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This lecture is dedicated to my This lecture is dedicated to my 
good friend and 3good friend and 3--decade fellow decade fellow 

companion on the quest.companion on the quest.

KyoichiKyoichi TanakaTanaka
Nagoya, JapanNagoya, Japan



Infection is THE major sightInfection is THE major sight--
threatening complication of CTL threatening complication of CTL 

wearwear…………..can we prevent it is ..can we prevent it is 
the subject of this lecture.the subject of this lecture.

PseudomonasPseudomonas AcanthamoebaAcanthamoeba



•• 0.2% per 10,000 contact 0.2% per 10,000 contact 
lens wearers per yearlens wearers per year
38 million x 0.2 = 109 38 million x 0.2 = 109 
cases/yearcases/year

•• ? Increasing in ? Increasing in 
frequencyfrequency

•• 33% of 133% of 1stst 50 cases MK 50 cases MK 
worldwide in worldwide in 
orthokeratologyorthokeratology

•• Potential oral vaccinePotential oral vaccine
–– Low tear Low tear IgAIgA levelslevels

•• PrePre--disposable lenses, >50% disposable lenses, >50% 
cases of lenscases of lens--related related 
microbial keratitismicrobial keratitis
(Schein and (Schein and PoggioPoggio, , New New 
England J of MedicineEngland J of Medicine, 1989)., 1989).

•• 10 years 10 years afterafter disposable disposable 
lenses, >50% cases of lenslenses, >50% cases of lens--
related MK still related MK still 
PseudomonasPseudomonas (Cheng; (Cheng; The The 
LancetLancet, 1999)., 1999).

•• 52% of 152% of 1stst 50 cases MK/OK50 cases MK/OK

Why Acanthamoeba? Why Pseudomonas?



Milestones and GiantsMilestones and Giants
•• 19601960’’ss:  Otto Wichterle:  The hydrogel lens:  Otto Wichterle:  The hydrogel lens
•• 19701970’’ss:  John De Carle:  1:  John De Carle:  1stst high water lens; high water lens; 

Don Don KorbKorb & & MiquelMiquel RefojoRefojo:  thin membrane :  thin membrane 
lenslens
–– HoldenHolden--Mertz curve:  the search for more O2 Mertz curve:  the search for more O2 

beginsbegins……..
•• 19801980’’ss:  Extended wear produces an :  Extended wear produces an 

““epidemicepidemic”” of infectionof infection
–– Pure silicone lenses failPure silicone lenses fail
–– The Hilton Head Conference 1986The Hilton Head Conference 1986
–– Schein and Schein and PogioPogio papers 1989papers 1989
–– Keystone Conference 1989Keystone Conference 1989



Milestones and GiantsMilestones and Giants

•• 19901990’’ss:  Disposable lenses dominate :  Disposable lenses dominate 
with with LESSLESS O2O2

•• 19991999:  Cheng study:  :  Cheng study:  LancetLancet; no ; no 
progress in reducing infectionsprogress in reducing infections

•• 20002000’’ss:  Silicone hydrogels:  The San :  Silicone hydrogels:  The San 
Diego Conference 2003Diego Conference 2003

•• Where are we now?Where are we now?



Pathogenesis and Prevention of Pathogenesis and Prevention of 
Pseudomonas Corneal Infectious Pseudomonas Corneal Infectious 

KeratitisKeratitis
•• PA attaches to surface or deeper PA attaches to surface or deeper 

epithelial layer cells (epithelial layer cells (pillipilli, LPS), LPS)……no no 
damage, no binding; no binding, no damage, no binding; no binding, no 
infection.infection.

•• Epithelial cells take up PA Epithelial cells take up PA 
intracellularlyintracellularly by membrane lipid raftby membrane lipid raft--
mediated mediated endocytosisendocytosis……block with antiblock with anti--
cholesterol inhibitors:  cholesterol inhibitors:  statinsstatins



•• If basal lamina (BL) is intact, actual infection If basal lamina (BL) is intact, actual infection 
still may not occur in contact lens wear still may not occur in contact lens wear 
((OrthokeratologyOrthokeratology, filter paper damage, filter paper damage))

•• If BL is breached, infection If BL is breached, infection ALWAYS ALWAYS 
occursoccurs……..““scrape/cutscrape/cut”” injuryinjury……....
–– Is this relevant to contact lens wear?Is this relevant to contact lens wear?

