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Abstract. The present study describes the case of a 71-year-
old male patient with hypocalcemia, hypomagnesemia and 
hypokalemia. Following infusion therapy, the serum calcium 
and serum magnesium levels were normalized. Conversely, 
serum potassium did not respond to the infusion therapy, with 
the progressive reduction of the serum concentration, in spite 
of the high dose of potassium infusion. Although unusual, the 
present study analyzed how infusion treatment affects kalemia. 
The present study used, over time, the measurements of vari-
ables on a single patient as ‘cases’ and the set of measurements 
of the patient himself (single patient) as a ‘cohort’. One patient 
can be considered as one single cluster; thus, the independence 
assumption is not violated. The present study quantitatively 
analyzed the effect of one or more treatments and in finding 
unknown causes that may influence the therapeutic response, 
particularly in situations with a paradoxical response. Thus, 
it was found that only potassium canreonate was related 
to an increase in kalemia (β=0.03, P<0.01). Based on this 
finding, together with the low aldosterone concentration in 
hypokalemia, an apparent excess of mineral corticoids was 
assumed.

Introduction

Rare diseases, identified as an incidence of <5 out of 100,000 
individuals, are difficult to diagnose and treat. An unknown 
response to treatment can often manifest in such cases. The 
analysis of the responsiveness to therapy could aid in the 

understanding of these uncommon diseases. Etiological studies 
allow us to associate some risk factors to a specific outcome, 
including the differential response to treatment, and regression 
analysis computes the slope of this association. Linear regres-
sion is subjected to the assumption of independence, where 
each case should be not related to a cluster, such as repeated 
measures (1). This assumption does not exclude the analysis 
of repeated measures when all the analyzed measures refer to 
one patient, as in this case, the patients represents the cohort 
and the measures represent the cases. Repeated measures are 
analyzed through mixed models, which relax the independence 
assumption and take into account more complex grouped or 
clustered data. Similar to a single center study, where a single 
center represents one cluster and this analysis does not need to 
be analyzed for repeated measures, a single patient represents 
a cluster in which all the measures do not depend from the 
independence assumption. Indeed, adding the patient as a 
random variable in the mixed model, would not change the 
results due to this being a constant. Each patient has a different 
response to one therapy and sometimes, mostly in uncommon 
diseases, this response is not clear. For this reason, the present 
study describes the case of a patient with hypocalcemia, hypo-
magnesemia and hypokalemia. It also presents a statistical 
approach using a single patient which may help solve the not 
understandable physio-pathological pathways.

Case report

A 71-year-old male patient presented with paresthesia and 
motor deficits in all four limbs, at the University Hospital 
‘G. Martino’ of Messina. The results tests for hemato-
chemical parameters revealed metabolic alkalosis and severe 
hypokalemia-hypocalcemia-hypomagnesemia, for which 
infusion therapy with calcium gluconate (2 g/die i.v.) and 
magnesium sulfate (2 g/die i.v.) was necessary, in order to 
achieve the normalization of serum magnesium and calcium 
levels. However, the severe hypokalemia persisted, despite the 
progressive increase in potassium chloride (KCl) supplemen-
tation up to 120 mEq/day. Each administration was performed 
with a speed between 40 and 200 ml/h. Potassium, calcium 
and magnesium were administered in different periods of the 
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day. Serum potassium levels were measured at the central 
laboratory of the aforementioned hospital, in the morning 
with a sample obtained via the peripheral vein. The urinary 
potassium/creatinine ratio >1.5 mmol/mmol excluded extra-
renal loss, for which the hypothesis of hyperaldosteronism 
was posed. This hypothesis was rejected based on a serum 
concentration of aldosterone <15  pg/ml, repeated several 
times during the week, without alterations in renin, cortisol, 
adrenocorticotropic hormone (ACTH) and dehydroepiandros-
terone-sulfate (DHEA-S). Upon the suspicion of an apparent 
mineralcorticoid excess (AME), as described in the study 
by Monnens and Levtchenko (2), potassium canreonate was 
added in increasing doses up to 400 mg/day, with the gradual 
normalization of kalemia observed.

