Tear film lipid layer
thickness and ocular
comfort after
meibomian therapy
via latent heat with
a novel device in
normal subjects

Abstract

Aim This study measures changes in tear
film lipid layer thickness (LLT) and ocular
comfort in normal subjects after 10 min use of
a novel device, which delivers meibomian
therapy with latent heat. The device is
designed to promote the release of meibomian
sebum into the tear film by delivering latent
heat to the eyelids, thus thickening the lipid
layer. Normal lid movements are maintained,
facilitating resurfacing of the tear film.
Method A prospective, controlled, observer
masked, single intervention trial in which 24
normal subjects were randomised into three
groups. Group I underwent 10 min treatment
with the activated device, Group II used the
inactivated device for the same duration of
time, and Group III had no intervention. The
LLT of each subject was measured with a
Keeler Tearscope®™ prior and subsequent to the
10-min period. Subjective alteration in ocular
comfort was also assessed.

Results Seven of eight subjects (87.5%) in
Group I exhibited an increase in LLT. The
mean LLT in this group showed a statistically
significant increase (left eyes 1.0 levels,

P <0.001, right eyes 0.9 levels, P<0.003)
compared to Groups II and III Six of eight
subjects (75%) using the activated device
experienced subjective improvement in ocular
comfort.

Conclusion Meibomian therapy with this
device increases LLT in normal individuals.
This implies a more stable tear film,

reflected in subjective improvement in ocular
comfort.
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Introduction

The lipid layer of the tear film, derived
principally from the meibomian glands, plays a
vital role in the maintenance of tear film
stability. ' Increased thickness of this lipid layer
has been shown to correlate with improved
stability of the tear film.? Different methods for
increasing lipid layer thickness (LLT) have been
shown to be effective including manual
expression, massage, and the application of
heat.* Current therapy for patients with
obstructive meibomian gland dysfunction and
evaporative dry eye includes meibomian
therapy with heat, often delivered with a hot
flannel placed over the eyelids. However, many
patients find this inconvenient—and poor
patient compliance is an obstacle to effective
therapy.

We have designed a novel device to deliver
meibomian therapy with heat. This study
evaluates the effect of this device on LLT and
ocular comfort in normal subjects.

Materials and methods

With formal approval from the South and West
Devon Research Ethics Committee, a
randomised, controlled, prospective, observer
masked, single intervention trial was
conducted, involving 24 normal subjects, none
of whom were contact lens wearers. All subjects
had their LLT measured with the Keeler
Tearscope®™ (Keeler Instruments, Clewer Hill
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Road, Windsor, Berkshire SL4 4AA, UK) prior to and
10 min after intervention. This instrument utilises a
diffuse cold light source, which in conjunction with a
nonilluminated biomicroscope affords observation of the
superficial lipid layer of the tear film by interference
reflection. Five grades of thicknesses of the normal lipid
layer are recognised: (i) open meshwork, (ii) closed
meshwork, (iii) flow, (iv) amorphous, and (v) colour
fringes.®

The subjects, aged between 23 and 62 years (mean
41 years), were randomised into three groups of eight.
Group I (two male, six female, mean age 41 years)
underwent 10 min treatment with the activated device set
at 50°C. Group II (three male, five female, mean age
36 years) used the inactivated device for the same
duration of time, and Group III (two male, six female,
mean age 47 years) underwent no intervention.
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Figure 1 Design concept.

An experienced investigator (AC), masked to
randomisation and intervention, recorded pre- and post-
trial LLT. The subjects also had their ocular comfort
assessed with respect to whether their eyes felt (a) much
less comfortable, (b) moderately less comfortable, (c)
minimally less comfortable, (d) unchanged, (e) minimally
more comfortable, (f) moderately more comfortable, or
(g) much more comfortable, after the trial.

The device

This device (Figures 1 and 2) consists of a pair of
specially designed goggles, fitted against the upper part
of the face so as to cover the eyes and eyelids. It includes
a liquid reservoir and means for heating and
humidifying the air around the eyes. A mechanism to
prevent condensation is also incorporated, in order to
enable clear vision for the continuance of sedentary
activity. The humidity optimises efficient heat transfer to
the skin of the lids by conduction and convection. More
importantly, a thermal siphon is established, in which
water evaporated from the heated surface of the device,
condenses on the relatively cool eyelids with transfer of
latent heat. Heat is therefore transferred at a lower
temperature, thus avoiding the discomfort associated
with radiant heat. Excess condensed water is recycled in
the device.

Results

LLT was ranked according to the five recognised normal
grades (Table 1).

Figure 2 Prototype.
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Table 1 Changes in LLT and ocular comfort
Patients Right eyes Left eyes Comfort
Subjective change
Group Number  LLT Pre-trial ~ LLT Post-trial ~ Change  LLT Pre-trial ~ LLT Post-trial ~ Change
1 4 4 0 4 5 +1 +1
Group I 2 2 3 +1 2 3 +1 0
Activated device 3 2 3 +1 2 3 +1 +2
4 2 3 +1 2 3 +1 +2
Mean LLT increase 5 5 5 0 5 5 0 0
Left eyes 1.0 levels 6 2 3 +1 2 3 +1 +2
Right eyes 0.9 levels 7 1 3 +2 1 3 +2 +2
8 2 3 +1 2 3 +1 +2
9 1 1 0 1 1 0 0
Group II 10 2 2 0 2 2 0 0
Nonactivated device 11 2 2 0 2 2 0 0
12 3 3 0 3 3 0 0
Mean LLT increase 13 5 5 0 5 5 0 0
Both eyes 0.1 levels 14 2 2 0 2 2 0 0
15 2 3 +1 2 3 +1 +1
16 2 2 0 2 2 0 0
17 4 4 0 4 4 0 0
Group IIT 18 2 2 0 2 2 0 0
Controls 19 4 4 0 4 4 0 0
20 2 2 0 2 2 0 0
No change in LLT 21 1 1 0 1 1 0 0
22 1 1 0 1 1 0 0
23 1 1 0 1 1 0 0
24 1 1 0 1 1 0 0

LLT—Lipid layer thickness.

