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Overnight orthokeratology-associated
Acanthamoeba keratitis at a tertiary referral
hospital in Taiwan: A retrospective case-control
study
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ABSTRACT \
Background: Acanthamoeba keratitis (AK) is a vision-threatening disease, usually associated with contact lens (CL) wear. As
overnight orthokeratology (OOK) is increasingly used to control myopia, we have found incidence of OOK-associated AK is increas-
ing. This study aimed to investigate the clinical presentation and visual outcomes of OOK-associated AK.

Methods: Demographic characteristics, clinical features, and treatment outcomes were collected by reviewing the medical charts
of ClL-associated AK patients (n = 35) diagnosed at Taipei Veterans General Hospital from 2001 to 2016. Cases were OOK-
associated AK patients (n = 13), and controls were all other CL-associated AK patients (n = 22). Student ¢ tests and chi-square
tests were used to compare cases and controls. Linear regression analyses were used to identify factors associated with the final
visual outcome in CL-associated AK.

Results: OOK-associated AK accounted for half of all CL-associated AK after 2010. OOK-associated AK patients and other
Cl-associated patients had similar best-corrected logarithm of the minimum angle of resolution visual acuity (BCLVA) before treat-
ment (1.10 £ 0.75 vs 1.13 = 0.76, p = 0.893), but OOK-associated AK patients were younger (17.15 + 3.21 vs 26.36 = 12.81
years, p = 0.004), had less severe disease (ring infiltration, 0% vs 31.82%, p = 0.023), and had better post-treatment BCLVA (0.06
+ 0.15vs 0.51 + 0.95, p = 0.041). Multiple linear regression analysis showed that better BCLVA after treatment in CL-associated
AK was associated with initial presentation without ring infiltration (o = 0.002) but not with OOK use itself (o = 0.793). Twenty-six of
35 Cl-associated AK patients had final BCLVA equal to or better than 0.10 (Snellen visual acuity of 6/7.5). All 13 OOK-associated
AK cases were treated with chlorhexidine 0.02% =+ voriconazole 1% = oral voriconazole, and 12 of these patients had final BCLVA
equal to or better than 0.10.

Conclusion: Most CL-associated AK patients had satisfactory visual outcomes. Half of AK at our hospital is OOK-associated since
2010. Early diagnosis and correct treatment may be the reason why OOK-associated AK patients had better vision prognosis.
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particles that it encounters. In the cornea, Acanthamoeba feeds
on keratocytes. The cystic form can survive in difficult environ-

1. INTRODUCTION

Acanthamoeba keratitis (AK) is a severe but unusual infectious
disease of the cornea. It is commonly associated with contact lens
(CL) wear, especially disposable soft CLs.!*> The Acanthamoeba
pathogen is a free-living, cyst-forming protozoan that is distrib-
uted in diverse environments, including the air, soil, dust, and
water. The active form of Acanthamoeba, the trophozoite, has
an ameboid shape with pseudopodia, and it phagocytoses small
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ments, and cysticidal drugs are needed to effectively treat AK.?
The incidence of AK is around 0.15 to 1.4 per million, and the
variety found in each country is related to the popularity of
CL use, the habits of CL users, the CL care systems used, and
the contamination of domestic water and swimming pools by
Acanthamoeba.*

In Taiwan, the prevalence and incidence of myopia in children
are high, even in 7- to 8-year-old children.>* Nearly one-fourth
of myopic children show increases of >1 diopter in one year.”
Overnight orthokeratology (OOK) lenses, a type of rigid gas-per-
meable CL, were approved for myopia control by Taiwan Food
and Drug Administration (FDA) in 2008. The increase in reports
of OOK-associated AK®!3 has raised concerns that the increased
use of OOK lenses to treat myopic children in Taiwan has led to
the increased incidence of AK.!* The benefits of orthokeratology
in slowing myopia progression versus the risk of infectious kera-
titis should be evaluated carefully. Because in a more conservative
manner, any risk of significant vision loss in a child is unaccep-
table; practitioners must discuss the potential for infection and
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vision loss with patients and their parents."” We thus analyzed
and compared the demographic characteristics, clinical features,
and outcomes of patients with OOK-associated AK with those of
patients with other CL-associated AK who were treated at Taipei
Veterans General Hospital between 2001 and 2016.

