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ARTICLE INFO ABSTRACT
Keywords: Purpose: The purpose of this study was to investigate the clinical characteristics of patients with
Mooren’s ulcer corneal Mooren’s ulcers (MU) and explore potential risk factors for recurrence after keratoplasty.
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Methods: The study retrospectively analyzed 87 patients (101 eyes) diagnosed with MU. Factors
associated with recurrence after keratoplasty were identified using correlation analysis, and a
clinical scoring system was developed based on the magnitude of the univariate and multivariate
logistic regression analysis.

Results: The average age of onset for the 87 patients was 55.2 years old, and the male-to-female
ratio was 1:0.74. Of the 101 eyes diagnosed with MU, 73 cases (83.9 %) were Unilateral. Eleven
eyes (10.9 %) had a history of ocular surgery, and five (5.0 %) had a history of ocular trauma. The
perforation rate was 18.8 %, and the recurrence rate after keratoplasty was 37.3 %. Ulcer depth
(P < 0.05, R = -0.252), corneal perforation status (P < 0.05, R = 0.238), and history of ocular
surgery or trauma (P < 0.05, R = —0.238) were associated with recurrence. Based on these
findings, a clinical scoring system was constructed to evaluate the recurrence of MU.
Conclusion: MU mostly occurs in elderly men, often with monocular onset. The recurrence rate
after keratoplasty is high at 37.3 %. Deep ulcer infiltration, corneal perforation, and a history of
ocular surgery or trauma are associated with recurrence after keratoplasty. A scoring system has
been established based on these clinical characteristics and can be used to predict the risk of
recurrence after keratoplasty.
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1. Introduction

Mooren’s ulcer (MU) is a painful, progressive, spontaneous peripheral ulcerative keratitis (PUK) that can affect one or both eyes.
Typically, the ulceration starts in the periphery and progresses centrally or circumferentially, sometimes involving the entire cornea.
The signs of MU are varied and can include ulcers, neovascularization, and perforation. The incidence, clinical features, and prognosis
of MU can vary by ethnicity and geography [1,2]. The incidence is relatively low in most regions, particularly in the Northern
Hemisphere, while it is slightly higher than the global average in southern Africa and India [3,4]. According to literature, the incidence
of MU in China is about 0.03 % [5]. However, due to the low sample size and inconsistent diagnosis methods, research data on the
clinical features of MU in China are scattered, especially in Southeast China (see Fig. 1).

The exact cause of MU is unknown, but many studies have suggested that it is an autoimmune reaction induced by external stimuli,
such as corneal trauma or surgery, in individuals with genetic susceptibility [3,4,6-8]. When diagnosing MU, other causes of PUK, such
as rheumatoid arthritis, Granulomatous polyangiitis, and systemic lupus erythematosus, must be ruled out. The management of MU is
difficult and includes pharmacological, surgical, and other adjuvant therapies. Pharmacological treatment based on immunomodu-
lation is used, with a “stepwise” approach of topical or systemic corticosteroids and immunosuppressants [9]. Surgical treatment
includes conjunctival excision, corneal cryopreservation, amniotic membrane transplantation [10,11], keratoplasty [12], and artificial
cornea [13,14]. Keratoplasty is the most common therapeutic method for MU, but it has a high risk of recurrence [15,16]. A previous
study reported a recurrence rate of 9.7 % after keratoplasty [17]. Therefore, in the clinical management of MU, it is important to
identify high-risk cases for keratoplasty and consider more suitable therapeutic treatments, such as artificial cornea.

This study retrospectively analyzed the clinical characteristics of 101 eyes of 87 patients with MU who were admitted to the
Affiliated Xiamen Eye Centre of Xiamen University in southern China over the past decade. The aim of this study was to investigate the
clinical characteristics of patients with MU and establish a clinical scoring system to predict the recurrence of MU after keratoplasty.

2. Materials and methods
2.1. Diagnosis of MU

The diagnosis of MU was based on the patient’s clinical presentation, the typical clinical features: a painful, crescent-shaped,
peripheral corneal ulcer which starts at the limbus with a gray overhanging infiltrated margin. Slit lamp examination of a typical
ulcer pattern (figures [1(a, b)]), and the results of comprehensive laboratory tests [18]. The patients exhibited typical characteristics of
MU, such as severe ocular pain, redness, photophobia, and lacrimation, with the ulceration starting in the peripheral part of the cornea
and gradually progressing to the periphery or central cornea. Additionally, systemic immune diseases that can cause PUK, such as
rheumatoid arthritis, Granulomatous polyangiitis, and systemic lupus erythematosus, were excluded. All patients included in the study
underwent scraping, stain microscopy, and culture before treatment. Patients with infectious factors causing corneal ulcers were
excluded.

