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PURPOSE: To investigate the efficacy of lid wipes (LWs) containing terpinen-4-ol and sodium hyaluronate (Hy-ter®) for the
treatment of seborrheic blepharitis compared to baby shampoo (BS).
METHODS: This randomized, double-blind, active control, parallel group, multicentre clinical trial included 48 eyes of 48 patients
with seborrheic blepharitis who were randomly divided into two treatment arms (1:1, n= 24) using block randomization. LWs or BS
were prescribed twice a day for 8 weeks followed by a discontinuation period of 4 weeks. Change in Blepharitis Symptom measure
(BLISS), Schirmer’s test, tear breakup time (TBUT), noninvasive TBUT (NI-TBUT), ocular surface disease index (OSDI) score, corneal
and conjunctival staining, meibography, and Demodex count at different visits (Baseline, 4th, 8th, and 12th week) were the main
outcome measures.
RESULTS: The baseline values of both groups were similar (p > 0.05). Despite high clinical efficacy in both treatment arms, patients
using LWs showed a lower BLISS score at the 8th and 12th-week visit (1.9 ± 2.2 versus 7.2 ± 6.6, p= 0.003; 4.0 ± 1.3 versus 5.8 ± 6.3,
p= 0.026). NI-TBUT showed a significant increase starting from the 4th week for patients using LWs and 8th week for patients using
BS. Both treatment modalities caused a reduction in the Demodex count after 4 weeks of treatment (p < 0.001). The treatment
withdrawal did not cause any recurrence in both treatment arms.
CONCLUSION: BS or LWs containing Hy-ter® can be used with good efficacy for the treatment of seborrheic blepharitis. However,
LWs may provide a better symptomatic relief compared to BS after 8 weeks of treatment.
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INTRODUCTION
Blepharitis is inflammation of the eyelids and is one of the most
common reasons for ocular discomfort. It can be classified
according to the anatomical location as anterior or posterior;
however, it has traditionally been classified as staphylococcal,
seborrheic, meibomian gland dysfunction (MGD), or mixed
blepharitis [1]. All types of blepharitis have common clinical
findings such as itching, burning, redness, irritation, etc. [2]. Dry
eye can also be observed concurrently in patients with blepharitis.
In total, 25–40% of patients with seborrheic blepharitis and MGD
and 50% of patients with staphylococcal blepharitis have been
reported to have dry eye [1].
While immune reactivity against the staphylococcal antigens

has been implicated in the pathogenesis of staphylococcal
blepharitis, Demodex mite infestation of the eyelids has been
implicated in both anterior and posterior blepharitis [3]. However,
the exact etiopathogenesis of the disease is unclear. The
treatment approach for blepharitis is based mainly on lid hygiene
which includes eyelid massage, warm compresses, and eyelid

scrubs [4]. Patients with blepharitis can benefit also from the
short-term use of the topical steroids. However, some patients can
develop resistant symptoms due to chronic blepharitis [5]. Several
different treatment options are available for chronic blepharitis
targeting mainly the Demodex mites such as tea tree oil (TTO),
terpinen-4-ol (T4O) [6, 7], ivermectin, metronidazole [8], castor oil
[9], permethrin [10], etc.
Numerous clinical trials have been conducted with an effort to

provide an efficient treatment approach [11, 12]. Topical TTO or
T4O treatment (shampoo or lid wipes (LWs)) have shown great
success in recent studies, especially to reduce the Demodex
infestation [6, 7, 13]. However, although almost all implicated
treatment options showed benefits for the eradication of the
mites and the amelioration of the blepharitis-related symptoms,
included patients in most of the studies were heterogeneous [4].
Furthermore, most of the studies lack the results of treatment after
discontinuation for a specific period.
In this clinical trial, we aimed to investigate the efficacy

of treatment with LWs containing T4O and sodium hyaluronate
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(Hy-ter®) compared to BS in patients with seborrheic blepharitis
in terms of the change in tear film functions, dry eye, and
blepharitis-related symptoms, Demodex count, and meibomian
gland (MG) functions during and after the discontinuation of the
treatment.

METHODS
This multicenter, prospective, randomized, double-blind, active control,
parallel group clinical trial assessing the efficacy of LWs containing T4O
and sodium hyaluronate versus BS included patients with seborrheic
blepharitis who were randomly divided into two treatment arms (LWs
containing T4O and sodium hyaluronate versus baby shampoo (BS)) using
block randomization (1:1). Since the sample size is small, block
randomization was preferred to reduce bias and achieve balance in the
allocation of participants to treatment arms. Computer generated
randomization list was used and the list was kept concealed for the
investigators recruiting the patients. The study was conducted according
to the Declaration of Helsinki and it was approved as a prospective study
by the local ethical committee. Informed consent was obtained from the
patients before the first examination. The clinical trial was registered in the
clinicaltrials.gov (NCT04441528).
The age and gender of the patients were recorded as demographics.

