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Abstract

Background Diabetic ketoacidosis (DKA) is a complication of
type I diabetic mellitus (TIDM). Early recognition and prompt
treatment can reduce mortality.

Objective To evaluare the profiles of patients with diaberic
ketoasidosis in Dr. Soeromo Hospiral, Surabaya, Indonesia.
Methods Retrospective medical records of patients admirted
to the pediatric intensive care unit with DKA in Dr. Soetomo
Hospital, Surabaya, Indonesia from January 2002 to June 2013
were reviewed. The data collected included clinical parameters,
laboratory and imaging results, predisposing factors, complications
and outcomes.

Results During an 11 years period, there were 58 cases of DKA
in children with T1DM. Eighteen subjects (31%) were boys.
The severity of DKA was classified as follows: mild 13 (22.4%),
moderate 23 (39.7%), and severe DKA 22 (37.9%). Recurrent
DKA was diagnosed in 24 (41.4%) patients. Common clinical
profiles recorded were dehydration 46 (79.3%), malaise 37
(63.8%), decreased consciousness 35 (60.3%), dyspnea 27
(46.6%), vomiting 26 {44.8%), fever 25 (43.1%), seizure 13
(22.4%), and decreased hody weight 9 (15.5%). Lahorarory
results observed were as folllows: hyponatremia 19 (32.8%),
hyperkalemia 12 (20.7%) and acute renal failure 3 (5.2%). Head
CT scans showed that 2 (3.4%) patients suffered from cerebral
edema. Infections, as triggers of DKA, were found in 12 (20.6%)
patients: 4 caries and periodontitis, 3 urinary tract infections, 2
acute diarrhea, 2 acute pharyngitis, and 1 otitis externa. Four out
of 24 patients with recurrent DKA failed to take their insulin dose
prior to DKA. The average of length of patient stay in the PICU
was 3.26 (SD 3.50) days. No patients died during the study.
Conclusion Dehydrarion is the most common clinical profile
of DKA in our study. More than half of the patients suffer from
moderate to severe DKA. [Paediatr Indones. 2015;55:40-3.].
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Diabetic ketoacidosis (DKA) is one of the acute
complications in type 1 diabetes mellitus (T1DM).
It may be the first clinical manifestation observed.
Diabetic ketoacidosis is the predominant cause of
mortality in children with diabetes. An estimated
65,000 children under 15 year old develop the disease
each year worldwide, and the global incidence in
children continues to increase at a rate of 3% per
year." Between 10 to 70% of these diagnosed children
present as diabetic keroacidosis cases.?

Early recognition and prompt treatment can
substantially reduce mortality in children with
T1DM. To the best of our knowledge, this is the first
study reporting on clinical manifestations of DKA in
Indonesia. We aimed to study the profiles of pediatric
patients with DKA between year 2002-2013 in
Dr. Soetomo Hospital, Surabaya, Indonesia.

Methods

Retrospective medical record reviews of patients
admitted to the pediatric intensive care unit with
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DKA in Dr. Soetomo Hospital, Surabaya, Indonesia
from January 2002-June 2013 were performed. We
collected data on clinical parameters, laboratory and
imaging results, predisposing factors, complications
and outcomes. The current criteria for DKA
diagnosis, published by the International Society for
Paediatric and Adolescent Diabetes, are blood glucose
> 11 mmol/L, venous pH <7.3 or bicarhonate <15
mmol/L, and ketonemia and ketonuria. The severity
of DKA was categorized by the degree of acidosis
as follows: mild: venous pH <7.3 or bicarbonate
<15 mmol/L, moderate: pH <7.2, bicarbonate
<10 mmol/L, or severe: pH <7.1, bicarbonate <5
mmol/L.}

Results

There were 58 DKA cases in children with TIDM
during the study period. Characteristics of patients
are shown in Table 1. Clinical manifestations of DKA
are presented in Figure 1.

Common clinical profilesrecorded were dehydra-
tion 46 (79.3%), malaise 37 (63.8%), decreased con-

sciousness 35 (60.3%), dyspnea 27 (46.6%), vomiting
26 (44.8%), fever 25 (43.1%), seizure 13 (22.4%), and
decreased body weight 9 (15.5%).

We observed the following laboratory results:
hyponatremia 19 (32.8%), hyperkalemia 12 (20.7%)
and acute renal failure 3 (5.2%). Two (3.4%) patients
had cerebral edema on head CT scan. There were 12
(20.6%) patients with infections during the study,
confirmed by clinical manifestations, complete blood
counts and blood cultures (Figure 2).

