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ABSTRACT
Objective: To evaluate the profile of children with central diabetes insipidus (DI) and identify factors
indicating organic etiology. Design: Retrospective chart review. Setting: Tertiary referral hospital. Subjects:
Fifty-nine children with central DI (40 boys, 19 girls). Methods: Features of organic and idiopathic central
DI were compared using student’s t test and chi square test. Odds ratio was calculated for factors indicating
organic etiology. Results: Diagnosis included post-operative central DI (13, 22%), central nervous system
(CNS) malformations (5, 8.6%; holoprosencephaly 4 and hydrocephalus 1), histiocytosis (11, 18.6%), CNS
pathology (11, 18.6%; craniopharyngioma 3, empty sella 2, germinoma 2, neuro-tuberculosis 2, arachnoid
cyst 1 and glioma 1) and idiopathic central DI (19, 32.2%). Children with organic central DI were diagnosed
later (7.8±3.1 years against 5.3±2.4 years, P=0.03) and had lower height standard deviation score
(–2.7±1.0 versus –1.0±1.0, P<0.001) compared to idiopathic group. A greater proportion of children with
organic central DI had short stature (81.8% against 10.5%, P <0.001, odds ratio 38.25), neurological
features (45.5% against 0%, p 0.009) and anterior pituitary hormone deficiency (81.8% against 5.3%,
P<0.001, odds ratio 81) compared to idiopathic group. A combination of short stature and onset after five
years of age led to discrimination of organic central DI from idiopathic group in all cases. Conclusion:
Organic central DI should be suspected in children presenting after the age of five years with growth
retardation and features of anterior pituitary deficiency.
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INTRODUCTION

these children from idiopathic central DI is critical,
making the identification of pointers to an organic
etiology in central DI a desirable goal. There is a
paucity of published pediatric data regarding factors
indicating organic etiology in central DI(5,6). We
undertook this retrospective study to evaluate the
profile of children with central DI with special
emphasis on identifying factors indicating organic
etiology.

Central diabetes insipidus (DI) is considered
an indicator of serious underlying disease in
children(1). Important causes of childhood central
DI include tumors and malformations of the central
nervous system (CNS), histiocytosis and insults to
the hypothalamic-pituitary region by surgery,
radiation and trauma(2-8). It is difficult to determine
the underlying etiology in a significant proportion
(17.5-52%) of children with central DI despite
exhaustive evaluation(2-8). While the diagnosis of
central DI due to malformation or surgery of CNS
and histiocytosis is clear-cut, differentiating idiopathic from organic central DI requires extensive
investigations. This is particularly true for CNS
tumors such as germinoma, which frequently present
without any neurological features. Differentiation of
INDIAN PEDIATRICS

METHODS
Case records of children with central DI presenting
to the Pediatric Endocrinology Clinic of our hospital
from January 1988 to June 2005 were reviewed. The
schematic approach to a child with suspected DI
(confirmed polyuria and/or hypernatremia after
exclusion of other causes) is illustrated in Fig. 1. In
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Suspected Diabetes insipidus*
Urinary osmolality
↓
Urinary osmolality < 300 mOsm/kg
Measure plasma osmolality

↓
Urinary osmolality > 300 mOsm/kg
Complete DI excluded

↓
Plasma osmolality > 300 mOsm/kg
Complete DI

↓
Plasma osmolality < 300 mOsm/kg
Water deprivation test**

↓
Urine osmolality
< 300mOsm/kg
mOsm/kg
Urinary
osmolality <300
Complete DI

↓
Urine osmolality
>300mOsm/kg
mOsm/kg
Urinary
osmolality >300
Complete DI excluded

↓
Vasopressin response test
Urinary
osmolality
1 hourafter
aftervasopressin
vasopressin (0.5
Urine
osmolality
1 hour
(0.5IU/kg)
IU/kg)
↓

↓
Increase more than 50% of baseline
Complete central DI

↓
Increase less than 50% of baseline
Complete nephrogenic DI

FIG. 1. Diagnostic criteria for central DI used in the study.
* Confirmed polyuria (documented urine output more than 2 L/m2) and/or hypernatremia with normal levels of serum
creatinine, potassium and calcium and blood gas.
** End points for water deprivation test: 1. Plasma osmolality more than 300 mOsm/kg (target plasma osmolality achieved);
2. Urinary osmolality more than 800 mOsm/kg (diabetes insipidus excluded); 3. Weight loss more than 5% of baseline (risk
for dehydration).

children with plasma osmolality less than 300
mOsm/kg (51, 91.3%), water deprivation test was
performed after confirming polyuria (urine output
more than 2 L/m2 on a 24-hour collection) and
exclusion of other causes of polyuria including
diabetes mellitus, renal failure, hypokalemia,
hypercalcemia and renal tubular acidosis. For water
deprivation test, the children were admitted to the
INDIAN PEDIATRICS

day care unit of our hospital in the morning to ensure
strict monitoring of hydration status and clinical
condition. Water restriction was started after
estimation of body weight, hydration status, serum
sodium and urinary and plasma osmolality. Subjects
were assessed hourly for body weight, hydration
status, serum sodium and urinary and plasma
osmolality. The test was terminated when urinary
464
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Central DI (n=59*)

