Anterior Segment Optical Coherence Tomography in the
Early Management of Microbial Keratitis: A Cross-
-Sectional Study
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ABSTRACT
Introduction: Infectious keratitis is an important cause of visual loss. The purpose of this study was to investigate anterior segment
optical coherence tomography patterns in infectious keratitis and evaluate the role of this tool in the early management of this disorder.
Material and Methods: In this cross-sectional study, we included patients with proven infectious keratitis, either by culture or therapeu-
tic trial. Subjects underwent baseline anterior segment optical coherence tomography (Spectralis® anterior segment module, Heidel-
berg Engineering, Germany) performed by the same operator. We used anterior segment optical coherence tomography vertical and
horizontal raster default scans with 6.0 mm scan lines.
Results: Twenty-five patients (14 men and 11 women) were included. The most common risk factors identified were ocular trauma (11
cases) and contact lens wear (7 cases). Fifteen patients presented bacterial infection; three, fungal infection; two parasitic infection;
and five cases presented a negative microbiological culture. Anterior segment optical coherence tomography depicted nine distinct
morphological patterns.
Discussion: Anterior segment optical coherence tomography allows the depth of corneal involvement to be assessed. When the only
patterns identified were hyperreflective stromal lesion and stromal edema, the visual outcome was better. Cystic spaces were present
in severe bacterial keratitis.
Conclusion: Anterior segment optical coherence tomography can complement biomicroscopy, allowing for a better characterization of
corneal involvement at presentation that can help in staging and providing useful prognostic information.
Keywords: Corneal Ulcer; Eye Infections, Bacterial; Keratitis; Tomography, Optical Coherence

RESUMO
Introdugao: As queratites infeciosas sdo uma causa importante de perda da acuidade visual. O objetivo deste estudo foi investigar
padrdes das queratites infeciosas na tomografia de coeréncia ética do segmento anterior e avaliar o seu papel na orientacéo precoce
desta patologia.
Material e Métodos: Neste estudo transversal, incluimos doentes com queratite infeciosa comprovada, por cultura microbiolégica
ou prova terapéutica. Os doentes foram submetidos a tomografia de coeréncia dtica do segmento anterior na baseline (Spectralis®
anterior segment module, Heidelberg Engineering, Germany) executados pelo mesmo operador. Adquiriram-se cortes verticais e hori-
zontais de 6,0 mm com tomografia de coeréncia 6tica spectral domain.
Resultados: Foram incluidos 25 doentes (14 homens e 11 mulheres). Os fatores de risco mais comummente identificados foram o
trauma ocular (11 casos) e o uso de lentes de contato (sete casos). Quinze doentes apresentaram infegcdo bacteriana, trés infegéo
fungica, dois infegcao parasitaria e cinco casos apresentaram culturas microbiolégicas negativas. Distinguiram-se nove padrées morfo-
l6gicos na tomografia de coeréncia 6tica do segmento anterior.
Discussao: A tomografia de coeréncia 6tica do segmento anterior permite avaliar a profundidade do envolvimento corneano na que-
ratite infeciosa. Quando os Unicos padrées identificados eram a lesdo estromal hiper-refletiva e edema estromal o outcome visual foi
melhor. Os espacos quisticos observaram-se nas queratites bacterianas graves.
Conclusao: A tomografia de coeréncia 6tica do segmento anterior permite complementar a biomicroscopia, melhorar o estadiamento
e fornecer informagéo progndstica util nas queratites infeciosas.
Palavras-chave: Infecgdes Oculares Bacterianas; Queratite; Tomografia de Coeréncia Optica; Ulcera da Cérnea

INTRODUCTION

Infectious keratitis (IK) is an important ocular condition
that can lead to severe visual disability.' The most common-
ly identified predisposing factors for bacterial and fungal
keratitis are contact lens wear, ocular trauma, ocular sur-
face disease, prior ocular surgery and systemic diseases
such as diabetes mellitus, arterial hypertension, rheumatoid
arthritis and hypothyroidism.?5

Epidemiologically, the annual incidence is highly varia-

ble, and it depends on the geographic region (from 6.3:100
000 in Hong Kong and 11:100 000 in the United States, to
710:100 000 in Burma), which may reflect the variability in
exposure to risk factors."

