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Abstract

The risk of an abdominal aortic aneurysm (AAA), a life-threatening condition, is increased
by a number of factors, such as older age, male sex, hypertension, smoking, and coronary heart
disease. The pathophysiology of an AAA is complex, and some studies emphasize the degrada-
tion of connective tissues, genetic determinants, inflammation, as well as oxidative stress. Howe-
ver, maintaining the homeostasis of certain macroelements and microelements may decrease
chronic inflammation and oxidative stress. The aim of the present study was to evaluate the
effects of pre- and postoperative treatment on the levels of calcium (Ca), magnesium (Mg) and
iron (Fe) in AAA patients qualified for surgery. The study involved 40 AAA patients, divided
into two groups based on interviews and clinical examination: a high-surgical-risk (EVAR) group
included 20 patients, and a low-surgical-risk (OR) group also comprised 20 patients. Mg, Ca and
Fe levels were measured using colorimetric assay kits. The concentrations of Ca, Mg and Fe did
not differ between the OR and EVAR groups prior to surgery. Postoperatively, the tendency to
a decrease in Mg levels was observed in the OR group (1 day after surgery: 2.11+0.36 mg dl'};
2-4 days after surgery: 1.81+0.56 mg dl''). Moreover, the OR group demonstrated significantly
lower Mg levels in comparison to EVAR 2-4 days after surgery, and Fe levels were considerably
lower both in the OR and EVAR groups postoperatively, as compared to the values observed
before surgery. According to the results, AAA development did not affect blood levels of Ca, Mg
and Fe. However, OR procedures contributed to a decrease in Mg levels during the postoperative
period and postoperative treatment reduced plasma concentration of Fe, regardless of the type
of surgery.
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INTRODUCTION

Abdominal aortic aneurysm (AAA) constitutes a life-threatening condi-
tion, and its early diagnosis, treatment and perioperative care significantly
affect the patient’s prognosis (Ko$micki 2024). Clinical and epidemiological
studies have revealed a highly complex pathogenesis of AAA. Currently, both
the basic mechanisms underlying the formation of abdominal aortic aneu-
rysms, such as the proteolytic degradation of aortic wall connective tissue, as
well as the risk factors, including male sex, tobacco smoking, and genetic
conditions, have been identified (Jawien et al. 2014, Kuivaniemi et al. 2015).

In terms of the pathogenesis of AAA, the role of oxidative stress is being
increasingly emphasized (Guzik et al. 2013, Gryszczynska et al. 2017).
Generation of reactive oxygen species (ROS) depends on the increased activ-
ity of ROS-generating systems, such as NADPH oxidase, as well as on the
decreased levels or activities of endogenous and exogenous antioxidants, such
as superoxide dismutase, glutathione peroxidase, glutathione and polyphe-
nols (McCormick et al. 2007, Guzik et al. 2013, Wiernicki et al. 2019). More-
over, enhanced ROS production may result in progressive cell and tissue
damage, play an essential role in activating matrix metalloproteinases
(MMPs), and induce vascular smooth muscle cell apoptosis (Guzik et al.
2013, Wiernicki et al. 2019). In fact, numerous studies have demonstrated
associations between oxidative stress parameters, aneurysm size and signi-
ficant risk factors in AAA patients (Guzik et al. 2013, Budzyn et al. 2017,
Gryszczynska et al. 2017).

Open surgical repair of AAA (OR) is a highly complex and burdensome
treatment (Schanzer, Oderich 2021). The up-to-date research clearly indi-
cates that the ischemia-reperfusion phenomenon, which occurs during OR,
generates ROS and may therefore increase oxidative stress (Miller et al.
2002, Wiernicki et al. 2019, Schanzer and Oderich 2021). Therefore, in view
of the high risk of complications associated with conventional surgery, par-
ticularly in patients with comorbidities, less invasive treatments for AAA
have been developed. A minimally invasive procedure referred to as endovas-
cular aneurysm repair (EVAR) significantly minimizes the risk of intraoper-
ative and postoperative complications (Siwko et al. 2016) Additionally, since
there is no need for abdominal aorta clamping, the risk of ischemia-reperfu-
sion injury is eliminated, thereby limiting the induction of oxidative stress
during conventional surgery when blood circulation is restored.

