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Abstract. – OBJECTIVE: Acinetobacter bau-
mannii (A. baumannii) causes serious nosocomi-
al infections, especially in Intensive Care Units 
(ICU). Studies have shown that magnesium (Mg) 
levels change in sepsis. This study aimed to in-
vestigate the effect of Mg levels on mortality in 
patients with A. baumannii sepsis in the ICU.

PATIENTS AND METHODS: 140 patients 
who were hospitalized in the tertiary ICU be-
tween January 2018 and March 2020 and who 
were found to have A. baumannii sepsis in their 
culture follow-ups were included in the study. 
Demographic information of the patients, Mg 
levels during hospitalization and follow-up, and 
various data in the ICU were recorded.

RESULTS: The factors that predicted one-
month mortality were old age, APACHE II score, 
CCIS, A. baumannii detection in the early stag-
es of ICU admission, and high Mg level on day 
A. baumannii was detected, and the lowest Mg 
level after A. baumannii was detected in the ear-
ly period. According to the multivariate logis-
tic regression analysis, age increase [OR (95% 
CI): 1.062 (1.009-1.117)], APACHE II increase [OR 
(95% CI): 1.251 (1.141-1.372)], and early detection 
of A. baumannii during ICU admission [OR (95% 
CI): 0.902 (0.845-0.962)] were found to be factors 
that increase one-month mortality.

CONCLUSIONS: Hypermagnesemia in pa-
tients with A. baumannii indicates longer-term 
mortality, while a rapid decrease in Mg levels is 
a predictor of early mortality. Keeping Mg lev-
els of patients within the reference range with 
frequent Mg measurement reduces mortality. 
Knowing colonized patients during admission to 
the ICU may be useful as an indicator of A. bau-
mannii infection development and mortality risk.
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Introduction

Acinetobacter baumannii (A. baumannii) is 
one of the most important pathogens responsible 

for serious hospital infections in various hospital 
units, especially in intensive care units (ICUs)1. 
A. baumannii, which can cause sepsis and septic 
shock, is a common cause of hospital-acquired 
pneumonia and has a high mortality rate compared 
to other hospital infections. A study by Park et al2 

found that mechanical ventilation is a risk factor 
for A. baumannii, and mortality is higher in this 
group of patients. Hypomagnesemia is common in 
critically ill patients in ICUs and has been shown3 
to be significantly associated with increased me-
chanical ventilation requirements, prolonged ICU 
stay, and increased mortality.

Magnesium (Mg) level is a critical factor in im-
munological competence4. Hypomagnesemia has 
been associated3 with sepsis and increased mor-
tality in critically ill patients. In a study5 evaluat-
ing sepsis patients, a significant decrease in Mg 
serum concentrations was observed in patients 
with acute bacterial infections (bronchopneumo-
nia and urinary tract infections). In a cohort study 
of patients with community-acquired pneumonia, 
abnormal Mg levels at admission were associated 
with an increase in 30-day mortality compared to 
normal levels6. A study investigating risk factors 
in patients with severe pneumonia found that A. 
baumannii was the most common pathogen with 
a rate of 18.4%, and hypomagnesemia was identi-
fied as a risk factor, emphasizing the importance 
of Mg concentration in diagnosis7. 

The aim of this study is to investigate the effect 
of changes in Mg levels after the identification of 
A. baumannii in patients with A. baumannii sep-
sis in the ICU on mortality.

Patients and Methods

A total of 140 adult patients who had been 
admitted to the tertiary adult intensive care unit 
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of Ankara Atatürk Sanatorium Training and Re-
search Hospital and diagnosed with sepsis based 
on sepsis criteria (vital signs, physical examination 
findings, laboratory values, and SOFA score) be-
tween January 2018 and March 2020, and in whom 
A. baumannii was detected in culture follow-ups, 
were included in the study. After approval of the 
study protocol by our institution’s Ethics Com-
mittee (2012-KAEK-15/2590), the patients’ demo-
graphic characteristics, clinical care information, 
laboratory values, treatments administered, and 
outcomes were retrospectively examined. 

The Mg levels monitored during ICU admission of 
patients, Mg levels measured on the day A. bauman-
nii was detected, and the lowest and highest Mg lev-
els after the detection of A. baumannii were recorded. 
The day of A. baumannii onset in the ICU, the day of 
the lowest and highest Mg levels after the onset of A. 
baumannii, and whether there were any renal func-
tion abnormalities during this time were evaluated 
using glomerular filtration rate (GFR) monitoring.

Patients’ age, sex, underlying diseases, Charl-
son comorbidity index (CCI), Acute Physiology 
and Chronic Health Evaluation Score (APACHE-
II), mechanical ventilation requirement and du-
ration, nutrition support provided (oral, enteral, 
and parenteral), 1-week and 30-day mortality 
status, the location of culture where A. baumannii 
was detected (blood, catheter, urine, endotracheal 
aspirate culture), culture antibiogram, ICU length 
of stay, and length of hospital stay were recorded. 

Antibiotic treatment was given to the patients 
according to the culture antibiogram. Antibiotic 
doses were adjusted according to daily kidney 
function tests.

