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Abstract

Background: Diabetic ketoacidosis (DKA) is an acute and life-threatening situation that accounts for the majority of diabetes-
related morbidity and mortality in children and adolescents who suffer from type 1 diabetes mellitus (TIDM).

Objectives: To investigate the demographic, clinical characteristics, and outcomes of DKA in young patients with established TIDM
and newly diagnosed diabetes in a tertiary referral hospital.

Methods: Data from all TIDM patients diagnosed with DKA episodes in the pediatric endocrine unit at Besat university hospital,
Hameden, Iran during 2006 -2013 were reviewed in a retrospective study. The data collected includes the demographic data (age, sex,
place of residence, first presentation and established TIDM), clinical presentation (main presenting symptoms, average duration of
presenting symptoms before hospitalization, precipitating factors, severity of DKA, level of consciousness), laboratory parameters
(blood sugar, arterial blood gases, urine ketones, serum electrolytes) and the outcome. DKA was defined as a glucose level higher
than 250 mg/dL, pH < 7.30, bicarbonate > 15 mmol/L and ketonuria. Data was entered and analyzed on SPSS version 16. AP value less
than 0.05 were defined as statistically significant.

Results: The study population comprised 72 children satisfying the inclusion criteria of the study. Mean age of patients was 9.4
=+ 4.08 years (range 5 months-18.2 years). The majority (61.1%) of patients were urban residents. DKA occurrence was higher (29.2%)
in summer. Newly diagnosed diabetics accounted for 59 (81.9%) of the patients. The majority of the patients (54.2%) were aged 10
-14 years. The median duration of symptoms before the hospitalization was 9.5 = 9 days. The most commonly reported present-
ing symptoms were polyuria (86.1%), polydipsia (84.7%) followed by gastrointestinal symptoms. Nearly 40.2% of patients presented
with an altered level of consciousness. About half of patients had a medical encounter before diagnosis. The mean initial blood
glucose was 423 + 96 mg/dL. Severe DKA was occurring more frequently than moderate and mild forms (47.2%, versus 34.7% and
18.1%, respectively). DKA was significantly more severe in girls (P = 0.004). Average time of recovery was 21 hours (range 4 - 75 h). The
commonest complication was hypokalemia (34.7%) followed by hypernatremia (26.4%). There was a significant relationship between
hypokalemia and clinical severity (P = 0.02), and between abdominal pain and severity of DKA (P=0.003). No deaths occurred.
Conclusions: DKA was most prevalent in newly diagnosed TIDM cases. Most cases had severe DKA. Female children, in particular,
seem to be at increased risk for severe DKA. Newly diagnosed TIDM and insulin omission were the main factors associated with DKA.
The age of presentation and clinical symptoms of studied subjects were similar to international studies. No lethal complication was
recorded. High frequency of DKA at presentation of TIDM requires careful attention to issues of early diagnosis before development
of ketoacidosis.
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. Background

Ketoacidosis is a serious complication of TIDM and the
leading cause of diabetes-related deaths, mainly due to
cerebral edema that occurs in 0.4% - 3.1% of patients (1-3).
It also accounts for a large proportion of diabetes-related
hospitalizations (4, 5). The risk of DKA in young patients
with established TIDM is 1% - 10% per patient per year (6).
International studies indicate that 15% - 70% of patients
with newly onset TIDM present in diabetic ketoacidosis (7,
8). Insulin deficiency makes children with diabetes at on-
set vulnerable to DKA. Likewise, a failure in insulin admin-

stration, acute stress, lack of insulin therapy during inter-
current illness, poor metabolic control, inappropriate in-
terruption of insulin pump therapy, psychiatric disorders,
difficult family circumstances, lower socioeconomic sta-
tus, and lack of appropriate health insurance can develop
DKA in patients suffering from established diabetes (6, 9).
DKA most often can be found in patients diagnosed with
TiDM, however, patients with type 2 diabetes are also sus-
ceptible to DKA under stress-inducing situations, such as
trauma, surgery, or infections (8, 10).

Considering the worldwide variation in demographic
characteristics and outcome of DKA, regional studies on

Copyright © 2017, Iranian Journal of Pediatrics. This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0
International License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in noncommercial usages, provided the

original work is properly cited.


http://ijp.tums.pub
http://dx.doi.org/10.5812/ijp.7649

Razavi Z and Hamidi F

this subject seem to be rational. DKA rates can be reduced
or prevented by identifying and targeting associated risk
factors.

2. Objectives

The purpose of this study was to analyze the clinical
profile, laboratory data, and outcome of children and ado-
lescents with DKA during a period of 7 years (2006 - 2013)
in the Besat university hospital in Hamedan. The results of
this survey would contribute to design intervention strate-
gies to decrease the rate of DKA.

