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ORIGINAL ARTICLE
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ABSTRACT

Objectives: To assess the risk of brain damage in premature infants under 34 weeks of gestational age
exposed to histological chorioamnionitis (HCA). Materials and methods: A cohort study was conduc-
ted at the Hospital Cayetano Heredia, during 2015. Premature infants under 34 weeks of gestational age,
who had histopathological examination of the placenta, were included. The types of HCA evaluated were
sub-chorionitis, chorionitis, chorioamnionitis, with or without funisitis. Brain damage was evaluated in
three age periods, between 0 and 7 days, between 7 and 30 days and at 40 weeks of corrected gestational
age. A neurological follow-up and regular controls were performed with brain ultrasound. Results: A
total of 85 premature infants were included, 47.1% were women and the mean gestational age was 30.9
weeks. From the total, 42% (36/85) were born exposed to HCA. Premature rupture of membranes was
the main cause of sepsis, which was related to neurological damage. HCA was associated with intraven-
tricular hemorrhage (IVH) during the first week and with white matter lesions between 7 and 30 days
of age (p = 0.035). The chorioamnionitis type of HCA was associated with neurological damage during
the first week (RR = 2.11, 95% CI: 1.09-4.11) and between 7 and 30 days of age (RR = 2.72, 95% CI:
1.07-6.88). Conclusions: Chorioamnionitis was a risk factor for developing brain injuries in premature
infants under 34 weeks of gestational age. It was also a risk factor for HIV during the first 7 days and for
white matter injuries between 7 and 30 days of age. At 40 weeks of corrected gestational age, extreme
premature infants with HCA had more extensive brain damage.

Keywords: Histological Chorioamnionitis; Preterm; Intraventricular Hemorrhage; White Matter; Periven-
tricular Leucomalacia; Lenticulostriate Vasculopathy; Neurology; Neonatology (Source: MeSH NLM).

INTRODUCTION

Five decades ago, Eastman and DeLeon @ linked maternal fever to cerebral palsy (CP) in full-
term infants. Since then, it has been known that chorioamnionitis (CA) can induce preterm
birth and potentially cause brain damage in the infant @.

CA is produced by bacterial invasion of the placenta with subsequent infiltration of poly-
morphonuclears (PMN) ©» and is considered one of the main causes of obstetric morbidity in
Lima @. Clinical CA (CCA) affects 0.5% to 10% of all pregnancies, and increases the risk of
premature birth by three times ©. Meanwhile, histological CA (HCA) is present in 25-40% of all
preterm births and up to 80% in preterm births under 30 weeks ©. In this regard, several studies
have demonstrated the poor correlation between clinical and histological diagnosis >>7.

In Peru, brain lesions prevalent in premature infants under 34 weeks have been reported.
The diagnosis was made using clinical and serial ultrasound examinations; lesions found were
more severe as the gestational age decreased ®. Likewise, experimental studies and clinical ob-
servations have shown that CA can produce brain damage by direct invasion of pathogenic
bacteria (sepsis/meningitis) ®'V or by the effect of inflammatory products (cytokines) genera-
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ted during placental infection ©'?. In this process, cytokines
could pass the blood-brain barrier (BBB), injure the cerebral
white matter ®'" and sometimes generate intraventricular he-
morrhage @.

In the long term, it has been observed that infants expo-
sed to HCA are at increased risk of developing CP and other
neurodevelopmental disorders ©'». However, recent studies
have questioned these findings and propose the develop-
ment of new research methodologies to resolve the possible
underlying mechanism *+'%.

The histopathological study of the placenta and the clini-
cal follow-up offer more evidence to characterize the possible
association between HCA and brain damage in the preterm
infant. Therefore, the objective of this study was to explore
the risk of brain damage in preterm infants under 34 weeks of
age exposed to HCA, identified sequentially by age, up to 40
weeks of corrected gestational age. As a secondary objective,
due to their relevance in intensive care, maternal and neona-
tal characteristics were analyzed according to the condition
of HCA

MATERIALS AND METHODS

Design and population

A prospective cohort study of preterm infants under 34
weeks conducted at the Cayetano Heredia Hospital (Lima,
Peru). Subtypes of HCA were related to types of brain da-
mage by age, up to 40 weeks of corrected gestational age. The
sample size was estimated at 36 preterm infants without a
history of HCA and 36 preterm infants with past history of
HCA. For the calculation, a 95% confidence level, power of
80% and precision of 0.133 was assumed, which is the diffe-
rence in the anticipated probabilities of neurological disease
between exposed (0.583) and unexposed (0.450) preterm in-
fants, based on an exploratory pilot in the same setting and
under the same conditions.

