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Abstract

Introduction

Placental histologic examination can assist in revealing the mechanism leading to preterm

birth. Accumulating evidence suggests an association between intrauterine pathological

processes, morbidity and mortality of premature infants, and their long term outcome. Neo-

natal brain activity is increasingly monitored in neonatal intensive care units by amplitude

integrated EEG (aEEG) and indices of background activity and sleep cycling patterns were

correlated with long term outcome. We hypothesized an association between types of pla-

cental lesions and abnormal neonatal aEEG patterns.

Objective

To determine the association between the placental lesions observed in extreme preterm

deliveries, and their neonatal aEEG patterns and survival.

Patients and methods

This prospective cohort study included extreme premature infants, who were born� 28

weeks of gestation, their placentas were available for histologic examination, and had a con-

tinues aEEG, soon after birth)n = 34). Infants and maternal clinical data were collected.

aEEG data was assessed for percentage of depressed daily activity in the first 3 days of life

and for sleep cycling. Associations of placental histology with clinical findings and aEEG

activity were explored using parametric and non-parametric statistics.
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Results

Twenty two out of the 34 newborns survived to discharge. Preterm prelabor rupture of mem-

branes (PPROM) or chorioamnionitis were associated with placental lesions consistent with

fetal amniotic fluid infection (AFI) or maternal under perfusion (MUP) (P < 0.05). Lesions

consistent with fetal response to AFI were associated with absence of SWC pattern during

the 1st day of life. Fetal-vascular-thrombo-occlusive lesions of inflammatory type were

negatively associated with depressed cerebral activity during the 1st day of life, and with

aEEG cycling during the 2nd day of life (P<0.05). Placental lesions associated with MUP

were associated with depressed neonatal cerebral activity during the first 3 days of life

(P = 0.007).

Conclusions

Depressed neonatal aEEG patterns are associated with placental lesions consistent

with maternal under perfusion, and amniotic fluid infection of fetal type, but not with fetal

thrombo-oclusive vascular disease of inflammatory type. Our findings highlight the associa-

tion between the intrauterine mechanisms leading to preterm parturition and subsequent

depressed neonatal cerebral function early after birth, which eventually may put premature

infants at risk for abnormal neurodevelopmental outcome.

Introduction

Spontaneous preterm parturition has been the concern of obstetricians and neonatologist in

the past decades. Efforts of primary and secondary preventions of this syndrome with proges-

terone[1–6], cerclage[7–13] and pessary[14–17], yielded a decrease in the total rate of the pre-

term birth. However, when stratified according to gestational age, the rate of premature birth

prior to 28 weeks of gestation did not change substantially during this period, and it varies

around 1% of all deliveries[18].

The vast majority of early preterm deliveries are due to spontaneous premature parturition

[19],a syndrome that is the clinical end point of many underlying mechanisms including

microbial-induced inflammatory response, decidual hemorrhage and vascular disease, decid-

ual senescence, disruption of maternal-fetal tolerances well as other mechanisms like uterine

over distension and maternal stress[20–22].

The lack of success to decrease the rate of preterm delivery prior to 28 weeks of gestation

may result from insufficient understanding of the underlying mechanisms leading to these

severe obstetrical complications, hampering the ability to develop effective treatment modali-

ties. The placenta reflects the underlying pathologies leading to very early premature delivery,

and the study of these lesions may assist in the effort to prevent such early premature birth and

in the treatment of theses neonates. Several studies in the recent years demonstrated correla-

tions between premature parturition and histologic placental features of vascular and inflam-

matory lesions [23–31]. Moreover, in some of the cases with intra-amniotic infection and

inflammation, the fetus is involved and a fetal inflammatory response syndrome can be

detected[32–35]. These fetuses have an increased risk of abnormal neurodevelopmental out-

come and CP later in their life.

