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Objective To characterize the relationship between hyponatremia (serum sodium <135 mEq/L) and clinical
outcomes in children ages 1 month to 2 years admitted to the pediatric intensive care unit (PICU) with bronchiolitis.
Study design Single-center retrospective cohort study comprising children who were admitted to the PICU
between January 2009 and April 2011. Serum sodium concentrations, collected within the first 2 hours after admis-
sion to the PICU, were recorded and associations with clinical outcomes were calculated. Quantitative data are
presented as mean � SD or percentage. Student t-test, Fisher exact test, and c2 analyses were performed as
appropriate. Subjects were excluded if they were previously diagnosed with chronic disease that would affect initial
serum sodium concentration.
Results Children with bronchiolitis were enrolled (n = 102; age = 10.7� 6.7 months). Twenty-three patients (22%)
were diagnosed with hyponatremia within 2 hours of admission. Mortality (13% vs 0%; P = .011), ventilator time
(8.41 � 2 days vs 4.11 � 2 days; P = .001), duration of stay in the PICU (10.63 � 2.5 days vs 5.82 � 2.09 days;
P = .007), and noninvasive ventilator support (65% vs 24%; P = .007) were significantly different between subjects
with hyponatremia vs those without. There were no differences in the number of patients with seizures, bronchodi-
lator use, steroid use, intubation requirement, oxygen use at discharge, or hospital readmission.
Conclusions Pediatric patients diagnosed with bronchiolitis who present with a serum sodium concentration
less than 135 mEq/L within 2 hours of admission to the PICU fare worse than their cohorts with normonatremia.
A prospective study to evaluate the effects of hyponatremia appears justified. (J Pediatr 2013;163:1652-6).
See related article, p 1646
yponatremia has long been recognized in adult critical illness as an indicator of worse outcomes.1,2 The mechanism
Hbehind this phenomenon is not well understood, but may be attributable to the direct effects of low sodium concen-
trations leading to detrimental physiological responses such as inappropriate fluid shifts, or to low sodium acting as a

biomarker of illness severity and overall fluid balance.3 The etiology of hyponatremia in these patients can range from syndrome
of inappropriate antidiuretic hormone release observed, frequently in pulmonary diseases, to iatrogenic fluid overload occur-
ring during resuscitation. Unlike adult data, little evidence has been found in pediatric patients to connect hyponatremia with
clinical outcomes. Previous studies in general describe an association between an initial serum sodium of less than 130mEq/L at
the time of admission and increased mortality rate and hospital duration of stay in children.4

Bronchiolitis is a common pediatric disease of the lower respiratory tract that accounts for a high percentage of seasonal
inpatient and pediatric intensive care unit (PICU) admissions. Some estimates suggest that 30% of all infants will be diagnosed
with bronchiolitis, and 10% of those patients will require inpatient admission. Up to 15% of children admitted to the hospital
for bronchiolitis will require admission to the PICU.5 In addition to its high prevalence, bronchiolitis in children is a disease
with significant variability in terms of course, severity of illness, treatment regimens, and discharge status. In an attempt to
standardize therapeutic approaches to bronchiolitis, the American Academy of Pediatrics (AAP) drafted clinical care guidelines
in 2006.6 Despite these recommendations, treatment variation continues to exist, including the modes of invasive and nonin-
vasive positive pressure ventilation.

The purpose of this study was to characterize the relationship between hyponatremia within 2 hours of admission to the inten-
sive care unit, in the setting of bronchiolitis, and clinical outcomes including mortality, duration of PICU stay, intubation,
mechanical ventilator time, seizures, bronchodilator use, steroid use, noninvasive support, oxygen support at discharge,
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and PICU readmission. We hypothesized that hyponatremia at the time of admis-
sion or hyponatremia that developed within 2 hours of admission in children with
bronchiolitis is associated with worse outcomes compared with their normonatre-
mic cohort.
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Table I. Characteristics of study population

Whole
population Hyponatremia Normonatremia

P
value

Number of patients 102 23 79
Age in months (SD) 10.7 (6.7) 11.2 (7) 10.6 (6.6) .730
Sex, male, n (%) 55 (54) 5 (22) 50 (64) .0008
PRISM score, mean

(range)
4.39 (1-24) 4.41 (1-24) 4.30 (1-20) .3680
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Methods

This was a retrospective medical chart review of all children
admitted to the PICU with a diagnosis of bronchiolitis
between January 1, 2009, and July 1, 2011. The PICU at
Children’s Hospital Colorado is a free-standing pediatric
academic center that serves as the main referral center for
pediatric critical illness in the multistate Rocky Mountain
region.

