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ABSTRACT

Introduction. Retinal detachment (RD) is a common pathological condition that without timely
surgical treatment leads to vision loss. The patients with significant RD undergo one of three
retreatment procedures: Pneumatic Retinopexy, Scleral Buckling, and/or Pars Plana Vitrectomy.
Techniques and tools for these procedures have been developed, but the methods themselves still
have a significant number of complications. A possible alternative to their further improvement
may be a fundamentally new method of treatment, coagulation of the retina with high-frequency
electric current (HFEC), for which significant improvement of the tool is still possible.

The purpose of the study was to determine a safer method of RD treating and to improve medical
tools for restoring anatomical integrity and repositioning a detached retina under two conditions:
firstly, obtaining a reliable chorioretinal adhesion, and secondly, minimizing the number of inci-
dental effects of surgical intervention.

Materials and methods. The bibliosemantic method, the system analysis method, an experiment
on laboratory animals (rabbits) with RD simulation and its coagulation by HFEC, tissue biopsy
of operated animals after their euthanasia on the 7th day after surgery, and the production of
histological micro-preparations were used.

Results. To fulfill the conditions for improving the method, a chorioretinal high-frequency elec-
trocoagulation operation with suprachoroidal access, a modified EK-300M1 generator (Kyiv,
Ukraine) with an electrode with a gold hemispherical tip of 25 gauge and electrical generation
parameters of 66 kHz, 10-16 V, 0.1 A was proposed, which causes chorioretinal adhesion in the
place where the electrode is used. The method of calculating the parameters of heat transfer from
the electrocoagulation tool to the tissues and fluids of the eye was selected: it was proposed to use
the Fourier-Kirchhoff and Newton-Richmann equations. Destructive phenomena in the retina
from the thermal effect of tissue coagulation in the form of the destruction of rods, cones, the
development of cysts, the loss of bipolar, amacrine, horizontal and ganglion cells were noted.
Atrophic changes in the retina were minimal at a voltage of 10-12 V.

Conclusions. The problem of improving the methods of restoring the anatomical position of the
retinal layers has been relevant for many decades, but it does not lead to a significant reduction
in the number of complications. The proposed method and tool for its application causes the cre-
ation of a reliable chorioretinal adhesion in a short period of time after surgical intervention with
minimal thermal tissue damage. The use of the method of chorioretinal high-frequency electro-
coagulation with suprachoroidal access is recommended in conditions of urgent restoration of
vision, but not recommended for the prevention of retinal detachment in retinopathies.
Keywords: retinal detachment, chorioretinal adhesion, high-frequency electrocoagulation,
suprachoroidal access.
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INTRODUCTION

During military operations in Ukraine, the fre-
guency of traumatic eye injuries increased approx-
imately 6 times compared to peacetime. Trau-
matic eye injuries account for 13-16% of all com-
bat injuries, which is associated with modern
types of weapons used on the battlefield [1-3].
The largest number of nonpenetrating eye injuries
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is caused by the blast wave, which damages the
brain together with the eyes. Military damage to
the eyes is more often bilateral, while in peace-
time — unilateral. A frequent consequence of clo-
sed eye injuries during wartime is extensive trac-
tion retinal detachments (in peacetime, traction
detachments are mainly the result of retinopa-
thies). The number of such injuries increases in di-
rect proportion to the increase in the number of
head injuries [4; 5]. Similar observations were
previously published regarding the injuries of ser-
vicemen during the USSR war in Afghanistan [6; 7].

Rhegmatogenous retinal detachment (RRD) is
widespread and associated with a high risk of vis-
ual impairment without treatment [8]. Its fre-
guency in peacetime is approximately 1 case per
10,000 population [9; 10], the general prognosis
of treatment with timely and successful surgical
intervention reaches 95% of vision recovery [11].
Surgical methods of RRD treating are first and
foremost — Scleral Buckling (SB), Pars Plana
Vitrectomy (PPV), a combined PPV/SB, and
Pneumatic Retinopexy [12]. PPV is the most com-
mon general option, and in young phakic patients
it is SB.

There is a need and conditions for the creation
of new methods of treatment of retinal detachment
(RD) associated with legislative circumstances, an
increase in the number of eye injuries in wartime,
a high RD rate in peacetime, a known number of
complications of existing treatment methods and
the development of modern technologies that al-
low improving methods treatment and tools [13].

The purpose of the study was to determine
a safer method of treatment of retinal detachments
and to select parameters for instruments deve-
loped or used for this purpose in ophthalmology,
from the point of view of minimizing the number
of incidental effects and complications of opera-
tions and simultaneously achieving reliable indi-
cators of patients' vision recovery.

