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Tis special issue covers the progress of imaging technol-
ogies of anterior segment of the eye, development of novel
imaging devices of anterior segment, and the clinical and
research application of the imaging modalities of anterior
segment. In this annual issue, the authors contributed one
review paper 10 research articles regarding the application of
the various anterior segment imaging modalities in the
diagnosis and treatment of various anterior segment diseases
as well as in research of these diseases.

In this annual issue, the guest editorial team contributed
a review paper regarding the following topic: application of
intraoperative optical coherence tomography technology in
anterior segment surgery. In this article, the authors sum-
marized the recent development of intraoperative applica-
tion of anterior segment optical coherence tomography
technologies.

Authors from various countries conducted research on
various imaging techniques and devices of anterior segment
structures and contributed the results of their studies to this
annual issue, as follows: (1) Changes of Lacrimal Puncta by
Anterior Segment Optical Coherence Tomography after
Topical Combined Antibiotic and Steroid Treatment in
Cases of Infammatory Punctual Stenosis; (2) Comparison of
Consecutive Terapeutic Efects of Nanoemulsion and

Emulsion Cyclosporin in Dry Eye Patients after Short-Term
Treatment with Topical Fluorometholone; (3)Te Efcacy of
Clinical Tests to Diagnose Evaporative Dry Eye Disease
Related to Meibomian Gland Dysfunction; (4) Te Efec-
tiveness of Laser Peripheral Iridotomy in Adolescent Eyes
with Ocular Hypertension and Concave Confguration of
the Peripheral Iris; (5) Evaluation of Intraocular Lens Tilt
and Decentration in Congenital Ectopia Lentis by the
Pentacam Scheimpfug System; (6) Specular Microscopic
Corneal Endothelial Cell Changes following Uneventful
Phacoemulsifcation in Patients with Gout; (7) Simultaneous
Corneal Topography and Epithelial Tickness Mapping from
a SingleMeasurement UsingOptical Coherence Tomography;
(8) Factors Related to Visual Outcomes after Lens Surgery in
Isolated Microspherophakia; (9) Characteristics of Anterior
Segment in Congenital Ectopia Lentis: An SS-OCT Study; (10)
Characteristics of Optic Neuritis in South Korean Children
and Adolescents: A Retrospective Multicenter Study.

Progress of imaging technologies of anterior segment of
the eye and development of imaging devices of the anterior
segment structures may allow optimal management of an-
terior segment diseases, such as corneal and conjunctival
disorders, cataract, glaucoma, and diseases of the lacrimal
system and eyelid.
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Purpose. To analyze the clinical characteristics and prognosis of optic neuritis (ON) in pediatric patients aged <19 years in South
Korea. Methods.  is multicenter retrospective cohort study included 127 pediatric patients (median age: 10.3 (IQR: 7.3–14.2)
years; female, 62.2%) who experienced ON for the �rst time between January 2004 and January 2018, with data obtained from �ve
tertiary university-based hospitals in Korea. When ON was bilateral, the worse eye was selected for analysis.  e baseline clinical
characteristics and prognoses of patients, as well as the associations between these parameters, were analyzed. Results. e baseline
clinical characteristics of the patients were as follows: best-corrected visual acuity (BCVA)< 20/200, 65.9%; pain on eye
movement, 47.2%; optic disc swelling, 66.9%; and bilateral involvement, 41.7%. Among 101 patients who were followed up for ≥6
months, 48 (47.5%), 12 (11.9%), 19 (18.8%), 13 (12.9%), and 9 (8.9%) had been diagnosed with isolated ON, recurrent ON,
multiple sclerosis (MS), neuromyelitis optica spectrum disorder (NMOSD), and acute disseminated encephalomyelitis (ADEM)-
related ON, respectively. At the latest visit, 81.9% and 71.1% had achieved BCVA of ≥20/40 and≥ 20/25, respectively. Only disc
swelling at presentation was associated with poor baseline BCVA (coe¤cient: 0.31, P � 0.004) and greater improvement in BCVA
(coe¤cient: 0.49, P� 0.001P � 0.001); there were no signi�cant associations between the baseline factors and �nal BCVA.
Conclusions.  is study demonstrated pediatric ON-related clinical characteristics and visual outcomes in South Korea. Within
this cohort, in about 40.6% of patients, ON was associated with other demyelinating diseases, namely, MS, NMOSD, and ADEM.

1. Introduction

Optic nerve in¥ammation has various causes, including
infectious, granulomatous, paraneoplastic, or in¥ammatory
demyelinating etiologies. Early determination of the cause of

optic neuritis (ON) is an important aspect of providing
appropriate treatment [1]. Demyelinating ON most com-
monly a¨ects young adults. However, ON is less prevalent
among children than it is among adults [2]. According to a
population-based study, the annual incidence of ON among
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pediatric patients in South Korea is 1.04 per 100,000 people
[3], which is less than that among adults (2.21–3.29 per
100,000) [4, 5]. ,is is also slightly lower than the incidence
of pediatric ON in Taiwan (1.79–2.46 per 100,000) [6] and
higher than that in the US [7]. In terms of clinical mani-
festation, ON in children is reported to show more distinct
features than in adults [8–24]. Children are likely to have a
preceding viral illness, painless bilateral optic nerve swelling,
and severe vision loss at presentation [8–24]. However, most
available information about pediatric ON is based on ret-
rospective studies with relatively small samples (up to 102)
[8, 9, 15, 23, 25–27]. ,e Optic Neuritis Treatment Trial was
performed on adults aged 18–46 years old, and because 85%
of them were Caucasian [28], its findings cannot be gen-
eralized to Asian pediatric patients [28]. It has also been
reported that the clinical features of patients with ON differ
among different ethnicities in both adults [29] and children
[30]. A multicenter prospective study on pediatric ON was
conducted in the US, but only 9% of the included children
were of Asian ethnicity [27]. In addition, large-scale studies
on pediatric ON are rare in Asia [8, 9, 25–27]. To address
these gaps in the literature, we conducted a multicenter
study to investigate the clinical characteristics and prognoses
of pediatric patients with ON in South Korea. We also
analyzed prognostic factors associated with the visual out-
comes of ON.

2. Methods

,is multicenter retrospective case series included pediatric
patients with ON from five tertiary university-based hos-
pitals in Seoul and the Gyeongi province: Bundang Seoul
National University Hospital, n� 38; Gangnam Severance
Hospital, n� 2; Samsung Medical Center, n� 28; Seoul
National University Hospital, n� 36; and Shinchon Sever-
ance Hospital, n� 23. All patients were aged <19 years at the
time of the first presentation of ON between January 2004
and January 2018. Approval was obtained from the ap-
propriate institutional review boards at individual centers.

,emain inclusion criteria were as follows: (1) Diagnosis
of ON in at least one eye based on clinical symptoms such as
visual loss with or without pain on eye movement, (2)
presence of relative afferent pupillary defect (RAPD) in the
case of unilateral involvement, (3) presence of at least one of
the following features in the affected eye: BCVA deficit that
is at least two lines below the age-based norms; color vision
reduction; visual field defect; or optic disc swelling. ,e
exclusion criteria were as follows: evidence of metabolic,
toxic, inherited, mitochondrial, vascular, infectious, or
compressive etiology affecting the optic nerve; intracranial
hypertension; clinical evidence indicating mitochondrial
disorders; or previously diagnosed amblyopia [31]. Patients
were excluded if they had pre-existing ocular abnormalities
or previous episodes of ON.

Data on demographic characteristics such as sex, age at
onset, history of vaccination, the occurrence of infection
within one month before the onset of ON, BCVA at pre-
sentation, time to first recurrence from the onset of ON,
bilateral optic nerve involvement, the number of

recurrences, the presence or absence of RAPD, pain on eye
movement, optic disc swelling at presentation, white matter
lesions (WMLs) on magnetic resonance (MR) images, and
enhancement of the optic nerve on MR images were ob-
tained. Serologic findings, including those of blood and
cerebrospinal fluid (CSF) analyses, erythrocyte sedimenta-
tion rate, C-reactive protein, aquaporin-4 (AQP4) antibody,
myelin oligodendrocyte glycoprotein (MOG) antibody, and
anti-nuclear antibody, were also recorded. Serum levels of
AQP4 and MOG antibodies were tested using a live cell-
based assay [32, 33]. When ON was bilateral, the worse eye
was selected for the analysis.

,e final diagnoses were confirmed based on clinical and
radiological information related to one of the following
diagnostic categories: (1) isolated ON, (2) recurrent ON, and
(3) multiple sclerosis (MS), in accordance with the 2013
International Pediatric Multiple Sclerosis Study Group
consensus criteria [34], (4) neuromyelitis optica (NMO)
spectrum disorder (NMOSD), in accordance with the 2015
International Panel for NMO diagnosis criteria, and (5)
acute disseminated encephalomyelitis (ADEM) and ADEM-
ON, in accordance with the 2013 International Pediatric
Multiple Sclerosis Study Group consensus criteria [34].

Regression analyses were used to determine whether there
were any associations between baseline characteristics and
visual outcomes. We considered the following baseline factors:
age at presentation, sex, disc swelling, final diagnosis (neu-
rological associated, i.e., ADEM, NMO, or MS vs. isolated or
recurrent ON), bilaterality, and the presence of WMLs on MR
images.,e visual outcomes were categorized as follows: good,
the latest BCVA ≥20/40 with no visual field defect; fair, 20/
200≤ BCVA <20/40 or ≥20/40 with permanent visual field
defect; and poor, BCVA <20/200 [11, 35, 36]. Statistical ana-
lyses were conducted using Stata v.16.1 (StataCorp LLC,
College Station, Texas, USA). Continuous variables were an-
alyzed using the Kruskal-Wallis test. Categorical data were
compared using the chi-square or Fisher’s exact test. P values of
<0.05 were considered to be statistically significant.

3. Results

3.1. Baseline Characteristics. In total, 127 children (62.2%
female) who experienced the first occurrence of ON were
included. ,e median age at presentation was 10.3 years
(interquartile range [IQR], 7.3–14.2 years, Figure 1). ,e
demographic and clinical features are listed in Table 1. ,e
mean baseline BCVA was 1.26 logMAR (IQR, 0.82–1.7,
range 0–1.7). Eighty-three patients (65.9%) presented with a
BCVA <20/200 at the initial visit. Eye pain on movement
was noted in 51 of the 108 (47.2%) patients, and disc swelling
was noted in 83 of the 124 (66.9%) patients. Four patients
had previous ADEM episodes, and the diagnosis of MS was
made in one patient before the first episode of ON. ,irty-
nine (36.1%) of the 109 children had a previous febrile illness
within 1 month of the occurrence of ON. Seven (6.9%) of the
101 children had a vaccination history within 1month of ON
occurrence, and none of these seven patients were diagnosed
with ADEM-ON. Because testing for AQP4 and MOG
antibodies was not available during early study periods, the
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former and latter were tested in 58 (45.7%) and 9 (7.1%)
patients, respectively. Among these patients, seven patients
(12.1%) and one patient (who was included in the isolated
ON group in this study) (11.1%) tested positive for AQP4
and MOG, respectively. ,e anti-nuclear antibody was
tested in 90 patients, 21 (23.3%) of whom tested positive.,e
CSF analyses were available for 69 children, and intrathecal
oligoclonal bands (OCBs) and pleocytosis were respectively
noted in three (4.4%) and six (8.7%) children. All three
patients who tested positive for intrathecal OCBs were
subsequently diagnosed with MS. Twenty-nine patients
(22.1%) experienced recurrence of ON during the follow-up

period. ,e mean duration from the onset of ON to the first
recurrence was 24.7± 39.2 months (range, 1–149 months).

Brain MR images of 126 patients (99.2%) were available
at the initial visit. Optic nerve enhancement was detected in
102 patients (81.0%). ,e WMLs on MR images were noted
in 41 (32.5%) patients at the time of presentation. ,e
McDonald 2010 criteria and consensus definitions for pe-
diatric MS, for dissemination in space and time, were met in
19 patients with subsequent follow-up MR images [37, 38].
,e first treatment of ON was performed with 30mg/kg or
1 g/day intravenous methylprednisolone for 3 days (n� 104,
81.9%) or 4–5 days (n� 16, 12.6%); seven patients (5.5%)
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Figure 1: Age distribution of pediatric patients with optic neuritis at presentation.

Table 1: Clinical demographics of patients with pediatric onset optic neuritis.

Numbers (total) %, or SD (IQR)
Number of patients 127 100%
Sex (female) 79 62.2%
Age at onset (years)
3–6 29 22.8%
7–9 32 25.2%
10–12 23 18.1%
≥13 43 33.9%
Mean (median) 10.7 (10.3) 4.1 (7.3–14.2)

Bilaterality 53 (127) 41.7%
Pain with eye movement 51 (108) 47.2%
Disc swelling at presentation 83 (124) 66.9%
Accompanying headache 37 (127) 29.1%
White matter lesions on MRI 41 (126) 32.5%
Preceding febrile illness within 1 month 39 (108) 36.1%
Vaccination history within 1 month 7 (101) 6.9%
Visual acuity at presentation Total� 126
≥20/20 4 3.2%
<20/20-≥ 20/40 11 8.7%
<20/40-≥ 20/200 28 22.2%
<20/200-> counting fingers 26 20.6%

Counting finger-no light perception 57 45.2%
Final visual outcome† Total� 100
Good 76 76%
Fair 15 15%
Poor 9 9%

SD� standard deviation, IQR� interquartile range. †Visual outcome was categorized as the latest BCVA ≥20/40 with no visual field defect (good), BCVA <20/
40∼≥ 20/200 or≥ 20/40 with permanent visual field defect (fair), and BCVA less than 20/200 (poor).
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received no treatment. Among the patients who received
intravenous steroid treatment, 66 children (55%) received a
more extended slow tapering of oral steroids beyond 2
weeks.

,e automated visual field test was available to 111 patients
at the time of initial visit. ,e most frequent pattern of visual
field defect was central scotoma (n� 41, 36.9%), followed in
descending order by generalized depression (n� 29, 26.1%),
generalized constriction (n� 20, 18.0%), cecocentral scotoma
(n� 11, 9.9%), and altitudinal defect (n� 10, 9.0%).

3.2. Disease Groups. ,e median duration of follow-up was
24months (IQR, 6–51). A total of 111, 101, and 84 patients
were followed up for ≥3 months, ≥6 months, and ≥1 year,
respectively. Among the 101 patients that were followed up for
≥6months, the following diagnoses were noted: isolated ON
(including one patient who tested positive for the MOG an-
tibody and did not have any other abnormal neurologic finding
except for ON), 48 (47.5%); recurrent ON, 12 (11.9%); MS, 19
(18.8%); NMOSD, 13 (12.9%); and ADEM-ON, 9 (8.9%). ,e
proportion of female patients (83.3%) was highest in the
NMOSD group, and the isolated ON group had an almost
equal sex ratio (Table 2). ,e number of recurrences and
durations of follow-ups were significantly different among
these groups (P< 0.001 and 0.003, respectively).

3.3. Outcomes of Visual Acuity. BCVA data were available
for 100 of the 101 patients who were followed up for ≥6
months. Among these, 76 patients (76.0%), 13 patients
(13%), and 11 patients (11%) achieved good, fair, and poor
visual outcomes, respectively, at the latest follow-up.

,e mean baseline BCVA was 1.26 logMAR, which im-
proved by a mean of 1.02±0.70 logMAR (IQR, 0.30–1.7) to
0.22±0.47 logMAR at the final visit (Figure 2). ,e mean final
logMAR BCVAs in each group were as follows: isolated ON
group, 0.16±0.42; recurrent ON group, 0.34±0.60; MS group,
0.12±0.39; NMOSD group, 0.44±0.62; and ADEM-ON group,
0.20±0.48.,emean final logMAR BCVAwas the worst in the
NMOSD group, but there were no significant differences be-
tween the groups (P � 0.250). ,e visual outcomes as cate-
gorical variables (good, fair, and poor) were not significantly
different among the groups either (Table 2, P � 0.720).

We analyzed the factors associated with a poor BCVA at
presentation and improvement in BCVA. Only disc swelling at
presentation was found to be associated with a poor BCVA at
presentation (coefficient: 0.31, P � 0.004) and an improvement
in BCVA (coefficient: 0.49,P � 0.001). Other factors such as age
at presentation, sex, bilaterality, associated neurologic autoim-
mune diagnosis, and WMLs on MR images were not signifi-
cantly associated with either of these two parameters. ,e data
did not suggest a significant association between baseline
characteristics and final BCVA.

4. Discussion

,e current study, which included 127 children with ON
from five tertiary centers who were treated over a 14-year
period, is one of the largest multicenter studies conducted to

date [8, 9, 15, 23, 25, 26]. ,e main findings of our study are
as follows: (1) pain on eye movement was present in less than
half of the pediatric patients (47.2%); (2) optic disc swelling
was found in nearly two-thirds of pediatric patients (66.9%);
(3) bilateral involvement was common (41.7%); (4) in a high
percentage of pediatric patients (40.6%), ON was associated
with other demyelinating diseases such as MS, NMOSD, and
ADEM; (5) disc swelling was associated with both poor
BCVA at presentation and greater improvement in BCVA;
(6) there were no significant associations between baseline
factors and final visual outcomes; and (7) NMOSD-related
ON showed the highest rate of recurrence.

In our study, the overall clinical features of pediatric ON
were similar to those reported in previous studies withWestern
and Asian children (Table 3) [8–24]. ,e median age at pre-
sentation in this study was 10.3 years, which is comparable to
that in previous studies [8–24]. Moreover, the proportion of
female patients (62.2%) along with the rates of optic disc
swelling (66.9%) and bilateral involvement (41.7%) were
higher, and the rate of pain on eye movement (47.2%) was
relatively lower in our present study on pediatric patients than
in previous studies on the adult population, and this finding is
consistent with those of previous studies [8–24].

Optic nerve enhancement onMR images was detected in
81.0% of our patients. ,is feature is helpful for the clinical
diagnosis of ON and is reported in up to 75–95% of adult
patients with ON in Western countries [39–42]. ,is
characteristic has been detected less frequently in Asian
adults (30–74%) [43–46]. In a previous study on French
children with ON, optic nerve enhancement was found in
29% (28 of 95) of the patients, which is much lower than that
observed in our study [24]. ,ese differences could be partly
due to differences in the characteristics of the study subjects
or the MR imaging protocols that were used in the study, or
poor MR image quality for some young children. Moreover,
WMLs on brain MR images were noted in 32.5% of the
patients at presentation in our cohort, which was lower than
the corresponding value of 45–52% reported in previous
studies [24, 27]. In this regard, WMLs are closely associated
with MS; the differences in the proportions of WMLs be-
tween studies may be related to the different proportions of
patients with MS between the study cohorts.

Our study found that 18.8% and 12.9% of the patients
who were followed up for ≥6 months had been diagnosed
with MS and NMOSD, respectively. Although the rate of
conversion to MS in our cohort (18.8%) was somewhat
higher than that in previous Asian studies (4–10%) [8, 9, 15],
it is still lower than that in prior studies conducted in
Western countries (22–36%) [12, 22, 24]. ,e differences in
the conversion rates to MS in adult patients with ON be-
tween Asian countries andWestern countries have been well
documented [47–49]. Similar differences may also be present
in the pediatric population. ,e proportion of patients with
NMOSD in this study was 12.9%, which was much higher
than the corresponding value of 5–7% reported in Western
counties [24, 27]. ,is could be related to the predisposition
of non-Caucasians—especially Asians—to NMOSD
[50–54]. Patients with NMOSD showed a higher rate of
recurrence compared to patients with other etiologies.
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We investigated factors associated with visual outcomes in
pediatric patients with ON. ,e only factor associated with an
improvement of BCVA and poor BCVA at presentation in this
study was the presence of disc swelling at presentation.
However, no other factors were significantly associated with
final visual outcomes. Wan et al. previously analyzed the visual
outcomes and associated factors in a relatively large cohort of

36 patients with ONwith at least 1 year of follow-up [11]. ,ey
found that none of the clinical characteristics, such as sex,
baseline vision, laterality, treatment, or underlying diagnosis,
predicted poor visual outcomes, which is consistent with the
findings of our study [11]. A recent prospective study on
pediatric ON demonstrated that baseline BCVA was worse in
younger patients with associated neurologic autoimmune

Table 2: Demographic, clinical, and serologic features of 101 children who were followed up for more than 6months according to their
demyelination syndrome diagnosis.

Variables Isolated ON
(n� 48)

Recurrent ON
(n� 12) MS (n� 19) NMOSD

(n� 13)
ADEM-ON

(n� 9) P value

Age, median (IQR), y 9.3 (6.7–13.3) 10.1 (6.0–13.9) 10.6
(7.8–14.1) 11.8 (9.5–13.8) 7.8 (5.4–11.5) 0.495

Female, n (%) 22 (45.8%) 8 (66.7%) 15 (79.0%) 10 (83.3%) 6 (66.7%) 0.247

Disc swelling at presentation 32/47 (68.1%) 7/12 (58.3%) 10/19
(52.6%) 6/12 (50%) 7/9 (77.8%) 0.381

Intrathecal OCBs 0/19 (0%) 0/5 (0%) 3/14 (17.7%) 0/12 (0%) 0/7 (0%) 0.121
Total no. of optic neuritis, median
(IQR) 0 (0–0) 1 (1–1) 0 (0–1) 1 (0–1) 0 (0–0) <0.001

Bilateral involvement 19 (39.6%) 6 (50.0%) 8 (42.1%) 7 (53.9%) 2 (22.2%) 0.788

MRI enhancement 37/47 (78.7%) 8/12 (66.7%) 16/19
(84.2%) 11/13 (84.6%) 8/9 (88.9%) 0.834

Serologic testing
AQP4 antibody 0/15 0/7 0/11 6/12 (50%) 0/1
MOG antibody 1/2 0/1 0/2 0/1 0/1 (0%)
ANA antibody 8/31 (25.8%) 3/8 (37.5%) 1/14 (7.1%) 3/13 (23.1%) 1/7 (14.3%)

Visual outcome (n� 100)† 0.720
Good 40 (83.3%) 8 (66.7%) 14 (73.7%) 7 (58.3%) 7 (77.8%)
Fair 5 (10.4%) 2 (16.7%) 4 (21.0%) 3 (25.0%) 1 (11.1%)
Poor 3 (6.3%) 2 (16.7%) 1 (5.3%) 2 (16.7%) 1 (11.1%)

logMAR visual acuity at latest visit
(n� 100)†‡ 0.16± 0.42 0.34± 0.60 0.12± 0.39 0.44± 0.62 0.20± 0.48 0.250

Follow-up duration, median (IQR) 30 (15–42) 47 (24–73) 32 (18–78) 54 (21–68) 47 (23–61) 0.003
ADEM� acute disseminated encephalomyelitis; ANA� anti-nuclear antibody; AQP4� aquaporin-4; IQR� interquartile range; OCB� oligoclonal bands;
ON� optic neuritis; MOG�myelin oligodendrocyte glycoprotein; MS�multiple sclerosis; NMO�neuromyelitis optica; NMOSD�neuromyelitis optica
spectrum disorder. ,e percentages and interquartile ranges (IQR) are presented in parentheses. Continuous variables were analyzed by the Kruskal-Wallis
test. Chi-square test or Fisher’s exact test was used for categorical variables. †Visual outcome was only analyzed among 100 patients who were followed up for
more than 6 months and whose BCVA data were available. ‡Visual outcome was categorized as the latest BCVA ≥20/40 with no visual field defect (good),
BCVA <20/40∼≥ 20/200 or≥ 20/40 with permanent visual field defect (fair), and BCVA less than 20/200 (poor).
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Figure 2: Paired dot plot showing initial and final best-corrected visual acuity (BCVA) in 100 patients with pediatric optic neuritis who were
followed up for ≥6months. BCVA presented as logMAR. BCVA improved from baseline to final visit by amean value of 1.02± 0.70 logMAR
(IQR, 0.30–1.7). BCVA of 20/800 or less was presented as 1.7 logMAR.
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diseases, those with WMLs on MR images, and those of non-
White race and non-Hispanic ethnicity [27]. ,ey also re-
ported that there were no baseline factors associated with
BCVA improvement.,eir study did not analyze disc swelling.
Based on our findings, we presume that pediatric patients with
ON showing optic disc swelling, despite a relatively poor visual
acuity at presentation, have a good prognosis that is compa-
rable to that of patients without optic disc swelling.

,is study has several limitations, including the retro-
spective design, variability of follow-up periods between
patients, and unavailability of AQP4 and MOG antibody
testing results in early study periods. Despite these limita-
tions, our study provides important information on the
baseline characteristics and visual outcomes of a relatively
large number of Korean pediatric patients with ON. Al-
though two-thirds of the patients experienced severe visual
loss (<20/200) at presentation, 76% experienced good visual
recovery at the final visit. Moreover, ON was associated with
other neurological diseases (i.e., MS, NMOSD, and ADEM)
in 40.6% of the pediatric patients.

In conclusion, our study is one of the largest multicenter
studies summarizing the clinical characteristics and visual
prognosis of pediatric ON. ,e baseline characteristics were
similar to those reported in other countries. A relatively high
proportion of pediatric ON showed optic disc swelling
(67%), bilateral involvement (42%), and associations with
other central nervous system demyelinating diseases (40%).
NMOSDwas foundmore frequently (12.9%) than it has been
found in Western countries, showing the highest rate of
recurrence among other etiologies. A more comprehensive
future study investigating the seropositivity of MOG anti-
body testing in pediatric ON should extend our under-
standing of the clinical aspects of the disease in Koreans.
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Purpose. To investigate the characteristics of anterior chamber angle parameters in congenital ectopia lentis (CEL) patients and to
evaluate the sensitivity and speci�city of anterior segment parameters in distinguishing CEL from healthy controls. Setting.
Zhongshan Ophthalmic Center, Guangzhou, China.Design. Cross-sectional study.Methods. 35 CEL patients and 35 age- and sex-
matched healthy controls were recruited. Axial length (AL) and anterior segment parameters including anterior chamber width
(ACW), angle open distance (AOD), angle recess area (ARA), trabecular-iris space area (TISA), and trabecular-iris angle (TIA)
were measured. All the above parameters and the ratio index of angle parameters, which was de�ned as the angle parameter value
of the narrower side to that of the contralateral side, were compared between CEL and controls. Receiver operating characteristic
(ROC) curves were also plotted to evaluate the diagnostic performance of anterior chamber angle parameters in CEL patients.
Results. All angle parameters of the contralateral side to the dislocated lens side were signi�cantly smaller than those of the
dislocated lens side in CEL (all P< 0.05). For the diagnostic performance of anterior chamber angle parameters, the ratio index of
TIAr500 combined with TIAr750 had the best diagnostic performance for CEL screening (AUC� 0.798), and TIAr500 of 0.887
and TIAr750 of 0.917 were detected to be the optimal cut-o¡ points, representing a sensitivity of 89.8% and speci�city of 68.7%.
Conclusion. �e contralateral side to the dislocated lens side in the CEL had a narrower anterior chamber angle. TIAr500
combined with TIAr750 is the optimal combination strategy for ectopia lentis screening.

1. Introduction

Congenital ectopia lentis (CEL) is a rare disease in which the
lens dislocates from its normal position; it is a hereditary
connective tissue disease [1]. CEL can not only lead to ocular
symptoms such as severe refractive errors and amblyopia but
also be associated with systemic diseases, such as such as
Marfan’s syndrome (MFS), homocystinuria, Weill–
Marchesani syndrome, and sul�te oxidase de�ciency syn-
drome [2].

For eyes with ectopia lentis, it has been reported that the
dislocated lens can shallow the anterior chamber angle

(ACA) and even cause acute secondary angle closure [3].
Zhang et al. [4] reported that CEL accounts for 2.4% of all
causes of secondary glaucoma. However, little is known
about the anterior segment characteristics of CEL patients,
which hinders our understanding of the disease. While the
slit lamp biomicroscope has been widely used for diagnosing
ectopia lentis, this examination method may not detect early
mild lesions without obvious signs; hence, objective and
accurate diagnosis strategies for lens dislocation are needed.

In this study, we aimed to use the latest anterior segment
swept-source optical coherence tomography (SS-OCT), a
noncontact instrument with high-resolution imaging [5], to
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investigate the anterior segment parameters of patients with
CEL and to evaluate the sensitivity and specificity of anterior
segment parameters in distinguishing ectopia lentis from
healthy controls.

2. Methods

1is cross-sectional study was conducted in accordance with
the tenets of the Declaration of Helsinki and was approved
by the Institutional Review Board of Zhongshan Ophthalmic
Center. 1e CEL patients and the healthy controls were
consecutively recruited from January 2021 to August 2021 in
Zhongshan Ophthalmic Center, Sun Yat-sen University,
Guangzhou, China. 1e included CEL patients were diag-
nosed according to the Ghent-2 criteria with genetic testing
[6]. Exclusion criteria were as follows: (1) patients with
ocular surgery history; (2) with other ocular diseases such as
corneal diseases which would affect the measurement of
anterior segment parameters. Age- and sex-matched indi-
viduals without ocular disease other than refractive error
were included as the healthy controls. Written informed
consent was obtained from all participants before enrolling.

All participants underwent a standardized ophthalmic
examination including slit-lamp biomicroscopy, best cor-
rected visual acuity, intraocular pressure (IOP) with
Goldmann applanation, AL with IOL Master700 (Zeiss,
Jena, Germany), and anterior segment SS-OCT images with
the Casia SS-1000 OCT (Tomey, Nagoya, Japan).

3. Swept-Source Anterior Segment Optical
Coherence Tomography Examination

1e Casia SS-1000OCT (Tomey, Nagoya, Japan) is a com-
mercially available swept-source OCT system with a swept-
source laser wavelength of 1310 nm, using a monochromatic,
tunable, fast scanning laser source and a photodetector to
detect wavelength-resolved interference signals. During the
examination, all the participants were asked to fixate on an
internal fixation target during the scan. All images were
obtained in a dark environment by the same observer before
the participants received any pupil dilation or constriction
medications. For the patients with mild subluxation, we also
performed SS-OCTscanning both under nonmydriatic pupil
(to collect the angle parameters) and mydriatic pupil (to
confirm the direction of lens dislocation). To avoid lid ar-
tifact, participants were instructed to pull down the lower lid
against the lower orbital rim to expose the lower limbus
while the technician elevated the upper lid against the upper
orbital rim to expose the upper limbus. All images with lid or
motion artifacts were excluded from the analysis.

Anterior segment parameters of different axes were
obtained from each participant. For CEL patients, the scans
were performed on the dislocated lens axis (Figure 1). For
healthy controls, the scans were performed on the horizontal
axis (0–180 degrees) and vertical axis (90–270 degrees). For
each image, the scleral spur (SS) and angle recess (AR) were
both marked by the SS-OCT system first and then manually
corrected to complete anterior chamber measurements by
the same experienced ophthalmologist (Liu ZZ). 1e

scanned images were analyzed using custom software, and
the obtained parameters included the following: anterior
chamber dimension parameters (anterior chamber width
(ACW)), angle parameters (angle opening distance (AOD),
angle recess area (ARA), trabecular-iris space area (TISA),
and trabecular-iris angle (TIA)). AOD, ARA, TISA, and TIA
were all assessed at 250 μm, 500 μm, and 750 μm from the
scleral spur. All SS-OCT anterior chamber parameters are
shown in Supplemental Figure 1. Of the above parameters,
ACW was defined as the distance between the two scleral
spurs. Angle opening distances at 250, 500, and 750 μm
(AOD250, AOD500, and AOD750) were defined as the
distance between the posterior corneal surface and the
anterior iris surface on a line perpendicular to the trabecular
meshwork 250 μm, 500 μm, and 750 μm from the scleral
spur, respectively. Angle recess areas at 250, 500, and 750 μm
(ARA250, ARA500, and ARA750) were defined as the area of
the angle recess bounded anteriorly by the AOD250,
AOD500, and AOD750. Trabecular-iris space areas at 250,
500, and 750 μm (TISA250, TISA500, and TISA750) were
defined as the area bounded anteriorly by AOD250,
AOD500, and AOD750 as determined posteriorly by a line
drawn from the scleral spur vertical to the plane of the inner
scleral wall to the iris, superiorly by the inner corneoscleral
wall, and inferiorly by the iris surface. Trabecular-iris angles
at 250, 500, and 750 μm (TIA250, TIA500, and TIA750) were
defined as an angle measured with the apex in the iris recess
and the arms of the angle passing through a point on the
trabecular meshwork 250 μm, 500 μm and 750 μm from the
scleral spur and the point on the iris perpendicularly.

For the CEL patients and healthy controls, the ratio
index of angle parameters, defined as the angle parameter
value of the narrower side to that of the contralateral side,
was also introduced as AODr, ARAr, TISAr, and TIAr in this
study. 1e angle parameters are shown in Figure 1.