The main clinical sign of infectious keratitis is a corneal
ulcer. In most cases, it consists of a defect in the corne-
al epithelium with inflammation of the underlying corneal
stroma, the severity of which depends on the predisposing
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factors of the host and the causative organism. It can pro-
gress rapidly and cause severe visual impairment, thus
being considered a medical emergency.® Consequently,
prompt diagnosis and initiation of an aggressive course of
therapy are indispensable to limit tissue damage. Clinical
diagnosis and management typically depend on slit-lamp
observation. Specific treatment requires identification of the
pathogens involved. Except for polymerase chain reaction
(PCR), methods to identify the pathogen, namely a gram
stain and culture of corneal infiltrates, are time-consuming.
Microbiological tests are frequently negative due to the in-
adequate amount of tissue collected in corneal specimens;
thus, clinical signs observed by slit-lamp biomicroscopy
or other devices are relevant for making a diagnosis and
choosing an appropriate empirical treatment.”? Slit-lamp
examination allows the lesion to be located and measured
vertically and horizontally; however, it does not characterize
the stromal edema and is examiner-dependent.®

First described in 1994 by lzatt et al,'® anterior segment
optical coherence tomography (AS-OCT) is a noncontact
optical device that provides cross-sectional images of inter-
nal structures in biological tissues such as the cornea and
anterior chamber." This technology has been used to ana-
lyze the corneal morphology in patients with several corneal
conditions, such as bullous keratopathy, keratoconus and
after keratoplasty, and it may have an important role in the
early approach to microbial keratitis."-'?Recent publications
have suggested that AS-OCT has potential in the manage-
ment of IK."® Soliman et al'* described 12 morphological
patterns of IK and differential corneal layer affections using
AS-OCT, and clinically interpreted some of the lesions.

The purpose of this study is to investigate AS-OCT pat-
terns in microbial keratitis, which may help determine the
causative agent, and to evaluate the role of AS-OCT in the
early management of this pathology.

Table 2 — Clinical findings by microbiological result

MATERIAL AND METHODS

We performed a cross-sectional study of 26 consecutive
patients, hospitalized in our department, with clinical sus-
picion of infectious keratitis, observed from January 2016
to November 2017. The study adhered to the tenets of the
Declaration of Helsinki and was approved by the local Eth-
ics Committee. The diagnosis of infectious keratitis was
confirmed by microbiological cultures (20 patients) or by a
positive response to empirical treatment (5 patients). One
patient was excluded as there was no follow-up and thus a
lack of diagnostic confirmation.

Treatment was initiated based on clinical findings. All
patients underwent imaging with Spectralis® OCT model
S3300 with anterior segment module from Heidelberg Engi-
neering, Heidelberg, Germany; 40-kHz (40 000 A-scans per
second) spectral domain OCT, with a center wavelength of
870 nm. After the anterior segment lens was placed and the
patient positioned, focus location was set to £ 0.00 mm. A
pre-set line of an 8-mm scan was chosen from the Cornea
module. Averaging of the images (ART mean) and angle
variation were used to ensure noise reduction and to obtain
crisp and detailed features of the abnormalities being iden-
tified. All tests were supervised by the same experienced
operator in the first 48 hours after presenting to the oph-
thalmology department. As treatment was immediately im-
plemented, most of the tests were performed after antibiotic
treatment had commenced.

We recorded patients’ demographics, clinical findings,
information related to microbiological tests of corneal speci-
mens and detection of viral DNA (performed when clinically
suspected) in the cornea and aqueous humor by PCR, and
treatment response.

RESULTS

Twenty-five eyes of twenty-five patients (14 men and 11
women; mean age 55.2 + 20.1) with infectious keratitis were
included.

Pathogen

Major signs in slit-lamp examination

Moraxella non liquefaciens

Moraxella lacunata

Citrobacterbraakii

P. aeruginosa

S. aureus

Methicilin resistant S. aureus
S. epidermidis

S. pneumoniae

Alternaria alternata

Paecilomyces lilacinus
Fusarium dimerum
Acanthamoeba

Negative culture

Conjunctival injection, corneal infiltration, descemetitis, hypopyon

Conjunctival injection, corneal ulcer and infiltration, hypopyon

Conjunctival injection, corneal infiltration, hypopyon, inflammatory membrane in anterior chamber,
iris bombe

Conjunctival injection, ring-shaped corneal infiltration, hypopyon

Chemosis, penetrant keratoplasty with a corneal infiltration in the donor cornea

Conjunctival injection, inferior corneal ulcer and infiltration with associated thinning

Conjunctival injection, penetrating keratoplasty with generalized corneal infiltration in the donor tissue
Conjunctival injection, localized corneal infiltration

