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Y. ,Bukmop MpuzopoBuy” 8 HEOMADBYHA Yacm Om HayyHama u KAUHUYHa paboma Ha 0pmMaAMOoAc2a, a HEOHOMO YCbBopuweHcmBare
Codus 1606 npogomkaBa u go gHec. OCT ce npunaza exegHeBHo 8 guazrocmukama u npocregaBaHemo Ha
g-mail: b51@abv.bg COUUAAHO3HAYUMU  3a00AABaHUA kamo 2Aaykoma, gezeHepamuBHU 3ab0AABaHUA HA pemuHama,
namoAo2uA Ha Makyaama u gucka Ha 3pumeAHuA HepB, omz0BopHU 3a HeobpamumMomo noHuwkaBaHe
UAU 3a2y6a Ha UEHMPAaAHOMO U/UAU NnepudepHo 3peHue. 3amoBa UeAma Ha HacmoAwama paboma e ga
ce HanpaBu 0630p Ha BvamoxHocmume Ha OCT kamo u3obpasaBawia mexHorozuA 8 guazHocmukama
U npocAegABaHemo Ha o4HUME 3a60AABaHuA B gemcka Bv3pacm, kamo ca paszaegaHu GbAzapcku u
yykgecmparHu nybAukauuu no memama.
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OuHUMe 3aboasBaHus B gemcka Bv3pacm. B 20AdAMa cmeneH 06AcHeHUEMO 32 MoBa Npou3AU3a om
HenpuAokuMocmma Ha u3cAegBaHemo CobC CMauuoHapHU anapamu npu Bcuyku geua u Auncama Ha
HopmamuBHa 6a3a gaHHU 3a max. [pe3 NocAegHOMO gecemuAemue ce paspabomBam u BvBekgam
CNeuuaArHu nopmamuBHU anapamu, npegHasHayeHu 3a U3cAegBaHe Ha geua B paHHa Bbv3pacm,
koumo npaBam Bov3mokHa paHHama guazHocmuka ¢ nocAegBawia mepanua u npegomBpamaBaHe Ha
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nerve head, which could be responsible for irreversible decrease or loss of central and/or peripheral vision.
Because of the above-mentioned, we aimed to summarize the diagnostic and follow-up possibilities of OCT
as an imaging technique for childhood eye diseases. Since this technology was initially developed to be used
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inadults, its use in children is limited to some extent. This could be explained basically with the inapplicability of stationary OCT devices in all children and the
absence of normative database for those under 18 years of age. During the last decade, specially developed portable devices for children have been developed.
By their use investigating and diagnosing of eye pathology is possible in very early age, and this allows subsequent adequate therapy and prevents from a life

with disability.

Keywords: children, optical coherence tomography, portable and stationary OCT devices

BbBELEHNE

MpegBug koako wupoko pasnpocmpaHeHa e gHec onmuyHama
koxepenmHa momozpagua (OCT) B kauHuyHama npakmuka
Ha 0QmMaAmMoA03UMe, & mpygHo 4oBek ga cu npegcmaBu, ue
pasBumuemo 0 3anoyBa egBa npegu 0koAo 25 20gUHU.

Hamo3u eman o¢pmaamoAozuama ocmaBa goMuHupawa 06aacm om
MeguuuHama, kogemo BvamokHocmume Ha OCT mexHoAo2uAMA
ca Hal-gobpe npu2ogeHu 3a Hykgume Ha guaegHocmukama u
npocAegABaHemo Ha peguua 04HU 3aboaABaHuA. OcHOBHO ycAoBue
32 moBa e npospayHocmma U Bucokama nponyckauBocm Ha
OYHUME Cpegu, OM egHa CmpaHa, U uHMephepomMempuyHama
4yBemBumearocm u npeyusHocm Ha OCT, om gpyea cmpana (1).
MuokecmBomo npegumemBa Ha OCT ca 8 ocHoBama Ha moBa,
ye masu mexHoAozua ce BHegpu kamo pymuHHO u3noA3Ba
guazHocmuyeH memog 3a oueHka kakmo Ha npegHus, maka u Ha
3agHuA cezmeHm Ha okomo (2).

LLEEA

LleAma Ha HacmoAawama cmamus € ga ce HanpaBu 0630p Ha
Bo3mokHOCMUME Ha onmuyHama koxepeHmHa momozpadua kamo
u3obpasaBawa mexHuka 8 guazHocmukama u npocaegaBaHemo Ha
04HUME 3ab0AABaHuA 8 gemcka Bb3pacm.

Onmuyna koxepeHmHa momozpagua — ucmopus, ycmpoicmBo
u memoguka Ha paboma

3a kpamvk nepuog OCT ce npeBvpHa B egHa wupoko
npuAdzaHa u3obpasaBauia mMemoguka NpeguMHO 3a UEAUME Ha
opmaamorozuyHamanpakmuka, Had-Beye nopagu Bb3amokHocmma
ga Busyaausupa cmpykmypume Ha okomo ¢ 20AaMa pe3oAlouus.
OCT e gomuHupawa 8 obracmma Ha 04Hama guazHocmuka Cbe
cBoume npegumemBa—ma € U3uAA0 HeuHBa3uBHa, 6e3koHmakmHa,
Obp3a, UHGOpMamuBHa, in vivo mexHuka 3a noayyaBaHe Ha
cmpykmypHu usobpakeHua om okomo npu xopa om BcakakBa
Bo3pacm u cmamyc. Topnu HenpekbcHamo ycbBbpweHcmBane
Ha mexHuveckume xapakmepucmuku kamo QgbAGOYUHA HA
uscaegBawume cmpykmypu, ckopocm, akcuaAHa pesolouua u gp.
Taka 8 3aBucumocm om emanume Ha pa3Bumuemo 0 ce 0popMAm
pasAuyHU nokoaeHuA anapamu. OCT mexHoAo2uAma ce 0cHoBaBa Ha
NpuHYUNa Ha HuckokoxepeHmHa uHmepdepomempud (3).

