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Abstract

Purpose

To establish the effects of anterior chamber inflammation (ACI) on the corneal endothelium
parameters and central corneal thickness (CCT).

Methods

We conducted a comprehensive literature review using medical databases (PubMed,
EMBASE, VHL, and medRxiv) on March 8, 2023, for studies that included patients with ACI
who had undergone specular microscopy or pachymetry. Case series with >10 patients,
cross-sectional, case-control, and cohort studies were included. The risk of bias was
assessed using CLARITY tools and validated scales such as those by Hassan Murad et al.
and Hoy et al. A narrative synthesis and a quantitative standardized mean difference meta-
analysis, | heterogeneity assessment, and publication bias tests were conducted. The
study was registered in PROSPERO (CRD42023420148) and approved by the Universidad
del Rosario ethical committee (DVO005 2277- CV1712).

Results

Thirty-four studies, encompassing 1,388 eyes with ACI, were included. Compared with
healthy controls, overall, ACI eyes show significant mean differences in endothelial parame-
ters (endothelial cell density (ECD), coefficient of variation (CV), and hexagonality (HEX)) (P
< 0.05). In the subgroup analysis compared with healthy controls, both active and chronic-
recurrent ACl demonstrated a reduced ECD. An increased CV was observed in active,
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inactive, and chronic-recurrent ACI. Lower HEX was evident in inactive, acute, and chronic-
recurrent ACI, while both active and acute ACI exhibited high CCT.

Conclusion

ACI leads to significant alterations in endothelial parameters and CCT. The primary contrib-
utors to these changes are increased IOP, uveitis duration, and intraocular surgeries. Fur-
ther studies are needed to explore the impact of ACI etiology on the endothelium, potential
biases in IOP measurements during acute ACI episodes, and the potential necessity for
monitoring the endothelial parameters and CCT in patients with chronic ACI.

Introduction

The corneal endothelium is the posterior monolayer of the cornea, which appears as a honey-
comb-like mosaic when viewed from the rear side. Its primary function is maintaining corneal
clarity by ensuring it remains relatively deturgesced [1]. Human endothelial cells show no
mitotic activity in vivo; however, humans are born with a significant reserve cell density of
approximately 3,500 cells/mm?, decreasing gradually at approximately 0.6% per year. As endo-
thelial cells get damaged, they lose their mosaic shape, which changes their size (polymegat-
ism) and their characteristic hexagonal shape (pleomorphism) [2].

Anterior chamber inflammation (ACI) can induce corneal complications such as band ker-
atopathy, anterior synechiae, and keratic precipitates [3,4]. Regarding endothelial injury, some
studies have highlighted a loss in endothelial cell density (ECD) and hexagonality (HEX),
along with higher coefficients of variation (CV) in those with ACI [5-7]. Furthermore, central
corneal thickness (CCT) is often increased because of the impaired semipermeable barrier
function during acute episodes of ACI [8,9]. Elevated intraocular pressure (IOP) and surgeries
addressing uveitis complications, such as cataracts and glaucoma, are considered primary con-
tributors to this endothelial damage [10-13].

Although endothelial damage is not one of the most common complications of uveitis,
approximately 1.10% of individuals with ocular inflammation require keratoplasty within the
first ten years, with patients with ACI being at higher risk (HR 2.97) [14]. Despite these find-
ings, there is a dearth of studies on quantitative changes in endothelial metrics and CCT. This
systematic review aims to quantify changes in endothelial parameters and CCT in patients
with ACI, improving the understanding of endothelial damage in intraocular inflammation
and accentuating the relevance of imaging techniques such as specular or confocal microscopy
in uveitis.

Materials and methods
Type and design of the study

Using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines, we conducted a systematic literature review and meta-analysis (S1 File) [15]. The
study was registered in PROSPERO (CRD42023420148) and approved by the Universidad del
Rosario ethics committee (DVO005 2277-CV1712).

Study selection criteria

We included primary observational studies such as case series with > 10 patients, case-control
studies, cohort studies, cross-sectional studies, and clinical trials. We excluded nonfull-text
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texts, studies in species other than humans, case reports, economic analyses, systematic
reviews, and meta-analyses. The inclusion criteria were patients of all ethnicities, ages, and
genders presenting with ACI (including anterior uveitis, anterior-intermediate uveitis, or
panuveitis) of any origin and clinical features with specular microscopy description or pachy-
metry information. Patients diagnosed with chronic glaucoma and/or cataract surgery before
ACI were excluded.

Sources of information

We conducted the literature search independently in four databases, PubMed, EMBASE, Vir-
tual Health Library (VHL), and medRxiv, covering all available records until March 8, 2023.
We used the keywords “uveitis” and “corneal endothelium” among multiple search combina-
tions to achieve the highest sensitivity and specificity. The entire search process was docu-
mented by following the PRISMA guidelines [15]. We used medRxiv as a repository for gray
literature data.

Search strategies

Following the research question and the databases, we performed a search using MeSH,
Emtree, and DECs terms, as well as title and abstract searches. For details on the search strate-
gies, see S2 File.

Study selection

All searches were downloaded in the RIS format and uploaded to the Zotero™ reference man-
ager to create a database of the selected articles. First, we filtered out duplicate articles; subse-
quently, we downloaded the search elements and conducted a second filter in Microsoft
Excel™ on the author names, titles, and DOI to identify the remaining repeated articles. After
completing a review of duplicate articles, six authors trained in ocular inflammatory diseases
were divided into three groups for a paired review of the remaining articles.

In the paired reviews, first, the titles and abstracts and then the full-text articles were
reviewed for selection against the inclusion and exclusion criteria, following which the articles
were labeled as included, excluded, or in doubt in a Microsoft Excel ™ database. Disagreement
during the paired review resulted in all authors reviewing an article again until a consensus
was reached. In cases where disagreements remained, the final judgment was made by consult-
ing two uveitis specialists. In this step, the level of agreement was 87% between the groups
(Group 1: 90%; Group 2: 84.4%; and Group 3: 90%) (Fig 1).

Data extraction

The selected articles were coded and downloaded using the assigned code for extracting informa-
tion. In this step, articles retrieved without a full text were excluded. The papers were divided
among the six trained reviewers, who rechecked that the articles met the inclusion criteria. Sub-
sequently, the information was extracted as follows: article code, author, article title, year, DOI,
design, age, uveitis location, etiologic diagnosis, descriptive diagnosis, course, activity, total popu-
lation, population with surgery, control population, ECD, CV, HEX, CCT, cataract, IOP, need
for keratoplasty, and relevant corneal findings in patients with ACI and controls.

Assessment of methodological quality

Two authors assessed methodological quality using the tools provided by Hassan Murad et al.
[16] for the case series. This tool evaluates the determination of exposure, whether other
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Fig 1. PRISMA flow diagram.
https://doi.org/10.1371/journal.pone.0296784.9001

changes that explain the exposure were ruled out, whether the results were appropriately ana-

lyzed, the follow-up time, and, if sufficient, the reproducibility of the findings, including a

description of the methods. In contrast, for cross-sectional studies, we used the validated tool
of Hoy et al. [17]. This scale assesses bias by evaluating the sample’s representativeness, the
type of sampling, response bias, data collection methods, case definition, the validity of mea-
surements, duration of follow-up, prevalence measurements, and reproducibility of the study.
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Each item is scored, and the scores are summed for each study: a score of 0-3 indicates a high
risk of bias, 4-6 indicates moderate risk and 7-10 indicates a low risk of bias.

Finally, to evaluate the cohort and case-control studies, we used the McMaster University
group’s scale Clinical Advances Through Research and Information Translation (CLARITY)
study (10). For case-control studies, this tool evaluates adequate exposure, case ascertainment
safety, control selection, and matching. For cohort studies, it evaluates the selection of the
exposed and unexposed cohorts, exposure, temporality of outcomes, group matching, reliabil-
ity of outcomes, prognostic assessment, outcome analysis, follow-up, and reporting of possible
cointerventions. In this case, the assessment items were scored as definitely yes (low risk of
bias), probably yes, probably not, and definitely no (high risk of bias).

Although these tools did not explicitly determine the inclusion or exclusion of a study, for
this research, a study was excluded if both coauthors who reviewed the risk of bias assessment
considered that study to be at high risk of bias.

Data processing and analysis techniques

To synthesize information, one author extracted the data from the selected articles. Initially,
the data were synthesized in validated tables with all characteristics of the studies. Subse-
quently, a narrative synthesis of the relevant findings was performed following the PRISMA
guidelines [15]. This process was repeated to summarize the effects of IOP and cataract surgery
on endothelium and corneal thickness in patients with ACI and the need for keratoplasty.
However, it was impossible to meta-analyze in this case because the reported data was not uni-
form across studies. Finally, a second author rectified the information presented in the tables.

For data analysis, we used data pertaining to the eyes and not to the patient. Cases were
defined as eyes with ACI, and controls were defined as healthy eyes that could be from inde-
pendent controls or, in some articles, as contralateral eyes. In our study, because the measure-
ments were continuous quantitative (ECD, CV, HEX, and CCT), they were analyzed using
standardized mean differences. Because the authors from the different studies had used differ-
ent measuring equipment and standards, we expected high baseline heterogeneity, and thus,
the use of random effects was preferred in the meta-analyses. Forest plots were performed
using Review Manager (RevMan 5.4; The Nordic Cochrane Center, The Cochrane Collection,
Copenhagen, Denmark). Furthermore, a subgroup analysis was performed for the ACI’s activ-
ity degree and course. All studies that provided these data were included.

