
Kidney Outcomes 5 Years After Pediatric Cardiac Surgery:
The TRIBE-AKI Study

Jason H. Greenberg, MD, MHS, Michael Zappitelli, MD, MSc, Prasad Devarajan, MD, 
Heather R. Thiessen-Philbrook, MMath, Catherine Krawczeski, MD, Simon Li, MD, MPH, 
Amit X. Garg, MD, Steve Coca, DO, MS, and Chirag R. Parikh, MD, PhD for the TRIBE-AKI 
Consortium
Section of Nephrology, Department of Pediatrics, Yale University School of Medicine, New Haven, 
Connecticut (Greenberg); Program of Applied Translational Research, Yale University School of 
Medicine, New Haven, Connecticut (Greenberg, Thiessen-Philbrook, Coca, Parikh); Division of 
Pediatric Nephrology, Department of Pediatrics, McGill University Health Centre, Montreal, 
Quebec, Canada (Zappitelli); Nephrology and Hypertension, Cincinnati Children's Hospital 
Medical Center, Cincinnati, Ohio (Devarajan); Division of Cardiology, Department of Pediatrics, 
Stanford University School of Medicine, Stanford, California (Krawczeski); Division of Critical 
Care, Department of Pediatrics, Maria Fareri Children’s Hospital, Valhalla, New York (Li); Division 
of Nephrology, Department of Medicine, Western University, London, Ontario, Canada (Garg); 
Section of Nephrology, Department of Internal Medicine, Mount Sinai School of Medicine, New 
York, New York (Coca); Section of Nephrology, Department of Internal Medicine, Yale University 
School of Medicine, New Haven, Connecticut (Parikh); VA Medical Center, West Haven, 
Connecticut (Parikh)

Abstract

IMPORTANCE—Acute kidney injury (AKI) after pediatric cardiac surgery is associated with 

high short-term morbidity and mortality; however, the long-term kidney outcomes are unclear.
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OBJECTIVE—To assess long-term kidney outcomes after pediatric cardiac surgery and to 

determine if perioperative AKI is associated with worse long-term kidney outcomes.

DESIGN, SETTING, AND PARTICIPANTS—This prospective multicenter cohort study 

recruited children between ages 1 month to 18 years who underwent cardiopulmonary bypass for 

cardiac surgery and survived hospitalization from 3 North American pediatric centers between 

July 2007 and December 2009. Children were followed up with telephone calls and an in-person 

visit at 5 years after their surgery.

EXPOSURES—Acute kidney injury defined as a postoperative serum creatinine rise from 

preoperative baseline by 50% or 0.3 mg/dL or more during hospitalization for cardiac surgery.

MAIN OUTCOMES AND MEASURES—Hypertension (blood pressure ≥95th percentile for 

height, age, sex, or self-reported hypertension), microalbuminuria (urine albumin to creatinine 

ratio >30 mg/g), and chronic kidney disease (serum creatinine estimated glomerular filtration rate 

[eGFR] <90 mL/min/1.73 m2 or microalbuminuria).

RESULTS—Overall, 131 children (median [interquartile range] age, 7.7 [5.9–9.9] years) 

participated in the 5-year in-person follow-up visit; 68 children (52%) were male. Fifty-seven of 

131 children (44%) had postoperative AKI. At follow-up, 22 children (17%) had hypertension (10 

times higher than the published general pediatric population prevalence), while 9 (8%), 13 (13%), 

and 1 (1%) had microalbuminuria, an eGFR less than 90 mL/min/1.73 m2, and an eGFR less than 

60 mL/min/1.73 m2, respectively. Twenty-one children (18%) had chronic kidney disease. Only 5 

children (4%) had been seen by a nephrologist during follow-up. There was no significant 

difference in renal outcomes between children with and without postoperative AKI.

CONCLUSIONS AND RELEVANCE—Chronic kidney disease and hypertension are common 5 

years after pediatric cardiac surgery. Perioperative AKI is not associated with these complications. 