OCT anapamume Ce CbCMOAM OM U3MOYHUK HA CcBemAuHa
(wupokoAeHMOB  Ada3ep UAU  CynepAyMUHUCUEHMEH Quog) C
onpegeAeHa goakuHa Ha BbAHama, Had-yecmo om 840 nm u
1050 nm (6Auskua uHGpayepBeH cnekmwp), kamo no-zoaamama
gorkuHa Ha BvaHama (A) gaBa Bw3mokHocm 3a no-gobpa
BusyaAusauua Ha ouHume cmpykmypu B gbaboyuHa. Beue uma
HoBU nokoaeHua OCT anapamu, koumo ca npoekmupaHu cneyuaAHo
3a uscaegBaHe Ha cmpykmypume B npegHUA ceameHm Ha okomo

INTRODUCTION

Given that today optical coherence tomography (OCT) is widely used
in the clinical practice of ophthalmologists, it is difficult for a person to
imagine that its development began only about 25 years ago.
Currently, ophthalmology remains the dominant area of medicine
where the possibilities of OCT technology are best adapted for the
needs of diagnosis and follow-up of a number of eye diseases. The
main conditions for this are the transparency and high permeability
of the eye refractive media together with the high interferometric
sensitivity and precision of OCT (1).

The many advantages of OCT are that this technology is implemented
as a routinely used diagnostic method for evaluating both the anterior
and posterior segments of the eye (2).

AIM

The purpose of this article is to provide an overview of the possibilities
of OCT as a technique of diagnosis and follow-up of childhood eye
diseases.

Optical Coherence Tomography - History, Setup and Working
Principle

It only took a short period of time for OCT to become a widely used
imaging modality, which is mostly applied for the purposes of the
ophthalmic practice, mainly because of the possibility to visualize the
eye structures with high resolution. OCT is dominant in the field of
eye diagnostics with its advantages - it is a completely non-invasive,
non-contact, fast, informative, in vivo technology for obtaining
structural images from the eye in people of any age and status. This
imaging technique shows continuous improvement of the technical
characteristics such as penetration depth, scanning speed, axial
resolution, etc. Thus, depending on the stages of their development,
different generations of devices exist. OCT technology is based on the
principle of low-coherence interferometry (3).

OCT devices have a light source (broadband laser or superluminescent
diode) with a specified wavelength, most often of 840 nm and 1050
nm (near-infrared spectrum), whereby the greater wavelength ()
allows better visualization of the ocular structures in depth. Nowadays,
there are new generations of OCT, which are specially designed for
examination of the structures in the anterior segment of the eye
(anterior segment OCT, AS-OCT) and use a greater wavelength
(A=1310 nm) for better penetration in denser structures such as
sclera and iris. The wider light source aperture allows for better
axial resolution of the images. The main components of each OCT
machine are: the so-called Michelson light-source interferometer; a
beam splitter, which first separates the light into two bundles, and then
unites their amplitudes; a reference mirror to which part of the light
rays are directed; a spectrometer, which makes use of the diffraction of
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(anterior segment OCT, AS-0CT) u u3noa3Bam no-2oaamMa gbAkuHa
Ha BoAHama (A=1310 nm) 3a no-gobpa neHempauus B no-
nAbmHU cmpykmypu kamo ckaepa u upuc. Mo-wupokama 6AeHga
Ha CBemAUHHUME Uu3moYHuuU no3BoadaBa no-gobpa akcuarHa
pesoalouus Ha usobpakeruama. OcHoBHUAM komnoHeHm Ha Bceku
anapam e m.Hap. cBemauHeH uHmepdepomemuvp Ha Michelson
— u3moyHuk Ha cBemauHa; ycmpoacmBo (beam splitter), koemo
pasgead cBemauHama Ha gBa cHona, a creg moBa o0beguHABa
aMnAaumygume um; peepeHmHo 02aegano, koM koemo ce Haco4Ba
4acm om cBemAuHHUME Abyu; cnekmpomembvp, kolmo u3noa3Ba
gudpakuua Ha cBemauHama, Aewa u yempodemBo — CCD (charge-
coupled device) kamepa 3a egHoBpeMeHHa peaucmpauus Ha Beudku
komnoHeHmMU Ha ompa3eHama cBemauna (3).

Bvamoxknocmu Ha OCT cpeg gemckama nonyaauus

Mo gaHHu Ha CBemoBHama 3gpaBHa Op2aHu3auuA caenume geua
nog 15-20guwHa Bv3pacm 8 cBemoBeH Mawab ca NpUbAU3UMEAHO
1.4 maH. (4). MoBeue om 80% om obwuA 6pol cAenu geua Ha
3emamakuBee B Hal-begHUME patoHu, a UMeHHO —A3ua, Adpuka u
{Ox%Ha Amepuka. Camo 8 CALL noBeye om 50 000 ca peaucmpupanu
¢ npakmuyecka caenoma (5). OCHOBHUME NpUYUHU 3 3a2y6a Ha
3peHue cpeg geuama B EBpona, CALL u AnoHuA ca 3aboAABaHuA
Ha pemuHama, ampodua Ha 3pumeAHuA HepB u makuBa, 3acazawlu
3pumeAHume nomuuia (6). OnucaHume no-20pe gaHHU gokasBam
Heobxogumocmma om npuAokeHue Ha OCT mexHoAo2uAMa cpeg
gemckama nonyaauus ¢ UeA ocuzypABaHe Ha cBoeBpemeHHa
guazHocmuka, npocAegABaHe U AeYeHUe Ha 4acm Om O4HUME
3a00AABaHuUA B paHHa gemcka Bv3pacm, kamo no Mo3u HayuH ce
npegomBpamu HacmbnBaHe Ha cAenoma U UHBaAUGU3auuA 3a UAA
XuBom.

