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Purpose: The purpose of this study was to highlight the manifestations of glaucoma associated with cytomegalovirus (CMV) corneal
endotheliitis.

Methods: We reviewed the 34 patients that met the diagnostic criteria for CMV endotheliitis in our hospital, with special attention to
the glaucoma status, including onset of glaucoma, glaucoma in the fellow eye, visual field defects, intraocular pressure, and final
outcomes.

Results: Thirty-four eyes of 34 patients (mean age, 69.1 + 13.1 years; 31 males [91.2%]) with CMV corneal endotheliitis were
enrolled. Thirty-two eyes (94.1%) had a history of a glaucoma diagnosis, which had been treated for 10.0 = 10.1 years. Glaucoma in
the fellow eye was noted in 16 cases (47.1%) and a history of Posner-Schlossman syndrome was noted in 13 cases (38.2%). Visual
fields measured using a Humphrey field analyzer were normal-to-early stage (MD>-6dB) in 16 eyes (47.1%) and middle-to-late stage
(MD<-6dB) in 18 eyes (52.9%). The intraocular pressure decreased from 22.4 + 10.6 mmHg at the initial visit to 14.9 = 7.9 mmHg
after medical treatment, including 0.5% topical ganciclovir (GCV) with and without a systemic anti-CMV agent, corticosteroid eye
drops, and an anti-glaucoma agent (p<0.01). During the follow-up period of 4.8 + 3.0 years (range, 0.2—10 years), 16 eyes (47.1%)
required glaucoma surgery, including filtering surgery (7 eyes) and trabeculotomy only (9 eyes).

Conclusion: Our case series showed that most of the patients with CMV corneal endotheliitis had glaucoma. Although medical
therapy, including 0.5% topical GCV, had efficacy in lowering the intraocular pressure, one-half of the cases required glaucoma
surgery. Therefore, ophthalmologists should strive to make an earlier diagnosis of CMV corneal endotheliitis by utilizing PCR testing
of aqueous humor samples to prevent sight-threatening glaucomatous damage.

Keywords: cytomegalovirus, corneal endotheliitis, secondary glaucoma, antiviral treatment

Introduction

Cytomegalovirus (CMV), a member of the human herpesvirus family, often causes recurrent ocular inflammation of the
anterior segment in immunocompetent patients, including corneal endotheliitis, iris atrophy, and anterior uveitis.' * CMV
corneal endotheliitis was initially recognized by 2 groups in 2006-2007.%* Thereafter, CMV corneal endotheliitis has
become an established clinical entity through series of reports from worldwide, mainly from Asian countries.'

CMV corneal endotheliitis characterized by corneal edema, linear or circular keratic precipitates (KPs), and mild
anterior chamber reaction. It sometimes accompanies intraocular pressure (IOP) elevation.*” Polymerase chain reaction
(PCR) of aqueous humor samples is helpful in confirming the diagnosis. Previous work has demonstrated the efficacy of
treatment with topical ganciclovir (GCV) and systemic anti-CMV agent.*® In some cases, endothelial decompensation

occurs, that may require endothelial keratoplasty.*” Also, persist IOP elevation require glaucoma surgery. !

4,5,11

Based on previous reports and our clinical experience involving patients with CMV corneal endotheliitis, we are

of the opinion that glaucoma secondary to CMV corneal endotheliitis and a decrease in endothelial cell density may lead
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to irreversible visual impairment. The purpose of this study was to highlight manifestations of glaucoma associated with
CMYV corneal endotheliitis. We paid special attention to glaucoma status, including the onset of glaucoma, glaucoma in
the fellow eye, visual field defects, intraocular pressure, and final outcomes.