As nutritional status may change during pro-
longed hospitalization, the nutrition support re-
ceived by the patients on the day A. baumannii 
was detected was taken into account. 

Sepsis patients with other infections besides A. 
baumannii, patients with documented hypomag-
nesemia who received Mg supplementation before 
admission to the ICU, and patients with incomplete 
data on Mg levels were excluded from the study.

Statistical Analysis
The data analyses were performed using SPSS 

for Windows, version 22.0 (IBM Corp., Armonk, 
NY, USA). The normality of the distribution of 
continuous variables was determined using the 
Kolmogorov-Smirnov test. The homogeneity 
of variances was evaluated using Levene’s test. 
Skewed continuous data were described as me-
dian (interquartile range), while categorical da-

ta were described as the number of cases (%). 
The Mann-Whitney U test was used to compare 
variables that were not normally distributed be-
tween two independent groups, while Pearson’s 
Chi-square test or Fisher’s exact test were used 
to compare categorical variables. The degree of 
correlation between variables was evaluated using 
Spearman correlation analysis. A p-value <.05 was 
considered statistically significant for all analyses.

Results

A retrospective study was conducted on 140 
patients followed up with a diagnosis of A. bau-
mannii sepsis in the adult tertiary general inten-
sive care unit. The mean age of the patients was 
67.50±16.04, with 85 (60.7%) male and 55 (39.3%) 
female patients. The mean APACHE-II score of 
the patients was 21.50±7.06, the mean CCI score 
was 5±2.17, the mean length of stay in the hospital 
was 27±21.8, the mean length of stay in the ICU 
was 16±12.3, and the mean duration of mechanical 
ventilation in patients receiving invasive respirato-
ry support was 6.5±11.97. Nutritional support was 
recorded as follows: 20 (14.3%) patients received 
oral nutrition, 76 (54.3%) received enteral support, 
and 44 (31.4%) received total parenteral nutrition.

When examining the culture location for 
growth, A. baumannii was detected in the high-
est percentage (91.4%) in endotracheal aspirate 
cultures (ETA), and in 2.9% of blood, catheter, 
and wound cultures. As the most commonly used 
antibiotics for patients with A. baumannii were 
colistin, meropenem, tigecycline, and amikacin, 
the susceptibility of these four antibiotics was 
evaluated in the antibiogram of patients with A. 
baumannii growth. The resistance rates were 
56.4% for amikacin, 20.7% for colistin, 87.9% 
for meropenem, and 32.9% for tigecycline. With 
regard to mortality, 14 patients (10%) died within 
one week of detection of A. baumannii, while 77 
patients (55%) died within one month.

A Spearman correlation analysis was conduct-
ed to examine the relationship between the Mg 
value measured during admission to the ICU 
and the variables measured, as shown in Table 
I. The analysis revealed a low positive statistical 
correlation between the Mg value at admission 
and the CCI score (r=0.230, p=.006). According 
to the statistical results, it can be said that patients 
with a high CCI score had a high Mg value at 
admission, while those with a low CCI score had 
a low Mg value at admission.
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In order to examine the relationship between 
the variables (Table II) and one-week mortali-
ty, a Chi-square analysis was applied. The re-
sults showed that the rate of amikacin-sensitive 
patients was statistically significantly higher in 
those who experienced one-week mortality com-
pared to those who did not (p=.027).

To examine the relationship between one-week 
mortality and other variables, the Mann-Whit-
ney U test was performed (Table III), and it was 

found that the APACHE II score was statistically 
significantly higher in patients with one-week 
mortality compared to those without (p=.004). 
Hospital stay (p<.001), ICU stay (p<.001), and 
MV duration (p=.044) were lower in patients 
with one-week mortality compared to those with-
out. One-week mortality was statistically signifi-
cantly associated with A. baumannii detection in 
the early days of ICU admission (p=.001) and the 
lowest Mg value after A. baumannii detection in 
earlier periods (p<.001).

To investigate the relationship between vari-
ables and one-month mortality, Chi-square anal-
ysis was applied for gender, antibiotic suscepti-
bilities, reproductive site, and nutritional status 
(Table IV). It was found that there was a statisti-
cally significant difference in terms of nutrition 
between those who experienced one-month mor-
tality and those who did not (p<.001). Patients 
who were fed through parenteral support had a 
higher one-month mortality rate compared to 
those who were fed enterally, while no mortality 
was observed in patients who were orally fed.

The Mann-Whitney U test was applied to ex-
amine the relationship between one-month mor-
tality and other variables (Table V). The results 
showed that age, APACHE II, and CCI scores 
were significantly higher in patients who devel-
oped one-month mortality compared to those 

Spearman correlation analysis. Mg: Magnesium, APACHE-
II: Acute Physiology and Chronic Health Evaluation-II, CCI: 
Charlson Comorbidity Index, ICU: Intensive Care Unit, MV: 
Mechanical Ventilation.

Table I. Analysis of ICU admission Mg-1 value.

 (n: 140)  Mg admission

Age r .105
 p .218
APACHE-II r -.003
 p .974
CCI r  .230
 p .006
Hospital length of stay r .043
 p .614
ICU length of stay r .037
 p .667
MV duration r .007
 p .938

Table II. Effect of variables on one-week mortality-I.

