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OBJECTIVE To investigate the role of albuminuria as a clinical marker of early renal disease in children with
neurogenic bladder (NGB) in association with commonly used predictors of renal risk.
Catheterized urine was obtained from 40 patients with NGB at a tertiary pediatric hospital. Albu-
min-to-creatinine ratio (ACR) was analyzed for associations with estimated glomerular filtration
rate, vesicoureteral reflux, hydronephrosis, bladder dynamics, and renal scarring.

About 32% (13/40) of NGB patients had elevated ACR (>30 mg/g. Elevated ACR was associated
with Caucasian race, clean intermittent catheterization, hydronephrosis, and vesicoureteral reflux
on univariate analysis. In multivariable analysis, presence of vesicoureteral reflux and use of anti-
cholinergic medication were significant predictors of ACR elevation.

Albuminuria is an established clinical predictor of renal disease and risk for progression to renal
failure. The presence of albuminuria in NGB patients with urinary tract abnormalities suggests
these patients may be at increased risk for progressive renal disease. This supports the clinical util-

ity of adding ACR to the evaluation of renal risk in pediatric NGB. UROLOGY 133: 199—203,
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eurogenic bladder (NGB) is caused by abnormal

innervation to the bladder due to a congenital or

acquired neurologic lesion. Neural tube defects,
such as myelomeningocele (MMC), are the most common
pediatric cause of NGB.! Patients with NGB experience
kidney injury due to impaired bladder storage and empty-
ing, which leads to increased intravesical pressure, second-
ary vesicoureteral reflux (VUR), hydronephrosis (HN),
and increased susceptibility to urinary tract infection.
Consequently, patients with NGB experience greater risk
of chronic kidney disease (CKD) and end-stage renal
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disease than the general population.”” Renal failure is a
leading cause of morbidity and mortality in adult and
pediatric patients with MMC,"” with up to 30% of MMC
children having renal scarring, poor renal growth, or
reduced renal function.’

Due to the increasing risk of renal dysfunction with age,
medical, and surgical management of pediatric NGB pri-
marily focuses on preservation of renal function.’ Current
screening modalities consist of imaging tests, such as void-
ing cystourethrogram and renal ultrasound (RUS); and
bladder function tests, such as urodynamic study (UDS).
UDS can be imprecise and difficult to interpret in the
pediatric population.”” RUS is capable of identifying
upper urinary tract abnormalities, but nonspecific for blad-
der dysfunction or cause of HN. Moreover, the available
methods to determine the need for intervention and
potential risk of developing renal damage are currently
limited. Renal scarring and elevated serum creatinine are
late markers of disease and are often irreversible at the
time of discovery. Noninvasive, early markers of renal dis-
ease would allow for increased surveillance and earlier
intervention to preserve long-term renal function.

Elevated urinary albumin-to-creatinine ratio (ACR
>30 mg/g) is an established marker of glomerular injury in
patients with CKD,'%!? but its role in the pediatric popu-
lation of patients with NGB is unknown. We therefore
performed a pilot study to evaluate ACR in children with
NGB. We hypothesized that elevated ACR would
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associate with clinical findings known to increase the risk
of renal disease, such as structural renal abnormalities
(scarring, HN, or VUR), abnormal bladder dynamics, and

alterations in glomerular filtration rate (GFR).

METHODS

Subject recruitment: This study was approved by the Institutional
Review Board of Nationwide Children’s Hospital (NCH), and
patients/families were recruited with informed consent and
assent.

The study group consisted of children with NGB 3-21 years of
age undergoing UDS or RUS at a tertiary care pediatric hospital.
Samples were collected from 12/2015 to 1/2018. Patients were
recruited at the time of UDS for a diagnosis of NGB of any
cause. Additional patients were recruited at the time of RUS
obtained for routine monitoring in a multispecialty MMC
Clinic. All children with NGB were catheterization-dependent.
Urine samples were collected by catheterization at time of UDS
or RUS. Patients were excluded if they required chronic dialysis,
had a renal transplant, bladder augmentation, or urinary tract
infection; or if cystatin C, UDS, or RUS were not performed
within a year of urine collection. Urine was collected as a ran-
dom sample in a sterile container and then processed as discussed
below. Information on medications, renal function testing, and
results of most recent imaging studies and UDS was collected via
review of electronic medical record.

