Clinical, Cosmetic and Investigational Dermatology Dove

Analysis of Treatment Efficacy of Intense Pulsed
Light (M22) for Meibomian Gland Dysfunction
with Demodex Mites

Weiliang Zhang'*, Xiaoqin Cao®*, Lu Yang?, Yajian Duan', Wei Zhang'

'Department of Ophthalmology, Shanxi Bethune Hospital, Taiyuan, People’s Republic of China; 2Department of General Surgery, First Hospital of Shanxi
Medical University, Taiyuan, People’s Republic of China; 3Department of Ophthalmology, Changzhi Aier Eye Hospital, Changzhi, People’s Republic of China

*These authors contributed equally to this work

Correspondence: Lu Yang, Changzhi Aier Eye Hospital, Luyangmen Middle Road, Luzhou District, Changzhi, 046000, People’s Republic of China,
Tel +86-3558128120, Email luyangl494@163.com

Objective: To investigate the effectiveness of intense pulsed light (M22) in treating patients with meibomian gland dysfunction
(MGD) caused by demodex mites.

Methods: A total of 100 patients (100 eyes) diagnosed with demodex mites through microscopic examination at Shanxi Bethune Eye Clinic
between June 2021 and May 2023 were selected using convenience sampling. The patients were randomly divided into two groups: an
experimental group (n=50) and a control group (n=50). The control group received comprehensive treatment consisting of artificial tears, warm
compress, anti-inflammatory eye ointment, hypochlorous acid cleansing, okra cotton pad, and meibomian gland massage. In addition to the
comprehensive treatment, the experimental group received intense pulsed light (M22) therapy. After 8 weeks of treatment, the mite clearance
rate and cure rate of dry eye were measured for both groups. The recurrence rate of dry eye was also observed 4 weeks after discontinuing M22
treatment.

Results: The experimental group achieved a mite clearance rate of 88.0%, while the control group had a rate of 58.0%, with
a statistically significant difference (* = 5.43, P =0.017). Regarding the cure rate of dry eye, the experimental group showed a rate of
92.0%, while the control group had a rate of 82.0%, with a statistically significant difference (y* = 3.61, P = 0.021). In terms of the
recurrence rate of dry eye, the experimental group exhibited a rate of 13.04%, while the control group had a rate of 26.83%, with
a statistically significant difference (y* = 4.18, P = 0.016).

Conclusion: Intense pulsed light (M22) demonstrated superior efficacy in eradicating demodex mites, treating dry eye, and
maintaining the treatment’s effectiveness compared to comprehensive treatment with medication in patients suffering from meibomian
gland dysfunction with demodex mites.
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Introduction
Meibomian gland dysfunction (MGD) is a chronic and diffuse eyelid gland disorder characterized by blockage of the
meibomian gland terminal ducts and abnormal quality of meibum secretion. It is recognized as one of the main causes of
evaporative dry eye. In addition to dry eye symptoms, MGD can also lead to serious corneal damage, foreign body
sensation, burning sensation, pain, blurred vision, photophobia, tearing, and chronic inflammation of the eyelid margins.
Prolonged inflammation can further damage the meibomian glands, exacerbating dry eye conditions and creating
a vicious cycle.

The etiology and risk factors of MGD include blepharitis, mite infestation, wearing of contact lenses, prolonged uncorrected
refractive errors, extensive use of electronic devices, dry environment, air pollution, endocrine abnormalities, rheumatological

conditions such as Sjogren’s syndrome, and certain systemic diseases. Among these factors, blepharitis is the most common cause
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of MGD, followed by mite infestation. However, it is worth noting that mites are detected in as high as 73% of MGD cases
associated with blepharitis,' indicating the significant role of mite infestation in the development of MGD.?

In the treatment of MGD, the effectiveness of single-drug therapy is generally limited. A comprehensive treatment
approach, which includes the use of artificial tears, antibiotics, corticosteroids, interferons, local massage, fumigation
therapy, nutritional supplementation, and lifestyle or occupational adjustments, has been recognized as the consensus for
MGD treatment.> In recent years, intense pulsed light (IPL) has emerged as an alternative treatment for MGD and has
gained increasing attention from clinicians. In our department, the application of IPL (M22) for the treatment of MGD
has demonstrated significant benefits in terms of mite elimination, improvement of dry eye symptoms, and long-term
treatment outcomes. The research findings are summarized as follows:

