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Background: Type 1 diabetes is the most common endocrine health condition among youth. Healthcare profes-
sionals must consider evidence-based guidelines in managing children and adolescents with diabetic ketoacido-
sis (DKA). The current study aims to assess the outcomes of implementing clinical guidelines by the American 
Diabetes Association to manage DKA among pediatrics in an emergency department in Palestine. 
Methods: A prospective cohort study was conducted among 60 children (<12 years old) with type 1 diabetes 
mellitus with DKA throughout February to May 2021. The children were assessed on arrival and during the 
next 6 h for implementing the recommended guidelines of DKA management (e.g., fluids and insulin therapy). 
The assessment included measurement of vital signs (blood pressure, heart rate, respiratory rate, O2 

saturation), PH, HCO3-, and random blood glucose (RBG). A repeated-measure ANOVA was used to detect the 
difference between outcome measures during the follow-up period. 
Results: After implementing the recommended guidelines of DKA management, all vital signs improved signifi-
cantly in the follow-up period (p <  0.05).  Also,  PH,  HCO3-, and random blood glucose (RBG) were significantly 
enhanced in the follow-up period (p < 0.05) among children with DKA.
Conclusion: The study demonstrated that the recommended DKA management guidelines effectively managed 
children with DKA in emergency departments. Healthcare professionals should adhere to the guidelines when 
treating children with DKA. 

© 2025 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license (http:// 
creativecommons.org/licenses/by/4.0/). 
Introduction 

Type 1 Diabetes Mellitus (DM) is the most common form of diabetes 
among youth (Lawrence et al., 2021). Healthcare professionals must 
consider the unique aspects of caring for and managing children and ad-
olescents with type 1 diabetes. These include changes in insulin sensi-
tivity related to physical growth and sexual maturation, the ability to 
provide self-care, supervision in childcare and school environments, 
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neurological vulnerability to hypoglycemia and hyperglycemia in 
young children, and potential adverse neurocognitive effects of Diabetic 
Ketoacidosis (DKA) (Barnea-Goraly et al., 2014; Cameron et al., 2014). 

DKA is a serious complication of relative insulin deficiency, primarily 
affecting individuals with type 1 DM. However, it can also occur among 
individuals with type 2 DM when insulin levels fall significantly short of 
the body's needs. DKA is characterized by high levels of water-soluble 
ketone bodies, leading to an acidotic physiological state (Agarwal, 
2019; Kamal et al., 2015). In children with an established diagnosis of 
type 1 DM, DKA occurs at an annual rate of 6–8  %  (Cengiz., 2014; 
Rewers et al., 2002). 

Based on the International Society for Pediatric and Adolescent Dia-
betes (ISPAD) guidelines, DKA is characterized by the biochemical triad 
of hyperglycemia (serum glucose >11 mmol/L or > 200 mg/dL),
er the CC BY license (http://creativecommons.org/licenses/by/4.0/). 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.pedn.2025.01.015&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.pedn.2025.01.015
mailto:ahmad.juma@aaup.edu
mailto:a.batran@paluniv.edu.ps
mailto:mohammadbash@aabu.edu.jo
mailto:yahya84@bau.edu.jo
mailto:o.alkouri@yu.edu.jo
mailto:a_momani@asu.edu.jo
mailto:anashwan@hamad.qa
mailto:Anas.ababneh@yu.edu.jo
https://doi.org/10.1016/j.pedn.2025.01.015
http://creativecommons.org/licenses/by/4.0/
http://www.sciencedirect.com/science/journal/
www.pediatricnursing.org


M. Younis, A. Ayed, A. Batran et al. Journal of Pediatric Nursing 81 (2025) 63–67
ketonemia (β-hydroxybutyrate concentrations >3.0 mmol/L) and/or 
moderate or large ketonuria, and a high anion-gap metabolic acidemia 
(venous pH < 7.3 and/or bicarbonate <18 mmol/L) (N. Glaser et al., 
2022; Mayer-davis et al., 2018). Clinically, DKA is characterized by de-
hydration, tachypnea, Kussmaul breathing, the smell of ketones in the 
breath, nausea, vomiting, abdominal pain, drowsiness, confusion, re-
duced level of consciousness, and coma, which are precipitated by a var-
iably long period of polyuria, polydipsia, and weight loss. Most children 
presenting with DKA are in a volume-depleted state, which, in its most 
severe form, results in acute tubular necrosis and potentially acute kid-
ney injury (N. Glaser et al., 2022). Cerebral edema is a serious complica-
tion of DKA, with a mortality rate between 21 and 24 % (Edge et al., 
2001). Cerebral edema results in chronic central nervous system mor-
bidity in 10–25 % of children (Marcin et al., 2002). Furthermore, mild ce-
rebral edema may cause minor mental status changes or, in some cases, 
may be asymptomatic (Ghetti et al., 2010; Glaser et al., 2006; Lawrence 
et al., 2005; Marcin et al., 2002; Watts & Edge, 2014). 

