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Abstract

Introduction

To evaluate meibomian gland function, changes of lacrimal tears and ocular surface param-
eters and tear inflammatory mediators following cataract surgery.

Methods

48 eyes of 34 patients who underwent uncomplicated phacoemulsification were involved
and divided into 2 groups with those who had preexisting dry-eye before cataract surgery
and those who did not. Ocular symptom score, Schirmer | test, tear film break-up time
(TBUT), corneal sensitivity threshold, corneal staining, inflammatory cytokine activities, lid
margin abnormalities, meibum expressibility, meibum quality and meibomian gland imaging
were evaluated preoperatively, at 1 day, 1 and 2 months postoperatively.

Results

Ocular symptom scores were worse at 1 and 2 months postoperatively but, TBUT, corneal
staining score and corneal sensitivity threshold showed gradual improvements at 1 month
and 2 months postoperatively (p<0.05, respectively). Interestingly there were statistically
significant improvements in TBUT, corneal staining score and corneal sensitivity threshold
at 1 month postoperatively when topical eye drops were used compared to the period with-
out topical therapy which is the months 2 postoperatively. There were statistically significant
decreases in IL-1B, IL-6, IL-8, MCP-1, TNF-a and IFN-y concentrations at 1 and 2 months
postoperatively. Lid margin abnormalities, meibum quality and expressibility scores
increased significantly (o < 0.05, respectively) at postoperative period. Compared with the
no dry eye group, dry eye group revealed significantly higher ocular symptom scores, lower
TBUT, higher lid margin abnormalities, meibum quality and expressibility scores after cata-
ract surgery. There were significant correlations between IL-6 and parameters of dry eye,
and between MGD parameters and ocular symptom scores.

Conclusions

Our study revealed that meibomian gland function is influenced after cataract surgery
accompanying structural changes and these were correlated with increased ocular
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symptom scores. Therefore, it could elucidate the development of dry eye related to cata-
ract surgery.

Introduction

Many patients have complained of dry eye and symptoms of irritations after cataract surgery
and it has been shown that both incidence and severity of dry eye increase [1]. In particular,
the reduction in tear break up time (TBUT) and squamous metaplasia in conjunctival impres-
sion cytology were documented after phacoemulsification [2]. The exacerbation of dry eye
after cataract surgery is possibly multifactorial. The reduced corneal sensitivity due to the tran-
section of the corneal nerves [3], phototoxic damage from an exposure to the microscopic light
[4], multiple irrigations of the corneal epithelium during operation [5], elevation of inflamma-
tory cytokines in the lacrimal tear [6], and the use of topical anesthesia and antibiotics during
surgery in addition to preservative containing topical eye drops administered after surgery [7]
would influence dry eye following cataract surgery, but how these factors influence dry eye
after cataract surgery is unclear. Kim et al. reported benzalkonium chloride induces tear film
instability and ocular surface damage in a dose dependent manner [8]. Povidone iodine used
before surgery for sterilization could possibly induce tear film instability and ocular surface
damage in a time dependent manner which is under our current study. Moon et al. showed
that an aspirating speculum could aggravate dry eye after cataract surgery [9]. Increased levels
of inflammatory cytokines were detected in the tears of dry eye patients and the immune-path-
ological changes were shown in the conjunctiva of dry eye patients [10]. Few studies have
investigated changes in the levels of the inflammatory cytokines before and after cataract sur-
gery and few reports have focused on the development of meibomian gland dysfunction
(MGD) following cataract surgery [11]. Still, we could face some patients who complain of ocu-
lar discomfort, yet lack objective signs, such as ocular surface staining after cataract surgery.

The aim of this study is to investigate whether cataract surgery affects meibomian gland dys-
function, and to evaluate associated changes in dry eye parameters including lacrimal tear
inflammatory cytokines following cataract surgery.

Materials and Methods

This study was conducted in accordance with the institutional review board regulations (IRB),
investigator obligations, and adhered to the tenets of the Declaration of Helsinki. All patients
were fully informed of the details and possible risks of the procedure, and written informed
consents were obtained from all the participated patients. This study was reviewed and
approved by the Institutional Review Boards (IRBs) of Yeouido St. Mary’s Hospital, College of
Medicine, the Catholic University of Korea (IRB#SC14RISI0160).

Study population and procedures

48 eyes of 34 patients meeting the inclusion and exclusion criteria were evaluated before and
after cataract surgery, between May 2014 and Aug. 2014 in our clinic. Subjects were divided
into two groups based on the signs and symptoms of dry eye using the DEWS criteria before
cataract surgery [12,13]. Criteria for diagnosis of dry eye included symptom severity

score > 20 and tear film break-up time (TBUT) < 7 seconds[12,13]. Patients were excluded if
they were using contact lens, ocular surgery in the past year, the history of ocular injury, infec-
tion, or other ocular surface diseases. Exclusion criteria also included continuous use of topical
ocular medications such as steroids, antibiotics, drugs with preservation, and systemic drugs
that would influences tear film.
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Cataract surgery

One surgeon performed all cataract surgeries. 2.85mm sized clear corneal incision was made
and the phacoemulsification time was 1 to 2 minutes. An intraocular lens was inserted in the
posterior chamber. In all cases, no intraoperative complication happened. Patients instilled
0.5% moxifloxacin 0.5% (Vigamox@’ , Alcon, Fort Worth, TX, USA) and 1% prednisolone ace-
tate (Pred Forte™, Allergan, Irvine, CA, USA) eye drops four times daily for 1 month

postoperatively.

Ocular symptom score

All patients completed ocular surface disease index (OSDI) questionnaire and had meibomian
gland and lacrimal tear evaluations performed by the same investigator. We eliminated item 4
and 5, which evaluated the presence of blurred vision, because it was hard to discriminate the
change of symptoms caused by cataract surgery alone or combined with visual symptoms due
to dry eye that was induced by phacoemulsification. Subjective symptoms were graded on a
numerical scale from 0 to 4 according to the OSDI score [14]. We rated the intensity of dry eye
symptoms from 0 to 4 as follows: 0, none; 1, mild; 2, moderate; 3, severe; 4, very severe. The fre-
quency of dry eye symptoms was quantified as follows: 0, none; 1, some of the time; 2, half of
the time; 3, most of the time; 4, all the time. Aggravation of dry eye was quantified as follows: 0,
none; 1, mild; 2, moderate; 3, severe; 4, very severe. The total score of dry eye symptoms was
calculated as follows: (intensity score + frequency score+ aggravation score) divided by 3.
Scores ranged from 0 to 4, with higher scores demonstrating severe symptoms [15].

Clinical evaluation of lacrimal tear & ocular surface

The Bio-microscopic examinations consisted of TBUT, corneal and conjunctival staining.

