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Stroke in neonates

Five neonates with large cerebral infarctions of arterial origin are presented. Four had severe focal
seizures on the first day of life. The fifth, a premature infant, was asymptomatic. The diagnoses were
made by computed tomography (CT) scans between 5 and 12 days of life; CT scans obtained in the
first few days of life were normal. In the fifth infant, the infarct was hemorrhagic and was also noted
by cranial ultrasound. Three of the infants had a history of trauma to the head or neck during labor

and birth. Only one was severely asphyxiated at birth. Two apparently are doing well at | year of

age. Cerebral infarcts of arterial origin in neonates probably have been missed in living patients in

the past, but now are recognized in the newborn period by properly timed CT examination. (J PEDIATR

102:605, 1983))
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CEREBRAL INFARCTS OF ARTERIAL ORIGIN are rarely
documented in the neonatal period, and then usually at
autopsy,"? because of the frequent lack of specific clinical
signs such as hemiparesis and, in the past, the difficulty
and danger of making the diagnosis by arteriogram. In a
recent large neonatal autopsy series,® the incidence of
cerebral infarcts with arterial occlusion was 5.4% (17% in
term infants); a quarter of the infarcts involved a major
vessel thrombosis. This incidence indicates that many focal
cerebrovascular ischemic events are being missed in surviv-
ing infants.>?

The cause of such infarcts is frequently unclear and
usually inferred. Clinical and pathologic sequelae of pre-
sumed neonatal cerebral infarction may be noted later in
infancy or childhood, but an etiologic diagnosis is even
more difficult to make at that time.* The recent availability
of noninvasive diagnostic techniques, such as computed
tomography (CT) and cranial ultrasound, have made it
possible to make this diagnosis safely. We present five
neonates with localized cerebral infarction diagnosed over
the last year in our Infant Special Care Center. A
summary and follow-up of the five patients is given in
Table I.
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CASE REPORTS

Patient 1. The patient was a 3.0 kg term boy. Late in labor a
prolonged variable deceleration in fetal heart rate occurred, and a
low/mid forceps delivery was attempted unsuccessfully. A cesare-
an section was performed. Extraction of the infant was difficult
and required traction on the body with manual, upward pushing
through the vaginal canal to disengage the head. Apgar scores
were 8 and 9 at one and five minutes, respectively.

The infant was noted initially to have a right cephalohematoma
and a left peripheral facial weakness. At 18 hours of life he had a
generalized tonic-clonic seizure, followed by frequent focal right-
sided seizures over the next 12 hours. Occasional clinical and
electrographic seizure activity persisted for the first four days of
life, despite treatment with phenobarbital, phenytoin, and amo-
barbital. A CT scan at 32 hours showed small ventricles and a
minimally depressed skull fracture in the right parietal region.
Cranial ultrasound examination was normal. An electroencepha-
logram on day 4 was abnormal over the left hemisphere. A CT
scan on day 5 showed a large area of low density in the left
parietotemporal area (Fig. 1).

Patient 2. The patient was a term, 3.1 kg boy. During labor
thick meconium was noted and late fetal heart rate decelerations
were detected. Fetal scalp pH was 7.17, and an emergency
cesarean section was performed. The infant had. a tight nuchal
cord (X4). Apgar scores at orie and five minutes were 6 and 8;
umbilical artery pH was 7.16. A large succenturiate lobe was
present in the placenta. Microscopically, there were severe focal
proliferative villitis and chorioamnionitis with fetal capillary
occlusions.

The infant appeared normal until 4 hours of age, when he
developed focal right-sided tonic-clonic seizures, which recurred
over the next 18 hours despite treatment with phenobarbital,
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Fig. 1. Paticnt 1. Ct scan without contrast on day 5 of life. Note
wedge-shaped left parietotemporal low-density region.
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Fig. 2. Patient 2. CT scan without contrast on day 7 of life. Note
left parietooccipital area of low density.

