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The Safety of 

Soft Contact Lenses 

in Children



Summary: soft contact lenses in children

✔ Incidence of CIEs much lower in 8-12 year olds than in

adults

✔ No reported cases of MK in over 2,000 prospective 

and

400 retrospective patient years of lens wear

✔ Behaviour increases incidence in older children

✔ Daily disposable SCLs may play a role in reducing

corneal infiltrative events in all patients



Are we fitting children with
contact lenses?



What proportion of US contact lens 
wearers are children?

Efron N, Nichols JJ, Woods CA, et al. Trends in US contact lens prescribing 2002 to 2014. Optom Vis Sci 2015;92:758-67.

Patients ≤15 years account for 11% of lens fits 

• 13 years of survey data

• 1,650 responses from US practitioners 

• Representing 7,702 contact lens fits



What about other countries?

Efron N, Morgan PB, Woods CA, et al. Survey of contact lens prescribing to infants, children, and teenagers. Optom Vis Sci 2011;88:461-8.
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Age of patient for CL fits (% of total)• 1000 survey forms to lens 

fitters in 38 countries 

• Every year, 2005 to 2009

• Practitioners reported 

next 10 fits or refits 

• 105,734 fits 



What about other countries?

• US ranked fourth with 17%: 

• 13% 13–17 year olds 

• 4%    6–12 year olds

Efron N, Morgan PB, Woods CA, et al. Survey of contact lens prescribing to infants, children, and teenagers. Optom Vis Sci 2011;88:461-8.

Children fitted with highest proportion of daily disposable lenses

• Proportion of minors (<18 years) varies considerably 

• 25% in Iceland to 1% in China



Age at which US optometrists introduce 
contact lenses

Sindt CW, Riley CM. Practitioner attitudes on children and contact lenses. Optometry 2011;82:44-5.. Replotted from data reported by Sindt and Riley

The age at which practitioners (n=576) feel it 
appropriate to introduce a child to soft CLs



Reasons that eye care professionals are now 
more likely to fit children in contact lenses

Sindt CW, Riley CM. Practitioner attitudes on children and contact lenses. Optometry 2011;82:44-5. 

30%

Availability of daily 
disposable lenses

23%

Improved contact 
lens materials

19%

Requests from the 
child or parent

10%

Recent research
studies

10%

Participation in 
activities or sports



Attitudes to myopia correction 
and myopia control  

• Internet-based questionnaire distributed to eye care 
practitioners globally:

• Awareness of increasing myopia prevalence, 

• Perceived efficacy & adoption of available strategies

• And reasons for not adopting specific strategies. 

• 971 respondents:

• Asia 291

• Australasia 119

• Europe 339

Wolffsohn JS, Calossi A, Cho P, et al. Global trends in myopia management attitudes and strategies in clinical practice. Cont Lens Anterior Eye 2016; 39:106-116.

• North America 133

• South America 82



Youngest age for fitting SCLs

Wolffsohn JS, Calossi A, Cho P, et al. Global trends in myopia management attitudes and strategies in clinical practice. Cont Lens Anterior Eye 2016; 39:106-116.



Minimum myopia for fitting SCLs

Wolffsohn JS, Calossi A, Cho P, et al. Global trends in myopia management attitudes and strategies in clinical practice. Cont Lens Anterior Eye 2016; 39:106-116.



Reasons for not prescribing alternatives 
to single vision refractive corrections

Wolffsohn JS, Calossi A, Cho P, et al. Global trends in myopia management attitudes and strategies in clinical practice. Cont Lens Anterior Eye 2016; 39:106-116.



If myopia control SCLs were available, 
would we fit more kids?

• Are we missing out on a practice growth opportunity?

• Ethical considerations?

• How safe is soft contact lens wear in children?



Balancing the risks

Gifford P. Gifford, K. The Future of Myopia Control Contact Lenses. Optometry and Vision Science. Vol. 93 April 2016

Am I placing child at risk of 

SCL-related infection?

Lifetime risk of microbial 

keratitis: daily wear (DD) 

1 in 64

Am I placing child at risk of 

myopia associated pathology if 

I do nothing different? 

Lifetime risk of retinal 

detachment (> –5.00D)

1 in 15



Some basic, easy to interpret, 
important statistics 



“Statistics is never having to 
say you’re certain”

• Any estimate carries uncertainty

• For mean, it is expressed as standard deviation

• For incidence, convention is to report 

95% confidence intervals (95% CI)

• In opinion polls, they call it the “margin of error”



“Statistics is never having to 
say you’re certain”

In other words, over 10,000 patient years of wear

83 cases should be expected (as low as 34, as high as 173)

If six cases observed during 723 patient years

Incidence is 83 per 10,000 patient years (95% CI: 34, 173)

Upper limit is the more important number

Small samples lead to broad 95%CIs

For example:



Reporting incidence of adverse events

Stapleton F, Keay L, Edwards K, et al. The incidence of contact lens-related microbial keratitis in Australia. Ophthalmology 2008;115:1655-62.

