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Abstract

Diabetic ketoacidosis (DKA) is associated with dehydration and which can cause acute kid-

ney injury (AKI). The proportion of AKI in children and adolescents with DKA has not been

reported in East Asian population. This study aimed to identify the prevalence of AKI and to

determine whether there is an association between AKI severity and recovery time from

metabolic acidosis in children and adolescents with DKA. Medical records of children and

adolescents (aged <18 years) presenting with type 1 or type 2 diabetes mellitus and DKA

between 2000–2017 at the MacKay Children’s Hospital were retrospectively reviewed. AKI

was defined by an admission creatinine level >1.5 times the calculated expected baseline

creatinine level. Patients were divided into three groups based on AKI severity: no AKI, mild

AKI, and severe AKI. In total, 170 (56.5%) patients with DKA presented AKI (mild AKI, 116

[38.5%]; severe AKI, 54 [18.0%]). Heart rate and laboratory parameters related to dehydra-

tion, such as corrected sodium level and blood urea nitrogen, were strongly associated with

AKI development (P<0.01). Blood pH, plasma glucose, and potassium levels were also

associated with AKI. A negative correlation with borderline significance between the esti-

mated glomerular filtration rate (eGFR) and recovery time from metabolic acidosis was

observed in the severe AKI group. AKI was highly prevalent in children and adolescents with

DKA. An association between AKI and biomarkers indicating dehydration was noted. The

recovery time from metabolic acidosis following treatment may be longer in children with a

decreased eGFR who present with severe AKI. AKI is a common complication in children

with DKA.
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Introduction

Children with diabetic ketoacidosis (DKA) experience varying degrees of dehydration and

electrolyte imbalance due to osmotic diuresis [1, 2]. Persistent polyuria is the most common

symptom in children with DKA and can lead to progressive dehydration [3]. The compensa-

tory mechanism for dehydration in children has not been well established; thus, children are

more vulnerable to volume depletion than adults [4]. Prerenal acute kidney injury (AKI) may

occur, and acute tubular necrosis may subsequently develop in patients with severe volume

depletion [5–7]. When the glomerular filtration rate decreases, renal acid excretion becomes

inadequate, and thus metabolic acidosis may occur [8]. As the normalization of metabolic aci-

dosis is among the goals of DKA treatment [9], the presence of AKI may hinder a patient’s

recovery from metabolic acidosis. Moreover, AKI is an independent factor associated with lon-

ger hospital stay and higher mortality rate in children [10].

Nevertheless, the prevalence and associated risk factors for AKI in children and adolescents

with DKA in the East Asian population have not been reported, and the relationship between

recovery time from metabolic acidosis and AKI severity in children with DKA has not been

fully established. Therefore, our study aimed (1) to identify the prevalence of AKI and to ana-

lyze clinical and laboratory markers associated with AKI in children and adolescents hospital-

ized for DKA and (2) to determine whether an association between AKI severity and recovery

time from metabolic acidosis exists during the treatment course of DKA.

Methods

Data collection

The medical charts of 558 DKA episodes recorded from 2000 to 2017 at the MacKay Children’s

Hospital were retrospectively reviewed. Children aged <18 years with DKA as defined by the

International Classification of Diseases (ICD-9 and ICD-10) coding for DKA (ICD-9 code

250.10 to 250.13 or ICD-10 codes E10.1 and E11.1) were included in the analysis. We obtained

the following information from patients’ medical charts: age at diagnosis, sex, body weight,

body height, heart rate, type of diabetes mellitus (DM), episodes of DKA, blood gas composi-

tion, and levels of blood glucose, corrected sodium, potassium, blood urea nitrogen, creatinine,

and hematocrit at admission. The urine albumin to creatinine ratio (UACR) before admission

or just after the hospitalization was also collected, to determine the presence of microalbumi-

nuria [11]. The duration of hospitalization and the recovery time from metabolic acidosis

(defined as the time from the beginning of treatment up to blood gas analysis showing pH

>7.3 and bicarbonate level>15 mEq/L) were also recorded. Moreover, each patient’s esti-

mated glomerular filtration rate (eGFR) at admission was calculated using the Schwartz for-

mula [12] (eGFR = K × height in cm/creatinine in mg/dL; age<2 years, K = 0.45; age between

2 and 13 years, K = 0.55; boys aged�13 years, K = 0.7; girls aged�13 years, K = 0.55). Ethical

approval was confirmed by the MacKay Memorial Hospital Institutional Review Board (MMH

IRB No.: 14MMHIS267). Written informed consent was obtained from every patient or his/

her guardian.

