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Abstract

Aim: We aimed to identify the etiology, risk factors, frequency, and mortality associated with hypomagnesemia in hospitalized patients in the
pediatric intensive care unit (PICU) and to contribute to reducing mortality by addressing hypomagnesemia in these patients.

Methods: In this study, the files of patients admitted to the Sahinbey Research and Practice Hospital PICU between January 2014 and August
2016 were retrospectively reviewed. Age, gender, diagnosis, underlying diseases, postoperative status, Pediatric Mortality Index, and Pediatric
Mortality Risk Scores were recorded. The definition of hypomagnesemia is defined as the serum magnesium level below 1.7 mg / dL (0.7 mmol / L).

Results: The clinical features of the patients are as follows: A total of 229 cases were included, with a mean age of 57.29 months (range:
1-191 months). Of these, 118 (51.5%) were male, and 111 (48.5%) were female. Hypomagnesemia was present in 44 cases (19.2%) at the
time of admission, and it developed in 162 cases (7.7%) during hospitalization. In 65 patients (28.4%), hypomagnesemia was not observed
either before or during hospitalization. The average duration of hospitalization was 17.3 + 21.9 days in patients with hypomagnesemia and
10.7 + 22.8 days in those without hypomagnesemia (p=0.001). The mortality rate was 37.3% in the group with normal magnesium levels,
45.5% in patients with hypomagnesemia at admission, and 47.5% in patients who developed hypomagnesemia during hospitalization. Among
the patients who developed hypomagnesemia during hospitalization, 81.5% had hypoalbuminemia, 30.9% had hypophosphatemia, and 35.5%
had hypokalemia (p=0.001).

Conclusion: Hypomagnesemia is common in the PICU, and patients with hypomagnesemia tend to have a longer hospital stay, higher mortality
rates, a greater need for mechanical ventilation, and are often accompanied by electrolyte disturbances. Magnesium levels should be closely
monitored in the PICU. Larger prospective studies are needed to evaluate hypomagnesemia and its associated factors in pediatric intensive
care units.
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Introduction

Magnesium (Mg) is the fourth most abundant essential element in
the body and the second most abundant in the intracellular area.
Magnesium, the main intracellular metal cation, plays an important
role in basic cellular reactions. Magnesium acts as a cofactor for
more than three hundred enzymes that contain ATP. It also plays
a role in DNA transcription, neuromuscular stability, and protein
synthesis.

Magnesium deficiency causes potassium (K+) to flow out of the
cell and induce depolarization, leading to cardiac arrhythmias.
In Mg disorders, sodium (Na+) can change the K+ gradient and
transmembrane potentials, resulting in neuromuscular excitability
orirritability. In Mg deficiency, anincrease in the levels of IL-1, TNFaq,
IFN-y, substance P and CGRP (Calcitonin gene-related peptide) is
observed among the cytokines circulating in the plasma.?®

Hypomagnesemia has been reported in 2% of the general
population, 10-20% of hospitalized patients, and 50-60% of
intensive care patients."* Mg levels at the time of admission to
the intensive care unit (ICU) have been shown to be associated
with mortality. Hypomagnesemia is often reported to be
accompanied by electrolyte disturbances.®’” Magnesium is used
in pulmonary hypertension, neuromuscular hyperexcitability,
bronchospasm, cardiac arrhythmia and neuroprotective
treatment."*® Despite this, there are no sufficient studies on
pediatric intensive care patients.

In our study, we aimed to determine the etiology, risk factors,
frequency, and morbidity and mortality relationship of
hypomagnesemia in pediatric intensive care unit (PICU) patients.

