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Evaluating anterior corneal surface using
Placido ring mires for irreqular astigmatism
in refractory corneal subepithelial infiltrates
after adenoviral conjunctivitis
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Abstract

Background Corneal subepithelial infiltrates (SEls) are characteristic clinical findings of adenoviral
keratoconjunctivitis (AKC). In eyes with SEls, both corneal opacity and irregular astigmatism may interfere with vision.
However, irregular astigmatism is often overlooked in patients with AKC. Here, we report a case of decreased vision
due toirregular corneal surfaces detected by Placido ring mires in eyes with corneal SEls after AKC.

Case presentation : An 8-year-old girl with decreased vision was referred to our clinic. She had been diagnosed
with AKC two years prior by a different physician. Thereafter, she experienced recurring episodes of decreased
vision, epiphora, and photophobia in both eyes. The symptoms persisted despite resolution of the corneal opacity
with steroid eye drops. Despite mild corneal opacity, both eyes exhibited distorted Placido ring patterns on corneal
topography. The decreased vision in both eyes was due to the irregular corneal surface caused by SEls, rather than
corneal opacity. Topical 0.1% tacrolimus eye drops were effective in treating corneal opacity and irregular corneal
surfaces.

Conclusions Our findings highlight that vision loss due to SEls after AKC may stem from an irregular corneal surface
regardless of corneal opacity severity, and the usefulness of a conventional and simple topography using Placido rings
during treatment with 0.1% tacrolimus eye drops for SEls in AKC.
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Background

Corneal subepithelial infiltrates (SEIs) are characteris-
tic clinical findings of adenoviral keratoconjunctivitis
(AKCQ). SEIs cause photophobia and decreased vision [1,
2]. In eyes with SEIs, both corneal opacity and irregular
astigmatism may interfere with vision [3, 4]. However,
irregular astigmatism is often overlooked in AKC regard-
less of corneal opacity severity, because physicians fre-
quently assume that visual impairment is solely due to
corneal opacity resulting from SEIs. Anterior segment
optical coherence tomography (AS-OCT), which is used
to detect irregular astigmatism, is available at only a lim-
ited number of facilities. Therefore, a simple method for
detecting irregular astigmatism caused by SEIs in AKC is
required, especially in children.

Steroid eye drops are effective in the short-term for the
treatment of SEIs. However, steroids often lead to the
recurrence of SEIs after treatment discontinuation [2, 5,
6]. In addition, steroids are also associated with adverse
effects such as cataracts and glaucoma, particularly in
children [7, 8]. In recent years, immunosuppressive
agents have been used as an alternative to steroids for the
treatment of SEIs in an increasing number of cases [2, 6,
9-12].

Here, we describe the case of an 8-year-old girl with
persistent vision loss due to irregular astigmatism,
despite improved corneal opacity due to SEIs. We suc-
cessfully detected irregular astigmatism using a Placido
disc topography. In addition, the patient experienced
improved vision following treatment with 0.1% tacroli-
mus eye drops. We also documented improvements in
corneal surface irregularities due to SEIs using a simple
and conventional topography with Placido ring mires.
We present some considerations for diagnosing irregular
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astigmatism due to SEIs and suggest treatments with
immunosuppressive agents.

Case presentation
An 8-year-old girl with decreased vision was referred to
our clinic. She had been diagnosed with AKC two years
prior by a different physician. Since the onset of AKC,
she had complained of decreased vision, epiphora, and
photophobia in both eyes. She had previously received
treatment with corticosteroids, antiallergic agents, and
sodium hyaluronate eye drops before presenting at our
clinic. Although her symptoms subsided temporarily
after treatment, the symptoms such as photophobia and
blurred vision frequently recurred. During the initial
referral examination at our clinic, the Snellen best-cor-
rected visual acuity (BCVA) was 20/200 in the right eye
and 20/50 in the left eye. Symptoms of epiphora and pho-
tophobia were remarkable in the right eye. Cycloplegic
retinoscopy revealed no significant differences compared
to non-cycloplegic retinoscopy results of mild hyper-
opic astigmatism. Corneal opacity due to SEIs spared
the visual axis in both eyes (Fig. 1). The tear meniscus
volume was within the normal range and there were no
signs of fluorescein staining or chronic papillary conjunc-
tivitis. However, distorted Placido ring mires on corneal
topography (PR 8000; San Contact Lens, Inc., Kyoto,
Japan) were observed in both eyes (Fig. 2A-a, e, B-a and
e), although the patient was instructed to blink immedi-
ately before the measurements. Fundoscopy and a B-scan
with optical coherence tomography of the retina revealed
no abnormal findings (Fig. 3). Therefore, we concluded
that the decreased vision in both eyes was caused by an
irregular corneal surface due to the SEIs.

