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Clinical Profile and Electrolyte Abnormalities in Hospitalized
Under-Five Children with Acute Gastroenteritis in a Tertiary
Health Facility
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Background: Electrolyte abnormalities constitute the leading causes of morbidity and mortality in younger children with acute gastroenteritis.
The aim of the study was to determine the clinical profile and pattern of electrolyte abnormalities in under-five children hospitalized for acute
gastroenteritis from November 1, 2014, to January 31, 2015. Methodology: This was a cross-sectional descriptive study among hospitalized
under-five children with acute diarrhea who were consecutively recruited from November 1, 2014, to January 31, 2015. Relevant clinical data
were obtained, while the physical examination was done on all subjects. Serum electrolytes values were determined using the ion-selective
electrode system and compared with standard reference ranges. The data were analyzed using SPSS version 21.0 with the level of statistical
significance set at P < 0.05. Results: A total of 108 under-five children were studied. The majority (101; 93.5%) were <24 months of age,
while 41 (38%) of low socioeconomic class background. Metabolic acidosis was the most common electrolyte abnormality followed by
hyponatremia and hypokalemia occurring singly or in combination. The case fatality rate was 13 (12.0%). The electrolyte derangements
associated with mortality were hypokalemia and acidosis: 11 (84.6%) each, 9 (69.2%) had hyperchloremia, while 6 (46.2%) were reported to
have hyponatremia. Conclusion: Electrolyte derangements are common in under 5 years children with acute diarrhea with increased mortality
in those with severe acute malnutrition. Proper health education is needed to ensure adequate nutrition and timely use of low-osmolar oral
rehydration solution as well as early referral of cases with persistent gastrointestinal losses in order to save lives.
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burden of childhood diarrheal disease in all regions of
Nigeria.*

INTRODUCTION

Acute watery diarrhea is a leading cause of morbidity

and mortality in under-five children, particularly in
sub-Saharan Africa countries. The data from the World Health
Organization (WHO) and the United Nations Children’s Fund
showed that there are about 2 billion cases of diarrheal diseases
reported annually worldwide, accounting for the deaths of
over 1.9 (18%) million children under 5 years of age mostly
from developing countries annually.!"!

About 151,700 annual deaths due to diarrhea occur in
Nigeria annually making it the second country out of fifteen
accounting for over two-thirds of diarrhea related mortality
in children globally. In addition, the 2013 Nigeria National
Demographic and Health Survey has highlighted the huge

Access this article online

Quick Response Code:
Website:
www.njmonline.org

DOI:
10.4103/NJM.NJM_64_20

In general, electrolyte abnormalities tend to be more common
in younger children with acute diarrhea. The most severe
threat posed by acute watery diarrheal disease is dehydration.
During a diarrheal episode, water and electrolytes (sodium,
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chloride, potassium, and bicarbonate) are lost through liquid
stools, vomit, sweat, urine, and breathing.!! Also, different
pathophysiological mechanisms, including abnormal fluid
and electrolyte transport, decreased absorption, and increased
secretion,!”! could be involved in children with acute diarrhea.

Studies have shown that hyponatremia, hypokalemia, and
metabolic acidosis are among the common electrolyte
abnormalities in children with acute diarrhea and dehydration
are often responsible for mortality.-1!

In addition, hypokalemic acute kidney injury is one of the most
significant complications in children hospitalized with severe
acute watery diarrhea as they tend to experience prolonged
hospitalization as well as higher mortality.[']

Several etiological agents including rotavirus infections
responsible for most cases of severe dehydrating gastroenteritis
have been implicated in acute diarrheal diseases in under-five
children in our setting.!'¥ The severity of acute gastroenteritis
is linked to its possible etiology and rotavirus being the
most severe infectious agent is frequently associated with
dehydration.!'¥ The Na+ loss in stool depends on the infecting
microorganisms. Stool Na+ can be as high as 90 mmol/L in
cholera and 40-60 mmol/L in rotavirus diarrhea.””” Dehydration
generally reflects the severity of acute diarrhea and should
be monitored by established scoring systems in affected
children.['

Active management may reduce the duration and severity
of diarrhea. Effective interventions include administrations
of specific probiotics such as Lactobacillus GG OR
Saccharomyces boulardii, dosmectite, or racecadotril,['*1%]
early and correct use of oral rehydration solution (ORS) which
has been associated with a dramatic decrease in mortality in
children.[-16:17

