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Neonatal Cerebral Arterial Thrombosis: Protein C
Deficiency

Protein C is a plasma protein that is thought to have both antico-
agulant and fibrinolytic function when activated. Deficiency of pro-
tein C is autosomal dominantly inherited and sometimes coexists
with protein S and antithrombin IHI deficiencies. Separate or com-
bined deficiencies are manifested primarily by venous thrombo-
sis. We report the first perinatal brain infarction due to an arterial
thrombus (internal carotid artery) resulting solely from deficiency
of protein C.

Case History

This 6-month-old girl was the 3525-g product of a full-term, uncomplicated
pregnancy and was born via normal spontaneous vaginal delivery. Apgar
scores were 9 at both 1 and 5 minutes.

Within the first 36 hours of life, she had two seizures, which seemed
to originate in the right brain before generalization. The seizures were eas-
ily controlled with phenobarbital. Her neurologic examination was normal.

Cultures of cerebrospinal fluid, blood, and urine were negative, with
her mother’s cervical culture positive for group B Streptococcus. Pertinent
negative laboratory results included urine amino acids, urine organic acids,
drug screen, serum ammonia, and serum lactate.

Magnetic resonance imaging (MRI) revealed an infarct of the right cau-
date and internal capsule. Magnetic resonance angiography at 1 week of
age revealed virtually absent flow signal in the right internal carotid artery,
extending into the cavernous and supraclinoid portions. Aspirin, 20 mg every
day, was started, and a repeat magnetic resonance angiography 4 weeks later
demonstrated markedly improved though somewhat diminished flow (Fig-
ures 1 through 4).

Protein C levels, both functional and immunologic, were deficient when
age corrected at both age 1 week (C functional, 0.18 U/mL; normal, 0.21 to
0.65 U/mL) and 5 months (C functional, 0.33 U/mL; C immunologic, 0.27
U/mL; normal, 0.37 to 0.81 U/mL), with normal protein S (total and free lev-
els) and antithrombin III levels (Table 1). Tests for cardiolipin antibodies
(IgG, IgM, IgA) were all negative.

At 5 months of age, she developed infantile spasms and was treated
with adrenocorticotropic hormone (ACTH). MRI evaluation showed no
change from the previous studies. By that time, a left hemiparesis was
apparent.

Her father’s protein C concentration was abnormally low, though he
does not have a history of thrombotic disease (protein C activity, 0.53;
normal, 0.60 to 1.40 U/mL; antigen, 0.56 U/mL; normal, 0.69 to 1.39 U/mL).
Her mother’s protein C was normal.

Discussion

Mammen et al! first described protein C deficiency in 1960. Pro-
tein C deficiency in pediatric thrombotic disease primarily involves
newborns with disseminated intravascular coagulopathy or pur-
pura fulminans. Children have been described with central nervous
system venous thrombosis causing neurologic deficits.? Protein C
deficiency in neonatal central nervous system arterial thrombosis
has not been previously documented.

There are multiple reports relating deficiencies in protein C
with venous thrombosis in children and adults. In adults, venous
thrombosis is five to six times more common than arterial throm-
bosis. In children, stroke associated with protein C deficiency has
been reported in the clinical context of a primary antiphospholipid
syndrome.” Israels and Seshia described a 17-month-old child with
a transient hemiparesis during a febrile illness, with decreased pro-
tein C concentration and normal brain radionucleotide scan and
computerized tomographic scan. That child did not, as such, have
adocumented cerebral thrombosis.* Protein C deficiency in adults
has been found with central nervous system arterial thrombosis,
but in all reports, it has been associated with a confounding med-
ical history, such as prior chemotherapy.’

Our patient is the first neonate with an isolated protein C defi-
ciency causing a cerebral arterial thrombosis. The magnetic res-
onance angiograms demonstrate the thrombosis and subsequent
recanalization of the internal carotid artery 1 month later (Figures
1 through 4).

Table 1. Protein C Levels in Our Patient and Her Father
Functional Immunologic
Measured Normal Measured Normal
Patient
Age 1wk 0.18* 0.21-0.65" — —
Age 5 mo 0.33 0.37-0.81 0.27 0.37-0.81
Father
Age 36 yr 0.53 0.60-1.40 0.56 0.69-1.39

*All values expressed as U/mL.
"Normal values from pooled serum controls.
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Figure 1. Magnetic resonance angiogram of the carotid and verte-
bral circulation in the neck at age 1 week shows diminished flow sig-
nal in the right common carotid artery compared with the left {arrow).
No definite flow signal is seen in the right internal carotid artery or
external carotid artery. Normal carotid bifurcation is seen on the left
(arrowhead).