One hundred and forty-seven patients were approached to
participate in this study. Thirty-two patients were removed from
analysis due to age >21 years or <3 years. Forty-two were
removed due to lack of cystatin C measurement. Sixteen were
removed due to incomplete data (no RUS, VUDS, voiding cys-
tourethrogram, or cystatin C within 1 year of urine collection).
Thirteen patients were removed due to augmented bladder. One
patient was removed due to no radiographic evidence of underly-
ing neurologic lesion. Three samples were removed from final
analysis due to undetectable urine creatinine levels, as this pre-
vented the calculation of ACR.

Unrine processing and analysis for ACR: Urine for albumin mea-
surement was placed in Assay Assure medium (Sierra Molecular
Corporation, Incline Village, NV) prior to processing. Samples
were centrifuged at 4°C at 750 g for 8 minutes, and supernatant
was centrifuged again at 3000 rpm for 5 minutes to remove cellu-
lar debris. The supernatant was aliquoted and stored at —80°C
until analysis. Urine albumin and creatinine was measured by
the Cincinnati Children’s Hospital Biomarker Laboratory.

Analysis of clinical parameters within the NGB cohort: Estimated
GEFR was calculated using the Chronic Kidney Disease in Children
Study Cystatin C-based GFR equation (70.69 x (cysC)~%%*1)
for children <18 years old and CKD-EPI cystatin C equation
(133 x min(cysC/0.8,1) ™% x max(cysC/0.8,1)7 13?8 x 0.996¢
[if female] x 0.932) for patients >18 years old."”'® These Cystatin
C only equations were used due to more accurate estimate of GFR
independent of height and muscle mass."’

Urodynamic results were classified as Normal, Safe, Interme-
diate, or Hostile using parameters defined by the Center for Dis-
ease Control Urologic and Renal Protocol for Newborn and
Young Child with Spina Bifida'’ as interpreted by the clinical
urologist at our institution. RUSs were reviewed for presence
and grade of HN and renal scarring as interpreted by the clinical
radiologist.

Statistical analysis: Univariate associations between indepen-
dent variables and the outcome measures (ACR and GFR) were
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assessed using Mann-Whitney tests for categorical data and
Spearman correlations for continuous data. Separate regression
analysis was assessed for the 2 outcome measures. Stepwise for-
ward regression was applied to select independent variables that
were used to generate the final model. At each step, Akaike’s
information criterion was calculated to decide whether the vari-
able with the smallest effect should be dropped from the model.
ACR was log transformed due to skewness of the data. All analy-
ses were conducted using SAS 9.4 (SAS Institute, Cary, NC).
Significance was determined by a P value of <.05.

RESULTS

Our study population consisted of 40 children with NGB, mostly
as a consequence of MMC (Table 1). A minority of patients had
acquired or other congenital causes of NGB with a confirmed
CNS lesion. Six patients (15%) had mild to moderate renal
insufficiency (GFR 30-90 mL/min/1.73 m?). None had severe
renal insufficiency (GFR <30 mL/min/1.73 m?). Six patients
(15%) had any element of HN: 2 with bilateral Society for Fetal
Urology (SFU) grade 3, 2 with unilateral SFU grade 2; 1 with
bilateral SFU grade 1; and 1 with unilateral SFU grade 1. Three
patients (7%) had both HN and VUR.

Among the study subjects, 11 (27%) had moderately increased
ACR (30-300 mg/g) and 2 (5%) had severely increased ACR
(>300 mg/g). None of the study participants had been prescribed
renin-angiotensin system (RAS) blockade (ie, angiotensin con-
verting enzyme inhibitor or angiotensin AT(1)-receptor antago-
nist). Of the NGB patients with moderate to severely increased
ACR, only 3 had reduced GFR (43-87 mL/min/1.73 m?), and 2
had increased GFR (>120 mL/min/1.73 m?).

