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The primary aim of this thesis was to determine whether placental lesions are associated 
with neonatal morbidity and neurological development. The secondary aim was to 
establish possible mechanisms through which placental lesions might lead to neonatal 
and neurological morbidity. To study these aims we formulated the following research 
questions:

What do we know about the relationship between placental lesions and perinatal 1. 
death, neonatal morbidity, and neurological outcome? (Chapter 2)
What is the relationship between placental lesions and short-term neonatal 2. 
outcome (Chapter 3) and neurological outcome (Chapter 4) in preterm-born 
children?
What is the relationship between placental lesions and long-term neurological 3. 
outcome at toddler age (Chapter 5) and early school age (Chapter 6) in preterm-
born children?
What is the relationship between placental lesions and cerebral tissue oxygen 4. 
saturation and extraction in preterm infants? (Chapter 7)
Are placental lesions associated with cytokine responses directly after birth in 5. 
preterm infants? (Chapter 8)

By addressing these questions we hope to create more awareness among health 
professionals of the possible benefit of findings on placental lesions for neonatal care. If 
placental lesions are associated with neonatal morbidity and neurological development, 
placental examination immediately after birth may create the opportunity for early 
interventions with a view to reducing later sequelae.

in this discussion we set out by answering our research questions and summarizing 
our main findings. Subsequently, we consider the main findings in more detail. These 
findings include the prevalence of placental lesions, placental lesions that were related 
to outcome measures, placental lesions not related to outcome measures, and the 
difficulties encountered in classifying placental lesions. Then, we describe possible disease 
mechanisms underlying placental lesions that lead to morbidity and the consequences for 
clinical practice. Finally, we describe future perspectives concerning placental examination 
and outcome.

Main findings
What is known in the literature about the relationship between placental lesions 1. 
and perinatal death, neonatal morbidity, and neurological outcome?

The placenta plays a key role in fetal and neonatal mortality, morbidity, and outcome 
(Chapter 2). Placental lesions are among the main contributors to fetal death and we found 
that placental lesions consistent with maternal vascular underperfusion contributed most. 
several neonatal problems are also associated with placental lesions, whereby ascending 
intrauterine infection, with a fetal inflammatory response, and fetal thrombotic vasculopathy 
constitute the greatest problem.
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What is the relationship between placental lesions and short-term neonatal 2. 
outcome and neurological outcome in preterm-born children?

Both elevated nucleated red blood cells, a placental marker for fetal hypoxia, and fetal 
thrombotic vasculopathy are associated with short-term outcome measures in preterm-
born children. These outcome measures included illness severity and neurological 
functioning.

We assessed the short-term neonatal outcome during the first 24 hours after birth with 
the score of neonatal Acute Physiology Perinatal extension (snAPPe) (Chapter3). This 
score provides insight into the illness severity of infants during their first 24 hours after 
birth. We found that elevated nucleated red blood cells and fetal thrombotic vasculopathy 
were associated with higher illness severity in preterm infants during the first 24 hours after 
birth. 

We assessed short-term neurological outcome during the first two weeks after birth 
by determining the quality of general movements (Chapter 4). These movements reflect 
the infant’s neurological condition shortly after birth and are a predictor of  neurological 
outcome later in life. in this study we once again found that placental lesions consistent 
with fetal thrombotic vasculopathy and elevated nucleated red blood cells were associated 
with an abnormal quality of general movement, albeit not statistically significant.

What is the relationship between placental lesions and long-term neurological 3. 
outcome at toddler age and early school age in preterm-born children?

of all placental lesions we studied only ascending intrauterine infection was associated 
with abnormal outcome measures at two years of age (Chapter 5). Ascending intrauterine 
infection was associated with abnormal cognitive, fine motor, and total motor outcomes 
in preterm-born children. in moderately preterm-born and late preterm-born children 
we found maternal vascular underperfusion and ascending intrauterine infection to be 
associated with functional outcomes at early school age (Chapter 6). maternal vascular 
underperfusion was associated with lower iQ scores, and ascending intrauterine infection 
was associated with more abnormal motor outcome scores. 

What is the relationship between placental lesions and cerebral tissue oxygen 4. 
saturation and extraction in preterm infants?

Ascending intrauterine infection was associated with lower cerebral tissue oxygen 
saturation, and higher fractional tissue oxygen extraction on the second, third, and fourth 
days after birth (Chapter 7). no other placental lesions were associated with cerebral tissue 
oxygen saturation and extraction shortly after birth. Both ascending intrauterine infection 
and lower cerebral oxygen saturation, and higher oxygen extraction shortly after birth, 
were associated with neurodevelopmental problems. The impact of ascending intrauterine 
infection on cerebral oxygenation might be the mechanism leading to neurodevelopmental 
problems.
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Are placental lesions associated with cytokine responses immediately after birth 5. 
in preterm infants? 

