sense, both in vivo, in which the decrease in hemoglobin content decreases
cytosolic viscosity and raises the deformability and mechanical stability of erythrocytes [54],
and in vitro, a situation in which the reduction in hemoglobin content decreases the osmotic
pressure associated with the entry of water into the cell, especially in view of the hyposmotic
condition in the external aqueous medium.

In the LOPE group, significantly higher values of weight gain and BMI in relation to
the other groups suggest the participation of obesity in the etiology of the disease. In fact,
higher adiposity is associated with chronic inflammation, ROS release and membrane
lipoperoxidation, thus generating structural and functional damages [57, 58]. Thus, the in-

63



crease in lipid peroxidation, due to obesity, could trigger the disease, even in the presence of
adequate placentation. In the LOPE group, the association between BMI and the osmotic sta-
bility index dX/H50 (p= + 0.571; p = 0.041) suggests the influence of obesity, probably due
to lipoperoxidation and dyslipidemia, in increasing erythrocyte membrane stability. This type
of effect exerted by blood lipids should not be surprising, since transfer of cholesterol to the
erythrocyte membrane has dual effects on the stability and functionality of these cells [31].

In the presence of a hypoxemic environment, there is a reduction in peripheral vascu-
lar resistance and a compensatory increase in local flow velocity. It seems that a similar
mechanism occurs in the cerebrovascular microcirculation of volunteers with EOPE, as may
be inferred from the behavior of some hemodynamic indices of the OA.

Positive correlations of RI with erythrocyte counts (p = + 0.694; p = 0.026) and he-
moglobin levels (p = + 0.702; p = 0.024) show that the lower RI values observed in this
group are associated with lower red cell counts, which would require a compensatory in-
crease in local flow velocity. Indeed, the PR increase that was observed in the EOPE group
and the negative correlation observed between PR and hemoglobin (p = - 0.669; p = 0.035),
also in this group, indicate that the blood flow changes observed in OA are associated with
changes in hemoglobin levels.

On the other hand, exacerbation of cerebral vasodilation is responsible for loss of self-
regulation, extravasation of plasma and development of posterior reversible encephalopathy,
known as PRESS Syndrome [14] and considered the terminal stage of preeclampsia.

The negative association observed between placental weight and MCV (p = - 0.618; p
=0.004), MCH (p = - 0.458; p = 0.042) and MCHC (p = - 0.519; p = 0.019) indices in the
LOPE group indicates that the mechanical selection of smaller erythrocytes, with lower he-
moglobin content, is associated with better gestational outcome. A similar protective phe-
nomenon appears to occur in the central territory, since smaller red cells and lower hemoglo-
bin levels were associated with lower central flow and thus lower risk of hydrostatic edema
of the cerebral parenchyma, as can be inferred from the negative correlation observed be-
tween IR and MCV (p=- 0.642; p = 0.045).

Renal injury in preeclampsia is marked by increased urea and, mainly, creatinine. The
elevation of these substances is related to an increase in blood pressure and a hyperdynamic
cardiovascular state. Thus, there will be increased pulse pressure and, consequently, in-
creased flow velocity of the ophthalmic artery. Indeed, this is what can be inferred by the

positive associations of P2 with creatinine (p =+ 0.667; p = 0.050) and urea (p = + 0.697; p =
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0.025) and of PR with creatinine (p = + 0.753; p = 0.019) in the EOPE group.

In EOPE, the positive correlation observed between PR and VLDL-C (p = - 0.904; p
= 0.001), lipoprotein that was associated with endothelial dysfunction [59], indicates its par-
ticipation in peripheral resistance and elevation of blood pressure levels, with a consequent
increase in pulse pressure and in the systolic peaks of the ophthalmic artery.

In the present study, PR values, the main indicator of changes in flow velocity in the
Doppler velocimetry of the OA (Fig. 3), differentiated the cases of PE in relation to the nor-
motensive patients, but did not demonstrate a significant difference between the LOPE and
EOPE groups. In practice, PR has the power to detect PE when above 0.78 [15]. The signifi-
cant difference found between P2 of the EOPE group, but not of the LOPE group, in relation
to the C group (Table 1), suggests that P2 could also be used to differentiate the vascular be-
havior of EOPE in relation to LOPE. In fact, P2 values above 24.6 cm/s in the first trimester
of gestation were associated with a prediction of the risk of developing EOPE [60].

It is possible that the stratification of PE on the basis of a vascular referential capable
of differentiating EOPE from LOPE could better clarify the differences in the complex rela-
tionships between the anthropometric, hemodynamic, hematologic and biochemical profiles
of these two forms of preeclampsia.

It is important to emphasize that the control group used here may be a limitation of
this study, since this group consisted of volunteers who had full term gestation, which may
raise doubts as to whether the hematologic findings found in the EOPE group can in fact be
attributed to pre-eclampsia or whether they are inherent to existing differences in gestational
age between the two groups, where there is a single reference range for each hematologic and
biochemical variable for the whole third trimester of gestation [61].
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Legends of Figures

Fig 2.1. Typical curve of osmotic stability of erythrocytes. The lower plateau defines the Anmin
variable, which represents the amount of basal hemolysis present in the blood sample of each
study volunteer. The decrease in the tonicity of the medium is associated with increased lysis
of erythrocytes and release of hemoglobin in the solution, resulting in increased absorbance at
540 nm with formation of a curve of sigmoidal nature whose upper plateau defines the Anax
variable, which represents the occurrence of 100% hemolysis. The curve passes through an
intermediate point defining the Hsy variable, which represents the concentration of NaCl re-
quired to promote 50% hemolysis. The saline concentration at the starting point of the curve
defines the Hy variable, which is the saline concentration required to initiate in vitro hemoly-
sis and which can be calculated by the formula Ho=Hso+4dX/2. The saline concentration at
the point where the in vitro lysis reaches its maximum plateau defines the Hio variable,
which represents the saline concentration necessary to promote total lysis of the red blood
cells, being calculated by the formula Higp = Hso-4dX/2. The dX variable represents a quarter

of the variation in saline concentration required to promote 100% hemolysis.

Fig 2.2. Graphical representation of the Doppler velocimetry of ophthalmic artery. The X-
axis represents the time (seconds) and the Y-axis represents the flow velocity (cm/s). A rapid
increase in velocity is observed, with a peak systolic velocity (PSV), followed by a rapid fall
and a new velocity rise with the formation of a second rounded systolic peak (P2), followed
by the aortic notch, which closes the systolic cycle. Then there is an increase in velocity with
formation of the diastolic phase of the pulse wave velocity (PWV), which ends with the end-
diastolic velocity (EDV). The P2/PSV ratio is referred to as Peak Ratio [18].

Fig. 2.3. Representation of Doppler velocimetry of ophthalmic artery in a normotensive vol-
unteer (PR = 0.56; P2 = 24.25) (a) and in volunteers with late-onset (LOPE: PR = 0.78; P2
=25.24) (b) and early-onset (EOPE = 0.93; P2= 35.23) (c). PR is the P2/PSV ratio and P2 is

the second peak systolic velocity.

Fig.2.4. Mechanical selection and increased osmotic stability of erythrocytes in preeclampsia.
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Table 2.1. Comparisons of the values of variables from normotensive pregnant women and pregnant
women with late onset preeclampsia (LOPE) and early onset preeclampsia (EOPE), presented as fre-

guency*, median + IQR® or mean * SDT, at the third trimester of pregnancy

Variables

Normotensive

LOPE

EOPE

Maternal Age (y)
Weight Gain (kg)
BMI (kg/m?)
Gestacional Age (w)
Birth Weight (kg)
Placenta Weight (g)
SBP (mmHg)

DBP (mmHg)

RBC (106 ceIIs/mm3)
Ht (%)

Hb (g/dL)

MCV (fL)

MCH (pg)

MCHC (g/dL)

RDW (%)

Rtc Index (%)

PIt (10° cel/mm’)
MPV (fL)

t-C (mg/dL)

HDL-C (mg/dL)
VLDL-C (mg/dL)
LDL-C (mg/dL)
TGC (mg/dL)
Proteinuria

Proteinuria 0+
Proteinuria 1+
Proteinuria 2+
Proteinuria 3+
Proteinuria 4+

ALT (U/L)

AST (U/L)

LDH (U/L)

HSA (g/dL)
Urea (mg/dL)
Cn (mg/dL)
Uric Acid (mg/dL)
i-B (mg/dL)

t-B (mg/dL)

Na (mEqg/L)

K (mEq/L)

Fe (mg/dL)
Ferritin (ng/mL)
RI

Pl

PSV (cm/seg)
P2 (cm/seg)
PR

Vimean (cM/seg)
EDV (cm/seg)
Amin ( AOD)
Anax(AOD)

Ho (g/dL NaCl)

W W W W W W W =

W W W W W W W W W W W W =k =k =

W W W W W W = W W W W K K K ¥ ¥

W W W W W W =

w W W =

—+

25.0+10.5 (28)
10.0 + 3.0 (26)°
29.2+5.1(27)°
40.0 + 1.0 (29)*°
3.5+0.5(28)*°
590.0 + 80.0 (28)°
120.0 + 10.0 (28)*"
70.0 + 10.0 (28)*°
4.15+0.57 (29)°
34.6 + 3.8 (29)
12.0+ 1.5 (29)
85.3 + 6.4 (29)
29.5 2.7 (29)
34.1+1.6 (29)
13.3+1.3 (29)
1.1+1.4(27)°
229.0+ 7.0 (29)°
11.0 2.0 (29)
219.2+65.0 (27)
59.8 + 28 (27)
40.0 +16.0 (28)
131.5+63.3 (28)
203.0 % 131.0 (28)
a,