                                                 One-week mortality
 
                             Yes (n: 14)                         No (n: 126)

  N % N % p

Gender Male 10 (71.4%) 75 (59.5%) .387
 Female  4 (28.6%) 51 (40.5%) 
Location of infection ETA 14 (100.0%) 114 (90.5%) .999
 Blood - 4 (3.2%) 
 Catheter - 4 (3.2%) 
 Wound - 4 (3.2%) 
Amikacin Sensitive 10 (71.4%) 51 (40.5%) .027
 Resistant  4 (28.6%) 75 (59.5%) 
Colistin Sensitive 14 (100.0%) 97 (77.0%) .074
 Resistant - 29 (23.0%) 
Meropenem Sensitive - 17 (13.5%) .218
 Resistant 14 (100.0%) 109 (86.5%) 
Tigecycline Sensitive 12 (85.7%) 82 (65.1%) .144
 Resistant  2 (14.3%) 44 (34.9%) 
Nutrition Oral - 20 (15.9%) .054
 Enteral  6 (42.9%) 70 (55.6%) 
 Parenteral  8 (57.1%) 36 (28.6%) 

ETA: Endotracheal aspirate. Categorical variables are expressed as either frequency (percentage). Categorical variables were 
compared using Pearson’s Chi-square test or fisher exact test. Statistically significant p-values are in bold.
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Table III. Effect of variables on one-week mortality-II.

                                                 One-week mortality
 
                             Yes (n: 14)                         No (n: 126)

  Median (IQR)  Median (IQR)  p

Age (yr) 70.00 (15.00) 67.00 (23.00) .667
APACHE-II 31.00 (14.00) 21.00 (10.00) .004
CCI 5.00 (4.00) 5.00 (3.00) .365
Hospital length of stay (day) 6.00 (17.00) 28.00 (26.00) < .001
ICU length of stay (day) 5.00 (3.00) 17.00 (20.00) < .001
MV duration (day) 3.00 (4.00) 8.00 (19.00) .044
Number of days A. baumannii was detected 3.00 (2.00) 9.00 (12.00) .001
Mg (mg/dl)     
Admission 1.90 (0.30) 2.00 (0.50) .059
Detection of A. baumannii 1.70 (0.40) 1.80 (0.60) .278
Lowest Mg after A. baumannii 1.70 (0.20) 1.60 (0.40) .211
Highest Mg after A. baumannii 2.10 (0.60) 2.00 (0.60) .867
Day of lowest Mg after A. baumannii 1.00 (1.00) 7.00 (10.00)  < .001
Day of highest Mg after A. baumannii 3.00 (2.00) 5.00 (7.00) .083
GFR at lowest Mg 89.00 (52.00) 81.00 (67.20) .487
GFR at highest Mg 63.00 (43.00) 50.00 (80.00) .923

APACHE-II: Acute Physiology and Chronic Health Evaluation-II, CCI: Charlson Comorbidity Index, ICU: Intensive Care 
Unit, MV: Mechanical Ventilation, A. baumannii: Acinetobacter Baumannii, Mg: Magnesium, GFR: glomerular filtration rate. 
Continuous variables are expressed as median (interquartile range). Continuous variables were compared with Mann- Whitney 
U test. Statistically significant p-values are in bold.

Table IV. The effect of variables on one-month mortality-I.

                                                One-month mortality
 
                              Yes (n: 77)                         No (n: 63)

  N % N % p

Gender Male 44 (57.1%) 41 (65.1%) .339
 Female 33 (42.9%) 22 (34.9%) 

Location of infection ETA 67 (87.0%) 61 (96.8%) 
.077 Blood  4 (5.2%) - 

 Catheter  2 (2.6%)  2 (3.2%) 
 Wound  4 (5.2%) - 

Amikacin Sensitive 36 (46.8%) 25 (39.7%) 
.401 Resistant 41 (53.2%) 38 (60.3%) 

Colistin Sensitive 57 (74.0%) 54 (85.7%) .090
 Resistant 20 (26.0%)  9 (14.3%) 

Meropenem Sensitive  6 (7.8%) 11 (17.5%) .081
 Resistant 71 (92.2%) 52 (82.5%) 

Tigecycline Sensitive 53 (68.8%) 41 (65.1%) .638
 Resistant 24 (31.2%) 22 (34.9%) 

Nutrition Oral -  20 (31.7%) 
<.001 Enteral 45 (58.4%) 31 (49.2%) 

 Parenteral 32 (41.6%) 12 (19.0%) 

ETA: Endotracheal aspirate. Categorical variables are expressed as either frequency (percentage). Categorical variables were 
compared using Pearson’s Chi-square test or Fisher exact test. Statistically significant p-values are in bold.
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who did not (p<.001). In addition, MV duration 
(p=.022), Mg level at A. baumannii detection 
(p=.001), and lowest Mg level after A. baumannii 
detection (p=.002) were also significantly higher 
in patients who developed one-month mortality. 
Patients with shorter hospital stays (p<.001) and 
those in the earlier stages of A. baumannii ICU 

stay (p=.002) had a higher risk of one-month 
mortality. The GFR values were significantly 
lower in patients with one-month mortality com-
pared to those without at their lowest Mg level 
(p=.005) and highest Mg level (p<.001).

