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ORIGINAL ARTICLE

a loǁ aĚĚ ǁĞrĞ spĞciĮcallǇ ĚĞsignĞĚ to incrĞasĞ thĞ rangĞ 
oĨ Ĩocus anĚ thus improǀĞ ǀisual ƋualitǇ at intĞrmĞĚiatĞ Ěis-
tancĞs (2)͘ EǀĞn though this approach has proǀĞn succĞssĨul 
to somĞ ĞǆtĞnt (2-ϰ)͕ patiĞnts maǇ ultimatĞlǇ bĞ ĚĞpĞnĚĞnt 
on spĞctaclĞs Ĩor clĞar intĞrmĞĚiatĞ ǀision (5)͘ dhis problĞm 
is particularlǇ signiĮcant in ǁorŬing-agĞ patiĞnts͕ ǁho oŌĞn 
pĞrĨorm rapiĚlǇ altĞrnating Ĩar anĚ closĞ-up tasŬs or sustain 
long ǁorŬ at nĞar to intĞrmĞĚiatĞ ĚistancĞ (ϲ)͘

�nothĞr important ĚraǁbacŬ oĨ multiĨocal /O> implantation 
is thĞ ĚĞǀĞlopmĞnt oĨ photic phĞnomĞna such as glarĞ͕ halos͕ 
anĚ a ĚĞcrĞasĞ in contrast sĞnsitiǀitǇ͕  ĞspĞciallǇ unĚĞr Ěim 
light conĚitions (ϰ)͘ dhĞsĞ can nĞgatiǀĞlǇ aīĞct ĚailǇ liĨĞ actiǀi-
tiĞs͕ limiting thĞ patiĞnt s͛ abilitǇ to pĞrĨorm thĞm anĚ thus aĨ-
ĨĞcting thĞ patiĞnt s͛ ƋualitǇ oĨ liĨĞ (ϲ)͘ �lthough improǀĞmĞnts 
in /O> ĚĞsign haǀĞ limitĞĚ thĞsĞ sǇmptoms in latĞ gĞnĞration 
multiĨocal /O>s͕ thĞǇ arĞ still among thĞ most ĨrĞƋuĞnt rĞasons 
Ĩor ĚissatisĨaction aŌĞr multiĨocal /O> implantation (ϳ-10)͘

ZĞcĞntlǇ͕  a nĞǁ multiĨocal moĚĞl oĨ /O> has bĞĞn intro-
ĚucĞĚ in clinical practicĞ͘ dhĞ PhǇs/O> &inĞsisionΠ triĨocal 
/O> (>iğgĞ͕ �Ğlgium) rĞcĞiǀĞĚ thĞ �onĨormitĠ EuropĠĞnnĞ 
labĞl in &ĞbruarǇ 2010͘ /n aĚĚition to 2 maũor Ĩoci at 0͘00 � 

�O/: 10͘5ϯ01ͬĞũo͘5000ϲϯϴ
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Introduction

^pĞctaclĞ inĚĞpĞnĚĞncĞ has bĞcomĞ a goal oĨ ǁorŬing-
agĞ cataract patiĞnts͘ EumĞrous intraocular lĞns (/O>) optical 
proĮlĞs anĚ surĨacĞ ĚĞsigns haǀĞ bĞĞn ĚĞǀĞlopĞĚ͕ aimĞĚ at 
ĨulĮlling patiĞnts͛ rising ĞǆpĞctations on ǀisual pĞrĨormancĞ 
(1͕ 2)͘ ^ĞǀĞral stuĚiĞs (2-ϰ) haǀĞ shoǁn that latĞ gĞnĞration 
multiĨocal /O>s proǀiĚĞ ĞǆcĞllĞnt ĚistancĞ anĚ nĞar ǀisual 
acuitǇ (s�) as ǁĞll as Ĩunctional intĞrmĞĚiatĞ ǀision͕ ĚĞspitĞ 
somĞ inĞǀitablĞ ĞnĞrgǇ loss (5)͘ DultiĨocal asphĞric /O>s ǁith 

ABSTRACT
Purpose: do ƋuantitatiǀĞlǇ ĞǀaluatĞ ǀisual Ĩunction 12 months aŌĞr bilatĞral implantation oĨ thĞ PhǇsiol &inĞsi-
sionΠ triĨocal intraocular lĞns (/O>) anĚ to comparĞ thĞsĞ rĞsults ǁith thosĞ obtainĞĚ in thĞ Įrst postopĞratiǀĞ 
month͘
Methods: /n this prospĞctiǀĞ casĞ sĞriĞs͕ 20 ĞǇĞs oĨ 10 consĞcutiǀĞ patiĞnts ǁĞrĞ incluĚĞĚ͘ Donocular anĚ binoc-
ular͕  uncorrĞctĞĚ anĚ corrĞctĞĚ ǀisual acuitiĞs (ĚistancĞ͕ nĞar͕  anĚ intĞrmĞĚiatĞ) ǁĞrĞ mĞasurĞĚ͘ DĞtroǀisionΠ 
ǁas usĞĚ to tĞst contrast sĞnsitiǀitǇ unĚĞr static anĚ ĚǇnamic conĚitions͕ both in photopic anĚ loǁ-mĞsopic 
sĞƫngs͘ dhĞ samĞ soŌǁarĞ ǁas usĞĚ Ĩor pupillomĞtrǇ anĚ glarĞ Ğǀaluation͘ Dotion͕ achromatic͕ anĚ chromatic 
contrast Ěiscrimination ǁĞrĞ tĞstĞĚ using 2 innoǀatiǀĞ psǇchophǇsical tĞsts͘ � complĞtĞ ophthalmologic Ğǆami-
nation ǁas pĞrĨormĞĚ prĞopĞratiǀĞlǇ anĚ at 1͕ ϯ͕ ϲ͕ anĚ 12 months postopĞratiǀĞlǇ͘ PsǇchophǇsical tĞsts ǁĞrĞ 
pĞrĨormĞĚ 1 month aŌĞr surgĞrǇ anĚ rĞpĞatĞĚ 12 months postopĞratiǀĞlǇ͘
Results: &inal ĚistancĞ uncorrĞctĞĚ ǀisual acuitǇ (s�) ǁas 0͘00 ц 0͘0ϴ anĚ ĚistancĞ corrĞctĞĚ s� ǁas 0͘00 ц 0͘05 
logD�Z͘ �istancĞ corrĞctĞĚ nĞar s� ǁas 0͘00 ц 0͘0ϵ anĚ ĚistancĞ corrĞctĞĚ intĞrmĞĚiatĞ s� ǁas 0͘00 ц 0͘0ϲ log-
D�Z͘ 'larĞ tĞsting͕ pupillomĞtrǇ͕  contrast sĞnsitiǀitǇ͕  motion͕ anĚ chromatic anĚ achromatic contrast Ěiscrimi-
nation ĚiĚ not ĚiīĞr signiĮcantlǇ bĞtǁĞĞn thĞ Įrst anĚ last ǀisit (pх0͘05) or ǁhĞn comparĞĚ to an agĞ-matchĞĚ 
control group (pх0͘05)͘
Conclusions: dhĞ PhǇsiol &inĞsisionΠ triĨocal /O> proǀiĚĞĚ satisĨactorǇ Ĩull rangĞ oĨ ǀision anĚ ƋualitǇ oĨ ǀision 
paramĞtĞrs 12 months aŌĞr surgĞrǇ͘ sisual acuitǇ anĚ psǇchophǇsical tĞsts ĚiĚ not ǀarǇ signiĮcantlǇ bĞtǁĞĞn thĞ 
Įrst anĚ last ǀisit͘
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anĚ нϯ͘50 � aĚĚ poǁĞr Ĩor Ĩar anĚ nĞar ǀision͕ rĞspĞctiǀĞlǇ͕  
thĞ &inĞsisionΠ triĨocal /O> ĚisplaǇs a thirĚ Ĩocus at н1͘ϳ5 �͕ 
pointĞĚ at intĞrmĞĚiatĞ ǀision (11)͘ 'atinĞl anĚ ,oubrĞchts 
(12) assĞssĞĚ thĞ ĚiīĞrĞncĞs in optical pĞrĨormancĞ oĨ ϵ 
multiĨocal /O>s using an optical bĞnch anĚ obsĞrǀĞĚ a lacŬ 
oĨ intĞrmĞĚiatĞ ǀision ǁith biĨocal /O>s͕ ǁhĞrĞas a Ěistinct 
pĞaŬ at thĞ intĞrmĞĚiatĞ ĚistancĞ ǁas obǀious Ĩor thĞ triĨo-
cal ĚiīractiǀĞ /O> (PhǇs/O> &inĞsisionΠ)͘ dhĞ ĨĞǁ publishĞĚ 
clinical stuĚiĞs (5͕ 1ϯ-15) that ĚĞscribĞ thĞ outcomĞs aŌĞr 
implantation oĨ this nĞǁ /O> moĚĞl haǀĞ ĚĞmonstratĞĚ that 
it proǀiĚĞs ĞnhancĞĚ ǀisual pĞrĨormancĞ at intĞrmĞĚiatĞ ǀi-
sion ǁithout signiĮcantlǇ compromising ĚistancĞ anĚ nĞar 
s�͘ EǀĞn though contrast sĞnsitiǀitǇ ǁas ĞǀaluatĞĚ in somĞ 
oĨ thĞsĞ stuĚiĞs (5͕ 15)͕ it ǁas tĞstĞĚ at high luminancĞ ǀal-
uĞs (ϯ͘0 anĚ 5͘0 cĚͬm2)͘ >oǁ mĞsopic contrast sĞnsitiǀitǇ is 
particularlǇ important ǁhĞn Ğǀaluating multiĨocal /O>s bĞ-
causĞ somĞ aĚǀantagĞs oĨ spĞciĮc /O> ĚĞsigns (namĞlǇ pupil-
ĚĞpĞnĚĞnt /O> ĚĞsigns) arĞ aƩĞnuatĞĚ bǇ pupil Ěilation (ϰ)͘ 
�lso͕ complaints oĨ ĚĞcrĞasĞĚ contrast sĞnsitiǀitǇ arĞ usuallǇ 
ĞlicitĞĚ unĚĞr Ěim light conĚitions (i͘Ğ͕͘ night Ěriǀing)͘ ^incĞ 
luminancĞ lĞǀĞls Ĩor Ğǀaluating ǀisual pĞrĨormancĞ unĚĞr 
night Ěriǀing ǀarǇ bĞtǁĞĞn 0͘01 cĚͬm2 anĚ 1͘00 cĚͬm2͕ a loǁ 
ǀaluĞ oĨ luminancĞ (0͘0ϴ cĚͬm2) is morĞ liŬĞlǇ to rĞprĞsĞnt a 
rĞal-liĨĞ mĞsopic scĞnario (1ϲ)͘ dhĞrĞ arĞ sĞǀĞral othĞr obũĞc-
tiǀĞ mĞasurĞmĞnts oĨ ǀisual Ĩunction that͕ to our ŬnoǁlĞĚgĞ͕ 
haǀĞ not bĞĞn ĞǀaluatĞĚ in thĞ aǀailablĞ publications͘ Do-
tion Ěiscrimination͕ Ĩor instancĞ͕ is oĨ paramount importancĞ 
ǁhilĞ Ěriǀing͕ sincĞ prolongĞĚ Ěriǀing at a ĮǆĞĚ spĞĞĚ (Ğ͘g͕͘ 
100 Ŭmͬh) maǇ rĞĚucĞ thĞ pĞrcĞiǀĞĚ spĞĞĚ but improǀĞ thĞ 
sĞnsitiǀitǇ to changĞs in thĞ prĞǀailing spĞĞĚ (1ϳ)͘ �ĞcausĞ 
subũĞctiǀĞ Ěata alonĞ cannot aĚĞƋuatĞlǇ ĚĞscribĞ thĞ pĞrĨor-
mancĞ anĚ optical outcomĞs oĨ a nĞǁ /O> ĚĞsign͕ thĞ purposĞ 
oĨ this stuĚǇ is to ƋuantitatiǀĞlǇ ĞǀaluatĞ sĞǀĞral paramĞtĞrs 
oĨ ǀisual Ĩunction using computĞriǌĞĚ psǇchophǇsical tĞsts͕ 
12 months aŌĞr bilatĞral implantation oĨ a nĞǁ asphĞric ĚiĨ-
ĨractiǀĞ triĨocal /O>͕ anĚ to comparĞ thĞsĞ rĞsults ǁith thosĞ 
obtainĞĚ in thĞ Įrst postopĞratiǀĞ month͘