Maintaining the homeostasis of macro- and microelements may restrict
chronic inflammation and oxidative stress. Although various studies have
shown the beneficial effects of magnesium homeostasis and magnesium sup-
plementation on the cardiovascular system, it is of note that patients espe-
cially elderly ones with concomitant diseases, frequently develop hypomagne-
semia. Researchers have demonstrated that reduced magnesium levels result
in the activation of inflammation via leukocyte and macrophage activation,
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the release of inflammatory cytokines, including I1-1 and I1-6 and acute-
phase proteins, such as C-reactive protein and fibrinogen, as well as in an
increased generation of ROS (Jolly et al. 2015, Liu and Dudley 2020). Fur-
thermore, an association between circulating Ca concentrations and myocar-
dial infarction or cardiovascular disease (CVD) has also been reported (Reid
et al. 2017). The Calcium-Sensing Receptor (CaSR) is a pivotal regulator for
serum Ca balance that controls Ca excretion by the kidneys, regulates PTH
release from the parathyroid glands, and plays an essential function in in-
flammatory response in several tissues and in cancer development. Ca ions
may act as second messengers and stimulate cytokine secretion, promoting
inflammation and immune cell activation (Olszak et al. 2000, Reid et al.
2017). In the case of Mg ions deficiency, cellular Ca ions level increase extra-
cellular inflow via Ca channels, which constitutes the primary mechanism of
inflammation stress triggered by Mg deficiency (Nielsen 2018). Fe homeosta-
sis is strongly associated with iron absorption, transportation, utilization,
and storage (Sawicki et al. 2023, Wang et al. 2024), whereas the proper func-
tioning of the cardiovascular system is related to the mitochondrial function,
which depends on appropriate iron levels (Budzyn et al. 2017, Gryszczynska
et al. 2017, Sawicki et al. 2023). The potential mechanisms that promote the
development of CVD include oxidative stress, inflammation, endothelial dys-
function and disturbed lipid metabolism, which are based on iron accumula-
tion causing the activation of numerous signaling pathways, such as in-
creased ROS generation, lipid peroxidation, induction of endothelial
dysfunction, and increase in proinflammatory macrophages (Sawicki et al.
2023). Cytokines and metalloproteinases (MMP-2 and MMP-9) secreted by
macrophages in the aortic wall cause aortic structural disruption which, in
turn, leads to aneurysm formation and rupture (Sawada et al. 2015,
Kawakatsu et al. 2024)

The present study aimed to evaluate the effects of postoperative treat-
ment on Ca, Mg, and Fe levels in AAA patients qualified for surgery.
The authors determined the impact of the patients’ condition before surgery,
surgical techniques implemented, and the resulting postoperative treatment
on the level of the abovementioned elements.

MATERIALS AND METHODS

Patients

The study protocol followed the ethical standards outlined in the World
Medical Association’s Declaration of Helsinki. Every participant met the
inclusion criteria and completed the study. Prior to starting the project, the
study was approved by the Bioethical Committee of Poznan University
of Medical Sciences (approval number 854/14). All participants completed
a thorough interview, underwent clinical examination, and their medical
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history was carefully reviewed based on hospital and outpatient records.
The exclusion criteria involved diabetes mellitus, an active acute infection
at present or within the past month, immunosuppressive therapy, a history
of tumors within the last 5 years, or a history of smoking and/or alcohol
abuse in the past 5 years. The most significant characteristics of the studied
groups, including pre-operative clinical data, diagnosed comorbidities, medi-
cations received by certain patients, as well as the biochemical parameters
of all the participants are presented in Figure 1. The study group consisted
of 40 AAA patients admitted to the Department of Vascular, Endovascular
Surgery, Angiology and Phlebology of Poznan University of Medical Sciences,
Poland. On the basis of the interviews and clinical examinations, the parti-
cipants were divided into two groups, i.e., a low-surgical-risk and eligible for
open repair group (OR group — 20 men), and a high-surgical-risk group
(EVAR group — 20 men).