Several risk factors for cerebral edema have been identified, includ-
ing younger age, new onset DKA, administration of large volumes of 
fluid, insulin administration within the first hour of fluid treatment, ad-
ministration of sodium bicarbonate, and insulin bolus administration 
(Watts & Edge, 2014). In response to these risk factors, the American Di-
abetes Association (ADA) established guidelines in 2006 for the care of 
pediatric patients with DKA. These guidelines recommend initiating 
fluid therapy immediately after recognizing DKA, limiting fluid adminis-
tration to no more than 40 mL/kg over 2–4 h, using only isotonic fluids 
(such as 0.9 % saline or Lactated Ringer's) for the first 4–6  h,  administer-
ing insulin at least 1 h after fluid resuscitation has begun (not concur-
rently), and using an insulin infusion rather than a bolus (Wolfsdorf 
et al., 2006). 

This study aims to provide further evidence about the effectiveness 
of implementing the ADA American Association guidelines to manage 
DKA among children. This will guide clinicians, researchers, and stake-
holders in implementing the guidelines above to achieve optimal out-
comes when managing emergent DKA cases among children. In this 
study, we aimed to test the outcomes of implementing these recom-
mended guidelines by the American Diabetes Association (ADA) 
(e.g., fluids and insulin administration guidelines) on vital signs, pH, 
HCO3-, and random blood glucose (RBG) taken by skin puncture (capil-
lary sample) in the emergency department of Rafedia hospital in Pales-
tine, which, to the best of our knowledge, was not tested before. 

Methods 

Study design and setting 

A prospective cohort study was conducted among children with 
DKA admitted to Rafedia Hospital in Nablus City from February to May 
2021. Rafedia is a government referral hospital that provides emergency 
and medical care to patients from the entire North West Bank area. The 
hospital's pediatric ward contains 35 beds and includes a three-bed Pe-
diatric Intensive Care Unit. This study was reported using the STROBE 
(Strengthening the Reporting of Observational Studies in Epidemiol-
ogy) checklist, and additional details are provided in Supplementary 
File 1. 

Participants 

A convenience sampling technique was used to recruit children 
under 12 who attended the emergency department at Rafedia Hospital. 
Inclusion criteria were children under 12, patients with newly or previ-
ously diagnosed type 1 DM who met the criteria for DKA upon arrival at 
the emergency department, and those developing DKA. This criteria in-
cluded: hyperglycemia (serum glucose >11 mmol/L or > 200 mg/dL), 
ketonemia (β-hydroxybutyrate concentrations >3.0 mmol/L), and a 
high anion-gap metabolic acidemia (venous pH < 7.3 and/or 
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bicarbonate <18 mmol/L) (N. Glaser et al., 2022; Mayer-davis et al., 
2018). Participants' legal guardians, such as parents, signed a consent 
form to demonstrate voluntary participation. 

The minimum sample size required at α = 0.05 level of significance, 
with a power of 0.8 and a medium effect size of 0.3, will be 58 partici-
pants (Erdfelder et al., 2009). 

Study instrument 

The study instrument included descriptive variables for patients 
with newly or previously diagnosed type 1 DM who met the criteria 
for DKA upon arrival at the emergency department such as age 
(years), gender (male, female), newly diagnosed type 1 DM (yes, no), 
duration of type 1 DM, family history of type 1 DM (yes, no), glycated 
hemoglobin (HbA1c) (%), and body mass index (BMI) (kg\m2 ). 