2. METHODS

2.1. Design and subjects

A retrospective chart review was conducted of 36 CL-associated
AK patients (a total of 40 AK eyes) who were treated from
2001 to 2016 at the Medical Center at Taipei Veterans General
Hospital. Of these patients, 35 patients (39 eyes) completed treat-
ment and were included in this case-control study. A 68-year-old
patient with other CL-associated AK was lost to follow-up and
was not included. The more severely affected eye was analyzed
in bilateral disease. Of the 35 included patients, 13 patients had
OOK-associated AK, and 22 patients had other CL-associated
AK. A definitive diagnosis of AK was made based on culture or
histology findings or based on the presence of amebic deoxyribo-
nucleic acid (DNA) as determined using polymerase chain reac-
tion (PCR) analysis. In the absence of a tissue-based diagnosis,
patients with perineural corneal infiltrates and a typical clinical
course who responded to antiamebic treatment were presumed
to have AK (Fig. 1). In our case series, OOK-associated and the
other CL-associated AK cases can have similar presentations of
pseudodendrite, stromal infiltration, and neuritis (Fig. 1A and
1B), but only the other CL-associated AK cases can have presen-
tations of ring infiltrates (Fig. 1C).
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We recorded the clinical features and the type of CL that
was used. All patients were then treated with polyhexamethyl-
ene biguanide (PHMB) or chlorhexidine 0.02% = propamidine
+ voriconazole 1%. In two cases, oral voriconazole was also
used to help control AK. The best-corrected logarithm of the
minimum angle of resolution (logMAR) visual acuity (BCLVA)
of the affected eyes was recorded before and after treatment.
The study was approved by the Institutional Review Board of
Taipei Veterans General Hospital and adhered to the tenets of
the Declaration of Helsinki.

2.2, Statistical analyses

Student ¢ tests and chi-square tests were used to compare the
demographics, clinical characteristics, and outcomes of patients
with OOK-associated and other CL-associated AK in Table 1.
In Table 2, simple and multiple linear regression analyses were
used to assess which factors were associated with the final visual
outcomes of patients with CL-associated AK. Statistical analyses
were performed with commercially available software (SPSS ver.
19.0; SPSS Inc, Chicago, IL). p values of <0.05 were considered
to be statistically significant.

3. RESULTS

Fig. 2 shows the distribution of annual cases of CL-associated
AK from 2001 to 2016. The number of patients with OOK-
associated AK began to increase since 2010; strikingly, in 2015
and 2016, more than half of all patients with CL-associated AK
was OOK-associated AK. The patients with CL-associated AK

Fig. 1 The initial presentation of Acanthamoeba keratitis (AK). A, The long white arrow indicates pseudodendrites, and the short black arrow indicates anterior
stromal infiltrates. The short white arrows in A and B indicate neuritis. The short black arrow in B indicates deep stromal infiltrates and that in C indicates ring
infiltrates. In panels D, E, and F, the long black arrows point to the residual corneal scars after antiamebic treatment in A, B, and C, respectively. A and B are two
overnight orthokeratology—associated AK cases and C is one other contact lens—associated AK case in our case series.
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Demographics, clinical characteristics, and outcomes of patients with OOK-associated AK and other CL-associated AK

CL-associated AK (N = 35)

00K-associated AK (n=13)

Other CL-associated AK (n = 22)

Characteristic N/mean %/SD N/mean %/SD p
Age,y 17.15 3.21 26.36 12.81 0.004
Age distribution
20 or younger 12 92.31 11 50.00
21 or older 1 7.69 11 50.00
Male 3 23.08 10 45.45 0.283
Affected eye 0.572
One 11 84.62 20 90.91
Both 2 15.38 2 9.09
Patient noncompliance or contact with contaminated water sources 6 46.15 19 86.36 0.011
Sign 0.023
No ring infiltration 13 100.00 15 68.18
Ring infiltration 0 0 7 31.82
BCLVA before treatment® 1.06 0.78 1.04 0.74 0.951
BCLVA after treatment® 0.06 0.15 0.51 0.95 0.041
Receiving penetrating keratoplasty 1 7.69 2 9.09 0.886

