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Abstract

Background Cerebral salt wasting syndrome (CSWS) and

the syndrome of inappropriate antidiuretic hormone

(SIADH) are both causes of hyponatremia in pediatric

neurosurgical patients often with similar presenting

symptoms; however, despite similar clinical characteristics

the treatment for CSWS and SIADH can be drastically

different, which makes the distinction critical for post-

operative treatment. Further complicating matters, are the

exact mechanism for CSWS which remains unclear, and

the incidence and severity of CSWS is not well studied in

pediatric neurosurgical patients. We hypothesized that

CSWS occurs frequently in post-operative brain tumor

patients and is an important cause of post-operative

hyponatremia in these patients.

Methods We designed a single institution retrospective

cohort study of all pediatric brain tumor patients under-

going craniotomy for tumor resection at our institution

between January 2005 and December 2009.

Results Of the 282 patients undergoing 291 operations,

post-operative CSWS was identified in 15 cases (5%), and

was more frequently observed than SIADH (nine cases,

3%). Median onset of CSWS was on post-operative day 3,

lasting a median of 2.5 days. Patients with CSWS were

more likely to have suffered post-operative stroke (40 vs.

4.6%, P < 0.001), have chiasmatic/hypothalamic tumors

(40 vs. 3.8%, P = 0.002), and be younger (mean age 5.9

vs. 9.7 years, P = 0.01) than eunatremic patients. In

addition, nearly half of the patients with CSWS (47%) had

post-operative hyponatremic seizures.

Conclusion The diagnosis of CSWS should be strongly

considered in hyponatremic pediatric patients with signif-

icant natriuresis following brain tumor resection, and a

treatment initiated promptly to prevent neurologic

sequeleae.
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Introduction

Hyponatremia is a relatively common abnormality in the

pediatric neurosurgical patient, with a wide variety of eti-

ologies. Hyponatremia in the post-operative neurosurgical

patient can lead to cerebral sodium channel disturbances,

which can lower the seizure threshold. Ongoing seizure

activity following a primary brain insult, such as surgery,

can accelerate secondary brain injury and increase post-

operative morbidity and mortality [1]. Post-operative

hyponatremia is commonly associated with two conditions:

the syndrome of inappropriate anti-diuretic hormone

(SIADH) and cerebral salt wasting syndrome (CSWS).

Unfortunately, the clinical presentation of the two condi-

tions in the immediate post-operative period can be

difficult to distinguish, especially in children where the

quantification of volume status is difficult, and invasive
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central venous pressure monitoring is not routinely used

post-operatively. The management for these two conditions

(CSWS and SIADH) is radically different, so the distinc-

tion is often critical to post-operative care: patients

diagnosed with SIADH are treated with fluid restriction,

while patients with CSWS are treated with sodium sup-

plementation and plasma volume expansion.

CSWS manifests with a significant natriuresis, sub-

sequent diuresis, and ultimately hypovolemic hyponatremia.

Despite recognition as a clinical entity for more than 50

years, CSWS has been often questioned as a unique diag-

nosis [2, 3]. No definitive pathophysiologic link between

central nervous system insult and salt wasting has been

established. Atrial and brain natriuretic peptides have been

(inconsistently) implicated in the development of, but never

definitively proven to cause, CSWS; others have speculated a

link between central adrenergic output and CSWS [4]. A salt

wasting syndrome has been observed in patients without

cerebral insult, leading some authors to rename the syndrome

as renal salt wasting [5]. In addition, the classic definition of

CSWS requires an intravascular volume depletion, which is

difficult to document accurately in many patients without

invasive monitoring, and may in fact not present if the patient

is quickly resuscitated with plasma volume expansion and

salt supplementation [6]. Despite this controversy regarding

etiology and diagnostic criteria, we and other authors con-

sider CSWS a useful diagnosis: some hyponatremic patients

with a brisk natriuresis do respond to fluid and salt resusci-

tation, a finding inconsistent with SIADH [6–9].

The incidence of CSWS in pediatric neurosurgical

patients is not well established. Furthermore, no study to

date has defined either associated or causal patient risk

factors for the development of CSWS. Small reports of

CSWS in pediatric neurosurgical patients have been

published, but the current literature is a mixture of eti-

ologies, including: tumor, closed head injury, and

hydrocephalus [7, 9–11]. Here we have undertaken a five-

year review of all pediatric patients at our institution

undergoing brain tumor resection, to better understand

this potentially dangerous, yet treatable condition in a

focused population.

Methods

This study was approved by the Children’s Hospital of

Philadelphia Institutional Review Board. The Pediatric

Neurosurgery Department patient database was queried for

the study inclusion criteria: all patients in the age 0–19;

without preoperative sodium abnormalities (hyponatremia,

hypernatremia, or preoperative DDAVP treatment);

undergoing intracranial tumor resection between January

2005 and December 2009. Stereotactic biopsies were

excluded from analysis.