Of the subjects with recurrent DKA, 4/24
patients failed to take their insulin days before their
DKA episodes. Mean length of patient stay in the

Table 1. Characteristics of the subjects

Characteristics n (%)
Male gender 18 (31)
DKA classification
Mild 13 (22.4)
Moderate 23 (39.7)
Severe 22 (37.9)
Recurrent DKA 24 (41.4)
First DKA manifestation 34 (58.6)

Decreased body weight
Seizure
Fever

Vomiting

Dyspneu
Decreased consciousness
Weakness

Dehydration

Clinical manifestations

(=]

20

40 60 80 100

Percentage

Figure 1. Percentage of clinical manifestations of DKA in Dr. Soetomo Hospital
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PICU was 3.26 (SD 3.50) days. No patients died
during the study.

Types of infections

External ofitis
1 patient

Caries & periodontitis

Acute pharyngitis 4 patients

2 patients

Acute diarrhea

. Urinary tract
2 patients v

infections 3 patients

Figure 2. Types of infections as DKA triggers

Discussion

More than half of the subjects experienced DKA as
their first clinical manifestation of TIDM. In contrast,
a study stated that approximately one-third of newly-
diagnosed T1DM patients presented with DKA4 In
Europe and North America, this figure ranged from
approximately 15 to 70%.%? It remains unknown
why some children present in DKA and whether the
development of diabetic ketoacidosis is a consequence
of delayed diagnosis and treatment or whether it
reflects a particularly aggressive form of diabetes,!?

In our study, 39.7% and 37.9% of patients
suffered from moderate and severe DKA, respectively.
Other studies reported that mild DKA was more
frequent than moderate and severe. Klingensmith et al.
reported 17% subjects with moderate or severe DKA,
while Oyarzabal et al. found that moderate and severe
forms were 34.4% and 17.8%, respectively.!!

Boys comprised 31% of our subjects. Usher-
Smith JA et al. reported that of 21 studies on the effect
of gender on DKA frequency, 20 found no effect, while
I study by Neu et al. (n=2,121) reported a small but
statistically significant increase in DKA frequency in
girls in 20031213

The most common clinical manifestation
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observed was dehydration, consistent with finding
in earlier study.'* Other clinical manifestations
included weakness, decreased consciousness, dyspnea,
vomiting, fever, seizures, and decreased body weight.
Similarly, another study stated that DKA often
presented abdominal pain,!%!® 16 changes
11618 dyspnea, !’ vomiting, 17717, and
anorexia.l® Two studies also showed that children

weakness,
in mental status,

with DKA had significantly greater weight loss than
those without. "¢ A study reported that classic triad
(polyuria, polydipsia, and weight loss ) had the highest
percentage in DKA,'® meanwhile another study rep
orted polydipsia, polyuria, weakness, and abdominal
pain were the commonest symptoms observed.!

Hyponatremia, hyperkalemia and acute renal
failure were improved after rehydration, insulin
treatment and serum electrolyte correction. Poovazaghi
et al. found that 11.5% of DKA patients had renal
failure. Sepsis and shock were the common etiological
factors. Mortality due to acute renal failure (ARF) in
DKA was 40%.%

Twelve (20.6%) patients suffered from infection
during the study. Poovazaghi reported that infections
were often the precipitating factors in DKA, as
observed in 47% of his cases.*!History of infection
or febrile illness was associated with an increased
risk of DKA [odds ratios 6.50 (2.06 to 20.53) and
1.87 (1.05 to 3.33)].13 In our subjects, 6.9% failed to
take their insulin among the ones with established
TI1DM, compared to 28% with poor compliance in
the Poovazaghi study in India.! Length of patient
PICU stay was 3.26 (SD 3.50) days, longer than that
in India which was about 1.94 days.”! No patients died
during our study. However, Poovazaghi reported the
mortality in established DKA and in new cases to be
7.1% and 12.7%, respectively.?!

In conclusion, physicians must be aware that
diabetic ketoacidosis may be the first clinical mani-
festation observed in TIDM. Increased awareness
of TIDM in the medical and lay communities is
needed to decrease the incidence of life-threatening
complications.

References

1. DIAMOND Project Group. Incidence and trends of
childhood type 1 diabetes worldwide 1990-1999. Diabet Med.




-]

10.

Nur Rochmah et al: Diabetic ketoacidosis in children: an 11-year retrospective

2006;23:857-66.

EURODIAB ACE Study Group. Variation and trends in
incidence of childhood diaberes in Europe. EURODIAB
ACE Study Group. Lancet. 2000;355:873-6.

Woltsdorf ], Craig M, Daneman D, Dunger D, Edge ], Lee
W, et al. ISPAD clinical practice consensus guidelines 2009
compendium: diabetic ketoacidosis. Pediatr Diabetes.
2009;10:118-33.

