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Abstract
Subpial hemorrhage (SPH) is a rare subtype of intracranial hemorrhage, predominantly affecting term neonates and often associ-
ated with cortical-subcortical infarction. We described the epidemiology of SPH by analyzing cases referred to our hospital and 
concurrently conducting a systematic review of the cases reported in the literature. We also illustrated factors associated with 
adverse outcomes. A retrospective study was conducted on neonates with SPH referred to our hospital from 2013 to 2023 (cohort 
1). Additionally, a systematic literature review on neonatal SPH was performed using PubMed, Scopus, Cochrane, and Web of 
Science up to April 2024 (cohort 2). Cohorts 1 and 2 were pooled for combined analysis. A total of 173 cases were analyzed, 
10 original cases (cohort 1) and 163 literature cases (cohort 2). Ninety-two percent was term/late preterm neonates (59% male). 
Clinical presentations included seizures (36%), apnea (36%), and encephalopathy (18%). Ninety-four percent was diagnosed with 
brain magnetic resonance imaging and/or cranial ultrasound. Lesions were located in the temporal lobe in 60%, with infarctions 
adjacent to SPH in 90%. Sixteen percent died, 53% was diagnosed with neurological impairment, and 8% with epilepsy. In a 
subcohort of 67 patients (cohort 3) with available individual data (10/10 from cohort 1, 57/163 from cohort 2), low birth weight 
(LBW), seizures, neonatal infections, and parenchymal hemorrhage were significantly associated with adverse outcomes.
Conclusion: Neonatal SPH is rare, predominantly located in the temporal lobe, and frequently presents with seizures and apneas. 
Neurologic sequelae are common, and parenchymal hemorrhage was strongly associated with neurological impairment in our study.

What is Known:
• Subpial hemorrhage is a rare subtype of intracranial extra-axial bleeding, often associated with cortical-subcortical infarction in the adja-

cent parenchyma, predominantly affecting male term neonates. The temporal lobe is the most commonly involved area, frequently exhibiting 
the "yin-yang sign" on brain MRI.

What is New:
• This is the first systematic review of neonatal subpial hemorrhage, emphasizing a distinctive clinical presentation marked by seizures and 

apneas (potentially of ictal origin), consistent with a high prevalence of temporal lobe involvement. Prognostically, a significant incidence 
of neurological impairment was observed, and the occurrence of parenchymal hemorrhage adjacent to subpial hemorrhage was strongly 
associated with adverse outcomes.
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Abbreviations
CHD	� Congenital heart disease
FU	� Follow-up
G	� Grams
GW	� Gestational weeks
HELLP	� Hemolysis, elevated liver enzymes and low 

platelets
HIE	� Hypoxic ischemic encephalopathy.
IPD	� Individual patient data
IVH	� Intraventricular hemorrhage
LBW	� Low birth weight
MRA	� Magnetic resonance angiography
MRI	� Magnetic resonance imaging
MRV	� Magnetic resonance venography
NAIS	� Neonatal arterial ischemic stroke
NHS	� Neonatal hemorrhagic stroke
Pts	� Patients
PROM	� Premature rupture of membranes
SEM	� Structural equation model
SP	� Study population
SPH	� Subpial hemorrhage
US	� Ultrasound

Introduction

Subpial hemorrhage (SPH) is a rare subtype of intracranial 
extra-axial bleeding predominantly affecting term neonates 
[1]. It is often associated with parenchymal venous infarc-
tion with or without a hemorrhagic component [2].

Historically, SPH was difficult to detect and often grouped 
with subarachnoid hemorrhages under the terms “leptomenin-
geal hemorrhages,” “superficial lobar hemorrhage,” “pial hem-
orrhage,” or “extra-axial bleed with underlying infarct” [3].

The first report of SPH was published by Friede in 1972, 
based on autopsies of nine infants, identifying a unique 
type of bleeding between the pia mater and cortical tissue 
[4]. Advances in brain magnetic resonance imaging (MRI) 
have improved early detection and understanding of SPH. In 
2004, Huang and Robertson confirmed SPH in seven neo-
nates via brain MRI [5]. Cain et al. later reported 17 cases, 
indicating a deep venous, non-arterial pattern of hemor-
rhagic ischemia [6].

SPH pathophysiology still remains unclear. SPH involves 
blood accumulation between the pia mater and the corti-
cal surface, due to injury to glia limitans end-feet and rup-
ture of fragile subpial vessels. It is associated with focal 
cortical-subcortical cytotoxic edema adjacent to SPH due 
to the congestion or thrombosis of the superficial venous 
medullary system. Deep medullary veins could also be 

involved through transcerebral veins and anastomotic med-
ullary veins. It remains unknown whether SPH originates 
from primary cerebral venous infarction caused by vascu-
lar stressors like infections or birth trauma which damage 
immature superficial medullary veins leading to congestion 
and thrombosis and secondary bleeding, or whether the ini-
tial hemorrhage in subpial space itself provokes compression 
and obstruction of cortical venous outflow, subsequently 
causing a venous infarction of the underlying brain paren-
chyma [7–10].

SPH typically occurs in male term/late preterm neonates 
[11, 12].

Common risk factors include chorioamnionitis, maternal 
hypertension/preeclampsia, fetal distress, asphyxia, neonatal 
sepsis, and coagulation abnormalities [1, 6].

Clinically, SPH often presents with seizures, especially 
motor onset seizures, and apneas, possibly of ictal origin. 
The temporal lobe is the most commonly affected area, often 
showing a characteristic yin-yang sign on brain MRI [1, 3]. 
Interestingly, intracranial temporal hemorrhage has been 
described as related to ictal apneas [13]. Death is reported in 
patients with severe comorbidities such as congenital heart 
disease (CHD) or renal failure [6].

Despite its significance, SPH remains underrecognized. 
Further research is needed to understand its pathophysiology 
and develop treatment protocols. Current knowledge primar-
ily comes from case reports and series, showing significant 
variability in diagnosis, treatment, and prognosis.

The aim of this study was to describe risk factors, clini-
cal and neuroradiological presentations, treatments, and out-
comes of neonates with SPH by analyzing the cases referred 
to our Hospital and concurrently conducting a systematic 
review of those reported in the literature. We also illustrated 
factors associated with adverse outcomes.

Materials and methods

We conducted a retrospective case series study on neonates 
with SPH who were referred to the Department of Children 
and Women’s Health at Padua University Hospital from July 
2013 to December 2023 (cohort 1).

A systematic literature review on neonates with SPH was 
performed on PubMed, Scopus, Cochrane, and Web of Sci-
ence according to the PRISMA guidelines by three independ-
ent researchers (C.I., B.B., I.L.) up to April 2024 (cohort 2).

The search terms were (“leptomeningeal hemorrhage” OR 
“leptomeningeal haemorrhage” OR “subpial hemorrhage” 
OR “subpial haemorrhage” OR “haemorrhagic stroke” OR 
“hemorrhagic stroke”) AND (neonate* OR newborn*).

Only articles written in English were included. We con-
sidered papers reporting at least two clinical or demographic 
data points on patients aged 0–28 days (or up to 44 weeks 
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of gestational age) with a histological or radiological (brain 
MRI and/or cranial ultrasound) diagnosis of SPH.

To standardize data, all authors of eligible studies were 
asked to complete an Excel spreadsheet (Microsoft, Red-
mond, WA, USA) with patients’ data. One author responded 
to our request. Two independent researchers (C.I. and S.G.) 
completed the same datasheet for cohort 1.

Data collection focused on demographics, comorbidities, 
clinical and radiological features, treatment, and outcomes 
for both cohort 1 and cohort 2. A pediatric neuroradiologist 
(I.DE.) analyzed all brain MRI scans of cohort 1.

Data collection was subject to data availability; therefore, 
in the “Results”, denominators may differ.

The study received the local Ethics Committee approval 
(Protocol no. 1653P), and each parent signed an informed 
consent for data collection and extraction for the study. The 
study was registered in the International Prospective Register 
of Systematic Reviews (PROSPERO) (ID CRD42024597032).

Statistical analysis

Cohort 1 and cohort 2 were pooled and described together 
as the study population (SP). Continuous variables were 
reported using mean and standard deviations or median and 
interquartile range and categorical variables with absolute 
number and percentage (relative frequencies).

