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Abstract

Purpose: Kidney dysfunction in spina bifida (SB) is usually detected by low estimated 

glomerular filtration rate (eGFR) or ultrasound-based hydronephrosis. We assessed the diagnostic 

test characteristics of hydronephrosis for detecting low eGFR, hypothesizing that hydronephrosis 

has low sensitivity compared to Cystatin-C-based eGFR.
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Materials and Methods: We conducted a single-center, retrospective cohort study, including 

patients with SB from 2012–2017 with two kidneys and complete data needed to calculate eGFR 

via multiple pediatric (age 1–17.9 years) or adult (age ≥18 years) estimating equations. We 

evaluated the association of hydronephrosis status (highgrade, low-grade, or none) with eGFR, 

adjusting for small kidney size and scarring, and calculated diagnostic test characteristics of 

hydronephrosis for low eGFR.

Results: We analyzed 247 patients (176 children and 71 adults). Mean (standard deviation) age 

was 13.7 (6.6) years; 81% had myelomeningocele. Hydronephrosis (77% low-grade) was found in 

35/176 children and 18/71 adults. Hydronephrosis was associated with low eGFR in stepwise 

fashion, independent of kidney size and scarring. However, across Cystatin-C-based pediatric 

equations, any hydronephrosis (compared to none) had 23–48% sensitivity and high-grade 

hydronephrosis (compared to none or low-grade) had 4–15% sensitivity for eGFR<90 mL/min/

1.73m2, which remained unchanged after excluding small kidneys and scarring. Across Cystatin-

C-based adult equations, any and high-grade hydronephrosis had 55–75% and 40–100% 

sensitivity, respectively, for eGFR<90 mL/min/1.73m2, though with wide confidence intervals. 

Specificity was higher with high-grade versus any hydronephrosis. Sensitivities were higher for 

eGFR<60 mL/min/1.73m2.

Conclusions: Hydronephrosis was associated with low eGFR but had poor sensitivity for 

Cystatin-C-based eGFR<90 mL/min/1.73m2, especially among children with SB.
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Introduction

In patients born with spina bifida (SB), preservation of kidney health is a lifelong clinical 

objective that is especially prioritized during childhood when the kidneys are still growing. 

The natural history of kidney health in SB suggests most newborns with SB have normal 

baseline imaging characteristics and urinary tract anatomy.1 Despite this, an estimated 25–

50% of patients with SB will develop chronic kidney disease (CKD) by their twenties due to 

progressive neurogenic bladder dysfunction.2, 3 If impaired kidney health is diagnosed early, 

existing interventions, including initiation of clean intermittent catheterization, 

anticholinergic pharmacotherapy, or surgical augmentation cystoplasty, may delay or prevent 

the onset of CKD in patients with SB.

Kidney health in SB is usually assessed through laboratory tests, such as serum creatinine or 

cystatin-C, which are used to calculate estimated glomerular filtration rate (eGFR), or 

through imaging tests, such as renal ultrasound (RUS), which can identify radiologic 

abnormalities including hydronephrosis, small size, or scarring. An increasingly recognized 

obstacle to CKD detection through laboratory tests is the potential unreliability of 

commonly-used eGFR estimating equations among patients with SB.4 Thus, hydronephrosis 

may often be used alone and is even recommended in SB guidelines as the initial marker of 

kidney function deterioration, with follow-up laboratory testing suggested if hydronephrosis 
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is detected.5 However, low eGFR may occur in the absence of hydronephrosis, as 

hydronephrosis may be transient and hydronephrosis and low eGFR may be asymptomatic. 

Patients who are screened with only serial RUS and without serial laboratory tests therefore 

may face risk of undiagnosed CKD.

In this study, we examined the cross-sectional associations between hydronephrosis and 

eGFR and determined the diagnostic test characteristics of ultrasound-based hydronephrosis 

for low eGFR. We hypothesized that hydronephrosis would have low sensitivity as a 

screening test for low eGFR, particularly with cystatin-C-based eGFR as the index test.