Conjunctival injection, penetrating keratoplasty with central corneal ulcer and infiltration in the donor
cornea, hypopyon, severe anterior chamber reaction

Conjunctival injection, corneal ulcer and infiltration, hypopyon
Conjunctival injection, central corneal ulcer and infiltration, hypopyon
Ring-shaped stromal infiltrates

Conjunctival injection, corneal ulcer and infiltration, hypopyon
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Table 3 — Risk factors for infectious keratitis and its association with microbiological results

Pathogen Ocular Contact Ocular Systemic  Ocular surface Ocular No risk
trauma lenses surgery disease disorder corticotherapy actor
(n) (n) (n) (n) (n) (n) (n)
Moraxela non liquefaciens - - 1 = - - -
Moraxela lacunata - - - 1 - - 1
Citrobacter braakii - - - o 1 5 -
P. aeruginosa - 1 - - - - -
S. aureus - - 1 1 = - -
Methicillin resistant S. aureus 1 - - 1 - - -
S. epidermidis - 1 1 = 1 - -
S. pneumoniae - - - - - - 1
Alternaria alternata 1 - - - = - -
Paecilomyces lilacinus - 1 - - - - -

Fusarium dimerum
Acanthamoeba -

Negative culture

Based on the results of microbiological cultures and
PCR, 15 patients were diagnosed with bacterial keratitis;
three patients, with fungal keratitis; and two patients, with
parasitic keratitis. Five patients presented negative micro-
biological tests, even though they exhibited a positive re-
sponse to empirical antibiotic treatment. The most frequent-
ly isolated microorganism was Moraxella lacunata (seven
cases). Microbiological test results and clinical findings are
summarized in Tables 1 and 2, respectively.

The risk factors in this series were a history of ocular
trauma, contact lens wear, prior ocular surgery, chronic ocu-
lar surface disease (such as keratoconjunctivitis or blephar-
itis) and topical corticosteroid use.

The most commonly identified risk factor was prior
ocular trauma (11 patients), followed by contact lens wear
(seven patients). Three patients presented systemic dis-
eases, namely one patient with diabetes mellitus (DM) and
hypertension, one with DM and one with hypothyroidism.

Figure 1 — Slit-lamp biomicroscopy six days after corneal trauma.
An inferior corneal ulcer with an associated inflammatory infiltrate,
a central abscess, bullous keratopathy and hypopyon are evident.

Table 3 summarizes the relationship between risk factors
and pathogens involved.

Ocular trauma was the only risk factor identified in Alter-
naria alternata and Fusarium dimerum keratitis (Fig.1). The
second most predominant risk factor was contact lens wear
and it was the only predisposing feature in Pseudomonas
aeruginosa, Paecilomyces lilacinus and Acanthamoeba
keratitis (Fig. 2).

After grading the AS-OCT images, nine distinct patterns
were described, as seen in Fig. 3 and Table 1.

We considered a change in convexity of the posterior
corneal surface or increased corneal thickness to be signs

Figure 2 — Acanthamoeba keratitis. (A) Slit-lamp biomicroscopy
showing an annular stromal infiltrate; (B) AS-OCT of the patient
in (A) demonstrating a hyperreflective stromal lesion and stromal
edema.
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Figure 3 — Different anterior segment optical coherence tomography patterns in infectious keratitis. (A) Hyperreflective stromal lesion (ar-
row); Stromal edema (arrowhead); (B) Epithelial and stromal hyperreflective punctate lesions (arrow); (C) Hyperreflective material over
lost epithelium or over hyperreflective stromal lesion (arrow); (D) Hyperreflective material over intact epithelium (arrow), Hyperreflective
lesion attached to the corneal endothelium (arrowhead); (E) Cystic spaces (arrow); (F) Membrane shape hyperreflective lesion in anterior
chamber (arrow); (G) Stromal thinning (arrow).




Oliveira MA, et al. OCT in the early management of microbial keratitis, Acta Med Port 2020 May;33(5):318-325

Figure 4 — Citrobacter braakii keratitis. Slit-lamp biomicroscopy
showing temporal paracentral corneal thinning, hypopyon, an in-
flammatory membrane in the pupillary area (corresponding to Fig.
3F) and iris bombe.

of stromal edema.

Eyes with full thickness corneal involvement or with the
presence of stromal cysts presented more severe clinical
findings, as exemplified in Fig. 4 that shows the biomicros-
copy of a patient with Citrobacter braakii keratitis. After
resolution of the acute infection, the patient had a best cor-
rected visual acuity of 20/200.

