Seizures and Cerebral Infarction
in the Full-Term Newborn
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Cerebral arterial infarction is a more common cause of neonatal seizures than has been previously appreciated. In 50
full-term newborns with seizures studied, 7 had cerebral infarction which was the second most common definable
cause of seizures. We describe these 7 full-term infants with cerebrovascular accidents who presented with focal ot
generalized seizures. Obstetrical histories were normal in 5 of these patients. Their neurological examinations demon-
strated lethargy and generalized hypotonia. Electroencephalograms demonstrated focal abnormalities in 4 infants.
Computed tomographic scans in the first week of life showed infarctions in 6 newborns and in another at age 6 months.
Neonatal stroke should be considered as a cause of seizures in a full-term newborn in spite of a normal obstetrical

history and a nonfocal neurological examination.

Levy SR, Abroms IF, Marshall PC, Rosquete EE: Seizures and cerebral infarction in the full-term newborn.

Ann Neurol 17:366-370, 1985

Cerebral infarction is known to occur in older infants
and children {2, 7, 8, 10, 12, 22, 23]. However, arte-
rial cerebral infarction has been documented in a lim-
ited number of patients in the neonatal period {16, 9,
11, 13, 14, 16, 17, 19-22, 24}. The majority of cases
reported have been diagnosed at postmortem exami-
nation [2, 3, 5, 6, 9, 11, 20~22}. In a large neonatal
postmortem series, the incidence of cerebral infarc-
tions in an arterial distribution in full-term infants was
17% [3}. There have been approximately 25 cases of
cerebral arterial infarction reported in living infants,
and these were diagnosed recently by cerebral com-
puted tomographic (CT) scanning {1, 4, 13, 14, 16, 17,
19, 24]1. The majority of cases occurred in full-term
infants presenting with seizures.

We retrospectively studied all cases of seizures in
full-term infants admitted to our neonatal nursery over
a three-year period to determine the frequency of
stroke as a cause. Seven cases of focal cerebral infarc-
tion were diagnosed over this period. All infants were
full term, and the presenting symptom of stroke was
focal or generalized seizures.

Methods

All full-term infants (37 weeks or older) with seizures ad-
mitted to the regular newborn nursery or neonatal intensive
care unit between December 1980 and December 1983
were studied. Fifty infants were included. Their medical
records were reviewed and the etiological nature of the sei-
zures was established on the basis of clinical and laboratory
data. Their prenatal and obstetrical records were also analyzed.

Case Reports

Patient 1

A 2,860-gm male infant was delivered at term by cesarean
section after an uncomplicated pregnancy. Three hours prior
to delivery, fetal monitoring recorded prolonged variable de-
celerations and late decelerations. At cesarean section, a par-
tial placental abruption was found. The amniotic fluid was
thickly meconium stained. Apgar scores were 1 and 6 at 1
and 5 minutes, respectively. Attempts at intubation were
unsuccessful but the infant responded to oxygen adminis-
tered by mask. In the first hours of life, problems included
hypotension and bilateral pneumothorax.

At 12 hours of age, he had a right focal motor tonic-clonic
seizure lasting 15 minutes. Neurological examination dem-
onstrated generalized hypotonia. There were no further
seizures after the administration of phenobarbital. An elec-
troencephalogram (EEG) performed several hours later
demonstrated intermittent focal rhythmic, moderate-voltage
sharp activity in the left central and midtemporal regions. At
4 days of age, CT scan showed an area of low density in the
territory of the left middle cerebral artery.

At 11 months of age, he had a 20-minute generalized sei-
zure associated with a high fever which was treated with
phenobarbital. At this writing the patient is 14 months of age
and has a mild right hemiparesis, but cognitive development
is normal.

Patient 2

A 3,650-gm male infant was born to a healthy woman at
term. Pregnancy was complicated by mild hypertension dur-
ing the last three weeks. Five hours after the onset of labor,
epidural anesthesia was administered. The maternal blood
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pressure fell immediately to 50/0. Ephedrine and oxygen
were given. Coincidental with maternal hypotension, there
was fetal bradycardia and decreased variability in the fetal
heart rate. The maternal blood pressure and fetal heart rec-
ord returned to normal within 20 minutes. Delivery took
place 8 hours later, and the amniotic fluid was meconium
stained. Apgar scores were 8 and 8 at 1 and 5 minutes,
respectively. The infant lost approximately 10 ml of blood
after the cord clamp became dislodged in the delivery room.
He developed respiratory distress and peripheral vasospasm.
After volume expansion, these problems resolved and at that
time the findings on neurological examination were normal.