3. Methods

The study was a retrospective case record review. All
medical files of children with discharge diagnosis of DKA
were enrolled. We analyzed data related to demographics,
clinical presentation, biochemical, management and out-
come of all the cases.

3.1. Participants, Data Acquisition, and Variable Definition

Eligible subjects were aged < 19 years. All patients
who received intravenous rehydration and insulin infu-
sion prior toadmission in our center and those without the
required information of the study were excluded. DKA was
diagnosed if blood glucose > 250mg/dL, venous pH < 7.3 or
bicarbonate < 15 mmol/L and ketonuria were detected (8).

ISPAD 2014 guidelines were used to define DKA sever-
ity categories. Accordingly, three groups were defined; (1)
mild (venous pH < 7.3 or bicarbonate < 15 mmol/l), (2)
moderate (pH < 7.2 or bicarbonate < 10 mmol/l), and (3)
severe (pH < 7.1 or bicarbonate < 5 mmol/l) (11, 12). Hy-
poglycemia was defined as blood sugar < 60 mg/dL, hy-
pokalemia: serum potassium < 3 mEq/L, hyperkalemia:
serum potassium > 6 mEq/L, hyponatremia: corrected
serum sodium < 135mEq/L, hypernatremia: serum sodium
> 160mEq/L (8). Time for resolution of DKA was extracted
from patients’ medical records. The criteria for DKA resolu-
tion were as follows: general condition improvement, full
consciousness, normal vital signs, oral feeding tolerance
without emesis and resolution of acidosis (Normal pH and
serum bicarbonate of > 18 mEq/L was considered as resolu-
tion of acidosis). Outcome of DKA was defined in terms of
death or survival without considering any acute or chronic
problems during the one year follow-up, e.g. cerebral
edema and related consequences, renal failure, rhabdomy-
olysis, stroke, deep vein thrombosis (DVT), pneumomedi-
astinum, acute respiratory distress syndrome (ARDS) with
pulmonary edema, and gastrointestinal complications (11-
13).

3.2. Ethical Issue

The present study was approved by the local ethics
committee and research of Hamedan University of Medi-
cal Sciences (Study number: p[16/70/2/1813).

3.3. Statistical Analysis

Statistical analysis was performed using SPSS ver.16.0.
The qualitative data of patients were analyzed using chi
square and (expressed as percentages). The independent
two-sample t-test was used to compare the quantitative
variables and to analyze the differences between means.
Some data including sex ratio, difference between the DKA
frequency, and season were compared using chi-square
test. One way ANOVA was used to determine the associa-
tion between age groups and the severity of ketoacidosis.
The data were presented as means =+ standard deviations.
Statistical significance was defined as P < 0.05 for all clini-
cal and laboratory data.

4. Results

Thirteen medical records had incomplete data and,
consequently, were excluded from the study. Overall, 72 pa-
tients (44 = 61.1% female, 28 = 39.9% male) with ages less
than 19 years fulfilled all the inclusion criteria. Desired
characteristics of included cases are summarized in Table
1. Mean age of patients was 9.4 + 4.08 years (range be-
tween 5 months and 18.2 years). The majority of patients
were urban (61.1% versus 38.9 %) residents. DKA occurrence
was higher (29.2%) in summer. Hospitalization due to ke-
toacidosis was higher in December (13.9%) and September
(11.12%) than in other months. No significant seasonality
was observed (X2 = 8, 00, P = 0.7). The majority of patients
(59 cases, 81.9%) were newly diagnosed TIDM and 13 (18.1
%) cases had established TIDM. The majority (54.2%) of the
patients were in the age group 10-14 yrs. The median du-
ration of symptoms before referring to hospital was 9 &
9.5 days. The most commonly reported presenting symp-
toms were polyuria (86%), polydipsia (84.7%) followed by
gastrointestinal symptoms, including nausea or vomiting
(47.2%) and abdominal pain (43.1%). A total of 40.2% of the
patients presented with an altered level of consciousness
and 6.9% of them were in deep coma. About half of the pa-
tients (37 cases, 51.1%) had not been visited by local physi-
cian prior to admission with DKA, whereas nearly 48.6% of
them were seen by physicians at least one time prior to the
DKA diagnosis, but physicians failed to immediately make
the diagnosis of IDDM. Out of the 13 subjects with estab-
lished diabetes, the promoting factor for DKA was insulin
omission in 7 (9.7%) children, whereas in 6 children the

Iran ] Pediatr. 2017; 27(3):€7649.


http://ijp.tums.pub

Razavi Z and Hamidi F

cause was unknown. Details of laboratory profiles and the
outcome of the studied patients are shown in Table 2.

