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Abstract: Objectives: To detect prevalence of hypomagnesemia in critically ill children, its association with sepsis
and electrolyte abnormalities and to correlate this with mortality. Background: Hypomagnesemia is a significant
and under-recognized electrolyte abnormality in critically ill children. It can lead to potentially fatal complications.
Material and Methods: This is a cross over case control study done at the pediatric intensive care unit (PICU) of
Menoufia university Hospital from April 2015 to May 2016. We studied 100 patients who met the inclusion criteria.
Patients under the study were managed and treated according to their clinical status and took their supportive
traditional treatment. Results: Prevalence of hypomagnesemia in critically ill pediatric patients was 59%. Patients
with hypomagnesemia had longer ICU stay (10.16 days vs. 6.04 days, p value = 0.007), higher PRISM score (25.83
vs 19.68, p value <0.001), more frequent need for ventilation (76.3% vs. 36.6 %, p value <0.001), higher mortality
(57.6% vs. 29.3% (p value = 0.008), higher incidence of electrolyte abnormalities like hypokalemia (62.71% vs.
34.14%, p = 0.004) and hypocalcemia (71.18 % vs. 41.46 %, p = 0.002) and more frequent association with sepsis
(67.8% vs. 32.2%, p=< 0.001) than patients with normal magnesium level. By analysis of the Receiver operating
characteristic curve (ROC curve), we found an area under the curve (AUC) of .638 for Mg for diagnosis of sepsis
while C-reactive protein (CRP) had an AUC 0f.948. As regard prognosis, Mg had an AUC of 0.576 for prediction of
mortality whereas the AUC for PRISM score was 0.811 and for CRP was 0.716. Logistic regression analysis
showed that hypomagnesemia is a significant predictor for mortality among critically ill children (p value = 0.028)
and OR = 3.180 (0.854-7.965). Conclusion: Hypomagnesemia is common and is associated with high incidence of
morbidity and mortality in critically ill children so, routine monitoring is vital for timely diagnosis.
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1. Introduction: risk critically ill children. The capability to estimate

Magnesium (Mg'”) is important for many
cellular functions. It acts as a cofactor for more than
300 enzymatic reactions mainly involving transfer of
phosphate group, for example, formation of ATP. It
also maintains neuromuscular excitability and is
important for maintenance of cardiac function.
Although hypomagnesaemia is common in critical
illness, it is frequently overlooked. [1]

Magnesium is critically important in maintaining
normal cellular function. Symptomatic magnesium
depletion is often associated with multiple
biochemical abnormalities, including hypokalemia,
hypocalcaemia, and metabolic acidosis. As a result,
hypomagnesaemia is sometimes difficult to attribute
solely to specific clinical manifestations. Organ
systems commonly affected by magnesium deficiency
are cardiovascular, central and peripheral nervous
systems. Skeletal, hematologic, gastrointestinal, and
genitourinary systems are also affected. [2]

Critical illness is any disease process which can
cause physiological instability leading to disability or
death within minutes, hours or days. [3]

The main purpose of the PICU is to prevent
mortality by intensively monitoring and treating at

patient risk of death is extremely important because
such estimate would be useful in achieving many
different goals such as assessing patient’s prognosis,
ICU performance, ICU resource utilization, evaluating
therapies, controlling and matching severity of
illnesses in clinical studies.[4]

The aim of that study was to detect prevalence of
hypomagnesemia among critically ill children, its
association with length of stay in the pediatric
intensive care unit, need for mechanical ventilation,
electrolyte abnormalities and sepsis and to correlate
this with morbidity and mortality.

2. Patients and methods:
Patients:

We conducted the current cross-over case-
control upon 100 critically ill children admitted to the
PICU of Menoufia University Hospital from April
2015 to May 2016. We were attached to the time
frame of our study so we selected the cases from the
total number admitted this year to our pediatric
intensive care unit which was 176 cases and after
applying the exclusion criteria, the number has been
reduced to 100. Criteria for eligibility in this study
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included: (1) Age beyond the neonatal period up to 18
years. (2) Critical illness requiring ICU admission. (3)
Parental consent. The exclusion criteria included: (1)
Patients in the neonatal period or those older than 18-
years old. (2) Lack of parental consent. (3) Patients
who received magnesium supplementation before
transfer to the intensive care unit.