To measure TBUT, 5pl of 2% fluorescein solution was instilled in the conjunctival sac, and
the integrity of the tear film was monitored and measured up to the time until one or more dry
spots appeared in the precorneal tear film from the last blink by slit-lamp microscopy.

Schirmer I test was performed by bending the Schirmer strip at the notch, and placing the
strip beneath the temporal lid margin. After 5 minutes, the strip was removed and measured to
the point of maximum wetting.

Corneal fluorescein staining was examined through slit-lamp evaluation with cobalt blue
illumination. The staining was measured for each of the five regions of the cornea: central,
superior, temporal, nasal, and inferior. The degree of the staining was based on the following:
grade 0, no staining; grade 1, superficial stippling and micro-punctate staining; grade 2, macro-
punctate staining with some coalescent areas; and grade 3, numerous coalescent macro-punc-
tate areas. Each of the five regions was graded on a scale from 0 to 3. The scores of the five
areas were added to obtain a total score for each eye [16].

Corneal sensitivity was measured with a Cochet-Bonnet esthesiometer (Luneau Ophthal-
mologie, Chartres, France). The cornea was touched smoothly by the nylon filament.

All measurements were performed by the same investigator at preoperatively, 1 day, 1 and 2
months postoperatively.

Lacrimal tear sample and multiplex immunobead analysis

The unstimulated lacrimal tear was accumulated from the inferior tear meniscus by 0.5 ul glass
capillary micropipette (Drummond, Broomall, Pennsylvania, USA). The lacrimal tears were
centrifuged for two minutes and immediately transported to a -80°C freezer. Cytokines and
chemokines were analyzed using a commercial assay system of immunoassay kits and panels
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using a magnetic bead-based immunoassay kit (Luminex 200; Luminex Corp., Austin, TX).
The quantified cytokines and chemokines were IL-8, IL-6, IL-1B, TNF-o, MCP-1 and IFN-y.
To calculate molecular concentrations of tear cytokines, we analyzed the median fluorescent
intensity data using a 5-parameter logistic or spline curve-fitting method.

Clinical evaluation of meibomian gland

The diagnosis of the MGD was made by the dysfunction (lack of expressible meibum

from > 75% of glands) and the appearance of two or more morphologic changes of the meibo-
mian glands, including irregularity of the lid margin, orifice metaplasia, and acinar atrophy.
Lid margin abnormalities including plugged meibomian gland orifices, vascular engorgement,
anterior or posterior displacement of the mucocutaneous junction, and irregular lid margin
were scored from 0 through 4 according to the number of these abnormalities present in each
eye [17].

The expressibility of the meibum was scored by the application of the digital pressure to the
upper tarsus, and the degree of ease with which the meibum was induced was evaluated semi-
quantitatively as follows: 0, clear meibum easily expressed; 1, cloudy meibum expressed with
mild pressure; 2, cloudy meibum expressed with more than moderate pressure; and 3, meibum
not expressed, even with the hard pressure [18].

The quality of the meibum was scored by the digital pressure over 8 meibomian glands of
the lower lids. The meibum secretion was graded as follows: 0, clear; 1, cloudy; 2, cloudy with
granular debris; and 3, thick like toothpaste.

Using the noncontact meibography system that consists of an infrared transmitting filter
(IR-83, Hoya, Tokyo, Japan) and an infrared charge coupled video camera (XC-EI50, Sony,
Tokyo, Japan), the meibomian glands were observed. Partial or complete loss of the meibomian
glands was scored using the following grades for each eyelid: 0, no loss of the meibomian
glands; 1, lost area was less than one third of the total area of the meibomian glands; 2, lost area
was between one third and two thirds of the total area of the meibomian glands; and 3, lost
area was over two thirds of the total area of the meibomian glands. Meibo-scores for the upper
and lower eyelids were summed to obtain a score from 0 through 6 for the each eye [19].

Statistical analysis

SPSS software (version 13.0, SPSS Inc., Chicago, IL) was used for statistical analysis. A linear
mixed model with Bonferroni post hoc analysis was used to evaluate repeated measurements of
continuous values. Pairwise comparisons of group categorical variables were done using the
Mann-Whitney U test. Wilcoxon signed rank test was used to compare within-group categori-
cal variable changes from the baseline. The repeated measures analysis of variance was used to
compare within-group continuous variable changes from the baseline. P < 0.05 was considered
statistically significant.

Results

There was no statistically significant difference between the two groups before cataract surgery,
except TBUT, Schirmer I test and corneal staining score. Of the total 34 patients, dry eye group
included 18 patients, and no dry eye group included 16 patients. In the dry eye group, 12 were
female, and the mean age + standard deviation (SD) was 67.24 + 5.91 years. In the no dry eye
group, 9 were female and the mean age was 64.18 + 6.02 years. There were no significant differ-
ences of sex and age between the two groups.
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Fig 1. Change in ocular symptom score from preoperative value. The increase in ocular symptom score
was statistically significant in the dry eye group at 1 day, 1 and 2 months postoperatively compared to the no
dry eye group (P <0.05). Each value represents the mean + standard error of the mean (SEM). Significance
was evaluated with random-effects analysis of variance (ANOVA) model; p values of <0.05 were considered
statistically significant. ***P <.001, **P < .01, *P <.05, using a linear mixed model with post hoc analysis, or
generalized estimating equations model.

doi:10.1371/journal.pone.0152460.g001

Ocular symptom score

The symptom scores were significantly worse in the dry group than in the no dry eye group at
1 day (2.84 £ 0.81, 1.91 + 0.70, respectively), 1 month (2.72 + 0.69, 1.73 + 0.64, respectively)
and 2 months postoperatively (2.64 + 0.71, 1.71 + 0.61, respectively) (P <0.05, respectively)
(Fig 1). The decrease in symptom score was not significant at 1 and 2 months after cataract sur-
gery in dry eye group but, it was statistically significant in no dry eye group at 2 months after
cataract surgery (P<0.05).

Evaluation of lacrimal tear & ocular surface

1) TBUT and Schirmer I test. There was a statistically significant improvement in TBUT
at 1 month (13.4 +2.7, 3.7 £ 0.5, respectively) and 2 months (14.1 + 3.1, 4.1 + 0.4, respectively)
postoperatively in the no dry eye group compared to the dry eye group (P <0.001, respectively)
(Table 1, Fig 2A). TBUT was more significantly worsened in the dry eye group compared to
the no dry eye group at 1 day postoperatively and the recovery was significantly slower in the
dry eye group than no dry eye group at 1 and 2 months postoperatively. Interestingly there was
a statistically significant improvement in recovery at 1 month postoperatively when topical eye
drop was used compared to the period without topical therapy which is the months 2
postoperatively.

