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Evaluation of Changes in Tear Film Lipid Layer Thickness Using Ocular
Surface Interferometer after Artificial Tear Application
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The Institute of Vision Research, Department of Ophthalmology, Yonsei University College ofMedicine], Seoul, Korea

Corneal Dystrophy Research Institute, Department of Ophthalmology, Yonsei University College of Mediciné’, Seoul, Korea

Purpose: The changes in tear film lipid layer thickness (LLT) after artificial tears application using Liiniew®II interferometer were
assessed.

Methods: We performed a prospective study of patients with dry eye disease. All subjects underwent measurement of tear film
break-up time, Schirmer test, ocular surface staining, meibomian gland evaluation, and subjective score assessment using the
Ocular Surface Disease Index. All subjects were randomly assigned to 1 of 3 groups using table of random numbers (group 1,
sodium hyaluronate [HA] 0.1% eye drops without preservatives; group 2, HA 0.3% eye drops without preservatives and group 3,
HA 0.1% with benzalkonium chloride 0.003%). LLT was measured before, immediately after and 1 hr, 3 hrs, and 6 hrs after artifi-
cial tears application. Additionally, the patients were divided into 2 subgroups depending on the presence of meibomian gland
dysfunction (MGD) and further evaluated.

Results: Significant change in LLT was observed at 3 hrs after artificial tears instillation. LLT in groups 1 and 2 showed significant
changes over time (p < 0.01 and p< 0.01, respectively). However, LLT in group 3 showed no change. LLT was unchanged in pa-
tients without MGD. Conversely, in MGD patients, a significant difference in LLT between groups 1 and 2 was observed
immediately after and 1 hr and 3 hrs after instillation of artificial tears (p = 0.04, p < 0.01 and p = 0.02, respectively) but not at 6
hrs. However, no significant difference in LLT between groups 1 and 3 was observed in MGD patients.

Conclusions: LLT after instillation of artificial tears measured using Liiniew®II interferometer was affected by artificial tear con-
centration and presence of preservatives. Additionally, the presence of MGD can impact the pattern of LLT changes induced by
artificial tear instillation. Therefore, LLT measurements using Liiniew®II interferometer require at least a 6-hrs interval after use
of eye drops, especially for patients with MGD or using artificial tears with preservatives.
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84 Patients who visited for the management Exclusion criteria

of dry eye symptoms or the regular check-up 1) Histories of ocular surgery or ocular injury

were screened. 2) Patients with ocular disease such as ocular infection, allergy

or autoimmune disease

3) Using a punctual plug or topical ocular medication other

than artificial tears
73 Patients were enrolled

4) Using soft contact lens or hard contact lens

Clinical examination was performed on first visit. Inclusion criteria”
1) Subjective score by using OSDL questionnaire 1) Discomfort, severity and frequency: moderate episode or
2) Fluorescein staining by using Oxford score chronic, stress or no stress
3) Schirmer test type I 2} Annoying and/or activity limiting episodic visual symtomps
4) TBUT measurement 3) Mild Conjunctival injection or staining
5) Meibomian gland evaluation by slit lamp examination 4) TBUT = 10 sec
3) Schirmer test = 10 mm
J/ *At least one sign and one symptom should be present
Group 1 Group 2 Group 3
HA 0.1% eye drops HA 0.3% eye drops HA 0.1% eye drops with
without preservatives without preservatives Benzalkonium chloride 0.003%

Total 56 individuals were included

1) 2 subjects were not satisfied inclusion criteria
LLT measurement Using LipiView®II interferometry was performed on

2) 12 subjects were excluded due to follow-up loss

the next day of first visit 3) 3 subjects were excluded due to those LLTs »>100nm over
LLT was measured at before and immediate, 1h, 3hs, 6hs after application of artificial tears the time

Figure 1. Schematic diagram of the study protocol. 84 patient were screened and total 56 patients were included. All subjects under-
went measurement of tear film break-up time (TBUT), Schirmer test, ocular surface staining, meibomian gland evaluation, and sub-
jective score assessment using Ocular Surface Disease Index (OSDI). Patients were randomly assigned to 1 of 3 groups using table
of random numbers. Lipid layer thickness (LLT) was measured before, immediately after and 1 hr, 3 hrs, and 6 hrs after artificial
tears application. HA = sodium hyaluronate; h(s) = hour(s).

