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Abstract: 

Diabetic ketoacidosis (DKA) is the most common hyperglycaemic emergency in patients with diabetes mellitus. DKA 

most often occurs in patients with type 1 diabetes, but patients with type 2 diabetes are susceptible to DKA under 
stressful conditions, such as trauma, surgery, or infections. We conducted search through electronic databases for 

relevant studies published up to 2021.  Our aim through this narrative review was to discuss the most common risk 

factors, and complications of DKA among children. Worldwide, infection is the most common precipitating cause for 

DKA, occurring in 30–50% of cases. Urinary tract infection and pneumonia account for the majority of infections. 

Other precipitating causes are intercurrent illnesses (i.e., surgery, trauma, myocardial ischemia, pancreatitis), 

psychological stress, and noncompliance with insulin therapy. The triad of uncontrolled hyperglycaemia, metabolic 

acidosis and increased total body ketone concentration characterizes DKA. 
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INTRODUCTION: 

Diabetic ketoacidosis (DKA), a potentially life-

threatening acute complication of type 1 diabetes 

(T1D), is the leading cause of death in childhood-onset 

diabetes (1,2). Mortality of a DKA episode ranges 
between 0.15% and 0.3%; most deaths are related to 

cerebral edema (3). Even if an episode of DKA is not 

immediately life-threatening, it may lead to acute 

kidney injury6 or may negatively impact cognitive 

growth of chlidren and also adolescents (3,4). DKA 

frequently takes place at the time of T1D diagnosis, 

however additionally during follow-up at a rate of 1-- 

10 events per 100 patient-years, which does not just 

make up significant morbidity and mortality, but 

additionally for considerable health care costs (5,6). 

Whereas the occurrence of extreme hypoglycemia in 

T1D has declined over the ins 2014, the rate of DKA 
in established individuals continues to be steady (4,6). 

Women sex, adolescence, ethnic minority condition, 

low socioeconomic standing, an HbA1c degree over 

the target array, as well as DKA at T1D symptom are 

associated with a boosted DKA frequency (7,8). 

Slipping back DKA is not unusual in pediatric 

individuals with T1D: readmission for DKA within 

one year after an episode may account for up to 20% 

of all DKA admissions. In a different pediatric cohort, 

majority of all reported DKA events can be credited to 

only 5% of all individuals. Because DKA mortality is 
greater in patients with numerous episodes,22 clients 

with falling back DKA call for special understanding 

(9). 

 

Previous researches have revealed different threat 

elements that might predispose to the delay in 

recognition of new-onset diabetic issues mellitus as 

well as thus enhance the chance of presenting with 

DKA. Reduced socioeconomic status, absence of 

private insurance policy, and also more youthful age 

(0-4 year) at diabetes mellitus acknowledgment were 

noted as danger aspects for providing with DKA (10). 
Additionally, concomitant autoimmune illness such as 

thyroid illness or gastric illness have been reported to 

precipitate DKA in individuals not identified 

previously with diabetic issues mellitus (11,12). 

Furthermore, ketoacidosis at the medical diagnosis of 

T1DM was associated with poor residual β-cell feature 

(13). DKA influenced specifically individuals who are 

diagnosed at a younger age and normally have lower 

insulin production due to an enhanced rate of 

autoimmune island devastation (14). 

We aimed by this narrative review to discuss and 

emphasize the most common risk factors and 

complications of DKA in paediatrics age group. 

 

DISCUSSION: 

DKA is defined by the American Diabetes 

Association, the European Society for Paediatric 

Endocrinology, and also the Pediatric Endocrine 

Society as hyperglycemia (plasma sugar > 200 mg/dL 

or roughly 11 mmol/L) and venous pH < 7.3 and/or 

bicarbonate < 15 mmol/L (15,16). DKA is one of the 

most typical reason of fatality in kids with T1D, as 
well as one of the most usual rare and also primary 

fatal issue of DKA is cerebral edema (17) The therapy 

and prevention of analytical edema is, for that reason, 

the topic of comprehensive medical research and also 

attention. Nonetheless, analytical edema is not the 

only issue of DKA worthy of close surveillance 

throughout client treatment. 
 

