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RESUMO

CANESIN, W. C Comparacio da evolucio de neonatos diagnosticados com enterocolite
necrosante com e sem cardiopatia. Dissertacdo de Mestrado. Faculdade de Medicina de
Ribeirdo Preto — Universidade de Sdo Paulo, Ribeirdo Preto, 2021.

A Enterocolite Necrotizante (NEC) ¢ caracterizada por inflamagao e necrose intestinal aguda,
de causa multifatorial, com mortalidade de 40%, que afeta principalmente recém-nascidos
prematuros internados em cuidados intensivos neonatais. Os fatores de risco que contribuem
para a doenga incluem asfixia, apneia, hipotensdo, sepse e cardiopatias congénitas (CC). O
pneumoperitonio ¢ uma indicacdo bem aceita para cirurgia ou drenagem peritoneal em casos
graves. Objetivo: Avaliar os fatores que interferem na evolucdo e a sobrevida dos pacientes
com NEC com e sem cardiopatia e avaliar a melhor estratégia cirargica, seja ela laparotomia
ou drenagem peritoneal primaria. Pacientes e Métodos: Estudo de Coorte retrospectivo de 19
anos (2000-19). Critérios de inclusdo: Estadgio II e III de Bell. Critérios de exclusdo:
Malformacdo associada, sindrome genética, pacientes que ndo realizaram ecocardiografia e
diagnostico de Bell I. Os grupos foram divididos em NEC e NEC + CHD e subdivididos em
NEC submetido a cirurgia (NECS), NEC submetido a drenagem peritoneal (NECD), NEC +
CHD submetido a cirurgia (NECCAS) e finalmente NEC + CHD drenado (NECCAD). A
analise multivariada foi realizada para estimar o risco relativo de morte e tempo de internagao.
Covaridveis: peso ao nascer ¢ idade gestacional. Resultados: 273 pacientes foram
diagnosticados com enterocolite, desses, 100 preencheram critério de inclusdo. NEC (n = 52)
e NEC + CHD (n = 48). NECS (31), NECD (21), NECCAS (19), NECCAD (29). As
caracteristicas do grupo eram semelhantes. O risco ajustado em relacdo a morte foi maior nos
grupos de drenagem NECD, AdjRR = 2,70 (IC 95% 1,47; 4,97) e NECCAD, Adj RR = 1,97
(IC95% 1,08; 3,61) e apresentou menor tempo para Obito; NECD = 8,72 (IC 95% 3,10; 24,54)
e NECCAD = 5,32 (IC95% 1,95; 14,44). Conclusao: Verificamos que os neonatos com
NEC apresentaram histdria de sofrimento fetal agudo e inicio mais precoce dos sintomas que
os NEC + CHD. Também, os neonatos com NEC, apresentou valores menores de
hemoglobina e a presenca de pneumatose intestinal na radiografia de abdome foi mais
frequente que em NEC +CHD. Por outro lado, o nimero de pacientes que evoluiram para Bell
I, a duragdo de uso da NPT e o tempo de permanéncia hospitalar foram menores em
neonatos com NEC que NEC + CHD. Quanto a drenagem peritoneal primaria em neonatos
com ou sem cardiopatia congénita, o procedimento ¢ realizado em paciente que apresenta

maior instabilidade clinica e esta associado a mortalidade em recém-nascidos com NEC.

Palavras-chave: Enterocolite Necrotizante, Lesao Intestinal, Defeitos Cardiacos, Persisténcia
do Canal Arterial, Prematuridade.



ABSTRACT

CANESIN, W. C Comparation of the evolution of neonates diagnosed with necrotizing
enterocolitis with and without heart disease. Masters dissertation. Faculty of Medicine of
Ribeirdo Preto - University of Sao Paulo, Ribeirdo Preto, 2021.

Necrotizing Enterocolitis (NEC) is characterized by inflammation and acute intestinal
necrosis, of multifactorial cause, with a mortality rate of 40%, which mainly affects premature
newborns admitted to neonatal intensive care. Risk factors that contribute to the disease
include asphyxia, apnea, hypotension, sepsis and congenital heart disease (CHD).
Pneumoperitoneum is a well-accepted indication for surgery or peritoneal drainage in severe
cases. Objective: to evaluate the factors that interfere in the evolution and survival of patients
with necrotizing enterocolitis with and without heart disease and to evaluate a better surgical
surgery, be it laparotomy or primary peritoneal drainage in both groups. Patients and
Methods: A 19-year retrospective cohort study (2000-19). Inclusion criteria: NEC Bell II and
III. Exclusion criteria: Associated malformation, genetic syndrome, patients who did not
undergo echocardiography. The groups were divided into NEC and NEC + CHD and
subdivided into NEC submitted to surgery (NECS), NEC subjected to peritoneal drainage
(NECD) , NEC + CHD undergoing surgery (NECCAS) and finally NEC + CHD drained
(NECCAD). A multivariate analysis was performed to estimate the relative risk of death and
length of stay. Covariables: birth weight and gestational age. Results: 273 patients were
diagnosed with enterocolitis, of which 100 met the inclusion criteria. NEC (n = 52) and NEC
+ CHD (n = 48). NECS (31), NECD (19), NECCAS (21), NECCAD (29). The characteristics
of the group were similar. The adjusted risk in relation to was greatest death for the NECD
drainage groups, AdjRR = 2.70 (95% CI 1.47; 4.97) and NECCAD, Adj RR =1.97 (95% CI
1.08; 3, 61) and presenting a shorter time to death; NECD = 8.72 (95% CI 3.10; 24.54) and
NECCAD = 5.32 (95% CI 1.95; 14.44). Conclusion: We found that neonates with NEC had a
history of acute fetal distress and earlier onset of symptoms than NEC + CHD. Also, in
neonates with NEC, lower hemoglobin values and the presence of intestinal pneumatosis in
the abdominal radiography were more common than in NEC +CHD. On the other hand, the
frequency of Bell III, duration of NPT use and length of hospital stay were lower in neonates
with NEC than NEC + CHD. Primary peritoneal drainage in neonates with or without
congenital heart disease more frequently performed in patientes with clinical instability and is

associated with higher mortality in newborns with necrotizing enterocolitis.

Keywords: Necrotizing Enterocolitis, Intestinal Injury, Cardiac Defect, Persistence Arterial
Duct, Prematurity.
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1 INTRODUCAO

Enterocolite necrotizante (NEC) ¢ uma grave desordem intestinal de origem
multifatorial que afeta recém-nascidos prematuros (RNP) e a termo (RNT) sendo uma das
principais causas de morte (20 a 40%) em unidades de cuidados intensivos neonatais (1, 2). A
incidéncia global ¢ de 1:1000 nascidos vivos, atingindo 2 a 5% de todos os RNP (3,4) com
menor incidéncia em RNT. Isso também ¢ diferente no que se refere ao inicio do
aparecimento da doenca, onde os RNP iniciam os sinais e sintomas com 10 a 15 dias e os
RNT com 2 a 3 dias de vida (5).

Entre os fatores de risco envolvidos no desenvolvimento da NEC estdo:
prematuridade, alimentacdo enteral, lesdo hipdxico-isquémica do intestino e colonizacao
bacteriana (6). Recém nascido (RN) com peso ao nascer extremamente baixo (menor que
1000g), bem como aqueles com idade gestacional igual ou inferior a 28 semanas apresentam
maior risco para o desenvolvimento de NEC, cuja gravidade, risco de complicagdes e
mortalidade sdo maiores quando comparados com RNT (7).

Os eventos patogénicos que levam a inflamacao intestinal, isquemia e necrose tecidual
caracteristica da NEC sdo provavelmente secundarios a um insulto pos-natal. Classicamente, a
doenca ocorre quando o trato intestinal se torna colonizado logo apds o inicio da
administracdo de alimentacdo enteral. A interacdo entre as bactérias colonizadoras e o
intestino de RN ¢ considerada como crucial na patogénese da NEC (8, 9).

As incertezas em relacdo aos mecanismos que levam ao desenvolvimento da doenga
torna o seu tratamento bastante desafiador. Embora o tratamento nos estagios iniciais da NEC
possa se constituir em uma combinacdo de antibiodticos e interrupgdo da alimentagdo oral, nos
casos mais graves, quando a necrose intestinal esta presente, requerem ressec¢ao intestinal ou
drenagem abdominal, procedimentos que podem ser de alta morbidade mediante as
particularidades do RN prematuro ou com cardiopatia congénita (10).

