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Abstract

Proton pump inhibitors (PPIs) are the mainstay of therapy for all gastric acid related diseases and are commonly used
in current clinical practice. Although widely regarded as safe, PPIs have been associated with a variety of adverse
effects, including hypomagnesaemia. The postulated mechanism of PPI-related hypomagnesaemia involves inhibition of
intestinal magnesium absorption via transient receptor potential melastin (TRPM) 6 and 7 cation channels. PPI-induced
hypomagnesaemia (PPIH) has become a well recognized phenomenon since it was first reported in 2006. Clinical
concerns arise from growing number of case reports presenting PPIH as a consequence of long-term PPl use, with more
than 30 cases published to date.

In this article, we report 2 cases of PPIH associated with the use of pantoprazole. Both patients presented with severe
hypomagnesaemia and hypocalcaemia. One of them had associated hypokalemia and cardiac arrhythmia. A casual

relation with PPIs postulated and supported by resolution of electrolyte abnormalities after discontinuation of PPIs.
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INTRODUCTION

Proton pump inhibitors (PPIs) are the mainstay of
therapy for all gastric acid related diseases and are
commonly used in current clinical practice. Although
widely regarded as safe, PPIs have been associated with
a variety of adverse effects including interstitial nephritis,
pneumonia, Clostridium  difficile-associated  diarrhea,
vitamin B12 deficiency, osteoporosis and fractures.!
More recently, long-term use of PPIs has been suggested
as a potential cause of hypomagnesaemia’ Magnesium
is the second most abundant intracellular cation and
its homeostasis is intricately regulated by intestinal
absorption and renal excretion. The postulated mechanism
of PPIl-related hypomagnesaemia involves inhibition of
intestinal magnesium absorption via transient receptor
potential melastin (TRPM) 6 and 7 cation channels.** Severe
hypomagnesaemia can be associated with malignant
cardiac arrhythmias, tetany, generalized seizures, and
other metabolic disturbances such as hypokalemia
and hypocalcaemia.®

PPl-induced hypomagnesaemia (PPIH) has become a
well recognized phenomenon since it was first reported
in 2006.° Clinical concerns arise from growing number of
case reports presenting PPIH as a consequence of long-
term PPI use, with more than 30 cases published to date.”
21In 2011, United States Food and Drug Administration
released a safety concern on PPlIs, stating that it may cause
hypomagnesaemia if taken for prolonged periods of time.
This announcement alerted healthcare professionals to
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the risk of hypomagnesaemia among chronic PPI users,
with the consideration of obtaining baseline and regular
follow-up serum magnesium concentrations over time.
In this article, we report 2 cases of PPIH associated with
the use of pantoprazole.

CASE 1

Patient 1 was a 59-year-old female with a background
history of diabetes mellitus and hypertension. Her
medications included perindopril, amlodipine, metformin
and gliclazide. She was diagnosed with pulmonary
tuberculosis one month prior to admission (PTA),
having presented with 3-month history of fever, cough
and constitutional symptoms. She was started on anti-
tuberculosis treatment. Unfortunately, she developed
epigastric pain and vomiting and was started on
pantoprazole a month later. She requested at-own-risk
discharge from hospital on two days after starting the PPI.

Three days later, she was admitted again due to persistent
vomiting and epigastric pain. On her 1% hospital day (HD)
she developed an episode of narrow-complex tachycardia
with prolonged QTc and went into respiratory distress. She
required intubation and was transferred to the intensive
care unit. Her blood investigations showed multiple
electrolyte abnormalities, including hypomagnesaemia,
hypocalcaemia, hypophosphatemia and hypokalemia.
She was given multiple doses of parenteral magnesium
sulfate, calcium gluconate and potassium chloride to
correct those deficiencies. However, the serum magnesium,
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potassium and calcium levels failed to return to normal
despite multiple corrections given.

On the 3" HD, pantoprazole was discontinued. Thereafter,
the serum levels of magnesium, potassium and calcium
started to respond to the IV corrections and slowly
returned to normal. (Table 1 and Figure 1). Unfortunately,
the patient developed hospital-acquired pneumonia and
succumbed to septicemia two weeks later.

CASE 2

Patient 2 is a 71-year-old female. She had underlying
diabetes mellitus, hypertension, chronic kidney disease
(CKD) stage V (not on renal replacement therapy) and
bilateral knee osteoarthritis. She was diagnosed with
peptic ulcer disease in 5 months PTA after an episode
of upper gastrointestinal bleeding. She was prescribed
pantoprazole since that admission. On the day of
admission, she presented with lethargy and bilateral hand
numbness. Blood investigations showed she had severe
hypocalcaemia and hypomagnesaemia. Her pantoprazole
was withheld on her 2" HD and substituted with oral
ranitidine. She was given a few intravenous calcium and
magnesium corrections. Her serum magnesium and
calcium levels slowly returned to near normal levels
after the pantoprazole was discontinued (Table 2 and
Figure 2). She was discharged on her 6" HD with oral
calcium carbonate supplement. When she followed up
one month later, her blood magnesium and calcium levels
had normalized. Vitamin D level was not available due to
reagent shortage.

