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<> Objective: to evaluate the clinical efficiency of eyelid cryotherapy with an autonomous titanium nicke-
lide cryoapplicator in patients with ocular rosacea regarding the dynamics of pro- and anti-inflammatory
cytokines contents at local levels. Materials and methods. 65 patients with ocular rosacea were observed.
Depending on the therapy received, the patients were divided into two groups: in the main group, eyelid
cryotherapy was applied for 2 weeks with an autonomous cryoapplicator made of porous-permeable titanium
nickelide, and in the reference group, the patients received a traditional treatment for a month. The contents
of cytokines (IL-1pB, IL-8, IFN-a, IL-2, IL-10) in lachrymal fluid was evaluated by ELISA on Days 3, 7 and
30 after treatment. Results. The opposite nature of cytokine balance changes and the ratio of its pro- and
anti-inflammatory link during the follow-up period were revealed. A reliable dynamic increase of examined
[FN-a and IL2 content in the lacrimal fluid after cryostimulation can evidence for an adequate activation of
cellular immunity link, as well as for enhancement of regeneration mechanisms. Conclusion. The analysis
of obtained data evidences for a high efficiency of clinical and immunological effect of lid cryotherapy using
titanium nickelide cryoprobe for ocular rosacea treatment.
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<> Leabv — oUEHUTH KAUHHUECKYIO 3(D(PEeKTUBHOCTL KPUOTEPANHH BEK aBTOHOMHBIM KPHOATMIMKATOPOM
M3 HMKeJIHAA THTaHa y NAaLHEHTOB ¢ odTajsbMoOpo3alea ¢ yuéToM IMHAMHUKH JIOKaJbHOTO YPOBHS COMlep-
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JKaHus MPO- U MPOTUBOBOCHAJNUTENbHBIX LIUTOKUHOB. Mamepuaast u memodot. 1oy HabJtofeHHEM Ha-
XOMJIOCL 65 MalueHToOB ¢ odraibMoposallea. B 3aBUCHMOCTH OT noJydyaeMoil Tepanuu GoJibHble OblIH
pasnesieHbl Ha JBe TPYMIbl: B OCHOBHOH TPYTINe MPOBOAUJIN KPHOTEPATIHIO BEK aBTOHOMHDLIM KPHOATTIJIH-
KaToOpOM M3 TIOPUCTOTIPOHHIIAEMOTO HHKeJIWJa THTaHa B TeueHHe JBYX Hejesb, B I'pPyIIe CpaBHEHHS —
TpajuIlMoOHHOE JieueHHe B TeueHHe Mmecsna. Conepxkanue uutokunon (IL-1B, IL-8, IFN-a, 1L-2, IL-10)
B CJIE3HOW »KUJIKOCTH OllEHHBAJIM METOJOM MMMYyHO(EPMEHTHOro aHaau3a Ha 3, 7 u 30-e cyTKu nocJie
JieueHusi. Pedyaomamot. YCTaHOBJIEH IPOTHBOMOJIOKHbIH XapaKTep U3MeHeHU il 6ajlaHca LIMTOKMHOB U CO-
OTHOIIEHUSI €ro NMPO- U MPOTUBOBOCMAJUTEJNBHOTO 3BeHa B CpoKU HabJioneHus. JlocToBepHoe yBenueHHe
cofiepXKaHusl B CJE€3HOH KUAKOCTH oOcyaenyeMbix [FN-a u [L-2 B nuHaMuke mocjie KpUOCTUMYJSILUU MO-
JKeT CBHJIETEJbCTBOBAThL 00 aqeKBAaTHOH aKTHBAIIMHU KJETOUYHOTO 3BeHAa HMMYHHTETa, a TakxXKe 06 ycuJse-
HUW MEXaHHW3MOB pereHepaliu. 3akaroderue. AHaaua MoJyuyeHHbIX JaHHBIX CBUIETEIbCTBYET O BHICOKOMH
KJIMHUKO-MMMYHOJIOTHUECKOH 3(PPEKTUBHOCTH KPUOTEPATIMH BEK KPHOATITIJIMKATOPOM M3 HUKEJIH/a THTaHA
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y NalHeHToB ¢ oTasbMopo3alea.