Data and Methods

Study Participants

A total of 100 patients (100 eyes) with Demodex confirmed by microscopic examination in the Bethune Ophthalmology
Clinic of Shanxi Province between June 2021 and May 2023 were selected by convenience sampling method, 50 patients
in the experimental group and 50 patients in the control group. Inclusion criteria: meet the diagnostic criteria for severe
MGD-related dry eye as specified in the Chinese Consensus on Dry Eye: Examination and Diagnosis (2020). Exclusion
criteria: (D) age over 60 years; (2 presence of lacrimal gland disorders, active inflammation, eyelid entropion or
ectropion, uveitis, and other ocular conditions; (3 history of ocular trauma, chemical burns, ocular surgeries, use of
corneal contact lenses, systemic rheumatic or immune diseases, Sjogren’s syndrome, pregnancy, or lactation; (4 history
of ocular medication within the week preceding the study. Informed consent was obtained from all participants and their
families, and the study was approved by the ethics committee of the hospital.

Research Methods

Severity of Dry Eye

We assessed tear meniscus height, non-invasive tear film break-up time, and meibomian gland examination using an analyzer,
and classified meibomian gland function into four levels (Figure 1). The grading criteria were as follows: normal - no missing
meibomian glands; mild - less than one-third of meibomian glands missing; moderate - one-third to two-thirds of meibomian
glands missing; severe - more than two-thirds of meibomian glands missing. Based on corneal staining with fluorescein
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Figure | Grading of Meibomian Gland Loss.
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sodium (Flu), tear break-up time (BUT), and Schirmer I test (SIT) for basal tear secretion, we divided the severity of dry eye
into three levels. Specific SIT measurement method: One end of the standard tear test strip (about 5 mm) was folded into
a right angle, one end of the test strip (folded end) was placed in the conjunctival sac in the medial third of the eyelid, and the
other end was placed outside the eyelid. At the same time, the patient was told to gently close both eyes, look straight
binocularly, and blink; after 5 minutes, the test strip was removed from the lower eyelid, and the wet length of the filter paper
was observed and recorded. < 60 years old, normal: infiltration length 10 ~ 25 mm; > 60 years old, normal: wet length <
10 mm, no obvious clinical symptoms. Dry eye <5 mm. BUT measurement method: BUT measurement method: The patients
were measured with fluorescein at a dose and concentration of 1 drop, 20 g/L, and the patients were blinked for 3 times to keep
both eyes straight in front of them, and the cornea of the eyes was saccaded with cobalt blue light to observe and record the
time from the last blinting to tear film break-up. FL determination method: The lower eyelid conjunctival sac of the patient was
touched by fluorescein test strip, and the staining of the patient ‘s cornea under cobalt blue light was also observed, 0 indicating
no staining of the corneal epithelium, 1 indicating staining area < 1/3 of the total area, 2 indicating staining area < 1/2 of the
total area, and 3 indicating staining area > 1/2 of the total area. The average scores of these three assessments were calculated,
and if the score was between 0 and 1 (including 1), it was classified as mild dry eye; between 1 and 2 (excluding 1 but
including 2), it was classified as moderate dry eye; between 2 and 3 (excluding 2 but including 3), it was classified as severe
dry eye. See Table 1 for details.

Methods of Ocular Mite Examination

Lid margin photography revealed evident blockage of meibomian gland orifices, as shown in Figure 2A, with a significant
accumulation of lipid droplets obstructing the orifices of the lower eyelid. The eyelid margin appeared irregular and not
smooth. After flushing the conjunctival sac with physiological saline, meibomian gland secretions were collected by
massaging the eyelids, and two eyelashes each from the nasal side, central, and temporal side of both upper and lower
eyelids, totaling 12 lashes per eye, were plucked and placed on glass slides. After dropwise addition of cedar oil, the samples
were examined under a 4x optical microscope for the presence of demodex mites. The mites were further observed under a 10x
microscope to confirm their viability (Figure 2B), and it was observed that three live mites were present around the eyelashes,
with one of them actively feeding on the hair follicle root tissue. Judge whether there is Demodex infection, if the number of
Demodex is > 1, record as infected; if the number of Demodex is < 1, record as no infection.

Treatment Methods

The control group received comprehensive treatment consisting of artificial tears, warm compress, anti-inflammatory eye
ointment, hypochlorous acid cleansing, okra cotton pad, and meibomian gland massage. The experimental group received
comprehensive treatment along with IPL (M22) therapy, once every two weeks for a total of four sessions. After 8 weeks
of treatment, the demodex clearance rate, dry eye cure rate, and dry eye recurrence rate after discontinuation of M22
treatment were measured in both groups.

