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Brief Communication

Hypomagnesemia in the intensive care unit:
Choosing your gastrointestinal prophylaxis, a case
report and review of the literature

Aileen K. Wang, Shweta Sharma, Paul Kim, Karen Mrejen-Shakin

Abstract

We report a case of symptomatic hypomagnesaemia in medical intensive care unit that is
strongly related to proton pump inhibitors (PPIs) and provide literature review. A 65-year-old
male with severe gastroesophageal reflux on omeprazole 20 mg orally twice a day, who
presented to the hospital with abdominal pain, nausea, diarrhea, and new onset seizures.
On admission, his serum magnesium level was undetectable. Electrocardiogram showed a
new right bundle branch block with a prolonged QT interval. The hypomagnesemia was
corrected with aggressive magnesium supplementation and hypomagnesemia resolved only
after the PPl was stopped. Neurologic and cardiac abnormalities were corrected. This is a
life-threatening case of an undetectable magnesium level strongly associated with PPl use.
In critically,ill patients with refractory hypomagnesemia, we advocate considering changing
gastrointestinal prophylaxis from a PPI to a histamine-receptor blocker.
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Introduction

In March 2011, the U.S. Food and Drug Administration
notified the public that taking proton pump inhibitor (PPI)
drugs for prolonged periods of time may be associated
with low serum magnesium (SMg) levels.[!l Since
this finding was first noted in 2006 by Epstein et al.,”?
approximately 27 cases of PPI-induced hypomagnesaemia
have been reported in the literature. Only two cases have
reported admission to the intensive care unit (ICU)
with contributory factors to the hypomagnesaemia.
We report a rare case of life-threatening PPl-related
hypomagnesaemia, to the best of our knowledge it is a
first case of undetectable SMg (0.0 mg/dL or mmol/1).

Case Report

A 65-year-old male with medical history of hypertension,
diabetes mellitus, hyperlipidemia, remote stroke, and
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severe gastroesophageal reflux presented to his Veteran
Affairs (VA) clinic with 2 days of generalized abdominal
pain, nausea, and watery diarrhea (6-8 episodes over 24-h).
His medications included amlodipine, aspirin,
vitamin D, lisinopril, metformin, pravastatin, and
omeprazole (20 mg daily for 1.5 years). He had no
history of neck surgery, remote or recent alcoholism,
starvation, diuretic use, thyroid disease, chronic diarrhea,
steatorrhea, or malabsorption. To he was sent VA
emergency department (ED) and laboratory [Table 1]*!
showed hypomagnesemia at 0.0 mg/dL, hypocalcaemia
at 7.9 mg/dL (1.98 mmol/l), and sinus tachycardia
(120 beats/min) and right bundle branch block (RBBB)
with prolonged QT on electrocardiogram (ECG). He left
the ED against medical advice due to agitation. He had
normal SMg 5 months earlier [Table 1].

He was brought to our ED after a seizure episode a
few hours later at home. On arrival, he had tachycardia,
rapid and shallow breathing, and was combative and
disoriented. He was intubated for airway protection and
admitted to ICU for seizure and aspiration pneumonia (left
lower lobe infiltrate). His physical exam was significant
for hyperreflexia and thick yellow secretions.
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Laboratory studies at our institution revealed severe
hypomagnesaemia at 0.52 mg/dL (normal 1.7-2.7 mg/dL),
hypocalcaemia at 7.6 mg/dL and hypophosphatemia,
hypokalemia, elevated serum creatinine (SCr) and
creatinine phosphokinase (CPK level), and anion gap
metabolic acidosis with lactic acidosis [Table 1]. Urinalysis
revealed mild hyaline cast without ketones. Fractional
sodium excretion was 0.39% and urine to plasma
creatinine ratio was 167 suggesting prerenal azotemia.
24-h urinary magnesium (24 hUMg) was 265 mg (with
urinary volume was 5300 mL) and SMg level normalized
to 2.17 mg/dL (0.89 mmol/1) on day 3 (after receiving 8 g
of intravenous [IV] magnesium sulfate). After aggressive
hydration, electrolyte repletion and sedation, the acidosis,
CPK levels, and SCr normalized. His diarrhea resolved
on the 2™ day. Electroencephalogram and magnetic
radiographic imaging of the brain were unremarkable.

In the ICU, he received esomeprazole for
gastrointestinal (GI) prophylaxis. After 8 days of
unsuccessful supplementation with IV magnesium
sulfate (total of 23 g), esomeprazole was changed to
famotidine 20 mg IV twice daily [Figure 1®and Table 2].
He was continued on oral magnesium oxide 400 mg
3 times daily for 5 days. He received furosemide on
day 5-7. SMg and calcium levels remained normalized
after oral magnesium was discontinued. Repeated
ECG converted to sinus rhythm. Subsequently, patient
was discharged home and seen at clinic without
any significant neurologic deficits and with normal
laboratory [Table 1].