The diagnosis of bronchiolitis was made by the primary
critical care physician at time of admission on the basis of
clinical signs of tachypnea, hypoxia, rhinorrhea, cough,
wheeze, subcostal or intercostal retractions, nasal flaring,
and grunting. Dependent upon physician preference, a direct
viral nasal stain via direct fluorescent antibody was collected
to confirm infection. Patients were categorized into 2 main
groups, those with hyponatremia (serum sodium <135
mEq/L) and those with normonatremia according to current
hospital laboratory standards.

This study was reviewed and approved by the Colorado
Multiple Institutional ReviewBoard, and informed parent/pa-
tient consent was waived. Chart review was performed using a
combination of the Virtual PICU database, which was used to
identify patients with a diagnosis of bronchiolitis and the elec-
tronic medical record (Epic Hyperspace [Epic Rx] Systems
Corporation, Verona, Wisconsin) to retrieve sodium concen-
trations within 2 hours of admission and clinical outcomes.
The Virtual PICU database is an ongoing record of all patients
admitted to the Children’s Hospital Colorado PICU that iden-
tifies age, chart number, and corresponding primary diagnosis
and is used primarily for research purposes.

Serum sodium concentrations collected from enrolled pa-
tients within 2 hours of admission to the PICU were re-
viewed. By collecting serum sodium values within 2 hours
of admission to the PICU, the possible effect of fluid manage-
ment on sodium concentrations was minimized. Hyponatre-
mia was further characterized as mild (130-134 mEq/L),
moderate (125-129 mEq/L), or severe (<125 mEq/L).
Because of low number of observations regarding severe hy-
ponatremia, data comparison occurred primarily between
normonatremia (>134 mEq/L) subjects and hyponatremia
(<134 mEq/L) subjects, which included subjects with severe
hyponatremia. To eliminate the effects of chronic diseases
affecting sodium concentrations, subjects were excluded if
they carried a diagnosis of cystic fibrosis, hypothyroidism,
pan-hypopituitarism, renal failure, metabolic disease, chro-
mosomal disorder, genetic disorder, or any recent surgery.
Any child with a previous diagnosis of syndrome of inappro-
priate antidiuretic hormone syndrome also was excluded
because hyponatremia has an increased prevalence in this
group and fluid therapy needs to be directed towards treat-
ment.7

Outcome measures studied included hospital mortality,
duration of hospital stay, intubation requirement, duration
of intubation, incidence of seizures, and readmission to the
hospital within 5 days of hospital discharge. Associated
uses of therapies were also examined and these included
noninvasive ventilation, steroids, bronchodilators, and oxy-
gen requirement at the time of hospital discharge. Steroids
administered were either intravenous methylprednisolone,
or oral prednisone. Initial Pediatric Risk of Mortality Scores
III (PRISM III) were calculated at 24 hours and recorded for
all patients. The PRISM III score uses multiple physiologic
variables at time of admission and is used as a predictor of
mortality.8 Infectious comorbidities are known to increase
the severity of illness; therefore, the presence of confirmed
or suspected viral or bacterial coinfections (indicated by cul-
tures or antibiotic use) were recorded.9

The data set was collected and transcribed into a Microsoft
Excel Workbook (Microsoft Corp, Redmond, Washington)
and then read into R version 2.14.1 (www.r-project.org) for
analysis.10 Simple tests to determine whether there is a differ-
ence in any of the noted variables between the hyponatremic
statuses were conducted. These methods include Student t-
test for the difference in means and c2 or Fisher exact tests
for the differences in proportions. c2 tests are used preferen-
tially over Fisher exact tests when the observed data sup-
ported the asymptotic assumptions of the c2 test. Duration
of stay in the PICU and duration of ventilator dependence
were log transformed before analysis to correct for the skew-
ness in the observed data. Geometric means are reported for
these 2 metrics. Statistical significance was set at P < .05.