Neonates delivered prior to 28 weeks of gestation have a substantially higher rate of short

(broncho pulmonary dysplasia, necrotizing enterocolitis, respiratory distress syndrome,
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retinopathy of prematurity, intraventricular hemorrhage) and long term complications of pre-

maturity (cerebral palsy (CP) and abnormal neurocognitive development). The rate of these

complications is inversely related to the gestational age at delivery.[36–40]

In light of the association between prematurity, especially the early one, and long term neu-

rodevelopmental sequela, neonatal brain activity monitoring was introduced to the Neonatal

Intensive Care Units (NICUs). Indeed, in the last two decades, amplitude-integrated EEG

(aEEG), a technique with graphics-based visual display of electric cerebral activity is increas-

ingly used in NICU in order to monitor neonates at high risk for brain injury, especially

extremely premature ones[41–44]. Moreover, previous reports demonstrated an association

between depressed aEEG recording and adverse long term neurodevelopmental outcome in

premature neonates [45–47]. Thus, we hypothesized that the intrauterine pathological pro-

cesses that lead to preterm parturition prior to 28 weeks of gestation will be reflected in the

type of placental lesions as well as in the characteristics of abnormal brain activity during the

early neonatal period.

The objective of this study was to determine the association between very early preterm

birth, placental histopathologic lesions and aEEG patterns in premature infants born before 28

weeks of gestation.

Methods

Study population

This prospective cohort study was conducted in the NICU and the department of Obstetrics

and Gynecology of Soroka University Medical Center (Beer-Sheva, Israel) between 2008 and

2010 with retrospectively collected maternal data.

Newborn included in the study:1) Were born� 28 weeks of gestation(according to the last

menstrual period and/or US scan in the first trimester, or according to embryo transfer for

IVF pregnancies); 2) survived resuscitation after delivery and had an aEEG monitoring that

was initiated prior to 6 hours of age; and 3) had a placental specimen available for histologic

examination. Excluded from the study were newborns with major central nervous system

anomalies or chromosomal abnormalities. The study protocol was approved by the Soroka

Medical Center ethics committee and informed consent forms were signed by guardians of

recruited infants. Maternal data were collected retrospectively from medical records of labor

and delivery admissions and prospectively from newborns’ files. Maternal information

included demographic data (age, ethnicity, parity, medical conditions not related to preg-

nancy), risk factors for preterm birth (assisted reproductive treatment (ART), multiple gesta-

tion, amniotic fluid amount disorders, pre-eclampsia), information regarding the course of

delivery (membrane rupture and its duration, preterm uterine contraction, chorioamnionitis,

placental abruption, betamethasone treatment, antibiotic treatment, non-vertex presentation,

cesarean delivery), and bacterial cultures data from maternal blood, urine, vagina, cervix, uter-

ine cavity and from the placenta).

Clinical definitions

Parity groups were defined as follows: nulliparous (1st delivery) multipara(deliveries� 2).

Amniotic fluid volume was estimated with a real time scanner equipped with a 3.5/5 MHz

transducer of appropriate focal length. Oligohydramnios was defined as AFI < 5 [48] while

polyhydramnios was defined as amniotic fluid index (AFI)>25 cm or a measurement of a

maximal vertical pocket of at least 8 cm[49]; premature prelabor rupture of membranes

(PPROM) was defined as any verified rupture of the chorioamniotic membranes before the

onset of labor[50]. Chorioamnionitis was defined according to Gibbs criteria[51], preterm
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uterine contractions were defined according to maternal clinical presentation and confirming

non stress test monitoring. Maternal temperature > 38˚C that developed at least 24 hours after

delivery, recorded by two different measurements at least four hours apart, or one measure-

ment of maternal temperature of> 38.5˚C, regardless of the time after delivery, was defined as

post-partum fever. Wound infection was defined according to either clinical signs of infection

or positive wound culture. Placental abruption was defined according to clinical placental

examination after the third stage of labor. Betamethasone treatment was considered as given if

at least one dose was administered before delivery. Antibiotic treatment was given to mothers

who had PPROM before completed 34 weeks of gestation [52].

Placental histology

Slides from placental paraffin blocks were retrieved from the pathology department. From

each placenta, five tissue samples were used for histopathologic examination as follows: a slide

from the free membranes (chorion and amnion with attached decidua capsularis), a slide from

a section of the umbilical cord and three full thickness disc samples. In addition, any abnormal

area was sampled. All samples stained with hematoxylin and eosin. Slides were analyzed by a

single pathologist using a light microscope and classified into one of four groups according to

Redline at al.[53]: Normal placenta, finding consistent with amniotic fluid infection (AFI),

finding consistent with maternal under perfusion (MUP) or finding consistent with fetal vas-

cular thrombo-occlusive disease (FVTOD).