Table 1. Patient 1 blood investigations
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DISCUSSION

We describe two adult patients presenting with severe
hypomagnesaemia and hypocalcaemia while using
PPIs. Patient 1 developed hypomagnesaemia and
hypocalcaemia after short-term use of pantoprazole of
7 days while patient 2 experienced the same side effects
after 4 months. This is consistent with the findings in a
systematic review published by Hess et al, in which the
time to onset of hypomagnesaemia is highly variable and
ranged from 14 days up to 13 years (mean 5.5 years).” This
finding suggests that serum magnesium and calcium levels
should be frequently monitored in patients taking PPIs,
regardless of the duration of medication given.

Recent studies postulated that the potential mechanism
for PPIH is not due to renal magnesium wasting, but
rather decreased gastrointestinal absorption, evidenced by
reduced urinary excretion of magnesium in the setting of
PPIH.*® Few recent mechanistic studies which have focused
on the potential effect of PPI use on the TRMP6 transporter,
the main pathway of magnesium absorption in the intestine,
supports the above clinical observations. TRPM6 activity is
regulated by intracellular magnesium along with pH.*%
A more acidic environment will increase TRPM6 activity.
PPI therapy decreases gastric acid secretion, increasing
lumen pH, and therefore decreases TRPM6 activity, which
results in decreased intestinal magnesium absorption.?**
Our patient 1 showed similar pattern, in which during the
hypomagnesaemia state, the urine excretion of magnesium
was reduced to conserve magnesium. For patient 2,
unfortunately, no 24-hour urine magnesium was sent.

Baseline On pantoprazole Pantoprazole discontinued
Date 2718117 19/9/17 20/9/17 21/9/17 22/9/17 24/9/17 27/9/17 29/9/17
Corrected calcium (2.18-2.6 mmol/L) 2.22 1.5 1.46 2.0 2.02 1.96 2.26
Magnesium (0.53-1.11 mmol/L) 0.75 0.35 0.74 0.85 0.78 0.74 0.65
Phosphate (0.78-1.65 mmol/L) 0.83 0.7 0.12 0.66 0.86 1.01 0.57
Potassium (3.5-5.1 mmol/L) 4.6 3.0 3.6 4.1 4 3.3 4.4
iPTH: 7.45 pmol/L (1.58-6.03)
24 hour urine calcium: 0.15 mmol/24hour (2.5-7.5)
24 hour urine magnesium: 3.4 mmol/24 hour (4.0-5.0)
Total 25-hydroxyVitamin D: 46.94 nmol/L (<25 Deficient)
(25-75 Insufficient)
(75-250 Sufficient)
(>250 Possible intoxication)
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Figure 1. Course of laboratory parameters over time in patient 1.
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Table 2. Patient 2 blood investigations
Pantoprazole discontinued
Date 11/9/18 13/9/18 14/9/18 15/9/18 16/9/18 17/9/18 17/10/18
Corrected calcium (2.18-2.6 mmol/L) 1.35 1.54 1.63 1.73 1.91 1.96 2.29
Magnesium (0.53-1.11 mmol/L) 0.42 0.48 0.53 0.46 0.52 0.77 0.81
Phosphate (0.78-1.65 mmol/L) 1.47 1.44 1.33 1.58 1.63 1.58 -
Potassium (3.5-5.1 mmol/L) 4.3 - - 4.4 4.6 4.6 -
iPTH: 22.78 pmol/L (1.58-6.03)
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Figure 2. Course of laboratory parameters over time in patient 2.
Hypomagnesaemia is commonly asymptomatic and pmol/L) instead of low. Patient 2 had CKD stage 5, she

the most common signs of magnesium deficiency
are hypokalemia and hypocalcaemia. Patients with
symptomatic hypomagnesaemia will most commonly
present with neuromuscular irritability or cardiac
arrhythmia® as was the case with our patient 1 who
presented with a narrow complex tachycardia with
prolonged QT.

