Management of Diabetic Ketoacidosis in Children 
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Abstract

Diabetic ketoacidosis (DKA) is one of the leading causes of mortality in diabetic children. This study aimed to determine the frequency of mortality and complications of DKA during treatment in order to make the necessary modifications with regard to the common treatment problems.

This was a cross sectional study, where patients were selected by examining the records of 112 children under the age of 15 who had been admitted to the pediatric intensive care unit of Ali Asghar Children's Hospital during 2014-2017 with DKA diagnosis. Required information were extracted from the records. Statistical analysis was performed using Chi-square (χ2) test, independent samples T-test and SPSS, Version 16. P value less than 0.05 was consider significant. 
The mean age of the children was 9.9 ± 3.15 years. In 66% of the patients, the first manifestation of diabetes was DKA. Regarding the type of serum therapy, hyponatremia was observed in 15%, hypernatremia in 4.6%, hyperkalemia in 4.5%, and hypokalemia in 15.2% of the patients during treatment. The mortality rate was 2.7% (3case). While other complication such as cerebral edema were reported in 20 cases (17.9%). Another important point in our study was that, among the initial markers, several clinical and laboratory markers had a high potential for predicting DKA-related mortality, including the need for intubation  at the time of admission, increased inflammatory factors, severe hyperglycemia, evidence of renal dysfunction, hypophosphatemia, and vitamin D deficiency. Also, in predicting cerebral edema, various base markers were identified as predictors that consist of low GCS on admission, tachypnea, increased level of inflammatory factors, increased BUN, severe metabolic acidosis, leukocytosis, thrombocytosis, hypophosphatemia, vitamin D deficiency and increased Hb A1C.
Timely and appropriate management of DKA and appropriate serum therapy can be effective in controlling complications and reducing the incidence of electrolyte disturbances during treatment.
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Introduction
Diabetic ketoacidosis (DKA) is a life-threatening complication in diabetic patients. Approximately 15-67% of diabetic patients in Europe and North America first present with the DKA, and 65% of these are under the age of 19 (1, 2). DKA's manifestation depends on the cultural and economic level of the family, the overall prevalence of diabetes mellitus (DM) in society, and the family history of DM (3). Failure to pay attention to early DM symptoms, such as polyuria and polydipsia during DM, increases the risk of DKA in children (4).