Methods:

For each patient, a complete diagnostic work-up
was performed including thorough history and
physical examination. Physical examination included:
recording heart rate, respiratory rate, blood pressure,
pupillary reaction, and Glasgow coma scale.
Laboratory Work-up included: assessment of arterial
blood gases, random blood glucose, complete blood
count, C-reactive protein, serum electrolytes including
magnesium level, blood cultures, liver and kidney
function tests, prothrombin and partial thromboplastin
times. Cultures of other body fluids, like cerebrospinal
fluid (CSF) and urine, were done when clinically
required. Chest radiograph, brain CT, and other
laboratory or radiological investigations were
performed when indicated. In addition, a severity
score was calculated which was the Pediatric Risk of
Mortality (PRISM) score.[5]

PRISM score was automatically calculated from
the website: http://www.sfar.org/scores2/prism2.php
within 24 hours of admission together with
assessment of serum Mg, Serum Mg level was
determined using Calmagite Colorimetric method.
Patients were classified into groups based on this level
as patients with serum magnesium < 1.5 mg/dl were
considered hypomagnesemic and were taken as cases
while patients with level >1.5 mg/dl and less than 2.3
mg/dl were considered normomagnesemic and were
taken as controls. Primary outcome measure was
occurrence of death during PICU admission.
Secondary outcome measures included length of
PICU stay and need of mechanical ventilation.

Ethical approval:

All the procedures performed in that study were
in accordance to the ethical standards of Menoufia
university institutional research committee.

Statistical analysis:

Data were given as mean =+ standard deviation
and also as a range. Categorical data were analyzed by
chi- square test. Continuous variables were compared
by t-test but for continuous variables with skewed
distribution or when the groups are small, we used
Mann—Whitney-U-test. Also, Mann—Whitney-U-test
was used for post hoc analysis. Chi square test (¥2),
student (t) test and Mann—Whitney-U-test were used
as tests of significance. The diagnostic powers of
hypomagnesemia and other variables were evaluated
by the receiver operating characteristic (ROC) curve
with the Youden index used to select the optimal cut-

off values. We used IBM SPSS software version 20.0
(SPSS, Inc., Chicago, IL, USA) for statistical analysis.
The results were evaluated in 95% confidence
interval. P value <0.05 was considered significant.
Binary logistic regression analysis was done to
determine the predictivity of our regression model
relying upon mortality as a dependent variable, and
other parameters as potential independent variables
through estimation of Odds Ratio (OR), 95% CI, and
significance level at 95%.

3. Results:

As regard to serum magnesium level, we found
that 59 of the 100 studied patients were
hypomagnesemic and their magnesium level ranged
from 0.8-1.4 mg /dl and 41 children were
normomagnesemic and their level ranged from 1.5 mg
/dl - 2.3 mg /dl). Table (1).

Ages of hypomagnesemic children ranged from
45 days to 15 years with mean (=SD) age of 4.44 +
4.45 years while the ages of children with normal
level ranged from 45 days to 14 years with mean
(xSD) age of 4.12 + 4.37 years.39 patients (66.1%) of
the hypomagnesemic group were males and 20
(33.9%) were females while in the normomagnesemic
one 23 patients (56.1%) were males and 18 patients
(43.9%) were females Table (1).

As regard anthropometric measures, Weight of
the cases in the hypomagnesemic group ranged from 4
kg to 55 kg with mean weight (+ SD) of 16.10 £11.54
while in the normomagnesemic one it ranged from 3
kg to 45 kg with mean weight (+ SD) of 15.05 + 10.62
kg. Height ranged in the hypomagnesemic group from
45 cm to 150 cm with mean (+ SD) of 93.29+31.49
cm and in the normomagnesemic one it ranged from
45 cm to 160 cm with mean (+ SD) of 92.17 + 32.57
cm Table (1). BMI ranged from 8.87 to 28.06 in the
hypomagnesemic group with mean (= SD) of
7.85+3.38 while in the normomagnesemic one it
ranged from 11.11 to 21.42 with mean (+ SD) of
7.27£2.74 Table (1).

As regard to length of stay in the PICU, the
mean duration of stay of patients with
hypomagnesemia (+ SD) was 10.16+9.03 days while
that of patients with normal level (= SD) was 6.04 +
6.43 days (p value = 0.007) Table (1).

Mean PRISM score in the hypomagnesemic
group (£ SD) was 25.83#£5.23 with while mean
PRISM score in the normomagnesemic one (£ SD)
was 19.68+6.06 with Table (1).

As regard to need of ventilation, 76.3 % of
patients with hypomagnesemia needed ventilator
support in comparison to only 36.6 % of patients with
normal level ( p value =<0.001).

