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PupillaPupilla
•• Indicatore dinamico della funzione motoria Indicatore dinamico della funzione motoria 

oculare e dell’apparato sensitivo a cui è oculare e dell’apparato sensitivo a cui è 
dedicata, la retinadedicata, la retina

•• Indicatore dell’integrità delle vie Indicatore dell’integrità delle vie 
pupillomotricipupillomotrici

•• Influenzata da:Influenzata da:
–– illuminazione retinicailluminazione retinica
–– accomodazioneaccomodazione
–– adattamento alla luceadattamento alla luce
–– influenze corticaliinfluenze corticali



PupillaPupilla
•• Funzioni:Funzioni:

–– Regola quantità di luce che giunge alla retinaRegola quantità di luce che giunge alla retina
–– Riduce aberrazioni cromatica e sfericaRiduce aberrazioni cromatica e sferica
–– Aumenta la profondità di campoAumenta la profondità di campo

•• Consente visione in ampio Consente visione in ampio rangerange di di 
illuminazioneilluminazione

•• Diametro ottimale: 2.4 mmDiametro ottimale: 2.4 mm
•• RetinalRetinal imageimage hashas the the highesthighest fidelity fidelity forfor pupilpupil

diameterdiameter aroundaround 3 mm3 mm



PupillaPupilla
•• Età: anziani hanno pupille più piccoleEtà: anziani hanno pupille più piccole

•• Sesso: Donne hanno pupille più piccoleSesso: Donne hanno pupille più piccole

•• Stress: pupilla si dilataStress: pupilla si dilata

•• LA MISURAZIONE E’ LA MISURAZIONE E’ UN’IMMAGINE UN’IMMAGINE 
VIRTUALEVIRTUALE DELLA PUPILLA, FORNITA DALLA DELLA PUPILLA, FORNITA DALLA 
CORNEA, DEL 14% CORNEA, DEL 14% PIU’PIU’ AMPIA DELLA AMPIA DELLA 
PUPILLA REALE, 0.5 MM PUPILLA REALE, 0.5 MM PIU’PIU’ ANTERIORE ANTERIORE 
ALLA PUPILLA REALEALLA PUPILLA REALE



Diametro PupillareDiametro Pupillare

•• RangeRange: 2: 2--9 mm9 mm

•• ScotopicScotopic 6.5 mm6.5 mm 0.04 lux0.04 lux

•• MesopicMesopic lolo 5.3 mm5.3 mm 0.4 0.4 -- 1.5lux1.5lux

•• MesopicMesopic hihi 3.0 3.0 –– 5 mm5 mm 4.0 4.0 –– 22 lux22 lux



Illumination: 
10-12 cd/m2

Illumination: 
100-150 cd/m2

PUPILLOMETRYPUPILLOMETRY

Mesopic Photopic



PupillometryPupillometry
•• AcquiredAcquired byby infraredinfrared

•• MeasuresMeasures::

–– pupillarypupillary diameterdiameter under under photopicphotopic and and scotopicscotopic
conditionsconditions

–– pupilpupil diameterdiameter variationvariation

–– pupilpupil diameterdiameter importanceimportance on on refractiverefractive examinationexamination

•• NasalNasal and and superiorsuperior motionmotion of of pupilpupil centroidcentroid duringduring
dilationdilation

•• MuchMuch greatergreater on x on x axisaxis thanthan on y on y axisaxis
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DilationDilation: : PupilPupil Center Center ShiftShift

Distance between the
2 pupil centers (M – P)

Pupil Diameter

Indexes



PupillometryPupillometry
•• PupilsPupils in in constantconstant motionmotion ((hippushippus))
•• PupilsPupils invariablyinvariably are are notnot equalequal
•• Peak Peak scotopicscotopic pupilpupil::

–– ControlledControlled levelslevels of of luminanceluminance
–– Multiple Multiple measurementsmeasurements
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PupillometryPupillometry
•• PupilsPupils affectedaffected byby multiple multiple influencesinfluences in in 

dailydaily life:life:
–– FatigueFatigue
–– ExerciseExercise
–– MedicationsMedications
–– OculaOcula pigmentationpigmentation
–– AgeAge
–– LightingLighting levelslevels ((illuminanceilluminance))



PupillometryPupillometry and and RefractiveRefractive SurgerySurgery

•• CorrelatesCorrelates pupillarypupillary diameterdiameter toto
topographictopographic and aberrometric dataand aberrometric data

•• ExtentExtent of of ablationablation and and widthwidth of of opticaloptical
zone zone dependsdepends on on maximummaximum pupillarypupillary
diameterdiameter

•• WiderWider ablationsablations: : deeperdeeper ablationsablations, , checkcheck
pachimetrypachimetry
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PupilPupil SizeSize and and RefractiveRefractive SurgerySurgery