We defined the activity and course of disease following the Standardization of Uveitis
Nomenclature (SUN) recommendations. [18] We characterized uveitis that has been treated
and currently shows no inflammation, as inactive, as evidenced by Grade 0 + cells in the ante-
rior chamber when possible. Furthermore, if an article did not report the specific inflamma-
tion grade, uveitis was deemed inactive if, in the article’s methods, the group was referred to as
“inactive/no inflammation.” Active uveitis referred to any inflammation grade >0 + cells
necessitating treatment.

Acute uveitis is characterized by a sudden onset and limited duration. Because the time
between recurrences was not distinctly defined in some studies, we analyzed recurrent and
chronic uveitis in the same group to assess the effects of recurrences and chronicity on endo-
thelial parameters.

Subsequently, sensitivity analyses were performed on the articles, excluding articles with
low methodological quality determined by the risk of bias. Moreover, the quality of data collec-
tion and measurement in the studies with extreme values were reviewed to decide whether to
include or exclude them from the meta-analysis. Heterogeneity analysis was evaluated using
the I? statistic, Cochran’s Q, and Tau. The cutoff points for heterogeneity in the meta-analysis
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were 0%-30% low, 31%-50% moderate, and 51%-90% high. In funnel plots with >10 studies,
we used symmetry and Egger’s test to determine publication bias. This analysis used the
Jamovi 2.3 Software [19-21].

Results
Study selection and characteristics

The initial search yielded 347 studies (Pubmed 177, Embase 144, VHL 4, and medRxiv 22).
After the studies were reviewed, 78 duplicate ones were removed. 215 studies were removed
during the paired review phase of abstract and title and 6 during the full-text review because
they did not meet the inclusion criteria. Furthermore, 11 studies were discarded because the
full text could not be retrieved; 3 studies were excluded due to a high risk of bias identified. In
total, 34 studies were included in our systematic review; 25 were cross-sectional, 7 were case
series, 1 was a cohort, and 1 was a case-control study. For the meta-analyses, the number of
studies varied depending on data availability for each analysis.

The results of each analysis are presented below according to the number of studies avail-
able for each variable of interest. In total, 1,388 eyes with ACI were included, of which 583 eyes
belonged to women, and 581 were from men, with a mean age of 36.6 (SD 9.8) years. Regard-
ing the etiology of ACI, 532 (41. 9%) were idiopathic, 454 (35.7%) noninfectious, and 120
(9.4%) infectious; specific underlying etiologies of ACI were herpetic, Fuchs uveitis syndrome,
Posner-Schlossman Syndrome, cytomegalovirus endothelitis, HLA B27+ anterior uveitis, uve-
itis associated with juvenile idiopathic arthritis, Bechet’s syndrome, toxoplasmosis, and Vogt-
Koyanagi-Harada disease, among others (Table 1).

Risk of bias within the selected articles

Different tools were applied to evaluate the studies according to the design of each one. Fol-
lowing Hassan Murad et al.’s criteria [16], we included all eight case reports and case series
that we found, although 1 of them had lower quality than the others because we could not ade-
quately determine the exposure within the study. In contrast, the 25 cross-sectional studies
were evaluated with the tool of. Using Hoy et al.’s criteria [17], we identified a low risk of bias
in all 25 cross-sectional studies, although we scored 2 of these studies as 7/10; in one study, the
sample was not an accurate representation of the target population and in the other cases were
not defined. None of the included studies detailed a random sampling method or indicated
that a census was conducted. We determined that only 1 study’s sample closely represented the
national population in terms of relevant variables, such as age and gender.

We rated the case-control study as low risk according to the five items on the CLARITY
tool [47]. Lastly, we also used the eight CLARITY items to evaluate the included cohort study
[47] and found that the study lacked any exposure evaluation. Furthermore, the authors of the
study could not ascertain that the outcome of interest was absent at the beginning, and we
could not confidently assess the presence or absence of prognostic factors. Nonetheless, we
included this study based on the score and the recommendation of the evaluation tool (S3
File).

Endothelial parameters and CCT in eyes with ACI

Analysis of ECD. For the ECD analysis, 22 studies with 1,426 eyes were included; how-
ever, during the application of the sensitivity analysis, the number of studies was reduced to 15
and 1,017 eyes (S4 File and Fig 2). In the meta-analysis, we found a statistically significant dif-
ference between the ACI group and the control group with a standardized mean difference
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Table 1. Characteristics of the corneal endothelium and central corneal thickness in the included studies.

Study authors | Type of study| Number of eyes | Coursen (%) | Etiology, n (%) Mean ECD + SD Mean Mean Mean CCT + SD
(Year) with ACI (F/M) (cells/mm?2) CV +SD (%) | HEX £ SD (%) (um)
Fung et al. Cross- 99 (66/33) ND Idiopathic: 40 (40) 3,510 £ 331.2 244 +25 719 6.1 ND
(2021) [12] sectional Noninfectious: 58
(59)
Infectious: 1(1)
Zina et al. Cross- 38 (17/21) ND Idiopathic: 15 2,642 £ 236 315 64.7 £5.8 555+ 44
(2021) [22] sectional (39.4)
Noninfectious: 17
(44.7)
Infectious 6:
(15.8)
Simsek et al. Cross- 45 (24/21) Chronic: 45 Idiopathic: 45 2,286.2 +283.4 37.7+5.6 42.1+5.3 539.5+32.1
(2021) [23] sectional (100) (100)
Sevinc et al. Cross- 34 (19/15) Acute: 34 Idiopathic: 18 2,607.7 £ 277.6 31.68 + 8.16 63.85+11.14 571.47 + 55.99
(2021) [9] sectional (100) (52.9)
Noninfectious: 11
(32.3)
Infectious: 5
(14.7)
Sravani et al. Cross- 31 (9/22) Chronic: 31 Idiopathic: 31 ND ND ND 511.5+44.1
(2020) [5] sectional (100) (100)
Alfawaz et al. Cross- 56 (ND/ND) Acute: 17 Idiopathic: 21 2,351 +450.9 34.7 £ 8.0 52.3+10.5 544.5 + 39.6
(2016) [6] sectional (38.5) (40.4)
Chronic: 35 | Noninfectious: 26
(67.3) (50)
Infectious: 5 (9.6)
Guclu et al. Cross- 56 (27/29) Chronic: 56 Idiopathic: 22 2,540 + 619 38 +29 49 + 21 522 + 39
(2019) [7] sectional (100) (39.2)
Noninfectious: 34
(60.7)
Chen et al. Cross- 140 (66/46) ND ND 2,843.1 + 465.7 32.1+6.4 59.8 £ 14.5 ND
(2021) [24] sectional
Kam et al. Cross- 38 (14/24) Chronic: 38 Idiopathic: 23 1,912 + 564.5 46 +28.9 29+9.6 ND
(2021) [25] sectional (100) (60.5)
Infectious: 15
(39.5)
Cetin et al. Cross- 55 (ND/ND) ND Idiopathic: 21 2,971 + 163 26.1+42 67.7 %45 558.7 + 27.8
(2022) [26] sectional (72.4)
Noninfectious: 8
(27.5)
Sen et al. (2018) Cross- 37 (14/23) ND Idiopathic: 21 ND ND ND 550.7 + 49.5
[27] sectional (56.7)
study Noninfectious: 16
(43.2)
Cai et al. (2022) Cross- 17 (6/11) Chronic: 17 Idiopathic: 17 2,320.2 + 329. 354+6.8 56.5+9.9 538.80 + 37.01
[28] sectional (100) (100)
Banaee et al. Case series 30 (12/18) Acute: 30 Idiopathic: 30 2,787.5 £ 497.5 333+45 ND 514.0 +23.1
(2016) [29] (100) (100)
Ghit et al. Cohort 27 (11/16) Acute: 27 ND 2,541 + 35121 34074705 | 51.33+17.19 | 562.40+51.28
(2019) [30] (100)

Cankaya et al. Cross- 33 (15/18) Chronic: 33 | Noninfectious: 33 2,739 + 164.18 32.9+4.76 447 + 6.51 545.75 + 40.89
(2018) [31] sectional (100) (100)

Ozdamar et al. Cross- 69 (27/40) ND Noninfectious: 69 ND ND ND G1:584.7 £20.9
(2010) [32] sectional (100) G2:540.5 + 36.1
Agraetal. Cross- 24 (15/17) Acute: 24 ND ND ND ND G1:564.2 + 44.2
(2014) [33] sectional (100) G2:529.5 + 33.1

(Continued)
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Table 1. (Continued)

