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I t d tiI t d tiIntroduction Introduction 

Dynamic component of CNSDynamic component of CNS

Invaluable tool to diagnosisInvaluable tool to diagnosis

Ph siological ese oi of h man p oteomePh siological ese oi of h man p oteomePhysiological reservoir of human proteomePhysiological reservoir of human proteome

Reflects the physiologic state of CNSReflects the physiologic state of CNSReflects the physiologic state of  CNSReflects the physiologic state of  CNS



Hi t i l tHi t i l tHistorical account  Historical account  

Hippocrates described fluid in brainHippocrates described fluid in brain
Galen described ventricles Galen described ventricles 
Vesalius showed the anatomyVesalius showed the anatomyVesalius showed the anatomy Vesalius showed the anatomy 
MegendiMegendi performed first performed first cisternalcisternal puncture in animalspuncture in animals
QuinkeQuinke performed first LPperformed first LPQQ pp
Dandy was credited first ventricular punctureDandy was credited first ventricular puncture
QuekenstedQuekensted did first did first cisternalcisternal puncture in humans.puncture in humans.



F ti f CSFF ti f CSFFunctions of CSF Functions of CSF 
Mechanical cushion to brainMechanical cushion to brain

Source of nutrition to brain Source of nutrition to brain 

Excretion of metabolic waste productsExcretion of metabolic waste products

Intracerebral transport mediumIntracerebral transport medium

Control of chemical environmentControl of chemical environment

Autoregulation of intracranial pressureAutoregulation of intracranial pressureAutoregulation of intracranial pressureAutoregulation of intracranial pressure



P d ti f CSFP d ti f CSFProduction of CSF Production of CSF 

ChoroidalChoroidal

ExtrachoroidalExtrachoroidal

Epend maEpend maEpendymaEpendyma

? Neighboring brain substance? Neighboring brain substance? Neighboring brain substance? Neighboring brain substance



Hi t l f h id lHi t l f h id lHistology of choroid plexusHistology of choroid plexus



Facts of interestFacts of interest

Only Only choroidalchoroidal CSF production is tightly regulated active CSF production is tightly regulated active 
processprocess

CSF secretion shows diurnal variation with peak in the CSF secretion shows diurnal variation with peak in the 
morning.morning.morning. morning. 



F t ff ti d tiF t ff ti d tiFactors affecting productionFactors affecting production

Vascular bed autoregulationVascular bed autoregulation

Intracranial pressureIntracranial pressure

B ain metabolismB ain metabolismBrain metabolismBrain metabolism

DrugsDrugsDrugsDrugs



Ab ti f CSFAb ti f CSFAbsorption of CSFAbsorption of CSF

Arachanoid granulations Arachanoid granulations 

Along the olfactory nervesAlong the olfactory nerves

E t acell la spaces in b ainE t acell la spaces in b ainExtracellular spaces in brain Extracellular spaces in brain 

Brain substance ( glial cells)Brain substance ( glial cells)Brain substance ( glial cells)Brain substance ( glial cells)..



F t ff ti b tiF t ff ti b tiFactors affecting absorptionFactors affecting absorption

Intracranial pressureIntracranial pressure



Q tit ti d iQ tit ti d iQuantitative dynamics Quantitative dynamics 

Daily secretion:Daily secretion:

Total CSF volume:Total CSF volume:Total CSF volume: Total CSF volume: 

VentricularVentricular

Cisternal Cisternal 

Spinal Spinal 



CSF thCSF thCSF pathwaysCSF pathways



T h i f CSF l iT h i f CSF l iTechniques of CSF analysis Techniques of CSF analysis 

Lumbar punctureLumbar puncture

Cisternal punctureCisternal puncture

Ventricular punctureVentricular puncture



L b tL b tLumbar punctureLumbar puncture
Diagnostic indications: Diagnostic indications: 

Infective pathologyInfective pathology
Inflammatory pathologyInflammatory pathology
SubarachanoidSubarachanoid hemorrhagehemorrhageSubarachanoidSubarachanoid hemorrhagehemorrhage
Malignancy and spreadMalignancy and spread
Pressure recordings Pressure recordings 
CisternographyCisternography, , myelographymyelography, , 

Therapeutic indications:Therapeutic indications:Therapeutic indications:Therapeutic indications:
CSF drainageCSF drainage
Drug deliveryDrug deliveryg yg y