Os principais sinais e sintomas gastrointestinais da NEC sdo: retardo no esvaziamento
gastrico, distensao abdominal, vomitos biliosos, sangue visivel ou oculto nas fezes, ou algas
intestinais distendidas e palpaveis. No entanto, ¢ importante ressaltar que, inicialmente, a
NEC pode apresentar-se como uma sindrome infecciosa com sinais sistémicos inespecificos
como: letargia, apneia, desconforto respiratério, ma perfusdo tecidual, bradicardia e
instabilidade da temperatura (11). Por serem inespecificos, os sinais clinicos de NEC podem
ser confundidos com diversas outras doencas, como por exemplo, a septicemia. Essa

inespecificidade representa o grande desafio para a confirmagao do diagnodstico (5).
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Laboratorialmente, a NEC pode apresentar-se com trombocitopenia, aumento ou
diminui¢do das células brancas do sangue, acidose metabdlica, hipo ou hiperglicemia, e
desequilibrio hidroeletrolitico. A radiografia simples de abdome tem sensibilidade e
especificidade variavel de acordo com a fase de evolugdo da doenga e gravidade da isquemia
ou necrose intestinal, porém permite identificar pneumatose intestinal, aerobilia,
pneumoperitonio, alca sentinela, sinais de obstrug@o intestinal, edema de parede de alca e
liquido livre. O acompanhamento clinico, laboratorial e radioldgico auxilia o cirurgido em sua
conduta mediante interpretagdo das fases ou etapas de evolugao da doenga (3).

Bell MJ (1978) apresentou uma classificagdo para NEC baseado em critérios clinicos,
laboratoriais e radioldgicos. Pela proposta de Bell, a NEC pode ser classificada em estagio |
(suspeito), estagio II (definitivo) e estagio III (avangado). O estagio I caracteriza-se por leves
sinais sistémicos e intestinais, € sinais radiologicos inespecificos ou normais. O estagio II
caracteriza-se por sinais sistémicos leves a moderados, sinais intestinais como ruidos ausentes
e dor abdominal, altera¢des laboratoriais e sinais radioldgicos especificos como pneumatose
intestinal. Finalmente, no estagio III sdo identificados sinais sist€émicos graves (hipotensao),
sinais intestinais especificos que caracterizam a evolu¢do da doenga como distensao
abdominal marcante e peritonite, alteracdes laboratoriais (acidose metabodlica), e graves sinais
radiologicos de necrose extensa como presenca de gas no sistema venoso portal hepatico ou
perfuracdo intestinal com pneumoperitonio (12).

Uma vez existindo a suspeita de NEC, o RN deve ser cuidadosamente monitorado e
submetido a avaliagdo clinica, laboratorial e radioldgica periddica para confirmagdao do
diagnéstico e classificacdo da doenga durante sua evolugdo. O tratamento deve ser imediato e
norteado segundo os achados e a gravidade da NEC. A conduta no estagio I deve ser: repouso
intestinal, antibidticos de amplo espectro por 72 horas e acompanhamento seriado de exames
laboratoriais e radioldgicos. No estagio II: o tratamento médico deve ser mantido por até¢ 14
dias para monitoramento intenso e avaliagdo da evolugdo da NEC, e caso confirmado o
estagio III, suporte respiratério e cardiovascular podem ser necessarios. A intervengao
cirtirgica, estd restrita a casos com complicagdes como necrose, perfuracdo e obstrugao.
Medidas cirtrgicas alternativas como a drenagem peritoneal podem ser uma importante
estratégia diante das condi¢cdes do RN com cardiopatia associada. A fase aguda da doenca (I e
II) pode deixar graves sequelas como estenoses intestinais, ma absor¢do e desnutricdo e
eventualmente a sindrome do intestino curto quando a ressec¢do cirargica for muito extensa

(13,14).
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Nos casos de NEC complicada com perfuragdo intestinal ¢ necessaria a intervengao
cirargica (15). Apesar dos avangos nos cuidados dos recém nascidos prematuros, ndo houve
mudanc¢a na mortalidade de neonatos com perfuragao intestinal, que permanece entre 30 e
50% (16) O tratamento convencional dos neonatos com perfuracdo ou necrose intestinal ¢ a
laparotomia com a criagdo de estomia o que traz grande mortalidade. Nesse contexto a
drenagem peritoneal “a beira do leito” sob anestesia local surgiu, em 1976, como uma
alternativa no tratamento dos recém nascidos nos quais a condic¢ao clinica contraindicaria a
laparotomia (17).

Existe grande controvérsia quanto ao melhor tratamento da necrose ou perfuracdo
intestinal com estudos observacionais mostrando que a sobrevivéncia dos recém nascidos
submetidos a drenagem seria semelhante ou maior do que os submetidos a cirurgia (18,19)
enquanto outros relatam uma maior sobrevivéncia nos recém nascidos operados (20,21). Essa
controvérsia ¢ atribuida em grande parte a um viés de selecdo, uma vez que pode existir uma
tendéncia da equipe médica em optar pela drenagem nos neonatos em condi¢do mais critica e
que, teoricamente, ndo tolerariam o procedimento cirurgico. Em um estudo prospectivo
randomizado comparando a laparotomia com a drenagem peritoneal ndao foi observada
diferen¢a na mortalidade dos grupos mas, devido as limitagdes de amostra, os proprios autores
afirmam que ndo ¢ possivel excluir uma diferenca significativa na evolugdo dos pacientes com
as diferentes abordagens (22).

Lin et al. apresentaram algumas estratégias para prevencdao da NEC e uma delas
refere-se ao aleitamento materno exclusivo, que exclui a alimentacdo artificial considerada
um dos principais fatores de risco da doenga (11). Hunter et al. descreveram trés principais
fatores de risco: o epitélio imaturo da barreira intestinal, a colonizagdo bacteriana anormal e a
alimentacao artificial (4), Clark et al. incluiram hipoxia-isquemia intestinal e prematuridade.
O maior risco para os RNP deve-se a imaturidade das fungdes basicas intestinais, motilidade
gastrointestinal, capacidade digestiva, regulacdo da circulacdo e a baixa defesa imunoldgica
(23,24). Em RNT, embora o risco seja menor, a NEC tem altos indices de morbidade e
mortalidade, e estd geralmente associada a predisposi¢do ou disturbios subjacentes, como a
asfixia perinatal, policitemia, desconforto respiratorio e anomalias congénitas (11).

Os RNT que desenvolvem NEC geralmente tém outros fatores associados que os
predispdem a doenca, como baixo indice de Apgar, ruptura prolongada de membranas,
transfusdes de troca, defeitos do tubo neural e cardiopatia congénita (CC) (25,26). Tanto a
prematuridade como as CC sdo causas de significativa morbidade e mortalidade na populacao

neonatal com um risco de 3,3% a 11% de desenvolver NEC (25,27). Embora dois processos
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distintos da doenca, NEC e CC parecem estar relacionados, a incidéncia de NEC ¢
significativamente maior em recém nascidos com CC do que na populagdo normal de recém
nascidos e ¢ mais alta entre pacientes com cardiopatia complexa, particularmente hipoplasia
esquerda (27).

A fisiopatologia da NEC na CC ainda ¢ desconhecida, mas acredita-se que os bebés
com cardiopatias tém pressoes diastdlicas menores, levando a pressdes de perfusdo intestinais
mais baixas e menor fluxo sanguineo oxigenado sistémico, contribuindo para um estado geral
de hipoperfusao e isquemia intestinal (25,28).

A alimentacdo enteral também desempenha um papel na patogénese da NEC,
possivelmente devido a ma digestdo de carboidratos e lipidios, resultando em
supercrescimento bacteriano e lesdo da mucosa. O papel dos alimentos entéricos na
patogénese da NEC em cardiopatas, também pode ser significativamente alterado pela
oscilacdo hemodinamica no perioperatorio, incluindo baixa saturagdo sistémica, baixo débito
cardiaco, aumento do pressdo venosa e escoamento diastolico, resultando em inadequada
oxigenacao intestinal. Como consequéncia, hd variacdo generalizada nos regimes de
alimentacdo enteral em lactentes com cardiopatia congénita, particularmente durante o
tratamento com prostaglandina (28,29).

Nos ultimos 20 anos, a incidéncia de NEC e o tratamento disponivel sdo os mesmos.
Tem sido sugerido que a exposi¢cdo aos fatores de risco lesaria a mucosa intestinal gerando
uma resposta inflamatoéria e consequentemente, aumentaria a permeabilidade enteral o que
facilitaria o deslocamento de bactérias patogénicas e necrose tecidual (23,30). Apesar dos
inameros fatores de risco para o desenvolvimento da NEC, ndo ¢ conhecido o real fator
causador da doenca, o que torna sua etiologia e sua patogénese ainda indefinidas (31,32).
Estudar a NEC buscando identificar o impacto das variaveis a ela relacionadas buscando, por
fim, reconhecer medidas que possam interferir na evolugao natural da doenga ¢ uma forma de
mudar a realidade da NEC e sua gravidade em nosso meio. O aprimoramento de estudos que
desenvolvam sistemas precisos e confidveis para obtencdo de diagndstico precoce de NEC ¢
crucial para o fornecimento de tratamento adequado (6). Portanto, comparar a evolugdo entre
grupos de bebés em que incide a NEC ¢ importante para a melhoria das praticas assistenciais

no intuito de melhorar o prognoéstico bem como para o aconselhamento familiar.
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2 JUSTIFICATIVA

A prematuridade e as malformagdes congénitas sdo as causas mais comuns de morte
em crianga segundo dados da Organizacdo Mundial de Satide. A prematuridade de forma
isolada ¢ um importante fator de risco para NEC. Por sua vez a presenca de alguma
malformagdo congénita associada a prematuridade pode agravar a evolucao da doenga, dentre
as mais frequentes encontram-se a gastrosquise, a atresia intestinal tipo Apple peel e as
cardiopatias congénitas. Estas ultimas acometem tanto recém nascidos prematuros quanto a
termo e sua manifestacdo clinica, especialmente nas cardiopatias cianosantes, aumentam o
risco de NEC.

