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ABSTRACT 01 -- PLATFORM
CONTROL ID:  3377725
TITLE:  Generation of New Mouse Models of Low Nephron Endowment to Study the Development of Chronic Kidney 
Disease in Humans Born Preterm
CURRENT CATEGORY:  Neonatology
CURRENT SUBCATEGORY:  Neonatal Nephrology/AKI
KEYWORDS:  kidney, premature birth, chronic kidney disease. 
AUTHORS (LAST NAME, FIRST NAME): Good, Pamela I.1; Hurst, Holly1; Bateman, David A.1; D'Agati, Vivette2; 
Costantini, Frank2; Lin, Fangming1
INSTITUTIONS (ALL): 

1. Pediatrics, Columbia University, New York, NY, United States.
2. Columbia University, New York, NY, United States.

TITLE:  Generation of New Mouse Models of Low Nephron Endowment to Study the Development of Chronic Kidney
Disease in Humans Born Preterm
Background:  Humans born preterm have low nephron endowment and increased risk for chronic kidney disease
(CKD). The pathogenesis of CKD in this population is poorly understood due to limited animal models.
Objective:  We generated new mouse models of low nephron number that simulate humans born preterm to test the
hypothesis that low renal reserve and sustained glomerular hyperfiltration result in maladaptive changes leading to
CKD.
Design/Methods:  We reduced ureteric bud (UB) branching during kidney development by deleting the Ret gene or
inhibiting Ret tyrosine kinase. Because Ret signaling induces UB branching, which in turn determines nephron
number, interfering with Ret signaling generates kidneys with low nephron endowment. We deleted the Ret gene in
Retflox/flox mice using UB-specific Hoxb7-rtTA to drive expression of Tet-O-cre, treating pregnant dams with DOX at
E15.5, E16.5 or E17.5 until delivery. Alternatively, when the Ret gene is not deleted by Cre, the encoded Ret protein
has one amino acid substitution that renders it susceptible to a small molecule inhibitor, NA-PP1. This allows
manipulation of nephron number by either genetic or chemical approach. We examined renal morphology and function
in offspring, and counted glomerular number (Nglom) using the acid maceration method.
Results:  Pregnant dams treated with at DOX E15.5, E16.5 or E17.5 had offspring with a significant reduction in N
glom (mean Nglom 3,977; 5,473; 8,888 vs. control 13,468) (Fig 1). We chose DOX starting at E16.5 for detailed
analyses. DOX E16.5 offspring had glomerular enlargement (mean glomerular area 59.4% larger than controls;
p=0.002) and tubular hypertrophy (mean tubular diameter 7.81 µm larger than controls; p=0.007) (Fig 2). Glomeruli in
the outer cortex exhibited obsolescence, suggesting developmental arrest. Serum creatinine (sCr) was higher at 6w
(mean 0.16 vs 0.08 in controls). By 12w, lesions of focal segmental glomerulosclerosis (FSGS) developed and urinary
albumin excretion increased (mean Ualb:cr 15.5 vs 5.98 in controls) (Fig 3). Alternatively, treating pregnant dams with
NA-PP1 to inhibit Ret activity also led to a dose-dependent decrease in Nglom (Fig 4).
Conclusion(s):  We generated novel mouse models of reduced Nglom and showed that they develop functional and
structural changes of CKD by 6-12w of age. These mice are useful tools to study the renal consequences of preterm

birth.

Pamela Good is a Fellow in the Pediatric Scientist Development Program and is supported by Award Number K12-
HD00850.
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CONTROL ID:  3375276
TITLE:  Elevated Urine NGAL Values are Associated with Post-operative AKI in Neonates
CURRENT CATEGORY:  Neonatology
CURRENT SUBCATEGORY:  Neonatal Nephrology/AKI
KEYWORDS:  Urinary NGAL, AKI, Surgical. 
AUTHORS (LAST NAME, FIRST NAME): Slagle, Cara1; Poindexter, Brenda2; Woollen, Hailey3; Krallman, Kelli A.4;
Kotagal, Meera4; Bondoc, Alexander3; Goldstein, Stuart5

INSTITUTIONS (ALL): 
1. Department of Neonatology, Cincinnati Childrens, Harrison       , OH, United States.
2. Pediatric and Newborn Medicine, Cincinnati Children's, Cincinnati, OH, United States.
3. Nephrology & Hypertension, Cincinnati Children's Hospital Medical Center, Cincinnati, OH, United States.
4. Division of Pediatric General and Thoracic Surgery, Cincinnati Children's Hospital Medical Center, Cincinnati, OH,
United States.
5. Center for Acute Care Nephrology, Cincinnati Children's Hospital , Cincinnati, OH, United States.
TITLE:  Elevated Urine NGAL Values are Associated with Post-operative AKI in Neonates
Background:  Acute kidney injury (AKI) is common in critically-ill neonates and is associated with increased morbidity
and mortality and future development of chronic kidney disease. Gold standard diagnosis is suboptimal secondary to
unreliable documentation of urine output (UOP) and/or maternal and nutritional impacts on serum creatinine (sCr).
Urine biomarkers offer cost-effective predictive promise. Urinary neutrophil gelatinase-associated lipocalin (uNGAL)
and its association with AKI is well understood in pediatric cohorts, but further studies are needed to evaluate utility in
neonates.
Objective:  To determine if post-operative development of AKI in neonates is associated with increased urinary
neutrophil gelatinase-associated lipocalin (uNGAL) values.
Design/Methods:  Infants admitted to the Neonatal Intensive Care Unit (NICU) and undergoing a general surgical
procedure were prospectively enrolled in this observational study. AKI was defined by the modified neonatal Kidney
Diseases: Improving Global Outcomes (KDIGO) definition. Urine was collected via spontaneous void pre-operatively
and at 12, 24, 36, 48, 72 and 96 hours post-operatively. uNGAL was measured by The uNGAL Test™ (BioPorto,
Denmark). Mann-Whitney U test was performed to compare uNGAL values in AKI and non-AKI groups.
Results:  A total of 88 neonates underwent 113 surgical procedures (mean corrected gestational age 40 ± 7 weeks).
No statistical difference in demographic data was observed. There was a 33% incidence of AKI with mean time of
diagnosis at 24-48 hours post-operatively. Pre-operative uNGAL levels were not statistically different between non-AKI
and AKI groups. However, uNGAL values were elevated at all post-operative time points in patients with post-operative
AKI compared to those without AKI (Table 1, Figure 1). Development of post-operative AKI directly correlated with
peak uNGAL values (417ng/mL vs. 102 ng/mL, p value <0.0001) and preceded clinically apparent AKI (12-24 hours).
Conclusion(s):  Post-operative uNGAL values are elevated in neonates with AKI. Peak uNGAL values occur prior to
clinically apparent AKI and could be utilized as an earlier biomarker to detect renal insult. Utilization of trends could
also allow clinicians to react more quickly and adjust treatment plans and/or avoid nephrotoxic medications in post-
operative cohorts. While pre-operative urinary NGAL levels failed to identify AKI, we intend to explore the relationship
between the relative increase in post-operative uNGAL from baseline as a predictor of AKI and AKI severity.
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 TABLE TITLE:  Median [IQR] uNGAL levels in patients with vs. without AKI after surgery
TABLE: 
 Note: The PDF table below is only an approximation of the HTML content and may not match formatting exactly.

Median [IQR] uNGAL levels in patients with vs. without AKI after surgery

. Pre-op
uNGAL

12 hour
uNGAL

24 hour
uNGAL

36 hour
uNGAL

48 hour
uNGAL

72 hour
uNGAL

96 hour
uNGAL

All (n=74) (n=105) (n=103) (n=88) (n=65) (n=97) (n=86)

No AKI
(n=76)

34 [14-
103]

29 [12-
102]

38 [14-
129]

34 [17-
101]

37 [14-
148]

38 [16-
96]

41 [10-
111]

AKI
(n=37)

55 [11-
315]

206 [27-
1280]

199 [66-
384]

190 [38-
573]

131 [42-
463]

211 [34-
770]

65 [24-
371]

p value 0.24 0.0033 <0.0001 0.0009 0.0008 0.0039 0.0218

IMAGE CAPTION: 
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CONTROL ID:  3383402
TITLE:  Invasive ventilation decreases capillary surface density more than non-invasive ventilation in renal cortex of 
term lambs.
CURRENT CATEGORY:  Neonatology
CURRENT SUBCATEGORY:  Neonatal Nephrology/AKI
KEYWORDS:  developmental nephrology, animal model, ventilation. 
AUTHORS (LAST NAME, FIRST NAME): Staub, Eveline1; Dahl, Mar Janna2; Albertine, KH3
INSTITUTIONS (ALL): 

1. Division of Neonatology, Royal North Shore Hospital, St Leonards, NSW, Australia.
2. University of Western Australia, Subiaco, WA, Australia.
3. Pediatrics, University of Utah, Salt Lake City, UT, United States.
TITLE:  Invasive ventilation decreases capillary surface density more than non-invasive ventilation in renal cortex of
term lambs.
Background:  We have previously shown that ventilation after preterm birth, regardless of mode, decreases glomerular
capillary surface density (SVgc) in the outer renal cortex of preterm lambs (Staub et al. 2017). We hypothesized that
this effect is not solely due to the developmentally immature kidneys, but that ventilation itself reduces glomerular
capillary formation. We compared SVgc of unventilated term lambs with two groups of term lambs: intubation and
mechanical ventilation (MV) and noninvasive respiratory support (NRS).
Objective:  We compared SVgc of unventilated term lambs with two groups of term lambs: intubation and MV (for 3 or
21 days) and NRS (for 3 days).
Design/Methods:  Unventilated term lambs (~150d gestation) were euthanized 1d or 3 weeks after spontaneous
delivery (n=8). Ventilated term lambs were intubated after CS and ventilated by MV for 3d or 21 d or weaned in 2-3h to
NRS for 3d (n=5 each). Kidney sections were immunostained with the endothelial surface marker CD31 and SVgc
calculated by stereological techniques. Physiological data were collected for the two groups ventilated for 3d.
Statistical differences were tested by t-test for parametrical data and Mann-Whitney-test for non-parametrical data.
Results:  After 3 days of MV, SVgc was significantly smaller in the inner and outer renal cortex of term lambs compared
to non-ventilated 1d lambs. In contrast, non-invasive mode of ventilation did not reduce SVgc compared to non-
ventilated 1d lambs (Fig1). Mean airway pressure was significantly higher in MV lambs compared to NRS lambs
throughout the 3d experiments. Other physiological parameters were similar in both groups (Table1). 21d of MV did not
further reduce SVgc. However, SVgc in ventilated lambs was only half of SVgc in non-ventilated animals due to
physiological increase of filtration area in the first 3 weeks (Fig2).
Conclusion(s):  Our results show that 3d of MV is associated with lower SVgc in renal cortex compared to no
ventilation or NRS. The difference of SVgc between ventilated and non-ventilated increases over time. Our findings
suggest that higher mean airway pressure is associated with lower glomerular filtration capacity even after
nephrogenesis is completed. This could lead to poor renal function later in life. (HL110002, HL062875; Bangerter-
Foundation, Switzerland)
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TABLE: Comparison of physiological data between MV and HFNV lambs

 Note: The PDF table below is only an approximation of the HTML content and may not match formatting exactly.