Klingensmith GJ, Tamborlane WV, Wood ], Haller
M], Silverstein ], Cengiz E, . Diabetic ketoacidosis at diaberes
onset: still an all too common threat in youth. ] Pediatr,
2013;162:330-4.

Levy-Marchal C, Papoz L, de Beaufort C, Doutreix ], Froment
W, Voirin ], et al. Clinical and laboratory features of type
1 diabetic children at the time of diagnosis. Diabet Med.
1992;9:279-84.

Komulainen ], Lounamaa R, Knip M, Kaprio EA, Akerblom
HEK. Ketoacidosis at the diagnosis of type 1 (insulin
dependent) diabetes mellitus is related to poor residual beta
cell function. Childhood Diabetes in Finland Study Group.
Arch Dis Child. 1996;75:410-5.

Levy-Marchal C, Patterson CC, Green A. Geographical
variation of presentation at diagnosis of rype [ diabetes in
children: the EURODIAB study. European and Dibetes.
Diabetologia. 2001;44:B75-80.

Hanas R, Lindgren E, Lindblad B. Diabertic keroacidosis and
cerebral oedema in Sweden—a 2-year paediatric population
study. Diabet Med. 2007;24:1080-5.

Rodacki M, Pereira Jr, Nabuco De Oliveira Am, Barone B,
Mac Dowell R, Perricelli B et al. Ethnicity and young age
influence the frequency of diaberic keroacidasis at the onset
of type 1 diabetes. Diabetes Res Clin Pracr. 2007;78:259—
62.

Neu A, Ehehalr S, Willasch A, Kehrer M, Hub R, Ranke
MB. Varying clinical presentarions at onset of type 1 diaberes
mellitus in children—epidemiological evidence for different
subtypes of the disease! Pediatr Diaberes. 2001;2:147-53.

11.

13.

14.

15.

16.

17.

18.

19.

20.

1.

Ovarzabal-Irigoyen M, Garcia Cuartero B, Barrio Castellanos
R, Torres Lacruz M, Gomez Gila AL, Gonzilez Casado 1, et al.
Ketoacidosis atr onsert of type 1 diabetes mellitus in pediarric
age in Spain and review of the literature. Pediatr Endocrinol
Rew. 2012;9:669-T1.

. Neu A, Willasch A, Ehehale 8, Hub R, Ranke MB, Becker

SA, et al. Ketoacidosis at onset of type 1 diabetes mellitus
in children—frequency and clinical presentartion. Pediarr
Diabetes. 2003;4:77-81.

Usher-Smith JA, Thompson M], Sharp 5], Walcer FM.
Factors associated with the presence of diabetic ketoacidosis
at diagnosis of diabetes in children and young adults: a
systematic review. BM]. 2011;343:d4092.

Onyriuka AN, Ifebi E. Ketoacidosis ar diagnosis of type 1
diabetes in children and adolescents: frequency and clinical
characteristics. | Diabetes Metab Disord. 2013;12:47:1-5.
Blanc N, Lucidarme N, Tubiana-Rufi N. Factors associared
to ketoacidosis at diagnosis of type 1 diabetes in children.
Archives de Pediatrie. 2003;10:320-5.

Ting WH, Huang CY, Lo FS, Hung CM, Chan CJ, Li HJ, et
al. Clinical and laboratory characteristics of type 1 diabetes in
children and adolescents: experience from a medical center.
Acra Paediarr Taiwan. 2007;48:119-24.

Xin Y, Yang M, Chen X], Tong Y], Zhang LH. Clinical
features at the onset of childhood type 1 diabetes mellitus in
Shenyang, China. ] Paediarr Child Health. 2010;46:171-5.
Alanani NMK, Alsulaimani AA. Epidemiological pattern of
newly diagnosed children with type 1 diabetes mellitus, Taif,
Saudi Arabia. Scienrific World J. 2013;1-9.

Razavi Z. Frequency of ketoacidosis in newly diagnosed type
1 diabetic children. Oman Med ]. 2010; 25:114-7.
Poovazhagi V, Sengurtuvan E Padmaraj R. Qutcome of acure
renal failure in children with diabetic keto acidosis (DKA).
Pediarr Oncall J. 2011;8:63-70.

Foovazaghi W Diabetic ketoacidosis among children with
established diabetes from a pediatric tertiary care institute.
Int ] Diaheres Dev Crries. 2014;34:95.9.

