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Abstract

Background: Diabetic ketoacidosis (DKA) is a potentially life threatening acute complication of Type I diabetes mellitus
(T1DM). This study aimed to determine the frequency and clinical characteristics of pediatric DKA at diagnosis of new-onset
T1DM in Khartoum during 2000- 2017 period.

Methods: The study was retrospective and involved review of medical files of children (<15 years) with T1DM in the city hos-
pitals and diabetes centers.

Results: The overall frequency of DKA among T1DM children at onset of disease diagnosis was 17.6% (173/982). The epi-
sodes of DKA increased from 26% in first 6- year period (2000-2005) to 46.3% in the last 6-year period (2011-2012; p<0.001).
No significant difference in the frequency of DKA was observed according to gender (p=0.9) and age (p=0.24). Compared to
other age groups, the severity of DKA (pH<7.1) was higher in pre-school children (p<<0.01). Approximately, 5% of patients
were complicated with cerebral edema with a mortality rate of 1.7%.

Conclusion: The DKA frequency at diagnosis of childhood T1DM in Khartoum was lower than previous reports. In addition,
the severity of DKA was high among pre-school age children with a relatively high mortality rate when compared to the global
rate.
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Introduction ening."”* The condition is associated with a considerable
Diabetic ketoacidosis (DKA) is a serious complication of morbidity and mortality.”> It is estimated that each year,
type 1 diabetes mellitus (T1DM) that can be life threat- 65000 children aged less than 15 years develop T1DM
each year, among them, 12.8-80% suffer from DKA at
time of diagnosis.’
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the major health problems in sub-Saharan Africa, and
this was attributed to the poor healthcare infrastructure,
poverty and ignorance.® The prevalence of DKA among
T1DM children in sub-Saharan Africa is high, ranging be-
tween 70-80% due to the lack of facilities and insulin stor-
age.” The majority of workers in different health stations
in sub-Saharan Africa are not well oriented and trained to
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deal with DKA and its complications that could lead to a
severe fatal form of the condition.?

The high incidence rate of childhood T1DM in Sudan
suggests high DKA episodes'™” In a previous study
that was conducted in 1994 in Khartoum and included
90 DKA episodes among T1DM children, 24% of cas-
es occurred in newly diagnosed patients.”” However, the
recent prevalence of pediatric DKA in Sudan is still not
known.'""!!. The present study examined DKA in Khat-
toum city, the capital of Sudan. Khartoum is located at the
confluence of the Blue Nile and White Nile that merge
to form Nile River. The total population of Khartoum
is about 8 million. According to a previous study, the
incidence of T1DM in Khartoum among children was
about 1/10,000". In Khartoum, T1DM children receive
treatment at a variety of health facilities such as primary
medical centers, specialized diabetes clinics and hospitals.
The aim of the current study was to investigate the fre-
quency and clinical picture of DKA at onset of the diag-
nosis of childhood T1DM in Khartoum city during the
period from 2000 to 2017. The study findings are expect-
ed to enhance awareness about DKA amonghealth care
providers in Sudan, and the subsequent effective manage-
ment interventions.

Materials and Methods Study design and subjects
The study is retrospective used records of children at di-
agnosis of TIDM whom admitted at 31 hospitals/dia-
betes centers distributed in Khartoum city, Sudan. These
include five public hospitals, eight private hospitals, two
diabetes centers and sixteen medical centers. Among the
involved hospitals, five were tertiary facilities, while the
rest were primary facilities. The majority of the DKA cas-
es were managed in the Intensive Care Unit (ICU) that is
available in most hospitalsspan style="font-family:"Times
New Roman"'>. The admission to ICU was according to
doctors’ recommendations and the severity of the case.
DKA data were extracted from January 2000 until De-
cember 2017 including age, gender and laboratory data.
The study period was divided into three equal intervals
of 6 years each based to three campaign programs aimed
to improve intervention of emergency medicine. TIDM
was confirmed using the criteria of the World Health Ox-
ganization. In addition, DKA was diagnosed according
to the international guidelines consensuses that use the
following criteria: blood pH < 7.3 and/or bicarbonate
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<15 mEq/ accompanied with hyperglycemia and positive
ketonuria. Cases with DKA were categorized into severe
(pH<7.1), moderate (pH: 7.1-7.2) and mild (pH >7.2)."*
Inclusion criteria were: children with T1DM at onset of
diagnosis aged = 15 years old. Exclusion criteria were: pa-
tients with DKKA due to reasons other than T1DM (such
as starvation) and patients with incomplete data. A total
of 153 cases were excluded. Research Ethics Commit-
tee of Omdurman Islamic University, Khartoum, Sudan
that follows the 1964 Declaration of Helsinki principles
approved the study. DKA children were divided into 3
groups according to age of diagnosis: 0 - <5 years, 5 -
<10 years, and 10 - 15 years.

