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Abstract
Background—Primary treatment for sus-
pected microbial keratitis is generally
successful. Although risks such as contact
lens use are well recognised as causative
factors for microbial keratitis, little is
known about the risk factors that influ-
ence treatment outcome. The present
study evaluates the risk factors assessed at
diagnosis as prognostic indicators of pri-
mary treatment failure.
Methods—Patients were prospectively en-
rolled in the ofloxacin treatment trial and
data concerning symptoms, treatments,
past and concurrent eye disease were col-
lected along with the measurement of cor-
neal ulcer size at the slit lamp. All patients
were scraped for microbiological investi-
gation, and treated with either ofloxacin
(0.3%) or standard therapy of fortified
cefuroxime and gentamicin drops. Treat-
ment success was complete healing of the
ulcer with zero dimensions of the epithe-
lial defect within 2 weeks of start of treat-
ment. The important prognostic
indicators were selected by comparison
among those who failed treatment, had
delayed healing, or were culture positive
with other patients using univariate and
stratified analysis. These were then used
in a Poisson model for multiple regression
analysis to estimate the relative risk of the
main prognostic variables.
Results—Of the 118 patients enrolled in
the study, 14 were identified as primary
treatment failures, 17 had slow healing,
and 15 indolent ulcers. There were 49 cul-
ture positive patients. The multivariate
analysis identified that large culture posi-
tive ulcers in patients 60 years or older had
5.5 times the risk of primary treatment
failure (p<0.001). Significant predictors of
slow healing were previous ocular disease
and a positive culture; significant predic-
tors of indolent ulceration were previous
ocular disease and steroid use at diagno-
sis; the main predictor of a culture
positive result was ulcer size.
Conclusions—Elderly patients with large
ulcers were more likely to be culture posi-
tive, fail primary therapy, and require
surgical intervention. A positive microbial
culture provided prognostic information
regardless of the organism isolated. How-
ever, this information was of less value for
those with small ulcers and for younger
patients.
(Br J Ophthalmol 1999;83:1027–1031)

Primary treatment of suspected microbial
keratitis with either extemporaneously pre-
pared fortified antibiotics or commercially
available topical fluoroquinolones results in
cure in around 90% of cases.1–6 Although risks
for the development of microbial keratitis such
as contact lens use and ocular surface disease
are well recognised,7 8 little is known about how
these and other risks may influence treatment
outcome. Previous retrospective studies have
suggested that ulcer size may be important but
data quantifying the relative risks are not
available.9 10 Distinguishing those at high risk
of primary treatment failure or those likely to
have a positive culture would facilitate ration-
alisation of microbial investigation, the value of
which has been questioned in a series of papers
by McDonnell et al.11–13 In this prospective
study, risk factors assessed at diagnosis were
evaluated as prognostic indicators with the use
of multivariate analysis.

Methods
With ethics committee approval, patients were
recruited over a 12 month period as part of the
ofloxacin treatment trial for the initial manage-
ment of suspected bacterial keratitis at Moor-
fields Eye Hospital and Manchester Royal Eye
Hospital. Both centres enrolled predominantly
primary care patients, some clinic patients, and
a small number of tertiary referrals.

DEFINITIONS

Suspected bacterial keratitis was defined as a
corneal epithelial defect of any size with an
infiltration of the underlying stroma thought to
be caused by infection. Those suspected of
having fungal, amoebic, or viral keratitis, those
with a known hypersensitivity to any of the trial
drugs, and patients unwilling to participate in
the study were not recruited.

Treatment success was defined as complete
healing of the ulcer within 2 weeks of
commencement of therapy. Primary treatment
failure was defined as an increase in ulcer size
or infiltrate, perforation, or when an organism
resistant to any of the trial drops was isolated.
Delayed healing was defined as failure of com-
plete epithelialisation of the ulcer following 2
weeks of treatment, and was further subclassi-
fied into slow healing ulcers (those with
progressive but delayed healing) and indolent
ulcers (those with a persistent epithelial defect
that remained unchanged in size).

HISTORY, EXAMINATION, AND INVESTIGATION

After obtaining informed consent, the enrolled
patients were questioned about the duration of
symptoms before presentation, past and con-
current eye disease, and specific ophthalmic
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treatment at the time of presentation. The pres-
ence of any hypopyon was noted and the size of
the corneal ulcer was measured in two dimen-
sions using the graduated slit beam of a Haag-
Streit slit lamp. Firstly, the longest dimension

of the defect was determined then the dimen-
sion perpendicular to the first was measured.