Discussion

Presentations of hypomagnesemia range from
asymptomatic inmild deficiency, tonausea, diarrhea, fatigue,
muscle weakness and spasms, tetany, paresthesia, ataxia,
irritability, seizures and life-threatening arrhythmias (sinus
tachycardia, supraventricular or ventricular arrhythmia).*”!
Magnesium deficiency has been observed with GI or renal
losses, and changes in extracellular fluid. Impaired GI
causes include malabsorption, vitamin D deficiency, severe
vomiting, or diarrhea.” Impaired renal tubular reabsorption
includes increased flow, decreased tubular reabsorption,
genetic disorders (Gitelman and Bartter syndrome) and
acquired acute tubular necrosis, drugs, or toxins (diuretics
or alcohol).”! Secondary causes include shifts in extracelluar
fluid volume (in metabolic acidosis) and recovery
from metabolic acidosis (which causes intracellular
losses), extensive burns, and postparathyroidectomy.*”!
Common causes of hypomagnesaemia in the ICU include
medications, parental nutrition, acute pancreatitis,
refeeding syndrome, and hypoalbuminemia.”®! PPI-related
hypomagnesaemia has been reported, especially with the
long term use of omeprazole, esomeprazole, pantoprazole,
and rabeprazole.”!

Magnesium is absorbed in both intestine and kidneys and
is excreted in the kidney. Intestinal absorption occurs by
either paracelluar simple diffusion (at high concentration)
and transcelluar active transport (at low magnesium
concentration),”!” and is dependent on epithelial
electrical voltage.['"!! Kidneys reabsorb most of the filtered
magnesium by passive diffusion (10-5% in proximal

Table I: Laboratory values at VA and our institution on admission and 5 months prior

Laboratory from 5 months prior VA (admission) Our institution After hospital Reference normal
blood (admission) discharge (at clinic) values (our institution)
Magnesium 2.02 mg/dL (0.83 mmol/L) 0.0 mg/dL (0.0 mmol/L) 0.52 mg/dL 1.9 mg/dL 1.7-2.7 mg/dL
Potassium 4.6 mg/dL 3.3 mEq/L 3.3 mmol/L) 3.4 mEg/L (3.4 mmol/L) 5.5 meg/L 3.5-5.3 mEq/L
Calcium 8.0 mg/dL 7.9 mg/dL (1.98 mmol/L) 7.6 mg/dL (1.90 mmol/L) 10.2 mg/dL 8.5-10.5 mg/dL
lonized calcium 3.96 mg/dL 4.5-5.3 mg/dL
Phosphorus 3.30 mg/dL 3.0 mg/dL 1.8 mg/dL 2.5-4.9 mg/dL
Bicarbonate 24 mg/dL 27.0 mmol/L 18 mmol/L 23-32 mmol/L
Creatinine 1.3 mg/dL 1.6 mg/dL 1.8 mg/dL 1.2 mg/dL 0.4-1.6 mg/dL
Albumin 4.3 mg/dL 3.5gdL

Blood urea nitrogen 17 mg/dL 15 mg/dL 15 mg/dL 8-22 mg/dL
Chloride 99 mEq/L 102 mEq/L 98 mEq/L 98-110 mEq/L
Lactic acid 9.4 mmol/L

CPK 3600 units/L

Glucose 146 mg/dL 151 md/dL 251 mg/dL 74-115 mg/dL
Aldosterone 2 ng/dL (low)

Intact PTH 38.6 pg/mL 12-88 pg/mL
25-OHD 48 nmol/L 16 ng/mL (low) 30-100 ng/mL
HbAIC 6.7% 4-6%

24 hUMg 265 mg 24H 100-150 mg 24H
24 hUVol 5300 mL

24 hUCr 0.9 g/24H

Conversion factors for units: Magnesium in mEq/L to mmol/L, X0.5: Magnesium in mg/dL to mmol/L, X0.411: Calcium in mg/dL to mmol/dL, X0.25: Calcium in mEq/L to
mmol/L, X0.5.VA: Veteran affairs, PTH: Intact parathyroid hormone, 25-OHD: 25-hydroxy vitamin D, CPK: Creatinine phosphokinase, HbA|C: Hemoglobin AIC, 24 hUmg:
24-hour urinary magnesium, 24 hUVol: 24-hour urinary volume, 24 HUCr: 24-hour urinary creatinine
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Figure I: Serum magnesium and calcium level changes