Materials and Methods

Study Design and Population

A retrospective cohort study of children (ages 1–17.9 years) and adults (≥18 years) was 

conducted using data gathered from 2012–2017 at a large multi-disciplinary SB clinic at a 

free-standing children’s hospital. Patients with at least one set of full data needed to 

calculate eGFR, including age, race, sex, height, serum creatinine, serum cystatin-C (Cys-

C), and serum blood urea nitrogen (BUN), and who had a corresponding RUS within 6 

months of the laboratory data were included. For patients in whom standing height or length 

could not be obtained, arm span as measured from the back, fingertip to fingertip, with arms 

parallel to the ground, was used as a surrogate for height. Patients who did not have all 

measurements, were <1-year-old because of rapidly-changing eGFR, were on renal 

replacement therapy, or had a solitary kidney were excluded.

The institutional review board approved this study as part of a larger prospective study, for 

which informed consent was obtained from all participants. The STARD reporting criteria 

were followed.6

Outcomes and Exposures

The primary outcome was eGFR. In children and adults, 4 and 3 different eGFR equations, 

respectively, were used to calculate eGFR, incorporating creatinine-only, Cys-C-only, or 

both. The pediatric equations included the creatinine-only Schwartz “bedside” equation,7 the 

Cys-C-only Schwartz equation,8 the creatinine-and-Cys-C-containing Schwartz Chronic 

Kidney Disease in Children cohort study (CKiD) equation,8 and the creatinine-and-Cys-C-

containing Zappitelli equation with modifier term for SB.9 The adult equations included the 

Chronic Kidney Disease Epidemiology cohort study (CKD-EPI) creatinine-only equation,10 

the CKD-EPI Cys-C equation,11 and the CKD-EPI creatinine and Cys-C equation.11

The primary exposure was presence of hydronephrosis as defined by the Society for Fetal 

Urology (SFU) classification system.12 Hydronephrosis grade was recorded from radiology 

reports if explicitly mentioned by SFU classification; otherwise, images were directly 

reviewed by the first author (DIC) and an SFU grade was assigned. Hydronephrosis status 

was divided into none, low-grade (SFU Grade 1–2), and high-grade (SFU Grade 3–4).
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Covariates

Additional variables were age at eGFR measurement (centered on date of laboratory values), 

sex, ambulatory status, spina bifida type (myelomeningocele versus non-

myelomeningocele), dependency on clean intermittent catheterization, and prior bladder 

augmentation. Ambulatory status was a binary covariate based on the Hoffer classification,13 

with community ambulators classified as ambulatory and all other groups as non-

ambulatory.

Additional RUS findings were small kidney size and kidney scarring, both recorded from the 

radiology report. A small kidney was defined as <2 standard deviations below the mean for 

age, using a spina bifida-specific kidney size nomogram.14 Horseshoe kidneys precluded 

accurate measurement of kidney length and therefore were excluded from kidney size 

analyses.

Statistical Analysis

Summary statistics described all variables within each age-specific cohort. Medians and 

interquartile ranges (IQRs) summarized eGFR for each estimating equation, stratified by 

hydronephrosis status. Frequencies and percentages summarized CKD stage classification 

by estimating equation and hydronephrosis status, with eGFR<60 and <90 mL/min/1.73m2 

corresponding to at least CKD Stages 3 and 2, respectively. We used multivariable linear 

regression models to assess associations between hydronephrosis status and eGFR following 

adjustment for small kidney size and scarring.

Overall diagnostic test characteristics of any hydronephrosis (compared to none), including 

sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV), 

and their 95% confidence intervals (CI), were calculated as a screening tool for detecting 

low eGFR, defined as eGFR<90 and eGFR<60 mL/min/1.73m2, irrespective of small 

kidneys or scarring.

In two sensitivity analyses, diagnostic test characteristics were repeated for hydronephrosis 

reclassified as high-grade (compared to low-grade or none), and again for high-grade 

(compared to low-grade or none) after excluding patients with small kidneys or scarring.

All analyses were performed with SAS version 9 (SAS Institute, Inc., Cary, NC, USA), and 

all statistical tests assumed a two-sided type one error rate of 0.05. No corrections were 

made for multiple comparisons.

Results

Cohort Characteristics

A total of 247 patients with two kidneys met eligibility criteria, including 176 children and 

71 adults. Mean (standard deviation) age was 13.7 (6.6) years, 57% were female, and 32% 

were non-ambulatory. 81% had myelomeningocele, 83% were dependent on clean 

intermittent catheterization, and 18% had prior bladder augmentation. Cohort characteristics 

by age group are shown in Table 1. The median (IQR) days between eGFR and RUS dates 
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were 0 (0–19). Hydronephrosis was found in 35 of 176 children (19%) and 18 of 71 adults 

(25%). Of these 53 patients with hydronephrosis, 12 (23%) had high-grade hydronephrosis.