Mortality rate in the hypomagnesemic group was
57.6 % while in the normomagnesemic one it was
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29.3 % (p value = 0.008) Table (1). This table shows
that: The studied groups were matched regarding age,

intensive care unit, higher PRISM scores, increased
need for ventilation and higher prevalence of

sex and anthropometric measures. There was mortality in  hypomagnesemic  group than
significantly higher length of stay in the pediatric normomagnesemic one.
Table (1): Socio-demographic and clinical characteristics of the studied groups.

. Hypomagnesemic  group | Normomagnesemic  group | Test of | P
Demographic data (n=59) Mean+ SD (n=41) Mean=+ SD significance value
-Age (years) 4.44+4.45 4.12+4.37 o
-Range: 45 days — 15 years 45 days — 15 years L U2
sex:

-Male 39 (66.1%) 23 (56.1%) ok
-Female 20 (33.9%) 18 (43.9%) 1.028 0.311
-Body weight (kg) 16.10+ 11.54 15.05+10.62 *
Range: 4-55kg 3-45ke 1138.500 0.618
Height(cm) 93.29+31.49 92.17+32.57 %
-Range: 45 cm - 150 cm 45 cm - 160 cm 1160 0.728
-BMI 7.85+3.38 7.274£2.74 -
_Range: 8.87-28.06 11.11-21.42 . Usa
-Length of stay in the
PICU (days) 10.16 =9.03 6.04 £6.43 823 500* 0.007

) 1 —35 days 1-30 days
-Range:
-PRISM score 25.83 £5.23 19.68 + 6.06 o
_Range: 52 13-30 kALY SO0
-Mortality risk of
according to PRISM | 61.90+21.41 35.87+26.34 o
score 11% - 88.6% 11%-77.2 % 595 <0.001
-Range:
-Need for ventilation:
-Yes 45 (76.3) 15 (36.6)
-No 14 (23.7) 26 (63.4) 15.87** <0.001
-Mortality:
-Died 34 (57.6) 12 (29.3) sk
_Survived 25 (42.4) 29 (70.7) 7.83 0.008

* Mann Whitney U test;**, Chi square test; BMI, body mass index; SD, standard deviation; P-value < 0.05 is
considered significant; P-value > 0.05 is considered non-significant.
N.B: The term height is for children more than 2 years. For children less than 2 years, we measured length.

There were significantly higher levels of CRP in
the hypomagnesemic group than that were observed in
the normomagnesemic one with p value of 0.004
Table (2).

We also found that patients with low serum
magnesium had lower albumin level than those with
normal magnesium with p value of 0.036 Table (2).

As regard to electrolyte disturbances, we found
that incidence of hypokalemia was 62.71 % in the
hypomagnesemic group in comparison to 34.14% in
the normomagnesmic one Table (3).

As regard to serum calcium levels, incidence of
hypocalcemia was 71.18 % in the hypomagnesemic
group higher than 41.46 % which was observed in the
normomagnesemic one Table (3).

There was higher prevalence of sepsis among
cases with hypomagnesemia (67.8%) than among

cases with normal magnesium level (32.2%) with p
value <0.001 Table (4).

Performance of Mg relative to classic
inflammation and sepsis was tested through ROC
curve analysis; CRP was found to be the most
superior as it achieved an AUC of 0.948 while Mg
had an AUC of.638. The best magnesium cutoff point
for prediction of sepsis in our study was 1.35 mg/dl
with sensitivity of 69 % and specificity of 56% Table
(5) and figure (1).

Further analysis by ROC curve was performed to
test the predictive power of Mg'* along with other
relevant factors for mortality. Mg achieved an AUC
of 0.576 (p = 0.049). Best Cut-off level for prediction
of mortality in our study was 1.25 mg/dl with
sensitivity of 61% and specificity of 71%. On the
other hand, CRP and PRISM score can highly predict
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mortality with values of (AUC= 0.716, p = <0.001)
and (AUC= 0..811, p=<0.001) respectively Table (6)
and figure (2).

We also found that: high PRISM score, elevated
CRP level, hypomagnesemia, hypoalbuminemia,
hypokalemia, sepsis and need for ventilation were the
potential risk factors for mortality among the studied
patients Table (7).

Logistic regression analysis showed that that
hypomagnesemia was a significant predictor for
patients' mortality (p value (0.028). Patients with

Table (2): Pearson correlation between levels
investigations in the studied groups.

hypomagnesemia were 3.18 times more at risk of
mortality than patients with normal magnesium level:
OR 3.180 (0.854-7.965). Also, need for mechanical
ventilation and elevated PRISM score can
significantly predict mortality.