Only the right eyes of the patients were included in the analysis. Patients
were referred to the ophthalmology department from the dermatology
clinic with the diagnosis of seborrheic dermatitis. Only the patients with
the diagnosis of seborrheic blepharitis were included in the study. The
diagnosis of seborrheic blepharitis was made upon the typical clinical
findings as hyperaemic and greasy anterior lid margins with soft scales and
adherence of lashes to each other.
Patients with ophthalmological pathologies that may affect the tear film

functions including ocular rosacea, contact lens use, history of any ocular
surgery, or patients with systemic pathologies including rheumatic
diseases, thyroid disorders, diabetes mellitus, etc. or those using systemic
medications that may affect the tear film functions including corticoster-
oids, antibiotics, immunosuppressants, fish oil, flaxseed oil, and other
omega-3 supplements were excluded from the study. Patients younger
than 18-year-old or those who used any treatment for blepharitis within
the 6 months prior to the examination were excluded from the study.
LWs containing T4O and sodium hyaluronate (Hy-ter®, Blefastop®, NTC,

Italy) or BS (Johnson’s Baby Shampoo, Johnson & Johnson, New Jersey,
USA) were prescribed twice a day for 8 weeks followed by a
discontinuation period of 4 weeks. Patients in both treatment arms were
advised not to apply warm compresses. LWs and BS were given in blinded
boxes and bottles, respectively. BS was diluted with clean water (1:1
mixture) and transferred to opaque bottles for blinding. The patients were
asked to apply it with clean fingertips to the eyelashes together with
gentle pressure on the eyelids for 1 min while eyes were closed, followed
by rinsing off the BS with clean water at room temperature. Patients in the
LW group were asked to apply the LWs with gentle pressure on the eyelids
for 1 min as well to provide a similar massage effect as in BS. The patients
were masked for the ingredient of the treatment but were informed about
the form of the treatment (a bottle of shampoo versus LWs). The examiners
were masked for the treatment type of the patients and did not take part
in the explanation part of the treatment. The application was demon-
strated at the enrollment visit and written instructions were given to the
patients. Unused products were returned to the investigator explaining the
use of the products at the end of the 8 weeks and weighed as a measure of
participant compliance.
Schirmer’s test, tear breakup time (TBUT), average noninvasive TBUT (NI-

TBUT), ocular surface disease index (OSDI) score, Blepharitis Symptom
measure (BLISS), corneal and conjunctival staining score, meibography,
and Demodex count were evaluated at each visit. The flow diagram of the
trial is summarized in Supplementary Table 1.
Schirmer’s test was performed at the same hour of the day without

topical anesthesia. TBUT was performed after staining with a fluorescein
strip at least 30 min after Schirmer’s test. Three measurements were taken
from each eye as recommended by the DEWS report 2007 [14] and the
average of the three results was calculated. The corneal and conjunctival
staining was graded from 0 to 5 using the Oxford scale. OSDI scores were
calculated according to the response of the patients to the questionnaire.
OSDI test includes 12 questions that are divided into three parts: (1)
questions 1–5 refer to ocular pain or visual difficulties such as blurred
vision or light sensitivity; (2) questions 6–9 are about visual functionality

questioning the ability to read or drive at night; and (3) questions 10–12
evaluate environmental factors such as air conditioning or wind. The
responses range between 0 and 4 with 0 indicating none of the time and 4
indicating always. The OSDI score range between 0 and 100.
BLISS score of the patients was also calculated according to the response

of the patients to the questionnaire developed by Hosseini et al. [15]. This
questionnaire includes questions assessing the followings: eyes that itch;
eyes that burn; eyelids feel heavy or puffy; feel like something is in your
eye; dry eyes; gritty eyes; irritated eyes; eyes that tear or water; crusty eyes;
flaking from your eyelids; eyelids that are stuck together; red eyes or
eyelids; and debris like pieces of skin, or dandruff in your eyes. The patients
were asked to choose any of the following as an answer for each question:
none of the time, occasionally, frequently, or all of the time.
NI-TBUT was measured using the Sirius anterior segment analysis system

