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Abstract:

Introduction: Electrolyte disturbances are frequently associated with severe pneumonia. Therefore, it is crucial
for healthcare providers to focus on stabilizing electrolyte levels alongside initial pneumonia management to
prevent potential complications.

Aims and Objectives: This study aims to examine the relationship between dyselectrolytemia and Syndrome of
Inappropriate Antidiuretic Hormone Secretion (SIADH) in children aged 2 months to 5 years with radiologically
confirmed severe pneumonia.

Materials and Methods: cross-sectional, observational study was conducted on 67 children (aged 2 months to
5 years, both genders) diagnosed with severe pneumonia. Comprehensive clinical and radiological evaluations
were performed. Laboratory investigations included complete blood count (CBC), serum electrolytes (sodium
and potassium), renal function tests (urea and creatinine), urine sodium, serum osmolality, and urine osmolality.
These tests were conducted on the day of admission and repeated daily for the next three days. Statistical
analysis was performed using Epi Info™ 7.2.2.2.

Results: Severe pneumonia was most common among children aged 1 to 5 years (67.2%). Among the 67
participants, 44 (65.67%) had electrolyte imbalances, with 4 (9.09%) exhibiting mixed imbalances. The most
prevalent imbalances were hyponatremia (46.2%, n=31), hypokalemia (10.4%, n=7), hypernatremia (5.9%,
n=4), and hyperkalemia (2.9%, n=2). Potassium levels were normal in 86.57% (n=58) of children, while 13.43%
(n=9) had abnormal levels—7 with hypokalemia (77.78%) and 2 with hyperkalemia (22.22%). Notably, 57% (4
out of 7) of children with hypokalemia also presented with hyponatremia. Among hyponatremia cases, the
incidence of SIADH was 64.5%, a statistically significant finding (Z=4.10; p<0.001). SIADH was more
frequently observed in children aged 1 to 5 years (28.9%) compared to those aged 2 months to 1 year (31.8%),
though this difference was not statistically significant (Z=0.44; p>0.05). Additionally, SIADH was present in
33.3% of male and 26.5% of female children, with no statistically significant difference (Z=1.05; p>0.05).
Conclusions: These findings highlight the importance of routine monitoring of serum electrolyte levels, as well
as plasma and urine osmolality, to ensure optimal fluid and electrolyte management in hospitalized children
with severe pneumonia.
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Introduction
Advancements in medical science, including developing country, faces a substantial burden of
improved antibiotics and immunization programs, pneumonia-related morbidity and mortality.

have significantly lowered the prevalence of lower
respiratory tract infections in developed countries.
However, pneumonia continues to be a leading
cause of death among children under five in
developing nations, accounting for approximately
20% of childhood fatalities. [1] India, being a

Electrolyte disturbances, particularly hyponatremia,
are frequently observed in various acute infections,
including pneumonia. [2] Other less common
electrolyte imbalances like hypokalemia and
hyperkalemia are also reported in such cases. [3]
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Proposed mechanisms underlying these
disturbances include  impaired  intrarenal
mechanisms of urine dilution due to extracellular
fluid depletion and inappropriate secretion of
Antidiuretic Hormone (ADH), with the latter
widely recognized as the key contributor. [4,5]
Studies have consistently highlighted Syndrome of
Inappropriate  Antidiuretic Hormone Secretion
(SIADH) as a probable cause of hyponatremia in
respiratory infections. [4,6]

Electrolyte imbalances, if unrecognized and
untreated, can significantly worsen clinical
outcomes. They are known to independently
contribute to morbidity and mortality alongside the
primary illness. Timely detection, regular
monitoring of serum electrolyte levels, and
appropriate intervention are critical in managing
these disturbances. Fluid therapy should be
individualized based on the patient’s electrolyte
and osmolality status, with fluid restriction being
recommended for those with hypo-osmolality.

