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Abstract

Background: Neonatal stroke (NS) is a common, severe central nervous system disease that is the main cause of death and disabil-
ity in neonates. Therefore, great attention has already been paid to it by clinicians. However, much knowledge remains yet to be
discovered about this disease.

Objectives: To understand the clinical features, increase awareness, reduce missed diagnoses or misdiagnoses, and improve the
prognosis of NS.

Methods: Aretrospective analysis was conducted on clinical data from 51 patients with NS recording perinatal factors, clinical man-
ifestations, imaging findings, and treatment outcomes.

Results: 1) Logistic multi-factor regression analysis showed that cesarean section, perinatal hypoxia, small for gestational age and
maternal-fetal infection were the main risk factors of NS, 2) A total of 84.3% of the patients presented neurological symptoms or
signs, of which 78.4% had convulsions as the primary symptom or major manifestation, and 67.5% had positioning significance,
while 15.7% of the patients had no clinical manifestations, 3) Onset of symptoms: 76.7% within 24 hours after birth, 86.0% within 48
hours, 90.7% within 72 hours, and 7.0% after 3 days, with only 2.0% after 7 days, 4) Bilateral hemisphere involvement was present in
49.1% of cases, left hemisphere involvement in 31.4%, right hemisphere and basal ganglia involvementin19.6% each, 5) The incidence
of sequelae in living babies was 45.8%, and the overall rate of a poor prognosis was 49.1%.

Conclusions: 1) Convulsion was the most common primary symptom of NS, 15.7% of the patients had no clinical manifestations. 2)
The patients had an NS onset within several minutes to hours after birth, with > 75% having an onset within 24 hours, 85% within
48 hours, and > 90% within 72 hours after birth, 3) Caesarean section, perinatal hypoxia and small for gestational age were closely
associated with NS, 4) Patients often exhibited bilateral hemisphere injury.
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1. Background

Neonatal stroke (NS) also known as neonatal cere-
bral infarction, perinatal cerebral infarction, or perinatal
stroke, is an area of damaged cerebral tissue resulting from
either disruption of the blood flow in a major cerebral
artery due to thrombosis or embolism (perinatal arterial
ischemic stroke) or thrombosis in a major cerebral vein
(cerebral sinus venous thrombosis), which occurs between
20 weeks of fetal life and 28th postnatal day and can be
confirmed by neuroimaging or neuropathologic studies (1,
2). Recently, a growing number of patients has been di-
agnosed with NS, which has emerged as the second most
common cause of neonatal convulsions and has placed a

heavy burden on individuals and families (3). For further
understanding of NS and to reduce the incidence rates
of missed diagnosis, misdiagnosis, and mistreatment, we
summarized the clinical features of NS in 51 patients admit-
ted and treated in recent years.

2. Methods

2.1. Clinical Information Collection

The ethics committee and institutional review board
of Beijing Chaoyang district maternal and child healthcare
hospital approved this study. From January 2012 to June,
2017, a total of 51 patients were included in this study. The
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related information was recorded including general de-
mographic information, mode of delivery, severe fetal dis-
tress and birth asphyxia, gestational ages (GA); premature
rupture of membrane (PROM), congenital cerebrovascular
malformations (CCM), small for gestational age (SGA), gen-
der, birth weight, hematocrit, management methods and
outcomes were collected in this study. The diagnosis of NS
was based on the case history, clinical manifestations, the
brain ultrasound and/or magnetic resonance findings.

The data analysis was conducted using SPSS 18.0 for
Windows. Significance levels between differences were as-
sessed using x? tests and logistic regression analysis. P <
0.05 was considered to be statistically significant.

3. Results

3.1. General Demographic Information and Possible Reasons

Listed in Table 1 logistic multi-factor regression analy-
sis showed that the main risk factors of NS included cae-
sarean section (odds ratio [OR]: 9.23; 95% confidence inter-
val [CI]: 5.39 - 15.19), peri-natal hypoxia (fetal distress and
birth asphyxia) (OR:7.183;95% CI:3.29-15.43), SGA (OR: 6.99;
95% CI:3.00-9.11), maternal-fetal infection (OR:3.38; 95% CI:
2.87-5.89) were the main risk factors of NS.

