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Abstract | Original Research Article

Acute renal failure is one of the important complications of acute gastroenteritis in children. Early intervention and
proper fluid replacement may lessen this risk. Acute gastroenteritis (AGE) is an infection of the gastrointestinal tract that
commonly affects young children. It causes an increase in loss of water and electrolytes due to vomiting and diarrhea
resulting to dehydration, which is the main cause of mortality in children under five years with acute gastroenteritis.
Therefore, this study were design to find out the incidence of AGE and the status of associated electrolyte derangements,
renal involvementand other biochemical and haematological variables. Material and methods: This cross sectional
study comprised of 100 cases of AGE in children aged <5 years of age. Demographic profile of the patients, details of
diarrhea, and accompanying degree of dehydration (defined as per World health Organization criteria) with any
associated complication were included. Various electrolyte parameters along with biochemical and hematological
parameters (serum urea, serum creatinine, hemoglobin, and total leukocyte count) were investigated. Results: This study
found that urea and creatinine were elevated in 29(29%) and 62(62%) of the cases respectively. Electrolyte disturbances
were seen in 42% of cases among which hyponatremia was the most common electrolyte disturbance seen. Majority of
patients had isonatremic dehydration 58%. Hyponatremic dehydration was most common in some dehydration, which
was 30%. We found hypokalemia in 31% cases. Conclusion: Measurements of renal parameters early can help to
predict the complications due to AGE and may help in the prevention of diarrhea related complications in children.
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depending on nutritional and socio — economic factors, a
INTRODUCTION child’s chance of dying by diarrheal illness before the
age of five years can be as high as 50%. In developing
countries, a quarter of infants and childhood mortality is
related to diarrhea. In Iraq, according to the annual report

Acute gastroenteritis is generally defined as a
decrease in the consistency of stools (loose or liquid)
and/or an increase in the frequency of evacuations

(typically hZ3 in 24 h(r)]urs)’ with Olr without fever or of the Iragi Ministry of Health (M.O.H), the average of
vom!tmg, OWEVEr, a change In stop c_ons_lstency_versus diarrheal patients visiting the medical and health care
previous stool consistency is more indicative of diarrhea facilities related to M.O.H for the years 2009 and 2010 is

than stool number, particularly in the first months of life.
Acute diarrhea typically lasts <7 days and not >14 days
[1]. The term Gastroenteritis denotes infections of the total pathological cases requiring hospitalization in

gastrc_)i_ntestinal (GI) wract caused b.y bacterial,_viraI: or children less than five years of age is 19.1 % for the year
parasitic _pathogens [2]. Worldwide, Gastrointestinal 2009, and 24.9 % for the year 2010[3]. Diarrheal disease
diseases are con5|deredfas common |Il?less_e_s, the se((:jonti occupied the second place among the top ten diseases in
most common cause for Visits to physicians, and o Nepal[4]. Poverty, illiteracy, lack of health care facilities

morbid!ty and mortality among _infants and children at local level, demographical distribution and traditional
un(_jer five throughout the develo_pmg Wofld' It has bee_n beliefs are the major obstacles for getting proper and
estimated that in Latin America, Africa, and Asia timely healthcare [5].
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The main route of transmission of
enteropathogens is faecal-oral through the ingestion of
contaminated food or fluids or by direct
person-to-person contact. The factors that increase the
transmission of enteropathogens in developing countries
include contaminated water and food, poor sanitation
and hygiene, lack of breastfeeding, malnutrition,
deficiencies in micronutrients like zinc or vitamin A,
crowded environment, and living close to domestic
animals. The key reservoirs of human enteropathogens
are food, water and humans, but some of these infections
(e.g. Salmonella, Campylobacter and Yersinia) are
zoonoses that are transmitted from live animals, or by
unsafe preparation of food. Children less than 2 years of
age are particularly exposed to enteric pathogens,
because of poor hygiene of hands and feet, and their
explorative behaviour. When exposed, they often
develop gastroenteritis due the lack of immunity induced
by previous infections. The transition from
breastfeeding, which provides some protection against
enteropathogens, to formula or cow milk also increases
the risk of gastroenteritis [6].

Other direct consequences of diarrhea in
children include growth faltering, malnutrition, and
impaired cognitive development in resource-limited
countries [7]. Ramshackle housing, lack of piped water
and sanitation, widespread fecal contamination of the
environment, lack of personal hygiene, high incidence of
malnutrition and infection, overcrowding of children
under five years of age in one house have been found to
be the contributing factors[8].