4. Statistical Analysis

All statistical analysis was performed using Stata MP 15.1
(Stata Corp LP, College Station, Texas, USA). Mean values
with 95% confidence intervals (95% CI) were provided for
normally distributed data. All data were tested for normality.
Normally distributed parameters were compared between
the CEL and healthy controls using the student’s t test, while
the rank sum test was used for nonnormal distribution data.
1e receiver operating characteristics (ROC) curve was
plotted to evaluate the diagnostic value of each SS-OCT
parameter in the differential diagnosis of CEL patients from
healthy controls. A value of P< 0.05 was considered sta-
tistically significant unless otherwise specified.

5. Results

A total of 35 eyes from 35 CEL patients were recruited, of
which 18 were male (51.43%) and 17 were female (48.57%).
Meanwhile, 35 eyes from age- and sex-matched healthy
controls were recruited, of which 17 were male (48.57%) and
18 were female (51.43%). 1e mean age of the CEL patients
was 13.57± 8.37 years, and the healthy control group age was
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11.11± 2.99 years. 1e mean AL was 25.01± 2.76mm in the
CEL and 25.01± 2.76mm in the healthy controls, with no
significant difference between the two groups were detected.
Demographics and ocular biometric characteristics of par-
ticipants are shown in Table 1.

1e angle parameters (AOD, ARA, TISA, and TIA) at
250 μm, 500 μm, 500 μm, and 750 μm of the dislocated lens
side, the contralateral side to the dislocated lens side in the
CEL patients, and those of the horizontal axis (0 degree and
180 degrees) and vertical axis (90 degree and 270 degrees) in
the healthy controls are reported in Table 2. All angle pa-
rameters of the contralateral side to the dislocated lens side
were significantly smaller than those of the dislocated lens
side in the CEL patients and those of the horizontal axis
(0–180 degrees) and vertical axis (90–270 degrees) in the
healthy controls (all P< 0.05). As shown in Table 3, there
were significant differences for all ratio indexes of angle
parameters between the CEL patients and the healthy
controls. To evaluate the sensitivity and specificity of the
anterior segment parameters in distinguishing ectopia lentis
from healthy controls, we calculated the area under the
receiving operating characteristics curve (AUROC), which is
presented in Figures 2 and 3. 1e ROC curve indicated that
TIAr250, TIAr500, and TIAr750 had good discriminative
performance (AUC� 0.720; AUC� 0.794; AUC� 0.741, re-
spectively) for CEL. Meanwhile, the ratio index of TIAr500
combined with TIAr750 had the best diagnostic perfor-
mance for CEL (AUC� 0.798); and TIAr500 of 0.887 and
TIAr750 of 0.917 were found to be the optimal cut-offs.

Among the included CEL patients, FBN1 mutations
account for more than 90% of the detected mutations. 1ere
was no statistical difference of anterior segment parameters
among patients with different mutations.

6. Discussion

For CEL patients, the zonule of the lens is partially or
completely slack or even broken, and the lens is often pushed
forward to the iris which can change the anterior chamber
angle structure. Until now, little is known about the char-
acteristics of the anterior segment in CEL patients. Although
changes in the anterior chamber depth can be easily detected
in patients with severe lens dislocation, it is difficult to detect
lens dislocation with traditional equipment such as a slit-
lamp biomicroscope for patients with mild lens dislocation,
and new detection strategies are needed for these patients.

At present, SS-OCT serves as a noncontact, easy-to-use,
and quantitative evaluation of the anterior chamber device
[7, 8] that utilizes much more data of the whole anterior
chamber than can be obtained by the commonly used UBM.
In addition, the noncontact nature of SS-OCTmakes it more
advantageous in pediatric patients with CEL. With the
advancement of OCT technology, the current ultrahigh
resolution of OCT can obtain very clear imaging of various
structures in the anterior segment of the eye, and AS-OCT
has been successfully used in the diagnosis of a variety of

Figure 1: Diagram of the scan performed in CEL patients. (a) 1e scan was performed on the dislocated lens axis. (b–e) Different angle
parameters of the dislocated lens side (wider side) and the contralateral side to the dislocated lens side (narrower side), and the ratio index of
angle parameter was defined as the angle parameter value of the narrower side to that of the contralateral side.

Table 1: Demographics and ocular biometric characteristics of
participants.

CEL (n� 35) Healthy controls (n� 35)
Age, years 13.571± 8.374 11.114± 2.988
Sex (male/female) 18/17 17/18
Eyes (right/left) 21/14 35/0
AL, mm 25.008± 2.764 24.651± 0.969
ACW, mm 11.966± 0.470 11.963± 0.357
AL� axial length; ACW� anterior chamber width.
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anterior segment diseases [9–11]. Ma et al. [12] reported that
SS-OCTshowed excellent diagnostic ability in distinguishing
primary angle closure disease (PACD) from the healthy
population and showed moderate diagnostic performance in
distinguishing primary angle closure/primary angle closure
glaucoma (PAC/PACG) from primary angle closure suspect
(PACS). However, the use of SS-OCT in the diagnosis of
CEL patients has not been reported by far.

In this study, we detected that all angle parameters of the
contralateral side to the dislocated lens side in CEL patients
were significantly smaller than those of the healthy controls
(P< 0.05). Specifically, the angle parameters of the

contralateral side to the dislocated lens side in the CEL
patients were statistically smaller than those of the opposite
side (P< 0.05). 1e explanation of our results may lie in the
fact that the dislocated lens could cause mechanical com-
pression of the ACA, hence affecting the angle parameters.
Previous studies have reported that angle parameters were
significantly associated with angle closure [13–16]. Previous
reports by Henriquez et al. [17] identified that
TISA500< 0.009 was risk factor for developing phacomor-
phic angle closure, and narrower angle width was an in-
dependent predictive factor for the development of angle
closure after ten years [18]. Additionally, the smaller

Table 2: Comparison of angle parameters in different direction in CEL patients and healthy controls.

Angle parameters
CEL Healthy controls

Contralateral side to
dislocated lens side

Dislocated lens side
(Mean± SD, P∗)

0°
(Mean± SD, P∗)

90°
(Mean± SD, P∗)

180°
(Mean± SD, P∗)

270°
(Mean± SD, P∗)

AOD250, mm 0.27± 0.13 0.46± 0.16 <0.001 0.51± 0.13
<0.001

0.45± 0.15
<0.001

0.57± 0.18
<0.001

0.46± 0.14
<0.001

AOD500, mm 0.37± 0.15 0.63± 0.19 <0.001 0.74± 0.16
<0.001

0.67± 0.19
<0.001

0.82± 0.23
<0.001

0.66± 0.16
<0.001

AOD750, mm 0.51± 0.19 0.84± 0.22
<0.001

0.98± 0.18
<0.001

0.89± 0.21
<0.001

1.10± 0.25
<0.001

0.89± 0.22
<0.001

ARA250, mm2 0.10± 0.06 0.17± 0.09
<0.001

0.18± 0.05
<0.001

0.15± 0.07
<0.001

0.19± 0.06
<0.001

0.16± 0.06
<0.001

ARA500, mm2 0.17± 0.08 0.29± 0.13
<0.001

0.33± 0.09
<0.001

0.29± 0.10
<0.001

0.35± 0.11
<0.001

0.29± 0.10
<0.001

ARA750, mm2 0.28± 0.12 0.48± 0.18
<0.001

0.55± 0.13
<0.001

0.48± 0.14
<0.001

0.59± 0.17
<0.001

0.48± 0.14
<0.001

TISA250, mm2 0.057± 0.03 0.10± 0.04
<0.001

0.11± 0.03
<0.001

0.09± 0.04
<0.001

0.12± 0.04
<0.001

0.10± 0.03
<0.001

TISA500, mm2 0.14± 0.06 0.24± 0.09
<0.001

0.27± 0.07
<0.001

0.24± 0.08
<0.001

0.30± 0.09
<0.001

0.24± 0.07
<0.001

TISA750, mm2 0.25± 0.10 0.43± 0.14
<0.001

0.50± 0.11
<0.001

0.44± 0.12
<0.001

0.54± 0.15
<0.001

0.44± 0.11
<0.001

TIA250,° 33.51± 12.61 44.41± 8.40
<0.001

49.70± 11.36
<0.001

44.28± 12.11
<0.001

52.42± 11.59
<0.001

45.65± 11.61
<0.001

TIA500° 29.70± 8.13 41.45± 7.09
<0.001

47.29± 9.13
<0.001

43.37± 9.68
<0.001

49.92± 9.16
<0.001

43.41± 9.64
<0.001

TIA750° 28.99± 7.99 40.84± 6.99
<0.001

46.37± 7.19
<0.001

43.14± 7.95
<0.001

49.65± 7.57
<0.001

42.93± 8.49
<0.001

AOD, angle open distance; ARA, angle recess area; TISA, trabecular-iris space area; TIA, trabecular-iris angle; ∗t-test for comparison of means with angle
parameters of contralateral side to dislocated lens side in CEL patients.

Table 3: Comparison of the ratio index of different angle parameters in CEL patients with healthy controls (mean± SD).

1e ratio index of angle parameters CEL Healthy controls Pvalue
AODr250 0.65± 0.47 1.02± 0.31 <0.001
AODr500 0.63± 0.31 1.03± 0.21 <0.001
AODr750 0.65± 0.35 1.04± 0.20 <0.001
ARAr250 0.64± 0.48 1.02± 0.44 <0.05
ARAr500 0.63± 0.40 1.01± 0.26 <0.001
ARAr750 0.64± 0.36 1.02± 0.22 <0.001
TISAr250 0.62± 0.42 1.02± 0.25 <0.001
TISAr500 0.63± 0.37 1.02± 0.21 <0.001
TISAr750 0.64± 0.35 1.03± 0.20 <0.001
TIAr250 0.79± 0.41 0.99± 0.14 <0.05
TIAr500 0.73± 0.26 1.02± 0.15 <0.001
TIAr750 0.72± 0.27 1.03± 0.13 <0.001
∗1e ratio index of angle parameter was defined as the ratio of the angle parameter value of the narrower side to that of the contralateral side.
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AOD750 was also identified to be strongly associated with
the development of incident angle closure in a previous
study [19]. Due to the angle characteristics of the CEL
patients, much more attention should be paid to the changes
in angle parameters, and regular follow-up is recommended.

In this study, we also introduced a series ratio index of
the angle parameters such as TIAr, AODr, ARAr, and TISAr.
1ere was a significant difference between the CEL patients
and the healthy controls for all angle parameter ratio in-
dexes, of which the ratio indexes in CEL patients were
smaller compared to the healthy controls. To explore the

potential value of angle parameters in the differential di-
agnosis of lens dislocation, ROCs were plotted, and the
results showed that TIAr had a higher power of discrimi-
nation compared with AODr, ARAr, and TISAr (all
P< 0.05). 1e TIA is a parameter that represents the angle
width, which has been commonly used in the evaluation of
the ACA [20, 21]. In order to improve the diagnostic effi-
ciency of the ratio parameters, TIAr250, TIAr500, and
TIAr750 were combined, and the results showed that
TIAr500 combined TIAr750 (AUC� 0.798) had a promising
diagnostic performance for lens dislocation. 1is suggests
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Figure 2: 1e receiving operating characteristics curve of single ratio index of angle parameter in differential diagnose of ectopia lentis.
((a) AODr250 (AUC� 0.682); (b) AODr500 (AUC� 0.701); (c) AODr750 (AUC� 0.675); (d) ARAr250 (AUC� 0.620); (e) ARAr500
(AUC� 0.661); (f ) ARAr750 (AUC� 0.688); (g) TISAr250 (AUC� 0.674); (h) TISAr500 (AUC� 0.688); (i) TISAr750 (AUC� 0.691);
(j) TIAr250 (AUC� 0.720); (k) TIAr500 (AUC� 0.794); (l) TIAr750 (AUC� 0.741).
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that TIAr500 combined with TIAr750 could serve as a
screening tool for lens dislocation.

1ere are several limitations to this study. First, not all
the cross-sectional images were analyzed, and the accuracy
may be affected to some extent. Second, the scleral spur and
angle recess required manual labeling. Although the in-
vestigator in this study had been well trained before the
study, bias may still exist. Finally, since our participants were
all from a single eye center, the generalization of our con-
clusion may be limited and further studies are needed.
However, the value of our study is in the use of advanced SS-
AS-OCT technology to evaluate the anterior segment
characteristics of CEL patients and investigate the possibility
of utilizing anterior angle parameters to differentiate and
diagnose ectopia lentis patients from healthy controls, which
could be a significant contribution to disease management.

In conclusion, the ACA of the contralateral side to the
dislocated lens in CEL patients was significantly narrower than
that of the healthy controls. We recommend that clinicians
remain attentive to these changes in values, and regular follow-
up is recommended for these patients. For the differential
diagnosis of ectopia lentis, TIAr500 combined with TIAr750
could serve as a screening tool in clinical practice.

Data Availability

1e data used to support the findings of this study are in-
cluded within the article.

Additional Points

What Was Known. (i) For eyes with ectopia lentis, the
dislocated lens can squeeze the anterior chamber angle and
even cause acute secondary angle closure, but little is known
about the anterior segment characteristics of CEL patients.
What +is Paper Adds. (i) 1e anterior chamber angle of the
contralateral side to the dislocated lens in congenital ectopia
lentis was significantly narrower than that of the healthy
controls. (ii) TIAr500 combined with TIAr750 could serve as
a screening tool in differential diagnosis of ectopia lentis
form healthy population.
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Purpose. To evaluate the main factors in�uencing visual performance after lens subluxation surgery in subjects with isolated MSP.
Design. Retrospective study.Methods. In this study, 38 eyes of subjects with isolated MSP (microspherophakia) were included and
divided into two groups based on preoperative IOP (intraocular pressure), IOP <21mmHg, or IOP ≧21mmHg. Phacoemul-
si�cation and scleral-�xated modi�ed capsular tension ring implantation were performed with or without goniosynechialysis
according to the IOP. Some ocular biometric parameters, such as corneal curvature, corneal pachymetry, endothelial cell count
(ECC), anterior chamber depth (ACD), and axial length, were evaluated. �e best-corrected visual acuity (BCVA) and IOP of
these subjects were measured before the surgery and during <1 month and 3- to 6-month postoperative follow-ups. Results.
Compared with the high IOP group, the normal IOP group was signi�cantly younger and had better preoperative BCVA, a higher
ECC, deeper ACD, a lower postoperative IOP, and �atter total corneal refractive power K1. �e multivariable analysis revealed
that preoperative ACD (b�−0.113, t�−2.070, P � 0.047) and preoperative BCVA (b� 0.153, t� 2.562, P � 0.015) were sig-
ni�cantly associated with postoperative BCVA at 3–6 months. A preoperative ACD of 1.86mm was found to be the optimal cut-
o¢ point for 3- to 6-month postoperative BCVA of ≧20/63 (≤0.52 logMAR). Conclusions. In addition to the e¢ect of normal IOP,
better preoperative BCVA and deeper ACD also correlated with better visual outcomes after lens surgery. Preoperative ACD
served as a warning for isolated MSP subjects, especially for the risk of irreversible loss of postoperative vision. �is trial is
registered with “ChiCTR2000039132.”

1. Introduction

Microspherophakia (MSP) is a relatively rare condition in
which the lens is smaller and more spherical than usual. �e
zonular �bers of MSP become weak and lack tension, which
directly leads to the emergence of small spherical crystals [1].
According to previous reports [2], approximately 33% of
subjects with MSP have incomplete dislocation and 9% have
complete dislocation of the lens, and 20% of these subjects
are blinded due to secondary glaucoma. During follow-up,

the blinding rate increases to 30% [2]. Due to the gradual
progressive relaxation of the zonular �bers and the severity
of damage to vision in MSP, the surgical e¢ect could be
various, which depends on the disease stages. �erefore, it is
ideal if lens surgery is performed before the occurrence of
secondary glaucoma to avoid irreversible damage caused by
high IOP (intraocular pressure) on the optic nerve.

According to existing case reports, the following bio-
logical parameters may have speci�c e¢ects onMSP. Because
the spherical lens leads to a decreased anterior chamber
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depth (ACD), the ACD of MSP ranges from 0.55 to 2.87mm
[3, 4]. ,e mean anteroposterior distance of the lenses
ranges from 4.06 to 6.75mm [4–7]. ,e axial length (AL)
varies from 21.5mm to 25mm, and keratometry varies
between 39.4D and 45.6D [5–8]. Muralidhar et al. [9] re-
ported that half ofMSP subjects had high IOP, and glaucoma
developed in 44.4% of the subjects’ eyes. ,erefore, these
may be used as specific biological parameters for evaluating
the pathological stage of MSP. However, there is no scientific
evidence describing the effectiveness of the biological pa-
rameters for assessing isolated MSP.

In our study, we compared how the biometric charac-
teristics of age, corneal curvature, endothelial cell count
(ECC), ACD, AL, preoperative and postoperative best-
corrected visual acuity (BCVA), and IOP affect the outcome
of surgery in isolatedMSP.,e influence of these factors and
postoperative BCVA on these associations was further ex-
plored. Moreover, the principal factors driving vision loss
distribution were also discussed. ,is study provides evi-
dence of the high-risk stage of isolated MSP in the clinic.

2. Methods

2.1. Subject Selection. ,is is a retrospective study. Isolated
MSP was diagnosed based on the methods of Chan RT [10].
,e inclusion criteria were as follows. (1) Diagnostic criteria:
bilateral involvement; lenticular myopia; after mydriasis, the
equatorial edge of the lens could be seen under slit lamp or
operating microscope; whole lens zonular fibers were found
to be sparse and lax by ultrasound biomicroscopy; and the
dislocation of lens can be seen in supine position. (2) ,e
surgeries were completed successfully. (3) ,ose who
completed the 1-month and 3–6-month follow-ups. Ex-
clusion criteria were as follows. (1) Lenses fell into the
anterior chamber or vitreous cavity. (2) History of ocular
trauma. (3) History of other ophthalmic surgery, such as
congenital cataract, retinal detachment, epiretinal mem-
brane, or antiglaucoma surgery. (4) ,ose with systemic
associations such as Marfan syndrome, Alport syndrome,
homocysteinuria, Weill–Marchesani syndrome, etc. (5)
Follow-ups were not completed, or IOP and BCVA data
were missing.

Isolated MSP treated between July 2018 and February
2021 in the Eye and ENT Hospital of Fudan University were
involved in the study; we enrolled 24 subjects (38 eyes). ,e
subjects were divided into high IOP group and normal IOP
group according to whether the initially diagnosed IOP was
greater than 21mmHg. Written informed consent was ob-
tained from all participants or guardians of children. ,e
study was approved by the Human Research Ethics Com-
mittee of the Eye and ENTHospital of Fudan University and
adhered to the tenets of the Declaration of Helsinki
(ChiCTR2000039132).

2.2. Measurement of Ocular Biometric Parameters. ,e
biometric parameters were collected before surgery. We
measured the anterior corneal curvature (mean keratometry,
Km), ACD, and AL by partial coherence interferometry

(IOLMaster 500 & 700, Carl Zeiss Meditec AG, Jena, Ger-
many). ,e corneal pachymetry, anterior and posterior
corneal curvature, and total corneal refractive power (TCRP)
were assessed by rotating Scheimpflug camera (Pentacam,
Oculus Optikgeräte GmbH, Wetzlar, Germany). During the
postoperative visits at <1 and 3–6 months, BCVA was
measured by the same experienced ophthalmologist with a
comprehensive refractometer (NIDEKARK 510, Japan).,e
noncontact tonometer (CT-80, Topcon Medical Systems,
Japan) was used to measure the IOP. ,e logarithm of the
minimum angle of resolution (logMAR) was used to de-
scribe BCVA. ,e data for all subjects were the average of
measurements taken three times.

2.3. Surgical Technique. All surgeries of phacoemulsification
(Phaco), goniosynechialysis, scleral-fixated modified cap-
sular tension ring (MCTR) implantation, and sutured scleral
fixation of an intraocular lens (IOL) were performed by an
experienced doctor (Dr. YX Jiang) [11]. A 2.6mm superior
corneal incision was made after general anesthesia. A
continuous curvilinear capsulorhexis (CCC) of 4.0–5.0mm
was applied manually. ,e capsular bag was suspended and
fixed with four capsular hooks (CapsuleCare, Med Devices
Lifesciences, India). In adult subjects, the stop and chop
technique was performed to deal with nuclei over grade
three. In children, the lens material was removed with a
phacoemulsifer (Alcon Laboratories Inc, USA) using irri-
gation/aspiration under a low vacuum with a reduced bottle
height of 65 cm. ,e MCTR (Morcher GmbH, Germany)
was then sutured to the sclera 1.5–2mm behind the limbus
with 9-0 polypropylene (MANI Inc. Japan) using a modified
knot-free z-suture technique. After removal of the capsular
hooks, an IOL was delivered into the capsular bag. In the
high IOP group, if the ACD <1.50mm, it was too shallow to
operate, and limited centric anterior vitrectomy was per-
formed via the pars plana to decrease vitreous pressure,
facilitating the injection of viscoelastic agent into the an-
terior chamber to deepen the anterior chamber at the be-
ginning of the surgery. ,e peripheral part of the iris was
pulled towards the center and back 360° with capsulorhexis
forceps, and the adhesions of the angle were separated twice.
,en, the viscoelastic agent was used to separate the anterior
chamber angle again at 360°. If there was vitreous leakage
into the anterior chamber, anterior vitrectomy was required.
In the case of incomplete CCC and rupture of the posterior
capsule, an IOL was fixed to the sclera with 9-0 polypro-
pylene using the modified knotless z-suture technique [12].
,e surgery flow chart for the subjects is shown in Figure 1.
In the first week after the surgery, the subjects were treated
with sodium hyaluronate, praprofen, and ofloxacin eye
drops and prednisone acetate ophthalmic suspension 1%
four times a day.,e frequency was changed to three times a
day in the 2nd week and reduced to two times a day in the
3rd week, and we continued to use this frequency for 1
month.

2.4. Statistical Analysis. Statistical analyses were performed
with SPSS version 23.0 software (IBM Corp. Armonk, NY,
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USA). A Kolmogorov–Smirnov test of normality was per-
formed for all variables. Absolute frequency (n) and relative
frequency (%) were used to describe categorical variables.
,e statistical results for the continuous variables included
the mean± standard deviation (SD) and median P50 (P25,
P75) according to the normality of the data. ,e Student’ s t-
test and Wilcoxon rank-sum test (Mann–Whitney U-test)
were used, as appropriate, to compare continuous data. ,e
Chi-square test and Fisher’s test were used to compare
categorical variables. Univariate linear regression analysis
was used to evaluate correlations between ocular biometric
parameters and postoperative BCVA. Multivariable linear
regression analysis was performed to identify the predictors
of postoperative BCVA at 3–6 months. ,e receiver oper-
ating characteristic (ROC) curve was used to evaluate the
high-risk values of the preoperative ACD and preoperative
BCVA. A P value of <0.05 was considered significant.

3. Results

3.1. Preoperative Characteristics of All Subjects. ,is study
included 38 eyes from 24 isolated MSP subjects treated
between July 2018 and February 2021 at the Eye & ENT
Hospital of Fudan University. ,e mean subjects age was
27± 19.24 years. ,e basic preoperative parameters of these
eyes are shown in Table 1.

3.2. Surgical Outcomes. Scleral suture fixation IOL surgery
was performed in 10 eyes and MCTR implantation in 28
eyes. ,e mean BCVAs (logMAR) of the 38 eyes with MSP
were 1.22± 1.0 (preoperative), 0.46± 0.49 (1 month), and
0.39± 0.33 (3–6 months). ,e mean IOPs (mmHg) were
20.2± 9.8 (preoperative), 15.62± 5.46 (1 month), and
16.92± 4.65 (3–6 months). ,e preoperative vs.

postoperative differences in BCVA and IOP were statistically
significant (P< 0.05). ,ere was an improvement in BCVA
and a reduction in IOP at 1-month and 3–6-month follow-
ups compared with the preoperative measurements, but no
significant differences between the 1-month follow-up and
3–6-month follow-up were observed (P � 0.102).,e results
are shown in Figure 2.

3.3. Postoperative Complications. Posterior capsular opaci-
fication (PCO) was found in five eyes at follow-up.When the
IOP was 21–30mmHg (five eyes) after the surgery, one
antiglaucoma eye drop was added to reduce the IOP. When
the IOP was 30–40mmHg (three eyes), two drugs were used.

Isolated microspherophakia
(N=38)

High intraocular pressure (IOP ≧ 21mmHg)
group (N=15)

Normal intraocular pressure (IOP < 21mmHg)
group (N=23)

Unplanned CCC tear or
posterior capsule rupture

Phaco+ Scleral fixated IOL
(N=4)

or Phaco + Scleral fixated
IOL +Anterior vitrectomy

(N=2)

Phaco + MCTR +
IOL (N=15)

Phaco + MCTR + IOL
+ Goniosynechialysis

(N=10)

Phaco + Scleral
fixated IOL +

Goniosynechialsis

Unplanned CCC tear or posterior capsule rupture

Limited centric anterior vitrectomy to
deepen anterior chamber

Inoperable anterior chamber
depth (N=3)

Operable anterior chamber depth
(N=12)

Phaco + MCTR +
IOL +

Goniosynechialsis
(N=1)

Figure 1: Subjects’ surgery flow chart. IOP: intraocular pressure; phaco: phacoemulsification; CCC: continuous curvilinear capsulorhexis;
MCTR: modified capsular tension rings; IOL: intraocular lens.

Table 1: Baseline characteristics of total subjects.

Total
Subjects/eyes 24/38
Sex (female :male) 14 (58.33%) :10 (41.67%)
Eyes (right : left) 18 (47.37%) : 20 (52.63%)
Age (years) 27± 19.24 (4∼60)
Preoperative BCVA (logMAR) 1.22± 1.00 (0.22∼4)
Preoperative IOP (mmHg) 20.21± 9.81 (9.0∼53.5)
High IOP/normal IOP 15 (39.47%) : 23 (60.53%)
Central ECC (cells/mm2) 2733.861± 475.9466 (1468∼3818)
Corneal pachymetry (μm) 546.39± 46.39 (463∼622)
Preoperative AL (mm) 24.82± 2.22 (21.99∼30.14)
Preoperative SimK (D) 42.78± 1.99 (29.4∼47.4)
Preoperative TRCP Km (D) 43.04± 1.86 (39.2∼46.2)
Preoperative ACDext (mm) 2.76± 0.87 (1.01∼4.62)
B/F ratio 78.72± 16.28 (77.4∼85.7)
BCVA: best-corrected visual acuity; IOP: intraocular pressure; ECC: en-
dothelial cell count; WTW: white to white; AL: axial length; km: mean
keratometry; TCRP: total corneal refractive power; ACD: anterior chamber
depth; B/F ratio: mean radius of the posterior corneal surface/mean radius
of the anterior corneal surface ratio; SD: standard deviation.
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After the IOP reached a normal value, the drugs were
gradually reduced. In the process of drug reduction, changes
in the IOP were monitored. During the 3–6-month follow-
up, six eyes still needed antiglaucoma drugs to control IOP.
,ere was no endophthalmitis, retinal detachment, or dis-
location of the IOL by the end of follow-up.

3.4. Differences between High IOP and Normal IOP Groups.
,e eyes were divided into two groups according to IOP.,e
normal IOP group was allocated based on a preoperative
IOP of <21mmHg without any IOP-lowering drugs and
glaucoma surgery. ,e other subjects were entered into the
high IOP group.,ere were 23 eyes in the normal IOP group
and 15 eyes in the high IOP group. Differences between the
two groups are summarized in Table 2. ,ere were signif-
icant differences in age, preoperative BCVA, preoperative
IOP, ECC, preoperative ACD, and preoperative TCRP K1.
During the follow-up at 3–6 months, there were significant
differences in postoperative IOP between the two groups.

3.5. Univariate andMultivariable Analyses of Various Factors
Associated with Postoperative BCVA at 3–6 Months.
Univariate analysis of various factors (Table 3) associated
with postoperative BCVA at 3–6 months revealed that
preoperative BCVA, preoperative and postoperative IOP at
3–6 months, and preoperative ACD were significantly as-
sociated with postoperative BCVA. In the multivariable
analysis (Table 4), preoperative BCVA and preoperative
ACD were the variables significantly associated with the
3–6-month postoperative BCVA.

3.6. @e Relationship between Preoperative ACD and 3–6-
Month Postoperative BCVA ≧20/63 (0.52 LogMAR). ,e
ROC curve was analyzed to consider the potential risk values

for preoperative ACD that resulted in a 3–6-month post-
operative BCVA of ≧20/63 (≤0.52 LogMAR), as shown in
Figure 3. ,e area under the curve was 0.807. ,e value of
preoperative ACD at 1.86mm was found to be the optimal
cut-off point for a 3–6-month postoperative BCVA of ≧20/
63 (≤0.52 logMAR). ,e preoperative ACD presented a
sensitivity of 93.8% and a specificity of 66.7% (P � 0.018).

4. Discussion

Subjects with MSP usually have poor vision and compli-
cations such as high refractive myopia, lens subluxation,
glaucoma, corneal decompensation, and retinal detachment
[9, 10].,e severity of the MSP determines the differences in
postoperative visual function and prognosis of these subjects
[9]. ,erefore, this paper mainly discusses the application of
MCTR in MSP and the factors affecting visual performance
after surgery.

Due to the particularity of lens morphology and the
complexity of the complications, the treatment methods
used for MSP are variable [4, 13–15]. ,e abnormal lens
should be removed surgically [13]. Lensectomy, anterior
vitrectomy, and glaucoma surgery are common choices for
managing secondary glaucoma in MSP [16]. However, the
former surgical method tends to have more postoperative
complications [17]. In Jarrete’s study [17], including 166
dislocation lens cases, lens extraction was done in 114 eyes in
the series. Vitreous was lost in 47 (41%) at surgery, and 12
retina detachments (11%) occurred following extraction of
the dislocated lens. With the rapid development of phaco-
emulsification and lens capsule stabilizing devices, posterior
chamber (PC) IOLs are also implanted with capsular tension
rings (CTR) or capsular tension segments (CTS) [18]. ,e
postoperative visual acuity recovered better, and the inci-
dence of postoperative complications decreased. Yang et al.
[4] did a 3-year research including 19 subjects with
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Figure 2: BCVA: best-corrected visual acuity; IOP: intraocular pressure. (a) Changes of BCVA in all subjects. (b) Changes of IOP in all
subjects. ∗P< 0.05; ∗∗P< 0.01; ∗∗∗P< 0.001.
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microspherophakia and glaucoma, 7 eyes underwent
phacoemulsification and CTR, whereas 17 eyes underwent
lensectomy with scleral-fixated posterior chamber (PC) IOL

implantation. ,e postoperative BCVA increased from
0.79± 0.36 to 0.44± 0.38 (logMAR) in the CTR group and
from 1.15± 0.75 to 0.43± 0.38 (logMAR) in the lensectomy

Table 3: Univariate analysis of factors associated with postoperative BCVA at 3–6 months.

Various factors Beta coefficient (95% CI) t value P value
Age (years) −0.005 (−0.01, 0.001) −1.755 0.088
Preoperative BCVA (logMAR) 0.204 (0.115, 0.292) 4.650 <0.001∗∗∗
Preoperative IOP (mmHg) 0.019 (0.009, 0.029) 3.883 <0.001∗∗∗
Central ECC (cells/mm2) 0.000 (0.000, 0.000) −1.474 0.015∗
Corneal pachymetry (μm) 0.001 (−0.001, 0.004) 1.085 0.285
Preoperative ACD (mm) −0.229 (−0.346, −0.113) −4.021 <0.001∗∗∗
Preoperative AL (mm) 0.188 (−0.022, 0.078) 1.150 0.258
Preoperative km (D) −0.035 (−0.091, 0.020) −1.294 0.204
Preoperative TCRP Km (D) −0.249 (−1.106, 0.014) −1.542 0.132
B/F ratio −0.004 (−0.053, 0.051) −0.026 0.979
MCTR implantation/suture-fixated IOL −0.190 (−0.434, 0.054) −1.581 0.123
PCO −0.081 (−0.409, 0.247) −0.501 0.619
Postoperative IOP (mmHg) ≤1 month 0.254 (−0.010, 0.044) 1.315 0.200
Postoperative IOP (mmHg) 3–6 months 0.397 (0.006, 0.053) 2.561 0.015∗

CI: confidence interval; BCVA: best-corrected visual acuity; IOP: intraocular pressure; ECC: endothelial cell count; ACD: anterior chamber depth; AL: axial
length; km: mean keratometry; TCRP: total corneal refractive power; B/F ratio: mean radius of the posterior corneal surface/mean radius of the anterior
corneal surface ratio; MCTR: modified capsular tension ring; IOL: intraocular lens; PCO: posterior capsular opacification. ∗: P< 0.05; ∗∗: P< 0.01; ∗∗∗:
P< 0.001.

Table 4: Multivariate analysis of factors associated with postoperative BCVA at 3–6 months.