2.2. Ethical approval

Ethical approval for this study was obtained from Ethics Committee of Xiamen Eye Centre of Xiamen University (XMYKZX-KY-
2024-022) and all the procedures were in accordance with the declaration of Helsinki. Informed consent was waived due to the
retrospective nature of the study.

2.3. Data collection

We collected medical records from 101 eyes of 87 MU patients who were hospitalized at the Affiliated Xiamen Eye Centre of Xiamen
University in southern China between January 2010 and December 2020. Basic data were collected, including age, gender, laterality of
eye, ulcer location, ulcer extent, depth of the ulcer, history of corneal perforation, history of ocular surgery or trauma, treatment, pre-
treatment visual acuity, post-treatment visual acuity, and recurrence status. Patients were divided into two groups based on age of
onset: patients aged <35 years were categorized as the young group, and those aged >35 years were categorized as the old group [19].

The extent of ulceration was expressed as the number of clocks involved in the limbus. We evaluated the depth of the ulcer by

a

Fig. 1. The typical characteristic of MU. Slit-lamp microscopic photograph (a) and fluorescein staining (b) of MU shows characteristic steep,
overhanging central and leading edge with thin and vascularized cornea base.
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measuring the corneal thickness (CT) using anterior segment OCT. This involved determining the infiltration depth and vertical total
corneal thickness at the point of maximum infiltration. We then created a scoring system by categorizing the ratio of infiltration depth
to total corneal depth. To determine the factors affecting recurrence after keratoplasty, patients were divided into the recurrence and
non-recurrence groups, with all patients followed-up for 3 years. Patients with recurrence were considered outcome event end follow-
up and treatment (minimum was 2 months). The clinical characteristics were assessed by observing symptoms such as eye redness and
eye pain, as well as the size of the ulcer after keratoplasty. The recurrence group was defined as patients experiencing re-emergence of
irritation after treatment, such as ocular redness and pain, as well as the reappearance of conjunctival congestion and submerged ulcers
at the corneal rim [20].

2.4. The procedure of keratoplasty

Informed consent was obtained from the patient or their kinship family.

The corneal implant bed was constructed according to the pathology of the diseased/perforated area, and the lamellar graft was
made with corneal shear. The size and thickness were consistent with the implanted bed, and the epithelial surface was placed on the
implant bed. The corneal side of the implant bed and the corneal side of the corneal graft were sutured with 10-0 nylon thread.

2.5. Statistical analysis

The data were statistically analyzed using SPSS v. 21.0. The clinical characteristics of the patients were analyzed descriptively. A
chi-square test or rank sum test was chosen to compare the differences between the two groups based on normality analysis. Our
selection of predictive variables comes from literature and clinical practice. The risk score was developed based on the final logistic
regression model. In order to construct the risk score, we selected the optimal model based on the c-index, while also considering the
actual situation and clinical significance. Independent samples t-test was used to assess the difference in clinical scores between the
non-recurrence group and the recurrence group. Univariate logistic regression was used to analyse the degree of influence of clinical
scores on relapse. The level of significance was set at p < 0.05.

3. Results
3.1. The demography and clinical characteristics of MU

This study included 87 patients, with 14 in the youth group and 73 in the old group. The age of onset ranged from 20 to 79 years,

