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Abstract

BACKGROUND: Children born extremely preterm whose placenta had histologic evidence of 

chorioamnionitis have early brain dysfunction, but little is known about neurological development 

at 10 years of age.
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OBJECTIVE: We investigated the association between histologic chorioamnionitis and 

neurodevelopmental impairment at 10 years among children born <28 weeks gestation (extremely 

preterm).

METHODS: The multicenter Extremely Low Gestational Age Newborn (ELGAN) Study enrolled 

extremely preterm newborns from 2002–2004 at 14 U.S. hospitals. Chorioamnionitis was defined 

by histologic stage (early, moderate, and advanced) and grade (mild/moderate and severe) of 

chorionic plate and umbilical cord inflammation. The children were evaluated for cerebral palsy at 

2 years, and autism spectrum disorder, cognitive impairment (intelligence quotient >2 standard 

deviations below the mean), and epilepsy at age 10 years by blinded evaluators using validated 

measures. Multivariable logistic regression with generalized estimating equations was used.

RESULTS: Among 805 placenta, 43% (347/805) had histologic chorioamnionitis by moderate or 

advanced maternal stage, 36% (286/805) by severe maternal grade, 18% (132/737) by moderate or 

advanced fetal stage, and 1% (10/737) by severe fetal grade. The frequencies of impairments were 

11% (88/767) for cerebral palsy, 7% (56/773) for autism spectrum disorder, 15% (120/788) for 

cognitive impairment, and 7% (52/763) for epilepsy. Adjusted for maternal age, body mass index, 

race, insurance status, maternal education, tobacco use, infant sex, and multiple gestations, the 

adjusted odds (AOR) for the association between histologic chorioamnionitis and cerebral palsy 

years was increased with advanced maternal stage (AOR 2.5, 95% CI 1.6 to 3.9), severe maternal 

grade (AOR 2.0, 95% CI 1.2 to 3.4), moderate fetal stage (AOR 2.20, 95% CI 2.1 to 2.2), and mild 

or moderate fetal grade (AOR 1.5, 95% CI 1.0 to 2.2). Similarly, the AOR for the association 

between histologic chorioamnionitis and epilepsy was increased with advanced maternal stage 

(AOR 1.5, 95% CI 1.3 to 1.6) and severe fetal grade (AOR 5.9, CI 1.9 to 17.8). In addition, the 

AOR for the association between histologic chorioamnionitis and autism spectrum disorder was 

increased with mild or moderate fetal grade (AOR 1.7, 95% CI 1.0 to 2.9). Histologic 

chorioamnionitis was not associated with cognitive impairment. These findings held after 

adjustment for gestational age at delivery. In contrast to histological chorioamnionitis, a clinical 

diagnosis of chorioamnionitis was not associated with neurodevelopmental impairment.

CONCLUSION: Histologic chorioamnionitis may be associated with some forms of 

neurodevelopmental impairment at 10 years of life among infants born <28 weeks gestation.
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INTRODUCTION

Histologic chorioamnionitis is a frequent obstetric complication, occurring in 3 to 5% of 

term placentas and 90% of placentas delivered at 21-to-24 weeks gestation.1 Infants born 

extremely preterm whose placenta has characteristics of chorioamnionitis are at an increased 

risk of adverse neurological outcomes documented during the first two postnatal years.2–7 

Fortunately, what is seen at age 2 years does not always indicate what will be seen at an 

older age.8, 9 Furthermore, chorioamnionitis appears to be a treatable disorder when 

antibiotics are promptly initiated at diagnosis.10–12 Consequently, there is a need to 
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investigate the association between chorioamnionitis and neurological outcomes at school 

age in these most vulnerable children.