Placental inflammation consistent with AIUI was associated with cytokine responses at 
or immediately after birth in preterm infants (Chapter 8). The presence of these cytokine 
responses might be part of the mechanism through which infectious placental lesions lead 
to neurological morbidity. 

General discussion

Placental lesions
During pregnancy the placenta is the link between the mother and her fetus and it plays 
a crucial role in fetal growth and development. non-optimal placental performance as 
a result of placental lesions may lead to maternal or fetal problems or both. one could 
envisage the placenta as the mirror of pregnancy in the sense that  placental examination 
may provide useful information regarding the intrauterine conditions experienced by the 
fetus. The types of placental lesion and the frequencies of placental lesions found during 
examination are diverse and differ according to the neonates’ gestational ages (GA) at 
birth. Placental lesions are common in preterm infants. in the studies presented in this 
thesis the incidence of one or more placental lesions in preterm infants of < 32 weeks’ 
GA ranged from 89 to 93%. This is three times higher compared to fullterm infants in an 
unselected, random population in which approximately 30% have placental lesions.1 in 
chapter 6 we studied placental lesions in a selected group of moderate preterm and late 
preterm infants. here we found that 80% of the infants had one or more placental lesions. 
Thus the prevalence of lesions in moderate and late preterm infants is more than two-fold 
higher than in fullterm infants. We point out that  the prevalence in our group of moderate 
and late preterm infants may be overestimated, because only approximately one quarter 
of the placentas were sent in to the pathologist for histological examination. it might well 
be that these pregnancies had more complications, resulting in a selected population of 
children examined. 

Placental lesions with signs of maternal vascular underperfusion and ascending 
intrauterine infection were most frequently seen in the preterm period. The highest prevalence 
of ascending intrauterine infection is seen in extreme preterm birth, < 28 weeks’ GA, and 
the highest prevalence of maternal vascular underperfusion in births between 28 and 33 
weeks’ GA.2 The frequency of fetal thrombotic vasculopathy, villitis of unknown etiology, 
and chronic chorioamnionitis all increase with gestational age. The highest prevalence 
of fetal thrombotic vasculopathy and villitis of unknown etiology is seen at fullterm birth, 
whereas chronic chorioamnionitis is most frequently seen in births between 34 and 36 
weeks’ GA.2  

The high prevalence of placental lesions, particularly in the preterm-born group, 
suggests that placental lesions are a sign of complications that lead to preterm birth or 
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that even cause preterm birth. The association between ascending intrauterine infection 
and preterm birth is well known. especially in spontaneous preterm births it is thought 
to be the cause of preterm delivery.3 in the presence of ascending intrauterine infection 
several cytokines are found to be elevated in the amniotic fluid and cord blood. Tumor 
necrosis factor (TnF) is thought to activate the cytokines and initiates labor by stimulating 
prostaglandin production from the decidua.3 maternal vascular underperfusion, regularly 
seen in the presence of hypertensive disorders such as preeclampsia, may also lead to 
preterm birth. This is, however, an induced preterm birth which must be accomplished 
prematurely due to maternal or fetal indications.3     

Despite the high rate of placental lesions in preterm infants, the majority develop 
without major neurologic problems. This raises the question of the role of placental lesions 
in general on neonatal morbidity and neurological outcome in the individual infant. Before 
addressing this question we first discuss whether specific placental lesions relate to 
outcome measures.  

Placental lesions related to outcome measures
in our studies we found that fetal thrombotic vasculopathy, ascending intrauterine infection, 
maternal vascular underperfusion, and elevated nucleated red blood cells most frequently 
associated with poorer outcome measures (Table 1). 
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Both fetal thrombotic vasculopathy and elevated nucleated red blood cells, as a marker 
of fetal hypoxia, only have their impact shortly after birth, whereas ascending intrauterine 
infection and maternal vascular underperfusion have their impact later in life. Our findings 
on early and long-term outcomes were consistent throughout this thesis. in both early 
outcome studies the same placental lesions were associated with adverse outcomes. in 
both long-term outcome studies ascending intrauterine infection were associated with 
adverse outcomes. maternal vascular underperfusion was only associated with adverse 
outcome in the study on moderate and late preterm infants, not in the early preterm study 
(Table 2). in the presence of ascending intrauterine infection we also found changes in the 
status of cerebral tissue oxygenation during the first days after birth (Chapter 7) and higher 
cytokine levels immediately after birth

