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SUMMARY

Introduction: Potassium and magnesium are the two most abundant intra-cellular cations. They play pivotal roles in
many essential biological processes. Deficiencies of these electrolytes are of clinical importance in hospitalised pa-
tients.

Aim: To determine the relationship between serum total magnesium and potassium levels in adult patients requiring
an emergency intra-abdominal surgery and the clinical utility of this relationship in the care of patients.

Methods: A cross sectional study was conducted over a five month period at the Korle-Bu Teaching Hospital. All
101 adult patients admitted for emergency intra-abdominal surgery, who met the inclusion criteria and gave in-
formed consent, were consecutively recruited and enrolled into the study. Patients’ characteristics preoperative total
serum magnesium, serum potassium and albumin levels were determined. Regression analysis and correlation coef-
ficients were used to determine the relation between serum magnesium and potassium. Analysis was done using
SPSS version 20.

Results: Mean serum total magnesium and serum potassium were 0.66+0.20mmol/L and 3.794+0.65mmol/L respec-
tively. There was a significant but weak positive correlation between serum hypokalaemia and serum magnesium
levels. Pearson’s correlation coefficient (2 tailed) was 0.21, R*= 0.04, p = value 0.038. Analysis generated a regres-
sion model: [Mg] = 0.06[K] + 0.42mmol/L, with a p-value = 0.038.

Conclusion: A mathematical relationship was found between serum total magnesium and serum potassium among
adult patients who require emergency intra-abdominal surgery. However, it had limited clinical utility.
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INTRODUCTION

Potassium and magnesium are the two most abundant
intra-cellular cations in the body." They play vital roles
in the functioning of excitable tissues such as nerves,
skeletal muscle and cardiac muscle.” They also play
pivotal roles in many other essential biological process-
es such as cellular energy metabolism, cell replication
and protein synthesis.”* Whereas intracellular potassium
serves as a catalyst in a few enzymatic reactions, mag-
nesium serves as a co-factor in more than 300 enzymat-
ic reactions, most importantly those involved in the
formation and usage of adenosine triphosphate and nu-
cleic acid synthesis."”
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Deficiencies of these electrolytes are, however, not un-
common in hospitalised patients. Hypokalaemia has
been found in 6.7 - 20% of hospitalized patients™® ma-
jority being surgical patients. While magnesium defi-
ciency has been found in 7-11% of hospitalized pa-
tients’ but it may be as high as 65% in Intensive Care
patients.® Hypomagnesaemia and hypokalaemia have
both been associated with poor prognosis and increased
mortality in the acutely ill.”'*"" Hypokalaemia has been
found to be frequently associated with hypomagnesae-
mia. Forty-two to sixty-one percent of hypokalaemic
patients are also hypomagnesaemic.”
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Some studies have, however, found no correlation be-
tween serum magnesium levels and serum potassium
levels."”'* Whang et al described the phenomenon of
“refractory potassium repletion” which is the inability to
correct hypokalaemia in the presence of unrecognized
and continuing magnesium deficiency.'

Hypomagnesaemia like hypokalaemia may result in
muscular weakness and lethal cardiac dysrhythmias.
Furthermore hypomagnesaecamia could lead to altered
sensorium, tetany and seizures.'

Despite the impact of hypomagnesaemia on morbidity
and mortality of patients and of the effectiveness of po-
tassium replacement therapy, serum magnesium, unlike
serum potassium, is not routinely determined preopera-
tively at the Korle-Bu Teaching Hospital and most other
health facilities in Ghana. Additional cost implications
both for the institution and the patient may be a signifi-
cant contributory factor.

The aim of this study was to determine the relationship
between serum potassium and magnesium levels in
adult general surgical patients requiring an emergency
intra-abdominal surgery and whether serum potassium
levels can be used to predict serum total magnesium
levels in the clinical care of patients.

METHODS

A cross sectional study was conducted at the main sur-
gical theatre suite of the Korle-Bu Teaching Hospital
(KBTH), the largest tertiary health care facility in Gha-
na, between November 2012 and April 2013. The
KBTH has a bed capacity of 2000 and over 4000 staff.
On average 29,757 clients were seen monthly at the
outpatients with an average daily outpatient attendance
of 1500 and daily in-patient admissions of 150. On av-
erage 23 adult patients per month are admitted who re-
quire emergency intra-abdominal surgery at KBTH.

