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Purpose: To objectively determine longitudinal changes in corneal optical density
(COD) in patients with bacterial keratitis (BK).

Methods: Thirty patients with unilateral BK (mean age + standard deviation
[SD], 44.7x11.5 years) underwent examination. Fellow eyes were used as
controls. Optical densitometry was performed using the corneal topography
system Pentacam AXL at admission and days 7 and 14 of treatment.

Results: At presentation and days 7 and 14 of treatment, the average median
(interquartile range [IOR]) COD value for the affected eyes was 92.8 (55.6-
99.6), 89.7 (51.1-97.3) and 80.6 (32.0-93.1) grayscale units (GSU), respectively
(p<0.05), indicating a decrease in inflammatory infiltration, and the average
mean (SD) COD value for the control eyes was 19.6+3.0, 19.9+£2.8, and 19.7+2.6
GSU, respectively, with no statistically significant difference.

Conclusion: The use of optical densitometry for monitoring corneal transparency
in eyes treated for BK over a two-week period enabled objective recording of a
gradual reduction in median (IQR) COD values in the affected eyes from 92.8
(55.6-99.6) to 80.6 (32.0-93.1) GSU, corresponding to an improvement in the
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Introduction

According to the 2019 WHO World Report on Vision,
corneal disorders accounted for 3.46% of global vision
loss [1]. Corneal opacity is most commonly caused by eye
infection such as infectious keratitis; it is the fourth lead-
ing cause of blindness and was estimated to be the cause
of 10% of all cases of avoidable loss of vision in the de-
veloped countries [2]. Bacteria are the most common caus-
ative agents of ocular infections. Even though the eye is
hard and protected by the continuous flow of tear which
contains antibacterial compounds, inflammation and scar-
ring once occurred may not be easily resolved and requires
immediate management [3].

Effective management of such infections demands
knowledge of the specific etiology. Because antimicrobial
antibiotic resistance is a pressing public eye health issue
[4], there is a need for the development of new methods
of treatment and improvements in methods of objective
monitoring the state of the cornea in the course of research.
However, in today’s ophthalmological practice, longitudi-
nal changes in corneal inflammation are assessed through
visual acuity measurements and results of anterior seg-
ment biomicroscopy. This approach allows only for the
qualitative assessment of the state of the cornea, with the
results much depending on the quality of equipment and
qualification of healthcare workers.

Pentacam Scheimpflug imaging system is equipped
with a rotating Scheimpflug camera and allows for ob-
jective measurements of corneal optical density (COD).

clinical status of patients.

COD is typically measured in standardized grayscale
units (GSU), ranging from 1 to 100, where O represents
maximum transparency and 100 represents maximum
opacity [5].

The purpose of the study was to objectively determine
longitudinal changes in COD in patients with bacterial
keratitis.

Material and Methods

This study was conducted at Department of Ophthal-
mology, Dnipro State Medical University, and Dniprop-
etrovsk Regional Clinical Eye Hospital. Informed consent
was obtained from all subjects.

Medical histories of 30 patients treated for unilateral
bacterial keratitis at the First Department of Ophthalmol-
ogy, Dnipropetrovsk Regional Clinical Eye Hospital, were
reviewed. The fellow eyes were used as controls.

Inclusion criteria were age 18 or older and a verified
diagnosis of unilateral bacterial keratitis. Patients with bi-
lateral keratitis, non-bacterial keratitis, or the presence of
corneal comorbidity affecting corneal transparency were
excluded.

Of the 30 patients, 17 were men and 13 women. The
mean patient age was 44.7 = 11.5 years.