Bold indicates p value <0.05.
AK = Acanthamoeba keratitis; BCLVA = best-corrected logarithm of the minimum angle of resolution visual
aWhen both eyes were affected, only the worse eye was included in the analysis.

ranged in age from 11 to 55 years old (mean, 22.94 = 11.20
years), and most patients were female (62.86%) and had uni-
lateral involvement (88.57%). Fig. 1A—-C show the initial rep-
resentative presentation of these AK eyes at our hospital. After
antiamebic treatment (Fig. 1D-F), the mean best-corrected log-
MAR visual acuity (BCLVA) of these AK patients improved from
1.04 = 0.75 to 0.34 = 0.78. Table 1 shows the demographics
and clinical characteristics of patients with OOK-associated AK
and other CL-associated AK. Before treatment, there were no
significant differences between patients with OOK-associated
AK versus other CL-associated AK in terms of sex, eye affected
(single or bilateral), or BCLVA (1.10 = 0.75 vs 1.13 = 0.76,
p = 0.893). However, patients with OOK-associated AK were
significantly younger (17.15 = 3.21 vs 26.36 = 12.81,p = 0.004),
less noncompliance rate (46.15% vs 86.36%, p = 0.011), had
less severe diseases (ring infiltration 0% vs 31.82%, p = 0.023),
and showed better post-treatment BCLVA (0.06 = 0.15 vs
0.51 +0.95,p = 0.041).

Table 2 shows the associations between the visual outcomes
of all 35 AK patients and the investigated potential prognostic
factors. Younger age (p = 0.001), initial presentation without ring
infiltration (p < 0.001), and better BCLVA (p = 0.003) before

| acuity; CL = contact lens; 00K = overnight orthokeratology.

treatment were associated with better BCLVA after treatment in
simple linear regression analysis. However, only initial presenta-
tion without ring infiltration (p = 0.002) was associated with bet-
ter BCLVA after treatment in multiple linear regression analysis.

Table 3 shows the clinical features, visual outcomes, and
treatment of the 35 patients with OOK-associated and other
CL-associated AK that were treated in our hospital between
2001 and 2016. 26 patients (74.29%) had BCLVA of 0.10
(Snellen visual acuity of 6/7.5) or better. All 13 OOK-associated
AK patients received topical chlorhexidine 0.02% = voricona-
zole 1% = oral voriconazole to control AK, and 12 (92.31%) of
them had a final BCLVA that was equal to or better than 0.10.
One OOK-associated AK patient had a final BCLVA of 0.52
(Snellen visual acuity of 6/20). This patient was diagnosed and
treated for AK for 3 weeks before she presented at our hospital
on the advice of her doctor, who suggested therapeutic corneal
transplantation due to progression of the keratitis. Perineuritis
and more extensive corneal stromal infiltrates were noted in this
patient (Fig. 1B). After treatment with topical chlorhexidine and
voriconazole, the keratitis resolved with a central scar (Fig. 1E).
Future optical corneal transplantation is considered to improve
her vision.

Associations between the visual outcomes? of all patients with CL-associated AK and the investigated potential prognostic factors

Linear regression®

Simple linear regression

Multiple linear regression

Characteristics p B SE 95% p B SE 95% Cl VIF

Sex (male/femalefref.]) 0.769 -0.051 0.283 -0.659-0.492 0.727 -0.047 0.219 -0.525-0.371 1.081
Age,y 0.001 0.537 0.010 0.017-0.058 0.139 0.248 0.011 -0.006-0.041 1.595
CL used (OOK CL/other CLs[ref.] 0.103 -0.281 0.267 -0.992-0.095 0.793 0.039 0.244 -0.435-0.563 1.340
Initial presentation (R/N[ref.]) 0.000 0.703 0.239 0.872—1.844 0.002 0.571 0.325 0.436-1.768 1.708
BCLVA before treatment 0.003 0.495 0.163 0.194-0.859 0.866 -0.025 0.425 -0.943-0.798 1.350

Bold indicates p value <0.05.

AK = Acanthamoeba keratitis; BCLVA = best-corrected logarithm of the minimum angle of resolution visual acuity; CL = contact lens; 00K = overnight orthokeratology; R/N = ring infiltration/no ring infiltration;

VIF = variance inflation factor.
4Visual outcome was defined as the BCLVA after treatment.

