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RESUMO

Em uma crise de saude publica a telemedicina pode ser Gtil na deteccdo de
problemas em areas com grande extensdo geografica e dificuldades de acesso, ndo sendo
utilizada ainda para este contexto. Assim, desde 2012, em colaboracdo com a ONG -
Circulo do Coracdo, a Paraiba realiza um trabalho de rede de cuidado em cardiologia
pediatrica e perinatologia que utiliza a telemedicina. A Paraiba é um dos oito Estados do
Nordeste do Brasil que estdo no epicentro da epidemia de microcefalia. Para um total de
aproximadamente 2.900 casos suspeitos relatados de 20 estados brasileiros, a maioria
notificados no Nordeste 86,3% e quase 500 apenas na Paraiba. Diante deste cenario,
prople-se neste trabalho analisar o impacto da rede de cardiologia pediatrica e
perinatologia no enfrentamento da microcefalia na Paraiba. Toda construcéo de cuidado
em rede envolvendo os trés niveis de atengdo serviu de estrutura para iniciar 0 processo
de investigacdo das possiveis causas de microcefalia na Paraiba. A ocorréncia de
microcefalia exibe uma distribuicdo temporal. As infec¢bes transmitidas pelo Aedes
aegypti, uma proposta de etiologia para a epidemia, também demonstram flutuacdes
temporais. Assim, uma estrutura construida para dar suporte efetivo as cardiopatias
congénitas, foi utilizada para enfrentar uma epidemia com processo de trabalho efetivo
que integra: triagem, capaciatacao e assisténcia em varios niveis de atencdo. Conseguiu-
se fazer busca ativa segura, qualificar a atencdo e a informacgédo para as tomadas de

decisao.

Palavras Chaves: microcefalia.perinatologia.satde publica



ABSTRACT

In a public health crisis, telemedicine can be useful in detecting problems in areas with
large geographic extension and access difficulties, but it has not been fully explored in
this context. Since 2012, in collaboration with a NGO - Heart Circle, the state of Paraiba
carries out a network care project in pediatric cardiology and perinatology based on
telemedicine. Paraiba is one of the eight Brazilian Northeast States that is in the epicenter
of microcephaly epidemy. From approximately 2,900 suspect cases reported in 20
Brazilian States, the majority (86.3%) were notified in Northeast and almost 500 only in
Paraiba. To face this scenario, in this work, we proposed to analyze the impact of the
pediatric cardiology and perinatology network on microcephaly confrontation in Paraiba.
All the Network facilities, encompassing attention levels, served as background structure
to start the investigation process of possible microcephaly causes in Paraiba. The
microcephaly occurrence exhibits a temporal distribution. Infections caused by Aedes
aegypti, one possible etiology for the outbreak, also present time oscillations. In this way,
a structure designed to effectively support congenital heart diseases, was used to face an
epidemic situation with effective workflow that integrates screening, training and
assistance in different attention levels. It’s used contributed to safely perform an active

search, to qualify the attention systems and to strengthen the decision making processes.

Key-Word: microcephaly.perinatology. public health
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1 INTRODUCAO

Microcefalia € um achado clinico e ndo uma "doenca". E definida como uma
circunferéncia da cabeca occipito-frontal (COF) menor do que o esperado para a idade
gestacional e sexo. E referida a ocorréncia de um em cada 6250 a 8500 nacidos vivos

registrados em alguns paises desenvolvidos (ASHWAL, 2009).

Uma vez que o crescimento do crénio depende das forgcas de um cérebro
expansdo, microcefalia € um indicador de um cérebro subdimensionado. Embora a
medicdo de COF seja uma avaliacdo fenotipica do volume cerebral intracraniano, alguma
controveérsia ainda existe sobre o limite inferior para esta medicdo, bem como para a
necessidade de dados etnicamente controladas. Além disso, as implicaces clinicas de um
cérebro de tamanho inferior sdo muito mais complexos para estabelecer (HAGEN, 2014).

Desde agosto de 2015, no nordeste brasileiro acontecia uma sequéncia de
nascimentos de criangas com microcefalia. Ap6s um més de nascimentos com registros
de microcefalia, o Ministério da Saude, por meio da vigilancia em saude, foi notificado
pelo Estado de Pernambuco. Os profissionais de saude desta regido confirmaram o padrdo
repetitivo de alteracdo do perimetro cefalico acompanhado de lesGes importantes do
sistema nervoso central.

Estudos clinicos e epidemioldgicos foram necessarios para estabelecer a
extensdo do problema, existindo uma pressdo compreensivel por parte da populacao
brasileira, em especial as mulheres em idade reprodutiva, para obter respostas.

A Paraiba é um dos oito Estados do Nordeste do Brasil que estdo no epicentro
da epidemia. Possui uma area de 56.584 km?, e uma populacéo de 3.914.318 habitantes.
Para um total de aproximadamente 2.900 casos suspeitos relatados de 20 estados
brasileiros, a maioria notificados no Nordeste (86,3%) e quase 500 apenas na Paraiba,
juntamente com a primeira documentacdo em um municipio paraibano da presenca de
virus Zika (ZIKV) no liquido amniotico de dois fetos que apresentavam microcefalia intra
utero.

Estudos clinicos e epidemiologicos sdo necessario para o esclarecimento das
causas de microcefalia e qual a relacdo precisa entre microcefalia e o ZIKV. Para isso,
pode-se utilizar algumas inovacdes tecnologicas disponiveis para adquirir resposta rapida

e captacdo de casos em areas mais distantes.
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A telemedicina pode ser util na deteccéo de problemas em saude publica e com
a grande extensdo geografica e dificuldades de acesso pode ser uma estratégia adequada,
n&o sendo utilizada ainda para este contexto.

Desde 2012, em colaboragdo com a ONG - Circulo do Coracéo, a Paraiba realiza
um trabalho de rede de cuidado em cardiologia pediatrica e perinatologia. Esta rede
integra profissionais de satde que trabalham em 21 centros espalhados por todo o estado
e um centro especializado em cardiologia pediatrica situado em Pernambuco. Entre outras
acOes, apresenta registro de mais de 100.000 neonatos nascidos no Estado (MATTOS,
2015).

Este trabalho em rede consegue triar 95% de criangas nascidas na rede publica
do Estado e tem como principal ferramenta de comunicacéo e consolidacao das ac¢des de
cuidado a telemedicina. Os centros se comunicam em rede por uma sala virtual que
interliga todos os centros. Os registros sao realizados por toda a equipe em um prontuério
eletrénico individual. Este prontuério é acessado on line e gerencia o tratamentos dos
pacientes que necessitam de intervencao clinica ou cirdrgica.

A partir da necessidade iminente desta crise de saude publica, possivelmente
relacionada a arboviroses, a Rede propds uma forca-tarefa que se dividiu em 3 etapas
iniciais: a primeira, com o tempo de quatro semanas, resgatou informacdes de medidas
de perimetros cefélico nos 4 anos de registro de rede; a segunda, também em quatro
semanas, realizou uma busca ativa daquelas crian¢as que estavam incluidas no ponto de
corte de microcefalia, neste momento jutaram-se esforcos para realizacdo de
telediagndstico e teleconsultas. A terceira etapa, em um periodo de 2 semanas, consistiu
na realizacdo de uma caravana no interior do estado, com consultas de especialistas e
equipes multiprofissionais integradas e direcionadas ao diagnostico e tratamento dos
casos confirmados de microcefalia.

Diante deste cenario, propde-se neste trabalho analisar o impacto da rede de
cardiologia pediatrica e perinatologia Pernambuco/Paraiba no enfrentamento da

microcefalia no Estado da Paraiba.
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2 REVISAO DA LITERATURA

2.1 TELEMEDICINA EM EMERGENCIA DE SAUDE PUBLICA

A telemedicina € a utilizacdo de sistemas de telecomunicagdes para prestar
cuidados de saude a distancia. No Brasil, a telemedicina é usada em vérias atividades de
assisténcia em salde, incluindo a rede académica da telemedicina - Rede Universitaria de
Telemedicina (RUTE), bem como redes de telemedicina em Pernambuco, Paraiba, Santa
Catarina, Minas Gerais e Rio Grande do Sul, entre outros. A telemedicina também esta
disponivel em &reas remotas do Brasil incluindo o Estado do Amazonas - estruturas
direcionadas para ajudar aos povos indigenas. A implantacdo da telemedicina no Brasil
tem sido incentivada desde 2007 por um plano de telemedicina nacional aprovado pelo
Ministério da Saude (MESSINA, 2012).

Em 2015, o Brasil enfrentou a primeira epidemia do zika virus. Devido a
extensdo da epidemia no pais e a possivel associacdo com o aumento da sindrome de
Guillain-Baré (GBS) e microcefalia, uma emergéncia de saude publica nacional foi
declarada pelas autoridades de saude publica brasileiras.

Apesar da extensdo da implantacdo de telemedicina no Brasil, nenhum dos
documentos de resposta a Emergéncias de Satde Publica de Preocupagdo Internacional
(PHEIC) apresentou a telemedicina como um potencial instrumento para controlar a
epidemia, em nivel nacional ou internacional, bem como para a orientacdo de casos
clinicos. Entretanto, estratégias de telemedicina foram desenvolvidos durante os surtos
anteriores, incluindo o PHEIC anterior a respeito da doenga do virus Ebola (DVE) na
Africa Ocidental em 2014-2015, com um efeito contributivo no controle.

O uso da telemedicina se enquadra nos seis temas indicados no documento de
PHEIC: fiscalizacdo, envolvimento da comunidade e de comunicacao de riscos, controle
de vetores e de proteccdo pessoal, cuidados para as pessoas afetadas, pesquisa e
coordenacdo. A orientacdo e cuidados especiais no pré-natal, a avaliacdo de lactentes com
microcefalia, identificagdo e tratamento da sindrome de Guillain-Barré, amamentagdo e
apoio psicossocial foram incluidos no tema cuidado (WHO, 2016).

No Vietnd, tele-microbiologia tem sido usada para aumentar a capacidade e

gestdo de doencas infecciosas de diagnostico em laboratorios remotos. Na Franca, um
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laboratdério nacional de referéncia criou um programa de telemedicina para ajudar
laboratérios locais para interpretar e analisar resultados de testes genéticos em doencas
microangiopatia trombdtica.

O tele-ultrassom foi utilizado para ampliar 0 acesso ao diagnostico pré-natal e
detectar anomalias congénitas. Tem sido relatado em areas isoladas da Franca, Mongolia,
e Estados Unidos como uma estratégia dedicada a deteccdo de anomalias urinaria
congénita.

A telemedicina no Brasil foi aplicada sobre os cuidados nas anormalidades do
puerpério como depressdo pos-parto, cuidados de higiene, outras situacdes patoldgicas,
incluindo apoio a amamentacdo (MONTEITO, 2015).

Na Paraiba a telemedicina se mostra efetiva como estratégia essencial na
construcdo da Rede de Cardiologia e Perinatologia do Estado. Neste aspecto, a ferramenta
contribuiu para a investigacdo das criancas com suspeita de microcefalia. A telemedicina
contribuiu também para caracteriazar o perfil de perimetro cefalico das criangas nascidas
neste estado, fazendo uma analise de uma série historica de 4 anos (DE ARAUJO, 2016;
MATTOQOS, 2015).

A importancia da telemedicina foi demonstrada no contexto da epidemia pelo
ZIKV no Brasil, em varias situacdes clinicas. A telemedicina pode ser Util para as
mulheres gravidas para telemonitor da mae e do feto com cardiotocografo, bem como
para deteccdo precoce e diagnostico de complicacBes, como microcefalia ou outras
anomalias congénitas com tele-ultrassom. O tele-ultrassom pode ser uma forma de
garantir a viabilidade da recomendacéo das investigacdes de ultrassonografia para odas
as mulheres gravidas que vivem em areas com transmissdo ZIKV em curso.

Apesar da auséncia de resultados publicados sobre o uso da telemedicina para o
diagnostico, gestdo de processos e acompanhamento de microcefalia e casos de GBS, sua
utilizacdo pode ser reforgcada e melhorada com o uso de teleconsulta e tele-conhecimentos
com centros de neurologia e encaminhamentos para melhorar 0 acesso a pericia
neuroldgica. Este pode ser um novo campo para o trabalho clinico e de pesquisa em
teleneurologia.

A telemonitorizacdo pode também ser usada de inicio com casos confirmados
para acompanhar a evolucdo da sua sintomatologia para detectar os primeiros sintomas
de possiveis complicacBes neurologicas. Também pode ser util para implementar a

telemonitorizacdo de contactos estreitos de casos confirmados detectar precocemente os
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sintomas de infeccdo por ZIKV ou para as pessoas que regressam de paises afetados e
aumentar a capacidade dos laboratérios para diagndstico de infeccdo por ZIKV.

A investigacédo sobre o papel potencial da telemedicina durante o PHEIC atual
poderiam ser promovidos e apoiados para entender como ela pode melhorar o controle da
epidemia. A atual utilizacdo das redes de telemedicina para cuidar de pacientes com Zika
e seu impacto sobre as redes poderiam ser avaliadas, bem como a viabilidade préatica de
uso da telemedicina durante a epidemia. Os tdpicos de tele-ginecologia, teleabortion e
teleneurology também pode ser topicos de investigacdo relevantes, enquanto os dados
gerados pelas redes de telemedicina podem ser usados para realizar estudos
epidemioldgicos. Questdes legais, éticas, técnicas e financeiras poderiam ser potenciais
barreiras, enquanto o apoio internacional da OMS, apoio nacional a partir do Ministério
da Saude e apoio regional a partir das redes de telemedicina poderiam ser alavancagens

fortes.

2.2 MICROCEFALIA

A Microcefalia é definida como uma circunferéncia da cabeca occipitofrontal
(COF) abaixo do terceiro percentil ou mais do que dois desvios padrdo desvios (DP)
abaixo da média para o sexo, idade e etnia. O termo microcefalia "severa" é aplicada a
um COF com mais de 3 DP abaixo da média. A Microcefalia est4 associada com uma
reducdo no volume cerebral e muitas vezes deficiéncia intelectual e /ou motora. A
patogénese da microcefalia é heterogénea, variando de causas genéticas a fatores
ambientais que podem ter um impacto no processo de desenvolvimento do tamanho
cerebral (PERSUTTE, 1998; ROSMAN et al., 2015).

Qualquer condicdo que afeta processos importantes de crescimento do cérebro,
tais como a proliferacdo de células progenitoras, a diferenciacdo de células e morte de
celulas pode, assim, induzir a microcefalia. Anomalias que levam & microcefalia podem
afetar exclusivamente o desenvolvimento cerebral (Microcefalia ndo sindrémica) ou
podem estar associadas com malformacdes extracranianas e /ou dismorfismo facial
(microcefalia sindrémica) (ROSMAN et al., 2015).

Alguns autores como Woods & Basto (2014) sugerem que a microcefalia primaria

é causada por uma reducdo no nimero de neurdnios gerados durante a neurogénese. A
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microcefalia secundaria ocorre quando o nimero de processos dendriticos e conexdes
sindpticas estdo reduzidos.

A microcefalia ¢ uma malformacao incompreendida que é muitas vezes associada
a anomalias cerebrais de desenvolvimento, ainda se as anomalias associadas resultarem
da propria microcefalia ou de alteracbes do desenvolvimento associado. As causas de
mutacdes genéticas para explicar o motivo da alteracdo do desenvolvimento ainda ndo
foram compreendidas (ADACHI et al., 2011).