After approval by the institutional Ethical and Protocol
review Committee and clearance by Management, all
general surgical patients between the ages of 18-70
years, requiring emergency abdominal surgery, admitted
at KBTH who gave informed consent, were selected
consecutively and enrolled in the study. Pregnant wom-
en and patients with chronic kidney disease were ex-
cluded. All eligible patients attended to in the hospital
between November 2012 and April 2013 were recruited
consecutively i.e. all eligible patients were included in
the study.

In hospitalised patients, the prevalence of hypokalaemia

has been found to be up to 20% ® while that of hypo-
magnesaemia is between 7-11%.’
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For this cross sectional study, using the incidence of
hypomagnesaemia at the 95 % confidence level and
power of 90 %, a total of 101 patients were enrolled.

A structured questionnaire was used to collect socio-
demographic and medical data of the patients’, includ-
ing the definitive surgery done. A six (6) millilitre blood
sample was taken, into gel separator tubes without the
use of a tourniquet, just before induction of anaesthesia,
for the determination of the preoperative serum concen-
trations of magnesium and potassium.

Agitation or shaking of the whole blood was avoided to
prevent haemolysis of the sample. Samples were centri-
fuged at 5000 revolutions per minute (rpm) to obtain the
serum. All laboratory investigations were done at a sin-
gle site (i.e. the National Cardio-Thoracic Centre la-
boratory, of KBTH).

Serum total magnesium was determined by photometry
using xylidyl blue. Serum potassium concentration was
determined by direct ion selective method using an auto
analyzer (Starlyte™ V ISE, Alfa Wassermann, from
Diagnostic Technologies LLC, Netherlands). Serum
magnesium and albumin were determined using Eos
Bravo forte auto analyzer, from Hospitex Diagnostics,
Italy.

Serum potassium, magnesium and albumin levels were
categorised as hypokalaemia, hypomagnesaemia and
hypoalbuminaemia, respectively, if the serum levels
were below the reference range (table 2). Results were
categorised as normo-kalaemia, normo-magnesaemia
and normo-albuminaemia, when the values were within
the reference ranges. Values above the reference range
were categorised as hyperkalaemia, hypermagnesaemia
and hyperalbuminaemia for serum potassium, total se-
rum magnesium and albumin respectively.

About a third of serum magnesium is bound to proteins
especially albumin. Changes in serum albumin level,
therefore, may affect serum total magnesium concentra-
tion and this informed our decision to determine serum
albumin levels as well Serum potassium was determined
for 101 patients while serum total magnesium and al-
bumin were determined for 100 patients (due to inade-
quate samples in two different patients).

Data Handling

Data was treated with a high level of confidentiality.
Unique identifiers and codes were employed to de-
personify the participants and used for computer-based
data entry. In all cases, questionnaire and documenta-
tions were kept securely locked.
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Computerized records of the study were stored in pass-
word-protected files accessible to the lead investigator
only.

Data Analysis:

Patient’s characteristics and preoperative total serum
magnesium, serum potassium and albumin levels in
patients were determined using simple descriptive statis-
tics (frequency, proportion and ratio) and means +
standard deviations. Chi square was used for
comparison of categorical variables and Pearson’s
correlation was used to assess relationship between
continuous variables. Logistic regression was used to
describe the relationship between serum potassium and
magnesium at the 95% confidence level (p-value of <
0.05). Data was captured using Microsoft Access 2007
Database. Analysis was done with Statistical Package
for the Social Sciences (SPSS) software version 20.0.

Ethical considerations:

The Ethical and Protocol Review Committee of the
University of Ghana Medical School approved the
study. The study also received clearance from the Man-
agement of the Korle-Bu Teaching Hospital and Heads
of Clinical units where the study was conducted.

RESULTS

A total of 101 patients were enrolled in the study with a
mean age of 42.75 + 15.67 years and female: male ratio
of 1: 1.55.

Table 1 Distribution of emergency intra-abdominal
surgery done for patients.

deviation of serum potassium, magnesium and albumin
of patients in the Korle-Bu Teaching Hospital is as
shown in Table 2.

Table 2 Descriptive and reference range for serum po-
tassium, magnesium and albumin.

Mean + s.d Reference range
Potassium(mmol/L) 3.79 £ 0.65 35-50
Magnesium(mmol/L) 0.66 £0.20 0.74 - 1.03
Albumin(g/dl) 35.13 £8.09 36.0-52.0

Thirty-five patients representing 61.4%were normo-
kalaemic, 34.6% were hypokalaemic whilst 4% were
hyperkalaemic. Thirty per cent of patients had normal
magnesium levels. The prevalence of hypomagnesaemia
among the patients was 68.0%, while 2.0% were hy-
permagnesaemic. Forty-seven percent of patients were
hypoalbuminaemic and fifty-three percent had normal
serum albumin levels.