Patients and Methods
Patients and Study Design

This retrospective observational study was approved by the Ethical Committee of Kanazawa University Graduate School of
Medical Science and adhered to the tenets of the Declaration of Helsinki. We reviewed 34 patients who were diagnosed with CMV
corneal endotheliitis from April 2010 to May 2020 in the Department of Ophthalmology, Kanazawa University Hospital. All
patients met the diagnostic criteria established in 2015.* In all cases had multiplex PCR analysis of aqueous humor samples
detected CMV. The demographics and clinical manifestations of each patient were recorded at the time of the initial visit,
including sex, age, medical history, distance best-corrected visual acuity (BCVA) measured with Landolt ring, intraocular pressure
(IOP) measured using a Goldmann applanation tonometer, endothelial cell density (ECD) determined with a specular microscope
(Konan Medical Inc., Hyogo, Japan), slit-lamp findings and photograph, gonioscopic findings and photograph, fundus findings
and photograph, and visual field parameters (24—2 SITA-fast) based on the Humphrey field analyzer (Carl Zeiss Meditec, Dublin,
CA, USA). At each follow-up visit, IOP, anterior inflammatory reactions, and treatment effects were recorded. If IOP is higher
than 21mmHg, it is defined as glaucoma, and as secondary glaucoma, the optic disc and the visual field may be normal. Immediate
after the diagnosis of CMV corneal endotheliitis, all patients received anti-CMV treatment. The effect of anti-CMV treatment was
evaluated 1 month after initiation of anti-CMV treatment. When patients had insufficient reduction of IOP, and had progressive
visual field defects despite anti-CMV treatment, filtering surgery (trabeculectomy or glaucoma tube), or trabeculotomy was
performed. In general, filtering surgery was indicated in eyes with advanced stage visual field defects. The mean follow-up period
was 4.8 £ 3.0-year (range, 0.2—10 years). We analyzed IOP outcomes in eyes with or without glaucoma surgery.

Diagnostic Criteria

CMV corneal endotheliitis was diagnosed based on the diagnostic criteria promulgated by the Japan Corneal Endotheliitis Study
Group in 2015.* According to the diagnostic criteria, there must be clinical evidence of corneal endotheliitis with KPs.
Specifically, viral examination by multiplex PCR of the aqueous humor should be positive for CMV DNA, but negative for
herpes simplex virus (HSV) DNA and varicella-zoster virus (VZV) DNA. The multiplex PCR was performed by a Japanese
company specializing in laboratory testing services (SRL, Tokyo, Japan). The primers and the PCR conditions have been
described elsewhere.'® CMV corneal endotheliitis was classified into typical and atypical based on the clinical manifestations.
Typical CMV corneal endotheliitis is characterized by coin-shaped lesions or linear KPs similar to the rejection line, while atypical
CMV corneal endotheliitis has localized corneal edema and KPs associated with two of the following signs: recurrent/chronic
anterior uveitis, ocular hypertension/secondary glaucoma, and corneal endothelial cell loss.

Statistical Analyses

Statistical analysis was performed using SPSS (version 23; SPSS, Inc., Chicago, IL, USA). Quantitative variables are
presented as the mean and standard deviation (mean + SD). Before and after anti-CMV drug treatment comparisons of
IOP were performed using Wilcoxon signed rank test. In addition, typical and atypical CMV corneal endotheliitis
comparisons were performed using Mann—Whitney U-test. P-values < 0.05 were considered statistically significant.

Results

Patients

Thirty-four eyes of 34 patients were enrolled in the current study (Table 1). The mean age was 69.1 + 13.1 years (range,
27 ~ 87 years). Most of the patients were elderly men (28 cases [82.4%] > 60 years of age). There were 18 patients with
systemic diseases, including 13 with diabetes mellitus, 7 with hypertension, and 3 with collagen diseases that were
treated with systemic immunosuppressants. It should be noted that most of the patients (32 eyes [94.1%]) had glaucoma
and received anti-glaucoma eyedrop therapy prescribed by prior ophthalmologists for an average of 10.0 + 10.1 years
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Table 1 Demographic and Medical History of 34 Cases

Age (Mean £ SD)

69.1 = 13.1 Years (Range, 27~87 Years)

Male

31 eyes (91.2%)

History of systemic disease

Diabetes mellitus
Hypertension
Collagen disease with immunosuppressants

13 eyes (38.2%)
7 eyes (20.6%)
3 eyes (8.8%)