Results

A total of 102 subjects with bronchiolitis were admitted during
the study period. Twenty-three (22%) were found to have
hyponatremia (Table I). There was no significant difference
in PRISM III scores between patients admitted with
normonatremia and those with hyponatremia at time of
admission. There was a significant difference in sex, with a
larger percentage of male patients having normonatremia at
time of admission. Infectious etiologies of bronchiolitis are
shown in Table II (available at www.jpeds.com). Respiratory
syncitial virus accounted for more than one-half of the cases,
with enterovirus, adenovirus, and rhinovirus accounting for
approximately one-third of the cases of bronchiolitis.
Stratification of the 23 subjects based on hyponatremia
severity is depicted in Table III; only 1 exhibited severe
hyponatremia defined as serum sodium <125 mEq/L.
Comparative variables for normal serum sodium and sub-

jects with hyponatremia are shown in Table IV. Mortality did
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Table III. Severity of hyponatremia

Mild (130-134 mEq/L) n, % 19, 82%
Moderate (125-129 mEq/L) n, % 3, 13%
Severe (<125 mEq/L) n, % 1, 4%
Total n 23
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not occur within the normonatremic group, but there were
3 deaths among the group with hyponatremia (13% vs 0%;
P = .011). There was no significant difference in the
proportion of subjects with hyponatremia who required
intubation and mechanical ventilation compared with
normonatremic subjects (70% vs 49%; P = .127). In
contrast, for those subjects who required intubation and
ventilator support, children with initial hyponatremia
demonstrated a longer duration of time on the ventilator vs
those who were initially normonatremic (8.41 � 2.00 vs
4.11 � 2.00 geometric mean; P = .001). Overall PICU
duration of stay was significantly increased in patients with
hyponatremia compared with those with normonatremia
(10.63 � 2.50 vs 5.82 � 2.09 geometric mean; P = .007).
The percentage of patients requiring noninvasive positive
pressure support was significantly greater in patients with
hyponatremia vs normonatremia (65% vs 24%; P = .0007).
There was no statistical difference between the 2 groups in
terms of readmission to the hospital within 5 days, seizure
incidence, steroid use, oxygen requirement at time of
discharge, or use of bronchodilator therapy, which included
albuterol or racemic epinephrine. Only one subject was
readmitted to the PICU after transfer out.

Discussion

The etiology of hyponatremia in the critically ill child may
reflect an endogenous state of sodium dysregulation, iatro-
genic causes, or both. Children admitted to the critical care
unit for respiratory insufficiency or respiratory failure due
to bronchiolitis have been recognized as having increased
risk for developing hyponatremia possibly due to dysregula-
tion of arginine vasopressin, antidiuretic hormone, excessive
free water administration, or deficient sodium intake.11

This study found an association between hyponatremia on
presentation, or within 2 hours of admission, and clinically
worse outcomes in children ages 1 month to 2 years of age
Table IV. Tracked variables in normonatremia vs hyponatre

Total

Bronchodilator therapy, n (%) 63 (62)
Duration of PICU stay, geometric mean (SD) 6.68 (2.27)
Intubation, n (%) 54 (53)
Ventilator days, geometric, mean (SD) 5.08 (2.14)
Oxygen at discharge, n (%) 13 (13)
Noninvasive ventilation, n (%) 34 (34)
Steroids, n (%) 44 (44)
Seizures, n (%) 6 (6)
Readmission within 5 days, n (%) 1 (1)
Mortality n, (%) 3 (3)
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admitted to the PICU with bronchiolitis. This relationship
is complex and has previously been described in children
by Seifert et al.12 These authors found associations between
bronchiolitis and hyponatremia characterized by increased
duration of stay and increased need for intubation. However
this previous study did not exclude children with chronic dis-
eases that may have lead to or caused hyponatremia. We have
included in our subjects, for the most part, previously healthy
young children afflicted with seasonal bronchiolitis. These
patients constitute the majority of bronchiolitis admissions
in most PICUs.
It is worth noting that the prevalence of hyponatremia in

