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Voiding Dysfunction in Children:

Understanding its neurological underpinnings and

potential Therapeutic Approaches.

Israel Franco, MD
Adjunct Professor of Clinical Urology
Yale School of Medicine
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Goal:

« To understand the strong association between neuropsychiatric disorders

and Lower Urinary Tract Symptoms (LUTS) in children.

« Advocate for a holistic, neurobiologically informed approach to diagnosis and

management, recognizing LUTS as manifestations of broader
neurodevelopmental vulnerabilities.
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What is necessary to achieve continence: Milestones

Ability to override primitive reflexes

1- 2 years: conscious sensation bladder
2 - 3 years: ability to

* stop urination at any time

— completely empty the bladder

— void at any bladder volume

4 years +/-: able to become dry at night

« T storage/ T urine concentration / T arousal
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Epidemiology

* most girls are toilet trained by age 2 - 2.5 yo
* most boys are toilet trained at 2.5 - 3.0 years old.2 3

* the age for attaining bladder and bowel continence, however, is
variable.

» reference point for LUT symptoms is > 5 years of age
« reference point for stool continence is > 4 years old

4/30/2026

The Micturition Cycle (adolescent)

60
o Bladder emptying
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T Bladder relaxation
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§ % ) . Detrusor
[ Flrst‘deslre contraction
D= 15 to void
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Bladder filling
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Urinary incontinence: Anatomic

o » Continuous incontinence refers to constant
Y urine leakage resulting from congenital
malformations:
— ectopic ureter
— exstrophy variant

- — functional loss of the external urethral sphincter
& function
\ « Bilateral ectopic ureters

« external sphincterotomy
* iatrogenic causes
— vesico-vaginal fistula
— Urethral mobilization in UG sinus or cloaca surgery

4
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Epidemiology

+ Influences impacting bladder function and continence include the
developmental level of the child as well as behavioral disorders.

* Approximately 25% of 7-year old healthy children have mild to moderate
symptoms of LUT dysfunction

+ More significant LUT dysfunction such as daytime wetting occurs in 6% of girls
and 4% of boys.

77
WOCNext
§ i

4/30/2026

10

Co-morbidities with LUT Dysfunction

« UTI's

* Vesicoureteral Reflux (VUR)
+ Constipation

* Obesity

+ Neuropsychiatric disorders

11

Vesicocentric Ideology

« Bladder thought to be autonomous or reflexive

* Bladder size is too small

* Isolated de novo detrusor problems

« Bowel pushes up against the bladder and decreases
capacity

* Accidents are due to immaturity of the brain

12



The Brain and Micturition Control

» Why would children have
developmental delays in
micturition control without
exhibiting other motor
developmental problems?

» Why do pts with learning
disabilities and neuropsych
problems with no motor problems
exhibit voiding problems?

4/30/2026
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Jolnson, C., Heron, J., Butler, U, et al.: Pedlatrics, 117:

1575-84,2006

Jolnson, C., Heron, . At

al.:J Pedlatr Psychol, 33:739-50, 2008

deficit/hyperactivity disorder
HD),

11.4% for separation anxiety,

14

The With VoldingF ThelrParents

J. Labrle,* T. P.V. M. de Jong, A. Nleuwhof-Lepplnk, J. van der Deure, M. A, W. Vljverberg and C. H. van
derVaart

JUrol Vol. 183, 1887-1891, May 2010

Atotal of 173 cases and 98 controls

Statistically significantly more mothers of children with overactive bladder or dysfunctional voiding
reported having had similar symptoms in childhood than mothers of children without lower urinary tract
symptoms.

Overactive bladder symptoms of childhood persisted into adulthood.

No association between childhood dysfunctional voiding and adult i i was
noted.

Fathers of children with overactive bladder reported to have stopped bed-wetting at a significal
age than control fathers.