Association Between Hydronephrosis and Low eGFR

Across pediatric equations, eGFR<90 mL/min/1.73m2 was found in 2–66%, 10–83%, and 

33–100% of children with no, low-grade, and high-grade hydronephrosis, respectively 

(Table 2). An eGFR<60 mL/min/1.73m2 was found in 0–6%, 3–24%, and 17–50% of 

children with no, low-grade, and high-grade hydronephrosis, respectively. Across adult 

equations, eGFR<90 mL/min/1.73m2 was found in 0–9%, 8–25%, and 17–50% of adults 

with no, low-grade, and high-grade hydronephrosis, respectively. An eGFR<60 mL/min/

1.73m2 was found in 0%, 0–8%, and 0–17% of adults with no, low-grade, and high-grade 

hydronephrosis, respectively.

Multivariable linear regression models, adjusted for small kidney size and scarring, showed 

a consistent dose-dependent association between hydronephrosis status and eGFR for all 

pediatric equations and adult equations, regardless of whether incorporating creatinine-only, 

Cys-C-only, or both (Table 3). The effect on eGFR was greater (i.e., more negative) for high-

grade hydronephrosis compared to no hydronephrosis, than for low-grade hydronephrosis 

compared to no hydronephrosis.

Diagnostic Test Characteristics of Hydronephrosis for Low eGFR

Diagnostic test characteristics of any hydronephrosis (compared to none) identifying 

eGFR<90 and <60 mL/min/1.73m2 are shown in Table 4. Among children, for eGFR<90 

mL/min/1.73m2, hydronephrosis had sensitivity ranging from 23–62%, but only 23–48% 

when considering only Cys-C-based eGFR calculations. For eGFR<60 mL/min/1.73m2, 

hydronephrosis had sensitivity ranging from 53–100% for children, including using Cys-C-

based eGFR, albeit with very large 95% confidence intervals. Among adults, for eGFR<90 

mL/min/1.73m2, hydronephrosis had sensitivity ranging from 55–100% (55–75% for Cys-C-

based eGFR); for eGFR<60 mL/min/1.73m2, hydronephrosis had 100% sensitivity, albeit 

with very large 95% confidence intervals.

The sensitivity of high-grade hydronephrosis (compared to low-grade or none) for detecting 

low eGFR was even lower, for both children and adults, albeit with larger 95% CI due to 

smaller sample size (Tables 5 and 6). Among all participants, high-grade hydronephrosis had 

sensitivity for detecting eGFR<90 mL/min/1.73m2 ranging 4–25% overall (4–15% for Cys-

C-based eGFR) for children and 27–50% overall and for Cys-C-based eGFR for adults 

(Table 5). Among patients without small kidneys or scarring, high-grade hydronephrosis had 

similar results for children (3–17% for Cys-C-based eGFR), with higher sensitivities for 

adults (Table 6). Specificity did increase for high-grade hydronephrosis compared to any 

hydronephrosis for low eGFR, for both children and adults (Tables 4–6).

Discussion

In our cohort, we found that any hydronephrosis had 23–48% sensitivity among children for 

eGFR<90 mL/min/1.73m2 when using Cys-C-based equations. When stratified by high-

grade hydronephrosis (compared to low-grade or none), sensitivity dropped even lower to 4–
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15% by Cys-C-based equations, which remained unchanged (3–17% sensitivity) after 

excluding small kidneys and kidney scarring. Another interpretation is that up to two-thirds 

of children without hydronephrosis on RUS could have eGFR<90 mL/min/1.73m2. 

Although a significant association was found between having hydronephrosis and low 

eGFR, the relatively poor sensitivity and high false negative rate of hydronephrosis suggest 

that RUS-based hydronephrosis alone is not a reliable screening tool to detect mild-to-

moderate CKD.