Table 1
Demography and clinical characteristics of Mooren’ s ulcer.
Total Group
Young old
Total (cases, eyes) 87,101 14,17 73,84
Age (years), median (range) 55.2(20-79)
Sex (Male: Female) 1:0.74(50:37) 1:1 1:0.7
Eye category
Left(eyes) 50(49.5 %) 7(41.2 %) 43(51.2 %)
Right(eyes) 51(50.5 %) 10(58.8) 41(49.8 %)
Unilateral (cases, eyes) 73,73 (83.9 %) 11,11(78.6 %) 62, 62(84.5 %)
Bilateral (cases, eyes) 14,28(16.1 %) 3,6 (21.4 %) 11, 22 (15.5 %)
Location
superior(eyes) 41 (40.6 %) 7(41.2 %) 34(40.5 %)
temporal(eyes) 29 (28.7 %) 6(35.3 %) 23(27.4 %)
inferior(eyes) 25 (24.8 %) 6(35.3 %) 19(22.2)
nasal(eyes) 47 (46.5 %) 8(47.1 %) 39(46.4 %)
Clock hours of ulcer involved cornea
—3 clock hours 13(12.9 %) 0 13(15.5 %)
—6 clock hours 44(43.6 %) 9(52.9 %) 35(41.7 %)
—9 clock hours 32(31.6 %) 3(17.6 %) 29(34.5 %)
—12 clock hours 12(11.9 %) 2(11.8 %) 10(11.9 %)
Depth of the ulcer
—1/3CT 60(59.4 %) 6(35.3 %) 54(64.3 %)
—2/3CT 21(20.8 %) 5(29.4 %) 16(19.0 %)
-1CT 20(19.8 %) 3(17.6 %) 17(20.2 %)
Perforation(eyes) 19(18.8 %) 6(35.3 %) 13(15.5 %)
History
First clinical course(Moth) (mean, SD) 14.8,11.6 13.7,11.8 14.7, 41.5
Ocular trauma 11(10.9 %) 1(5.9 %) 10(11.9 %)
Cornea involved surgery 7(6.9 %) 0 7(8.3 %)

CT, Corneal thickness
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with an average age of 55.2 years. In the total population, there were 50 male and 37 female patients, resulting in a male to female ratio
of 1:0.74. The male to female ratio in the young group was 1:1, while in the old group it was 1:0.7. These details are summarized in
Table 1.

83.9 % of the affected eyes were unilaterally involved, while 16.1 % were bilaterally involved. Bilateral lesions were more common
in the old group (78.6 %) than in the young group (21.4 %). The site of ulcer appearance was recorded in 101 eyes, with the nasal
cornea being the most commonly affected (46.5), followed by superior (40.6 %), the temporal (28.7 %), and inferior (24.8 %) cornea.
The number of clock hours of ulcer involvement at 0-3 clock hours; 0-6 clock hours; 0-9 clock hours; and 0-12 clock hours were 12.9
%, 43.6 %, 31.6 %, and 11.9 %, respectively. The depth of the ulcer varied, with 59.4 % being 0-1/3 CT, 20.8 % being 0-2/3 CT, and
19.8 % being 0-1 CT. Corneal perforation occurred in 18.8 % of cases, 35.2 % in the young group and 15.5 % in the old group. The first
clinical course was 14.8 + 11.6 months. Of the 101 affected eyes, 11 (10.9 %) had a history of surgery with corneal involvement,
including 3 eyes that underwent cataract surgery, 5 eyes that underwent pterygium excision surgery, 1 eye that underwent amniotic
membrane transplantation (AMT), 1 eye underwent antiglaucoma surgery, and 1 eye underwent antiglaucoma surgery combined with
AMT combined with cataract surgery. 7 eyes (6.9 %) had a history of ocular trauma (all in the old group), including 2 eyes with a
history of corneal foreign body splash, 1 eye with a history of ocular chemical injury, and 2 eyes with a history of blunt corneal
contusion (Table 1).

3.2. Treatment and prognosis of MU

In this study, 72.3 % of the affected eyes received surgical treatment, with keratoplasty being the most common procedure (66.3
%), especially among the young age group. The visual acuity of affected eyes before and after treatment was analyzed (Table 2). Among
the patients who underwent keratoplasty, 37.3 % experienced recurrence. The characteristics and treatment of patients with and
without recurrence were compared, and it was found that the age and history of corneal perforation or ocular trauma/surgery were
significant factors in predicting recurrence (Table 3, p = 0.029 and 0.006, respectively). The depth of the ulcer was also found to be a
significant factor. (Table 3, p = 0.010).

3.3. Establishing a clinical scoring system

To explore potential risk factors for recurrence after keratoplasty, clinical data were analyzed for correlation with recurrence. There
was no significant correlation with age(P > 0.05, R = —0.119), sex(P > 0.05, R = —0.081), eye category(P > 0.05, R = 0.089), and
clock hours of ulcer involved cornea(P > 0.05, R = 0.171). The recurrence of MU was positively correlated with ulcer depth and
corneal perforation (P < 0.05, R = 0.252, R = 0.238, respectively), while negatively correlated with the history of ocular surgery or
trauma (P < 0.05, R = —0.238). Based on these findings, a clinical scoring system was established using the R-value size of ulcer depth,
corneal perforation, and history of ocular surgery or trauma.

