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Purpose: Anterior segment optical coherence tomography (AS-
OCT) is increasingly being used to complement slit-lamp biomicro-
scopy in the evaluation of corneal infections. Our purpose was to 
analyze, compare, and correlate the clinical signs elicited by these 2 
methods in patients with infectious keratitis (IK).

Methods: Slit-lamp photomicrographs (diffuse and slit beam) and 
AS-OCT scans were obtained from 20 consecutive patients (21 eyes) 
with IK. AS-OCT horizontal line scans representing the top, middle, 
and bottom of the lesions were analyzed and compared with findings 
seen on slit-lamp photographs. Epithelial defects, thickness, irregu-
larity; presence of infiltrate and its depth; corneal edema or melting; 
vascularization; Descemet membrane detachment; and presence of 
keratic precipitates were analyzed with both imaging techniques. 
AS-OCT features included hyperreflectivity, hyporeflectivity, shad-
owing, and tissue morphology. Statistical analysis was performed 
using GraphPad Prism 8.2.1.

Results: AS-OCT was significantly more likely to detect corneal 
thickening (P , 0.001), epithelial hyperplasia (P = 0.027), infiltrate 
depth (P , 0.001), presence of inflammatory plaque (P = 0.0002), 
DM-endothelial complex undulations (P , 0.001), keratic precip-
itates (P = 0.0006), and Descemet membrane detachment (0.000), 
than slit-lamp imaging.

Conclusions: AS-OCT can be a helpful adjunctive test in the 
evaluation of patients with IK. AS-OCT complements slit-lamp 
biomicroscopy and photography in the diagnosis and monitoring of 
IK and may serve an important role in telemedicine compared with 
slit-lamp photography alone.
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I nfectious keratitis (IK) is a leading cause of corneal blindness worldwide and often presents as an acute 
ophthalmologic emergency requiring urgent treatment. 1–3 

Many microbes including virus, bacteria, fungi, and parasites 
can be the etiological agent. Successful management of IK 
depends on timely and accurate diagnosis followed by 
appropriate treatment. 4

Slit-lamp biomicroscopy is the most popular examina-
tion modality in assessing the lesion, the cornea, and the eye, 
in IK. Slit-lamp photomicrographs help in documenting the
lesion and monitoring progression or response to treatment by 
comparison of consecutive images. 4,5 However, it is primarily 
subjective and depends on the acumen and experience of the 
observer. It also has limitations related to the physical 
characteristics of light, which makes determination of depth 
and edema difficult. 6 Slit-lamp changes in clinical signs 
together with subjective improvement of symptoms suggest 
improvement or favorable response to therapy. 6,7 Anterior 
segment optical coherence tomography (AS-OCT) has 
become an important modality in the evaluation and man-
agement of many corneal and anterior segment diseases, 
allowing a detailed evaluation in a rapid, noncontact, and safe 
manner. 8 The main advantages of AS-OCT lie in its ability to 
accurately determine and delineate the depth and extent of 
corneal ulceration, infiltrates, and haze, which can be used to 
characterize, quantify, and monitor the progress of various 
corneal pathologies, including superficial and deep-seated 
IK. 9–12 We undertook concurrent slit-lamp biomicroscopy, 
slit-lamp photography, and AS-OCT of patients with IK to 
compare the capabilities of each device in the assessment 
of IK.

MATERIALS AND METHODS
This single-center observational study was conducted at 

Queen Medical Centre, Nottingham. The study adhered to the 
Declaration of Helsinki and its later amendments, and an 
informed consent was obtained from participants. Ethical
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committee approval ID: 152709. Slit-lamp clinical features 
and AS-OCT images of 20 consecutive patients (21 eyes) 
who presented with severe IK (sight threatening, requiring 
hospital admission for intensive medication), regardless of 
causative organism, between January 2021 and April 2024 
were evaluated.