Methods

Patients

dhis prospĞctiǀĞ casĞ sĞriĞs incluĚĞĚ 20 ĞǇĞs oĨ 10 con-
sĞcutiǀĞ patiĞnts that unĚĞrǁĞnt cataract surgĞrǇ anĚ bilat-
Ğral implantation oĨ a nĞǁ asphĞric ĚiīractiǀĞ triĨocal /O> 
(PhǇsiol &inĞsisionΠ)͘ dhĞ stuĚǇ ǁas pĞrĨormĞĚ in accorĚancĞ 
ǁith thĞ Ğthical stanĚarĚs oĨ thĞ �Ğclaration oĨ ,ĞlsinŬi͘ /n-
stitutional rĞǀiĞǁ boarĚ approǀal ǁas obtainĞĚ anĚ patiĞnts 
signĞĚ an inĨormĞĚ consĞnt Ĩorm aŌĞr rĞcĞiǀing a ĚĞtailĞĚ 
Ğǆplanation oĨ thĞ possiblĞ consĞƋuĞncĞs oĨ participating in 
thĞ stuĚǇ͘ Eǆclusion critĞria ǁĞrĞ (1) ш1͘5 � oĨ cornĞal astig-
matism; (2) irrĞgular cornĞal topographǇ; (ϯ) illitĞracǇ; anĚ 
(ϰ) historǇ oĨ othĞr ocular comorbiĚitiĞs͕ such as glaucoma͕ 
rĞtinal ĚisĞasĞ͕ prĞǀious cornĞal or intraocular surgĞrǇ͕  or pu-
pil ĚĞĨormation͘

Intraocular lens

dhĞ &inĞsisionΠ triĨocal /O> is a singlĞ-piĞcĞ asphĞric ĚiĨ-
ĨractiǀĞ ĨolĚablĞ /O> composĞĚ oĨ a 25й hǇĚrophilic acrǇlic 

matĞrial ǁith a bluĞ-blocŬing ĮltĞr (1ϯ)͘ dhĞ optic combinĞs 
2 ĚiīractiǀĞ structurĞs that arĞ aĚũustĞĚ to oīĞr a нϯ͘5 � aĚ-
Ěition Ĩor nĞar anĚ a н1͘ϳ5 � aĚĚition Ĩor intĞrmĞĚiatĞ ǀision͘ 
�Ǉ ǀarǇing thĞ hĞight oĨ thĞ ĚiīractiǀĞ stĞps (apoĚiǌation)͕ 
thĞ amount oĨ light ĚistributĞĚ to nĞar͕  intĞrmĞĚiatĞ͕ anĚ 
Ěistant Ĩoci is aĚũustĞĚ accorĚing to pupil siǌĞ (11)͘ dhĞ /O> 
has a total ĚiamĞtĞr oĨ 10͘ϳ5 mm͕ an optic boĚǇ ĚiamĞtĞr 
oĨ ϲ͘15 mm͕ anĚ a 5-ĚĞgrĞĞ haptic angulation͘ �ĚĚitionallǇ͕  
thĞ ϰ-point haptic ĚĞsign (&ig͘ 1) minimiǌĞs ĚĞcĞntration͕ in-
crĞasĞs thĞ contact surĨacĞ͕ anĚ alloǁs Ĩor absorption oĨ thĞ 
capsular contraction ĨorcĞs͕ thus prĞǀĞnting its transmission 
to thĞ optic (11)͘ dhĞ poǁĞr rangĞ aǀailablĞ is Ĩrom н10 to 
нϯ5 � (stĞps oĨ 0͘50 �)͘

Surgical technique

^urgĞriĞs ǁĞrĞ pĞrĨormĞĚ using topical anĞsthĞsia through 
a 2͘ϳ5-mm clĞar cornĞal incision in thĞ stĞĞpĞst mĞriĚian bǇ 
ĞǆpĞriĞncĞĚ rĞĨractiǀĞ surgĞons͘ PhacoĞmulsiĮcation ǁas pĞr-
ĨormĞĚ using an /nĮniti sision ^ǇstĞm unit (�lcon͕ &ort Worth͕ 
dy͕ h^�) anĚ ǁas ĨolloǁĞĚ bǇ irrigation anĚ aspiration oĨ thĞ 
cortĞǆ anĚ /O> implantation in thĞ capsular bag͘ �ll ĞǇĞs haĚ a 
1-ǁĞĞŬ timĞ ĨramĞ bĞtǁĞĞn surgĞriĞs anĚ all surgĞriĞs ǁĞrĞ 
unĞǀĞnƞul͘