A meta-analysis of randomized controlled trials of reduced
osmolarity ORS versus standard WHO ORS in children
with noncholera diarrhea reported that the use of a reduced
osmolarity ORS was linked with a reduction in the need
for unscheduled intravenous fluids (defined as the clinical
requirements for intravenous fluids once oral rehydration has
commenced); a trend toward reduced stool output to about
20%; and reduction in the incidence of vomiting in the range
of about 30%.1% In vitro studies have alluded that water
absorption is increased from hypotonic ORS when compared
to isotonic ORS.

In general, hypernatremic dehydration, a major cause of
mortality in acute gastroenteritis has also become much
less common with the use of improved use of ORS in acute
childhood diarrhea.!'®!

The WHO has recommended the use of zinc supplementation
also in young children with acute diarrhea in our setting.
However, a recent Cochrane systematic review concluded that
zinc might be of benefit in children 6 months and older with
acute diarrhea particularly in areas where the prevalence of zinc

deficiency or malnutrition is high,!"® meaning that children in
our setting will likely benefit from concomitant zinc therapy.

Diarrhea may be associated with up to 95% of all hospitalizations
of children younger than 5 years of age. The primary goals
in treating acute gastroenteritis are preventing and reversing
ongoing dehydration and minimizing the nutritional
consequences of mucosal injury as diarrhea, malnutrition,
and intestinal integrity have a close complex relationship.!”

Nutritional deficits caused by diarrhea are known to affect
growth, fitness, cognition, and academic performance of the
child, and it has been projected that each diarrheal episode
a child suffers in the months preceding the 2™ year of life
increases the likelihood of stunting by 5%.[”!

The clinical features of these electrolyte abnormalities may
be unrecognized and result in morbidity and mortality.
Timely recognition, a high index of suspicion and a thorough
understanding of the common electrolyte abnormalities in
children with acute watery diarrhea, is necessary to ensure
their adequate corrections.

The target of reducing under-five mortality by two-thirds
globally between 1990 and 2015 recorded substantial progress;
however, despite this progress, we are still faced with the
challenge to attain the new sustainable development goal
target of 25 or fewer deaths per 1000 live births by 2030.
Diarrheal-related death is still a major contributor to under-five
mortality in our setting.*"

There is a need therefore to ascertain the pattern of complications
of'the acute diarrheal disease including electrolyte abnormalities
and malnutrition in younger children in our setting so that
rational recommendations could be made to save lives.

Also, with the recent introduction of rotavirus immunization
into the national program on immunization in Nigeria,?!
it is expected that the prevalence of acute watery diarrhea
will reduce considering that rotavirus induced diarrhea is the
most common cause of infectious/acute diarrhea in younger
children.['3]

The research questions were to ascertain the pattern of
electrolyte abnormalities, any association between severity
of malnutrition and electrolyte abnormalities as well as the
association between electrolyte derangements and survival
outcomes in hospitalized under-5 years children with acute
diarrhea in our setting.

Hence, the objectives of the study were to determine the
clinical profile and electrolyte abnormalities in hospitalized
under-five children with acute watery diarrhea in Enugu
metropolis, Nigeria.

MEeTHoDOLOGY
Study design

This was a cross-sectional descriptive study of hospitalized
under-five children with acute watery diarrheal disease
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presenting to the pediatric emergency unit of the Enugu State
University of Science and Technology (ESUT) Teaching
Hospital, Park Lane, Enugu.

Ethical approval for the study was obtained from the Health
Research Ethics Committee of the University of Nigeria
Teaching Hospital, Enugu, while written permission was
obtained from the management of ESUT Teaching Hospital,
Park Lane, Enugu. Also, written informed consent was
obtained from the parent/caregiver of each selected child.

Subjects were recruited consecutively over a 3 month
period (November 1, 2014—January 31, 2015).

Information sought from the subjects included biodata: age (in
months), sex, highest educational attainment of the parents as
well as their present occupation, and relevant clinical data.

The social class of each child was determined using the
protocol advanced by Oyedeji.[*

In this method, the social class of each child was determined
based on the educational attainment and occupational status
of both parents.*?