Schirmer I score was worsened in both groups at 1 day postoperatively although the values
were not statistically significant (Fig 2B). It was significantly improved at 1 month (16.2 £ 5.1,
4.5 + 0.8, respectively) and 2 months (16.7 + 5.4, 5.2 + 0.6, respectively) postoperatively in the
no dry eye group compared to the dry eye group (Table 1). The difference of the recovery was
not statistically significant in both groups at 1 and 2 months postoperatively (P >0.05, respec-
tively). There was not a statistically significant improvement in recovery at 1 month postopera-
tively when topical eye drop was used compared to the period without topical therapy which is
the months 2 postoperatively.

2) Corneal staining score. There was a statistically significant decrease in the corneal
staining score at 1 month (0.5 £ 0.1, 1.2 £ 0.7, respectively), 2 months (0.3 = 0.1, and 0.7 £ 0.3,
respectively) postoperatively in the no dry eye group compared to the dry eye group (P <0.05,
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respectively) (Table 1, Fig 2C). It was more significantly worsened in the dry eye group com-
pared to the no dry eye group at 1 day postoperatively. Interestingly there was a statistically sig-
nificant improvement in the recovery at 1 month postoperatively when topical eye drop was
used, compared to the period without topical therapy which is the months 2 postoperatively in
both groups.

3) Corneal sensitivity threshold. Corneal sensitivity threshold was significantly lower at 1
day postoperatively (55.1 £ 1.8, 51.2 + 0.9, respectively) than it was preoperatively (58.4 £ 1.7,
55.9 + 1.4, respectively) in both dry and no dry eye groups (Table 1). Corneal sensitivity thresh-
old was more slowly recovered in the dry group than in the no dry eye group at 1 month
(57.8 £ 1.5,54.1 + 1.2, respectively) and 2 months postoperatively (58.1 + 1.7, 56.1 £ 1.3,
respectively) (P <0.05, respectively) (Fig 2D). It was worsened in both groups at 1 day postop-
eratively and the recovery was significantly slower in the dry eye group than no dry eye group
at 1 and 2 months postoperatively. Interestingly there was a statistically significant improve-
ment in recovery of corneal sensitivity threshold at 1 month postoperatively when topical eye
drop was used compared to the period without topical therapy which is the months 2
postoperatively.

Inflammatory cytokines in lacrimal tears

In the no dry eye group, the initial concentrations of IL-1f, IL-6, IL-8, MCP-1, TNF-o. and
IFN-y were 2.11 + 0.14, 13.36 + 1.97, 143.83 + 11.92, 55.49 + 5.94, 9.04 £+ 0.01 and

0.55 + 0.19pg/ml, respectively. In the dry eye group, the initial concentrations of IL-1f, IL-6,
IL-8, MCP-1, TNF-a and IFN-y were 57.78 £ 5.25, 214.73 + 18.17, 500.30 + 38.69,

1518.42 + 143.29, 385.11 + 21.95, and 96.55 + 8.19 pg/ml, respectively. In the dry eye groupl
day postoperative concentration of IL-1p, IL-6, IL-8, MCP-1, TNF-o and IFN-y were

95.54 + 14.82, 500.30 + 38.69, 1561.69 + 289.41, 4595.11 + 359.16, 621.67 + 43.55, and

266.79 + 23.54 pg/ml, respectively. In the no dry eye group, 1 day postoperative concentration
of IL-1B, IL-6, IL-8, MCP-1, TNF-o and IFN-y were 51.42 + 6.05, 119.51 + 12.19,

44392 +34.51,2128.74 + 215.64, 159.73 + 12.98, and 51.54 + 6.82 pg/ml, respectively.

Table 1. Mean value of ocular surface parameters measured preoperatively, at 1 day, 1 and 2 months after cataract surgery.

Parameters Dry eye group
Preoperative 1 day 1 2 Overall Preop. Vs 1 Preop. vs 1 Preop. vs 2
value month months day month months
TBUT (sec) 4.2+0.4 3.1+0.3 3.7¢05 4.1x04  <0.001 <0.001 <0.001 <0.001
Schirmer test (mm) 5.1£0.5 43105 4.5+0.8 5.2+0.6 0.894 0.816 0.924 0.557
Corneal sensitivity threshold 58.4+1.7 55.1 57.8 58.1x1.7  0.016 0.024 0.021 0.019
(mm) +1.8 1.5
Corneal staining score 1.5+£0.4 2.1+0.8 1.240.7 0.7#0.3 0.024 0.041 0.031 0.035
No dry eye group
TBUT (sec) 13.5+2.5 11.4 134 14.1£3.1  <0.001 <0.001 <0.001 <0.001
+2.3 2.7
Schirmer test (mm) 17.415.9 15.7 16.2 16.745.4  0.829 0.529 0.241 0.268
+4.8 5.1
Corneal sensitivity threshold 55.9+1.4 51.2 541 56.1+1.3  0.295 0.262 0.418 0.350
(mm) +0.9 1.2
Corneal staining score 0.40.1 0.7£0.2 0.50.1 0.3+0.1 0.031 0.035 0.029 0.027

TBUT = tear film break-up time
Continuous values were analyzed by linear mixed model with Bonferroni post hoc analysis.
Non-continuous values were analyzed by generalized linear mixed model analysis with Bonferroni post hoc analysis.

doi:10.1371/journal.pone.0152460.1001
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Fig 2. Changes in lacrimal tear and ocular surface parameters preoperatively, 1 day, 1 and 2 months postoperatively from preoperative value. (A)
Change in TBUT (sec) from preoperative value. TBUT was significantly short in the dry eye group at 1 day, 1 and 2 months postoperatively compared to the
no dry eye group (P <0.05). (B) Change in Schirmer | test (mm) from preoperative value. Schirmer | test value was significantly short in the dry eye group at 1
day, 1 and 2 months postoperatively compared to the no dry eye group (P >0.05). (C) Change in corneal staining score from preoperative value. There was a
statistically significant decrease in the corneal staining score at 1 and 2 months postoperatively but the dry eye group showed higher score than the no dry
eye group (P <0.05). (D) Change in corneal sensitivity threshold (mm) from preoperative value. Corneal sensitivity threshold slowly recovered to preoperative
value at 1 and 2 months postoperatively but the dry eye group showed higher threshold level than the no dry eye group

(P <0.05). Each value represents the mean * standard error of the mean (SEM). Significance was evaluated with random-effects analysis of variance
(ANOVA) model; p values of <0.05 were considered statistically significant. ***P < .001, **P < .01, *P < .05, using a linear mixed model with post hoc
analysis, or generalized estimating equations model.

doi:10.1371/journal.pone.0152460.9002

In the dry eye group, there was a statistically significant decrease in the concentration of IL-
1B (52.49 £ 6.17, and 11.82 + 5.64, respectively), IL-6 (159.13 + 19.04, and 22.16 + 5.91, respec-
tively), IL-8 (394.16 + 30.81, and 80.62 + 7.53, respectively),), MCP-1 (815.26 + 65.49, and
47.15 £ 5.61, respectively), TNF-a (118.17 + 11.52, and 26.48 + 3.68, respectively), and IFN-y
(56.12 £ 5.94, and 9.64 + 1.80, respectively) in tears at 1 and 2 months following cataract sur-
gery compared to the value of 1 day postoperatively (P <0.05, respectively) (Fig 3).

