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ORIGINAL ARTICLE

a lo  a  r  sp ci call  sign  to incr as  th  rang  
o  ocus an  thus impro  isual ualit  at int rm iat  is-
tanc s (2)  E n though this approach has pro n succ ss ul 
to som  t nt (2- )  pati nts ma  ultimat l  b  p n nt 
on sp ctacl s or cl ar int rm iat  ision (5)  his probl m 
is particularl  signi cant in or ing-ag  pati nts  ho o n 
p r orm rapi l  alt rnating ar an  clos -up tas s or sustain 
long or  at n ar to int rm iat  istanc  ( )

noth r important ra bac  o  multi ocal O  implantation 
is th  lopm nt o  photic ph nom na such as glar  halos  
an  a cr as  in contrast s nsiti it  sp ciall  un r im 
light con itions ( )  h s  can n gati l  a ct ail  li  acti i-
ti s  limiting th  pati nt s abilit  to p r orm th m an  thus a -

cting th  pati nt s ualit  o  li  ( )  lthough impro m nts 
in O  sign ha  limit  th s  s mptoms in lat  g n ration 
multi ocal O s  th  ar  still among th  most r u nt r asons 
or issatis action a r multi ocal O  implantation ( -10)

c ntl  a n  multi ocal mo l o  O  has b n intro-
uc  in clinical practic  h  Ph s O  in ision  tri ocal 

O  ( i g  lgium) r c i  th  on ormit  Europ nn  
lab l in bruar  2010  n a ition to 2 ma or oci at 0 00  

O : 10 5 01 o 5000
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Introduction

p ctacl  in p n nc  has b com  a goal o  or ing-
ag  cataract pati nts  um rous intraocular l ns ( O ) optical 
pro l s an  sur ac  signs ha  b n lop  aim  at 
ul lling pati nts  rising p ctations on isual p r ormanc  

(1  2)  ral stu i s (2- ) ha  sho n that lat  g n ration 
multi ocal O s pro i  c ll nt istanc  an  n ar isual 
acuit  ( ) as ll as unctional int rm iat  ision  spit  
som  in itabl  n rg  loss (5)  ulti ocal asph ric O s ith 

ABSTRACT
Purpose: o uantitati l  aluat  isual unction 12 months a r bilat ral implantation o  th  Ph siol in i-
sion  tri ocal intraocular l ns ( O ) an  to compar  th s  r sults ith thos  obtain  in th  rst postop rati  
month
Methods: n this prosp cti  cas  s ri s  20 s o  10 cons cuti  pati nts r  inclu  onocular an  binoc-
ular  uncorr ct  an  corr ct  isual acuiti s ( istanc  n ar  an  int rm iat ) r  m asur  tro ision  

as us  to t st contrast s nsiti it  un r static an  namic con itions  both in photopic an  lo -m sopic 
s ngs  h  sam  so ar  as us  or pupillom tr  an  glar  aluation  otion  achromatic  an  chromatic 
contrast iscrimination r  t st  using 2 inno ati  ps choph sical t sts   compl t  ophthalmologic ami-
nation as p r orm  pr op rati l  an  at 1    an  12 months postop rati l  Ps choph sical t sts r  
p r orm  1 month a r surg r  an  r p at  12 months postop rati l
Results: inal istanc  uncorr ct  isual acuit  ( ) as 0 00  0 0  an  istanc  corr ct   as 0 00  0 05 
log  istanc  corr ct  n ar  as 0 00  0 0  an  istanc  corr ct  int rm iat   as 0 00  0 0  log-

 lar  t sting  pupillom tr  contrast s nsiti it  motion  an  chromatic an  achromatic contrast iscrimi-
nation i  not i r signi cantl  b t n th  rst an  last isit (p 0 05) or h n compar  to an ag -match  
control group (p 0 05)
Conclusions: h  Ph siol in ision  tri ocal O  pro i  satis actor  ull rang  o  ision an  ualit  o  ision 
param t rs 12 months a r surg r  isual acuit  an  ps choph sical t sts i  not ar  signi cantl  b t n th  

