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Abstract

Background—Acute kidney injury (AKI) has been characterized in young high-risk inpatients, 

in whom AKI is frequent and associated with increased mortality, morbidity, and length of stay. 

The incidence of AKI among patients not requiring intensive care is unknown.

Study Design—Retrospective cohort study
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Setting & Participants—13,914 noncritical admissions during 2011–2012 at our tertiary 

referral pediatric hospital were evaluated. Patients <28 days or >21 years of age, or with chronic 

kidney disease (CKD), were excluded. Admissions with ≥2 serum creatinine measurements were 

evaluated.

Factors—Demographic features, laboratory measurements, medication exposures, and length of 

stay.

Outcome—AKI defined by increased serum creatinine in accordance with KDIGO (Kidney 

Disease: Improving Global Outcomes) criteria. Based on time of admission, time interval 

requirements were met in 97% of cases, but KDIGO time window criteria were not strictly 

enforced to allow implementation using clinically-obtained data.

Results—Two or more creatinine measurements (one baseline before or during admission, and a 

second during admission) in 2,374 of 13,914 (17%) patients allowed for AKI evaluation. A serum 

creatinine difference of ≥0.3 mg/dL or ≥1.5 times baseline was seen in 722 of 2,374 (30%) 

patients. A minimum of 5% of all noncritical inpatients without CKD in pediatric wards have an 

episode of AKI during routine hospital admission.

Limitations—Urine output, glomerular filtration rate, and time interval criteria for AKI were not 

applied secondary to study design and available data. The evaluated cohort was restricted to 

patients with ≥2 clinically obtained serum creatinine measurements, and baseline creatinine may 

have been measured after the AKI episode.

Conclusions—AKI occurs in at least 5% of all non-critically ill hospitalized children, 

adolescents, and young adults without known CKD. Physicians should increase their awareness of 

AKI and improve surveillance strategies with serum creatinine measurements in this population so 

that exacerbating factors such as nephrotoxic medication exposures may be modified as indicated.

Index words

Acute Kidney Injury (AKI); acute renal failure (ARF); serum creatinine; incidence; 
Nephrotoxicity; medication exposure; Inpatient Pediatrics; children, adolescents, young adults, 
Electronic Medical Records (EMRs); KDIGO AKI criteria

Clinical manifestations of acute kidney injury (AKI) encompass a spectrum from subtle 

changes in glomerular filtration rate (GFR) to symptomatic end organ failure. In hospitalized 

children, AKI is associated with increased mortality, length of stay, permanent loss of 

kidney function, and risk for future chronic kidney disease (CKD).1–5 Previous studies 

reporting the incidence and sequelae of AKI in the young focused on high-risk patient 

populations. Cohorts have been limited to those with nephrotoxic medications,3,6–8 cardiac 

surgery/bypass,9,10 sepsis,11,12 or admission to an intensive care unit.3,413–15 Due to patient 

selection, these may not accurately convey overall AKI incidence.

Case definitions for AKI have been based on diagnostic codes, laboratory data, and/or 

estimated GFR. International expert consensus definitions assess the degree of change from 

baseline in serum creatinine or estimated creatinine clearance and some consider urinary 

output.4,16,17 The KDIGO (Kidney Disease: Improving Global Outcomes) definition 

requires a serum creatinine concentration increase of ≥0.3 mg/dL, or ≥1.5-fold increase from 
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baseline. This increase in creatinine serves as a proxy for significant change in true kidney 

function from baseline. The KDIGO definition also includes specific threshold and time 

window requirements for the change in creatinine (increase by 0.3 mg/dL in 48 hours or 

increase by 1.5 fold in 7 days), urine output cutoffs, and estimated GFRs for establishing the 

diagnosis of AKI. The incidence of AKI by the KDIGO criteria in non-critically ill young 

patients has not been established.

