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Abstract

Purpose Hydranencephaly is a congenital condition characterized by the complete or near-complete absence of the cerebral
cortex and basal ganglia, while central diabetes insipidus (CDI) is a condition characterized by the inability to concentrate urine
due to a deficiency in antidiuretic hormone (ADH). CDI is known to occur in midline congenital malformations such as
holoprosencephaly and septo-optic dysplasia, but its association with hydranencephaly is less well-established.

Methods We reported two cases of hydranencephaly complicated by CDI. We also performed a systematic review of the
SCOPUS and PubMed databases for case reports and case series of patients with hydranencephaly and CDI, and compiled data
on the clinical features and treatment options.

Results Seven cases of hydranencephaly complicated by CDI were identified from the systematic review in addition to the two
cases reported here, resulting in a total of nine cases. The patients’ age ranged from 4 days to 4 years, and there was a female sex
predilection (3.5:1). Patients most commonly presented with macrocephaly, developmental delay, and seizures, with dysmorphic
features noted in 33%. In addition to CDI, other endocrinologic derangements included hypothyroidism (22%), hypocortisolemia
(22%), and panhypopituitarism (22%). CDI was treated using sublingual or oral desmopressin while hypopituitarism was treated
with the appropriate hormone replacement therapy. Insertion of a ventriculoperitoneal (VP) shunt was reported in 44% of cases.
Conclusion The case reports and systematic review suggest a previously unknown association between hydranencephaly and
CDI. Clinicians managing cases of hydranencephaly are advised to have a high index of suspicion for CDI in patients presenting
with the characteristic signs and symptoms.
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Introduction

Hydranencephaly is a rare congenital central nervous system
disorder occurring in one in 10,000 births and reported in
0.2% of infant autopsies [1, 2]. It is characterized by the com-
plete or near-complete absence of the cerebral cortex and basal
ganglia with preservation of the thalami and brainstem [3, 4].
This condition is thought to arise from the intra-uterine occlu-
sion of the bilateral supraclinoid internal carotid arteries, lead-

P4 Kathleen Joy O. Khu
kathleen.khu @neurosurgery.ph

Section of Neurosurgery, Department of Neurosciences, College of
Medicine and Philippine General Hospital, University of the
Philippines Manila, Taft Avenue, Ermita, 1000 Manila, Philippines

ing to resorption of cerebral tissue typically supplied by the
anterior circulation [3—-6].

Diabetes insipidus is a condition characterized by the in-
ability to concentrate urine secondary to either deficiency of
antidiuretic hormone (ADH) in the central type, or resistance
of the kidneys to ADH in the peripheral type [7, 8]. It is rare,
occurring in 1 in 25,000 births, with central diabetes insipidus
(CDI) accounting for greater than 90% of cases [7, 9]. Causes
of CDI include mechanical obstruction or infiltration of the
pituitary gland by tumors, hypoxic injury, trauma, infections,
or medications [7, 9]. Congenital malformations such as
holoprosencephaly and septo-optic dysplasia are also known
to be associated with CDI, but an association between CDI
and hydranencephaly is less well-established [7, 8, 10-12].

We report two cases of hydranencephaly complicated by
central diabetes insipidus. We also performed a systematic
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review of the literature to identify cases of hydranencephaly
with CDI and discuss management options and outcomes.

Case reports
Case 1

Case 1 is a 4-month old female, born full term to a 29-year old
G3P2 (2002) mother via primary low segment cesarean sec-
tion due to an antenatal diagnosis of fetal hydrocephalus. The
mother had regular pre-natal medical care and took folate and
iron supplementation, and had an unremarkable pregnancy.
The patient’s head circumference at birth was 38 cm (z> 2).
She was also noted to have episodes of increased urine output.