P

100.0% (29)
0% (0)
0% (0)
0% (0)
0% (0)

14.9 2.9 (29)*°
9.0 3.2 (28)*°

193.0 +39.0 (27)*°

3.5+0.4 (25)°
14.6 £ 3.6 (29)*°
0.58 +£0.21 (29)°
43+1.0(29)*°
0.205 +0.13 (26)
0.425 +0.19 (26)
138.0 + 2.5 (24)°
4.05 +0.42 (25)°
78.0 £ 46.0 (27)°
26.5 + 14.64 (25)°
0.78 £ 0.04 (26)*°
1.96 + 0.44 (26)*°

31.4+7.4(27)
17.9 £10.7 (27)°

0.58 +0.13 (27)*°
12.5 + 4.9 (26)
7.1+3.7(27)

1.060 + 0.148 (26)

0.019 +0.021 (26)

0.480 + 0.031 (26)°

26.0+ 14.0 (23)
20.0+ 7.0 (9)*°
32.0+8.4(13)°
38.0+2.0 (20)*°
2.9+0.6 (22)°°
512.5 +160.0 (22)°
150.0 + 30.0 (23)°
100 +20.0 (23)°
4.08 +0.44 (22)
34.7 +5.6 (22)
11.8 +1.8 (22)
82.9+8.9(21)
27.9+3.7 (21)
33.8+1.5(21)
14.0 £1.9 (21)
1.4+1.1(21)
213.5 +102 (22)°
10.2 £ 2.4 (21)
198.0 + 59.0 (19)
59.9 + 13.3 (21)
40.5 + 19.8 (16)
106.0 + 54.0 (17)
210.0 + 128.0 (17)
a

31.3% (5
18.8% (3
37.5% (6
12.5% (2

0% (0)
17.0 +11.0 (23)°
12.0+7.0 (23)°

236.0 +49.0 (23)*°

3.3+0.6 (15)°
21.0+10.9 (23)*¢
0.70+0.2 (23)
5.4 +1.4 (23)*¢
0.17 £0.23 (16)
0.28+0.17 (20)
140.0 +4.0 (17)°
4.0+0.5(17)
84.9 +46.1 (20)°
31.5+32.5(17)°
0.73 £0.09 (17)°
1.62 +0.46 (17)°
30.6 9.8 (17)
( a
(

)
)
)
)

223+4.1(17)
0.71+0.27 (17)

13.3+4.8 (15)

8.2+3.2(17)
1.032 £ 0.237 (22)
0.019 +0.032 (22)
0.472 +0.048 (22)

27.0+10.0 (13)
14.0+5.0 (5)°
29.7£6.2 (6)

31.5+4.0 (13)*°

1.8 +0.9 (11)*¢

337.5+200.0 (12)*"
150.0 + 20.0 (13)°
100.0 + 10.0 (13)°

3.78 £ 0.68 (13)°
33.2+3.8(13)
113+ 1.3 (13)
87.3+ 6.1(13)
29.8 £2.7 (13)
33.9+2.3(13)
13.0+ 1.3 (13)
1.7+1.6 (11)°

141.0 +52.0 (13)*°
10.0 £ 2.3 (13)

227.0+61.9 (12)

60.3 £ 20.5 (12)

47.0+31.2 (11)

113.5 + 66.3 (11)

238.0+121.8(12)

0% (0)
22.2% (2)
44.4% (4)
11.1% (1)
22.2% (2)

27.0+27.7 (13)°
22.0+45.8 (13)°
292.0 £274.0 (13)*°
3.0+0.6 (11)*°
35.0+ 19.0 (13)>°
0.78 £0.29 (12)°
7.6 £1.4 (13)°
0.220 +0.480 (11)
0.340 +0.490 (13)
136.0 £ 5.0 (13)*¢
4.56 + 0.47 (13)°
106.5 + 89.3 (12)*°
156.2 +244.7 (12)*°
0.63 £ 0.08 (10)°
1.14 + 0.87 (10)°
30.0 £ 15.0 (10)
25.3 + 14.2 (10)°
0.85 +0.19 (10)°
16.2+7.1(7)
10.8 5.4 (9)
0.099 + 0.074 (11)
0.009 + 0.009 (11)
0.458 +0.028 (11)°
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Hso (g/dL NaCl) s 0.447 +0.036 (26)° 0.437 + 0.037 (22)° 0.417 +0.028 (11)*°
H1oo (/dL NaCl) s 0.423 +0.030 (26)° 0.402 + 0.034 (22)° 0.388 +0.013 (11 )*°
1/Hs (g/dL NaCl)™ 5 2.236+0.177 (26)° 2.283 £0.201 (22)° 2.400 £ 0.161 (11)*°
dX (g/dL Nacl) 5 0.017 +0.027 (26) 0.015 + 0.007 (22) 0.016 + 0.010 (11)
dX/Hso 5 0.038 + 0.208 (26) 0.035 +0.018 (22) 0.038 +0.022 (11)
dX/Amin 5 0.016 + 0.007 (26) 0.014 £ 0.011 (22) 0.018 £ 0.011 (11)
a,b,c

and “ indicate statistically significant (p<0.05) and borderline differences (0.05<p<0.10), respectively, when
present as pairs of common letters and comparisons were done by Kruskall-Wallis with Dunn-Bonferroni post-
hoc test (non-normally distributed data)*’§ or ANOVA with Bonferroni post-hoc test (normally distributed da-
ta)t.

Abbreviations: N, number of participants; SPB, systolic blood pressure; DBP, diastolic blood pressure; Ht, hem-
atocrit; Hb, hemoglobin; RBC, erythrocytes; MCV, mean corpuscular volume; MCH, mean corpuscular hemo-
globin; MCHC, mean corpuscular hemoglobin concentration; RDW, red cell distribution width ; Rtc Index, retic-
ulocytes index; Plt, platelets; MPV, mean platelet volume; t-C, total cholesterol; HDL-C, high density lipopro-
tein cholesterol; VLDL-C, very low density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol;
TGC, triglycerides; AST, aspartate aminotransferase; ALT, alanine aminotransferase; LDH, lactate dehydrogen-
ase; HSA, human serum albumin; Cn, creatinine; iB, indirect bilirubin; tB, total bilirubin; Na®, sodium; K*,
potassium;; Fe, serum iron; RI, resistance index; PI, pulsatility index; PSV, peak systolic velocity; P2, second
peak of systolic velocity; PR, peak ratio; Vean, mean velocity; EDV, end diastolic velocity; A, absorbance at
540 nm associated with residual lysis of the erythrocytes population; A, absorbance at 540 nm associated
with lysis of the whole population of erythrocytes; Hy, saline concentration where in vitro hemolysis begins;
Hso, saline concentration capable of promoting 50% hemolysis Hiqo, saline concentration where in vitro lysis
ends; 1/Hso, inverse the NaCl concentration capable of promoting 50% hemolysis; dX, variation in the concen-
tration of NaCl responsible for total hemolysis.
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Table 2.2. Values of Spearman ¢ coefficients for the correlations between all

