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Spina BifidaSpina Bifida

Spina BifidaSpina Bifida

Aetiology/ClassificationAetiology/Classification
Incidence/ Prevalence/PreventionIncidence/ Prevalence/Prevention
Initial assessmentInitial assessmentInitial assessmentInitial assessment
Clinical DescriptionClinical Description
ManagementManagement

Orthopaedic/Neuro/urologyOrthopaedic/Neuro/urology
Education/socialEducation/social

OutcomeOutcome

Spina BifidaSpina Bifida

Malformation of spinal cord and brainMalformation of spinal cord and brain
28 days of development of embryo28 days of development of embryo
Failure of fusion of neural folds duringFailure of fusion of neural folds duringFailure of fusion of neural folds during Failure of fusion of neural folds during 
neuralationneuralation
Cause unknown? Cause unknown? 
?Genetic ?Metabolic  ? Environmental?Genetic ?Metabolic  ? Environmental
75% isolated 75% isolated 
25% associated with other defects25% associated with other defects

Spina BifidaSpina Bifida

Partial paralysis of lower limbsPartial paralysis of lower limbs
No weaknessNo weakness
Partial paralysisPartial paralysis
Wheelchair dependenceWheelchair dependence

Joint deformityJoint deformity
Spinal abnormalitiesSpinal abnormalities

ScoliosisScoliosis
Kyphosis/lordosisKyphosis/lordosis

Spina BifidaSpina Bifida

Neurogenic bladderNeurogenic bladder
Urinary incontinenceUrinary incontinence
renal and bladder abnormalitiesrenal and bladder abnormalitiesrenal and bladder abnormalitiesrenal and bladder abnormalities

Neurogenic bowelNeurogenic bowel
Faecal incontinenceFaecal incontinence

SkinSkin
anaesthetic anaesthetic –– pressure sorespressure sores
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Spina BifidaSpina Bifida

HydrocephalusHydrocephalus
Arnold Chiari Type 2Arnold Chiari Type 2
CSF shuntCSF shuntCSF shuntCSF shunt
Learning problemsLearning problems

Upper spinal cord mild abnormalitiesUpper spinal cord mild abnormalities
Mild upper limb problemsMild upper limb problems

Spina BifidaSpina BifidaSpina BifidaSpina Bifida

spina bifida occultaspina bifida occulta

i li l

10% adult spines10% adult spines

6%6%meningocelemeningocele

myelomeningocoelemyelomeningocoele

EncephaloceleEncephalocele
LipomeningoceleLipomeningocele

6% cases6% cases
11% survivors11% survivors

94% cases94% cases
89%survivors89%survivors

Spina Bifida Spina Bifida -- typestypes

N        Dysraphisn   Meningocele  MMN        Dysraphisn   Meningocele  MM

MyelomeningoceleMyelomeningocele

Spina BifidaSpina Bifida Spina BifidaSpina Bifida
ThoracicThoracic
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MeningoceleMeningocele Spina Bifida Spina Bifida 
SevereSevere

IncidenceIncidenceIncidenceIncidence

AustraliaAustralia

Western EuropeWestern Europe

0.95/10000.95/1000

1.51.5--3.0/10003.0/1000pp

Sex Incidence Sex Incidence 
MaleMale
FemaleFemale

//

58%58%
42%42%

Spina BifidaSpina Bifida-- incidenceincidence

Varies from country to countryVaries from country to country
Range 1Range 1-- 5 /1000 live births5 /1000 live births
High in Celts (Ireland Wales)High in Celts (Ireland Wales)High in Celts (Ireland, Wales)High in Celts (Ireland, Wales)
Low in Northern Europe.Low in Northern Europe.
Encephaloceles higher in SE AsiaEncephaloceles higher in SE Asia

Foetal neural tubeFoetal neural tube

Conception Conception -- D18D18
3 germ layers which make 3 germ layers which make 
the different tissues and the different tissues and 
the neural plate forms the neural plate forms 
along length of fetusalong length of fetus

D19 D19 -- D28D28
Neural tubes folds and Neural tubes folds and 
should close along length should close along length 
of foetusof foetus

QuickTime™ and a
 decompressor

are needed to see this picture.

Spina BifidaSpina Bifida
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Spina BifidaSpina Bifida-- ClassificationClassification

Neural tube defectNeural tube defect
AnencephalyAnencephaly 50% (lethal)50% (lethal)
Spina Bifida CysticaSpina Bifida Cystica

MyelomeningceleMyelomeningcele 45% (2/3 45% (2/3 –– 90% live)90% live)
MeningoceleMeningocele 5%  (all live)5%  (all live)
EncephaloceleEncephalocele

LipomyelomenigoceleLipomyelomenigocele
Clinically similar but no HydrocephalusClinically similar but no Hydrocephalus

Spina Bifida  OccultaSpina Bifida  Occulta
?10 %    back pain, constipation?10 %    back pain, constipation

MyelomeningoceleMyelomeningocele

CervicalCervical 0.5%0.5% mildmild
ThoracicThoracic onlyonly 0.5%0.5% SevereSevere
Low thoracic Low thoracic 27%27% SevereSevere
High  Lumbar L1High  Lumbar L1--22 23%23% WChairWChair
Low Lumb,Upper sacral    45%Low Lumb,Upper sacral    45% BracesBraces
Lower sacralLower sacral 4%4% IndependIndepend

LipomyelomeningoceleLipomyelomeningocele

Lipoma Lipoma 
Grows in the spinal canal or outsideGrows in the spinal canal or outside
Press on the spinal cordPress on the spinal cordpp
Nerves traverse and become nonfunctionalNerves traverse and become nonfunctional
Partial weakness of lower limbsPartial weakness of lower limbs
Neurogenic  bladder and bowelNeurogenic  bladder and bowel
Spine abnormalitySpine abnormality
No hydrocephalus No hydrocephalus –– normal cognitionnormal cognition

LipomeningoceleLipomeningocele

Spina BifidaSpina Bifida-- AetiologyAetiology

Unknown Unknown –– multifactorialmultifactorial
Abnormal gene interacts with other genetic loci and Abnormal gene interacts with other genetic loci and 
or environmental factors to modulate the incidence or or environmental factors to modulate the incidence or 
severity of the  defect.severity of the  defect.yy

