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RESUMO
Introducéo: A pré-eclampsia (PE) est4 associada a complicagbes materno-fetais e
pode estar acompanhada de reducdo da modulacdo autondémica cardiaca. A
Variabilidade da Frequéncia cardiaca (VFC) é uma ferramenta ndo invasiva que
permite avaliar a modulagéo autonémica durante a gestagéao.
Métodos: Este estudo transversal prospectivo avaliou a VFC de 17 gestantes com
PE e 19 gestantes saudaveis, no pré-parto, através da média dos intervalos RR, do
desvio padréao dos intervalos RR (SDNN), da raiz quadrada da média das diferencas
sucessivas entre intervalos RR (RMSSD), dos componentes espectrais de baixa (LF)
e alta frequéncia (HF) e da relacdo LF/HF, e a sua associacdo com desfechos
materno-fetais.
Resultados: As mulheres com PE, em comparacdo as saudaveis, apresentaram
maior pressdo arterial sistdlica (164,71 mm Hg vs. 104,74 mmHg, P<.001) e
diastdlica (109,41 mmHg vs. 67,89 mmHg, P<.001) e maior internamento em
unidade de terapia intensiva. Ao nascer, 0os recém-nascidos de maes com PE
apresentaram menor peso (2422,82 g vs 2937,89 g, p <0,05) e idade gestacional,
avaliada pelo método de Capurro (37 semanas vs 39 semanas, p <0,05) e de mais
internamentos em Unidade de Cuidados Intensivos Neonatal (UTIN ). Apés
transformacdo logaritmica, as gestantes com PE, comparadas as saudaveis,
apresentaram reducdo do INSDNN (25,93 ms VS 41,72 ms, P<,05) e do InRMSSD
(13,25 ms VS 24,76 ms, P<0,05). O INSDNN apresentou correlacdo inversa com as
pressoes arterial sistélica (r-0,36 P<.029) e diastdlica (r-0,36 P=.028). O INSDNN, o
INRMSSD e HF apresentaram correlacdo direta com a idade gestacional avaliada
pelo Método de Capurro (respectivamente; r 0,38 P<.021; r 0,39 P<.016; r 0,34,
P<,042).
Conclusao: As gestantes com PE tém menor modulacdo autonémica avaliada pela
VFC, em comparagdo, com as mulheres gravidas normotensos. Esta reducéo esta
associada ao aumento da pressao arterial materna, a menor idade gestacional
estimada, no momento da admissdo, e pelas -caracteristicas somaticas e

morfologicas, pelo Método de Capurro.
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INTRODUCAO

Os indices de mortalidade materna em 141 paises, representando 78,1% dos
nascimentos em todo o mundo, evidenciaram que nos paises desenvolvidos a razéao
de mortalidade materna (RMM) €, em média, de sete mortes maternas para cada
100.000 nascidos vivos. A analise das causas das mortes maternas em revisédo
sistematica realizada pela Organizacdo Mundial da Satde demonstrou que na Africa
e Asia a principal razdo de morte materna foram os quadros hemorragicos e na
América Latina e Caribe, as doencas hipertensivas especificas da gestagéo (1)

A pré-eclampsia (PE) e a eclampsia representam 25% e 10%,
respectivamente, das mortes maternas na America Latina e no Caribe (2). No Brasil,
os dados disponiveis no DATASUS de 2005 indicam a RMM de 74,68 mortes
maternas por 100.000 nascidos vivos. (3,4). A morte neonatal corresponde a 70% da
mortalidade infantil, refletindo o nascimento de recém nascidos (RNs) prematuros e
de baixo peso, e relaciona-se diretamente, no Brasil, com as doencas hipertensivas
gestacionais (5,6).

A PE estd associada a adventos adversos neonatais como a restricdo do
crescimento intra-uterino, a prematuridade, com o baixo peso e menores indices do
score de APGAR (7,8). A prematuridade continua sendo a principal causa de
morbidade e mortalidade neonatal e, nos ultimos anos, sua incidéncia esta
aumentando em todo o mundo 0 que representa um grave problema de saude
publica (9,10).

O diagnostico de pré-eclampsia é definido apds a 202 semana de gestacéo
com a elevacao da pressao arterial sistolica (PAS) 2 140mmhg e da presséo arterial
diastdlica (PAD) = 90 mmhg acompanhado de proteindria (11). A PE é uma doenca
sistémica que pode acometer o figado, os rins, o cérebro e o sistema de coagulacéo
(12,13).Apesar da fisiopatologia da PE ainda n&o ser totalmente esclarecida, existem
evidéncias do envolvimento do sistema imunolégico, da genética, e da disfuncéo
endotelial materna (14-16). A inadequada invasdo do trofoblasto, na decidua
materna, e 0 ndo remodelamento das artérias espiraladas sdo 0s mecanismos
fisiopatoldgicos mais relevantes para o desenvolvimento da PE (17). A mé& perfuséao
da unidade utero-placentar resulta em hipoxia tissular (18) e a deflagracdo de uma