Materials and methods

At the first stage of the investgation, literature
sources (monographs and articles) available for
study on PubMed, Medline, EMedicine, Up-
ToDate and Cochrane Library were subjected to
analysis; with reference checking in DiseasesDB,
OMIM (Online Mendelian Inheritance in Man)
and MeSH. The analysis of the received infor-
mation was carried out according to the principle
of system analysis according to the scheme
"study — synthesis — primary hypothesis — hypothe-
sis testing — improvement — determining future
prospects”, with minimal detailing of the steps.

Circumstances for determining the relevance of
the research are determined by the conditions of
peacetime, strengthened by the consequences of
military operations.

At the second stage of the research, technical
achievements in conducting operations to elimi-
nate RD using existing microsurgical instruments
were analyzed and a proprietary method and a tool
developed for it were proposed. The obtained re-
sult is projected on the hypothetical practice of an
ophthalmologist during the treatment of RD
within the stage of "improvement" of the system
analysis method. To test the research hypothesis,
we turned to the results of our own research on
laboratory animals (rabbits), which were simu-
lated RD, which was eliminated with the help of
high-frequency electric current for the coagulation
using a modified EK-300M1 generator (Kyiv,
Ukraine) with a frequency of 66 kHz generation,
with voltages in the range of 10-16 V, current
strength of 0.1 A and with an electrode with a gold
hemispherical tip of 25 gauge. Description of the
experiment with animals was not the purpose of
our research. It is only important to note that the
conditions of its conduct did not violate the ethical
principles of experiments with laboratory animals,
and the results were statistically reliable, with an
estimate of p<0.05% according to the Student's t-
test. To evaluate the results of using retinopexy
with HFEC, selective photomicrographs of the bi-
opsy of the eye of rabbits 7 days after the surgical
intervention were used. The results are compared
with literature data of similar experiments using
laser- and cryopexy.

Results and discussion

Legislative prerequisites for the creation of
new methods of treatment of RD in Ukraine are
reliable, and are represented by a number of Or-
ders of the Ministry of Health of Ukraine and clin-
ical protocols for providing ophthalmic care to the
population.

The Order of the Ministry of Health of Ukraine
No0.372 on May 14, 2013 "On the system of oph-
thalmological care for the population of Ukraine"
states the need to provide 24-hour emergency care
for eye injuries (art. 2.2.12); conducting scientific
research on topical issues of diagnosis and treat-
ment of eye diseases and visual impairments (art.
2.2.19); development and implementation of the
latest forms and methods of treatment of eye dis-
eases (art. 2.2.23). Treatment of retinal breaks and
detachments is recommended to be carried out
both in laser offices and in laser centers of special-
ized ophthalmic care (Appendix 3) [14].
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The morphological features of RD and adhesion
as a result of its treatment have been studied long
enough, which explains the large number of refer-
ences to literary sources about the original studies
of 1970-2000 years. During this time, considera-
ble data has been accumulated on various methods
of retinopexy, their reliability and safety. These
data have been repeatedly verified in various stud-
ies, including those related to oncology, which
will not be the subject of our study. Only research
results with a high level of evidence were taken
into account.

The morphological features of RD and adhe-
sion as a result of its treatment have been studied
long enough, which explains the large number of
references to literary sources about the original
studies of 1970-2000 years. During this time, con-
siderable data has been accumulated on various
methods of retinopexy, their reliability and safety.
These data have been repeatedly verified in vari-
ous studies, including those related to oncology,
which will not be the subject of our study. Only
research results with a high level of evidence were
taken into account.

Thus, the authors of a Cochrane review (Znaor L.
etal., 2019) [15] based on an analysis of 10 studies
in European countries, India, Iran, Japan and
Mexico, which included 1307 patients, concluded
that PPV compared to SB less often leads to re-
peated RD, with the exception of iatrogenic and
cataract progression cases, but has the same result
in terms of visual recovery. The authors of another
Cochrane review (Sena D.F. et al., 2021) [16]
based on the analysis of the results of studies con-
ducted in Ireland, the USA and Italy, which in-
cluded 274 participants (276 eyes), concluded that
SB can be more or less equally effective compared
to pneumatic retinopexy (PR) in terms of reliabil-
ity of chorioretinal adhesion and reduction of the
risk of re-detachment. However, the use of SB re-
sulted in more myopic progression, which was in-
terpreted as a sign of cataract development.

Approaches to the treatment of patients with
RD in Ukraine have been developed and estab-
lished in numerous medical care protocols.
Ukraine is on the path of implementing interna-
tional medical care protocols into medical prac-
tice, which replace the previous outdated ones.
These protocols regulate the stages of diagnosis,
treatment, recovery after operations [17; 18].

At the outpatient and inpatient stages of
providing ophthalmic care for RD (code of the In-
ternational Classification of Diseases X revision —
H33, XI revision — 9B73) the following examina-

tions are recommended: general ophthalmological
examinations; binocular reverse ophthalmoscopy
of the periphery of both eyes; biomicroscopy with
a Goldmann lens of the retina and vitreous body;
surgical treatment with and without vitrectomy.
The average duration of treatment until the recove-
ry of normal vision and working capacity is 20
days [19]. However, the use of modern methods
of restoring the functional state of a detached ret-
ina makes it possible to improve vision by 2—3
times immediately after surgery (for example,
from 20% to 40—60%).

