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Placental Pathology in Neonatal Stroke
WHAT’S KNOWN ON THIS SUBJECT: Neonatal stroke is
recognized as a cause of infant morbidity and
neurodevelopmental disability. The placenta has become an
organ of interest as a contributor to cerebral palsy and
neurologic disability; however, placental pathology has not been
systematically described in stroke.
WHAT THIS STUDY ADDS: This study reviews placental pathology
in patients presenting with neonatal stroke near delivery and
correlates this with clinical presentation, outcome, and risk
factors. We suggest that multiple risk factors are involved in
neonatal stroke, and placental pathology may be a contributor.
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abstract
OBJECTIVE: Neonatal stroke is increasingly recognized, and risk factors have been identiﬁed. The placenta has been implicated as a potential contributor to neonatal stroke; however, pathology has not been
previously described. This case series systematically evaluates prenatal, maternal, and neonatal risk factors and describes placental pathology in 12 cases of neonatal stroke.
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PATIENTS AND METHODS: We reviewed the Canadian Pediatric Ischemic
Stroke Registry from 1992 to 2006, which consists of 186 neonatal stroke
patients. Twelve patients with symptomatic cerebral arterial ischemic
stroke or sinovenous thrombosis had their placenta available for pathologic examination. Clinical presentation; maternal, prenatal, and neonatal
risk factors for stroke; and patient outcome were collected retrospectively
from patient charts. Gross and microscopic placental pathology was described and classiﬁed into 4 pathologic categories.
RESULTS: Of 12 patients studied, 10 patients were male, 5 patients had
arterial ischemic stroke, and 7 patients had sinovenous thrombosis.
Maternal risk factors were identiﬁed in 5 cases, prenatal risk factors in
10 cases, and neonatal risk factors in 10 cases. Placental lesions were
present in 10 cases and were classiﬁed as thromboinﬂammatory process in 6 cases, sudden catastrophic event in 5 cases, decreased placental reserve in 3 cases, and stressful intrauterine environment in 2
cases.
CONCLUSIONS: This study reviews detailed placental pathology in a
selected cohort of patients presenting near the time of delivery and
correlates this with clinical presentation, outcome, and risk factors for
neonatal stroke. Our results suggest that multiple risk factors are
involved in neonatal stroke, and placental pathology may be a contributing factor. The implications of speciﬁc placental lesions remain to be
determined with larger, case-controlled studies. Pediatrics 2011;127:
e722–e729
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Neonatal stroke is increasingly recognized as a signiﬁcant cause of infant
morbidity and neurodevelopmental
disability. With an estimated incidence
of 1 in 2300 live births,1,2 the perinatal
period confers the highest risk for
ischemic stroke in patients under 18
years of age.3 With increased recognition, risk factors for neonatal stroke
recently have been identiﬁed. These
risk factors include maternal conditions
such as prothrombotic disorders, infertility, and preeclampsia; prenatal factors
such as fetal heart rate abnormalities,
intrauterine growth restriction, chorioamnionitis, and prolonged rupture of
membranes; and neonatal factors including infection, prothrombotic states,
and congenital heart disease.4–18 Studies suggest that multiple risk factors may be implicated in neonatal
stroke.9,15,19,20
The placenta recently has become an
organ of interest in the search for
causes of cerebral palsy and other
neurologic disabilities. The placenta
provides the sole blood supply for the
fetus via an elaborate network of blood
vessels within chorionic villi that penetrate the maternal endometrium.
These chorionic villi are bathed in maternal blood through surrounding sinusoidal spaces. The role of the placenta in neonatal brain injury has
been discussed by Redline and
O’Riordan21–23 who described typical
patterns of placental lesions found in
children with cerebral palsy.21 One
study describing placental lesions in a
group of term infants with adverse
neurologic outcomes from a medicolegal registry showed a signiﬁcantly
higher prevalence of chronic villous
degenerative changes, chorioamnionitis with severe fetal inﬂammatory response, and pathologic umbilical cord
abnormalities in case subjects compared with healthy control subjects.
Overall, 66% of the medicolegal registry cases had 1 or more signiﬁcant plaPEDIATRICS Volume 127, Number 3, March 2011

cental lesions compared with 18% in
the comparison group.24,25 In another
large case-controlled study of patients
presenting with neonatal encephalopathy, placental lesions of infection,
thrombosis, and disturbed uteroplacental ﬂow were signiﬁcant independent factors in the neonatal encephalopathy group.26
Neonatal stroke is a recognized cause
of hemiplegic cerebral palsy. In contrast to more diffuse perinatal brain
insults underlying cerebral palsy,
stroke is attributed to large-vessel obstruction and is typically a focal injury
within an otherwise intact brain. Many
authors12,27–29 have suggested the placenta as an additional risk factor for
neonatal stroke. Although some studies7,30,31 investigating the incidence of
thrombi in the neonate have established pathologic ﬁndings in the placenta, no study has systematically analyzed the placenta in neonates with
stroke. This study aimed to describe
placental pathology in neonates diagnosed with either arterial ischemic
stroke (AIS) or cerebral sinovenous
thrombosis (CSVT). In addition, previously described risk factors for neonatal stroke were identiﬁed to provide a
perspective on other factors that may
be implicated in, or contribute to, the
pathophysiology of neonatal stroke.