We used multivariate logistic regression analysis to fit the combined predictors of MU recurrence and build a predictive model for
the following covariates: depth, history, and perforation. The model accounted for the presence of MU recurrence, and the area under
the curve (AUC) was 80.9 %, with a sensitivity of 78.8 % and a specificity of 72.3 %. These results indicate that the model has some
reference value for predicting the risk of MU recurrence after keratoplasty (figures [2(a, b)]) (see Fig. 2).

Table 2
Treatment of MU and pre-treatment/post-treatment BCVA.
Total Group
Young old
Medicine 27(26.7 %) 1(6.7 %) 26(30.2 %)
Surgery#
KP 67(66.3 %) 13(86.7 %) 54(62.8 %)
AMT 4(4.0 %) 0 4(4.7 %)
CF 2(2.0 %) 1(6.7 %) 1(1.2 %)
other* 1(1.0 %) 0 1(1.2 %)
Pre-treatment BCVA
—-0.05 33(32.7 %) 6(35.2 %) 27(32.1 %)
-0.3 24(23.8 %) 5(29.4 %) 19(22.6 %)
-0.8 22(21.8 %) 4(23.6 %) 18(21.3 %)
0.8- 22(21.8 %) 2(11.8 %) 20(23.8 %)
Post-treatment BCVA
—-0.05 34(33.7 %) 6(35.2 %) 28(33.3 %)
-0.3 25(24.8 %) 4(23.6 %) 21(25.0 %)
-0.8 26(25.7 % 6(35.2 %) 20(23.8 %)
0.8- 16(15.8 %) 1(5.9 %) 15(17.9 %)

#KP, Keratoplasty; AMT, Amniotic membrane transplantation; CF, Conjunctiva flap. *Such as eye removes; BCVA, Best corrected visual
acuity.
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Table 3
Prognosis of MU after keratoplasty.
Recurrent group (n = 25) (37.3 %) Nonrecurrent group (n = 42) (62.7 %) x? P
Eye category 0.44004 0.507
Right 11 (44.0 %) 22 (52.4 %)
Left 14 (56.0 %) 20 (47.6 %)
Age 49.5 £ 15.2 56.1 +16.1
Sex 0.3614 0.548
Male 13 (52.0 %) 25 (69.5 %)
Female 12 (48.0 %) 17 (40.5 %)
Ocular trauma or surgery 4.751 0.029*
Yes 2 (8.0 %) 13(30.1 %)
No 23 (92.0 %) 29 (69.9 %)
Perforation 7.57 0.006*
Yes 12 (48.0 %) 7(16.7 %)
No 13(52.0 %) 35(83.3 %)
Clock hours of ulcer involved cornea 2.017 0.569
—3 clock hours 2(8.0 %) 5(11.9 %)
—6 clock hours 12(48.0 %) 18(42.9 %)
—9 clock hours 7(28.0 %) 15(35.7 %)
—12 clock hours 4(16.0 %) 4 (9.5 %)
Depth of the ulcer(CT) 9.299 0.010*
-1/3 6(24.0 %) 21(50.0 %)
-2/3 6(24.0 %) 13(31.0 %)
-1 13(52.0 %) 8(19.0 %)

CT, Corneal thickness; *, P < 0.05, there was statistically significant differences.
3.4. The clinically applied scoring system

The score system based on the Nomogram model (figures [2(a, b)]) accumulates scores obtained from various independent vari-
ables to generate a total score, which corresponds to the total points in figures [2(a)]. The probability of recurrence can be predicted by
aligning the total points vertically with the values in the risk section. In Fig. 3, we demonstrated the application of this scoring system
by closely monitoring high-risk patients and intensifying intervention measures accordingly.

4. Discussion

This retrospective study found that MU is more common in elderly men, typically occurring at the nasal corneal limbus and often
with monocular onset. A history of ocular surgery or trauma may be a causative factor. Additionally, the study found that ulcer
infiltration, corneal perforation, and a history of ocular surgery or trauma are associated with an increased risk of MU recurrence
(Fig. 3). Based on these clinical characteristics, a scoring system was successfully established to predict the risk of MU recurrence.