°For statistical analysis, simple and multiple linear regression models were used to examine the associations between visual outcomes and the investigated potential prognostic factors.
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Fig. 2 The number of patients per year with Acanthamoeba keratitis (AK) from 2001 to 2016.

Clinical characteristics, visual outcomes, and treatment of patients with OOK-associated and other CL-associated AK

Affected Final Types of CL and patient DOIS,
Time,y Age,y Sex eye Clinical features BCLVA noncompliance Treatment wk
00K-associated AK
2010 19 F Both  Neuritis, deep stromal infiltrates 0.10/0  OOK CL. No patient noncompliance. Chlorhexidine 0.02% 1
2010 19 F Single  Neuritis, anterior stromal infiltrates 0 OOK CL. No patient noncompliance. Chlorhexidine 0.02%, voriconazole 1% 3
2012 21 F Single  Neuritis, deep stromal infiltrates 0.10  OOK CL. No patient noncompliance. Chlorhexidine 0.02%, voriconazole 1% 2
2013 14 F Single  Neuritis, anterior stromal infiltrates ~ 0.10  OOK CL. Using tap water to clean CL. Chlorhexidine 0.02%, voriconazole 1% 1
2015 15 F Both  Neuritis, anterior stromal infiltrates  0/0.05  OOK CL. No patient noncompliance. Chlorhexidine 0.02% 3
2015 15 F Single  Pseudodedrite, neuritis 0 OOK CL. No patient noncompliance. Chlorhexidine 0.02%
2015 19 F Single  Neuritis —0.08  OOK CL. Using tap water to clean CL. Chlorhexidine 0.02%, voriconazole 1% 2
2015 20 M Single  Neuritis, deep stromal infiltrates 0 OOK CL. Using tap water to clean CL. Chlorhexidine 0.02%, voriconazole 1% 2
2016 13 M Single  Neuritis, anterior stromal infiltrates 0 OOK CL. Using Normal Saline that was Chlorhexidine 0.02% 3
not properly stored to clean CL.
2016 20 F Single  Deep stromal infiltrates 0 00K CL. Using OOK CL for 30 hours Chlorhexidine 0.02%, voriconazole 1%, 2
continuously. oral voriconazole
2016 20 M Single  Neuritis, anterior stromal infiltrates 0 00K CL. Using water from drinking Chlorhexidine 0.02% 1
fountain to clean CL.
2016 17 F Single  Neuritis, deep stromal infiltrates 0.52  0OK CL. No patient noncompliance. Chlorhexidine 0.02%, voriconazole 1% 1
2016 11 F Single  Pseudodendrite, neuritis 0 00K CL. No patient noncompliance. Chlorhexidine 0.02%, voriconazole 1%, 1
oral voriconazole
Other CL-associated AK
2001 50 F Single  Ring infiltrates 1.30  Conventional soft CL. Using normal saline  PHMB, propamidine 0.1% 3
to clean and store CL.
2001 17 M Single  Anterior stromal infiltrates, 0 Conventional soft CL. Using normal saline  PHMB, propamidine 0.1%, chlorhexidine 4
pseudodendrite to clean and store CL. 0.02%
2002 23 F Single  Neuritis, anterior stromal 0 Conventional CL. Using CL when PHMB, propamidine 0.1%, chlorhexidine 3
infiltrates, pseudodendrite swimming. 0.02%
2002 19 F Single  Deep stromal infiltrates, 0 Conventional soft CL. Irregularly using PHMB, propamidine 0.1%, chlorhexidine 4
ring infiltrates multi-purpose solutions to clean 0.02%
and store CL.