In patients with SB, kidney health is strongly influenced by the pathophysiology of 

neurogenic bladder dysfunction. Chronically elevated bladder pressures, vesicoureteral 

reflux, or recurrent urinary tract infections have been found to be significantly associated 

with hydronephrosis or renal scarring in patients with SB.15–17 Supporting this 

pathophysiology, the classic study on elevated detrusor leak point pressure during 

urodynamics used hydronephrosis as a clinical outcome and not eGFR or other laboratory-

based marker of global kidney function.18 Since this landmark study, other studies on 

urodynamic findings have similarly used hydronephrosis as a clinical outcome.19 These 

studies support using hydronephrosis as a proxy for worse kidney function.

In our study, we found that having hydronephrosis, compared to no hydronephrosis, was 

significantly associated with a step-wise, dose-dependent decrease in eGFR, with larger 

decreases in eGFR for more severe hydronephrosis. Prior studies assessing the association 

between eGFR and hydronephrosis among patients with SB are limited, but their results are 

consistent. A study of 40 patients (mean age 10.8 years) with neurogenic bladder noted a 

significant association between hydronephrosis and lower eGFR, calculated using Cys-C-

only equations.20 A recent conference abstract examined 95 patients with SB (mean age 3 

years) and found a significant association between hydronephrosis and creatinine-based 

eGFR <70 mL/min/1.73m2.21

Perhaps in recognition of the biologic plausibility and the significant associations found 

between hydronephrosis and impaired kidney function, imaging-based surveillance for CKD 

is espoused by guidelines on management of neurogenic bladder.5, 22–27 Most guidelines 

recommend periodic kidney imaging from every 6 months23 for high-risk patients to every 3 

years for adults with SB.27 Some guidelines completely omit routine laboratory testing27 

and rely only on routine kidney imaging.

These imaging-only guidelines, however, are potentially misleading given our main findings, 

especially if RUS is used primarily for detection of hydronephrosis. As an ideal screening 

test should have close to 100% sensitivity, and should detect an early-enough phase of 

disease when intervention has maximal benefit, hydronephrosis does not meet these criteria. 

We found that, across all patients, any hydronephrosis had 23–48% sensitivity, and high-

grade hydronephrosis 4–15% sensitivity, in children for detecting eGFR<90 mL/min/

1.73m2. Even after excluding small kidneys and scarring, high-grade hydronephrosis still 

had poor sensitivity (3–17%) for detecting eGFR<90 mL/min/1.73m2. Although with very 

wide 95% confidence intervals due to few individuals with advanced CKD in our study 

sample, the sensitivities of hydronephrosis were higher for eGFR<60 mL/min/1.73m2. 

However, in this eGFR range, CKD is already advanced, suggesting that hydronephrosis 
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alone as a screening tool may not detect CKD progression until kidney dysfunction is 

already moderate-to-severe and therefore possibly more irreversible. We did find higher 

sensitivities among adults compared to children, which may reflect more of systematic 

differences in performance of eGFR equations by using adult equations instead of pediatric 

equations,28 though more research is required. Notably, and as can be expected, specificity 

for low eGFR did increase with high-grade hydronephrosis compared to any hydronephrosis, 

meaning finding high-grade hydronephrosis can be useful for ruling in patients with low 

eGFR.

Given the pathophysiology of how bladder dysfunction affects kidney health, we 

hypothesize that low eGFR can occur without hydronephrosis through three potential 

mechanisms. First, hydronephrosis may be transient and reflect bladder filling. It is possible 

that true, chronic hydronephrosis is rare, particularly given the added likelihood that an 

intervention is performed for hydronephrosis before the next RUS, such as instituting clean 

intermittent bladder catheterization. Second, low eGFR may reflect injured nephrons that 

resulted from another cause, such as kidney scarring or small kidneys, which can be seen on 

RUS. Unfortunately, RUS has poor sensitivity for renal scarring compared to DMSA scans.
29 However, after excluding small kidneys and scarring, we still found very poor sensitivity 

(3–17%) for high-grade hydronephrosis among children. Third, low eGFR may result from 

chronic bladder pressures that are elevated enough to injure nephrons but not high enough to 

cause gross hydronephrosis. Future linkage of urodynamic data is needed to confirm this 

hypothesis.

