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Purpose: To evaluate the efficacy of additional thermal pulsatile system compared to 
standard lid hygiene alone in meibomian gland dysfunction (MGD) patients who are using 
long-term anti-glaucoma medications.
Patients and Methods: Well-controlled glaucoma patients who used anti-glaucoma med
ications for at least 1 year and had MGD were enrolled and randomized between a study 
group who received thermal pulsatile system (Lipiflow®) treatment and standard lid hygiene, 
and a control group who received standard lid hygiene alone. The primary outcome was 
meibomian gland expression score, and the secondary outcomes were the Ocular Surface 
Disease Index (OSDI) score, Schirmer test score, tear break-up time (TBUT), corneal 
staining score, lipid layer thickness (LLT), and meibography score. All the outcomes were 
re-evaluated at 1 week, then at 1, 3, and 6 months after treatment.
Results: Of 60 participants who underwent randomization, 48 completed the study. At the 
6-month mark, this study could not demonstrate any significant difference between groups in 
both primary and secondary outcomes. However, there was significant improvement from 
baseline in both groups of the following outcomes: meibomian gland expression score, OSDI 
score, LLT, and meibography score. No serious adverse event was found in this study.
Conclusion: An additional single thermal pulsatile system treatment with standard lid 
hygiene significantly improved meibomian gland assessment score and subjective symp
toms at 6 months. Any difference between additional thermal pulsatile system treatment 
and lid hygiene alone was not found in this study. The results may suggest more chronic 
MGD and more damaged meibomian gland induced by long-term anti-glaucoma 
medications.
Keywords: meibomian gland dysfunction, anti-glaucoma medications, Lipiflow®, thermal 
pulsatile system, lid hygiene

Introduction
Chronic abnormality of the meibomian glands, together with alteration of gland 
secretion quality, which lead to tear film instability, are characteristic of meibomian 
gland dysfunction (MGD). MGD is very common and is the leading cause of 
evaporative dry eye disease.1 Prevalence of MGD varies among geographic regions 
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and ethnic groups, but it seems to be highest in the Asian 
population.1 Lekhanont et al revealed that the prevalence 
of MGD in Bangkok was as high as 46.2%.2

Numerous factors are known to cause alteration of 
meibomian gland function, such as aging, chronic blephar
itis, contact lens wear, and anti-glaucoma medications.1,3-5 

In a population-based study, glaucoma was associated with 
dry eye signs5 and up to 80% of glaucoma patients had 
MGD.6 One study from the United States demonstrated 
that nearly half of all glaucoma patients taking anti- 
glaucoma medications (48.4%) had OSD symptoms.7 

Direct toxins from the medications, together with their 
preservatives, are shown to cause subclinical inflammation 
of conjunctiva and lead to lid margin abnormalities.8,9 

Agnifili et al used confocal microscopy to demonstrate 
decreases in gland volume and density induced by topical 
anti-glaucoma medications.10 Number and type of medica
tions also appear to associate with clinical signs of ocular 
surface disease.4,9,10 Duration for medications used for 
more than 1 year was shown to affect meibomian gland 
function and morphology.4,10−12

Multiple treatment options have been recommended 
depending on severity of MGD, but the mainstay treatment 
is lid hygiene.13 However, there are many problems 
regarding the procedure, such as lack of standardized regi
men, inadequate heat used, inconvenience, and its time- 
consuming nature, that lead to treatment failure and 
abandonment.

One of new modalities, the thermal pulsatile system or 
Lipiflow® (TearScience ®, Morrisville, NC)is designed to 
provide direct heat to the surface of the inner eyelids and, 
at the same time, compress both upper and lower lids. The 
device is composed of 2 important parts: 1) lid warmer, 
which is similar to a scleral lens with a diameter of 
24 mm, and has temperature sensors and precise heater. 
The inner side of a scleral lens is created to shield the 
ocular surface from direct exposure to heat; 2) eye cup, 
which lies on the eyelids, and contains an inflatable air 
bladder that compresses the eyelids to create a milking 
effect. Several studies proved the efficacy of a single treat
ment with this new device, showing the improvement of 
subjective symptoms and MGD signs for up to 12 
months.14–19

Despite high incidence of MGD in glaucoma patients, 
there is no data reported on treatment effects of lid hygiene 
and the thermal pulsatile system (Lipiflow®) in patients 
repetitively exposed to long-term anti-glaucoma medica
tions. Therefore, the aim of this study was to evaluate and 

compare the efficacy of thermal pulsatile system treatment 
additional to lid hygiene, versus lid hygiene alone, in 
MGD patients who had been using anti-glaucoma 
medications.