In families with inadequate information and financial problems, the incidence rate of new cases of DM with DKA manifestation is greater. The risk of developing DKA in known DM cases is 1-10% per year (5). This risk is higher in children with uncontrolled DM, previous history of DKA, older children, adolescent girls, and children with behavioral and mental disorders.
Despite the advances in DKA treatment over the past 20 years, the overall mortality rate due to DKA has not been reduced on account of the increase in the overall number of patients with DKA (6). According to the demographic findings, mortality rate in the United States is 0.15%, in Canada 0.18% in England 0.3%(5).
In the developing countries, the DKA mortality rate is greater, and even sometimes patients die before receiving medical services (2, 7). In the developing countries, DKA mortality rate is 6-24% (8).
By recognizing the clinical and experimental criteria and the medical and hospital outcomes of DKA in children, it is possible to make a quicker diagnosis and identify the factors associated with inappropriate prognosis in individuals to provide better treatment options. The aim of this study was to propose new strategies to reduce these problems by examining the risk factors for DKA, clinical and experimental signs, and complications during treatment and prognosis.
Methods
This cross sectional study was conducted in 112 children under the age of 15 who had been admitted to the pediatric intensive care unit (PICU) of Ali Asghar Hospital during 2014-2017 due to DKA diagnosis (based on pH <7.3, HCO3 <15, and ketones in the urine, BS>250).
The exclusion criterion was lack of sufficient information about the studied factors in patient records. Upon studying hospital records, a checklist on basic information including age, sex, family history of DKA, clinical signs at the time of admission, laboratory parameters and type of treatment, causes of death, and complications during treatment was filled out. In required, complete information was obtained from the patients’ families through telephone contact. 
To analyze the data, quantitative data were described using mean ± standard deviation, frequency and percentage of the variables. Statistical analysis was performed using chi-square (x2) test and independent samples t-test. Information was determined by the Kolmogorov-Smirnov test. For statistical analysis, SPSS, version 16, was used. P-value less than 0.05 was considered significant.
Results 
One hundred and twelve 1-15 year-old children were studied. The mean of the study population was 9.9±3.15 years (age range: 1-13). Of these patients, 52 (46.4%) cases were male and 60 (53.6%) were female.
The mean duration of PICU admission to recovery of the patient from DKA was 1.29 ± 0.97 days (range: 1-4 days). In 68 this duration was less than one day, in 25% between 1-2 days, in 5% (6 cases) more than 2 days.
The most common manifestation was weakness in 49 cases (43.8%), followed by nausea and vomiting in 32 cases (28.6%), and abdominal pain was only observed in 3 cases 2.7% of the patients.
New cases of diabetes who presented with DKA were 74 cases (66.1%). Family history of diabetes was reported in 59 (52.7%) patients, 6 of which were type 1 diabetes and the remaining were type 2 diabetes. Regarding the state of consciousness at the time of referral to the hospital, 68 cases (60.7%) had normal alertness and 44 (39.3%) had some degrees of alertness.
On referral to the hospital, almost half of the patients had kussmaul breathing, and 2 cases required mechanical ventilation 
The mean blood sugar (BS) level was 403.78 ± 92.28. In order to assess acidosis in the patients, the mean blood pH was 7.4 ± 0.15, and 69% of the patients had severe acidosis (pH <7.15), 31% had moderate acidosis (pH ranged from 7.15 to 7.25) and 12% had mild acidosis (higher than 7.25).
The mean level of bicarbonate was 4.37 ± 1.92, which was less than 10 meq/ l in 87.5%, between 10 and 15 in 12.5%, and between 15 and 20 in 0% (Table 1).
In general, 51 (45.5%) patients had signs of infection, including fever in 6 cases (5.4%), leukocytosis above 15,000 in 40 cases (35.7%), and an increase in inflammatory factors in 5 cases (4.5%).
In terms of complications during treatment, 5 cases (4.5%) required intubation, two of whom were intubated on admission to our center, and 4 cases (3.6%) had some degrees of renal problems, 20 cases (17.9%) had signs of cerebral edema, and 3 (2.7%) cases died.
In the course of treatment, the amount of serum sodium increased, but the amount of potassium was varied. Sodium increase is usually due to a reduction in BS, but potassium is influenced by multiple factors such as receive potassium, insulin therapy, acidosis compensation, and potassium shift into the cell.
Treatment resulted in the compensation of metabolic acidosis by increasing pH, PCo2, and HCo3. As the mean serum Na was significantly increased (P value< 0.001), mean potassium level significantly decreased (Table 2).
The time of conversion of serum (normal saline) to glucose was in 63 (56%) cases was less than 2 hours, in 31 (27%) between 2 and 5 hours, in 14 (12%) cases between 5 and 10 hours, and in 4 3%) more than 10 hours.

Mortality-related factors (causes of death compare those alive) were as follows, (Table 3).
The cerebral edema predictive factors were as follows (Table 4).
Discussion
Since DKA is the most serious acute disorder caused by hyperglycemia in diabetic children and is associated with morbidity and mortality, our findings in this study are important.
The most important findings are as follows:
The prevalence and frequency was almost equal in girls and boys was, in fact the odds of DKA involvement were similar in both sexes. While in the Lune et al. study, most of the patients were female (9).
The duration of PICU stay (until recovery from the DKA) was mostly 1 to 2 days, and only six patients needed a more prolonged admission for controlling DKA and its complications, which itself could represent appropriate treatment and careful follow-up.
The most important initial manifestation of the patients included weakness, 49 cases (43.8%), followed by nausea and vomiting, and only, 9 cases (8%) of the patients had reached a low level of consciousness. It seems that the impossibility of expressing symptoms clearly in children, especially under 5 years of age, the lack of familiarity of parents with the manifestations and symptoms of DAK, and the lack of rapid and appropriate access to organized care systems can play a role in the increase of this percentage.
While in the study of Bakhshayesh Karam in 2013, the main clinical symptoms included polydipsia, and then nausea and vomiting and abdominal pain (10). In the Lone et al. study, the chief complaint was vomiting and then respiratory distress (9).
Two-thirds of patients were new cases (66.1%), but one third had been presented to the hospital because of inadequate control and treatment. In the study by Lone, 57% of patients were new cases, while in the study by Balhshayesh Karam were 34% were new cases.