OCT uscregBaHe B gemcka Bv3pacm ce npuAaea OCHOBHO 3a
CABQUME HAyyHU U npakmuyecku ueau:

light; lens and a charge-coupled device — a camera for simultaneous
registration of all components of the reflected light (3).

OCT Application in the Pediatric Population
According to the World Health Organization data, there are
approximately 1.4 million blind children under 15 years of age
worldwide (4). More than 80% of the total number of blind children on
Earth live in the poorest areas, namely Asia, Africa and South America.
In the USA alone, more than 50 000 are registered as legally blind (5).
The main causes of vision loss among children in Europe, USA, and
Japan are retinal diseases, optic nerve atrophy and diseases affecting
the visual pathways (6). The above-mentioned data confirms the need
for OCT technology application for the pediatric population in order
to ensure timely diagnosis, follow-up, and treatment of some ocular
diseases in early childhood, thus preventing blindness and disability
for life.

OCT examination in childhood is mainly done for scientific and

practical purposes:

1. Studying the structures of the healthy eye and creating a reference
database in different age groups;

2. Studying the possibilities of the methodology in the diagnosis and
monitoring of less common in practice diseases such as glioma
of the optic nerve.

3. To better diagnose and monitor the diseases of the retina (optic
nerve, macula), vitreous body, choroidea, iridocorneal angle, and
comea.

Fig. 1 shows a single B-scan (2D) of the macula (left) and the optic

nerve head - (ONH) (right) of a healthy 10-year-old girl. Separate

retinal layers, fovea with the foveal reflex, blood vessels in the inner
retina and some shadow artifacts associated with them, as well a part
of the choroid layer can be distinguished in the macular region.

Fig. 1. HD images of the macula (left) and optic nerve head (right) in healthy child

1. 13yuaBaHe cmpykmypama Ha 3gpaBomo oko u cb3gaBaHe Ha
HopmamuBHa 6a3a om koAuuecmBeHU gaHHU B omgeAHume
Bb3pacmoBu 2pynu.

2. 3yyBaHe BvamokHocmume Ha memogukama 8 guaeHocmuka-
ma U npocAegaBaHemo Ha no-pagko cpewadu 8 npakmukama
3a00AABaHUA kamo 2AUOM Ha 3pumeAHus HepB.

3. 3aguazHocmuka u npocaegABaHe Ha 3ab0AABAHUA Ha pemuHa-
ma (3pumeAeH HepB, Makyaa), cmbkA0BUGHO MAAD, Xopuouges,
npegHokamepeH b2bA, U po2oBuua.

Ha Que. 1 e nokasan eguHuue B-scan (2D) Ha makyaa (8AaB0) u

guck Ha 3pumeAHus HepB — 13H (BgAcHo), Ha 3gpaBo 10-20guwiHO

Momuye. B makyaHama 06Aacm M02am Qga Ce paszpaHuyam

omgeAHUMe pemuHHu cAoeBe, poBeama, hoBeorapHuam pedaekce,

kpoBoHOCHU CbgoBe BbB BompewHama pemuHa u acoyuupasume ¢
max apmedakmu, kakmo u yacm om gebeAuHama Ha xopuougesama.

A number of studies using OCT reported quantitative monitoring
of cystoid macular edema in Coats’ disease following intravitreal
administration of antivascular endothelial growth factor (anti-VEGF);
choroidal neovascular membranes secondary to the various etiological
causes and monitoring of their response after administration of anti-
VEGF; examination of Toxoplasma foci in the macula, whose OCT
characteristics include retinal thinning, hyperreflective retinal pigment
epithelium (RPE), intraretinal cysts and fibrosis; vitelliform macular
dystrophy; in shaken baby syndrome, where a chronic macular hole,
epiretinal membranes, perimacular folds, and traumatic retinoschisis
could be observed; X-linked retinoschisis; hypoplasia of the fovea;
as well as a ridge in retinopathy of prematurity (ROP) but even
more important is the possibility of monitoring the dynamics of
neovascularisation before and after treatment; diagnosis of intraocular
tumors and follow-up of retinoblastoma; stromal iris cyst; visualization
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Peguua npoyyBaHus ¢ nomowma Ha OCT cbobwaBam 3a
koaudecmBeHo npocaegaBaHe Ha kucmougeH makyaeH omok npu
oorecm Ha Coats cAeg uHmMpPaBumpeaAHo npuAokeHue Ha anti-
VEGF (anti-vascular endothelial growth factor); 3a xopuougaHu
HeoBackyaapHu memopaHu, BmopuyHO NoABUAU Ce NpuU PasAUYHU
EMUOAO2UYHU egUHUUU U MOHUMOpUpaHe Ha omzoBopa CAeg
npurokeHue Ha anti-VEGF, 3a uscregBaHe Ha mokconAasmeHu
ozHuwa B makyaama, yuumo OCT xapakmepucmuku BkaloyBam
peMUHaAHO u3mbHABaHe, xuneppedaekcen PIIE  (pemuHaneH
NUZMEHMEH enumeA), UHMpapemuHaAHu kucmu U Gubposa;
npu BumeaudopmeHa makyaHa geeeHepauus; npu shaken baby
syndrome, kbgemo moke ga ce HabalogaBa XpoHuuHa makyAHa
gynka, enupemuHHU MemopaHu, nepumakyAapHu 2bHku U
mpaBmamuyHa  pemuHocxu3a;  X-cBop3aHa  PEmuUHOCXU3a;
xunonAasua Ha GpoBeama; kakmo u Baa npu ROP (pemuronamua Ha
HEgOHOCEHOMO) U C OULE NO-20AAMO 3HaueHUe & BbamokHocmma
3a npocaegABaHe guHamukama Ha HeoBackyaapusauus npegu u
CAeQ AeYeHUe; BbmpeoyHu mymopu — guazHo3a U MOHUMOpUPaHe
Ha pemuHObAaCMOM; cmpoMaAHa upucoBa kucma; Busyaausauus
Ha aHmuzaaykomHu umnaaimu (kamo Hanp. Baerveldt Shunt),
MembpaHu Bbpxy eHgomeAHa Ha pozoBuuama u gp. (7,8).