Regarding other risk factors for mortality (as
elevated CRP level, hypoalbuminemia, hypokalemia,
and sepsis), we found that they were associations not
causations of mortality as p value was >0.05 Table

8).

of serum Magnesium and the results of laboratory

Laboratory Hypomagnesemic Normomagnesemic Test of | P value
investigations (n=59) Mean+ SD (n=41) Mean+ SD significance

Hb (g/dl) 8.32+1.61 8.84+1.78 -1.518-** 132
CRP (mg/dl ) 69.89+31.17 46.64+34.13 410.50* .004
Creatinine (mg/dl ) 0.97£0.75 0.95+0.88 1160.50* 730
Bilirubin (mg/dl) 1.05+0.99 0.98+1.34 1006.00* 152
Albumin (g/dl) 3.02+0.89 3.37+0.71 -2.121-%* 036
Na (mEq/1) 134.94+6.27 132.27+£21.70 897%* 372

K (mEq/l) 3.18+0.84 3.58+0.69 -2.476-** 015
Ca (mg/dl) 8.01+1.71 9.04+1.50 -3.104-** .002

* Mann Whitney U test;** Chi square test; SD, standard deviation; Hb, hemoglobin; CRP, C-reactive protein;
Na, sodium; K, potassium; Ca, calcium; P-value < 0.05 is considered significant; P-value > 0.05 is considered non-

significant.

This table shows that: There were significantly higher levels of CRP in hypomagnesemic group than
normomagnesemic one. On the other hands, there were significantly lower levels of serum albumin, K and Ca in the

hypomagnesemic group.

Table (3): Comparison between hypomagnesemic and normomagnesemic groups regarding levels of serum

albumin, potassium and calcium.

Variables Hypomagnesemic Normomagnesemic x P
(n=59) (n=41)
No (%) No (%)
S. Albumin(g/dl):
- Normal 22 (37.28 %) 25 (60.97 %) 5.44 019*
- Low 37 (62.71 %) 16 (39.02 %)
K (mEq/1):
- Normal 22 (37.28 %) 27 (65.85 %) 7.89 004+
- Low 37 (62.71 %) 14 (34.14 %)
Ca (mg/dl):
- Normal 17 (28.81 %) 24 (58.53 %) 8.83 002*
- Low 42 (71.18 %) 17 (41.46 %)

xz, Chi square test; m, number;

significant.

This table shows that: there were significantly higher prevalence of cases of lower serum levels of
albumin, K and Ca in the hypomagnesemic group than the normomagnesemic one.

P-value < 0.05 is considered significant; P-value > 0.05 is

considered non-
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Table (4): Comparison between hypomagnesemic and normomagnesemic groups as regard incidence of

sepsis:
. Hypomagnesemic Normomagnesemic
Variable (n=59) No (%) (n=41) No (%) %2 P value
Sepsis
-Septic cases: 40 (67.8) 12 (29.3)
-Aseptic cases: 19 (32.2) 29 (70.7) st <UKII

xz, Chi square test; m, number; P-value < 0.05 is considered significant; P-value > 0.05 is considered non-

significant.

This table shows that: there was significantly higher prevalence of sepsis in the hypomagnesemic group than the

normomagnesemic one.

Table (5): Area under the curve (AUC), Cutoff level, Sensitivity and Specificity of Magnesium and CRP for
prediction of sepsis in the studied cases.

Confidence interval
Test Result | yyc|se |P 1 O s | et
Variable(s) value value

Lower Upper
CRP 948 | .024 | <0.001 | .901 995 49 70 % 30%
Mg .638 | .047 | 0.041 | .391 .790 1.35 69 % 56%

CRP, C-reactive protein; Mg, magnesium; AUC, area under the curve; CI, confidence interval; P-value < 0.05 is
considered significant; P-value > 0.05 is considered non-significant.

Table (6): Cut off point, Area under the curve, sensitivity and specificity of magnesium, CRP and PRISM
score in predicting mortality.

