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Abstract 

Childhood pneumonia is an important cause of mortality and morbidity in India. Also hyponatremia occurs in 1/4th of CAP 

and has been associated with increased in severity and worsened outcome of the disease. Hence, this study was undertaken to 

evaluate the prevalence of pneumonia and its association with the hyponatremia. 

The present study was planned in the Department of Paediatrics, Sri Krisna Medical College and Hospital, Muzaffarpur, Bihar. 

The study was performed from July 2018 to Jan 2019. Total 25 child’s of aged 1 to 4 years identified with the pneumonia were 

enrolled in the present study. Pneumonia was defined as the presence of infiltration on the chest X-ray. 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, rhinorrhoea, cough, wheeze, subcostal or intercostal retractions, nasal flaring, and grunting. Venous blood samples 

were obtained and analysed for serum sodium by flame photometry Normal values of serum sodium ranges from 136-145 m 

mol/L or mEq/L. Hyponatremia is usually defined as a serum sodium concentration of less than 135 mEq/L3. 

Based on the data generated in the present study and the reported findings it can be concluded that mild hyponatremia is 

common among children hospitalized with lower respiratory tract infections. Thus, serum electrolytes should be measured in 

children hospitalized for lower respiratory infections; and serum sodium concentration should be monitored regularly. Future 

research needs to focus not only on how hyponatremia may affect children with pneumonia, but also how severity of 

hyponatremia impacts hospital outcomes. Studies are needed to evaluate the role of currently available therapies aimed at 

correction of hyponatremia in improving the outcomes of patients with pneumonia. 
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Introduction 

Pneumonia is an inflammatory condition of the lung 

affecting primarily the small air sacs known as alveoli. 

Typically symptoms include some combination of 

productive or dry cough, chest pain, fever, and trouble 

breathing. Severity is variable. Pneumonia is usually caused 

by infection with viruses or bacteria and less commonly by 

other microorganisms, certain medications and conditions 

such as autoimmune diseases. Risk factors include other 

lung diseases such as cystic fibrosis, COPD, and asthma, 

diabetes, heart failure, a history of smoking, a poor ability to 

cough such as following a stroke, or a weak immune 

system. Diagnosis is often based on the symptoms and 

physical examination. Chest X-ray, blood tests, and culture 

of the sputum may help confirm the diagnosis. The disease 

may be classified by where it was acquired with community, 

hospital, or health care associated pneumonia [1]. 

Vaccines to prevent certain types of pneumonia are 

available. Other methods of prevention include 

handwashing and not smoking. Treatment depends on the 

underlying cause. Pneumonia believed to be due to bacteria 

is treated with antibiotics. If the pneumonia is severe, the 

affected person is generally hospitalized. Oxygen therapy 

may be used if oxygen levels are low. People with infectious 

pneumonia often have a productive cough, fever 

accompanied by shaking chills, shortness of breath, sharp or 

stabbing chest pain during deep breaths, and an increased 

rate of breathing. In elderly people, confusion may be the 

most prominent sign [2]. 

The typical signs and symptoms in children under five are 

fever, cough, and fast or difficult breathing. Fever is not 

very specific, as it occurs in many other common illnesses 

and may be absent in those with severe disease, malnutrition 

or in the elderly. In addition, a cough is frequently absent in 

children less than 2 months old. More severe signs and 

symptoms in children may include blue-tinged skin, 

unwillingness to drink, convulsions, ongoing vomiting, 

extremes of temperature, or a decreased level of 

consciousness [3]. 

Bacterial and viral cases of pneumonia usually result in 

similar symptoms. Some causes are associated with classic, 

but non-specific, clinical characteristics. Pneumonia caused 

by Legionella may occur with abdominal pain, diarrhea, or 

confusion. Pneumonia caused by Streptococcus pneumoniae 

is associated with rusty colored sputum. Pneumonia caused 

by Klebsiella may have bloody sputum often described as 

"currant jelly". Bloody sputum (known as hemoptysis) may 

also occur with tuberculosis, Gram-negative pneumonia, 

lung abscesses and more commonly acute bronchitis. 

Pneumonia caused by Mycoplasma pneumoniae may occur 

in association with swelling of the lymph nodes in the neck, 

joint pain, or a middle ear infection. Viral pneumonia 

presents more commonly with wheezing than bacterial 

pneumonia. Pneumonia was historically divided into 

"typical" and "atypical" based on the belief that the 

presentation predicted the underlying cause. However, 

evidence has not supported this distinction, therefore it is no 

longer emphasized [5]. 