3.2. Main Clinical Manifestations

As outlined in Table 2, 84.3% of the patients presented
neurological symptoms, and 78.4% had convulsions as the
primary symptom or the major clinical manifestation.
Among those patients with convulsion, 27 (67.5%) patients
had positioning significance. The symptoms included in-
dividual and unilateral limb twitching, mouth twitching,
fixed gaze, systemic convulsions, or apnea, among others.
The inhibited states manifested as weak response, poor
mental health, poor sucking response, lethargy, and hypo-
tonia, among others. However, 8 (15.7%) patients had no
clinical symptoms and the diagnosis was based on brain
imaging findings. Four patients manifested with a signifi-
cant puffy red spotted rash over the whole body, especially
on the face and all limbs; these individuals were diagnosed
as having incontinent a pigment, which was confirmed by
genetic testing.

As shown in Table 3, the symptom manifested itself in
more than 75% within 24, in 85% within 48 h, and in 90%
within 72 h after birth, only in 1(2.3%) case symptom onset
occurred more than 7 d after birth.

Table 1. Demographic Informations

Category No. (%)
Gender

Male 28(54.9)

Female 23(45.1)
GA 29-41+1W
Term 46(90.2)
Preterm 5(8.8)
Delivery mode

Vaginal 14 (27.5)

Cesarean 37(72.5)

Birth weight, g 1050 - 4100 (one case unknown)

Possible risk factors

Perinatal hypoxia 26(51)

Severe birth asphyxia 4(7.8)

PROM 8(15.7)
Purulent meningitis 4(7.8)
Erythrocytosis 7(13.7)
Incontinent a pigment 4(7.8)
ccM 2(3.9)
SGA 31(60.8)

Abbreviations: CCM, congenital cerebrovascular malformation; GA, gesta-
tional age; SGA, small for gestational age; PROM, premature rupture of mem-
brane.

Table 2. Major Neurological Symptoms in this Group

Neurological Symptoms No. (%)
Convulsions 43(84.3)
Excited and irritated state 6 (11.8)
Inhibited state 15(29.4)
Attenuation of the primary reflex 14 (27.4)
No clinical findings 8(15.7)
Table 3. Onset Time of the Symptoms After Birth
Onset Time No. (%)
Within 24 hours 33(76.7)
Within 48 hours 37(86.0)
Within 72 hours 39(90.7)
Within 1 week 50 (98.0)

3.3. Imaging Examinations

All patients were diagnosed by imaging examinations,
including brain ultrasound, CT scan, and magnetic reso-
nance imaging (MRI). The brain ultrasound was used first
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as a screening method, after which, brain CT (some of the
earliest cases) or MRI (recent years) was used to confirm
the diagnosis. Congenital cerebrovascular malformations
were confirmed by magnetic resonance angiography.

3.4. Treatments

The following treatment measures were used:

e Intravenous injection of phenobarbital sodium was
preferentially used for patients with convulsions at a
loading dose of 15 - 20 mg/kg and maintenance dose of 5
mg/kg/d twice daily at 12-hour intervals.

e Intravenous infusion of the compound Dan Shen Agent
was used to clear the micro-circulation and to improve
cerebral blood perfusion: at each time point, 2 mL/kg of
drug was added to 20 mL of 5% glucose solution and ad-
ministered once daily for 10 - 14 days per course of treat-
ment.

e Intravenous infusion of monosialotetrahexosylganglio-
side or 1,6- fructose diphosphate was used to protect or
facilitate the recovery of injured brain cells: 10 - 14 days
per course of treatment.

e Aspirin anticoagulant therapy was used for 3 patients at
the dose of 50 mg/kg/d three times orally with no signif-
icant adverse reactions.

e Hyperbaric oxygen: After a definite diagnosis and the
parents’ agreement, the patients were treated with con-
ventional hyperbaric oxygen therapy once daily for 1
hour per session for 7-10 days per course of treatment.
Two to three courses were used continuously according
to the disease condition.

e Symptomatic supportive therapy: Normal blood pres-
sure and fluid, electrolytes, and blood sugar stability
were maintained, and the primary disease was actively
treated.

e Others: The majority of NS cases had no significant ele-
vation of intracranial pressure. Patients with a signifi-
cant elevation of intracranial pressure were given an in-
travenous infusion of mannitol (0.25 - 0.5 g/kg) for 6 - 8
hours each time according to the disease condition, and
the dose was reduced gradually.

e Rehabilitation training was given as soon as the disease
condition was stable.
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3.5. Prognosis

Two of the 51 patients died, accounting for a case fa-
tality rate of 3.9%. Forty-nine patients survived to be dis-
charged and were followed up from 6 months to 6 years,
1of them died, and 22 cases had various sequelae. The in-
cidence of sequelae in survived babies was 45.8%, includ-
ing hydrocephalus, cerebral palsy, hemiplegia, dyskine-
sia, epilepsy, and cognitive disorder. The overall rate of a
poor prognosis (including death and sequelae) was 49.0%
(25/51) in this group.