resposta inflamatdria aguda local (19), com estresse oxidativo e a liberacdo de
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subprodutos placentérios, como as microparticulas e de fatores anti-angiogénicos
(20,21) favorecem a perpetuacdo do comprometimento do desenvolvimento normal
da placenta. Essas microparticulas ao serem transferidas para o organismo materno
promovem a reacao inflamatoria aguda endotelial (22), comprometendo a liberacao
de substancias vasodilatadoras endotélio-dependente, e consequentemente, a
instalacdo de um estado de intensa vasoconstricao sistémica (23) com repercussoes
maternas e fetais (24-27). Nas gestantes com PE ocorre o aumento da ativacao
nervosa simpatica periférica (28) e mudancas na modulacdo do sistema nervoso
autbnomo (29). Schobel et al (28), utilizando microneurografia, relataram que
mulheres com PE apresentam 3 vezes mais atividade simpatica periférica do que
gestantes normotensas e que este padrdo normalizava apds o parto. Yang et al (29),
compararam a modulacdo autonémica cardiaca de gestantes normotensas e com
PE, através da variabilidade da frequéncia cardiaca (VFC), demonstrou que nas
gestantes com PE ocorria reducdo total da VFC, com menor participagcdo do
componente de alta frequiéncia (AF) e aumento do de baixa frequéncia (BF) e,
consequentemente, da relacdo BF/AF, sugerindo haver reducdo da modulacao vagal
e 0 aumento da ativagéo simpatica (29-31).

Na PE, a capacidade de prever as complicacdbes maternas e suas
consequéncias neonatais ainda € muito limitada (32), assim como a associa¢cdo
entre alteracbes na modulacdo autonémica e suas implicacdes nos desfechos
maternos e neonatais. O objetivo do presente estudo é avaliar a modulacdo
autondmica cardiaca, no anteparto, de gestantes normotensas e com pré-eclampsia,
com > 282 semanas de gestacdo e a sua associacdo com desfechos maternos e

neonatais.
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OBJETIVO GERAL

Avaliar a VFC, no anteparto, de gestantes com PE e em gestantes saudaveis
com idade gestacional > 282 semanas de gestacdo e sua correlagdo com o0s

desfechos maternos e neonatais.

Objetivos Especificos

1. Avaliar a VFC materna no anteparto de gestantes com PE e gestantes
normotensas

2. Avaliar a associacao dos indices da VFC materna com a presséo arterial
materna no anteparto e a necessidade de internamento em unidade de
terapia intensiva.

3. Avaliar a associacdo entre os indices da VFC materna com o peso dos
RNs, a idade gestacional, o indice de APGAR, a necessidade de
internacdo em unidade de terapia intensiva neonatal e a ocorréncia de

morte perinatal
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REVISAO DA LITERATURA

1. Variabilidade da Frequéncia Cardiaca

A VFC descreve as oscilagdes dos intervalos R-R em fungdo da modulagéo
do sistema nervoso autbnomo sobre o nd sinusal, refletindo o balanco do sistema
nervoso simpatico e do parassimpatico (33,34). Ela pode ser avaliada durante curtos
periodos de tempo, de 2-5 minutos, ou por longa duracdo, em 24 a 48 horas. Os
indices de VFC no dominio do tempo se dividem em duas categorias: os indices
baseados na medida dos intervalos RR individualmente (SDNN, SDANN e SDNN
index) e os de comparacao entre dois intervalos RR adjacentes (pNN50 e rMSSD).
O pNN50 (percentagem de intervalos RR adjacentes com diferenca de duragéo
superior a 50 milisegundos) e a rMSSD (raiz quadrada da média do quadrado das
diferencas entre intervalos RR normais adjacentes expressa em milisegundos)
refletem, predominantemente, o ténus vagal. A VFC pode também ser avaliada
também no dominio da frequéncia , pela andlise espectral que decompde uma série
temporal (tacograma) em diferentes bandas de frequéncias. As medidas da VFC
nos dois dominios sdo expressfes de um mesmo fendbmeno, havendo correlagao
entre os indices do dominio do tempo e o da frequéncia . Assim, o SDNN ( desvio
padrdo dos intervalos RR), ao avaliar a variabilidade total, apresenta uma boa
correlacdo com a poténcia total da andlise espectral; o pNN50 e o rMSSD, por
considerarem diferencas entre intervalos RR adjacentes, quantificando variacbes
rapidas da cardiaca, correlacionam-se com o componente de alta frequéncia do
espectro de poténcia.

A andlise do dominio da frequiéncia , independente do método utilizado para o
calculo da densidade espectral, delimita-se normalmente em quatro faixas de
distintas: baixa (BF), entre 0,04 Hz e 0,15 Hz, ou 2,4 a 9 ciclos/minuto, modulada
tanto pelo simpético quanto pelo parassimpatico, e reflete as oscilagdes do sistema
regulador do barorreflexo; alta (AF), 0,15 a 0,40 Hz, ou seja, 9-24 ciclos/minutos,
correspondendo as variagcbes da frequéncia cardiaca relacionadas com o ciclo
respiratério (arritmia sinusal respiratéria), com a modulacdo do parassimpatico; muito

baixa frequéncia , 0,003 a 0,04 Hz, ou 0,2 a 2,4 ciclos/minuto, dependente de
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mecanismos termorreguladores e do sistema renina-angiotensina; e a ultra baixa
frequéncia, < 0,003 Hz ou < 0,2 ciclos/minutos, correspondendo a maior parte da
variancia total da VFC.