For all participants, corneal slit-lamp biomicroscopy 
was undertaken by an experienced corneal specialist and 
representative corneal slit-lamp (diffuse and slit beam) photo-
graphs with IM 900, Haag-Streit (Haag-Streit, Koeniz, 
Switzerland), and AS-OCT scans using the anterior segment 
module of the Heidelberg Spectralis OCT (HRT II, Heidel-
berg Engineering GmbH, Heidelberg, Germany) were ob-
tained and evaluated. Twenty-one AS-OCT horizontal scans 
at 139-mm intervals covering the area of infection were 
captured. AS-OCT line scans representing the top, middle, 
and bottom of the lesions were examined. If a hypopyon or 
endothelial plaque was present, a scan of the area affected by 
the plaque/hypopyon was specifically used for analysis. The 
corresponding areas of the slit-lamp images were also 
examined and compared.

The following categorical parameters were evaluated 
for both slit-lamp images and their corresponding AS-OCT 
scans: epithelial defects, epithelial thickness, presence of 
infiltrate, ability to assess the depth of the infiltrate and the 
corneal thickness, presence of neovascularization (recognized 
on AS-OCT as the “barcode sign” 13 ), stromal melting, edema,

inflammatory cellularity, endothelial folds, Descemet mem-
brane detachment, keratic precipitates (KPs), hypopyon, and 
endothelial plaques. When infiltrates were evident on AS-
OCT, the presence or absence of any back shadow was also 
recorded. The distance measurement tool of the HRT II 
software HEYEX 1 was used to measure epithelial and 
corneal thickness (Fig. 1). Statistical analysis was performed 
using GraphPad Prism 8.2.1 (GraphPad Software, Inc, San 
Diego, CA). Descriptive statistics were computed for all 
continuous variables. The Fisher exact test and odds ratio 
(OR) were used for categorical variables. A P of , 0.05 was 
considered to indicate statistical significance.

RESULTS
Overall, 21 eyes from 20 patients (10 men and 10 

women) were included in the study. The mean age was 54 
(range 17–92) years. One patient (4.76%) had a previous 
corneal graft. The diagnosis of IK was clinical; however, 
microbiological testing was performed for all patients. The 
types of infections and their distribution are reported in 
Table 1.

Sixty-eight AS-OCT scans of 21 eyes corresponding to 
the top, middle, and bottom of the area of infiltrate were 
examined. Five eyes had one scan each covering the area of 
endothelial plaque or hypopyon. The frequencies of detection 
of the categorical parameters by AS-OCT and slit-lamp

FIGURE 1. Showing use of the HRT II HYEX 1 tool 
to measure thickness. Top image is of an unaf-
fected part of the cornea showing the epithelial 
thickness of 56m and corneal total thickness of 525 
m. These are within normal limits. Bottom image 
shows the thickness of the infected cornea and 
epithelium. The total corneal thickness is 618 m. 
The epithelium has thickened over an area of 
stroma facet, measuring 86 m.

TABLE 1. Showing Types and Distribution of IK in Our Study Population

Type of Infection* No. Eyes (n = 21) Frequency (Percentage of Total) Causative Organism

Viral 4 19.05 HSV · 4
Fungal 4 19.05 Aspergillus ·1, Fusarium ·1
Protozoan (Acanthamoeba spp.) 5 23.81

Bacterial 3 14.29 Pseudomonas ·2, Bacillus propionibacterium ·1
Staph epidermidis ·1
Combined bacterial and fungal 2 9.52

Combined bacterial and protozoan 3 4.76

The type of infection was determined by the clinical features, response to treatment and culture results. Eyes responding to antifungal agents and antiacanthamoeba agents in the 
absence of culture were labeled as ‘fungal’ and “acanthamoeba,” respectively. Those that responded partially (initially) to antibacterial agents and later an antifungal or 
antiacanthamoeba agent had to be added were labeled as “combined bacterial and fungal and combined bacterial and protozoan,” respectively.