The lack of response to the intravenous potassium supple-
ment led the authors to perform a statistical analysis to 
evaluate the impact of the therapy on kalemia, in an attempt 
to identify possible confounders that could explain the lack 
of a therapeutic response. The serum potassium concentra-
tion was considered as an outcome and the dose of potassium 
canreonate administered in the previous 48 h (according to 
the mechanism of action of the canreonate), the amount of 
daily KCl administered in the 24 h preceding the kalemia 
dosage, and, similarly to the latter, the quantity of NaCL0.9% 
physiological solution, as independent variables.

To perform the statistical analysis, the distribution of 
each variable was evaluated using the Kolmogorov Smirnov 
test and graphical evaluation of the distributions. Thus, 
linear regression models were performed using kalemia as 
dependent variables, and NaCl 0.9% (l/die), KCl infusion 
(mmol/die) and potassium canreonate (mg/die) as indepen-
dent variables, in univariate and multivariate models. The 
analysis revealed a statistically significant positive asso-
ciation between serum potassium and potassium canreonate 
(β=4.3x10-3, P<0.05) (Fig. 1), contrary to the association 
between kalemia and KCl infusion (mmol/day) and NaCl0.9% 
(l/day), which exhibited a negative association (β=-1x10-2, 
P<0.05 and β=-4.98x10-4, P<0.05, respectively) (Figs. 2 and 
3). All these three were added in a multivariate model, and 
only potassium canreonate was found to have a significant 
impact (β=0.03, P<0.01), whereas no significant associations 
were found with potassium infusion (β=-0.004, P=0.28) and 
NaCl infusion (β=1.2x10-4, P=0.38). The adjusted impact 
of potassium canreonate is presented in Fig. 4. Thus, only 
potassium carneonate significantly affected kalemia. This 
may be explained by the highest association between NaCl 
infusion and K infusion, related with a Pearson's coefficient 
of 0.68 (P<0.01). These results demonstrated that neither 
NaCl infusion nor KCl infusion affected kalemia in this 
patient, conversely to potassium canreonate.

The literature reports association between AME and some 
glomerulonephritis, such as IgA nephropathy (IgAN) and 
focal and segmental glomerulosclerosis (3).

Discussion

Aldosterone-related diseases. Aldosterone is a steroid 
hormone synthesized in the glomerular part of the adrenal 
gland that acts on the mineralocorticoid receptor (MR) by 
increasing the reabsorption of sodium and the excretion of 

potassium at the level of the collecting tubule. It also activates 
Na/K pumps in myocardial cells (PKC), probably without 
interaction with MR and, through Na/H pumps, activates 
MAPKs and modulates intracellular Ca2+. Its dysregulation 
causes two pathological features: Hypoaldosteronism and 
hyperaldosteronism (4).

Hypoaldosteronism is a condition caused by a serum 
aldosterone concentration <15 pg/ml. It may occur due to 
the impaired surrealist gland function, with a high ACTH 
level to compensate this gap, or a reduced central ACTH 
secretion, which does not stimulate hormone secretion (5). 
The clinical manifestations often include arterial hypoten-
sion, hyponatremia and hyperkalemia. It may be related to 
a low renin production, causing hyporeninemic hypoaldo-
steronism (6). Conversely, the excess serum concentration 
of aldosterone causes hypernatremia with hypokalemia and 
hypertension (5). However, a similar clinical manifestation 
may be due to a defective receptor function, which impairs or 
improves aldosterone function.

Cortisol is a glucocorticoid hormone with an affinity 
for MRs, such as aldosterone; however, its concentration 
in plasma is 100-fold greater than aldosterone. The enzyme 
11β-hydroxysteroid dehydrogenase type 2 (11β-HSD2) is 
expressed in the distal nephron and collecting duct, and 
metabolizes cortisol to cortisone, which does not affect 
MR. HSD2 deficiency results in the reduced inactivation of 
cortisol, with a high ratio of urinary tetrahydrocortisol to 
tetrahydrocortisone (7,8). Other enzymes, including HSD1, 
20β-oxidoreductase, 6β-hydroxylase, 5β-reductase, 
5α6-reductase and 3α-HSD affect the metabolism of 
cortisol (9).

Hyperaldosteronism, but with low or normal serum 
concentrations of aldosterone, is observed in pseudo-
hyperaldosteronism (Liddle's syndrome or other receptor 
genetic mutations) and the syndrome of an apparent excess of 
mineralocorticoids (11β-HSD2 defect).