Materials and Methods
This prospective, randomized, observer-blind clinical trial 
was conducted at King Chulalongkorn Memorial Hospital 
and performed under the approval of the Institutional Review 
Board and the tenets of the Declaration of Helsinki. The Thai 
Clinical Trial Registry (TCTR) number was 20,150,919,001. 
A total of 60 patients were enrolled and participated in the 
study between October 2015 and November 2016.

Inclusion criteria were as follows: older than 18 years 
old; used one or more topical anti-glaucoma medications 
in both eyes for more than 1 year; had MGD stage II or 
stage III.13

Exclusion criteria were as follows: poor vision in one 
or both eyes; had undergone trabeculotomy or GDD 
implantation; had advanced glaucoma or uncontrolled 
IOP; had history of ocular surgery or injury within prior 
3 months; had history of ocular herpes within prior 3 
months; had active ocular inflammation or infection; had 
eyelid or ocular surface abnormalities; diagnosed with 
systemic disease causing dry eyes.

After informed consent was obtained and baseline data 
were collected, patients were allocated to either the study 
group or the control group by block randomization, con
cealed to the investigator in an envelope. All patients were 
instructed to perform lid hygiene procedure by video 
demonstration. Then, patients in the study group received 
an additional 12-minute treatment with Lipiflow®, which 
was done by another physician during the first visit. Re- 
examination was done at 1 week, then 1, 3, and 6 months 
after the first visit. All measurements were done only in 
each patient's right eye by a single, masked investigator.

Lid Hygiene
To standardize lid hygiene in this study, all patients were 
provided with a video demonstration. The procedure began 
with application of a warm towel to compress the eyes for 
5 minutes. Then, lid massage was done by applying pres
sure with a finger toward lid margins. We recommended 
all patients use baby shampoo in this step.20,21 Finally, 
they were instructed to wash their lids with clean water 
to remove debris and dry with a clean towel. We also 
instructed them to perform this procedure at least twice 
daily while participating in the study.
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Thermal Pulsatile System (Lipiflow®)
Prior to the insertion of thermal pulsatile system, each 
patient was instructed to lie down in the semi-supine 
position and a few drops of topical anesthesia were 
instilled. The device was inserted in the upper lid first by 
asking the patient to look down, and vice versa for the 
lower lid. Both eyes were treated simultaneously for 12 
minutes; meanwhile, the patient was advised to close his/ 
her eyes. After the treatment, the device was removed and 
the ocular part was disposed of. Topical antibiotics were 
instilled in both eyes.

Outcome Measurements
The primary outcome measure was meibomian gland 
expression score using the meibomian gland evaluator 
(TearScience®, Morrisville, NC). The evaluator was pressed 
against a total of 15 meibomian glands, each of the 5 glands 
located in the temporal, central, and nasal lower lid 
margin.18 The gland secretion was graded on a scale from 
0 to 3 (3 = clear liquid secretion, 2 = cloudy liquid secre
tion, 1 = inspissated/toothpaste consistency, and 0 = no 
secretion). A total score of 0 to 45 was recorded.