Study authors | Type of study| Number of eyes | Coursen (%) | Etiology, n (%) Mean ECD + SD Mean Mean Mean CCT + SD
(Year) with ACI (F/M) (cells/mm?2) CV +£SD (%) | HEX £ SD (%) (um)
Sen et al. (2015) Cross- 38 (17/21) Chronic: 38 Idiopathic: 38 ND ND ND 548.8 +42.1
[34] sectional (100) (100)
Heinz et al. Cross- 30 (16/14) Acute: 30 Idiopathic: 12 (40) ND ND ND Active: 645 + 62
(2012) [35] sectional (100) Noninfectious: 16 Inactive: 582 +36
(54)
Infectious: 2 (7)
Szepessy et al. Cross- 15 (8/7) Chronic: 15 Idiopathic: 15 2,648.4 +121.44 38.5+2.32 41 +3.97 543.5 + 35.99
(2016) [13] sectional (100) (100)
Pillai et al. Case series 13 (4/9) Acute: 7 Idiopathic: 12 2,479.23 + 175.78 ND ND ND
(2015) [36] (53.84) (92.30)
Chronic: 3 Infectious: 1
(23.07) (7.69)
Recurrent: 3
(23.07)
Dikmetas et al. Cross- 64 (35/29) Chronic: 30 | Noninfectious: 30 2,1249 +£417.4 45.2 38.4 ND
(2022) [37] sectional (100) (100)
Brooks et al. Case series 13 (10/3) Acute: 4 Idiopathic: 30 2,374.30 + 786.31 ND ND ND
(1986) [38] (13.33) (100)
Chronic: 22
(73.33)
Recurrent: 4
(13.33)
Ozer et al. Case series 21(13/8) Chronic: 21 Idiopathic: 21 2,228 + 365 ND ND ND
(2019) [39] (100) (100)
Yilmaz etal. | Case-control 30 (22/8) Chronic: 30 | Noninfectious: 30 3,335 + 329 33+5 58 +13 572 +27
(2022) [40] (100) (100)
Olsen et al. Case series 15 (10/5) Acute: 6 (40) Idiopathic: 15 2,709 + 243 ND ND ND
(1981) [41] Recurrent: 9 (100)
(60)
Vannas et al. Case series 15 (5/10) Acute: 10 Infectious: 15 2,487 + 358 ND ND ND
(1983) [10] (66.6) (100)
Recurrent: 5
(33.3)
Cankaya et al. Cross- 40 (ND/ND) Acute: 20 (50) | Noninfectious: 40 ND ND ND Acute:
(2014) [8] sectional Recurrent: 20 (100) 595.50 + 39.5
(50) Recurrent:
528.35+19.1
Mocan et al. Cross- 40 (16/24) Chronic: 40 Idiopathic: 40 2,545 + 234 39+6 44.1+6.2 ND
(2011) [42] sectional (100) (100)
Setili et al. Cross- 60 (32/28) Acute: 17 Idiopathic: 45 (75) 2,632 + 405 ND ND ND
(1979) [43] sectional (28.3) Noninfectious: 15
Chronic 14 (25)
(23.3)
Recurrent: 29
(48.3)
Turan et al. Cross- 85 (ND/ND) Recurrent: 51 | No Infectious: 51 ND ND ND 544.65 + 17.91
(2012) [44] sectional (100) (100)
Alanko et al. Case series 14 (8/6) Chronic: 14 Infectious: 14 2,724 + 631 274 +6.5 2.1+1.1 ND
(1986) [45] (100) (100)
Reijo et al. Case series 14 (8/6) Acute: 14 Infectious: 14 2,496 + 409 ND ND ND
(1983) [11] (100) (100)
(Continued)
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Table 1. (Continued)

Study authors | Type of study| Number of eyes

(Year) with ACI (F/M)
Choi et al. Cross- 42 (13/29)
(2016) [46] sectional

Coursen (%) | Etiology, n (%) Mean ECD * SD Mean Mean Mean CCT + SD
(cells/mm?2) CV £SD (%) | HEX + SD (%) (um)
Chronic: 17 Infectious: 42 ND ND ND ND
(40.5) (100)
Recurrent: 4
(9.5)
ND: 21 (50)

ACI: Anterior chamber inflammation, F: Female, M: Male, ND: No data reported, ECD: Endothelial cell density, CV: Coefficient of variation, HEX: Hexagonality, CCT:
Central corneal thickness, G1: Group 1, G2: Group 2.

https://doi.org/10.1371/journal.pone.0296784.t001

(SMD) = -0.93 (95% confidence interval [CI]: —1.12, —0.74) (P < 0.001); I* 44% (P = 0.03).
The funnel plot had an approximately symmetrical distribution in the publication bias analy-
sis, and Egger’s test = —1,542 (P = 0.123) (Fig 3).

Analysis of CV. Eight studies (679 eyes) were included originally, but one was excluded
following sensitivity analysis, leaving 563 eyes (S4 File and Fig 2). In the meta-analysis, we
observed that SMD = 0.66 (95% CI 0.47, 0.84) (P < 0.001); I* 0% (P = 0.69) (Fig 2). Fig 2
shows the results of comparing endothelial parameters (ECD, CV, and HEX) and CCT
between eyes with ACI and healthy controls. Fig 3 shows the funnel plots of the publication
bias analyses performed on meta-analyses with >10 studies.

Fig 3A, 3B, 3C and 3E show the plots for the meta-analysis of overall ACI-ECD, overall
ACI-CCT, and ECD when comparing acute vs. chronic-recurrent ACI and CCT comparing
active vs. inactive ACI. They show an approximately symmetrical distribution, and Egger’s test
is not significant for publication bias. Fig 3D shows the meta-analysis of ECD when comparing
active vs. inactive ACI, showing a nonsymmetrical distribution in the funnel plot and Egger’s
test with statistical significance demonstrating publication bias.

Hexagonality. Fourteen studies (963 eyes) were included, which was reduced to eight
(679 eyes) following the sensitivity analysis (S4 File and Fig 2). In the meta-analysis, we
observed that SMD = —0.68 (95% CI: —0.85, —0.50) (P < 0.001); I* 0% (P = 0.64) (Fig 2).

Analysis of CCT. In the meta-analysis of CCT, 15 included studies contained 995 eyes in
total. However, the sensitivity analysis reduced the number of studies to 12 and 813 eyes (S4
File and Fig 2). The meta-analysis showed no statistically significant difference between the
ACI and the control group (SMD = 0.01; 95% CI: -0.16, 0.18; P = 0.92; I? =30% [P = 0.15]).
The funnel plot showed an approximately symmetrical distribution in the publication bias
analysis, and Egger’s test = —0.848 (P = 0.397) (Fig 3).

Effects of inflammatory activity on endothelial parameters and corneal
thickness

Analysis of ECD. In the meta-analysis of ECD, 13 studies with 799 eyes were included;
after the sensitivity analysis, there were 12 studies with 733 eyes (S4 File and Fig 4). Subgroup
analysis showed that eyes with active ACI had fewer cells/mm? than healthy controls (SMD =
-0.98; 95% CI: —1.25, —0.70; P < 0.001), and according to the Q test, there was moderate het-
erogeneity in the results (Q = 19.28, P = 0.02, Tau® = 0.10, I = 53%) (Fig 4). Conversely, there
was no statistically significant difference between inactive ACI cases and healthy controls
(SMD = -0.09; 95% CI: —1.04, 0.85; P = 0.85). However, it should be noted that this group
showed high heterogeneity (Q = 7.56, P = 0.006, Tau” = 0.40, I* = 87%) (Fig 4). The subgroup
analysis showed no statistically significant difference between active and inactive ACI
(P =0.08) (Fig 4). In the publication bias analysis, we observed a nonsymmetrical distribution
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Fig 2. Effects of uveitis on morphological endothelial parameters.

https://doi.org/10.1371/journal.pone.0296784.9002

in the funnel plot and Egger’s test = —2,868 (P = 0.004) (Fig 3). Fig 4 presents the findings for
comparing the endothelial parameters (ECD, CV, and HEX) and CCT in eyes with ACI
regarding inflammatory activity.

Analysis of CV. Subgroup analysis showed that active ACI had a significantly higher CV
than healthy controls (SMD = 1.15; 95% CI: 0.35, 1.94; P = 0.005). The Q statistic showed high
heterogeneity (Q = 107.9, P < 0.001, Tau® = 1.19, I” = 94%) (Fig 4). Similarly, in patients with
inactive ACI, the CV was statistically significantly higher than the controls’ (SMD = 0.71; 95%
CI: 0.34, 1.09; P = 0.0002), although we noted that this group presented moderate heterogene-
ity (Q=3.61,P =0.16, Tau® = 0.05, I = 45%) (Fig 4). The subgroup analysis revealed no statis-
tically significant difference between active vs. inactive ACI (P = 0.34) (Fig 4).

Hexagonality. There was no statistically significant difference in HEX for eyes with active
ACI from that for healthy controls (SMD = 0.12; 95% CI: —0.11, 0.36; P = 0.30). However, this
analysis revealed high heterogeneity (Q = 145.62, P < 0.001, I? = 96%) (Fig 4). In contrast,
eyes with inactive ACI displayed a significantly lower HEX than that of healthy controls (SMD
-0.47; 95% CI: -0.74, —0.20; P = 0.0005), with moderate heterogeneity (Q = 3.34, P = 0.19, 2
40%) (Fig 4). Subgroup analysis highlighted a significant difference between active and inac-
tive ACI (P = 0.001) (Fig 4).

