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Purpose: To evaluate the role of in vivo laser scanning confocal microscopy (Heidelberg Retina Tomograph Il, Rostock
Cornea Module, HRTII-RCM) in the managemenfocinthamoeba keratitis (AK).

Methods: Four eyes of four patients with AK seen at Keio University Hospital at the Department of Ophthalmology were
studied in this single-center, prospective, interventional case series. All patients were routinely examined by slit-lamp
microscopy including corneal fluorescein staining. Best corrected visual acuity (BCVA) was also measured before and
after the treatment for AK. Both the scraped corneal epithelium and soft contact lens (SCL) storage solution in each
patient’s SCL case were cultured. Patient corneas were examined regularly using the HRTII-RCM before treatment and
after commencement of medications including azoles, echinocandins, and chlorhexidine.

Results: All patients had various degrees of conjunctival injection, corneal edema, stromal opacity with radial keratoneuritis
with slit-lamp examination. Cultures for AK were positive in three out of four cases by corneal scraping. Contact lens
storage solutions were also positive in three of four cases. HRTII-RCM examination couldctdeimoeba cysts or
trophozoites in all eyes before corneal scraping. No organisms were detectable in any of the cases in any of the corneal
layers four to six weeks after treatment. The BCVA improved with treatment in three of four eyes.

Conclusions: HRTII-RCM could effectively demonstrate cysts and trophozoites and the nature of the inflammatory pro-
cess in AK. In vivo laser scanning confocal microscopy employing HRTII-RCM could provide an end-point for treatment,
saving the patient from additional invasive diagnostic procedures and unneeded exposure to long term topical or systemic
medications.

Although Acanthameoba keratitis (AK) is extremely rare,invasive diagnostic tools which add an additional burden to
with reported US annualized incidence rates ranging betweehe corneal wound healing process. Cultures using non-nutri-
1.65 to 2.01 cases per million contact lens wearers, it may emeht agar overlaid witBscherichia coli (E. coli) may show the
up to 15 times more common in the United Kingdom, Europetrophozoites but not all laboratories are willing or equipped to
and Hong Kong [1-7]. provide this culture [8].

Recently, there has been a considerable increase in the Confocal microscopy is a non-invasive tool that may aid
number of AK cases in the US which was attributed to changes the diagnosis of AK and be useful in monitoring the treat-
in clinical or demographic factors, organism pathogenicityment response. Recently, cornea-specific in vivo laser scan-
changes in lens care hygiene, and water supply disinfectiaring confocal microscopy (Heidelberg Retina Tomograph II,
standards [1-7]. Rostock Cornea Module [HRTII-RCM], Heidelberg Engineer-

Soft contact lens (SCL) wear still remains the leading riskng GmbH, Dossenheim, Germany) has become available,
factor for AK, although corneal trauma followed by exposureyielding impressive, high quality images in many corneal pa-
to Acanthamoeba alone may incite the keratitis [8]. thologies [9]. In the literature, to the best of our knowledge,

The diagnosis and management are still challenging isanly a single case report described the confocal laser findings
sues for the ophthalmologist and numerous studies have showna mixed corneal infection with filamentous fungi and
that a delay in diagnosis is associated with worse visual oufcanthamoeba. In this study, we report the application of this
come and a protracted course [8]. Limitations of the diagnosiew technology to the diagnosis and successful new treatment
tic techniques may often lead to a delayed or a mistaken diagf AK with a combination of micafungin and chlorhexidine
nosis. Corneal scrapings or biopsies, stained with Giemsdgscribed for the first time in the literature.
periodic acid-Schiff (PAS), calcofluor white, or acridine or-
ange stains may demonstrate cysts and trophozoites but are METHODS
Qubjects and dlit-lamp examinations: All four patients (three
Corresponden(_:e to:_ Dr. \_(ukihiro Matsumqt(_), Depgrtment of Qphfemales and one male, mean age; 23.9.2 years) were con-
thalmology, Keio University School of Medicine, Shinanomachi 35";act lens (CL) users and had severe ocular pain and decreased
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81-3-3358-5961: email: ymatsumoto8@aol.com )ﬂnsuon for at least a month despite medical treatment at an
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other clinic. Patients had to be suspected cases of AK witradually moving the focal plane forward into the corneal
any of the corneal findings such as irregular punctate epithetroma. Corneal lesions were scanned while moving the
lial keratitis, pseudo-dendritic keratitis, radial keratoneuritisapplanating lens from the upper edge of the lesion toward the
ring infiltration or discoid keratitis to be included in this study.lower edge with minute vertical movements. Corneal lesions
Best corrected visual acuity (BCVA) was measured at the firstvere also scanned while moving the applanating lens from
visit to our hospital (Keio University Hospital, Tokyo, Japan)the nasal edge of the lesion toward the temporal edge with
and was routinely checked afterward. All patients were careminute horizontal movements. The number of cysts and tro-
fully examined by slit-lamp microscopy including corneal fluo- phozoites in nonoverlapping areas of each lesion were counted
rescein dye staining. The slit-lamp photographs were also ré each 40umx400um frame. The depth where the organ-
corded simultaneously at each visit. The severity of AK wagsms were found was also recorded in each case.