Demographics and biochemical parameters
Demographic information (age and sex) and clinical data
were collected from patient files. Among collected bio-
chemical parameters include glucose, HbAlc, pH, bicar-
bonate and potassium that were measured at the emer-
gency unit prior the time of admission to the hospital.

Statistical analysis

The data were analyzed with GraphPad Prism statistical
software (version 5, San Diego, CA, USA). For compar-
ison of categorical variables, Pearson's Chi-Squared and
Fisher Exact (when n < 5) test were used. The One-way
ANOVA was used for three group comparisons. The lin-
ear regression test was used to test the trend in DKA fre-
quency over time. The P value < 0.05 was used to indicate
significant differences.

Results

The frequency of DKA in TIDM during the study peri-
od was 982 (503 female, 51.2%); of these cases 173/982
(17.6%) (93 female, 53.8%) had DKA at time of T1DM
diagnosis. The mean age of children who had DKA at
diagnosis was 5.912.3 years. When the study period was
divided into 3 intervals of 6 years each (Table 1), the fre-
quency of DKA at time of T1DM diagnosis was higher
(P<0.001) in the last period (2012-2017, 46.3%) than the
first period (2000-2005, 26.0%) and second period (2006-
2011, 27.7%). In addition, the frequency of incidence/
trend of DKA was similar among boys and girls (Table
1, P=0.94). Figure (1) shows the trend in DKA frequen-
cy over the study duration. A significant increase in the
frequency of DKA with time was observed (r=0.72,
P<0.01). Moreover, the frequency of DKA was similar in
all age groups (range: 15.7% — 18.3%, P=0.24).
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Table 1: Distribution of DK at the time of TIDM diagnosis during the study period
(2000- 2017) according to age and gender.

First period (2000-2005) Second period (2006- Third period (2012- Whole period (2000- P value

n =45 2011) 2017) 2017) (trend)
n =48 n =80 n=173
n (%) 95% CI n (%) 95% CI n (%) 95% CI n (%) 95% CI

Total 45 (26.0%) - 48 (27.7%) - 80 (46.3%) - 173 (100%) - 0.01%
(n=173)
Gender

Boys 21 (46.7%) 429-504  23(47.9%) 442517 36(45.0%) 4134488 80 (46.2%) 42.5-50.0 0.94

Girls 24 (53.3%) 49.6-57.0  25(52.5%)  49.3-56.9  44(55.0%)  51.5-58.9  93(53.8%) 50.1-57.5 0.94
Age

Group 13 (28.9%) 25.1325  13(27.1%)  234-30.8  24(30.0%)  264-339  50(28.9%) 25.3-32.6 024
1 (0-4 years)

Group 26 (57.8%) 54.1-61.6  28(58.3%)  54.6-62.2 43 50.2-57.8  97(56.1%) 52.4-59.7 0.26
2(5-9 (53.75%)
year)

Group 6(13.3%) 9.7-17.2 7 (14.6%) 10.9-18.5 13 127200 26(15.0%) 11.3-18.8 0.12
3(10-15 (16.25%)
years)

Chi-square was used to calculate p value (Fisher exact test was used when sample size less than 5). *:
Significant (P<0.05). ® significant compared to Group 2 (P<0.05). ®: significant compared to Group 2

(P<0.01).
|A] Totil padiod (DEdD.201T) P 8] Firal pierdod [(D55.2005) e
W g 01 1 T
al
E % - a i _,--"::-FF
TP — =
L] L] -
T & a3
wa
L LR | T T T T T
FEE 1 e G P08 PEE1 FEET L0 JOGA 30O
[C] Barc ol pesdlod | 2006200 8) At ad 10) Thied i rbied (DO1T-200T) At
Fid ! ] = e 10
ik
E i g 4
i
-] " h -]
!" * 23
17
1'r T Li L L . LS T T T L] Li Ll
il AT el e Fld TS iRk M1l Ml MeiR  ME T