Cure rate of dry eye:* cured: eye dryness, burning, foreign body sensation and other discomfort symptoms improved,
SIT > 10 mm, FLu = 0; significantly effective: eye discomfort symptoms significantly improved, 10 mm > SIT > 5 mm,
FLu = 1; effective: eye discomfort symptoms improved, SIT < 5 mm, FLu = 2; ineffective: a series of eye discomfort
symptoms did not improve signs, SIT < 5 mm, FLu = 3. Cure rate% = number cured/total number x 100%.

Demodex clearance rate:’ After 8 weeks, if the number of Demodex mites is < 1, it indicates no infection and
Demodex mites are eliminated.

Table | Score and Grading of Three Tests for Dry Eye

Scoring | Flu (Spot) | BUT (s) | SIT (mm) | Score Level
0 <3 2] 2| 0 0
| 4~10 6~10 6~10 0-1 [
2 11~50 2~5 2~5 1-2 2
3 25| <l <l 2-3 3
Clinical, Cosmetic and Investigational Dermatology 2023:16 htps: 3745

Dove:


https://www.dovepress.com
https://www.dovepress.com

Zhang et al Dove

b
E

S C2rotere 00 m e

Figure 2 Ocular Mite Examination Results.
Notes: (A) Lid Margin Diffuse Light Photography; (B) Live Demodex Observation under 10x Optical Microscope.

Comprehensive Treatment in the Control Group

1) Artificial tears: Sodium hyaluronate eye drops, instill 4 times per day.

2) Antibiotics: Tobramycin eye drops, instill 4 times per day + Tobramycin eye ointment, apply once at night.

3) Meibomian gland massage: Conduct in the eye clinic, once every two weeks for a total of four sessions.

4) Immunomodulatory drugs: Interferon eye drops, instill 4 times per day.

5) Acaricide: Local application of okra cotton pad once a day. After cleansing the eyelids with hypochlorous acid,
close the eyes and apply the wet pad to the eye area, keeping it in place for 10—15 minutes before gently wiping the
eyelid margins, eyelash roots, and periorbital area. Do not use on damaged skin. If there are any discomfort
symptoms such as redness or itching, discontinue use.

6) Local warm compress:® Apply Tobramycin eye ointment after using the acaricide for 10 minutes, then apply warm
compress for 30 minutes, once at night.

7) Meibomian gland massage: Conduct in the eye clinic, once every two weeks for a total of four sessions.

Treatment Methods in the Experimental Group

1) Set the parameters of the M22 IPL machine: energy gradient between 10—16J, pulse width between 3.5—12ms, pulse
delay between 40-60ms, and select the filter options of either 590nm or 560nm.

2) Eye protection measures: Wear appropriate eye masks to focus the light on the skin around the eyelids. Evaluate the
patient’s skin condition, pigmentation, and pain reaction during the treatment to adjust the energy, pulse width, and pulse
delay parameters. The operator can gradually increase the energy based on the patient’s tolerance level. For the upper
eyelid, use lower energy parameters and extend the pulse delay time. Before treatment, perform a test spot on the
patient’s cheek and closely observe the skin reaction. Feeling warmth or slight tingling is a normal treatment reaction.

3) Operating steps: Clean the face, use an opaque eye patch or eye mask to cover the patient’s eyes, and have
the patient keep their eyes closed throughout the treatment. When treating the upper eyelid, use an internal
eye shield to protect the inner eye tissue. Apply photon therapy gel evenly to all treatment areas with
a thickness of 2mm. Test a spot on one side of the cheek, observe the skin reaction, and ask the patient about
their sensations. Gently place the light guide therapy head on the gel and start emitting the light spot from
the patient’s ear area on one side, irradiating as close to the edge of the lower eyelid as possible, and treat
the cheekbone area, lower face, and nose until reaching the ear area on the other side. Repeat the process
twice. Further place the light guide therapy head close to the lower eyelid and perform the treatment twice.
After the irradiation is completed, cleanse the face gel and then perform meibomian gland massage.