Within the SP, we identified a subset of patients with avail-
able individual patient data (IPD), which included all patients 
from cohort 1 and those from cohort 2 with IPD (referred 
to hereafter as subcohort 2). This subset was designated as 
cohort 3. In cohort 3, we examined the frequency distribution 
of the following selected variables: gestational age, female 
gender, vaginal delivery, LBW (less than 2500 g or 5 pounds, 
8 oz), absence/presence of asphyxia, birth trauma (resulting 
from effects of mechanical forces — compression or traction 
— imparted on the child’s head during birth) seizure, apnea, 
encephalopathy (a neonatal syndrome with subnormal level 
of consciousness and depression of tone and reflexes) tem-
poral location, multifocal (two or more brain regions) SPH, 
parenchymal hemorrhage (venous infarction complicated 
with an hemorrhagic component), CHD (both cyanotic and 
acyanotic structural malformation of the heart or of the big 
vessels near the heart present at birth), sepsis/neonatal infec-
tion, death, and neurological impairment: limited or impaired 
capacity in any of the following areas: cognitive function, 
sensory and motor skills, language, emotional regulation, 
social skills, or basic life functions death or neurological 
impairment, encephalomalacia at the last follow-up.

Pearson’s correlation coefficients were calculated to 
assess linear relationships between variables. Analysis 
was conducted using (R Core Team, 2021) [14] and pack-
ages such as ggpubr [15] for correlation tests and dplyr 
[16] for data management. Statistical significance was 

set at alpha < 0.05. Only statistically significant variables 
were then considered. Additionally, the same clinical and 
neuroradiological factors were associated with indicators 
of adverse outcomes (death, neurological impairment, 
death or neurological impairment) combining cohort 1 
and subcohort 2 using Pearson’s bivariate correlation 
analysis.

Results

From July 2013 to December 2023, 10 newborns with SPH 
were referred to our center (cohort 1).

Our literature search identified 588 articles, of which 537 
were excluded (527 not pertinent/animal studies, 1 differ-
ent age cohort, 5 foreign languages, 1 no full text, 3 insuf-
ficient data). We excluded 31 duplicated and 20 eligible 
full-text articles reporting on 163 neonates diagnosed with 
SPH (cohort 2). Combined with 10 newborns of cohort 1, a 
total of 173 patients (cohort 1 + cohort 2, SP) were analyzed 
(Fig. 1; Table 1).

Cohort 3 included 67 patients (10 patients from cohort 1 
and 57 from cohort 2, subcohort 2).

Description of the SP (cohort 1 + 2, n = 173)

Demographics

The majority of the SP was born at term (> 37 gestational 
weeks, GW) or moderate to late preterm (32–36 + 6 GW) 
(158/171, 92%), and 85/144 (59%) were male. Most of the 
deliveries (95/130, 73%) were vaginal, with 11/95 (12%) 
being assisted births. One hundred nineteen/147 (81%) neo-
nates had a birth weight > 2.5 kg. The majority had a 5-min 
Apgar score > 7 (143/152, 94%) (Table 2).

Risk factors

Median maternal age was 31 years (range 17–44); in Table 2, 
the prevalence of maternal/gestational comorbidities is reported.

Perinatal asphyxia was documented in 11/84 (12%) 
patients, with all but 3 subsequently diagnosed with 
hypoxic-ischemic encephalopathy (HIE). Birth trauma 
occurred in 33/127 (26%) newborns. Neonatal resus-
citation and intubation were performed in 19/74 (26%) 
and 19/50 (38%) neonates, respectively. Comorbidities 
included hypoglycemia (5/173, 3%), infection/sepsis 
(20/158, 13%), and CHD (7/160, 4%).

Acute or transient coagulation abnormalities were 
found in 41/141 (29%) neonates, while chronic abnor-
malities were present in 8/31 (26%). Abnormal coag-
ulopathy panel test was identified in 5/28 infants: one 
with antithrombin 3 deficiency, one with factor VII 
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deficiency, one with factor XIII deficiency, one with 
mutation on methylenetetrahydrofolate reductase and 
plasminogen activator inhibitor 1, and one with a patho-
genic variant of Von Willebrand factor and of factor 11.

In cohort 1, three patients underwent a multigene panel 
for “cerebral microangiopathy” (still in progress) and 1 an 
array-CGH (still in progress) and FMR1 gene mutation 
analysis (negative).

Clinical characteristics

Symptom onset was between 1 and 14 days of life (median 
1 day). The most prevalent clinical symptoms/signs were 
apneic events (62/173, 36%), seizures (63/173, 36%), enceph-
alopathy (31/173, 18%), and dyspnea (29/173, 17%). Seven 
out 173 patients were asymptomatic: one of cohort 1 was ret-
rospectively diagnosed at the onset of post-stroke epilepsy at 
2 years of age; the others were identified incidentally via cra-
nial ultrasound followed by a brain MRI confirmation.

In cohort 3, 14/67 (21%) presented with seizures, 13/67 (19%) 
with seizures and apneic events, and 21/67 (31%) with apneas.

Diagnosis

Most newborns (162/173, 94%) were diagnosed through 
brain MRI and/or cranial ultrasound, while 11 infants (6%) 
were identified with autopsy. Lesions were predominantly 
located in the temporal lobe (104/173, 60%). Concomitant 
infarction in parenchyma adjacent to SPH was observed in 
145/162 (90%), and parenchymal hemorrhage was found 
in 102/162 (63%). Concomitant hemorrhage in other com-
partments was primarily intraventricular (42/158, 27%) 
and subdural (49/158, 31%). The Yin-Yang sign was 

reported in 47/162 infants (29%, Fig. 2A, B). Imaging bio-
markers of medullary vein involvement, including the iris 
sign, were observed in 38/162 neonates (23%, Fig. 2C). 
Among 34 patients from cohort 3 with apneas, 24 (71%) 
presented a temporal lobe SPH (Table 3).

Treatment

None of the patients received antithrombotic drugs. Treat-
ment was conservative: at least one antiseizure medication 
was administered in 24/36 (66%) patients while 15/171 (9%) 
received a decompressive surgery.

Follow‑up

Clinical follow-up data were available for 129/173 (75%) 
cases of the SP. Among these, 20/129 (16%) died: 1 patient 
for massive parenchymal hemorrhages, 7 for undefined 
comorbidities, and 12 for unspecified reasons.

At the last follow-up (median age 24 months, 3–168), 58/109 
(53%) patients presented with a neurological impairment and 
9/109 (8%) with post-stroke epilepsy or remote seizures.

In cohort 3, follow-up was available for 45 patients 
(9 from cohort 1 and 36 from cohort 2), 14 of whom 
died (31%). Among the remaining 31 patients, 16 (52%) 
exhibited neurological impairment, 3 (10%) developed 
post-stroke epilepsy (one of them also having neuro-
logical impairment), and 13 (42%) normal neurological 
findings.

Imaging follow-up was available for 82/173 (47%) 
patients, revealing subpial cysts in 22/82 (27%) and signs 
of encephalomalacia or tissue loss in 42/82 (51%) (Table 4) 
(Fig. 2D, E).

Fig. 1   Identification of studies 
(PRISMA)



European Journal of Pediatrics (2025) 184:265	 Page 5 of 15  265

Ta
bl

e 
1  

K
ey

 in
fo

rm
at

io
n 

of
 2

0 
in

cl
ud

ed
 st

ud
ie

s

A
rti

cl
e 

re
fe

re
nc

e
St

ud
y 

de
si

gn
Sa

m
pl

e 
si

ze
D

at
a 

co
lle

ct
io

n 
ye

ar
W

he
re

 th
e 

stu
dy

 to
ok

 p
la

ce
C

on
te

xt
 o

f t
he

 re
se

ar
ch

C
on

cl
us

io
ns

Fr
ie

de
 e

t a
l. 