Table 2: The association between placental lesions and outcome in early preterm-born and 
moderately preterm-born children

Preterm group FTV ↑ NRBCs MVU AIUI

early preterm + short-term only + short-term only - + ↓ motor outcome (CP)

Moderately preterm - - + ↓cognition scores 7y + ↓ motor outcome

Abbreviations: FTV – fetal thrombotic vasculopathy; nRBcs – nucleated red blood cells; mVU – 
maternal vascular underperfusion; AiUi – ascending intrauterine infection; cP – cerebral palsy;  
y - years
early preterm: <32 weeks gestational age
moderately preterm: 32-36 weeks gestational age

Elevated nucleated red blood cells
elevated nucleated red blood cells (nRBcs) in the placenta are a marker of fetal hypoxia. 
Significant hypoxia leads to erythropoietin release and subsequent release of red blood 
cell precursors in an attempt to maximize tissue oxygen delivery.4-6 several hypotheses 
were proposed concerning the timing of hypoxia in the presence of elevated nRBcs - from 
48 hours before delivery to an acute event shortly before delivery. Animal studies showed 
an increase in nRBcs between 6 to 12 hours after the onset of hypoxia.5,7 A more recent 
study suggested that nRBcs emerge into the circulation at least 28 to 29 hours before 
birth,8 suggesting a prolonged duration of the long-term hypoxia. There may be  several 
reasons for fetal hypoxia. Whereas other placental lesions are all potential causes of fetal 
hypoxia, elevated nRBcs are not the cause but an indicator of this disruption.4 in addition 
to our findings, elevated NRBCs were also suggested to be associated with early-onset 
neonatal seizures, cerebral white matter injury, and cerebral palsy.4,9,10  our conclusion is 
that the presence of elevated nRBcs indicate some level of fetal distress. This suggests 
that fetal distress may be the hallmark in this cascade, leading to higher illness severity 
and impaired quality of general movements. 
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Fetal thrombotic vasculopathy
Fetal thrombotic vasculopathy (FTV) is defined as the presence of a thrombus in the 
fetal circulation of the placenta, which may lead to avascular villi.11 FTV is known to be 
associated with neonatal problems and neurological impairment later in life.4,12 Perinatal 
asphyxia was described as being associated with placental lesions affecting fetal vascular 
supply. These lesions include umbilical cord complications (disrupted velamentous 
vessels, cord tear, hypercoiled cord, cord hematoma), ascending intrauterine infection with 
fetal vasculitis, and fetal thrombotic vasculopathy.13,14 Our findings that the presence of 
FTV was associated with higher illness severity shortly after birth were in line with these 
findings. FTV was also suggested as being associated with ventriculomegaly, neonatal 
stroke, cerebral ultrasound abnormalities as intraventricular hemorrhages, periventricular 
leukomalacia and infarction, and neurological impairment later in life.4,12,15-17 several 
hypotheses were proposed explaining the relation between FTV and neurological problems. 
The etiology of several neurological problems is thought to have an antenatal as well as an 
intrapartum component.13 FTV was described as a chronic event with an onset more than 
one week before delivery,18 leading to a non-optimal intrauterine environment. This might 
result in increased susceptibility to brain injury by decreasing the ability of normal infants 
to withstand the inherent stresses of routine labor and delivery.4,12 Another explanation of 
FTV leading to neurological problems is the presence of thrombi in the fetal circulation of 
the placenta. such thrombi may travel into the fetal circulation via the umbilical vein and 
into large cerebral blood vessels across the foramen ovale or ductus arteriosus, causing 
embolic cerebral arterial infarction.17 

it is thought that the pathogenesis of neurological impairment has both an antenatal 
and an intra-partum component. An event weeks before delivery can result in a non-
optimal fetal environment. This might result in lowering the threshold required for more 
recent events to cause brain injury. This is in line with our findings, and FTV could be 
such an antenatal event.4,19,20 Our findings also suggested that these placental related 
neurological problems were already present during the first weeks after birth. Examining 
the placenta for the presence of this lesion may create the opportunity for intervention to 
improve outcome early in life. 

