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Abstract
Background:

The purpose of this study was to identify changes in tear �lm function and meibomian gland function in children after congenital cataract surgery.

Methods:

This study enrolled 21 eyes of 16 congenital cataract patients (mean age: 8.05±1.43 years) who underwent cataract surgery and 16 eyes of 16
normal volunteers (mean age: 8.31±2.18 years). Clinical assessments were conducted preoperatively and at 1 week, 1 month, 3 months and 6
months postoperatively. Symptom questionnaires, non-invasive tear film break-up time, tear meniscus height, corneal �uorescein staining, lid
margin abnormality, meibomian gland expressibility, and meibography were assessed.

Results:

The ocular symptom score was signi�cantly higher in congenital cataract patients compared to normal controls during the 5 visits (P=0.009). And
the average non-invasive tear film break-up time was signi�cantly lower in congenital cataract patients compared to normal controls (P=0.017).
The �rst non-invasive tear film break-up time and average non-invasive tear film break-up time was lowest at 1 month postoperatively compared to
baseline levels (P = 0.008 and P = 0.012, respectively). The lid margin score of the upper eyelid was signi�cantly higher in congenital cataract
patients compared to normal controls at 1 week postoperatively (P=0.027). The meibum expressibility score decreased signi�cantly during the 5
visits (P=0.024). No signi�cant difference was observed in meibomian gland tortuosity, meibomian gland width, meibomian gland area and
meibomian gland length between the congenital group and normal controls preoperatively and at 6 months postoperatively (P>0.05).

Conclusion:

Tear �lm stability and meibomian gland function are worsened transiently after congenital cataract surgery without accompanying meibomian
gland morphological changes.

1. Background
Congenital cataract is one of the leading causes of treatable blindness in children. Effective treatment without delay will signi�cantly prevent the
occurrence of stimulus deprivation amblyopia and improve the vision quality and life quality of patients. For most congenital cataract patients,
surgery is the only effective treatment that will have an obvious improvement on the visual outcome.1 Although the techniques of congenital
cataract surgery have evolved and been automated,2 the complications, such as glaucoma and ocular surface damage, remain common,
threatening vision quality after surgery.

Dry eye is one of the most common complications after cataract surgery and is associated with several mechanisms causing signi�cant clinical
problems, such as corneal melting, severe in�ammation or epitheliopathy refractory to medications. During congenital cataract surgery, some of the
corneal nerves are impaired, which decreases corneal sensitivity.3 It will also affect tear secretion and eyelid blinking, which are triggered by corneal
nerve re�exes.4 Furthermore, surgery-associated in�ammation and the use of topical medications after surgery are unavoidable. Moreover,
postoperative in�ammation in young children tends to be more substantial compared to adults.5 Therefore, cataract surgery may be a risk factor for
tear �lm dysfunction in congenital cataract patients.

Meibomian gland dysfunction (MGD) is the leading cause of evaporative dry eye and is developed by obstructed meibomian glands with or without
qualitative or quantitative changes of the meibum.6 Recent studies found that meibomian gland morphological changes, including meibomian
gland atrophy and meibomian gland tortuosity, could begin in children without any symptoms.7,8 Various ocular and systemic factors have been
reported to in�uence meibomian gland morphology in children, including a higher BMI,7 blepharokeratoconjunctivitis,9 digital device usage,10 and
environmental aggravation.8 However, the effect of congenital cataract surgery on meibomian gland function has not been investigated.

The purpose of this study is to determine changes in tear �lm function and meibomian gland function in children after congenital cataract surgery.

2. Materials And Methods

2.1 Study population
This prospective study was performed at the Eye and ENT Hospital of Fudan University, Shanghai, China. Written informed consent was obtained
from the patients and their guardians before their inclusion in the study. This study was approved by the Investigational Review Board of the Eye
and ENT Hospital of Fudan University in Shanghai, China. All the procedures were in compliance with the tenets of the Declaration of Helsinki.
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This study enrolled congenital cataract patients between 6 and 15 years old. Patients who had a history of ocular trauma or surgery, ocular
in�ammation, contact lens wearing, or any other disease known to in�uence the tear �lm were excluded from the study. The study also excluded the
subjects with intra- and post-operative complications, such as posterior capsule ruptures, intraocular pressure rise and severe in�ammation.