The secondary outcome measures were subjective 
symptoms, tear break-up time (TBUT), Schirmer test 
score, corneal staining score, meibography score, and tear 
film lipid layer thickness (LLT). Dry eye symptoms were 
assessed using OSDI questionnaire. The total OSDI score 
ranged from 0 (no symptoms) to 100 (more severe symp
toms). Tear break-up time was recorded with an average of 
3 measurements using a stopwatch. The Schirmer test score, 
performed with local anesthesia, was recorded in mm. after 
5 minutes. Corneal staining score was graded on 
a fluorescein staining pattern using Oxford grading scheme. 
The score ranged from 0 (less severe) to 5 (more severe). 
The meibography score was analyzed using non-contact 
meibography (Keratograph 5M (Oculus®)). Infrared images 
of both upper and lower lids were taken and interpreted. 
The score was graded on the percentage of atrophic meibo
mian glands, range from 0 to 3 (0 = 0%, 1 = less than 33%, 
2 = 33 to 67%, 3 = greater than 67%).22 The tear film lipid 
layer thickness was measured using LipiView® 

(TearScience® Inc., Morrisville, NC, USA). The interferom
eter analyzed and reported the lipid layer thickness in 
a value of interferometric color unit (ICU) (1 ICU is reflec
tive of 1 nm LLT).

Any adverse symptoms and signs from the thermal 
pulsatile system (Lipiflow®) treatment were assessed 

during, immediately after, and 1 week after Lipiflow® treat
ment. Compliance to lid hygiene treatment was evaluated 
by the frequency of the procedure performed per week.

Statistical Analysis
To ensure an adequate sample size, we used the results 
from Lane et al, which reported the efficacy of Lipiflow® 

treatment by assessing meibomian gland expressibility.18 

By using the formula to compare mean values between 
independent subjects, considering p-value of 0.05 to be 
statistical significance and 80% to be the study power, the 
calculated sample size was 24 patients per group. Finally, 
after adjusting for 20% dropout rate, the sample size was 
30 patients per group.

Descriptive analysis was performed for demographic 
data, which included sex, age, type of glaucoma, number 
and type of anti-glaucoma medications, duration of medi
cations used, IOP, and baseline characteristics. To analyze 
longitudinal data with uneven time points, Generalized 
Estimation Equations (GEE) were used to compare con
tinuous variables: meibomian gland expression score, the 
OSDI, Schirmer test score, TBUT, LLT, corneal staining 
score, and meibography score.

Results
A total of 60 patients were enrolled and randomized to the 
study group and control group equally. 26 patients in the 
study group and 22 patients in the control group completed 
the study at 6 months. The missing 12 patients were with
drawn from the study due to inconvenience or health 
problems unrelated to the ocular disease. Mean ages of 
patients were 66.5 ± 10.77 years (range 33–81 years) and 
70.23 ± 8.09 years (range 58–83 years) in the study group 
and control group respectively.

Primary open-angle glaucoma was the most common 
diagnosis in this study (53.8% in study group and 63.6% in 
control group). Majority of the patients in both groups had 
been prescribed with monotherapy, most frequently pros
taglandin analogs. The mean duration of medications used 
was higher in control group (56.91 ± 49.84 months) com
pared to the study group (40.27 ± 23.42 months), p > 0.05. 
Baseline characteristics of patients in both groups are 
shown in Table 1.

At baseline, meibomian gland expression score in the 
control group was comparable to the study group. At 1 
week after treatment, control group showed slightly 
greater improvement without statistical significance com
pared to baseline (2, 95% CI −0.53 to 4.54, p > 0.05) than 
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study group (0.91, 95% CI −1.41 to 3.24, p > 0.05) 
(Figure 1). However, the difference in mean change 
between groups was not significant (−1.09, p = 0.535). 
Both groups revealed gradual improvement of meibomian 

gland expression score over time, and began to show 
significant improvement compared to baseline at 3 months 
(2.68, 95% CI 0.24 to 5.12, p < 0.05 in control group; 
3.33, 95% CI 0.9 to 5.75, p < 0.05 in study group) and at 
6 months (2.99, 95% CI 0.33 to 5.65, p < 0.05 in control 
group; 4.7, 95% CI 2.2 to 7.2, p < 0.05 in study group). 
There was no significant difference between groups at any 
time point. Difference of mean change between groups at 
6 months was 1.71, p = 0.404

