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Abstract

Background: Severe hypoglycemia is a lifethreatening iatrogenic complication
in the management of diabetic ketoacidosis, however, few studies have de-
scribed how often this complication occurs. Objective: To identify the risk
factors for severe hypoglycemia in children treated for diabetic ketoacidosis
and to describe the sociodemographic, clinical characteristics and outcome of
these children. Methods: From January 2013 to December 2017, 69 children
admitted to pediatric intensive care unit with a diagnosis of diabetic ketoaci-
dosis were enrolled in a retrospective and prospective study. Data of children
with and without severe hypoglycemia were compared. Data were analyzed
using Epi Info 7.1.5.0. Results: Out of 69 children enrolled, 10 (14.5%) had
severe hypoglycemia (girls: 60%, median age 144 months (interquartile range,
108 - 168 months)). Episodes of severe hypoglycemia occurred during the
first 48 hours of hospitalization in 8 (80%) children and during the late night
shift in 6 (60%) children. Causes of severe hypoglycemia were: excessive insu-
lin dose (60%), inappropriate infusion solution (70%), failure to properly
monitor blood glucose levels (40%). Severe hypoglycemia risk factors were:
age < 5 years (p = 0.00004; OR = 42.0 [95% CI: 6.3 - 279]) and severe malnu-
trition (p = 0.002; OR = 10.9 [95% CI: 2.4 - 48.6]). Of 8 (11.6%) children died,
4 had severe hypoglycemia (p = 0.01; OR = 8.8 [95% CI, 1.7 - 44.8]). Conclu-
sion: The importance and severity of severe hypoglycemia require preventive
measures to control risk factors.
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1. Introduction

Diabetic ketoacidosis is a common and severe medical complication seen in di-
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abetic children. Its frequency varies from 15% to 70% depending on regions and
countries and in The Republic of Congo, it is 30% to 79% [1] [2] [3]. Despite
steady improvements in patients care, diabetic ketoacidosis remains a major
cause of morbidity and mortality in diabetic children, especially in Africa [3] [4].

Severe hypoglycemia is often cited as one of diabetic ketoacidosis’s iatrogenic
complications that may contribute to the critical morbidity and mortality cited
above [5] [6]. However, not so many researches have been devoted to this condi-
tion and, the few data available are related to adults patients [7] [8]. Severe hy-
poglycemia in diabetic children is usually the result of excessive insulin supply
on one hand and, insufficient carbohydrates intake and/or inadequate coun-
ter-regulatory hormone response on the other hand. It has been mainly studied
in ambulatory settings [9] [10]. It is worth noting that, improved insulin quality,
the insulin therapy and state of the art blood glucose monitoring systems have
all contributed to a general decreased of its incidence worldwide [9]. These same
measures coupled with a timely glucose intake have shown the same effect on
the incidence of hypoglycemia during diabetic ketoacidosis [5] [11]. However,
some authors still report cases of hypoglycemia in children while in care for di-
abetic ketoacidosis, and sometimes in significant numbers [12] [13] [14]. Un-
fortunately, these studies do not provide enough information regarding severe
hypoglycemia; the fundamental reason is not well understood: One wonders if
the scarcity is lack of cases, under recording or rather a matter simple trivializa-
tion? In Brazzaville (Republic of Congo), a previous study of children treated for
diabetic ketoacidosis reported the frequency of severe hypoglycemia at 27.2%
[3]. Understanding factors associated with such a high frequency should help
implement measures and strategies that are geared toward improving the care of
Congolese children with diabetic ketoacidosis and consequently, reducing the
frequency of this condition.

The main purpose of this study was to identify the risk factors associated with
hypoglycemia in children treated for diabetic ketoacidosis and to determine the

sociodemographic, clinical, characteristics and outcome of these children.

2. Methods
2.1. Setting, Design and Population of Study

From January 2013 to December 2017, we conducted a retrospective and pros-
pective analytical study in the Pediatric Intensive Care Unit (PICU) of Universi-
ty Teaching Hospital (UTH) of Brazzaville.
Children hospitalized for diabetic ketoacidosis were systematically included.
Children with diabetic ketoacidosis who died upon admission and those
whose records did not provide sufficient information were excluded from the

study.

2.2. Study Procedures

Upon admission in the PICU, children received medical care follow the recom-
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mended protocols of the International Society for Pediatric and Adolescent Di-
abetes (ISPAD) [15] [16].