Equn OCT napamemup, koimo e yecm obekm Ha koauuecmBeHo
uscregBaHe, e gebeAuHama Ha pemuHHuA HeBpodubpurepeH
crod — RNFL (9,10). CocmaBeH om akcoHume Ha 2aHeAudHume
kaemku, mod ce komnpomemupa CUAHO Npu 2Aaykoma, mymopu
Ha 3pumeAHuA HepB (2AuOMU), QOpU U Npu  HeBpoAO2UYHU
3a60AABaHuA, xapakmepHu 3a Bb3pacmHama, Ho He U 3a gemckama
nonyaauus, kamo mHokecmBeHa ckaepo3a, 6oaecmu Ha Aauxadmep
u MapkuHcoH. W3caegBa ce upe3 kpbaoB ckaH okoao gucka Ha
3pumeAHus HepB ([3H). Tod kamo OCT anapamume HAMam
HopMamuBHa 6a3a gaHHuU 3a geua, a Bapuauuume 3a HOpMa ca MHO20
20AeMU Npu 4oBewkama nonyAauus, NoAyYeHUMe CMoUHOCMU 3a
RNFL ce onpegeaam kamo namoao2uyHU egBa caeg npocaegaBare
C NpoepecuBHO HamaAABaHe Ha cmodHocmume. B nocaegHo
Bpeme uHmepec npegcmaBaaBa usmepBaHemo gebeAuHama
Ha RNFL npu HegoHoceHu geua, goHoceHu geua (11) u makuBa,
guazHoCcmMuuupaHu ¢ 2AUOM Ha 3pumeAHus HepB (12,13). Mpyea
BakHa 3a uscaegBaHe pemuHHa o6Aacm e makyaama ¢ napamempu
kamo makyneH RNFL, 2aHzAuOHO-kaemoyeH cAol (CbcmaBeH om
meAama Ha 2aHzAulHume kaemku), BompeweH nagkcupopmeH

of antiglaucoma implants (such as Baerveldt shunt), membranes on
corneal endothelium, etc. (7,8).

An important OCT parameter that is often used in a quantitative study
is the retinal nerve fiber layer (RNFL) thickness (9,10). Composed of
retinal ganglion cell axons, it is severely compromised in glaucoma,
optic nerve tumors (gliomas), even in some neurological diseases
observed in adults, but in the pediatric population, such as multiple
sclerosis, Alzheimer's and Parkinson’s diseases. It is examined by a
circle scan around the ONH. Since the OCT devices do not have a
normative database for children and the OCT parameters vary in wide
ranges in the healthy human population, the measured RNFL thickness
in children is only considered pathological if progressive RNFL
thinning is seen at the follow-up exams. Recently, the measurement
of RNFL thickness in premature and mature infants (11), as well as in
those diagnosed with glioma of the optic nerve, has attracted clinical
interest (12, 13). Another important for the examination retinal area
is the macula with parameters such as macular RNFL and ganglion
cell layer thickness (composed of the bodies of the ganglion cells),
internal plexiform layer (composed of the dendrites of the ganglion
cells and bipolar cells) (14), and retinal thickness, macular volume
and choroid thickness in the macula and ONH.

The analysis of the above-mentioned parameters in childhood
allows us better understanding of the structural changes of the eye
during the growth process, the variations of the norm depending on
age, gender, ethnicity, and the degree of refractive errors (myopia,
hyperopia and astigmatismy); and also in conditions such as amblyopia
(anisometropic (15), strabismic) and strabismus.

One important feature regarding the application of OCT is that by
follow-up examinations of the patients their quantitative parameters are
compared only in cases of using the same OCT device. The different
OCT machines are not interchangeable and this is because their
software follows different segmentation algorithms to determine the
retinal layers. For example, the pRNFL thickness showed statistically
significant difference depending on the OCT device used in the same
representative sample. The following characteristic feature of OCT is
that using two protocols for assessment of the same retinal parameter
in one studied group often can result in unequal values. Therefore, a
conclusion about the progression of a pathological condition can be
drawn only after monitoring the patient with the same OCT machine
and software.

Fig. 2. Stationary OCT device (left) and portable OCT device (right) [Source: Internet]
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A0 (CbcmaBeH om geHgpumume Ha 2aH2AUTHUME U bunoAApHUME
kaemku) (14), pemuHHa gebeAuHa, 06em Ha makyaama u gebeAuHa
Ha xopuougeAma B obracmma Ha Makyaama u okoao [13H.
3cregBaHemo Ha Bcuuku 20pecnomeHamu napamempu 8
gemcka Bwv3pacm no3BoaaBa ga ce 3ano3Haem B gemadau CoC
cmpykmypHume npomeHu Ha okomo B xoga Ha pacmexa, ¢
Bapuauuume Ha Hopmama B8 3aBucumocm om Bv3pacm, nNOA,
emHudecka npuHagaekHocm, cmeneHma Ha pedpakuuoHHUME
omkaoHeHusa (kbcoaaegemBo, garekozaegemBo uacmuamamusom);
npu CcbCmoAHuA kamo ambAuonua (aHusomemponuyHa (15),
cmpabu3smeHa) u kpuBoaaegemBo.

