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What is causing
the corneal ulcer?
Management
strategies for
unresponsive
corneal ulceration

Abstract

Infectious keratitis represents a significant
cause of ocular morbidity in the United States.
The work-up and treatment of presumed
infectious keratitis (PIK) has changed in the
past two decades. The development of newer
topical antibiotics has enabled broad-spectrum
antibiotic coverage with good tissue
penetration. The majority of PIK cases respond
well to this strategy. The small numbers of cases
that do not respond to the treatment are the
cases that offer a diagnostic and therapeutic
challenge. This review will describe different
algorithms that can be followed for the
successful management of patients with
difficult or progressive PIK. These algorithms
are based on scientific work and on our
empirical clinical experience. The review will
also present three different clinical cases of PIK
that were managed according to the algorithms
presented in this review.
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Introduction

Infectious keratitis represents a significant cause
of ocular morbidity in the United States with
historic incidence of about 30000 cases per
year." In California, an incidence of 27.6 per
100000 person/year was reported, for an
estimate of 75000 corneal ulcers annually in the
United States.” The conservative estimate of
the number of corneal ulcers occurring annually
in the developing world is around 1.5 million
cases a year.” The incidence of bacterial keratitis
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in the United States accounts for 3 of every 1000
patients seen by an ophthalmologist.* The risk
factors for corneal ulceration are trauma, contact
lens wear, recent corneal surgery, ocular surface
disease, chronic use of topical medication, and
systemic immunosuppresion.” About 50% of the
patients who develop an infectious keratitis
will obtain an optimal vision of 20/60 or worse,
and 25% of those patients will attain a final
vision of 20/200.*

The work up and treatment in the United
States for patients with presumed infectious
keratitis (PIK) has changed in the past two
decades. With the development of newer topical
antibiotics regimens, especially with the
development of the third- and fourth-
generation fluoroquinolones it is possible to
offer empiric broad-spectrum antibiotic
coverage with good tissue penetration.” Even
though the management of PIK varies between
a general ophthalmology and a cornea
subspecialty practice, the first line of treatment
for PIK continues to be a fourth-generation
fluoroquinolone in the United States. Only 12%
of the general ophthalmology practitioners use
fortified antibiotics as the initial choice of
treatment compared with 41% of the corneal
subspecialists that use a combination of
fortified antibiotics and a fouth-generation
fluoroquinolone. In the United States, most
cases of PIK are treated with an empirical
approach using monotherapy with a fourth-
generation fluoroquinolone. Microbiology
studies are rarely used when patients present to
comprehensive ophthalmology practices. The
majority of the PIK cases respond well to this type
of management.® The small numbers of cases that
do not respond to the treatment are the cases that
offer a diagnostic and therapeutic challenge to the
corneal specialist.
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In general, the management algorithms for PIK can be
divided into three: (1) a culture-guided approach, with
cultures obtained in every patient; (2) an empirical
approach, where patients are started on a broad-
spectrum antibiotic, and if the patient does not respond,
then the need for diagnostic and microbiology studies
or change in the antibiotic coverage is evaluated;

(3) a case-based approach, where the treatment is
decided based on the location and severity of the corneal
ulcers.” The main goal if this review is to describe the
algorithms that are followed at our academic institution
for the management of patients with difficult or
progressive PIK. These algorithms consider our regional
epidemiological and microbiological data and the
regional availability of ophthalmic antimicrobials.

At our institution, we care for of a large number of
patients with PIK. In 2010, a total of 736 patients
presented with a clinical diagnosis of PIK that prompted
the clinician toward obtaining microbiology workup.

Of the 736 patients, 280 (38%) of the cases had a
positive organism isolated. About 55% of the
patients were already on treatment with topical
antimicrobials.