Case definition and exclusion criteria

DKA was defined as hyperglycemia (blood glucose level�200 mg/dL) and low pH (pH�7.3)

or bicarbonate (�15 mEq/L) levels with elevated urine or serum ketones. Those who did not

meet the criteria for DKA or did not have type 1 or type 2 DM were excluded. Furthermore,

patients who were transferred from other hospitals where the initial management of DKA was

performed, those who were coded with the wrong ICD code, those lacking important clinical
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information (e.g., serum creatinine level, body height), and those whose medical records were

not available or missing were excluded.

The serum creatinine criteria of the Kidney Disease/Improving Global Outcomes (KDIGO)

defined AKI as a creatinine level>1.5 times the baseline creatinine level [13]. Because there

was no baseline creatinine data on the patients before admission, we calculated the expected

baseline creatinine (EBC) levels using an eGFR [14, 15] of 120 mL/min/1.73 m2 and patients’

body height (Schwartz formula) [12]. We defined stage 0 AKI as a creatinine level <1.5 times

the EBC, stage 1 AKI as creatinine level 1.5 to 2 times the EBC, stage 2 AKI as creatinine level 2

to 3 times the EBC, and stage 3 AKI as creatinine level >3 times the EBC. Patients were further

divided into three groups: no AKI (stage 0 AKI), mild AKI (stage 1 AKI), and severe AKI

(stage 2 and 3 AKI); stages 2 and 3 AKI were associated with higher mortality rates in children

[16, 17]. Corrected sodium (Na) was calculated using the following formula: corrected

Na = Serum Na + (1.6 mEq/L Na+ for every 100 mg/dL glucose in excess of 100) [18]. The

microalbuminuria group was defined as UACR between 30–299 mg/g [11]. Recurrent DKA

was defined as more than one episode of DKA.

Patient treatment

Initially, patients received a bolus of 20 mL/kg isotonic saline at the emergency department or

ordinary ward after a diagnosis of DKA was given. Thereafter, intravenous solution was

administered at 1.5 times the maintenance rate for at least 24 hours; intravenous solution with

different sodium and potassium concentrations was used, depending on the corrected serum

sodium and potassium levels. Regular insulin was infused via the intravenous route at a rate of

0.1 U/kg/h. Blood glucose was monitored using the finger-stick blood sampling every hour

after the start of treatment. Blood gas and electrolyte levels were generally checked every 6

hours or monitored according to each patient’s clinical condition. Once the blood glucose fell

below 250 mg/dL, intravenous glucose concentration was gradually increased up to 10 g/dL.

When blood glucose continued to fall below 120 mg/dL, we gradually decreased the insulin

infusion rate and shifted to subcutaneous insulin injection after full correction of DKA.

Statistical analysis

Continuous variables are expressed as medians and interquartile ranges (IQR). Categorical

variables are expressed as numbers and percentages. Categorical variables were compared

using the chi-square test or Fisher’s exact test in case of expected frequencies <5; continuous

variables were compared among three or more groups using the Kruskal-Wallis test. After

excluding the extreme value, a linear regression model was employed to explore the association

between eGFR and recovery time from metabolic acidosis. All statistical analyses were per-

formed using SAS, version 9.4 (SAS Institute, Inc., Cary, NC). A P value <0.05 was considered

statistically significant.

Results

In total, 558 DKA episodes were identified from February 1, 2000 to December 31, 2017. Of

these DKA episodes, 257 were excluded as 115 did not meet the criteria for DKA, 36 came

from other hospitals where the initial DKA management was performed, 46 had the wrong

ICD code, 50 lacked important clinical data, and 10 had unavailable or missing medical rec-

ords. Finally, 223 patients with 301 DKA episodes were included in this study.