Furthermore, in the no dry eye group, there was also a statistically significant decrease in
the concentration of IL-1B (27.64 + 7.21, and 5.02 + 0.28, respectively), IL-6 (29.48 + 6.98, and
11.42 + 1.53, respectively), IL-8 (196.43 + 12.51, and 21.46 + 4.63, respectively), MCP-1
(449.75 £ 41.62, and 29.58 + 5.24, respectively), TNF-o. (26.25 + 2.31, and 13.64 + 1.98, respec-
tively), and IFN-y (11.16 + 1.85, and 5.10 + 1.02, respectively) in lacrimal tears at 1 and 2
months following cataract surgery compared to the value of 1 day postoperatively (P <0.05,
respectively). All quantified cytokines and chemokines had a tendency to be increased at 1 day
postoperatively and decreased at 1 and 2 months after cataract surgery (Fig 3).
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Evaluation of Meibomian gland

1) Lid margin abnormalities. There was a statistically significant increase in lid margin
abnormalities at 1 month (2.3 + 0.6, 0.5 + 0.1, respectively), 2 months (2.4 + 0.6, and 0.5 + 0.1,
respectively) postoperatively in the dry eye group compared to the no dry eye group (P <0.01,
respectively) (Fig 4A). It was more significantly worsened in the dry eye group compared to the
no dry eye group at 1 day postoperatively. There were aggravations at 1 and 2 months postop-
eratively but there was not a significant difference between treatment with topical solutions
and the month without treatment.
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and chemokines in lacrimal tears from preoperative value. The decrease in concentrations of IL-1, IL-6,
was statistically significant in the dry eye group at 1, and 2 months compared to the value of 1 day post-

surgery, respectively (P <0.05). Each value represents the mean + standard error of the mean (SEM). Significance was evaluated with random-effects
analysis of variance (ANOVA) model; p values of <0.05 were considered statistically significant. ***P <.001, **P < .01, *P < .05, using a linear mixed model

with post hoc analysis, or generalized estimatin

g equations model.

doi:10.1371/journal.pone.0152460.9003
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Fig 4. Change in lid parameters of MGD from preoperative value. (A) Change in lid margin abnormality scores from preoperative value. Lid margin
abnormality scores were significantly higher in the dry eye group at 1 day, 1 and 2 months postoperatively compared to the no dry eye group (P <0.05). (B)
Change in meibum expressibility from preoperative value. There was a statistically significant increase in the meibum expressibility at 1 and 2 months
postoperatively and the dry eye group showed higher level than the no dry eye group (P <0.05). (C) Change in meibum quality from preoperative value. There
was a statistically significant increase in the meibum quality at 1 and 2 months postoperatively and the dry eye group showed higher level than the no dry eye
group (P <0.05). (D) Change in meibo-score from preoperative value. Meibo-score was higher in the dry eye group at 1 day, 1 and 2 months postoperatively
compared to the no dry eye group. Each value represents the mean + standard error of the mean (SEM). Significance was evaluated with random-effects
analysis of variance (ANOVA) model; p values of <0.05 were considered statistically significant. ***P <.001, **P < .01, *P < .05, using a linear mixed model
with post hoc analysis, or generalized estimating equations model.

doi:10.1371/journal.pone.0152460.9004

2) Meibum expressibility. The meibum expressibility was significantly worse in the dry
group than in the no dry eye group at 1 month (2.4 £ 0.5, 0.5 + 0.1, respectively) and 2 months
postoperatively (2.5 + 0.6, 0.5 £ 0.1, respectively) (P <0.05, respectively) (Fig 4B). It was more
significantly worsened in the dry eye group compared to the no dry eye group at 1 day postop-
eratively. There were aggravations at 1 and 2 months postoperatively but there was not a signif-
icant difference between treatment with topical solutions and the month without treatment.

3) Meibum quality. The meibum quality was significantly worse in the dry group than in
the no dry eye group at 1 month (2.9 + 0.3, 0.5 + 0.1, respectively) and 2 months postopera-
tively (3.5 £ 0.5, 0.5 + 0.1, respectively) (P <0.05, respectively) (Fig 4C). It was more signifi-
cantly worsened in the dry eye group compared to the no dry eye group at 1 day
postoperatively. There were aggravations at 1 and 2 months postoperatively but there was not a
significant difference between treatment with topical solutions and the month without
treatment.

4) Meibo-score. The meibo-scores did not change significantly postoperatively than they
were preoperatively. The meibo-scores were worse in the dry group than in the no dry eye
group at 1 month (1.5 £ 0.7, 0.7 £ 0.2, respectively) and 2 months postoperatively (1.8 + 0.7,
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Table 2. Correlation between cytokines in the lacrimal tear samples and dry eye parameters at 1
month postoperatively.

TBUT Schirmer | test Corneal staining score

IL-18 -0.34 -0.41 0.38
0.04* NS 0.03*

IL-6 -0.35 -0.31 0.39
<0.07* 0.03* <0.01*

IL-8 -0.29 -0.25 0.26
0.01* NS 0.02*

MCP-1 -0.28 -0.25 0.31
0.021* NS 0.034*

IFN-y -0.25 -0.23 0.33
0.04* NS 0.03*

TNF-a -0.14 -0.11 0.16
0.032* NS 0.027*

Numbers are Spearman correlation coefficients and p value (NS: non-specific)
Significant correlations are marked as *

doi:10.1371/journal.pone.0152460.t002

0.7 £ 0.3, respectively) even though there was no statistically significant difference between the
two groups in the mean meibo-scores (P >0.05, respectively) (Fig 4D).

Correlation analyses

Spearman correlation coefficients between tear cytokine concentrations and parameters of the
dry eye are presented in Table 2. TBUT was inversely correlated with IL-8, IL-6, IL-1f, IFN-v,
TNF-o. and MCP-1 concentrations and Schirmer I scores were inversely correlated with IL-6
concentrations at 2 months postoperatively. The corneal staining scores showed positive corre-
lations with IFN-v, IL-8, MCP-1 and IL-6 concentrations. The rank (Spearman) correlation
coefficients between ocular symptom scores and parameters of MGD are presented in Table 3.
Significant correlations were observed between lid margin abnormalities, meibum expressibil-
ity, meibum quality and ocular symptom scores at 2 months postoperatively.

