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CASE REPORTS

SEVERE HYPOKALEMIA IN A CHILD WITH MILD GASTROENTERITIS

HIPOCALEMIA GRAVE NUMA CRIANCA COM GASTROENTERITE LIGEIRA

Catarina Faria', Carina Ferreira", Alzira Sarmento", Sara Gongalves", Paula Rocha", Carlos Duarte", Conceigdo Mota¥

ABSTRACT

Background: Hypokalemia (serum potassium below 3.5 mmol/L) may be caused by several mechanisms. Severe hypokalemia must be
immediately managed, as it can have important cardiac repercussions.

Clinical case: A previously healthy eight-year-old female, with normal growth and normal-to-low blood pressure, was observed due to
persistent abdominal pain, anorexia, and fever two days after overcoming a mild gastroenteritis episode. Serum biochemistry revealed
severe hypokalemia (1.8 mmol/L), hypomagnesemia, and metabolic alkalosis. The patient was admitted to the Pediatric Intensive Care Unit
for correction of electrolyte imbalance, cardiac monitoring, and investigation. Complementary studies included a spot urine ionogram that
revealed inappropriate potassium wasting. lonic correction was achieved by both intravenous and oral supplementation plus spironolactone.
Genetic testing was positive for Gitelman syndrome.

Discussion/Conclusion: Suspicion of complex causes should be raised and a comprehensive approach undertaken upon a discrepancy

between clinical history and hypokalemia severity.
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RESUMO

Introdugdo: A hipocalémia (potassio sérico inferior a 3.5 mmol/L) pode ser causada por vérios mecanismos. A hipocalémia grave é uma
emergéncia médica pelas importantes repercussées cardiacas que pode ter.

Caso clinico: Uma rapariga de oito anos, previamente saudavel, com crescimento normal e tensdo arterial tendencialmente baixa, foi
observada por dor abdominal persistente, anorexia e febre dois dias apds recuperar de uma gastroenterite aguda ligeira. A avaliagdo bioquimica
revelou hipocalémia grave (1.8 mmol/L), hipomagnesémia e alcalose metabdlica. A rapariga foi admitida na Unidade de Cuidados Intensivos
Pediatricos para corregdo dos disturbios eletroliticos, monitorizagdo cardiaca e investigagdo. O ionograma urindrio (urina pontual) revelou
excregdo inapropriada de potassio. A corregdo idnica foi alcangada através de suplementagdo intravenosa e oral associadas a espironolactona.
A pesquisa de mutagGes para Sindrome de Gitelman foi positiva.

Discussdo/Conclusdo: Perante uma discrepancia entre o quadro clinico e a gravidade da hipocalémia, deverdo ser suspeitadas e pesquisadas
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causas complexas deste disturbio eletrolitico.

Palavras-chave: disturbios eletroliticos; hipocalémia; sindrome de
Gitelman; tubolopatia

INTRODUCTION

Hypokalemia (serum potassium below 3.5 mmol/L) may be caused
by excessive (gastrointestinal, renal, or cutaneous) potassium loss,
increased intracellular movement, and/or decreased intake (Table
1).2 Two or more underlying mechanisms may be present, especially
in cases of severe hypokalemia, which should be immediately
managed as the condition may have important cardiac consequences,
including ventricular fibrillation and subsequent cardiac arrest.?

Table 1 - Hypokalemia causes in children

Excessive potassium loss

* Gastrointestinal

- Vomiting, nasogastric drainage

- Diarrhea, laxatives, ileostomy

* Renal

¢ Increased sodium and water distal delivery

- Loop and thiazide diuretics

- Tubulopathies (Bartter syndrome, Gitelman syndrome)

- Tubular injury (interstitial nephritis or cisplatin)

¢ Increased mineralocorticoid activity

- Primary hyperaldosteronism (e.g. aldosterone-secreting
adenomas)

- Secondary hyperaldosteronism (e.g. hypovolemia)

- Apparent mineralocorticoid excess syndrome

- Glucocorticoid remediable aldosteronism

- Rare forms of congenital adrenal hyperplasia (e.g. 17-a-hydroxylase
deficiency)

e Other causes of urinary loss

- Renal tubular acidosis (type | and I1)

- Amphotericin B nephrotoxicity

- Liddle syndrome (enhanced sodium reabsorption)