A alteracdo pode ser evidente no nascimento (microcefalia primaria) ou apos o
nascimento (microcefalia secundario). A crianga com microcefalia secundaria tem uma
COF normal ao nascimento e, posteriormente, a COF ndo evolui e a curva de
desenvolvimento atinge 2 DP abaixo da média. Estes termos ndo implicam que as
etiologias sdo distintas. Microcefalia primaria e secundaria podem ser adquiridas ou
genéticas. O fendtipo de microcefalia é variavel e o espectro de perturbacdes associadas
é grande, com mais de 900 registros de alteracdes genéticas que se expressam com esta
caracteristica (KRAUSS, et al, 2003).

A microcefalia apresenta varias formas de classificacdo: quanto ao tempo de
instalacdo (primaria e secundaria); quanto a etiologia (alteracdes genéticas, exposicao
fetal por doencas, exposi¢cdo materna a agentes teratogénicos, craniosinostose, alteracdo
pos-natal). Ainda ndo se sabe a causa de mais de 40% de microcefalias relatadas até o
momento (ROSMAN et al., 2015).

No quadro 1 resume-se 0s possiveis diagndsticos e os fatores relacionados a

microcefalia, apresentando as causas mais frequentes de acordo com a literatura:

17



Quadro 1: Classificacao e fatores desencadeantes de Microcefalia

Microcefalia Priméria

1. Causas genéticas Alteracdes cromossdmicas numéricas
Microdelegbes
DuplicagcBes cromossdmicas (trissomias 21, 18,
13..))
Microcefalia Monogenética (Sindrome Cockayne;
Sindrome Nijmegen breakage, ...)
Expressdo génica (Sindrome Algeman)

2. Causas metabdlicas Alteracdo dos niveis séricos da sintese de esterol
Deficiéncia congénita de desidrogenase piruvato
3. Fatores externos Infeccbes intraGtero (toxoplasmose, rubéola,

citomegalovirose, herpes simples, varicela, sifilis,
imunodeficiéncia adquirida)

Teratdégenos (alcool, cocaina, drogas
anticonvulsivantes, intoxicagdo por mercurio,
radiacao)

Acidente perturbador (acidente vascular cerebral —
AVC; morte intraltero de gémeo)
Doenca materna (hiperfenialaninemia, anorexia
nervosa materna)
Insuficiéncia placentaria extrema
4. Cranisinostose
Microcefalia secundaria

1. Causas genéticas AberragGes cromossdémicas ou microdelegdes ou
duplica¢des cromossémicas (Sindrome Williams)
Microcefalia monogenética (Sindrome Aicardi—
Goutieres; Ataxia telangiectasia Sindrome Cohen)
Expressdo génica (Sindrome Algeman)

2. Causas metabdlicas Fenilcetondria ndo tratada; alteracdes de ciclo da
uréia; deficiéncia  de cianocobalamina;
galactosemia; defeito do transporte da glicose;
doenca Gaucher tipo 11

3. Fatores externos Perinatal brain damage Hypoxic—ischaemic
encephalopathy Perinatal infection, e.g. herpes
simplex virus, rubella virus, and syphilis (if
acquired in third trimester) Perinatal/postnatal
haemorrhagic and ischaemic insult Perinatal
intracranial haemorrhage/thrombosis Perinatal

teratogens
Infeccdo pds-natal com dano cerebral (meningite,
encefalite, hemorragia intracraniana);

Traumatismo craniano; ledo cerebral hemorragica
ou isquémica; hipotireoidismo;
4. Craniosinostose Anomalias estruturais do cérebro
(Holoprosencefalia)
Fonte: Rosman, 2015

Microcefalia € um sinal clinico frequente em muitos doencas raras. Um
diagnostico preciso é importante para o aconselhamento do paciente e o direcionamento
do plano de cuidado com co-responsabilizacdo e orientacdo a familia (KRAUSS et al.,
2003).
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Além disso, um diagnostico exato é também importante para futuras abordagens
de terapia genética e da desenvolvimento de terapias neuroprotectores do cérebro a lesdes
perinatal. Se as ferramentas de diagndstico disponiveis atualmente ndo pode estabelecer
um especifico (genética) diagnostico, tecnologias modernas que ainda estdo sendo
otimizados podera proporcionar uma abordagem de diagnostico futuro e tornar-se parte

de investigacdo sistemética a partir do achado clinico de um paciente com microcefalia.

2.3 MICROCEFALIA NO BRASIL

No Brasil a microcefalia era registrada no sistema nacional de nascidos vivos
(SINASC) em uma incidéncia muito abaixo das publicacBes destinadas ao tema
(BRASIL, 2015).

Em outubro de 2015, a Secretaria de Saude do Estado de Pernambuco foi alertada
por médicos a respeito de um possivel aumento do nimero de casos de microcefalia, e
assim, uma investigacéo foi iniciada. No dia 22 de outubro deste mesmo ano, a Secretaria
confirmou a constatacéo e alertou as autoridades nacionais. No dia seguinte, o Ministério
da Saude emitiu um alerta acerca da ocorréncia de 26 casos de microcefalia em
Pernambuco por meio do Regulamento Sanitario Internacional. Em 11 de novembro de
2015, o Brasil decretou estado de emergéncia nacional de saude publica. Assim,
profissionais de saude ligados a assisténcia perinatal, assisténcia especializada, cientistas
e equipe de vigilancia em satde de todos os estados envolvidos, iniciaram uma forca
tarefa para buscar respostas ao aumento, sem explicacdo, de casos de microcefalia

concentrados no nordeste brasileiro (BRASIL, 2015).

Até 16 de janeiro de 2016, um total de 3.893 casos de microcefalia haviam sido
comunicados as autoridades nacionais por 21 estados. A maioria (86%, ou 3.402) dos
casos foi registrada na regido Nordeste. A atual definicdo de caso suspeito de microcefalia
no Brasil inclui todos os recém-nascidos com perimetro cefalico (PC) occipitoparietal <
32 cm, ou abaixo do terceiro percentil com base na idade e sexo no caso dos prematuros.
Antes do dia 8 de dezembro de 2015, a definicdo de caso também abrangia recém-

nascidos a termo com perimetro cefalico < 33 cm (BRASIL, 2015)
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Fig 1. Geoprocessamento de casos notificados de arbovirses no Brasil.
Fonte: Ministério da Satde, 2016.

Uma investigacdo inicial de casos suspeitos de microcefalia foi realizada pelo
EPI-SUS na Regido Metropolitana do Recife (GOARN). Entre 1° de agosto e 31 de
outubro de 2015, 40 bebés foram confirmados como casos de microcefalia e as
respectivas maes foram entrevistadas. Os recém-nascidos apresentaram indices normais
de APGAR no nascimento, sem diagndstico de defeitos de nascimento adicionais
(defeitos cardiacos, gastrointestinais, renais ou outros). Dois recém-nascidos
apresentaram testes sorolégicos de IgM positivos para citomegalovirus (CMV) e virus
herpes simples (NUNES, 2016), e trés tiveram resultado positivo para sifilis congénita
(por meio do teste de VDRL); todos constituem fatores de risco conhecidos para a
microcefalia. Entre as anormalidades oftalmoldgicas detectadas estavam hemorragia
subconjuntival, palidez do nervo Optico e macula pigmentada. As alteracfes auditivas
incluiam problemas de audicéo no ouvido esquerdo e auséncia de emissdes otoacusticas
em um caso cada. Cerca de 70% (n=27) das maes declararam ter tido um exantema
durante a gravidez. Ndo houve outras caracteristicas comuns (ou seja, presente em >50%

das mé&es) no historico materno ou em suas exposi¢des (GOARN, 2015).

Testes posteriores identificaram a infec¢do do feto pelo virus Zica (ZIKV) com
deteccdo do genoma do ZIKV por RT-PCR no liquido amniético de duas criangas com
microcefalia na Paraiba (MELO, 2015). O ZIKV também foi detectado no tecido de um
caso fatal no estado do Ceara. O neonato nasceu com microcefalia, anasarca e auséncia

de ossos longos dos bragos. Testes de RT-PCR em amostras de soro adicionais de dez
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bebés com microcefalia em Pernambuco indicaram resultados negativos para 0 RNA do
ZIKV(World Health Organization, 2016).

A partir de maio de 2015, foi detectada no Brasil a circulagdo autoctone do ZIKV.
Até janeiro de 2016, 21 estados haviam confirmado a transmisséo interna (autdctone) do

virus.

Alguns estudos de caso vém sendo publicados relacionados ao ZIKV e sua
caracteristica neurotrofica. Relatos que devem ser considerados como facilitadores da
hiptese do aumento da incidéncia de microcefalia e ZIKV foram apresentados pela
equipe da Australia, com relato de mde passando férias em regido endémica e feto
natimorto com malformacdo do sistema nervoso central e presenca do virus em tecidos

cerebrais.

Na Paraiba, os registros apontam areas especificas de procedéncia destas criancas
suspeitas e de acordo com dados da Vigilancia em Salde apontam 826 criancas
investigadas.

Fig 2

Distribui¢3o dos casos notificados por municipio de residéncia. Paraiba até a semana
epidemioldgico 09/2016.

Municipios com casos notificados ( n= 128)
Municipios com casos confirmados (n= 30)

RESP-Microcefalia

Distribui¢do dos casos notificados de microcefalia segundo a classificac3o final. Paraiba, até a

SE 09/2016.

Classificacao final n %

Casos notificados em investigacdo 447 54,1 -
Casos confirmados m g6 N
Descartados para microcefalia relacionada a infecgdo congénita 308 37.3 ==
Total de casos notificados segundo definigdes (2015/2016) 826 100,0

Fonte: RESP-Microcefalia
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2.4 ESTRATEGIAS DE ENFRENTAMENTO DE CRISES EM SAUDE PUBLICA:
EMERGENCIAS DE SAUDE PUBLICA DE PREOCUPACAO INTERNACIONAL
(PHEIC) — ORGANIZAGCAO MUNDIAL DE SAUDE (OMS).

Graves eventos de salde que ponham em perigo a satde publica internacional
podem desencadear regras que desenvolvem estratégias de emergéncia em saude publica
de preocupacédo internacional (PHEIC). O termo Emergéncia em Salde Publica de
preocupacao internacional é definido no Regulamento Sanitario Internacional da OMS ou
RSI/OMS (2005) que representam um acordo entre 196 paises, incluindo todos os
Estados-Membros que representam a seguranca da satde global (WHO, 2016).

Este regulamento, considera "um evento extraordinario que determina um risco
para a salde publica a outros Estados através da propagacao internacional de doencas; e
que pode requerer uma resposta internacional coordenada ". Esta defini¢cdo implica uma
situacdo que € grave, incomum ou inesperada; implicagdes para a satde publica além das

fronteiras nacionais do Estado afetado; e pode exigir uma acdo internacional imediata.

Em 01 de fevereiro de 2016, uma emergéncia de salde publica de importancia
internacional (PHEIC) foi declarada pela Organizacdo Mundial de Saude (OMS). Um
quadro de resposta Estratégica Global e Plano de Operac6es Conjuntas foi lancado para
orientar a resposta internacional a disseminacdo da infeccdo ZIKV. A agenda cientifica
para a acdo governamental nacional no Brasil também foram propostas orientacdes
provisorias no pré-natal, avaliacdo de lactentes com microcefalia, identificacdo e
tratamento de GBS, amamentacdo, e suporte psicossocial no contexto de ZIKV tém

também sido recentemente publicado pela OMS.
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4 OBJETIVOS

4.1 OBJETIVO GERAL

e Analisar o impacto da rede de cardiologia pediatrica e perinatologia

Pernambuco/Paraiba no enfrentamento da microcefalia no Estado da Paraiba.

4.2 OBJETIVOS ESPECIFICOS

e Caracterizar a implantagdo de uma rede de cuidado que garante a triagem dos
pacientes, assisténcia com intervencdo necessaria e a capacitacao das equipes de
satde envolvidas no trabalho;

e Comparar os indices de deteccdo de cardiopatias congénitas antes e apds a
implantacdo da rede cardiologia no Estado da Paraiba;

e Desenvolver um sistema de captacdo de criancas com suspeitas de microcefalia
utilizando a telemedicina como potencializadora desta triagem;

e Definir propostas de aperfeicoamento, investigacdo para diagnostico,

monitoramento e seguimento dos pacientes.
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5 RESULTADOS

O processo de construgdo de uma rede de assisténcia onde a telemedicina
seria a ferramenta que solucionaria a escassez de profissionais especializados e romperia
barreiras geograficas iniciou por uma crise de satde publica relacionada a cardiopatia
congénita.

O processo de construcao se deu com a colaboracéo do Estudo Colaborativo
Latino Americano de Malformacédo Congénita (ECLAMC). A consolidacéo de registros
de 10 anos de crian¢as nascidas na maior maternidade do Estado da Paraiba foi o ponto
de partida para medir a efetividade e o impacto da rede de cuidado. Este trabalho foi a
primeira publicagdo da equipe e conseguiu mostrar que a incidéncia de cardiopatia
congeénita no Estado apresentava dados de subnotificacdo e atualmente os paramentros de
incidéncia se compara a paises desenvolvidos que apresenta qualidade de registros.

Este trabalho (ANEXO 1 - Cardiopatia Congénita no Nordeste Brasileiro: 10
Anos Consecutivos Registrados no estado da Paraiba, Brasil), deu énfase também na
capacitacdo que propiciou o alerta para os profissionais de salde para a palpacdo
cuidadosa do pulso periférico para direcionar o diagnéstico. O diagnéstico precoce é a
chave para o sucesso cirdrgico no tratamento destas malformacdes, principalmente
aquelas lesdes dependente do canal arterial (ANEXO 2 - A telemedicine network for
remote pediatric cardiology services in northeast Brazil, ANEXO 3 - Impact of
Telemedicine in the Screening for Congenital Heart Disease in a Center from Northeast
Brazil, ANEXO 4 - Impact of a Virtual Clinic in a Paediatric Cardiology Network on
Northeast Brazil).

O seguimento horizontal através de ambulatérios e visitas virtuais em parceria
com os especialistas conguiram fazer busca ativa de pacientes que ndo conseguiram vagas
para especialistas, como também, otimizou o tempo adequado do procedimento cirdrgico.
A introdugdo de um programa de rastreio através de exame clinico, oximetria de pulso
arterial e eco de triagem realizado pelo neonatologista sob supervisdo do cardiologia via
telemedicina, conseguiu alterar o cenério na Paraiba de subnotificagdes observado tantas
vezes no registros oficias (ANEXO 2, 3, 4).

Apos provar a efetividade do trabalho em equipe, através de analises estatisticas
e avaliacOes dos dispositivos utilizados pela rede de cardiologia e perinatologia no Estado

da Paraiba. Em novembro de 2015 comegaram a nascer sistematicamente criangas com
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microcefalia. O Estado de Pernambuco notifica ao Ministério da Satude e, nos encontros
semanais da rede, decidiu-se realizar uma forca tarefa para investigar a causa de
microcefalia e contribuir com a orientagéo e assisténcia destas criangas.

Toda a construcdo de cuidado em rede envolvendo os trés niveis de atencao serviu de
estrutura para iniciarmos o processo de investigacao das possiveis causas de microcefalia
na Paraiba. Alguns achados foram relevantes como o aperfeicoamento dos estudos para
definir quais as criangas que realmente precisavam de exames detalhados de rastreio além
de rever os critérios ja estabelecidos.