(Sirius; CSO, Florence, Italy). The participants were asked to blink twice and
then to keep the eyes open as long as possible. Three successive
measurements were taken for each eye. The average time of all the
breakup intervals forming on the cornea was recorded as the average
noninvasive tear breakup time. Average NI-TBUT was used in the analysis.
Upper and lower MGs were evaluated using the meibography mode of

the Sirius anterior segment analysis system. First, the upper or lower eyelid
was everted, and imaging of the MGs was obtained from the tarsal
conjunctival surface. For selecting the clearest image, at least six shots
were taken from the upper and lower tarsal conjunctival surfaces. During
the analysis, the clearest image of the MG structures was selected from
these six images and the eyelid borders were marked, and then, the
borders of the MGs were marked with the device’s software. The device
calculates the loss in the MGs, and the result is given according to the rate
of loss. The total loss area was obtained as the average of the upper and
lower eyelid loss areas.
Eyelash epilation from patients with seborrheic blepharitis was

performed similarly to the modified method described by Gao et al. [16].
Four eyelashes from each eye, two from the upper lid and two from the
lower lid were epilated carefully with a fine forceps. Only the lashes with
cylindrical dandruff or the lashes with brittle root were selectively epilated
and were put separately on each end of a glass slide. One drop of 10%
potassium hydroxide (KOH) was pipetted and put on the epilated lashes
and a coverslip was placed carefully onto the lashes. The samples in KOH
were examined within 10–15min using light microscopy at ×10–40
magnification. The presence and the total number of mites were recorded.
The duration of treatment for blepharitis is unclear and there is no

consensus for when to stop or for how long to continue the treatment.
Previous studies on the treatment of blepharitis reported different
treatment protocols. Determining the duration of treatment can be related
to the life cycle of Demodex mites. Demodex larvae hatch after 3–4 days
and the larvae develop into adults in 7 days. The life cycle of a mite is
~14 days and the total life span is several weeks [17]. Therefore, 4 weeks of
treatment covers two lifecycles of Demodex. Most of the studies preferred
to design the study to evaluate the treatment response after 4 or 8 weeks
of use [7, 12, 18–20]. However, at least 2 weeks of treatment has also been
studied due to the 2-week life cycle of Demodex [21, 22]. Although all of
the studies evaluated the treatment response in patients with blepharitis,
none of the studies investigated the effect of treatment discontinuation. In
our study, we monitored the patients after 4 and 8 weeks of treatment and
another 4 weeks of treatment discontinuation.

Statistical analysis
The normal distribution of the samples was evaluated with the
Shapiro–Wilk test. For the comparison of the ratio between the groups,
a chi-square test or a Fisher’s exact test was utilized. For the comparison of
the means among different visits for dependent groups, the Friedman test
was used as the omnibus test, and a Wilcoxon signed-rank test with
Bonferroni correction was used for the post hoc analysis between the
groups at different visits. For the comparison of the means of independent
groups, the Mann–Whitney U test was used. For the correlation analysis,
Spearman’s correlation test was used.
For sample size calculations, we used the reduction in BLISS score

[10, 15]. For detecting a clinically significant difference of five points with
the standard deviation of normal values as 5 and a two-sided significance
level of 0.05, and a power of 90%, a minimum of 22 participants
were required. Openepi software was used for the sample size calculation
and SPSS software (version 21.0) was utilized for all of the remaining
statistical analyses. p values below 0.05 were accepted as statistically
significant.
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RESULTS
Sixty-two patients with a diagnosis of seborrheic blepharitis were
assessed for eligibility for the study. However, six patients declined
to participate in the study and eight patients did not meet the
inclusion criteria. Therefore, 48 eyes of 48 patients were included
in the analysis and divided into two treatment arms (n= 24). The
mean age of the patients using LWs was 29.2 ± 11.8 years and it
was 33.7 ± 12.5 years for patients using BS (p= 0.199). While 12
(50%) of the patients using LWs were male and 12 (50%) were
female, 10 (41.7%) of the patients using BS were male and 14
(58.3%) were female (p= 0.562).
The change of dry eye parameters and symptom scores at

different visits for both treatment arms is presented in Table 1.
BLISS score showed a significant decrease among different visits
for both treatment arms (BS, p= 0.008; LWs, p < 0.001). While the
BLISS score showed a significant decrease for 8 weeks in patients
using LWs (0–4th week, p < 0.001; 4–8th week, p < 0.001), no
significant change was observed after the discontinuation of the
treatment in the last 4 weeks (p= 0.756). However, patients using
BS showed a decrease in the BLISS score only in the first 4 weeks
(p < 0.001) without any significant change throughout the
following 8 weeks (4–8th week, p= 1.0; 8–12th week, p= 1.0).
While NI-TBUT showed a significant increase starting from the 4th
week for patients using LWs (0–4th week, p= 0.048), it showed an
increase starting from the 8th week (0–4th week, p= 0.112; 0–8th
week, p= 0.048) for patients using BS which was maintained after
the discontinuation of the treatment (p= 1.0). OSDI score did not