Premature infants under 34 weeks of age born during
the year 2015 with histological examination of the placenta
were included. Gestational age was recorded in the following
certainty order, by date of last menstruation, first trimester
ultrasound or Ballard’s scale. Newborns with severe malfor-
mations and those whose mothers had uncontrolled neu-
ropsychiatric pathologies were excluded.

Variables

Maternal, neonatal, anthropometric data, clinical evolution,
ultrasounds and histopathological examination of the pla-
centa were recorded in a clinical file. All placentas had ma-
croscopic and microscopic examination performed. HCA
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KEY MESSAGES

Motivation for the study: Chorioamnionitis is frequent and
very risky in pregnant women. The potential harmful role
of histological chorioamnionitis subtypes on the immature
brain of the premature infant has not been determined.

Main findings: Concurrent infection of chorion and amnion
doubles the risk of intraventricular hemorrhage during the
first week of life and triples the risk of white matter lesions
between 7 and 30 days of age in premature infants under 34
weeks.

Implications: To encourage obstetric surveillance and include
histological examination of the placenta in all preterm deliv-
eries. Recommend periodic neonatal neurological evaluation.

was defined as the presence of diffuse or parceled PMN infil-
trate in the placenta (=10 PMN/field). Pathological findings
were classified according to the inflammation progression,
and the following types were defined: sub-chorionitis, cho-
rionitis and chorioamnionitis. Funisitis was also studied,
and it was defined as the presence of PMN infiltration in the
umbilical cord.

According to the highest probability of brain injury by age
of the premature infant, brain damage ” was defined as any
type of identifiable brain injury during the first week (0 to 7
days), between the first and fourth week (7 to 30 days), and at
40 weeks of corrected age. The types of damage were classified
as intraventricular hemorrhage (IVH), periventricular leu-
komalacia (PVL), neonatal encephalopathy (NE), meningitis
(MEC), striated lenticule vasculopathy (SLV), parenchymal
hemorrhage (PH), cerebral infarction (CI) and cerebral hypo-
plasia (CH). Hemorrhagic and ischemic lesions tend to be
much more frequent in the first week; white substance lesions,
between the third and fourth week; and brain trophic effects,
at 40 gestational weeks of corrected age 19,

Probable sepsis was considered in those cases with clini-
cal signs and evidence of leukocytosis, C reactive protein or
procalcitonin positive. Confirmed sepsis was considered in
cases with positive clinical signs and blood cultures 7.

Cases of meningitis required demonstration of pleocyto-
sis (230 leukocytes per milliliter in CSF), cases of encephalo-
pathy were defined as the presence of clinical manifestations
(hypoactivity, hypotonia, epileptic seizures) and metabolic
acidosis.

All patients underwent neurological examination, head
circumference measurement and brain ultrasound, during
the first three days, then weekly for three weeks, and then
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every four weeks until 40 weeks of corrected age. Tests were
performed by a neuropediatrics specialist. All ultrasounds
were reviewed a second time by a neonatal brain ultrasound
specialist.

Ethical considerations

All infants received neonatal care in intensive care units in
accordance to both, the hospital protocol and the Peruvian
Ministry of Health protocol “®. In all cases, informed con-
sent was requested; in addition, when the mother was under
18 years old, the assent and consent of an adult family mem-
ber was requested. The study was approved by the Ethics
Committees of Universidad Peruana Cayetano Heredia and
the Cayetano Heredia Hospital.

Statistical analysis

The information collected was stored in a protected databa-
se and analyzed with STATA 13. Numerical variables with
normal distribution were analyzed with the Student’s T-test,
and numerical variables without normal distribution, with
the Mann-Whitney U test.

For the bivariate analysis of neonatal characteristics, the
Fisher’s exact and Chi-square tests were used, depending on
the expected frequencies. For multivariate analysis, variables
were analyzed by preterm age groups, 0-7 days, 7-30 days,
and 40 weeks corrected age, according to the probability of
highest risk. The relative risk of developing brain damage
in infants exposed to HCA was determined with a genera-
lized linear model, of the Poisson family for dichotomous
variables, used by the form of variable distribution response
(brain damage), with robust error variance. For this analysis,
confounding variables that were associated with brain da-
mage were included in the bivariate analysis.

RESULTS

Patient enrollment

In 2015, 102 premature infants under 34 weeks of age were
born. For this study 85 patients were included, 66 of them
concluded the follow-up up to 40 weeks of corrected age, 6
abandoned the follow-up (7.1%) and 13 died (15.3%). The
study was concluded in March, 2016 at the completion of the
last preterm patient follow-up (Figure 1).