Half of the patients had family history of diabetes, which was predictable due to the strong familial and genetic trends in diabetes.
Approximately one-third of the patients had pulmonary symptoms on admission and half kussmaul breathing (47.3%), 22 case (19.6%) had tachypnea and only 2 cases (1.8%) received mechanical ventilation.
In this study, BS in 109 cases (98%) of the patients was not controlled, mean BS was 403.78 ± 92.28 mg /dlit.

In terms of disease outcomes, in half of the cases the disease was diagnosed with signs of infection, which was predominantly characterized by leukocytosis 40 cases (35.7%) and fever  6 cases (5.4%) or increased inflammatory factors 5 cases (4.5%). In the study of the Bakhshayesh Karam, the most important underlying factor was infection (10). Although in other studies, fever and elevated white blood cell counts did not necessarily indicate infection in DAK patients, however, leukocytosis over 25,000 is rarely seen in the absence of infection in ketoacidosis(11).
Three out of 112 patients died of DKA, while other complications such as cerebral edema were reported in 20 (17.9%) cases and renal dysfunction in 4 (6.3%) cases, which indicates a remarkable prevalence of cerebral edema was followed by DKA. Most cases, except for three cases of death, were treated with one or more doses of Mannitol injection. While in the study of Bakhshayesh Karam, mortality rate was 5%(10).
Another important point in our study was that, among the initial markers, several clinical and laboratory markers had a high potential for predicting DKA-related mortality, including the need for intubation at the time of admission, increased inflammatory factors (ESR, CRP), severe hyperglycemia (BS>300), evidence of renal dysfunction, hypophosphatemia, and vitamin D deficiency. Also, in predicting cerebral edema, various base markers were identified as predictors that consist of low GCS on admission, tachypnea, increased levels of inflammatory factors, increased BUN, severe metabolic acidosis, leukocytosis, thrombocytosis, hypophosphatemia, vit D deficiency, and increased HbA1C.
In the studies Lawrence and Maniatis, cerebral edema was also associated with lower bicarbonate, high urea, and high blood glucose levels (12, 13).
In fact, it is recommended that by using scoring systems, or scoring each of these indicators to provide reliable instructions for predicting mortality and/or cerebral edema in these children.
Another important point was the improvement and compensation of electrolyte disturbances in most children was in such a way that a small number of patients experienced hypernatremia treatment (7 cases; 4.6%), hyponatremia (17 cases; 15%), hyperkalemia (5 cases; 5.4%), and hypokalemia (17 cases; 15.2%) that could be due to insulin therapy, somatic diuresis or pathological conditions such as renal disorders in these patients.
While in the study by Bakhshayesh Karam, hyponatremia in 45%, hypernatremia in 7.4%, andhyperkalemia in 19% of cases were observed (10). In the Jayashree study, 41% had hypokalemia. In both studies, electrolyte disturbances in the course of treatment were more than ours, which indicated the proper way of serum therapy and 24-hour care in the PICU of this center (7). 
Differences in the administration of normal saline or half-normal saline (after the first hour until glucose is added to the patient’s serum) are dependent on undeniable facts. Usually, at this point in time, it is necessary to add K to the patient's serum, and adding 40 meq / lit of K to the normal serum of saline osmolality will increase it from 308 to 388, which is high compared to the normal osm. On the other hand, administration of half-normal serum for patients with severe dehydration and high osmolarity (> 310) is not appropriate. Considering the above issues, it seems that the use of normal saline in cases of severe dehydration would be more appropriate and if Na <130, then N.S should be used. If Na > 150, sodium serum can be gradually reduced to reach serum half-normal + k.
In our study, like Moayeri, normal saline was used, except for cases of hypernatremia, which is important regarding the low incidence of electrolytic disturbances in the course of treatment(14).
Conclusion