Our study has limitations. We acknowledge the limitations of contemporary pediatric eGFR 

estimating equations. We and others have shown that pediatric eGFR estimating equations, 

which were mostly derived in children without SB and may have less accuracy at higher 

eGFR values, have high variability and unreliability when applied to children with SB.4 The 

list of eGFR equations is not exhaustive and no measured GFR is available as a gold 

standard. As such, the possibility exists that current eGFR equations and hydronephrosis are 

both poor assessment tools for kidney function in patients with SB. The study design is 

retrospective in nature, meaning selection biases and unmeasured confounding are possible. 

We did not have a high number of patients with hydronephrosis, which precluded adjustment 

for multiple covariates. RUS results were not read by a centralized, blinded radiologist. The 

RUS findings are not exhaustive for each patient and were selected based on temporal timing 

with laboratory testing for eGFR data. Clinical interventions between clinic visits were not 

captured. Lastly, our study is based on a single institution, limiting potential generalizability 

to other SB clinics.

Despite these limitations, our study also has certain strengths. We present a large study 

population of children and adults with creatinine and Cys-C data and contemporaneous RUS 

findings. We included all commonly-used pediatric and adult equations espoused by the 

National Kidney Foundation and equations that may be more applicable to the SB 

population, such as the modified Zappitelli equation. The included equations cover 

creatinine-only, Cys-C-only, and combination equations. We performed a sensitivity analysis 

that excluded small kidneys and kidney scarring. Lastly, our study population had cohort 
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characteristics similar to that of the multi-institutional National Spina Bifida Patient 

Registry.30

In conclusion, we showed that a large proportion of patients with SB, particularly children, 

may have impaired kidney function without hydronephrosis on RUS. Hydronephrosis was 

associated with low eGFR, but even high-grade hydronephrosis had poor sensitivity (4–

15%) in children to detect low Cys-C-based eGFR<90 mL/min/1.73m2. Even after 

excluding small kidneys and scarring, high-grade hydronephrosis continued to have poor 

sensitivity (3–17%). We recommend adherence to clinical guidelines that more explicitly 

recommend routine laboratory testing in addition to routine imaging for patients with SB. 

Current CKD detection tools used in routine screening are unreliable in patients with SB, 

and better tools are needed. Until newer, SB-specific, and more accurate eGFR estimating 

equations or tools are developed, we recommend adding a screening Cys-C-based eGFR to 

screening RUS or using gold-standard methods to determine true GFR.
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Table 1.

Overall cohort and kidney characteristics on ultrasound by age group.

Characteristic Pediatric group (n=176) Adult group (n=71)

Age, years, median (IQR) 10.4 (6.8, 14.1) 21.8 (19.9, 23.6)

Female sex, n (%) 102 (58%) 40 (56%)

Non-ambulatory, n (%) 56 (32%) 23 (32%)

Spina Bifida type, n (%)

 Myelomeningocele 141 (80%) 59 (83%)

 Non-myelomeningocele 36 (20%) 12 (17%)

Dependent on CIC, n (%) 143 (81%) 63 (89%)

Prior bladder augmentation, n (%) 34 (19%) 10 (14%)

Hydronephrosis grade, n (%)

 None 141 (80%) 53 (75%)

 Low-grade (SFU Grade 1–2) 29 (16%) 12 (17%)

 High-grade (SFU Grade 3–4) 6 (3%) 6 (8%)

Kidney size, n (%)*

 Unilateral small 19 (11%) 10 (14%)

 Bilateral small 4 (2%) 1 (1%)

Kidney scar on ultrasound, n (%)

 Unilateral scar 11 (6%) 6 (8%)

 Bilateral scar 1 (1%) 3 (4%)

IQR = interquartile range; CIC = clean intermittent catheterization; SFU = Society for Fetal Urology

*
n=4 patients (3 pediatric, 1 adult) with horseshoe kidneys precluding kidney size measurements were excluded; small kidney was defined as <2 

standard deviations below mean kidney length for age.
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Table 3.

Associations between three-level hydronephrosis status (i.e., none, low-grade, high-grade hydronephrosis) and 

eGFR, assessed using multivariable linear regression models, adjusted for small kidneys and kidney scarring 

(n=4 with horseshoe kidneys precluding measurement of kidney size were excluded).