EgHa BakHa ocobeHocm, kacaewa npuaokeHuemo Ha OCT npu
xopa om Bcuuku Bv3pacmu, €, Ye nauueHmume ce npocaegAaBam
u cmoCdHocmume Ha koausecmBeHume napamempu ce cpaBHaBam
caMo Npu uscAegBae ¢ eguH U cbw, anapam. OmgeAHume MogeAu
anapamu He ca B3aumo3sameHAemMu U moBa e maka, 3awomo
codmyepHUME UM Npozpamu ca ¢ pasauyaBalia ce ceaMeHmauua
Ha pemuHHUMe cAoeBe, kamo gedeaunama Ha pRNFL Hanpumep ce
usmepBa npu cmamucmuyecku 3Ha4uma pasauka 8 3aBucumocm
0m u3NoA3BaHuA MOgeAanapam npu egHa U cbla npegemaBumenHa
usBagka. CowecmByBa u caegHama 0cobeHocm — gBe npozpamu
Ha eguH anapam usmepBam eguH u cou koausecmBeH napamemup
U HezoBume CcmoOHOCMU Ce pasAudaBam cmamucmuyecku
8 u3scnregBaHama epyna. 3amoBa 3akaloueHue 3a npozpecus

There are two types of OCT devices that are commercially available -
stationary and portable, with the portable OCT machines being more
suitable for use in childhood (Fig. 2).

Stationary OCT Technology

OCT stationary devices are included in studies focused on a number
of quantitative parameters in children who are able to maintain the
necessary posture in the study - sitting position with a leaning forehead
and chin and can sustain the eye position and attention to the fixation
object during the examination (Fig. 2, left). Stationary OCT technology
allows researchers to obtain important structural information about the
eye of adolescent children at the ages between 4 and 18 years, but not
for children under 4 years. In the past, quantitative information about
changes at this age has only been received from histological studies,
according to which the structural maturation of tissues is primarily
assessed. The introduction of the portable OCT system allows better
documentation of the eye maturation process and improves the
care for the pediatric population, which is what the stationary OCT
machines have achieved in older children, adults, and elderly patients.
Stationary OCT technology is often combined with digital cameras
or scanning laser ophthalmoscope in order to obtain fundus
autofluorescence images (FAF) and perform fluorescein angiography
(FA), which also have their meaning and application in some eye
diseases in childhood (Fig. 3).

Fig. 3. Morbus Stargardt (7-year-old child) - color image of fundus (left) and FAF (middle) of the left eye. FAF image of healthy 15-year-old girl (right)

Ha NamOoAO2UYHO CobCMOAHUE MOXe ga Ce HanpaBu camo CcAeg
npocAegaBaHe Ha nauueHma npu egud Mogea OCT anapam u egHu
U CoWU Npo2pamu.

Ha nasapa uma g8a muna OCT anapamu, nogxogawu 3a npuAokeHue
8 gemcka Bo3apacm — cmauuoxapHu u nopmamuBiu (Que. 2).

Cmauuonapna OCT mexHonozus

OCT cmauuoHapHume anapamu ca BkaloveHu 8 npoyuBaHua
3a UsyvaBaHe Ha peguua koaudecmBeHu napamempu B Hopma
U NamoAO2uA Npu geua, koumo ca CNOCOGHU @a 3aemam
Heobxogumama nos3a npu Uu3scAegBaHe — CegHaA0 NOAOKEHUE,
C NOGNPAHO 4eA0 U bpagudka, U Mozam ga 3agbpkam nozaega
U BHumaHuemo cu Bopxy QukcauuoHHua obekm no Bpeme Ha
uscaegBaremo (Que. 2, A9B80). CmauuoxapHama 0CT mexHoro2us
no3BordBa BB Bpememo u3scAegoBameAume ga noAyyaBam
BakHa cmpykmypHa uHGopmauus 3a okomo Ha nogpacmBawume
geua mexgy 4 u 18-20guwHa Bv3pacm, HO He U 3a geuama om 0
g0 4 20guHu. B 6auskomo muHano koaudecmBeHa uHdopmauus 3a
npomeHume B8 masu Bo3pacm ce e noAyyaBaaa camo npu mpynHu

In the last few years angio-OCT technology has gained popularity in
the pediatric population and publications associated with amblyopia
(16), myopic choroidal neovascular membrane (17) and others could
be seen. In 2017 Yang et al. developed a prototype of a handheld
probe for angio-OCT with good quality of the exported images (18).

Partially Portable Hand-Held CT Technology

InFig. 4and 5 are shown two partially portable OCT devices - Spectralis
HRA-OCT (Heidelberg Engineering, Germany) and Optovue iVue SD-
OCT (Optovue Corporation, Fremont, CA).

Optovue iVue OCT could be modified into an entirely portable device
if laptop and control footswitch are available but also in this way
it is not suitable for easy and fast carrying because of the lack of
specialized transport equipment. It is applicable mainly in patients
with limited head and neck mobility; elderly people and patients with
walking difficulties and bound to wheelchairs. The head of the device
could modify in probe but it is heavy and uncomfortable to apply in
awake children. Both devices could be used in surgery, in sedated
or unconscious patients. They allow the making of a qualitative and
quantitative analysis of the investigated parameters.
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Fig. 5. Optovue iVue SD-OCT (Optovue Corporation, Fremont, CA) [Source: Internet]

U XUCMOAO2UYHU npoyyBaHus, cnopeg koumo OCHOBHO MACMO
3aema cmpykmypHomo co3paBaHe Ha mbkaHume. C nosBama Ha
nopmamuBHama OCT cucmema ce yBeaudaBam BvamokHocmume
3a noBeye 3HaHUA NO OMHOWeEHUE Cb3pAaBaHemo Ha okomo u
nogoobpABaHe Ha 2pwkume 3a gemckama nonyAauus, MOYHO
kakmo cmauuorapHume OCT anapamu nocmuzHaxa moB8a 3a no-
20AeMUMe geua U Bvb3pacmHu nauueHmu.

