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Placental lesions and neurodevelopmental 

outcome at toddler age



Abstract
Objectives: To determine whether placental pathology in preterm infants is associated 
with neurodevelopmental outcome at toddler age.
Study design: in this prospective cohort study we included 73 children (GA <32wk). The 
placentas of all children were assessed for pathology. cognitive and motor outcomes 
were assessed at two to three years of age using the Bayley scales of infant and Toddler 
Development, third edition. Behavior was assessed using the child Behavior checklist. 
Results: Ninety-five percent of the placentas showed pathology. Ascending intrauterine 
infection was associated with abnormal cognitive, fine motor, and total motor outcomes 
(P=.018, P=.032, and P=.056, respectively) but not with behavior. After excluding children 
with cerebral palsy, we found no association between placental lesions and outcomes.
Conclusion: Placental lesions indicating ascending intrauterine infections are associated 
with adverse cognitive and motor outcomes. no other placental lesions were associated 
with neurodevelopmental outcome at toddler age.   
Keywords: ascending intrauterine infection, follow up, placental pathology, preterm 
infants 
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Introduction
The placenta is the link between mother and fetus during pregnancy. it plays a crucial 
role in fetal growth and development by enabling the exchange of nutrients and oxygen 
from the mother to the fetus and by removing fetal waste products. in recent years, 
findings based on placental lesions have contributed to a better understanding of how 
the placenta functions. Less than optimal placental performance may result in morbidity 
or even mortality of both mother and fetus. There are indications that placental lesions 
are the main cause of fetal death.1 it is also known that several placental lesions are 
associated with neonatal morbidity such as a higher illness severity shortly after birth,2-4 
higher incidence of bronchopulmonary dysplasia,4-7 necrotizing enterocolitis (nec),8,9 
retinopathy of prematurity,10-13 and cardiac abnormalities.12,14 The relationship between 
placental lesions and neurodevelopmental outcome is less clear. even though there 
are indications that placental lesions are associated with adverse neurodevelopmental 
outcomes, the results are inconsistent. most of these studies are retrospective, performed 
in a selected study population with neurological impairment.15-19 Prospective cohort studies 
concerning placental lesions and neurodevelopmental outcome are scarce.20,21 A detailed 
understanding of the relation between placental lesions and neurodevelopmental outcome 
later in life is necessary to identify placental-related risks for developmental problems, and 
such understanding could provide clues for early interventions to improve outcome.

The objective of this prospective cohort study was to determine whether placental 
lesions were associated with neurodevelopmental outcomes at two to three years of age. 
We hypothesized that in the presence of placental lesions neurodevelopmental outcome 
would be poorer. 

Methods
Patient population
We selected all singleton infants born in 2008 with a gestational age (GA) of less than 32 
weeks and who were admitted to University medical center Groningen. From this cohort 
we excluded infants who died, infants whose placentas were not available for pathological 
examination, and infants with major chromosomal and congenital abnormalities. Written, 
informed parental consent was obtained in all cases.

Placental lesions
The placentas were examined by a perinatal pathologist (AT) in accordance with the 
guidelines published by the Royal college of obstetricians and Gynaecologists and the 
Royal college of Pathologists in Britain, and the college of American Pathologists.22,23 With 
the exception of GA, the pathologist was blinded as to clinical outcome. We assessed 
all the placentas for lesions of which an association with neurological impairment was 
suggested.15,18 The lesions were: placental pathology consistent with maternal vascular 
underperfusion (mVU),24 ascending intrauterine infection (AiUi),25 chronic villitis of unknown 
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etiology (VUe),26 chronic deciduitis,27 perivillous fibrinoid,28 fetal thrombotic vasculopathy,29 
meconium associated vascular necrosis,30 chorioamniotic hemosiderosis,31 increased 
nucleated red blood cells (nRBcs),32 chorangiosis,33 and umbilical cord abnormalities.34 
Table 1 contains the definition and scoring criteria of these placental lesions. In addition, 
placental weights and umbilical cord lengths were noted.