PATIENTS AND METHODS
Case Ascertainment
Patients were identiﬁed in the Canadian Pediatric Ischemic Stroke
Registry–Toronto site, part of a prospective database containing information on pediatric stroke patients
across the country. All patients from
the Toronto site diagnosed from January 1992 to December 2006 were reviewed, and those with a diagnosis of
neonatal stroke (deﬁned as stroke diagnosed within the ﬁrst 28 days of
life) and born term (⬎37 weeks’ gestational age) or late preterm (34 –37

weeks’ gestational age) were included if their placenta was available
for review. Regional birthing centers
typically only retain placentas at the
time of delivery for newborns with
perinatal complications.
Patient Characteristics
Patient records were retrospectively
reviewed to collect patient characteristics, mode of diagnosis, and distribution of cerebral infarcts according
to vascular territory(ies). Recognized
maternal, prenatal, and postnatal risk
factors for perinatal stroke4–18 were
identiﬁed. Neuroimaging was completed according to clinical diagnostic
standards. Computed tomography was
completed acutely in the majority of
cases, with magnetic resonance imaging when available. Magnetic resonance imaging sequences included T1,
T2, ﬂuid-attenuated inversion recovery, diffusion weighted, apparent diffusion coefﬁcient, and gadolinium.
Placental Analysis
Placentas were reviewed by a single
observer, a perinatal anatomic pathologist (Dr Sandra Viero), according to a
standardized technique. Gross examination was performed after ﬁxation
in 10% formalin. Cord abnormalities
were described, and 2 sections of
cord, 1 including the placental insertion site, were sampled. An extraplacental membrane roll including decidua was sampled. The trimmed disk
weight was recorded. The placental
disk was sectioned at 1-cm intervals
with at least 2 random sections sampled and any lesions sampled. Sections were submitted for routine processing, parafﬁn embedding, and
staining with hematoxylin and eosin.
Gross and histologic characteristics
were noted and additionally classiﬁed
according to subcategories established by Redline.21 Placental lesions
were pathologically categorized as (1)
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a sudden catastrophic event, (2) a
thrombo-inﬂammatory process, (3) a
decreased placental reserve, or (4) an
adaptive response to stressful intrauterine environment. The placental lesions observed in patients categorized under “sudden catastrophic
event” include retroplacental hematoma and acute umbilical cord occlusion, such as by thrombosis, true
cord knots, cord overcoiling, or abnormal cord insertion sites. For the
thromboinﬂammatory processes,
placental lesions included acute chorioamnionitis, chronic villitis, chorionic vessel thrombi, stem vessel
thrombi, and the presence of avascular ﬁbrotic villi. Decreased placental
reserve was deﬁned by 2 or more of
the following: multiple placental infarcts; distal villous immaturity; and
placental weight less than the 10th
percentile for gestational age.32 The
ﬁnal category, indicating adaptive
responses as a result of a stressful
intrauterine environment, required
increased fetal nucleated red blood
cells or an increase in the number of
fetal capillaries per villous crosssection, termed villous chorangiosis.
Patient Outcome
Patient outcomes at 2 years were collected. Outcomes were categorized as
normal, mild motor dysfunction (ﬁne
motor problems, mild developmental
delay), signiﬁcant motor dysfunction
(hemiparesis), language delay, and
presence of seizure disorder.

Patient Characteristics
The Stroke Registry consisted of 186
patients with neonatal stroke at the
Hospital for Sick Children between
1992 and 2006. Of those patients, 12
had placentas available for pathologic
examination by our pathologist. Of the
12 patients studied, 10 were male and
5 were diagnosed with AIS and 7 with
ELBERS et al

multifocal, involving middle, anterior,
and posterior cerebral artery territories in 4 patients (80%) and a single
lesion in the left-middle cerebral artery territory in 1 patient. Magnetic
resonance angiography was completed acutely (within 3 days of life) in
2 patients, both of which were normal.
Two patients developed hemorrhage
within the area of infarcts (40%).

Clinical Data

Of 7 patients with CSVT, thrombus was
seen in the transverse sinuses in 5 patients, superior sagittal sinus in 3 patients, torcula in 3 patients, internal
jugular vein in 1 patient, and internal
venous system in 1 patient. Six of 7 patients developed parenchymal hemorrhage (86%).