HSVK, herpes simplex virus.
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images are given in Table 2. It was significantly more likely 
to detect corneal thickness (OR = 10.57, P , 0.001), areas of 
epithelial thickening (OR = 3.56, P = 0.027), infiltrate depth 
(OR = 10.03, P , 0.001), presence of inflammatory plaque 
(OR = 4.22, P = 0.0002), DM-endothelial complex undu-
lations (OR = 27.92, P , 0.001), KPs (OR = infinity, P = 
0.0006), and endothelial plaques (OR = 3.87, P = 0.016) on 
AS-OCT with respect to slit lamp.

When evaluating AS-OCT images, pathological find-
ings as epithelial defects (OR = 1.34) (Figs. 2, 3), presence of 
infiltrates (OR = 1.68), stromal melting (OR = 1.157), areas of 
edema (OR = 2.05), and hypopyon (OR = 1.378) (Figs. 2, 4) 
were not significantly more likely to be detected compared 
with slit-lamp images (P for all parameters .0.05). If present, 
DM detachments were only visible on AS-OCT images 
(OR = infinity). Corneal neovascularization was equally 
visible on AS-OCT and on slit-lamp photographs (OR = 1, 
P . 0.999) (Figs. 3, 4). When corneal infiltrates were present 
on AS-OCT, back shadowing was present in 76.56% of cases. 
In the one case with descemetocele, only AS-OCT was able to 
accurately detect it as a type-3 descemetocele, 14 which was 
not evident on the slit-lamp photograph.

DISCUSSION
Severity and clinical morphology of IK is often 

determined by slit-lamp biomicroscopy. However, high 
resolution AS-OCT is increasing in popularity due to its

TABLE 2. Showing the Frequency of Occurrence of the 
Clinical Findings, as Seen on AS-OCT and Slit-Lamp 
Photographs, Expressed as a Percentage of the Total Number 
of Eyes Examined

Finding
AS-OCT

(%)
Slit Lamp

(%)*

Corneal thickening (. 550m) [728.8 m 6 
126.4m]†

76.47 23.53

Corneal new vessels 85.71 85.71

Epithelial defects 52.94 45.59

Epithelial thickening (. 50m) [72.2 m 6 
113.7m]†

22.06 7.35

Presence of infiltrate 92.65 88.24

Depth of infiltrate†,‡ 58.46 12.31

Stromal melting 29.41 26.47

Edema 54.41 36.76

DM-endothelial folds† 29.41 1.47

DM detachments† 9.52 0

KPs† 16.18 0

Hypopyon 11.76 8.82

Endothelial plaques 23.53 7.35

*Determining the presence or absence of the clinical parameters on slit-lamp 
photographs was less accurate compared with AS-OCT scans. Quantifying thickness and 
depth was not possible on slit-lamp photographs.

†These parameters were statistically significantly detected/measured better on AS-
OCT scans compared with slit-lamp photographs.

‡AS-OCT enabled estimation of depth of infiltrate, anterior stromal, mid stromal, or 
deep stromal, which was not possible to ascertain accurately on the slit-lamp 
photographs.

FIGURE 2. Slit-lamp and OCT images of a case of fungal keratitis. Slit-lamp diffuse illumination photograph of the right cornea 
showing a paracentral active infiltrate with limbal injection and anterior chamber organized hypopyon (top left) and the slit-beam 
image showing an epithelial defect and central thinning (bottom left). Corresponding AS-OCT of the upper, middle, and lower 
part of the infiltrate showing an irregular corneal surface and the BCS produced by back shadows of corneal vessels (top right), an 
epithelial defect with an underlying hyperreflective infiltrate involving the superficial mid stroma (arrow. Middle right), and 
showing a thickened cornea with diffuse hyperreflectivity and a marked hyperreflective plaque on the endothelial surface cor-
responding to the organized hypopyon (block arrow, bottom right).
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ability to delineate interfaces of different refractive indices 
and to accurately determine the depth and extent of corneal 
lesions, dense infiltrates, and haze. This can be used to 
characterize, quantify, and monitor the progression of various 
corneal pathologies. AS-OCT offers novel insights into 
corneal diseases and infections at times providing strong 
clues to histological diagnosis, 14,15 offering advantages over 
slit-lamp microscopy. Slit-lamp biomicroscopy findings are 
usually documented by slit-lamp photography using diffuse 
and slit-beam illumination. While biomicroscopy gives 
a three-dimensional and magnified view, the photographs 
are of comparatively lesser resolution and may not capture all 
that can be directly visualized at biomicroscopy.