Neonatal data

Data were collected prospectively and included demographic data, delivery data (e.g. birth-

weight, Apgar score, cord blood pH), clinical hospitalization data (e.g. respiratory status,

presence of sepsis and antibiotic treatment). Small for gestational age (SGA) was defined if

newborn birthweight was below the 10th percentile, according to the revised Fenton growth

curves[54]. Apgar score was dichotomized at<5 at 1 minute and <7 at 5 minutes, cord pH

was dichotomized at cord blood pH<7.0. Respiratory distress syndrome (RDS), sepsis, con-

vulsions, necrotizing enterocolitis (NEC), and intraventricular hemorrhage (IVH) were

documented.

Brain ultrasound scans were carried out daily in the first three days of life, at one week of

age, 30 and 34 weeks post conception. Short and long term outcome data were collected and

included cerebral pathologies, presence of bronchopulmonary dysplasia and if the infant sur-

vived hospitalization, whether his neurological examination was within normal limits or not at

discharge. Long term outcome at 2 years of age included a neurological examination [55–58]

and Bayley’s screening examination[59,60].

aEEG recordings

As part of our local protocol, infants born at�28th weeks of gestation are monitored with

aEEG as soon as possible, and continued as clinically necessary. Informed consent for the

incorporation of the information obtained from the aEEG in the study was sought from guard-

ians of infants as soon as possible following the delivery. Enrolled infants were monitored for

at least 72 hours after birth or until neonatal death.

aEEG was recorded with the CFM 6000 recorder (Olympic Medicals/Natus, Seattle, WA).

In this method EEG signals are sampled from two parietal electrodes located at P3 and P4

areas according to the international 10/20 EEG system[61]. Frequencies under 2 and over 15

Hz are asymmetrically filtered after initial pre-amplification then the EEG signal is rectified,

smoothened, whitened and compressed to a semi logarithmic scale. The final output, reflecting
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the maximum and minimum amplitudes of the original EEG, is displayed at speed of 6 cm per

hour[62,63]. Pattern of each ten minutes segment of the aEEG recording was classified accord-

ing to Olischaret. al. [41]: 1. Isoelectric, 2. Burst suppression, 3. Low discontinuous (baseline

below 3 microvolts), 4. High discontinuous (baseline between 5 and 3 microvolts), 5.Continu-

ous, and 6.Artifact. The percentage of daily pattern was computed and data was dichotomized

to: Daily percentage of depressed aEEG (patterns 1, 2, and 3)) vs less depressed aEEG (patterns

4 and 5). Moreover, daily presence of cyclicity and seizure activity[64]was noted (Fig 1).

Statistical analysis

Continuous data were presented as mean ± standard deviation (SD). Ordinary data were pre-

sented as median and inter-quartile range. Categorical data were presented as proportions.

The normality of the aEEG activity was investigated by normal distribution attributes, skew-

ness, kurtosis and inverse normal plot. Due to abnormal distribution, we have examined the

associations of placental histology with maternal or neonatal clinical findings and aEEG activ-

ity by Mann-Whitney test for continuous variables. Chi Square or Fisher’s exact test were used

to assess categorical variables as appropriate.

Fig 1. Patterns of aEEG recordings. A: Premature infants born at 27 weeks gestation at his first day of life. Normal tracing for age,

note the cycling of the lower border of the aEEG tracing. Different patterns can be depicted in this tracing: Low discontinuous (black

stars), high discontinuous (white arrows) and also short periods of continuous activity: black arrows. B: Premature infants bore 27

weeks gestation at his first day of life. Depressed tracing consisting of burst suppression pattern with a short period of isoelectric

pattern (arrow).

https://doi.org/10.1371/journal.pone.0179481.g001
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In order to assess the first three days of life as a block, we divided our study group into

three equal sub-groups (thirtiles) based on rate of depressed aEEG activity during the first days

of life. Then we examined the associations between placental pathologies and depressed brain

activity using the Mann Whitney test.