Ten patients (83%) presented on the
ﬁrst day of life with signs of neonatal
encephalopathy. Other presenting
signs can be found in Table 1. There
was no difference in clinical presentation between the patients with AIS versus CSVT. No patients with AIS were
treated with antithrombotic therapy,
whereas 3 patients with CSVT received
antithrombotic therapy.
Risk factors for neonatal stroke are
shown in Table 2. Maternal risk factors
were identiﬁed in 5 of 12 cases (42%).
No patients had preeclampsia or diabetes; maternal thrombophilias were
not routinely tested. Prenatal risk factors for neonatal stroke were identiﬁed in 10 of 12 cases (83%). Neonatal
risk factors for neonatal stroke were
present in 10 of 12 cases (83%). Four
patients had congenital heart disease
with a right-to-left shunt, 1 was postoperative day 1 from a cardiac procedure
at the time of presentation. Follow-up
on coagulation proﬁles of our study patients did not reveal any signiﬁcant
prothrombotic disorders.
Neuroimaging

RESULTS

e724

CSVT. All were singleton births, with 11
infants born at term (ⱖ38 weeks) and
1 late preterm infant born at 34 weeks’
gestation. Birth weights ranged from
1.6 kg to 4.17 kg, with a median of 3.41
kg. One-minute Apgar scores ranged
from 1 to 10, with a median of 4.5, and
5-minute Apgar scores ranged from 2
to 10, with a median of 6.

The diagnosis of AIS was made within a
median of 4 days (range: 1–5 days) and
CSVT within a median of 2 days (range:
from 1– 8 days), according to neuroimaging ﬁndings. Ischemic changes were
consistent with an arterial or venous
distribution, rather than diffuse hypoxic injury often seen in hypoxic ischemic encephalopathy. The distribution
of infarction in patients with AIS was

Placental Analysis
Placental pathology was evident in 10
of 12 patients (83%), whereas 2 placentas were within normal limits (Table 3). Placental weights ranged from
204 to 808 g, with a median of 487.5 g.
Histopathology showed sudden catastrophic event in 5 patients (42%),
thromboinﬂammatory process in 6 patients (50%), decreased placental reserve in 3 patients (25%), and stressful
intrauterine environment in 2 patients
(15%). Mixed placental lesions were
found in 5 patients (42%). Two patients
had histologic evidence of acute chorioamnionitis (Fig 1), 1 had histologic
evidence of moderate chorioamnionitis, and the other had evidence of severe chorioamnionitis, displaying a
fetal inﬂammatory response (funisitis), and 5 patients had placental fetal vessel (Fig 2) or umbilical cord
thrombi. Four patients had placental
infarcts.
Patient Outcome
Of 12 patients in our study, 2 were lost
to follow-up. At the 2-year follow-up, 2
patients (both with CSVT) were neurologically normal, 6 patients (4 had AIS
and 2 had CSVT) had mild motor dys-
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TABLE 1 Clinical Features of Neonates With AIS and CSVT
Patient
1

Apgar Score,
1 Min, 5 Min
2, 3

2

5, 7

3

(Age) Clinical presentation

Diagnosis

(Days of life: 1) hypotensive, decreased
spontaneous movements
(Days of life: 1) focal seizures, apnea,
neonatal encephalopathy

AIS

4, 6

(Days of life: 1) focal seizures; apnea;
decreased movements, right side,
neonatal encephalopathy

AIS

4

6, 6

(Days of life: 1) focal seizures;
hypotension; decreased movements,
right side; neonatal encephalopathy

AIS

5

6, 9

(Days of life: 1) focal seizures, apnea,
neonatal encephalopathy

AIS

6

1, 4

(Days of life: 1) focal seizures, apnea,
hypotension, neonatal
encephalopathy

CSVT

7

2, 6

(Days of life: 1) hypotension, neonatal
encephalopathy

CSVT

8

2, 2

(Days of life: 1) hypotension, neonatal
encephalopathy

CSVT

9

8, 9

(Days of life: 1) focal seizures, apnea

CSVT

10

7, 9

(Days of life: 2) focal seizures, apnea

CSVT

11

10, 10

(Days of life: 6) focal seizures

CSVT

12

3, 4

(Days of life: 1) focal seizures,
decreased spontaneous movement,
neonatal encephalopathy