O tratamento da NEC ¢ clinico mas até 33% dos pacientes necessitam de cirurgia. Em
situagdes em que a gravidade da doenca ¢ extrema existe a opcdo temporaria de Drenagem
Peritoneal Primaria (DPP) ao invés da cirurgia até que seja possivel operar o paciente.
Portanto, identificar e discutir as praticas assistenciais em relagdo ao manejo clinico e
cirtirgico da NEC, em especial aqueles que tem cardiopatia associada, comparando grupos de
risco e evolugcdo pode trazer subsidios que possam melhorar a abordagem da doenga e

promover melhor assisténcia neonatal.
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3 OBJETIVOS

3.1 Objetivo geral

Avaliar a evolugdo e apresentacdo clinica entre dois grupos, com e sem cardiopatia

associada, de uma Coorte de NEC no periodo de 19 anos na UTINEO do HCFMRP-USP.

3.2 Objetivos especificos

3.2.1 Avaliar a melhor estratégia cirargica, seja ela laparotomia ou drenagem

peritoneal primaria nos dois grupos.
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4 MATERIAIS E METODOS

4.1 Avaliaciao do Comité de Etica em Experimentacio em Seres Humanos

Todos os procedimentos envolvendo os pacientes, suas informagdes e registros de
prontudrios estdo de acordo com as diretrizes estabelecidas pela Unidade de Pesquisa Clinica
(UPC) e do Comité de Etica em Pesquisa Humana do Hospital das Clinicas da Faculdade de
Medicina de Ribeirdo Preto da Universidade de Sao Paulo, pelo protocolo 10572 UPC, e pela
Plataforma Brasil CAAE: 16180819.8.0000.5440.

4.2 Amostra e desenho

Trata-se de um estudo Coorte retrospectivo dos recém nascido hospitalizados na
unidade de terapia intensiva neonatal (UTINEO) no Hospital das Clinicas da Faculdade de
Medicina de Ribeirdo Preto (HCFMRP-USP) diagnosticados com os critérios de Bell (12) de
NEC com e sem cardiopatia congénita associada durante o periodo de 2000 a 2019. Todos os
dados foram obtidos por meio de revisdo de prontuario médico. Foram incluidos no estudo os
recém nascido com diagnostico de NEC, os quais foram divididos em dois grupos: 1)
portadores de Enterocolite Necrotizante sem cardiopatia (grupo NEC) e 2) portadores de NEC
com cardiopatia (grupo NEC + CHD). Esses grupos foram subdivididos em NEC submetido a
cirurgia (NECS), NEC submetido a drenagem peritoneal (NECD), NEC + CHD submetido a
cirurgia (NECCAS) e finalmente NEC + CHD submetido a drenagem peritoneal (NECCAD).

Os dados analisados foram:

a) Pré-Natal: paridade, doengas maternas prévias e gestacionais, rotura de membrana
amniotica, utilizagdo de corticdide durante a gravidez, via de parto.

b) Neonatal: sofrimento fetal, sexo, peso, Apgar no 1° e 5° minuto, idade gestacional pelo
método de Capurro, estado nutricional, cateterizacdo de artéria umbilical, inicio de
alimentacdo enteral, dia do inicio dos sintomas.

c) Achados clinicos, laboratoriais e radioldgicos: estagio de Bell ao diagndstico, estagio
de Bell na evolucdo, dosagem de hemoglobina, hematimetria, resultado de
hemocultura, pneumatose intestinal, pneumoperitoneo, tempo de nutricdo parenteral,
complicag¢des clinicas, tempo de internagao.

d) Cirurgia: indicacdo de cirurgia, tipo de cirurgia, reoperacdes, dia de realizagdo da

drenagem, tempo de drenagem, seguimento até alta hospitalar (sobrevida).
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4.2 Critérios de inclusao e exclusao

O critério de inclusdo foi o diagnostico de NEC (Bell II ou III) realizado pela equipe
da neonatologia e cirurgia pediatrica. Os critérios de exclusdo foram outras malformacgoes,
sindrome genética, aqueles que nao realizaram ecocardiograma. Todos os pacientes com NEC
e NEC + CHD foram submetidos a ecocardiograma realizado pela equipe de cardiologia
pediatrica. Foram consideradas doengas cardiacas PCA> Icm e outras cardiopatias

congénitas.

4.3 Analise estatistica

Os dados foram obtidos por meio de revisao de prontuario. Para analise estatistica das
varidveis categoricas, os grupos foram comparados pelo teste de Wilcoxon e as demais
variaveis usamos o risco proporcional de Cox. O risco relativo (RR bruto e real) foram
calculados para avaliar o fator que influenciou na sobrevida e foram utilizados modelos de
regressao log-binomial simples e multiplos. Curvas de Kaplan-Meier foram construidas para
descrever o tempo de internagdo, de acordo com os grupos. Consideramos significativo do

ponto de vista estatistico p<0.05.
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S RESULTADOS

Encontramos duzentos e setenta e trés pacientes com enterocolite no periodo estudado.
Cento e setenta e trés pacientes foram excluidos por preencherem critérios de exclusdo. Cem
pacientes foram incluidos, desses, 52 pacientes nao apresentavam doenga cardiaca (NEC) e 48
pacientes apresentavam doenca cardiaca (NEC+CHD). Os grupos ainda foram subdivididos
para avaliacdo das varidveis cirurgicas e a eficacia do tratamento proposto, em NEC Cirtrgico
(NECS), NEC drenados (NECD), NEC + CHD Cirargico (NECCAS) e NEC + CHD
Drenados (NECCAD). (Figura 1)

FIGURA 1 - Divisao dos grupos.

NEC
n=100‘

?Z \

NEC NEC + CHD
N=52 N=48
NECS NECD 'NECCASI 'NECCAD |
N=31 N=21 N=19 N=29

NEC: Enterocolite Necrotizante, NEC+CHD: NEC+ Cardiopatia Congénita, NECS:
Enterocolite submetido a cirurgia, NECD: Entercolite submetido a drenagem peritoneal,
NECCAS: Enterocolite com cardiopatia submetido a cirurgia ¢ NECCAD: Enterocolite com
cardiopatia submetido a drenagem peritoneal.

A tabela 1 mostra os diagnosticos de NEC+CHD encontrados.
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TABELA 1 - Diagnostico de cardiopatia congénita associada a NEC.

Diagnosticos n

—
()

Associacao (mais de 1 anomalia)
Defeito do Septo Atrial

Transposicao de Grandes Vasos

—
(e

Defeito do Septo Ventricular

Sindrome do Coracao Esquerdo Hipoplasico
Conexao Venosa Pulmonar Andmala
Truncus Arteriosus

Coarctagao de Aorta

Estenose de Valvula Pulmonar

Anomalia de Ebstein's

Atresia Pulmonar/Septo Ventricular Intacto

—_ = = = W N NN O

Tetralogia de Fallot

Os grupos nao diferiram em relacdo aos achados clinicos e laboratoriais pré-natal e
pos-natal. As diferencas estdo no inicio da alimentagdo enteral, sofrimento fetal, inicio dos
sintomas, presenca de pneumatose intestinal, duragdo da nutricdo parenteral, tempo de
internacdo. Os neonatos com NEC apresentaram mais sofrimento fetal agudo 76% (40/52)
versus 48% que neonatos com NEC+CHD (23/48) (p<0,005), inicio mais precoce dos
sintomas (11 versus 18 dias, respectivamente; p<0,005) e iniciaram a alimentagdo enteral
mais cedo (1,6 versus 3 dias, respectivamente; p<0,005). Nos neonatos com NEC, o valor da
hemoglobina (12,3 mg / dL (£ 3,2) versus 11,40 mg / dL (£ 2,3) na NEC+CHD; p<0,005) ¢ a
presenga de pneumatose intestinal na radiografia de abdome [34% (18/52) versus 16% (8/48)]
em NEC+CHD; p<0,005) foram maiores. Por outro lado, o nimero de pacientes classificados
como Bell III foi menor em neonatos com NEC [21% (11/52) versus 33% (16/48) do que
neonatos com NEC+CHD; p<0,005)], além do mais, a duragdo da NPT (9 versus 18 dias no
NEC+CHD; p<0,005) e o tempo de permanéncia hospitalar (56 versus 73 dias no NEC+CHD;
2<0,005) também foram menores no NEC. (Tabela 2)
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TABELA 2 - Dados gerais para comparacao das variaveis escolhidas entre os grupos NEC e
NEC+CHD.