Differences were considered statistically significant when p<0.05. Data were analyzed

using the Statistical Package for Social Sciences (IBM SPSS version 21).

Results

During the study period 132 newborns were born at or prior to28 weeks of gestation. aEEG

recording was initiated prior to 6 hours of age in 54 infants and 34 placental samples were

available for histologic examination and consisted the study cohort.

Clinical characteristics

The maternal and neonatal clinical characteristics are summarized in Table 1. The mean

maternal age was 29 years, a third were nulliparous and 90% of them conceived following

ART. The mean gestational age of the cohort was 26 weeks, 62% of the newborns survived to

discharge.

Table 1. Maternal and neonatal clinical characteristics.

Maternal and obstetrical Characteristics (n = 31)

Gravidity 2 (3.5)

Parity 1 (3)

Maternal age, (years) 29.09 ±6.28

Non-Jews (Bedouins) 18 (52.9%)

Preeclampsia Toxemia 2 (6%)

Antibiotics in labor 27 (79%)

Vaginal positive streptococcus group B 7 (20.6%)

Antenatal steroids: 24 (70.6%)

Magnesium sulfate 1 (2.9%)

Cesarean section 18 (58.06%)

Neonatal Characteristics (N = 34)

Gestational age, weeks (mean ±SD) 26.07±1.28

Female 38.2%

Birthweight, gram (mean ±SD) 835.00±197

Head Circumference,cm (mean ±SD) 25.30±1.8

Intra-uterine growth, SGA 3 (8.82%)

Apgar 1’ < 5 20 (58.82%)

Apgar 5’ < 7 14 (41.17%)

Small for Gestational Age 3 (9%)

Survival at discharge 21 (62%)

Survival at 2 years of corrected age 20 (59%)

Umbilical Cord PH < 7.00 1 (3%)

Variables are presented as median (interquartile range), mean±standard deviation or N (%) as appropriate

https://doi.org/10.1371/journal.pone.0179481.t001
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Placental lesions

Placental lesions were identified in all the 34 samples (Fig 2). In one third of the cases more

than one type of placental of lesion was detected. Distribution of lesions according to gesta-

tional age is presented in Fig 3.

The association of maternal and neonatal clinical presentation with

placental lesions

Women with PPROM or with chorioamnionitis had a significantly higher prevalence of pla-

cental lesions associated with AFI (p = 0.001), and significantly lower rates of MUP(p = 0.038).

None of the neonatal clinical variables including Apgar score, cord pH, rates of RDS, IVH,

NEC, BPD and mortality were associated with a specific placental lesion.(Table 2).

Associations of placental histology with neonatal cerebral activity. On the first day of

life while cycling was not detected in 50% of infants with placental lesions consistent with AFI

of the fetal side, it was recorded in all infants who had placental lesions consistent with

FVTOD and with villous type MUP (p = 0.037). On the second day of life cycling was not

detected in46%of infants with placental lesion consistent with AFI of the maternal side, 62.5%

of those with AFI of the fetal side, 62% of those with MUP of vascular type and 57% of those

with MUP of villous type, in contrast to lack of cycling in 20% of infants who had placental

lesions with FVTOD of inflammatory type(p = 0.024) (Table 3).

Infants with placental lesions consistent with MUP had a higher percentage of depressed

cerebral activity in the first two days of life (day 1: p = 0.009, and day 2: p = 0.012) in compari-

son to those without these lesions. In addition, infants with placental lesions consistent with

Fig 2. The distribution of placental lesions among cases. AFI- Amniotic Fluid Infection; MUP-Maternal Under Perfusion;

FVTOD-Fetal Vascular Thrombo-Occlusive Disease.

https://doi.org/10.1371/journal.pone.0179481.g002
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vascular MUP were more likely to be in the highest thirtile of depressed cerebral activity in

regards to the overall percentage of depressed activity during the first three days of life,

(p<0.05)(Fig 4). Neonates with placental lesions consistent with inflammatory FVTOD had a

significantly lower percentage of time with depressed aEEG recording in the first day of life, as

compared to those without these lesions (p = 0.016)(Table 4). Infants with mix placental

lesions did not have a significant association with abnormal EEG patterns. (Fig 5)

Discussion

Principal findings of the study

Among early premature infants (�28 weeks of gestation) platacental lesions consistent with

intrauterine infection with fetal involvement were associated with absent aEEG cycling in

the first day of life. In addition, placental lesions consistent with vascularMUPwere associ-

ated with depressed cerebral activity during the first two days of life and an overall lower

cerebral activity during the first three days of life. In contrast, placental lesions consistent

with FVTOD of inflammatory type wereless likely to be associated with abnormal cerebral

activity.