Thorough clinical examination was done in each patient
including symmetrical/bilateral pitting edema, hydration
status (with each child classified as no dehydration, mild,
moderate and severe dehydration + shock), weight, length/
height, mid-upper arm circumference (MUAC) were
determined using standard protocols.

Nutritional status of the children was determined using the
WHO classification into well-nourished, moderate acute
malnutrition (MAM), and severe acute malnutrition (SAM).

MAM was defined as weight-for-height z-score (WHZ)
between — 2 and — 3 or MUAC between 115 mm and <125 mm
and no symmetrical/bilateral edema,”! while SAM was defined
as WHZ <3 or MUAC <115 mm or the presence of bilateral
pitting edema.*

The data were captured using a datasheet designed for the study.

Procedure

About 5 ml of venous blood was obtained from each selected
child and put into a plain bottle. The blood was allowed to
clot and retract before centrifuging at 3000 revolutions per
minute for 5 min to obtain the serum at the chemical pathology
department of the hospital. All laboratory analyses were done
on the day of sample collection.

Biochemical assay
The serum sodium, potassium, bicarbonate, and chloride were
analyzed using the ion-selective electrode system (4000).

The following serum values stated below were considered

Data analysis
The data were analyzed using statistical package for social science
version, IBM SPSS version 21.0 (Chicago, Illinois, USA).

Continuous variables were presented as mean + standard
deviations. The differences in mean were compared using the
Student’s #-test. Further statistical analysis using the logistic
regression model was applied. The differences in proportions
were tested using the Chi-square with the level of significance
set at P <0.05.

ResuLts

A total of 108 under-five children were studied out of which
103 (95.4%) were found to have electrolyte and acid-base
disturbances while 5% had no derangement. Majority of the
children 101 (93.5%) were <24 months of age. Similarly,
the majority of the subjects were males, 59 (54.6%) with a
male-to-female ratio of 1.02:1. Forty-one (38%) of the children
were of lower socioeconomic class, as shown in Table 1.

Majority of the subjects had normal nutritional status
84 (77.8%), while 11 (10.2%) and 13 (12.0%) had moderate
and severe acute malnutrition respectively.

Forty-three (39.8%) of the children were well hydrated,
while 17 (15.7%), 29 (26.9%), 10 (9.3%), were mildly,
moderately, severely dehydrated and 9 (8.3%) were in shock
on presentation respectively.

Table 2 shows the distribution of the ranges of the various
serum electrolyte values.

Table 1: Sociodemographic characteristics of subjects

Variables Frequency (%)
Age (months)
0-<12 51(47.2)
12-<24 50 (46.3)
24-<36 43.7)
36-<60 3(2.8)
Total 108 (100.0)
Sex
Male 59 (54.6)
Female 49 (45.4)
Socioeconomic class
Upper 40 (37.0)
Middle 27 (25.0)
Low 41 (38.0)
Total 108 (100.0)

Table 2: Serum electrolytes pattern among subjects

normal electrolyte ranges: ¢ Electrolyte (r=108) Normal,n (%) Low,n (%) High, n (%)
e Sodium: 135-145 mmol/L Sodium 55 (50.9) 49 (45.4) 4(3.7)

*  Potassium: 3.5-5.0 mmol/L Chloride 55(50.9) 11(10.2) 42 (38.9)

e Chloride: 98—108 mmol/L Potassium 61 (56.5) 42 (38.9) 5(4.6)

e Bicarbonate: 18-25 mmol/L. Bicarbonate 32(29.6) 73 (67.6) 3(2.8)
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The various electrolyte derangements involving sodium,
potassium, chloride and bicarbonate with normal, low and high
values respectively were as shown in Table 2.

Metabolic acidosis was the most common electrolyte
abnormality followed by hyponatremia, hypokalemia,
hyperchloremia, hypochloremia, and hypernatremia either
isolated or in combination.

Apart from acidosis, which was significantly seen in
infants compared to older children with diarrhea, there was
no statistically significant relationship between the ages
of the children and electrolyte derangement, as shown in
Table 3.

When electrolyte derangement was compared with the duration
of diarrhea, hyponatremia was significantly more common
when the duration of diarrhea is more than 7 days [Table 4].