This study focuses on severe pediatric pneumonia
cases in rural Bihar, where delayed hospitalization
due to socioeconomic challenges exacerbates
clinical outcomes. By investigating the association
between  hyponatremia and SIADH in
radiologically confirmed severe pneumonia among
children aged 2 months to 5 years, the study aims
to enable healthcare providers to address electrolyte
imbalances promptly and improve the overall
management of pneumonia.

Aim and Objectives: To investigate
dyselectrolytemia and SIADH in radiologically
diagnosed severe pneumonia in children between 2
months to 5 years.

Material and Methods

Study Site: This study was conducted in the
Departments of Biochemistry, Pediatrics, and
Radiodiagnosis at Narayan Medical College &
Hospital, Jamuhar, Sasaram, Bihar.

Study Design: A cross-sectional and observational
study was undertaken.

Study Duration: The study spanned a period of six
months, from August 2023 to January 2024.

Study Population: The study population included
children aged between 2 months to 5 years,
admitted to the Pediatric Ward, NICU, or PICU at
Narayan Medical College & Hospital. These
patients were diagnosed with severe pneumonia
clinically, as per modified WHO/BTS guidelines,
[7] and radiologically confirmed through chest X-
rays.

Sample Size: A total of 67 subjects were included,
ensuring 80% power for statistical analysis. Sample
size calculation was based on the study by Singhi et
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al., [8] which reported that hyponatremia was
associated with a 60% longer hospital stay (p =
0.60). The formula used was:

n=4pq/(L?

Where: n = Required sample size, p = 0.6363 (from
the study by Singhi et al. [8]), q=1—p, L = Loss
percentage (20%)

Inclusion Criteria:

1. Infants > 2 months and children < 5 years of
both genders.

2. Clinically diagnosed cases of severe
pneumonia as per modified WHO/BTS
guidelines (7)

3. Radiological findings consistent with severe
pneumonia on chest X-rays

Exclusion Criteria:

—

Infants < 2 months and children > 5 years

2. Children with renal disorders, associated CNS
infections and gastroenteritis.

3. Children on medications (e.g., diuretics,

anticonvulsants) that may cause electrolyte

imbalance.

Methodology

Severe pneumonia was defined based on modified
WHO/British Thoracic Society guidelines [7] and
confirmed through radiological findings (Chest X-
rays). Children were included based on tachypnea
criteria:

1. Infants (2 months—1 year): Respiratory rate >
50 breaths/min, and one or more of the
following: chest recession, nasal flaring,
cyanosis, intermittent apnea,  grunting
respiration, poor feeding, capillary refill time >
2 seconds, oxygen saturation < 92%.

2. Children (1-5 years): Respiratory rate > 40
breaths/min, and one or more of the following:
chest recession, nasal flaring, cyanosis,
grunting respiration, capillary refill time > 2
seconds, oxygen saturation < 92%.

Written informed consent was obtained from
parents before enrollment. Detailed clinical history
and examination were conducted for all
participants. Patients were screened clinically and
radiologically. Laboratory investigations done like
CBC (Complete Blood Count), Serum Electrolytes
(sodium, potassium), Renal Function Tests (urea,
creatinine), Urine sodium levels and Serum
osmolality and urine osmolality measurements.

These investigations were performed on admission
and then daily for the next three days. Further
evaluation was conducted in cases of detected
dyselectrolytemia. ECGs were performed for
patients with hyperkalemia (serum potassium > 5.5
mEg/L) or hypokalemia (serum potassium < 3.5
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mEq/L), and corrective measures were taken as
needed.

Criteria  for Hyponatremia, Hypernatremia,
Hypokalemia and Hyperkalemia was when Serum
sodium < 135 mEq/L, Serum sodium > 145 mEq/L,
Serum potassium < 3.5 mEg/L and Serum
potassium > 5.5 mEq/L respectively. [8,9]

Statistical Analysis: All statistical analyses were
performed using Epi Info™ version 7.2.2.2, a
software developed and trademarked by the Centers
for Disease Control and Prevention (CDC). Basic
cross-tabulations and frequency distributions were
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generated to summarize the study variables. Chi-
square test was used to assess associations between
categorical variables. In cases where any cell
frequency in the bivariate distribution had a
frequency less than 5, Yates’ correction or the
corrected Chi-square test was applied. Z-test (Test
of Proportion) was utilized to determine significant
differences between two proportions. t-test was
conducted to evaluate significant differences
between the means of continuous variables.
Statistical significance was determined at a p-value
threshold of less than 0.05 (p < 0.05).

