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Abstract

Background : Many children with brain tumors have abnormalities in water and sodium
homeostasis, such as diabetes insipidus (DI), the syndrome of inappropriate antidiuretic hormone
secretion (SIADH) and cerebral salt wasting syndrome (CSW), either pre-operatively or post-opera-
tively. But little data have been published on the incidence, time of onset and clinical course of water
and sodium disorders in children with brain tumors.

Objectives : To characterize the water and sodium disorders in children undergoing surgical
treatment for brain tumors

Patients and Method : The medical records of children with brain tumors admiited for sur-
gery at King Chulalongkorn Memorial Hospital from January 1997 to December 2002 were retrospec-
tively reviewed.

Results : There were 79 patients, 46 males and 33 females included in this study. Water and
sodium disorders occurred in 36 patients (45.57%), 23 patients had DI, 12 patients had SIADH and 1
patient had cerebral salt wasting syndrome (CSW). Nine of the 36 patients had pre-operative onset of
water and sodium disorders (8 DI and 1 SIADH). The development of DI and SIADH was associated
with the location of the brain tumors. Patients with sellar and suprasellar tumors had the highest inci-
dence of DI (75.86%). Patients with tumors of the cerebral hemispheres had the highest incidence of
SIADH (44.44%). Onset of post-operative DI ranged from 2 to 19 hours (mean 9.68 hours) and most
patients developed SIADH within 24 hours post-operatively.
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Conclusions : DI and SIADH are common problems in children with brain tumors, especially
after surgical treatment and the onset usually occurs within 24 hours after surgery. Patients with sellar
and suprasellar tumors are more likely to have DI, patients with tumors of cerebral hemispheres and
posterior fossa tumors are more likely to have SIADH.
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Children with brain tumors often have abnor-
malities in water and sodium homeostasis, such as
diabetes insipidus (DI), the syndrome of inappropriate
antidiuretic hormone secretion (SIADH) or cerebral
salt wasting syndrome, especially those undergoing
surgical treatment. These complications may occur
either pre-operatively or post-operatively. Prompt diag-
nosis and appropriate management are critical to pre-
vent morbidity from fluid and electrolyte imbalance.
Some studies have described water and sodium dis-
orders but in only specific subtypes and locations of
brain tumors(1-4). Little data have been published on
the overall incidence, time of onset and clinical course
of water and sodium disorders in children with brain
tumors. Therefore, the authors performed this retro-
spective study to determine the incidence, time of
onset and duration of water and sodium disorders in
children undergoing surgical treatment of brain tumors.
The authors also analyzed the data to identify factors
associated with the development of water and sodium
disorders in these patients.

PATIENTS AND METHOD

The databases of King Chulalongkorn Memo-
rial Hospital were searched to identify children who
had a diagnosis of brain tumors and had been treated

with surgical resection between January 1997 and
December 2002. The medical records of the patients
were retrospectively reviewed to extract information
about type and location of the brain tumor, fluid intake
and output, serum electrolyte, serum osmolarity, urine
electrolyte, urine osmolarity or specific gravity, body
weight, vital signs and central venous pressure.

In the present study, the authors defined
diabetes insipidus (DI) on the basis of polyuria (urine
>4 ml/kg/h) with diluted urine (urine sp.gr. < 1.010 or
urine osmolarity < 300 mOsm/L) in association with
high serum osmolarity (serum osmolarity > 300 mOsm/
L) and hypernatremia (serum Na > 145 mmol/L) that
responds to treatment with desmopressin (DDAVP)
(5). The syndrome of inappropriate antidiuretic hor-
mone secretion (SIADH) was defined as low serum
osmolarity (serum osmolarity < 280 mOsm/L) and
hyponatremia (serum Na < 135 mmol/L) withrelatively
concentrated urine (urine osmolarity > 100 mOsm/L)
and high urine sodium (urine Na > 20 mmol/L) in the
absence of dehydration, renal failure, hypothyroidism,
adrenal insufficiency and effect of DDAVP treat-
ment(6). Cerebral salt wasting syndrome (CSW) was
defined as low serum osmolarity (serum osmolarity
< 280 mOsm/L) and hyponatremia (serum Na < 135
mmol/L) with relatively concentrated urine (urine
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osmolarity > 100 mOsm/L) and high urine sodium
(urine Na > 20 mmol/L) in the presence of volume
depletion without other causes of natriuresis (e.g.
diuretic administraion)(6),

