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Abstract.

BACKGROUND: Perinatal stroke is one of the principal causes of cerebral palsy (CP) in preterm infants. Stroke in preterm
infants is different from stroke in term infants, given the differences in brain maturation and the mechanisms of injury exclusive
to the immature brain. We conducted a systematic review to explore the epidemiology and pathogenesis of periventricular
hemorrhagic infarction (PVHI), perinatal arterial ischemic stroke (PAIS) and cerebral sinovenous thrombosis (CSVT) in
preterm infants.

METHODS: Studies were identified based on predefined study criteria from MEDLINE, EMBASE, SCOPUS and WEB
OF SCIENCE electronic databases from 2000 — 2019. Results were combined using descriptive statistics.

RESULTS: Fourteen studies encompassed 546 stroke cases in preterm infants between 23 — 36 weeks gestational ages and
birth weights between 450 — 3500 grams. Eighty percent (436/546) of the stroke cases were PVHI, 17% (93/546) were PAIS
and 3% (17/546) were CSVT. Parietal PVHI was more common than temporal and frontal lobe PVHI. For PAIS, left middle
cerebral artery (MCA) was more common than right MCA or cerebellar stroke. For CSVT partial or complete thrombosis in
the transverse sinus was universal. All cases included multiple possible risk factors, but the data were discordant precluding
aggregation within a meta-analysis.

CONCLUSION: This systematic review confirms paucity of data regarding the etiology and the precise causal pathway
of stroke in preterm infants. Moreover, the preterm infants unlike the term infants do not typically present with seizures.
Hence high index of clinical suspicion and routine cUS will assist in the timely diagnosis and understanding of stroke in this
population.
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after birth, up to 37 weeks postmenstrual age [1].
Long-term morbidities include motor impairment,
cognitive and speech disorders, developmental delay,
cerebral palsy and/or epilepsy [2, 3]. The estimated
prevalence of stroke in preterm infants varies widely
in published literature; ranging from 1:1600 to 1:8000
[4, 5]. Stroke has been more commonly studied in
term infants, therefore the global burden of perinatal
stroke in preterm infants is undetermined. These gaps
in knowledge are due to paucity of published data and
small single centre studies [6, 7].

In literature, the common types of stroke described
in preterm infants are periventricular hemorrhagic
infarction (PVHI), perinatal arterial ischemic stroke
(PAIS) and cerebral sinovenous thrombosis (CSVT).
PVHI is a periventricular venous congestion due to
the obstruction of the terminal vein and impaired
blood flow in the medullary vein following germi-
nal matrix hemorrhage. PAIS is disruption of bl-
ood flow to the cerebral artery due to thrombosis,
embolism, vasospasm or hypoxic-ischemic encep-
halopathy. CSVT is a clot in the venous sinuses of the
brain causing blockade of the blood draining from the
brain. This causes blood cells to break and leak into
the brain tissue causing hemorrhage.

The diagnosis of stroke is established from neu-
roradiological investigations [8]. Neuroimaging is
routinely ordered in full-term infants presenting with
seizures or unexplained apneas. While, in preterm
infants, symptoms like apneas can also be linked to
problems of prematurity rather than to stroke alone.
In addition, the pathophysiology of stroke in preterm
infants is different to the other brain injuries that
are common to preterm infants like intraventricular
hemorrhage (IVH) and periventricular leukomalacia
(PVL) [9].

Literature suggests the likely causal pathway of str-
oke in preterm infants involves a multiplicity of risk
factors rather than any single risk factor. Some of
the known independent risk factors for PAIS include:
Fetal heart rate abnormality (»p=0.008), neonatal
hypoglycemia (p=0.02), twin to twin transfusion
syndrome (p =0.005), dehydration, infection, patent
ductus arteriosus and prothrombotic disorders [10,
11]. The presence of more than three potential risk
factors is known to increase the risk of stroke more
than any of these single factors in isolation: Maternal
age, race, infertility, miscarriage, intrauterine growth
restriction and gestational diabetes [11]. In the scant
literature available, placental abnormalities such as
placental weight < 10th percentile (p =0.00), placen-
tal infarction (p =0.00), malperfusion (p =0.01), and

chorioamnionitis (p = 0.04) are commonly associated
with PVHI [12]. Plus, infection, prothrombotic disor-
ders and dehydration are risk factors associated with
CSVT [13, 14].

Therefore, we conducted a systematic review to
explore the epidemiology and pathogenesis of PVHI;
PAIS; and CSVT in preterm infants. To our knowl-
edge, this is the first comprehensive systematic re-
view of these three types of stroke in preterm infants.