rst an  last isit
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an  50  a  po r or ar an  n ar ision  r sp cti l  
th  in ision  tri ocal O  ispla s a thir  ocus at 1 5  
point  at int rm iat  ision (11)  atin l an  oubr chts 
(12) ass ss  th  i r nc s in optical p r ormanc  o   
multi ocal O s using an optical b nch an  obs r  a lac  
o  int rm iat  ision ith bi ocal O s  h r as a istinct 
p a  at th  int rm iat  istanc  as ob ious or th  tri o-
cal i racti  O  (Ph s O  in ision )  h   publish  
clinical stu i s (5  1 -15) that scrib  th  outcom s a r 
implantation o  this n  O  mo l ha  monstrat  that 
it pro i s nhanc  isual p r ormanc  at int rm iat  i-
sion ithout signi cantl  compromising istanc  an  n ar 

 E n though contrast s nsiti it  as aluat  in som  
o  th s  stu i s (5  15)  it as t st  at high luminanc  al-
u s ( 0 an  5 0 c m2)  o  m sopic contrast s nsiti it  is 
particularl  important h n aluating multi ocal O s b -
caus  som  a antag s o  sp ci c O  signs (nam l  pupil-

p n nt O  signs) ar  a nuat  b  pupil ilation ( )  
lso  complaints o  cr as  contrast s nsiti it  ar  usuall  
licit  un r im light con itions (i  night ri ing)  inc  

luminanc  l ls or aluating isual p r ormanc  un r 
night ri ing ar  b t n 0 01 c m2 an  1 00 c m2  a lo  
alu  o  luminanc  (0 0  c m2) is mor  li l  to r pr s nt a 

r al-li  m sopic sc nario (1 )  h r  ar  s ral oth r ob c-
ti  m asur m nts o  isual unction that  to our no l g  
ha  not b n aluat  in th  a ailabl  publications  o-
tion iscrimination  or instanc  is o  paramount importanc  

hil  ri ing  sinc  prolong  ri ing at a  sp  ( g  
100 m h) ma  r uc  th  p rc i  sp  but impro  th  
s nsiti it  to chang s in th  pr ailing sp  (1 )  caus  
sub cti  ata alon  cannot a uat l  scrib  th  p r or-
manc  an  optical outcom s o  a n  O  sign  th  purpos  
o  this stu  is to uantitati l  aluat  s ral param t rs 
o  isual unction using comput ri  ps choph sical t sts  
12 months a r bilat ral implantation o  a n  asph ric i -
racti  tri ocal O  an  to compar  th s  r sults ith thos  

obtain  in th  rst postop rati  month

Methods

Patients

his prosp cti  cas  s ri s inclu  20 s o  10 con-
s cuti  pati nts that un r nt cataract surg r  an  bilat-

ral implantation o  a n  asph ric i racti  tri ocal O  
(Ph siol in ision )  h  stu  as p r orm  in accor anc  

ith th  thical stan ar s o  th  claration o  lsin i  n-
stitutional r i  boar  appro al as obtain  an  pati nts 
sign  an in orm  cons nt orm a r r c i ing a tail  

planation o  th  possibl  cons u nc s o  participating in 
th  stu  E clusion crit ria r  (1) 1 5  o  corn al astig-
matism; (2) irr gular corn al topograph ; ( ) illit rac ; an  
( ) histor  o  oth r ocular comorbi iti s  such as glaucoma  
r tinal is as  pr ious corn al or intraocular surg r  or pu-
pil ormation

Intraocular lens

h  in ision  tri ocal O  is a singl -pi c  asph ric i -
racti  ol abl  O  compos  o  a 25  h rophilic acr lic 

mat rial ith a blu -bloc ing lt r (1 )  h  optic combin s 
2 i racti  structur s that ar  a ust  to o r a 5  a -

ition or n ar an  a 1 5  a ition or int rm iat  ision  
 ar ing th  h ight o  th  i racti  st ps (apo i ation)  

th  amount o  light istribut  to n ar  int rm iat  an  
istant oci is a ust  accor ing to pupil si  (11)  h  O  

has a total iam t r o  10 5 mm  an optic bo  iam t r 
o  15 mm  an  a 5- gr  haptic angulation  itionall  
th  -point haptic sign ( ig  1) minimi s c ntration  in-
cr as s th  contact sur ac  an  allo s or absorption o  th  
capsular contraction orc s  thus pr nting its transmission 
to th  optic (11)  h  po r rang  a ailabl  is rom 10 to 