Childhood mortality rate is higher in families
that are poor, living in rural areas and whose mothers
lack basic education. Diarrhoea is about 13% higher in
rural children than urban in the age group between 6 to
23 months. Moreover, there is a higher incidence of
diarrhoea in children with uneducated mothers as
compared to those whose mothers have some primary
education. Children, especially infants, are more
susceptible than adults to dehydration because of the
greater basal fluid and electrolyte requirements per kg
and as they are dependent on others to meet these
demands.

Acute gastrointestinal illnesses are amongst the
most common diseases worldwide: ranging from mild
annoyances to devastating, dehydrating illnesses that can
kill within hours [9]. AGE causes an increase loss of
water and electrolytes through vomiting and diarrhea
resulting to dehydration, which is the main cause of
mortality in children [10]. Serum electrolyte and acid
base disturbances are common in under-five children
with acute diarrhea but may remain unrecognized,
resulting in morbidity and sometimes mortality.Of the
electrolyte abnormalities observed, hyponatremia and
hypokalemia ranked first and second in frequency,
respectively [11]. Timely recognition, a high index of

suspicion and a thorough understanding of common
electrolyte abnormalities is necessary to ensure their
correction [12]. Episodes of acute diarrhoea occur most
commonly in the first year of life, at a time when not
only brain development is incomplete, but also when the
wide variety of intestinal transport mechanisms which
are concerned with the absorption and secretion of fluid
and electrolytes are poorly developed[12]. Samadi et al.
in their study in Bangladesh reported that 20.8% were
hyponatremic, 72.8% isonatremic and 6.4% were
hypernatremic[14].

During the past three decades, factors such as
the widespread availability and use of Oral Rehydration
Solution (ORS), improved rates of breastfeeding,
improved nutrition, better sanitation and hygiene, and
increased coverage of measles immunization are
believed to have contributed to a decline in the mortality
rate in developing countries. However, the morbidity
from diarrheal diseases has remained relatively constant
during the past two decades [7]. Urea showed good
specificity, and anion gap was the most sensitive
laboratory parameter for assessment of dehydration.

MATERIAL AND METHODS

This hospital based prospective observational
cross sectional study were conducted in Universal
College of Medical Sciences (UCMS), a tertiary care
hospital in western Nepal over a period of six months
(July-December 2019). Detailed history, examination
and investigations wererecorded in specially designed
proforma. Demographic profile of the patients, details of
diarrhea such as duration, frequency, consistency of
stools and accompanying degree of dehydration as per
WHO criteria and any associated complication were
recorded and investigated. Note were made about use of
ORS before arriving to the hospital. A detailed
examination were done by a pediatrician to assess the
degree of dehydration, presence or absence of features
suggestive of dyselectrolytemia and renal involvement.

The levels of serum sodium (Na®), potassium
(K™), serum urea, serum creatinine, packed cell volume
(PCV), hemoglobin (Hb), with total leukocyte count
(TLC) along with differential leukocyte count was
investigated. Serum sodium and potassium were
analyzed by biochemical analyzer (lon Selective
Method) based on the principle of electrochemistry.
Similarly, serum urea and creatinine concentration were
determined by kinetic urease-GLDH and alkaline picrate
method respectively.Chest X-ray was done when
required.

Study definitions

e Sodium level was considered normal between
135-145 mmol/L

e  Potassium level was considered normal between
3.5- 5.5 mmol/L

e Blood urea was considered normal in between 15-40
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mg/dI
e  Serum creatinine was considerednormal in the range
0f0.4-0.7 mg/dL in children (up to 5 years of age).

Aims and objectives

The aims and objectives of the present study
were to study the incidence and outcome of renal
involvement in acute gastroenteritis in children <5 years
of age and to study the relation of severity of dehydration
with renal injury.

Inclusion Criteria
e All children aged one month to 5 years acute
gastroenteritis admitted in the pediatric department.

Exclusion Criteria

e Any child with history of diarrhea more than two
weeks at the time of admission

e  Children with dysentery (blood and mucus in stool)

e  Children with known pre-existing renal disease,
children who underwent renal replacement therapy
before admission.