The lesion was scraped in each patient
following administration of unpreserved topi-
cal amethocaine 1 mg/ml. Using sterile dispos-
able 21 gauge hypodermic needles, the ulcer
was debrided and the base and edges scraped.
A fresh needle was used on each occasion to
directly inoculate a blood or chocolate agar
plate, Robertson’s cooked meat broth, thiogly-
colate broth, brain-heart infusion broth, a Sab-
ouraud’s agar slope or plate, and slides for
Gram and other stains. Following incubation
any positive cultures were characterised and
were tested for antibiotic sensitivity using the
disc diVusion method.

TREATMENT

Ofloxacin 3 mg/ml drops (Exocin 0.3%, Aller-
gan) or gentamicin 15 mg/ml drops and
cefuroxime 50 mg/ml drops were prescribed.
Patients were instructed to apply one of each of
the drops each hour day and night for 48
hours, reducing to hourly day only for a further
3 days, then the frequency of application was
reduced to four times a day until the ulcer was
healed. Reviews were arranged at least weekly
and as the clinical situation necessitated and
treatment was ceased once the ulcer was
epithelialised. At each review the patient’s
ulcer size was measured and they were
examined for evidence of drug toxicity.

ANALYSIS OF FINDINGS

Potential prognostic factors were compared
among those who failed treatment, had delayed
healing, or were culture positive with the other
patients. These included age, sex, size of ulcer
at randomisation, past and concurrent morbid-
ity, culture results, current antibiotic or steroid
treatment, and the interval between onset of
symptoms and start of treatment. Ulcer size (in
mm2) was derived from the product of the
dimensions measured as described. Initial
scrutiny of the risk factors through univariate
and stratified analysis was carried out to iden-
tify and select important prognostic variables
for subsequent inclusion in the regression

Table 1 Frequency of primary treatment failure, delayed healing, and indolent ulceration
in various subgroups of patients presenting with suspected microbial keratitis

Characterisitic at diagnosis Number

% Primary
treatment failure
(n = 14)

% Slow
healing ulcers
(n = 17)

% Indolent
ulcers
(n = 15)

Age (years)
<60 76 1.3 7.9 5.3
60+ 42 31.0 26.2 26.2

Sex
Males 69 10.1 11.6 13.0
Females 49 14.3 18.4 12.2

Ulcer size (mm2)*
Culture positive

<5 mm2 23 8.7 17.8 8.7
5+ mm2 26 42.3 34.6 30.8

Culture negative
<5 mm2 60 0.0 3.3 6.7
5+ mm2 9 11.1 22.2 11.1

Hypopyon
Present 15 33.3 26.7 26.7
Absent 103 8.7 12.6 10.7

Symptom to treatment interval (days)
<4 68 7.4 10.3 10.3
4+ 44 13.6 20.5 13.6

Previous disease†
Corneal present 38 28.9 21.1 26.3

absent 80 3.8 11.3 6.3
Cataract present 11 27.3 36.4 36.4

absent 107 10.3 12.1 10.3
Glaucoma present 11 18.2 27.3 36.4

absent 107 11.2 13.1 10.3
Other present 20 15.0 30.0 25.0

absent 98 11.2 11.2 10.2
Any 62 21.0 25.8 22.6
None 56 1.8 1.8 1.8

Concurrent factors†
Contact lens present 46 2.2 6.5 2.2

absent 72 18.1 19.4 19.4
Ocular surface disease present 7 42.9 14.3 57.1

absent 111 9.9 14.4 9.9
Any 83 12.0 15.7 13.3
None 35 11.4 11.4 11.4

Current treatment†
Antibiotics present 26 19.2 11.5 15.4

absent 92 9.8 15.2 12.0
Steroids present 19 31.6 36.8 36.8

absent 99 8.1 10.1 8.1
Culture result

Positive 49 26.5 26.5 20.4
Negative 69 1.4 5.8 7.2

*Ulcer size calculated as product of maximum horizontal and vertical lengths in mm.
†These categories are not exclusive as some patients had more than one disorder or treatment.