CSVT

AIS

(Age) Imaging Modality: Findings
(Vascular Territory)
(Days of life: 4) MRI: multifocal, bilateral infarcts with
diffusion restriction (MCA, PCA; no MRA or MRV)
(Days of life: 5) CT: single infarct (left MCA); (Days of
life: 6) MRI: multifocal, unilateral infarcts with
restricted diffusion (left MCA and left ACA); (Days
of life: 6) MRA or MRV: normal
(Days of life: 1) CT: single infarct (left MCA); (Days of
life: 15) MRI: single infarct without diffusion
restriction (left MCA); (Days of life: 15) MRA: small
left MCA branches
(Days of life: 5) CT: multifocal bilateral infarcts (left
MCA, right MCA, left ACA) Petechial hemorrhage
within infarcts; (mo of life: 13) MRI: multifocal
bilateral infarcts without diffusion restriction
(left MCA, right MCA, left ACA); (mo of life:13)
MRA: attenuated (left MCA)
(Days of life: 2) CT: left subdural hemorrhage plus
single infarct (left MCA); (Days of life: 3) MRI:
multifocal, bilateral infarcts with restricted
diffusion (left MCA, right PCA); petechial
hemorrhage within infarcts; (Days of life: 3)
MRA: normal
(Days of life: 1) CT: diffuse edema; (Days of life: 3)
MRI: thrombosis in superior sagittal sinus, torcula,
bilateral transverse sinuses, no diffusion
restriction, punctate hemorrhages bilateral basal
ganglia
(Days of life: 4) MRI: thrombosis in left transverse
sinus, left sigmoid, and left internal jugular vein,
restricted diffusion bilateral internal capsule,
punctate hemorrhages bilateral basal ganglia
(Days of life: 6) MRI: right transverse sinus with
multifocal areas of diffusion restriction,
subcortical petechial hemorrhage; (Days of
life: 6) CT: thrombosis in bilateral transverse
sinuses, torcula
(Days of life: 1) CT: Superior sagittal sinus
thrombosis plus hydrocephalus; (Days of life: 2)
MRI: thrombosis in superior sagittal sinus
(Days of life: 8) CTV: thrombosis in right transverse
sinus; (Days of life: 20) MRI: remote left parietal
hemorrhagic venous infarct
(Days of life: 7) CTV: Thrombi in vein of Galen and
internal cerebral veins bilateral frontal lobe
hemorrhage; (Days of life: 8) MRI: thrombi in vein
of Galen, internal cerebral veins, torcula, and
inferior sagittal sinus
(Days of life: 2) CT: diffuse cerebral edema, thrombus
in superior sagittal sinus, hemorrhage right
centrum semiovale; (Days of life: 3) MRI/MRV:
thrombus in torcula and left transverse sinus,
multifocal, bilateral areas of diffusion restriction

Outcome At 2-Year
Follow-Up
Mild motor dysfunction
Lost to follow-up

Mild motor dysfunction

Mild motor dysfunction

Mild motor dysfunction,
language delay

Language delay

Normal

Lost to follow-up

Mild motor dysfunction,
language delay
Language delay

Normal

Mild motor dysfunction,
language delay

MRI indicates magnetic resonance imaging; MCA, middle cerebral artery; PCA, posterior cerebral artery; MRA,magnetic resonance angiography; MRV, magnetic resonance venography; CT,
computerized tomography; ACA, anterior cerebral artery.

function, and 5 patients (4 had CSVT
and 1 had AIS) had language delay. No
patients had severe hemiparesis or
other signiﬁcant motor dysfunction,
and none had a seizure disorder.
PEDIATRICS Volume 127, Number 3, March 2011

DISCUSSION
This is the ﬁrst study to systematically
analyze placental pathology in addition
to identifying other potential risk fac-

tors in a cohort of patients with symptomatic neonatal AIS and CSVT. Placental lesions identiﬁed in 10 of 12 (83%)
of our patients with neonatal stroke
demonstrate multiple pathologies, in-
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Male

Male

Male

Female

Female

Male

Male

Male

5

6

7

8

9

10

11

12

581 g (75th percentile)

320 g (⬍10th percentile)

39 wk

40 ⫹ 2 wk

500 g (50th percentile)

39 ⫹ 2 wk

452 g (25th percentile)

37 ⫹ 6 wk

525 g (⬎90th percentile)

808 g (⬎90th percentile)

37 ⫹ 5 wk

34 wk

584 g (90th percentile)

345 g (⬍10th percentile)

413 g (25th percentile)

475 g (50th percentile)
600 g (90th percentile)

204 g (⬍10 percentile)

38 wk

39 wk

36 wk

38 wk
39 wk

40 ⫾ 3 wk

Placental Weight

None

None

None

None

Primiparity, GBS
positive (treated)
Antepartum
hemorrhage
History of trauma

History of infertility

None
Primiparity, GBS
positive (treated)
Primiparity

None

Maternal Risk Factors

AIS
AIS

Thromboinﬂammatory process
Thromboinﬂammatory process,
stressful intrauterine environment
Sudden catastrophic event

CSVT
CSVT

CSVT
CSVT

Sudden catastrophic event

Within normal limits
Decreased placental reserve,
thromboinﬂammatory process

Congenital heart disease,
postcardiac surgery
Polycythemia
None

None
FHR abnormalities, ER C/S

CSVT

CSVT

Sudden catastrophic event

Anemia, disseminated
intravascular coagulation
None

Sepsis, disseminated
intravascular coagulation
Sepsis, anemia

CSVT

Prolonged rupture
of membranes
FHR abnormalities, ER C/S,
chorioamnionitis, ER C/S
Ruptured uterus, placental
abruption
Prolonged second-stage labor,
FHR abnormalities, ER C/S
None