show any change in patients using BS (p= 0.072); however,
patients using LWs had better OSDI scores throughout the first
8 weeks (0–4th week, p= 0.044; 4–8th week, p= 0.02) and this
decrease was maintained in the last 4 weeks (p= 1.0). The corneal
and conjunctival staining score, Schirmer’s test, and MG loss area
did not show any significant change in both treatment arms. None
of the patients reported any side effects during their treatment
within the study period.
The comparison of tear film functions, dry eye, and blepharitis-

related symptoms between two treatment arms for each visit using
the Mann–Whitney U test is presented in Table 2. The baseline data
are also presented in the same table. The change of parameters in
time is also visualized in Fig. 1. The baseline characteristics of the
patients in both treatment arms were similar. Patients using LWs
showed significantly lower BLISS scores compared to patients
using BS at the 8th and 12th week visit (p= 0.003, p= 0.026,
respectively). Patients using LWs showed significantly higher MG
loss area at the 12th week visit compared to the patients using BS
(p= 0.02). The other parameters did not show any significant
difference between the two treatment arms at any visit.
The change of Demodex count per lash is shown in Table 3 for

both treatment arms. Both LWs and BS led to a significant
reduction in the Demodex count (p < 0.001) and Demodex
positivity (p < 0.001) during the first 4 weeks of treatment. A
significant recurrence of Demodex positivity was not observed in
both treatment arms after the discontinuation of the treatment
during the last 4 weeks (Table 3).

Table 1. Change of tear film functions, dry eye, and blepharitis-related symptoms at different visits.

