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Abstract

Purpose To describe the anterior segment AS-OCT
findings of herpetic simplex keratitis.

Methods Forty-two eyes of 42 patients with proven
herpetic keratitis of varying severity were included in
this prospective, observational, non-comparative case
series study. All subjects underwent ophthalmologic
examination and AS-OCT imaging.

Results Twenty-five of the 42 eyes (59.5%) had sub-
epithelial infiltrates. In 11 of these cases, the overlying
epithelium appeared intact, but in 14 cases, hydropic
changes, heaping, and defects were observed. Seven-
teen eyes (40.5%) showed stromal involvement: six
cases with scar at presentation and one case associated

W. Soliman - M. A. Nassr - K. Abdelazeem -

A. K. Al-Hussaini

Department of Ophthalmology, Faculty of Medicine,
Assiut University, Assiut, Egypt

e-mail: waelsoliman73 @yahoo.com

M. A. Nassr
e-mail: mnassr@nhs.net

A. K. Al-Hussaini
e-mail: ashratka2 @yahoo.com

M. A. Nassr
North West Anglia NHS Foundation Trust, Peterborough,
UK

K. Abdelazeem (IX)

Department of Ophthalmology, Assiut University
Hospitals, Assiut 71515, Egypt

e-mail: abdelazeem.kh@aun.edu.eg

with uveitis. Stromal infiltrates were also seen, in ten
cases, as a diffuse or local lentiform or spindle-shaped
hyper-reflective area in the stroma.

Conclusion Herpetic keratouveitis has characteristic
features on AS-OCT images. This study demonstrates
that herpetic keratitis also has characteristic AS-OCT
features, including sub-epithelial infiltration and
specific stromal hyper-reflective patterns. These fea-
tures are not unique to herpetic keratitis, but AS-OCT
imaging may provide useful supplementary informa-
tion for diagnosing and monitoring herpetic keratitis.

Keywords Herpes simplex - Herpetic keratitis -
Anterior segment optical coherence tomography

Introduction

Herpetic keratitis is a common cause of infectious
keratitis and can lead to severe visual loss [1]. In one
study, 33% of patients with severe visual impairment
required corneal grafts [2]. Patient diagnosis and
monitoring of herpes simplex keratitis have tradition-
ally depended upon clinical slit-lamp assessments.
However, spectral-domain optical coherence tomog-
raphy (OCT) can image biological tissues with an
axial resolution of 5 pm and a transverse resolution of
15 um [3, 4]. Even though this technology was
designed to image posterior segment structures, many
OCT systems now have anterior segment imaging
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capabilities [5]. As a result, anterior segment OCT
(AS-OCT) has been used to study a variety of anterior
segment and ocular surface problems [6-9]. Time-
domain OCT has a lower image resolution than
spectral-domain OCT, but has been used to measure
stromal infiltration and corneal thickness in eyes with
microbial keratitis [10]. Swept-source AS-OCT has
also been used to evaluate a variety of corneal
conditions, including Terrien’s marginal degenera-
tion, the post-LASIK cornea, and keratoconus
[11-14]. In vivo confocal microscopy was used to
study corneal lesions associated with herpes simplex
keratitis [15-17]. The current study used spectral-
domain AS-OCT to image corneas with confirmed
herpetic keratitis. This study was done to identify
characteristic AS-OCT morphological features of the
disease.

Materials and methods

This study was reviewed and approved by the Assiut
University Institutional Review Board (Assiut,
Egypt). The study adhered to the tenets of the
Declaration of Helsinki. Written informed consent
was obtained from all patients included in this study.
Patients had the right to withdraw from the study
without compromising regular, full clinical care.

This study included patients who presented with
herpetic keratitis to the ophthalmology outpatient
clinic at Assiut University or the El-Noor Eye Center
(Assiut, Egypt). Herpetic keratitis was diagnosed by
two cornea specialists (AKA and MAN), using slit-
lamp examination, and/or a positive history for
herpetic keratitis. We included only patients who
previously had typical dendritic viral corneal ulcers in
their hospital medical records. All cases responded to
antiviral treatment. Subjects were excluded from the
study if any of the following were present: age under
18 years, presence of other ocular disease, or eyes
with previous ocular surgery.

Forty patients underwent AS-OCT imaging using a
spectral-domain OCT system (RTVue-100, Optovue,
Freemont, CA, USA). Vertical and horizontal raster
scans (6.0-mm scan lines) and the add-on lens (CAM-
L) scan, which provides a wider viewing angle to
include the entire cornea, were obtained. Swept-
source AS-OCT (Triton-DRI swept-source OCT,
Topcon Co., Japan) was used in the remaining two
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cases (3.0-mm scan lines). All images were analyzed
by two OCT experts (WS and KA), and there was total
agreement between them.