In this study, we directly compared the slit-lamp 
photographs and AS-OCT scans of the same lesion/cornea, 
at the same sites and at the same time points, which sets it 
apart from other studies on IK. Clinical examination with slit-
lamp biomicroscopy was performed in all cases before 
representative photographs were taken. The eyes with kera-
titis reported here were all with severe disease that required 
hospitalization for intensive medication. Those features that 
were readily visible on slit-lamp biomicroscopy were also 
visualized on AS-OCT. However, with dense infiltrates and 
gross edema visualization of changes that were posterior to 
the edema/infiltrate such as large KPs, endothelial plaques, 
posterior corneal undulation, and Descemet membrane 
detachment, were better visualized with AS-OCT. Konstan-
topoulos et al 16 used AS-OCT only to quantify changes

during the healing process of 26 cases of bacterial keratitis 
and reported that AS-OCT was useful in monitoring different 
in vivo parameters of corneal inflammation. AS-OCT has also 
been used to assess and descriptively analyze different layers 
of a corneal lesion. The studies by Sharma et al and Solaiman 
et al showed that AS-OCT findings were useful in diagnosing 
various infectious or inflammatory corneal lesions, through 
assessing specific morphological changes 15–17 Takezawa et al 
and Xin et al used AS-OCT to examine the cornea when slit-
lamp biomicroscopy itself was limited because of corneal 
opacification, and/or edema and found the former to be 
useful. 18–20

We noted that AS-OCT added objectivity to the 
findings. This was facilitated by greater magnification of the 
images, the reflectivity of the different structures examined, 
and the measurement tools the device offers. As illustrated in 
our study, the corneal thickness was significantly more likely 
to be assessed and accurately measured on AS-OCT when 
compared with slit-lamp images. Owing to the enhanced 
delineation of the layers of the cornea, AS-OCT enabled 
assessment of the morphology and thickness of the epithelial 
layer, providing information on both thickening and thinning 
of the epithelium better than the slit lamp. However, the 
actual presence of absence of an epithelial defect was 
detectable equally by both modalities, especially as fluores-
cein stain enhanced visibility of epithelial defects with the slit 
lamp. Though the presence of an infiltrate was equally visible 
on both AS-OCT and slit lamp, the hyperreflectivity

FIGURE 3. Slit-lamp and OCT images of a case of herpes simplex keratitis. Slit-lamp diffuse illumination photograph of the left 
cornea showing a paracentral ulcer, corneal edema, and blood vessels (top left) and a slit-beam image showing a central epithelial 
defect with central thinning and surface irregularity. Corresponding AS-OCT of the upper, middle, and lower part of the lesion 
showing an epithelial defect, stromal thinning (arrow), and diffuse corneal hyperreflectivity (top right); central thinning and dense 
stromal hyperreflectivity (arrow) with a dark back shadow (middle right); and a well-delineated hyperreflective tissue band in the 
anterior stroma (arrow) and the bar code sign produced by the back shadow of blood vessels (block arrow, bottom right).
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(increased density) of infiltrates on AS-OCT allowed assess-
ment of the depth of the infiltrate, far better than the slit lamp. 
The anterior and posterior surfaces of the “hyper reflective” 
area provided enhanced contrast and better delineation of the 
borders. Soliman et al 17 were able to highlight spindle-shaped 
areas of hyperreflectivity indicating stromal collagen conden-
sation (scarring) in herpetic keratitis cases. Konstantopoulos 
et al 16 used AS-OCT measurements of corneal thickness to 
objectively quantify disease severity and response to 
treatment.