Table I. Summary of clinical findings in five patients with neonatal stroke

Apgar
Patient Scores Seizures EEG CT diagnosis Follow-up
1 8/9 18 hr — 4 days; Left hemisphere Day 5: Left parietotemporal 12 mo: Normal physical and
right focal, spikes and sharp infarct (left middle cerebral developmental* exam; seizure
general waves artery) free without anticonvulsants
2 6/8 4 hr — 18 hr;  Bilateral spikes and Day 7: Left parietooccipital 15 mo: Normal physical and
Right focal, sharp waves, infarct (left middle cerebral developmental® exam; seizure
general maximal left artery) free without anticonvulsants
central area
3 2/7 5 hr — 12 days; Bilateral temporal  Day 12: Right posterior parietal 21 mo: Microcephalic with
Left focal spikes; less activity  infarct (right middle cerebral generalized hypotonia and
over right artery) developmental* delay;
hemisphere recurrent seizures
4 7/8 8 hr — 2 days; Left temporal and  Day 5: Left midparietal infarct ~ Newborn
Right focal central spikes (left middle cerebral artery)
5 5/6 None Normal Day 10: Left occipital 15 mo: Minimal right shoulder
(Premature hemorrhagic infarct. (left hypotonia; normal
infant) posterior cerebral artery); no development?

intraventricular hemorrhage
(day 6: Ultrasound)

*Revised Developmental Screening Interview, 1980.
tBayley Scales of Infant Development.

phenytoin, paraldehyde, and diazepam. The EEG on day 2
demonstrated multifocal epileptiform activity. A CT scan on day |
demonstrated only a subarachnoid hemorrhage, but on day 7
demonstrated a low-density area in the left parietooccipital region
(Fig. 2).

Patient 3. This was a 2.9 kg postterm girl, delivered of a mother
with a history of mitral valve replacement for acute rheumatic
fever. Maternal medications included quinidine (first trimester),
coumadin (changed to heparin two months prior to delivery),
persantine, and bicillin. A prolonged labor was complicated by
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Fig. 3. Patient 3. CT scan with contrast at 12 days of life. Note
enlarged right occipital horn and right posterior parietal, periph-
eral low-density area with small regions of contrast enhance-
ment.

preeclampsia and maternal fever. Ten hours prior to delivery a
severe late deceleration of four minutes’ duration occurred, but
heart rate normalized and scalp pH was 7.33. The infant was
delivered with the aid of a Malmstrom vacuum extractor. Meco-
nium-stained amniotic fluid was present. Apgar scores at one and
five minutes were 2 and 7; umbilical venous pH was 7.26.
Mechanical ventilation was necessary for the first 30 minutes of
life, after which the infant did well. There was evidence of
choricamnionitis and umbilical vasculitis on examination of the
placenta.

At 5 hours the infant developed focal, left-sided tonic-clonic
seizures, which recurred frequently for the first 2% days of life and
persisted until day 12 despite treatment with phenobarbital,
phenytoin, and paraldehyde. The CT scans on days 1 and 3 were
unremarkable. A scan at 12 days revealed a right posterior
parietal low-density region (Fig. 3). Cranial ultrasound examina-
tion on days 2 and 3 revealed only a small right choroid plexus
hemorrhage. An EEG on day 2 was severely abnormal.

Patient 4. This was a 3.8 kg term girl. Meconium-stained
amniotic fluid was noted. A loose nuchal cord was cut during the
vaginal vertex delivery. Apgar scores at one and five minutes were
7 and 8. The placenta was meconium stained.

At 8 hours the infant had tonic-clonic seizure activity of the
right arm, which recurred over the next 1% days despite treatment
with phenobarbital and phenytoin. An EEG at 14 hours of age
revealed left focal epileptiform discharges. The CT scan on day 1
was normal but on day 5 revealed a localized left midparietal
low-density area extending through the gray matter.
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Fig. 4. Patient 5. A, Cranial ultrasound on day 6 of life, left
sagittal section (anterior cranium oriented to right). Note echo-
dense area in posterior parietooccipital region, indicative of
intracerebral blood. There is no evidence of intraventricular or
subarachnoid hemorrhage. (Line represents orientation of “coro-
nal” section in B.) B, Forty-five degree “coronal” section in same
patient, with echodense material in left occipital region.