STATISTICAL ANALYSIS

The data were enter in predesign proforma and
was analyzed with SPSS version 22 (Statistical Package
for the Social Science) software. Frequency of the
qualitative variables were presented in the percentage.
Value of continuous variables were present, as
mean+SD. Data were analyzed using Chi square test for
qualitative variables and analysis of variance
(ANNOVA) were use for comparison of mean of
continuous variables. Odd’s ratio were calculated for
risk assessment. Status of hydration biochemical
variables were analyze by Spearman’s rho correlation
coefficient. P value of less than 0.05 was considered
statistically significant.

RESULTS

Out of total 175 admitted gastroenteritis cases,
100 children were enrolled in the study as per the
inclusion criteria. Out of 100 cases enrolled 66 (66%)
were males and 34(34%) were females with male to
female ratio of 1.94:1.

Table; 1

Frequency

35%

30%

M Frequency

31%
28%

J59 - 233
20%
15% — 17
10%
5%
0% T T T

1-12 months
13-24 months
25-36 months

49-60 months H &

37-48 months

Fig-1: Frequency of Patients Based on Different Age Group

Figure 1 shows that children aged 1-12 months
had the highest incidence of diarrhea (31%), which were
followed by 13-24 months (28%), 25-36 months (23%),

and 37-48 months (12%). The age group 49-60 months
had the lowest incidence (6%).

Table-1: Level of Biochemical and Hematological Parameters in Different Age Groups (Months)

1-12 13-24 25-36 37-48 49-60 P-value
Na* 136.34+4.66 136.47+3.82 134.16+4.40 137.15+2.92 135.70+3.93 0.20
K* 4.00+0.76 3.92+0.60 3.63+0.55 4.00+0.52 3.71+0.59 0.23
Urea 35.58+25.51 32.57+22.58 44.34+26.8 30.66+17.47 40.50+23.40 0.39
Creatinine | 0.82+0.30 0.87+0.41 1.10+0.51 0.83+0.13 1.01+0.41 0.08
Hb 10.08+1.52 10.57+1.48 10.82+1.92 11.86+1.47 10.50+1.57 0.03
TLC 12006.45+6261.51 | 13025.00+6928.07 | 14267.39+6363.70 | 12291+4592.17 | 14600.00+6127.96 | 0.69
PCV 31.16+4.21 33.8546.61 32.7245.61 35.96+3.77 31.75+4.50 0.08
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Frequency

7
‘ B Mo dehydration
B Some dehydration
H Severe
dehydration

Fig-2: Degree of Hydration Based on WHO Criteria

Figure 2 shows that out of 100 cases enrolled, (56%) followed by some dehydration (37%) and severe
no dehydration was observed in highest number of cases dehydration (7%).

Table-2: Frequency of Patients in Different Status of Electrolytes

Biochemical parameters Frequency
Serum Sodium Normal 58%
Low 42%
Serum Potassium Normal 67%
Low 31%
High 2%
Serum Urea Normal 71%
High 29%
Serum Creatinine Normal 38%
High 62%
Table 2 depicts the frequency of different and raised creatinine (62%). Urea were only raised in
biochemical parameters in children with AGE. Majority 29% of cases.

of admitted children with AGE had normal urea (71%)

Table-3: Comparison of renal parameters with hydration status
Renal parameters | Group 1 Group 2 Group 3 p value
Urea (mg/dl) 25.69+12.59 | 43.05+23.98 | 80.26+30.56 | 0.001
Creatinine (mg/dl) | 0.75+0.14 0.97+0.38 1.81+0.56 0.001
Group 1= No dehydration, Group 2= Some dehydration, Group 3= Severe dehydration

Table 3 shows serum urea and creatinine were [43.05+23.98 & 0.97+£0.38] and no dehydration
significantly high in severe dehydration [80.26+30.56 [25.69+12.59 & 0.75%0.14].
&1.81+0.56] as compared to some dehydration

Table-4: Odd’s Ratio of renal parameters and oral rehydrating solution use

Renal parameters OR (CI) p-value
Urea 0.399 (0.130-1.2290) | 0.095
Creat 0.357 (0.094-1.360) | 0.100
Table 4 shows the odd’s ratio of renal DISCUSSION
parameters seen in the present study in relation to ORS Studies in developing countries have shown
use. The study suggested that there were no significant that children in the first 2 years of life may have up to 10
changes in renal parameters with adequate ORS use. episodes of diarrheal disease, often with significant

mortality. The total incidence of acute gastroenteritis
were 7.8% in the present study.
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Poo et al.[15] reported that acute gastroenteritis
was responsible for 6% of the total pediatric admission,
which was comparable to this study(178 diarrheal cases
out of 2236 pediatric admission).Ramanaiah et al. [16]
found that the incidence of acute diarrheal disease
among under five children admitted as 12.1%, which
was higher than the present study. In another study done
by Yilgwan et al. [17] in Nigeria, the incidence of acute
gastroenteritis was only 2.7%, which was very much
lower than the present study.