General characteristics of the study population

From the total of preterm infants, 42.4% (36/85) was born
exposed to HCA (Figure 1). The average maternal age was
27.6 years (SD: 7); and 45.9% (39/85) had adequate prenatal
controls. Urinary tract infection and premature rupture of

https://doi.org/10.17843/rpmesp.2020.372.4779

membranes (PROM) were found in 28.2% and 25.9% of the
mothers, respectively; and were also the most common ma-
ternal antecedents. Gestational age average was 30.9 weeks
(SD: 2.6) and average weight was 1,670 g (SD: 526.1). Most
infants had low weight for their gestational age and the ave-
rage length at birth was 41.3 cm (SD: 4.5) (Table 1).

Characteristics associated with histological cho-
rioamnionitis

HCA was distributed as follows: subchorionitis 38.9% (14/36),
chorionitis 38.9% (14/36), and chorioamnionitis 22.2% (8/36).
All the cases of funisitis 44.4% (16/36) were combined with
some type of affectation in the placental layers.

Maternal education was a factor negatively associated
with HCA (p = 0.042). PROM and rupture of membranes for
over 18 hours were more frequent in preterm infants exposed
to HCA (p = 0.004 and p = 0.033, respectively). Prenatal ste-
roid use was less frequent in the HCA group (p = 0.002). Va-
ginal delivery was more frequent in the HCA-exposed group
(p = 0.044), while caesarean section without labor was more
frequent in the non-exposed group (p = 0.044). Other charac-
teristics of the mother, according to the status of the HCA, are
detailed in Table 2.

4315 births

| 102 premature infants < 34 weeks |

17 premature infants excluded:
- 3 did not have consent
- 14 without pathological
examination of placenta

85 (83.3%) premature infants < 34 weeks
included

T

36 with histological 49 without histological
chorioamnionitis chorioamnionitis

R i hospi

- 5 deceased in the hospital 6 deceased in the hospital

- - -2 deceased at home

- 4 lost

-2lost
27 followed up until 40 39 followed up until 40

weeks of gestation weeks of gestation

Figure 1. Patient inclusion flow chart.
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The average head circumference percentile for the group
with HCA was 47.6 (standard deviation: 28.3), lower (p =
0.035) than the group without HCA (60.7, standard devia-
tion: 27.6). Of the total of patients, 57.6% (49/85) had proba-
ble or confirmed sepsis, which was more frequent in preterm
infants exposed to HCA (p = 0.013). Other characteristics of
the newborn, according to the status of the HCA, are des-
cribed in Table 3.

Neonatal characteristics associated with neurolo-
gical damage

A high frequency 52.9% (45/85) of neurological pathologies
was found. It was higher in the group with HCA (63.9%)

Table 1. Frequency of maternal and neonatal characteristics.

compared to the group without HCA (44.9%) (p = 0.083).
SLV was notable with 33.3% of cases in the group with HCA
compared to 20.4% in the group without HCA (p = 0.179).
IVH was also notable with 25% in the group with HCA com-
pared to 20.4% in the group without HCA (p = 0.616). Fre-
quencies of PVL, MEC and NE were very small and similar
in both groups.

Sepsis had the greatest impact on neurological damage
during the first week of life (p = 0.015) and between 7 and
30 days of life (p = 0.008). Renal failure, hyaline membra-
ne disease, necrotizing enterocolitis and persistent ductus
arteriosus were found to be associated with neurological
damage between 7 and 30 days of life (p < 0.050). Pneumo-

