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ABSTRACT

One of the typical complications of diabetic ketoacidosis (DKA) is acute
kidney injury (AKI) in pediatric patients. However, the incidence and AKI's
risk factors in pediatric patients with DKA remain elusive in Saudi Arabia. We
investigated the occurrence rate and associated risk factors of AKI among
pediatric DKA patients in Saudi Arabia. A single-center observational
retrospective cohort study was conducted at the Maternity and Children
Hospital in Buraydah, Saudi Arabia between August 2019 and August 2021.
There were 207 DKA patients, including 74 (35.7%) patients with AKI. Among
AKI patients, 65 (87.8%) patients presented with stage 1 and 9 (12.1%) patients
presented with stage 2 AKIL In patients with DKA, aging, hyperglycemia,
increased heart rate, elevated WBC count and serum creatinine, decreased pH
and HbAlc were risk factors for AKI Altogether, the severity of AKI is
influenced by several risk factors in DKA patients. Hence, there is an urgent
need for conducting prospective long-term research to better comprehend the

risk factors and longstanding complications of AKI.

Keywords: diabetic ketoacidosis, acute kidney injury, prevalence, risk factors,

pediatric population

1. INTRODUCTION

Diabetic ketoacidosis (DKA) is considered as a fatal complication in children
suffering from type 1 diabetes mellitus (TIDM) due to critical clinical and
metabolic derangements (Orban et al., 2014; Aljuhani et al., 2021). DKA may
be an initial presentation of recently diagnosed TIDM or in cases of insulin
omission in previously diagnosed children (Hursh et al., 2017). It is the
primary reason for mortality, hospitalization and sickness, in pediatric TIDM
patients (Razav, 2010; Realson et al.,, 2012). Interestingly, the prevalence of
DKA at the beginning of diabetes mellitus changes significantly among
various geographical regions with a high prevalence reported in developing
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countries (Razav, 2010). These patients exhibit insulin insufficiency, which leads to DKA, described by severe dehydration and
other symptoms like osmotic diuresis, hyperglycemia, metabolic ketoacidosis, etc. (Hursh et al., 2017). Pediatric patients are more
vulnerable to a complication like volume depletion than adults because compensatory mechanisms are not yet well developed
(Jefferies et al., 2015). Volume depletion or prerenal disease is the most typical risk factor for the creation of acute kidney injury
(AKI) (Huang et al., 2020), a state marked by compromised renal function, reduced eradication of waste products, dysregulated
electrolyte and acid-base balance and compromised fluid homeostasis (Sutherland et al., 2015).

Besides, AKI is risk created independently associated for death with higher mortality rates in children (Uber & Sutherland,
2020). AKI is also correlated to the risk of developing chronic kidney disease in adulthood, mainly in patients with recurrence
(Myers et al., 2020). Furthermore, elevated serum urea nitrogen, a significant finding in AKI patients, is a well-known risk factor for
developing cerebral edema (Glaser et al., 2001), a common etiology of illness and mortality in DKA patients. Pediatric-specific DKA
protocols were developed to lessen the risk of cerebral edema (Hursh et al.,, 2017), which warrants further research about the
contributing factors to AKI development in DKA patients.

This study seeks to evaluate the occurrence frequency of AKI in children with DKA and to identify the associated clinical and
biochemical risk factors. Recent research has demonstrated a high occurrence of AKI in kids suffering from DKA, (Orban et al.,
2014; Hursh et al.,, 2017; Huang et al., 2020; Myers et al., 2020; Yunos et al., 2012; Chen et al., 2020). A 2020 retrospective study
conducted at Mackay Children’s Hospital included 301 episodes of DKA. Among those 170 (56.5%) had AKI during admission,
with 31.8% (54/170) had severe cases of AKI (Huang et al., 2020). Another research was performed in British Columbia, Canada at a
tertiary children hospital. In this study, 106 (64.2%) out of a total of 165 kids having DKA were later hospitalized for subsequently
got AKI, including 37 (34.9%) with stage 1, 48 (45.3%) with stage 2 and 21 (19.8%) with stage 3 AKI. Two children required
hemodialysis to offset oliguria and fluid overload during hospitalization. Additionally, 105 (99.1%) of 106 children got AKI within
the first day after they were hospitalized and by the end of the 72 hours, By three days of hospitalization the maximum documented
AKI stage was reached, only 54 (50.9%) patients had a verifiable treatment of their AKI. Furthermore, four more cases (3.8%) had
verifiable resolution within ninety-six hours (Hursh et al., 2017).

