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Purpose: Oxidativestresscancausetissuedamageinmanydiseases.Oxidativestatusdepends
onthebalancebetweentotaloxygenradicalabsorbancecapacityandantioxidants.Neurogenic
bladder(NB)isaspecialstatewhereoxidativestatuscaninfluenceurinarytractfunction.We
decidedtomeasureantioxidant(thiol)statusinpatientswithNBandassesstheeffectofNBon
theurinaryantioxidantstatusandtocorrelateitwithurodynamicfindings.

Materials and Methods:The investigationwasconductedon twogroups.Thefirstgroup,
constitutedof41childrenwithNB.Thesecondgroup,consistedof20healthychildrenwithno
abnormalityinurinaryandnervoussystems.Theantioxidantstatuswasassessedbasedonthe
enzyme-linkedimmunosorbentassayofthiols.

Results:ThemedianvalueofurinaryproteinthiollevelwassignificantlylowerinNBpatients
thaninreferencegroup[median48(0.0-633.33)and221.55(0.17-1293]µmoL/gprotein,re-
spectively(P<.01).Wefoundoutthestatisticallysignificantdifferencesinurinarythiollevel
betweenpatientswithandwithoutoveractivity(P=.017)andbetweencatheterizedandnon-
catheterized patients (P=.048).

Conclusion:ThisstudydemonstratesthatantioxidantstatusinpatientswithNBdecreasedand
thelevelofthiolstatusdependsonthegradeofbladderoveractivity.Oxidativestressmaybe
involvedinthepathophysiologyofbladderdysfunctionrelatedtoneurogenicdamage.

Keywords:urinarybladder,neurogenic,overactive;spinaldysraphism,complications;menin-
gomyelocele;pyrroles.
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INTRODUCTION

Oxidative stress can cause tissue damage in many
childrenandadultsdiseases.Hyperglycemiaindia-
beticadultpatientscan increase the levelsof free

radicals.(1)Otherauthorshavedescribedanincreaseinoxi-
dative stress inpregnantwoman,patientswith rheumatoid
arthritisandbladdercarcinomaandinchildrenwithcerebral
palsy.(2-5)Oxidativestatusdependsonthebalancebetween
totaloxygenradicalabsorbancecapacityandantioxidantsas
acompensatoryreactionofthebody.Amongmanyantioxi-
dants,thiols(sulfhydrylgroups)mayplayanimportantrole.
Thereare somenotificationsaboutplasmaorurinary thiol
statusinpediatricnephrologicalproblems.Animpairedan-
tioxidative systemhas alsobeenobserved inpatientswith
nephroticsyndrome,primaryglomerulardisease,andinpa-
tientswithproteinuriaorrenalfailure.(6-10)

Neurogenicbladder(NB)isanexceptional,incurablestate,
dependedontherangeofnervoussystemdamage.Toassess
thebladder function, theurodynamic study shouldbeper-
formed.Inthisprocedurewecanmeasureintravesicalpres-
sureduringstorageandvoidingphase.Mostofthepatients
withNBhavedysfunctionalvoidingsoourmeasurementis
basedonlyonstoragephase.Thetimeofobservationinthis
procedureisquiteshortandtheoutcomescannotbeaccurate.
Wedon’tknowwhatisgoingonwithbladderfunctiondur-
ingwholedayand/ornighttime?Therearemanyfactorsin-
volvedinthecontrolofbladderfunction.Inhealthychildren,
firstlyitstayedundercentralnervoussystem(CNS)control.
EachlevelsofCNS(brain,spinalcords,andperipheralgan-
glia)areinvolvedinthiscontrol.Therearesomesuggestions
demonstrating that oxidative status influencesurinary tract
function. Most of them demonstrate destroyed balance in
plasmareactiveoxygenspecies(ROS)andantioxidants(e.g.
ascorbic acid, α-tocopherol, uric acid and bilirubin)which
mayminimizetissuedamagemostlyinadultsandmainlyin
anexperimentaldata.(11-15)