C t i di tiC t i di tiContraindications Contraindications 

AbsoluteAbsolute
Posterior fossa mass Posterior fossa mass 
Coagulopahty blood dyscrasiasCoagulopahty blood dyscrasiasCoagulopahty, blood dyscrasiasCoagulopahty, blood dyscrasias
Known spinal AVM Known spinal AVM 

RelativeRelative
Raised ICT (guarded LP)Raised ICT (guarded LP)
L l i f iL l i f iLocal infectionLocal infection



T h iT h iTechnique Technique 

PositioningPositioning

Cleaning and drapingCleaning and draping

P nct eP nct ePuncturePuncture

CSFCSFCSFCSF



fififigurefigure



C li tiC li tiComplications Complications 

Post LP headachesPost LP headaches

HematomaHematomaHematomaHematoma

InfectionInfection

Neural injuryNeural injury

Iatrogenic dermoidsIatrogenic dermoids



Oth th dOth th dOther methods Other methods 

Cisternal punctureCisternal puncture

Lateral cervical punctureLateral cervical puncture

Vent ic la p nct eVent ic la p nct eVentricular punctureVentricular puncture



L t l i l tL t l i l tLateral cervical punctureLateral cervical puncture



V t i l tV t i l tVentriculostomyVentriculostomy

Dandy`s pointDandy`s point

Keen`s pointKeen`s point

F a ie `s pointF a ie `s pointFrazier s pointFrazier s point

Kocher`s pointKocher`s pointKocher s pointKocher s point



D d ` i tD d ` i tDandy s pointDandy s point



K ` i tK ` i tKeen s pointKeen s point



K h ` i tK h ` i tKocher s pointKocher s point



F i ` i tF i ` i tFrazier s pointFrazier s point



A l iA l iAnalysis Analysis 
Glucose 60-90 ≥ 0.66

Proteins 35mg/dl 0.005

Globulins 10-50 mg/L 0.001

RBC 0-1

WBC 0-1 (L)

L t t 1 6 1 6Lactate 1.6 1.6



Di ti h t i tiDi ti h t i tiDiagnostic characteristicsDiagnostic characteristics

Type Sugar Cells Lactate

Bacterial Very low Neutrophils Increased 

Fungal low L/N -

Viral Normal to low L/N -Viral Normal to low L/N

Aseptic Normal Neutrophils Normal

P t ti N l N t hilPost operative Normal Neutrophils
(≥1000)



H d h lH d h lHydrocephalusHydrocephalus

DefinitionDefinition

Imbalance between production and absorption of CSF Imbalance between production and absorption of CSF 
leading to accumulation of fluid in the ventricular leading to accumulation of fluid in the ventricular 
system leading to elevation of intracranial pressuresystem leading to elevation of intracranial pressuresystem leading to elevation of intracranial pressure.system leading to elevation of intracranial pressure.



E id i lE id i lEpidemiology Epidemiology 

Infantile HCP: 3Infantile HCP: 3--4 per 1000 LB4 per 1000 LB

As a single congenital disorder: 0.9As a single congenital disorder: 0.9--1.5 per 1000 live 1.5 per 1000 live 
birthsbirths

Associated with SD: 1.3Associated with SD: 1.3--2.9 per 1000 LB2.9 per 1000 LB



Cl ifi tiCl ifi tiClassification Classification 

CommunicatingCommunicating
AKA extraventricular,AKA extraventricular,

NoncommunicatingNoncommunicating
AKA obst cti eAKA obst cti eAKA obstructive AKA obstructive 

TriventricularTriventricularTriventricularTriventricular
BiventricularBiventricular



C f h d h lC f h d h lCauses of hydrocephalusCauses of hydrocephalus



P th iP th iPathogenesis Pathogenesis 

Obstruction of CSF pathways leading to decreased Obstruction of CSF pathways leading to decreased 
absorptionabsorption

Increased productionIncreased production

Increased venous pressureIncreased venous pressure



I d d tiI d d tiIncreased productionIncreased production

Choroid plexus papillomaChoroid plexus papilloma



D d b tiD d b tiDecreased absorptionDecreased absorption

Due to anatomical block in the pathways Due to anatomical block in the pathways 

Block at arachanoid granulations levelBlock at arachanoid granulations level



I dI dIncreased venous pressureIncreased venous pressure

Evidence with this theoryEvidence with this theory
VOGMVOGM
Experimental studies in animalsExperimental studies in animals