GeneticGenetic
Increased in chromosomal abnormalities i.e. trisomy Increased in chromosomal abnormalities i.e. trisomy 
13 and 18.13 and 18.
Increased in siblings and other relativesIncreased in siblings and other relatives
Abnormal genesAbnormal genes

SomSom
VANGL1  (mouse, 3/166) (NEJM 356,(14)2007,VANGL1  (mouse, 3/166) (NEJM 356,(14)2007,

GeneticsGenetics

MultiMulti--factorialfactorial

1 affected child 1 affected child 1:50 Recurrence Risk1:50 Recurrence Risk
2 affected children2 affected children 1:10 RR1:10 RR2 affected children2 affected children 1:10 RR1:10 RR
3 affected children3 affected children 1:4 RR1:4 RR

NoteNote
Risk of any child born with a major defect 1:30 (3%)Risk of any child born with a major defect 1:30 (3%)
If an adult with Spina Bifida has a child risk is 1:25If an adult with Spina Bifida has a child risk is 1:25
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Spina BifidaSpina Bifida-- aetiologyaetiology

DrugsDrugs
Valproate (1%)Valproate (1%)
MethotrexateMethotrexate
ClomipheneClomiphene
Folic acid antagonistsFolic acid antagonists

Trimethaprim, AnticonvulsantsTrimethaprim, Anticonvulsants
EnvironmentEnvironment

Maternal diabetes, Hyperthermia,Maternal diabetes, Hyperthermia,
PaternalPaternal-- Agent orangeAgent orange

Incidence Incidence 

Australia Australia 0.950.95 /1000/1000
Western EuropeWestern Europe 1.51.5--33 /1000/1000

MaleMale 58%58%

Incidence has decreased significantly in Incidence has decreased significantly in 
Victoria, largely due to termination, Victoria, largely due to termination, 
secondarily due to folate.secondarily due to folate.

Spina Bifida Spina Bifida -- PrevalencePrevalence

NTD  conceptions in VictoriaNTD  conceptions in Victoria
40% decline 1995 to 200040% decline 1995 to 2000
Due to folic acid supplementationDue to folic acid supplementationpppp

19951995 20052005

NTDNTD 19.219.2 --12.2/1000012.2/10000
Spina BifidaSpina Bifida 8.38.3 --7.9/100007.9/10000

Increase in encephalocele (increased Asian)Increase in encephalocele (increased Asian)

Reduced births due to TOPReduced births due to TOP

Spina BifidaSpina Bifida
Common Birth DefectCommon Birth Defect

Spina BifidaSpina Bifida Number of new cases/yearNumber of new cases/year
Royal Children’s HospitalRoyal Children’s Hospital
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number new SB
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Spina BifidaSpina Bifida
IncidenceIncidence

So why have the numbers droppedSo why have the numbers dropped

Antenatal diagnosis with ultrasoundAntenatal diagnosis with ultrasoundAntenatal diagnosis with ultrasoundAntenatal diagnosis with ultrasound
Termination of pregnancyTermination of pregnancy
Folate Folate –– small impactsmall impact

Small drop in prevalenceSmall drop in prevalence

Spina BifidaSpina Bifida-- PreventionPrevention

1960’s Laurence in Wales ?Vitamin Deficiency.1960’s Laurence in Wales ?Vitamin Deficiency.
1970’s Smithells1970’s Smithells

Periconceptual multivitaminsPericonceptual multivitamins
R d d ti t if i NTDR d d ti t if i NTDReduced conception rate if previous NTDReduced conception rate if previous NTD
Methodological flawsMethodological flaws

MRC Study 1992MRC Study 1992
Multi centre trialMulti centre trial
Stopped at 1400 (n = 2000)Stopped at 1400 (n = 2000)
76% reduction recurrence risk for NTD76% reduction recurrence risk for NTD
Folate rather than other Vitamins the causeFolate rather than other Vitamins the cause

FolateFolate

Folate supplementation reduces recurrence by Folate supplementation reduces recurrence by 
up to 72%up to 72% Lancet 1991Lancet 1991

R dR dRecommend Recommend --
1 month pre1 month pre-- and 3 months postand 3 months post--conceptionconception

Routine 0.5mg dailyRoutine 0.5mg daily
High risk pregnancy 5mg oral dailyHigh risk pregnancy 5mg oral daily

Parent with SBParent with SB
Parent with a previously affected childParent with a previously affected child
Mother on AntiMother on Anti--Epileptic DrugsEpileptic Drugs
Mother with Diabetes MellitusMother with Diabetes Mellitus

SB SB --Folate PreventionFolate Prevention

How does it work How does it work –– unknownunknown

Generalizable.?Generalizable.?
Berry NEJM 2004Berry NEJM 2004Berry NEJM 2004Berry NEJM 2004
130000 Chinese women 0.4 mg folate,117000 controls130000 Chinese women 0.4 mg folate,117000 controls
–– 41% reduction NTD41% reduction NTD
Risks Risks –– nil reported ?  Twinsnil reported ?  Twins

How much?How much?
0.4mg 0.4mg –– 36%36%
5mg  5mg  -- 85%85%

PeriPeri--conceptual folic acidconceptual folic acid
Awareness post 1996,1999Awareness post 1996,1999

BeforeBefore 19971997 20002000

1515--24 yrs24 yrs 5%5% 6%6% 4%4%yy

2525--34 yrs34 yrs 19%19% 24%24% 29%29%

34yrs+34yrs+ 12%12% 16%16% 26%26%

NTD Recurrence RiskNTD Recurrence Risk

0ne child0ne child 2%2%
Two ChildrenTwo Children 10%10%
Parent NTDParent NTD 4%4%Parent NTDParent NTD 4%4%
Blood related Blood related 1%1%

RemarryRemarry 0.6%0.6%
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Spina BifidaSpina Bifida

12.2  NTD per 10000 12.2  NTD per 10000 
conceptionsconceptions
85  NTD for 70000 85  NTD for 70000 
conceptions Vic paconceptions Vic pa
5 new case treated5 new case treated

1% blood relative risk1% blood relative risk

SB SB –– Folate to flourFolate to flour

Folate added to flourFolate added to flour
Average daily consumption Average daily consumption 