Longer follow-up is needed to ascertain resolution or worsening of chronic kidney disease and 

hypertension.

Pediatric acute kidney injury (AKI) is a significant health concern because it is associated 

with inpatient mortality and length of hospital stay.1,2 Acute kidney injury is estimated to 

occur in 25% to 60% of children undergoing cardiac surgery.3,4 The mechanism of AKI after 

cardiac surgery is multifactorial, including systemic inflammatory response to 

cardiopulmonary bypass, renal ischemia, oxidative stress, microemboli, and reperfusion 

injury.5

It is currently unknown whether an episode of AKI in any pediatric population is associated 

with permanent renal damage and progressive decline in kidney function. Previous studies in 

children have reported on long-term outcomes in patients with AKI without any suitable 

controls.6 Therefore, the relative risk of long-term outcomes after pediatric AKI remains 

unknown. There is a robust association between AKI and chronic kidney disease (CKD) in 

adults.7 Recent evidence from a large prospective cohort study in adults also supports the 

association of AKI with a long-term risk of hypertension.8 This potential association of AKI 

with hypertension and CKD in children is crucial to elucidate because they are important 

and potentially treatable cardiovascular risk factors. Moreover, current AKI guidelines in 
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children do not provide recommendations for long-term follow-up, primarily due to a lack of 

studies with reliable evidence.

The long-term risk of renal complications is increasingly important as the outcomes of 

children after cardiac surgery have improved dramatically and more children are surviving to 

adulthood.9,10 An excess burden of renal disease has been reported in adults with congenital 

heart disease but has not been elucidated in children.11,12 The goal of the present study was 

to assess long-term renal outcomes after cardiac surgery and determine if perioperative AKI 

is associated with these outcomes.

Methods

Study Cohort

This is a prospective longitudinal cohort study of children with congenital cardiac defects 

who were enrolled between July 2007 and December 2009. Children who were 1 month to 

18 years old undergoing cardiac surgery with cardiopulmonary bypass at Cincinnati 

Children’s Hospital, Montreal Children’s Hospital, and Yale New Haven Children’s 

Hospital, were enrolled in the Translational Research Investigating Biomarker Endpoints in 

AKI (TRIBE-AKI) study.3,13,14 Children were excluded if they had a history of renal 

transplantation or dialysis. Details around patient recruitment before the cardiac surgery 

were published previously.3,13,14 Before discharge from the cardiac surgery hospitalization, 

children were invited to participate in follow-up studies along with permission for future 

contact. At a median of 3 years after discharge from the index hospitalization, the children 

who consented to future contact were invited to participate in the current study. Informed 

consent was obtained from all parents or legal guardians, along with assent, when 

appropriate, from children. This study was approved by the institutional review board of 

each participating institution.

Study Visits

Once the participant was recruited into this long-term follow-up study, he or she was 

followed up annually by telephone until a 5-year in-person visit. The telephone calls 

consisted of detailed questionnaires focused on interim medical history, hospitalizations, 

diagnosis of hypertension, dialysis requirement, medical visits for a kidney problem, current 

medications, and interim laboratory testing. Five-year in-person visits were performed by a 

research nurse at the hospital clinic or at the participant’s home (per family preference). 

Height, weight, and blood pressure were measured, and blood and urine were collected at 

the time of the visits scheduled by participant availability. Height was measured with a 

SECA stadiometer (SECA) and weight was measured with a Precision Health Scale (A&D 

Engineering). Percentiles and z scores of height, weight, and body mass index (BMI; 

calculated as weight in kilograms divided by height in meters squared) were calculated using 

Centers for Disease Control and Prevention growth charts.15 Blood pressures were measured 

with an appropriate-size cuff using the Omron HEM-711AC home blood pressure monitor 

