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Abstract

Introduction: Electrolyte’s profile in non-acidosis diabetic ketosis is poorly specified. We aimed to
determine the nature of diabetic ketosis decompensations as well as the profile of kalemia and
factors associated with its disorders at diagnosis of acidosis compared to non-acidosis diabetic
ketosis. Methods: The study was retrospective from 1 January 2010 to 31 December 2011 in Yalgado
Ouédraogo teaching hospital. Diabetic in-patients suffering from simple ketosis, keto-acidosis or
mixed decompensation, who achieved blood electrolytes assessment before intensive insulin
therapy were included. Results: Sixty two patients were studied. The sex ratio was 0.7 and the
mean age was 41.7 years. Keto-acidosis, simple ketosis and mixed decompensation were diag-
nosed respectively in 18 (29%), 32 (51.6%) and 12 (19.4%) patients. Kalemia was normal in 42
(67.7%), while hypokalemia and hyperkalemia were reported respectively in 11 (17.8%) and 9
(14.5%) patients. Kalemia was often normal in all types of ketosis decompensation and disorders
of kalemia occurred more in patients with keto-acidosis (50%) than those with simple ketosis
(21.9%); p = 0.04. Renal failure was diagnosed in 10 patients (50%) with and 2 (4.8%) without
kalemia’s disorders; p = 0.0001. Seven patients (35%) with and 4 (9.5%) without kalemia’s dis-
orders suffered from unconsciousness; p = 0.02. It happens more in hyperkalemia (44.4%) than in
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normal kalemia condition (9.5%); p = 0.02. Conclusion: If kalemia is often normal in all types of
diabetic ketosis emergencies, hypokalemia is the most initial frequent potassium disorder.
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1. Introduction

Hyperglycemic emergencies are acute life-threatening disorders [1]-[4]. Among these emergencies, diabetic ke-
toses are hyperglycemic states with an increase in ketogenesis (acetoacetate and beta-hydroxybutyrate) resulting
from a severe deficiency of insulin and high levels of hormones that oppose the effects of insulin, particularly
glucagon. Depending on the stage of diagnosis and the content in ketone bodies, diabetic ketosis initially con-
sists of a simple ketosis, and in the lack of an adequate management, it leads to ketoacidosis and sometimes to
clinical forms combining hyperosmolarity. These emergencies are common and pejorative in low-income coun-
tries because of social, economic and medical barriers to their prevention, their early diagnosis and their treat-
ment. So, hyperglycemic emergencies are the leading cause of diabetic patients’ hospitalization and diabetes-
related death in Nigeria [5]. The poor prognosis is partly correlated to various electrolytes disorders. Among
these, potassium’s disorders (occurring at diagnosis and/or during the intensive insulin therapy) are deleterious
because of cardiac, neurogical and muscular dysfunctions they cause; these troubles are an obsession during the
management of hyperglycemic emergencies. Potassium’s disorders result from modifications in cellular ex-
changes and renal excretion of potassium in acid-base imbalance, severe insulin openia and renal failure condi-
tions during these emergencies, as well as intensive insulin supply [6]-[9]. According to pathophysiological
mechanisms, hyperkalemia is the common expected profile of kalemia at diagnosis of ketoacidosis. But, diabetic
ketosis emergencies present phenotypes devoid of acidosis (simple diabetic ketosis decompensation). Studies
don’t address electrolytes disorders in these clinical forms increasingly reported in type 2 ketosis prone diabetes,
a type 2 diabetes whose pathogenesis is nowadays unclear [10] [11]. Are electrolytes disorders similar to what
are observed in keto-acidosis? We compared the profile of kalemia in different types of diabetic ketosis and in-
vestigated factors associated with its disorders. Findings could help to an efficient management of potassium’s
supplementation during the initial care of these metabolic emergencies, especially those without acidosis in
Ouagadougou.

2. Patients and Methods
2.1. Design of the Study

The study was retrospective from 1 January 2010 to 31 December 2011 in the department of Internal Medicine,
Yalgado Ouédraogo teaching hospital (CHUYO).

2.2. Patient’s Selection

In-patients suffering from simple diabetic ketosis, keto-acidosis or mixed decompensation, who achieved blood
electrolytes assessment before the beginning of intensive insulin therapy, were included. Those who reported
treatments disturbing kalemia or a previous renal failure were not included.

