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Purpose: In clinical practice we sometimes encounter patients with severe corneal ulcers
who have been treated with topical corticosteroids. This study reviewed the clinical features
and visual outcomes of these patients and investigated the background of the prescription of
topical corticosteroids.

Patients and Methods: The medical records of patients who visited the Cornea Service at
Fujita Health University Bantane Hospital and were treated for infectious keratitis from
April 2016 to March 2020 were retrospectively reviewed. Patients treated with topical
corticosteroids before a culture-proven diagnosis were studied in terms of demographics,
best-corrected visual acuity at arrival and at last visit, the clinical course after visit, ocular
history, and combination therapy by the previous ophthalmologist.

Results: Out of the 200 eyes of 197 patients with infectious keratitis, 14 eyes of 14 patients
were treated with topical corticosteroids before a culture-proven diagnosis. All 14 patients
were referred, as they had severe keratitis that could not be cured with topical antibiotics and
corticosteroids. Based on the culture results, we diagnosed Acanthamoeba keratitis (AK) in
six patients, fungal keratitis (FK) in two patients, bacterial keratitis (including a suspected
case) in two patients, and unknown cause in four patients. Two patients with AK, FK, and
unknown keratitis had unfortunate clinical courses and poor visual outcomes. From the
information in the referral letters, at least six of the 14 patients were treated with either
acyclovir ocular ointment or valaciclovir tablets, along with topical corticosteroids.
Conclusion: Application of topical corticosteroids for keratitis that does not respond to
empirical antibiotic therapy is harmful since AK or FK is likely involved in these topical
antibiotic-resistant cases. Microbiological evidence, as well as a differential diagnosis of
herpetic stromal keratitis, is needed when prescribing topical corticosteroid for the treatment
of suspected infectious keratitis.

Keywords: culture-proven diagnosis, empiric antibiotic therapy, herpetic keratitis, infectious

keratitis, topical corticosteroids

Plain Language Summary

In the corneal clinic of a university hospital in a metropolitan area, we sometimes
encounter referred patients with severe corneal ulcers who have been treated with topical
corticosteroids as well as antibiotic eye drops. Why were these topical corticosteroids
prescribed? We retrospectively reviewed clinical records of patients with infectious
keratitis treated with topical corticosteroids before a culture-proven diagnosis. During
an investigative period of 4 years, 14 eyes of 14 patients were evaluated. All the patients
were prescribed topical corticosteroids for the keratitis owing to unresponsive empirical
antibiotic therapy, and at least six patients were treated for stromal keratitis due to herpes
simplex virus.
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Why did the corneal lesions of these patients worsen? Based
on culture results, we diagnosed Acanthamoeba keratitis in six
patients and fungal keratitis in two patients. Apart from bacterial
keratitis, other microorganisms responsible for keratitis do not
respond to antibiotic therapy, and the condition is worsened by
the topical corticosteroids without appropriate anti-amoebic or
anti-fungal therapy.

Application of topical corticosteroids for keratitis without
microbiological evidence is harmful, and a differential diagnosis
of herpetic stromal keratitis as well as fungal and Acanthamoeba
keratitis is needed when using topical corticosteroid for the
treatment of suspected infectious keratitis.

Introduction
The definitive diagnosis and specific therapy for microbial
keratitis should only be determined by microbiological
evaluation.' > Nevertheless, the application of empirical
antibiotic therapy without the use of smears or cultures
cannot be rejected, as topical fluoroquinolone is associated
with of a high success rate; moreover, the time and cost
involved in performing cultures and maintaining the
necessary materials are reduced.*®

During the treatment of microbial keratitis, adjunctive
topical corticosteroids are used to reduce the inflammatory
response and subsequent corneal scarring, to obtain better
visual outcomes, despite the possible risk of enhanced
microbial corneal and steroid

replication, melting,

glaucoma.®® The safety and efficacy of topical corticos-
teroids for microbial keratitis have been reported’ '’ in the
Steroids for Corneal Ulcers Trial (SCUT)>'? and other
randomized control studies.''"'> The consensus of these
studies was that unlike the use of topical antibiotics, the
empirical use of topical corticosteroids for suspected
microbial keratitis is not recommended. According to the
Bacterial Keratitis Preferred Practice Pattern® 2018, 24-48
hours after the causative organism has been identified and/
or infection is responding to therapy, corticosteroids may
be considered, and close follow-up by a corneal specialist
is recommended. Corticosteroids should be avoided in
bacterial keratitis caused by slow-cycling microbes such