Histologic chorioamnionitis is a biomarker of perinatal inflammation, and placental 

histopathology is the gold-standard to confirm its diagnosis.14 Chorioamnionitis leads to a 

fetal immune response syndrome,15 and DNA shed from the placenta can serve as a 

potential agent initiating the inflammatory response.16

Prior studies assessing the impact of chorioamnionitis on neurodevelopment have been 

limited by the lack of rigorous prospective ascertainment of neurological outcomes and 

chorioamnionitis and limited postnatal follow-up of 24 months. Having a greater 

understanding of the contribution of histologically-confirmed chorioamnionitis to this risk is 

needed.14, 17

In the current multi-center prospective study, we investigated the association between 

histologic chorioamnionitis and neurodevelopmental impairment at 10 years of age among 

children born <28 weeks gestation (i.e., extremely preterm). We refer to chorioamnionitis as 

any histologic evidence of the chorionic plate OR umbilical cord inflammation. We 

hypothesized that histologic chorioamnionitis defined using standardized criteria by 

histopathology would be associated with an increased risk of long-term neurodevelopmental 

impairment.

METHODS

Study setting:

The Extremely Low Gestational Age Newborns (ELGAN) Study is a multi-center, 

prospective observational study of the risk of structural and functional neurologic disorders 

in extremely preterm infants.18, 19 Between 2002–2004, women who delivered <28 weeks 

gestation at 14 sites in 11 cities in 5 states (Connecticut, Illinois, Massachusetts, Michigan, 

North Carolina) were asked to enroll in the study. Of 1,200 ELGAN Study survivors, 1,102 

(92%) were evaluated at 2 years, and 966 surviving children were recruited at 10 years by 

mail and then by phone. The families of 889/966 (92%) of these children returned for the 

follow-up visit at age 10 and 874 children were assessed. This analysis included those with 

complete exposure and outcome data (n=805 with maternal stage and grade and n=737 with 

fetal stage and grade). Enrollment and study procedures for this follow-up study were 

approved by the Institutional Review Boards at all participating institutions.

Participants:

This 10-year evaluation assessed cognition, motor function, and behavior. While the child 

was tested, the parent or caregiver completed questionnaires regarding the child’s medical 

and neurological status and behavior. Evaluations lasted 3 to 4 hours and were administered 

by child psychologists who had undergone training and verification of competency for 

administering neurocognitive tests. Additionally, those evaluators who assessed for autism 

spectrum disorder received training in the administration and scoring of the Autism 

Diagnostic Interview-Revised (ADI-R) and Autism Diagnostic Observation Schedule-2 

(ADOS-2) and established acceptable interrater reliability with the study autism expert.
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Study exposure:

The primary exposure was a diagnosis of histologically-confirmed chorioamnionitis at the 

chorionic plate (i.e., maternal inflammatory response),1, 20 and histological evidence of fetal 

systemic inflammatory response based on umbilical cord inflammation or funisitis (i.e., fetal 

inflammatory response), which is consistent with the histological classification used in prior 

studies from this cohort.21, 22 A diagnosis of histologic chorioamnionitis was based on the 

presence of acute inflammation in either or both the fetal membranes and umbilical cord.
23, 24 The exposure was quantified per the Society for Pediatric Pathology reporting 

guidelines based on maternal and fetal inflammatory response stage (none, 1=early, 

2=moderate, and 3=advanced) and grade (none, 1=mild/moderate, and 2=severe).25 The 

fetal inflammatory response was assessed among the subset of placentas with histologic 

evidence of maternal inflammatory response. We secondarily assessed any severe 

inflammation defined as maternal or fetal stage 2 or 3 and/or grade 2. Of note, unlike the 

stage of inflammation, the grading scale for fetal inflammatory response in the cord (i.e., 

funisitis) at original pathologic assessment did not conform to the above schema.21 In that 

original grading system, high-grade was only applied when sections showed panvasculitis 

extending deep into Wharton’s jelly with or without necrosis. Since less severe lesions are 

now included in the category of grade 2 fetal inflammatory response, the grade of fetal 

response based on the original pathologic read was underestimated in a subset of cases in the 

current analysis.

Representative sections were taken from the umbilical cord (2 sections), a membrane roll, 

and from the paracentral zone of the placental disc (2 full thickness sections).26 After 

training on a teaching set of slides to minimize observer variability, study pathologists 

assessed for histologic characteristics using a standardized form.22, 27 Slides were read by 

the study pathologists at the time of enrollment.