Entre os anos de 2012 e 2015, o SINASC reportou uma prevaléncia de
microcefalia de 6,4 por 10 000 nascidos vivos na Paraiba. Esse estudo indicou que a
prevaléncia poderia ter sido ainda maior. Ao projetar os resultados ao nimero total de
nascidos na Paraiba em 2014 (n = 58 147), usando a tabela de Fentom para definic¢éo de
perimetro cefalico observa-se, antes da epidemia, uma prevaléncia de 420 por 10000
nascidos vivos. Se considerarmos apenas neonatos com microcefalia grave nesse estudo,
esse numero estaria no intervalo esperado de 2 a 12 neonatos com microcefalia por 10000
nascidos Vivos.

Estas observacdes suscitam varias questdes. Em primeiro lugar, qual é a
verdadeira Microcefalia no Nordeste do Brasil? A discrepancia em ndmeros entre 0s
dados do Ministério da Saude do Brasil e este estudo pode refletir subnotificacdo nos
ultimos anos associada a uma incidéncia ainda maior de microcefalia do que o presumido.
E possivel que uma alta prevaléncia de formas menos graves microcefalia tenham
ocorrido antes da epidemia atual? Como resultado do numero de neonatos com
Microcefalia grave, aumentando o nimero de notificacoes.

A rede pode trazer essa discussao sobre a definicdo e diagndstico para todos 0s
profissionais envolvidos e, juntos, construir um circuito de triagem, no modelo ja
estabelecido pela rede, usando a telemedicina.

Neste aspecto se torna importante estabelecer o significado clinico destas
formas mais leves, que sao responsaveis pela grande maioria dos casos relatados. Assim
responder questdes como 0s componentes étnicos ou nutricionais explicar esses achados.
Estamos diante de um grande numero de uma doenca neuroldgica ou observando uma
variagdo antropométrica de normalidade? A ocorréncia microcefalia exibe uma
distribuicdo temporal sendo assim uma proposta de etiologia para o surto (ANEXO 5 -
Microcephaly in Northeast Brazil: a review of 16,208 births between 2012 and 2015).
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Esses questionamentos fizeram parte da primeira forca tarefa que conseguiu dar
resposta ao primeiro artigo publicado na rede relacionado a microcefalia. Para manter o
trabalho integrado, duas outras forgas-tarefas foram desenvolvidas e estdo em fase de
submissdo. A primeira se baseou no resgate das criancas classificadas como

microcefalicas.

Para este trabalho pode-se observar que a maioria dos pacientes suspeitos ao
nascimento, nao se confirmaram na investigacdo. Em segundo momento, com a avaliacao
clinica e/ou de imagem a estrutura em rede na Paraiba pode contribuir em outra crise de

salde publica.
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6 PERSPECTIVAS FUTURAS

O desenvolvimento deste trabalho contribuiu para montar uma estrutura em rede
que possa dar suporte as pesquisas futuras relacionadas ao tema, além de poder agregar
mais especialistas para expandir a informagdo sobre como cuidar das criangcas com
microcefalia.

Os achados mais importantes observados ao longo do tratamento envolvendo
essas criangas podem dar informacOes aos gestores para tomadas de decisbes que
impactam na rede de assisténcia relacionada ao portador de deficiéncia no Estado.

O aperfeicoamento do trabalho integrado e a poténcia da telemedicina na proposta
do cuidado em rede com perspectivas de respostas rapidas em lugares de dificil acesso e
com escassez de profissionais especializados, contribuiu para conseguirmos parcerias

internacionais.

Estas parcerias podem ajudar a esclarecer questdes ainda ndo respondidas sobre
as arboviroses e as alteragdes visualizadas no periodo perinatal.
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ANEXO 1 - cardiopatia Congénita no Nordeste Brasileiro: 10 Anos

Consecutivos Registrados no estado da Paraiba, Brasil.
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Artigo Original

Artigo
Cardiopatia Congénita no Nordeste Brasileiro: 10 Anos Consecutivos Original

Registrados no estado da Paraiba, Brasil

Congenital Heart Disease in Northeast Brazil: 10 Consecutive Years of Records in Paraiba State, Brazil

Juliana Sousa Soares de Aratjo'? Cldudio Teixeira Régis'?, Renata Grigorio Silva Gomes'?, Christiana Souto Silva'?,
Cristina Maria Batista Abath'?, Felipe Alves Mourato'? Sandra da Silva Mattos?

Resumo

Fundamentos: Diferentes indices de incidéncia das
cardiopatias congénitas sdo descritos na literatura
dependendo da idade da populagdo analisada e dos
tipos de malformacgdes incluidas. No Brasil,
notadamente nas regi(”)es norte e nordeste, ndo existem
dados sobre a real incidéncia de cardiopatias congénitas.
Objetivo: Descrever o perfil das cardiopatias
congénitas (CC) num servigo ptiblico de referéncia do
estado da Paraiba, Brasil.

Métodos: Estudo descritivo e retrospectivo baseado
em dados institucionais referentes ao Estudo
Colaborativo Latino-Americano de Malformacdes
Congénitas (ECLAMC), coletados entre janeiro 2001
e dezembro 2011. As varidveis estudadas foram: peso
ao nascer, idade gestacional, sexo, municipio de
origem, tipo de cardiopatia, faixa etdria e escolaridade
dos pais, histéria de malformagdes na familia,
consanguinidade e antecedentes familiares.
Resultados: Dos 70857 nascimentos consecutivos
analisados, o diagnéstico de CC foi relatado em 290, e o
tipo do defeito foi determinado em 232. Destas, 37,8 %
eram cardiopatias de shunt esquerdo-direito, 9,1 %
obstrutivas acianogénicas, 5,6 % obstrutivas
cianogénicas e 10,3 % cardiopatias complexas. A
cardiopatia foi achado isolado em 81,0% dos casos.
Conclusao: A incidéncia de CC nesta série foi inferior
aquela relatada na literatura. Isto provavelmente reflete
adificuldade para a realizagdo do diagnéstico precoce.

Palavras-chave: Cardiopatias; Epidemiologia; Fatores
de risco; Cardiopatias congénitas

Abstract

Background: Different congenital heart disease rates
are described in the literature, depending on the age
of the population studied and the types of
malformations included. In Brazil, especially in the
North and Northeast, there are no data on actual
congenital heart disease rates.

Objective: To describe the profile of congenital heart
diseases (CHD) observed in a government-run
reference facility in Paraiba State, Northeast Brazil.
Methods: A descriptive retrospective study based on
institutional data drawn from the Collaborative Latin
American Study of Congenital Malformations (ECLAMC)
compiled between January 2001 and December 2011.
The variables analyzed were: birthweight, gestational
age, gender, birthplace (municipality), type of
congenital heart defect, age and education levels of
parents, family history of congenital defects,
consanguinity and family precedents.

Results: Through an analysis of 70,857 consecutive
births, 290 diagnoses of CHD were reported, with
defect types established for 232 of them: 37.8%
left-to-right shunt lesions, 9.1% acyanotic obstructive
lesions, 5.6% cyanotic obstructive and 10.3% complex
congenital heart diseases. Heart defects were an
isolated finding in 81% of cases.

Conclusion: The CHD rate in this series was below
that reported in the literature, probably reflecting
difficulties is establishing early diagnoses.
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Risk factors; Congenital heart defects
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Introducao Este projeto foi aprovado pelo Comité de Etica em

A cardiologia pedidtrica contemporanea preconiza o
diagndstico e a correcdo precoces das malformacoes

cardiacas, visando & maior sobrevida e melhor
qualidade de vida.

Malformacoes cardiacas congénitas podem evoluir de
forma assintomadtica ou apresentar sintomas
importantes no periodo neonatal (como cianose,
taquidispineia, sopro e arritmias cardfacas). De acordo
com a gravidade, elas podem ser classificadas em
cardiopatias simples e complexas’.

A cardiopatia congénita simples ndo requer tratamento
invasivo imediato, mas o seguimento criterioso é
indicado. Isso ocorre por ela minimizar os efeitos
deletérios da descompensacdo hemodindmica,
indicando a intervenc¢do no melhor momento para a
crianga®. Cardiopatias complexas, por sua vez,
necessitam de diagnostico e tratamento precoces,
geralmente no periodo neonatal.

Diferentes incidéncias das cardiopatias congénitas sdo
descritas na literatura, dependendo da idade da
populagdo analisada e dos tipos de malformagdes
incluidas®. Foi demonstrada na Inglaterra uma incidéncia
de 6,4 casos por 1 000 nascidos vivos*. Outros trabalhos
descrevem incidéncias de 50 a 75 casos por 1 000 nascidos
vivos quando formas mais simples de cardiopatias sdo
incluidas®. De uma maneira geral, estima-se que as
cardiopatias congénitas acometam em torno de 0,9 %
dos nascidos vivos, sendo 20,0% a 30,0 % defeitos
estruturais graves. Por outro lado, a verdadeira
incidéncia e distribuicdo das cardiopatias congénitas nas
regides em desenvolvimento ndo sdo conhecidas®.

No Brasil, notadamente nas regides norte e nordeste,
ndo existem dados sobre a incidéncia das cardiopatias
congénitas. Além disso, estas regides apresentam
grandes populacbes de baixa renda e com déficit
nutricional: fatores responsaveis pela elevacdo dos
indices de morbimortalidade neonatal.

Este trabalho objetiva descrever o perfil das cardiopatias
congénitas observado em um servigo ptublico de
referéncia no estado da Paraiba, Brasil.

Meétodos

Trata-se de um estudo descritivo, retrospectivo,
baseado em dados institucionais referentes aos
registros do Estudo Colaborativo Latino-Americano
de Malformagdes Congénitas ECLAMC’, no periodo
entre janeiro 2001 e dezembro 2011.
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Pesquisa do Centro de Ciéncias da Satide da UFPB
sob o nimero 0114/11.

Para caracterizar as cardiopatias congénitas
registradas, foram analisadas as seguintes varidveis:
peso, idade gestacional, sexo, procedéncia, tipo de
cardiopatia, nimero de malformagdes associadas,
idade e escolaridade dos pais, histérico familiar,
consanguinidade e antecedentes familiares.

Para verificar a associagdo entre as varidveis foram
utilizados o teste do qui-quadrado, o teste exato de
Fisher e o teste U de Mann-Whitney. Foi adotado o
nivel de significancia de 5 % (p<0,05). Nos casos com
p significante foi calculado o odds ratio.

Resultados

No periodo analisado foram registrados 70857
nascimentos consecutivos no Servico e, destes,
422 inicialmente codificados como cardiopatas (0,59 %).
No entanto, em 60 deles o diagnéstico especificado
ndo era uma cardiopatia. Outros 72 tinham registro
de um foramen oval patente isolado no neonato. Por
este motivo, para fins de andlise, foram considerados
apenas 290 casos, perfazendo uma incidéncia total de
0,41 % de cardiopatias. Destas, 58 foram classificadas
como “cardiopatia ndo especificada” sendo o
diagndstico estabelecido em apenas 232 pacientes
ou 0,32%. Na Figura 1 pode-se observar a distribuicdo
dos casos de cardiopatias congénitas registrados por
ano. Nela também hd uma comparagio ao que seria
esperado pelos indices sugeridos na literatura.

Ap6s exclusao dos registros de doengas ndo cardfacas,
ndo especificadas e foramen oval patente isolado, as
cardiopatias foram divididas em: cardiopatia com
shunt esquerdo-direito (37,9%), obstrutivas
acianogénicas (9,1%), obstrutivas cianogénicas (5,6 %),
cardiopatias complexas (10,3%) e de circulagdo
transicional (37,1 %). No subgrupo da circulagdo
transicional estdo incluidos os canais arteriais, assim
como hipertensdo pulmonar e refluxo da valva
atrioventricular (Tabela 1).

Quanto a classificagdo das cardiopatias congénitas,
observa-se que a comunicagdo interventricular foi o
defeito mais frequente (50,0 %) dentre as cardiopatias
com shunt esquerdo-direito; a estenose pulmonar
(90,0 %) dentre as acianogénicas; a tetralogia de Fallot
(77,0 %) dentre as cianogénicas e a transposigdo das
grandes artérias (37,5 %) dentre as cardiopatias
complexas.
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Figura 1

Cardiopatias congénitas por ano, registrados no Instituto Candida Vargas, Jodo Pessoa, PB no periodo de 2001 a 2011.
As linhas superiores mostram os valores esperados de acordo com a literatura (entre 8 a 10 a cada 1000 nascidos vivos).

A cardiopatia foi achado isolado em 76,2 % dos casos.
Nos 23,8 % restantes havia uma ou mais malformagées
associadas a cardiopatia. Verificou-se diferenca
significativa entre a presenca de malformagdes
associadas e a distribui¢do entre grupos de cardiopatias
classificadas. Dentre estas, a cardiopatia complexa foi
a mais prevalente dentre os grupos (p=0,001).
Percebeu-se, assim, que a chance de uma crianga com
cardiopatia complexa ter malformacdes associadas é
duas vezes maior quando comparada aos outros

grupos de cardiopatias estudadas.

Em relagdo ao perfil dos casos registrados: 53,8 % eram
do sexo masculino, apresentavam idade gestacional
>37 semanas (64,5 %) e pesavam mais de 3000g (43,4 %).
Além disso, 72,8 % foram considerados adequados
para a idade gestacional, pela classificacdo de
Lubchenco?® (Tabela 2).

Entre os grupos de cardiopatias registradas, verificou-
se diferenca significativa quanto a faixa de peso
(p=0,008) e idade gestacional (p<0,001). Observou-se
que o aparecimento de cardiopatias transicionais foi
mais frequente em prematuros com idade gestacional
em torno de 34 semanas e peso médio de 2500g. As
cardiopatias complexas e de shunt, dentre os outros
grupos, foram as que tiveram maior variabilidade
quanto ao peso e a idade gestacional.

A Figura 2 mostra que aproximadamente 87,0 % dos
casos registrados foram procedentes de municipios
da zona da mata e regides circunvizinhas ao hospital
de referéncia.

Quanto ao perfil dos genitores, a maioria era jovem
(62,8% e 68,5 % com faixa etdria entre 20-35 anos para
mde e pai, respectivamente) e de baixa escolaridade
(60,1% e 71,1 % para made e pai, respectivamente)
(Tabela 3).

Em relagdo aos antecedentes maternos, em 43,4 % se
observou a ocorréncia de doengas agudas e em 8,3 %
a ocorréncia de doencas crénicas. O uso de bebidas
alcodlicas foi relatado em 2,1 % e de drogas em apenas
um caso (0,3 %). Observou-se correlagdo positiva entre
a presenca de doencas agudas e cardiopatias
complexas (p=0,005 / odds ratio=3,453) e o habito de
fumar na gestacdo com cardiopatias obstrutivas
cianogénicas (p=0,029 / odds ratio=6,139).

Observou-se consanguinidade parental em 70,7 % dos
casos registrados com diferenca significativa quanto
aos grupos de cardiopatias classificadas (p=0,011). A
consanguinidade ocorreu em 58,8 % das cardiopatias
com circulagdo transicional, 58,3 % das complexas,
85,7 % das obstrutivas acianogénicas, 84,6 % das
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obstrutivas cianogéncias e 76,7 % daquelas com shunt.
Apesar do alto percentual de consanguinidade observada,
houve diferenca significativa apenas entre os grupos de
cardiopatias classificadas como circulagdo transicional
(p=0,002 / odds ratio=0,433). Histérico de malformagdes
familiares ocorreu em 20,0 % dos casos registrados.