When a patient presents for evaluation of a PIK, the
clinical history and clinical findings categorizes the patient
as a low risk vs a high risk. High-risk characteristics are a
history of contact lens use, history of trauma, history of
recurrent topical steroid use, history of immuno-
suppression, and history of ocular surface disease. Patients
who are at low risk have no history of contact lens use, no
history of trauma, and no history of recurrent topical
medication use. In the following section we present three
different algorithms for different clinical scenarios of
patients presenting with PIK. If there is significant thinning
or perforation, microbiology studies are obtained and
corneal gluing is attempted. If this is unsuccessful, surgical
repair with keratoplasty is indicated. Either therapeutic
full-thickness, lamellar graft, or corneal patch graft can be
attempted.'” It is important that the tissue obtained during
surgery is sent for identification of microorganism by
microbiological culture and histopathology."! At our
institution, the microbiology and pathology records from
425 consecutive corneal specimens, including 42 corneal
biopsies and 383 keratoplasty specimens, were evaluated
for the presence of bacteria, fungi, acanthamoeba, and
mycobacteria detected either by histological staining or by
growth in culture. In 45% of the cases an organism was
isolated. Fungi were present in 43% of the cases, bacteria in
39%, and acanthamoeba in 14% and mycobacteria in 4%."
Also in every patient evaluated with PIK that presents
with a keratitis extending to the sclera, corneal limbal area
and scleral tissue, cultures should be obtained and sent to
microbiology. An association with a systemic disease
should be considered.
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Algorithm no. 1

Low-risk patients (Figure 1) are cultured'® (blood agar,
chocolate agar, thioglycolate broth, and Saborauds agar),
and confocal microscopy may be indicated when the
clinician is suspicious for a fungal or a parasitic
infection.'* For smears, we recommend obtaining a Gram
and a Giemsa stain. Agar-agar plate is sent only when
there is suspicion for parasitic infection. If there are risk
factors for a mycobacterial infection, an acid-fast stain
and Lowenstein-Jensen media is used.'® Fortified
antibiotics for Gram-positive coverage and a fourth-
generation fluoroquinolone for a broad-spectrum
Gram-negative coverage is recommended. We
recommend applying the topical antimicrobial every
hour during the first 48 h of treatment. If after 48-72h
from antimicrobial initiation the patient has clinical
improvement and a positive bacterial organism is isolated
and identified in smears, we strongly consider adding
topical steroids with close follow-up. The use of topical
corticosteroids in conjunction with topical antimicrobials
has been evaluated in a prospective multicenter trial and
no safety concerns were reported.'® We believe that
decreasing the acute inflammatory response with the use
of topical corticosteroids increases patient comfort and
this may help with treatment compliance. If no organism
is identified, it is recommended to continue the
antibiotics, but decreasing the frequency in order to avoid
toxicity. If the clinician suspects a viral etiology, culture
and/or PCR for the virus are indicated with topical and
systemic antiviral treatment initiated.

When a microorganism is identified, but no clinical
improvement has been seen after the appropriate
antimicrobial treatment and length of treatment has been
implemented, several factors need to be considered.
Patient compliance with treatment should be questioned.
This is an indication for admitting the patient to a health
care facility. The possibility of a resistant microorganism
needs to be addressed. The antibiogram needs to be
reviewed. If the microorganism is sensitive to treatment
but there is no improvement, the ulcer can be re-scraped
for smears and culture. Confocal microscopy is indicated.
When confocal microscopy is able to identify a fungal or
parasitic organism, organism-guided treatment should
be started. The length of treatment of these organisms is
long. If the confocal results and scrapings are negative
and there is no clinical improvement, PCR studies'” and
corneal biopsy are indicated. If an organism is identified,
treat according to the organism. If there is no organism
identified and the patient with no clinical improvement,
a keratoplasty is indicated submitting the tissue to
pathology and microbiology. In recent years, the use of
corneal collagen cross-linking (CCCL) has moved from
the refractive surgery field to the corneal microbiology
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New patient with PIK

Significant thinning:
-Scrapings + start topical

Scleral involvement?
-Scrapings of cornea and sclera

antibiotics
-Corneal glue
-Keratoplasty: tissue pathology
& microbiology.

-Rule out systemic disease

High-risk patient (Figure 2)

Low risk patient
-Scraping: chocolate blood,
Sabouraud agar and

thioglycolate broth
-Gram + Giemsa stain
-+/- Confocal Microscopy
Viral culture +/- PCR if
suspicious for viral disease
-Start broad-spectrum topical
antibiotics.

