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Abstract

Objective Cerebral edema is a severe and potentially fatal complication of diabetic ketoacidosis (DKA), particularly

in pediatric patients. Despite its clinical significance, limited data exist on its incidence and associated risk factors in
resource-limited settings. This study aimed to determine the incidence of cerebral edema in pediatric patients with
DKA and investigate potential contributing factors. This retrospective study analyzed data from 270 pediatric DKA
patients admitted to the Children’s Medical Center Hospital, Tehran, between March 2018 and March 2020. Patients
aged 1 day to 18 years were included based on standard DKA diagnostic criteria (blood glucose > 250 mg/dL, pH<7.3,
bicarbonate < 18 mEg/L, and ketonemia/ketonuria). Patients with incomplete records or pre-existing neurological
conditions were excluded. The statistical analyses included independent t-tests and Fisher's exact tests.

Results The incidence of cerebral edema was 6.67%. Elevated blood glucose levels at admission were significantly
associated with cerebral edema (P=0.01), suggesting a potential role in its pathophysiology. Additionally, a strong
correlation was observed between cerebral edema and ICU admission (P<0.001), indicating a more severe disease
course. The results suggest that early glucose control and neurological monitoring are critical for preventing adverse
outcomes such as cerebral edema in pediatric DKA patients.
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Introduction

Diabetic ketoacidosis (DKA) is a serious, potentially
life-threatening acute complication of diabetes mellitus,
primarily affecting individuals with type 1 diabetes [1].
The pathophysiology of DKA involves complex meta-
bolic derangements that, if untreated, can result in sig-
nificant morbidity and mortality. It is characterized by
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hyperglycemia, metabolic acidosis, and ketosis, which
arises from an absolute or relative deficiency of insulin
[2, 3]. This deficiency triggers lipolysis, followed by keto-
genesis, resulting in the accumulation of acidic ketone
bodies in the blood [4]. In the pediatric population, DKA
presents unique challenges, as children are more suscep-
tible to severe complications due to their physiological
and developmental differences compared to adults [5].
In children, DKA frequently occurs as the initial presen-
tation of type 1 diabetes, which underscores the criti-
cal need for early diagnosis and intervention to prevent
severe complications and reduce mortality rates [6].

The prevalence of DKA at the onset of diabetes ranges
from 30 to 40% [7]. A retrospective study conducted
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between 2002 and 2012 in British Columbia, Canada,
revealed that 32.4% of incident cases of type 1 diabetes
experienced episodes of DKA at the time of diagnosis [8].
The global prevalence of DKA is increasing worldwide. A
systematic review revealed that the prevalence of DKA
among youth with type 1 diabetes increased from 35.3%
in 2010 to 40.6% in 2016 [9], which highlights the need
for identifying contributing factors and implementing
targeted interventions to reduce the incidence of DKA.

DKA can result in mortality if prompt and appropriate
management is not initiated [10]. Before the advent of
insulin therapy, DKA was associated with an almost 100%
mortality rate. However, advancements in treatment have
significantly reduced mortality rates, which are now sub-
stantially lower. Currently, the overall mortality rate in
children with DKA ranges from 0.15 to 0.35% in devel-
oped countries and from 3.4 to 13.4% in developing coun-
tries [11]. The results of a study conducted in Ethiopia
revealed that the overall mortality rate among children
with DKA was 10.6 per 1000 person-days of observation
[12]. Another study conducted in Kenya reported a mor-
tality rate of 6.9% among pediatric patients with DKA
[13]. In another study conducted in Turkey, the mortality
rate was reported to be low at 0.87% [14]. The variation
in mortality rates across regions underscores the need for
further research, especially in resource-limited settings.

The complications of DKA are multifaceted and can
have both immediate and long-term effects on pediatric
health [15]. Electrolyte imbalances, including hypoka-
lemia, hyperkalemia, hyponatremia, and hypophospha-
temia, are nearly universal in DKA and contribute to
cardiac arrhythmias, muscle weakness, and other sys-
temic effects [16, 17]. Acute kidney injury, another com-
mon complication, arises due to severe dehydration and
reduced renal perfusion, further complicating fluid and
metabolic management [18]. Among the acute compli-
cations of DKA, cerebral edema is the most severe and
potentially fatal, with a mortality rate ranging from 20 to
40%. It occurs in up to 1% of pediatric DKA cases, par-
ticularly in individuals under 20 years of age [19]. The
condition results from rapid osmolar shifts and inflam-
matory processes during treatment, leading to brain
swelling that can cause irreversible neurological damage
or death if not promptly managed [20].