5  (st ps o  0 50 )

Surgical technique

urg ri s r  p r orm  using topical an sth sia through 
a 2 5-mm cl ar corn al incision in th  st p st m ri ian b  

p ri nc  r racti  surg ons  Phaco mulsi cation as p r-
orm  using an n niti ision st m unit ( lcon  ort Worth  

 ) an  as ollo  b  irrigation an  aspiration o  th  
cort  an  O  implantation in th  capsular bag  ll s ha  a 
1-  tim  ram  b t n surg ri s an  all surg ri s r  
un n ul

Preoperative and postoperative evaluation

Pr op rati  aluation compris  a compl t  ophthal-
mologic amination inclu ing mani st r raction  slit-lamp 
biomicroscop  topograph  (Orbscan  ausch  omb  

och st r   )  sp cular microscop  ilat  un us-
cop  an  ol mann applanation tonom tr  h  ll gro  

iograph ic  (Wa light  Erlang n  rman ) an  th  
 ormula (1 ) r  us  or O  calculation  h  targ t 

in th  O  po r calculation as plano in all cas s inclu  
in th  stu

 compl t  ophthalmologic amination as p r orm  
1    an  12 months postop rati l  h  sam  in p n-

nt in stigator (J P ) p r orm  all postop rati  ami-
nations using th  sam  in stigational protocol  onocular 
an  binocular  uncorr ct  an  corr ct  isual acuiti s ( is-
tanc  n ar  an  int rm iat ) r  ass ss  in r  isit  

istanc   as m asur  ith an Earl  r atm nt iab tic 
tinopath  tu  (E ) chart  nt rm iat  ( 0 cm) an  

n ar ( 0 cm) isual acuiti s r  aluat  ith th  n ar  
E  chart  ith an a ustm nt or int rm iat   as pr -
iousl  scrib  in oth r stu i s rom our group ( )  ll m a-

sur m nts r  ta n un r photopic con itions ( 0 c m2)

Psychophysical testing

h  ps choph sical t sts r  p r orm  1 month an  
12 months postop rati l  W  i  not p r orm it pr op ra-
ti l  u  to th  in u nc  o  cataract in th  t sting r sults  
W  us  propri tar  so ar  or motion an  chromatic an  
achromatic contrast iscrimination t sting  or pupillom tr  
static an  namic contrast s nsiti it  an  glar  m asur -
m nts   us  th  ision onitor  ( on ; tro ision  
P r nchi s  ranc )  a so ar  that has alr a  b n us  in 
r racti  surg r  ( ) an  glaucoma (1 )
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Motion and chromatic and achromatic contrast  
discrimination

h  aminations too  plac  in a ar n  room h r  
sub cts compl t  th  t sts both monocularl  an  binocu-
larl  50 cm a a  rom th  ispla  s st m  ll stimuli r  
pr s nt  on a gamma-corr ct  2  P  monitor ( ol-
orE g  2 W  Ei o  Japan) ith a r solution o  1 20 × 
1200 pi ls an  a r r sh rat  o  0  p ctral an  luminanc  
m asur m nts r  accomplish  using a sp ctrora iom-

t r (P - 50 p ctra can olorim t r  Photo s arch nc  
hats orth  P  )  W  us   2  (2-alt rnati  orc  

choic ) ps choph sical t sts that r uir  th  comparison 
an  iscrimination o  a isual atur  (motion  achromatic 
an  chromatic contrast) b t n 2 s parat  mo ing singl  

ots (a r r nc  ot an  a targ t ot)  uring 00 ms trials  
th  r r nc  an  targ t ots r  simultan ousl  pr s nt  
on ran oml  alt rnat  isual h mi l s  mo ing bac  an  
orth along a 2  ps u oran om lin ar tra ctor  (b t n 0  

an  1 0 )  r ach trial  th  sub ct ga  a rbal r spons  
hich th  p rim nt r stor  b  m ans o  a stan ar  -

boar  ( u  to th  sub cts  a rag  ag  an  to a oi  motor 
rrors)  h r  as no tim  limit or this r spons  h  isual 
atur  b ing aluat  as th n a ust  in th  ollo ing 