2002 20 F Both  Ring infiltrates in both eyes 0.22/3  Conventional soft CL. Using normal saline, PHMB, propamidine 0.1% 4
mineral water to clean and store CL.
2003 20 M Single  Neuritis, deep stromal infiltrates 0 RGP. No patient noncompliance. PHMB, propamidine 0.1%, chlorhexidine 2
0.02%
2006 55 F Single  Ring infiltrates 3 Biweekly disposable soft CL. Using CL Propamidine 0.1%, chlorhexidine 2
more than two weeks. 0.02%
2009 18 F Single  Neuritis, anterior stromal 0 Biweekly disposable soft CL. Not changing Chlorhexidine 0.02% 1
infiltrates, pseudodendrite the storage solution in the case.
2009 26 F Single  Neuritis, anterior stromal 0 Daily disposable soft CL. Using CL when  Chlorhexidine 0.02% 3
infiltrates, pseudodendrite swimming.
(Continued next page)
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Affected Final Types of CL and patient DOIS,
Time,y Age,y Sex eye Clinical features BCLVA noncompliance Treatment wk
2011 23 F Single  Neuritis, anterior stromal infiltrates 0 Daily disposable cosmetic soft CL. No Propamidine 0.1%, chlorhexidine 1
patient noncompliance. 0.02%
2011 19 F Single  Ring infiltrates 0 Biweekly disposable soft CL. Using CL Propamidine 0.1%, chlorhexidine 8
when swimming. 0.02%, voriconazole 1%
2011 18 M Single  Anterior stromal infiltrates 0 Daily disposable soft CL. Using CL when  Chlorhexidine 0.02% 2
swimming.
2012 43 M Single  Neuritis, anterior stromal 0.52  Weekly disposable soft CL. Not changing  Chlorhexidine 0.02%, voriconazole 1% 2
infiltrates, pseudodendrite the storage solution in the case.
2012 20 F Single  Neuritis, anterior stromal infiltrates ~ 0.05  Daily disposable cosmetic soft CL. Using ~ Chlorhexidine 0.02% 6
for more than 8 hours each day.
2012 14 F Both  Neuritis, ant stromal infiltrates in 0/0 Biweekly disposable cosmetic soft CL. Chlorhexidine 0.02% 7
both eyes Using normal saline to clean and
store CL.
2014 19 M Single  Neuritis, anterior stromal 0 Biweekly disposable soft CL. Using normal Chlorhexidine 0.02% 1
infiltrates, pseudodendrite saline to clean and store CL.
2014 25 M Single Ring infiltrates 2 Biweekly disposable soft CL. Using normal Chlorhexidine 0.02%, voriconazole 1% 2
saline to clean and store CL.
2015 34 M Single  Neuritis, anterior stromal keratitis, 0.22  Daily disposable soft CL. No patient Chlorhexidine 0.02% 1
pseudodendrite noncompliance.
2015 32 F Single  Neuritis, deep stromal keratitis 0.40  Daily disposable soft CL. Changing every  Chlorhexidine 0.02%, voriconazole 1% 1
3 days. Using normal saline to clean
and store CL.
2016 54 M Single Ring infiltrates 0.70  Daily disposable soft CL. His job is to sell ~ Chlorhexidine 0.02%, voriconazole 1% 3
raw pork.
2016 13 F Single  Neuritis, pseudodedrite 0 Biweekly disposable soft CL. Using CL Chlorhexidine 0.02% 5
when being in the hot spring.
2016 18 M Single  Neuritis, anterior stromal keratitis 0 Biweekly disposable soft CL. Using normal Chlorhexidine 0.02%, voriconazole 1% 2