Clinical Improvement:
Organism identified: organism guided
therapy, decreasing frequency of drops
and consider adding topical steroids
Organism not identified: continue with
broad-spectrum treatment, decrease
frequency, steroids not indicated.

Not complete
resolution

No clinical improvement:
Are drops getting in? Questionable
compliance? Consider admission to a
healthcare facility.
Organism identified and no response to
organism guided treatment, possible
resistant organism
Re-scrape, check sensitivities, confocal
microscopy

| Organism identification |

Progression of keratitis,
stromal thinning:
-Consider collagen cross-
linking
-Keratoplasty: Full

Organism No organism _thickness vs. lamellar.
identified: Start identified: N - Tissue for:'TKI:mblomgy and
. . N — 0 organism istology
organism guided PCR A | R
-Corneal biops rogresion of >
treatment psy Keratitis

Figure 1 Bascom Palmer Eye Institute local algorithm for the diagnosis and management of the new patient with PIK and low-risk

factors.

field. The photosensitization of riboflavin using
ultraviolet light has the potential to induce healing in
patients with infectious keratitis.'®° This procedure may
provide in the future a good therapeutic option for
patients with infectious keratitis with poor response to
topical antimicrobial treatment. There is a need for a
prospective, randomized, and controlled trial to establish
the efficacy and safety of this treatment. CCCL is not
approved by the US Food and Drug Administration and
not yet available at our institution.

Algorithm no. 2

The patient with (Figure 2) PIK with high-risk
characteristics is also evaluated for any signs of melt or
sclera extension. In these cases, scrapings for smears and

Eye

cultures should be obtained for bacteria, fungi, parasites,
and also mycobacteria. Gram and a Giemsa stains are
sent; Calcofluor-white stain is done if there is suspicion
for acanthamoeba keratitis. Culture of the contact lenses,
contact lens case, contact lens solution, and confocal
microscopy should be performed. Viral cultures and/or
PCR should be obtained if there is a suspicion for a viral
etiology. The treatment with broad spectrum antibiotics
with a combination of a fortified antibiotic for
Gram-positive coverage, and a fourth-generation
fluoroquinolone, or a fortified aminoglycoside or a
fortified third or fourth-generation cephalosporin for a
broad-spectrum Gram-negative coverage is
recommended. If, after the treatment has started, there is
clinical improvement in a PIK case and the organism is
identified, the drops should be decreased in frequency in
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| High-Risk patient with PIK |

Culture: Chocolate, Blood, Sabouraud
agar, agar-agar, thioglycolate broth and
Lowenstein Jensen media.
Smear: Giemsa, Gram, +/- Calcofluor

white stain
Culture contact lenses, case and solution
Confocal microscopy
Start broad spectrum fortified antibiotics

No clinical improvement

No organism
identified

Positive organism identified:
Are drops getting in? Questionable
compliance? Consider admission to a
healthcare facility.
Possible resistant organism.

cultures and
confocal.
PCR

Repeat scrapings for

+/- corneal biopsy.

Clinical improvement
I

Organism identified: organism-guided
therapy, decreasing frequency of drops

and consider adding topical steroids
Organism not identified: continue with

broad-spectrum treatment, decrease

frequency, steroids not indicated.

Resolution of
keratitis

Incomplete
resolution, consider

scraping for smear

Organism identified:
Start organism guided
treatment.

No organism

and culture for
possible co-
infection.

identified

Progression of keratitis,
stromal thinning:
-Consider collagen cross-

-Keratoplasty: full thickness
vs. lamellar. Sending tissue
to microbiology and
pathology.

linking

Figure 2 Bascom Palmer Eye Institute local algorithm for the diagnosis and management of a new patient with PIK and high-risk

factors.

order to avoid toxicity. In cases where there is
improvement but no organism is isolated, the frequency
of the drops should be decreased in order to avoid
toxicity. Topical steroids may be indicated to help
decrease the inflammatory response. It is important not
to start these until there is clinical or laboratory
confirmation that the microorganisms have been
eradicated. Re-scraping of the ulcer may be necessary or
confocal microscopy should be performed.