Various factors Beta coefficient (95% CI) (N� 38) T value P value
Preoperative BCVA (logMAR) 0.153 (0.031, 0.275) 2.562 0.015∗
High/normal IOP −0.093 (−0.376, 0.191) −0.665 0.511
Preoperative ACD (mm) −0.113 (−0.225, 0.002) −2.070 0.047∗
Postoperative IOP (mmHg) 3–6 months 0.018 (0.008, 0.044) 1.436 0.161
TCI: confidence interval; BCVA: best-corrected visual acuity; IOP: intraocular pressure; high IOP: preoperative IOP ≧21mmHg; normal IOP: preoperative
IOP <21mmHg; ACD: anterior chamber depth. ∗: P< 0.05; ∗∗: P< 0.01; ∗∗∗ : P< 0.001.

Table 2: Differences of high IOP group and normal IOP group.

Characteristics Normal IOP group High IOP group P value
Sex (female/male) 13 (56.52%)/10 (43.48%) 6 (40.0%)/9 (60.0%) 0.254
Eyes (right/left) 12 (52.17%)/11 (47.83%) 5 (33.33%)/10 (66.67%) 0.254
Age (years) 21.65± 19.90 (4∼60) 35.2± 15.38 (15∼59) 0.032∗
Preoperative BCVA (logMAR) 0.7± 0.51 (0.22∼2.70) 2.02± 1.06 (0.5∼4.0) <0.001∗
Preoperative IOP (mmHg) 15.33± 2.5 (11.0∼20.7) 27.36± 12.07 (9∼53.5) <0.001∗
Central ECC (cells/mm2) 2969.0± 413.06 (2248∼3818) 2404.67± 351.47 (1468∼2776) <0.001∗
Corneal pachymetry (μm) 541.26± 46.50 (503∼612) 554.267± 38.3210 (526∼605) 0.374
Preoperative AL (mm) 24.84± 2.07 (22.0∼28.24) 24.84± 2.52 (21.99∼30.14) 0.995
Preoperative ACD (mm) 3.12± 0.77 (1.51∼4.80) 2.31± 0.81 (1.05∼3.65) 0.006∗
Preoperative KI (D) 41.44± 6.74 (39.89∼48.49) 43.65± 1.71 (40.53∼46.40) 0.255
Preoperative K2 (D) 44.01± 2.29 (41.01∼48.84) 44.61± 1.7 (42.29∼46.96) 0.413
Preoperative SimK (D) 42.30± 1.94 (39.4∼47.4) 43.53± 1.88 (40.5∼46.4) 0.060
Preoperative TCRP K1 (D) 41.81± 1.69 (39.2∼45.5) 43.26± 1.92 (41.1∼46.2) 0.019∗
Preoperative TCRP K2 (D) 43.33± 2.05 (40.4∼47.3) 44.28± 1.65 (41.8∼46.4) 0.141
Preoperative TCRP Km (D) 42.58± 1.81 (40.2∼46.1) 43.75± 1.75 (41.1∼46.0) 0.055
B/F ratio 82.59± 2.53 (77.4∼85.7) 82.27± 1.60 (78.8∼84.9) 0.682
Postoperative IOP (mmHg) <1 month 13.91± 3.81 (10.1∼19.0) 18.07± 6.43 (10.5∼31.0) 0.059
Postoperative BCVA (logMAR) <1 month 0.33± 0.18 (0.04∼0.69) 0.65± 0.75 (0∼3) 0.193
Postoperative IOP (mmHg) (3–6 months) 13.64± 2.97 (10.6∼22.5) 19.59± 4.13 (14.0∼29.1) <0.001∗
Postoperative BCVA (logMAR) (3–6 months) 0.26± 0.13 (0∼0.52) 0.53± 0.47 (0.04∼1.39) 0.124
BCVA: best-corrected visual acuity; IOP: intraocular pressure; ECC: endothelial cell count; WTW: white to white; AL: axial length; Km: mean keratometry;
TCRP: total corneal refractive power; ACD: anterior chamber depth; B/F ratio: mean radius of the posterior corneal surface/mean radius of the anterior
corneal surface ratio.
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group at the 3-year follow-up. Six eyes (85.7%) in the CTR
group developed different degrees of posterior capsular
opacity. However, the follow-up of other complications was
not reported.

MCTR has also been recognized as providing a fixed
support for capsular bags with zonular dialysis [14]. Cionni
et al. [19] reported a postoperative BCVA of 20/40 or better in
88.9% of subjects with congenital loss of zonular support by
phacoemulsification with MCTR implantation, while the
mean follow-up was 14.6 months (range 2 to 32 months).,e
incidence of retinal detachment (1%), mild persistent iritis
(3.3%), and suture spontaneously broke (10.0%) was low.

With the support of the MCTR, capsular hooks [20, 21],
and other new technology, our lens surgery of choice for
isolated MSP has changed from lens extraction, which has
more complications, to phacoemulsification and MCTR
implantation, with fewer complications. In this study, we
used MCTR implantation (28 eyes, 73.7%) and IOL scleral
interlaminar surgery (10 eyes, 26.3%). Goniosynechialysis
was carried out for subjects with high IOP. In our study
group, 78.9% of subjects at 3- to 6-month follow-up achieved
a vision of 0.48 logMAR or better, compared with 61.1% of
subjects in previous studies in which lensectomy was done
by the limbal route or by pars plana, while the mean follow-
up was 8.55± 3.98 years [9]. ,e preoperative vs. postop-
erative differences in BCVA and IOP were statistically
significant.

,e findings suggest these surgical methods were ef-
fective. One month after the surgery, the visual performance
of all eyes was significantly improved, and the improvement
tended to be stable at 3- to 6-month follow-up. Compared
with previous studies [17, 19], our surgery also had small
probabilist intraocular complications. ,us, the surgical

procedure appeared safe over the short-term observation
period.

Which factors are the main influences on visual per-
formance in isolated MSP still needs to be determined. We
further explored certain parameters; the surgical method;
the occurrence of PCO which would affect the postoperative
BCVA. As a result, the surgical method and PCO might not
be a key index for determining the postoperative visual
outcome.

In our study, 39.5% (15/38) of subjects with isolatedMSP
had a high IOP, which is comparable to 44% of subjects with
MSP seen in previous studies [9]. Due to abnormal relax-
ation of the lens zonular fibers in MSP [22], lens dislocation
or subluxation may occur, and the small lens is often dis-
placed towards the anterior chamber, which may lead to
shallowing of the ACD and the loss of corneal endothelial
cells [23]. When the iris contacts the anterior surface of the
lens repeatedly over a long time period, it causes repeated
pupil block, resulting in the closure of angle adhesion and
finally the formation of chronic angle-closure glaucoma
[24]. ,is process occurs repeatedly and leads to continuous
glaucoma development. Compared with the high IOP group,
the normal IOP subjects were younger and had better
preoperative BCVA, a higher ECC, a greater anterior
chamber depth, lower postoperative IOP, and flatter TCRP
K1. ,erefore, these biological parameters should be im-
portant and meaningful in subjects with high IOP. During
the 3- to 6-month follow-up period, six eyes still needed to
be treated with two to three hypotensive drugs to maintain
the IOP below 21mmHg. ,erefore, the alteration of the
structure and function of the trabecular meshwork caused by
the spherical lens was partly irreversible, suggesting that
surgery should be performed before excessive goniosy-
nechia. However, there was no significant linear correlation
between the high/normal IOP group and postoperative
BCVA. As a result, finding more sensitive and specific in-
dicators to predict postoperative BCVA would be beneficial.

In this study, univariable and multivariable linear re-
gression of various factors revealed that the preoperative
ACD and BCVA were significantly associated with post-
operative BCVA at 3–6 months, which suggested subjects
with deeper ACD and better preoperative BCVA could
achieve a better postoperative visual outcome. ,e ACD
and BCVAmeasurements are easy to obtain on ophthalmic
examination. ,e disadvantage of BCVA is that it is
considered to be a subjective index, and crystal astigma-
tism, corneal astigmatism, and refractive amblyopia might
also affect the results of optometry. ,erefore, we did not
take preoperative BCVA to be an evaluation parameter. On
the other hand, preoperative ACD is an objective indicator
that is measured directly by partial coherence interfer-
ometry, and it has good practicability and operability in the
clinic. ,e results of the study showed that ACD can reflect
the severity of the spherical lens and predict postoperative
visual outcomes. We used a visual outcome of less than 20/
63 as the diagnostic value because the diagnostic criterion
of low vision is 20/63 according to the World Health
Organization (WHO) criteria [25]. A preoperative ACD of
1.86mm was the optimal cut-off point for poor
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Figure 3: ROC curve for preoperative ACD in relation to the
postoperative BCVA at 3–6 months. ROC: receiver operating
characteristic; ACD: anterior chamber depth; BCVA: best-cor-
rected visual acuity.
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postoperative vision. ,is result reminded us that we
should not only pay attention to the IOP of isolated MSP
but also closely monitor the preoperative ACD, and sur-
gical measures should be performed in time to avoid the
occurrence of poor vision.

,ere were some limitations to this study. Firstly, only 24
subjects were enrolled; therefore, the sample size was rather
small. Secondly, some of the follow-up periods were rather
short and variable due to the COVID-19 pandemic in 2020.
,erefore, the final follow-up results from 3 to 6 months
after surgery were selected, instead of more exact time
points, for the endpoint analysis.,irdly, our findings might
be biased because of the retrospective methodology and the
lack of a control group for comparison.

In conclusion, phacoemulsification and scleral-fixated
MCTR implantation for isolated MSP subjects was safe and
effective in the short term. During the follow-up of isolated
MSP, we also need to pay attention to changes in the BCVA
and ACD in addition to the IOP. ,e critical value for the
preoperative ACD could be used as a feasible reference to
avoid the occurrence of low visual ability after the surgery. In
future studies, it will be important to extend the follow-up
time to observe the long-term complications of these sur-
gical methods and the subsequent changes in BCVA and
IOP.
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Purpose. To evaluate the performance of corneal epithelial thickness mapping (ETM) and demonstrate simultaneous mea-
surement of ETMs and corneal topography using REVO NX (Optopol Technology, Zawiercie, Poland)—an OCT device for
anterior and posterior segment imaging.Methods. One hundred thirty-seven eyes of 137 normal subjects and patients with corneal
diseases were recruited to the study. Each subject was scanned with REVO NX. ETMs and corneal topography maps were
reconstructed from a single measurement. Corneal topography was also carried out using Pentacam (Oculus, Wetzlar, Germany).
One hundred twenty-eight eyes were quali�ed for the �nal analysis. Forty healthy eyes were used to evaluate the performance of
ETM, and 88 eyes were used to compare ETMs and corneal topography. �e repeatability and reproducibility of ETMs in healthy
subjects were assessed on the basis of 17 spatial zones derived from an 8-mm diameter corneal scan using within-subject standard
deviation, test-retest repeatability, within-subject coe�cient of variation (CoV), and intraclass correlation coe�cient (ICC).
Results. �e ICC for both repeatability and reproducibility of ETMs for the central sector was 0.95. �e ICC value for the other
sectors was only moderately lower. However, the CoV for repeatability (≤1.55%) was slightly higher than the value reported for the
RTVue device (Optovue, Inc, Fremont, California, USA), for which a CoV in the central zone of 1.07%was reported in unoperated
eyes. �e superior quadrants were found to be the thinnest while the inferior ones were the thickest. ETMs and topography maps
created from a single OCTmeasurement present a complementary image of the cornea. Conclusions. ETMs obtained using REVO
NX show high levels of repeatability and reproducibility in normal eyes. Because the topographic and epithelial thickness analyses
are performed using the same data, which means they are based on the exact same 3D corneal model, they do not require
reciprocal centration and map matching. �is ensures a complete point-to-point correlation between ETMs and corneal to-
pography maps, which paints a fuller picture of a given pathology.

1. Introduction

Accurate corneal imaging is critical for both diagnosis and
e¦ective management and treatment of patients with ocular
surface diseases. As new diagnostic imaging modalities
become more detailed and treatments for many eye diseases
become more sophisticated, the ability to obtain a more
complete picture of a condition through multimodal im-
aging becomes particularly important. In recent years, with
the popularization of spectral domain optical coherence
tomography (OCT), we have gained the ability to routinely
perform corneal epithelial thickness mapping (ETM) in

daily clinical practice, in addition to the classic OCT visu-
alization of the corneal structure and corneal curvature and
power in topography.�e �rst commercially available device
capable of creating ETMs was the RTVue 100 (Optovue Inc.,
Fremont, California, USA). �e device demonstrated ex-
cellent repeatability of corneal epithelial thickness mea-
surements in normal as well as in keratoconus (KCN) eyes,
dry eye patients, and postlaser-assisted in situ keratomileusis
eyes [1–4]. ETMs were also shown to be helpful in di¦er-
entiation KCN from contact lens warpage in patients with
abnormal topography [5]. �e RTVue, however, did not
have the capacity to perform corneal topography, which

Hindawi
Journal of Ophthalmology
Volume 2022, Article ID 7339306, 12 pages
https://doi.org/10.1155/2022/7339306

mailto:sikorski@doctors.org.uk
https://orcid.org/0000-0001-5357-9560
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/7339306


could be correlated with an ETM to obtain a more complete
picture of the pathology. +e latest version of the device,
Avanti (Optovue Inc., Fremont, California, USA), does not
offer this possibility either. In order to compare ETMs with
corneal topography, one needs to use data from other di-
agnostic devices, which brings the risk of nonideal spatial
and temporal correlation of examinations. Recently, a novel
stand-alone anterior segment OCT device, which provides
the ability to perform imaging of the anterior segment and
obtain ETMs combined with placido disc corneal topog-
raphy, has been introduced into clinical practice (MS-39,
CSO, Firenze, Italy) [6]. It delivers high repeatability of ETM
measurements in healthy and KCN eyes [7]. However, as
mentioned earlier, the device does not use the OCT tech-
nique to create corneal topography maps and thus also uses
different data than those used to plot ETMs. Anterior
segment-only OCTs using swept-source (SS-OCT) tech-
nology, such as the Casia 2 (Tomey Corporation, Nagoya,
Japan) and Anterion (Heidelberg Engineering GmbH,
Heidelberg, Germany) devices, are also commercially
available for corneal topography. However, they have not
released their ETM capabilities that are currently under
clinical trials. +is function is present only in its investi-
gational software version and has not been released com-
mercially [8].

+e first device to offer full commercial corneal to-
pography and ETMs derived from an OCT examination is
REVO NX (Optopol Technology, Zawiercie, Poland). +e
device also gives the possibility to create topographic maps
and ETMs from one data set obtained in a single mea-
surement. +e goal of this study is to evaluate the perfor-
mance of ETMs and to demonstrate the implementation of
ETM measurement with a simultaneous registration of
corneal topography in the REVO NX device.

2. Methods

2.1. Subjects. +e study was conducted from May 2020 to
June 2021 and included 137 subjects (mean age: 41.4± 14.5
years; 65 females). Subjects showing no changes in the
corneal structure in an examination using a slit lamp as well
as patients with corneal diseases were qualified for the study.
A complete ocular assessment was performed. All patients
were examined using REVO NX (Optopol Technology S.A,
Zawiercie, Poland) with the topography OCT (T-OCT)
module with an add-on anterior adapter (software version
9.5). Topography maps and ETMs were produced using the
topography protocol, which is a modified 8-mm anterior
radial scanning protocol. During the examination, the center
of the pupil was positioned at the center of the measurement
window to keep the central reflection centered in both the
horizontal and vertical preview windows of the tomogram.
Participants were asked to blink to enable corneal tear film
coverage before measurements and to concentrate on the
fixation target during the scan and open the eye widely. Each
measurement was checked for quality. If it did not meet the
manufacturer’s recommended total quality factor (TQF)
value, the test was rejected and a new measurement was
performed. +e procedure was repeated up to three times. If

the quality of all measurements was not good enough, the
eye was excluded from the analysis. Topography maps were
also made for all patients using Pentacam AXL (Oculus,
Wetzlar, Germany). Like in the case of REVO NX, the
measurement was also repeated three times, if it did notmeet
the quality criteria. Maps of good quality were obtained on
both devices in 88 of 97 subjects (the most common reason
for examination rejection was lack of stable fixation or
dropping eyelid). +is included 32 healthy eyes (mean an-
terior K1, K2, and cylinder for REVO NX were
42.71± 1.05D, 43.95± 1.30D, and 1.20± 0.99D, respec-
tively; mean anterior K1, K2, and cylinder for Pentacam
were 42.77± 0.99D, 44.07± 1.35D, and 1.31± 1.05D, re-
spectively; mean posterior K1, K2, and cylinder for REVO
NX were −6.02± 0.27, −6.37± 0.33, and 0.35± 0.19, re-
spectively; and mean posterior K1, K2, and cylinder for
Pentacam were −6.10± 0.20, −6.47± 0.30, 0.39± 0.18, re-
spectively) and 56 eyes with corneal pathologies (mean
anterior K1, K2, and cylinder for REVO NX were
44.36± 5.61D, 47.34± 7.51D, and 3.00± 2.96D, respec-
tively; mean anterior K1, K2, and cylinder for Pentacam
were 44.25± 5.58D, 47.55± 7.79D, and 3.29± 3.52D, re-
spectively; mean posterior K1, K2, and cylinder for REVO
NX were −5.99± 0.92, −6.90± 1.35, and 0.93± 0.69, re-
spectively; and mean posterior K1, K2, and cylinder for
Pentacam were −6.19± 1.27, −6.81± 1.61, and 0.63± 0.63,
respectively). Additionally, 40 healthy eyes (40 healthy
volunteers, mean age 35.7± 8.38 years) were examined only
with REVO NX in order to determine intraobserver re-
peatability and interobserver reproducibility of ETMs. Eight
of these subjects had astigmatism <0.5D, 16 subjects had
astigmatism in the range of 0.5–1.0D, and 16 subjects had
astigmatism exceeding 1D. Mean K1 and K2 [D] were
43.26± 0.99 and 44.46± 1.73, respectively. +e values of K1
and K2 [mm] were 7.8± 0.18 and 7.6± 0.28, respectively.+e
cylinder [D] value was 1.2± 1.24 (with a range of: 0.2–7.6).
+e respective values of Min K [D] and Avg K [D] were
44.58± 1.76 and 43.85± 1.25 (with a range of 42.56–47.80).
+e respective values of Min K [D] and Avg K [D] were
7.58± 0.27 and 7.70± 0.20 (with a range of 7.06–7.93). Each
measurement was taken three times by 2 operators in a
random order, under ambient lighting conditions. Following
each measurement, the subject head was repositioned on the
chin rest and the REVO NX device was realigned. +e study
protocol was in accordance with the Declaration of Helsinki.
+e Institutional Ethics Committee approval was granted,
and informed consent was obtained from all participants.

2.2. Creation of Topography Maps and ETMs. Topography
maps and ETMs were reconstructed using REVO NX with
the anterior adapter. It is an OCT device dedicated to
posterior as well as anterior segment imaging, with the
ability to analyze corneal curvature and a built-in optical
biometry module using the split-window OCTmethod [9].
+e device has the following technical parameters: the LED
light source with central wavelengths of 830 nm, a scanning
speed of 110 000 A-scan/sec, a scan depth window of
2.43mm, a maximum anterior scan width of 16mm, an axial
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resolution of 5 μm (digital∼2,5 μm), and the transverse
resolution of 18 μm.

Topography maps and ETMs were produced using the
topography protocol, which is a modified anterior radial
scanning protocol. It consists of 16 evenly spaced meridian
B-scans (8mm in length each). Every B-scan consists of 1024
A-scans. +e examination time is 0.17 sec. After collecting
the data, the algorithm automatically recognizes the B-scans’
3 boundaries defining the edges of corneal layers: air and
corneal boundary, the posterior epithelium boundary, and
the posterior endothelium boundary, which makes it pos-
sible to create a thickness map of the whole cornea, epi-
thelium, and stroma. +e posterior border of the epithelium
is detected as the border of the epithelium and the Bowman
membrane. In the absence of the Bowman membrane, for
example, in patients who have undergone photorefractive
keratectomy, the posterior border is defined as the border of
the corneal epithelium and stroma. Once the layers are
recognized, the system dewarps the collected tomograms to
reconstruct the actual shape and profile of the anterior and
posterior corneal surfaces. Next, a 3D model of the corneal
surface is created on the basis of the B-scans and the
identified layers. +e reconstructed corneal profile un-
dergoes a qualitative assessment expressed as a summary
TQF that determines whether the operator can trust the
measurement. +e TQF is based on the values of the fol-
lowing individual factors: the quality index, which is based
on the signal-to-noise ratio of all tomograms, and the
correlation index, which describes the quality of the to-
mogram correlation and the analyzed area index that in-
dicates the percentage of the recognized area for anterior and
posterior surfaces of the cornea. Metrics describing corneal
curvature, topographymaps, and ETMs are not displayed for
scans with poor quality or with motion artifacts that cannot
be compensated. +e software also detects imaging artifacts
and displays adequate warnings whenever on 3 consecutive
scans. +e system detects areas where there is no continuous
corneal structure and the corneal layers cannot be recog-
nized. +is makes it easy to recognize artifacts caused by a
closed eyelid, a ghost signal from the iris, a lack of signal due
to long eyelashes, or a weak signal due to corneal opacity. If
the quality of data is insufficient for analysis, the system does
not display the data or marks the area as interpolated with a
texture of different transparency. +e corneal vertex is de-
termined on the 3Dmodel, which is followed by the creation
of 16 maps describing the curvature and thickness of the
cornea in relation to the vertex (Figure 1). +e maps include
the following: Axial map [Anterior], Axial map [Posterior],
Tangential map [Anterior], Tangential map [Posterior],
Refractive Power map [Anterior], Refractive Power map
[Posterior], Refractive Power map [Kerato], Refractive
Power map [Total], Net map, Axial True Net, Equivalent
Keratometer map, Elevation map [Anterior], Elevation Map
[Posterior], Height map, and Pachymetry map. An ETM is
also created on the basis of the same data and the 3D model
of the cornea. Quantitative data for topography maps are
displayed in 3 zones, i.e., 3mm, 5mm, and 7mm. Also, the
simulated keratometry value (Sim K) is calculated for the
anterior and posterior corneal surfaces, and real power is

calculated according to the thick lens formula. ETMs display
an averaged epithelial thickness across 17 sectors. Around
the central sector with the diameter of 2mm, the following
paracentral sectors are found: Superior, Superior-temporal,
Temporal, Inferior-temporal, Inferior, Inferior-nasal, Nasal,
and Superior-nasal. Outwards from these, there are the
following sectors: Superior_Out, Superior-temporal_Out,
Temporal_Out, Inferior-temporal_Out, Inferior_Out, Infe-
rior-nasal_Out, Nasal_Out, or Superior-nasal_Out. +e
limits of the zones outside the central 2-mm sector are
2–5mm and 5–7mm, respectively.

2.3. Statistical Analysis. Statistical analysis was performed
using Statistica 13.1 software (Dell Inc., USA). To determine
the intraobserver repeatability and interobserver repro-
ducibility of the REVO ETMs, the within-subject standard
deviation (Sw), test-retest repeatability (TRT), coefficient of
variation (CoV), and intraclass correlation coefficient (ICC)
were calculated and analyzed. +e Sw was the square root of
the residual mean square in the one-way analysis of variance.
+e TRT was defined as 2.77 Sw, which shows the interval
within which 95% of the differences between measurements
are expected to lie [10]. +e percentage of CoV was cal-
culated as the ratio of the Sw to the mean. +e ICC rep-
resented the consistency in data measurement: high
agreement is indicated by a value higher than 0.9 [11]. To
assess agreement between REVO NX and Pentacam AXL
topography for anterior K1, anterior K2, anterior cylinder,
posterior K1, posterior K2, and posterior cylinder, the paired
samples t-test and Bland–Altman analyses were performed,
and 95% limits of agreement were calculated by the mean
difference± 1.96 SD [12]. A p value of less than 0.05 was
considered statistically significant.

3. Results

3.1. Repeatability andReproducibility of ETMs. +e results of
intraobserver repeatability and interobserver reproducibility
assessment in 17 sectors of ETMs using REVO NX in 40
healthy eyes are shown in Tables 1 and 2. +e ICC of re-
peatability for the central sector was ≥0.95. +e ICC values
for the sectors immediately surrounding the central sector
were the following: Superior ≥0.88, Superior-temporal
≥0.82, Temporal ≥0.86, Inferior-temporal ≥0.91, Inferior
≥0.89, Inferior-nasal ≥0.85, Nasal ≥0.91, and Superior-nasal
≥0.88. +e ICC value for the peripheral sectors were as
follows: Superior_Out ≥0.76, Superior-temporal_Out ≥0.79,
Temporal_Out ≥0.69, Inferior-temporal Out ≥0.74, Inferi-
or_Out ≥0.81, Inferior-nasal_Out 0.79, Nasal_Out ≥0.89,
and Superior-nasal_Out ≥0.64. +e value of the ICC of
reproducibility for the central sector was 0.95, while for the
inner sectors, it showed the following values: Superior�0.92,
Superior-temporal�0.87, Temporal�0.90, Inferior-tempo-
ral�0.91, Inferior�0.90, Inferior-nasal�0.87, Nasal�0.91,
Superior-nasal�0.86, Superior_Out�0.76, Superior-tempo-
ral_Out�0.77, Temporal_Out�0.69, Inferior-tempora-
l_Out�0.77, Inferior_Out�0.77, Inferior-nasal_Out�0.79,
Nasal_Out�0.77, and Superior-nasal_Out�0.60.
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Epithelium map Pachymetry map Axial [Anterior] Axial [Posterior]

Tangential [Anterior] Tangential [Posterior] Refractive Power [Anterior] Refractive Power [Posterior]

Refractive Power [Kerato] Refractive Power [Total] Net map Axial True Net

Equivalent Keratometer Elevation [Anterior] Elevation [Posterior] Height map

Figure 1: Topography maps and ETMs generated during a simultaneous measurement by REVO NX with 16 evenly spaced meridian B-
scans of 8-mm width. To the right of each map are the color scales used to represent the analyzed parameter.

Table 1: Intraobserver repeatability results for ETMs using REVO NX based on three measurements taken by 2 operators in a sample of 40
eyes.

Sector Operator Mean± SD TRT Sw CoV (%) ICC

Superior (μm) 1st 51.53± 3.45 1.60 0.58 1.12 0.98
2nd 51.27± 3.22 3.36 1.21 2.36 0.88

Superior-temporal (μm) 1st 51.47± 3.28 1.89 0.68 1.33 0.96
2nd 51.30± 3.00 3.89 1.40 2.73 0.82

Temporal (μm) 1st 51.43± 3.26 1.82 0.66 1.28 0.97
2nd 51.33± 2.99 3.36 1.21 2.36 0.86

Inferior-temporal (μm) 1st 51.23± 3.09 2.77 1.00 1.95 0.91
2nd 51.53± 3.12 2.09 0.75 1.46 0.95

Inferior (μm) 1st 51.13± 3.04 3.12 1.13 2.20 0.89
2nd 51.47± 3.07 2.37 0.86 1.66 0.94

Inferior-nasal (μm) 1st 51.07± 2.98 3.51 1.26 2.48 0.85
2nd 51.57± 2.99 2.53 0.91 1.77 0.92
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3.2. Clinical Cases. +e comparison of the ETMs and to-
pography maps obtained using REVO NX and Pentacam
AXL was based on a group of 88 patients. +e mean anterior
K1 [D] measurement difference in 32 healthy eyes was
−0.06± 0.15 (p � 0.09, the 95% limits of agreement (LoA) on
Bland–Altman plots ranged from −0.35 to 0.25); the mean
anterior K2 [D] difference was −0.12± 0.26 (p � 0.05, 95%
LoA −0.60 to 0.40); the mean anterior cylinder [D] differ-
ence was −0.12± 0.26D (p � 0.05, 95% LoA −0.60 to 0.40);
the mean posterior K1 [D] difference was 0.08± 0.18D
(p � 0.05, 95% LoA −0.25 to 0.45); the mean posterior K2
[D] difference was 0.10± 0.24 (p � 0.06, 95% LoA −0.35 to

0.60); and the mean posterior cylinder [D] difference was
−0.04± 0.08 (p � 0.04, 95% LoA −0.20 to 0.10). +e mean
anterior K1 [D] measurement difference in 56 eyes with
corneal diseases was 0.11± 0.22 (p � 0.05, 95% LoA −0.30 to
0.50); the mean anterior K2 [D] difference was −0.21± 0.87
(p � 0.17, 95% LoA −1.90 to 1.50); the mean anterior cyl-
inder [D] difference was −0.29± 0.78 (p � 0.08, 95% LoA
−1.80 to 1.25); the mean posterior K1[D] difference was
0.20± 0.70 (p � 0.44, 95% LoA −1.20 to 1.60); the mean
posterior K2 [D] difference was −0.09± 0.59 (p � 0.69, 95%
LoA −1.25 to 1.05); and the mean posterior cylinder [D]
difference was 0.30± 0.52 (p � 0.15, 95% LoA −0.75 to 1.35).

Table 1: Continued.

Sector Operator Mean± SD TRT Sw CoV (%) ICC

Nasal (μm) 1st 51.20± 3.06 2.53 0.91 1.78 0.93
2nd 51.43± 3.05 2.77 1.00 1.94 0.91

Superior-nasal (μm) 1st 51.17± 3.07 2.86 1.03 2.02 0.91
2nd 51.73± 2.83 3.04 1.10 2.12 0.88

Central (μm) 1st 51.50± 3.22 1.96 0.71 1.37 0.96
2nd 51.43± 3.34 2.21 0.80 1.55 0.95

Superior_Out (μm) 1st 51.13± 2.96 3.95 1.43 2.79 0.81
2nd 51.67± 2.67 3.98 1.44 2.78 0.76

Superior-temporal_Out (μm) 1st 51.20± 2.80 3.89 1.40 2.74 0.79
2nd 51.80± 2.62 3.51 1.26 2.44 0.81

Temporal_Out (μm) 1st 51.10± 2.87 4.08 1.47 2.88 0.78
2nd 51.67± 2.44 4.11 1.48 2.87 0.69

Inferior-temporal_Out (μm) 1st 51.53± 2.61 4.05 1.46 2.83 0.74
2nd 51.87± 2.47 2.95 1.06 2.05 0.85

Inferior_Out (μm) 1st 51.20± 2.80 3.58 1.29 2.52 0.82
2nd 51.80± 2.62 3.51 1.26 2.44 0.81

Inferior-nasal_Out (μm) 1st 51.93± 2.74 3.36 1.21 2.33 0.79
2nd 52.03± 2.63 3.36 1.21 2.33 0.82

Nasal_Out (μm) 1st 51.57± 2.58 2.26 0.82 1.58 0.92
2nd 51.43± 3.00 2.99 1.08 2.10 0.89

Superior-nasal_Out (μm) 1st 51.30± 2.20 4.05 1.46 2.85 0.64
2nd 51.67± 3.24 3.61 1.30 2.52 0.87

Table 2: Interobserver reproducibility results for ETMs using REVO NX based on the first readings from each session taken by 2 operators
in a sample of 40 eyes.

Sector Mean± SD TRT Sw CoV (%) ICC
Superior (μm) 51.40± 3.31 2.63 0.95 1.85 0.92
Superior-temporal (μm) 51.38± 3.11 3.07 1.11 2.16 0.87
Temporal (μm) 51.38± 3.10 2.70 0.97 1.90 0.90
Inferior-temporal (μm) 51.38± 3.08 2.48 0.90 1.74 0.91
Inferior (μm) 51.30± 3.03 2.69 0.97 1.89 0.90
Inferior-nasal (μm) 51.32± 2.97 2.95 1.06 2.07 0.87
Nasal (μm) 51.32± 3.03 2.46 0.89 1.73 0.91
Superior-nasal (μm) 51.45± 2.94 2.97 1.07 2.08 0.86
Central (μm) 51.47± 3.25 2.00 0.72 1.40 0.95
Superior_Out (μm) 51.40± 2.81 3.78 1.36 2.65 0.76
Superior-temporal_Out (μm) 51.50± 2.70 3.59 1.30 2.52 0.77
Temporal_Out (μm) 51.38± 2.66 4.06 1.46 2.85 0.69
Inferior-temporal_Out (μm) 51.70± 2.53 3.36 1.21 2.34 0.77
Inferior_Out (μm) 51.50± 2.70 3.59 1.30 2.52 0.77
Inferior-nasal_Out (μm) 51.98± 2.66 3.36 1.21 2.33 0.79
Nasal_Out (μm) 51.50± 2.78 3.66 1.32 2.57 0.77
Superior-nasal_Out (μm) 51.48± 2.75 4.80 1.73 3.37 0.60
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Figures 2–7 show representative examples of corneal
pathologies, selected from the group of eyes mentioned
above, imaged with REVO NX using simultaneous corneal
topography (dark background) and ETMs from a single
measurement together with corresponding topography
maps created using Pentacam (white background).