Based on the bacteriological culture results, keratitis
was most commonly caused by single Gram-positive or-
ganisms (53.3%), including Staphylococcus aureus (23.3
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%), methycillin-resistant Staphylococcus aureus (MRSA)
(6.7%), Staphylococcus epidermidis (13.3%), and Strep-
tococcus pneumonia (10.0%). Single Gram-negative or-
ganisms were found in 16.7% of patients; these included
Pseudomonas aeruginosa (6.7%), Esherichia coli (6.7%)
and Klebsiellae pneumonia (3.3%). Mixed bacterial in-
fections were found in 10.0% of patients; these included
Staphylococcus epidermidis plus Staphylococcus aureus
(6.7%) and Staphylococcus epidermidis plus Candida al-
bicans (3.3%). There was no bacterial growth in cultures
from 20.0% of patients.

Patients underwent a routine eye examination includ-
ing visual acuity testing, intraocular pressure (IOP), and
binocular ophthalmoscopy of the anterior and posterior
segments (when possible; using a Katena Diamond 90D
non-contact lens and SL-45 slit-lamp (Shin Nippon, To-

kyo, Japan)). Additionally, they underwent spectral-do-
main optical coherence tomography (SD-OCT; Optovue
RTVue 100-2; Optovue Inc., Fremont, CA) and B-scan
ultrasonography (Compact 11, Quantel Medical, Clermont-
Ferrand, France).

Optical densitometry was performed using the Penta-
cam AXL system (OCULUS Optikgerdte GmbH, Wetzlar,
Germany) at admission to the in-patient unit and days 7
and 14 of treatment. The value automatically determined
at the point of maximum optical density of inflammatory
infiltrate was used for statistical calculations. Examples of
densitometry maps are presented in Figs. 1 (inflammatory
corneal infiltration in the optical zone of the affected eye)
and 2 (the healthy eye).

Empiric therapy was administered before the results
of microbiological tests were available and included mira-

Fig. 1. Pentacam densitometry
map for the affected right eye of a
patient with bacterial keratitis

Fig. 2. Pentacam densitometry
map for the healthy left eye of a
patient with bacterial keratitis
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mistin 0.1 mg/ml 6 times daily, ciprofloxacin 0.3% 6 times
daily, and tobramycin 0.3% 6 times daily. After antibio-
gram results were available, the patient was administered
the antibiotic agent to which the causative microorganism
proved most susceptible. Additional therapy included cy-
clopentolate 1% twice daily and dexpantenol 2% and sodi-
um hyalorunate 0.15 ophthalmic solution four times daily.

Statistica v6.1 software (StatSoft, Inc., Tulsa, OK; Ne
AGARO909E415822FA) was used for statistical analysis.
For normally distributed data, mean and standard devia-
tion (SD) were calculated, and analysis of variance (ANO-
VA) and Tukey honestly significant difference (HSD) test
were employed to determine the significance of differ-
ences between time points. For non-normally distributed
data, median (Med) and interquartile range (IQR) were
calculated, and the significance of differences between
time points was analyzed using Friedman’s rank ANOVA
and Wilcoxon test for pairwise comparison. Analysis of
normality was performed with the Kolmogorov-Smirnov
test with Lilliefors correction, with a significant P value
indicating evidence of non-normality. The level of signifi-
cance p < 0.05 was assumed.

Results

COD values in the affected eyes were not normally
distributed whereas those in the healthy fellow eyes were
normally distributed.

At baseline presentation, the median COD value for
the inflammatory infiltrate area in eyes with bacterial
keratitis ranged from 30.2 to 100.0 GSU, and the average
median (IQR) COD was 92.8 (55.6-99.6) GSU. At days 7
and 14 of treatment, the average median (IQR) value for
this measure decreased to 89.7 (51.1-97.3) GSU and 80.6
(32.0-93.1) GSU, respectively, indicating a decrease in in-
flammatory infiltration. Overall, these data corresponded
well with biomicroscopic evidence of a reduction in cor-
neal edema, increase in corneal transparency and reduc-
tion in affected area. The difference in median COD for
affected eyes between time points was statistically signifi-
cant (p<0.05).

