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• Over 25,000 children undergo cardiac surgery with cardiopulmonary 

bypass (CPB) in the US each year with CPB associated acute kidney 

injury (CPB-AKI) occurring in 30-40% of patients 

 

• Novel urinary biomarkers have been demonstrated to predict CPB-AKI 

after surgery for congenital heart disease (CHD) 

 

• CPB-AKI has been independently associated with increased mortality, 

increased length of postoperative ventilation, longer hospital and ICU 

lengths of stay, increased hospital costs, worse ventricular function on 

discharge echocardiogram and lower long-term quality of life 

 

• Norwood palliation for single ventricle (SV) CHD is associated with 

significant risk of AKI, which portends a worse prognosis 

 

• Hybrid stage I palliation (Hybrid) avoids exposure to CPB and 

circulatory arrest, potentially conferring a lower AKI risk 

 

• The goal of this study was to assess the incidence of AKI associated 

with SV palliation utilizing the hybrid procedure compared with the 

Norwood procedure 
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Results 

Conclusions 

• Despite inclusion of a higher risk patient population, Hybrid palliation for SV 

heart disease may be associated with lower AKI rates than the Norwood 

procedure 

 

• Given the morbidity and mortality associated with AKI in SV neonates, 

Hybrid palliation may offer a potential advantage in first stage palliation in 

high-risk patients 

Study Design 

•Single-center prospective observational trial of 7 consecutive SV 

neonates undergoing hybrid palliation 

 

•Serum creatinine (SCr) and novel urinary biomarkers (NGAL, IL-18, L-

FABP and KIM-1) were obtained before and at intervals (2, 6, 12, and 24 

hours) after palliation 

 

•AKI was defined as a ≥50% increase in SCr within 48h post-procedure 

 

•Urinary biomarker data were compared with a contemporary cohort of 

12 SV neonates that underwent Norwood palliation.  

 

Statistical Analysis 

•Fisher’s exact test used to examine categorical variables while Wilcoxon 

rank sum test and t-test used to examine continuous variables 
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Results 

• Hybrid patients were smaller and more likely to be high-risk (genetic 

anomaly, prematurity, h/o pre-op arrest or IUGR) candidates compared 

to Norwood patients 

 

• Baseline NGAL, L-FABP and KIM-1 concentrations were similar between 

the Hybrid and Norwood cohorts.  IL-18 concentrations were higher in 

the Hybrid cohort 

 

• While baseline SCr was similar between cohorts, there was a trend 

toward higher peak SCr and higher rate of AKI in the Norwood cohort 

 

• Peak NGAL and L-FABP concentrations were higher in the Norwood 

cohort, suggestive of greater renal injury 

Parameters 
Hybrid cohort 

N=7 

Norwood cohort 

N=12 
p-value 

Age (days) 10 ± 3.7 8.7 ± 3.8 0.47 

Weight (kg) 2.6 ± 0.5 2.9 ± 0.3 0.05 

Length (cm) 44.6 ± 2.4 48 ± 1.3 <0.001 

HLHS or variant 5 (71%) 7 (58%) 0.8 

Genetic anomaly 3 (43%) 1 (8%) 0.26 

High risk candidate 6 (86%) 1 (8%) 0.002 

Serum Creatinine       

      Baseline 0.53 ± 0.19 0.57 ± 0.22 0.66 

      Peak* 0.56 (0.47, 0.74) 0.7 (0.63, 0.94) 0.06 

AKI by SCr 2 (29%) 8 (62%) 0.17 

Results are displayed as n (%), mean ± SD or median (IQR). *Peak value 

obtained during the first 48h post-procedure. 

Figure 1 – Comparison of Peak Novel Urinary Biomarkers by Cohort 

Table 1 – Demographic, Clinical and Laboratory Data 

The Hybrid cohort was smaller, shorter and considered more high 

risk palliation candidates 

Peak urinary concentrations of NGAL (p=0.04) and L-FABP (p=0.04) 

were higher in Norwood vs. Hybrid patients.    

Results displayed are the peak value obtained during the first 24h post-

procedure. AKI = Acute Kidney Injury; KIM = Kidney Injury Molecule; L-FABP 

= Liver Fatty Acid Binding Protein; NGAL = Neutrophil Gelatinase-

Associated Lipocalin.  * p = 0.04 