AME. In AME, the enzyme, 11β-HSD2, co-expressed in 
the kidneys with the MR, plays a critical role: Cortisone is 
converted from cortisol, as its inactive metabolite. In the case 
of AME, mutations in the 11β-HSD2 gene result in a lack of 
the enzyme with consequent failure to metabolize the cortisol 
that binds to MRI and causes sodium, hypokalemia, the 
suppression of Plasmatic renin activity (PRA) and hyperten-
sion. AME is a genetic disease, but several exogenous factors 
can determine the function of the 11β-HSD2 enzyme.

The inhibition of the 11β-HSD2 gene can also be caused 
by the ingestion of bioflavonoids, licorice and carbenoxolone; 
thus, a correct medical history is critical for a good differen-
tial diagnosis. Furthermore, some studies have documented 
an association between the reduction of 11β-HSD2 activity 
with preeclampsia in renal disease and liver cirrhosis (due to 
increased sodium retention) and with Cushing's syndrome, 
due to enzyme saturation, excess of corticoid minerals and 
ectopic ACTH production  (3). In the latter case, it is the 
excess substrate that overwhelms the conversion capacity 
of 11β-HSD2. Furthermore, the reduced expression of 
11β-HSD2 can already manifest itself at the placental level 
with the reduction of birth weight and hypertension in 
adults (10).
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In 2006, the study by Sechi et al found a more rapid progres-
sion of chronic kidney disease and a higher albumin/creatinine 
ratio in urine in patients with primary aldosteronism (11). 
Similar result were shown in the systematic review of 2020 (12).

It is not yet clear whether the cause of this worsening is 
due to the concentration of aldosterone itself or the activa-
tion of its receptor. In this regard, the research published by 
Bantis et al (3,13) in 2011 revealed an association between the 
aldosterone receptor C-344T polymorphism and the progres-
sion of renal disease in patients with IgAN and focal and 
segmental glomerulosclerosis, probably due to the interaction 
with the MAPK system.

In the present study, statistics was only a tool for providing 
an answer, and a clinical explanation is warranted. The analysis 
revealed a negative association between kalemia and KCl infu-
sion, as well as between kalemia and NaCl infusion. KCl doses 
could be considered both as a confounding factor by indication, 
on account of the higher prescribed doses in lower kalemia. The 
positive association between KCl and NaCl infusions may be 
explained by the administration of KCl with NaCl. Thus, the 

KCl doses were strongly related to the NaCl doses, that could 
affect the negative association revealed at the univariate regres-
sion. Indeed, at the multivariate model, their association lost the 
significance. Thus, the negative association between KCl and 
kalemia may be explained by these two mechanisms.

As regards the association between NaCL and kalemia, the 
reduction in serum potassium levels related to higher doses 
of NaCl may be due to the probable effect of the increase 
in the tubular flow of sodium on the kir1.1 channels, which 
increases potassium excretion, in accordance with the findings 
of Palmer and Clegg (14). This mechanism is known as the 
aldosterone paradox, and allows for the compensation of light 
hormonal variation, ensuring potassium homeostasis.

The effect of potassium canreonate on the augmentation of 
kalemia was confirmed by multivariate analysis in our analysis 
as the only variable related to the kalemia, highlighting the 
hyperstimulation of the MR.

Figure 1. Impact of the administration of potassium canreonate on serum 
potassium.

Figure 2. Impact of the administration of intavenous KCl on serum potas-
sium.

Figure 3. Impact of the administration of intavenous NaCl 0.9% on serum 
potassium.

Figure 4. Adjusted impact of the administration of potassium canreonate on 
serum potassium.
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The main limitations of the present study are represented 
by the possible unknown diseases, due to the worse compli-
ance of the patient, and by the ‘observational design’ of the 
study. However, this may allow us to improve the diagnosis 
of AME and its consequent possible association with the 
diagnosis of IgAN.

In conclusion, as demonstrated in the present study, 
although unusual, conceiving over time the measurements of 
variables on a single patient as ‘cases’ and the set of measure-
ments of the patient himself (single patient) as a ‘cohort’ may 
be an aid in quantitatively analyzing the impact of one or 
more treatments and in identifying unknown causes that may 
influence the therapeutic response, particularly in cases with a 
paradoxical response.
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