Materials and Methods

The study was conducted on patients hospitalized in the PICU
of the Department of Child Health and Diseases of the Faculty
of Medicine of Gaziantep University between January 2014 and
August 2016. Data were collected by retrospective file scanning
after the approval of the ethics committee. The study form
recorded the gender of the patients, underlying disease, current
disease, whether they were postoperative, length of stay, whether
they were connected to a mechanical ventilator, whether they
received inotropes, whether they received renal replacement
therapy, whether they received plasmapheresis, the Mg+2 value
during admission to the PICU, the etiology of hypomagnesemia if
any, the Mg+2 value and etiology if hypomagnesemia developed
during admission, the corrected Ca+2, phosphorus, albumin, Na+
and K+ values at the time of hypomagnesemia. Pediatric mortality
index, Pediatric mortality risk scores and outcome were recorded.

Hypomagnesemia was defined as a serum magnesium level below
1.8 mg/dl (0.7 mmol/L). The inclusion criteria for the study were
being between 1 month and 18 years old, having been in intensive
care between January 2014 and August 2016, and having sufficient
data entered. The exclusion criteria from the study were not having
sufficient data collection and not being between 1 month and 18
years old.

The patients were divided into three groups. Group 1: Those with
hypomagnesemia at the time of admission and the etiology, if any,
was recorded. Group 2: Patients without hypomagnesemia at the
time of admission but with hypomagnesemia during admission
were considered to have acquired hypomagnesemia and serum Mg
level, etiology of hypomagnesemia and the day of admission were
recorded. Group 3: Those without hypomagnesemia at and during
admission were recorded.

Ethical Approval
This study was approved by the Ethics Committee of Gaziantep
University (Date: 14.11.2014, Decision No: 2016/301).

Statistical Analysis

SPSS for Windows version 22.0 package program was used for
statistical analyses and p<0.05 was considered statistically
significant. Shapiro Wilk test was used to control the conformity of
continuous variables to normal distribution. Mann Whitney U Test
was used to compare 2 independent groups for variables that did
not have normal distribution. Relationships between categorical
variables were tested with Chi-square analysis.

Reporting Guidelines
This study was prepared in accordance with the STROBE guideline.

Results

Demographic and clinical characteristics of the cases are shown
in Table 1. The frequency distribution of the cases in terms of
primary pathologies was as follows; 18 (7.8%) were related to the
respiratory system, 44 (19.2%) to the cardiovascular system, 40
(17.4%) to the renal system, 6 (2.6%) to the gastrointestinal system,
36 (15.7%) to the neurological system, 11 (4.8%) to the endocrine
system, 15 (6.6%) to hematology, 32 (14%) to malignancy and solid
tumors, 5 (2.2%) after surgery, and 22 (9.6%) to other causes (burn,
drowning, drug intoxication, insect bites).

The frequency distribution of cases in terms of hospitalization
was as follows: respiratory failure in 82 patients (35.8%), heart
failure in 31 patients (13.5%), renal failure in 24 patients (10.5%),
CNS failure in 16 patients (7%), sepsis in 35 patients (15.3%), liver
failure in 3 patients (1.3%), hematological failure in 16 patients
(34 patients (6.9%), multiple organ failure in 6 patients (2.6%), and
postoperative follow-up in 12 patients (5.3%).

In terms of risk factors in patients with hypomagnesemia at PICU
admission, malnutrition was detected in 17 cases (38%), bowel
resection - short bowel syndrome in 2 cases (4.5%), drugs such as
furosemide in 3 cases (6%), amikacin in 3 cases (6%), amphotericin-B
in 6 cases (12%), cyclosporine in 4 cases (9%), 6 cases (23%), renal
losses; polyureic phase of acute tubular necrosis in 1 case (2%), chronic
metabolic acidosis in 7 cases (15%), increased phosphate intake in 4
cases (9%), and blood transfusion in 4 cases (9%).

In terms of risk factors and risk distribution of cases that developed
hypomagnesemia during hospitalization;

1. Drugs: Thiazide or loop diuretics (furosemide) were detected in
41 (25%) cases, aminoglycosides (amikacin) in 21 (13%) cases,
amphotericin in 42 (25.6%) cases, cyclosporine in 11 (7%) cases,
ethanol in 1 (0.6%) case, proton pump inhibitor in 3 (1.8%) cases,
insulin in 5 (3%) cases.

