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Abstract

Context: Placental pathology may be an important missing link in the causal pathway of perinatal stroke. The study aim was to
systematically review the literature regarding the role of the placenta in perinatal stroke. MEDLINE, Embase, Scopus, and Web of
Science electronic databases were searched from 2000 to 2019. Studies were selected based on predefined criteria. To enable
comparisons, placental abnormalities were coded using Redline’s classification. Results: Ten studies met the inclusion criteria.
Less than a quarter of stroke cases had placental pathology reported. Placental abnormalities were more common among children
with perinatal stroke than in the control group. The most frequent placental abnormality was Redline’s category 2 (thrombo-
inflammatory process). Conclusions: Placental abnormalities appear to be associated with perinatal stroke, supporting additional
indirect evidence and biological plausibility of a causative role. However, the results should be interpreted cautiously considering
the low frequency of placental examination and lack of uniformity in placental pathology reporting. Clinical Trial Registration:
PROSPERO Registration no: CRD42017081256.
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Perinatal stroke is the most common type of vascular stroke in
children." It is defined as a cerebrovascular event occurring
from 20 weeks’ gestation up to 28 postnatal days due to ische-
mia (secondary to embolism or anatomical narrowing of the
blood vessels) or hemorrhage in a blood vessel of the brain.
Perinatal stroke is classified by the timing and presentation of
stroke: acute symptomatic perinatal stroke presenting in the
neonatal period and presumed perinatal stroke presenting in
infancy or childhood. Acute symptomatic perinatal stroke
includes (1) neonatal arterial ischemic stroke, (2) neonatal cer-
ebral sinovenous thrombosis, and (3) neonatal hemorrhagic
stroke. Presumed perinatal stroke includes (1) arterial pre-
sumed perinatal ischemic stroke, (2) periventricular venous
infarction, and (3) presumed perinatal hemorrhagic stroke.>
The true incidence of perinatal stroke is likely to be higher
with better detection from advanced diffusion-weighted mag-
netic resonance imaging (MRI), especially in the case of hyper-
acute and acute stroke.® The estimates suggest an incidence of
perinatal stroke between 1 in 1600 and 1 in 3000 live births.*®
The pathogenesis of perinatal stroke is complex and multi-
factorial and includes an array of possible associations and
putative risk factors. Neonatal infection such as meningitis may
cause acute inflammatory processes in the cerebral arteries of

the neonatal brain and may be an independent risk factor
for arterial ischemic stroke.” Other likely independent risk
factors include maternal smoking during pregnancy,
intrapartum maternal fever (>38°C), low Apgar score at
5 minutes (<7), and neonatal hypoglycemia (blood glucose
level <2 mmol/L).*° Maternal use of cocaine during pregnancy
is another risk factor for arterial stroke due to vasoconstriction
and vasospasm in the fetus.'”
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Hematologic conditions such as the physiological prothrom-
botic state during pregnancy prevents fetal, maternal, and neo-
natal bleeding at the time of delivery by increasing clotting
factors V, VII, VIII, IX, X, and XII, von Willebrand factor,
and plasma fibrinogen levels that could predispose to throm-
boembolism, thus elevating the risk of neonatal arterial
ischemic stroke.! However, a case-control study (n = 182 cases
and controls each) showed no difference in thrombophilia mar-
kers at 12 months of age, but the possible role of coagulopathy
could not be excluded at the time of the perinatal stroke.'' In
addition, inherited prothrombotic conditions from genetic
mutations like methylenetetrahydrofolate reductase and factor
V Leiden gene mutations, and deficiency in protein C or S, are
possible risk factors for neonatal arterial ischemic stroke but
the evidence is weak and inconsistent.'?"'

A direct link between congenital heart disease and perinatal
stroke is not clear, although a cardioembolic event secondary to
cardiac catheterization or cardiac surgery is a plausible cause of
ischemic stroke.'> A small population-based case-control study
(n = 40) could not confirm a link between congenital heart
disease in infants with perinatal arterial stroke, but the small
sample size means the results should be interpreted cau-
tiously.'® Consensus exists that it is important to evaluate neo-
nates with congenital heart disease for risk of perinatal
stroke.'’

