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Abstract

e This study is to investigate the characteristic features
of Acanthamoeba keratitis (AK) that differentiating it from
herpetic epithelial keratitis (HEK) using anterior segment
optical coherence tomography (AS-OCT). Medical records
of three eyes of each AK and herpetic keratitis who had
AS-OCT examination were reviewed in this study. Slit-
lamp biomicroscopy and AS-OCT was performed on the
initial visit and on every follow-up visits in all patients. In
all three AK cases, reflective bands in the corneal stroma
that correspond to the area of radial keratoneuritis were
observed. The depth of the reflective bands varied in
each case. After AK treatment, slit-lamp biomicroscopy
confirmed that radial keratoneuritis had resolved and AS-OCT
confirmed that reflective bands in the corneal stroma had
also disappeared in all patients. Unlike the AS-OCT results
found in AK, highly reflective HEK lesions were observed
only in the subepithelial area, not in the stroma. AS-OCT
seems to be helpful analyzing the specific depth of the
lesion which enables to distinguish AK from HEK.
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INTRODUCTION
A Ithough acanthamoeba keratitis (AK) is relatively
uncommon, when its diagnosis is delayed or incorrect,
it can cause severe ocular damage. Recently, it was found that
the main cause of AK is the improper use of contact lenses,
including soft contact, hard contact, and orthokeratology
lenses'" ™. The clinical manifestations of AK include severe
pain, corneal epithelial defect, corneal haze, and the most
characteristic manifestation, radial keratoneuritis”’. Although
AK presents with characteristic signs, it is known to mimic
herpetic epithelial keratitis (HEK)'". A definitive AK diagnosis
is made by confirming its cytopathology using specific staining
or culturing, a time-intensive process'".
High-resolution anterior-segment optical coherence tomography
(AS-OCT) allows the non-contact measurement and non-
invasive imaging of microscopic structures, including the
epithelium, Bowman layer, stroma, Descemet membrane,
and endothelium™"". Yamazaki et al'”’ reported that AS-OCT
provides novel and detailed visual information about radial
keratoneuritis in patients with early-stage AK.
The purpose of this study was to investigate the characteristic
features of AK that differentiating it from HEK using AS-OCT.
SUBJECTS AND METHODS
This study adheres to the tenets of the Declaration of Helsinki.
Written informed consent was obtained from all patients.
The medical records of three patients with AK and three
with herpetic keratitis were reviewed in this study, such that
each group was composed of three eyes. All patients were
examined using AS-OCT (Spectralis; Heidelberg Engineering,
Heidelberg, Germany) with an anterior segment module that
uses raster and single-scan with high-resolution acquisition at
a speed of 40 000 A-scans per second, an axial resolution of
3.9 to 7 um, and a transverse resolution of 14 um. Slit-lamp
biomicroscopy and AS-OCT was performed on all patients

during the initial and every subsequent follow-up visit.
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Figure 1 AK case 1 A: Radial keratoneuritis observed by slit-lamp biomicroscopy. AS-OCT exhibits reflective bands in the corneal stroma

that correspond to the area of radial keratoneuritis (white arrows); B: After AK treatment, radial keratoneuritis disappeared in slit-lamp

biomicroscopy, and reflective bands in the corneal stroma disappeared in AS-OCT.

Figure 2 AK case 2 A: Radial keratoneuritis observed by slit-lamp biomicroscopy. AS-OCT exhibits reflective bands in the corneal stroma

that correspond to the area of radial keratoneuritis (white arrows); B: After AK treatment, radial keratoneuritis disappeared in slit-lamp

biomicroscopy, and reflective bands in the corneal stroma disappeared in AS-OCT.

Table 1 Characteristics, clinical ocular histories and treatments of AK patients

Case Sex/age  Laterality  Risk factor Slit lamp exam Culture Treatment Outcome
1 F/15 (0N SCL Pseudodenrites, Cyst Epithelial debridement, Good
radial keratoneuritis, trophozoite  topical 0.02% hexamedine,
subepithelial infiltration, topical 0.02% PHMB, oral
conjuctival injection itraconazole
2 F/18 OD Cosmetic ~ Pseudodenrites, Cyst Epithelial debridement, Good
SCL radial keratoneuritis, topical 0.02% hexamedine,
subepithelial infiltration, topical 0.02% PHMB, oral
conjuctival injection itraconazole
3 F/18 (0N} SCL Pseudodenrites, Cyst Epithelial debridement, Good

radial keratoneuritis,
subepithelial infiltration,
conjuctival injection

topical 0.02% hexamedine,
topical 0.02% PHMB, oral
itraconazole

SCL: Soft contact lenses; PHMB: Polyhexamethylene biguanide.

RESULTS

Acanthamoeba Keratitis Patients Table 1 summarizes
the characteristics, clinical ocular histories, and treatments
for all AK patients. The use of soft contact lenses was the
cause of AK for all the patients. A definitive diagnosis of AK
was confirmed by plate culturing tissue obtained by corneal
scraping. The corneal tissue was placed onto the center
of a 1.5% non-nutrient agar plate covered with a lawn of
Escherichia coli. Plates were sealed with parafilm, incubated

at 30°C, and screened by inverted phase contrast microscopy.

In all cases, patients were initially treated with 100 mg of oral
itraconazole, topical 0.02% polyhexamethylene biguanide
(PHMB) and 0.02% chlorhexidine. Clinical outcomes were
fair with visual recovery in all AK cases.