Maternal n (%) Neonatales n (%)
Age. mean (SD) 29 (4.6) Gender
Educational level Female 40 (47.1)
Primary 4 (4.7) Male 45 (52.9)
Secondy 58 (68.2) Gestational age (weeks)
College 23 (27.1) 241029 26 (30.6)
Marital status 30 to 31 27 (31.8)
Single 20 (23.5) 32to 33 32 (37.6)
Live-in partner 52 (61.2) Weight. mean (SD) 1670.5 (526)
Married 13 (15.3) Length. mean (SD) 41.3 (4.5)
Adequate prenatal controls 39 (45.9) Cranial circumference at birth. mean (SD) 28.7 (2.8)
Clinical chorioamnionitis 6(7.1) Cranial circumference percentile. mean (SD) 55.2 (28.5)
Multiple gestation 18 (21.2) Weight / Gestational Age Adequacy
Vaginosis 13 (15.3) Adequate 2(2.4)
Urinary tract infection 24 (28.2) Low birth weight 56 (65.9)
Gestational hypertension 6(7.1) Very low birth weight 16 (18.8)
Preeclampsia / eclampsia 15(17.6) Extremely low birth weight 11 (12.9)
Third trimester hemorrhage 12 (14.1) Deceased 13 (15.3)
Intrauterine growth restriction 6(7.1) Sepsis
Gestational diabetes 6(7.1) No 32 (37.6)
Peripartum fever 15 (17.6) Possible 4(4.7)
Premature rupture of membranes pre-term 22 (25.9) Probable 28 (32.9)
Premature rupture of membranes > 18 hours 13 (15.3) Confirmed 21(24.7)
Abnormal obstetric ultrasound 10 (11.8) Acute renal failure 12 (14.1)
Prenatal steroid use 27 (31.8) Hyaline membrane disease 45 (52.9)
Birth Hypoglycemia 21 (24.7)
Vaginal 19 (22.4) Pneumonia 14 (16.5)
Cesarean section with labor 23(27.1) Anemia 29 (34.1)
Cesarean section without labor 43 (50.6) Prematurity Apnea 24 (28.2)
Reanimation Necrotizing Enterocolitis 6(7.1)
No 25(29.4) Jaundice 49 (57.6)
Oxygen 7(8.2) Neonatal Encephalopathy 9 (10.6)
Neopuff 39 (45.9) Bilirubin Encephalopathy 1(1.2)
T tube 8(9.4) Persistence of ductus arteriosus 22 (25.9)
Massage 6(7.1) Pneumothorax 5(5.9)
Amniotic fluid
Clear 74 (87.1)
Meconial fluid 8(9.4)
Meconial thick fluid 3(3.5)
232 | https://doi.org/10.17843/rpmesp.2020.372.4779
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Table 2. Maternal characteristics according to the histological cho-

rioamnionitis status

Histological
Maternal characteristics chorioamnionitis p value
No (n=49) Yes(n=36)
Maternal age. mean (SD) 28.2 (6.6) 26.8(7.5) 0.389*
Educational level 0.042°

Primary 4(8.1) 0(0.0)

Secondary 36 (73.5) 22 (61.1)

College 9(18.4) 14 (38.9)

Marital status 0.425¢

Single 9(18.4) 11 (30.5)

Live-in partner 32 (65.3) 20 (55.6)

Married 8(16.3) 5(13.9)
Adequate prenatal controls 25 (51.0) 14(38.9) 0.267°¢
Clinical chorioamnionitis 2(4.1) 4(11.1) 0.394°
Multiple gestation 15 (30.6) 3(8.3) 0.013¢
Vaginosis 7 (14.3) 6(16.7) 0.763¢
Urinary tract infection 13 (26.5) 11 (30.6) 0.684°¢
Gestational hypertension 3(6.1) 3(83) 0.695°
Preeclampsia / eclampsia 11 (22.5) 4(11.1) 0.175¢
Third trimester hemorrhage 9(18.4) 3(8.3) 0.189¢
Intrauterine growth restriction 6(12.2) 0(0.0) 0.036°
Gestational diabetes 3(6.1) 3(83) 0.695°
Peripartum fever 7 (14.3) 8(22.2) 0.343¢
E::T;lrt;re rupture of membranes 7(143) 15417)  0004¢
El;egnil::)t:rrse rupture of membranes 4(82) 9(250) 0.033¢
Abnormal obstetric ultrasound 7(14.3) 3(8.3) 0.507°
Prenatal steroid use 22 (44.9) 5(13.9) 0.002°¢
Birth 0.044 ¢

Vaginal 7(14.3) 12 (33.3)

Cesarean section with labor 12 (24.5) 11 (30.6)

Cesarean section without labor 30 (61.2) 13 (36.1)
Reanimation 0.316°

No 14 (28.6) 11 (30.6)

Oxygen 5(10.2) 2(5.6)

Neopuft 25 (51.0) 14 (38.9)

T tube 2(4.1) 6(16.7)

Massage 3(6.1) 3(8.3)
Amniotic fluid 0.296°

Clear 45(91.8) 29 (80.6)

Meconial fluid 3(6.1) 5(13.9)

Meconial thick fluid 1(2.1) 2(5.6)

* Student’s T-test, ® Fisher’ s exact test, < Chi-square test

nia only had impact during the first 7 days (p = 0.017), and
necrotizing enterocolitis was the only one associated with
alterations found at 40 weeks of corrected age (p = 0.029).
The association between other pathologies and neurological

damage are presented in Table 4.
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From the total of patients, 13 premature infants died with
an average gestational age of 27.8 (SD: 3.5) weeks, 61.5% (8/13)
were male, and five showed clinical chorioamnionitis. In the
group without HCA, 8 children died, 5 of which presented neu-
rological damage 5/8 (62.5%). In the group with HCA, 5 chil-
dren died, all with neurological damage 5/5 (100%) (Figure 1).