We next sought to identify associations between demographic
factors, known markers of renal risk in NGB patients, and altera-
tions in ACR. ACR was significantly associated with HN, active
VUR, MMC, Caucasian race, and requirement for clean, inter-
mittent catheterization (CIC) on univariate analysis (Table 2).
The association of ACR with VUR and MMC remained signifi-
cant in the multivariable model but the association with HN,
CIC, and Caucasian race was lost (Table 3). On multivariable
regression analysis, increased ACR was associated with the pres-
ence of VUR and use of anticholinergic medication (ACH).
MMC diagnosis was independently associated with decreased
ACR compared to other causes of NGB (Table 3). We did eval-
uate for the interaction of presence of active VUR and HN on
determining ACR, but did not find this was significant in either
univariate or multivariate analysis. There were only 3 subjects to
which this applied and thus the power to detect such an interac-
tion may help explain our findings.

We also evaluated associations between demographic and
clinical predictor variables and GFR in NGB patients. In this
analysis, only HN was found to be independently predictive of
decreased GFR (Tables 2 and 4).

DISCUSSION

This pilot study is provocative in that we found that a
third of NGB patients being managed at our institution
had an abnormal ACR. Additionally, NGB patients with
elevated ACR were more likely to have HN and VUR on
univariate analysis. The association between elevated
ACR and VUR was preserved on multivariable analysis.
HN and VUR are frequently used as clinical markers to
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Table 1. Subject demographic data

Study Population

Sample size (n) 40
Age (y)
Mean 10.8
Median (IQR) 8(5.8,13.4)
Sex (%)
Male 9(22)
Female 31(78)
Cause of NGB

Myelodysplasia 28

Tethered cord 4

Spinal cord injury 3

Cerebral palsy 2

Transverse myelitis 2

Sacrococcygeal teratoma 1

Urologic surgery (%)

Mitrofanoff 4 (10)

Ureteral reimplantation (bilateral) 3(8)

Intradetrusor botulinum toxin 2 (5)

Sacral nerve neuromodulation 1(3)

CKD Stage (GFR = mL/min/1.73m?) (%)

1 Normal GFR (GFR >90) 34 (85)

2 Mild (GFR 60-89) 5(13)

3 Moderate (GFR 30-59) 1(2)

CIC (%)
+ 36 (90)
— 4 (10)
Hydronephrosis (%)

Present 6 (15)
SFU grade 1 (unilateral) 1
SFU grade 1 (bilateral) 1
SFU grade 2 (unilateral) 2
SFU grade 3 (bilateral) 2

Absent 34 (85)

Video urodynamic study (VUDS) (%)

Safe 19 (47)

Intermediate 14 (35)

Hostile 7 (18)

Renal scarring (%)
Present 2 (5)
Absent 38 (95)
Vesicoureteral reflux (%)

Present 11 (28)
Grade 1 4
Grade 2 2
Grade 3 5

Absent 29 (72)

Anticholinergic use (%)
Yes 13 (32)
No 27 (68)

assess for risk of renal deterioration. Presence of HN trig-
gers further clinical investigation or even prompts a
change in management.

Our data also suggest that presence of HN is signifi-
cantly associated with reduced GFR, which has not been
previously described in patients with NGB. These findings
suggest that despite normal GFR in the majority of pediat-
ric NGB patients, they may be at elevated risk for progres-
sive renal disease based on increased ACR. Thus
measuring GFR alone may provide a false sense of secu-
rity, and addition of routine albuminuria screening may
prove useful in early identification of patients with
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unrecognized CKD. Early recognition of CKD allows for
prompt evaluation and treatment of sequelae of CKD
such as hypertension, anemia, bone disease, and growth
failure.

The overall prevalence of end-stage renal disease due to
NGB in childhood has been reduced by modern advances
in medical and surgical management, as well as institution
of CIC."®" CIC was associated with increased ACR on
univariate analysis, and multivariable analysis identified
an association between ACH use and ACR. Small patient
numbers limit the interpretation of these findings in this
pilot study. CIC and ACH are often prescribed in NGB
patients in an effort to limit renal and bladder injury, and
we speculate that increased ACR is an early reflection of
occult renal injury in such patients.