New therapy techniques have added to an 

improvement of metabolic control in pediatric clients 

with T1D in the past and might continue to a far better 

success of treatment goals. Circumstances in which 

insulin is omitted purposely to drop weight or to leave 

abusive or otherwise excruciating familial 

circumstances may place clients at a high threat of 

frequent DKA, highlighting the relevance of a 

multidisciplinary professional group in the care of 

patients with reoccuring DKA (18). 

 

Risk factors to develop DKA in paediatrics: 

Unfortunately, the incidence of DKA among newly 

diagnosed patients remains unacceptably high and had 

not declined progressively in the past decades. One 

study have discovered that misdiagnosis was 

associated with a higher rate of presentation with 

DKA. In patients with new-onset T1DM and DKA, 

55% were misdiagnosed at the initial visit to the doctor 

and discharged home (19). Similar observation was 

made by Mallare et al. They reported that 68% of 

patients in whom the diagnosis was missed presented 
with DKA. Misdiagnosis by the physician at initial 

patient encounter was especially prevalent among the 

younger children (20). It was demonstrated by Vanelli 

et al. (21) that occurrence of DKA is positively related 

to the latency phase, and because of a school and 

physician campaign centered on the earliest symptom 

of diabetes (polyuria, polydypsia, and weight loss), it 

was possible to prevent DKA. The data in the study 

(19) concur with previous reports that younger 

children are more likely to present with DKA (22-24). 

In study (19), the youngest children under 2 yr of age 

suffered extremely frequently from ketoacidosis 
(71%) and had extremely low c-peptide level 

compared with the older groups. Similar high 

frequency of ketoacidosis in children under 2 yr of age 

(69%) with new-onset diabetes mellitus was reported 

in Spanish children (25). Komulainen et al. reported 

53% episodes of DKA in Finish children under 2 yr of 

age (26). Roche et al. found no significant association 

between age and presentation of DKA in those aged 

over 2 yr but a strong association in children younger 

than 2 yr. Six of nine children aged under 2 yr 

presented with moderate/severe DKA (27). 
 

DKA is the initial manifestation of diabetes in 20–30% 

of patients with type 1 diabetes (1,4). In known 

diabetic patients, precipitating factors for DKA 

include infections, intercurrent illnesses, 

psychological stress, and noncompliance with therapy 

(table I). Worldwide, infection remains the most 

common underlying cause Urinary tract infection and 

pneumonia account for the majority of infections 

(3,15) Other acute conditions that may precipitate 

DKA include cerebrovascular accident, alcohol abuse, 
pancreatitis, pulmonary embolism, myocardial 

infarction, and trauma.  

 

Table I. Common precipitating causes of diabetic ketoacidosis 

New onset diabetes 

Acute infection 

Pneumonia 

Urinary tract infection 

Soft tissue infection 

Discontinuation of insulin (poor compliance) 

Acute illness 
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Myocardial infarction 

Cerebral vascular accident 

Acute pancreatitis 

Surgery 

Trauma 

Therapy 

Corticosteroids 

Thiazides 

Sympathomimetic agents 

Pentamidine 

Total parenteral nutrition 

 

Complications of DKA: 

A. Cerebral edema: 

Many children who present with DKA have some 

degree of modified psychological condition. Usually 

the transformed condition is because of acidosis or 

hyperosmolarity, although some research studies show 

that subclinical analytical edema occurs most of 

clients in DKA (29). About 0.5%-1% of youngsters in 

DKA establish honest analytical edema (28). 

Morbidity related to cerebral edema is about 13%-35% 

and mortality 24%-28%. Risk factors for the 

advancement of cerebral edema throughout DKA 
include new onset T1DM, reduced bicarbonate, low 

partial pressure of CO2, and high BUN (29). 