The choice of the method of restoring the in-
tegrity of the retina and its adhesion to the under-
lying tissues largely depends on the nature of the
retinal damage: a fixed retinal rupture without de-
tachment, detachment without a rupture, or de-
tachment combined with a rupture. So, rhegma-
togenous detachment most often means its lifting,
moving during eye movements, wrinkling. If there
is a retinal rupture, it has a valvular or holey ap-
pearance, the detachment can reach the dentate
line (ora serrata). Anterior detachment is accom-
panied by hemorrhage into the vitreous body, pig-
ment cells are found in the anterior part. Posterior
detachment is often accompanied by a decrease in
intraocular pressure, and the detached retina forms
wrinkles.

In the case of traction detachment, the retina
can be stationary, with a smooth surface that is
either convex or concave, and the detachment it-
self rarely extends to the serrated edge. In retinop-
athies, there are fibrous bands in the vitreous
body, which separate the retina from the pigment
epithelium. This requires little effort, because
there are no anatomical structures that connect
these tissues: the intraocular fluid and the vitreous
body press these layers together [20]. However,
both of these RD types are subject to urgent sur-
gery. If the detachment is spread to the area of the
macula, the operation must be done in the first 2
days to vision saving.

Another widespread RD pathogenetic type is
exudative, which is most often associated with an
oncological process. In the case of retinal tumors
without metastases and enlarged lymph nodes, or-
gan-saving operations are possible by means of di-
athermocoagulation, photocoagulation, or cryo-
coagulation. The treatment period is 7-10 days,
recovery of working capacity lasts 4—6 weeks. But
the main goal of treatment in such cases is to pre-
serve the eye and prevent tumor metastasis, and
only in the second place is to eliminate complaints
about visual impairment and restore visual acuity.
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Exudative detachment can regress on its own after
elimination of its immediate cause [21].

Retinal ruptures require surgical intervention
(using laser or cryoprocedures, scleroplasty, etc.)
within 2-3 days from the onset of the incident.
A month after the operation, the patient recovers
his work capacity, he should limit physical activi-
ty for up to three months. The duration of sanato-
rium-resort treatment is 18-24 days on an average.

To eliminate RD, it is necessary to remove the
accumulated subretinal fluid, bring the retina
closer to the choroid, perform retinopexy with the
formation of a chorioretinal adhesion, which will
not allow fluid to accumulate in the subretinal
space again. The strength of the chorioretinal ad-
hesion is affected by the type of retinopexy (cry-
opexy, diathermy, laser photocoagulation, electro-
coagulation of biological tissues). At the current
stage, transciliary vitrectomy can be performed
with gas or silicone oil tamponade and without the
use of vitreous substitutes.

Retinal adhesion is influenced not only by the
choice of surgical intervention method and the
chosen instrument, but also by some humoral fac-
tors. For example, oxygenation and the state of
collagen metabolism [22].

Each of the retinopexy methods has its own
disadvantages: cryopexy leads to the formation of
intracellular ice crystals, diffuse atrophy of the ret-
inal pigment epithelium and damage to small ves-
sels, a decrease in the layer of photoreceptor cells
and the formation of chorioretinal adhesions [23—
28]. When using a laser, its light energy is mainly
absorbed by the cells of the pigment epithelium
and transmitted to the neighboring tissues. Over-
heating leads to the destruction of photoreceptors,
choriocapillaries, the formation of scars that fix
the retina too firmly [29-32]. The photosensory
layer also thins, and ganglion cells are strongly ir-
ritated, strong adhesion does not occur in the first
days, but only on the fourth day, and gains
strength in only three weeks. At the same time, the
effect does not depend on the type of the laser.

JaccomaE.H. et al. (1985) established [33] that
cryocoagulation and photocoagulation with an ar-
gon laser destroy the hematoretinal barrier, which
can be the cause of proliferative vitreoretinopathy.
In addition, the risk of recurrence of RD when us-
ing laser and cryoretinopexy reaches approxi-
mately 10% [34], mainly due to insufficient reti-
nopexy, proliferative vitreoretinopathy or a new
retinal rupture. Long-term formation of reliable
adhesion requires long-term tamponade with oil,
air, or gas, which is uncomfortable for the patient

and increases the risk of cataracts, scars, and atro-
phy of the optic nerve [35; 36].

The use of laser- or cryoretinopexy in patients
with horseshoe retinal ruptures reduces the risk of
secondary RD from 30% to 1%. But for coagula-
tion the retina with a laser, its intensity is regulated
from 100 to 500 mW, depending on the pigmenta-
tion of the fundus, the presence and severity of
cataracts. The damage to the neurolayer of the ret-
ina by excess thermal energy cannot be reduced so
far. As well as the damaging effect of cryore-
tinopexy.