* Cutaneous

- Cystic fibrosis

Increased intracellular movement

- Alkalosis

- Increased insulin activity

- Drugs: B-2 mimetics, theophylline, barium, chloroquine,
antipsychotic drugs

- Periodic paralysis (genetic etiology or hyperthyroidism)

- Refeeding syndrome

Decreased intake

- Anorexia, bulimia
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Common hypokalemia causes, such has diarrhea, vomiting, or
diuretic therapy, are usually promptly identified through clinical
history. Salt-losing tubulopathies represent a rare cause of
hypokalemia and may require special consideration and analysis.>*

The authors present the case of an eight-year-old girl with severe
hypokalemia detected during the course of a mild gastroenteritis,

leading to the investigation of other causes of potassium loss.

CASE REPORT

An eight-year-old female presented with persistent abdominal
pain and anorexia two days after overcoming a mild gastroenteritis
episode. The episode lasted for five days and featured small-volume,
semi-liquid stools (four episodes in the first two days), sporadic
vomiting (two episodes), abdominal cramps, and anorexia. Except for
a trend towards low blood pressure, maternal report of usually high
urinary output, and a preference for salty food since young age, the
child was otherwise previously healthy and had normal growth and
psychomotor development. Family history was also unremarkable,
with no parental consanguinity.

On admission, physical examination revealed low fever (38.62C), pale
skin and dry mucous membranes, with no other abnormalities. Serum
biochemistry found severe hypokalemia (1.8 mmol/L), hyponatremia
(130 mmol/L) with hypochloremia (84 mmol/L), hypophosphatemia
(0.66 mmol/L), discreet hypomagnesemia (0.58 mmol/L), and
metabolic alkalosis (pH 7.53, pCO2 35.6 mmHg, bicarbonate
29.7 mmol/L, base excess 6.4 mmol/L). Blood urea nitrogen and
creatinine were within the normal range, and complete blood count
and remaining biochemistry were unremarkable. Electrocardiogram
(ECG) showed long QT interval (0.53 seconds), ST depression, shallow
T waves and prominent U waves, typical findings when hypokalemia
is present — Figure 1, Panel A. Abdominal ultrasound was normal. The
girl was admitted to the Pediatric Intensive Care Unit for correction of
electrolyte imbalance, cardiac monitoring, and investigation.

Complementary studies during hospital stay included a spot
urine ionogram, which revealed an inappropriate renal potassium
wasting (potassium-to-creatinine ratio of 49 mmol/g [normal
values <18 mmol/g]), normal calcium excretion (calcium-creatinine
ratio of 0.04 mg/mg [normal values 0.01-0.25 mg/mg]), normal
phosphorus excretion (phosphorus-creatinine ratio of 0.35 mg/mg
[normal values 0.32-0.97 mg/mg]), and normal chloride excretion
(fractional chloride excretion of 0.48% [normal values <0.5%]).
Estimated glomerular filtration rate was normal for age (>90 mL/
min/1.73m2). Urine density and osmolality were within the normal
range (1015 and 632 mOsm/Kg, respectively). Renal and adrenal
gland ultrasound revealed no abnormalities. Aldosterone was
within the normal range, but hyperreninemia was present (280.9
pg/mL, normal 1.9-41.2 pg/mL). Although the girl was conscious
and capable of tolerating oral medication, potassium correction
was initially performed intravenously (at a maximum 0.5 mmol/
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Kg/h rate), due to the need of a rapid correction to prevent cardiac
Oral initiated,
together with a potassium, magnesium, and phosphate-enriched

alterations. supplementation was subsequently
diet. ECG normalized by day two with hypokalemia correction (3.83
mmol/L) - Figure 1, Panel B. As normal potassium values were difficult
to maintain with oral supplementation only, spironolactone (1 mg/
Kg/day) was initiated in day four. The patient remained with normal
blood pressure and adequate urine output. At discharge (day 14),
serum potassium level was 3.47 mmol/L and remaining electrolytes
were within the normal range, including magnesium (0.69 mmol/L).
The girl currently attends the Nephrology consultation for follow-up
and is medicated with potassium chloride and magnesium sulfate
oral supplements and spironolactone. Genetic testing was positive
for Gitelman syndrome (heterozygosity for SLC12A3 mutation).