Continuous data are presented as mean + standard
deviation. This study was a qualitative study and did
not include any statistical comparisons.

Results

A total of 42 eyes of 42 patients (27 men and 15
women) with a mean age of 34.7 + 6.5 years (range
1946 years) were included in this study. The time
between a subject’s first presentation to our clinic and
AS-OCT imaging was 3.4 + 1.2 days (range
1-5 days).

The various AS-OCT findings in eyes with herpetic
keratitis are summarized in Table 1. Briefly, superfi-
cial stromal keratitis was present in 11 eyes. The AS-
OCT images of these eyes showed a small localized
area of sub-epithelial haze and an intact overlying
epithelium (Fig. 1). However, 14 eyes had more
advanced disease and cystic spaces in the corneal
epithelium were present. These regions coincided with
hydropic degeneration, overlying diffuse sub-epithe-
lial haze (corresponding to dendritic figures), and
underlying diffuse stromal infiltrates (Fig. 2). Addi-
tionally, 10 eyes had epithelial defects with or without
regenerating epithelium heaping at the ulcer edge. The
underlying stroma was hyper-reflective, indicating
stromal infiltration that increased with scarring pro-
gression. Some of these eyes also had an irregular
endothelial plaque opposite to regions with stromal
keratitis (Fig. 3). Corneal scars and infiltrates were
both hyper-reflective, but were easy to differentiate
from one another. Corneal infiltrates (Fig. 4b, ¢) had
ill-defined, rounded borders with an overlying defec-
tive or intact opaque epithelial layer. In contrast,
corneal scars had well-defined sharp edges with or
without an overlying epithelial defect (Figs. 5, 6).

Keratic precipitates (KPs) were observed in one eye
and appeared as protrusions from the corneal endothe-
lium. Because KPs are associated with herpetic
epithelial or stromal disease, they indicate the pres-
ence of keratouveitis and subsequent endothelitis
(Fig. 4a, d). Additionally, floating cells were visible
near the corneal endothelium (Fig. 4d) and trabeculi-
tis, represented on AS-OCT images as a heteroge-
neous trabecular meshwork hyper-reflectivity, was
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Table 1 Anterior segment optical coherence tomography findings in eyes with herpetic keratitis

AS-OCT finding Clinical interpretation Number

Stromal haze without epithelial defect (Fig. 1) Superficial stromal keratitis 11

Sub-epithelial haze with an overlying cystic space in the corneal Dendritic figure with underlying stromal 14
epithelium (Fig. 2) infiltrate

Epithelial loss with adjacent area of epithelial heaping, and underlying

area of high hyper-reflectivity (Fig. 3)
Epithelial heaping at the edge of an epithelial defect (Fig. 3)
Localized stromal thickening (Fig. 4b, c)
Localized endothelial thickening with protrusions (Fig. 4a, d)

Hyper-reflectivity and thickening of the trabecular meshwork (Fig. 4e)
Stromal condensation and thinning with an overlying epithelial defect

(Fig. 5)

Stromal condensation with intact overlying epithelium (Fig. 6)

Epithelial defect overlying herpetic corneal 10
infiltrations and scarring

Healing edge of epithelial defect
Disciform keratitis 1

Keratic precipitates caused by endothelitis in
eyes with keratouveitis

Trabeculitis
Post-herpetic neurotrophic ulcer 3
Post-herpetic scar 3

AS-OCT, anterior segment optical coherence tomography

Fig. 1 Spectral domain anterior segment optical coherence
tomography images showing a small localized area of sub-
epithelial haze with underlying shadowing. The epithelium in
the area of the dendrite appears roughened. Clinically, the
subject presented with an epithelial dendritic figure and mild
sub-epithelial stromal infiltration

apparent (Fig. 4e). In three other cases, a post-herpetic
neurotrophic ulcer with an area of stromal condensa-
tion and thinning and an overlying epithelial defect
(Fig. 5) was identified. On the other hand, the
epithelium was intact over stromal condensation in
three cases (Fig. 6).