Pré -Natal

Pés-Natal

Achados Clinicos e

Laboratoriais

NEC NEC+CHD p
(n=52) (n=48)

Idade Materna (anos) 26.3 (14-44) 25.4 (12-43) NS
Primipara 21 (40%) 20 (41%) NS
Doenga Hipertensiva da Gestagao 10 (19%) 6 (12%) NS
Bolsa Rota 24 (46%) 16 (33%) NS
Uso de Corticosterdide 17 (32%) 15 (31%) NS
Parto Vaginal 15 (28%) 18 (37%) NS
Sofrimento Fetal Agudo 40 (76%) 23 (48%) p<0.005
Masculino (%) 26 (50%) 27 (56%) NS

Peso ao Nascimento (g)

1475 (385-4100) 1628 (480-3585) NS

Apgar 1°min 7 (0-9) 6 (1-10) NS
Apgar 5°min 9 (2-10) 8 (1-10) NS
Idade Gestacional (semanas) 32 (21-41) 31 (21-41) NS
Cateterizacao da Artéria Umbilical 18 (34%) 20 (41%) NS
Inicio da Alimentacao Enteral (dias) 1.6 (1-21) 3(1-19) p<0.005
Inicio dos Sintomas (dias) 11 (0-84) 18 (0-150) p<0.005
Bell II 40 (77%) 28 (58%) NS
Bell I 11 (21%) 16 (33%) p<0.005
Hemoglobina (g/dL) 12.3 (3.2) 11.4 (£2.3) £<0.005
Hemocultura (positiva) 11 (21%) 8 (16%) NS
Trombocitopenia (< 100.000 ul) 15 (28%) 11 (23%) NS
Pneumatosis Intestinalis 18 (34%) 8 (16%) p<0.005
Pneumoperitoneum 10 (19%) 7 (14%) NS
Tempo de NPT (dias) 9 (1-80) 18 (1-220) p<0.005
Complicagdes Clinicas 18 (34%) 15 (31%) NS
Tempo e Hospitalizagdo (dias) 56 (1-425) 73 (1-330) p<0.005

No grupo NEC, 31 de 52 bebés foram submetidos a cirurgia e seis morreram (19%).

No NEC + CHD, 19 de 48 bebés foram submetidos a cirurgia e seis morreram (31.5%).

Houve diferenca estatistica na taxa de sobrevida entre os pacientes tratados clinicamente e

cirurgicamente. A sobrevida total para todos os pacientes foi de 52% (52/100). Quanto aos

pacientes drenados e submetidos a cirurgia, a sobrevida foi diferente. A sobrevida entre os

pacientes drenados foi de 28% enquanto que a sobrevida entre os pacientes operados foi de

76%. Quando comparados os grupos NEC e NEC + CHD quanto a drenagem abdominal, nao

observamos diferenca na sobrevida (RR=1). A drenagem peritoneal primaria (DPP) foi

realizada em 21 NEC com seis sobreviventes (28.5%) ¢ 29 NEC + CHD com oito

sobreviventes (27.5%) (Tabela 3 e Figura 2).
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TABELA 3 - Analise da sobrevida entre os 4 grupos.

Obito
Grupos :

Niao Sim Total

NECS 25 6 31
80.65 19.35

NECCAS 13 6 19
68.42 31.58

NECD 6 15 21
28.57 7143

NECCAD 8 21 29
27.59 72.41

Total 52 48 100

NECS: Enterocolite submetido a cirurgia, NECD: Entercolite submetido a drenagem
peritoneal, NECCAS: Enterocolite com cardiopatia submetido a cirurgia ¢ NECCAD:
Enterocolite com cardiopatia submetido a drenagem peritoneal. Nao: vivo. Sim: 6bito

FIGURA 2 - Curvas de Kaplan-Meier com a sobrevida nos grupos de acordo com o tipo de
tratamento realizado.
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Quanto a sobrevida, os pacientes com NEC + CHD que foram submetidos a cirurgia
apresentaram maior sobrevida comparado ao grupo NEC operados (IC 95% 0.94 (0,28; 3,13)).
Esse mesmo grupo, quando drenados, apresentou menor tempo até o obito. (IC95% 4,21 (1,69;
10,53)). Os pacientes do grupo NEC que foram submetidos a drenagem peritoneal primaria
apresentaram menor tempo em dias até o obito comparado aqueles do mesmo grupo porem

submetidos a cirurgia. (IC95% 6.10 (2,34; 15,84)). (Tabela 4 ¢ 5).

TABELA 4 - Tempo até o 6bito dos diferentes grupos

Grupo Hazard ratio (IC95%) Hazard ratio (IC95%) - ajustado
NECS Referéncia Referéncia
NECCAS 0,94 (0,28; 3,13) 1,14 (0,32; 4,09)
NECD 6,10 (2,34; 15,84) 8,72 (3,10; 24,54)
NECCAD 4,21 (1,69; 10,53) 5,32 (1,95; 14,44)

Covariaveis: peso ao nascer ¢ idade gestacional.

TABELA 5 - Risco Relativo para 6bito.

RRaj(IC95%)
NECD X NECS 2,70 (1,47; 4,97)*
NECCAD x NECCAS 1,97 (1,08; 3,61 )#
NECCAS x NECS 1,45 (0,66; 3,21)*
NECCAD x NECD 1,06 (0,73; 1,54)**

Referéncia: NECS. # Referéncia: NECCAS. ** Referéncia:
NECD. Covariaveis: peso ao nascer ¢ idade gestacional.

O tempo de internagdo dos pacientes que sobreviveram do grupo NEC que foram
submetidos a cirurgia foi menor comparado ao grupo NEC que foram drenados (p 0.82) embora ndo

tenha apresentando significancia estatistica. (Tabela 6)

TABELA 6 - Anélise do tempo de internagao

Variavel Grupo p-valor
NECS
Tempo de internagdo NECCAS 0,63
NECD
NECCAD
Tempo de internagdo NECS 0,82

NECD
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Em relacdo ao peso, a média dos pacientes NEC que foram submetidos a cirurgia foi
de 1150g enquanto que dos pacientes com cardiopatia NEC + CHD foi de 1080g. Ja os
pacientes que foram submetidos a drenagem peritoneal priméaria, o peso médio foi 0 mesmo
em ambos os grupos (960g NEC e 950g NEC + CHD), valor-p 0.37. A média da idade
gestacional IG variou pouco no grupo NEC submetido a cirurgia e a drenagem peritoneal, 32
semanas ¢ 31 semanas respectivamente. Assim como no grupo NEC + CHD, onde os
pacientes submetidos a cirurgia apresentavam IG média de 29 semanas e aqueles submetidos
a drenagem peritoneal, 28 semanas. (valor-p: 0.1). (Tabela 7)

Quanto ao inicio da alimenta¢@o, a média foi de 3 dias para o grupo NEC e 2 dias para
o grupo NEC + CHD e os dias para inicio dos sintomas variou de 9 a 13 dias. A média de
tempo de uso de NPP nos grupos foi respectivamente: NEC operados 38 dias, NEC + CHD
operados 18 dias, NEC drenados 17 dias e NEC + CHD drenados 16 dias. (Tabela 7)

TABELA 7 - Caracteristicas estudadas nos grupos e tipo de tratamento cirargico.

Caracteristicas NECS NECD NECCAS NECCAD
N=31 (%) N=21 (%) N=19 (%) N=29 (%)
Peso ao nascer
(aédia/DP) 1227.2(359)  1054.52(274)  1252.89 (661)  1213.90 (664)  0.37
Idade Gestacional
(média/DE) 31.4(2.9) 30.0(2.8) 30.5 (3.9) 30.0(4.1)  0.10
Sexo masculino 16 (51.6) 9 (42.8) 12 (63.1) 16 (55.1) 0.63
HAS 11 (35.4) 3(14.2) 4(21.0) 3(10.3) 0.10
Corticéide 15 (48.3) 11 (52.3) 8 (42.1) 10 (34.4) 0.67
PIG 18 (58.0) 10 (47.6) 5(26.3) 9 (31.0)
Estado nutricional 0.68
AIG 13 (42.0) 11 (52.4) 14 (73.7) 20 (69.0)
Corioamnionite 6 (19.3) 6 (28.5) 11 (57.8) 12 (41.3) 0.04
Tempo de internagio 78.5 (52.8) 40.9 (31.1) 120.2 (104.9) 70.7(82.5)  0.63

(média/DP)
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6 DISCUSSAO

NEC ¢ a causa mais comum de abdome agudo no periodo neonatal e sua mortalidade
ainda ¢ alta (33,34). Sua etiologia ¢ multifatorial incluindo predisposi¢ao genética,
imaturidade intestinal, desequilibrio no tonus microvascular, colonizacdo microbiana anormal
e mucosa intestinal imunorreativa (35). A prematuridade, o baixo peso, as dietas
industrializadas e a infe¢do sdo fatores de risco bem estabelecidos para NEC (36), bem como
a associac¢dao da doenga com cardiopatia congénita, pré-eclampsia materna com insuficiéncia
vascular placentaria, anemia grave e transfusao de hemoderivados (37).