(Omron Healthcare, Inc). The blood pressure monitor was standardized and annually 

calibrated at each of the participating institutions. The average of 3 blood pressure 

measurements at each visit were used to calculate the blood pressure percentile. If the 
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average blood pressure was greater than the 95th percentile, the blood pressure was 

remeasured manually. Blood pressure percentiles were calculated as per The Fourth Report 

on the Diagnosis, Evaluation, and Treatment of High Blood Pressure in Children and 

Adolescents.15 During the visit, other details on the medical history, interim hospital 

admissions, medication history, and laboratory testing since cardiac surgery were also 

collected. Discharge summaries from hospital admissions and other medical records were 

obtained for each hospitalization from the respective medical institutions. Full details of the 

analyte measurements, including sample collection and processing, are included in the 

eMethods in the Supplement.

Data From the Index Cardiac Surgery Admission

The following detailed index cardiac surgery admission information was available in all 

participants from our prior in-hospital study: preoperative characteristics, operative details, 

and postoperative complications using the definitions of the Society of Thoracic Surgeons.16 

We used the risk adjustment for congenital heart surgery-1 (RACHS-1) consensus-based 

scoring system to categorize the complexity of surgery.16 Higher scores signify more 

complex surgeries. This method of risk stratification is a widely accepted tool for the 

evaluation of differences in outcomes of surgery for congenital heart disease. Acute kidney 

injury was defined as the development of at least stage I AKI, defined by Acute Kidney 

Injury Network (AKIN)17 as at least a 50% or more increase or a 0.3 mg/dL (to convert 

mg/dL to μmol/L, multiply by 88.4) or more increase from baseline serum creatinine during 

hospitalization after cardiac surgery. We also analyzed the outcome of stage II AKI, defined 

as receiving acute dialysis during the hospital stay or a doubling in serum creatinine from 

baseline. We measured urinary biomarkers of tubular injury (neutrophil gelatinase–

associated lipocalin [NGAL], interleukin 18 [IL-18], kidney injury molecule 1 [KIM-1], and 

liver fatty acid–binding protein [L-FABP]) on the preoperative and first postoperative day 

and assessed the relationship of these biomarkers with 5-year renal outcomes. Details of the 

in-hospital study have been previously described.3,13,14

Outcome Definitions

For participants up to age 18 years, hypertension was defined as systolic or diastolic blood 

pressure greater than or equal to the 95th percentile for age, height, and sex.15 For 

participants older than 18 years, hypertension was defined as systolic or diastolic blood 

pressure greater than 140 mm Hg or greater than 90 mm Hg, respectively.18 Prehypertension 

was defined as a systolic or diastolic blood pressure from the 90th to the 95th percentile in 

children 18 years or younger. For patients older than 18 years old, prehypertension was 

defined as systolic or diastolic blood pressure 120 mm Hg to 139 mm Hg or 80 mm Hg to 89 

mm Hg, respectively. Additionally, participants were classified as having hypertension if 

they reported a history of hypertension. Estimated glomerular filtration rate (eGFR) was 

calculated using the Chronic Kidney Disease in Children study (CKiD) serum creatinine–

based equation.19 Additionally we calculated cystatin C–based eGFR and combined serum 

creatinine-cystatin C–based eGFR using the CKiD-derived equations.19,20 Microalbuminuria 

was defined as urine albumin to creatinine ratio greater than 30 mg/g. Chronic kidney 

disease was defined as an eGFR less than 90 mL/min/1.73 m2 or microalbuminuria.21
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Statistical Analysis

Baseline characteristics of those who completed and did not complete follow-up visits were 

compared. Of the 131 participants with follow-up visits, all had blood pressure 

measurements or responded to the questionnaire regarding hypertension, 116 had urine 

samples taken, and 101 had blood samples taken. For each outcome, only those participants 

with non-missing values were included in the analysis.