Easier to report and interpret as: 

1.1 per 10,000 patient years, 95% CI: 0.9, 1.4

Incidence of MK with loss of visual acuity in daily wear of SiHy SCLs:

0.00011, 95% CI: 0.00009, 0.00014



Serious adverse events

Microbial keratitis (MK)

• pseudomonas, acanthamoeba

Definition:

• “one or more corneal stromal infiltrates >1mm,

• pain more than mild, and 

• one or more of following: 

• anterior chamber reaction more than minimal, 

• mucopurulent discharge, or 

• positive corneal culture”

Schein OD, McNally JJ, Katz J, et al. The incidence of microbial keratitis among wearers of a 30 day silicone hydrogel extended-wear contact lens. Ophthalmology 2005;112:2172-9. 



Non-serious adverse events

Include:

• Contact lens-induced acute red eye (CLARE)

• Contact lens peripheral ulcer (CLPU) 

• Allergic conjunctivitis 

• Researchers often use ‘corneal infiltrative events’ (CIEs) 
to indicate corneal involvement beyond mere staining or 
superficial punctate keratitis

Schein OD, McNally JJ, Katz J, et al. The incidence of microbial keratitis among wearers of a 30-day silicone hydrogel extended-wear contact lens. Ophthalmology 2005;112:2172-9. 

Symptomatic CIEs:

defined as non-infectious infiltrate, hyperaemia, and discomfort



What can major epidemiological studies 
tell us about incidence of events in 

children wearing soft lenses?



What can major epidemiological studies 
tell us?

Stapleton F, Keay L, Edwards K, et al. The incidence of contact lens-related microbial keratitis in Australia. Ophthalmology 2008;115:1655-62.



What can major epidemiological studies 
tell us?

• Three major papers collectively represent some 900 cases of presumed or 

confirmed microbial keratitis1-3

• Only report cases in patients 15 years and older 

• Unclear whether this represents absence of pediatric cases or a study design 

decision

• Cannot assume that cases of microbial keratitis do not occur in younger 

children

1. Dart JK, Radford CF, Minassian D, et al. Risk factors for microbial keratitis with contemporary contact lenses: a case-control study. Ophthalmology 2008;115:1647-54,

2. Keay L, Edwards K, Stapleton F. Signs, symptoms, and comorbidities in contact lens-related microbial keratitis. Optom Vis Sci 2009;86:803-9.

3. Stapleton F, Keay L, Edwards K, et al. The incidence of contact lens-related microbial keratitis in Australia. Ophthalmology 2008;115:1655-62.

Stapleton et al. state that daily disposable CL wear “seems to be 

associated with the lowest risk of severe microbial keratitis”



Incidence of corneal infiltrative events 
in adults

Chalmers RL, McNally JJ, Schein OD, et al. Risk factors for corneal infiltrates with continuous wear of contact lenses. Optom Vis Sci 2007;84:573-9.

Chalmers RL, Wagner H, Mitchell GL, et al. Age and other risk factors for corneal infiltrative and inflammatory events in young soft contact lens wearers from the Contact Lens 

Assessment in Youth (CLAY) study. Invest Ophthalmol Vis Sci 2011;52:6690-6.

Szczotka-Flynn L, Jiang Y, Raghupathy S, et al. Corneal inflammatory events with daily silicone hydrogel lens wear. Optom Vis Sci 2014;91:3-12.

Carnt NA, Evans VE, Naduvilath TJ, et al. Contact lens-related adverse events and the silicone hydrogel lenses and daily wear care system used. Arch Ophthalmol

2009;127:1616-23.

Authors Lens Wear
Incidence 

(per 10,000 yrs)
95% CI

Chalmers et al. 

(2007)
30-night continuous wear of silicone hydrogel 329 284, 379

Chalmers et al. 

(2011)
Retrospective, mostly daily wear 432 361, 513

Szczotka-Flynn et al. 

(2014)

Daily wear of silicone hydrogel lenses, 

monthly replacement
316 116, 700

Carnt et al. 

(2009)

Multiple 3-month trials of various silicone 

hydrogel and solution combinations
2,061 1,455, 2,667



What can major epidemiological studies 
tell us?...