Pediatric patients meeting inclusion criteria underwent a

meticulous review of their perioperative electronic medical

record, including: pre-operative evaluation and laboratory

values, intraoperative records (surgical and anesthesia),

and all post-operative data. Variables recorded included

patient age at surgery, presenting symptoms, co-morbidi-

ties, presence of hydrocephalus, tumor location and

estimated tumor size, final tumor pathology, intraoperative

and post-operative complications, estimated blood loss,

and length of admission. Pre-operative tumor volume on

MRI was estimated, when imaging was available, using a

length x height x width gross approximation. All neuro-

surgical patients at our institution routinely received

normal saline (0.9%) post-operatively for maintenance

fluid needs; deviations from this were noted. In patients

who developed hyponatremia during their post-operative

hospitalization (defined as at least one serum sodium value

of <135 mEq/l), the following variables were also recor-

ded: date of onset, date of resolution, minimum serum

sodium, clinical symptoms (if any), treatment, average

hourly urine output over the 8 h before the first laboratory

measurement of hyponatremia, urine and plasma osmo-

larity, and urine sodium concentration. Patients who were

discharged within a week of surgery had their records

examined for any emergency room visits and additional

inpatient admissions.

All patients with identified hyponatremia had their

records assessed in-depth. CSWS was defined (as it has

been previously in the literature [9]) as at least one labo-

ratory measurement of hyponatremia (<135 mEq/l) with

brisk diuresis (>3 ml/kg/h) and elevated urine sodium

(>120 mEq/l), when available, or elevated urine osmo-

larity (>300 m Osm/kg water). SIADH was defined as at

least one laboratory measurement of hyponatremia

(<135 mEq/l) with minimal or normal urine output

(<2 ml/kg/h) of variable sodium concentration and urine

osmolarity without other apparent cause; these patients

were identified but not analyzed further. Patients with

diabetes insipidus (as identified by the primary team in the

medical record) who developed hyponatremia while

receiving DDAVP were also identified but not further

analyzed. Seizures were defined as any clinical event that

the treating team considered ictal; such events were not

routinely captured with electroencephalography and were

not always witnessed directly by a physician. Statistical

analysis was performed using Statis 10.0 software (Stata-

Corp, College Station, TX, USA). Fisher’s exact test was

performed to assess unifactorial statistical significance of

categorical variables, and Student’s t tests were performed

to assess unifactorial statistical significance of continuous

variables.
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Results

A total of 291 operations for brain tumor resection, com-

prising 282 unique patients, were identified. From that

cohort, 30 patients met the study criteria for post-operative

hyponatremia (at least one serum sodium <135 mEq/l as

documented by the inpatient laboratory record). Thirteen

patients met the study laboratory criteria for CSWS; in

addition, all of these patients were diagnosed with CSWS

by their providers during the hospitalization. Two addi-

tional patients had been diagnosed with CSWS by their

inpatient providers, but in retrospect did not meet all study

criteria for CSWS defined in our methods. Both had sig-

nificant diuresis, and responded clinically to hypertonic

(3%) saline supplementation, and so were classified as

CSWS for the purpose of this study despite not meeting

strict laboratory criteria (in one patient, a urine sodium of

100 mmol/l was obtained without a urine osmolarity; in the

second patient, no urine labs were sent and successful

therapy initiated empirically). These 15 patients are further

analyzed below. Nine patients were identified who met the

study criteria for SIADH, seven of which had been diag-

nosed with SIADH by their providers at the time of

hospitalization. The other two patients meeting study

SIADH criteria had been classified as hyponatremic, but

without the explicit diagnosis of SIADH, by their inpatient

teams. Six patients had developed hyponatremia in the

setting of prior hypernatremia due to diabetes insipidus and

subsequent DDAVP treatment. All patients who developed

hyponatremia had received normal saline (0.9%) intra- and

post-operatively, as is standard for neurosurgical patients at

our institution. No patient suffered a demyelinating syn-

drome from correction of hyponatremia.

Five percent (15 of 291) of pediatric brain tumor patients

developed CSWS in the post-operative period (Table 1).

All had onset of CSWS during the initial hospitalization; no

patient returned after discharge with new electrolyte

disturbances. All received intravenous normal saline for

post-operative maintenance fluid requirements before the

diagnosis of CSWS. There was a male predominance

(11:4), though it was not statistically significant

(P > 0.05). A variety of pathologies and tumor locations

were observed. Median onset of CSWS, defined as time

between surgery and the first low serum sodium value,

occurred on post-operative day 3 (range, 0–24 days).

