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INTRODUCTION

Respiratory system infections are the most frequently 
encountered diseases in children worldwide the globe. In 
particular, bronchiolitis, often occurs during the first two 
years of  life, and it is the leading cause of  respiratory illness 
hospitalizations among this age group. The most common 
factors of  this disease, that peak in winter, are respiratory 
viruses, including respiratory syncytial virus (RSV), 
rhinovirus, influenza virus, human parainfluenza virus 
(HPIV), adenoviruses, and human metapneumovirus.1,2 
Signs and symptoms start with rhinitis and cough often 

progress from mild to severe, ultimately reaching the lower 
respiratory tract. Edema characterized by inflammation 
of  the small airways along with necrosis and increased 
mucus accumulation in epithelial cells, causes a clinical 
picture involving tachypnea, wheezing, rales and/or 
use of  accessory respiratory muscles.3 Although the 
disease usually follows a moderate course, it requires 
hospitalization in infants with concomitant conditions 
such as congenital lung disease, congenital heart defect, 
neuromuscular disorders, premature birth, and immune 
deficiency.1,2,4
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Respiratory function tests designed to measure the degree 
of  airway obstruction have limited use in infants. For this 
reason, various clinical scoring systems and tools have 
been developed to determine disease severity based on 
the respiratory rate (number of  breaths taken per minute), 
cyanosis, cerebral function, wheezing, crepitan rales, intensity 
of  accessory respiratory muscle use, and oxygen saturation. 
Higher scores on such assessment tools are claimed to 
indicate an increase in the severity of  bronchiolitis. In this 
context, the Tal et al. severity score (TSS) and Modified 
Woods Clinical Asthma Score (M-WCAS) are simple and 
practical clinical tools that may offer validated scores to 
predict the severity of  the disease.5-8

Some infants with acute bronchiolitis who have no 
concomitant disease have also been observed to show severe 
symptoms of  the disease. Hyponatremia is also frequently 
observed in patients with severe respiratory distress. It 
has been suggested that low serum sodium (Na) levels 
(<135 mEq / L) among infants with bronchiolitis could 
play a role in determining the severity of  the disease, and the 
presence of  hyponatremia may complicate the prognosis, 
especially in those receiving critical care in pediatric 
intensive care units (PICU).9,10 Although hyponatremia 
is also observed in non-PICU patients with bronchiolitis, 
its relationship with the severity of  the disease remains 
unknown.11,12 Therefore, this study therefore aims to 
determine the severity of  acute bronchiolitis in infants using 
two different assessment tools, named TSS and M-WCAS, 
and compare the severity scores with serum sodium levels.

MATERIALS AND METHODS

This prospective observational study was carried out at the 
Okmeydani Research and Training Hospital, University 
of  Health Sciences, between 1 November 2018 and 1 
April 2019. Before the initiation of  any research protocol, 
written informed consent was obtained from each patient’s 
parent(s) once they had been given a detailed explanation of  
the aims and scope of  the study. The study was conducted 
following the principles of  the Declaration of  Helsinki 
by the World Medical Association. In addition, written 
approval for the study was obtained from local ethics 
committee (998/09.10.2018). The diagnosis of  bronchiolitis 
was established in the presence of  cough, wheezing, and 
rales, characterized by respiratory distress accompanied by 
symptoms of  acute coryza (upper respiratory tract infection), 
tachypnea, and use of  accessory respiratory muscles.1,2

The study initially included 205 patients aged between 1 
and 24 months; however, 33 patients were excluded from 
the study for various reasons, including lack of  blood 
gas test results (14 patients), repeated hospitalizations 

(seven patients), presence of  serious unstable cardiac 
disease (three patients), bacterial infections (five patients), 
and diarrhea (four patients). Thus, the final sample was 
comprised of  172 patients.

Inclusion criteria
Patients aged 1 - 24 months old and born after a full-term 
pregnancy (gestational week ≥37) with normal birth weight 
and hospitalized for bronchiolitis were included in the study.

Exclusion criteria
Patients younger than 1 month old and older than 24 
months old, and those with accompanying conditions 
(congenital heart disease, neuromuscular disorder, 
congenital malformations), those with diarrhea, those 
and a history of  hospitalization due to bronchiolitis, born 
prematurely (at gestational week <37), and low birth weight 
were excluded from the study.