•• RefractiveRefractive surgerysurgery usesuses photopicphotopic lightlight
•• MesopicMesopic pupilpupil sizesize ((meanmean 6.0, 6.0, rangerange 3 3 toto 9.0 9.0 

mm) mm) isis correlatedcorrelated withwith glareglare symptomssymptoms 1 1 
monthmonth after LASIK (6.5 mm OZ, after LASIK (6.5 mm OZ, meanmean preoppreop
SE SE --33.72.72 D)D)

•• No relation No relation betweenbetween glareglare complaintscomplaints and and 
pupilpupil sizesize after LASIK after LASIK 

SchallhornSchallhorn SC, ISRS/AAO Meeting, SC, ISRS/AAO Meeting, AnaheimAnaheim, CA 2003, CA 2003

BrintBrint SF, ISRS/AAO Meeting, SF, ISRS/AAO Meeting, AnaheimAnaheim, CA 2003, CA 2003



Pupilla e Topografia CornealePupilla e Topografia Corneale

•• Qualunque anomalia topografica Qualunque anomalia topografica 
avrà un effetto sulla funzione visiva avrà un effetto sulla funzione visiva 
direttamente proporzionale alla direttamente proporzionale alla 
sua prossimità al centro pupillaresua prossimità al centro pupillare



Potere Pupillare MedioPotere Pupillare Medio

•• Curvatura assiale media, Curvatura assiale media, espresaespresa
in diottrie, di un’area di 3 mm in diottrie, di un’area di 3 mm 
centrata centrata sulcentrosulcentro pupillarepupillare

•• SE dell’area misurata SE dell’area misurata 
•• Utile in cornee molto alterate (es. Utile in cornee molto alterate (es. 

dopo chirurgia dopo chirurgia refrattivarefrattiva) per ) per 
definire reale potere corneale definire reale potere corneale 

•• Utile in calcolo IOLUtile in calcolo IOL



Wavefront Error, Wavefront Error, AgeAge, , PupilPupil SizeSize, , 
and and AcuityAcuity

•• HO WFE HO WFE variesvaries asas a a functionfunction of of pupilpupil sizesize and and ageage
•• IncreasingIncreasing pupilpupil diameterdiameter in the in the normalnormal eyeeye ::

–– IncreasesIncreases adverseadverse effecteffect on on retinalretinal imageimage qualityquality due due toto
aberrationsaberrations

–– DecreasesDecreases diffractiondiffraction problemsproblems
–– Fig.Fig. 22--99
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Wavefront Error, Wavefront Error, AgeAge, , PupilPupil SizeSize, , 
and and AcuityAcuity

•• Fig.Fig. 22--1010

CourtesyCourtesy of R. of R. ApplegateApplegate, OD, OD



PupilPupil PositionPosition
•• In In anan eyeeye withwith a a nasalnasal pupilpupil, the TZ , the TZ willwill

involveinvolve a paracentral, a paracentral, steepersteeper cornealcorneal
portionportion in the in the temporaltemporal regionregion

•• ConsequentConsequent higherhigher postoperativepostoperative
dioptrical dioptrical gradientgradient

•• InadequateInadequate TZ TZ causescauses::
–– lossloss of vision of vision qualityquality ((haloshalos, , glareglare))
–– easiereasier regressionregression
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Left Eye Curvature Gradient MapLeft Eye Curvature Gradient Map
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EvolutionEvolution of of AlignmentAlignment SystemsSystems

•• ManualManual adjustmentadjustment of patient’s head
•• SuctionSuction ringring
• First eye-tracker system: surgeonsurgeon identificationidentification of the 

pupil center (Chiron)
•• AutomaticAutomatic identificationidentification of pupil center (Nidek)
•• TrackingTracking of of pupilpupil centercenter with high speed movements

(Autonomus) and high overall reaction time
•• TrackingTracking of of cyclotorsioncyclotorsion movementsmovements (Torsion Error 

Detector - TED): iris pattern iris pattern identificationidentification (Nidek, 
Visex)



ParametersParameters
•• GeometricalGeometrical cornealcorneal centercenter
•• OpticalOptical axisaxis ((theoreticaltheoretical) ) line line betweenbetween anterioranterior

vertexvertex (pole) of the cornea (pole) of the cornea toto posteriorposterior pole of the pole of the eyeeye
–– defineddefined byby geometricgeometric centerscenters of the of the twotwo lenseslenses of of 
the the eyeeye

•• Visual Visual axisaxis: line : line betweenbetween the the foveafovea and the and the fixationfixation
objectobject ((itit goesgoes through through lenslens and and cornealcorneal nodalnodal pointspoints))

•• Line of Line of sightsight (LOS): line (LOS): line betweenbetween the center of the the center of the 
entranceentrance pupilpupil and the and the fixationfixation objectobject

•• PupillaryPupillary axisaxis: line : line perpendicularperpendicular toto the cornea, the cornea, itit
goesgoes through through pupilpupil centercenter



AxesAxes of the of the eyeeye

Optical Axis
(theoretical) FOVEA

Line of Sight (LOS) Visual Axis



Coaxially sighted corneal reflex (depends on the 
position of the light source!)