Continuous variables were compared with 2-sample t test or Wilcoxon rank sum test and 

dichotomous variables with the χ2 test or Fisher exact test. Five-year outcome prevalence 

confidence intervals were calculated with the Wilson score method. We performed 

multivariate analyses to examine the association between the baseline covariates of age, sex, 

race, preoperative GFR, and postoperative serum creatinine rise with the outcomes of 

hypertension, microalbuminuria, and CKD. SAS version 9.4 (SAS Institute Inc) was used 

for analyses.

Results

Of the 311 children enrolled in the original TRIBE-AKI pediatric cohort, 305 children 

survived the index hospitalization; 105 children declined future contact, which left 200 

children eligible for participation in the follow-up study. After various exclusions, 131 

children, at a mean of 5.4 years after surgery, agreed to in-person follow-up (Figure 1). 

Baseline characteristics were not significantly different between children that participated in 

the long-term follow-up vs did not (eTable 1 in the Supplement). Patient baseline 

characteristics along with their preoperative medications at the time of cardiac surgery by 

AKI status are shown in Table 1. Several patients were taking medications for optimization 

of hemodynamics that also lower blood pressure. Children with AKI had a younger median 

age (P = .05). The median (interquartile range [IQR]) age of the cohort at the 5-year follow-

up was 7.7 (5.9–9.9) years, and 68 children (52%) were male. Overall, 57 children (44%) 

had experienced AKI after their index cardiac surgery. Median height and weight z scores of 

the cohort were −0.56 and −0.14 at 5 years after cardiac surgery and did not significantly 

differ by AKI status (Table 2). Median BMI z score was 0.36 and significantly lower in 

children with AKI compared with children without AKI (P = .01).

Five-Year Renal Outcomes

Glomerular Filtration Rate—Blood samples were available on 101 of 131 children to 

assess eGFR. At follow-up, median (IQR) eGFR in children with and without AKI was not 

significantly different: 118 (105–132) mL/min/1.73 m2 and 108 (93–121) mL/min/1.73 m2, 

respectively, using the serum creatinine–based CKiD equation (P = .09) (Table 2). Estimated 

GFR less than 90 mL/min/1.73 m2 was identified in 13 children (13%), and an eGFR less 

than 60 mL/min/1.73 m2 in 1 child (1%). All 13 children with an eGFR less than 90 

mL/min/1.73 m2 were in the non-AKI group. Table 3 displays eGFR results using other 

estimating equations. Using a cystatin C–based eGFR equation, we identified 17 participants 

with AKI and 24 participants without AKI with an eGFR between 60 mL/min/1.73 m2 and 

90 mL/min/1.73 m2.
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Albuminuria—Urine samples were available for 116 of 131 children to measure 

albuminuria. At the 5-year follow-up visit, microalbuminuria was identified in 3 children 

(6%) with AKI and 6 children (9%) without AKI (P = .54). The median (IQR) albumin to 

creatinine ratio in children with AKI was 5.92 (2.80–10.40) mg/g and 4.88 (2.00–13.80) 

mg/g in children without AKI (P = .88). There was no difference in proteinuria by dipstick 

in children with and without AKI (P = .49).

Chronic Kidney Disease—Chronic kidney disease, defined as the composite of eGFR 

less than 90 mL/min/1.73 m2 or microalbuminuria, was present in 21 children (18%), 3 

children with AKI (6%), and 18 children without AKI (27%) (P = .01). Overall, 37 children 

(30%) had an eGFR less than 90 mL/min/1.73 m2, microalbuminuria, or hypertension. No 

children required dialysis since discharge from the index hospitalization. Children with CKD 

5 years after cardiac surgery had a lower preoperative eGFR (median [IQR]. 83 [72–89] 

mL/min/1.73 m2) compared with patients without CKD (median [IQR], 96 [83–115] 

mL/min/1.73 m2) (P = .02) (eTable 2 in the Supplement). The presence of any AKI or of 

stage II AKI or worse was not associated with a higher prevalence of 5-year CKD (Table 2) 

(eTables 3 and 4 in the Supplement).

