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Abstract

Acanthamoeba keratitis (AK) is a rare but severe ocular infection with a significant risk of vision
loss. Contact lens use is the main risk factor for AK. The orthokeratology (OK) lens, a specially
designed contact lens, has been used worldwide as an effective method of myopia control.
However, the OK lens is associated with an increased risk of Acanthamoeba infection. Many
primary practitioners are concerned about this infection because of its relative rarity, the lack
of promising therapeutic medications, and the need for referral. We herein report two cases of
AK associated with OK lenses, present a systematic review of such cases, and discuss the possible
reasons for the higher incidence rate of this infection in patients who wear OK lenses. We
combined the clinical knowledge and skills of corneal specialists and lens experts with the sole
objective of addressing these OK lens-related AK cases. We found that the most common risk
factors were rinsing the lenses or lens cases with tap water. Prompt and accurate diagnosis along
with adequate amoebicidal treatment are essential to ensure desirable outcomes for OK lens
wearers who develop AK. Appropriate OK lens parameters and regular checkups are also
important.
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recognized with the popularity of contact
lens use worldwide.'* The orthokeratology
(OK) lens, a specially designed rigid contact
lens, has been widely used in the past two
decades as one of the most effective modal-
ities for myopia control. Parents and clini-
cians are more open to the use of this novel
lens in children in an attempt to retard
myopia progression and thus decrease the
risk of sight-threatening complications
related to high myopia, such as chorioreti-
nal abnormalities,” glaucoma,” myopic
maculopathy,3 and cataract.* However,
along with the popularity of OK lens use,
there has been a dramatic rise in the
number of ocular infections,” among
which AK is one of the most serious.

Because of the relative rarity of AK and
the need to transfer patients to a corneal
specialist when AK is highly suspected,
many primary practitioners are not familiar
with the clinical profile or therapeutic plan
of AK, even they are concerned about this
potentially disastrous complication during
their practice. In this article, we report
two cases of AK related to OK lens use
and analyze clinical cases of OK lens-
associated AK published in the PubMed,
Embase, and Cochrane Library databases.
The reference lists of these studies were also
searched. By combining the clinical knowl-
edge and skills of corneal specialists and
lens experts, we discuss the potential caus-
ative agents that increase the risk of infec-
tion and examine the reasons for the
increased likelihood of Acanthamoeba infec-
tion in OK lens wearers. We hope that shar-
ing our experience with AK case
management and publication of this sys-
tematic review will help clinicians interested
in this subject to rationally assess the risks
that patients may face.

Materials and methods

We performed a retrospective review of the
medical records of all consecutive patients

seen in the Eye Clinic at the Union
Hospital, Tongji  Medical  College,
Huazhong University of Science and
Technology during the 12-month period
from January 2019 to December 2019. In
this review, we identified two cases of AK
related to OK lens use. We followed the
CARE guidelines of the EQUATOR
Network in our reporting of these cases.
Data regarding the patients’ demographic
details, causes and duration of symptoms,
presenting and final visual acuity, and inter-
ventions were collected. Both patients had
undergone a complete eye examination
under slit-lamp biomicroscopy (Topcon
Corporation, Tokyo, Japan) and confocal
microscopy (HRT3; Heidelberg
Engineering, Heidelberg, Germany). We
obtained all patients’ verbal consent
before the treatment began. To protect the
patients’ privacy, all patient details were de-
identified in this study. The requirement for
approval by an ethics committee or institu-
tional review board was waived because of
the nature of this study (case report and
literature review).