Confidence interval
Test Result Variable(s) | AUC | p CI Cut off value | Sensitivity | Specificity
Lower Upper
CRP 716 | <0.001 | .600 .833 51 85% 68%
Mg 576 1 0.049 318 .675 1.25 61% 71%
Prism Score 811 | <0.001 | .705 918 25.50 81% 55%

CRP, C-reactive protein; Mg, magnesium; AUC, area under the curve; CI, confidence interval; P-value < 0.05 is
considered significant; P-value > 0.05 is considered non-significant.
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Figure (1): Receiver-operating characteristic (ROC)
curve of Mg and CRP for prediction of sepsis in the
studied cases.
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Figure (2): ROC curve of serum magnesium level,

CRP and PRISM score for prediction of mortality in
the studied patients.
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Table (7): Risk factors of Mortality in the studied patients (n=100):

The studied patients (n=100)
. . Dead Survived Test of | P
Predictors of Mortality (n=46) (n=54) significance value
Mean+ SD Mean+ SD
Age (years) 428+4.52 | 4.28+4.33 1177* 0.653
BMI 733+3.47 | 7.87+2.83 1068 0.229
Duration of stay in Picu (days) 8.15+8.63 8.76+8.05 1069.5* 0.231
Hb (g/dl ) 835+1.73 | 8.71+1.67 1.17% 0.243
PRISM 25.54+5.17 | 21.41+6.66 3.15%% 0.002
-Male (52)
_ 30 (65.2) 34 (63.0)
Gender: iél:g;nale 16 (34.8) 20 (37.0) 0.06*** 0.815
, +ve (75) 39 (84.8) 36 (66.7) s
CRP: ve (25) 7 (15.7) 18 (33.3) 4.33 0.037
-Normal
S ereFtng (82) ‘6‘0(1(270'?) s g;g ] 425w 0.234
- High (18) : :
-Normal
S. bilirubin (mg/dl ): (95) ‘2‘4(5935)'7) 31( 5(96‘;'4) 0.08%*x 0.782
- High (5) ' '
-Normal
S. Albumin (g/dl ) (49) iy g;gg > gg% 4,945 0.023
Low (51) : :
ggmal 36(78.3) | 40(74.1)
Na (mEg/1 ): Low(0) | 2196 11 (20.4) 0.78%%* 0.679
oW 1(2.2) 3(5.6)
-High (4)
-Normal
K (mEql) (50) ;g gg;g > 8(9)% 4,035 0.045
-Low (50) ' '
-Normal
Ca (mg/dl ): (42) ;g Ezgg ;g ngég .82k 0.177
-Low (58) ) )
ggo)rmm 34(739) | 2240.7)
Mg (mg/dl ): Tow(e) | l0CLD 29 (53.7) 11.46%%* 0.003
W 2(4.3) 3 (5.6)
-High (5)
-Present
Sepsis: (53) 31% Eg;g gg Eggg 7.08%** 0.008
-Absent (47) ' '
The need for  mechanical | -Yes (58) 37 (80.4) 21 (38.9) P
e No2) |93196) |33(6L1) L7 s

* Mann Whitney U test; * * Student t test;* * * Chi square test; SD, standard deviation; BMI, body mass index;
Hb, hemoglobin; PRISM; pediatric risk of mortality; CRP, C-reactive protein Na, sodium; Ca, calcium; Mg,
magnesium; K, potassium; P-value < 0.05 is considered significant; P-value > 0.05 is considered non-significant.

This table shows that: High PRISM score, elevated CRP, hypoalbuminemia, hypokalemia, hypomagnesemia,
sepsis and need for mechanical ventilation were the potential risk factors for mortality in the studied cases.
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Table (8): Binary logistic regression analysis for predictors of Mortality in the studied cases.

Variable(s) B P OR 95% C.I for OR

Lower Upper
CRP 020 258 1.020 986 1.055
Albumin -277- .631 758 245 2.348
K 046 930 1.047 374 2.930
Mg 3.157 .028 3.180 .854 7.965
Sepsis 067 961 1.069 071 16.097
Need for ventilation -4.657- .002 .009 .001 170
PRISM Score 299 001 1.349 1.125 1.617
Constant -8.044-

B, beta; P-value < 0.05 is considered significant; P-value > 0.05 is considered non-significant; OR, Odds Ratio;

C.I, Confidence interval.

N.B: Regarding other risk factors for mortality (as elevated CRP level, hypoalbuminemia, hypokalemia, and
sepsis): we found that they were associations not causations of mortality as p value was >0.05.

This table shows that: we found that hypomagnesemia was a statistically significant predictor for patients'
mortality: p value (0.028). Binary logistic regression showed that patients with hypomagnesemia were 3.18 times
more at risk of mortality than patients with normal magnesium level: OR 3.180 (0.854-7.965). Also, need for
mechanical ventilation and elevated PRISM score can significantly predict mortality.

