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Abstract: Objective — To analyze and compare the efficacy of conservative vs. surgical treatment of chronic mixed blepharitis via laser
Doppler flowmetry and interferometry.

Materials and methods — We enrolled 42 patients (the sample of 84 eyes) with chronic mixed blepharitis in the study. Laser Doppler
flowmetry (LDF) was used to assess the microcirculation in the eyelid skin; interferometry was employed to evaluate the lipid layer of the
tear film. Patients in the treatment group were treated by meibomian gland probing (MGP) and by artificial tears with a lipid component,
introduced 4 times a day for 30 days. Subjects in the control group had their eyelid massaged in addition to administration of artificial
tears. Treatment efficacy was monitored at 1 week, 1.5 months and 3 months.

Results — MGP demonstrated a statistically significant positive effect, which persisted for 3 months after the procedure: specifically, the
restoration of the tear film stability by increasing the thickness of its lipid layer by 0.27-0.5 um. When comparing the interferoscopy results,
an increase in the area of the lipid layer absence was detected in the control group. Analysis of LDF results showed a decrease in
neurogenic and myogenic rhythms, as well as in the blood flow coefficient of variation in both groups. The lymph flow coefficient of
variation remained stable in the treatment group, while it tended to decrease in the control group.

Conclusion — The obtained data analysis on the basis of objective instrumental assessment of the eyelid morphofunctional state by the
methods of interferoscopy and LDF suggested that conducting MGP was more effective in chronic mixed blepharitis treatment, compared
with performing an eyelid massage.

Keywords: blepharitis, meibomian gland probing, microcirculation, laser Doppler flowmetry.

Cite as Safonova TN, Kintyukhina NP. Analyzing the efficacy of conservative versus surgical treatment of chronic mixed blepharitis via laser Doppler
flowmetry and interferometry. Russian Open Medical Journal 2022; 11: e0212.

Correspondence to Natalya P. Kintyukhina. Address: Research Institute of Eye Diseases 11 A, B, Rossolimo St.,, Moscow, 119021, Russia. Email:

natakint@yandex.ru.

progression. Besides, an eyelid massage has a risk of causing
subsequent meibomitis [4].

In 2015, S. Fermon was the first to demonstrate the efficacy of
six-month meibomian gland probing (MGP) in chronic severe
posterior blepharitis. However, in that study, along with a small
sample size (16 patients), there was no objective assessment of
the treatment efficacy via using instrumental methods for
evaluating the lipid layer in the tear film, and eyelid skin [5]. There
were no other similar studies among foreign publications.

Introduction

Mixed blepharitis accounts for 51.7 % of all eye diseases.
Furthermore, in 55% of cases, chronic blepharitis is accompanied
by the meibomian gland dysfunction [1]. Normally functioning
meibomian glands maintain the homeostasis of the ocular surface
and prevent evaporative form of the dry eye syndrome. Clinically,
chronic mixed blepharitis is a long-term disease with an
intermittent course, frequent relapses, evident subjective
symptoms with positive clinical dynamics, and the dry eye

syndrome. Underestimating the degree of damage to the glands,
along with a lack/inadequacy of regular therapy could lead to
thickening, deformation and scarring of the eyelid edges, trichiasis
and madarosis. An involvement of eyelid conjunctiva and cornea in
the pathological process deteriorates the functional state of the
eye even more and affects the patient psychoemotional profile [2,
3].

Currently, mixed chronic blepharitis is treated with drugs,
concomitantly with an eyelid massage. However, long-term
conservative therapy may not show any positive clinical dynamics,
and patient’s complaints could aggravate due to the disease

The goal of blepharitis therapy include normalizing the lipid
composition of the meibomian gland secretion, stabilizing the tear
film, and increasing the drug accessibility to the meibomian glands
[6].

The criteria for the efficacy of chronic mixed blepharitis
treatment usually include the volume of tear production and the
tear breakup time, along with the condition of the bulbar and
palpebral conjunctiva, meibomian glands, their secretion,
identified via biomicroscopy [7, 8].
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The subjectivity of obtained results assessment may not reflect
the true nature of the pathophysiological processes in the eyelids
and meibomian glands.