Baseline 4th week 8th week 12th week p value

Baby shampoo

Schirmer (mm) 20.0 ± 10.2 20.7 ± 12.2 18.1 ± 7.3 17.7 ± 6.4 0.639

TBUT (s) 13.0 ± 7.6 14.5 ± 7.3 13.0 ± 6.9 16.7 ± 7.6 0.046*

NI-TBUT (s) 10.9 ± 5.6 11.5 ± 4.9 11.6 ± 4.9 11.6 ± 4.9 <0.001*

MG loss area (%) 19.5 ± 10.1 17.0 ± 5.8 16.0 ± 4.9 16.0 ± 4.6 0.572

OSDI 12.7 ± 8.8 9.5 ± 8.5 11.9 ± 11.0 8.6 ± 10.8 0.072

BLISS 9.4 ± 4.4 6.2 ± 4.5 7.2 ± 6.6 5.8 ± 6.3 0.008*

Oxford score 0.3 ± 0.5 0.5 ± 0.8 0.9 ± 1.0 0.6 ± 0.8 0.187

Lid wipes

Schirmer (mm) 15.6 ± 11.7 16.7 ± 13.3 16.4 ± 9.7 18.0 ± 9.6 0.101

TBUT (s) 10.6 ± 6.9 12.0 ± 9.0 11.0 ± 8.7 13.1 ± 7.8 0.651

NI-TBUT (s) 9.9 ± 5.4 10.9 ± 4.6 11.0 ± 4.5 10.8 ± 4.3 0.001*

MG loss area (%) 21.2 ± 13.1 20.8 ± 13.3 17.4 ± 1.6 17.5 ± 1.7 0.472

OSDI 16.1 ± 15.4 11.8 ± 12.5 6.9 ± 8.4 7.8 ± 9.2 <0.001*

BLISS 11.9 ± 8.7 8.0 ± 7.1 1.9 ± 2.2 1.3 ± 1.3 <0.001*

Oxford score 0.3 ± 0.9 0.2 ± 0.7 0.4 ± 0.9 0.5 ± 0.8 0.801

p values

0–4th week 0–8th week 0–12th week 4–8th week 4–12th week 8–12th week

Baby shampoo

TBUT (s) 0.528 1.0 0.328 1.0 0.416 0.024*

NI-TBUT (s) 0.112 0.048* 0.048* 0.628 0.628 1.0

BLISS <0.001* 0.592 0.056 1.0 1.0 1.0

Lid wipes

NI-TBUT (s) 0.048* 0.032 0.3 1.0 1.0 0.72

OSDI 0.044* <0.001* 0.004* 0.02* 0.132 1.0

BLISS <0.001* <0.001* <0.001* <0.001* <0.001* 0.756

p values of the comparison among the visits using the Wilcoxon test with Bonferroni correction after Friedman analysis are presented above.
TBUT tear breakup time, NI-TBUT noninvasive tear breakup time, OSDI ocular surface disease index, BLISS Blepharitis Symptom scale, MG meibomian gland.
*p < 0.05.
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Comparison of the mean amount of change of all parameters at
each visit is shown in Table 4. The change of Schirmer’s test
between the baseline visit and the 12th week visit in patients
using LWs (2.4 ± 10.0 mm) was higher than the patients using BS
(−2.3 ± 9.7 mm, p= 0.024). The change of TBUT, NI-TBUT, MG loss
area, corneal and conjunctival staining score, and Demodex count
per lash showed no significant difference between LW and BS
group at any time period (Table 4). The decrease of OSDI score
was significantly more prominent in patients using LWs compared
to the patients using BS between 0–8th week visits (−9.2 ± 9.8
versus −0.8 ± 9.9, p= 0.024) and 4–8th week visits (−4.9 ± 8.5
versus 2.3 ± 6.8, p= 0.012). Similarly, the amelioration of the BLISS
score was significantly more prominent in patients using LWs
compared to the patients using BS between 0 and 8th week visits,
0 and 12th week visits, 4 and 8th week visits, and 4 and 12th week
visits (p= 0.011, p= 0.009, p < 0.001, p= 0.002, respectively).

The correlation analysis between all parameters and BLISS score
and Demodex count per lash is shown in Supplementary Table 2.
BLISS score showed a very strong positive correlation with the
OSDI score among all patients included in the study (r= 0.981, p <
0.001) without any significant correlation with the other
parameters.
LW users did not return any product showing full compliance in

all patients whereas BS users returned the bottle with varying
amounts of BS. However, compliance comparison was not
possible for the two different application methods.

DISCUSSION
In this prospective, randomized clinical trial, both BS and LWs
containing T4O and sodium hyaluronate (Hy-ter®) showed
symptomatic improvement and significant Demodex reduction in

Table 2. Comparison of tear film functions, dry eye, and blepharitis-related symptoms between two treatment arms for each visit using the
Mann–Whitney U test.

Baseline 4th week 8th week 12th week

Schirmer (mm)

BS 20.0 ± 10.2 20.7 ± 12.2 18.1 ± 7.3 17.7 ± 6.4

LW 15.6 ± 11.7 16.7 ± 13.3 16.4 ± 9.7 18.0 ± 9.6

p 0.087 0.248 0.096 0.162

Z −1.713 −1.156 −1.666 −1.397

TBUT (s)

BS 13.0 ± 7.6 14.5 ± 7.3 13.0 ± 6.9 16.7 ± 7.6

LW 10.6 ± 6.9 12.0 ± 9.0 11.0 ± 8.7 13.1 ± 7.8

p 0.315 0.218 0.306 0.145

Z −1.004 −1.232 −1.023 −1.458

NI-TBUT (s)

BS 10.9 ± 5.6 11.5 ± 4.9 11.6 ± 4.9 11.6 ± 4.9

LW 9.9 ± 5.4 10.9 ± 4.6 11.0 ± 4.5 10.8 ± 4.3

p 0.429 0.581 0.574 0.499

Z −0.792 −0.552 −0.563 −0.676

MG loss area (%)