In addition, a 2014 retrospective study by Jean-Christophe Orban included 94 ICU admissions with DKA. Among those, 47
patients (50%) had AKI on admission according to RIFLE criteria. At 12 hours, the proportion of patients with AKI reduced to 21.
After 24 hours, only 13 patients still had AKI (Orban et al., 2014). Another retrospective research was performed at a single Korean
center that incorporated ninety episodes of DKA in fifty-eight kids suffering from type 1 diabetes mellitus. 70 hospitalizations
(77.8%) of 44 children had AKI on admission. Stage 1 AKI occurred in 18 episodes (20.0%), stage 2 AKI in 39 (43.3%), while stage 3
AKI occurred in 13 episodes (14.4%). After 12 hours, the number of AKI patients was reduced 28 (47.4%), while after 24 hours of
admission, it was further reduced to 13 (28.3%) (Yang et al.,, 2021) AKI in pediatrics can present between a minimal elevations in
blood creatinine levels to anuric renal failure necessitating renal dialysis (Hursh et al., 2017). Nevertheless, multiple clinical and
biochemical markers are linked to the development and severity of AKI. Children suffering with AKI exhibit lower pH and
bicarbonate values. Severe cases of AKI have a significant increase in heart rate, serum potassium, blood urea nitrogen and
corrected serum sodium and blood glucose levels. These biochemical markers reflect the volume depletion in the creation of AKI
and its severity in children with DKA (Huang et al., 2020).

2. MATERIALS AND METHODS

This research study is characterized by a cohort in a single center and is observational retrospective. Moreover, it is performed at
the Maternity and Children Hospital in Buraydah, Saudi Arabia. The study recruited patients admitted between August 2019 and
August 2021. We included all patients younger than 14 years old with documented DKA. Patients with incomplete clinical
documentation and type 2 Diabetes mellitus were excluded. Data collection took place from December 30 to March 30, 2022.

The guidelines and protocols of the Saudi ministry of health for diabetes emergencies were the primary treatment protocol for
treating patients in the recruited population (Zubair et al., 2018). We collected data about age, gender, BMI, date of Diagnosis for
diabetes mellitus type 1, aggravating factors of DKA and duration. We also measured the length of hospital stay, clinical outcomes,
and associated comorbidities. Additionally, vital signs, arterial blood gases, complete blood count and electrolytes were also
recorded. The data was collected from the clinical notes and records of the Maternity and Children Hospital in Buraydah.The
guidelines and protocols of the Saudi ministry of health for diabetes emergencies define DKA as presentation of Hyperglycemia
(blood glucose >11mmol/L = 200mg/dL), glycosuria, metabolic acidosis (Venous pH <7.3 or bicarbonate <15mmol/L) with ketonemia
or ketonuria (Zubair et al., 2018).
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The Clinical Practice Guidelines for the Kidney Disease/Improving Global Outcomes (KDIGO) in case of AKI that is specified as
an increase in serum creatinine up to 1.5 times the baseline. We also divided the AKI patients into three categories based on the
severity of AKI according to KDIGO criteria. These included stage 1 AKI is patients with creatinine 1.5.-1.9 times the normal
baseline, stage 2 AKI with creatinine 2.0 — 2.9 times the normal and stage 3 AKI with creatinine three or more times the normal
range (Sutherland et al., 2015). Since we did not have data about 24 h urine collections and baseline creatinine levels before their
admission, we calculated an expected baseline serum creatinine level using the estimation equation by Schwartz (eGFR =k * L in
cm/Scr; K is 0.45 for term infant, 0.55 for children and adolescent girls and 0.7 for teenage boys) (15), using an expected GFR of
120mL/min/1.73 m2 according to previously established levels for patients without a prior baseline (Zappitelli et al., 2008; Basu et
al., 2015).