On consult, the patient was awake, active, with downward
primary gaze but no other focal neurologic deficits. The head
circumference was 51 cm (z>2). She was able to turn her
head toward sounds but did not have a social smile. Cranial
CT scan showed severe hydrocephalus and absent bilateral
cerebral cortices, with intact falx, thalami, cerebelli, and
brainstem, consistent with hydranencephaly (Fig. 1). On ad-
mission, a diagnosis of central diabetes insipidus was made on
the basis of increased urine output (7.9 mL/kg/h), elevated
serum sodium (162 mmol/L), high serum osmolarity
(335 meqs/L), low urine osmolarity (160 meqs/L), and low
urine specific gravity (1.004). She was thus treated with
desmopressin 50 pg/tab % tab once daily and fluid replace-
ment. Hormonal work-up also revealed secondary hypothy-
roidism for which the patient was started on levothyroxine
25 pg/tab once daily.

The patient subsequently underwent VP shunt insertion.
She was discharged well and maintained on desmopressin
and levothyroxine. On follow-up at 11 months of age, the

Fig. 1 a Axial cut of the plain
cranial CT scan shows absence of
bilateral frontotemporoparietal
lobes with intact thalami and
brainstem. b A superior axial cut
shows absence of bilateral
cerebral cortices with intact falx
cerebri, consistent with
hydranencephaly
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patient was seen awake, with fair activity and spastic bilateral
lower extremities. Her head circumference was 48.5 cm (z >
2), decreased compared to the preoperative value but still
above normal for age. She had no visual threat but had an
intact auditopalpebral reflex.

Case 2

Case 2 is a 5-month old female, born pre-term to a 19-year old
primigravid via low segment cesarean section performed due
to an antenatal diagnosis of fetal hydrocephalus and onset of
preterm labor. The mother had a history of cigarette smoking
and alcoholic beverage intake during the first two trimesters of
pregnancy. The head circumference at birth was 33 cm (z < 0).
The patient was admitted at the neonatal ICU for a month
where she was managed as a case of prematurity and neonatal
pneumonia. At 2 months of age, the parents noted gradually
progressive increase in head circumference, prompting
consult.

On consult, the patient was awake, with good activity and
no focal neurologic deficits. She had no social smile and had
poor head control. Her head circumference was 45 cm (7> 2).
She was also noted to have constriction bands on the second
and third digits of the left hand and congenital amputation of
the first and second digits of the right foot. Cranial CT scan
showed severe hydrocephalus and absence of bilateral
frontotemporoparietal lobes and thalami with intact brainstem,
cerebellum, and part of the occipital lobes, consistent with
hydranencephaly (Fig. 2).

On admission, the patient’s serum sodium was
155 mmol/L, urine specific gravity was 1.006, and urine out-
put was 0.2 mL/kg/h. She underwent an unremarkable VP
shunt insertion the following day. However, on the first post-
operative day, serum sodium increased to 172 mmol/L, urine
specific gravity decreased to 1.003, while the urine output
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Fig. 2 Mid-sagittal cut of the plain cranial CT scan shows absence of the
frontotemporoparietal lobes with intact brainstem, cerebellum, and
inferior portion of the occipital lobes

increased to 4.3 mL/kg/h. The patient was diagnosed to have
diabetes insipidus due to polyuria supported by the character-
istic laboratory findings. She was started on oral desmopressin
50 pg/tab % tab once daily, resulting in normalization of the
urine specific gravity, serum sodium, and urine output after
several days.

The patient’s clinical course was complicated by nosoco-
mial pneumonia, sepsis, and fungal UTI. After 6 weeks of
antibiotic treatment, the patient was discharged, improved,
and maintained on oral desmopressin. On follow-up at
10 months of age, the patient was seen awake with fair activ-
ity, with an intact auditopalpebral reflex and no visual threat.
The anterior fontanelle was flat and head circumference was
46 cm (z>2).

Literature search strategy

A systematic search of the PubMed and SCOPUS databases
was performed using the keywords “hydranencephaly” and
“diabetes insipidus.” The reference lists of the assessed arti-
cles were also searched for relevant studies.