Literature search and screening

We screened the main medical databases of
PubMed, Embase, and the Cochrane
Library to identify relevant articles pub-
lished from January 2000 to March 2020
using the following search strategy:

(1) rigid contact lens OR orthokeratol-
ogy lens OR orthokeratology OR reverse
geometry lens or corneal reshaping OR
rigid contact lens; (2) Acanthamoeba kerati-
tis OR Acanthamoeba OR eye infection OR
keratitis OR cornea ulcer OR microbial
keratitis OR bacterial keratitis; (3) (1)
AND (2)

To include all cases that met the criteria
for inclusion in our analysis, we also
reviewed the reference lists and citations
of all retrieved studies. According to prede-
fined inclusion and exclusion criteria, the
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titles, abstracts, and full copies of all includ-
ed articles were sequentially assessed.
Articles were included if they met the fol-
lowing criteria:

(1) The study sample comprised patients
with AK who had a history of OK lens use.
(2) The study focused on the complications
of OK lens use. (3) The study focused on
the diagnosis or management of AK. (4)
The following information and raw data
were available: age, sex, duration of OK
lens use, risk factors, treatment before diag-
nosis, symptom duration before diagnosis,
visual acuity at presentation, clinical symp-
toms and signs, diagnostic method, dura-
tion and mode of treatment, surgery
needed, and outcomes. (5) The article was
written in English.

Articles were excluded if they met the
following criteria:

(1) The article contained duplicate data.
(2) The article was an abstract, comment,
review, or editorial review. (3) The article
had inadequate data or had relevant raw
data that could not be extracted.

Research quality assessments

The inherent nature of retrospective studies
renders most of them susceptible to a cer-
tain level of bias, such as selection bias,
recall bias, and/or detection bias. As a
result, none of the relevant published cases
were excluded from this review based on
risk of bias.

Results

Case |

A 2l1-year-old female college student pre-
sented with a 2-day history of pain, tearing,
and vision loss in her left eye. She had used
OK lenses for myopia correction for 3
years. She often rinsed the lenses with tap
water. Her visual acuity was counting fin-
gers at 15 cm on the left side. Slit-lamp

examination revealed an anterior to mid-
stromal corneal infiltrate (Figure 1(a)) mea-
suring 2 x 2 mm with fluorescent staining
(Figure 1(b)). The corneal stroma was
severely edematous, and Descemet’s mem-
brane was wrinkled. Confocal laser micros-
copy revealed structures highly resembling
amoebic cysts (Figure 1(c)). She was treated
with 0.02% chlorhexidine eye drops hourly.
Rapid relief of the symptoms and healing of
the ulcer were noted during the next 4 days
(Figure 1(d) and (e)). However, amoebic
cysts were still found by confocal microsco-
py (Figure 1(f)). The 0.02% chlorhexidine
eye drops were used every 2 hours for the
following 4 weeks. The patient reported eye
dryness and a foreign body sensation at the
I-month visit. Conjunctival injection and a
punctate corneal epithelial defect were
noted (Figure 1(g)). The previous ulcer
had healed, and no amoebic cysts were
found (Figure 1(h)). The patient was treated
with 0.3% sodium hyaluronate eye drops to
promote epithelial cell recovery, and 0.02%
chlorhexidine was applied four times a day.
When the patient presented for a follow-up
examination at 70 days after onset, her cor-
rected vision was 20/20 with a small patch
of corneal opacity (Figure 1(i)). The eye
drops were discontinued after amoebic
cysts were confirmed to be absent by con-
focal microscopy. She developed no recur-
rence during the 6-month follow-up.

Case 2

A 17-year-old female senior high school stu-
dent was referred to our cornea clinic with a
4-day history of pain, tearing, and vision
loss in the left eye. She had used OK lenses
for vision correction for 1 year. She often
touched the lenses directly with her wet
hands after washing her hands with tap
water. She had received an antiviral treat-
ment for 3 days at the previous clinic, but
the symptoms worsened before referral to
our cornea clinic. Upon presentation, her
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Figure I. Case |. (a, b) Slit-lamp examination revealed a corneal infiltrate measuring 2 X 2 mm with
fluorescent staining. (c) Confocal laser microscopy revealed structures highly resembling the amoebic cyst
(red arrow). (d, e) Resolution of the ulcer was noted after 4 days of treatment. (f) Amoebic cysts were still
found by confocal microscopy (red arrows). (g) A punctate corneal epithelial defect was noted at the
I-month visit. (red arrow), but (h) no amoebic cysts were found. (i) A mild corneal opacity was present at

the 70-day visit. Bar =50 microns.