OR group EVAR group
20 patients I 20 patients
Nol[%] No/|%]
|
Age 70.7%7.5 \ Age 67.3%10.8
20 men (0 men

Concominant diseases

Hypertension 16 [80]
Hypercholesterolemia 2 [10]
Coronary artery disease 1 |5]

Previous myocardial infarction 5 [25]
Cerebrovascular accident 3 [15]
Kidney disease 3 [15]
Pulmonary disease 3 [15]

Concominant dieases

Hypertension 17 [86]
Hypercholesterolemia 3 [15]
Coronary artery disease 8 [40]

Previous myocardial infarction 7 [35]
Cerebrovascular accident 4 [20]
Kidney disease 5 [25]
Pulmonary disease 4 [20]

Medications Medications
B-blocker 12 ]50] B-blocker 13 [65]
A(_h 13 [65] ACE 14 [70]
E{tatlns 12 [60] Statins 13 [65]
NSAIDs 20 [100] NSAIDs 20 [100]

Fig. 1. Characteristics of the study groups. Created with BioRender.com

Sample collection

Venous blood samples were obtained pre-operatively, before the induc-
tion of anesthesia (referred to as “before surgery”), and postoperatively: 1 day
after the surgery (“1 day after surgery”) and 2-4 days after the operation
(“2-4 days after surgery”). The venipuncture site was located on the patients’
arms, and samples were collected in the recumbent position into heparin
anticoagulant tubes. Subsequently, the tubes were centrifuged at 3.000 rpm
for 15 min, and plasma samples were stored at —80°C until all assays were
performed.

Ca, Mg and Fe concentration

Plasma calcium (Ca), magnesium (Mg) and iron (Fe) concentrations were
measured using the commercially available Biomaxima kit (Biomaxima,
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Poland). Arsenazo III sodium salt was used to measure Ca ions concentra-
tions. As a result of the reaction, blue complex is formed, which may be ana-
lyzed spectrophotometrically at 630-670 nm. According to the procedure,
Mg ions form a purple product with Xylydil Blue I, which may undergo
spectrophotometric analysis at490-520 nm. The iron colorimetric assay kit is
designed to measure the reaction between ferrous ions (obtained via prior
reduction of ferric ions by sodium ascorbate) and ferrozine, forming a colored
product with an absorbance maximum at 560 nm. In terms of the magne-
sium concentration measuring kit, the manufacturer provides the following
data: limit of detection: 0.01 mg dl'* or 0.004 mmol 1'}; precision within run:
% CV < 1.00%. In terms of the calcium concentration measuring kit, the
manufacturer provides the following data: limit of detection: 0.1 mg dI!
or 0.03 mmol/l; precision within run: % CV < 1.50%. In terms of the iron
concentration measuring kit, the manufacturer provides the following data:
limit of detection: < 10 pg dl* or < 1.8 pmol 1} precision within run: % CV <
2.00%. More parameters are listed in the manual procedures and details of
the correlation study are available on request.

Statistical analysis

Statistical analysis was conducted using GraphPad Prism software 9.0
(GraphPad Software, San Diego, CA). The Kolmogorov-Smirnov, Shap-
iro-Wilk, and D’Agostino & Pearson tests were used for normal distribution
testing. Normally distributed, continuous variables were analyzed using the
Student’s ¢-test, whereas data which did not follow Gaussian distribution
were analyzed using the Mann-Whitney test. A one-way analysis of variance
(ANOVA) was used in order to determine whether any statistically signifi-
cant differences between the mean values of the investigated parameters
were observed before surgery, 1 day, as well as 2-4 days after surgery in
both studied groups. The Pearson or the Spearman’s correlation coefficients
were used to test the strength of any associations between different vari-
ables. In all cases, a value < 0.05 was considered significant.