<> Karouesole caosa: NUTOKUHDL, cje3a; ohTajbMopo3aliea; KpHOanmanKaTop U3 HUKEJU/Ia THTaHa.

Rosacea is a chronic inflammatory disease of the
facial skin, and its pathogenesis is primarily caused
by angioneurosis mainly localized in the area of in-
nervation of the trigeminal nerve. The exact etiology
of dermatosis is still not known. Vascular disorders,
changes in the connective tissue of the dermis and
pilosebaceous apparatus, microorganisms, dysfunc-
tion of the gastrointestinal tract, immune disorders,
psychovegetative disorders, and climatic factors have
been proven to be essential in the disease develop-
ment.

In the Russian Federation, the proportion of rosa-
cea among dermatological diagnoses is approximately
5%, and it mostly affects women aged 30—50 years
who usually exhibit a genetic predisposition [1, 2].

Rosacea is characterized by transient or persistent
erythema of the face, telangiectasias, papulopustular
elements, and sometimes phymatous abnormalities.
A pronounced immunological imbalance in rosacea
often occurs in combination with other dermatoses
(i. e., horny eczema, psoriasis vulgaris, and sclero-
derma) [1—3].

In 60%—80% of patients, dermatosis occurs on
the eyes, which is a special form of rosacea, called
ocular rosacea. Ocular manifestations occur earlier
(sometimes by 1-2 years) than skin symptoms in
20% of these patients [4].

The complex of ocular rosacea symptoms in-
cludes lesions of the eyelids, conjunctiva, and cornea.
The lesions of the eyelids are most often manifested
as chronic blepharitis, dysfunction of the meibomian
glands, and recurrent chalazion. At examination of
the conjunctiva, telangiectasia and chronic diffuse
hyperemia are detected, whereas granulomas, phlyc-
tenas, and cicatricial changes can occur in severe
cases. Rosacea keratitis is clinically characterized by
superficial punctate keratopathy, marginal corneal

vascularization, subepithelial peripheral infiltration,
stromal thinning, and secondary microbial infection
induced changes [5]. Under conditions of a common
anatomical space and closed microcirculatory interac-
tion, the lesions of the eyelids, conjunctiva, and cor-
nea in ocular rosacea tend to form a single complex of
pathologically modified structures with modifications
of predominantly inflammatory nature. Blepharitis is
an example of such pathological condition, which is
represented by chronic bilateral inflammation of eye-
lid margins and the conjunctiva.

To date, the role of Demodex mite in the patho-
genesis of rosacea has not been established. In 2007,
Lacey et al. found that Bacillus oleronius in Demo-
dex mite has the ability to produce pro-inflammatory
proteins of 62- and 83-Da, which increases the ac-
tivity of mites and other microorganisms, such as
Streptococcus, Staphylococcus, Propionibacterium
acnes, Malassezia fungi. In an active disease, the
mite can cause mechanical damage to the glandular
epithelium and lead to inflammation by its antigenic
effect. According to various authors, pathogenic prop-
erties of Demodex can be stimulated by changes of
the sebum composition and impairment of the micro-
biocenosis constancy of the skin, which often occur
in somatic pathological conditions [6].

Constant foreign body sensation in the eyes, acute
pain, itching, redness, dryness or tearing, visual dis-
comfort, and noticeable cosmetic defects dramatically
reduce the quality of life in patients with this condi-
tion.

These aforementioned features emphasize the im-
portance of rosacea treatment. Because rosacea has
a chronic course, the key objectives of the therapy
include reduction of symptom severity and prolonga-
tion of the remission period. The urgency to find solu-
tions to these challenges is driven by low efficiency
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of known treatment methods as well as by the long-
term palliative nature of the therapy for demodecosis
blepharitis, which is the main clinical manifestation
of ocular rosacea.