Comparison of physiological data between MV and HFNV lambs 

. Hours of life MV lambs NRS lambs

Mean airway
pressure (cm H2O)

24 5.8 (2.3) * 3.6 (1.1)

48 5.8 (2.9) * 4 (0.5)

72 7.8 (3.4) * 4 (1.4)

FiO2 24 0.21 (0) 0.22 (0.1)

48 0.22 (0.04) 0.21 (0.02)

72 0.24 (0.01) 0.21 (0.04)

Systolic blood
pressure (mmHg)

24 100 (18) 99.5 (19)

48 89 (5) 94 (32)

72 87 (7) 91 (8)

Fluid balance
(ml/kg/d)

24 +103 (84) +122 (82)

48 +48 (47) +90 (105)

72 +39 (46) +80 (70)

Enteral milk intake
(ml/kg/d)

24 24 (8) 30 (54)

48 39 (4) 63 (76)

72 36 (33) 54 (66)

Data are median (IQR), *p<0.05

IMAGE CAPTION: 
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CONTROL ID:  3381762
TITLE:  Acute Kidney Injury Biomarker Analysis at the Point-of-Care in Critically Ill Neonates
CURRENT CATEGORY:  Neonatology
CURRENT SUBCATEGORY:  Neonatal Nephrology/AKI
KEYWORDS:  AKI, neonatal, point-of-care. 
AUTHORS (LAST NAME, FIRST NAME): Kay, Kathryn1; Kennedy, Adam1; Ng, Rainer1; Singh, Raj1; Sista,
Ramakrishna1; Askenazi, David2; Namasivayam, Ambalavanan2; Pamula, Vamsee1

INSTITUTIONS (ALL): 

1. Baebies, Inc, Durham, NC, United States.
2. Pediatric Nephrology, University of Alabama at Birmingham, Birmingham, AL, United States.
TITLE:  Acute Kidney Injury Biomarker Analysis at the Point-of-Care in Critically Ill Neonates
Background:  Acute kidney injury (AKI) contributes to mortality and morbidity in critically ill neonates. Current AKI
definitions are based on serum creatinine (Cr) levels: however, analysis of multiple biomarkers including Neutrophil
Gelatinase-Associated Lipocalin (NGAL) and Cystatin C, (CysC) may help to differentiate the etiology, differentiate
between a change in kidney function vs. tissue injury and determine injury progression. These biomarkers are not
currently suitable for rapid clinical diagnosis due to long assay turnaround times and the relatively large sample
volume required for existing tests. Therefore, AKI testing in newborns using small volumes of sample, preferably in
real-time, using near patient methods may greatly improve the ability to optimize care.
Design/Methods:  We developed a novel, near-patient digital microfluidic (DMF) platform to combine biochemical and
immunoassays using disposable cartridges that are preloaded with dried assay reagents (R44HD095225). A
biochemical assay for Cr and immunoassays for NGAL and CysC were programmed on the cartridge. Sample input is
50 µL of whole blood or urine.
Results:  The analytical performance of Cr, CysC, and NGAL assays was evaluated using blood samples. Precision in
blood was 5.97, 4.48 and 12.98% for Cr, CysC, and NGAL, respectively, at low concentrations and 6.46, 4.3 and
8.05% at high concentrations. Linearity was excellent for all three analytes across the clinically relevant ranges for
newborns (shown in the figure): 0.14 -400 mg/dL for Cr, 13.2-300 ng/mL for NGAL, and 0.2 – 6,480 ng/mL for CysC.
Method comparison analysis for the Cr and CysC assays using both blood and urine samples showed high correlation
of the DMF assays to standard reference methods: correlation values of 0.86 (Cr – blood), 0.88 (CysC – blood), 0.98
(Cr – urine), 0.88 (NGAL – urine), and 0.86 (CysC – urine).
Conclusion(s):  A digital microfluidic cartridge can perform both biochemical (Cr) and immunoassays (NGAL, CysC)
from both urine and blood samples. A wide measurement range has been achieved to accommodate both types of
samples, some of which have non-overlapping concentrations. Such assay integration and sample breadth allow
maximizing diagnostic yield from limited samples available which is critical in neonates. Though further clinical
validation is required, these multiple biomarker assays can provide clinicians with a comprehensive understanding of
kidney function and injury in neonates with limited sample volume.
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CONTROL ID:  3361064
TITLE:  Relationship of Neonatal Acute Kidney Injury (AKI) to Patent Ductus Arteriosus (PDA) Management 
CURRENT CATEGORY:  Nephrology
CURRENT SUBCATEGORY:  Nephrology: Clinical
KEYWORDS:  neonatal AKI, patent ductus arteriosus, PDA management. 
AUTHORS (LAST NAME, FIRST NAME): Guillet, Ronnie1; Selewski, David T.5; Griffin, Russell3; Rastogi, Shantanu4 
; D'Angio, Carl T.1; Askenazi, David2
INSTITUTIONS (ALL): 

1. Pediatrics, University of Rochester, Rochester, NY, United States.
2. Pediatric Nephrology, University of Alabama at Birmingham, Birmingham, AL, United States.
3. UAB, Birmingham, AL, United States.
4. Maimonides Medical Center, SUNY_HSC, Brooklyn, NY, United States.
5. Medical University of South Carolina, Charleston, SC, United States.
TITLE:  Relationship of Neonatal Acute Kidney Injury (AKI) to Patent Ductus Arteriosus (PDA) Management
Background:  Acute kidney injury (AKI) is an under-recognized condition in the NICU despite data demonstrating its
association with adverse outcomes. The unique physiology of the ductus arteriosus and PDA management strategies
may impact renal function.
Objective:  Investigate the relationship between clinically significant PDA, its management and the development of AKI
in neonates ≤1500g.
Design/Methods:  Retrospective study using the AWAKEN database of all neonates admitted to 24 NICUs in the
Neonatal Kidney Collaborative 1/1/14-3/31/14 within 14d after birth who survived ≥48h, received ≥48h IV hydration, did
not need cardiac surgery in wk1, did not have major congenital anomalies. Subjects were included in this secondary
analysis if they were ≤1500g. AKI was diagnosed using the neonatal modified KDIGO definition; diagnosis and
treatment of PDA were extracted from the AWAKEN discharge form. Demographics, clinical characteristics, and AKI
stage were compared using chi-square and analysis of variance. A general estimating equation logistic regression was
used to estimate odds ratios, 95% CI. Models were adjusted for sex, GA, BW drug exposures (caffeine,
aminoglycosides, vancomycin, vasopressors), mechanical ventilation.
Results:  Of 2162 neonates in AWAKEN, 538 were ≤ 1500g; 526 had sufficient data to diagnose AKI and were
included in this study. 157/526 (30%) had PDA and varied in management strategies (61 conservative management,
62 pharmacologically treated, 34 surgically treated). Table 1 shows subject characteristics and AKI by PDA diagnosis/
management strategy. The rate of AKI in the cohort was 161/526 (31%) and was significantly more common in those
with PDA (45 vs 24%). When analyzed by management strategy, a significantly increased association with AKI was
observed for all management groups compared with neonates without PDA. In adjusted analysis, with conservative
management as reference, there were no differences among treatment strategy cohorts (Table 2). Conclusion(s):  A
clinically significant PDA increases the likelihood of AKI. Unexpectedly, despite pharmacologic treatment that includes
known nephrotoxic drugs, no differences in AKI incidence were observed among medically, surgically or conservatively
managed VLBW infants with PDA. These results suggest a need for prospective, randomzed trials to evaluate the role
of more aggressive management strategies for PDA.
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TABLE TITLE:  Demographics, clinical characteristics, AKI by PDA diagnosis and management strategy
 Crude and adjusted odds ratios (OR) and associated 95% confidence intervals (CIs) for the association between AKI
and PDA management strategy*
TABLE: 
 Note: The PDF table below is only an approximation of the HTML content and may not match formatting exactly.

Demographics, clinical characteristics, AKI by PDA diagnosis and management strategy

. NO PDA
n=369

Conservative
management
n=61

Pharmacolog
ic
management
n=62

Surgical
management
n=34

p-value

Birthweight
(g)
mean±SD

1094±276 1007±306 908±243 729±187 <0.0001

GA (wk)
mean±SD

29.1±3.1 27.3±3.0 26.4±2.2 24.8±1.2 <0.0001

Gender (n,
%male)

179 (48.5) 37 (60.7) 31 (50) 21 (62) 0.18

SGA (n,%) 127 (34) 12 (20) 8 (13) 4 (12) 0.0001

CRIB II score
mean±SD

7.6±4.6) 8.8±4.7 10.1±4.8 13.2±3.6 <0.0001

Caffeine
(n,%)

271 (73) 54 (89) 62 (100) 32 (94) <0.0001

Aminoglycosi
des (n,%)

285 (77) 55 (90) 61 (98) 34 (100) <0.0001

Vancomycin
(n,%)

84 (23) 18 (30) 23 (37) 24 (71) <0.0001

Invasive
ventilation d7
(n,%)

206 (56) 45 (74) 58 (94) 33 (97) <0.0001

Length of
stay (d)
mean±SD

55±42 65±39 89±36 117±49 <0.0001

Mortality
(n,%)

32 (9) 7 (12) 1 (2) 3 (9) 0.14



. . . . . .

No AKI (n,%) 279 (76) 26 (43) 32 (52) 13 (38) <0.0001

Stage 1 AKI
(n,%)

49 (13) 18 (30) 11 (18) 7 (21) .

Stage 2 AKI
(n,%)

18 (5) 12 (20) 13 (21) 7 (21) .

Stage 3 AKI
(n,%)

23 (6) 5 (8) 6 (10) 7 (21) .