Based on data suggesting that histologic chorioamnionitis but not clinical chorioamnionitis 

is a risk factor for cerebral palsy,5 we conducted secondary analyses defining clinical 

chorioamnionitis based on 1) documentation by the obstetrical provider on the discharge 

summary and 2) a white blood cell count >20,000 cells/mm3 and/or maternal intrapartum 

fever >101.4°F, albeit these thresholds are not necessarily consistent with contemporary 

criteria to define clinical chorioamnionitis but rather reflect threshold values used in original 

data collection.

Study outcomes:

We assessed the following four measures of neurodevelopmental impairment: 1) cerebral 

palsy, 2) autism spectrum disorder, 3) cognitive impairment (intellectual quotient [IQ] > 2 

standard deviations below the mean), and 4) epilepsy. Cerebral palsy was diagnosed at 2 

years adjusted age; the other three outcomes were assessed at 10 years of age. In the case of 

cerebral palsy, because of brain plasticity, some children lose their motor deficits by the age 

of 10. However, brain lesions may persist and are associated with cerebral dysfunction, 

including persistent cognitive effects and seizures.28, 29 Hence, in the current study, the 

cerebral palsy outcome was assessed at 2 years rather than at 10 years. All outcomes were 

assessed by blinded evaluators using validated measures.

VENKATESH et al. Page 4

Am J Obstet Gynecol. Author manuscript; available in PMC 2021 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



To diagnose cerebral palsy, neurological examiners used a standardized manual and data 

collection instrument, including viewing an instructional compact disk to minimize 

examiner variability.30 Secondarily, we analyzed the association between chorioamnionitis 

and subtypes of cerebral palsy, namely hemiparesis, diparesis, and quadripareis, because the 

association between inflammation and cerebral palsy may vary across subtypes.31

To diagnose autism spectrum disorder, all children were initially screened by parent report 

with the Social Communication Questionnaire (SCQ),32 and those identified to be at risk 

were then assessed with the Autism Diagnostic Interview-Revised (ADI-R), an in-depth 

parent interview.33 Children meeting ADI-R modified criteria for autism spectrum 

disorder34 were then administered the Autism Diagnostic Observation Schedule-2 

(ADOS-2).35 All children meeting standardized research criteria for autism spectrum 

disorder on both the ADI-R and ADOS-2 were classified as having autism spectrum 

disorder.

To diagnose cognitive impairment, IQ was assessed with the school-age Differential Ability 

Scale-II (DAS-II) Verbal and Nonverbal Reasoning scales.36, 37 Because both verbal and 

non-verbal scores were strongly correlated in this sample, the mean value was used as an 

estimate of overall IQ.38 An IQ score more than 2 standard deviations below the normal 

mean (i.e., <70) was defined as intellectual disability or cognitive impairment.

Finally, to diagnose epilepsy, identification of seizures involved a two-step process in which 

parents were asked to complete a validated seizure screen, and for those who screened 

positive, a structured interview by a pediatric epilepsy specialist was conducted.39, 40 A 

second epilepsy specialist independently reviewed and rated all events, and a third specialist 

served as a tie-breaker in the 3% of discordant evaluations. We defined epilepsy as having 

two or more unprovoked seizures.40

Statistical analyses:

We evaluated the association between the grade and stage of histologic chorioamnionitis and 

the four assessed measures of neurodevelopmental impairment, cerebral palsy, autism 

spectrum disorder, cognitive impairment, and epilepsy. The analysis for each individual 

outcome was restricted to those children for whom we had both exposure AND outcome 

data: cerebral palsy (N=767 for maternal stage/grade and 702 for fetal stage/grade), autism 

spectrum disorder (N=773 for maternal stage/grade and 706 for fetal stage/grade), cognitive 

impairment (N=788 for maternal stage/grade and 720 for fetal stage/grade), and epilepsy 

(N=763 for maternal stage/grade and 702 for fetal stage/grade). Multivariable logistic 

regression with generalized estimating equations (GEE) was used, adjusted for the clustering 

of twin infants. We calculated adjusted odds ratios (AORs) with 95% confidence intervals 

(95% CI). We a priori used a directed acyclic graph (DAG) to identify covariates to include 

in multivariable models.41 Models adjusted for maternal age, pre-pregnancy body mass 

index, self-reported race, insurance status, maternal education, tobacco use in pregnancy, 

and infant sex. In the primary analysis, we did not adjust for gestational age at delivery 

because it was considered to be a mediator on the causal pathway between chorioamnionitis 

and study outcomes rather than a confounder.42, 43 Multiple imputation was used to assess 

the effect of missing data.44 For each variable with missing data, we generated imputed 
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values for the same study population and the same covariates as the previously described 

models assuming that variables were missing at random conditional on those covariates. 