PatientswithNBarestillsignificantgroupamongdialyzed
patients.Thereisaneedtolookforthereliableexaminations
for earlydetectionof lowerurinary tractdeterioration.We
havenodoubtsthatearlyidentificationoftheriskfactorsof
chronicrenalfailuredevelopmentshouldhavepriority,from
thehealthyandtheeconomicalpointofviewtoo.
Tillnow,therewereonlyafewstudieswhichexamineduri-
nary antioxidant status in patientswithNB.Most of them
were concentrated on the adult patients.(16,17)Noneofthem

assessedthethiolstatus.Hence,wedecidedtomeasureanti-
oxidantstatusintheurineofchildrenwithNBbasedonthe
assessmentofurinarythiolstatusandcompareitwithhealthy
subjects.Theaimofourstudywastoinvestigatetheurinary
antioxidantstatusinpatientswithNBduetomeningomye-
locele(MMC)andtocorrelateitwithbladderfunction.

MATERIAL AND METHODS
Thestudywascarriedoutinthedepartmentofpediatricsand
nephrology,medicaluniversityofBialystok,Poland.Patients
withurodynamicallyconfirmeddiagnosisofNBwereinclud-
edinthestudy.Finally,41NBpatientsagedmedian9.0(0.7-
17.5)yearsoldwereenrolledinthestudy(group1).Twenty
healthyindividualsagedmedian9.5(3-17)yearsoldwithout
anynephrologicalandCNSdiseaseshistorywereenrolledas
areferencegroup(group2).Thisgroupwasrecruitedfrom
healthyelementary,middleandsecondaryschoolpupils,ob-
tainedfrom2007to2009intheOLAFstudy:“Elaborationof
referencebloodpressurerangesforPolishchildrenandado-
lescents”PL0080OLAF.Thematerialfromtheyoungercon-
trolsubjects(aged3-6yearsold)wasobtainedfromhealthy
childrenattendingtodaycareornurseryschool.Thehealthy
subjectswereonnormaldietwithoutanyvitamins,drugsor
dietsupplements.
Theeligiblecases(group1)weremaleandfemalepatients
aged1-18yearsoldwithNBduetoMMCandwithvoiding
dysfunctionforatleastoneyearpriortoscreening.Patients
inMMCgroupunderwentcystometryandpatients innon-
catheterizedgroupunderwenturoflowmetry.Allofthemhad
normalrenalfunction[glomerularfiltrationrate(GFR)of>
90mL/min/1.73m2]andnormalserumcreatininelevels.Ac-
cordingtothefindingsofurodynamicstudyoxybutyninwas
administeredifnecessary.
Patientswithurinarytractinfection(UTI)inthepast4weeks
orotherinfectionswereexcludedfromthestudy.Thenon-
catheterizedpatientswithNBandchildrenfromthecontrol
groupallunderwenturoflowmetrystudy3timesandtoin-
crease precision, the results were averaged and compared
with the urinary thiols concentrations.
MostofNBpatientscannotemptytheirbladdersbythem-
selvessowewereterminatingtheinfusionduringcystometry
when thevolumeofsolutionwas thesameasobtain from
everydaycleanintermittentcatheterization(CIC).Itwasour
intention to imitatebladder function as innatural environ-
ment. NB children received medications according to the
urodynamicstudyresults.Theurodynamicwork-upincluded
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themeasurementsoffollowingparameters:detrusorpressure
at overactivity (Pdet overact), detrusor pressure at maxi-
mumcystometriccapacity(PdetCC),bladderwallcompli-
ance, and electromyography (EMG)of sphincter at begin-
ning(EMG1)andattheend(EMG2)ofthefillingphase.
Anticholinergicdrugswere administered if thepatienthad
detrusoroveractivity. Informedconsentwasobtained from
allsubjectsandtheirparentsforallproceduresconnectedto
obtainingbiologicalmaterial.
The first daytime urine samples were collected from all
examinedpatientsandurinary totalprotein,creatinine,mi-
croalbumin and osmolalitywere determined.Urinary thiol
(sulfhydryl)statuswasmeasuredbyenzyme-linkedimmuno-
sorbentassay(ELISA)accordingtomanualinstruction,(Im-
mundiagnostikAGStubenwald-Allee8a,64625Bensheim,
Germany).Urinary protein and creatinine levelswere also
measuredin24-hoururinesamplesbyanautomatedclinical
analyzer.Urinarythiollevelswerecalculatedfromthetotal
thiol levels adjusted forprotein concentration inurine and
expressed inµmol/g protein.Serumproteins, albumin and
creatinine concentrationswere determined in both groups.
TheGFRwascalculatedusingSchwartzformula.Thestudy
was approved by the Ethics Committee of Medical Uni-
versity ofBialystok in accordancewith theDeclarationof
Helsinki.TheOLAFstudywasapprovedbyTheChildren’s
MemorialHealthInstituteEthicsCommittee.
Statistical Analysis
ThedemographicandbiochemicaldataofNBpatientswas