Table 2 Clinical characteristics of the 14/118 patients who failed primary therapy of suspected microbial keratitis

ID Age Sex Diagnoses Drops Size Therapy
Culture and sensitivity to
antibiotics

Days
treated

Size at
change Complication Outcome

1/10 73 F HSV Steroid 6.5×7.5 Oflox Moraxella sp n/a 1 6.5×7.5 perforation,
slow healing

self sealed,
tarsorrhaphy

1/83 81 F OCP Hypromellose 3.0×2.0 Oflox S aureus yes 4 5.0×2.0 perforation PK (@ 12/7)
2/22 79 M Rosacea 3.5×3.0 Oflox Pneumococcus yes 3 4.0×4.6 nil healed
2/5 67 M V and VII nerve palsy

exposure
4.5×2.5 Oflox Pneumococcus yes 3 4.0×2.0 nil permanent

tarsorrhaphy
1/18 74 M AKC 1.0×0.5 Oflox Candida no 2 3.0×2.0 indolent healed
2/13 70 F PK 3/52 for

perforated bacterial
ulcer

Steroid
Antibiotic

4.5×3.0 Oflox Pneumococcus yes 3 8.0×8.0 graft failed PK (@ 12/7)

2/27 70 F HSV Steroid
Antibiotic

5.0×4.5 Oflox Bacillus sp yes 2 5.0×4.5 perforation PK (@ 2/7)

2/29 67 M 1.0×3.0 Cef and gent Coagulase negative
Staphylococcus

yes 16 3.5×2.0 perforation self sealed, but
PK (@ 1/12)

2/24 41 F blocked lacrimal duct 3.5×3.0 Oflox Diphtheroids sp yes 4 0.5×0.5 new infiltrates healed
2/8 88 F PK (BK) Steroid

Antibiotic
7.0×3.0 Cef and gent Capnocytophage

ochracea
yes 3 8.5×3.0 graft failed PK (@ 6/52)

2/9 82 M PK (BK) Steroid 4.0×3.0 Cef and gent Coag neg staph
and X maltophillia

yes
no

3 5.0×4.0 graft failed PK (@ 4/7)

2/26 79 M 1.0×5.0 Cef and gent Coag neg staph no 5 4.0×1.0 extended
centrally

healed

1/24 70 M PK (HSV) Steroid 2.5×3.0 Cef and gent Ps aeruginosa no 2 2.5×3.0 slow healing conj flap
1/40 78 F BK (rubeosis) Antibiotic 6.0×8.0 Oflox Ps aeruginosa yes 6 6.0×8.0 deteriorated eviscerated
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models. Multiple regression analysis using
Poisson models was used to estimate the
relative risk of the main prognostic factors.

Results
Table 1 summarises the baseline clinical
characteristics of the patients who failed
primary treatment (14 patients, 12%), had
slow healing (17 patients, 14%) or indolent
ulcers (15 patients, 13%). Further details of
the clinical characteristics of the patients who
failed primary treatment are described in Table
2. The age, demographic, and culture results
are shown in Figure 1.

Multivariate analysis identified large culture
positive ulcers in patients 60 years or older as
the most significant risks for primary treatment
failure (Tables 3 and 4). Surgery was required

by 10/14 patients who failed primary therapy,
all of whom were 60 years or older (p<0.0001)
and the significant prognostic indicators iden-
tified for this subgroup were culture positive
ulcers and previous corneal disease (Table 5).

Significant prognostic indicators of slow
healing were previous ocular disease and a
positive culture (Table 6). However, if previous
ocular disease was divided into the various
diagnoses, ulcer size larger than 5 mm2

predominated as the sole predictive factor (RR
4.35, 95% CI 1.65–11.76, p = 0.004). The sig-
nificant prognostic indicators of indolent ul-
ceration were any previous ocular disease or
topical steroid use at diagnosis (Table 7). The
main predictor for a culture positive ulcer was
large ulcer size (Table 8).

Discussion
A positive culture had prognostic value in the
management of microbial keratitis in the
elderly, regardless of the organism cultured or
sensitivity data. However, the results also
suggest that microbial investigation of small
ulcers was rarely useful for the purpose of pre-
dicting prognosis, especially for young patients.

The value of culturing ulcers as part of the
initial management of microbial keratitis was
questioned by McDonnell et al following their
survey of 64 general ophthalmologists practis-
ing in California.12 Only 14 (23%) considered a
corneal scrape was always necessary, the
majority (35, 57%) considered a scrape only
necessary for large ulcers. McDonnell took the
debate further in his editorial which outlined
three approaches to the issue: (i) scrape all
ulcers (as is the current expert opinion), (ii)
scrape none initially and scrape those that fail
primary empirical therapy, (iii) scrape only
those patients who have severe ulcers or a his-
tory and appearance suspicious for an unusual
pathogen.11 Although our results would sup-
port McDonnell’s latter approach, the 70%
reduction in our number of microbiological
investigations, would also have resulted in the
loss of 23/49 (47%) of our culture positive
specimens. This would seriously dilute the
usefulness of the culture data for epidemiologi-
cal purposes. For an appropriate empirical
therapy, it is necessary to collect local contempo-
raneous data about the presenting causative
organisms of microbial keratitis. All our
primary treatment failures were culture posi-
tive, but there is no guarantee that a culture
subsequent to primary treatment would have
provided the same results.