trial b  using a logarithmic staircas  proc ur  h  t sts n -
 a r  r rsals an  a iscrimination thr shol  as calcu-

lat  using th  arithm tic m an o  th  last  r rsals  Each 
t st (inclu ing chromatic contrast subt sts) as r p at   
tim s  corr spon ing to 1 o   i r nt m ri ian cc ntricit   
pairs (th  hori ontal m ri ian 0  as t st  at 5  o  c-
c ntricit ; th  rtical m ri ian 0  at 10 ; th  obli u  
m ri ians 5  an  1 5  at 15  o  cc ntricit )  W  us  2 
s uar  ots m asuring 0   0  or th  motion iscrimi-
nation t st an  0   0  or both contrast iscrimination 
t sts  i ation on a blac  c ntral cross (si  1 ) as pr s nt 

uring th  hol  t st ( ig  2)  h  bac groun  as a 25 c m2  
gra  or all t sting con itions  h  sub ct as as  Which 

ot is mo ing ast r  or motion iscrimination t st  Which 
ot is bright r  or achromatic contrast iscrimination t st  

or Which ot has color  or chromatic contrast iscrimi-
nation t st  an  ans r  ith r l right  ( or hori ontal 
m ri ian) or up o n  ( or rtical an  obli u  m ri ians)  

ll t sts b gan ith 2 ots (a r r nc  an  a targ t ot) that 
pr s nt  ariabl  motion luminanc color an  r  th n 
a ust  uring th  t st accor ing to th  sub cts  r spons s  
or achromatic an  chromatic t sts  r r nc  an  targ t ots 

mo  at th  sam  locit  (5 s)  or chromatic iscrimina-
tion t sts   stu i   i r nt colors i i  into subt sts  
an  th  r r nc  ot as assign  th  sam  r lati  coor-

inat s (to th  ispla s ma imum hit ) in th   color 
spac  (20)   color units (0 10  0 10  0 2 1)  gi -
ing it a gra  colorl ss  app aranc  h  targ t ot starting 
point or th    -con  subt sts as (0 2)  (0 515 )  

(0 )  r sp cti l  h s  app ar  li  a pal  r  gr n  
an  purpl  ot  r sp cti l  uminanc  cu s r  urth r 
a oi  b  a matri  o  luminanc  nois  aroun  ach ot  his 
matri  as compos  o  12 0  s uar  ots  ith  lumi-
nanc  nois  l ls ( 0    2   or  c m2)  ith 2 

ots or ach luminanc  nois  alu ; th  luminanc  o  ach 
ot ran oml  chang  uring th  trial (s nchroni  to th  

scr n r r sh rat )

Fig. 1 - in ision  tri ocal intra-
ocular l ns ( O )  On th  l  a clos  
up i  o  a p r ctl  c nt r  in-

ision  tri ocal O  rom on  o  th  
sub cts inclu  in our stu  h  
imag  on th  right monstrat s 
th  -haptic sign o  this O  mo l 
an  th  conc ntric i racti  rings

Fig. 2 - chromatic contrast iscrimination t sting  ot  th  blac  
c ntral cross (si  1 ) hich is pr s nt uring th  hol  t st an  
th  2 s uar  mo ing ots m asuring 0   0  n this t st  th  
2 s uar  ots mo  at th  sam  locit  (5 s) an  th  pati nt is 
as  Which ot is bright r  h  ans r shoul  b  l right  
or th  hori ontal m ri ian or up o n  or th  rtical an  

obli u  m ri ians
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Static and dynamic contrast sensitivity

inusoi al rtical gratings hos  param t rs (luminanc  
contrast  spatial r u nc ) ar  automaticall  controll  b  
th  comput r r  pr s nt  ith a r  lo  contrast at rst 
an  progr ssi l  incr asing contrast th r a r  W  us  
static (0 ) an  namic (10 ) t sts  both monocularl  an  
binocularl  Pati nts r  instruct  to pr ss a bu on h n 

t cting th  grating bars
his as p r orm  un r photopic (a rag  luminanc  

o  th  grating is 0 c m2) an  lo  m sopic con itions ( ith 
th  us  o  sp ci c goggl s ith  log unit lt rs that bring th  
a rag  luminanc  o n to 0 0  c m2)  a r a 10 min p ri-
o  o  a aptation  h  r sults r  pict  as a cur  o  con-
trast s nsiti it  rsus spatial r u nc  h  r spons  cur  