Ascending intrauterine infection
Ascending intrauterine infection (AIUI) is an acute inflammation of the extraplacental 
membranes (chorion and amnion) or chorionic plate.21 in our systematic review (Chapter 
2) we found AIUI most frequently associated with neurological problems. We confirmed 
this in Chapters 5 and 6. in Chapter 5 we reported that AiUi was associated with abnormal 
cognitive and motor outcomes at toddler age in very preterm infants. Please  note that 
these abnormal outcomes were only seen in children diagnosed with cerebral palsy (cP) in 
our study group. When we excluded the children with cP, AiUi was no longer associated 
with outcome, suggesting an association between AiUi and cP. in Chapter 6 we also found 
AiUi to be associated with lower motor scores, but now in moderately preterm-born and 
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late preterm-born children. several other investigators also found a relationship between 
AiUi and motor outcome and/or cP.4,12,22-26 

it is hypothesized that elevated cytokine levels in the presence of AiUi play a role in the 
etiology of cP.24,27-30 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.27,28,30-32

Maternal vascular underperfusion
maternal vascular underperfusion (mVU) is a chronic placental lesion with its onset more 
than one week before delivery.18 it is caused by inadequate spiral artery remodeling 
leading to decidual vasculopathy.33 Decidual vasculopathy may in turn lead to placental 
underperfusion which leads to a lasting non-optimal intrauterine environment. in our 
systematic review we found that mVU associated with fetal death (Chapter 2). it is even 
suggested as being the main cause of fetal death.34 in our study of moderate and late 
preterm infants, we found that mVU associated with lower iQ scores (Chapter 6). in our 
studies of early preterm infants, we did not find a relationship between MVU and outcome 
(Chapter 5). The literature is also unclear about the relationship between mVU and outcome 
in surviving infants. one investigator found mVU to be associated with neonatal morbidities 
such as low Apgar scores and the presence of necrotizing enterocolitis in preterm infants,35 
while others did not find this relation.36,37 A few studies addressed the relation between 
mVU and long-term outcome, with a main focus on neurological impairment.4,19,38,38-40 only 
one study on preterm infants addressed the issue of iQ scores in relation to the presence 
of mVU and found lower iQ scores in its presence.39 

The presence of enduring placental hypoperfusion results in a non-optimal intrauterine 
environment. As in the presence of other chronic placental lesions, this may result 
in increased susceptibility to brain injury by decreasing the threshold to withstand the 
inherent stresses of routine labor and delivery.4,12 Placental underperfusion in the presence 
of mVU can lead to a reduction of the perfusion surface and, as a consequence, non-
optimal oxygen delivery to the fetal circulation. This may result in some degree of cerebral 
underperfusion which may be harmful to the developing brain, perhaps even leading to 
lower cognitive scores at school age.

Placental lesions not related to outcome measures
most of the placental lesions we studied were associated with short-term neonatal and 
long-term outcomes. For a few placental lesions we could not find an association with 
outcome measures. 
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Villitis of unknown etiology and chronic deciduitis
Villitis of unknown etiology (VUe) and chronic deciduitis are both lymphohistiocytic 
inflammations of the stem and chorionic villi, and the decidua, respectively VUE was 
suggested to be associated with neonatal infection, neonatal encephalopathy, and 
neurological impairment.4,12,19,36 no associations were found regarding chronic deciduitis 
and outcome. Both lesions are predominantly present toward fullterm age. This might be 
the reason for the low frequency of these placental lesions in our study groups and the 
absence of an association with outcome.

Chorangiosis
chorangiosis, similar to elevated nucleated red blood cells, is a placental marker rather 
than a placental lesion. chronic hypoperfusion is thought to increase in the number of 
villous capillaries leading to chorangiosis.41 The highest incidence of chorangiosis is seen 
between 34 and 39 weeks’ GA,42 which explains the sporadic occurrence of chorangiosis in 
our study groups. The association between chorangiosis and neonatal outcome is unclear. 
only a few studies focused on the relation between this placental marker and outcome. 
congenital malformations and low Apgar scores were suggested to be associated with 
chorangioisis.43,44 The low number of placentas with chorangiosis might be the reason why 
we did not find a relationship with outcome. More studies focusing on chorangiosis are 
needed to determine its relationship with outcome. 

Difficulties in classifying placental lesions
For fullterm infants the definitions of placental lesions are clear as proposed by several 
committees and textbooks.3,11,21,33,45-47 These definitions focus predominantly on the fullterm 
placenta. some lesions considered abnormal in the case of fullterm placentas may be 
normal for preterm placentas. An example is the presence of nRBcs. in fullterm placentas 
only sporadic nRBcs may be present in the fetal circulation. But during the preterm period 
the presence of more nRBcs is normal.46 The absence of definitions specific for preterm 
placentas makes it difficult to compare studies that focus on this lesion. 