All data was analyzed using the IBM SPSS, v 24 statistics software. We utilized descriptive statistics methods using continuous
variables. These continuous variables include range and median as well as the categorical variables, which are proportions and
frequency. Furthermore, we tested the statistical significance among various groups in the cohort by employing well-known
statistical tests like Fisher exact test and x2-test. We utilized the independent t-test for continuous variables and utilized logistic
regression to determine the deductible-associated factors. We set the value of statistical significance as P-value <0.05. An ethical
consent was acquired from the Qassim Region Research Ethics Committee (QREC) with the following Ethical approval code 1443-
830910. We warranted the anonymity and the protection of the privacy of the participants of this study.

3. RESULTS
The study was based on 231 episodes of pediatric DKA patients hospitalized at the Maternity and Children Hospital in Buraydah,

Saudi Arabia, from January 1%t 2020, to December 31%t 2021. From these episodes, 207 met our inclusion criteria and 24 were
excluded; 8 episodes had missing medical records and 16 had incomplete data sets. Data collection took place from December 30
until March 30, 2022. Among the DKA patients, 74 (35.74%) had AKI and 133 (64.26%) had no AKI. Among AKI patients 65 (87.8%)
presented with stage 1 AKI and 9 (12.1%) presented stage 2 AKI, according to the KDIGO guidelines (Sutherland et al., 2015).
Baseline biological and clinical characteristicsof the patient group with a focus on renal function are reported in Tables 1 and 2 and
Figure 1. Among 207 patients, 73 (35.3%) were males, and 134 (64.7%) were females. The patients with AKI stage 1 included 26
(40.0%) males and 39 (60.0%) females.

Patients with AKI stage 2 had 5 (55.6%) males and 4 (44.4%) females. The non-AKI patients included 42 (31.3%) males, and 92
(68.6%) females. Age (median + years) of the AKI group 1 patients was 11.01 (4.0-14.0), AKI group 2 patients was 10.22 (1.0-14.0),
and non-AKI patients was 9.6 (0.8-15.0). The resulting data showed that most of the AKI patients were females. However, the
higher number of females participated in this study and AKI incidence increased when advancing age. Our findings demonstrate
that AKI stage 1 and 2 patients had lower pH {7.06(6.8-7.3), 7.04 (6.83-7.17)} and HbAlc levels {11.28(8.00-19.83), 11.04 (8.9-14.0)} and
greater heart rates {(114.64+18.89) (128.88+31.52)}, blood glucose {531.86(200-817.3), 535.786(229.0-750.0)}, serum creatinine
{73.50(60.0-112.0), 103.889(91.0-112.0)} and WBCs {18.50(5.84-51.68), 26.43(11.28-51.68)} than non-AKI patients (Tables 1 and 2 and
Figure 1). Conversely, other factors including BMI, length of stay, presence of comorbidities, clinical outcomes, date of diagnosis of
type 1 DM DKA precipitating factors, systolic and diastolic blood pressure (mmHg), body temperature, plasma sodium, potassium,
phosphate, chloride, HCOs, lactate, CO2, O2 saturation, hematocrit, hemoglobin, platelets, BUN, serum ketone and estimated

creatinine were not signified as main risk factors to create AKI in DKA patients.

Table 1 Baseline Demographical and clinical traits of the patient group.

Non-AKI group | Stage 1 AKI group | Stage 2 AKI
Parameters Total (n=207) )

(n=133) (n=65) group (n=9)
Gender
Male (n, %) 73 (35.0) 42 (31.3) 26 (40.0) 5 (55.6) 0.31
Female (n, %) 134 (64.7) 92 (68.6) 39 (60.0) 4 (44.4) 0.74
Age (mean and years) | 10.129 (0.8-15) 9.6 (0.8-15.0) 11.1 (4.0-14.0) 10.22 (1.0-14.0) 0.053
BMI (kg/m2) 18.08 (7.52-65.01) | 18.16 (8.0-65.0) 17.46 (7.52-31.25) 19.29 (11.11-36.0) | 0.98
Length of stay (days)

0.53

0-4 57 (27.5) 104 (78.1) 54 (83.0) 6 (66.6)
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4-8 38 (18.3) 28 (21.0) 9 (13.8) 1(11.1)
8-12 6 (2.89) 0(0) 2 (3.07) 2(22.2)