Statistical analysis for the association of
various factors and the development of water and
sodium disorders was performed using the Chi-square
test. Multivariate analysis of these factors was per-
formed using binary logistic regression.

RESULTS

There were 79 patients, 46 males and 33
females. The age at the time of surgery ranged from
1 month to 15 years (mean 8.37 years).

According to the location of the brain tumors
M,9 patients had tumors of the cerebral hemispheres,
29 patients had sellar and suprasellar region tumors,
5 patients had thalamic tumors, 7 patients had pineal
region tumors and 29 patients had posterior fossa
tumors.

According to the pathological diagnosis(8),
25 patients had astrocytomas, 15 patients had medullo-
blastomas, 15 patients had germinomas, 6 patients
had craniopharyngiomas, 6 patients had ependymomas,
4 patients had pituitary adenomas, 4 patients had
gliomas, 2 patients had teratomas, 1 patient had a
neuroblastoma and 1 patient had an epidermoid cyst.
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Incidence of water and sodium disorders
Water and sodium disorders occurred in 36
patients (45.57%, 95% CI 34.59-56.55), 23 patients
had diabetes insipidus (8 pre-operative and 15 post-
operative), 12 patients had SIADH (1 pre-operative
and 11 post-operative) and only 1 patient had post-
operative cerebral salt wasting syndrome (Table 1).

Factors associated with the development of water
and sodium disorders
Age and sex

The authors divided all patients into 3 age
groups: 0-5 years (n = 27), 5-10 years (n = 22) and 10-
15 years (n = 30). The incidence of SIADH in various
age groups was significantly different (p < 0.05), with
the highest incidence in the age group 0-5 years. The
incidence of diabetes insipidus and cerebral salt wast-
ing syndrome were similar among the different age
groups (p > 0.05) (Table 2). Male and female patients
had a similar incidence of water and sodium disorders
(p > 0.05) (Table 3).

Location of brain tumors

The incidence of diabetes insipidus and
SIADH in various locations of brain tumors were sig-
nificantly different (p < 0.001 and p < 0.05 respec-
tively) (Table 4).

Table 1. Incidence of water and sodium disorders.
Result Number of patients Incidence (%) 95% CI
Pre-operative Post-operative Total (n=79)
DI 8 15 23 29.11 19.10-39.13
SIADH 1 11 12 15.19 7.28-23.10
CSW 0 1 1 1.27 -1.20-3.73
Total 9 27 36 45.57 34.59-56.55
Table 2. Incidence of water and sodium disorders in different age groups.
Age (yr) Incidence of water and sodium disorders
DIa SIADH b CSW ¢
% 95% CI % 95% CI % 95% CI
0-5 18.52 3.87-33.17 29.63 12.41-46.85 3.70 0-10.82
5-10 31.82 12.36-51.28 9.09 0-21.1 0
10-15 36.67 19.43-53.91 6.67 0-15.6 0