Results:

Table 1: Age and Sex distribution of severe pneumonia patients

Age Group (in years) Gender Total
Male (n=33) Female (n=34)

2 months to <1 year 9 13 22

Row % 40.9 59.1 100.0

Col % 273 38.2 32.8

1 year — 5 years 24 21 45

Row % 533 46.7 100.0

Col % 72.7 61.8 67.2

TOTAL 33 34 67

Row % 49.3 50.7 100.0

Col % 100.0 100.0 100.0

Mean + SD 2.00£1.55 1.72£1.56

Median 1.50 1.20

Range 0.20-5.00 0.20-4.6

Male: Female ratio 1.0: 1.1

X?=0.91; p=0.33 NS- Not significant

Among the 67 children included in the study, 22
children (32.8%) belonged to the age group of 2
months to <1 year, whereas 45 children (67.2%)
were aged 1 year to 5 years. This highlights a
higher prevalence of severe pneumonia among the
older age group (1-5 years). In the younger age
group (2 months to <1 year), females (59.1%)
outnumbered males (40.9%). Conversely, in the
older age group (1 year to 5 years), males (53.3%)
slightly exceeded females (46.7%). The mean age
of male patients was 2.00 + 1.55 years, slightly
higher than that of female patients (1.72 £ 1.56
years). Median age values reflect a similar trend
(males: 1.50 years, females: 1.20 years). The age
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range was broader in males (0.20-5.00 years)
compared to females (0.20—4.6 years), suggesting
greater variability in the male group.

A near-equal gender distribution was observed,
with 33 males (49.3%) and 34 females (50.7%).
The male-to-female ratio was approximately 1:1.1,
indicating no significant gender disparity in the
study population.

The Chi-square test result (X* = 0.91; p = 0.33)
indicated no statistically significant difference in
the distribution of pneumonia cases between male
and female children.

International Journal of Current Pharmaceutical Review and Research

769




International Journal of Current Pharmaceutical Review and Research

e-ISSN: 0976-822X, p-ISSN: 2961-6042

Table 2: Distribution of Dyselectrolytemia (n=44) in severe pneumonia

Number of patients of severe pneumonia with Dyselectrolytemia (n=44) | Total Number of | %
patients (n=67)
Serum Sodium
Hyponatremia Hyponatremia on the basis of severity (n=31)
(Na* Mild (131-134) Male 6 31 46.2%
<135mEq/L) (n=13) Female 7
Moderate (126-130) Male 8
(n=16) Female 8
Severe (<125) Male 1
(n=2) Female 1
Hyponatremia on the basis of age (n=31)
2 months to <lyr Male 5
(n=12) Female 7
1 year- 5 years Male 10
(n=19) Female 9
Eunatremia 32 47.8%
Hypernatremia | 2 months to <lyr Male 2 4 5.9%
(Na*™>145mEq/L) Female -
1 year- 5 years Male -
Female 2
Mean+ SD-135.59+6.22, Median-136, Range-121-150
Serum Potassium
Hypokalemia 2 months to <lyr Male 2 7 10.4%
(K*<3.5mEq/L) Female 1
1 year- 5 years Male 2
Female 2
Chi square test p=0.66, NS (Hypokalemia according to Sex)
Eukalemia 58 86.6%
Hyperkalemia 2 months to <lyr Male - 2 2.9%
(K*>5.5mEq/L) Female -
1 year- 5 years Male 1
Female 1