History of ocular disease

Glaucoma with elevated intraocular pressure
Posner-Schlossman syndrome

32 eyes (94.1%)
13 eyes (38.2%)

Duration of glaucoma 10.0 £ 10.1 years (range, 7 months~34 years)

Glaucoma in the fellow eye 16 eyes (47.1%)

Medication history Anti-glaucoma agent 32 eyes (94.1%)
34 eyes (100%)

7 eyes (20.6%)

Topical corticosteroid
Acyclovir/ Valacyclovir

Surgical history Corneal transplantation 3 eyes (8.8%)
3 eyes (8.8%)

Il eyes (32.4%)

Anti-glaucoma surgery

Cataract surgery

(range, 7 months-to-34 years). Thirteen eyes (38.2%) had a history of Posner-Schlossman syndrome (PSS). Sixteen eyes
(47.1%) had glaucoma in the fellow eye, but these fellow eyes did not apply PCR examination of aqueous humor sample.
Two fellow eyes accompanied mild anterior chamber reaction, while 14 fellow eyes did not. Seven eyes (20.6%) had
previously received antiviral treatment with acyclovir/valacyclovir and all 34 eyes had a history of topical corticoster-
oid use.

Clinical Data at the Initial Visit
Table 2 summarizes the clinical data of 34 eyes at the time of the initial visit. Based on the diagnostic criteria, 16 eyes
(47.1%) were classified as typical CMV corneal endotheliitis with coin-shaped lesions (Figure 1) or linear KPs, and the

Table 2 Clinical Data of 34 Cases at the Initial Visit

Positive for CMV, and Negative for HSV and VZV
in PCR of Aqueous Humor Sample

34 Eyes (100.0%)

Visual acuity

Decimal 0.33 (LogMAR 0.48 + 0.60)

IOP (with glaucoma medication)
I0P>21 mmHg

22.4 + 10.6 mmHg (range, 4 ~ 43 mmHg)
19 eyes (55.9%)

Open angle

28 eyes

(6 post-glaucoma surgery / corneal transplant excluded)

ECD mean * SD
Low ECD (<2000 cells/mm?)

1471 + 683 cells/mm? (1l eyes unmeasurable)
28 eyes (82.4%)

Coin-shaped lesion or linear KPs

16 eyes (47.1%)

Pseudo-exfoliation

4 eyes (11.8%)

Visual field Normal/ Normal optic disc
Early stage (MD>-6dB)
Middle stage (—12dB<MD<-6dB)

Later stage (MD<-12dB)

7 eyes (20.6%)
9 eyes (26.5%)
7 eyes (20.6%)
I'l eyes (32.4%)

Abbreviations: CMV, cytomegalovirus; HSV, herpes simplex virus; VZV, varicella-zoster virus; IOP, Intraocular pressure; ECD, endothe-

lial cell density; KPs, keratic precipitates.
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Figure | Slit-lamp photograph of typical CMV corneal endotheliitis. Close-up of coin-shaped lesion; keratic precipitates make up the circular arrangement (arrows).

remaining 18 eyes (52.9%) were classified as atypical CMV corneal endotheliitis. At the time of the initial visit, the mean
BCVA £ SD was LogMAR 0.48 + 0.60 (decimal, 0.33). The mean IOP was 22.4 = 10.6 mmHg (range, 443 mmHg) and
19 eyes (55.9%) had an elevated IOP > 21 mmHg. Twenty-eight eyes were open angle, excluding 6 eyes that had
previous glaucoma surgery or penetrating keratoplasty. The mean ECD was 1471 + 683 cells/mm? (unmeasurable in 11
eyes), and the ECD was < 2000 cells/mm? in 28 eyes (82.4%). Four eyes (11.8%) had pseudo-exfoliation. Glaucomatous
visual field defects, as measured by a Humphrey field analyzer, were detected in 27 cases (79.4%), including 9 eyes
(26.5%) in the early stage (MD>-6dB), 7 eyes (20.6%) in the middle stage (—12dB<MD<-6dB), and 11 eyes (32.4%) in
the late stage (MD<-12dB).