children admitted to the Children’s Hospital Colorado
PICU with bronchiolitis was greater than previously re-
ported.13 In addition, most of these with lower than normal
sodium concentrations were characterized as mild (131-134
mEq/L). A recent study recognized that evenmild hyponatre-
mia may portend a worse outcome for adults. We did not
anticipate that even mild hyponatremia would be related to
worse clinical outcomes in our study group, despite current
adult findings.14 This might be an important point because
mild hyponatremia is considered a common electrolyte ab-
normality and usually is not considered a target of therapeutic
intervention with the exception of disease states, such as trau-
matic brain injury. That this study characterizes evenmild hy-
ponatremia in bronchiolitis as potentially importantmay lead
some providers to more seriously consider correction of mild
disturbances in sodium levels in the setting of bronchiolitis.
Mortality was greater among children with bronchiolitis in

the hyponatremia group than the normonatremia group,
which agrees with adult studies.2 This occurred despite the
comparable PRISM III scores between the 2 groups. The first
patient with an initial sodium level of 123 mEq/L had meta-
static rhabdoid tumor, which was the eventual cause of death
during his admission for bronchiolitis. The second patient
with an initial sodium level 133 mEq/L, had an underlying
seizure disorder and developmental delay. His bronchiolitis
resulted in severe respiratory failure with secondary cardiac
failure that required multiple pressors for support. His death
was secondary to the bronchiolitis, and he died after failed
resuscitation with several rounds of epinephrine. There was
no noted seizure activity during his hospital course. The third
patient who was admitted with an initial sodium level of 134
mEq/L had a history significant for chronic lung disease and
mia populations

Hyponatremia Normonatremia P value

15 (65) 48 (62) .094
10.63 (2.50) 5.82 (2.09) .007

16 (70) 38 (49) .127
8.41 (2.00) 4.11 (2.00) .001

5 (22) 8 (10) .165
15 (65) 19 (24) .007
12 (52) 32 (41) .478
1 (4) 5 (6) 1.000
0 (0) 1 (1) 1.000
3 (13) 0 (0) .011
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global developmental delay. Death occurred thereafter a
3-week course on extra corporeal membrane oxygenation
and multiple pressors, eventually leading to multiorgan
failure, and parental decision to withdraw support.

Within the limits of this study, the results must be
cautiously interpreted, although there were no deaths in
the normonatremia group. Interestingly though, compared
with national averages of 1%-2% mortality in children with
bronchiolitis, the mortality rate in our study of children
with hyponatremia was much greater at 13%.15 Increased
mortality rate in children with an initial finding of hypona-
tremia in the setting of respiratory viral illness may suggest
a further evolved and worsening respiratory disease process
in comparison with those with normonatremia. A possible
explanation is that a low sodium concentration is an indica-
tor of increased free water status, a variable that has been
shown to lead to worse prognosis in respiratory disease.

The concept that even mild hyponatremia at the time of
admission is an indicator for worsened respiratory disease is
supported by finding a statistically significant association be-
tween patients with hyponatremia at time of admission and
increased ventilator times. Despite the fact that this study
did not show an increased incidence of intubation in the hy-
ponatermic group, a previous study has found an association
between hyponatremia and need for intubation.12 It should be
noted though, that the hyponatremia cohort did have greater
odds of requiring intubation in comparison with the normo-
natremic cohort, and the lack of statistical significance may be
a reflection of a lack of power.Wewere able to demonstrate an
increased use of nonnnvasive ventilation for subjects with hy-
ponatremia when compared with the normonatremia group.

There was no significant difference in bronchodilator use
between the 2 cohorts. This lack of difference may be primar-
ily attributable to physician preference, because the AAP
guidelines recommend the continued use of bronchodilators
if a positive effect is subjectively appreciated, possibly result-
ing in liberal administration of medication. Previous studies
focusing solely on bronchodilator use in pediatric patients
with bronchiolitis failed to demonstrate a clear or consistent
benefit.6 The practice of our institution is in agreement with
the AAP, in that bronchodilators are trialed in most patients
with bronchiolitis and administration is not continued if no
clear benefit is shown.

Finally, in an era of concern for financial constraints, it is
worth noting there was increased duration of PICU stay in
the patients with hyponatremia, presumably leading to an
increased cost of care. This also correlates with adult studies
that have demonstrated an increased cost of care, as well as an
increased length of hospital stay, in patients with hyponatre-
mia.16 We suggest that children with bronchiolitis and hypo-
natremia within 2 hours of admissionmay be identified at the
onset as potentially requiring a longer hospitalization.

