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CLINICAL QUIZ

A child presents with acute kidney injury, alkalosis 
and hypercalcaemia—a new‑age cause for a historical syndrome: 
Answers
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Case progress

On further history, it was discovered that the family had 
been using alkaline water as an alternate source of oral fluids 
given its reported health benefits.

Alkaline water is advertised as negatively charged water 
with a pH of 8–10. These properties are marketed to provide 
significant health benefits including increased energy levels, 
reduced effects of ageing and stress and reduced incidence 
of illness and disease. Alkaline water contains calcium and 
magnesium carbonate, both exogenous sources of absorb-
able alkaline.

The consumption of alkaline water in this case resulted 
in a milk-alkali syndrome with hypercalcaemia, metabolic 
alkalosis and an acute on chronic kidney injury. It was not 
detected for several months, and as a result, had a significant 
negative impact on this patient and his family. He required 

frequent venepuncture, increased clinical reviews (further 
complicated by the current COVID-19 pandemic) and regu-
lar titration of medications. Fortunately, on cessation of the 
alkaline water, his creatinine returned to baseline and cal-
cium and acid–base normalised.

Answers

1. What clinical syndrome does this represent?
  The triad of hypercalcaemia, metabolic alkalosis and 

acute kidney injury is consistent with milk-alkali, or 
more appropriately termed calcium-alkali syndrome.

2. What is the aetiology of this syndrome?
  This syndrome occurs in the setting of excessive exog-

enous calcium and absorbable alkaline. In this case it 
was alkaline water in conjunction with calcium carbon-
ate as a phosphate binder.

3. How would you manage this patient?
  The first management strategy is cessation of the 

offending agent, in this case alkaline water, and support-
ive therapy with adequate hydration (often intravenous). 
Kidney replacement therapy (KRT) may be required to 
treat refractory hypercalcaemia, and intravenous bispho-
sphonates have been utilised; however, they convey a 
risk of significant hypocalcaemia.

Discussion

This patient presented with the clinical triad of hypercal-
caemia, acute kidney injury and metabolic alkalosis in 
the context of ingestion of calcium carbonate as a phos-
phate binder and absorbable alkali in the form of alkaline 

This refers to the article that can be found at http:// dx. doi. org/ 10. 
1007/ s00467- 022- 05454-z.
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water. This is consistent with milk-alkali or more recently 
described as calcium-alkali syndrome [1, 2].

Milk-alkali syndrome was first defined in the early 
twentieth century as a complication of peptic ulcer therapy 
[3–6]. Sippy proposed a treatment for peptic ulceration 
that aimed to neutralise and therefore decrease the effect 
of gastric acid [7]. He prescribed a solution of milk and 
cream (high in calcined magnesium and sodium bicarbo-
nate) up to hourly with significant improvement in symp-
toms [7]. In the years that followed up to 18% of individu-
als treated with this regimen developed metabolic alkalosis 
with hypercalcaemia and acute kidney injury [2]. These 
patients presented with a myriad of symptoms including 
headache, irritability, confusion, psychosis, vertigo, nau-
sea, vomiting and anorexia in addition to the biochemical 
changes noted above [3–6]. Symptoms often resolved on 
cessation of the treatment; however, kidney impairment 
persisted, and in 1 case series, 5 out of 6 patients devel-
oped new onset or worsening CKD [5].

The incidence of milk-alkali syndrome declined with 
the introduction of H2-receptor blockers to treat peptic 
ulcer disease, and by the 1970s, it accounted for less than 
1% of hypercalcaemia in hospitalised patients [2, 8, 9]. A 
modern version of milk-alkali syndrome, calcium-alkali 
syndrome, developed in the late twentieth century with 
the use of calcium carbonate to prevent osteoporosis 
associated with corticosteroid therapy or menopause and 
as a phosphate binder in those with CKD [2, 8, 10, 11]. 
Calcium-alkali syndrome is now considered the third most 
common cause of hypercalcaemia in patients admitted to 
hospital [2, 8, 10, 11].

