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Abstract

Magnesium is fundamental to the existence of life. The consequence of altered ma-
gnesium homeostasis may be magnesium deficiency. It is well known that magnesium plays
a role in tumour biology such as carcinogenesis, angiogenesis and tumour progression. In
the field of gastrointestinal cancer surgery of the clinical importance, magnesium has not
been specifically studied. Therefore, the aim of our study was to evaluate changes of ma-
gnesium concentrations in patients operated due to a small intestine or colorectal cancer
parenterally nurtured in comparison with a group of patients submitted to surgical inte-
rventions due to gastrointestinal cancer but receiving standard nutrition after the opera-
tion. The study group involved 78 patients operated on for gastrointestinal cancer, who
were divided into 3 groups: C – patients operated due to different types of alimentary tract
cancers who were provided with normal feeding after the operation, I – patients operated
due to colorectal cancer who were given TPN after the operation, II – patients operated
due to small intestine cancer who were given TPN after the operation. Three measure-
ments were performed in control group (C): the 1st measurement – a day before opera-
tion, the 2nd measurement – on the third day after the operation and the 3rd measure-
ment – on the fifth day after the operation. In the group of patients receiving TPN, three
measurements were performed as well: the 1st measurement – a day before operation,
the 2nd measurement – on the third day after applying TPN and the 3rd measurement –
on the fifth day after applying TPN. Our studies revealed that application of TPN, conta-
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ining magnesium, in patients operated both due to colorectal cancer and small intestine
cancer prevented decrease in the blood serum concentration of that element below the
reference norm, which occurred in patients receiving standard diet.

Key words: magnesium, colorectal cancer, small intestine cancer, TPN.

MAGNEZ U PACJENTÓW OPEROWANYCH Z POWODU NOWOTWORU ODBYTU
LUB JELITA CIENKIEGO I OTRZYMUJ¥CYCH CA£KOWITE ¯YWIENIE

POZAJELITOWE (C¯P) W OKRESIE POOPERACYJNYM

Abstrakt

Magnez jest pierwiastkiem niezbêdnym do ¿ycia. Konsekwencj¹ zaburzeñ homeostazy
magnezu mo¿e byæ jego deficyt. Magnez odgrywa rolê w biologii nowotworów, tj. w karci-
nogenezie, angiogenezie lub rozwoju guza nowotworowego. Dotychczas nie ma szerokich
badañ dotycz¹cych znaczenia magnezu w operacjach nowotworów przewodu pokarmowe-
go. Dlatego celem badañ by³o zbadanie zmian stê¿enia magnezu u pacjentów operowanych
z powodu nowotworów odbytnicy lub jelita cienkiego i otrzymuj¹cych ca³kowite ¿ywienie
pozajelitowe w okresie pooperacyjnym, w porównaniu z grup¹ pacjentów poddanych inter-
wencji chirurgicznej z powodu nowotworów przewodu pokarmowego, ale otrzymuj¹cych po
operacji standardow¹ dietê.

Badaniem objêto 78 pacjentów operowanych z powodu nowotworów przewodu pokar-
mowego, których podzielono na 3 grupy: kontroln¹ (K) – pacjenci operowani z powodu
ró¿nych nowotworów przewodu pokarmowego, po operacji otrzymuj¹cy normalne ¿ywie-
nie, I – pacjenci operowani z powodu zaawansowanego nowotworu odbytnicy, po operacji
otrzymuj¹cy C¯P, II – pacjenci operowani z powodu nowotworu jelita cienkiego, po operacji
otrzymuj¹cy C¯P. W grupie K dokonywano trzech pomiarów w kolejnych okresach:
1. pomiar – doba przed operacj¹, 2. pomiar – trzecia doba po operacji, 3. pomiar – pi¹ta
doba po operacji. W grupach I, II – u pacjentów otrzymuj¹cych C¯P– dokonywano równie¿
trzech pomiarów: 1. pomiar – doba przed operacj¹, 2. pomiar – trzecia doba po zastosowa-
niu C¯P, 3. pomiar – pi¹ta doba po zastosowaniu C¯P.