2. Materials and methods
2.1. Literature search and selection

A systematic search was conducted from Jan-
uary 2000 to December 2019 using MEDLINE,
EMBASE, SCOPUS and WEB OF SCIENCE (Sci-
ence and Social Science Citation Index) databases
based on the Cochrane recommendations for con-
ducting reviews. Search terms included (perinatal
stroke®) or (cerebral stroke™) or (neonatal stroke™)
and (preterm™ or <37 weeks*), as well as MeSH
(Medical Subject Headings) (risk factor or etiology
or outcome) with limits of English language and
human studies applied. In addition, the reference list
of the included studies for further relevant articles was
hand-searched. The findings were reported accord-
ing to the Meta-analyses Of Observational Studies in
Epidemiology (MOOSE) checklist [15].

Studies were included in the systematic review if
PVHI, PAIS and CSVT in preterm infants met the fol-
lowing criteria: (1) All original group study designs
or case series; (2) studies published from January
2000 to December 2019 and (3) studies published
in English. The exclusion criteria were: (1) studies
where analysis of stroke in preterm and term infants
could not be differentiated; (2) single case reports;
(3) review papers and (4) abstracts and conference
abstracts. If data were duplicated in > 1 study, then we
included the study with the largest number of stroke
cases.

2.2. Data extraction

An a priori designed data extraction tool based on
the Cochrane recommendations was used. The fol-
lowing data were extracted from each study: First
author’s last name, publication year, country where
the study was performed, study design, study period,
type of stroke, gestational age, birth weight, risk
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factors of preterm stroke, clinical presentation and
outcome of each of the stroke types, as well as
unadjusted and adjusted odds ratios, if reported. The
quality of included studies were assessed using the
Oxford centre for evidence-based medicine 2011
levels of evidence [16]. Study selection and data
extraction were conducted independently by two
investigators (BR and IN or MFE), with disagree-
ments resolved by consensus.

2.3. Statistical analysis

All the findings were summarised and descriptive
statistics used to describe the etiological and clinical

Records identified through
electronic database
(n=9832)

variables extracted from papers. If the included stud-
ies reported on an individual case basis, proportions
of the clinical variables were evaluated across the
three stroke categories. A meta-analysis could not be
conducted due to the heterogeneity of the reported
data in the selected studies; explicitly, mismatched
aims of the studies, discordant outcomes of stroke,
and the small number stroke cases in each of the
sub-groups for analysis. The statistician author (CG)
deemed the conduct of any inferential analyses to
be inappropriate. Associations were investigated for
case by case where data were available. All analyses
were conducted using STATA V.14 (STATA, Version
14, Stata Corp, College Station, TX, USA).

Records screened
(n=7490)

Duplicate records removed
> (n=2342)

Articles eligible
(n=52)

Records excluded by title and
abstract (n=7438)
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Fig. 1. Flow chart of study selection using the PRISMA diagram [40].
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3. Results
3.1. Study characteristics

The search strategy is summarised in the PRISMA
flow diagram (Fig. 1). 7490 studies were identified
and after removing the duplicates and examining
the titles and abstracts, 52 studies were eligible for
full-text review. Of these, 14 studies met the prede-
termined criteria and were included (Table 1). All
the included studies were from high income coun-
tries. The studies were analysed based on the type of
stroke (Table 1): PVHI [17-23], PAIS [24-28] and
CSVT [29, 30] in the chronology of the publication
year (starting with the most recent study).

The eligible studies published between 2000 and
2019 included a total of 546 stroke cases from the
period 1989 to 2015. The gestational ages and birth
weights of the preterm infants were from 23-36
weeks and 450-3500 grams respectively.

3.2. Types of preterm strokes

3.2.1. Periventricular hemorrhagic infarction

Eighty percent (n=436/546) of the stroke cases in
preterm infants resulted in PVHI. These infants were
between 23-35 weeks of gestation and birth weights
of 450-2965 grams. The studies included only unilat-
eral PVHI cases. All 436 cases were diagnosed using
cranial ultrasound (cUS). In addition, 21% (90/436)
of the cases had brain magnetic resonance imaging
(MRI) and 26% (23/90) had Diffusion Tensor Imag-
ing (DTI) to predict the likelihood of unilateral spastic
cerebral palsy (USCP) [17, 18, 20]. Serial EEG was
conducted in 5% (23/436) to differentiate PVHI from
PVL. Brain injury timing was determined using a
combination of cUS and EEG to be post-natal in
PVHLI, but in utero in PVL [19].