Our results confirm the original observation
by Coster and Badenoch9 that ulcer size was an
important risk factor.10 In their retrospective
study Blanton et al also reported that increas-
ing ulcer size was significantly correlated with
failure of therapy (although the statistical
analysis in their report was incomplete and
underestimated the eVect).10

A bimodal age distribution of patients
presenting with microbial keratitis was re-
ported in three previous papers, with the 60+
year old group predominating.7–9 The present
study had a larger preponderance of younger
patients (Fig 1) who were more likely to be

Figure 1 Age distribution and culture results of patients with suspected microbial keratitis.
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Table 3 Significant predictors for primary treatment failure of suspected microbial keratitis

Characteristics

Primary treatment failure

Risk ratio 95% CI p ValueNo %

“Crude” estimates of risk ratio with no adjustment for confounding factors
Culture positive ulcers >5 mm2 11/26 42.3 12.8 3.9–43.1 <0.001
Other ulcers 3/92 3.3
Age 60+ years 13/42 40.0 23.5 3.2–173.6 <0.001
Age <60 years 1/76 1.3
Previous corneal disease 11/38 28.9 7.7 2.3–26.1 <0.001
No previous corneal disease 3/80 3.8
Topical steroid treatment 6/19 31.6 3.9 1.5–10.0 0.01
No steroid 8/99 8.1
Hypopyon present 5/15 33.3 3.8 1.5–9.9 0.017
No hypopyon 9/103 8.7

Variables in regression model Adjusted risk ratio 95% CI p Value

Results of multiple regression analysis for risk factors with adjustment for confounding factors
Culture positive ulcers >5 mm2 v other ulcers 5.5 1.4–20.8 0.013
Age 60+ v age <60 years 11.0 1.3–92.1 0.027

Further adjustment for confounding eVect of other factors one at a time did not materially change
the results.

Table 4 Relation between primary treatment failure, ulcer size, and culture result

Ulcer size Culture

Age <60 years Age group 60+ years

No
Primary treatment
failure No

Primary treatment
failure

Large (5+mm2) Positive 7 1 (14.3%) 19 10 (52.6%)
Negative 3 0 6 1 (16.7%)

Small (<5mm2) Positive 18 0 5 2 (40.0%)
Negative 48 0 12 0
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contact lens users (43/76, 57% v 3/42, 7% in
the 60+ group, p<0.0001). The diagnosis of
suspected microbial keratitis in this group
probably reflects the clinicians’ concern about
the well documented risk of microbial keratitis
in contact lens users. However, most of the
lesions scraped in this group were not culture
positive and may have been sterile infiltrated
ulcers as previously described in contact lens
users.14 The finding by Blanton et al that
contact lens use was a predictor of a good out-
come may have been confounded by the age of
the contact lens users in their study.10

Primary treatment failure varies between
reports but recently McLeod et al 15 high-
lighted the importance of prescribing the

appropriate antibiotics as primary therapy.
Although many of the numbers in their paper
did not add up, they reported that 8/26 (31%)
of the patients referred for further manage-
ment were definitely prescribed inappropriate
therapy and that 8/11 (73%) with poor initial
therapy failed treatment compared with 8/41
(20%) given appropriate initial therapy. They
also found that 26/34 (77%) of ulcers that
failed previous antibiotic treatment were sub-
sequently culture positive but many of these
patients were on an inappropriate antibiotic.15

In 1987 Coster and Badenoch9 reported 22/78
(28%) treatment failures giving poor outcome
from a series that had a large number of
primary care patients and Gudmundsson et al 8

reported 31/175 (18%) of their series of
culture positive cases (selected from about 673
corneal cultures between 1977–81) had a
major complication with 27 requiring surgery.
In another more recent report concerning
mainly primary care patients, McLeod et al
reported 3/81, 4% (3/56, 5% of the culture
positive cases) failed primary treatment, all of
whom occurred in the severe ulceration group
(41 patients).13 We found a primary treatment
failure of 14/118, 12% (13/39, 33% of the cul-
ture positive cases) in our prospective study of
predominately primary care patients. It is diY-
cult to compare the eYcacy of the treatments
used in these studies because of the differences
in the age demographics and diVerences in the
rate of fungal isolation.