Fig 3. Association between placental histology and depressed aEEG—According to the neonatal percentage of daily

depressed aEEG during the first three days of life. Significant association is demonstrated between MUP of a vascular type and

neonates with the most depressed aEEG recording during the first 3 days of life. AFI- Amniotic Fluid Infection; MUP-Maternal Under

Perfusion; FVTOD-Fetal Vascular Thrombo-Occlusive Disease.

https://doi.org/10.1371/journal.pone.0179481.g003

Inflammatory and vascular placental lesions, neonatal aEEG recording and early prematurity

PLOS ONE | https://doi.org/10.1371/journal.pone.0179481 June 23, 2017 8 / 17

https://doi.org/10.1371/journal.pone.0179481.g003
https://doi.org/10.1371/journal.pone.0179481


The association between adverse intrauterine events and neonatal

morbidity of severe premature neonates

The current paradigm supports the concept that pathological processes leading to early prema-

ture delivery affect the fetus and the neonate[21,33–35,40]. Indeed, the involvement of the

fetus in the pathological process leading to early premature birth is associated with the fetal

inflammatory response syndrome (FIRS)[21,33–35,40], this condition is akin to the adult sys-

temic inflammatory response syndrome observed during sepsis[21,33,34]. Recently FIRS was

divided into two distinct phenotypes[65], the first results from intra-amniotic infection the

affected also the fetus and is characterized by placental lesions consistent of amniotic fluid

infection with fetal involvement (i.e. funisitis), and the second is characterized with maternal

anti-fetal rejection which includes placental lesions associated with MUP of vascular type and

Table 2. Maternal and neonatal clinical characteristics and placental oathology.

Amniotic Fluid Infection

(n = 12; 38.7%)

Maternal Under-Perfusion

(n = 19; 61.3%)

Fetal Vascular Thrombo-

Occlusive Disease

(n = 10; 32.25%)

Maternal Clinical Presentation

no. (%) P value no. (%) P value no. (%) P value

Pre Eclampsia Toxemia (n = 2) 1 (50%) NS 1 (50%) NS 1 (50%) NS

Oligohydramnios (n = 2) 1 (50%) NS 2 (100%) NS 0 NS

Polyhydramnios (n = 4) 2 (50%) NS 3 (75%) NS 2 (50%) NS

Placental Abruption(n = 5) 2 (40%) NS 3 (60%) NS 1 (20%) NS

PPROM (n = 8) 7 (88%) 0.001 2 (25%) 0.038 1 (12.5%) NS

Preterm Uterine Contractions (n = 19) 6 (31%) NS 12 (63%) NS 6 (31%) NS

Chorioamnionitis (n = 3) 3 (100%) 0.049 0 0.049 0 NS

Neonatal Clinical Characteristic

no. (%) P value no. (%) P value no. (%) P value

SGA (n = 3) 0 NS 2 (66%) NS 1 (33%) NS

Ph of cord blood at delivery < 7.0 (n = 1) 1(100%) NS 1(100%) NS 0(0%) NS

Apgar score 5 min < 7 (n = 14) 5 (35%) NS 11(78%) NS 3 (21%) NS

Celeston prior to delivery (n = 24) 10 (41.7%) NS 15 (62.5%) NS 7 (29.2%) NS

Magnesium prior to delivery (n = 1) 0(0%) NS 1(100%) NS 1(100%) NS

Data is presented as n(%);PPROM: premature prelabor rupture of membranes

https://doi.org/10.1371/journal.pone.0179481.t002

Table 3. Association between placental histology and absence of sleep cycling.