Equation name Cr, CysC, or both No. Patients High-grade or low-grade hydronephrosis 
(vs none) beta (95% CI) (mL/min/1.73m2)

Pediatric (n=173)

Schwartz Cr 6 High-grade −53 (−89, −16)

28 Low-grade −10 (−29, 9)

Schwartz CysC 6 High-grade −25 (−40, −10)

28 Low-grade −12 (−20, −4)

CKiD Cr + CysC 6 High-grade −38 (−55, −23)

28 Low-grade −12 (−20, −4)

Zappitelli Cr + CysC 6 High-grade −17 (−33, −2)

28 Low-grade −7 (−15, 0.8)

Adult (n=70)

CKD-EPI Cr 5 High-grade −20 (−39, −1)

12 Low-grade −9 (−22, 4)

CKD-EPI CysC 5 High-grade −22 (−40, −4)

12 Low-grade −4 (−17, 8)

CKD-EPI Cr + CysC 5 High-grade −23 (−41, −4)

12 Low-grade −6 (−20, 7)

Cr = creatinine; CysC = cystatin-C; CKiD = Chronic Kidney Disease in Children cohort; CKD-EPI = Chronic Kidney Disease Epidemiology 
cohort; IQR = interquartile range; eGFR = estimated glomerular filtration rate; CI = confidence interval
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Table 4.

Diagnostic test characteristics of any hydronephrosis identifying eGFR<90 mL/min/1.73m2 and eGFR<60 

mL/min/1.73m2 with 95% Confidence Intervals.

Equation name Cr, Cys-C, or both Sensitivity Specificity PPV NPV

For eGFR <90 mL/min/1.73m2

Pediatric (n=176)

Schwartz Cr 62% (24–91) 82% (75–88) 14% (5–30) 98% (94–100)

Schwartz Cys-C 29% (20–39) 93% (85–98) 86% (70–95) 48% (39–56)

CKiD Cr + Cys-C 48% (29–68) 85% (79–91) 37% (21–55) 90% (84–94)

Zappitelli Cr + Cys-C 23% (16–32) 87% (76–95) 80% (63–92) 34% (26–42)

Adult (n=71)

CKD-EPI Cr 100% (16–100) 77% (65–86) 11% (1–35) 100% (93–100)

CKD-EPI Cys-C 55% (23–83) 80% (68–89) 33% (13–59) 91% (79–97)

CKD-EPI Cr + Cys-C 75% (19–99) 78% (66–87) 17% (4–41) 98% (90–100)

For eGFR <60 mL/min/1.73m2

Pediatric (n=176)

Schwartz Cr 100% (16–100) 81% (74–87) 6% (1–19) 100% (97–100)

Schwartz Cys-C 100% (59–100) 83% (77–89) 20% (8–37) 100% (97–100)

CKiD Cr + Cys-C 100% (29–100) 82% (75–87) 9% (2–23) 100% (97–100)

Zappitelli Cr + Cys-C 53% (28–77) 84% (77–89) 26% (12–43) 94% (89–98)

Adult (n=71)

CKD-EPI Cr * 75% (63–84) 0% (0–19) 100% (93–100)

CKD-EPI Cys-C 100% (16–100) 77% (65–86) 11% (1–35) 100% (93–100)

CKD-EPI Cr + Cys-C 100% (2–100) 76% (64–85) 6% (0–27) 100% (93–100)

*
not able to calculate

Cr = creatinine; Cys-C = cystatin-C; CKiD = Chronic Kidney Disease in Children cohort; CKD-EPI = Chronic Kidney Disease Epidemiology 
cohort; eGFR = estimated glomerular filtration rate; CI = confidence interval; PPV = positive predictive value; NPV = negative predictive value
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Table 5.

Diagnostic test characteristics of high-grade hydronephrosis (compared to no or low-grade hydronephrosis) 

identifying eGFR<90 mL/min/1.73m2 and eGFR<60 mL/min/1.73m2 with 95% Confidence Intervals.