Mean+ SD- 4.31+0.62, Median- 4.3, Range- 2.9 — 6.0

Among the 67 children with severe pneumonia,
electrolyte imbalances (dyselectrolytemia) were
observed in 44 cases (65.7%). Hyponatremia was
the most frequent abnormality, present in 46.2% of
the patients, and classified based on severity as
mild, moderate, or severe. Moderate hyponatremia
accounted for the majority of cases (51.61%),
followed by mild hyponatremia (41.94%) and
severe  hyponatremia  (6.45%).  Age-wise,
hyponatremia was detected in both age groups,
with 38.7% of cases occurring in children aged 2
months to <1 year and 61.3% in those aged 1-5
years. Hypernatremia was less common, affecting
only 5.9% of patients, with cases evenly distributed
across the two age groups. Notably, all
hypernatremia cases were mild, and no fatalities
were associated with this condition. The mean
serum sodium level was 135.59 + 6.22 mEq/L, with
a median of 136 mEq/L and a range of 121-150
mEq/L.

In terms of potassium disturbances, hypokalemia
was observed in 10.4% of patients, predominantly
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in children under 1 year of age (13.6%), though the
difference based on age was not statistically
significant. Hypokalemia was more prevalent in
males (12.12%) than females (8.82%), but again,
this difference was not statistically significant (p =
0.66). Additionally, 57% of children with
hypokalemia also had hyponatremia. The mean
serum potassium level for hypokalemic patients
was 3.09 £ 0.11 mEq/L, with a range of 2.9-3.2
mEq/L. Hyperkalemia was rare, detected in 2.9%
of patients, all of whom were in the 1-5 years age
group. Overall, normal potassium levels
(eukalemia) were observed in 86.6% of patients.
The mean serum potassium level was 4.31 + 0.62
mEq/L, with a median of 4.3 mEq/L and a range of
2.9-6.0 mEq/L.

Mixed electrolyte abnormalities were identified in
5.97% of patients, all involving a combination of
hyponatremia and hypokalemia. These findings
emphasize the need for diligent monitoring and
timely intervention to address electrolyte
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imbalances in children with severe pneumonia, as they can significantly impact the clinical outcome.

Table 3: Distribution of STADH among the patients with Hyponatremia

SIADH Number %
Absent 11 35.5%
Present 20 64.5%
Total 31 100.0%

Table 3, showed that the incidence of SIADH
among hyponatremia cases was 64.5% which was
significantly higher (Z=4.10; p<0.001). Out of the

total 64 children, 20 children had SIADH which
accounts for 33.3% of the total cases. STADH was
present in 64.5% cases of hyponatremia.

Table 4: Distribution of Hyponatremia and SIADH according to the age of the patients

Age Group Number Number of cases % Number of %

(in years) of children | with S. Sodium < 135mEq/L cases with SIADH

2 months to <1 22 12 54.5% 7 31.8%
1-5 45 19 42.2% 13 28.9%
Total 67 31 46.3% | 20 29.9%

Children in the age group of 2 months to 1-year had
hyponatremia accounting for 54.5% of the total
children in this age group, which was followed by
children between 1-5 years of age (42.2%). Test of
proportion showed that there was no significant
difference in the two proportions (54.5% Vs.
42.2%) (Z=1.74; p>0.05). STADH was found more

common in children 1-to-5-year accounting for
28.9% when compared with children between 2
months to 1 year of age which accounted to 31.8%
of the total children in this age group. This
difference was statistically not significant. (Z=0.44;
p>0.05).

Table 5: Distribution of Hyponatremia and SIADH according to the gender of the patients
Gender Number of | Number of cases with S. | % Number of cases with %
children Sodium <135mEq/L SIADH
Male 33 15 45.4% [ 11 33.3%
Female 34 16 47.1% [ 9 26.5%
Total 67 31 46.3% | 20 29.9%

Though the incidence of hyponatremia was slightly
higher in females (47.1%) than in males (45.5%)
but the difference was not statistically significant
(Z=0.24; p>0.05). SIADH was present in 33.3% of
male children and 26.5% of female children. But
This difference was not statistically significant
(2=1.05; p>0.05).