Figure 2 shows the condition after pterygium surgery
that resulted in an irregular astigmatism. An OCT tomo-
gram depicts an irregular reduction in the epithelial
thickness across the entire upper and partially nasal por-
tions of the central cornea on the ETM (blue arrows). +e
Axial Anterior and Refractive Power maps reveal that the
anterior surface of the cornea is damaged and the posterior
surface is regular. In the area of the removed pterygium, the
cornea is thicker due to scarring, as shown by pachymetry.
+e same relationship is also evident on maps created using
Pentacam.

Figure 3 shows ulcerative keratitis with extensive corneal
stromal scarring. In the area of the disease process, ETM
reveals a thickening of the epithelium (red arrow) accom-
panied by an increase in corneal thickness on the pachy-
metry map. Again, the Axial Anterior and Refractive Power

maps demonstrate that the patient’s irregular astigmatism
originates from the anterior corneal surface. +e posterior
corneal surface is normal. Corneal topography performed
with Pentacam shows similar results.

Figure 4 shows the ocular surfaces of a patient with
corneal ectasia. +e decrease in corneal epithelial thickness
(blue arrow) corresponds to the increase in corneal thickness
on the pachymetry map in a manner typical for KNC. Axial
Anterior and Tangential Anterior as well as Tangential
Posterior maps show that both the anterior and posterior
corneal surfaces have irregular curvature. +ey are repre-
sented in the same way on the Pentacam maps.

+e example in Figure 5 shows an intracorneal ring
segment. OCTreveals epithelial thinning immediately above
the ring (blue arrow), with the thickness increasing toward
the ring (red arrow). +is relationship is clearly visible in the
en face image on the ETM. +e Axial Anterior, Tangential
Anterior, and Refractive Power maps show anterior corneal
surface abnormalities, which correlate well with the results
from Pentacam.

Figure 6 shows a postradial keratotomy eye. +e OCTen
face reconstruction depicts corneal incisions spreading

Figure 2: Postpterygium surgery OCT tomogram shows an irregular reduction in the epithelial thickness across the entire upper and
partially nasal portions of the central cornea on the ETM (blue arrows). Topography maps reveal irregular astigmatism of the anterior
surface of the cornea while the posterior surface is regular. +e measurements performed with Pentacam have a white background, and the
ones performed with REVONX have a black background.+e K1, K2, and astigmatism values for the anterior surface of the cornea obtained
using Pentacam are 41.2D, 44.8D, and 3.6D, respectively, while the values obtained using REVO NX are 41.4D, 44.5D, and 3.1D,
respectively. +e values of analogous parameters for the posterior corneal surface from Pentacam are −6.5D, −6.6D, and 0.1D and the
values from REVO NX are −6.2D −6.5D 0.3D.
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radially. +e Axial Anterior and Refractive Power maps
show the flattening of the central cornea that is typical for
this procedure. A similar pattern can be observed on the
Pentacam maps. Both devices present a small paracentral
island with the reduced curvature of the posterior corneal
surface. On the ETM, one can observe an increase in epi-
thelial thickness (red arrow) exactly in the same place (red
arrow).

+e final example shows the patient’s eye on the first and
fifth days after cataract surgery (Figure 7). At the first follow-
up visit, one can observe a large corneal oedema on the
pachymetry map (red arrow) and an irregularity of the
anterior corneal surface on the Axial Anterior map. At the
next visit, the oedema is no longer visible. Despite a sig-
nificant change in the corneal thickness and curvature be-
tween examinations, ETMs show a similar image.

4. Discussion

+e analysis of the distribution of the epithelial thickness is a
valuable diagnostic and follow-up tool when dealing with
patients presenting corneal abnormalities caused by such
factors as the presence of pathogenic changes, wearing

contact lenses, or undergoing refractive surgeries. For this
reason, ETMs have been increasingly used in recent years to
evaluate the ocular surface. It can be assumed, therefore, that
as new devices featuring ETM functionality come on the
market, its popularity will continue to increase. Since the
diagnostic value of ETMs is more complete when combined
with corneal topography (which provides complementary
information about the ocular surface), it would be very
practical to have a tool capable of performing both exam-
inations simultaneously. However, the OCT devices avail-
able on the market provide either ETMs (Avanti, Optovue
Inc., Fremont, California, USA; MS-39, CSO, Firenze, Italy)
or topography maps (Heidelberg Engineering GmbH,
Heidelberg, Germany; Casia 2, Tomey Corporation, Nagoya,
Japan). +e world’s first commercially available OCTdevice
that can perform a simultaneous measurement of both
epithelial thickness and corneal topography is REVO NX,
and it is not a trivial task.

Performing reliable ETMs using commercially available
OCT devices can be difficult due to several aspects. First of
all, the corneal epithelium has a relatively small thickness in
relation to the optical axial resolution of OCT devices. +e
majority of devices on the market that operate at the

Figure 3: Ulcerative keratitis with extensive corneal stromal scarring. ETM shows thickening of the epithelium in the area of the disease
process (red arrow). Topography maps depict irregular astigmatism of the anterior surface of the cornea while the posterior surface is
regular. +e measurements performed with Pentacam have a white background, and the ones performed with the REVO NX have a black
background. +e K1, K2, and astigmatism values for the anterior surface of the cornea obtained using Pentacam are 36.8D, 42.9D, and
6.1D, respectively, while the values obtained using REVONX are 37.6D, 42.9D, and 5.3D, respectively.+e values of analogous parameters
for the posterior corneal surface from Pentacam are −6.0D, −6.3D, and 0.3D and the values from the REVO NX are −5.8D, −6.0D, and
0.2D.
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wavelengths in the range of 830–850 nm typically features an
optical axial resolution of around 5 μm (e.g., REVO NX),
effectively delivering digital image resolution of around
2.5 μm. What is more, the transverse resolution of OCT
devices is much lower than their axial resolution, which
makes it more difficult to visualize small and local changes in
epithelial thickness. +is problem can become even more
pronounced in SS-OCT devices, which offer less axial res-
olution due to their longer wavelength. Also, the low
reflectivity of the boundary between the epithelium and the
Bowman membrane can make it difficult to properly seg-
ment the corneal layers. When this boundary disappears,
only the interface between the epithelium and the stroma is
visible. Scanning the cornea several times at the same lo-
cations and averaging the tomograms may be helpful to
overcome the difficulties described above. +is, however,
increases scanning time and can lead to difficulties in
building correlations between consecutive B-scans, between
which involuntary eye movements occur [13].

Also, OCT topography methods must overcome a
challenge connected with the movement of the eye that can
occur during serial image acquisition. Even during fixation,

eye movements, such as drift and microsaccades, occur [14].
Especially microsaccades, which are larger (0–2 deg) and
more rapid (∼40 deg/s) eye movements occurring at a rate of
1–2 times per second, if not handled properly, can cause
significant distortions in topography maps and adversely
impact measurement accuracy and repeatability [13, 15, 16].
One should also keep in mind that building a reliable 3D
model of the cornea and performing its spatial alignment,
which is essential for creating topography maps, is partic-
ularly difficult when it is based on data from OCT devices
dedicated to posterior segment imaging. Apart from REVO
NX, no other such commercially available OCTdevice offers
the functionality of corneal topography.+eAvanti device in
the corneal power scan mode (8 radial scans with 6-mm scan
length of 1024 A-scans) only provides mean Net, Anterior,
and Posterior power measurements, representing the net
corneal power, anterior corneal power, and posterior corneal
power, respectively.+e corneal curvature radii, on the other
hand, are derived based only on the best fit sphere to the
central 3mm for anterior and posterior surfaces.

Since topography maps and ETMs are generated by
REVO NX from exactly the same data set and are based on

Figure 4: Cornea with keratoconus. +e decrease in corneal epithelial thickness (blue arrow) corresponds to the increase in corneal
thickness on the pachymetry map. Topography maps show that both the anterior and posterior corneal surfaces have irregular curvature.
+e measurements performed with Pentacam have a white background, and the ones performed with the REVO NX have a black
background. +e K1, K2, and astigmatism values for the anterior surface of the cornea obtained using Pentacam are 51.0D, 62.9D, and
11.9D, respectively, while the values obtained using the REVO NX are 50.9D, 61.9D, and 11.0D, respectively. +e values of analogous
parameters for the posterior corneal surface from Pentacam are −7.7D, −9.7D, and 2.0D and the values from REVONX are −7.2D, −9.4D,
and 2.2D.
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the same 3D corneal model, the spatial correlation between
them is complete, enabling a point-to-point comparison. As
shown in the presented clinical examples (Figures 2–7),
ETMs obtained in this way are perfectly complementary to
topography maps. For example, in Figure 6, we can see a
nonobvious correlation of an area of increased epithelial
thickness with an island of decreased curvature of the
posterior corneal surface. +e topography maps obtained
with REVO NX correspond well with the topography maps
from Pentacam. When ETMs and topography maps are
created from different OCTexaminations, there is a risk of a
nonideal fit and centration of the examinations as well as
differences in the two 3D corneal models.

It should be mentioned that REVO NX also features the
anterior radial scan functionality for more precise repro-
duction of the epithelial course on single B-scans. It includes
a smaller number of tomograms, which are 7mm wide (8
B-scans versus 16 B-scans) but their resolution is higher
(2560 A-scans), and they are repeated 3 times. In this case,
therefore, ETMs and topography maps are created from
different data. With more A-scans and several repetitions of
the scan at a single location (averaged B-scans), the visibility
of the epithelium-Bowman membrane boundary is im-
proved, making it easier to detect the corneal layers. +e

downside of this scanning protocol is the longer measure-
ment time and lower angular density of the scan, potentially
reducing the sensitivity of ETMs in the visualization of small
local changes within the epithelium. +e protocol is similar
to the one of the Avanti device.

+e ICC index for ETMs obtained with REVONX in this
study, for both intraobserver repeatability and interobserver
reproducibility, has lower values for the outer sectors. +is
may be connected with the decreasing precision of epithelial
thickness measurements as one moves away from the center
of the cornea due to a weaker signal at the periphery of the
image. It is difficult to directly compare the obtained results
with the results from other devices due to the different area
of the sectors analyzed. In the case of the MS-39 device, the
authors evaluated the repeatability of the central epithelial
thickness reading over an area of 3.0mm and the 4 para-
central measurements (nasal, temporal, superior, and infe-
rior), with a diameter between 3.0mm and 6.0mm.
However, for the central sector (which is larger than in
REVONX), they obtained an ICC value of 0.957 and CoV on
the level of 1.87%. [6] +e values are similar to the ones
obtained in this study (ICC≥ 0.95; CoV≤ 1.55%). +e ICC
value for the other sectors was only slightly lower. However,
the CoV was slightly higher than the one reported for the

Figure 5: Cornea with an intracorneal ring segment. OCT reveals epithelial thinning immediately above the ring (blue arrow) with the
thickness increasing toward the ring (red arrow). Topography maps reveal abnormalities in the anterior surface of the cornea. +e
measurements performed with Pentacam have a white background, and the ones performed with REVO NX have a black background. +e
K1, K2, and astigmatism values for the anterior surface of the cornea obtained using Pentacam are 48.9D, 52.8D, and 4.0D, respectively,
while the values obtained using REVO NX are 48.6D, 52.4D, and 3.8D, respectively. +e values of analogous parameters for the posterior
corneal surface from Pentacam are −9.1D, −9.5D, and 0.3D and the values from REVO NX are −9.1D, −9.7D, and 0.6D.
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RTVue device, for which a CoV in the central zone of 1.07%
has been reported in unoperated eyes [4]. +e repeatability
of the REVO NX ETMs found in this study cannot be di-
rectly compared to the values reported in the literature by
other authors using REVO NX because they made maps
based on a 5-mm averaged radial scan without an anterior
adapter [17]. Like in other studies, the superior quadrants
were found to be the thinnest while the inferior was the
thickest [18].

+e study has some limitations. First of all, the re-
peatability and reproducibility were assessed on the basis of
a relatively small group of subjects, which did not include
patients with corneal pathologies. Also, the parameters
were not tested using a higher resolution averaging
scanning protocol. Further study should aim to better
estimate the limits of the simultaneous corneal topography
and ETM applicability in corneal diseases. It would also be
particularly valuable to evaluate the exact sensitivity and

specificity of the REVO NX ETMs for detecting corneal
diseases and their comparison with ETMs obtained from
OCT data from other OCT devices (e.g., Avanti). Future
studies will need to include larger populations, with dif-
ferent ocular conditions.

In conclusion, the study demonstrated high precision
(intraobserver repeatability and interobserver reproduc-
ibility) of the epithelial thickness measurement using REVO
NX. However, increasing the distance from the corneal
center is accompanied by a slight decrease in precision. +e
study also demonstrated excellent spatial correlation be-
tween ETMs and corneal topography exams performed si-
multaneously, which stems from the fact that bothmap types
are created from the same OCT data, they are based on the
same 3D model, and they are ideally centered in the same
way. +is way of analyzing the surface, curvature, and
thickness of the cornea and its epithelium may become a
routine procedure in the near future.

Figure 6: Postradial keratotomy eye. ETM shows a small paracentral island of increased epithelial thickness (red arrow). Topography maps
show an area of reduced curvature of the posterior corneal surface at this location. Also, a flattening of the anterior surface of the cornea can
be observed. +e measurements performed with Pentacam have a white background, and the ones performed with REVO NX have a black
background. +e K1, K2, and astigmatism values for the anterior surface of the cornea obtained using Pentacam are 35.5D, 37.5D, and
1.9D, respectively, while the values obtained using REVONX are 35.6D, 37.5D, and 1.9D, respectively.+e values of analogous parameters
for the posterior corneal surface from Pentacam are −4.5D, −5.0D, and 0.5D and the values from the REVO NX are −4.2D, −5.0D, and
0.8D.
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(e use of optical coherence tomography (OCT) technology in anterior segment diseases allows for precise assessment of the
changes following anterior segment surgery. Advances in microscope-integrated OCT systems have allowed the utilization of
intraoperative OCT (iOCT) in anterior segment surgeries, i.e., cornea, cataract, and refractive surgery. iOCT has enabled real-time
precise visualization of anterior segment tissues as well as interactions between surgical instruments and ocular tissue; thus, the
device can facilitate surgical procedures and provide valuable information for decision-making during anterior segment surgeries.
In this review, the authors will introduce studies regarding the development of iOCT technology and its application in various
anterior segment surgeries. Multiple studies have shown the efficacy of the iOCT for intraoperative assistance and guidance,
suggesting the potential of the device for optimizing the surgical outcomes after cornea, cataract, and refractive surgery.

1. Introduction

To date, evaluation of ocular tissues and tissue-instrument
interactions during anterior segment surgery has depended
on directing visualization using an operating microscope.
Although technological development enables coaxial oper-
ating microscopes to show high-resolution images, they
cannot provide detailed three-dimensional (3D) visualization
of the anterior segment structures. [1, 2] Hence, operating
microscopes have limited ability to provide depth information
for anterior segment tissues. [1–3] Although intraoperative
slit beam examination can be helpful for depth evaluation, it
does not have a high enough resolution for precise mea-
surement of tissue depth. [1] In addition, tissues behind the
cloudy media, such as opaque cornea, cannot be visualized
using traditional operating microscopes, which may be
problematic in cases with corneal edema or haze. [1–4].

(e application of optical coherence tomography (OCT)
technology, which can provide high-resolution cross-sec-
tional images of anterior segment structures, has allowed
precise assessment of anterior segment tissues; this may be
advantageous for the diagnosis and treatment of various
anterior segment diseases. [2, 3, 5] Introduction of the
intraoperative OCT (iOCT) technology to anterior segment
surgery is expected to allow real-time precise visualization of
anterior segment tissues and tissue-instrument interactions,
which may contribute to improved anatomical and visual
outcomes. [2, 3, 5–7] In particular, iOCT can be advanta-
geous in cases with corneal opacity in which structures
underneath the cornea are difficult to visualize with an
operating microscope. [2, 3, 5, 7] Detailed intraoperative
visualizations of these tissues can be helpful for more precise
surgical procedures and improved visual outcomes in var-
ious anterior segment surgeries, such as corneal surgeries
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including penetrating keratoplasty (PK), deep anterior la-
mellar keratoplasty (DALK), Descemet stripping automated
endothelial keratoplasty (DSAEK), and Descemet mem-
brane endothelial keratoplasty (DMEK), cataract, and re-
fractive surgery. [1–3, 5, 7].

In this review, we provide an overview of the advances
in iOCT systems and the application of these devices in
various anterior segment surgeries. (e potential future
developments and applications of iOCT are also discussed.

2. Development of Intraoperative
OCT Technology

Several developments have been made to overcome the
barriers to the intraoperative use of OCT. [2, 7, 8] First,
conventional OCT modalities are stationary table top sys-
tems and lack portability; thus, integration into the oph-
thalmic surgical microscope is difficult. [2]To address this
problem, intraoperative imaging using lightweight handheld
OCT was first introduced. [9] However, handheld OCT can
never provide “real-time” intraoperative imaging because
surgeons must cease surgical procedures when obtaining
OCT images or request an assistant to take the images. [7, 9]
Limited stability of the handheld device and involuntary
hand movement can be associated with difficulty in image
acquisition and decreased image quality. [2] Introduction of
a nonsterile handheld device to a sterile surgical field can
also increase the risk of infection. [2, 5].

To address this problem, researchers introduced a
method of mounting a lightweight handheld OCT probe to
the operating microscope, which can enable improved
stability, higher image quality, faster image acquisition, and
enhanced sterility. [10, 11] However, the mounted OCT
system needs extra space for the machine in the operating
room and an additional foot switch to control the OCT
probe. [2, 5] Moreover, in the microscope-mounted OCT
system, surgeons still need to discontinue the procedures
before image capture.10. To allow “real-time” intraoperative
image acquisition without surgical delay, microscope-inte-
grated OCT (MIOCT), in which OCT probes are integrated
into the microscopic optics, have been developed (Figure 1).
[1, 2] InMIOCTsystems, surgeons can control the pattern of
OCT image scan, such as the region of interest, orientation,
and size, with a microscope foot-pedal in which the OCT
system is also integrated. [12, 13].

To date, three systems of MIOCT are commercially
available: Rescan® 700 (Cirrus OCTsystem built on Lumera
700 microscope; Carl Zeiss Meditec, Oberkochen, Ger-
many), [12, 14] OPMedT® (OPMedT OCT system, Haag-
Streit Hi-R 1000G-microscope, Haag-Streit Surgical GmbH,
Wedel, Germany) [15], and EnFocus® (Bioptigen, Leica,
Wetzlar, Germany). [1, 2].

3. Application of Intraoperative OCT in
Anterior Segment Surgery

Several studies have shown the efficacy of iOCT in various
anterior segment surgeries [1, 2, 5, 7, 8, 10, 13–37]. Re-
searchers indicated that information obtained using iOCT

was helpful for intraoperative decision-making and selection
of surgical procedures [1, 14, 15, 19, 38].

In a large prospective study including 275 eyes, Ehlers
et al. [10] revealed that a portable OCTsystemmounted on a
microscope can be helpful for visualization of anterior
segment structures during anterior segment surgery, par-
ticularly in lamellar keratoplasty procedures [10]. In a
subsequent study, they demonstrated that the MIOCT en-
abled real-time visualization of anterior segment tissues and
tissue-instrument interaction [12, 14].

3.1. iOCT in Corneal Transplantation. In PK, iOCT can
enable the visualization of structures beneath the hazy and
irregular cornea that are difficult to identify with an oper-
ating microscope [7]. During PK, iOCT can allow real-time
display of the host-graft interface, which can be helpful for
appropriate apposition at the interface.8. Eguchi et al. [39]
showed that iOCT can be useful for the detection of iri-
docorneal adhesion and iris incarceration that can occur
during PK [39]. iOCT can also provide information re-
garding the location of the suture needle penetrating the
corneal layers, which can lead to a secure suture by adjusting
the needle depth [7].

In DALK, iOCT can display all surgical steps and fa-
cilitate intraoperative decision-making [10, 12, 14, 20,
35, 40]. During the DALK procedure, iOCTcan provide real-
time cross-sectional visualization of deep needle injection,
intrastromal bubbles, deep dissection plane, residual stromal
bed, Descemet’s membrane (DM), and interface fluid
(Figure 2) [7, 10, 12, 14, 17, 20, 26, 35, 40]. Scorcia et al. [31]
demonstrated that the iOCT enabled detailed evaluation of
the dissection depth of the corneal stroma, which may
improve the success rate for big-bubble formation in DALK
[31]. In cases in which big bubble was difficult to attain, e.g.,
cases with corneal scars involving DM, iOCTenables precise
assessment of the depth and uniformity of the stromal
dissection plane, which is critical for the achievement of a
residual bed with appropriate thickness and smooth surface.
[1] In DALK cases, in which viscodissection is performed for
stromal dissection, iOCTmay be particularly helpful as it can
visualize the tissues underneath the cloudy cornea caused by
viscoelastic bubbles [20]. De Benitos et al. [20] also showed

Figure 1: Display of an image of the intraoperative optical co-
herence tomography (iOCT) integrated into the microscope during
the cataract surgery.
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that iOCT enabled the achievement of big-bubble and
completely detached DM in a case with irregular corneal
thinning and scarring (Figure 2(c)). [20] (ey also reported
that iOCT enabled visualization of intrastromal fluid re-
tention that was invisible with the operating microscope in a
case with diffuse corneal scarring due to chemical injury
[20]. Eguchi et al. [39] demonstrated that iOCT can also
detect iris protrusion caused by misdirected air into the
posterior chamber at the end of DALK that can lead to acute
intraocular pressure elevation due to angle closure [39].

In DSAEK and DMEK, iOCT can provide critical in-
formation from intraoperative decision-making in all sur-
gical steps [7, 12, 14, 19, 29, 41, 42], which may lead to
enhanced anatomical and visual outcomes.
[10, 12–15, 19, 38] In both DSAEK and DMEK, iOCT can
visualize donor-recipient attachment and residual interface
fluid, which may help achieve tight apposition and prevent
graft dislocation (Figure 3) [1, 7, 10, 14]. Shazly et al. [32]
reported that iOCTmay be advantageous for confirming the
attachment of the endothelial graft to the host cornea,
particularly in cases with severe corneal opacity. Studies have
revealed discordance between surgeon’s impressions using
the operating microscope and information obtained using
iOCT in 18–50% of cases, suggesting a potentially critical
role of iOCT in endothelial keratoplasty procedures [10, 14].
A prospective study revealed that information provided by
iOCT regarding graft malposition or presence of interface
fluid led to the modification of intraoperative decision-

making or additional surgical maneuvers, such as corneal
sweeping, anterior chamber re-bubbling, graft reposition, or
additional peeling of residual host DM in 43% of DSAEK or
DMEK cases [14].

Juthani et al. [43] demonstrated that transient residual
interface fluid quantified using iOCT during DSAEK had
correlation with textural interface opacity postoperatively
[43]. Moreover, the amount of residual interface fluid
measured using iOCT was associated with an increased rate
of early graft nonadherence, indicating the potentially
critical role of iOCTfor immediate detection and removal of
interface fluid [44, 45]. iOCT can also be helpful for con-
firmation of central placement of endothelial grafts and
detection of abnormal tissue particles between the graft and
host cornea, which may result in an increased success rate
and decreased rejection risk [1, 7]. iOCT can be advanta-
geous in cases with abnormal anterior segment structures
after multiple ocular surgeries, such as corneal irregularity
and opacity, peripheral anterior synechiae, and vitreous
incarceration, particularly for determining the relationship
between the endothelial graft and the iris or vitreous [7].

In DMEK, iOCT can be a valuable tool for verification
of graft orientation, particularly in cases with severe corneal
edema or haze [5, 7, 14, 15, 19, 38]. Based on the scrolling
configuration of the endothelial graft visualized using iOCT,
the DMEK orientation can be easily confirmed prior to the
identification of the orienting marker (Figure 3(d)
[14, 15, 19, 38, 41, 46]. (us, with the use of iOCT, the

(a) (b)

(c)

Figure 2: Application of the iOCT in DALK surgery. (a) Visualization of the residual stromal bed. (b) Confirmation of the attachment
between the graft cornea and recipient bed (c) visualization of the tissue underneath the cloudy cornea using the iOCT during the
viscodissection.
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marking of the donor tissue may become unnecessary, which
can be beneficial for the preservation of donor corneal
endothelial cells [1, 14, 15, 19, 38, 41]. iOCT can also help
shorten the learning curve for DMEK [12].

3.2. Corneal Trauma and Other Corneal Surgeries. iOCT can
be helpful in emergency surgery for corneal trauma. In cases
of corneal laceration, iOCT can facilitate secure corneal
sutures by demonstrating the needle depth during suture
procedures [7]. (e modality can also be useful for as-
sessment of the depth of the foreign body in the cornea,
which can facilitate effective removal of the foreign body and
reduce the risk of complications, such as damage to the
surrounding corneal tissue or displacement of the foreign
body to the anterior chamber [7]. (e depth of corneal
opacity can be precisely estimated using iOCT during
emergency operations in cases of chemical or thermal
burns.[7].

iOCT can help visualize the cleavage plane between the
nodule and underlying corneal tissue in image-guided la-
mellar keratectomy for the surgical treatment of the Sal-
zmann nodular degeneration [14]. In the Bowman layer
transplantation, a new procedure for the treatment of ad-
vanced keratoconus, iOCTmight enable the visualization of
the dissection plane in spite of the air-endothelial reflex
being obscured [47]. Siebelmann et al. [48] reported that
iOCT enabled assessment of corneal opacity and surface

smoothness through real-time imaging during photo-
therapeutic keratectomy [48].

Intracorneal pathology can also be precisely isolated and
located for biopsy using iOCT [49]. Ruland et al. [50]
showed that iOCT was helpful for the identification and
excision of retrocorneal fibrous membranes following PK. In
cases of acute corneal hydrops in keratoconus, iOCT facil-
itated the micropuncture of intrastromal fluid pockets
combined with compression sutures and gas tamponade,
which resulted in immediate reattachment of DM [33].
During insertion of Intacs® for keratoconus, iOCT can be
used for assessment of the depth of the corneal incision and
visualization of the corneal channel for the implant [14]. In
the corneal cross-linking for keratoconus, iOCTcan be used
for the measurement of changes in corneal pachymetry
[23, 28].

4. Refractive Surgery

In small-incision lenticule extraction (SMILE), iOCT can
allow real-time visualization of the desired dissection plane
[51]. It can also enable intraoperative identification of the
intrastromal lenticule and the distinguishment of the len-
ticule from the overlying stromal cap and underlying
stromal bed, resulting in complete isolation of the lenticule
[37]. (is can be particularly advantageous in difficult cases,
for example, cases with an edematous overlying cap [51].
Intraoperative complications, such as incomplete lenticule

(a) (b)

(c) (d)

Figure 3: Application of the iOCT in DSAEK and DMEK surgery. (a) Confirmation of the attachment of the endothelial graft during
DMEK. (b) Visualization of the detached endothelial graft cornea in DMEK. (c) Visualization of the peripheral anterior synechiae during
DSAEK. (d) Visualization of the donor fold before donor graft insertion in DMEK.
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separation, cap-lenticule adhesion, lenticule remnants, and
creation of false planes, can be easily detected using iOCT,
which can lead to immediate corrective procedures and
enhanced surgical outcomes [37, 51].

During the implantation of an implantable collamer lens
(ICL), iOCTcan be used for the visualization and assessment
of the vault of the ICL. [1] Titiyal et al. [36] reported that
intraoperative vaulting measured with iOCT had a close
correlation with postoperative vaulting and can be helpful
for the detection of extreme vaulting. [36] It enhances the
safety of the surgical procedure by providing a real-time
display of intraoperative manipulations. [36].

5. Cataract Surgery

Corneal incisions for cataract surgery can be visualized with
iOCT. [12] As iOCT can easily identify the location of
implants, it can be helpful for verification of correct
placement of the intraocular lens (IOL). [10, 14] Nagpal et al.
[52] recently revealed that the gap between the IOL and the
posterior capsule can be successfully measured using iOCT,
which may be helpful for evaluation of the dynamics for the
space between the IOL and the posterior capsule.

(e device can also provide information regarding
calculations of optimal IOL. [12] Hirnschall et al. [53] re-
ported that iOCT enabled more accurate measurement of
anterior chamber depth and determination of postoperative
lens position, which resulted in better refractive outcomes.
In patients with a previous radial keratotomy scar, appli-
cation of the iOCTduring cataract surgerymay be helpful for
monitoring of the stability of the radial scar and early de-
tection of the dehiscence of the scar, which requires im-
mediate sutures [54, 55].

In cases of posterior polar cataracts, iOCT can be a
valuable tool to improve the safety of the surgery by
detecting pre-existing posterior capsular dehiscence during
cataract surgery and preventing lens drop [56]. In pediatric
patients with posterior lens opacities, iOCT can allow the
categorization of the morphology of the posterior capsule
and the posterior lens cortex, as well as the determination of
the integrity of the posterior capsule, which can provide
guidance for surgical strategy and increase the safety of the
surgery [57]. Similarly, iOCTcan be useful for categorization
of the white cataract into four types and predicting the
intraoperative dynamics according to the type, which can
provide valuable information for the selection of surgical
strategies for safe surgery, particularly in cases of uneventful
completion of capsulorhexis [58].

During IOL scleral fixation, iOCT can enable visuali-
zation of the scleral flap preparation and assessment of the
preparation depth, which results in enhanced stability of the
fixated IOL [25]. iOCTcan also be helpful in the adjustment
of the IOL tilt during the IOL scleral fixation [22]. Using
RESCAN 700, Fukumoto et al. [22] demonstrated that the
use of iOCT was associated with the significantly reduced
angle of the IOL tilt, which might result in decreased len-
ticular astigmatism and improved visual outcome. [22].

With the development of robotic surgery for cataracts,
iOCT integrated with an intraocular robotic surgical system

can help improve the safety and efficacy of automated ro-
botic cataract surgery. [18, 59] (e images obtained with
iOCT can enable real-time intraoperative monitoring and
intervention of robotic surgery by ophthalmic surgeons. [18]
With further technological development, iOCT integrated
with the robotic surgical system is expected to contribute to
the enhanced precision and safety of fully automated robotic
cataract surgery. [59].

6. Future Developments

Although iOCTmust be beneficial for the success of various
anterior segment surgeries, the cost has been the biggest
hurdle for its widespread use. [1] In addition, all three
commercially available iOCT devices are integrated into the
operating microscope produced by the same manufacturer.
(us, an additional cost is incurred for the utilization of the
devices in the operating room. [1] With the rapid increase in
the intraoperative application of iOCT, we expect that
technological development and mass production may lower
the cost of the device.

During the use of iOCT, light scattering and shadowing
caused by metallic surgical instruments can seriously limit
visualization of the interaction between ocular tissues and
instruments and a detailed view of tissues under the in-
struments. [2, 12, 60] (us, the development of novel
materials for minimizing the impact of instruments is
necessary. [61] Compensation of the disturbing effect of the
surgical instruments using software methods, such as image
processing or adjustment using artificial intelligence, can be
an alternative. [6].

(e development of a software platform that enables
automated tracking of the region of interest and automated
analysis of the captured image is also necessary. [2] Auto-
mated tracking can allow surgeons to concentrate on the
surgical procedures without the burden of manual aiming
for the region of interest. [62] Protocols for automated
analysis of captured imagesmay enable precise assessment of
the changes in the ocular tissues associated with surgical
procedures. [45] For instance, an automated protocol for
segmentation and quantification of interface fluid during
DSAEK can be used for the prediction of anatomical and
visual outcomes. [45].

With advances in technology of corneal tomography,
new iOCT systems that can provide more precise images
with minimal delays are being developed. Instead of the
currently used spectral-domain OCT system, swept-source
OCT is expected to provide more detailed images of ocular
tissues during surgery with enhanced acquisition speed. [2]
In addition, the application of ultrahigh resolution OCTcan
enable visualization of anterior segment structures at a
microscopic level, which may result in more precise surgical
procedures and enhanced surgical outcomes. [63].

7. Conclusion

(e development of iOCT technology may allow real-time
precise visualization of ocular tissues and tissue-instrument
interactions during anterior segment surgery, which can
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contribute to improved visual and anatomical outcomes.
[2, 8] (e device can be significantly advantageous in cases
with corneal opacity, particularly during lamellar kerato-
plasties, such as DALK, DSAEK, and DMEK. [8] Application
of the iOCT in cataract and refractive surgery can also enable
precise measurement of the ocular parameters, which may
lead to optimal visual outcomes.With further developments,
iOCT systems may be essential for optimizing surgical
outcomes by facilitating surgical procedures and intra-
operative decision-making in corneal, cataract, and refrac-
tive surgery. [2].

Data Availability

(edata supporting this systemic review are from previously
reported studies and datasets, which have been cited in this
article.

Conflicts of Interest

(e authors declare that they have no conflicts of interest.