Table 1. Demographic and clinical characteristics of the cases

Variables Case count n (%)

Gender

Male 118 (51.5)
Female 111 (48.5)
Mechanic ventilation (MV) 157 (68.6)
Inotrope 115 (50.2)
Renal replacement therapy (RRT) 50 (21.8)
Plasmapheresis 12 (5.2)

Outcome

Discharge 127 (55.5)
Exitus 102 (44.5)
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2. Redistribution: Acute pancreatitis was detected in 1 (0.6%) case,
DKA insulin treatment in 1 (0.6%) case, blood transfusion in 101
(62%) cases.

3. GIS causes: malnutrition was detected in 10 (6%) cases,
intestinal resection short bowel syndrome in 5 (3%) cases, chronic
diarrhea or long-term laxative use in 8 (5%) cases, long-term use of
proton pump inhibitors in 8 (5%) cases, Nasogastric (NG) drainage
in 29 (18%) cases.

4. Endocrine and metabolic disorders: hypercalcemia was detected
in 2 (1.2%) cases, and increased phosphate intake in 39 (24%)
cases.

5. Increase in extracellular volume was detected in 32 (20%) cases.

6. Renal losses: increased diuresis after renal obstruction was
detected in 1 (0.6%) case, polyureic phase of acute tubular
necrosis in 3 (1.8%) cases, renal tubular acidosis in 1 (0.6%) case,
hyperkalemia in 3 (1.8%) cases, chronic metabolic acidosis in 9
(5.6%) cases.

7. Syndromes causing congenital magnesium loss: Gittelman
syndrome was detected in 2 (1.2%) cases, and nephrocalcinosis

Table 2. Evaluation of Patients with Hypomagnesemia at Admission
in Terms of Risk Factors

Hypomagnesemia [

Variable

(+) (n = 44)  (-) (n = 185) value

Age, mo 6575 + 6204 5528 + 5891 .853
e LRI E I
index (PIM)

Pediatric mortality

risk score (PRISM) 163103 192+£11.3 .039
Hos.pltallzatlon T a9 157529 oot
period (days)

Serum calcium 8311 87 509 o013
(mg/dl)

Serum albumin 908 52207 001
(gr/dl)

Serum phosphorus 34415 59416 001
(mg/dl)

Serum sodium

(mEg/L) 1362 +7.3 1386 + 7.7 214
Serum potassium

(mEq/L) 3.6+0.8 404 £0.9 .001

Table 3. Evaluation of Demographic Characteristics in Patients with
and without Hypomagnesemia During Hospitalization

) Hypomagnesemia P

Variable
(+)(n=67) () (n=162) value

Gender
Male 41 (61.2) 77 (47.5) 06
Female 26 (38.8) 85 (52.5) '
Age
<12 months 23 (34.3) 59 (36.4) 764
>12 months 44 (65.7) 103 (63.6)
MV 41 (61.2) 116 (71.6) 123
Inotrope 25 (37.3) 90 (55.6) 012
RRT 12 (17.9) 38 (23.5) .35
Plasmapheresis 2 (3) 10 (6.2) .30
QOutcome
Discharge 42 (62.7) 85 (52.5) 157
Exitus 25 (37.3) 77 (47.5)
PIM 29.2 (24.2) 36.8 (27.8) 035
PRISM 16.2 (8.7) 19.6 (11.9) .034

associated with Mg loss was detected in 2 (1.2%) cases.

Evaluation of cases with and without hypomagnesemia at admission
in terms of risk factors is shown in Table 2. Age, length of stay
and electrolyte levels of patients who developed hypomagnesemia
during their stay were compared. The length of stay in PICU was
longer in patients with hypomagnesemia during their stay (17.3 +
21.9 days) compared to patients without hypomagnesemia (10.7
+ 22.8 days) and this was found to be statistically significant
(p=0.001). Serum albumin (2.9 + 0.6 gr/dl), serum phosphorus (3.9
+ 1.3 mg/dl) and serum potassium (3.7 + 0.8 mEq/L) were found to
be lower in patients who developed hypomagnesemia during their
stay in the pediatric intensive care unit and this was found to be
statistically significant (p=0.001).