At 3 days of age, he had the first of several generalized
seizures which responded to treatment with intravenous
phenobarbital. The neurological examination in the interictal
period and after phenobarbital administration demonstrated
lethargy and generalized hypotonia. An EEG performed on
the fourth day after birth demonstrated short bursts of mod-
erate-voltage sharp activity over the left frontotemporal area.
A CT scan done on the same day showed an area of de-
creased density in the territory of the left anterior cerebral
artery (Fig 1). The infant was discharged on the eighth day
with normal neurological findings. At the time of this report
he is 14 months of age and has had no further seizures. He
has a mild right hemiparesis but has normal cognitive skills.
A follow-up CT scan showed an area of decreased density in
the distribution of the left anterior cerebral artery and at-
rophy of the left hemisphere (see Fig 1).

Patient 3

A 3,770-gm male infant was delivered by cesarean section
because of a footling—breech presentation at term, after an
uncomplicated pregnancy. There was no apparent fetal dis-
tress. Apgar scores at 1 and 5 minutes were 9 and 10, respec-
tively.

The newborn neurological findings were normal. At 27
hours of age, he had a generalized seizure. He had several
more generalized seizures in the ensuing 12 hours despite
treatment with phenobarbital and phenytoin. The neurolog-
ical examination after medication demonstrated generalized
hypotonia. An EEG done within several hours of the onset
of seizures contained spike and sharp-wave activity through-
out the left hemisphere. A CT scan done at age 2 days
showed an area of low density in the left frontoparietal area.

At the time of discharge, there was less spontaneous
movement of the right hand than the left. At the time of this
report the patient is 3 years old and has had no further
seizures. He does have a spastic right hemiparesis and is
language delayed.

Patient 4

A full-term 3,080-gm male infant was born after an uncom-
plicated pregnancy. Delivery was by repeat cesarean section
under epidural anesthesia. Apgar scores were 8 and 9 at 1
and 5 minutes, respectively.

The infant was normal until 12 hours of age when he had
the first of several right focal tonic-clonic seizures of the right
extremities with head and eye deviation to the right. The
infant was found to be hypoglycemic and required intrave-
nous glucose supplementation over the ensuing four days.

B

Fig 1. Patient 2: (A) Initial CT scan at 4 days of age showing

area of hypodensity in the territory of left anterior cerebral artery
(right side of figure). (B) Follow-up CT scan at G months of age
demonstrating smaller left cerebral hemisphere and further

definition of hypodense area.
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Fig 2. Patient 4: CT scan at 5 days of age demonstrating by-
podense vegion in the distribution of the left posterior cerebral
artery.

An EEG done on the day following seizures when the head
and eyes were still deviated to the right was normal. A CT
scan on the fifth day of life showed an area of low density in
the distribution of the left posterior cerebral artery (Fig 2).

The infant was discharged on the eighth day with a per-
sistent right gaze preference. At 22 months of age, he
was developmentally normal but had a right homonymous
hemianopia.

Patient 5
A 3,800-gm full-term male infant was born after an uncom-
plicated pregnancy and labor by spontaneous vaginal deliv-
ery. Fetal monitoring during labor revealed no abnormalities.
Apgar scores were 9 and 10 at 1 and 5 minutes, respectively.

The infant appeared normal until 36 hours of age when he
had a generalized tonic-clonic seizure. There were no further
seizures after an intravenous phenobarbital load was adminis-
tered. Later the same day, neurological examination demon-
strated generalized hypotonia. An EEG performed at 2 days
of age was normal. A CT scan at 7 days of age showed an
area of low density in the left parietal lobe.

At the time of discharge, the findings on neurological ex-
amination were normal. At 4 months of age, the infant had
had no further seizures and was developmentally normal.