Acknowledgments

(is study was supported by the Kangwon National Uni-
versity Hospital Grant and the Basic Science Research
Program through the National Research Foundation of
Korea (NRF) funded by the Ministry of Education (Grant
No. NRF- 2021R1F1A1048448)

References

[1] F. W. Price Jr., “Intraoperative optical coherence tomography:
game-changing technology,” Cornea, vol. 40, no. 6,
pp. 675–678, 2021.

[2] J. P. Ehlers, “Intraoperative optical coherence tomography:
past, present, and future,” Eye, vol. 30, no. 2, pp. 193–201,
2016.

[3] S. B. Han, J. S. Mehta, Y. C. Liu, and K. Mohamed-Noriega,
“Advances and clinical applications of anterior segment
imaging techniques,” Journal of ophthalmology, vol. 2016,
Article ID 8529406, 2 pages, 2016.

[4] A. Meduri, L. Bergandi, P. Perroni, F. Silvagno, and
P. Aragona, “Oral l-cysteine supplementation enhances the
long term-effect of topical basic fibroblast growth factor
(bFGF) in reducing the corneal haze after photorefractive
keratectomy in myopic patients,” Pharmaceuticals, vol. 13,
no. 4, 2020.

[5] M. B. Muijzer, P. Schellekens, H. J. M. Beckers, J. H. de Boer,
S. M. Imhof, and R. P. Wisse, “Clinical applications for
intraoperative optical coherence tomography: a systematic
review,” Eye, vol. 36, no. 2, pp. 379–391, 2022.

[6] J. P. Ehlers, Y. K. Tao, S. Farsiu, R. Maldonado, J. A. Izatt, and
C. A. Toth, “Visualization of real-time intraoperative ma-
neuvers with a microscope-mounted spectral domain optical
coherence tomography system,” Retina, vol. 33, no. 1,
pp. 232–236, 2013.

[7] H. Eguchi, F. Hotta, S. Kusaka, and Y. Shimomura, “Intra-
operative optical coherence tomography imaging in corneal
surgery: a literature review and proposal of novel applica-
tions,” Journal of ophthalmology, vol. 2020, p. 1497089, 2020.

[8] J. S. Titiyal, M. Kaur, S. Nair, and N. Sharma, “Intraoperative
optical coherence tomography in anterior segment surgery,”
Survey of Ophthalmology, vol. 66, no. 2, pp. 308–326, 2021.

[9] P. B. Knecht, C. Kaufmann, M. N. Menke, S. L. Watson, and
M. M. Bosch, “Use of intraoperative fourier-domain anterior
segment optical coherence tomography during descemet
stripping endothelial keratoplasty,” American Journal of
Ophthalmology, vol. 150, no. 3, pp. 360–365, 2010.

[10] J. P. Ehlers, W. J. Dupps, P. K. Kaiser et al., “(e prospective
intraoperative and perioperative ophthalmic ImagiNg with
optical CoherEncE TomogRaphy (PIONEER) study: 2-year
results,” American Journal of Ophthalmology, vol. 158, no. 5,
pp. 999–1007, 2014.

[11] R. Ray, D. E. Barañano, J. A. Fortun et al., “Intraoperative
microscope-mounted spectral domain optical coherence to-
mography for evaluation of retinal anatomy during macular
surgery,” Ophthalmology, vol. 118, no. 11, pp. 2212–2217,
2011.

[12] J. P. Ehlers, J. Goshe, W. J. Dupps et al., “Determination of
feasibility and utility of microscope-integrated optical co-
herence tomography during ophthalmic surgery,” JAMA
Ophthalmology, vol. 133, no. 10, pp. 1124–1132, 2015.

[13] J. P. Ehlers, P. K. Kaiser, and S. K. Srivastava, “Intraoperative
optical coherence tomography using the RESCAN 700: pre-
liminary results from the DISCOVER study,” British Journal
of Ophthalmology, vol. 98, no. 10, pp. 1329–1332, 2014.

[14] J. P. Ehlers, Y. S. Modi, P. E. Pecen et al., “(e DISCOVER
study 3-year results,” Ophthalmology, vol. 125, no. 7,
pp. 1014–1027, 2018.

[15] P. Steven, C. Le Blanc, K. Velten et al., “Optimizing descemet
membrane endothelial keratoplasty using intraoperative op-
tical coherence tomography,” JAMA Ophthalmology, vol. 131,
no. 9, pp. 1135–1142, 2013.

[16] M. I. Asif, R. K. Bafna, N. Sharma et al., “Microscope inte-
grated optical coherence tomography guided descemet
stripping automated endothelial keratoplasty in congenital
hereditary endothelial dystrophy,” Clinical Ophthalmology,
vol. 15, pp. 3173–3181, 2021.

[17] J. Au, J. Goshe, W. J. Dupps Jr., S. K. Srivastava, and
J. P. Ehlers, “Intraoperative optical coherence tomography for
enhanced depth visualization in deep anterior lamellar ker-
atoplasty from the PIONEER study,” Cornea, vol. 34, no. 9,
pp. 1039–1043, 2015.

[18] C. W. Chen, Y. H. Lee, M. J. Gerber et al., “Intraocular robotic
interventional surgical system (IRISS): semi-automated OCT-
guided cataract removal,”2e international journal of medical
robotics + computer assisted surgery :MRCAS, vol. 14, no. 6,
Article ID e1949, 2018.

[19] B. Cost, J. M. Goshe, S. Srivastava, and J. P. Ehlers, “Intra-
operative optical coherence tomography-assisted descemet
membrane endothelial keratoplasty in the DISCOVER study,”
American Journal of Ophthalmology, vol. 160, no. 3,
pp. 430–437, 2015.

[20] L. De Benito-Llopis, J. S. Mehta, R. I. Angunawela, M. Ang,
and D. T. H. Tan, “Intraoperative anterior segment optical
coherence tomography: a novel assessment tool during deep
anterior lamellar keratoplasty,” American Journal of Oph-
thalmology, vol. 157, no. 2, pp. 334–341, 2014.

[21] W. Fang, Q. Li, J. Fan et al., “Microscope-integrated intra-
operative optical coherence tomography for anterior segment
surgical maneuvers,” Translational Vision Science & Tech-
nology, vol. 9, no. 7, p. 18, 2020.

[22] R. Fukumoto, M. Inoue, T. Ishida, T. Koto, and A. Hirakata,
“Adjustment of intraocular lens tilt during intrascleral

6 Journal of Ophthalmology



fixation assisted by intraoperative OCT,” Journal of Cataract
and Refractive Surgery, vol. 47, no. 10, pp. 1308–1313, 2021.

[23] R. Ghaffari, M. Mortazavi, P. Anvari et al., “Intraoperative
optical coherence tomography to evaluate the effect of the
eyelid speculum on corneal pachymetry during accelerated
corneal cross-linking (9mW/cm2),” Eye, vol. 32, no. 3,
pp. 579–585, 2018.

[24] L. Juergens, S. Michiels, M. Borrelli et al., “Intraoperative
OCT—real-world user evaluation in routine surgery,” Klini-
sche Monatsblatter fur Augenheilkunde, vol. 238, no. 6,
pp. 693–699, 2021.

[25] S. J. Lang, S. Heinzelmann, D. Böhringer, T. Reinhard, and
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Purpose. To assess the effects of phacoemulsification on the corneal endothelium in patients with gout and age-related cataracts.
Methods. Eighty-eight patients who underwent uneventful phacoemulsification for age-related cataracts were included in this
retrospective comparative study. (e patients were divided into two groups: group A included 31 patients with gout and tight
control of uric acid levels and group B included 57 patients without gout or any other systemic disease. All patients completed
follow-up assessments over 6months, and the two groups were compared in terms of changes to their specular microscopic values.
Results. Both groups showed marked improvement in uncorrected and best-corrected visual acuity at the end of the follow-up
period. Corneal endothelial cell loss was more severe in group A than in group B, with a mean difference of 221.35± 43.87 in group
A and 169.88± 52.67 in group B at the sixth month (p< 0.001). (e difference between the two groups in terms of other specular
microscopic values did not reach statistical significance. Conclusion. Patients with gout are more prone to corneal endothelial cell
damage after phacoemulsification than those without gout. To confirm these results, future studies with a prospective design and
longer durations of follow-up are needed.

1. Introduction

Gout is an inflammatory condition caused by metabolic
dysfunction, which can lead to elevated body uric acid levels
(≥6.8mg/dL), in turn triggering deposition of monosodium
urate (MSU) crystals in different tissues, especially the joints.
(is condition mostly affects postmenopausal women and
middle-aged men [1–4]. Changes in lifestyle and increasing
rates of obesity are probably responsible for the doubling of
gout prevalence over the past couple of decades.

Tophi are lesions resulting from the deposition of MSU
crystals in the eye, especially in the ocular adnexa and an-
terior segment. Patients with tophi usually present with
bilateral acute or chronic conjunctivitis and hyperaemic
vessels. (ey may also develop cataracts caused by hyper-
uricaemia itself or from drugs used in the treatment of gout,

such as steroids and allopurinol. Other ocular manifestations
of gout include dry eye syndrome, uveitis, scleritis, and
glaucoma [5–7]. Gout is also known to be associated with
endothelial dysfunction of the blood vessels and renal tu-
bules, and high levels of uric acid in the anterior chamber
may accelerate apoptosis of the corneal endothelial cells,
thus increasing corneal thickness [8–10].

(e frequency of phacoemulsification cataract surgery is
increasing these days because of its several advantages, in-
cluding rapid rehabilitation, fewer complications, and rea-
sonable cost. However, one of the primary limitations of this
procedure is the potential for postoperative damage to the
corneal endothelium. (e integrity of the corneal endo-
thelium is very important for dehydration of the corneal
stroma and clarity of the cornea. Any compromise in the
barrier function or active pump mechanism of the
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endothelium can result in corneal oedema [11]. Severe
damage to the endothelium after phacoemulsification may
cause corneal decompensation with a marked drop in vision,
whichmay necessitate corneal transplantation and its related
complications. Considering the decline in endothelial
function with advancing age, great attention should be paid
to the corneal endothelium before and during cataract
surgery in elderly people, especially those with systemic
comorbidities, to achieve the main goal of surgery, which is
an improvement of vision [12, 13].

(e aim of this study was to evaluate the effect of un-
eventful phacoemulsification on the corneal endothelium of
patients with gout and compare the results with those ob-
tained in a group of patients without gout or any other
systemic disease. Endothelial cell density (ECD), coefficient
of variation (CV), hexagonality (HEX), and central corneal
thickness (CCT) were the parameters compared between the
two groups.

2. Patients and Methods

(is retrospective comparative study was conducted using
the charts of 88 patients who had undergone uneventful
phacoemulsification for visually significant age-related
cataracts at the Ophthalmology Department of Sohag
University Hospital and Assiut University Hospital. (e
patients were treated in collaboration with the respective
rheumatology departments. (e Ethics Committee of the
Sohag Faculty of Medicine approved the study (approval
number: soh-Med-21-03–14), which adhered to the tenets of
the Declaration of Helsinki, and written informed consent
was obtained from all patients before surgery.(e study eyes
were divided into two groups: group A, which included 31
eyes from 31 patients with age-related cataracts and gout
defined according to the American College of Rheumatology
2015 gout classification criteria [14], and group B, which
included 57 eyes from 57 patients with age-related cataracts
without gout or any other systemic disease. (e inclusion
criteria included cataracts with nuclear grades N2 or N3
according to the Lens Opacities Classification System III [15]
and a normal fundus and normal intraocular pressure (IOP).
In contrast, we excluded patients with corneal pathology or a
low endothelial cell count (<2000 cells/mm), contact lens
wear, poor pupillary dilatation, pseudoexfoliation syn-
drome, glaucoma, uveitis, history of eye trauma, surgery, or
any systemic disease that could have affected the endothe-
lium, such as diabetes mellitus.

All study patients underwent a complete ophthalmic ex-
amination before and after surgery, includingmeasurements of
uncorrected visual acuity (UCVA) and best-corrected visual
acuity (BCVA) in the logarithm of minimum angle of reso-
lution (logMAR) values, evaluation of manifest refraction, slit-
lamp and fundus examinations, IOP measurement using an
applanation tonometer, noncontact specular microscopy using
CEM-530 (Nidek, Gamagori, Japan), and measurement of the
axial length (AL), anterior chamber depth (ACD), corneal
power (K1, K2, Kaverage, and keratometric cylinder), and in-
traocular lens (IOL) power using IOLMaster® 500 (Carl Zeiss
Meditec AG, Jena, Germany).

2.1. Sample Size Calculation. In the absence of previous
similar studies, we relied on a pilot study to calculate the
sample size. Using a small set of preliminary data collected
from five patients with gout (group 1) and 10 nongout
patients (group 2), the mean and standard deviation of the
difference between the preoperative and 6-month postop-
erative values of the endothelial cell density were calculated
to be 209.4± 110.2 in group 1 and 143.7± 89.3 in group 2.
(en, a G∗ Power software (Dusseldorf University, Ger-
many) was used to calculate the effect size which is utilised in
a priori analysis together with an alpha error of 0.05 and a
power of 0.8 to detect the sample size required to reveal a
significant change in the endothelial cell density. (e allo-
cation ratio was set as 2 to increase the statistical confidence.
We found that the study should include 30 patients with
gout and 60 patients without gout.

2.2. Surgical Procedures. All patients were operated on by
two surgeons (MA and EW) who conducted stop-and-chop
phacoemulsification using the Infiniti® Ozil continuous
phacomachine (Alcon, Fort Worth, Texas, USA) with in-
telligent phacoemulsification (IP) software. To obtain ade-
quate pupillary dilation before surgery, a topical mixture of
cyclopentolate hydrochloride (1%) and phenylephrine hy-
drochloride (10%) was instilled into the eye every 10min for
30 minutes. (e surgery started with instillation of the
topical anaesthetic benoxinate hydrochloride 0.4% into the
conjunctival sac, which was followed by retrobulbar and
facial nerve blocks using 2% lidocaine HCl injection.

Two paracentesis incisions were performed using a
microvitreoretinal knife (20 gauge) followed by injection of a
cohesive ophthalmic viscoelastic device (OVD); injection of
sodium hyaluronate ophthalmic solution 1.4% into the
anterior chamber; and a clear typical triplanar corneal in-
cision using a 2.2mm keratome. After forceps-aided cap-
sulorrhexis, hydrodissection was performed and a dispersive
viscoelastic fluid, 2% hydroxypropylmethylcellulose, was
injected into the anterior chamber for endothelial
protection.

Nucleotomy was performed in all cases by using the
stop-and-chop technique followed by irrigation-aspiration
of the cortical matter and implantation of a foldable in-
traocular lens. After aspiration of the residual viscoelastic
material, the incisions were sealed by hydration without
using sutures. Finally, we administered topical moxifloxacin
hydrochloride 0.5% eye drops and prednisolone acetate 1%
eye drops followed by eye patching. At the end of the
surgery, the cumulative dissipated energy (CDE) and esti-
mated fluid used were recorded, as shown in Figure 1.

2.3. Postoperative Care and Follow-Up. Patients were
instructed to instil moxifloxacin eye drops five times daily
for one week and prednisolone eye drops five times daily
with gradual withdrawal within four weeks. Slit-lamp ex-
aminations were routinely performed during the entire
follow-up period. All patients underwent postoperative
UCVA, BCVA, subjective refraction, and specular micros-
copy assessments at 1, 3, and 6 months postoperatively.
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2.4. Statistical Analysis. Data were analysed using IBM SPSS
Statistics for Windows version 20.0. Quantitative data were
expressed as mean± standard deviation, median, and range,
while qualitative data were expressed as numbers and
percentages. (e data were tested for normality using the
Shapiro–Wilk test, in which significant results indicated that
the findings of nonparametric tests were not normally
distributed. Independent-sample t-tests and repeated-mea-
sures ANOVA with pairwise comparisons were applied for
normally distributed data. (e nonparametric Man-
n–Whitney test, Friedman test with pairwise comparisons,
and Spearman correlation were used for data that were not
normally distributed. (e chi-square (χ2) test and Fisher’s
exact test were used for the comparison of qualitative var-
iables as appropriate. A 5% level was chosen to indicate
significance in all the statistical tests used in the study.

3. Results

(is retrospective comparative study included 88 eyes from
88 patients (38 men (43.2%) and 50 women (56.8%)) who
underwent uneventful phacoemulsification cataract surgery
for age-related cataracts (grade N2 or N3). (e right eye was
operated on in 46 patients (52.3%), while the left eye was
operated on in 42 patients (47.7%). (e patients were di-
vided into two groups: group A included 31 patients with
gout and group B included 57 patients who had no gout or
any other systemic disease. Preoperative parameters were
matched between the two groups. (e mean patient age in
group A was 58.23± 3.91 years, while that in group B was
59.61± 5.99 years. (e two groups showed no statistically
significant differences in the nuclear grade of cataracts,
average keratometry findings, ACD, AL, and IOL power
(biometry), as given in Table 1. (e specular microscopy
values in group A were as follows: mean ECD, 2761± 327.17;
mean CV, 35.45± 4.61; mean HEX, 51.58± 8.21; and mean
CCT, 512.13± 29.22. (e corresponding values in group B
were as follows: mean ECD, 2844.46± 335.1; mean CV,
36.39± 4.32; mean HEX, 47.86± 7.26; and mean CCT,
515.44± 22.9, respectively. In the assessment of

intraoperative parameters, the CDE and the estimated fluid
used did not differ between the two groups, as given in
Table 1.

Comparisons of visual acuity before and after surgery in
the two groups showed significant improvement in both
UCVA and BCVA after the surgery throughout the follow-
up period, with no significant differences between the two
groups. After surgery, the ECD showed a significant pro-
gressive decline in both groups, with mean values of
2622.52± 329.08, 2571.06± 326.09, and 2539.65± 324.7 after
1, 3, and 6 months, respectively, in group A and mean values
of 2738.32± 342.28, 2697.91± 344.41, and 2674.58± 342.77,
respectively, in group B. (is decline was more significant in
group A (gout group) than in group B (normal group), with
a mean difference of 138.48± 41.2, 189.94± 50.18, and
221.35± 43.87 at 1, 3, and 6 months, respectively, in group A
and a mean difference of 106.14± 32.62, 146.54± 43.3, and
169.88± 52.67, respectively, in group B, as shown in Fig-
ures 2 and 3 and Table 2. Spearman correlation analysis of
the ACD, CDE, and estimated fluid used with the ECD
change after the 6th month postoperatively revealed a sig-
nificant correlation only with ACD (r�−0.318 and
p � 0.003).

(e other specular microscopic values also showed
significant changes after surgery in the two groups, with CV
values showing an initial rise followed by a decline, HEX
values showing an initial decline followed by an increase,
and CCT values showing an initial rise followed by a plateau
and a final return to preoperative values. However, the mean
differences did not reach statistical significance when the two
groups were compared.

With regard to postoperative complications, no differ-
ences were noted between the two groups, with posterior
capsule opacification (PCO) developing in three cases in
each group and macular oedema developing in one case in
group A and two cases in group B.

4. Discussion

(e increasing prevalence of gout may signal the onset of a
worldwide epidemic. (is condition affects 8.3 million
adults in the United States, and its prevalence is expected to
increase with the spread of obesity. Considering the in-
creasing use of phacoemulsification surgeries together with
the rise in life expectancy and the global increase in gout
prevalence, eye surgeons should be aware of the importance
of corneal endothelial care in such patients.

In this retrospective comparative study, we evaluated the
stress exerted on the corneal endothelium in patients with
gout who underwent uneventful phacoemulsification sur-
gery for age-related cataract (group A) and compared them
to a control group (group B) with no gout or any other
systemic disease.

(e two groups showed no differences in their preop-
erative or intraoperative characteristics. Conversely, the
postoperative corneal endothelial characteristics showed
significant differences, with more damage to the endothe-
lium observed in the gout group than in the normal group.
(ese differences in the ECD values were significant over the

Figure 1: Summary of phacoemulsification parameters at the end
of surgery, with the CDE and estimated fluid used highlighted.
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entire follow-up period (6 months) but did not reach sta-
tistical significance with regard to CCT, CV, and HEX
values.

Sahu et al. [16] studied the effect of uneventful phaco-
emulsification on the corneal endothelium of 60 patients
with controlled diabetes mellitus (type 2 with glycosylated
haemoglobin< 7.0) and compared them to the findings in 60
nondiabetic patients. Both groups showed a decline in ECD
and HEX and a rise in CV and CCTat the end of the follow-
up period of 3 months; however, the changes were more
significant in the diabetic group, indicating more endothelial
dysfunction. However, this study did not exclude other
systemic diseases such as gout from the control group, which
may have biased the results.

Kosekahya et al. [17] investigated corneal endothelial
changes in 50 patients with gout compared to an age and sex-
matched group of healthy individuals. (ey found that the
gout group had a lower mean ECD and HEX and higher CV

and CCTthan the control group. In addition, they reported a
negative correlation between gout duration and both ECD
and HEX (r� −0.400, p � 0.019 and r� −0.348, p � 0.043,
respectively), while the uric acid level was positively cor-
related with CCT (r� 0.355, p � 0.003) and negatively cor-
related with HEX (r� −0.245, p � 0.044). (ey concluded
that patients with gout might have corneal endothelial
dysfunction which is proportional to disease duration and
uric acid levels. (ey urged eye surgeons to consider such
endothelial dysfunction when treating patients with cata-
racts or glaucoma and having gout.

(e same group [18] evaluated the characteristics of the
cornea and tear film in 41 patients with gout in comparison
with healthy individuals. (ey studied corneal densitometry
findings in both groups by using Pentacam corneal to-
mography and reported significantly higher values in the
0–2mm and 2–6mm zones of both anterior and central
layers in the gout group compared to the control group,

Table 1: Comparison of preoperative and intraoperative characteristics between study groups.

Characteristics
Group

P value
Gout (N� 31) Normal (N� 57)

Gender <0.001∗
Female 27 (87.1%) 23 (40.4%)
Male 4 (12.9%) 34 (59.6%)

Age (year) 0.165
Mean± S.D. 58.23 ± 3.91 59.61 ± 5.99
Median (IQ range) 57 (55–62) 60 (55–65)

Laterality 0.590∗
Left 16 (51.6%) 26 (45.6%)
Right 15 (48.4%) 31 (54.4%)

Grade 0.314∗
N2 13 (43.4%) 23 (40.4%)
N3 17 (56.6%) 34 (59.6%)

Preaverage K 0.544
Mean± S.D. 45.37 ± 1.87 44.73 ± 1.42
CI of mean 44.69–46.06 44.35–45.11
Median (IQ range) 44.36 (43.75–47.25) 45.08 (44.06–45.99)

Preaxial L 0.047
Mean± S.D. 22.96 ± 1.07 23.77 ± 1.68
CI of mean 22.56–23.35 23.32–24.21
Median (IQ range) 23.11 (22.21–23.6) 23.53 (22.37–24.19)

Pre-AC depth 0.763
Mean± S.D. 3.23 ± 0.37 3.23 ± 0.32
CI of mean 3.09–3.36 3.14–3.31
Median (IQ range) 3.25 (3.06–3.37) 3.26 (2.95–3.45)

Biometry 0.046
Mean± S.D. 20.48 ± 3.91 18.44 ± 4.45
CI of mean 19.05–21.92 17.26–19.62
Median (IQ range) 21 (19–22) 20 (18–21)

Cumulative dissipated energy CDE 0.389
Mean± S.D. 4.62 ± 3.02 6.23 ± 5.33
CI of mean 3.51–5.73 4.82–7.64
Median (IQ range) 4.61 (1.47–6.07) 4.19 (3.09–8.53)

Estimated fluid used 0.313
Mean± S.D. 110.06 ± 34.19 100.04 ± 28.95
CI of mean 97.52–122.61 92.35–107.72
Median (IQ range) 103 (80–141) 95 (83–114.5)

P values were calculated using the Mann–Whitney U test. ∗P values were calculated using the Chi-square test. P values of <0.05 indicated statistical
significance.
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while the densitometric values of the 0–2mm and 2–6mm
zones of the posterior layer were similar in both groups. (e
6–10mm and 10–12mm zones of all layers showed similar
values in two groups. In addition, they noted a strong
positive correlation between the anterior and central
0–2mm and 2–6mm zones and both uric acid levels and
duration of gout.

To the best of our knowledge, this is the first study to
investigate the effects of phacoemulsification cataract
surgery on the corneal endothelium in patients with gout.
Endothelial cell loss was more severe in patients with gout
than in patients without gout or any other systemic
disease, indicating the need for greater attention during
surgery in such patients.

Hyperuricemia induced in rats was linked to damage of the
renal tubular endothelium due to decrease in Na, K-ATPase
activity. Higher levels of serum uric acid were associated with a
higher decline in enzyme activity [19]. Such mechanisms re-
lating to endothelial dysfunction may also explain the excessive
loss of corneal endothelial cells in patients with gout after
phacoemulsification cataract surgery.

(e main limitations of this study are its retrospective
design, small sample size, and relatively short follow-up
duration. Although the study included a small number of
cases, it can be used as a pilot study to calculate the sample
size of more powerful studies. Future randomised controlled
clinical trials with larger samples and longer durations of
follow-up are needed to confirm the results of this study.

Figure 2: Preoperative and 6-month postoperative specular microscopy findings in a female patient in group A (gout group).(e reduction
is in ECD and HEX and the increase is in CV and CCT values.
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5. Conclusions

In conclusion, patients with gout, such as those with dia-
betes, are probably more prone to corneal endothelial
dysfunction postcataract surgery. (us, surgeries in these
patients should be performed using more protective vis-
coelastic devices or less damaging nuclear-dividing

techniques, with more attention to intraoperative phaco
parameters.

Data Availability

(e datasets used and/or analysed during the current study
are available from the corresponding author upon request.
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Figure 3: A chart comparing repeated cell density measures in the two groups.

Table 2: Comparison of changes in study measures between the study groups six months postoperatively.

Characteristics
Group

P value
Gout (N� 31) Normal (N� 57)

UCVA 0.608
Mean± S.D. −0.48 ± 0.2 −0.5 ± 0.22
CI of mean −0.56–0.41 −0.56–0.44
Median (IQ range) −0.45 (−0.57–0.4) −0.45 (−0.62–0.4)

BCVA 0.492
Mean± S.D. −0.62 ± 0.24 −0.64 ± 0.23
CI of mean −0.71–0.53 −0.70–0.58
Median (IQ range) −0.58 (−0.9–0.4) −0.58 (−0.9–0.47)

Cell density <0.001
Mean± S.D. 221.35 ± 43.87 169.88 ± 52.67
CI of mean 205.26–237.45 155.90–183.85
Median (IQ range) 210 (198–255) 172 (148–191)

CV 0.03
Mean± S.D. −1.77 ± 2.92 −3.46 ± 4.34
CI of mean −2.84–0.70 −4.61–2.30
Median (IQ range) −1 (−3–0) −3 (−6–1)

Hex 0.82
Mean± S.D. 5.45 ± 4.21 5.72 ± 5.62
CI of mean 3.91–7 4.23–7.21
Median (IQ range) 5 (2–8) 5 (2–9)

CCT 0.234
Mean± S.D. −2.65 ± 6.75 −1.39 ± 14.17
CI of mean −5.12–0.17 −5.15–2.37
Median (IQ range) −1 (−7–2) −1 (−7–5.5)

P values were calculated by the Mann–Whitney U test. P values of <0.05 indicated statistical significance.
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Purpose. 0e purpose of this study was to quantify the characteristics of the tilt and decentration of the IOL after trans-scleral
suture fixation surgery in congenital ectopia lentis (CEL) patients. Methods. 0e clinical characteristics of 70 CEL patients at
Zhongshan Ophthalmic Center in China were retrospectively analyzed. 0e tilt and decentration of intraocular lens (IOL) were
measured by using a Pentacam and compared between different axial length (AL) subgroups. 0e correlation between IOL tilt,
decentration, and ocular characteristics was investigated using Spearman’s correlation analysis. Results. 0e postoperative IOL
position of CEL patients was mainly located nasally inferiorly. 0e average tilt of the IOL in CEL patients was less than 7° (for
temporal: 2.21± 1.53°, for nasal: −1.84± 2.04°, for superior: 2.22± 2.18°, and for inferior: −1.70± 1.62°), and the average
decentration of the IOL in CEL patients was larger than 0.4mm (for temporal: 0.49± 0.38mm, for nasal: −0.69± 0.46mm, for
superior: 0.72± 0.58mm, and for inferior: −0.68± 0.54mm). 0e decentration of CEL patients in the AL≥ 26 subgroup was
greater than those with AL< 24mm and AL 24 to 26mm subgroups (for superior: 0.72± 0.28mm vs. 0.46± 0.25mm and
0.48± 0.22mm, all P< 0.05; for inferior: -0.94± 0.56mm vs. −0.44± 0.26mm and -0.44± 0.46mm, all P< 0.05). IOL decentration
was positively correlated with AL (for superior: r� 0.44, P � 0.019; for inferior: r� 0.54, P � 0.006). IOL tilt was positively
correlated with AL on the superior side (r� 0.38, P � 0.041). Conclusions. 0e extent of IOL decentration after trans-scleral suture
fixation was great in CEL patients, and the IOL decentration in CEL patients was significantly associated with AL.

1. Introduction

Congenital ectopia lentis (CEL) is a rare disease that is
defined as the dislocation or displacement of the natural
crystalline lens [1]. CEL can occur as an ocular symptom of
many systemic or hereditary diseases such as homo-
cystinuria, Weill–Marchesani syndrome, and sulfite oxidase
deficiency [2–4] with Marfan syndrome being the most
common etiology [1, 5, 6].

Scleral suture-fixed posterior chamber intraocular lens
(IOL) surgery is one of the most commonly performed
surgical procedures for CEL patients. Although most pa-
tients can achieve good visual outcomes with this surgical
technology, more complications have been reported

compared to the traditional surgery method, in which the
IOL is implanted into the capsular bag, and the position of
the IOL is one of the most important complications affecting
visual quality [7, 8]. As previous studies have shown, IOL
decentration greater than 0.4mm and tilt greater than 7°
could induce a lower visual performance [9]. Korynta found
that an IOL tilt of 12° and decentration of 3mm could result
in a postoperative myopia of −7.0D and astigmatism of
+4.0D [10]. Hence, the position of the IOL is important for a
good visual prognosis.

However, few studies have focused on the characteristics
and factors associated with IOL tilt and decentration in CEL
patients. Hence, this study was conducted to evaluate the
characteristics of IOL tilt and decentration three months
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postoperatively and to investigate the factors associated with
IOL tilt and decentration in CEL patients.

2. Methods

2.1. Design. 0is retrospective study was conducted at the
Zhongshan Ophthalmic Center. All participants had signed
an informed consent form. 0e study was approved by the
Human Research Ethics Committee of the Zhongshan
Ophthalmic Center and followed the principles of the
Declaration of Helsinki.

2.2. Patients. 0e data from baseline and routine follow-up at
three months postoperatively were obtained by reviewing the
medical records of CEL patients who underwent scleral su-
ture-fixed posterior chamber intraocular lens surgery from
April 2019 to March 2021, and for those who underwent
binocular surgery, the first eye at three months postopera-
tively was selected in this study. 0e included CEL patients
were stratified into three categories according to AL: AL <
24mm group, 24<AL < 26mm group, and AL ≥ 26mm
group. 0e inclusion criteria were as follows: (1) patients
diagnosed with bilateral EL; (2) patients younger than 40
years old; (3) patients who underwent trans-scleral suture
fixation surgery; and (4) patients with adequately and
asymmetrically dilated pupils during the Pentacam exami-
nation.0e exclusion criteria were as follows: (1) patients with
secondary lens dislocations or lens dislocations caused by
ocular trauma; (2) patients with ocular surgery history; (3)
patients with ocular trauma history; (4) patients who cannot
cooperate in the examination; and (5) patients with unclear
Pentacam images.0e study was approved by the institutional
review board of Zhongshan Ophthalmic Center and con-
ducted in accordance with the Declaration of Helsinki.

2.3. Study Procedures. During the three months of postop-
erative routine follow-up, nonmydriatic and mydriatic
photographs of the anterior segment were collected. AL and
anterior chamber depth (ACD) were measured using an
IOLMaster 700 (Carl Zeiss Meditec AG). 0e tilt and
decentration of the IOLs were measured using the Pentacam
HR system (Oculus Inc., Wetzlar, Germany). 0e Pentacam
exam requires the patient to sit in front of the instrument with
the pupil sufficiently dilated to obtain scanned slit images in
25 directions to obtain an image of the anterior and posterior
segments of the lens. Image processing software (MATLAB)
was used to fit the anterior and posterior surfaces of the IOL
and the iris plane in each image, and the corresponding tilt
and decentration were then calculated according to previ-
ously reported methods [11, 12]. 0e midpoint of the line
connecting the two ends of the iris segment is considered as
the pupil center, and the line passing through the pupil center
and the anterior corneal center of curvature is defined as the
pupillary axis. 0e perpendicular line at the midpoint of the
intersection of the fitted lines on the anterior and posterior
surfaces of the IOL is defined as the IOL axis. 0e IOL tilt is
defined as the angle between the IOL axis and the pupillary
axis around the x-axis or y-axis, while the decentration of the

IOL is defined as the vertical distance from the IOL axis to the
pupillary axis [13]. 0e vertical meridian is defined as the 90-
degreemeridian, and the horizontal meridian is defined as the
180-degree meridian. Positive values indicate the temporal
side in the horizontal meridian and the superior side in the
vertical meridian, while negative values indicate the nasal and
inferior sides, respectively [14].