airs of variables in the group of normotensive pregnant women*

Variable 112 [3[4[5[6 78 [9[10[1M]|12]13|14|15[16[17[18[19[20[21|22[23|24|25|26[27[28]29[30|31|32|33[34[35[36|37[33]39)|40|41[42[43|44|45|46[47
1 | Weight Gain 10
2 |BMI 04| 10
3 | Gestacional Age [-0.1{ 0.1] 10
4 | Birth Weight 01]-01] 02| 10
5 | Placenta Weight | 02| 00| 02| 02| 10
6 |SBP 03[-01] 01] 01 01] 10
7 |DBP 0.1/ 00] 03| 00] 02{ 05] 10
8 |RBC 01/ 03] 00{-01]-03[03|-01] 10
9|Hb 0.1] 00f 02| -0.1[-04] 0.1] 00| 05] 10
10 [Ht 01/ 02] 01[{-01]-05[ 00/-01] 07] 09] 10
11 |MCH 00[ 00| 01{-01|-01] 05| 0.1| 05| 04| 02| 1.0
12 |[MCV 00]|-01) 02| 0001 05| 0.1| 05| 05 02 09| 1.0
13 |MCHC 03] -04| 00{-02] 01] 03] 02| 04| 03] 00| 06/ 03| 10
14 |RDW 02| 02| 00| 02| 03| 03[01] 02[05[-02[06|-05|-06] 10
15 |Ric 01] 01) 01] 01| 01/-01({02| 00[-05(-04[-04|-04][04| 01] 10
16 | Pit 02| 01] 04| 01]-02|-01]-03] 03| 06| 06| 02| 03] 00|-03|02| 10
17 |MPV 0.1/ 00{03[02] 01] 01] 02| 03]|-02|-02| 00]|-0.1] 03] 02| -03|05| 10
18 |+C 00]|-02| 00|-02| 03| 0.1] 03] 01| 00| 00| 0.1] 01| 0.1]-02| 00| 00]|-01] 10
19|TGC 00]-01] 03| 03| 06| 01| 01| 03|01[02| 00[ 01] 01] 01| 01] 02| 00] 05] 10
20 |HDL-C 03] 03] 01] 01/-02| 01| 01| 05| 03] 05/02| 01]|-04| 02| 00| 0.1|-04| 01|01 10
21|LDLC 02(03[02[03] 02| 00] 02| 01| 00{-01] 00| 00| 02|-02| 00|01| 0.1 09| 02 02| 10
22 |VLDLC 01/-01] 03] 03] 06| 02| 02| 03]0.1{-02| 01] 01] 01] 0.1] 00] 02| 00| 04| 10| 02| 02| 10
23 |ALT 01]-01]-02{ 00] 01| 02| -01] 03] 00[-01] 04| 03] 02{-01|0.1] 00| 01] 03] 03] 01| 03] 04| 10
24 | AST 01] 01]/02|01[-01]01]-01] 02| 03] 03] 01| 01] 02| 00][-03] 03] 03] 02] 01]{-02| 02| 02| 04| 10
25|LDH 01/ 01]-02{02] 01] 00|01 00] 01] 01] 03| 02| 01{-01| 00] 00[-02] 03] 02| 03] 03| 01| 06]-01] 10
26 |Urea 00| 03] 01|-01/-01/01] 01] 03| 03| 04| 00| 02][-02| 01]-02] 01| 00] 03] 00| 05] 02| 00f 00{ 01] 01] 10
27(Cn 01/ 02] 00f 02|-01] 01] 02| 00] 00] 00| 00| 01] 00{-01|-01] 01| 01] 0.1 0.1] 01] 00| 01]-01] 02| 02| 03] 10
28 |UA 04] 02| 03| 00| 02| 03] 02 02| 02| 03] 0.1] 01| 00| 01| 00| 00| 00]|-0.1] 02| 04]|-03| 02[0.1[-0.1]-01] 03] 00| 10
29|iB 02]|-01]-03| 00/-03| 02 01| 02| 04| 02 05| 05( 0.3|-04|-01] 0.1]-01] 01] 01| 00| 00f 0.1] 03| 03| 00| 02| 02| 00| 10
30 (tB 01]-01]-02| 00/-03| 04| 00| 03| 05| 03] 0.7| 0.7 04|-05|-03| 0.1] 02| 00] 01| 00|-01| 01| 03] 02| 01] 0.1] 0.1] 01| 08| 1.0
31|Fe 0.1] 02| 03[-0.1][-03]| 02] 01] 01| 02| 01] 03] 03] 03|-02|-02| 00| 00]{-02| 00| 00[-02| 00| 00| 03|-02( 03] 0.1] 0.1] 02| 02] 10
32 | Fenitin 0.1/ 03] 03] 01]-01]{-02] 00| 041] 03] 02| 03| 0.1] 03|-0.1| 03| 04| 00[-04| 0.1]-02|-05] 01] 02| 05[-0.1{-0.1] 03| 00| 00| 00| 04| 10
33[RI 00]|-02|-02| 01|-02| 02| 01| 03|-02|-02| 00] 01[-0.1| 00{-02]|-0.1] 00]-01] 00| 0.1] 01| 00[-02| 00]-03]-01| 03| 03| 04| 03| 00]-02] 10
34 [Pl 00]|-03|-02| 01| 00| 01| 01| 02| 02| 02|02[-02] 02]-02]{-0.1] 00 00| 01] 01|-02| 01| 00{-04[-0.1]{-03]|-02| 04| 03| 03| 02]-02|-03] 06] 10
35 |PSV 0.1] 02| 01] 02| 03|-02]| 00| 02|-01[-02]| 02] 0.1] 04| 01|-01|01| 01| 00] 02| 00{-02| 02| 04| 01| 02{-0.1] 02| 02[-0.1] 00| 01| 06| 03[-03| 10
36 [P2 00| 04| 04 01| 02| 02| 01| 02| 00| 00 05| 04| 00| 00| 00| 00{-01] 00| 02| 00|-01| 02| 05| 03| 02| 02| 00| 03| 02| 01| 03| 06]-03|-06| 08| 10
37[PR 03] 03] 02|-01| 02|01 01| 00| 03| 02| 04| 04[-02|-01] 00| 03]-03] 04| 03| 02| 03| 03| 06| 02| 03] 04|-02| 02| 02| 01| 01| 02]|-04|-07| 02| 06]10
38 | Vmean 0.1] 04| 02| 00| 03|-02]| 00| 02|-01[-01] 03] 02|-01| 02| 01| 00| 00| 00| 02]-01]-01] 03] 04| 01| 0.1 02| 00| 03| 00]|-02| 02| 05[04[-06| 07| 09]|06] 10
39 |EDV 0.1/ 03] 02] 01] 03]{-01]-01] 01]{-01]{-01] 03] 02| 04] 01| 01|01] 01{-0.1] 0.1{-01[-01] 01] 05] 02| 04| 00]{02| 02|-02[-01] 02| 05|07[07| 07| 08| 04| 08] 10
40 | Amin 01[02]02] 01]-04| 03]-03] 03| 06| 06] 03] 03] 02|-04|-03| 04[-02| 03] 00| 02| 02| 00| 03| 03| 02| 02{-0.1]| 01] 03] 03| 01|-01]02| 00]{-02]|-01]01]-02|-01]| 10
41 | Amax 0.1] 02| 02 -03[-02{-01] 02| 05| 05| 05| 01] 0.1] 00|-02|-05| 06| 04| 0.1{-02| 03] 02|-01]-02] 01| 0.1 04| 03] 02| 00| 00| 01 01|-01] 01]{-01]{-01]04] 00]-02| 02| 1.0
42 |HO 01]-04| 00| 02| 02| 00{02| 01|-01|-01[03][-02][-03]| 03] 03]-01{-02] 01] 01 01] 01| 02| 00[-03| 01]-03|-06| 00|-02|02|-03|-05]-02|-03|-02|02{02|-01] 00[ 01]-04] 10
43 |H50 00]|-04| 01| 02| 02| 02]03] 01]-02|-0.1[03[-02[-03]| 02| 05| 00]{-02] 01] 02| 00| 02| 02| 00{-03| 01]-01|-05| 00| -0.1]-0.1]|-03]|-05]|-02|-03|03]-01]03[-0.1[ 00| 00]|-04| 09| 10
44 |H100 0.1]-04] 02| 02| 01]-02]|-03] 00{-01][-01]-03]-02|-01| 01| 05| 0.1[{02[-01] 02{-01] 01] 02]|-01]|-03[-0.1]{-0.1{-03]|-01] 01] 00|-01|-04]-0.1]-01]|-05]|-03|01]-03|-02|-01]-03] 06| 09] 10
45|dX 03[-02] 00] 02| 00|-01] 00| 04| 00| 00| 04| 06| 01|-02| 03| 02(02] 01[-0.1] 01] 02]-01] 02| 01| 05 02| 02|-03| 03] 05|-02| 0.1] 02| 01| 06| 04|0.1] 03| 02| 00| 02[-0.1]-01]-02]|10
46 | dXH50 02|-01)-02| 01| 01| 02| 01| 01|-02|-0.1[03[-02][-03]| 04| 00]-03|-01] 03] 00| 03] 01| 00| 02][-02| 03]|-01|-04| 02| -03|03]|-03|-05{-01]|-02| 01| 00{00| 0.1] 0.1 02]-01] 05| 02|-03|0.1/10
47 | dX/Amin 0.1]-01] 01] 03] 01] 00| 00| 05* 03] 04[-03|04| 05| 01]|-04|-01] 02| 01] 02| 01] 0.1] 0.1|-04] 02]-01[05]| 02|-03]|04|-03|05]-01[-02| 01] 00{ 01]02| 01] 00[-03| 06| 04| 00| 00{09]10[1.0

*Gray boxes indicate values of p<0.05
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Table 2.3. Values of Spearman ¢ coefficients for the correlations between all pairs of variables in the group of pregnant women with late-onset preeclampsia (LOPE)*