15



Are lower urinary tl

helr|
Arlane S, Sampalo, Luls Gustavo A, Fraga, Bruno A. Salomo, Jilla B. Olivelra, CamllaL. Selxas, Marla Lulza Velga,
José Murlllo B. Netto, Ubirajara Barroso

Journal of Pedlatric Urology, Volume 13, Issue 3, 2017,

Tabi

ndings of the study regarding the association between symptoms in mothers
and their children

Variable Caitd with Childwith Urinary  p- OR 95%CI
Incontinence Urgeney value
oo )
Motherincontineat 2 (252 om0 24 s
A0z
Mother incontinent 0 (@ 0000 23 143
360
Motherwithurinary 35 (229 0000 25 167-
urgeney 378
Mother with urinary s o4 om0 22 14t
wrgency

344
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Internalizing disorders

Major depression has a prevalence of 2-5%. The etiology is multifactorial with a
40-50% contribution of genetic factors.

— Symptoms include sadness, unhappiness, loss of enjoyment, lack of energy and
interest, negative thinking, and sleep and appetite problems.

Anxiety disorders affect 5% of children. The etiology is multifactorial, including
family, temperament, and 40% genetic factors.

+  Four subtypes predominate:

— separation anxiety disorder, characterized by fears associated with separation

— Generalized anxiety disorder with the main symptom of worrying
— social phobia avoidance of social situations ; (Selective Mutism)
— phobia a fear of objects.

17

Externalizing disorders

ADHD has a prevalence of 6% and a predominantly genetic etiology (70-80%)
— The main symptoms are inattention, hyperactivity, and impulsivity.

ODD is characterized by persistent hostile, provocative, and noncompliant
behavior and affects 2-5% of children.

The etiology is best explained by a gene-environment interaction, including a genetic
disposition and dysfunctional parenting practices.

18




DUI- Daytime Urinary Incontinence

+ In DUI, externalizing disorders clearly predominate.

« Ina population-based study of 8242 71/2-year-olds, children with DUl had
significantly increased rates of ADHD (24.8%), ODD (10.9%), and conduct
disorders (11.8%).

+ In another population-based study, 36.7% of children with urinary incontinence
had ADHD—in Comparison to 3.4% of dry children.

« Children with voiding postponement are at special risk, especially for ODD

4/30/2026
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Genetic Predisposition:

« Studies identify genetic
relationships, clustering around
genes associated with anxiety.

* Increased association of specific
gene findings in nocturnal
enuresis.

* Familial risk and twin studies
confirm genetic factors in urinary
incontinence.

20

Genetic Predisposition:

. Exploring the Genetic Risk of Childhood Daytime Urinary Incontinence: A Genome-Wide
Association Study. Breinbjerg, ., Jorgensen, C. S., Walters, G. B. et al.: J Urol, 212: 851-61, 2024
= Link with chromosome 6 with DUl in children
— Link with chromosome 20 with DUI with children
— Also showed correlation with ADHD and DUI

+ Identification of genetic loci associated with nocturnal enuresis: a genome-wide association
study Jorgensen, C. S., Horsdal, H. T., Rajagopal, V. M. et al... Lancet Child Adolesc Health, 5: 201-
09, 2021
—  Link with chromosome 6 with NE in children

)

@
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Genetic Predisposition: Chromosome 13

« Interstitial cystitis is associated with panic and anxiety disorders

*  Weissman located a source of genetic risk at marker D13S779 on chromosome 13

« Talati and Hamilton et al showed that patients with PD or social anxiety disorder had a 5-
fold increased incidence of IC, and that FDR of probands had an increased risk of all
comorbidities regardless of the specific disease of the proband.

* Associated in numerous studies with ne

Weissman MM, Gross R, Fyer A, Heiman CA, Gareroff MJ, Hodge SE et al and
Arch Gen Psychiatry 2004; 61: 273

Talati A, Ponniah K, Strug LJ, Hodge SE, Fyer AJ and Weissman MM 1 d
13. Biol Psy: ;63 594.

Hamilion SP, Fyer AJ, Durner M, Heiman GA, Baisre De Leon A, Hodge SE etal: Further fora
chromosome 13q. Proc Natl Acad Sci U'S A 2003; 1005 2550.