Analysis of CCT. Active ACI had significantly higher CCT than that of healthy controls
(SMD = 0.68; 95% CI: 0.20, —1.15; P = 0.005), and heterogeneity was high (Q = 67.48,

P < 0.00001, Tau® = 0.50, I* = 87%) (Fig 4). Inactive ACI did not evidence statistically signifi-
cant differences versus healthy controls, SMD = -0.02 (95% CI: —0.20, 0.16) (P = 0.79), and
heterogeneity was low (Q = 2.82, P = 0.73, Tau® = 0.00, I = 0%) (Fig 4). Subgroup analysis
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https://doi.org/10.1371/journal.pone.0296784.9003

indicated statistically significant differences between active and inactive ACI (P = 0.007) (Fig
4). The funnel plot of the publication bias analysis findings showed a symmetrical distribution

and Egger’s test = 0.058 (P = 0.954) (Fig 3).

Effects of ACI course on endothelial parameters and corneal thickness

Analysis of ECD. In the comparison of ECD, there was no difference between acute ACI
and healthy controls (SMD = —0.38; 95% CI: —1.0, 0.23; P = 0.22). However, there was a
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Fig 4. Effects of inflammatory activity on endothelial parameters and central corneal thickness.
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statistically significant difference when comparing the chronic-recurrent group with healthy
controls (SMD = —1.35; (95% CI: —2.03, —0.67; P < 0.001) (Fig 5). The difference between sub-
groups was significant (P = 0.04), and there was high heterogeneity in both acute (Q = 14.01,

P = 0.003, Tau” = 0.30, I’ = 79%) and chronic-recurrent ACI (Q = 94.24, P < 0.00001, Tau® =
0.97, I = 92%). The funnel plot showed a symmetrical distribution in the publication bias
analysis, and Egger’s test = —1.121 (P = 0.262) (Fig 3). Fig 5 shows the results for comparing
endothelial parameters (ECD, CV, and HEX) and CCT in eyes with ACI regarding the course
of ACL

Analysis of CV. During the meta-analysis of CV, 10 studies were included, comprising a
total of 589 eyes; this number reduced to 9 studies following the sensitivity analysis, and 559
eyes were evaluated (S4 File and Fig 5). When comparing acute ACI and healthy controls,
there were no significant differences (P = 0.28), and heterogeneity was high (Q = 13.33,

P =0.001, Tau® = 0.40, I” = 85%) (Fig 5). However, a statistically significant difference was evi-
dent between chronic-recurrent uveitis and healthy controls (SMD = 0.87; (95% CI: 0.33, 1.42;
P = 0.002), with high heterogeneity (Q = 29.44, P < 0.001, Tau” = 0.38, I’ = 83%). Subgroup
analysis of the CV showed no differences between groups (P = 0.35).

Hexagonality. For hexagonality, all courses of ACI showed differences from the controls:
acute ACI, SMD = -0.95 (95% CI: —1.33, —0.58; P < 0.001) with low heterogeneity (Q = 0.10,
P =0.75, Tau® = 0.00, I> = 0%); chronic-recurrent ACI, SMD = —0.45 (95% CI: —0.88, —0.34;

P =0.001) with low heterogeneity (Q = 3.44, P = 0.33, Tau® = 0.01, I> = 13%). In the subgroup
analysis, acute ACI showed less hexagonality than chronic or recurrent ACI (P = 0.03) (Fig 5).
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Fig 5. Effects of ACI course on endothelial parameters and corneal thickness.

https://doi.org/10.1371/journal.pone.0296784.g005

Analysis of CCT. Acute ACI presented increased CCT than healthy controls
(SMD = 0.90; 95% CI: 0.59, 1.21; (P < 0.001). However, there was no significant difference
between chronic-recurrent ACI and healthy controls (SMD = —0.05; 95% CI: —-0.21, 0.11;
P =0.55). The comparison of CCT between subgroups showed statistically significant differ-
ences (P < 0.001) (Fig 5).

Effects of intraocular pressure and uveitic cataract surgery on endothelial
and corneal thickness parameters

We identified a total of 20 articles describing IOP (Table 2). These studies provided informa-
tion on IOP variation in relation to different conditions or interventions; however, they did
not report their relationship with endothelial parameters or corneal thickness. Simsek et al.
observed that IOP was significantly higher in eyes with ACI (17.7 + 3.6 mmHg) than in the fel-
low eyes (14.8 + 3.2 mmHg) and in the healthy group (14.2 + 2.3 mmHg) (P < 0.05), indicat-
ing that IOP is higher in the presence of ACI than in eyes without this condition [23]. In
contrast, findings from numerous studies indicated no statistically significant differences in
IOP between the ACI groups and other groups [29,39].

With respect to endothelial parameters, Guclu et al. and Alfawaz et al. found associations
between IOP and endothelial cell parameters in patients with uveitis [6,7]. Guclu et al.
observed that increased IOP during active uveitis was associated with a higher CV and
decreased ECD [7], the latter of which was also described by Alfawaz et al. [6]. These findings
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Table 2. Intraocular pressure and endothelial structural and morphologic parameters.

Study authors
(Year)

Fung et al. (2021) [12]
Zina et al. (2021) [22]

Simsek et al. (2021)
[23]

Sevinc et al. (2021) [9]
Sravani et al. (2020)
[5]

Alfawaz et al. (2016)
[6]

Guclu et al. (2019) [7]
Cetin et al. (2022) [26]
Sen et al. (2018) [27]
Cai et al. (2022) [28]

Banaee et al. (2016)
[29]

Ozdamar et al. (2010)
[32]

Agraetal. (2014) [33]

Sen et al. (2015) [34]
Heinz et al. (2012)
[35]
Szepessy et al. (2016)
[13]

Ozer et al. (2019) [39]

Cankaya et al. (2014)
[8]

Setili et al. (1979)
[43]

Turan et al. (2012)
[44]

IOP in ACI
group
19.4+55
12+14
17.7 £ 3.6

15.71 + 7.06
14 (IQR 12-16)

19.7 £ 6.6

144 +2.7
14.7 £ 4.2
129+3.3
16.8 £3.3
12+1.7

Gl:13.1+1
G2:12.6+3.4

G1:10.8 £+ 4.5
G2:12.27 +3

13.1+4.3

G1:14.3+5.8
G2:17+6.2

15.7 £2.05

15+2

G1:19.87 +2.92
G2:15.89 +2.58

12.3

13.58 £1.66

IOP in controls (without

ACI)
ND
ND

142+£23

1591 + 2.64
ND

ND

14.0+2.8
16.8 2.6
13.9+3.1
17.4+2.7
12+1.7

143 + 3.6
ND

14.6 + 3.4
G1:17.6 + 4.3
G2:17.3+2.9

13.3+1.33

15+2
559 +2.74

15

13.13 + 1.77

Mean ECD =+ SD (cells/

mm2)
3,510 + 331.2
2,642 + 236
2,286.2 £ 2834

2,607.74 + 277.63
ND

2,351 +£450.9

2,540 + 619
2,971 + 163
ND
2,320.2 + 329.
2,787.5+497.5

ND

ND

ND
ND

2,648.4 + 121.44

2,228 + 365

ND

2,632 + 405

ND

Mean CV + SD

(%)
24425
31%5
37.7+5.6

31.68 + 8.16

ND

347+ 8.0

38 £29
26.1 £4.2
ND
354+6.8
33.3+45

ND

ND

ND
ND

38.5+2.32

ND

ND

ND

ND

Mean HEX + SD | Mean CCT + SD (um)

(%)
71.9+6.1
64.7+5.8
42153

63.85+ 11.14

ND

52.3+£10.5

49 +21
67.7 £4.5
ND
56.5+9.9
ND

ND

ND

ND
ND

41 +3.97

ND

ND

ND

ND

ND
555+ 44
539.5+32.1

571.47 + 55.99
511.5+44.1

544.5 + 39.6

522 + 39
558.7 £27.8
550.7 £ 49.5

538.80 + 37.01
514.0 £23.1

G1:584.7 +20.9
G2:540.5 + 36.1

G1:564.2 + 44.2
G2:529.50 + 33.1

548.8 +42.1

Active: 645 + 62
Inactive: 582 + 36

543.5 +35.99

ND

Acute: 595.50 £ 39.5
Recurrent:
528.35+19.1

ND

544.65 +17.91

Notes: ND: No data reported, IOP: Intraocular pressure, ECD: Endothelial cell density, CV: coefficient of variation, HEX: hexagonality, CCT: central corneal thickness,
G1: Group 1, G2: Group 2.

https://doi.org/10.1371/journal.pone.0296784.t1002

suggest that high IOP is associated with impaired endothelial cell health in patients with uve-
itis. Furthermore, some studies reported associations between greater CCT and ACI [28,33].
There are limited studies addressing the relationship between surgical procedures and
endothelial cell parameters in patients with ACI. Some have identified surgery as the sole fac-
tor contributing to endothelial cell loss [5,12,13]. However, while noting a decrease in ECD,
other studies found no discernible differences between patients who had undergone surgical
procedures (including glaucoma and cataract surgeries) and those who did not [42].