4. Discussion:

Hypomagnesaemia can result in disturbances in
nearly every organ system and can cause potentially
fatal complications such as coronary artery
vasospasm, ventricular arrhythmia, and even sudden
death. [6]

As regard to serum magnesium level, the
prevalence of hypomagnesemia was high as 59 of the
100 studied patients were hypomagnesemic and their
level ranged from 0.8-1.4 mg /dl and 41 were with
normal level and their level ranged from 1.5 - 2.3
mg/dl. These results were in agreement with Das et
al., [7] who found that the prevalence of
hypomagnesaemia was 53% and that of
normomagnesemia was 47 %. In contrast, Soliman et
al., [8] study on 442 patients found that the prevalence
of hypomagnesemia was much lower than
normomagnesemia (14 % to 18%). This difference
may be due to measurement of ionized magnesium in
that study.

Ages of patients with hypomagnesemia ranged
from 45 days to 15 years with mean age (+ SD) of
4.44 + 4.45 years while ages of those with normal
magnesium level ranged from 45 days to 14 years
with mean age (+ SD) of 4.12 + 4.37 years. 39
children (66.1 %) of the hypomagnesemic group were
males and 20 (33.9 %) were females, while in the
normomagnesemic one 23 children (56.1%) were
males and 18 (43.9 %) were females.

As regard anthropometric measures of the
studied patients, weight of <cases in the

hypomagnesemic group ranged from 4 kg to 55 kg
with mean weight (+ SD) of 16.10 + 11.54 while in
the normomagnesemic one it ranged from 3 kg to 45
kg with mean weight (= SD) of 15.05 + 10.62 kg.
Height ranged in the hypomagnesemic group from 45
cm to 150 cm with mean height (+ SD) of 93.29 +
31.49 cm and in the normomagnesemic one it ranged
from 45 cm to 160 cm with mean height (£ SD) of
92.17 + 32.57 cm. BMI ranged from 8.87 to 28.06 in
the hypomagnesemic group with mean (+ SD) of 7.85
+ 3.38 while in the normomagnesemic one it ranged
from 11.11 to 21.42 with mean (+ SD) of 7.27 + 2.74.
We found no significant statistical difference between
both hypomagnesemic and normomagnesemic groups
as regard age, sex or anthropometric measures Table
(1) and this was in agreement with studies done by
Das et al.,[7], Demircan et al.,[9], and Safavi and
Honarmand.[10]

As regard to length of stay in the PICU, mean
duration of stay of patients with low serum
magnesium (£ SD) was 10.16 £ 9.03 days while that
of patients with normal level (£ SD) was 6.04 = 6.43
days. This was in agreement with a study done in
india by Kumar et al, [11] who found that
hypomagnesemia was associated with longer stay in
the ICU (5.46 + 5.75 days) in comparison to (3.93 +
3.88 days) among patients with normal level. Also,
Another prospective observational study over 374
critically ill patients carried out by Chen et al.,[12]
showed that hypomagnesemia was associated with
longer ICU stay (15.98 + 13.29 days vs. 12.43 + 7.14
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days). This was in contrast to Limaye et al., [1],
Saleem and Haque [13] and Hulst et al., [14] Studies
in which there was no significant difference in the
duration of stay between patients with low or normal
level. This may be due to differences between these
studies in sample size, time of research and clinical
condition of patients under study as there are many
factors that can affect length of stay in an ICU unit.
[15]

Mean PRISM score in hypomagnesemic patients
(+ SD) was 25.83 + 5.23 while mean PRISM score in
normomagnesemic patients (= SD) was 19.68 + 6.06.
This difference was statistically significant and this
denotes presence of high association between disease
severity and hypomagnesemia. Despite Soliman et
al, [8] have found lower incidence of
hypomagnesemia in his studied group; they found that
patients who developed ionized hypomagnesemia
during their ICU stay had higher APACHE II score,
longer ICU stay and higher mortality rate than other
patients! In contrast, Zafar et al., [17] did not find
significant difference between hypomagnesemic and
normomagnesemic  patients as regard Acute
Physiology and Chronic Health  Evaluation
(APACHE) which is a severity of disease
classification system and one of several ICU scoring
systems. This may be due to the small size of that
studied sample (only 70 patients). They found higher
incidence of electrolyte disturbances, multiorgan
dysfunction and mortality among the
hypomagnesemic  group irrespective of  this
insignificant ICU stay or APACHE-II score! The
authors in that study explained this finding by a strong
association between hypomagnesemia and sepsis, a
common cause of death in ICU patients.