Breinbjerg A, Jorgensen CS, Borg B, Rittig S, Kamperis K, Christensen JH. The genetics of incontinence: A scoping review.
Clin Genet. 2023 Jul;104(1):22-62. doi: 10.1111/cge.14331. Epub 2023 Mar 27. PMID: 36973883,
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Epigenetic Influence (Stress Response):

« Impacts individual stress response; corticotropin-releasing factor modulates
bladder signals.

« Stressful life events can induce wetting episodes.

« Changes in methylation patterns in genes like NR3C1 (glucocorticoid
receptor) and FKBP5 (cortisol regulation).

« Stressed systems prone to adrenaline responses, affecting bladder function.

* Can be inherited from one generation to the next

Romens, S. E., McDonald, J., Svaren, J. et al.: Associations Between Early Life Stress and Gene Methylation in
Children. Child Dev, 2014

Wood, S. K., Baez, M. A., S. et al.: Social sti induced bladder dysfunction: potential
corticotropin-releasing factor. Am J Physiol Regul Integr Comp Physiol, 296: R1671-8, 2009
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Important Neural Anatomy

+  Insula +  Frontal Lobe +  Cingulate Gyrus - Parietal Lobe
+  (Rostral Middle) +  (Precuneus)
. Contributes to
—  Implicatedin «  Partially responsible conscious urgeand .+ Associated with interpretation
bladder for suppression of urgency suppression of internal cues (self-
urgency bladder contractions +  Controls bladder
perception neck opening and
andvolding relaxation of
awareness detrusor

24




The Syndrome Mix

— ADD, Resource for educators and parents:
Kids in the Syndrome Mix of ADHD, Ld,
- ADHD, Asperger's, Tourette's, Bipolar and More!: The
_ : One Stop Guide for Parents, Teachers and Other
Depression
’ Professionals
- Anx1ety Martin Kutcher and Tony Attwood
— Phobia
- OCD

— Oppositional/Defiant behavior
— Asperger’s syndrome

— Tourette’s syndrome

— Bipolar disease

4/30/2026
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Urgency

- isasocial emotion
strong motivation to void
fear of embarrassment

—  activates dACC
sympathetic motor cortex

~  and deactivates vmPFC
parasympathetic motor cortex /=

2 mechanisms to suppress voiding _ o suppress voiding reflex 2™
sympathetic and parasympathetic WCCNext
v :
26
Normal adults: responses to filling at
large bladder volume, strong desire to void
« Activated:
— insula
+ more strongly
- dACC
« still weak
« Deactivated:
— medial PFC
+ weak but consistent
orange/yellow =
activation .
blue/white = S
deactivation NPCNE)R.
P '
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Urge-incontinent adults: abnormal brain

responses
« urge-incontinent « normal
« strong dACC activation

— urgency — no urgency

orangelyellow = activation
blue/white = deactivation

4/30/2026
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Similarity of Autonomic Control, Urge, Bladder neck
Dysfunction

Brain. 2003 Oct:126(Pt 10):2139-52. Epub 2003 Jun /z g ~
Fo [+]
Human cingulate cortex and autonomic control: Wi
converging neuroimaging and clinical evidence.

-~

Critchley HD, etal

29

Wetting Without Sensory Awareness

There is weak or incomplete activation of the anterior cingulate
gyrus which is essential to inhibit the PMC via indirect pathways

30
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Cingulate, Frontal and Parietal Cortical Dysfunction in Attention-
Deficit/Hyperactivity Disorder

George Bush, M.D., M.M.Sc. Biol Psychiatry. 2011 June 15; 69(12): 1160-1167

Normal Controls

-
-
o N

Figure 2. The daMCC Shows Hypofunction in ADHD during Counting Straop
Dorsal anterior midcingulate cortex (daMCC) activated in healihy controls, but not in
subjects with ADHD, during the Counting Stroop (30)

(
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Cingulate, Frontal and Parietal Cortical Dysfunction in Attention-
Deficit/Hyperactivity Disorder

George Bush, M.D., M.M.Sc. Biol Psychiatry. 2011 June 15; 69(12): 1160-1167

Methylphenidate increases
daMCCand CFP activity In

Using the MSIT and fMRI in 21
adults with ADHD, Bush and

colleagues (24) showed that

at 6 weeks, daMCC activation

was higher in the group that

received methylphenidate (N =

11) than in the group that

received placebo (N = 10).