7,11,18

as Nocardia,' and fungal keratitis, while in

Acanthamoeba  keratitis, maintaining adequate anti-
amoebic therapy is needed if a topical corticosteroid is
used.'”?* Therefore, these microorganisms should be
ruled out and a definitive diagnosis of bacterial keratitis
based on smear and culture or by confirming the response
to anti-microbial therapy is suggested before topical

. 124
corticosteroids.

At the corneal clinic of our institution and hospital in
a metropolitan area, which serves a population of 4 million,
we sometimes encounter referred patients with severe cor-
neal ulcers who have been treated with topical corticoster-
oids. The purpose of this study was to review the clinical
features and the visual outcomes of these patients, and to
elucidate the effect of the empirical use of topical corticos-
teroids on the clinical course of this condition and the back-
ground of steroid applications in such patients.

Patients and Methods

We retrospectively reviewed the medical records of
patients who visited the Cornea Service at Fujita Health
University Bantane Hospital and were treated for infec-
tious keratitis from April 2016 to March 2020. The diag-
nosis of microbial infectious keratitis was confirmed by
culture, but because the antibiotic therapy had already
been started before the patients arrived at our institution,
many of them were solely diagnosed based on the corneal
findings and the clinical course.

Suspected infectious keratitis patients treated with topi-
cal corticosteroids before culture-proven diagnosis were
retrospectively studied in terms of demographics, best-
corrected visual acuity at arrival and at the last visit,
clinical course after the initial visit, ocular history, and
combination therapy by the previous ophthalmologist.
We used this information to determine the influence of
topical steroid therapy and to determine the factors that
led to the steroid prescription.

This study was approved by the institutional review
board of the Fujita Health University Faculty of Medicine
(Approval number: C120-135). Informed consent was
obtained from each patient for use in clinical records for
future research.

Results
Patients’ Visits

Two hundred eyes of 197 patients were treated for microbial
infectious keratitis in the investigation period. Among the
197 patients, 195 eyes of 192 patients were referred from
a hospital or ophthalmic clinic. Almost all the referred
patients had already been empirically treated with topical
or systemic antibiotic therapy, and the reason for the referral
was a poor response to the antibiotic therapy.

Among the referred patients, 14 eyes of 14 patients had
been treated with corticosteroid eye drops before arrival
(Table 1).
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Use of Topical Corticosteroids

Corticosteroid eye drops were not used before keratitis
occurred but were used to treat the corneal lesions. Out of
the 14 patients, six patients were prescribed topical corticos-
teroids by the referring doctor, and eight patients were pre-
scribed these drugs by another doctor (Table 1). The details
of the medical practice, other than the referring doctor, at the

previous doctor’s clinic were unknown, but the prescribed
corticosteroid eye drops were 0.1% betamethasone sodium
phosphate for nine patients, 0.1% fluorometholone for two
patients, and unknown steroid eye drops for three patients.
Among the nine patients who were treated with 0.1% beta-
methasone sodium phosphate, combined corticosteroid-
sodium sulfate/

antibiotic eye drops (betamethasone

Table | Patients in Whom Topical Corticosteroids Were Applied Before Culture: Demographics and Past Treatments Other Than