The graph in Figure 1 illustrates the relation-
ship between Mg levels at admission to the ICU 

Table V. Effect of variables on 1-month mortality-II.

                                                 One-Month mortality
 
                            Yes (n: 77)                       No (n: 63)

  Median (IQR)  Median (IQR)  p

Age (yr) 76.00 (23.00) 61.00 (15.00) < .001
APACHE-II 26.00 (10.00) 17.00 (5.00) < .001
CCI 6.00 (3.00) 5.00 (3.00) < .001
Hospital length of stay (day) 22.00 (16.00) 39.00 (28.00) < .001
ICU length of stay (day) 17.00 (18.00) 10.00 (23.00) .459
MVDuration (day) 10.00 (15.00) 3.00 (18.00) .022
Number of days A.baumannii was detected 5.00 (7.0) 13.00 (18.00) .002
Mg (mg/dl)     
Admission 2.00 (0.50) 2.00 (0.50) .838
Detection of A. baumannii 1.90 (0.50) 1.70 (0.40) .001
Lowest Mg after A. baumannii 1.70 (0.40) 1.50 (0.50) .002
Highest Mg after A. baumannii 2.10 (0.60) 2.00 (0.50) .320
Day of lowest Mg after A. baumannii 6.00 (6.00) 6.00 (12.00) .056
Day of highest Mg after A. baumannii 4.00 (7.00) 5.00 (8.00) .446
GFR at lowest Mg 75.00 (59.00) 97.00 (58.00) .005
GFR at highest Mg 40.00 (66.00) 85.00 (80.00) < .001

APACHE-II: Acute Physiology and Chronic Health Evaluation-II, CCI: Charlson Comorbidity Index, ICU: Intensive Care 
Unit, MV: Mechanical Ventilation, A. baumannii: Acinetobacter Baumannii, Mg: Magnesium, GFR: glomerular filtration rate. 
Continuous variables are expressed as median (interquartile range). Continuous variables were compared with Mann-Whitney U 
test. Statistically significant p-values are in bold.

Figure 1. Distribution of Mg levels at ICU 
admission and on the day of A. baumannii 
detection (grayscale). Outlier ○, extreme 
outliers*.
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and Mg levels on the day A. baumannii was 
detected. The decrease in Mg levels in the graph 
indicates a decline in Mg levels after the detec-
tion of A. baumannii. According to the Wilcoxon 
signed rank test, there was a statistically signifi-
cant difference between the Mg level measured at 
admission to the ICU and the Mg level measured 
on the day A. baumannii was detected (p≤0.001). 

This graph shows that Mg levels decreased after 
the detection of A. baumannii.

Figure 2 illustrates the distribution of maxi-
mum Mg levels during ICU stay, while Figure 3 
illustrates the distribution of minimum Mg levels 
during ICU stay after A. baumannii detection.

In Table VI, a univariate logistic regression 
analysis was applied for factors thought to be 

Figure 2. Distribution of maximum Mg levels observed after A. baumannii detection, respectively (grayscale).

Figure 3. Distribution of minimum Mg levels observed after A. baumannii detection, respectively (grayscale).
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Table VI. Univariate and multivariate logistic regression analysis for factors thought to be effective in predicting 1-month mortality.

                 Univariate logistic regression             Multivariate logistic regression
 
                     95% C.I. for OR                     95% C.I. for OR

 Wald p OR Lower Upper Wald p OR Lower Upper

Age 18.929 < .001 1.063 1.034 1.093 5.296 .021 1.062 1.009 1.117
Gender (male) 0.912 .339 1.398 0.703 2.778     
Location of infection (ETA) 3.639 .056 4.522 0.959 21.605     
Amikacin (sensitive) 0.703 .402 0.749 0.382 1.471     
Colistin (sensitive) 2.811 .094 2.105 0.882 5.027     
Meropenem (sensitive) 2.894 .089 2.503 0.870 7.204     
Tigecycline
(sensitive) 0.221 .638 0.844 0.416 1.713     
APACHE II 28.851 < .001 1.219 1.134 1.310 22.561 < .001 1.251 1.141 1.372
CCIS 11.226 .001 1.355 1.134 1.618 0.026 .872 1.026 0.751 1.402
ICU length of stay 0.320 .571 0.992 0.966 1.020     
MV duration 0.186 .666 1.006 0.978 1.035     
Number of days A. baumannii was detected 11.923 .001 0.930 0.893 0.969 9.863 .002 0.902 0.845 0.962
Mg admission 1.402 .236 0.681 0.360 1.287     
Mg at the time A. baumannii was detected 7.628 .006 3.644 1.456 9.121 0.459 .498 1.639 0.392 6.845
Lowest Mg after A. baumannii 8.192 .004 4.472 1.603 12.473 0.339 .560 1.212 0.635 2.311
How many days after the detection of 9.195 .002 0.916 0.866 0.970 0.494 .482 0.969 0.888 1.058
A. baumannii was the lowest Mg 
observed in the ICU
Highest Mg after A. baumannii 0.625 .429 1.304 0.675 2.518     
How many days after the detection of 0.745 .388 0.981 0.938 1.025     
A. baumannii was the highest Mg
observed in the ICU 
Constant      12.323 .001 0.001  