The placenta is a vascular gestational organ carrying blood
to and from the fetus and could have a significant role in the
etiology of perinatal stroke via (1) placental blood flow
abnormalities inducing clots, (2) sudden catastrophic events
such as placental abruption creating acute hemodynamic
instability or hypoperfusion in the fetus resulting in stroke, or
(3) chorioamnionitis. The precise mechanism of placental
abnormality and perinatal stroke is not well understood, partly
because the placenta is commonly discarded before the clinical
presentation of perinatal stroke.'® Other placental abnormal-
ities such as small or hypoplastic placenta, large placental
infarcts, thrombosis, knot in the umbilical cord, narrow umbi-
lical cord diameter, or abnormal insertion of the cord may
trigger perinatal stroke because of placental vascular
malperfusion.'’

Aim
The aim of this study was to conduct a systematic review of
published literature to explore the frequency of placental exam-

ination in perinatal stroke and to evaluate the role of the pla-
centa in perinatal stroke within the studies.

Method
Study Design

A systematic review was conducted using the Cochrane recommen-
dations for conducting a review, and the findings were reported using
the Meta-analyses Of Observational Studies in Epidemiology
(MOOSE) checklist.?

Data Source

MEDLINE, Embase, Scopus, and Web of Science (Science and Social
Science Citation Index) electronic databases were systematically
searched. A further hand search was conducted of publications using
a sensitive methodological filter for placental pathology studies.
Search terms were (placental pathology*) OR (aetiol* OR etiol*)
AND perinatal stroke, as well as MeSH (Risk Factor OR Aetiology)
AND perinatal stroke with limits of English language and human
studies. A full list of search terms can be found in the Supplementary
File and PROSPERO registration.

Study Selection

Studies from January 2000 to August 2019 were included for analysis
if they met all the following criteria:

1. Perinatal stroke was the primary outcome (diagnosis of
stroke was based on the reporting paper and not viewing
of the original neuroimaging).

2. Risk factors were identified in the fetus and/or all live births.

3. Placental pathology data were available for any perinatal
stroke case within the study.

4. All outcomes (including deaths) were reported.

5. All types of study designs

6. The articles were published in English.

The exclusion criteria were as follows:

1. Review papers
2. Abstracts and conference abstracts

Figure 1 summarizes the study flow using a PRISMA diagram.?!

Data Extraction

Publications were reviewed to identify perinatal stroke cases that met
the study selection criteria for stroke in a fetus, or an infant born
preterm or term, or in a baby post term age. The principal reviewer
(BR) and an independent second reviewer (IN) devised the search
strategy. The reference lists of these selected studies were hand
searched for further relevant articles, but no additional publications
were identified.

An a priori designed data extraction tool was used based on rec-
ommendations from the Cochrane group. Extraction included study
design, country of the study, gestational age, perinatal stroke types,
risk factors of stroke, numbers of cases with placental examination,
specific placental abnormality, clinical presentation and outcome of
stroke and unadjusted and adjusted odds ratios if reported. Extraction
of data from each of the 10 studies was carried out independently by
both extractors (BR and IN). The quality of included studies was
assessed using the Oxford Centre for Evidence-Based Medicine
2011 Levels of Evidence.”

Stroke Types

The article specifically sought to identify cases with a vascular
cause of infarction to elucidate cases at higher risk of placental
abnormality. Inconsistent terminology has been used in the litera-
ture to classify types of perinatal stroke. To enable aggregation of
data, we recoded the strokes uniformly using Dunbar and Kirton’s
contemporary classifications.” The following variables were
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Figure |. Study selection: Placental pathology in perinatal stroke.

extracted to name the different types of perinatal stroke: (1) age
when stroke happened (fetal or in utero, neonatal from 0 to 7 days
of age, and perinatal from 0 to 28 days of age), (2) type of vessel
affected (arterial or venous), and (3) etiology (ischemic or hemor-
rhagic). Arterial ischemic stroke and cerebral stroke nomenclatures
were also used interchangeably. It is important to note that some
authors used the term cerebral infarction to describe a type of
stroke. We acknowledge that cerebral infarction is not a reliable
indicator of ischemic stroke as it is also used to describe cerebral
infarction due to hypoxic-ischemic encephalopathy. After careful
analysis of the cases from the reporting papers where authors used
the term cerebral infarction, it could be confirmed that all cases
had indeed experienced ischemic stroke. Discrepancies regarding
classification of stroke and any potential chance of systematic bias
were discussed and a final decision was made without requiring
further adjudication (Table 1).