as obtain  using  i r nt spatial r u nci s  pr ss  
in c cl s p r gr  (cp ) (high to lo  spatial r u n-
ci s: 1 2- 1- -2 2-1 1-0 )  patial contrast s nsiti it   
unction as calculat  using th  ollo ing uation: spatial 

contrast s nsiti it  unction ( )  10 log ( ma   min)
( ma   min)  h r  min is th  minimum luminanc  o  th  
grating an  ma  is its ma imum luminanc  ontrast s nsi-
ti it  t sting as p r orm  ith th  b st optical corr ction 
or th  t st istanc  (2 m)

Pupillometry and glare testing

h  pupillom tr  program o rs automat  m asur -
m nts o  th  pupil si  un r controll  illumination con i-
tions (1  10  an  100 c m2)  mag s r  ac uir  using 
n ar in rar  illumination ( 0 nm) an  a high-r solution 
cam ra  h  pupil contour is automaticall  outlin  in 
th  captur  imag  but th  us r is abl  to control or th  
m asur m nt accurac  in th  scr n  ll th  ac uir  im-
ag s can b  r cor  an  print  or isual aptitu  un r 
glar   pr s nt  calibrat  lo  luminanc  (1 an  5 c
m2) optot p s o r a ar  bac groun  ith a lat ral high 
luminanc  light sourc  (glar  sourc )  sts r  p r orm  
monocularl   uantitati  scor  as obtain  b  counting 
th  numb r o  l rs that th  pati nt corr ctl  i nti  

spit  i usion ithin th   h  nal scor  as gi n as 
a p rc ntag  ith 100  corr spon ing to th  i nti cation 
o  all th  optot p s

Statistical analysis

tatistical anal sis as p r orm  using  P  22 0 
( P  nc  hicago   )  hapiro-Wil  normalit  t sts 

r  p r orm  to ass ss th  applicabilit  o  nonparam tric 
t sts  Wilco on sign -ran  t st as us  or comparing i -

r nc s in ach t st b t n isits an  ann-Whitn  b -
t n groups   signi canc  l l o  0 05 (p alu ) as us  
or all statistical t sts

Results

h r  r  5 mal  an  5 mal  pati nts inclu  in th  
stu  an   ag  as 5 0  0  ars (rang  - 0)  
abl   sho s th  pr op rati  ata

Visual outcomes

h  isual an  r racti  r sults r  comparabl  1 month 
an  12 months postop rati l  ith no statisticall  signi -
cant i r nc s obs r  ( ab  )

Contrast sensitivity

h  r sults o  contrast s nsiti it  ( pr ss  in )  o r 
 i r nt spatial r u nci s  ar  pict  in igur   s 

TABLe I - Pr op rati  ata o  th  nroll  sub cts

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 - isual outcom s 1 month an  12 months postop rati l

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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p ct  lo r contrast s nsiti it  alu s r  oun  at lo  
m sopic con itions h n compar  ith photopic con itions  

h r  r  no statisticall  signi cant i r nc s b t n th  
rst an  last isit (p 0 05) or an  o  th  t sting con itions

Motion/speed, achromatic and chromatic contrast  
discrimination

h  r sults o  th  ps choph sical t sts us  to aluat  
motion sp  an  achromatic an  chromatic contrast is-
crimination r  compar  ith an ag -match  control 
group o   s (m an ag  55 2   1 22 ars; rang  - 2)  
Pati nts inclu  in th  control group r  all pha ic  h  r -
sults (in s) o r th  hori ontal m ri ian (0  t st  at 5  o  

cc ntricit )  th  rtical m ri ian ( 0  t st  at 10  o  c-
c ntricit )  an  th  obli u  m ri ians ( 5  an  1 5  t st  at 
15  o  cc ntricit ) ar  pict  in igur   h r  r  no sta-
tisticall  signi cant i r nc s b t n th  rst an  last isit 
(p 0 05) or b t n th s  an  th  r sults o  th  ag -match  
control group (p 0 05) or an  o  th  t st  ariabl s