saline to clean and store CL.

Ring infiltrates are in bold as it implies more severe AK.

AK = Acanthamoeba keratitis; BCLVA = best-corrected logarithm of the minimum angle of resolution visual acuity; CL = contact lenses; DOIS = duration of initial symptoms before diagnosis of AK; F = female;

M = male; OOK = overnight orthokeratology; PHMB = polyhexamethylene biguanide.

4. DISCUSSION

OOK was approved by Taiwan FDA in 2008, and some children
began to be treated with OOK instead of atropine to control
myopia progression. The five brands of OOK lenses available
in Taiwan are DreimLens VST rigid gas-permeable contact lens,
Hiline overnight orthokeratology contact lens, Euclid Systems
orthokeratology contact lenses for overnight wear, Smartlens
Euclid Systems orthokeratology contact lenses for overnight
wear, and progressive Boston diamond orthokeratology shap-
ing lenses for overnight wear. These OOK lenses are all made
of Oprifocon A with Dk 85 (ISO/Fatt) which were proved to be
suitable for overnight wear. No patients with OOK-associated
AK were treated at our hospital before 2008, but there were 13
in our hospital from 2010 to 2016 (50% of all patients with
CL-associated AK). Strikingly, in 2015 and 2016, more than half
of the patients with CL-associated AK used OOK lenses. Thus,
OOK lenses replaced soft CL as the most commonly used CL
types in AK patients at our hospital in recent years, although
many more people use soft CL than use OOK lenses in Taiwan.
Our small number of cases may make people question whether
our cases are sufficiently representative or not. However, Taipei
Veterans General Hospital, located in the capital of Taiwan, is
one of the largest tertiary referral hospitals in Taiwan. It has
>2.5 million outpatient visits per year and includes 2947 patient
beds, 1249 doctors, and 6375 employees. Although it mainly
serves the population (around ten million people) living in the
north part of Taiwan, it indeed accepts patients from other parts
of Taiwan and even neighboring countries. It is one of the few
hospitals that provide antiamebic drugs for the treatment of AK
before 2017.

Www.ejcma.org

Bullimore et al'® believed orthokeratology as a risk factor for
microbial keratitis and found that the risk of microbial kerati-
tis in OOK lens wearers was similar to that of other overnight
methods.'® There is decreased oxygen transmission through the
OOK lens when the eye is closed; the epithelial surface is com-
promised, secondary to the compressive effect on the cornea;
and there is an absence of eye blinking to sever the microbial gly-
cocalyx and spread lysozyme over the corneal surface. Notably,
all of these may induce keratitis in nocturnal CL wearers.!>!7-2
However, in Taiwan, almost no one sleeps with soft CL at night.
Perhaps this is why OOK was more likely to cause AK than soft
CL in Taiwan. Another reason why OOK CL wearers are more
susceptible to infection is that they are relatively young and,
according to a previous report, the microbial contamination rate
of OOK CL care system in this age group is high.?! Although
compared to nocturnal soft CL wearers, the use of OOK, a kind
of rigid gas-permeable lenses, should minimize the risk of AK
because it is easy to remove the attached Acanthamoeba tropho-
zoites and cysts from the smooth and more homogeneous sur-
face of these CL.22%