Preoperative and postoperative evaluation

PrĞopĞratiǀĞ Ğǀaluation comprisĞĚ a complĞtĞ ophthal-
mologic Ğǆamination incluĚing maniĨĞst rĞĨraction͕ slit-lamp 
biomicroscopǇ͕  topographǇ (Orbscan //Π͕ �ausch Θ >omb͕ 
ZochĞstĞr͕  Ez͕  h^�)͕ spĞcular microscopǇ͕  ĚilatĞĚ ĨunĚus-
copǇ anĚ 'olĚmann applanation tonomĞtrǇ͘ dhĞ �llĞgroΠ 
�iograph ĚĞǀicĞ (WaǀĞlight �'͕ ErlangĞn͕ 'ĞrmanǇ) anĚ thĞ 
^Z<ͬd Ĩormula (1ϴ) ǁĞrĞ usĞĚ Ĩor /O> calculation͘ dhĞ targĞt 
in thĞ /O> poǁĞr calculation ǁas plano in all casĞs incluĚĞĚ 
in thĞ stuĚǇ͘

� complĞtĞ ophthalmologic Ğǆamination ǁas pĞrĨormĞĚ 
1͕ ϯ͕ ϲ͕ anĚ 12 months postopĞratiǀĞlǇ͘ dhĞ samĞ inĚĞpĞn-
ĚĞnt inǀĞstigator (J͘P͘ D͘) pĞrĨormĞĚ all postopĞratiǀĞ Ğǆami-
nations using thĞ samĞ inǀĞstigational protocol͘ Donocular 
anĚ binocular͕  uncorrĞctĞĚ anĚ corrĞctĞĚ ǀisual acuitiĞs (Ěis-
tancĞ͕ nĞar͕  anĚ intĞrmĞĚiatĞ) ǁĞrĞ assĞssĞĚ in ĞǀĞrǇ ǀisit͘ 
�istancĞ s� ǁas mĞasurĞĚ ǁith an EarlǇ drĞatmĞnt �iabĞtic 
ZĞtinopathǇ ^tuĚǇ (Ed�Z^) chart͘ /ntĞrmĞĚiatĞ (ϳ0 cm) anĚ 
nĞar (ϰ0 cm) ǀisual acuitiĞs ǁĞrĞ ĞǀaluatĞĚ ǁith thĞ nĞar  
Ed�Z^ chart͕ ǁith an aĚũustmĞnt Ĩor intĞrmĞĚiatĞ s�͕ as prĞ-
ǀiouslǇ ĚĞscribĞĚ in othĞr stuĚiĞs Ĩrom our group (ϰ)͘ �ll mĞa-
surĞmĞnts ǁĞrĞ taŬĞn unĚĞr photopic conĚitions (ϴ0 cĚͬm2)͘

Psychophysical testing

dhĞ psǇchophǇsical tĞsts ǁĞrĞ pĞrĨormĞĚ 1 month anĚ 
12 months postopĞratiǀĞlǇ͘ WĞ ĚiĚ not pĞrĨorm it prĞopĞra-
tiǀĞlǇ ĚuĞ to thĞ inŇuĞncĞ oĨ cataract in thĞ tĞsting rĞsults͘ 
WĞ usĞĚ propriĞtarǇ soŌǁarĞ Ĩor motion anĚ chromatic anĚ 
achromatic contrast Ěiscrimination tĞsting͘ &or pupillomĞtrǇ͕  
static anĚ ĚǇnamic contrast sĞnsitiǀitǇ͕  anĚ glarĞ mĞasurĞ-
mĞnts͕ ǁĞ usĞĚ thĞ sision DonitorΠ (Don�ǀϯ; DĞtroǀisionΠ͕ 
PĠrĞnchiĞs͕ &rancĞ)͕ a soŌǁarĞ that has alrĞaĚǇ bĞĞn usĞĚ in 
rĞĨractiǀĞ surgĞrǇ (ϰ) anĚ glaucoma (1ϵ)͘
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Motion and chromatic and achromatic contrast  
discrimination

dhĞ Ğǆaminations tooŬ placĞ in a ĚarŬĞnĞĚ room ǁhĞrĞ 
subũĞcts complĞtĞĚ thĞ tĞsts both monocularlǇ anĚ binocu-
larlǇ͕  50 cm aǁaǇ Ĩrom thĞ ĚisplaǇ sǇstĞm͘ �ll stimuli ǁĞrĞ 
prĞsĞntĞĚ on a gamma-corrĞctĞĚ 2ϰ͟ >��/P^ monitor (�ol-
orEĚgĞ �'2ϰϯWΠ͕ Eiǌo͕ Japan) ǁith a rĞsolution oĨ 1ϵ20 × 
1200 piǆĞls anĚ a rĞĨrĞsh ratĞ oĨ ϲ0 ,ǌ͘ ̂ pĞctral anĚ luminancĞ 
mĞasurĞmĞnts ǁĞrĞ accomplishĞĚ using a spĞctroraĚiom-
ĞtĞr (PZ-ϲ50 ^pĞctra^can �olorimĞtĞrΠ͕ Photo ZĞsĞarch /nc͕͘ 
�hatsǁorth͕ P�͕ h^�)͘ WĞ usĞĚ ϯ 2�&� (2-altĞrnatiǀĞ ĨorcĞĚ 
choicĞ) psǇchophǇsical tĞsts that rĞƋuirĞĚ thĞ comparison 
anĚ Ěiscrimination oĨ a ǀisual ĨĞaturĞ (motion͕ achromatic 
anĚ chromatic contrast) bĞtǁĞĞn 2 sĞparatĞĚ moǀing singlĞ 
Ěots (a rĞĨĞrĞncĞ Ěot anĚ a targĞt Ěot)͘ �uring ϰ00 ms trials͕ 
thĞ rĞĨĞrĞncĞ anĚ targĞt Ěots ǁĞrĞ simultanĞouslǇ prĞsĞntĞĚ 
on ranĚomlǇ altĞrnatĞĚ ǀisual hĞmiĮĞlĚs͕ moǀing bacŬ anĚ 
Ĩorth along a 2Σ psĞuĚoranĚom linĞar traũĞctorǇ (bĞtǁĞĞn 0Σ 
anĚ 1ϴ0Σ)͘ �ŌĞr Ğach trial͕ thĞ subũĞct gaǀĞ a ǀĞrbal rĞsponsĞ͕ 
ǁhich thĞ ĞǆpĞrimĞntĞr storĞĚ bǇ mĞans oĨ a stanĚarĚ ŬĞǇ-
boarĚ (ĚuĞ to thĞ subũĞcts͛ aǀĞragĞ agĞ anĚ to aǀoiĚ motor 
Ğrrors)͘ dhĞrĞ ǁas no timĞ limit Ĩor this rĞsponsĞ͘ dhĞ ǀisual 
ĨĞaturĞ bĞing ĞǀaluatĞĚ ǁas thĞn aĚũustĞĚ in thĞ Ĩolloǁing 
trial bǇ using a logarithmic staircasĞ procĞĚurĞ͘ dhĞ tĞsts ĞnĚ-
ĞĚ aŌĞr ϲ rĞǀĞrsals anĚ a Ěiscrimination thrĞsholĚ ǁas calcu-
latĞĚ using thĞ arithmĞtic mĞan oĨ thĞ last ϰ rĞǀĞrsals͘ Each 
tĞst (incluĚing chromatic contrast subtĞsts) ǁas rĞpĞatĞĚ ϰ 
timĞs͕ corrĞsponĚing to 1 oĨ ϰ ĚiīĞrĞnt mĞriĚianͬĞccĞntricitǇ  
pairs (thĞ horiǌontal mĞriĚian ΀0Σ΁ ǁas tĞstĞĚ at ϳ͘5Σ oĨ Ğc-
cĞntricitǇ; thĞ ǀĞrtical mĞriĚian ΀ϵ0Σ΁͕ at 10Σ; thĞ obliƋuĞ 
mĞriĚians ΀ϰ5Σ anĚ 1ϯ5Σ΁͕ at 15Σ oĨ ĞccĞntricitǇ)͘ WĞ usĞĚ 2 
sƋuarĞĚ Ěots mĞasuring 0͘ϯΣ п 0͘ϯΣ Ĩor thĞ motion Ěiscrimi-
nation tĞst anĚ 0͘ϲΣ п 0͘ϲΣ Ĩor both contrast Ěiscrimination 
tĞsts͘ &iǆation on a blacŬ cĞntral cross (siǌĞ 1Σ) ǁas prĞsĞnt 
Ěuring thĞ ǁholĞ tĞst (&ig͘ 2)͘ dhĞ bacŬgrounĚ ǁas a 25 cĚͬm2  
graǇ Ĩor all tĞsting conĚitions͘ dhĞ subũĞct ǁas asŬĞĚ ͞Which 
Ěot is moǀing ĨastĞr͍͟ Ĩor motion Ěiscrimination tĞst͕ ͞Which 
Ěot is brightĞr͍͟ Ĩor achromatic contrast Ěiscrimination tĞst͕ 
or ͞Which Ěot has color͍͟ Ĩor chromatic contrast Ěiscrimi-
nation tĞst͕ anĚ ansǁĞrĞĚ ĞithĞr ͞lĞŌͬright͟ (Ĩor horiǌontal 
mĞriĚian) or ͞upͬĚoǁn͟ (Ĩor ǀĞrtical anĚ obliƋuĞ mĞriĚians)͘ 