With regard to the outcomes of the 108 hospitalized cases of
under-five children with acute diarrhea, 13 (12.04%) of them
died giving a case fatality rate of 12% out of which 4 (30.8%)
were males and 9 (69.2%) females. In addition, 6 (46.2%) out
of'the 13 fatality cases recorded were of lower socioeconomic
background.

Also, 5 (38.5%) of the children that died were dehydrated,
2 (40%) moderately dehydrated while 3 (60%) were severely
dehydrated) on arrival.

Table 3: Relationship between age and electrolyte derangement in children with diarrhea

Age group P OR 95% Cl for OR
<12, n (%) =12, n (%)

Sodium

Normal 22 (43.1) 33 (57.9)

Hyponatremia 27 (52.9) 22 (38.6) 0.125 1.841 0.844-4.015

Hypernatremia 2(3.9) 2 (3.5) 0.696 1.500 0.196-11.454
Potassium

Normal 26 (50.9) 35(61.4)

Hypokalemia 24 (47.1) 18 (31.6) 0.149 1.795 0.811-3.972

Hyperkalemia 1(2.0) 4(7.0) 0.343 0.337 0.035-3.191
Chloride

Normal 25 (49.0) 30 (52.6)

Hypochloremia 5(9.8) 6 (10.6) 1.000 1.000 0.273-3.670

Hyperchloremia 21 (41.2) 21 (36.8) 0.657 1.200 0.537-2.683
Bicarbonate

Normal 9 (17.6) 23 (40.3)

Acidosis 40 (78.4) 33 (57.9) 0.014* 3.098 1.262-7.603

Alkalosis 2 (4.0) 1(1.8) 0.205 5.111 0.411-63.595

OR: Odds ratio, CI: Confidence interval, *Significant

Table 4: Relationship between duration of diarrhea and electrolyte derangements

Duration of diarrhea P OR 95% CI for OR
<7 days, n (%) >17 days, n (%)

Sodium

Normal 53 (54.1) 2(20.0)

Hyponatremia 41 (41.8) 8 (80.0) 0.044* 0.193 0.039-0.960

Hypernatremia 4(4.1) 0(0.0) - - -
Potassium

Normal 58(59.2) 3(30.0)

Hypokalemia 36 (36.7) 6 (60.0) 0.113 0.310 0.073-1.319

Hyperkalemia 4(4.1) 1(10.0) 0.213 0.207 0.017-2.470
Chloride

Normal 49 (50.0)) 6 (60.0)

Hypochloremia 9(9.2) 2(20.0) 0.505 0.551 0.096-3.174

Hyperchloremia 40 (40.8) 2 (20.0) 0.289 2.449 0.468-12.802
Bicarbonate

Normal 27 (27.6) 5(50.0)

Acidosis 69 (70.4) 4 (40.0) 0.101 3.194 0.797-12.800

Alkalosis 2(2.0) 1(10.0) 0.451 0.370 0.028-4.903

OR: Odds ratio, CI: Confidence interval, *Significant
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All the children that died were exclusively breastfed for a
period of 6 months.

The electrolyte abnormalities associated with the fatalities were
as follows: 11 (84.6%) had hypokalemia and acidosis while
9 (69.2%) had hyperchloremia, 6 (46.2%) showed hyponatremia,
2 (15.4%) hyponatremia, 2 (15.4%) hypochloremia, respectively,
either singly or in combination as shown in Table 5.

In Table 6 though majority of the subjects with normal nutritional
status had normal electrolyte pattern, a couple of them with
either MAM or SAM had hyponatremia (MAM 7 [15.6%];
SAM 4 [9.5%]), hypokalemia (MAM 5 [15.2%]; SAM
9 [24.3%]), hyperchloremia (MAM 4 [10.8%]; SAM
5 [13.2%]), acidosis (MAM 10 [15.6%]; 9 [14.3%]) among
others as shown in Table 6.

In terms of clinical outcome of subjects with respect to the
nutritional status, 80 (95.2%) with normal nutritional status
survived while 4 (4.8%) demised. Among subjects with MAM,
8 (72.7%) survived while 3 (27.3%) died. Most of the mortality
was recorded among children with SAM as 6 (46.2%) out of
13 that died. However, there was no statistical relationship
between survival outcome and nutritional status among
subjects (> =4.192, P=0.123).