In all three AK cases, we observed reflective bands in
the corneal stroma that corresponded to the area of radial
keratoneuritis (case 1: Figure 1A; case 2: Figure 2A; case 3:
Figure 3A). The depth of the reflective bands varied in each
case. After AK treatment, slit-lamp biomicroscopy confirmed
that radial keratoneuritis had resolved and AS-OCT confirmed
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Figure 3 AK case 3 A: Radial keratoneuritis observed by slit-lamp biomicroscopy. AS-OCT exhibits reflective bands in the corneal stroma

that correspond to the area of radial keratoneuritis (white arrows); B: After AK treatment, radial keratoneuritis disappeared in slit-lamp

biomicroscopy, and reflective bands in the corneal stroma disappeared in AS-OCT.

Figure 4 HEK cases Highly reflective lesion of HEK were observed only at subepithelial area but not at stroma. In some patients, corneal

epithelial irregularity was also observed in both slit-lamp biomicroscopy and AS-OCT.

Table 2 Characteristics, clinical ocular histories and treatments of HEK patients

Case Sex/age  Laterality Risk factor Slit lamp exam Treatment Outcome
1 M/42 OD Ankylosing spondylitis ~ Dendritic ulcer, Topical acyclovir Good
oral steroid treatment subepithelial infiltration,  ointment
conjunctival injection
2 M/83 OD Old age Dendritic ulcer, Topical acyclovir  Subepithelial opacity
DM subepithelial infiltration ointment
HTN with surface irregularity,
conjunctival injection
3 M/70 OD HTN Geographic ulcer, Topical acyclovir ~ Subepithelial opacity with

subepithelial infiltration
with surface irregularity,

ointment,
artificial tear

surface irregularity

conjunctival injection

DM: Diabetes mellitus; HTN: Hypertension; HEK: Herpetic epithelial keratitis.

that reflective bands in the corneal stroma had also disappeared
in all patients (case 1: Figure 1B; case 2: Figure 2B; case 3:
Figure 3B).

Herpetic Epithelial Keratitis Patients Unlike the AS-OCT
results found in AK, highly reflective HEK lesions were
observed only in the subepithelial area, not in the stroma
(Figure 4). In some patients, we observed corneal epithelial
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irregularity using slit-lamp biomicroscopy and AS-OCT. Table 2
summarizes the characteristics, treatment process and results
of the HEK patients.

DISCUSSION

Solely using slit-lamp biomicroscopy examination to clinically
diagnose AK is limited, especially at the early phase of
the disease. Among other anterior segment features, radial
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keratoneuritis is considered a characteristic sign of early stage
AK and it can easily be confused with the dendritic lesions
or subepithelial infiltration seen in HEK. AK is known to
resemble HEK and is often misdiagnosed and treated as
HEK'™. More than 50% of AK cases are misdiagnosed as HEK
at initial diagnosis™, rendering it impossible to properly treat
AK early. Although an AK diagnosis can be confirmed by
staining, corneal biopsy, or tissue culture', these procedure
require a lot of time and resources. Additionally, if AK is
misdiagnosed as and treated for herpetic keratitis, the toxicity
of HEK viral treatments can cause the disease to progress
faster than normal while awaiting the test results. For this
reason, it is important to distinguish AK from HEK early in the
disease onset.

The recent development of AS-OCT enables the visualization
of microscopic corneal structures. Yamazaki et al'’' reported
that AS-OCT provides novel and detailed visual information
of radial keratoneuritis in patients with early-stage AK"".
However, to date, there have been no reports comparing AS-
OCT findings in AK and HEK patients.

Consistent with the findings from the study by Yamazaki
et al’', we observed highly reflective bands in the corneal
stroma that corresponded to the area of radial keratoneuritis
and these bands disappeared as the radial keratoneuritis
resolved after proper AK treatment in all of our patients.
Corneal nerve bundles are known to enter the cornea at the
periphery and move towards the center, below the anterior
third of the stroma''”. In our study, reflective bands in the
corneal stroma also appeared at the anterior third of the
stroma, which is consistent with the corneal nerve passage”.
However, in the current study, it was impossible to identify
AK cysts or trophozoites using AS-OCT because of the limited
power resolution of the device, meaning that currently, AS-
OCT cannot replace tissue culture. In addition, in-vivo confocal
microscopy enables to identify AK cysts or trophozoites by
its higher resolution compared to the AS-OCT, but AS-OCT
has its strength by allowing an overall analysis of the ocular
surface due to larger visualization windows'* ", We believe
that if the AS-OCT resolution increases enough to distinguish
AK cysts and trophozoites, then tissue culturing could be
replaced by AS-OCT. Until then, additional in-vivo confocal
microscopy examination along with AS-OCT may be a way to
improve the diagnosis rate besides tissue culture.

Unlike AK cases, highly reflective lesions were only observed
in the subepithelial area in HEK patients and these lesions
remained after the treatment. Although some cases report that
HEK initially presents as keratoneuritis, most herpetic keratitis
involves the corneal epithelium in the early stage of the discase
17 To differentiate

AK from HEK early in the disease, it is important to confirm

(e.g. corneal vesicles and dendritic ulcers)'

if the corneal lesion involves the corneal epithelium or stroma.

AS-OCT is known to be able to identify disease boundaries in
more detail than slit-lamp biomicroscopy even in the presence
of corneal opacity, as in this study"*. Similarly in our study,
AS-OCT appears to be more helpful in analyzing detailed
lesion depth than slit lamp biomicroscopy in diseases such as
AK or HEK that accompanies corneal opacity.

Reflective bands in the corneal stroma that present with radial
keratoneuritis, which can be seen using AS-OCT, can be useful
to distinguish AK from herpetic keratitis. However, because
keratoneuritis is also a characteristic of other diseases than AK,
further information, such as a detailed medical history about
contact lens use, severe ocular pain, and other symptoms of
AK, are necessary for an AK diagnosis. Because this study
only included a small number of patients, future studies with a
larger number of AK patients are necessary.
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