As mentioned above, the most classical sign of
severe hypomagnesaemia is hypocalcaemia. Adequate
amount of magnesium is essential for vitamin D and
calcium homeostasis® and function of the parathyroid
glands. Magnesium deficiency affects the function of
phosphatidylinositol system and adenylate cyclase
activity in parathyroid glands and in target tissues.’’* As
a result, this will lead to:

1. Reduced secretion of parathyroid hormone (PTH),
leading to reduced bone resorption, reduced intestinal
calcium absorption, and increased renal calcium loss.
Collectively, these will lead to hypocalcaemia.
Reduced target tissue sensitivity to PTH. When
bone and kidney tissues are resistant to PTH, PTH
mediated la-hydroxylation of vitamin D decreases.’”
This will lead to a decrease in intestinal absorption of
calcium and result in hypocalcaemia.

In patient 1, we noted magnesium-dependent
PTH suppression with development of transient
hypoparathyroidism and severe hypocalcaemia (the
iPTH level 7.45 pmol/L is only mildly increased, which
is inappropriate in the setting of severe hypocalcaemia
in patient 1). After the magnesium level was corrected,
hypocalcemia in patient 1 slowly resolved. This confirmed
that hypomagnesaemia is the cause of the transient
hypoparathyroidism and hypocalcaemia in patient 1. On
the other hand, in patient 2, the iPTH level was high (22.78
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might have concurrent secondary hyperparathyroidism
due to CKD and therefore the iPTH level was elevated.

Patient 1 was noted to have concurrent vitamin D deficiency.
This is not an uncommon finding among Malaysian
women as the prevalence of vitamin D deficiency is high
in Malaysia.® Concurrent vitamin D deficiency in patient
1 could also be contributing to her hypocalcaemia. For
patient 2, unfortunately no vitamin D level was sent.

Hypokalemia is a common event in patients with
hypomagnesaemia, occurring in 40 to 60 percent of cases.”
Hypomagnesaemia is associated with a reduction in
intracellular magnesium concentration, which may then
lead to a decline in adenosine triphosphate (ATP) activity.
This decline removes the ATP inhibition of potassium
(ROMK) channels, leading to an increase in the number
of these channels. The uninhibited potassium channels
will therefore increase potassium secretion from the cell
into the lumen in the cells of the thick ascending limb
and cortical collecting tubule, and cause renal potassium
wasting and eventually lead to hypokalemia.* As a
result, hypokalemia is resistant to potassium supplement
and can be treated only by correcting the magnesium
deficit. In patient 1, the hypokalemia was initially
resistant to potassium correction. After pantoprazole was
discontinued and the magnesium deficit corrected, the
potassium level normalized. In patient 2, no hypokalemia
was noted, possibly because patient 2 had advanced
chronic kidney disease with reduced kidney excretion of
potassium, which neutralized the hypokalemia caused
by magnesium deficiency.

The treatment of PPIH is similar to that of other forms
of hypomagnesaemia, in which parenteral magnesium

is indicated in severe hypomagnesaemia. However,
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intravenous magnesium replacement is only partially
effective and provides only short-term relief, while PPI
therapy is maintained. This is because PPI-induced
blockade in magnesium absorption cannot be overcome
by magnesium supplement alone. The struggle to
reverse the hypomagnesaemia in these 2 patients while
still on pantoprazole improved after pantoprazole was
discontinued. This finding is consistent with previous case
reports and systematic review.*? The only effective way
to reverse PPIH is discontinuation of PPIs.

PPIH is observed for all currently available PPIs and
appear to be a class effect. Discontinuation of PPIs leads
to fast recovery from PPIH. However, it reappears
invariably when rechallenged with the same or a different
PPI. Fortunately, it does not occur with other acid
suppressants such as H2 receptor antagonists (H,RA)*>
as seen in patient 2. Her pantoprazole was substituted
with ranitidine. During her clinic follow up a month later,
her magnesium and calcium levels remained normal.
Therefore, in patients with gastric acid related disease that
is complicated with PPIH, H,RA should be considered
and we should avoid rechallenge with the same or a
different PPL

The prevalence of PPl-induced hypomagnesaemia
is not known. Case reports and case series to date
only represent the tip of the iceberg. Symptoms of
hypomagnesaemia are either non-specific or could be
misinterpreted. Therefore, proper identification and
treatment of PPIH mainly rests on 3 principles:

1. The need for long-term PPI therapy in patients should
be kept under regular review.

2. If PPI therapy is required on a long-term basis, serum
magnesium monitoring should be performed on a
regular basis. If PPIH develops, discontinuation of
PPIs, supported by magnesium supplement, will lead
to rapid normalization of serum magnesium.

3. DPatients with PPIH can avoid hypomagnesaemia by
using alternative acid suppressants. Therefore, H,RA
should be considered in the event of PPIH.

CONCLUSION

In conclusion, known risks of long-term PPI administration
must be considered in clinical practice and judicious use
of PPIs is important to avoid potentially fatal complications.
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