Variable 1123 |4[5[6]7[8[9|0[M|R[B|U[®B|®|17[B]| V[ D|2A[2|B|A4|5|D|Z7[B|D[D|[HN|[R[B|A|[D|B|[F|B|D|[0|4|L|8B|4|4664
1|Weight Gain 10
2(BMI 02] 10
2|Gestacional Age | 00| 03| 10
4 |Birth Weight 01 01) 07 10
5|Placenta Weight | 03| 03| 08| 05| 10
6[SBP 00| 03[ 05| 04| 03| 10
7|DBP 03| 04| 03| 03| 03| 07| 10
8|RBC 00| 03] 02| 00| O1] 01| 01| 10
9[Hb 00| 03] 04| 03] 04| 03| 02| 05 10
10| Ht 01] 02| 04| 04| 04| 03| 02 06] 10| 10
11|MCH 01] 02| 03| 03 05| 00| 02| 03] 06| 03| 10
12|MCV 00| 03| 04| 02| 06| 01| 00| 02| 06| 05/ 09| 10
13|MCHC 02| 02| 03| 01| 05| 02| 02| 03] 05 03| 08| 06| 10
4 |RDW 00| O1) 05| 02 07| 00| 01| 00| 05| 05| 04| 07| 03] 10
15|Rtc 02| 00| 04| 04| 03| 04| 05] 01| 03| 01| 02| 01| 05| 01] 10
16 | Pit 02| 07| 04| 04] 02| 04| 02| 01| 04| 04| 04| 03] 02| 01] 03] 10
17|MPV 02| 03| 01| 02| 03] 04| 01] 01| 02| 02| 00| 02| 00| 04| 02| 01] 10
18[t-C 03| 02| 01] 04| 01] 01| 01] 01] 01] 02 03| 03] 01] 02| 02| 01| 01] 10
B|TGC 07| 02| 01] 02| 01) 02| 01| 02| 01| 02| 02| 04] 01| 01| 04| 01| 00| 00| 10
D [HDL-C 04| 02| 02| 05| 03| 02| 00| 02| 03| 05| 03| 03| 01| 02| 01] 02| 02| 04| 02| 10
21|LDL-C 01| 04| 02| 02| 02| 01| 02| 00| 03| 03] 03| 03] 02| 02| 03| 01| 02| 08] 01| 01| 10
2|VLDL-C 03 02| 02| 03| 04| 04| 04| 01| 02| 01 00| 02| 04| 00| 06 03| 01| 00| 10| 04| 01| 10
B|ALT 02| 02] 02| 02| 01| 04| 03| 02| 03| 03| 00| 01| 02| 01| 02| 02| 04| 03| 04| 02| 05| 05| 10
2 |AST 03| 01| 02| -01] 01] 02| 00| 01| 00| 00] 02| 03] 01| 03| 03| 02| 01| 02| 03| 03| 01| 06| 06| 10
5|LDH 02| 00] 01) 01| 01| 04| 04] 02| 01| 00| 04| 02| 04| 00| 05| 03| 00| 06| 02| 01| 05| 04| 05| 01| 10
B |Urea Q7| 02 01| 00| 01| 01] 00| 01) 01] 00| 01| 00| 03| 02| 03] 01| 00| 01| 01| 01| 01| 01] 01| 00| 04] 10
Z|Cn Q7| 01| 02| 01] 01| 01) 01] 02| 04| 03| 03| 03] 02| 03| 03| 01] 01| 05| 00 03| 02| 01| 01| 05 05| 06| 10
B|UA 06| 01| 03[ 05| 02| 01) 00 01| 00| 01| 02| 02| 01 01| 02| 03] 00| 05| 01| 04| 03| 00| 01| 04| 04| 04] 06( 10
2|i-B 05| 05| 04| 04| 06| 04| 04| 03| 03| 03| 07| 05| 07| 03| 02| 05| 01| 03] 02| 05| 04| 06| 05| 03| 06| 00| 01| 03| 10
D|t-B 01) 02| 00| 02| 01| 03] 05| 01 05| 03| 05 05| 07| 04| 05| 03] 02| 02| 00 01| 05| 04| 04| 01| 06| 01] 02 00| 05 10
31[Fe 04| 00| 02| 03| 04| 01| 00| 01] 04| 04| 04| 06°| 04| 06| 04| 01| 01] 02| 04| 02| 04| 01| 00| 01| 02| 00| 01| 03| 04| 01] 10
R [Ferritin 05| 00| 05| 03] 04| 02| 02| 03] 02| 00| 04| 03| 07| 03| 06| 05| 01] 01| 01| 01| 01) 04| 02| 03| 03] 02| 01| 03| 05| 03| 06| 10
BRI 01 01) 04| 05| 03| 04| 04| 02| 02| 02| 01| 00| 01| 03] 04| 00| 02| 02| 01) 04| 04| 02| 02| 01| 02| 04| 03] 05| 03| 01| 06| 05| 10
3Pl 02| 02| 05| 05| 04| 07| 05| 01| 03| 02| 01| 00| 02| 03| 05| 02| 02| 02| 01| 04| 04| 03| 03| 00| 04| 03| 03| 05| 04| 02| 05| 06| 10| 10
B|PSV 02| 05| 05| 01| 04| 03| 05| 04| 01| 00| 05| 04| 05| 04| 04| 01| 02| -01] 00| 03| 00| 02| 01| 03| 03| 03| 03| 03| 07| 03| 04| 05 07| 06| 10
¥ |P2 00| 03| 02| 02| 02| 01| 04| 04| 03] 04] 02| 01 03| 02| 00| 04| 03| 03] 02| 00| 03| 01| 03| 03| 01| 00| 00| 00| 03| 01| 00| 05| 04| 02| 08| 10
J7|PR 02| 04| 07| 05| 06| 06| 04| 01| 04| 04| 05| 04| 04| 03| 06| 04| 00| 04| 01| 04| 02| 02| 02| 01| 06| 04| 06| 05| 05| 01| 05| 05| 06| 08| 07| 01| 10
3B |Vmean 02| 04] 04| 01| 03] 01| 03| 03] 02| 03| 05| 03| 06| 02| 01| 04| 03| 02| 01| 00| 03| 01| 04| 02| 01| 00| 00| 01| 04| 00| 01| 04| 01] 01| 08| 09| 03| 10
P|EDV 01| 03| 04| 01| 03] 01| 00| 05| 00| O1] 04| 04| 03] 01| 01| 01| 03| 00| 01] 02| 04| 02| 04| 03| 00| 01| 02| 01| 02| 00| 02| 02| 03| 03| 04| 04| 02| 07| 10
40 [Amin 01| 02] 04| 02| 06| 02| 02| 00| 03| 03| 05| 07| 02| 07| 00| 02| 05 02| 02| 01| 00| 02| 01 02| 00| 00| 01| 01| 02| 01| 05| 04| 01| 02| 01| 00| 03| 01| 00| 10
41 [Amax 05 00| 03| 03| 02| 02| 01| 00| 02| 03] 02| 04| 00| 03| 01| 01| 01| -01] 05| 01| 00| 03| 03| 00| 04| 04| 03| 02| 03| 02| 04| 01| 02| 02| 03| 04| 01] 00 01| 03| 10
£[Ho 02| 03] 02| 02| 00| 02| 04| 02| 03| 04| 00| 01| 02| 00| 00| 02| 02| 04| 03| 00| 03| 03| 03| 02| 04| 02| 00| 01| 02| 01| 00| 02| 02| 02| 01| 01| 01| 02| 02| 02| 05] 10
43 [H50 01] 01] 02| 01| 03] 01 04| 00| 01] 05| 04| 05| 03| 00| 02| 03| 04| 02| 01] 01 01| 03| 02| 05| 01| 02| 02| 04| 02| 02| 04| 01| 02| 02| 00| 04| -01] 02| 05| 03| 08| 10
4[H100 01] 01| 05| 02| 06| 00| 02| 04| 03| 02| 07| 07| 06| 05| 01| 05| 03| 04| 00| 01| 00| OO| 01| 01| 03] 00| 02| 02| 05| 02| 04| 05| 00| 01| 03| 01| 06| 02| 04| 07| 01| 04| 08| 10
4|dX 02 01| 06 01| 04| 01| 01| 00| 05| 04| 07| 06| 05| 06| 00| 01| 04| 05| 00| 01| 02| 01| 02| 02| 05| 03| 09| 03| 01| 04| 01] 01] 01| 02| 03] 01| 04| 01| 03] 03] 00| 02| 05[ 05| 10
46 |dX/H50 03| 06| 05| 02| 06 00| OO 02| 04| 04| 06| 07| 04| 04| 03| 06] 03| 00| 02| 00| 03| 01| 02| 00| 00| O1) 01| 00| 03| 00| 05| 04| 03| 02| 01| 01| 03| 03| 05( 05| 05 03| 02| 06| 01| 10
47 |dX/Amin 02| 05| 05| 02| 06| 01| OO 01| 04| 04| 06| 07| 04| 05| 02| 06] 04| 00| 02| 00| 03| 00| 02| 00| 00| O1) OO 00| 03| 01| 04| 04| 03] 02| 01) 01| 02| 02| 04| 07| 05| 03| 02| 07| 02| 10| 10

*Gray boxes indicate values of p<0.05.
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Table 2.4. Values of Spearman ¢ coefficients for the correlations between all pairs of variables in the group of pregnant women with early-onset preeclampsia (EOPE)*