A medida dos componentes espectrais €, habitualmente, mensurada em
valores absolutos de poténcia (ms?/Hz) ou expressa em unidades normalizadas (nu),
representando o valor de cada um destes componentes em relagcdo a poténcia total
menos o componente de MBF. Em virtude dos valores absolutos apresentarem uma
grande variabilidade e assimetria de distribuicdo, a sua transformacéo logaritmica,
geralmente, se faz necessaria. A relacdo BF/AF é considerada como um indice ndo
invasivo do balanco simpatico — vagal (35).

A importancia da regulacdo do sistema nervoso autbnomo sobre o sistema
cardiovascular decorre, principalmente, da associagcdo entre 0 aumento da

mortalidade cardiaca e baixos indices na VFC (36,37).

1.1 Modulacédo autonémica na gestagao

O periodo gestacional € marcado, por profundas modificacdes, no organismo
materno, decorrente da acdo hormonal da progesterona, dos derivados
estrogénicos, do cortisol, da prolactina e do lactogénio placentario (38).

A principal alteracdo metabdlica, na gestacao, € a diminui¢do da sensibilidade
a insulina, ou a resisténcia a insulina (RI), no organismo materno, o que favorece a
oferta de glicose ao feto, em desenvolvimento (39). A RI esta, diretamente,
correlacionada com a idade gestacional e se deve, em parte, pela alta concentracéo
do 17 B-estradiol (40), que estimula as células B-pancredticas, para a sintese de
insulina e da secrecéo de insulina estimulada pela glicose.

A ndo adaptacao fisiolégica da Rl na gestacdo implica em hiperinsulinemia
materna, no desenvolvimento do diabetes gestacional (41), na doenca hipertensiva
gestacional (42) e com eventos adversos maternos e fetais.

No sistema cardiovascular, a gestacdo impde ao organismo materno uma
nova hemodinamica circulatéria (43,44), com aumento progressivo da volemia
sanguinea, queda na resisténcia vascular sistémica, maior capacitancia venosa, e,

consequentemente, aumentando a pré-carga e o débito cardiaco materno.
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No sistema periférico vascular, logo nas primeiras semanas, depois da
concepcao, os elevados niveis de estrogenos, promovem o aumento da sintese
hepatica do angiotensinogénio, e, consequentemente, a ativacdo do sistema renina
angiotensina (SRA) (45), aumentando os niveis séricos da renina plasmatica e da
angiotensina 1l (All). Apesar da ativacdo do SRA, o periodo gestacional €
caracterizado como uma significativa queda da resisténcia vascular sistémica (RVS),
devido a liberacdo de varios substancias vasodilatadores (44,46-49) como as
prostaglandinas, o 6xido nitrico, pelas células endoteliais, a relaxina, pelo Utero
gravidico, o sistema calicreina-cinina e 0 aumento da angiotensina 1-7, um potente
vasodilatador do SRA.

A partir da 262 semana de gestacdo, o aumento da volemia sanguinea atinge
o limiar maximo, com um acréscimo aproximado de quase 50% de seu valor prévio a
gestacdo, que se mantém até o final do periodo gestacional (39).

Na gestacdo, a ativacdo da All e a liberacdo do Oxido nitrico, pelo 6xido
nitrico-sintase neuronal, no nucleo paraventricular (PVN) leva a inibicdo da ativacéo
do sistema nervoso simpatico a e a atenuacao da sensibilidade dos barroreceptores
(50-51).

A acédo da 3a-hidroxi- dihydoprogesterona e o estado de hiperinsulinemia, que
ocorre fisiologicamente na gestacdo, também estdo envolvidos na atenuacdo da
sensibilidade dos barroreceptores (52-54).

Os barorreceptores sdo mecanorreceptores localizados na parede vascular da
aorta e das artérias carotideas e sdo os maiores reguladores de momento a
momento da pressao arterial (55,56). As vias aferentes do baroreflexo, o nervo vago
e o glossofaringeo, aderidos na parede da aorta e das carotidas, respectivamente,
sdo formados por fibras pré-mielinizantes e amielinizantes, e funcionam como
verdadeiros mecanorreceptores, sinalizando qualquer alteracdo na distensibilidade
do vaso. As alteragbes na pressao intravascular que ultrapassem o limite de sua
normalidade levam a geracdo de potenciais de acdo que sao transmitidos, por via
neural, para o sistema nervoso central, mais especificamente ao nucleo do trato
solitario (NTS). Os neurbnios secundarios do NTS excitam neurbnios
parassimpaticos, pré-ganglionares, localizado no nacleo dorsal motor do vago e no
ndcleo ambiguo, e enviam, por suas vias eferentes, a resposta inibitéria vagal aos

neurdnios pos-ganglionares localizados no coragdo, determinando a diminuicdo da
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frequéncia cardiaca. A via simpato-inibitéria, por sua vez, é feita pela estimulacédo do
bulbo ventrolateral caudal, do bulbo ventrolateral rostral e da cadeia ganglionar
simpatica, finalizando nos neurénios pos-ganglionares cardiacos, reduzindo a
frequéncia cardiaca, a forca de contratilidade miocardica e a vasodilatacdo arterial
periférica. A avaliacdo da integridade do arco reflexo dos barroreceptores é
estabelecida pela resposta reflexa as alteracdes hemodinamicas (56).

Varios testes autonémicos cardiovasculares néo invasivos (57) podem ser
avaliados na gestacdo, como o estresse ortostatico, a Manobra de Valsalva, testes
isométricos e a VFC.