visual acuity was counting fingers at 15 cm.
Slit-lamp examination revealed stromal
edema (Figure 2(a)) and a corneal ulcer
measuring 2 x 2 mm with fluorescent stain-
ing (Figure 2(b)). Confocal laser microscopy
revealed structures highly resembling amoe-
bic cysts within the ulcer (Figure 2(c)). She
was treated with 0.02% chlorhexidine eye
drops hourly for 7 days. The corneal
edema subsided (Figure 2(d)) and the fluo-
rescein  staining was weakly positive
(Figure 2(e)). The 0.02% chlorhexidine eye
drops were used every 2 hours for the follow-
ing 4 weeks and then reduced to four times a
day for another 4 weeks. At the 2-month
visit, her corrected vision was 20/20 with

slight corneal opacity (Figure 2(f)). The eye
drops were discontinued when the absence
of amoebic cysts was confirmed by confocal
laser microscopy. She developed no recur-
rence during the 7-month follow-up.

In total, 289 articles were identified using
the index words from the three databases
(PubMed, n=175; Embase, n=110;
Cochrane Library, n=4). After removing
127 duplicate articles and 3 articles with
no authors by Endnote software or manu-
ally, 159 articles were screened by reading
their titles and abstracts. When summariz-
ing these individual cases, we collected the
complete patient information, OK lens
wearing status, diagnostic examination
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Figure 2. Case 2. Slit-lamp examination revealed (a) stromal edema and (b) a corneal ulcer measuring
2 x 2mm with fluorescent staining. (c) Confocal laser microscopy revealed structures highly resembling
amoebic cysts in the ulcer. After 7 days of treatment, (d) the corneal edema had subsided and (e) fluorescein
staining was weakly positive. (f) The ulcer had healed with a small corneal opacity at the 2-month visit.

Bar = 50 microns.

findings, and treatment plan. Based on our
strict inclusion and exclusion criteria, we
identified 13 relevant case reports for data
analysis after removal of review articles,
general serial reports, and irrelevant
reports. These 13 case reports involved 24
eyes of 20 patients using OK lenses
(Table 1). Among all reported cases, the
patients’ ages ranged from 9 to 41 years
and the highest incidence of AK occurred
in the 10- to 19-year age range. The mean
age at presentation was 19.4+8.2 years,
and female preponderance was identified
(male:female ratio of 1.0:2.3). The most
common risk factor for AK in OK lens
wearers was rinsing the lenses or cases
with tap water. Practices such as inappro-
priate lens care procedures, patient non-
compliance ~ with  the  practitioner’s
instructions, and persistent lens use despite
discomfort emerged as potential risk factors
for AK in OK lens wearers. The perfor-
mance of microbiological culture as the
diagnostic method was reported in 83% of

the cases. Among them, one patient had
bilateral symptoms but was culture-
positive on only one side. Confocal micros-
copy was used for confirmation in three
eyes. The median duration from onset of
symptoms to diagnosis was 20 days.
Among all 20 patients, 42% had poor out-
comes as defined by best-corrected visual
acuity of less than 20/40 or requirement of
surgery.

Discussion

AK is caused by a free-living protozoan.
When describing this causal agent,
Acanthamoeba spp., the most frequent
word used is “ubiquitous” because this pro-
tozoan is commonly found in air, soil, dust,
and all kinds of water including fresh and
chlorinated water, showers, and swimming
pools.®” Although Acanthamoeba species
are found almost everywhere, they are con-
sidered largely a waterborne pathogen in
humans because AK has only been
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consistently linked to alterations in the
quality of domestic water supplies®® or
contact with contaminated water.” The
Centers for Disease Control and
Prevention and previous studies®’-'12
have indicated that the practice of rinsing
lenses or lens cases with tap water is a very
common risk factor for Acanthamoeba
infection in OK lens wearers; this is consis-
tent with the findings in our reviewed cases
and our two patients.