Variables 112 |3[4[5[6[7 (89|10 1M[12[13][14[15[16[17|18]19]20]|21|22[23[24[25|26|27|28|29(30|31[32[33[34[35[36[37[38[39[40|41|42[43[44[45[46|47
1| Weight Gain 10
2|BMI 08| 10
3| Gestacional Age | 02| 01| 10
4| Birth Weight 04| 03] 05[] 10
5| Placenta Weight | 03| 04| 08] 0.1] 10
6| SBP 08| 09| 00[ 03] 01] 10
7|DBP 05| 09| 03| 01]-01] 09] 10
8|RBC 06| 09] 0.1] 06| 02| 05| 03] 10
9| Hb 0.7] 06| 04| 04| 02| 00]{-02| 02| 10
10[ Ht 07| 06| 00| 07| 05| 06] 03] 08| 03] 10
11|{MCH 04| 08| 02| 02| 01[{06|-07|06] 01] 03| 10
12| MCV 02| 06| 02| 01| 00| 03] -05|-06{ 0101 09| 10
13| MCHC 08| 07| 02{-02] 0.1{-09|-09|06] 01]-07| 07| 04] 10
14| RDW 01] 05{02{-04] 01| 01] 01] 02| 03| 00| 03[ 03[-01] 10
15| Rtc 02| 01{05{01]02| 04| 05| 00[ 01| 01] 04|04 04| 03] 10
16 PIt 04| 01] 01] 00| 00{-01] 01| 04[-01][-03]| 01] 00] 03] 02[-01] 10
17| MPV 03| -04| 00| 04| 01] 07| -06]|-05|-01[06] 05| 02| 08| 0.1]-02] 01] 10
18[t-C 01 04| 01] 03| 02| 03] 03| -02| 00{-01] 02| 01| 03| 07| 04| 04] 03] 10
19| TGC 08] 03| -0.1] 02| 03| 01] 01)-02|-06] 00{ 00| 0001 07| 00| 06| 02| 06| 10
2| HDL-C 08| 00| -0.1[01]| 02| 00]-01] 03] 01] 01| 00 03| 00| 00| 0.1]-06] 04| 0.1]-04| 10
2|LDL-C 01 -01] 04| 04| 03] 0.1] 01| -01] 01]-01] 00| 00| 02 06| 04| 06| 0.1] 09| 05{-01] 10
2| VLDL-C 08| 03] 03] 03| 00| 04] 02| 01]|-04| 03[ 01| 00[ 03| 05| 04| 04]|-04| 05| 1|-04] 06| 10
B|ALT 02| 05| 00[ 02| 02| 05]-04]|-02| 01[-04] 01| 01| 04] 02| 03]-06| 03| -04[06] 02| 06/-08| 10
24| AST 02| -05[ 01| 02| 01] 03] -03]-01] 02[02] 0.1] 01| 02| 03] 05|-0.7| 02|-04|07| 03[ 06[-08| 10| 10
5|LDH 04]-01]-03| 02| 00| 02][-02| 00{ 00{0.1]| 00| 00| 01] 02] 05|-08| 03| -02| 05| 07| 05|07 08] 09| 10
2| Urea 04]-05{-03| 01| 04] 01] 02] 00{-03] 010101 03| 06| 01]-01] 01| 06( 05| 04| 04| 03| 03| -01] 02| 10
Z7|Cn 08]-05|-02| 00| 00| 00| 0.1]-03]|-04{-01] 00| 01 01| 03| 02| -01] 01] 04| 04|-0.1] 02| 04| 00| 01]| 02| 06] 10
2|UA 04| 04| 02| 06| 03] 03] 01] 07| 00| 06] 03| 04| 03| 01]-04] 02]{-02| 03] 03| 00| 04| 06| 07| -06] 05| 03] 02| 10
2|i-B 09| -06| 04| 06| 04| 02| -05| 06| 04| 06/ 01| 01| 00| 00]|-01]-08|-02|-04|05| 04|-05|04]| 04] 05 04|-02|-04] 03| 10
P|+-B 03| 00{-03| 00| 03] 01] 00] 02| 00 04| 01| 0.1/ 03] 01] 02]|-08]-02|-05[-05]| 02{ 07| 05| 05| 06| 06| 01| 01]-02| 08| 10
31| Fe 03[ -05[-02] 01| 03| 04] 02| 04| 02| 04[-02|-01{ 05| 01| 02|-06]-05[-01]| 00| 04[-02| 01| 02| 03] 05| 03| 02| 00| 03| 04| 10
| Ferritin 03| 09| 03] 02| 03| 05| 05| -04]| 02| 02| 05| 05| 03| 02| 04| 05| 04| 00| 00| 02| 04| 02| 06| 07| 08| 02| 06]|-05| 03| 05| 03| 1.0
B|RI 03] 03] 0.1] 03] 02| 03] 01] 07| 07| 04[06( 07| 04| 05| 04]-03|-03]|-0.1{03] 03| 00/-03] 01] 02| 03| 00{-0.1] 02| 03| 01| 07]-03]| 10
APl 09| 06| 04| 03| 04| 02| 00| 05| 06| 03[ 0.1 01| 02| 05| 01]-05] 00| -05[08| 03| -04|09| 06| 06| 04|-05|-07| 00| 08| 05| 01|02 03| 10
P|PVS 07| 03| 01| 04| 01] 02| -01] 03| 07| 03] 03] 02[03| 00| 00|-03]|-01| 03|-02| 05| 03| 01| 00| 02| 04| 04| 02| 01| 01| 0.1| 05| 00| 07| 02| 10
B|P2 03| 01][01] 02| 00| 02| 00| 00{ 02| 01]{02{01|02| 03] 00]-01][-01| 06] 03] 03| 05| 03] 03| -01] 02| 07| 07| 0.1 03| 01| 05| 02| 03| 04| 08| 10
J|PR 09| 06| 04| 02| 04| 00| 0.1)|-04]|-07|-02[ 00| 00| 00| 05| 01| 05| 01| 05| 09| 03| 04| 09| 06| 06| 04| 05| 08| 01| -07[ 05| 01| 02| 03| 09| 02| 04| 10
3| Vmean 03| 01]-03| 00| 04| 00| 00| 06| 07| 03| 04| -05[03| 04| 01] 00| 02| 05[-0.1| 06| 04| 01| 03| -01] 03| 06| 02| 04[-03| 00| 05|-01] 09 0f 09| 10| 01| 10
P|EDV 01| 00{-03| 00| 04| 01]-02]|-01] 01] 00| 00{-0.1| 00| 04| 04| 02| 03| 07| 03| 04| 06| 04| 06| 04| 01] 07| 04| 02|05/ 04| 02| 00| 02| 05| 07| 09| 04| 09| 10
40| Amin 09| 06| 07| 05| 0.7] 01]-03]-01]| 08| 00{ 02| 03| 03] 01|02 01] 00| 01] 04| 01| 04| 04| 04]| 03] 00]-05|-02|03] 02 01| 02|-01] 03| 06| 06| 03| 06| 01| 00| 10
41| Amax 04| -07| 04| 05| 05| 05| -05|-04| 03[ -05| 06| 05| 05| 01]|-06]|-02| 05| 00| -04| 0.1 01| 04| 05| 05| 03]|-03|-02{-03]| 01] 01| 01| 02| 03| 03| 00| 02| 04| 02| 01| 02| 10
£|H0 01| 03| 00| 06| 00| 04| 03] 00| -04| 04[02| 00 03| 07| 01| 00| -04| 03| 04| 01| 02| 04| 04| 04| 02| 04| 02| 01]-0.1] 00| 00| 01| 04| 03| 00| 03| 04| 04| 02| 01| 05[10
43| H50 01] 03] 02| 03| 02| 00| 00| -04]|-02| 01] 02| 04| 01| 07| 04| 01]-02] 03| 03| 00| 02| 03| 02| 03|02 01] 01]-02|-02|-0.1] 02| 00| -05{-03] 00] 03| 02| 04| 03| 04| -0.1[ 08| 10.
44| H100 02| 04| 02| 00| 03] 03] -03|-06| 00{-02| 05| 06| 04| 05| 03] 00| 03| 04| 00| 02| 02| 00| 01| 00| 01] 01| 03| -04|-02| 01| 03| 03| -05/02| 02| 05| 01| 03| 04| 04| 01|/ 05| 08| 10
45| dX 03| 06| 00| 05| 02| 09] 07| 03| 00] 01[09] 07|07/ 001| 08] 03]|-06|-01] 02{03| 03| 02| 04|-03]|-03]| 02| 01| 01| -04| 04| 00| 06| 05] 0.1 02| 02| 01| 01| 01| 01| 07[{01] 02| 0.0/ 10
46| dX/H50 03] 03[-02] 04| 03| 06| 07| 04| -06| 05| 06|05/ 05| 04| 04| 02| 06| 01| 06{-0.1] 01| 06| 06[-06| 04| 04| 00| 04|-02| 02| 00[ 04| -02|-03][-03| 00| 05| 04| 00[ 04|-08[07| 03]|02[05| 10
47] dX/Amin 01] 01]-03] 01| 02| 05| 06] 01]-07] 03] -03]|-01] 05| 03| 04|-01]-03]-02] 02]{-0.1]03] 02| 03|02|01] 02 00] 01] 00| 02| 02| 00| 05| 0.1[ 06| 04| 02| 07| 05| 05| 04| 06| 02| 00{ 01| 07] 10

*Gray boxes indicate values of p<0.05.

77




Fig 2.1

Absorbance at 540 nm

1.0

0.8 4

0.6 1

0.4+

0.2 1

0.0 +

H

50

|
04

0!6 | 0.8
NaCl (g/dL)

1.0

78



Fig 2.2

eyeball
e
' f\ophthamjLaLthery

IC] <32/ 0 &
FA2JF1 12

- 450

79



Fig2.3
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Fig 2.4
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Resumo

[O papel do eritrdcito no desfecho da gravidez com pré-eclampsia]

Este estudo teve como objetivo avaliar as relacfes de variaveis antropométricas, he-
modinamicas, hematimétricas e bioquimicas com a estabilidade osmética e a cinética de lise
mecanica de eritrocitos em 15 voluntarios com pré-eclampsia. Os resultados mostraram que
na pré-eclampsia os eritrdcitos com menores volumes e com niveis mais baixos de hemoglo-
bina favorecem a ocorréncia de um melhor resultado gestacional, porque sdao mais estaveis e
estdo associados a uma diminuicdo das alteracdes hemodinamicas presentes na doenca. 1sso
deve significar que a existéncia de microcitose, provavelmente em decorréncia de um meca-
nismo de sele¢cdo mecanica compensatdria, € uma caracteristica desejavel na doenca. Em vis-
ta disso, esses resultados sugerem gue a suplementacao de ferro, recomendada durante a gra-

videz, deva ser melhor estudada para identificar possiveis danos a gravidez na pré-eclampsia.