A VFC na gestagcdo, em relacdo ao estado ndo gestacional, a apresenta
diminuicdo da poténcia de todos os seus componentes e, dependendo da idade
gestacional, pode haver maior predominancia vagal ou simpatica (57-59). No
primeiro trimestre da gestacdo ha a predominancia da modulacdo parassimpatica,
mas, com a evolugcao da gestacdo, com a compressao da aorta abdominal e da veia
cava inferior pelo Utero gravidico ocorre a diminuicdo do retorno venoso ao coracao,
que leva a diminuicdo do débito cardiaco e de vasoconstricdo sistémica com
ativacdo do sistema nervoso simpatico (60-62).

A predominancia da modulacdo simpética no final da gestacdo acarreta um
grande potencial para as complicaces clinicas obstétricas, como a instabilidade
hemodindmica na vigéncia de hemorragias graves e durante a anestesia raquidiana
(63-65).

1.2 Modulacédo autonémica na pré-eclampsia

A pré-eclampsia (11) € uma sindrome hipertensiva especifica do periodo
gestacional que se manifesta clinicamente apds a 20® semana de gestacdo, com a
elevacao da pressédo arterial sistolica (PAS) = 140 mmHg e diastdlica (PAD) = 90
mmHg, e de proteinudria 2300mg/dia.

Os principais mecanismos envolvidos na fisiopatologia da PE sao,
principalmente, a predisposicdo genética (66), aspectos imunologicos (67) e a
disfuncéo endotelial materna (68,69), desencadeado, no momento da implantacao

da placenta na decidua materna, por redugdo da invaséo trofoblastica e isquemia
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tissular (70,71). Fisiologicamente (39), o processo de formacgao na vascularizagéo do
leito placentar, a chamada pseudovasculogénese, requer a substituicdo da camada
muscular lisa das artérias espiraladas por células endoteliais para assegurar o fluxo
placentario. Na PE, ocorre uma deficiéncia na invasdo endovascular trofoblastica
(72), resultando no comprometimento da perfusdo placentaria com isquemia tissular
e a deflagracdo de uma resposta inflamatdria aguda, com a liberacdo de citocinas
pré-inflamatérias, do fator de necrose tumoral (TNF-a), a ativacdo leucocitaria e de
macrofagos, aumentando a expressao das moléculas de adesédo e a ativacdo do
sistema de coagulagao.

A isquemia placentaria na PE leva ao estresse oxidativo com a formacéo de
espécies reativas de oxigénio, especialmente, os ions superdxidos, da peroxidacéo
lipidica e a producdo de uma grande quantidade de fatores antiangiogénicos como o
sFlt-1 (Soluble Fms-like Tyrosine Kinase-1) e das endoglinas(73-74).0 sFlt-1 € um
receptor soluvel que se liga as moléculas dos fatores de crescimento vascular
endotelial, o VEGF ( Vascular endothelial growth factor) e o de crescimento
placentario, o PIGF (Placental Growth Factor), impedindo que estes se liguem aos
seus receptores na membrana celular, comprometendo o desenvolvimento normal
do leito placentério (75).

Na PE, os subprodutos do processo inflamatério e da hipdxia tissular na
placenta como as microparticulas, particularmente, o STBM (syncytiotrophoblast
microvillous membrane particles) sao transferidos para a circulacdo materna que,em
contato com o endotélio materno, desencadeia, uma reacao inflamatéria aguda, com
a liberagcdo de citocinas pro-inflamatorias, como a interleucina-6 , o TNF-q,
culminando em dano celular e em disfuncéo endotelial (76)

A disfuncdo endotelial na PE também esta relacionada com a inibicdo da
sintese de vasodilatadores como a prostaciclina e o 6xido nitrico, € 0 aumento na
producdo de vasoconstrictores como o tromboxane A2 e a endotelina, e da
desregulacdo do sistema renina angiontensina (77-79). A atividade da enzima de
conversdo da angiotensina no tecido placentar é significativamente maior nas
gestantes com PE, demonstrando que a hipodxia tissular na placenta promove a
exacerbacdo da expressdao de todos os componentes do SRA (80,81).
Recentemente, foi demonstrada a presenca de auto-anticorpo agonista dos

receptores AT-1 (ATI-AA) na PE (82,83). A reducgéo da perfusdo placentaria pode
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ser o fator preponderante para estimular a producdo dos AT1-AA. A presenca
desses auto-anticorpos ativa os receptores AT-1 na placenta e na circulacdo
materna potencializando a resposta vasoconstritora da All e a ativacdo da
endotelina, outro potente vasoconstrictor sistémico (84) e, portanto, estaria
correlacionado com a gravidade da apresentacao clinica da PE (85).

A PE vem sendo correlacionada com a exacerbagdo da modulacdo simpética
(86) em detrimento da modulacdo parassimpatica e com a diminui,ao da
sensibilidade dos barorreceptores (87).0 predominio da modulagdo simpética na PE ,
apesar de ter sido evidenciada por testes autondmicos cardiovasculares apresenta , porém,
controversos. A VFC na PE demonstra, em alguns trabalhos (29-31,59,88), menor
variabilidade da frequéncia cardiaca, menor participagdo do componente de alta
frequéncia (AF) e a razdo BF/AF, mais elevada, do que em relagdo a gestantes
normotensas ou em mulheres néo gravidas.