In 2008, pneumonia occurred in approximately 156 million 

children (151 million in the developing world and 5 million 
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in the developed world). In 2010, it resulted in 1.3 million 

deaths, or 18% of all deaths in those under five years, of 

which 95% occurred in the developing world. Countries 

with the greatest burden of disease include India (43 

million), China (21 million) and Pakistan (10 million). It is 

the leading cause of death among children in low income 

countries [6]. Many of these deaths occur in the newborn 

period. The World Health Organization estimates that one in 

three newborn infant deaths is due to pneumonia. 

Approximately half of these deaths can be prevented, as 

they are caused by the bacteria for which an effective 

vaccine is available. In 2011, pneumonia was the most 

common reason for admission to the hospital after an 

emergency department visit in the U.S. for infants and 

children [6]. 

Hyponatremia is a low sodium concentration in the blood. It 

is generally defined as a sodium concentration of less than 

135 mmol/L (135 mEq/L), with severe hyponatremia being 

below 120 mEq/L. Symptoms can be absent, mild or severe. 

Mild symptoms include a decreased ability to think, 

headaches, nausea, and poor balance. Severe symptoms 

include confusion, seizures, and coma [7]. 

The causes of hyponatremia are typically classified by a 

person's body fluid status into low volume, normal volume, 

or high volume. Low volume hyponatremia can occur from 

diarrhea, vomiting, diuretics, and sweating. Normal volume 

hyponatremia is divided into cases with dilute urine and 

concentrated urine. Cases in which the urine is dilute 

include adrenal insufficiency, hypothyroidism, and drinking 

too much water or too much beer. Cases in which the urine 

is concentrated include syndrome of inappropriate 

antidiuretic hormone secretion (SIADH). High volume 

hyponatremia can occur from heart failure, liver failure, and 

kidney failure. Conditions that can lead to falsely low 

sodium measurements include high blood protein levels 

such as in multiple myeloma, high blood fat levels, and high 

blood sugar [8]. 

Treatment is based on the underlying cause. Correcting 

hyponatremia too quickly can lead to complications. Rapid 

partial correction with 3% normal saline is only 

recommended in those with significant symptoms and 

occasionally those in whom the condition was of rapid 

onset. Low volume hyponatremia is typically treated with 

intravenous normal saline. SIADH is typically treated with 

fluid restriction while high volume hyponatremia is 

typically treated with both fluid restriction and a diet low in 

salt. Correction should generally be gradual in those in 

whom the low levels have been present for more than two 

days [9]. 

Hyponatremia occurs 1) when the hypothalamic-kidney 

feedback loop is overwhelmed by increased fluid intake, 2) 

the feedback loop malfunctions such that ADH is always 

"turned on"; 3) the receptors in the kidney are always 

"open" regardless of there being no signal from ADH to be 

open; or 4) there is an increased ADH even though there is 

no normal stimulus (elevated serum sodium) for ADH to be 

increased. 

Hyponatremia occurs in one of two ways: either the 

osmoreceptor-aquaporin feedback loop is overwhelmed, or 

it is interrupted. If it is interrupted, it is either related or not 

related to ADH. If the feedback system is overwhelmed, this 

is water intoxication with maximally dilute urine and is 

caused by 1) pathological water drinking ("psychotic 

polydipsia"), 2) beer potomania, 3) overzealous intravenous 

solute free water infusion, or 4) infantile water intoxication. 

"Impairment of urine diluting ability related to ADH" 

occurs in nine situations: 1) arterial volume depletion 2) 

hemodynamically-mediated, 3) congestive heart failure, 4) 

cirrhosis, 5) nephrosis, 6) spinal cord disease, 7) Addison's 

disease, 8) cerebral salt wasting, and 9) syndrome of 

inappropriate antidiuretic hormone secretion (SIADH). If 

the feed-back system is normal, but an impairment of urine 

diluting ability unrelated to ADH occurs, this is 1) oliguric 

kidney failure, 2) tubular interstitial kidney disease, 3) 

diuretics, or 4) nephrogenic syndrome of antidiuresis [10]. 

Sodium is the primary positively charged ion outside of the 

cell and cannot cross from the interstitial space into the cell. 

This is because charged sodium ions attract around them up 

to 25 water molecules, thereby creating a large polar 

structure too large to pass through the cell membrane: 

"channels" or "pumps" are required. Cell swelling also 

produces activation of volume-regulated anion channels 

which is related to the release of taurine and glutamate from 

astrocytes [11]. 

Childhood pneumonia is an important cause of mortality 

and morbidity in India. Also hyponatremia occurs in 1/4th 

of CAP and has been associated with increased in severity 

and worsened outcome of the disease. Hence, this study was 

undertaken to evaluate the prevalence of pneumonia and its 

association with the hyponatremia. 