The pathogenesis of calcium-alkali syndrome is com-
plex and not yet fully understood. The syndrome likely 
consists of two stages: the generation, and the mainte-
nance of hypercalcaemia [9]. Hypercalcaemia is gener-
ated when intake exceeds excretion. In this case, the inges-
tion of calcium carbonate and alkaline water in the setting 
of a reduced glomerular filtration rate (GFR) secondary 
to established CKD. The “maintenance” phase is then 
mediated via multiple factors. Hypercalcaemia leads to 
natriuresis, diuresis and subsequent volume contraction. 
The net effect is a further reduction in GFR and thus a 
reduced kidney excretion of calcium [9]. Simultaneously, 
volume depletion and alkalosis lead to an increased tubular 
reabsorption of calcium from upregulation of the renin-
aldosterone system and distal tubular acidification [1, 9] 
(Fig. 1). Phosphate also plays a role in the maintenance 
of hypercalcaemia. In calcium-alkali syndrome, calcium 
carbonate acts as a phosphate binder, and therefore, these 
individuals are often hypo- or normophosphataemic. 
Hypophosphataemia stimulates 1,25(OH) vitamin D3 pro-
duction with the downstream effect of increased intestinal 
absorption of calcium and calcium release from bone [9].

These biochemical changes were all evident in this 
patient. His initial bloods demonstrated a mild acute on 
chronic kidney injury that worsened over the subsequent 
months. This was likely to be secondary to progressive 
volume contraction leading to a further reduction in his 
GFR and reduced kidney excretion of calcium. He was also 
hypophosphataemic which, as explained above, would have 
contributed to the hypercalcaemia perpetuating the kidney 
injury.

The management of calcium-alkali syndrome is sup-
portive [1, 2, 8]. It involves withdrawal of the offending 
agent. In this case, it was the identification and cessation of 
the alkaline water that led to improvement in biochemical 
derangement. Following this, it is important to re-establish 
intravascular volume with intravenous saline and monitor 
for potential hypocalcaemia. In severe cases, KRT may be 
required and intravenous bisphosphonates have been uti-
lised for resistant hypercalcaemia [2, 9]. Complications of 
severe, persistent, calcium-alkali syndrome relate primarily 
to hypercalcaemia and include cardiac arrythmias, nephro-
calcinosis and ocular calcifications (band keratopathy) [9]. 
These were not observed in our case but should be consid-
ered in patients who present with this syndrome and have 
persistently deranged kidney function or where it is sus-
pected to be chronic.

Following a more detailed history, it was determined 
that this family was utilising alkaline water as a form of 
complementary medicine. It is unclear if alkaline water was 
sought by the family due to the reported health benefits or 
as an attempt to treat the acidosis associated with CKD. 
Either way, the use of complementary and alternative medi-
cine has been increasing significantly with up to half the 
Australian population purchasing these therapies [12, 13]. 
The commonly reported reasons for seeking complementary 
and alternative medicine include fear of or dissatisfaction 
with conventional medicine, a more personalised approach 
to health care and desire for improved health outcomes [12, 
13].

Alkaline water is described as water with a pH of greater 
than 8 with a variable ingredient list including sodium, 
bicarbonate, calcium, magnesium, potassium and minerals 
such as selenium and silica (see Table 1). Alkaline water has 
been available for decades; however, focused marketing has 
increased its recent household use. The alkaline water indus-
try is now worth billions of dollars with over 600 million 
litres sold annually around the world [14]. Reported benefits 
include improved water absorption, regulation of body pH, 
improved energy levels, improved gastroesophageal reflux 
symptoms, reduction in chronic illness and minimizing risk 
of osteoporosis, a claim that has been denied by the US Food 
and Drug Administration [15].

In this case, when ingested in combination with calcium 
carbonate as a phosphate binder and in a setting of reduced 
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GFR, alkaline water led to the development of calcium-
alkali syndrome. The result was a period of instability 
for this patient with increased phlebotomy, hospital visits 
and intervention. Once identified as the cause for concern, 
the alkaline water was ceased and biochemical changes 
resolved. The family was not discouraged to pursue further 

complementary or alternative medicine but were counselled 
on the importance of disclosing these therapies to the treat-
ing team in future.

This case highlights that milk-alkali or now more ade-
quately described as calcium-alkali syndrome is still an 
important diagnostic consideration for hypercalcaemia. It 

Fig. 1  Patholophysiology of 
calcium-alkali syndrome
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also highlights the importance of an adequate history, par-
ticularly the consideration of complementary and alternative 
medicine and how these may interact with more conven-
tional medicine.
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Table 1  Typical analysis of drinking water in Australia, Hydralyte™, 
a common oral rehydration solution and alkaline water

Drinking water Hydralyte™ Alkaline water

pH 7.5–7.9 7–8 8–10
Sodium 14 mg/L 1060 mg/L 98 mg/L
Alkalinity 35–50 mg/L 

 CaCO3
480 mg/100 mL 

citric acid 
monohydrate

322 mg/L  HCO3

Calcium 10–20 mg/L 0 mg/L 72 mg/L
Magnesium 3–6 mg/L 0 mg/L 23 mg/L
Potassium 2–3 mg/L 860 mg/L 3 mg/L
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