The mean initial blood glucose was 423 £ 96 mg/dL.
Severe DKA had occurred more frequently than moderate
and mild forms (47.2% vs34.7% and 18.1%, respectively). DKA
was significantly more severe in females than in males (P=
0.004). None of the patients received intravenous sodium
bicarbonate. Average time of recovery from DKA was 21 (4
-75) hours. There was no significant relationship between
age or living location and clinical severity (P= 0.7, P=0.2,
respectively), and between known or new diabetics and
severity of DKA (P=0.5). The commonest complication was
hypokalemia (34.7%) followed by hyponatraemia (26.4%).
There was a significant relationship between hypokalemia
and clinical severity (P = 0.02), and between abdominal
pain and severity of DKA (P = 0.003). All cases received ap-
propriate treatment and recovered without lethal compli-
cations. No deaths occurred. All the patients collaborated
well during the 12 months follow-up.

5. Discussion

This retrospective study described the demographic
data and clinical profile of children with DKA in a tertiary
care hospital. DKA, as the initial presentation, was encoun-
tered by the vast majority of patients. Classical symptoms
of DKA namely polyuria, polydipsia, abdominal pain, vom-
iting, and decreased level of consciousness were the pre-
senting complaints in most cases. New onset diabetes and
insulin omission in those with established TIDM were the
most common precipitants of DKA. Seasonal pattern was
not evident at diagnosis. Approximately, half of patients
(54.2%) were above 10 years old. This finding may be ex-
plained by the fact that a high number of patients were
new cases of TIDM. As we know, the second and much
greater peak incidence of diabetes in children is during
early puberty (i.e. ages between 10 - 14 years) (14). These
data, therefore, were attributed to the high number of
new-onset cases presenting with DKA. The age of presenta-
tion in our children is similar to that reported in interna-
tional studies (8, 15, 16). Lone et al. (8) reported that 55%
of children presenting with DKA were above 10 years old.
Naeem et al. (16) by examining 373 pediatric DKA patients
reported that number of attacks were highest in patients
who aged10-14 years. This finding is contrary to the results
of some previous authors who demonstrated that diabetic
ketoacidosis was more common in younger ages (17-20).

This study showed that the frequency of hospitaliza-
tions for DKA was higher in summer and autumn and
lower in spring. However, differences were not significant.
We have previously shown that the frequency of TIDM was
higher in summer (34%) (21). Since the majority of DKA
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cases occur in patients without a known history of dia-
betes, its seasonality is also a measure of new onset TIDM
seasonality. Thus, we conclude that seasonal variation of
DKA and TIDM in our region is slightly different from those
reported in the literature, while confirming our previous
findings (22).

Similar to the results of Butalia et al. (23), hospital-
ization due to ketoacidosis was higher in December and
September than in other months. So, healthcare profes-
sionals’ alertness may need to be increased, particularly
during certain months of the year. Polyuria, polydipsia, ab-
dominal pain, vomiting, and altered level of consciousness
were the commonest presenting complaints of DKA consis-
tent with findings in previous studies (16, 24).

In line with our previous study in 2010 (25), severe DKA
was observed in 47.2% of patients which differs from other
studies as they found a lower number of severe DKA com-
pared with mild and moderate type. For instance, Schober
etal. (26) reported that 0f 1,238 Austrian children with DKA,
383 (11.5%) had severe DKA. In the study of Oyarzabal et al.
(15) severe DKA was diagnosed in 17.8% DKA episodes. The
DKA episodes were severe in 49.4%, consistent with the re-
sults of Guisado-Vasco et al’. study (27). The possible rea-
son may be due to a lack of access to healthcare profession-
als for the study population or delayed diagnosis by pri-
mary care physician. Recognition of DKA can be improved
by increasing health care provision and facilities as well as
healthcare professionals’ alertness.

In this work, DKA was found significantly more severe
in female children. The reason for this finding cannot
be explained. Our data show no association between age
and severity of DKA. The data confirm the results of other
studies indicating that age was not significantly associated
with the severity of DKA (28-30). In contrast Jesic et al. (31)
reported that severe DKA was more frequent in the age
group < 5 years.

Our data also indicated no association between newly
diagnosed diabetes and severity of DKA. The mean blood
glucose level observed at the time of DKA presentation was
close to what was stated by other studies (32).

Regarding the number of visits preceding diagnosis,
nearly 48.6% of the study group were seen by physicians at
least once prior to DKA diagnosis. Similarly, Bui et al. (33)
realized that 38.8% of 285 children with DKA had at least
one medical visit before admission. Given that DKA is pre-
ceded by a variable course of symptomatic diabetes char-
acterized by polyuria and polydipsia, the challenge for fu-
ture strategies should be finding effective ways to raise the
awareness of healthcare professionals to early diagnosis of
TIDM in children before the development of ketoacidosis.
A high number of cases were at their first presentation of
TiDM, implying that more attention and prevention strate-
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Table 1. Demographic Features and Characteristics of Studied Cases on Admission