Os marcadores de predicdo para a PE, assim como o dopller das artérias
uterinas (89,90) sdo investigados nas gestantes de alto risco para a deteccéo
precoce da doenca, e assim prever e prevenir as possiveis complicacdes clinicas,
maternas e/ou fetais (91). A VFC, portanto, pode servir como uma ferramenta util
para o diagnostico precoce da PE, em avaliar o grau de desbalanco simpato-vagal e

de sua correlacdo com os eventos adversos maternos e/ou fetais.

2. Complicagdes Neonatais Na Pré-Eclampsia

A PE estad associada a eventos adversos neonatais como a restricdo do
crescimento intra-uterino (RCI), oligodramnio, RNs com baixo peso, prematuros e
com baixos indices de APGAR (7,8) ao nascimento que requerem internamentos em
unidades de terapia intensiva neonatal (92,93).

A prematuridade (9,10) continua sendo a principal causa de morbidade e
mortalidade neonatal. As complicagbes (93,94) mais frequentes com a
prematuridade sdo a morte neonatal precoce, as infec¢cdes respiratdrias e a
insuficiéncia respiratéria grave, com necessidade de ventilagdo mecanica
prolongada. Os RN prematuros e com o0 baixo peso ao nascer (<2500qr)
representam, dentre a populacdo dos neonatos, o grupo mais vulneravel ao o6bito
perinatal (94).
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ABSTRACT
Objetive: Evaluate the association between heart rate variability (HRV), during
antepartum, in preeclamptic and normotensive pregnant women with maternal and
neonatal outcomes.
Study disign: This prospective cross-sectional study evaluated heart rate variability
(HRV) from 17 pregnant women presenting preeclampsia (PE) and 19 normotensive
pregnant women, with >28 ™ weeks of gestation, through the RR mean intervals, the
standard deviation of RR intervals (SDNN), the root mean square of successive
differences of RR intervals (RMSSD), low (LF) and high (HF) frequency spectral
components and the LF/HF ratio, and their association with maternal-fetal outcome.
Results: Preeclamptic women compared to normotensive pregnant women
presented higher systolic (164.71 mm Hg vs. 104.74 mmHg, p<.001) and diastolic
blood pressure (109.41 mmHg vs. 67.89 mmHg, p<.001) and needed more intensive
care unit (ICU). At birth, newborns from mothers with PE presented lower weight
(2422.82 g vs 2937.89 g, p<0.05) and gestational age evaluated by Capurro Method
(37 weeks vs 39 weeks, p<.05) and needed more neonatal intensive care unit
(NICU). After logarithmic transformation, preeclamptic women compared to
normotensive healthy pregnant women presented reduction of INSDNN (25.93 ms vs
41.72 ms, p<.05) and INRMSSD (13.25 ms vs 24.76 ms, p<0.05). INSDNN presented
inverse correlation with systolic (r-0.36 p<.05) and diastolic blood pressure (r-0.3
p<.05). INSDNN, INRMSSD and HF presented direct correlation with gestational age
evaluated by Capurro Method (respectively; r 0,38 P<.021; r 0,39 P<.016; r 0,34,
P<,042).
Conclusion: Preeclamptic women have lower autonomic modulation evaluated by
HRV compared to pregnant normotensive women. This reduction is associated to
higher maternal blood pressure, and estimated lower gestational age at admission
and by somatic and morphologic characteristics using Capurro Method.

Keywords: Preeclampsia, Heart Rate Variability, Gestational Age.

29



30

Introduction

Hypertensive diseases are the main cause of maternal death in Latin America and
the Caribbean’s (1), with 25% of preeclampsia (PE) and 10% of eclampsia. (2). PE is
associated to adverse perinatal outcome such as intra-uterine growth restriction,
newborn with low weight, prematurity and low APGAR score (3, 4). With increasing
incidence in the last years, prematurity still remains as the main cause of newborn
morbidity and mortality around the world, representing a serious public healthcare
problem. (5,6).

Preeclampsia diagnosis is defined after the 20™ week of gestation with an increase
of systolic blood pressure (SBP) = 140mmhg and of diastolic blood pressure (DBP) =
90 mmhg, and proteinuria. (7). It is a systemic disease that can affect the liver,
kidneys, the brain, and the coagulation system (8 - 10). Although PE pathophysiology
is not yet fully understood, there is evidence involving the immune system, genetics
and maternal endothelial dysfunction (11 — 13). The inadequate invasion of
trophoblast in maternal decidua and the non remodeling of spiral arteries are the
more relevant pathophysiological mechanisms to PE development (14). The poor
perfusion of the uterus-placenta unit results in tissue hypoxia (15) and the
deflagration of an acute local inflammatory response (16), oxidative stress, and
liberation of placentary subproducts such as microparticles, and of antiangiogenic
factors (17, 18) perpetuating the compromise of placenta development. In the
mother’s endothelium, these micro particles promote an acute inflammatory reaction,
culminating in cell damage and endothelial dysfunction (19) that consequently lead to
the occurrence of intense systemic vasoconstriction (20) causing repercussion both
on the mother and the fetus (3, 20-23).