Protein C is a vitamin K-dependent protein that is activated
by thrombin; it is thought to decrease fibrin production by inacti-
vating factors V-A and VIII-A. In its activated form, in concert with
protein S, it proteolyzes these factors. Inactivation of plasminogen
factor inhibition accounts for its profibrinolytic activity.®7

Protein C, when measured by electroimmunoassay, is low in
the newborn and increases via increased synthesis in the early
years.® Factors V and VIII are present in the newborn at normal adult
concentrations. Therefore, an absolute deficiency of protein C
tips the balance of an otherwise greater predisposition to neona-
tal thrombosis, because protein C is relatively deficient in the
newborn. As a result, isolated protein C deficiency may be a
greater-than-appreciated cause of neonatal stroke.

This patient demonstrates thrombosis of an internal carotid
artery in the perinatal period due solely to an isolated protein C

Magnetic resonance angiogram of the intracranial circula-

Figure 2.
tion at age 1 week shows no flow signal in the petrous, cavernous, or
supraclinoid right internal carotid arteries. There is good flow signal in
the right anterior and middle cerebral arteries, from crossover from the
left internal carotid artery, through the anterior communicating artery.
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Figure 3. Magnetic resonance angiogram of the carotid and verte-
bral circulation in the neck at age 5 weeks demonstrates normal flow
in the common, internal, and external carotid arteries bilaterally.

Magnetic resonance angiogram of the intracranial circu-

Figure 4.
lation at age 5 weeks demonstrates normal flow in the petrous, cav-
ernous, and supraclinoid internal carotid arteries bilaterally, as well
as the anterior and middle cerebral arteries.

deficiency, an autosomal dominant disorder. Whether aspirin con-
tributed to the vascular recanalization is not known. Protein C defi-
ciency is a potentially reversible cause of neonatal cerebral arterial
thrombosis. Therefore, we suggest that protein C be assayed in all
newborns with stroke and children whose clinical and family his-
tories, examinations, and neuroradiologic testing is consistent
with a stroke in the perinatal period.
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Congenital Fumarase Deficiency Presenting With
Hypotonia and Areflexia

Congenital fumarase deficiency was reported as a “new cause of
mitochondrial encephalomyopathy” in 1986. In that first report, Zinn
and colleagues' described a male infant presenting at a few weeks
of age with poor feeding, lethargy, hypotonia, developmental delay,
and cerebral atrophy. That infant died at age 9 months. Eight other
infants?>” have now been reported with this enzyme deficiency, usu-
ally presenting as a progressive disorder that is ultimately fatal. Iso-
lated fumaric aciduria has also been reported in two adult siblings?
but fumarase activity was not assayed in those patients. We report
here the case of a now 6-year-old child who was initially referred
because of hypotonia, delayed development, failure to thrive, and
“cerebral palsy.”

Case Report : .

This male infant was born at term to a 27-year-old gravida 1 para 0 mother.
The pregnancy was complicated by leakage of amniotic fluid between the
6th and 7th month of gestation. Apgar scores were 9 (1 minute) and 9 (6
minutes). In retrospect, mother thought that the baby was floppy at birth,
did not feed well, and breathed rapidly. The infant was discharged at 48 hours
of age. He was readmitted to the hospital 2 days later because of poor feed-
ing, poor color, and lethargy. His temperature was 36.5°C, pulse was 154
per minute, respirations were 64 per minute, and his blood pressure was
76/48 mm Hg. He was acidotic (arterial blood pH, 7.0), and he was given
70 mL of 5% albumin and 10 mEq of NaHCO,, with partial correction of his
acidosis. His blood count was unremarkable, but serum sodium was 156
mEqL, other electrolytes being normal. Cerebrospinal fluid protein was 271
mg/dL and glucose was 101 mg/dL; cell count showed five white blood cells
(96% mononuclear) and 571 red blood cells/uL. He was treated with ampi-
cillin and gentamicin for presumed sepsis. Cerebrospinal fluid cultures
and latex agglutination tests were negative, but blood cultures were posi-
tive for Escherichia coli. During his 10-day hospitalization, a number of meta-
bolic tests were done, but no specific diagnosis was made.

He was evaluated by a neurologist at age 4 months because of hypo-
tonia and poor weight gain. He was unable to bear weight, had a weak grasp,
and had poor muscle tone. Tongue fasciculations were not present, and deep
tendon reflexes could not be elicited. The serum creatine kinase level was
normal. The conduction velocity in his peroneal nerve was 34 nv/s, and a
needle electromyogram was normal. By 15 months of age, he had been hos-
pitalized for treatment of pneumonia and had two surgical procedures
done (tympanostomy tubes and a feeding gastrostomy had been placed).
He continued to make slow developmental progress.