Discussion

Most of the cases seen in the current study were children
under 2 years of age. This is in keeping with the incidence

of diarrhea which has been reported to be highest in children
aged 6 months—2 years.”!

Most of the study subjects were dehydrated 65 (60.2%) and
had electrolyte as well as acid-base disturbances 103 (95.4%)
thus reflecting a high burden of fluid and electrolyte/acid-base
disturbances in them.

Metabolic acidosis was the most common abnormality
observed in the study subjects which corroborates the
finding in a similar study in Calabar, South-South, Nigeria,
by Odey et al.”! In a similar study by Shah ef al. in Nepal,®
all the subjects were found to have developed acidosis. This
further shows that metabolic acidosis is a common metabolic
derangement in younger children with acute watery diarrhea.
It also underscores the need for prompt determination of
blood gases and serum electrolytes, urea and creatinine so
that adequate fluid and electrolyte therapy could be instituted
in order to correct the metabolic derangements in affected
children.

The current study also shows that age was significantly
associated with acidosis (P = 0.014). Children less than
12 months of age were three times more likely to have
acidosis (odds ratio = 3.098) than those above 12 months. This
may be related to the high body surface area in the younger
infants, thereby predisposing them to greater loss of fluid
and electrolytes. Also, some of the children that had acidosis
could have had severe sepsis which causes vasodilatation

Table 5: Logistic regression of the outcome in subjects according to their characteristics

Variables Outcome P OR 95% ClI for OR
Survived, n (%) Died, n (%)

Hyponatremia
Yes 43 (46.5) 6 (54.5) 0.603 1.395 0.398-4.894
No 50 (53.8) 5(45.5)

Hypernatremia
Yes 2(3.8) 2 (28.6) 0.037* 10.000 1.148-87.133
No 50 (96.2) 5(71.4)

Hypokalemia
Yes 31(8.3) 11 (91.7) 0.004* 21.290 2.627-172.564
No 60(91.7) 1(8.3)

Hyperkalemia
Yes 4(6.2) 1(50.0) 0.072 15.000 0.784-286.823
No 60 (93.8) 1 (50.0)

Hypochloremia
Yes 9(14.5) 2 (50.0) 0.095 5.889 0.733-47.300
No 53 (85.5) 2 (50.0)

Hyperchloremia
Yes 33 (38.4) 9 (81.8) 0.221 2.661 0.555-12.772
No 53 (61.6) 2(18.2)

Metabolic acidosis
Yes 62 (67.4) 11 (84.6) 0.221 2.661 0.555-12.772
No 30 (32.6) 2(15.4)

Metabolic alkalosis
Yes 309.1) 0 0.999 0.000 0.000-N/A
No 30(90.9) 2 (100.0)

OR: Odds ratio, CI: Confidence interval, *Significant
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Table 6: Relationship between nutritional status and
electrolytes among subject

Nutritional Hyponatremia Normal P
status

Normal 38 (84.4) 43 (91.5)

MAM 7 (15.6) 4(8.5) 0.349
SAM 4(9.5) 8 (15.7) 0.537
Nutritional ~ Hypernatremia Normal P
status

Normal 3(100.0) 43 (91.5)

MAM 0(0.0) 4(8.5) 1.000
SAM 1(25.0) 8 (15.7) 0.522
Nutritional Hypokalemia Normal P
status

Normal 28 (84.8) 52(91.2)

MAM 5(15.2) 5(8.8) 0.353
SAM 9 (24.3) 4(7.1) 0.031*
Nutritional Hyperkalemia Normal P
status

Normal 4 (80.0) 52(91.2)

MAM 1 (20.0) 5(8.8) 0.410
SAM 0(0.0) 4(7.1) 1.000
Nutritional ~ Hypochloremia Normal P
status

Normal 11 (100.0) 40 (85.1)

MAM 0 (0.0) 7(14.9) 0.327
SAM 0(0.0) 8 (16.7) 0.330
Nutritional  Hyperchloremia Normal P
status

Normal 33(89.2) 40 (85.1)

MAM 4(10.8) 7(14.9) 0.748
SAM 5(13.2) 8 (16.7) 0.652
Nutritional Acidosis Normal P
status

Normal 54 (84.4) 27 (96.4)