Data imputation was performed for the following covariates: body mass index (3.4%), race 

(0.1%), education (3.4%), tobacco use (2.2%), and infant sex (1.3%).

In secondary analyses, we defined chorioamnionitis as 1) any severe inflammation by 

maternal and/or fetal stage 2 or 3 and/or grade 2; and 2) a clinical diagnosis per the 

discharge summary and then by white blood cell count and/or intrapartum fever. In 

sensitivity analyses, we re-performed the primary analysis 1) adjusting for gestational age at 

birth because while gestational age lies on the causal pathway between chorioamnionitis and 

outcomes, it also provides important information about the risk of adverse prenatal 

outcomes;45, 46 2) restricting the analysis to singletons after excluding multiple gestations; 

3) adjusting for receipt of intrapartum antibiotics; and 4) excluding children with a diagnosis 

of cerebral palsy at 2 years but without gross motor function deficits at 10 years (n=18) 

because the outcome of cerebral palsy was defined at 2 years, as explained above. All 

statistical analyses were performed using STATA (STATACORP, version MP 15.1, College 

Station, TX).

RESULTS

Of 1,200 ELGAN Study survivors, 1,102 (92%) were evaluated at 2 years. Of these children, 

87% (966/1,102) were recruited at 10 years by mail and then by phone. As previously 

described,47 those who did not participate at 10 years were more likely to have indicators of 

social disadvantage, including lower maternal education and receipt of public health 

insurance, but did not differ by gestational age at birth. The families of 92% (889/966) of 

eligible children returned for the 10-year assessment and 874 children were assessed (Figure 

1), 95% (833/874) of whom had placenta data available. After excluding those participants 

with inadequate placental staging and grading data (n=28), the final study sample consisted 

of 805 participants with maternal stage and grade and 737 with fetal stage and grade. 

Participants in the final cohort were similar to the 874 assessed at 10 years by socio-

demographic and clinical characteristics listed in Table 1.

The mean maternal age at the time of delivery was 29.2 years (standard deviation, SD: 6.7) 

(Table 1). Most women (63%) were Caucasian and 9% identified as Latina ethnicity. The 

mean pre-pregnancy body mass index was 25.5 mg/k2 (SD: 6.9). Over a third (35%) were 

enrolled in public insurance during pregnancy, 35% had multifetal gestations, and 66% 

delivered by cesarean section. The mean gestational age at birth was 25.6 weeks (SD: 1.2), 

and the mean birthweight was 833 grams (SD: 196.6). Almost a half (48%) of infants were 

female. Over two-thirds of women (64%) received intrapartum antibiotics.

A total of 32% (91/805) of placentas were classified as moderate or advanced maternal stage 

and 36% (286/805) as severe maternal grade, and 18% (132/737) as moderate or advanced 

fetal stage and 1% (10/737) as severe fetal grade (Figure 2). Nearly two-thirds or 61% 

(212/344) of placentas with histologic evidence of chorioamnionitis at the maternal plate 

(i.e., maternal inflammatory response) had evidence of umbilical cord inflammation (i.e., 

fetal inflammatory response). The frequency of clinical chorioamnionitis as diagnosed by 

VENKATESH et al. Page 6

Am J Obstet Gynecol. Author manuscript; available in PMC 2021 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



the obstetrician was 19% (153/805) and by white blood cell count >20,000 cells/mm3 and/or 

intrapartum fever >101.4°F was 24% (190/776). Overall, 86% (132/153) placentas with 

evidence of histologic chorioamnionitis by maternal stage/grade and 58% (83/141) by fetal 

stage/grade had a diagnosis of clinical chorioamnionitis.”