DISCUSSION

As in previous studies, the most frequently identified
risk factors were ocular trauma and contact lens wear.2*1
Risk factors were absent in only two cases. The known as-
sociation between the use of contact lenses and infectious
keratitis caused by P. aeruginosa or Acanthamoeba was
corroborated by our study.'>"

Nine of the patterns described by Soliman et al'* were
coincident with ours. We also interpreted a hyperreflective
stromal lesion as a stromal infiltrate and hyperreflective
material over lost epithelium or over a hyperreflective stro-
mal lesion as an inflammatory plaque or mucus. Corneal
infiltrate and edema have been largely reported in histo-
pathological studies of infectious keratitis.'® In fact, these
patterns were observed in almost all patients in the initial
stages, and even mild cases have a thickened cornea in the
infiltrated area. When isolated, these patterns may reflect a
lower grade of keratitis severity, since we observed that five
out of six patients presenting only a hyperreflective stromal
lesion with stromal edema had better final visual outcomes,
with a best final corrected visual acuity of 10/10 (Snellen
scale). The infiltrated area can be measured on high-reso-
lution corneal scans. Additionally, corneal thinning may be
detected earlier in AS OCT than in clinical examination."
Indeed, one of the patterns identified was stromal thinning,
which was associated with corneal melting observed in
slit-lamp examination of severe cases of IK (P. lilacinus, P.
aeruginosa, S. epidermidis, S. pneumoniae and Citrobacter
braakii). Serial AS-OCT examinations can be used to moni-
tor in vivo the clinical course of infectious and inflammatory
diseases, by measuring both corneal thickness and the size
of hyperreflective lesions.

Cystic spaces may represent localized stromal necrosis.
Contrary to Soliman’s™ study, our results showed that cystic
spaces were not exclusive to fungal keratitis. Indeed, they
were present in keratitis with a more aggressive course,
namely C. braakii keratitis, which is, to our knowledge, the
first time that this has been described. Besides cystic spac-
es, C. braakii keratitis was evidenced by a hyperreflective
lesion in the anterior chamber, compatible with an inflam-
matory membrane, which in turn is associated with a hyper-
reflective stromal lesion and corneal thinning, suggesting a
severe inflammatory reaction in the anterior chamber and
poor prognosis.

We interpreted hyperreflective material attached to the
corneal endothelium as an inflammatory plaque. Vemuganti
et aP° demonstrated that the progression phase of fungal
keratitis is characterized by the spreading of fungal ab-
scesses into the anterior chamber with a fragmented De-
scemet’'s membrane. Retrocorneal plaques are found not
only in fungal keratitis but also in bacterial and viral keratitis.
Indeed, in our study, this type of lesion was present in fun-
gal and gram positive or negative bacterial IK. Takezawa
et aP' analyzed retrocorneal plaques using AS-OCT and
concluded that they may be a clinical indicator of the sever-
ity of keratitis. AS-OCT showed that the boundary between
the cornea and plaque was clear in patients with bacterial
IK that responded to medical therapy. On the other hand,
all patients with an unclear endothelial surface required
surgical intervention and this feature was more common
in fungal keratitis. In our study, two out of three cases of
fungal keratitis presented this pattern. The particular case
of keratitis by Fusarium dimerum (Fusarium penzigii) has
been published recently, with the reporting of pan-corneal
involvement.??

Both cases of Acanthamoeba keratitis presented iden-
tical morphological features (superficial hyperreflective
stromal lesions associated with stromal edema), which
suggests an early stage of infection. Recent reports have
described the visualization of Acanthamoeba cysts in the
basal epithelial cell layer as highly reflective round particles,
and radial keratoneuritis as highly reflective bands or lines
of various widths.?® Although we did not identify clear hyper-
reflective clusters, the stromal hyperreflectivity was more
intense in the subepithelial area, which can be related to
the presence of Acanthamoeba cysts.

Tu et al* demonstrated that a deep stromal involvement
was an independent predictor of severity in IK caused by
Acanthamoeba. AS-OCT allows the involvement in the dif-
ferent corneal layers to be determined, helping in estimating
the severity and prognosis.

Hyperreflective material over intact epithelium was only
present in one case of keratitis, caused by methicillin re-
sistant Staphylococcus aureus (MRSA). In this case, we
also observed stromal and endothelial involvement, stro-
mal edema and hyperreflective material attached to the en-
dothelium. These pan-corneal lesions in MRSA cases might
be related to the role of alpha exotoxin, the main culprit
in the pathophysiology of this type of keratitis. Alphatoxin
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targets several types of cells, forming pores that cause os-
motic lysis and cell death.?