Equation name Cr, Cys-C, or both Sensitivity Specificity PPV NPV

For eGFR <90 mL/min/1.73m2

Pediatric (n=176)

Schwartz Cr 25% (3–65) 98% (94–99) 33% (4–78) 96% (92–99)

Schwartz Cys-C 6% (2–12) 100% (95–100) 100% (54–100) 42% (35–50)

CKiD Cr + Cys-C 15% (4–34) 99% (95–100) 67% (22–96) 86% (80–91)

Zappitelli Cr + Cys-C 4% (1–9) 98% (90–100) 83% (36–100) 32% (25–39)

Adult (n=71)

CKD-EPI Cr 50% (1–99) 93% (84–98) 17% (0–64) 98% (92–100)

CKD-EPI Cys-C 27% (6–61) 95% (86–99) 50% (12–88) 88% (77–95)

CKD-EPI Cr + Cys-C 50% (7–93) 94% (85–98) 33% (4–78) 97% (89–100)

For eGFR <60 mL/min/1.73m2

Pediatric (n=176)

Schwartz Cr 50% (1–99) 97% (93–99) 17% (0–64) 99% (97–100)

Schwartz Cys-C 43% (10–82) 98% (95–100) 50% (12–88) 98% (94–99)

CKiD Cr + Cys-C 67% (9–99) 98% (94–99) 33% (4–78) 99% (97–100)

Zappitelli Cr + Cys-C 12% (1–36) 97% (94–99) 33% (4–78) 91% (86–95)

Adult (n=71)

CKD-EPI Cr * 92% (83–97) 0% (0–46) 100% (94–100)

CKD-EPI Cys-C 50% (1–99) 93% (84–98) 17% (0–64) 98% (92–100)

CKD-EPI Cr + Cys-C 0% (0–97) 91% (82–97) 0% (0–46) 98% (92–100)

*
not able to calculate

Cr = creatinine; Cys-C = cystatin-C; CKiD = Chronic Kidney Disease in Children cohort; CKD-EPI = Chronic Kidney Disease Epidemiology 
cohort; eGFR = estimated glomerular filtration rate; CI = confidence interval; PPV = positive predictive value; NPV = negative predictive value

J Urol. Author manuscript; available in PMC 2022 April 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Chu et al. Page 15

Table 6.

Diagnostic test characteristics of high-grade hydronephrosis (compared to no or low-grade hydronephrosis) 

identifying eGFR<90 mL/min/1.73m2 and eGFR<60 mL/min/1.73m2 with 95% Confidence Intervals, 

excluding patients with small kidneys or with kidney scarring on ultrasound.

Equation name Cr, Cys-C, or both Sensitivity Specificity PPV NPV

For eGFR <90 mL/min/1.73m2

Pediatric (n=142)

Schwartz Cr 33% (1–91) 99% (95–100) 33% (1–91) 99% (95–100)

Schwartz Cys-C 4% (1–11) 100% (94–100) 100% (29–100) 46% (38–55)

CKiD Cr + Cys-C 17% (2–48) 99% (96–100) 67% (9–99) 93% (87–96)

Zappitelli Cr + Cys-C 3% (1–9) 100% (92–100) 100% (29–100) 33% (25–42)

Adult (n=53)

CKD-EPI Cr 100% (2–100) 94% (84–99) 25% (1–81) 100% (93–100)

CKD-EPI Cys-C 40% (5–85) 96% (86–99) 50% (7–93) 94% (83–99)

CKD-EPI Cr + Cys-C 100% (16–100) 96% (87–100) 50% (7–93) 100% (93–100)

For eGFR <60 mL/min/1.73m2

Pediatric (n=142)

Schwartz Cr 0% (0–97) 98% (94–100) 0% (0–71) 99% (96–100)

Schwartz Cys-C 50% (1–99) 99% (95–100) 33% (1–91) 99% (96–100)

CKiD Cr + Cys-C 50% (1–99) 99% (95–100) 33% (1–91) 99% (96–100)

Zappitelli Cr + Cys-C 9% (0–41) 98% (95–100) 33% (1–91) 93% (87–96)

Adult (n=53)

CKD-EPI Cr * 92% (82–98) 0% (0–60) 100% (93–100)

CKD-EPI Cys-C 100% (2–100) 94% (84–99) 25% (1–81) 100% (93–100)

CKD-EPI Cr + Cys-C * 92% (82–98) 0% (0–60) 100% (93–100)

*
not able to calculate

Cr = creatinine; Cys-C = cystatin-C; CKiD = Chronic Kidney Disease in Children cohort; CKD-EPI = Chronic Kidney Disease Epidemiology 
cohort; eGFR = estimated glomerular filtration rate; CI = confidence interval; PPV = positive predictive value; NPV = negative predictive value
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