A total of 16 congenital cataract patients (5 bilateral and 11 unilateral patients; 5 girls and 11 boys; mean age: 8.05±1.43 years; range: 6-12 years)
and 16 normal controls (5 girls and 11 boys; mean age: 8.31±2.18 years; range: 6-14 years) were included in the study between July 14, 2020, and
January 28, 2021. The normal controls were the fellow eyes of unilateral cataract patients, including 11 unilateral congenital cataract patients and
5 unilateral traumatic cataract patients.

2.2 Study protocol
All the patients underwent cataract removal using microincision vitrectomy, posterior capsulotomy, anterior vitrectomy and primary intraocular lens
implantation by the same surgeon (Y.L.). There were no complications intraoperatively or postoperatively for all the patients. A series of tear �lm
and meibomian gland function examinations were conducted preoperatively, at 1 week postoperatively, and at 1, 3 and 6 months postoperatively.
Normal controls also performed 6 months of follow-up for the same examinations.

Clinical measurements were performed in the following order: symptom questionnaires, tear meniscus height (TMH), noninvasive breakup time
(NIBUT), corneal �uorescein staining (CFS), lid margin abnormality, meibomian gland expressibility and meibography.

2.3 Subject examination
The 14 dry eye related ocular symptoms were asked of all participants, including ocular fatigue, discharge, foreign body sensation, dryness,
uncomfortable sensation, sticky sensation, pain, epiphora, itching, redness, heavy sensation, glare, excessive blinking, and history of chalazion or
hordeolum. And the score ranged from 0 to 14.

The results of TMH, NIBUT and meibography were obtained by Keratograph 5M (K5M; Wetzlar, Germany). The central TMH of the lower eyelid was
assessed 5 seconds after blinking, and the average value of 3 measurements was recorded.

Meibography was also obtained by Keratograph 5M. Images of both eyelids were captured and used for meiboscore calculation and further
meibomian gland morphological analysis. Meiboscores were graded from 0 to 3 for each eyelid using the method described by Arita R.11

Meibomian gland tortuosity was calculated by the method published previously using VIA 3 software (http://www.robots.ox.ac.uk/
∼vgg/software/via/).12,13 The meibomian gland area was the sum area of the central 8 meibomian glands of both eyelids. The meibomian gland
length was the minimum external rectangle of the meibomian gland, as has been shown in our previously published paper.13 Finally, the meibomian
gland width was the ratio of the meibomian gland area to the meibomian gland length. The average tortuosity, length and width of the central 8
meibomian glands were analyzed.

The CFS was performed after the instillation of uorescein dye with impregnated narrow strips and was graded from 0 to 4 by the Baylor grading
scheme.14 Lid margin abnormalities were scored for the presence or absence of the following 4 parameters: vascular engorgement, anterior or
posterior displacement of the mucocutaneous junction, irregularity of the lid margin and plugged meibomian gland ori ces. The meibum
expressibility score was assessed for the 15 glands on each lower eyelid and ranged from 0 to 45.15,16

2.4 Statistical analysis
Statistical analyses were performed using SPSS 22.0 (IBM, Armonk, NY). Normality distributions were tested using the Kolmogorov-Smirnov test.
One-way repeated-measures analysis of variance (ANOVA) tests were used to test overall differences between visits and groups for normally
distributed data. Post hoc tests in a linear mixed model analysis were used to evaluate the differences between the 2 visits.

The independent-samples t-test or the Mann–Whitney U test was performed to analyze differences between congenital cataract patients and
normal controls. A P-value less than 0.05 was considered statistically signi�cant.