The OSDI score was higher without being statisti
cally significant in the control group at baseline. The 
scores were significantly improved compared to baseline 
after 1 week in both groups (−5.44, 95% CI −7.17 to 
−3.71, p < 0.05 in control group; −4.91, 95% CI −7.21 
to −2.61, p < 0.05 in study group) (Figure 2) and 
continued toward 6 months (−11.78, 95% CI −13.5 to 
−10.06, p < 0.05 in control group; −10, 95% CI −12.23 
to −7.78, p < 0.05 in study group). In the study group, 
a higher mean subjective symptom score was observed 
at 1 month, but was not significantly different from how 
it was at 1 week. Although OSDI scores significantly 
improved from baseline after treatment, there was no 
significant difference between groups at any time point. 
Difference of mean change between groups at 6 months 
was 1.78, p = 0.57.

The average TBUT values at the baseline of both 
groups were not significantly different (p = 0.636). At 
6-month period, there was no significant difference from 
baseline in both groups (−0.58, 95% CI −2.04 to 0.89, p > 
0.05 in control group; −0.3, 95% CI −1.54 to 0.94, p > 
0.05 in study group) (Figure 3). Difference of mean 
change between groups in the 6th month was not statisti
cally significant (p = 0.645).

At the baseline, the Schirmer test score in the study 
group was lower than the control group (9.18 ± 4.88 in 
control group; 6.85 ± 3.41 in study group, p = 0.058).

At the 3rd and 6th month marks, the study group’s 
Schirmer test scores decreased from the baseline mark
edly, which were −1.49, 95% CI −2.61 to −0.37, 
p < 0.05; −1.19, 95% CI −2.34 to −0.04, p < 0.05 
respectively (Figure 4). Meanwhile, such scores in the 
control group had increased from baseline at the 
6-month period (1.3, 95% CI −0.22 to 2.82, p > 0.05). 
However, there was no significant difference between 
groups in the 6th month.

The LLT average score at the baseline did not possess 
any significant difference between groups (59.27 ± 20.23 
in control group; 65.23 ± 23.06 in study group, p = 0.351). 

Table 1 Baseline Characteristic Data of Study and Control Groups

Characteristics Study  
(n = 26)

Control  
(n = 22)

p-value

Gender 0.141

Female 11 (42.3%) 14 (63.6%)

Male 15 (57.7%) 8 (36.4%)

Age (years) 66.5 ± 10.77 70.23 ± 8.09 0.189

Underlying Disease

Diabetic mellitus 8 (30.8%) 9 (40.9%) 0.464

Hypertension 16 (61.5%) 14 (63.6%) 0.881

Dyslipidemia 12 (46.2%) 10 (45.5%) 0.961

Chronic kidney disease 1 (3.8%) 1 (4.5%) 0.904

Lacunar infarction 0 (0%) 2 (9.1%) 0.116

Others 8 (30.8%) 6 (27.3%) 0.791

Type of Glaucoma

POAG 14 (53.8%) 14 (63.6%) 0.565

PACG 2 (7.7%) 4 (18.2%) 0.392

NTG 9 (34.6%) 3 (13.6%) 0.18

Others 1 (3.8%) 1 (4.5%) 1

Type of Glaucoma 

Medication

BB 9 (34.6%) 5 (22.7%) 0.526

AA 5 (19.2%) 5 (22.7%) 1

PGA 13 (50%) 14 (63.6%) 0.393

CAI 1 (3.8%) 1 (4.5%) 1

Fixed combination 7 (26.9%) 5 (22.7%) 1

Number of Medications

1 18 (69.2%) 16 (72.7%) 1

2 5 (19.2%) 5 (22.7%) 1

3 3 (11.5%) 1 (4.5%) 0.614

Number of drops/day 2.12 ± 1.34 2 ± 1.15 0.753

Duration of medication 

(month)