Patient 6

A 3,870-gm male infant was born at term after an uncom-
plicated pregnancy, labor, and delivery. Apgar scores were 9
and 9 at 1 and 5 minutes, respectively.
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The infant did well for the first 2 days of life except for
some difficulties with feeding secondary to a poor sucking
reflex. At age 48 hours, there was a right-sided focal tonic-
clonic seizure. Administration of intravenous phenobarbital
terminated the seizure. Later, neurological examination dem-
onstrated generalized hypotonia. An EEG done on the day
following the seizure was normal. A CT scan done on the
fifth day of life showed small areas of infarct in the left
thalamus and left frontal lobe.

At 14 months of age the patient had had no further sei-
zures. His motor development has been normal, but he has a
mild language delay.

Patient 7

A full-term 3,400-gm male infant was born after an uncom-
plicated pregnancy. There were no signs of fetal distress dur-
ing labor. Delivery was vaginal and vacuum extraction was
utilized. Apgar scores were 8 and 9 at 1 and $ minutes,
respectively. The infant appeared normal until 8 hours of age
when he had the first of five cyanotic episodes associated
with generalized stiffening and eye fluttering. After the ad-
ministration of intravenous phenobarbital, there were no fur-
ther seizures and the neurological examination revealed gen-
eralized hypotonia. An EEG done on the second day of life
showed intermittent moderate-voltage sharp activity over the
left central and posterior temporal regions. A CT scan was
performed at 24 hours of age and showed diffuse cerebral
edema.

At 6 months of age the infant had a mild right hemiparesis.
He had had no further seizures. A CT scan performed at that
time showed an area of low density in the area supplied by
the left middle cerebral artery.

Discussion
During the three-year period, SO full-term infants in
the newborn unit were studied because of seizures.
The causes of the seizures are listed in the Table.
Twenty-six infants were asphyxiated at the time of
birth and subsequently seizures developed. CT scans
were not routinely performed at that time on as-
phyxiated infants in our nursery; however, 14 patients
in this group were scanned and no focal abnormalities
were found. In the other 24 patients, cerebral infarc-
tion was the most common definable cause of seizures
and occurred in 7 newborns. There were single cases
of holoprosencephaly, Arnold-Chiari malformation,
encephalocele, group B streptococcal meningitis, viral
encephalitis, subarachnoid hemorrage, narcotic with-
drawal, and citrullinemia. One of the 2 patients with
intraventricular hemorrhage was also hypocalcemic.
No cause could be found in the 7 remaining cases.
Six of the 7 full-term male infants with generalized
or focal seizures had been admitted to the normal new-
born nursery. Only 1 of these infants (Patient 2) had
had any difficulties during labor and delivery. One
other infant (Patient 1) was admitted to the intensive
care unit because of documented distress during labor
and delivery. This was the only infant with low Apgar



Causes of Seizures in Full-Term Newborns, 1980—1983

Hypoxic-ischemic encephalopathy 26
Cerebral infarction 7
Cerebral malformation 3
Central nervous system infection 2
Subarachnoid hemorrhage 1
Intraventricular hemorrhage 2
Drug withdrawal 1
Inborn error of metabolism 1
Unknown 7

Total 50

scores. Obstetrical histories were therefore normal in S
of the 7 patients.

The seizures occurred between 8 and 72 hours after
bitth and were controlled with phenobarbital except in
Patient 3 in whom a second anticonvulsant was re-
quired. Three had focal motor seizures and 4 had gen-
eralized seizures. In 6 of the patients, the neurological
findings were nonfocal and examination demonstrated
lethargy and generalized hypotonia. Six cerebral in-
farcts were diagnosed by CT scan between 2 and 7
days of age. One infarct was not diagnosed until 6
months of age when focal neurological signs were rec-
ognized, and the CT scan was repeated (Patient 7). In
4 of the patients, including 3 with generalized seizures,
EEG showed abnormal focal sharp activity on the side
of the infarction. In all patients, metabolic studies, he-
matocrits, platelet counts, and cerebrospinal fluid stud-
ies were notmal and none had had arterial catheters
inserted or had congenital heart disease. All infarctions
occurred in the left hemisphere, and in 4 patients the
middle cerebral artery territory was affected. One in-
farct involved the distribution of the left anterior cere-
bral artery and one the left posterior cerebral artery. In
Patient 6 there were multiple areas of infarct. It is
curious that all infarcts were in the left hemisphere.
There were no angiographic studies done to evaluate
the cranial vasculature.