A promising treatment method of eyelid lesions
in ocular rosacea is contact cryo-impact using au-
tonomous cryoprobe made of a porous, permeable
titanium nickelide, which most closely corresponds
to the function of the cryoprobe based on its com-
plex technical characteristics. Its permeable porosity
ensures the fast soaking of the pores with a liquid
cooling agent, and upon contact with the medium,
intensive evaporation of liquid nitrogen, and stable
temperature occurs without freezing the tissues. The
second channel for heat removal and cooling is pro-
vided by the heat capacity and thermal conductivity
of the material, which enables sufficient and effective
functioning of the titanium nickelide. The cryogenic
equipment, which was adapted for use on the eyelid,
opens new possibilities for its application in ophthal-
mology [7].

The prevailing role of local over systemic immunity
in eye inflammation has been proven [8, 9]. With this,
an imbalance in cytokine production can disrupt the
relationships within the local system, which ulti-
mately leads to regeneration pathology such as per-
sistent wounds, rough cicatrization, and development
of severe exudative reactions [10]. Assessment of the
local level of cytokines in the lacrimal fluid, where
they get because of the destruction of the conjunctival
or corneal cells, enables more accurate detection of
changes in the eyes [11—13]. In particular, an in-
crease in the concentration of interleukinl (IL-1) and
tumor necrosis factor-a (TNF-a) in the lacrimal fluid
and serum is an unfavorable prognostic sign during
the postoperative period, correlating with the develop-
ment of post-traumatic complications in patients with
corneal lesions [14].

Given the necessity to establish new treatment
methods for ocular rosacea, this study aimed to clini-
cally evaluate the efficacy of cryotherapy for the eye-
lids using an autonomous cryoprobe made of titanium
nickelide in patients with ocular rosacea, taking into
account the changes in the local level of pro- and
anti-inflammatory cytokines over time.

MATERIAL AND METHODS

A total of 65 patients (16 men and 49 women, aged
24—068 years) with ocular rosacea were under ob-
servation. In these patients, symptoms of blepharitis
and conjunctivitis prevailed in the clinical presenta-
tion of ocular lesions, whereas chalazion and mei-
bomitis were less frequently noted, and keratitis was

al
E

found only occasionally. In all patients, the presence
of Demodex mite was confirmed by laboratory tests.

Depending on the therapy received, the patients
were divided into two clinically equivalent groups.
In the study group (34 patients), eyelids were sub-
jects to cryotherapy using an autonomous cryoprobe
of porous permeable titanium nickelide for 2 weeks.
In the comparison group (31 patients), patients re-
ceived a traditional treatment for 1 month (Feder-
al Clinical Guidelines for the Management of Patients
with Rosacea, 2015). For a comparative assessment
of changes in cytokine levels in the lacrimal fluid,
the corresponding data from healthy individuals
(25 people) representing the control group were used.

Regarding medical history, the circumstances of
the disease occurrence, treatment, possible trigger
factors, and presence of concomitant eye diseases
were clarified. All patients underwent a compre-
hensive ophthalmologic examination, including vi-
sometry, autorefractometry, keratometry, automated
perimetry, pneumotonometry, ultrasonography (echo
biometry, echoscopy), biomicroscopy, and ophthal-
moscopy.

The substrate for the immunological study
was lacrimal fluid specimens taken from patients
on days 3, 7, and 30 during and after the treat-
ment period. Cytokine content (IL-1B, IL-8, inter-
feron (IFN)-a, IL-2, and IL-10) was assessed by
enzyme immunoassay using a test system of the
Cytokine company (St. Petersburg) on an ASCENT
analyzer (Finland). For analysis of statistical indi-
cators, Student’s ¢-test, Microsoit Excel programs,
and STATISTICA 6.0 application software were
used.