Other methods of treatment associated with
tamponade have many complications. Thus, to en-
sure chorioretinal adhesion in RRD, viscoelastic
material is injected into the suprachoroidal space.
The patient's retina is leveled with an air bubble or
a heavy perfluorocarbon liquid that leaves intrav-
itreal air in the eye for a long time, a bubble of SF6
or C3F8 gas, or silicone oil. The procedure is
called SupraChoroidal Buckling (SCB). Antaki F.
et al. reported complications of the procedure in
the form of bleeding in 23% of cases with the pre-
dominant location of the detachment zone in the
lower quadrants of the eye. In 4%, combined sub-
retinal and suprachoroidal hemorrhage was recor-
ded against the background of tuberculosis. And
although 50% of the patients experienced an im-
provement in vision as a result of the procedure,
67% experienced re-detachment [37]. The authors
concluded that the procedure needs additional
safety testing and improvement to reduce the
number of complications.

Other common RD treatment methods listed at
the beginning of the article have a defined se-
guence of use in most cases of significant detach-
ment. Thus, PR leads to successful attachment of
the retina in approximately 70% to 80% of cases
after one procedure, therefore, in cases of failure,
patients undergo SB as a second step. Of those pa-
tients who undergo SB, 80-90% are successful in
reattachment of the retina. Others undergo vitrec-
tomy.

In 2012, Umanets N.N. et al. proposed to use
high-frequency electrowelding of biological tis-
sues for the formation of a chorioretinal adhesion
endovitreally [38]. The method turned out to be
the fastest for obtaining a strong chorioretinal ad-
hesion: it was stronger already an hour after coagu-
lation, but also strong a month after coagulation [39;
40]. The method demonstrated less retinal damage
and eliminated the need for prolonged tamponade.
In my own research, the method was developed in
the form of the use of an electrocoagulation tool
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with a gold hemispherical tip of 25 gauge, con-
nected to a modified EK-300M1 generator (Kyiv,
Ukraine) (Fig. 1) with the following electrical
generation parameters: frequency 66 kHz, voltage
10-16 V, current 0.1 A [41]. The selection of pa-
rameters of the new tool is the result of long-term
research and modeling of thermal processes in the
tool and tissues of laboratory animals with the aim
of creating a reliable chorioretinal adhesion in
a short time after surgical intervention with mini-
mal thermal tissue damage.
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Fig. 1. Equipment for high-frequency
electrocoagulation of the retina:

A — conversion of electric current:
(G — Generator, | — Instrument (B, C), T — Tissues);
B — electrode with a 25-gauge hemispherical
tip (diameter 0.5 mm);
C — drawing of the electrode with dimensions
(rounded to whole values):
a—37mm, b—2mm, ¢c— 8 mm, d— 20 mm,
e — 18 mm, f— 95 mm.

SolidWorks, Abaqus, etc. software are used to
model thermal processes in the electrocoagulation
tool. [42; 43]. During the simulation, coagulation
temperature, mechanical load on tissues, coagula-
tion time and voltage are taken into account. When
calculating heat transfer parameters, the Fourier-
Kirchhoff equations were used for moving media
(eye fluids), and the Newton-Richmann law was
used for the external environment/tissue boundary:

A% = ea(Tf —T2), €y
where A — thermal conductivity coefficient
(W/m x degree);
o — thermal conductivity (W/degree).

When the coagulation tool affects tissues, tak-
ing into account the processes of melting and

hardening, the formula describes the heat trans-
formation for the boundary between the solid
and liquid phases of the eye:
a d
—A =T XxpZ+ap, 2)

where r — latent specific heat of the phase
transformation;

de/dr — speed of movement of the two-phase
boundary;

p — density of the body part;

¢ —thickness of the solid part of the body nor-
mal to the two-phase boundary;

gr — heat flow from the liquid phase to the
two-phase boundary.

According to Nikolsky O.l. and Sheremet O.P.
[44, p. 10], equation (2) in relative parameters has
the form:

_d0_ odf

1)
dn dF, + oL

3)

where (¢ = ;) — relative thickness of the solid
X
phase (dense tissues);

_ qpX
)

= ————  — dimensionless heat flow;
l‘(tmax_tmin)

at R . .
F, = — — Fourier criterion;
X

K=—F— - physico-chemical transfor-

¢ (tmax—tmin)

mation (or crystallization) criterion;
r — latent specific heat of phase transformation.