Supplement to 0 4 mgSupplement to 0 4 mgSupplement to  0.4 mgSupplement to  0.4 mg

USA and 38 other countriesUSA and 38 other countries
36 % reduction in NTD36 % reduction in NTD
Australia about to startAustralia about to start

Spina BifidaSpina Bifida
ManagementManagement MultidisiplinaryTeam MultidisiplinaryTeam MultidisiplinaryTeam MultidisiplinaryTeam 

Allied HealthAllied Health MedicalMedical

Stomal therapistStomal therapist UrologistUrologistStomal therapistStomal therapist Urologist Urologist 
PhysiotherapistPhysiotherapist Neurosurgeon Neurosurgeon 
Occupational  therapist Orthopaedics Occupational  therapist Orthopaedics 

OrthotistOrthotist Neonatologist Neonatologist 

PaediatricianPaediatrician

Multidisciplinary teamMultidisciplinary teamMultidisciplinary teamMultidisciplinary team

NeuropsychologistNeuropsychologist
Social WorkerSocial Worker
Clinical PsychologistClinical PsychologistClinical PsychologistClinical Psychologist
EducationEducation
General practitionerGeneral practitioner

Spina Bifida Association Spina Bifida Association --socialsocial

Spina BifidaSpina Bifida
Antenatal diagnosisAntenatal diagnosis

UltrasoundUltrasound
Lesion vertebral columnLesion vertebral column
HydrocephalusHydrocephalus –– lemon signlemon signHydrocephalus Hydrocephalus lemon signlemon sign

AmniocentesisAmniocentesis
AFP,  open lesion onlyAFP,  open lesion only

Maternal Serum ScreeningMaternal Serum Screening
AFP  non specific (twins, down etc)AFP  non specific (twins, down etc)
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Spina BifidaSpina Bifida
Antenatal UltrasoundAntenatal Ultrasound

Can visualise at 15Can visualise at 15--16 weeks16 weeks
Vertebra have 3 ossification centresVertebra have 3 ossification centres

Spina BifidaSpina Bifida
Antenatal UltrasoundAntenatal Ultrasound

Ultrasound Ultrasound –– “sac”“sac”

Spina BifidaSpina Bifida
Antenatal ultrasound Antenatal ultrasound 

Lemon and banana signLemon and banana sign

Spina BifidaSpina Bifida
Foetal SurgeryFoetal Surgery

Does foetal surgery Does foetal surgery 
improve outcomeimprove outcome
Randomized trial USARandomized trial USA
Ongoing at momentOngoing at moment
No data yetNo data yet

TerminationTermination

Prenatal UltrasoundPrenatal Ultrasound
1818--20 weeks20 weeks
Detailed foetal anatomyDetailed foetal anatomyDetailed foetal anatomyDetailed foetal anatomy
FetoFeto--maternal obstetric outpatients for maternal obstetric outpatients for 
discussions and counsellingdiscussions and counselling
Termination at 20Termination at 20--22 weeks should the 22 weeks should the 
parents chooseparents choose

Spina BifidaSpina Bifida
Mode of DeliveryMode of Delivery

Improved outcome with elective LUCSImproved outcome with elective LUCS
Use if leg movement seen on USUse if leg movement seen on US
RationaleRationaleRationaleRationale
–– reduces damage to neural plaquereduces damage to neural plaque
2 neurosegmental levels better2 neurosegmental levels better
Bladder and bowel status unchangedBladder and bowel status unchanged

(LUTHY et al NEJM 1989)(LUTHY et al NEJM 1989)
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Spina BifidaSpina Bifida
Initial AssessmentInitial Assessment

Refer specialist centreRefer specialist centre
Neurosurgical assessmentNeurosurgical assessment
Paediatric assessmentPaediatric assessmentPaediatric assessmentPaediatric assessment
Discussion with familyDiscussion with family
Facts not biasesFacts not biases
If severe If severe -- non treatment optionnon treatment option
Family’s wishes respectedFamily’s wishes respected
Palliative care Palliative care –– 10% survive10% survive

Spina BifidaSpina Bifida
Initial AssessmentInitial Assessment

Clinical exam Clinical exam –– chromosomal/otherchromosomal/other
Extent of lesion Extent of lesion –– can it be closedcan it be closed
Motor levelMotor levelMotor levelMotor level
Hydrocephalus Hydrocephalus cranial UScranial US
MusculoskeletalMusculoskeletal Hip USHip US

Joint deformityJoint deformity
Spine deformitySpine deformity

RenalRenal Renal USRenal US

Spina BifidaSpina Bifida
Initial AssessmentInitial Assessment

“to treat or not to treat” “to treat or not to treat” 
Prior 1955  most diedPrior 1955  most died

Hydrocephalus Meningitis RenalHydrocephalus Meningitis RenalHydrocephalus, Meningitis, RenalHydrocephalus, Meningitis, Renal

1955 CSF shunt (VA),  Ileal conduits1955 CSF shunt (VA),  Ileal conduits
19551955--70  many with severe abnormalities70  many with severe abnormalities
Treatment CriteriaTreatment Criteria

Lorber 1971Lorber 1971
Smith and Smith 1973Smith and Smith 1973

Spina BifidaSpina Bifida

Treatment Treatment 
considerationsconsiderations

Severe paralysisSevere paralysis
Severe hydrocephalusSevere hydrocephalus
KyphosisKyphosis
Other congenital Other congenital 
abnormalitiesabnormalities

Spina BifidaSpina Bifida
Initial TreatmentInitial Treatment

Back closure within 24 hours (infection)Back closure within 24 hours (infection)
Prophylactic antibioticsProphylactic antibiotics

Delay closure for 72 hourDelay closure for 72 hourDelay closure for 72 hour Delay closure for 72 hour 

Monitor for hydrocephalusMonitor for hydrocephalus
Back closure head circumference increasesBack closure head circumference increases

Shunt insertion about 1 week laterShunt insertion about 1 week later
Hospital 1Hospital 1--3 weeks3 weeks

SB SB -- NeurosurgicalNeurosurgical

Back ClosureBack Closure
Within 24 hoursWithin 24 hours
Preserve nervesPreserve nervesPreserve nervesPreserve nerves
Motor deterioration post surgeryMotor deterioration post surgery

Investigations US, CT MRIInvestigations US, CT MRI

Back closure Back closure -- hydrocephalushydrocephalus
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Spina BifidaSpina Bifida
HydrocephalusHydrocephalus SB SB -- HydrocephalusHydrocephalus

8080--90% develop significant 90% develop significant 
hydrocephalushydrocephalus
Increased with higher levelIncreased with higher level

26%  present at birth and 26%  present at birth and 
by 1 month of age in 77%by 1 month of age in 77%
Rarely develops after 6 Rarely develops after 6 
monthsmonths
Frequently progress after Frequently progress after 
back closure/back closure/
Most shunts in 1Most shunts in 1stst month.month.