Using a large, retrospective analysis of electronic medical records (EMRs) of admissions to 

a tertiary care children’s hospital over a two-year period, we sought to determine the 

incidence of AKI in non-critically ill children, adolescents, and young adults using KDIGO 

serum creatinine criteria with modifications to allow ascertainment from clinically-obtained 

EMR data. We also characterized the features that have been associated with AKI in other 

settings such as nephrotoxic drug exposure, length of stay, and contrast exposure.

Methods

This study was approved by the Vanderbilt University institutional review board; individual 

parental consent was waived.

Population

The most recent admission of patients aged 28 days through 21 years admitted to the 

Monroe Carell Jr. Children’s Hospital at Vanderbilt from 1/1/2011 through 12/31/2012 were 

considered for this study. Exclusion criteria were intensive care during the admission or pre-

existing CKD defined as two or more ICD-9 or CPT codes preceding admission (Table S1, 

available as online supplementary material). Although young people with CKD are also at 

risk for superimposed AKI, we sought to assess patients without pre-existing kidney disease. 

Patients were included irrespective of their indication for admission or admitting service.

Clinical Data

Demographic data included age, sex, race, and ethnicity, as recorded in the patient’s EMR. 

Clinical parameters included length of hospital admission, weight, inpatient medications 

(except those administered during operations), and clinical laboratory values. Weight is 

represented as a z-score, or as standard deviations from the mean for age and sex.18 

Nephrotoxic medications were categorized using a modified Delphi method as follows: high 

risk, group 1: nephrotoxin as single agent; or moderate risk, group 2: nephrotoxin in at-risk 

clinical situation or in conjunction with additional agent by their relative contribution to the 

development of AKI (Table S2). The discharge diagnosis, based on ICD-9 code, for each 

admission was obtained from the hospital administrative database. Data outliers underwent 

manual verification, and filters were implemented to ensure data validity. Specifically, all 

weight measurements with negative values were excluded. Weight z-scores above 5 and 

below −5 were excluded. Laboratory values with nonnumeric values were manually 

reviewed to ensure that no valid results were contained in the entry. Laboratory values that 

were below or above the limits of the assay were assigned the numeric minimum or 

maximum, as indicated (Table S3). Extreme values for reported laboratory results were 

manually verified in the EMR. Comparisons between groups were conducted with a 
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Wilcoxon test for continuous data or a Pearson Chi-Squared test for categorical data. 

Comparisons between the stages of AKI were conducted with a proportional odds test. 

When proportional odds assumptions were violated, the Cochran-Armitage trend test for 

proportions or Pearson chi-squared test was used.

AKI Definition and Severity

For a patient to qualify for AKI evaluation, at least two creatinine measurements were 

required, one during the baseline time window and a second on a different day during the 

admission (Figure 1). The baseline was defined as the lowest creatinine measured 90 days 

before admission through the first week of admission. This baseline measurement may have 

occurred before or after the increased creatinine measurement leading to the AKI 

classification. This allowed evaluation of AKI status for patients in whom no serum 

creatinine was measured until after the onset of AKI. Inpatient creatinine measurements 

were defined as those obtained in the 24 hours prior to admission through discharge. In our 

dataset, the admission time reflected the entry of the admission order into the EMR. By 

including the 24 hours prior to the admission order, laboratory evaluations performed in the 

emergency department or outpatient clinic portion of the patient’s hospitalization were also 

captured. Patients with one creatinine measurement during the admission and no additional 

creatinine measurements in the 90 days prior to admission were not evaluated for AKI 

status. Each patient with a baseline (measured up to 90 days prior to admission through the 

first 7 days of admission) and an inpatient creatinine value measured on a different date was 

evaluated and further classified as no AKI, or assigned an AKI stage. Per KDIGO serum 

creatinine criteria,16 a patient was classified as having AKI if any inpatient creatinine 

measurement was ≥0.3 mg/dL greater than the baseline value or ≥1.5-fold above the 

baseline value. The KDIGO criteria also specifies time windows for the increase in 

creatinine values, which were not imposed due to the paucity of clinically obtained 

creatinine measurements in our dataset.