Topical Antibiotics

Case | Age Sex Laterality | Onset- Steroid Prescribing | Steroid CL Ocular Anti- Diagnosis
No. (Years) Arrival Eye Doctor Use User | History | HSV
(Days) Drops (Days) Drugs
| 32 Male L 7 Unknown | Previous 4 Yes BK
doctor
2 82 Male R 50 0.1% BM Referral 30 DMR, BK susp
+Fra doctor Rubeotic
gla
3 39 Male R 12 0.1% FLM | Previous 7 Yes ACV AK
doctor
4 24 Male R 30 0.1% BM Previous 28 Yes Herpetic VACV AK
+Fra doctor keratitis
5 53 Female | L 75 0.1% BM | Previous 60 Yes Herpetic AK
doctor keratitis
6 31 Male R 18 0.1% BM Previous 10 Yes AK
doctor
7 56 Male L 14 0.1% BM Referral 8 Yes ACV AK
doctor
8 33 Female | L 240 Unknown | Referral 30 Herpetic AK
doctor keratitis
9 46 Female | R 20 0.1% BM Previous 15 Yes FK
+Fra doctor
10 48 Female | R 21 0.1% FLM | Referral 7 ACV, FK
doctor VACV
I 44 Female | L 14 0.1% BM Referral 3 Yes Unknown
doctor
12 19 Female | L 30 Unknown | Previous 21 Yes Unknown
doctor
13 51 Male R 14 0.1% BM Referral 3 ACV, Unknown
doctor VACV
14 35 Male L 40 0.1% BM | Previous 28 Herpetic | ACV Unknown
doctor keratitis

Abbreviations. No., number; CL, contact lenses; HSV, herpes simplex virus; R, right; L, left; FLM, fluorometholone; BM, betamethasone sodium phosphate; BM+Fra,
combined betamethasone sodium sulfate and fradiomycin sulfate; AK, Acanthamoeba keratitis; BK, bacterial keratitis; FK, fungal keratitis; PDR, proliferative diabetic
retinopathy; rubeotic gla, rubeotic glaucoma; ACV, acyclovir ocular ointment; VACYV, valaciclovir tablets.
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fradiomycin sulfate) were prescribed for at least three
patients (Table 1).

All patients visited the ophthalmic clinic with
a complaint of ocular pain, red eye, and visual disturbance.

Nine patients were contact lens wearers (Table 1).

History of Herpetic Keratitis

The history of herpetic keratitis and treatment is
described in Table 1. According to the referral letters,
four patients (cases 4, 5, 8, and 14) had a past history of
herpetic keratitis, but the details and the accuracy of the
diagnosis were unknown. At least six of the 14 patients
were treated with either acyclovir ocular ointment or
valaciclovir tablets, along with topical corticosteroids
(cases 3, 4, 7, 10, 13, 14). Although we could not
exclude concurrent herpetic stromal keratitis because
our institution did not have the facility to perform either
the immune chromatography or the real-time polymerase
chain reaction, the corneal findings and the clinical
course of the patients’ eyes were not suggestive of
herpetic necrotic keratitis.

Culture and Diagnosis

Corneal scraping and culture were performed for 13
patients (Table 2); however, because the cornea was
already perforated and Acanthamoeba was proven by
the referral doctor, culture was not performed for case
8. As listed in Table 2, based on the results of the
cultures, we diagnosed keratitis as follows: bacterial ker-
atitis in two patients including one suspected case,
Acanthamoeba keratitis in six patients, fungal keratitis
in two patients, and unknown cause in four patients.
Case 2 had a corneal ulcer with a 3.0-mm diameter and
hypopyon at the first visit, but the inflammation subsided
within 3 weeks of topical antibiotic therapy, and we thus
diagnosed the patient with bacterial keratitis even though
the culture was negative. In four patients with unknown
causes (cases 11—14), the diagnosis of microbial infec-
tious keratitis was made from the clinical presentation at
the first visit (Figure 1), but it was not possible to deter-
mine whether these were bacterial, fungal, or
Acanthamoeba keratitis cases based on the clinical

course.