SB SB -- HydrocephalusHydrocephalus

Arnold chiari type 2Arnold chiari type 2
VP shuntVP shunt
ComplicationsComplicationsComplicationsComplications

Infection, obstruction, disconnectionInfection, obstruction, disconnection
Low pressureLow pressure

CSF ShuntCSF Shunt

Arnold Chiari Type 2Arnold Chiari Type 2 Tethered Cord CausesTethered Cord Causes

MyelomeningoceleMyelomeningocele
Post operativePost operative
Tight filumTight filumTight filumTight filum

Lipoma/lipomeningoceleLipoma/lipomeningocele
Split Cord (diastematomyelia)Split Cord (diastematomyelia)
Dermal sinusDermal sinus
Tight or fatty filum terminaleTight or fatty filum terminale
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Tethered Cord SymptomsTethered Cord Symptoms

PainPain
WeaknessWeakness-- evolvingevolving
Sensory LossSensory LossSensory LossSensory Loss
IncontinenceIncontinence
ScoliosisScoliosis
Cutaneous markersCutaneous markers

Investigate Muscle chart, MRIInvestigate Muscle chart, MRI

Spina Bifida TetheringSpina Bifida Tethering

Lipoma Lipoma --tetheringtethering DiastematomyeliaDiastematomyelia

Filum terminaleFilum terminale Neurosurgical ClinicalNeurosurgical Clinical

EpilepsyEpilepsy
10 10 –– 15%15%
Increased with shunt obstruction, Infection,Increased with shunt obstruction, Infection,Increased with shunt obstruction, Infection, Increased with shunt obstruction, Infection, 
ventriculitisventriculitis

Arachnoid CystsArachnoid Cysts
SphyrinxSphyrinx
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Spina BifidaSpina Bifida

OrthopaedicOrthopaedic

SB OrthopedicSB Orthopedic
AimsAims

Pattern of motor development near Pattern of motor development near 
normalnormal
Maximize mobilityMaximize mobilityMaximize mobilityMaximize mobility
Stable posture if standingStable posture if standing

Centre of gravity over feetCentre of gravity over feet

Prevent pelvic obliquityPrevent pelvic obliquity
Correct spinal deformityCorrect spinal deformity
“stability of skin”“stability of skin”

SB OrthopaedicsSB Orthopaedics
PrincipalsPrincipals

Developmental knowledgeDevelopmental knowledge
Natural history of conditionNatural history of condition
Monitor progressMonitor progressMonitor progressMonitor progress
Time interventionsTime interventions
InvestigationsInvestigations

ImagingImaging
Muscle ChartsMuscle Charts
Gait analysisGait analysis

SB SB -- OrthopaedicOrthopaedic
HipHip

Hip Flexion contractureHip Flexion contracture
Anterior hip releaseAnterior hip release
Femoral or pelvic osteotomiesFemoral or pelvic osteotomiesFemoral or pelvic osteotomiesFemoral or pelvic osteotomies

Abduction External Rotation DeformityAbduction External Rotation Deformity
Limitation of AbductionLimitation of Abduction
Hip surveillance  prevent  dislocationHip surveillance  prevent  dislocation

SB OrthopaedicSB Orthopaedic
Hip dislocationHip dislocation

Thoracic L1, L2, L3Thoracic L1, L2, L3 53%53%
L4 L4 33%33%
L5L5 20%20%
BilateralBilateralBilateralBilateral

Operative benefit ?marginalOperative benefit ?marginal
PainPain
Prevent hip flexion contracture Prevent hip flexion contracture –– or fit an orthosis (RGO)or fit an orthosis (RGO)

Unilateral Unilateral 
Leg length discrepancy, pelvic obliquityLeg length discrepancy, pelvic obliquity
DucubitiDucubiti
Operate on low lesionOperate on low lesion

SB OrthopaedicsSB Orthopaedics
KneeKnee

Valgus deformityValgus deformity
Flail undeformed kneeFlail undeformed knee
Undeformed knee with Undeformed knee with 
reduced quadricepreduced quadricepreduced quadricepreduced quadricep
Fixed flexionFixed flexion
TreatmentTreatment

CastCast
BracesBraces
Muscle transfersMuscle transfers
OstetomiesOstetomies
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Deformities in Ankle FeetDeformities in Ankle Feet

The deformities include;The deformities include;
Equinus deformityEquinus deformity
Clubfoot or talipes equino varus deformity. Clubfoot or talipes equino varus deformity. p q yp q y
Calcaneal deformity.Calcaneal deformity.
Cavus or cavoCavus or cavo--varus deformity.varus deformity.
PlanoPlano--valgus deformity. valgus deformity. 

Clubbed Feet Clubbed Feet 

Spine deformitySpine deformity

ScoliosisScoliosis
KyphosisKyphosis
LordosisLordosis

Monitored by XrayMonitored by Xray
Worsen with ageWorsen with age
AdolescenceAdolescence
Pain , decubiti  sittingPain , decubiti  sitting
BraceBrace
SurgerySurgery

Scoliosis SurgeryScoliosis Surgery

SB OrthopaedicsSB Orthopaedics
TechniquesTechniques

CastingCasting
OrthosisOrthosis
Soft tissue releasesSoft tissue releases
Muscle transfersMuscle transfers

Bony proceduresBony procedures
OsteotomiesOsteotomies
ArthodesisArthodesis
Ilizarov framesIlizarov frames

AFOAFO
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KAFOKAFO

Knee and ankle Knee and ankle 
stabilitystability
Mobilize with crutchesMobilize with crutches
Lock to enable sittingLock to enable sitting