 

Traditional reasoning attributes the system of injury in 

analytical edema to swelling from an increase of liquid 

right into the mind (28,29). This influx is thought to be 

because of the quickly decreasing lotion osmolarity 

triggered by excessively aggressive liquid 

resuscitation; nevertheless, information reveals the 

only treatment-related threat variable to be 

management of bicarbonate (30). The association in 

between high fluid infusion rates as well as growth of 
analytical edema patterns toward, yet does not get to, 

statistical significance (31). Radiographic 

confirmation of analytical edema in clients with DKA 

prior to initiation of fluid treatment better challenges 

the organization (32). Likewise, several kids have 

typical brain imaging at the beginning of professional 

cerebral edema as well as do not establish radiographic 

indicators of edema till hours or days later, suggesting 

that edema is a consequence rather than the cause of 

injury (28,32). 

 
An even more plausible theory is that cerebral edema 

is brought on by analytical hypoperfusion, which leads 

to cytotoxic edema (cell swelling as well as fatality) at 

presentation complied with by vasogenic edema 

(malfunction of the blood mind obstacle resulting in 

capillary leak) throughout treatment (29). There is 

supporting evidence for this system, including the 

organization in between cerebral hypoperfusion as 

well as the threat factors connected with the 

advancement of analytical edema, including high 

BUN, reduced bicarbonate, and low partial stress of 

carbon dioxide (33). Furthermore, Lam et al (34) show 
that untreated DKA in rats is connected with 

modifications on diffusion-weighted Imaging 

Magnetic Vibration (DWI MR) constant with 

cytotoxic edema. When the DKA is treated, the DWI 

MR pictures show small adjustments that recommend 

advancement to vasogenic analytical edema. MR DWI 

adjustments constant with vasogenic edema have 

actually also been received youngsters throughout 

therapy of DKA (31). These studies support the design 

that DKA-related analytical edema originates from 

early ischemic mental retardation complied with by 
reperfusion injury during treatment. 

Coagulation disorder as complication of DKA: 

Abnormalities of hemostasis have been identified in 

patients with poorly controlled diabetes, although the 

mechanism is not entirely understood (28,30). 

Likewise, clinical studies of both adult and pediatric 
patients with T1D with DKA have described a variety 

of transient changes in coagulation factors, such as 

increased platelet activation, fibrinolytic activity, and 

endothelial activation. A prospective study of 

adolescents with T1D and DKA demonstrated low 

levels of free protein S, which facilitates activated 

protein C in inactivating von Willebrand factor (32). 

Accordingly, the levels of von Willebrand factor 

activity were increased. Protein C activity was 

decreased in DKA but normalized following 

treatment. 

DKA is also characterized by elevated levels of 

inflammatory markers (CRP), cytokines (IL6, IL1beta, 

TNF alpha), and complement activation. This 

inflammatory state, combined with the disruption of 
the normal coagulation cascade, can place patients at 

increased risk of thrombosis and stroke during acute 

episodes of DKA (33,34). 

 

B. Deep vein thrombosis in DKA patient: 

Deep vein thrombosis (DVT) is not uncommon in 

critically ill kids who need central venous catheter 

positioning as they present a foreign body, create 

endothelial damage, as well as hinder blood flow (35). 

Youngsters and also teens with DKA, however, seem 

at raised danger of DVT when they go through 
positioning of a central venous catheter (36). This 

boosted threat of apoplexy most likely comes from 

shock compounded by DKA, as serious dehydration 

activates the coagulation cascade and causes venous 

stasis as well as DKA itself provides a 

hypercoagulable state. Gutierrez et al (36) released the 

first report to explain this monitoring in a retrospective 

case-matched control series. It details that 4 of 8 

youngsters with DKA who underwent placement of a 

femoral central venous catheter established DVT 

contrasted to 0 of the 16 of control individuals that 

went through central venous catheter placement 
without diabetic issues or DKA. A retrospective 

associate study published by Worly et alia (37) found 

comparable monitorings with evidence of femoral 

DVT on Doppler ultrasound within 48 h of the main 

catheter placement for therapy of DKA. People 

because collection with DKA and DVT had 

dramatically higher product sugar, dealt with sodium 

focus, and also reduced pH and serum bicarbonate 

than their age-matched friends with shock and also 

main venous catheters. DVT in kids with DKA as well 

as catheter positioning is likewise extra common in 
those less than 3 years old, which might be due to 
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smaller sized vessel size as well as better seriousness 

of disease at presentation (36). 