These protocols involve, a continuous intravenous insulin therapy at 0.05 - 0.1
Ul/kg/h, following at least 1 to 2 hours of fluid replacement therapy, an adjusted
insulin dosage correlating to patients’ blood glucose levels, a glucose supply
when blood glucose levels are between 14 - 17 mmol/L (2.5 - 3.0 g/L) or when
glucose level rapidly falls (>5 mmol/L/h), blood glucose readings on admission
and every hour during the period of intravenous insulin therapy. Blood glucose
monitoring was performed every 2 - 4 hours during subcutaneous insulin thera-
py-

Blood glucose measurements were performed using an Accuchek® brand of
capillary blood glucose monitors. A laboratory measurement of plasma glucose
was performed to confirm hypoglycemia cases diagnosed with the glucometer.
Patients’ families were the responsible for providing the accessories such as test
strips for blood glucose readings as well as the necessary medications.

For each child, data related to: sex, age, socio-economic status, personal and
family history of diabetes, nutritional status, level of consciousness assessed us-
ing the Glasgow coma scale [17], blood glucose readings on admission and dur-
ing hospitalization, insulin dosage administered on admission and during hos-
pitalization, type intra venous (IV) fluids used , the outcome (discharge, death),
were all collected using a standardized pre-established survey form by way of in-
terviewing the parents/legal guardians and the child him/herself when possible

and from medical records.

2.3. Operational Definitions

Diabetic Ketoacidosis was diagnosed using standard definitions [16].
Hypoglycemia [18]:

v" Clinical hypoglycemia alert: was defined as a blood glucose value < 3.9
mmol/L (0.7 g/L).

v" Clinically critical or serious hypoglycemia: blood glucose value < 3 mmol/L
(0.54 g/L).

v" Severe hypoglycemia: hypoglycaemic event leading to neurocognitive im-
pairments, loss of consciousness or seizure unrelated to another cause. And
in the case of neurocognitive disorders related to another cause, blood glu-

cose value < 2.75 mmol/L (0.5 g/L) was used to define severe hypoglycemia.

2.4. Statistical Analysis

Data were collected, processed and analyzed using the software Epi Info 7.1.5.0.
The quantitative variables were expressed as mean + standard deviation or me-
dian and interquartile range (IQR). The qualitative variables were expressed as
percentages. The number of each variable was also specified. To identify the risk
factors for severe hypoglycemia, we performed a univariate analysis, since the
small sample of children with severe hypoglycemia did not allow for a multiva-

riate analysis. The comparison of percentages was performed using the inde-
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pendence chi square test or the Fischer test (when at least one of the theoretical
numbers was less than 5) and the odds ratio. The comparison of means was car-
ried out using the Analysis of Variance (ANOVA) or with the Mann Whit-
ney-Wilcoxon test. The significance level was set at 5% and the confidence in-
terval at 95%.

2.5. Ethical Considerations

For each child an informed consent was obtained from parents or legal guar-
dians. The study was conducted in compliance with the Helsinki Declaration

and approved by the National Committee of Ethics in Health Sciences.

3. Results
3.1. Characteristics of the Study Population

During the study period, a total of 8860 children were hospitalized, and admitted
to the PICU. Among them 74 were hospitalized for ketoacidosis, 5 were ex-
cluded because they did not fulfil the required criteria (2 died upon arrival and 3
had incomplete files), therefore, 69 were selected for our study. There were 46
girls (66.7%) and 23 boys (33.3%), the median age of the study population was
144 months (IQR, 108 - 168 months). Mean blood glucose on admission was
26.4 mmol/L + 5.2 (extreme, 14.9 and 35.8).

Twenty-six (37.7%) children had hypoglycemia, among them 17 (24.6%) had
clinical hypoglycemia alert, 13 (18.6%) clinically important hypoglycemia and 10
(14.5%) severe hypoglycemia; some children had different types of hypoglyce-

mia.

3.2. Severe Hypoglycemia

Among the 10 children with severe hypoglycemia, 70% were female. The female
to male ratio was 1.1, children aged under 5 years represented 60% of cases; So-
ciodemographic, clinical and paraclinical characteristics of children hospitalized
for diabetic ketoacidosis according to the presence or absence of severe hypog-
lycemia are shown in Table 1.

The mean blood glucose level during the episodes of severe hypoglycemia was
2.1 mmol/L + 0.44 (extremes: 1.1 and 2.5).

Eight children (80%) presented episodes of severe hypoglycemia during the
first 48 hours of hospitalization and while on insulin infusion.

Episodes of severe hypoglycemia occurred in 6 children (60%) during the late
night shift (between 12:00 AM and 4:00 AM), in 2 at the end of the day shift
(between 6:00 PM - 7 PM) and 2 in the morning shift (between 7:00 AM and
11:00 AM).

Neurocognitive signs manifested during episodes of severe hypoglycemia were
uniquely related consciousness status: Glasgow score at 12 and 13 (n = 7), Glas-
gow score at 10 (n = 2) and Glasgow score at 6 (n = 1).