Cryotherapy of eyelids was performed by contact
application of a volume element (modified for eyelid
use) of porous permeable titanium nickelide (favor-
able decision for invention No. 2018 122 196) cooled
in liquid nitrogen with a 5—7 s exposure in a moving
roller and applied 4—5 times per session for each eye-
lid. This was done in combination with cryostimula-
tion of the facial skin using a movable roller made of
porous permeable titanium nickelide. One procedure,
including eyelid treatment of both eyes and facial
skin, lasted for 5—7 min. The treatment was per-
formed daily or every other day at 5—10 procedures in
each eye on an outpatient basis, and the eyelid state
was monitored by slit lamp (Carl Zeiss, Germany)
examination. The skin state was monitored by pho-
tocontrol. Local anesthesia was not used. Microtools
were used, particularly a sterile anatomical micro-
tweezer, autonomous cryoprobe made of porous per-
meable titanium nickelide (Russia), adapted for use
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on the eyelid, as well as Dewar device (Russia) filled
with liquid nitrogen. The cryoinstrument was steril-
ized on the day of cryotherapy in the STERRAD® NX
system (USA), followed by the use of liquid nitrogen.

After the procedures, an alcoholic solution of Valo-
cordin was used for external treatment of the eyelid
margins twice a day for 2 weeks. Laboratory studies
(i. e., acarogram, inoculation from the conjunctiva)
and Schirmer’s test were performed in all the patients
over time. Photodynamic follow-up was performed at
photo-slit lamp Topcon (Japan), equipped with a com-
puter system unit and specialized software.

In the comparison group, known methods of treat-
ment were used, namely Blepharogel application, and
eyelid margins were treated with an alcohol solution
of Valocordin twice a day. During the follow-up, sys-
temic therapy was not performed.

All studies were conducted in accordance with the
Declaration of Helsinki of the World Medical Asso-
ciation (2000) and Protocol of the Council of Eu-
rope Convention on Human Rights and Biomedicine
(1999). Each patient provided an informed consent
to treatment. The study was approved by the Ethics
Committee of the Kuban State Medical University
(the opinion of the Ethics Committee — Minutes
No. 30, meeting date: 09.17.2014).

RESULTS AND DISCUSSION

When the surgical part of the cryoinstrument
comes in contact with the affected tissues, a sharp
(impact) cold effect is felt, which is localized to
the site of contact with the pathogen and weakly
penetrate the surrounding healthy tissues. The
temperature of the device tip in the zone of con-
tact with the skin surface ranges from —100 °C to
—120 °C; despite the extremely low-temperature
conditions, the exposure (measured in s) induces the

therapeutic effect of cryotherapy. According to the
acrogram data, in patients, who received a course
of eyelid cryostimulation with increased number of
procedures, the number of zooids of Demodex mite
(from 9—10 mites on 8 eyelashes to 1—2 mites on
12 eyelashes) and eggs decreased. Many adult zo-
oids were eliminated or immobile, and the nymphs
were torn and twisted. At the end of the therapy,
the mites on the eyelids disappeared. With this,
an improvement in subjective sensations was also
noted, particularly the disappearance of itching and
burning in the eyelids, sandy-gritty sensation, and
pain in the eyes. After long-term cryogenic treat-
ment (1—1.5 months or longer), fragility and loss
of eyelashes, small abscesses along the free mar-
gin of the eyelids, dystrophic changes of the bulbs,
squamate irregularities, roughness of the eyelash
stems, depigmentation, and cufi-like thickening
were not observed. After cryostimulation, the facial
skin condition in patients with rosacea significantly
improved, and the maximum effect was observed
after ten treatment sessions (Fig. 1). Cryotherapy
of the eyelids, including reduction of corneal neo-
vascularization, inhibited the inflammatory response
of the cornea caused by rosacea keratitis (Fig. 2).
The therapeutic anti-inflammatory effect was sub-
stantiated by the milder effect of cold on corneal
tissues, which sparingly mediated through the con-
junctiva inside the eyelids and stimulated the regen-
erative potential of damaged tissues.

In the comparative assessment, the initially high
local levels of pro-inflammatory IL-8 decreased
1.13 times 3 days after cryostimulation, whereas that
after traditional therapy increased 1.3 times relative to
the initial level. Later, similar pattern of changes in
the local level of IL-8 were observed in the compared
groups, which markedly decreased with cryostimula-

a

Fig. 1.