As shown in Table 3, only 16.2% of patients did not
have serum albumin or magnesium abnormalities. Thir-
ty-five percent of the patients were hypomagnesaemic
but had normal serum albumin. 14.1% of patients had
low serum albumin but normal magnesium levels. There
was no association between magnesium status and al-
bumin status as depicted by a Chi square of 0.02 and a
p-value of 0.992.

Only 24.0% of patients did not have any abnormality in
the serum potassium or magnesium levels. Thirty-one
patients were both hypokalaemic and hypomagnesae-
mic. Of the 35 patients that were hypokalaemic, 31
(88.6%) were hypomagnesaemic. Of the 68 patients that

Frequency Percentage (%)

had hypomagnesaemia, 31 (45.5%) were hypokalaemic.

Definite surgeries

Obstructed/ strangulated hernia 25 24.7
repair

Appendicectomy 20 19.8
Resection and anastomosis of 14 13.9
bowel

Adhesiolysis 13 12.9
Closure of GIT perforation 8.9
Drainage of intra-abdominal 8 7.9
abscess + appendicectomy

Resection and anastomosis + 2 2.0
hernia repair

Others 10 9.9
Total 101 100.0

There was significant association between the potassium
status and magnesium status as depicted by Chi-square
0f 10.99, p-value = 0.027.

Serum potassium — magnesium relationship: There
was a significant positive correlation between serum
potassium and serum magnesium levels. Pearson’s cor-
relation coefficient (2 tailed) of 0.21, R*= 0.04, p = val-
ue 0.038 as shown in Figure 1.

_ X
On regression analysis, a model: Y _/30 +/31 was

The blood samples from two patients were found to be
inadequate and were thus excluded from laboratory
analysis. Hernia repair was the most frequent surgery
done, nearly a quarter of all the surgeries. Appendicec-
tomy was 19.6% of surgeries done, resection and anas-
tomosis of bowel (13.7%) and adhesiolysis (12.7%).

The standard chemistry reference range of the National
Cardio-Thoracic Centre laboratory, mean and standard
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obtained with an F-value of 4.43 and a p-value of 0.038.
Where, y = serum magnesium concentration [Mg], B 0

=042, /31= 0.06

% = serum potassium concentration [K]

The model thus yielded:
[Mg] = 0.06[K] + 0.42 mmol/L
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Table 3 Comparison of Magnesium, potassium and albumin status among patients

Magnesium status Total * value p- value
Normo Hypo Hyper and (df)
Albumin status Normo 16 (16.2) 35(35.4) 1(1.0) 52(52.5) 0.02 (2) 0.992
Hypo 14 (14.1) 32 (32.3) 1(1.0) 47(47.5)
Magnesium status by potassium status
Magnesium status Total 1’ value p- value
Normo Hypo Hyper and (df)
Potassium status Normo 24 (24.0) 35 (35.0) 2(2.0) 61 (61.0) 10.99 (4) 0.027
Hypo 4 (4.0) 31(31.0) 0(0.0) 35(35.0)
Hyper 2(2.0) 2(2.0) 0(0.0) 4(4.0)
Total 30 (30.0) 68 (68.0) 2 (2.0) 100 (100.0)
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Figure 1 Correlation between serum potassium and serum total magnesium levels

DISCUSSION

The results indicated that there was a mathematical rela-
tionship between serum total magnesium and serum
potassium. However, the clinical utility of this model
was limited. The prevalence of hypokalaemia from the
study was found to be 34.6%. Of the patients found to
be hypokalaemic, as many as 88.6% had associated hy-
pomagnesaemia. This was much higher than the 42-
61% reported in the literature. '> In addition, the analy-
sis showed a significant association between the potas-
sium status and magnesium status. A significant but
weak positive correlation was found between serum
total magnesium and serum potassium levels [Pearson’s
correlation coefficient (2 tailed) = 0.021] similar to the
findings of Boyd and co-workers. °

81

Investigating this relationship further, a regression mod-
el was obtained:

[Mg] = 0.06[K] + 0.42mmol/L, with a p-value = 0.038.

The regression model may not be clinically useful be-
cause inputting the reference range for potassium (3.5 —
5.0mmol/L) yields an expected reference range of 0.63
— 0.72mmol/L for magnesium.