Effects of ACI etiology on endothelial parameters and central corneal

thickness

Although authors have reported endothelial damage for infectious and noninfectious uveitis,
we could not quantitatively assess endothelial alterations and CCT differences between etiolo-
gies. For infectious causes, Vannas et al. presented a case series of 15 patients with herpetic
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keratouveitis and found pronounced pleomorphism and reduced ECD (15%) in patients
experiencing severe acute active episodes compared to those with milder cases (1.4%). The
authors identified elevated IOP in severe cases as the primary cause of this damage [10]. Simi-
larly, examination of another case series of 14 patients with herpes zoster keratouveitis revealed
that those with elevated IOP exhibited a lower ECD than those with normal IOP (20.2% vs.
15.3%) [11].

Furthermore, researchers have discussed the influence of noninfectious ACI on IOP; they
found heightened endothelial damage and increased CCT during acute stages with elevated
IOP [8]. Furthermore, Cankaya et al. in 2018 found a higher CV and lower HEX and ECD in
patients with Behcet’s disease with previous inflammatory episodes in the anterior chamber
than in unaffected individuals, emphasizing the negative impact of recurrent episodes on
endothelial vitality [31]. An explanation of the effects of IOP and recurrences of ACI episodes
was provided above.

Discussion

Several studies have examined how ACI affects corneal endothelial parameters and CCT.
Some of the studies indicate that the presence of ACI is associated with significantly low ECD
and HEX and high CV and CCT [5,22,24]; however, other studies have found no such differ-
ences [10,41,45]. The wide variations in the findings and the lack of information underscore
the importance of this systematic review and meta-analysis for clarifying the effects of ACI on
the endothelium and CCT.

Eyes with ACI exhibited significantly decreased ECD, elevated CV, and reduced HEX com-
pared with healthy controls. There are multiple possible reasons ACI is associated with endo-
thelial damage, including direct damage from inflammatory cells and proteins in the aqueous
humor. Interestingly, Alfawaz et al. found that higher flare levels in the anterior chamber (a
reflection of increased protein levels) were significantly associated with lower ECD but not
anterior chamber cellularity [6].

We found that active ACI had lower ECD and higher CV, whereas inactive ACI was only asso-
ciated with higher CV and lower HEX compared to healthy controls. These two findings indicate
that endothelial cells experience stress during active and inactive ACIL, as CV is the most sensitive
measure of corneal endothelial dysfunction [48]. During acute ACI episodes, when corneal
edema is more evident, CV increases and ECD decreases because of water influx into the cell cyto-
plasm while HEX remains consistent; conversely, in inactive stages, HEX diminishes. In fact,
HEX is a good indicator of healing progression after endothelial damage [48].

Considering that human endothelial cells in vivo exhibit no mitotic activity [2], the
observed lower ECD during the active phase but not the inactive phase might be attributable
to the limited number of studies exclusively focusing on patients with inactive ACI coupled
with the high heterogeneity (>87%) rather than to actual endothelial cell regeneration. Longi-
tudinal studies with extended follow-ups exploring endothelial parameters during inactive
periods are crucial for further clarifying this matter.

Another leading cause of endothelial damage in patients with ACI is the long-term use of
corticosteroids (topical or systemic) [49,50], which can lead to common complications such as
cataracts and glaucoma [51]. The adverse effects of elevated IOP on the endothelium are well
established, with both open-angle and acute angle-closure glaucoma reporting endothelial
damage [43,46,52,53]. The duration of elevated IOP has been associated with this damage, as
normal tension glaucoma has normal ECD [46].

Although we could not investigate the durations of elevated IOP, we believe that IOP plays
an essential role in endothelial damage in hypertensive uveitis, such as herpetic uveitis.
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Therefore, IOP control should be one goal in treating patients with uveitis, not only to mini-
mize the possible glaucomatous damage [54] but also because of the importance of the corneal
endothelium.

Regarding intraocular surgery, the data are contradictory. Some research suggests surgery
is the primary cause of endothelial cell loss in patients with ACI [6,12,13]; however, some
researchers have found decreased ECD and HEX and increased CV in patients with ACI who
have not undergone surgery [42]. More studies are needed to determine the heightened risk of
endothelial damage in patients with ACI with ocular surgery vs. those without surgical
procedures.

Subanalysis regarding the course of ACI identified that acute episodes of ACI did not show
any differences in ECD and CV compared with controls, although HEX was lower. However,
this was based on two studies only. In contrast, chronic-recurrent uveitis showed significant
differences in ECD, CV, and HEX. Although we could not measure the duration of uveitis, we
attribute this finding to chronic exposure to inflammation. Some researchers have reported
lower ECD and HEX and higher CV in eyes with Fuchs uveitis syndrome (a chronic low-grade
unilateral uveitis) than in the contralateral eyes or in healthy controls [5,23,34].

We found that patients with active and acute ACI displayed increased CCT than the healthy
control eyes or those with inactive or chronic-recurrent ACI. This could be attributed to the
rise in IOP during acute ACI episodes, which affects endothelial permeability [23]. This varia-
tion in CCT poses potential inaccuracies when measuring IOP using applanation tonometers
during acute ACI episodes [39]. Utilizing noncontact measuring instruments could provide
more accurate estimates of IOP in patients active and acute ACI [55]. However, such equip-
ment has not been comprehensively tested in patients with ACI, and their use requires further
investigation [56].

Similarly to increased CCT in ACI, a thickening of the nerve fiber layer has been noted in
cases of acute posterior uveitis. This is often succeeded by a thinning during inactivity, empha-
sizing the need for regular monitoring. [57,58] Consequently, pachymetry assessments in
patients with ACI could be beneficial in screening for corneal microedema. The latter can
chronically influence corneal clarity and endothelial metrics (ECD, HEX, and CV) [59] and
increase the risk of keratoplasty for patients with ACI [14].

Our analysis has some limitations. First, the authors of the selected studies used different
devices to measure the endothelial variables; to counter this problem, we used SMD to pool
changes in the continuous endothelial variable data across studies. Second, all studies included
in the meta-analysis were observational, and such studies inherently carry a heightened risk of
selection, confounding, or interpretation biases. To mitigate these concerns, we undertook a
quality assessment and conducted a sensitivity analysis, omitting studies of lesser quality or
with outlier values. Although this approach does not eliminate the biases of the included stud-
ies, it offers a more refined understanding of heterogeneity via more precise measures. Third,
there was heterogeneity in disease activity status and course of the disease; this is explained by
the limited number of studies in the subgroup analysis; therefore, we recommend expanding
the available evidence in this field to confirm or reject our findings. Despite this limitation,
however, we believe that our approach provides greater insight into the impacts of ACI at vari-
ous times (active vs. inactive; acute vs. chronic-recurrent) on corneal endothelial parameters
and improves the reliability of the study conclusions.

Fourth, the selected studies used different controls, specifically, the fellow eye or the eyes of
healthy individuals. Though most researchers acknowledged this discrepancy in their studies,
we considered it not especially consequential because intraclass correlation coefficient analysis
verified the control group’s legitimacy. Finally, the ages of the patients varied widely, including
pediatric patients. This could be seen as a bias; however, we considered it to be a strength
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because it allowed us to have a broader and more general perspective of the true effects of uve-
itis in all age groups.

Conclusions

Patients with ACI typically exhibit reduced ECD and HEX and elevated CV and CCT; primary
contributors to these changes are increased IOP, uveitis duration, and intraocular surgeries.
Our results highlight potential inaccuracies in IOP measurements during acute ACI episodes
and the potential necessity for monitoring the endothelial parameters and CCT in patients
with chronic ACL Further studies are essential for understanding the influence of etiology of
ACI on the endothelium and evaluating the heightened risks associated with intraocular pro-
cedures in patients with ACI compared to those without.

Supporting information

S1 File. PRISMA checklist.
(DOCX)

S2 File. Search Strategy.
(DOCX)

S3 File. Risk of Bias.
(DOCX)

S$4 File. Sensitivity analysis.
(DOCX)

Acknowledgments
We thank Universidad del Rosario for the language editing of the manuscript.

Author Contributions

Conceptualization: Paula Tatiana Mufioz-Vargas, Carlos Cifuentes-Gonzalez, Luz Elena Con-
cha-del-Rio, Alejandra de-la-Torre.

Data curation: German Mejia-Salgado, Paula Tatiana Muiloz-Vargas, Gabriela Florez-
Esparza, Rebeca Paquentin-Jiménez, Miguel Angel Castro-Monreal, Naomi Medina-
Galindo.

Formal analysis: German Mejia-Salgado, Carlos Cifuentes-Gonzalez, Luz Elena Concha-del-
Rio, Alejandra de-la-Torre.

Funding acquisition: Alejandra de-la-Torre.

Methodology: Paula Tatiana Mufioz-Vargas, Carlos Cifuentes-Gonzalez, Gilma Norella Her-
nandez-Herrera, Luz Elena Concha-del-Rio, Alejandra de-la-Torre.

Project administration: Alejandra de-la-Torre.
Resources: Alejandra de-la-Torre.
Supervision: Luz Elena Concha-del-Rio, Alejandra de-la-Torre.

Validation: German Mejia-Salgado, Carlos Cifuentes-Gonzalez, Gilma Norella Hernandez-
Herrera, Luz Elena Concha-del-Rio, Alejandra de-la-Torre.