As our country has been regularly performing newborn 
screening for cystic fibrosis over the past few years, patients 
with negative screening results were considered not to have 
cystic fibrosis. For the calculation of  TSS and M-WCAS, 
two physicians evaluated each patient’s respiratory rate, 
presence of  cyanosis, degree of  wheezing and inspiratory 
sounds during auscultation, use of  accessory respiratory 
muscles and levels of  oxygen saturation, and cerebral 
function. Then, the physicians, by averaging these values, 
calculated and recorded TSS and M-WCAS for each patient. 
In addition, a series of  laboratory tests, including complete 
blood count, C-reactive protein (CRP), serum Na, and 
venous blood gases were performed within two hours of  
admission. A power of  hydrogen (pH) > 7.3 and partial 
pressure of  carbon dioxide (pCO2) > 50mmHg in venous 
blood gas analyses were accepted as respiratory distress.13

A sodium concentration in the serum higher than 
135 mmol/L (Na ≥ 135 mmol/L) was considered 
normal, while values less than 135 mmol /L (Na 
<135 mmol/ L) were considered hyponatremia, with levels 
from 134 to 130 mmol/L categorized as mild hyponatremia, 
129-120 mmol/L moderate and <120 mmol/ L severe.14 
Chest radiographs were taken from all patients, and those 
showing signs of  infiltration and congenital malformations 
on chest radiography as well as patients presenting 
findings compatible with immune deficiency and those 
with positive bacterial blood cultures were excluded from 
the study. Echocardiography was performed in patients 
with tachypnea and abnormal heart murmur, and those 
diagnosed with unstable heart disease were also excluded. 
For viral etiology, antibody identification was conducted 
in samples from 60 patients. Laboratory results were 
individually compared with TSS and M-WCAS, and then 
both scores were compared to each other.



Turkmenoglu, et al.: Respiratory scores and sodium

Asian Journal of Medical Sciences | May 2021 | Vol 12 | Issue 5	 49

Statistical analysis
Statistical analysis was performed using the statistical 
package IBM SPSS Statistics 22 (IBM SPSS, Turkey). 
For each continuous variable, the normality of  the data 
distribution was checked using the Kolmogorov–Smirnov 
test. All numerical data are expressed as median values 
(minimum-maximum) or as proportions. Groups with 
normally distributed data were compared using a one-way 
ANOVA test; groups with abnormally distributed data were 
compared using the Kruskal–Wallis test. Dun’s test was 
used to determine the causes of  abnormality, and these two 
groups were compared using the Mann–Whitney U test. 
The categorical variables between the groups were analyzed 
using the chi-squared test or the Fisher–Freeman test. The 
correlations between normally distributed variables were 
tested using the Pearson correlation test. A p-value of  less 
than 0.05 was considered statistically significant.

RESULTS

The mean age of  the 172 patients was 5.5 ± 4.6 (1-24) 
months, and 114 (66.3%) of  them were male. The most 
common complaints of  patients were cough with an 
incidence rate of  95.9%, runny nose (66.3%), loss of  
appetite and difficulty in feeding (64.5%), grunt (59.3%), 
fever (>37.5C) (59.3%), and difficulty in breathing 
(51.2%). Analysis of  the samples taken from 60 patients 
for viral etiology revealed exposure to RSV in 26 patients 
(43.3%), influenza in 18 (30.0%), rhinovirus in 11 (18.3%), 
adenovirus in 4 (6.7%), and metapneumovirus in 1 patient 
(1.66%). Time from onset of  symptoms to hospital 
admission was 2.5 ± 2.6 days on average. The total scores 
of  TSS changed from 3 to 11(mean 6.73±1.94, median 7) 
and M-WCAS changed from 1 to 8 (mean, 3.34 ± 1.38; 
median, 3) (Table 1).

The M-WCAS scores of  patients were mild in 91 (52.9%), 
moderate in 73 (42.5%), and severe in eight (4.6%) patients.

In addition, the complete blood count, CRP, Na, and 
blood gas results of  the patients were evaluated, as shown 
in Table 1.

Hyponatremia was detected in 30 (17.4%) patients, of  
which 21 were males. When patients were divided into 
age groups, hyponatremia was seen in nine patients 1-3 
months old, 13 patients 3-6 months old, five patients 7-12 
months old, and three patients 13-24 months old. Among 
patients with hyponatremia, the M-WCAS was categorized 
as low in 13 patients, moderate in 15 patients, and high in 
two patients. In patients with hyponatremia, 28 (16.3%) 
had mild hyponatremia, and two (1.2%) had moderate 
hyponatremia.