BS 19.5 ± 10.1 17.0 ± 5.8 16.0 ± 4.9 16.0 ± 4.6

LW 21.2 ± 13.1 20.8 ± 13.3 17.4 ± 1.6 17.5 ± 1.7

p 0.861 0.726 0.068 0.020*

Z −0.175 −0.351 −1.828 −2.329

OSDI

BS 12.7 ± 8.8 9.5 ± 8.5 11.9 ± 11.0 8.6 ± 10.8

LW 16.1 ± 15.4 11.8 ± 12.5 6.9 ± 8.4 7.8 ± 9.2

p 0.868 0.803 0.225 0.898

Z −0.166 −0.249 −1.213 −0.129

BLISS

BS 9.4 ± 4.4 6.2 ± 4.5 7.2 ± 6.6 5.8 ± 6.3

LW 11.9 ± 8.7 8.0 ± 7.1 1.9 ± 2.2 1.3 ± 1.3

p 0.694 0.679 0.003* 0.026*

Z −0.394 −0.414 −2.927 −2.224

Oxford score

BS 0.3 ± 0.5 0.5 ± 0.8 0.9 ± 1.0 0.6 ± 0.8

LW 0.3 ± 0.9 0.2 ± 0.7 0.4 ± 0.9 0.5 ± 0.8

p 0.274 0.182 0.621 0.621

Z −1.093 −1.334 −1.824 −0.494

BS baby shampoo, LW lid wipes, TBUT tear breakup time, NI-TBUT noninvasive tear breakup time, OSDI ocular surface disease index, BLISS blepharitis symptom
scale, MG meibomian gland.
*p < 0.05.
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the treatment of seborrheic blepharitis. However, while BS
provided significant blepharitis-related symptomatic relief until
the 4th week, the symptomatic relief of the LWs continued until
the 8th week leading to better symptom scores at the end of the 8
and 12 weeks compared to the BS. Both treatment modalities
caused a significant reduction in the Demodex count after 4 weeks
of treatment which was maintained even after the withdrawal of
the treatment in the last 4 weeks. The discontinuation of the
treatment did not cause any symptomatic or tear film function-
related recurrence in both treatment arms.
The previous clinical trials investigating the efficacy of different

treatment options have used various primary outcomes such as
Demodex count, OSDI, Standard Patient Evaluation of Eye Dryness,

and Symptom Assessment iN Dry Eye scores. The primary
outcome of the present study was the BLISS score which
evaluated the blepharitis-related symptoms [15]. We believe that
the main point in the care of blepharitis patients should be the
symptomatic relief of patients. Because especially the tear film
functions or Demodex count might not be correlated with the
symptoms of the patients and they are prone to be affected by
various ocular pathologies. In our study, the BLISS score showed a
very strong positive correlation with the OSDI score. However,
most of the previous studies utilized dry eye-related question-
naires [9, 12] rather than a disease-specific questionnaire.
In this study, both BS and LWs provided a significant decrease in

the BLISS score. After a similar decrease in the BLISS score after the

Fig. 1 The change of tear film functions, dry eye and blepharitis-related symptoms, and Demodex count per lash for the two treatment
arms. Patients using lid wipes showed a better symptomatic relief compared to baby shampoo after 8 weeks of treatment. NI-TBUT showed
earlier improvement in patients using lid wipes. TBUT tear breakup time, NI-TBUT noninvasive tear breakup time, OSDI ocular surface disease
index, BLISS Blepharitis Symptom scale.
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first 4 weeks, LWs continued its effect longer than BS and
provided a more prominent decrease in the BLISS score at both
8th and 12th week visits (Tables 2 and 4 and Fig. 1). Sodium
hyaluronate in the LWs might have provided improvement in tear
film functions. Castor oil, one of the ingredients of the Blefastop®

LWs, has also been shown to improve the symptoms of patients
with blepharitis [9]. T4O has been shown to have anti-
inflammatory activity and may also contribute to the superiority
of the LWs [23]. On the other hand, BS has phenoxyethanol which
may cause reduced tear film stability [24] and possible skin irritant
fragrances [25] as ingredients. BS can also breakdown the lipid
layer of the tear film due to its detergent effect and this may
contribute to irritation [12]. The longer effect of LWs might also be
attributed to different application methods. However, the
application of both treatments included some pressure for the
same duration (1 min) on eyelids while applying the LWs or BS.
Although the change of NI-TBUT showed no significant difference
between the two treatment arms during the treatment or after its
withdrawal, NI-TBUT values showed earlier improvement in
patients using LWs. These above-mentioned advantages of the
LWs and the possible disadvantages of the BS might also explain
the later improvement in NI-TBUT in blepharitis patients using BS
in the present study. Improvement of the OSDI scores in two
groups was parallel to the change of the BLISS scores.
Blepharitis patients can show different clinical characteristics

according to the blepharitis type (staphylococcal, seborrheic, etc.).
Most of the previous clinical trials included a heterogeneous
group of patients [6, 20] making the results suspicious [4]. Because
a specific treatment approach might show different treatment
efficacy for different types of blepharitis. Therefore, randomized
controlled trials should be designed to include patients with a
specific condition such as seborrheic blepharitis as in our study. In
this way, type I errors can be prevented by minimizing the
imbalances between groups.
The Demodex mite has been implicated in the pathogenesis of

blepharitis due to its higher infestation rate in blepharitis patients
despite conflicting results from the studies showing its similar
infestation rate in healthy eyelids [26]. In this study, we did not
observe any significant correlation of Demodex count with the

