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Abstract

Purpose: To compare lid hygiene versus lid hygiene and microblepharoexfoliation (MBE) (BlephEx®) in the treatment of Demodex

folliculorum blepharitis.

Methods: This study was an Institutional Review Board approved randomized prospective single masked trial of 50 patients with

microscopically proven Demodex blepharitis. All subjects received lid hygiene two times a day and half were randomized to in-office

MBE treatment. All subjects at baseline and one month were evaluated for the total number of Demodex on 4 eyelashes, Ocular

Surface Disease Index (OSDI), tear osmolarity, MMP-9, Schirmer 1, Non-invasive tear break-up time (NIBUT), lipid layer thickness,

meibography, lissamine green staining, and eyelid margin exam.

Results: The total number of Demodex decreased by 3.88 from baseline to month 1 for the lid hygiene plus MBE group vs. 0.4 for the

lid hygiene alone group (p < 0.001). NIBUT increased 1.1 seconds from baseline to month 1 for the lid hygiene plus MBE group vs. 2.8

seconds for the lid hygiene alone group (p = 0.52). All other measurements were similarly not statistically significantly different (lipid

layer thickness, OSDI, Osmolarity, MMP-9, Schirmer 1, meibography, lissamine green staining, and eyelid margin exam).

Conclusion: Both lid hygiene plus MBE and lid hygiene alone decreased the amount of Demodex with the group receiving MBE

showing a greater decrease that was statistically significant (p < 0.001). MBE may have a positive role in the treatment of Demodex

blepharitis.
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Introduction

Blepharitis is a chronic eyelid inflammation mainly involving
the eyelid margin and is a common cause of chronic ocular irri-
tation [1]. Traditionally classified as either anterior or posterior,

blepharitis is seen in up to 47% of patients in a clinical setting [2].

Critically, blepharitis is a primary factor in the pathophysiol-
ogy of dry eye disease (DED), inducing the cycle of hyperosmolar-

ity and tear film instability that is the hallmark of the disease [3].
While staphylococcal and seborrheic blepharitis are categorized as
anterior blepharitis; meibomian gland dysfunction (MGD) (poste-
rior blepharitis) leads to a reduction in the quality and quantity of
lipid-based meibomian gland secretions (meibum) resulting in an
abnormal or deficient protective outer lipid layer of the tear film [4-
10]. Evaporative tear loss begins the cycle of ocular surface inflam-
mation and tear film instability, leading to the progression of ocular

symptoms and signs over time [11].
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The exact pathophysiology of blepharitis remains to be eluci-
dated. Increased rates of Staphylococcus species in the eyelid flora
as well as increased cell-mediated immunity to the organism have
been demonstrated in patients with blepharitis compared to those
without [12-14]. A unification theory, Dry Eye Blepharitis Syn-
drome (DEBS), has been proposed as an explanation connecting
dry eye and blepharitis through the mechanism of bacterial biofilm
proliferation along the eyelid margin leading to chronic inflamma-
tion [15].

In addition to systemic, dermatologic and nutritional factors,
infestation with the Demodex folliculorum mite is an established
risk factor for blepharitis [16-19]. The purpose of this study is to
evaluate the subcategory of blepharitis; Demodex blepharitis con-
firmed by light microscopy. Current treatment of D. folliculorum
involves use of tea tree oil eyelid scrubs, oral ivermectin, and oral
and topical metronidazole, with differing levels of success [20-22].
We investigated treatment with a new modality, microblepharo-
exfoliation (MBE), this is a new method of lid hygiene that aims to
debride accumulated bacterial biofilm from the lid margin with a
rotating brush, analogous to the removal of bacterial biofilm from
the teeth with an electric toothbrush. This is done as an in-office
procedure with the BlephEx® [BlephEx®LLC, Franklin, TN] system
[23]. We evaluated this treatment prospectively by determining its
effect on D. folliculorum infestation levels measured by light mi-
croscopy, subjective symptoms, and quantitative ocular surface

parameters.

Patients and Methods

This was a prospective, single-masked, randomized, and IRB-
approved study. The subjects included were 50 consecutive pa-
tients with Demodex blepharitis at a single site, Ophthalmic Con-
sultants of Long Island (OCLI) in Rockville Centre, NY. The study
was 1 month long. At the baseline evaluation, all subjects were
examined and started on a 1 month regimen of lid hygiene with
warm compresses for 10 minutes, two times a day [24]. Addition-
ally, half the subjects were randomly assigned to receive in-office
MBE treatment with the BlephEx®system at the initial visit. At the
1-month follow up visit, all subjects were re-evaluated and the

study concluded.