RGORGO
Reciprocating gait orthosisReciprocating gait orthosis

Muscles and movement 3Muscles and movement 3

Physiotherapist Physiotherapist 
In community provide regular In community provide regular 
therapytherapy
Equipment assessment and Equipment assessment and q pq p
funding funding 
Independent skills Independent skills --
transfers/muscle strengthtransfers/muscle strength
RCH service 6RCH service 6--12mly muscle 12mly muscle 
mappingmapping

Orthopedic surgeriesOrthopedic surgeries
Major reason for admissionMajor reason for admission

Spina BifidaSpina Bifida
UrologyUrology

BladderBladder
BowelBowel
SkinSkinSkinSkin

SBSB
Neurogenic BladderNeurogenic Bladder

90% plus affected90% plus affected
Inervation S2Inervation S2--44
AssociationsAssociationsAssociationsAssociations

VU refluxVU reflux
Renal Anomalies (horseshoe kidney)Renal Anomalies (horseshoe kidney)
Bladder wall trabeculationBladder wall trabeculation
UTI/pyelonephritisUTI/pyelonephritis

SB UrologySB Urology
TreatmentTreatment

PrinciplesPrinciples
Protect the kidney’s from damageProtect the kidney’s from damage
Social continenceSocial continence

ManagementManagementManagementManagement
Evaluate renal tract (imaging, urodynamics)Evaluate renal tract (imaging, urodynamics)
Regular imaging ( deterioration silent)Regular imaging ( deterioration silent)
Prevent infection (Bactrim, keflex, macrodantin, Prevent infection (Bactrim, keflex, macrodantin, 
cranberry)cranberry)
Treat infectionTreat infection
Investigate deteriorationInvestigate deterioration
SurgerySurgery
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SBSB
Neurogenic BladderNeurogenic Bladder

TypesTypes

Areflexic (acontractile)Areflexic (acontractile)
Enla gedEnla gedEnlargedEnlarged
Urine dribblesUrine dribbles
Sphincter incompetentSphincter incompetent
commoncommon

Contractile (Spastic)Contractile (Spastic)
Small VolumeSmall Volume
Thick wallThick wall

Neuropathic Bladder 2Neuropathic Bladder 2
Bladder typeBladder type ContractileContractile IntermediateIntermediate

*most common*most common
AcontractileAcontractile

Detrusor Detrusor 
contractioncontraction

StronglyStrongly Continuous weakContinuous weak Doesn’t contractDoesn’t contract

Sphincter toneSphincter tone HighHigh Weak/ ineffectiveWeak/ ineffective WeakWeak

OutflowOutflow ObstructedObstructed ObstructedObstructed Mild resistance Mild resistance 
(incomplete relaxation)(incomplete relaxation)

EffectsEffects High residual volume, High residual volume, 
small bladder capacitysmall bladder capacity

Small capacity and Small capacity and 
continuous dribblingcontinuous dribbling

Continuous dribblingContinuous dribbling

Upper tractsUpper tracts At riskAt risk At riskAt risk Rarely at riskRarely at risk

OptionsOptions C.I.CC.I.C
SphincterotomySphincterotomy
AugmentationAugmentation

C.I.C C.I.C 
SphincterotomySphincterotomy
AugmentationAugmentation

Anticholinergic Anticholinergic 
Botox AND C.I.CBotox AND C.I.C

Neuropathic bladder 4Neuropathic bladder 4

MedicalMedical SurgicalSurgical

1. Preserve renal function 1. Preserve renal function 
(ensure emptying and prevent infection)(ensure emptying and prevent infection)

2. Achieve continence2. Achieve continence

MedicalMedical
Clean intermittent Clean intermittent 
catheterisationcatheterisation
Anticholinergics (reduce Anticholinergics (reduce 
detrusor hyperreflexia)detrusor hyperreflexia)
Manage infectionsManage infections

SurgicalSurgical
Botulinum toxinBotulinum toxin
SphincterotomySphincterotomy
Bladder augmentationBladder augmentation
Artificial urinary sphincterArtificial urinary sphincter
Vesicostomy, urinary Vesicostomy, urinary 
diversion/ undiversiondiversion/ undiversion
Mitroffanoff procedureMitroffanoff procedure

SB Neurogenic BladderSB Neurogenic Bladder
InvestigationsInvestigations

Renal Ultrasounds Renal Ultrasounds YearlyYearly
MCUMCU prnprn
Nuclear ScansNuclear Scans Baseline prnBaseline prnNuclear ScansNuclear Scans Baseline  prnBaseline  prn
UrodynamicsUrodynamics PrnPrn
CystoscopyCystoscopy prnprn

SB UrodynamicsSB Urodynamics SB UrologySB Urology
SurgerySurgery

Reflux surgeryReflux surgery
VesicostomiesVesicostomies

high pressure, infectionhigh pressure, infection
Bladder AugmentationBladder AugmentationBladder AugmentationBladder Augmentation

Enlarge the bladder (mucus, rupture, cancer)Enlarge the bladder (mucus, rupture, cancer)
Flap from Ureter, stomach, bowel, cultured cellsFlap from Ureter, stomach, bowel, cultured cells

Mitrofanoff Mitrofanoff -- appendix for anterior accessappendix for anterior access
Artificial SphinctersArtificial Sphincters

Select candidates Select candidates 
Ileal ConduitsIleal Conduits

Bleed, Stenosis, stones, Cancer, Last 10 yearsBleed, Stenosis, stones, Cancer, Last 10 years
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SB Augmentation cystoplastySB Augmentation cystoplasty SB Artificial SphincterSB Artificial Sphincter

SB UrologySB Urology
Recent DevelopmentsRecent Developments

BotoxBotox
High pressure bladderHigh pressure bladder
Detrusor instabilityDetrusor instabilityDetrusor instabilityDetrusor instability

Nerve TransplantsNerve Transplants
Chinese researchChinese research
Improved functionImproved function
Trials underway in USATrials underway in USA

SB UrologySB Urology
ContinenceContinence

Initially nappiesInitially nappies
Prophalactic antibioticsProphalactic antibiotics
Clean intermittent catheterization 3Clean intermittent catheterization 3--5/day5/dayClean intermittent catheterization 3Clean intermittent catheterization 3 5/day5/day
PadsPads
Bokka PantsBokka Pants
Condom drainageCondom drainage
Medication eg oxybutininMedication eg oxybutinin
SurgerySurgery