Our previous studies substantiated the role of microcirculatory
disorders in the development of chronic mixed blepharitis [9, 10,
11]. The parameters characterizing the perfusion and the
amplitude-frequency spectrum of the blood-and-lymph flow in the
eyelids were determined via laser Doppler flowmetry (LDF). The
obtained results allowed an objective assessment of the
inflammation degree. Hence, our earlier studies have become the
prerequisite for using LDF as an objective criterion for determining
the severity of eyelid lesions and the efficacy of therapeutic
treatment of chronic mixed blepharitis.

LDF was widely used abroad because of the series of studies
on the human cutaneous blood flow conducted in 1979-1984 by
several research teams [12, 13]. LDF was later employed to assess
the surficial blood flow in the eyelids after reconstructive surgeries
in order to predict the viability of skin flaps and grafts, assess the
state of periorbital tissues, benign and malignant lesions, and
dermatochalasis [14, 15, 16]. There were no foreign studies of the
blood flow and, especially, lymph flow in the eyelids in conditions
of a chronic blepharitis.

Microcirculatory disorders are among the factors influencing
the quantitative and qualitative composition of the meibomian
gland secretion [17]. In this study, modified interferoscopy was
used as an objective method for the comprehensive
characterization of the condition of the lipid component in the
tear film, and of meibomian glands in general, over time. A
number of foreign authors used interferometry only for diagnosing
the evaporative dry eye syndrome and the meibomian gland
dysfunction [18, 19].

Along with clinical, functional and laboratory methods, the
above-mentioned objective morphofunctional methods
(interferoscopy and LDF) were used for the first time in our study
to assess the conservative versus surgical treatment approaches to
chronic blepharitis.

The study objective was to analyze and compare the efficacy of
conservative versus surgical treatment of chronic mixed blepharitis
based on laser Doppler flowmetry and interferometry data.

Material and methods

The study included 42 patients (i.e., the sample of 84 eyes)
with chronic mixed blepharitis without the signs of demodectic
lesion of their eyelids (35 women and 7 men, 68.4+3.8 years old),
randomly assigned into the treatment (20 patients, 40 eyes) and
control groups (22 patients, 44 eyes). Both groups were identical
in gender and age composition.

Clinical and functional methods

All patients completed the Standard Patient Evaluation of Eye
Dryness (SPEED) questionnaire and underwent clinical, functional,
laboratory and instrumental eye examinations [20].

In the course of biomicroscopy, the integral indicator of eyelid
inflammation (hyperemia and edema) and conjunctiva irritation
(hyperemia, edema, conjunctival folds, conjunctival sac discharge)
was calculated using a four-point scale, where 0 points
corresponded to the absence of symptoms, 1 pointto mild
symptoms, 2 pointsto moderate symptoms, and 4 pointsto
distinct symptoms [21].

The volume of tear production (Schirmer’s test 1) [22], the tear
breakup time (TBUT) [23], the number of actively functioning
meibomian glands [24] were identified, and compression test was
performed [25].

Instrumental methods

The condition of the lipid layer in the tear film was evaluated
via interferoscopy, based on analyzing the photographic image of
the interference pattern of the color interference phenomenon.
Digital images of the lipid layer were obtained using a photo-slit
lamp with a special illuminator. In order to make the results of the
study objective, Lacrima computer program (registration number
2010613451, Federal State Budgetary Scientific Institution
‘Research Institute of Eye Diseases’, Russia) was employed. This
software analyses data on the thickness of the lipid layer and the
area of investigated region, and determines the uniformity of the
lipid distribution [26].