MAM 10 (15.6) 1(3.6) 0.163
SAM 9 (14.3) 4(12.9) 1.000
Nutritional Alkalosis Normal P
status

Normal 3(100.0) 27 (96.4)

MAM 0(0.0) 1(3.6) 1.000
SAM 0(0.0) 4(12.9) 1.000

MAM: Moderate acute malnutrition, SAM: Severe acute malnutrition,
*Significant

and capillary leakage with the release of cytokines and other
inflammatory mediations which cause derangement of the
microcirculation producing anaerobic cellular respiration that
results in metabolic acidosis in addition to acute kidney injury
and coexisting hypokalemia.?33

Other electrolyte derangements that were observed
in the present study were hyponatremia (45.4%) and
hypokalemia (38.9%).

With regard to the outcomes of the 108 hospitalized cases of
under-five children with acute diarrhea; a case fatality of 12%

was recorded. This is higher than 5% recorded by Shah ez a/.®¥
in Nepal. Significant case fatality was seen in patients with
hypernatremia as well as hypokalemia.

Though all the causes of mortality in the current study
occurred in children that were exclusively breastfed, studies
have shown that breastfed babies are more protected against
diarrheal diseases as human breastmilk contains glycans
including human milk oligosaccharides which are part of the
immunological mechanism that accounts for the way in which
human milk protects breastfed infants in addition to the fact
that breastfeeding reduces the exposure to contaminated foods
and contributes to adequate nutrition and hence, nonspecific
immunity.B!

Hyponatremia was significantly associated with increased
duration of diarrhea (P = 0.044) among patients. Hence the
longer the onset of the diarrhea prior to hospitalization, the
higher the likelihood of possible development of electrolyte
derangement particularly, hyponatremia.

This may suggest that early presentation and prompt correction
of this electrolyte derangement may reduce the duration of
diarrhea and by extension associated mortality as corroborated
by other studies.323

However, this finding is at variance with the study by
Singh et al.,’* who reported that hyponatremia was not
associated with prolonged duration of symptoms prior to
hospital presentation in their study cohort. Reason for this
discrepancy is not obvious. However, hyponatremia in this
study was not associated with increased mortally (P > 0.05).
This may, therefore, suggest that with adequate correction,
mortality could be averted in patients with this frequently
common electrolyte derangement in childhood acute
diarrheal disease.

Hypokalemia, on the other hand, was associated with
significant mortality in this study. This finding corroborates
the report by similar studies®*3? and hence underscores the
need for proper evaluation and adequate management of this
electrolyte derangement.

Also, hypernatremia was reported in 3.7% of the cases and was
associated with significant mortality (P = 0.037). This further
reflects the need for proper clinical evaluation including quick
determination of arterial blood gases and serum electrolytes to
know the baseline electrolyte derangements in such children
to guide an institution of appropriate fluid and electrolytes
management.

A close complex relationship exists between diarrhea,
malnutrition and intestinal integrity as malnourished children
have a greater susceptibility to infections, particularly
gastrointestinal tract. Hence, with each diarrheal episode
anorexia, reduced absorptive function, and mucosal damage, as
well as nutrient exhaustion, occur. A significant proportion of
the case fatality in the current study were children whose index
illness of diarrhea coexited with various forms of malnutrition.
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Most of them had associated electrolyte derangements which
complicated their diarrhea.l”-35-36]

No reported cases of established acute kidney injury in the
present study. Volume depletion/dehydration is known to
increase the likelihood of nonsteroidal anti-inflammatory
drugs (NSAIDs) associated with acute kidney injury.
Though the study did not intend to study the association of
NSAIDs used for symptomatic treatment of fever and renal
insufficiency, it is recommended that cautionary measures
be taken in the use of NSAIDs for the treatment of fever in
children with associated dehydration to avoid the development
of renal insufficiency.?”

ConcLusIoN

Electrolyte derangements are common in under 5 years
children with acute diarrhea with increased mortality in those
with severe acute malnutrition.

Proper health education is needed to ensure adequate nutrition
and timely use of low-osmolar ORS as well as early referral of
cases with persistent gastrointestinal losses in order to reduce
the incidence of fluid and electrolyte abnormalities in them.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. World Gastroenterology Organization Global Guidelines. Acute
Diarrhea in Adults and Children: A Global Perspective; February,
2012. Available from: www.worldgastroenterology.org/assests/export/
userfiles/acute%?20di arrhea. [last accessed on 2015 Jan 21].