AIS

AIS

AIS

Diagnosis

Decreased placental reserve

Placental Risk Factors

Sudden catastrophic event,
thromboinﬂammatory process,
decreased placental reserve
Thromboinﬂammatory process,
stressful intrauterine environment
Sudden catastrophic event,
thromboinﬂammatory process
Within normal limits

Placental abruption, ER C/S

Anemia, systemic thromboses,
congenital heart disease,
Anemia
Disseminated intravascular
coagulation

Polycythemia, congenital heart
disease
Anemia, congenital heart disease
Anemia

IUGR, nuchal cord, oligohydramnios
IUGR, ER C/S
FHR abnormalities, ER C/S,
feto-maternal hemorrhage
FHR abnormalities, ER C/S

Neonatal Risk Factors

Prenatal Risk Factors

IUGR indicates intrauterine growth restriction; ER C/S, emergency caesarian section; FHR,fetal heart rate.

Male

Male
Male

2
3

4

Male

Gender Gestational
Age

1

Patient

TABLE 2 Risk Factors Identiﬁed in Neonates With AIS and CSVT

cluding decreased placental reserve,
thromboinﬂammatory processes, and
sudden catastrophic events. Each of
these lesion types may contribute to
neonatal stroke by either sending emboli directly into the fetal circulation or
by causing an inﬂammatory, procoagulant environment in the placenta
and fetus promoting diffuse thrombus
formation.

The majority of our patients also had
prenatal and neonatal risk factors for
neonatal stroke, and it was difﬁcult to
determine a predominant cause. Our
ﬁndings suggest that both AIS and
CSVT in the newborn are multifactorial, with a combination of predisposing and triggering factors. This is consistent with previous studies.9,15,19,20 In
1 case-control study,9 the presence of 3
or more risk factors was associated
with a 25-fold-increased risk of perinatal stroke compared with those without risk factors.

In our study, 6 patients (50%) presented
with placental lesions consistent with
a thromboinﬂammatory process. Fetal
thrombotic vasculopathy is a term proposed by Redline21 to describe ischemic
changes in the fetal capillary bed of large
portions of terminal villi, reﬂecting prolonged occlusion of supplying fetal placental vessels. Histologically, it is deﬁned
by clusters containing at least 5 avascular villi (Fig 3) and thrombi in stem vessels or other major placental vessels.23
Fetal thrombotic vasculopathy has
been associated with thromboemboli
in various organs in the newborn.30,31
In a study of 84 perinatal autopsies, 6
of 1 6 patients with fetal thrombotic
vasculopathy were found to have somatic visceral thrombi, and cerebral
infarcts were present in 3 patients.30 Of
6 patients with a thromboinﬂammatory process in our study group, 2 fulﬁlled the histologic criteria for fetal
thrombotic vasculopathy, 2 had histologic evidence of acute chorioamnionitis, 4 had chorionic vessel thrombosis,

Downloaded from www.pediatrics.org. Provided by Universite de Geneve on March 10, 2011

ARTICLES

TABLE 3 Placental Pathology and Associated Lesional Category21
Patient
1
2
3
4
5

6

7

8
9
10
11
12

Placental Lesion Category

Placental Pathology

Decreased placental reserve

Chronic villitis, distal villous immaturity, placental infarct,
placental weight ⬍3rd percentile
Thromboinﬂammatory process
Chronic villitis, chronic intervillositis, villous edema,
positive immunostaining for CD68⫹ cells
Thromboinﬂammatory process,
Chorinonic thrombosis, avascular ﬁbrotic villi, increased
stressful intrauterine environment
nucleated red blood cells
Sudden catastrophic event
Cord overcoiling, distal villous immaturity
Sudden catastrophic event,
Velamentous cord insertion, cord venous congestion,
thromboinﬂammatory process,
chronic villitis, chronic intervillositis, placental
decreased placental reserve
infarction, distal villous immaturity, placental weight
⬍10th percentile
Thromboinﬂammatory process,
Funisitis (severe, diffuse), cord thrombosis (acute), cord
stressful intrauterine environment
venous congestion, severe chorioamnionitis, chorionic
thrombosis, stem villous thrombosis, distal villous
immaturity, villous chorangiosis
Sudden catastrophic event,
Retroplacental hematoma, cord hemangioma, moderate
thromboinﬂammatory process
chorioamnionitis, avascular ﬁbrotic villi, distal villous
immaturity
Placenta within normal limits
Villous edema
Sudden catastrophic event
Marginal cord insertion, stem villous thrombosis (acute),
chorionic thrombosis (acute)
Sudden catastrophic event
True cord knot and stricture, acute chorionic thrombosis,
cord thrombosis (acute) retromembranous hematoma
Placenta within normal limits
Chorionic congestion, stem villous congestion, chronic
villitis, placental infarct
Thromboinﬂammatory process,
Cord stricture, stem villous thrombosis (old and acute),
decreased placental reserve
chorionic thrombosis (old), placental infarct, distal
villous immaturity, placental weight ⬍10th percentile

FIGURE 1
Hematoxylin and eosin stain of placental membranes demonstrating inﬂammatory cells within fetal
membranes, consistent with acute chorioamnionitis (magniﬁcation ⫻200).