CmauuonapHama OCT mexHorozuA uma  Bo3moXHOCM 32
HanpaBama Ha FAF uzo6pakeHua (GyHgycoBa aBmodayopecueHuus)
u QA (GayopecueuHoBa aHzuozpadus), koumo Coulo umam cBoemo
3Ha4eHUe U NPUAOXKEHUE Npu 3ab0AABaHUA Ha HAkou 04HU B gemcka
Bbapacm (Que. 3).

B nocregHume HsakoAko 20QuHU, ¢ HaBausaHemo Ha aHzuo-0CT
mexHono2uAmMa B kauHuyHama npakmuka, ce noaBuxa nybAukauuu
Npu geua, acouuupaHu CbC CbemoAHuA kamo améauonua (16),
MUONUYHA XOpuougaAHa HeoBackyaapHa membpada (17) u gp.
Mpe3 2017 2. Yang u cvaBmopu paspabomBam npomomun Ha
nopmamuBHa coHga 3a aHauo-0CT anapam ¢ gobpo kayecmBo Ha
noAy4eHume obpasu (18).

Yacmuyro nopmamuBra OCT mexHonozua

Ha Que. 4 u 5 mozam ga ce Bugam gBa npumepa 3a YacmuyHo
nopmamuBHu anapamu — Spectralis HRA-+QCT (Heidelberg
Engineering, Germany) u Optovue iVue (Optovue Corporation,
Fremont, CA).

Applications of the Pediatric, Hand-Held OCT System (HH-OCT)
Commercial production and distribution of stationary SD-OCT
technology dates back to the year 2006. Even during this early
scientific period, the clinicians got quite enough experience and made
also enough publications concerning pediatric populations from all
ethnic groups. Due to the above-mentioned it was obvious for all that
the technology designed in this way was inapplicable for very young
children.

According to Dr. Synthia Toth (a retinal surgeon and ophthalmology
professor at Duke University School of Medicine, North Carolina, USA)
- ,Using an ophthalmoscope is like looking at the ocean from above”.
Because of that she and her colleagues - Dr. Joseph Izatt, Michael
Fitzpatrick (engineer professor at Duke) together with the financial
support of the Duke Clinical and Translational Science Institute
(CTSI), are developing a series of OCT technology, which allows the
export out of the highly specialized ophthalmology departments and
can be applied at the patient’s bed or even in the operating theatre.
Duke University is a pioneer in using of portable hand-held probes
for OCT images in pediatric ophthalmology. In 2012 a portable
device developed by Toth and lzatt, and partially financed through
Duke’s Clinical and Translational Science Award was approved by
FDA for application in humans. The product was taken to the market
via Bioptigen, and thus a commercial alternative of the conventional
OCT device was created. While the investigation with conventional
OCT devices requires patients to follow instructions such as opening

12
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Optovue iVue moxe ga ce npeBbpHe u3uAro 8 nopmamuBer anapam
npu BkaloyBaHe Ha Aanmon u negaa 3a ynpaBagHue, HO U B mo3u
cu Bug He e ygobeH 3a AeCEH U Hbp3 NPEHOC, NOpagu Auncama Ha
CcneuuaAusupaHa npeHocuma anapamypa. lpuaokum e npegumMHo
Npu NauyueHmu ¢ ozparuyera nogBukHocm Ha 2aaBama u Bpama;
Bov3pacmHu u mpygHo nogBukHu nauueHmu 8 uHBaAugHU koAuyku.
[naBama Ha anapama e mexkka u HeygobHa 3a ynompeba npu geua 8
OygHO cbecmoaHue. V1 gBama anapama ca npuAokuMU 3a UgAUME Ha
XUpyp2uAma, Npu cegupaxu nauueHmu uAu makuBa 8 6e3cv3HaHue.
C Bb3mokHocm kakmo 3a kayecmBeH, maka u 3a koausecmBen
aHaAu3 Ha u3cAegBaHume napamempu.

lpunoXerue Ha gemckama nopmamuBHa OCT cucmema
KomepcuarHomo  npou3BogcmBo U pasnpocmpaHeHue  Ha
cmauuoHapHua mun SD-0CT mexHonozua gamupa om 2006 2. Owie
0M MO3U PaHeH Nepuog ca HampynaHu gocmambyHO onum U 6pod
Hay4HU nybAukauuu 8 udcaegBaHemo U Ha gemckama nonyAauus om
Bcuuku emHuyecku 2pynu, upes koumo ce ycmaxoBaBa, ve maka
koHCmpyupaHa, mexHoAo2uAMa € HenpuAokuma npu geuama G
paHHa Bv3pacm.

Cnopeg gokmop Curmua Tom (pemuHaAeH Xupypz U NpoGecop no
odmanmonozusa kom Duke University School of Medicine, CeBepHa
Kapoauna, CALL) - ,M3non3BaHemo Ha opmaamockona e kamo
2AegaHemo Ha okeaHa omzope”. 3amoBa 3aegHo ¢ koezume cu
g-p koysed Ausam, Maakoa Quunampuk (npodecop urkerep 8
Duke) u puHaHcoBama nogkpena Ha Duke Clinical and Translational
Science Institute (CTSI) pazpabomBam cepua om OCT mexHoAo2uA,
koamo no3BoadBa ga bObge u3BegeHa Om cneuuaAusupaHume
0YHU KAuHUKU U npuAokeHa go Ae2A0MO Ha nauueHma uAu gopu 8
xupypauama. Duke e nuorep 8 ynompebama Ha poYHU NOpmMamuBHU
COHQU 3a u3obpakeHua 8 gemckama opmaamonoaus. Mpes 2012 2.
nopmamuBeH anapam, paspabomeH om Tom u Ad3am U YacmuyHo
duHaHcupad om Duke’s Clinical and Translational Science Award,