40.27 ± 23.42 56.91 ± 49.86 0.162

IOP (mmHg) 12.46 ± 3.66 12.55 ± 2.39 0.927

MGE score 21.54 ± 5.78 22.5 ± 5.93 0.573

OSDI score 23.74 ± 11.83 26.83 ± 18.21 0.484

TBUT score 5.36 ± 3.72 5.98 ± 5.36 0.636

Schirmer test score 6.85 ± 3.41 9.18 ± 4.88 0.058

Corneal staining score 1.27 ± 0.83 1 ± 0.62 0.204

Meibography score 3.65 ± 1.41 3.77 ± 1.57 0.784

LLT (nanometer) 65.23 ± 23.06 59.27 ± 20.23 0.351

Abbreviations: IOP, intraocular pressure; MGE, meibomian gland expression; 
OSDI, Ocular Surface Disease Index; TBUT, tear break-up time; LLT, lipid layer 
thickness; POAG, primary open-angle glaucoma; PACG, primary angle closure 
glaucoma; NTG, normal-tension glaucoma; BB, beta blocker; AA, alpha agonist; 
PGA, prostaglandin analog; CAI, carbonic anhydrase inhibitor.
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At the 3rd month mark, LLT score in the control group was 
found to be increased remarkably (4.41, 95% CI 1.24 to 
7.57, p < 0.05) (Figure 5).At 6 months, the LLT score in 
the study group significantly increased to 2.65, 95% CI 

0.08 to 5.22, p < 0.05 but there was no significant differ
ence between groups at this period (p = 0.683).

The corneal staining showed no significant difference 
between groups at the baseline (1 ± 0.62 in control group; 

20
22

24
26

28

Baseline 1 week 1 month 3 months 6 months

Study Control

Figure 1 Mean meibomian gland expression score with standard error at baseline, 1st week, 1st month, 3rd month, and 6th month.

10
15

20
25

30

Baseline 1 week 1 month 3 months 6 months

Study Control

Figure 2 Mean subjective symptoms (OSDI) score with standard error at baseline, 1st week, 1st month, 3rd month, and 6th month.
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1.27 ± 0.83 in study group, p > 0.05). At 6 months, there 
was no change between groups from the baseline 
(Figure 6). There was no significant difference between 
groups at the 6th month mark (p = 0.488).

There was no significant difference in the meibogra
phy score between groups at the baseline. Meibography 
score was found to be decreasing remarkably at 6 months 
in both groups (−0.31, 95% CI −0.59 to 0.04, p < 0.05 

3
4

5
6

7
8

Baseline 1 week 1 month 3 months 6 months

Study Control

Figure 3 Mean tear break-up time (TBUT) with standard error at baseline, 1st week, 1st month, 3rd month, and 6th month.

4
6

8
10

12

Baseline 1 week 1 month 3 months 6 months

Study Control

Figure 4 Mean Schirmer test score with standard error at baseline, 1st week, 1st month, 3rd month, and 6th month.
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in control group; −0.37, 95% CI −0.68 to −0.05, 
p < 0.05 in study group) (Figure 7). Nevertheless, 
there was no significant difference between groups at 
this period (0.41, p = 0.479).

In the subgroup analysis according to the systemic 
condition, severity of MGD, types of anti-glaucoma med
ication, duration of anti-glaucoma therapy, and the number 
of anti-glaucoma medication per day, it was found that the 

40
50

60
70

80

Baseline 1 week 1 month 3 months 6 months

Study Control

Figure 5 Mean lipid layer thickness (LLT) with standard error at baseline, 1st week, 1st month, 3rd month, and 6th month.

0.
8

1.
0

1.
2

1.
4

1.
6
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8

Baseline 1 week 1 month 3 months 6 months

Study Control

Figure 6 Mean corneal staining score with standard error at baseline, 1st week, 1st month, 3rd month, and 6th month.
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LLT of dyslipidemia (DLP) significantly increased in the 
1st month (−7.14 ± 2.54 in control group; 8.27 ± 2.08 in 
study group, p < 0.05) and the LLT of hypertension (HT) 
significantly increased at the 1st, 3rd, and 6th month in the 
study group, compared with the control group. At the 6th 

month marks, the LLT of HT were −1.56 ± 2.1 in control 
group and 8.83 ± 1.69 in study group, p < 0.05.