3 had stem vessel thrombosis, and 1
had umbilical vein thrombosis. Such
thrombi may ultimately travel into fetal circulation via the umbilical vein
and into large cerebral blood vessels
PEDIATRICS Volume 127, Number 3, March 2011

across the foramen ovale or ductus arteriosus, causing embolic cerebral arterial infarction.
Placental pathology suggesting decreased placental reserve was present

in 3 of 12 patients. Placental insufﬁciency
and infection can promote cytokine production, which may ultimately contribute
to neonatal stroke. Cytokines are low–
molecular weight signaling molecules.
Placental trophoblasts and maternally
derived leukocytes release proinﬂammatory cytokines at the placentaldecidua interface, such as interleukin-6,
interleukin-8, and tumor necrosis
factor-␣, in response to infection, vascular compromise, and oxidative
stress.34–36 In rodents, decidual cytokines traverse the placental membranes and enter the fetal circulation,
potentially affecting the developing fetus.37,38 In cases of clinical chorioamnionitis, cytokine concentrations in
cord blood have been associated with
abnormal neurologic examination and
seizures.39 In vitro studies simulating
hypoxia and growth restriction release
excess tumore necrosis factor-␣,
which induces placental apoptosis. As
a result, there is a disproportionate
deposition of ﬁbrin within the placental villus.40 Excess placental ﬁbrin has
the potential for thrombogenesis by
converting endothelium from a thromboresistant to a thrombogenic surface, activating the coagulation cascade. Although the role of cytokines in
neonatal brain injury remains unclear,
they may play an important role in an
inﬂammatory and coagulopathic response within placental and fetal
circulation.
Nearly half the patients in our cohort
had clinical and histologic features of
a sudden catastrophic event, such as
retroplacental hematoma or umbilical
vessel occlusion. In addition, umbilical
cord entanglements (cord overcoiling
or abnormal insertion sites) were included in this group because they have
been previously associated with cerebral palsy.21 Such lesions may lead to
blood stasis and thrombus formation
within umbilical vessels, allowing emboli access to fetal circulation. One
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compensate for acute vascular injury.
Previous studies22,25,42 also have shown
that multiple placental lesions further
increase the risk of later neurologic
disability.

FIGURE 2
Hematoxylin and eosin stain of placenta, demonstrating acute thrombus within chorionic plate vessel
(magniﬁcation ⫻200).

Limitations of this study include the
lack of data on maternal thrombophilias and the absence of healthy
newborn control subjects for comparison. Furthermore, our sample size is
small and biased toward patients with
a history of distress in labor or presentation within the ﬁrst 24 hours of life,
before disposal of the placenta. It is
challenging to obtain placentas because
most children with neonatal stroke will
present clinically with seizures after 12
hours of life,43 at which point the placenta already may be discarded. Larger
birthing centers may consider retaining
placentas for 48 to 72 hours to allow
for placental examination in neonates
presenting with neurologic symptoms
within the ﬁrst few days of life.

CONCLUSIONS

FIGURE 3
Hematoxylin and eosin stain of placental membranes, demonstrating avascular ﬁbrotic chorionic villi,
seen in patients with fetal thrombotic vasculopathy (magniﬁcation ⫻40).

case report describes an acute umbilical artery occlusion resulting in aortic
embolus in the fetus, in addition to
multiple placental thrombi.41 Two patients in our study showed evidence of

acute superimposed on chronic placental lesions. In these cases, acute
abruption may be a consequence of
underlying structural lesions in the
placenta resulting in an inability to

We completed a detailed review of
placental pathology and recognized
risk factors for a series of selected
patients with symptomatic neonatal
stroke and suggested mechanisms underlying this disorder. The placenta
may play an important role in thrombus formation and cytokine release,
contributing to other risk factors for
neonatal stroke. Although this is an important ﬁrst look at the placenta in this
population, a larger, prospective study
comparing placentas from healthy
newborns to those of distressed newborns is necessary to further establish
the placenta as a causative factor in
neonatal stroke.