Pathogenesis and Prevention of Pathogenesis and Prevention of 
Pseudomonas Corneal Infectious Pseudomonas Corneal Infectious 

KeratitisKeratitis













At a fixed Dk/L valueAt a fixed Dk/L value…….rigid .rigid 
lenses produce lenses produce moremore epithelial epithelial 

damage than hydrogel damage than hydrogel 
lenseslenses……? Mechanical effect ?? Mechanical effect ?

At a fixed Dk/L At a fixed Dk/L 
valuevalue…….hydrogel lenses .hydrogel lenses 

produce produce moremore bacterial binding bacterial binding 
than rigid lensesthan rigid lenses……? Stagnant ? Stagnant 

tear lake tear lake –– trapping effect ?trapping effect ?

In Vivo Rabbit StudiesIn Vivo Rabbit Studies
ImayasuImayasu et al.  Ophthalmol. 1994; 101:  371et al.  Ophthalmol. 1994; 101:  371--88.88.



Total surface corneal PA binding correlates with PA 
binding to exfoliated corneal epithelial cells (rabbit 
model) p<0.01

Total surface corneal PA binding correlates with PA Total surface corneal PA binding correlates with PA 
binding to exfoliated corneal epithelial cells (rabbit binding to exfoliated corneal epithelial cells (rabbit 
model) p<0.01model) p<0.01 Ren et al. CLAO J 1997;23:63-68Ren et al. CLAO J 1997;23:63-68





R=0.78

P<0.001



Test lensesTest lenses
•• Rigid gas permeable lenses (n=3): Dk Rigid gas permeable lenses (n=3): Dk 

40,66,14640,66,146
•• Soft lenses (n=7):                                       Soft lenses (n=7):                                       

Dk 10,23,33,51,64,83*,96*Dk 10,23,33,51,64,83*,96*
•• Randomized, prospective, masked Randomized, prospective, masked 

clinical trial 110 patientsclinical trial 110 patients

* Silicone hydrogel lenses* Silicone hydrogel lenses

Ren et al. CLAO J 1999;25:80-100Ren et al. CLAO J 1999;25:80-100







Ren et al.  CLAO J 1999; 25:  80-100







Pseudomonas Pseudomonas Binding Clinical StudiesBinding Clinical Studies
19981998--20022002

•• Prospective, Randomized, Prospective, Randomized, 
DoubleDouble--masked, Single center, masked, Single center, 
Parallel treatment groupsParallel treatment groups

•• Prior to study: 1 month no Prior to study: 1 month no 
contact lens wearcontact lens wear

•• PrelensPrelens baseline exam baseline exam 
(control)(control)

•• 2,4 weeks daily wear2,4 weeks daily wear
•• 1,3,6,9,12 months extended 1,3,6,9,12 months extended 

wearwear

Ladage et al. Ophthalmology 2001;108:1279-88Ladage et al. Ophthalmology 2001;108:1279-88

Ren et al. Ophthalmology 2002;109:27-39Ren et al. Ophthalmology 2002;109:27-39

Cavanagh et al. Ophthalmology 2002; 109:1957-1969Cavanagh et al. Ophthalmology 2002; 109:1957-1969

•• AcuvueAcuvue N=70N=70

•• PureVisionPureVision N=135N=135

•• Menicon Z  Menicon Z  N=75N=75

•• Night & Day  Night & Day  N=98N=98
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PA-binding to Exfoliated Epithelial cells 
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Bacterial binding to exfoliated corneal 
epithelial cells
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ConclusionsConclusions
•• Physiological adaptation occurs with all lens wearPhysiological adaptation occurs with all lens wear

Prediction: >6M adapted wearers should show Prediction: >6M adapted wearers should show 
lower MK ratelower MK rate

•• LensLens--OO22 and not wearing schedule (DW, EW) and not wearing schedule (DW, EW) 
regulates regulates PseudomonasPseudomonas (PA) corneal surface (PA) corneal surface 
bindingbinding
Prediction: MK rates should drop or not increase Prediction: MK rates should drop or not increase 

significantly with EW hyper Osignificantly with EW hyper O22 lenseslenses
•• LensLens--type also regulates PAtype also regulates PA--binding:  binding:  

RGP<SH<conventional hydrogel lens wearRGP<SH<conventional hydrogel lens wear
Prediction: MK rate will be the lowest for hyper Prediction: MK rate will be the lowest for hyper 