Il

A\

Figure 1 - Panel A: ECG on admission during severe hypokalemia (K+
1.8 mmol/L), elicitingalong QT interval (0.530 seconds), ST depression
(bold arrow), shallow T wave (arrow head), and prominent U wave
(fine arrow); Panel B: ECG normalization on the day after initiating
hypokalemia correction (K+ 3.83 mmol/L).

In the present clinical case, while initial abdominal complaints,
nausea, and vomiting were mild gastroenteritis symptoms, the
following persistent abdominal pain and anorexia were probably a
consequence of hypokalemia and further exacerbated it. Hypokalemia
led to diagnosis of an underlying tubular disorder with potentially
serious consequences if left untreated, including cardiac arrest.

Severe hypokalemia must be quickly managed and may require
correction through central venous catheter, since peripheral infusions

with potassium concentrations above 20 mmol/L are painful.
Potassium concentration in infusion must not exceed 40 mmol/L
and infusion rate should be below 1 mmol/Kg/hour (maximum 20
mmol/h).? Potassium chloride is the most common preparation used
for potassium supplementation.! Continuous ECG monitoring is
mandatory during correction.*

Gitelman syndrome is one of the most common inherited
tubulopathies, transmitted in an autosomal-recessive pattern,
with an estimated prevalence of 1 to 10 per 40000.5 It is caused
by inactivating mutations in SLC12A3 gene and more than 350
mutations have been identified.® This gene encodes the thiazide-
sensitive sodium chloride cotransporter, expressed in the kidney
distal convoluted tubules.®> Consequently, there is an increased water
and sodium distal delivery, which are reabsorbed in exchange of
potassium and hydrogen, resulting in an excessive urine secretion.*?
This leads to the characteristic hypokalemia and metabolic alkalosis
foundinthedisorder, which are additionally exacerbated by secondary
hyperaldosteronism due to volume depletion.” Other biochemical
alterations include hypocalciuria and hypomagnesemia, which
are very suggestive of the referred diagnosis but may be absent.?
Hypomagnesemia also contributes to hypokalemia development.®°
Although mechanisms underlying hypomagnesemia are still not
fully understood, it has been associated with downregulation of a
magnesium channel expressed on the distal convoluted tubules
(TRPM®6), with subsequent renal magnesium loss. Downregulation
of this channel is believed to be a consequence of poor activity of
thiazide-sensitive sodium chloride cotransporter and secondary
hyperaldosteronism.®

Gitelman syndrome is usually diagnosed in late childhood or
adolescence and has a significantly variable phenotype, even in
patients with identical mutations.>®'* The disorder may remain
undiagnosed until identified in blood testing for unrelated causes or
disclosed by conditions that exacerbate the underlying electrolyte
imbalance, such as diarrhea or vomiting.>*?** Until then, it may be
asymptomatic or present with mild and unspecific symptoms, such
as muscular weakness, cramps, paresthesia, fatigue, salt craving,
polydipsia and polyuria, abdominal distension and pain, constipation,
and vomiting.>” Some characteristic ECG alterations found in
hypokalemia include prolongation of QT interval, ST depression,
shallow T waves, and presence of U waves.>** Several cardiac
arrhythmias may arise depending on hypokalemia severity, from
premature atrial and ventricular beats to ventricular fibrillation.?*3
Although the renin-angiotensin-aldosterone system is activated,
blood pressure is usually normal to low, particularly if hypokalemia
and hypomagnesemia are severe.!* Growth delay, short stature
and late puberty may also occur.® Hypomagnesemia may lead to
chondrocalcinosis, a typical Gitelman syndrome complication in adult
age.>®

Proposed biochemical criteria for Gitelman syndrome include
chronic hypokalemia (<3.5 mmol/L) with inappropriate potassium
wasting (spot potassium-creatinine ratio >18 mmol/g), metabolic



alkalosis, hypomagnesemia (<0.7 mmol/L) with inappropriate renal
magnesium wasting (>4% fractional magnesium excretion - not
measured in this patient), hypocalciuria (normal spot urine calcium-
creatinine ratio varies with age, ranging from 0.01 to 0.25 mg/mg in
the 7-17-year age group — this patient was within the normal range:
0.04 mg/mg), high plasma renin activity or levels, >0.5% fractional
chloride excretion (this patient was within the normal range: 0.48%),
low-to-normal blood pressure, and normal renal ultrasound.®®
Presence of hypertension, family history of kidney disease with
autosomal dominant transmission, renal ultrasound alterations,
prenatal history of polyhydramnios and hyperechogenic kidneys,
and presentation before the age of three argue against Gitelman
syndrome diagnosis and should prompt investigation of other
causes.® Further laboratory findings that may be present in Gitelman
syndrome include hypophosphatemia (occasionally), hyponatremia
(rarely), and glucose intolerance/insulin resistance (rarely).?