While significant progress has been made in under-
standing DKA and its complications, notable gaps remain
in the literature. Notably, few studies have assessed the
complications of DKA, particularly cerebral edema, in
pediatric patients in Iran, a resource-limited country.
This lack of data hinders the development of targeted
interventions and the improvement of outcomes in this
population. This issue highlights the need for region-
specific research to address these gaps. This study aimed
to address these gaps by analyzing cerebral edema
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associated with DKA in pediatric patients using retro-
spective data.

Materials and methods

This retrospective study was conducted at the Children’s
Medical Center Hospital, affiliated with Tehran Univer-
sity of Medical Sciences, a major referral center admit-
ting pediatric patients from all regions of Iran. Selecting
this hospital as the research setting ensures the inclu-
sion of patients from diverse geographical areas, which
enhances the generalizability of the findings.

The study included all pediatric patients aged 1 day
to 18 years who were referred to the Children’s Medical
Center Hospital with a diagnosis of DKA between March
21, 2018, and March 20, 2020. The criteria for DKA diag-
nosis included blood glucose levels above 250 mg/dL,
blood pH less than 7.3, serum bicarbonate levels less than
18 mEq/L, and the presence of ketonuria or ketonemia
[21]. A total of 270 patients were eligible for inclusion.
Exclusion criteria were applied to ensure data quality
and focus, including patients with incomplete medical
records relevant to the study variables, those with under-
lying neurological conditions that could confound the
assessment of cerebral edema, or patients who developed
cerebral edema prior to hospital admission. These criteria
ensured the study focused on cerebral edema arising spe-
cifically during the course of DKA management. None of
the 270 eligible patients met the exclusion criteria, and all
were included in the final analysis.

Data were collected retrospectively and included
demographic information (age and gender), clinical vari-
ables (blood glucose levels at admission), cause of DKA
(e.g., non-adherence to insulin therapy, viral infection,
underlying disease, antibodies against insulin, insulin
resistance), frequency of recurrence, and whether the
patient required ICU admission. Cerebral edema was
confirmed in cases that presented clinical findings sug-
gestive of the condition, such as changes in conscious-
ness level, diagnostic imaging like brain CT scans, and
final confirmation by a neurologist.

The collected data were analyzed using SPSS software
version 16. Descriptive statistics were employed to sum-
marize the data, with continuous variables presented as
means and standard deviations, and categorical variables
reported as frequencies and percentages. To examine
associations between variables and outcomes, inferential
statistical tests were applied. Independent t-test was used
to compare the means of continuous variables between
groups, while the Fisher’s exact test was used to assess
associations between categorical variables and specific
outcomes. A P-value of less than 0.05 was considered sta-
tistically significant for all analyses.
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Table 1 The characteristics of patients and their association with
the incidence of cerebral edema

Variable Mean +SD Inci-
dence of
Cerebral
Edema

Age (Year) 8.95+395 0.38*

Blood glucose levels at admission (mg/  410.74+127.61 0.01*

db)

N (%)

Gender 0.51**

Male 129 (47.8%)

Female 141 (52.2%)

Cause of DKA 0.92**

Non-adherence to insulin therapy 151 (55.9%)

Viral infection 84 (31.1%)

Underlying disease 30 (10.8%)

Antibodies against insulin 3(1.1%)

Insulin resistance 2 (0.7%)

First recurrence 0.19%*

Yes 228 (84.4%)

No 42 (15.6%)

Admission in ICU <0.001**

Yes 102

No 168

*Independent t-test **Fisher’s exact test

Results

The study included 270 pediatric patients diagnosed
with DKA. The mean age of the patients was 8.95+3.95
years, with 47.8% being male and 52.2% female. Among
the cohort, the leading cause of DKA was non-adherence
to insulin therapy (55.9%), followed by viral infections
(31.1%) and underlying diseases (10.8%). Less common
causes included antibodies against insulin (1.1%) and
insulin resistance (0.7%). The mean blood glucose level
at admission was 410.74+127.61 mg/dL. Cerebral edema
was diagnosed in 18 cases, resulting in an incidence rate
of 6.67% among DKA patients. There were no statisti-
cally significant associations between the incidence of
cerebral edema and gender (P=0.51), the cause of DKA
(P=0.92), or whether it was the patient’s first recurrence
of DKA (P=0.19). However, elevated blood glucose levels
at admission were significantly associated with the devel-
opment of cerebral edema (P=0.01). A significant cor-
relation was observed between the incidence of cerebral
edema and ICU admission (P<0.001) (Table 1).