...that children are rarely represented in 

large epidemiological studies of contact 

lenses



Microbial keratitis in children…it happens!

• Several retrospective studies of hospital populations that include children

• Fong et al. (2004) 10-year study of microbial keratitis at National Taiwan 
University Hospital

• 453 patients of whom only 22 were 15 years or younger (4.9%) 

• Contact lens use accounted for 44% of cases 

• pseudomonas is most common pathogen

• No details are provided regarding ages of pediatric cases, severity, 
nor types of lenses worn

• Three other studies on children only….

Fong CF, Tseng CH, Hu FR, et al. Clinical characteristics of microbial keratitis in a university hospital in Taiwan. Am J Ophthalmol 2004;137:329-36. 



Microbial keratitis in children…it happens!

Hsiao CH, Yeung L, Ma DH, et al. Pediatric microbial keratitis in Taiwanese children: a review of hospital cases. Arch Ophthalmol 2007;125:603-9.

Lee YS, Tan HY, Yeh LK, et al. Pediatric microbial keratitis in Taiwan: clinical and microbiological profiles, 1998-2002 versus 2008-2012. Am J Ophthalmol 2014;157:1090-6.

Young AL, Leung KS, Tsim N, et al. Risk factors, microbiological profile, and treatment outcomes of pediatric microbial keratitis in a tertiary care hospital in Hong Kong. Am J 

Ophthalmol 2013;156:1040-4.

Authors Cases Age SCLs Ortho-k Other Limitations

Hsiao et al. 

(2004)
78 ≤16 31% 10% 59%

No data on:

• Replacement schedule

• Material

• Daily vs. overnight wear

Lee et al. 

(2014)
67 ≤16 34% 19% 47%

Young et al. 

(2013)
18 ≤18 44% 39% 17%



But surely there are studies of 
safety of soft lenses in children?



The Contact Lens Assessment in Youth 
(CLAY) study 

• Multicenter, retrospective, observational study 

• Evaluated risk factors that interrupt SCL wear among children, 

teenagers, and young adults in North America

• Assessed safety profile of SCL wear in pediatric population outside

confines of prospective clinical studies

• Cohort represents patients presenting to academic eye care clinics 

for routine and problem-oriented eye care 

• Includes both habitual and newly prescribed SCL wearers

Lam DY, Kinoshita BT, Jansen ME, et al. Contact lens assessment in youth: methods and baseline findings. Optom Vis Sci 2011;88:708-15.



The Contact Lens Assessment in Youth 
(CLAY) study 

Reviewed charts from 3,549 patients (14,276 visits)

Lam DY, Kinoshita BT, Jansen ME, et al. Contact lens assessment in youth: methods and baseline findings. Optom Vis Sci 2011;88:708-15.

79% of existing SCL wearers had 

documented replacement schedule:

• 79% existing SCL wearers 

• 21% new fits



Frequency of adverse events in 
CLAY study 

• 14,305 visits 

• 4,663 SCL patient years 

• Average of 20 months of SCL wear 

• 187 corneal infiltrative events in 168 wearers

Chalmers RL, Wagner H, Mitchell GL, et al. Age and other risk factors for corneal infiltrative and inflammatory events in young soft contact lens wearers from the Contact Lens 

Assessment in Youth (CLAY) study. Invest Ophthalmol Vis Sci 2011;52:6690-6.

Reviewers masked to wearer age and CL parameters adjudicated 

events
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Age Range (years) 

Iritis 

Microbial keratitis 

CLARE w/o infiltrates 

CLARE w/infiltrates 

CLPU 

Infiltrative keratitis 

“Age is a significant non-linear factor”

Chalmers RL, Wagner H, Mitchell GL, et al. Age and other risk factors for corneal infiltrative and inflammatory events in young soft contact lens wearers from the Contact Lens 

Assessment in Youth (CLAY) study. Invest Ophthalmol Vis Sci 2011;52:6690-6.



Incidence of MK and CIEs in CLAY study 

Chalmers RL, Wagner H, Mitchell GL, et al. Age and other risk factors for corneal infiltrative and inflammatory events in young soft contact lens wearers from the Contact Lens 

Assessment in Youth (CLAY) study. Invest Ophthalmol Vis Sci 2011;52:6690-6.

Microbial Keratitis Corneal Infiltrative Events 



Effect of age: 
behaviour, not biology
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Age Range (years) 

Iritis 

Microbial keratitis 

CLARE w/o infiltrates 

CLARE w/infiltrates 

CLPU 

Infiltrative keratitis 

Chalmers RL, Wagner H, Mitchell GL, et al. Age and other risk factors for corneal infiltrative and inflammatory events in young soft contact lens wearers from the Contact Lens 

Assessment in Youth (CLAY) study. Invest Ophthalmol Vis Sci 2011;52:6690-6.