Table 2 Patients Topical Corticosteroids Were Applied Before Culture: Culture Results and Prognosis

Case BCVA at First | BCVA at Last Weeks Taken to | Cultured Microorganisms Diagnosis Corneal
No. Visit Visit Settle Down Perforation
| HM 0.3 3 | Pseudomonas aeruginosa BK
2 NLP NLP 8 | No growth BK susp
3 0.4 1.0 17 | Amoeba, Staphylococcus epidermis, AK
GM Pos bacilli
4 LP 0.4 22 | Amoeba, Staphylococcus epidermis AK
5 CF HM 50 | Amoeba AK
6 HM 0.9 I5 | Amoeba AK
7 0.3 0.9 19 | Amoeba AK
8 LP LP 8 | Amoeba at referring doctor AK Yes
9 HM NLP Evisceration | Fusarium sp. FK Yes
10 LP NLP Evisceration | Fusarium sp. FK Yes
Il 0.03 0.8 3 | No growth Unknown
12 CF 0.5 6 | No growth Unknown
13 LP 0.05 25 | No growth Unknown Yes
14 0.04 0.04 30 | Staphylococcus epidermis (MRSE) Unknown

Abbreviations: BCVA, best-corrected visual acuity; HM, hand motion; NLP, no light perception; LP, light perception; CF, counting fingers; GM Pos bacilli, Gram-positive
bacilli; AK, Acanthamoeba keratitis; BK, bacterial keratitis, FK, fungal keratitis; MRSE, methicillin-resistant Staphylococcus epidermis.
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Figure | Cases of suspected infectious keratitis who were treated with topical corticosteroids without culture-proven diagnosis and before presentation to our clinic. (A)
Case | I; Forty-four-year-old female. Although fungal keratitis was suspected based on corneal findings, it took only 3 weeks to cure the inflammation by a combination of
topical antibiotics and anti-fungal therapy. (B) Case |2; Eighteen-year-old female. Early stage of Acanthamoeba keratitis was suspected based on the findings, but no organism
could be cultured, even after co-culture with Escherichia coli. (C) Case |3; Fifty-one-year-old male. Despite treatment with a combination topical antibiotic and antifungal
therapy, corneal perforation occurred 2 weeks after the first visit. (D) Case |4; Thirty-five-year-old male. Culture was attempted 3 times from the first visit, and at
the second time of culture, | week after the intensive topical antibiotic therapy was started, methicillin-resistant Staphylococcus epidermis was detected by enrichment

culture, but the significance of this result was unclear.

Prognosis

The prognosis is summarized in Table 2. The patients
with bacterial keratitis (cases 1 and 2) responded well to
the topical antibiotic therapy, and the corneal lesion
healed as a scar after 3 weeks, after which corticosteroid
eye drops were started again to settle the infiltration.

The prognosis for the vision of the two patients with
Acanthamoeba keratitis (cases 5 and 8) whose anti-amoebic
therapy was started more than 10 weeks after the onset was
poor (Table 1). In patients with Acanthamoeba keratitis in
whom appropriate anti-amoebic therapy was started at least
within 2 weeks from the onset, the visual prognosis was
good, even though topical corticosteroids were applied
before the diagnosis (cases 3, 6, and 7).

Both patients with fungal keratitis visited the specialist
clinic 3 weeks after the onset of the complaint (Table 1). The
delay in the diagnosis and identification of the causative organ-
ism (Fusarium species), in addition to the use of topical corti-
costeroid before diagnosis, may have caused a corneal
perforation and loss of sight in the affected eyes (cases 9
and 10).

In the five culture-negative cases, we could not deter-
mine the causative microorganism based on the corneal
appearance and the clinical course in four cases (Figure 1).
Favorable recovery of vision has still not been obtained in
two of the cases (cases 13 and 14). This may be due to the
difficulty in establishing a treatment plan because the
empirical topical antibiotic and corticosteroid treatment
has masked the appearance of the corneal lesion.