Renal failure should be preventable in children with
NGB with aggressive bladder management and detection
of early CKD. Standard, creatinine-based pediatric GFR
equations overestimate true renal function in nonambula-
tory children due to their low muscle mass and atypical
anthropometric measurements.'”’ To combat this issue
in our study, we use an estimated GFR calculation using
cystatin C alone. Stage 1 CKD is defined in standard prac-
tice guidelines as a normal GFR with any structural abnor-
mality of the urinary tract, known renal insult, or
abnormality of the urinary sediment.'” Based on this defi-
nition, 40% of children in our cohort would classify as
stage 1 CKD based on the presence of albuminuria and/or
structural urinary tract abnormality. Any degree of CKD
places patients at risk for progression of renal insufficiency,
particularly in the presence of albuminuria.”’ Albumin-
uria is often present in the setting of increased or normal
GFR before apparent reductions in GFR, making the
ACR an ideal screening tool for identification of occult
renal injury.

Albuminuria is an established prognostic indicator for
progression of CKD, cardiovascular, and all-cause mortal-
ity in patients with CKD.”' The etiology of albuminuria
in NGB patients likely varies. Potential causes include
glomerular hyperfiltration as a consequence of reduced
nephron mass; direct glomerular injury; or proximal tubu-
lar injury.”” Patients with NGB may have reduced neph-
ron mass as a consequence of acquired renal scars due to
pyelonephritis or high-grade VUR, which increases their
risk for glomerular hyperfiltration and secondary focal and
segmental glomerulosclerosis.”’

Our study adds to the current literature by specifically
analyzing the relationship between albuminuria and com-
monly used clinical studies in patients with NGB. We
found that ACR was elevated in NGB patients, despite
the majority showing normal GFR. Thus elevated ACR
may predict patients with occult renal damage before
apparent reduction in GFR and identify children at higher
risk for progression of CKD. RAS blockade is known to
reduce albumin excretion in the urine and is recom-
mended in the treatment of albuminuria.”* Current guide-
lines suggest checking urinary ACR vyearly in all patients
with CKD and recommend treatment with RAS blockade
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Table 2. Univariate associations of ACR and GFR with NGB patient characteristics

GFR mL/min/1.732%: Median (IQR) P Value ACR mg/g: Median (IQR) P Value
Male (n =9) 113.74 (98.53, 134.78) 22.07 (19.61, 114.85)
Female (n=31) 98.53(98.53, 113.74) .37 19.62 (9.81, 37.45) .16
Caucasian (n=32) 98.54 (98.54, 113.74) 23.29 (16.42, 67.65)
Other Race (n=8) 113.74 (98.54, 124.26) .36 9.06 (7.99, 18.75) .003
MMC (n =28) 113.74 (98.54, 113.74) .19 19.58 (10.71, 28.92) .05
Other NGB (n=12) 98.54 (87.02, 133.39) 34.85 (18.55, 139.50)
HN+(n=6) 92.77 (87.02, 98.54) 45.17 (32.26,172.86)
HN — (n=34) 113.74 (98.54, 113.74) .004 19.61 (11.98, 29.66) .02
Scarring + (n = 38) 106.14 (98.54, 113.74) 20.28 (12.65, 38.06)
Scarring — (n=2) 106.14 (98.54, 113.74) .94 15.05 (9.82, 20.28) .46
VUDS
Safe (n=19) 98.54 (98.54,113.74) 20.77 (15.36, 38.06)
Intermediate (n =14) 113.74 (98.54, 113.74) 18.97 (9.82, 28.19)
Hostile (n=7) 98.54 (87.02,134.78) .70 22.92(15.21, 139.53) .56
VUR
Present (n=11) 98.54 (98.54,113.74) .67 38.06 (19.63, 172.86) .02
Absent (n =29) 113.74 (98.54, 113.74) 19.36 (11.98, 28.19)
ACH + (n=26) 113.74 (98.54, 113.74) A1 21.42(15.21,114.85) A1
ACH — (n=14) 98.54 (87.01,113.74) 18.32(9.82, 22.92)
CIC + (n=36) 113.74 (98.54, 113.74) .26 21.42 (15.29, 46.85) .01
CIC—(n=4) 98.54 (92.78, 106.14) 8.66 (6.05, 14.24)
ACH, anticholinergic use.
Bolded values indicate statistical significance (p < 0.05).
Table 3. Regression analysis of ACR
Variable Univariate Coeff. (95% Cl) P Value Multivariable Adjusted Coeff. (95% Cl) P Value
Male 0.19 (—0.19, 0.58) .30 0.29 (—0.02, 0.59) .06
Caucasian 0.47 (0.09, 0.85) .01
MMC —0.42 (—0.75, —0.09) .01 —0.47 (—0.75, —0.19) .001
ACH 0.30 (—0.03, 0.63) .07 0.31(0.04, 0.59) .02
CIC 0.55 (0.04, 1.07) .03
Hydro 0.49 (0.06, 0.92) .03
VUDS 0.03 (—0.19, 0.25) .79
VUR 0.48 (0.14,0.81) .006 0.45(0.17,0.74) .003
Hydro*VUR 0.33(-0.49,1.17) 42
Bolded values indicate statistical significance (p < 0.05).
Table 4. Regression analysis of GFR
Variable Univariate Coeff. (95% CI) P Value Multivariable Adjusted Coeff. (95% Cl) P Value
Male 7.77 (—6.96, 22.51) .29
Caucasian —7.39(—22.82, 8.03) .34
MMC 8.12 (—5.24,21.49) .23
ACH 5.95(—7.00, 18.89) .36
CIC 8.80 (—11.81, 29.43) .39
Hydro —25.79(—41.09, —10.48) .002 —25.79(—41.09, —10.48) .002
VUDS —3.16(—11.44,5.12) 44
VUR —5.78 (—19.64, 8.08) .40
Hydro*VUR —11.58 (—43.74, 20.57) 47