Discussion

This study investigated the incidence of cerebral edema in
pediatric patients with DKA, revealing an incidence rate
of 6.67%. In comparison, a study conducted in Argen-
tina on adult patients reported a prevalence of cerebral
edema among DKA patients of 1.44%, which is notably
lower than the incidence observed in our study [22].
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Additionally, experts have traditionally estimated that
cerebral edema develops in up to 1% of pediatric DKA
cases [19], which contrasts with our findings. The higher
incidence rate observed in this study may be attributed to
differences in study populations and diagnostic criteria.
Another possible explanation is the delayed presentation
of DKA or a delay in referring patients to a healthcare
setting, leading to prolonged hyperglycemia and greater
osmotic imbalances, which could contribute to this dis-
crepancy. These findings highlight the importance of
early recognition and careful management of DKA to
minimize the risk of cerebral edema.

The results revelad a significant association between
cerebral edema and elevated blood glucose levels at
admission. Severe hyperglycemia leads to significant
osmotic shifts, and rapid glucose reduction during treat-
ment can cause a sudden drop in plasma osmolality,
driving water into brain cells and increasing the risk of
cerebral swelling [19, 23]. Additionally, high blood glu-
cose at admission indicates prolonged hyperglycemia,
suggesting delayed presentation and more severe dehy-
dration, which make the brain more vulnerable to fluid
shifts during resuscitation. Furthermore, high blood glu-
cose is associated with cerebral edema due to its effects
on the blood-brain barrier (BBB) and vascular perme-
ability. Hyperglycemia, along with ketoacidosis, cerebral
hypoxia, and inflammation, disrupts osmotic balance and
increases endothelial permeability. As a result, the BBB
becomes less restrictive to insulin, sodium, and water,
promoting fluid shifts into brain tissue and accelerating
the development of cerebral edema [24]. Consistent with
our findings, previous case report studies have identified
high blood glucose at admission as a potential risk factor
for cerebral edema in patients with DKA [19, 25]. Sup-
porting our results, a review study by Jafari et al. (2022)
provided evidence of a potential relationship between
high blood glucose at admission and the incidence of
cerebral edema in pediatric DKA patients [26].

Another notable finding was the strong correlation
between cerebral edema and ICU admission. Patients
requiring ICU care for DKA are often those presenting
with more severe metabolic derangements, profound
dehydration, and altered mental status, all of which are
recognized risk factors for cerebral edema. This finding
is consistent with the study by Patel et al. (2016), which
reported that DKA patients with cerebral edema have
a longer length of stay and higher hospitalization costs
[27].

The observed incidence of cerebral edema, combined
with its association with high blood glucose levels and
ICU admission, underscores the importance of early
identification and preventive strategies in managing
pediatric DKA. Given the life-threatening nature of this
complication, routine monitoring of neurological status,
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careful fluid management, and gradual correction of
hyperglycemia are essential components of treatment.
Future research should focus on identifying early bio-
markers that could aid in the timely detection of DKA
and cerebral edema, ultimately improving outcomes in
this vulnerable population.

Limitations

One of the key strengths of this study is its relatively
large sample size and the inclusion of data from a major
referral center, which enhances the generalizability of
the findings. Additionally, the study provides valuable
insights into the incidence of cerebral edema in pediatric
DKA patients, a critical but understudied complication
in resource-limited settings. The rigorous methodology,
including strict diagnostic criteria and statistical analy-
sis, strengthens the validity of the results. However, this
study also has several limitations. As a retrospective
study, it is subject to potential biases, including missing
data and reliance on medical records for diagnosis and
clinical variables. Additionally, the study did not assess
long-term neurological outcomes in affected patients,
limiting its ability to evaluate the full impact of cerebral
edema in pediatric DKA cases. Future prospective stud-
ies with standardized diagnostic protocols and follow-up
assessments are recommended to address these limita-
tions. Furthermore, we recommend that future research
also focus on optimizing the management of diabetic
ketoacidosis, including the role of fluid resuscitation
strategies and preventive measures for cerebral edema.
Additionally, incorporating advanced techniques such
as deep learning models in future research could provide
valuable insights for predicting the risk factors of cerebral
edema in pediatric DKA patients.

