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Abstract

BACKGROUND

Holoprosencephaly (HPE) is a congenital malformation with various degrees of
incomplete separation of the cerebral hemispheres due to differentiation disorders of
the forebrain. Although HPE with diabetes insipidus due to associated pituitary
dysfunction has been reported, HPE with the syndrome of inappropriate antidiuretic
hormone secretion (SIADH) is very rare. Tolvaptan, a vasopressin V2 receptor
antagonist, is effective in adults with SIADH. However, there is no report of its efficacy
in infants with SIADH. The purpose of this study is to demonstrate that tolvaptan is
effective for SIADH in infants and that administration of tolvaptan eliminates the need

for restriction of water intake and sodium administration.

CASE SUMMARY

A 2414 g female infant was born at 38 wk by normal vaginal delivery. Facial anomalies
and head magnetic resonance imaging indicated semilobar HPE. After birth, she had
hyponatremia due to SIADH and was treated using water and sodium restriction.
However, she developed an exaggerated response to the fluid restrictions, resulting in
large fluctuations in serum sodium levels. Subsequent administration of tolvaptan
improved the fluctuations in serum sodium levels without the need for adjustment of

water or sodium administration. Serum sodium was maintained within the normal
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range after discontinuation of tolvaptan at 80 d of life. There were no side effects, such

as hypernatremia or liver dysfunction, during the administration of tolvaptan.

CONCLUSION
This is the first report on the safety and efficacy of tolvaptan to an infant with SIADH

associated with HPE.
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Core Tip: Holoprosencephaly with the syndrome of inappropriate antidiuretic
hormone secretion (SIADH) is very rare. The main treatment of SIADH is a restriction
of water intake and sodium administration, which could inhibit the infant’s growth.
Tolvaptan, a vasopressin V2 receptor antagonist, is effective in adults with SIADH but
has not been reported in infants. In the present neonatal case, the patient developed
SIADH, and a restriction of water intake and sodium administration caused the
fluctuations in serum sodium levels. Subsequent administration of tolvaptan improved
the serum sodium level. Tolvaptan could be a novel standard treatment of infants with

SIADH.

INTRODUCTION

Holoprosencephaly (HPE) is a congenital malformation in which ventralization of the
forebrain, which forms the left and right cerebral hemispheres, is incomplete, due to

gene mutations involved in ventral induction of the forebrain, such as SHH, SIX3, and
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ZI1C2[1-51, HPE causes malformations in the cerebral hemispheres, deep brain structures,
olfactory bulbs and visual bulbs, and facial malformations in the form of interocular
narrowing, flat nasal bridge, a single nostril, cleft lip and palate, and a single maxillary
central incisor(t67l. Furthermore, HPE might be associated with various degrees of
hypothalamic-pituitary dysfunction(¢-10. In particular, pituitary dysfunction results in
partial or global hyposecretion of anterior lobe hormones and hyposecretion of
posterior lobe hormones1610 Diabetes insipidus (DI) is generally a common
complication of HPE[#10, and HPE with the syndrome of inappropriate antidiuretic
hormone secretion (SIADH) is very rare.

The main treatment for infants with SIADH is restriction of water intake and sodium
administration", However, these treatments might inhibit the infants” growth, while
also increasing morbidity and mortality in neonates[!213]. In recent years, tolvaptan, a
vasopressin V2 receptor antagonist, has been reported to improve hyponatremia by
promoting free water excretion via the renal collecting duct in adults with STADHI[14.15].
However, there are no reports of tolvaptan improving SIADH associated with HPE.

We report here an infant with SIADH associated with HPE in whom tolvaptan
improved hyponatremia, with prevention of the fluctuation in serum sodium levels
without limitation of water and sodium administration. This is the first case report
showing the efficacy and safety of tolvaptan in an infant with SIADH in association

with HPE.

CASE PRESENTATION

Chief complaints

A 2414 g female infant was born at 38 wk by normal vaginal delivery. Her Apgar score
was 8 and 9 at one and five minutes, respectively. She had no respiratory problems or
other symptoms but was admitted to the neonatal intensive care unit promptly after

birth because HPE was suspected prenatally.

History of present illness
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She had been suspected of having HPE on a fetal echo since the prenatal period.

Personal and family history

The patient had no significant family history.

Physical examination
She had several facial anomalies, including a cleft lip, closely spaced eyes, a depressed

nasal bridge, and an absent nasal septum.

Labomtary examinations

At birth, no abnormalities were observed in laboratory examinations.

Imaging examinations

Head magnetic resonance imaging (MRI) was taken to evaluate brain morphology on
the 3rd d of life. MRI was imaged at 3.0 Tesla with 0.8 mm slices. MRI revealed a fusion
of the frontal region, an interhemispheric fissure in the occipital region, and normal
pituitary lobes (Figure 1A and B). The posterior pituitary lobe, which is high-signal on
Tl-weighted images, is small and shifted upward, suggesting an ectopic posterior

pituitary stalk (Figure 1 C and D).

FINAL DIAGNOSIS

Based on the MRI results, she was diagnosed with semilobar HPE.