The comparison of  the mean TSS and M-WCAS in patients 
with or without hyponatremia showed no significant 
difference between these groups (p= 0.517, p = 0.662, 
respectively) (Table 2).

In addition, the numeric components of  TSS and M-WCAS 
were analyzed. There was no statistically significant 
difference between patients with and without hyponatremia 
in terms of  respiratory rate groups (p=0.997), but there was 
a significant difference between hyponatremia and oxygen 
saturation levels (p = 0.026) (Table 3).

Patients received intravenous fluid electrolyte therapy. The 
levels of  Na were all resolved after fluid treatment, and 
their serum sodium values were normal before discharge.

DISCUSSION

It has been reported that hyponatremia occurs in 16- 
22% of  bronchiolitis patients treated in the PICU due to 
respiratory distress, playing a significant role in mortality.9,10 
The impact of  higher respiratory scores on serum sodium 
levels remains unknown. There are no studies in the 

Table 1: Demographic, clinic, and laboratory 
results of patients
Parameters Patients (n=172) 
Gender n % 
Girl/boy 58/114 33.7/66.3 
Min‑Max Mean±SD 
Age (month) 5,5±4,6 4 (1‑24) 
TSS 6,7±1,9 7 (3‑11) 
M‑WCAS 3,3±1,4 3 (1‑8) 
WBC (103/mm3) 4720‑18410 11042,34±3314,82 
ANC (103/mm3) 700‑9460 4184,42±1951,02 
Hb (g/dL) 8,1‑15,1 10,94±1,13 
Platelet count
(103/mm3) 

159‑841 393,77±119,82 

CRP (g/L) (median) 0‑76 12,35±15,56 (6,7) 
Na (mmol/L) 127‑143 136,32±2,33 
pH 7,19‑7,7 7,36±0,05 
pCO2 (mmHg) 26,7‑67,6 41,15±7,23 
HCO3(mmol

ANC: Absolute neutrophil count; CRP: C‑reactive protein; Max: Maximum;  
Med: Median; Min: minimum; M‑WCAS: Modified Woods Clinical Asthma Score; 
SD: Standard deviation; WBC: White blood cell; Hb: hemoglobin; pH: Power of 
Hydrogen; CO2: Partial pressure of carbon dioxide; HCO3: Bicarbonate

Table 2: Comparison of the mean TSS and 
M‑WCAS and hyponatremia

TSS M‑WCAS
Hyponatremia Mean±SD (median) Mean±SD (median)
None 6.67±1.90 (7) 3.32±1.38 (3)
Positive 7.0±2.12 (7) 3.43±1.37 (3,3)
p 0.517 0.662

Mann Whitney U Test *p<0.05 SD: Standard deviation; TSS: Tal et al. severity score; 
M‑WCAS: Modified Woods Clinical Asthma Score
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literature that investigate the relationship between TSS or 
M-WCAS and hyponatremia. In our study, hyponatremia 
was detected in 17.4% of  bronchiolitis patients at the time 
of  admission, but no relationship was found between 
hyponatremia and TSS score or M-WCAS to predict 
disease severity. Our sample appears to have included mild 
to moderate cases of  bronchiolitis, and only eight patients 
had high scores for M-WCAS that indicated severe disease, 
two of  whom had hyponatremia.

A study showed that in infants with bronchiolitis, M-WCAS 
≥ 7, and oxygen saturation < 75%, there is an increased 
necessity for intubation.8 However; they did not compare 
these values with their hyponatremia. When we compared 
the components of  the M-WCAS with hyponatremia, 
we found relationship between the groups low oxygen 
saturation and hyponatremia, which suggests that hypoxia, 
may affect the development of  hyponatremia.

It has been pointed out that one of  the causes of  
hyponatremia in bronchiolitis is the administration of  
large volumes of  hypotonic solution.14,15 Another view 
argues that it may be the limitation of  oral intake due to 
increased respiratory load and an increase in sweating and 
loss of  sodium.16 Tachypnea has also been investigated 
as a possible cause of  hyponatremia in children with 
pnemonia.17 We found no relationship between the groups 
of  respiratory rates and hyponatremia in our study. In an 
experimental study, influenza, parainfluenza, and RSV have 
been shown to damage the apical face of  the epithelium 
in the lung, disrupting sodium transport.18 However, it is 
not known whether this local effect systemically causes 
hyponatremia. Elevated antidiuretic hormone (ADH) 
secretion is associated with hyponatremia, particularly 
in bronchiolitis caused by RSV.15,19 ADH levels have 
been reported to increase in different clinical conditions, 
such as fever, hypovolemia, and respiratory infections.20 
Extracellular fluid volume contraction, also known 
as volume depletion or reduction in effective arterial 
blood volume, is thought to cause hyponatremia by 
affecting the renin-angiotensin system.21,22 In our patients, 