According to the severity of MGD, it was found that, in 
MGD stage II, the LLT (−9.36 ± 2.18 in control group; 
2.77 ± 2.13 in study group, p < 0.05) and TBUT (−2.01 ± 
0.89 in control group; 0.52 ± 0.9 in study group, p < 0.05) 
were increasing in the 1st month. On the other hand, in 
MGD stage III, the LLT decreased at the 3rd month (7.6 ± 
2.14 in control group; −1.54 ± 1.73 in study group, p < 
0.05) and the TBUT (3.88 ± 1.21 in control group; −0.22 ± 
0.88 in study group, p < 0.05) decreased at the 1st month in 
the study group compared with the control group.

In the subgroup analysis according to the duration of 
anti-glaucoma therapy, the group which had been treated 
more than 3 years had decreasing OSDI score in the 3rd 

and 6th month, and the meibography score was reduced in 
the 1st week, 1st and 3rd month, respectively, in the study 
group, compared with the control group. Difference of 
mean change of meibography score between groups at 
3 months was 0.58, p < 0.05. Besides the severity of 
MGD and duration of anti-glaucoma therapy, the subgroup 

analyses of the types and number of anti-glaucoma 
medication per day were conducted. Consequently, there 
was no significant difference between the two groups at 
every time point.

There was no serious adverse event related to the study 
treatment. The adverse events found in the study include: one 
patient had difficulty inserting the device, but after the proce
dure there was no complication found; five patients reported 
mild discomfort immediately after the treatment which spon
taneously improved in a few hours; one patient reported mild 
conjunctival injection which resolved in the next few days 
without further treatment. No IOP elevation was found in any 
patients or uncontrolled IOP that required additional anti- 
glaucoma treatment in both groups.

Only 12.5% (6/48) performed lid hygiene at least once 
a day according to the regimen.Theother 52% (25/48) per
formed lid hygiene at least 5 days per week and 23% (11/ 
48) performed an average of 2–3 days per week. 4 patients 
did not do lid hygiene during the study, despite instruction 
and encouragement. Most of the reasons for not performing 
the procedure were inconvenience, forgetfulness and feeling 
discomfort while performing lid massage.

Discussion
In this study, the baseline characteristics of both groups 
did not differ, as shown. However, all participants of this 

2.
5

3
3.

5
4

4.
5

Baseline 1 week 1 month 3 months 6 months

Study Control

Figure 7 Mean meibography score with standard error at baseline, 1st week, 1st month, 3rd month, and 6th month.
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study were Thai since MGD is prevalent among the Thai 
population. This study was also conducted in patients 
treated with long-term anti-glaucoma medications, hence, 
the disease might be more severe than in the general 
population. Such severity might lead to a decrease in an 
intervention’s effect. The aim of this study was to evaluate 
the efficacy of new modality for MGD treatment, the 
thermal pulsatile system (Lipiflow®) in addition to stan
dard lid hygiene, compared to standard lid hygiene alone 
in patients using long-term anti-glaucoma medications. 
The study could not demonstrate the difference between 
study group and control group at 6 months. However, we 
found significant improvement of meibomian gland 
expression score, the OSDI score, LLT and meibography 
score in both groups.

Despite the significant improvement, the change in 
meibomian gland expression score observed in this study 
was smaller than in the previous study. Lane et al com
pared the thermal pulsatile system (Lipiflow®) with 
a portable warm compress system or iHeat (Advanced 
Vision Research, Woburn, MA).18 The study reported sig
nificant improvement of subjective symptoms, TBUT, 
meibomian gland assessment in the thermal pulsatile sys
tem (Lipiflow®) group compared with the control group, 
and also in cross-over group at 2 and 4 weeks. The mean 
change from baseline to 2 weeks in the thermal pulsatile 
system (Lipiflow®) group was 7.9. In an extended study, 
Greiner re-evaluated the same results at the 9th and 12th 

month marks and reported significant improvement of 
mean change from 4.4 to 11.7 and 4.0 to 7.3, 
respectively.15,16 While in this study, the mean change 
from baseline to 6 months was 2.99 in control group and 
4.7 in study group. The smaller improvement of meibo
mian gland expression score may result from the shorter 
follow-up period. Finis et al compared the thermal pulsa
tile system (Lipiflow®) and conventional lid hygiene.14 At 
the 3rd month mark, the results showed no significant 
difference between groups but significant improvement in 
subjective symptoms, TBUT, tear film LLT, number of 
expressible meibomian glands, and ocular surface staining 
score compared to baseline.

