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Background: To evaluate the therapeutic effect of intense pulsed light (IPL) therapy with optimal pulse
technology (OPT) on meibomian gland dysfunction (MGD) with and without ocular Denmzodex infestation.
Methods: This prospective study included 150 patients with MGD who were divided into Demodex-infested
(DI) and non-infested (control) groups according to Demodex counts determined by epilating eyelashes to
evaluate. Each patient underwent three OPT treatment sessions at 3-week intervals. Best corrected visual
acuity (BCVA), intraocular pressure (IOP), Demodex counts, Ocular Surface Disease Index (OSDI) score,
conjunctival congestion, tear meniscus height (TMH), tear breakup time (TBUT), Schirmer I test (SIT),
corneal and conjunctival fluorescein staining scores, meibomian gland (MG) macrostructure, lid margin
abnormality, MG expressibility, and meibum quality were assessed before the first treatment as baseline and
at 1, 2, and 3 months (M1, M2 and M3, respectively) after treatment.

Results: The incidence of Demodex infestation was 59.15% (84/142) at baseline and the final Demodex
eradication rate at M3 was 83.3% (70/84). Corneal staining and conjunctival congestion showed slower
improvement in the DI group than in the control group at M1 and M2 (P<0.05), but was significantly
improved at M3 than that at with baseline (P<0.01). Both the groups showed significant improvement
in OSDI, conjunctival congestion, TBUT, corneal and conjunctival staining, MG dropout, lid margin
abnormality, MG expressibility, and meibum quality at M3 (P<0.05). No differences were observed for
BCVA, IOP, SIT, and TMH before and after treatment in both the groups (P>0.05).

Conclusions: This new-generation IPL with OPT treatment results in greater improvement in MG
expressibility and meibum quality in MGD patients with Demodex infestation than in those without, but not

for corneal staining.
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Introduction

Demodex spp. are host-adapted mites of mammals including
humans. Of the many Demodex species, only D. folliculorum
and D. brevis can parasitize the human eye. D. folliculorum
is most commonly found in eyelash follicles, whereas
D. brevis usually colonizes the sebaceous and meibomian
glands (MGs) (1). Demodex infestation and the waste
produced by the mite can block follicles and glands,
and trigger the inflammatory response in the anterior
and posterior lid margins. Demodex infestation is closely
related to MG dysfunction (MGD), which is the most
common cause of evaporative dry eye, and its symptoms
include ocular surface burning and irritation, redness, pain,
fluctuating visual acuity, unexplained keratitis, superficial
corneal vascularization, or nodular corneal scarring (2,3).
The discomfort caused by these symptoms, combined
with the ineffectiveness of conventional treatment, can
severely affect the quality of life of patients; therefore, the
development of alternative treatment options is underway.

Intense pulsed light (IPL) has been widely used in the
cosmetic industry since 1996 for facial dermatological
conditions. It has been medically certified to improve
subjective symptoms and gland function in patients with
MGD (4,5). Moreover, the combination of IPL and MG
expression (MGX) is known to improve dry eye symptoms
and MG function (6). In a previous multicenter, randomized
controlled trial, we showed that the combination of IPL
and MGX ameliorated symptoms and assisted in tear film
recovery (7).

In 2002, Prieto et al. found that Demodex organisms
appeared to be coagulated after IPL treatment for facial
cutaneous disease (8), which led to our interest in evaluating
IPL as a potential therapy for treating ocular Demodex
infestation. However, the effect of IPL treatment on
Demodex blepharitis has not been well studied. To date,
only a few studies have reported using IPL for successfully
treating ocular demodicosis (9,10).

The fifth-generation IPL with optimal pulse technology
(OPT) is regarded as the latest technology. To evaluate the
efficacy and safety of OPT + MGX combined therapy in
patients with and without ocular Demodex infestation, we
conducted a pioneering, prospective, consecutive, controlled
study for assessing OPT as a therapy for treating ocular
demodicosis. This report has been prepared in accordance
with the STROBE reporting checklist (available at http://
dx.doi.org/10.21037/atm-20-1745).
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Methods
Subjects

This study was conducted in compliance with the
Declaration of Helsinki (as revised in 2013) for research
involving human participants and was approved by The
Second Affiliated Hospital of Zhejiang University School
of Medicine Ethics Committee (No. 2019-283). Trial
registration: ChiCTR1900025925, registered 14 September
2019. We obtained written informed consent from all the
patients before their enrollment.