Table 3. Neonatal characteristics of preterm infants according to the
histological chorioamnionitis status.

Histologic
Neonatal Characteristics chorioamnionitis p value
No (n=49) Yes(n=36)
Gender 0.679°
Female 24 (49.0) 16 (44.4)
Male 25 (51.0) 20 (55.6)
Gestational age 0.097%
24 t0 29 14 (28.6) 12 (33.3)
30 to 31 20 (40.8) 7(19.4)
32t033 15 (30.6) 17 (47.2)
Weight 1688.7 (500) 1645.6 (567)  0.711°
Length. median (IQR) 41.6 (4.6) 40.8 (4.3) 0.215°¢

Cranial circumference at
birth. mean (SD)
Cranial circumference
percentile. mean (SD)

29.1(2.3) 28.2(3.3) 0.179°

60.7(27.7)  47.6(28.3)  0.035°

Weight/Gestational Age Adequacy 0.818¢
Adequate 1(2.0) 1(2.8)
Low birth weight 34 (69.4) 22 (61.1)
Very low birth weight 9 (18.4) 7 (19.4)
Extremely low birth weight 5(10.2) 6 (16.7)
Deceased 8 (16.3) 5(13.9) 0.758%
Sepsis 0.013¢
No 25 (51.1) 7 (19.4)
Possible 1(2.0) 3(8.3)
Probable 12 (24.5) 16 (44.4)
Confirmed 11 (22.4) 10 (27.8)
Acute renal failure 6(12.2) 6(16.7) 0.563°
Hyaline membrane disease 29 (59.2) 16 (44.4) 0.179*
Hypoglycemia 15 (30.6) 6(16.7)  0.141°
Pneumonia 8 (16.3) 6(16.7) 0.967°
Anemia 16 (32.7) 13(36.1)  0.740°
Prematurity apnea 12 (24.5) 12(333) 0.371%
Necrotizing Enterocolitis 4(8.2) 2(5.6) 1.000¢
Jaundice 26 (53.1) 23(63.9) 0.318*
Neonatal Encephalopathy 5(10.2) 4(11.1)  1.000¢
Bilirubin Encephalopathy 0(0.0) 1(2.8) 0.424¢
E;:;;iﬁ?:riosus 1225  10278) 0732*
Pneumothorax 2(4.1) 3(8.3) 0.646¢

SD: standard deviation, IQC: interquartile range
# Chi-square test,  Student’s T-test, * Mann-Whitney U-test, ¢ Fisher’s exact test
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Risk of brain damage based on history of histolo-
gical chorioamnionitis
Table 5 shows the multivariate analysis of relative risk (RR),
where the effect of the variables like, sepsis, use of steroids,
acute renal failure, pneumonia, necrotizing enterocolitis and
persistence of the ductus arteriosus was controlled. Likewi-
se, the effects of IVH, MEC and NE between birth and the
first four weeks of age were filtered for their potential delete-
rious effect up to 40 weeks of gestational age.
Chorioamnionitis (histological involvement of chorion
and amnion) was the only type of HCA associated with neu-
rological damage (p = 0.006). This subtype of HCA, doubled
the risk of brain damage in the first week of life (RR = 2.11,
95% CI 1.09-4.11), which included IVH, EN, MEC and SLV.
Individualized analysis for IVH alone in the same period
increased the risk of damage (p = 0.007) (RR = 2.46; 95%
CI: 1.28-4.72). With the same factor, the damage risk almost

tripled between 7 and 30 days of age, a period in which the
types of white matter, SLV and PVL were predominant (RR
=2.72;95% CI: 1.07-6.88).

Funisitis as a single factor was not associated with neu-
rological damage; however, a potentiating effect is observed
when associated with chorioamnionitis, as the relative risk
increases from 2.11 to 2.33 at 0-7 days of age and from 2.72
to 3.23 at 7-30 days of age.

Other relevant findings
Brain damage between 7 and 30 days of age was associated
with the lowest gestational age and lowest head circumferen-
ce at birth (p = 0.000). Also, extreme preterm infants with
HCA had more extensive brain damage at 40 weeks of co-
rrected age (p = 0.027).