12-16 1(0.4) 1(0.8) 0(0) 0(0)

Comorbidities

N/A 195 (94.3) 126 (94.7) 62 (95.4) 9 (100) 0.086
Other 12 (5.7) 7 (5.3) 3 (4.6) 0(0)

Clinical outcomes

Recovered 204 (98.6) 130 (97.7) 65 (100) 9 (100) 0.62

Unknown 3(1.4) 3(2.3) 0(0) 0(0)

DKA precipitating factors

Insulin Omission 59 (28.5) 44 (33.0) 21 (32.3) 3(33.3)
Newly diagnosed 56 (27.1) 41 (30.8) 20 (30.7) 2(22.2) 0.084
No precipitating factor | 29 (14.0) 16 (12.0) 12 (18.4) 2 (22.2)
others 63 (30.4) 32 (24.0) 9 (13.8) 2(22.2)

Table 2 Baseline biological and laboratory traits of the patient group with a focus on renal function.

Non-AKI Stage 1 AKI group | Stage 2 AKI group
Parameters Total (n=207) P
group(n=133) (n=65) (n=9)
Vital signs during ER presentation
Systolic blood
108.93 + 14.678 107.99 + 14.068 111.36 + 16.32 108.77 £ 9.85 0.276
pressure (mmHg)
Diastolic blood
66.10 +10.903 65.045 + 11.450 68.29 +9.85 66.00 +12.38 0.333
pressure- (mmHg)
Temperature(°C) 36.84 (36.0-38.2) 36.79 (36.0-37.9) 36.91 (36.0-38.2) 37.2 (36.5-38.2) 0.106
Heart rate
) . 110.35 +17.719 108.174 +15.704 114.64 + 18.89) 128.88 +31.52 0.045
(times/min)
O2 Sat (%) 97.54 +1.599 97.50 + 1.67 97.66 +1.40 9744 +2.12 0.73
ABG during ER
pH 7.12(6.7-7.7) 7.15 (6.7-7.7) 7.06 (6.80-7.31) 7.04 (6.83-7.17) 0.046
HCOs 9.49 (2.3-37.0) 10.15 (2.3-37.0) 8.0 3(2.5-34.0) 9.033 (3.7-34.0) 0.67
Lactate 141 (68.1) 71 (53.4) 36 (55.4) 4(44.4)
0.88
N/A 66 (31.9) 62 (46.6) 29 (44.6) 5(55.6)
CO2 24.4 (1.13-63.0) 25.03 (1.13-63.0) 23.49 (3.3-43.0) 20.88 (13.0-26.0) 0.684
CBC, chemistry during ER
Glu (umol/L) 471.44(54.0-817.38) | 436.2 8 (54.0-774.00) | 531.86 (200.0-817.3) | 535.78 6(229.0-750.0) | 0.038
HbAlc 12.8 (11.1-14.5) 12.5 (10.6-14.7) 11.28 (8.00-19.83) 11.0 4(8.9-14.0) <0.02
Serum
. 56.01 (21.0-112.0) 44.439 (21.0-59.0) 73.50 (60.0-112.0) 103.88 9(91.0-112.0) | 0.038
creatinine(pumol/L)
WBCs 14.88 (4.90-51.68) 12.499 (4.90-48.54) 18.50 (5.84-51.6) 26.43 (11.82-51.68) <0.001
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Hematocrit 40.91 (7.88-53.30) 40.2 9(28.9-48.0) 42.1 0(7.88-53.30) 41.46 (33.1-53.3) 0.067
Hemoglobin 14.36 (8.7-16.5) 13.68 (10.6-15.5) 15.78 (8.7-105.0) 14.32 (10.5-15.5) 0.079
Platelets 420.86 (4.8-945.0) 397.54 (4.8-782.0) 456.12 (27.0-945.0) 512.44 (315.0-691.0) 0.25
' 135.5 6(123.0-
Sodium (mmol/L) 134.91(13.45-154.95) | 134.66(13.45-147.6) 154.95) 137.28 (130-145.11) 0.51
Chloride (mmol/L) | 108.38(16-134.37) 108.71(85.0-127.01) | 108.42 (16.0-134.37) | 110. 6(86.0-134.37) | 0.078
BUN (mmol/L) 5.13 (1.10-13.20) 4.3 (1.10-8.80) 6.14 (2.90-12.60) 9.48 (4.60-13.20) 0.064
Phosphate (mmol/L) | 1.17 (0.30-4.11) 1.08 (0.30-2.52) 1.31 (0.39-4.11) 1.48 (0.86-2.08) 0.096
Potassium (mmol/L) | 4.17 (1.32-6.40) 3.96 (1.32-6.31) 4.51 (2.80-6.40) 4.83 (3.19-5.80) 0.563
Potassium (mmol/L) L
HbAlc =
L]
WBCs ==
L. I
Serum creatinine(umol/L)  e——
3
Sodium (mmol/L) F—————
L
T T A I —
0 100 200 300 400 500 600
Gl Sodiu  Chlori Serurp BUN Potassi Phosp
Platele m de creatin Hemat Hemo um  hate
(umol/ . . s . 'HbAlc (mmol
L ts  (mmol (mmol ine(n ocrit globin ) (mmol (mmol
/L) /1) mol/L) /)
B Stage 2 AKl group (n=9) 535.78512.44 137.28 110.6 103.88 41.46 26.43 1432 11 9.48 4.83 148
H Stage 1 AKI group (n=65) 531.86 456.12 135.5 108.42 73.5 42.1 185 15.78 11.28 6.14 451 131
B Non-AKl group(n=133)  436.2 397.54 134.66 108.71 44.439 40.2 12.499 13.68 12.5 43 396 1.08