3. Results
Age and sex did not differ signi�cantly between congenital cataract patients and normal controls (P=0.844 and P=0.571, respectively). Data for the
clinical parameters of the congenital cataract patients and the P values are presented in Table 1.
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Table 1
Clinical Parameters of the Congenital Cataract Patients and Normal Controls

Parameters   Baseline 1 w 1m 3m 6m P values

Overall P1 P2 P3 P4

Ocular
symptom
score

G1 1.70±0.27 1.95±0.30 1.78±0.32 1.53±0.31 1.00±0.38 <0.001* 0.500 0.330 0.614 0.009*

(0-14) G2 0.93±0.25 1.50±0.31 1.00±0.26 0.69±0.26 0.70±0.30 0.009*…        

NIBUT-�rst
(sec)

G1 13.41±1.77 9.25±1.27 7.28±1.04 9.33±6.40 11.03±2.11 0.218 0.136 0.008* 0.110 0.953

  G2 11.47±1.96 12.72±1.79 11.48±2.16 13.56±1.96 13.68±2.04 0.259…        

NIBUT-
average
(sec)

G1 18.18±1.25 15.54±1.24 12.49±1.44 14.58±1.62 15.80±1.86 0.061 0.102 0.012* 0.050 0.953

  G2 13.46±1.97 15.87±1.78 16.16±1.81 16.24±1.71 16.92±1.71 0.017*…        

CFS (0-20) G1 1.61±0.44 3.71±0.86 3.72±0.80 2.40±0.79 1.92±0.67 0.232 0.039* 0.040* 0.291 0.865

  G2 0.75±0.39 1.57±0.55 1.88±0.47 1.77±0.46 1.80±0.87 0.241        

TMH (mm) G1 0.18±0.01 0.16±0.01 0.17±0.02 0.18±0.02 0.17±0.02 0.299 0.299 0.777 0.191 0.310

  G2 0.16±0.01 0.16±0.01 0.17±0.01 0.17±0.01 0.18±0.02 0.808…        

Lid margin
score (0-4)

G1 0.95±0.20 1.19±0.19 1.00±0.20 1.14±0.77 1.23±0.17 0.193 0.358 0.356 0.163 0.705

  G2 0.93±0.34 0.85±0.30 1.00±0.27 1.00±0.20 1.20±0.20 0.449…        

Meiboscore
(0-6)

G1 1.12±0.31 - 1.13±0.27 1.14±0.22 0.85±0.30 0.123 - 1.000 0.366 0.102

  G2 0.91±0.31 - 1.08±0.26 0.85±0.30 0.80±0.25 0.215…        

Meibum
expressibility

G1 44.71±0.68 42.71±0.91 42.71±0.80 43.43±1.05 40.71±1.20 0.024* 0.217 0.108 0.476 0.105

score (0-45) G2 43.20±0.80 43.20±1.08 43.60±0.95 43.20±1.24 42.40±1.42 0.352…        

G1=congenital cataract group; G2=normal control group

NIBUT-average = average non-invasive tear �lm break-up time; NIBUT-�rst= �rst non-invasive tear �lm break-up time; CFS= corneal �uorescein
staining; TMH= Tear meniscus height

Overall: overall differences between visits and groups using one-way repeated-measures analysis of variance (ANOVA) tests; P1: 1w vs baseline;
P2: 1m vs baseline; P3: 3m vs baseline; P4: 6m vs baseline

* P values<0.05; … P values compared between G1 and G2 using one-way repeated-measures analysis of variance (ANOVA) tests

Ocular symptoms

The ocular symptom score was signi�cantly higher in congenital cataract patients compared to normal controls during the 5 visits (P=0.009).
Photophobia and vision �uctuation were the most common symptoms before surgery. Of the patients, 50% (8/16) complained of photophobia and
37.5% (6/16) complained of vision �uctuation. Meanwhile, 25% of patients (4/16) complained of ocular fatigue, which was the most common
symptom at 6 months postoperatively.