Grades of LLT: (1) open meshwork; (2) closed meshwork; (3) flow; (4) amorphous; (5) colour fringes of first order.
Change of the LLT is signified by a number corresponding to how many grades by which the LLT has changed. Thickening is denoted by a positive

prefix; thinning by a negative prefix.

Subjective Comfort +3 markedly more comfortable; +2 moderately more comfortable; +1 mildly more comfortable; 0 no change; —1 mildly more
uncomfortable; —2 moderately more uncomfortable; —3 markedly more uncomfortable.

Group 1

Six subjects demonstrated bilaterally symmetrical
increase in LLT (one level of increase in five subjects, two
levels of increase in one individual). One subject
exhibited a unilateral single-level increase in LLT. One
subject (with the thickest pretreatment LLT) displayed no
change. The mean increase for this group of subjects
therefore measured 1.0 levels in left eyes and 0.9 levels in
right eyes.

Group 11

Seven subjects manifested no change in LLT. The
remaining one subject had one level of increase in LLT in
both eyes. The mean increase in LLT therefore measured
0.1 levels in both right and left eyes.

Group 111

None of the participants demonstrated any change in
LLT.

Subjects in Group I (treated) exhibited a significant
increase in LLT compared with the other two groups
(Kruskal-Wallis test, left eye P <0.001, right eye
P <0.003). Follow-up analysis (Mann—-Whitney test)
showed no difference (P> 0.3 for both left and right eyes)
between Groups II and III (inactive device and
observation) but a significant difference between Groups
I and II (active and inactive device) (left eyes P <0.005,
right eyes P <0.02).

Of the eight subjects wearing the activated device
(Group I), five reported a moderate increase in ocular
comfort, one reported a minimal increase in comfort,
while two experienced no difference. Six of eight subjects
(75%) thus experienced an improvement in ocular
comfort. Of the eight subjects wearing the inactivated
device (Group II), seven reported no change in ocular
comfort. The one subject who reported minimal increase
in comfort also exhibited an increase in LLT. No subject
in the control group (Group III) experienced any
subjective changes in comfort.

Overall seven of eight (87.5%) subjects who developed
thickening of the LLT reported improved comfort;
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conversely, no subject with an unchanged LLT reported
any change in the level of comfort.

Discussion

Correlation between LLT and tear film stability has been
demonstrated by observation of a four-fold increase in
tear evaporation rate in the eye with an absent or
nonconfluent lipid layer.! Previous studies have also
demonstrated correlation between LLT and two
frequently used clinical tests, the tear film break-up time
and Schirmer’s test with anaesthesia.”

In our study, subjects in Group I (who wore the
activated device) manifested statistically significant
thickening of the lipid layer compared with the other two
groups. All patients who exhibited thickening of the LLT
(75%) also experienced improvement in ocular comfort.
Interestingly, the one subject wearing the nonactivated
device who exhibited a binocular increase in LLT also
reported improved comfort, the increase in LLT possibly
having been related to simply enclosing the eyes and
eyelids.® Due to the intrinsically subjective nature of the
comfort-level assessment, formal statistical analysis was
not performed; it is however, noteworthy that 87.5% of
subjects who exhibited increased LLT reported improved
comfort. Conversely, no patient with an unchanged LLT
reported any change in ocular comfort.

With regard to the wearing of the device, no
complications were noted; neither was any discomfort
reported.

The delivery of heat to the eyelids is an established
therapy.” Hot compresses are traditionally recommended
for obstructive meibomian gland dysfunction and
evaporative dry eye. Indeed, it has been shown that the
melting point of meibomian gland secretions in subjects
with meibomian gland dysfunction is 3°C higher than in
normals, which may contribute to the solidification of
such secretions in the context of meibomian gland
dysfunction.’® The use of hot compresses is, however,
unpopular due to impracticality, underscoring the need
to develop alternate modalities to deliver meibomian
therapy with heat.

Noninflamed obstructive meibomian gland
dysfunction has been shown to respond to
thermotherapy with an infrared lid-heating device."
However, this method, involving radiant heat, carries the
risk of cataract formation.">"® Our device delivers
principally latent heat through a thermal siphon thereby
avoiding the potential risks of radiant heat. Moreover, in
contrast with hot compresses, our device allows normal

Eye

lid movements that facilitate the release of meibomian
secretions and resurfacing of the tear film. The longevity
of such thickening of the lipid layer in response to a
regular programme of meibomian therapy is well
recognised.*

This study has shown that this device increases LLT
and improves ocular comfort in normal subjects. Further
studies are indicated to assess the efficacy of this device
in patients with tear film and meibomian gland
dysfunction.

Financial disclosure: Patent pending for device by ET
Fuller and JR Fuller.
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