The study instrument also included the outcome of interest, mainly 
the impact of implementing guidelines such as fluids resuscitation and 
insulin therapy on i) vital signs, including blood pressure, heart rate, re-
spiratory rate, O2 saturation, and body temperature. Qualified nurses 
measured all vital signs according to routine practice in the hospital; 
ii) pH and bicarbonate (HCO3 

− ) levels, which were measured using 
arterial blood gases (ABGs) samples; and iii) RBG levels, which were 
measured using regular glucose checks. 

Ethical considerations 

Ethical approval for the study was obtained from the Arab American 
University and the Palestinian Ministry of Health (Approval No.2021/ 
309/162). Healthcare providers, including nurses and doctors, 
were fully informed about the study's objectives and procedures. 
Parents of children in the study provided formal written consent after 
being informed about the study's objectives. To ensure anonymity 
and confidentiality, all study participants were assigned codes. Data 
will be kept for five years in a locked cabinet at the Arab American 
University. 

Data collection and procedures 

After gaining relevant ethical approvals, the study was advertised to 
facilitate data collection. Each child underwent a comprehensive physi-
cal assessment and pertinent laboratory tests upon admission. After 
confirming that all inclusion criteria were met for each participant, the 
researchers gathered the necessary data. This process involved filling 
out a structured data sheet by the primary investigator that encom-
passed several key aspects: socio-demographic characteristics and as-
sessment of each vital sign, pH and bicarbonate (HCO3 

− ), and RBG 
upon arrival and post-fluid resuscitation (1–4 h later). All measure-
ments of the study variables were conducted by professional nurses 
working in the research setting. To diagnose children with DKA, a 
child should have hyperglycemia (i.e., blood glucose > 200 mg/dL), ve-
nous pH < 7.3, and/or HCO3 

− < 18 mmol/L (Dunger et al., 2004;  N  .
Glaser et al., 2022) in addition to ketonemia or moderate or high 
ketonuria (N. Glaser et al., 2022). The implemented clinical guidelines 
(i.e., fluid resuscitation and insulin therapy) by clinicians to manage 
the DKA of the study participants were reported based on the documen-
tation in medical records. 

Data analysis 

The data were analyzed using the Statistical Package for the Social 
Sciences (Statistics, 2015). Descriptive statistics such as frequency dis-
tributions, means, standard deviations, and percentages were employed 
to summarize the data. In addition, inferential statistics, including re-
peated measures ANOVA, were utilized to examine relationships and 
differences within the data. Statistical significance was set at p < 0.05, 
indicating statistically significant results.
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Results 

Participants characteristics 

Sixty children with DKA participated in this study, with an average 
age of 9.38 ± 3.13 years. The sample included 29 (48.3 %) males and 
31 (51.7 %) females. The average body mass index was 17.84 ± 2.79. 
Most children were not newly diagnosed with type 1 DM (46,76.7 %). 
Among those previously diagnosed with type 1 DM, the average dura-
tion since diagnosis was 2.26 ± 1.886 years. 

Furthermore, 68.3 % of the children had no family history of type 1 
DM in a first-degree relative. Upon arrival, the average glycated hemo-
globin (HbA1c) level was 11.74 ± 2.042. Table 1 presents the detailed 
descriptive data of the study participants. 

Repeated-measures ANOVA also revealed significant differences in 
mean pH (F = 20.4, p < 0.001) and bicarbonate (HCO3 

− )  (F = 136.74, 
p < 0.001) scores across the five different time points after 
administering the recommended fluids and insulin (Table 3).

Discussion 

This study tested the outcomes of the recommended guidelines for 
DKA management among children, which included fluid and insulin ad-
ministration. The results showed significant improvement in vital signs, 
pH levels, HCO3− and RBG outcomes over six hours after the initial 
emergency visit and DKA diagnosis. This study provided evidence that 
these recommended guidelines effectively manage children with DKA. 

Our study showed significant improvement in vital signs readings 
such as BP, HR, O2 Sat, and body temperature. The results mirror a pre-
vious study that found that initial fluid therapy in pediatric DKA signif-
icantly changed vital sign parameters (Shafi & Kumar, 201 8). The 
current study also demonstrated a significant improvement in mean 
pH and HCO3 scores over the follow-up period of 6 h. These results 
align with the results of Ugale et al. (2012), who measured the severity 
of DKA among children by comparing admission and follow-up values 
(Ugale et al., 2012). They assessed DKA severity based on physical ex-
aminations and blood gas values, categorizing patients into mild 
(14 %), moderate (27 %), and severe (59 %) DKA, which correlated 
with abnormal ABG's values. Ugale et al. (2012) found significant differ-
ences in DKA severity at various time points between arrival and 4–6  h  
after initiating fluid and insulin therapy (Ugale et al., 2012). In contrast, 
Balmier et al. (2019) found that median recovery times did not differ 
Table 1 
Demographic characteristics of participants (number (%) or mean ± SD (Standard 
Deviation). 