2.3. Patient’s Evaluation

We diagnosed simple ketosis as glycemia > 13.5 mmol/l, glucosuria > +++, ketonuria > ++ and alkaline re-
serve > 15 mmol/l; keto-acidosis as glycemia > 13.5 mmol/l, glucosuria > +++, ketonuria > ++ and alkaline re-
serve < 15 mmol/l and mixed decompensation as keto-acidosis criteria + plasma osmolarity > 330 mOsm/l. Hy-
pokalemia or hyperkalemia were severe for values <2 mmol/l or > 7 mmol/l. Electrocardiogram was not availa-
ble for any patient. Biochimical analyses were performed using an automatic biochemistry analyzer Architect c
4000 (Abbott) to dose glycemia, kalemia and alkaline reserve and Keto-Diastix reagent strips (Bayer) to meas-

ure glucosuria and ketonuria.
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2.4. Ethical Considerations

The institutional committee has approved the study. For this retrospective study, no nominative data were col-
lected and data’s confidentiality was monitored during the study.

2.5. Statistical Considerations

Data were collected from a questionnaire specifying the epidemiological characteristics of diabetes, phenotypes
of ketosis decompensation, value of kalemia, factors associated with different level of kalemia. Analysis was by
Fisher’s tests to compare qualitative variables and Student’s test to compare quantitative variables. A p value of
less than 0.05 was significant.

3. Results
3.1. Epidemiological Features of Diabetes

Ninety patients were hospitalized with ketosis decompensation. Sixty two (68.9%) fulfilled criteria for inclusion:
26 (41.9%) males and 36 (58.1%) females; sex ratio 0.7. Their mean age was 41.7 + 15.3 years (limits: 11 - 80).
Diabetes was newly diagnosed in 30 (48.4%) patients. It was type 1 in 19 (30.6%) and type 2 in 42 (67.7%) pa-
tients.

3.2. Phenotypes of Ketosis Decompensation

Acidosis was reported in 30 (48.4%) patients: 18 (29%) keto-acidosis and 12 (19.4%) mixed decompensation.
Ketosis was simple in 32 (51.6%). Glycemia on admission was 22.2 + 7 mmol/l (limits: 14 and 49). Symptom’s
duration was 15 £ 10 days (limits: 2 and 38). Table 1 reports the demographic characteristics and the average
glycemia of patients according to the phenotype of diabetic ketosis.

3.3. Profile of Kalemia and Factors Associated with Its Disorders

Kalemia was 4.3 £ 1.1 mmol/l (limits: 1.7 and 7.8). It was normal in 42 (67.7%), while hypokalemia was diag-
nosed in 11 (17.8%) and hyperkalemia in 9 (14.5%) patients. Hypokalemia and hyperkalemia were severe re-
spectively in 4 and 5 patients. Disorders were common in keto-acidosis (50%) than simple ketosis (21.9%); p =
0.04. Table 2 reports the frequency of different levels of kalemia according to the nature of diabetic ketosis.
Renal failure was diagnosed in 10 patients (50%) with and 2 (4.8%) without kalemia’s disorder; p = 0.0001. Ta-
ble 3 reports the factors associated with different levels of kalemia. Unconsciousness occurred in 7 patients

Table 1. Demographic characteristics and average blood glucose in patients according to the phenotype of diabetic ketosis.

Keto-acidosis Ketosis Mixed p value

Mean age 30.57 £ 11.50 44.93 + 14.89 4493 £15.35 0.006
Sex-ratio 0.27 0.77 1.28 0.001
Mean glycemia 27.92+4.99 20.53 £5.23 28.43 +8.03 0.000

Table 2. Frequency of different levels of kalemia depending on the phenotype of diabetic ketosis.

A = Keto-acidosis B = ketosis C = Mixed P

A-B=0.11
Hyperkalemia 4(22.2%) 2(6.2%) 3 (25%) A-C=0.59
B-C=0.11
A-B=025
Hypokalemia 5(27.8%) 5(15.6%) 1(8.3%) A-C=0.20
B-C=047
A-B=0.04
Normal kalemia 9 (50%) 25 (78.2%) 8 (66.7%) A-C=030

B-C=0.33



0. Guira et al.

Table 3. Factors associated with different levels of kalemia in the initial phase of diabetes ketosis emergency.