The use of high-frequency electrocoagulation
of the retina with suprachoroidal access and a tool
with our chosen parameters in an experiment on
animals [41] showed high adhesion in the area of
application of the electrode, rapid (within an hour)
formation of a strong adhesion, which further
strengthened over time. Meanwhile, the destruc-
tion of rods and cones, the development of cysts,
the loss of bipolar, amacrine, horizontal and gan-
glion cells (Fig. 2), damage and migration of cho-
roidal melanocytes occurred in the retina. Charac-
teristic changes in the form of thinning (degene-
ration) of the retina were observed for 30 days.
A reliable adhesion appeared within an hour after
surgery and gained strength during the day. Cal-
culation of tissue heat transfer by formula (3) al-
lowed us to choose a voltage range from 10 to
16 V, in which the electric current caused minimal
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exudation during acute retinal necrosis and left
the vitreous body intact. Atrophic changes in the
retina were minimal at a voltage of 10—12 V.

without preventive coagulation of the retina, these
patients should still be given additional attention
in the form of preventive examinations.
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Fig. 2. Morphology of the chorioretinal adhesion in the rabbit’s eye at 7 day,
when using a voltage of 1012 V (A), 12-14 V (B) and 14-16 V (C).
Hematoxylin-eosin, x400

An important achievement of the use of the
HFEC for choreoretinal coagulation was the
rapid production of chorioretinal adhesion. Its
strength one hour after surgery was similar to
strength when using laser coagulation after
a similar retinal detachment one week after sur-
gery [35]. At the same time, adhesion strength
gradually increased, more so during the first
week after surgery, and equaled the strength af-
ter laser retinopexy one month after surgery. Di-
rect tissue coagulation time was also reduced by
approximately 27%.

The success of the intervention put before us
an additional question about the possibility of
using high-frequency coagulation with a pre-
ventive purpose, and not only for urgent resto-
ration of vision. For this purpose, we turned to
the Cochrane Library.

The use of surgical interventions with a pre-
ventive purpose, when there are only risks of re-
pulsion, cannot be considered safe in view of the
lack of reliable evidence for such a statement
[45]. Instead, early identification of retinal rup-
tures and prompt treatment is advisable, which
protects against additional and repeated RDs
and significant vision loss. This conclusion of
the author of the Cochrane review Wilkinson
C.P. (2001-2014), originally obtained for the
methods of laser- and cryopexy of the retina, is
also valid for its high-frequency electrocoagula-
tion (HFEC). However, for patients with a giant
retinal rupture in the paired eye, prophylactic
treatment may be appropriate.

It is also known [46—49] that RD can be
a complication of cataract surgery and is associ-
ated with the use of fluoroquinolones. Therefore,

Conclusions

Chorioretinal high-frequency electrocoagula-
tion with suprachoroidal access, an electrode with
a 25-gauge gold hemispherical tip and electrical
generation parameters of 66 kHz, 10-16 V, 0.1 A,
which causes chorioretinal adhesion in a place of
electrode application, is the operation of choice
for traction and rhegmatogenous retinal detach-
ments. As a result of surgical intervention, a strong
chorioretinal adhesion occurs within an hour, which
reduces the time of surgical intervention, mini-
mizes the risks of repeated detachment, and can-
cels the need for eye tamponade. In terms of ad-
hesion quality, the method is superior to laser and
cryoretinopexy. The use of the method is appro-
priate in conditions of urgent restoration of vision,
but inappropriate for the prevention of retinal de-
tachment in retinopathies.

The optimal voltage parameters, according to
the results of morphological studies of laboratory
animals’ tissues, are 10—12 V, which reduces the
damaging current on the retina. The effect of elec-
trocoagulation causes minimal exudation during acu-
te retinal necrosis and leaves the vitreous body intact.

The proposed operative method and the tool
improved for this purpose correspond to modern
Ukrainian clinical protocols for the treatment of
retinal detachment.

DECLARATIONS:

Disclosure Statement

The authors have no potential conflicts of in-
terest to disclosure, including specific financial in-
terests, relationships, and/or affiliations relevant
to the subject matter or materials included.

Data Transparency

The data can be requested from the authors.

INTER COLLEGAS, Vol. 9, No.2 (2022)

25

ISSN 2409-9988



OPHTHALMOLOGY

Statement of Ethics Consent for publication

The authors have no ethical conflicts to disclo- All authors give their consent to publication.
sure.

Funding Sources Received: 03 Aug 2022

There are no external sources of funding. Accepted: 27 Oct 2022

References

1. Krasnovid TA, Aslanova VS, Bondar NI. Main aspects of traumatic eye injures during wars and military conflicts.
Archives of Ukrainian ophthalmology. 2020;8(1):78-85. https://doi.org/10.22141/2309-8147.8.1.2020.200741 [in Ukrainian].

2. The Ministry of Health Care publishes information on what to do in case of eye damage during hostilities. Gov-
ernment portal of Ukraine. 04 Jun 2022 [Internet]. Available at: https://www.kmu.gov.ua/news/moz-publikuye-infor-
maciyu-shcho-robiti-u-vipadku-poshkodzhennya-ochej-pid-chas-voyennih-dij [Accessed October 1, 2022]. [In Ukrainian].