↓
Clinical evaluation
↓

↓
Diagnosis evident (n=29)
Post neuro-surgery** (n=13)
Histiocytosis (n=11)
Holoprosencephaly (n=4)
Hydrocephalus (n=1)

↓
Diagnosis unclear (n=30)

↓
MRI head

↓

↓

↓

Diagnosis evident (n=9)
Craniopharyngioma with
preoperative central DI (n=3)
Empty sella (n=2)
Neurotuberculosis (n=2)
Glioma (n=1)
Arachnoid cyst (n=1)

Thickened pituitary stalk (n=2)
CSF β-hCG, stalk biopsy
Germinoma (n=2)

Normal (n=19)
Idiopathic

FIG. 2. Scheme for evaluation of diabetes insipidus for the study.
* Increase in urinary osmolality by >50% of baseline 1 hour after intramuscular vasopressin (0.5 IU/kg) in the presence of
urine osmolality less than 300 mOsm/kg and plasma osmolality >300 mOsm/kg; **For craniopharyngioma (n=11), arachnoid cyst (n=1) and sphenoidal encephalocele (n=1).

response test without water deprivation. Children
with central DI due to brain death were excluded.

osmolality was greater than 800 mOsm/kg, weight
loss greater than 5% or plasma osmolality greater
than 300 mOsm/kg. Complete DI was diagnosed
when urine osmolality remained less than 300
mOsm/kg in the presence of plasma osmolality
greater than 300 mOsm/kg. Vasopressin response
test was performed in subjects with complete DI to
differentiate central from nephrogenic form of DI.
Urinary osmolality was measured one hour after
intramuscular injection of vasopressin 0.5 IU/kg.
Increase in urine osmolality by more than 50% of
baseline levels was considered diagnostic of central
DI; children with lower increase in urine osmolality
were diagnosed as nephrogenic DI(9). Children with
plasma osmolality greater than 300 mOsm/kg and
urinary osmolality less than 300 mOsm/kg at
presentation (5, 8.3%) underwent vasopressin
INDIAN PEDIATRICS

We reviewed the case records for age at
diagnosis, family history of disease and clinical
features. History of CNS insults including surgery,
radiation and infection was recorded. Height was
expressed as standard deviation score using the
NCHS data(10). Standard deviation score was
calculated by the formula [subject’s height – mean
height for age] ÷ standard deviation. Detailed
clinical examination with special emphasis on CNS
involvement, Langerhans cell histiocytosis and
midline defects was performed. Magnetic resonance
imaging of the hypothalamic-pituitary region,
skeletal survey and anterior pituitary evaluation
(clonidine stimulated growth hormone, free
465
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idiopathic central DI were followed up for 1.9±1.4
years. No neurological feature was noted during
follow-up. Follow-up neuroimaging was not
performed. Features of children with organic
(after exclusion of post-operative form, CNS
malformation and histiocytosis) and idiopathic
central DI are compared in Table II. All children
presenting after the age of five years with growth
retardation had an identifiable organic etiology.

thyroxine (T4), thyrotropin (TSH), serum cortisol,
luteinizing hormone and follicle stimulating
hormone) were performed in all subjects. Skin, bone
and pituitary stalk biopsy and cerebrospinal fluid
β-human chorionic gonadotropin (hCG) levels were
done as indicated.
Subjects with organic and idiopathic forms of
central DI were compared using unpaired student’s t
test (for quantitative parameters) and chi square test
(for qualitative parameters). Odds ratio was
calculated for factors indicating organic etiology and
P value less than 0.05 was considered significant.
Values are expressed as mean ± standard deviation
unless specified.

Features of other forms of central DI: Children in
the post-operative group were diagnosed at a later
age (6.9±4.7 years) compared to those with histiocytosis (3.7±1.5 years) and CNS malformations
(0.4±0.1 years). These children developed permanent central DI following removal of craniopharyngioma (n=11), sphenoidal encephalocele
(n=1) and arachnoid cyst (n=1). Langerhans cell
histiocytosis was diagnosed 1.3±0.4 years prior to
the onset of central DI in 8 children. Clinical features
(seborrhea in 3, skin rash in 2, bone defects in 2
and organomegaly in 1) prompted diagnosis of
Langerhans cell histiocytosis in three children. A
greater proportion of subjects with post-operative
central DI had short stature compared to those with
histiocytosis (92.3% against 9.1%, P <0.001). All
subjects with CNS malformations had severe
developmental delay and were diagnosed as central
DI during evaluation for hypernatremia.

RESULTS
Fifty-nine children (40 boys, 19 girls) with central DI
were enrolled during the period of study. The mean±
SD (range) age at diagnosis was 5.5±3.6 years
(4 months to 17 years). Water deprivation test was
performed in 54 children with initial plasma
osmolality less than 300 mOsm/kg; vasopressin test
was done in five children presenting with
hypernatremia and plasma osmolality greater than
300 mOsm/kg. In children with post-operative
central DI, water deprivation test was done after
neurosurgery following the onset of polyuria. Urine
output (10±2 mL/kg/hour) was significantly high
and in the polyuric range in 54 subjects (91.5%).
Presenting features are given in Table 1.