�ll tĞsts bĞgan ǁith 2 Ěots (a rĞĨĞrĞncĞ anĚ a targĞt Ěot) that 
prĞsĞntĞĚ ǀariablĞ motionͬluminancĞͬcolor anĚ ǁĞrĞ thĞn 
aĚũustĞĚ Ěuring thĞ tĞst accorĚing to thĞ subũĞcts͛ rĞsponsĞs͘ 
&or achromatic anĚ chromatic tĞsts͕ rĞĨĞrĞncĞ anĚ targĞt Ěots 
moǀĞĚ at thĞ samĞ ǀĞlocitǇ (5Σͬs)͘ &or chromatic Ěiscrimina-
tion tĞsts͕ ǁĞ stuĚiĞĚ ϯ ĚiīĞrĞnt colors ĚiǀiĚĞĚ into subtĞsts͕ 
anĚ thĞ rĞĨĞrĞncĞ Ěot ǁas assignĞĚ thĞ samĞ rĞlatiǀĞ coor-
ĚinatĞs (to thĞ ĚisplaǇ s͛ maǆimum ǁhitĞ) in thĞ >D^ color 
spacĞ (20)͕ >D^ color units (0͘ϰ10ϲ͕ 0͘ϰ10ϴ͕ 0͘ϰ2ϰ1)͕ giǀ-
ing it a graǇ͕  ͞colorlĞss͟ appĞarancĞ͘ dhĞ targĞt Ěot starting 
point Ĩor thĞ >͕ D͕ ^-conĞ subtĞsts ǁas >(0͘ϰϳϯ2)͕ D(0͘515ϴ)͕ 
^(0͘ϵ)͕ rĞspĞctiǀĞlǇ͘ dhĞsĞ appĞarĞĚ liŬĞ a palĞ rĞĚ͕ grĞĞn͕ 
anĚ purplĞ Ěot͕ rĞspĞctiǀĞlǇ͘ >uminancĞ cuĞs ǁĞrĞ ĨurthĞr 
aǀoiĚĞĚ bǇ a matriǆ oĨ luminancĞ noisĞ arounĚ Ğach Ěot͘ dhis 
matriǆ ǁas composĞĚ oĨ 12 0͘ϯΣ sƋuarĞĚ Ěots͕ ǁith ϲ lumi-
nancĞ noisĞ lĞǀĞls (ϯ0͕ ϯϰ͕ ϯϴ͕ ϰ2͕ ϰϲ͕ or ϰϴ cĚͬm2)͕ ǁith 2 
Ěots Ĩor Ğach luminancĞ noisĞ ǀaluĞ; thĞ luminancĞ oĨ Ğach 
Ěot ranĚomlǇ changĞĚ Ěuring thĞ trial (sǇnchroniǌĞĚ to thĞ 
scrĞĞn rĞĨrĞsh ratĞ)͘

Fig. 1 - &inĞsisionΠ triĨocal intra-
ocular lĞns (/O>)͘ On thĞ lĞŌ͕ a closĞ 
up ǀiĞǁ oĨ a pĞrĨĞctlǇ cĞntĞrĞĚ &in-
ĞsisionΠ triĨocal /O> Ĩrom onĞ oĨ thĞ 
subũĞcts incluĚĞĚ in our stuĚǇ͘ dhĞ 
imagĞ on thĞ right ĚĞmonstratĞs 
thĞ ϰ-haptic ĚĞsign oĨ this /O> moĚĞl 
anĚ thĞ concĞntric ĚiīractiǀĞ rings͘

Fig. 2 - �chromatic contrast Ěiscrimination tĞsting͘ EotĞ thĞ blacŬ 
cĞntral cross (siǌĞ 1Σ) ǁhich is prĞsĞnt Ěuring thĞ ǁholĞ tĞst anĚ 
thĞ 2 sƋuarĞĚ moǀing Ěots mĞasuring 0͘ϲΣ п 0͘ϲΣ͘ /n this tĞst͕ thĞ 
2 sƋuarĞ Ěots moǀĞ at thĞ samĞ ǀĞlocitǇ (5Σͬ s) anĚ thĞ patiĞnt is 
asŬĞĚ ͞Which Ěot is brightĞr͍͟ dhĞ ansǁĞr shoulĚ bĞ ͞lĞŌͬright͟ 
Ĩor thĞ horiǌontal mĞriĚian or ͞upͬĚoǁn͟ Ĩor thĞ ǀĞrtical anĚ 
obliƋuĞ mĞriĚians͘



sisual pĞrĨormancĞ oĨ a ĚiīractiǀĞ triĨocal /O>ϰ 

© 2015 Wichtig Publishing

Static and dynamic contrast sensitivity

^inusoiĚal ǀĞrtical gratings ǁhosĞ paramĞtĞrs (luminancĞ͕ 
contrast͕ spatial ĨrĞƋuĞncǇ) arĞ automaticallǇ controllĞĚ bǇ 
thĞ computĞr ǁĞrĞ prĞsĞntĞĚ ǁith a ǀĞrǇ loǁ contrast at Įrst 
anĚ progrĞssiǀĞlǇ incrĞasing contrast thĞrĞaŌĞr͘  WĞ usĞĚ 
static (0 ,ǌ) anĚ ĚǇnamic (10 ,ǌ) tĞsts͕ both monocularlǇ anĚ 
binocularlǇ͘ PatiĞnts ǁĞrĞ instructĞĚ to prĞss a buƩon ǁhĞn 
ĚĞtĞcting thĞ grating bars͘

dhis ǁas pĞrĨormĞĚ unĚĞr photopic (aǀĞragĞ luminancĞ 
oĨ thĞ grating is ϴ0 cĚͬm2) anĚ loǁ mĞsopic conĚitions (ǁith 
thĞ usĞ oĨ spĞciĮc gogglĞs ǁith ϯ log unit ĮltĞrs that bring thĞ 
aǀĞragĞ luminancĞ Ěoǁn to 0͘0ϴ cĚͬm2)͕ aŌĞr a 10 min pĞri-
oĚ oĨ aĚaptation͘ dhĞ rĞsults ǁĞrĞ ĚĞpictĞĚ as a curǀĞ oĨ con-
trast sĞnsitiǀitǇ ǀĞrsus spatial ĨrĞƋuĞncǇ͘ dhĞ rĞsponsĞ curǀĞ 
ǁas obtainĞĚ using ϲ ĚiīĞrĞnt spatial ĨrĞƋuĞnciĞs  ĞǆprĞssĞĚ 
in cǇclĞs pĞr ĚĞgrĞĞ (cpĚ) (high to loǁ spatial ĨrĞƋuĞn-
ciĞs: 1ϰ͘2-ϳ͘1-ϯ͘ϰ-2͘2-1͘1-0͘ϲ)͘ ^patial contrast sĞnsitiǀitǇ  
Ĩunction ǁas calculatĞĚ using thĞ Ĩolloǁing ĞƋuation: spatial 
contrast sĞnsitiǀitǇ Ĩunction (Ě�) с 10 log ΀(>maǆ н >min)ͬ
(>maǆ ʹ >min)΁͕ ǁhĞrĞ >min is thĞ minimum luminancĞ oĨ thĞ 
grating anĚ >maǆ is its maǆimum luminancĞ͘ �ontrast sĞnsi-
tiǀitǇ tĞsting ǁas pĞrĨormĞĚ ǁith thĞ bĞst optical corrĞction 
Ĩor thĞ tĞst ĚistancĞ (2 m)͘