Utilizing extremely conservative estimates of a BlephEX + lid

hygiene providing a 80% +/- 20% overall demodex burden reduc-
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tion versus a 60% reduction when using lid hygiene alone, while
utilizing a two independent sample study with a continuous end-
point, 1:1 enrollment ratio, alpha/beta of 0.05, and power of 95%
we have calculated the minimum number of patients needed to en-
roll as 42 in order to provide statistically significant data. Account-
ing for a 20% drop out in the study, the number needed to enroll

was 50 individuals.

This research protocol gained approval from the institutional
review board (Biomedical Research Alliance of New York) and
was conducted in accordance with the tenants of the Declaration
of Helsinki. The research was not financially sponsored; however,
the manufacturer of BlephEx® provided tips for the patients and
covered the IRB fee. Subjects were not directly compensated for
participation; however, all fees related to a complete ophthalmic
examination, testing, and a BlephEx® treatment for all study visits
were waived. Additionally, subjects were further incentivized with

an optional BlephEx® treatment at the final study visit at no cost.

Patients were recruited from a single cohort of patients in the
OCLI Rockville Centre, NY. The inclusion criteria were as follows:
(i) study subjects had to be at least 18 years of age or older with
the ability to consent for an eye exam, diagnostic testing and non-
invasive ophthalmic procedures; (ii) all patients had to have clini-
cal evidence of blepharitis, defined as matted crusts encircling in-
dividual cilia on the anterior eyelid margin or telangiectasis and
injection of the anterior and posterior eyelid margins with varying
degrees of poliosis, madarosis, and trichiasis or MGD, defined as
meibomian secretions with increased viscosity or turbidity, atro-
phy of meibomian gland acini, foam on the tear meniscus along
the lower eyelid, or prominent telangiectatic blood vessels on the
posterior eyelid margin; and (iii) positive identification of Demo-
dex folliculorum confirmed by light microscopy under 10x objec-
tive magnification was required on at least one epilated eyelash.
Subjects were excluded if they were pregnant, less than 18 years of
age, lacked the ability to consent, illiterate, or displayed signs of an

active ocular infection.

Following the discussion and receipt of informed consent for
participation in research, subjects were enrolled and assigned an
ID numbering 1 - 50. IDs were pre-assigned to either the MBE plus
lid hygiene group or lid hygiene only group using a randomization

table based on block randomization [25].
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Subjective evaluation was done at each study visit. Subjects
filled out a standard Ocular Surface Disease Index (OSDI) Ques-
tionnaire to assess ocular symptoms [26]. Calculated scores range
from 0-100 with higher scores indicating greater severity of symp-

toms.

A Schirmer’s 1 test was done by placing a standard paper strip
in the inferior fornix of both eyes without topical anesthetic and
measuring the length of aqueous tear migration along the paper

strip in millimeters after 5 minutes.

Tear osmolarity was measured using the point of care TearL
ab™system [TearLab Corporation, San Diego, CA]. A level greater
than 308 mOsm/L is considered abnormal [27].

MMP-9 inflammatory marker levels in tears were measured us-
ing the point of care Inflammadry® immunoassay test [Quidel Cor-
poration, San Diego, CA].

Meibography was done by infrared imaging of the everted low-
er lids using the OCULUS Keratograph®5M corneal topographer
[OCULUS, Wetzlar, Germany]. The clinician graded the image on a
standard scale from 0-4 with a score of 0 indicating 0% meibomian
gland dropout, 1 indicating < 25%, 2 indicating 25-50%, 3 indicat-
ing 51-75%, and 4 indicating >75% [28].

Following testing, patients were evaluated at the slit lamp. Two
different clinicians (MC, HP) performed ophthalmic exams during
the study. The presence or absence of eyelid foam was noted. The
clinical appearance of the eyelid margin was graded from 0 - 5 with
higher scores indicating a greater amount and intensity of blepha-
ritis signs such as and not limited to meibomian gland capping or
pouting, lid thickening, telangiectasias, lid erythema, foamy tear

film, scalloping of the lid margin, trichiasis or poliosis.