W badaniach wykazano, ¿e podawanie C¯P zawieraj¹cego magnez, zarówno chorym
operowanym z powodu nowotworów odbytnicy, jak i nowotworów jelita cienkiego, zapobie-
ga obni¿eniu stê¿enia tego pierwiastka w osoczu krwi poni¿ej norm referencyjnych, tak
jak to ma miejsce w przypadku pacjentów otrzymuj¹cych standardow¹ dietê

S³owa kluczowe: magnez, nowotwór odbytnicy, nowotwór jelita cienkiego, C¯P.

INTRODUCTION

In the 1970s, nutritional treatment became commonly applied in clinical
practice. It is introduced when, due to clinical or/and biochemical symptoms
of malnutrition or deficiency, it is necessary to administer appropriate nutri-
ents for supplementation. Approximately 35–50% of hospitalized patients are
malnourished and in many cases the condition develops or progresses dur-
ing hospitalization while surgical interventions increase the incidence of com-
plications and prolong hospital stay (SUNGURTEKIN et al. 2004, SCHNELLDORFER,
ADAMS 2005, HALL 2006, STRATTON et al. 2006). Most patients with malignant
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cancers suffer from malnutrition, decrease in body weight and fat-free body
weight. Moreover, a decrease in body weight is the most frequent symptom
of the presence of a tumour and, in over 60% of patients, development of the
disease increases malnutrition. Total Parenteral Nutrition (TPN) is neces-
sary in patients with alimentary tract cancers with metastases and stated
malnutrition, who are unable to swallow or absorb food provided in a nor-
mal way for longer than 7-10 days (ECHENIQUE, CORREIA 2003). Despite numer-
ous studies, we still lack a unanimous answer whether TPN application in
patients with various tumours is beneficial or laden too many contraindica-
tions. Therefore, monitoring the malnutrition state and choosing an appro-
priate therapy may help to improve treatment conditions, accelerate recov-
ery and successfully decrease costs of all medical procedures (STRATTON 2005).

Magnesium plays a crucial role in many physiological and metabolic proc-
esses. Its homeostasis is therefore fundamental to the existence of life. The
consequence of altered magnesium homeostasis is magnesium deficiency.
Hypomagnesaemia may cause weakness, tremors, seizures and cardiac ar-
rhythmias (TANG, RUDe 2005). Altered plasma magnesium levels can in turn
affect calcium and potassium levels (HUANG, KUO 2007, ALEXANDER et al. 2008).
Moreover, magnesium plays a role in tumour biology such as carcinogene-
sis, angiogenesis and tumour progression (ANASTASSOPOULOU, THEOPHANIDES

2002, RUBIN 2005).
Therefore, the aim of this study has been to determine changes in blood

serum magnesium concentrations in patients operated due to small intes-
tine or colorectal cancer and parenterally nurtured in comparison with
a group of patients submitted to surgical interventions due to gastrointesti-
nal cancers but receiving standard nutrition after the operation.

MATERIAL AND METHODS

The study group involved 78 patients operated on for gastrointestinal
cancer who were divided into three groups:
– C – patients operated on for different types of gastrointestinal cancer who

were provided with normal feeding after the operation (on the day of an
operation and during the 5 days afterwards, patients received intravenously
typical amounts of liquids and essential electrolytes: ca 200 mmol of Na,
80 mmol of K and 300 mmol of Cl;

– I – patients operated on for colorectal cancer who were given TPN after the
operation, Lublin;

– II – patients operated on for small intestine cancer who were given TPN
after the operation.

The patients were chosen for the parenteral nutrition on the basis of
a conducted screening examination (Table 1).
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In the control group, particular measurements were conducted on the
following days: 1st measurement – one day before the operation, 2nd meas-
urement – three days after the operation, 3rd measurement – five days
after the operation.

In the experimental group, three measurements were taken as well:
1st measurement – one day before the operation, 2nd measurement –

three days after starting TPN, 3rd measurement- five days after starting
TPN.

The patients received TPN for a period of 5 or 7 days and afterwards
normal nutrition was provided.

The study was approved by the Bioethical Commission of the Medical
University in Lublin (No KE-0254/31/2006).

All patients were hospitalized in the I Chair and Department of General
and Transplant Surgery and Nutritional Treatment of the Medical Universi-
ty in Lublin, and they fully agreed to participate in the research constitut-
ing this present work.

The patients were chosen for the parenteral nutrition on the basis of
a conducted screening examination. Compositions of the mixtures given in
TPN are presented in Table 2.