LDF was used to assess the eyelid skin microcirculation
(peripheral blood and lymph flow analyzer LAZMA MC (LAZMA
Scientific Production Enterprise LLC, Russia). Several parameters of
the blood and lymph flow perfusion were measured during LDF.
The coefficient of variation (CV) was calculated as the ratio of o
(mean perfusion fluctuation relative to the mean blood/lymph
flow values) to M (mean perfusion of the blood/lymph flow within
the recording time). The regulatory factor activity was computed
as the ratio of A (the average of maximum amplitude values of
oscillations in the corresponding frequency range) to M (myogenic
rhythms of the blood flow). Neurogenic rhythms of the
blood/lymph flow were measured as well [14].

Laboratory tests

Microbiological testing of the conjunctival sac content and
eyelid examinations for the presence of Demodex gen. were
carried out [27].

Treatment techniques

Patients in the treatment group were treated by MGP using a
sterile  microspatula  (Titan  Medical, Russia, No.ROSS
RU.TSSH.K00713) with subsequent administration of artificial tears
with a lipid component 4 times a day for 30 days [5]. Patients in
the control group had their eyelid massaged (the total of 10
sessions) every other day in addition to administering artificial
tears with a lipid component 4 times a day for 30 days [4].
Treatment efficacy was monitored at 1 week, 1.5 months and 3
months.

Statistical data analysis

The data were statistically processed using Microsoft Office
2007, IBM SPSS Statistics v.22, and GraphPad Prism 6 for Windows.
Data distribution was analyzed using the Shapiro-Wilk test. With a
normal distribution of sample values, the mean value and its
standard deviation were determined, and differences were
assessed using Student’s t-test, and paired samples t-test. When
distribution differed from normal, the median and interquartile
range were determined, and Mann-Whitney U test and Wilcoxon
test were conducted. Differences between the values were
considered statistically significant if the error probability was
below 5% (p<0.05).
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Table 1. Dynamics of clinical and functional parameters during the patient follow-up

Follow-up stages

Parameters Patient group Before 1 week after 1.5 months after 3 months after
Hyperemia of the eyelids, Me (25%; Treatment 4(1;4) 2(1;2) 1(0;1)* p=0.038 1(0;1)
75%), points Control 4(1;4) 3(1;3) 2(1;3) 2(1;3)

. . Treatment 4(2;4) 2(1;2) 1(0;1)* p=0.031 1(0;1)
Eyelid edema, Me (25%; 75%), points Control 3(1.3) 3(1:3) 2(1:3) 2(1:3)
Schirmer’s test 1, Treatment 5.5+1.8 11.5%4.3 14.2+6.3* p=0.014 14.4+5.6
M £ SD, mm Control 6.4+2.5 9.8+4.1 10.5%4.9 7.1+3.4

Treatment 5.3+1.2 12.8+5.5* p=0.018 14.7+6.4* p=0.029 14.945.7
TBUT, M £5D, s Control 7.243.1 9.944.2 10.5+4.5 6.3+1.5
Compression test, Me (25%; 75%), Treatment 2(1;2) 0(0;1)* p=0.019 0(0;1) 0(0;1)
points Control 2 (0;2) 1(0;1) 1(0;2) 1(0;2)
SPEED survey, Treatment 18 (14;22) 8 (4;12)* p=0.025 6 (4;12)* p=0.042 6 (6;16)
Me (25%;75%), points Control 16 (12;18) 12 (6;18) 10 (8;20) 18 (10;22)

TBUT, tear breakup time; SPEED, Standard Patient Evaluation of Eye Dryness survey; MSD, mean and standard deviation; Me (25%; 75%), median and
interquartile range (25™-75% percentile). * — the data are statistically significantly different from the previous value.

Table 2. Distribution of microcirculatory oscillation amplitudes at various follow-up stages

Average values, M + SD, %

Parameters Patient group Follow-up stages
Before 1 week after 1.5 months after 3 months after
Neurogenic blood flow rhythms Treatment 2.3x0.4 6.2+2.8* p=0.021 11.5+4.5*% p<0.001 9.143.2* p=0.026
Control 1.940.2 2.5+0.6 5.2+1.2 4.8+1.7
Myogenic blood flow rhythms Treatment 1.440.2 5.3+2.2* p=0.048 9.4+3.5% p=0.017 7.543.2* p=0.022
Control 2.240.8 3.7¢1.3 6.8+2.1 2.1+0.9
Neurogenic lymph flow rhythms Treatment 3.5%1.2 9.6+3.5* p=0.041 12.1+5.6* p=0.012 10.5+4.3* p=0.035
Control 4.7+1.5 4.5+1.6 4.3%+1.7 2.8+0.4

M1SD, mean and standard deviation; * —the data are statistically significantly different from the previous value.

