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Abstract

Neonatal Graves disease is the most common cause of hyperthyroidism during the newborn period. Maternal Graves disease
increases the risk of intrauterine growth restriction, small for gestational age, and neonatal Graves disease. Intrauterine growth
restriction and small for gestational age are associated with hypoglycemia and transient neonatal hyperinsulinism. Neonatal
Graves disease with severe persistent hypoglycemia has not been well described. We present the case of a female patient born
at 34weeks and 3days with a birth weight of |.6kg (fifth percentile) to a mother with recent treatment for Graves disease.
Prenatal ultrasounds were significant for intrauterine growth restriction and small for gestational age. The mother did not
begin hyperthyroidism medical therapy until 23 weeks and 2 days of gestation. After the infant was born, the infant not only had
symptoms of hyperthyroidism such as tachycardia and abnormal thyroid values but also had persistent hypoglycemia, which could
be due to maternal propranolol usage, prematurity, IUGR, increased metabolism due to neonatal Graves, and transient stress-
induced hyperinsulinism. The infant was started on methimazole for hyperthyroidism and propranolol for tachycardia. She was
also started on diazoxide for persistent hypoglycemia. By 6 months of age, the hyperthyroidism and hypoglycemia had resolved.
This is an interesting case of neonatal Graves disease with severe persistent hypoglycemia which we suspect is due to transient
neonatal hyperinsulinism induced by multiple stress responses.
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Introduction percentile), length of 43 cm (16.93 inches) (28th percentile), and
head circumference of 29.5cm (11.161inches) (15th percentile)
to a 24-year old G1P0 mother with prenatal care. Prenatal ultra-
sounds were significant for [UGR, oligohydramnios, and echo-
genic bowel. Fetal echocardiogram was significant for sinus
tachycardia up to 170 bpm. Prenatal noninvasive cell-free DNA
testing, which is a maternal blood test that can screen for fetal
chromosomal abnormalities, was positive for Turner syndrome;
however, the mother declined amniocentesis. The maternal kar-
yotype was obtained to look for mosaicism and was normal.
The mother had a history of hyperthyroidism; however, she
was not on medication therapy prior to becoming pregnant. She

Neonatal Graves disease is rare and occurs in about 1-5% of
infants born to mothers with Graves disease.! The clinical pres-
entation of neonatal Graves disease varies widely and can pre-
sent with symptoms such as hyperactivity, tachycardia, and
goiter.? The clinical presentation of neonatal Graves disease
largely depends on the levels of thyroid-stimulating hormone
(TSH) receptor antibodies (TRAbs) with increased maternal
TRADbs being associated with a greater likelihood of neonatal
Graves disease.> Maternal Graves disease increases the risk of
intrauterine growth restriction (IUGR), small for gestational age
(SGA), and neonatal Graves disease. [IUGR and SGA are asso-
ciated with hypoglycemia and transient hyperinsulinism.*
Neonatal Graves disease with severe persistent hypoglycemia
has not been described.
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We present an [UGR SGA female patient who was born at Children’s Way, MC 5124, San Diego, CA 92123, USA.

34weeks and 3days with a weight of 1.6kg (3.531bs) (5th Email: slfine@health.ucsd.edu
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was otherwise previously healthy and did not have gestational
diabetes. During the last trimester of pregnancy at 23 weeks and
2 days of gestation, she presented to the emergency room with
thyrotoxicosis and was started on 30mg/day of methimazole
and 20mg/day of propranolol for the remainder of the preg-
nancy. The mother’s initial TRAbs were 35IU/L (normal range
is <1.751U/L) and her thyroid-stimulating immunoglobulin
result was greater than 500% (normal is <122%).

At 34weeks and 3days, the mother was admitted for
delivery due to fetal heart rate decelerations seen on non-
stress testing (NST), which is an ultrasound-based test to
assess fetal well-being.® At that time, maternal heart rate
ranged from 90 to 110bpm with prior baseline heart rates
ranging from 60 to 75 bpm. Her free T4 (FT4) was elevated at
2.55ng/dL (0.93-1.70ng/dL), and total T3 resulted as
>6.5ng/dL (0.8-2.0ng/dL) which was the highest laboratory
value that could be reported from testing.

The infant was delivered via cesarean section due to the
abnormalities seen on prenatal ultrasounds as well as decelera-
tions on routine NST. The infant had APGARs of 8 and 9 with
normal vital signs, normal physical exam without dysmor-
phology nor goiter, and required no initial interventions at
birth. Chromosomal testing was normal and ruled out Turner
syndrome. Ultrasound of the thyroid was not performed con-
sistent with endocrinology recommendations, as diagnosis of
neonatal Graves disease is made via measurements of FT4,
thyroid-stimulating immunoglobulins, and TSH.?