In addition to patient noncompliance such as use of home-
made saline, suboptimal disinfection of lens, and adding new
solution to an existing volume of used solution in the lens case,
CL-associated AK was associated with contact with contami-
nated water sources, such as swimming in contaminated water
or the use of tap water for lens rinsing and storage.'>***5 In our
AK patients, more OOK-associated cases (53.85%) were not
related to patient noncompliance about cleaning and storage or
contact with contaminated water sources when compared with
other CL-associated AK (13.64%). This implies OOK lens wear
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itself may possibly increase the risk of AK. Van Meter et al?®. and
Kam et al”’. reviewed literature and found most OOK-associated
microbial keratitis were central and severe, mainly caused by
gram-negative rods or Acanthamoeba that can cause signifi-
cant vision loss from corneal scar. Almost 10% of eyes needed
surgical intervention.”” Ladage et al?® also found Pseudomonas
bound to rabbit cornea more easily when fitted as OOK lenses
when compared with normal rigid gas-permeable CL.2° It is
thus important for medical practitioners to fully explain the
signs and potential risks of infectious keratitis to patients and
parents and to regularly monitor and provide advice and treat-
ment when children have problems with their OOK lenses. A
systemic review related to the safety of OOK concluded OOK
is a safe option for myopia retardation if they can follow the
above rules.”” What needs more attention is that 53.85% of
OOK-associated AK patients were between the age of 19 and 21
years, and myopia progression is much slower in these teenag-
ers. In Taiwan, after teenagers enter the university at the age of
19 years, their OOK wearing schedule may become more irregu-
lar due to staying up or other activities. The compressive effect
of OOK in these teenagers may be more pronounced because the
reshaped cornea does not always maintain its intended shape.
In addition, patients at this age seldom come back to the clinics
and change OOK lenses regularly. It may be a good time point to
stop wearing OOK at the age of 18 years. In our daily practice,
low-dose atropine remains the first line of treatment to slow the
progression of myopia. We only use OOK for myopic children
who cannot tolerate the side effects of atropine or have poor
response to atropine. We believe the use of OOK to prevent the
future complication of high myopia is beneficial if it is used in
a more cautious manner. In our study, only one (7.69%) OOK-
associated AK patient had BCLVA worse than 0.10 and her
vision may improve after undergoing corneal transplantation.
The literature reports that the worst prognostic factors in AK
include Snellen visual acuity less than< 20/50 and more severe
disease, such as stromal involvement, at presentation.>® Table 1
shows that patients with OOK-associated AK were younger,
were less noncompliant, had less severe disease, and had a bet-
ter prognosis for good visual outcome compared to patients
with other CL-associated AK. We thus analyzed whether OOK
CL use itself was a better prognostic factor than other CL use
(Table 2). Although younger age, initial presentation without
ring infiltration, and better BCLVA before treatment were asso-
ciated with better BCLVA after treatment in simple linear regres-
sion analysis, only initial presentation without ring infiltration
was associated with better post-treatment BCLVA in multiple
linear regression. Compared with soft CLs users, OOK users
in Taiwan often have regular follow-up care and are well edu-
cated about the signs and potential risks of infectious keratitis
by doctors, and this may account for the better vision outcomes
in OOK lens users. These patients were probably treated earlier
than patients with other CL-associated AK because no patients
with OOK-associated AK showed progression to ring infiltra-
tion before their consultation at our hospital. In our cases series,
the duration of initial symptoms to first diagnosis of AK was
shorter in OOK-associated AK patients (1.91 = 0.90 weeks vs
3.04 = 1.99 weeks in other CL-associated AK patients, p = 0.03).
Biguanides, such as PHMB and chlorhexidine, and diamidines,
such as propamidine and hexamidine, are the most common
antiamebic agents and have both trophozoicidal and cysticidal
effects. In the past, biguanide and diamidine combination ther-
apy was suggested for treatment.’! However, Lim et al** demon-
strated that the use of PHMB and chlorhexidine as monotherapy
was successful in treating 78% and 85% of patients, respec-
tively. Sunada et al** found isolated Acanthamoeba cysts were
not susceptible to voriconazole in an in vitro study. But voricon-
azole shows good cysticidal activity against Acanthamoeba in
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vitro,* and successful treatment of chlorhexidine- and PHMB-
resistant AK with voriconazole 1% as an adjuvant has also been
reported.®® The differences in cysticidal activity of voriconazole
may be related to the maturity of the cysts being tested and vari-
ations in testing techniques. In 2010, we began using chlorhex-
idine 0.02% = voriconazole 1% = oral voriconazole to treat all
AK patients,and 12 of 13 patients (92.3 %) with OOK-associated
AK had final BCLVA of 0.10 (Snellen visual acuity of 6/7.5) or
better after this treatment. When we included all CL-associated
AK treated in various regimens, 26 of 35 patients (74.29%) had
BCLVA of 0.10 or better. This prognosis for visual outcome in
only OOK-associated AK or that in all CL-associated AK are
both comparable to results reported by Chin et al*¢ and Tu et
al,’” who used propamidine and either PHMB or chlorhexidine
to treat their patients, who had more severe disease. In these two
studies, 80% and 65.6% of AK patients, respectively, achieved
BCLVA of 0.10 or better.3”

The limitations of our study are that it is a retrospective
study and the time of CL worn per day, days CL worn per week,
the CL care systems used by patients, and the material of CL
were not recorded in detail. However, we have tried our best to
explore the possible risk factors that are listed in Table 3 and
recorded in our medical charts.

In conclusion, most CL-associated AK patients had satisfac-
tory visual outcomes. Since 2010, OOK lenses have replaced soft
CL as the most commonly used CL types associated with AK at
our hospital. The OOK-associated AK patients were younger,
had less severe disease, and had a better prognosis for visual
outcome compared to the patients with other CL-associated AK
in our study. All patients with OOK-associated AK were treated
successfully using chlorhexidine 0.02% = voriconazole 1% =
oral voriconazole. We found that initial presentation without
ring infiltration was associated with a better prognosis for good
visual outcome. We conclude that early recognition of AK and
prompt and effective treatment can provide good outcomes for
patients with OOK-associated AK.
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