Cerebral palsy occurred in 11% (88/767), autism spectrum disorder in 7% (56/773), 

cognitive impairment in 15% (120/788), and epilepsy in 6% (52/763) in the study sample. 

The frequency of cerebral palsy increased from 9% for none (i.e., no chorioamnionitis by 

maternal stage) to 19% for advanced maternal stage (p=0.02), but the other three outcomes 

did not vary by maternal stage (Figure 3). Similarly, the frequency of cerebral palsy 

increased from 9% for none (i.e., no chorioamnionitis by maternal grade) to 15% for severe 

maternal grade (p<0.01), and epilepsy increased from 6% for none (i.e., no chorioamnionitis 

by fetal grade) to 30% for severe fetal grade (p<0.01). The frequency of study outcomes did 

not vary by fetal stage.

In multivariable analysis, histologic chorioamnionitis was associated with a higher 

likelihood of cerebral palsy, autism spectrum disorder, and epilepsy at 10 years of life (Table 

2). The adjusted odds (AOR) for the association between histologic chorioamnionitis and 

cerebral palsy was increased with advanced maternal stage (AOR 2.5, 95% CI 1.6 to 3.9), 

severe maternal grade (AOR 2.0, 95% CI 1.2 to 3.4), moderate fetal stage (AOR 2.2, 95% CI 

2.1 to 2.3), and mild or moderate fetal grade (AOR 1.5, 95% CI 1.0 to 2.2). Similarly, the 

AOR for the association between histologic chorioamnionitis and epilepsy was increased 

with advanced maternal stage (AOR 1.5, 95% CI 1.3 to 1.6) and severe fetal grade (AOR 

5.9, CI 1.9 to 17.8), but not severe maternal grade (AOR: 0.8, 95% CI: 0.7 to 1.0). In 

addition, the AOR for the association between histologic chorioamnionitis and autism 

spectrum disorder was increased with mild or moderate fetal grade (AOR 1.7, 95% CI 1.0 to 

2.9). Histologic chorioamnionitis was not associated with higher odds of cognitive 

impairment.

Secondarily, histologic chorioamnionitis defined as any severe inflammation (i.e., moderate/

advanced maternal/fetal stage and/or severe grade) was associated with cerebral palsy (AOR: 

1.6, 95% CI: 1.1 to 2.2), but not the other measures of neurodevelopmental impairment (data 

not shown). The frequency of any severe inflammation did not vary by the phenotype of 

cerebral palsy, including hemiparesis (50%), diparesis (62%), and quadripareis (40%) versus 

none (40%) (overall p=0.08). In contrast, the four measures of neurodevelopmental 

impairment were not associated with clinical chorioamnionitis (either as diagnosed by the 

obstetrician, or according to elevated white blood cell count and/or maternal fever).

In sensitivity analyses, the primary analyses held when adjusted for gestational age at birth, 

restriction to only singleton births, adjusted for receipt of intrapartum antibiotic therapy, and 

for the outcome of cerebral palsy, excluding children with a diagnosis of cerebral palsy at 2 

years but without gross motor function deficits at 10 years (data not shown).
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COMMENT

Principal findings

In this prospective multi-center cohort of infants born <28 weeks gestation, we found that 

10-year old children whose placenta had histologic characteristics of chorioamnionitis were 

at increased risk of cerebral palsy, autism spectrum disorder, and epilepsy, and that the risk 

of these measures of neurodevelopmental impairment did not vary appreciably by severity 

and location of chorioamnionitis.

Clinical implications

We offer several reasons for why we found some associations that might not have been 

expected based on earlier reports.5, 45, 46, 48, 49 First, prior studies focused on short-term 

neurodevelopment at 18 to 24 months rather than at 10 years as the current study, and the 

assessment of cognitive impairment at 2 years (i.e., Bayley Scales) differed considerably 

from the assessment at 10 years (i.e., DAS).8, 50

Second, chorioamnionitis is a heterogeneous clinical entity that has been variably defined. In 

the current study, we evaluated the extent and severity of chorioamnionitis. Histologic 

chorioamnionitis can be inaccurately defined when mild and severe disease are combined 

into a single histologic diagnosis. Doing so eliminates the opportunity to identify 

associations evident only with severe disease. Additionally, heterogeneity also applies to 

combining maternal and fetal disease as one entity. In the current study, our finding 

associations with maternal disease only when of advanced stage and severe grade contrasts 

with our finding associations with less advanced fetal stage and less than severe fetal grade. 