statisticallyanalyzedandexpressedasmedianwithminimum
andmaximum range comparedwith referencegroup.Since
theantioxidantparameterswerenotaspertheGaussiandis-
tribution, Mann-Whitney Utestwasusedforthecomparisons
between2groups.Spearman’scoefficientofcorrelations(r)
were calculated to look at the possible association between
thiolparametersandbiochemicalandurodynamicone.Allsta-
tisticalanalyseswereperformedusingStatistica10.0(StatSoft
Inc.,Tulsa,OK,USA).APvalueoflessthan.05wasconsid-
eredstatisticallysignificant.

RESULTS
Characteristics of studied subjects are shown in Table 1.
Therewerenostatisticallysignificantdifferences indemo-
graphiccharacteristicsofstudiedgroupssuchasage,gender
andbodymassindex.Thereweredifferencesinthephysical
developmentparametersresultedfromtheprincipaldisease.
ThechildrenwithMMChadlowermuscularmass(due to
paralysisofthelimbs)orexcessbodyweightresultingfrom
the lack of activity during the lifespan (the childrenwere
wheelchair dependent). Moreover, the differences in the
heightareoftencausedbydistortionandmalformationsof
thebonestructure.ThemediantimeoffollowupoftheNB
patientswas 6 (0.5-15) years.Nine from41 patientswere
non-catheterized.The catheterized subjectswere emptying
their bladder with median urination frequency of 4 (3-5)
timesperdaywithnightbrake.
Inpresentstudywecomparedtheparametersofthekidneys

Figure 1. The comparison of urine thiol levels between patients 
with neurogenic bladder (NB) and reference group.

Figure 2. The data of median urine thiols in patients with neuro-
genic bladder in various urodynamic conditions. 
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function(urinaryandserumcreatinine,urinaryexcretionof
the protein, urine osmolality, GFR andmicroalbuminuria)
andserumalbuminandprotein levels.Laboratoryfindings
andcomparisonsareshowninTable1.Weobservedstatisti-
callysignificantdifferencesintheserumcreatinine,GFRand
creatinineandproteinexcretion(inmorningsampleand24-
hoururinecollection).Thereweredifferencesbetweenstudy
groups in theserumalbuminconcentrationsvaluesbut the
resultswerenotstatisticallysignificant.Wedidnotfinddif-
ferencesinpresenceofmicroalbuminuriaandserumprotein
levelsbetweenstudygroups(P = .47 and P = .12, respec-
tively).
AsithasbeenshowninFigure1,theurinarythiollevelwas
significantlydecreasedinNBpatientscomparedtothecon-
trolgroupand the relatednumericaldatawere,median48
(0.0-633.33)and221.55(0.17-1293)µmol/gprotein,respec-
tively(P<.001).ThisreductionwasnotrelatedtoUTIinthe
past, the follow-updurationandbladderwall thickness,or
thedoseofadministeredtreatment.
Urodynamic findings are shown in Table 2. We revealed

statistically significant differences in most uroflowmetry
parametersbetweenstudygroups.Urinarythiollevelcorre-
latednegativelywithvoidedvolume (r= -0.450,P< .05)
andpositivelywith residualurine (r=0.25,P< .05).The
thiol status levels invariousurodynamicconditions inNB
patients are shown inFigure 2.We found statistically sig-
nificantdifferences inurinary thiol levelsbetweenpatients
withandwithoutbladderoveractivity(P =.017)andbetween
catheterized and non-catheterized patients (P = .048).We
alsofounddifferencesbetweenurinarythiolsconcentrations
betweenpatientswithnormaland lowbladdercompliance
(P=.33)andbetweenpatientswithlow(<10cmH2O)and
high(>10cmH2O)detrusorpressureduringfillingphase(P 
=.48),butthedifferenceswerenotstatisticallysignificant.
Therewereno correlationsbetweenurinary thiol and cys-
tometriccapacity,EMGactivityatthebeginningandatthe
endoffillingphase.Apartofoutcomesmentionedabovewe
foundpositive correlationbetweenurinary thiol status and
theageofNBpatients(r=0.33,P<.05)andserumprotein
concentration (r=.355,P<.05).