Preeclamptic women presented an increase in peripheral sympathetic nervous
activity (24) and changes in cardiac autonomic modulation, evaluated through heart
rate variability (HRV) (25). Schobel et al (24), employing microneurography , reported
that women with PE presented three times more peripheral sympathetic nervous
activity when compared to normotensive pregnant women and that this pattern goes
back to normal after childbirth. Yang et al (25) compared cardiac autonomic
modulation of normotensive pregnant women and preeclamptic women in the
frequency domain. Both groups displayed a reduction in High Frequency (HF) and an

increase in Low frequency (LF), and LF/HF ratio, suggesting a reduction in vagal
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modulation and an increase in sympathetic modulation. In preeclamptic women, the
ability to predict maternal complications and fetus outcome is still very limited. There
are various factors related to postpartum maternal complications in PE (8, 10).
Estimated fetal weight and the consequences to the fetus seem to be predominantly
influenced by gestational age (26). The association of autonomic modulation during
PE with maternal complications and fetal outcomes is yet to be known.

The present study evaluated maternal HRV in preeclamptic and normotensive

women and its association with maternal complications and fetal outcomes.

Materials and Methods

This is a cross-sectional prospective study undertaken with 36 pregnant women, with
gestational age over 28" weeks of gestation, during hospital admission for pregnancy
interruption. Seventeen presented hypertensive crisis with imminent eclampsia, and
19 were normotensive, healthy pregnant women, in antepartum or with gestational
ages = 39 " weeks.

All women had only one fetus and did not present any systemic disease prior
pregnancy. Pregnant women in use of anti-hypertensive drugs, with obstetric
pathologies such as placenta praevia, premature rupture of membranes, or
premature dislocation of placenta were excluded from the study. All subjects gave
their informed consent to participate in the study, which was approved by the
Hospital ethics committee board for clinical studies. Underage women had their
consent given by their legal representatives.

Once at the hospital, after a 30 minutes period of rest in left lateral decubitus
position, maternal blood pressure was evaluated. Preeclampsia diagnosis was made
according to the Report of the National High Blood Pressure Education Program
Working Group on High Blood Pressure in Pregnancy published elsewhere (7). The
estimate of maternal gestational age at admission was undertaken based in the last
menstrual period date and through the uterus height measure (27). Pregnant women
with PE were maintained in absolute rest in left lateral decubitus position and
submitted to eclampsia prophylaxis with 6g of Magnesium sulphate at 50%, followed
by continuous infusion of 2g/hour. In case of SBP= 160mmHg and/or DBP 2
105mmhg, an intravenous infusion with 5mg of hidralazine was administered to keep

blood pressure at 140/90 mmHg. If necessary, this dose was repeated at intervals of
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20 minutes with a maximal dose up to 20mg. Pregnhancy was interrupted and to opt
for delivery by elective cesarean section when it was impossible to control blood
pressure with antihypertensive drugs, at imminence of eclampsia, consumption
coagulopathy, HELLP syndrome (hemolysis, elevated liver enzyme levels and a low
platelet count), oliguria after crystalloid infusion or creatinine increase > 1,4 mg% (7-
9). Normotensive women were not medicated and were maintained in relative bed
rest. While at rest, in left lateral decubitus position, and in the absence of uterine
contractions or pain, all women were submitted to 20 minutes of electrocardiographic
monitoring with 12 leads (Wincardio, Micromed, Goiania, Brazil) and data was
digitized for HRV calculation. Time and frequency domain indices were calculated
using 5 minute intervals free from artifacts and arrhythmias. In time-domain, it was
calculated the mean RR interval (RRmean), the standard deviation of RR intervals
(SDNN), and the root mean square of successive differences of RR intervals
(rMSSD). In the frequency domain, were calculated LF (between 0,04 Hz and 0,15
Hz), HF (between 0,15 and 0,50 Hz) and L/H (ratio). Results were expressed in
normalized units. A fetal heart rate (FHR) recording was monitored and elective
cesarean section is indicated in the presence of fetal distress (7, 29).

After birth, women with sensorial alterations, breathing failure, pulmonary acute
edema or those remaining with high blood pressure were admitted to the maternal
intensive care unit (ICU). After birth, newborns weight, APGAR scores at 1 and 5
minutes, gestational age neonatal and and to admitted to neonatal intensive care unit
(NICU) were evaluated. Gestational age was calculated according to somatic and
neurological characteristics using the Capurro Method. Newbornes were referred to
the neonatal Intensive Care Unit in the occurrence of clinical complications, extreme
prematurity and breathing problems.

Data were analyzed on the Statistical Package for Social Sciences (version 16.0 for
Windows; SPSS, Inc., Chicago, IL). Descriptive data are presented as mean, SD and
medians. Student t test, Mann-Whitney and Chi Square test were used where
appropriate. HRV frequency domain indices and meanRR data were compared by
ANOVA One Way, and post hoc comparisons were performed with the Tukey test. P
values < 0,05 were considered to be statistically significant. When necessary,
natural logarithm (In) transformation was applied to HRV and data presented as

antilogarithm.
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Results

Table 1 summarizes maternal characteristics in the presence of PE and in healthy
pregnancies. There was no difference in age, number of parities, pregnancies and
abortions between groups. Women with PE had lower gestational age at admission,
increased systolic and diastolic blood pressure, significantly greater rate of cesarean
delivery for fetal distress and required more intensive care treatment.

Newborn perinatal characteristics are presented in Table 2. Neonates of mothers
with PE had significantly lower gestational age at delivery (35.7 versus 36,6, P<0.05),
lower birth weight (2422.8 g versus 2937.8 g, P<0.05), lower Apgar score at 1land 5
minute (p< 0,05) and greater risk of admission to NICU. Newborns from healthy
mothers did not have respiratory discomfort and perinatal death.