Shower in CLs #Times cold/flu Nap in CLs #Nights sleep <6hrs
Sleep in CLs: 
after alcohol

Sleep in CLs: 
away from home



What about prospective studies of 
safety of soft lenses in children?



Fitting children with SCLs

1. Walline JJ, Jones LA, Rah MJ, et al. Contact Lenses in Pediatrics (CLIP) Study: chair time and ocular health. Optom Vis Sci 2007;84:896-902.

2. Li L, Moody K, Tan DT, et al. Contact lenses in pediatrics study in Singapore. Eye Contact Lens 2009;35:188-95.

3. Paquette L, Jones DA, Sears M, et al. Contact lens fitting and training in a child and youth population. Cont Lens Anterior Eye 2015;38:419-23.

4. Plowright AJ, Maldonado-Codina C, Howarth GF, et al. Daily disposable contact lenses versus spectacles in teenagers. Optom Vis Sci 2015;92:44-52. 



Fitting children with SCLs

• Four studies1-4

• 55 to 179 children and teenagers

• Most document only three months of wear

• Three CIEs in 116 patient years of wear

1. Walline JJ, Jones LA, Rah MJ, et al. Contact Lenses in Pediatrics (CLIP) Study: chair time and ocular health. Optom Vis Sci 2007;84:896-902.

2. Li L, Moody K, Tan DT, et al. Contact lenses in pediatrics study in Singapore. Eye Contact Lens 2009;35:188-95.

3. Paquette L, Jones DA, Sears M, et al. Contact lens fitting and training in a child and youth population. Cont Lens Anterior Eye 2015;38:419-23.

4. Plowright AJ, Maldonado-Codina C, Howarth GF, et al. Daily disposable contact lenses versus spectacles in teenagers. Optom Vis Sci 2015;92:44-52. 



SCL myopia control

• Growing list of publications of myopia control using multifocal 

SCLs in children

• Only 1 of 9 report any 

safety outcomes



Six studies report safety outcomes with 
>150 patient years

•Let’s look at the three largest…....



Walline et al. (2009) - ACHIEVE study

• Assessed influence of SCLs on myopia progression and 

self-esteem

• 584 myopic children (8 to 11 yrs), 5 US clinical centres

• 237 randomised to wear spectacles 

• 247 randomised to: 

1-Day ACUVUE® daily disposable (93%) or ACUVUE® 2 

biweekly replacement SCLs (7%)

• 9 contact lens wearers (3.7%) experienced 

13 adverse events

1-Day ACUVUE® and ACUVUE® 2 are trademarks of Johnson and Johnson Medical Limited

Walline JJ, Jones LA, Sinnott L, et al. Randomized trial of the effect of contact lens wear on self-perception in children. Optom Vis Sci 2009;86:222-32. 



Walline et al. (2009) - ACHIEVE study

• 6 cases of “keratitis”

• Not MK - confirmed by communication 

from Jeff Walline

• Classifying as corneal infiltrative events: 

• Incidence:

83 per 10,000 patient years (95% CI: 34, 173)

Walline JJ, Jones LA, Sinnott L, et al. Randomized trial of the effect of contact lens wear on self-perception in children. Optom Vis Sci 2009;86:222-32. 



Sankaridurg et al. (2013) - BHVI

• 240 children aged 7 to 14 years in randomized clinical 

trial 

• lotrafilcon B silicone hydrogel worn on daily wear, 

monthly replacement schedule

• 189 children completed 1 year of contact lens wear

• 170 children completed 2 years

• No events of microbial keratitis although 

55 non-serious adverse events

Sankaridurg P, Chen X, Naduvilath T, et al. Adverse events during 2 years of daily wear of silicone hydrogels in children. Optom Vis Sci 2013;90:961-9. 



Sankaridurg et al. (2013) - BHVI

Sankaridurg P, Chen X, Naduvilath T, et al. Adverse events during 2 years of daily wear of silicone hydrogels in children. Optom Vis Sci 2013;90:961-9. 