The potential risk factors put forward in the lit-
erature for PVHI were genetic mutations of meth-
ylenetetrahydrofolate reductase (MTHFR) gene
88%, factor V Leiden gene 41%, COL4A1 gene 12%
and prothrombin gene 6% [20]. However, many of
these propositions have been disproven, specifically
MTHEFR [31] and more generally the minimal asso-
ciation between neonatal stroke and thrombophilia
[32]. Some of the common clinical associations
were emergency caesarean section in 30%, patent
ductus arteriosus 19%, thrombocytopenia 18%, pneu-
mothorax 12%, seizures 11%, intrauterine growth
restriction and/or pre-eclampsia 8% [17-19, 21-23].

Studies [19, 22] focused on different factors to pre-
dict the outcomes of PVHI (e.g., anatomical location
of brain injury versus timing of the injury versus types
of cerebral veins involved), which precluded aggrega-
tion of findings across studies. Soltirovska Salamon
et al. [18] (n=213) classified PVHI into anatomical
subtypes based on the location of the lesion: Parietal
PVHI (84%), frontal PVHI (10%) and temporal PVHI
(6%). This study was the only study to report the over-
all mortality of 33% based on anatomical subtypes,
which included 99% for parietal PVHI and 1% for
temporal PVHI. Thirty six percent of the infants with
PVHI developed cerebral palsy (CP) and 75% of these
had USCP. Ninety eight percent of the infants with
CP had a parietal PVHI and only 2% had a temporal
PVHLI. Infants in Soltirovska Salamon et al. study [18]
with temporal or frontal PVHI were deemed to be at
higher risk for long-term cognitive, behavioural and
visual problems. Harteman et al. [20] (n=62) was
the only study to classify PVHI based on the timing
of the lesion, which was centred on their unit’s pro-
tocol for performing cUS. Typical PVHI (73%) was
described when the onset of PVHI was within 6 — 96
hours of age whereas atypical PVHI (27%) was when
the onset of PVHI was < 6 hours or > 96 hours of age.
Thrombophilia due to factor V Leiden mutation was
more commonly associated with atypical PVHI. This
study predicted higher prevalence of CP with atypi-
cal PVHI; 85% versus 12% with atypical and typical
PVHI respectively.

Dudink et al. [22] (n=20) classified PVHI into
venous subtypes based on the types of cerebral vein
affected. This study predicted 45% prevalence of CP
in the cases with PVHI involving the terminal veins
and normal outcome with involvement of the veins
of the temporal and caudate area.

3.2.2. Perinatal arterial ischemic stroke

Seventeen percent (n=93/546) of the preterm
infants included in this review were diagnosed with
PAIS. These infants were between 23-36 weeks of
gestation with birth weights of 535-3500 grams.
More than 50% were middle cerebral artery (MCA)
stroke; including left MCA and lenticulostriate
branch [25, 27, 28]. The other types of PAIS were pos-
terior cerebral artery (PCA) stroke, cerebellar infarcts
involving posterior inferior cerebellar arteries and
perforator stroke [26, 28]. All 93 cases were diag-
nosed by MRI.

Multivariate analysis by Benders et al. [27]
(n=31) indicated hypoglycemia, fetal hart rate