Tear �lm function

The average NIBUT was signi�cantly lower in congenital cataract patients compared to normal controls (P=0.017). Compared to baselined levels,
the �rst NIBUT and average NIBUT decreased signi�cantly at 1 month postoperatively (P=0.008 and P=0.012, respectively, Figure 1A) and increased
to baseline levels at 3 months postoperatively (P>0.05). The CFS was signi�cantly increased at 1 week and 1 month postoperatively compared to
baseline levels (P=0.039 and P=0.040, respectively) and recovered at 3 months postoperatively. TMH did not change signi�cantly after congenital
cataract surgery compared to baseline levels of enrolled eyes (P>0.05). There was also no signi�cant difference between congenital cataract
patients and normal controls for TMH and CFS (P>0.05).
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Meibomian gland function

The meibum expressibility score decreased signi�cantly during the 5 visits (P=0.024, Figure 1B). While no signi�cant change was observed in
meibomian gland tortuosity, meibomian gland width, meibomian gland area and meibomian gland length at 6 months postoperatively compared to
baseline (P>0.05, Figure 2). Meiboscore and lid margin score also did not change signi�cantly postoperatively (P>0.05).

The lid margin score of the upper eyelid was signi�cantly higher in congenital cataract patients compared to normal controls at 1 week
postoperatively (P=0.027). No signi�cant difference was observed in meibomian gland tortuosity, meibomian gland width, meibomian gland area
and meibomian gland length between the congenital group and normal controls preoperatively and at 6 months postoperatively (P>0.05, Table 2).
The meibum expressibility score, meiboscore and lid margin score also did not differ signi�cantly between the two groups (P>0.05).

Table 2
Meibomian Gland Morphological Parameters of the Two Groups of the Study Population

  Congenital cataract patients Normal controls P

Meibomian gland tortuosity      

Baseline

6 months postoperatively

0.23±0.06

0.23±0.05

0.23±0.04

0.21±0.08

0.984

0.957

Meibomian gland length      

Baseline 476.08±55.09 458.96±33.31 0.424

6 months postoperatively 458.50±64.83 429.18±96.84 0.418

Meibomian gland width      

Baseline 49.24±8.47 50.63±3.27 0.632

6 months postoperatively 49.01±6.36 48.82±8.97 0.956

Meibomian gland area      

Baseline 10686.83±2484.74 10583.24±1649.94 0.917

6 months postoperatively 10170.55±1787.11 10100.00±2465.99 0.939

4. Discussion
We observed changes in tear �lm function, meibomian gland function and meibomian gland morphology after congenital cataract surgery. Our
data suggested that cataract surgery in children may in�uence tear �lm function and meibomian gland function transitorily without causing
morphological changes in the meibomian glands.

Dry eye is one of the most frequent complications following adult cataract surgery. It causes ocular discomfort, �uctuating vision, and in�uences
vision-related quality of life postoperatively owing to tear �lm dysfunction and MGD.17,18 Whether cataract surgery will in�uence tear �lm function
or meibomian gland function in children is still unknown.

This study found that lid margin score increased signi�cantly at 1 week postoperatively and began to recover at 1 month postoperatively. Vascular
engorgement and anterior or posterior displacement of the mucocutaneous junction were the most common lid margin abnormalities in this study.
More than 50% of eyes in this study showed vascular engorgement and anterior or posterior displacement of the mucocutaneous junction at 1 week
postoperatively. Previous studies have suggested that vascular engorgement may accompany the narrowing of the meibomian gland ori�ces,
which is a feature of early MGD.19 Lid margin changes are also signs of in�ammation, which is one of the most important mechanisms of dry eye
and MGD. It is widely acknowledged that cataract surgery can induce in�ammatory responses with the arrival of neutrophils and macrophages and
the production of in�ammatory mediators.20,21 The expression of the cyclooxygenase 2 (COX-2) enzyme, which catalyzes a key step in the
synthesis of prostaglandin, increased at 24 hours and 4 days postoperatively and reached a peak at 5 days postoperatively in lens epithelial cells.20

Upregulated in�ammatory responses may increase lid margin scores and ocular symptoms postoperatively.