Pupillometry and glare testing

dhĞ pupillomĞtrǇ program oīĞrs automatĞĚ mĞasurĞ-
mĞnts oĨ thĞ pupil siǌĞ unĚĞr controllĞĚ illumination conĚi-
tions (1͕ 10͕ anĚ 100 cĚͬm2)͘ /magĞs ǁĞrĞ acƋuirĞĚ using 
nĞar inĨrarĞĚ illumination (ϴϴ0 nm) anĚ a high-rĞsolution 
camĞra͘ dhĞ pupil contour is automaticallǇ outlinĞĚ in 
thĞ capturĞĚ imagĞ but thĞ usĞr is ablĞ to control Ĩor thĞ 
mĞasurĞmĞnt accuracǇ in thĞ scrĞĞn͘ �ll thĞ acƋuirĞĚ im-
agĞs can bĞ rĞcorĚĞĚ anĚ printĞĚ͘ &or ǀisual aptituĚĞ unĚĞr 
glarĞ͕ ǁĞ prĞsĞntĞĚ calibratĞĚ loǁ luminancĞ (1 anĚ 5 cĚͬ
m2) optotǇpĞs oǀĞr a ĚarŬ bacŬgrounĚ ǁith a latĞral high 
luminancĞ light sourcĞ (glarĞ sourcĞ)͘ dĞsts ǁĞrĞ pĞrĨormĞĚ 
monocularlǇ͘ � ƋuantitatiǀĞ scorĞ ǁas obtainĞĚ bǇ counting 
thĞ numbĞr oĨ lĞƩĞrs that thĞ patiĞnt corrĞctlǇ iĚĞntiĮĞĚ 
ĚĞspitĞ Ěiīusion ǁithin thĞ ĞǇĞ͘ dhĞ Įnal scorĞ ǁas giǀĞn as 
a pĞrcĞntagĞ͕ ǁith 100й corrĞsponĚing to thĞ iĚĞntiĮcation 
oĨ all thĞ optotǇpĞs͘

Statistical analysis

^tatistical analǇsis ǁas pĞrĨormĞĚ using /�D ^P^^ 22͘0 
(^P^^ /nc͕͘ �hicago͕ />͕ h^�)͘ ^hapiro-WilŬ normalitǇ tĞsts 
ǁĞrĞ pĞrĨormĞĚ to assĞss thĞ applicabilitǇ oĨ nonparamĞtric 
tĞsts͘ Wilcoǆon signĞĚ-ranŬ tĞst ǁas usĞĚ Ĩor comparing ĚiĨ-
ĨĞrĞncĞs in Ğach tĞst bĞtǁĞĞn ǀisits anĚ Dann-WhitnĞǇ bĞ-
tǁĞĞn groups͘ � signiĮcancĞ lĞǀĞl oĨ 0͘05 (p ǀaluĞ) ǁas usĞĚ 
Ĩor all statistical tĞsts͘

Results

dhĞrĞ ǁĞrĞ 5 malĞ anĚ 5 ĨĞmalĞ patiĞnts incluĚĞĚ in thĞ 
stuĚǇ͘ DĞan ц ^� agĞ ǁas 5ϲ͘ϵ0 ц ϲ͘0ϲ ǇĞars (rangĞ ϰϵ-ϳ0)͘ 
dablĞ / shoǁs thĞ prĞopĞratiǀĞ Ěata͘

Visual outcomes

dhĞ ǀisual anĚ rĞĨractiǀĞ rĞsults ǁĞrĞ comparablĞ 1 month 
anĚ 12 months postopĞratiǀĞlǇ͕  ǁith no statisticallǇ signiĮ-
cant ĚiīĞrĞncĞs obsĞrǀĞĚ (dab͘ //)͘

Contrast sensitivity

dhĞ rĞsults oĨ contrast sĞnsitiǀitǇ (ĞǆprĞssĞĚ in Ě�)͕ oǀĞr 
ϲ ĚiīĞrĞnt spatial ĨrĞƋuĞnciĞs͕ arĞ ĚĞpictĞĚ in &igurĞ ϯ͘ �s 

TABLe I - PrĞopĞratiǀĞ Ěata oĨ thĞ ĞnrollĞĚ subũĞcts

Mean ± SD

IOP, mm Hg 14.3 ± 1.92
UDVA, logMAR 0.64 ± 0.35
BCDVA, logMAR 0.32 ± 0.21
SE, D -0.57 ± 0.28
AL, mm 23.64 ± 1.17
Specular microscopy, cells/mm3 2587 ± 352.31
Mean corneal K readings, D 43.20 ± 1.40
IOL power calculation, D 20.05 ± 3.12

AL = axial length; BCDVA = best-corrected distance visual acuity; IOL = intra-
ocular lens; IOP = intraocular pressure; SE = spherical equivalent; UDVA = 
uncorrected distance visual acuity; D = diopters.

TABLe II - sisual outcomĞs 1 month anĚ 12 months postopĞratiǀĞlǇ

1 month postoperatively 12 months postoperatively

Monocular Binocular Monocular Binocular

UVA DCVA UDVA DCVA UVA
a DCVAa UDVAa DCVAa

Distance 0.00 ± 0.01 0.00 ± 0.05 -0.10 ± 0.05 -0.10 ± 0.02 0.00 ± 0.08 0.00 ± 0.05 -0.10 ± 0.05 -0.10 ± 0.02

Intermediate, 70 cm 0.03 ± 0.06 0.03 ± 0.04 0.00 ± 0.04 0.00 ± 0.02 0.02 ± 0.10 0.00 ± 0.06 0.00 ± 0.03 0.00 ± 0.02

Near, 40 cm 0.20 ± 0.14 0.20 ± 0.12 0.20 ± 0.11 0.18 ± 0.04 0.20 ± 0.12 0.20 ± 0.09 0.20 ± 0.11 0.18 ± 0.04

DCVA = distance-corrected visual acuity; UDVA = uncorrected distance visual acuity; UVA = uncorrected visual acuity.
Values are mean ± SD (logMAR).
aNo statistically significant differences (p>0.05).
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ĞǆpĞctĞĚ͕ loǁĞr contrast sĞnsitiǀitǇ ǀaluĞs ǁĞrĞ ĨounĚ at loǁ 
mĞsopic conĚitions ǁhĞn comparĞĚ ǁith photopic conĚitions͘ 
dhĞrĞ ǁĞrĞ no statisticallǇ signiĮcant ĚiīĞrĞncĞs bĞtǁĞĞn thĞ 
Įrst anĚ last ǀisit (pх0͘05) Ĩor anǇ oĨ thĞ tĞsting conĚitions͘

Motion/speed, achromatic and chromatic contrast  
discrimination

dhĞ rĞsults oĨ thĞ psǇchophǇsical tĞsts usĞĚ to ĞǀaluatĞ 
motionͬspĞĞĚ anĚ achromatic anĚ chromatic contrast Ěis-
crimination ǁĞrĞ comparĞĚ ǁith an agĞ-matchĞĚ control 
group oĨ ϯϲ ĞǇĞs (mĞan agĞ 55͘2ϳ ц 1͘22 ǇĞars; rangĞ ϰϴ-ϳ2)͘ 
PatiĞnts incluĚĞĚ in thĞ control group ǁĞrĞ all phaŬic͘ dhĞ rĞ-
sults (in Σͬs) oǀĞr thĞ horiǌontal mĞriĚian (0Σ͕ tĞstĞĚ at ϳ͘5Σ oĨ 
ĞccĞntricitǇ)͕ thĞ ǀĞrtical mĞriĚian (ϵ0Σ͕ tĞstĞĚ at 10Σ oĨ Ğc-
cĞntricitǇ)͕ anĚ thĞ obliƋuĞ mĞriĚians (ϰ5Σ anĚ 1ϯ5Σ͕ tĞstĞĚ at 
15Σ oĨ ĞccĞntricitǇ) arĞ ĚĞpictĞĚ in &igurĞ ϰ͘ dhĞrĞ ǁĞrĞ no sta-
tisticallǇ signiĮcant ĚiīĞrĞncĞs bĞtǁĞĞn thĞ Įrst anĚ last ǀisit 
(pх0͘05) or bĞtǁĞĞn thĞsĞ anĚ thĞ rĞsults oĨ thĞ agĞ-matchĞĚ 
control group (pх0͘05) Ĩor anǇ oĨ thĞ tĞstĞĚ ǀariablĞs͘