Glare and pupillometry

s sho n in abl   th r  r  no statisticall  signi cant 
i r nc s in ision un r a glar  sourc  an  pupillom tr  

Fig. 3 - ontrast s nsiti it  ( ) bo  
plot charts comparing th  1st ( isit 
1) an  12th ( isit 2) postop rati  
months  h  r sults o  photopic 
( 0 c m2) an  lo  m sopic (0 0  c
m2) contrast s nsiti it  t sting un r 

i r nt spatial r u nci s (0  
1 1  2 2   1  an  1 2 cp ) ar  

pr ss  in  both or static (0 
) an  namic (10 ) con itions  

h r  r  no statisticall  signi -
cant i r nc s b t n th  rst 
an  last isit or an  o  th  t st  

ariabl s (p 0 05)

b t n th  1st an  12th postop rati  months  n though 
th r  as a tr n  to ar s an incr as  in th  numb r o  i n-
ti  optot p s 12 months postop rati l

Complications

o signi cant O  c ntration as obs r  in an  cas  
at th  slit-lamp amination  h r  r  no cas s o  post ri-
or capsular opaci cation or O  opaci cation t ct  uring 
ollo -up  h r  r  no cas s o  postop rati  c stoi  mac-

ular ma  hr  pati nts m ntion  halos an  glar  uring 
night ri ing in th  rst postop rati  month  o r  this 

i  not int r r  ith th ir ail  li  acti iti s an  impro  
uring th  cours  o  ollo -up

Discussion

ulti ocal O  sign has impro  signi cantl  in r c nt 
ars  lthough optimal istanc  an  n ar  can b  asil  

achi  through a bi ocal sign  goo  l ls o  int rm i-
at  ision ar  o n har r to a ain (21)   ass ssing i r-

nc s in optical p r ormanc  o   multi ocal O s using an 
optical b nch  atin l an  oubr chts (12) monstrat  
that th  int rm iat  ision pro i  b  bi ocal O s is most 
clos l  r lat  to th  pth o  l  an  that int rm iat   
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Fig. 4 - otion sp  an  achromatic an  chromatic contrast iscrimination r sults ( s) o r th  hori ontal (0 )  rtical ( 0 )  an  obli u  
( 5  an  1 5 ) m ri ians  t st  at 5  10  an  15  o  cc ntricit  r sp cti l  h r  r  no statisticall  signi cant i r nc s b t n 
th  1st ( isit 1) an  12th ( isit 2) postop rati  months or b t n th s  an  th  ag -match  control group (p 0 05)
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coul  b  impro  ith th  ist nc  o  a thir  ocal point  
h  intro uction o  tri ocal O  mo ls as int n  to a -
r ss this particular issu  ral clinical stu i s (5  1 -15) 

ha  alr a  aluat  th  postop rati  isual outcom s 
a r bilat ral implantation o  th  n  in ision  i racti  
tri ocal O  an  con rm  an t n  rang  o  cl ar uncor-
r ct   ith this O  mo l  n our stu  m an monocular 
uncorr ct  istanc   ( ) as 0 00  0 0  log  at 
12 months  h s  r sults ar  slightl  b r than th  on s r -
port  b  h ppar  t al (5) (  0 1   0 0  at 2 months) 
an  li  t al (15) (  0 1   0 1  at  months) but com-
parabl  to th  outcom s o  och n r t al (1 ) (  0 0  

 0 12 at  months)  th  larg st publish  r port o  in i-
sion  tri ocal O  oun  in th  lit ratur  (n  )  onocular 

istanc -corr ct  n ar  ( ) as 0 20  0 0  log  
in our population  a r sult that as ors  than th  on s r -
port  b  li  t al (15) (  0 1   0 1 ) or och n r t al 
(1 ) (  0 0   0 0 )  lthough h ppar  t al (5) i  not 
pr s nt th  log  r sults o   th  authors us  th  

 t st (22) to aluat  sub cti  satis action ith uncor-
r ct  n ar ision an  r port high l ls o  pati nt satis ac-
tion in th ir 15-pati nt cohort

onocular istanc -corr ct  int rm iat   ( ) 
as 0 00  0 0  log  in our cohort  Our r sults ar  similar 