Discussion

After cataract surgery, patients often experience dry eye symptoms such as eye irritations and
complain of tear film dysfunction [20]. Oh et al. reported that tear film function was gradually
improved but, dry eye symptoms were worse and did not return to normal levels even after 3

Table 3. Correlation between ocular symptom score and MGD parameters at 2 months
postoperatively.

Ocular symptom score p value

Lid margin abnormality 0.37 0.002*
Meibum expressibility 0.21 0.037*
Meibum quality 0.19 0.029*
Meibo-score 0.16 0.067

Numbers are Spearman correlation coefficients and p value (NS: non-specific)
Significant correlations are marked as *

doi:10.1371/journal.pone.0152460.t003
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months following cataract surgery [15]. Consistent with this report, we also observed a statisti-
cally significant increase in ocular symptom scores after cataract surgery.

Liu et al. showed the worsening of dry eye and the scores which were found by TBUT and
Schirmer test after phacoemulsification [21]. Consistent with this report, we also observed a
significantly decreased value of TBUT and Schirmer I test following cataract surgery.

The corneal sensitivity threshold decreased immediately after cataract surgery but, showed
a gradual improvement at 1 and 2 months postoperatively. A possible explanation for this pat-
tern observed in our study may be the revival of the corneal nerves. The clear corneal incisions
made during cataract surgery can lower the sensitivity [3]. On postoperative healing, new neur-
ite cells appear and neural growth factors are released to regenerate the corneal axon [22]. This
may explain the dry eye, which was observed early after cataract surgery but improved thereaf-
ter. Oh et al. reported that the greater incision size is associated with the slower recovery of sen-
sitivity [15]. Microincisional procedures such as phacoemulsification which is commonly
performed today are assumed to generate less reduction in corneal sensitivity than conven-
tional cataract surgery [22].

The dry eye is characterized by the alterations in lacrimal tear composition that may be
responsible for the irritation symptoms [10]. IFN-y has been reported to promote goblet cell
loss in an experimental murine model of dry eye [23]. In our study, the increase in IFN-y con-
centration after cataract surgery was observed which was particularly higher in the dry eye
group. This suggests that IFN-y producing inflammatory cell is mobilized to the ocular surface,
especially in the dry eye group. In previous studies increased levels of ribonucleic acid tran-
scripts encoding IL-1, IL-6, TGF-B1, and TNF-o and were detected in the conjunctiva of
patients with keratoconjunctivitis sicca [24-26]. Similarly, our study found that parameters of
dry eye, such as TBUT and corneal staining scores, revealed significant correlations with the
concentration of IL-6 in tears after cataract surgery. Statistically significant correlations were
observed between IL-8, MCP-1, IL-6, IL-1B, IFN-y, TNF-a and TBUT following cataract sur-
gery. Statistically significant correlations were also observed between IL-8, MCP-1, IL-6, IL-1,
IFN-y, TNF-a and corneal staining scores following cataract surgery, although Schirmer test
scores were not correlated with other cytokines except IL-6. Our study also revealed significant
differences in the levels of the certain cytokines in the dry eye group compared with the no dry
eye group after cataract surgery. Therefore, tear inflammatory cytokines could be targeted to
decrease the damage of the ocular surface after cataract surgery.

Many previous studies showed that the inflammation in patients with MGD is associated
with the elevated levels of the cytokines in lacrimal tears [27-30]. Especially, increased concen-
trations of IL-8, IL-6, TNF-o. and IEN-y were reported in MGD [28]. In our study all patients
were prescribed topical antibiotics and steroids postoperatively. Therefore, it would have influ-
enced the result which showed decreased concentrations of tear cytokines at 1 and 2 months
postoperatively, although lid margin abnormalities and meibum quality were worse following
cataract surgery.

The DEWS management and therapy subcommittee reported that any severity levels of the
dry eye may have MGD [13]. Modified or deficient meibum makes evaporative type dry eye
that are features of MGD [31,32]. Consistent with these reports, in our study the patients who
still complain of ocular discomfort, yet the ocular surface inflammation related to the cataract
surgery itself not seen by an objective ophthalmologic examination, showed clinical signs of
MGD such as vascular engorgements and irregular lid margin. Moreover, the ocular symptom
scores did not return to the preoperative level at 2 months postoperatively, which was still high
enough to show the ocular discomfort of the patients who had undergone phacoemulsification.
Moreover, statistically significant correlations were observed between lid margin abnormalities,
meibum expressibilty, meibum quality and ocular symptom scores following cataract surgery.
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Therefore, ocular discomfort seen after cataract surgery possibly could be caused by MGD.
Despite its clinical importance, the influence of the cataract surgery to MGD has not been investi-
gated sufficiently. Our study demonstrated a statistically significant worsening of lid margin
abnormality scores, increased meibum quality and expressibility scores after cataract surgery per-
formed by the phacoemulsification. Therefore, it is important to evaluate the meibomian glands
preoperatively and postoperatively and pay attention to the intraoperative care carefully.

MGD is diagnosed by slit-lamp examination of the lid margins [33], meibometry [34,35],
assessment of the volume and properties of the meibum [36,37], meibography [38-42], assess-
ment of tear interference [43,44], and assessment of the tear evaporation rate [45,46]. However,
in our study the power of the meibum quality and expressibility scores were slightly lower than
those of ocular symptom scores and lid margin abnormality scores, partially because the pres-
sure of the expression to score meibum is not well defined. When more objective and reproduc-
ible methods to score meibum is developed, it may have a higher power than the result of our
study to differentiate the patients with MGD from the patients without MGD after cataract
surgery.

The cataract surgery might have caused meibomian gland obstruction since functional
changes of the meibomian glands were detected in our study accompanying structural changes.
Decreased corneal sensations may result in decreased blinking rates which probably make less
releasement of the abnormally modified meibum. Lid dysfunction that results from the use of
the lid speculum also could cause MGD after cataract surgery. The longer follow up period
would elucidate more definite changes of the meibomian glands after cataract surgery.

In our study using the meibography, we showed changes of the meibomian gland after cata-
ract surgery. But, no significant correlation was observed between meibo-score and ocular
symptom scores at 2 months postoperatively. Even though the meibo-score did not show a sta-
tistically significant difference, meibo-scores were higher in the dry eye group than the no dry
eye group. Also, patients with various changes of the meibomian glands were observed, includ-
ing gland dropout, shortening, distortion and dilation of the proximal portion of the meibo-
mian gland. These findings suggest that the obstruction of the orifices after cataract surgery
might be responsible.