Wald: test statistics, OR: odds radio, CI: Confidence interval. Statistically significant p-values are in bold. APACHE II: Acute Physiology and Chronic Health Evaluation-II, CCIS: 
Charlson Comorbidity IndexSCore, ICU: Intensive Care Unit, MV: mechanical ventilation.
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effective in predicting one-month mortality. The 
data that were found to be significant in the statis-
tical analysis were evaluated for univariate logis-
tic regression analysis. A single-variable logistic 
regression analysis revealed that age, APACHE 
II, CCIS, the number of days from admission 
to the ICU for A. baumannii, the day when A. 
baumannii was detected, and the lowest Mg level 
and the number of days after A. baumannii detec-
tion may be factors that affect the prediction of 
1-month mortality. The variables with a p-value 
below .05 in the single-variable logistic regres-
sion analysis were included in the multivariable 
logistic regression analysis using the enter meth-
od. According to the results, an increase in age 
[OR (95% CI): 1.062 (1.009-1.117)], an increase in 
APACHE II [OR (95% CI): 1.251 (1.141-1.372)], 
and a decrease in the number of days from A. 
baumannii isolation in the ICU [OR (95% CI): 
0.902 (0.845-0.962)] were evaluated as factors 
that increase the 1-month mortality.

Discussion

This study examines the relationship between 
mortality and Mg levels in 140 patients admit-
ted to the ICU due to A. baumannii sepsis. The 
mortality rate was 10% (14 patients) within one 
week from detecting A. baumannii, and 55% (77 
patients) within one month. It was found that old 
age, high APACHE-II score, and early detection 
of A. baumannii during ICU admission are fac-
tors that increase the one-month mortality rate. 
A high Mg level was also observed on day A. 
baumannii was detected, and the occurrence of 
the lowest Mg level in the early period after A. 
baumannii also affected mortality.

There are numerous studies8-10 in the literature 
that examine the relationship between A. bau-
mannii infection and severity scores frequently 
used in ICUs, such as APACHE-II and CCIS, 
as well as the relationship between these scores 
and Mg levels. Chen et al8 demonstrated that the 
APACHE-II score at the onset of A. baumannii 
bacteremia is a reliable parameter in predicting 
mortality. Martín-Aspas et al9 found that the 
presence of chronic disease and high CCIS levels 
affect mortality in patients with both A. bauman-
nii colonization and infection. The relationship 
between CCIS and mortality has also been shown 
in other studies10. It has been observed11 that pa-
tients with high APACHE-II scores at admission 
to the ICU developed more hypomagnesemia 

during ICU follow-up. When the relationship be-
tween CCIS and Mg levels was examined, CCIS 
was found to be significantly higher in the hyper-
magnesemia group12. In this study, a positive sta-
tistical relationship was found between Mg levels 
and CCIS, and high initial admission Mg levels 
were observed in patients with high CCIS. It was 
found that high APACHE-II and CCIS scores are 
effective factors in predicting one-month mortal-
ity in A. baumannii patients, which is consistent 
with the literature.

A. baumannii has been reported2 to be the most 
common nosocomial pathogen among gram-neg-
ative bacilli, with 92.7% being nosocomial- and 
7.3% community-acquired. Rehospitalization and 
mortality rates are significantly higher in these 
patients depending on comorbidities and disease 
severity13. The high mortality and morbidity in 
resistant A. baumannii infections have been at-
tributed14 to increased hospital stays, readmission 
rates, and reinfection rates. Readmissions are 
quite common in infections caused by multi-drug 
resistant (MDR) pathogens15. In a 5-year study16 
conducted at the University of Maryland in the 
United States, patients colonized with MDR A. 
baumannii at admission to the ICU were found 
to have a 15-fold greater likelihood of developing 
subsequent infection, and a significant positive 
relationship was observed between mortality and 
MDR A. baumannii colonization. Patients who 
developed A. baumannii infection during fol-
low-up were reported to be older with a history of 
antibiotic use before admission to the ICU and at 
least one previous hospitalization. Latibeaudiere 
et al17 reported a prevalence of 14% for carbape-
nem-resistant A. baumannii among 364 trauma 
patients admitted to the ICU, and an 8.4-fold in-
creased risk of developing infection during ICU 
follow-up. The ideal antibiotic choice is based not 
only on the pathogen itself but also on the loca-
tion of the pathogen and the concentration of the 
antibiotic in that area. Many factors, including 
lipophilicity, pH, protein binding, alveolar-cap-
illary membrane, and bronchial inflammation, 
can affect the penetration of antibiotics into the 
epithelial lining fluid18. 

Compared to colonized patients, the time to 
death in infected patients was almost significantly 
shorter19. In our study, 1-week and 1-month mor-
tality were found to be higher in patients with A. 
baumannii detected in the early days of ICU ad-
mission. As A. baumannii is a hospital-acquired 
infection, a history of hospitalization prior to ICU 
admission is quite common. We believe that early 
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deaths may be due to sepsis in patients who are 
already colonized. Delayed results of admission 
cultures may have caused a delay in intervention. 
Knowing patients who are colonized at admission 
to the ICU would be useful as an indicator of the 
risk of developing Acinetobacter infections and 
dying during hospitalization. Active surveillance 
can guide empirical antibiotic selection and facil-
itate infection control practices.