The inclusion criteria were as follows: age >18 years,
diagnosis of MGD (> stage 1); and including ocular
symptoms, such as plugged gland orifices, lid margins
vascularity, lid margins irregularity, and decreased meibum
quality and quantity. Skin type was determined using the
Fitzpatrick scale. Only patients with skin type 4 or lower
were treated with OPT (11). Patients who had received
implants beneath the treatment area or had acute solar
dermatitis, allergic disease, eye surgery in <1 month, or any
topical or systemic diseases that could affect the results were
excluded from the study.

Experiment design

This was a prospective, consecutive, cohort study. We
enrolled 150 patients with MGD (52 men and 98 women)
who presented with dry eye syndrome to The Second
Affiliated Hospital of Zhejiang University School of
Medicine from October 2019 to April 2020. The patients
were divided into Demodex-infestated (DI) and non-infested
groups after they underwent Demodex examination as
reported previously (12). Briefly, three eyelashes from each
eyelid of both the eyes were epilated and examined under a
light microscope. Patients with Demodex counts of not less
than three per three eyelashes were considered Demodex
positive.

Each patient underwent three OPT-MGX treatment
sessions at 3-week intervals and three follow-up
examinations at 1, 2, and 3 months (M1, M2, and M3,
respectively) after the final treatment. Best corrected visual
acuity (BCVA) and intraocular pressure (IOP) were recorded
for evaluating OPT-MGX safety. The Ocular Surface
Disease Index (OSDI) score, conjunctival congestion, tear
breakup time (TBUT), Schirmer I test (SI'T), tear meniscus
height (TMH), corneal and conjunctival fluorescence
staining, MG macrostructure, lid margin abnormalities,
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MG expressibility, and meibum quality were determined for
evaluating treatment efficacy on the day before treatment
at baseline and at each follow-up. Two doctors individually
performed the OPT treatment and measurements for all
the patients. Only one eye of each patient was analyzed in
this study. In patients with or without binocular infestation,
only the right eye was analyzed, whereas in patients with
single-eye infestation, the infested eye was analyzed and the
patient was included in the DI group.

OPT treatment

We used the M22 IPL system with OPT (Lumenis, Tel
Aviv, Israel) and the treatments were administered using
the proprietary AOPT mode setting. Energy parameters
were determined based on Fitzpatrick skin type and patient
tolerance and comfort (range, 15-17 J/cm®). IPL treatment
was administered twice from the right preauricular area,
across the cheeks and nose and to the left preauricular area,
with the treatment area reaching up to the interior boundary
of the eye shields. Immediately after OPT treatment, MGX
was performed on both the upper and lower eyelids of each
eye using an Aritia Meibomian Gland Compressor (Katena
Products Inc., Denville, NJ, USA). During the procedure,
all the patients received 0.4% oxybuprocaine hydrochloride
eye drops (Santen Pharmaceutical Co., Ltd, Osaka, Japan)
to minimize pain. During the study, all patients received
sodium hyaluronate eye drops (Santen Pharmaceutical Co.,
Ltd.) four times a day.

Evaluation of dry eye symptoms

The severity of ocular surface symptoms was determined
using the OSDI questionnaire, which consisted of 12
questions regarding the presence and frequency of
symptoms associated with the ocular surface. The total
OSDI score (0-100 points) was calculated using the sum
score of all completed questions. The final scores were
classified according to the severity of the symptoms as
follows: score of 0-12 (no symptom); 13-22 (mild); 23-32
(moderate), and 33-100 (severe).

Tear production was assessed using the SIT by inserting a
sterile dry strip (Jingming New Technological Development
Co. Ltd, Tianjing, China) into the lateral canthus of the
lower eyelid, away from the cornea, for 5 min. The length
of the strip that became wet because of the absorbed tears
was then measured to determine the function of tear glands.

TMH and conjunctival congestion were measured using
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Keratograph 5M (Oculus®, Wetzlar, Germany).

Tear film stability was evaluated by determining the
TBUT, which was measured by instilling fluorescein into
the lower conjunctival sac using a moist fluorescein strip
(Jingming New Technological Development Co, Ltd.).
The patients were then required to blink several times to
ensure adequate coating of the dye on the cornea. The tear
film was observed under a slit-lamp biomicroscope with a
cobalt blue filter. The test was repeated three times, and the
average TBUT was calculated.

Corneal and conjunctival fluorescein staining was
performed using the same fluorescein strip used for
measuring TBUT. The cornea was divided into five areas
(central, superior, temporal, nasal, and inferior). For
each area, the corneal severity was graded on a 0-3 scale.
Conjunctiva staining was scored between 0 and 3.

Evaluation of MG morphology

MG dropouts were observed using Keratograph 5M
(Oculus) and scored on a scale of 0-3: 0, no dropouts; 1,
<1/3 dropouts; 2, 1/3-2/3 dropouts; and 3, >2/3 dropouts.