Figure 1 Bar graph laboratory traits of the patient group in comparison to AKI group

The results of the multivariate logistic regression showed that older age [OR (95% CI) 9.99 (9.503-10.487), P=0.034] along with,
increased Glucose [OR (95% CI), 474.019(452.295-495.743) P = 0.001], heart rate [OR (95% CI) 110.60 (108.08-113.12), P = 0.045], serum
creatinine [OR (95% CI) 56.199 (53.459-58.938), P = 0.054], WBCs [OR (95% CI) 14.984 (13.692-16.277), P = 0.043] and reduced pH
7.125 (7.104-7.146), P = 0.051 and HbAlc [OR (95% CI) 11.12 (11.0-11.89), P = 0.034] were designated as risk factors for developing
AKI in DKA patients (table 3). The remaining variables, including gender, systolic and diastolic blood pressure, body temperature,
sodium, potassium, phosphate, chloride, HCOs, lactate, CO2, hematocrit, hemoglobin, platelets, BUN and serum ketone, were not
the risk factors to develop AKI. Univariate evaluation of gender [male 1.764 (0.982-3.165) P = 0.154, female 1.814 (0.995-4.522) P =
0.166], age 10.104 (9.630-10.579) P = 0.038, BMI 18.085 (17.20-18.96) P = 0.897, length of stay 3.099 (2.79-3.40) P = 0.356, comorbidities
1.58 (0.12-1.97) P = 0.851, clinical outcomes 2.29 (1.62-2.84) P = 0.096, DBP 66.077 (64.586—67.569) P = 0.169, SBP 108.879 (106.870—
110.888), P = 0.234, body temperature 36.8411 (36.794-36.888), P = 0.632, heart rate 110.309 (107.885-112.733), P = 0.001, DKA
precipitating factors 3.45 (1.76-3.89), P = 0.681, O2 saturation 97.545 (97.327-97.765) P = 0.081, pH 7.125 (7.105-7.146) P = 0.001, HCO:s
9.493 (8.70-10.27) P = 0.072, lactate 2.343 (0.0-6.34) P = 0.649, CO2 24.47 (23.40-25.45) P = 0.981, glucose 471.286 (450.41-492.16) P =
0.032, serum creatinine 55.908 (53.277-58.539) P = 0.004, WBCs 14.855 (13.614-16.096) P = 0.054, hematocrit 40.91 (40.31-41.51) P =
0.981, hemoglobin 14.36 (13.47-15.24) P = 0.079, platelets 420.86 (402.64-439.09) P = 0.582, phosphate 1.176 (1.111-1.242) P = 0.081,
sodium 134.902 (133.55-136.24), P = 0.068, chloride 108.385 (106.90-109.86) P = 0.095, potassium 4.175 (4.074-4.276), P = 0.497, BUN
5.121 (4.834-5.409), P =0.613, HbAlc 12.8 (11.1-14.5) P = 0.049, serum ketone 0.23 (0.1-0.8) P = 0.083 (Table 3).
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Table 3 Risk factors of AKI in DKA patients