Bartter syndrome, affecting sodium reabsorption in the loop of
Henle, is the main inherited pathology to consider in differential
diagnosis.>® This disorder is often diagnosed during childhood or
even in the antenatal or neonatal period, depending on severity.”*?
Some clinical aspects may help to differentiate both syndromes
(Table 2). In Bartter syndrome, serum magnesium levels are usually
normal, hypercalciuria may be present instead of hypocalciuria,
and the ability to concentrate urine is impaired, while in Gitelman
syndrome it is preserved.’® However, Bartter syndrome type lII,
associated with mutations in CLCNKB gene (encoding for chloride
channel CIC-Kb located on the distal convoluted tubule), may
mimic Gitelman syndrome, presenting with hypomagnesemia and
hypercalciuria. Therefore, genetic testing is crucial to establish a
definitive diagnosis.>®

As for non-inherited causes, thiazide diuretic abuse is important to
exclude, as these drugs act by blocking the same cotransporter that
is defective on Gitelman syndrome, mimicking the disease.” Other
differential diagnoses of Gitelman syndrome include laxative abuse
(rare in children) and surreptitious vomiting.>®

Gitelman includes oral

syndrome management potassium

supplements, potassium-sparing diuretics and, occasionally,
nonsteroidal anti-inflammatory drugs. When hypomagnesemia is
present, oral magnesium supplements are also prescribed.>*” Normal
serum potassium and magnesium concentrations may be difficult to
achieve and maintain with oral supplementation alone. The serum
concentration rise following oral supplementation decreases the
potassium and magnesium-retaining stimulus, which results from
sustained hypokalemia and hypomagnesemia in untreated patients.
Consequently, most administered potassium and magnesium is
excreted, demanding high supplement doses, which are difficult to
tolerate due to side effects.” A 3.0 mmol/L potassium and 0.6 mmol/L
magnesium level are considered satisfactory in Gitelman syndrome.®
Patients should be (at least) annually followed in Nephrology
consultation, and growth and puberty carefully assessed.>® Genetic

counseling should be offered to parents and children.>® Patient

NASCER E CRESCER

BIRTH AND GROWTH MEDICAL JOURNAL
year 2019, vol XXVIII, n.° 3

and caregiver education is key to ensure treatment compliance
and promptly identify emergency situations.>'? Overall, Gitelman
syndrome’s long-term prognosis is favorable, although long-term
consequences as chronic kidney disease, secondary hypertension,
cardiac arrhythmias, and chondrocalcinosis are not totally clarified

and should be investigated.>®

Table 2 - Comparison between Gitelman and Bartter syndromes

Gitelman syndrome

Bartter syndrome

Pathophysiology

Impaired sodium
reabsorption in distal
convoluted tubules

Impaired sodium
reabsorption in the
loop of Henle

Age of presentation

Late childhood/
adolescence

Antenatal/neonatal
(types I, 11, 1V, IVb),
childhood (types IlI
and V)

capacity

Hypokalemia Present Present

Metabolic alkalosis Present Present

Secondary Present Present

hyperaldosteronism

Urinary calcium Reduced Normal/high (may be

excretion reduced in type Ill)

Hypomagnesemia Present Occasional (mainly in
type Ill)

Urinary diluting Reduced Reduced

capacity

Urinary concentrating | Normal/near normal | Reduced

CONCLUSION

A high index of suspicion of complex causes should be kept upon
discrepancy between clinical history and hypokalemia severity, and
a comprehensive management approach should be undertaken.
Tubulopathies such has Bartter and Gitelman syndrome are often
diagnosed in childhood and adolescence, particularly when a
common stressful event exacerbates the underlying chronic
electrolyte imbalance, unmasking it. Therefore, these syndromes

should be considered in hypokalemia differential diagnosis.
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