Conclusion

This study found that the incidence of cerebral edema
in pediatric DKA patients was 6.67%, higher than previ-
ously reported estimates. Elevated blood glucose levels at
admission were significantly associated with an increased
risk of cerebral edema, likely due to osmotic shifts,
blood-brain barrier dysfunction, and delayed presenta-
tion. Additionally, cerebral edema was correlated with
ICU admission, underscoring its severity and impact on
patient outcomes. These findings highlight the impor-
tance of early recognition, careful management of hyper-
glycemia, and close monitoring of neurological status in
pediatric DKA patients. Future research should focus
on identifying early biomarkers and optimizing treat-
ment protocols to reduce the risk of cerebral edema and
improve outcomes in this vulnerable population.

Acknowledgements
The authors would like to express their sincere gratitude to the authorities of
the Children's Medical Center Hospital for their support and cooperation in

Page 4 of 5

conducting this study. We also extend our appreciation to all individuals who
contributed to the writing and publication of this article.

Author contributions

S.M: Study design, data analysis, data interpretation, and drafting; B.G: Study
design, data analysis, data interpretation, and drafting; M.M.R: Study design,
data analysis, data interpretation, and drafting; A.Z: Study design, data
analysis, data interpretation, and drafting; All authors read and approved the
final manuscript and agreed to be accountable for all aspects of the work in
ensuring that questions related to the accuracy or integrity of any part of the
work were appropriately investigated and resolved.

Funding
This research received no specific grant from any funding agency in the
public, commercial, or not-for-profit sectors.

Data availability

The data generated and analyzed during the current study is not

publicly available to ensure data confidentiality but is available from the
corresponding author on reasonable request and with the consent of the
research participants.

Declarations

Ethics approval and consent to participate

Ethical approval for this study was obtained from the Ethics Committee

of Tehran University of Medical Sciences (Approval No. IRTUMS.CHMC.
REC.1399.035). The research was conducted in compliance with the ethical
guidelines set forth in the Declaration of Helsinki. Due to the retrospective
nature of the study, informed consent to participate was not obtained from
the participants. The need for informed consent was waived by the Ethics
Committee, as the study involved the use of anonymized patient data
collected as part of routine clinical care, with no identifying information
recorded. All patient data were anonymized to maintain confidentiality.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Clinical trial number
Not applicable.

Received: 12 February 2025 / Accepted: 1 April 2025
Published online: 09 April 2025

References

1. Elendu C, David JA, Udoyen AO, Egbunu EO, Ogbuiyi-Chima IC, Unakalamba
LO, et al. Comprehensive review of diabetic ketoacidosis: an update. Ann
Med Surg (Lond). 2023;85(6):2802-7. https://doi.org/10.1097/ms9.000000000
0000894. Epub 20230523.

2. Tilinca MC, Gliga MC, Varga A. The pathophysiology and management of
diabetic ketoacidosis in COVID-19 patients: a literature review. J Crit Care Med
(Targu Mures). 2022;8(1):6-13. https://doi.org/10.2478/jccm-2021-0024. Epub
20211113,

3. El-Remessy AB. Diabetic ketoacidosis management: updates and challenges
for specific patient population. Endocrines. 2022;3(4):801-12. https://doi.org/
10.3390/endocrines3040066. PubMed PMID:.

4. Calimag APP, Chlebek S, Lerma EV, Chaiban JT. Diabetic ketoacidosis. Dis Mon.
2023;69(3):101418. https://doi.org/10.1016/j.disamonth.2022.101418.

5. Kostopoulou E, Sinopidis X, Fouzas S, Gkentzi D, Dassios T, Roupakias S,
Dimitriou G. Diabetic Ketoacidosis in Children and Adolescents; Diagnostic
and Therapeutic Pitfalls. Diagnostics (Basel). 2023;13(15). Epub 20230804. http
s://doi.org/10.3390/diagnostics13152602. PubMed PMID: 37568965; PubMed
Central PMCID: PMC10416834.