symptom scores or tear film functions. Therefore, we speculate
that Demodex infestation might not have an impact on the
symptoms or tear film functions of patients with seborrheic
blepharitis and its eradication might not be the objective of the
treatment. However, Lee et al. observed that the Demodex count
showed strong positive correlations with the OSDI score and 1/
TBUT [27]. The difference between our study and the study by Lee
et al. might be related to the difference of blepharitis type
included in the study. We also showed that 44 (91.7%) of 48
patients with seborrheic blepharitis had Demodex positivity.
However, Arici et al. observed Demodex positivity in only 28.8%
of patients with seborrheic blepharitis [28]. The difference in the
rate might result from the difference in the mounting agent which
is used after the epilation of the eyelashes (KOH versus olive oil).
MG dysfunction can develop due to chronic posterior

blepharitis [29]. Although seborrheic blepharitis causes anterior
blepharitis by affecting primarily the glands of Zeis, it may also
involve MGs to a lesser degree causing posterior blepharitis
leading to a destruction in the MGs [29]. Therefore, in our study,
we evaluated the MG loss in both treatment arms and showed
that the blepharitis-related symptoms were not correlated to the
MG loss. Both treatment arms did not reverse the MG loss and
4 weeks of treatment withdrawal did not increase the MG loss
despite the absence of a longer follow up. Therefore, we suggest
that the MG destruction in seborrheic blepharitis may be
irreversible. However, the MG loss was not compared to a healthy
control group in this study.
Limitations of the study include the lack of analysis of the tear

inflammatory molecule levels. Although not studied, the inflam-
matory molecule levels might be correlated with the blepharitis-
related symptoms and the treatment strategy may be focused on
providing anti-inflammation in addition to the lubrication as in
T4O and sodium hyaluronate in the LWs, rather than focusing on
Demodex eradication. We also did not include or subdivide the
patients according to the severity of the symptoms or clinical
findings, because the main focus of the study was to investigate
the efficacy of the treatment in a homogenous patient cohort.
Another limitation of the study is the lack of the results of longer
follow up after discontinuation of the treatment. The different

Table 3. The change of Demodex positivity and Demodex count for the treatment arms at different visits.

Baseline 4th week 8th week 12th week

Demodex positivity (n, %)

BS 24 (100%) 7 (29.2%) 1 (4.2%) 0 (0%)

LW 20 (83.3%) 5 (20.8%) 0 (0%) 1 (4.2%)

p valuea

Demodex count per lash (mean ± SD)

BS 1.21 ± 0.95 0.17 ± 0.32 0.01 ± 0.05 0 <0.001*

LW 1.52 ± 1.54 0.07 ± 0.16 0 0.01 ± 0.05 <0.001*

pb 0.868 0.415 0.317 0.317

Z −0.166 −0.815 −1.000 −1.000

p valuesc

0–4th week 0–8th week 0–12th week 4–8th week 4–12th week 8–12th week

Demodex count per lash

Baby shampoo <0.001* <0.001* <0.001* 0.064 0.068 1.0

Lid wipes <0.001* <0.001* <0.001* 0.152 0.336 1.0

BS baby shampoo, LW lid wipes.
*p < 0.05.
aFriedman test.
bMann–Whitney U test.
cWilcoxon test with Bonferroni correction.

C. Arici et al.

874

Eye (2022) 36:869 – 876



application method of the two treatment arms (i.e., shampoo
versus wipes) is another limitation of the study. However, we
asked for patients to apply both treatments with their fingers by
applying some pressure on the eyelids to make the treatment
arms approximately similar in terms of the massage effect on
the MGs.
In conclusion, in this study, both LWs and BS provided an

improvement in the symptoms when applied twice a day for

8 weeks. However, LWs provided a better and longer symptomatic
relief compared to BS. The discontinuation of treatment for
4 weeks did not cause any recurrence in the disease in terms of
the symptoms or the tear film functions or the Demodex count in
both treatment arms. LWs containing Hy-ter® provided an
earlier improvement in the NI-TBUT values. The clinicians should
consider these minor differences during the treatment decision
process.

Table 4. Comparison of the changes of tear film functions, dry eye, and blepharitis-related symptoms at different visits between two treatment arms.