Patient 5. The patient was a 1.1 kg boy of 30 weeks’ gestation
who was small for gestational age. The mother had severe
preeclampsia (BP 200/110), necessitating premature delivery of
the infant by cesarean section with epidural anesthesia. Apgar
scores at one and five minutes were 5 and 6; umbilical arterial pH
was 7.29. The placenta was circumvallate with many infarcts and
a small, old abruptio.

The first few days of life were complicated by severe respiratory
distress syndrome, interstitial emphysema, and a patent ductus
arteriosus. The infant required mechanical ventilation for seven
days. Cranial ultrasound examination on day 3 revealed no
intraventricular hemorrhage but on day 6 revealed a left parie-
tooccipital echodensity compatible with an isolated intracerebral
hemorrhage (Fig. 4). A CT scan on day 10 demonstrated an area
of increased density in the same area (Fig. 5) with no contrast
enhancement. The EEGs at 6 and 22 days of life were normal. At
1%2 months of age, repeat ultrasound examination revealed reab-
sorption of the blood and an early cystic lesion. At 7 months of
age, the area of the lesion could not be approached by ultrasound,
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Fig. 5. Patient 5. CT scan without contrast on day 10 of life.
Note wedge-shaped left occipital area of increased density,
indicative of 2 hemorrhagic infarct.

but a CT scan revealed an area of porencephaly in the left
parietooccipital region, with slightly prominent ventricles.

DISCUSSION

Cerebral arterial vascular disease with infarction is well
documented ir older infants and children.>® In neonates,
only about 50 cases of cerebral infarction of vascular origin
have been reported in the English literature (excluding
those resulting from meningitis).”*%'* All but five® 1012 14
of the diagnoses were made at autopsy; most have involved
infarcts of the middle cerebral circulation. The high
incidence of cerebral infarction in the autopsy series by
Barmada et al.’ suggests underdiagnosis or a change in the
occurrence rate. With the advent of neonatal intensive
care, neconates who might previously have died are kept
alive longer, perhaps allowing time for the infarcts to
become apparent.

In our series all five infants survived and the infarcts
were diagnosed during the acute episode by CT scan. The
four term infants with ischemic infarcts had severe focal
seizures in the first day of life, and had localizing features
on EEG. Initial CT scans were negative, but became
positive for infarction at 5 to 12 days of age.

Information on the appearance and evolution of local-
ized ischemic infarcts by CT exists mainly for adults.'s'"
Initially the scans are normal, but by two days after the
ictus, the ischemic area appears as a homogenous, low-
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Table II. Causes of stroke in neonates

Reference

Embolization
Placental tissue/vessel thrombus 2,6,8
Twin-to-twin transfusion syndrome 3
Patent ductus arteriosus 7
Congenital heart discase 2,3
Sepsis 10, 12
Thrombosis
Traumatic vascular damage 2,13, 32
Polycythemia*® 33
Stasis/shock
Meningitis /encephalitis*
Tumors
Consumption coagulopathy
Ischemia
Postintraventricular hemorrhage 14
Hypotension/shock
Hypoxia

36, 37, 38

*Venous circulation more commonly affected.

density (low attenuation coefficient), usually wedge-
shaped region, with irregularly defined borders. By four to
10 days, the lesion reaches maximum size; a mass effect
may be noted. With small lesions, by three to four weeks
the CT scan may return to normal. Larger lesions may
progress to cavity formation and cystic degeneration. A
variety of enhancement patterns occur with contrast in up
to 65% of ischemic infarcts, between one and four weeks
after the event'®; 11% may be appreciated only with
contrast.”” Noncontrast studies are required to avoid
obscuring a lesion with minimal hypodensity."” The diag-
nostic accuracy of CT in supratentorial ischemic infarcts is
about 90% in adults, if the scan is done at the appropriate
time, with and without contrast.!”

Hemorrhagic infarcts are seen as wedge-shaped areas of
high-density, sometimes surrounded by a low-density rim;
there is usually no contrast enhancement. Intracerebral
bleeds are usually more dense, have a greater mass effect,
and do not have the characteristic shape or location of
hemorrhagic infarcts. Although neither will be missed on
CT, a distinction between the two cannot always be
made.™

Recent autopsy and clinical correlation of CT head
studies in term neonates with severe perinatal asphyxia
revealed that a diffuse pattern of low-density areas with
gray matter involvement may represent brain ischemia or
infarction.”? These changes are thought to result from a
general hypoxic-ischemic encephalopathy. Diffuse low-
density areas on CT of premature infant brains and
periventricular low density in both term and premature
infants may be normal findings and are difficult to
interpret.?>? However, four of our infants had large
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localized hypodensities with shapes and locations sugges-
tive of cerebral infarction of vascular origin.