D=Hyperkalemia E=Hypokalemia F= Normal kalemia p

Digestive troubles D-E=0.53
Yes 4(44.4) 4(36.4) 12 (28.6) D-F=0.28

No 5(55.6) 7 (63.6) 30 (71.4) E-F=043
Dehydratation D-E=0.50
Yes 4(44.4) 6 (54.5) 10(23.8) D-F=0.19

No 5(55.6) 5(45.5) 32(76.2) E-F=0.05

Renal failure D—-E=0.03
Yes 7(77.8) 2(22.2) 2(4.8) D-F=0.00

No 2(22.2) 8(72.7) 40(95.2) E-F=0.05

(35%) with and 4 (9.5%) without disorder; p = 0.02. It was more frequent in hyperkalemia (44.4%) than normal
kalemia (9.5%); p = 0.02. One death occurred, related to an infectious shock.

4. Discussion

Simple ketosis was the most frequent ketosis emergencies phenotype (51.6%). Disorders of kalemia were in-
itially diagnosed in 32.3% patients and were associated with renal failure. Our findings are subject to a selection
bias relevant to the non-inclusion of a third of patients who didn’t achieve electrolytes assessment. Simple keto-
sis often corresponded to type 2 ketosis prone diabetes, confirming the significance of this type of diabetes in
black Africans [10] [11]. The frequency of mixed ketosis emergencies (19.4%) was less than the 30% and 33%
reported respectively in Australia (30%) and Rhode Island (33%) [1] [12], partly, because of differences in the
calculation of plasma osmolarity and the definition of hyperosmolarity [3] [12].

The average kalemia, i.e. 4.3 mmol/l was lower than findings in an U.S. study, i.e. 5.55 mmol/l in males and
5.03 mmol/l in females [8]. In our study, kalemia was often normal in the initial phase of all types of diabetic
ketosis, especially in simple ketosis. Otherwise, hypokalemia was the common abnormality (17.8%). Authors
report this disorder in ketosis emergencies with a frequency ranged from 5.6% to 47% [2] [13] [14], and kalemia
sometimes can collapse below 2 mmol/l [13]. Because low normal or normal kalemia during these emergencies
result in an absolute depletion of potassium, the risk of iatrogenic hypokalemia prompt to delay the onset of in-
tensive insulin therapy as long as potassium is below 3.3 mmol/l [4] [15]. Given this, recommendations to em-
pirically defer when kalemia’s monitoring is unavailable supplements in potassium at least two hours after
starting intensive insulin therapy can be harmful for the majority of our patients with normal or low blood potas-
sium. Thus, assessment of kalemia is essential to an efficient and safety management in hyperglycemic emer-
gencies.

At diagnosis, hyperkalemia was unusual in ketosis emergencies and wasn’t more frequent in acidosis com-
pared to non-acidosis conditions. This implies for its pathogenesis other mechanisms than acidosis: the role of
ketone bodies was discussed, but to date is recalled in favor of major insulinopenia and renal failure [7]. The re-
lation between hyperkalemia and renal failure appears in our study, hyperkalemia resulting certainly from de-
crease in renal potassium loss and renal acidosis [2] [7] [8]. Moreover, hyperkalemia is classically expected in
keto-acidosis [4] [8]. This observation was not common in our patients (22.2%) and in Nigerian’s patients
(2.1%) [2], compared to 32% reported by Van Gal [9]. In developing countries, medical care is often tardy and
hyperkalemia can be canceled because of significant urinary potassium loss secondary to massive glucosuria. In
our observation, unconsciousness was rather common in hyperkalemia. Renal failure could through uremic en-
cephalopathy be a promoting factor of these neurological anomalies in patients. Cerebral dysfunction consecu-
tive to hypokalemia has been described in a diabetic patient [16].

5. Conclusion

Potassium’s disorders could occur in all type of diabetic ketosis emergencies. But, despite expectations, kalemia
is often normal, otherwise hypokalemia is the most frequent disorder in simple ketosis and keto-acidosis emer-
gencies in our patients. Initial empiric management of potassium supplementation without kalemia’s status ac-
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cording to some recommendations can be deleterious in these circumstances. This justifies the necessity of elec-
trolytes assessment for a successful and safety management of hyperglycemic emergencies. Prevention of these
diabetic emergencies by improving access to diabetes care and strengthening the therapeutic education must be
the final goal, particularly in low-income countries where their management is difficult.
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