Disruption of the balance in the inflammatory 
response leads to the transformation of coloniz-
ing bacteria into infection and sepsis20. Acute 
kidney failure and electrolyte disorders are fre-
quently observed in sepsis. There are many stud-
ies in the literature3,21,22, particularly on sepsis 
and hypomagnesemia. A sudden decrease in Mg 
levels increases mortality. Magnesium deficiency 
causes a systemic stress response by activating 
neuroendocrinological pathways and also caus-
es an overreaction to immune stress. Oxidative 
stress occurs as a result of the inflammatory 
response23. In experimental studies conducted by 
Watanabe et al24 on mice, it was shown that car-
diac tolerance against hypoxia was significantly 
reduced in animals with Mg deficiency, and even 
small Mg changes had significant effects on me-
chanical and electrical activities in heart cells. In 
this study, higher 1-week mortality was found in 
those with lower Mg levels after A. baumannii in 
the early days. As the decrease in Mg levels after 
A. baumannii can affect early mortality, it is nec-
essary to support it with Mg supplements.

When examining the literature, in addition 
to studies investigating the relationship between 
hypomagnesemia and mortality, there are also 
numerous studies demonstrating the effect of 
hypermagnesemia on mortality. In a study25 con-
ducted in Switzerland that screened 22.239 emer-
gency department patients, a significant relation-
ship was found between hypermagnesemia and 
in-hospital mortality when examining Mg levels 
at admission to the emergency department. In a 
prospective study26 examining changes in total 
serum Mg and ionized serum Mg+2, ionized hy-
permagnesemia was found to be associated with 
higher mortality, while no relationship was found 
between hypomagnesemia and mortality. In our 
study, we also found that high Mg levels on the 
day A. baumannii was detected were associated 
with 1-month mortality. This may be due to renal 
dysfunction associated with sepsis.

Serum Mg levels increase in chronic kidney 
disease. In addition, low Mg levels have been 
associated with cardiovascular disease and death 

in end-stage kidney disease. In dialysis patients, 
low Mg levels may reflect poor nutritional status 
and be a result of systemic inflammation27. When 
looking at the Mg level at the time of hospital 
admission, both hypomagnesemia and hyperma-
gnesemia are associated with increased risk for 
in-hospital adverse events28. Additionally, renal 
failure is one of the indicators of mortality associ-
ated with A. baumannii infection29. In this study, 
it was found that in individuals with low GFR 
values on the day when the lowest and highest Mg 
levels were detected after A. baumannii infection, 
one-month mortality was high.

Patients with A. baumannii sepsis requiring 
mechanical ventilation have a significantly higher 
mortality rate2. Enteral or parenteral nutrition is 
started for patients who are intubated and placed 
on mechanical ventilation support, as they cannot 
be orally fed. Hypomagnesemia has been found30 
more frequently in patients receiving parenteral 
nutrition compared to those fed orally. In this 
study, prolonged use of mechanical ventilation 
was found to be an independent risk factor for 
one-month mortality. Additionally, it was ob-
served that Mg levels were lower in parenteral-
ly-fed patients compared to enterally-fed patients. 
One-month mortality was higher in parenteral-
ly-fed patients, while no mortality was observed 
in orally-fed patients. Patients with A. baumannii 
sepsis are generally older with high comorbidities 
and have previously been hospitalized, so hypo-
magnesemia may have been observed due to oral 
intake disorder.

Limitations
There are some limitations to our study. One 

of the limitations of our study is the single-center 
retrospective design and the inability to control 
all possible confounders. Moreover, Mg levels in 
the ward were not measured for patients admit-
ted from the ward to the ICU, so it is not known 
whether there was an increase or decrease in Mg 
levels in colonized patients upon admission to 
the ICU. Information on colonization status, pre-
vious hospitalization history, and pre-ICU antibi-
otic use history could not be obtained. Empirical 
treatment started for patients may have affected 
one-week mortality. Information on the amount 
and rate of Mg supplementation given to patients 
with hypomagnesemia during ICU follow-up 
could not be obtained. Total serum Mg levels 
were measured in our hospital, but ionized Mg 
levels were not measured, so it was not possible 
to distinguish between intracellular Mg transport 
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or Mg loss. There are not many studies related to 
our study in the literature, so prospective studies 
are necessary to confirm our data. 

Conclusions

High levels of Mg on the day A. baumannii 
is detected are associated with increased one-
month mortality, while the lowest Mg levels 
after A. baumannii infection are associated 
with a high one-week mortality in early stages. 
This indicates that hypermagnesemia in pa-
tients with A. baumannii results in longer-term 
mortality, while a rapid drop in Mg levels is a 
predictor of early mortality. Antibiotics used 
after A. baumannii infection may worsen renal 
function in patients with borderline kidney 
function, leading to increased hypermagnese-
mia and long-term mortality. We believe that 
frequent monitoring of Mg levels and keeping 
them within reference range with Mg supple-
ments could reduce mortality in patients with 
A. baumannii. Furthermore, in early-stage ICU 
patients with A. Baumannii, the high mortality 
rate is generally attributed to the high risk of 
sepsis-related mortality in patients who were 
colonized before being admitted to the ICU. 
Identifying patients with colonization during 
ICU admission could be useful as an indicator 
of increased risk of developing Acinetobacter 
infection and mortality during hospitalization.