Characteristics Categories Results
Mean age at diagnosis (year), mean (SD) N/A 9.4 £ 4.08 years
Median duration of symptoms (days), mean (SD) N/A 9549
Female 44 (61.1)
Gender, n (%)
Male 28(38.9)
0-4 10 (13.9)
5-9 19 (26.4)
Age distribution at diagnosis (year), n (%)
10-14 39(54.2)
15-19 4(5.6)
Spring 13 (18.1)
Summer 21(29.2)
Season at presentation
Autumn 19 (26.4)
Winter 19(26.4)
Urban 44 (61.1)
Living location, n (%)
Rural 28(38.9)
Newly diagnosed 59 (81.9)
Disease presentation
Established diabetes 13(18.1)
Polyuria 62(86.1)
Polydipsia 61(84.7)
Presenting symptoms Vomiting, nausea 34(47.2)
Abdominal pain 31(43.1)
Unconscious 29(40.2)
Zero 37(51.4)
Number of medical visits before admission One 27(37.5)
Two 8(11.1)

Table 2. Laboratory Profiles and Outcome Among the Studied Patients

Characteristics Categories Data
Blood glucose (mg/dL), mean (SD) N/A 423 £+ 96
PH mean (SD) N/A 7.06 1+ 0.68
CO, mean (SD) N/A 151+ 6.5
HCO® mean (SD) N/A 6.43+12
Mild 18.1%
Severity Moderate 34.7%
Severe 47.2%
Hypokalemia 25(34.7)
Complications, n (%)
Hyponatremia 19 (26.4)
Mean recovery time (hours) N/A 21(4-75)

gies are needed for early diagnosis of diabetes in new pa-
tients.

We found that the duration of symptoms prior to ad-
mission was lower than what we observed in our previous
study (9 % 9.5 days versus 14.84 4 8.19 days) (25). It is un-
clear whether this reflects particularly the occurrence of
aggressive forms of the diabetes or a consequence of early
diagnosis due to improvements in diabetes diagnosis and
referral to secondary care centers. Our finding differs from
studies carried out by Lone et al. (8) and Habib (34) as they
found a longer duration of symptoms before the presenta-
tion with ketoacidosis (21 and 15.8 days, respectively)

Itis noteworthy that a significant number (43.1%) of pa-
tients had abdominal pain. We observed that abdominal
pain occurred more in cases with severe metabolic acido-
sis. The pathogenesis of the abdominal pain in ketoacido-
sis so far has not been rigorously defined and may be mul-

Iran ] Pediatr. 2017; 27(3):€7649.


http://ijp.tums.pub

Razavi Z and Hamidi F

tifactorial, involving metabolic and electrolytic origin, gas-
tric distention or stretching of the liver capsule (34, 35).

In support of Umpierrez et al. (36), we believe that ab-
dominal pain accompanied by severe DKA represents se-
vere electrolyte imbalances and dehydration.

The commonest complications were hypokalemia and
hyponatraemia. Similar observations have been reported
in previous studies (37, 38). In current work, all cases re-
covered without lethal complications and no deaths oc-
curred. Whereas, some authors believe that 10% - 25% of
survivors of DKA have significant residual morbidity (39).
This may be attributed to the intensive, appropriate and
careful treatment and physicians’ experience in our pedi-
atric critical care.

This study found notable findings, although our center
is a tertiary medical center for treating children with dia-
betes, the frequency of hospitalizations for DKA is low. This
is likely owned to the presence of experienced practition-
ers in diagnosis and treatment of DKA in the non-specialist
settings.

Limitations: Our study has several limitations that war-
rant consideration. First, this is a retrospective single cen-
ter study, consequently, caution should be exercised in
generalizing the findings to all young patients with DKA
in Iran. Second, the relatively small sample size limits the
study’s statistical power. Finally, we had to exclude thirteen
medical records due to incomplete data which might have
led to selection bias in our study. Despite these important
limitations, our study gives a basic profile of DKA in our re-
gion.

5.1. Conclusions

Results of this study add to previous researches by pro-
viding evidence on characteristics and outcome of chil-
dren with DKA. Overall, high number of patients was at the
first time of presentation. Newly diagnosed TIDM and in-
sulin omission were the main factors associated with DKA.
Data concerning precipitating factor of DKA, age presenta-
tion, and clinical symptoms of the studied subjects were
similar to international studies. Severe DKA was occurring
more frequently than moderate and mild forms.

All patients had good prognosis and no deaths were re-
ported. Awareness of diabetes symptoms, particularly in
girls, needs more attention. High frequency of DKA at the
presentation of TIDM requires careful attention to issues
of early diagnosis before the development of ketoacidosis.
Our study emphasizes that further efforts to reduce the oc-
currence of DKA must be focused upon earlier diagnosis of
TiDM in order to decrease DKA at diagnosis.
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