Table 1. Diagnostic terminology and definition of the placental lesions
Diagnostic terminology Definition and scoring criteria

Maternal vascular underperfusion Decidual vasculopathy, e.g. incomplete or absent spiral artery remodeling, acute atherosis, 
fibrinoid necrosis, or thrombosis; parenchymal pathology such as placental hypoplasia, 
increased syncytial knotting, villous agglutination, increased perivillous fibrin, distal villous 
hypoplasia, infarction, retroplacental hematoma.24 

Ascending intrauterine infection Acute inflammation of the extraplacental membranes and chorionic plate. Acute 
chorioamnionitis and chorionitis represent the maternal response; chorionic or umbilical 
vasculitis represents the fetal response.25

Villitis of unknown etiology Chronic lymphohistiocytic inflammation of the stem and chorionic villi, with or without 
obliterative vasculopathy of stem villus vessels.26

Chronic deciduitis Chronic lymphohistiocytic or plasmacytic inflammation of the decidua basalis.27

Maternal floor infarction or massive 
perivillous fibrinoid deposition 

Excessive perivillous fibrin deposition, either basally at a thickness of  ≥3 mm on at least one 
slide (maternal floor infarction) or transmural encasing ≥50% of villi on at least one slide 
(massive perivillous fibrinoid deposition).28

Fetal thrombotic vasculopathy Fetal vascular thrombosis, intimal fibrin cushions, fibromuscular sclerosis, hemorrhagic 
endovasculitis and groups of at least five avascular fibrotic villi without inflammation or 
mineralization and/or adherent thrombi in stem vessels.29

Meconium associated vascular necrosis Meconium associated necrosis of smooth muscle cells in the wall of chorionic plate vessels.30

Chorioamniotic hemosiderosis Presence of hemosiderophages in the amnion and chorion.31

Elevated nucleated red blood cells Only rare NRBCs are normal after the first trimester. More than two NRBCs in a randomly 
selected field of 4.5 mm2, corresponding to 18 consecutive fields at 40x magnification, or one 
field at 10x magnification, was considered abnormal.32

Chorangiosis Diffuse increase in the number of villous capillaries.33

Umbilical cord abnormalities Obstruction or disruption of the umbilical cord blood flow (e.g. umbilical cord prolapse, 
entanglement, knots, disrupted velamentous vessels, hypercoiling or hypocoiling).34
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Neurodevelopmental outcome
neurodevelopmental outcome was determined at 2 to 3 years of age (corrected age for 
prematurity 23-45 months). Cognitive, fine motor, and gross motor outcomes were assessed 
by using the Bayley scales of infant and Toddler Development, third edition (Bayley-iii).35 
The starting point of the test was determined by the corrected age for prematurity. cognitive 
and total motor scores are composite scores with a mean of 100 and standard deviation 
of 15. Fine and gross motor scores are scaled scores with a mean of 10 and standard 
deviation of 3. These scores can be classified as normal, mildly abnormal, and abnormal. 
Children with a cognitive composite score and total motor composite score ≥ 85 were 
classified as normal, scores < 85 were classified as mildly abnormal, and < 70 as abnormal. 
Children with a fine and gross motor scaled score ≥ 7 were classified as normal, < 7 were 
classified as mildly abnormal, ≤ 3 as abnormal. Language scores of the Bayley-III were 
not determined. Behavioral outcome was assessed using the child Behavior checklist. 
It evaluates behavior and emotions and is filled out by parents. For the purpose of this 
study we reported the total score. Children were classified as displaying normal, mildly 
abnormal, or abnormal behavior in accordance with the manual.36 All children were tested 
in the presence of their parents at University medical center Groningen. The examiners 
were blinded as to placental lesions. children diagnosed with cerebral palsy (cP) with a 
gross motor functioning classification system (GMFCS) level ≥3 or higher were not invited 
for follow-up testing. Based on information contained in the medical records on their motor 
and cognitive skills, we classified these children as abnormal. Because we were unable to 
determine the behavioral problems of these children reliably, we excluded them from the 
analyses regarding behavioral outcome. 

Clinical variables
We collected several clinical variables during the perinatal and neonatal periods. These 
variables were mode of delivery, the presence of preeclampsia, GA, birth weight, gender, 
small-for-GA, Apgar scores, sepsis, respiratory support, cerebral lesions, intestinal 
pathologies, and socioeconomic status.