Figure 1. Trend in DKA among children with type 1 diabetes:

[A] Total period (2000-2017)

[B] First period (2000-2005)

[C] Second period (2006-2011)

[D] Third period (2012-2017)

Tertiary care centers have low mortality rate than others, some died, cases did not get reported because

of treatment with alternative medicine which is available in Sudan.
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The clinical picture of DKA was divided into three types;
mild, moderate and severe according to pH values (Ta-
ble 2). The severity of DKA was lower in age group 2

Table 2: Frequency of DKA at the time

(5 — <10 years) than other groups (P=0.03). When each
period was considered separately, the severity of DKA

was higher among the age group 1 of the third period
(P<0.001, Table 2).

of TIDM diagnosis according to severity during the study period (2000-2017).

First period (2000-  Second period (2006- Third period (2012- Whole period (2000- P value
2005) 2011) 2017) 2017) (trend)
n =45 n =48 n=80 n=173
n(%)  95%(Ch n (%) 95% (CI) n (%) 95%(CD)  n(%)  95%(CDH
[ild symptoms
H>7.2)
Group 1 4(8.9%) 5.2-12.7 5(10.4%) 6.8-14.2 4(5.0%) 1.3-8.6 13 (7.5%) 3.7-11.0 0.31
Group 2 5 74148 4(83%) 46121 8(10.0%)  62-135  17098%)  61-135 0.86
(11.1%)
Group 3 2(44%)  08-8.1 3(6.2%) 2499 3(375%) 00672 8(46%)  0.9-82 0.65
loderate
‘mptoms (pH=
1-7.2)
Group 1 8 141215 7 (14.6%) 11.0-17.9  11(13.75%)  103-17.4  26(15.0%)  11.3-18.7 0.65
(17.8%)
Group 2 19 38.6-46 22 (45.8%)  42.1-493 34 (42.5%) 38.8-46.2  75(433%)  39.6-47.1 0.83
(42.2%)
Group 3 3(6.7%) 30100 3(63%) 2499 9(1125%) 75149 15(87%)  49-124 047
vere symptoms
H<1.1)
Group 1 1(2.2%) -14-5.8 1(2.1%) -1.6-5.7 9 (11.25%) 7.5-14.9 11(64%y  2.6-10.1 0.03*
Group 2 2(44%) 0881 2 (42%) 0.5-7.8 1(152%) 2449  509%) 0864 0.52
Group 3 122%)  -14-58 1Q1%)  -1657  1(125%) 2449  3(17%) 0254 0.82

Chi-square was used to calculate p value (Fisher exact test was used when sample size less than 5).
*: Significant (P<0.05). 2: significant compared to Group 2 (P<0.05). ®: significant compared to Group 2 (P<0.01).

Table 3 shows a comparison of biochemical parameters
between the three age groups. The mean level of glucose
was found to be higher in groupl (0 — 4 years) than other
age groups (P<0.01), whereas HbAlc, pH, bicarbonate
and K+ were similar in all age groups (P>0.05, Table 3).
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Over the examined periods, eight children had cerebral
edema at admission according to the clinical diagnosis
supported with radiological evidence. Five children out
of the eight were fully recovered without complications,
whereas three children passed away.
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Table 3: Comparison of biochemical data in different age groups at admission.

Group 1 Group 2 Group 3

Mean+SE 95% (CI) Mean+SE 95% (CI) Mean+SE 95% (CI)
Glucose (mmolL) — y¢ 60:030% 278204 264059249279 262:0.50 249275
HbAlc (%) 12.14+0.38 11.1-13.2 11.840.58 10.2-13.4 11.1£0.48 9.7-12.4
pH 7.1440.02 7.05-7.23 7.2040.02 7.11-7.29 7.2040.02 7.09-7.31
Bicarbonate 14.4+0.3 13.1- 15.340.1 14.8-15.7 15.8+0.4 13.7-17.8
(mmol/L) 15.7
K* (mmol/L)

5.240.05 5.0£0.03 4.2-5.8 5.0£0.03 4.2-5.8

44-6.0

Groupl: 0 - <5 years, group2: 5 - <10 years and group3: 10 - 15 years. P value was calculated using ANOVA
test. * Significant compared to group 2&3 (p<0.01). SE: standard Error.