Hypertension—We determined hypertension status on the entire cohort of 131 children 

through either blood pressure measurement (18 patients) or self-history (6 patients). Systolic 

hypertension was found in 5 children (9%) with AKI and 9 children (12%) without AKI. 

Diastolic hypertension was found in 0 children with AKI and 4 children (5%) without AKI. 

There was no significant difference in hypertension between children with and without 

perioperative AKI. Additionally, baseline age, sex, race, preoperative GFR, and 

postoperative serum creatinine increase were not associated with 5-year hypertension. 

Overall, hypertension (systolic or diastolic) was identified in 17% of children and 

prehypertension (systolic or diastolic) was identified in an additional 9% of children (Table 

2). Seven children were being treated for hypertension or kidney disease. Only 5 children 

(4%) were being followed up by a pediatric nephrologist. Figure 2 shows the prevalence of 

hypertension in 3 other published pediatric cohorts demonstrating that the current cohort had 

substantially higher hypertension prevalence.22–24 Detailed characteristics of these 3 cohorts 

are described in eTable 5 in the Supplement.

Perioperative Biomarker Results and 5-Year Risk of Renal Outcomes

We examined the relationship between perioperative bio-marker levels and 5-year outcomes. 

There was no association between preoperative urinary biomarkers of kidney injury (ie, 

albumin, NGAL, KIM-1, IL-18, L-FABP) and CKD or hypertension at the 5-year follow-up 

(eTables 6–8 in the Supplement). Additionally, none of the first postoperative (0-hour to 6-

hour time point) urinary biomarkers were independently associated with 5-year CKD or 

hypertension.

Discussion

The present study is the first prospective study that we know of to evaluate long-term renal 

outcomes after cardiac surgery in children and its association with perioperative AKI. 
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Though the prevalence of hypertension and CKD was high at 5 years after cardiac surgery, 

we did not detect any increased risk of renal outcomes after exposure to AKI.

The hypertension prevalence in our study population was more than 10 times greater than 

the prevalence in the general pediatric population.25 This is especially significant and 

remarkable because our cohort was much younger than those reported elsewhere22–24,26 and 

would therefore be expected to display a lower prevalence of hypertension. A potential 

explanation could be the presence of underlying congenital heart disease in our cohort. 

However, hypertension is not typical in this pediatric population. Long-term risk of 

hypertension has been described previously after coarctation repair but not after surgery in a 

diverse group of congenital cardiac conditions.27,28 The hypertension identified in this 

cohort is likely multifactorial and may have several underlying mechanisms such as an 

upregulated renin-angiotensin system in an attempt to preserve renal perfusion, a disturbance 

of cardiac receptors during surgery leading to enhanced sympathetic activity, and the 

development of either clinical or subclinical CKD.29,30 Chronic kidney disease in our 

patients may be caused by chronic renal hypoperfusion and neurohormonal activation owing 

to congenital heart disease and/or the observed hypertension.11 Despite the high prevalence 

of hypertension and CKD after cardiac surgery, only 7 children were being treated for 

hypertension or kidney disease. Treatment of hypertension and CKD in childhood is critical 

because these risk factors in children are associated with increased cardiovascular outcomes 

in adults.26,31 The impact of CKD and hypertension is especially relevant in children with 

congenital heart disease because they are a high-risk population for long-term cardiac 

events.32,33

Prior studies12 have performed cross-sectional analyses examining CKD and hypertension in 

individuals with congenital heart disease. In a study of 9952 children and adults with 

congenital heart disease and 29 837 matched controls, congenital heart disease conferred a 

1.4-fold higher risk (95% CI, 1.3–1.5) of hypertension and a 3.4-fold higher risk (95% CI, 

2.3–5.1) of CKD.12 These findings are relevant to our research but not generalizable because 

only 25% of children with congenital heart disease require cardiac surgery.34 Our research 

suggests that the excess burden of CKD and hypertension previously identified in adults 

with congenital heart disease may indeed develop during childhood.