Tabela 1

Perfil dos casos de malformacdes cardiacas registrados no
Instituto Candida Vargas, Joao Pessoa, PB no periodo de
2001 a 2011

Casos registrados n Y%
Shunt E-D 88 30,3
CIA 12 13,6
CIv 50 56,8
DAPVP 2 2,3
DSAVT 5 57
Associagdes 19 21,6
Obstrutivas acianogénicas 21 7,2
EP 19 90,5
EAo 2 9,5
Obstrutivas cianogénicas 13 45
Tetralogia de Fallot 10 76,9
CIV com EP 3 23,1
Complexas 24 8,3
TGA 9 37,5
Isomerismos 2 8,3
DATVP 2 83
AT&AM 4 16,7
Hipoplasia do VE 4 16,7
AP 3 12,5
Circulagdo transicional 86 29,7
PCA 78 90,7
Refluxo valvar +- HAP 8 9,3
Nao especificadas 58 20,0
Nuimero de malformagdes associadas
0 221 76,21
1 51 17,59
>1 18 6,21

CIA=comunicacao interatrial; CIV=comunicagdo interventricular;
DAPVP=drenagem an6mala parcial de veias pulmonares;
DSAVT=defeito do septo atrioventricular total; EP=estenose
pulmonar; EAo=estenose adrtica; TGA=transposi¢do das grandes
artérias; DATVP=drenagem andmala total das veias pulmonares;
AM=atresia mitral; AT=atresia trictispide; VE=ventriculo esquerdo;
AP=atresia pulmonar; PCA=persisténcia do canal arterial;
HAP=hipertensdo pulmonar
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Tabela 2

Perfil dos recém-nascidos registrados com malformacées
cardiacas no Instituto Candida Vargas, Joao Pessoa, PB no
periodo de 2001 a 2011

Perfil dos recém-nascidos n %

Sexo

Masculino 156 53,8

Feminino 133 45,9

Indeterminado 1 0,3
Peso (g)

<1500 41 14,1

1500 [-- 2000 31 10,7

2000 |-- 2500 33 11,4

2500 I-- 3000 59 20,3

> 3000 126 43,4

Idade Gestacional

< 32 semanas 32 11,5
32 |-- 34 semanas 22 7,9
34 | -- 37 semanas 45 16,1
> 37 semanas 180 64,5

Adequacao para a idade gestacional
Pequeno para sua idade 47 17,5
gestacional (PIG)
Adequado para sua idade 195 72,8
gestacional (AIG)

Grande para sua idade 26 9,7
gestacional (GIG)

70 65
I I

Latitude

-75
I

-8.0

Longitude

oo = T B 510 @ 10-100 W >100

Figura 2

Municipios de procedéncia dos casos de malformagdes
cardiacas registradas no Instituto Candida Vargas, Jodo
Pessoa, PB no periodo de 2001 a 2011.
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Tabela 3 Discussao

Perfil dos familiares dos casos de malformacoes cardiacas
registrados no Instituto Candida Vargas, Jodo Pessoa, PB
no periodo de 2001 a 2011.

Perfil Familiar n %

Faixa etaria Mae

< 20 anos 75 26,0
20 |-- 35 anos 184 63,7
> 35 anos 30 10,4

Faixa etaria Pai

< 20 anos 26 9,4
20 |-- 35 anos 194 70,3
> 35 anos 56 20,3
Escolaridade Mae
Nenhuma 8 2,8
Apenas 1é 12 4,3
Primdrio completo 37 13,2
Primério incompleto 112 39,9
Secundario completo 48 17,1
Secunddrio incompleto 57 20,3
Superior completo 2 0,7
Superior incompleto 5 18

Escolaridade Pai

Nenhuma 16 6,0
Apenas lé 21 7,8
Primério completo 40 14,9
Primério incompleto 111 41,4
Secunddrio completo 33 12,3
Secundario incompleto 39 14,6
Superior completo 6 2,2
Superior incompleto 2 0,7
Antecedentes
Imunizacao 50 17,2
Sinais e sintomas 44 15,2
Doengas agudas 126 43,4
Doengas cronicas 24 8,3
Fatores fisicos 1 0,3
Metrorragia 13 45
Tabagismo 15 5,2
Alcoolismo 6 2,1
Droga 1 03
Consaguinidade parental 205 70,7
Malformagao na familia 58 20,0

No periodo de tempo estudado, o nimero total de
nascimentos no estado da Paraiba foi 670.646. No
centro onde este estudo foi realizado ocorreram
aproximadamente 11,0% desses nascimentos.
Portanto, o mesmo representa uma parcela importante
dos casos de cardiopatias congénitas da Paraiba.

A maior frequéncia de comunicagdo interventricular,
estenose pulmonar, tetralogia de Fallot e transposicao
das grandes artérias nos seus respectivos grupos
coincidem com os achados de outros estudos®.

As cardiopatias congénitas foram achado isolado na
grande maioria dos casos (76,2 %), corroborando com
o fato de boa parte das cardiopatias congénitas
serem esporddicas (sem histéria familiar)’?. Além
disso, as cardiopatias complexas estiveram mais
associadas com outras malformag¢des congénitas
(p=0,008 / odds ratio=3,034). Esse fato pode ser
explicado por um provdvel conjunto de defeitos
genéticos que levam a outros tipos de malformacdes
e defeitos cardfacos mais graves.

Ja foi demonstrado que a presenca de circulagdo
transicional é mais comum em prematuros do que em
neonatos a termo’. Isso se deve a uma provdvel
imaturidade do sistema circulatério desses pacientes,
o que leva a dificuldades adaptativas no ambiente
extrauterino. Outros tipos de cardiopatia congénita
apresentaram distribuicdo mais varidvel dentre as
idades gestacionais, pois seus defeitos ndo estdo
relacionados com a imaturidade do concepto.

Encontrou-se maior incidéncia de cardiopatias
congénitas dentre os filhos de pais origindrios da zona
da mata e regides rurais da Paraiba. Tal fato pode ter
ocorrido devido a dois fendmenos: maior exposicdo
ambiental e isolamento populacional. O primeiro
ocorre por uma maior exposicdo a agrotoxicos, ja
descrito como fator de risco para presencga de
malformacgdes no concepto''®. O segundo aumenta a
quantidade de casamentos consanguineos,
possibilitando maior incidéncia de malformacgdes
congénitas, inclusive cardfacas. Entretanto, estudos
mais especificos sdo necessdrios para confirmar tais
hipéteses.

Uma proporgao considerdvel dos casos de cardiopatia
congénita tinha pais com baixa escolaridade. Apesar
de ndo haver um mecanismo biolégico direto
responsdvel, deve-se considerar que o nivel de
escolaridade esta intrinsecamente ligado a obtencao
de informacdo e a maior poder aquisitivo. Esses fatos
permitem um pré-natal com melhor qualidade e evitar
diversos fatores de risco prejudiciais ao concepto.
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Quase a metade dos casos dos conceptos que nasceu
com cardiopatia congénita, teve genitoras com alguma
doencga aguda durante a gestagdo. Vdrias doengas
infecciosas estdo relacionadas com a presenca de
malformacdes congénitas como as TORCH, que
podem evoluir de maneira subclinica na gestante, mas
atingir o feto™. Outras infec¢des agudas também foram
apontadas como fatores de risco para cardiopatias
congénitas e podem estar associadas ao uso de
medicacdes sem prescri¢do médica, elevando a chance
de cardiopatias congénitas®.

A consanguinidade esteve presente na maioria dos
casos de cardiopatias congénitas. Ela auxilia tanto no
surgimento de cardiopatias de heranga recessiva como
pode unir variantes genéticas que isoladamente néo
levam a doenga'. Esse fato confirma o ponto discutido
anteriormente sobre isolamento geogrdfico da
populacdo.

Baseado na incidéncia aproximada de 8 a 10 a cada
1000 nascidos vivos, eram esperadas de 45 a 60
cardiopatias por ano no centro onde o estudo foi
realizado. Logo, a dificuldade no diagnéstico pode
estd atrelada a falta de profissionais especializados e
de agdes direcionadas a triagem, a partir de achados
clinicos inespecificos que interligados pudessem
facilitar o diagnostico de cardiopatias congénitas
precocemente. Exemplo é a triagem realizada com
oximetria de pulso arterial'”'®.

Pode-se perceber que a incidéncia encontrada neste
estudo é menor do que aquela relatada na literatura,
porém este achado pode ser devido a ndo realizagdo
diagndstica em alguns casos. Houve uma grande
associacdo entre consanguinidade e presenga de
cardiopatia congénita, além de uma associacdo
positiva com residéncia em dreas rurais da zona da
mata. A implanta¢do de uma triagem para cardiopatias
congénitas poderia melhorar o diagndstico das
cardiopatias congénitas nessa regiao.

Conclusao

A incidéncia de cardiopatias congénitas encontrada
neste estudo é menor do que aquela relatada na
literatura, porém este achado pode ser devido a ndo
realiza¢do diagndstica em alguns casos.

Potencial Conflito de Interesses
Declaro néo haver conflitos de interesses pertinentes.
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ANEXOQO 2 - A telemedicine network for remote pediatric cardiology services in
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Lessons from the field

A telemedicine network for remote paediatric cardiology services in
north-east Brazil
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Problem Providing health care for children with congenital heart diseases remains a major challenge in low- and middle-income countries.
Approach In October 2011, the Government of Parafba, Brazil, established a paediatric cardiology network in partnership with the
nongovernmental organization Circulo do Coragdo. A cardiology team supervised all network activities, using the Internet to keep in
contact with remote health facilities. The network developed protocols for screening heart defects. Echocardiograms were performed by
physicians under direct online supervision of a cardiologist; alternatively, a video recording of the examination was subsequently reviewed
by a cardiologist. Cardiovascular surgeons came to a paediatric hospital in the state capital once a week to perform heart surgeries.

Local setting Until 2011, the State of Paraiba had no structured programme to care for children with heart disease. This often resulted in
missed or late diagnosis, with adverse health consequences for the children.

Relevant changes From 2012 to 2014, 73 751 babies were screened for heart defects and 857 abnormalities were identified. Detection of
congenital heart diseases increased from 4.09 to 11.62 per 1000 live births (P < 0.001). Over 6000 consultations and echocardiograms were
supervised via the Internet. Time to diagnosis, transfers and hospital stays were greatly reduced. A total of 330 operations were carried out
with 6.7% (22/330) mortality.

Lessons learnt Access to an echocardiography machine with remote supervision by a cardiologist improves the detection of congenital
heart disease by neonatologists; virtual outpatient clinics facilitate clinical management; the use of Internet technology with simple screening
techniques allows resources to be allocated more efficiently.

Abstracts in , 13, Francais, Pycckuin and Espaiol at the end of each article.
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Introduction

Caring for children with heart defects remains a challenge
worldwide.! In developing countries, diagnoses are often
late due to the lack of screening programmes and trained
personnel.” The problem is worsened by limited availability
of hospital beds and the remoteness of rural communities
from main urban centres where paediatric cardiology spe-
cialists are available.® Brazil faces all of these challenges,
particularly in its poorest areas, the north and north-east
parts of the country.*

Local setting

The State of Paraiba, located in north-east Brazil, has 3.7 mil-
lion inhabitants. Around 70% of the children are cared for
by the public health system; many live in rural areas and
most come from very poor backgrounds. As there were
no established paediatric cardiology facilities in Paraiba,
children had to be referred outside the state for diagnosis
and treatment. One of the main referral centres is located
in the city of Recife, in the neighbouring state, Pernambuco
(Fig. 1). Children were referred from towns and villages as
far as 500 km from Recife; many arrived after along time on
a waiting list, with consequent deterioration of their clinical
condition and some children died before being seen by the
specialist.’

Approach

The need to improve this situation was evident and with scant
existing resources and personnel, a novel solution had to be
devised. Over the last two decades, telemedicine has proved
to be an efficient tool for many point-of-care health applica-
tions.”® In October 2011, a partnership programme was es-
tablished between the Health Secretary of Paraiba and Circulo
do Coragao, a nongovernmental organization from Recife.

We conducted a review of routinely collected data” on
birth and death rates, socioeconomic conditions and the
prevalence of heart defects in children living in Paraiba, from
January 2001 to December 2011. Two initial priorities were
defined: the establishment of a neonatal screening programme
for the whole state and a hospital facility designated to man-
age patients.

Network structure

Initially, the 12 largest public maternity centres in the state
were selected, together with one paediatric hospital. Centres
were divided into three levels (designated I to III). All centres
received tablet computers and pulse oximeters (level I); three
maternity units also received a portable echocardiography
machine (level IT) and the paediatric hospital in the capital city
of Paraiba State was equipped as a cardiology centre (level III).
In 2014, further health centres were included in the network
and training and consultation were expanded to include

@ Circulo do Coragdo de Pernambuco, Av. Portugal, 163 Paissandu, Recife PE, CEP 52010-010, Brazil.
® Laboratério de Imunopatologia Keiso Asami, Universidade Federal de Pernambuco, Recife, Brazil.
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all aspects of perinatology (Fig. 1). A
website was developed (https://www.
circulodocoracao.com.br/sites/circor/
en) and teleconference software was
acquired. Three online clinics were
established. Their purpose was to allow
local paediatricians to examine children
with heart defects with guidance from
paediatric cardiologists via the Internet.
These sessions aimed to reduce travel
costs and provide a closer follow-up of
children by the network.

A cardiology team was on-call 24
hours per day to supervise all network ac-
tivities. The team consisted of 7 cardiolo-
gists, 3 residents and 4 staff (located in Re-
cife). Three were specialized in paediatric
echocardiography. The cardiology team
performed daily rounds in all neonatal
units from the participating sites, main-
tained intensive care unit supervision and
organized teaching sessions, clinical and
surgical meetings. A new perinatology
team (with 13 neonatologists) joined the
network in 2014. The perinatology team
was mostly involved in teaching and see-
ing patients within the maternity centres.
The health professionals were paid for the
additional on call time - approximately
2000 United States dollars (US$) per
month (exchange rate of 3 Brazilian Real
to US$ 1) - by Circulo do Coragao with
funds from the Government of Paraiba.

Protocol development

Four initial protocols were developed by
Circulo do Coragéo: (i) a training proto-
col, to explain the use of all equipment
and software; (ii) a focused clinical ex-
amination protocol, to remind clinicians
about the details of neonatal cardiology
examination before discharge; (iii) a pro-
tocol for pulse oximetry testing of all ba-
bies born after 34-weeks gestation, based
on guidelines published at the time®; and
(iv) a screening echocardiogram protocol
for neonatologists, which included three
two-dimensional anatomical views and
colour flow Doppler imaging.” Members
from all units were invited to participate
in training sessions to learn and adhere
to protocols. Each centre appointed three
coordinators (one physician, one nurse
and one computer support person) to re-
portresults and problems to the reference
centre. The training protocol included
an initial eight hour course followed by
online sessions for all team members.

Screening tests

Indications for screening echocardio-
grams were either an abnormal clinical

examination or pulse oximetry, defined
as an oxygen saturation <95% or a dif-
ference in saturation greater than 2%
between the right hand and one foot."
Abnormal pulse oximetry results were
automatically noted on a database, al-
lowing the network to contact the clinic
and request that they follow up any
babies discharged home with abnormal
test results. This active search protocol
tracked over 80% (59 013/73 751) of the
discharged neonates and ensured that
abnormal findings were acted on.

Echocardiograms were done by
neonatologists under direct online su-
pervision by paediatric cardiologists,
or a video recording of the examination
was stored and forwarded together with
the neonatologist’s initial diagnostic
impression. Paediatric cardiologists re-
viewed and reported on the videos, with
advice on clinical management, within
one day. Virtual outpatient sessions,
ward rounds and other meetings were
also scheduled to provide a full range of
interactions between the health workers
in rural areas and smaller municipalities
in Parajba and the paediatric cardiolo-
gists at the reference centre.