Evaluation of Demographic Characteristics in Cases with and
without Hypomagnesemia During Hospitalization is shown in Table
3.Inour study, there is a statistically significant relationship between
hypomagnesemia and hypoalbuminemia, hypophosphatemia
and hypopotassemia in terms of electrolytes in cases with and
without hypomagnesemia during hospitalization (p=0.001). Of
the cases that developed hypomagnesemia during hospitalization,
81.5% had hypoalbuminemia, 35.2% had hypokalemia, 30.9%
had hypophosphatemia, 30.2% had hyponatremia and 6.8% had
hypocalcemia.

When we compared the time of hypomagnesemia development
and the duration of hospitalization in the group that developed
hypomagnesemia during hospitalization, it was found to be 9.33 +
8.47 days in those who developed hypomagnesemia in the first 5
days of hospitalization, 25.64 + 27.76 days in those who developed
hypomagnesemia after the 5th day. The duration of hospitalization
was found to be longer in cases that developed hypomagnesemia
after the 5th day and was statistically significant (p=0.001).

When we examined the distribution of serum Mg values of the cases
according to primary disease etiologies, low Mg was found to be
higher in renal and malignancy/solid tumor patients compared to
the normal Mg group. The duration of hospitalization in the PICU
was 14.1 + 20.2 days in those with hypomagnesemia at admission,
17.3 + 21.9 days in those who developed hypomagnesemia during
admission, and 10.7 + 22.8 days in the group with normal Mg. The
duration of hospitalization was found to be shorter in the group
with normal Mg compared to the other two groups.

Discussion

In our study, the serum Mg concentration we measured to evaluate
Mg status represents only 0.3% of the total body Mg content.
Standard serum total Mg concentration measurements are
between 1.7-2.3 mg/dl and these values include ionized, protein-
bound and complex forms. In our study, similar to other studies,
hypomagnesemia was detected as 70.7%. In studies conducted on
critically ill patients, the prevalence of hypomagnesemia was found
to be between 14-70%, and total serum Mg measurements were
mostly performed in patients.”®

Many studies have shown that hypomagnesemia occurring in
patients under PICU care prolongs the length of stay in hospital
and intensive care, makes weaning from mechanical ventilation
(MV) difficult, and increases mortality and morbidity.®'* Therefore,
hypomagnesemia and associated risk factors should be carefully
monitored in intensive care patients, and Mg replacement
therapy should be started immediately in patients who develop
hypomagnesemia.

In a retrospective study conducted by Saleem et al. on 179 cases
in the PICU, the frequency of hypomagnesemia was found to be
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44.1%, 8.9% in the first 5 days and 34% in cases after the 5th
day."* Limaya et al. found hypomagnesemia in 52% of patients
in a prospective study of 100 critical cases.”® Hypomagnesemia
was detected in 61% of critically ill patients by Passakiotou et al.,
and hypomagnesemia was detected in 44-66% by Ribeiro et al.,
who measured total and erythrocyte Mg levels in 7000 critically ill
patients.'®!” In our study, similar to other studies, hypomagnesemia
was detected in 70.7%. In our study, MV connection was found to be
71.6% (116/162) in hypomagnesemia patients and 61.2% (41/67)
in normomagnesemia patients. Although it was found to be high, it
was not found to be statistically significant (p>0.05). In the study by
Limaye et al., MV support was provided to 73% (38/52) of patients
who developed hypomagnesemia, while ventilation support was
provided to only 53% (22/41) of the normomagnesemia group, and
MV support was found to be statistically significant with low Mg
(p<0.05). The mean duration of MV in patients with low serum Mg
was 8 + 7.92 days, while in patients with normal serum Mg it was
6.17 + 3.84 days, the difference was not found to be statistically
significant (p>0.05)."”® In the study conducted by Laddhad et al. in
100 patients, it was found that hypomagnesemia was significantly
correlated with increased ICU stay and mortality, but it did not
affect the duration of mechanical ventilation.”® Hypomagnesemia
causes muscle weakness and respiratory failure, which makes it
difficult to separate the patient from MV. In other studies, and in
our study, it has been observed that hypomagnesemia patients
require more frequent and longer-term ventilation support.