Upon admission for prematurity, intermittent tachycar-
dia (>160bpm) was noted and then severe tachycardia
(>200bpm) occurred on day of life (DOL) 8. In the set-
ting of maternal Graves disease, neonatal Graves disease
was diagnosed by infant’s blood, obtained on DOL 4,
which showed elevated thyroid-stimulating immunoglob-
ulins at 448% (<122%), elevated FT4 2.8ng/dL (0.9—
2.5ng/dL), and low TSH at 0.1ulU/ml (0.27-4.20 ulU/
mL). The samples were run on a Roche Cobas 8000 instru-
ment and reference ranges for normal FT4 values were
0.9-2.5ng/dL (for ages 0—5days) and 0.9-2.2ng/dL (for
0—2 months).

In addition, severe hypoglycemia was noted with point-
of-care glucose between 20 and 30mg/dL starting at the
first hour of life and required glucose infusion for 18 days
with intermittent persistent hypoglycemia for the first
8 days of life. The glucose infusion rate (GIR) was increased
daily due to persistent hypoglycemia (glucose <50mg/
day) and at one point, the GIR reached a peak at 14.8 mg/
kg/min (DOL 10). Hypoglycemia workup when glucose
was 35mg/dL in the first 48 h of life included: normal lac-
tate, low beta-hydroxybutyrate, absent urine ketones, ele-
vated growth hormone, and normal cortisol. The laboratory
notified the team that the amount of blood sent to test for an
insulin level was insufficient several days later. A repeat
specimen for insulin was not re-sent because treatment
with diazoxide had already been initiated. The newborn
screen was normal.

Treatment

On DOL 8, methimazole was initiated at 0.5mg/kg/day for
hyperthyroidism and diazoxide was initiated at 16.5mg/kg
divided every 8h for persistent hypoglycemia. On DOL 9, pro-
pranolol 0.5mg/kg/day was initiated when repeat thyroid test-
ing, per American Academy of Pediatrics (AAP) guidelines,
demonstrated persistent hyperthyroidism with elevated FT4
4.67ng/dL (0.9-2.2ng/dL), low TSH 0.01ulU/mL (0.27—
4.20ulU/mL), and T3 1.8ng/mL (0.8-2.0ng/dL). Glucose lev-
els stabilized (>50mg/dL) when diazoxide was started on DOL
8 and the glucose infusion was tapered and eventually discon-
tinued 10days after starting diazoxide and methimazole.

Outcome and follow-up

The infant’s FT4 and T3 levels normalized on DOL 27 with FT4
0.8ng/dL (0.9-2.2ng/dL), T3 1.0ng/mL (0.8-2.0ng/dL), and the
patient was discharged after 1 month in the NICU on methimazole
0.5mg/kg/day divided three times a day and diazoxide 15mg/kg/
day divided three times a day. At 6 weeks of age, because the FT4
was low at 0.44ng/dL (0.9-2.5ng/dL), and TSH normalized at
2.39ulU/mL (0.27-4.20ulU/mL), the methimazole was stopped.
By 7months of age, she had normal glucose at 73—-81ng/dL and
thyroid levels of FT4 of 0.96ng/dL, TSH 1.54ulU/mL. Her glu-
cose remained stable when checked at home and she did not have
any hypoglycemic encephalopathy or hyperglycemic episodes. At
this point, the diazoxide was discontinued as shown in Figure 1.

23 weeks - Maternal Graves disease diagnosed.
: - Propranolol and methimazole started.

gesiaton - Fetal ultrasound: sinus tachycardia.
- Infant born with intermittent

34 weeks | tachycardia and severe

gestation hypoglycemia.
- Glucose infusion started.
- Persistent hypoglycemia despite

glucose infusion.
DOL 2-9 - Persistent tachycardia (DOL 8).

- Dx: neonatal Graves disease.
- Methimazole, propranolol, and
diazoxide started.

- Discharged to home on 0.5mg/kg
methimazole every 8 hours (q8h), 5.5
mg/kg diazoxide q8h, and glucose
monitoring regimen.

DOL 32

- Patient continues to grow and has

6 weeks old ~ | normal thyroid/glucose levels.

- Glucoses and thyroid labs normalize.
- Diazoxide + methimazole
discontinued.