Placental lesions can be classified in several ways: by categories (developmental 
disorders, infectious disorders, and circulatory disorders), by diagnosis (mVU, AiUi, FTV, 
VUE, chronic deciduitis, placental markers), or by specific characteristics per placental 
lesion (for example, infarcts in the presence of mVU, avascular villi in the presence of 
FTV). During recent years most studies focused on placental diagnosis rather than specific 
characteristics of placental lesions. This placental diagnosis approach seems most 
relevant because it is based on a common pathophysiological mechanism per diagnosis. 
The studies included in this thesis were also based on this classification. The use of 
placental diagnosis groups enhances comparability between studies focusing on placental 
lesions and outcome. Classifying by specific characteristics is probably too specific and 
not relevant for clinical practice.   

During our search of the  literature we noticed that studies on placental pathology 
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and perinatal death one the one hand, and studies on neonatal outcome on the other, 
classify placental lesions differently. The majority of studies on placental pathology and 
stillbirth focus on the presence or absence of placental lesions without specifying the 
diagnosis of placental lesions. This is probably due to the stillbirth classification systems 
used. most of these systems only report the presence or absence of placental pathology. 
studies concerning placental lesions and neonatal or neurological outcome do specify the 
lesions and find several relations between placental diagnoses and outcome. Classifying 
placental lesions in placental diagnosis groups in stillbirth studies may provide additional 
information on the cause of death. 
 
Possible disease mechanisms and consequences for clinical practice
We found several associations between placental lesions and outcome. These associations 
do not necessarily reflect a causal relationship. It is more plausible that placental lesions 
are part of a multiple interaction model leading to morbidity. multiple interactions of 
maternal, placental, and fetal origin are likely to play a role in the etiology of neonatal and 
neurological morbidity. This is supported by the fact that almost all preterm infants have one 
or more placental lesion, or more, while only a few of these children develop neurological 
morbidities. The presence of placental lesions alone is, therefore, not conducive of an 
adverse outcome. We need additional measures or characteristics to provide a risk profile 
for placental lesions that lead to morbidity.  

We endeavored to gain insight into possible mechanisms which possibly play a role in the 
development of placenta-related neurological problems. We studied the relation between 
placental lesions and cerebral oxygenation and the presence of cytokine responses shortly 
after birth. in the presence of ascending intrauterine infection we found lower cerebral 
tissue oxygen saturation and higher oxygen extraction on Days 2, 3, and 4 after birth. 
We found elevated cytokine levels immediately after birth in the presence of ascending 
intrauterine infection. These findings suggest that several mechanisms may play a role in 
the development of placenta-related morbidities. in the presence of ascending intrauterine 
infection the cerebral circulation might be disturbed by higher metabolic activity resulting in 
higher oxygen extraction. higher metabolic activity may be the result of elevated cytokines 
in the presence of ascending intrauterine infection. We did indeed find elevated cytokines 
at or directly after birth in the presence of ascending intrauterine infection, suggesting an 
important role of cytokines in the development of placenta-related adverse outcomes. 

other placental lesions, however, were not associated with cerebral oxygenation 
or the presence of elevated cytokine levels. The other placental lesions we found to be 
associated with adverse outcome were all chronic lesions, whereas ascending intrauterine 
infection is a more acute event. The chronic placental lesions probably create a non-
optimal intrauterine environment, leading to adverse outcomes. 

Strengths and limitations of this thesis
A major strength of this thesis is the consistent classification of placental lesions throughout. 
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All placentas were examined by the same pathologist using a single case record file. In 
addition, we studied a broad spectrum of placental diagnostic lesions with respect to 
several outcome measures.  

The studies presented here had several potential limitations. Firstly, our results were 
based on relatively small study populations. Nevertheless, we did find associations between 
placental lesions and outcome. secondly, due to the high incidence of placental lesions 
in the preterm population we only had a few placentas without placental lesions. When 
determining associations between placental lesions and outcome, the control groups 
consisted partly of infants with other placental lesions than the one under study. 

Implications and consequences for clinical practice
This thesis focused on placental lesions and outcome and is, therefore, embedded in 
three disciplines: pediatrics, pathology, and obstetrics. We are of the opinion that the 
findings presented here have consequences for the specialists involved in each of these 
disciplines. 

Pediatricians: Our recommendation to pediatricians is that they make an effort to 
obtain placental examination results, particularly in the case of unexpected preterm 
births or unexpected neonatal morbidities. in the current situation the placenta results are 
only reported back to the obstetrician and not to the pediatrician as well. It may benefit 
childcare if reporting placental examination to the pediatrician were to become standard 
practice. These findings can provide clues towards understanding neonatal morbidities 
and should, therefore, be taken into consideration. Understanding neonatal morbidities 
may also provide opportunities for early interventions.