Statistical analysis
We used sPss 20.0 software for Windows (sPss inc chicago, illinois, UsA) for the 
statistical analyses. Bayley-iii data were tested for normality by using the kolmogorov-
smirnov test. cognitive and motor outcomes showed non-normal distributions. To test 
the correlations between the number of placental lesions and the cognitive composite 
and scaled motor scores we used spearman’s rho. To test the associations between 
specific placental lesions and the cognitive composite scores as well as scaled motor 
scores we used the mann-Whitney test. For the associations of placental lesions with 
categorized cognitive, motor, and behavior outcomes, we used the chi-square for trend 
test, exact method. in addition to categorized scores, we also tested the association of 
placental lesions with dichotomous outcome scores with Fisher’s exact test. To test the 
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relationship between placental weight or umbilical cord length and cognitive composite 
or scaled motor scores, we used spearman’s rho. We used the kruskal-Wallis test for the 
relationship between placental weight as well as umbilical cord length and categorized 
cognitive, motor, or behavior outcomes. We used logistic regression to analyze the effects 
of possible confounders of normal or abnormal functional outcomes.

Results
Patient characteristics
Out off the 99 singleton infants born <32 weeks’ GA in 2008, six died during the neonatal 
period. one child died at two years due to respiratory problems. one child was diagnosed 
with Down syndrome, the placentas of six infants were not available for pathological 
examination. Three children had CP with a GMFCS level ≥3 (not invited for follow-up 
testing). We invited the remaining 82 children for follow-up testing. The parents of 70 
children gave their consent for follow-up testing. including the three children with cP 
(GMFCS ≥3), our final study group consisted of 73 children. Patient characteristics are 
presented in Table 2. 
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Table 2. Patient characteristics. Data are given as median (range) or numbers (percentage)
Study population N=73

Male/female 41/32 (56% / 44%)

Gestational age in weeks 29.1 (25.2 – 31.6)

Birth weight in grams 1298 (680 - 2045)

Small for gestational age (P<10) 4 (6%)

Apgar score at 5 minutes 7.5 (4 – 10)

Cerebral lesions

    -     Periventricular leukomalacia 17 (23%) (all grade 1)

    -     Intracranial hemorrhage, grades 1-2 10 (14%)

    -     Intracranial hemorrhage, grades 3-4 2 (3%)

Cerebral palsy GMFCS I-II 1 (1%)

Cerebral palsy GMFCS III-V 3 (4%)

Sepsis 10 (14%)

Necrotizing enterocolitis 5 (7%)

Preterm prelabor rupture of the membranes 15 (21%)

Cesarean section (elective and emergency) 35 (48%)

Placental weight in grams 277.1 (140 – 456)

Cord length in centimeters 30.3 (15 – 59)

Placental lesions 69 (95%)

    Maternal vascular underperfusion 42 (58%)

    Ascending intrauterine infection 24 (32%)

    Fetal thrombotic vasculopathy 12 (16%)

    Villitis of unknown etiology 8 (11%)

    Chronic deciduitis 10 (14%)

    Perivillous fibrinoid 4 (6%)

    Chorioamniotic hemosiderosis 3 (4%)

    Meconium    9 (12%)

Markers

   Elevated nucleated red blood cells 30 (41%)

    Chorangiosis 2 (3%)

Placental lesions
We present the distribution of placental lesions in Table 2. Four (5.5%) out of 73 placentas 
showed no lesions. Forty-two placentas showed pathology consistent with mVU and 24 
placentas had signs of AiUi. out of these 24 placentas a maternal response was present 
in 22 placentas and a fetal response in 18 placentas. Thirty placentas showed elevated 
nRBcs, a marker for fetal hypoxia. Thirty-six placentas (49%) showed more than one 
lesion. A combination of the two most common lesions, mVU and AiUi, was present in 
only five placentas. Other combinations that occurred in five placentas or more included 
mVU and fetal thrombotic vasculopathy (11 placentas), mVU and VUe (6 placentas), and 



102

Placental lesions and neurodeveloPmental outcome at toddler aGe

5

VUe and chronic deciduitis (5 placentas). elevated nRBcs were most frequently seen in 
combination with mVU (19 placentas). We found no complications of the umbilical cords. 
The median placental weight was 277 gram (range 140 - 456 gram) and the median cord 
length was 30 cm (range 15 – 59 cm).