There are two stages in the life cycle of
Acanthamoeba species: an active trophozo-
ite stage that exhibits vegetative growth,
and an intrinsically resistant cyst stage
with minimal metabolic activity.'> Mutual
transformation can be observed between
the trophozoite and cyst by encystment or
excystment. Commonly, the trophozoite
becomes a resistant cyst with food depriva-
tion, desiccation, extreme temperature, and
extreme pH or with the use of topical med-
ications.?® While in a suitable environment
or with adequate food resources, the tro-
phozoite excysts and reproduces by binary
fission.!” More than 20 genotypes have
been identified to date based on the analysis
of sequence differences in the diagnostic
fragment 3 region of the 18S ribosomal
RNA gene."* Among all these genotypes,
T4 is the main genotype in China'® and
has also been found to be the most
common genotype related to eye infections
in most countries.'® "

More than 40 years have passed since the
first case of AK was documented.?' Cases
of AK have increased largely in parallel to
the growing use of contact lenses, and
indeed, contact lens use is recognized as
the leading risk factor for AK.'"**?
Among all kinds of contact lenses, previous
studies have shown that the incidence of
AK is lowest in regular rigid gas permeable
(RGP) lens wearers; one study showed that
the incidence rate of AK was 9.5 times
lower in RGP lens wearers than in soft con-
tact lens wearers.” Interestingly, however,

patients using RGP lenses for OK purposes
have a higher incidence rate of
Acanthamoeba  infection.”**  Among
causes of microbial keratitis related to OK
lens use, Acanthamoeba has become the
second most common culprit.®

The worldwide prevalence of myopia is
dramatically increasing, especially in East
Asia, where the prevalence may reach
90% in university student populations.?’-*
OK lenses, with their outstanding myopia
control effect, have become a very popular
choice among patients with myopia.>
According to incomplete statistics, more
than 1.2 million OK lenses were sold in
China in 2019. Although numerous studies
have focused on the mechanism and clinic
effects of OK lenses in myopia control,** 3
equal attention must be paid to the risk of
complications. Among all complications,
AK is relatively rare but vision-threaten-
ing."” With the potential risks for young
patients with this severe ocular disease,
ophthalmologists and lens prescribers
must become more aware of the pathologi-
cal processes and management of AK
because children and adolescents are the
main target populations of OK lens use.
Despite many studies having rapidly
advanced the knowledge of Acanthamoeba
infection, few studies have focused on AK
in OK lens wearers. Most previous studies
have drawn summative conclusions that
contact lens use is the leading cause of
AK without distinguishing the lens type,
lens material, or lens design. However,
how does OK lens use increase the inci-
dence of AK? Below, we present a detailed
analysis of the possible pathogenesis of AK
and discuss its clinical manifestations, diag-
nostic methods, treatments, and prognosis
among OK lens users.