There are more than 20 studies in adults that have demonstrated an association of AKI with 

long-term outcomes such as CKD and more recently hypertension.8,35 This association has 

also been seen in AKI after cardiac bypass surgery in adults.36 We have previously shown 

that pediatric AKI after cardiac surgery affected short-term outcomes such as length of 

hospital stay and length of ventilation.3 Thus, the present study was hypothesized to 

demonstrate that pediatric AKI, like adult AKI, would also affect long-term renal outcomes. 

Interestingly, we found that children without AKI were more likely to have CKD. We 

determined that these children with CKD also had an abnormal eGFR prior to cardiac 

surgery. One potential reason for our lack of association of AKI as a risk factor for long-

term outcomes could be the superior renal regenerative potential and greater renal reserve in 

children compared with older adults with diminished nephron mass.37 Furthermore, children 

with AKI may develop glomerular hyperfiltration in response to nephron loss, thereby 

increasing GFR.38
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Another possible explanation for the lack of an AKI outcome association is that our duration 

of follow-up was inadequate. Children may need to be followed up for a longer period of 

time before there is sufficient nephron loss to cause changes in serum creatinine 

concentration. This is because serum creatinine starts to rise only after as much as 50% of 

kidney function has been lost.39 A recent study by Cooper et al40 studied 51 children who 

underwent cardiopulmonary bypass (33 children with AKI and 18 without) for a mean 

duration of 7 years. Seven years after cardiopulmonary bypass, there was no difference in 

eGFR between children with AKI or without. However, at long-term follow-up, patients in 

the AKI group demonstrated significantly increased levels of the established tubule injury 

biomarkers IL-18, KIM-1, and L-FABP when compared with the age-matched AKI-negative 

group. This study suggests the ongoing evolution of subtle subclinical kidney injury and 

supports the need for long-term follow-up into and throughout adulthood. Nonetheless, adult 

studies have shown that AKI is a risk factor for CKD with a smaller length of follow-up.41,42 

Furthermore, CKD comorbidities may be an important cofactor and play a vital role in the 

risk for long-term outcomes after AKI. Comorbidities, such as coronary artery disease, 

diabetes, smoking, and hypertension, are highly prevalent in adults, whereas children are 

generally free of these comorbidities.

The strengths of this study include its prospective design and 5-year long-term follow-up. 

This is also the first prospective study, to our knowledge, to assess long-term outcomes after 

AKI in children and include a representative control group of patients without AKI. 

Additionally, no children were lost to follow-up after enrollment in the long-term study. The 

limitations include our sample size, which may have been inadequate. In addition, we had a 

substantial number of patients who declined to participate in the long-term follow-up. The 

exclusion of a large number of children may have produced imprecise results, although the 

baseline characteristics did not differ between participating and nonparticipating children. 

Finally, we were unable to obtain blood and urine from some children in this cohort owing 

to child refusal, parent refusal, or technical factors while collecting biospecimens.

Conclusions

We found a high prevalence of hypertension and CKD 5 years after pediatric cardiac surgery, 

but this risk was not associated with AKI exposure. Despite many children having 

hypertension and CKD, the majority were not being followed up or treated for these medical 

problems. Approximately 10 000 infants with congenital heart disease undergo cardiac 

surgery each year in the United States, and our results bear significant implications for the 

early detection and prevention of hypertension and CKD in this vulnerable population. 

These findings will provide data needed to begin making recommendations for renal follow-

up after pediatric cardiac surgery. Future studies could consider using ambulatory blood 

pressure monitoring and echocardiogram to more accurately characterize hypertension risk 

and cardiac function after cardiac surgery in general, and after cardiac surgery-associated 

AKI in particular.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key Points

Question

What are the 5-year kidney outcomes after pediatric cardiac surgery and is perioperative 

acute kidney injury a risk factor for worse outcomes?

Findings

Hypertension and chronic kidney disease were common 5 years after cardiac surgery. 

Acute kidney injury was not a risk factor for worse outcomes.