Conflict of Interest
The authors declare that they have no conflict of interest 
to declare.

Funding
None.

Authors’ Contribution
The planning of the study, the preparation of the patient fol-
low-up form, the scanning and analysis of the data, the sta-
tistical evaluation, the interpretation of the findings, the writ-
ing of the study, the revisions, the verification and approval 
of the version of the article were performed by both authors.

ORCID ID
Melek Doganci: 0000-0002-3710-4570
Guler Eraslan Doganay: 0000-0003-2420-7607

Availability of Data and Materials
All data generated or analyzed during this study are includ-
ed in this published article.

Informed Consent
Informed consent was obtained from all individual partici-
pants included in the study.

Ethics Approval
The study was carried out with the permission of Research 
Ethics Committee of Health Sciences University Anka-
ra Ataturk Sanatorium Traning and Research Hospital (ap-
proval date and number: 23.11.2022, 2012-KAEK-15/2590). 

References

 1) Tsai HT, Wang JT, Chen CJ, Chang SC. Associ-
ation between antibiotic usage and sub- sequent 
colonization or infection of extensive drug-re-
sistant Acinetobacter baumannii: a matched 
case-control study in intensive care units. Diagn 
Microbiol Infect Dis 2008; 62: 298-305.

 2) Park SY, Choo JW, Kwon SH, Yu SN, Lee EJ, Kim 
TH, Choo EJ, Jeon MH. Risk Factors for Mortali-
ty in Patients with Acinetobacter baumannii Bac-
teremia. Infect Chemother 2013; 45: 325-330. 

 3) Velissaris D, Karamouzos V, Pierrakos C, Aretha 
D, Karanikolas M. Hypomagnesemia in Critically Ill 
Sepsis Patients. J Clin Med Res 2015; 7: 911-918. 

 4) Fanni D, Gerosa C, Nurchi VM, Suri JS, Nardi V, 
Congiu T, Coni P, Ravarino A, Cerrone G, Piras 
M, Cau F, Kounis NG, Balestrieri A, Gibo Y, Eyken 
VP, Coghe F, Rullo EV, Taibi R, Orrù G, Faa G, 
Saba L. Trace elements and the carotid plaque: 
the GOOD (Mg, Zn, Se), the UGLY (Fe, Cu), and 
the BAD (P, Ca)? Eur Rev Med Pharmacol Sci 
2021; 25: 3772-3790.

 5) Cojocaru IM, Cojocaru M, Tanasescu R, Iacob SA, 
Iliescu I. Changes of magnesium serum levels in 
patients with acute ischemic stroke and acute in-
fections. Rom J Intern Med 2009; 47: 169-171. 

 6) Nasser R, Naffaa ME, Mashiach T, Azzam ZS, 
Braun E. The association between serum magne-
sium levels and community-acquired pneumonia 
30-day mortality. BMC Infect Dis 2018; 18: 698. 

 7) Li W, Ding C, Yin S. Severe pneumonia in the el-
derly: a multivariate analysis of risk factors. Int J 
Clin Exp Med 2015; 8: 12463-12475. 

 8) Chen SJ, Chao TF, Chiang MC, Kuo SC, Chen 
LY, Yin T, Chen TL, Fung CP. Prediction of patient 
outcome from Acinetobacter baumannii bactere-
mia with Sequential Organ Failure Assessment 
(SOFA) and Acute Physiology and Chronic Health 
Evaluation (APACHE) II scores. Intern Med 2011; 
50: 871-877. 

 9) Martín-Aspas A, Guerrero-Sánchez FM, García-Col-
chero F, Rodríguez-Roca S, Girón-González JA. 



Magnesium changes in sepsis associated with Acinetobacter baumannii

1305

Differential characteristics of Acinetobacter bau-
mannii colonization and infection: risk factors, clin-
ical picture, and mortality. Infect Drug Resist 2018; 
11: 861-872.

10) Yildiz A, Yigit A, Benli AR. The prognostic role of 
Charlson comorbidity index for critically ill elderly 
patients. Eur Res J 2020; 6: 67-72.

11) Safavi M, Honarmand A. Admission hypomagne-
semia-impact on mortality or morbidity in critically 
ill patients. Middle East J Anaesthesiol 2007; 19: 
645-660.

12) Cirik MO, Kilinç M, Doganay GE, Unver M, Yildiz 
M, Avci S. The relationship between magnesium 
levels and mortality in the respiratory intensive 
care unit. Medicine 2020; 99: e23290. 

13) Chopra T, Marchaim D, Johnson PC, Awali RA, 
Doshi H, Chalana I, Davis N, Zhao JJ, Pogue JM, 
Parmar S, Kaye KS. Risk factors and outcomes for 
patients with bloodstream infection due to Acine-
tobacter baumannii-calcoaceticus complex. Anti-
microb Agents Chemother 2014; 58: 4630-4635. 