REFERENCES
1. Lynch JK, Nelson KB. Epidemiology of perinatal
stroke. Curr Opin Pediatr. 2001;13(6):499–505

der disparities. Neurology. 2003;61(2):
189 –194

2. Nelson KB, Lynch JK. Stroke in newborn infants. Lancet Neurol. 2004;3(3):150 –158

4. Konishi Y, Kuriyama M, Sudo M, Konishi K,
Hayakawa K, Ishii Y. Superior sagittal sinus
thrombosis in neonates. Pediatr Neurol.
1987;3(4):222–225

3. Fullerton HJ, Wu YW, Zhao S, Johnston SC.
Risk of stroke in children: ethnic and gen-

e728

ELBERS et al

5. Akanli LF, Trasi SS, Thuraisamy K, et al. Neonatal middle cerebral artery infarction: association with elevated maternal anticardiolipin antibodies. Am J Perinatol. 1998;
15(6):399 – 402
6. Amit M, Camﬁeld PR. Neonatal polycythemia

Downloaded from www.pediatrics.org. Provided by Universite de Geneve on March 10, 2011

ARTICLES

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

causing multiple cerebral infarcts. Arch
Neurol. 1980;37(2):109 –110
Thorarensen O, Ryan S, Hunter J, Younkin
DP. Factor V Leiden mutation: an unrecognized cause of hemiplegic cerebral palsy,
neonatal stroke, and placental thrombosis.
Ann Neurol. 1997;42(3):372–375
Barmada MA, Moossy J, Shuman RM. Cerebral infarcts with arterial occlusion in neonates. Ann Neurol. 1979;6(6):495–502
Lee J, Croen LA, Backstrand KH, et al. Maternal and infant characteristics associated
with perinatal arterial stroke in the infant.
JAMA. 2005;293(6):723–729
Golomb MR. The contribution of prothrombotic disorders to peri- and neonatal ischemic stroke. Semin Thromb Hemost. 2003;
29(4):415– 424
Pellicer A, Cabanas F, Garcia-Alix A, PerezHigueras A, Quero J. Stroke in neonates with
cardiac right-to-left shunt. Brain Dev. 1992;
14(6):381–385
Wu YW, Lynch JK, Nelson KB. Perinatal arterial stroke: understanding mechanisms
and outcomes. Semin Neurol. 2005;25(4):
424 – 434
Ment LR, Ehrenkranz RA, Duncan CC. Bacterial meningitis as an etiology of perinatal
cerebral infarction. Pediatr Neurol. 1986;
2(5):276 –279
Vern TZ, Alles AJ, Kowal-Vern A, Longtine J,
Roberts DJ. Frequency of factor V(Leiden)
and prothrombin G20210A in placentas and
their relationship with placental lesions.
Hum Pathol. 2000;31(9):1036 –1043
Wu YW, March WM, Croen LA, Grether JK,
Escobar GJ, Newman TB. Perinatal stroke in
children with motor impairment: a
population-based study. Pediatrics. 2004;
114(3):612– 619
Chow G, Mellor D. Neonatal cerebral ischaemia with elevated maternal and infant anticardiolipin antibodies. Dev Med Child Neurol. 2000;42(6):412– 413
Wu YW, Colford JM Jr. Chorioamnionitis as a
risk factor for cerebral palsy: a metaanalysis. JAMA. 2000;284(11):1417–1424
Corrigan JJ Jr, Jordan CM, Bennett BB. Disseminated intravascular coagulation in
septic shock: report of three cases not
treated with heparin. Am J Dis Child. 1973;
126(5):629 – 632
Golomb MR, MacGregor DL, Domi T, et al.
Presumed pre- or perinatal arterial isch-

PEDIATRICS Volume 127, Number 3, March 2011

20.

21.

22.

23.

24.

25.

26.

27.
28.

29.

30.

31.

32.

emic stroke: risk factors and outcomes. Ann
Neurol. 2001;50(2):163–168
deVeber G, Andrew M, Adams C, et al. Cerebral sinovenous thrombosis in children. N
Engl J Med. 2001;345(6):417– 423
Redline RW. Placental pathology and cerebral palsy. Clin Perinatol. 2006;33(2):
503–516
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
Redline RW, Pappin A. Fetal thrombotic
vasculopathy: the clinical signiﬁcance of extensive avascular villi. Hum Pathol. 1995;
26(1):80 – 85
Redline RW. Placental lesions and neurologic outcome. In: Baker PSC, Ed. The Placenta and Neurodisability. London, United
Kingdom: Mac Keith Press; 2006, p 58 – 69
Redline RW. Severe fetal placental vascular
lesions in term infants with neurologic impairment. Am J Obstet Gynecol. 2005;192(2):
452– 457
McDonald DG, Kelehan P, McMenamin JB, et
al. Placental fetal thrombotic vasculopathy
is associated with neonatal encephalopathy. Hum Pathol. 2004;35(7):875– 880
Nelson KB. Perinatal ischemic stroke.
Stroke. 2007;38(2 Suppl):742–745
Scher MS, Wiznitzer M, Bangert BA. Cerebral
infarctions in the fetus and neonate:
maternal-placental-fetal considerations.
Clin Perinatol. 2002;29(4):693–724, vi–vii
Curry CJ, Bhullar S, Holmes J, Delozier CD,
Roeder ER, Hutchison HT. Risk factors for
perinatal arterial stroke: a study of 60
mother-child pairs. Pediatr Neurol. 2007;
37(2):99 –107
Kraus FT, Acheen VI. Fetal thrombotic vasculopathy in the placenta: cerebral thrombi
and infarcts, coagulopathies, and cerebral
palsy. Hum Pathol. 1999;30(7):759 –769
Leistra-Leistra MJ, Timmer A, van Spronsen
FJ, Geven WB, van der Meer J, Erwich JJ.
Fetal thrombotic vasculopathy in the
placenta: a thrombophilic connection between pregnancy complications and neonatal thrombosis? Placenta. 2004;25(Suppl A):
S102–S105
Redline RW, Boyd T, Campbell V, et al. Maternal vascular underperfusion: nosology and
reproducibility of placental reaction pat-