Meaning

These findings will provide data to begin making recommendations for renal follow-up 

after cardiac surgery in children.
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Figure 1. TRIBE-AKI Study Population
Translational Research Investigating Biomarker Endpoints in Acute Kidney Injury (TRIBE-

AKI) long-term follow-up cohort selection process.
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Figure 2. Hypertension Prevalence Among Pediatric Center Cohorts Included in the TRIBE-
AKI Study
Comparison of hypertension prevalence in 4 pediatric cohorts from the Translational 

Research Investigating Biomarker Endpoints in Acute Kidney Injury (TRIBE-AKI) pediatric 

cohort 5 years after cardiac surgery, the National Health and Nutrition Examination Survey 

(NHANES), the Kaiser Permanente health care system, and a large urban medical system in 

Northeast Ohio (eTable 3 in the Supplement). The NHANES, Kaiser, and Northeast Ohio 

cohorts were identified through a literature review.
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Table 1

Baseline and Postoperative Characteristics of Study Cohort by AKI Status

Characteristic

No. (%)

P Value
Overall
(n = 131)

AKI Group
(n = 57)

Non-AKI Group
(n = 74)

Preoperative/baseline

 Age, median (IQR), mo 31.9 (6.0–58.6) 13 (5.8–48.7) 38 (7.4–68.9)   .05

 Male sex 68 (52) 32 (56) 36 (49)   .39

 Nonwhite 20 (15) 10 (18) 10 (14)   .52

 Preoperative estimated SCr-GFR, median (IQR) 78 (93–110) 97 (78–126) 89 (81–101)   .08

 Preoperative SCr-eGFR, mg/dL, abnormal for agea 26 (20)   5 (9) 21 (29)   .005

 Preoperative urine albumin to creatinine ratio, mg/g 23.6 (10.9–75.5) 23.6 (11.9–88.5) 24.0 (10.5–72.1)   .14

 Preoperative microalbuminuriab 26 (20) 11 (19) 15 (20)   .56

 Preoperative CKDc 48 (37) 16 (28) 32 (43)   .07

 RACHS-1 surgical category

  1   7 (5) 0   7 (9) <.001

  2 66 (51) 26 (46) 40 (54)

  3 52 (40) 25 (45) 27 (36)

  4   5 (4)   5 (9) 0

 Type of surgery

  Septal defect repair 44 (36) 18 (33) 26 (38)   .41

  Inflow/outflow tract or valve procedure 23 (19)   8 (15) 15 (22)

  Combined procedure 56 (46) 28 (52) 28 (41)

Index hospitalization

 Peak postoperative SCr rise from baseline, mg/dL, median (IQR)   0.2 (0.3–0.7)   0.7 (0.5–1)   0.2 (0, 0.3) <.001

 Renal replacement   3 (2)   3 (5) 0   .04

 CRRT, No. (%)   1 (33)   1 (33) 0

 Peritoneal dialysis, No. (%)   2 (67)   2 (67) 0

Abbreviations: AKI, acute kidney injury; CRRT, continuous renal replacement therapy; GFR, glomerular filtration rate; IQR, interquartile range; 
RACHS-1, risk adjustment for congenital heart surgery; SCr, serum creatinine.

SI conversion factor: To convert creatinine to micromoles per liter, multiply by 88.4.

a
Defined as age-based GFR thresholds: 2 years or older, less than 90 mL/min/1.73 m2; 1.5 to 2.0 years, less than 76 mL/min/1.73 m2; 1 to 1.5 

years, less than 74 mL/min/1.73 m2; younger than 1 year, less than 65 mL/min/1.73 m2; 3 months to 8 months old, less than 58 mL/min/1.73 m2.

b
Preoperative microalbuminuria defined by age-based albumin to creatinine ratio thresholds: older than 2 years, more than 30 mg/g; 6 months to 2 

years, more than 75 mg/g.