Clinical Course

After the diagnosis of CMV corneal endotheliitis was established, all patients were treated immediately with 0.5% topical
GCV (6-8 applications/day). A topical corticosteroid and an anti-glaucoma agent were also applied. Concomitant systemic
antivirals were administered (intravenous GCV [10 mg/kg dailyx7d] or oral valganciclovir [VGCV; 1800 mg/day=21d]) to 22
patients (64.7%). The mean IOP decreased from 22.4 + 10.6 mmHg at the time of the initial visit to 14.6 + 7.9 mmHg 1 month
after initiation of anti-CMV treatment (p<0.01; Table 3). There were no differences in the IOP before and after anti-CMV
treatment between the typical and atypical CMV corneal endotheliitis groups (Table 3).

During the 4.8 + 3.0-year (range, 0.2—-10 years) follow-up period, 18 eyes (52.9%) maintained a fair IOP without
glaucoma surgery (final IOP, 11.0 £ 4.0 mmHg 5.1 + 3.1 years after initiation of anti-CMV treatment; p<0.01), whereas
16 eyes (47.1%) required glaucoma surgery, including filtering surgery (trabeculectomy or glaucoma tube [7 eyes]) and
trabeculotomy only (9 eyes). In all surgery cases, the final IOP was fair (10.1 = 5.1 mmHg 5.3 + 3.5 years after filtering
surgery; p=0.01 and 11.8 + 5.0 mmHg 4.2 + 2.9 years after trabeculotomy; p<0.01). In contrast, 7 eyes required

Table 3 Intraocular Pressure Changes Before and | Month After Anti-CMV Drug Treatment

All (n=34) Typical CMV Atypical CMV P value
Endotheliitis Endotheliitis
(n=16) (n=18)
Before treatment (mmHg) 224 + 10.6 19.3 £ 94 252 = 111 0.102 **
After treatment (mmHg) 149 £ 79 13.7 £ 7.1 159 + 8.6 0.574 **
P value <0.001 * 0.005 * 0.002 *

Notes: *Wilcoxon signed rank test, **Mann—Whitney U-test.
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endothelial keratoplasty during follow-up. Among these 7 eyes, 2 had undergone previous glaucoma surgery and 5 had
no previous glaucoma surgery. Inflammation did not recur after surgery under continuation of 0.5% topical GCV. We did
not experience any adverse events with anti-CMV medications, such as drug toxicity with 0.5% topical GCV or
neutropenia with systemic anti-CMV agents.

Discussion

We showed that most of the patients with CMV corneal endotheliitis (32/34 [94.1%]) had secondary glaucoma. Koizumi
et al* reported that the prevalence of glaucoma was 65.1% in 109 eyes with CMV corneal endotheliitis in a Japanese
population. The reason for the higher prevalence of secondary glaucoma in patients with CMV corneal endotheliitis in
our hospital compared to the Koizumi et al* report is unclear. We speculate that the patients in the Koizumi et al* study
might have had more early cases of CMV corneal endotheliitis in the pre-perimetric stage. Nevertheless, detection of
secondary glaucoma with CMV corneal endotheliitis and the proper management is of paramount importance to prevent
glaucoma progression.'!

The case series reported herein from our hospital had a very long history of glaucoma (mean, 10.0 + 10.1 years;
range, 7 months-to-34 years) before a definite diagnosis of CMV endotheliitis was established. As a result, greater than
one-half of our cases had middle- to late-stage glaucoma at the time CMV DNA was detected. Thirteen eyes (38.2%)
were previously diagnosed with PSS. Notably, the clinical significance of CMV corneal endotheliitis was not appreciated
at that time and the differential diagnosis between CMV corneal endotheliitis and PSS was unclear. Typically, PSS
patients have open angles, but experience recurrent unilateral attacks of mild iritis with an elevated IOP. Chee et al'”
reported that 52% of aqueous humor samples from the affected eyes of PSS patients were positive for CMV based on
PCR analysis. In addition, Murata et al'* showed that CMV-DNA was detected in 61.9% of Japanese patients with PSS.
Furthermore, the ECD was lower in the affected eyes of CMV-positive PSS eyes than the contralateral unaffected eyes.'
Taken together, these findings suggest that CMV-positive PSS could be clinically regarded as glaucoma secondary to
CMV corneal endotheliitis. A prompt diagnosis and appropriate treatment is essential to improve prognosis, not only in
patients with CMV corneal endotheliitis, but also in patients with PSS.