In general, it can be said that proper and timely control of the 24-hour DKA in the studied children has led to a low mortality and proper control of its complications. However, the occurrence of acute cerebral edema on the one hand and hypokalemia following treatment on the other signify the need for the modification of the principles of management and treatment among these children. At the same time, raising the community's awareness and information about the signs and symptoms of diabetes plays an important role in reducing the incidence of DKA.
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Table 1. Means of clinical parameters of children with DKA
	Variables
	Mean ±SD

	blood pH
	7.04±0.15

	PCo2
	13.97±5.49

	HCo3
	4.37±1.92

	WBC
	15.81±9.19

	Hb
	13.59±1.32

	ESR
	7.57±7.15

	CRP
	5.28±12.92

	BUN
	14.18±7.25

	Creatinine
	0.69±0.31

	Na Serum
	132.83±7.80

	K Serum
	4.08±0.95

	Ca
	9.43±0.85

	P
	4.25±1.25

	Mg
	2.12±0.24

	Vit D
	25.80±17.08

	HbA1C
	10.59±9.11

	USG
	1031.29±7.51


Table 2. Changes in serum electrolytes before and after treatment
	Indicator
	Pre-treatment
	Post-treatment
	P-value

	Serum sodium
	132.83±7.80
	137.91±4.89
	<0.001

	Serum potassium
	4.07±0.95
	3.83±0.76
	<0.001

	pH
	7.04±0.14
	7.36±0.07
	<0.001

	PCo2
	15.24±4.43
	29.20±5.05
	<0.001

	HCo3
	4.38±1.92
	16.14±1.70
	<0.001


Table3. Factors related to mortality in children with DKA


	Factor
	With mortality
	Without mortality
	P-value

	blood sugar
	537.00±45.26
	401.29±91.18
	0.039

	Hb
	11.40±1.49
	13.65±1.27
	0.028

	BUN
	28.00±5.39
	13.80±6.64
	0.001

	serum Cr
	1.93±0.66
	0.66±0.22
	0.001

	ESR
	28.67±23.03
	6.99±5.49
	0.001

	CRP
	57.66±48.68
	3.83±7.03
	0.001

	P
	1.83±0.49
	4.31±1.21
	0.001

	vit D
	12.16±7.08
	26.72±17.21
	0.041

	Intubation during hospitalization
	Yes
	3(60%)
	2(40%)
	0.001

	
	No
	0 (0%)
	107(100%)
	


Table 4. Factors related to cerebral edema in children with DKA
	Factor
	With cerebral edema
	Without cerebral edema
	P-value

	pH
	6.94±0.15
	7.06±0.13
	0.003

	Hco3
	3.78±1.31
	4.53±2
	0.042

	WBC
	21.23±10.44
	14.64±8.52
	0.003

	Hb
	12.97±1.71
	13.72±1.19
	0.020

	PLT
	371.80±112.97
	319.93±67.06
	0.007

	ESR
	10.70±11.78
	6.89±5.55
	0.003

	CRP
	14.34±19.18
	10.24±3.30
	0.001

	BUN
	17.80±9.88
	13.39±6.32
	0.013

	Cr
	0.99±0.48
	0.63±0.21
	0.003

	Ca
	8.82±0.92
	9.56±0.97
	0.001

	P
	3.54±1.64
	4.40±1.11
	0.005

	vit D
	14.79±13.04
	3.96±16.44
	0.002

	HbA1C
	15.95±2.85
	9.55±1.83
	0.006


1