Results

The questionnaire scores, along with the results of clinical and
functional patient examinations before the treatment and at
different follow-up stages, are presented in Table 1.

As demonstrated by the monitoring results at follow-up stages,
the most pronounced clinical and functional results were obtained
in the treatment group. Interferoscopy performed in both groups
prior to the treatment, revealed that the areas without the lipid
layer (47.416.8%, p=0.015 in the treatment group vs. 48.1+8.2%,
p=0.023 in the control group), along with the areas with a
thickness the lipid layer of 0.07-0.13 um (45.3%9.4%, p=0.018 in
the treatment group vs. 51.2+6.1%, p=0.044 in the control group),
prevailed. Pretreatment LDF established the predominance of non-
nutritive arterial hyperemia and ischemia in the eyelid skin, which
was typical for moderate circulatory disorders (in a mixed
congestive and ischemic form). Low activity of the lymph flow
neurogenic rhythms was noted. The amplitude-vs.-frequency
spectra of the blood and lymph flow microperfusion are presented
in Table 2.

A week after the treatment, patients in both groups exhibited
reduced SPEED scores and enlarged TBUT. The compression test in
patients of the treatment group vyielded a smaller score.
Interferoscopy results revealed reduced area without the lipid
layer in the tear film (39.5+8.2%, p=0.021 in the treatment group
vs. 45.2%5.3%, p=0.035 in control subjects). An increase in the
thickness of the lipid layer up to 4.8£1.7% (p<0.001) within the
range of 0.27-0.5 um was recorded only in treatment patients.
LDF yielded higher coefficients of variation for both blood flow
(Figure 1) and lymph flow (Figure 2) in the eyelids, accompanied by
metabolism activation in the microcirculatory system, along with a

dominance of neurogenic rhythms in the lymph flow, exclusively in
the treatment group.

One and a half months after MGP, questionnaire score,
biomicroscopy, functional tests and instrumental examinations
have demonstrated pronounced positive clinical responses. On the
other hand, there were no changes in the clinical picture of
patients in the control group. Interferoscopy revealed a decrease
in the area without the lipid layer (35.1+4.6%, p=0.014 in the
treatment group vs. 40.845.2%, p=0.028 in the control group),
with a greater change observed in the treatment group. LDF of the
blood flow in the study group revealed an increase in neurogenic
(by 5.3%, p<0.001) and myogenic (by 4.1%, p=0.017) rhythms, and
the former prevailed. At the same time, circulatory disorders were
considered insignificant. In control group patients, values of the
corresponding oscillations were lower. Furthermore, the activity of
the lymph flow augmented in the treatment group: the coefficient
of variation increased, with predominance of neurogenic rhythms.

At the 3-month follow-up stage, 62% (p=0.038) of patients in
the control group showed an increase in the SPEED score.
Interferoscopy in the treatment group exhibited an increase in the
thickness of the lipid layer of the tear film up to 6.5+2.4%
(p=0.011), within the range of 0.27-0.5 um. On the contrary, in the
control group, the areas without the lipid layer increased up to
50.4+7.1% (p=0.033), which implied destabilization of the tear
film. LDF yielded a reduction in neurogenic and myogenic
microcirculatory rhythms, and the blood flow coefficient of
variation in both groups. The lymph flow coefficient of variation in
the treatment group remained stable, whereas it tended to
decline in the control group.