RESULTS

The mean levels of Ca, Mg and Fe concentrations (Figures 2, 3 and 4,
respectively) were within the reference range, and did not differ between the
studied patient groups before the surgery (OR: Ca=8.32+0.98 mg dl,
Mg=2.18+0.26 mg dl*, Fe=61.94+19.98 pg dl!, EVAR: Ca=8.50+0.88 mg dl%;
Mg=2.11+0.33 mg dl''; Fe=53.29 +21.60 ug dI'!). The data presented in Figure
2 show insignificant changes in Ca concentrations obtained on the first day
following the procedure (OR: 7.75+1.08 mg dl'; EVAR: 8.07+1.27 mg dl"),
as well as those observed 2-4 days after the surgery (OR: 7.95+2.69 mg dl'!;
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Fig. 2. Blood plasma Ca ions levels of patients qualified for OR or EVAR before surgery and
during postoperative treatment. The results are presented as a mean and standard deviation
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surgery after surgery after surgery

Fig. 3. Blood plasma Mg ion levels of patients qualified for OR or EVAR before surgery
and during postoperative treatment. The results are presented as a mean and standard
deviation. * Significant difference vs. EVAR 2-4 days after surgery (analyzed using
the Mann-Whitney test), P<0.05 was considered statistically significant

EVAR: 8.32+0.80 mg dl'), as compared to the pre-operative values, respec-
tively. No significant differences were found between Ca levels on the first
day and 2-4 days after OR and EVAR procedures.

Furthermore, there were no significant differences in Mg levels bet-
ween the postoperative (1 day after: 2.03+0.30 mg dl', 2-4 days after:
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Fig. 4. Blood plasma Fe ion levels of patients qualified for OR or EVAR before surgery and
during postoperative treatment. The results are presented as a mean and standard deviation.
The data were analyzed using the Friedman test, followed by the Dunn’s multiple comparison
test. * Significant difference vs. EVAR 1 day after surgery (analyzed with the Mann-Whitney

test). P<0.05 was considered statistically significant

2.12+0.24 mg dl') and pre-operative values in the EVAR group (2.15+0.24 mg dI)
— Figure 3. In the case of OR surgery, a decrease in Mg levels was obser-
ved postoperatively (1 day after: 2.11+0.36 mg dl?'; 2-4 days after:
1.81+0.56 mg dI!) — Figure 3. Additionally, a significantly lower Mg concen-
tration in the OR group was found 2-4 days after surgery in comparison to
the EVAR group.

A statistically significant decrease in Fe level was demonstrated both in
the OR and EVAR groups in the postoperative period (OR 1 day after sur-
gery: 16.80+10.17 pg dl?t, 2-4 days after: 27.02+15.72 pg dl'; EVAR 1 day
after: 33.95+20.21 pg dl?, 2-4 days after: 30.12+22.70 ug dl'') as compared to
the values prior to surgery (OR: 61.94+19.98 ng dl'l; EVAR: 53.29 £21.60 pg dlY)
— Figure 4. Notably, the patients who qualified for OR presented signifi-
cantly lower Fe concentrations than the EVAR group on the first day follow-
ing the procedure (OR median and range: 12.82 (6.56-44.00) pg dl'l; EVAR
median and range: 28.70 (10.90- 94.36) ug dl', P=0.0009).