Lid margin abnormalities were scored on a scale of 0-4
based on the following four criteria: irregular lid margins,
vascular engorgement, plugging of MG orifices, and shift in
the mucocutaneous junction.

MG expressibility was evaluated by applying digital
pressure on both the upper and lower tarsi. We divided the
entire lid range into three areas (nasal, central, and temporal
sides), and observed five glands in each area amounting to a
total of 15 glands. The degree of expressibility was graded
on a scale of 0-3 for each area according to the number of
glands expressible: 0, all glands; 1, 3—4 glands; 2, 1-2 glands;
and 3, no glands (total score range, 0-9).

To evaluate meibum quality, eight glands in the center of
both the upper and lower lids were evaluated on a scale of 0-3
for each gland: 0, clear; 1, cloudy; 2 cloudy with debris (granular);
and 3, thick, toothpaste-like (total score range, 0-24).

Safety assessments

BCVA, IOP, and lens opacity were observed at baseline and
at each follow-up. The skin area around the eye was also
examined for depigmentation, blistering, swelling, and redness.

Statistical analyses

All statistical analyses were performed using SPSS 20.0
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(SPSS Inc., Chicago, IL, USA). A minimum sample size
of 45 patients per group was calculated on the basis of
an assumed mean CFS difference of 1 between the DI
and control groups for a two-tailed test at an alpha level
of 0.05 and a power of 90%. Assuming a drop-off rate of
20%, the sample size was determined to be 57 patients
per arm. The data of patients who discontinued the study
prematurely were excluded from analysis. Numerical data
are presented as the means + standard deviations (SD).
Variables were tested for normality using the Kolmogorov-
Smirnov test. The patients’ demographic characteristics
were compared using analysis of variance or the Chi-
square test. The date of the two groups were compared
using the Mann-Whitney U test. Logarithm of the
minimum angle of resolution (LogMAR) BCVA, Demodex
counts, OSDI, TMH, conjunctival congestion, corneal
and conjunctival fluorescence staining, lid abnormality,
and MG expressibility, meibum quality were also analyzed
using the Mann-Whitney U rest. IOP was analyzed
using independent-sample #-tests. P values of <0.05 were
considered statistically significant.

Results

In this prospective study, we recruited 150 patients with
MGD (greater than stage 1) from The Second Affiliated
Hospital of Zhejiang University School of Medicine. In
the DI group, three patients withdrew from the study
prematurely: one patient withdrew before the third
treatment because of a car accident, while two patients
missed M2 and were considered lost to follow-up. In
the control group, five patients withdrew from the study
prematurely: one patient withdrew after receiving the first
treatment because of pregnancy, one patient withdrew
before M1 because of pneumonia, and three patients missed
M3 and were considered lost to follow-up. Their data
were excluded from analysis. A flowchart that summarizes
the progress through the various phases of the study
(enrollment, withdrawal, treatments, and follow-ups) is
given in Figure 1.

A total of 142 patients completed all treatments and follow-
up sessions. Eighty-four patients comprised the DI group
(29 men and 55 women, mean age, 43.9x13.74 years; range,
21-70 years); whereas the control group consisted of 58
patients (20 men and 38 women; mean age, 38.72+14.22 years,
range, 18-67 years). No significant differences were
observed in the demographic data between the two groups
at baseline (Table 1).
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The DI group exhibited more MGD-related ocular
irritation and lid margin inflammation. OSDI, lid margin
abnormality, and upper lid MG expressibility were significantly
different between the Demodex-positive (DI group) and
Demodex-negative (control) eyes at baseline (all, P<0.05).

Demodex infestation before and after OPT-MGX
treatment

The incidence of ocular Demodex infestation in patients with
MGD was 59.15% (84/142). In the DI group, the mean
Demodex count at baseline was 6.74+3.09 and significantly
decreased at follow-up (3.18£3.56 at M1, 1.76x1.85 at M2,
and 1.23+1.56 at M3; all, P<0.01). The Demodex eradication
rate was 59.5% (50/84) at M1, 66.67% (56/84) at M2, and
83.3% (70/84) at M3 (all, P<0.05). Table 2 shows the general
characteristics of the eyes in the DI and control groups
before and after OPT-MGX treatment.

Improvement in dry eyesymptoms after OPT-MGX
treatment

The DI group had a significantly higher OSDI score than
the control group at baseline (P<0.05), which decreased
immediately after treatment at M1; the score decreased
steadily from M1 to M2 (P<0.01) and stabilized from M2
to M3 (P=0.676). The control group also had a significantly
different OSDI score before and after OPT-MGX
treatment. The symptoms were relieved from severe to
moderated in both the groups; at M3, the final scores were
similar between the two groups (P=0.684) (Figure 2).