E idence against this theoE idence against this theoEvidence against this theoryEvidence against this theory
Ligation of various sinuses doesn’t cause HCPLigation of various sinuses doesn’t cause HCP
Experimental studiesExperimental studiesExperimental studiesExperimental studies



P th l f h d h lP th l f h d h lPathology of hydrocephalusPathology of hydrocephalus

Atrophy of white matterAtrophy of white matterAtrophy of white matterAtrophy of white matter

Spongy edema of  brainSpongy edema of  brainp gyp gy

Fibrosis of choroid plexusesFibrosis of choroid plexuses

Stretching and denuding of ependymaStretching and denuding of ependyma

Fenestration of septum Fenestration of septum pellucidumpellucidum

Thinning of Thinning of interhemisphericinterhemispheric commisurescommisures



A t HCPA t HCPAcute HCPAcute HCP
Cerebral, IV or cerebellar hematomaCerebral, IV or cerebellar hematoma

ParaventricularParaventricular tumors tumors 

GunshotsGunshots

SubarachanoidSubarachanoid hemorrhagehemorrhage

Acute head injuriesAcute head injuries

Shunt malfunction.Shunt malfunction.



P iP iProgression Progression 

Ventricular dilatationVentricular dilatation

Occipital and frontal horns f/b temporal hornsOccipital and frontal horns f/b temporal horns

Anterior and posterior recess of third ventricleAnterior and posterior recess of third ventricle

Fourth ventricleFourth ventricleFourth ventricleFourth ventricle

Third ventricular ballooningThird ventricular ballooningThird ventricular ballooningThird ventricular ballooning



H d h li dH d h li dHydrocephalic edemaHydrocephalic edema

Available space in the cavity consumedAvailable space in the cavity consumed

Stretching and denuding of ependyma Stretching and denuding of ependyma 

Edema of hite matteEdema of hite matteEdema of white matterEdema of white matter



M h iM h iMechanismMechanism

Stasis of brain interstitial fluidStasis of brain interstitial fluid

Reflux of CSF  into the periventricular areaReflux of CSF  into the periventricular area

Inc ease in ce eb al capilla pe meabilitInc ease in ce eb al capilla pe meabilitIncrease in cerebral capillary permeabilityIncrease in cerebral capillary permeability



P iP iProgressionProgression

Dorsal angles of lateral ventricleDorsal angles of lateral ventricle
33--6 hrs 6 hrs 

Centrum Centrum semiovalesemiovale
1919 24 h s24 h s1919--24 hrs 24 hrs 

DiffuseDiffuseDiffuse Diffuse 
afterwardsafterwards



Chronic HCPChronic HCPChronic HCPChronic HCP

Compensatory mechanisms in chronic HCPCompensatory mechanisms in chronic HCP

Expansion of skull Expansion of skull 

Contraction of cerebral vascular volumeContraction of cerebral vascular volume

White matter atrophy and ventricular enlargementWhite matter atrophy and ventricular enlargement

Decreased rate of CSF formation.Decreased rate of CSF formation.

Diversion of CSF flow to alternative pathwaysDiversion of CSF flow to alternative pathways



Ch i b l i l tiCh i b l i l tiChanges in cerebral circulationChanges in cerebral circulation

Increased venous pressureIncreased venous pressure
Delayed emptying of cerebral veinsDelayed emptying of cerebral veins
Narrowing of cerebral arteriesNarrowing of cerebral arteries
Prolongation of circulation time Prolongation of circulation time 
Red ced ce eb al blood floRed ced ce eb al blood floReduced cerebral blood flow Reduced cerebral blood flow 
Lowering of CMRO2Lowering of CMRO2
Reduced glucose metabolismReduced glucose metabolismReduced glucose metabolismReduced glucose metabolism



Cli i l f tCli i l f tClinical featuresClinical features

AgeAge

Expansibility of skull bonesExpansibility of skull bones

T pe of HCPT pe of HCPType of HCPType of HCP

Duration of HCPDuration of HCPDuration of HCPDuration of HCP



Pediatric hydrocephalusPediatric hydrocephalusPediatric hydrocephalusPediatric hydrocephalus