6 months old —

Figure |. Timeline of events.
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Figure 2. Comparison of GIR, glucose, and feeds in the setting of neonatal Graves disease with persistent hypoglycemia.

Discussion

Neonatal Graves disease is caused by the direct placental
transfer of maternal thyroid-stimulating immunoglobulins
that bind to the fetal TSH receptors, such as shown in this
case. The binding to TSH receptors leads to increased pro-
duction of thyroid hormones causing hyperthyroidism and in
some severe cases, thyrotoxicosis.® While there are case
reports of rare resistance to thyroid hormone beta, typically
infants with neonatal Graves present with suppressed TSH
levels through a negative feedback loop.” Neonatal Graves is
normally transient, such as this case, and resolves within the
first year of life due to clearance of maternal thyroid immu-
noglobulins.® AAP guidelines recommend treating neonatal
Graves with methimazole, and propranolol if needed, and to
follow clinically at least until 3 months of age, which was
done in this case.

This case is unique because neonatal Graves disease
with severe persistent hypoglycemia is not well described.
Maternal Graves disease can contribute to IUGR and lead
to SGA, such as demonstrated in this case. Hypoglycemia
in an infant is commonly seen with risk factors like prema-
turity, SGA, and IUGR, but symptoms normally resolve in
the first few days of life. In addition, hypoglycemia can
occur in neonates exposed to maternal beta-blockers; how-
ever, the hypoglycemic effects, similar to SGA and IUGR
infants, are transient and resolve in the first few days of
life.” In this case, hyperinsulinism was a diagnosis of
exclusion (i.e., no acidosis, bacteremia, or clinical signs to
suggest sepsis, low beta-hydroxybutyrate which argued
against cortisol and growth hormone deficiency, negative
screening for fatty acid oxidation disorders on newborn

screening, and negative hypopituitarism workup). The
improvement with diazoxide, and resolution within
6 months of age, favors a diagnosis of persistent hypogly-
cemia or transient hyperinsulinism.!® However, hyperinsu-
linism-specific laboratories such as molecular analysis for
HNF4A and HNF1A, were not obtained.

Perinatal stress is a common cause of persistent hypo-
glycemia and neonatal transient hyperinsulinism.!! The
most plausible reason for the persistent hypoglycemia was
the infant’s growth restriction, which was a result of
uncontrolled maternal Graves disease, which, in turn,
induced a stress response in the infant. The stress response
was likely exacerbated by the unmasking of neonatal
hyperthyroidism after the maternal methimazole was
cleared from the infant’s system at 1 week of life. This is
supported by a need to increase the infant’s GIR from
7mg/kg/min (DOL 5) to 14.8 mg/kg/min (DOL 10) as
demonstrated in Figure 2. Stress can lead to an increase in
catecholamines, which has been proposed to cause dys-
regulated insulin secretion leading to, transient hyperinsu-
linism and persistent hypoglycemia.’

This is an interesting case of neonatal Graves disease with
severe persistent hypoglycemia. Pediatricians, endocrinolo-
gists, neonatologists, obstetricians, and gynecologists need
to be aware of persistent hypoglycemia and possibly tran-
sient hyperinsulinism as a potential risk with [UGR and
SGA, especially in the setting of maternal Graves disease
and neonatal hyperthyroidism. It is important to diagnose
neonatal Graves and persistent hypoglycemia early so that
life-threatening symptoms, such as tachycardia, heart fail-
ure, and in this case, hypoglycemia, can be immediately
treated and managed long term.
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Conclusion

Neonatal Graves disease is the most common cause of hyper-
thyroidism during the newborn period. This is an interesting
case of neonatal Graves disease with severe persistent hypo-
glycemia which we suspect is due to transient neonatal
hyperinsulinism induced by multiple stress responses and
unmasked by neonatal hyperthyroidism.

Learning points

e Maternal Graves disease increases the risk of ITUGR,
SGA, and neonatal Graves disease, as demonstrated
in this case.

e [UGR and SGA are associated with hypoglycemia
and transient hyperinsulinism.

e For this case, we suspect the severe persistent hypo-
glycemia is due to transient neonatal hyperinsulinism
induced by multiple stress responses, unmasked by
neonatal hyperthyroidism.

e Pediatricians, endocrinologists, neonatologists, and
OB/Gyns need to be aware of hypoglycemia and tran-
sient hyperinsulinism as a potential risk with [IUGR
and SGA.

e [t is important to diagnose neonatal Graves and per-
sistent hypoglycemia early so that life-threatening
symptoms, such as tachycardia, heart failure, and in
this case, hypoglycemia, can be immediately treated
and managed long term.
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