The plasma from each blood sample was collected immediately after cen-
trifugation at 2000 x g for 15 minutes and then stored at –20oC until analysis.

The concentration of magnesium was determined spectrophotometrical-
ly by the reaction with xylidyne blue at the wavelength 520 nm, using
a Hitachi spectrophotometer. The results were expressed in mmol dm–3.

Statistical analysis of the results was performed with the use of SPSS
12.0 PL software.
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The results were tested with a mixed-design variance analysis (ANOVA
model). This approach, relying on the values of F test, allowed us to simul-
taneously analyze the influence of the group and the time of measurements
on the examined parameters.

The level of statistical significance, which indicated statistically signifi-
cant differences or interrelations, was p<0.05.
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RESULTS

The magnesium concentration and values of the arithmetic mean, stand-
ard deviation (SD), median, lower and upper quartile, maximum and mini-
mum as well as interquartile range are presented in Table 3.
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A mixed-design variance analysis according to the ANOVA model was
used to test the significance of differences between subsequent measure-
ments of magnesium concentrations. The influence of the time of measure-
ment on magnesium concentration was checked. The analysis of variance
demonstrated statistically significant differences between average values of
magnesium concentrations from all the measurements (F = 12.246; p<0.05).
The pairs of measurements that differed significantly wer 1-2 and 1-3 (post-
-hoc). A statistically significant decrease in the magnesium concentration be-
tween measurements 1-2 and 1-3 in the control group and a statistically
significant increase in the magnesium concentration between measurements
1-3 in groups I and II were observed while comparing particular measure-
ments (Table 4).

The influence of the affiliation to a group of patients on the magnesium
concentration was also tested.

The variance analysis showed statistically significant differences between
group C and groups I and II (F = 4.241 p<0.05). Analyses of particular groups
of patients showed that on the first date of determinations, the magnesium
concentration was significantly higher in group C than in group II. On the
second measurement date, the Mg concentration in group I was significant-
ly higher than in group C, and in the third date – it was significantly higher
in groups receiving TPN (I and II) than in group C (Table 4).
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RESULTS AND DISCUSSION

Carcinogenesis is associated with disturbances of all metabolic processes
in an organism, which results in a negative nitrogen balance, increase in
glycogenesis, decrease in muscle protein synthesis and disturbances in wa-
ter and electrolyte balance. There are many studies stating that hypomag-
nesaemia occurring in oncological patients is not only a consequence of asit-
ia, anorexia and malnutrition but also a side-effect of drug administration
and chemotherapy (ALBERDA et al. 2006). Cancer patients treated with a high
dose or prolonged doses of cisplatin or cetuximab, both as monotherapy and
in combination with chemotherapeutics, develop hypomagnesaemia (TEJPAR

et al. 2007, VINCENZI et al. 2008).
Magnesium tolerance test, which is based on the measurement of

a parenterally administered Mg load retention, is a more accurate method
for the detection of Mg deficiency (RICHETTE et al. 2007), but total plasma
magnesium levels measurement, as used in this study, is a standard deter-
mination method for routine diagnostic purposes. In our study, the control
group consisted of patients qualified to surgical intervention due to gastroin-
testinal cancers, whose magnesium concentration was below the reference
norm but not equal the values corresponding to hypomagnesaemia (hy-
pomagnesaemia is defined as any decrease in the serum magnesium con-
centration below 0.8 mmol dm–3). On the third day after an operation, the
magnesium level was lower than before it and did not change on the fifth
day. No symptoms of hypomagnesaemia, as cardiac arrhythmia, were ob-
served in these patients. Numerous studies have confirmed that magnesium
level decreases in patients undergoing gastrointestinal surgery (SAFAVI,
HONARMAND 2007). ARMSTRONG et al. (2007) demonstrated that patients who
underwent pancreaticoduodenectomy for peri-ampullary neoplasia, although
generally well nourished, have lower serum micronutrient levels and a rela-
tive reduction of antioxidants versus paired controls. SCHWARZ, NEVAREZ (2005)
have found in patients undergoing laparotomy, predominantly for upper gas-
trointestinal malignancies, that postoperative hypomagnesaemia occurred
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in 42% of patients without bowel preparation and in 70% of patients having
bowel preparation with sodium phosphate purgative. EVANS et al. (2009), who
studied statistically significant changes in the plasma magnesium in response
to picolax bowel preparation and colorectal resection, observed that  34%
patients became hypermagnesaemic following bowel preparation and 20% be-
came hypomagnesaemic following resection.