The identified causes that contributed to the severe hypoglycemia were: Non

adjusted infusion solution or insulin posology to blood glucose respectively 7
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Table 1. Sociodemographic, clinical and paraclinical characteristics of children hospita-
lized for diabetic ketoacidosis according to the presence or absence of severe hypoglyce-
mia.

S
Characteristics evere . OR[95% CI] P-value
hypoglycemia
No Yes
n=>59 n=10
Median age (months) [IQR] 156 [138 - 186] 36 [12 - 134] 0.0006*
Gender
39(66.1) 7 (70.0)
Female
20 (33.9) 3 (30.0) 0.8 [0.19 - 3.5] 0.8
Male
SES
High 5 (8.5) 0(0.0)
Middle 22 (37.3) 1(10.0) 0.2 [0.01 - 1.4] 0.06
Low 32 (54.2) 9 (90.0)
Personal history of diabetes
No 35 (59.3) 9 (90.0)
0.1 [0.01 - 1.36] 0.06
Yes 24 (40.7) 1(10.0)
Severe malnutrition
No 51 (86.4) 4 (40.0)
9.5[22-41.5]  0.003*
Yes 8 (13.6) 6 (60.0)
GCS<11
No 41 (69.5) 7 (70.0)
0.9 [0.2 - 4.2] 0.9
Yes 18 (30.5) 3(30.0)
Mean blood glucose on
28.6+7.1 31.3+7.1 0.4

admission £ SD

OR: odds ratio; CI confidence interval; /QR: intervalle interquartile; SES: socioeconomic status; GCS:
Glasgow coma scale; SD: standard deviation; *: difference statistically significant.

(70%) and 6 (60%) children, last but not least, the failure to properly monitor
blood glucose levels in 4 children (40%).

3.3. Severe Hypoglycemia Risk Factors (Table 2)

Severe hypoglycemia risk factors were: age < 5 years (p = 0.00004; OR = 42.0 [IC:
6.3 - 279]) and severe malnutrition (p = 0.002; OR = 10.9 [IC: 2.4 - 48.6]).

3.4. Outcome

The median duration of hospital stay was 7 days [IQR, 4.5 - 10.5] in children
who did not have severe hypoglycemia and 6 days [IQR, 6 - 12] in those who
presented the condition (p = 0.9). Of 69 children, 61 (88.4%) survived and 8
(11.6%) died. Four of the 8 deceased children had severe hypoglycemia (p = 0.01;
OR =8.8 [IC, 1.7 - 44.8]).

The causes of death were: shock (n = 4), cerebral edema (n = 2), severe hy-

poglycemia (n = 1) and severe hypokalemia (n = 1).

4. Discussion

This study, a first of its kind in Congo, allowed us to determine the incidence of

severe hypoglycemia in children treated for ketoacidosis and to identify the
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Table 2. Risk factors of severe hypoglycemia.

Characteristics Severe hypoglycemia OR [95% CI] P-value
No Yes
n=>59 n=10
Age < 5ans
Yes 2 6

42.0 [IC: 6.3 - 279] 0.00004*
No 56

Severe malnutrition

No 51(86.4) 4(40.0)
9.5 [2.2 - 41.5] 0.003*
Yes 8 (13.6) 6 (60.0)
GCS <11
No 41 (69.5) 7 (70.0)
9[0.2-4.2 :
Yes 18 (30.5) 3 (30.0) 090 ] 09