provided in each patient as early, late, and advanced as re- The laser source employed in the HRTII-RCM is a diode
ported previously [10]. Briefly, early stages of AK consistedlaser with a wavelength of 670 nm. Two-dimensional images
of clinical signs including pseudodendrites, epithelial hazeconsisted of 384x384 picture elements, covering an area of
and epithelial defects. Late stages consisted of stromal infilO0 umx400um. Transversal field of view was captured us-
trates, nummular keratitis, and epithelial defects. Advanceihg the “400 FOV” field lens. Digital resolution was quoted 1
stage disease had ring infiltrates, satellite lesions, and stromain/pixel at transversal andu2n/pixel at longitudinal by the
abscess as major clinical signs. Confocal microscopy was cananufacturer. Patients were regularly examined using HRTII-
ried out before any invasive procedure in this study. Informe®CM to evaluate the efficacy of medical treatment after com-
consents were obtained from each patient. mencement of topical medications.

Invivo laser confocal microscopy: In vivo confocal scan- Culturefor Acanthamoebarganisms; Acanthamoeba was
ning laser microscopy was performed on all subjects with aultured on non-nutrient agar (Agar No.1, Oxoid, Basingstoke,
new generation confocal microscope, the Rostock Cornedlampshire, UK) overlaid witk. coli (E. coli 25922, Ameri-
Software Version 1.2 of the HRTII-RCM. After topical anes-can Type Culture Collection, Manassas, VA), which was spe-
thesia with 0.4% oxybuprocaine, the subject’s chin was placeelally prepared in the microbiology laboratory of our hospital.
in the chin rest. The objective of the microscope was an imzorneal scrapings were done using a sterile spatula. The SCL
mersion lens (Zeiss, magnification 63X) covered by astorage solutions from each patient's SCL cases were also sent
polymethylmethacrylate cap (Tomo-Cap; Heidelberg Engifor culture. Scraped corneal epithelium was placed in sterile
neering GmbH, Dossenheim, Germany). Comfort gelvater. Scrape specimens and SCL storage solutions were cen-
(Bausch&Lomb GmbH, Berlin, Germany) was used as a courifuged for 15 min at 3,000 rpm. The supernatant was care-
pling agent between the applanating lens cap and the cornéally removed in a sterile manner and the remaining substance
By adjusting the controller, the center of the Tomo-Cap wawas seeded on the culture dish. The culture dish was observed
applanated onto the center of the cornea and in vivo digitalith a light microscope everyday for at least a week. If the
images of the cornea were visualized directly on the comput@rganism was not detected seven days after seeding, the result
screen. When the first superficial cells were seen, the digitatas regarded as negative.
micrometer gauge was set at zero then by pressing on the foot Medical treatment: All patients received a combination
pedal, sequence images were recorded by a charge-couptEa topical antifungal agent (three patients: echinocandin com-
device (CCD) color camera (maximum 30 frames/s) whilgpound; one patient: azole compound) and a surface-active agent

TABLE 1. BACKGROUND AND CLINICAL FINDINGS OF ACANTHAMOEBA KERATITIS

BCVA Use Use Culture  Culture BCVA
hefore Clinical of of ofcornea of CL HRTI Topical Corneal after Recur- Follow-up
treatment stage CL  stercid seraping solution -RCM treatment scraping treatment rence periods
Casel HM Advanced (+) (+) Pos. Neg. +) FCZ b times HM (-) 40w
{-) at 6w ChG
Case 2 6/200 Late - Neg. Pos. (+) MCFG  7times 16/20 (-) Jdw
(-)at4w  ChG
Case 3 12/20 Early + @) Pos. Pos. (+) MCFG 9 times 20/20 (-) 20w
{-) at 5w ChG
Case 4 CF Advanced (+) (+) Pos. Pos. (+) MCFG 5 times 14/20 (-) 18w