Surgeons and anaesthetists from
Recife agreed to travel to the paediatric
hospital in Jodo Pessoa, the capital city
of Paraiba, once a week, to perform
heart surgery. The more complex cases,
however, were referred to Recife.

Technical specifications

Internet connections were unreliable
for some health centres. To overcome
this problem, tablet computers with
third generation mobile wireless Inter-
net connections were distributed to all
centres. Webex teleconference software
(WebEx Communications Inc., Milpitas,
California) was acquired to provide se-
cure communication over the Internet.
Online meetings were held each day,
among all centres, using existing tablets
or laptop computers. Echocardiogram
images were either directly acquired
from the echocardiogram screens or
stored and subsequently uploaded to
the website.

Relevant changes

In total, 76 374 patients were seen
from January 2012 to December 2014.
This included 190 pregnant women
(0.2%); 73751 neonates (96.6%) and
2433 older children (3.2%) with a
mean age of 3.04+3.77 years, (range:
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30 days to 17.5 years). This represents
approximately 80% (73751/91615) of
the target population (neonates with
34 or more weeks of gestational age in
the participant centres) and over 60%
(73751/120484) of all births in the
public health system in the state. There
were 1320 abnormal pulse oximetry tests
and 1067 abnormal findings on clinical
examination of the cardiovascular sys-
tem; in 77 cases, both pulse oximetry
and clinical examination were abnormal.

Initially, all echocardiograms were
done with online supervision by the
paediatric cardiologist, as part of the
neonatologists’ training. After perform-
ing about 100 examinations, the quality
of images obtained became significantly
better and the operators were more con-
fident. At this point, the cardiologists
waited for requests for direct online
supervision, which dropped progres-
sively until being sought only when
pathological findings were suspected.
As there are always new neonatologists
being trained, this learning process and
interaction between teams is a continu-
ous cycle.

There were 1815 screening echo-
cardiogram tests done, of which 848
were abnormal, 957 were normal and
10 were inconclusive. However, 2310
children had indications for a screening
echocardiogram. The difference, 495,
was mainly due to false-positive oxim-
etry results early in the development of
the network. If an echocardiogram was
inconclusive, the diagnosis was subse-
quently established by echocardiography
done by a paediatric cardiologist. From
the abnormal and inconclusive echo-
cardiograms, 857 demonstrated con-
genital heart disease (11.62 per 1000 live
births). Neither a patent foramen ovale
nor an isolated, small, arterial duct was
considered a congenital heart defect.
However, a clinically significant patent
ductus arteriosus was included, coded as
transitional circulation. The prevalence
of eight major congenital heart defects
before and after the introduction of the
cardiology network is compared with
previously published data in Table 1.'%"

In the five online clinics supervised
by the cardiologists in the network,
1092 patients had over 6000 consulta-
tions and echocardiograms. A total of
330 operations were done; 285 in Jodo
Pessoa and 45 in the referral centre in
Recife. There were 30 neonates (9.1%),
65 infants (19.7%), 78 toddlers (23.6%)
and 157 older children (47.6%). The
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Table 1. Birth prevalence of the most common subtypes of congential heart disease for major country groups (1970-2010) and for
Paraiba, Brazil (2001-2011 and 2012-2014)

Type of defect Prevalence of defect per 1000 births P

Africa Asia Europe North Oceania South Paraiba, Brazil

Rletcs America 90012011 2012-2012°

Atrial septal defect 0.35 1.71 1.66 1.71 047 0.70 0.17 1.19 <0.01
Ventricular septal 1.40 247 2.71 242 2.56 1.86 0.71 362 <0.01
defect
Patent ductus 045 0.67 0.94 0.50 045 0.40 1.10 4.53 <0.01
arteriosus
Pulmonary stenosis 0.28 0.68 0.50 041 040 036 0.27 0.26 0.96
Tetralogy of fallot NR 042 033 034 031 037 0.18 0.21 0.83
Coarctation of the 0.06 0.20 0.34 0.30 0.60 0.30 NR 0.17 <0.01
aorta
Transposition of 0.67 0.18 0.34 0.25 0.38 0.19 0.13 0.21 0.34
great arteries
Aortic stenosis NR 0.08 0.25 0.18 0.18 0.08 0.03 0.04 0.90

@ Period before implementation of the paediatric cardiology network.

® Period after implementation of the paediatric cardiology network.

¢ P-value of the comparison between Paraiba 2001-2011 and Paraiba 2012-2014.
Data sources: Christianson et al."" and van der Linde et al.””

overall mortality of 6.7% (22/330) was
within the expected range for developing
programmes. Mortality risk was related
to surgical complexity and clinical con-
dition according to Rach’s score’” and a
post-operative index." Time between
birth and diagnosis was less than three
days in most cases, with a maximum of
647 days (due to the late clinical pre-
sentation of milder forms of congenital
heart disease). Hospital transfers as well
as hospitalization periods were reduced
as children did not have to wait to be
transferred for echocardiagrams and
operations. The virtual clinics were used
to facilitate local follow-up for most
patients. There were no cases of medical
litigation involving the management of
children with congenital heart disease.
The total cost for establishing and
operating the network was US$ 1.2 mil-
lion in the first year. With the expansion
to a total of 21 centres and perinatol-
ogy services in 2014, the annual cost
increased to US$ 2.0 million. A more
detailed study of the economic impact,
including the impact of perinatology

services, is being conducted. The initial
impact of cardiology services was esti-
mated in comparison with the number
of patient transfers outside the north-
east area, detection rates for congenital
heart defects and litigation costs (details
are available from the corresponding
author).

Lessons learnt

Several problems were encountered dur-
ing development of the network, includ-
ing inadequate equipment, overloaded
clinical settings and local changes in
nursing staff with insufficient training of
new members of staff. The wide range of
health workers using the new technolo-
gies was another problem. Local training
on the equipment was therefore done on
a regular basis in addition to the online
training. Access to an echocardiogra-
phy machine by neonatologists with
direct online supervision was the most
important factor leading to improved
diagnosis of congenital heart disease
(Box 1). This screening model is similar

Box 1. Summary of main lessons learnt

Access to echocardiograph facilities with online supervision improves the detection of

congenital heart disease in this rural setting.

Online outpatient clinics facilitate clinical management.
The combination of simple screening techniques and diagnostic technology allows resources

to be allocated more efficiently.
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to others,'>' but its impact was probably
greater, due to the previous lack of pae-
diatric cardiologists in this population.

Clinical care for the children was
a big challenge. Online outpatient clin-
ics were a major facilitator of clinical
management, by reducing the need for
transportation, empowering local physi-
cians and involving other professionals
in patient care. However, children re-
quiring surgery had to enter waiting lists
to be directed either to the paediatric
hospital in the state capital or to Recife.
In conclusion, through both live and
online collaborative work, local profes-
sionals were able to screen, diagnose
and treat children with congenital heart
disease from remote areas. l
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Résumé

Réseau de télémédecine offrant des services de cardiologie pédiatrique a distance dans le nord-est du Brésil

Probléme Offrir une couverture médicale aux enfants atteints de
cardiopathies congénitales reste un probléeme majeur dans les pays a
revenu faible et intermédiaire.

Approche En octobre 2011, le gouvernement de |'Etat de Paraiba, au
Brésil, a mis en place un réseau de cardiologie pédiatrique en partenariat
avec l'organisation non gouvernementale Circulo do Coracao. Une
équipe de cardiologie a supervisé toutes les activités du réseau, en restant
en contact avec les établissements de santé distants grace a Internet. Le
réseau a mis au point des protocoles pour détecter les malformations
cardiaques. Des médecins ont réalisé des échocardiogrammes sous
la supervision directe en ligne d'un cardiologue; dans d'autres cas,
un cardiologue a visionné l'enregistrement vidéo des examens. Des
chirurgiens cardiovasculaires se sont rendus une fois par semaine dans

un hopital pédiatrique de la capitale de I'Etat afin de pratiquer des
interventions de chirurgie cardiaque.

Environnement local Jusquen 2011, I'Etat de Paraiba n'avait pas
de programme structuré de prise en charge des enfants atteints de
cardiopathies. Cela entrainait souvent des diagnostics erronés ou tardifs,
qui avaient des conséquences négatives sur la santé des enfants.
Changements significatifs De 2012 a 2014, 73 751 bébés ont fait
l'objet d'un examen visant a détecter des malformations cardiaques;
957 ont été découvertes. La détection de cardiopathies congénitales
est passée de 4,09 a 11,62 pour 1000 naissances vivantes
(P<0,001). Plus de 6000 consultations et échocardiogrammes ont
été supervisés via Internet. Les délais de diagnostic, les transferts
et les séjours a I'nopital ont été fortement réduits. Un total de
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330 opérations a été pratiqué, avec un taux de mortalité de 6,7%
(22/330).

Lecons tirées L'accés a un échocardiographe avec supervision a
distance par un cardiologue améliore la détection des cardiopathies

Sandra da Silva Mattos et al.

congénitales parles néonatologistes; les cliniques ambulatoires virtuelles
facilitent la prise en charge clinique; I'utilisation d'Internet associée a des
techniques de détection simples permet une affectation plus efficace
des ressources.

Pesiome

CeTb TenemegMUVHbI ANA AUCTAHLMOHHOIO OKa3aHMA YCNYT AETCKOro KapAnonora B CeBepo-BOCTOUHbIX

pernoHax bpasunun

Mpo6nema ObecneyeHvie MearKO-CaHUTaPHOrO OOCITYKMBAHWA A1
JeTell C BPOXAEHHbIMY 3ab0neBaHNAMM Cepalia OCTAaeTCA OfHOM
3 Cepbe3HbIxX MPobnemM B CTPaHax C HU3KUM U CPeHIM YPOBHEM
noxoja.

Mopgxop B okTabpe 2011 roga NpaBUTenbCTBO WTaTa
Mapawba, bpa3unua, co3gano ceTb AETCKOM Kapanmonornm s
COTPYAHMYECTBE C HEMPABUTENbCTBEHHOW OpraHmM3aumnen
Circulo do Coragao. 'pynna kapAanonoros ocyllecTsnana
HaA30p Haj BCel AeATeNbHOCTbIO CEeTH, Ucnonb3ya VHTepHeT
AN CBA3M C OTAANEeHHbIMU nevyebHbIMK yupexaeHnammn. CeTb
paspaboTasna NnpoTOKOSbl 14 BbIABNEHNA HAPYLIEHNA CEPAEYHON
NeATeNbHOCTW. Bpaun BbIMOMHANM 3XoKapanorpaduio nog
HenoCcpeACTBEHHbIM KOHTPONEM KapAMONIOroB B PEXIMME OHNANH;
B KaueCTBe afibTepPHAaTVBbI BEeNach B1AEO3annch 0bCcneaoBaHus,
KOTOPYIO 3aTeM NPOCMaTpMBan Kapanonor. Pa3 B Hepento ana
npoBeneHNsA onepaumnii Ha cepaLe B neanaTpudeckyo 60nbHNULY
CTONMUBI LWUTaTa NpMUe3Xanu Bpaun, Cneumnanmsnpyowmnecs Ha
CepLeYHO-COCYaANCTON XUPYPIUN.

MecTHble ycnosua [lo 2011 roga B wrate [apavba oTcyTcTBOBana
CTPYKTYPUPOBaHHadA NporpamMma NeveHnsa aeten ¢ 3abonesaHvamim
cepaua. M3-3a atoro AmnarHo3 pebeHky 4acTo He CTaBWICA UK

CTaBUACA C OMo3daHNeM, YTO NMPUBOAUIO K HeONaronpuaATHbLIM
nocneacTBUAM 1A €ro 30OPOBbA.

OcyuwiecTBneHHble nepemeHbl B neproa ¢ 2012 no 2014 rog
6610 NpoBefeHo obcneaoBaHve 73 751 pebeHKa C Lenbto
BbiABNeHMA 3aboneBaHnin cepala, B pesynbraTe KOTOPOro
6bIN0 06HaPYKeHO 957 OTKNOHeHWN. KonnyecTBo BbiABNEHHbIX
BPOXAEeHHbIX 3aboneBaHnin cepaua Bblpocno ¢ 4,09 no 11,62
Ha 1 000 xmBopoxaeHHbIX MaaaeHLes (P < 0,001). C nomolbto
MHTepHeTa bbino NposeaeHo bonee 6000 KOHCYNBTaLUWIA 1 NpoLeayp
axoKapguorpaduv nog HabnogeHvem cneunannctos. Bpema
MOCTAHOBKM AMArHO3a, KONMYecTBO NepemelleHnin naLuMeHToB v
BpemMs VX NpebbiBaHVA B OOMbHULE 3HAYUTENBHO COKPATUIINCD.
B obuein cnoxHocTn 6bino nposefeHo 330 onepauyii, npuyem
YPOBEHb CMEPTHOCTM COCTaBNN 6,7% (22 cnyyada u3 330).

BbiBoAbl BO3MOXHOCTb MCMOMb30BaHWA 3XOKapanorpada
npW OMCTaHUMOHHOW KOHCYNbTauMy Kapanonora no3sonder
HEOHaTOsOraM BbIABKTL OOMbLUE BPOXAEHHbIX 3a00neBaHNI CepaLa;
BMPTYanbHble aMbynaTopuin COAENCTBYIOT KIMHUYECKOMY NIeUeHHIo;
MCNOMNb30BaHNE NHTEPHET-TEXHOMOMMIM B COYETAHUM C NMPOCTLIMM
MEeTOAVKAMU CKPUHMHIOBOrO obcnefoBaHuA nossonaet bonee
3GPeKTVBHO pacnpefenaTb pecypchl.

Resumen

Una red de telemedicina para los servicios de cardiologia pediatrica remotos en el noreste de Brasil

Problema Proporcionar atencién sanitaria a los niflos con cardiopatfas
congénitas sigue siendo uno de los principales desafios en los paises
de ingresos bajos y medios.

Enfoque En octubre de 2011, el Gobierno de Paraiba, Brasil, establecid
una red de cardiologfa pedidtrica en asociacion con la organizacion
no gubernamental Circulo do Coracéo. Un equipo de cardiologia
supervisé todas las actividades de la red mediante el uso de Internet
para mantenerse en contacto con los centros sanitarios remotos. La
red desarrollé protocolos para revisar defectos cardiacos. Los médicos
llevaron a cabo ecocardiogramas bajo la directa supervision online por
parte de un cardiélogo; como alternativa, un cardiélogo podia revisar
la grabacion del examen posteriormente. Los cirujanos cardiovasculares
acudfan al hospital pediatrico de la capital una vez por semana para
llevar a cabo cirugfas cardiacas.

Marco regional Hasta 2011, el Estado de Parafba no contaba con
un programa estructurado para tratar a los nifios con enfermedades

cardiacas. Esto se traducia en diagndsticos erréneos o tardios, con
consecuencias adversas en la salud de los nifios.

Cambios importantes De 2012 a 2014, se examinaron 73.751 bebés
en busca de defectos cardiacos y se identificaron 957 anomalias. La
deteccién de enfermedades cardiacas congénitas subié de 4,09 a
11,62 por cada 1.000 nacimientos (P<0,001). Se supervisaron mas de
6.000 consultas y ecocardiogramas a través de Internet. Se redujeron
considerablemente los tiempos de diagndstico, traslado y estancias
hospitalarias. Se llevaron a cabo 330 operaciones con un 6,7% (22/330)
de mortalidad.