A lesdo intestinal ¢ consequéncia de um processo inflamatério comum que evoluiu
para isquemia, pneumatose, necrose de coagulacao e perfuracdo, comprometendo, na maioria
das vezes, o ileo terminal e colon (35,38). Em revisao sistematica, Samuels et a/ identificaram
a idade gestacional, o baixo peso, o uso de surfactante e o uso de ventilagdo mecanica como
fatores de risco para NEC, resultado esperado visto que o uso destas medidas esta relacionado
ao desenvolvimento pulmonar incompleto e hipoxia grave. Além disso, a instabilidade
hemodinamica e choque corroboram para o desenvolvimento de NEC. Neste mesmo estudo,
os fatores maternos apontados como fatores de risco para NEC foram a bolsa rota e parto
cesarea (35).

Nossos dados demonstraram piores resultados em RN submetidos a drenagem
peritoneal primaria, em ambos os grupos. A drenagem ndo reduziu a mortalidade nos
pacientes com NEC cirargica e instabilidade clinica, servindo como medida de controle de
danos e ndo estratégia cirirgica definitiva. As caracteristicas do grupo foram semelhantes, e
apesar do tratamento realizado o tempo de internagdo nao apresentou significancia estatistica.
Os dados da literatura indicaram maior ocorréncia de NEC e piores desfechos em neonatos
com cardiopatia associada. Em relagdo as cardiopatias, a persisténcia do canal arterial, uso de
indometacina para fechamento do canal, cateterismo umbilical e cardiopatia congénita, sao
possiveis agentes para desenvolvimento da NEC, que atinge 7 a 20% nessa populagdo
(39,40,41).

A cardiopatia congénita predispde a NEC em RNP e RNT (40). A fisiopatologia da
NEC nos cardiopatas ¢ resultado do baixo fluxo sanguineo nos vasos mesentéricos,
consequéncia do fluxo reverso na aorta abdominal secundario a baixa pressao diastolica pelo
mecanismo compensatorio da hipoxia denominado “driving reflex” (41). Neonatos
cardiopatas com ascite, grande parte das vezes, necessitam de paracentese com melhora

hemodinamica (42). Alguns tipos de cardiopatia representam um risco ainda maior para NEC
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como hipoplasia de ventriculo esquerdo, ventriculo tnico, coarctacdo de aorta, e truncus
arteriovenoso (40).

Bubberman et al. em estudo caso controle comparou 18 NEC+CHD e 36 NEC e
encontram diferenca na idade pds-natal no inicio dos sintomas com inicio mais precoce no
NEC+CHD, niveis de pH foram mais baixos e niveis de PCR foram mais altos no grupo NEC
e a localizacdo anatomica diferente onde o colon foi mais acometido no grupo NEC+CHD
(86% versus 33%, p=0,03), no entanto ndo encontraram diferenca na mortalidade entre os
grupos respectivamente (22% vs. 11%, p = 0,47) (43).

Spinner ef al. em estudo multicéntrico encontrou a prevaléncia de NEC em 3,7% nos
pacientes com CC. A menor prevaléncia de NEC foi na transposicdo das grandes artérias
(2,1%). NEC ocorreu com maior frequéncia em neonatos com sindrome do coracdo esquerdo
hipoplésico, truncus arteriosus, ventriculo comum e obstru¢do do arco adrtico. (44). Nossos
resultados ndo mostraram diferenga entre transposicao de grandes vasos da base (TGVB) e os
demais defeitos cardiacos congénitos.

O tratamento convencional dos neonatos com perfuragdo ou necrose intestinal ¢ a
laparotomia com a criagdo de estomia ou anastomose primaria, a depender da condi¢ao clinica
do paciente que, no RN, traz grande risco cirargico por conta do estado critico (17). A DPP
sem laparotomia posterior esta relacionada a maior mortalidade e tempo de hospitalizacdo do
que apenas a laparotomia (45), ndo justificando seu uso como método definitivo de
tratamento. Os resultados desfavoraveis da DPP ¢ que a permanéncia de intestino com
necrose possa, além de predispor a ocorréncia de sepse, estimular a liberagao de citocinas com
efeito deletério ao organismo, deteriorando a condicao clinica do RN (46).

Erlich et al. analisando os procedimentos cirirgicos realizados em 70 RN com peso ao
nascer inferior a 1.000g e que evoluiram com NEC observaram sobrevida de 63% nas
criancas submetidas a drenagem peritoneal e de 75% as submetidas a laparotomia. No
entanto, os pacientes submetidos a drenagem peritoneal apresentavam um nuamero
expressivamente maior de complicagdes. Os autores concluiram, através da andlise de
regressao, que a escolha cirargica nao influenciou o resultado final (21). Recentemente, Moss
et al. realizaram a metandlise dos estudos que utilizaram os dois procedimentos para o
tratamento de criangas com NEC. A andlise reuniu 475 pacientes e ndo mostrou diferenga
estatistica entre a laparotomia e a drenagem peritoneal quanto a mortalidade (22). Em outros
estudos nao houve diferenca estatistica em morbimortalidade e tempo de internacio em RN
submetidos a DPP seguida por laparotomia e laparotomia isolada (47), além disso, grande

parte dos RN submetidos a DPP precisaram de laparotomia num segundo momento (48) (49).
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No entanto, Tashiro et al., verificaram, que em pacientes prematuros, com peso inferior a
1000g, instdveis hemodinamicamente, a DPP mostrou-se eficaz como tratamento cirurgico
inicial (50). Nesse estudo, a sobrevida dos pacientes com CC foi maior quando submetidos a
DPP (47%) se comparados aos pacientes do grupo NEC (10%). Observamos entre os RN
submetidos a DPP, maior sobrevida nos pacientes com cardiopatia. A falta de melhora na
sobrevida de RN diagnosticados com NEC ¢ influenciada por estratégias cirurgicas e
terapéuticas nao especificas e, muitas vezes, aleatérias (42). Em nosso estudo, a DPP foi
associado a morte no NECS e NECD, bem como no NECCAS e NECCAD. O risco relativo
associado a morte no NECCAD foi maior do que no NECCAS, e também maior no NECD
quando comparado ao NECS, porém os neonatos sem cardiopatia apresentaram maior risco de
morte do que os neonatos com cardiopatia. O menor risco desses pacientes poderia ser
explicado pela hipoxemia mais significativa, que poderia representar parcialmente um pré-
condicionamento isquémico e, portanto, servir como um estado protetor contra danos
intestinais (51). Nossos dados revelam que os neonatos submetidos a drenagem evoluiram
mais rapido ao obito. No entanto, ha limitagdo para a interpretacdo dos dados, haja vista que a
indicacdo da drenagem peritoneal primaria ocorre quando hé instabilidade clinica. Deste
modo, relaciona-se os piores desfechos as condigdes clinicas.

Portanto, conclui-se que a drenagem peritoneal primaria foi ineficaz como tratamento

definitivo em ambos os grupos e associada a piores desfechos.
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7 CONCLUSAO

GERAL

Ao comparar NEC e NEC+CHD verificamos que os neonatos com NEC apresentaram
historia de sofrimento fetal agudo e inicio mais precoce dos sintomas que os NEC + CHD.
Também, os neonatos com NEC, valores menores de hemoglobina e presenc¢a de pneumatose
intestinal na radiografia de abdome foram mais frequentes que em NEC +CHD. Por outro
lado, a quantidade de Bell III, a dura¢do de uso da NPT e o tempo de permanéncia hospitalar

foram menores em neonatos com NEC que NEC + CHD.

ESPECIFICA

A drenagem peritoneal primaria em neonatos com ou sem cardiopatia congénita nao

melhorou a sobrevida e esteve associada a maior mortalidade em RN com NEC e

instabilidade clinica, ndo sendo indicada como melhor estratégia cirtirgica definitiva.
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Abstract

Necrotizing enterocolitis (NEC) is common disease in preterm infants. The risk factors that
contribute to the disease include asphyxia, apnea, hypotension, sepsis, and congenital heart
diseases (CHD). Aim: To evaluate the association between the treatment (surgery or
drainage) and unfavorable outcomes in neonates with NEC and congenital heart diseases
(NEC+CHD). Patients and Methods: A retrospective cohort study. A 19-year retrospective
study (2000-19). Inclusion criteria: NEC II Bell stage. Exclusion criteria: Associated mal-
formation, genetic syndrome, those who did not undergo echocardiography and Bell I
diagnosis. The groups were subdivided into NEC undergoing surgery (NECS), NEC
undergoing peritoneal drainage (NECD), NEC + CHD undergoing surgery (NECCAS) and
finally NEC + CHD drained (NECCAD). Multivariate analysis was performed to estimate the
relative risk to death and length of stay. Covariables: Birth weight and gestational age.
Results: We included 100 neonates. NEC (n = 52) and NEC + CHD (n =
48).NECS(31),NECD(19),NECCAS(21), NECCAD(29). The group characteristics were
similar. The adjusted risk relative to death was higher in drainage groups NECD, AdjRR=2,70
(IC 95% 1,47; 4,97) and NECCAD, Adj RR = 1,97 (IC95% 1,08; 3,61) and presented lowest
time to death; NECD = 8,72 (IC 95% 3,10; 24,54) and NECCAD=5,32 (IC95% 1,95; 14,44).