 

Methodology 

The present study was planned in the Department of 

Paediatrics, Sri Krisna Medical College and Hospital, 

Muzaffarpur, Bihar. The study was performed from July 

2018 to Jan 2019. Total 25 child’s of aged 1 to 4 years 

identified with the pneumonia were enrolled in the present 

study. Pneumonia was defined as the presence of infiltration 

on the chest X-ray. 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, 

rhinorrhoea, cough, wheeze, subcostal or intercostal 

retractions, nasal flaring, and grunting. Venous blood 

samples were obtained and analysed for serum sodium by 

flame photometry Normal values of serum sodium ranges 

from 136-145 m mol/L or mEq/L. Hyponatremia is usually 

defined as a serum sodium concentration of less than 135 

mEq/L3. 

All the patients were informed consents. The aim and the 

objective of the present study were conveyed to them. 

Approval of the institutional ethical committee was taken 

prior to conduct of this study. 

Following was the inclusion and exclusion criteria for the 

present study. 

 

Inclusion Criteria: Children with pneumonia between 1-4 

years of age 

 

Exclusion Criteria: Children with severe malnutrition, 

Diarrhea, Congestive heart failure, Meningitis, 

Nephrotic/Acute Glomerular Nephritis. 

 

Results & Discussion 

Hyponatremia is the most common electrolyte abnormality. 

The etiology of hyponatremia in the critically ill child may 

reflect an endogenous state of sodium dysregulation, 

iatrogenic causes, or both. Children admitted to the critical 

care unit for respiratory insufficiency or respiratory failure 
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due to lower respiratory tract infections have been 

recognized as having increased risk for developing 

hyponatremia possibly due to dysregulation of arginine 

vasopressin, antidiuretic hormone, excessive free water 

administration, or deficient sodium intake. The data from 

the 25 child’s diagnosed with the pneumonia were collected 

and discussed as follows. 

 
Table 1: Distribution of study subjects according to age group 

 

Age group (in years) No. of Cases 

Below 1 16 

1 – 3 years 4 

3 – 4 years 5 

Total 25 

 
Table 2: Distribution of study subjects according to who 

classification of acute respiratory infections Programme 
 

Classification No. of Cases 

Pneumonia 8 

Severe Pneumonia 16 

Very Severe Pneumonia 1 

Total 25 

 
Table 3: Distribution of study subjects according to frequency of 

hyponatremia 
 

Severity of pneumonia 
With 

hyponatremia 

Without 

hyponatremia 

Pneumonia 3 5 

Severe Pneumonia 6 10 

Very Severe Pneumonia 1 0 

Total 10 15 

 
Table 4: Distribution of pneumonia cases by their range of serum 

sodium 
 

Serum Sodium (mEq/L) No. of Cases 

120—125 1 

126—130 5 

131—135 4 

135—140 15 

Total 25 

 

The most common underlying causes of hyponatremia were 

diarrhoea, pneumonia and meningoencephalitis illnesses. 

Samadi et al. [12]. found hyponatremia in 20.8% of 1330 

Bangladeshi children below 3 years of age with diarrhoea. 

Similar figures have been reported by other workers from 

tropics. In contrast to this, the reported frequency of 

hyponatremic dehydration was only 10% in children with 

acute diarrhoea in the western countries [13]. Predictably, 

hyponatremia in diarrhoea was of the hypovolemic type 

caused by excessive sodium loss in gastro-intestinal 

secretions; intake of salt free drinks and increased loss of 

salt through sweating in our climate might have contributed. 

Hyponatremia occurring in children with pneumonia 

comprises part of the syndrome of inappropriate antidiüretic 

hormone secretion (SIADH) [14-16]. Secretion of anti-diuretic 

hormone typically results in water retention with minimal 

weight gain, usually with no oedema formation, and normal 

blood pressure [15]. Also, some authors reported that high 

atrial natriuretic peptide levels (ANP) may play a role in the 

development of hyponatremia in these patients [15, 17-18].  

The danger of fluid overload in children with bacterial 

meningitis is widely appreciated [19], but it has not been 

appreciated how commonly fluid restriction is indicated in 

pneumonia in childhood. Also, most of the Standard English 

textbooks of paediatrics suggest that an increased fluid 

intake is needed in bacterial pneumonia, and none of them 

warn of the danger of fluid overload. An Indian study 

concluded that fluid therapy in pneumonia should be 

individualized and could not be generalized. Those having 

hyponatremia with hyperosmolality need liberal fluids while 

those with hypoosmolality need fluid restriction and 

hypotonic fluids including isolyte-P are not the ideal fluid 

for severe pneumonia patients [20].  