[4
]

A
ut

op
sy

 n
eu

ro
pa

th
ol

og
y 

ca
se

 se
rie

s
9,

 av
ai

la
bl

e 
IP

D
19

70
–1

97
6

C
le

ve
la

nd
, O

hi
o,

 U
SA

N
eu

ro
pa

th
ol

og
y 

ca
se

 se
rie

s 
fo

cu
si

ng
 o

n 
th

e 
ch

ar
ac

-
te

riz
at

io
n 

of
 b

ra
in

 h
em

or
-

rh
ag

ic
 le

si
on

s

Th
e 

fir
st 

ne
ur

op
at

ho
lo

gi
ca

l 
de

sc
rip

tio
n 

of
 S

PH
Th

e 
au

th
or

s i
de

nt
ifi

ed
 S

PH
 

in
 a

 si
gn

ifi
ca

nt
 p

ro
po

rti
on

 
of

 in
fa

nt
s w

ith
 p

er
in

at
al

 
in

tra
cr

an
ia

l h
em

or
rh

ag
e

G
ov

ae
rt 

et
 a

l. 
[2

2]
A

ut
op

sy
 n

eu
ro

pa
th

ol
og

y 
ca

se
 se

rie
s

1,
 av

ai
la

bl
e 

IP
D

-
G

en
t, 

B
el

gi
um

Lo
nd

on
, U

K
N

eu
ro

pa
th

ol
og

y 
ca

se
 se

rie
s 

of
 fe

ta
l a

nd
 n

eo
na

ta
l 

in
tra

cr
an

ia
l h

em
or

rh
ag

es
 

in
 p

at
ie

nt
s w

ith
 a

llo
im

-
m

un
e 

th
ro

m
bo

cy
to

pe
ni

a

In
 o

ne
 p

at
ie

nt
, t

he
 fi

nd
in

gs
 

w
er

e 
su

ffi
ci

en
tly

 sp
ec

ifi
c 

to
 

id
en

tif
y 

SP
H

H
ua

ng
 e

t a
l. 

[5
]

Re
tro

sp
ec

tiv
e 

ca
se

 se
rie

s 
an

al
ys

is
7,

 av
ai

la
bl

e 
IP

D
-

B
os

to
n,

 U
SA

Re
tro

sp
ec

tiv
e 

ca
se

 se
rie

s 
an

al
ys

is
 o

f n
eu

ro
im

ag
in

g 
an

d 
cl

in
ic

al
 fe

at
ur

es
 in

 
he

al
th

y-
te

rm
 n

eo
na

te
s w

ith
 

sp
on

ta
ne

ou
s l

ep
to

m
en

in
-

ge
al

 h
em

or
rh

ag
e

Th
e 

au
th

or
s c

on
fir

m
ed

 S
PH

 
in

 se
ve

n 
ne

on
at

es
 v

ia
 b

ra
in

 
M

R
I

H
em

or
rh

ag
es

 w
er

e 
m

os
t 

fr
eq

ue
nt

ly
 lo

ca
liz

ed
 to

 th
e 

te
m

po
ra

l l
ob

e 
an

d 
ne

ar
 c

ra
-

ni
al

 su
tu

re
s, 

of
te

n 
as

so
ci

at
ed

 
w

ith
 o

ve
rly

in
g 

so
ft-

tis
su

e 
sw

el
lin

g 
an

d 
ad

ja
ce

nt
 a

re
as

 
of

 re
str

ic
te

d 
di

ffu
si

on
. T

hi
s 

pa
tte

rn
 su

gg
es

te
d 

th
at

 lo
ca

l 
tra

um
a,

 re
su

lti
ng

 in
 v

en
ou

s 
co

m
pr

es
si

on
 o

r o
cc

lu
si

on
, 

pl
ay

s a
 k

ey
 ro

le
 in

 th
e 

pa
th

op
hy

si
ol

og
y 

of
 S

PH
Sl

au
gh

te
r e

t a
l. 

[2
3]

Re
tro

sp
ec

tiv
e 

ca
se

 se
rie

s 
an

al
ys

is
7, av

ai
la

bl
e 

IP
D

20
00

–2
00

7
C

in
ci

nn
at

i, 
O

hi
o,

 U
SA

Li
ttl

e 
Ro

ck
, A

rk
an

sa
s, 

U
SA

C
as

e 
se

rie
s o

f n
eo

na
te

s w
ith

 
un

ila
te

ra
l t

em
po

ra
l l

ob
e 

in
fa

rc
t

Te
m

po
ra

l l
ob

e 
he

m
or

rh
ag

ic
 

in
fa

rc
ts

 in
 n

eo
na

te
s, 

po
te

n-
tia

lly
 re

su
lti

ng
 fr

om
 su

pe
rfi

-
ci

al
 te

m
po

ra
l v

en
ou

s t
hr

om
-

bo
si

s, 
ar

e 
as

so
ci

at
ed

 w
ith

 
ge

ne
ra

lly
 p

os
iti

ve
 o

ut
co

m
es

. 
N

ev
er

th
el

es
s, 

ex
te

nd
ed

 
fo

llo
w

-u
p 

in
to

 sc
ho

ol
 a

ge
 

is
 a

dv
is

ed
 to

 a
ss

es
s t

he
 

po
te

nt
ia

l f
or

 fu
tu

re
 c

og
ni

tiv
e 

or
 b

eh
av

io
ra

l c
ha

lle
ng

es
La

rs
en

 e
t a

l. 
[9

]
Re

tro
sp

ec
tiv

e 
ca

se
 se

rie
s 

an
al

ys
is

2,
 av

ai
la

bl
e 

IP
D

-
O

xf
or

d,
 U

K
N

eu
ro

pa
th

ol
og

y 
ca

se
 se

rie
s 

of
 7

 in
fa

nt
s w

ith
 su

bc
or

ti-
ca

l c
le

fts
 o

r h
em

or
rh

ag
es

Su
bc

or
tic

al
 a

nd
 su

bp
ia

l 
he

m
or

rh
ag

es
 m

ay
 b

e 
on

e 
in

di
ca

to
r o

f c
er

eb
ra

l v
ei

n 
or

 
si

nu
s t

hr
om

bo
si

s (
C

V
ST

) 
an

d 
sh

ou
ld

 p
ro

m
pt

 a
 se

ar
ch

 
fo

r t
hi

s e
tio

lo
gy



	 European Journal of Pediatrics (2025) 184:265265  Page 6 of 15

Ta
bl

e 
1  

(c
on

tin
ue

d)

A
rti

cl
e 

re
fe

re
nc

e
St

ud
y 

de
si

gn
Sa

m
pl

e 
si

ze
D

at
a 

co
lle

ct
io

n 
ye

ar
W

he
re

 th
e 

stu
dy

 to
ok

 p
la

ce
C

on
te

xt
 o

f t
he

 re
se

ar
ch

C
on

cl
us

io
ns

Jo
el

 F
lu

ss
 e

t a
l. 

[3
5]

Re
vi

ew
1,

 av
ai

la
bl

e 
IP

D
-

G
en

ev
a,

 S
w

itz
er

la
nd

Sa
in

t-É
tie

nn
e,

 F
ra

nc
e

Re
vi

ew
 o

f p
er

in
at

al
 st

ro
ke

 
ty

pe
s w

ith
 6

 c
as

e 
re

po
rts

, 
in

cl
ud

in
g 

on
e 

fe
at

ur
in

g 
SP

H
 in

 th
e 

ne
on

at
al

 p
er

io
d

Th
e 

te
rm

 “
pe

rin
at

al
 st

ro
ke

” 
en

co
m

pa
ss

es
 d

ist
in

ct
 e

ar
ly

 
br

ai
n 

in
ju

rie
s, 

ch
ar

ac
te

riz
ed

 
by

 d
iff

er
en

ce
s i

n 
m

ec
ha

-
ni

sm
s, 

tim
in

g,
 ri

sk
 fa

ct
or

s, 
an

d,
 m

os
t i

m
po

rta
nt

ly
, t

he
ir 

im
pa

ct
 o

n 
th

e 
de

ve
lo

pi
ng

 
br

ai
n

Ta
m

ur
a 

et
 a

l. 
[1

7]
Re

tro
sp

ec
tiv

e 
ca

se
 se

rie
s 

an
al

ys
is

2,
 av

ai
la

bl
e 

IP
D

-
II

ba
ra

ki
, J

ap
an

C
as

e 
se

rie
s o

f s
ur

gi
ca

l 
tre

at
m

en
t i

n 
in

fa
nt

s w
ith

 
sp

on
ta

ne
ou

s p
ar

en
ch

ym
al

 
he

m
or

rh
ag

e

Th
e 

au
th

or
s s

ug
ge

st 
th

at
 

re
m

ov
in

g 
a 

sm
al

l p
or

tio
n 

of
 

su
bd

ur
al

 h
em

or
rh

ag
e 

(S
D

H
) 

m
ay

 b
e 

bo
th

 e
ffe

ct
iv

e 
an

d 
su

ffi
ci

en
t t

o 
al

le
vi

at
e 

se
ve

re
 

sy
m

pt
om

s o
f i

nc
re

as
ed

 
in

tra
cr

an
ia

l p
re

ss
ur

e 
in

 
te

rm
 n

eo
na

te
s w

ith
 m

as
si

ve
 

sp
on

ta
ne

ou
s p

ar
en

ch
ym

al
 

he
m

or
rh

ag
e.