Fig. 2 Spectral-domain anterior segment optical coherence
tomography images showing epithelial cystic spaces that
spatially corresponded to hydropic corneal epithelium degener-
ation caused by the herpes simplex virus

Discussion

This study identified several AS-OCT characteristics
of herpetic keratitis within various corneal layers and
in the anterior chamber. Several studies have identified
AS-OCT as a useful tool for examining anterior
segment pathologies and corneal infections [7-11, 13].
Although Hixson et al. [18] used AS-OCT to diagnose
two cases of disciform keratitis, the current study
demonstrates characteristic AS-OCT findings in eyes
with herpetic keratitis.

Herpetic corneal infiltrates appear on AS-OCT
images as a lentiform or spindle-shaped stromal
hyper-reflective area that may be localized or diffuse.
Images obtained with OCT can help differentiate
between active infiltrates and stromal scarring.
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Fig. 3 Spectral-domain anterior segment optical coherence
tomography image showing an epithelial defect covered by a
hypo-reflective aqueous layer (tear film pooling) (arrow).
Heaping regenerating epithelium is visible at the defect edge
(*). The underlying area of hyper-reflectivity indicates stromal
collagen condensation (scarring) (arrow). The posterior third of
the cornea has a normal collagen lamellar arrangement,
demonstrating a pattern similar to the peripheral cornea.
Endothelial plaque is seen opposite to the region with stromal
Kkeratitis (+)

Fig. 4 Images of an eye with herpetic keratouveitis. Slit-lamp
photographs showed keratic precipitates (KPs; a, circle) and
disciform stromal thickening (b). Swept-source anterior seg-
ment optical coherence tomography (AS-OCT) imaging
revealed irregular epithelial thickness, areas of hyper-reflectiv-
ity, and KPs (c). Hyper-reflective areas indicate stromal
infiltration associated with disciform keratitis. A magnified
view of the AS-OCT image (d) shows floating cells and KPs,
which appear as protrusions attached to the endothelium. An
irregular corneal endothelium indicates endothelitis (arrows).
Imaging with AS-OCT also revealed trabecular meshwork
cellular infiltration, as indicated by the presence of hyper-
reflectivities (e)
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Fig. 5 Spectral domain anterior segment optical coherence
tomography image of an eye with post-herpetic neurotrophic
ulcer. The image shows a central area of epithelial loss (arrow)
surrounded by an area of epithelial heaping (*) and an
underlying area of strong hyper-reflectivity (scarring)

Fig. 6 Spectral domain anterior segment optical coherence
tomography image of an eye with post-herpetic scar. The image
shows a well-defined area of stromal condensation (*) with
intact overlying epithelium. The color image shows a recent
herpetic ulcer, stained with fluorescein, adjacent to an old post-
herpetic scar (arrow)

However, this may be difficult in corneas with a
combination of infiltration and scarring, as is the case
during the healing process. None of the identified AS-
OCT features are unique to herpetic keratitis, meaning
that AS-OCT imaging can minimally help in diagnos-
ing herpetic keratitis. However, AS-OCT imaging of a
herpetic keratitis is a helpful tool to optimize the
follow-up and the management of these cases. Also,
this technique has been used in microbial keratitis
patients to qualitatively and quantitatively determine
corneal lesion extent, monitor disease progression, and
evaluate treatment efficacy [10, 19].

The ability of AS-OCT to visualize small lesions
(e.g., KPs) and to image the trabecular meshwork,
improves its ability to diagnose uveitis in eyes with
disciform keratitis particularly in eyes with an anterior
chamber that is difficult to visualize because of corneal
opacities. On AS-OCT images, inflammatory cells
appear as hyper-reflective stromal bodies (as in
disciform keratitis), hyper-reflective spots floating in
the anterior chamber, or hyper-reflective aggregates
on the endothelial surface (i.e., KPs). These findings
are consistent with those of Konstantopoulos et al.
[20], who examined AS-OCT images in eyes with
microbial keratitis. Qualitative assessments can also
be made with AS-OCT images, adding supplementary
information to other quantitative examinations used to
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follow disease progression (e.g., ultrasonic pachyme-
try in eyes with herpetic disciform edema [21]).

Our study had some limitations. First, it did not
include an evaluation of corneal thickness measure-
ments. Second, we only evaluated study eyes with AS-
OCT one time. Therefore, further prospective, longi-
tudinal studies are needed to examine disease pro-
gression. These studies should also examine
correlations between AS-OCT and corneal histopatho-
logical findings.

In conclusion, AS-OCT imaging can visualize
several characteristic morphological patterns in eyes
with herpetic keratitis. Although these patterns are not
specific to herpetic keratitis, AS-OCT can provide
additional information that may be useful in diagnos-
ing, managing, and treating the disease.