Corneal vessels were obvious on slit-lamp photographs 
and AS-OCT, but on the latter device, blood vessels produced 
dense linear back shadows that extended the full width of the 
cornea. When multiple, they gave the classical appearance of 
a barcode, the barcode sign. 13 It has been suggested that the 
back shadowing relates to the blood column/flow in the vessel 
rather than the vessel wall. 13

Hypopyon and endothelial plaques were visible on slit 
lamp and AS-OCT. In our study, plaques were specifically 
seen with fungal keratitis (Figs 2, 4). AS-OCT was superior in 
examining the posterior layers of the cornea, which were 
obscured on slit-lamp biomicroscopy and photographs by the 
presence of infiltrate, haze, and edema. Jin et al 18 have 
studied retrocorneal plaques by AS-OCT and reported that 
there was an indistinct boundary between the cornea and

plaques in patients with fungal keratitis which was not seen 
with plaques related to bacterial or herpetic keratouveitis. In 
our study, 2 cases of fungal keratitis showed a pre-Descemet 
layer (Dua layer [DL]) detachment (type 1 Descemet 
detachment 19,20 ). This is a novel sign that can be seen with 
deep infections and is associated with accumulation of 
inflammatory deposits between the anterior surface of the 
DL and the deep stroma (Fig. 4). 21,22 In addition, Dua et al 22 

have subcategorized descemetocele into 3 subtypes by OCT, 
wherein the DM may bulge out with the overlying DL (type-
1), on its own (type-2) or with the DL and a variable thickness 
of overlying stroma (type-3). In our study, one patient has 
presented with type-3 descemetocele which was not evident 
on the slit-lamp photograph (Fig. 5).

With AS-OCT, we could see endothelial deposits 
including KPs that could not be seen by slit-lamp biomicro-
scopy or on the photograph on account of the corneal 
opacification or infiltration that obscures the view. On AS-
OCT, inflammatory cell aggregates appeared as hyperreflec-
tive dots on the endothelial surface. This is consistent with the 
findings reported by Konstantopoulos et al 16 and Soliman 
et al. 17 Although stromal folds can be visible on slit-lamp 
imaging depending on the degree of transparency, another 
interesting finding on AS-OCT was the saw-tooth pattern of 
the posterior cornea produced by undulations in the DL/DM.

FIGURE 4. Slit-lamp and OCT images of a case of fungal keratitis. Slit-lamp diffuse illumination photograph of the right cornea 
showing a central ulcer with thinning and peripheral infiltrate (arrow), and a hypopyon (top left), and the slit-beam image 
showing a central epithelial defect and stromal edema (folds) (arrow, bottom left). Corresponding AS-OCT of the upper, middle, 
and lower part of the lesion showing a thickened, irregular epithelial surface (arrow); an anterior stromal hyperreflective band 
(arrowhead), with a thin endothelial plaque (top right); an epithelial defect, anterior stromal hyperreflectivity, and posterior 
undulations (saw tooth pattern) of edema with a hyperreflective endothelial plaque posteriorly (middle right); a central epithelial 
defect with a dense hyperreflective anterior stroma casting a dark shadow, corresponding to the peripheral infiltrate (arrow), and 
a type 1 Descemet membrane detachment (detachment of the Dua layer and Descemet membrane), which appears as a straight 
line with inflammatory debris in the space between the detachment and posterior cornea (arrowhead).
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This is an indicator of corneal edema and was a consistent 
feature in IK.

This study only provides a snapshot of the findings of 
IK at one time point. Sequential imaging, by both slit lamp 
and AS-OCT, during the course of IK, form active to healed 
stage will provide further information on the various param-
eters studied and their evolution from start to complete 
resolution. Images of AS-OCT scans provide greater objec-
tivity than slit-lamp images; thus, the latter, complemented by 
the former, has the potential of providing more detailed 
information for running virtual clinics and telemedicine, 
wherein images are transported over distance and evaluated. 
Artificial intelligence algorithms are being developed for 
a number of eye conditions, including IK. These will be better 
served by input from AS-OCT images, complemented with 
slit-lamp images, but not the latter alone.