The smaller change in the current study may be attrib
uted to more severely diffuse meibomian gland damage 
induced by repetitive exposure to anti-glaucoma medica
tions and their preservatives. Arita et al showed that using 
anti-glaucoma medications for more than 1 year affected 
meibomian gland function and morphology, demonstrating 
this by comparing ocular surface signs and symptoms in 

treated eye and contralateral untreated eye.11 Other pre
vious studies revealed similar results that dry eye symp
toms, lid margin, and tear film abnormalities were higher 
in patients who used long-term anti-glaucoma 
medications.6,12 The toxicity of preservatives in the topical 
medication to the ocular surface has been widely demon
strated. Pisella et al23 compared glaucoma patients who 
used preservative-containing versus preservative-free med
ication, and found that dry eye symptoms and signs were 
higher in preservative-containing medication group with 
dose-dependent effects. Together with the number of drops 
instilled, the number and duration of medications used 
were also the risk factors of MGD.4

Like Arita et al,12 in this study, there was no difference 
between the two groups when considering the types and 
number of anti-glaucoma medication. However, when com
paring the duration of treatment, it was found that the thermal 
pulsatile system (Lipiflow®) treatment helped improve the 
OSDI score and reduced MG loss (meibography score) in the 
group who had been treated with anti-glaucoma medication 
more than 3 years. This aligns with Arita et al, who found that 
MG loss is related to the duration of anti-glaucoma therapy, 
especially in the group who had been treated with 3 anti- 
glaucoma medications per day.

The mean age of the patients in this study was higher 
than in the prior study19 (66.5 year in study group; 
70 year in control group in this study). Aging is proved to 
be a risk factor for structural and functional alteration of 
meibomian glands.1 Older age is associated with poorer 
compliance to performing lid hygiene as well. Published 
data reported moderate to good compliance with lid 
hygiene. Guillon et al24 found that participants with an 
average age of 53.5 years tend to have good compliance 
(average 7 times/week), while Alghamdi et al21 reported 
moderate compliance (55%) in the older participants (mean 
age of 68.4 years). In contrast to this study, in which 
although patients were carefully instructed with video 
demonstration, we found that almost 95% of patients did 
not follow the regimen and had moderate to poor compli
ance. Therefore, this may further explain the higher resis
tance to MGD treatment in this study. Additional interesting 
points in terms of compliance are that the frequency was 
checked and that routine lid hygiene procedures were 
reviewed at each follow-up examination. The result is stated 
above. Hence, in real-life practice, it is possible that com
pliance value would be further decreased, and the thermal 
pulsatile system (Lipiflow®) usage may help improve treat
ment results in patients with this problem.
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At the 6-month point, there was no difference between 
OSDI scores of the study and control group, even though 
the study group had worse ATD at the baseline and tended 
to get worse upon follow-up. Intervention for the study 
group may better aid the improvement of MGD symptoms.

Mean lipid layer thickness (LLT) significantly showed 
continuous improvement in both groups (4.41 in control 
group; 2.65 in study group). The smaller improvement 
might have been due to the mean lipid layer thickness in 
this study reaching the upper limit for age-matched value, 
since there is no cut-off point to the normal value of lipid 
layer thickness, and mean thickness at baseline in this study 
was equal to mean thickness in normal control group in 
some studies25,26 (59.27 ± 20.23 in control group; 65.23 ± 
23.06 in study group). Furthermore, it may be explained by 
more damage of the meibomian gland being induced by 
longterm anti-glaucoma medications.

Moreover, according to the graph (Figure 5), the study 
group’s LLT had continuously risen toward the 6th month 
mark and might increase if followed further. On the other 
hand, the LLT graph of the control group fluctuated more, 
which might be the result from other factors, such as the 
compliance of patients in each period.