Facial skin condition of Patient G., aged 58, with rosacea (a), and after 7 days of cryotherapy treatment No. 10 (b)

|
Puc.1. Cocrosuue koxu nuua y nauventku [, 58 sier, ¢ posauea (a) u uepes 7 jHel rocJe MpoBejieHUs Kypca KpHoTepa-

B nun Ne 10 (b)
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a
Fig. 2.
B cryostimulation No. 10 ()
Puc. 2.
B kpuoctumyssiuuu sexk Ne 10 (b)

Table 1 / Tabnuua 1
|

b

Condition of cornea in Patient C., aged 24, with rosacea-keratitis before cryotherapy (a), and aiter the course of eyelid

Cocrosinre poroBullbl y nauuentku C., 24 roaa, ¢ posallea-KepaTHTOM JI0 KpHOTEpanuu (a) 1 1ocJe npoBeieHus Kypca

Change of local cytokine contents in lacrimal fluid in patients with blepharitis in the dynamics after cryostimulation (M = m)
N3meHeHKe NOKanbHOTo COREMKAHNA LMTOKMHOB B CNE3HOM XUAKOCTH NALMEHTOB ¢ Gnethaputom B UHAMUMKe nocne Kpuoctumynaumn (M = m)

Group IFN-a, IL1-B, IL-2, L8, IL-10, IL-2/1L-10,
pkg/ml pkg/ml pkg/ml pkg/ml pkg/ml c.u.
E'iDGh;ritiS' before treatment, 760:083 | 094:012 | 135:008 | 157851132 | 10764098 | 013+ 004
ﬁ fagyj after G, 14311020 | 098:009 | 169015 |13993+11.54*| 8.86+076 | 020003
if%ﬂs after 1, 2115019 | 084+004 | 099007 |20513+1572*| 1345+112" | 0.07+0003
;f%yj after CS, 1451£095" | 099004 | 243+021 [12517 £ 1046 254022 | 0.96+0.05
;faef after 11, 061+005 | 050+0.02 | 104005 [175.80+15.22*" 1454+ 111" | 007 +0.003
io:%ays after G, 1442 £112*0 | 0.98+0.07 | 247022 | 8753794 | 956+045 | 0.26 0,02\
ioz‘;ys after 1, 770£052 | 103:006 | 1155006 [12050+10.84* 11102085 | 010+003
:ezalztgy (control), 840075 | 129:015 | 175021 | 1130£2.90 | 1177098 | 015006

Note: * significance of differences from control (p < 0.02, p < 0.01), » significance of differences from the initial level; CS, cryostimulation;

IFN, interferon; IL, interleukin; TT, traditional therapy.

tion (1.3 times on the day 7 and 1.8 times on the day
30 of monitoring).

The identification of some pro- and anti-inflam-
matory cytokines in the lacrimal fluid of patients with
blepharitis demonstrated the high pathogenic signifi-
cance of IL-8. The level IL-8 was 14 times higher
than that in practically healthy individuals. A signifi-
cant decrease in pro-inflammatory IL-1B (1.4 times)
and decreasing tendency in IFN-a, IL-2, and IL-10
levels were noticeable, which indicated a significantly

imbalanced concentration of local cytokines in this
pathological process (Table 1).

No significant changes were observed in the le-
vels of pro-inflammatory IL1-B over time after cryo-
stimulation and traditional treatment; however, after
cryostimulation, a tendency toward an increase in
its level was observed, and with traditional therapy,
its decrease was most pronounced on the day 7 of
the follow-up. A significant increase in the levels of
[FN-a and IL-2 in the lacrimal fluid over time after
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I

cryostimulation may indicate adequate activation of
the cellular component of immune system when in-
teracting with mite antigens as well as enhancing
the regeneration mechanisms. Conversely, traditional
therapy was accompanied by decreased levels of these
cytokines in the lacrimal fluid in proportion to the
time of the follow-up.