Risk Factors

Some of the included studies analyzed clusters of risk factors, which
cannot be considered synonymous with true causation. The plausible
causative factor among the variety of risk factors identified by the
placental pathologist author (SA) are underlined for each of the peri-
natal stroke cases (Table 2). It is important to note that the term fetal
thrombotic vasculopathy, which was used in some of the studies has
now been superseded in the literature by the more accurate term fetal
vascular malperfusion.>*** These terminologies were coded as inter-
changeable events.

Statistics

Descriptive statistics, n (%), were used for the etiologic and clinical
variables extracted from papers. We intended to conduct a meta-
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Table |. Characteristics of Studies Included in the Systematic Review.

Level of
Author Placental Placental evidence
Study (publication Study Study availability abnormality  as per
no: year) Study origin Study design  population period  Sample size (percentage) (percentage) OCEBM??
Study |  Bernson- USA Retrospective Preterm =7 2005-2015 Cases — 46 Cases — 46/ Cases — 41/ Level 3
eun ohort stu ontrols — A
Leung Coh dy C I 46 46 (89%)
(2018)% Case-control 99 Controls —  Controls —
study 99/99 61/99 (62%)
Reported P
value (cases
vs controls)
0.0007
tu uss witzerlan ase series erm; male = eve
Study 2 Fl S land C T I NR 5 2/5 2/2 Level 4
(2016)** (2 cases); 3, female = 2
France
(3 cases)
Study 3  Magnetti Italy Retrospective Term = 3, 2009-2013 5 5/5 3/5 Level 4
et al Case series Preterm = 2;
(2014)* male = 4,
female = |
Study 4 Takenouchi USA Retrospective Term 2004-2009 4 4/4 3/4 Level 3
etal Cross
(2012)¢ sectional
study
Study 5 Elber etal Canada Retrospective 34 wk to 28 1992-2006 186 12/186 (6% 10/12 (83%) Level |
Y P
(201 H?*7 Registry study  postnatal
days
Study 6 Dueck Canada Case report  Term NR | 171 1/1 Level 4
(2009)%®
Study 7 Das USA Case report 36 wk NR | 1/1 1/1 Level 4
Y P
(2008)*
Study 8 Curry USA Prospective NR 1997-2005 60 8/60 (13%) 7/8 (88%) Level 3
(2007)*° Cross-
sectional
study
Study 9 Ghidini USA Case report  Fetus NR | 171 1/1 Level 4
(2006)'
Study 10 Lee USA Retrospective NR 1997-2002 Cases — 40 Cases — 3/ Cases — 3/3 Level 2
)4 P
(2005)*? Cohort study Controls 40 (8%) (100%)
Case- — 120  Controls — Controls — 5/
control 117120 Il (45%)
study (9%)
Total 10 studies Prospective Fetus to 28 n =349 83/349 (24%) 72/83 (87%) Levell =1
=1 postnatal Level Il =1
Retrospective days Level
=9 =3
Level
V=5

*NR - Not Reported.
OCEBM - Level | (study 5): ‘Local and current random sample survey’; Level 2 (study 10): ‘Observational study with dramatic effect’; Level 3 (studies |, 4 and 8):
‘Local non-random sample’; Level 4 (studies 2, 3, 6, 7, 9): ‘case-series or historically controlled studies’.

analysis; however, the data could not be extracted at the individual

Results

case level, precluding meaningful meta aggregation. Fisher exact

associations were conducted for type of stroke and Redline’s category
classification of placental histopathology. Significance was set at
P < .05. All analysis was conducted using Stata, version 14

(StataCorp, College Station, TX).

Both reviewers (BR and IN) independently reviewed all 1209
titles/abstracts after excluding the duplicate studies. Sixteen
studies were selected for full-text review. Of these, 6 were

excluded (1 review paper and 5 abstracts or conference



(panunuod)

Aejop a3en3ue|
‘uonounysApJolow

ajnuadiad yag|> ySiom
[eauadeld ‘Aylanjewwl
SNOJ|IA [E3ISIp ‘UONDJEJUI
[eauade|d ‘snisojjiAIaIul
1UOJYD ‘SII||IA JIUOIYD
‘Uol1s93U0d SNOUSA P.0d