4. Discussion

4.1. Stroke Is a Common Neonatal Disease

The incidence of NS is closely associated with birth
weight, with a lower birth weight leading to a higher in-
cidence. Several studies have reported neonatal hemor-
rhagic stroke. Bassan et al. (4) reported the incidence rates
of hemorrhagic cerebral infarction in low-birth-weight in-
fants tobe10% with a birth weight < 750 g,2.2% with abirth
weight of 750 - 1500 g, 0.1% with a birth weight of 1500 -
2500 g, and 1/2300 - 4000 in full-term infants (5). Accord-
ing to the epidemiological survey data of Armstrong-Wells
et al. (6), the incidence of neonatal hemorrhagic cerebral
infarction is 6.2/ [100.000 total live births.

4.2. Clinical Characteristics of NS

4.2.1. Clinical Manifestations

The 51 NS patients had the following features:

e Convulsion was the most common clinical manifesta-
tion and was found in almost 80% of the patients; it was
the primary symptom, and 2/3 of our patients had lo-
calized significance. The cases included individual and
unilateral limb twitching, mouth twitching, fixed gaze,
systemic convulsions, or apnea. Thus, the possibility of
stroke should be considered for patients with convul-
sions as the major clinical manifestation, particularly in
those with positioning signs (2).

e Inhibited state: one-quarter of the patients presented an
inhibited state as the major clinical manifestation, such
as a weak response, poor mental health, poor sucking
re-sponse, lethargy, low muscle tone, and an attenuated
primitive reflex. The above manifestations could occur
singly or in combination and were found in 47.1% of the
patients.
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e NS could have no clinical manifestations: 15.7% of the
patients had no clinical manifestations, with infarcts
found only in the brain MRI. Therefore, the awareness
and un-distending of NS need to be strengthened, and
imaging examinations should be per-formed in a timely
manner to help confirm the diagnosis (Figure 1).

e Early onset: The patients experienced an attack within
several minutes to hours after birth. Specifically > 75%
of the patients had an attack within 24 hours after birth,
> 85% within 48 hours, and > 90% within 72 hours. The
earliestonset occurred 10 minutes, and only1patent had
an attack more than 1 week (12 days) after birth.

o Bilateral cerebral hemisphere involvement was found in
nearly 50% of the patients. Left cerebral hemisphere in-
volvement accounted for 1/3 of the cases, and right cere-
bral hemisphere involvementaccounted for nearly1/5 of
the cases. This result differed from a previous report in
the literature that stated that left hemisphere involve-
ment was most common (2). The parietal lobe was most
commonly involved, followed by the frontal lobe, the
temporal lobe, and the occipital lobe; these lobes were
individually or simultaneously involved. Basal ganglia
infarction was also common; it was present in eight
(15.7%) patients in the present study. Basal ganglia infarc-
tion could also exist alone. Husson et al. (7) reported
that infarction in the middle cerebral artery distribu-
tion area was most common in neonatal cerebral arte-
rial ischemic stroke and was found in up to 73% of cases.

4.2.2. Causes and High-Risk Factors

Logistic multi-factor regression analysis showed that
cesarean section, perinatal hypoxia, SGA and maternal-
fetal infection were the main risk factors of NS. Other risk
factors included erythrocytosis, cerebrovascular malfor-
mations, and genetic disease, among others (1). Cesarean
section: Our results showed that caesarean section was
closelyassociated with NS. Cesarean delivery accounted for
> 70% (72.5%) of our patients, 90% of which were deliv-
ered by emergency cesarean section. This finding suggests
that cesarean delivery, particularly emergency cesarean
section, may be an important high-risk factor for NS, which
warrants increased attention from clinicians.