A possible explanation for the difference of results between the period with topical therapy
(1 day to 1 month postoperatively) compared to the period without topical therapy (month 1
to months 2 postoperatively) may be due to the different eye drops and duration of medica-
tions used. Topical steroid eye drop is currently the main treatment in moderate to severe dry
eye. Many studies have shown the efficacy of it in treatment of dry eye [47]. The most beneficial
effect of steroids is the rapid onset of action which makes them handy in circumstances when
immediate anti-inflammatory reaction is needed such as after cataract surgery. Previous study
showed that 0.5% loteprednol etabonate had significantly good outcomes after 2 weeks of the
treatment [48]. Consistent with this report, our study revealed statistically significant improve-
ments in TBUT, corneal staining score and corneal sensitivity threshold at 1 month postopera-
tively when topical eye drops were used compared to the period without topical therapy which
is the months 2 postoperatively.

In patients with MGD, antibiotics may play a role in the treatment. Topical azithromycin
suppresses bacterial lipases, preventing degradation of the normal meibum [49]. Previous
study showed that patients with MGD receiving loteprednol etabonate four times daily had
marked improvements in meibum quality and TBUT at 1 month [50]. However in our study,
antibiotic and steroid used after cataract surgery did not show statistically significant improve-
ments in lid margin abnormalities and MG secretions postoperatively. These results suggest
that cataract surgery may influence MG function and exacerbate MG obstruction despite the
use of topical antibiotics and steroid. The ocular surface inflammation and occurrence of dry
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eye followed by cataract surgery, lid dysfunction resulting from the use of a lid speculum, and
decrease in blink rate derived from a decrease in corneal sensation may influence MG function
after cataract surgery. Further study would be beneficial which could discriminate the effect of
the surgery from the effect of antibiotics and steroids.

This study was conducted on a relatively small number of patients that was powered to
detect differences of the meibomian glands and tear film instability before and after cataract
surgery. Despite this design, significant differences were observed in the levels of cytokines and
MGD parameters in the dry eye group compared with the no dry eye group.

Irritating symptoms are common complaints of the patients after cataract surgery seeking
medical consultation. Even though the changes of various ocular surface parameters and tear
film instability that was worse immediately after cataract surgery returned to the preoperative
level at postoperative 2 months, the morphologic and functional changes of the meibomian
glands emerged following cataract surgery which were correlated with the increased ocular
symptom scores. Therefore, these could elucidate the development of dry eye related to cataract
surgery. It is important to assess meibomian gland dysfunction after cataract surgery to avoid
damage to the ocular surface and to ensure high quality of vision.

Acknowledgments

Design of study (H.S.K.); Conduct of study (Y.P., H.B.H.); Collection, management, analysis,
and interpretation of data (Y.P., H.S.K.); Literature search (H.B.H., H.S.K.); Preparation of
manuscript (Y.P.,H.S.K.); Critical revision of manuscript (Y.P.,H.S.K.); Final approval of man-
uscript(Y.P., H.S.K.).

Author Contributions

Conceived and designed the experiments: YP HBH. Performed the experiments: YP HSK. Ana-
lyzed the data: YP HSK. Contributed reagents/materials/analysis tools: YP HBH HSK. Wrote
the paper: YP HSK.

References

1. RamJ, Gupta A, Brar G, Kaushik S, Gupta A. Outcomes of phacoemulsification in patients with dry
eye. J Cataract Refract Surg 2002; 28: 1386—1389. PMID: 12160808

2. LiXM,Hul, HuJ, Wang W. Investigation of dry eye disease and analysis of the pathogenic factors in
patients after cataract surgery. Cornea 2007; 26: S16-20. PMID: 17881910

3. Kissner A, Kohlhaas M, Spérl E, Pillunat LE. Corneal aberrations before and after corneal and cor-
neoscleral small incision cataract surgery. Klin Monbl Augenheilkd 2007; 224(2): 95-100. PMID:
17309004

4. Hwang HB, Kim HS. Phototoxic effects of an operating microscope on the ocular surface and tear film.
Cornea 2014; 33(1): 82-90. doi: 10.1097/ICO.0000000000000001 PMID: 24310622

5. LiXM,Hul, HuJ, Wang W. Investigation of dry eye disease and analysis of the pathogenic factors in
patients after cataract surgery. Cornea 2007; 26: S16-20. PMID: 17881910

6. Simone JN, Whitacre MM. Effects of anti-inflammatory drugs following cataract extraction. Curr Opin
Ophthalmol 2001; 12(1): 63—-67. PMID: 11150083

7. Kasetsuwan N1, Satitpitakul V, Changul T, Jariyakosol S. Incidence and pattern of dry eye after cata-
ract surgery. PLoS One 2013; 8(11):e78657. doi: 10.1371/journal.pone.0078657 PMID: 24265705

8. KimJR, Oh TH, Kim HS. Effects of benzalkonium chloride on the ocular surface of the rabbit. Jpn J
Ophthalmol. 2011; 55(3): 283-293. doi: 10.1007/s10384-011-0008-4 PMID: 21537998

9. MoonH, Yoon J, Hyun S, Kim KH. Short-term influence of aspirating speculum use on dry eye after cat-
aract surgery. 2014; 33: 373-375. doi: 10.1097/ICO.0000000000000072 PMID: 24488128

10. Behrens A, Doyle JJ, MPH, Stern L, Chuck RS, McDonnell PJ, et al. Dysfunctional tear syndrome. A
Delphi approach to treatment recommendations. Cornea 2006; 25: 900-907. PMID: 17102664

PLOS ONE | DOI:10.1371/journal.pone.0152460 October 3, 2016 13/15


http://www.ncbi.nlm.nih.gov/pubmed/12160808
http://www.ncbi.nlm.nih.gov/pubmed/17881910
http://www.ncbi.nlm.nih.gov/pubmed/17309004
http://dx.doi.org/10.1097/ICO.0000000000000001
http://www.ncbi.nlm.nih.gov/pubmed/24310622
http://www.ncbi.nlm.nih.gov/pubmed/17881910
http://www.ncbi.nlm.nih.gov/pubmed/11150083
http://dx.doi.org/10.1371/journal.pone.0078657
http://www.ncbi.nlm.nih.gov/pubmed/24265705
http://dx.doi.org/10.1007/s10384-011-0008-4
http://www.ncbi.nlm.nih.gov/pubmed/21537998
http://dx.doi.org/10.1097/ICO.0000000000000072
http://www.ncbi.nlm.nih.gov/pubmed/24488128
http://www.ncbi.nlm.nih.gov/pubmed/17102664

@’PLOS ‘ ONE

Ocular Surface Change after Cataract Surgery

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Han KE, Yoon SC, Ahn JM, Nam SM, Stulting RD, Kim EK, et al. Evaluation of dry eye and meibomian
gland dysfunction after cataract surgery. Am J Ophthalmol. 2014; 157(6): 1144—1150. doi: 10.1016/j.
2j0.2014.02.036 PMID: 24561172