Demographic characteristics, biological parameters, and AKI severity are summarized in

Table 1.
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Patients had a median age of 11.8 (IQR, 8.5–15.4) years. Of the 301 DKA episodes, 130

(43.2%) were observed in male patients, 293 (97.3%) in patients with type 1 diabetes, and 154

(51.2%) episodes in patients with newly diagnosed diabetes.

Microalbuminuria was present in 5 (1.7%) patients before or after admission, which was

not associated with the severity of AKI (P = 0.47). This finding indicated that although 147

(48.8%) patients had previously diagnosed DM, only few patients had microalbuminuria and

the AKI severity at admission was not affected by the baseline kidney status. Seventy-eight

(25.9%) patients experienced recurrent DKA episodes. Of the patients with recurrent DKA

episodes, 31 (23.7%) did not have AKI, 37 (31.9%) had mild AKI, and 10 (18.5%) patients had

severe AKI. The distribution of the AKI group and recurrent episodes DKA showed no signifi-

cant differences (P = 0.13).

AKI was present at the time of admission in 170 (56.5%) patients who had DKA episodes;

mild and severe AKI was found in 116 (38.5%) and 54 (18.0%) of those with episodes, respec-

tively. Notably, among those with DKA who also presented AKI, 31.8% (54/170) developed

severe AKI. The proportion of patients with AKI was less in those with newly diagnosed diabe-

tes than in those with a previous diagnosis of diabetes (49.4% vs. 63.9%, P = 0.01).

Table 1. Clinical characteristics of children aged <18 years with diabetic ketoacidosis, classified by severity of acute kidney injury.

Clinical characteristics at admission No AKI Mild AKI Severe AKI Total P-value
N = 131 N = 116 N = 54 N = 301

(43.5%) (38.5%) (18.0%)

Age, median (IQR), years 11.4 (8.7–14.3) 12.7 (8.0–16.0) 10.7 (7.3–13.7) 11.8 (8.5–15.4) 0.07

Sex, males, no. (%) 63 (48.1) 45 (38.8) 22 (40.7) 130 (43.2) 0.31

Type 1 DM, no. (%) 127 (96.9) 114 (98.3) 52 (96.3) 293 (97.3) 0.71

Type 2 DM, no. (%) 4 (3.1) 2 (1.7) 2 (3.7) 8 (2.7) 0.71

Newly diagnosed DM, no. (%) 78 (59.5) 50 (43.1) 26 (48.2) 154 (51.2) 0.03

Microalbuminuria, no. (%) 2 (1.5) 3 (2.6) 0 (0) 5 (1.7) 0.47

Recurrent DKA no. (%) 31 (23.7) 37 (31.9) 10 (18.5) 78 (25.9) 0.13

Initial physical examination, median (IQR)

Body weight Z-score -0.6 (-1.2–0) -0.5 (-1.2–0.2) -0.9 (-1.3–-0.1) -0.5 (-1.2–0.1) 0.26

Body height Z-score 0.2 (-0.7–0.9) 0.05 (-0.9–0.5) 0 (-1.1–0.9) 0.1 (-0.8–0.7) 0.22

BMI Z score -0.8 (-1.4–-0.1) -0.4 (-1.1–0.2) -1.0 (-1.6–-0.1) -0.7 (-1.35–0) 0.03

Body surface area, m2 1.20 (1.0–1.4) 1.31 (0.9–1.5) 1.17 (0.8–1.4) 1.23 (0.9–1.5) 0.07

Heart rate, beats/min 106 (95–120) 122 (100–136) 135 (120–148) 118 (100–132) <0.01

Initial laboratory values, median (IQR)

pH 7.20 (7.10–7.26) 7.13 (7.04–7.22) 7.15 (7.03–7.22) 7.17 (7.06–7.23) <0.01

Bicarbonate, mEq/L 9.0 (5.4–12.5) 7.0 (4.0–10.0) 7.1 (4.2–9.6) 7.6 (4.9–11.0) <0.01

BUN, mg/dL 13.5 (11.0–18.0) 17.0 (13.0–20.0) 25.0 (19.0–36.0) 16 (12–21.5) <0.01

Creatinine, mg/dL 0.8 (0.7–1.0) 1.1 (1.0–1.3) 1.5 (1.3–1.7) 1 (0.8–1.3) <0.01

Na (corrected), mEq/L 139.1 (136.6–142.7) 140.8 (137.4–143.1) 142.4 (139.4–145.8) 140.6 (137.3–143.3) <0.01