Similar results were observed

in

dorsolateral prefrontal cortex

(DLPFC), parietal cortex and

networked regions. C. "N

({ WocNext
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The Power of the Frontal Lobes
(ACG)

This patient was Rx with botulinum
Toxin A injections 3 times each time
PVR resolved epididymitis resolved

But he continued to wet

Forced parents to have child tested
for ADD

Rx for ADD started
No accidents
No Residual

No more botulinum Toxin A

l WeC
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THE DEFAULT MODE NETWORK
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What About The Other Dlagnosls DMN connections using Graph Theory

In The Syndrome Mix?
Fig.6

R usper—— sochen e s ORI

* Anxiety
+ Depression

+ ASD @@;.

« ODD

Tourettes A Moy . L
‘ I

e U
] um“!nvic
e
Gore

Alves, P.N., Foulon, C., Karolis, V. et al. An improved neuroanatomical model of the default-mode network
reconciles previous neuroimaging and neuropathological findings.Commun Biol 2, 370 (2019).

https://doi.org/10.1038/s42003-019-0611-3

* QOCD § e pion Degrea

« Bipolar s il £ N o1 O‘2
O
[¢]
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Other involved networks

Cingulo-Operecular
Frontoparictal
Control

o

36
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MRI Connectivity Analysis Provides Evidence of CNS Mode of Action for
Parasacral Transcutaneous Neural Stimulation (pTENS)

For all conditions (pTENS, sTENS, and rest), standard patterns of
ACC connectivity were detectable with strong connectivity between
the ACC and subcortical regions and between the ACC and the
frontal lobe.

Functional connectivity between ACC seed and the dorsal lateral
prefrontal cortex was the primary site of investigation

(DLPFC) was significantly increased during pTENS compared to
rest.

sTENS did not increase connectivity between the ACC seed and
DLPFC when compared to rest.

—
Netto JMB, Scheinost D, Onofrey JA, Franco I. Magnetic resonance image connectivity analysis provides evidence _
of central nervous system mode of action for parasacral transcutaneous electro neural stimulation - A pilot study. J !_e_)_{_t_
Pediatr Urol. 2020 Oct;16(5):536-542. doi: 10.1016/j.jpurol.2020.08.002. Epub 2020 Aug 13. PMID: 32873504 % feessmii
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Maturation of Neural Pathways

38

The maturing architecture of the brain’s default network

Damlen A. Falr* 1, Alexander L. Coheni, Nico U. F. Dosenbachy, Jesslca A. Church*, Francis M. Mlezin*{,
DeannaM. Barch$§9, Marcus E. Ralchle* 1, Steven E. Petersen*$§, and Bradley L. Schlaggar*{}**
4028-4032 PNAS March 11,2008 vol. 105 no.10

A Left Right
- B D DR
Fg. 1. Vaxelwise resting-state functional connectvity maps for 3 seed >

region solid black crcie) In mPFC fventral; -3, 39, —2). () Qualttatively, the

r-{eMR| map for the mPFC (venural) seed ragion reveals the commanly ob-
served adult conmectiity pattern of the defaukt network (9, 18, 191, The .
howev: the Children
‘adults. Functional connectiors with ragions In the postenior dngulate and .
the Z :
Z=30

adults but absent in chiidren. (8) These qualitative differances between

Siemnanas
=2
B -
Adults
Children =
Z
I
-6 -33 6

39
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Attention-deficit/hyperactivity disorder is characterized by a delay in cortical
maturation
P. Shawti, K. Eckstrandt, W. Sharpt, J. Blumenthalt, J. P. Lerch§, D. Greenstelnt, L. Clasent,
A.EvansS§, ). Gleddt, and J. L. Rapoportt
PNAS !December 4, 2007 vol. 104 no.49 19649-19654

P P 2

) (WD (D es e
\ Y 3 2N} el
Typically developing controls e

Fig. 2. the
indicated by an older age of attaining peak cortical thickness.