The differences in the incidence between the
present study and other studies may be attributed to the
differences in the time, setting of the study and region.

A study done by Stanly et al. [18] reported that
the average number of times of diarrhea per child per day
was 5 with a minimum number of 3 and maximum of 10.
Kolahi et al. [19] reported the mean frequency of
diarrhea was 5.1+5 episode per day.

In the present study, majority of the admitted
cases 73, (73%) suffered from 1-2 days of diarrhea
before admission followed by 25(25%) from 3-4 days.
Only 2 (2%) cases suffered from diarrhea from 5-6 days.
Similar result was seen in a study done by Poo et al. [15]
who reported 50% had duration of symptoms of two
days or less before admission, while 76% had symptoms
for less than three days.

A study done by Poo et al. [15] reported that
37% had vomiting less than 5 times per day whereas
29% had vomiting 5-10 times per day. In the same study,
it was reported that 24% had vomiting more than 10
times per day.

In this study, the most common chief complaint
was vomiting (88%), followed by fever (74%),
distention of abdomen (26%), thirst (23%), scanty
urination (23%) and convulsion (2%). The sensorium
was affected in 42% of the cases; 35% irritable and 7%
lethargic.

In a study done by Azemi et al. [20] in Kosovo,
loose stool was the most frequent symptom seen in
98.59% cases, followed by vomiting in 88.02% cases,
which was similar to our study, and fever in 54.22%
cases. Poo et al. in their study reported that vomiting was
present in more than 90% of children on admission and
loose stool was present in all children on admission,
which was comparable to our study. Similarly, Khalili et
al. [21] reported that vomiting and fever were the most
frequent concomitant symptoms during presentation in
hospitalized children.

The present study shows that no dehydration
was observed in most number of cases (n= 56, 56%),
followed by some dehydration 37(37%) and severe
dehydration 7 (7%). Tavakolizadeh et al. [22] in their

study reported that among children admitted with acute
gastroenteritis, 64.9% had no dehydration, 32.7% had
some dehydration, which was comparable to our study,
and only 2.4% cases had severe dehydration. A study
done by Azemi et al. [20] in Kosovo reported some
dehydration to be present in 42.29% of cases which was
comparable to our study and severe dehydration in
14.08% cases.

These findings are in agreement with prior
studies demonstrating that no dehydration is present in
majority of hospitalized children with acute diarrhea.
The main reason for some dehydration being seen in
majority of the cases following no dehydration in our
study may be because of the lack of knowledge among
most of the mother’s about the use of ORS in diarrhea.
As it has been noted that only 15% of the cases received
ORS prior to hospitalization.

In our study majority of the patients had intact
sensorium in mild and when dehydration was not present
whereas in severe form of dehydration majority of the
patients had altered sensorium. It is seen that when there
is deterioration in the status of hydration in the children,
there is worsening of the sensorium as well.

In the present study, electrolyte disturbances
were seen in 42(42%) cases while 58 (58%) cases had no
electrolyte disturbance. The most common electrolyte
disturbance was hyponatremia (42%) followed by
hypokalemia in 31%. Mixed electrolytes disturbances
were seen in 33(33%) of the cases out of which the most
common was hyponatremia with hypokalemia seen in
75.75% cases followed by normal sodium with
hypokalemia (6%). Normal sodium with
hyperkalemiawas seen in 2% cases. In this study isolated
hyponatremia was seen in 17% cases with isolated
hypokalemia in 6% and isolated hyperkalemia was seen
in 2% cases. Shah et al. [23] in their study done in
pediatric ward of BPKIHS, Dharan reported 79% of
children suffering from diarrhea to have some form of
electrolyte abnormalities, which was found to be higher
than our study. In the same study, the second common
electrolyte disturbance was hypokalemia (46%), which
was isolated in 14% and associated with hyponatremia in
26%. Similarly, Ukarapol et al. [24] in Thailand found
electrolyte abnormalities in 69.8% of children having
acute diarrhea.