K, mEq/L 4.2 (3.8–4.8) 4.6 (4.1–5.2) 5.1 (4.8–5.8) 4.5 (4.0–5.2) <0.01

Glucose, mg/dL 428 (354–528) 540 (431–627) 738 (576–861) 502 (409–638) <0.01

Hct, % 44.0 (40.9–46.7) 45.5 (41.7–48.3) 43.9 (41.5–47.4) 44.3 (41.5–47.6) 0.17

HbA1c, % 13.4 (11.9–14.8) 12.5 (10.9–14.4) 12.4 (10.6–14.2) 12.8 (11.1–14.4) <0.01

eGFR, mL/min/1.73 m2 94.4 (87.2–110.9) 70.5 (65.5–74.7) 53.0 (47.9–56.6) 76.1 (64.4–92.1) <0.01

AKI: acute kidney injury; IQR: interquartile range; eGFR: estimated glomerular filtration rate

Hct: hematocrit; HbA1c, glycosylated hemoglobin; BUN, blood urea nitrogen

https://doi.org/10.1371/journal.pone.0239160.t001
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Table 1 also shows the difference in clinical and laboratory data for patients with varying

degrees of AKI severity. Children with AKI had lower pH values (no vs. mild vs. severe AKI,

7.20 vs. 7.13 vs. 7.15, P<0.01) and lower bicarbonate levels (no vs. mild vs. severe AKI, 9.0 vs.

7.0 vs. 7.1 mEq/L, P<0.01). Those with more severe AKI also had a statistically significantly

higher heart rate (none vs. mild vs. severe AKI, 106 vs. 122 vs. 135 beats/min, P<0.01), cor-

rected serum sodium levels (none vs. mild vs. severe AKI, 139.1 vs. 140.8 vs. 142.4 mEq/L,

P<0.01), blood urea nitrogen (none vs. mild vs. severe AKI, 13.5 vs. 17.0 vs. 25.0 mg/dL,

P<0.01), serum potassium levels (no vs. mild vs. severe AKI, 4.2 vs. 4.6 vs. 5.1 mEq/L,

P<0.01), and blood glucose levels (no vs. mild vs. severe AKI, 428 vs. 540 vs. 738 mg/dL,

P<0.01).

The median recovery time from metabolic acidosis of all patients admitted for DKA was

14.8 h (IQR, 9.1–21.6) (Table 2).

The recovery time from metabolic acidosis was 14.8 h (IQR, 8.4–21.7) in patients without

AKI, 15.7 h (IQR, 10.2–21.8) in patients with mild AKI, and 13.6 h (IQR, 8.7–18.5) in patients

with severe AKI; no statistically significant difference was observed across these groups. The

proportion of patients with recovery time from metabolic acidosis <24 h was also not signifi-

cantly different across the groups (none vs. mild vs. severe AKI, 79.6 vs. 80.2 vs. 84.0%, respec-

tively, P = 0.84). However, in patients with severe AKI, a negative correlation (R = 0.27,

P = 0.058) with borderline significance between eGFR and recovery time from metabolic aci-

dosis was found (Fig 1C).

Discussion

To our knowledge, this was the largest study to date that analyzed the prevalence and clinical

markers of AKI in children and adolescents admitted for DKA, and it was the first study that

focused on young East Asian patients. At the time of admission, 56.5% of children and adoles-

cents with DKA developed AKI. Of note, one-third of children with AKI were classified as

severe AKI, which indicated not only volume-responsive injury but also intrinsic renal tubular

injury. Moreover, our study was the first study to show a borderline association between eGFR

and recovery time from metabolic acidosis in patients with DKA presenting with severe AKI.

Thus, only patients with DKA who had severe AKI may require a longer time to recover from

metabolic decompensation status.