In our study, mortality rates were found to be 45.5% (20/44) in
those with hypomagnesemia at admission, 47.5% (77/162) in
those who developed hypomagnesemia during admission, and
37.5% (25/67) in the normomagnesemia group, but this was not
statistically significant (p>0.05). In a study of Malinowska et al.,
it was found that 1505 patients with hypomagnesemia had a
higher mortality rate compared to those with normal magnesium
levels (normomagnesemia). The study highlighted a significant
association between low magnesium levels and increased mortality
in critically ill patients.” In a study of Makwana et al., a total of
323 patients were analyzed. It was found that the mortality rate
was significantly higher in hypomagnesemic patients compared
to normomagnesemic patients.?® In our study and other studies,
the mortality rates of hypomagnesemia patients were found to be
significantly higher. The higher mortality rates in hypomagnesemia
patients may be explained by the higher frequency of sepsis, septic
shock, and electrolyte abnormalities, especially hypokalemia and
cardiac arrhythmias, which are common causes of death in the ICU,
and their relationship with hypomagnesemia.

In our study, the length of stay in the hypomagnesemia group was
17.3 + 21.9 days, and in the normomagnesemia group, it was 10.7
+ 22.8 days. The length of stay in the hypomagnesemia group
was significantly longer and statistically significant (p=0.001). In
a study by Magbali et al., a total of 410 patients were analyzed.
It was found that hypomagnesemia patients had a significantly
longer ICU length of stay compared to normomagnesemia
patients, highlighting the potential impact of low magnesium
levels on prolonged recovery in critically ill individuals.?' In their
study on 100 patients, Laddhad et al. found that hypomagnesemic
patients had a significantly longer ICU length of stay compared to
normomagnesemic patients.’®

It is stated that there is a strong relationship between
hypomagnesemia and insulin resistance and that Mg
supplementation reduces insulin requirements.?>?* In addition, use
of both loop diuretics and thiazides can inhibit net Mg reabsorption
and induce hypomagnesemia, whichmay trigger insulin resistance.?*

Studies have also reported a significant relationship between
antibiotic use and the development of hypomagnesemia.?*?* In
our study, the highest risk factors determined as 62% of patients
developing hypomagnesemia were blood transfusion, 25% thiazide
or loop diuretics (furosemide), 13% aminoglycosides (amikacin),
25.6% amphotericin-B, 24% increased phosphate intake, and 18%
NG drainage.

Limitations
The retrospective single-center design and the use of medical
record data may limit the generalizability of the findings.

Conclusion

In conclusion, in our study, the rate of mechanical ventilation (MV)
connection was 71.6% (116/162) in hypomagnesemic patients and
61.2% (41/67) in normomagnesemic patients. Although the rate
was higher in hypomagnesemic patients, it was not statistically
significant (p>0.05). While the length of stay in hypomagnesemic
patients (8 + 7.92 days) was longer compared to normomagnesemic
patients (6.17 + 3.84 days), this difference was also not statistically
significant. The frequency of low serum magnesium levels was
found to be significantly higher in children hospitalized in the PICU.
Hypomagnesemic children had longer hospital stays, higher mortality
rates, and more frequent electrolyte disturbances. Magnesium levels
should be monitored closely in the PICU. Prospective and larger studies
are needed to further evaluate hypomagnesemia and its associated
factors in the PICU.
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