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Outline

•Discuss renal functional reserve as it relates to children 
and young adults

•Review the evidence for the potential use of urine 
biomarkers to predict kidney frailty in children and 
young adults  





• Prospective multicenter cohort study including 131 children 
(median age [IQR]=7.7 [5.9-9.9] years)  

• Determine if perioperative AKI is associated with worse 
long-term kidney outcomes 5 years later

• 44% had postoperative AKI

• CKD (18%) and hypertension (17%) were common 

• Perioperative AKI was not associated with hypertension, 
microalbuminuria, and CKD??







The Assessment of Renal Function Reserve by 
Cystatin C

• Establish a valid, reliable, rapid, and easily replicated 
measure of renal function reserve in young adults

• Cystatin C
• Freely filtered by the kidneys and produced at a relatively constant 

rate
• Independent of muscle mass, sex, body composition, and 

inflammatory conditions
• Short half life
• Does not require timed urine collections

• Study objective: Determine if there is a significant 
change in cystatin C-based GFR measured before and 
after a protein load



The Assessment of Renal Functional Reserve 
by Cystatin C : Methods

• Eight subjects 19-25 years of age with no history of 
kidney disease, hypertension, or prematurity

• Iohexol levels were measured 120, 180, and 240 minutes 
after administration of iohexol

•Measured cystatin C at baseline and then 125-141 
minutes after eating a beef burger containing 60 grams 
of protein



The Assessment of Renal Functional Reserve 
by Cystatin C : Results

• The mean baseline iohexol based GFR of 100 +/- 10.8 
ml/min/1.73m2

• The mean baseline cystatin C-based GFR was 99.1 +/- 8.8 
ml/min/1.73 m2

• The mean change in cystatin C-based GFR was 12.0 +/-
4.9 ml/min/1.73 m2



Cystatin C Concentrations Before and After a 
Protein Load

Fuhrman , et al. ScandJClinLabInvest 2013  
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Subsequent Study

• Further discern if cystatin C estimated GFR before and 
after a protein load can be easily used in a clinical 
setting to measure renal functional reserve

•Determine if the type of protein load (animal vs liquid 
whey based) makes a difference

•Recruited an additional 16 subjects



Methods for Measuring GFR

•Urinary clearance of creatinine within 48 hours of 
cimetidine pre-treatment

• Infusion clearance of iohexol

• Estimated GFR by cystatin C

Rodenbach, et al.  JRenNut 2017



Rodenbach, et al.  JRenNut 2017



Future Directions

•Determine if serum cystatin C adequately measures 
glomerular reserve in comparison to the kidney stress 
test used by Husain-Syed and colleagues

• Establish the association of renal functional reserve and 
AKI as well as the development of CKD in young adult 
patients with congenital heart disease



Novel Urinary Biomarkers and Kidney Frailty





Cell Arrest Biomarkers and Kidney Frailty

Zarbock, et al. JAMA 2015



Heung et al. NDT 2016



Baseline Tubular Biomarkers in 
Young Adults with Congenital Heart Disease

• Controls: 
• Individuals 18-35 years of age from the University of Pittsburgh 

campus
• Excluded if a history of heart or kidney disease

•Cases: 
• Patients 18-35 years of age presenting for follow-up to the Children’s 

Hospital of Pittsburgh Adult Congenital Heart Disease Center
• Excluded if:
• Creatinine obtained in the past year was greater than 1.1 mg/dl in females 

and greater than 1.3 mg/dl in males
• History of dialysis or kidney transplant

•Recruited 30 control and 30 case participants



Results
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Conclusions

• There is a need for an easily replicated standard method 
for quantifying renal functional reserve in children and 
young adults.

• There is a need for further investigation on the use of 
tubular biomarkers to prognosticate silent renal disease 
in high risk pediatric and young adult groups.
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