All English- and Spanish-language case reports and case
series on hydranencephaly patients with concomitant central
diabetes insipidus were collected and analyzed. Articles were
excluded if the diagnosis of hydranencephaly was not con-
firmed radiographically or if there was no breakdown of cases
to allow analysis of individual data. Data collected included
patient demographics, clinical features, imaging results, med-
ical and surgical management employed, and outcomes.

A total of 41 records were identified through a database
search. Of these, 28 articles were excluded after screening
the titles and abstracts for relevance to the study. The full text
of 13 articles were assessed; of which, 7 articles were exclud-
ed for the reasons stated above. Six studies were included in
the qualitative analysis (Fig. 3).

Results

In addition to the two cases we are reporting, seven cases of
hydranencephaly complicated by central diabetes insipidus
were identified from the systematic review, resulting in a total
of nine cases (Table 1). The patients’ age ranged from 4 days
to 4 years at the time of the report, with a female sex predi-
lection (3.5:1). The patients most commonly presented with
macrocephaly, developmental delay, and seizures.
Dysmorphic features were seen in 33%. In addition to diabetes
insipidus, other endocrinologic derangements included hypo-
thyroidism (22%), hypocortisolemia (22%), and
panhypopituitarism (22%). Diabetes insipidus was treated
using sublingual or oral desmopressin, while
panhypopituitarism was treated with the appropriate hormone
replacement therapy. Insertion of a VP shunt was reported in
44% of cases. The longest survivor in the series was a 4-year
and 10-month old patient who died due to respiratory
infection.

Discussion

The findings in our case reports and systematic review suggest
a previously unknown association between hydranencephaly
and central diabetes insipidus.

The diagnosis of CDI was suggested in our patients due to
the presence of characteristic signs and symptoms and con-
firmed by laboratory investigations. The signs and symptoms
vary with age and may often be difficult to discern because
they are relatively non-specific [17, 18]. Neonates often pres-
ent with hypernatremic dehydration due to their limited access
to free water [ 18]. The diagnosis is considered in the setting of
significant weight loss, hypernatremia, and increased urinary
output as evidenced by excessively wet diapers [17]. Infants,
on the other hand, may present with vigorous suck, recurrent
fever, irritability, failure to thrive, constipation, and increased
urination. The diagnostic criteria for CDI includes the follow-
ing: elevated plasma osmolality (> 300 mOsm/kg), low urine
osmolality (< 300 mOsm/kg), urine/plasma osmolality ratio <
1, and polyuria (urine output >4-5 mL/kg/h for 2 h in chil-
dren, and > 6 mL/kg/h in neonates) [18].

Hydranencephaly is thought to arise from intrauterine in-
sults affecting the bilateral supraclinoid internal carotid arter-
ies (ICA), resulting in resorption of brain tissue that is
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normally supplied by the anterior circulation [3—6]. This the-
ory is supported by animal models of intrauterine bilateral
ICA occlusion leading to abnormalities resembling
hydranencephaly, and the findings of bilateral supraclinoid
ICA hypoplasia in vascular imaging done for
hydranencephaly patients [4—6]. Branches of the ICA form
the portal capillary system that supplies the pituitary gland
[19]; thus, it stands to reason that the same embryonic events
leading to in utero bilateral ICA damage can also cause the
aberrant development of the pituitary gland due to vascular
insults. This in turn may result in central diabetes insipidus
and varying degrees of hypopituitarism, with the latter present
in six of the nine patients (67%) in this review series.

An alternative theory for the pathogenesis of
hydranencephaly suggests that encephaloclastic processes oc-
curring in utero may lead to resorption of normal brain tissue.
In this regard, the disease can be considered a form of
porencephaly arising from various pathologies, including tox-
ic effects of drugs, diffuse hypoxic ischemic damage, and