© 2021, LLC Science and Innovations, Saratov, Russia

WwWw.romj.org



ISSN 2304-3415, Russian Open Medical Journal 40f 6

2022. Volume 11. Issue 2 (June). Article CID e0212

DOI: 10.15275/rusom|.2022.0212

Ophtalmology

20 7] Main
® group
- Control
15 | group
x
: s
[~ ,/ e
T 10 1
o
=)
Q =
- e
o
3s 1
0

T
1.5 month 3 n"10nth
Follow-up period

T
Before 1 week

Figure 1. Dynamics of the blood flow coefficient of variation at different
follow-up stages. CV, coefficient of variation.
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Figure 2. Dynamics of the lymph flow coefficient of variation at different
follow-up stages. CV, coefficient of variation.

Discussion

The analysis of foreign and domestic publications disclosed
that outpatient diagnostic methods of chronic blepharitis
treatment impeded an objective assessment of the eyelid
inflammation severity, as well as its persistence after the therapy
[6, 7].

A number of foreign studies demonstrated an importance of
interferometry of the lipid layer in the tear film to confirm the
diagnosis of meibomian gland dysfunction and evaporative dry eye
syndrome [18, 19]. However, the above method and was not used
to assess the efficacy of conservative treatment of these
conditions and to diagnose chronic blepharitis. The analysis of
microcirculatory changes in the eyelid skin caused by blepharitis
was not used for that purpose either. As a result, it was not
possible to characterize comprehensively the morphofunctional
state of the ocular surface [28].

In a few studies by foreign researchers, MGP was carried out
solely in patients with obstructive dysfunction of the meibomian
glands and ocular rosacea [6,29]. In such case, the criteria for
assessing the efficacy of treatment were the parameters of such
subjective methods as the ocular surface disease index, eyelid
biomicroscopy, TBUT, compression test, Schirmer’s test 1, and
fluorescein eye staining [30, 31, 32]. The only time instrumental
methods (meibometry, interferometry of the lipid layer of the tear
film, and infrared meibography) were employed was the study by
N. Nakayama et al., during which the methods were used to

demonstrate the pre- vs. post-MGP condition of meibomian glands
in obstructive meibomian gland dysfunction [33].

In our study, the values of the indicators of the
morphofunctional eyelid condition, obtained with LDF and
interferoscopy, became decisive for the treatment efficacy
assessment, as opposed to clinical and functional diagnostic
methods. Chronic mixed blepharitis is known for destabilizing the
quantitative and qualitative composition of the tear film [28]. The
need for an objective assessment of the tear film changes, caused
by this ailment, justified the use of interferoscopy, which had not
previously been employed by foreign and domestic researchers for
this purpose. In chronic blepharitis, the dynamics of such
parameters, as the thickness of the lipid layer and the area
without the lipid layer, serves an early indicator of both tear film
destabilization and meibomian gland dysfunction.

In the course of conducting LDF, the main activity indicators of
microcirculatory blood-and-lymph flow regulatory mechanisms,
characterizing the extent of inflammation, were the coefficient of
variation, along with neurogenic and myogenic rhythms, which
supported the data of Kh.P. Takhchidi and I.A. Filatova [34, 35].
The coefficient of variation is an important objective parameter
reflecting the overall state of microperfusion, an increase of which
implies improvement. The influence of the sympathetic nervous
system on arterioles determines the neurogenic tone. The
myogenic tone is involved in the regulation of blood inflow into
the nutritive capillary bed by means of precapillary sphincters [14].
Hence, the listed parameters were used as criteria for assessing
the efficacy of chronic mixed blepharitis treatment.

The results of our study demonstrated the need for evidence
in the form of using instrumental methods (interferoscopy and
LDF) for assessing the therapy efficacy. The proven efficacy of
minimally invasive surgical intervention, compared with eyelid
massage, makes it possible to recommend MGP as a treatment
option for chronic mixed blepharitis, especially considering the
development of the resistance to conservative therapy.

Conclusion

The analysis of the obtained data, conducted on the basis of an
objective instrumental assessment of the morphofunctional eyelid
state via interferometry and LDF, implied that performing MGP has
exhibited a higher efficacy of treating chronic mixed blepharitis,
compared with an eyelid massage.
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