Table 1
Characteristics of studies included in the systematic review

Study no:  Author (year) Stroke type Study origin Study design Study period n GA (weeks) BW (grams) OCEBM 2011
Levels of
evidence [16]
Study 1 Roze et al. (2015) [17] PVHI Netherlands Retrospective 2007-2012 23 25-34 650-1950 Level 3
Cohort study
Study 2 Soltirovska Salamon PVHI Netherlands Retrospective 1990-2012 213 28-34 910-2965 Level 3
etal. (2014) [18] Cohort study
Study 3 Tsuji et al. (2014) [19] PVHI Japan Retrospective 19972005 22 23-31 538-1240 Level 3
Cohort study
Study 4 Harteman et al. (2012) [20] PVHI Netherlands Retrospective 2005-2010 62 25-34 580-2210 Level 3
Cobhort study
Study 5 Roze et al. (2009) [21] PVHI Netherlands Prospective 1995-2003 38 25-35 700-2430 Level 3
Cohort study
Study 6 Dudink et al. (2008) [22] PVHI Netherlands Retrospective 2000 - 2005 20 24-34 775-2800 Level 3
Cohort study
Study 7 Bassan et al. (2006) [23] PVHI USA Retrospective 1997 — 2002 58 23-33 450-2375 Level 3
Case-control study
Study 8 Portale et al. (2019) [24] PAIS Italy Retrospective January 1996— 2 35-36 3360-3500 Level 3
Cohort study February 2015
Study 9 Van der Aa et al. (2016) [25] PAIS Netherlands Retrospective 1990-2015 12 28-35 NA Level 3
Cohort study
Study 10 Ecury-Goossen PAIS Belgium Retrospective 1999-2011 25 24-36 NA Level 3
et al. (2013) [26] Cohort study
Study 11 Benders et al. (2009) [27] PAIS Netherlands Prospective 1990-2005 31 27-36 NA Level 3
Cohort study
Study 12 Golomb et al. (2008) [28] PAIS USA Retrospective 1989-2006 23 23-35 535-2786 Level 3
Cobhort study
Study 13 Raets et al. (2013) [29] CSVT Netherlands Prospective 2009-2013 11 24-28 615-1185 Level 3
Cross-control study
Study 14 Kersbergen CSVT Netherlands Retrospective 2002-2010 6 30-35 NA Level 3
etal. (2011) [30] Cobhort study 2006-2009
Total 2000-2009 =5 studies PVHI =7 studies Prospective =3 studies 1989 -2015  2000-2009 =170 23-36 450-3500 Level 3=14
2010-2020 =9 studies PAIS =5 studies Retrospective = 11 studies 2010-2020=376 weeks grams studies
CSVT =2 studies Total =546

BW - birth weight, CSVT — cerebral sinovenous thrombosis, GA — gestational age, n — population number, NA — not available, PAIS — perinatal arterial ischemic stroke, PVHI — periventricular
hemorrhagic stroke. Oxford Centre for Evidence-based Medicine (OCEBM) — Level 3 (studies 1-14): ‘Local non-random sample’.
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abnormality and twin-to-twin transfusion syndrome
as independent risk factors. Common clinical pre-
sentation was apnoea (83%) whilst seizures was an
uncommon presentation amongst the preterm infants
(10-30%) [27, 28]. The outcome of PAIS was depen-
dent on gestational age; cortical sparing was noted
in preterm infants compared to term infants (58%
versus 4%) [25]. Golomb et al. [28] reported disabil-
ity/neurological abnormality in 100% (22/22) and CP
in 77% (17/22) of the surviving infants; 52% (12/23)
had MCA stroke. Van der Aa et al. [25], Ecury-
Goossen et al. [26] and Benders et al. [27] reported
cumulative outcomes for preterm and term infants;
impeding separate outcome analysis in the preterm
infants.

3.2.3. Cerebral sinovenous thrombosis

Three percent (17/546) of the stroke cases in
preterm infants were CSVT [29, 30]. Theses infants
were between 24-35 weeks of gestation. The study by
Raets et al. [29] was a prospective case control study
(n=11 with CSVT versus n=238 without CSVT)
of preterm infants <29 weeks of gestation. All 11
cases had partial or complete thrombosis in the trans-
verse sinus, including one case with multiple sinus
thrombosis. All the cases were diagnosed by cUS,
although 64% (7/11) were confirmed by MRI. None
of the potential risk factors such as sepsis, patent
ductus arteriosus and Apgar scores were significantly
different between the CSVT and non-CSVT groups.
The outcomes at 6 months to 2 years included: One
neonatal death; 50% (5/10) were typically develop-
ing and 50% had abnormal Bayley scales of infant
development or mental or psychomotor developmen-
tal assessment scores suggesting long-term disability.

The study by Kersbergen et al. [30] was a ret-
rospective cohort study (n=6 preterm infants and
n =24 full term infants) of preterm infants > 30 weeks
of gestation. In this study, all six cases had straight
sinus thrombosis and 83% (5/6) had multiple sinus
thrombosis and only 33% (2/6) had transverse sinus
thrombosis. The preterm infants had severe white
matter lesions (p<0.001) in contrast to the term
infants who had predominant punctate white matter
lesions (p <0.001). All six preterm infants were diag-
nosed using MRI or magnetic resonance venography
(MRYV). Outcomes in these cases at 3 years were: 83%
(5/6) mortality and in the one surviving child CP with

epilepsy.