If after the patient has been on topical antibiotic
treatment and microbiology workup and/or confocal
microscopy identified an organism but there is no clinical
improvement, the possibility of a resistant organism or
noncompliance with treatment should be addressed. If
there is no improvement and there is no organism
identified, confocal-microscopy, smears, and cultures
should be repeated. PCR analysis and/or the use of a
corneal biopsy should be considered. If this leads to
organism identification, an organism-guided treatment
should be started. If there is no organism identified
and there is no significant thinning of the cornea, CCCL

should be considered. If after CCCL the keratitis
continues to worsen a therapeutic keratoplasty is
indicated with examination of the tissue with
microbiology and pathology.

Algorithm no. 3

Another scenario (Figure 3) that is very common at our
institution is that of the patient who is referred to the
cornea service for evaluation after being treated at the
community. These patients usually have been on a broad-
spectrum topical antibiotic regimen and microbiological
studies were rarely performed. Even though these
patients have been on antibiotics, cultures are indicated.
We have previously reported that positive organism
identification can be obtained in patients already on
topical antibiotics.”' This study showed that patients on
treatment whose samples were cultured had a significant
delay in starting microbiology-guided therapy and took a
significantly longer time to heal, but it was possible to
isolate an organism. When culturing the samples of
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Referred patient with PIK and
already on treatment with no
clinical improvement

If keratitis progressing rapidly and
need for rapid diagnosis:
-Scrapings for smears and cultures
-Confocal microscopy

If there is sever thinning:
Keratoplasty sending tissue to
pathology and microbiology

If keratitis is stable do scrapings for smear and
cultures, a washout period of no antimicrobials
for 24 to 72 hrs is indicated and repeat
scrapings

-Corneal biopsy 4
-Start fortified vancomycin drops if
suspicious for MRSA keratitis

Confocal microscopy
Repeat cultures to include media for bacteria,
fungus, virus, parasite

Organism identified, start
organism- guided treatment

No organism identified

If progressive

Consider corneal
collagen cross- Y
linking if available

keratitis

Clinical If no improvement
improvement consider possible
non compliance,

Trial of topical
steroids

4 resistant organism,
toxicity or co-
infection.

Progressive
keratitis

Scrapings for
smears and
cultures and

check sensitivities

Clinical 3
improvement

Corneal biopsy:
tissue for

patologyana [ Mo oganim_|

microbiology

Figure 3 Bascom Palmer Eye Institute local algorithm for a patient referred for evaluation for PIK who is already on treatment and

with a poor clinical response.

patients who are already on topical antibiotic treatment,
the use of smears and thioglycolate broth is
recommended. From June 2006 to January 2007, our
microbiology laboratory reported a total of 36 organisms
that were isolated only on thioglycolate broth.* If the
keratitis is stable, the recommendation is to perform
confocal microscopy, and scrapings for smears and
cultures, after a washout period of about 24-72h. PCR
analysis is recommended if available. Corneal biopsy is
indicated if the previous studies fail to identify an
organism.

If the patient has risk factors for methicillin-resistant
Staphylococcus aureus infection, the recommendation is to
start fortified vancomycin drops. If there is no
improvement even with broad-spectrum coverage for
resistant bacteria, we recommend re-culturing and
sending tissue for PCR analysis. Confocal microscopy
should be repeated. If unable to isolate an organism,
and no significant thinning of the cornea, CCCL can be
considered. Another possibility in the management of

Eye

patients who come for evaluation with history of use of
multiple antimicrobials is to perform confocal
microscopy and start a washout period of 24 to 72h and
then perform corneal scrapings for cultures. The other
alternative is to start a trial of topical corticosteroids with
close follow-up. If the condition of patients on a
challenge trial of topical steroids worsens, cultures
should be repeated and corneal biopsy or keratoplasty
may be indicated.