Neurodevelopmental outcome 
At follow-up the children’s median age was 28 months corrected for prematurity (range 
23 - 45 months). The median cognitive composite score was 95 (interquartile range, iQR, 
25th – 75th: 90-100). Two children were classified as mildly abnormal and three children 
as abnormal. The scaled fine motor score was median 11 (IQR 10-12). One child was 
classified as mildly abnormal and three children as abnormal. The median scaled gross 
motor score was 9 (IQR 8 - 10). Five children were classified as mildly abnormal and four 
as abnormal. The median total motor composite score was 100 (iQR 94- 107). Two children 
were classified as mildly abnormal and three children as abnormal. The behavioral outcome 
of one child was classified as mildly abnormal and as abnormal in three children.
 
Placental lesions and neurodevelopmental outcome
Initially, the number of placental lesions per placenta did not correlate with cognitive, fine 
motor, and gross motor outcomes, or behavior. Nor were any of the specific placental 
lesions associated with composite cognitive scores, scaled motor scores, or behavior 
(Figure 1). subsequently, we categorized the data into normal, mildly abnormal, and 
abnormal outcomes. 

in the presence of AiUi we found more abnormal cognitive scores (chi-square for trend, 
exact method, P=.018), and abnormal fine motor outcomes (chi-square for trend, exact 
method, P=.032). The relation between AiUi and abnormal gross and total motor scores 
just failed to reach statistical significance (chi-square for trend, exact method, P=.082 and 
P=.056, respectively). The behavioral outcomes were comparable. other placental lesions 
were not associated with categorized cognitive, fine motor, and gross motor outcomes, or 
behavior.

When we categorized the motor scores into normal, mildly abnormal (scaled scores 
>3), and abnormal (scaled scores ≤3), we found more abnormal cognitive, fine motor, 
and total motor scores in the presence of AiUi (Fisher’s exact test, P=.034, P=.032, and 
P=.034, respectively). For gross motor outcome we found more abnormal outcomes in the 
presence of AiUi (Fisher’s exact test, P=.097), although not reaching statistical significance 
(Table 3).

When we divided AiUi into a maternal and a fetal response, the association of AiUi 
with a maternal response and cognitive, fine motor, and total motor outcomes remained 
statistically significant (Fisher’s exact test P=.026, P=.024, and P=.025, respectively). For 
AIUI with a fetal response the relation with cognitive, fine motor, and total motor outcomes 
did not reach statistical significance anymore (Fisher’s exact test P=.152, P=.144, and 
P=.148, respectively). 
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in addition to categorizing the data into normal and abnormal outcomes, we also 
studied the 25 percent lowest scores on cognitive and motor outcomes and found that 
none of the placental lesions were associated with the lowest scores on these outcomes. 
Placental weights and cord lengths were also not associated with neurodevelopmental 
outcome at two years of age. 

When we excluded the three children with CP with a GMFCS ≥3, AIUI was no longer 
significantly associated with cognitive or motor outcomes. After excluding these children, 
other placental lesions were also not associated with neurodevelopmental outcome.

Table 3. Raw and categorized outcome scores in the presence and absence of AiUi
Raw outcome scores#   
median scores, range)

Categorized outcome scores# #  
(numbers)

Normal + mildly abnormal (≥3) Abnormal
(<3)

AIUI present

Cognition
Fine motor

100   (75 - 115)†

  11   (8 - 16)†† 

21
21

3
3

Gross motor     9   (4 - 13)†† 21 3

Total motor 103   (85 - 118)† 21 3

AIUI absent

Cognition
Fine motor

 95     (75 - 110)†

 10.5  (6 - 19)††

49
49

0
0

Gross motor    9     (1 - 19)†† 48 1

Total motor 100   (76 - 145)† 49 0

Abbreviations: AiUi - ascending intrauterine infection
† composite scores
†† scaled scores
# Children with CP with a GMFCS ≥ 3 (n=3) were not invited for follow-up testing. No raw scores 
are known for these children and are therefore not reported. 
# # Children with CP with a GMFCS ≥3 (n=3) were categorized as abnormal (based on medical 
files), and are therefore reported in the categorized outcome scores column in the table. 