TREATMENT

Figure 2 shows her clinical course of water intake, serum sodium level, and urine
output. On the 24 d of life, her urine output was 2.4 mL/kg/h and her serum sodium
level was 123 mEq/L. Urinary sodium concentration at this time was very high, at 150
mEq/L. However, administration of sodium according to the calculated necessary

sodium requirement (11 mEq/kg/d) and restriction of water intake (to 88 mL/kg/d)
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caused an exaggerated reaction, resulting in hypernatremia (serum sodium level 151
mEq/L) and increased urine output (5.1 mL/kg/h) on the next day. Blood hormone
evaluation on the 7 d of life showed that serum ACTH and cortisol levels were
relatively preserved (ACTH: 21.2 pg/mL, cortisol 7.0 pg/dL), and thyroid function was
normal (free T3: 1.94 pg/mL, free T4: 1.37 ng/dL, thyroid stimulation hormone: 1.032
plU/mL, suggesting the preservation of anterior pituitary function.

On the 9% d of life, hyponatremia (serum :ﬁdium level 119 mEq/L) and decreased
urine output (2.8 mL/kg/h) appeared again. Serum osmolality was 246 mOsm/L and
urine osmolality was 444 mOsm/L, and serum ADH was 1.1 pg/mL. SIADH was
diagnosed based on these datal'617l. Regulation of water intake and sodium
administration again caused an exaggerated reaction in terms of serum sodium levels,
with no improvement in the fluctuation of serum sodium. Thus, oral tolvaptan was
started at a dose of 0.14 mg/kg/d on the 16" d of life. Thereafter, urine output
increased and stabilized, and hyponatremia improved without restriction of water or

sodium administration.

OUTCOME AND FOLLOW-UP

Her serum sodium levels remained within the normal range even after discontinuation
of tolvaptan at 80 d of life. There were no side effects of administration of tolvaptan,

such as hypernatremia or liver dysfunction.

DISCUSSION

Pituitary dysfunction is often present in HPE, and central DI caused by hyposecretion of
ADH is one of the most common complications of HPE[L6-10l. However, this patient had
SIADH, and it was difficult to regulate the serum sodium instability with only sodium
administration and regulation of water intake. The purpose of this study is to
demonstrate that tolvaptan is effective for SIADH in infants and that administration of

tolvaptan eliminates the need for restriction of water intake and sodium administration.
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Osmoreceptors located in the anteroventral wall of the third ventricle sense changes
in plasma osmolality, and transmit signals to ADH neurons in the hypothalamus to
regulate ADH secretionl®18l. Four mechanisms of osmotically regulated ADH secretion
have been reported in SIADH: Erratic ADH release, reset osmostat, persistent ADH
release with low plasma osmolality, and normal osmoregulated ADH secretion(”]. In
fact, ADH was secreted in this case despite hyponatremia, in accordance with the
diagnostic criteria for SIADH[720, In addition, serum ACTH and cortisol levels were
normal, indicating that anterior pituitary function was well preserved. Based on these
results, the fluctuations in serum sodium levels might have been due to a disorder in
osmoregulation because of posterior pituitary dysfunction.

ADH activates V2 receptors on the baseent membrane in renal collecting duct cells,
causing aquaporin-2 channels to move to the apical membrane, and allowing the
normally impermeable apical membrane to become permeable to water(1720l, In STADH,
the inappropriately secreted ADH enhances water reabsorption in the renal collecting
duct and increases extracellular fluid volume. By promoting free water excretion,
tolvaptan reportedly improves hyponatremia in adult SIADH patients[!416]. In our case,
urine output stabilized and serum sodium levels improved after starting tolvaptan
administration, without the need for adjustment of water or sodium administration,
suggesting its potential efficacy even in infants. Since tolvaptan acts on the renal
collecting ducts, it might have potential benefit in stabilizing urine output even in the
presence of central nervous system diseasesl!>1®l. Reportedly, 5.9% of adult SIADH
patients treated with tolvaptan experience overly rapid correction of hyponatremiall6l.
However, no abnormalities in serum sodium were observed in this patient after the
administration of tolvaptan. The previous main treatment for infants with SIADH was
restriction of water intake and sodium administration. However, these treatments
might inhibit the infants” growth, while also increasing morbidity and mortality in
neonatesl'314. In our patient, the administration of tolvaptan resulted in adequate
control of serum sodium levels without the need for adjustment of water or sodium

administration.
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There are some limitations to this study. First, because it is a single case report, there
is insufficient evidence of tolvaptan’s efficacy. Second, the outcomes without tolvaptan
are unknown because of the lack of controlled trials. However, it is anticipated that the

accumulation of other cases will provide stronger evidence.

CONCLUSION

We report an infant with SIADH associated with HPE with an exaggerated response to
restriction of sodium and water. The pathology in this case was presumed to be due to
osmoregulatory disorders caused by posterior pituitary dysfunction. Finally, tolvaptan
administration enabled stabilization of serum sodium levels. Tolvaptan has the

potential to be a novel standard in the treatment of infants with STADH.
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Figure Legends

Figure 1 Head magnetic resonance imaging. A and B: Coronal view of a T1 weighted
image. The left and right cerebral hemispheres are incomplete, and absence of corpus
callosum, presenting a semilobar encephalocele; C and D: Parasagittal view of a T1

weighted image. The triangle indicates an ectopic posterior pituitary stalk.

Figure 2 Clinical course of the patient. Oral administration of sodium and tolvaptan,
water intake, serum sodium level, and urine output are shown. In the “Water intake”
and “Serum sodium” chart, the gray band represents the general range of a healthy

infant.
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