2.4. Surgical Technique. All patients underwent trans-scleral
suture-fixed posterior chamber intraocular lens IOL im-
plantation right after the crystalline lens extraction by a
single experienced surgeon (DY Z). 0e fixation of the IOL
haptic occurred using an 8–0 polypropylene suture (Johnson
and Johnson, USA) with a 26-G needle, and the needles were
pierced from the ciliary sulcus to the sclera of the 150-degree
meridian and the 330-degree meridian from 2mm posterior
to the surgical limbus. All patients were implanted with
970C/920H (Rayner, UK) one-piece IOLs. 0e bilateral
sutures were evenly tightened so that the IOL was centered
as much as possible. 0e end of the suture under the scleral
flap was knotted in turn to bury the knot under the sclera.
0e scleral flap was closed with a 10/0 nylon suture.

2.5. Statistical Analysis. Statistical analysis of the quantita-
tive data was performed for all variables, and the differences
in ocular data between the three subgroups were tested by
one-way Anova analysis. A Spearman correlation analysis
was used to evaluate the correlation between the positions of
the IOL and AL. All data were analyzed by using SPSS 23.0
(SPSS, IBM Corp, Armonk, NY, USA). 0e P value less than
0.05 was considered statistically significant.

3. Results

3.1. Demographic and Ocular Characteristics. 0e demo-
graphic data and ocular biometric parameters of the patients
are shown in Table 1. A total of 70 eyes of 70 patients were
enrolled. 0e mean age of CEL patients was 9.77 years±5.13
(SD), and 88.57% (62/70) of patients were over 6 years. 0e
mean AL was 24.86± 1.80mm, and the mean ACD was
4.67± 1.45mm, and six patients (8.57%) had undergone
anterior segment vitrectomy during surgery.

3.2. IOL Tilt and Decentration. Figure 1 illustrates the def-
inition of IOL tilt and decentration. Tilt and decentration
represent the angle and distance around the x-axis or y-axis
of the IOL axis from the pupillary axis. Positive values in-
dicate tilt and decentration exist on the nasal or temporal
side, while negative values indicate tilt and decentration exist
on the superior side or inferior side. Figure 2 shows that the
IOL tilt and decentration of CEL patients were mainly
distributed nasally inferiorly (for tilt and decentration: both
23/70 (32.86%)). 0e average values of the IOL tilt and
decentration in the CEL patients are shown in Table 2 and
Figure 3. 0e mean tilt of the IOL in CEL patients was less
than 7° (for temporal: 2.21± 1.53°, for nasal: −1.84± 2.04°, for
superior: 2.22± 2.18°, and for inferior: −1.70± 1.62°), and the
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average decentration of the IOL in CEL patients was larger
than 0.4mm (for temporal: 0.49± 0.38mm, for nasal:
−0.69± 0.46mm, for superior: 0.72± 0.58mm, and for

inferior: −0.68± 0.54mm). 0e decentration in the AL≥ 26
subgroup was greater than those with AL< 24mm and
24<AL< 26mm subgroups. (for superior: 0.72± 0.28mm vs.

End-to-End

Puplilary axis

Decentration

IOL axisTilt

Perpendicular line to
the IOL axis

Figure 1: Fitted circumferences, pupillary axis, and IOL axis merged on a Scheimpflug cross-section image. Decentration is calculated from
the distance between the IOL axis and pupillary axis. 0e IOL tilt was calculated from the angle between the axes.
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Figure 2: Degree and distribution of IOL tilt and decentration in CEL patients.

Table 2: IOL position parameters of CEL patients according to axial length.

Total AL < 24mm 24mm≤AL < 26mm AL ≥ 26mm P value
Tilt (degree)

Temporally 2.21± 1.53 2.22± 1.46 2.38± 1.64 2.19± 1.58 0.963
Nasally −1.84± 2.04 −1.56± 1.52 −1.39± 1.27 −1.83± 1.66 0.897
Superiorly 2.22± 2.18 1.34± 1.77 1.89± 2.00 3.50± 2.71 0.031
Inferiorly −1.70± 1.62 −1.19± 1.63 −1.65± 1.72 −1.88± 1.65 0.523

Decentration (mm)
Temporally 0.49± 0.38 0.46± 0.25 0.38± 0.39 0.52± 0.41 0.795
Nasally −0.69± 0.46 −0.53± 0.27 −0.74± 0.37 −0.56± 0.19 0.194
Superiorly 0.72± 0.58 0.46± 0.25 0.48± 0.22 0.72± 0.28 0.045
Inferiorly −0.68± 0.54 −0.44± 0.26 −0.44± 0.46 −0.94± 0.56 0.033

Table 1: 0e demographic and clinical features of 70 CEL patients.

Characteristics Value
Patients/eyes, n 70/70
Age (yrs), mean (SD) 9.77 (5.13)
Male/female, n 33/37
Axial length (mm), mean (SD) 24.86 (1.80)
WTW (mm), mean (SD) 4.67 (1.45)
SE (D) −1.625
Anterior vitrectomy (n, %) 6 (8.57)
SD� standard deviation.
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0.46± 0.25mm and 0.48± 0.22mm, all P< 0.05; for inferior:
−0.94± 0.56mm vs. −0.44± 0.26mm and -0.44± 0.46mm,
all P< 0.05). 0e results of the correlations between the IOL
position and the ocular meters are shown in Table 3 and
Figure 4. AL was positively associated with IOL decentration
at the superior and inferior side (for superiorly: r� 0.44,
P � 0.019; for inferiorly: r� 0.54, P � 0.006), and AL was
positively associated with IOL tilt at the superior side
(r� 0.38, P � 0.041).

4. Discussion

In recent years, Pentacam has been commonly used in
clinical practice to measure IOL tilt and decentration. By
using the Scheimpflug camera scanning principle, Pentacam
can obtain a three-dimensional image of the anterior seg-
ment of the eye in less than two seconds, as well as auto-
matically track and correct the patient’s eye movements
during the examination, and its measurements have been
popularly commercialized [15]. In this study, by using
Pentacam, we found that the postoperative IOL positions in
CEL patients were mainly located nasally inferiorly, while
the average tilt of IOLs in CEL patients was less than 7° in all
four directions. However, the IOL decentration in CEL
patients was larger than 0.4mm. Moreover, patients with the

longer AL had a greater IOL decentration than those with
the shorter AL.

Previous studies have suggested that although small tilt
and decentration of the IOL will not lead to abnormal visual
experiences, large tilt and decentration can cause higher-
order aberrations and changes in refractive status, which can
affect the visual quality of patients [16–18]. Hence, main-
taining a central position of the IOL in the visual axis region
is particularly critical for postoperative visual prognosis.
Although previous studies have suggested that the AL, ACD,
and IOL types are related to IOL tilt and decentration, to our
knowledge, studies on the distribution of IOL tilt and
decentration in CEL patients after IOL scleral suture loop
fixation and related factors are still rare.

Hayashi K’s study showed that the tilt and decentration
of the IOL after out-of-the-bag implantation were signifi-
cantly greater than those after in-the-bag implantation, and
the extent of both tilt and decentration after scleral suture
fixation was greater than that observed after either out-of-
the-bag or in-the-bag implantation [19, 20], which was
consistent with part of our findings. In comparison with data
in the published literature, our study showed that the tilt of
the IOL after trans-scleral fixation in CEL patients was not
significantly greater than that after in-the-bag implantation
in cataract patients, whereas the decentration of the IOL in
CEL patients was significantly greater [21]. 0e
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Figure 3: Comparisons of IOL tilt and decentration according to axial length in CEL patients.

Table 3: Spearman correlation between clinical features and IOL position.

Age (yrs) Sex (female) WTW (mm) SE (D) AL (mm) ACD (mm)
R value P value R value P value R value P value R value P value R value P value R value P value

Tilt
Temporally 0.06 0.572 0.33 0.171 0.612 0.312 0.21 0.209 0.02 0.926 0.04 0.462
Nasally −0.35 0.156 −0.14 0.233 0.526 0.440 0.11 0.621 0.09 0.571 0.10 0.701
Superiorly 0.17 0.725 −0.12 0.501 0.307 0.105 0.10 0.715 0.382 0.041 0.12 0.124
Inferiorly 0.18 0.236 0.09 0.325 0.235 0.303 0.21 0.269 0.07 0.702 0.17 0.506

Decentration
Temporally 0.15 0.314 −0.13 0.163 0.31 0.178 0.14 0.270 −0.08 0.700 0.13 0.423
Nasally −0.18 0.205 0.23 0.421 −0.27 0.590 0.06 0.19 −0.08 0.635 0.11 0.502
Superiorly 0.23 0.604 0.10 0.121 0.11 0.231 0.12 0.352 0.44 0.019 0.21 0.787
Inferiorly −0.31 0.215 −0.17 0.304 −0.19 0.331 0.13 0.639 0.542 0.006 −0.31 0.169
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abovementioned findings may be explained by the fact that
since our surgical operation required tensioning and fixation
of the bilateral sutures, it was difficult to ensure a completely
uniform force on both sides with only the surgeon’s expe-
rience, so it was prone to greater decentration; as most of our
patients did not undergo vitrectomy, the more complete
vitreous support may explain the lesser tilt.

Zhang F’s study showed that IOL tilt and decentration in
most patients were distributed on the temporal-inferiorly
side [14], and our results showed that the tilt and decen-
tration were mainly nasally inferiorly, which suggests the
distribution of IOL positions after trans-scleral sutures was
different from that of in-the-bag implantation. In our study,
5.71% (4/70) of CEL patients had an IOL tilt greater than 7°;
all four patients had an AL> 26mm; and the maximum tilt
was 9.18° on the nasal side. 0is patient had an AL> 26mm
and a history of intraoperative anterior vitrectomy. 0e
reason for this patient’s large IOL tilt may lie in the fact that
the IOL was less supported after the anterior vitrectomy.

We divided the CEL patients into three groups according
to the AL, as shown in Table 2 and Figure 3. 0e postoperative
IOL decentration was greater in the CEL patients with an AL ≥
26mm than in patients with an AL of less than 26mm, both on
the superior and inferior side. And the IOL tilt was greater in
the CEL patients with AL ≥ 26mm than in patients with AL
less than 26mm on the superior side.0is may be explained by
the fact that the growth of the eye with a long AL may have
stretched the suture of the lens loop fixed to the sclera, thus
increasing the chance of postoperative IOL decentration and
tilt. As shown in Table 3 and Figure 4, the decentration in
superior and inferiority was positively correlated with the AL.
0is conclusion could be explained by the fact that due to the
poorly developed zonular support in CEL patients, the com-
mon surgical approach is to fix the IOL in the ciliary sulcus
through scleral suture instead of directly into the lens capsule,
in the eye with long AL, the IOL may be easily stretched and
hence more likely to lead to a large decentration.

0ere are several limitations in this study. Although the
patients came from different regions of China, most were
from southern China, which might not represent the whole
population with CEL. Although the majority of patients in

this study were older than 6 years old, there was still a large
age span in our patients and the accuracy of our conclusions
may be affected to some extent. More studies are needed in
the future to further investigate the relationship between age
and IOL position. And this study is a cross-sectional study,
and more relevant longitudinal studies are still needed in the
future to better understand the distribution and changing
trend of tilt and decentration of IOL in CEL patients.
However, this study is important as it uses a large sample size
focused on the characteristics of the tilt and decentration of
the IOL after trans-scleral fixation in CEL patients.

5. Conclusion

0e results of this study indicate that the trans-scleral su-
tured posterior-chamber IOL in CEL patients may lead to
great decentration. In addition, IOL decentration is posi-
tively associated with AL in CEL patients. In future clinical
practice, improvements in the surgical approach to CEL
patients should be enhanced to reduce the decentration of
the IOL. Emphasis should be placed on individualized
evaluation and treatment of patients, especially those with
long eye axes, to minimize IOL decentration.
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Figure 4: 0e scatter plots show the correlations between IOL position and AL at different directions.
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Purpose. To evaluate the efficacy of laser peripheral iridotomy (LPI) in preventing deterioration in eyes with ocular hypertension
(OHT) and concave configuration of the iris.Materials and Methods. +is was a retrospective study, which was carried out within
a period of 3–5 years. Twenty-four patients with OHTand concave irises were treated with LPI and followed up periodically. IOP,
central corneal thickness (CCT), anterior chamber depth (ACD), scleral spur angle (SSA), global neuroretinal rim (NRR)
thickness, and global retinal nerve fiber layer (RNFL) were examined before and after LPI. Results. +e average age of the 24
patients was 14.21± 1.41 (13–17.5) years on admission. +e initial IOP of the 48 eyes was 23.21± 1.56mmHg in RE and
22.96± 2.1mmHg in LE before LPI. All 48 eyes had concave irises in both eyes. All eyes treated with LPI have shown iris flattening,
which has persisted during follow-up (mean 1.54± 0.9 years). At the last follow-up visit, the average IOP was 17.58± 2.63 (14–21)
mmHg in RE and 17.58± 2.86 (14–21)mmHg in LE, which was statistically lower than that of the baseline (p< 0.001). +ere were
significant changes in SSA in both eyes and global RNFL in RE after LPI. Conclusions. In the current study, LPI resulted in an IOP-
lowering effect and iris flattening in adolescent eyes with a concave configuration of the peripheral iris.

1. Introduction

+e pigment dispersion syndrome (PDS) is characterized by
structural changes in the anterior segment, especially a
structural disturbance in the iris pigment epithelium, that
lead to the shedding of the pigment from the posterior
surface of the iris into the anterior segment and its depo-
sition on various ocular structures [1, 2]. In PDS, the iris has
a concave configuration and is often inserted into the
posterior ciliary body band. Anomalous iridozonular con-
tact leads to rubbing of the pigmented iris epithelium against
the zonular fibers and pigment release throughout the an-
terior segment [3, 4]. Pigment dispersion results in an ac-
cumulation of pigment granules within the aqueous humor
and the outflow tissue. PDS can lead to a secondary elevation

of IOP and cause PG. Other clinical presentations of PDS
include Krukenberg spindle, radial iris transillumination
defects, diffuse pigmentation of the anterior chamber angle,
Sampaolesi-like line, Scheie/Zentmayer stripe, and some-
times pigment deposition on the posterior lens capsule
[1–4]. When IOP in patients with PDS is high or when signs
of glaucomatous optic nerve develop, treatment should be
initiated. Topical antiglaucoma medications are the first
choice. Sometimes, laser procedures are considered. How-
ever, their current role is still unclear. Laser peripheral
iridotomy (LPI)—an alternate treatment of elevated IOP—is
one such method. +is procedure creates an opening in the
iris tissue and inhibits pigment release.

Ocular hypertension (OHT) is defined as the presence of
intraocular pressure higher than 21mmHg, with no optic
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nerve damage or visual field loss. OHT is considered the
most important risk factor for glaucoma. Without proper
intervention, over 10% of the patients with ocular hyper-
tension would develop glaucoma in the following 5 to 10
years [5]. +erefore, lowering IOP is the main strategy for
preventing glaucoma in patients who are at risk. Regrettably,
patients with OHT usually have none or very few ocular
symptoms and little disturbance in visual acuity, making its
diagnosis and treatment a huge challenge [6]. In addition,
there is no consensus concerning the management of OHT.

+e aim of this study was to assess the effects of LPI on
lowering IOP in adolescents with OHT and concave con-
figuration of the iris visible in anterior segment optical
coherence tomography (AS-OCT). We assumed that pe-
ripheral iris concavity may be a risk factor for the devel-
opment of PDS in adolescents, making pigment release
easier. We also wanted to investigate whether laser therapy
results in any changes in the anterior segment parameters
and in the optic disc and retinal parameters, as assessed by
optical coherence tomography.

2. Materials and Methods

Twenty-four patients with ocular hypertension and concave
configuration of the iris were treated with laser peripheral
iridotomy and followed up periodically in the Department of
Paediatric Ophthalmology and Strabismus. None of the
patients had PDS. Inclusion criteria were as follows: IOP
>21mmHg, age between 12 and 18 years, no signs of
glaucoma, best-corrected visual acuity 1.0, no history of
ocular or systemic disorders, and good quality of OCT
images. +e exclusion criterion was peripapillary atrophy.
All patients underwent a full-eye examination, including
best-corrected Snellen visual acuity, IOP measurement by
TonoPen, visual field, corneal pachymetry, slit-lamp ex-
amination, and stereoscopic optic disc examination with a
78-diopter lens, gonioscopy, AS-OCT, and SLO/OCT
Spectralis imaging.

+e main items of investigation included evaluation
of IOP and selected parameters of the anterior and
posterior segments before and 2 months after laser
treatment. To examine the iris configuration, central
corneal thickness (CCT), anterior chamber depth (the
distance between the anterior surface of the cornea and
the anterior border of the lens capsule (ACD)), and
scleral spur angle (SSA, a measurement of the angle
formed at the apex of the iris recess), with the arms of the
angle passing through the angle-opening distance/AOD/
at 500 µm anterior to the scleral spur/AOD500 line/) in
the nasal and temporal quadrants, all subjects underwent
anterior segment optical coherence tomography (AS-
OCT Visante, Carl Zeiss Meditec AG, Oberkochen,
Deutschland) (Figures 1 and 2).

+e AS-OCT was performed by an ophthalmic imaging
technician. To perform the global neuroretinal rim (NRR,
the neuroretinal tissue between the optic disc margin and the
cup margin around the entire circumference of the optic
nerve head) thickness and global retinal nerve fiber layer
thickness (RNFL) measurements, optical coherence

tomography (SLO/OCT Spectralis) has been used by the
same ophthalmic imaging technician. +e decision on
whether LPI was clinically indicated was made by the
ophthalmologist based on the AS-OCT images obtained
during the first visit.

+e LPI was performed using the Laser LightLas SLT/
YAG/577 (LightMed). All eyes were instilled with 2% pi-
locarpine prior. +e LPI was placed in the superior region
(between 11 and 1 o’clock) of the iris, as peripherally as
possible, by the same ophthalmologist, and 8–12 shots of
3.0–3.5mJ power were applied. After the procedure, patients
were given a 5-day course of topical loteprednol etabonate
0.5% to relieve postlaser inflammation. At the last follow-up
visit, AS-OCT was repeated for each patient to evaluate the
iris configuration.

2.1. Statistical Analysis. +e Shapiro–Wilk test was used to
verify the hypotheses of normal distribution of the analyzed
parameters. For comparing the parameter values before and
after the treatment, the paired t-test and Wilcoxon signed-
rank tests were applied. In addition, Pearson’s rank corre-
lation coefficient was used as a correlation measure between
variables. +e unpaired t-test was used to compare the two
groups of patients. +e Holm–Bonferroni method was ap-
plied for multiple comparisons. In all the comparisons, a
0.05 significance level was applied.

2.2. Ethical Issues. +e study was conducted according to the
tenets of the Declaration of Helsinki and had received ap-
proval from the Local Ethics Committee. All parents signed a
consent form before the inclusion in the study.

3. Results

+e study included 48 eyes of 24 patients with OHT. +e
average age of adolescents (14 boys and 10 girls) was
14.21± 1.41 years (13–17.5 years) on admission. All patients
had best-corrected visual acuity of 1.0. Fourteen adoles-
cents had myopia (4 cases-mild myopia, 2 cases-moderate
myopia, and 8 cases-high myopia), and 10 people were
emmetropic. +e initial IOP of the 48 eyes was
23.21± 1.56mmHg in RE and 22.96± 2.1mmHg in LE
before LPI. In addition, all 48 eyes had a concave config-
uration of the iris in AS-OCT. +e selected examined
parameters of the anterior and posterior segments are
presented in Table 1. +e iris became flat in all treated eyes
after the laser treatment. +ere were no adverse postlaser
complications. At the last follow-up visit, the average IOP
was 17.58 ± 2.64 (14–21)mmHg in RE and
17.58 ± 2.86mmHg (14–21) in LE, which was statistically
lower than that of baseline (p< 0.001 and p< 0.001, re-
spectively; Table 2).

+ere were statistically significant differences in SSA in
the nasal and temporal quadrants in both the eyes before and
after the laser treatment (Table 1). +ere were no essential
changes in CCT and ACD in both the eyes after the laser
procedure.
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Apart from the global retinal nerve fiber layer (RNFL)
thickness in RE (p � 0.003), differences in global RNFL in
LE and global neuroretinal rim (NRR) thickness in both eyes
on OCT before and after LPI were not significant (Table 3).

We analyzed the effect of gender, age, and observation
time on the intraocular pressure reduction after LPI. +ere
were no differences in IOP reduction after LPI depending on
gender (Table 4). +ere was also no correlation between age
and IOP reduction after LPI (Table 5). We omitted the
impact of myopia presence on the results of LPI due to
limited sample size.

4. Discussion

Reverse pupillary block has been considered as one possible
pathogenetic mechanism for backward bowing of the iris,
leading to iris-zonular rubbing and distribution of melanin
granules in the anterior chamber in PDS [1, 3, 7]. Karickhoff
was the first to suggest that LPI may relieve the posterior
bowing of the peripheral iris by equalizing the pressure be-
tween the anterior and posterior chambers [4]. LPI is an al-
ternative treatment to medications, because it can reverse
backward bowing of the iris and thus may prevent further

Figure 1: Concave configuration of the iris before LPI.
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melanin dispersion and development of pigmentary glaucoma.
+e effect of Nd:YAG laser iridotomy as a prophylactic and
potentially causal treatment in PDS can be effortlessly visu-
alized by OCT [8]. However, the usability of LPI has not been
completely established in both PDS and PG. Besides, nearly all
publications are concerned with adult patients. Areaux and
Grajewski reported the clinical and ultrasound biomicroscopic
findings of PDS in a 14-year-old girl with Marfan syndrome
and its favorable response to bilateral LPI [9].

In the present study, we have evaluated the effect of LPI
in adolescents with ocular hypertension and a concave
configuration of the iris visualized by optical coherence

tomography. We assumed that the concave iris may con-
tribute to the development of PDS, especially in myopic
adolescents. +erefore, making the hole in the iris will
protect from IOP elevation by relieving iridozonular contact
and diminishing pigment release. We are conscious that
although laser iridotomy produces a planar iris configura-
tion, some eyes may retain a concave iris configuration. Iris
flattening and a decrease in IOP were observed in all eyes
treated with LPI. IOP was reduced by 5.5mmHg after LPI
with a mean follow-up of 1.54± 0.9 years. +e mean decline
after laser treatment was 5.6mmHg in the right eyes and
5.4mmHg in the left eyes.

Figure 2: Flattening of the iris after LPI.
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Gandolfi and Vecchi have proved that YAG laser iri-
dotomy may reduce the incidence of ocular hypertension in
eyes affected by PDS. In their opinion, this effect, being less
pronounced after 40 years of age, may be of clinical relevance
in young subjects [10]. Similar results were obtained by Qing
et al., who noted that LPI effectively prevents progression in
eyes with PDS [11]. However, at the end of the 10-year
follow-up, approximately one-third of the whole PDS pa-
tient population treated with LPI showed an IOP increase of
5mmHg or higher in at least 1 eye [12]. Similar observations
were made by Scott et al., who showed that there was no
benefit of LPI in preventing progression from PDS with
ocular hypertension to pigmentary glaucoma within 3 years

of follow-up [13]. +e lack of reduction in IOP after LPI in
patients with PDS/PG may be explained by the fact that this
procedure cannot correct structural abnormalities or
changes in trabecular meshwork. Besides, among five trials
assessing the effectiveness of LPI, no clear benefit was re-
ported for this procedure compared with no laser in eyes
with PG for visual field loss or PDS as regards preventing
visual field progression [14].

We have observed an increase in ACD and a decrease in
CCT in both eyes after LPI, but these changes were not
statistically significant (Table 1). In the current study, the
mean CCT was 548± 43 µm in the right eyes and
552± 42 µm in the left eyes, so the corneas were rather thin.
+e ophthalmologist should consider thin corneal thickness
measurements as one of the key risk factors for developing
glaucoma. +e Ocular Hypertension Treatment Study
(OHTS) determined that a thin cornea is a very important
factor that can predict the transformation of ocular hy-
pertension in primary open-angle glaucoma [15]. Five-year
follow-up has shown that patients with CCT lower than
555 µm had a 3 times higher risk of developing the disease in
comparison with a subject with a CCT higher than 588 µm.
+is could mean the possibility that some of our patients
have an additionally increased risk of developing POAG in
the future.

In the current study, we observed the significant re-
duction of SSA as the result of iris flattening (Table 1). SSA in
both nasal and temporal quadrants were significantly smaller
after LPI. +is post-LPI narrowing of the scleral spur angles

Table 1: Changes in parameters of the anterior segment: central corneal thickness (CCT), anterior chamber depth (ACD), and scleral spur
angle (SSA) before and after the laser treatment.

Parameter on AS-OCT Before LPI After LPI p value
CCT-RE (µm) 548± 43 551± 45 0.565a

CCT-LE (µm) 552± 42 545± 36 0.18b

ACD-RE (mm) 3.38± 0.29 3.39± 0.27 0.41a

ACD-LE (mm) 3.35± 0.27 3.37± 0.22 0.53a

SSA in nasal quadrant-RE (°) 54.54± 5.62 46.58± 7.08 <0.001a#
SSA in temporal quadrant-RE (°) 49.29± 6.73 44.29± 8.6 0.004a#

SSA in nasal quadrant-LE (°) 53.42± 6.02 48.92± 6.04 0.006a#

SSA in temporal quadrant-LE (°) 52± 6.69 43.63± 9.19 <0.001a#
ap value for the paired t-test, bp value for the Wilcoxon signed-rank test, and #statistically significant differences at the 0.05 significance level.

Table 2: Values of intraocular pressure (IOP) before and after laser peripheral iridotomy.

Before LPI After LPI p value
Mean intraocular pressure (IOP) RE (mmHg) 23.21± 1.56 17.58± 2.64 <0.001a#
Mean intraocular pressure (IOP) LE (mmHg) 22.96± 2.1 17.58± 2.86 <0.001a#
ap value for the paired t-test and #statistically significant differences at the 0.05 significance level.

Table 3: Changes in global retinal nerve fiber layer (RNFL) and global neuroretinal rim (NRR) thickness on OCT before and after the laser
peripheral iridotomy.

Parameter on SLO/OCT Before LPI After LPI Significance
Global RNFL-RE (µm) 94.63± 10.46 96.63± 9.64 0.003b#

Global RNFL-LE (µm) 95.54± 9.6 97.96± 11.52 0.07b

Global NRR-RE (µ) 307.67± 50.26 316.75± 53.83 0.038b

Global NRR-LE (µ) 316.92± 57. 39 324.63± 55.17 0.047b
ap value for the paired t-test and #statistically significant differences at the 0.05 significance level.

Table 4: Comparison between gender and IOP reduction after LPI.

Male
(n� 14)

Female
(n� 10) p valuea

Mean± Std Mean± Std
IOP in RE after LPI (mmHg) 16.71± 2.23 18.8± 2.78 0.07
IOP in LE after LPI (mmHg) 16.86± 2.6 18.6± 3.03 0.16
ap value for the unpaired t-test.

Table 5: Correlation between age and IOP reduction after LPI.

Pearson’s correlation
coefficient p value

IOP in RE after LPI (mmHg) −0.316 0.13
IOP in LE after LPI (mmHg) −0.172 0.42
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may be explained by the iris flattening. In the current study,
we observed the iris flattening in all eyes after the laser
treatment and it persisted during the last follow-up (mean
1.54± 0.9 years). Aptel et al. evaluated anterior chamber
volume, iris volume, and iridolenticular contact area before
and after LPI in eyes with PDS using AS-OCT [16]. After
estimating the biometric parameters, they concluded that
PDS eyes show little resistance to an iris that is stretched and
pushed against the lens when there is a pressure difference
across the iris. It is possible to assume that all eyes of our
patients have a normal structure of iris, which responds to
LPI with flattening, leading to significant lowering of IOP.

+e assessment of circumpapillary RNFL thickness
serves as an important tool in the diagnosis and follow-up of
glaucoma. SD-OCT is one of the imaging modalities that is
most often used worldwide to evaluate the optic nerve head
and the neuroretinal rim. We have observed that the flat-
tening of the iris in examined eyes was associated with both a
lowering of intraocular pressure and an improvement in
both global RNFL thickness and global NRR thickness in
both eyes after the laser treatment, but only changes in RNFL
in RE were significant (Table 3). In the current study, the
mean peripapillary RNFL thickness was 94.63± 10.46 µm in
the right eyes and 95.54± 9.6 µm in the left eyes and this
corresponds with RNFL values reported in other studies
[17–19]. To our astonishment, we observed 2 µm RNFL
thickening in the right eyes (p � 0.003) and 2.42 µm RNFL
thickening in the left eyes (NS) after LPI. One of the ex-
planations may be the decentration of the circle scan during
OCT—its displacement by just 0.1mm can result in a
2.3± 2.0 μm error in average RNFL thickness [20]. It is also
possible that ageing itself may be the reason for these
changes in the paediatric population. Another reason is the
fact that RNFL mainly consists of the axons of the retinal
ganglion cells, but it is also composed of glial cells and blood
vessels [21]. Numerous studies have shown that ocular blood
flow increases after a significant decline in IOP [22, 23]. In
the study of Ch’ng at al., peripapillary RNFL thickness was
transiently increased in a total of 40 eyes 1 month after
glaucoma surgery, but in their opinion, RNFL thickness was
completely IOP independent [23]. Our patients were ado-
lescents, and we can theoretically assume that perhaps the
lowering of IOP after LPI increased their ocular blood flow
and it could thus contribute to RNFL thickening. Certainly,
further research is essential for the evaluation of ocular
blood flow in OHT using OCTA.

+e improvement of global NRR could be a comparable
occurrence to congenital glaucoma, although we know that
such a comparison is controversial. +e phenomenon of
reversing the glaucomatous cupping of the optic disc fol-
lowing lowering of the IOP was originally recognized in
infants [24]. Wu et al. observed a reduction in optic disc
cupping after trabeculotomy in primary congenital glau-
coma [25]. Similar results were obtained by Meirelles et al.,
who noted that there was a significant difference between the
preoperative and postoperative C/D in childhood glaucoma
[26]. One of the mechanisms of cupping reversal seen after
lowering IOP in paediatric glaucoma is the shrinkage of a
stretched scleral canal [27]. Gietzelt et al. reported that

structural reversal of disc cupping after trabeculectomy
markedly influences the Bruch membrane opening-based
parameters for even more than 1 year [28].

In the current study, none of our patients had side effects
after LPI. However, the possibility of postlaser adverse
events should be considered before deciding on the laser
procedure. Postoperative inflammation, halos, transient
hemorrhage, elevated IOP, posterior synechiae, retinal de-
tachment, or cataract may happen [14, 28, 29]. Scott et al.
reported 1 case of cataract out of 52 patients after laser
treatment in a prospective, randomized, controlled 3-year
trial [13]. +e most commonly reported adverse event,
besides cataract, was mild iritis.

Although the risks of LPImay beminimal, the systematic
review by Michelessi and Lindsley found no high-quality
evidence for or against the usefulness of iridotomy for
improving long-term outcomes of visual field loss in PG and
visual field progression in PDS [14]. A possible reduction in
iris concavity and iridozonular contact with less pigment
dispersion may not mitigate existing dysfunction of the
trabecular meshwork nor lead to a significant reduction in
long-term visual function loss. However, LPI may have long-
term beneficial effects on IOP in eyes with PDS and in eyes at
high risk of IOP decompensation. On the other hand,
Buffault et al. analyzed randomized controlled trials and two
cohort studies (286 eyes of 218 participants), which tried to
assess the effects of LPI for PDS and PG [30]. +ey noticed
that the effects of LPI on visual field changes or progression
have not been established in PG and PDS. +ey concluded
that there is no scientific evidence to advocate PI as a
treatment for PDS and PG.

It is estimated that up to 60–80% of patients with PDS
and PG are myopes [7, 31]. Interestingly, increasing myopia
is a predictor of increasing iridolenticular contact, inde-
pendent of the presence of PDS [32]. Campbell suggested
that the enlargement of the myopic eye in young patients
creates more space for the peripheral iris to bow posteriorly
[33]. In the current study, among our 24 patients, more than
half of them (14/58, 3%) were myopic and the other 10 had
emmetropia at baseline. +e results of the last follow-up
showed that the number of emmetropic patients has not
changed and the percentage of myopic patients was the same
as at the start of the study. +e degree of myopia has in-
creased in 10 patients (by a mean of −0.83D), and in 4
patients, their refractive error have remained unchanged.
We noticed no significant differences in the effectiveness of
LPI in myopic eyes compared with emmetropic eyes. Un-
fortunately, we omitted the impact of myopia presence on
the effect of LPI due to the small sample size.