(-) at 4w ChG

The table demonstrates the clinical stage of acanthamoeba keratitis, risk factors for the infection, culture resultsstratgyenisual
outcome, and prognosis. Note that the combination of either fluconazole and chlorhexidine or micafungin and chlorhexafeetivere
options in eliminating acanthamoeba organisms as observed by confocal microscopy. No recurrences were observed withtoesisation o
ment throughout the follow-up period. BCVA=best corrected visual acuity, CL=contact lens, HRTII-RCM=Heidelberg Retina Tollhograph
Rostock Cornea Module, HM=hand motion, CF=counting finger, FCZ=fluconazole, MCFG=micafungin, ChG=chlorhexidine gluconate,
Pos.=positive, Neg.=negative
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(chlorhexidine gluconate). Topical fluconazole (FCZ; Diflucan,ing to the improvement response of the corneal lesions. Topi-
Pfizer Pharmaceutical Co., Tokyo, Japan) was prepared as fical eye drop use was terminated when successive confocal
bottles (10 ml/bottle) that were aliquoted from 0.2% inject-scans did not reveal any cysts or trophozoites during the fol-
able solution of FCZ (100 mg/50 ml) in a sterile manner. Topitow up.

cal micafungin (MCFG; Fungard, Astellas Pharmaceutical Co.,

Tokyo, Japan) was prepared as 0.1% eye drops by dissolving RESULTS

the injectable powder of the vials containing 50 mg of theThe characteristics and clinical outcome of our cases are sum-
antifungal agents by 50 ml of sterile saline solution. In thenarized in Table 1.

same manner, 0.02% topical chlorhexidine gluconate (ChG; dit-lamp examination: None of the patients received a
Maskin Water, Maruishi Pharmaceutical Co., Osaka, Japaimyroper diagnosis of AK at their previous institutions and were
was prepared by diluting 2.5 times the 0.05% original solutreated by topical antibiotics, ointment of acyclovir, or topical
tion, the antiseptic, surface-active agent. At the beginning dafteroids for bacterial, herpetic, or unknown keratitis for at least
the treatment, these eye drops were applied frequently (eveope month. At the first visit to our hospital, we observed cor-
30 min) to the infected eyes, which underwent proper cornealeal epithelial irregularity and disarray with sub-epithelial in-
scraping in order to reduce the quantity of the organism and fitration and radial keratoneuritis in each case by slit-lamp
increase the permeability of these agents. Corneal scrapingicroscopy. Specifically, case 1 (Figure 1) showed advanced
was stopped within a month in all cases. The patients werK with remarkable stromal ring infiltration, satellite lesions,
instructed to apply the combination of these eye drops to the@ind epithelial breakdown. Case 2 (Figure 2) had late AK with
infected eyes every 30 min at the beginning of treatment. Th&romal infiltrates. Case 3 (Figure 3) had early AK with epi-
frequency of topical eye drops was tapered gradually accorthelial haze and pseudodendrites. Case 4 (Figure 4) had ad-