Heart rate variability data are presented in Table 3. Women with preeclampsia
presented significantly lower SDNN (25,9ms vs 41,7ms, p< 0, 05) and RMSSD ( 13,2
vs 24,76,p,0,05). No difference was observed in InMean NN, LFnu, HFnu and LF/HF.
The InSDNN was inversely correlated with the SPB (r-0.36 P<.05), DPB (r-0,36
P<.05), and positively correlated with gestational age at admission (r 0.36 P<.05) and
gestational age calculated by Capurro method (r 0,38 P=<.05). The InRMSSD
presented a positive correlation with gestational age at admission (r 0.41 P<.05) and

gestational age calculated by Capurro Method (r 0.39 P<.05).

Comment

In the present study, the association of autonomic modulation with maternal and fetal
outcomes was evaluated in pregnant normotensive and preeclamptic women with > ™
28™ weeks of gestation, using HRV indices. We demonstrated that women with
preeclampsia had lower HRV and it was inversely associated with higher maternal
blood pressure and directly associated with estimated gestational age, at hospital
admission, and after birth, according to newborn’s somatic and neurologic
characteristics using the Capurro method. Except for the presence of preeclampsia,
both groups were healthy, were not taking antihypertensive drugs, had no obstetric
pathologies, or differences in age, parity, and number of abortions. Autonomic data

was collected at the end of pregnancy, before delivery was carried over.
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In preeclampsia, prediction of maternal and infant outcomes is still limited. Maternal
complications in PE are correlated to severe clinical presentation and estimated fetal
weight, and infant outcome is mainly correlated to gestational age (26). Autonomic
nervous system evaluation has been used, during pregnancy, to early identify
preeclampsia or women at more risk of developing it. There is strong evidence that
autonomic modulation is compromised in preeclampsia secondary to premature
sympathetic overactivity evaluated by peripheral muscle sympathetic activity (24). In
recent years, HRV have been used during pregnancy as a noninvasive tool to study
autonomic modulation to sinus node, but it still shows some controversy (30).
Eklholm, et al (31) evaluated heart rate spectral analysis of preeclamptic and
normotensive women at 37 weeks of pregnancy, but away from labor. They could not
demonstrate any evidence of increased sympathetic modulation in preeclampsia, but
reported higher vagal modulation expressed by an increase in HF component.
Lewinsky, et al (32) evaluated 11 nonpregnant women and 25 normotensive and 15
preeclamptic women at term, at rest in the left-lateral position, and after shifting to the
supine position. At rest, there was no difference in heart rate spectral components
between the 3 groups, and the pressoric stress after assuming supine position
promoted an increase only in the very low frequency component (0.00 — 0.05 Hz) in
normotensive pregnant and preeclamptic women. Although in this frequency band
there is little autonomic information, authors considered this behavior secondary to
an increase in sympathetic modulation reflecting the enhanced activation of the
renin-angiotensin system. Metsaars, et al (33) evaluated HRV of women from 24 to
34 weeks of gestational age, who developed preeclampsia or remained normotesive.
They reported an increase in sympathetic modulation, manifested by higher LF
component, in women who developed preeclampsia, independently if it was in early
or late pregnancy, suggesting sympathetic activity gradually increases during the
development of the disease. Pal, et al (34) evaluated time and frequency domain
indices of HRV of pregnant women at risk for developing preeclampsia, those who
actually developed preeclampsia, and normotensive controls, at 12", 24™ and 31"
weeks of pregnancy. According to the authors, preeclamptic women presented a
clear reduction in vagal modulation to the sinus node (lower HF, SDNN and RMSSD),
and increase in sympathetic modulation (higher LF and L/H) since the 12" week.

They suggested the main component of the autonomic behavior during pregnancy
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was vagal withdrawal, and not necessarily sympathetic overactivity. Yang, et al (25)
evaluated HRV in 17 nonpregnant, 17 normotensive pregnant and 11 preeclamptic
women. Women with preeclampsia had lower vagal modulation (lower HF), and
higher sympathetic modulation (higher LF/HF) compared to normal pregnant or
nonpregnant group.

In the present study, as described by other authors, heart rate spectral analysis could
not detect any differences in autonomic modulation between groups (32), but SDNN
and RMSSD were significantly reduced in preeclampsia. When spectral analysis is
used during periods of intense sympathetic stimulation, there is a marked reduction
in all spectral components that precludes heart rate spectral analysis use, as
demonstrated during moderate to intense physical exercise (35) Labor, even in
periods between uterine contractions, is capable of promoting sympathetic
stimulation with reduction in power spectral components. In healthy normal
individuals, during rest, L/H tends to be lower than 1. In our data, L/H ratio was
clearly elevated in both groups (preeclamptic 7,5; normotensive 2,97), indicating
increased sympathetic activation at rest. Although SDNN and RMSSD exclusively
reflect vagal modulation, the reduction observed in preeclampsia should not be
interpreted primarily as diminished vagal activity, but a reduction in vagal modulation
secondary to the sympathetic overactivity described for this disease.

