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ABSTRACT

BACKGROUND

Diarrhoea is the one of the leading causes of childhood death globally and in
South Africa. Plasma sodium and potassium disturbances contribute to this
diarrhoea mortality, partly mediated by seasonal fluctuations in the
disturbances. The high prevalence and the potentially serious implications of
plasma sodium and potassium disturbances raise several issues about their

preyention, diagnosis and management.
OBJECTIVES

a) To identify determinants, particularly with seasonal associations, of
plasma sodium and potassium concentrations in young children
admitted to hospital with dehydrating diarrhoea.

b) To assess the diagnostic accuracy and reliability of clinical features
previously reported to be associated with plasma sodium and
potassium disturbances in children admitted to a diarrhoea
Rehydration Unit.

c) To perform a preliminary assessment of the amount of change in
clinical management as a result of routine electrolyte testing in

children with dehydrating diarrhoea.
METHODS

Three separate cross-sectional analytical studies - with overlapping data
collection - were conducted during 15 April 2002 to 14 April 2003 on patients
between 6 weeks and 2 years of age admitted to the Rehydration Unit at Red
Cross Children’s Hospital, Cape Town. |



RESULTS AND INTERPRETATION

Study one: Seasonal determinants of plasma sodium and potassium

concentrations

Results: Of the 350 patients included in the study, plasma sodium levels
were available for 348 (99.4%) patients and plasma potassium for 347
(99.1%) patients. Determinants with statistically significant negative
associations (p<0.05) with plasma sodium in multiple linear regression
analysis were age (-0.29 mmol/l), plasma pH (-22.13 mmol/l), enterotoxigenic
Escherichia coli infection (-2.13 mmol/l) and enteropathogenic Escherichia
coli infection (-5.12 mmol/l). Statistically significant positive associations with
plasma sodium in multiple linear regréssion analysis were being breast-fed

(1.91 mmol/l) and living in a brick house (2.66 mmol/|).

Determinants with statistically significant negative associations with plasma
potassium in multiple regression linear analysis were duration of diarrhoea
(-0.02 mmol/l) before admission and Cryptosporidium infection (-0.33
mmol/l). Statistically significant positive associations (p<0.05) with plasma
potassium in multiple linear regression analysis were parental education
(0.04 mmol/l) and plasma pH (1.68 mmol/l).

Enterotoxigenic Escherichia coli and Cryptosporidium infection had
significant associations, in the same direction, with both plasma sodium and

potassium in the bivariate analysis.

Interpretation: Seasonal fluctuations in plasma sodium and potassium levels
are at least partly explained by both enterotoxigenic Escherichia coli and
Cryptosporidium working together, with enterotoxigenic Escherichia coli
having the larger effect on plasma sodium levels and Cryptosporidium on
plasma potassium levels. The associations of these enteropathogens with
the seasonal fluctuations in plasma sodium and potassium levels is a new

contribution to the current body of research.



Study two: Reliability and diagnostic accuracy of clinical signs

Results: Of the 476 patients enrolled into the study, 475 (99.8%) were
inéluded in the final analysis for plasma sodium and 471 (98.9%) for plasma
potassium. One hundred and eighty-seven patients (39.4%) had plasma
sodium levels <135 mmol/l and 31 (6.5%) levels >150 mmol/l. Two hundred

and thirty-six patients (560.1%) had plasma potassium levels <3.5 mmol/l.

Inter-observer agreement in assessing cliriical signs was generally poor.
Exceptions were abdominal distension (weighted Kappa 0.70; 95% CI 0.49 to
0.91); ability to sit (weighted Kappa 1.0; 95% CI 1.0 to 1.0); and to stand
(weighted Kappa 0.72; 95% CI 0.44 to 0.99). Clinicians had no agreement as
to whether there was a wooden feel to the patients’ skin (- 0.02; 95% CI —
1.24 to 1.21).

None of the signs studied for diagnostic accuracy had clinically meaningful

associations with any of the plasma sodium and potassium abnormalities.

Interpretation: This is the first systematic study of the diagnostic accuracy of
clinical signs of plasma sodium and potassium disturbances in children with
diarrhoea. The clinical signs assessed were neither useful nor re_IiabIe in

clinical practice, with a consistent pattern of low accuracy across all tests.

Even though there is uncertainty around the estimates of diagnostic accuracy
for less prevalent conditions because of low statistical power, the most
optimistic plausible levels of accuracy are not clinically meaningful, given the

low prevalence of the target conditions.