Bolded values indicate statistical significance (p < 0.05).

if ACR is >300 mg/g, or if >30 mg/g in the setting of hyper-
tension.' Our study suggests that certain pediatric patients
with NGB may benefit from RAS initiation to reduce ACR
and prevent CKD progression. Additionally, we identified
significant associations between reduced GFR and presence
of HN, as well as the presence of VUR and increased albu-
minuria. Further studies are warranted to evaluate the pre-
dictive value of these and other radiologic findings in
identifying patients with reduced GFR, albuminuria, and
progressive CKD in the NGB population.
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Qur study is limited by a small sample size and its cross
sectional nature. This limited analysis stratified by grade
of HN and VUR. Ideally, we would have compared vary-
ing SFU grade HN and high-grade vs low-grade VUR.
We also acknowledge the poor sensitivity of RUS for
renal scarring. As a pilot study, however, we feel the infor-
mation it lends is important and dictates planning future
studies. Prospective data on urine ACR and long term
outcomes are needed to truly validate ACR as a marker of
renal disease in the NGB population. Additionally, urine
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was collected as a random daytime sample and frozen prior
to analysis, as opposed to a fresh, first morning collection.
However, CKD guidelines do not recommend a timed
morning collection to screen patients for albuminuria,
making our method generalizable to the typical clinical
collection. In further prospective studies, first morning
spot urine sampling or 24 hour urine collections could fur-
ther validate our findings. Furthermore, studies assessing
the effect of freezing and thawing urine samples for albu-
min measurement actually show that albumin may be
underestimated in frozen samples,”” further strengthening
our results and even implying our results may be an under-
estimation of albuminuria in children with NGB. Addi-
tionally, patients with surgically augmented bladders were
excluded to avoid confounding factors in this study, but
should be evaluated in the future given their higher risk
for renal disease.

CONCLUSION

In this pilot study, elevated levels of urinary albumin were
identified in a group of pediatric patients with NGB
despite the majority having normal estimated GFR. This
suggests that occult renal damage may occur in some
patients and may provide an opportunity to identify indi-
viduals who may benefit from early RAS initiation or
closer clinical surveillance. HN and VUR were associated
with increased ACR, strengthening their association with
risk for renal deterioration. Additionally, HN correlated
with lower GFR in children with NGB, suggesting a com-
bination of albuminuria and radiographic measures may
more accurately risk stratify these patients
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