GA gestational age; BW birthweight; SGA small for gestational age, PDA patent ductus
arteriosus
p-values estimated from chi-square and Kruskal-Wallis test for categorical and continuous
variables, respectively

Crude and adjusted odds ratios (OR) and associated 95% confidence intervals (CIs) for the
association between AKI and PDA management strategy*

. cOR (95% CI) aOR** (95% CI)

AKI ACROSS ENTIRE STAY

No PDA vs any PDA 0.26 (0.15-0.46) 0.49 (0.24-0.99)

No PDA 0.24 (0.11-0.50) 0.28 (0.13-0.62)

PDA-conservative
management

Reference Reference

PDA-pharmacologic
treatment

0.70 (0.27-1.82) 0.46 (0.15-1.40)

PDA-surgical treatment 1.20 (0.47-3.04) 0.30 (0.09-0.97)

AKI POSTNATAL DAY 1 TO 7

No PDA vs any PDA 0.37 (0.22-0.63) 0.61 (0.33-1.13)

No PDA 0.30 (0.17-0.51) 0.38 (0.20-0.73)

PDA-conservative
management

Reference Reference

PDA-pharmacologic 0.58 (0.27-1.22) 0.47 (0.19-1.16)



treatment

PDA-surgical treatment 0.69 (0.26-1.86) 0.31 (0.09-1.12)

AKI POSTNATAL DAY 8 TO 21

No PDA vs any PDA 0.19 (0.08-0.46) 0.44 (0.16-1.24)

No PDA 0.20 (0.06-0.66) 0.26 (0.08-0.80)

PDA-conservative treatment Reference Reference

PDA-pharmacologic
treatment

0.78 (0.25-2.48) 0.49 (0.13-1.86)

PDA-surgical treatment 1.93 (0.54-6.92) 0.48 (0.12-1.89)

*Estimated from general estimating logistic regression to account for clustering by sites
** Adjusted for gestational age, small for gestational age, administration of caffeine and
pressors

(No Image Selected)
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TITLE:  Severe AKI is associated with mortality in extremely low gestational age neonates (ELGANS).
Background:  The Recombinant Erythropoietin for Protection of Infant Kidney Disease (REPAIReD) Study examines
kidney outcomes of ELGANS (infants born < 28 weeks’ gestation) enrolled in the Preterm Epo Neuroprotection
(PENUT) study.
Objective:  To test the hypothesis that AKI is associated with and predicts mortality in ELGANS.
Design/Methods:  We included 900 of 936 patients enrolled in PENUT. Excluded were subjects who died within the
first 3 days (n=13) and those without creatinine measures (n=23). AKI stages were determined by the creatinine-
based KDIGO definition beginning on day 3 of life. Severe AKI was defined as stage 2 or 3 AKI. The maximum AKI
stage up to and including the day of interest was used.
We examined the relationship between severe AKI and death in several ways: 1) multivariable Cox regression with
severe AKI Stage as a time-varying covariate, mother as a clustering variable to account for sibship, and adjustment
for these baseline characteristics: gestational age in weeks (24, 25, 26, 27); maternal race and ethnicity; gender; size
for gestational age (SGA, AGA, LGA); 5-minute Apgar score; intubation, chest compressions, and epinephrine given
in delivery room ; and necrotizing enterocolitis (NEC) as a time-varying covariate. We ran the model using AKI status
lagged by 1 to 7 days to ensure that change in AKI status preceded mortality by enough time in order to be a potential
cause rather than a consequence of impending multisystem organ failure on day of death; 2) landmark analysis to
capture the prospective death rate by time of severe AKI - early (days 3-7), middle (days 8-14), and late (days15-28)
using only neonates who were alive and not classified as severe AKI in the previous time frame; and 3) Kaplan-Meier
survival curves for this landmark analysis.
Results:  Severe AKI occurred in 168/900 (18.7%) of neonates. After adjusting for potential confounders, severe AKI
occurring 7 days prior was associated with an increased hazard of death [HR= 2.65 (1.18- 5.95)]. None of the other
baseline or clinical characteristics were associated with mortality in the final model except for NEC [adjusted HR =
4.00 (1.38-11.6)]. The adjusted HR for mortality with severe AKI was between 2.2 and 3.2 for 1-6 days prior to death
(Figure 1).
Conclusion(s):  Severe AKI occurs frequently in ELGANS and is independently associated with mortality; this
association is present for up to 7 days prior to death. This lag time may allow for early intervention to improve
outcomes.
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 Figure 1. Hazard ratio of mortality (y-axis) associated with development of AKI by stage and by severe AKI prior to
day of death (day 0) on x-axis.



 Figure 2. Kaplan-Meier survival curves of mortality comparing severe AKI (red line) to Stage 1/no AKI (black line)
based on early (A), middle (B), or late (C) AKI during the NICU course.
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TITLE:  Early Dysnatremia in Preterm Infants is Associated with Mortality and Acute Kidney Injury (AKI): Results from
the Assessment of Neonatal AKI and Epidemiology (AWAKEN) Study.
Background:  A few neonatal studies describe associations between sodium aberrations in early life and poor
outcomes (neurologic, developmental, respiratory), however, its association with mortality and AKI have not been well
described. Adult and several pediatric studies have suggested that dysnatremia is associated with increased risk of
mortality and may be an early marker and/or predictor or AKI. We hypothesized that early dysnatremia is associated
with mortality and AKI by postnatal day 7.
Design/Methods:  We studied neonates in the AWAKEN cohort, a 24-center retrospective study of NICU admissions
on IV fluids ≥48hrs with serum sodium concentration (sNa) recorded during postnatal days 2-7. sNa values were
compared in 3 GA cohorts (24-<29 weeks[wk], 29-36wk, ≥36wk). Hypernatremia was defined as sNa >145meq/L
(moderate 146-155, severe ≥156); hyponatremia was defined as sNa<135meq/L (mild 130-134; moderate 125-129;
severe <125). Mortality was defined as death prior to 36 wk post-GA or hospital discharge. Those who developed AKI
within 48 hours of birth were excluded from the analysis. AKI by day 7 was defined as an increase in serum creatinine
≥0.3 mg/dl or urine output <1 ml/kg per hour on postnatal days 3-6. Kruskal Wallis, Chi2 tests and multivariate logistic
regression were used.
Results:  The cohort included 1,972 infants with 15,302 sNa values (Table 1). 23% developed hypernatremia and 35%
developed hyponatremia. The incidence and severity of hypernatremia and hyponatremia differed by GA (Figure 1).
Early hypernatremia and hyponatremia were independently associated with odds of mortality after adjustment for
potential confounders [aOR. 2.36 (1.30 - 4.32) & aOR 2.73 (1.36-5.47)]. These odds increased according to severity of
hyper/hyponatremia (Tables 2 & 3). Only hypernatremia was independently associated with AKI at day 7 after
adjustment for confounders (aOR 1.47 95% CI 1.09-1.98).
Conclusion(s):  Early dysnatremia is common and developed in almost half of the critically ill neonates evaluated
across GA groups. Similar to findings in adult and pediatric studies, hyponatremia and/or hypernatremia within the first
week of life are independently associated with higher odds of mortality. Hypernatremia was also independently
associated with neonatal AKI, even after adjustment for fluid balance. Further prospective studies are needed to test
the predictive value of hypernatremia as an early marker of AKI.
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TITLE:  Exposure to gentamicin and indomethacin in neonatal mice leads to disrupted nephrogenesis and
glomerulotubular disconnection
Background:  Preterm neonates are exposed to nephrotoxic medications during ongoing nephrogenesis resulting in
acute kidney injury (AKI). In a previously published neonatal AKI rabbit model, rabbit kits were exposed to gentamicin
and indomethacin resulting in a circumferential layer of nephron damage and loss observed by cationic ferritin
enhanced-MRI (CFE-MRI). To determine if these findings in the rabbit model were species-specific and to explore the
structural and functional changes after nephrotoxin exposure, we adapted the rabbit model to create a murine model
of neonatal AKI.
Objective:  To assess glomerular and tubular changes in a mouse model of nephrotoxin-induced neonatal AKI.
Design/Methods:  The AKI group consisted of male CD-1 mouse pups who received indomethacin (oral, 5mg/kg/d on
postnatal days (P) 1-3) and gentamicin (intraperitoneal, 80mg/kg/d on P1 and P3). The control group received sham
drugs. Kidneys were histologically assessed at P4, P5 and 3 wks using a Periodic Acid Schiff stain to determine the
number of glomerular generations and maturity. At 3 wks, proximal tubular (PT) content and atubular glomeruli (ATG)
were measured using lectin stained kidney sections. At 3 wks, GFR was obtained by transcutaneous monitoring to
detect the clearance of fluorescein isothiocyanate and glomerular number was obtained by CFE-MRI. The mice
received cationic ferritin followed by euthanasia. Ex vivo MRI (GRE sequence: TE: 20, TR: 80, thickness 60 µm,
640x640) and customized software were used to acquire glomerular number (Nglom).
Results:  There was no difference in body or kidney weight between the control and AKI groups at P4, P5 or 3 wks.
The median number of glomerular generations was not different between the AKI and control groups at P4 or P5. The
AKI group had fewer immature glomeruli than control animals at P5 (Table). At 3 wks, the AKI had more ATG, lower
PT content, and an increased mean GFR as compared to controls. There was no difference in Nglom by CFE-MRI
(Figure).
Conclusion(s):  Neonatal pups briefly exposed to nephrotoxins during nephrogenesis have fewer immature glomeruli
just after AKI and evidence of hyperfiltration, fewer PT’s, and more atubular glomeruli in early adutlhood. although
glomerular number was not different between the groups, this may be related to the early timepoint examined or that
ATG were labeled in CFE-MRI. The development of atubular glomeruli may be a novel mechanism for the
development of CKD in preterm infants exposed to gentamicin and indomethacin.
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 Summary of Results. Normally distributed data (*) was analyzed with t-test and reported as mean±SD. Data not
normally distributed was analyzed using a Mann-Whitney test and reported as median and IQR.



 Representive CF enhanced MR image. Each black dot represents a single glomerulus where CF is transiently bound
to the glomerular basement membrane and MRI detectable.
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TITLE:  Neonatal cystatin C as a biomarker of individual nephron endowment
Background:  Primary arterial hypertension (AH) affects 30% of the individuals globally with a relevant hereditary
influence, and represents the main risk factor for cardiovascular disease. Pathogenesis of AH is multifactorial;
however, a reduced nephron number (inherited or acquired) plays a crucial role. Nephron endowment has a wide
individual variability but assessing nephron number is technically impossible in vivo.
Based on the observation that subjects with reduced nephron mass (unilateral renal agenesis or renal hypoplasia)
exhibit increased levels of renal function biomarkers during acute dehydration, we hypothesized that cystatin C (Cys-
C) concentration during neonatal physiological dehydration could distinguish subjects with reduced nephron
endowment compared to those with adequate nephron mass.
Objective:  To compare Cys-C level during neonatal physiological dehydration in healthy term newborns with
normotensive fathers (NF) and hypertensive fathers (HF).
Design/Methods:  This is a prospective, observational, cohort study enrolling healthy, caucasian, term neonates born
after an uneventful pregnancy from May 2018 to September 2019. Gestational age, birth weight, mode of delivery,
type of feeding, weight loss, and family history for AH were collected. Two groups were identified: neonates born to
HF or NF. Neonates born to mothers with AH or to parents with kidney diseases were excluded. Enrolled neonates
underwent Cys-C determination at the time of newborn screening.
Results:  Forthy newborns with HF and 80 newborns with NF were enrolled. No differences in baseline characteristics
were observed between the two groups except for the number of hypertensive grandparents, which was higher among
newborns with HF. Cys-C was significantly higher in newborns with HF (1.6 ± 0.3 mg/L vs 1.4 ± 0.3 mg/L; p < 0.001),
possibly reflecting a reduced nephron number. Linear regression analysis corrected for confounders (type of feeding,
delivery mode, weight loss velocity) confirmed that paternal hypertension was the only variable significantly associated
with high Cys-C level (mean difference 0.2 mg/L, CI 95% 0.1-0.3 mg/L; p < 0.001).
Conclusion(s):  Our results support the key role of nephron endowment in the pathogenesis of AH and suggest the
possibility of identifying subjects at risk for reduced nephron endowment as early as at birth. This opportunity opens
up specific and targeted preventive health measures very early in life.
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TITLE:  Increase in preterm neonatal renal tissue oxygenation after caffeine administration
Background:  Caffeine is a safe and commonly used medication in the NICU. Previous studies show that caffeine may
prevent acute kidney injury (AKI) in preterm neonates. Near infrared spectroscopy (NIRS) measures tissue
oxygenation and low renal tissue oxygenation has been associated with AKI. The impact of caffeine administration on
preterm neonatal renal regional tissue oxygenation (RrSO2) has not been studied. We hypothesized caffeine would
result in an increase in RrSO2 in neonates with baseline oxygenation below 50%.
Objective:  Evaluate RrSO2 in preterm neonates after caffeine administration in the first 7 days of age.
Design/Methods:  Neonates <32 weeks without major congenital anomalies were included. After parental consent,