At baseline presentation, the mean COD value for
healthy fellow eyes in with patients with bacterial kera-
titis ranged from 13.5 to 24.8 GSU, with a mean + SD
value 0f 19.6 + 3.0 GSU. At days 7 and 14 of treatment, the
mean £ SD value for this measure was 19.942.8 GSU and
19.742.6 GSU, respectively. The difference in mean COD
value for healthy fellow eyes between time points was not
statistically significant (p > 0.05) (Fig. 3).

Discussion

Several techniques for assessing corneal transparency
are available for ophthalmic practice today. Slit-lamp bio-
microscopy is the most popular clinical technique for as-
sessing corneal transparency and integrity. Although this
grading method is simple to use, the grading is often de-
pendent on the experience and subjectivity of clinicians.
Ultrasound biomicroscopy (UBM) with a high-frequency
transducer allows identifying the location and size of cor-

Fig. 3. Longitudinal changes in median [Me] and mean [M]
corneal optical densitometry values for affected eyes and
healthy fellow eyes (controls), respectively, of patients with
bacterial keratitis

neal lesions. However, UBM is only able to assess moder-
ate and above-moderate haze; subtle haze is not observ-
able with UBM. In vivo confocal microscopy provides
high-quality corneal visualization at the cellular level, but
is sensitive to the transparency of the ocular media and
cannot be used in eyes with marked corneal opacity. OCT
is a high-resolution optical imaging technique that utilizes
near-infrared light waves to image the microstructures of
different tissue types and allows assessing corneal and reti-
nal damage at the microscopic level. Its efficacy, however,
decreases with an increase in tissue density [5].

The Pentacam AXL corneal topographer is equipped
with a rotating Scheimpflug camera and is a visible light-
based optical scanning tomography system. The Penta-
cam® analysis is a contactless examination routine that
enables the assessment of corneal structure, shape and
optical density in about two seconds. Any eye movement
is detected by a second camera and corrected for in the
process [6, 7].

Other researchers reported the results of the use of
optical densitometry in health and disease of the anterior
segment. Dhubhghaill and colleagues and Asrar and col-
leagues [8] and published the results of optical densitom-
etry measurements with the Pentacam system in normal
individuals of various age and ethnic background, demon-
strating changes in COD with age, area and corneal depth.
Our findings in normal eyes (the maximum COD was au-
tomatically found at the corneal apex at the level of the
Bowman’s membrane) are in general agreement with their
findings.

There have been reports on increased COD readings
after refractive [9, 10] and cataract surgery [7], corneal
cross-linking in patients with keratoconus [11, 12], kerato-
plasty [13], etc. Our present study demonstrates that opti-
cal densitometry is an effective tool for objective monitor-
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ing of corneal transparency in eyes treated for bacterial
keratitis. Over two weeks of treatment, there was a gradual
reduction in median (IQR) values of COD in the affected
eyes from 92.8 (55.6-99.6) GSU to 80.6 (32.0-93.1) GSU,
corresponding to an improvement in the clinical status of
patients. There was, however, hardly any change in mean
(SD) values of COD in the healthy fellow eyes over that
period.

Conclusion

The use of optical densitometry for monitoring corneal
transparency in eyes treated for bacterial keratitis over a
two-week period enabled objective recording of a gradual
reduction in median (IQR) values of COD in the affect-
ed eyes from 92.8 (55.6-99.6) to 80.6 (32.0-93.1) GSU,
corresponding to an improvement in the clinical status
of patients. Optical densitometry is a non-invasive tech-
nique enabling (1) easy and fast evaluation of pathological
corneal changes in the region of inflammatory infiltration
and (2) effective monitoring of longitudinal changes in
the clinical status in patients with bacterial keratitis. The
methodology presented is believed to be important and
promising for further research, particularly for evaluating
the efficacy of new treatments and comparing schemes for
the conservative and surgical treatment of inflammatory
corneal disorders.
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