Compared with regular rigid contact
lenses, the OK lens uses the same lens mate-
rial but has a different design and wear
modality, adopting reverse geometry to
reshape the anterior surface of the cornea.
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This design has two purposes: first, to pro-
vide unaided clear visual acuity during the
daytime by the wearing of the OK lens at
night while asleep to flatten the central cor-
neal curvature; second, to reduce the elon-
gation of the ocular axial Ilength,
sequentially controlling myopia progression
by increasing peripheral myopic defocus,
which is a putative mechanism to slow
myopia development.**** Different from
the regular alignment fit of the RGP lens,
the shape of the OK lens and the inherent
tight bending between the lens and cornea
can induce central corneal epithelial thin-
ning and surface cell damage, which predis-
poses the cornea to an increased risk of
infection.*>*® On the basis of different
designs of the same material, Wei et al.®’
suggested that the OK Ilens produces a
higher risk of microbial keratitis than the
alignment fit RGP lens with overnight
wearing because the OK lens resulted in
greater cornea binding for pathogens in
their study. Choo et al.*® stated that tear
pooling under the reverse curve of the OK
lens created higher colonization rates than
the alignment fit lens, under which the tear
fluid was evenly distributed. Although these
two studies®’** focused on corneal adhe-
sion of Pseudomonas aeruginosa, the
higher infection rate of Acanthamoeba in
OK lens users may share the same mecha-
nism. In addition to the lens design, the
nocturnal wearing strategy of the OK lens
is another main reason for the increased
infection risk.** The cornea usually goes
into a relatively hypoxic status with eyelid
closure during sleep, and diffuse cornea
edema or microcystic epithelial changes
can be seen during this time.** When an
OK lens is worn during nighttime, the
state of oxygen deprivation is advanced,
leading to cell death and desquamation of
the stressed epithelial cells and increasing
the risk of abrasion.** Another study
showed that high carbon dioxide tension
served as a strong stimulus for

Acanthamoeba excystation and growth.!”
When the epithelium is no longer intact,
pathogen adhesion and infection readily
occur. In practice, many lens prescribers
intend to prevent myopia progression by
inducing more peripheral myopic defocus,
which is hypothesized to provide effective
myopia control by changing the corneal
shape and aberrations. This may result in
higher pressure or tighter fitting by chang-
ing the parameters of the OK lens even
beyond the patient’s needs. Greater hydrau-
lic pressure underneath the OK lens can
produce larger mechanical corneal abra-
sions, giving this opportunistic pathogen
greater exposure via breaks in the epitheli-
um and resulting in corneal infiltration.
These possible causes contribute to the
increased risk of infection.

Early diagnosis of AK is invaluable and
is associated with relatively favorable out-
comes. However, the diagnosis of AK can
be challenging because the corneal infec-
tions caused by Acanthamoeba sometimes
have no particular characteristics or they
may mimic other corneal infections, such
as herpes simplex keratitis or fungal kerati-
tis.*!  Additionally, Acanthamoeba co-
infections with other bacteria or viruses
are common.*'™ The patients’ presenta-
tions can vary and may involve common
signs of ocular inflammation, such as
blurred vision, photophobia, pain, and tear-
ing, usually involving one eye but occasion-
ally both.** Many articles have emphasized
the degree of pain associated with AK and
have even regarded it as the hallmark symp-
tom; the pain has been described as “severe
or excruciating” or “characteristically dis-
proportionate to relatively mild clinical
findings.”® However, the diagnosis of AK
cannot be ruled out if pain is absent.
Some patients with AK may be pain-free
or have mild pain clinically, as did our
two patients. Patients with a long history
of OK lens use but poor hygiene habits
regarding lens care often have chronic
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ocular microtrauma. They may not com-
plain of pain as a significant symptom
because they may have reduced corneal sen-
sation after a long period of OK lens
wearing.

AK usually progresses slowly. Early
infections generally signify changes in the
epithelium, such as punctate keratopathy-
induced irregularities, multifocal epithelial
or subepithelial infiltration, pseudo-
dendrites, and/or elevated epithelial
ridges."> AK can involve the corneal nerve
and cause radial keratoneuritis, which is rel-
atively specific, although it does not appear
in all cases.”* Our patients had an early
presentation with central corneal haze and
a ground-glass appearance. In the late
stages, the amoebae can deeply penetrate
the corneal stroma, and the infection
becomes exceedingly difficult to treat and
eradicate.***¢ A corneal ring infiltrate is
recognized as a characteristic sign and
strong predictor of a poor outcome,
although it appears in less than half of
affected patients.>*’ Salt-like dense infil-
trates and/or groove-shaped corneal melting
have been reported as other helpful charac-
teristics that are more frequently observed
than ring infiltrates (61.1% vs. 41.1%,
respectively).*® Hypopyon, anterior scleritis,
or perforation can be seen in certain late-
stage cases. The formation of cataract or
elevated intraocular pressure can be caused
by severe anterior chamber inflammation,
which can also be attributed to long-term
use of topical antiamoebic eyedrops.'®*!