Discussion

The study included 67 children aged 2 months to 5
years, with the majority (67.2%) belonging to the
1-5 years age group. A balanced gender
distribution was observed, with males accounting
for 49.25% and females for 50.75%. Electrolyte
disturbances were prevalent in 59.8% of the
children, reflecting the common association of
dyselectrolytemia with severe pneumonia, as noted
in similar studies. [10,11]

Hyponatremia was the most frequent electrolyte
abnormality, affecting 46.3% of the children,
consistent with prior findings by Don et al. (45.4%,
2008) [12] and Sitaraman & Saxena (46.5%, 1994)
[13]. The high incidence in this study may be
attributed to factors such as SIADH induced by
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severe pneumonia and improper pre-hospital
treatment with dextrose-containing fluids. The
prevalence of hyponatremia was comparable across
genders (males 45.4%, females 47.1%) and age
groups, with no statistically significant difference
(Z = 1.74; p > 0.05). Notably, most cases were
moderate in severity (51.61%). This is consistent
with  the  pathophysiology = of  dilutional
hyponatremia due to SIADH, as documented in
earlier studies (Singhi et al., 1992 [10]; Prasad et
al., 1994) [14].

Hypokalemia, observed in 10.4% of children, was
the second most common abnormality, with an
incidence similar to studies by Singhi et al. (12%,
1992) [10] and Singhi et al. (12.4%, 1994) [15].
The frequency of hypokalemia was slightly higher
in males (12.12%) than females (8.82%), though
not statistically significant (p = 0.66). Age-wise,
children under 1 year had a higher incidence
(13.6%) compared to the 1-5 years group (8.9%).
These findings indicate that hypokalemia is less
influenced by demographic factors, as previously
noted by Singhi et al. (1992). [10]
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Hypernatremia was rare, affecting only 5.8% of the
children, a finding comparable to the 3.7%
incidence reported by Singhi et al. (1992). [10] All
cases were mild, with no associated mortality.
Similarly, hyperkalemia was observed in 2.98% of
cases, aligning with earlier reports (Singhi et al.,
2%, 1992). [10] Both hyperkalemic children were
in the 1-5 years age group, and the condition was
not linked to significant complications.

Mixed electrolyte abnormalities were identified in
5.97% of the patients, all involving a combination
of hyponatremia and hypokalemia. This finding is
in line with the 47% overlap reported by Singhi et
al. (1992). [10] The co-occurrence underscores the
necessity of comprehensive electrolyte monitoring
in children with severe pneumonia.

This study also highlighted the association of
hyponatremia with SIADH, seen in 64.5% of
hyponatremic cases, similar to findings by Singhi et
al. (68%, 1992) [10] and Prasad et al. (64%, 1994)
[14,16]. SIADH was slightly more common in
male children (33.3%) than females (26.5%) and
was marginally higher in the 1-5 years age group
(28.9%) than in children under 1 year (31.8%),
though these differences were not statistically
significant (Z = 0.44; p > 0.05).

The study emphasizes the importance of timely
recognition and management of dyselectrolytemia
in children with severe pneumonia, particularly in
resource-limited settings. Fluid therapy should be
carefully tailored to avoid worsening conditions
such as hyponatremia, as supported by prior
recommendations (Shann et al., 1985). These
findings contribute to the existing knowledge on
pediatric pneumonia, reinforcing the need for
routine electrolyte monitoring to improve outcomes
and reduce complications.

Limitations of the Study

1. The present study is a single centric study and
is thus subjected to regional bias.

2. The sample size is small so, definitive
recommendations cannot be put forward

Conclusions

In view of these facts, it is essential to regularly
assess serum electrolyte levels, as well as plasma
and urine osmolality, to ensure proper fluid and
electrolyte management for hospitalized children
with severe pneumonia. Fluid therapy should be
tailored to each child's specific needs, with fluid
restriction advised for those experiencing hypo-
osmolality. Additionally, further research is
necessary to understand the implications of
hypokalemia and hyperkalemia in pediatric
pneumonia cases.
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