4) Treatment cycle: Conduct before meibomian gland massage in the eye clinic, once every two weeks for a total of
four sessions.
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Statistical Analysis

Statistical analysis was conducted using SPSS 26.0 software. Measurement data were expressed as mean =+ standard
deviation (Means+SD), while count data were expressed as the number of cases and percentages (%). Chi-squared
(") test was used for comparison between the two groups, with P<0.05 indicating a statistically significant
difference.

Results

Baseline Characteristics of the Study Participants

A total of 100 study participants were included. The experimental group consisted of 29 males and 21 females, aged 18 to 60
years (mean age 45.10+7.42 years). The control group consisted of 30 males and 20 females, aged 17 to 59 years (mean age
43.10+4.42 years). There were 7 and 8 patients with severe dry eye in the control and experimental groups, respectively, 32
and 33 patients with moderate dry eye, and 11 and 9 patients with mild dry eye. There were no statistically significant
differences in age, gender, and severity of dry eye between the two groups (P>0.05), as shown in Table 2.

Comparison of Demodex Clearance Rate Between Two Groups
Comparing the experimental group with the control group, the demodex clearance rate was 88.0% in the experimental group
and 58.0% in the control group, with a statistically significant difference (y* = 5.43, P = 0.017), as shown in Table 3.

Comparison of Dry Eye Treatment Efficacy Between Two Groups

All patients were treated for 8 weeks, and the comprehensive evaluation of tear secretion, tear film break-up time,
meibomian gland atrophy, etc. was observed using a dry eye analyzer. The meibomian gland expression ability and
meibomian gland lipid quality were also assessed. The experimental group had a higher cure rate for dry eye compared to
the control group (92.0% vs 84.0%), with a statistically significant difference (y* = 3.61, P = 0.021), as shown in Table 4.
Among the patients who were not cured, there were 4 cases in the experimental group, including 1 case of moderate dry
eye and 3 cases of mild dry eye, and 8 cases in the control group, including 3 cases of moderate dry eye and 5 cases of

mild dry eye.
Table 2 Baseline Characteristics of Study Participants
Variable Experimental Group | Control Group | t/y* P
Age (x £ s, years) 45.10+7.42 43.10+4.42
Gender (Number of cases) 1.493 | 0.222
Male 29 30
Female 21 20
Severity of MGD (Number of cases) 0.282 | 0.868
Mild 1 9
Moderate 32 33
Severe 7 8
Table 3 Post-Treatment Demodex Examination Results in
Experimental and Control Groups (Cases, %)
Group M O | £ |P
Experimental Group 6 (12.0) 44 (88.0) 5.43 0.017
Control Group 21 (42.0) 29 (58.0)
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Table 4 Comparison of Dry Eye Cure Rate Between Two Groups
(Cases, %)

Group Dry Eye (%) | No Dry Eye (%) | 1* P
Experimental Group | 4 (8.0) 46 (92.0%) 3.61 | 0.021
Control Group 8 (16.0) 42 (84%)

Table 5 Comparison of Dry Eye Recurrence Rate Between Two Groups (Cases, %)

Group Total Cured Recurrence | No Recurrence | y* P
Cases (%) (%) (%)

Experimental Group | 46 (100%) 6 (13.04%) 40 (86.95%) 4.18 | 0.016

Control Group 42 (100%) Il (26.19%) 31 (73.81%)

Comparison of Dry Eye Recurrence Rate Between Two Groups

For all cured dry eye patients, the recurrence rate after discontinuation of treatment at 4 weeks was compared. The
recurrence rate was 13.04% in the experimental group and was 26.19% in the control group, with a statistically
significant difference (x* = 4.18, P = 0.016), as shown in Table 5.

Discussion

This study compared the mite clearance rate and dry eye cure rate in the control group and the experimental group after 8
weeks of treatment, as well as the recurrence rate of dry eye 4 weeks after discontinuation of M22. It was found that the
experimental group had higher mite clearance and dry eye cure rates, and a lower recurrence rate compared to the control
group.

MGD is the main cause of dry eye, accounting for 53—71% of all dry eye patients, and the incidence rate of MGD increases
with age. However, research has shown that” there are differences in the infection rate of demodex mites among MGD patients
of different ages. The proportion of MGD caused by demodex mites is highest in people under 40 years old, while MGD in
people over 60 years old is caused by multiple factors. Therefore, the cases in this study were all selected from individuals
under 60 years old, and we believe that demodex mite examination is important for middle-aged and young MGD patients.
Some studies suggest that males are more susceptible to demodex mite infection, possibly due to male sebum secretion
induced by androgens,® while other studies suggest that females have a higher infection rate, possibly due to the effects of
cosmetics on demodex mite proliferation.'® However, in this study, we believe that demodex mite infection is related to
personal hygiene and local meibomian gland function, without performing statistical analysis of demodex mite infection rates
by gender.