Case no. 1

An 83-year-old woman with a history of complicated
cataract surgery in her left eye presented for evaluation
of painful pseudophakic corneal edema with a BCVA
of hand motions. Descemet’s stripping endothelial
keratoplasty was performed. The patient required a
repositioning of the donor tissue 10 days after the
surgery. The patient’s corneal edema and pain were
resolved. The patient was instructed to continue on
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Figure 4 Photos (a) and (b) are slit lamp photos of the patient presented as Case no. 1. Photo (b) shows a high-magnification view of
the ‘crystalline-like infiltrate’ seen on this patient after a DSEK procedure. Photo (c) shows confocal microscopy results compatible

with fungal keratitis.

prednisolone acetate 1% drops four times a day. Five
months later, she presented with a painful red left eye.
The patient had a clear cornea with a small inferior
paracentral crystalline-like infiltrate with an associated
epithelial defect and a layering hypoyon (Figures 4a
and b). The infiltrate was located deep in the patient’s left
corneal stroma. No infiltrate was seen in the interface.
Owing to the history of topical steroid use and the
atypical infiltrate, cultures were obtained for bacteria,
fungi, and mycobacteria. The patient was started on
fortified vancomycin drops and moxifloxacin drops
every hour. After 72 h, patient had no clinical
improvement and no organism was isolated on
microbiology. Cultures were repeated and failed to
identify an organism. Confocal microscopy was
performed (Nidek ConfoScan 4, Nidek Co., Ltd,
Gamagori, Japan). Confocal microscopy showed features
compatible with fungal elements (Figure 4c). The patient
was started on topical natamycin 5% every hour while
awake for the first 72 h and then every 2-3h, and 15 days
later a complete resolution of the keratitis was obtained.

Case no. 2

A 16-year-old boy presented with a history of left-eye
PIK treated for about 60 days with multiple antibiotics
(Moxifloxacin, fortified vancomycin, and tobramycin).

The patient had a history of swimming and sleeping with
his contact lenses and a history of organic trauma while
camping. The patient was evaluated by multiple
community ophthalmologists and received topical
treatment for presumed bacterial keratitis and topical
(Trifluridine) and systemic (acyclovir) treatment for
presumed viral keratitis. On presentation to our
institution, the patient’s left-eye BCVA was 20/40.

The left cornea showed a temporal paracentral
superficial stromal white infiltrate with an associated
epithelial defect. The patient keratitis was stable with
no signs of melting or significant thinning (Figures 5a
and b). A 72-h washout period was performed with

no changes in his clinical examination. Culture and
stains were obtained and no organism was identified.
A femtosecond laser-assisted corneal biopsy was
performed following protocol already described by our
group.® Half of the tissue was sent to the microbiology
laboratory and the other half for histopathological
evaluation. No organism was isolated (Figure 5c). All
medications were discontinued and the patient was
instructed to use preservative-free artificial tears. No
topical corticosteroids were used because of the

history that strongly suggested an atypical organism.
The patient’s infiltrate slowly improved and resolved.
The last evaluation of the patient was 7 months after
presentation and he showed a fully resolved keratitis.

Eye
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Figure 5 Photos (a) and (b) are slit lamp photos of the patient presented as Case no. 2. Photo (a) demonstrated a clinical photo of his
first visit to our institution. Photo (b) shows the patient immediately after femtosecond-assisted corneal biopsy. Photo (c) shows the

histology negative for microorganism.

Case no. 3

A 66-year-old man with a history of well-controlled
diabetes presented to our institution for evaluation of
progressive left-eye PIK. The patient had a history of
swimming with his contact lenses in the coastal waters
of Costa Rica. Two weeks after this trip, the patient
presented to a community ophthalmologist with a left
red eye. The patient was started on topical gatifloxacin
drops for 2 weeks. The patient had no improvement of
his signs and symptoms and topical (trifluridine) and
systemic (acyclovir) antiviral treatment for presumed
viral keratitis was prescribed. After a total of 1 month
of treatment patient was referred to us. The patient
presented with a left-eye BCVA of 20/200. The exam
showed a diffuse stromal ring infiltrate (Figure 6a).