Neonatal day of life

Placental Histology Day 1

n = 7

Day 2

n = 17

Day 3

n = 13

AFI maternal (n = 13) 5 (38%) 6 (46%) 5 (38%)

AFI fetal (n = 8) 4 (50%) * 5 (62.5%) 3 (37.5%)

MUP vascular (n = 16) 3 (19%) 10 (62%) 6 (37.5%)

MUP villous (n = 7) 0 (0%) 4 (57%) 3 (43%)

FVTOD—Inflammatory (n = 10) 0 (0%) 2 (20%) ** 4 (40%)

AFI = Amniotic Fluid Infection; MUP = Maternal Under Perfusion; FVTOD = Fetal Vascular Thrombo-Occlusive Disease; data presented as rate(%);

* P Value = 0.037;

**p value = 0.024;

https://doi.org/10.1371/journal.pone.0179481.t003
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Fig 4. Distribution of placental lesions within thirtiles of cerebral activity. Infants with placental lesions consistent with vascular

MUP were more likely to be in the highest thirtile of depressed cerebral activity. AFI: Amniotic Fluid Infection. MUP: Maternal Under

Perfusion. FVTOD: Fetal Vascular Thrombo-Occlusive Disease.

https://doi.org/10.1371/journal.pone.0179481.g004

Table 4. Daily percentages of depressed infant brain activity according to placental histology.

Placental lesion Day of life

Day 1 P value Day 2 P value Day 3 P value

AFI maternal Present 82±10 0.753 81±10 0.292 71±20 0.600

Absent 78±20 75±20 70±20

AFI fetal Present 82±10 0.436 82±10 0.177 74±20 0.191

Absent 74±20 69±20 61±20

MUP vascular Present 71±20 0.009 70±20 0.012 64±30 0.187

Absent 89±10 89±10 79±10

MUP villous Present 81±10 0.379 80±10 0.771 73±20 0.427

Absent 73±20 73±20 61±30

FVTOD inflammatory Present 84±10 0.016 81±20 0.061 72±20 0.867

Absent 69±10 72±16 68±20

AFI = Amniotic Fluid Infection; MUP = Maternal Under Perfusion; FVTOD = Fetal Vascular Thrombo-Occlusive Disease; data presented as mean ±standard

deviation

https://doi.org/10.1371/journal.pone.0179481.t004
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chronic inflammatory lesions of the placenta. Both type of FIRS are associated with increased

neonatal morbidity [32,66].

The association between placental lesion and infant’s

neurodevelopment outcome

Prior reports suggested associations between specific placental lesions and short, as well as long,

term neonatal neuro-developmental outcome [40,63,67–71]. Redline et. al.[70]reported that

among extremely low birth weight infant, fetal vascular villus edema (a subtype of FVTOD),

was associated with abnormal neurocognitive testing at school age, while maternal vascular

lesions including increased syncytial knots (which is demonstrated in cases of MUP), were asso-

ciated with subsequent development of CP, and fetal inflammatory response—as an expression

of placental AFI on the fetal side, was associated with low mean neurocognitive score[70]. Van

Viletet. al. found that infants with MUP had poorer mental development than very preterm

infants with histological expression of AFI at 2 years of age[63]. Roescher et. al.[71]performed

a systematic review of the association between placental histologic lesions, perinatal death, neo-

natal outcome and neurological development. They demonstrated an association between pla-

cental lesions of ascending intrauterine infection (AFI) with poor neurological outcomes. In

addition, compared to gestational age—matched controls, infants born to mothers with placen-

tal findings consistent with maternal floor infarction,(a type of MUP), had a higher incidence of

central nervous system injury in neonatal cranial ultrasound, and were more likely to have a

suspicious or abnormal neurologic examination, lower developmental scores, and neurodeve-

lopmental impairment[71]. Collectively these findings suggest that specific placental lesions are

associated with subsequent short and long term neuro-developmental morbidity.