Nevertheless, upon conducting subgroup analysis, the 
LLT increased significantly in the study group of MGD 
stage II in the 1st month after treatment. This change was 
not found in MGD stage III and aligns with the study 
results of Finis et al,27 which revealed that the patients in 
the early stage of MGD would likely benefit from this 
thermal pulsatile system (Lipiflow®) treatment. 
Moreover, in the HT and DLP participants, who were 
diagnosed with associated systemic related factors for 
MGD,28 the LLT increased in the study group more than 
the control group significantly.

Atrophic glands of both groups in the 6th 

month decreased equally. Nevertheless, there were some 
differences between 2 graphs (Figure 7). Whereas the 
study group’s atrophic glands had been lowered continu
ously from the beginning, the control group’s rose in the 
first month and fell gradually, which might be an effect of 
other factors such as patients’ compliance in each period.

Adverse events from the thermal pulsatile system 
(Lipiflow®) treatment found in this study were similar to 
the previous reports. In Lane et al, after the treatment, 
some patients had conjunctival hyperemia, mild conjunc
tival injection, and mild petechial hemorrhage, all of 
which spontaneously resolved.18 During the thermal pul
satile system (Lipiflow®) treatment, a patient reported mild 

discomfort. Mean IOP was slightly increased (<1 mmHg) 
immediately after treatment and decreased without further 
treatment afterward. No serious adverse event was found 
in that study. In this study, no serious adverse event related 
to the treatment occurred either. The most severe compli
cation found was mild discomfort during or immediately 
after the treatment. All events resolved without further 
treatment in a few days. There was no change in IOP 
after the treatment and no patients required additional anti- 
glaucoma medications. Thus, the thermal pulsatile system 
(Lipiflow®) is safe for glaucoma patients who have stable 
IOP and have not receive filtering surgery.

The current study has some limitations. Firstly, even 
though we enrolled glaucoma patients who used long-term 
(more than 1 year) anti-glaucoma medications, each 
patient may have suffered from meibomian gland dysfunc
tion at another time before enrollment. The duration or 
chronicity of disease itself may affect the results as well. 
Secondly, MGD is a complex multifactorial disease which 
has wide variation of symptoms and signs, even in the 
same stage. The disease lacks a specific reliable sign to 
indicate the course of the disease. Furthermore, clinical 
signs may not correlate with subjective symptoms. 
Thirdly, type, number, and duration of anti-glaucoma med
ications used are one of many key factors affecting the 
outcomes. These factors were not scoped or evaluated in 
this study.

Apart from the patients’ old age, their conditions of dry 
eyes and glaucoma could cause them to be depressed.29 

This would probably influence their compliance. Thus, 
Lipiflow treatment between months 6–12 might help 
improve the treatment outcomes in patients with poor 
compliance.

Glaucoma patients in this study should have been trea
ted with preservative-free medications. While most 
patients received only one medication, some patients 
received many, which might cause disease to be worsened. 
Therefore, the latter group of patients would be better 
treated with early surgery or laser treatment.

In the future, there should be a study conducted in 
a larger-sized sample, and it should be followed up within 
a longer period of time in order to demonstrate a clearer 
treatment result in terms of variations such as LLT and 
meibography score.

Conclusion
This is the first study to evaluate the effectiveness of the 
additional thermal pulsatile system compared to standard lid 
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hygiene alone in patients using longterm anti-glaucoma 
medications. The additional single thermal pulsatile system 
(Lipiflow®) treatment with standard lid hygiene significantly 
improved meibomian gland expression score, subjective 
symptoms, LLT, meibography score at 6 months. No differ
ences between the additional thermal pulsatile system 
(Lipiflow®) treatment and lid hygiene alone were found in 
this study. The results may suggest the problem is more 
chronic MGD and more damaged meibomian gland is 
being induced by long-term anti-glaucoma medications. 
Despite the compliance problem, this study reinforces the 
importance of lid hygiene for the treatment of MGD.

Data Sharing Statement
The data that support the findings of this study are avail
able from King Chulalongkorn Memorial Hospital, but 
restrictions apply to the availability of these data and so 
are not publicly available. However, data are available 
from the authors upon reasonable request and with the 
permission of the institution.
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