 2
 c

as
es

 o
f S

PH
 

w
er

e 
re

po
rte

d
C

ai
n 

et
 a

l. 
[6

]
Re

tro
sp

ec
tiv

e 
ca

se
 se

rie
s 

an
al

ys
is

17
, a

va
ila

bl
e 

IP
D

-
A

ur
or

a,
 C

ol
or

ad
o,

 U
SA

M
on

oc
en

tri
c 

ca
se

 se
rie

s o
f 

ne
on

at
al

 S
PH

 to
 e

nh
an

ce
 

un
de

rs
ta

nd
in

g 
of

 th
is

 
co

nd
iti

on

Fe
ta

l d
ist

re
ss

 w
as

 o
bs

er
ve

d 
m

or
e 

of
te

n 
th

an
 b

irt
h 

tra
um

a,
 su

gg
es

tin
g 

th
at

 S
PH

 
lik

el
y 

oc
cu

rs
 in

 u
te

ro
 ra

th
er

 
th

an
 a

s a
 re

su
lt 

of
 d

el
iv

er
y.

 
Ve

no
us

 is
ch

em
ia

 m
ay

 p
la

y 
a 

si
gn

ifi
ca

nt
 ro

le
 in

 th
e 

pa
th

og
en

es
is

 o
f S

PH
A

ss
is

 e
t a

l. 
[3

]
Re

tro
sp

ec
tiv

e 
ca

se
 se

rie
s 

an
al

ys
is

16
, p

oo
le

d 
da

ta
20

06
–2

02
0

C
al

ga
ry

, C
an

ad
a

C
ra

ni
al

 u
ltr

as
ou

nd
 a

nd
 M

R
I 

ch
ar

ac
te

riz
at

io
n,

 a
lo

ng
 

w
ith

 a
ss

oc
ia

te
d 

ou
tc

om
es

, 
of

 S
PH

 in
 n

eo
na

te
s

U
ltr

as
ou

nd
 e

ffe
ct

iv
el

y 
de

te
ct

s 
SP

H
 a

nd
 u

nd
er

ly
in

g 
ce

r-
eb

ra
l i

nf
ar

ct
s i

de
nt

ifi
ab

le
 

on
 M

R
I, 

ex
ce

pt
 in

 c
as

es
 

of
 v

er
y 

sm
al

l l
es

io
ns

. T
hi

s 
co

nd
iti

on
 is

 a
ls

o 
ob

se
rv

ed
 in

 
ex

tre
m

el
y 

an
d 

ve
ry

 p
re

te
rm

 
in

fa
nt

s, 
w

ho
 a

re
 a

t a
 si

gn
ifi

-
ca

nt
ly

 h
ig

he
r r

is
k 

of
 se

ve
re

 
ne

ur
ol

og
ic

al
 o

ut
co

m
es



European Journal of Pediatrics (2025) 184:265	 Page 7 of 15  265

Ta
bl

e 
1  

(c
on

tin
ue

d)

A
rti

cl
e 

re
fe

re
nc

e
St

ud
y 

de
si

gn
Sa

m
pl

e 
si

ze
D

at
a 

co
lle

ct
io

n 
ye

ar
W

he
re

 th
e 

stu
dy

 to
ok

 p
la

ce
C

on
te

xt
 o

f t
he

 re
se

ar
ch

C
on

cl
us

io
ns

H
au

sm
an

-K
ed

em
 e

t a
l. 

[2
5]

Re
tro

sp
ec

tiv
e 

ca
se

 se
rie

s 
an

al
ys

is
4,

 av
ai

la
bl

e 
IP

D
20

16
–2

02
0

Te
l A

vi
v,

 Is
ra

el
In

ve
sti

ga
tio

n 
of

 th
e 

ro
le

 o
f 

ra
re

 g
en

et
ic

 v
ar

ia
tio

ns
 

in
 u

ne
xp

la
in

ed
 c

as
es

 o
f 

pe
rin

at
al

 in
tra

cr
an

ia
l 

he
m

or
rh

ag
e

Th
is

 st
ud

y 
su

gg
es

ts
 a

 c
lin

i-
ca

lly
 si

gn
ifi

ca
nt

 d
ia

gn
os

tic
 

yi
el

d 
of

 w
ho

le
-e

xo
m

e 
se

qu
en

ci
ng

 (W
ES

) i
n 

ca
se

s 
of

 a
pp

ar
en

tly
 id

io
pa

th
ic

 
pe

rin
at

al
 in

tra
ce

re
br

al
 

he
m

or
rh

ag
e,

 su
pp

or
tin

g 
its

 
us

e 
in

 th
e 

ev
al

ua
tio

n 
of

 su
ch

 
ca

se
s

K
ar

th
ik

ey
an

 e
t a

l. 
[2

1]
C

as
e 

re
po

rt
1,

 av
ai

la
bl

e 
IP

D
-

Po
nd

ic
he

rr
y,

 In
di

a
A

 c
as

e 
re

po
rt 

of
 a

 te
rm

 
ne

on
at

e 
pr

es
en

tin
g 

w
ith

 
se

iz
ur

es
, w

ith
 S

PH
 in

 th
e 

te
m

po
ra

l r
eg

io
n.

 T
hi

s 
pa

tie
nt

 w
as

 d
ia

gn
os

ed
 w

ith
 

fa
ct

or
 X

II
I d

efi
ci

en
cy

Th
e 

di
ag

no
si

s o
f S

PH
 sh

ou
ld

 
pr

om
pt

 a
n 

ev
al

ua
tio

n 
fo

r 
un

de
rly

in
g 

co
ag

ul
op

at
hi

es
, 

w
hi

ch
 m

ay
 re

pr
es

en
t t

he
 p

ri-
m

ar
y 

ca
us

e,
 a

s d
em

on
str

at
ed

 
in

 th
is

 c
as

e
D

ab
ro

w
sk

i e
t a

l. 
[1

1]
Re

tro
sp

ec
tiv

e 
ca

se
 se

rie
s 

an
al

ys
is

31
, p

oo
le

d 
da

ta
20

09
–2

02
0

B
al

tim
or

e,
 M

ar
yl

an
d,

 U
SA

A
n 

an
al

ys
is

 o
f r

is
k 

fa
ct

or
s, 

cl
in

ic
al

 p
re

se
nt

at
io

n,
 

he
m

or
rh

ag
e 

si
ze

, a
nd

 lo
ng

-
te

rm
 o

ut
co

m
es

 in
 a

 c
oh

or
t 

of
 n

eo
na

te
s d

ia
gn

os
ed

 
w

ith
 S

PH

SP
H

 e
xh

ib
its

 d
ist

in
ct

 im
ag

in
g 

an
d 

cl
in

ic
al

 c
ha

ra
ct

er
ist

ic
s, 

su
gg

es
tin

g 
un

iq
ue

 p
at

ho
-

ph
ys

io
lo

gi
ca

l m
ec

ha
ni

sm
s 

an
d 

im
pl

ic
at

io
ns

 fo
r l

on
g-

te
rm

 o
ut

co
m

es
A

nd
er

st 
et

 a
l. 