Spina  BifidaSpina  Bifida
Neurogenic BowelNeurogenic Bowel

90% + have faecal incontinence90% + have faecal incontinence
Sensory nerve to colon, rectum, anusSensory nerve to colon, rectum, anus

S2S2--44S2S2--44

Autonomic nervesAutonomic nerves
Major social problemMajor social problem

Neuropathic bowel 1Neuropathic bowel 1

25% of adults with Spina Bifida are bowel 25% of adults with Spina Bifida are bowel 
continentcontinent
Most who are incontinent have poor sensation Most who are incontinent have poor sensation 
AND eitherAND either

i. Increased bowel i. Increased bowel 
outlet resistanceoutlet resistance

Constipation and Constipation and 
overflow diarrhoeaoverflow diarrhoea

ii. Decreased bowel ii. Decreased bowel 
outlet resistanceoutlet resistance

Frequent stools Frequent stools 
throughout the daythroughout the day
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SB Neurogenic bowelSB Neurogenic bowel
TypesTypes

Patulous anus and constipationPatulous anus and constipation
DiarrhoaDiarrhoa

Diet sensitiveDiet sensitiveDiet sensitiveDiet sensitive
1010-- 20%20%
LoperamideLoperamide

Patulous anus and constant leakagePatulous anus and constant leakage
Seen in mobile (abdominal compression)Seen in mobile (abdominal compression)

SB Neurogenic BowelSB Neurogenic Bowel
PrinciplesPrinciples

Aim for social continenceAim for social continence
No single program that worksNo single program that works
Bowel management starts from birthBowel management starts from birthBowel management starts from birthBowel management starts from birth
Try to have a program by schoolTry to have a program by school
Teenagers and adults work it outTeenagers and adults work it out

SB Neurogenic BowelSB Neurogenic Bowel
TreatmentTreatment

Nappies initiallyNappies initially
DietDiet
Laxatives often worsen but used.Laxatives often worsen but used.Laxatives often worsen but used.Laxatives often worsen but used.

MovicolMovicol
Timed ToiletingTimed Toileting
PressurePressure
Digital stimulationDigital stimulation
CombinationsCombinations

SB Neurogenic BowelSB Neurogenic Bowel
TreatmentsTreatments

SuppositoriesSuppositories
Microlax enema’s Microlax enema’s 

Give 4Give 4--5 hour clean 5 hour clean -- good for schoolgood for school
B l hB l hBowel washoutsBowel washouts

2 or 3 per week2 or 3 per week
Malone antegrade enemaMalone antegrade enema
Anal PlugsAnal Plugs

Work well in some 30%Work well in some 30%
, expensive, last 6 hrs, expensive, last 6 hrs

Buttock strapping eg for swimmingButtock strapping eg for swimming

SB neurogenic BowelSB neurogenic Bowel
Malone procedureMalone procedure

SB Neurogenic BowelSB Neurogenic Bowel
Malone/ Anal plugsMalone/ Anal plugs
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Malone Antegrade Malone Antegrade 
WashoutWashout

Bowel WashoutBowel Washout
Peristeen SystemPeristeen System

SB SB -- Bowel ManagementBowel Management
ExperimentalExperimental

Gracilis slingsGracilis slings

Electrical stimulationElectrical stimulationElectrical stimulationElectrical stimulation

Cuff similar to Artifical Sphincter.Cuff similar to Artifical Sphincter.

SB Pressure soresSB Pressure sores

Skin LevelSkin Level
dermatomesdermatomes
Mapped using pin prickMapped using pin prickMapped using pin prickMapped using pin prick
Can be different to motor levelCan be different to motor level

Problem anaesthetic skinProblem anaesthetic skin
Pressure areas sitting bracesPressure areas sitting braces
BurnsBurns
frictionfriction

SB DecubitusSB Decubitus DecubitusDecubitus



19

Spina BifidaSpina Bifida
Pressure SoresPressure Sores

Prevalence 20 Prevalence 20 --25%25%
80 80 –– 90% will have at some stage90% will have at some stage
CauseCauseCauseCause

Anaesthetic skinAnaesthetic skin
Excessive pressureExcessive pressure 42%42%
Orthosis Orthosis 23%23%
Urine, faecal soilingUrine, faecal soiling 23%23%
FrictionFriction 10%10%

SB Pressure soresSB Pressure sores

PreventionPrevention
Pressure care training, regular liftsPressure care training, regular lifts
Correct fitting orthosisCorrect fitting orthosis
Pressure cushionsPressure cushions

SiteSite
Low Lumbar, SacralLow Lumbar, Sacral

Feet, buttocksFeet, buttocks

Thoracic, high lumbarThoracic, high lumbar
Spine, buttocks, feetSpine, buttocks, feet

Spina BifidaSpina Bifida
Latex AllergyLatex Allergy

Recognized since late 1980’sRecognized since late 1980’s
? Due to intra abdominal surgery? Due to intra abdominal surgery
Most SensitivityMost Sensitivity

Rash, lip swellingRash, lip swellingRash, lip swellingRash, lip swelling
Rubber gloves, catheters,  balloonsRubber gloves, catheters,  balloons

Some AnaphylaxisSome Anaphylaxis
Risk during surgeryRisk during surgery

Prevalence 33% on RASTPrevalence 33% on RAST
TreatmentTreatment

TestTest
Latex free theatreLatex free theatre

Spina BifidaSpina Bifida
Other Medical IssuesOther Medical Issues

ObesityObesity
Especially in adolescenceEspecially in adolescence
Stop walkingStop walking -- wheelchairwheelchairStop walking Stop walking wheelchairwheelchair

EndocrineEndocrine
Precocious puberty, osteoporosisPrecocious puberty, osteoporosis

OphthalmologyOphthalmology
PsychologicalPsychological

Adults suicidal ideation 10%Adults suicidal ideation 10%

Cognitive functionCognitive function

Intellectual disability Intellectual disability 
strongly associated strongly associated 
with hydrocephaluswith hydrocephalus