Table 2: Grams of IV magnesium supplementation given
during hospitalization

Day number | 2 3 4 5 6 7 8
IV magnesiumssulfate(g) 0 6 3 3 5 | 3 3

IV: Intravenous

tubule and 65-75% in thick ascending limp of loop
of henle) and about 10% by active transport in distal
convoluted tubule through transient receptor potential
melastin (TRPM) 6 and 7 TRPM 6 (expressed in both
intestines and kidneys) and 7 (omnipresent) are proteins
that functions as cation channels or protein kinases and
as magnesium sensor or transporter.'>14

The precise mechanism of PPl induced hypomagnesemia
has not been fully understood; however, the postulated
mechanisms to date synthesize that PPI could promote
magnesium loss in intestine and kidneys through active
and passive transport pathway.' Several reports
have implicated intestinal pH changed, and charged
form of magnesium related to PPl use may have
reduced the absorption of magnesium and affected
TRPM 6 (heterozygous mutation) or 7 function.[®*11%
Fernandez-Ferndndez et al. noted polymorphism of
TRPM6 gene in hypomagnesaemic patient on PPI,

with unclear effect on renal and intestinal magnesium
handling and hypomagnesemia also occurred in without
TRMP6 gene mutation.”! Glutamates in the pore region of
TRPM6/7 may have arolein pH sensitivity.'y Omeprazole
decreased paracellular magnesium passage.'”

Our case is unique for several reasons. To the best of
our knowledge, it is first case report of SMg level of
0.0 g/dL secondary to PPl-related hypomagnesaemia
with reversible life-threatening manifestations of severe
agitation, new onset seizures, rhabdomyolysis, renal
insufficiency, and QT prolongation with a new RBBB on
ECG, whichresolved after correction of hypomagnesemia.
Our patient had multiple factors contributing to
rhabdomyolysis, which may have developed after severe
hypomagnesemia, acute hypophosphatemia, and a
seizure episode.” Furthermore, since hypomagnesaemia
may be present in up to 50% of critically ill patients,?!
and most of these patients will require GI prophylaxis.

Urinary magnesium excretion approximates SMg
level and usually matches net intestinal absorption. Due
to critical presentation of our patient, we did not have
24 hUMg prior to initiation of magnesium replacement.
Although, our patient did not have apparent renal
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disorder, his increased 24 hUMg excretions was likely due
to aggressive magnesium supplementation and hydration
with impaired renal conservation above physiologic
absorptive capacity (50-70% of daily magnesium dose
is retained during initial replacement).”’ Cundy and
Dissanayake implied in their magnesium infusion test that
prolonged use of PP may have impaired active transport
absorption of magnesium and that abrupt increase in UMg
excretion when ultrafiltrable SMg >1 mEq/L suggesting
defective tubular reabsorption of magnesium.!” Regolisti
et al. observed subtle defect in renal conservation of
magnesium and speculated that long term PPI user

with heterozygous gene mutation may have diminished
function of genes (TMPR6, FXYD2, KCNJ10, or KCNA1)
that are involved in magnesium reabsorption in the distal
nephron and possibly in the intestine.!

This case also illustrates that in certain patients the
choice of a PPI may actually slow the correction of
hypomagnesaemia. Our patient’s diarrhea is unlikely to
explain the severely low magnesium level, and his calcium
and potassium level were not as severely low as other
reported cases [Table 3]." The lactic acidosis (probably due
to seizures, rhabdomyolysis and metformin use) may have