+emain limitation of this study is the small sample size,
the COVID-19 pandemic being the main reason. Secondly,
there is a relatively short time period of observation of our
patients, again due to the pandemic. In the study with a
follow-up period of 10–20 years, the relationship between
the concave iris configuration and possible PDS develop-
ment/prevention might be objectifiable. We are aware that
additional randomized controlled trials on LPI should be
compared to other forms of treatment (or no treatment) in
eyes with OHT and iris concavity. We also realize that
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TonoPen is not the gold standard technique to determine
IOP. Furthermore, we do not have a control group, which
could consist of patients with one eye after LPI and another
with no treatment.

5. Conclusion

In the current study, laser peripheral iridotomy resulted in
an IOP-lowering effect and iris flattening in adolescent eyes
with a concave configuration of the peripheral iris.
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Objectives. To determine the efficacy of widely available subtype clinical tests to characterize evaporative dry eye disease (EDED) related
to meibomian gland dysfunction (MGD) compared to normal and to validate those clinical cut points in an independent sample.
Methods. A diagnostic accuracy study (52 subjects), an investigator-masked study, was followed by a larger independent sample (364
subjects) analysis to confirm efficacy in normal and EDED subjects. All subjects were 18 years of age and older and were classified using
a battery of clinical tests for dry eye that included symptoms, tear meniscus height, tear stability, ocular staining, evaporative-specific
tests, and the Schirmer I test. Results. Normal (nondry eye; n� 26) and EDED (n� 26) subjects completed the efficacy study.*e global
tests of tear breakup time, staining, and symptoms all produced AUCs ≥ 0.70, representing acceptable discrimination. EDED-specific
tests of eyelid marginal signs, gland secretion quality, and gland loss did not demonstrate acceptable test efficacy or differences between
normal and EDED subjects. In a larger, independent sample of normal and EDED subjects, gland secretion quality and eyelidmarginal
score achieved acceptable diagnostic levels: AUCs of 0.789 (CI: 0.734–0.844) and 0.729 (CI: 0.648–0.810), respectively, but not lipid
interferometry grade or lower eyelid gland dropout estimated using meiboscopy. Conclusions. Meibomian gland secretion quality is an
efficient and useful functional indicator in EDED and should be incorporated into core outcome sets for this dry eye subtype.

1. Introduction

Dry eye disease (DED) is a common clinical condition,
affecting 5 to 50% of the population, depending on the
sampling approach and diagnostic criteria [1]. Of all the dry
eye diseases, evaporative dry eye disease (EDED) related to
meibomian gland dysfunction (MGD) appears to be the
more prevalent subtype [2].*e prevalence of EDEDmay be
much greater in Asian populations compared to other
ethnicities [1, 3, 4].

As a common subtype of dry eye, EDED is a condition
with major health and quality of life impacts that requires
diagnostic methods that can also monitor treatment. In
medical specialties, sets of clinical outcome criteria in-
cluding those important to patients are developed by

consensus groups into core outcome sets (COSs) [5]. COSs
are used to standardize randomized clinical trials so that the
effects of treatments can be uniformly assessed across trials
such as in systematic reviews of treatment efficacy [5]. *e
parameters that comprise the COSs must be efficacious in
diagnosing the medical condition and also quantitative to
establish the severity of the condition and to monitor the
response to treatment. Despite several consensus recom-
mendations to diagnose EDED, [2, 6] tests have not been
globally adopted that might comprise a COS battery for
EDED related to MGD.

*e 2011 MGD workshop report (diagnostic subcom-
mittee [6]) suggested tests for EDED related to MGD di-
agnosis appropriate to a general clinic and additional tests
for more specialized ocular surface clinics that may engage
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in clinical research. *e tests for a general clinic included
symptoms, lower tear meniscus height, tear osmolarity (if
available), fluorescein breakup time, corneal and conjunc-
tival staining, and the Schirmer I test. *e general clinic
recommendations also included observation of eyelid
morphological features, gland expression/expressibility, and
meibography. Recent surveys suggest that these general
clinic tests are commonly used by ophthalmic practitioners
[7, 8].

It was the purpose of this investigation to determine the
test efficacy (sensitivity and specificity) of widely available
clinical tests to characterize EDED related to MGD com-
pared to normal and to validate those preliminary clinical
cut points in an independent sample.

2. Methods

*is was a two-part investigation: an initial rigorous efficacy
study (adhering to the STARD 2015 statement (Bossuyt et al.
[9]), as shown in the flow diagram, Figure 1) and an in-
dependent sample conducted with identical methods and
classification criteria. Both subject groups comprised a
convenience sample of clinic-based subjects. Subjects were
over the age of 18 years and provided written consent prior
to the start of the study. *ese studies were approved by the
Institutional Review Boards of Marshall B. Ketchum Uni-
versity and the University of California at Irvine.

Participant flow and investigator masking for diagnostic
efficacy samples. *e index test was the summedMGD score
(as shown in the text) at a cut point of 5.4 on the 0–12 scale.
*e reference standard was clinical diagnosis of normal or
EDE via the third masked examiner.

Major inclusion criteria were normal or dry eyes as
determined by global DED tests, over age 18, and willingness
to discontinue topical ocular drop use on the day of the
assessment. Subjects were included if their dry eye man-
agement was stable for 30 days prior to enrollment. EDED
was classified using either the lower eyelid gland secretion
score ≥1.0 [10] or gland dropout using meiboscopy ≥1.0
[11]. Major exclusion criteria were blepharitis, ocular sur-
geries within 12 months of study start; active ocular allergy
or infection; greater than mild ectropion, entropion, or
ptosis; use of topical ocular medications except artificial
tears; contact lens use; and punctal plugs within 30 days of
study start. Aqueous deficient dry eye disease (ADDED)
subjects were excluded based on the Schirmer I test for less
than 5mm of wetting in 5 minutes (without anesthesia) and
tear meniscus height <0.20mm [2].

Subjects for both studies underwent a comprehensive
dry eye evaluation using the same tests from least to most
invasive. For the efficacy study, separate masked examiners
collected the global dry eye data (such as ocular history, tear
stability, corneal, and conjunctival staining) or the specific
meibomian gland data (such as lid marginal signs, gland
expression, and meiboscopy). Symptoms (modified Schein,
OSDI, and MGD-specific [12]), eyelid marginal signs (0 or 1
for present or absent orifice metaplasia, vascularity, capped
glands, ridging, and marginal irregularity), fluorescein tear
breakup time (TBUT; 2.0 μl of 1.0% NaFl; yellow filter used,

mean of three values), corneal (fluorescein) and conjunctival
(lissamine green) staining with NEI and Oxford schemes,
gland secretion (average score, entire lower eyelid, using the
Bron 0–3 scale [10] using a cotton bud with gentle ex-
pression), lower eyelid meiboscopy (entire lower eyelid;
percentage gland loss based on ½ and whole glands missing)
[13], and the Schirmer I test without anesthesia were
assessed. *e central 8 glands of each eyelid were evaluated
for meibomian glands yielding liquid secretion (MGYLS)
using the Meibomian Gland Evaluator [14]. For the inde-
pendent sample, the abovementioned tests were employed,
but in addition, lipid layer appearance using white light
interferometry (Yokoi scale, [15] custom apparatus, and 1–5
scale) was assessed.

*e classification scheme used to assign subjects as
normal or EDED was identical to that reported previously
[16]. In brief, a subject was classified as EDED related to
MGD if the OSDI was ≥13, the TBUTwas <6.0 seconds [16],
combined corneal and conjunctival staining >6.0 (NEI
system, [17] 0–33 total scale; 6/33≈18% of total scale), and
either meibomian gland secretion grade using 0.1 scale unit
increments of >1.0 or gland dropout >1.0 [10]. Subjects were
classified as normal (i.e., not dry eye) if TBUT was >6.0
seconds, total NEI staining was ≤6.0, and secretion and
gland dropout scores were <1.0.

2.1. Statistical Methods. Statistical analysis was undertaken
using Minitab version 18 (Minitab LLC, State College, PA,
USA). An a priori sample size estimate was made to compare
normal and EDED subjects relative to a cumulative score
comprised of functional and morphological assessments
(index test) [13]. *e composite score was comprised of
eyelid marginal changes (0–5), mean lower eyelid meibo-
mian gland secretion grade (0–3), and gland dropout using
meiboscopy (0–4). *is provided a semicontinuous scale of
0–12.

Relative to a receiver operating characteristic (ROC)
curve, an area under the curve (AUC) of 0.80 (excellent
discrimination) vs. the chance level of 0.50 [18] was the
efficacy target. Assuming Type I and II error levels of 0.05
and 0.20, respectively, equal standard deviations in the
normal and EDED groups, and a two-tailed hypothesis, 13
subjects per group provided 0.81 statistical power.

For both the index test and the independent sample
analyses, multiple regression analysis (continuous variables)
and polytomous logistic regression (ordinal variables) were
undertaken to examine the effects of age, sex, and dry eye
subtype (normal vs. EDED) on the parameters of interest.
Comparisons of normal vs. EDED were controlled for age
and sex if significant from the continuous or ordinal
analysis. For continuous data, ANOVAs including age,
gender, and dry eye type were conducted, with Tukey
pairwise tests for significant factors between normal and
EDED subjects. *e pvalues were two-tailed and adjusted
for multiple comparisons with p< 0.05 considered signifi-
cant. 95% confidence intervals were constructed for each
comparison. For ordinal data, age, gender, and dry eye
subtype were compared using odds ratios and 95%CIs; those

2 Journal of Ophthalmology



CIs that included the null value of 1.0 were not considered
significant.

*e ROC curve analysis for AUC and optimum cut point
(defined as maximal sensitivity and specificity, or the cut
point with the greater sensitivity if these were unequal) was
undertaken for the normal and EDED data.

3. Results

Twenty-six normal, 10 ADDED, and 26 EDED subjects
completed the study. *e mean ages (±SD) were 53.2
(±14.9), 55.7 (±6.9), and 61.0 (±17.1) for the normal,
ADDE, and EDED subjects, respectively. No statistical
difference was found for age in the three groups (ANOVA,
p � 0.184). *e ADDE subject data were eliminated from
the data set so that only normal and EDED subjects were
compared.

AUCs, cut points, sensitivity, and specificity values were
derived from ROC analysis (Table 1). *e index measure,
summed MGD score, attained 0.81 sensitivity, but only 0.46
specificity and an AUC of 0.578, slightly better than chance
[18]. *e summed MGD score did not differentiate normal
from EDED subjects (p � 0.960). *e global dry eye tests of
symptom questionnaires, TBUT, and staining scores
achieved test sensitivities near or above 0.70, considered an
acceptable level for an effective dry eye test [6], as opposed to
the EDED-specific tests for a general clinic that did not
achieve an acceptable level of discrimination.

Additional data were available from several prospective
studies conducted concurrent with the efficacy study using
identical test methods and classification criteria. *e
available data varied by test measure, up to a maximum
number of 364 charts from clinically normal subjects and
subjects having EDED. *e EDED test data of this inde-
pendent sample are summarized in Table 2 and were used for
normal vs. EDED comparison and ROC curve and cut point
determination.

Regression analysis was undertaken for marginal signs
(0–5), gland secretion quality (0–3), and gland dropout
(0–4), all from the lower eyelid of the right eye. *is
demonstrated a significant association with age for all three
parameters (p values were <0.001 for marginal signs and
secretion quality, and p � 0.034 for gland dropout).

Receiver operating characteristic (ROC) analysis was
undertaken for the five EDED-specific clinical tests. Com-
parisons between normal and EDED subjects are presented
in Table 2, and the ROC curves in Figure 2.

Cut points were determined on the basis of maximal
values sensitivity and specificity.

Gland secretion: AUC 0.789 (95% CI: 0.734–0.844),
cut point 1.1 (0–3 scale; 0.1 unit scale increments);
sensitivity� 0.79, specificity� 0.78; and n� 136 normal,
228 EDED subjects
Marginal eyelid signs: AUC 0.729 (95% CI:
0.648–0.810), cut point 4.5 (0–5 scale);

Potentially Eligible Subjects
n = 62

Eligible Subjects
n = 52

Investigator I: masked
global reference standards:

• Symptoms
• TBUT
• Staining

n = 52

Index Test Positive
n = 35

Investigator II: masked
index and reference tests:

• Schirmer I test (ref)
• Summed MGD score (index)

n = 52

No index test
n = 0

Investigator III: unmasked
assigns Normal or EDE

n = 52

Index Test Negative
n = 17

Index Test Inconclusive
n = 0

Excluded: n = 10
-Aqueous deficient subtype n = 10

All subjects had
reference standard

Final Diagnosis
Target condition present n = 5
Target condition absent n = 12

Inconclusive n = 0

Final Diagnosis
Target condition present n = 0
Target condition absent n = 0

Inconclusive n = 0

Final Diagnosis
Target condition present n = 21
Target condition absent n = 14

Inconclusive n = 0

Reference standard
n = 26 EDE

Reference standard
n = 26 Normal

Reference standard
n = 0

Figure 1: Participant flow diagram; STARD–2015 reporting guidelines.
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Table 1: Efficacy study: test values and diagnostic parameters of EDED-specific and global dry eye tests.

Test parameter

EDE-specific tests Scale range
Normal n� 26
mean (SD or

IQR)

EDED n� 26
mean (SD or

IQR)

AUC (95%
CI)

Cut
point

Sensitivity (CI);
specificity (CI)

Significancea (95%
CI)

Marginal signs 0–5 4 (3–5) 4 (3–5) 0.554
(0.40–0.71) 3.5 0.65 (0.47–0.83);

0.46 (0.27–0.65)
p � 0.440; OR 0.64

(0.21–1.97)b,c

Glands expressing 0–8 4 (2–5; (n� 20) 2 (1–4; n� 23) 0.643
(0.48–0.81) 3.5 0.70 (0.52–0.88);

0.55 (0.36–0.74)
p � 0.508; OR 0.66
(0.20–0.223)b,c

Gland secretion 0–3 in 0.1
unit steps 1.40 (0.6) 1.57 (0.6) 0.589

(0.44–0.74) 1.95 0.31 (0.13–0.49);
0.85 (0.71–0.99)

p � 0.232p
(−0.53–0.13)

Gland atrophy 0–4 1.34 (0.7) 1.57 (0.7) 0.612
(0.46–0.77) 1.25 0.69 (0.51–0.87);

0.58 (0.39–0.77)
p � 0.590

(−0.54–0.31)
Summed MGD
score 0–12 6.35 (2.0) 6.94 (2.0) 0.578

(0.42–0.74) 5.35 0.81 (0.66–0.96);
0.46 (0.27–0.65)

p � 0.960
(−1.05–1.00)b

MGD-specific
questionnaire 0–174 54.1 (37) 84.1 (32) 0.739

(0.60–0.88) 80.5 0.65 (0.47–0.83);
0.75 (0.58–0.92)

p � 0.021 (−44.8 to
−3.8)

Global tests
Modified Schein
survey 0–24 7.7 (4.6) 11.2 (3.9) 0.745

(0.61–0.88) 9.5 0.73 (0.56–0.90);
0.69 (0.51–0.87)

p � 0.026 (−5.48 to
−0.37)

OSDI 0–100 19.9 (16) 39.9 (23) 0.757
(0.62–0.89) 34.4 0.65 (0.47–0.83);

0.85 (0.71–0.99)
p � 0.008 (−27.68 to
−4.28)

TBUT Cont. 12.6 (9) 3.8 (1) 0.916
(0.84–0.99) 5.95 0.92 (0.82–1.00);

0.80 (0.65–0.95)
p< 0.001

(4.10–11.50)

NEI staining 0–33 5.1 (4) 11.9 (7) 0.822
(0.70–0.94) 7.50 0.77 (0.61–0.93);

0.81 (0.66–0.96)
p< 0.001 (−10.1 to

−3.6)

Oxford staining 0–15 4.0 (2) 7.9 (3) 0.838
(0.73–0.95) 6.5 0.73 (0.56–0.90);

0.92 (0.82–1.00)
p< 0.001 (−5.38 to

−2.04)
aNormal vs. EDED; polytomous logistic regression (ordinal data) or multivariable regression analysis (continuous data; Tukey simultaneous tests, controlled
for age and gender; pvalues adjusted for multiple comparisons). bSignificant for age (p< 0.05). cSignificant for sex (p< 0.05).

Table 2: Descriptive and inferential statistical data (OD data only); independent sample analysis.

Test parameter Scale
range

Normal median (IQR) or mean
(SD)

EDED median (IQR) or mean
(SD) Significancea (95%CI)

Marginal Signs
Normal (n� 94)
EDE (n� 93)

0–5 3 (2–4) 5 (3.25–5)

p � 0.954;
OR�

1.02
(CI� 0.54–1.91)b

Gland Secretion
Normal (n� 136)
EDE (n� 228)

0–3 1.0 (0.6) 1.6 (0.6) p< 0.001
(−0.67 to −0.40)b,c

Gland atrophy
(meiboscopy)
Normal (n� 100)
EDE (n� 229)

0–4 1.0 (0.6) 1.4 (0.8) p< 0.001
(−0.56 to −0.18)b

MGD specific
Questionnaire
Normal (n� 57)
EDE (n� 88)

0–174 55.1 (42) 69.4 (38) p � 0.285
(−20.22–5.99)c

Interferometry
Normal (n� 85)
EDE (n� 190)

1–5 2.32 (0.6) 2.49 (0.7) p � 0.176
(−0.29–0.05)b,c

aNormal vs. EDED; polytomous logistic regression (ordinal data) or multivariable regression analysis (continuous data; Tukey simultaneous tests, controlled
for age and gender; pvalues adjusted for multiple comparisons). bSignificant for age (p< 0.05). cSignificant for sex (p< 0.05).

4 Journal of Ophthalmology



sensitivity� 0.79, specificity� 0.63; and n� 94 normal,
93 EDED subjects
MGD-specific questionnaire: AUC 0.603 (95% CI:
0.494–0.713), cut point 40.5 (0–174 scale);
sensitivity� 0.51, specificity� 0.71; and n� 57 normal,
88 EDED subjects
Interferometry: AUC 0.556 (95% CI: 0.484–0.629), cut
point 2.1 (1–5 scale; 0.1 scale unit increments);
sensitivity� 0.57, specificity� 0.57; and n� 85 normal,
190 EDED subjects
Gland atrophy (meiboscopy): AUC 0.378 (95% CI:
0.308–0.449), cut point 0.95 (0–4; continuous scale by
percent of scale); sensitivity� 0.54, specificity� 0.36;
and n� 100 normal, 229 EDED subjects

95% confidence intervals, diagnostic scale cut points, and
subject sample sizes are summarized in text.

4. Discussion

It was the purpose of these investigations to determine
whether routinely available clinical methods (such as the slit
lamp biomicroscope, a cotton bud or Meibomian Gland
Evaluator for gentle determination of gland secretion quality,
and Finhoff transillumination for gland atrophy) can reliably
identify EDED related to MGD by examination of functional
and morphological changes in the lower eyelid. Under rig-
orous study design (such as double investigator masking),
only the global clinical tests of symptom questionnaires,
TBUT, and staining scores demonstrated adequate test effi-
cacy (sensitivity and specificity >70%) [6] and the ability to
distinguish between normal and EDED subjects (Table 1).

However, in the independent sample, gland secretion,
using the Bron scale [10, 19] with 0.1 unit scale increments,
demonstrated test efficacy by AUC (0.789) (Figure 2),
sensitivity and specificity of 0.79 and 0.78, respectively, and
statistically significant differentiation of normal vs. EDED
subjects (Table 2).*e cut point of 1.1 on a scale of 0–3 aligns
with the Bron and coauthor’s recommendation of deficient
secretion at Grade 1 or greater [10]. Recently, Xiao et al. [20]
also reported excellent discrimination for gland secretion
(AUC of 0.98), on a 0–24 scale for 8 glands on the lower
eyelid, although they did not propose a diagnostic cut point.
Altered gland secretion is an indicator of adverse functional
change, and this simple test appears useful in EDED
diagnosis.

Eyelid marginal signs were not greatly different in
normal and EDED subjects in the efficacy study (Table 1),
and the AUC was not sufficiently diagnostic, possibly due to
limited sample size (n� 26 normal and MGD subjects). In
the independent sample data (text and Table 2), eyelid
marginal signs did show adequate AUC and discrimination
of normal vs. EDED subjects, but the cut point was too great,
at 4.5 on a 0–5 scale, to provide an effective diagnostic test
threshold. As well, marginal signs are associated with in-
creasing age, so in our data, these summed marginal score
changes do not seem useful for diagnosis and classification of
EDED. Arita and coworkers [21, 22] previously reported
high AUCs for eyelid marginal signs, which suggests they are
a useful general, if not severity level sign in MGD.

Meibomian gland dropout of the entire lower eyelid via
meiboscopy (0–4 scale, in percent) does not appear to be a
viable indicator of EDED given the low AUCs in both
samples (Tables 1 and 2 and Figure 2). *is measure is a
rough estimate of gland loss, and we conclude that imaging
(i.e., meibography), which has much greater test efficacy
[20–22], is necessary to characterize this important mor-
phological change in EDED.

White-light tear interferometry of the tear lipid layer has
been recommended by the DEWS II diagnostic subcom-
mittee [2] to assist in subtyping dry eye as being of evap-
orative etiology. We examined lipid interference grade using
the scale recommended by Yokoi and coworkers [15] (1–5
scale, with 0.1 scale unit increments) and found no difference
between normal and EDED subjects (mean grades of 2.32
and 2.49, respectively) (Table 2) and an AUC equivalent to a
coin flip.*is result may have occurred due to the significant
thickness range responsible for the colored lipid patterns of
the Goto scale [23].

Relative to developing core outcome sets (COSs) for
clinical trials in dry eye, it appears that a combination of
global and specific tests for EDED is necessary. *e present
and recently reported data suggest that the global tests of
symptoms, osmolarity, tear stability, and corneal and con-
junctival staining are effective in establishing the diagnosis
and severity of EDED. However, given the high test efficacy
of both tear stability measurement and staining, it does not
appear necessary to also include tear osmolarity as an ad-
ditional global indicator of EDED. *e cost of this test also
mitigates against its widespread use. Assessment of gland
secretion using the 0–3 scale [19] in 0.1 unit increments is a
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ROC Curves for EDED Tests
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Interferometry (AUC = .556)
Gland secretion (AUC = .789)
Gland dropout (AUC = .378)
Eyelid Marginal signs (AUC = .729)
MGD Questionnaire (AUC = .603)

Figure 2: Receiver operating characteristic curves for EDE-specific
tests, independent sample.
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useful diagnostic indicator of meibomian gland function.
Moreover, it represents a physiological measure due to the
gentle pressure required to examine secretion opacity and
viscosity. Meibomian gland functional assessment must be
paired with morphological quantitation, which requires
glandular imaging. With the exception of meibography, all
of these tests plus the Schirmer I and tear meniscus height
tests for aqueous production are suitable for a general clinic.

4.1. Study Limitations. *ese studies suffered from selection
bias, or the use of the test under consideration to classify the
condition, which tends to overestimate its efficacy [24].
Efforts should be made to characterize EDED with addi-
tional tests, keeping in mind the confounder of age, so that
these and other clinical tests may be more accurately
evaluated for efficacy.

In summary, it appears from the independent sample
using clinical tests that only meibomian gland secretion
quality is a useful specific indicator of the evaporative
subtype of dry eye. Gland morphology assessed using
meibography appears necessary to diagnose and quantitate
changes associated with evaporative dry eye disease. Ad-
ditional work should endeavor to more comprehensively
assess the test efficacy of gland expressibility directly with the
several available clinical methods and indirectly via the effect
of gland patency on lipid layer thickness to establish cut
points for diagnosis and treatment monitoring.
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Purpose. To compare the consecutive therapeutic effects of 0.05% emulsion and nanoemulsion cyclosporine (CsA) in dry eye
patients after short-term treatment with unpreserved 0.1% fluorometholone (FML). Methods. A prospective, randomized, and
double-blinded study of dry eye patients was conducted in a single center. Patients were assigned to the nanoemulsion CsA (group
1) and emulsion CsA (group 2) groups. To relieve discomfort, unpreserved 0.1% FML was used in both groups for 4 weeks and
then changed to 0.05% CsA for the next 8weeks. Symptom assessment in dry eye (SANDE) score, tear secretion, tear film breakup
time (TBUT), corneal staining score (CSS), meibomian gland dysfunction (MGD) grade, and meibomian gland (MG) expression
were evaluated at baseline and at 4 and 12 weeks after treatment. Results. Twenty-four patients completed the treatment (9 and 15
patients in groups 1 and 2); in both the groups, SANDE score, TBUT, MGD grade, and MG expression were significantly
improved after treatment with unpreserved 0.1% FML (each p< 0.005), and the therapeutic effects were enhanced with changes in
nanoemulsion or emulsion CsA compared with baseline (each p< 0.001). TBUT and CSS after treatment in group 1 were
significantly improved compared to those in group 2 (p � 0.003 and 0.020, respectively). Conclusion. Consecutive therapeutic
effects of nanoemulsion or emulsion CsA after short-term treatment with unpreserved FML were excellent in patients with dry
eyes. Topical nanoemulsion CsA showed better improvement in TBUT and OSS than CsA. *is trial is registered
with KCT0006070.

1. Introduction

According to the TFOS DEWS II, dry eye disease (DED) is a
multifactorial disease of the ocular surface characterized by a
loss of homeostasis of the tear film accompanied by ocular
symptoms in which tear film instability and hyper-
osmolarity, ocular surface inflammation and damage, and
neurosensory abnormalities play etiological roles [1–3]. In
addition, meibomian gland dysfunction is known as a
representative cause of DED because it induces tear film
abnormality and instability [4, 5].

Cyclosporine (CsA) is a lipophilic peptide composed of
11 amino acids that acts as a calcineurin inhibitor to prevent
the infiltration of T cells and suppress several inflammatory
cytokines. CsA binds to cyclophilin in the cytoplasm of
T cells to form a CsA/cyclophilin complex that blocks

calcineurin-mediated dephosphorylation of nuclear factor of
activated T cells and interrupts the transcription of cyto-
kines, including IL-2 and IL-4. Inhibition of IL-2 formation
blocks T-cell proliferation and suppresses T-cell-mediated
immune responses [6, 7]. In this manner, topical CsA is
known to reduce the activated lymphocytes of the con-
junctiva, inhibit the factors associated with inflammation
and cell death, and increase the density of goblet cells in the
conjunctiva; thus, it is used as a therapeutic agent for dry eye
patients to improve tear production [5, 6]. Byun et al. re-
ported that 0.05% CsA eye drops improved the clinical
symptoms of dry eye patients, such as foreign body sen-
sation, blurred vision, photosensitivity, and pain [8]. In
another study, 0.05% CsA increased tear secretion and
improved subjective symptoms in chronic DED patients [9].
Chang et al. reported that 0.05% CsA with 0.1% hyaluronic
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acid (HA) improved the tear breakup time (TBUT) and tear
osmolarity [10]. Meanwhile, topical corticosteroids are
generally indicated for the treatment of ocular inflammatory
diseases because they can inhibit proinflammatory cytokines
and chemokines, stabilize macrophages and neutrophils,
and repress the key enzymes involved in the initiation or
maintenance of the inflammatory response [11]. Short-term
topical 0.1% fluorometholone showed excellent therapeutic
effects in patients with refractory DED or acute DED flares
in our previous study [12].

Since CsA is insoluble in water, the 0.05% CsA eye drop
(Restasis®, Allergan Inc., CA, USA) is in the form of an
emulsion, with castor oil added to increase its solubility [13].
A well-known side effect of 0.05% CsA emulsion is a burning
sensation, which decreases patient compliance [13]. In order
to minimize this adverse effect, a 0.05% CsA in nanoemulsion
form was developed. *e nanoemulsion CsA eye drops were
transparent, and their particle sizes were uniform. However,
the therapeutic effects of emulsion and nanoemulsion CsA
have not been fully investigated. *us, we compared the
consecutive therapeutic effects of 0.05% nanoemulsion and
emulsion CsA after common short-term treatment with
unpreserved fluorometholone (FML) in DED patients.

2. Materials and Methods

*is study was approved by the Institutional Review Board
(approval number GBIRB2016-238) according to the Dec-
laration of Helsinki and was registered in the Clinical Re-
search Information Service (https://cris.nih.go.kr). A
prospective, randomized, and double-blinded study of dry
eye patients was conducted in a single center, and 50 patients
were enrolled from May 2018 to October 2019.

Patients older than 19 years who visited our clinic with
complaints such as ocular dryness, burning, and hyperemia
were examined to rule out DED, and we performed
Schirmer’s test without anesthesia and assessed tear film
breakup time (TBUT) using standardized procedures. DED
was diagnosed according to the diagnostic guidelines of the
Korean Corneal Disease Study Group and TFOS II [1, 2].
*ose with Schirmer’s test outcome of <10mm at the end of
5min or a TBUTof <10 s participated in this study. Patients
with a history of Sjogren’s syndrome or who were taking
systemic steroids or immunosuppressive agents, contact lens
wearers, or patients who had DED induced by chronic drug
usage, such as antidepressants and antihistamines, were
excluded. Patients who had prior ocular surgery within 3
months or were on any other eye drops, such as lubricants or
antiglaucoma medications, were also excluded.

Patients were randomly assigned to one of the two
groups, nanoemulsion CsA (T-sporin®, Hanlim Pharm Co.,
Ltd., Seoul, Korea) group or emulsion CsA (Restasis®,
Allergan Inc., Irvine, CA, USA) group using the block
randomizationmethod (groups 1 and 2). For rapid symptom
relief, all patients in groups 1 and 2 were treated with
unpreserved 0.1% FML (Fumelon®, Hanlim PharmCo., Ltd.,
Seoul, Korea) four times a day for the first 4weeks, and then,
they were changed to 0.05% emulsion or nanoemulsion CsA
twice a day for the next 8 weeks. All patients used 0.15%

hyaluronic acid artificial tears (Hyaluronmax®, Hanlim
Pharm Co., Ltd., Seoul, Korea) four times a day for 12 weeks.
*e type of allocated drug (nanoemulsion or emulsion CsA)
was masked to the examiner (DH Kim) and patients.

At baseline and 4 and 12 weeks after treatment, best-
corrected visual acuity (BCVA), intraocular pressure,
symptom assessment in dry eye (SANDE) score, TBUT,
Schirmer’s test, corneal staining score (CSS, National Eye
Institute Scale, 0–15), MGD grade (0–4), andMG expression
(0–3) were examined to compare the therapeutic effects
between the two groups [7, 14–16].

Statistical analysis was performed using SPSS program
version 22.0 (IBM Corp., Armonk, NY, USA). Data are
presented as mean± standard deviation (SD). *e Wilcoxon
signed-rank test and Mann–Whitney U test were used for
intragroup and intergroup analyses. Differences were con-
sidered statistically significant at p< 0.05.

3. Results

A total of 50 patients (12 men and 38 women) were enrolled
in the study, and the mean age of the patients was 61.2± 9.1
years. At the 12-week follow-up, 9 patients (4 men and 5
women) in group 1 and 15 patients (4 men and 11 women)
in group 2 completed this clinical trial. *irteen patients
were excluded at 4 and 12 weeks (Figure 1). Fifteen patients
no longer wanted to participate in this trial, nine patients
were unable to be contacted, and two patients were excluded
from the clinical trial because of acute viral conjunctivitis
(Figure 1). *e mean age of patients in groups 1 and 2 was
58.6± 11.4 and 62.1± 6.4 years, respectively (p � 0.279). *e
best-corrected visual acuity (BCVA), intraocular pressure,
MGD grade, and MG expression at baseline were also not
significantly different between the two groups (p> 0.05)

(Table 1).
In groups 1 and 2, SANDE score, TBUT, MGD grade,

and MG expression were significantly improved after
treatment with unpreserved 0.1% FML for the initial 4 weeks
(each p< 0.005, Table 2) and intraocular pressure did not
increase significantly (p � 0.873/0.723, Table 2). CSS did not
significantly change before and after 0.1% FML treatment
(group 1/2: p � 0.408/0.750, Table 2). *ere was no sig-
nificant increase in tear secretion in group 1, but there was a
slight decrease in tear secretion in group 2 (group 1/2:
p � 0.396/0.008, Table 2). After 4 weeks of FML treatment,
BCVA, SANDE score, TBUT, CSS, MGD grade, and MG
expression were not significantly different between groups 1
and 2 (each p> 0.05) but the tear secretion was reduced in
group 2 compared to that in group 1 (p � 0.037, Table 2).