Acknowledgements We would like to thank Editage (www.
editage.com) for English language editing.

Compliance with ethical standards

Conflict of interest The authors declare that they have no
conflict of interest.

Ethical approval This study was reviewed and approved by
the Assiut University Institutional Review Board (Assiut,
Egypt). All study conduct adhered to the tenets of the Decla-
ration of Helsinki.

Informed consent Written informed consent was obtained
from all individual participants included in this study. Patients
had the right to not participate in this study and the right to
withdraw from the study without compromising regular, full
clinical care.

References

1. Srinivasan M, Gonzales CA, George C, Cevallos V, Mas-
carenhas JM, Asokan B, Wilkins J, Smolin G, Whitcher JP
(1997) Epidemiology and aetiological diagnosis of corneal
ulceration in Madurai, south India. Br J Ophthalmol
81:965-971. https://doi.org/10.1136/bjo.81.11.965

2. Claoue CM, Menage MJ, Easty DL (1988) Severe herpetic
keratitis. I: prevalence of visual impairment in a clinic
population. Br J Ophthalmol 72:530-533. https://doi.org/
10.1136/bjo.72.7.530

3. Wojtkowski M, Leitgeb R, Kowalczyk A, Bajraszewski T,
Fercher AF (2002) In vivo human retinal imaging by Fourier
domain optical coherence tomography. J Biomed Opt
7:457-463. https://doi.org/10.1117/1.1482379

4. Wojtkowski M, Bajraszewski T, Targowski P, Kowalczyk
A (2003) Real-time in vivo imaging by high-speed spectral

10.

11.

12.

13.

14.

15.

16.

17.

optical coherence tomography. Opt Lett 28:1745-1747.
https://doi.org/10.1364/0L.28.001745

. Sarunic MV, Asrani S, Ja Izatt (2008) Imaging the ocular

anterior segment with real-time, full-range Fourier-domain
optical coherence tomography. Arch Ophthalmol
126:537-542. https://doi.org/10.1001/archopht.126.4.537

. Ramos JL, Li Y, Huang D (2009) Clinical and research

applications of anterior segment optical coherence tomog-
raphy—a review. Clin Exp Ophthalmol 37:81-89. https://
doi.org/10.1111/5.1442-9071.2008.01823.x

. Soliman W, Mohamed TA (2012) Spectral domain anterior

segment optical coherence tomography assessment of
pterygium and pinguecula. Acta Ophthalmol 90:461-465.
https://doi.org/10.1111/j.1755-3768.2010.01994.x

. Soliman W, Fathalla AM, El-Sebaity DM, Al-Hussaini AK

(2013) Spectral domain anterior segment optical coherence
tomography in microbial keratitis. Graefes Arch Clin Exp
Ophthalmol 251:549-553. https://doi.org/10.1007/s00417-
012-2086-5

. Yamazaki N, Kobayashi A, Yokogawa H, Ishibashi Y,

Oikawa Y, Tokoro M, Sugiyama K (2014) In vivo imaging
of radial keratoneuritis in patients with acanthamoeba ker-
atitis by anterior-segment optical coherence tomography.
Ophthalmology 121:2153-2158. https://doi.org/10.1016/j.
ophtha.2014.04.043

Konstantopoulos A, Yadegarfar G, Fievez M, Anderson DF,
Hossain P (2011) In vivo quantification of bacterial keratitis
with optical coherence tomography. Invest Ophthalmol Vis
Sci 52:1093-1097. https://doi.org/10.1167/iovs.10-6067
Hattori T, Kumakura S, Mori H, Goto H (2013) Depiction of
cavity formation in Terrien marginal degeneration by anterior
segment optical coherence tomography. Cornea 32:615-618.
https://doi.org/10.1097/1C0O.0b013e318259c¢970

Chan TC, Biswas S, Yu M, Jhanji V (2015) Longitudinal
evaluation of cornea with swept-source optical coherence
tomography and scheimpflug imaging before and after
Lasik. Medicine (Baltimore) 94:e1219. https://doi.org/10.
1097/MD.0000000000001219

Steinberg J, Casagrande MK, Frings A, Katz T, Druchkiv V,
Richard G, Linke SJ (2015) Screening for subclinical ker-
atoconus using swept-source fourier domain anterior seg-
ment optical coherence tomography. Cornea 34:1413-1419.
https://doi.org/10.1097/IC0O.0000000000000568
Abdelazeem K, Sharaf M, Saleh MGA, Fathalla AM, Soli-
man W (2019) Relevance of swept-source anterior segment
optical coherence tomography for corneal imaging in patients
with flap-related complications after Lasik. Cornea 38:93-97.
https://doi.org/10.1097/1C0O.0000000000001773