Palavras-chave: Pré-eclampsia; Hemograma; Lipidograma; Eritrocitos; Estabilidade osméti-

ca; Lise mecanica
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Abstract

[The role of the erythrocyte in the outcome of pregnancy with preeclampsia]

This study aimed to evaluate the relationships of anthropometric, hemodynamic,
hematimetric and biochemical variables with the osmotic stability and mechanical lysis kinet-
ics of erythrocytes in 15 volunteers with preeclampsia. The results showed that in pre-
eclampsia, erythrocytes with lower volumes and lower levels of hemoglobin favor the occur-
rence of a better gestational outcome, because they are more stable and because they are as-
sociated with a decrease in the hemodynamic changes present in the disease. This should
mean that the existence of microcytosis, due to a mechanism of compensatory mechanical
selection, is a desirable characteristic in the disease. In view of this, these results suggest that
supplementation of iron recommended during pregnancy should be further studied in order to

identify possible damages to the pregnancy in pre-eclampsia.

Keywords: Preeclampsia; Hemogram; Lipidogram; Erythrocytes; Osmotic stability; Mechan-

ical lysis
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Introduction

Pre-eclampsia (PE) is a complex systemic syndrome that occurs after the 20th week of
gestation (Henderson et al., 2017) and is characterized by the occurrence of hypertension
and/or proteinuria and/or organ dysfunction in previously normotensive woman (American
College of, Gynecologists, & Task Force on Hypertension in, 2013). PE is one of the leading
causes of maternal and fetal morbidity and mortality in developing countries (Abalos, Cuesta,
Grosso, Chou, & Say, 2013; Duley, 2009; Say et al., 2014).

Pregnant women with PE present low placental perfusion and a set of generalized
changes affecting several organs and systems (Gupte & Wagh, 2014).

The occurrence of placental hypoxia or placental ischemia with diffuse oxidative en-
dothelial aggression (Powe, Levine, & Karumanchi, 2011) by reactive oxygen species
(Sanchez-Aranguren, Prada, Riano-Medina, & Lopez, 2014), resulting in systemic vasocon-
striction, elevation of blood pressure levels and multiple organ dysfunctions, is believed to be
the common pathway of all forms of preeclampsia (Bell, 2010; Burton & Jauniaux, 2004;
Chen, Masaki, & Sawamura, 2002; Gilbert et al., 2008), although the etiology has not yet
been fully elucidated.

The endothelium - by internally lining the blood vessels - is always in contact with the
erythrocytes. In pre-eclampsia, several studies have already shown alterations in the produc-
tion, morphology and membrane fragility of erythrocytes (Catarino et al., 2009; Hernandez
Hernandez et al., 2015; Spickett et al., 1998). However, there is still no description of how
maternal erythrocytes participate in the etiopathogenesis of the disease (Abad et al., 2010).

Due to their own function, erythrocytes have a high concentration of iron and oxygen,
which makes them very vulnerable to oxidative stress (Abad et al., 2010; Spickett et al.,
1998). In addition, the erythrocyte membrane has a high content of phospholipids composed
of polyunsaturated fatty acids, which makes it very susceptible to lipoperoxidation (Abad et
al., 2010). The content of unsaturated fatty acids (of their phospholipids) in relation to the
membrane cholesterol content is essential for maintaining the fluidity, deformability and sta-
bility of erythrocytes (Bernardino Neto et al., 2013; Chabanel et al., 1983; de Freitas et al.,
2014). Lipoperoxidation alters this proportion of lipids and impairs the fluidity, deformability
and stability of erythrocytes. The result of this is the increase in lysis rate of these cells. This
lysis leads to the release of iron, which participates in processes that give rise to the for-
mation of superoxide (O;") and hydroxyl radical (HO), initiating a cascade of oxidative dam-

age (Spickett et al., 1998) which is certainly present in the etiopathogenesis of preeclampsia.
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The relative cholesterol content in the erythrocyte membrane is also essential in de-
termining membrane fluidity, deformability and stability (Chabanel et al., 1983; Cooper,
Arner, Wiley, & Shattil, 1975; da Silva Garrote-Filho, Bernardino-Neto, & Penha-Silva,
2017). In turn, this relative content of membrane cholesterol is dependent on cholesterol lev-
els of plasma lipoproteins (Cooper et al., 1975). As the occurrence of dyslipidemia, which is
a condition considered normal in pregnancy (Brizzi et al., 1999), is exacerbated in
preeclampsia (Jarvie et al., 2010; Spracklen, Smith, Saftlas, Robinson, & Ryckman, 2014), it
is possible that the erythrocyte behavior is also associated with lipidemia in this pathological
condition.

Despite its importance, few studies have evaluated the membrane stability of erythro-
cytes in pregnant women with pre-eclampsia, which could help to better understand the
mechanisms associated with this syndrome. Therefore, the objective of this study was to
evaluate the relationships between osmotic and mechanical stability of erythrocytes with he-
matological, biochemical and hemodynamic variables in a population of pregnant women

with pre-eclampsia.

Material and Methods

Population and Ethics

The cross-sectional study presented here was previously approved by the Research
Ethics Committee of the Federal University of Uberlandia and registered under number
23236614.4.000.5152.

The study included 15 pregnant women with preeclampsia admitted to the Clinical
Hospital of the Federal University of Uberlandia from December 2014 to June 2017. All par-
ticipants signed a free and informed consent form. The diagnosis of pre-eclampsia was de-
fined according to the American College of Obstetricians and Gynecologists, Task Force on
Hypertension in Pregnancy. Hypertension in pregnancy. Report of the American College of
Obstetricians and Gynecologists' Task Force on Hypertension in Pregnancy. Obstet Gynecol
2013; 122:1122).

The pregnant women took preventive supplementation of folic acid (5 mg/day) in the
first trimester of gestation and ferrous sulfate (200 mg/day) in the second and third trimesters

of pregnancy.
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Pregnant women with thyroid diseases, erythrocytopathies, chronic hypertension, au-
toimmune diseases, diabetes, kidney diseases and current use of anticonvulsants, antidepres-
sants, tobacco, alcohol and/or drugs of abuse, and patients with gestations associated with
congenital infections (toxoplasma and cytomegalovirus), twinning, fetal malformation and

natimortality were excluded from the study.

Blood collection

Blood samples (4 mL) were collected by intravenous puncture in two tubes (Vacu-
tainer; Becton Dickinson, Juiz de Fora, Brazil) containing KsEDTA (for hematological analy-
sis and determination of osmotic and mechanical fragility of erythrocytes) and in one tube

without anticoagulant (for biochemical analyzes).

Determination of the osmotic stability of erythrocytes

A duplicate series of test mini-tubes containing 1 mL of 0.1-1.5 g/dL NaCl solution
(Labsynth, Diadema, SP, Brazil) was preincubated for 10 minutes in a thermostated bath at
37 °C (Marconi, model MA 184, Piracicaba, SP, Brazil). After adding 20 pL of whole blood,
the tubes were homogenised and again incubated at 37 °C for 30 minutes. The tubes were
then centrifuged at 1500 x g (Hitachi Koki™, model CFR15XRII, Hitachinaka, Japan) for 10
minutes. Supernatants from all tubes were removed and analyzed on a UV-VIS spectropho-
tometer (Shimadzu™, model UV1650TC, Japan) to estimate the amount of hemoglobin re-
leased in lysis of erythrocytes.

The graphs of As4 as a function of the NaCl (X) concentration were adjusted by sig-

moidal nonlinear regression, according to the Boltzmann equation:

Amax _Amin
Asso = 14 eXHao)/oX +Anin (1),

where Amax and Anmin represent respectively the maximum and minimum plateaus of Asso, Hso
is the concentration of NaCl capable of promoting 50% hemolysis and dX represents one-
fourth of the variation in NaCl concentration responsible for promoting 100% hemolysis
(Bernardino Neto et al., 2013; Mascarenhas Netto Rde et al., 2014). The saline concentration
at the initial point of the curve defines the variable Hp, which is the saline concentration re-
quired to initiate in vitro hemolysis, and can be calculated by the formula Hy = Hso + 4dX/2.

The saline concentration at the point where the in vitro lysis reaches its maximum plateau
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defines the variable Hiqo, Which represents the saline concentration necessary to promote total

lysis of the red blood cells, being calculated by the formula Higo = Hsp-4dX/2.

Mechanical lysis kinetics of erythrocytes

Volumes of 15 mL of the suspension consisting of the mixture of 250 uL of whole
blood and 49.75 mL of 0.9 g/dL NaCl solution were inserted into the equipment analysis cell
and subjected to mechanical aggression promoted by a propeller under 8000 rpm for 6
minutes at room temperature. Every 30 seconds of stirring, duplicated aliquots of 1 mL sus-
pension were removed and added to minitubes. After centrifugation at 1600 x g for 10
minutes in a Hitachi Koki centrifuge (model CFR15XRII, Hitachinaka, Japan), the superna-
tants were subjected to absorbance readings at 540 nm (Assg) on a UV-VIS spectrophotome-
ter (Shimadzu™, model UV1650TC, Japan) for estimation of the amount of hemoglobin re-
leased in the mechanical lysis of erythrocytes.

The graph of the absorbance at As4 (A) versus time (t) was adjusted to the hyperbola

given by Michaelis-Menten equation:

— Ammax t (2)’

tptt
where Amnmax 1S the maximum plateau of Assg, which represents the maximum amount of he-
moglobin released in the lysis of the entire erythrocyte population, and ty, is the time interval

necessary for promotion of 50% lysis of erythrocytes (Ammax/2 ).