His exam and history were strongly suspicious for
acanthamoeba keratitis. Cultures and stains were
obtained and confocal microscopy was performed.
Owing to the patient’s poor cooperation with the
examination, the results of the confocal microscopy were
inconclusive. A 3-mm corneal biopsy was performed.
Tissue was sent to microbiology and pathology, 48h
later acanthamoeba keratitis was confirmed by the
microbiology lab and histology (Figure 6b). The patient
was started on double therapy with topical chlorexidine
drops and topical polyhexamethylene biguanide drops.
The patient was lost to f/u and 4 weeks later presented

Eye

with progressive keratitis and significant stromal
thinning (Figure 6c). Stains and cultures were obtained.
Paecilomyces lilacinus keratitis was identified. Owing to
extension of the keratitis and the significant thinning
patient was taken to the operating room for a therapeutic
penetrating keratoplasty (Figure 6d). Tissue sent to
pathology and microbiology confirmed the diagnosis

of P. lilacinus (Figure 6e). The patient received an
intracameral injection of voriconazol 50 mcg/ml at the
end of the procedure and placed con aggressive topical
voriconazol 1% drops,* topical cyclosporine (CSA) 0.5%
drops,25 atropine sulfate 1% drops, and moxifloxacin
ophthalmic drops. After 2 months of treatment with
topical voriconazol patient infection was controlled and
patient was started on topical prednisolone acetate 1%
drops four times a day and continue on CSA drops. The
patient’s graft failed and 6 months later a penetrating
keratoplasty and an extracapsular cataract extraction was
successfully performed. The patient graft has remained
clear under a regimen of topical steroids and topical
CSA (Figure 6f).

The diagnosis and treatment of difficult cases of
microbial keratitis continues to depend on the
information derived from studies that help to identify
whether it’s infectious or sterile, and if the former, what
is the offending microorganism. This identification
depends in order of priority: microbiological smears and
cultures, histology, confocal microscopy, and clinical
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Figure 6 Photos represent the patient presented as Case no. 3. Photo (a) shows the clinical presentation as a ‘ring infiltrate’ type of
keratitis. This photo demonstrated how the patient presented to our institution. Photo (b) demonstrated the results of the biopsy that
are compatible with Acanthamoeba keratitis. The patient lost to follow-up and a month later presented with significant corneal melt
and worsening keratitis (Photo c). The patient was taken to the operating room for a therapeutic corneal transplant and photo (d)
shows the patient’s cornea one day after graft was performed. Photo (e) demonstrated the histology results done for the cornea after
the graft compatible with fungal keratitis. Photo (f) shows the patients cornea after graft at later time points. Anterior photo
demonstrates graft failure 2 months after the primary intervention and the posterior photo shows a clear cornea 8 months after optical

penetrating keratoplasty.

signs and symptoms. Future refinements in molecular
diagnosis such as multiplex PCR and imaging may
further enhance our ability to determine the cause and
provide appropriate treatment. This treatment may not
only include traditional antibiotic therapies, but also
modulators of the inflammatory response by the
microorganisms and host cornea.

A significant group of ophthalmologist and primary
eye care providers in the United States do not routinely
culture all their cases of infectious keratitis.>** More
importantly, the access to the diagnostic tools described
in this review are not available in multiple regions of the

World. In order to decrease the need of diagnostic test
and to simplify the diagnosis of patients with PIK the use
of artificial neural networks (ANN) may have a role in
the future. As described by Saini et al,*” the ANN are
associative self-learning techniques with the ability to
identify multidimensional relationships and perform
pattern recognition in nonlineal domains. Saini et al
demonstrated that with the use of ANN they were able
to correctly identify the category (fungal vs bacterial) in
39 of 44 cases of infectious keratitis. Although initially
suggested for microbial keratitis, ANN have been
successfully adapted to other ocular diseases.?®**°

235
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In conclusion, the diagnosis and treatment of microbial

keratitis continues to be a significant challenge to the
ophthalmologist. We continue to look for ways that can
enhance the diagnosis so that appropriate treatment can
be provided, and avoid lifelong-lasting visual defects.
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