Glare and pupillometry

�s shoǁn in dablĞ ///͕ thĞrĞ ǁĞrĞ no statisticallǇ signiĮcant 
ĚiīĞrĞncĞs in ǀision unĚĞr a glarĞ sourcĞ anĚ pupillomĞtrǇ 

Fig. 3 - �ontrast sĞnsitiǀitǇ (�^) boǆ 
plot charts comparing thĞ 1st (ǀisit 
1) anĚ 12th (ǀisit 2) postopĞratiǀĞ 
months͘ dhĞ rĞsults oĨ photopic 
(ϴ0 cĚͬm2) anĚ loǁ mĞsopic (0͘0ϴ cĚͬ
m2) contrast sĞnsitiǀitǇ tĞsting unĚĞr 
ĚiīĞrĞnt spatial ĨrĞƋuĞnciĞs (0͘ϲ͕ 
1͘1͕ 2͘2͕ ϯ͘ϰ͕ ϳ͘ 1͕ anĚ 1ϰ͘2 cpĚ) arĞ 
ĞǆprĞssĞĚ in Ě�͕ both Ĩor static (0 
,ǌ) anĚ ĚǇnamic (10 ,ǌ) conĚitions͘ 
dhĞrĞ ǁĞrĞ no statisticallǇ signiĮ-
cant ĚiīĞrĞncĞs bĞtǁĞĞn thĞ Įrst 
anĚ last ǀisit Ĩor anǇ oĨ thĞ tĞstĞĚ 
ǀariablĞs (pх0͘05)͘

bĞtǁĞĞn thĞ 1st anĚ 12th postopĞratiǀĞ months͕ ĞǀĞn though 
thĞrĞ ǁas a trĞnĚ toǁarĚs an incrĞasĞ in thĞ numbĞr oĨ iĚĞn-
tiĮĞĚ optotǇpĞs 12 months postopĞratiǀĞlǇ͘

Complications

Eo signiĮcant /O> ĚĞcĞntration ǁas obsĞrǀĞĚ in anǇ casĞ 
at thĞ slit-lamp Ğǆamination͘ dhĞrĞ ǁĞrĞ no casĞs oĨ postĞri-
or capsular opaciĮcation or /O> opaciĮcation ĚĞtĞctĞĚ Ěuring 
Ĩolloǁ-up͘ dhĞrĞ ǁĞrĞ no casĞs oĨ postopĞratiǀĞ cǇstoiĚ mac-
ular ĞĚĞma͘ dhrĞĞ patiĞnts mĞntionĞĚ halos anĚ glarĞ Ěuring 
night Ěriǀing in thĞ Įrst postopĞratiǀĞ month͘ ,oǁĞǀĞr͕  this 
ĚiĚ not intĞrĨĞrĞ ǁith thĞir ĚailǇ liĨĞ actiǀitiĞs anĚ improǀĞĚ 
Ěuring thĞ coursĞ oĨ Ĩolloǁ-up͘

Discussion

DultiĨocal /O> ĚĞsign has improǀĞĚ signiĮcantlǇ in rĞcĞnt 
ǇĞars͘ �lthough optimal ĚistancĞ anĚ nĞar s� can bĞ ĞasilǇ 
achiĞǀĞĚ through a biĨocal ĚĞsign͕ gooĚ lĞǀĞls oĨ intĞrmĞĚi-
atĞ ǀision arĞ oŌĞn harĚĞr to aƩain (21)͘ �Ǉ assĞssing ĚiīĞr-
ĞncĞs in optical pĞrĨormancĞ oĨ ϵ multiĨocal /O>s using an 
optical bĞnch͕ 'atinĞl anĚ ,oubrĞchts (12) ĚĞmonstratĞĚ 
that thĞ intĞrmĞĚiatĞ ǀision proǀiĚĞĚ bǇ biĨocal /O>s is most 
closĞlǇ rĞlatĞĚ to thĞ ĚĞpth oĨ ĮĞlĚ anĚ that intĞrmĞĚiatĞ s� 
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Fig. 4 - DotionͬspĞĞĚ anĚ achromatic anĚ chromatic contrast Ěiscrimination rĞsults (Σͬ s) oǀĞr thĞ horiǌontal (0Σ)͕ ǀĞrtical (ϵ0Σ)͕ anĚ obliƋuĞ 
(ϰ5Σ anĚ 1ϯ5Σ) mĞriĚians͕ tĞstĞĚ at ϳ͘ 5Σ͕ 10Σ͕ anĚ 15Σ oĨ ĞccĞntricitǇ͕ rĞspĞctiǀĞlǇ͘ dhĞrĞ ǁĞrĞ no statisticallǇ signiĮcant ĚiīĞrĞncĞs bĞtǁĞĞn 
thĞ 1st (ǀisit 1) anĚ 12th (ǀisit 2) postopĞratiǀĞ months or bĞtǁĞĞn thĞsĞ anĚ thĞ agĞ-matchĞĚ control group (pх0͘05)͘
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coulĚ bĞ improǀĞĚ ǁith thĞ ĞǆistĞncĞ oĨ a thirĚ Ĩocal point͘ 
dhĞ introĚuction oĨ triĨocal /O> moĚĞls ǁas intĞnĚĞĚ to aĚ-
ĚrĞss this particular issuĞ͘ ^ĞǀĞral clinical stuĚiĞs (5͕ 1ϯ-15) 
haǀĞ alrĞaĚǇ ĞǀaluatĞĚ thĞ postopĞratiǀĞ ǀisual outcomĞs 
aŌĞr bilatĞral implantation oĨ thĞ nĞǁ &inĞsisionΠ ĚiīractiǀĞ 
triĨocal /O> anĚ conĮrmĞĚ an ĞǆtĞnĚĞĚ rangĞ oĨ clĞar uncor-
rĞctĞĚ s� ǁith this /O> moĚĞl͘ /n our stuĚǇ͕  mĞan monocular 
uncorrĞctĞĚ ĚistancĞ s� (h�s�) ǁas 0͘00 ц 0͘0ϴ logD�Z at 
12 months͘ dhĞsĞ rĞsults arĞ slightlǇ bĞƩĞr than thĞ onĞs rĞ-
portĞĚ bǇ ^hĞpparĚ Ğt al (5) (h�s� 0͘1ϵ ц 0͘0ϵ at 2 months) 
anĚ �liſ Ğt al (15) (h�s� 0͘1ϴ ц 0͘1ϯ at ϲ months) but com-
parablĞ to thĞ outcomĞs oĨ �ochĞnĞr Ğt al (1ϯ) (h�s� 0͘0ϴ 
ц 0͘12 at ϲ months)͕ thĞ largĞst publishĞĚ rĞport oĨ &inĞsi-
sionΠ triĨocal /O> ĨounĚ in thĞ litĞraturĞ (n с ϵϰ)͘ Donocular 
ĚistancĞ-corrĞctĞĚ nĞar s� (��Es�) ǁas 0͘20 ц 0͘0ϵ logD�Z 
in our population͕ a rĞsult that ǁas ǁorsĞ than thĞ onĞs rĞ-
portĞĚ bǇ �liſ Ğt al (15) (��Es� 0͘1ϲ ц 0͘1ϯ) or �ochĞnĞr Ğt al 
(1ϯ) (��Es� 0͘0ϴ ц 0͘0ϴ)͘ �lthough ^hĞpparĚ Ğt al (5) ĚiĚ not 
prĞsĞnt thĞ logD�Z rĞsults oĨ ��Es�͕ thĞ authors usĞĚ thĞ 
E�sY tĞst (22) to ĞǀaluatĞ subũĞctiǀĞ satisĨaction ǁith uncor-
rĞctĞĚ nĞar ǀision anĚ rĞport high lĞǀĞls oĨ patiĞnt satisĨac-
tion in thĞir 15-patiĞnt cohort͘