Enlargement of headEnlargement of headEnlargement of headEnlargement of head
Thin and glistening scalpThin and glistening scalp
Tense, bulging fontanelTense, bulging fontanelTense, bulging fontanelTense, bulging fontanel
Dilated and tortuous scalp veinsDilated and tortuous scalp veins
Unilateral or bilateral Unilateral or bilateral abducensabducens palsiespalsiespp
Cracked pot or Cracked pot or Macewen`sMacewen`s signsign
Hypopituitarism  and growth retardationHypopituitarism  and growth retardation
TransilluminationTransillumination of skullof skull



Ad lt t HCPAd lt t HCPAdult acute HCPAdult acute HCP

Headache, nausea, vomitingHeadache, nausea, vomiting

Alteration of Alteration of sensoriumsensorium

Vis al obsc ationsVis al obsc ationsVisual obscurationsVisual obscurations

Perinaud’sPerinaud’s syndromesyndromePerinaud sPerinaud s syndromesyndrome

Progression to herniation syndromesProgression to herniation syndromesg yg y



Ad lt h i HCPAd lt h i HCPAdult chronic HCPAdult chronic HCP

BifrontalBifrontal generalized headache, vomitinggeneralized headache, vomiting
Papilledema and secondary optic atrophyPapilledema and secondary optic atrophy
CongnitiveCongnitive deficitsdeficits
Unilateral or bilateral Unilateral or bilateral abducensabducens palsypalsy
Up a d ga e palsUp a d ga e palsUpward gaze palsy Upward gaze palsy 
Spastic quadriparesis, dysmetria, Spastic quadriparesis, dysmetria, 
BitemporalBitemporal hemianopiahemianopiaBitemporalBitemporal hemianopiahemianopia
Endocrine disturbancesEndocrine disturbances



N l h d h lN l h d h lNormal pressure hydrocephalusNormal pressure hydrocephalus

““Hydrocephalus with normal CSF opening pressure on Hydrocephalus with normal CSF opening pressure on y p p g py p p g p
lumber puncture and absence of Papilledemalumber puncture and absence of Papilledema””



P th h i lP th h i lPathophysiologyPathophysiology

Intermittent rise of CSF pressure causing ventricular Intermittent rise of CSF pressure causing ventricular 
dilatation. dilatation. 

IntraventricularIntraventricular pressure head is decreasedpressure head is decreased



B i f li i l tB i f li i l tBasis of clinical symptomsBasis of clinical symptoms

Gait  problemsGait  problems

Urinary incontinenceUrinary incontinence

Memo p oblemsMemo p oblemsMemory problemsMemory problems



A t d h d h lA t d h d h lArrested hydrocephalusArrested hydrocephalus

DefinitionsDefinitionsDefinitions Definitions 
CSF pressure has normalizedCSF pressure has normalized

Pressure gradient between ventricles and parenchyma Pressure gradient between ventricles and parenchyma 
has been dissipatedhas been dissipated

Ventricular size remains stable or decreaseVentricular size remains stable or decrease

New neurological deficits do not appearNew neurological deficits do not appear

Advancing psychomotor development with age.Advancing psychomotor development with age.



P di t i NPHP di t i NPHPediatric NPHPediatric NPH

Enlarged head usually in or above ninth percentileEnlarged head usually in or above ninth percentile

History of delayed psychomotor developmentHistory of delayed psychomotor development

Mild to mode ate mental eta dationMild to mode ate mental eta dationMild to moderate mental retardationMild to moderate mental retardation

Glib verbal abilitiesGlib verbal abilitiesGlib verbal abilitiesGlib verbal abilities

Mild spastic paraparesisMild spastic paraparesisp p pp p p



H d h lH d h lHydrocephalus ex Hydrocephalus ex vacuovacuo

Cerebral atrophy and dilatation of Cerebral atrophy and dilatation of sulcisulci

Intracranial pressure is normal Intracranial pressure is normal 

Absence of pe i ent ic la edemaAbsence of pe i ent ic la edemaAbsence of periventricular edemaAbsence of periventricular edema

Absence of retrograde filling IsotopeAbsence of retrograde filling Isotope cisternographycisternographyAbsence of retrograde filling Isotope Absence of retrograde filling Isotope cisternographycisternography



Thank you Thank you 