Lam H, Bleiden L, de Paiva CS, Farley W, Stern ME, Pflugfelder SC. Tear cytokine profiles in dysfunc-
tional tear syndrome. Am J Ophthalmol 2009; 147: 198-205. doi: 10.1016/j.2j0.2008.08.032 PMID:
18992869

Pflugfelder SC, Geerling G, Kinoshita S. Management and Therapy of Dry Eye Disease: Report of the
Management and Therapy Subcommittee of the International Dry Eye Workshop Ocul Surf 2007; 5:
163-178. PMID: 17508120

Schiffman RM, Christianson MD, Jacobsen G, Hirsch JD, Reis BL. Reliability and validity of the Ocular
Surface Disease Index. Arch Ophthalmol. 2000; 118: 615-621. PMID: 10815152

Oh T, Jung Y, Chang D, Kim J, Kim H. Changes in the tear film and ocular surface after cataract sur-
gery. Jpn J Ophthalmol 2012; 56(2): 113—118. doi: 10.1007/s10384-012-0117-8 PMID: 22298313

Lemp M.A. Report of the National Eye Institute/Industry workshop on clinical trials in dry eyes. CLAO J.
1995; 21: 221-228. PMID: 8565190

Arita R, ltoh K, Maeda S, Maeda K, Furuta A, Fukuoka S, et al. Proposed diagnostic criteria for obstruc-
tive meibomian gland dysfunction. Ophthalmology 2009; 116(11): 2058—2063. doi: 10.1016/j.ophtha.
2009.04.037 PMID: 19744718

Shimazaki J, Sakata M, Tsubota K. Ocular surface changes and discomfort in patients with meibomian
gland dysfunction. Arch Ophthalmol 1995; 113(10): 1266—1270. PMID: 7575257

Arita R, Itoh K, Inoue K, Amano S. Noncontact infrared meibography to document age-related changes
of the meibomian glands in a normal population. Ophthalmology 2008; 115(5): 911-915. doi: 10.1016/j.
ophtha.2007.06.031 PMID: 18452765

Hardten DR. Dry eye disease in patients after cataract surgery. Cornea 2008; 27(7): 855. doi: 10.1097/
ICO.0b013e31816f6854 PMID: 18650678

Liu Z, Luo L, Zhang Z, Cheng B, Zheng D, Chen W, et al. Tear film changes after phacoemulsification.
Zhonghua Yan KeZaZhi 2002; 38: 274-277.

Belmonte C, Acosta MC, Gallar J. Neural basis of sensation in intact and injured corneas. Exp Eye Res
2004; 78: 513-525. PMID: 15106930

De Paiva CS, Villarreal AL, Corrales RM, Rahman HT, Chang VY, Farley WJ, et al. Dry eye-induced
conjunctival epithelial squamous metaplasia is modulated by interferon-gamma. Invest Ophthalmol Vis
Sci 2007; 48: 2553—-2560. PMID: 17525184

Pflugfelder SC, Jones D, Ji Z, Alfonso A, Monroy D. Altered cytokine balance in the tear fluid and con-
junctiva of patients with Sjogren’s syndrome keratoconjunctivitis sicca. Current Eye Research 1999;
19:201-211. PMID: 10487957

Jones DT, Monroy D, Ji Z, Atherton SS, Pflugfelder SC. Sjdgren's syndrome: cytokine and Epstein-Barr
viral gene expression within the conjunctival epithelium. Invest Ophthalmol Vis Sci 1994; 35: 3493—
3504. PMID: 8056525

Jones DT, Ji A, Monroy D, Pflugfelder SC. Evaluation of ocular surface cytokine, mucin, and cytokeratin
expression in Sjogren syndrome. Adv Exp Med Biol 1998; 438: 533-536. PMID: 9634933

Acera A, Rocha G, Vecino E, Lema |, Duran JA. Inflammatory markers in the tears of patients with ocu-
lar surface disease. Ophthalmic Res 2008; 40(6): 315—-321. doi: 10.1159/000150445 PMID: 18688174

Lam H, Bleiden L, de Paiva CS, Farley W, Stern ME, Pflugfelder SC. Tear cytokine profiles in dysfunc-
tional tear syndrome. Am J Ophthalmol 2009; 147(2): 198—205. doi: 10.1016/j.2j0.2008.08.032 PMID:
18992869

Solomon A, Dursun D, Liu Z, Macri A, Pflugfelder SC. Pro- and anti-inflammatory forms of interleukin-1
in the tear fluid and conjunctiva of patients with dry-eye disease. Invest Ophthalmol Vis Sci 2001; 42
(10): 2283-2292. PMID: 11527941

Kang MH, Kim MK, Lee HJ, Lee HI, Wee WR, Lee JH. Interleukin- 17 in various ocular surface inflam-
matory diseases. J Korean Med Sci 2011; 26(7): 938—944. doi: 10.3346/jkms.2011.26.7.938 PMID:
21738349

Goto E, Endo K, Suzuki A, Fujikura Y, Matsumoto Y, Tsubota K. Tear evaporation dynamics in normal
subjectsand subjects with obstructive meibomian gland dysfunction. Invest Ophthalmol Vis Sci 2003;
44(2): 533-539. PMID: 12556380

Shimazaki J, Sakata M, Tsubota K. Ocular surface changes and discomfort in patients with meibomian
gland dysfunction. Arch Ophthalmol 1995; 113(10): 1266—1270. PMID: 7575257

Bron AJ, Benjamin L, Snibson GR. Meibomian gland disease: classification and grading of lid changes.
Eye 1991; 5: 395-411. PMID: 1743355