INVOS neonatal NIRS sensors were applied on the flank of eligible neonates before 48 hours and through 7 days of
age. RrSO2 (%) was recorded continuously and analyzed as hourly averages. Caffeine dose (mg/kg) and time of 
administration (T0) were recorded (no loadings doses (20 mg/kg) were given while sensors were applied). Baseline
RrSO2 was determined by averaging RrSO2 6 hours prior to T0. Caffeine doses were grouped according to baseline 
RrSO2 and divided into 10 point subgroups. Changes in RrSO2 after caffeine administration were compared to 
baseline using Mann-Whitney U testing.
Results:  Of 96 eligible neonates, 32 were enrolled and 29 included for analysis (3 did not receive caffeine). The 
median gestational age was 28.4 weeks and birth weight was 1 kg. Of 143 total caffeine doses analyzed, 110 were IV 
and 33 oral with a median dose of 8.0 mg/kg and range of 5.4-10 mg/kg. Following caffeine administration, there were
significant increases in RrSO2 in the sub-groups with a pre-caffeine average 20-30 (n=27) and 30-40 (n=20) (Figure 1 
B&C). The most significant increases in the 20-30 group occurred at 4 hours post T0 (4.5 points, p=0.03) and in the
30-40 group at 5 and 6 hours post T0 (3 points, p=0.04 and 3.6 points, p=0.03 respectively). There were no significant
differences in the subgroups 10-20 (n=8), 40-50 (n=21) (Figure 1 A&D) or > 50 (n=89).
Conclusion(s):  In this pilot study, RrSO2 values in preterm neonates with low baseline RrSO2 values between 20-40
increased within 6 hours of caffeine administration. This signal suggests that caffeine may be an effective therapy to
increase RrSO2 in infants with low values and at risk for AKI. A clinical trial is indicated to optimize efficacy and dosing
in preterm neonates with low renal tissue oxygenation to determine its effect on kidney function.
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TITLE:  Maternal Hypertension Disorders and the Risk of Neonatal Acute Kidney Injury: Results from the AWAKEN
Study
Background:  Exposure to hypertensive disorders of pregnancy has been associated with an increased risk of
cardiovascular disease in both mothers and offspring. Paradoxically, maternal hypertension (HTN) disorders have
been associated with a reduced risk of neonatal acute kidney injury (AKI), although the exact mechanism is unknown.
Objective:  The objective of this study was to examine the association between maternal HTN disorders and neonatal
AKI.
Design/Methods:  We performed a secondary analysis using the AWAKEN database, where AKI was defined using
the neonatal KDIGO criteria. Neonates exposed to maternal HTN were subdivided into 4 categories:
chronic/gestational HTN, pre-eclampsia/eclampsia, both, and neither. The effect of maternal HTN on early (2-7
postnatal days) and late (>7 postnatal days) AKI was evaluated. Groups were stratified by maternal anti-hypertensive
medication use. Pearson Chi Square Test and ANOVA were used to compare baseline demographics. GEE logistic
regression was used to determine odds ratios and 95% confidence intervals for the effect of maternal HTN category
and anti-hypertensive use on early versus late AKI and then adjusted for potential confounders (Table).
Results:  Overall, 449/2110 (21%) of the neonates were exposed to a maternal HTN disorder. Of these, 121/449
(27%) had chronic/gestational HTN; 258/449 (57%) had pre-eclampsia/eclampsia; and 70/449 (16%) had both. Anti-
hypertensive medication use was reported in 176/449 (39%) of mothers. Groups significantly differed by the site of
delivery, chest compressions, multiple gestation, GA, birth weight, and maternal anti-hypertensive use. Among
neonates whose mothers had pre-eclampsia/eclampsia and both maternal HTN disorders who were on anti-
hypertensive medications, there was less overall AKI (OR 0.62 and OR 0.33, respectively). The exposure to both
maternal HTN disorders was associated with less early (but not late) AKI for those mothers on anti-hypertensives.
These associations however were no longer significant in the adjusted model (Table).
Conclusion(s):  In the AWAKEN cohort, the neonates of mothers with pre-eclampsia/eclampsia and both maternal
HTN disorders who were on anti-hypertensive medications had less neonatal AKI, especially less early AKI. Possible
mechanisms underlying this association are unknown but could be related to the effect of anti-hypertensive
medications or different pre- and perinatal care practices and reduced perinatal stress on the feto-placental vascular
axis and ischemia-reperfusion pre-conditioning.
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TITLE:  Urinary Biomarkers and Acute Kidney Injury in Neonates with Hypoxic Ischemic Encephalopathy Receiving
Therapeutic Hypothermia
Background:  Acute kidney injury (AKI) is common in neonates with hypoxic ischemic encephalopathy (HIE) and is
associated with worse outcomes. Current accepted definitions of AKI utilize urine output (UOP) and/or serum
creatinine (SCr) but have significant limitation in the first 24 to 48 hours of life. Urinary biomarker patterns may assist
clinicians in early AKI recognition and treatment strategies in neonates with HIE.
Objective:  To evaluate six urinary biomarkers for early diagnosis of AKI in neonates with HIE undergoing treatment
with whole body cooling.
Design/Methods:  The study is a multicenter prospective observational study of 64 neonates with HIE requiring
therapeutic whole body cooling based on Eunice Kennedy Shriver National Institute of Child Health and Human
Development (NICHD) criteria. Urine samples were collected at 12, 24, 48 and 72 hours of life. Urine assays were
performed to detect levels of six biomarkers: NGAL, KIM-1, IL-18, cystatin C, IGFBP7, and TIMP-2. A mixed linear
model was performed to determine which biomarkers were associated with AKI. AKI was defined as SCr rise of 0.3
mg/dL in 48 hours or a >150% increase from a previous trough, which is based on the Kidney Disease: Improving
Global Outcomes (KDIGO) workshop definition modified for neonates in 2013. SCr was analyzed from birth to day of
life 10.
Results:  Mean IL-18 levels obtained from days of life 1, 2 and 3 urine samples were significantly higher in neonates
with AKI versus those without AKI (Table 3). Mean NGAL and KIM-1 levels on day of life 2 were elevated in the AKI
versus no AKI group, p=0.066 and 0.083 respectively. The diagnosis of AKI based on the KDIGO SCr definition was
associated with increased mortality (25% vs 3.3%, p=0.047) and vasopressor use (4.3 days vs 1.6 days, p=0.040)
compared to the no AKI group in this cohort (Table 2). In the neonates with AKI, the SCr rise of 0.3 or greater was
observed on average at 36.8 hours of life (SD ±13.1).
Conclusion(s):  Urinary biomarkers offer promise in monitoring renal function and injury in early days of life.
Specifically, in neonates with HIE, IL-18 may have increased utility in monitoring for renal impairment compared to
SCr and UOP. Further investigation is warranted to explore subclinical kidney injury recognized by urinary biomarkers
and the associated acute outcomes and chronic renal effects.
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TITLE:
Survival of Neonates Identified with ESKD during the Initial Pediatric Hospital Admission
Background:
Survival to hospital discharge in neonates with ESKD (N-ESKD) has not been previously described.
Objective:  Describe the epidemiology & health care utilization needs, calculate the survival rate to hospital discharge,
and determine predictors of mortality of the N-ESKD population
Design/Methods:
Using the Pediatric Health Information System database, neonates with ESKD [admitted to a NICU in the first week of
life, birthweight (BW) 400–4000 g, and with ICD-9/ICD-10 billing codes indicating ESKD] discharged between
2005-2018 were identified. The primary outcome was survival versus death at discharge; secondary outcomes were
hospital length of stay (LOS) & NICU LOS. Other variables include gestational age (GA), BW, classification of complex
care conditions, and billing data for mechanical ventilation, peritoneal dialysis (PD) catheter insertion, renal
replacement therapy (RRT) modality, and RRT duration. Univariate analysis was performed to describe the N-ESKD
population; multivariable generalized liner mixed modeling (GLMM) assuming a binomial distribution and logit link was
performed to understand mortality risk factors.
Results:  Of 313 neonates with N-ESKD, 33 (10.5%) received no RRT nor PD catheter placement, 215 (68.7%)
received PD only, 54 (17.3%) received PD and hemodialysis, and 11 (3.5%) were treated with an undocumented RRT
modality. Median age at RRT initiation was 7 d. Survival to discharge was 74% (n=233). BW [< 1500 g (n=19),
1500-2500 g (n=106), > 2500 g (n=188)] was associated with prematurity [median GA 29 wk, 34 wk; 37 wk,
respectively; p<0.001] and RRT initiation (58%, 90%, 93%, respectively; p< 0.001), and inversely correlated with
hospital LOS
[p=0.047, Table 1]. Non-survivors (n=80) had a shorter hospital LOS, lower BW, and were more likely to have
cardiovascular disease (CVD) and require mechanical ventilation (Table 2). Neonates with BW < 1500 g (vs. BW >
2500 g) had a 3.5X higher risk of death (adjusted OR 3.51; p=0.026), with a trend towards increased mortality in those
with a BW 1500-2500 g. Neonates with CVD had an 87% higher risk of death (adjusted OR 1.87; p=0.027); there was
a trend towards increased mortality in those with a chronic respiratory condition.
Conclusion(s):  Survival to hospital discharge in N-ESKD is 74%.Predictors of increased mortality include smaller BW
and CVD.  Further evaluation of the N-ESKD patients who did not receive RRT is warranted.
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TITLE:  Increased Nephrology Integration in the Neonatal Intensive Care Unit Leads to Decreased AKI Incidence and
Improved AKI Recognition
Background:  Neonatal acute kidney injury (AKI) is associated with increased short and long-term morbidity and
mortality, and is largely underrecognized in the Neonatal Intensive Care Unit (NICU). Currently, only 10-30% of infants
with AKI are diagnosed as such. Monitoring after AKI can lead to earlier detection of kidney dysfunction. However, this
requires timely diagnosis of AKI.
Objective:  To evaluate the impact of increased nephrology integration in the NICU on AKI incidence, provider
recognition, and nephrology referral rates.
Design/Methods:  Records of all infants admitted to a Level 3 NICU from 2012 to 2017 were retrospectively reviewed.
In 2015, AKI education, a dedicated AKI follow-up clinic and nephrology integration into NICU rounds were instituted.
AKI was classified using Kidney Disease: Improving Global Outcomes definition modified to include only serum
creatinine. For analysis, infants were separated into two cohorts: prior to (Cohort 1, 2012-14) and during these
changes (Cohort 2, 2015-17).
Results:  Twenty-two percent (318 of 1,464) of infants were diagnosed with AKI. AKI incidence decreased from 30%
(Cohort 1) to 15% (Cohort 2) (p<0.001). Increased nephrology integration in the NICU was associated with a decline in
AKI (adjusted odds ratio 0.31, 95% confidence interval 0.22–0.44, p<0.001), after controlling for cohort differences,
nephrotoxin exposure, and AKI risk factors (Table 1). While AKI was associated with high nephrotoxin utilization
(adjusted odds ratio 2.04, 95% confidence interval 1.20–3.46, p<0.001); this alone did not account for the decreased
AKI incidence. The recognition of AKI improved during the study from 9% to 23% (p<0.001) (Figure 1). More infants
were referred to a nephrologist for AKI follow-up after increased nephrology integration into the NICU (<1% to 9%,
p<0.001).
Conclusion(s):  Increased nephrology integration in the NICU was associated with a decrease in AKI incidence. This
study emphasizes the importance of increased nephrology participation and discussion into the NICU as well as
decreased nephrotoxin exposure which each contributed to this change. While recognition of AKI improved during the
study, AKI remained poorly reported on the discharge summary and nephrology AKI follow-up did not routinely occur.
These findings highlight areas for ongoing improvement to enhance primary care provider communication and family
awareness of AKI following NICU discharge.
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 Figure 1. Acute Kidney Injury Diagnosis and Recognition in Cohort 1 and Cohort 2