The family moved to Pittsburgh when the child was about age 2.5 years.
He was admitted to the Children’s Hospital for vomiting and dehydration.
The following test results were obtained: Na, 140 mEqg/L; K, 5.3 mEqg/L; Cl,
108 mEg/L; CO,, 10 mEg/L; blood urea nitrogen, 10 mg/dL; glucose, 137 mg/dL;
and venous pH, 7.16. The urine was positive for ketones. Blood lactate level
was 2.0 mEqg/L (normal, 0.7 to 1.8 mEq/L), pyruvate level was 0.12 mEq/L
(normal, 0.03 to 0.08 mEq/L), and ammonia level and liver function tests
were normal. Blood amino acids were normal; urine amino acids showed
a slight increase in amino acid excretion; urine organic acids showed an
elevation of 3-hydroxybutyrate and acetoacetate, consistent with physio-
logic ketosis.

He was first evaluated in our neurology department at age 3 years. His
weight was below the 5th percentile, whereas height and head circumfer-
ence were both at the 25th percentile. He appeared bright, alert, and inter-
active, but had almost continuous choreoathetoid movements of the upper
extremities. He had difficulty extending his fingers. There was diffuse hypo-
tonia and muscle wasting, especially in the legs. Deep tendon reflexes were
absent, and Babinski reflex was present bilaterally. Blood lactate level was
1.4 mEg/1, and pyruvate concentration was 0.08 mEqg/L. Serum creatine kinase
level and plasma very long chain fatty acid levels were normal. Urine organic
acids analysis detected an unusual MU 21.6 compound (possibly drug
related); glutaric acid was not elevated. Aryl sulfatase A activity in blood lym-
phocytes was normal, as was biotinidase activity. A magnetic resonance imag-
ing scan of the brain (Figure 1) was notable for enlarged ventricles and a
thin corpus callosum. These findings suggested that this disorder resulted
in diffuse central hypomyelination and cerebral atrophy. There were no areas
of abnormal signal in the cortex, basal ganglia, or the brain stem. Nerve con-
duction tests and an electromyogram were done. Conduction velocity in the
peroneal nerve was 37 mv/s (normal > 42 my/s), in the ulnar nerve was 40 /s
(normal > 45 m/s), in the median (motor) nerve was 39 m/s (normal > 38 m/s),
and in the median (sensory) nerve was 38 m/s (normal > 48 m/s). Stimula-
tion of the posterior tibial nerve (conduction velocity 33 nv/s; normal > 44
m/s) was associated with prolongation of distal latency (5.6 ms; normal <
3.5 ms). Needle electromyographic study was normal. This was felt to be con-
sistent with a motor and sensory neuropathy, suggesting that the primary
pathologic process involved segmental demyelination.

Muscle and sural nerve biopsies were done. On histologic examina-
tion of the muscle, there was atrophy of type II fibers on adenosine triphos-
phatase stains, although a few type I fibers were atrophic as well. There
was no fibrosis, inflammation, lipid storage, or fiber type grouping, nor were
there ragged red fibers. These findings suggested a neurogenic process.
Examination of the peripheral nerve showed an increase in endoneurial con-
nective tissue, without storage of abnormal material. Analysis of the dis-
tribution of myelinated fibers according to size showed no deviation from
normal. The most dramatic finding was that most fibers were thinly myeli-
nated (Figure 2). Myelin thickness ranged from one ninth to one fifth of the
axon diameter (mean thickness was one seventh of axon diameter), rather
than the normal ratio of one to four or one to three between myelin thick-
ness and axon diameter. Onion bulb formation was not observed, nor was
there evidence of axonal degeneration. The changes seen in the sural nerve
suggested an impairment of myelination, rather than demyelination followed
by remyelination. The patient’s follow-up was in the neurology, gastroen-
terology, and cerebral palsy clinics, where he was enrolled in a program of
physical and occupational therapy. He continued to make slow develop-
mental progress, without any signs of regression.

At age b years, he remained interactive, attentive, and cooing. He still
had severe hypotonia and wasting of the proximal muscles of his legs. Dis-
tal tone was slightly increased, and choreoathetoid movements were pre-
sent. Tendon reflexes were depressed but present at his knees. Examination
of his urine for organic acids revealed an elevation of lactate, fumarate, and
4-hydroxyphenylacetic acid. This was confirmed on a second urine speci-
men. At that time, blood lactate level was 5.4 mEq/L and pyruvate level was
0.26 mEq/L with a lactate-to-pyruvate ratio of greater than 20:1. Cere-
brospinal fluid lactate level was 2.6 mEq/L, pyruvate concentration was 0.15
mEyL, and cerebrospinal fluid glucose and protein levels were normal. Arte-
rial blood gases were normal. A third urine sample was tested for organic
acids and showed elevated fumarate, citrate, succinate, and 4-hydroxy-
phenylacetate.
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