Fig 5. Patterns of aEEG recordings. A: Premature infants born 27 weeks’ gestation at his first day of life. Normal tracing for age,

note the cycling of the lower border of the aEEG tracing. Different patterns can be depicted in this tracing: Low discontinuous (black

stars), high discontinuous (white arrows) and, also, short periods of continuous activity: black arrows. On histology, fetal vascular

thrombo-occlusive type lesion was observed and he had a good outcome. B: Premature infants born 27 weeks’ gestation at his first

day of life. Depressed tracing consisting of burst suppression pattern with a short period of isoelectric pattern (arrow). In his placenta

signs of maternal underperfusion, vascular type, were observed. As to his outcome, his Bayley’s screening assessment classified

him at risk and the Amiel-Tison neurological exam scored moderately abnormal.

https://doi.org/10.1371/journal.pone.0179481.g005
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Vascular placental lesions, severe prematurity, and depressed cerebral

activity in early post-natal life—A variant of severe placental vascular

disease?

In our cohort, unlike other reports [72,73] the most prevalent lesion was MUP (61%). The pro-

portions of the specific lesions vary with the gestational age and classifications used [72,73].

Thus, Lee et. al.[72] reported a rate of 56% for acute chorioamnionitis (similar to Redline’s

AFI),7.4% for MUP, 4.4% for FVTOD, 1.5% for VUE 1.5% and 7.4% for chronic chorioamnio-

nitis, Nijman et al. [73] reported 40.0% for placental infectious lesions and about 20% for

MUP for this gestational age. The differences between the studies may result from different

population, selection criteria and classifications.

Placental vascular MUP was the most common lesion in our study, and was associated with

depressed aEEG recording during the first three days of life. This type of placental lesion is

derived from implantation disorders and vascular remodeling, and is classically associated

with pre-eclampsia and IUGR. Earlier reports found this lesion as more common among late

preterm deliveries. However MUP is associated with subsequent development of CP in infants

with extremely low birth weight[62].

Indeed, early onset preeclampsia, and IUGR are associated with increased risk for CP. Nev-

ertheless, even in absence of these obstetrical complications placental vascular lesions that are

associated with such early premature delivery may represent a higher degree of severity of the

placental vascular disease that is usually observed later on during gestation when these lesions

are more prevalent. Moreover, such severity of vascular disease can also affect the fetus and the

neonate. Our novel finding that depressed aEEG recording during the first 3 days of life of

extremely premature neonates are more prevalent in infants who had placentas with vascular

MUP, support this view.

Placental inflammatory lesions of the fetus and abnormal brain activity of

the neonate

Placental lesions consistent with AFI of the fetal side of the placenta (i.e. funisitis) were associ-

ated in our population with absence of aEEG cycling on the first day of life. Previous reports

found an association between the absence of neonatal aEEG cycling and abnormal neurodeve-

lopmental outcome [45,46]. Impaired cerebral activity, as reflected by depressed activity or

absence of cycling in aEEG recorded during the first 3 days of life, was reported by different

researchers using different methodologies, to be predictive of white matter injury, short and

long term adverse outcomes[45–47].

This small prospective cohort bring forth for the first time a possible link between specific

placental lesion and abnormal infant brain function recording during the first three days of

life. This suggests that the placenta may mirror the process leading to early prematurity and

may assist to identify the newborns at risk for subsequent abnormal neurocognitive develop-

ment and even CP. This information is important since it may have a role in early identifica-

tion of neonates who will benefit from specific intervention to ameliorate the cerebral damage

associated with early premature delivery.

Strengths and limitations of the study

The major strength of our study is its prospective nature and our ability to demonstrate the

association between clinical obstetrical conditions related to extreme prematurity, specific pla-

cental lesions and abnormal infant cerebral activity in the first days of life.
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The small sample size and limited availability of placentas for histopathological evaluation

restrained us from performing a multivariable analysis to strengthen the validity of our find-

ings. Furthermore, though short and long term outcome of this cohort are available, we were

not able to assess the associations between placental findings, cerebral activity and outcome.

Conclusions

The association between abnormal neonatal cerebral activity and placental lesions in early

premature neonates is novel; highlighting a possible association between intra uterine pro-

cesses leading to extreme preterm parturition and depressed cerebral function early after birth

which eventually put premature infants at risk of subsequent abnormal neuro-developmental

outcome.
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