Figure 2. The analyzed image by Lipiview®II interferometer. The values are given in interferometric color units (ICUs) where in
1 ICU approximately reflects Inm of the tear lipid layer thickness (LLT). The average LLT of this patient was 99 ICUs.
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Table 1. Clinical characteristics of subjects

Variables Group 1 Group 2 Group 3 p—Value*
N (eyes) 18 20 18
Age (years) 26.56 + 1.85 27.62 + 3.67 27.11 £ 2.90 0.54
(24-29) (23-41) (24-32)
BUT (sec) 6.56 + 1.65 5.33 £1.56 6.00 + 2.26 0.13
4-11) (3-9) (3-11)
Schirmer test (mm) 14.11 + 3.05 12.00 + 2.17 13.11 + 3.09 0.07
(10-20) (8-16) (8-18)
Corneal staining score 0.89 + 0.90 0.52 + 0.60 0.58 + 0.51 0.22
0-3) 0-2) 0-1)
Subjective score (OSDI) 17.67 + 16.57 16.93 + 15.77 14.75 + 16.29 0.85
(8-70) (4.2-60) (4.2-60)
MGD grade 0.94 + 0.73 1.10 + 0.94 1.11 £ 0.99 0.83
0-2) 0-2) 0-2)
Baseline LLT 64.76 + 25.56 67.71 £+ 23.72 61.15 + 24.88 0.70
(26-100) (30-100) (31-100)

Values are presented as mean + SD (range) unless otherwise indicated. *Group 1’ is ‘Sodium hyaluronate (HA) 0.1% eye drops without preser-

vatives’, ‘Group 2’ is ‘HA 0.3% eye drops without preservatives’,

and ‘Group 3’ is ‘HA 0.1% with Benzalkonium chloride 0.003%’.

BUT = tear film break-up time; OSDI = ocular surface disease index; MGD = Meibomian gland dysfunction; LLT=Lipid layer thickness.

*p—value was calculated by analysis of variance (ANOVA) T-test.

Table 2. Tear film lipid layer thickness after application of artificial tears

Time G L(I;(;é;nzl) Gannd Overall P* Post-hoc p—value* for time

Baseline 64.76 + 25.56 67.71 £+ 23.72 61.15 + 24.88 Pgrowp = 0.09 Reference’
(26-100) (30-100) (31-100)

Immediate 65.11 + 21.95 79.14 + 25.03 58.53 +£15.17 0.29
(39-100) (39-100) (36-95)

After 1 h 51.35 £ 15.51 73.76 + 23.60 58.89 + 18.09 Piime = 0.02 0.35
(31-80) (28-100) (38-100)

After 3 hs 52.41 +£ 17.57 65.00 + 25.09 55.57+ 15.26 Pegroup x timey < 0.01 0.03
(26-100) (29-100) (33-100)

After 6 hs 64.82 + 22.94 60.57 + 23.95 62.42 + 19.83 0.52
(31-100) (26-100) (30-100)

p-value <0.01 <0.01 0.71

Values are presented as mean + SD (range) unless otherwise indicated. ‘Group 1’ is ‘Sodium hyaluronate (HA) 0.1% eye drops without preser-

vatives’, ‘Group 2’ is ‘HA 0.3% eye drops without preservatives’, and ‘Group 3’ is ‘HA 0.1% with Benzalkonium chloride 0.003%’.
LLT = lipid layer thickness; h(s) = hour(s).
*p—values were calculated by Linear mixed model; Reference value is initial LLT value (baseline).
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Table 3. Clinical variables of two subgroups: non-meibomian gland dysfunction (MGD) and MGD group