Study three: Therapeutic impact of routine electrolyte testing in

management of plasma sodium and potassium disturbances

Results: Of the 530 patients included in the analysis, plasma sodium levels
were available for 528 (99.6%) patients and plasma potassium for 525
(99.1%) patients. Routine electrolyte testing identified 55 (10.4%) with
abnormal plasma sodium levels, 18 (3.4%) of which were below 125 mmol/l,
37 (7.0%) above 150 mmol/l and 23 (4.4%) above 1565 mmol/l. One hundred
and sixty-six (31.6%) patients had low potassium levels, with 40 (7.6%)
below 2 mmol/l and 13 (2.5%) below 1.5 mmol/l.

The number of patients that needed to be tested for each case that received
a change in management was high because of the relatively low prevalence
of some abnormalities. For potassium levels <1.5 mmol/l, the number needed
to test was between 40 and 44 patients for any management change (95% CI
ranged from 26 to 99). Even larger numbers (48 patients; 95% CI 30 to 116
patients) needed to be tested for one management change in hyponatraemia
(plasma sodium <125 mmol/l). For more prevalent and less severe
conditions, for example, hypokalaemia (potassium <3 mmo/l), fewer patients
needed testing (3 to 4) to identify one patient and to change management (5

to 7 patients).

Interpretation: This is the first study to report on the therapeutic impact of
routine electrolyte testing in a low- or middle-income country. Routine testing
resulted in the detection of plasma sodium and potassium abnormalities.
However, large numbers of patients needed to be tested for each case of
management change when abnormalities had a relatively low prevalence.

The benefits of such testing need to be weighed against the costs of
performing many tests before one abnormality is identified and treated, taking
into consideration the presence of other health priorities, financial constraints
and limited facilities and staffing in most settings were dehydrating diarrhoea

is more prevalent.
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GLOSSARY

Colinearity
A situation where there is close to a near perfect linear relationship among
some or all of the independent variables in a regression model. This means

there is some degree of redundancy or overlap among these variables.

Co-morbidity
The presence of co-existing or additional diseases with reference to an initial

diagnosis or with reference to the index condition that is the subject of study.

Disabhility-adjusted life years
A quantitative indicator of burden of disease that reflects the total amount of
healthy life lost, to all causes, whether from premature mortality or from some

degree of disability during a period of time.

Effect modifier
A factor that modifies the effect of the independent variable on the dependent

variable.

False-negative
A negative test result for the target condition in a person who is actually

positive.

False-positive
A positive test result for the target condition in a person who is actually

negative.
Inter-observer variation

Variations between different observers when reporting on the same

outcomes at the same time.
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Kappa score

A measure of the degree of non-random agreement between observations or
measures. of the same categorical variable. Kappa is always less than or
equal to one. A value of one implies perfect agreement and values less than
one imply less than perfect agreement. Kappa can be negative - a sign that

the two observers agreed less than would be expected just by chance.

Suggested interpretation of Kappa (Sackett et al., 1991:30):
0 = no agreement better than chance,

0 — 0.2 = slight agreement,

0.2 — 0.4 = fair agreement,

0.4 — 0.6 = moderate agreement,

0.6 — 0.8 = substantial agreement,

0.8 — 1.0 = almost perfect agreement.

Likelihood ratio

The ratio of the likelihood that a given test result is expected in a patient with
the target disorder compared to the likelihood that that same result is
expected in a patient without the target disorder. It is a measure of how much
a given diagnostic test result (positive or negative) will raise or lower the pre-

test odds of a disorder.

Number needed to test
The number of patients who need to be tested to identify one additional

patient with the target condition.

Outlier
An extreme case in one variable, or a combination of variables, which have a

strong influence on the calculation of summary statistics.
Post-test probability

The probability of the target condition being present after the results of the

diagnostic test are available.
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Predictive value negative
The probability that a person does not have the disease given a negative

test.

Predictive value positive

The probability that a person has the disease given a positive test result.

Pre-test probability
The probability of the target condition being present before the results of the

diagnostic test are available

Reliability
The extent to which a measure is stable or consistent and produces similar

results when administered repeatedly.

Receiver operating characteristic curve

“A figure depicting the power o'f a diagnostic test. The receiver operating
characteristic curve presents the test's true positive rate (sensitivity) on the
horizontal axis and the false-positive rate (1-specificity) on the vertical axis
for different cut-points dividing a positive from a negative test. A receiver
operator curve for a perfect test has an