AKI severity was defined using KDIGO stages 1–3 (Table S4), based on the baseline and 

maximum inpatient creatinine measurement. Because urine output data were not consistently 

available in this noncritical population, AKI was defined solely using the changes in 

measured serum creatinine. Additionally, we did not estimate the GFR for patients, as this 

calculation requires an accurate height measurement during the admission.

Results

Over the two year study period, admissions for 13,914 unique patients met inclusion and 

exclusion criteria (Figure 2). Of these, 2374 (17%) had both a baseline and inpatient 

creatinine value to allow for AKI evaluation (Table 1). The 11,540 patients not evaluated for 

AKI included 3,704 with one serum creatinine measurement during hospitalization. Also 

included were 7,836 (56% of all patients) with no inpatient serum creatinine measurement, 

of which 840 had a measurement in the 90 days prior to admission. Those not evaluated for 

AKI showed some difference from evaluated patients with regard to race (74% and 77% 

white, respectively; p-value <0.001) and ethnicity (9% and 7% Hispanic or Latino; p-value 

<0.001; nonmissing = 11,748), but were similar in sex (55% and 54% male; p-value = 0.2). 
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Patients not evaluated for AKI were younger than evaluated patients (median age, 5.8 vs 8.8 

years; p-value <0.001) and had shorter lengths of stay (median, 1 vs 3 days; p-value 

<0.001). In the 24 hours before and first 48 hours of admission, the patients not evaluated 

for AKI also had fewer total unique medication exposures (median, 2 vs 4 medications; p-

value <0.001), and fewer not evaluated patients had nephrotoxic drug exposures (median, 0 

vs 1; p-value <0.001) than evaluated patients.

Of the 2374 patients evaluated for AKI, 722 (30% of the evaluated patients, 5% of all 

eligible patients) met criteria for AKI. Compared to the 1652 evaluated patients with no AKI 

(Table 1), patients with AKI were younger (median age, 5.3 vs. 10.5 years; p-value <0.001), 

had lower weight-for-age (z-score, −0.4 vs. 0.0; p-value <0.001; nonmissing = 2321), lower 

baseline serum creatinine (0.26 vs. 0.42 mg/dL; p-value <0.001), and higher maximum 

serum creatinine (0.53 vs. 0.49 mg/dL; p-value <0.001). In laboratory measurements 

performed in the 24 hours before and first 48 hours of admission, these patients had similar 

white blood cell counts (9.3 vs. 9.2 ×103/μL; p-value = 0.8; nonmissing = 1875), minimum 

platelet counts (263 vs. 271 ×103/μL; p-value = 0.09; nonmissing = 1877), and minimum 

hematocrit measurements (33% vs. 34%; p-value = 0.1; nonmissing = 2031) compared to 

those without AKI. Those with and without AKI had similar numbers of total medication 

exposures per day (median, 4 vs. 4; p-value =0.004) and nephrotoxic medication exposures 

(median, 1 vs. 1; p-value = 0.05). Those with AKI had the lower rates of contrast exposure 

(6% vs. 10%; p-value = 0.004) and longer median length of hospital stay (4 vs. 3 days; p-

value <0.001). The mortality in our cohort was quite low with only 1 (0.06%) death among 

those without AKI and 4 (0.6%) deaths in those with AKI (Table S5).

The definition for baseline serum creatinine used in this study allowed for the nadir value to 

be measured before or after the peak serum creatinine measurement. To determine whether 

nadir serum creatinine measurements after AKI were systematically lower or higher than 

those before the event, we performed additional analysis of the 225 (31%) patients with AKI 

who had measured creatinine values both before and after their AKI. The median difference 

between the lowest creatinine measured before and after the onset of AKI indicated that 

minimal, if any, systematic increase or decrease occurred (median decrease, 0.04 

[interquartile range, decrease of 0.11 to increase of 0.03] mg/dL). Similarly, in the 225 of 

1652 (14%) who had no AKI, but had at least one measured creatinine value in the 90 days 

before admission to compare to the creatinine measures during admission, there was no 

apparent difference in the serum creatinine measured before vs. during admission (median 

difference, 0.00 [interquartile range, −0.07 to 0.10] mg/dL).