associated risk factors. The incidence (14.5%) observed in this work is lower
than that (27.2%) reported in a previous study [3], nevertheless, it is still too
high for such a serious and easily avoidable complication. The decrease in the
incidence recorded in this work can be attributed to an improved care and
management of these children. The worldwide incidence of severe hypoglycemia
in children treated for ketoacidosis is poorly known because the condition has
not been widely studied. The few studies that reported cases of hypoglycemia in
children treated for ketoacidosis used different definitions and often did not
specify the proportion of severe hypoglycemia [12] [13] [14]. It is therefore dif-
ficult to compare our results with those reported by these authors. However,
some of the reported data in these studies may be informative; in India, Jayash-
ree and al., using a definition of hypoglycemia (BG < 0.5 g/L) similar to our
second definition of severe hypoglycemia, but without including the neurocog-
nitive impairment status did observed hypoglycemia in 15% of children treated
for diabetic ketoacidosis [19]. In contrast, Peeters et al. in England, observed
only 3.2% of cases of hypoglycemia (blood glucose < 3 mmol/L) [20]. The inci-
dence of clinically important hypoglycemia (glycemia < 3.0 mmol/L or 0.54 g/L
[18]) appears to be more frequent in developing countries than in developed; the
same may be true for severe hypoglycemia. Peeters et al. explain their observed
low incidence of hypoglycemia by the use of a lower standard dose of insulin
(0.03 - 0.05 IU/kg/h) versus (0.05 - 0.1 IU/kg/h) the one usually recommended
by most experts [5] [6], and the use of solute containing glucose from the begin-
ning of insulin therapy. Several studies have shown that the use of insulin at
doses < 0.05 IU/Kg/h could prevent the sudden fall in blood glucose and conse-
quently prevent the occurrence of hypoglycemia unlike the usage of doses > 0.05
IU/Kg/h [21] [22]. Although it is recognized that continuous intravenous insulin
therapy at a dosage of 0.5 - 1 IU/Kg/h has contributed to the reduction in the in-
cidence of hypoglycemia during treatment of diabetic ketoacidosis [5] [11], it
appears that the use of lower insulin doses (0.03 - 0.05 IU/Kg/h) could further
reduce it. In the present study, the use of insulin doses 0.05 - 0.1 IU/kg/h in all
cases, might have contributed to the high incidence of severe hypoglycemia.
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However, the true identified causes of severe hypoglycemia were: failure to ad-
just carbohydrate intake and insulin dosage in accordance to blood glucose le-
vels and the failure to consistently monitor blood glucose levels. The difficulties
for some poor parents to ensure a regular supply of drugs and blood glucose for
monitoring test strips explain the weaknesses in care and management observed.
This situation is a reality in many countries where health care costs are patients’
responsibilities and universal health care coverage is nonexistent. However, the
inability of health care staff to ensure optimal supervision of all patients during
the night shift can also be considered as another reason; indeed, severe hypogly-
cemia episodes occurred mainly during the second part of the night shift, a pe-
riod during which fatigue is more pronounced and the medical team is reduced
in numbers, thus with a higher workload. The other possible explanation for the
severe hypoglycemia episodes during the second part of night is the decrease re-
sponse of counter regulatory system to hypoglycemia during sleep, a phenome-
non responsible for nocturnal hypoglycemia in diabetic subjects. The prevalence
of nocturnal hypoglycemia can be as high as 25% in diabetic children [23].

In our study, severe hypoglycemia episodes occurred in 80% of cases during
the first 48 hours of hospitalization. For Jayashree and al. all these episodes hap-
pened before 36 hours [19]. In both studies, this time period corresponds to the
period of intravenous insulin therapy, a period with high risk of hypoglycemia
due to relatively high daily insulin doses administered. The multiple blood glu-
cose measurements done during this period may also explain why more severe
hypoglycemia episodes were discovered.

The risk factors of severe hypoglycemia in this study were age < 5 years and
severe malnutrition. In their study, Jayashree and al. had found a predominance
of hypoglycemia (blood glucose < 0.5 g/L) in severely malnourished children,
and Moulik in all malnourished children [19] [24]. These children are initially
more exposed to hypoglycemia due to a lower carbohydrate reserve [25]. It
would be wise in those cases to start insulin therapy with lower insulin doses
(0.03 - 0.05 TU/Kg/h) and to implement a more rigorous blood glucose moni-
toring scheme for an early detection and correction of a risky situation. Conti-
nuous glucose monitoring systems would be of great help in this regard [26].

Lethality in this study was greater in the group of children with severe hypogly-
cemia. Hypoglycemia’s responsibility in the death of diabetic children has been re-
ported by several authors [27]. Severe hypoglycemia would lead to death through
fatal cardiac rhythm disorders, multiple visceral organs failures and primary brain
death [28]. Severe Hypoglycemia would also play a role in the dead in bed syn-
drome; a sudden deaths of young healthy patients with type 1 diabetes that hap-
pens at night without signs of agitation nor loss of urine and without sweating
[29]. In this study, only one death was directly related to severe hypoglycemia ,
the other death in children with severe hypoglycemia happened during out the
diagnostic period, since these children because of their fragility (young age, se-
vere malnutrition) presented other serious complications such as septic shock,

cerebral edema, hypokalemia that lead to fatal outcome.
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Limitations of study: this study had some limitations. The first was the fact
of not being able to perform a multivariate analysis of the risk factors due the
small size/sample of the children population with severe hypoglycemia, hence,
limiting the power of comparative tests used. Nevertheless, the study made it
possible for the first time in Congo and perhaps in Africa, to specify the inci-
dence of this complication and to identify the risk factors. The second limitation
was the retrospective collection of some of the data used, what may raise the is-

sue of the reliability of these data.

5. Conclusion

This study showed that severe hypoglycemia was a common complication in
children treated for diabetic ketoacidosis in Brazzaville, and exposed them to an
increased mortality. The main circumstances that contribute to its occurrence
can be avoided with a meticulous respect of the guidelines and a better organiza-
tion of care. The severely malnourished children and those under 5 years who

are the most at risk will need a more rigorous supervision.
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