Nowadays, the ultrahigh-resolution spectral domain
OCT system based on a broad bandwidth Ti:sapphire laser
allows OCT data of the entire corneal surface to be obtained
with 1.2 ym x 20 ym (axial x lateral) resolution at a rate of
140 000 A-scans/s. Using this type of technology, structures
of the anterior segment of the eye that are not accessible
using commercial OCT systems can be visualized, namely
corneal nerves and limbal palisades of Vogt, as well as sev-
eral corneal disorders.?® Therefore, in the future, AS-OCT
may be an even more valuable device in the management
of IK.

Our study suffers from the limitations inherent in a cross-
sectional design, as we cannot make inferences regarding
the temporal sequence of corneal lesions. However, our
goal is to help in the early diagnosis of corneal infections
and so it was important to perform the AS-OCT in the initial
visit.

One limitation of this study is that the sample size is too
small to detect any effect in a statistical analysis. Despite
the small sample size, to the best of our knowledge, this is
the largest study describing AS-OCT patterns in infectious
keratitis.

Although the determination of the causative agent by
identifying these patterns is still limited, this study presents
important novel findings that pave the way for further re-
search in the early identification of corneal infections. AS-
OCT should be considered a useful test in the presentation
of a patient with IK, allowing for a more precise follow up
and prediction of prognosis.

CONCLUSION
AS-OCT allows the depth of corneal involvement in IK
to be assessed and patterns that can aid in the staging and

REFERENCES

1. McLeod SD, LaBree LD, Tayyanipour R, Flowers CW, Lee PP,
McDonnell PJ. The importance of initial management in the treatment of
severe infectious corneal ulcers. Ophthalmology. 1995;102:1943-8.

2. KeayL, Edwards K, Naduvilath T, Taylor HR, Snibson GR, Forde K, et al.
Microbial keratitis: predisposing factors and morbidity. Ophthalmology.
2006;113:109-16.

3. Bourcier T, Thomas F, Borderie V, Chaumeil C, Laroche L. Bacterial
keratitis: predisposing factors, clinical and microbiological review of 300
cases. Br J Ophthalmol. 2003;87:834-8.

4. Green M, Apel A, Stapleton F. Risk factors and causative organisms in
microbial keratitis. Cornea. 2008;27:22-7.

5. Sirikul T, Prabriputaloong T, Smathivat A, Chuck RS, Vongthongsri
A. Predisposing factors and etiologic diagnosis of ulcerative keratitis.
Cornea. 2008;27:283-7.

6. Thomas PA, Geraldine P. Infectious keratitis. Curr Opin Infect Dis.
2007;20:129-41.

7. Bograd A, Seiler T, Droz S, Zimmerli S, Frih B, Tappeiner C. Bacterial
and fungal keratitis: a retrospective analysis at a University Hospital in
Switzerland. Klin Monbl Augenheilkd. 2019;236:358-65.

8. Taneja M, Ashar JN, Mathur A, Nalamada S, Garg P. Microbial keratitis
following vegetative matter injury. Int Ophthalmol. 2013;33:117-23.

9. MclLeod SD, Kolahdouz-Isfahani A, Rostamian K, Flowers CW,
Lee PP, McDonnell PJ. The role of smears, cultures, and antibiotic
sensitivity testing in the management of suspected infectious keratitis.
Ophthalmology. 1996;103:23-8.

prognosis of the disease to be characterized.

Indeed, our findings suggest that localized necrotic stro-
mal cystic spaces are not exclusive to fungal keratitis, con-
trary to what was previously believed. Instead, it is charac-
teristic of severe bacterial or fungal keratitis at an advanced
stage. In addition, we show that the isolated presence of
hyperreflective stromal lesions and edema points to a more
favorable course of the disease. In contrast, pan-corneal
involvement is associated with more aggressive agents,
such as MRSA, that reach the anterior chamber through the
production of a-toxin exoproteins.

OBSERVATIONS
Presented at 8" EuCornea Congress, October 6-7",
2017, Lisbon, Portugal.

PROTECTION OF HUMANS AND ANIMALS

The authors declare that the procedures were followed
according to the regulations established by the Clinical Re-
search and Ethics Committee and to the Helsinki Declara-
tion of the World Medical Association.

DATA CONFIDENTIALITY

The authors declare having followed the protocols in
use at their working center regarding patients’ data publica-
tion.

CONFLICTS OF INTEREST
All authors report no conflict of interest.