Figure 1. Clinical outcome, confocal scan, and culture photographs of caseThe pre-treatment slit-lamp photograph of the cornea
revealed conjunctival injection and advanced stsgathamoeba keratitis with ring infiltration in the central cornd. The post-treatment
slit-lamp photograph of the cornea revealed round corneal opacity with deep new vessels in the centi@l ¢heetrTII-RCM showed a
double-walled and rounAcanthamoeba cyst (indicated by the black arrow; size: 2%; depth: 1um). D: Note the confirmation of the
presence of thAcanthamoeba cysts (indicated by the black arrow) and trophozoites (indicated by the white arrow) in the culture of corneal
scrapings.
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vanced AK with ring infiltrate and stromal opacity. The infil- the inner wall was not fixed and the tracery structure inside
trations started to decrease one week after commencementloé inner wall also varied. The size of the trophozoites was
topical eye drop application and could not be detected aftenore than 10@um. Confocal scans also revealed inflamma-
four to six weeks in all cases. Subsequently, the frequency tdry cells consisting of neutrophils or dendritic cells in the
each eye drop was reduced to five times per day and stoppledions. ManyAcanthamoeba cysts and trophozoites together
altogether when the confocal scans revealed no organismith inflammatory cells were detected by the HRTII-RCM
No recurrences were observed in our cases throughout thexamination in all eyes before corneal scraping. The cysts were
follow up. superficially located in the corneal epithelium in cases 1 (Fig-
The BCVAimproved in cases 2-4 (Figure 2,Figure 3,Fig-ure 1) and 3 (Figure 3), were somewhat deeper within the epi-
ure 4). Although the inflammatory infiltration decreased, sethelium at 3Qum in case 2 (Figure 2) and were intrastromal in
vere corneal opacity ensued after treatment and the BCVA dichse 4 (Figure 4) at a depth of @®. Confocal scan frames
not change in case 1 (Figure 1) who remained undiagnoseelvealed between zero and six cysts in case 1 (advanced AK;
without proper medication and developed advanced AK untiFigure 1). Confocal scan frames in the other case with ad-
her referral. vanced AK (case 4; Figure 4) showed between zero and three
In vivo laser confocal microscopy: The HRTII-RCM  cysts. Confocal scan frames from case 2 (Figure 2) with late
showed double-walled and rouAdanthamoeba cysts and/or  AK had zero to one cyst. Case 3 (Figure 3) with early AK had
homogeneous intense and multiform trophozoites in all casegero to one cyst and zero to one trophozoite in the confocal
All images of Acanthamoeba cysts captured by this device scan frames. The inflammatory reaction was mixed with neu-
basically revealed the double-walled cyst structures; howeverophils and more of dendritic cells in case 1 (Figure 1), mixed
the cysts had various sizes and shapes. The diameter of cyaggin with dendritic cell predominance in case 2 (Figure 2),
ranged between 20-10@n. The space between the outer andmainly neutrophilic with a few dendritic cells in case 3 (Fig-

e

Figure 2. Clinical outcome, confocal scan and culture photographs of cAsd Be pre-treatment slit-lamp photograph of cornea revealed
subepithelial infiltration with radial keratoneuritis in the central cornea with conjunctival injeBtidrhe post-treatment slit-lamp photo-
graph of the cornea revealed mild remaining corneal op&ciffhe HRTII-RCM showed a double-walled, routxchnthamoeba cyst (indi-

cated by the black arrow; size: 106; depth: 3Qum). Please note the Langerhans cells (indicated by the white arrows) in the close vicinity
of the cystD: Note theAcanthamoeba cysts (indicated by the black arrows) confirmed by culture of soft contact lens (SCL) storage solution.
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ure 3) and mainly dendritic in case 4 (data not shown). N@veness of its treatment [11]. In this report, we provided high
organisms or extensive inflammation were detected with fouresolution images of thi&canthamoeba cysts and trophozoi-

to six weeks after commencement of treatment for AK. tes within the corneal epithelium or the stroma using the in

Culturesfor AcanthamoebaWe performed a culture test vivo laser scanning confocal microscope (HRTII-RCM). Im-

for Acanthamoeba in all patients. Three out of four cases hadages of the cysts in all cases were characteristic with double-
positive cultures foAcanthamoeba from the scraped corneal walled, round, or ovoid shaped structure, from 20 to 0
epithelium and SCL storage solutions. Either cysts or trophan diameter. The HRTII-RCM provided high resolution sharp
zoites were shown on the culture dish with a light microscopanage details of the cysts such as the space and lack of fixa-
in these cases. The cysts characteristically showed doubliégen between the outer and inner walls and the presence of
walled structures and the endocysts showed round, star-shapealiation of the tracery structure inside the inner walls. Al-
or irregular polygons. The trophozoites had acanthopodia antiough Tandem Scanning Confocal Microscopy (Tandem
karyosome in the vesicular nucleus. The shape and size $tanning Corporation, Reston, VA) and ConfoScan (Nidek

trophozoites showed variation (25-66 in diameter). Technologies Srl, Vigonza, Italy) images from patients with
AK have been reported in the literature, only a single recent
DISCUSSION case report demonstratddanthamoeba cyst image together

A previous official report on ophthalmic technology assesswith fungus filaments with the HRT II-RCM [9,12-15]. We
ment by the American Academy of Ophthalmology stated thatvealed the images of trophozoites employing the HRTII-
confocal white light scanning holds the potential to instantaRCM for the first time in the literature in this report, which
neously provide a diagnosis of AK and a measure of the effeave believe will provide an easier diagnosis of trophozoites