Lecciones aprendidas El acceso a una maquina de ecocardiogramas
con supervision remota por parte de un cardiélogo mejora la deteccion
de enfermedades cardfacas congénitas por parte de neonatélogos;
las clinicas ambulatorias virtuales facilitan la gestion clinica; el uso de
Internet con simples técnicas de revision permite que los recursos se
distribuyan con mayor eficacia.
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ABSTRACT

Objectives: To describe the incidence of congenital heart disease before and after the establishment
of a telemedicine screening program, in a reference center from Northeast Brazil.

Methods: This is a descriptive, retrospective and comparative study based on the institutional
data from a reference center in perinatology for a period of 16 years. Institutional data were col-
lected from a 16-year period (2001-15). Data were divided into two periods: prior to (2001-11)
and after (2012-15) the establishment of a telemedicine screening program.

Results: After the implementation of the screening process, almost all kinds of heart disease
showed a significant increase in their incidence (p < 0.05). With this, the incidence of major heart
diseases approached those specified in developed regions.

Conclusion: The implementation of a screening process model for congenital heart diseases can
change the context of patients with congenital heart diseases in poor regions.

KEYWORDS: mass screening; telemedicine, heart defects, congenital.

INTRODUCTION
Congenital heart disease (CHD) is an important
cause of morbidity and mortality amongst newborns,
and it is considered a public health issue [1]. They
are mostly multifactorial in origin as followed by gen-
etic and environmental causes [2]. It affects 8-10
per thousand live births [3]; however, this number
may vary depending on the methodology of study

and the population. Besides, its prevalence increases
more and more around the world due to the clinical
and surgical advances in the pediatric cardiology area
that has allowed for increased survival chances
among patients with CHD [4-6].

Paraiba is a state located in one of the Brazil’s
poorest regions, the Northeast. Its population nears
4 million inhabitants, and it presents high rates of

© The Author [2016]. Published by Oxford University Press. All rights reserved. For Permissions, please email: journals.permissions@oup.com .
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genetically mediated diseases [7], However, a previ-
ous research documented a lower incidence of CHD
in Paraiba when compared to the World’s reported
one [8]. The same study highlighted the importance
of establishing a more effective screening process to
detect children with CHD in the region.

In 2012, a screening program for CHD was estab-
lished in the state of Paraiba as part of a pediatric
cardiology network of services [9]. It initiates with a
focused physical examination and arterial pulse oxim-
etry (APO), and follows, for those neonates who fail
either of the initial tests, with a screening echocardio-
gram. The latter is performed by a neonatologist at
the bedside under online cardiology supervision
[10]. Abnormal or inconclusive exams are referred
to a cardiology consultation. With this approach, a
better analysis of the real incidence of congenital
heart diseases in the state of Paraiba, over the last
four years, was possible.

Therefore, the aim of this study is to make a com-
parison between the incidence of CHD in a refer-
ence center from Paratba before and after the
implementation of a screening program.

METHODS

Data collection

This is a descriptive, retrospective and comparative
study based on institutional data from a perinatal
reference center in the state of Paraiba spanning over
a 16-year period. Comparisons were made through
the analysis of the data from Estudo Colaborativo
Latino-Americano  de  Malformagoes ~ Congenitas
(ECLAMC) [11] between 2001 and 2011 and the
records of the Rede de Cardiologia Pediatrica do
Circulo do Coracao (RCP-CirCor) between 2012 and
2015 for the same institute.

Screening program
A screening program for CHD with clinical examina-
tion and APO was established in 2012 in 13 units
from a northeastern Brazilian State. In 2014, the pro-
gram was expanded to 20 units. Local nurses were
trained to perform APO. Neonates with suspected
CHD were further evaluated and managed with the
support of pediatric cardiologists, via telemedicine.

The institute where this study was performed is one
of the units.

Population undergoing APO screening
Asymptomatic neonates with gestational age >34
weeks and admitted to general neonatal wards.

Screening method

Neonates underwent screening with APO and a
focused cardiovascular examination. Both were per-
formed between 24 and 48 hours of life. Trained
nurses obtained pre- and post-ductal O2-saturation
in a sequential manner. Values were recorded on
specific sheets and then uploaded to an online com-
puter system. The equipment used had specific re-
usable neonatal sensors (PM60, Mindray, Shenzhen,
China). Sensors were placed in a right-hand finger
for pre-ductal O2-sat and in a foot toe for post-
ductal O2-sat. Screening was considered negative for
CHD when pre- and post-ductal saturations were
> 95% or the differences between them were <2%.
Physical examination was performed by neonatolo-
gists and was considered positive in the presence of
cyanosis, murmur or pulse alterations. All positive
cases (physical exam and APO) were submitted to a
screening echocardiogram by neonatologists under
cardiology supervision, via telemedicine, and those
with abnormal or inconclusive studies were referred
to full evaluation by a pediatric cardiologist.

Analyzed variables
Analyzed variables were: birth weight, gender, gesta-
tional age at birth and type of heart disease.

Telemedicine model
The use of telemedicine and echocardiogram screen-
ing method have been published elsewhere [9, 12].
Briefly, telemedicine was used to improve diagnosis
and care of patients with congenital heart disease
and help local professionals to do the same. Each in-
stitution received a tablet with internet access.
Pediatric cardiologists from the reference center per-
formed virtual visits and guided local health workers
on the management of children with CHD. Some in-
stitutions received portable echocardiograms to per-
form screening echos [12]. The images were
analyzed by pediatric cardiologists and positive cases
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CONGENITAL HEART DISEASE INCIDENCE BY 1000 LIVEBIRTHS SEPARETED BY
CONTINENT AND IN PARAIBA
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Fig. 1. Congenital heart disease incidence by 1000 livebirths separated by continent and in Paraiba. ASD = Atrial septal
defect; VSD = Ventricular septal defect; PDA = Patent ductus arteriosus; PS = Pulmonary stenosis; T4F = Tetralogy
of Fallot; CoAo = Coarctation of Aorta; TGV = Transposition of great vessels; AS = Aortic stenosis.

were transferred to be fully evaluated by these spe-
cialists. A portable echo machine, the M-Turbo ultra-
sound system from Fujifilm Sonosite, was used at
the maternity site for the screening exam.

Statistical analysis
To verify the association between variables, the chi-
square test was used. The level of relevance of 5%
(p < 0.05) was used. Comparisons between the
two population incidences were performed with the
difference between the two rates (95% Poisson
Confidence Interval and associated p-value).

RESULTS
In the ECLAMC study, 70 857 consecutive births
were analyzed, over a 10 year period (2001-2011),
with 290 recorded cases of congenital heart diseases
and an incidence of approximately 3.2 per 1000 live
births. After the implementation of the screening pro-
cess, there were 30 663 births in the reference center
between 2012-15. A total of 545 presented some form
of CHD, with a total incidence of 17.7 per 1000 live
births. Table 1 depicts a comparison of patients” pro-
files according to gender, birth weight and gestational
age whereas Table 2 is a comparison per groups of
CHD before and after the implementation of the
screening program. Figure 1, in turn, shows a compari-
son between the incidence of the main congenital

heart diseases before and after the screening process
within all Paraiba and with global data [13].

DISCUSSION

CHD is the leading cause of neonatal morbidity and
mortality when infectious causes are excluded [14].
Furthermore, the early diagnosis of some forms of
CHD—the critical ones—is fundamental to allow
for prompt treatment, usually surgical or interven-
tionist, and prevent death. Other CHD, in turn, re-
quire an early diagnosis so that therapeutic measures
are adopted to prevent disease progress into high
morbidity and mortality conditions such as pulmon-
ary arterial hypertension. In this context, the need
for effective screening programs became an obvious
public health issue.

With this in mind, the RCP-CirCor was estab-
lished in 2012 [9]. The methodological strategy
started with a focused physical cardiovascular exam-
ination and APO test, as suggested by other studies
[15-17]. Babies who failed either of these level-one
screening stages were referred to a screening echo-
cardiography performed by a neonatologist guided
by cardiologists within a telemedicine setting [10,
12]. With this strategy, it was possible to diagnose a
higher number of congenital heart diseases. This can
be seen in the evolutionary graph in Fig. 1.

Table 2 demonstrates the significant increase in the
detection of different groups of cardiac malformations
after the implementation of the screening program in
the reference center. As noted earlier, this is extremely
important, as it makes an early treatment possible and,
in consequence, reduces the morbidity and mortality of
patients with those conditions. It is possible to cite the
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Table 1. Profile of patients with congenital heart disease

Profile of patients with congenital heart disease (2001-11) (2012-15)
Number of patients % Number of patients %
Gender
Female 133 459 229 42.0
Male 156 53.8 266 48.8
Undetermined 1 0.3 0 0.0
Not recorded 0 0.0 50 9.2
Weight
<1500 41 14.1 36 6.6
1500 |—2000 31 10.7 30 5.5
2000 |—2500 33 114 36 6.6
2500 |—3000 59 20.3 85 15.6
>3000 126 43.4 308 56.5
Not recorded 0 0.0 50 9.2
Gestational age
<32 weeks 32 11.5 24 44
32 |-34 weeks 22 7.9 25 4.6
34 |-37 weeks 45 16.1 57 10.5
>37 weeks 180 64.5 381 69.9
Not recorded 0 0.0 58 10.6

Table 2. Incidence per 10 000 live births of CHD in the reference center

Congenital heart disease (CHD) Incidence 2001-11  Incidence 2012-15  p-value
Patent Ductus Arteriosus (PDA) 11.01 85.12 <0.01
Atrial septal defect (ASD) 1.69 12.72 <0.01
Ventricular septal defect (VSD) 7.06 31.31 <0.01
Partial anomalous pulmonary venous drainage (PAPVD) 0.28 0.33 091
Complete atrioventricular septal defect (CAVSD) 0.71 2.61 0.01
Aortic coarctation (AoCo) 0 1.30 <0.01
Pulmonary stenosis (PS) 2.68 2.93 0.82
Aortic stenosis (AS) 0.28 0.33 0.90
Tetralogy of Fallot (T4F) 1.41 1.96 0.52
Pulmonary atresia (PA) 0.42 0.98 0.29
Total anomalous pulmonary venous drainage (TAPVD) 0.28 0.33 0.90
Tricuspid atresia (TA) 0.56 0.65 0.63
Hypoplasic left heart (HLH) 0.56 1.63 0.09
Transposition of great vessels (TGV) 1.27 1.96 0.41
Truncus arteriosus (TA) 0 1.30 0.03
Ebstein’s anomaly (EA) 0 0.65 <0.01
Associations or other CHD 4.52 31.31 -

Total of CHD (excluding PDA and undetermined cases) 21.72 92.62 <0.01

Only critical CHD (TGV, T4F, HLH, TAPVD, AP, TA and AT) 4.23 8.15 0.01
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cases of simple transposition of the great arteries
(TGA) which when not diagnosed early can lead to
death in 80-90% of cases in the first year of life, or a
large ventricular septal defect (VSD) which, if un-
treated, can lead to pulmonary arterial hypertension.
However, in this study, some malformations presented
no statistical difference. This may be due to the small
sample size for these lesions.

The impact of the screening process can also be
seen in Fig. 1. It is possible to notice that, before its im-
plementation, the incidence of the major CHD was
closer to the African continent, where most countries
are underdeveloped and with poor health services.
After the implementation of the screening process, all
the incidences have increased, pointing to previous
under diagnosis in the region. For instance, prior to the
screening program not one single case of coarctation of
the aorta (CoA) had been identified and after the
screening process the incidence increased to 0.17 per
1000 live births. This may have occurred because the
CoA, a duct-dependent lesion which can be repaired
successfully in the neonatal period, is, however, difficult
do diagnose. Babies with coarctation thrive in utero
due to the physiological bypasses of the fetal circulation
and are, usually, born well with no overt symptoms in
the first days of life. A careful palpation of the periph-
eral pulses holds key to their diagnosis; however, this is
often missed and the babies are discharged home to
present with symptoms of tachydyspnea a few days
later, at home. Not infrequently, at this stage, their
presentation is confused with a chest infection, which
further delays the time to diagnosis, sometimes leading
to true infections, heart failure, acidosis and cardiogenic
shock. Early diagnosis is the key to successful surgical
management of this malformation, as well as to most
other duct-dependent lesions. Figure 1 also depicts a
much higher incidence of patent ductus arteriosus
(PDA) and VSD. This can be explained, as the popula-
tion undergoing the screening process was composed
exclusively by neonates. Although only hemo-
dynamically significant PDAs were included in the ser-
ies, many still closed spontaneously as documented in
subsequent visits to the Networks’ virtual out-patients
clinics. Small VSDs are also known for their elevated
spontaneous closure rates in later life [18, 19].
However, the diagnosis of more significant cardiac le-
sions, such as tetralogy of Fallot and transposition of

Telemedicine and Screening of CHD 52

the great vessels, was significantly affected by the
screening process, allowing the necessary timing for
monitoring, transferals and interventions whenever
necessary. This can be illustrated by the number of sur-
geries performed by the network (330, until December
of 2014) [9] and the maximum time of three days
between birth and diagnosis [9], which demonstrate
the effectiveness of screening and interventional
therapy [20].

In summary, the introduction of a screening, pro-
gram through clinical examination, arterial pulse oxim-
etry and bedside screening echo under cardiology
supervision via telemedicine, can change the present
scenario of under diagnosis so often observed in de-
veloping regions.
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Introduction. Congenital heart diseases (CHD) affect approximately 1% of live births and is an important cause of neonatal morbidity
and mortality. Despite that, there is a shortage of paediatric cardiologists in Brazil, mainly in the northern and northeastern regions.
In this context, the implementation of virtual outpatient clinics with the aid of different telemedicine resources may help in the care
of children with heart defects. Methods. Patients under 18 years of age treated in virtual outpatient clinics between January 2013 and
May 2014 were selected. They were divided into 2 groups: those who had and those who had not undergone a screening process for
CHD in the neonatal period. Clinical and demographic characteristics were collected for further statistical analysis. Results. A total
of 653 children and teenagers were treated in the virtual outpatient clinics. From these, 229 had undergone a neonatal screening
process. Fewer abnormalities were observed on the physical examination of the screened patients. Conclusion. The implementation
of pediatric cardiology virtual outpatient clinics can have a positive impact in the care provided to people in areas with lack of

skilled professionals.

1. Introduction

Congenital heart diseases (CHD) affect 8 to 10 per 1000
live births [1]. They are responsible for most of the neonatal
morbidity and mortality and are considered a public health
issue [2, 3].

In spite of these characteristics, some countries lack
trained personnel able to treat children with CHD [4].
Brazil is included among them, mainly in its northern and
northeastern regions [5]. The state of Paraiba is located in the
northeast region and, until recently, faced this situation.

This scenario was changed with the introduction of a
paediatric cardiology network between the states of Pernam-
buco and Paraiba in 2012. The network established a neonatal
screening program based on a focused cardiovascular phys-
ical examination, pulse oximetry, and screening echocardio-
gram. Nurses and neonatologists perform these exams under

cardiology supervision via telemedicine when necessary [6,
7]. However, patient follow-up was also necessary and the
lack of trained personnel in the area hindered the process.
Thus, virtual pediatric cardiology outpatient clinics (VPCC)
were created to allow local paediatricians to manage children
with CHD with the online help of paediatric cardiologists.

The aim of this paper is to describe and analyse the main
findings from these VPCC.

2. Methods

Patients less than 18 years old treated at the virtual outpatient
clinics between January 2013 and May 2014 were selected.
They were divided into two groups: those who were referred
to the VPCC from the neonatal screening program and those
who were referred to the VPCC through other processes.
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TaBLE 1: Profile of patients served in the RCP virtual clinic.