This implies that all normo-kalaemic patients would be
predicted as being hypomagnesaemic and only when a
patient has a hyperkalaemia of above 5.3mmol/L would
the model predict normal magnesium level.
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Thus despite the statistical significance, the regression
model would not be clinically useful. This may be due
to the wide scatter of the points around the line of best
fit in the correlation graph (figure 1) and the R* value of
0.04 obtained. This implies serum potassium levels may
account for only 4% in the variability of serum total
magnesium levels. Hence it would be difficult to predict
serum total magnesium levels using only serum potassi-
um levels.

Serum potassium level was however, found to have a
significant predictive value for hypomagnesaemia in
adult surgical patients requiring emergency intra-
abdominal surgery (p-value = 0.001), with an Odd’s
ratio of 9.21 and a confidence interval of 2.42 -35.09.

Magnesium plays an important role in electrolyte ho-
meostasis and hypomagnesaemia is known to be associ-
ated with other electrolyte imbalance especially hypoka-
laemia. Magnesium is necessary for the activation of
ion-ion /ATPase pumps which mediate the transfer of
ions across cell membranes. Reduced magnesium levels
leads to the impairment or reduced function of these
pumps. Intra-cellular hypomagnesaemia has been postu-
lated to lead to reduced functioning of the Na'-
K'/ATPase pump with resultant efflux of potassium into
extra-cellular fluid which is excreted in the urine.'®

There is also evidence that the ATP-dependent renal
outer medullary potassium (ROMK) channel in the dis-
tal tubules increases potassium secretion in the presence
of hypomagneaemia.'” The high prevalence of hypo-
magnesaemia may thus have contributed to the devel-
opment of hypokalaemia in adult general surgical pa-
tients who require emergency laparotomy. These factors
may have contributed to the relationship observed be-
tween serum potassium and magnesium. Less than half
of all hypomagnesaemic patients were also hypokalae-
mic.

Thus determining magnesium levels only among
hypokalaemic patients would risk missing majority of
the hypomagnesaemic patients. It would thus be prudent
to routinely test for magnesium in all adult patients who
require emergency laparotomy and not just in those who
are hypokalaemic.

Failure to detect and correct concomitant hypomag-
nesaemia may lead to refractory potassium repletion.'
Thus patients with both hypokalaemia and hypomag-
nesaemia, correcting the potassium alone would be dif-
ficult without correcting the associated magnesium defi-
ciency. Often symptoms of hypomagnesaemia are non-
specific > and may be attributed to the other electrolyte
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imbalances, especially hypokalaemia, which is a fre-
quent association.” Hypomagnesaemia should therefore
be suspected and corrected in hypokalaemic patients.

Magnesium is known to bind to proteins especially al-
bumin, therefore changes in serum albumin level may
affect serum total magnesium concentration. Similar to
findings of Koch,'® Huijgen," Chernow'’and their co-
workers, this study found no correlation between serum
total magnesium and serum albumin. It is thus not pos-
sible to calculate serum total magnesium using serum
albumin levels.

The analysis of the relationship between serum albumin
and magnesium indicated that serum albumin levels
ranged from 14.7mg/dl to 54.4mg/dl. The three lowest
albumin values were obtained in: two patients with ob-
structed / strangulated hernia with a strong history of
alcohol abuse (consuming more than 40 units of alcohol
per week) and a patient with intestinal obstruction sec-
ondary to an advanced colonic tumour with liver metas-
tasis. Liver dysfunction secondary to metastatic liver
disease and alcoholic liver damage may probably ac-
count for the low serum albumin levels in these patients.

Cases frequently associated with electrolyte abnormali-
ties such as gastro-intestinal perforations, intra-
abdominal abscesses and those requiring resection and
anastomosis were in the minority in this study. This
could have adversely impacted on the results of the
study. The analysis measured and used total serum
magnesium and not the metabolically active ionised
magnesium which may perhaps be more related to ion-
ised potassium. The methods for assessing ionised mag-
nesium were not readily available. This constituted a
limitation and further studies may be required.

CONCLUSIONS

There was a significant but weak positive correlation
between serum potassium and magnesium levels in pa-
tients who required emergency intra-abdominal surgery.
The mathematical relationship found between serum
total magnesium and serum potassium, however, had
limited clinical utility. Serum total magnesium levels
cannot therefore be predicted solely by serum potassium
levels.

Routine determination of total serum magnesium levels
and correction of abnormalities may be necessary to
prevent morbidity and mortality associated with hypo-
magnesaemia in patients who require emergency intra-
abdominal surgery.

Since the methods for assessing ionised magnesium
were not readily available and could have adversely
impacted the results, further studies may be required.
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