2. Nigeria: Demographic and Health Survey 2013. Available from:
Dhsprogram.com/pubs/pd f/FR293.pdf. [Last accessed on 2015 Sep 12].

3. Yilgwan CS, Okolo SN. Prevalence of diarrhoeal disease and risk
factors in Jos University Teaching Hospital, Nigeria. Ann Afr Med
2012;11:217-21.

4. Adimora GN, Ikefuna AN, Ilechukwu G. Home management of
childhood diarrhoea: Need to intensify campaign. Niger J Clin Pract
2011;14:237-41.

5. Okoro BA, Itombra-Okoro J. Childhood morbidity from diarrhoea and
its home management. Nig J Paed 1996;23:85-90.

6. Diarrheal Disease Fact Sheet 330; August, 2009. Available from: www.
who.int/mediacentre/factsheet?fs330/en/index.html. [Last accessed on
2012 Jan 20].

7.  GuptaR. Diarrhoea. In: Wylle R, Hyams JS, Marsha K, editors. Pediatric
Gastrointestinal and liver disease. 5 ed. Philadelphia: Elsevier 2016; p.
104-14.

8. Shah AS, Das BK, Singh MK, Bhandari GP. Electrolyte disturbances in
diarrhoea. Kathmandu Uni Med J (KUMJ) 2007;5:60-7.

9. Odey FA, Etuk IS, Etukudoh MH, Meremikwu MH. Hypokalaemia in
children hospitalized for diarrhoea and malnutrition in Calabar, Nigeria.
Niger Post Grade Med J 2010;17:19-22.

10. Subb-Rav SD, Thomas B. Electrolyte abnormalities in children admitted
to the paediatric intensive care unit. Indian J Pediatr 2000;37:1348-53.

11. Canavan AM, Arant BS. Diagnosis and management of dehydration in
children. Am Fam Physician 2009;80:692-6.

12. Bradshaw C, Han J, Chertow GM, Long J, Sutherland SM, Aband S.
Acute kidney injury in children hospitalized with diarrhoeal illness at
the United States. Hosp Pediatr 2019;9:933.

13. Tagbo BN, Mwenda M, Armah G, Obidike EO, Okafor HU, Oguonu T,
et al. Epidemiology of rotavirus diarrhoea among children younger
than 5 years in Enugu, South-East Nigeria. Pediatr Infect Dis J
2014;33:519-22.

14. Guarino A, Ashkenazi S, Gendrel D, Vecchio AL, Shamir R,
Szajewska H. European Society for Paediatric Gastroenterology,
Hepatology and Nutrition/European Society for Pediatric Infectious
Diseases evidenced-based guidelines for the management of
acute gastroenteritis in children in Europe: Update 2014. J Pediatr
Gastroenterol Nutr 2014;59:132-52.

15. Hojsak I, Fabiano V, Pop TL, Goulet L, Zuccotti GV, Cokugras FC,
et al. Guidance on the use of probiotics in clinical practice in children
with selected clinical conditions and in specific vulnerable groups. Acta
Paediatr 2018;107:927-37.

16. Sandhu B, Devadason D. Management of diarrhoea. In: Wylle R,
Hyams JS, Marsha K, editors. Pediatric Gastrointestinal and Liver
Disease. 5" ed. Philadelphia: Elsevier; 2016. p. 1121-31.

17. Walker-Smith J, Sandhu B, Isolauri E, Banchini G, van Caillie-
Bertrand M, Dias J, et al. Recommendations for feeding in childhood
gastroenteritis. Medical position paper on behalf of ESPGHAN.
J Pediatr Gastroenterol Nutr 2001;33:536-9.

18. Lazzerini M, Wanzira H. Oral zinc for treating diarrhoea in children.
Cochrane Database Syst Rev 2016:CD005436.

19. Bhutta Z, Nelson E, Lee W, Tarr P, Zablah R, Phua K, ef al. Recent
advances and evidence gaps in persistent diarrhoea. J Pediatr
Gastroenterol Nutr 2008;47;260-5.