Visualization: German Mejia-Salgado, Carlos Cifuentes-Gonzalez.

PLOS ONE | https://doi.org/10.1371/journal.pone.0296784 January 5, 2024 17/21


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0296784.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0296784.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0296784.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0296784.s004
https://doi.org/10.1371/journal.pone.0296784

PLOS ONE

Corneal endothelium changes in anterior chamber inflammation

Writing - original draft: German Mejia-Salgado, Paula Tatiana Mufioz-Vargas, Carlos

Cifuentes-Gonzalez.

Writing - review & editing: German Mejia-Salgado.

References

1.

10.

1.

12

13.

14.

15.

16.

17.

18.

19.

Stiemke MM, Edelhauser HF, Geroski DH. The developing corneal endothelium: Correlation of mor-
phology, hydration and Na/K ATPase pump site density. Current Eye Research. 1991; 10: 145-156.
https://doi.org/10.3109/02713689109001742 PMID: 1645240

Yee RW, Matsuda M, Schultz RO, Edelhauser HF. Changes in the normal corneal endothelial cellular
pattern as a function of age. Current Eye Research. 1985; 4: 671-678. https://doi.org/10.3109/
02713688509017661 PMID: 4028790

Rosenberg KD, Feuer WJ, Davis JL. Ocular complications of pediatric uveitis. Ophthalmology. 2004;
111: 2299-2306. https://doi.org/10.1016/j.ophtha.2004.06.014 PMID: 15582090

Al-Ani HH, Sims JL, Tomkins-Netzer O, Lightman S, Niederer RL. Vision loss in anterior uveitis. Br J
Ophthalmol. 2020; 104: 1652—1657. https://doi.org/10.1136/bjophthalmol-2019-315551 PMID:
32245851

Ng Sravani, Mohamed A, Chaurasia S, Durgam S, Murthy S. Corneal endothelium in unilateral Fuchs
heterochromic iridocyclitis. Indian J Ophthalmol. 2020; 68: 447. https://doi.org/10.4103/ijo.1JO_869_19
PMID: 32056999

Alfawaz AM, Holland GN, Yu F, Margolis MS, Giaconi JA, Aldave AJ. Corneal Endothelium in Patients
with Anterior Uveitis. Ophthalmology. 2016; 123: 1637—1645. https://doi.org/10.1016/j.ophtha.2016.04.
036 PMID: 27262766

Guclu H, Gurlu V. Comparison of corneal endothelial cell analysis in patients with uveitis and healthy
subjects. Int Ophthalmol. 2019; 39: 287-294. https://doi.org/10.1007/s10792-017-0809-7 PMID:
29256169

Cankaya C, Kalayci BN. Corneal Biomechanical Characteristics in Patients with Behcet Disease. Semi-
nars in Ophthalmology. 2014; 1-7. https://doi.org/10.3109/08820538.2014.962168 PMID: 25392262

Sevinc D, Celik T, Ugurbas SC, Ugurbas SH. Evaluation of corneal endothelial cell morphology by spec-
ular microscopy in patients with acute anterior uveitis. Int Ophthalmol. 2022; 42: 1339—1345. https://doi.
org/10.1007/s10792-021-02122-3 PMID: 34822052

Vannas A, Ahonen R, Makitie J. Corneal Endothelium in Herpetic Keratouveitis. Archives of Ophthal-
mology. 1983; 101: 913-915. https://doi.org/10.1001/archopht.1983.01040010913011 PMID: 6860204

Reijo A, Antti V, Jukka M. Endothelial cell loss in herpes zoster keratouveitis. British Journal of Ophthal-
mology. 1983; 67: 751-754. https://doi.org/10.1136/bjo.67.11.751 PMID: 6605764

Fung SSM, El Hamouly A, Sami H, Jiandani D, Williams S, Tehrani N, et al. Corneal endothelium in pae-
diatric patients with uveitis: a prospective longitudinal study. Br J Ophthalmol. 2021; 105: 479-483.
https://doi.org/10.1136/bjophthalmol-2020-316120 PMID: 32522794

Szepessy Z, Téth G, Barsi A, Kranitz K, Nagy ZZ. Anterior Segment Characteristics of Fuchs Uveitis
Syndrome. Ocular Immunology and Inflammation. 2016; 24: 594-598. https://doi.org/10.3109/
09273948.2015.1056810 PMID: 26472589

Roldan AM, Zebardast N, Pistilli M, Khachatryan N, Payal A, Begum H, et al. Corneal Endothelial Trans-
plantation in Uveitis: Incidence and Risk Factors. American Journal of Ophthalmology. 2022; 236: 288—
297. https://doi.org/10.1016/j.2j0.2021.10.031 PMID: 34780793

Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. Declaracion PRISMA
2020: una guia actualizada para la publicacion de revisiones sistematicas. Revista Espariola de Cardio-
logia. 2021; 74: 790-799. https://doi.org/10.1016/j.recesp.2021.06.016

Murad MH, Sultan S, Haffar S, Bazerbachi F. Methodological quality and synthesis of case series and
case reports. BMJ EBM. 2018; 23: 60-63. https://doi.org/10.1136/bmjebm-2017-110853 PMID:
29420178

Hoy D, Brooks P, Woolf A, Blyth F, March L, Bain C, et al. Assessing risk of bias in prevalence studies:
modification of an existing tool and evidence of interrater agreement. Journal of Clinical Epidemiology.
2012; 65: 934-939. https://doi.org/10.1016/}.jclinepi.2011.11.014 PMID: 22742910

Standardization of Uveitis Nomenclature for Reporting Clinical Data. Results of the First International
Workshop. American Journal of Ophthalmology. 5AD; 140: 509-516. https://doi.org/10.1016/j.ajo.
2005.03.057

Ayorinde AA, Williams |, Mannion R, Song F, Skrybant M, Lilford RJ, et al. Assessment of publication
bias and outcome reporting bias in systematic reviews of health services and delivery research: A meta-

PLOS ONE | https://doi.org/10.1371/journal.pone.0296784 January 5, 2024 18/21


https://doi.org/10.3109/02713689109001742
http://www.ncbi.nlm.nih.gov/pubmed/1645240
https://doi.org/10.3109/02713688509017661
https://doi.org/10.3109/02713688509017661
http://www.ncbi.nlm.nih.gov/pubmed/4028790
https://doi.org/10.1016/j.ophtha.2004.06.014
http://www.ncbi.nlm.nih.gov/pubmed/15582090
https://doi.org/10.1136/bjophthalmol-2019-315551
http://www.ncbi.nlm.nih.gov/pubmed/32245851
https://doi.org/10.4103/ijo.IJO%5F869%5F19
http://www.ncbi.nlm.nih.gov/pubmed/32056999
https://doi.org/10.1016/j.ophtha.2016.04.036
https://doi.org/10.1016/j.ophtha.2016.04.036
http://www.ncbi.nlm.nih.gov/pubmed/27262766
https://doi.org/10.1007/s10792-017-0809-7
http://www.ncbi.nlm.nih.gov/pubmed/29256169
https://doi.org/10.3109/08820538.2014.962168
http://www.ncbi.nlm.nih.gov/pubmed/25392262
https://doi.org/10.1007/s10792-021-02122-3
https://doi.org/10.1007/s10792-021-02122-3
http://www.ncbi.nlm.nih.gov/pubmed/34822052
https://doi.org/10.1001/archopht.1983.01040010913011
http://www.ncbi.nlm.nih.gov/pubmed/6860204
https://doi.org/10.1136/bjo.67.11.751
http://www.ncbi.nlm.nih.gov/pubmed/6605764
https://doi.org/10.1136/bjophthalmol-2020-316120
http://www.ncbi.nlm.nih.gov/pubmed/32522794
https://doi.org/10.3109/09273948.2015.1056810
https://doi.org/10.3109/09273948.2015.1056810
http://www.ncbi.nlm.nih.gov/pubmed/26472589
https://doi.org/10.1016/j.ajo.2021.10.031
http://www.ncbi.nlm.nih.gov/pubmed/34780793
https://doi.org/10.1016/j.recesp.2021.06.016
https://doi.org/10.1136/bmjebm-2017-110853
http://www.ncbi.nlm.nih.gov/pubmed/29420178
https://doi.org/10.1016/j.jclinepi.2011.11.014
http://www.ncbi.nlm.nih.gov/pubmed/22742910
https://doi.org/10.1016/j.ajo.2005.03.057
https://doi.org/10.1016/j.ajo.2005.03.057
https://doi.org/10.1371/journal.pone.0296784

PLOS ONE

Corneal endothelium changes in anterior chamber inflammation

20.
21.
22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

epidemiological study. Mathes T, editor. PLoS ONE. 2020; 15: e0227580. https://doi.org/10.1371/
journal.pone.0227580 PMID: 31999702

Jamovi. Jamovi. Available: https://www.jamovi.org.
CRAN. R Project. Available: https://cran.r-project.org.