21 ‘sD
Adualisws ‘uondniqge

PI'W SIVN A A ‘UOIJ9SUI PJOD SNOJUSWIEIDA [eausdeld ‘Ayjnusyu) g 9sed
dHD ‘sisoquioayy
J1WRISAS ‘BlWSBUE
uonsunysAp Ajlanjewiwl snoj|ia ‘5§D Aouadiawd
Jojow pji SIVN [easip ‘8uljlodJaA0 paod) “dH4 [BwJouqy 7| ased)
s||#2 poo|q BlwaeUe ‘93eyJiowsy
paJ pajes|dnu paseaJdul [euJIBW-013)
uonsunysAp ‘IIIIA 21304QI} JB|NJSBAR ‘D Aouadiaws “YH4
Jojow pjif SIVN 2 ‘sisoquio.Jyl djuoLioyD)  [ewdouqe ‘@Anisod g || aseD
s||22
890D 404 Sujureisounwiw
aAnisod ‘ewapa
SNOJ|IA ‘SIISO[|IAJDIUI dHD ‘elwaeue
dn-moj|o} 03 3507 SIVN 2 2IUOJYD ‘SPI||IA dlUCIYD ‘5D Aouadiawa ‘Yo 0] 58D
9|nuaduad pig>
1ySiom [eauadeld durjul AHD ‘elwayafoLjod
uondunysAp [eauaded ‘Ayanmyewwi ‘sojuwe.pAyo3ijo
Jolow plily SIVN % SNOJ|IA [B3SIP ‘SBI||IA dlUoIYyD ‘P403 [eydnu YON| 6 3seD G ApNag
N SIVN % ALd AN 83seD
N SIVN P ALd UN £ @seD
N SIVN % AlLd UN 9 9sed { Apmag
9JBAO USWE.IO)
N SIVN A SPIUCIUWEOLIOYD 8UizROJIOSN  jusled ‘sisdas [ejeuosN G 9seD
A 1]|IA BWSPD eisdwejpaaud ‘WOYUd
AN SIVN + 1ASD JO BWSPS [BJ04 A [eD0} ‘uondJeyUl [BIUSIE ‘uondayul [BUIDIBl| 9SBD
eiwauadoulaquysApodAy
AN SIVN + LASD N suoIs9| AJojewilEyUl ‘Al [eutorely g dseD g Apmag
Ayredojnosea
[e39} ‘seaJe dIWaYdsI
‘sisoquioJyy a|dnjnw Auspipep
Fle) SIVN A » YIIM [ewIOUqE A[949ARS S uidjoad [ejeucsN T 9seD)
Auapysp D ueloud
Ajjiqesip BWOIBWAY BWOJIRWAY JUBJUI PUE [BUJIDIBW
[en323)|j23ulp|iw [eauade|doainy [e3uade|doalad ‘suoisa) ‘918108| WNJas
‘Asdaida ‘AydoszodAy J1WRYdSI dIuodYd YIm Y3y IS ‘SO Aduaduswis
‘dD onseds 1o SIVN [eauade)d A AydoanodAy ssoug [eyuadeld ‘eixAydse [eyeurad ausaag | aseD) 7 ApmsS
awo2InQ jous Jo adA | ~Py10 € Y4 Sa1I[EWL.IOUqE [eIUdd’|d SUOIJBIDOSSE/SI01D.)  SISBD) :ou
3siJ [e3uade|duoN Apmg

q

sa1103918 s ,2Ul|pay

- ]0.35 [BIRULInd JO s9dA| sA A3ojoyied [eauadeld Jo diysuone[ey pue sJ03de4 sy d13ojong T d|qeL

777



(panunuo>)