Table 1. Crude and Adjusted Odds Ratios1 for Acute Kidney Injury
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TITLE:  Intravenous Phthalate Exposures in the Newborn Intensive Care Unit
Background:  Adverse effects related to phthalate exposure in premature infants have been noted since 2005,
including liver dysfunction, cognitive dysfunction, and hypertension (HTN). In the U. S., Di-2-ethylhexyl phthalate
(DEHP) is the only phthalate the FDA allows in medical products. Manufacturers add it to polyvinyl chloride as a
softener to devices including intravenous (IV) bags, tubing, and respiratory devices.
Objective:  Given the risks of DEHP, we sought to quantify typical IV exposures found in the neonatal intensive care
unit (NICU).
Design/Methods:  The study design uses sham IV set-ups in-vitro to measure clinically-used IV fluids that may contain
DEHP. Fluid from IV bags was measured for DEHP concentration. Three types of bags were used: one labeled as
containing DEHP, one labeled to NOT contain DEHP, and one without any label. We attached these IV bags to IV
tubing (with and without DEHP) commonly used for pumping TPN or IV fluids into neonates. We also tested microbore
tubing used with syringe pumps for IV medication or blood delivery. Simulating a neonatal setting, the fluid was
pumped at 20 ml/h for 48 hours into a glass bottle for measurement of DEHP. Our prior study showed that the average
hypertensive premature infant received 279 ml of DEHP-labeled IV fluid between birth and diagnosis of HTN. Using
this information, we used our test results to estimate the cumulative exposure of DEHP that would be associated with
HTN (8.1 mcg). Using this result as a baseline, we predicted the equivalent amount of IV fluids from other IV set-ups
that would deliver 8.1 mcg of DEHP.
Results:  Measurements of DEHP exposures are in Table 1. The three fluids were significantly different from each
other. All IV fluids and tubing labeled to contain DEHP did contain DEHP. IV fluid without any label did contain DEHP,
albeit less than the brand labeled with DEHP. The levels of DEHP decreased dramatically when high-DEHP fluid
passed through non-DEHP-containing tubing, suggesting a large adsorption effect of the PVC in the tubing sets.
Similarly, fluid with no DEHP passed through DEHP tubing acquired DEHP as it passed through the tubing.
Conclusion(s):  This is the first study measuring the DEHP leached from a variety of typical IV supplies used in a
NICU. This study demonstrates how IV DEHP exposures can be substantially avoided, which should reduce adverse
effects from DEHP. Aside from IV phthalate exposures, many respiratory devices are labeled to contain DEHP. Much
work remains before the NICU can become phthalate-free.
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 DEHP concentrations measured on three brands of intravenous fluid as measured directly from the bag, or after
being pumped for 48 hrs through a variety of common IV tubing sets into a glass receptacle.
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TITLE:  Late Caffeine Administration May Also Offer Renal Protection in Preterm Neonates
Background:  Caffeine is well known to decrease the incidence of apnea of prematurity. Caffeine in addition to its
diuretic properties, acts as an antagonist at the renal adenosine receptors, increasing the renal blood flow by changing
the efferent and afferent arteriolar tone and thereby glomerular filtration rate (GFR). A recent multi-center study
showed early use of caffeine in preterm neonates < 33 weeks gestational age (GA) to be associated with reduced risk
of acute kidney injury. However, more research is needed to establish similar effects if started later and to determine
the long term protective effects.
Objective:  Our study aims to assess the association of caffeine in improving the estimated GFR (eGFR) when initiated
> 5 days of life in preterm neonates of GA <33 weeks.
Design/Methods:  This is a retrospective cohort study, which includes preterm neonates of GA < 33 weeks born at our
center between January 2014 and June 2018. Three groups were identified - early caffeine group defined as neonates
who received caffeine before 5 days of life, late caffeine group defined as neonates who received caffeine > 5 days of
life, and no caffeine group defined as neonates who never received caffeine. eGFR was calculated using modified
Schwartz equation [eGFR, ml/min/1.73 m2 = k x length, cm/ S.Cr, mg/dL (k= 0.33 for preterm neonates)]. Data was
analyzed using SPSS software. Mean (±SD) or number (%) was used for descriptive statistics. Comparison in baseline
characteristics was done using χ2 or Fisher's Exact Tests for categorical variables, one-way ANOVA or Kruskal Wallis
tests for numerical variables and student’s t-test for renal parameters.
Results:  Among 134 preterm neonates assessed for eligibility, after exclusion criteria 121 were included for analysis:
22 (18%) in the late caffeine group, 75 (62%) in the early caffeine group and 24 (20%) in the no caffeine group (Fig. 1).
Table 1 shows the baseline characteristics. No statistically significant difference was found between eGFR values for
late vs early caffeine groups until 39 weeks postmenstrual age (PMA) (Fig. 2). Analysis between late vs. no caffeine
groups showed late caffeine group had better mean eGFR compared to the no caffeine group despite better GA and
birth weight in the later (P<0.05) (Fig. 3).
Conclusion(s):  Our study indicates that caffeine may offer nephroprotection in all preterm neonates, even when
started after day 5 of life. Further studies are needed to determine the long term renal effects and to optimize the dose
of caffeine.
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TABLE TITLE:  Baseline characteristics of early, late and no caffeine groups (n=121)
TABLE: 
 Note: The PDF table below is only an approximation of the HTML content and may not match formatting exactly.

Baseline characteristics of early, late and no caffeine groups (n=121)

Characteristic Early caffeine
(n=75)

Late caffeine
(n=22)

NO caffeine
(n=24)

p-value

GA, mean±SD 28.4 ± 2.3 28.6 ± 2.5 31.9 ± 1.1 <0.001

Maternal age,
mean±SD

28.3 ± 6.3 27.5 ± 5.8 27.6 ± 5.6 0.812

Maternal
intrapartum
serum
creatinine,
mean ±SD

0.57 (±0.13) 0.55 (±0.14) 0.72 (±0.29) 0.017

Black Race, n
(%)

67 (89%) 18 (82%) 22 (92%) 0.590

Birth weight (g),
mean±SD

1065 ±331 1104 ±323 1743 ±503 <0.001

Cord Arterial
pH, mean±SD

7.27 ±0.12 7.31 ±0.09 7.26 ±0.11 0.308

APGAR at 1
min,
median (IQR)

6 (4-8) 6 (5-7) 8 (7-9) 0.006

APGAR at 5
min,
median (IQR)

8 (7-9) 8 (6-9) 8 (8-9) 0.001

Day of life
started caffeine,
median (IQR)

2 (1-2) 7 (5-8) NA <0.001

Caffeine dose,
median (IQR)

5 (5-6) 5 (5-6) NA 0.674

Sepsis, n (%) 56 (75%) 15 (68%) 8 (33%) 0.001

Deceased, n
(%)

4 (5%) 0 (0%) 0 (0%) 0.281



Use of
inotropes, n (%)

11 (15%) 1 (5%) 0 (0%) 0.201

Use of
gentamicin, n
(%)

71 (95%) 22 (100%) 23 (96%) 0.817

Use of
ibuprofen, n (%)

17 (23%) 3 (14%) 0 (0%) 0.103

Early caffeine: < 5 days of age, Late caffeine: >= 5 days, no caffeine: never received
caffeine, SD: standard deviation, IQR: interquartile ratio, GA: gestational age

IMAGE CAPTION:  Figure 1: Flowchart for Late Caffeine Administration May Also Offer Renal Protection in Preterm
Neonates<br /> Figure 2: Comparison of eGFR between Late vs Early Caffeine Groups Figure 3: Comparison in
eGFR between Late caffeine vs No caffeine groups 



 Figure 1: Flowchart for Late Caffeine Administration May Also Offer Renal Protection in Preterm Neonates<br />



 Figure 2: Comparison of eGFR between Late vs Early Caffeine Groups



 Figure 3: Comparison in eGFR between Late caffeine vs No caffeine groups
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TITLE:  Outcomes of Renal Replacement Therapy for Neonates with Hyperammonemia Due to Inborn Errors of
Metabolism
Background:  Inborn errors of metabolism involving hyperammonemia in the neonatal period are associated with
significant mortality. Renal replacement therapy (RRT) is the mainstay for ammonia clearance in severe
hyperammonemia. Specific prognostic factors related to RRT in neonatal patients with hyperammonemia have been
previously reported, but these studies are either single-institution case series with more specific details of RRT or
meta-analyses with larger patient cohorts but few details of RRT parameters.
Objective:  To study the outcome of renal replacement therapy in neonates with hyperammonemia
Design/Methods:  After IRB approval, a retrospective study of neonatal patients who received RRT for
hyperammonemia between 2000 and 2018 was conducted at six Pediatric Nephrology Research Consortium Centers
(PNRC). Descriptive statistics are presented as medians with interquartile ranges. Comparison of groups was
performed with appropriate statistical testing assuming unequal variance. Chi-squared analysis was performed in
comparison of discrete groups. All analyses were performed using RStudio (Boston, MA).
Results:  Criteria for inclusion were met by 21 males (76%) and 8 females (27%) (hyperammonemia listed as
indication for RRT in cases of confirmed inborn errors of metabolism). Subsequent diagnoses included urea cycle
disorders [ornithine transcarbamylase deficiency (n=14), carbamoyl phosphate synthetase deficiency (n=5),
citrullinemia (n=4), argininosuccinic lyase deficiency (n=1)] and organic acidemias [methylmalonic acidemia (n=2),
propionic acidemia (n=3)]. Survival in the neonatal period was 59%. The mean age at admission of the cohort was 3.3
days (age range from 0 to 11 days). Additional indications for RRT were present in 55% of patients: fluid overload (2
patients), acute kidney injury (2 patients), metabolic disturbance (9 patients). RRT complications occurred in 41%, with
hypotension being the most common (8 patients, 28%).
Conclusion(s):  Non-survivors were significantly more likely to have multiple indications for RRT and require
vasopressors at RRT initiation. Age at admission, use of medical therapy (nitrogen-scavengers or carglumic acid),
RRT modality and complications, ammonia and creatinine at initiation were not significantly different between
survivors and non-survivors. Ammonia level seemed to have less importance when compared to indicators of multi-
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system dysfunction at the time of RRT initiation such as hypotension, metabolic disturbances, and fluid overload. 
TABLE: 
 Note: The PDF table below is only an approximation of the HTML content and may not match formatting exactly.