In some studies, no measurements of magnesium concentration were
performed after an operation, but some of the patients were observed to
develop cardiac arrhythmia, which was probably caused by a decrease in the
magnesium level (ATSMON, DOLEV 2005, WALSH et al. 2006). Apart of potential
cases of cardiac arrhythmia, hypomagnesaemia has been implicated in the
pathogenesis of prolonged postoperative ileus and pseudoobstruction (VINCENZI

et al. 2008).
In our research, hypomagnesaemia before surgical intervention was ob-

served in patients with colorectal cancer and with small intestine cancer.
On the third day of TPN application, an increase in the magnesium concen-
tration in both groups was observed. On the fifth day of the therapy, the
magnesium level was within the physiological reference range. There are
only a few studies monitoring magnesium levels in the postoperative period
or during the postoperative nutritional therapy. In our previous study, mag-
nesium concentration in blood serum of patients with pancreatic cancer was
within the lower limits of the reference range before an operation, and the
application of TPN after the operation first caused some minimal fluctua-
tions observed on the 3rd day but on the 5th day, the TPN therapy brought
the Mg concentration back to the same level as before the surgical inter-
vention (SZPETNAR et al. 2009). MACHOWSKA, DUDA (2002) studied magnesium
balance in patients operated due to gastric and colorectal cancer. These pa-
tients were divided into three groups: I – patients in whom postoperative
magnesium concentration remained within the reference limits, II – patients
in whom postoperative Mg concentration was found to be below the afore-
mentioned reference limits for at least one day, III – patients receiving ad-
ditional 2 mmol Mg2+ per each 500 on intravenous fluid. Magnesium con-
centration decreases after surgery in groups I and II were minimal, although
the Mg concentration in group I remained within the reference limits, while
in group II it was below them for four consecutive days. Changes in the
group receiving magnesium were minimal with positive Mg balance during
the first two days after surgery. PAPAGEORGIU et al. (2002) showed a signifi-
cant decrease in the blood serum magnesium concentration in patients after
surgery, when they were administered total parenteral nutrition. The mean
value obtained during the first measurement decreased during the second
and third one but rose again during the fourth measurement.

According to these studies, application of TPN containing appropriately
balanced amounts of macro- and microelements may limit magnesium loss
and help to improve the patients’ condition after surgical intervention. This
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effect is ever more important as the aim of curative surgery for small intes-
tinal carcinoma is a complete resection of the neoplasm. In carcinomas with
adhesion to neighbouring organs, surgical procedure may turn into multivis-
ceral resection. Restitution of depressed serum magnesium postoperatively
may have specific benefits. Postoperative magnesium supplementation has
led to a significant reduction in cardiac dysrhythmias, improved postopera-
tive analgesia and inhibition of platelet-dependent thrombosis (SHIGA et al.
2004, SCHWARZ, NEVAREZ 2005).

Preparing appropriate TPN administrated just after the operation as well
as controlling the balance of liquids and electrolytes are important steps
also because of the risk of refeeding syndrome, which manifests itself by
a rapid decrease in concentrations of phosphates, magnesium and potassium
as well as fluid retention in the organism (HEARING 2004).

CONCLUSION

TPN is recommendable for patients with neoplastic disease and diag-
nosed malnutrition subjected to surgical intervention, who are unable to
swallow and absorb given food for a longer period. Thus, precise and accu-
rate calculations of the amount of administered parenteral nutrition are
mandatory. Our study has revealed that application of TPN, containing mag-
nesium, in patients operated both due to colorectal cancer and small intes-
tine cancer prevented decrease in the blood serum concentration of this
element below the physiological reference norm, which occurred in patients
receiving standard diet. In patients operated due to gastrointestinal cancer,
administration of parenteral nutrition is necessary even for a long time af-
ter the surgical intervention, and monitoring of the magnesium level in
these patients seems to be a requisite. Determination of the efficacy of Mg
supplementation if hypomagnesaemia occurs is likewise recommended.
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