Although the corneal opacity due to SEIs resolved in
both eyes and the visual acuity of the left eye improved

Fig. 1 Slit-lamp photographs of the right (a) and left (b) eyes at the initial visit to our clinic. Corneal opacity due to subepithelial infiltrates was observed
in both eyes; however, it spared the visual axis. The Snellen BCVA was 20/200 in the right eye and 20/50 in the left eye. BCVA, best-corrected visual acuity
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Fig. 2 Chronological changes in the color-coded axial map (upper row; a,b,c,d) and Placido rings (middle row; e f, g,h) on Placido disc-based corneal
topography (PR 8000; San Contact Lens, Inc, Kyoto, Japan) of the right (A) and left (B) eyes The distorted Placido ring mires effectively illustrated the
progression of resolution throughout the treatment course, especially in the right eye. The Snellen BCVA was 20/200 in the right eye, and 20/50 in the left
eyes at the initial visit (a, ), 20/63 in the right eye, and 20/20 in the left eye at 6 months (b, f), 20/50 in the right eye, 20/25 in the left eye at 14 months (c,
g), and 20/20 in both eyes at 24 months (d, h). Lower row: Color-coded axial map produced by a swept-source corneal optical tomography device (CASIA
2; Tomey, Nagoya, Japan). Topographic maps at the initial visit (i) and 14-month follow-up visit (j). BCVA, best-corrected visual acuity
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Fig. 3 Vertical B-scan with optical coherence tomography images of macula in the right (a) and the left (b) eyes taken at the initial visit showed no

abnormalities

Fig. 4 Cross-sectional views of swept-source anterior segment optical coherence tomography (SS-OCT) at 9 months after starting 0.1% tacrolimus eye
drops in the right (a) and left (b) eyes, irregularities in the corneal epithelial surface (white arrow) and hyperreflective lesions in the corneal subepithelial
region (yellow arrow) were observed. Both issues were resolved at 18 months after starting 0.1% tacrolimus eye drops in the right (c) and left (d) eyes

after starting 0.1% fluorometholone three times per day,
the visual acuity and the irregularity of corneal topogra-
phy in the right eye showed no improvement. Therefore,
treatment with topical 0.1% tacrolimus eye drops twice
daily was initiated in both eyes at the 2-month follow-
up visit. Consequently, the mire ring disorder gradu-
ally improved and the corneal surface became smooth
(Fig. 2A and B, corresponding panels a-d, e-h). Placido
ring mires (Fig. 2A and B, corresponding panels e-h)
more effectively revealed changes in corneal surface
irregularities during the course of treatment rather than
the color-coded map display by the PR-8000 (Fig. 2A and
B, corresponding panels a-d).

Since the irregularity of the corneal surface in the left
eye was mild, the improvement in the distorted mire
rings was more remarkable in the right eye (Fig. 2A, cor-
responding panels e-h).

In addition, the color-coded map of swept-source (SS)-
AS-OCT (CASIA2; Tomey, Nagoya, Japan) failed to pro-
vide useful data (Fig. 2A and B, corresponding panels i
and j). Fourteen months after starting the topical tacro-
limus treatment, the Snellen BCVA improved to 20/40
(the Snellen BCVA of 20/20 using a hard contact lens) in
the right eye, reaching 20/20 at 24 months.