4. Discussion

Stroke in infants is an important cause of CP
and other neurological disabilities [33]. Strategies
to improve the overall outcome of preterm infants
should include timely diagnosis of stroke, which
may be challenging due to the coexisting morbidi-
ties of prematurity that confound identification of
stroke [34]. This systematic review confirms the
paucity of epidemiologic data and outcome data for
the three most common types of stroke in preterm
infants; namely, PVHI, PAIS and CSVT. In this
review, approximately 70% of the stroke cases were
reported in the second epoch of publications (2010
— 2019) compared to 30% in the previous decade.
This may be due to increased awareness of stroke in
this population and the emergence of more sophis-
ticated neuroimaging techniques such as brain MRI
with DTI, magnetic resonance angiography (MRA)
and MRV coupled with the routine use of cUS [35].

The three types of stroke in preterm infants
included in this review were PVHI, PAIS and CSVT.
Different studies used different techniques to classify
PVHI to accurately predict the long-term outcome
based on the anatomical location of the PVHI, type
of cerebral venous involvement and on the timing of
the occurrence of PVHI [18, 20, 22]. Parietal PVHI
was more common than temporal and frontal lobe
PVHI [18].

Dataregarding PAIS were scarce in preterm infants
[27, 28, 36]. Left MCA stroke was most common
compared to right MCA, PCA, and cerebellar strokes
[27,28]. For infants between 28—32 weeks’ gestation,
lenticulostriate branch of the MCA was most often
involved. Whereas, for infants > 32 weeks’ gestation,
main branches of the MCA were more often involved
[27]. Perforator stroke was under-recognised because
of the lack of clinical symptoms [26]. CSVT was the
least reported type of preterm stroke in the literature
[13, 37].

A clear understanding of the mechanism and
identification of specific risk factors may aid in devis-
ing future novel preventative strategies for preterm
stroke. PVHI and CSVT are due to obstruction in
the venous drainage following germinal matrix hem-
orrhage and blockage of a dural sinus by thrombus
respectively. PAIS is secondary to lack of blood sup-
ply following a thrombus in the cerebral artery. The
potential risk factors were hemodynamic instability,
cerebral blood flow abnormalities and genetic trig-
gers or septicemia causing thrombophilia [20, 23, 24,
27]. The factors associated with flow abnormalities
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in the fetal brain were emergency caesarean section
[18-20], fetal distress/low Apgar scores/resuscitation
[23] and pneumothorax [21].

cUS with doppler technology was widely used to
diagnose PVHI MRI with diffusion-weighted imag-
ing (DWI) sequences and MRV is the gold standard
[38, 39]. Diffusion tensor imaging (DTI) identified
the microstructural properties of the white matter in
the posterior limb of the internal capsule, elucidat-
ing the risk for motor impairment [17]. Asymmetry
visible on the DTI was a reliable predictor of the
development of USCP [17].

Early diagnosis of stroke assists in the recovery
process through neuroplasticity though the scope of
healing also depends on the gestational age vis-4-vis
the embryological development of the preterm brain.
Parietal PVHI had a poorer prognosis with 40% mor-
tality rate and 50% risk of CP, while, temporal PVHI
and frontal PVHI had increased risk of cognitive,
behavioural and visual problems [18, 22].

Amalgamated reporting of stroke in preterm and
term infants was the major limitation of this review,
preventing disaggregation of data across studies into
a meta-analysis. There was also a potential risk of
duplication of cases because of multiple reporting
of the same stroke cases across some studies. The
results should be interpreted cautiously because the
individual case data were often reported retrospec-
tively and as a secondary end-point. The review also
included a heterogenous studies eg not same aims of
the studies (aimed for etiology, clinical presentation,
investigations and or outcome of stroke) and not same
outcomes of stroke (outcomes at 6 months to 3 years
and anytime in between).

Stroke in preterm infants is unlikely to present
with focal seizures and may be asymptomatic or have
nonspecific clinical presentation. Therefore, appro-
priate neuroimaging cUS in presence of three or more
risk factors of stroke should become part of routine
screening in all preterm babies. In addition, analysis
of stroke in preterm and term infants separately is
likely to yield a clearer understanding of the patho-
physiology unique to preterm infants.

5. Conclusion

In conclusion, this systematic review confirms,
that, the etiology of stroke in preterm infants is not
known and the precise causal pathway is not always
very well understood and more research is required.
The outcome of stroke was likely to be complicated

by the co-morbidities of prematurity, though, it was
outside the scope of this review. Early identifica-
tion and the reported prevalence rate of stroke may
increase with greater recognition of the clinical pre-
sentation of stroke, routine cUS and brain MRI in
high-risk preterm groups.
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