Doppler ultrasonography of the ophthalmic artery

The AO Doppler ultrasound was performed in Medison (SonoAce 8800MT model,
Japan) equipment, by a single examiner with over 10 years of experience. The AO was in-
sonated in the medial region of the optic nerve with linear transducer at 7-10 MHz frequency,
50 Hz filter, 5 kHz pulse repetition frequency and 7 mm sample volume (Williamson &
Harris, 1996). Only one eye was examined because previous studies did not show significant
differences between the eyes (Diniz et al., 2008; Matias, Costa, Matias, Gordiano, & Correia,
2012).

Determination of hematologic and biochemical parameters

An automated system (Sysmex K4500; Sysmex Corporation™, Mundelein, IL, USA)
was used to obtain the hematologic parameters: red blood cell (RBC) and platelet (Plt)
counts, mean platelet volume (MPV), reticulocytes index (RI), hematocrit (Ht), hemoglobin
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(Hb), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean cor-
puscular hemoglobin concentration (MCHC) and red cell width distribution (RDW).

An automated analyzer (Architect ¢8000, IL, USA) was used to determine the follow-
ing biochemical parameters: total cholesterol (t-C), triglycerides (TGC), high-density lipopro-
tein cholesterol (HDL-C), low-density lipoprotein cholesterol LDL-C), very-low-density lip-
oprotein cholesterol (LDL), lactate dehydrogenase (LDH), aspartate aminotransferase (AST),
alanine aminotransferase (ALT), urea(U), creatinine (Cn), uric acid (UA), human serum al-
bumin (HSA), sodium (Na®), potassium (K*), indirect bilirubin (iB), total bilirubin (tB), se-
rum iron (Fe) and ferritin (Ferritin).

Urine reagent tapes (Labtest, Lagoa Santa, MG, Brazil) were used to evaluate pro-
teinuria.

Reference values described for the third trimester of gestation (Abbassi-Ghanavati,
Greer, & Cunningham, 2009) were used for: RBC, 2.71-4.43 x 10° cells/mm?®; Hb, 9.5-15.0
g/dL; Ht, 28.0-40.0%; MCV, 81-99 fL; MCH, 29-32 pg/cell; MCHC, 31-36 g%; RDW,
12.7-15.3%; Plt, 146-429 x 10° cellssmm®; MPV, 8.2-10.4 fL; t-C, 219-349 mg/dL; HDL-C,
48-87 mg/dL; LDL-C, 101-224 mg/dL; VLDL-C, 21-36 mg/dL; TGC, 131-453 mg/dL; U, 3-
11 mg/dL; Cn, 0.4-0.9 mg/dL; UA, 3.1-6.3 mg/dL; AST, 4-32 U/L; ALT, 2-25 U/L; Na",
130-148 mEq/L; K*, 3.3-5.1 mEq/L; LDH, 82-524 U/L; i-B, 0.1-0.5 mg/dL; t-B, < 0.1-1.1
mg/dL; Fe, 30-193 pg/dL; Ferritin, 0-116 ng/mL; HAS, 2.3-4.2 g/dL.

Statistical analysis

Data normality was evaluated by the Shapiro-Wilk test. Most of the variables did not
present normal distribution and therefore the Spearman correlation analysis was used to de-
termine the associations between the hematologic and biochemical variables. The level of
significance was set at p<0.05. All analyzes were performed using Origin 8.5 (Microcal,
Northampton, MA, EUA) and SPSS 15.0 (SPSS Inc., Chicago, Il USA).

Results

Figure 3.1 shows a typical sigmoid curve obtained in the determination of erythrocyte
membrane stability variables. A blood isotonicity condition occurs in the region to the right
of the curve, where the value on the ordinate of the lower plateau of the curve defines the

variable Anin, Which represents the amount of basal hemolysis present in the blood sample of
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each volunteer in the study. The higher this Amin value, the lower the erythrocyte stability
under osmotic conditions similar to those observed in vivo. Therefore, Amin is the osmotic
stability variable that most represents the stability of erythrocytes in vivo. Following this
curve, from right to left, as it shall be seen, the salt concentration where the lysis begins to
occur defines the variable Ho. With the decrease in saline concentration, the lysis rate will
reach 50% of the maximum lysis at the intermediate point of the curve, whose value in the
abscissa defines the variable Hso. When the lysis rate reaches its maximum point, which oc-
curs when the curve reaches the upper plateau, the salt concentration where the lysis rate runs
out defines the variable Hioo. The variables Ho, Hso and Higo are proportional to the osmotic
fragility of the erythrocytes. Therefore, the use of their inverse forms, 1/Ho, 1/Hso and 1/H1go
is that it effectively represents the osmotic stability of those cells. The ordinate value of the
upper sigmoid plateau defines the variable Anax, Which represents the maximum possible rate
of lysis of the erythrocytes of the analyzed blood sample and which therefore must show ob-
vious associations with hemoglobin levels, erythrocyte counts and the hematocrit values of
the donor of the analyzed blood sample. There is yet another primary variable defined by the
mathematical model of statistical fit itself; this variable is dX, which represents a quarter of
the variation in saline concentration required to promote 100% hemolysis. dX is effectively a
variable of osmotic stability of erythrocytes and, therefore, the dX/Hso and dX/Ani, ratios are
directly proportional to the erythrocyte membrane stability, since Anin and Hsp have inverse
relationships with the stability of these cells.

Figure 3.2 shows a mechanical lysis curve of the erythrocyte. With increasing time
under mechanical stress, erythrocytes undergo lysis and release hemoglobin, resulting in in-
creased absorbance by 540nm. The data fit defines a hyperbolic curve whose upper plateau
defines the Ammax Variable, which represents the absorbance associated with the amount of
hemoglobin released when there is 100% lysis of the erythrocyte population. The curve pass-
es through an intermediate point, whose abscissa value (ti2) represents the time required to
promote 50% hemolysis. The ty, variable is directly related to the mechanical stability of
erythrocytes.

Figure 3.3 is a schematic representation of the variation in blood flow velocity in the
ophthalmic artery (OA) as a function of the duration time of a cardiac cycle. At each ejection
of blood from the left ventricle (systole), a pulse pressure occurs which is represented by a
rapid upward curve, generating the Systolic Velocity Peak (PSV), which is followed by sud-
den drop and a secondary elevation of velocity, generating a second systolic peak (P2) and a

notch (aortic notch) before the end of the systolic cycle. As the vascular diameter returns to
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normal, the accumulated energy provides a potential necessary to promote continuous flow
during diastole, which is represented in the graph by a new rise in velocity that is followed by
slow deceleration, ending in the peak that characterizes the end-diastolic velocity (EDV).

The interpretation of the graphical representation of the OA Doppler occurs by analy-
sis of 1) the shape of the pulse velocity wave (PWV), 2) the velocity peaks and 3) the average
velocity of a cardiac cycle (Vmean), as well as the Pulsatility Index (PI), given by (PSV-
EDV)/Vmean, the Resistance Index (IR), given by (PSV-EDV)/PSV, and the Peak Ratio (PR),
given by P2/PSV. In pre-eclampsia, there is a specific alteration in the morphology of the
wave, which acquires the shape of hump, due to the increase in amplitude and rounding of
P2, indicating the presence of hyperflow in orbital territory. The elevation of PR and P2 also
indicates hyperflow in orbital territory. In contrast, the decrease in IP and IR represents an
increase in the flow velocity at that site.

Table 3.1 shows baseline characteristics of the population of pregnant women with
PE in this study.

Table 3.2 presents the Spearman correlation matrix between each pair of variables
considered in this study. Some correlations deserve special mention.

In relation to the osmotic stability variables, the strong negative correlations of
dX/Anmin and dX/Hso with Hb, MCV, MCH and MCHC are noteworthy.

Regarding the variables of mechanical lysis kinetics, the negative correlations of
Ammax With the Doppler velocimetric variables PSV and P2 shall be highlighted.

Regarding the hematological variables, the positive correlations of MCV with HCM,
total bilirubin and iron; the negative correlations of MCV with gestational age and placental
weight; and the positive correlation observed between MCH and the Dopplervelocimetric
variable PR, shall be highlighted.

Regarding the biochemical variables, the negative correlations of uric acid with gesta-

tional age, birth weight and placental weight deserve attention.

Discussion

The negative correlations of the maternal serum levels of uric acid with gestational
age, placental weight and birth weight emphasize the ability of the serum levels of uric acid
to provide a fetal prognosis, as suggested in the literature (Cnossen et al., 2006;

Thangaratinam, Ismail, Sharp, Coomarasamy, & Khan, 2006). This is very relevant because it
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is related to the etiopathogenesis of the disease, since in PE the elevation of uricemia would
have a placental origin, in addition to the contribution exerted by the decrease of the glomeru-
lar filtration rate (Livingston et al., 2014). It is believed that, in a situation of hypoxia, the
placenta induces the production of uric acid by increasing the activity of xanthine oxidase. It
is possible that this is associated with the activation of endogenous mechanisms of anti-
oxidation, since uric acid is an important anti-oxidant of endogenous origin (Spickett et al.,
1998). In addition to the damage associated with oxidative stress, elevated uricemia was as-
sociated with damage in the amino acid transport through the transplacental barrier, inability
to invasion and remodeling of spiral arteries by trophoblasts (Livingston et al., 2014).

In pregnant women, the hyperdynamic state present in preeclampsia (Easterling &
Benedetti, 1989) is responsible for a higher pulse pressure in the left ventricle and, therefore,
erythrocytes with greater mechanical resistance would be spared from lysis and would ade-
quately oxygenate the tissues.