Logistic analysis

Parameters Univariate analysis . Multivariate analysis .
OR (95%CL) OR (95%CL)

Gender

Male 1.764 (0.982-3.165) 0.154

Female 1.814 (0.995-4.522) 0.166

Age 10.104 (9.630-10.579) 0.038 9.99 (9.503-10.487) 0.034

BMI (kg/m?2) 18.085 (17.20-18.96) 0.897

Length of stay(days) 3.099 (2.79-3.40) 0.356

Comorbidities 1.58 (0.12-1.97) 0.851

DKA precipitating factors 3.45 (1.76-3.89) 0.681

Vital signs during ER presentation

SBP (mmHg) 108.879 (106.870-110.888) | 0.234

DBP (mmHg) 66.077 (64.586-67.569) 0.169

Temperature (°C) 36.8411 (36.794-36.888) 0.632

Heart rate (times/min) 110.309 (107.885-112.733) | 0.001 110.60 (108.08-113.12) 0.045
02 Sat (%) 97.545 (97.327-97.765) 0.081

ABG during ER

PH 7.125 (7.105-7.146) 0.001 7.125 (7.104-7.146) 0.051
HCO:s 9.493 (8.70-10.27) 0.072

Lactate 2.343 (0.0-6.34) 0.649

CO2 24.47 (23.40-25.45) 0.981

CBC, chemistry during ER

Glucose (umol/L) 471.286 (450.41-492.16) 0.032 474.019 (452.295-495.743) | 0.001
Serum Creatinine(umol/L) 55.908 (53.277-58.539) 0.004 56.199 (53.459-58.938) 0.054
WBCs (109/L) 14.855 (13.614-16.096) 0.054 14.984 (13.692-16.277) 0.043
Hematocrit 40.91 (40.31-41.51) 0.981
Hemoglobin 14.36 (13.47-15.24) 0.079
Platelets 420.86 (402.64-439.09) 0.582
Phosphate 1.176 (1.111-1.242) 0.081
Sodium 134.902 (133.55-136.24) 0.068
Chloride 108.385 (106.90-109.86) 0.095
Potassium 4.175 (4.074-4.276) 0.497
BUN 5.121 (4.834-5.409) 0.613
HbAlc 12.8 (11.1-14.5) 0.049 11.12 (11.0-11.89) 0.034
Serum Ketone 0.23 (0.1-0.8) 0.083
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Multiple regression was conducted to measure the AKI prediction values, including age, BMI, pH, HCOs, lactate, sodium,
potassium, phosphate, chloride, WBCs, glucose, HbAlc in patients with DKA. The results from multiple regression by using serum
creatinine as a variable showed a 95% CI odd ratio values of: Age (1.54-2.78) (p = 0.047), BMI (-4.01-2.18) (p = 0.982), pH (-36.71-2.58)
(p = 0.024), HCOs (-7.63-1.74) (p = 0.217), lactate (0.42-0.98) (p = 0.345), WBCs (0.168-0.738) (p = 0.082), chloride (-0.336-0.065) (p =
0.184), potassium (5.486-11.805) (p = 0.450), sodium (-0.292-0.130) (p = 0.390), phosphate (-2.271-7.148) (p = 0.981), glucose (-0.002-
0.028) (p =0.057), HbAlc (0.45-10.68) (p = 0.953) (Table 4).