One eyelash from each lid was epilated to determine the level of
D. folliculorum infestation. Lashes with a significant amount of cy-
lindrical dandruff were targeted for epilation. Lashes were gently
pulled while rotating along the base to avoid leaving the cuff of cy-
lindrical dandruff behind on the lid margin and to capture as many
organisms as possible from the eyelash root. Each lash was placed
on a glass slide labeled and examined under a light microscope; the
total amount of live organisms were counted under objective mag-
nification power of 10x, including organisms present on the slide

but not contiguous with the lash. In lashes with compact cylindri-
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cal dandruff, a Demodex mite was counted only if a clearly distinct
prosoma and opisthosoma were able to be identified within the cy-
lindrical dandruff. For each subject, the total organism counts for
all four lids were recorded as right upper, right lower, left upper,

left lower.

The ocular surface was then examined with vital dye staining
by applying lissamine green. The degree of conjunctival and cor-
neal staining was graded from 0 - 5 using the Oxford scale [29].
The meibomian glands were then expressed with cotton tipped
applicators compressing from the internal and external palpebral
surfaces. The quality of the expression was graded from 0 - 3: 0
(clear), 1 (cloudy), 2 (granular), 3 (toothpaste). Ease of expression
was graded from 1 - 3: 1 (light pressure), 2 (moderate), 3 (heavy).

Following the completion of all testing and the examination, a
BlephEx® MBE treatment was given by a certified technician to the
subjects randomized to the MBE treatment group. The BlephEx®
system was designed to exfoliate the eyelid margin with a rapidly
spinning micro-brush to remove the bacterial biofilm,!* lid scurf/
debris, and D. folliculorum mites and eggs. This procedure has been
generally termed MBE. A brush with a sponge tip is soaked in Lid-
Hygenix® Foam [LidHygenix, Inc, Atlanta, GA], which is an over-
the-counter eyelid cleansing foam made with natural ingredients
and recommended by BlephEx®, LLC for use with their system. The
brush is attached to a rotating electric swivel (2500 rpms) on a
handheld device and is swept back and forth along each lid margin
for about 1 - 2 minutes. The procedure is completed with four dis-

posable brushes one for each eyelid margin.

Instructions for lid hygiene was explained to the patient via an
active diagram and printed instruction sheet [24]. This physician-
patient conference served to not only illustrate proper lid hygiene
but to foster realization on the patients part that they were at least
partially responsible for their outcome. We feel that this conference
significantly increases compliance as we encourage questions and
carefully go over methodology (Figure 1). All patients in the study
were to use lid hygiene for 10 minutes, two times a day [23].

All data collected was processed using the Prism 7 software
[GraphPad Software, La Jolla, CA]. For statistical analyses, student’s
t-tests, Pearsons correlation coefficient, z-score, ANOVA, two-way
ANOVA, and chi-squared tests were utilized where appropriate. A

p-value of <0.05 was considered significant.
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Figure 1: Schematic showing lower lid margin and
meibomian glands. Changes in lid margin leading to
obstruction of gland orifices and inflammation. This
inflammation leads to LCFA (long chain fatty acids)
becoming FFA (free fatty acids) which results in
saponification or soap formation. Therefore, for the patient,

the emphasis is on cleaning lashes, especially the lid margin.

Results

50 patients were enrolled: 25 randomized to receive MBE. The
average age of the MBE group was 73.76 years and 70.44 years for
the lid hygiene only group. The MBE group was 40% female and
60% male. The lid hygiene only group was 44% female and 56%
male. In the MBE group, 1 subject was lost to follow-up prior to the
1-month follow-up visit, leaving 24 subjects included for analysis.
The lid hygiene only group had 3 subjects lost to follow-up prior to
the 1-month follow-up visit, leaving 22 subjects included for analy-

sis after 1 month.