0–4th week 0–8th week 0–12th week 4–8th week 4–12th week 8–12th week

Schirmer (mm)

BS 0.7 ± 7.3 −1.9 ± 9.6 −2.3 ± 9.7 −2.5 ± 11.5 −3.0 ± 12.1 −0.4 ± 5.4

LW 1.1 ± 8.1 0.8 ± 10.5 2.4 ± 10.0 −0.3 ± 9.0 1.3 ± 9.8 1.6 ± 8.0

p 0.975 0.216 0.024* 0.326 0.154 0.709

Z −0.031 −1.238 −2.260 −0.981 −1.424 −0.373

TBUT (s)

BS 1.6 ± 4.6 0.0 ± 7.4 3.8 ± 9.9 −1.6 ± 8.2 2.2 ± 9.1 3.8 ± 6.5

LW 1.5 ± 9.7 0.4 ± 10.4 2.5 ± 8.6 −1.0 ± 8.2 1.0 ± 7.1 2.1 ± 9.4

p 0.564 0.877 0.542 0.629 0.367 0.319

Z −0.576 −0.155 −0.610 −0.484 −0.902 −0.996

NI-TBUT (s)

BS 0.7 ± 1.3 0.6 ± 1.2 0.7 ± 1.1 0.1 ± 0.2 0.1 ± 0.1 0.0 ± 0.1

LW 0.9 ± 1.9 1.0 ± 2.0 0.8 ± 2.2 0.04 ± 0.2 −0.1 ± 0.7 −0.2 ± 0.6

p 0.572 0.736 0.963 0.589 0.199 0.153

Z −0.565 −0.338 −0.047 −0.541 −1.283 −1.429

MG loss area (%)

BS −2.5 ± 9.0 −3.5 ± 9.2 −3.4 ± 9.1 −1.0 ± 2.9 −1 ± 3.0 0.0 ± 1.0

LW −0.4 ± 1.7 −3.8 ± 13.0 −3.7 ± 13.0 −3.4 ± 13.2 −3.3 ± 13.3 0.1 ± 1.3

p 0.785 0.398 0.212 0.307 0.215 0.716

Z −0.273 −0.846 −1.249 −1.022 −1.239 −0.364

OSDI

BS −3.1 ± 5.0 −0.8 ± 9.9 −4.1 ± 11.3 2.3 ± 6.8 −1.0 ± 8.9 −3.3 ± 9.8

LW −4.4 ± 8.4 −9.2 ± 9.8 −8.4 ± 11.2 −4.9 ± 8.5 −4.0 ± 9.5 0.9 ± 8.8

p 0.965 0.024* 0.32 0.012* 0.478 0.637

Z −0.044 −2.250 −0.994 −2.516 −0.709 −0.472

BLISS

BS −3.2 ± 3.3 −2.2 ± 6.4 −3.6 ± 6.5 1.0 ± 4.3 −0.4 ± 4.6 −1.4 ± 5.7

LW −3.9 ± 5.2 −10.0 ± 9.1 −10.6 ± 8.7 −6.1 ± 7.1 −6.7 ± 6.6 −0.6 ± 1.6

p 0.934 0.011* 0.009* <0.001* 0.002* 0.931

Z −0.083 −2.546 −2.613 −3.491 −3.068 −0.087

Oxford score

BS 0.17 ± 0.82 0.53 ± 1.06 0.23 ± 0.66 0.36 ± 1.13 0.07 ± 0.76 −0.29 ± 1.12

LW −0.08 ± 0.41 0.08 ± 1.38 0.13 ± 1.08 0.17 ± 1.24 0.21 ± 0.98 0.04 ± 0.91

p 0.326 0.241 0.773 0.378 0.673 0.655

Z −0.981 −1.172 −0.289 −0.881 −0.422 −0.447

Demodex count per lash

BS −1.06 ± 0.87 −1.21 ± 0.95 −1.22 ± 0.94 −0.17 ± 0.32 −0.18 ± 0.32 −0.01 ± 0.06

LW −1.47 ± 1.44 −1.55 ± 1.54 −1.54 ± 1.56 −0.08 ± 0.16 −0.07 ± 0.18 0.01 ± 0.06

p 0.436 0.852 0.868 0.455 0.310 0.162

Z −0.778 −0.187 −0.166 −0.748 −1.016 −1.399

BS baby shampoo, LW lid wipes, TBUT tear breakup time, NI-TBUT noninvasive tear breakup time, OSDI ocular surface disease index, BLISS blepharitis symptom
scale, MG meibomian gland.
*p < 0.05.
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SUMMARY

What was known before

● Tea tree oil-based treatment for blepharitis provided improve-
ment in dry eye-related symptom scores and tear inflamma-
tory molecule profile.

What this study adds

● Both baby shampoo and lid wipes containing terpinen-4-ol and
sodium hyaluronate provided improvement in the symptoms.

● Lid wipes provided improvement in the blepharitis specific
symptoms for a longer time including the discontinuation of the
treatment for 4 weeks after 8 weeks of treatment.

● Lid wipes provided an earlier improvement in the noninvasive
tear breakup time values.
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