NT

Geometrical corneal center (Optical Axis)
Entrance pupil center (LOS)
Visual axis



Visual 
axis
(fovea-
fixation
object)

Pupil
center/LOS

(Photopic or
Mesopic)

PUPILLOMETRY
Pupil dynamics



OPD measures onOPD measures on
VISUAL  AXISVISUAL  AXIS !!

Eye Tracking Eye Tracking SyetemSyetem
follows  L O S !follows  L O S !

ConflictConflict: Centration on : Centration on 
LINE OF SIGHTLINE OF SIGHT oror VISUAL AXISVISUAL AXIS ??



Line of Sight Line of Sight 
(Pupil Center)(Pupil Center)

Visual Visual AxisAxis

80% pts Kappa @ < 0.3 mm
20% pts Kappa @ > 0.3 mm

Angle Angle KappaKappa ::distancedistance
betweenbetween the the PupilPupil
Center and the visual Center and the visual 
axisaxis



OffsetSOffsetS::differencedifference betweenbetween photopicphotopic and and mesopicmesopic
fixationfixation (the (the brightbright cornealcorneal reflex reflex spotsspots serve serve asas

referencereference pointspoints whenwhen matchingmatching bothboth imagesimages. The . The 
amountamount of of translationtranslation neededneeded toto match match bothboth imagesimages isis
calledcalled OffsetsOffsets and can and can bebe anan indicatorindicator forfor bad bad fixationfixation; ; 

itit isis color color codedcoded greengreen--yellowyellow--redred forfor goodgood--oror--badbad



PupilPupil diameterdiameter and and LOSLOS
varyvary whenwhen the pt the pt lookslooks toto
anan objectobject locatedlocated nearnear or or 

at at distancedistance

Laser Laser FixationFixation Target Target correspondscorresponds toto infinityinfinity



•• IsIs itit a a conflictconflict or a or a measurementmeasurement difficultydifficulty
•• WhichWhich of the of the twotwo givesgives usus the best the best resultresult??
•• PossiblePossible inductioninduction of Comaof Coma
•• NeedNeed toto analyzeanalyze the the distancedistance betweenbetween center of center of 

MesopicMesopic and and PhotopicPhotopic pupilpupil

ConflictConflict::
LINE OF SIGHTLINE OF SIGHT OR OR VISUAL AXISVISUAL AXIS ??

MeasurementMeasurement systsyst Laser Laser alignmentalignment systsyst

PupilVisual axis



PROs of Visual Axis Centration

• Physiologic formation of the retinal image
(fovea – fixation object)

• Reduction of decentered treatment currently
avoided through wide optical zones

• Prolate or aspheric surfaces on corneas that are 
not decentered

• Reduction of optical aberrations: coma
• Better contrast sensitivity
• Best Visual Acuity “Supervision”



FactorsFactors of of properproper alignmentalignment withwith
NAVEX NAVEX PlatformPlatform ––NIDEK  NIDEK  

• Lateral alignment: X/Y axis
• Z-plane focusing
• Tilt control
• Torsion Error Detector (TED)
• 200Hz Eye Tracking movement during ablation



Manual TE Offset Manual TE Offset 
(Current Method) (Current Method) 

Center of Ablation



Presently one must use the Presently one must use the eye tracking offset functioneye tracking offset function to enter the to enter the 
difference between visual axis and pupil center, defined as difference between visual axis and pupil center, defined as 
Cartesian or polar coordinates.Cartesian or polar coordinates.



Pupil Center

Ablation Center 
(Visual Axis)

New Eye Tracking Offset FunctionNew Eye Tracking Offset Function

Future software version will automatically transfer this numbersFuture software version will automatically transfer this numbers
via via FinalFitFinalFit as it is included of the OPD as it is included of the OPD –– Scan data.Scan data.





Asymmetric Pupil



Hyperopic
treatment



ConclusionsConclusions
CorrectCorrect alignmentalignment isis mandatorymandatory forfor successfulsuccessful

customcustom ablationablation
CorrectCorrect alignementalignement requiresrequires identificationidentification of:of:
•• OcularOcular AxesAxes: : 

Line of Line of SigthSigth (LOS)(LOS) and and Visual Visual AxisAxis
•• CyclotorsionCyclotorsion error : error : 

astigmatismastigmatism and HOAand HOA



ConclusionsConclusions
PayPay attentionattention toto pupilpupil sizesize
More More demandingdemanding surgerysurgery in in ptspts withwith largelarge

pupilspupils
CounselCounsel allall patientspatients thatthat therethere maymay bebe anan

increaseincrease in in glareglare and and haloshalos after after surgerysurgery
Wavefront data Wavefront data mustmust bebe centeredcentered on a on a fixedfixed

eyeeye structurestructure ratherrather thanthan the the pupilpupil center, or center, or 
take take intointo account account pupilpupil center center variabilityvariability
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