Table 1. The characteristics of study groups and comparison between patients with neurogenic bladder and reference group.* 

Variables Group 1 Group 2 P 

Age (years)  9.0 (0.7-17.5) 9.5 (3-17) .32

Gender                    

         Male 19 8 NA

         Female     22 12 NA

Height (cm)  134 (70-170) 152 (89-176) .004

Weight (kg)               29 (6.2-92) 43 (16-70) .021

Body mass index (kg/m2) 17.01 (8.83-17) 18.13 (12-24) .75

Oxybutynin administration

          mg/day                   3.75 (1.25-10) ----- NA

          mg/kg body weight 0.17 (0.1-0.42) ----- NA

OAB treatment/none treatment                  16/41 ----- NA

Serum creatinine (mg/dL) 0.32 (0.19-0.77) 0.51 (0.2-083) .00

Urine creatinine (mg/dL) 53.17 (14.58-149) 100.17 (63-244) .000

GFR mL/min/1.73m2 body surface 233 (102-303) 162.91 (110-330) .017 

Urine osmolality             715 (314-1177) 685 (391-1130) .85

Microalbuminuria 5.5 (0.1-386.9) 1.4 (0.3-51.8) .47

Serum protein (g/L) 7.08 (5.8-8.13) 7.55 (6.62-8.14) .12

Serum albumin (g/dL) 4.63 (3.61-5.47) 4.79 (4.41-5.23) .067

Urine protein (mg/dL) 10 (0-128) 0 (0-2) .000

Urine protein (mg/24-hour) 60 (0-560) 5.11 (1.06-10.05) .02

Keys: OAB, overactive bladder; GFR, glomerular filtration rate; NA, not applicable.
* Data are presented as median (range).
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DISCUSSION
Thepurposeofthisstudywastoevaluatetheantioxidantsta-
tus inurineofpatientswithMMCand to answerwhether
oxidative status has an influence on the bladder function.
The results demonstrated that the decreased concentration
of sulfhydryl groups (-SH) or groups existing as protein
boundthiolsintheurineofpatientswithNBiscausedbyin-
creasedoxidation.Ourfindingsarecomparabletothedatain
theliteratureinvariouspathologicalconditionsinchildren.
Kazunari and colleagues(18) assessed urinary 8-hydroxy-
2-deoxyguanosine(8-OhdG)inpatientswithidiopathicne-
phroticsyndromeandreportedincreasedlevelsofROSand
decreased levels of antioxidants in the active phase of the
diseaseswhichwerenormalized inremissionphase.These
findingsareinagreementwithMishraandSchaefer’sstudy.
(19)Thesefindingssuggestanimportantroleofoxidativesta-
tusinthepathogenesisofidiopathicnephroticsyndromein
children.Chienandcolleagues(20)inanexperimentalstudy
revealedthatsubstancePinfluencesNBfunctionbyitsabil-
itytostimulateROSgeneration.Otherexperimentalstudies
havedemonstratedimbalancebetweenROSandantioxidant
ability (as a positive reaction of our body) in neurogenic
damage.Wedidnotfindanystudyconcerningwithmeasur-
ingofurinarythiol(sulfhydryl)groupsinpatientswithNB.
Decreasedurinaryproteinthiolsinpatientswithoveractive
bladderletustosuspectthatoxidativestressisinvolvedin
thedisturbedbladderfunction.Thus,couldwetrytonormal-
izefunctionofthebladderbytakingantioxidants?Couldwe

influence the detrusor pressure by antioxidants?Couldwe
change themuscarinic receptor functionbydecreasedoxi-
dativestress?(13)Whatcouldbetheadministrationmethod?
Answertothisquestionsrequiredfurther,verywell-planned
andgood-organizedstudieswhichweareplanning.Tillnow,
the literature reviewshows that therearesome therapeutic
interventionsandnumerousbioactivecompoundsthathave
antioxidantstatusbenefitsbutunfortunatelystill inclinical
trialsoronanimalmodels.(16)