Donocular ĚistancĞ-corrĞctĞĚ intĞrmĞĚiatĞ s� (��/s�) 
ǁas 0͘00 ц 0͘0ϲ logD�Z in our cohort͘ Our rĞsults arĞ similar 
to thĞ onĞs rĞportĞĚ bǇ �ochĞnĞr Ğt al (1ϯ) (��/s� 0͘0ϴ ц 
0͘10)͕ ĞǀĞn though thĞ authors usĞĚ a ParinauĚ nĞar ǀisual 
chart at ϲ5 cm to ĞǀaluatĞ intĞrmĞĚiatĞ s�͘ dhĞ ��/s� rĞsults 
rĞportĞĚ bǇ �liſ Ğt al (15) ǁĞrĞ slightlǇ ǁorsĞ (0͘1ϳ ц 0͘0ϵ)͘ 
/t is liŬĞlǇ that thĞ ĚiīĞrĞncĞs in ĚistancĞ͕ nĞar͕  anĚ intĞrmĞ-
ĚiatĞ s� rĞsults can bĞ ĞǆplainĞĚ bǇ ĚiīĞrĞnt mĞthoĚolo-
giĞs oĨ Ğǀaluation (namĞlǇ thĞ tǇpĞ oĨ scalĞ anĚ thĞ tĞsting 
ĚistancĞ) anĚ agĞ ĚiīĞrĞncĞs bĞtǁĞĞn populations͘ Optical 
pĞrĨormancĞ oĨ thĞ human ĞǇĞ is Ŭnoǁn to progrĞssiǀĞlǇ ĚĞ-
clinĞ ǁith agĞ (2ϯ)͕ ǁith a rĞsultant rĞĚuction in s� Ĩor ĞlĚĞrlǇ 
phaŬic anĚ psĞuĚophaŬic inĚiǀiĚuals (2ϰ)͘

EǀĞn though s� tĞsting is an important rĞŇĞction oĨ ǀi-
sual Ĩunction͕ it conǀĞǇs purĞlǇ subũĞctiǀĞ rĞsults͘ ^ubũĞctiǀĞ 
Ěata pĞr sĞ cannot aĚĞƋuatĞlǇ ĚĞscribĞ thĞ pĞrĨormancĞ anĚ 
optical outcomĞs oĨ a nĞǁ /O> ĚĞsign͘ � ƋuantitatiǀĞ Ğǀalua-
tion oĨ sĞǀĞral paramĞtĞrs oĨ ǀisual Ĩunction using computĞr-
iǌĞĚ psǇchophǇsical tĞsts can complĞmĞnt anĚ thus rĞinĨorcĞ 
thĞ rĞsults oĨ a subũĞctiǀĞ analǇsis͘ hsing propriĞtarǇ soŌ-
ǁarĞ͕ ǁĞ ǁĞrĞ ablĞ to obũĞctiǀĞlǇ assĞss contrast sĞnsitiǀitǇ͕  

 pupillomĞtrǇ͕  glarĞ͕ chromatic anĚ achromatic contrast Ěis-
crimination͕ anĚ motion Ěiscrimination͘ do our ŬnoǁlĞĚgĞ͕ 
this is thĞ Įrst stuĚǇ on &inĞsisionΠ triĨocal /O> that aĚĚrĞssĞs 
thĞsĞ manǇ aspĞcts oĨ ǀisual Ĩunction͘ dhĞ occurrĞncĞ oĨ pho-
tic phĞnomĞna (halos͕ glarĞ͕ anĚ positiǀĞ ĚǇsphotopsia) anĚ 
contrast sĞnsitiǀitǇ loss aŌĞr bilatĞral multiĨocal /O> implanta-
tion arĞ ǁĞll-ĚĞscribĞĚ in thĞ litĞraturĞ anĚ can aīĞct ƋualitǇ 
oĨ liĨĞ (ϳ)͘ EǀĞn though contrast sĞnsitiǀitǇ tĞsting in patiĞnts 
ǁith bilatĞral implantation oĨ this ĚiīractiǀĞ triĨocal /O> ǁas 
pĞrĨormĞĚ bǇ �ochĞnĞr Ğt al (1ϯ) anĚ >ĞsiĞur (1ϰ)͕ both au-
thors usĞĚ lĞƩĞr charts ǁith 25й anĚ 10й contrast͘ dĞchnical 
problĞms associatĞĚ ǁith lĞƩĞr charts incluĚĞ unĞǀĞnnĞss oĨ 
illumination͕ ĨaĚing oĨ thĞ print͕ rĞŇĞctions Ĩrom thĞ surĨacĞ͕ 
anĚ thĞ nĞĞĚ to rĞcogniǌĞ lĞƩĞrs (25)͘ ^hĞpparĚ Ğt al (5) anĚ 
�liſ Ğt al (15) usĞĚ computĞr-basĞĚ contrast sĞnsitiǀitǇ tĞst-
ing but thĞ Įrst usĞĚ luminancĞ lĞǀĞls oĨ ϴ5 cĚͬm2 (photopic 
conĚitions) anĚ 5 cĚͬm2 (mĞsopic conĚitions) anĚ thĞ laƩĞr 
usĞĚ luminancĞ lĞǀĞls oĨ ϯ cĚͬm2 (mĞsopic conĚitions)͘ /n 
pupil-ĚĞpĞnĚĞnt /O> ĚĞsigns͕ loǁ mĞsopic contrast sĞnsitiǀitǇ 
tĞsting (luminancĞ 0͘0ϴ cĚͬm2) is particularlǇ important sincĞ 
pupil Ěilation aƩĞnuatĞs somĞ oĨ thĞ aĚǀantagĞs oīĞrĞĚ bǇ 
thĞ /O> (ϰ)͘ �lso͕ complaints oĨ ĚĞcrĞasĞĚ contrast sĞnsitiǀ-
itǇ arĞ usuallǇ ĞlicitĞĚ unĚĞr Ěim light conĚitions (i͘Ğ͕͘ night 
Ěriǀing)͕ anĚ a loǁ ǀaluĞ oĨ luminancĞ (0͘0ϴ cĚͬm2) is morĞ 
liŬĞlǇ to rĞprĞsĞnt a rĞal-liĨĞ mĞsopic scĞnario (1ϲ)͘ �asĞĚ on 
this͕ ǁĞ tĞstĞĚ contrast sĞnsitiǀitǇ unĚĞr photopic (ϴ0 cĚͬm2) 
anĚ loǁ mĞsopic (0͘0ϴ cĚͬm2) sĞƫngs͘ WĞ usĞĚ an obũĞctiǀĞ͕ 
computĞr-basĞĚ tĞst (DĞtroǀisionΠ)͘ �ĚǀantagĞs oĨ computĞr 
tĞsting incluĚĞ ŇĞǆibilitǇ oĨ programming to ĚisplaǇ contrast 
targĞts in a ranĚom paƩĞrn͕ altĞr thĞ contrast bĞtǁĞĞn lĞǀĞls͕ 
anĚ usĞ a staircasĞ stratĞgǇ to bracŬĞt thĞ contrast thrĞsholĚ 
(25)͘ WĞ ĨounĚ that contrast sĞnsitiǀitǇ rĞsults unĚĞr phot-
opic anĚ loǁ mĞsopic conĚitions ǁĞrĞ iĚĞntical at thĞ 1st anĚ 
12th postopĞratiǀĞ month͘ Eot surprisinglǇ͕  contrast sĞnsitiǀ-
itǇ proǀĞĚ bĞƩĞr in a photopic sĞƫng than in loǁ mĞsopic 
conĚitions͘ 'loballǇ͕  thĞ satisĨactorǇ contrast sĞnsitiǀitǇ Ĩunc-
tion obsĞrǀĞĚ in our population͕ ĞǀĞn in a loǁ mĞsopic sĞt-
ting͕ can bĞ ĞǆplainĞĚ bǇ thĞ aĚĞƋuatĞ light Ěistribution oĨ 
thĞ &inĞsisionΠ triĨocal /O> at ĚiīĞrĞnt pupil apĞrturĞs͕ ĚuĞ 
to its 100й ĚiīractiǀĞ tĞchnologǇ͘  ^pĞciĮcallǇ͕  Ĩor a ϰ͘5-mm 
pupil apĞrturĞ͕ onlǇ ϵй oĨ light ĞnĞrgǇ rĞachĞs thĞ intĞrmĞ-
ĚiatĞ Ĩocus͕ 25й rĞachĞs thĞ nĞar Ĩocus͕ anĚ thĞ othĞr ϲϳй 
oĨ thĞ light rĞachĞs thĞ ĚistancĞ Ĩocus (11͕ 15)͘ ^incĞ 2ͬϯ oĨ 