Zina S, Khochtali S, Sayadi S, Ksiaa I, Abroug N, Khairallah M. Résultats de la microscopie spéculaire
au cours des uvéites actives. Journal Frangais d’Ophtalmologie. 2021; 44: 981-988. https://doi.org/10.
1016/.jf0.2020.10.024 PMID: 34172297

Simsek M, Cakar Ozdal P, Cankurtaran M, Ozdemir HB, Elgin U. Analysis of Corneal Densitometry and
Endothelial Cell Function in Fuchs Uveitis Syndrome. Eye & Contact Lens: Science & Clinical Practice.
2021; 47: 196—202. https://doi.org/10.1097/ICL.0000000000000717 PMID: 32483051

Chen X, Shao Y, Wu S-N, Zhou S-B. Potential Factors of Corneal Endothelial Cells for Progression in
Children with Uveitis. Xu Y, editor. Disease Markers. 2021; 2021: 1—10. https://doi.org/10.1155/2021/
8432774 PMID: 34992695

Kam KW, Wong CH, Ho M, Sze RKH, Chan PKS, Young AL. Iris Depigmentation in the Prediction of
Cytomegalovirus Anterior Uveitis. Ocular Immunology and Inflammation. 2022; 30: 1775—-1780. https://
doi.org/10.1080/09273948.2021.1952277 PMID: 34283680

Cetin EN, Akbulut S, Ekici Tekin Z, Otar Yener G, Bozkurt K, Pekel G, et al. Corneal and lenticular clarity
in children with inflammatory disease as assessed by Scheimpflug imaging. Photodiagnosis and Photo-
dynamic Therapy. 2022; 39: 103032. https://doi.org/10.1016/j.pdpdt.2022.103032 PMID: 35882290

Sen E, Balikoglu-Yilmaz M, Ozdal P. Corneal Biomechanical Properties and Central Corneal Thickness
in Pediatric Noninfectious Uveitis: A Controlled Study. Eye & Contact Lens: Science & Clinical Practice.
2018; 44: S60-S64. https://doi.org/10.1097/ICL.0000000000000465 PMID: 29283900

Cai Y, Wu W, Wang Y, Xiao S, Huang Y. Anterior segment structures in dark iris Chinese patients with
unilateral Fuchs’ uveitis syndrome. Int Ophthalmol. 2022; 42: 2939—2947. https://doi.org/10.1007/
$10792-022-02282-w PMID: 35366140

Banaee T, Shafiee M, Alizadeh R, Naseri MH. Changes in Corneal Thickness and Specular Microscopic
Indices in Acute Unilateral Anterior Uveitis. Ocular Immunology and Inflammation. 2016; 24: 288—-292.
https://doi.org/10.3109/09273948.2014.970279 PMID: 27182691

Ghita AC, llie L, Ghita AM. The effects of inflammation and anti-inflammatory treatment on corneal
endothelium in acute anterior uveitis. rjo. 2019; 63: 161-165. https://doi.org/10.22336/rj0.2019.24
PMID: 31334395

Cankaya C, Cumurcu T, Gunduz A, Firat |. Corneal Endothelial Changes in Behget's Patients with Inac-
tive Ocular Involvement. Current Eye Research. 2018; 43: 965-971. https://doi.org/10.1080/02713683.
2018.1472285 PMID: 29715058

OzdamarY, Berker N, Ertugrul G, Gurlevik U, Karakaya J, Ozkan SS. Is There a Change of Corneal
Thickness in Uveitis with Behget Disease? Cornea. 2010; 29: 1265—1267. https://doi.org/10.1097/ICO.
0b013e3181d142b3 PMID: 20802318

Agra C, Agra L, Dantas J, Arantes TEFE, Andrade Neto JLD. Anterior segment optical coherence
tomography in acute anterior uveitis. Arquivos Brasileiros de Oftalmologia. 2014; 77. https://doi.org/10.
5935/0004-2749.20140002 PMID: 25076363

Sen E, Ozdal P, Balikoglu-Yilmaz M, Nalcacioglu Yuksekkaya P, Elgin U, Tirhis MH, et al. Are There
Any Changes in Corneal Biomechanics and Central Corneal Thickness in Fuchs’ Uveitis? Ocular Immu-
nology and Inflammation. 2016; 24: 561-567. https://doi.org/10.3109/09273948.2015.1037459 PMID:
26400446

Heinz C, Taneri S, Roesel M, Heiligenhaus A. Influence of Corneal Thickness Changes during Active
Uveitis on Goldmann Applanation and Dynamic Contour Tonometry. Ophthalmic Res. 2012; 48: 38—42.
https://doi.org/10.1159/000336021 PMID: 22354174

Pillai CT. Evaluation of corneal endothelium and keratic precipitates by specular microscopy in anterior
uveitis. British Journal of Ophthalmology. 2000; 84: 1367—1371. https://doi.org/10.1136/bjo.84.12.1367
PMID: 11090474

Dikmetas O, Aygiin O, Bolek EC, Kocabeyoglu S, Karadag O, Karakaya J, et al. Investigation of anterior
segment structures of the eye in Behget'’s disease using in vivo confocal microscopy. Graefes Arch Clin
Exp Ophthalmol. 2022; 260: 3897-3902. https://doi.org/10.1007/s00417-022-05846-9 PMID:
36178506

Brooks AMV, Aiap GG, Fraco WEG. CHANGES IN THE IRIS VASCULATURE AND CORNEAL ENDO-
THELIUM IN CHRONIC CYCLITIS. Australian and New Zealand Journal of Ophthalmology. 1986; 14:
189-197. https://doi.org/10.1111/j.1442-9071.1986.tb00035.x PMID: 3768172

PLOS ONE | https://doi.org/10.1371/journal.pone.0296784 January 5, 2024 19/21


https://doi.org/10.1371/journal.pone.0227580
https://doi.org/10.1371/journal.pone.0227580
http://www.ncbi.nlm.nih.gov/pubmed/31999702
https://www.jamovi.org
https://cran.r-project.org
https://doi.org/10.1016/j.jfo.2020.10.024
https://doi.org/10.1016/j.jfo.2020.10.024
http://www.ncbi.nlm.nih.gov/pubmed/34172297
https://doi.org/10.1097/ICL.0000000000000717
http://www.ncbi.nlm.nih.gov/pubmed/32483051
https://doi.org/10.1155/2021/8432774
https://doi.org/10.1155/2021/8432774
http://www.ncbi.nlm.nih.gov/pubmed/34992695
https://doi.org/10.1080/09273948.2021.1952277
https://doi.org/10.1080/09273948.2021.1952277
http://www.ncbi.nlm.nih.gov/pubmed/34283680
https://doi.org/10.1016/j.pdpdt.2022.103032
http://www.ncbi.nlm.nih.gov/pubmed/35882290
https://doi.org/10.1097/ICL.0000000000000465
http://www.ncbi.nlm.nih.gov/pubmed/29283900
https://doi.org/10.1007/s10792-022-02282-w
https://doi.org/10.1007/s10792-022-02282-w
http://www.ncbi.nlm.nih.gov/pubmed/35366140
https://doi.org/10.3109/09273948.2014.970279
http://www.ncbi.nlm.nih.gov/pubmed/27182691
https://doi.org/10.22336/rjo.2019.24
http://www.ncbi.nlm.nih.gov/pubmed/31334395
https://doi.org/10.1080/02713683.2018.1472285
https://doi.org/10.1080/02713683.2018.1472285
http://www.ncbi.nlm.nih.gov/pubmed/29715058
https://doi.org/10.1097/ICO.0b013e3181d142b3
https://doi.org/10.1097/ICO.0b013e3181d142b3
http://www.ncbi.nlm.nih.gov/pubmed/20802318
https://doi.org/10.5935/0004-2749.20140002
https://doi.org/10.5935/0004-2749.20140002
http://www.ncbi.nlm.nih.gov/pubmed/25076363
https://doi.org/10.3109/09273948.2015.1037459
http://www.ncbi.nlm.nih.gov/pubmed/26400446
https://doi.org/10.1159/000336021
http://www.ncbi.nlm.nih.gov/pubmed/22354174
https://doi.org/10.1136/bjo.84.12.1367
http://www.ncbi.nlm.nih.gov/pubmed/11090474
https://doi.org/10.1007/s00417-022-05846-9
http://www.ncbi.nlm.nih.gov/pubmed/36178506
https://doi.org/10.1111/j.1442-9071.1986.tb00035.x
http://www.ncbi.nlm.nih.gov/pubmed/3768172
https://doi.org/10.1371/journal.pone.0296784

PLOS ONE

Corneal endothelium changes in anterior chamber inflammation

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Ozer MD, Kebapci F, Batur M, Seven E, Tekin S. In vivo analysis and comparison of anterior segment
structures of both eyes in unilateral Fuchs’ uveitis syndrome. Graefes Arch Clin Exp Ophthalmol. 2019;
257: 1489-1498. https://doi.org/10.1007/s00417-019-04351-w PMID: 31104138

Yilmaz Cebi A, Kiligarslan O, Kasapgopur O, Ugar D. Case—control study of corneal topography and
specular microscopy parameters in JIA patients with and without ocular involvement. Int Ophthalmol.
2022; 43: 635—-641. https://doi.org/10.1007/s10792-022-02467-3 PMID: 36006550