Among non-placental factors, pneumonia was found
to be a risk factor for neurological damage at any time (P <

Table 4. Neurological damage according to neonatal clinical characteristics by age group in premature infants under 34 weeks.

0 to 7 day from birth 7 to 30 days from birth At 40 corrected weeks
(IVH, SLV, MEC, NE) (PVL, SLV) (SLV o hypoplasia)
Characteristics p
No (62)  Yes(23) pvalue No(55) Yes(30) value No (45) Yes (21) p value
Respiratory depression at birth 2(3.2) 2(8.7) 02952 1(1.8) 3(10.0) 0.124*° 2(4.4) 1(4.8) 1.000?
Age gestational (weeks) 0.027° 0.001° 0.222°
24 t0 29 14(226) 12(522) 10(182)  16(53.3) 8(17.8) 7(33.3)
30to 31 21(33.9) 6(26.1) 18 (32.7) 9 (30.0) 15(33.3) 8(38.1)
32to 33 27 (43.6) 5(21.7) 27 (49.1) 5(17.7) 22 (48.9) 6(28.6)
Sepsis 0.015° 0.008 0.710*
No 28 (45.2) 4(17.4) 27 (49.1) 5(16.7) 21 (46.7) 7(33.3)
Possible 3(4.8) 1(44) 3(54) 1(3.3) 2(44) 2(9.5)
Probable 21(33.9) 7 (30.4) 16 (29.1)  12(40.0) 14 (31.1) 8(38.1)
Confirmed 10(16.1) 11 (47.8) 9(164) 12 (40.0) 8(17.8)  4(19.1)
Acute renal failure 2(32)  10(435) 0.000* 4(73) 8(267) 0.022° 2 (4.4) 2(9.5) 0.587
Hyaline membrane disease 28 (452)  17(73.9) 0018°  22(400) 23(76.7) 0.001° 18(40.0) 12(57.1) 0.289°
Hypoglycemia 14(226)  7(304) 0456°  13(236) 8(26.7) 0.757°  9(200)  7(33.3) 0239
Pneumonia 6(9.7)  8(348) 0.017° 7(127)  7(233) 0232° 3(67)  5(23.8) 0.098 *
Anemia 18(29.0) 11 (47.8) 0.104°  16(29.1) 13(433) 0.186° 11(244) 5(23.8) 0.955"°
Prematurity apnea 19(30.7)  5(217) 0418  18(327)  6(200) 0213° 13(289)  5(23.8) 0.666"
Necrotizing Enterocolitis 2332 4(174) 0.043° 0(0.0) 6(200) 0.001° 0(0.0) 3(14.3) 0.029°
Jaundice 36(58.1)  13(56.5) 0.898° 30(54.5) 19(633) 0433> 24(533) 15(714) 0.164°
Neonatal Encephalopathy 5(8.1) 4(17.4) 0.245* 6(10.9) 3(10.0)  1.000° 6(13.3) 1(4.8) 0.416*
Bilirubin Encephalopathy 1(1.6) 0(0.0) 1.000* 0(0.0) 1(33) 0353* 0(0.0) 1(4.8) 0.318*
Ductus arteriosus persistence 11(17.7) 11 (47.8) 0.005° 7(12.7)  15(50.0)  0.000° 7 (15.6) 7(33.3) 0.1172
Pneumothorax 3(4.8) 2(8.7) 0.609 * 3(54) 2(6.7) 1.000° 2(44) 1(4.8) 1.000*

IVH: intraventricular hemorrhage, SLV: striated lenticulum vasculopathy, MEC: meningitis, NE: neonatal encephalopathy, PVL: periventricular leukomalacia, CH: cerebral

hypoplasia
* Fisher’s exact test, ® Chi-square test
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Table 5. Risk of brain damage in premature infants under 34 weeks of age exposed to histological chorioamnionitis.
0 to 7 days from birth 7 to 30 days from birth At 40 corrected weeks
Pathological findings (HIV, VLE, MEC, EN), n = 85 (LPV, VLE), n =85 (SLV, CH), n =66 a
RR p value 95%CI RR p value 95%CI RR p value 95%CI
Corioamnionitis histoldgica 1.13 0.717 0.58-2.19 1.43 0.366 0.66-3.10 0.91 0.796 0.44-1.89
Subcorionitis 0.60 0.389 0.19-1.92 1.69 0.189 0.77-3.72 0.93 0.868 0.39-2.23
Corionitis 0.92 0.846 0.41-2.09 0.33 0.123 0.08-1.35 1.04 0.939 0.40-2.69
Corioamnionitis 2.11 0.027 1.09-4.11 2.72 0.035 1.07-6.88 0.83 0.781 0.22-3.08
Funisitis 1.17 0.616 0.63-2.18 0.91 0.845 0.37-2.25 0.80 0.660 0.30-2.16
Corioamnionitis y funisitis 2.33 0.042 1.03-5.27 3.23 0.000 1.84-5.66 2.66 0.012 1.24-5.71