The new information of this study is that neonates from preeclamptic women and
reduced HRV are at greater risk to have lower gestational age at hospital admission
and after birth, estimated by somatic and morphologic characteristics using Capurro
Method. There is no solid evidence that autonomic dysfunction is directly responsible
for the low gestational age or it is just a marker of the disease, nonetheless, impaired
HRV has been considered a possible risk factor for the development of diseases. In
the ARIC cohort, the association of HRV and the development of diabetes were
evaluated in 8185 healthy adults during 8.3 years. Participants with reduced HRV
were at increased risk for developing type 2 Diabetes Mellitus in the future. Authors
suggested that autonomic dysfunction could be responsible for the development of
the disease (36). In congenital generalized lipodystrophy, a rare disorder of lipid and
carbohydrate metabolism that results in metabolic and hemodynamic disturbances,
reduced HRV was already present during childhood, before the presence of more

severe manifestations. Authors suggested that this early autonomic dysfunction could
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be one of the genetic manifestations of the disease, and could be responsible for the
development or aggravation of the metabolic and hemodynamic disturbances (37). If
confirmed that changes in autonomic modulation during preeclampsia are associated
to neonate’s outcome, early safe preventive measures could be implemented when
autonomic dysfunction is detected, before blood pressure is increased. Recent data
has suggested that physical exercise training can safely prevent preeclampsia by
reducing oxidative stress, placental alterations, level of inflammation and endothelial
dysfunction (38) Besides that, exercise can reduce sympathetic overactivity and
increase cardiac vagal modulation in other disease states like heart failure (39) and
diabetic autonomic neuropathy (40).

In conclusion, during labor, preeclamptic women have lower autonomic modulation
evaluated by HRV compared to pregnant normotensive women. This reduction is
associated to higher maternal blood pressure, and estimated lower gestational age at
admission and by somatic and morphologic characteristics using Capurro Method.
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Table 1. Maternal characteristics
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Characteristic

Maternal age (years) *

Parity

Pregnancy ’

Abortion (n,%) 7

PE mild (n,%) @

PE severe (n,%) @
Hemodynamics

SBP (mmHg) *

DBP (mmHg) *
Medications (n,%)

Magnesium Sulfate

Hidralazine
Indications for delivery in preeclampsia (n, %)

Maternal Indications

Persistent severe headaches or visual changes (n,%) ?
Progressive deterioration in renal function (n,%) 2
Progressive deterioration in liver function (n,%) 2
Low platelets count (n,%) ®

Fetal Indications

Oligohydramnios (n,%) @

Preeclampsia
(n=17)
22,53+ 3,31
1(1-1,5)
1(1-1,5)
1(5,9)

6 (35,30)

11 (64,70)

164,71 +£ 22,13

109,41 + 10,29

17 (100)

9 (52,94)

16 (94,12)
1 (5,88)
4 (23,53)

2 (11,76)

3 (17,65)

Normotensive
(n=19)

22,53 £6,23
1(1-2)
1(1-2)
4(21,1)

0 (0)

0 (0)

104,74 £ 7,72**

67,89 +7,87**

0 (0)

0 (0)

0 (0)
0 (0)
0 (0)

0 (0)

0 (0)

"Student t test, "Mann-Whitney and 2Chi Square test. Values expressed in mean, standard deviation,

medians, interquartile ranges or numbers and percentages. **P<0,001 e *P<0, 05. PE: Preeclampsia.

SBP: Systolic blood pressure. DBP: Diastolic blood pressure.
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Table 2. Newborn perinatal characteristics
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Variables Preeclampsia
(n=17)

Fetal outcome

Birth weight (g) @ 2422,82 + 781,30
Preterm delivery (<37 wk) (n,%) * 13 (72,2)
Preterm delivery (>37 wk) (n,%) * 4(22,2)
Capurro Method * 37 (34 - 37)
Perinatal mortality (n,%) * 1 (5,88)
Neonatal intensive care unit (n,%) * 9 (52,94)

Apgar score
1min’ 8 (5,50 — 8,50)

5 min 7 9(8-9)

Normotensive

(n=19)

2937,89 + 538,01
5 (27,8)
14 (77,8)
39 (37 — 40)
0 (0)

0 (0)

9(8-09)

10 (9 - 10)

0,026*
0,009*
0,009*

0,005*

0,015*

0,003*

2 Student t test and " Mann-Whitney. “Chi-square test. **P<0,001 e *P<0,05. Values expressed in

mean, standard deviation, medians, interquartile ranges or numbers and percentages.
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Table 3. Indices of heart rate variability during antepartum
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Variable

Time domain indices
InMeanRR (ms) *

INSDNN (ms) 7

INRMSSD (ms) 7

Spectral analysis
InLF potencia (nu) *
InHF potencia (nu) *

LF/HF (ratio) -

Preeclampsia

(n=17)

653,38 + 93,20

25,93 (17,72 — 39,79)

13,25 (4,68 — 29,45)

0,47 + 0,20
0,24 +0,16

7,50 +9,8

Normotensive
controls

(n=19)

717,90 + 163,99

41,72 (34,43 — 75,99)

24,76 (15,60 — 39,48)

0,46 + 0,13
0,30+0,14

297+23

NS

0,019

0,019

NS
NS

NS

*Student t test and ANOVA OneWay. " Mann-Whitney. Values expressed in mean, standard deviation,

median, percentiles or numbers and percentages.

Mean RR interval = mean of all RR intervals;

SDNN = standard deviation of all normal RR intervals; RMSSD = root mean square of successive RR

interval differences; LF = low frequency; HF = high frequency; LF/HF = low frequency/high frequency

ratio; nu = normalized units; ms = milliseconds
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Figure 1. Flow Diagram of Pregnancy
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