to th  on s r port  b  och n r t al (1 ) (  0 0   
0 10)  n though th  authors us  a Parinau  n ar isual 
chart at 5 cm to aluat  int rm iat   h   r sults 
r port  b  li  t al (15) r  slightl  ors  (0 1   0 0 )  
t is li l  that th  i r nc s in istanc  n ar  an  int rm -
iat   r sults can b  plain  b  i r nt m tho olo-

gi s o  aluation (nam l  th  t p  o  scal  an  th  t sting 
istanc ) an  ag  i r nc s b t n populations  Optical 

p r ormanc  o  th  human  is no n to progr ssi l  -
clin  ith ag  (2 )  ith a r sultant r uction in  or l rl  
pha ic an  ps u opha ic in i i uals (2 )

E n though  t sting is an important r ction o  i-
sual unction  it con s pur l  sub cti  r sults  ub cti  

ata p r s  cannot a uat l  scrib  th  p r ormanc  an  
optical outcom s o  a n  O  sign   uantitati  alua-
tion o  s ral param t rs o  isual unction using comput r-
i  ps choph sical t sts can compl m nt an  thus r in orc  
th  r sults o  a sub cti  anal sis  sing propri tar  so -

ar   r  abl  to ob cti l  ass ss contrast s nsiti it  

 pupillom tr  glar  chromatic an  achromatic contrast is-
crimination  an  motion iscrimination  o our no l g  
this is th  rst stu  on in ision  tri ocal O  that a r ss s 
th s  man  asp cts o  isual unction  h  occurr nc  o  pho-
tic ph nom na (halos  glar  an  positi  sphotopsia) an  
contrast s nsiti it  loss a r bilat ral multi ocal O  implanta-
tion ar  ll- scrib  in th  lit ratur  an  can a ct ualit  
o  li  ( )  E n though contrast s nsiti it  t sting in pati nts 

ith bilat ral implantation o  this i racti  tri ocal O  as 
p r orm  b  och n r t al (1 ) an  si ur (1 )  both au-
thors us  l r charts ith 25  an  10  contrast  chnical 
probl ms associat  ith l r charts inclu  un nn ss o  
illumination  a ing o  th  print  r ctions rom th  sur ac  
an  th  n  to r cogni  l rs (25)  h ppar  t al (5) an  

li  t al (15) us  comput r-bas  contrast s nsiti it  t st-
ing but th  rst us  luminanc  l ls o  5 c m2 (photopic 
con itions) an  5 c m2 (m sopic con itions) an  th  la r 
us  luminanc  l ls o   c m2 (m sopic con itions)  n 
pupil- p n nt O  signs  lo  m sopic contrast s nsiti it  
t sting (luminanc  0 0  c m2) is particularl  important sinc  
pupil ilation a nuat s som  o  th  a antag s o r  b  
th  O  ( )  lso  complaints o  cr as  contrast s nsiti -
it  ar  usuall  licit  un r im light con itions (i  night 

ri ing)  an  a lo  alu  o  luminanc  (0 0  c m2) is mor  
li l  to r pr s nt a r al-li  m sopic sc nario (1 )  as  on 
this   t st  contrast s nsiti it  un r photopic ( 0 c m2) 
an  lo  m sopic (0 0  c m2) s ngs  W  us  an ob cti  
comput r-bas  t st ( tro ision )  antag s o  comput r 
t sting inclu  ibilit  o  programming to ispla  contrast 
targ ts in a ran om pa rn  alt r th  contrast b t n l ls  
an  us  a staircas  strat g  to brac t th  contrast thr shol  
(25)  W  oun  that contrast s nsiti it  r sults un r phot-
opic an  lo  m sopic con itions r  i ntical at th  1st an  
12th postop rati  month  ot surprisingl  contrast s nsiti -
it  pro  b r in a photopic s ng than in lo  m sopic 
con itions  loball  th  satis actor  contrast s nsiti it  unc-
tion obs r  in our population  n in a lo  m sopic s t-
ting  can b  plain  b  th  a uat  light istribution o  
th  in ision  tri ocal O  at i r nt pupil ap rtur s  u  
to its 100  i racti  t chnolog  p ci call  or a 5-mm 
pupil ap rtur  onl   o  light n rg  r ach s th  int rm -

iat  ocus  25  r ach s th  n ar ocus  an  th  oth r  
o  th  light r ach s th  istanc  ocus (11  15)  inc  2  o  