This study found that almost all MU patients experienced eye redness, pain, photophobia, and lacrimation. The mean age of onset
was 55.2 years, and the condition was more common in males. The male to female ratio in the total population was 1:0.74, which is
consistent with previous reports of MU in China [5]. In other regions such as southern India and Nigeria, the proportion of male
patients was even greater, with a male to female ratio of 1:0.21 and 1:0.28, respectively [7]. However, a study in Korea found that
female patients were more common, with a male to female ratio of 1:1.18 [2]. In our opinion, it is speculated that the higher incidence
in males may be due to a higher incidence of ocular trauma or cultural practices discouraging women from seeking medical care.

Corneal surgery or trauma may increase the risk of developing MU. A previous study reported that 10.7 % of MU patients had a
history of corneal trauma or surgery [21]. In this study, 17.8 % of patients had a history of ocular surgery or trauma, including cataract
surgery, pterygium excision, AMT, antiglaucoma surgery, and a combination of these surgeries. History of trauma included corneal
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Fig. 2. The establishing of MU’s clinical scoring system. a was the Nomogram model. b was the receiver operating characteristic (ROC) curve
analysis. The AUC was 80.9 %, with a sensitivity of 78.8 % and a specificity of 72.3 %.
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Fig. 3. The recurrence patient after keratoplasty. A patient with Mooren’s ulcer presented with a 2-year history of redness and pain in the right
eye. Examination revealed deep corneal infiltration with perforation. The keratoplasty was performed. The risk assessment indicated a high like-
lihood of recurrence (70 %). Despite close monitoring, signs of recurrence appeared 9 months later.

foreign body splash injury, ocular chemical injury, and blunt corneal contusion. The corneal epithelium is the outermost structure of
the cornea and serves to protect it from pathogenic microorganisms. It is hypothesized that corneal surgery or trauma may damage the
corneal epithelium, leading to tissue-specific corneal antigen expression and increased sensitivity of the corneal tissue to
immune-related cells, ultimately resulting in autoimmune injury [3,8]. However, further studies are needed to investigate the path-
ogenesis of MU in patients without a clear cause.

The statistical analysis in this study revealed that ulcers after keratoplasty were with a recurrence rate of 37.3 %. A previous
retrospective case study of 173 eyes with MU reported a recurrence rate of 28.28 % after keratoplasty [17]. Identifying risk factors for
recurrence is important in guiding the treatment of post-keratoplasty cases. In this study, a clinical scoring system was developed based
on the clinical characteristics of patients with and without recurrence to predict the risk of recurrence.

Previous studies have identified bilateral onset, history of corneal infection, corneal perforation, male gender, and surgical
treatment as risk factors for MU recurrence [22]. In this study, the deep ulcer infiltration, corneal perforation, and a history of ocular
surgery or trauma were found to be factors involved in the recurrence of MU post-keratoplasty. Deep ulcer infiltration and corneal
perforation were identified as risk factors, while the history of ocular surgery or trauma may be a protective factor for ulcer recurrence,
possibly due to immune tolerance established by previous corneal antigen exposure. Based on these clinical characteristics, a clinical
scoring system was established using the logistic regression model. This system had a sensitivity of 78.8 % and a specificity of 72.3 %,
which could be useful in assessing the risk prediction of MU recurrence.

There were several limitations to this study. Firstly, the database was collected retrospectively, and a prospective study would be
necessary to confirm the findings. Secondly, the sample size was limited due to the low prevalence of the disease. Additionally, the
clinical scoring system developed in this study may not necessarily apply to different regions and races, as the study sample was
collected from a single centre. Therefore, multi-centre and large sample clinical validation with more valuable auxiliary inspections
would be needed to extend the model and achieve a more accurate and valid scoring system.

In summary, this study analyzed the clinical characteristics of a large cohort of MU patients in southeast China and found a high
recurrence rate of 37.3 % after keratoplasty. Ulcer depth, corneal perforation, and history of ocular surgery or trauma were found to be
highly related to MU recurrence. A clinical scoring system was established to assess the risk factors for recurrence after keratoplasty.
With the improvement of risk assessment, the prospects for better treatment strategies for MU will be promising.
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