The lack of association of neurodevelopment outcomes with apparent severity of grade and 

stage of histologic chorioamnionitis may indicate that grade and stage are dependent 

primarily on location of tissue sampling of the placenta, rather than actual severity of 

inflammation or inflammatory response.

Finally, it is biologically plausible that intrauterine inflammation (i.e., chorioamnionitis) in 

the placenta and umbilical cord can produce brain damage in the neonate.51 Infection 

induced maternal immune activation leads to a cytokine-mediated fetal inflammatory 

response and immune dysregulation in the developing fetal brain.52 Chorioamnionitis is 

generally considered to result from a polymicrobial infection.24 Prior studies, including from 

the current ELGAN cohort, have suggested that the presence of microorganisms in placental 

parenchyma is associated with brain damage in extremely preterm infants.53

Research implications

As advised by the Perinatal Section of the Society for Pediatric Pathology,20, 25 we assessed 

histologic chorioamnionitis by current criteria for stage and grade of maternal and fetal 

inflammatory response. The fetal involvement is likely a more important predictor of 

neonatal outcomes than isolated maternal or intrauterine inflammation,45, 54 though in the 

current analysis, the risk did not necessarily vary by site and location. Future studies should 

classify histologic chorioamnionitis by site and location, as well as by molecular 
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diagnostics, and be designed in ways that will assess to what extent early detection and 

treatment of chorioamnionitis can affect infant neurodevelopment.55

We also employed rigorous standardized outcome ascertainments in contrast to prior studies. 

In the ELGAN Study cohort, almost two-thirds of children who had a subnormal IQ (< 70) 

at age 2 years as assessed with the Bayley Scales were no longer considered to have such a 

low IQ when assessed with the outcome at 10 years we used for this report.8 This might also 

explain why our findings are discrepant with reports of assessments at age 2 years or 

younger.

In the primary analysis, we did not adjust for gestational age at birth because we viewed 

gestational age as a plausible intermediate variable on the causal pathway between 

chorioamnionitis, death, and neurodevelopmental outcomes.43 Because adjusting for 

gestational age may convey information about unmeasured covariates,56 we carried out 

additional analyses that adjusted for gestational age at delivery. The results differed 

minimally from the primary analysis. The implication is that gestational age is not a 

confounder.

Strengths and limitations

Important strengths of the current study include a prospective design, a heterogeneous 

multicenter cohort, standardized assessments of neurodevelopment at 10 years of age by 

providers who were not aware of patient’s chorioamnionitis status, rigorous standardized 

definitions of neurodevelopmental impairment, a contemporary, gold standard definition of 

chorioamnionitis based on histologic diagnosis, and minimal loss to follow-up at 10 years. 

Among this study’s limitations are a lack of non-histologic biomarkers (e.g., cytokines or 

microorganisms in placental parenchyma) and histologic evaluations performed by multiple 

pathologists. While early efforts to minimize inter-observer reliability were probably 

effective,21 we did not assess inter-observer reliability after those early efforts. Because this 

study was limited to extremely preterm infants who were likely at the highest risk of 

neurodevelopmental impairment regardless of intrapartum infection, these results may not be 

generalizable to infants born later in the preterm period or term. Selection bias is possible as 

those who did not participate at 10 years were more likely to have indicators of social 

disadvantage, including lower maternal education and receipt of public health insurance. 

However, 95% of participants who followed-up at 10 years had placenta data available. It is 

possible that chorioamnionitis may not increase the risk of neurodevelopmental impairment 

among infants born at a later gestational age. The current study included both singleton and 

multiple gestations, and while we adjusted for twins and conducted sensitivity analyses 

restricted to singletons, it is possible that the relationship between chorioamnionitis and 

neurodevelopment may vary between these groups. Finally, clinical practice at the time of 

delivery has evolved since recruitment in this cohort, and it is possible that current maternal 

and neonatal interventions in the peripartum period may further impact these findings.