Table 4 AKI prediction value on patients with DKA using multiple regressions

. Odds ratio
Variable P value
(95% CI)
Age (Years) (1.54-2.78) 0.047
BMI (Kg/m2) | (-4.01-2.18) 0.982
pH (-36.71-2.58) 0.024
HCO:s (-7.63-1.74) 0.217
Lactate (0.42-0.98) 0.345
WBC (0.168-0.738) 0.082
Chloride (-0.336-0.065) | 0.184
Potassium (5.486-11.805) | 0.450
Sodium (-0.292-0.130) | 0.390
Phosphate (-2.271-7.148) | 0.981
Glucose (-0.002-0.028) | 0.057
HbAlc (0.45-10.68) 0.953

4. DISCUSSION
The global prevalence of DM has progressively increased and DM is a critical pathophysiological factor for CKD and several

chronic noncommunicable disorders (Zhang et al., 2013). DKA is a severe consequence of DM that requires prompt treatment to
prevent mortality and morbidity (Orban et al.,, 2014). AKI is a frequent consequence of DKA and is linked to poor short-term
prognosis in patients with DKA (Orban et al.,, 2014; Hursh et al., 2017). Additionally, elevated plasma creatinine is a common
finding in hyperglycemic crises and is more noticeable in hyperglycemic hyperosmolar conditions than in DKA (Balaji et al., 2018;
Barski et al., 2012). This may partly be because the metabolic acidosis reduces kidney blood flow in healthy participants, while
concomitantly increasing the release of inflammatory mediators. It was recently demonstrated that metabolic acidosis worsens
ischemia/reperfusion-induced AKI. However, there is limited evidence that metabolic acidosis contributes to the onset of AKI
(Barski et al., 2012).

In our study, 74 (35.74%) of the DKA admissions suffered from AKI various studies have found a wide range of prevalence rates
of AKI in children admitted with DKA (Wagner et al., 1999; Hursh et al., 2017). For example, the reported incidence was as high as
(77.8%) in a Korean single-center study (Yang et al., 2021). Additionally, 50% of adults hospitalized for DKA in a study matched the
RIFLE criteria for AKI (Orban et al., 2014). Furthermore, AKI was prevalent in 64.3% of the 165 children with DKA studied, which
used KDIGO guidelines as the criteria to diagnose AKI (Hursh et al., 2017). Both studies demonstrate that a high percentage of
patients admitted for DKA developed AKI. However, lower trends in the incidence of AKI are also reported in the literature, which
are similar to our finding. The incidence of AKI in infants with DKA in an Indian study was only 35.4% (Balaji et al., 2018).
Similarly, in a retrospective studyonly 30% of kids with DKA brought and admitted in the PICU had AKI, which are consistent with
our finding. Our study seems to be at the lower end of incidence compared with most of the literature as well as in severity given
that we had no stage 3 AKI episodes following the KDIGO criteria.

Our study specifies the occurrence of AKI in children with DKA, along with their associated clinical and biochemical risk
factors. AKI patients are older in our study. For example, AKI stage 1 and stage 2 patients had higher mean for age than non-AKI
group, so age is likely a contributing factor for a longer duration DM disease and compromised renal function in the long-term. This
may help to partially explain the rise of AKI in older age groups, which is in agreement with the reports of reduced renal function
with advancing age (Glaser et al., 2001). Interestingly, a previous study conducted at the hospital of Sun Yat-sen Memorial showed
a similar finding, in which older age patients were significantly identified with a higher incidence of AKI (Chen et al., 2020). We
have found that there was higher heart rates in AKI patients in comparison to the non-AKI group, which is reported in another
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study conducted in Mexico, where beats/minute were found to be 122.58 compared to 111.8, while p=0.079 (Garcia et al., 2020). The
count of White Blood Cells (WBCs) was observed as more in the group with AKI, similar to the elevated level reported in another
study carried out by Yang EM in Korea (Yang et al., 2021). Additionally, we found that AKI patients presented with a higher blood
glucose level in comparison to non-AKI patients, which is consistent with the literature (Huang et al., 2020; Chen et al., 2020; Garcia
et al., 2020).