a. Chi-square test, p > 0.05
b. Chi-square test, p < 0.05
c. Chi-square test, p > 0.05
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Table 3. Incidence of water and sodium disorders according to sex.
Sex Incidence of water and sodium disorders
DI 2 SIADH b CSW¢
% 95% CI 95% CI % 95% CI
Male 21.74 9.82-33.66 15.22 4.84-25.6 0
Female 39.39 22.72-56.06 15.15 2.92-27.38 3.03 0-8.88
a. Chi-square test, p > 0.05
b. Chi-square test, p > 0.05
c. Chi-square test, p > 0.05
Table 4. Incidence of water and sodium disorders according to location of brain tumors.
Location of brain tumors Incidence of water and sodium disorders
Dla SIADH b CSW ¢
% 95% CI % 95% CI % 95% CI
Cerebral hemispheres 0 44.44 11.98-76.91 0
Sellar/suprasellar region 75.86 60.29-91.44 3.45 0-10.09 0
Thalamus 20 0-55.06 0 0
Pineal region 0 0 0
Posterior fossa 0 24.14 8.56-39.71 1.27 0-3.73

a. Chi-square test, p < 0.001
b. Chi-square test, p < 0.05
c. Chi-square test, p > 0.05

Diabetes insipidus only occurred in patients
with sellar and suprasellar region tumors (22 patients)
and thalamic tumor (1 patient). Patients with tumors
of cerebral hemispheres and posterior fossa tumors
had a high incidence of SIADH (44.44% with tumors
of the cerebral hemispheres and 24.14% with poste-
rior fossa tumors). Cerebral salt wasting syndrome
occurred in only 1 patient who had a posterior fossa
tumor. In the present study, no patients with pineal
region tumors had water and sodium disorders.

Pathological diagnosis

The incidence of diabetes insipidus and
SIADH in various pathological diagnosis of brain
tumors were significantly different (p <0.001 and p <
0.01 respectively) (Table 5).

Among the patients with sellar and suprasellar
tumors (Table 6), the authors observed that patients
who developed pre-operative diabetes insipidus were
more likely to have a pathological diagnosis of
germinoma (6 of 8 patients) and teratoma (2 of 2
patients). It was also found that patients with a
craniopharyngioma were more likely to have post-
operative diabetes insipidus (6 of 6 patients).

Multivariate analysis

In univariate analysis, the development of
diabetes insipidus was significantly associated with
location and pathological diagnosis of brain tumors,
the development of SIADH was significantly asso-
ciated with age group, location and pathological diag-
nosis of brain tumors. But multivariate analysis of
these factors showed that only the location of the brain
tumors was significantly associated with the deve-
lopment of diabetes insipidus and SIADH (Table 7).

Clinical courses of post-operative water and sodium
disorders

In 15 patients who developed post-opera-
tive diabetes insipidus, the onset of diabetes insipidus
ranged from 2-19 hours (mean 9.68 hours). The dura-
tion of diabetes insipidus following surgical treat-
ment of brain tumors was 2 days in 1 patient, 5 days
in 1 patient and permanent in the other 13 patients.
SIADH occurred in 11 patients post-operatively, the
onset ranged from 2-72 hours (mean 26.23 hours).
SIADH in the majority of these cases (8 of 11 patients)
occurred within 24 hours after the surgery. The dura-
tion of post-operative SIADH ranged from 2-16 days
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Table 5. Incidence of water and sodium disorders according to pathological diagnosis.
Pathological diagnosis Incidence of water and sodium disorders
D] a SIADH b CSW ¢

% 95% CI % 95% C1 % 95% CI
Astrocytoma 16 1.63-30.37 16 1.63-30.37 4 0-11.68
Medulloblastoma 0 20 0-40.24 0
Germinoma 53.33 28.08-78.58 0 0
Craniopharyngioma 100 0 0
Ependymoma 0 66.67 28.95-100 0
Pituitary adenoma 75 32.56-100 0 0
Glioma 0 0 0
Teratoma 100 0 0
Neuroblastoma 0 100 0
Epidermoid cyst 0 0 0

a. Chi-square test, p < 0.001
b. Chi-square test, p < 0.01
¢. Chi-square test, p > 0.05

Table 6.
logical diagnosis.