The average number of Demodex mites in the MBE group and
lid hygiene only group at baseline was 5.32 + 3.21 and 4.08 + 2.61,
respectively. This difference was not statistically significant (p =
0.14). The average change in Demodex levels for the MBE group
was a decrease of 3.88 + 1.31 total organisms per 4 lashes from
baseline to month 1. The average change in Demodex levels for the
lid hygiene only group was a decrease of 0.04 + 1.36 total organ-
isms from baseline to month 1. The difference between the two

groups was statistically significant (p < 0.001). The average change
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in NCBUT for the MBE group was an increase of 1.13 + 2.15 seconds
from baseline to month 1. The average change in NCBUT for the lid
hygiene only group was an increase of 2.82 + 5.08 seconds from
baseline to month 1. The difference between the two groups was
not statistically significant. The average change in lipid layer thick-
ness for the MBE group was an increase of 0.20 * 4.72 nm from
baseline to month 1. The average change in lipid layer thickness for
the lid hygiene only group was an increase of 1.18 + 5.74 nm from
baseline to month 1. The difference between the two groups was

not statistically significant.

Average OSDI scores in the MBE group were 15.68 + 5.73 and
14.3 + 6.06 at baseline and month 1, respectively. There was no
statistical significance between values at the different time points.
Comparative OSDI scores in the lid hygiene only group were 19.41
+6.99 and 13.14 + 6.0 for baseline and month 1, respectively. There
was no statistical significance. Tear osmolarity levels in the MBE
group were on average 304.13 = 7.55 and 294.14 + 13.39 mOsm/L
at baseline and month 1, respectively. Comparative averages in
the lid hygiene only group were 298.94 + 5.8 and 296.14 + 4.81
mOsm/L, respectively. Again, there was no statistical significance.
MMP-9 positivity in the MBE group was 52% and 50% at baseline
and month 1, respectively. There was no statistical significance.
Comparative rates in the lid hygiene only group were 62% and
57.14%, respectively. Again, there was no statistical significance.
Schirmer 1 results in the in the MBE group were on average 10.75
+3.54 and 10.41 * 3.79 mm at baseline and month 1, respectively.
Comparative averages in the lid hygiene only group were 11.22 *
3.05 and 12.81 * 4.156 mm, respectively. There was no statistical

significance.

The presence of a foamy tear film in the MBE group was found
in 25% and 21.74% of subjects at baseline and month 1, respec-
tively. Comparative rates in the lid hygiene only group were 20%
and 11.36%, respectively. Again, there was no statistical signifi-
cance. Average modified Oxford scores of lissamine green staining
of the conjunctiva in the MBE group were 1.05 + 0.40 and 0.90 *
0.38 at baseline and month 1, respectively. There was no statisti-
cal significance between values at the different time points. Com-
parative averages in the lid hygiene only group were 0.98 + 0.39
and 1.07 * 0.43, respectively. There was no statistical significance.
Average modified Oxford scores of lissamine green staining of the
cornea in the MBE group were 0.48 + 0.32,and 0.35 + 0.27 at base-
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line and month 1, respectively. There was no statistical significance
between values at the different time points. Comparative averages
in the lid hygiene only group were 0.32 + 0.30 and 0.45 * 0.31, re-
spectively. There was no statistical significance. Meibomian gland
dropout scores graded on infrared meibography in the MBE group
were on average 1.98 + 0.28 and 1.82 * 0.32 at baseline and month
1, respectively. There was no statistical significance between val-
ues at the different time points. Comparative average scores in the
lid hygiene only group were 2.07 * 0.33 and 1.85 * 0.27, respec-
tively. There was no statistical significance. For the whole sample,
the average number of Demodex mites on the upper and lower
lashes at baseline was 3.24 + 2.08 and 1.46 + 1.54 mites, respec-
tively. This difference was statistically significant (p < 0.001). The
average number of Demodex mites on the upper and lower lashes
atmonth 1 was 1.82 + 1.93 and 0.86 + 1.14 mites, respectively. This

difference was statistically significant (p < 0.01).

Differences between the patients in the two arms of the study
were analyzed by appropriate statistical methods. Correlations
between demographics as well as overall demodex numbers,
as well as ocular lid characteristics were assessed using the x*-
test, student’s t-test, and the Z-test. For independent samples ei-
ther the t-test or the Mann-Whitney-U test was used for interval
data depending on the outcome of the Kolmogorov-Smirnov test
for normality of distribution. Nominal data was analyzed using
either the y2-test test or the Mann-Whitney-U test, again based
on the outcome of the Kolmogorov-Smirnov test for normality of
distribution. P-values less than or equal to 0.05 were considered

statistically significant.