Figure 3. Clinical outcome, confocal scan and culture photographs of cAs@ 3lit-lamp photograph of the pre-treatment cornea revealed
central subepithelial infiltration with radial keratoneuritis, corneal edema with conjunctival injé&tislit-lamp photograph of the post-
treatment cornea revealed centrally clear cornea with mild nasal corneal dpatitg. HRTII-RCM scan of the lesion showed double-walled
and roundAcanthamoeba cyst (C-1: indicated by the white arrow, size: 100; depth: 2um) and highly reflective and irregular-shaped
trophozoite (C-2: indicated by the black arrow, size: di#6 depth: 2um). D: Note that theAcanthamoeba cysts (indicated by the black
arrow) and trophozoites (indicated by the white arrow) were reconfirmed by cultures of corneal scrapings (D-1). Cysts iy theabéack
arrows) and trophozoites (indicated by the white arrows) were also confirmed in the culture of the SCL storage solution (D-2).
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for users of this new technology. The trophozoite forms havetudy may be explained by the differences of the biological
been reported to be more difficult to discern with previoudehavior of the amoeba organisms in living tissues compared
confocal device technologies as they appear similar to normtd the in vitro environment in cultures. Different cyst sizes
corneal keratocyte nuclei with ovoid, S-shaped structuresay also reflect the presence of different pathogenetic strains
within the corneal stroma [11]. With HRTII-RCM, the tro- in the tissues. Future studies employing HRTII-RCM and spe-
phozoites had homogeneous intense, high-reflective, and muies identification concomitantly may very well increase our
tiform structures that were generally over 108 in diam-  diagnostic ability of pathogenetic strains through their size
eter. We also detected many inflammatory cells including derand morphological features.
dritic cells, neutrophils, and others surrounding the  Acanthamoebic cultures and smears are still the standard
Acanthamoeba organisms. In our experience, the HRTII-RCM diagnostic methods used to detect the infectious organisms
permitted more details with sharper and higher image qualitj16,17]. In our study, microbiological evidence of
compared to white-light confocal microscopy images (TanAcanthamoeba in the corneal epithelial scrapings and CL so-
dem Scanning Confocal Microscopy or ConfoScan) of AKlutions was found in three out of four cases. Cultures, how-
published in the literature due to a better axial resolution tha@ver, are usually useful before treatment and require several
that obtained with the conventional white-light confocal mi-days to obtain growth. On the other hand, confocal micros-
croscope (um versus 1@um by ConfoScan 2). copy allowed both a qualitative and quantitative analysis of
The cyst and trophozoite sizes differed from the publishethe entire cornea to be performed rapidly, delivering immedi-
sizes in the literature in this study. The variation in the size adte diagnosis in vivo, and the examination could be done re-
the intrastromal cysts observed in the corneal stroma in oyeatedly and noninvasively. Repetitive scans performed by

Figure 4. Clinical outcome, confocal scan and culture photographs of caséhk pre-treatment slit-lamp photograph of the cornea revealed
extensive subepithelial infiltration in the central cornea with conjunctival inje@&iofhe post-treatment slit-lamp photograph of the cornea
revealed moderate remaining stromal opa€ityrhe HRTII-RCM scan of the corneal lesion showed double-walled and Amanthamoeba
cysts (indicated by the black large arrows; upper left cyst siaen50pper right cyst: 4am, lower left cyst: 9¢um, depth: 62um) and small
and round inflammatory cells (indicated by the black small arrow heBd$yote that the presence of tAeanthamoeba trophozoites
(indicated by the white arrows) was also confirmed by culture of corneal scrapings (D-1). Cysts (indicated by the blackese@les)
confirmed in the SCL storage solution (D-2).

1324



Molecular Vision 2007; 13:1319-26 <http://www.molvis.org/molvis/v13/al44/> ©2007 Molecular Vision

HRTII-RCM showed eventual clearing and disappearance dbry infiltrates, and clinical parameters such as the duration of
either the trophozoites or the cysts and subsidence of the improper treatment until institution @fcanthamoeba treat-
flammatory reaction within four to six weeks after initiation ments have prognostic implications on final visual acuities
of Acanthamoeba treatment in our cases, suggesting the effiand remaining opacities in patients with AK.
cacy of the device in evaluating the treatment responses. Ap-
plication of this device as an end point for the cessation of the ACKNOWLEDGEMENTS
topical treatments resulted in a shorter duration of treatmenthe authors have no proprietary interest in any of the prod-
compared to other reports in the literature. We believe that thects mentioned in this paper nor received any funding from
confocal laser scanning microscopy may provide the bestny company for the conduct of the current study. This work
means to diagnose the disease but may not be the most effias presented at the 31st Japan Cornea Conference, February
cient means to evaluate the effectiveness of treatment, whi€al1, 2007, Miyazaki, Japan.
typically requires months to resolve.
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