As regard to need of ventilation, 76.3 % of
patients in the hypomagnesemic group needed
ventilator support in comparison to only 36.6 % in the
normomagnesemic one. Our results are in agreement
with Safavi and Honarmand [10] study in which
hypomagnesemic  patients needed mechanical
ventilation (58.6%) more frequently than others with
normomagnesemia (41.4%). Also Limaye et al., [1]
found that hypomagnesemic patients have more
frequent need of ventilator support (73% vs 53%) with
p value of 0.005. That is because hypomagnesemia
cause weakness of the respiratory and skeletal
muscles and so can cause difficulty of weaning from
the ventilator and this can explain higher need for
mechanical ventilation and longer PICU stay in the
hypomagnesemic group. [10]

Mortality rate in the hypomagnesemic group was
57.6 % which was higher than 29.3 % that was
observed in the normomagnesemic one. Relationship
between hypomagnesemia and mortality varied in-
between studies as a higher mortality rate was

detected in the hypomagnesemic group when
compared to the normomagnesemic one as in studies
carried out by Das et al., [7], who found 47.2 %
incidence of mortality in the hypomagnesemic group
vs 23.4 % in the normomagnesemic one, Atkar et al.,
[16] found 60% vs 40 %, Zafar et al., [17] found
76.47 % vs 36 % and Mousavi et al., [18] found 83.3
% vs 34 %. Also Limaye et al., [1] observed that
mortality rate in the hypomagnesemic group was 57%
when compared to 31 % in the normomagnesmic one.
This is due to the significant role of magnesium in
maintaining body homeostasis. Also,
hypomagnesemia has been associated with many
clinical ~manifestations such as arrhythmias,
bronchospasm, seizures, many electrolyte
disturbances including hypokalemia, hypocalcemia,
hyponatremia, and hypophosphatemia and may be
sudden death.[6]

Dabbagh et al.,[19] published in 2006 the results of a
prospective observational study on 71 patients
consecutively admitted to the ICU, and showed that
41 of 71 patients (60%) had hypomagnesemia and
daily Mg supplementation > 1 g/day is potentially
associated with a lower mortality rate so, the authors
suggested an aggressive ICU Mg supplementation
protocol as magnesium can lower mortality. In
contrast, few studies revealed that there was no
correlation between hypomagnesemia and increased
mortality in acutely critically ill or injured patients as
Hujjgen et al, [20] who found no correlation
between hypomagnesemia and the outcome. This
finding may be caused by presence of heterogenicity
in different patient populations in every ICU study
about hypomagnesemia. Also, Saleem and Haque
[13] did not observe significant high mortality in
hypomagnesemic  group when compared to
normomagnesemic one. These results may be due to
several limitations of that study as it was a single
center study, and may not represent the findings at
other centers. Also, being a retrospective one; it was
not possible to assess all the variables as we did. Also
Namendys et al, [21] found no statistically
significant difference in the mortality rate between
both groups with or without hypomagnesaemia. That
is because they focused to study hypomagnesemia in a
certain group of critically ill patients (with
hematological malignancies) not in a wide range of
diseases as in our study.

As regard to the tested laboratory parameters,
there were no significant differences between both
hypomagnesemic and normomagnesemic groups in
levels of hemoglobin, creatinine, bilirubin or serum
sodium but there were highly significant differences
between the two groups in levels of serum potassium,
calcium, albumin and CRP.
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There were significantly higher levels of CRP in
the hypomagnesemic group than that were observed in
the normomagnesemic one. This was in agreement
with Svagidiené et al., [22] who also suggested
presence of association between hypomagnesemia,
oxidative stress and low-grade inflammation. That is
because low magnesium levels are linked to systemic
inflammation and endothelial dysfunction. Potential
pathways include intracellular calcium influx due to
low Mg and subsequent phagocytic cell priming,
release of neuromediators including substance P and
activation of the nuclear factor light chain enhancer of
activated b-cells (NFk B) pathway involved in
regulation of immune and inflammatory response.
Studies including those in animal models have also
shown that hypomagnesemia is associated with
increased levels of high-sensitivity C-reactive protein
(hs-CRP), circulating endothelin, and cytokines,
which are indicative of a generalized inflammatory
state. [22]

Patients with low magnesium also had lower
albumin level than patients with normal magnesium
(62.71 % vs 39.02 %) and this was in agreement with
Kiran et al., [23] who found that there was significant
association between hypomagnesemia and
hypoalbuminemia. That is because about 30% of
serum Mg is bound to protein, mainly albumin, so the
total measured concentrations of Mg may be affected
by hypoalbuminemia. [24]