This table presents the regression analysis of each of the 6 variables independently, each row is an adjusted regression analysis (Histological Chorioamnionitis, Subchorionitis,

Chorionitis, Chorioamnionitis, Funisitis, Chorioamnionitis and Funisitis)

IVH: intraventricular hemorrhage, SLV: striated lenticulum vasculopathy, MEC: meningitis, NE: neonatal encephalopathy, PVL: periventricular leukomalacia CH: cerebral

hypoplasia, RR: relative risk, 95% CI: 95% confidence interval
a At 40 weeks corrected, the effect of IVH, MEC, PVL and NE was filtered out.

0.001) (RR = 1.89, 95% CI 1.34-2.69), similar to chorioam-
nionitis. Among other effects, chorioamnionitis was found
to be arisk factor for ductus arteriosus persistence (P=0.013)
(RR = 2.8, 95% CI 1.4- 5.6).

DISCUSSION

Histological chorioamnionitis has a deleterious effect at di-
fferent ages of the premature infant under 34 weeks, with a
risk of producing or contributing to some early and late bra-
in injuries. These effects are known as “distantly injurious”
because they emphasize cytokine mediated mechanisms 1?.

The research model we present is innovative, because it
allows us to establish the effect of HCA on brain tissue as
seen by preterm age. The design, underutilized in the litera-
ture, highlights the importance of histological examination
of the placenta and its relationship with neurological and ul-
trasound monitoring of the patient (.

The neurological damage related to histological cho-
rioamnionitis in premature infants is a controversial issue
that has been analyzed in experimental animal studies. Al-
though the susceptibility of brain tissue has been demons-
trated !9, the results of clinical studies have not been able to
conclusively clarify this association 152021,

CA is an intense inflammatory process, whose main me-
chanism begins with the premature rupture of the amniotic
membranes, which facilitates the entry of microorganisms
from the vaginal flora into the intrauterine space ®. Thus,
PROM and prolonged rupture of membranes are frequently
associated 2. Although the most common germs are from
the vaginal flora 1*?9, resulting in as many as 71.1% positive

cultures @9, there is often sterile chorioamnionitis, induced

https://doi.org/10.17843/rpmesp.2020.372.4779

in conditions of stress, damage or cell death, such as placen-
tal detachment or additional infections -2

Regardless of the bacteriological risk, a powerful immune
response is triggered in both, mother and fetus. In the mother,
the production of prostaglandins and cytokines (IL-1p, IL-6, IL-
8, TNF-a) that induce premature labor are activated ©'9, and in
the fetus, systemic inflammatory response syndrome is triggered,
which correlates with increases of IL-6 in cord blood ®' and
with the increase of MMP-8 in amniotic fluid #**%. It has already
been reported that the use of steroids in the prenatal period
could reduce various postnatal effects regarding inflammatory
response ®. The possible beneficial effect that would tend to
lower the frequency of HCA should be handled with caution and
be subject to future analysis. However, the effect of CA on brain
injury; specifically on the frequency of cerebral palsy @, and the
potential deleterious effects on neurodevelopment are under
discussion @°.

In brain tissue, cytokines have the capacity to permeability
alter the BBB and produce tissue disruption when exposed to
hypoxia ©, ischemia @7, sepsis @ or necrotizing enterocolitis ©.
During this ischemic and inflammatory process, cells of the
microglia "' and astroglia can be activated, producing free
radicals and a greater amount of cytokines (IL-a, ILB, IL-6
and IL-8) that directly damage the pre-oligodendrocytes
and induce apoptosis through the caspase pathway ©. In this
regard, Volpe explains that vulnerability of preoligodendrocytes
and subplate neurons develops between 24 and 32 weeks of
gestation 727,

Since CA is based on clinical criteria that can lead to false
positives or negatives **?%, we used an analysis model that
relates HCA to neurological damage by age. Surprisingly, 42%
of placentas examined presented HCA, a frequency that is
at the upper limit of national and international reports 2%,
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Although most of the affected placentas showed early stage
infiltration 2 when the chorion and amnion were affected
simultaneously, the risk of neurological damage doubled or
tripled both in the first week of life and between 7 and 30
days, with different patterns of associated brain damage, rarely
described in the literature.