The study has limitations that are important to acknowl-
edge. This was a retrospective study; therefore causality
cannot be determined despite the association found between
hyponatremia and clinically worse outcomes in this popula-
tion. More importantly, this study does not consider the
Hyponatremia in Children with Bronchiolitis Admitted to the Ped
with Worse Outcomes
effect of fluid administration in the initial 24 hours. Any dis-
cussion of sodium balance in critical illness is incomplete
without an accompanying discussion of fluid balance and
fluid strategy. Type of fluid, amount of fluid, and rate of
administration were not available and/or reliable for analysis
in this retrospective study. We acknowledge that this could
have considerable influence on a variety of the studied out-
comes. Also, initial pre-PICU admission fluid management
and administration provided for these patients were un-
known. This could have affected the overall incidence of pa-
tients who were found to be initially hyponatremic at time of
admission to the PICU or soon after, because hypotonic fluid
administration has been shown to increase overall incidence
of hyponatremia in pediatric patients.17,18 The possibility of
whether isotonic fluid administration at time of admission
and throughout hospital course would lead to a decreased
incidence of worse clinical outcomes in this patient popula-
tion is left unanswered, but possible benefits have been sug-
gested in previous studies.19,20 These variables should be
controlled for in future studies.
This study demonstrated numerous associations between

mild hyponatremia at the time of admission and worsened
clinical outcomes among critically ill children with bron-
chitis. The prognostic and therapeutic implications of these
findings, as well as the ability to define causality between hy-
ponatremia and worsened clinical outcomes will need further
prospective studies. n
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The Use of Serum Creatine Phosphokinase and Other Serum Enzymes in the
Diagnosis of Progressive Muscular Dystrophy
Swaiman KF, Sandler B. J Pediatr 1963;63:1116-9

Swaiman and Sandler proposed that creatine phosphokinase (CPK) measurement was a superior test to aid in early
diagnosis of muscular dystrophy compared with other markers, including aldolase, lactic dehydrogenase, glutamic

oxaloacetic transaminase, and glutamic pyruvic transaminase. Serum analysis of 200 patients demonstrated that
young individuals with Duchenne muscular dystrophy had increased levels of all enzymes, but CPK was most signif-
icantly and reliably elevated.

CPKmeasurement was deemed advantageous by the authors because it was increased “only in progressive muscular
dystrophy, in dermatomyositis, and transiently in myocardial infarction.” It is currently recognized that CPK varies
with age and physiological condition. Levels are 3 times higher in normal newborns compared with adults. Vigorous
exercise, trauma, and viral illness can instigate elevated serum concentrations. In fact, there have been proposed
alterations to reference ranges in efforts to increase specificity of CPK testing, given the rate of false positives.1

The “relative absence of activity in normal sera” was purported to be another advantage of CPK measurement.
However, there has recently been revealed a subset of patients with elevated enzymes, normal neurological
examination, and no symptoms.2 This population reminds practitioners to interpret results of laboratory testing while
considering the probability of disease based on clinical impression.

Fifty years later, we continue to use CPK measurement as a component of evaluating an individual with potential
muscle disease. However, the limitations of this laboratory test have become clearer. Although elevated levels raise the
suspicion of muscle disease, they do not confirm it. Conversely, a negative result does not exclude the diagnosis.
Laboratory results have not replaced the physician’s clinical impression, and it remains true that diagnosis hinges
on a converging of history, examination, and supplemental lab results, imaging, or electrodiagnostics.

Crystal M. Proud, MD
Division of Child Neurology

Lucile Packard Children’s Hospital at Stanford
Stanford, California

http://dx.doi.org/10.1016/j.jpeds.2013.06.015
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Table II. Characteristics of bronchiolitis

Organism
Number of
patients

Percentage of
patients

Respiratory syncitial virus 53 51.9
Enterovirus/rhinovirus/adenovirus 36 35.2
Influenza A 4 3.9
Human metapnuemovirus 4 3.9
Unknown 3 5.8
Negative 2 1.9
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