Cranial ultrasound may aid in the diagnosis of hemor-
rhagic infarction, as in patient 5. The nonhemorrhagic
infarcts in our other patients were not appreciated with
cranial ultrasound. Ultrasound has been used to diagnose
isolated intracerebral hemorrhage in neonates. However,
some of the recently reported cases of intracerebral hem-
orrhages in term infants may in fact represent hemorrhagic
infarcts. 2>

Radionuclide brain scans can be used to diagnose
cerebral infarcts, but the scans also are usually negative in

. the first week after the infarct.® The resolution of newer
CT scanners may be greater than that of radionuclide
scans, making CT the diagnostic test of choice for detec-
tion of cerebral infarction. However, the timing of the CT
scan is important. Two scans may be necessary, one early
to rule out other disease in need of acute treatment
(perhaps obviated by cranial ultrasound), and the second
seven days later to document infarction. The presence of an
early, normal CT scan in term neonates with severe focal
seizures clinically and on EEG should suggest infarction
and the need for a repeat CT scan.

Possible causes of stroke in neonates are listed in Table
II. Our first two patients (and perhaps the fourth) had
direct trauma to the head and neck. Traumatic occlusion
of the internal carotid and middle cerebral arteries in older
children with nonpenetrating head injuries has been docu-
mented.”* The mechanism of occlusion is thought to be
stretching of the vessel wall or emboli from the internal
carotid artery. Haas® described middle cercbral artery
occlusion in children with migraine headaches after head
trauma. Traumatic injury to cerebral vessels during the
birth process has been documented in vertebral vessels®
and in the internal carotid artery, with intimal damage and
thrombus formation."

The cause in patient 3 is less clear, but could relate to
trauma and stretching of the neck secondary to use of the
Malmstrom vacuum extractor. Some in utero asphyxia
also occurred. In utero hypotension, stasis, and vessel
thromboses (systemic or placental) may have occurred
secondary to the severe bradycardia. In this infant a
dysplastic left kidney was diagnosed later, indicating the
possibility of multiple embolic phenomena at some time,
resulting in damage to more than one organ system.
Maternal medications may also have had some effect.

Patient 5 differed from the others in that he was
premature and had no obvious birth trauma. The infarct
could have been secondary to a placental thromboembolus
at the time of birth (with secondary hemorrhage later), as
there were many placental infarcts and an old abruption
present.
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Many instances of older infants with mild hemiparesis
or focal seizures are seen with no apparent cause. With the
advent of the CT scan, porencephaly or focal areas of
atrophy can be demonstrated. At least some of these
findings may result from cerebral vascular occlusions
associated with difficult deliveries and other perinatal
factors.”>* It is encouraging that two of our five patients
are normal on brief follow-up. Three have no significant
evidence of hemiparesis, indicating that many infarcts may
not only be missed in the neonatal period, but also may not
be detected clinically later in infancy. The possibility
exists, however, that neurologic deficits will become appar-
ent later in childhood; long-term follow-up will be needed
to determine the prognosis of neonatal stroke.

ADDENUM:

Since submission of this article, left cerebral infarctions
have been diagnosed in two additional term infants. Both
infants had good Apgar scores (8/9, 7/8) and appeared
well until right-sided seizures occurred at 10 and 18 hours
of age. The infants continued to do well generally, but
seizures persisted (10 and 2 days, respectively) despite
anticonvulsant medication. The infarcts were diagnosed
with CT scans done at 30 hours of age. A large left
hemisphere infarction encompassing most of the left mid-
dle cerebral artery circulation was present in one infant,
and a high left parietal lobe infarction in the other. The CT
scans were done on a fourth-generation scanner (Deltascan
2020, Johnson & Johnson) and may account for the early
appreciation of the infarcts.
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