Cross-sectional views of SS-AS-OCT (the CASIA 2;
Tomey, Nagoya, Japan) of both eyes revealed irregulari-
ties of the corneal surface and hyperreflective lesions in
the corneal subepithelial region (white and yellow arrows
in Fig. 4a and b) at 9 months after starting 0.1% tacroli-
mus eye drops, which contributed to the irregularity of
Placido ring mires. These ocular surface irregularities and
hyperreflective lesions gradually resolved at 18 months
after starting 0.1% tacrolimus eye drops (Fig. 4c and d).
No adverse effects were observed during the treatment
with 0.1% tacrolimus eye drops.
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Discussion

Here we described a case of post-AKC SEIs that resulted
in decreased visual acuity due to the corneal surface
irregularity. Although no significant corneal opacity
was observed in the visual axis, irregularities in the cor-
neal epithelial surface resulted in irregular astigmatism,
leading to blurred vision. Even minor distortions in the
corneal surface can reduce the quality of retinal images.
Typically, in cases of SEIs after AKC, physicians focus
only on the severity of opacity; however, irregularities of
the corneal surface must also be noted. Unfortunately, a
direct examination of the corneal surface using slit-lamp
microscopy did not provide sufficient information to
detect vision-reducing irregular astigmatism in the pres-
ent case.

Recent advances in corneal imaging systems, such as
SS-AS-OCT topography, have enabled a more precise
understanding of the corneal surface [13]. However, it
can be particularly challenging to keep children still for
long periods. In fact, the color-coded map of SS-AS-
OCT yielded complicated and unreliable results despite
its applicability (Fig. 2A and B, panels i and j). In contrast,
a Placido disc paired with an autorefractometer featuring
a keratometer is widely accessible and can be rapidly per-
formed, yielding results that are easy to interpret visually.
The Placido rings are marked in black and white, enabling
an easy display of irregularities. Although we used cor-
neal topography (PR 8000) to detect the Placido ring
patterns, similar observations could be obtained using a
Placido disc paired with an autorefractometer featuring a
keratometer. Thus, employing a simple topography with
Placido ring mires facilitates the easy detection of abnor-
mal corneal surfaces.

Pathologically, SEIs are immune responses to adenovi-
rus antigens rather than viral multiplication [14]. There-
fore, topical steroids are usually effective and offer a
significant advantage in suppressing the subsequent pro-
gression to SEIs [15]. Nevertheless, SEIs flare up upon
the tapering of steroids, resulting in persistent white
opacities that can lead to vision loss [2, 5, 6]. In addition,
the topical administration of corticosteroids can prolong
viral shedding and infection [16, 17]. Alternatively, topi-
cal immunosuppressive agents, including cyclosporine
A and tacrolimus, have been proposed as treatments
for SEIs [2, 6, 9-12]. In our case, the irregularities of
the corneal surface and distorted Placido ring mires on
the corneal topography resolved after administration of
0.1% tacrolimus eye drops. We speculate that the 0.1%
tacrolimus eye drops effectively suppressed the overac-
tive immune response to residual dead viral particles,
causing the irregular corneal surface. Similarly, recent
studies have demonstrated a significant improvement
in visual acuity in patients treated with topical tacroli-
mus [10, 11]. Despite potential adverse effects, including
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burning, tearing, irritation, photophobia, and redness
[10], topical tacrolimus has the advantage of prevent-
ing intraocular pressure elevation, resulting in fewer SEI
recurrences than topical steroid treatment [9, 12]. How-
ever, topical immunosuppressive agents also promote
viral replication and prolong viral shedding [18]. Notably,
combined povidone-iodine (polyvinylpyrrolidone-iodine;
PVP-I) therapy with corticosteroids or immunosuppres-
sant is proposed to accelerate clinical resolution and pro-
mote rapid eradication of adenovirus virions in patients
with AKC [19, 20]. This warrants further prospective
investigation.

In conclusion, this report highlights that vision loss due
to SEIs after AKC may stem from an irregular ocular sur-
face regardless of corneal opacity severity and the efficacy
of topical tacrolimus in treating this condition. Moreover,
it demonstrates the importance of observing Placido ring
mires, a conventional and simple method that provides
the most realistic projection of the corneal surface.

Abbreviations

AKC Adenoviral keratoconjunctivitis
SEI Subepithelial infiltrates
AS-OCT  Anterior segment optical coherence tomography

BCVA Best-corrected visual acuity
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