Numerous studies have suggested that a
long symptom duration before diagnosis or
a late stage of AK at presentation is asso-
ciated with a longer disease course and
worse visual outcome.***>¢ One main
reason for the favorable prognosis in our
patients was a timely diagnosis within the
first few days of symptom occurrence. In
their analysis of all patients with AK from
1991 to 2013 at the Tongren Eye Center,
Jiang et al.*® found that 77.8% of 260

cases were identified as advanced-stage
AK at the initial presentation and that
53.3% of their patients were cured after
undergoing topical antiamoebic therapy
for a mean duration of 5 months.*® In our
case summary, however, patients had a
better therapeutic outcome and shorter
length of treatment if they received an accu-
rate diagnosis within 3 weeks (Table 1).
This requires the primary practitioner to
become more sensitive to possible cases
and to have lower thresholds for referral
or diagnostic procedures. Once the diagno-
sis is suspected, confirmation must begin
immediately.

Conventional diagnostic methods such
as smear and culture are still commonly
used in the clinical setting, and culture
remains the gold standard for diagnosis of
Acanthamoeba. However, the sensitivity of
these techniques can be unfavorable, rang-
ing from 70% to 84% for smear and 33%
to 50% for culture.*"**>! In recent years,
in vivo confocal microscopy (IVCM) has
become more widely used in the clinical set-
ting. IVCM is a very helpful method with
higher sensitivity (close to 90%) and specif-
icity (91.1%-100%) for the diagnosis of
AK>'? using the reference standard of a
positive culture result. Noninvasive and
rapid IVCM checks, especially for patients
with an uncertain diagnosis, a poor initial
treatment response, or a history of pro-
longed therapy for corneal infection, can
allow detailed examination and permit
monitoring of the disease course. In our
cases, we first checked the patients’ corneas
by IVCM with consideration of the whole
picture of each patient’s history, invasive
processing of corneal scraping, and longer
return period of culture. Cysts of
Acanthamoeba under IVCM appeared as
high-contrast, ovoid, double-walled struc-
tures or round bodies. Polymerase chain
reaction assay is another rapid novel diag-
nostic  method that can identify
Acanthamoeba 18S ribosomal RNA with
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71% to 77% sensitivity.”*>* Clinically, mul-
tiple microbial workups will enhance the
identification of a particular pathogen.
Further studies are needed to validate the
interpretation and utilization of these diag-
nostic tools for prompt diagnosis and
treatment.

No medications have been licensed and
no specific therapeutic plans have been
established for Acanthamoeba infection.**-*
All treatment protocols are empirically
based on clinical observations or previous
publications. Despite the numerous reports
and studies on the treatment of AK, differ-
ent countries may have different therapeutic
protocols involving considerations such as
easy accessibility, medical potency, adverse
effects, and costs, especially if long treat-
ment periods are required. Although con-
sensus is lacking, the first-line therapeutic
medication in most countries is a biguanide,
including polyhexamethylene biguanide
0.02% or chlorhexidine 0.02%; these are
identified in the literature as the most effec-
tive cysticidal antiamoebics with low levels
of corneal epithelial toxicity.*>**> They
can be used either as monotherapy or in
combination with a diamidine, such as
propamidine 0.1% or hexamidine 0.1%.
There is limited evidence for a better prog-
nosis with dual therapy as opposed to
monotherapy. However, many clinicians
prefer a dual therapeutic plan by combining
a biguanide with a diamidine for potentially
synergistic or additive effects in consider-
ation of the difficulty of eradicating resis-
tant cysts.'®® Various researchers have
compared the respective efficacy of these
medications.>>"*® However, no significant
difference has been found in the success rate
(78% and 86% for chlorhexidine and poly-
hexamethylene biguanide, respectively).®’
We used chlorhexidine alone in our patients
and achieved a satisfactory result because
both cases were diagnosed at an early stage.