Patients’ profile Total
(n = 653) %
Sex
Female 321 49,2%
Male 309 47,3%
Uninformed 23 3,5%
Age (in years)
Minimum 0,02
Maximum 17,46
Mean 3,04 (£3,77)
Ethnicity
White 115 17,6%
Black 46 7,0%
Half-bred 445 68,1%
Uninformed 46 7,0%

The virtual outpatient clinics consisted of a live meeting with
a paediatrician with the remote aid of a paediatric cardiologist
through the use of tablets and a communication software,
WebEx, from Cisco (http://www.webex.com.br/).

The following clinical variables were analysed: general
health, respiratory and cardiac auscultation, the presence
of hepatomegaly, and precordium characteristics. Regarding
the social variables, gender, age, and place of origin were
analysed.

Data were tabulated and analysed using Microsoft Excel
Spreadsheet software (version 13.0), whereas flow maps were
created using TabWin software (version 3.6). Categorical
variables were compared with the chi-square test using Epi
Info software (version 7.1.4).

The Ethics Committee on Health and Research from
Oswaldo Cruz Hospital Complex approved this paper. This
research received no specific grant from any funding agency
from public, commercial, or not-for-profit sectors.

3. Results

A total of 653 patients were analysed. There were 230 referred
to the clinics from the neonatal CHD screening program and
the remaining ones were referred to the clinics through other
sources such as family health centers or other health care
professionals. As for the year of consultation, 339 patients
joined the clinics in 2013 and the remaining 314 joined in 2014.
A total of 987 consultations were held, with an average of 1.5
consultations per patient. There were 606 visits in 2013 and
381 in 2014.

The online outpatient clinics were established in three
major centers located in three distinct regions of Paraiba.
Figure 1 depicts the patient’s city of origin, the flux, and
location of the three above mentioned centers.

Regarding the patients’ demographics, there was a slight
female predominance in gender (49.2%) with an average age
of 3.04 years. Most of the patients were half-bred (68.1%),
followed by whites (17.6%) and blacks (7%). Table 1 details
these data.
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FIGURE 1: Flow map of patients followed up in the virtual clinic of
paediatric cardiology.

Roughly one-third of the patients (35.1%) were referred
to the clinics from the network screening programs. No
symptoms were reported in 12.3% and 10.1% were in a
postoperative follow-up process. Table 2 demonstrates the
patients’ clinical characteristics for both referral groups. The
patients’ diagnoses can be seen in Table 3.

4. Discussion

The lack of expert and trained health care professionals is a
problem discussed worldwide [4]. Data obtained from the
Ministry of Health in Brazil points to a 78.72% shortage of
specialized services in paediatric cardiology in Paraiba [8].

Up to 2011, this fact hindered the patients’ access to
specialized services in paediatric cardiology due to the lack
of doctors and other trained professionals who could only be
found in large urban centers.

This context has been modified in Paraiba after the
implementation of a paediatric cardiology network [9]. Its
operation is based on the use of telemedicine with accessible
technology, enabling the communication of several profes-
sionals throughout Paraiba with medical specialists located
in the southern neighbor state (Pernambuco). Moreover, the
network established a neonatal screening program for con-
genital heart diseases through physical examination, pulse
oximetry, and screening echocardiogram [6]. However, the
follow-up of the diagnosed children was also necessary.

Therefore, virtual outpatient pediatric cardiology clinics
were devised. Their goal was to provide quality of care for
the follow-up of patients diagnosed with heart diseases in
Paraiba. As shown in Figure 1, the clinics were spread through
several regions of Paraiba. Similar to what has been previously
described [10], in order to optimize patients’ health care
in this scenario of very long distances and limitation of
resources, regionalization of services was necessary. This was
achieved with the use of telemedicine. The use of tablets and
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TaBLE 2: Comparison of clinical examination among patients according to mode of access to RCP virtual clinic.
Triage program Other forms Sig.
(n = 230) % (n = 423) %
HDA (first medical consultation) <0,001"
Asymptomatic 0 0,0% 80 18,9%
Surgical evaluation 0 0,0% 1 2,6%
Neonatal Echo follow-up 229 99,6% 0 0,0%
Postoperative follow-up 0 0,0% 66 15,6%
Others 1 0,4% 266 62,9%
Medical management (last medical consultation) 0,260"
Hospital admission 38 16,5% 52 12,3%
Hospital discharge 3 1,3% 9 2,1%
Follow-up 189 82,2% 362 85,6%
General state (first medical consultation) <0,001"
Good 224 97,4% 377 89,1%
Decayed 0 0,0% 5 1,2%
Regular 6 2,6% 41 9,7%
General state (last medical consultation) 0,014*
Good 223 97,0% 385 91,0%
Decayed 0 0,0% 3 0,7%
Regular 7 3,0% 35 8,3%
Skin (last medical consultation) 0,244"
Cyanotic 3 1,3% 15 3,5%
Colored 213 92,6% 384 90,8%
Pale 14 6,1% 24 5,7%
Respiratory pattern (last medical consultation) 0,047"
Dyspnea 17 7,4% 15 3,5%
Eupneic 213 92,6% 408 96,5%
Pulmonary auscultation (last medical consultation) 0,504""
Anormal 2 0,9% 7 1,7%
Normal 228 99,1% 416 98,3%
Abdomen (last medical consultation) 0,153"
Hepatomegaly 11 4,8% 9 2,1%
Normal 218 94,8% 413 97,6%
Others 1 0,4% 1 0,2%
Perfusion (last medical consultation) 0,167"
Normal 230 100,0% 418 98,8%
Compromised 0 0,0% 5 1,2%
Peripheral pulses (last medical consultation) 1,000"
Anormal 2 0,9% 4 0,9%
Normal 228 99,1% 419 99,1%
Murmur (first medical consultation) 0,371
Absent 125 54,3% 213 50,4%
Present 105 45,7% 210 49,6%
Continuous 4 3,8% 8 3,8%
Diastolic 0 0,0% 2 1,0%
Systolic 101 96,2% 200 95,2%

*Chi-square test.
**Fisher’s exact test.



58

TABLE 3: Most frequent diagnostics at the RCP virtual clinic.

Origin
Diagnose Triage program Others
(n = 230) % (n = 423) %

Normal 50 21,7% 57 13,5%
VSD 38 16,5% 80 18,9%
ASD 21 9,1% 45 10,6%
PDA 38 16,5% 19 4,5%
T4F 5 2,2% 17 4,0%
PVS 2 0,9% 16 3,8%
AVSD 4 1,7% 10 2,4%
Others 72 3L,3% 179 42,3%

PDA: patent ductus arteriosus; VSD: Ventricular Septal Defect; ASD: Atrial
Septal Defect; AVSD: Atrioventricular Septal Defect; T4F: Tetralogy of Fallot;
PVS: Pulmonary Valve Stenosis.

WebEx software made the process easier as they are relatively
cheap and accessible technologies.

The neonatal screening program was capable of absorbing
part of the demand for specialists due to the close online
collaboration between neonatologists and pediatric cardiol-
ogists. This fact is exemplified in Table 1, which demonstrates
that 35.1% of patients consulted in the clinic were referred
from the screening program. On the other hand, patients who
did not undergo the screening process or those who were
born before the network were also included in the program.
The majority of them, however, required clinical follow-up
due to the type of CHD and needed management adjustments
to improve their quality of life.

It is also possible to notice that when both patient groups
are compared, those who underwent neonatal screening
presented better clinical parameters. This is due to the early
diagnosis and treatment that were made possible by the
screening process in online collaboration with heart special-
ists leading to improved management and better quality of life
for the patients.

Regarding the types of lesions observed in the clinics,
there is a certain difference between the frequencies reported
in the literature and in this study. For example, in this
study, the most frequent CHD without cyanosis was the
persistence of the ductus arteriosus and the most frequent
cyanotic CHD was the Tetralogy of Fallot. Other studies show
that Ventricular Septal Defect (VSD) was the most frequent
CHD without cyanosis [11] and the Transposition of Great
Arteries was the most frequent CHD with cyanosis [11, 12].
However, this fact may have multiple explanations such as the
population of the study which was composed of many young
children referred from the networks screening program as
well as the methods used for its recording.

5. Conclusion

The implementation of the virtual outpatient clinics had
a significant impact on the health of children with heart
diseases in Paraiba. That was only possible due to the use
of telemedicine with cheap technology as it allowed for

International Journal of Telemedicine and Applications

the regionalization of services under remote specialized
professional support. Its expansion to other specialties may
present similar results.
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Microcephaly in north-east Brazil: a retrospective study on neonates
born between 2012 and 2015
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Objective To assess the number of children born with microcephaly in the State of Paraiba, north-east Brazil.

Methods We contacted 21 maternity centres belonging to a paediatric cardiology network, with access to information regarding more
than 100 000 neonates born between 1 January 2012 and 31 December 2015. For 10% of these neonates, nurses were requested to retrieve
head circumference measurements data from delivery-room books. We used three separate criteria to classify whether a neonate had
microcephaly: (i) the Brazilian Ministry of Health proposed criterion: term neonates (gestational age > 37 weeks) with a head circumference
of less than 32 cm; (ii) Fenton curves: neonates with a head circumference of less than —3 standard deviation for age and gender; or (iii) the
proportionality criterion: neonates with a head circumference of less than ((height/2))+10) + 2.

Findings Between 1and 31 December 2015, nurses obtained data for 16 208 neonates. Depending on which criterion we used, the number
of neonates with microcephaly varied from 678 to 1272 (4.2—8.2%). Two per cent (316) of the neonates fulfilled all three criteria. We observed
temporal fluctuations of microcephaly prevalence from late 2012.

Conclusion The numbers of microcephaly reported here are much higher than the 6.4 per 10 000 live births reported by the Brazilian live
birth information system. The results raise questions about the notification system, the appropriateness of the diagnostic criteria and future
implications for the affected children and their families. More studies are needed to understand the epidemiology and the implications for
the Brazilian health system.

Abstracts in S5 H13Z, Francais, Pycckuii and Espafiol at the end of each article.

Introduction

Congenital microcephaly is a neurological condition defined
by an occipital-frontal head circumference that is smaller than
expected for the gestational age and gender. Head circumfer-
ence is a validated measurement for intracranial brain volume,
since the growth of the cranium depends on the forces of the
expanding brain. Microcephaly could, therefore, be used as
an indicator of an undersized brain. However, controversy
exists concerning the suitable lower limit for this measure-
ment, as well as over the need for ethnically controlled data.'
Furthermore, establishing the clinical implications of an un-
dersized brain is difficult. Common causes of microcephaly are
genetic disorders, severe malnutrition during pregnancy and
intrauterine infections - such as syphilis and toxoplasmosis.

Microcephaly is a rare condition. In the United States of
America, the prevalence has been estimated to range from 2.0
to 12.0 newborns with microcephaly per 10 000 live births* and
the European Surveillance of Congenital Anomalies centre
reports 2.9 newborns with microcephaly per 10 000 live births.’
In Brazil, the live birth information system, SINASC, reported
a prevalence of 0.6 newborns with microcephaly per 10 000 live
births in 2010.* However, the reporting of microcephaly was
neither compulsory nor had clearly defined criteria. Between
November 2015 and February 2016, however, the reported
number of newborns with microcephaly reached a total of
5280 in 25 of the 27 Brazilian states. More than 80% of them
were from north-east Brazil and the State of Paraiba reported
776 newborns with microcephaly.’

Since 2012, the government in Paraiba has run a pae-
diatric cardiology network,® in collaboration with Circulo

do Coragdo, a nongovernmental organization. The network
has screened and stored cardiovascular data from more than
100000 neonates from this state. However, the original data
set does not include head circumference data. To increase
the knowledge about microcephaly prevalence in Paraiba,
the network carried out a four-week exercise between 1 and
31 December 2015, to obtain head circumference data from
10% of the neonates in the data set. This article summarizes
the results from this research.

Methods

The network collected data on all neonates born in the 21
participating maternity centres. To retrieve data on head
circumference for a subset of these neonates, we exported
data - including an identification number, the date of birth
and the mother’s name, for all neonates in the network - from
the database to an electronic spreadsheet. We added an extra
column to the spreadsheet with the heading head circumfer-
ence. We sent the spreadsheet to each participating centre by
email, and in the email asked the nurses to retrieve the head
circumference measurements from the delivery-room books.
In Brazil, a newborn’s occipital-frontal head circumference is
measured in the delivery room by a nurse or a paediatrician,
who uses a common measuring tape. The measurement is
noted in the delivery room book as part of the routine perinatal
practice in Paraiba state.

The goal was to retrieve data on approximately 10% of
the neonates born between 1 January 2012 and 31 December
2015. To distribute the collection of data evenly over time,
we suggested that the nurses should randomly select 10% of

?The Heart Circle-Royal Portuguese Hospital, Av. Agamenon Magalhaes 2760, Paissandu, Recife, Pernambuco, CEP 52010-902, Brazil.
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each month’s deliveries. The nurses first
printed the spreadsheet and wrote down
the head circumference of the selected
neonates on the list. Then, they logged
on to the network’s database, typed in
the identification number for each se-
lected neonate and manually entered the
measurement in the newly added field
for the head circumference data.

We obtained additional information
about the mother’s name and address,
the gestational age, the length and
weight, and the gender of the neonate at
birth, from the network’s database. Data
on ethnicity were not collected. We only
included neonates with complete data.

We classified neonates as having mi-
crocephaly by using one of the following
criteria: (i) the criterion proposed by the
Brazilian Ministry of Health, for which
a term neonate (gestational age >37
weeks) is diagnosed with microcephaly
if the head circumference is less than
32 cm;’ (ii) Fenton curves, for which
neonates are classified as having micro-
cephaly if the head circumference is less
than -3 standard deviation for age and
gender;* or (iii) the proportionality cri-
terion, for which a neonate is classified as
having microcephaly if the head circum-
ference is less than ((height/2)+10) £2.°

We made four different analyses:
one for each criterion and one where the
neonates had to fulfil all three criteria. In
addition, within each of the criterion, a
neonate was classified as having severe
microcephaly when the measurement
was —3 standard deviation or more for
that criterion.

We used the software R, version
3.3.0 (R Foundation, Vienna, Austria)
for all data analysis. For statistical analy-
sis we used the Friedman test.

Results

Nurses retrieved data from 16 208
neonates, of whom 7750 were females
and 8458 were males. Most of the
babies (15591; 96.2%) were full term
neonates, 12 146 (74.9%) weighed
more than 3000 g and 15572 (96.1%)
measured more than 45 cm in length,
at birth (Table 1).

Depending on which criterion
we used, 4.2% (678) to 8.2% (1272)
of neonates were classified as having
microcephaly and 316 (2.0%) neo-
nates fulfilled all three criteria. Of the
neonates that fulfilled all three criteria,
three were classified as having severe
microcephaly (Table 2).
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Table 1. Characteristics of the neonates born between 1January 2012 and 31 December

2015, Paraiba, Brazil

Characteristic

No (%) (n=16208)

Gender
Female

Male
Gestational age, weeks
<32
>32-<34
>34- <37

>37

Weight, g
<1500

> 1500- < 2000
>2000- < 2500
>2500- <3000
>3000
Length, cm
<35

>35-<40
>40- <45
>45- <50

>50

OFC,cm

<30

>30- <31
>31-<32
>32-<33

>33

7750 (47.8)
8458 (52.2)

OFC: occipital-frontal head circumference.