The plasma Ca/Mg ratio in both studied groups is shown in Figure 5. No
differences were observed in the Ca/Mg ratio between the OR and EVAR
patients before (OR: 4.05+0.51; EVAR: 4.04+0.78) on the first (OR: 3.80+0.55,
EVAR: 4.05+0.83) and 2-4 days after surgery (OR: 4.38+0.86, EVAR:
3.97+0.63). However, an increase in the Ca/Mg ratio was found during the
postoperative treatment (2-4 days after surgery) in comparison to the values
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Fig. 5. Blood plasma Ca/Mg ion ratio of patients qualified for OR or EVAR before surgery and
during postoperative treatment. The results are presented as a mean and standard deviation

demonstrated before surgery in the OR group. It is vital to note that in each
studied time interval in both groups, the mean Ca/Mg ratio, as well as each
ratio analyzed separately for individual patients were markedly above the
optimal 2:1 balance.

In the present study, the authors verified the correlations between the
diameter of the aneurysm and the studied parameters, including ion levels
and inflammation parameters. Figure 6 presents the correlation between
aneurysm diameter and Mg concentration in patients qualified for the EVAR
procedure (Spearman r= -0.6913; P=0.0002).

100
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Fig. 6. The correlation between Mg levels and the diameter of the aneurysm in abdominal
aortic aneurysm (AAA) patients qualified for the EVAR procedure. The Spearman’s correlation
coefficient r=-0.6913, P=0.0002
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DISCUSSION

Magnesium is crucial for the appropriate functioning of the body’s energy
system. It is a co-factor of various biological reactions catalyzed by enzymes;
it is also involved in glucose regulation and the synthesis of proteins, etc.
(Kalita et al. 2017). Numerous studies indicate an association between mag-
nesium deficiency and a number of diseases, such as hypertension, athero-
sclerosis, cardiac arrhythmias, dyslipidemia, metabolic syndrome, osteoporo-
sis, and neuropsychiatric disorders (Cieslewicz et al. 2013, Liu et al. 2020).
It is of note that the majority of the Polish population is characterized by an
insufficient supply of Mg (61%-90% of men and 52%-70% women), and the
issue continues to exacerbate (Jedrzejek et al. 2021) Moreover, it has been
suggested that hypomagnesemia may promote oxidative stress (Malinowska
et al. 2020), and that hypo- or hypermagnesemia may be associated with an
increased risk of in-hospital mortality (Singh et al. 2016, Parotto, Djaiani
2019).

The present study found that Mg concentrations for individual patients
and the mean Mg levels in both groups before the surgery were within the
reference range despite the advanced age of patients and concomitant diseases.
The analysis of postoperative treatment revealed the tendency to decre-
ase Mg concentrations 2-4 days after OR surgery compared to the values
found before and one day after the intervention. Such a tendency was not
observed in patients qualified for EVAR intervention. Even though Mg levels
remain in the reference range postoperatively, the decrease compared to the
value found before surgery may suggest that the changes in electrolyte com-
position strongly depend on surgery severity — which is reflected in a signifi-
cant reduction in the Mg level in the OR group versus the EVAR group 2-4
days after surgery.

The issue of surgical trauma and its impact on both fluid volume and
electrolyte composition, postoperative discomfort and the average time of
postoperative hospitalization was frequently discussed in various papers.
Lambe et al. (2018) studied serum Mg levels in patients undergoing emer-
gency surgeries (Group I) and planned surgical procedures (Group II). They
found a significant decrease in Mg concentrations in both groups on postop-
erative days 3 and 6 compared to the pre-operative period, respectively.
In fact, Mg levels were significantly higher in Group II than in Group I both
pre-operatively and postoperatively. Jolly K et al. (2015) demonstrated hypo-
magnesemia in 73% of individuals who qualified for the elective open repair
(OR) and in 32% of the EVAR patients (the difference was statistically signi-
ficant) [29]. Nevertheless, they did not observe a correlation between serum
Mg levels and the length of hospitalization in both studied groups, although
they also reported several inpatient deaths in the OR group (Jolly et al.
2015). Similarly to the findings mentioned above, in our study, a comparison
of two different surgical techniques demonstrated that the more severe pro-
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cedure resulted in a decrease in Mg levels, noted 2-4 days after the proce-
dure. It is worth bearing in mind that stress, accompanying each surgical
intervention, affects the endocrine system involved in the release of cortico-
steroid hormones, thereby elevating renal Mg excretion, which in turn, may
lead to hypomagnesemia (Sigel et al. 2013).