As regard to electrolyte disturbances, incidence
of hypokalemia was 62.71% in the hypomagnesemic
group in comparison to 34.14% in the
normomagnesmic one. This was in agreement with
atkar et al., [16] who found hypokalemia in 55.7 %
of patients with hypomagnesemia and Das et al., [7]
who found hypokalemia more prevalent in the
hypomagnesemic group (81.1% vs. 51.1%). This can
be attributed to presence of many disorders that can
cause both magnesium and potassium loss such as
vomiting, diarrhea, nasogastric suctioning or diuretic
use. Also, in state of hypomagnesemia, there is
increased loss of potassium from the kidney. Because
of the role of magnesium in transmembrane potassium
transport; simultaneous correction of
hypomagnesaemia is required to correct hypokalemia.
[11]

As regard to serum calcium levels, incidence of
hypocalcemia was 71.18 % among patients with
hypomagnesemia and this was higher than 41.46 %
that was observed in the normomagnesemic group.
This difference was statistically significant. This was
in agreement with Limaye et al., [1] who found 69%
incidence of hypocalcemia in the hypomagnesemic
group vs 50% in the normomagnesemic one. Also,
Das et al., [7] found 81.1 % vs 34 %. That is because
hypocalcemia in the hypomagnesemic state involves

defect in release and synthesis of the parathyroid
hormone. [25]

We found more prevalence of sepsis among
patients in the hypomagnesemic group (67.8%) than
in the normomagnesemic one (32.2%). This was in
agreement with Cojocaru et al., [26] who studied
patients with sepsis and found a significant decrease
in serum Mg concentrations (1.26 + 0.12 mEqg/L) in
patients with acute bacterial infections than others
without evidence of infection (1.69 + 0.14 mEq/L).
That is because Mg ions have an important role in
many immunological functions and its deficiency can
lead to sepsis. [27]

On assessment of the Risk factors for mortality
in this study, we found that hypomagnesemia is a
significant risk factor (P= 0.003) and this was in
agreement with the results of a systematic review
done by Fairley et al., [28] as they searched
MEDLINE, CENTRAL, and EMBASE databases
from 1975 to July 2014 for English language articles
excluding obstetric, non—intensive care unit based,
and specific population (poisoning, cardiothoracic,
and neurosurgery) studies. They identified articles on
magnesium measurement, associations, and therapy.
They identified 34 relevant studies and they found that
risk of mortality was significantly increased with
hypomagnesemia (odds ratio, 1.85; 95% confidence
interval, 1.31-2.60).

In addition, Binary Logistic regression analysis
showed that hypomagnesemia is a significant
predictor for mortality among critically ill patients;
p=0.028 and OR = 3.180 (0.854-7.965). This was in
agreement with the results of a study done by
Chattopadhyay et al, [29] over 62 Peritoneal
dialysis patients treated at Long Island College
Hospital and showed that serum magnesium was a
significant predictor of mortality [relative risk [(RR):
0.142; P = 0.009]. Also, a study in 2014 on 150
critically ill patients in a major tertiary hospital done
by Sari et al., [30], found that hypomagnesemia at
admission to the intensive care unit is a significant
predictor of mortality [P = 0.015 and crude RR = 2.2
(95% CI = 1.19 to 4.06)]. In addition, a systematic
review done by Upala et al., [31] and included studies
that assessed the association between
hypomagnesemia and mortality in the critical care
setting. These studies were comprehensively searched
in MEDLINE and EMBASE databases from their
inception to September 2015. From 30 full-text
articles, 6 studies involving 1550 participants were
included in the meta-analysis. There was a statistically
significant higher risk of mortality in critically ill
patients who had hypomagnesemia with [RR of 1.90
(95% CI: 1.48-2.44, P <0.001, I’= 63.5%)]. Risk for
needing mechanical ventilation was also higher in the
hypomagnesemia group with RR of 1.65 (95% CI:
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1.12-2.43, P =0.01, ’= 84%). Length of ICU stay
was also higher in the hypomagnesemia group with
mean difference of 4.1 days (95% CI: 1.16-7.04, P
=0.01).

Conclusion:

Hypomagnesemia is common among critically ill
children. It is associated with higher need for
ventilator support, longer duration of stay in the
pediatric  intensive care unit, more frequent
association with electrolyte disturbances like
hypokalemia and hypocalcemia and also shows higher
incidence of sepsis than normomagnesemia.
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