CSWS lasted, as defined by normalization of serum sodium

and cessation of treatment, a median of 2.5 days (14

patients, range, 2–27 days). One patient continued to

require treatment for CSWS in the form of oral salt tabs at

the time of discharge to a rehabilitation facility. The aver-

age sodium nadir was 124 mEq/l (range, 118–133 mEq/l,

see Table 2). The diuresis in the hours before development

of hyponatremia averaged 7.8 ml/mg/h (range, 3.08–17.4

ml/kg/h). Urine output was not recorded hourly for all

patients, depending on their inpatient unit; therefore, the

number of hours over which diuresis was recorded (and thus

averaged) varied between one and eight hours. All but one

patient had urine sodium labs sent before treatment initia-

tion. Urine sodium values were almost universally high,

with an average of 235 mmol/l (range, 100–413 mmol/l).

In a unifactorial analysis, three patient variables were

found to be significantly associated with the development

of CSWS (Table 3). Patients with CSWS were more likely

to be younger (average 5.9 vs. 9.7 years, t = 2.58,

df = 274, P = 0.01, difference in means 3.77 years, 95%

CI 0.89–6.66 years), and have chiasmatic/hypothalamic

tumors (40% of CSWS patients versus 3.8% of eunatremic

patients, P = 0.002) than were patients without post-

operative sodium abnormalities. Patients who developed

post-operative CSWS were also more likely to have suf-

fered post-operative stroke (40% of CSWS patients) than

were patients who remained eunatremic (4.6% of eun-

atremic patients, P < 0.001). All patients with stroke and

CSWS were diagnosed with infarct before the development

of CSWS. The variables of gender, presenting hydro-

cephalus, supratentorial location, cortical location other

than chiasmatic/hypothalamic, tumor size, and estimated

blood loss (either absolute or per-kg body weight) were not

significantly different between patients who developed

CSWS and patients who remained eunatremic (all

P > 0.05). Patients with CSWS had a tenfold increase in

the likelihood to develop seizures during the postsurgical

admission (47%) than were patients with normal post-

operative serum sodium (of whom 4.6% seized, P <

0.001). No patient with seizures developed status epilep-

ticus, and no extubated patient required re-intubation.

Long-term rates of epilepsy were not assessed.

Discussion

We have performed a five-year retrospective review to

better characterize the landscape of post-operative CSWS

in pediatric patients undergoing brain tumor resection. In

our pediatric patient population, the overall incidence of

CSWS was 5.1%, and was seen slightly more often than

was SIADH. Most patients developed CSWS within the

first week post-operatively. Two outlying patients devel-

oped CSWS several weeks post-operatively (on POD 14

and 24, respectively). The etiology of those patients’ salt

abnormalities is not clear, and may not have been related to

surgery; however, they were included for completeness as

they did develop CSWS during their postsurgical hospi-

talization. Episodes of CSWS resolved quickly in this

patient population, with a median duration of 2.5 days.

Only one patient continued to suffer CSWS and required
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salt supplementation (oral salt tabs) at the time of dis-

charge. Post-operative stroke, chiasmatic/hypothalamic

tumors, and younger age at surgery were all associated with

the development of CSWS post-operatively.

Strengths of this study include the cohort itself; a large

total number of patients, with a wide range of patient ages

and diverse tumor pathology. Also, relevant laboratory

studies were obtained and available for almost every

patient. One weakness of this study is a lack of definitive

volume status data; no patient had central venous access in

the post-operative hospitalization. At our institution, cen-

tral venous catheterization is not routinely performed for

patients undergoing brain tumor resection. Therefore, dis-

tinguishing between CSWS and SIADH was made on

Table 1 Summary of cerebral salt wasting syndrome patients.

Patient No. Sex Age at surgery (years) Tumor location Tumor pathology

1 M 0.71 Hypothalamus Astrocytoma, fibrillary

2 M 1.17 Thalamus Astrocytoma, fibrillary

3 M 1.27 Chiasm JPA

4 M 1.53 Frontal PNET

5 M 2.23 4th ventricle PNET

6 M 2.69 4th ventricle PNET, anaplastic

7 F 3.29 Chiasm DIG

8 F 4.14 Cerebellar ATRT

9 M 6.64 Chiasm JPA

10 M 7.78 Sellar Craniopharyngioma

11 M 8.69 Cerebellar JPA

12 M 10.18 Chiasm Astrocytoma, fibrillary

13 F 11.96 Sellar Craniopharyngioma

14 M 12.31 3rd ventricle Astrocytoma, anaplastic

15 F 13.75 Chiasm JPA

ATRT atypical teratoid/rhabdoid tumor, DIG desmoplastic infantile ganglioglioma, F female, JPA juvenile pilocytic astrocytoma, M male, PNET
primitive neuroectodermal tumor.