In contrast, plasma total Mg levels, measured in the course of the cur-
rent study, is a parameter commonly used in clinical practice, which, howev-
er, does not provide comprehensive information regarding the body’s Mg
status (Malinowska et at. 2020) Some authors suggest that the ionized Mg
level, which represents 55-70% of total magnesium and is a biologically
active fraction, is a more suitable marker of disorders associated with Mg
metabolism and the Mg blood concentration (Munoz et al. 2000, Iskra et al.
2005) It seems that measuring Mg levels in erythrocytes and estimating
the plasma ionized/total Mg ratio would be a better tool aiming to reflect Mg
changes during postoperative treatment. Interestingly, certain studies sug-
gest that analyzing the 24-hour urine excretion of Mg provides reliable data
with regard to Mg metabolism. This stems from the fact that reduced uri-
nary Mg excretion indicates increased Mg embedding to the bones, whereas
Mg load excretion above 60% should exclude Mg deficiency (Jahnen-Dechent
and Ketteler 2012).

Due to interactions between different organ systems and the interdepen-
dence of Mg with K and Ca in maintaining body homeostasis, the biology
of Mg is complex (Malinowska et al. 2020). Additionally, as a natural Ca
channel antagonist, Mg prevents the maturation of calciprotein particles and
hydroxyapatite formation (Afonso et al. 2022, Ter Braake et al. 2022).
In recent years, it has been emphasized that these two cations should be
analyzed together rather than separately, since a blood plasma Ca/Mg ratio
above 2:1 has been associated with an elevated risk of inflammatory and
cardiovascular disorders, as well as with renal and metabolic dysfunctions
(Li et al. 2019) Some studies have suggested that there is a relation between
higher calcium—-magnesium ratios in hair and a more significant coronary
artery calcification (Park et al. 2017). Iskra et al. (1997) demonstrated that
AAA patients presented higher Ca/Mg, Ca/Zn, Mg/Zn and Mg/Cu ratios in
the plasma than in atherosclerosis obliterans (AO) individuals. They also
found positive correlations between Ca and Mg in the arterial wall of AAA
and AO subjects. Furthermore, according to their study, higher levels of Ca,
Mg, Zn and Cu were observed in the plaque than in the surrounding tissue.
In our study, the Ca/Mg ratios of individual patients in both the OR and
EVAR groups were considerably higher than 2:1.

We found a negative correlation between the diameter of the abdominal
aortic aneurysm and Mg levels in the EVAR group, which was observed nei-
ther in the OR group, nor in all the patients studied together. The mean
AAA diameter was significantly lower in the EVAR group (55.60+13.06 mm)
than in the OR group (65.22+8.44 mm, P=0.0115). In our previous study,
classifying AAA patients based on the surgical procedure type was a secon-
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dary consideration, since it was more essential to divide them into three
groups based on the diameter of the aneurism (group I — below 55, group II
— between 55 and 70 mm, and group III — over 70 mm). We demonstrated
a consistent relation between increased inflammation and decreased antioxi-
dant mechanisms, and the size of the aneurysm (Kasprzak et al. 2023). Al-
though such a classification was not applied in the present study, the EVAR
group included all small-size and almost half of all the medium-size AAA
cases. Therefore, the abovementioned negative correlation may suggest
a lower risk of aneurysm rupture due to decreased blood pressure, oxidative
stress and reduced inflammation response, as well as an improvement
in vascular endothelial function as a result of Mg supplementation (Mauskop
et al. 2018).