and closing their eyes in particular moments or maintaining their look
on a point of fixation in different eye directions, the using of hand-
held probe allows children who are not capable of cooperating to
be investigated. Prof. Toth says ,The retina is an extension of the
brain, so it’s a window in”, therefore OCT images could help to find
neurologic markers corresponding to brain affecting disorders and
guiding clinicians in following the correct treatment. Such disorder is
hypoxic ischemic encephalopathy (HIE), which damages the brain in
conditions with oxygen deficiency. HIE is a rare, but serious disorder,
which can lead to harm or death in more than half of all cases. To
avoid the worst consequences, the early diagnosis is important. If the
diagnosis is clear in the first 6 hours, the disorder can be treated. The
diagnosis could be made with ultrasonography or magnetic resonance
imaging (MRI) of the brain, but in a hospital this is not a typical test
before the 5th or 10th day after birth. Portable HH-OCT allows fast
imaging of neuromarkers in children suspected for HIE. Toth and Izatt
published their pioneer results supporting the fact that in HIE patients
the retina thickness decreases, and subsequent developments
showed that making the HIE diagnosis through OCT retinal images
is possible (19).

The first in the world, commercial, portable OCT system (HH-OCT)
Envisu C2300 (Bioptigen), which was mentioned before, appeared
in 2007. It is mainly used in early childhood and also for diagnosis
of more peripheral retinal disorders (Fig. 6, left). Its appearance is
similar to the portable, contact RetCam system, which is used for
examination of preterm and young children, to diagnose and follow-
up mainly retinopathy of prematurity (ROP), but also some other
fundus disorders. Fluorescein angiography could be recommended
with RetCam devices if such module and blue filter are available but
investigation of the retinal structure is not possible. It is a contactless
technique and because of that it is appropriate for preterm children;
for verbal and nonverbal children; disadvantaged children; children

Fig. 6. Pediatric HH-OCT system Envisu C2300 (left) and its application at the operating theatre during examination under anesthesia in preterm born baby diagnosis for
retinoblastoma [Source: Internet]
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e ogobper om FDA 3a npuaokeHue npu xopa. Alsam goBexga
npogykma go nasapa upe3 Bioptigen, kamo no mosu HauuH ce
noAaBaBa komepcuaaHa aamepHamuBa Ha konBeHuuoHaaHama OCT
cucmema. [lokamo koHBeHuuoHaaHama OCT usuckBa om nauueHma
ga caegBa uHempykuuu kamo omBapaHe u 3amBapAxe Ha o4ume B
onpegeAeHu MomeHmu, dukcayua u 3agbpkasemo U Npu pasauyHu
N02AEgHU NO3UUUU, U3N0A3BaHeMO Ha pvyHama coHga no3BoAdBa
u3caegBaHemo Ha geua, koumo He ca cnocobHU ga cogeacmBam.
,PemuHama e npogbakeHUe Ha MO3bka U cAegoBameAHO € NPO30pel,
kom Hez20”, kazBa npod. Tom, caegoBameano upe3 OCT usobpaxkeHua
Mo2am ga ce omkpuBam HeBpoaozuyHU Mapkepu, kopecnoHgupawu
CbC CbCMOAHUA, 3acA2alu Mo3bka U OpueHmupawlu 3a noA3ama
om AeyeHuemo. EgHo makoBa cbcmoAHUE € XUnokcuyHa UCXeMUYHa
eHuedanronamua (hypoxic ischemic encephalopathy — HIE), 3acazane
Ha M03bka npu Hegocmuz Ha kucaopog. HIE e pagko, HO cepuosHo
HapyweHue, koemo Bogu go yBpekgaHe uau cmbpm B noBeye
om nonoBuHama om Bcudku cAyyau. 3a ga ce usbezHam Hal-
AoWUMe nocAegemBuA, OmM 3HaYeHUe e paHHama guazHocmuka.
Ako cbecmoAHuemo ce pas3nosHae npe3 nopBume 6 yaca, moxke
ga bbge noBauAHo. ToBa MOXe ga cmaHe ype3 yampacoHozpapua
UAU AgpeHomazHumeH pe3oHaHc (AMP) Ha 2naBeH Mo3uk, HO B8
b0AHUUA@MA He 6u ce HanpaBuAo npegu 5-uA uau 10-ua geH om
pakganemo. MopmamuBHomo OCT no3BoaaBa 6vp30 u3caegBaHe
Ha HeBpomapkepu npu cycnekmHume 3a HIE geua. Toth u lzatt
ny6aukyBam cBou nuoHepHU pesyamamu, nogkpenawu dakma 3a
3acAzaHe gebeauHama Ha pemuHama npu geua ¢ HIE, a nocaegBauiu
paspabomku No memama coyam, Ye guazHo3ama, nocmaBeHa Ha
baszama Ha pemuHaAHu usoopakeHus, e BbamokHa (19).

Mpe3 2007 2. ce noABABa cnomeHamama Beye nbpBa B cBema
komepcuaaHo pasnpocmpanena npeHocuma OCT cucmema (HH-
OCT) Envisu C2300 (Bioptigen), npegHasHayeHa OCHOBHO 3a
npunrokerue 8 paHHa gemcka Bv3pacm u no-nepugepHu pemuHHU
reauu (Qua. 6, A480). Ha BoHwer Bug Hanogo6aBa nopmamuBHama
RetCam koHmakmHa cucmema 3a 02Aeg Ha 04HOMO QbHO Npu
HegoHOCEHU U MaAku geua ¢ ueA guazHocmuka u npocAegABaHe
0CHOBHO Ha pemuHonamua Ha HegoHoceHomo (ROP), Ho u 3a Hakou
gpyau pemuHaAHu 3a60AABaHuA. RetCam anapamume npumexkaBam
onuuA 3a HanpaBama Ha (DA npu HaAuYUE HA MOGYA U CUH GUAMGP,
HO He U 3a cmpykmypHo u3cAegBare Ha pemuxama. [Mopagu cBoAma
beskonmakmuocm, HH-OCT e nogxogawa 3a npexgeBpemeHHo