Ourresults,focusedonpositivecorrelationbetweenurinary
proteinthiollevelandserumproteinconcentration,raisean
interestingquestionwhetherhigherserumproteinconcentra-
tioncan increaseurinaryproteinexcretionand in thisway
affecttheoxidativestatusinNB?
Summarizing, received from uroflowmetry results let us
speculatethat,althoughthepatientsemptyingtheirbladders
bythemselves(urodynamicfindingsletthemtodothat),the
bladdersdonotworkcorrectly.Itconfirmsthatnon-catheter-
izedNBpatients requiregreaterattentionorverify recom-
mendations.
Thekidneyfunctiondeteriorationisconnectedwiththehigh-
erfrequencyofdetrusoroveractivitydiagnosedinchildhood.
(21)Thus,themeticulousestimationbasedontheurodynamic
findingsinconnectionwiththeassessmentofoxidativesta-
tusinchildhoodcanbeaveryimportantpredictiontolater
kidneyimpairment,itisthepotentialclinicalapplicationof
our finding. This condition must be fulfilled especially in
suchexceptionalstateasNBis,whentheprognosisofblad-

Table  2. Urodynamic findings and comparison between study groups.* 

CYSTOMETRY

 Pdet,
cmH2O

 Pdet CC,
cmH2O

 Bladder wall
compliance, mL

EMG 1, micro-
volts EMG 2, microvolts

NB patients (4-100) 25 (2-75) 14 (3-70) 10 4.5 (0-25) 7 (0-47)

UROFLOWMETRY

 Time to max
flow, s Delay time, s Flow time, s Voiding time, s Maximum flow 

rate, mL/s
Average flow 

rate, mL/s
Voided volume, 

mL
Residual 
urine, mL

NB patients 7 (7.0-23.4) 15.6 (3.4-280) 20 (2-129) 28 (3-427) 6.3 (1.4-15) 4.25 (0.5-13) 111.4 (5-275) 80 (5-117.5)

Control group 7 (4-12) 2 (1-3) 17 (10-38) 19.5 (11-41) 22.9 (13.3-41) 18.1 (6-31) 219.5 (104-456) 0 (0-5)

P .835  < .001 .340 .061  < .001  < .001  .004 < .001

Keys: Pdet, detrusor pressure at overactivity; Pdet CC, detrusor pressure at cystometric capacity; EMG 1- electromyography of sphincter at the beginning of filling phase; 
EMG 2, at the end of filling phase; NB, neurogenic bladder.
* Data are presented as median (range).
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derfunctioninNBchildrenmostlyremainsunclear.
Ourstudyhassomelimitations.MostoftheMMCpatients
were treatingwithoxybutynin indifferentdoses and there
wasnopossibilitytointerrupttherapy.Thenon-treatedgroup
wastoosmallanddidnotallowustodrawanunequivocal
conclusion.Anotherlimitationofthisstudywasaone-time
thiolstatusevaluationinspecificpatients,whichmaynotac-
curatelyreflectNBfunction.Thus,furtherstudiesareneces-
sary tobetterclarifycorrelationsbetweenbladder function
andoxidativestatusinMMCpatients.

CONCLUSION
WeconcludedthatantioxidantstatusinpatientswithNBde-
creasedinpatientswithoveractivebladderandthelevelof
thiolstatusdependsonthegradeofdetrusoroveractivity.In
addition,oxidativestressmaybeinvolvedinthepathophysi-
ologyofbladderdysfunctionrelatedtoneurogenicdamage.

ACKNOWLEDGEMENTS
ThisstudyissupportedbyagrantfromtheMedicalUniver-
sityofBialystok,Poland.Authorshavenoconflictofinterest
to disclose.

CONFLICT OF INTEREST
None declared

Thiol Status in Children with Neurogenic Bladder  |  Kozerska et al