c
Preoperative CKD defined as eGFR less than than age-based thresholds or microalbuminuria more than age-based thresholds.
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Table 2

Five-Year Outcomes by AKI Status

Characteristics
Overall
(n = 131)

AKI Group
(n = 57)

Non-AKI Group
(n = 74) P Value

Height z score, median (IQR)   −0.56 (−1.6 to 0.5)   −0.58 (−1.43 to −0.18)   −0.52 (−1.74 to −0.74)   .90

Weight z score, median (IQR)   −0.14 (−1.01 to 0.61)   −0.33 (−1.29 to 0.43)   −0.08 (−0.73 to 0.74)   .16

BMI z score, median (IQR)     0.36 (−0.45 to 1.05)     0.03 (−0.92 to 0.66)     0.49 (−0.14 to 1.14) <.001

Patients enrolled in school, No. (%) 117 (90)   48 (86)   69 (93)   .16

Patients enrolled in special education, No. (%)   42 (36)   20 (42)   22 (32)   .28

Any form of dialysis     0     0     0 NA

Nephrologist follow-up, No. (%)     5 (4)     2 (4)     3 (4)   .86

Family history of renal disease, No. (%)   61 (47)   25 (44)   36 (49)   .56

At least 1 hospital/ED readmission, No. (%)   32 (24)   12 (21)   20 (27)   .43

GFRa

 eGFR, median (IQR) 101 (112–126) 118 (105–132) 108 (93–121)   .01

 eGFR<90 mL/min/1.73 m2, No. (%)   13 (13)     0   13 (22) <.001

 eGFR<60 mL/min/1.73 m2, No. (%)     1 (1)     0     1 (2)   .39

Albuminuria, No. (%)

 Proteinuriab

 Negative 109 (90)   44 (86)   65 (93)

 Trace     5 (4)     3 (6)     2 (3)   .49

 Small     7 (6)     4 (8)     3 (4)

 Large     0     0     0

 Albumin to creatinine ratio, mg/g, median (IQR)     5.1 (2.39–12.13)     5.92 (2.76–10.43)     4.88 (1.96–13.78)   .87

 Microalbuminuriac     9 (8)     3 (6)     6 (9)   .54

CKD,d No. (%)   21 (18)     3 (6)   18 (27) <.001

 Hypertension

 Systolic BP z score, median (IQR)     0.41 (−0.21 to 1.03)     0.45 (−0.31 to 1.01)     0.41 (−0.17 to 1.1)   .62

 Systolic pre-HTN, No. (%)   12 (9)     3 (5)     9 (12)   .29

 Systolic HTN, No. (%)   14 (11)     5 (9)     9 (12)   .29

 Diastolic BP z score, median (IQR)   −0.01 (−0.27 to 0.35)   −0.1 (−0.32 to 0.26)     0.03 (−0.25 to 0.46)   .15

 Diastolic pre-HTN, No. (%)     8 (6)     2 (4)     6 (8)   .11

 Diastolic HTN, No. (%)     4 (3)     0     4 (5)   .11

 Pre-HTN, No. (%)   12 (9)     3 (5)     9 (12)   .29

 HTN,e No. (%)   22 (17)     6 (11)   16 (22)   .09

Abbreviations: AKI, acute kidney injury; BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); BP, blood 
pressure; CKD, chronic kidney disease; ED, emergency department; eGFR, estimated GFR; GFR, glomerular filtration rate; HTN, hypertension; 
IQR, interquartile range; NA, not available; SCr, serum creatinine.

SI conversion factor: To convert creatinine to micromoles per liter, multiply by 88.4.

a
Estimated GFR calculated with SCr–based Chronic Kidney Disease in Children Study equation.19
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b
Proteinuria measured by urine dipstick.

c
Microalbuminuria defined as more than 30 mg/g.

d
Chronic kidney disease defined as the composite of estimated GFR less than 90 mL/min/1.73 m2 or microalbuminuria.

e
Hypertension defined by BP or self-report.
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