N

N

Kejop a3ensue
‘uondunysAp
Jojow pjij

Aejop aden3ueT
Aejop a3ensue|
‘uonounysAp

Jojow pjip

[ewJoN|

Aejop a8en3ueT

SIVN

SIVN

1ASD

1ASD

1ASD

1ASO

1ASO

rwolidueioyd

Bwolewsay
[eauade|doanay

sisoldueaoyd
SNO[|IA

uondJieyul pue
adeyJJoway ‘sisoquio.yl
aIm BwoI3ueBIOD 93.E]
UISA 33 UIYIIM siIsoquiodyl
PaWLIUOD UIPA [Bd]jIqWIn
ayp uiym (uyez jo saul))
[el491RW AJoTRWIWIENUI
‘ulaqy jo uonisodap
paJaAe| ‘spindseA
‘SIISIUNy ‘SpIUCIUWEOLIOY D)
ajnuadiad yag|> ySiom
[eausded ‘Aamewwi
SNOJ|IA [e3SIP “3DJBjul
|eauadeld ‘sisoquiodya
3IUOLIOYD ‘SISOQUIOIY3
SNOJ|IA WSS ‘94N12103S pJoD)
BWOJIBWAY SNOUBIqUISW
0J33J ‘sisoquioJyy
PJ0> 9INE ‘SISOqUIOIY)
SIUoLIoYD 3IN5E
A 3JN3211)S pUE JOU3| pJod and|
SISOQUIO.Y3 JIUOLIOYD 23Nde
*SISOQUUO.I] [9SS9A WS
9INJE ‘UoNdsUl pJod [euldiel
Ayanyeww
SNOJ|IA [easip "jjia S304qY
Je|ndseAe ‘spiuoluweolioyd
S1eiepow
‘ewol3ueway pJod
2 ‘ewolewsay [euade|dosiay
sisojdueaoyd
SNOJ|IA ‘A3lnJeWWI SNOJ|IA
[e3SIp ‘SISOQWIO.Y3 SNOJ|IA
W3S ‘SISOqUIOJY) IUOLIoYd
‘SIJJUOIULIEBOLIOYD DJIAIS
‘uonsaduod SNOUdA pJod
‘SISOqUWIOJY3 pJOD 3INde
A ‘SIISIUNY SNYIP PUE D.49A3S

rluadoakooquiodyy
‘elwaue “IS|

AJSAI|Dp winNndep

§D Aouadisws
“YH4 [ewouqy

JSEY-ATH
Seipiensod ‘qHD

SO Aouadiswd
“4H4 [ew.ouqy

elwaeue ‘sisdas

‘spluoluWeoLIoyd

‘5D Aduadiawd
“YHd [ewdouqe ‘Hyy

DIq ‘sisdes
‘WOYd 2Anisod 589

0g aseD £ Apmis

61 3seD 9 Apmg

8| °@seD

L1 ®seD

9| °seD

Q| °sed

| °sed

awonnO

joas Jo adA |

™Yo

4

€ ré | sanI[ew.ouge [eIuade|d

nmw_(_owwumu s,aul|pay

SUOIIEIDOSSE/S10108)
3sid [eauade|duopN

saseD :ou
Apmgs

(penunuod) ‘g 3|qeL

778



's91103938d s,aUlpaYy dY3 Ul papnpul 89 30U PINod Ydiym A3ojoyied [eausdeld LY,
18UBJOYD SNOJ|IA IO S||90 POO|q PaJ PIJEI|ONU [€19) PASEAIDUI :JUSWUOIIAUD SULIDINEIIUI [NYSSAIIS 01 dsuodsau aAndepy :f A1oSared)
‘a3e [euonelsad 4oy ajuadiad yig|> ySiem _E:wum_a pue ‘Ajlanjewiw snoj|IA [eIsip ‘s3oJejul [eauadeld ajdninw Jayad Jo auow Jo 7 Aq paulep :9AJI9saJ [BIuade|d paseatds( i§ A1o3areD)
IJ|IA 210.q1) JB[NJSBAR PUE ‘IQUIOIYD [9SSOA WSS PUB [3SSSA DIUOLIOYD ‘SHI|[IA ‘SRIUCIUWEOLIOYD :ss920.d Alorewwejul-oquiody] g A1o8s1eD)
'S31IS UO[1IASU| PJOD [BWIOUGE JO 3UJ|I0JJ3A0 PJOD ‘SI0UY PJOd 3N ‘SISOqUIOIYl AQ UOISN|II0 PJod [B3][IGWN 3INJE pue BWOIBWaY [eauade|douiad :uaAs diydouisered usappng :| A1o3a1e)

€ELT

$9110818 § SBY UOISI [eauadeld saulpaYy
*(VS) Joyane asidojoyaed |e3uade|d sya Aq payiuapl

10328} Yjsi4 dAREsNEd A|[einusiod e s930USp BUIlISpUN By 7 3|qRL Ul PaPN|DUl 30U 92UdY ‘siseq 95ed Uo paltoda. Jou auam s3uipuy [eausde|d ay3 S UOIIBDYISSE|D S,aUlpY Jod Se pPalIsse|> 89 30U pP|nod | Apnig,
‘AydeaSouosen)n ‘g ‘Dueiquiaw jo aanidna paguojoid ‘KON ‘Bisdweda-aud ‘G4 paiiodau J0u ‘YN D0.3S JJWBYIS] [B1IDIJIE [eIBUOBU ‘SN “onbi| paurels-winjuodaw “I5)y {UONRDIIISaL YIMoJS duliaineaiul
“UON| ‘shjlsw sa1aqelp [euonesad ‘Lao sn20201dais g dnous ‘sgoy ‘Ayredojnosea snoquiodyy [e1a) ‘A 14 ‘AyredojndseA snoquiodyl [e19) ‘H 14 IUSWSAOW [839) ‘|4 ‘©Ied 1ieay |19} “YH4 ‘Ayredojnseod
Je|ndseAB.Iul pajeulwassip ‘DI ‘Aydeadodoroip.ed ‘5| D) {SISOQUIOILYI SNOUSAOUIS [B4GRJ3D ‘] ASD) ‘UOMDSS Uea.esad ‘§Y) ‘aseasip 1aesy [enusduod ‘gHD 98eydiowsy wniied 1ue ‘Hdy :SUOREBIAIGQQY