[2
4]

Re
tro

sp
ec

tiv
e 

ca
se

 se
rie

s 
an

al
ys

is
1,

 av
ai

la
bl

e 
IP

D
20

03
–2

00
7

In
te

rn
at

io
na

l P
ae

di
at

ric
 

St
ro

ke
 S

tu
dy

, c
hi

ld
re

n 
w

ith
 

C
SV

T 
fro

m
 1

0 
co

un
tri

es

To
 d

et
er

m
in

e 
th

e 
fr

eq
ue

nc
y 

of
 S

D
H

 in
 c

hi
ld

re
n 

w
ith

 
C

SV
T,

 id
en

tif
y 

fa
ct

or
s 

lin
ke

d 
to

 b
ot

h 
C

SV
T 

an
d 

SD
H

, a
nd

 in
ve

sti
ga

te
 

w
he

th
er

 o
bs

er
ve

d 
as

so
ci

a-
tio

ns
 su

pp
or

t t
he

 h
yp

ot
h-

es
is

 th
at

 C
SV

T 
co

nt
rib

ut
es

 
to

 S
D

H
 d

ev
el

op
m

en
t

N
ea

rly
 a

ll 
20

 su
bj

ec
ts

 w
ith

 
C

SV
T 

an
d 

SD
H

 h
ad

 k
no

w
n 

ris
k 

fa
ct

or
s f

or
 b

ot
h 

C
SV

T 
an

d 
SD

H
. T

hi
s s

tu
dy

 fo
un

d 
no

 e
vi

de
nc

e 
to

 su
pp

or
t 

th
e 

hy
po

th
es

is
 th

at
 C

SV
T 

di
re

ct
ly

 c
au

se
s S

D
H

Pi
nt

o 
et

 a
l. 

[2
]

Re
tro

sp
ec

tiv
e 

ca
se

 se
rie

s 
an

al
ys

is
10

, p
oo

le
d 

da
ta

20
10

–2
02

0
Po

rto
, L

is
bo

a,
 C

oi
m

br
a,

 
Po

rtu
ga

l
To

 c
ha

ra
ct

er
iz

e 
a 

co
ho

rt 
of

 
ne

on
at

es
 w

ith
 S

PH
 a

nd
 

im
pr

ov
e 

th
e 

kn
ow

le
dg

e 
of

 
th

is
 ra

re
 ty

pe
 o

f n
eo

na
ta

l 
str

ok
e

SP
H

 c
an

 o
cc

ur
 in

 b
ot

h 
la

te
 

an
d 

ea
rly

 p
re

te
rm

 n
eo

na
te

s, 
w

ith
 o

ut
co

m
es

 v
ar

yi
ng

 
ac

ro
ss

 c
as

es
. N

ot
ab

ly
, p

re
-

te
rm

 in
fa

nt
s d

o 
no

t e
xh

ib
it 

w
or

se
 o

ut
co

m
es

 c
om

pa
re

d 
to

 te
rm

 n
eo

na
te

s



	 European Journal of Pediatrics (2025) 184:265265  Page 8 of 15

Ta
bl

e 
1  

(c
on

tin
ue

d)

A
rti

cl
e 

re
fe

re
nc

e
St

ud
y 

de
si

gn
Sa

m
pl

e 
si

ze
D

at
a 

co
lle

ct
io

n 
ye

ar
W

he
re

 th
e 

stu
dy

 to
ok

 p
la

ce
C

on
te

xt
 o

f t
he

 re
se

ar
ch

C
on

cl
us

io
ns

M
at

su
ba

ra
 e

t a
l. 

[2
8]

Re
tro

sp
ec

tiv
e 

ca
se

 se
rie

s 
an

al
ys

is
2,

 av
ai

la
bl

e 
IP

D
-

A
m

ag
as

ak
i, 

Ja
pa

n
Tw

o 
ca

se
 re

po
rts

 o
f t

er
m

 
ne

w
bo

rn
s w

ith
 S

PH
 o

f t
he

 
te

m
po

ra
l l

ob
e

B
ot

h 
ca

se
s e

xh
ib

ite
d 

SP
H

 
al

on
g 

th
e 

m
ed

ia
l t

em
po

ra
l 

lo
be

, s
ug

ge
sti

ng
 e

xt
er

na
l 

tra
um

a 
du

rin
g 

de
liv

er
y 

as
 a

 
po

te
nt

ia
l c

au
se

. H
ow

ev
er

, 
ot

he
r f

ac
to

rs
, i

nc
lu

di
ng

 
co

ag
ul

op
at

hy
, m

ay
 a

ls
o 

co
nt

rib
ut

e 
to

 S
PH

 p
at

ho
-

ph
ys

io
lo

gy
Zh

ua
ng

 e
t a

l. 
[1

]
Re

tro
sp

ec
tiv

e 
ca

se
 se

rie
s 

an
al

ys
is

34
, p

oo
le

d 
da

ta
20

16
–2

02
2

Y
uh

ua
 D

ist
ric

t, 
C

ha
ng

sh
a,

 
C

hi
na

A
 re

tro
sp

ec
tiv

e 
ca

se
 se

rie
s 

of
 3

4 
ne

on
at

es
 w

ith
 S

PH
, 

fo
cu

si
ng

 o
n 

th
e 

im
ag

in
g 

fe
at

ur
es

, c
lin

ic
al

 fa
ct

or
s, 

an
d 

ou
tc

om
es

Th
e 

au
th

or
s i

de
nt

ifi
ed

 th
re

e 
di

sti
nc

t p
at

te
rn

s o
f S

PH
, 

w
ith

 p
at

te
rn

 C
, c

ha
ra

ct
er

-
iz

ed
 b

y 
as

so
ci

at
io

n 
w

ith
 

pa
re

nc
hy

m
al

 h
em

or
rh

ag
e,

 
be

in
g 

th
e 

m
os

t s
ev

er
e

LI
m

 J 
et

 a
l. 

[3
6]

Re
tro

sp
ec

tiv
e 

ca
se

 se
rie

s 
an

al
ys

is
16

, p
oo

le
d 

da
ta

20
12

–2
02

2
Se

ou
l, 

K
or

ea
Th

is
 re

tro
sp

ec
tiv

e 
ca

se
 

se
rie

s a
im

s t
o 

de
sc

rib
e 

th
e 

so
no

gr
ap

hi
c 

fe
at

ur
es

 o
f 

SP
H

 in
 n

eo
na

te
s

SP
H

 c
an

 b
e 

de
te

ct
ed

 a
nd

 
su

sp
ec

te
d 

ba
se

d 
on

 it
s 

so
no

gr
ap

hi
c 

fe
at

ur
es

 a
nd

 
ac

co
m

pa
ny

in
g 

fin
di

ng
s

H
on

g 
et

 a
l. 

[1
2]

C
as

e 
re

po
rt

1,
 av

ai
la

bl
e 

IP
D

-
U

ni
ve

rs
ity

 o
f Q

ue
en

sl
an

d,
 

A
us

tra
lia

C
as

e 
re

po
rt 

of
 a

 te
rm

 
ne

w
bo

rn
 w

ith
 a

 te
m

po
ra

l 
lo

be
 S

PH

Th
is

 c
as

e 
re

po
rt 

co
nt

rib
ut

es
 to

 
th

e 
ex

ist
in

g 
bo

dy
 o

f k
no

w
l-

ed
ge

 o
n 

SP
H

K
at

ta
pu

ra
m

 e
t a

l. 
[3

7]
C

as
e 

re
po

rt
1,

 av
ai

la
bl

e 
IP

D
-

W
as

hi
ng

to
n,

 D
ist

ric
t o

f 
C

ol
um

bi
a,

 U
SA

SP
H

 in
 a

n 
ex

tre
m

el
y 

pr
em

a-
tu

re
 in

fa
nt

 w
ith

 u
ltr

a-
so

un
d 

im
ag

in
g 

an
d 

M
R

I 
fo

llo
w

-u
p

In
 th

is
 p

at
ie

nt
 S

PH
 w

as
 m

or
e 

ex
te

ns
iv

e 
co

m
pa

re
d 

to
 th

e 
pr

ed
om

in
an

tly
 fo

ca
l a

nd
 

un
ila

te
ra

l p
re

se
nt

at
io

n 
se

en
 

in
 te

rm
 a

nd
 la

te
 p

re
te

rm
 

in
fa

nt
s, 

lik
el

y 
du

e 
to

 th
e 

pa
tie

nt
’s

 e
xt

re
m

e 
pr

em
a-

tu
rit

y
Ta

or
i e

t a
l. 