This study also found that the tear �lm stability parameters, including the �rst NIBUT and average NIBUT, decreased signi�cantly at 1 month
postoperatively and recovered to baseline levels at 3 months postoperatively. And CFS increased signi�cantly at 1 week and 1 month
postoperatively and also recovered at 3 months postoperatively. It was widely agreed that an unstable tear �lm has a pivotal role in the mechanism
of dry eye, leading to symptoms and visual impairments.18 Of the participants, 40% (6/15) had their �rst NIBUT lower than 5 seconds at 1 month
postoperatively. In adults, TBUT decreased signi�cantly at 1 month and 3 months after cataract surgery, which was in accordance with this study.17

In�ammation and topical medications may contribute to the unstable tear �lm and CFS postoperatively. Topical medications were used for all
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patients until 1 month postoperatively, which may have further affected tear �lm stability. On the other hand, topical antibiotics and steroid use may
also help to treat the in�ammation and improve clinical parameters.

In our study, detailed changes in the meibomian glands were assessed, including the tortuosity, width, area and length. Of the participants, 47.06%
had meibomian gland atrophy, and 21.43% had meibomian gland tortuosity. Previous studies have observed that meibomian gland morphology
changes, including atrophy, start early in life.22 Moreover, meibomian gland morphologic changes can be an early and sensitive indicator of
MGD.23,24 A study by Shirakawa R et al. found that no signi�cant meibomian gland shortening or dropout was observed in children under 3 years of
age,25 while in children aged 4 to 17 years, 42% had some evidence of meibomian gland atrophy.22 Another study found that 45.5% of
asymptomatic children between 7 and 14 years old had an MG de�ciency between 20% and 30%.8 However, our study did not �nd signi�cant
meibomian gland morphological changes within 6 months after cataract surgery compared to baseline levels and normal controls. This result was
in accordance with the study in adults after cataract surgery.17

The TMH did not change signi�cantly after cataract, which indicated a minor change in tear volume. A previous study also found that lower tear
meniscus height, depth and area did not change signi�cantly within 3 months after cataract surgery in adults.17

The �rst limitation of this study was that the sample size was not large enough for further analysis. Second, a longer follow-up may be needed to
observe long-term changes in the meibomian glands and tear �lms.

Conclusion
Tear �lm stability and meibomian gland function change transiently after congenital cataract surgery without meibomian gland morphological
changes.

Abbreviations
MGD: Meibomian gland dysfunction; TMH: tear meniscus height, NIBUT: noninvasive breakup time, CFS: corneal �uorescein staining; ANOVA: One-
way repeated-measures analysis of variance; COX-2: cyclooxygenase 2.
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Figure 1

Changes in �rst non-invasive tear film break-up time (A) and meibomian gland expressibility (B) after congenital cataract surgery. The asterisk
represents the P value less than 0.05.

Figure 2

The meibomian gland images of two congenital cataract patients preoperatively and at 6 months postoperatively. (A) An original meibomian gland
image of the right eye of a 12-year-old male patient preoperatively. (C) A meibomian gland image of the right eye of the 12-year-old male patient at
6 months postoperatively. (E) A meibomian gland image of the left eye of a 9-year-old male patient preoperatively. (G) A meibomian gland image of
the left eye of the 9-year-old male patient at 6 months postoperatively. (B), (D), (F), (H) using the “polygon region shape” function of the VIA
software to line out the boundaries of the central 8 meibomian glands one by one. The average meibomian gland tortuosity of the upper eyelid for
the 12-year-old male patient was 0.097 preoperatively and 0.102 at 6 months postoperatively. And it was 0.059 preoperatively and 0.069 at 6
months postoperatively.