@ Springer

infection [3, 5]. The infectious agents implicated in the devel-
opment of hydranencephaly include cytomegalovirus (CMV),
Toxoplasma gondii, herpes simplex virus, Epstein-Barr virus,
adenovirus, parvovirus, and respiratory syncytial virus [2, 3,
5]. In the same manner, central diabetes insipidus has been
known to occur as a result of injury to the pituitary gland from
various mechanisms, including mechanical destruction by
trauma, severe central nervous system infection causing in-
flammation, and trauma or hypoxic injury causing disruption
of the blood supply [7]. In multiple case reports, CDI occurred
as a sequela of congenital toxoplasmosis infection, enteroviral
meningoencephalitis, herpes simplex infection, Streptococcus
B meningitis, cryptococcal meningitis, intracranial
tuberculomas, and intracranial abscesses [17, 20-26]. In the
series by Kasim et al., the prevalence of intracranial abnormal-
ities was significantly higher in the series of patients with CDI
than in the general population [8]. This includes a higher in-
cidence of meningitis (13%), traumatic brain injury (9%), and
isolated ventricular hemorrhage (9%) [8]. The destructive
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mechanisms leading to the development of hydranencephaly
may have also resulted in damage to the magnocellular neu-
rons in the neurohypophysis, causing CDL

Central diabetes insipidus has been known to occur in other
congenital malformations, particularly in congenital midline
defects arising from aberrant segmentation and cleavage [12].
In Wang’s series of 35 patients with CDI, congenital
malformations were seen in 20%. The most common associ-
ated congenital anomalies were callosal agenesis, midline fa-
cial defects, microcephaly, and holoprosencephaly [12]. In a
larger series of 67 patients, Santiprabhob et al. noted a con-
comitant central nervous system malformation in 29.8%,
which included septo-optic dysplasia, holoprosencephaly,
schizencephaly, porencephaly, and nasoethmoidal
meningocele. The series also included eight patients with
hydranencephaly [11]. However, there was no breakdown of
the individual cases in their series and was thus excluded from
the current analysis. Kasim et al. also noted three cases of CDI
occurring with hydranencephaly, but there was no breakdown
of cases [8].

Central diabetes insipidus occurring as a presumed compli-
cation of hydrocephalus has also been sparsely reported in the
literature. Borenstein-Levin reported two cases of CDI occur-
ring in preterm-infants with posthemorrhagic hydrocephalus
that improved after resolution of the hydrocephalus [18]. In
one of these cases, insertion of a VP shunt led to resolution of
the CDI [18]. Dribin and McAdams also reported a case of
congenital hydrocephalus from aqueductal stenosis presenting
with CDI, whose symptoms improved with endoscopic third
ventriculostomy and bilateral choroid plexus cauterization
[27]. Menzies et al. postulated that the hydrocephalus may
cause distension of the third ventricle and compression of
the neuropophysis or the paraventricular nuclei of the thala-
mus, resulting in CDI [28]. In our two cases, the insertion of a
VP shunt did not improve the patients’ CDI.

Krebs et al. noted that the presence of CDI worsened the
prognosis of the initial pathology if there was a concurrent
congenital malformation, as the consequent hyperosmolality
may induce permanent neurologic sequelae [17]. However,
for hydranencephaly, in which survivors are expected to have
severe neurocognitive defects, the prognostic significance of
concomitant CDI remains unknown. Quek et al. note that an
intact hypothalamic-pituitary-adrenal axis is critical to the
prolonged survival of these patients [2]. However, the lack
of formal survivorship data for this rare condition limits prog-
nostication [29].

The possible association between hydranencephaly and
central diabetes insipidus should prompt clinicians managing
patients diagnosed with hydranencephaly to have a high index
of suspicion for CDI and hypopituitarism. While the progno-
sis for cognitive improvement remains poor for all patients
with hydranencephaly, prompt recognition and management
of medical comorbidities should intuitively improve survival.

@ Springer

This possible association should also be among the points to
be included in the counseling of families and caregivers on the
prognosis of this congenital condition.

Conclusion

The two cases we described, as well as a systematic review of
the reported literature, suggest a previously unknown associ-
ation between hydranencephaly and central diabetes insipidus.
Clinicians managing cases of hydranencephaly are advised to
have a high index of suspicion for central diabetes insipidus in
patients presenting with the characteristic signs and

symptoms.
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