Compared with baseline, TBUT, and conjunctival
staining significantly improved immediately at M1 in both
the groups (all, P<0.01).

The DI group showed slower changes in corneal staining
and conjunctival congestion. In the DI group, corneal
staining decreased significantly at M2 (P<0.01), while in
the control group, it decreased earlier at M1 (P<0.01); no
difference was observed between the two groups at M3
(P=0.322) (Figure 3).

In the DI group, conjunctival congestion decreased
significantly at M3 (P<0.01), while in the control groups, it
decreased earlier at M2 (P<0.05). The TMH and SIT of both
the groups showed no change over the study period (all, P>0.05).

Comparison of clinical results after OPT-MGX treatment

The MG dropouts at baseline were no different between the
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Figure 1 Treatment and follow-up protocol for OPT + MGX. OPT, optimal pulse technology; MGX, meibomian gland expression.

Table 1 Demographic data in DI group and control group (mean + SD)

DI (n=84) Control (n=58) P value
Age (years) 43.90+13.74 38.72+14.22 0.196
Sex (male/female) 29/55 23/35 0.533

DI, Demodex infestation; SD, standard deviation.

two groups, and showed a significant improvement after OP'T-
MGX treatment. At M3, patients in the DI group recovered
better than those in the control group (P=0.023) (Figure 4).

At baseline, the DI group had more serious lid margin
abnormality than the control group (P<0.01); both the
groups showed significant improvement after OPT-MGX
treatment (P<0.05). However, the Demodex-negative eyes
showed better manifestation than the Demodex-positive eyes

at M1 and M2 (both, P<0.05) (Figure 5).
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The DI group had more serious upper lid MG expressibility
than the control group (P<0.05). Both upper/lower lid MG
expressibility and meibum quality improved significantly after
OPT-MGX treatment at M1 (all, P<0.05), and the treatment
outcome in both the groups was similar at M3.

Discussion

MGD is a chronic, diffuse abnormality of the MGs
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a S 5 23 % Bl ; Very few studies have evaluated the effect of IPL for
> o = = =] . . .
(% > 5 g 5 g I = treating ocular Demodex infestation. Recently, Zhang er al.
= c
8 © 0 0o 95 5 compared the treatment effect of IPL and 5% TTO for
© . . . .
— B 2 ocular demodicosis (9). They found that the eradication
) o € S L3 : :
s o e 3 3 £ 3 rate was greater and more reliable in the IPL group (20/20,
3 £ TST T | .
g B gz ¢ §I g §| L3 100%) than in the TTO group (15/20, 75%). In another
3 5 3 a .
~ £ 2 3 2 9; 2 9; g 9 retrospective study, Cheng et /. counted the number of
I ) T = o 2 Q0 .
= S e g ‘é’ £ ££ |Q¢g Demodex mites before and 1 week after IPL treatment by
< < p—
= o 3% 53 S3 |aa in vivo confocal microscopy IVCM) (10). The medical
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Figure 2 ODSI score at baseline, M1, M2 and M3 in DI group (blue) and control group (orange). The DI group had a higher OSDI score
than the control group at baseline (P<0.01). In the DI group, the OSDI score was better at M3 than at M2 (P<0.01). In the control group,
OSDI score was better at M3 than at M1 (P<0.01). The OSDI score in both groups was improved significantly from baseline at any visit (all
P<0.01). **P<0.01. OSDI, Ocular Surface Disease Index; M1, month 1; M2, month 2; M3, month 3; DI, Demodex infestation.
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Figure 3 Corneal staining at baseline, M1, M2, and M3 in the DI group and control group. Corneal staining in the DI group decreased at
M2 (P<0.01). The control eye was different from baseline at any visit (all, P<0.01). **P<0.01. M1, month 1; M2, month 2; M3, month 3; DI,

Demodex infestation.

records of 25 patients (49 eyes) showed that the Demzodex
eradication rate was 20% (8/40) in the upper lid margin and
34.15% (14/14) in the lower lid margin. The significantly
different results between these two studies may be because
of the following reasons. First, both the studies used
different detection methods. Zhang er al. counted mites
via epilated eyelashes under a light microscope, while
Cheng et al. counted mites by IVCM. Demodex infestation
is classically diagnosed by analyzing depilated eyelashes
under a light microscope. However, the most recent studies

© Annals of Translational Medicine. All rights reserved.