Discussion

The pathophysiologic rationale for the use of MBE treatment
of Demodex blepharitis, centers on the dry eye blepharitis (DEBS)
unification theory by Rynerson., et al. that the proliferation of
bacterial biofilm on the eyelid margin leads to chronic blephari-
tis [15]. In this study, the group receiving MBE treatment showed
a significantly greater decrease in the number of Demodex mites

found on eyelash samples.

Closer inspection of the lifecycle of Demodex folliculorum may
help elucidate the mechanism by which MBE decreases Demodex
infestation. Demodex are thought to have a life cycle between 14

and 21 days [30]. Demodex eggs are deposited on the eyelashes
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and within the follicle. Demodex larvae emerge from the eggs and
at this stage of development, have no means to grip the eyelash fol-
licles [31]. The larvae then develop into six-legged nymphs. From
this stage, the nymphs become sexually mature adults, which have
eight short articulated legs that are able to grip eyelashes and also
hard exoskeleton [32]. Adults clump in groups around the eyelash
base and copulate [33]. The females then deposit the eggs on the
eyelashes. The adults die, leaving the carcass coagulating around
the eyelash, possibly contributing to the collarettes and cylindrical
dandruff formed around eyelash follicles seen in Demodex blepha-
ritis [34]. During their lifecycle, it is thought that Demodex feed on
sebum and possibly keratin from the host skin. Additionally, some
have proposed that Demodex graze on the plentiful bacteria and

bacterial biofilm found in the eyelash microflora [35].

After consideration of the lifecycle of the Demodex mite, sev-
eral possible mechanisms for the efficacy of MBE in the removal
of Demodex are apparent. The eggs are deposited on the eyelash
follicle and may be brushed off the lash ending the lifecycle before
it begins. Demodex nymphs lack the rotating, articulated legs that
adults have to grip onto the human eyelash and may be easily wiped
away by MBE. It is unclear whether the spinning brush of MBE are
powerful enough to uproot an adult Demodex mite anchored on an
eyelash. It is also unclear why the number of Demodex were higher
on the upper lids than the lower lids both at baseline and at month
1. It is possible that Demodex on the upper lids are more securely
entrenched. MBE may attack adult Demodex mites in a more in-
sidious way: by removing the food source of biofilm and bacteria.
Finally, the LidHygenix® Foam itself may limit proliferation of De-
modex mites or kill them outright. It is unclear by which of these
mechanisms MBE is able to effectively decrease Demodex infesta-

tion, possibly a combination of all four.

Interestingly, the interaction of Demodex mites, bacterial bio-
film, and MBE and its impact on blepharitis remains to be eluci-
dated. If Demodex mites graze on bacteria and the biofilm, one
could hypothesize that Demodex infestation actually decreases
biofilm accumulation and bacterial load on the eyelid margin. In
fact, some authors have observed an initial worsening of symptoms
of blepharitis following starting treatment for Demodex and have
advocated restoration of the normal ocular flora ecological balance

as opposed to complete eradication of Demodex [35].
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NIBUT was decreased in both groups. This suggests that lid hy-
giene is critical for improving the function of Meibomian glands in
the treatment of blepharitis [23]. MBE appears to also have a posi-
tive effect in the improvement of NIBUT, possibly by the removal
of accumulated biofilm at the eyelid margin and Meibomian gland
orifices. OSDI scores, lipid layer thickness, and other clinical exam-
ination measures did not appear to correlate with Demodex levels.
This finding reflects similar findings in other studies on blepharitis
as a lack of correlation between symptoms and exam findings has

been demonstrated previously [5].

Treatment of Demodex blepharitis has previously centered
around the use of compounds toxic to the survival of Demodex
including, tea tree oil, ivermectin, or metronidazole, with varying
levels of success [20-22]. MBE provides a novel mechanism for the
treatment of Demodex by possibly physically removing the mites
and their food source from the eyelash. Additional studies are
needed to further define the mechanisms by which MBE decrease
Demodex infestation and to establish clinical correlates between

patient symptomatology and exam findings.

Conclusion

This study showed that both lid hygiene plus an in-office MBE
procedure (BlephEx® and lid hygiene alone decreased the amount
of Demodex with the group receiving MBE showing greater efficacy
(p < 0.001). MBE may have a positive role in the treatment of De-
modex blepharitis and provides clinicians with a novel mechanism

to treat this chronic disease.
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