The therapeutic use of an autonomous cryo-
probe helped in achieving a progressive reduc-
tion in the level of anti-inflammatory IL-10, which
was more pronounced on the day 7 of the follow-
up (4 times relative to the initial level) and indi-

cated polarization of the Th1/Th2 cytokine balance
toward Thl cytokine amplification (IL-2) in con-
trast to Th2 cytokine (IL-10), which is necessary
for the activation of cellular immunity. The calcula-
tion of the Th1/Th2 balance for the main cytokines
(IL-2/IL-10) confirmed this pattern of changes and
indicated a progressive increase in the activity of
cytotoxic reactions in cellular immunity, which was
adequate for this pathological process. Thus, the ra-
tio of IL-2/IL-10 was increased 1.5 times after cryo-
therapy on day 3, 7.4 times on day 7, and 2 times
on day 30 (Table I).

IFN-a IL-2
16 25 .
12 2
s s
5 10 :>), 15
= * =
3 ] 1
0.5
Blephariis Cryo-3 Cryo-30  CT-3  CT-30 Blephariis Cryo-3 Cryo-30  CT-3  CT-30
Bredaput  kpuo-3  kpmo-30  TT-3  TT-30 Bredhaput  kpuo-3  kpno-30  TT-3  TT-30
Fig. 3. Dynamics of IFN-a and IL-2 content in lacrimal fluid of patients with blepharitis 3 days (“Cryo-3") and 30 days (“Cryo-30")
L after cryotherapy and compared to conventional therapy (“CT-3", “CT-30")
Puc.3. Hunamuka copepxanusi IFN-a u IL-2 B cs1é3HON KHUAKOCTH MauueHTOB ¢ OJedapuToM uepes TpH JHSA (KKPHO-3»)
B u 30 nueit («kpuo-30») nocje KpHoTepanuu U B cpaBHeHuu ¢ Tpaauuuonnoi tepanueit («TT-3», «TT-30»)
1L IL-8
1.2 250
1 200
2 0g
3 3 150
% 0.6 % *
fa o 100
0.4 *
0.2 50
0 0
Blepharitis  Cryo-3  Cryo-30 CT-3  CT-30 Blephariis  Cryo-3 ~ Cryo-30 CT-3  CT-30
Briepaput  kpuo-3  kpuo-30  TT-3  TT-30 Brieaput  kpuo-3  kpno-30  TT-3  TT-30
IL-10
14
12 Fig. 4. Dynamics of IL-1, IL-10, and IL-8 contents
10 L in lacrimal fluid of patients with blepharitis
= 8 * 3 days (“Cryo-3”") and 30 days (“Cryo-307) af-
> .
&) ter cryotherapy and compared to conventional
% 6 therapy (“CT-3, “CT-30")
Sy
9 * Puc.4. unamuka conepxkauus [L-1, IL-10, IL-8 B caié3-
HOH 2KMAKOCTH MalMeHTOB ¢ GJedapuToM uepes
0+ Tpu aHs («KprHo-3») u 30 nHeil («kpuo-30») no-
Blepharitis  Cryo-3 Cryo-30  CT-3  CT-30 cJle KpHOTEpallii B CPABHEHHH C TPAAHLHOHHOI
Bredaput  kpuo-3  kpno-30  TT-3  TT-30 tepanueit («TT-3», «TT-30»)
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The presence of pro-inflammatory monokine IL-1f
in the lacrimal fluid of patients with blepharitis was
not a significant diagnostic feature because its level
did not significantly change in the early and late
periods of follow-up after cryotherapy and traditional
therapy (Fig. 4). A self-inclusive cryoprobe made of
porous permeable titanium nickelide helped in trig-
gering an accelerated regeneration mechanism by
significantly enhancing the local production of IFN-a
and IL-2 as well as reducing levels of anti-inflamma-
tory IL-10 and pro-inflammatory IL-8 compared to
that with traditional therapy (Figs. 3, 4).

Evaluation of cytokine levels in patients with rosa-
cea blepharitis revealed their local imbalance, indicat-
ing impaired local immune defense of the eyes, which
could result in impaired regeneration processes.

In summary, our data analysis generally indicated
a high clinical and immunological efficacy of eyelid
cryotherapy in patients with ocular rosacea using an
autonomous cryoprobe made of porous permeable
titanium nickelide.
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