Conclusion: In conclusion, the primary peritoneal drainage in neonates with or without
congenital heart disease don’t improve days of life, don’t decrease the death and is associated

with higher mortality in newborns with necrotizing enterocolitis and clinical instability.

Key words: Necrotizing enterocolitis; Peritoneal drainage; Congenital heart diseases.
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Introduction

Necrotizing enterocolitis (NEC) is the most common cause of neonatal abdominal
surgery. The overall incidence of NEC is about 1 in 1000 live births, but it clearly is inversely
related with birth weight and gestational age and increases up to 10% in infants less weighing
than 1500 g [1]. NEC has a multifactorial etiology, and inadequate inflammatory response to
some type of insult (congenital heart disease, infection, formula feeding, or combined factors)
may culminate in intestinal necrosis and perforation [2] .

Full-term infants who develop NEC usually have other associated factors that
predispose them to the disease such as sepsis, low Apgar scores, prolonged rupture of
membranes, exchange transfusions, neural tube defects, and congenital heart disease
(CHD)[3]. Patients with CHD have a 3.3%—11% risk of developing NEC [4][5], which is
much higher as compared to other full-term infants. The pathophysiology of NEC in CHD
patients remains unknown, but it is theorized that infants with CHD have lower diastolic
pressures, which leads to lower bowel perfusion pressures and lower systemic oxygenated
blood flow, contributing to an overall state of bowel hypo-perfusion and increased circulating
pro-inflammatory cytokines [6] .

NEC is initially treated through clinical management, but surgical intervention is
required if intestinal perforation or necrosis arises [7]. Mortality for surgical NEC is still
around 50%, despite all the scientific improvements in the last decades [8]. However, some
authors advocate that surgical intervention produces higher survival than medical
management in patients with CHD [9]. Surgical treatment may be achieved by laparotomy or
primary peritoneal drainage (PPD) [10], but which is the best technique is still unclear [11,
12]. In fact, adequate evidence regarding the best treatment for NEC in babies with
hemodynamic instability and patients with patent ductusarteriosus (PDA) or other heart
diseases (OHD) is lacking.

We aim to evaluate the association between treatment (drainage or surgery) and

outcomes in patients with NEC and CHD.

Patients and Methods

The study was approved by the local ethics committee for human research approved
number - CEP / PlataformaBrasil CAAE: 16180819.8.0000.5440 (Number: 077334/2019 -
Ribeirao Preto Medical School - USP). We retrospectively analyzed the medical charts of
newborns hospitalized at a Ribeirao Preto general hospital from 2000 to 2019. The inclusion

criteria was diagnosis of NEC (Bell II or III) [13] performed by neonatology staff. The
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excluded criteria were other mal-formation, genetic syndrome, those who did not undergo
echocardiography and Bell I diagnosis. All the NEC and NEC+CHD patients were submitted
to echocardiogram performed by cardiology staff. We considered heart disease PDA >1cm
and other congenital heart defects.

The patients were divided into two groups depending on the presence of CHD (NEC
and NEC+CHD groups). The groups were subdivided into NEC undergoing surgery (NECS),
NEC undergoing peritoneal drainage (NECD), NEC + CHD undergoing surgery (NECCAS)
and finally NEC + CHD drained (NECCAD).

In the group NEC drainage and NECCA drainage, the primary peritoneal drainage
(PPD) was performed in the lower right quadrant when the babies had pneumoperitoneum and
had no condition of being immediately submitted to surgery due to severe thrombocytopenia,
hemodynamic instability, bleeding, or shock with demand for vasoactive drugs use. As soon
as the baby had better clinical stability, they would be submitted to laparotomy.

In the group NEC surgery and NECCA surgery, the laparotomy was performed if had
pneumoperitoneum or after 15 days without improve even with clinical treatment (fasting,
abdominal decompression and broad-spectrum antibiotics).

Chorioaminionitis and maternal hypertension’s diagnosis was performed by
obstetricians. Small to gestational age was determined by Intergrowth 21. Gestational age was
performed by Ballard score to newborn < 37 weeks and Capurro score to >37 weeks.

For the estimation of gross and adjusted relative risks, simple and multiple log-
binomial regression models were used. Kaplan-Meier curves were constructed to describe the
length of stay, according to the groups. The time until death and the time until discharge from
the ICU were evaluated. For the latter, deaths were removed from the database. For the time
until death, hazard ratios were estimated by adjusting a Cox proportional hazards model. In
this case, weight, GA and heart disease (only for comparison of 2 groups) were also
considered as covariates. For the time until discharge from the ICU, the groups were

compared using the Wilcoxon test.

Results
We included 273 patients with NECII in the period studied, after applying the
exclusion criteria 173 patients was excluded. We analyzed 100 patients, 48 (48%) patients had

NEC and cardiac disease.
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Table 1 shows the characteristics of the groups. We noticed similar characterists in the
groups; thought chorioamionitis was higher in the groups with cardiac heart disease. The
length of stay was the same in the groups.

A multivariate analysis was performed to evaluate the association between death
according to presence heart disease and type of surgery treatment. We noticed an association
with death and drainage in both groups; however the adjusted relative risk was higher in the
group without NEC disease (table 2).

We assessed the time to death in the newborns according to presence heart disease,
type of surgery treatment and gestational age (Figure 1). We can observe lowest time to death
in the NECD group.

Table 3 shows the association between time to death and the groups. We can observe
the patients submitted to drainage had highest risk to death and the evolution is faster

compared with NECS.

TABLE 1. Characteristics of the studied groups according to presence heart disease and type
of surgery treatment

FIGURE 1. Time to death in the groups according to presence heart disease and type of
surgery treatment.

TABLE 2. Death in the groups according to to presence heart disease and type of surgery
treatment

TABLE 3. Association between days until death and the groups in the not survivors patients

Discussion

Our data demonstrated worst outcomes in newborns submitted to drainage, in both the
groups. The drainage didn’t avoid the higher incidence of death in patients with surgical NEC
and clinical instability in the newborns with NEC or NEC + HCD.

Concerning our study, the group characteristics was similar, and a despite HCD
presence or treatment performed the length of stay did not present difference, however the
length of stay was higher in all the groups. The literature data had indicated higher NEC
occurrence and worse outcomes in neonates with cardiac heart disease associated.

Regarding heart diseases, persistence of the ductusarteriosus, use of indomethacin to
close the ductus, umbilical catheterization, and congenital heart disease are possible agents for
NEC development, which affects between 7 and 20% of this population [3, 14, 15, 17, 18,
19].
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In a case-control study, Bubbermanet al. compared 18 NEC+CHD and 36 NEC and
found different postnatal age at the onset of symptoms with earlier onset in NEC+CHD. pH
levels were lower and C-reactive protein levels were higher in NEC. In addition, the
anatomical location was different: the colon was more affected in NEC+CHD (86% versus
33% in NEC, p=0.03). However, these authors did not find any difference in mortality
between the groups (22% vs. 11%, respectively, p=0.47). [20]

NEC pathophysiology in cardiac patients results from low blood flow in the
mesenteric vessels, a consequence of reverse flow in the abdominal aorta secondary to low
diastolic pressure through the hypoxia compensatory mechanism called “driving reflex” [15].
Cardiac patients with ascites often require paracentesis with hemodynamic improvement [16].
Some types of heart disease, such as left ventricular hypoplasia, single ventricle, coarctation
of the aorta, and arteriovenoustruncus, represent an even higher risk for NEC [3].

The data about better treatment to NEC + HDC need to be clarify, mainly in neonates
with clinical instability. The PPD could be associated a better outcomes in these patients?

The conventional treatment of neonates with perforation or intestinal necrosis is
laparotomy with the creation of an ostomy. In newborns, this treatment poses a tremendous
surgical risk due to the patient’s critical condition [21]. PPD without posterior laparotomy is
related to higher mortality and longer hospitalization than laparotomy only [8], so its use as a
definitive treatment method is not justified. Unfavorable PPD results include the permanence
of intestine with necrosis and predisposition to sepsis, which stimulate cytokine release and
negatively affects the organism, deteriorating the clinical condition of the newborn [22].

Erlichet al. [23] analyzed the surgical procedures performed on 70 newborns weighing
less than 1,000 g and who evolved with NEC, to observe a survival rate of 63 and 75% in
babies that underwent PPD and laparotomy, respectively. However, patients submitted to PPD
had a significantly higher number of complications. Through regression analysis, the authors
concluded that the surgical choice did not influence the results.