We then examined clinical factors more closely in patients who met criteria for AKI, 

categorizing them by KDIGO stage (Table 2). Of the 722 patients with AKI per our study 

criteria, 443 (61%) met KDIGO criteria stage 1; 199 (28%), stage 2; and 80 (11%) stage 3. 

Among patients with AKI, those with stages 2 and 3 were younger (median age for stage 1: 

6.4 years; stage 2, 4.1 years; stage 3, 4.2 years; p-value <0.001) and had longer hospital 

stays (4, 5, and 5 days, respectively; p-value <0.001). Across AKI stages, the proportion of 

patients exposed to group 1 nephrotoxic medications in the 24 hours before and 48 hours 

after admission were similar (42%, 40% and 36% for stages 1, 2 and 3, respectively; p-value 

= 0.7), but the proportion of patients exposed to group 2 nephrotoxic drugs increased across 
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KDIGO stages (21%, 31% and 34%, respectively; p-value = 0.001). The median of the tally 

of total unique medications per day was similar across AKI stages (4, 5, and 4; p-value = 

0.006). The proportion of patients exposed to contrast decreased with increasing AKI stage, 

but without statistically significant difference (7%, 5%, and 4%, respectively; p-value = 0.2). 

The distribution of common discharge diagnoses was rather broad, with acute kidney failure 

as the second most common in the patients with stage 3, but this diagnosis was not common 

in the other stages (Table S5).

Discussion

This study reports the incidence and severity of AKI among hospitalized, noncritically ill 

children, adolescents, and young adults based upon a modified KDIGO definition able to be 

implemented using clinically-obtained EMR data. There was AKI observed in 30% of non-

critically ill inpatients in pediatric wards who had at least two creatinine measurements, 

which accounts for 5% of all non-critically ill inpatients in pediatric wards during the period 

of study. This 5% incidence represents a minimum estimate of the occurrence of AKI in the 

total population because our methods required patients to have at least two serum creatinine 

measurements available, such that the change from baseline to maximum serum creatinine 

could be calculated to determine AKI status. The requisite serum creatinine measurements 

were obtained in only 17% of admissions to pediatric wards included in this study. In 83% 

of patients, AKI status was unable to be assigned due to an insufficient number of creatinine 

measurements. Thus, the true incidence of AKI in our population was above 5%, but we are 

unable to provide a more precise estimate.

Previous studies describing AKI incidence have also used creatinine-based classifications, 

but predominantly in cohorts of critically ill children requiring renal replacement therapy 

after cardiac surgery with cardiopulmonary bypass,3,4,10,13,14,19,20 or in children receiving 

nephrotoxic medications without reference to severity of illness.6–8,21,22 In our cohort, the 

true incidence of AKI is most accurately described as ≥5% because of the large number of 

patients with insufficient creatinine measurements to allow evaluation of AKI status. This 

limitation reflects a lack of creatinine monitoring in non-critically ill young people and the 

otherwise healthy young population. The minimum AKI incidence of 5% indicates that AKI 

is a common event among hospitalized children, adolescents, and young adults outside of 

intensive care units, affecting at least one in twenty of these admissions.

Methods for defining baseline creatinine or kidney function directly affect the detection and 

staging of AKI. Prior studies have either not clearly stated how the baseline creatinine was 

determined6,7,22 or used various methods to estimate baseline creatinine/GFR.3,4,8,20 In 

contrast, we required a measured baseline creatinine value to be included for an evaluated 

patient because of the inherent error when baseline GFR is estimated.1 This is complicated 

by the paucity of baseline data in the healthy young population, but our decision not to use 

estimated creatinine clearance stems from the unavailability and inaccuracy of height 

measurements for inpatients in pediatric wards and poor precision of this estimation 

methodology with a large margin of error and validity only in steady state conditions.1 We 

instead elected to use the lowest creatinine level available during the 90 days before through 

the first week of admission as an indicator of baseline kidney function.23 This definition 
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resulted in some baseline creatinine measurements, 401 of 722 (56%) occurring after the 