The underlying reason for this relationship remains
unclear but may be related to the fact that patients who
require cesarean delivery are often associated with a cer-
tain perinatal risk factor that affects automatic cerebrovas-
cularregulation and initiates the endogenous coagulation
mechanism. One study reported that emergency cesarean

sections had a certain relationship with neonatal hemor-
rhagic stroke (6). However, the number of cases is still
small, and the exact relationship between cesarean sec-
tion and NS needs further investigation. 2) Perinatal hy-
poxia: This condition is a common cause leading to NS.
In the present study, > 50% of the patients had a history
of perinatal hypoxia, mainly fetal bradycardia and fetal
distress (~ 85%), whereas severe birth asphyxia accounted
for only a small portion of the patients (~15%). A large-
sample epidemic-logical survey in Switzerland found that
intrauterine fetal distress was an independent risk factor
for NS (5). Therefore, monitoring of perinatal hypoxia
must be strengthened, particularly in cases of intrauterine
distress of the fetus.

The possible mechanisms underlying hypoxia leading
to NS are as follows:

e Apnea hypoxia induces focal cerebrovascular occlusion.

e Hypoxia-induced energy metabolism disorder, acidosis,
intracellular and extracellular water and ion balance
disorder, abnormal calcium ion distribution, abnormal
phospho-lipid metabolism, lipid peroxidation, free rad-
icals, and excitatory amino acid neuro-toxicity are in-
volved in the pathogenesis of NS.

e Hypoxia-induced inflammatory responses, inflamma-
tory cells, cytokines, and platelet-activating factors are
all important media of NS (3).

Premature rupture of fetal membranes (PROM), in-
trauterine infection, and purulent meningitis are impor-
tant high-risk factors for NS. Twelve (23.5%) patients were
associated with perinatal infection or purulent meningi-
tis. The latest international studies have also posited that
perinatal infection (maternal fever and early onset sep-
sis) and purulent meningitis are important risk factors
for ischemic stroke in full-term infants (8, 9), which war-
rants attention. The possible mechanisms are as follows:
in severe infection, various pathogenic microorganisms
and their metabolites and toxins activate the immune sys-
tem, the cerebral vessels undergo allergic reactions lead-
ing to intimal thickening and occlusion of the cerebral ar-
teries; infection-induced cerebral vasculitis, arachnoiditis,
and ventriculitis result in secondary cerebral edema and
cerebral softening, which can directly lead to cerebral in-
farction; bacterial endotoxins lead to cerebral blood flow
reduction and a rise in temperature, which increase the
susceptibility of immature brain tissues to injury and in-
duce or aggravate brain damage (10). Erythrocytosis: is
also a common risk factor for NS. Seven (13.7%) cases of NS
in this study were due to erythrocytosis. The significant
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Figure 1. A patient who was asymptomatic and was not excluded from cerebral infarction G1P1, 38 + 3 w, vaginal delivery, birth weight 3200 g, without intrauterine distress,
Apgar 7,9 and 10 points in1, 5 and 10 min, respectively. The patient had a good general condition after birth with primitive reflex induced normally and no clinical symptoms.
However, a brain MRI showed large areas of infarct in the brain parenchyma on the bilateral occipital lobe and both sides of the brain midline. MRI re-examination 3 weeks

later showed formation of a softening lesion at the originally infarcted site.

increase in red blood cells results in increased blood vis-
cosity and slow blood flow, thereby inducing small blood
vessel embolism and leading to is chemic necrosis of the
brain tissue (11). SGA: The results of this study showed that
SGA was closely corrected with NS, the reason remains un-
known, but maybe corrected with most of these babies ac-
companied with erythrocytosis (4). Cerebrovascular mal-
formations: The possibility of congenital cerebrovascular
malformations should be considered for NS with an un-
known etiology. Here, two patients were admitted to the
hospital for unexplained convulsions without any perina-
tal risk factors or abnormalities in their laboratory exam-
inations. Cerebral infarction was detected by a brain MRI.
In addition, middle cerebral arterial malformations in the
left and right hemispheres were confirmed by MRI angiog-
raphy (5). Genetic disease: Four patients with incontinent
a pigment had concomitant stroke. Two patients were ad-
mitted to the hospital due to a systemic rash after birth. In-
continent a pigment was confirmed by a skin biopsy and
genetic testing. No patients had significant neurological
symptoms or signs. Nonetheless, the presence of multiple,
focal infarcts was confirmed by a brain MRI examination
(Figure 2).
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4.2.3. Prognosis