6. Gallagher E, Siu HY. Diabetic ketoacidosis as first presentation of type 1 diabe-
tes mellitus in a young child: important differential diagnosis for respiratory


https://doi.org/10.1097/ms9.0000000000000894
https://doi.org/10.1097/ms9.0000000000000894
https://doi.org/10.2478/jccm-2021-0024
https://doi.org/10.3390/endocrines3040066
https://doi.org/10.3390/endocrines3040066
https://doi.org/10.1016/j.disamonth.2022.101418
https://doi.org/10.3390/diagnostics13152602
https://doi.org/10.3390/diagnostics13152602

Memarian et al. BMC Research Notes

(2025) 18:152

distress. Can Fam Physician. 2020,66(6):425-6. PubMed PMID: 32532723;
PubMed Central PMCID: PMC7292523.

Passanisi S, Salzano G, Basile P, Bombaci B, Caime F, Rulli |, et al. Prevalence
and clinical features of severe diabetic ketoacidosis treated in pediatric inten-
sive care unit: a 5-year monocentric experience. Ital J Pediatr. 2023;49(1):58. h
ttps://doi.org/10.1186/513052-023-01448-1. Epub 20230520.

Kao K-T, Islam N, Fox DA, Amed S. Incidence trends of diabetic ketoacidosis in
children and adolescents with type 1 diabetes in British Columbia, Canada. J
Pediatr. 2020,221:165-73. https://doi.org/10.1016/jjpeds.2020.02.069..e2.
Jensen ET, Stafford JM, Saydah S, D’Agostino RB, Dolan LM, Lawrence JM, et
al. Increase in prevalence of diabetic ketoacidosis at diagnosis among youth
with type 1 diabetes: the SEARCH for diabetes in youth study. Diabetes Care.
2021;44(7):1573-8. https://doi.org/10.2337/dc20-0389. Epub 20210607.
Baloch SH, Ibrahim PMN, Lohano PD, Gowa MA, Mahar S, Memon R. Pediatric
risk of mortality Il score in predicting mortality among diabetic ketoacidosis
patients in a pediatric intensive care unit. Cureus. 2021;13(11):e19734. https://
doi.org/10.7759/cureus.19734. Epub 20211119.

Poovazhagi V. Risk factors for mortality in children with diabetic Keto acidosis
from developing countries. World J Diabetes. 2014;5(6):932-8. https://doi.or
9/10.4239/wjd.v5.i6.932. PubMed PMID: 25512799; PubMed Central PMCID:
PMC4265883.

Shimelash RA, Belay GM, Aknaw W, Shibabaw AT, Adebabay AA, Gedefaw

GD, et al. Incidence and predictors of mortality in children with diabetic
ketoacidosis in the comprehensive specialized referral hospitals of West
Amhara region, Northwest Ethiopia: a retrospective follow-up study. Front
Clin Diabetes Healthc. 2023;4. https://doi.org/10.3389/fcdhc.2023.1204133.
Musoma SN, Omar A, Mutai BC, Laigong P. Outcomes of children and ado-
lescents admitted with diabetic ketoacidosis at Kenyatta National hospital
(KNH), Kenya. J Diabetes Res. 2020,2020(1):8987403. https://doi.org/10.1155/2
020/8987403.

Asik A, Ermaydan M, Demir AS, Duyu M. Pediatric diabetic ketoacidosis: A
retrospective study on triggering factors and complications in a Turkish
intensive care unit. J Pediatr Res. 2024;11(2).

Zhou D, Thomas L, Melson E, Kolesnyk A, Johnson A, Ghosh S, et al. Trends in
aetiology, treatment and complications associated with diabetic ketoacidosis
(DKA)- a 6-year study at a large tertiary care centre in the West Midlands,
united Kingdom. Clin Med. 2020;20(2):s68-9. https://doi.org/10.7861/clinmed
.20-2-568.

Su D, LiJ, Guo M, LiY, Ma S. Clinical analysis of electrolyte disorders in patients
with diabetic ketoacidosis. Clin Lab. 2021;67(1). https://doi.org/10.7754/Clin.
Lab.2020.200309. PubMed PMID: 33491430.

Rewers A, Kuppermann N, Stoner MJ, Garro A, Bennett JE, Quayle KS, et al.
Effects of fluid rehydration strategy on correction of acidosis and electrolyte

20.

21.

22.

23.

24.

25.

26.

27.

Page 5 of 5

abnormalities in children with diabetic ketoacidosis. Diabetes Care.
2021,44(9):2061-8. https://doi.org/10.2337/dc20-3113. Epub 20210629.
Chen J, Zeng H, Ouyang X, Zhu M, Huang Q, Yu W, et al. The incidence, risk
factors, and long-term outcomes of acute kidney injury in hospitalized
diabetic ketoacidosis patients. BMC Nephrol. 2020;21(1):48. https://doi.org/10
1186/512882-020-1709-z.