=(LASD+SIVN)
uoneulquo)

S=1ASO I'N %S € %S9 %91
¥C=SIVN %9C = 1€/8 1€/0 e/ = 1€l = 1¢/9 1€ =0l
uondJeul [e3U3E
uN SIVN A A *SIIUCIUWEOLIOYD 2INdY | € aseD
N SIVN % shisiung w33sdd 0g °seD
ejuade(d jo apis
|39} uo aAnIsod ejuade|d Jo opIs |19} 0l
N SIVN sn2>020jAydelg uo aAnisod snadodojAydeig MN 67 958D  Apmg
H[ER)
sewolSuewsay poojq paJ paies|dnu
[[ews ‘Sewoldueioyd pa1BAdD “TSIA
dd SIVN sisozewoidueioyd pasoquiodya 3|dijn|| ‘AUSWSAOW [B19) PdNPaY 8T dseD) ¢ Apnig
$955905qE
[eNpI123p 3UauIWO.
N SIVN N YaIm spiuoluweorioy AUN LT ®seD
s3ow] [enkduAks jusuiwo.ad
YIM %GE< suonesyid|es
AN SIVN % d1ydo.nsAp aAIsu=IX] AUN 9T °seD
ejuaded
AN SIVN [ewJouqy A ejuade|d [ewouqe |jews AN +T 3seD
PR IEl
N SIVN % %G < SAISUXS |[eWS AN +T 3seD
uon.Jasul
AN SIVN 91E||_AWINDIID UOM.IBSUI 93B|[BAWNDIID AN €7 9seD
AN SIVN N pa32.Jgul 90T PuE |lewS AUN TC °seD
urqy
snojjiAJa3ul
paseaudul Yaim uLIqly SNOJ|IAJSIU] pasea.dul
AN SIYN  senbeid snouqig Yyaim sanbe|d snouqiy AN 17 9seD g Apmg
swomnp ojouas Jo adA | PyI0 ¥ € ré | SanI|eW.IOUqE [eIUad’|d SUONBIDOSSE/SI0I0B)  SASBD) :ou
dsiJ [eauadeiduoN Apmig

SoH03a1ed s 2ulpay

(penunuod) ‘7 ajqe

779



780

Journal of Child Neurology 35(11)

abstracts). Both reviewers unanimously agreed on the 10 stud-
ies that met the inclusion criteria for analysis; thus, no arbitra-
tion of disputes was required (Figure 1). Ten studies published
between 2000 and 2019 met the inclusion criteria (Table 1). All
of the studies were conducted in high-income countries, and
only 1 study was prospective (study 8). The studies consisted of
349 perinatal stroke cases from the period 1992-2015. Placental
pathology reports were available for 24% (83/349) of the peri-
natal stroke cases. Of these, 87% (72/83) cases had abnormal
placental pathology. In 31 cases, the type of stroke and placen-
tal pathology was reported on an individual case basis (Table
2).

Stroke

The most common type of perinatal stroke was neonatal arterial
ischemic stroke (24/31; 77%). Category 2 of Redline’s placen-
tal lesion was the most frequently reported placental abnorm-
ality (17/31; 55%). Most studies primarily focused on perinatal
stroke cases. Perinatal stroke types were inconsistently classi-
fied. Studies 3 and 4 reported cases of fetal thrombotic vascu-
lopathy and types of perinatal brain injuries, respectively.
These 2 studies included perinatal stroke cases that were
extracted and analyzed as per the study design. The character-
istics of the selected studies are shown in Table 1. The studies
used a standard definition of perinatal stroke applicable to the
year they were published, although various nomenclatures
were used to describe the type of stroke.” The studies included
fetus and preterm and term infants up to 28 postnatal days.
Some studies only reported data at the group level and not on
an individual case basis.