TABLe III - lar  an  pupillom tr

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 ir ct  or istanc  ision  contrast s nsiti it  is th n 
pr s r  h  sam  so ar  ( tro ision ) as also us  
or pupillom tr  an  halom tr glar  t sting  s p ct  

pupillom tr  as p n nt on th  luminanc  l ls  ith a 
m an pupil iam t r o   mm  2  mm  an  2 1 mm un r 
m sopic (1 c m2)  lo  photopic (10 c m2)  an  high phot-
opic (100 c m2) s ngs  r sp cti l  h  glar  t st  us  
consists o  r cogni ing l rs on a scr n in th  pr s nc  o  
a light sourc  at th  si  o  th  scr n  Pr ictabl  th  int n-
sit  o  th  optot p  pr s nt  to th  pati nt ( ith r 1 c m2  
or 5 c m2) ha  a positi  in u nc  on th  p rc ntag  o  
optot p s r a  un r a  glar  sourc  h  p r ormanc  
a ain  b  th  in ision  tri ocal O  r n rs this n  O  
mo l a airl  goo  glar  t sting r sult  his O  a ors is-
tanc  ision ith a larg  pupil iam t r to minimi  halos 
or glar  p rc ption un r m sopic con itions  his can b  
ul ll  u  to an as mm tric istribution o  n rg  among 

th   oci (n ar  int rm iat  an  ar ision) (11)  h ppar   
t al (5) us  halom tr  to m asur  th  si  o  th  glar  ar a 
or ach pati nt monocularl  an  binocularl  un r m sopic  

(5 c m2) con itions  inc  th  t st us  in our cohort is i -
r nt  th  r sults cannot b  prop rl  compar

o our no l g  this is th  rst stu  using ps choph si-
cal t sts to a r ss motion iscrimination an  chromatic an  
achromatic contrast iscrimination in pati nts ho un r-

nt bilat ral implantation o  in ision  tri ocal O  W  
us  propri tar  so ar  to plor  th  ct pro uc  b  
th  O  in th s  param t rs an  compar  th  r sults ith 
an ag -match  control group  h  targ t thr shol  o  is-
crimination in all th s  t sts incr as  ith th  cc ntricit  
o  th  stimulus  his is anticipat  gi n th  act that th  tar-
g t is pr s nt  urth r rom th  o a  W  oun  no statis-
ticall  signi cant i r nc s b t n th  rst an  last isit 
or b t n pati nts an  th  ag -match  control group or 
th  param t rs t st  (motion iscrimination  chromatic 
an  achromatic contrast iscrimination)  h  goal o  a uan-
titati  t st is to pro uc  r sults that ar  r p atabl  upon 
 r t sting an  ar  clos  to th  pati nt s tru  scor  (25)  Our 
r sults r in orc  th  unctional stabilit  o  th  O  as soon as  
1 month a r surg r  an  sugg st that th  in ision  tri-
ocal O  o s not pro uc  a signi cant chang  in color i-

sion  in spit  o  its blu -bloc ing lt r  ccor ing to atin l 
t al (11)  this is b caus  th  in ision  tri ocal O  o s not 

bloc  as much blu  light as oth r O  mo ls  h nc  a oi ing 
a n gati  ct on color p rc ption

part rom th  small numb r o  inclu  sub cts  on  
important limitation o  our stu  is th  abs nc  o  a ocus 
cur  his  ho r  has b n t nsi l  r port  b  oth-

rs (5  1 -15)  an  publish  ata ha  consist ntl  sho n an 
t n  rang  o  cl ar ision rath r than istinct p a s cor-

r spon ing to th  1 5  an  50  a s  h  prosp cti  
natur  o  our stu  along ith th  inno ati  m tho olog  
comp nsat  or th  a or m ntion  limitations

Conclusion

n ob cti  ass ssm nt o  isual unction through uan-
titati  comput ri  ps choph sical approach s allo s or 
a pr cis  an  r pro ucibl  aluation that signi cantl  com-
pl m nts a pur l  sub cti  anal sis  h  Ph siol  in ision  

tri ocal O  pro i  a satis actor  ull rang  o  ision an  
ualit  o  ision param t rs 12 months a r surg r
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