The negative correlations of MCV and MCH with gestational age and placental
weight indicate that, in preeclampsia, erythrocytes with lower volume and lower concentra-
tion of hemoglobin favor the occurrence of a better gestational outcome. The strong positive
correlations of MCV with Hb and MCHC suggest that this reduction in erythrocyte volume is
associated with a reduction in the hemoglobin content, with a decrease in its ability to retain
water (Lurie & Mamet, 2000). On the other hand, the positive association observed between
HCM and the hemodynamic index PR reveals that lower concentrations of hemoglobin were
associated with lower cerebral hyperflow in the pregnant women with PE. Actually, the nega-
tive associations observed between Anmax and the hemodynamic variables PSV and P2 also
support the idea that lower levels of hemoglobin make unnecessary the occurrence of com-
pensatory cerebral hyperflow.

This indicates that the existence of microcytosis would be a desirable feature in
preeclampsia. But why? The answer to this question seems to lie in the negative associations
of the stability indices dX/Amin and dX/Hsy with hemoglobin, MCV and MCH. These correla-
tions indicate that erythrocytes with lower volume and lower hemoglobin concentration were
more stable in hyposmotic medium in vitro, certainly due to their greater capacity to undergo
volume expansion prior the occurrence of lysis.

Larger erythrocytes with higher hemoglobin levels offer more resistance to blood flow
and are more vulnerable to premature lysis when passing through small diameter capillaries,
especially in the face of increased pressure (Figure 3.4). Indeed, positive correlations of

MCV and MCH with total bilirubin and serum iron suggest that erythrocytes with higher vol-
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ume and higher hemoglobin concentration contributed more effectively to the determination
of circulating levels of total bilirubin and iron.

In summary, the results obtained in this study suggest that in pre-eclampsia the exist-
ence of microcytosis would be due to a compensatory mechanism of mechanical selection.
Therefore, these results suggest that iron supplementation, recommended during pregnancy,
should be better studied in pre-eclampsia, in order to identify the generation of possible harm

to the pregnancy.
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Legends of Figures

Fig 3.1. Typical curve of hyposmotic lysis of erythrocytes, with definition of the osmotic
Stability variables Anmim, Amax: Ho, Hso, H]_OO’ and dX.

Fig 3.2. Typical curve obtained in the kinetics of erythrocyte lysis, with definition of the Kki-

netic variables ti;; and Ammax-

Fig 3.3. Doppler velocimetry of the ophthalmic artery of a pregnant woman with preeclamp-
sia. The Y axis represents the flow velocity (cm/s) and the X axis represents time (seconds).
A rapid increase in velocity, with formation of the peak systolic velocity (PSV), is followed
by a rapid fall and a new velocity rise, with the formation of the second systolic peak (P2),
followed by the aortic notch, which closes the systolic cycle. The subsequent rise of velocity
constitutes the diastolic phase of the pulse wave velocity (PWV), which ends with the end-
diastolic velocity (EDV). In severe preeclampsia there is an increase in the amplitude of P2,

characterizing the presence of a hump.

Fig 3.4. lllustration of aggregation of erythrocytes with larger volumes in the bloodstream of

women with pre-eclampsia.
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Table 3.1. Baseline characteristics of the study population

Parameters N Min Q1 Median Q3 Maximum IQR
Age (y) 15 13 20 26 35 37 15
Weight Gain (kg) 8 7 14.375 15.5 20 25 5.63
Body Mass Index (kg/m?) 12 25.7 30.315 32.00 36.20 41.53 5.89
Gestacional Age (w) 12 25.5 335 37.25 38.5 40.5 5
Birth Weight (kg) 14 475 2145 2895 3280 4430 1135
Placenta Weight (g) 15 120 415 485 585 820 170
SBP (mmHg) 15 130 140 160 170 180 30
DBP (mmHg) 15 90 90 100 110 120 20
RBC (10° cells/mm?) 14 3.5 3.7 4.25 4.4 4.65 0.7
Ht (%) 14 29.4 32 33.05 38 41.5 6
Hb (g/dL) 14 9 10.7 11.25 12.8 14.3 2.1
MCV (fL) 14 69.5 80.2 82.8 89.4 93 9.2
MCH (pg) 14 213 26.8 27.7 30.8 32.6 4
MCHC (g/dL) 14 30.6 32.7 33.85 345 35.3 1.8
RDW (%) 14 12 12.8 13.8 14.9 17.4 2.1
Rtc Index (%) 14 0.4 0.8 1.4 2.9 4.5 2.1
Plt (10° cells/mm?) 14 100 158 219 260 315 102
MPV (fL) 14 6.57 10.1 10.55 12 13.6 1.9
t-C (mg/dL) 14 56.8 184 208.2 233 383.2 49
HDL- C (mg/dL) 15  37.7 55.3 62 70.7 100 15.4
VLDL (mg/dL) 12 16 32.5 39.5 46.5 54 14
TGC (mg/dL) 14 80 170.8 202.65 255.8 479 85
LDL-C (mg/dL) 12 47 95.05 107 1335 225 38.45
Proteinuria (+) 10 0 0 1 2 3 2
ALT (U/L) 15 13.9 16.1 20 27 149.6 10.9
AST (U/L) 15 7 12 12.7 20 113.7 8
LDH (U/L) 15 184 214 243 375 685 161
Urea (mg/ dL) 15 12 19 25 31.7 55 12.7
Cn (mg/ dL) 15 0.51 0.62 0.74 0.86 1.17 0.24
Uric Acid (mg/ dL) 15 4.2 5.04 5.8 7.6 9.7 2.56
Na (mEg/L) 11 132 136 138 140 140 4
K (mEqg/L) 11 3.74 4.03 4.36 4.56 4.9 0.53
i-B (mg/dL) 10 0.08 0.11 0.19 0.3 0.44 0.19
t-B (mg/dL) 13 0.2 0.24 0.36 0.51 0.7 0.27
Fe (mg/dL) 14 36 58 87.025  121.1 166 63.1
Ferritin (ng/mL) 14 9.02 27.76 43.44 106.3 531.9 78.54
HSA (g/dL) 11 2.8 2.96 3.2 3.36 3.68 0.4
PSV (cm/seg) 12 18.77 25.77 29.40 39.79 48.63 14.02
P2 (cm/seg) 12 176 20.01 23.43 24.77 34.26 4.76
Vimean (CM/s€8) 12 9.95 12.705 14.23 17.54 22.59 4.84
EDV (cm/seg) 11  6.81 6.97 9.63 10.4 14.35 3.43
RI 12 0.59 0.64 0.71 0.765 0.8 0.13
Pl 12 1.1 1.155 141 1.81 2.15 0.66
PR 12 0.5 0.685 0.75 0.885 0.93 0.2
Anmin (AOD) 15 0.45095 0.90413 1.01874 1.12378 1.29222 0.21965
Anax (AOD) 15 -0.00144 0.00494 0.01299 0.02248 0.04366 0.01754
Ho (g/dL NaCl) 15 0.42213 0.4534 0.4734 0.49455 0.50793 0.04115
Hso (g/dL NaCl) 15 0.31724 0.41369 0.43624 0.4552 0.48249 0.04151
1/Hso (g/dL NaCI)'1 15 2.07258 2.19684 2.29232 2.41727 3.15219 0.22043
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H100 (8/dL NaCl) 15 0.16516 0.381 0.39452  0.4174 0.45705 0.0364
dX (g/dL NaCl) 15 0.00719 0.01122 0.01876 0.02341 0.07604 0.01219
dX/Hsp 15 0.01738 0.02494 0.04152 0.05379 0.23969 0.02885
dX/Amin 15 0.00674 0.00984 0.01682 0.02589 0.16862 0.01605
Ammax 14 0.3439 0.53225 0.59553 0.67252 0.82524 0.14027
ti2 14 0.71592 1.00988 1.43013 2.65452 4.63747 1.64464
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Table 3.2. Values of Spearman’s correlation coefficients (o) between all pairs of variables in pregnant women with preeclampsia
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*Gray Boxes indicates values of p<0.05

Abbreviations: N, number of participants; SPB, systolic blood pressure; DBP, diastolic blood pressure; Ht, hematocrit; Hb, hemoglobin; RBC, erythrocytes; MCV, mean cor-
puscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; RDW, red cell distribution width ; Rtc Index, reticulocytes
index; Plt, platelets; MPV, mean platelet volume; t-C, total cholesterol; HDL-C, high density lipoprotein cholesterol; VLDL-C, very low density lipoprotein cholesterol; LDL-C,
low density lipoprotein cholesterol; TGC, triglycerides; AST, aspartate aminotransferase; ALT, alanine aminotransferase; LDH, lactate dehydrogenase; HSA, human serum
albumin; Cn, creatinine; iB, indirect bilirubin; tB, total bilirubin; Na®*, sodium; K*, potassium;; Fe, serum iron; Rl, resistance index; PI, pulsatility index; PSV, peak systolic
velocity; P2, second peak of systolic velocity; PR, peak ratio; Vean, mean velocity; EDV, end diastolic velocity; Ami,, absorbance at 540 nm associated with residual lysis of
the erythrocytes population; A..x absorbance at 540 nm associated with lysis of the whole population of erythrocytes; Hy, saline concentration where in vitro hemolysis
begins; Hsg, saline concentration capable of promoting 50% hemolysis Hiq, saline concentration where in vitro lysis ends; 1/Hs,, inverse the NaCl concentration capable of
promoting 50% hemolysis; dX, variation in the concentration of NaCl responsible for total hemolysis.
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Figure 3.1
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Figure 3.2
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Figure 3.3
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Figure 3.4
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