Spina BifidaSpina Bifida
CognitiveCognitive

General intelligence “normal range”General intelligence “normal range”
Skewed to the lower endSkewed to the lower end
Specific Learning difficultiesSpecific Learning difficultiesp gp g
Verbal IQ > Performance IQVerbal IQ > Performance IQ
Relative Deficit Increases with ageRelative Deficit Increases with age

Primary school 5 points down Primary school 5 points down -- overestimatesoverestimates
SecondarySecondary 1010--15 points down15 points down

Factors Factors 
Hydrocephalus, shunt blockage, infectionHydrocephalus, shunt blockage, infection
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Spina BifidaSpina Bifida
Cognitive profileCognitive profile

Executive FunctionsExecutive Functions
Difficulty completing taskDifficulty completing task
Difficulty organizing taskDifficulty organizing task
Overwhelmed by complex new informationOverwhelmed by complex new informationy py p
ImpulsiveImpulsive
Difficulty applying new knowledgeDifficulty applying new knowledge

Higher order LanguageHigher order Language
Information Processing (memory)Information Processing (memory)
Attention Memory, New learningAttention Memory, New learning

Poor sequential and working memoryPoor sequential and working memory
SequencingSequencing

Spina BifidaSpina Bifida
Cognitive profileCognitive profile

Visuo motor IntegrationVisuo motor Integration
Delayed lateralityDelayed laterality
Poor motor planningPoor motor planningPoor motor planningPoor motor planning
Poor hand controlPoor hand control
Slow mastery of writingSlow mastery of writing
Untidy and disorganized presentation or Untidy and disorganized presentation or 
written workwritten work

Spina BifidaSpina Bifida
EducationalEducational

Most attend normal schoolMost attend normal school
Special on cognitive grounds (Yooralla )Special on cognitive grounds (Yooralla )

parent should visit schoolsparent should visit schools
U ll i i i idU ll i i i idUsually require an integration aideUsually require an integration aide

ContinenceContinence
CognitiveCognitive
SafetySafety

School modifications ( access, toilets)School modifications ( access, toilets)
Program Support groupProgram Support group
School therapySchool therapy

SB SchoolSB School
ProblemsProblems

Lack of understanding about cognitive Lack of understanding about cognitive 
problemsproblems
Toileting expectations unrealisticToileting expectations unrealisticToileting expectations unrealisticToileting expectations unrealistic
Academically problems around Grade 4 Academically problems around Grade 4 
Teacher zealous Teacher zealous –– disillusioneddisillusioned
Child withdrawn, depressionChild withdrawn, depression
Socialization issuesSocialization issues

Spina BifidaSpina Bifida
Secondary SchoolSecondary School

Cognitive Difficulties more apparentCognitive Difficulties more apparent
Mobility/incontinence affect relationshipsMobility/incontinence affect relationships
Peer group issuePeer group issue –– isolationisolationPeer group issue Peer group issue isolationisolation
Poor body image Poor body image 
Sexuality issuesSexuality issues

Impotence in malesImpotence in males
Misery , low self esteemMisery , low self esteem
DepressionDepression

Spina BifidaSpina Bifida
TherapyTherapy

Developmental programDevelopmental program
Mainly physiotherapyMainly physiotherapy
OT many have upper limb/ cognitive issueOT many have upper limb/ cognitive issueOT many have upper limb/ cognitive issueOT many have upper limb/ cognitive issue
SpeechSpeech

RCH initially orRCH initially or
Specialist Children Services (home)Specialist Children Services (home)
Centre Based from 3yCentre Based from 3y
School based therapySchool based therapy
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Spina BifidaSpina Bifida
TherapyTherapy

Motor development depends on levelMotor development depends on level
L3 and quads for walkingL3 and quads for walking
Motor developmental programMotor developmental programMotor developmental programMotor developmental program

Standing framesStanding frames
Walking framesWalking frames
BracesBraces
CrutchesCrutches
Wheelchair trainingWheelchair training

ContinenceContinence

Continence nursesContinence nurses
Advise: management of the Advise: management of the 
bladder and bowels bladder and bowels 
Training (CIC, washouts): Training (CIC, washouts): 
parents carers aides andparents carers aides andparents, carers, aides and parents, carers, aides and 
patients patients 
Applications for CAAS Applications for CAAS 
fundingfunding
Sourcing equipment Sourcing equipment 
(catheters, pads, nappies, (catheters, pads, nappies, 
specialised underwear)specialised underwear)

Also Stomal Therapists Also Stomal Therapists 
and Wound Care!and Wound Care!

SB Social problemsSB Social problems

Friendship difficultiesFriendship difficulties
Realization that they are different 7Realization that they are different 7--8y8y
Exclusion by peersExclusion by peersExclusion by peersExclusion by peers
Unable to keep up in playgroundUnable to keep up in playground
Reduced self esteemReduced self esteem
Body image problemsBody image problems

Spina BifidaSpina Bifida
Post SchoolPost School

Unrealistic expectations re careersUnrealistic expectations re careers
Tertiary few Tertiary few 

University a fewUniversity a fewUniversity a few. University a few. 
TAFETAFE

EmploymentEmployment

Independent LivingIndependent Living

Spina BifidaSpina Bifida

CLINIC STAFFCLINIC STAFF

MonitoringMonitoringMonitoringMonitoring
Medical 6 monthlyMedical 6 monthly
Orthopaedic  variesOrthopaedic  varies

Physio annuallyPhysio annually
Neurosurgery Neurosurgery -- annuallyannually
UrologyUrology 6 6 --12 monthly12 monthly

Ultrasounds 1Ultrasounds 1--2 years2 years

TransitionTransition

When complete high schoolWhen complete high school
Sometimes ongoing orthopaedics or Sometimes ongoing orthopaedics or 
urologyurologyurologyurology

MECRSMECRS
MonashMonash
Bendigo, Ballarat, GeelongBendigo, Ballarat, Geelong
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Spina BifidaSpina Bifida
OutcomeOutcome

MedicalMedical
PsychologicalPsychological
EmploymentEmploymentp yp y
HousingHousing

Spina Bifida AdultsSpina Bifida Adults
MedicalMedical

UrologicalUrological
Recurrent UTIRecurrent UTI 38%38%
HypertensionHypertension 11%11%HypertensionHypertension 11%11%
Stomal ProblemsStomal Problems 58%58%
Review recommendedReview recommended 36%36%