Characteristics Total 

Numbers 60 
Age 9.38 (3.13) 
Gender 
(Male) 29 (48.3) 
(Female) 31 (51.7) 

Newly diagnosed with type 1 diabetes 
Yes 14 (23.3) 
No 46 (76.7) 

Duration of type 1 diabetes 2.26 (1.9) 
Family history of type 1 diabetes 
Yes 19 (31.7) 
No 41 (68.3) 

HbA1C (baseline) 11.74 (2) 
BMI 17.8 (2.8) 

Repeated-measures ANOVA revealed significant differences in mean systolic (F = 
89.8, p <  0.001),  diastolic  (F = 51.8, p < 0.001) blood pressure, heart rate (F = 
134.0, p < 0.001), respiratory rate (F = 168.2, p < 0.001), oxygen saturation (F = 
0.557, p < 0.013), and temperature (F =  4.435,  p < 0.020) scores across six different 
time points after administering the recommended fluids and insulin according to the 
guidelines (Table 2).
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significantly among 120 children with type 1 DM despite receiving 
lower insulin doses, and hypoglycemia was more frequent in these pa-
tients (76.9 %), indicating a higher rate of metabolic complications and 
similar recovery times (Balmier et al., 2019). The differences in out-
comes between these studies could be related to differences in patients' 
characteristics (i.e., age), treatment protocols, or the high rate of 
hypoglycemia. 

The current study demonstrated a significant improvement in mean 
RBG scores over the follow-up period of 4 h. This finding highlights the 
effectiveness of timely intervention in managing DKA in pediatric pa-
tients. The observed decrease in RBG levels indicates a rapid response 
to treatment protocols, typically fluid resuscitation and insulin therapy. 
The effect of insulin on the reduction of glucose levels was shown in a 
previous study in which the administration of insulin resulted in a de-
cline in plasma glucose levels, and this was explained as insulin can 
also decrease the hepatic glucose output (Luzi et al., 1988). Similarly, 
another study found that fast-acting insulin significantly reduces capil-
lary blood glucose levels (Della Manna et al., 2005). The improvement in 
RBG scores is crucial as it reflects the stabilization of blood glucose 
levels, reducing the risk of further metabolic complications. This out-
come underscores the importance of continuous monitoring and 
prompt treatment adjustments in the acute management of DKA, en-
suring better patient outcomes within a short timeframe. 

Strengths and limitations 

The major strengths of this study are its novelty in the Palestinian 
context and the prospective nature of the study. This study is not ex-
empt from some limitations. First, the design used is not optimal for 
assessing effectiveness, and we recommend clinical trials to assess the 
effectiveness of insulin and fluids management on DKA outcomes. Sec-
ond, the observation period of the study outcome was only six hours, 
and we recommend longer observation in future investigations. Third, 
the sample size was small. Last, the outcomes measured are limited, 
and we suggest testing further outcomes in future research. 

Implications 

We believe that the results of this study have some valuable impli-
cations. As this study showed that implementing the recommended 
guidelines to manage DKA among children resulted in a significant 
improvement in different clinical outcomes, there is a need to con-
sider these findings by clinicians and stakeholders. Clinicians need 
to adhere to the recommended guidelines when managing DKA 
among children to achieve the best clinical results. On the other 
hand, stakeholders need to support continuous professional develop-
ment for clinicians, and this includes education and training about 
the importance of adherence to and being up to date with evidence-
based guidelines in routine clinical practice when managing DKA 
among children. Furthermore, improving the outcomes while man-
aging DKA in children will help in promoting the health of children 
with type 1 DM and without more severe complications such as cere-
bral edema. It is necessary to educate both children with type 1 DM 
and their caregivers for better control of DM and preventing its com-
plications since DKA reflects reduced awareness about DM symptoms 
and its complications (Burcul et al., 2019). 