14) Sunenshine RH, Wright MO, Maragakis LL, Har-
ris AD, Song X, Hebden J, Cosgrove SE, An-
derson A, Carnell J, Jernigan DB, Kleinbaum 
DG, Perl TM, Standiford HC, Srinivasan A. Mul-
tidrug-resistant Acinetobacter infection mortali-
ty rate and length of hospitalization. Emerg Infect 
Dis 2007; 13: 97-103. 

15) Burnham JP, Kwon JH, Olsen MA, Babcock HM, 
Kollef MH. Readmissions with multidrug-resistant 
infection in patients with prior multidrug resistant 
infection. Infect Control Hosp Epidemiol 2018; 39: 
12-19. 

16) Blanco N, Harris AD, Rock C, Johnson JK, Pine-
les L, Bonomo RA, Srinivasan A, Pettigrew MM, 
Thom KA, for the CDC Epicenters Program. 
Risk factors and outcomes associated with mul-
tidrug-resistant Acinetobacter baumannii upon in-
tensive care unit admission. Antimicrob Agents 
Chemother 2018; 62: e01631-17.

17) Latibeaudiere R, Rosa R, Laowansiri P, Arheart 
K, Namias N, Munoz-Price LS. Surveillance cul-
tures growing carbapenem-resistant Acineto-
bacter baumannii predict the development of clin-
ical infections: a retrospective cohort study. Clin 
Infect Dis 2015; 60: 415-422.

18) Karampitsakos T, Papaioannou O, Kaponi M, 
Kozanidou A, Hillas G, Stavropoulou E, Bouros D, 
Dimakou K. Low penetrance of antibiotics in the 
epithelial lining fluid. The role of inhaled antibiot-
ics in patients with bronchiectasis. Pulm Pharma-
col Ther 2020; 60: 101885.

19) Martín-Aspas A, Guerrero-Sánchez FM, García- 
Colchero F, Rodríguez-Roca S, Girón-González 

JA. Differential characteristics of Acinetobacter 
baumannii colonization and infection: risk factors, 
clinical picture, and mortality. Infect Drug Resist 
2018; 11: 861-872.

20) Fay KT, Ford ML, Coopersmith CM. The intestinal 
microenvironment in sepsis. Biochim Biophys Ac-
ta Mol Basis Dis 2017; 1863: 2574-2583.

21) Limaye CS, Londhey VA, Nadkart MY, Borges 
NE. Hypomagnesemia in critically ill medical pa-
tients. J Assoc Physicians India 2011; 59: 19-22.

22) Soliman HM, Mercan D, Lobo SS, Melot C, Vin-
cent JL. Development of ionized hypomagnese-
mia is associated with higher mortality rates. Crit 
Care Med 2003; 31: 1082-1087.

23) Mazur A, Maier JA, Rock E, Gueux E, Nowacki 
W, Rayssiguier Y. Magnesium and the inflamma-
tory response: potential physiopathological impli-
cations. Arch Biochem Biophys 2007; 458: 48-56. 

24) Watanabe M, Shinohara A, Matsukawa T, Chiba 
M, Wu J, Iesaki T, Okada T. Chronic magnesium 
deficiency decreases tolerance to hypoxia/reoxy-
genation injury in mouse heart. Life Sci 2011; 88: 
658-663.

25) Haider DG, Lindner G, Ahmad SS, Sauter T, 
Wolzt M, Leichtle AB, Fiedler GM, Exadaktylos 
AK, Fuhrmann V. Hypermagnesemia is a strong 
independent risk factor for mortality in critically ill 
patients: results from a cross-sectional study. Eur 
J Intern Med 2015; 26: 504-507.

26) Escuela MP, Guerra M, Añón JM, Martínez-Viz-
caíno V, Zapatero MD, García-Jalón A, Celaya 
S. Total and ionized serum magnesium in criti-
cally ill patients. Intensive Care Med 2005; 31: 
151-156. 

27) Dousdampanis P, Trigka K, Fourtounas C. Hypo-
magnesemia, chronic kidney disease and cardio-
vascular mortality: pronounced association but un-
proven causation. Hemodial Int 2014; 18: 730-739.

28) Cheungpasitporn W, Thongprayoon C, Erickson 
SB. Admission hypomagnesemia and hypermag-
nesemia increase the risk of acute kidney injury. 
Ren Fail 2015; 37: 1175-1179.

29) Katsaragakis S, Markogiannakis H, Samara E, 
Pachylaki N, Theodoraki EM, Xanthaki A, Toutou-
za M, Toutouzas KG, Theodorou D. Predictors of 
mortality of Acinetobacter baumannii infections: 
A 2-year prospective study in a Greek surgical in-
tensive care unit. Am J Infect Control 2010; 38: 
631-635.

30) Braga CBM, Ferreira IMDL, Marchini JS, Cunha 
SFDCD. Copper and magnesium deficiencies in 
patients with short bowel syndrome receiving par-
enteral nutrition or oral feeding. Arq Gastroenterol 
2015; 52: 94-99. 