Obstetricians: The question is in which cases placentas should be sent to the 
pathologist for examination. in this thesis we focused on preterm infants born at less than 
32 weeks’ GA and infants born between 32 and 36 weeks’ GA. in both groups we found 
associations between placental lesions and outcome. We also showed, however, that 
placental examination alone is not a specific screening method for the individual patient. 
it does increase the understanding of the reason of preterm birth, and it can give insight 
into adverse outcome for children as a group. For this reason we recommend that all 
placentas of all preterm infants be sent to the pathologist. Further research is needed to 
determine in which cases placental examination can be used as a screening method for 
adverse outcome, creating a risk profile in combination with additional risk factors. Cost 
effectiveness should be taken into account in answering this question. 

Pathologists: Placental examination categorized as placental diagnostic groups seems 
most relevant for understanding outcome, as these diagnostic groups are based on 
pathophysiological mechanisms. Definitions of these diagnostic categories are presented 
by the committees of the perinatal section of the society for Pediatric Pathology, and in 
various textbooks on the pathology of the placenta. The results of the placental examination 
should be reported not only to the obstetrician, but to the pediatrician as well.
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Future perspectives
We demonstrated that several placental lesions are associated with short-term and long-
term neonatal and neurological morbidities. As stated before, this association does not 
imply a causal relationship. Approximately 90% of preterm infants are born with one or 
more placental lesions, but only a small group will develop neurological problems. Placental 
lesions are, therefore, not suitable as screening method. more information is needed to 
discover which children are at risk of adverse outcomes, and for establishing a risk profile. 
Placental lesions should be part of this profile, but additional measurements are needed 
as placental lesions alone are not specific enough to predict neonatal or neurological 
morbidity in the individual patient. This risk profile should exist of both ante partum factors 
and post partum measurements.

Part of the risk profile may consist of epigenetic factors. Placental lesions might already 
have their onset early in pregnancy due to epigenetic alterations leading to changes in 
gene expression. causes for these placental epigenetic changes may include intrauterine 
stress due to a maternal disease or adverse insults to the intrauterine environment.48 This 
may in turn cause placental dysfunction and hence adverse neonatal outcome. Further 
research into these epigenetic changes might give more clues as to which children are at 
risk of adverse outcome.

Placental examination can be used to answer specific clinical questions. For example, 
placental examination might provide additional information on the question whether to 
start administering antibiotics to a preterm infant. When there are no signs of infection 
in the placenta and no signs of clinical infection, it might strengthen the choice not to 
start antibiotics. Antibiotic exposure in preterm infants is known to be associated with 
an increased risk of necrotizing enterocolitis and other adverse outcomes. The role of 
placental examination in such specific situations should be further investigated. 49,50

in this thesis we addressed questions relating to placental lesions and morbidity in a 
selected population of preterm-born children. Additional research is needed to address 
the relevance and implications of placental examination in an unselected group. 

We know now that placental lesions play a role in developing adverse short-term and 
long-term outcomes. The findings of placental examination can be made available in a 
relatively short time period. This gives an opportunity for early interventions in order to 
lower the risk of adverse outcomes. These possible early interventions should be studied 
to improve neonatal and neurological outcome. 

 



185

General discussion and future PersPectives

9

References
1.  Pathak s, Lees cc, hackett G, Jessop 

F, sebire nJ. Frequency and clinical 
significance of placental histological 
lesions in an unselected population 
at or near term. Virchows Arch. 
2011;459(6):565-572. 

2.  Lee J, kim Js, Park JW, et al. chronic 
chorioamnionitis is the most common 
placental lesion in late preterm birth. 
Placenta. 2013;34(8):681-689. 

3.  Baergen Rn. manual of pathology of 
the human placenta. second ed. new 
York: springer; 2002.

4.  Redline RW, o’Riordan mA. Placental 
lesions associated with cerebral palsy 
and neurologic impairment following 
term birth. Arch Pathol Lab med. 
2000;124(12):1785-1791. 

5.  Redline RW. elevated circulating fetal 
nucleated red blood cells and placental 
pathology in term infants who 
develop cerebral palsy. hum Pathol. 
2008;39(9):1378-1384. 

6.  Teramo kA, Widness JA. increased 
fetal plasma and amniotic fluid 
erythropoietin concentrations: markers 
of intrauterine hypoxia. neonatology. 
2009;95(2):105-116. 

7.  Blackwell sc, hallak m, hotra JW, 
et al. Timing of fetal nucleated red 
blood cell count elevation in response 
to acute hypoxia. Biol neonate. 
2004;85(4):217-220. 

8.  christensen RD, Lambert Dk, Richards 
Ds. estimating the nucleated red blood 
cell ‘emergence time’ in neonates. J 
Perinatol. 2014;34(2):116-119. 