Inclusion of steroids in AK management
is controversial. Many studies have shown

the need for longer therapeutic periods or
poorer visual outcomes if steroids are used
before diagnosis or under misdiagnosis of
viral infections. Steroids can suppress
patients’ immunological responses, espe-
cially the amoebic killing function of mac-
rophages. They can also increase the
number of trophozoites by facilitating
excystment, leading to greater corneal
destruction. Many authorities suggest
avoiding steroid use during the whole
course of AK treatment, especially in
cases of early diagnosis.”** Some
researchers recommend that patients
receive steroids when severe or persistent
infections are present, such as anterior
scleritis or indolent ulcers.**>* Our patients
were not treated with steroids, and they
responded rapidly to antiamoebic drugs.

Numerous alternative strategies exist in
addition to these commonly used medica-
tions. For example, some Chinese clinicians
have reported use of a cocktail therapy of
chlorhexidine (0.02%), neomycin (0.5%),
and metronidazole (0.4%).” However,
recent studies are less supportive of the
use of aminoglycosides such as neomycin
and paromomycin in AK therapy because
of their non-cysticidal function and signifi-
cant corneal toxicity. Certain antifungal
medications, such as oral fluconazole, are
also used less frequently in contemporary
treatment plans.

For refractory late-stage cases of AK,
therapeutic keratoplasty can be indicated
to save the patient’s visual outcomes if the
condition stops responding to medical ther-
apy. Most specialists suggest that surgery
should not be performed until the acute
infection has been alleviated.***° The need
for corneal grafting has varied during the
past several decades and could be quite
high in some studies. Jiang et al.*® stated
that 46.7% of their patients required thera-
peutic grafts. In a retrospective case series
of 62 patients with AK in a tertiary hospital
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in Taiwan during a 20-year period, 35.5%
of patients underwent surgical treatment.®'

Conclusion

The mechanism of orthokeratology lens-
related AK is likely to involve a combina-
tion of altered corneal defenses, including
mechanical trauma, oxygen deprivation,
nutrient starvation, metabolic injury, eye
dryness related to lens use, hypersensitivity
or chemical toxicity from the lens material
and lens solution, and microorganism
adherence to the non-intact corneal epithe-
lium. All of these potential pathological
processes may contribute to the develop-
ment of AK. When managing patients
with ocular infection related to OK lens
use, ophthalmologists must rely on their
accrued experience and clinical acumen to
determine the next steps for slowing the pro-
gression of infection, improving the
patient’s prognosis, and saving the patients
from potential vision loss and high medical
expenses. The cornea of OK lens users must
be carefully evaluated under a slit lamp at
each follow-up visit. Clinicians must pay
more attention to the corneal health of
patients with poor compliance because
these patients may be accustomed to minor
irritations in their eyes and thus overlook
corneal discomfort. Primary doctors also
need to advance their medical knowledge
and improve their ability to diagnose rare
diseases that may cause severe consequen-
ces. Finally, it is very important to empha-
size clinical communication and establish a
system enabling rapid referral of patents.
Surveillance efforts must be combined with
clinical efforts to understand the deeper
mechanisms of AK caused by OK lens use.

Future direction

Further studies need to collect more com-
prehensive data that include all parameters
of lens and lens fitting conditions, which are

very important because the mechanical
effects of the lens vary based on these fea-
tures. Besides the OK lens itself, the lens
disinfection system needs to be improved
because it was attributed to the sudden
rise in the incidence rate of AK in the
United Kingdom and the United States
from 2002 to 2007.%%> However, increasing
the antiseptic ingredients in lens solutions
will aggravate the known toxic and apopto-
tic effects on the ocular surface, especially
with long-term use. Further research is
needed to identify a more effective and
safer lens care system.
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