AKI event. The decreased serum creatinine measurement after the AKI event either is a 

reflection of the return to baseline kidney function or could represent dilution of the serum 

creatinine due to fluid administration. Based on an estimated corrected serum creatinine 

calculation, administration of a 20 mg/kg bolus would lower the measured serum creatinine 

by 0.03 mg/dL.14 In a non-critically ill population in pediatric wards, patients were unlikely 

to receive fluid resuscitation to the degree that would significantly affect the measured 

serum creatinine. Additionally, evaluation of the subset of patients with serum creatinine 

measurements both before and after their AKI episode supports our use of recovery 

creatinine values to approximate baseline creatinine function.

Comparisons within the evaluated cohort revealed that patients with AKI were younger, 

smaller for age, and had lower baseline serum creatinine measurements than those without 

AKI. These parameters may be a proxy for chronic illness, prematurity, and/or poor 

nutritional status, all of which increase the risk for AKI. The lower baseline serum creatinine 

measurements in those with AKI may be due to the younger and smaller patients in this 

group. Lower creatinine baselines also bias toward AKI classification, as a smaller absolute 

change in serum creatinine measurement is required to meet the AKI criteria of 1.5-fold 

increase. These small changes in creatinine concentration seen in routine care of young 

patients may represent measurement error inherent in laboratory testing, and fluctuating 

creatinine measurements may remain within the normal reference range for the patient. The 

majority of patients with and without AKI had no exposures to nephrotoxic medications 

which can serve as a clinically recognizable risk factor. The methodology of this study does 

not distinguish between community-acquired and iatrogenic AKI, which may account for 

the lack of difference for known iatrogenic risk factors. The lower incidence of contrast 

exposure in patients with AKI, although not statistically significant, may reflect appropriate 

avoidance of this well recognized nephrotoxic agent by clinical caregivers and the lower 

frequency of studies in younger children. This difference is unlikely to represent any 

ascertainment bias, as exposures were extracted from EMRs as a single dataset without 

regard to AKI status. While patients with contrast and nephrotoxic medication exposures are 

known to have increased risk for AKI and merit close monitoring, broadening surveillance 

to include patients without these specific risk factors will allow for improved detection, 

prevention, and minimization of further kidney damage in many additional young patients 

with AKI.

Our comparison of patients across AKI stages revealed that patients with the higher stages 

of AKI were younger and had lower weights. Investigation of the medication and contrast 

exposures across AKI stages did not find significant differences in group 1 nephrotoxic 

medications, but exposures to group 2 medications were more common among patients with 

stages 2 and 3. This observational data cannot determine causality, but increasing awareness 

of AKI among providers may lead to more careful consideration of nephrotoxic drug 

exposures and other insults, resulting in the sparing of kidney function.

The median length of stay for patients with multiple creatinine measurements was longer 

than those with insufficient data for evaluation. This may indicate a selection bias for 

creatinine measurement, as patients with longer hospitalizations are more likely to have 
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additional laboratory studies. However, among patients with ≥2 serum creatinine 

measurements, those with AKI had a longer length of stay compared to patients without 

AKI. We also observed longer length of stay with increasing severity of AKI. Patients may 

require longer inpatient stays because of their AKI, or those with lengthy hospitalization 

may have higher risk for AKI due to prolonged exposure to inpatient risk factors or greater 

severity of illness.