Out of 100 cases enrolled in the study, 71(71%)
had normal urea, whereas 29 (29%) had increased serum
urea level. The present study shows that 62 (62%) had
increased serum creatinine, while 38 (38%) had normal
serum creatinine level. Further, the increase in serum
urea was seen in more number of cases that is in 20% in
some dehydration followed by severe dehydration (6%)
whereas only 3% of the cases had increase urea in no
dehydration. Moreover, serum creatinine was found to
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be increased in no, some and severe dehydration that is,
in 27%, 28% and 7% respectively.

Malaki et al. [25] found that BUN level was
significantly higher in severe dehydration compared to
mild or moderate dehydration whereas there was no
difference in the serum creatinine level between mild
and moderate dehydration but in severe dehydration
creatinine level was significantly higher. Similar result
was seen in the study conducted by Ukarapol et al. [24]
where 24% of the patient had increase BUN and the
BUN correlated statistically with the degrees of
dehydration. On the contrary, Tavakolizadeh et al. [22]
in their study using children with acute gastroenteritis
reported the most common biochemical abnormality to
be abnormal serum creatinine, which was reported in
14.2% cases. Gauchan et al. [26] reported that out of 188
cases high blood urea was found in 20 of severe
dehydration as compared to 63 of some and 15 of no
dehydration. Further high serum creatinine was found in
18 of severe, 79 of some and 17 of no dehydration [8,6].

Thus, serum urea, creatinine and BUN should
be done in all children having acute gastroenteritis with
no, some and severe dehydration as it may be difficult to
predict which children have significant abnormalities.
But these laboratory tests should not be considered as
definitive predictors of dehydration.

In the present study, only 15% cases had
received ORS prior to hospitalization while 85% had
not. It was observed that out of 15 cases that had been on
ORS, hyponatremia was seen in 10 cases; as compared to
32 cases who had not been on ORS. Likewise, 10 cases
had hypokalemia who had received ORS as compared to
21 cases who had not received ORS. Similarly, 22
patients had high serum urea level and 50 patients had
high creatinine level when ORS was not used.

Gauchan et al. [26] reported that out of 72
children who had been on ORS prior to admission,
hypernatremia was seen in 14 (19.4%) and hyponatremia
in 6 (8.3%); as compared to 13.8% and 12.9%
respectively in those who had not been on ORS.

Seddique et al. [27] reported that the use of
ORS, by 65% of the subjects in their study. Similarly, in
a study done by Ukarapol et al. about 60.4% had a
history of ORT before admission, which was higher
compared to this study. Rasania et al. [28] reported that
69.8% of mothers knew the role of ORS during diarrhea
whereas 46% of them never used ORS. In the same study
it was reported that only one-third (38.7%) of the
subjects could tell the correct method of ORS. Mohsin et
al. [29] reported that 76% mothers had correctly
prepared ORS and 24% had prepared incorrectly.

ORS has been considered the “gold standard”
of oral rehydration therapy. However, a Cochrane review

which included seventeen trials (1811 participants) did
not show a significant advantage of ORS over
intravenous hydration in the outcome in dehydration
associated with diarrhea in children[8,7]. According to
Nepal Demographic Health Survey (NDHS) 2011, the
percentage of children treated with ORS has increased
from 29% in 2006 to 39% in 2011[18].

ORT is the cheap, simple and effective way to
prevent/treat dehydration caused by diarrhea. Timely
and appropriate use of ORS is associated with reduced
need for hospitalizations, intravenous infusions, risk of
dehydration and electrolyte abnormalities. Improper
preparation and intake of ORS hampers the prevention
and treatment of diarrheal diseases, and may further lead
to electrolyte disturbances and contribute to morbidity
and mortality. Thus, lack of use of ORS hampers the
prevention and treatment of diarrheal diseases, and may
further lead to electrolyte disturbances and contribute to
morbidity and mortality. Thus, lack of use of ORS in
cases of diarrhea is considered as a risk factor as
identified by the present study.

CONCLUSION

The level of serum sodium and potassium
decreased and urea and creatinine increased with
severity of dehydration. In this study majority of cases
(85%) were not on ORS and had low sodium and
potassium. Thus, electrolyte disturbances are one of the
major concerns among children with acute
gastroenteritis and timely recognition and correction is
necessary to prevent morbidity and mortality. Early
diagnosis and urgent management of gastroenteritis and
dehydration can prevent AKI.
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