Recently, Moss et al. [24] performed a meta-analysis of studies that used both
procedures to treat children with NEC. The analysis gathered 475 patients and showed no
statistical difference between laparotomy and PPD regarding mortality

Other studies did not verify any statistical difference in morbidity, mortality, and
length of hospital stay in newborns undergoing PPD followed by laparotomy and isolated
laparotomy [25]. In addition, most newborns subjected to PPD required laparotomy in a

second step [26] [11].
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However, Tashiroer al. [27] found that PPD proved useful as an initial surgical
treatment in hemodynamically unstable premature patients weighing less than 1000 g. They
demonstrated patient survival was higher in NEC+CHD that underwent PPD (47%) than in
NEC patients (10%). Among patients undergoing PPD, patients with heart disease had higher
survival. The lack of improvement in the survival of newborns diagnosed with NEC was
influenced by non-specific and often random surgical and therapeutic strategies [16].

In our study, PPD was associated with death in NECS and NECD as well as NECCAS
and NECCAD. The risk relative associate with death in NECCAD was higher than NECCAS,
and also higher in NECD when comparing with NECS, however the neonates without heart
disease presented higher risk to death than newborns with heart disease.The lower risk of
these patients can be explained by the more significant hypoxemia, which could partially
represent ischemic preconditioning and, therefore, serve as a protective state against intestinal
damage [28].

Our data is association with faster evolution to death in neonates submitted to
drainage, but this data have limitations since our indication to drainage is clinical instability
and the worst outcomes probably are related with the clinical conditions.

Therefore, our data is according literature and also demonstrated drainage is

ineffective in both groups and associated a worse outcomes.

Conclusion
In conclusion, the primary peritoneal drainage in neonates with or without congenital
heart disease don’t improve days of life, don’t decrease the death and is associated with

higher mortality in newborns with necrotizing enterocolitis and clinical instability.
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TABLES AND FIGURES

TABLE 1. Characteristics of the studied groups according to presence heart disease and
type of surgery treatment.

Characteristics NECS NECCAS NECD NECCAD p
N=31 (%) N=19 (%) N=21 (%) N=29 (%)

Birthweight ( mean/DP) 1227.2 (359) | 1252.89 (661) | 1054.52 (274) | 1213.90 (664) | 0.37
Gestational age (mean/DP) 31.4(2.9) 30.5 (3.9) 30.0(2.8) 30.0 (4.1) 0.10
Male 16 (51.6) 12 (63.1) 9(42.8) 16 (55.1) 0.63
Maternal hypertension 11 (35.4) 4 (21.0) 3(14.2) 3(10.3) 0.10
Antenal steroids 15 (48.3) 8 (42.1) 11(52.3) 10 (34.4) 0.67
Smalltogestational age 18 (58.0) 5(26.3) 10 (47.6) 9 (31.0) 0.68
Corioamnionnitis 6(19.3) 11 (57.8) 6 (28.5) 12 (41.3) 0.04
Lenght of stay ( mean/DP) 78.5 (52.8) 120.2 (104.9) 40.9 (31.1) 70.7(82.5) 0.63
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TABLE 2. Death in the groups according to to presence heart disease and type of surgery
treatment.

Characteristics Death Survival p

NECS N=31(%) 6 (19.3) 25 (80.6) -

NECCAS N=19 (%) 6 (31.5) 13 (68.4) 1,45 (0,66; 3,21)*

NECD N=21 (%) 15 (71.4) 6 (28.5) 2,70 (1,47; 4,97)*

NECCAD N=29 (%) 21(72.4) 8(27.5) 1,97 (1,08; 3,61 )#
1,06 (0,73; 1,54)**

* Refence: NECS. # Reference: NECCAS. **reference: NECD. Covariables: Birth weight and
gestational age.
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FIGURE 1. Time to deathin the groups according to presence heart disease and type of surgery
treatment.
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TABLE 3. Association between time to death and the groups in the not survivors
patients.

Groups Hazardratio (IC95%) Hazardratio (IC95%) - adjusted
NECS Reference Reference
NECCAS 0,94 (0,28; 3,13) 1,14 (0,32; 4,09)
NECD 6,10 (2,34; 15,84) 8,72 (3,10; 24,54)
NECCAD 4,21 (1,69; 10,53) 5,32 (1,95; 14,44)

Covariable: Birth weight and gestational age.
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Abstract

Necrotizing enterocolitis (NEC) is a common condition in preterm infants. The risk factors that contribute to NEC include
asphyxia, apnea, hypotension, sepsis, and congenital heart diseases (CHD). The objective of this study was to evaluate the
association between the treatment (surgery or drainage) and unfavorable outcomes in neonates with NEC and congenital heart
diseases (NEC + CHD). A 19-year retrospective cohort study was conducted (2000-2019). Inclusion criterion was NEC Bell Il
stage. Exclusion criteria were associated malformation or genetic syndrome and those who did not undergo echocardiography
or had a Bell | diagnosis. We included 100 neonates: NEC (n=52) and NEC + CHD (n=48). The groups were subdivided into
NEC patients undergoing surgery (NECS, n=31), NEC patients undergoing peritoneal drainage (NECD, n=19), NEC + CHD
patients undergoing surgery (NECCAS, n=21), and NEC +CHD patients who were drained (NECCAD, n=29). Multivariate
analysis was performed to estimate the relative risk of death and the length of stay. Covariates were birth weight and gestational
age. The group characteristics were similar. The adjusted relative risk of death was higher in the drainage groups [NECD (Adj
RR=2.70 (95%Cl: 1.47; 4.97) and NECCAD (Adj RR=1.97 (95%Cl: 1.08; 3.61)], and they had the shortest time to death:
NECD=8.72 (95%Cl: 3.10; 24.54) and NECCAD=5.32 (95%Cl: 1.95; 14.44). We concluded that performing primary peritoneal
drainage in neonates with or without CHD did not improve the number of days of life, did not decrease the risk of death, and was
associated with a higher mortality in newborns with NEC and clinical instability.

Key words: Necrotizing enterocolitis; Peritoneal drainage; Congenital heart diseases

Introduction

Necrotizing enterocolitis (NEC) is the most common
reason for neonatal abdominal surgery. The overall inci-
dence of NEC is approximately 1 in 1000 live births, but its
incidence is clearly inversely related to the birth weight
and gestational age, and it affects up to 10% of infants
weighing less than 1500 g (1). NEC has a multifactorial
etiology, and an inadequate inflammatory response to
some type of insult (congenital heart disease, infection,
formula feeding, or combined factors) may culminate in
intestinal necrosis and perforation (2).

Full-term infants who develop NEC usually have other
associated factors that predispose them to the disease,
such as sepsis, low Apgar scores, prolonged rupture of
membranes, exchange transfusions, neural tube defects,
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and congenital heart disease (CHD) (3). Patients with
CHD have a 3.3—11% risk of developing NEC (4,5), which
is much higher relative to other full-term infants. The patho-
physiology of NEC in CHD patients remains unknown, but it
is theorized that infants with CHD have lower diastolic
pressure, which leads to lower bowel perfusion pressures
and lower systemic oxygenated blood flow, contributing to
an overall state of bowel hypo-perfusion and increased
levels of circulating pro-inflammatory cytokines (6).

NEC is initially treated through clinical management,
but surgical intervention is required if intestinal perforation
or necrosis occurs (7). Mortality by surgical NEC is still
approximately 50%, despite all of the scientific improve-
ments in the last few decades (8). However, some authors
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advocate that surgical intervention results in higher
survival than medical management in patients with CHD
(9). Surgical treatment may be achieved by laparotomy or
primary peritoneal drainage (PPD) (10), but which is the
best technique is still unclear (11,12). In fact, adequate
evidence regarding the best treatment for NEC in babies
with hemodynamic instability and patients with patent
ductus arteriosus (PDA) or other heart diseases is lacking.

We aimed to evaluate the association between the
type of treatment (drainage or surgery) and outcomes in
patients with NEC and CHD.

Material and Methods

This study was approved by the local ethics committee
for human research approval number - CEP/Plataforma
Brasil CAAE: 16180819.8.0000.5440 (number: 077334/
2019, Ribeirao Preto Medical School, USP). We retro-
spectively analyzed the medical charts of newborns
hospitalized at a Ribeirdo Preto general hospital from
2000 to 2019. The inclusion criterion was a diagnosis of
NEC (Bell Il or Ill) (13) made by the neonatology staff. The
exclusion criteria were other malformations, a genetic
syndrome, those who did not undergo echocardiography,
or had a Bell | diagnosis. All of the NEC and NEC + CHD
patients were submitted to an echocardiogram performed
by the cardiology staff. We considered heart disease to be
a PDA >1 cm and other congenital heart defects.

The patients were divided into two groups depending
on the presence of CHD (the NEC and NEC+CHD
groups). The groups were subdivided into NEC undergoing
surgery (NECS), NEC undergoing peritoneal drainage
(NECD), NEC + CHD undergoing surgery (NECCAS), and
NEC + CHD undergoing drainage (NECCAD).

In the groups with drainage, the PPD was performed
in the lower right quadrant when the babies had pneumo-
peritoneum and could not be immediately submitted to
surgery due to severe thrombocytopenia, hemodynamic
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instability, bleeding, or shock with a demand for vasoac-
tive drugs. As soon as the baby achieved clinical stability,
they would be submitted to laparotomy.