The overall rate of a poor prognosis was close to 60% in
our patients, which was similar to the previously reported
results (9). Based on the results of this study and previ-
ous reports, the chance of a poor prognosis increases in pa-
tients with the following conditions (12):

e Premature hemorrhagic cerebral infarction nearly 40%
of the patients with this condition died, and 86% of the
survivors developed spastic paraplegia or asymmetric
tetraplegia and mental retardation.

e Patients with convulsions in the neonatal period and
significant neurological abnormalities at discharge.

e The coexistence of cerebral hemisphere, internal cap-
sule, and basal ganglia injuries confirmed by an MRI ex-
amination.

e Patients showing abnormal activity in the unilateral
or bilateral background on the electroencephalogram.
These patients were likely to have the sequelae of hemi-
plegia, and > 70% of the patients with a maximum ac-
tivity < 10 v and/or minimum activity < 5 v on the o-
electroencephalogram had a poor prognosis.

e Patients with bilateral basal ganglia involvement:
Rutherford et al. (2) reported that 94% of patients with
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Figure 2. Gestational age 40 + 2 w, birth weight 3220 g. Changed to cesarean delivery after failure of tried labor with no asphyxia at birth. Convulsions shortly after birth,
mainly in the right limbs. Brain ultra-sound at 48 h after birth showed a typical “wedge”-shaped echo enhanced area in the lateral upper side of the triangle zone of the left
lateral ventricle. Brain MRI-DWI confirmed infarction in the distribution area of the middle arterial branches in this side of the brain.

cerebral ischemic stroke who had no involvement of
the corticospinal tract, presented no movement disor-
ders, whereas 66% of patients with involvement of the
corticospinal tract had the hemiplegia sequel, and 88%
of isolated subcortical infarction in the middle cerebral
artery distribution area had no movement disorder
sequelae.

4.3. Diagnosis

The diagnosis depends on imaging examinations. Both
brain ultrasound and diffusion-weighted MRI (DWI) can
provide an early diagnosis of NS (13). Brain ultra-sound is
the first option and is sensitive to the diagnosis of infarc-
tion in the anterior and middle cerebral arterial blood sup-
ply regions (Figure 3). MRI is presently the most reliable
means of diagnosing NS, whereas DWI is the most sensi-
tive method capable of showing cerebral ischemic changes
within minutes of onset (14). The infarcted area is mani-
fested as a low signal on Ti, a high signal on T2 in a con-
ventional MR, and a significant high signal in DWI. Cere-
brovascular malformation is another important cause of
NS. MRI angiography can be used for patients who are sus-
pected of having or who are not excluded from having cere-
brovascular malformations.

4.4. Treatment
There is no specific effective treatment for NS. Symp-
tomatic and supportive treatment is mainly used in the

acute phase with a principle of increasing the cerebral
blood flow, preventing disease progression, and achiev-
ing etiological treatment. We combined the application
of Dan Shen agents and hyperbaric oxygen therapy for
NS treatment and obtained satisfactory clinical effects, al-
though neither of the treatments were evidence-based,
and “further high-quality randomized controlled trials
about using Dan Shen agents for acute ischemic stroke
should be performed” (15). Antithrombotic therapy was
not recommended for neonatal cerebral infarction (16),
but a more recent study offered the opposite opinion. Kir-
ton et al. (17) reported that prompt diagnosis of neona-
tal cerebral sin venous thrombosis (CSVT) is essential be-
cause it is a treatable disorder with a natural history of
early progression; thus, anticoagulation is increasingly ac-
cepted as routine practice for neonatal CSVT without hem-
orrhage. Jordan et al. (18) found that whether stroke pa-
tients progressed into epilepsy was mainly related to the
volume of the cerebral infarction and that long-term anti-
convulsion therapy in the neonatal period could not re-
duce the chance of progression into epilepsy. Rehabilita-
tion treatment is mainly used in the recovery phase to con-
tinuously maintain brain functions and to promote brain
rehabilitation.
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Figure 3. Case 3, Incontinent a pigment: GIP1, male, gestational age 38 + 2 w, cesarean delivery, birth weight 3160 g. The brain MRI showed a diffuse focal infarct in the bilateral

cerebral hemispheres that was particularly significant in the left parietal lobe.
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