Table 3: Published cases of PPl-induced hypomagnesemia

References and Patient age Presentation Mg level Calcium level PPl Diuretic Pertinent history
year (year)/sex (mmol/L)  (mmol/L)
Epstein et al.” 2006 51/female  Carpopedal and truncal spasm ~04 ~1.75 O NR NR
E
80/male Carpopedal and truncal spasm ~0.2 ~1.5 O NR NR
Metz et al.l'" 2007 NR® NR NR NR E NR NR
Cundy and 67/male®  Grand mal seizures 0.12 1.47 O NR NR
Dissanayake!'* 2008 63/female®  Grand mal seizure 0.20 1.70 O HT NR
Shabajee 78/female®  Paresthesia, numbness, hallucination, agitation, <0.10 | 5% O F Diarrhea, vomiting
et al.?% 2008 muscular excitability S
B
81/male® Dizziness, nausea, muscle cramps, paresthesia, 0.19 | 4% O NR Vomiting
unsteady gait, irregular heartbeat, ECG
abnormal
Francois et al.?'7 2008  62/female®  Acute tetraparesis, vomiting, swallowing 0.32 NR O NR Giardiasis
disorder E
Kuipers et al.'"72009  76/female  Lethargy, muscle cramps 0.18 1.26 E NR None
Broeren et al.?% 2009 58/male® Loss of consciousness and convulsions, muscle 0.16 .65 O NR NR
cramps
Mackay and Bladon'®  59.9/female® Nausea, vomiting, paresthesia, cramps, 0.15 1.78 O BF Nausea, vomiting
2010 collapse
72.4/female* Paresthesia, cramps 0.46 1.88 O F NR
75.7/female* Recurrent fits, pulmonary and glottic edema 0.21 1.95 O BF NR
73.6/female® Collapse, tetany, paresthesia, cramps, 0.29 1.83 O F NR
unsteadiness, falls
72.5/female® Diarrhea, vomiting, tetany, dizziness <0.21 1.85 E BF Diarrhea, vomiting
53.4/female® Paresthesia, cramps 0.30 2.02 O None NR
76.9/female® Paresthesia, fatigue 0.30 1.66 O None NR
69.4/female  Paresthesia, cramps 0.30 1.66 O BF NR
76.4/female® Dizziness, decreased mobility, falls, nausea, <0.21 1.43 O F Nausea, diarrhea
anorexia, diarrhea
59.5/female® Fatigue, paresthesia, anorexia, vomiting, <0.21 1.92 O BF Nausea, vomiting,
nausea, diarrhea diarrhea
Hoorn et al.®! 2010 63/male®  Fall, loss of consciousness, ECG U wave 0.03 1.95 E  None Low serum vitamin D
73/female  Hypercalcemia 0.34 2.88 P None Primary
hyperpara-throidism,
low serum vitamin D
62/female*  Severe symptomatic hypomagnese-mia, ECG 2 0.08 2.1 O None None
mm ST depression and prolonged QT interval R
8l/male®*  Urinary tract infection, ECG extrasystoles and 0.13 1.1 E  None None
prolonged QT interval
Ferniandez-Fernandez 67/male Paresthesia, numbness, weakness of limbs 0.14 1.55 O NR Alcohol history
etal.®2010
Regolisti et al.l'” 2010 65/male® Obtundation, confusion, ataxia, falls 0.17 1.58 L  None Nausea
ECG RBBB
Furlanetto and 67/female*  Weight loss, surgery evaluation for GERD <0.6 Reported E NR NR
Faulhaber." 201 | surgery normal

Conversion factors for units: Magnesium in mEq/L to mmol/l, X0.5: Magnesium in mg/dL to mmol/l, X0.411: Calcium in mg/dL to mmol/dL, X0.25: Calcium in mEq/I to mmol/l,
X0.5. PPI: Proton pump inhibitor, ECG: Electrocardiogram, RBBB: Right bundle branch block, GERD: Gastro-esophageal reflux disease, O: Omeprazole, E: Esomeprazole,

P: Pantoprzole, R: Rabeprazole, L: Lansoprazole, BF: Bendroflumethiazide, F: Furosemide, S: Spironolactone, B: Bumetinide, HT: Hydrocholorthiazide, NR: Not reported,
#Adjusted calcium reported, *ICU admission, *Hospitalization, *Outpatient
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caused the discrepancy in magnesium levels (0.00 mg/dL
and 0.52 mg/dL) between the two institutions. Acidosis
is known to falsely elevate plasma magnesium levels.”!

Our patient’s transient hypocalcaemia is associated
with secondary hypoparathyroidism related to profound
hypomanesaemia, which causes both peripheral
resistance and suppression of PTH synthesis. Epstein ef al.
have reported two patients who had hypomagnesemic
hypoparathyrodism and electrolyte abnormalities
resolved after PPI was discontinued.” Coexistence of
vitamin D deficiency may require supplementation with
vitamin D" like in our patient.

In case of severe hypomagnesemia suspected from PPI
use, physician can switch to histamine-2-receptor (H2R)
antagonist, another PPI or perform a withdrawal test
while monitoring magnesium level. In Mackay and
Bladon hypomagnesemia recurred when PPI were
re-challenged for dyspepsia; however, it did not redevelop
with pantoprazole (least potent PPI), when combined
with oral magnesium supplements.!'! Combination of
pantoprozole alternating with famotidine while on oral
magnesium supplement may work as well.l* It takes
many years to develop PPl induced hypomagnesemia and
concurrent use of diuretics may facilitate development
of hypomagnesemia by favoring magnesium loss
through kidney, but not impairing intestinal absorption
of magnesium."® SMg needs to be monitored while on
long term PPI therapy correlated with clinical symptoms
as described above.

Conclusion

In ICU patients with diabetes, cardiac or neurologic
disorders, we recommend routine monitoring of
electrolytes and magnesium levels during PPI use.
In critically, ill patients on PPIs used for prevention
of and treatment of stress-induced upper GI bleeding,
we recommend considering changing to an H2R
antagonist when SMg levels fail to respond to aggressive
supplementation and ruling out other causes of reversible
hypomagnesaemia.
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