Table 1. Demographics

Sex (M/F) 21/8

Age (days) at presentation 3 (2)

Ammonia at presentation (μmol/L) 1218 (1038)

Creatinine at initiation (mg/dL) 0.8 (0.3)

Medical therapy* prior to RRT (Y/N) 22/7

Type of RRT (HD/CRRT/PD) 20/9/0

Other indications for RRT (Y/N) 16/13

Complications during RRT (Y/N) 17/12

* Ammonia-reducing medications, IV Ammonul/arginine or Carbaglu

Table 2. Survivors (at hospital discharge) vs non-survivors

. Survivors (n=17) Non-survivors (n=12) P-value

Sex (M/F) 10/7 11/1 0.13

Age (days) at
presentation

3 (0) 2.5 (2) 0.42

Ammonia at
presentation (μmol/L)

1143 (914) 1426 (1256) 0.38

Creatinine at
initiation (mg/dL)

0.8 (0.3) 0.8 (0.2) 0.78

Medical therapy*
prior to RRT (Y/N)

14/3 8/4 0.59

RRT modality 10/7 10/2 0.32



(HD/CRRT)

Multiple indications
for RRT (Y/N)

6/11 10/2 0.03†

Vasopressors at
RRT initiation (Y/N)**

6/10 10/2 0.04†

Complications during
RRT (Y/N)

11/6 6/6 0.68

2-year survival
(Y/N/Unknown)

12/1/4 N/A .

* Ammonia-reducing medications, IV Ammonul/arginine or Carbaglu
** One patient excluded due to uncertainty when vasopressors were initiated
† P-value < 0.05

(No Image Selected)
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TITLE:  Theophylline Pharmacokinetics for Renal Protection in Neonates with Hypoxic Ischemic Encephalopathy
Undergoing Therapeutic Hypothermia
Background:  Acute Kidney Injury (AKI) is common in neonates with hypoxic ischemic encephalopathy (HIE). Several
randomized controlled trials in normothermic neonates with perinatal asphyxia have demonstrated a single dose of
theophylline (THEO) shortly after birth reduces the risk of renal dysfunction. However, the benefit of THEO in neonates
with HIE undergoing hypothermia (HIE+H) is less clear. Given the frequent alterations in drug disposition in this
population, understanding the pharmacokinetics (PK) of THEO will be critical to advance its therapeutic use and
support safe and effective dosing strategies.
Objective:  To evaluate the PK of THEO and develop customized dosing strategies in neonates with HIE+H
Design/Methods:  This clinical PK evaluation in 22 neonates with HIE+H combined data from a prospective PK study
(n=6) and a retrospective chart review (n=16). In all patients, aminophylline (intravenous salt-form of THEO) was given
per clinician discretion for low urine output and/or concern for AKI. Institutional dosing was 5 mg/kg IV load followed by
1.8 mg/kg IV q6h. THEO levels were monitored in all patients as part of clinical care. Up to seven additional THEO
levels were measured in patients in the prospective study using a validated dried blood spot LC-MS/MS assay. A
population PK model was developed from the available concentration data (n=81) using nonlinear mixed-effects
modeling (NONMEM). Applying the final population PK model, Monte Carlo simulations (n=3000 per simulation) were
performed to evaluate various aminophylline dosing strategies and achievement of THEO target levels between 4-10
mg/L.
Results:  The PK of THEO was best predicted by a one-compartment model with clearance (CL) and volume (Vd)
allometrically scaled by birth weight (p<0.05). No other significant predictors of PK were found. For a 3.5 kg neonate,
CL was 0.05 L/h and Vd was 2.9 L with between patient variation of 55% and 37%, respectively. The median THEO
half-life was 39.5 (range 27.2 to 50.4) h. Applying the final PK model, an aminophylline loading dose of 7 mg/kg
(=THEO 5.5 mg/kg) followed by 1.6 mg/kg (=THEO 1.3 mg/kg) IV q12h was predicted to achieve target levels in 86%of
neonates (Figure).
Conclusion(s):  THEO clearance in neonates with HIE+H is reduced with a 50% longer half-life compared to reports in
full-term neonates without HIE. Future trials of THEO to reduce AKI in neonates with HIE+H should reflect an
appropriate dosing strategy to avoid excessive accumulation.
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TITLE:  The Kinetics of Serum Cystatin C Concentrations within the First Month of Life after Preterm Birth – a
Worldwide Systematic Review
Background:  Multiple single center studies have examined the progression of renal function biomarkers such as
serum cystatin C (Cys C) concentrations in the first 30 days of life (DOL) after preterm birth. These studies were
performed in diverse ethnic cohorts and over a span of gestational ages (GA) at birth, without a functional summary
available.
Objective:  We sought to compile a worldwide functional summary report to inform neonatal renal care.
Design/Methods:  We performed an evolving literature review within PubMed, Google Scholar, Scopus, with additional
use of the snowballing method including data on serum Cys C concentrations through DOL 30 (Figure 1).
Results:  We identified 15 papers that met criteria, published from 2000 to 2019, from 10 countries in 4 continents, and
encompassing 1468 infants born preterm (Figure 2). These studies used a variety of assays and reported either mean
(SD) or medians (3rd to 97th percentile range) (Figure 3). For infants whose GA at birth were between 24 and 28
weeks, the DOL 1 Cys C concentrations ranged from 1.44 to 1.90 mg/L, from 1.20 to 1.77 mg/L on DOL 3 and from
1.36 to 2.02 between DOL 4 and 30. For infants born after 29-33 weeks gestation, DOL 1 Cys C values ranged from
1.41 to 1.96 mg/L, from 1.28 to 1.70 mg/L on the DOL3 and from 1.51 to 1.87 mg/L for measures taken between 4 and
30 DOL. Finally, for infants born after 34 weeks gestation, the DOL 1 Cys C values ranged from 1.22 to 1.96 mg/L,
from 1.24 to 1.85 mg/L on DOL 3, and 1.22 to 1.82 mg/L between DOL 4 and 30. In most studies that identified
specific GA intervals, the DOL 1 Cys C concentrations increased with increasing GA (Figure 4). Mean or median
cystatin C concentrations ranged between 1.2 to 2.0 in these studies, suggesting that a concentration above 2 mg/L
would likely be abnormal, given that cystatin C maternal and neonatal DOL 1 concentrations are known to be
independent of each other.
Conclusion(s):  This systematic review provides generalizable worldwide reference data on Cys C that could be used
to estimate development, progression, or resolution of abnormal glomerular filtration in the first months after preterm
birth, stratified by GA.
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TITLE:  The Effect of Maternal Hypertensive Pregnancy on Neonatal AKI and Adolescent Renal Function among
Persons Born Preterm
Background:  Maternal hypertension during pregnancy (mHTN) influences maternal and offspring morbidity and
mortality during the antenatal period and later in life. Studies suggest that mHTN may reduce the risk of acute kidney
injury (AKI) in the neonatal period and increase the risk for high blood pressure (BP) in the offspring, but this has not
been confirmed. The effect on offspring renal function is unknown.
Objective:  To evaluate the associations between mHTN and 1) risk of neonatal AKI and 2) renal function at age 14
years.
Design/Methods:  We analyzed longitudinal data from a prospective cohort of subjects born preterm (<37 weeks
gestation) with very low birth weight (<1500 g) at a single tertiary care center. Neonatal data was obtained by
reviewing charts and research databases. Neonatal AKI was defined as creatinine (Cr) increase from baseline per
KDIGO guidelines; we recorded presence, stage (1-3) and number of AKI events. At age 14 years we measured
manual BP, serum Cr, and urine albumin (ALB) and Cr on first-morning samples and calculated the eGFR and the
urine ALB-to-Cr ratio. Our composite outcome (CO) was presence of high BP (≥120/80 mmHg per AAP guidelines)
and/or albuminuria (urine ALB-to-Cr ratio >30 mg/g). We used multivariable log-binomial regression to estimate RR
and multivariable ordinal regression to estimate OR, adjusting for potential confounders as described in Figure 1.
Results:  Of the 130 subjects, 34.6% had mHTN, 64.6% had AKI, and 16.2% reached the composite outcome. There
were no associations between mHTN and any of the AKI outcomes. After adjusting for potential confounders, mHTN
was associated with increasingly worse high BP category (OR 3.09, 95% CI 0.96-10.0, p=0.06) and increased risks of
the CO (RR 1.73, 0.78-3.81, p=0.18), high BP (RR 2.64, 0.99-7.03, p=0.05) and HTN (RR 5.68, 0.61-53.2, p=0.13);
these results did not reach statistical significance.
Conclusion(s):  While mHTN was not associated with neonatal AKI in the offspring, it was associated with increased
risk for hypertensive disorders (HD) during adolescence. This is consistent with prior analyses, and supports the
theory that mHTN programs offspring for future HD. This finding may indicate that the mechanism by which this
contribution occurs is independent of measurable change to the kidneys. Contrasting the literature’s suggestion that
mHTN is protective against AKI, our findings suggest a lack of a protective effect. More specific renal function and
neonatal AKI assessment is needed for future evaluation.
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Characteristics of Study Population by mHTN

. Study Population N
(%)

Maternal HTN N (%) No Maternal HTN N
(%)

Demographic Data . . .

Female 76 (58.5) 28 (62.2) 48 (56.5)

Black 61 (46.9) 16 (35.6) 45 (52.9)

Small for GA 13 (10.0) 10 (22.2) 3 (3.5)

ANCS exposure 59 (45.4) 27 (60.0) 32 (37.6)

Outcomes . . .