Iron imbalance contributes to various ailments, such as anemia, but also
to the overproduction of ROS via the Fenton reaction due to Fe overload
(Naito, Ishihara 2022). The conducted clinical studies have revealed that Fe
status 1s associated with the pathogenesis of aortic disease, including abdom-
inal aortic aneurysm, myocardial infarction, coronary artery disease and
atherosclerosis (Sawada et al. 2015, Naito, Ishihara 2022, Sawicki et al.
2023, Wang et al. 2024). Hence, the issue of iron homeostasis is complex and
requires further research with regard to systemic Fe levels, local Fe levels
and Fe metabolism in the aortic region (Naito, Ishihara 2022). The results
obtained in our study demonstrated that postoperative treatment affected
plasma Fe levels in both studied groups, and the decrease was significantly
lower in the OR group compared to the EVAR group one day after the sur-
gery. As mentioned in the section devoted to the results, prior to surgery, all
patients investigated individually showed blood Fe levels within the refe-
rence range. The change in postoperative Fe levels, however, depended
on the severity of the surgical procedures. Major elective surgery subjects
patients to adverse effects of pre-operative anemia, blood loss and red cell
transfusion, which may further affect postoperative complications, the length
of hospital recovery and mortality risk (Mufioz et al. 2015, 2017). A retro-
spective analysis of pooled clinical and analytical data of patients undergoing
elective procedures, including cardiac surgery (n = 691); colorectal cancer
resection (n=735); radical prostatectomy (n=362); gynecological surgery
(n=203) and resection of liver metastases (n=122) demonstrated that one-
third of subjects suffered from anemia based on their hemoglobin levels
(Murtioz et al. 2017). Additionally, over two-thirds of subjects with anemia
exhibited iron deficiency, or iron sequestration, whereas more than 50%
of non-anemic patients presented iron deficiency or low iron stores. It is of
note that a prospective observational study of 55 patients following open
aortic surgery (1, 2, 4, 30, and 45 days), whose iron status was determined
based on parameters such as iron levels, transferrin, transferrin saturation
index, transferrin-soluble receptor, ferritin, red cell count, hemoglobin and
serum CRP, revealed that iron depletion and iron status parameters reached
the maximum at 48 hours postoperatively and did not return to expected
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levels after 45 days (Solis et al. 2006). Similar findings were reported
in terms of other studied parameters. The amount of iron in the body rep-
resents only a part of the body’s iron status; thus, other more specific param-
eters reflecting iron metabolism should be evaluated in further studies.
However, the results of our study seem to suggest that a significant decrease
in Fe levels during the postoperative period in the OR group stems from
moderate or high blood loss and insufficient stored iron. A decrease in the Fe
level during the postoperative period following the EVAR procedure was
potentially the effect of insufficient stored iron, possibly due to the co-exis-
ting diseases.

Study limitations

In the present study, the group consisted of 40 abdominal aortic aneu-
rysm patients. However, division into two groups according to a low-surgi-
cal-risk and a high-surgical-risk group resulted in a small number of pa-
tients in both studied group. The findings of our study should be interpreted
with caution given its limited sample size. In our study, no dietary history
or meal frequency questionnaire was conducted because most patients were
elderly, suffering from various comorbidities or underwent urgent surgery.
Nevertheless, the mean levels of Ca, Mg and Fe concentrations found prior
to surgery were within the reference range for both studied groups, and may
indirectly reflect proper nutrition. Moreover, the main objective of the study
was to evaluate the effects of postoperative treatment on Ca, Mg and Fe
levels in AAA patients qualified for different interventions.

CONCLUSIONS

The development of AAA did not affect the concentration of Ca, Mg and
Fe in the blood. Moreover, plasma Mg concentrations remained within the
reference values after both surgical procedures; only OR contributed to its
reduction in the postoperative period. Dilatation of the artery wall was
accompanied by a decrease in Mg concentration in the EVAR group, as indi-
cated by a negative correlation between Mg concentration and the diameter
of the aneurysm. The postoperative treatment reduced the Fe plasma concen-
tration, regardless of the type of surgery. OR surgery and the accompanying
blood loss may subject the patient to a prolonged period of postoperative
treatment.
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