have showed that the Demodex mite and larvae inside
the lash follicles could be better detected by IVCM (27).
Second, Cheng et al. analyzed the eradication rate of the
upper and lower lids separately instead of analyzing them
simultaneously per person. Third, they only reviewed
the data 1 week after treatment and the follow-up period
was too short for observing the cumulative effect of IPL
treatment. In the study conducted by Zhang ez 4l., the
eradication rate was 55% (11/20) 1 month after IPL
treatment and had reached 100% by 3 months. In the

Ann Transl Med 2021;9(3):238 | http://dx.doi.org/10.21037/atm-20-1745
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Figure 4 MG dropouts at baseline, M1, M2, and M3 in the DI group and control group (orange). Both groups showed significant

improvement from baseline at any visit (P<0.01). The DI group showed better improvement than the control group at M3 (P<0.05).
*P<0.05; **P<0.01. M1, month 1; M2, month2; M3, month 3; DI, Denzodex infestation.
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Figure 5 Lid margin abnormality at baseline, M1, M2, and M3 in the DI group and control group. There was a significant difference

between the DI group and control group at any time point (all, P<0.01). In the DI group, the improvement from M1 to M3 was significantly

different (P<0.01). Lid margin abnormality in both groups was improved significantly from baseline at any visit. **P<0.01. M1, month 1; M2,

month 2; M3, month 3; DI, Demodex infestation.

present study, the eradication rate improved from 59.5%
at M1 to 66.67% at M2, and reached 83.3% at M3. Our
results are similar to those of Zhang et /. in that the
eradication rate continuously improved steadily 3 months
after OPT treatment. We speculate that the OPT treatment
may affect the reproductive capacity of the mites.

The mechanism of inducing Demodex coagulation
necrosis while preserving the surrounding follicle is
curious. In vitro experiments have shown that the optimal
temperature for Demodex development is 16-20 °C.

© Annals of Translational Medicine. All rights reserved.

Temperatures of <0 or >37 °C are harmful to the mites.
Lethal temperature is 54 °C, and the effective killing
temperature is 58 °C (25,28). The fifth-generation
M22 system uses an OPT model that can increase the
temperature in the targeted tissue area to a maximum of
70 °C without epidermal burning (29,30). We considered
the high temperature generated by the OPT as the lethal
temperature for the mites. Prieto er al. suggested that the
mites contain a chromophore that renders them more
sensitive to absorbing the energy delivered by the OPT.

Ann Transl Med 2021;9(3):238 | http://dx.doi.org/10.21037/atm-20-1745
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It is likely that the approximately spherical structure of
the mites cannot transfer energy as much as the open-
ended cylindrical hair follicles (8). Moreover, Zhang et al.
suggested that IPL may affect the germ of the mites to
inhibit their reproductive ability, and the high temperature
may damage the environment in which the mites live (9).

In addition to the therapeutic effect in eradicating
Demodex mites, we found that OPT treatment improved
the symptoms and signs of blepharitis and MGD. Meibum
composition, MG structure, and subjective symptom scores
improved significantly from baseline to post-treatment in
both the groups. Our results are in agreement with several
trials that have demonstrated the efficacy of IPL in treating
MGD (31,32). The mechanism by which these effects are
manifested still remains unclear, although there are several
hypotheses such as stimulating the release of inflammatory
mediators or softening the sticky meibum as a result of heat
transfer to the eyelids and MGs. Our study confirms the
above hypotheses. From our point of view, killing Demzodex
mites would have the direct effect of improving the
symptoms of anterior and posterior blepharitis; the latter
may be related to the death of D. brevis in the MGs. The
indirect effect could be related to the decrease additional
bacteria and fungi, or to the host’s immune response.

There were several limitations to our study. As the
benefits of OPT treatment may be cumulative, a long-
term study is necessary to better understand the effect and
mechanism of Demodex eradication by OPT. In addition,
although Demodex infestation is classically diagnosed by
analyzing depilated eyelashes under a light microscope,
this method cannot detect the presence of D. brevis inside
MGs. IVCM is more accurate for detecting the presence
of mites inside follicles or MGs, and for assessing the MG
microstructure. Therefore, similar studies using IVCM will
be required for the accurate detection of these mites.

Conclusions

It is the first prospective, consecutive, controlled study
on ocular Demodex infestation using a large sample size.
Our findings suggest that in patients with MGD, Demodex
infestation may cause more ocular surface damage and
inflammation, less efficiency of lid margin abnormality,
and slower recovery of corneal staining and conjunctival
congestion after OPT treatment compared with that in
those without Dermodex infestation.

© Annals of Translational Medicine. All rights reserved.
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