[1
0]

C
as

e 
re

po
rt

1,
 av

ai
la

bl
e 

IP
D

-
M

ad
hy

a 
Pr

ad
es

h,
 In

di
a

Fr
on

ta
l l

ob
e 

SP
H

 in
 a

 te
rm

 
ne

w
bo

rn
 w

ith
 u

ne
ve

nt
fu

l 
pr

eg
na

nc
y

In
 c

as
es

 o
f i

so
la

te
d 

SP
H

 w
ith

-
ou

t c
on

cu
rr

en
t b

ra
in

 in
ju

ry
, 

pa
tie

nt
s t

yp
ic

al
ly

 sh
ow

 
ne

ar
-c

om
pl

et
e 

re
co

ve
ry

 o
n 

fo
llo

w
-u

p 
an

d 
ha

ve
 a

n 
ex

ce
l-

le
nt

 p
ro

gn
os

is
. T

re
at

m
en

t 
is

 sy
m

pt
om

at
ic

, f
oc

us
in

g 
on

 a
pp

ro
pr

ia
te

 a
nt

ie
pi

le
pt

ic
 

m
ed

ic
at

io
n

C
SV

T 
ce

re
br

al
 si

no
ve

no
us

 th
ro

m
bo

si
s, 

IP
D

 in
di

vi
du

al
 p

at
ie

nt
 d

at
a,

 M
RI

 m
ag

ne
tic

 re
so

na
nc

e 
Im

ag
in

g,
 S

D
H

 su
bd

ur
al

 h
em

or
rh

ag
e,

 S
PH

 su
bp

ia
l h

em
or

rh
ag

e



European Journal of Pediatrics (2025) 184:265	 Page 9 of 15  265

Factors associated with adverse outcome 
in the cohort 3 (n = 67)

LBW (r = 0.37, p value = 0.012) and CHD (r = 0.38, p 
value = 0.008) were associated with death, though the 
latter, based on a single patient, should be interpreted 
with caution. The occurrence of seizures (r = 0.28, p 
value = 0.043), neonatal infection/sepsis (r = 0.32, p 
value = 0.041), and parenchymal hemorrhage (r = 0.48, p 
value = 0.002) were associated with neurological impair-
ment (Table 5).

Additional significant positive associations include the 
temporal location of SPH with vaginal delivery (r = 0.33, 
p value = 0.048) and CHD with multifocal SPH (r = 0.39, 
p value = 0.02).

Comparison between cohort 1 (n = 10) 
and subcohort 2 (n = 57)

As shown in Table 6, the following variables were more 
frequent in cohort 1: female gender, multifocal SPH, paren-
chymal hemorrhage, neurological impairment, and death or 
neurological impairment with Pearson’s r ranging from 0.31 
to 0.63 and p values ranging from < 0.001 to 0.047.

Discussion

To our knowledge, this review represents the first sys-
tematic analysis of risk factors, clinical and neuroradio-
logical features, and outcomes of neonatal SPH. Addi-
tionally, clinical and neuroradiological factors associated 
with adverse outcomes were also illustrated.

The true incidence of SPH is unclear due to its his-
torical inclusion with subarachnoid hemorrhage under the 
term “leptomeningeal hemorrhage” [17]. SPH predomi-
nantly affects term or late preterm newborns (92%).

A male predominance was observed, consistent with 
data from other neonatal stroke types, such as neonatal 
hemorrhagic stroke (NHS) and neonatal arterial ischemic 
stroke (NAIS) [18–20]. While previous studies suggested 
elevated endogenous testosterone may increase cerebral 
thromboembolism risk, its relevance in SPH remains to 
be determined [20].

Most newborns in our study had an uncomplicated 
birth, with a good Apgar score and birth weight > 2500 g.

Vaginal delivery was common in SPH (nearly 75%) 
compared to previous studies on NAIS and NHS, where 
cesarean sections, particularly emergency ones, were sig-
nificant risk factors as a consequence of fetal compromise 
[20].

Birth trauma was frequent (26%), suggesting that 
vaginal delivery, particularly when assisted, may be a 

traumatic cause of pial-glial disruption and subsequent 
SPH [1, 3, 5, 11]. However, Cain et al. challenged this 
association, proposing that fetal distress, rather than birth 
trauma, is a key cause of SPH [6].

Asphyxia occurred in 12% of neonates, with need for 
neonatal resuscitation in 26% of cases. These conditions 
are known risk factors for NHS, NAIS, and in the largest 
case series of SPH [1, 20]. Despite this, it remains unclear 
whether they directly contribute to pathogenesis of SPH or 
merely represent signs and symptoms of an ongoing SPH.

Coagulopathy was a proposed etiology in SPH as well as 
in some cohorts of NHS [6]. Acute and/or transient coagu-
lopathy, including thrombotic and hemorrhagic abnormali-
ties, were noted in nearly a third of patients, but it remains 
uncertain if they are a cause of SPH or a consequence of an 
underlying inflammatory process [21, 22].

No major maternal, neonatal, or peripartum predis-
posing factors were found, suggesting a multifactorial 
pathogenesis for SPH. Nevertheless, an important trau-
matic role of vaginal delivery and birth trauma is plausi-
ble [23]. In support of this, SPH has also been reported 
along with other injury patterns in cases of abusive head 
trauma in young infants [24]. We speculate that pre- and 
peripartum conditions might act synergistically on a 
genetic and anatomic predisposing substrate, leading to 
the rupture of small vessels in the subpial space. Emerg-
ing evidence points to genetic factors, such as mutations 
in COL4A1 and COL4A2 genes, as relevant to neonatal 
intracranial bleeding [25]. Thus, we suggest performing 
genetic testing (e.g., WES/WGS in trio) in neonatal SPH 
to refine its etiological diagnosis.

Clinically, over one-third of patients presented with 
apneic events, another third with seizures, and nearly 
one-fifth had encephalopathy. Compared to other NHS 
studies, the prevalence of seizures and encephalopa-
thy was lower, while for apneas were similar [18, 26]. 
Apneas in term neonates, especially if not associated 
with bradycardia, might recognize an ictal origin (auto-
nomic seizures). Autonomic seizures have been linked 
to intracranial hemorrhage and should be considered in 
the differential diagnosis of apneic events especially in 
term neonates [27]. In fact, some studies reported neo-
natal ictal apneas, isolated or associated with other sei-
zure types, as key signs of intracranial temporal bleeding 
suggesting an influence of the temporal cortex and/or 
amygdala on brainstem breathing centers [13]. The pre-
dominance of temporal lobe injury (60% of SP) could 
explain the high frequency of apneas and seizures.

In most studies, an electroencephalogram correlate 
of apneas was not reported, not allowing differentiation 
between ictal and non-ictal origins; thus, it is possible that 
some of the apneas could have been manifestations of auto-
nomic or sequential seizures.
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Table 2   Patient demographics, risk factors, and clinical presentation at onset and treatment

CHD congenital heart disease, g grams, GW gestational week, HELLP hemolysis, elevated liver enzymes and low platelets, HIE hypoxic 
ischemic encephalopathy, PROM premature rupture of membranes
a Acute and transient coagulation abnormalities refer to an alteration of the coagulopathy panel test due to acquired temporary disorder, often sys-
temic in nature, such as sepsis, infection, or vitamin K deficiency
b Chronic coagulation abnormalities refer to a permanent coagulopathy often due to a genetic origin

Cohort 1 
n 10
N (%)

Cohort 2 
n 163
N (%)

Subcohort 2 
n 57
N (%)

Cohort 1 + 2 
n 173
N (%)

Demographics Extremely preterm (< 28 GW) 0 3/161 (2%) 2/57 (4%) 3/171 (2%)
Very preterm (28–32 GW) 2/10 (20%) 8/161 (5%) 3/57 (5%) 10/171 (6%)
Neonates born between 32 and 36 6/7 weeks 2/10 (20%) 33/161 (20%) 5/57 (9%) 35/171 (20%)
Term (> 37 GW) 6/10 (60%) 117/161 (73%) 45/57 (80%) 123/171 (72%)
Male 3/10 (30%) 82/134 (61%) 18/27 (66%) 85/144 (59%)
Birth weight > 2500 g 6/9 (67%) 113/138 (82%) 33/41 (80%) 119/147 (81%)
Vaginal delivery 6/10 (60%) 89/120 (74%) 33/44 (75%) 95/130 (73%)
Assisted birth 0 11/89 (12%) 0 11/95 (12%)
5′ Apgar > 7 7/9 (78%) 136/143 (95%) 29/38 (76%) 143/152 (94%)
1′ Apgar score (mean; median; range) 7.22; 8; 3–10 6.10; 7,25; 0–9 6.14; 7; 0–9 6.3; 7.5; 0–10
5′ Apgar score (mean; median; range) 8.25; 8,5; 5–10 7.68; 9; 1–10 7.74; 9; 1–10 7.80; 9; 1–10
10′ Apgar score (mean; median; range) 8.85; 8.5; 7–10 8.97; 9.5; 4–9.5 NA 8.93; 9.5; 4–10