FUNDING SOURCES

This research received no specific grant from any fund-
ing agency in the public, commercial, or not-for-profit sec-
tors.

10. lzatt JA, Hee MR, Swanson EA, Lin CP, Huang D, Schuman JS, et al.
Micrometer-scale resolution imaging of the anterior eye in vivo with
optical coherence tomography. Arch Ophthalmol. 1994;112;1584-9.

11. Ramos JL, Li Y, Huang D. Clinical and research applications of anterior
segment optical coherence tomography — a review. Clin Exp Ophthalmol.
2009;37:81-9.

12. Lim SH. Clinical applications of anterior segment optical coherence
tomography. J Ophthalmol. 2015;1-12.

13. Konstantopoulos A, Kuo J, Anderson D, Hossain P. Assessment of the
use of anterior segment optical coherence tomography in microbial
keratitis. Am J Ophthalmol. 2008;146:534—42.

14. Soliman W, Fathalla AM, EI-Sebaity DM, Al-Hussaini AK. Spectral
domain anterior segment optical coherence tomography in microbial
keratitis. Graefes Arch Clin Exp Ophthalmol. 2013;251:549-53.

15. NgAL, To KK, Choi CC, Yuen LH, Yim SM, Chan KS, et al. Predisposing
factors, microbial characteristics, and clinical outcome of microbial
keratitis in a tertiary centre in Hong Kong: a 10-year experience. J
Ophthalmol. 2015;2015:769436.

16. Vazirani J, Wurity S, Ali MH. Multidrug-resistant pseudomonas
aeruginosa keratitis: risk factors, clinical characteristics, and outcomes.
Ophthalmology. 2015;122:2110-4.

17. Mascarenhas J, Lalitha P, Prajna NV, Srinivasan M, Das M, D’Silva SS,
et al. Acanthamoeba, fungal, and bacterial keratitis: a comparison of risk
factors and clinical features. Am J Ophthalmol. 2014;157:1-20.

18. Messmer E. Keratitis - infektiosoderautoimmun? Klin Monbl

Revista Cientifica da Ordem dos Médicos 324 www.actamedicaportuguesa.com



19.

20.

21.

22.

Oliveira MA, et al. OCT in the early management of microbial keratitis, Acta Med Port 2020 May;33(5):318-325

Augenheilkd. 2016;233:808-12.

Konstantopoulos A, Yadegarfar G, Fievez M, Anderson DF, Hossain
P. In vivo quantification of bacterial keratitis with optical coherence
tomography. Invest Ophthalmol Vis Sci. 2011;52:1093-7.

Vemuganti GK, Garg P, Gopinathan U, Naduvilath TJ, John RK, Buddi
R, et al. Evaluation of agent and host factors in progression of mycotic
keratitis: A histologic and microbiologic study of 167 corneal buttons.
Ophthalmology. 2002;109:1538-46.

Takezawa Y, Suzuki T, Shiraishi A. Observation of retrocorneal plaques
in patients with infectious keratitis using anterior segment optical
coherence tomography. Cornea. 2017;36:1237—-42.

do Carmo A, Costa E, Marques M, Quadrado MJ, Tomé R.
Fusariumdimerum species complex (fusariumpenzigii) keratitis after
corneal trauma. Mycopathologia. 2016;181:879-84.

23.

24.

25.

26.

Yamazaki N, Kobayashi A, Yokogawa H, Ishibashi Y, Oikawa Y,
Tokoro M, et al. In vivo imaging of radial keratoneuritis in patients
with Acanthamoeba keratitis by anterior-segment optical coherence
tomography. Ophthalmology. 2014;121:2153-8.

Tu EY, Joslin CE, Sugar J, Shoff ME, Booton GC. Prognostic factors
affecting visual outcome in Acanthamoeba keratitis. Ophthalmology.
2008;115:1998-2003.

O’Callaghan RJ, Callegan MC, Moreau JM, Green LC, Foster TJ,
Hartford OM, et al. Specific roles of alpha-toxin and beta-toxin during
Staphylococcus aureus corneal infection. Infect Immun. 1997;65:1571—
8.

Werkmeister RM, Sapeta S, Schmidl D, Garhéfer G, Schmidinger G,
Aranha Dos Santos V, et al. Ultrahigh-resolution OCT imaging of the
human cornea. Biomed Opt Express. 2017;8:1221-39.

Revista Cientifica da Ordem dos Médicos 325 www.actamedicaportuguesa.com

-
<
=
o)
14
o
o
o
=
14
<