PLOS ONE | DOI:10.1371/journal.pone.0152460 October 3, 2016 14/15


http://dx.doi.org/10.1016/j.ajo.2014.02.036
http://dx.doi.org/10.1016/j.ajo.2014.02.036
http://www.ncbi.nlm.nih.gov/pubmed/24561172
http://dx.doi.org/10.1016/j.ajo.2008.08.032
http://www.ncbi.nlm.nih.gov/pubmed/18992869
http://www.ncbi.nlm.nih.gov/pubmed/17508120
http://www.ncbi.nlm.nih.gov/pubmed/10815152
http://dx.doi.org/10.1007/s10384-012-0117-8
http://www.ncbi.nlm.nih.gov/pubmed/22298313
http://www.ncbi.nlm.nih.gov/pubmed/8565190
http://dx.doi.org/10.1016/j.ophtha.2009.04.037
http://dx.doi.org/10.1016/j.ophtha.2009.04.037
http://www.ncbi.nlm.nih.gov/pubmed/19744718
http://www.ncbi.nlm.nih.gov/pubmed/7575257
http://dx.doi.org/10.1016/j.ophtha.2007.06.031
http://dx.doi.org/10.1016/j.ophtha.2007.06.031
http://www.ncbi.nlm.nih.gov/pubmed/18452765
http://dx.doi.org/10.1097/ICO.0b013e31816f6854
http://dx.doi.org/10.1097/ICO.0b013e31816f6854
http://www.ncbi.nlm.nih.gov/pubmed/18650678
http://www.ncbi.nlm.nih.gov/pubmed/15106930
http://www.ncbi.nlm.nih.gov/pubmed/17525184
http://www.ncbi.nlm.nih.gov/pubmed/10487957
http://www.ncbi.nlm.nih.gov/pubmed/8056525
http://www.ncbi.nlm.nih.gov/pubmed/9634933
http://dx.doi.org/10.1159/000150445
http://www.ncbi.nlm.nih.gov/pubmed/18688174
http://dx.doi.org/10.1016/j.ajo.2008.08.032
http://www.ncbi.nlm.nih.gov/pubmed/18992869
http://www.ncbi.nlm.nih.gov/pubmed/11527941
http://dx.doi.org/10.3346/jkms.2011.26.7.938
http://www.ncbi.nlm.nih.gov/pubmed/21738349
http://www.ncbi.nlm.nih.gov/pubmed/12556380
http://www.ncbi.nlm.nih.gov/pubmed/7575257
http://www.ncbi.nlm.nih.gov/pubmed/1743355

@’PLOS ‘ ONE

Ocular Surface Change after Cataract Surgery

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

49.

50.

Yokoi N, Mossa F, Tiffany JM, Bron AJ. Assessment of meibomian gland function in dry eye using mei-
bometry. Arch Ophthalmol 1999; 117: 723-729. PMID: 10369581

Chew CK, Jansweijer C, Tiffany JM, Dikstein S, Bron AJ. An instrument for quantifying meibomian lipid
on the lid margin: the meibometer. Curr Eye Res 1993; 12: 247-254. PMID: 8482113

Shimazaki J, Sakata M, Tsubota K. Ocular surface changes and discomfort in patients with meibomian
gland dysfunction. Arch Ophthalmol 1995; 113: 1266—1270. PMID: 7575257

Shimazaki J, Goto E, Ono M, Shimmura S, Tsubota K. Meibomian gland dysfunction in patients with
Sjogren syndrome. Ophthalmology 1998; 105: 1485-1488. PMID: 9709762

Tapie R. Biomicroscopial study of Meibomian glands. Ann Ocul 1977; 210: 637-648.

Robin JB, Jester JV, Nobe J, Nicolaides N, Smith RE. In vivo transillumination biomicroscopy and pho-
tography of meibomian gland dysfunction: a clinical study. Ophthalmology 1985; 92: 1423—-1426.
PMID: 4069605

Mathers WD, Daley T, Verdick R. Video imaging of the meibomian gland. Arch Ophthalmol 1994; 112:
448-449.

Yokoi N, Komuro A, Yamada H, Maruyama K, Kinoshita S. A newly developed video-meibography sys-
tem featuring a newly designed probe. Jpn J Ophthalmol 2007; 51: 53-56. PMID: 17295142

Nichols JJ, Berntsen DA, Mitchell GL, Nichols KK. An assessment of grading scales for meibography
images. Cornea 2005; 24:382-388. PMID: 15829792

Korb DR, Greiner JV. Increase in tear film lipid layer thickness following treatment of meibomian gland
dysfunction. Adv Exp Med Biol 1994; 350: 293—298. PMID: 8030491

Korb DR, Baron DF, Herman JP, Finnemore VM, Exford JM, Hermosa JL, et al. Tear film lipid layer
thickness as a function of blinking. Cornea 1994; 13: 354—359. PMID: 7924337

Mathers WD, Binarao G, Petroll M. Ocular water evaporation and the dry eye: a new measuring device.
Cornea 1993; 12: 335-340. PMID: 8339563

Goto E, Endo K, Suzuki A, Fujikura Y, Matsumoto Y, Tsubota K. Tear evaporation dynamics in normal
subjects and subjects with obstructive meibomian gland dysfunction. Invest Ophthalmol Vis Sci 2003;
44:533-539. PMID: 12556380

Pflugfelder SC. Antiinflammatory therapy for dry eye. Am J Ophthalmol 2004; 137: 337-342. PMID:
14962426

Pflugfelder SC, Maskin SL, Anderson B, et al. A randomized, doublemasked, placebo-controlled, multi-
center comparison of loteprednol etabonate ophthalmic suspension, 0.5%, and placebo for treatment
of keratoconjunctivitis sicca in patients with delayed tear clearance. Am J Ophthalmol 2004; 138: 444—
457. PMID: 15364229

Qiao J, Yan X. Emerging treatment options for meibomian gland dysfunction. Clin Ophthalmol. 2013; 7:
1797-1803. doi: 10.2147/OPTH.S33182 PMID: 24043929

Lee H, Chung B, Kim KS, Seo KY, Choi BJ, Kim TI. Effects of topical loteprednol etabonate on tear cyto-
kines and clinical outcomes in moderate and severe meibomian gland dysfunction:randomized clinical
trial. Am J Ophthalmol. 2014; 158(6): 1172—-1183. doi: 10.1016/j.2j0.2014.08.015 PMID: 25128594

PLOS ONE | DOI:10.1371/journal.pone.0152460 October 3, 2016 15/15


http://www.ncbi.nlm.nih.gov/pubmed/10369581
http://www.ncbi.nlm.nih.gov/pubmed/8482113
http://www.ncbi.nlm.nih.gov/pubmed/7575257
http://www.ncbi.nlm.nih.gov/pubmed/9709762
http://www.ncbi.nlm.nih.gov/pubmed/4069605
http://www.ncbi.nlm.nih.gov/pubmed/17295142
http://www.ncbi.nlm.nih.gov/pubmed/15829792
http://www.ncbi.nlm.nih.gov/pubmed/8030491
http://www.ncbi.nlm.nih.gov/pubmed/7924337
http://www.ncbi.nlm.nih.gov/pubmed/8339563
http://www.ncbi.nlm.nih.gov/pubmed/12556380
http://www.ncbi.nlm.nih.gov/pubmed/14962426
http://www.ncbi.nlm.nih.gov/pubmed/15364229
http://dx.doi.org/10.2147/OPTH.S33182
http://www.ncbi.nlm.nih.gov/pubmed/24043929
http://dx.doi.org/10.1016/j.ajo.2014.08.015
http://www.ncbi.nlm.nih.gov/pubmed/25128594