The reported prevalence of AKI in patients with DKA has been highly variable across differ-

ent studies [19–22]. In the study of Orban et al., which included 94 patients, 50% of adults who

were admitted for DKA met the RIFLE criteria for AKI [22]. Hursh et al. investigated 165 chil-

dren admitted for DKA and reported a prevalence of AKI of 64.3% in children with DKA; here

the AKI definition was based on the KDIGO criteria [19]. Both studies demonstrated that a

high proportion of patients hospitalized for DKA developed AKI, which is consistent with our

findings. In contrast, the prevalence of AKI in children with DKA was only 35.4% in India

[20]; however, the baseline creatinine clearance they used to define AKI was not mentioned in

their study. A recent study in Israel showed that the proportion of children with AKI who

were admitted for DKA was only 30% [21], which is much lower than our result. One possible

Table 2. Recovery time from metabolic acidosis, classified by severity of acute kidney injury.

Clinical characteristics at admission No AKI N = 108 Mild AKI N = 101 Severe AKI N = 50 Total N = 259 P-value

Recovery time from metabolic acidosis (hours, IQR) 14.8 (8.4–21.7) 15.7 (10.2–21.8) 13.6 (8.7–18.5) 14.8 (9.1–21.6) 0.45

Proportion of patients with recovery time from metabolic acidosis <24 h (%) 86 (79.6) 81 (80.2) 42 (84.0) 209 (80.7) 0.84

AKI: acute kidney injury; IQR: interquartile range

https://doi.org/10.1371/journal.pone.0239160.t002
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explanation for this discrepancy is that 80.5% of their study population had newly diagnosed

type 1 DM, while in our study, only 51.2% of the patients had newly diagnosed diabetes. Fur-

thermore, we found that the proportion of children with AKI was lower in children who were

newly diagnosed with diabetes than in those who were previously diagnosed. Patients with

repeated DKA episodes may have poor treatment compliance [23, 24], and their clinical condi-

tion, including the dehydration status, and biochemical abnormalities were possibly already

worse when they started seeking medical intervention [25]. Additionally, different populations

and criteria for diagnosing AKI in children may have also contributed to different results. It is

worth noting that the serum creatinine level is an insensitive and delayed marker of impaired

renal function [26]; thus, the kidneys may be injured before serum creatinine levels are ele-

vated, which may imply that the actual prevalence of AKI in children with DKA might be

higher than expected.

Our study revealed that a borderline correlation between eGFR and recovery time from

metabolic acidosis existed in children with DKA who had severe AKI. The greater the decline

in eGFR, the longer the time needed to recover from metabolic acidosis. Furthermore, our

findings highlighted that renal tubular injury was present in children with DKA who had

severe AKI and that their ability to compensate for metabolic acidosis also decreased as their

renal function declined. A previous report [27] demonstrated that a lower pH levels at admis-

sion in adults was an independent predictor of the longer time needed for DKA resolution.

Moreover, our finding emphasized that severe AKI development may contribute to longer

recovery time from metabolic acidosis. As the normalization of metabolic acidosis is one of the

goals of DKA treatment, clinicians should note that when children have stage 2 AKI or more,

their recovery time from metabolic acidosis may be longer, and recovery depends on the

decline in their eGFR. Thus, the presence of AKI should be assessed especially when children

with DKA have prolonged metabolic acidosis [28, 29].

In our study, approximately 80% of children with DKA recovered from metabolic acidosis

on the first day, regardless of AKI severity, after adequate hydration and insulin treatment,

which is consistent with previous results [21]. Previous reports have shown that the recovery

time from metabolic acidosis is associated with DKA severity and insulin dosage [30, 31]. Our

study is the first to document that AKI severity in children with DKA was not statistically asso-

ciated with the time to recovery from metabolic acidosis.

We also demonstrated that higher heart rate, higher levels of blood glucose and corrected

sodium were associated with the severity of AKI. All these findings suggested that volume

depletion plays an important role in AKI development in children with DKA. A previous

study assumed that a prerenal mechanism is the cause of AKI in children with DKA [19]. A

recent study showed that volume depletion is the causative etiology of AKI in children with

DKA [21], which is consistent with our findings. We were unable to analyze the relationship

between clinical assessment of dehydration and AKI severity because of the retrospective

nature of our study, and the accuracy of the clinical assessment of dehydration may have been

unreliable due to possible discrepancies between findings across different operators [32].