3. Committee on Tactical Combat Casualty Care (CoTCCC); Drew B, Montgomery H, Anderson S, Barbabella S,
Baskin K, et al. Guidelines for Medical Personnel "Tactical Combat Casualty Care (TCCC)". 15 Dec 2021 [Internet].
Awvailable at: https://learning-media.allogy.com/api/v1/pdf/1045f287-baad-4990-8951-de517a262ee2/contents [Accessed 1 Oct
2022].

4. Dutca LM, Stasheff SF, Hedberg-Buenz A, Rudd DS, Batra N, Blodi FR, et al. Early detection of subclinical
visual damage after blast-mediated TBI enables prevention of chronic visual deficit by treatment with P7C3-S243. Inves-
tigative ophthalmology & visual science. 2014;55(12):8330-41. DOI: 10.1167/iovs.14-15468.

5. Zavhorodnia NH, Sarzhevska LE, lvakhnenko OM, Tsybulska Tle, Poplavska 10, Kostrovska KO. Kontuziia
orhana zoru: navchalno-metodychnyi posibnyk dlia likariv-interniv zi spetsialnosti "Oftalmolohiia” [Contusion of the
organ of vision: educational and methodological manual for intern doctors in the specialty "Ophthalmology"]. Za-
porizhzhia: Zaporizhia State Medical University; 2017. 71 p. Available at: https://is.gd/oTqOtU [in Ukrainian].

6. Lashkari K, Lashkari MH, Kim AJ, et al. Combat-related eye trauma: a review of 5320 cases. Int. Ophthalmol.
Clin. 1995;35:193-203.

7. Khomenko IP, Korol SO, Khalik SV, Shapovalov Vlu, Yenin RV, Herasimenko OS, Tershnyi SV. Clinical and
epidemiological analysis of the structure of combat surgical injury during Anti-Terrorist Operation/Joint Forces Opera-
tion. Ukrainian Journal of Military Medicine. 2020;2(2):5-13. DOI: 10.46847/ujmm.2021.2(2)-005. [In Ukrainian].

8. Velez-Montoya R, Jacobo-Oceguera P, Flores-Preciado J, DalmaWeiszhausz J, Guerrero-Naranjo J, Salcedo-
Villanueva G, et al. Primary repair of moderate severity rhegmatogenous retinal detachment: a critical decision-making
algorithm. Med Hypothesis Discov Innov Ophthalmol. 2016;5(1):18-31. PMID: 28289689.

9. Gaillard F, El-Feky M, Saber M, et al. Retinal detachment. Reference article, Radiopaedia.org [Accessed on 01
Oct 2022]. DOI: 10.53347/rID-1975.

10. Mitry D, Charteris DG, Fleck BW, Campbell H, Singh J. The epidemiology of rhegmatogenous retinal detach-
ment: Geographical variation and clinical associations. The British journal of ophthalmology. 2009;94(6):678. DOI:
10.1136/bjo0.2009.157727.

11. Fraser S, Steel D. Retinal detachment. BMJ Clin Evid. 2010;2010:0710. PMID: 21406128.

12. Nemet A, Moshiri A, Yiu G, Loewenstein A, Moisseiev E. A review of innovations in rhegmatogenous retinal
detachment surgical techniques. J Ophthalmol. 2017;2017:4310643.

13. Gottlieb M, Holladay D, Peksa GD. Point-of-Care Ocular Ultrasound for the Diagnosis of Retinal Detachment:
A Systematic Review and Meta-Analysis. Acad Emerg Med. 2019;26(8):931-9. DOI: 10.1111/acem.13682. PMID:
30636351.

14. Order of the Ministry of Health of Ukraine N0.372 on May 14, 2013 "On the system of ophthalmological care
for the population of Ukraine". Official Bull of Ukraine No.51 on July 16, 2013, p. 115, art. 1853, act code 67767/2013.
Available on the website of the Verkhovna Rada [Parlament] of Ukraine: https://zakon.rada.gov.ua/laws/show/z1051-
13/print [in Ukrainian].

15. Znaor L, Medic A, Binder S, Vucinovic A, Marin Lovric J, Puljak L. Pars plana vitrectomy versus scleral buck-
ling for repairing simple rhegmatogenous retinal detachments. Cochrane Database Syst Rev. 2019;3(3):CD009562. DOI:
10.1002/14651858.CD009562.pub2. PMID: 30848830.

16. Sena DF, Kilian R, Liu S-H, Rizzo S, Virgili G. Pneumatic retinopexy versus scleral buckle for repairing simple
rhegmatogenous retinal detachments. Cochrane Database of Systematic Reviews. 2021, Issue 11. Art. No.: CD008350.
DOI: 10.1002/14651858.CD008350.pub3.

17. How to implement new clinical protocols: instructions for doctors 1/4. Ministry of Health of Ukraine. 19 Dec
2017 [Internet]. https://moz.gov.ua/article/for-medical-staff/jak-vprovadzhuvati-novi-klinichni-protokoli-instrukcija-
dlja-likariv [accessed October 1, 2022] [In Ukrainian].