Namatame K, Igarashi Y, Nakae R, Suzuki G, Shiota K, Miyake N, et al. Cerebral
edema associated with diabetic ketoacidosis: two case reports. Acute Med
Surg. 2023;10(1):e860. https://doi.org/10.1002/ams2.860. Epub 20230620.
Shiferaw MY, Laeke T, Mariam T, Aklilu AT, Akililu YB, Worku BY. Diabetic keto-
acidosis (DKA) induced cerebral edema complicating small chronic subdural
hematoma/hygroma/ at Zewuditu memorial hospital: a case report. BMC
Endocr Disorders. 2022;22(1):6. https://doi.org/10.1186/512902-021-00916-1.
Lizzo JM, Goyal A, Gupta V. Adult diabetic ketoacidosis. StatPearls. Treasure
Island (FL): StatPearls publishing copyright © 2025. StatPearls Publishing LLC,
2025.

Gonzélez Pannia P, Balboa R, Navarro R, Nocita MF, Ferraro M, Mannucci C.
Prevalence of cerebral edema among diabetic ketoacidosis patients. Arch
Argent Pediatr. 2020;118(5):332-6. https://doi.org/10.5546/aap.2020.eng..332.
PubMed PMID: 32924396.

Bohn D, Daneman D. Diabetic ketoacidosis and cerebral edema. Curr Opin
Pediatr. 2002;14(3):287-91. https://doi.org/10.1097/00008480-200206000-000
01. PubMed PMID: 12011666.

Spoelstra-de Man AM, van der Heiden P, Spijkstra JJ, Verheijen AT, Kooter AJ.
Treatment of hyperglycaemia in diabetic ketoacidosis: natura Non facit Saltus.
Neth J Med. 2014;72(1):54-8. PubMed PMID: 24457443,

Meaden CW, Kushner BJ, Barnes S. A rare and lethal complication: cerebral
edema in the adult patient with diabetic ketoacidosis. Case Rep Emerg Med.
2018;2018:5043752. Epub 20180321. doi: 10.1155/2018/5043752. PubMed
PMID: 29755797; PubMed Central PMCID: PMC5884290.

Jafari H, Dadashian P, Ghaffari J, Zaman Far D. Predisposing factors of cerebral
edema in pediatric diabetic ketoacidosis: A systematic review. J Pediatr Rev.
2022;10(1):29-38. https://doi.org/10.32598/jpr.10.1.994.1.

Patel A, Singh D, Bhatt P, Thakkar B, Akingbola OA, Srivastav SK. Incidence,
trends, and outcomes of cerebral edema among children with diabetic keto-
acidosis in the united States. Clin Pediatr (Phila). 2016;55(10):943-51. Epub
20151124. doi: 10.1177/0009922815617975. PubMed PMID: 26603587.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1186/s13052-023-01448-1
https://doi.org/10.1186/s13052-023-01448-1
https://doi.org/10.1016/j.jpeds.2020.02.069
https://doi.org/10.2337/dc20-0389
https://doi.org/10.7759/cureus.19734
https://doi.org/10.7759/cureus.19734
https://doi.org/10.4239/wjd.v5.i6.932
https://doi.org/10.4239/wjd.v5.i6.932
https://doi.org/10.3389/fcdhc.2023.1204133
https://doi.org/10.1155/2020/8987403
https://doi.org/10.1155/2020/8987403
https://doi.org/10.7861/clinmed.20-2-s68
https://doi.org/10.7861/clinmed.20-2-s68
https://doi.org/10.7754/Clin
https://doi.org/10.2337/dc20-3113
https://doi.org/10.1186/s12882-020-1709-z
https://doi.org/10.1186/s12882-020-1709-z
https://doi.org/10.1002/ams2.860
https://doi.org/10.1186/s12902-021-00916-1
https://doi.org/10.5546/aap.2020.eng
https://doi.org/10.1097/00008480-200206000-00001
https://doi.org/10.1097/00008480-200206000-00001
https://doi.org/10.32598/jpr.10.1.994.1

	﻿The incidence of cerebral edema in pediatric patients with diabetic ketoacidosis: a retrospective study
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Results
	﻿Discussion
	﻿Limitations
	﻿Conclusion
	﻿References