The brain lesions often were hemorrhagic, ischemic
and affected white matter. Except for meningitis, all were
identified by brain ultrasound, a method chosen for its great
accessibility and efficiency in determining the type and extent
of brain injury @. The noteworthy SLV frequency, a type of
white matter lesion related to inflammatory processes, was
followed by IVH, as already described in our setting ©.

The adjusted analysis by HCA subtypes, excluding
confounding factors, and according to age allowed us to
determine the association with some brain injuries. Only the
concurrent condition of having both, chorion and amnion
affection, was related to risk of damage. For IVH, the risk
doubled during the first week, possibly due to the association
of the inflammatory component with capillary fragility ®,
independent from other factors @. In contrast, the risk for
PVL and SLV type white substance lesions tripled between
7 and 30 days of age, possibly due to the inflammatory and
ischemic mechanisms described above 719,

However, at 40 weeks of corrected age no association
was found despite controlling for the confounding effects of
preceding injuries and concurrent systemic diseases. We consider
that cerebral hypoplasia and other injuries were the effect of
multiple combined processes among which malnutrition,
metabolic disorders (hypoglycemia, hyperbilirubinemia),
bronchopulmonary dysplasia, pneumonia, late sepsis and
necrotizing enterocolitis stand out,among these the inflammatory
effect of HCA itself is diminished 7**. Other very small or
diffuse brain lesions that would have improved the analysis were
not identified due to lack of magnetic resonance imaging ®*V.

This study has shown that various inflammatory
mechanisms contribute to brain damage. The main one
was placental infection that leads to sepsis; since there is no
evidence that meningitis plays a fundamental role in brain
damage, we consider that the inflammatory factor derived from
the sepsis itself would be responsible for the long-term harmful
effect @2, Other infectious and inflammatory processes, such
as pneumonia, necrotizing enterocolitis, persistent ductus
arteriosus and hyaline membrane disease, were associated
with greater neurological damage, especially between 7 and
30 days of life @, which opens up a series of possibilities for
the management and control of cerebral lesions by age, which
require further analysis in the future.
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However, recent studies have concluded that there is
insufficient evidence to justify the association between HCA
and brain injury in preterm infants ¢**?. Only the study by
Pappas et al. @ found a correlation between severe IVH and
HCA. None of the studies after 2005 found any association
with PVL, the best-known type of lesion. However, the
hypothesis remains in question because these clinical studies
differ in methodology and conversely there is adequate
experimental support. Shi et al @V, based on a systematic
review and meta-analysis, noted that HCA is associated with
risk of cerebral palsy when studies are prospective and start
from the presence or absence of chorioamnionitis. Others
emphasize analyzing amnion involvement ®?. On the long-
term effects, Ylijoki et al. showed that HCA was associated
with lower cognitive performance, memory and learning
skills at 5 years of age .

The effects on lower gestational age premature infants
was of particular interest. These infants are more frequently
and extensively brain damaged, at the expense of white
matter; and are likely to have smaller cranium size. These
findings have long been described “'* and generally translate
into severe disabilities in early childhood ®. However, there
are many related factors, in which the role of HCA has not
been clearly defined 32,

Based on current knowledge, future projects should take
into account types (acute and chronic) and grades of CA, germs,
umbilical cord clamping, fetal inflammatory response (funisitis
and amnion), maternal inflammatory response, circulation
of deleterious and protective cytokines, use of prenatal and
postnatal steroids, head circumference monitoring, MRI
findings and neurodevelopmental examinations #¢*°.

One of the strengths of the study is that the
anatomopathological examinations of the placenta were
available, and neurological diagnoses were performed by
neurologists trained in brain ultrasound. Likewise, an analysis
model by age was carried out, understanding the importance
of the physiopathology of brain injuries in premature infants.
Also, a multivariate analysis was performed, which allowed
considering confounding factors. As a limitation, it should be
mentioned that the time of umbilical cord clamping was not
recorded. Late sepsis, which could be a confounding variable
on the effect at 40 weeks, was also not differentiated, and no
membrane culture or amniotic fluid culture was obtained that
could better explain the germ’s virulence factor.

In conclusion, HCA was found in almost half of all
preterm births under 34 weeks. Premature rupture of
membranes was the main cause of neonatal sepsis, and
in turn sepsis was associated with neurological damage.

Chorioamnionitis caused brain damage in preterm infants
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aged 0-7 days and 7-30 days. The most frequent injuries
were IVH and damage to white matter (SLV and PLV). At 40
weeks of corrected age, extreme preterm infants with HCA

had more extensive brain damage
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