INTER COLLEGAS, Vol. 9, No.2 (2022) 26 ISSN 2409-9988



OPHTHALMOLOGY

18. Order of the Ministry of Health of Ukraine N0.1422 dated on 29 Dec 2016 "On Amendments to Order No.751
of the Ministry of Health of Ukraine on 28 Sep 2012". Valid from 28 Apr 2017 and on 1 Oct 2022. Available at the
website of the Verhovna Rada (Parliament) of Ukraine: https://zakon.rada.gov.ua/laws/show/z0530-17 [in Ukrainian].

19. Standards of providing medical care in Ukraine [Internet]. Available at: http://medstandart.net/browse/47 [ac-
cessed October 1, 2022] [in Ukrainian].

20. Tsuboi S. Measurement of the volume flow and hydraulic conductivity across the isolated dog retinal pigment
epithelium. Invest Ophthalmol Vis Sci. 1987;28(11):1776-82. PMID: 3667149.

21. Retinoblastoma: monograph. Ed. Bobrova NF. Odessa: Publishing Center; 2020. 324 p.

22. Marmor MF, Yao XY. The metabolic dependency of retinal adhesion in rabbit and primate. Arch Ophthalmol.
1995;113(2):232-8. DOI: 10.1001/archopht.1995.01100020116042. PMID: 7864758.

23. Lincoff H, McLean JM. Mechanism of the cryosurgical adhesion. Am J Ophthalmol. 1969;67(4):477-93. DOI:
10.1016/0002-9394(69)94253-6. PMID: 5778607.

24. Curtin VT, Fujino T, Norton EW. Comparative histopathology of cryosurgery and photocoagulation. Observa-
tions on the advantages of cryosurgery in retinal detachment operations. Arch Ophthalmol. 1966;75(5):674-82. DOI:
10.1001/archopht.1966.00970050676018. PMID: 5936373.

25. Campochiaro PA, Kaden IH, Vidaurri-Leal J, Glaser BM. Cryotherapy enhances intravitreal dispersion of viable
retinal pigment epithelial cells. Arch Ophthalmol. 1985;103(3):434-6. DOI: 10.1001/archopht.1985.01050030130038.
PMID: 3977720.

26. Smiddy WE, Hernandez E. Histopathologic characteristics of diode laser-induced chorioretinal adhesions for
experimental retinal detachment in rabbit eyes. Arch Ophthalmol. 1992;110(11):1630-3. DOI: 10.1001/archopht.
1992.01080230130037. PMID: 1444924,

27. Baust JG, Gage AA, Bjerklund Johansen TE, Baust JM. Mechanisms of cryoablation: clinical consequences on
malignant tumors. Cryobiology. 2014;68(1):1-11. DOI: 10.1016/j.cryobiol.2013.11.001. PMID: 24239684.

28. Cranwell WC, Sinclair R. Optimising cryosurgery technique. Aust Fam Physician. 2017;46(5):270-4. PMID:
28472571,

29. Tso MO, Wallow IH, Elgin S. Experimental photocoagulation of the human retina. 1. Correlation of physical,
clinical, and pathologic data. Arch Ophthalmol. 1977;95(6):1035-40. DOI: 10.1001/archopht.1977.04450060121012.
PMID: 869746.

30. Wallow IH, Davis MD. Clinicopathologic correlation of xenon arc and argon laser photocoagulation. Procedure
in human diabetic eyes. Arch Ophthalmol. 1979;97(12):2308-15. DOI: 10.1001/archopht.1979.01020020524002. PMID:
574760.

31. Wallow IH, Sponsel WE, Stevens TS. Clinicopathologic correlation of diode laser burns in monkeys. Arch
Ophthalmol. 1991;109(5):648-53. DOI: 10.1001/archopht.1991.01080050062030. PMID: 2025166.

32. Kain HL. Chorioretinal adhesion after argon laser photocoagulation. Arch Ophthalmol. 1984;102(4):612-5. DOI:
10.1001/archopht.1984.01040030484032. PMID: 6704022.

33. Jaccoma EH, Conway BP, Campochiaro PA. Cryotherapy causes extensive breakdown of the blood-retinal bar-
rier. A comparison with argon laser photocoagulation. Arch Ophthalmol. 1985;103(11):1728-30. DOI: 10.1001/ar-
chopht.1985.01050110124039. PMID: 4062641.

34. Bentivoglio M, Valmaggia C, Scholl HPN, Guber J. Comparative study of endolaser versus cryocoagulation in
vitrectomy for rhegmatogenous retinal detachment. BMC Ophthalmol. 2019;19(1):96. DOI: 10.1186/s12886-019-1099-
9. PMID: 31023285.