Risk Factors

Of the 31 cases of stroke where the patients could be identified
on an individual case-by-case basis (Table 2), 19 cases sug-
gested both non-placental and placental associations related to
perinatal stroke. The common nonplacental associations were
caesarean section (n = 8/31; 26%), abnormal fetal heart rate
(n=5/31; 16%), anemia (n = 5/31; 16%), and congenital heart
disease (n = 4/31; 13%).

Placenta

Placental findings (Table 2) were described at the individual
case level for studies 2 to 10. Findings were also categorized
using Redline’s classification of placental histology, by BR and
an independent expert pathology reviewer (SA). We intended
to classify by the more contemporary and uniform comprehen-
sive placental histopathology classification—the Amsterdam
Placental Workshop Group Consensus Statement’*—but could
not, because the included studies were conducted and coded in
the Redline classification era and data were insufficient for
recoding.

For studies 5, 8, and 10, the frequency of placental histo-
pathologic examination was 6% (n = 12/186), 13% (n = 8/60),

and 8% (n = 3/40), respectively. Abnormal placental pathology
for study 5 was 83% (n = 10/12), study 8 was 88% (n = 7/8),
and study 10 was 100% (n = 3/3).

Of the 2 case-control studies (studies 1 and 10), study 1
found 89% (n = 41/46) abnormal placental pathology among
the cases, compared with 62% (n = 61/99) in controls with the
reported P value of <.001 (cases vs controls). Of note, study 10
found 100% abnormal placental pathology among the cases
(n = 3/3) compared with 45% in controls (n = 5/11).

Placental Classifications

Studies 3 and 5 used Redline’s placental histology classifica-
tion®”* and study 1 adapted predefined categories of placental
abnormality based on a local protocol. There was little unifor-
mity in describing placental pathology across the other studies.
To enable comparisons within this review, the placental reports
were classified for studies 2 to 10 using Redline’s classification
(Table 2), and author SA had the final authority in case of any
discrepancy.®® Study 1 cases could not be accommodated
within Redline’s classification as the placental findings were
not reported on an individual case basis.

Some of the placental abnormalities did not meet any of the
Redline categories or were lacking sufficient information to
permit any coding and thus these events were coded as “other”
(Table 2) within our systematic review. The “other” category
included (1) placental hypotrophy (case 1); (2) small abnormal
placenta (case 25); (3) retroplacental hematoma (cases 1 and
15), which does not necessarily represent abruption and with-
out clinical history or information regarding the chronicity is a
common nonspecific finding post placental delivery; (4) chor-
angioma or chorangiomatosis (cases 20 and 28); (5) fibrous
plaques with increased intervillous fibrin (case 21); (6) circum-
vallate insertion (case 23), which is more commonly associated
with a chronic rather than an acute catastrophic event; and (7)
Staphylococcal positive on the fetal side of the placenta (case
29) with no inflammatory response, which is likely to be a
contaminant.

We also present a detailed description of the association
between the type of placental pathology and type of stroke in
Table 2. There were no statistically significant associations
between the types of stroke and Redline’s placental classifica-
tion codes: category 1 (P = .404), category 2 (P = .102),
category 3 (P = .441), or “other” (P = .494). Category 4 could
not be analyzed statistically as there were no placental data
coded with this placental abnormality.

Discussion

Perinatal stroke occurs because of a constellation of risk factors
rather than an isolated event and can also be viewed as a cas-
cading causal pathway.>’® The placenta is a very vascular
gestational organ that is responsible for blood flow to and from
the fetus and is likely to have a pivotal role in the causal path-
way of perinatal stroke.>>=*
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Our review investigated the relationship between placental
pathology and perinatal stroke among the multitude of possible
associations and putative risk factors. We identified 10 studies
(n = 349) of varying levels of evidence and potential sources of
bias (levels 1, 2, 3, and 4). We found that there was a low
frequency of placental examinations within the included stud-
ies, even for developed countries, 6%-13% (studies 5, 8, and
10). Nevertheless, when pathology was ordered, the placental
pathology was often abnormal. The findings need to be inter-
preted cautiously as the frequency of placental histopathologic
examination was low (studies 2, 5, 8, and 10), in contrast to the
studies that directly sought cases of placental pathology (stud-
ies 1, 3,4,6,7,and 9).