9.  Blackwell sc, Refuerzo Js, Wolfe 
hm, et al. The relationship between 
nucleated red blood cell counts and 
early-onset neonatal seizures. Am J 

obstet Gynecol. 2000;182(6):1452-
1457. 

10.  silva Am, smith Rn, Lehmann cU, 
Johnson eA, holcroft cJ, Graham em. 
neonatal nucleated red blood cells 
and the prediction of cerebral white 
matter injury in preterm infants. obstet 
Gynecol. 2006;107(3):550-556. 

11.  Redline RW, Ariel i, Baergen Rn, et 
al. Fetal vascular obstructive lesions: 
nosology and reproducibility of 
placental reaction patterns. Pediatr 
Dev Pathol. 2004;7(5):443-452. 

12.  Redline RW. severe fetal placental 
vascular lesions in term infants with 
neurologic impairment. Am J obstet 
Gynecol. 2005;192(2):452-457. 

13.  de Laat mW, Franx A, Bots mL, Visser 
Gh, nikkels PG. Umbilical coiling 
index in normal and complicated 
pregnancies. obstet Gynecol. 
2006;107(5):1049-1055. 

14.  Wintermark P, Boyd T, Gregas mc, 
Labrecque m, hansen A. Placental 
pathology in asphyxiated newborns 
meeting the criteria for therapeutic 
hypothermia. Am J obstet Gynecol. 
2010;203(6):579.e1-579.e9. 

15.  Leviton A, Allred en, kuban kc, 
et al. microbiologic and histologic 
characteristics of the extremely 
preterm infant’s placenta predict white 
matter damage and later cerebral 
palsy. the eLGAn study. Pediatr Res. 
2010;67(1):95-101. 

16.  Viscardi Rm, sun cc. Placental 
lesion multiplicity: Risk factor for 
iUGR and neonatal cranial ultrasound 
abnormalities. early hum Dev. 
2001;62(1):1-10. 

17.  elbers J, Viero s, macGregor D, 
DeVeber G, moore Am. Placental 



186

General discussion and future PersPectives

9

pathology in neonatal stroke. 
Pediatrics. 2011;127(3):e722-9. 

18.  Redline RW. Disorders of placental 
circulation and the fetal brain. clin 
Perinatol. 2009;36(3):549-559. 

19.  Redline RW, Wilson-costello D, 
Borawski E, Fanaroff AA, Hack 
m. Placental lesions associated 
with neurologic impairment and 
cerebral palsy in very low-birth-
weight infants. Arch Pathol Lab med. 
1998;122(12):1091-1098. 

20.  mcDonald DG, kelehan P, mcmenamin 
JB, et al. Placental fetal thrombotic 
vasculopathy is associated with 
neonatal encephalopathy. hum Pathol. 
2004;35(7):875-880. 

21.  Redline RW, Faye-Petersen o, heller 
D, et al. Amniotic infection syndrome: 
nosology and reproducibility of 
placental reaction patterns. Pediatr 
Dev Pathol. 2003;6(5):435-448. 

22.  Rovira n, Alarcon A, iriondo m, et al. 
impact of histological chorioamnionitis, 
funisitis and clinical chorioamnionitis 
on neurodevelopmental outcome 
of preterm infants. early hum Dev. 
2011;87(4):253-257. 

23.  suppiej A, Franzoi m, Vedovato s, 
marucco A, chiarelli s, Zanardo V. 
neurodevelopmental outcome in 
preterm histological chorioamnionitis. 
early hum Dev. 2009;85(3):187-189. 

24.  soraisham As, Trevenen c, 
Wood s, singhal n, sauve R. 
histological chorioamnionitis and 
neurodevelopmental outcome 
in preterm infants. J Perinatol. 
2013;33(1):70-75. 

25.  shatrov JG, Birch sc, Lam LT, 
Quinlivan JA, mcintyre s, mendz GL. 

chorioamnionitis and cerebral palsy: 
A meta-analysis. obstet Gynecol. 
2010;116(2 Pt 1):387-392. 

26.  chau V, Poskitt kJ, mcFadden De, et 
al. Effect of chorioamnionitis on brain 
development and injury in premature 
newborns. Ann neurol. 2009;66(2):155-
164. 

27.  Wu YW, colford Jm,Jr. 
chorioamnionitis as a risk factor for 
cerebral palsy: A meta-analysis. JAmA. 
2000;284(11):1417-1424. 

28.  horvath B, Grasselly m, Bodecs 
T, Boncz i, Bodis J. histological 
chorioamnionitis is associated with 
cerebral palsy in preterm neonates. 
eur J obstet Gynecol Reprod Biol. 
2012;163(2):160-164. 