In this study, 16 patients (47.1%) had glaucoma in the fellow eye. Although PCR examination of aqueous humor
sample was not performed, two fellow eyes with mild anterior chamber reaction may be glaucoma secondary to CMV
infection (bilateral CMV infection), while 14 fellow eyes without anterior chamber reaction may be primary glaucoma.

Recently, Yawata et al'® analyzed variants of polymorphic genes in 122 patients with CMV anterior uveitis, and
concluded that the underlying immunopathogenesis likely involves CMV-responding natural killer cells co-expressing
markers that developed on a genetic background. Recent studies have shown that human trabecular meshwork cells
effectively support CMV replication, as well as corneal endothelial cells.'®'” CMV infection enhances the production of
TGF-f, a cardinal cytokine that increases the resistance of trabecular meshwork outflow pathways, in human TM cells.
Treatment with an antiviral agent decreased viral DNA replication, but an antiviral agent did not inhibit TGF-
production. The increase in TGF-Pp was ameliorated by treatment with corticosteroids.'” In the current study, the
combined use of 0.5% topical GCV (68 applications/day) with or without a systemic anti-CMYV agent, corticosteroid
eyedrops, and an anti-glaucoma agent were effective in reducing the IOP. Fair IOP control was maintained without
glaucoma surgery during the 5.1 + 3.1 years follow-up period for 18 eyes (52.9%). Maintenance therapy with 0.5%
topical GCV could be used due to the inhibition of CMV activity, facilitating IOP control, and preserving the corneal
endothelium.'®'” In addition, topical GCV induces less frequent adverse events than systemic GCV, such as
neutrocytopenia.” The clinical effect of 0.15% GCV ophthalmic gel, which is approved for HSV keratitis, has been
suggested in some case series even though 0.15% GCV ophthalmic gel has not been approved and marketed in Japan.?%%'

In the current study, one-half of the eyes (47.1%) were classified as typical CMV corneal endotheliitis, in which coin-
shaped lesions or linear KPs were present. We have previously confirmed that coin-shaped lesions may be CM V-infected
swollen/necrotic endothelial cells which correspond to the owl’s eye cells observed under confocal microscopy.®™’ As
shown in the current study, there were no differences in the IOP course between patients with typical and atypical CMV
corneal endotheliitis.
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After anti-CMV treatment, 47.1% of the patients underwent glaucoma surgery in our case series, which is consistent
with the 25.7-60% previously reported in the literature.'""** Indeed, PSS patients with a higher ECD reduction ratio and
CMV-positive patients with a disease duration > 5 years were more likely to undergo glaucoma surgery.'* In our surgery
cases, the final IOP was fair after filtering surgery and/or trabeculotomy.

Limitations of this study were the retrospective design and relatively small sample size. In eyes with pseudo-
exfoliation, we cannot exclude pseudo-exfoliation as a cause of glaucoma. In addition, use of anti-CMV medication
was not uniform and the indications for glaucoma surgery were not strictly defined. Therefore, a large prospective long
follow-up study is warranted.

In conclusion, our case series revealed that most of the patients with CMV corneal endotheliitis had glaucoma.
Although medical therapy, including 0.5% topical GCV, was effective in reducing the IOP, one-half of the patients
required glaucoma surgery. Therefore, ophthalmologists should strive to establish a timely diagnosis of CMV corneal
endotheliitis by PCR testing of aqueous humor samples to prevent sight-threatening glaucomatous damage.

Patient Consent

This retrospective clinical study was approved by the Ethical Committee of Kanazawa University Graduate School of
Medical Science (approval number 3412) and adhered to the tenets of the Declaration of Helsinki. Written informed
consent was obtained with opt-out method. This report does not contain any personal identifying information.
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