Any AKI 84 (64.6) 29 (64.4) 55 (64.7)

Any AKI Stage 2-3 51 (39.2) 19 (42.2) 32 (37.6)

Composite Outcome 21 (16.2) 10 (22.2) 11 (12.9)

High Blood Pressure
(BP)

14 (10.8) 8 (17.8) 6 (7.1)
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TITLE:  RENAL BIOMARKERS OF HYPERTENSION IN RESPONSE TO INCREASING INTERMITTENT HYPOXIA
EPISODES IN THE NEONATAL RAT
Background:  Preterm infants have a greater risk for renal pathology, acute kidney injury, and chronic kidney disease
(CKD), likely due to frequent episodes of intermittent hypoxia (IH)/apneas. The kidneys are highly sensitive to changes
in oxygen. Chronic IH may further exacerbate renal damage impacting pathways leading to the development of CKD
and hypertension.
Objective:  To test the hypothesis that frequent, brief episodes of neonatal IH with recovery in hyperoxia between
episodes, influences the angiotensin-converting enzyme (ACE/ACE2) hypertension system in the rat kidneys.
Design/Methods:  At birth (P0), neonatal rat pups were exposed to increasing (2, 4, 6, 8, 10, or 12) IH episodes (12%
O2) lasting 1 minute during hyperoxia (50% O2) from the first day of life (P0) to P7; or P0-P14. Animals exposed to
hyperoxia (50% O2) only served as zero IH controls. Pups were either euthanized to determine immediate effects or 
recovered in room air (RA) until P21 (P21-7DIH or P21-14DIH). RA littermates served as normoxic controls. Kidneys
were harvested at P7, P14, and P21 for histopathology. Renal ACE and ACE2 levels were determined by ELISA, 
Western blots and immunofluorescence.
Results:  At P7, ACE levels in RA and IH were comparable, but were significantly lower in hyperoxia. However in the 
P14 gorup, ACE levels between the RA, IH and hyperoxia groups were all comparable. In contrast, hyperoxia 
increased ACE2 levels, while RA and IH levels remained unchanged in the P7 group. In the P14 groups, the RA, IH 
and hyperoxia ACE 2 levels remained the similar.
Conclusion(s):  Our data indicate that neonatal IH does not exert a significant effect on the developing kidneys nor on 
the ACE/ACE2 system. However, short-term hyperoxia may activate ACE2 to reduce renal hypertension and CKD, 
and lower ACE levels.
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Background:  Postnatal glucocorticoid use is becoming standard of care for management of hypotension, severe
respiratory distress and later prevention of bronchopulmonary dysplasia in VLBW infants. Postnatal steroid use is
linked to hypertension later in life and other cardiovascular morbidity, therefore we have analyzed the effect of dose
and duration of hydrocortisone use on blood pressure at time of discharge.
Objective:  To assess whether the dose and duration of postnatal steroid use is related to hypertension at the time of
discharge.
Design/Methods:  In a retrospective cohort study, the medical records of all VLBW infants (GA≤ 35 weeks, BW≤ 1500
grams) born between Jan 2015-2019, were reviewed for infant demographics, clinical characteristics and use of
steroids as well as the blood pressure at time of discharge home were recorded. Hypertension was defined as blood
pressure >95th percentile and severe hypertension as a blood pressure > 99th percentiles for corrected gestational
age at time of discharge. Systolic, distolic and pulse pressure was correlated with cumulative dose and duration of
treatment with hydrocortisone equivalant dose.
Results:  There were 389 births during the 5-year study period of which 283 neonates met inclusion criteria. Their
gestational age was (28±3 weeks) (range 22 to 35 weeks) and birthweight (1060±381 g) (range 363 to 1400g). Among
all infants, 21% (60/283) were hypertensive of which 10% (27/283) had severe hypertension at time of discharge.
Among infants who received postnatal steroids, 28% (33/116) developed systolic hypertension versus 16% (27/167) of
controls (OR = 2.0, p=0.01). Similarly, among patients who received postnatal steroids, 15% (17/116) developed
severe systolic hypertension compared to 6% (10/167) of controls (OR = 2.7, p=0.018). Postnatal steroids did not have
any significant impact of diastolic or mean arterial blood pressure. We found a positive correlation between cumulative
dose of postnatal steroids and systolic blood pressure (R2 = 0.0461, p<0.001) (Figure) and cumulative dose of
postnatal steroids and pulse pressure (R2 = 0.023, p=0.005).
Conclusion(s):  Cumulative dose of postnatal steroid used is associated with an increase in systolic blood pressure and
pulse pressure in premature infants at time of discharge from the NICU. Postnatal steroids should be used judiciously
to prevent hypertension and these infants need close post discharge follow up for hypertension and other
cardiovascular morbidity.

Back to Table of Contents



AWARDS: 
TABLE TITLE:  Prevalance of Hypertension in VLBW infants
TABLE: 
 Note: The PDF table below is only an approximation of the HTML content and may not match formatting exactly.

Prevalance of Hypertension in VLBW infants

. SBP >95%ile SBP >99%ile Controls
SBP <95%ile

Total

Postnatal
Steroids

33 (28%) 17 (15%) 83 (72%) 116

Controls 27 (16%) 10 (6%) 140 (84%) 167

Total 60 27 223 283

IMAGE CAPTION:  Relationship between systolic blood pressure and cummulative dose of Hydrocortisone in VLBW
infants 
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Background:  Very low birth weight (VLBW) infants (<1500 g) have incomplete nephrogenesis and encounter multiple
nephrotoxins during their prolonged NICU stay. Serum creatinine concentrations and trends reportedly do not
correlate well with glomerular filtration rate maturation in these infants. Serum cystatin C concentrations have been
extensively studied in this population; mean/median concentrations across gestational age and between D1-D30 of life
range from 1.2 to 2 mg/L across the studies (Renganathan et al, systematic review manuscript in review).
Objective:  We have previously studied a prospective cohort of 495 VLBW babies born between 2009-2013 for risk
factors for necrotizing enterocolitis. In the present study we analyzed serum creatinine and cystatin C concentrations
from available stored frozen serum samples of sufficient quantity from this cohort, taken at or near time of discharge
from the NICU.
Design/Methods:  Serum creatinine and cystatin C were measured by enzymatic and immunoturbidimetric techniques,
respectively, on a Roche Cobas 6000 chemistry system. We sought associations by gestational age at birth and day
of life (DOL), using Spearman rank correlation coefficients rho, via the R statistical program.
Results:  Serum creatinine was measured on 172 and cystatin C on 180 serum samples across all gestational ages
and predominantly within the first 60 days of life (Figure). Creatinine and cystatin C concentrations were statistically
significant, but only weakly, correlated with gestational age (rho = 0.2680 for cystatin C, p = 0.0001; rho = 0.1623 for
creatinine, p=0.0223). As the number of gestational weeks increased, so did the creatinine and cystatin C
concentrations. There was a statistically significant but very weak negative correlation between creatinine and cystatin
C concentrations and specimen DOL (rho= -0.3067 for creatinine, p < 0.001; rho = -0.1824 for cystatin C, p=0.011).
There was a statistically significant and moderate positive correlation between serum creatinine concentration and
serum cystatin C concentration (rho = 0.4152, p < 0.001). Of the 180 samples tested, 49 (27%) had cystatin C
concentrations > 2 mg/L, suggesting some degree of diminished glomerular filtration.
Conclusion(s):  Near-discharge concentrations of serum creatinine and cystatin C both increase with increasing
gestational age and then decrease with increasing day of life. The high proportion of cystatin C concentrations above
2 mg/L suggest the need for later evaluation of these babies for chronic kidney disease.
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Background:  Congenital heart disease (CHD) is the most common group of congenital anomalies. There has been an
association of neurologic injury with CHD, but there is no current national description of CHD and acute kidney injury
(AKI) particularly among CHD which require surgical intervention during the neonatal period.
Objective:  To determine the prevalence of acute renal failure among neonates with CHD which may require a surgical
intervention during the neonatal period excluding PDA. To describe health service utilization and mortality among
neonates with D-TGA, hypoplastic left heart syndrome (HLHS), Truncus arteriosus, Tetralogy of Fallot (TOF) or double
outlet right ventricle (DORV), and coarctation of the aorta.
Design/Methods:  The National Inpatient Sample (NIS) was used to identify neonates with congenital heart disease
and acute renal failure were identified from the years 2002-2016. Descriptive statistics were used and Mann-Kendall
test was used for trend analysis.
Results:  The total number of neonates with CHD was 1,336,232 from 2002-2016. There were 22,916 neonates
identified with CHD and AKI and of those 6,875 neonates had the diagnosis of D-TGA, HLHS, Truncus arteriosus,
TOF or DORV, or coarctation of the aorta (Table 1). The increase in AKI over time was significant, p<0.001 (Figure 1).
Conclusion(s):  AKI in neonates with CHD has increased over the last 15 years. ECMO support was required in 1/3 of
neonates while hemodialysis and peritoneal dialysis was infrequently used. Mortality after AKI is higher than published
survival rates. Further studies are warranted to determine if the long term outcome is altered in CHD survivors who
experience AKI during the neonatal period.
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TITLE:  The Use of Exome Sequencing for Infants with Congenital Kidney DIsease in the NICU
Background:  Congenital anomalies of the kidneys and urinary tract (CAKUT) are the leading cause of end stage renal
disease (ESRD) in children. CAKUT has a complicated etiology, including a strong genetic component. CAKUT is
frequently encountered in infants admitted to neonatal intensive care units (NICUs).