Risk factors
 Maternal/pregnancy Maternal age in years (mean; median; range) 30.75; 31; 27–34 30.93; 31; 17–44 30.94; 31, 17–44 30,91; 31; 17–44

Chorioamnionitis 1/10 (10%) 9/117 (8%) 2/42 (5%) 10/127 (8%)
PROM 2/10 (20%) 5/117 (4%) 2/42 (5%) 7/127 (6%)
Oligohydramnios 0 6/118 (5%) 2/43 (5%) 6 /128 (4%)
Maternal infection/fever 0 5/116 (4%) 5/41 (12%) 5/126 (4%)
Hyper/preeclampsia/eclampsia/HELLP 1/10 (10%) 12/117 (10%) 6/42 (14%) 13/127 (10%)
Gestational diabetes 1/10 (10%) 3/100 (3%) 1/32 (3%) 4/110 (4%)

 Perinatal Asphyxia 1/10 (10%) 10/84 (12%) 3/45 (7%) 11/94 (12%)
HIE 1/10 (10%) 20/150 (13%) 2/44 (5%) 21/160 (13%)
Birth trauma 1/10 (10%) 32/117 (27%) 0 33/127 (26%)
Neonatal resuscitation 4/10 (40%) 15/64 (23%) 15/49 (31%) 19/74 (26%)
Intubation 4/10 (40%) 15/40 (38%) 15/41 (37%) 19/50 (38%)

 Neonatal Hypoglycemia 4/10 (40%) 1/163 (< 1%) 1/57 (2%) 5/173 (3%)
CHD 1/10 (10%) 6/150 (4%) 2/43 (5%) 7/160 (4%)
Neonatal sepsis/infection 2/10 (20%) 18/148 (12%) 3/41 (7%) 20/158 (13%)

Coagulation abnormalities Acute/transienta 6/6 35/135 (26%) 20/34 (59%) 41/141 (29%)
Chronic/permanentb 1/1 7/30 (23%) 7/30 (23%) 8/31 (26%)

Clinical characteristics Onset of symptoms in days (mean; median; 
range)

1.34; 1; 1–2.9 2; 1; 1–14 2.03; 1; 1–14 1.9; 1; 1–14

Asymptomatic 1/10 (10%) 6/163 (4%) 0 7/173 (4%)
Seizures 6/10 (60%) 57/163 (35%) 20/57 (35%) 63/173 (36%)
Apnea 5/10 (50%) 57/163 (35%) 29/57 (51%) 62/173 (36%)
Cardiorespiratory failure 0 15/163 (9%) 1/57 (2%) 15/173 (9%)
Encephalopathy 1/10 (10%) 30/163 (18%) 7/57 (12%) 31/173 (18%)
Bradi/tachi 4/10 (40%) 2 /163 (1%) 2/57 (4%) 6/173 (3%)
Cyanosis 3/10 (30%) 14/163 (9%) 9/57 (16%) 17/173 (10%)
Hyperthermia 2/10 (20%) 3/163 (2%) 0 5/173 (3%)
Dyspnea 6/10 (60%) 23/163 (14%) 8/57 (14%) 29/173 (17%)
Jaundice 0 14/163 (9%) 0 14/173 (8%)

Treatment Antiseizure medication 8/10 (80%) 16/26 (62%) 9/21 (43%) 24/36 (66%)
Antibiotics 7/10 (70%) 4/36 (11%) 3/20 (15%) 11/46 (23%)
Surgery 1/10 (10%) 14/161 (9%) 5/55 (9%) 15/171 (9%)
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From a neuroradiological point of view, our study high-
lighted three key findings: the prevalence of temporal lobe 
involvement, the supratentorial location of SPH, and the 
presence of isolated SPH without parenchymal infarction 
in some patients.

Previous studies provided various explanations for the 
prevalence of temporal location in SPH. Huang et al. and 
Matsubara N. et al. suggested that the pterion, a large 

and relatively unprotected sutural confluence in neonates 
adjacent to the temporal lobe, is particularly vulnerable 
to vascular injury due to the shifting positions of cra-
nial bones during vaginal delivery [5, 28]. We found a 
substantial and relevant correlation (r = 0.33, p = 0.048) 
between vaginal delivery and temporal SPH in the SP, 
potentially corroborating the role of vaginal delivery as 
a risk factor for temporal lobe SPH.

Fig. 2   A term female newborn 
presented with focal motor 
clonic seizures at 14 h of 
life, which were refractory to 
phenobarbital but responded 
to phenytoin. MRI obtained on 
the first day of life (A, B, C) 
and after 40 days (D, E) and a 
timeline illustrating the evolu-
tion of the patient’s left frontal 
subpial hemorrhage as depicted 
on MRI T2-weighted imaging 
sequences (F) are shown. Her 
last clinical assessment at the 
age of 1 year and 9 months 
revealed a mild speech delay. 
MRI on 1st day: Axial T2WI 
(A), DWI (B), and T2*WI (C) 
display left frontal subpial 
hemorrhage (white arrow) and 
underlying cerebral infarction 
(black circle), resembling the 
yin-yang symbol; prominent 
medullary veins in the underly-
ing white matter or “iris sign” 
(black arrow). Follow-up MRI 
after 40 days. Axial (D) and 
coronal (E) T2WI showing a 
peculiar pattern, with subpial 
cystic cavity (black circle) and 
underlying encephalomalacia 
(black arrow)



	 European Journal of Pediatrics (2025) 184:265265  Page 12 of 15

SPH was predominantly supratentorial, with infratento-
rial occurrences being rare. This might be due to different 
venous drainage patterns in infratentorial versus supratento-
rial regions, a hypothesis that requires further investigation.

Ten percent of all neonates had isolated SPH without 
adjacent parenchymal infarction. This finding seems to sup-
port the pathogenic hypothesis that the rupture of subpial 
vessels is the initial event in SPH. As in acute compartment 

syndrome, blood initially accumulates in the subpial space, 
leading in most, but not all, cases to compression/obstruc-
tion of cortical venous outflow and subsequent venous 
infarction of the underlying brain, possibly complicated 
by parenchymal hemorrhage.

SPH can result in significant long-term sequelae: over 
half of the neonates had neurological impairment and 8% 
developed post-stroke epilepsy.

Table 3   SPH diagnosis with brain MRI findings at onset

IVH intraventricular hemorrhage, MRA magnetic resonance angiography, MRI magnetic resonance image, MRV magnetic resonance venography, 
SPH subpial hemorrhage, US ultrasound

Cohort 1 
n 10
N (%)

Cohort 2 
n 163
N (%)

Subcohort 2 
n 57
N (%)

Cohort 1 + 2 
n 173
N (%)

Diagnosis Brain MRI/cranial US 10/10 (100%) 152/163 (93%) 46/57 (81%) 162/173 (94%)
Post-mortem 0 11/163 (7%) 11/57 (19%) 11/173 (6%)

SPH location Frontal 3/10 (30%) 30/163 (18%) 9/57 (16%) 33/173(19%)
Temporal 8/10 (80%) 96/163 (59%) 42/57 (74%) 104/173 (60%)
Parietal 2/10 (20%) 33/163(20%) 7/57 (12%) 35/173 (20%)
Occipital 3/10 (30%) 32/163 (19%) 8/57 (14%) 35/173 (20%)

Concomitant lesions/hemorrhages Parenchymal cytotoxic
Edema

10/10 (100%) 135/152 (89%) 46/46 (100%) 145/162 (90%)