Olsen T. TRANSIENT CHANGES IN SPECULAR APPEARANCE OF THE CORNEAL ENDOTHE-
LIUM AND IN CORNEAL THICKNESS DURING ANTERIOR UVEITIS. Acta Ophthalmologica. 1981;
59: 100-109. https://doi.org/10.1111/j.1755-3768.1981.tb06717.x PMID: 7193962

Mocan MC, Kadayifcilar S, irkeg M. In vivo confocal microscopic evaluation of keratic precipitates and
endothelial morphology in Fuchs’ uveitis syndrome. Eye. 2012; 26: 119-125. https://doi.org/10.1038/
eye.2011.268 PMID: 22056870

Setdla K. CORNEAL ENDOTHELIAL CELL DENSITY AFTER AN ATTACK OF ACUTE GLAUCOMA.
Acta Ophthalmologica. 1979; 57: 1004—1013. https://doi.org/10.1111/j.1755-3768.1979.tb00531.x
PMID: 545996

Turan-Vural E, Torun Acar B, Sevim MS, Buttanri IB, Acar S. Corneal Biomechanical Properties in
Patients with Recurrent Anterior Uveitis. Ocular Immunology and Inflammation. 2012; 20: 349-353.
https://doi.org/10.3109/09273948.2012.701701 PMID: 22794524

Alanko HI, Vuorre |, Saari KM. Characteristics of corneal endothelial cells in Fuchs’ heterochromic cycli-
tis. Acta Ophthalmologica. 2009; 64: 623—-631. https://doi.org/10.1111/j.1755-3768.1986.tb00678.x
PMID: 3811875

Cho SW, Kim JM, Choi CY, Park KH. Changes in corneal endothelial cell density in patients with nor-
mal-tension glaucoma. Jpn J Ophthalmol. 2016; 53: 569-573. https://doi.org/10.1007/s10384-009-
0740-1 PMID: 20020233

Mc Master University. Methodological Resources. Available: https://www.distillersr.com/
resources#methodological-resources.

Mannis MJ, Holland EJ, editors. Cornea. Fifth edition. London New York Oxford Philadelphia St Louis
Sydney: Elsevier; 2022.

Black RJ, Hill CL, Lester S, Dixon WG. The Association between Systemic Glucocorticoid Use and the
Risk of Cataract and Glaucoma in Patients with Rheumatoid Arthritis: A Systematic Review and Meta-
Analysis. Wallace GR, editor. PLoS ONE. 2016; 11: e0166468. https://doi.org/10.1371/journal.pone.
0166468 PMID: 27846316

Roberti G, Oddone F, Agnifili L, Katsanos A, Michelessi M, Mastropasqua L, et al. Steroid-induced glau-
coma: Epidemiology, pathophysiology, and clinical management. Survey of Ophthalmology. 2020; 65:
458-472. https://doi.org/10.1016/j.survophthal.2020.01.002 PMID: 32057761

Rojas-Carabali W, Mejia-Salgado G, Cifuentes-Gonzalez C, Chacén-Zambrano D, Cruz-Reyes DL,
Delgado MF, et al. Prevalence and clinical characteristics of uveitic glaucoma: multicentric study in
Bogota, Colombia. Eye. 2023 [cited 19 Oct 2023]. https://doi.org/10.1038/s41433-023-02757-9 PMID:
37789110

Bigar F, Witmer R. Corneal Endothelial Changes in Primary Acute Angle-closure Glaucoma. Ophthal-
mology. 1982; 89: 596-599. https://doi.org/10.1016/s0161-6420(82)34744-2 PMID: 7122040

Chen M-J, Liu CJ-L, Cheng C-Y, Lee S-M. Corneal Status in Primary Angle-closure Glaucoma With a
History of Acute Attack. Journal of Glaucoma. 2012; 21: 12—16. https://doi.org/10.1097/1JG.
0b013e3181fc800a PMID: 21048505

Pathanapitoon K, Smitharuck S, Kunavisarut P, Rothova A. Prevalence and Visual Outcome of Glau-
coma With Uveitis in a Thai Population. Journal of Glaucoma. 2017; 26: 247-252. https://doi.org/10.
1097/1JG.0000000000000592 PMID: 27906814

Liu Q, Pang C, Liu C, Cheng W, Ming S, Du W, et al. Correlations among Corneal Biomechanical
Parameters, Stiffness, and Thickness Measured Using Corvis ST and Pentacam in Patients with Ocular
Hypertension. Li S, editor. Journal of Ophthalmology. 2022; 2022: 1-9. https://doi.org/10.1155/2022/
7387581 PMID: 36510627

Borrego-Sanz L, Morales-Fernandez L, Saénz-Francés San Baldomero F, Diaz Valle D, Pato Cour E,
Méndez Fernandez R, et al. Corneal Biomechanics in Non-infectious Uveitis Measured by Corvis ST: A
Pilot Study. Ocular Immunology and Inflammation. 2022; 1-7. https://doi.org/10.1080/09273948.2022.
2108462 PMID: 35980346

Moore DB, Jaffe GJ, Asrani S. Retinal Nerve Fiber Layer Thickness Measurements: Uveitis, A Major
Confounding Factor. Ophthalmology. 2015; 122: 511-517. https://doi.org/10.1016/j.ophtha.2014.09.
008 PMID: 25439601

PLOS ONE | https://doi.org/10.1371/journal.pone.0296784 January 5, 2024 20/21


https://doi.org/10.1007/s00417-019-04351-w
http://www.ncbi.nlm.nih.gov/pubmed/31104138
https://doi.org/10.1007/s10792-022-02467-3
http://www.ncbi.nlm.nih.gov/pubmed/36006550
https://doi.org/10.1111/j.1755-3768.1981.tb06717.x
http://www.ncbi.nlm.nih.gov/pubmed/7193962
https://doi.org/10.1038/eye.2011.268
https://doi.org/10.1038/eye.2011.268
http://www.ncbi.nlm.nih.gov/pubmed/22056870
https://doi.org/10.1111/j.1755-3768.1979.tb00531.x
http://www.ncbi.nlm.nih.gov/pubmed/545996
https://doi.org/10.3109/09273948.2012.701701
http://www.ncbi.nlm.nih.gov/pubmed/22794524
https://doi.org/10.1111/j.1755-3768.1986.tb00678.x
http://www.ncbi.nlm.nih.gov/pubmed/3811875
https://doi.org/10.1007/s10384-009-0740-1
https://doi.org/10.1007/s10384-009-0740-1
http://www.ncbi.nlm.nih.gov/pubmed/20020233
https://www.distillersr.com/resources#methodological-resources
https://www.distillersr.com/resources#methodological-resources
https://doi.org/10.1371/journal.pone.0166468
https://doi.org/10.1371/journal.pone.0166468
http://www.ncbi.nlm.nih.gov/pubmed/27846316
https://doi.org/10.1016/j.survophthal.2020.01.002
http://www.ncbi.nlm.nih.gov/pubmed/32057761
https://doi.org/10.1038/s41433-023-02757-9
http://www.ncbi.nlm.nih.gov/pubmed/37789110
https://doi.org/10.1016/s0161-6420%2882%2934744-2
http://www.ncbi.nlm.nih.gov/pubmed/7122040
https://doi.org/10.1097/IJG.0b013e3181fc800a
https://doi.org/10.1097/IJG.0b013e3181fc800a
http://www.ncbi.nlm.nih.gov/pubmed/21048505
https://doi.org/10.1097/IJG.0000000000000592
https://doi.org/10.1097/IJG.0000000000000592
http://www.ncbi.nlm.nih.gov/pubmed/27906814
https://doi.org/10.1155/2022/7387581
https://doi.org/10.1155/2022/7387581
http://www.ncbi.nlm.nih.gov/pubmed/36510627
https://doi.org/10.1080/09273948.2022.2108462
https://doi.org/10.1080/09273948.2022.2108462
http://www.ncbi.nlm.nih.gov/pubmed/35980346
https://doi.org/10.1016/j.ophtha.2014.09.008
https://doi.org/10.1016/j.ophtha.2014.09.008
http://www.ncbi.nlm.nih.gov/pubmed/25439601
https://doi.org/10.1371/journal.pone.0296784

PLOS ONE

Corneal endothelium changes in anterior chamber inflammation

58. Asrani S, Moore DB, Jaffe GJ. Paradoxical Changes of Retinal Nerve Fiber Layer Thickness in Uveitic
Glaucoma. JAMA Ophthalmol. 2014; 132: 877. https://doi.org/10.1001/jamaophthalmol.2014.954
PMID: 24852038

59. Alomar TS, Al-Agaba M, Gray T, Lowe J, Dua HS. Histological and Confocal Microscopy Changes in
Chronic Corneal Edema: Implications for Endothelial Transplantation. Invest Ophthalmol Vis Sci. 2011;
52: 8193. https://doi.org/10.1167/iovs.11-8047 PMID: 21896863

PLOS ONE | https://doi.org/10.1371/journal.pone.0296784 January 5, 2024 21/21


https://doi.org/10.1001/jamaophthalmol.2014.954
http://www.ncbi.nlm.nih.gov/pubmed/24852038
https://doi.org/10.1167/iovs.11-8047
http://www.ncbi.nlm.nih.gov/pubmed/21896863
https://doi.org/10.1371/journal.pone.0296784