RGP lens DW or EWRGP lens DW or EW



OrthokeratologyOrthokeratology and Microbial and Microbial 
KeratitisKeratitis

•• Of 1Of 1stst 50 cases reported worldwide:50 cases reported worldwide:
–– 26/4626/46 cases with cultured pathogens were cases with cultured pathogens were 

PseudomonasPseudomonas (57%)(57%)
–– 15/4615/46 cases were cases were Acanthamoeba (33%)Acanthamoeba (33%)

Swarbrick, Swarbrick, Eye & Contact LensEye & Contact Lens, Sept, 2005, Sept, 2005
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2008:  The Bottom Line2008:  The Bottom Line

•• The new generation of both rigid and The new generation of both rigid and 
soft hypersoft hyper--OO22 transmitting lenses transmitting lenses 
should replace conventional, lowershould replace conventional, lower--OO22
lens use.lens use.

•• Caution must be exercised when Caution must be exercised when 
mechanical compression (Ortho K) mechanical compression (Ortho K) 
lenses are used clinically, especially in lenses are used clinically, especially in 
childrenchildren



A 12A 12--Month Clinical Trial Month Clinical Trial 
Comparing The Effects of Wearing Comparing The Effects of Wearing 

Modality of HyperModality of Hyper--Dk Silicone Dk Silicone 
Hydrogel Contact Lenses with Hydrogel Contact Lenses with 
NonNon--preserved Solutions on preserved Solutions on 
Human Corneal EpitheliumHuman Corneal Epithelium

Danielle M. Robertson, O.D., Ph.D. and  Danielle M. Robertson, O.D., Ph.D. and  
H. Dwight Cavanagh, M.D., Ph.D.H. Dwight Cavanagh, M.D., Ph.D.

The University of Texas Southwestern The University of Texas Southwestern 
Medical Center at Dallas, TXMedical Center at Dallas, TX



Prerequisite for infection = Prerequisite for infection = 
Pseudomonas (PA) bindingPseudomonas (PA) binding



Critical Questions RevisitedCritical Questions Revisited
• What are the effects of long-term daily wear 

compared to de novo overnight (extended) 
wear of three hyper-O2 permeable silicone 
hydrogel contact lenses on human corneal 
epithelium with non-preserved solutions?

Prior studies used preserved care solutions.  

Solution effects secondary to the use of 
chemically preserved multi-purpose 
solutions?

Robertson et al., Invest Ophthalm & Vis Sci, 2008



Study DesignStudy Design
•• Prospective, Randomized, DoubleProspective, Randomized, Double--

masked, Single center, Parallel masked, Single center, Parallel 
treatment groupstreatment groups
–– National Clinical Trial (NCT00344643)National Clinical Trial (NCT00344643)

•• 115 patients completed the study115 patients completed the study
•• 30 day washout period prior to lens 30 day washout period prior to lens 

wearwear
•• Patients were assessed at baseline, 1 Patients were assessed at baseline, 1 

week, 1, 3, 6, 9 and 12 months of lens week, 1, 3, 6, 9 and 12 months of lens 
wearwear



Study DesignStudy Design
•• LotrafilconLotrafilcon AA

–– DW (N=31)DW (N=31)
–– 30 N EW (N=29)30 N EW (N=29)

•• LotrafilconLotrafilcon BB
–– DW (N=21)DW (N=21)
–– 6 N EW (N=20)6 N EW (N=20)

•• GalyfilconGalyfilcon AA
–– DW (N=20)DW (N=20)

•• Central epithelial Central epithelial 
thickness (in vivo thickness (in vivo 
confocal microscopy)confocal microscopy)

•• Epithelial cell Epithelial cell 
exfoliationexfoliation

•• Pseudomonas Pseudomonas 
aeruginosa bindingaeruginosa binding

All patients dispensed Clear CareAll patients dispensed Clear Care
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CET:  12 Months of Lens WearCET:  12 Months of Lens Wear
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Epithelial Cell Exfoliation:  1 Epithelial Cell Exfoliation:  1 
Month Lens WearMonth Lens Wear

*
*p<0.0001

†

†p<0.001

0

10

20

30

40

50

60

70

80

90

100

0 1m

Visit

D
es

qu
am

at
io

n 
(C

el
ls

/M
in

)

AA DW
FND DW
FND EW
O2 Optix DW
O2Optix EW
A2 DW * * AcuvueAcuvue 2:  historical control2:  historical control