 

Conclusion 

Based on the data generated in the present study and the 

reported findings it can be concluded that mild 

hyponatremia is common among children hospitalized with 

lower respiratory tract infections. Thus, serum electrolytes 

should be measured in children hospitalized for lower 

respiratory infections; and serum sodium concentration 

should be monitored regularly. Future research needs to 

focus not only on how hyponatremia may affect children 

with pneumonia, but also how severity of hyponatremia 

impacts hospital outcomes. Studies are needed to evaluate 

the role of currently available therapies aimed at correction 

of hyponatremia in improving the outcomes of patients with 

pneumonia. 

 

References 

1. Types of Pneumonia. NHLBI. 1 March 2011. Archived 

from the original on 5 February 2016. Retrieved 2 

2016. 

2. Hoare Z, Lim WS. Pneumonia: update on diagnosis and 

management (PDF). BMJ. 2006; 332(7549):1077-79. 

doi:10.1136/bmj.332.7549.1077. PMC 1458569. PMID 

16675815. 

3. Nair GB, Niederman MS. Community-acquired 

pneumonia: an unfinished battle. The Medical Clinics 

of North America. 2011; 95(6):1143-61. doi:10.1016/j. 

mcna.2011.08.007. PMID 22032432. 

4. Murray and Nadel. Chapter 32, 2010. 

5. Ruuskanen O, Lahti E, Jennings LC, Murdoch DR. 

Viral pneumonia. Lancet. 2011; 377(9773):1264-75. 

doi:10.1016/S0140-6736(10)61459-6. PMID 21435708. 

6. WHO. Pneumococcal vaccines. WHO position paper". 

Releve Epidemiologique Hebdomadaire. 1999; 

74(23):177-83. PMID 10437429. 

7. Ball S, De Groot, Beck-Peccoz LJ, Chrousos P, Dungan 

G, Grossman K. Hyponatremia. PMID 25905359. 

Accessed, 1 August 2016. 

8. Filippatos TD, Liamis G, Christopoulou F, Elisaf MS. 

Ten common pitfalls in the evaluation of patients with 

hyponatremia. European Journal of Internal Medicine. 

2016; 29:22-25. doi:10.1016/j.ejim.2015.11.022. PMID 

26706473. 

9. Lee JJ, Kilonzo K, Nistico A, Yeates K. Management 

of hyponatremia. CMAJ Canadian Medical Association 

Journal. 2014; 186(8):E281-86. doi:10.1503/cmaj.1208 

87. PMC 4016091. PMID 24344146. 

10. Sterns RH, Silver SM, Hicks JK. 44 Hyponatremia. In 

Alpern, Robert Moe J, Orson W.; Caplan, Michael 

(eds.). Seldin and Giebisch's The Kidney Physiology & 

Pathophysiology (5th ed.). Burlington: Elsevier Science, 

2013. ISBN 978-0123814630. 

11. Diringer M. Neurologic manifestations of major 

electrolyte abnormalities. Handbook of Clinical 



International Journal of Medical and Health Research 

135 

Neurology. 2017; 141:705-13. doi:10.1016/B978-0-444 

-63599-0.00038-7. ISBN 978-0444635990. ISSN 0072-

9752. PMID 28190443. 

12. Samadi AR, Wahed MA, Islam MR, Ahmed SM. 

Consequences of hyponatremia and hypernatremia in 

children with acute diarrhea in Bangladesh. Br Med J. 

1983; 286:671-673. 

13. Robson AM. Hypontremia. In: Nelson Textbook of 

Pediatrics. Eds Behrman RE, Vaughan VC. 

Philadelphia, WB Saunders Company, 1987, 205-206. 

14. Dhawan A, Narang A, Singhi S. Hyponatraemia and the 

inappropriate ADH syndrome in pneumonia. Ann Trop 

Paediatr. 1992; 12:455-62.  

15. Haviv M, Haver E, Lichtstein D, Hurvitz H, Klar A. 

Atrial natriuretic peptide in children with pneumonia. 

Pediatr Pulmonol. 2005; 40:306-9. [CrossRef]  

16. Haycock GB. The syndrome of inappropriate secretion 

of antidiuretic hormone. Pediatr Nephrol. 1995; 9:375-

81. [CrossRef]  

17. Manoogian C, Pandian M, Ehrlich L, Fisher D, Horton 

R. Plasma atrial natriuretic hormone levels in patients 

with the syndrome of inappropriate antidiuretic 

hormone secretion. J Clin Endocrinol Metab. 1988; 

67:571-5. [CrossRef]  

18. Cogan E, Debieve MF, Philipart I, Pepersack T, 

Abramow M. High plasma levels of atrial natriuretic 

factor in SIADH. N Engl J Med. 1986; 314:1258-9. 

19. Shann F, Germer S. Hyponatraemia associated with 

pneumonia or bacterial meningitis. Arch Dis Child. 

1985; 60:963-6. 