Furthermore, the AKI group demonstrated a lower level of pH, which agrees with previous findings of a reduced pH as a risk
factor for developing AKI in a patient with DKA (Huang et al., 2020; Chen et al., 2020; Yang et al., 2021). Moreover, in a study
conducted at the Children’s Hospital in British Columbia, they found that low level of pH and bicarbonate was highly associated
with severity of AKI (Hursh et al,, 2017). Also, our study showed that AKI occurred more in DKA patients with reduced HbAlc,
whereas a study from Korea demonstrated no difference between the two groups (Orban et al., 2014). Ultimately, we demonstrate
that AKI is accompanied with higher levels of glucose greater heart rates, serum creatinine and WBCs with lesser pH and HbAlc
values compared to the patients without AKI (Uchino et al., 2010). While other factors include BMI, length of stay, comorbidities,
clinical outcomes, date of diagnosis of type 1 DM, DKA precipitating factors, systolic and diastolic blood pressure, body
temperature, sodium, potassium, phosphate, chloride, HCOs, lactate, CO2, Oz Sat, hematocrit, hemoglobin, platelets, BUN, serum
ketone and estimated creatinine have no overall effect on the AKI patients (Tables 1 and 2 and Figure 1).

AKI patients had greater blood glucose levels when admitted to the hospitals, despite having the same disease severity based on
their acid-base status. The two causes listed below at least partially account for this outcome. First, in critically sick patients, AKI
appears to be linked with insulin resistance and inflammation (Mehta, 2007; Basi et al., 2005). Second, reduced glycosuria, a
practical approach to controlling hyperglycemia, may be linked to kidney failure. The kidneys entirely reabsorb blood glucose at
physiological levels. The sodium-glucose linked transporter (SGLT) 1 and 2 are the significant cotransporters involved in this
process, which occurs concurrently with sodium absorption. Diabetes causes SGLT 1 and 2 to absorb glucose more readily (Vallon
& Thomson, 2012). However, glycosuria regulates hyperglycemia when it rises above the threshold level for glucose reabsorption.
Renal perfusion is impaired in AKI patients, which may help reduce glucose urine losses and thwart hyperglycemia (Adrogue et al.,
1982).

The impact of hyperchloremia on kidney function has recently come to light (Yunos et al., 2012). However, we could not
differentiate between AKI and non-AKI patients in terms of serum chloride in our population, so this relationship was not found in
our study (Rocktaeschel et al., 2003). Further, AKI and DKA patients usually present with hyperphosphatemia (Fisher & Kitabchi,
1983). Specifically, insulin shortage in DKA results in intracellular to extracellular changes, whereas in AKI, decreased renal
perfusion causes hyperphosphatemia. These findings may account for the AKI patients receiving more insulin and improving renal
function. Therefore, patients will still require supplementation even if their serum phosphate levels are higher. Age, blood sugar,
WBCs, PH, serum creatinine, heart rate and HbAlc are some factors with risk of having severe DKA, signified in this research
study. These parameters are not prognostic indicators or part of the various DKA severity levels in clinical practice. However, they
might make it easier to consider the unique characteristics of AKI patients in this situation. The first step in treating AKI is to rectify
hypovolemia by infusing fluids (Bellomo et al., 2004; Brochard et al., 2010). However, excessive fluid infusion, particularly in the
event of oliguria, might result in additional complications. Furthermore, the ICU is the best place to provide the more intensive care

and intrusive monitoring that these patients require.

Study Limitations

This was a single-center study. However, it is the referral center for the whole region and the only pediatrics hospital at the city.
Second, no study participants had 24h urine collections or baseline creatinine values before their admission so that detailed urine
output data was unavailable. Thus, we decided not to employ urine output criteria in this study to diagnose AKI and instead relied

on estimates calculation which was the most common used methodology in the literature for similar studies.

5. CONCLUSION

A serious complication of DKA, AKI was found to be influenced by age, Glu, WBCs, heart rate, serum creatinine levels, HbAlc and
pH. There were 74 (35.7%) patients had AKI; 65 (87.8%) had stage 1 symptoms, 9 (12.6%) had stage 2 presentations. The prevention
of kidney function impairment in DKA sufferers with AKI requires regular follow-up in addition to early detection and treatment
of AKI in hospitals. There is an urgent need for prospective long-term research to better comprehend the long-lasting complications
and the corresponding risk factors related to AKI in the cohort, mainly as young kids with diabetes mellitus are at peril of getting

the long-lasting kidney illness and a life-long diabetic nephropathy on secondary level.
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