Plausible reasons for not ordering pathology were nonspe-
cific and may include delayed clinical presentations of perina-
tal stroke, cost of placental storage and examination, failure of
treating physicians to request placental examination, and the
common practice of discarding the placenta soon after birth
before it is recognized as an important pathology. Furthermore,
we found that of the total placental examinations, 87% (Table
1; 72/83) had abnormal placental pathology. The abnormal
yield was as follows: 55% (Table 2; 17/31) had a thrombo-
inflammatory process at work, 32% (10/31) had decreased pla-
cental reserve, 16% (5/31) had a sudden catastrophic event and
19% (6/31) had associated placental risk factors.

We surmise that placental pathologies such as a sudden
catastrophic event causing blood flow obstruction to the fetus
(Redline’s category 1), or placental thrombo-inflammatory pro-
cess (Redline’s category II), or decreased placental reserve
(Redline’s category III) may have caused interruption of cere-
bral blood flow, thus giving rise to perinatal stroke. In our view,
adaptive response to a stressful intrauterine environment (Red-
line’s category IV) may be a fetal stress response to categories
I, II, or III and therefore should be considered as a related
pathology rather than an independent pathologic entity.

We sought to differentiate between the etiologic and cir-
cumstantial risk factors in order to identify the true causal
pathway of stroke; for example, perinatal stroke due to throm-
bus from protein C deficiency (a protein that prevents blood
clotting) or due to thrombus and fibrin formation in case of
chorioamnionitis. The pathologist author proposed plausible
causative factors (see Table 2) but these require confirmation
in further research using rigorous methodologies.

It was also noted that, across the studies, perinatal stroke
was seldom reported in the same manner. For example, neona-
tal arterial ischemic stroke was used as a synonym for arterial
ischemic stroke, ischemic perinatal stroke, perinatal arterial
stroke, and middle cerebral artery stroke. Future research
should aim to harmonize terminology to enable aggregation
of data.

Limitations and Recommendations:

Reporting quantity and quality. The major limitations of this
review were sparse placental examinations, lack of standardi-
zation, and nonhomogenous reporting of placental pathology,

which precluded aggregation of data. Comparisons between
studies could be advanced if standardized methods of reporting
key placental lesions such as a catastrophic event, placental
infection, or placental adaptive response to stressful intrauter-
ine environment were implemented within clinical care.

Reporting processes. Chorioamnionitis, a known risk factor for
cerebral palsy, was the most prevalent risk factor identified in
this systematic review, although more clarification of clinical,
histologic, associated funisitis, villitis, or more importantly
intravascular thrombi abnormalities would have been clinically
and etiologically informative.*® Thus, moving forward, we rec-
ommend that placental findings are reported synergistically for
expert pathologists and clinicians to further elucidate the etiol-
ogy and for clinical management of perinatal stroke. We also
recommend that all placentas should be stored for 72 hours to
create the opportunity for expert histopathologic examination.

Classification and nomenclature. We note that Redline’s placental
histology classification describes the actual effect rather than
the etiology of the placental pathology.>® For example, cate-
gory I describes both the event and the cause, whereas category
IV codes increased nucleated red blood cells, which may be a
secondary downstream event to any of the abnormalities
described in categories I, 11, or III. In future, widespread adop-
tion of the placental histopathology classification as per the
Amsterdam Placental Workshop Group Consensus Statement
is likely to yield a clear correlation between placental abnorm-
ality and perinatal stroke. Another limitation was the hetero-
geneity in the nomenclature of stroke type, which made it
difficult to make definitive comparisons between the type of
stroke and type of placental pathology. We therefore recom-
mend adoption of the contemporary stroke nomenclature.”

Etiology and prevention. Proactive prevention of perinatal stroke
is a research priority of both parents and clinicians. To make
the paradigm shift toward identifying ways to prevent perinatal
stroke, we recommend that the field makes a systematic and
rigorous effort to elucidate the etiologic role of the placenta in
cases of acute symptomatic perinatal stroke, ultimately aiming
to identify novel treatment targets. An adequately powered
case-control study, with standardized classification of placental
pathology, while reporting abnormal placental pathology as
well as a standardized nomenclature for stroke type, is needed
to confirm a meaningful association between abnormal placen-
tal pathology and specific types of perinatal stroke.

Conclusion

In conclusion, placental abnormality appeared more common
among children with perinatal stroke than controls. This result
must be interpreted cautiously because of the low frequency of
placental examination in published cases and the lack of uni-
formity in placental histopathology reporting. More research is
required to verify the precise role of the placenta in the multi-
factorial etiology of perinatal stroke.
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