Exome sequencing (ES) has revolutionized medicine. ES has been particularly useful in diagnosing causes of 
congenital heart disease and neurodevelopmental disorders—diseases that like CAKUT, are caused by genetic 
factors. ES diagnoses facilitate precision medicine, including targeted therapy, prognositican and counseling. 
Objective:  The objective of our study is to determine the utility of ES to diagnose the causes of CAKUT, and to 
evaluate the feasibility of such an approach in a level IV NICU.
Design/Methods:  We enrolled thirty infants with CAKUT, and performed ES, including trio analysis when possible. We 
assessed the diagnostic yield of ES. We also analyzed clinical data, including detailed phenotypic information and 
results of clinical ES performed as part of routine care. We assessed the clinical impact of genetic diagnoses on 
patient care.
Results:  Including preliminary research ES as well as clinical ES testing, 15 ES results were completed, with results 
pending in the remaining. 40% of cohort infants had congenital heart disease, and 33% died in infancy. Diagnostic 
variants were found in seven cases (47%). In one case referred for expedited ES, an infant presenting with 
progressive polycystic kidney disease was given a new diagnosis (ADPKD rather than ARPKD), and prescribed a 
tailored therapy based on that diagnosis. In several cases of diagnosis by ES, parents reported significant relief of 
stress by having the cause of their child’s disease named, and by being given proper genetic counseling. 
Conclusion(s):  Given these results, we conclude it is feasible to enroll a prospective cohort of infants with CAKUT in a 
level IV NICU for ES analysis. The cohort had a significant burden of comorbidities, and a high rate of mortality. 
Preliminary data indicates that ES can diagnose the cause of CAKUT in a significant portion of infants. ES diagnoses 
facilitated tailored medical therapy, and provided comfort to families. Further research is needed to explore how ES 
can be used to elucidate the causes of CAKUT and to improve NICU clinical care.
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Background:  Low nephron number (NN) at birth is a risk factor for chronic kidney disease (CKD) in later life. Human
NN at birth ranges from 200,000 to 2 million per kidney, with a significant correlation of NN with birth weight. This
maladaptive response of the developing kidney to maternal undernutrition or hypoxia remains poorly understood.
Application of evolutionary biology to medicine has led to new approaches in chronic disease, and shows promise in
nephrology (Chevalier, Sem Cell Devel Biol 91:119, 2019).
Objective:  Develop evolutionary explanations for the wide variation in NN in human neonates and low NN in low birth
weight infants.
Design/Methods:  Structured Medline searches including the terms “kidney, evolution, physiology, genetics,
bioenergetics, and development” 1970 to the present.
Results:  The rapid evolution of hominids was a product of increased nutrient availability ~2 million years ago, resulting
from transition of the east African environment from forest to savannah. Natural selection, driven by reproductive
fitness, favored doubling brain size from Homo habilis to H. sapiens, increasing efficiency of food gathering. Our brain
consumes 90% of resting metabolism at birth, 50% at 1 year of age, and 20% in adulthood. Metabolic waste must be
removed by kidneys whose oxygen consumption (per gram) is similar to brain. In the mother with restricted nutrition,
allocation of energy to her fetus must be balanced with her own survival: she is more likely than her fetus to reproduce
in the future. Protein restriction in the pregnant mouse leads to reduced NN in the fetus, similar to offspring of mice
lacking DNA methyltransferase 1 (Dmt1). Through highly conserved AMPK and mTOR, nutrients and oxygen signal
energy availability to the placenta to regulate nephrogenesis. This epigenetic response is driven by metabolic
reprogramming of nephron progenitor cells from glycolysis (maintenance of self-renewal) to oxidative phosphorylation
(differentiation mediated by the Wnt pathway).
Conclusion(s):  Energy, the currency of evolution, is constrained by the environment both before and after birth. In
response to reduced prenatal nutrition, epigenetic regulation proportionately restricts energy allocated to
nephrogenesis, favoring neurogenesis. Since only 18% of children with congenital kidney anomalies develop kidney
failure before 15 years of age, this evolutionary strategy favors reproductive fitness in the majority of cases. The
tradeoff is a ten-fold increase in CKD when selection pressure is reduced in post-reproductive years.
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Background:  The American Academy of Pediatrics (AAP) recommends antibiotic prophylaxis for pediatric patients with
vesicoureteral reflux to protect against urinary tract infection (UTI). However, the AAP practice guidelines apply to
children with known structural kidney disease in the general pediatric population. Thus far, there has been no research
on antibiotic prophylaxis independent of structural defects after first UTI in neonates admitted to the neonatal intensive
care unit (NICU). The NICU population is particularly vulnerable to morbidity associated with recurrent infections. This
retrospective chart review on neonates admitted to the NICU studied risk factors for UTI and UTI recurrence in patients
who did or did not receive antibiotic prophylaxis after first UTI.
Objective:  To describe the risk factors associated with UTI and recurrent UTI among neonates admitted to the NICU
and, secondarily, to determine if antibiotic prophylaxis shows a statistically significant reduction in the recurrence of
UTI.
Design/Methods:  This study was a retrospective chart review of infants admitted to the NICU at our urban tertiary care
children’s hospital between 2008 and 2018. Charts were identified in the electronic medical record based on diagnosis
of UTI, pyelonephritis, or sepsis during NICU admission. Data was collected on UTI recurrence, use and timing of
antibiotic prophylaxis, and presence of renal anomalies. Primary outcome was recurrent UTI. Risk factors considered
were sex, circumcision (if male), race, ethnicity, age at first UTI, and weeks gestational age (wGA) at delivery.
Results:  281 patients with selected diagnoses were admitted to the NICU between 2008-2018. Seventeen percent
were diagnosed with culture-proven UTI, with a statistically significant increase among males and those less than 28
wGA at birth (Tables 1, 2). Interestingly, 27% of infants with UTI were receiving antibiotics at time of infection. UTI
recurred in 21% of patients within a year of initial UTI diagnosis with a statistically significant increase in neonates born
at less than 28 wGA (Table 1). We found no statistical decrease in recurrence of UTI between those treated with or
without antibiotic prophylaxis (Table 3).
Conclusion(s):  Our results show that low wGA infants have an increased risk of initial and recurrent UTI. This finding
suggests that this demographic may be particularly vulnerable to developing UTI. Future research with a larger cohort
is needed to further identify modifiable risk factors to prevent infection among neonates less than 28 wGA.
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 Figure 1. Histogram of age at first UTI and age at UTI recurrence
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TITLE:  Newborn renal function as an adjunct biomarker in timing of fetal neurologic injury
Background:  Neonatal hypoxic ischemic encephalopathy (HIE) is a perinatal asphyxial event that leads to disturbed
neurologic function in a newborn greater than 34 weeks gestational age. An asphyxial insult elicits a protective diving
reflex in the fetus causing blood flow to be diverted from the negotiable circulations (kidney, liver, and bone marrow) to
the non-negotiable circulations (adrenals, coronaries, and brain). Timing and duration at which asphyxia occurs is
often a focus of intense scrutiny for parents and physicians.
Objective:  To investigate the rise and clearance of newborn creatinine values associated with three major asphyxial
patterns in near-term and term newborns which can provide evidence based medicine on the severity and duration of
HIE.
Design/Methods:  This is an IRB approved retrospective chart observational study reporting data on the rise and
clearance of newborn creatinine during the first 72 hours of life. Approximately 211 cases of neonatal encephalopathy
from various institutions were reviewed from 1998-2019 with only 76 cases having serial creatinine values during the
first 72 hours to analyze. A total of 187 creatinine values were collected. Magnetic resonance imaging defined 3 types
of perinatal insult: Acute Profound (AP), Partial Prolonged (PP), or Both (B) (Table 1).
Results:  Baseline clinical characteristics were compared between different patterns of asphyxia (Table 2). There was
no significant difference between gestational age, birth weight, and 1 minute Apgar scores between the 3 patterns of
injury. PP and B had significantly greater degree of metabolic acidosis in the first newborn arterial blood gas in
comparison to AP. B and AP had significantly lower 5 minute and 10 minute Apgar scores compared to PP. Creatinine
values stratified by asphyxial injury are compared (Table 3, Figure 1). AP showed minimally elevated creatinine trends
with rapid normalization. B and PP demonstrated more elevated creatinine trends with delayed normalization. Mean
creatinine values were significantly different between asphyxial injuries within 13-24 hours of life at the time when
creatinine values peaked.
Conclusion(s):  No single proven biomarker is diagnostic of neonatal encephalopathy but creatinine measured at birth
and subsequent 3 days can provide additional evidence based data of timing and duration of perinatal asphyxia.
Prolonged or cumulative hypoxic ischemic events results in significantly elevated creatinine levels with delayed
normalization.
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 Clinical characteristics, blood gases, and Apgar scores are reported as medians and interquartile ranges.





 Least square mean creatinine values are represented by points on the graph and 95% confidence intervals are
represented by error bars.
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TITLE:  Development of a Nursery Protocol for the Management of Prenatally Diagnosed Pyelectasis
Background:  Abnormalities of the urinary system are the most common congenital anomalies detected on routine
prenatal ultrasound and should be followed up postnatally to assess risk for chronic kidney disease and end stage
renal disease. There are no consensus guidelines for postnatal management of urinary anomalies such as pyelectasis
(dilation of renal pelvis). Creating a management protocol may improve consistency in management and follow up.
Objective:  In this 18-month long resident-led quality improvement (QI) project, we aimed to increase the proportion of
renal ultrasounds performed on infants with prenatal pyelectasis prior to nursery discharge through the creation of a
unified management protocol; our secondary objective was to improve timely follow up with appropriate sub-
specialists.
Design/Methods:  The Model of Improvement was used for this QI project from April 2018 to August 2019 in the level
1 newborn nursery at a tertiary academic center. A survey was distributed to all the pediatric nephrologists assessing
desired management choices in a step-wise fashion for newborns with prenatally diagnosed pyelectasis. Their
responses informed the decision points in the protocol. Intervention 1 (October 2018) included posting the resulting
protocol in the newborn nursery, emailing the protocol to all residents and nursery faculty, as well as posting the
protocol on the residency online clinical teaching portal. Intervention 2 (May 2019) included emailing all residents
questions about pyelectasis, with the protocol included in the email, and offering prizes to those who answered
correctly. A retrospective chart review of all newborns was performed to gather baseline data from April to September
2018, post-intervention 1 data from alternate months following intervention 1 and post-intervention 2 data from
alternate months following intervention 2.
Results:  Overall, there was marked improvement in the proportion of patients who received renal ultrasounds both
prior to discharge and at follow up sub-specialty visits, in addition to those with timely follow up with appropriate sub-
specialty care following newborn nursery discharge (See Table).
Conclusion(s):  Implementation of this QI project showed that management of prenatal pyelectasis and major renal
anomalies was very variable, with only about half of newborns with pyelectasis receiving appropriate care. This
variability not only decreased with our interventions, but management began to follow that which was recommended
by sub-specialty services.
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Proportion of Patients with Protocol-Recommended Care

. BASELINE POST-
INTERVENTION #1

POST-
INTERVENTION #2

Total number of
patients with
prenatally-diagnosed
renal pyelectasis and
major renal
anomalies

18 12 9

Of total, those with
resolution of
pyelectasis on third
trimester ultrasound

8/18 3/12 1/9

Of total, those with
persistent
pyelectasis or major
renal anomalies
following delivery

10/18 9/12 8/9

Proportion of
patients that had a
RUS prior to nursery
discharge

6/10 (60%) 9/9 (100%) 8/8 (100%)

Proportion of
patients with grade 2
hydronephrosis or
higher on postnatal
inpatient RUS

4/6 (66%) 5/9 (55%) 2/8 (25%)

Proportion of
inpatient consults or
discussion with
appropriate sub-
specialists for grade
2 or higher
hydronephrosis

2/4 (50%) 5/5 (100%) 2/2 (100%)

Proportion of
patients referred to
appropriate sub-
specialist for follow-

6/10 (60%) 9/9 (100%) 8/8 (100%)



up

Proportion of
patients with follow
up RUS ordered
prior to nursery
discharge

6/10 (60%) 9/9 (100%) 7/8 (88%)

Proportion of
patients that followed
up with appropriate
sub-specialty care

6/10 (60%) 9/9 (100%) 7/8 (88%)

Average time to
follow up

1.8 months 1 month 1.5 months

Range of time to
follow up

6 days to 5 months 10 days to 6 weeks Two weeks to 4
months

RUS = renal ultrasound

(No Image Selected)
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TITLE:  Hypoxia during the first two weeks of life is associated with an elevated serum creatinine in extremely low birth
weight infants
Background:  Acute kidney injury (AKI) and hypoxic events are common in extremely low birth weight (ELBW) infants
during their first weeks of life. There are multiple risk factors associated with the development of AKI in ELBW.
However, the association between hypoxic events and AKI has not been well elucidated.
Objective:  We sought to investigate the association between hypoxia and serum creatinine levels in ELBW infants
during their first weeks of life.
Design/Methods:  In a prospective, observational study (Dec 2011 and Aug 2013), the saturation of peripheral
oxygenation (SpO2) of all ELBW infants admitted to our neonatal intensive care unit (NICU) were monitored for four 
weeks. The data was averaged every minute for analysis. The percent time spent with a SpO2 < 90%, 90-95%, and >
95% were calculated and averaged every week. Also, daily serum creatinine levels were monitored. Serum creatinine 
levels were drawn at the discretion of the treating physicians.
Results:  During the study period 56 ELBW infants were observed. On average their mean gestational age was 25.2 ± 
1.5 weeks, and their mean birth weight was 751 ± 150 grams. There was a significant correlation between the 
percentage of time spent with a SpO2 < 90% during their first two weeks of life and their highest serum creatinine 
during their NICU stay, with a Spearman Rho correlation coefficient of 0.292 (p=0.031). The highest serum creatinine 
level developed at [median (interquartile range)] 4 (2-8) days of life. During their NICU stay 27% (15/56) of all infants 
developed at least one episode of AKI at 4 (3-18) days of life. Overall infants with AKI spent more time with a SpO2 < 
90% during their NICU stay than their controls (13.2 % ± 5.2% vs. 10.3% ±5.5% respectively; p=0.079). 
Conclusion(s):  In ELBW infants, hypoxia during the first two weeks of life is associated with an increase in serum 
creatinine. Future larger studies are needed to determine if the frequency of hypoxic events is associated with AKI 
during the neonatal period.
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