terns. Pediatr Dev Pathol. 2004;7(3):
237–249
33. Lao TT, Yin JA, Yuen PM. Coagulation and
anticoagulation systems in newborns: correlation with their mothers at delivery:
lower levels of anticoagulants and ﬁbrinolytic activity in the newborn. Gynecol Obstet
Invest. 1990;29(3):181–184
34. Hillier SL, Witkin SS, Krohn MA, Watts DH,
Kiviat NB, Eschenbach DA. The relationship
of amniotic ﬂuid cytokines and preterm delivery, amniotic ﬂuid infection, histologic
chorioamnionitis, and chorioamnion infection. Obstet Gynecol. 1993;81(6):941–948
35. Walker JJ. Antioxidants and inﬂammatory
cell response in preeclampsia. Semin Reprod Endocrinol. 1998;16(1):47–55
36. Hubel CA. Oxidative stress in the pathogenesis of preeclampsia. Proc Soc Exp Biol Med.
1999;222(3):222–235
37. Novales JS, Salva AM, Modanlou HD, et al.
Maternal administration of granulocyte
colony-stimulating factor improves neonatal rat survival after a lethal group B streptococcal infection. Blood. 1993;81(4):
923–927
38. Crocker I. Cytokines, growth factors, placental insufﬁciency and infection. In: Baker
PSC, Ed. The Placenta and Neurodisability.
London, United Kingdom: Mac Keith Press;
2006, p 44 –57
39. Shalak LF, Laptook AR, Jafri HS, Ramilo O,
Perlman JM. Clinical chorioamnionitis, elevated cytokines, and brain injury in term
infants. Pediatrics. 2002;110(4):673– 680
40. Crocker IP, Tansinda DM, Baker PN. Altered
cell kinetics in cultured placental villous explants in pregnancies complicated by preeclampsia and intrauterine growth restriction. J Pathol. 2004;204(1):11–18
41. Cook V, Weeks J, Brown J, Bendon R. Umbilical artery occlusion and fetoplacental
thromboembolism. Obstet Gynecol. 1995;
85(5 pt 2):870 – 872
42. Viscardi RM, Sun CC. Placental lesion multiplicity: risk factor for IUGR and neonatal
cranial ultrasound abnormalities. Early
Hum Dev. 2001;62(1):1–10
43. Rafay MF, Cortez MA, de Veber GA, et al. Predictive value of clinical and EEG features in
the diagnosis of stroke and hypoxic ischemic encephalopathy in neonates with seizures. Stroke. 2009;40(7):2402–2407

Downloaded from www.pediatrics.org. Provided by Universite de Geneve on March 10, 2011

e729

Placental Pathology in Neonatal Stroke
Jorina Elbers, Sandra Viero, Daune MacGregor, Gabrielle deVeber and Aideen M.
Moore
Pediatrics 2011;127;e722-e729; originally published online Feb 21, 2011;
DOI: 10.1542/peds.2010-1490
Updated Information
& Services

including high-resolution figures, can be found at:
http://www.pediatrics.org/cgi/content/full/127/3/e722

References

This article cites 41 articles, 11 of which you can access for free
at:
http://www.pediatrics.org/cgi/content/full/127/3/e722#BIBL

Subspecialty Collections

This article, along with others on similar topics, appears in the
following collection(s):
Premature & Newborn
http://www.pediatrics.org/cgi/collection/premature_and_newbor
n

Permissions & Licensing

Information about reproducing this article in parts (figures,
tables) or in its entirety can be found online at:
http://www.pediatrics.org/misc/Permissions.shtml

Reprints

Information about ordering reprints can be found online:
http://www.pediatrics.org/misc/reprints.shtml

Downloaded from www.pediatrics.org. Provided by Universite de Geneve on March 10, 2011