Discussion

The current study examined the frequency of DKA
among children with T1DM in Khartoum, Sudan over
the past 18 years. The overall frequency of DKA at onset
of T1DM diagnosis was 17.6%. The episodes of DKA
increase with the years. In addition, the severity of DKA
was higher in pre-school age children than other age
groups.

The reports about DKA frequency in children with
T1DM in Sudan are rare. A study by Elamin et al, that ex-
amined DKA among children in Sudan between 1977 and
1986 showed a frequency of 81% at the time of T1DM
diagnosis."” Another study that examined the records of
a central hospital in Khartoum in 1994 reported 90 DKA
episodes of which, 22 (24%) cases had the condition at
diagnosis."”” In the current study, the overall frequency of
DKA in children with T1DM at diagnosis in Khartoum
during the study period (2000-2017) was 17.6%. This fre-
quency is slightly lower than that reported in the 1994
study. When compared to other countries, the percentage
(17.6%) is comparable with previous studies conducted
in Canada (18.6%) and Sweden (16%).">'* However, high
frequency of DKA among children with T1DM was re-
ported in countries such as Egypt, Serbia, Saudi Arabia,
USA, UK and others.!’#

The current study showed a trend of increase in the se-
verity of DKA among children with T1DM over the
study period with an overall frequency of 12.3%. This
frequency is comparable to that reported in Kuwait,
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Spain, France, Finland and Italy.
higher frequencies were reported in other countries such
as Saudi Arabia, UK and others.!*?*?%3132 Current find-
ings also showed that the severity of DKA in pre-school
age children was elevated from 7.6% to 33.3% across the
study period. The high frequency of severe DKA among
preschool age children is in agreement with previous stud-
ies conducted in Saudi Arabia, Serbia and Ethiopia.”*%
Thus, more attention should be given to children with
T1DM of this age group to prevent acute complications

However, relatively

and severe consequences of the disease.

The study reported a relatively higher frequency of di-
agnosed DKA cases in the last period than earlier ones.
This might be attributed to the improvement in the reg-
istration/archivingf DKA cases in the last period. More
studies are required to confirm this finding;

About 1.7% of DKA children with T1DM had cerebral
edema and were reported died because of the severity
of their conditions. Worldwide mortality rate from DKA
comprises between 0.3-1% that attributed to cerebral
edema.” In a previous study from Sudan, a rate of death
from children with DKA of about 4% was reported.”
Thus, the present findings indicate significant improve-
ments in the management of severe DKA cases in Sudan.
Alternatively, the number of deaths might be underre-
ported in the current study. This could be due to the fact
that the diagnosis of cerebral oedema is very expensive
and limited facilities offer MRI and CT scan in Sudan.
It is possible that many children with DKA at diagnosis
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plausibly die off before the diagnosis was made. Howev-
er, the reported rate in the current study is twice the mor-
tality rate from DKA reported in developed countries®
and within the range reported in developing countries.™
In Sudan, the poor socioeconomic status and low paren-
tal awareness about the risk factors of developing DKA
in T1DM patients could contribute to the observed high
mortality rate from DKA.%

Among the limitations of the current study is that bio-
chemical parameters (like blood urea nitrogen and sodi-
um) were not recorded in the majority of the patients'
files. In addition, no information about sociodemograph-
ic data of the patients was available. Moreover, the in-
complete/absence of registration of patients in private
and public hospitals is common in Sudan. Thus, the re-
ported findings did not cover all cases of DKA during
the examined period. Furthermore, differences in the
frequency of severe DKA and mortality rate were ob-
served among examined tertiary and primary health care
facilities. The reasons behind such differences need more
investigations. Finally, in Sudan, the use of alternative
medicine is very common, and this might underestimate
the frequency and death rate from DKA.

In conclusion, the frequency of DKA among children at
diagnosis of T1DM in Khartoum is lower than previous
reports. The severity of DKA is high among pre-school
age children. DKA mortality rate is lower than previously
reported, but is still higher than global rate.
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