Slit-lamp diffuse illumination photograph of the right 
cornea showing a paracentral active infiltrate with limbal 
injection and anterior chamber organized hypopyon (top 
left) and the slit-beam image showing an epithelial defect 
and central thinning (bottom left). Corresponding AS-OCT 
of the upper, middle, and lower part of the infiltrate showing 
an irregular corneal surface and the barcode sign produced 
by back shadows of corneal vessels (top right), an epithelial 
defect with an underlying hyperreflective infiltrate involving 
the superficial mid stroma (arrow. Middle right), and 
showing a thickened cornea with diffuse hyperreflectivity 
and a marked hyperreflective plaque on the endothelial

surface corresponding to the organized hypopyon (block 
arrow, bottom right).

Slit-lamp diffuse illumination photograph of the left 
cornea was showing a paracentral ulcer, corneal edema, and 
blood vessels (top left) and a slit beam image showing 
a central epithelial defect with central thinning and surface 
irregularity. Corresponding AS-OCT of the upper, middle, 
and lower part of the lesion showing an epithelial defect, 
stromal thinning (arrow), and diffuse corneal hyperreflectivity 
(top right), respectively; central thinning and dense stromal 
hyperreflectivity (arrow) with a dark back shadow (middle 
right); and a well-delineated hyperreflective tissue band in the 
anterior stroma (arrow) and the bar code sign produced by the 
back shadow of blood vessels (block arrow, bottom right).

Slit-lamp diffuse illumination photograph of the right 
cornea showing a central ulcer with thinning and peripheral 
infiltrate (arrow), and a hypopyon (top left), and the slit-beam 
image showing a central epithelial defect and stromal edema 
(folds) (arrow, bottom left). Corresponding AS-OCT of the 
upper, middle, and lower part of the lesion showing 
a thickened, irregular epithelial surface (arrow); an anterior 
stromal hyperreflective band (arrowhead), with a thin endo-
thelial plaque (top right); an epithelial defect, anterior stromal 
hyperreflectivity; and posterior undulations (saw tooth pat-
tern) of edema with a hyperreflective endothelial plaque 
posteriorly (middle right); a central epithelial defect with 
a dense hyperreflective anterior stroma casting a dark shadow, 
corresponding to the peripheral infiltrate (arrow), and a type 1

FIGURE 5. Slit-lamp and OCT images of a case of bacterial keratitis with descemetocele. Slit-lamp diffuse illumination and slit-
beam photographs showing a corneal ulcer with central thinning (arrow), with an inferior infiltrate (top left). The central thinned 
area is bulging anteriorly (descemetocele) (arrow, bottom left). Corresponding AS-OCT of the upper, middle, and lower part of 
the lesion showing a thickened, hyperreflective epithelium (arrow, top right); central thinning with a type 3 descemetocele 
(protrusion of the Descemet membrane, Dua layer, and some overlying stroma) (arrow, middle right,); and an inferior endothelial 
plaque (arrow, bottom right).
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descemet membrane detachment (detachment of the DL and 
descemet membrane), which appears as a straight line with 
inflammatory debris in the space between the detachment and 
posterior cornea (arrowhead).

Slit-lamp diffuse illumination and slit-beam photo-
graphs showing a corneal ulcer with central thinning (arrow), 
with an inferior infiltrate (top left). The central thinned area is 
bulging anteriorly (descemetocele) (arrow, bottom left). 
Corresponding AS-OCT of the upper, middle, and lower part 
of the lesion showing a thickened, hyperreflective epithelium 
(arrow, top right), central thinning with a type 3 descemeto-
cele (protrusion of the descemet membrane, DL, and some 
overlying stroma) (arrow, middle right), and an inferior 
endothelial plaque (arrow, bottom right).
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