In the groups with surgery, a laparotomy was per-
formed if the baby had pneumoperitoneum or showed no
improvement after 15 days of clinical treatment (fasting,
abdominal decompression, and broad-spectrum antibiotics).

Chorioamnionitis and maternal hypertension diagnoses
were performed by the obstetricians. Small to gestational
age was determined by Intergrowth 21. Gestational age
was estimated by the Ballard score for newborns <37
weeks and the Capurro score for >37 weeks.

For the estimation of gross and adjusted relative risks,
simple and multiple log-binomial regression models were
used. Kaplan-Meier curves were constructed to describe
the length of stay. The time until death and the time until
discharge from the ICU were evaluated. For the latter,
deaths were removed from the database. For the time until
death, hazard ratios were estimated by adjusting a Cox
proportional hazards model. In this case, weight, gesta-
tional age, and heart disease (only for comparisons of 2
groups) were also considered as covariates. For the time
until discharge from the ICU, the groups were compared
using the Wilcoxon test.

Results

We included 273 patients with NECII in the period
studied, and after applying the exclusion criteria, 173
patients were excluded. We analyzed 100 patients, 48
(48%) of which had NEC and CHD.

Table 1 shows the characteristics of the groups. We
noticed similar characteristics among the groups, although
chorioamnionitis was more predominant in the groups with
CHD. The length of stay was the same among the groups.

A multivariate analysis was performed to evaluate the
association between death and the presence of heart
disease and the type of surgical treatment. There was an

Table 1. Characteristics of the studied groups according to the presence of heart disease and type of surgical treatment.

Characteristics NECS NECCAS NECD NECCAD P
N=31 N=19 N=21 N=29

Birth weight in g (mean/SD) 1227.2 (359) 1252.89 (661) 1054.52 (274) 1213.90 (664) 0.37
Gestational age in weeks (mean/SD) 31.4(2.9) 30.5 (3.9) 30.0 (2.8) 30.0 (4.1) 0.10
Male (n, %) 16 (51.6) 12 (63.1) 9 (42.8) 16 (55.1) 0.63
Maternal hypertension (n, %) 11 (35.4) 4 (21.0) 3(14.2) 3(10.3) 0.10
Antenatal steroids (n, %) 15 (48.3) 8 (42.1) 11 (52.3) 10 (34.4) 0.67
Small for gestational age (n, %) 18 (58.0) 5(26.3) 10 (47.6) 9 (31.0) 0.68
Chorioamnionitis (n, %) 6 (19.3) 11 (57.8) 6 (28.5) 12 (41.3) 0.04
Length of stay (mean/SD) 78.5 (52.8) 120.2 (104.9) 40.9 (31.1) 70.7 (82.5) 0.63

CHD: congenital heart disease; NECS: necrotizing enterocolitis (NEC) patients undergoing surgery; NECD: NEC patients undergoing
peritoneal drainage; NECCAS: NEC + CHD patients undergoing surgery; NECCAD: NEC + CHD patients who were drained. ANOVA or

chi-squared test.

Braz J Med Biol Res | doi: 10.1590/1414-431X2020e10220



Anexos | 59

Peritoneal drainage in NEC with congenital heart disease

association between death and drainage in both groups;
however, the adjusted relative risk was higher in the group
without heart disease (Table 2).

We assessed the time to death in the newborns
according to the presence of heart disease, type of
surgical treatment, and gestational age (Figure 1) and
observed that the shortest time to death occurred in the
NECD group.

Table 3 shows the association between time to death
and the groups. The patients submitted to drainage had

Table 2. Number (%) of deaths in the groups and relative risk
(RR) according to the presence of heart disease and type of
surgical treatment.

Characteristics Death Survival RR

NECS N=31 (%) 6 (19.3) 25 (80.6) 1.45 (0.66; 3.21)
NECCAS N=19 (%) 6 (31.5) 13 (68.4) 2.70 (1.47; 4.97)
NECD N=21 (%) 15 (71.4) 6 (28.5) 1.97 (1.08; 3.61)
NECCAD N=29 (%) 21 (72.4) 8 (27.5) 1.06 (0.73; 1.54)

Covariates: birth weight and gestational age. CHD: congenital
heart disease; NECS: necrotizing enterocolitis (NEC) patients
undergoing surgery; NECD: NEC patients undergoing peritoneal
drainage; NECCAS: NEC+ CHD patients undergoing surgery;
NECCAD: NEC+CHD patients who were drained. Simple and
multiple log-binomial regression analysis.

NECCAS
NECD
NECCAD

Proportion of individuals

Time to death

Figure 1. Time to death (days) in the groups according to the
presence of heart disease and type of surgical treatment. CHD:
congenital heart disease; NECS: necrotizing enterocolitis (NEC)
patients undergoing surgery; NECD: NEC patients undergoing
peritoneal drainage; NECCAS: NEC + CHD patients undergoing
surgery; NECCAD: NEC + CHD patients who were drained.
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Table 3. Association between time to death and the groups in the
non-survivor patients.

Groups Hazard ratio (95%Cl) Hazard ratio (95%Cl) - adjusted
NECS Reference Reference

NECCAS 0.94 (0.28; 3.13) 1.14 (0.32; 4.09)

NECD 6.10 (2.34; 15.84) 8.72 (3.10; 24.54)
NECCAD 4.21 (1.69; 10.53) 5.32 (1.95; 14.44)

Covariates: birth weight and gestational age. CHD: congenital
heart disease; NECS: necrotizing enterocolitis (NEC) patients
undergoing surgery; NECD: NEC patients undergoing peritoneal
drainage; NECCAS: NEC+CHD patients undergoing surgery;
NECCAD: NEC + CHD patients who were drained.

the highest risk of death and their deterioration was faster
compared with NECS.

Discussion

Our data demonstrated the worst outcomes in new-
borns submitted to drainage in both groups. Drainage did
not avoid a higher incidence of death in patients with
surgical NEC and clinical instability in the newborns with
NEC or NEC +HCD.

The group characteristics were similar, and the HCD
presence and the type of treatment performed did not
affect the length of stay. There is a consensus that occur-
rence of NEC has worse outcomes in neonates with CHD.
Regarding heart diseases, the persistence of the ductus
arteriosus, use of indomethacin to close the ductus,
umbilical catheterization, and CHD are possible triggers
for NEC development, which affects between 7 and 20%
of this population (3,14-19).

In a case-control study, Bubberman et al. (20)
compared 18 NEC + CHD and 36 NEC patients and found
different postnatal ages at the onset of symptoms, with an
earlier onset in NEC+CHD. The pH levels were lower
and the C-reactive protein levels were higher in NEC. In
addition, the anatomical location was different: the colon
was more frequently affected in NEC + CHD (86 vs 33% in
NEC, P=0.03). However, these authors did not find any
difference in mortality between the groups (22 vs 11%,
respectively, P=0.47).

NEC pathophysiology in cardiac patients results from
low blood flow in the mesenteric vessels, a consequence
of reverse flow in the abdominal aorta secondary to low
diastolic pressure through the hypoxia compensatory
mechanism called the <“diving reflex” (15). Cardiac
patients with ascites often require paracentesis, with
hemodynamic improvement (16). Some types of heart
disease, such as left ventricular hypoplasia, a single
ventricle, coarctation of the aorta, and arteriovenous
truncus, represent an even higher risk for NEC (3). The
best approach to the treatment of NEC + CHD needs to be
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clarified, especially in neonates with clinical instability. Is
PPD associated with better outcomes in these patients?

The conventional treatment of neonates with perfora-
tion or intestinal necrosis is laparotomy, with the creation
of an ostomy. In newborns, this treatment poses a tre-
mendous surgical risk due to the patient’s critical condition
(21). PPD without posterior laparotomy is related to a
higher mortality and longer hospitalization than laparot-
omy alone (8), so its use as a definitive treatment method
is not justified. Unfavorable PPD results include the
presence of an intestine with necrosis and a predisposi-
tion to sepsis, which stimulates cytokine release and
negatively affects the organism, deteriorating the clinical
condition of the newborn (22).

Ehrlich et al. (23) analyzed the surgical procedures
performed on 70 newborns weighing less than 1,000 g
who developed NEC, and they observed a survival rate
of 63 and 75% in babies that underwent PPD and
laparotomy, respectively. However, patients submitted to
PPD had a significantly higher number of complications.
Through regression analysis, the authors concluded that
the surgical choice did not influence the results. Recently,
Moss et al. (24) performed a meta-analysis of studies that
used both procedures to treat children with NEC. The
analysis included 475 patients and showed no significant
difference between laparotomy and PPD for mortality.
Other studies also did not verify any significant difference
in morbidity, mortality, or the length of hospital stay in
newborns undergoing PPD followed by laparotomy com-
pared with those undergoing isolated laparotomy (25). In
addition, most newborns subjected to PPD required
laparotomy as a second step (11,26).

However, Tashiro et al. (27) reported that PPD proved
useful as an initial surgical treatment in hemodynamically
unstable premature patients weighing less than 1000 g.
They demonstrated patient survival was higher in NEC +
CHD that underwent PPD (47%) than in NEC patients in
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