In this study, we found that [IPL M22 treatment had a good therapeutic effect, which was consistent with the results of
other studies."' The results showed that the clearance rate of Demodex in MDG was very high after IPL M22
intervention, and the possible mechanism was related to the heat produced by IPL M22. Many studies have found'*'?
that IPL M22 produces heat much higher than the suitable temperature for mite survival, interferes with the living
environment of mites with the mite, coagulates and necrotic proteins inside the mite, and blocks the cascade of
inflammation, so as to achieve the purpose of removing mites. After the intervention, the cure rate of dry eye in the
experimental group was significantly higher than that in the control group, and the possible mechanisms were the
following aspects. M22-optimized IPL treatment showed selective photothermal effects, promoting coagulation and
closure of abnormal eyelid capillaries and reducing the release of inflammatory factors, thereby removing a large number
of inflammatory sources from the eyelids and meibomian glands.'* In addition, this treatment has thermal radiation
effects that soften and increase flow to the meibomian gland,'® resolve meibomian gland obstruction, and reduce
microbiological burden, such as Demodex and bacteria. IPL M22 is able to improve the microstructure of the meibomian
gland in patients with MGD, and can also change the activity of meibomian acinar cells through light regulation and
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alleviate the inflammatory response of the gland and surrounding tissues.'®'® This treatment induces an increase in
adenosine triphosphate (ATP) production in mitochondria of meibomian gland cells and promotes fibroblast proliferation,
thereby improving the microstructure of the meibomian gland.'®?° The M22 optimized IPL therapy improves the
meibomian glands and ocular surface microenvironment from multiple aspects, reducing the levels of inflammatory
factors in the ocular tissues, thereby improving tear film stability and alleviating dry eye symptoms in patients. Although
the symptoms of dry eye were improved after combined therapy with IPL M22, it is unable to cure the condition, and
recurrence was observed in both the experimental and control groups. Similar findings were reported in the study
conducted by Chen et al.?! Some studies suggest that increasing the number of IPL treatment sessions and extending the
comprehensive treatment period to 3—6 months are required for patients with these conditions. However, it is important to

1?? found that meibomian gland probing

note that treatment effectiveness does not accumulate over time. Huang et a
(MGP), in combination with IPL therapy, yielded satisfactory results in the treatment of refractory MGD.

Moreover, during the treatment process with IPL M22, close attention needs to be paid to whether patients experience pain
or discomfort and skin reddening. If post-treatment symptoms include scab formation, edema, or blisters on the skin, it
indicates excessive irradiation with M22 and the treatment parameters should be adjusted accordingly. Additionally, strong
light exposure should be avoided after treatment to prevent skin pigmentation. Care should be taken to avoid the eyelashes and
eyebrows, and for patients with severe upper eyelid lesions, a protective eye shield should be placed before treatment.
Research has found that IPL irradiation can damage hair follicles and cause hair loss. Most importantly, during the treatment,
protective measures for the eyes should be taken. During treatment of the lower eyelid, patients should naturally close their
eyes or look towards the top of their head, while for treatment of the upper eyelid, patients should keep their eyes closed and
gaze towards the tip of their toes. An eye shield should be placed over the cornea to prevent strong IPL light from irradiating
the eyeball and causing serious complications such as vitreous opacities, Posner-Schlossman’s syndrome, and uveitis.**

Nonetheless, this study has certain limitations. Firstly, the sample size was small, which may limit the extrapolation of
the results. Therefore, in future research, large-sample and multi-center observational cohort studies should be conducted
to further validate the findings. Secondly, this study only observed the therapeutic effect of IPL therapy on MGD dry eye.
However, there are currently no guidelines or consensus on the interval between each treatment session and the interval
between each treatment course. Further research is needed on the treatment period and frequency.

Conclusion

In this study, we found that IPL M22 treatment of patients with meibomian gland dysfunction (MGD) caused by
Demodex mites could significantly increase Demodex clearance and dry eye cure rate and reduce dry eye recurrence rate
after stopping M22 treatment. Therefore, IPL M22 is safe and effective for Demodex in the treatment of MGD and is
recommended to be used in such patients to improve the quality of treatment.
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