Clinical variables
Gestational age, Apgar scores at 5 minutes, and the presence of nec were associated with 
poorer cognitive, fine motor, and total motor outcomes categorized as normal and mildly 
abnormal versus abnormal (P<.05). We performed a logistic regression to disentangle the 
effects of AIUI, Apgar scores, and NEC on cognitive, fine motor, and total motor outcomes. 
None of these predictors remained significant in the model (P>.1). Lower GA was also 
associated with abnormal cognitive and motor outcomes. We did not adjust our analyses 
for GA because a lower GA can be the result of AiUi. The other collected variables (i.e. 
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mode of delivery, the presence of preeclampsia, birth weight, gender, small-for-GA, sepsis, 
respiratory support, cerebral lesions, and socioeconomic status) were not associated with 
outcome in our group.

Figure 1: composite scores of cognitive and total motor outcomes in the presence or absence of 
placental lesions
Data are shown in box and whisker plots. Dots and asterisks represent outliers.
Only placental lesions that are more than ten times present are included in the figure.
Abbreviations: mVU – maternal vascular underperfusion; AiUi – ascending intrauterine infection; 
FTV – fetal thrombotic vasculopathy; nRBcs – nucleated red blood cells.

Discussion
This prospective cohort study suggested that of all placental lesions only AiUi was 
associated with abnormal outcome measures at two years of age. Ascending intrauterine 
infection was associated with abnormal cognitive, fine motor, and total motor outcomes. 
This was an unexpected finding because 94.5% of the placentas in our study group 
showed one or more lesions. As a result, our hypothesis that placental lesions would lead 
to impaired neurodevelopmental outcome was only partly confirmed.
 We draw attention to the fact that in our study group only three children had abnormal 
fine motor skills. They were the only children in our cohort diagnosed with cerebral 
palsy with a GMFCS ≥3. After we had excluded them, AIUI was no longer associated 
with cognitive or motor outcome, which suggested an association between AiUi and cP. 
After their exclusion no other placental lesions were associated with neurodevelopmental 
outcome either.
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Placental lesion absent
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Ascending intrauterine infection occurs more frequently in preterm than in fullterm 
infants and is an important cause of preterm birth.37,38 it can be divided into a maternal 
response (acute chorioamnionitis and/or subchorionitis) and a fetal response (acute 
umbilical and/or chorionic vasculitis). Previous studies showed AiUi (both maternal and 
fetal response) to be associated with white matter brain injury39 and intraventricular 
hemorrhage.4,12 Other studies, however, failed to find such a relationship between.16,40 The 
reason for this inconsistency may be ascribed to differences in adjusting for potential 
confounders, such as GA. in the case of correcting for GA it should be acknowledged 
that a lower GA could be the result of AiUi. studies on preterm infants38,41 and fullterm 
infants15,20,39,42 found an association between AiUi and ni and/or cP. it has also been 
associated with the poorer neurodevelopmental outcomes of preterm-born children at 
toddler age: in the presence of AiUi with a fetal response, a higher incidence of moderate 
to severe disability was found.43 in our study we also found an association between AiUi 
and poorer neurodevelopmental outcome at toddler age. More specifically, in accordance 
with previous findings, the presence of AIUI was associated with abnormal cognitive scores 
and motor skills (scaled score ≤3), predominantly fine motor skills. It is important to note 
that the three children in our cohort who were diagnosed with CP with a GMFCS ≥3, were 
categorized in the abnormal motor outcome group. no other children had abnormal scores 
on motor skills. The placentas of these three children all showed AiUi. This suggested 
that the children with cP were responsible for the association between AiUi and impaired 
motor outcomes.  