Paediatr Indomes, Vol. 55, No. 1, January 2015 » 43




Diabetic ketoacidosis in children an 11-year retrospective in
Surabaya, Indonesia

ORIGINALITY REPORT

19, 13« 17« 0O«

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

Annunziata Lapolla, Flavia Amaro, Daniela 20/
Bruttomesso, Paolo Di Bartolo et al. "Diabetic °
Ketoacidosis: A Consensus Statement of the
Associazione Medici Diabetologi (AMD),

Societa Italiana di Diabetologia (SID), Societa
Italiana di Endocrinologia e Diabetologia
Pediatrica (SIEDP)", Nutrition, Metabolism and
Cardiovascular Diseases, 2020

Publication

WWW.Smj.org.sa 2
Internet Source %

"Acute kidney injury and diabetic ketoacidosis 1
: L . . . %
in pediatric patients: risk factors", Archivos
Argentinos de Pediatria, 2020

Publication
ubmed.ncbi.nlm.nih.gov
IEternet Source g 1 %
Mona M. Hassan, Mona H. Hafez, Hala M. 1
%

Koura, Nagwa A. Mohamed, Mostafa A.
Barakat, Abeer M. Osman. "Etiology, risk



factors, clinical features, and pitfalls in the
management of newly diagnosed diabetic
children and adolescents", Medical Research
Journal, 2015

Publication

library.gunadarma.ac.id

Internet Source

T

Alphonsus N Onyiriuka, Emeka Ifebi.
"Ketoacidosis at diagnosis of type 1 diabetes
in children and adolescents: frequency and
clinical characteristics", Journal of Diabetes &
Metabolic Disorders, 2013

Publication

T

Helen Siyoum Atkilt, Muluken Gizaw Turago,
Balewgizie Sileshi Tegegne. "Clinical
Characteristics of Diabetic Ketoacidosis in
Children with Newly Diagnosed Type 1
Diabetes in Addis Ababa, Ethiopia: A Cross-
Sectional Study", PLOS ONE, 2017

Publication

T

www.karger.com

Internet Source

T

—
)

Mawaddah Batwa, Lujain Alharthi, Reem
Ghazal, Meaad Alsulami, Rahaf Slaghour,
Renad Aljuhani, Abdullah Bakhsh. "Diabetic
Ketoacidosis at the Onset of Type 1 Diabetes
Mellitus Among Children and Adolescents in
Jeddah, Saudi Arabia: A Study From the

T



Emergency Department”, Cureus, 2022

Publication

—_—
—

diabetestalk.net

Internet Source

T

—
N

D. B. Dunger, M. A. Sperling, C. L. Acerini, D. |.
Bohn et al. "European Society for Paediatric
Endocrinology/Lawson Wilkins Pediatric
Endocrine Society Consensus Statement on
Diabetic Ketoacidosis in Children and
Adolescents", PEDIATRICS, 2004

Publication

(K

Marcel Simon, Stephan Braune, Azien
Lagmani, Maria Metschke, Christoph Berliner,
Maria Kalsow, Hans Klose, Stefan Kluge.
"Value of Computed Tomography of the Chest
in Subjects With ARDS: A Retrospective
Observational Study", Respiratory Care, 2016

Publication

1o

orthorsds-fkua.org

Internet Source

T

—
U1

Yun Jeong Lee, Young Ah Lee, Jae Hyun Kim,
Hye Rim Chung, Min Jeong Gu, Ji Young Kim,
Choong Ho Shin. "The durability and
effectiveness of sensor-augmented insulin
pump therapy in pediatric and young adult
patients with type 1 diabetes", Annals of
Pediatric Endocrinology & Metabolism, 2020

Publication

T




Naglaa Mohamed Kamal Alanani, Adnan Amin 1 o
Alsulaimani. "Epidemiological Pattern of ’
Newly Diagnosed Children with Type 1

Diabetes Mellitus, Taif, Saudi Arabia", The

Scientific World Journal, 2013

Publication

Puruhito. "Availability and Limits of 1 o
Intermediate Cardiovascular Technology", °
Artificial Organs, 2008

Publication

Ayse Nurcan Cebeci, Ayla Guven, Heves 1 o
Kirmizibekmez, Metin Yildiz, Fatma Dursun. ’
"Clinical features and management of diabetic
ketoacidosis in different age groups of

children: children less than 5 years of age are

at higher risk of metabolic decompensation”,

Journal of Pediatric Endocrinology and

Metabolism, 2012

Publication

V. Poovazhagi. "Factors associated with <1 o
mortality in children with diabetic ketoacidosis ’
(DKA) in South India", International Journal of

Diabetes in Developing Countries, 2015

Publication

Exclude quotes On Exclude matches Off

Exclude bibliography On



Diabetic ketoacidosis in children an 11-year retrospective in
Surabaya, Indonesia

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

/ ’I OO Instructor

PAGE 1

PAGE 2

PAGE 3

PAGE 4