The study results demonstrate the importance of the implementa-
tion of the recommended guidelines to manage DKA among children, 
which has the potential promise to influence pediatric nursing theory 
and practice. Future research in pediatric nursing should focus on 
assessing adherence to these guidelines by pediatric nurses and its 
associated factors. Pediatric nurses need to know the significance of 
implementing the recommended DKA guidelines to achieve the best 
clinical outcomes. Policies related to pediatric nursing practice 
should be rigorous in applying the recommended guidelines of man-
aging pediatric DKA and updates frequently. Moreover, nursing
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Table 2 
Repeated measure ANOVA of vital signs (mean (SD)) (N =  60)  .

Vital 
signs 

Baseline After fluid 
resuscitation 

After starting fluid and 
insulin therapy (1 h) 

After starting fluid and 
insulin therapy (2 h) 

After starting fluid and 
insulin therapy (3 h) 

After starting fluid and 
insulin therapy (4 h) 

p. value 

Systolic BP 102.3(10.9) 107.8(9.2) 110.7(7.5) 113.4(6.5) 116.0(4.9) 116.3(4.7) 89.8 0.001 
Diastolic BP 57.3(7.3) 62.2(6.5) 63.9 (6.5) 66.3(5.4) 67.1(6.4) 67.3(5.9) 51.8 0.001 
HR 134.8(16.5) 129.2(16.1) 122.4(16.8) 118.7(15.5) 113.3(15.4) 110.5(14.3 134.0 0.001 
RR 39.9(8.7) 36.9(7.7) 34.2(7.3) 31.3(7.1) 30.7(6.7) 29.4(6.8) 168.2 0.001 
O2 Sat. 97.1(1.6) 97.2(1.2) 97.1(1.3) 97.4(1.3) 97.2(1.1) 97.3(1.3) 0.557 0.013 
Temp. 37.1(0.4) 37.0(0.3) 36.9(0.1) 36.9(0.1) 36.9(0.1) 36.9(0.1) 4.435 0.02 

Note: p. values are significant at the 0.05 level. 
Abbreviations: BP: blood pressure; HR: heart rate; RR: respiratory rate; O2 sat: O2 saturation; Temp.: temperature.

Table 3 
Comparison between PH and HCO3− (mean (SD)) across five different time points (N =  60)  .

Analysis Baseline After fluid 
resuscitation 

After starting fluid and insulin 
therapy (2 h) 

After starting fluid and insulin 
therapy (4 h) 

After starting fluid and insulin 
therapy (6 h) 

p. value 

PH 7.07(0.15) 7.17(0.27) 7.19(0.10) 7.23(0.09) 7.26(0.09) 20.4 0.001 
HCO3 

− 8.31(3.49) 9.05(3.08) 10.23(3.17) 11.49(3.26) 13.00(3.29) 136.74 0.001 

Repeated-measures ANOVA also determined that mean RBG (F =  160.58,  p < 0.001) scores differed significantly across six-time points (Table 4). 

Table 4 
Repeated measure ANOVA of RBG (mean (SD)) (N =  60)  .

Variable Baseline After fluid 
resuscitation 

Random blood glucose 
After starting fluid and 
insulin therapy (1 h) 

After starting fluid 
and insulin therapy 
(2 h) 

After starting fluid and 
insulin therapy (3 h) 

After starting fluid and 
insulin therapy (4 h) 

p. value 

RBG 497.80 
(142.57) 

395.52 
(119.87) 

299.20 (96.59) 246.13 (80.06) 198.98 (66.73) 210.08 (62.78) 160.581. 0.001
interventions focused on family education—such as teaching insulin 
administration, monitoring glucose levels, and recognizing warning 
signs—are integral to long-term management. This approach aligns 
with the findings that most patients in this study were not newly di-
agnosed but had experienced challenges in disease control, highlight-
ing the importance of targeted education to prevent recurrent DKA 
episodes. Ensuring that families receive this education during and 
after hospitalization bridges the gap between acute care and long-
term disease management, ultimately improving outcomes and re-
ducing hospital readmissions. 

Conclusion 

The study confirmed improvement in the outcomes of DKA children 
with type 1 DM when implementing evidence-based guidelines. 
Significant improvements were observed in vital signs, pH and 
bicarbonate levels, and RBG. Overall, this study proved that interven-
tions, including insulin administration and fluid resuscitation, are asso-
ciated with positive outcomes during the initial follow-up of emergent 
DKA cases among children. 
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