it is hypothesized that elevated cytokine levels in the presence of AiUi play a role 
in the etiology of cP.38,39,41,44,45 The elevated blood and brain cytokine levels resulting 
from maternal infection might lead to central nervous system damage in the fetus. The 
inflammatory cytokines can be neurotoxic and inhibit oligodendrocytes in the developing 
white matter. As a consequence, the oligodendrocytes can lose their myelin production. 
This results in damage of astrocytes, microglia, and white matter, which can in turn lead to 
cerebral palsy.39,41,45,46 Another explanation is the association between AiUi and premature 
delivery. Low GA is associated with a host of intrinsic vulnerabilities within the brain that 
have been implicated in the pathogenesis of cystic periventricular leukomalacia and cP.39 

maternal vascular underperfusion (mVU) is a group of placental lesions caused by 
malfunctioning of the spiral arteries and is commonly seen in pregnancies complicated 
by hypertensive disorder. it is the largest group of placental lesions and is known to 
be associated with fetal death, especially between 24 and 32 weeks’ gestation.1 An 
increased risk of cerebral palsy is seen in the presence of macroscopic placental 
infarcts.21 nevertheless, a study in fullterm infants showed no association between mVU 
and neurological impairment.15 Our findings in preterm infants were in line with this latter 
study. 

Another important finding of this study is that after we had excluded the children with CP 
with a GMFCS ≥3, none of the placental lesions were associated with neurodevelopmental 
outcome. An explanation for this fact might be that this was a prospective study. most 
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studies concerning placental lesions and neurological impairment are retrospective, with 
a selected study population, often comprising children with cP, encephalopathy, or white 
matter injury.15-19 We studied a year cohort in which many children had no developmental 
problems. In a subanalysis we also excluded the children with a GMFCS score ≥3. 
Therefore this study also focused on milder developmental problems. Possibly, the 
influence of placental lesions is higher in severe neurological disabilities such as cerebral 
palsy and neurological impairment compared to milder developmental problems. This is an 
important finding. Only a minority of the preterm-born children develops severe neurological 
disabilities like CP, which underlines the relevance of investigating the effect of placental 
lesions on children without severe neurological disabilities. it appeared to be limited. 

We assessed the neurodevelopmental outcome in our study group by using the 
Bayley-iii. it is suggested that the Bayley-iii might overestimate development compared 
to the Bayley scales of infant Development, second edition, thus leading to lower rates of 
abnormal development.47 We therefore used a cut-off point of 70 instead of 55 for abnormal 
composite cognitive and total motor scores. in addition, we studied the 25% lowest scores 
on cognitive and motor outcomes to identify those children who scored worst. This was 
not associated with the presence of placental lesions.  

We also demonstrated that placental lesions are common in preterm infants. in our 
group 94.5% of the placentas had one or more lesions. in fullterm placentas this is more 
or less the opposite. Approximately 70% percent of the placentas of a normal, fullterm 
population show normal histology. The largest group of placental lesions in a fullterm 
population is AiUi (11%) followed by mVU (7%).37 in this study we found that the largest 
group of placental lesions in preterm placentas was mVU (58%), followed by AiUi (33%). 

The strength of this study was its prospective character. most studies concerning 
placental lesions and neurological impairment are retrospective, with a selected study 
population. We studied a year cohort in which many children had no neurodevelopmental 
problems. After excluding children with cP, we focused on milder neurodevelopmental 
problems.

 There are, however, several limitations to our study that we need to point out. Firstly, 
we only included singletons so as to be certain that each infant was linked to its own 
placenta. Placental lesions might also differ between twins, e.g. twin-to-twin transfusion. 
secondly, only eight children in our group had no placental lesions; the remainder had at 
least one placental lesion. When determining the associations between placental lesions 
and neurodevelopment, the comparison group consisted partly of infants with placental 
lesions other than the one under study. Thirdly, we studied multiple placental findings 
against multiple neurodevelopmental outcomes through several statistical tests. The risk 
of a type i error should therefore be considered. Finally, we tested the children at toddler 
age. more reliable neurodevelopmental outcomes are obtained at school age. 

in conclusion, our study indicated that AiUi was associated with impaired cognitive 
and motor skills at toddler age. in addition, after we had excluded the children with cP 
with a GMFCS ≥3, none of the placental lesions were associated with neurodevelopmental 
outcome at toddler age. For clinicians this finding might be the most relevant one to come 
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out of this study because the majority of preterm-born children develop without severe 
neurological disabilities.
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