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Abstract
We describe a 49 year old morbidly obese man with iatrogenic
milk alkali syndrome. He presented with sepsis resulting in acute
renal failure with resultant hyperphosphatemia treated with high
dose calcium carbonate. As his renal function improved, the calcium
carbonate was continued and he developed high serum calcium
with low serum parathyroid hormone. Serum calcium returned to
normal with cessation of the calcium carbonate. We performed an
extensive literature search that found many case reports and case
series recognizing milk alkali syndrome as a common diagnosis of
hypercalcemia on presentation. However, hypercalcemia was not a
manifestation in our patient on presentation. There is scant literature
on the subject of iatrogenic milk alkali syndrome. This complication
in a hospitalized patient emphasizes that vigilance is required by the
physicians while managing patients with multiple comorbidities,
including chronic kidney disease, and numerous medications.

Case Report

A 49 year old morbidly obese man, with an extensive past
medical history, presented to the emergency department with
progressive shortness of breath, and subjective febrile episodes
accompanied by chills. He had no complaints of chest pain,
diaphoresis, nausea, vomiting, cough, abdominal pain and had
negative history related to travel or any unusual immobility. He
was hypotensive with a blood pressure of 74/65 mmHg, pulse
of 103 bmp, was breathing at 28 per minute, and his recorded
temperature was 99.2 F. His past medical history included of type
2 diabetes mellitus, hypertension, and obstructive sleep apnea
with tracheostomy and stage 2 Chronic Kidney Disease (CKD)
with a baseline serum creatinine of 2.4 mg/ dl. He was admitted
with the diagnosis of septic shock supplemented by laboratory
evidence of multiple organ failure. He was started on isotonic
intravenous fluids along with ceftriaxone and vancomycin after
blood cultures were obtained. He had been on 23 prescription
medications including furosemide, metolazone, lisinopril and
aspirin. Laboratory examination showed serum white blood cell
count of 17.8, Blood Urea Nitrogen (BUN) of 50 mg/ dL, serum
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creatinine (Cr) of 7.1 mg/ dL, (according to KDIGO stage 2 renal
impairment with increment in serum creatinine 2.9 times of the
baseline) serum calcium corrected for albumin was 9.5 mg/ dL
and serum lactic acid was elevated. Blood gases and chemistries
returned with evidence of anion gap metabolic acidosis with
compensatory respiratory response. The blood cultures
showed gram positive cocci. Eventually group A beta-hemolytic
streptococcus was recovered from both blood and urine cultures.
He was resuscitated adequately on normal saline 3L bolus till
his blood pressure improved to 110/70 mmHg. His stay in the
hospital spanned duration of two months thereafter.
Most noticeably, in the first few days, there was a rapid decline
in the patient’s renal function, with BUN between 90 and 137 mg/
dL and creatinine 9.9 to 12.3 mg/ dL with no urine output. The
decline in renal function was attributed to volume depletion and
acute tubular necrosis. Hemodialysis or continuous veno-venous
hemofiltration was considered but there was no volume overload
or uncorrected acidosis. The anuric period was only a few hours
and his renal function began to slowly improve (Figure 1) without
institution of dialysis. His serum calcium corrected for albumin

Figure 1: Graphical depiction of calcium and creatinine trends during
and after calcium carbonate (CaCO₃). PTH (Serum Parathyroid Hormone)
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was 8.0 mg/ dL and phosphorus rose to between 7.2 and 8.0
mg/ dL over the next week of his stay. In addition to ceftriaxone
and clindamycin for the management of group A beta-hemolytic
streptococcus bacteremia and intravenous fluid resuscitation, he
was started on calcium carbonate suspension 500mg/ 5ml 30 ml
every 3 hours, on the second day of his admission, as treatment
for the marked hyperphosphatemia. He was also started on
calcium carbonate tablets 3900 mg TID with each meal on the
6th day of his stay. His urine output improved progressively over
the next 10 days with BUN and Cr trending down but still high
in comparison to the normal range. He was transferred from
the medical intensive care unit to an internal medicine bed on
the 20th day of his stay. At transfer his serum calcium was 12.0
mg/ dL with BUN 37 and Cr of 2.5 and high serum phosphorus
associated with renal failure (See Figure 1). We noted that he
was still consuming high doses of calcium carbonate even though
his serum calcium corrected for albumin was quite elevated. A
serum PTH was suppressed at a time when the serum calcium
was elevated (Figure 1). He had thus developed iatrogenic milk
alkali syndrome when high dose calcium carbonate therapy was
continued despite recovery of renal function. Consequently his
calcium carbonate was discontinued.
During the following month the patient’s renal function
fluctuated as he recovered from the septicemia he developed as a
result of urinary tract infection with non-hemolytic staphylococci.
His renal function eventually trended and improved close to
his baseline. His BUN was 28 mg/ dL, serum Cr was 1.8 mg/ dL
and serum calcium corrected for albumin was 9.5mg/ dL with
phosphorus of 5.5 mg/ dL at discharge.