Poor healing not surprisingly was associated
with previous ocular disease, prior steroid
treatment, and large ulcers. However, a positive
culture result alone was predictive of poor
healing regardless of the organism obtained,
suggesting that such information is useful
when patients present with large ulcers (>5.0
mm2). Stern and Buttross presented a compre-
hensive discussion of the role of topical
corticosteroids in microbial keratitis.16 Al-
though steroids may potentially worsen the
outcome of microbial keratitis if used too early,
we did not find steroid use was a significant
risk factor for primary treatment failure in our
group of patients after adjustment for con-
founding eVects of age, ulcer size, and culture
result. Prior steroid use was a risk for indolent
ulceration possibly as a result of inhibition of
wound healing, or of the nature of the underly-
ing ocular problem which was also an associ-
ated risk. These findings have management
implications for patients with surface disease
and/or who have been using topical steroids.
Such patients may benefit from modified
therapeutic measures to ensure prompt ulcer
epithelialisation; these may include avoidance
of toxic antibiotic therapy (that is, the
aminoglycosides) where possible, treatment of
surface disease such as dry eye, and early use of
protective ptosis with botulinum toxin, eyelid
splints, or other temporary tarsorrhaphy.

As Coster and Badenoch pointed out, a poor
outcome still occurs even when the patient
presents early, appropriate empirical therapy is
initiated, the causative organism is identified,
and drug susceptibility is confirmed.9 A ration-
alisation of the use of corneal scrape and

Table 5 Significant predictors for requiring surgery following failure of primary treatment
of suspected microbial keratitis

Characteristics

Primary treatment failure
requiring surgery

Risk ratio 95% CI
p
ValueNo %

“Crude” estimates of risk ratio with no adjustment for confounding factors
Age 60+ years 10/42 40.0 — — <0.001
Age < 60 years 0/76 0.0
Culture positive ulcer >5 mm2 7/26 26.9 8.3 2.3–29.7 <0.001
Other ulcers 3/92 3.3
Hypopyon present 5/15 33.3 6.9 2.3–20.9 0.003
Hypopyon absent 5/103 4.9
Previous corneal disease 8/38 21.1 8.4 1.9–37.8 0.002
No previous corneal disease 2/80 2.5
Topical steroids before diagnosis 5/19 26.3 5.2 1.7–16.3 0.01
No prior steroid 5/99 5.1

In the age group 60+ years old
Culture positive ulcers 9/24 37.5 6.7 0.94–48.6 0.026
Other ulcers 1/17 5.6
Previous corneal disease 8/21 38.1 4.0 0.96–16.7 0.032
No previous corneal disease 2/19 9.5

In the 60+ year old group, presence of hypopyon was a borderline risk factor (RR 2.5 (0.9–7.1),
exact p=0.117), as was the presence of large culture positive ulcers (RR 2.8 (0.8 9.5), exact
p=0.143). There were only 10 cases requiring surgery, all in the older age group. The small sam-
ple had little power in detecting significant predictors in regression analysis with adjustment for
confounding factors, none was detected.

Table 6 Significant predictors for slow healing with treatment of suspected microbial
keratitis

Characteristics

Slow healing

Risk ratio 95% CI p ValueNo %

“Crude” estimates of risk ratio with no adjustment for confounding factors
Culture positive ulcer 13/49 26.5 4.58 1.59–13.2 0.0016
Culture negative 4/69 5.8
Any previous ocular disease 16/62 25.8 14.45 1.98–105.48 <0.001
No previous ocular disease 1/56 1.8

Table 7 Significant predictors for indolent ulceration with treatment of suspected microbial
keratitis

Characteristics

Indolent ulceration

Risk ratio 95% CI p ValueNo %

“Crude” estimates of risk ratio with no adjustment for confounding factors
Previous ocular disease 14/62 22.6 12.65 1.72–93.1 <0.001
No previous disease 1/56 1.8
Topical steroids before diagnosis 7/19 36.8 4.56 1.88–11.08 0.0027
No prior steroid use 8/99 8.1

Table 8 Significant predictors for positive culture with investigation of suspected microbial
keratitis

Characteristics

Positive culture

Risk ratio 95% CI p ValueNo %

Estimates of risk ratio with no adjustment for confounding factors
Ulcer size 5+ mm2 26/35 74.3 2.68 1.80–3.99 <0.001
Ulcer size <5 mm2 23/83 27.7
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microbiological culture may be justified, but at
the cost of diluting local contemporaneous
data upon which empirical primary treatment
is based, and with the loss of prognostic infor-
mation about the risk of primary treatment
failure and poor healing.
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