Conclusions

Histologic chorioamnionitis is associated with neurodevelopmental impairment, specifically 

cerebral palsy, autism spectrum disorders, and epilepsy, at 10 years of age among infants 
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born extremely preterm. Further research is needed to understand whether prevention and 

treatment of intrapartum infection might improve neurological outcomes of infants born 

extremely preterm. Our results suggest that intrapartum inflammation can result in lasting 

neurodevelopmental impairment nearly a decade later in a high-risk population of extremely 

preterm infants.
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CONDENSATION

Implications and Contributions

A. Why was this study conducted?

Chorioamnionitis might be an indicator of increased risk of long-term 

neurodevelopmental impairment at 10 years of life among extremely preterm infants.

B. What are the key findings?

Among children born extremely preterm <28 weeks gestation, histologic 

chorioamnionitis is associated with an increased risk of neurodevelopmental 

impairments, including cerebral palsy, autism spectrum disorder, and epilepsy at 10 years 

of life.

C. What does this study add to what is already known?

Prior studies have focused on the association between chorioamnionitis and infant 

neurodevelopment at up to 2 years of life. This study indicates that the impact of 

chorioamnionitis on early neonatal brain development may persist through middle 

childhood. These results highlight the importance of efforts to prevent intrapartum 

infection, which could improve developmental outcomes of extremely preterm infants.
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Figure 1. 
Flowchart of study participants
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Figure 2. 
Frequency of histologic chorioamnionitis by maternal and fetal stage and grade
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Figure 3. 
Frequency of neurodevelopmental outcomes by histopathologic chorioamnionitis
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Table 1.

Socio-demographic and clinical characteristics of assessed women and their infants in the ELGAN cohort 

(N=805)

n %

Maternal characteristics

Maternal age

 Mean (SD), years 29.2 (6.72) --

Race

 White 510 / 804 63.4

 Black 206 / 804 25.6

 Other 88 / 804 10.9

Latina ethnicity 75/802 9.3

Pre-pregnancy body mass index, kg/m2

 Mean (SD) 25.5 (6.88) --

 Normal or below 402 / 777 59.5

 Overweight 143 / 777 18.4

 Obese 171 / 777 22.0

Multifetal gestation 282 / 805 35.0

Education, years

 ≤12 314 / 780 40.2

 13 or more 466 / 780 59.7

Single marital status 322 / 804 40.0

Public insurance 287 / 805 35.6

Tobacco use during pregnancy 109 / 787 13.8

Mode of delivery, cesarean 539 / 805 66.9

Duration of labor, mean (SD), hours 87.8 (201.97) --

Duration of rupture of membranes, hours

 <12 587 / 805 72.9

 12–24 33 / 805 4.1

 >24 185 / 805 22.9

Newborn characteristics

Infant sex, female 383 / 794 48.2

5 minute Apgar score <7 222 / 803 27.6

Gestational age at birth, weeks

 Mean (SD) 25.6 (1.24) --

 23–24 171 / 794 21.5

 25–26 360 / 794 45.3

 27–28 263 / 794 33.1

Birthweight, mean (SD), grams 833.1 (196.61) --

NICU length of stay, mean (SD), days 78.4 (47.24) --
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n %

Chorioamnionitis characteristics

Chorioamnionitis diagnosis on delivery discharge 153 / 805 19.0

Chorioamnionitis diagnosis as maternal fever >101.4F and/or WBC >20,000 cells/mm3 190 / 776 24.4

Intrapartum antibiotic receipt 522 / 805 64.8

Maternal fever >101.4F 44 / 778 5.6

Maternal WBC >20,000 cells/mm3 162 / 795 20.3

Missing: race (n=1), ethnicity (n=3), body mass index (n=28), education (n=25), tobacco (n=18), sex (n=11), Apgar score (n=2), fever (n=27)

Abbreviations: WBC (white blood cell count), SD (standard deviation)
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