gy Greaterthan 2 years'delay

L oto2 yearsdelay

19650 | wwav.pnas.org)/cgi/doi/ 10.1073/pnas. 0707741104
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Brain Morphometry and Cognition in Young Adults Bern
Small for Gestational Age at Term

Haich Fu. Gstird, PO, Gra G. €, Letaugon, PR, Knut J. Bjuiand, DY, MSc', Lars M. fumal,
Aowr-Meae Brubak, MD, P’

o',
. Mt Martivussars, MD, PO, Torstsin Wk, MD, PhIY, Asta K. siberg, MD, Ph,
i Jon Skranes, MD, PID

This 58
term-bor SGA (birth weight <10th percentile, mean: 2915 g) and
8100 SGA controls (birth weight $10th percentile, mean: 3707
£). Brain volumes and cortical surface area and thickness were
Investigated with magnetic resonance imaging, which was
successfully obtained in 47 SGA patients and 61 control patients.

The SGA group showed regional reductions in cortical
surface area, particularly in the frontal, parietal, and
temporal lobes.

Total brain volume, cortical gray matter, cerebral white
matter, and putamen volumes were reduced in the
SGA group compared with control patients,

but there were no differences in specific subcortical
brain structure volumes when correcting for
intracranial volume.

Reductions were most pronounced among SGA
subjects with FGR.

. No associations were found between brain measures
and 1Q measures in either group.

»

®

»

o
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journal homepage: wiww.slsevier.comlocatelynimg

Altered neurobehavioral white matter integrity in preterm children: A
confounding-controlled analysis using the adolescent brain and cognitive
development (ABCD) study

, Yuwen Hung "
 Lili He o0

Hailong Li ™

, Jungi Wang ", Nicole Rudberg ,
Nehal A. Parikh

Preterm children and full-term control children are significantly differentiated by
altered microstructural and axonal integrity, in major frontal-limbic tracts in the
whole brain (p < .05).

Children born preterm demonstrated reduced neurobehavioral white matter
integrity within the frontal-limbic connectome, particularly in tasks requiring
sustained attention and processing speed.

This diminished adaptability places them at elevated risk for developing related
neurodevelopmental difficulties.

42
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Structural variations in prefrontal cortex mediate the relationship between early
spatlal

2 June 6; 32(23): 7917

Y
Hanson J et al J Neuros 0i:10.1523/ JNEUROSCL0307-12.2012

“executive functions” appear to be particularly vulnerable to the
negative effects of stress.

Executive functions encompass facets of high order cognition,
such as inhibitory control, cognitive flexibility, working memory,
and sustained attention.

Chronic levels of high stress lead to structural changes of the
PFC in rodents, with reduced dendritic arborization and lower
spine

Such chronic stress has also been linked with executive
function deficits in rodents, non-human primates, and humans.

4/30/2026

43

Famlly Poverty Affects the Rate of Human Infant Braln growth
J L. Hanson et al PLOS ONE December20413 | Volume 8 | Issue 12 |
80954

P
youn children between five months and four years o age from 2 D
economically diverse backgrounds (n = 77) Frontal Gray Matter =3
Total gray, white, and cerebral (summaion of total gray and white —

matter)volumes were examined along with volumes of th frontal,

parietal, temporal, and occipital lobes. -1

Infants from low-income families had lower volumes of gray matter, g
tissue critcal for processing of information and execution of actions. =
These differences were found for both the frontal and parietal lobes §

HisEs
s S
Kot

Fgure2

15 shown o t hoizotal s, spanning{rom o
37 months.
Tota gray mater vlume s show on the verial i,

SES househalds are shown e
Thegren e shows chidrenrom HENSES households.
60101371 journalpone 0080954, €002
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Neurourology and Urodynamics

Are Seasonal and Income Variations Accountable for
Bowel and Bladder Dysfunction Symptoms in Children?
Isracl Franco,** Jacob Franco,” Sylvia Harding, Dina Risconi.” Emily Cupelli and Therese Collett-Gardere®
“New York Medical College. Valhalla, New York

ZStony Brook Medical School, Stonybrook, New York
“pediatric Urology Associates, Tarrytown, New York

TABLE VITL Chi Square Analysis of Thee tncomes Levels by Diagnosks
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Chen H, Zhang Z, Wu S, Zhang D, Zhong X, Llu X, Wel G. Efflcacy and
Safety of High-Dose VitamIn D Supplementatlon vs Solifenacln or
Standard Urotherapy for Overactive Bladder Dry In Chlldren: A
Randomized Clinical Trial.