Our use of EMRs as our data source leads to several study limitations. The data used for this 

study were derived from a single tertiary care hospital and examined retrospectively. All 

data were recorded in the course of clinical care without research purposes in mind. Thus, 

our AKI definition was based on the KDIGO criteria for changes in serum creatinine, but 

did not include urine output or an estimation of glomerular filtration rate. In addition, due to 

the limited serum creatinine measurements obtained clinically in young patients, baseline 

creatinine measurements were defined as the lowest values in the 90 days preceding 

admission through the first week of admission. These baseline values were not required to 

be measured before the elevated creatinine values indicating the AKI episode. We believe 

that these creatine measurements taken after the AKI episode represent renal recovery and 

serve as an accurate surrogate for baseline kidney function in this non-intensive care cohort 

from pediatric wards. Additionally, these baseline values may not have been measured in the 

48 hours or 7 days before AKI, as specified by the KDIGO guidelines, but the vast majority 

of AKI episodes occurred early in the admission. Only prospective, systematic, serial 

collection of serum creatinine measurements and urine output data would definitively and 

precisely determine the incidence of AKI among young inpatients. Further analysis of the 

risk factors contributing to AKI is beyond the scope of this study, but identification of such 

factors in future work may facilitate targeted AKI screening.

The ultimate goal of early detection and prevention of AKI requires more comprehensive 

screening of young people at risk and increased clinical recognition. In this cohort, even 

patients with previously described risk factors such as dehydration and nephrotoxic 

medication use were not universally screened. One strategy that has met success is the 

routine screening of children based on specific parameters around nephrotoxic medication 

use.21,22 Based on the data presented herein, not only are these children at risk for AKI, but 

also those in a broader cohort which includes at least 5% of patients cared for in non-critical 

inpatient pediatric settings. Physicians should have a lower threshold for screening young 

people for AKI with a serum creatinine measurement, especially in the setting of modifiable 

factors such as nephrotoxic medications, contrast exposure, and fluid management.

Supplementary Material
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Figure 1. 
Schematic representation of methodology used to determine AKI status based on modified 

KDIGO consensus criteria. The lowest value 90 days before through 7 days after admission 

defined the baseline serum creatinine. The highest value 1 day before admission through 

discharge defined the peak serum creatinine.
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Figure 2. 
Flow diagram of the cohorts evaluated in this study. Of the 13,914 unique individuals 

eligible for inclusion, 2374 had sufficient creatinine measurements to allow AKI evaluation. 

Of these, 722 met criteria for AKI and 1652 did not.
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Table 2

Inpatient characteristics by AKI stage from 24 hours prior to until 48 hours after admission.

Stage 1 (n=443) Stage 2 (n=199) Stage 3 (n=80) P Value

Age (y) 6.4 (2.0 – 13.7) 4.1 (2.0 – 8.8) 4.2 (1.8 – 10.4) < 0.0011

Male sex 243 (55%) 119 (60%) 51 (64%) 0.092

Hospital Length of Stay (d) 4 (2 – 7) 5 (3 – 10) 5 (2 – 10) 0.0011

Weight z-score −0.2 (−1.2 – 0.8) −0.8 (−1.9 – 0.2) −0.3 (−1.3 – 0.7) 0.0041

Total no. of Unique Medications 4 (2 – 7) 5 (2 – 7) 4 (2 – 9) 0.11

No. of group 1* medications given 0.83

 0 257 (58%) 119 (60%) 51 (64%)

 1 134 (30%) 60 (30%) 20 (25%)

 ≥2 52 (12%) 20 (10%) 9 (11%)

No. of group 2* medications given <0.0011

 0 0: 349 (79%) 0: 138 (69%) 0: 53 (66%)

 1 1: 79 (18%) 1: 40 (20%) 1: 16 (20%)

 ≥2 =2: 15 (3%) =2: 21 (11%) =2: 11 (14%)

Contrast Given in Prior 7 Days 30 (7%) 9 (5%) 3 (4%) 0.21

Note: Values for categorical variables are given as number (percentage); for continuous variables, as median [interquartile range].

P values compare stages 1, 2, and 3 by the 1Proportional odds test, 2Cochran-Armitage trend test, or 3Pearson chi-squared test.

*
Groups 1 and 2 are nephrotoxic medications; see Methods.

Am J Kidney Dis. Author manuscript; available in PMC 2017 March 01.