hyponatremia was detected by the tests performed before 
the commencement of  fluid treatment, and oral intake 
was decreased in a significant portion of  our patients. 
Daniemend et al.,21 suggested that a decrease in oral intake 
had no effect on hyponatremia, whereas increased ADH, 
N-terminal pro-atrial, and N-terminal pro-brain natriuretic 
peptide levels were associated with the development of  
hyponatremia in patients with bronchiolitis. A study by 
Hausman–Kedem et al.,22 investigating brain natriuretic 
peptide (BNP) levels in 49 children with pneumonia, found 
no relationship between BNP levels and oxygen saturation 
and hyponatremia. However, they defined hyponatremia 
as Na < 133 mEq/L. In an experimental study, atrial 
natriuretic peptide and B-type natriuretic peptide levels 
have been reported to be elevated in hypoxia.23 This 
suggests that patients with respiratory distress may develop 
hyponatremia with elevated levels of  these peptides 
because of  hypoxia. The idea of  hyponatremia caused by 
hypoxia supports our study.

Hyponatremia also appears to accompany pulmonary 
exacerbations of  cystic fibrosis, pneumonia, bronchiolitis, 
bronchitis, and upper respiratory system infections.11,24 
Hyponatremia is particularly common and severe in 
RSV bronchiolitis, causing neurological symptoms such 
as convulsions.16,25 A study by Park et al.,11 that included 
3938 children with lower and upper respiratory system 
infections, 724 of  which had bronchiolitis, reported that the 
frequency of  hyponatremia was 9.7%, and it was observed 
especially in male patients and older children and no severe 
hyponatremia and convulsion occurred. All patients were 
discharged after their condition improved. Most of  our 
patients were male, under two years of  age, and severe 
hyponatremia and convulsions were not observed.

In a study of  91 infants aged 6 weeks on average receiving 
critical care in the PICU for RSV infection, serum sodium 
values were less than 136 mEq/L in 33% of  patients 
and <130 mEg/L in 11% of  patients.16 Different studies 
have detected hyponatremia in 9.7-57% of  infants with 
bronchiolitis admitted to the pediatric wards.11,12 Our 

Table 3: Numeric components of TSS and M‑WCAS based on the hyponatremia distribution
Parameter Hyponatremia

None Positive p
n (%) n (%)

 Respiratory Rate (rate/minute) 30‑45/minute 20 (14.1) 4 (13.8) 0.997
46‑60/minute 74 (52.1) 15 (51,7
>60/minute 48 (33.8) 10 (34.5)

Saturation O2 >%95 (air of room) 60 (42.3) 12 (40) +0.026*
%90‑95 (air of room) 61 (43) 7 (23.3)
>%90 with FiO2>21% 18 (12.7) 9 (30)
<%90 with FiO2>21% 3 (2.1) 2 (6.7)

Chi‑Square test Fisher Freeman Halton Test *p<0.05
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study generally included mild and moderate cases of  
bronchiolitis in children born at normal gestational age with 
no accompanying disease, age range from 1-24 months. 
The majority of  patients had mild hyponatremia, and only 
two patients (1.2%) had serum sodium levels less than 
130 mmol/L, while no severe hyponatremia and convulsion 
was observed. Comparable results were achieved in all 
age groups in our study. In mild or moderate cases of  
bronchiolitis where hyponatremia persists, physicians 
should consider the possibility of  other diseases, such as 
cystic fibrosis.

This study has some limitations. The study was conducted 
with a relatively limited number of  patients, and the number 
of  cases with severe bronchiolitis was low. There was no 
data regarding the serum sodium levels of  patients before 
hospital admission. Not all bronchiolitis cases in our study 
had the same causative agent; further studies, including 
cases with the same etiologic agent, may yield different 
results.

CONCLUSION

In conclusion, most of  our patients with acute bronchiolitis 
had mild to moderate hyponatremia. There was no 
significant correlation between respiratory scores (TSS and 
M-WCAS) and hyponatremia, but there is a relationship 
between low oxygen saturation and hyponatremia, 
suggesting that hypoxia may play a role in the development 
of  hyponatremia. Extensive research with larger samples 
is needed to better evaluate the relationship between 
hyponatremia and hypoxia in children with bronchiolitis.
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