J Urol. 2024 Jan;211(1):26-36. dol: 10.1097/JU.0000000000003763. Epub 2023 Oct 23.

PMID: 37871329.

A 3-arm, randomized clinical trial

n=303 randomized

8 weeks of high-dose VDS, 2400 1U/d) plus Stand Urotherapy (VDS + SU group; n=100),
solifenacin (5-10 mg/d) plus SU n=102),

SU alone n=101)

primary outcome: Reduction in voiding frequency was the

Conclusions: High-dose VDS plus SU was effective and well-tolerated in managing
T
overactive bladder dry in children, suggesting its potential as a novel therapeutic ™
W

option for this population.

4/30/2026
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How does this all come together?
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ABCD Study results

+ DUl study * Nocturnal enuresis study
Anatomical Etasquared [oads Ratio
Regon/ Odds Comparison _ Brain Reglon/ Metric ) oR)
hetvork 12| Ratio |Gl CG-HNE LH Insula 00105 1453
amatomotor
0006114 1.33For every unitchange in | oy e yolume: Rignt Pallidum 0.0089 141
- Left this connectivity, a child
Corebelium e 55% more likelyto be | CG-HNE  Volume: Left Puamen ooora 1368
iin the DUI group. CG-ANE Cortical sulcal depth: LH Insula 0.0041 1.262
LeftTemporel | 0.004768 1,20 For every unit changs in | CG-HNE Cortical sulcaldept: L Insuia oo0s1r 1262
:’rvh‘; noss) cortical thickness, the | cG.ANE  Volume: Right Caudate 0.0038 1.251
dds of a DUI diagnosis | \ve png — volume: Right Caudate 0.0038 1251
lincrease by 29%.
Right Lingual  0.004529  1.28[For every unit change in | CG~HNE  TD:Right Hippocampus 0.0037 1.247
ortioalthickness, the | | CG+ANE  FC: Gingulo-opercular (nternal) 00014 123
(Thickness) dds of @ DUI diagnosis | CG-HNE  MD:Right Hippocampus 00014 123
increase by 28%. CG-HNE FC: Cingulo-opercular Interal) 00014 123
CG-HNE  TO:LeftHippocampus o003t 1224
CG-HNE  MD:Left Hippocampus o029 1216
CG-HNE  FC: Default to Cingulo-opercular 0.0029 1216 /
FC: Cingulo-paretalto LH =4
CG - HNE Amygdala 0.0029 1.216 ]

eme fostmongienan oo 1me |l WOCNext
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Thank you
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REFERENCES & RESOURCES

* V. Loening-Baucke, Pediatrics 100:228-232, 1997

* Kids in the Syndrome Mix of ADHD, Ld, Asperger's, Tourette's, Bipolar and More!: The One
Stop Guide for Parents, Teachers and Other Professionals Authors Martin Kutcher and
Tony Attwood

«  Psychological problems in children with daytime wetting

« Joinson C, et al Pediatrics 2006 118:1985-1993

« Two studies found increased rates of childhood enuresis in children with ADHD (28-32%)
Biederman et al 1995; Neveus et al 2000);

* One study found increased rates of enuresis in childhood Tourette’s syndrome (22%)
(Comings & Comings 1987);
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«  Secondary enuresis, but not primary enuresis, was associated with an increased rate of
behavioral problems (Feehan et al 1990).

+ InChinese children, persistent enuresis after 4 years of age is associated with increased
behavior problems, as reported by both parents and teachers (Liu et al 2000)

« Asimilar finding was reported in US children with enuresis persisting after 5 years of age
(Byrd et al 1996)

¢ Brain. 2003 Oct;126(Pt 10):2139-52. Epub 2003 Jun 23. Human cingulate cortex and
autonomi trol: converging r imaging and clinical evidence. Critchley HD, et al)
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