AKI has been identified as an independent factor that may increase morbidity and mortality

in children [33]. Several studies have indicated there is a relationship between AKI and long-

term renal injury [34–36]. Children with diabetes inherently have increased risk of diabetic

Fig 1. Linear regression showing differences between the estimated Glomerular Filtration Rate (eGFR) and

recovery time from metabolic acidosis classified by Acute Kidney Injury (AKI) severity. (A) No association was

observed between eGFR and recovery time from metabolic acidosis in children without AKI. (B) No association was

observed between eGFR and recovery time from metabolic acidosis in children with mild AKI. (C) Borderline

association was found between eGFR and recovery time from metabolic acidosis in children with severe AKI.

https://doi.org/10.1371/journal.pone.0239160.g001
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nephropathy [37]; thus, monitoring AKI in this population is crucial. Nevertheless, whether a

single AKI episode influences the development of further kidney disease in diabetic children

remains unknown. Thus, further prospective studies focusing on the effect of AKI on the tra-

jectory of renal disease in children with DM are warranted.

Strengths and limitations

This study has some limitations. The major limitation of this study is its retrospective nature;

the results depended on the accuracy and completeness of the medical records. Additionally,

the creatinine level that we used to calculate eGFR via the Schwartz formula was measured

using the Jaffe method. In children with metabolic ketoacidosis, the presence of acetoacetate

may have resulted in falsely elevated serum creatinine levels if measured using the Jaffe method

[38]. However, the Jaffe method is the most widely used approach to measure serum creatinine

in our country and the only assay available that measures serum creatinine level at our institu-

tion. Moreover, the serum creatinine level is a delayed marker of kidney injury, and the pro-

portion of true kidney injury may be higher than expected. Despite all these limitations, our

study has several strengths. First, our study included a large sample size of pediatric patients

who experienced DKA episodes and had the longest period of retrospective data collection

compared with other studies. Moreover, the same DKA protocol was applied to all patients.

Our results provided further evidence on the prevalence of AKI in children hospitalized for

DKA.

Conclusions

AKI is highly prevalent in children and adolescents admitted for DKA. The recovery time

from metabolic acidosis may be longer with a decreased eGFR in children with stage 2 and

stage 3 AKI. Most children (approximately 80%) recovered from metabolic acidosis on the

first day of treatment. Clinical markers indicating volume depletion have a strong association

with AKI severity. Clinicians should note that AKI is a common complication in children who

are admitted for DKA.
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In: René G. VanDeVoorde. Bradley A. Warady, eds. Management of chronic kidney disease. Berlin:

Springer 6 ed;2009. p. 1662.

13. Definition and classification of AKI. Kidney Int Suppl. 2012;2, Ch. 2. 1(1):19–36. https://doi.org/10.1038/

kisup.2011.32 PMID: 25018918

14. Schwartz GJ, Work DF. Measurement and estimation of GFR in children and adolescents. Clin J Am

Soc Nephrol. 2009; 4:1832–1843. https://doi.org/10.2215/CJN.01640309 PMID: 19820136

15. Basu RK, Kaddourah A, Terrell T, Mottes T, Arnold P, Jacobs J, et al. Assessment of worldwide acute

kidney injury, renal angina and epidemiology in critically ill children (AWARE): study protocol for a pro-

spective observational study. BMC Nephrol. 2015; 16:24. https://doi.org/10.1186/s12882-015-0016-6

PMID: 25882434

16. Fitzgerald JC, Basu RK, Akcan-Arikan A, Izquierdo LM, Pineres Olave BE, Hassinger AB, et al. Acute

kidney injury in pediatric severe sepsis: an independent risk factor for death and new disability. Crit

Care Med. 2016; 44:2241–2250. https://doi.org/10.1097/CCM.0000000000002007 PMID: 27513354

17. Kaddourah A, Basu RK, Bagshaw SM, Goldstein SL, Investigators A. Epidemiology of acute kidney

injury in critically ill children and young adults. N Engl J Med. 2017; 376:11–20. https://doi.org/10.1056/

NEJMoa1611391 PMID: 27959707

18. Kliegman R. Nelson Textbook of Pediatrics textbook of pediatrics. In: Britta M. Svoren and Nicholas

Jospe, editors. Type 1 Diabetes Mellitus (Immune Mediated). 20th ed. Philadelphia: Elsevier; 2015. p.