Adverse event Number of cases (%)

Microbial keratitis 0 (0)

Contact lens papillary conjunctivitis 16 (4.1)

Superior epithelial arcuate lesions 6 (1.5)

Corneal erosions 8 (2.1)

Infiltrative keratitis 5 (1.3)

Asymptomatic infiltrative keratitis 7 (1.8)

Asymptomatic infiltrates 13 (3.4)

Incidence of symptomatic CIE: 

136 per 10,000 patient years (95% CI: 50, 300)



CooperVision® MiSight® 1 day: 
data from 3-year clinical trial

• 8–12 year olds randomized to MiSight® 1 day or Proclear® 1 day

• 132 subjects received allocated intervention 

• 344 documented patient years of lens wear

• No cases of microbial keratitis over 3 year trial

• 4 corneal infiltrative events 

• Incidence: 

116 per 10,000 patient years (95% CI: 37, 280) 

• All observed at scheduled visits, so asymptomatic

• Incidence of symptomatic CIE: 

0 per 10,000 patient years (95% CI: 0, 108)

Chamberlain P. 3-year effectiveness of a dual-focus 1 day soft contact lens for myopia control. Conference presentation, BCLA, Liverpool, June 2017



Authors Lenses and Replacement Schedule Age Patient Yrs Incidence 95% CI

Walline et al. (2004) 1-week replacement hydrogel 8–11 159 0 0, 233

Sankaridurg et al. 

(2011)

Monthly replacement silicone 
hydrogel

7–14 369 136 50, 300

Walline et al. (2011) Daily disposable hydrogel (93%) 8–11 723 83 34, 173

Chalmers et al. 

(2015)

Daily disposable silicone hydrogel 
(50%) and hydrogel (50%) 

8–17 171 0 0, 216

Cheng et al. (2016) Daily disposable silicone hydrogel 8–11 262 0 0, 141

MiSight® 1 day study Daily disposable hydrogel 8–12 344 0 0, 108

Incidence of CIEs in children (per 10,000 yrs)

CLAY Study Various materials and modalities 8–12 411 97 31, 235

Summary: 



Chalmers RL, McNally JJ, Schein OD, et al. Risk factors for corneal infiltrates with continuous wear of contact lenses. Optom Vis Sci 2007;84:573-9.

Chalmers RL, Wagner H, Mitchell GL, et al. Age and other risk factors for corneal infiltrative and inflammatory events in young soft contact lens wearers from the Contact Lens 

Assessment in Youth (CLAY) study. Invest Ophthalmol Vis Sci 2011;52:6690-6.

Szczotka-Flynn L, Jiang Y, Raghupathy S, et al. Corneal inflammatory events with daily silicone hydrogel lens wear. Optom Vis Sci 2014;91:3-12.

Authors Lens Wear Incidence 95% CI

Chalmers et al. 

(2007)
30-night continuous wear of silicone hydrogel 329 284, 379

Chalmers et al. 

(2011)
Retrospective, mostly daily wear 432 361, 513

Szczotka-Flynn et al. 

(2014)

Daily wear of silicone hydrogel lenses, 

monthly replacement
316 116, 700

Incidence of CIEs in adults (per 10,000 yrs)
Summary: 



Summary:
Incidence of CIEs from children to adults
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Combining all 2,028 patient years:

Upper 95% limit is 18 per 10,000 patient years

Authors Lenses and Replacement Schedule Age Patient Yrs Incidence 95% CI

Walline et al. (2004) 1-week replacement hydrogel 8–11 159 0 0, 233

Sankaridurg et al. 

(2011)

Monthly replacement silicone 
hydrogel

7–14 369 0 0, 100

Walline et al. (2011) Daily disposable hydrogel (93%) 8–11 723 0 0, 81

Chalmers et al. 

(2015)

Daily disposable silicone 
hydrogel/hydrogel 

8–17 171 0 0, 216

Cheng et al. (2016) Daily disposable silicone hydrogel 8–11 262 0 0, 141

MiSight® 1 day Trial Daily disposable hydrogel 8–12 344 0 0, 107

Incidence of microbial keratitis in children
Summary: 



How does this compare with 
overnight orthokeratology?

In children (<18 years):

• Incidence of MK is 14 per 10,000 patient years 

(95% CI: 2, 50)

• Incidence of CIEs is 42 per 10,000 patient years 

(95% CI: 15, 91)

Bullimore MA, Sinnott LT, Jones-Jordan LA. The risk of microbial keratitis with overnight corneal reshaping lenses. Optom Vis Sci 2013;90:937-44. 



Summary



Summary: soft contact lenses in children

✔ Incidence of CIEs much lower in 8-12 year olds than in

adults

✔ No reported cases of MK in over 2,000 prospective 

and

400 retrospective patient years of lens wear

✔ Behaviour increases incidence in older children

✔ Daily disposable SCLs may play a role in reducing

corneal infiltrative events in all patients