Parenchymal hemorrhage 10/10 (100%) 92/152 (60%) 29/45 (64%) 102/162 (63%)
IVH 4/10 (40%) 38/148 (26%) 15/43 (35%) 42/158 (27%)
Cerebellar hemorrhage/microbleeds 4/10 (40%) 14/148 (9%) 0 18/158 (11%)
Epidural hemorrhage 0 2/148 (1%) 2/43 (5%) 2/158 (1%)
Subdural hemorrhage 3/10 (30%) 46/148 (31%) 9/43 (21%) 49/158 (31%)
Subarachnoid hemorrhage 2/10 (20%) 34/148 (23%) 1/43 (2%) 36/158 (23%)

Additional brain MRI findings Multifocal SPH 1/10 (10%) 14/102 (14%) 4/38 15/112 (13%)
Bilateral SPH 1/10 (10%) 6/51 (12%) 0 7/61 (11%)
Mass effects 7/10 (70%) 53/82 (64%) 3/18 (17%) 60/92 (65%)
Yin-Yang sign 10/10 (100%) 37/152 (24%) 1/46 (2%) 47/162 (29%)
Iris sign 7/10 (70%) 31/152 (20%) 12/46 (26%) 38/162 (23%)

Flow sensitive brain MRI sequences MRA 7/10 (70%) 48/93 (52%) 17/34 (50%) 55/103 (53%)
MRV 3/10 (30%) 37/93 (40%) 18/34 (53%) 40/103 (39%)

Table 4   Clinical and neuroradiological features at last follow-up

FU follow-up

Cohort 1 
n 10
N (%)

Cohort 2 
n 163
N (%)

Subcohort 2 
n 57
N (%)

Cohort 1 + 2 
n 173
N (%)

Clinical follow up FU (in months), mean, median, range 17.62; 13; 3–36 37.9; 24; 4–168 39.07; 24;4–168 33.64; 24; 3–168
Lost at FU 1/10 (10%) 43/163 (26%) 21/57 (37%) 44/173 (25%)
Death 1/9 (1%) 19/120 (16%) 13/36 (33%) 20/129 (16%)
Neurological impairment 7/8 (88%) 51/101 (50%) 9/23 (39%) 58/109 (53%)
Epilepsy/remote seizure 1/8 (13%) 8/101 (8%) 2/23 (9%) 9/109 (8%)

Imaging follow-up FU (in months), mean, median, range 2,52; 2; 0,2–7 NA NA NA
Available data on imaging FU 8/10 (80%) 74/163 (43%) 8/57 (14%) 82/173 (47%)
Subpial cyst 4/8 18/74 (24%) 1/8 22/82 (27%)
Encephalomalacia/tissue loss/porencephaly 8/8 34/74 (46%) 4/8 42/82 (51%)
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We examined whether certain clinical and neuroimag-
ing features were associated with death or neurological 
impairment (Table 5). Our analysis revealed a positive 
association between death and LBW and CHD. However, 
the association with CHD was derived from data involv-
ing a single patient and thus could not be considered 
statistically significant. The majority of deaths were 
attributable to severe comorbidities, making it challeng-
ing to ascertain the specific contribution of SPH. Con-
sequently, further research is warranted to elucidate the 
mortality associated with SPH. Three risk factors were 
found to have a statistically significant positive corre-
lation with neurological impairment: the occurrence of 
seizures, concomitant neonatal infection or sepsis, and 
the presence of parenchymal hemorrhage.

It is well established that neonatal seizures can adversely 
affect long-term neurodevelopmental outcomes, with sever-
ity also influenced by seizure burden, defined as the total 
duration of electrographic seizures over a given period 
[29]. In patients with HIE, longer seizure burdens have 
been associated with poorer motor and cognitive outcomes 
[30]. In this SP, data concerning the seizure burden were not 
reported. A better seizure characterization (including sei-
zure burden and type) in future studies will help determine 
the role of seizures in worsening SPH neurodevelopmental 
outcomes.

Neonatal infection and sepsis are risk factors also associ-
ated with other types of neonatal stroke [31]. We hypothesize 

that their role in worsening long-term outcomes may be due 
to systemic involvement and inflammation.

Parenchymal hemorrhage showed the strongest corre-
lation with neurological impairment. Consistent with this 
association, Zhuang et al. reported a worse outcome in SPH 
complicated by parenchymal hemorrhage [1]. Blood compo-
nents can have multiple deleterious effects on ischemic brain 
parenchyma by enhancing inflammatory processes, altering 
tissue cytoarchitecture [32, 33], and consequently impairing 
long-term neurodevelopmental outcomes.

When comparing cohort 1 with subcohort 2, several sig-
nificant differences emerged, with the limitations imposed by 
the small cohort 1 patients’ number (Table 6). In cohort 1, the 
incidence of parenchymal hemorrhage and multifocal SPH was 
notably higher, and we observed significantly worse outcomes.

These differences are likely multifactorial. However, the 
higher frequency of severe outcomes in our center cohort 
could be attributed to the increased prevalence of mul-
tifocal SPH and parenchymal hemorrhages, reinforcing 
the association observed in the entire SP. Our institution 
serves as a regional referral NICU, which may explain 
the higher prevalence of more severe forms of SPH and 
adverse outcomes in our cohort.

Limitations to this study include the heterogeneity of 
the data collected from selected articles. Data collec-
tion was constrained by their availability and, in most 
cases, it was not possible to ascertain the IPD. Only one 
author of the literature cohort answered our request to 

Table 5   Within the subset of 
patients with available IPD 
(cohort 1 + subcohort 2, n = 67) 
correlation matrix with the 
Pearson’s correlation coefficient 
(r), the associated p value, and 
the total number of cases for 
each comparison are shown

g grams, pts patients
(Significant cases are highlighted in bold)

Death (n 14/67 
pts)

Neurological impairment 
(n 17/67 pts)

Death or neurological 
impairment (n 31/67 pts)

Birth weight < 2500 g N = 5 N = 4 N = 9
Seizures N = 1 N = 11 N = 12
Neonatal infection or sepsis N = 0 N = 4 N = 4
Congenital heart disease N = 1 N = 0 N = 1
Parenchymal hemorrhage N = 2 N = 8 N = 10

Table 6   Comparison between 
cohort 1 and subcohort 2: total 
number of cases, the Pearson’s 
correlation coefficient (r), and 
the associated p value

pts patients
*Please note that positive Pearson’s correlation indicates higher % of cases found in cohort 1 vs. cohort 2 
with available IPD

Cohort 1 (n = 10) Subcohort 2 
(n = 57)

Pearson 
Index r *

p value

Female gender 7/10 9/27 0.33 0.047
Multifocal SPH 6/10 7/56 0.38 0.009
Parenchymal hemorrhage 10/10 9/56 0.63  < 0.001
Neurological impairment 7/10 10/56 0.50  < 0.001
Death or neurological impairment 8/10 23/56 0.31 0.015
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gather individual data. As a consequence, some findings 
are based on a limited number of children with SPH. 
As Sackett et al. have noted, a dropout rate exceeding 
20% can present significant threats to validity [34]. When 
available, long-term outcomes may have been influenced 
by the presence of underlying ischemic or hemorrhagic 
infarction, making it difficult to determine the sole con-
tribution of SPH. Moreover, due to its retrospective 
design, follow-up was not standardized, and a control 
group was lacking.

We acknowledge these limitations but believe that this 
work provides a valuable initial overview of the existing 
data on this rare condition in the literature. Further studies 
are needed to validate these findings.

Conclusion

To our knowledge, this is the first systematic literature 
review on SPH. The understanding and characterization of 
SPH are expanding, and thus far, no major maternal, fetal, 
or neonatal risk factors have been identified. This suggests 
a multifactorial pathogenesis, with birth trauma associated 
with vaginal delivery likely playing a significant role.

We have identified a distinctive clinical presentation 
involving apnea (potentially of ictal origin) and seizures, 
along with a high prevalence of temporal lobe lesions. 
Prognostically, there is a notable prevalence of neurologi-
cal impairment (53%). The occurrence of a parenchymal 
hemorrhage adjacent to SPH is strongly associated with 
adverse outcomes. Future studies are needed to further 
characterize SPH, assess long-term clinical outcomes, 
and determine and strengthen clinical and radiographic 
prognostic factors.
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