TABLe III - 'larĞ anĚ pupillomĞtrǇ

1 month postoperatively 12 months postoperatively p Value

% Optotypes read under a fixed glare source ± SD

 Optotype intensity 1 cd/m2 27.67 ± 18.40 28.88 ± 22.49 0.635a

 Optotype intensity 5 cd/m2 76.26 ± 12.34 79.84 ± 8.68 0.427a

Pupillometry

 Mesopic (1 cd/m2) 3.60 ± 0.52 3.70 ± 0.68 0.515a

 Photopic low (10 cd/m2) 2.80 ± 0.59 2.80 ± 0.45 0.360a

 Photopic high (100 cd/m2) 2.10 ± 0.28 2.10 ± 0.32 0.417a

aNo statistically significant differences.
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light is ĚirĞctĞĚ Ĩor ĚistancĞ ǀision͕ contrast sĞnsitiǀitǇ is thĞn 
prĞsĞrǀĞĚ͘ dhĞ samĞ soŌǁarĞ (DĞtroǀisionΠ) ǁas also usĞĚ 
Ĩor pupillomĞtrǇ anĚ halomĞtrǇͬglarĞ tĞsting͘ �s ĞǆpĞctĞĚ͕ 
pupillomĞtrǇ ǁas ĚĞpĞnĚĞnt on thĞ luminancĞ lĞǀĞls͕ ǁith a 
mĞan pupil ĚiamĞtĞr oĨ ϯ͘ϳ mm͕ 2͘ϴ mm͕ anĚ 2͘1 mm unĚĞr 
mĞsopic (1 cĚͬm2)͕ loǁ photopic (10 cĚͬm2)͕ anĚ high phot-
opic (100 cĚͬm2) sĞƫngs͕ rĞspĞctiǀĞlǇ͘  dhĞ glarĞ tĞst ǁĞ usĞĚ 
consists oĨ rĞcogniǌing lĞƩĞrs on a scrĞĞn in thĞ prĞsĞncĞ oĨ 
a light sourcĞ at thĞ siĚĞ oĨ thĞ scrĞĞn͘ PrĞĚictablǇ͕  thĞ intĞn-
sitǇ oĨ thĞ optotǇpĞ prĞsĞntĞĚ to thĞ patiĞnt (ĞithĞr 1 cĚͬm2  
or 5 cĚͬm2) haĚ a positiǀĞ inŇuĞncĞ on thĞ pĞrcĞntagĞ oĨ 
optotǇpĞs rĞaĚ unĚĞr a ĮǆĞĚ glarĞ sourcĞ͘ dhĞ pĞrĨormancĞ 
aƩainĞĚ bǇ thĞ &inĞsisionΠ triĨocal /O> rĞnĚĞrs this nĞǁ /O> 
moĚĞl a ĨairlǇ gooĚ glarĞ tĞsting rĞsult͘ dhis /O> Ĩaǀors Ěis-
tancĞ ǀision ǁith a largĞ pupil ĚiamĞtĞr to minimiǌĞ halos 
or glarĞ pĞrcĞption unĚĞr mĞsopic conĚitions͘ dhis can bĞ 
ĨulĮllĞĚ ĚuĞ to an asǇmmĞtric Ěistribution oĨ ĞnĞrgǇ among 
thĞ ϯ Ĩoci (nĞar͕  intĞrmĞĚiatĞ͕ anĚ Ĩar ǀision) (11)͘ ^hĞpparĚ  
Ğt al (5) usĞĚ halomĞtrǇ to mĞasurĞ thĞ siǌĞ oĨ thĞ glarĞ arĞa 
Ĩor Ğach patiĞnt monocularlǇ anĚ binocularlǇ unĚĞr mĞsopic  
(5 cĚͬm2) conĚitions͘ ^incĞ thĞ tĞst usĞĚ in our cohort is ĚiĨ-
ĨĞrĞnt͕ thĞ rĞsults cannot bĞ propĞrlǇ comparĞĚ͘

do our ŬnoǁlĞĚgĞ͕ this is thĞ Įrst stuĚǇ using psǇchophǇsi-
cal tĞsts to aĚĚrĞss motion Ěiscrimination anĚ chromatic anĚ 
achromatic contrast Ěiscrimination in patiĞnts ǁho unĚĞr-
ǁĞnt bilatĞral implantation oĨ &inĞsisionΠ triĨocal /O>͘ WĞ 
usĞĚ propriĞtarǇ soŌǁarĞ to ĞǆplorĞ thĞ ĞīĞct proĚucĞĚ bǇ 
thĞ /O> in thĞsĞ paramĞtĞrs anĚ comparĞĚ thĞ rĞsults ǁith 
an agĞ-matchĞĚ control group͘ dhĞ targĞt thrĞsholĚ oĨ Ěis-
crimination in all thĞsĞ tĞsts incrĞasĞĚ ǁith thĞ ĞccĞntricitǇ 
oĨ thĞ stimulus͘ dhis is anticipatĞĚ giǀĞn thĞ Ĩact that thĞ tar-
gĞt is prĞsĞntĞĚ ĨurthĞr Ĩrom thĞ ĨoǀĞa͘ WĞ ĨounĚ no statis-
ticallǇ signiĮcant ĚiīĞrĞncĞs bĞtǁĞĞn thĞ Įrst anĚ last ǀisit 
or bĞtǁĞĞn patiĞnts anĚ thĞ agĞ-matchĞĚ control group Ĩor 
thĞ paramĞtĞrs tĞstĞĚ (motion Ěiscrimination͕ chromatic 
anĚ achromatic contrast Ěiscrimination)͘ dhĞ goal oĨ a Ƌuan-
titatiǀĞ tĞst is to proĚucĞ rĞsults that arĞ rĞpĞatablĞ upon 
 rĞtĞsting anĚ arĞ closĞ to thĞ patiĞntΖs truĞ scorĞ (25)͘ Our 
rĞsults rĞinĨorcĞ thĞ Ĩunctional stabilitǇ oĨ thĞ /O> as soon as  
1 month aŌĞr surgĞrǇ anĚ suggĞst that thĞ &inĞsisionΠ tri-
Ĩocal /O> ĚoĞs not proĚucĞ a signiĮcant changĞ in color ǀi-
sion͕ in spitĞ oĨ its bluĞ-blocŬing ĮltĞr͘  �ccorĚing to 'atinĞl 
Ğt al (11)͕ this is bĞcausĞ thĞ &inĞsisionΠ triĨocal /O> ĚoĞs not 
blocŬ as much bluĞ light as othĞr /O> moĚĞls͕ hĞncĞ aǀoiĚing 
a nĞgatiǀĞ ĞīĞct on color pĞrcĞption͘

�part Ĩrom thĞ small numbĞr oĨ incluĚĞĚ subũĞcts͕ onĞ 
important limitation oĨ our stuĚǇ is thĞ absĞncĞ oĨ a ĚĞĨocus 
curǀĞ͘ dhis͕ hoǁĞǀĞr͕  has bĞĞn ĞǆtĞnsiǀĞlǇ rĞportĞĚ bǇ oth-
Ğrs (5͕ 1ϯ-15)͕ anĚ publishĞĚ Ěata haǀĞ consistĞntlǇ shoǁn an 
ĞǆtĞnĚĞĚ rangĞ oĨ clĞar ǀision rathĞr than Ěistinct pĞaŬs cor-
rĞsponĚing to thĞ н1͘ϳ5 � anĚ нϯ͘50 � aĚĚs͘ dhĞ prospĞctiǀĞ 
naturĞ oĨ our stuĚǇ͕  along ǁith thĞ innoǀatiǀĞ mĞthoĚologǇ͕  
compĞnsatĞ Ĩor thĞ aĨorĞmĞntionĞĚ limitations͘

Conclusion

�n obũĞctiǀĞ assĞssmĞnt oĨ ǀisual Ĩunction through Ƌuan-
titatiǀĞ computĞriǌĞĚ psǇchophǇsical approachĞs alloǁs Ĩor 
a prĞcisĞ anĚ rĞproĚuciblĞ Ğǀaluation that signiĮcantlǇ com-
plĞmĞnts a purĞlǇ subũĞctiǀĞ analǇsis͘ dhĞ PhǇsiol  &inĞsisionΠ 

triĨocal /O> proǀiĚĞĚ a satisĨactorǇ Ĩull rangĞ oĨ ǀision anĚ 
ƋualitǇ oĨ ǀision paramĞtĞrs 12 months aŌĞr surgĞrǇ͘
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