Variables Non-MGD group (n = 19) _ MGD group (n = 39) ]
Group 1 Group 2 Group 3 p-value Group 1 Group 2 Group 3 p-value
N (eyes) 5 8 6 13 12 12
Age (years) 27.08 £0.84 29.00 £496 2567 £137 022 26.08 £ 1.93 26.77 £2.46 2777 +3.22 0.26
(27-29) (26-41) (24-27) (24-29) (23-29) (24-32)
BUT (sec) 5.60 +1.82 550 £ 1.77  5.67 +2.66 0.99 6.92 + 1.50 523 +£1.48 6.15 £ 2.15 0.06
4-8) 49 39 (5-11) (3-8) (3-11)
Schirmer test 13.60 £2.30 1213 £2.10 1433 +281 024 1431 £335 1192 +£2.29 12.54 +3.15 0.12
(mm) (10-16) (10-16) (11-18) (10-20) (8-15) (8-17)
Corneal staining 1.20 + 0.84 0.75+£0.71  0.50 + 0.55 0.28 0.77 £ 0.93 0.38 + 0.56 0.62 £+ 0.51 0.36
score 0-2) 0-2) -1 0-3) (0-1) 0-1
Subjective score  24.11 +25.73 11.72 £ 10.0 10.03 +2.26  0.25 1520 £ 12.02 20.15 + 18.07 16.93 £ 1949  0.75
(OSDI) (10-70) (4.2-27.0) (7.3-60) (8-54.16) (6.3-60) (4.2-60)
Baseline LLT 43.60 + 22.12 72.13 + 23.96 52.50 +28.49 0.14 64.76 + 25.56 67.71 + 23.72 61.15 + 24.88  0.65
(nm) (26-81) (30-100) (31-100) (26-100) (30-100) (31-100)
MGD grade 0 0 0 1.31 £ 048 1.77 £ 0.44 1.62 + 0.77 0.13
-2 1-2) -2

Values are presented as mean + SD (range) unless otherwise indicated. ‘Group 1’ is ‘Sodium hyaluronate (HA) 0.1% eye drops without pres-
ervatives’, ‘Group 2’ is ‘HA 0.3% eye drops without preservatives’, and ‘Group 3’ is ‘HA 0.1% with Benzalkonium chloride 0.003%".
BUT = tear film break-up time; OSDI = ocular surface disease index; LLT = lipid layer thickness; MGD = Meibomian gland dysfunction.
*p—value was calculated by analysis of variance (ANOVA) T-test.
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Table 4. Changes of tear film lipid layer thickness after application of artificial tears in meibomian gland dysfunction (MGD) group

Time Baseline Immediate After 1 h After 3 hs After 6 hs p-value*
Group 1 LLT (nm) 64.76 + 25.56  65.11 +21.95 51.35 + 15.51 52.41 + 17.57 64.82 + 22.94 <0.01
(26-100) (39-100) (31-80) (26-100) (31-100)
Post-hoc P Reference’ 0.48 <0.01 <0.01 0.74
Group 2 LLT (nm) 67.71 +£23.72  79.14 +£25.03 73.76 +£ 23.60  65.00 + 25.09 60.57 + 23.95 0.01
(30-100) (39-100) (28-100) (29-100) (26-100)
Post-hoc P Reference’ 0.05 0.09 0.89 0.22
Group 3 LLT (nm) 61.15 +24.88  58.53 + 15.17 58.89 + 18.09  55.57 + 15.26 62.42 + 19.83 0.45
(31-100) (36-95) (38-100) (33-100) (30-100)

Values are presented as mean + SD (range) unless otherwise indicated. ‘Group 1’ is ‘Sodium hyaluronate (HA) 0.1% eye drops without preser-
vatives’, ‘Group 2’ is ‘HA 0.3% eye drops without preservatives’ and ‘Group 3’ is ‘HA 0.1% with Benzalkonium chloride 0.003%’.

h(s) = hour(s); LLT = lipid layer thickness.

*p—value was calculated by Linear mixed model; Reference value is initial LLT value (baseline).

A p=004  p<001 p=002 B
4 g 30
100 Group 1 100 o Group 1
a Group 2 o Group 3
Overall p-vaule < 0.01 Overall p-vaule = 0.08
-4 1 - 14
80 5 80 o
4
€ €
£ £
5 60 5 604
-l -l
40- 40-
54
o
204 20
T T T T T T T T T T
Baseline Immediate After1h  After3hs After6hs Baseline Immediate After1h  After3hs  After6 hs
Time Time

Figure 4. Box plots of lipid layer thickness (LLT) for comparison between two groups of Meibomian gland dysfunction patients.
Figure (A) shows comparision between Group 1 and 2 and figure (B) shows Comparision berween Group 1 and 3. Horizontal lines
in the boxes indicate the median; box limits show third quartile and first quartile. Outliers (1.5 X 3 interquartile ranges) are indicated
as circles. Maximum and minimum values are indicated by the top and the bottom whisker ends, respectively. p-values were calcu-
lated by Linear mixed model. h(s) = hour(s).
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