Discussion

Similar to the findings of the SCUT study, in our cases, the use
of topical steroids along with antibiotics did not affect the
vision prognoses in the eyes with bacterial keratitis; however,
vision was lost in two eyes with fungal keratitis (Table 2). Even
though this poor outcome may be attributed to the Fusarium
sp. that was involved in two of our cases, topical corticoster-
oids should not be used for fungal keratitis.*”'® For the eyes
with Acanthamoeba keratitis, topical corticosteroids are not
contraindicated as long as appropriate anti-amoebic therapy is
applied."® ' However, two of the six Acanthamoeba keratitis
eyes lost vision in our study (Table 2). In the Acanthamoeba
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keratitis patients (cases 5 and 8) as well as in two fungal
keratitis patients (cases 9 and 10) and two unknown keratitis
patients (cases 13 and 14), one of the reasons for the undesir-
able visual prognosis could be the delay in proper diagnosis
(Table 1), caused by the masked clinical findings (Figure 1) and
the reactions to the empirical use of topical antibiotics and
corticosteroids. =

From the referral letter information, at least eight patients
were assumed to be treated with topical corticosteroids after
being diagnosed with stromal herpetic keratitis. Three of the
six Acanthamoeba keratitis patients, one of the two fungal
keratitis patients, and two of the four unknown keratitis
patients were treated with acyclovir ointment or valaciclovir
tablets (Table 1). In addition to these patients who were treated
with anti-herpes virus drugs, two Acanthamoeba keratitis
patients had a history of herpetic keratitis, according to the
referral letter (Table 2). These facts show that we have to
distinguish whether the keratitis is stromal keratitis related to
herpes simplex virus or microbial infectious keratitis.

From the results of this study, we concluded that it is
important to evaluate the patient for fungal keratitis and
Acanthamoeba keratitis before deciding on the use of
topical corticosteroids for the treatment of the keratitis.
Because correct differentiation of bacterial or fungal ker-
atitis by the clinical signs or findings is difficult even for
a corneal specialist,”’ it is important to make a biologically
proven diagnosis by smear and culture before prescribing
topical corticosteroids. In addition, it is important to stop
the application of topical corticosteroids immediately
when keratitis does not improve by these steroids.

A combination of 0.1% betamethasone sodium sulfate
and fradiomycin sulfate was prescribed in at least three of
the 14 cases. Along with the possibility of stromal herpetic
keratitis, another possible reason for the immediate use of
topical corticosteroids could be the commercial availabil-
ity of corticosteroid-antibiotic combination eye drops. As
O’Day DM pointed out,® these preparations have the
potential to violate the rule of combined corticosteroid—
antibiotic therapy for infectious keratitis.

Accordingly, microbiological evidence, as well as
a differential diagnosis of herpetic stromal keratitis, is
needed when prescribing topical corticosteroids for the
treatment of infectious keratitis. Although corticosteroid-
antibiotic combination eye drops seem safe, they are
meaningless or unsafe for treating infectious keratitis
other than culture-proven bacterial keratitis.

In addition to its retrospective nature, the main limitation of
this study was the single-center study design. As almost all the

patients had already been treated empirically with topical anti-
biotics by the previous ophthalmologist, it was difficult to
distinguish the causative microorganism by culture. Thus, we
had to diagnose the keratitis as infectious keratitis, particularly
bacterial keratitis, based on the corneal findings and clinical
course. Additional information from other institutions is
needed to clarify the merits and demerits, as well as the back-
ground for the empirical use of topical corticosteroids for
suspected microbial infectious keratitis.

Conclusion

This study reported a series of severe infectious keratitis
cases referred to a specialized medical institution, who
were given an antibiotic-steroid combination treatment.
Our findings show that it is harmful to apply topical
corticosteroids for keratitis that does not respond to
empirical antibiotic therapy, since Acanthamoeba keratitis
or fungal keratitis are likely involved in these topical
antibiotic-resistant cases.

The use of topical corticosteroids along with empirical
antibiotic therapy make it difficult to distinguish the causative
agent of the infection in suspected keratitis, either by culture or
by the corneal findings and clinical course, and as a result, may
delay the appropriate treatment and cause unfortunate out-
comes. Therefore, we conclude that the use of topical corticos-
teroids, merely owing to ineffective empirical antibiotic
therapy for keratitis, should be avoided. Microbiological evi-
dence, as well as a differential diagnosis of herpetic stromal
keratitis, is needed before prescribing topical corticosteroids
for the treatment of suspected infectious keratitis.

Abbreviations
AK, Acanthamoeba keratitis; FK, fungal keratitis; SCUT,
Steroids for Corneal Ulcers Trial.
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