OrthopaedicOrthopaedic

Spina Bifida AdultsSpina Bifida Adults
MedicalMedical

OrthopaedicOrthopaedic

BackacheBackache 25%25%BackacheBackache 25%25%
Knee InstabilityKnee Instability 15%15%
Hip painHip pain 14%14%
Shoulder PainShoulder Pain 10%10%
ArthritisArthritis 6%6%

Spina Bifida AdultsSpina Bifida Adults
MedicalMedical

NeurosurgicalNeurosurgical
Symptoms of cord tetheringSymptoms of cord tethering 14%14%
Shunt reviewShunt review 4%4%Shunt reviewShunt review 4%4%
SeizuresSeizures 2%2%

Spina Bifida AdultsSpina Bifida Adults
PsychologicalPsychological

DepressionDepression 5%5%
AnxietyAnxiety 3%3%
PsychosisPsychosis 2%2%PsychosisPsychosis 2%2%
Suicide attemptsSuicide attempts 7%7%
Substance AbuseSubstance Abuse 7%7%

Spina Bifida AdultsSpina Bifida Adults
EducationEducation

114 Seen in 1992114 Seen in 1992
TertiaryTertiary 8%8%
Completed High SchoolCompleted High School 16%16%Completed High SchoolCompleted High School 16%16%
Special schoolSpecial school 28%28%

England 42% completed  high school England 42% completed  high school 
compared to 75% Controls (Tew 1984)compared to 75% Controls (Tew 1984)
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Spina Bifida AdultsSpina Bifida Adults
Employment Employment -- HomeHome

Competitive Employment Competitive Employment 33%33%
Not WorkingNot Working 54%54%

Living with parentLiving with parent 62%62%

Spina Bifida AdultsSpina Bifida Adults
PregnancyPregnancy

17 women 23 pregnancies17 women 23 pregnancies
Less complications if Vaginal deliveryLess complications if Vaginal delivery

Recurrent UTIRecurrent UTI
PyelonephritisPyelonephritis
Back painBack pain
Pressure soresPressure sores

The EndThe End

i. Which tissues are involved?i. Which tissues are involved?

Spina bifida occulta (bone Spina bifida occulta (bone 
only)only)
10% adult spines10% adult spines

Meningocoele (bone and Meningocoele (bone and 
meninges)meninges)
6% SB, 11% survivors6% SB, 11% survivors

Myelomeningocoele Myelomeningocoele 
(bone, meninges, nerves)(bone, meninges, nerves)
94% SB, 89% survivors94% SB, 89% survivors

QuickTime™ and a
 decompressor

are needed to see this picture.

ii. Where is the lesion?ii. Where is the lesion?

1%   Cervical only (Level 1)1%   Cervical only (Level 1)
1%   Thoracic only (Level 1)1%   Thoracic only (Level 1)

QuickTime™ and a
 decompressor

are needed to see this picture.

6%   Lower thoracic (Level 2) 6%   Lower thoracic (Level 2) 
and Upper lumbar (Level 3)and Upper lumbar (Level 3)

92%  occur at L3 and below92%  occur at L3 and below
[42%  Lumbosacral jct (Level [42%  Lumbosacral jct (Level 
4)] Lower sacral (Level 5)4)] Lower sacral (Level 5)
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Neuropathic Bowel 2Neuropathic Bowel 2

Diet, fluidsDiet, fluids
Regular sit, cough, push on toiletRegular sit, cough, push on toilet
Laxatives, enemas, washoutsLaxatives, enemas, washouts
A l lA l lAnal plugsAnal plugs
BiofeedbackBiofeedback
Malone ProcedureMalone Procedure

(exclude other causes diarrhoea)(exclude other causes diarrhoea)

QuickTime™ and a
 decompressor

are needed to see this picture.

MyelomeningoceleMyelomeningocele
Functional AmbulationFunctional Ambulation

Non AmbulatorNon Ambulator ThoracicThoracic

HouseholdHousehold Thoracic Thoracic –– L3L3
Indoors only bracesIndoors only bracesIndoors only, bracesIndoors only, braces
Wheelchair Wheelchair 

CommunityCommunity L3 L3 ––SacralSacral
Indoor/outdoorIndoor/outdoor
Braces CrutchesBraces Crutches
Wheelchair long distancesWheelchair long distances

SensationSensation
Sensory loss below level of lesionSensory loss below level of lesion

PatchyPatchy
DenseDense

High risk of pressure areas/burnsHigh risk of pressure areas/burns
Slow healing (poor blood supply)Slow healing (poor blood supply)

Occupational Occupational 
therapiststherapists

Seating advise Seating advise 
(includes car)(includes car)
Pressure carePressure careSlow healing  (poor blood supply)Slow healing  (poor blood supply)

Historically, common cause of deathHistorically, common cause of death

QuickTime™ and a
 decompressor

are needed to see this picture.

Pressure carePressure care
Tools for function/ Tools for function/ 
home modification home modification 
(hoists, rails, (hoists, rails, 
handles, grips)handles, grips)
Upper limb functionUpper limb function
Driver’s LicenceDriver’s Licence

Roho cushionRoho cushion

SB SB –– Prevention Prevention 
PeriPeri--conceptual folic acidconceptual folic acid

Folic acid 0.5mg Folic acid 0.5mg 
2 month pre conception2 month pre conception
Family history 5mgFamily history 5mgFamily history 5mg.Family history 5mg.

Campaigns 1996,1999Campaigns 1996,1999

SB OrthopaedicSB Orthopaedic
Ilizarov frameIlizarov frame

Spina BifidaSpina Bifida
Initial AssessmentInitial Assessment

Treatment considerationsTreatment considerations

Severe paralysisSevere paralysisSevere paralysisSevere paralysis
Severe hydrocephalusSevere hydrocephalus
KyphosisKyphosis
Other congenital abnormalitiesOther congenital abnormalities
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Spina BifidaSpina Bifida-- NumbersNumbers

Treated at the RCHTreated at the RCH
19701970 2727
19801980 232319801980 2323
19901990 1515
19951995 55
20002000 44
20052005 44

Spina BifidaSpina Bifida
EmbryologyEmbryology