Table 2 Details of patients with cerebral salt wasting syndrome.

Patient No. POD of

CSWS

Onset

Treatment Symptoms Na nadir

(mEq/l)

Urine Osm at

time of

minimum Na

Plasma Osm

at time of

minimum

Na

Urine Na at time

of minimum Na

(mmol/l)

Diuresis

(ml/kg/h)

Duration of

CSWS

(days)

1 6 HTS Seizure 118 780 252 179 3.68 6

2 1 HTS Seizure 125 n/a 280 246 10.94 3

3 4 HTS Seizure 120 641 263 308 15.91 4

4 14 NSS None 123 540 259 n/a 4.91 13

5 3 HTS, ST Seizure 118 n/a n/a 364 4.49 17

6 1 HTS Seizure 125 n/a n/a 204 13.85 2

7 5 HTS Lethargy 126 731 273 413 4.51 3

8 0 HTS None 125 711 267 n/a 17.42 2

9 1 HTS Seizure 133 n/a n/a 133 3.23 1

10 5 HTS Seizure 125 1034 299 n/a 7.83 3

11 0 HTS Lethargy 127 899 273 235 3.14 2

12 0 None None 128 1088 277 205 3.08 2

13 24 HTS None 125 552 n/a 199 9.17 2

14 1 ST None 124 n/a n/a 100.2 7.50 2

15 7 HTS, ST None 125 n/a n/a n/a 8.02 Unresolved

Median: POD 3 Mean: 124 Mean: 7.8 Median: 2.5 days

CSWS cerebral salt wasting syndrome, HTS hypertonic saline (3%), n/a not available, NSS normal saline (0.9%), POD post-operative day, and ST
salt tablets (oral).
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laboratory values alone. A second weakness is the retro-

spective identification of seizure based on the medical

record. Certainly, some patients with post-operative

twitching and unresponsiveness might not be seizing;

however, to avoid introducing reviewer bias into the study

all events considered as seizure by the medical team at the

time of hospitalization were included. Conversely, seizures

might not have been diagnosed in critically ill patients with

subtle, sub-clinical ictal events. Furthermore, while seizure

is considered a catalyst for secondary brain injury, signif-

icant future research is necessary to better define the

relationships between the timing, duration, and location of

electrical instability in the immature brain and neurological

outcomes following brain injury. Another weakness is a

consequence of the small number of patients who devel-

oped post-operative CSWS: no meaningful multi-factorial

analysis was possible to yield independent odds ratios

among the three associated patient variables identified:

young age; chiasmatic/hypothalamic tumor location; and

post-operative stroke. The contribution of young age to

development of CSWS is not surprising, considering the

relative immaturity of the infantile kidney and the other

major electrolyte fluctuations not uncommonly seen in

these patients when critically ill. The relative contribution

of stroke versus tumor location is less clear. The majority

(5/6, 83%) of patients with post-operative stroke and

CSWS in this series also had chiasmatic/hypothalamic or

sellar tumors (perhaps a trivial spatial distinction,

depending on tumor size and surgical approach), and so the

independent contributions of each variable are not appar-

ent. The pathophysiology of CSWS is not well defined, so

presumably both surgical manipulation of these regions

and infarct could each contribute to the condition; the two

might even have a synergistic effect. Notably, case reports

exist of CSWS after sellar surgery as well as after pediatric

ischemic stroke [12, 13].

Regardless of the individual contributions of patient age,

tumor location, and stroke, we can make several conclu-

sions based on the present data. First, CSWS appears not

infrequently in pediatric patients undergoing brain tumor

resection. Secondly, many of these patients experience

neurologic sequelae, with 47% of hyponatremic patients

having new seizures before hospital discharge. These

sequelae could possibly be avoided with vigilant urine

output monitoring and aggressive intervention. We con-

sider this vigilance no less important despite the fact that

no patient in this series with seizures had a precipitous

neurological decline, status epilepticus, or required intu-

bation. All CSWS patients had a significant diuresis

(average greater than 7 ml/kg/hr) of relatively concentrated

urine for at least two hours before the diagnosis of hypo-

natremia was made (either from routine lab work noting an

asymptomatic low serum sodium, or before the child suf-

fered undue effects such as new seizures and a laboratory

sodium was obtained). We recommend a vigilant team

approach, in which critical care nursing tracks hourly per-

kg urine output, and immediately contacts the physician

upon observing a sudden urine output increase in these

patients during the first three post-operative days.

Conclusion

CSWS was observed in 5% of pediatric brain tumor

patients after undergoing surgical resection in this retro-

spective cohort study, most frequently in the first three

post-operative days. Intervention via plasma volume

expansion and salt resuscitation should be considered

quickly in any post-operative pediatric brain tumor patient

with CSWS, to prevent hyponatremic seizures.
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