29.  Dammann o, Leviton A. maternal 
intrauterine infection, cytokines, and 
brain damage in the preterm newborn. 
Pediatr Res. 1997;42(1):1-8. 

30.  Dammann o, Leviton A. infection 
remote from the brain, neonatal white 
matter damage, and cerebral palsy 
in the preterm infant. semin Pediatr 
neurol. 1998;5(3):190-201. 

31.  speer cP. neonatal respiratory distress 
syndrome: An inflammatory disease? 
neonatology. 2011;99(4):316-319. 

32.  Thomas W, speer cP. 
chorioamnionitis: important risk 
factor or innocent bystander for 
neonatal outcome? neonatology. 
2011;99(3):177-187. 

33.  Redline RW, Boyd T, campbell V, et 
al. maternal vascular underperfusion: 
nosology and reproducibility of 
placental reaction patterns. Pediatr 
Dev Pathol. 2004;7(3):237-249. 

34.  korteweg FJ, erwich JJ, holm JP, et 



187

General discussion and future PersPectives

9

al. Diverse placental pathologies as 
the main causes of fetal death. obstet 
Gynecol. 2009;114(4):809-817. 

35.  ogunyemi D, murillo m, Jackson U, 
hunter n, Alperson B. The relationship 
between placental histopathology 
findings and perinatal outcome 
in preterm infants. J matern Fetal 
neonatal med. 2003;13(2):102-109. 

36.  Beebe LA, cowan LD, Altshuler G. The 
epidemiology of placental features: 
Associations with gestational age and 
neonatal outcome. obstet Gynecol. 
1996;87(5 Pt 1):771-778. 

37.  Beaudet L, karuri s, Lau J, magee F, 
Lee sk, von Dadelszen P. Placental 
pathology and clinical outcomes 
in a cohort of infants admitted to a 
neonatal intensive care unit. J obstet 
Gynaecol can. 2007;29(4):315-323. 

38.  Blair e, de Groot J, nelson kB. 
Placental infarction identified by 
macroscopic examination and risk of 
cerebral palsy in infants at 35 weeks of 
gestational age and over. Am J obstet 
Gynecol. 2011;205(2):124.e1-124.e7. 

39.  van Vliet eo, de kieviet JF, van der 
Voorn JP, Been JV, oosterlaan J, van 
elburg Rm. Placental pathology and 
long-term neurodevelopment of very 
preterm infants. Am J obstet Gynecol. 
2012;206(6):489.e1-489.e7. 

40.  Redline RW, minich n, Taylor hG, hack 
m. Placental lesions as predictors 
of cerebral palsy and abnormal 
neurocognitive function at school 
age in extremely low birth weight 
infants (<1 kg). Pediatr Dev Pathol. 
2007;10(4):282-292. 

41.  ogino s, Redline RW. Villous 
capillary lesions of the placenta: 
Distinctions between chorangioma, 

chorangiomatosis, and chorangiosis. 
hum Pathol. 2000;31(8):945-954. 

42.  stanek J. comparison of placental 
pathology in preterm, late-preterm, 
near-term, and term births. Am J 
obstet Gynecol. 2014;210(3):234.e1-
234.e6. 

43.  caldarella A, Buccoliero Am, Taddei 
GL. chorangiosis: Report of three 
cases and review of the literature. 
Pathol Res Pract. 2003;199(12):847-
850. 

44.  De La ossa mm, cabello-inchausti 
B, Robinson mJ. Placental 
chorangiosis. Arch Pathol Lab med. 
2001;125(9):1258. 

45.  Benirschke k, kaufmann P, Baergen R. 
Pathology of the human placenta. fifth 
ed. new York: springer; 2006. 

46.  Lewis s, Perrin e. Pathology of 
the placenta. 2nd ed. churchill 
Livingstone; 1999. 

47.  Faye Petersen o, heller D, Joshi V. 
handbook of placental pathology. 
second ed. London, new York: Taylor 
and Francis; 2006. 

48.  Lee sA, Ding c. The dysfunctional 
placenta epigenome: causes and 
consequences. epigenomics. 
2012;4(5):561-569. 

49.  kuppala Vs, meinzen-Derr J, morrow 
AL, schibler kR. Prolonged initial 
empirical antibiotic treatment is 
associated with adverse outcomes 
in premature infants. J Pediatr. 
2011;159(5):720-725. 

50.  Alexander Vn, northrup V, Bizzarro 
mJ. Antibiotic exposure in the newborn 
intensive care unit and the risk of 
necrotizing enterocolitis. J Pediatr. 
2011;159(3):392-397. 



188

General introduction and outline of the thesis

1

188