Water and sodium disorders in sellar and suprasellar region tumors according to patho-

Pathological diagnosis Number of patients Total
DI SIADH No disorder
Pre-operative Post-operative
Astrocytoma 0 3 1 5 9
Germinoma 6 2 0 0 8
Craniopharyngioma 0 6 0 0 6
Pituitary adenoma 0 3 0 1 4
Teratoma 2 0 0 0 2
Total 8 14 1 6 29

Chi-square test, p < 0.01

(mean 6 days). In 1 patient who had post-operative
cerebral salt wasting syndrome, the onset and dura-
tion were 13 hours and 6 days respectively.

DISCUSSION

The overall incidence of water and sodium
disorders in the present study was higher than the
previous report by Blumberg et al(9) (45.57% vs 12%
respectively).

From the pathophysiological point of view,
water and sodium disorders that occur pre-operatively
are likely to be associated with location and nature of
the tumor itself. However, post-operative water and
sodium disorders are more likely to be associated with
site and extent of brain injury from the surgical pro-
cedures which was also determined by the location of
the brain tumor. This may explain the relationship
between location of brain tumors and the develop-

ment of water and sodium disorders in the present
study.

Patients with sellar and suprasellar region
tumors had very high incidence of diabetes insipidus
(75.86%), especially after surgery because tumor of
this region or surgery to it may cause injury to the
hypothalamus or the proximal pituitary stalk(10),

Although the triphasic pattern, DI-SIADH-
DI, is well characterized in patients with sellar and
suprasellar tumors during the post-operative period
(11,12), the authors could not identify this pattern in
the present study, but it cannot be ruled out. Because
the SIADH phase, if it exists, probably could not be
differentiated from the effect of DDAVP given to
patients with diabetes insipidus.

Patients with tumors of the cerebral hemi-
spheres and posterior fossa tumors had a high inci-
dence of SIADH (44.44% and 24.14% respectively).
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Factors associated with the development of water and sodium disorders.

Conditions Associated Factors Univariate Analysis Multivariate Analysis

DI Location p <0.001 p <0.001
Pathological diagnosis p <0.001 ns*

SIADH Age group p<0.05 ns*
Location p<0.05 p<0.05
Pathological diagnosis p <0.05 ns*

* ns = not significant, p > 0.05

Pathophysiology of SIADH in these patients is still
unclear. It may be associated with loss of regulatory
signals from the brainstem and cerebral cortex.

Cerebral salt wasting syndrome occurred in
only one patient (1.27%). This finding suggests a low
incidence of cerebral salt wasting syndrome in children
with brain tumors undergoing surgery. Singh et al
(13) suggest that cerebral salt wasting syndrome is
probably much less common than the literature indi-
cates and increasing case reports of cerebral salt wast-
ing syndrome in recent years may be due to the fallacy
of diagnostic criteria. However, the differentiation
between SIADH and cerebral salt wasting syndrome
which share the features of hyponatremia and natriure-
sis are very important because therapies for these two
conditions are different and inappropriate manage-
ment may result in unnecessary morbidity.

The onset of post-operative diabetes insipidus
and cerebral salt wasting syndrome were within 24

hours after surgery in all patients. Post-operative
SIADH occurred within 24 hours in most cases, but
it may be delayed until 3 days after surgery in a few
cases. Therefore, meticulous fluid management and
close monitoring of volume status, urine output, urine
specific gravity, serum and urine electrolyte (also
serum and urine osmolarity, if necessary) are recom-
mended in children with brain tumors, especially during
the first three days of the post-operative period.

In conclusion, water and sodium disorders
are common problems in children with brain tumors,
especially those undergoing surgical treatment. The
onset of water and sodium disorders usually occurs
within 24 hours after surgery. Patients with sellar and
suprasellar tumors are more likely to have diabetes
insipidus. On the other hand, patients with tumors of
the cerebral hemispheres and posterior fossa tumors
are more likely to have SIADH.

(Received for publication on April 6, 2003)
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