Yokogawa H, Kobayashi A, Mori N, Sugiyama K (2015)
Mapping of dendritic lesions in patients with herpes simplex
keratitis using in vivo confocal microscopy. Clin Ophthal-
mol 9:1771-1777. https://doi.org/10.2147/opth.s92517
Muller RT, Pourmirzaie R, Pavan-Langston D, Cavalcanti
BM, Aggarwal S, Colon C, Jamali A, Cruzat A, Hamrah P
(2015) In vivo confocal microscopy demonstrates bilateral
loss of endothelial cells in unilateral herpes simplex ker-
atitis. Invest Ophthalmol Vis Sci 56:4899-4906. https://doi.
org/10.1167/iovs.15-16527

Moein HR, Kheirkhah A, Muller RT, Cruzat AC, Pavan-
Langston D, Hamrah P (2018) Corneal nerve regeneration
after herpes simplex keratitis: a longitudinal in vivo

@ Springer


http://www.editage.com
http://www.editage.com
https://doi.org/10.1136/bjo.81.11.965
https://doi.org/10.1136/bjo.72.7.530
https://doi.org/10.1136/bjo.72.7.530
https://doi.org/10.1117/1.1482379
https://doi.org/10.1364/OL.28.001745
https://doi.org/10.1001/archopht.126.4.537
https://doi.org/10.1111/j.1442-9071.2008.01823.x
https://doi.org/10.1111/j.1442-9071.2008.01823.x
https://doi.org/10.1111/j.1755-3768.2010.01994.x
https://doi.org/10.1007/s00417-012-2086-5
https://doi.org/10.1007/s00417-012-2086-5
https://doi.org/10.1016/j.ophtha.2014.04.043
https://doi.org/10.1016/j.ophtha.2014.04.043
https://doi.org/10.1167/iovs.10-6067
https://doi.org/10.1097/ICO.0b013e318259c970
https://doi.org/10.1097/MD.0000000000001219
https://doi.org/10.1097/MD.0000000000001219
https://doi.org/10.1097/ICO.0000000000000568
https://doi.org/10.1097/ICO.0000000000001773
https://doi.org/10.2147/opth.s92517
https://doi.org/10.1167/iovs.15-16527
https://doi.org/10.1167/iovs.15-16527

2928

Int Ophthalmol (2019) 39:2923-2928

18.

19.

confocal microscopy study. Ocul Surf 16:218-225. https://
doi.org/10.1016/j.jt0s.2017.12.001

Hixson A, Blanc S, Sowka J (2014) Monitoring keratitis
resolution with optical coherence tomography. Optom Vis
Sci Off Publ Am Acad Optom 91:S40-S45. https://doi.org/
10.1097/0PX.0000000000000189

Abbouda A, Estrada AV, Rodriguez AE, Alio JL (2014)
Anterior segment optical coherence tomography in evalu-
ation of severe fungal keratitis infections treated by corneal
crosslinking. Eur J Ophthalmol 24:320-324. https://doi.org/
10.5301/ej0.5000424

@ Springer

20. Konstantopoulos A, Kuo J, Anderson D, Hossain P (2008)

21.

Assessment of the use of anterior segment optical coherence
tomography in microbial keratitis. Am J Ophthalmol
146:534-542. https://doi.org/10.1016/j.aj0.2008.05.030
Wilhelmus KR, Sugar J, Hyndiuk RA, Stulting RD (2004)
Corneal thickness changes during herpes simplex virus
disciform keratitis. Cornea 23:154-157

Publisher’s Note Springer Nature remains neutral with

regard to jurisdictional claims

in published maps and

institutional affiliations.


https://doi.org/10.1016/j.jtos.2017.12.001
https://doi.org/10.1016/j.jtos.2017.12.001
https://doi.org/10.1097/OPX.0000000000000189
https://doi.org/10.1097/OPX.0000000000000189
https://doi.org/10.5301/ejo.5000424
https://doi.org/10.5301/ejo.5000424
https://doi.org/10.1016/j.ajo.2008.05.030

	Appearance of herpes simplex keratitis on anterior segment optical coherence tomography
	Abstract
	Purpose
	Methods
	Results
	Conclusion

	Introduction
	Materials and methods
	Results
	Discussion
	Acknowledgements
	References