2773–2778.

19. Hursh BE, Ronsley R, Islam N, Mammen C, Panagiotopoulos C. Acute kidney injury in children with

type 1 diabetes hospitalized for diabetic ketoacidosis. JAMA Pediatr 2017; 171:e170020. https://doi.

org/10.1001/jamapediatrics.2017.0020 PMID: 28288246

20. Baalaaji M, Jayashree M, Nallasamy K, Singhi S, Bansal A. Predictors and outcome of acute kidney

injury in children with diabetic ketoacidosis. Indian Pediatr. 2018; 55:311–314. PMID: 29428918

PLOS ONE Acute kidney injury and diabetic ketoacidosis in children and adolescents

PLOS ONE | https://doi.org/10.1371/journal.pone.0239160 October 7, 2020 9 / 10

https://doi.org/10.2337/diacare.2951150
http://www.ncbi.nlm.nih.gov/pubmed/16644656
https://doi.org/10.4103/2230-8210.155403
http://www.ncbi.nlm.nih.gov/pubmed/25941653
https://doi.org/10.5001/omj.2010.31
http://www.ncbi.nlm.nih.gov/pubmed/22125712
https://doi.org/10.1016/j.pcl.2015.04.002
http://www.ncbi.nlm.nih.gov/pubmed/26210621
https://doi.org/10.1111/j.1651-2227.1993.tb12734.x
http://www.ncbi.nlm.nih.gov/pubmed/8518532
https://doi.org/10.1038/ki.1984.62
http://www.ncbi.nlm.nih.gov/pubmed/6434787
https://doi.org/10.1542/pir.23-2-47
http://www.ncbi.nlm.nih.gov/pubmed/11826257
https://doi.org/10.1111/pedi.12701
http://www.ncbi.nlm.nih.gov/pubmed/29900641
https://doi.org/101007/s00467-018-4128-7
https://doi.org/10.1111/j.1524-6175.2004.4064.x
http://www.ncbi.nlm.nih.gov/pubmed/15538104
https://doi.org/10.1038/kisup.2011.32
https://doi.org/10.1038/kisup.2011.32
http://www.ncbi.nlm.nih.gov/pubmed/25018918
https://doi.org/10.2215/CJN.01640309
http://www.ncbi.nlm.nih.gov/pubmed/19820136
https://doi.org/10.1186/s12882-015-0016-6
http://www.ncbi.nlm.nih.gov/pubmed/25882434
https://doi.org/10.1097/CCM.0000000000002007
http://www.ncbi.nlm.nih.gov/pubmed/27513354
https://doi.org/10.1056/NEJMoa1611391
https://doi.org/10.1056/NEJMoa1611391
http://www.ncbi.nlm.nih.gov/pubmed/27959707
https://doi.org/10.1001/jamapediatrics.2017.0020
https://doi.org/10.1001/jamapediatrics.2017.0020
http://www.ncbi.nlm.nih.gov/pubmed/28288246
http://www.ncbi.nlm.nih.gov/pubmed/29428918
https://doi.org/10.1371/journal.pone.0239160


21. Weissbach A, Zur N, Kaplan E, Kadmon G, Gendler Y, Nahum E. Acute kidney injury in critically ill chil-

dren admitted to the PICU for diabetic ketoacidosis. a retrospective study. Pediatr Crit Care Med. 2019;

20:e10–4. https://doi.org/10.1097/PCC.0000000000001758 PMID: 30358661

22. Orban JC, Maiziere EM, Ghaddab A, Van Obberghen E, Ichai C. Incidence and characteristics of acute

kidney injury in severe diabetic ketoacidosis. PLoS One. 2014; 9:e110925. https://doi.org/10.1371/

journal.pone.0110925 PMID: 25338064

23. Newton CA, Raskin P. Diabetic ketoacidosis in type 1 and type 2 diabetes mellitus: clinical and bio-

chemical differences. Arch Intern Med. 2004; 164:1925–1931. https://doi.org/10.1001/archinte.164.17.

1925 PMID: 15451769

24. Jabbour SA, Miller JL. Uncontrolled diabetes mellitus. Clin Lab Med. 2001; 21:99–110. PMID:

11321939
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