Kids with DKA as well as DVT require low-molecular 

weight heparin till ultrasound confirmation of DVT 

resolution, which can use up to 6 mo (37). Provided 

the increased threat of DVT and connected morbidity, 

use central venous catheters should be prevented in 

youngsters with DKA when possible. If placement is 

needed, the main venous catheters should be gotten rid 
of immediately as well as use of prophylactic 

anticoagulation therapy must be thought about in cases 

of prolonged usage. 

 

C. DKA and Cerebral venous thrombosis: 

In general, the incidence of cerebral sinovenous 

thrombosis is 0.67 cases per 100000 children per year. 

Central venous thrombosis in association with 

pediatric DKA is reported two times in the clinical 

literary works (38,39). The initial published situation 

report is a 5-year-old woman with recognized T1D that 
provided with emesis, sleepiness, and also mild DKA 

who then neurologically decompensated 12 h right 

into treatment, as confirmed by unfamiliarity, action to 

painful stimulations just and arm or leg strength. A CT 

scan demonstrated an apoplexy in the straight sinus 

and also the blood vessel of Galen with ischemic 

modifications in the thalamus. She was anticoagulated 

with Heparin for 48 h complied with by Warfarin for 

three months, and also her baseline neurological 

condition two years later on was incredibly regular in 

addition to mild understanding difficulties. 

 
The second instance reported was in an 8 years of ages 

child on first discussion of T1D with serious DKA 

with hyperosmolar state with lotion glucose of 1668 

mg/dL. 2 hours right into therapy he became 

unconscious and with slow-moving pupillary 

response. A CT demonstrated apoplexy in the superior 

sagittal sinus as well as blood vessel of Galen, in 

addition to huge infarctions in both cerebral 

hemispheres. Lasting follow-up info is not offered for 

this situation (40 ). 

 
The overall occurrence of pediatric stroke is estimated 

at 2-13 per 100000 youngsters. Hemorrhagic or 

ischemic brain infarction represent around 10% of 

intracerebral complications of DKA, as well as not all 

situations of stroke in DKA are related to cerebral 

edema. The procoagulant state of DKA areas people at 

increased threat of ischemic brain injury along with 

succeeding hemorrhagic conversion emerging from 

hypoxia and also vascular injury (34,38). Diagnosis of 

stroke during an episode of severe DKA is hard as 

there is substantial overlap of indicators, signs, and lab 

information. Early signs and symptoms of CNS injury 
consist of nonspecific searching for such as migraine, 

complication, lethargy, as well as unanticipated 

changes in heart price, breathing price, or blood 

pressure. Focal neurological indications enable 

clinicians to rapidly identify stroke victims; however, 

less than 30% of patients with DKA-associated stroke 

have characteristic focal neurologic deficits (40).  

 

CONCLUSION: 

The most common cause of intense wear and tear in 

children with DKA is cerebral edema, the 
pathogenesis of which remains under energetic 

investigation as well as discussion. Other rare 

difficulties of pediatric DKA include acute changes in 

coagulation, pulmonary function, musculoskeletal and 

also intestinal wellness along with long-lasting 

cognitive results. These findings are rare as well as 

need a high index of professional uncertainty, but early 

recognition as well as treatment may help avoid 

permanent shortages. To minimize the regularity as 

well as severity of ketoacidosis in the new-onset 

diabetic person kids, pediatricians and family doctors 
need to enhance their clinical alertness to the 

opportunity of diabetes mellitus medical diagnosis 

especially in the youngest children. 
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