Discussion

In 1915 Bertram Sippy’s rigorous yet straightforward
treatment of Peptic Ulcer Disease (PUD) with dairy sources of
calcium mixed with alkaline powders eventually lead to undesired
consequences [1] (Figure 2). Although more than two thousand
years ago Hippocrates [2] first described the adverse reactions
to the ingestion of calcium with alkali, it was Hardt and River’s,
[3] who studied the toxic effect of the Sippy regimen on the renal
function of patients. They also reasoned that patients with preexisting renal ailments were more susceptible to develop severe
toxic manifestations with the then suggested PUD treatment
[3]. Cope in 1936 observed a rise in serum calcium levels in
addition to the toxic effects and described the well-known
manifestations of milk alkali syndrome; namely, hypercalcemia,
metabolic alkalosis and renal insufficiency [4]. Cope also noted
that the symptoms and renal function returns to normal once the

Figure 2: Timeline of the milk-alkali syndrome.
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treatment was held. However, in 1949 Burnett and colleagues
described a more chronic course, with irreversible renal failure
and metastatic calcification [5]. It was only after the institution
of histamine-2 blockers and non-absorbable antacids in the
management of peptic ulcer disease that the incidence of milk
alkali syndrome started to decline. By 1985 milk alkali syndrome
was found be the cause of less than 1% of hypercalcemia [6].
Since 1982 there has been an increase in the diagnosis of
milk alkali syndrome [6]. Several case series have documented
that milk alkali is now common among patients hospitalized with
hypercalcemia as well as in outpatients typically prescribed high
dose calcium carbonate [6-8]. This rise is observed with many
changes related to etiology and demographics [6-8]. The source
of calcium in the Sippy regimen was milk, which also contains
high phosphorus amounts. The source of calcium in today’s milk
alkali syndrome is calcium carbonate [2]. Hence, there has been
a debate for this ailment to be named calcium alkali syndrome as
the “milk” in milk alkali syndrome is not the principal etiologic
source today [9].

Therefore, the classic MAS was the consequence of then
suggested treatment for PUD. The modern MAS are more related
to injudicious use of calcium carbonate as preventive measures
for osteoporosis or stress ulcer prophylaxis in therapeutically
immunosuppressed patients. There are many over-the-counter
medicines that contain calcium in their formulation and can be
additional sources of calcium for patients who are consuming
calcium carbonate. As a consequence of the change from milk
to calcium carbonate as the source of calcium in milk alkali
syndrome, the demographic risk of developing this syndrome
has shifted in the favor of women on calcium carbonate for
osteoporosis prophylaxis, heart transplant patients and pregnant
women [6-8,10].
The pathophysiology of milk alkali syndrome, though not
definitively clarified, can be considered a self-propagating vicious
cycle starting with excessive calcium and absorbable alkali intake.
Hypercalcemia has a direct effect on the renal function [2]. High
calcium levels cause constriction of the renal afferent arterioles
that leads to decreased glomerular filtration rate and creatinine
clearance, which causes further increasing serum calcium levels.
In addition to the effect on the glomeruli, hypercalcemia increases
the renal tubular excretion of sodium that ultimately results in
extracellular volume contraction. Presence of alkalosis in itself
is a complicated and multifactorial aspect of the syndrome [2].
The volume depletion due to hypercalcemia leads to increased
reabsorption of bicarbonate from the proximal renal tubule. As a
consequence of the negative feedback mechanism, hypercalcemia
leads to a decrease in serum parathyroid hormone. PTH deceases
reabsorption of bicarbonate; hence low levels of the hormone
promote bicarbonate accumulation, which further leads to a
decrease in the PTH levels. It is now definitively known that PTH
is low in MAS. These pat-ophysiologic mechanisms ultimately
lead to calcium and alkali increases resulting in hypercalcemia,
metabolic alkalosis and renal function impairment.
Many case reports have been published in the past few
years that describe very unusual sources of calcium in addition
to calcium carbonate as an etiology of milk alkali syndrome.
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Swanson et al, reported a 64 year old woman presenting with
recurrent hypercalcemia [11]. The patient was diagnosed with
milk alkali syndrome and the source of her calcium was found
to be nicotine replacement gums and carbonated water. Fung, et
al, [12] presented a 57 year old woman with an extensive past
medical history including chronic kidney disease and resection
of neuroendocrine tumor. Their patient was repeatedly admitted
with unexplained intermittent hypercalcemia, which eventually
was found to result from their patient’s antacid consumption.
Two important conclusions can be drawn from these case
reports. Firstly, the importance of detailed history taking is of
paramount significance when a patient presents with or develops
hypercalcemia during stay in the hospital. Inquiries regarding
intake of medicines, brand names, doses and uncommon sources
of calcium have to be made in order to diagnose MAS. Secondly,
as Fung et al, [12] have stressed in their case report, patients
with pre-existing chronic ailments like chronic kidney disease
may mask the laboratory findings of metabolic alkalosis. The
suspicion threshold should be even lower in such patients in
order to determine the etiology of hypercalcemia.
Our patient’s scenario is unique because he did not present
with hypercalcemia, he developed hypercalcemia during
the course of his stay in the inpatient facility. He developed
iatrogenic milk alkali syndrome with high serum calcium,
impaired renal function, metabolic alkalosis and the patient
improved when calcium carbonate was held. His serum PTH
level was 6.6 pg/ dL, which substantiates the diagnosis. The
utilization of intact parathyroid hormone assay even in patients
with renal failure has made distinction of hypercalcemia as a
PTH-dependent or -independent entity relatively easy [2]. Our
patient was not worked up for hypercalcemia in depth as he was
not hypercalcemic on presentation, and hypercalcemia resolved
with stopping calcium carbonate. This case report demonstrates
the requirement of observance from the participating physicians
to ensure timely diagnosis and treatment of MAS.

Conclusion

Milk alkali syndrome has seen a historic past (Figure 2),
etiologic shifts and demographic changes. The imbalance still
presents as hypercalcemia, metabolic alkalosis, and renal
impairment and happens to be the third most common cause of
hypercalcemia in patients being admitted to the hospital [6]. The
diagnosis however can be potentially missed if detailed history
of calcium and alkali intake is not elicited from the patient. Those
with a co-existing disease seem to be more at risk. The treatment
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is to remove the source of exogenous calcium and future
education of the patient about calcium consumption.
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