*P<0.0001*P<0.0001
**

†

†p<0.001



Exfoliation:  12 Months of Lens Exfoliation:  12 Months of Lens 
WearWear

Decrease in exfoliation in DW & EW during the Decrease in exfoliation in DW & EW during the 
initial 6 months of lens wearinitial 6 months of lens wear

0

10

20

30

40

50

60

70

80

90

100

0 1w 1m 3m 6m 9m 12m

Visit

D
es

qu
am

at
io

n 
(C

el
ls

/M
in

)

FND DW
O2Optix DW

AA DW

Daily WearDaily Wear

†p=0.009

†
† †

†

0

10

20

30

40

50

60

70

80

90

100

0 1w 1m 3m 6m 9m 12m

Visit
D

es
qu

am
at

io
n 

(C
el

ls
/M

in
)

FND EW
O2 Optix EW
A2 EW

** ** **
** **

*P<0.05*P<0.05
**

Extended WearExtended Wear

†p=0.035

† † † †

* * AcuvueAcuvue 2:  historical control2:  historical control



0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

9.00

0 1m

Visit

PA
 A

dh
er

en
ce

 (B
ac

te
ria

/C
el

l)

AA DW
FND DW
FND EW
O2 Optix DW
O2Optix EW
A2 DW

PA Binding:  1 Month Lens WearPA Binding:  1 Month Lens Wear

* * AcuvueAcuvue 2:  historical control2:  historical control

**P<0.001P<0.001

**

NS

MPS

Non-preserved



PA Binding:  12 Months Lens PA Binding:  12 Months Lens 
WearWear
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Conclusions #1Conclusions #1
•• Effects of DW on CET are Independent Effects of DW on CET are Independent 

of Lensof Lens--OO22..
•• In EW mode, even with hyper Dk In EW mode, even with hyper Dk 

lenses, CET appears to decrease lenses, CET appears to decrease 
significantly, but recovers over one significantly, but recovers over one 
year (adapts).year (adapts).

•• All lens wear (DW, EW), hyper or high All lens wear (DW, EW), hyper or high 
oxygen transmission, decreases oxygen transmission, decreases 
central epithelial surface cell central epithelial surface cell 
desquamation with adaptive effects desquamation with adaptive effects 
over 1 year.over 1 year.



Conclusions #2Conclusions #2

•• Binding data predict the risk for PA Binding data predict the risk for PA 
CTLCTL--keratitis should bekeratitis should be the samethe same for for 
DW and DW and de novode novo EW silicone EW silicone 
hydrogel lens wear over 1 year.hydrogel lens wear over 1 year.

•• Assumes Assumes NONO solutionsolution--induced induced 
corneal surface damagecorneal surface damage that could that could 
increase PA binding (Clear Care increase PA binding (Clear Care 
used in all studies).used in all studies).



Chemically Preserved Contact Chemically Preserved Contact 
Lens Care Solutions Lens Care Solutions 

•• Li, S et al.  Li, S et al.  Eye & Contact LensEye & Contact Lens 2003; 29:  272003; 29:  27--30.30.
•• Prospective, doubleProspective, double--masked, randomized, masked, randomized, 

crosscross--over clinical trial.over clinical trial.
•• N=20 patients (10 male; 10 female).N=20 patients (10 male; 10 female).
•• 4 lens care solutions:  4 lens care solutions:  ReNuReNu MultiplusMultiplus; ; OptifreeOptifree

Express; Complete BlinkExpress; Complete Blink--nn--Clean, and Lens Clean, and Lens 
Plus Rewetting drops.Plus Rewetting drops.

•• Outcome measures:  PA binding to exfoliated Outcome measures:  PA binding to exfoliated 
surface corneal epithelial cells; exfoliation surface corneal epithelial cells; exfoliation 
rates.rates.



••All solutions decreased surface cell exfoliation All solutions decreased surface cell exfoliation 
(P<0.004)(P<0.004)
••All solutions raised PA binding (P<0.02)All solutions raised PA binding (P<0.02)

ResultsResults
Exfoliation PA Binding



Conclusions #3Conclusions #3
•• An An ↑↑ in PA binding in PA binding 

suggests an suggests an ↑↑ in risk in risk 
of infectionof infection

•• NoNo ↑↑ in PA binding in PA binding 
suggests suggests nono↑↑ in risk in risk 
of infectionof infection

•• An optimal An optimal lenslens--
solutionsolution
combination existscombination exists