After consecutive treatment with 0.05% CsA for the next
8 weeks (12 weeks from baseline), both groups showed
significant improvement in SANDE score, TBUT, MGD
grade, and MG expression compared to baseline (each
p< 0.001, Table 3). CSS showed no differences compared to
baseline in both groups (group 1/2: p � 0.563/0.750, Ta-
ble 3), and BCVA and intraocular pressure also showed no
specific changes (each p> 0.05). *ere was some decrease in
tear secretion in group 2 compared to baseline, but it was not
statistically significant (p � 0.070, Table 3).
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We compared the changes in SANDE score, TBUT, tear
secretion, MGD grade, and MG expression from baseline
between groups 1 and 2 at the time point of 12 weeks after
treatment. TBUT and CSS were significantly improved in
group 1 compared to those in group 2 (TBUT/CSS:
p � 0.003/0.020, Figure 2, Mann–Whitney U test). However,
there were no differences in SANDE score, tear secretion,

MGD grade, or MG expression between the two groups
(each p> 0.05, Figure 2, Mann–Whitney U test).

Figure 3 shows the overall changes in SANDE score,
TBUT, tear secretion, CSS, MGD grade, and MG expression
at baseline and at 4 and 12 weeks after treatment between
groups 1 and 2. In both groups, there were meaningful
improvements in SANDE score, TBUT, MGD grade, and

Group 2
Enrolled : 25

4 : Patients no longer wants to participate

1 : Unable to follow up
5 : Patients no longer wants to participate

0.05% emulsion
CsA

for 8 weeks : 15

0.1% FML
for 4 weeks : 21

Group 1
Enrolled : 25

3 : Unable to follow up
5 : Patients no longer wants to participate
1 : Viral conjunctivitis

5 : Unable to follow up
1 : Patients no longer wants to participate
1 : Viral conjunctivitis

0.05% nanoemulsion
CsA

for 8 weeks : 9

0.1% FML
for 4 weeks : 16

Figure 1: Schematic illustration of enrolled patients.

Table 1: Baseline characteristics in patients.

Group 1 (n� 9) (nanoemulsion CsA) Group 2 (n� 15) (emulsion CsA) p value
Age (years)† 58.6± 11.4 62.1± 6.4 0.279
Sex (Male/female)‡ 4/5 4/11 0.355
BCVA (logMAR)† 0.08± 0.11 0.12± 0.11 0.262
IOP (mmHg)† 9.4± 1.6 9.8± 2.4 0.643
SANDE score† 73.9± 17.8 67.8± 24.1 0.344
TBUT (sec)† 2.6± 1.1 2.3± 0.7 0.403
Schirmer (mm)† 9.0± 7.6 8.9± 7.2 0.077
CSS (pts)† 0.6± 1.1 0.3± 0.7 0.248
MGD stage (0–4)† 1.8± 0.4 1.9± 0.4 0.574
MG expression (pts)† 2.6± 1.1 2.3± 0.7 0.360
Values are presented as the mean± standard deviation. †Mann–Whitney U test; ‡the chi-square test. CsA: cyclosporin; BCVA: best corrected visual acuity;
IOP: intraocular pressure; SANDE: symptom assessment in dry eye; TBUT: tear film breakup time; CSS: corneal staining score (NEI scale, 0–15); MGD:
meibomian gland dysfunction; MG: meibomian gland.

Table 2: Comparison of therapeutic effects at 4 weeks after treatment with topical FML between nanoemulsion and emulsion CsA groups.

Group 1 (nanoemulsion CsA) Group 2 (emulsion CsA)
p value‡

Baseline 4 weeks after treatment p value† Baseline 4 weeks after treatment p value†

BCVA (logMAR) 0.08± 0.11 0.06± 0.07 0.348 0.12± 0.11 0.10± 0.10 0.407 0.132
IOP (mmHg) 9.4± 1.6 9.6± 1.4 0.873 9.8± 2.4 9.6± 2.1 0.723 0.731
SANDE (pts) 73.9± 17.8 51.2± 21.3 0.002∗ 67.8± 24.1 49.4± 15.8 <0.001∗ 0.588
TBUT (sec) 2.6± 1.1 4.3± 1.5 0.001∗ 3.1± 1.4 4.8± 1.5 <0.001∗ 0.296
Schirmer (mm) 9.0± 7.6 11.6± 10.0 0.396 8.9± 7.2 6.1± 4.9 0.008∗ 0.037
CSS (pts) 0.6± 1.1 0.4± 0.8 0.408 0.3± 0.7 0.4± 0.9 0.750 0.999
MGD grade 1.8± 0.4 1.1± 0.6 0.001∗ 1.9± 0.4 1.0± 0.3 <0.001∗ 0.536
MG expression (pts) 2.6± 1.1 1.4± 0.7 0.001∗ 2.3± 0.7 1.4± 0.5 <0.001∗ 0.752
Values are presented as mean± standard deviation. †Intragroup analysis (Wilcoxon signed-rank test); ‡intergroup analysis (Mann–Whitney U test). FML:
0.1% fluorometholone; BCVA: best corrected visual acuity; IOP: intraocular pressure; SANDE: symptom assessment in dry eye; TBUT: tear film breakup time;
CSS: corneal staining score (NEI scale, 0–15) MGD: meibomian gland dysfunction; MG: meibomian gland. ∗Statistically significant.
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MG expression at 4 weeks after treatment with FML com-
pared to baseline and therapeutic effects were enhanced after
treatment with nanoemulsion or emulsion CsA for an ad-
ditional 8 weeks (each p< 0.001). Both groups showed no
differences in tear secretion and corneal staining compared
to the baseline (each p> 0.05).

4. Discussion

In this prospective, randomized, double-blinded study,
unpreserved 0.1% FML for 4 weeks and consecutive 0.05%
nanoemulsion or emulsion CsA for the next 8 weeks showed

excellent therapeutic effects in patients with DED. SANDE
score, TBUT, MGD grade, and MG expression were sig-
nificantly improved after treatment with 0.1% FML, and
these therapeutic effects were greatly enhanced with changes
in nanoemulsion or emulsion CsA. TBUT and CSS were
more improved in the nanoemulsion CsA group than in the
emulsion CsA group.

CsA is a lipophilic material that is separated from the
fungus Tolypocladium inflatum and has the immunosup-
pressive function of inhibiting IL-2 to suppress T-cell
proliferation [5, 7]. Systemic CsA has been used to prevent
rejection of organ transplantation [5]. In the ophthalmic

Table 3: Comparison of therapeutic effects at 12 weeks after treatment with topical FML and CsA between nanoemulsion and emulsion CsA
groups.

Group 1 (nanoemulsion CsA) Group 2 (emulsion CsA)
p value‡

Baseline 12weeks after treatment p value† Baseline 12weeks after treatment p value†

BCVA (logMAR) 0.08± 0.11 0.06± 0.11 0.390 0.12± 0.11 0.10± 0.11 0.407 0.264
IOP (mmHg) 9.4± 1.6 9.2± 1.4 0.888 9.8± 2.4 9.3± 2.7 0.723 0.639
SANDE score 73.9± 17.8 37.0± 19.7 <0.001∗ 67.8± 24.1 41.3± 23.0 <0.001∗ 0.803
TBUT (sec) 2.6± 1.1 5.3± 1.1 <0.001∗ 3.1± 1.4 4.6± 1.4 <0.001∗ 0.037∗
Schirmer (mm) 9.0± 7.6 11.1± 11.6 0.418 8.9± 7.2 6.7± 4.0 0.070 0.622
CSS (pts) 0.6± 1.1 0.1± 0.3 0.563 0.3± 0.7 0.5± 0.8 0.750 0.118
MGD grade 1.8± 0.4 0.9± 0.6 <0.001∗ 1.9± 0.4 0.9± 0.3 <0.001∗ 0.896
MG expression (pts) 2.6± 1.1 1.0± 0.5 <0.001∗ 2.3± 0.7 1.2± 0.4 <0.001∗ 0.274
Values are presented as the mean± standard deviation. † Intragroup analysis (the Wilcoxon signed-rank test); ‡intergroup analysis (Mann–Whitney U test).
FML, 0.1% fluorometholone; CsA, 0.05% cyclosporine; BCVA: best corrected visual acuity; IOP, intraocular pressure; SANDE, symptom assessment in dry
eye; TBUT, tear film breakup time; CSS, corneal staining score (NEI scale, 0–15); MGD, meibomian gland dysfunction; MG, meibomian gland. ∗Statistically
significant.
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Figure 2: Comparison of changes in dry eye parameters between nanoemulsion and emulsion CsA groups at 12 weeks after treatment with
initial topical steroid and consecutive topical CsA compared to baseline. CsA, cyclosporin; SANDE, symptom assessment in dry eye; TBUT,
tear film breakup time; MGD, meibomian gland dysfunction; MG, meibomian gland.
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area, topical CsA has been used to prevent corneal graft
rejection through immune suppression or to modulate in-
flammatory ocular surface diseases such as vernal kerato-
conjunctivitis, ocular GVHD, and Mooren’s ulcer [5, 7, 8].
Topical CsA has been widely used, especially in patients with
DED, since the emulsion type of CsA (Restasis®, AllerganInc., Irvine, CA, USA) was released about 20 years ago. *e
molecules of CsA have a very hard structure due to hydrogen
bonds associated with the ring structure due to
C62H111N11O12; thus, the solubility in water is very low
[13]. Olive oil or corn oil can be expected to induce better
ocular penetration, butWilliams reported that CsA, which is
delivered in olive oil solution, is reported to cause a burning
sensation in the conjunctiva [13]. Byun et al. reported that
72% of DED patients treated with CsA were satisfied and
that the symptoms of DED and tear secretion were much
improved, but there were definite side effects, including an
irritating sensation after administration [8].

An emulsion is a liquid-liquid dispersion technology in
which one or more liquids are dispersed in other liquids that
are not mixed. It is an effective topical ophthalmic drug
delivery method, especially oil-water emulsions, which are
known to be effective in delivering lipophilic drugs. Owing to
the recent development of a new emulsifier, emulsion tech-
nology is facing a new turning point in terms of the prep-
aration of CsA [17, 18]. CsA has a large molecular weight, and
its affinity for water is very low, making it difficult to use an
effective agent as an existing ophthalmic drug delivery system.
*erefore, various drug delivery technologies, such as
hydrogels, in situ gelling systems, liposomes, nanoparticles,

and micelles, have been developed [17]. *e Restasis® eye
drops (Allergan Inc., Irvine, CA, USA) are an anionic oil-in-
water emulsion without a preservative; CsA is dissolved in
castor oil with an emulsifier, polysorbate [18]. However, as
Restasis® is an anisotropic complex emulsion, when it comes
in contact with the tear film, the surfactant may be released. In
addition, there could be creamization or aggregation because
of the uneven size of CsA particles, so the physical and
chemical long-term stability is reduced.*erefore, side effects
such as blurred vision, conjunctival congestion, and burning
sensations after instillation have been frequently reported
[19–21]. In addition, CsA is present in various phases, so that
it cannot be sufficiently delivered to the tissue [19]. Mean-
while, Cyporin-N® (CsA, Cyporin-N®, Taejoon Pharm Co.,
Seoul, Korea) or 0.05% T-sporin® (CsA, T-sporin®, Hanlim
Pharm Co., Ltd., Seoul, Korea) are nanoemulsion CsA
products based on a self-nanoemulsifying drug delivery
system (SNEDDS) method [22–25]. SNEDDS is an anhy-
drous homogenous mixture made by mixing oil, drugs,
surfactants, and auxiliary surfactants. Its particle size is very
small and even. As a transparent nanoemulsion in a nano-
meter unit, it is known to have excellent chemical and
physical stability [22–25] (Figure 4).

Kim et al. reported that the nanoemulsion CsA was
more effective in improving conjunctival damage and tear
film stability than the emulsion CsA in patients with DED
[22]. Shin et al. reported that the OSDI score and foreign
body sensation were lower in the nanoemulsion CsA
group, and both the nanoemulsion and emulsion CsA
groups showed similar therapeutic effects in objective
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Figure 3: Changes in dry eye parameters at baseline and 4 and 12 weeks after treatment. CsA, cyclosporin; SANDE, symptom assessment in
dry eye; TBUT, tear film breakup time; MGD, meibomian gland dysfunction; MG, meibomian gland.
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parameters of DED after 12 weeks of treatment [26]. In
contrast with previous studies, this study showed sig-
nificant improvement in MGD, which can be a major risk
factor for DED. In addition, after the initial short-term
FML treatment, we quickly alleviated the irritating
symptoms of DED and then switched to the CsA protocol
to continuously maintain ocular comfort and improve
objective DED parameters. In particular, the nano-
emulsion CsA group (group 1) showed better TBUT and
CSS than the emulsion CsA group (group 2), even though
there were slight differences.

Rye et al. showed that short-term corticosteroids can
effectively improve objective findings and subjective
symptoms in patients with acute exacerbation of DED or
refractory DED [12]. One hundred thirty-seven DED pa-
tients treated with topical steroids for 4 weeks showed a
significant improvement in SANDE score, TBUT, ocular
surface staining, and MGD grade [12]. In particular, those
effects were superior in tear MMP-9-positive patients [12].
CsA can also improve the symptoms and signs of DED, but
improvement takes more than 2-3 months [12, 27]. Since
up to 17% of patients complain of burning sensation, there
are numerous clinical interventions to quickly improve the
acute exacerbation of DED [28–31]. Sheppard et al. showed
that two weeks of topical steroid usage before starting long-
term topical CsA in chronic DED patients resulted in a
rapid and effective decrease in the symptoms and signs of
DED [32]. Also, prior use of a topical steroid reduces the
burning sensation and discomfort due to CsA eye drops,
resulting in an improvement in patient compliance so that
the inflammatory response can effectively introduce CsA
onto the ocular surface [32]. Byun et al. reported that the
short-term use of topical steroid allows fast symptom relief
in moderate-to-severe dry eye patients without any severe
complications [33]. Singla et al. also reported that the
combination of topical steroids and CsA had a better
treatment effect than CsA single therapy in patients with

moderate dry eye syndrome [34]. *erefore, rapid symp-
tom relief with short-term topical steroids and then
switching to CsA could be a good treatment option to gain
clinical efficiency and safety in DED patients with severe
symptoms.

*is study has several limitations. *ere were many
drop-out patients, and the sample size was small. Quanti-
tative analysis of reduced inflammation in the tear film and
ocular surface was not performed. *ere were more drop-
out patients in the nanoemulsion group than in the emulsion
group, and it is necessary to analyze the cause, such as ir-
ritating sensation or discomfort in usage. However, we
found that consecutive CsA treatment following short-term
topical steroid administration rapidly improved and
maintained long-term enhancement in DED symptoms and
signs as well as MGD. In addition, more extensive studies are
required to determine whether nanoemulsion CsA is su-
perior to emulsion CsA.

5. Conclusions

In conclusion, the consecutive therapeutic effects of CsA
after short-term, unpreserved topical steroid use were
clinically excellent in DED patients. Topical nanoemulsion
CsA showed better improvement in TBUT and OSS than
emulsion CsA; hence, nanoemulsion CsA may be more
helpful in DED patients.
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Figure 4: Comparison of transparency between emulsion and nanoemulsion CsA. (a) Emulsion CsA. (b) Nanoemulsion CsA. CsA,
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Purpose. To evaluate the role of medical treatment and assessing its effect on resolving epiphora and improving punctum size by
high resolution AS-OCT imaging comparing punctal parameters in patients before and after treatment with topical combined
antibiotic and steroid treatment in cases of inflammatory punctual stenosis. Patients and Methods. Double-blinded controlled
randomized study which was conducted on two groups of patients who had acquired punctal stenosis and epiphora presented to
Ophthalmology Clinics of Sohag University Hospitals in the period between Jan 2021 and April 2021. 'e study included 44 eyes
of 50 subjects complaining of epiphora. 'ey were divided into two groups, the epiphora group one (EG1) received eye drops
containing combination of antibiotics and steroids (orchadexoline eye drops, each ml contains 5mg chloramphenicol, 1mg
dexamethasone sodium phosphate, 0.25mg tetryzoline hydrochloride, 2mg hydroxypropyl methyl cellulose, 10mg α-tocopherol
acetate (vitamin E), and 8mgmacrogol 400), 5 times daily for the first week, three times daily for the next two weeks, and one time
daily for another one week. 'e second epiphora group (EG2) received preservative-free artificial tears (sodium hyaluronate-,
polyethylene-, and propylene glycol-based), three times daily for four weeks. 'e patients were examined before treatment, one
week, one month, and one and half months later. Results. Both groups were comparable regarding mean age (49± 13 vs
53± 11 years, P value� 0.2) and sex (males were 38.6% vs 31.8%, female were 61.4% vs 68.2%, P value� 0.6), respectively, with no
statistically significant difference between both groups. Both groups were comparable regarding outer punctual diameter and
length between the puncti before treatment. Outer punctal diameters were (EG1 228± 113 um, EG2 241± 115 um, P value� 0.5).
Length between the puncti were (EG1 129± 73 um, EG2 137± 72 um, P value� 0.6). 'ere was marked improvement of the outer
punctual diameter (EG1 373 um± 92 um, EG2 240± 109 um, (P value< 0.0001) and length between the puncti (EG1 217± 109 um,
136± 71 um (P value< 0.0002)) during the follow-up period. EG1 showed more improvement than EG2 when compared during
the follow-up period. Conclusions. Topical combined antibiotic and steroid treatment was an effective method in treating cases of
inflammatory punctual stenosis as found by monitoring of punctal parameter changes by AS-OCT. AS-OCT was found to be a
useful method for evaluation of the lacrimal punctal parameters especially with different treatment modalities in epiphora cases.

1. Introduction

Lacrimal punctal stenosis is one of the least-evaluated eti-
ologies of epiphora [1]. It is defined as narrowing or
occlusion of the external opening of the lacrimal canaliculi,
while the distal tear drainage system is free [2, 3]. It can also
be defined more precisely as the punctum size less than

0.3mm or inability to cannulate it with a 26G cannula
without dilation [4].

Acquired punctal stenosis can result from variable
causes, of which eye trauma, local or systemic drug toxicity,
inflammatory or infectious diseases, malposition of the
eyelid, tumors of upper and lower lid, or even the ageing
changes could lead to that [5].

Hindawi
Journal of Ophthalmology
Volume 2022, Article ID 7988091, 7 pages
https://doi.org/10.1155/2022/7988091

mailto:dramrmonir@yahoo.com
https://orcid.org/0000-0001-8111-8366
https://orcid.org/0000-0001-6989-7483
https://orcid.org/0000-0002-9601-8154
https://orcid.org/0000-0001-9682-671X
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/7988091


Various noxious stimuli can cause chronic inflammation
with subsequent fibrosis and stenosis [6]. Punctal stenosis
can be associated with canalicular, nasolacrimal sac and duct
stenosis or obstruction in some cases [7].

Several methods were used for measuring normal
punctum parameters, of which fitting different gauge can-
nulae (20–32G) but stretchable punctal walls during intu-
bation made this method an unreliable predictor of punctal
parameter measurements under normal physiological con-
ditions [3].

Other methods approved photographing all four puncta
by slit-lamp biomicroscopy and by using computer cursor
punctal borders which are later mapped out, and the punctal
area is measured by software-driven computer analysis [8].

Others used Ramsden eyepiece which has of a fixed
transparent graduated scale positioned on the field and fitted
to the slit-lamp with a fixed optical magnification of 32x
results in a measurement of 0.03mm [9].

AS-OCT parameters were (614.6± 195.6 um) for the
outer punctal diameter and (545.8± 270.1 um) for the
punctal depth. [10].

Anterior segment optical coherence tomography
(AS-OCT) is accurate, noninvasive, objective, safe, and
cross-sectional imaging method used to study various parts
of the anterior segment of the eye including cornea, con-
junctiva, angle, the lower tear meniscus height, and the
lacrimal punctal parameters [10, 11].

In the literature, several methods were used for grading
punctal stenosis. One of the most commonly used methods
is Kashkouli’s scoring system (grade 0 no punctum (agen-
esis), grade 1 punctal papilla is covered with a membrane
(difficult to recognize), and the grade is less than the normal
size but recognizable, grade 3 punctum is normal, grade 4
punctum is small slit (<2mm), and grade 5 punctum is large
slit (≤2mm)) [12].

Munk scale for epiphora grading is another grading
system (grade 0 no epiphora, grade 1 epiphora requiring
dabbing less than twice a day, grade 2 epiphora requiring
dabbing 2–4 times a day, grade 3 epiphora requiring dabbing
5–10 times a day, grade 4 epiphora requiring dabbing more
than 10 times a day, and grade 5 is constant epiphora) [13].

'e aim of this work was to evaluate the role of medical
treatment and assessing its effect on resolving epiphora and
improving punctum size by high resolution AS-OCT im-
aging comparing punctal parameters of the patients before
and after treatment with topical combined antibiotic and
steroids treatment in cases of inflammatory punctual
stenosis.

2. Patients and Methods

'e study included 44 eyes of 50 subjects; total coverage of
epiphora patients fulfilled inclusion criteria and presented to
the ophthalmology clinics of Sohag University Hospitals in
the period between Jan 2021 and April 2021.

Patients included were aged 21 years or more who de-
veloped acquired inflammatory punctal edema and were
complaining of epiphora. Punctal stenosis grading of the
included groups was grade 2 according to Kashkouli’s

classification [12], and epiphora grading was 1 : 5 according
to Munk’s classification [13].

Patients who had a history of previous ocular and lac-
rimal surgery, trauma, lower lid margin malposition or
laxity, dry eye (for the control group), glaucoma, corneal
abnormalities (abrasions and keratitis), congenital punctal
anomalies, nasolacrimal duct obstruction, mucocele, and
pyocele were excluded.

'e study design is a double-blinded controlled ran-
domized study which was conducted on two group of
patients, the first group, who had acquired punctal ste-
nosis and epiphora (EG1) who received eye drops con-
tains combination of antibiotics and steroids
(orchadexoline eye drops, each ml contains 5mg chlor-
amphenicol, 1 mg dexamethasone sodium phosphate,
0.25 mg tetryzoline hydrochloride, 2 mg hydroxypropyl
methyl cellulose, 10mg α-tocopherol acetate (vitamin E),
and 8mg macrogol 400). 'e patients were advised to
apply the drops 5 times daily for the first week, three times
daily for the next two weeks, and one time daily for
another one week. 'e second epiphora group (EG2) who
received preservative-free artificial tears (sodium hya-
luronate-, polyethylene-, and propylene glycol-based)
three times daily for four weeks.

All patients were examined before treatment, one week,
one month, and one and half months later. Orchadexoline
eye drops were chosen due to its characteristic bitter taste to
have a subjective method for evaluation of relieving of
stenosis in addition to the objective method by AS-OCT. As
the patients said that they felt bitter taste during treatment
which is considered a sign of improvement.

Patients’ selection was based on slit-lamp examination of
the eye lids, corneal surface, bulbar and palpebral con-
junctiva, tear meniscus, intraocular pressure (IOP) mea-
surement, lower punctal examination, and grading of both
punctal stenosis and epiphora according to Kashkouli’s and
Munk scoring systems [12].

2.1. Spectral Domain Anterior Segment-OCT Image
Acquisition. AS-OCT for lower puncti was performed using
RTVue (Optovue Inc., Fermont, CA). OCT images of the
width and length of the lower puncti of the participants were
captured by the same operator on the same machine. 'e
lower eyelid margin was gently everted using a cotton bud
that was placed below the punctum. 'e punctum was
everted perpendicular to the light source to allow alignment
of the punctum depth with respect to the axis of the
scanner’s infrared beam. 'e punctum was imaged with the
scan line placed horizontally along the mucocutaneous
junction. Outer punctal diameter was measured as the
distance between the two highest points on the nasal and
temporal punctal orifice. Punctal depth is the vertical lumen;
it was measured vertically between outer and inner punctal
openings which appears closed.

'is study was approved by the Ethical Committee of
Faculty of Medicine, Sohag University, under IBR regis-
tration number S20-159 with clinical trial registration
number NCT05028907 and was performed according to the
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guidelines and Declaration of Helsinki. 'e aim of the study
and intervention details were discussed with the partici-
pants, and informed written consent was obtained from
them before inclusion.

2.2. Statistical Analysis. Statistical analysis was conducted
using the SPSS software (version 26.0) (SPSS Inc., Chicago,
IL, USA). All participants were chosen by using the sys-
tematic random sample technique from the attendees who
fulfilled the inclusion criteria. 'e data were tested for
normality using the Kolmogorov–Smirnov test and for
homogeneity variances before further statistical analysis.
Differences between groups for continuous measures were
analyzed by an independent sample t-test and the chi-
squared test for categorical measures. 'e Z test was used to
compare 2 proportions.

3. Results

'e study included 44 eyes of 50 subjects complaining of
epiphora. 'ey were divided into two groups, the epiphora
group one (EG1) received eye drops containing combination
of antibiotics and steroids (orchadexoline eye drops, each ml
contains 5mg chloramphenicol, 1mg dexamethasone so-
dium phosphate, 0.25mg tetryzoline hydrochloride, 2mg
hydroxypropyl methyl cellulose, 10mg α-tocopherol acetate
(vitamin E), and 8mg macrogol 400).

'e second epiphora group (EG2) received preservative-
free artificial tears (sodium hyaluronate-, polyethylene-, and
propylene glycol-based) three times daily for four weeks.

Both groups were comparable regarding mean age
(49± 13 vs 53± 11 years, P value� 0.2) and sex (males were
38.6% vs 31.8%, female were 61.4% vs 68.2%, P value� 0.6),
respectively, with no statistically significant difference be-
tween both groups (Table 1).

Mean duration of epiphora was measured in both groups
before treatment (EG1� 1.476± 0.51months,
EG2�1.57± 0.52months) with no statistically significant
difference (P value� 0.536).

Outer diameter and the length of the lower punctum of
both groups before treatment and during the follow-up
period comparing both groups were assessed objectively
by AS-OCT and summarized in Table 2 and Figures 1(a)–
1(d).

Both groups were comparable regarding outer punctual
diameter and length between the puncti before treatment:
outer punctal diameters (EG1 228± 113 um, EG2
241± 115 um, P value� 0.5) and length between outer and
inner puncti (EG1 129± 73 um, EG2 137± 72 um, P val-
ue� 0.6). 'ere was marked improvement of the outer
punctual diameter (EG1 373 um± 92 um, EG2
240 um± 109 um, P value< 0.0002) and length between the
puncti (EG1 217± 107 um, 136± 71 um (P value< 0.0008)
during the follow-up period. EG1 showed more improve-
ment than EG2 when compared during the follow-up period
(Figures 2 and 3).

Subjective assessment of the improvement in both
groups using Munk’s test and the bitter taste of the

orchadexoline eye drops were summarized in (Tables 3 and
4). Both groups showed significant objective improvement
using Munk’s test, which was more in EG1 when compared
to EG2.

4. Discussion

'e lacrimal punctum is an entry site for drainage of tears to
the nasolacrimal duct [14]. Acquired and congenital ab-
normalities in the size and morphology of the lacrimal
punctum and canaliculus may result in excess tears [3]. OCT
is an established optical diagnostic technique that was
employed for the first time for imaging the anterior segment
in 1994 by Izatt [15].

OCT has many advantages, such as being noninvasive,
painless, and contactless, with high resolution. Recently,
OCT has been used to examine the proximal lacrimal sys-
tem, and studies have investigated measurement of the
anatomical parameters, evaluating the effect of punctoplasty
and detecting lacrimal lesions [16, 17].

In this study, we evaluated the role of medical treatment
and assessing its effect on resolving epiphora and improving
the punctum size by high-resolution AS-OCT imaging
comparing punctal parameters between patients and control
subjects before and after treatment with topical combined
antibiotic and steroid treatment in cases of inflammatory
punctual stenosis.

'e follow-up period was 6weeks in both groups of the
study. With clinical and OCT follow-up, we found marked
improvement of the width and length of the lower puncti in
group 1 (P value< 0.0001) with more improvement than
group 2 when compared during the follow-up period.

In a study of Elalfy et al. [18], they evaluated prospec-
tively the effect of medical treatment (preservative-free
hydrocortisone sodium phosphate 3.35mg/mL eye drops
and preservative-free artificial tears based on sodium hya-
luronate, polyethylene, and propylene glycol) in the man-
agement of inflammatory punctum stenosis guided by
spectral domain anterior segment optical coherence to-
mography (OCT), and they concluded that a combination of
preservative-free steroid eye drops and artificial tears causes
significant widening of inflamed stenotic punctae and im-
provement of the epiphora.

We used anterior segment-OCT images for visualizing
the lacrimal punctual structural changes as used previously
[19] and performed quantitative measurements which help
us to monitor disease prognosis and evaluate the efficacy of
medical treatment.

'e dexamethasone sodium phosphate used in the our
study in group 1 exerts its anti-inflammatory effect in the
surrounding conjunctival tissues of the ocular surface by
decreasing the release of inflammatory mediators while
chloramphenicol as a broad spectrum antibiotic eliminate
any underlying subclinical infection.

In a study of Elshorbagy et al. [20], they investigated the
role of anterior segment optical coherence tomography in
the diagnosis of punctal stenosis and compared punctal
parameters before and after medical treatment in the form of
preservative-free methylprednisolone 5% eye drops. 'eir
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Table 1: Demographic data of both groups.

EG1, n� 22 Placebo group, n� 22 P value
Age Mean+ SD 49± 13 53± 11 0.2

Sex Male 17 38.6% 14 31.8% 0.6
Female 27 61.4% 30 68.2% 0.6

Table 2: Outer punctual diameter and length between the outer and inner punctum of both groups during follow-up period of six weeks.

EG1, n� 22 EG2, n� 22
P value

Mean ± SD Mean ± SD

Outer punctual diameter

Before treatment 228 um ± 113 241 um ± 115 0.5
Two week after treatment 372 um ± 97 236 um ± 109 <0.0001
Four weeks after treatment 396 um ± 87 243 um ± 110 <0.0001
Six weeks after treatment 373 um ± 92 240 um ± 109 <0.0002

P1 value <0.0001 0.9

Length between outer and inner punctum

Before treatment 129 um ± 73 137 um ± 72 0.6
Two weeks after treatment 211 um ± 108 131 um ± 69 <0.0006
Four weeks after treatment 259 um ± 109 139 um ± 70 <0.0001
Six weeks after treatment 217 um ± 107 136 um ± 71 <0.0008

P2 value <0.0002 0.8
∗P∗P value calculates the significant difference of the presented parameters between EG1 and EG2 and was calculated by the independent sample t-test. P1
value calculates the significant difference in the outer punctual diameter in the EG1 and EG2 group before treatment and six weeks after treatment and was
calculated by the paired sample t-test. P2 value calculates the significant difference in the length between the outer and inner punctum in the EG1 and EG2
group before treatment and six weeks after treatment and was calculated by the paired sample t-test.
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Figure 1: Comparison of outer diameter and the length of the lower punctum between both groups before treatment and during the follow-
up period.
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Figure 2: Case 1: OCT punctal changes before and after treatment.
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Figure 3: Case 2: OCT punctal changes before and after treatment.

Table 3: Munk’s test results of both groups during follow-up period of six weeks.

Munk’s test EG1 n� 22 EG2 n� 22
P valueMean± SD median (range)

Before treatment 3.9± 1 3± 1.3 0.09
4 (2–5) 3 (1–5)

Two weeks after treatment 1 + 1 3± 1 <0.0001
2 (0–4) 4 (0–5)

Four weeks after treatment 1 + 1 3± 1 <0.0001
2 (0–4|) 4 (0–5)

Six weeks after treatment 1 + 1 3.4± 1.6 <0.0003
1 (0–4) 4 (0–5)

P1 value <0.0002 <0.003
∗P ∗Pvalue calculates the significant difference of Munk’s test between EG1 and EG2 and was calculated by Mann–Whitney U test. P1 value calculates the
significant difference of Munk’s test in the EG1 and EG2 group before treatment and six weeks after treatment and was calculated by Wilcoxon signed-ranks
test.
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results coincide with our results with improvement in AS-
OCT parameters which were useful in monitoring and
measuring the efficacy of medical treatment in reducing
punctal edema, which results in subsequent reduction in the
epiphora symptoms.

As regarding the OCTappearance of obstructed lacrimal
puncti, OCT showed the narrow and small opening of the
lacrimal punctum with fissure-like lumen of the vertical
canaliculus (Figure 2), while in patients diagnosed with
advanced punctal obstruction, OCTshowed that the opening
of the lacrimal punctum was covered by a membrane-like
band (Figure 3). 'ese results agree with the study of Hu
et al. [21], who investigated the anatomical parameters of
normal lacrimal puncta and vertical canaliculus using optical
coherence tomography (OCT).

Limitations of this study included the small sample size
of cases involved in the research (44 cases) and also, the short
period of follow-up was another limitation (six weeks).
Further studies are needed in the future with a larger sample
size and longer follow-up period.

5. Conclusion

Topical combined antibiotic and steroid treatment was an
effective method in treating cases of inflammatory punctual
stenosis as found by monitoring of punctal parameter
changes by AS-OCT. AS-OCT was found to be a useful
method for evaluation of the lacrimal punctal parameters
especially with different treatment modalities in epiphora
cases.
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