Notes: Nurses retrieved data on head circumference for 10% of neonates participating in the paediatric
cardiology network in Parafba. Inconsistencies arise in some values due to rounding.

Between 2012 and 2015, the num-
ber of neonates with microcephaly
fluctuated, all of the criteria showed
a similar pattern over this time. From
the end of 2012, the numbers were
higher than expected, with the highest
peak in mid-2014 (Fig. 1). When we
only considered neonates with severe
microcephaly, we observed a significant
increase in numbers (P=0.001) from the
third quarter of 2015 (Fig. 2).

Discussion

Between 2012 and 2015, the Brazilian
live birth information system reported
a microcephaly prevalence of 6.4 per
10000 live births in Paraiba.” Our study
indicates that the prevalence could have
been even higher. When projecting our
findings to the total number of live
births in Paraiba in 2014 (n =58 147), if
we use the proposed criterion from the
health ministry, the estimated number
of neonates born with microcephaly in
that year is 4652; if we use the Fenton

curves, the estimated number is 2442;
and if we use the proportionality crite-
rion, the estimated number is 2907. The
estimated number of neonates fulfilling
all three criteria is 1105.

These observations raise several ques-
tions. First, what is the true prevalence of
microcephaly in north-east Brazil? The
discrepancy in numbers between the
Brazilian Ministry of Health and this study
may reflect underreporting in recent years
associated with an even greater incidence
of microcephaly than presumed. It is pos-
sible that a high prevalence of the non-
severe forms of microcephaly had been
occurring before the current outbreak, but
health workers had only notified the live
birth information system about the cases
of neonates with typical severe phenotypes.
As aresult of the number of neonates with
severe microcephaly increasing in the
last quarter of 2015, the health workers’
awareness might have increased, there-
fore causing them to notify the live birth
information system about the milder
forms as well.

Bull World Health Organ 2016,94:835-840| doi: http://dx.doi.org/10.2471/BLT.16.170639
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Table 2. Occurrence of microcephaly in neonates born between 1January 2012 and

31 December 2015, Paraiba, Brazil

Criteria

No. (%) (n=16208)

Brazilian Ministry of Health®
Normal
Microcephaly
All
Severe
Fenton curves®
Normal
Microcephaly
Al
Severe
Proportionality criterion®
Normal
Microcephaly
Al
Severe
Fulfilling all criteria
Normal
Microcephaly
All
Severe

14319 (91.4)

1272(8.2)
16 (0.1)

15530 (95.8)

678 (4.2)
6 (<0.1)

15405 (95.0)

803 (5.0)
11 (<0.1)

15876 (98.0)

316 (2.0)
3(<0.1)

2 The proposed criterion from the Brazilian Ministry of Health is that a term neonate (gestational age 37
weeks or more) is diagnosed with microcephaly if the head circumference is less than 32 cm. Of the

neonates in the data set, 15 591 were term neonates.

® Fenton curves classify neonates as having microcephaly if head circumference is less than —3 standard

deviation for age and gender.

¢ The proportionality criterion classifies neonates as having microcephaly if the head circumference is less

than ((height/2)+10) + 2.

Note: Inconsistencies arise in some values due to rounding.

Fig. 1. Temporal distribution of neonates with microcephaly in Paraiba, Brazil,
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curves classify neonates as having microcephaly if head circumference is less than —3 standard deviation
for age and gender. The proportionality criterion classifies neonates as having microcephaly if the head

circumference is less than ((height/2)+10) + 2.

Second, what is the most appropri-
ate diagnostic criterion for microcephaly
in this setting? If we only consider the
number of neonates with severe micro-
cephaly in our study, this number is in

the expected range of 2-12 neonates
with microcephaly per 10 000 live births,
reported by the United States Centers
for Disease Control and Prevention.”
However, most of the neonates in our
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study had milder forms of microcephaly.
The clinical significance of these milder
forms is not well established. For exam-
ple, we do not know if a head circumfer-
ence of 31 mor 32 cm in a term neonate
could be within normal limits for this
particular population. We also do not
know if ethnical or nutritional factors
could explain these findings. We need
to determine if the population is facing
large numbers of children with a neuro-
logical disease or if the observation is an
anthropometric variation of normality.

Third, what is the cause of the in-
crease in microcephaly prevalence? This
question has attracted a lot of attention
and the most likely explanation is the
Zika virus outbreak that started in mid-
2014 in Brazil. It is believed that the Zika
virus was introduced to Brazil during
the 2014 FIFA World Cup.'’ Researchers
have postulated a possible association
between microcephaly and the Zika
virus intrauterine infection. Evidence
favouring this hypothesis are: perinatal
transmission of the Zika virus;" the
virus’s strong neurotropism;" and the
detection of the virus in amniotic fluid
of fetuses with microcephaly."!

The Zika virus was identified in
Africa more than 50 years ago'* and
despite the numerous outbreaks of the
virus, both inside and outside Africa, an
increase in the number of neonates with
microcephaly has not been reported.
However, during a Zika virus outbreak
in French Polynesia in 2013, the virus
was associated with several conditions,
including Guillain Barré syndrome and
microcephaly.'>'®

The Zika virus is transmitted by
Aedes aegypti mosquitoes and infec-
tions transmitted by this vector dem-
onstrate temporal fluctuations similar
to the fluctuations of microcephaly
that we present here.'® Researchers are
considering whether other concurrent
infections transmitted by Ae. aegypti,
such as dengue and chikungunya, might
explain the increase in microcephaly
seen in Brazil. The hypothesis is that
concurrent infections have an additive
effect that promotes microcephaly. A
study from the island of La Réunion- an
overseas department of France - showed
an association between chikungunya in-
fections and microcephaly.'” Teratogens’
exposure — such as vaccines or drugs
used in early pregnancy - is another
potential factor to consider as a potential
cause of microcephaly."'® Furthermore,
malnutrition, which has previously been
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Fig. 2. Temporal distribution of neonates with severe microcephaly in Paraiba, Brazil,

2012-2015
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epidemiological and clinical data are
insufficient to make conclusions con-
cerning the risk factors of microcephaly
and the pathogenic mechanisms of the
Zika virus. Further retrospective studies
and follow-up investigations on children
with well-defined or borderline micro-
cephaly will be important to clarify the
etiology as well as the neurological con-
/\ sequences of these diagnoses. Children
born with microcephaly can also have
other birth defects, which could further
aggravate the neurological manifesta-
tions. For the affected children and the
families it is paramount that the govern-
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Notes: The proposed criterion from the Brazilian Ministry of Health is that a term neonate (gestational age
37 weeks or more) is diagnosed with microcephaly if the head circumference is less than 32 cm. Fenton
curves classify neonates as having microcephaly if head circumference is less than —3 standard deviation
for age and gender. The proportionality criterion classifies neonates as having microcephaly if the head

circumference is less than ((height/2)+10) + 2.
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associated with microcephaly, could
worsen the effect of other etiological
factors. Indeed, most of the reported
neonates with microcephaly have come
from low-income families.®

In Brazil, controlling the Ae. aegypti
vector has been a major public health
strategy to combat the arboviruses. This
strategy is justified both by its potential

to reduce the number of babies born
with microcephaly - if the association
with Zika virus infections proves true —
and for the reduction of other Ae. aegypti
transmitted diseases, such as dengue and
chikungunya infections.

At this stage, we can only conclude
that Brazil is facing a new and challeng-
ing public health problem. The current
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Résumé

La microcéphalie dans le nord-est du Brésil: une étude rétrospective chez les enfants nés entre 2012 et 2015

Objectif Estimer le nombre d'enfants nés avec une microcéphalie dans
I'Ftat de Paraiba, au nord-est du Brésil.

Méthodes Nous avons contacté 21 maternités qui faisaient partie d'un
réseau de cardiologie pédiatrique et qui avaient acces a des informations
concernant plus de 100 000 enfants nés entre le 1 er janvier 2012 et le
31 décembre 2015. Pour 10% de ces enfants, nous avons demandé
aux infirmieres de récupérer les données sur les mesures du périmetre
cranien dans les registres des salles d'accouchement. Nous avons utilisé
trois criteres distincts pour déterminer si des nouveau-nés présentaient
une microcéphalie: (i) le critere proposé par le ministere de la Santé
brésilien: enfants nés a terme (age gestationnel > 37 semaines) avec
un périmetre cranien inférieur a 32 cm; (ii) les courbes de Fenton:
nouveau-nés au périmetre cranien inférieur a un écart type de —3 pour
leur age et leur sexe; ou (iii) le critére de proportionnalité: nouveau-nés
au périmetre cranien inférieur a ((taille/2)+10) £ 2.

Résultats Entre le Teretle 31 décembre 2015, lesinfirmieres ont recueilli
des données sur 16 208 nouveau-nés. En fonction du critere utilisé, le
nombre de nouveau-nés présentant une microcéphalie variait de 678 a
1272 (4,2-8,2%). Deux pour cent (316) des nouveau-nés remplissaient
tous les critéres. Nous avons observé des fluctuations temporelles de
la prévalence de la microcéphalie a partir de la fin de I'année 2012.
Conclusion Le nombre de cas de microcéphalie indiqué ici est bien
plus élevé que celui de 6,4 pour 10 000 naissances vivantes déclaré
par le systeme d'information brésilien sur les naissances vivantes. Ces
résultats soulevent des questions quant au systeme de notification, ala
pertinence des criteres de diagnostic et aux implications futures pour
les enfants concernés et leur famille. Il est nécessaire de réaliser d'autres
études afin d'en comprendre [épidémiologie et les implications pour le
systeme de santé brésilien.

Lienb OueHnTb KONNYECTBO feTel, POXKAEHHbIX ¢ MUKpouedanme, B wrtate Mapaiiba Ha ceBepo-BOCTOKE

bpasunun.

Mukpouedanusa Ha ceBepo-BocToKe bpasunuu: peTpocnekTnBHOE UCCIeA0BaHNE MIAAEHLEB, POANBLUMXCA B

nepuod mexay 2012 n 2015 rogamu

MeTogbl ABTOPbI 00PATUANCE B 21 POAVIIBHBINA [JOM, OTHOCALLMIACA
K CETU OEeTCKMX KapAWONOrniecknx 60bHNL, ¥ MONy4Ymnmn JocTyn
K nHdopmaumn o bonee vem 100 000 cryyaes HOBOPOKAEHHbBIX
B nepunof mexay 1 ansapa 2012 roga v 31 gekabpsa 2015 roga.
Y 10% 3T1X HOBOPOMXAEHHbBIX aBTOPbLI MOMNPOCKAN MEANLMHCKIX
cectep NpPOBEPUTL CBEAEHWA KYPHANOB yyeTa POAMIIbHBIX 335108
00 OKPY>KHOCTV rOfoBbl. ICMonb3oBanmch Tpv OTAENbHBIX KpUTepUA
MuKpouedanuu: (i) KpuTepui, NpeanoXeHHbn MHUCTEPCTBOM
3ApaBoOXPaHeHVA bpa3vnnm: AOHOWEHHbBI HOBOPOXKAEHHbIN (CPOK
6epeMeHHOCTY > 37 Hefienb) C OKPY»KHOCTBIO FONIOBbI MeHee 32 cm;
(i) KpvBble OEHTOHA: HOBOPOXAEHHbIE C OKPYXHOCTBIO FONOBbI,
KOTOpas Ha —3 CTaHAAPTHBIX OTKNOHEHNA MEHbLLIE CPEeHVIX 3HAUYEHN
[11A CBOEro Bo3pacta v nona; (i) Kpurepuii NponopUnMOHanbHOCTU:
HOBOPOXAEHHbIE, UbA OKPYKHOCTb FOMOBbI MEHbLUE 3HAUYEHMA,
nonyyeHHoro no dopmyne ((poct/2)+10)£ 2.

Pesynbratbl B nepuog ¢ 1 no 31 gekabpa 2015 rofa MeanUMHCKMe
CecTpbl nonyynnu agaHHole ana 16 208 HOBOPOXAEHHbIX. B

3aBUCMMOCTM OT MCMONb30BAHHbBIX KPUTEPMEBR KONMYECTBO
HOBOPOXAEHHbIX C MUKpoLedanmner Bapbrposano oT 678 Ao
1272 (4,2-8,2%). [1Ba npoueHTa (316) HOBOPOXKAEHHbBIX OTBEYaNN
BCEM TpeM Kputepuam. HaumHas ¢ KoHua 2012 rofga Habnoaanich
BpeMeHHble GAyKTyaLMm YacToTbl MUKpoLiedaniu.

BbiBogbl Konnuectso cnyyaes mrKkpoLedanmn B 3ToM pervioHe
3HaYMTENbHO Bbille, YeM UMbpbl, NPUBOAMMBIE B CUCTEME
MHOOPMaUMK O POXAEHUM XUBbIX feTelt B bpa3unuu (6,4 Ha
10 000 MBbIX HOBOPOXAEHHbIX). STV pe3ynbTaThl NOAHUMAIOT
BOMPOCHI O CUCTEME YBEAOMIIEHNA, O MPUrOAHOCTI ANArHOCTNYECKIX
KpUTepreB 1 O TOM, Kakve NOCNeaCTBUA OXKUAAIOT Tak1X AeTel u
1X poauTenel B Gyayuiem. Heobxoarmbl HOBbIE MCCIeA0BaHMA A1
MOHVMAHMA 3TOV SNUMAEMUONOTN 1 ee NOCNeACTBUN ANA CUCTEMbI
30paBOOXPaHeHNnA bpasunmu.
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Resumen

Microcefalia en el noreste de Brasil: un estudio retrospectivo sobre los neonatos nacidos entre 2012y 2015

Objetivo Evaluar el nimero de nifios nacidos con microcefalia en el
estado de Paraiba, en el noreste de Brasil.

Métodos Se contactd con 21 centros de maternidad pertenecientes
a una red de cardiologia pedidtrica con acceso a informacion relativa
a mas de 100 000 neonatos nacidos entre el 1 de enero de 2012y el
31 de diciembre de 2015. Para el 10% de estos neonatos, se solicité a
las enfermeras que recuperaran los datos acerca de las mediciones del
perimetro cefélico de los archivos de las salas de parto. Se utilizaron tres
criterios distintos para clasificar si un neonato tenfa o no microcefalia:
(i) los criterios propuestos por el Ministerio de Sanidad de Brasil: recién
nacidos a término (edad gestacional 37 semanas) con un perimetro
cefélico inferior a 32 cm; (ii) las curvas de Fenton: recién nacidos con
perimetro cefélico inferior a la desviacion estandar de -3 para la edad
y el género; o (iii) los criterios de proporcionalidad: recién nacidos con
un perfimetro cefélico inferior a ((altura/2)+10) + 2.

Resultados Entre el 1y el 31 de diciembre de 2015, las enfermeras
obtuvieron datos relativos a 16 208 neonatos. Segun los criterios que
se utilizaron, el nimero de recién nacidos con microcefalia varié de 678
a 1272 (4,2-8,2%). El 2% (316) de los neonatos cumplié con los tres
criterios. Se observaron fluctuaciones temporales de prevalencia de
microcefalia a partir de finales de 2012.

Conclusion Las cifras registradas de casos de microcefalia son mucho
mayores del 6,4 por cada 10 000 nacidos vivos registrados por el sistema
de informacion de nacidos vivos de Brasil. Los resultados plantean
dudas acerca del sistema de notificacion, la aptitud de los criterios
de diagndstico y las implicaciones futuras para los nifios afectados y
sus familias. Es necesario realizar mas estudios para comprender la
epidemiologfa y las implicaciones para el sistema sanitario brasilefio.
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