DISCUSSION
The findings of our study suggest that etiological
diagnosis is possible in a significant proportion of
children with central DI (67.8%), a finding noted in
previous studies(4-7). Idiopathic cases accounted for
32.2% in this study, a figure similar to recent
reports on childhood central DI (17.9-52%)(4-7).
Refinements in diagnostic procedures have resulted
in identification of etiology in a greater proportion of

Etiology: An underlying cause was documented in
40 (67.8%) children. In the two subjects with central
DI due to neurotuberculosis, MRI revealed suprasellar thick walled granulomatous lesions with
perifocal edema. MR spectroscopy showed
intralesional lipid peaks confirming the diagnosis of
neurotuberculosis. Pituitary stalk biopsy and
cerebrospinal β-hCG levels confirmed the diagnosis
of germinoma in two children with thick pituitary
stalk (3.4%). The remaining 19 patients with no
obvious abnormality on MRI head were assigned to
the idiopathic group (32.2%). MRI head was normal
in these children with the exception of absent
posterior pituitary hyperintensity in sixteen (84.2%).
None of these subjects had ectopic posterior
pituitary or thickened pituitary stalk. Children with
INDIAN PEDIATRICS

TABLE I CLINICAL FEATURES OF DIABETES INSIPIDUS
Feature

466

Number (%)

Polyuria

54 (91.5%)

Growth retardation

28 (47.4%)

Seizures

4 (6.7%)

Irritability

5 (8.5%)
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WHAT IS ALREADY KNOWN?

• Central diabetes insipidus (DI) is an indicator of serious underlying disease in children.

WHAT THIS STUDY ADDS?
• Organic etiology of central DI is likely in children presenting after the age of five years with growth retardation
and anterior pituitary hormone deficiency.

organic cases was also observed by Al-Agha,
et al.(5) in a study of 39 children with central DI.
Growth retardation has been suggested as an
indicator of organic CDI(7). Maghnie, et al.(4)
however did not observe any difference in the
severity of growth retardation in children with
organic or idiopathic CDI. In our study older age at
diagnosis, short stature and anterior pituitary
involvement were indicative of organic etiology.
Organic etiology was identified in all children
presenting after the age of five years with growth
retardation. The generalisability of our study is
limited by its small sample size, a factor related to
rarity of childhood central DI. There is a need for a
multicentric study to evaluate factors indicating
organic etiology in children with central DI.

children with central DI as exemplified by the
diagnosis of CNS germinoma suggested by pituitary
stalk thickening in two children without neurological
features.
The major challenge in the assessment of central
DI is to identify those children with organic etiology
who require urgent evaluation and management. An
etiological diagnosis was possible in 49.2% of our
subjects after clinical evaluation. Organic etiology
could be established in 36.7% of remaining cases.
Neurological features were absent in as many as
54.6% of these cases (two each with germinoma,
empty sella and craniopharyngioma). Thus mere
absence of neurological signs and symptoms does
not rule out an organic central DI. Identification of
factors indicating organic etiology of central DI is
therefore a desirable goal. In a study of 29 children
with central DI, Jaruratanasirikul, et al.(6) observed
that presentation after the age of five years was
suggestive of organic CDI. Delayed age at onset in

An important limitation of our study is the lack of
follow-up CNS imaging in idiopathic CDI.
Progressive changes signifying evolving CNS
neoplasia have been documented in presumed

TABLE II COMPARISON OF SUBJECTS WITH IDIOPATHIC AND ORGANIC FORMS OF CENTRAL DIABETES DIABETES INSIPIDUS
Parameter

Idiopathic
(n=19)

Boys: Girls
Age (year)
Diagnosis >5 yr age

Organic*
(n=11)

P value

11:8

9:2

NS

5.3±2.4

74.3.1

0.03

9 (47.4%)

9 (81.8%)

0.04

Height SDS

–1.0±1.0

–2.7 ± 1.0

<0.001

Short stature

2 (10.5%)

9 (81.8%)

<0.001

0

5 (45.5%)

0.009

Anterior pituitary defects

1 (5.3%)

9 (81.8%)

<0.001

GH deficiency

1 (5.3%)

9 (81.8%)

TSH deficiency

1 (5.3%)

6 (54.5%)

ACTH deficiency

1 (5.3%)

4 (36.4%)

Neurological features

Gonadotropin deficiency

–

4 (36.4%)

*CDI due to Langerhans cell histiocytosis, malformation and surgery of CNS has been excluded.
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in children and young adults. N Engl J Med 2000;
343: 998-1007.

idiopathic CDI(4,5,11). These observations have led
to the recommendation of repeated follow-up CNS
imaging in children with idiopathic central DI(1).
Repeated MRI examinations are often not feasible in
resource-poor countries. The pointers to organic
etiology (growth retardation, late age at onset and
anterior pituitary involvement) may be considered as
indications for follow-up neuroimaging under these
circumstances.
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