Follow-up in our series ranges from four months to
three years. All patients continued to exhibit mild ab-
normalities on neurological examination as of this writ-
ing. Four have a right hemiparesis. Two patients are
language delayed. Additional neurological sequelae,
including further language difficulties, may become ap-
parent in later childhood. Only 1 child has had further
seizures. It is worth noting that in a large follow-up
series of infants who had had perinatal asphyxia, later
seizures were uncommon unless motor deficits were
also present [18}.

The pathogenesis of the arterial occlusions for most
repotted cases has been speculative. Theories have in-
cluded cerebral embolism from the placenta or sys-
temic circulation. Gross [11} in 1945 described 2 in-

fants with massive cerebral infarction. He postulated
the cause to be embolization of thrombi formed in
involuting fetal vessels. Clark and Linell {51 in 1954
reported a case of an infant with erythroblastosis with
embolic occlusion of the internal carotid artery at its
bifurcation. It was postulated that the necrotic material
occluding the vessel was placental tissue as the placenta
contained small infarcts. Cocker and associates [G] re-
ported 2 cases of middle cerebral artery occlusion that
were believed to be secondary to emboli from the
fetal veins of the placenta. Embolism derived from
catheterized vessels has also been reported [22]. In
Barmada’s {3} autopsy series, disseminated intravascu-
lar coagulation and sepsis were believed to play a
significant role in the pathogenesis of cerebral embolic
arterial occlusions. The finding of multiple infarces in
our Patient 6 suggests cerebral embolism although no
source was found. Thrombosis of major cerebral ves-
sels may occur with polycythemia {1] and trauma [21,
25}, Yates {251 in 1959 in a neonatal autopsy series
reported several cases of direct trauma to the vertebral
arteries. In one case, there was complete occlusion of
the left vertebral artery by a thrombosis. Roessman
and Miller {21} in 1980 described an infant who died
at 4 days of age after a traumatic delivery. At postmor-
tem examination there was a thrombosis of the middle
cerebral artery that was considered to be secondary to
direct trauma. It remains unclear why, in certain in-
stances, generalized perfusion disturbances have re-
sulted in focal cerebral abnormalities. Volpe [24] has
questioned whether there may be some variability in
the development of brain metabolism yielding differ-
ences in regional vulnerability to ischemia.

There are similarities between our 7 cases and other
previously reported cases of neonatal cerebral infarc-
tion. It is important to stress that the obstetrical his-
tories wete normal in 5 of our patients. This finding is
in coricordance with 2 recent cases reported [17]. In
those cases, cerebral infarction occurred without evi-
dence of predisposing clinical conditions. Most cases
have presented with focal or generalized seizures, or
both {4, 13, 14, 16, 17). Neurological examinations
have not demonstrated lateralizing signs in most cases.
In other reported cases patients have also exhibited
signs of hemiparesis on follow-up. EEGs have shown
focal abnormalities in several previously reported
cases. CT scans have revealed infarction in all living
patients and the middle cerebral artery distribution has
been the site most frequently affected. CT scanning is
imperative to make this diagnosis. If initial CT scans
are normal in full-term infants with focal or general-
ized seizures, the scan may need to be repeated, espe-
cially if the EEG shows persistent focal abnormalities.
It is clear that the absence of focal seizures and latet-
alizing signs on neurological examination does not ex-
clude the possibility of a focal cerebral infarction. It is
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noteworthy that in a recent review of neonatal sei-
zures, Lombroso {15] detailed the changing trends in
the incidences of etiological factors in two 10-year
studies of neonates ending in 1979. Neonatal stroke is
not included as a cause in that report as the studies
reflect a population of patients evaluated prior to fre-
quent neonatal CT scanning.

Perhaps as more infants with focal cerebral insults
are studied with newer techniques, such as positron
emission tomography and the different modalities of
magnetic resonance imaging, additional information
will be gained regarding the metabolism of the devel-
oping brain and its reaction to ischemia. It is possible
these techniques may uncover clinically silent neonatal
infarctions that could be a cause of focal seizures later
in infancy or childhood.
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