35. Avanesova TA. Rhegmatogenous retinal detachment: current state of the problem. Ophthalmology.
2015;12(1):24-32. Available at: https://www.ophthalmojournal.com/opht/article/view/221/243

36. Schatz B, El-Shabrawi Y, Haas A, Langmann G. Adverse side effects with perfluorohexyloctane as a long-term
tamponade agent in complicated vitreoretinal surgery. Retina. 2004;24(4):567-73. DOI: 10.1097/00006982-200408000-
00010. PMID: 15300078.

37. Antaki F, Dirani A, Ciongoli MR, Steel DHW, Rezende F. Hemorrhagic complications associated with supra-
choroidal buckling. Int J Retina Vitreous. 2020;6:10. DOI: 10.1186/s40942-020-00211-6. PMID: 32318273.

38. Umanets N, Pasyechnikova NV, Naumenko VA, Henrich PB. High-frequency electric welding: a novel method
for improved immediate chorioretinal adhesion in vitreoretinal surgery. Graefes Arch Clin Exp Ophthalmol.
2014;252(11):1697-703. DOI: 10.1007/s00417-014-2709-0. PMID: 25030235.

39. Umanets NN. Comparison of the strength of the chorioretinal junction in dynamics after exposure to various
modes of high-frequency electric welding and diode laser coagulation (810 nm). Ophthalmol. J. 2012;(6):92-6.

40. Pasiechnikova NV, Naumenko VO, Bobrova NF, Vit VV, Maletskyi AP, Umanets MM, et al. High-frequency
electrowelding of biological tissues in ophthalmology: monograph. Ed. Pasiechnikova NV; SU "The Filatov Institute of
Eye Diseases and Tissue Therapy of the National Academy of Medical Sciences of Ukraine". Odesa: Astroprint; 2018.
192 p.

INTER COLLEGAS, Vol. 9, No.2 (2022) 27 ISSN 2409-9988



OPHTHALMOLOGY

41. Saoud O, Sergiienko A, Korol A, Umanets M, Petrovski G, Rehak M, Lytvynchuk L. Morphological changes of
eye tissues after the influence of high-frequency electric current welding with suprachoroidal approach to induce chorio-
retinal adhesion. Proceedings of the 23rd Congress of European Association for Vision and Eye Research (EVER), 13—
15 Oct 2022, Valencia, Spain. Poster No.762. S.150. Pr. p. 97. https://doi.org/10.5281/zenodo.7339553

42. Avdosko AS, Lebedev AV. Modeling of thermal processes of electrosurgerical instrument in SolidWorks. Bio-
medical Engineering and Electronics (Kherson, ISSN 2311-1100). 2018;7p. https://doi.org/10.5281/zenodo.1322566

43. Drahomyretskyi Nla, Lebedev AV. The method of high-frequency electric welding of biological tissues in oph-
thalmology. Biomedical Engineering and Electronics (Kherson, ISSN 2311-1100). 2018;7p.

44. Nikolskyi Ol, Sheremet OP. Modeling of thermal processes in REA. Vinnytsia: VNTU; 2017. 116 p. Available
at: http://pdf.lib.vntu.edu.ua/books/IRVC/Nikolskiy_2017_116.pdf [In Ukrainian].

45. Wilkinson CP. Interventions for asymptomatic retinal breaks and lattice degeneration for preventing retinal de-
tachment. Cochrane Database of Systematic Reviews. 2014;(9):art.No.CD003170. DOI: 10.1002/14651858.CD003170.pub4.

46. Etminan M, Forooghian F, Brophy JM, Bird ST, Maberley D. Oral fluoroquinolones and the risk of retinal
detachment. JAMA. 2012;307(13):1414-9. DOI: 10.1001/jama.2012.383. PMID: 22474205.

47. Chui CS, Wong IC, Wong LY, Chan EW. Association between oral fluoroquinolone use and the development
of retinal detachment: a systematic review and meta-analysis of observational studies. J Antimicrob Chemother.
2015;70(4):971-8. DOI: 10.1093/jac/dku507. PMID: 25525200.

48. Pasternak B, Svanstrom H, Melbye M, Hviid A. Association between oral fluoroquinolone use and retinal de-
tachment. JAMA. 2013;310(20):2184-90. DOI: 10.1001/jama.2013.280500. PMID: 24281462.

49. Raguideau F, Lemaitre M, Dray-Spira R, Zureik M. Association Between Oral Fluoroquinolone Use and Retinal
Detachment. JAMA Ophthalmol. 2016;134(4):415-21. DOI: 10.1001/jamaophthalmol.2015.6205. PMID: 26967005.

Cite in Vancouver style as: Saoud O, Serhiienko A. Selection and improvement of the method and tool for restoring the
anatomical integrity of the retina after its detachment. Inter Collegas. 2022;9(2):20-8. https://doi.org/10.35339/ic.9.2.5as

Creative Commons license (BY-NC-SA) Saoud O., Serhiienko A., 2022

INTER COLLEGAS, Vol. 9, No.2 (2022) 28 ISSN 2409-9988


https://doi.org/10.35339/ic.9.2.sas