20. Boschi-Pinto C, Ramachandran D, Costello A. Association between
community management of pneumonia and diarrhoea in high burden
countries and the decline in under-fiveve mortality rates: An ecological
analysis. BMJ Open 2017;7:¢012639.

21. Warigon C. Nigeria to Avert Over 160, 000 Deaths in Children Yearly
with Introduction of Rotavirus Vaccine into Immunization. World
Health Organization; 2018. Available from: http://www.Afro.who.
int/.../Nigeria-avert-over-160000-deaths-children-yearly-introduct ion—
rotavirus-vaccine. [Last accessed on 2019 May 20].

22. Oyedeji GA. The socio-economic and cultural background of
hospitalized children in Ilesha. Niger J Pediatrics 1985;12:111-7.

23. World Health Organization. Supplementary Foods for the Management
of Moderate Acute Malnutrition in Infants and Children 6-59 Months of
Age, Technical Note. Geneva: World Health Organization; 2012.

24. World Health Organization. Guideline: Updates on the Management
of Severe Acute Malnutrition in Infants and Children. Geneva: World
Health Organization; 2012.

25. Tietz NW. A Clinical Guide to a Laboratory Test. 2" ed. Philadelphia,
USA: WB Saunders’ Company; 1990. p. 554-6.

26. Normal Lab Values (Reference Range/SI Reference Intervals).
Electrolytes.  Available from: http:/musom.marshall.edu/usmlel
abvalvues.htm. [Last accessed on 2015 Mar 22].

27. Yakubu AM. Disorders of the gastrointestinal tract. In: Azubuike JC,
Nkanginieme KE, editors. Paediatrics and Child Health in a Tropical
Region. 2™ ed. Owerri, Nigeria: African Educational Services; 2007.
p. 276.

28. Ebrahim GJ. Sepsis, septic shock and the systemic inflammatory
response syndrome. J Trop Pediatr 2011;57:77-9.

29. Sarmin M, Ahmed T, Bardhan PK, Chist MJ. Specialist hospital study
shows that septic shock and drowsiness predict mortality in children
under five with diarrhoea. Acta Paediatr 2014;103:e306-11.

30. Sharifuzzmann SM, Sarmin M, Ahmed T, Alam T, Islam SB,
Munirul MD. Determinants and outcomes of metabolic acidosis in
diarrhoeal children under 5 years of age in an urban critical care ward in
Bangladesh. Global Pediatric Health 2017;4:1-5.

31. Lamberti LM, Walker CL, Noiman A, Victora C, Black RE.
Breastfeeding and the risk for diarrhoea morbidity and mortality. BMC
Public Health 2011;11 Suppl 3:S15.

32. Okposio MM, Onyiruka AN, Abhulimhen-Iyoha BI. Point of admission
serum electrolyte profile in children less than five years old with
dehydration due to acute diarrhoea. Trop Med Health 2015;43:247-52.

33. Shahrin L, Chisti MJ, Huq S, Nishath T, Christy MD, Hannan A,
et al. Clinical manifestations of hyponatraemia and hypernatraemia in
under-five diarrhoeal children in a diarrhoeal hospital. J Trop Pediatr

.Nigerian Journal of Medicine | Volume 29 | Issue 2 | April-June 2020

301




Eke, et al.: Electrolyte abnormalities in children with acute gastroenteritis

2016;62:206-12.

34. Singh S, Gulati S, Prasad SV. Frequency and significance of potassium
disturbances in sick children. Indian Pediatr 1994;31:460-3.

35. Ferdous F, Sumon KD, Ahmed S, Farzana FD, Lathan JR, Chisti MJ,
et al. Severity of diarrhoea and malnutrition among under five-year-old
children in rural Bangladesh. Am J Trop Med Hyg 2013;89:223-38.

36. Guerrant RI, Schorling JB, McAuliffe JF, de Souza MA. Diarrhoea as a
cause and an effect of malnutrition: Diarrhoea prevents catch-up growth
and malnutrition increases diarrhoea frequency and duration. Am J Trop
Med Hyg 1992;47:28-35.

37. Kanabar DJ. A clinical and safety review of paracetamol and ibuprofen
in children. Inflammopharmacology 2017;25:1-9.

Nigerian Journal of Medicine | Volume 29 | Issue 2 | April-June 2020 -