in conscious or unconscious state (under general anesthesia during
surgery, coma or a reversible drug-induced coma); for outpatient
settings or the operating room (Fig. 6, right), intensive care and
neonatology departments, in schools and kindergartens as well (Fig.
2, right). Currently, HH-OCT is the only one in the world approved by
FDA with the purpose of diagnosing physiological and pathological
conditions of the eye. It is being developed further and its main
advantage is that it enables the diagnostics of children from 0 to 4-5
years of age, for whom stationary OCT technology is not appropriate.
One of the important publications concerning the benefits of the
HH-OCT system - Envisu C2300 is by Avery et al. In 2014 they
investigated children between 2 and 12 years of age diagnosed with
glioma of the visual pathways. In the research were included only
children who could cooperate in the visual acuity determination. They
were divided into two groups - with normal and decreased vision. The
purpose of the research was to investigate the pRNFL thickness and
to determine whether this parameter could be used as a surrogate
marker of vision to distinguish children with normal and decreased
vision. The treatment of children diagnosed with optic pathway glioma
is complex. In most cases of optic pathway gliomas deterioration of
the vision (central and peripheral) could be observed between the
ages of 1 and 8. The exact assessment of the vision depends on
factors such as age and the cooperation of the children. In the era
before HH-OCT, if the children could not cooperate (glioma associated
with cognitive and behaviour problems or children in nonverbal age)
in the vision defining, it was not possible for the range of the visual
impairment to be assessed and these children were in higher risk for
significant and constant decrease of the vision before the treatment
started. Therefore, a better quantitative vision biomarker, which is
not correlate with the patient’s cooperation, was required. Avery et
al. determined that the RNFL thickness measured with an HH-OCT
device could be a surrogate marker for impaired visual functions
in this group of children. The conclusion of the authors shows high
practical significance in the future approach and treatment (20).

The portable HH-OCT systems are available and being actively used
in modern European eye clinics, in which pediatric eye health care
is important. In poor areas of the world, such as India, it is difficult
and even impossible to imagine the existence and application of this
device. Publications with open access available online mention that
research teams from Karnataka Ophthalmology Institute have been

Fig. 7. A new enhanced version of the hand-held probe by Toth and Izatt (2017) [Source: Internet]
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pogeHu geua; 3a makuBa BvB BepbarHa u HeBepbaaHa Bvapacm; B
HepaBHocMOoUHO NoAMkeHUE; B bBygHO CbCMOAHUE UAU 683Cb3HAHUE
(8 aHecmesus, koma uau uskycmBeHa koma); 3a npuAokeHue
B8 ambyramopHu ycroBua, onepauuoxer 6aok (Que. 6, gAacHo),
UHMEH3UBHU U HEOHAMAAHU OmMgeAeHUA u gopu B yyuauuwa u gemcku
2pagunu (Que. 2, gacHo). KoM Momerma ms e eguHcmBenama HH-
0CTB cBema, ogobpeHa om FDA, 3a npuaokeHue ¢ ueAguazHocmuka
Ha GU3UOAOZUYHU U NAMOAO2UYHU CbCMOAHUA HA okomo. TA mopnu
HenpekbcHamo ycobBopweHcmBaHe u 0cHOBHO HelHO NpegumcmBo
e, ye gaBa BoamokHocm ga ce 0bxBaHam geuama B paHHa Bvb3pacm
om 0 go 4-5 2oguHu, 3a koumo cmauuoHapHama OCT mexHoAo2uA
He € nogxogawa.

EgHa om 3Ha4umume ny6aukauuu, gokasBauiu noasume Ha HH-OCT
cucmemama — Envisu C2300, e masu Ha Avery u cbaBm. [Mpe3 2014
2. aBmopckuam koaekmuB uscaegBa geua mexgy 2 u 12-20guwiHa
Bb3pacm ¢ 2AUOM Ha 3pumeAHume nbmuwid. BkaloveHu ca camo
makuBa, koumo ca koonepamuBHu 8 uscregBaHemo Ha 3pumeAHama
0CMpoMa U ca pasnpegeeHu 8 gBe 2pynu — ¢ HOPMAAHO U HAMAAEHO
3peHue. Lieama Ha npoyyBaHemo e ga ce uscAegBa gebeAuHama
Ha pRNFL u ga ce ycmaHoBu gaAu nokasameaam moXe ga ce
u3noA3Ba kamo cypozameH Ha 3pumeAHama ocmpoma mapkep 3a
paszpaHuyaBaHe Ha geuama coC U 683 3a2y6a Ha 3peHue. AeyeHuemo
Ha MaAkume geua C 2AUOM Ha 3pumeAHUMe nbmuwia usuckBa
komnaekceH nogxog. MoBeyemo 2auoMu npuyuHABam HapywaBaHe
Ha 3pumeAHume GyHkuuu (UeHMPAAHO 3PEHUE U 3PUMEAHO NOAE)
mexXgy 1 u 8-20guwHa Bvb3pacm. TouHomo um uscaegBaHe npu geua
3aBucu om maxHama Bb3pacm u cogedcmBue. HeBoamokHocmma
ga ce onpegeAd 06EMbM Ha 3acAz2aHe Ha 3pumeArume GyHkuuu
npu HekoonepamuBHU geua (2AuOM acouuupaH ¢ kKozHUmuBHU U
noBegen4ecku npobaemu) u makuBa B paHHa Bb3pacm ¢ 2AUOM Ha
3pumeAHume nbmuuwia npegu epama Ha HH-OCT 2u e nocmaBaa
B no-2oAam puck ga npembpnAm Ccu2HUPUKAHMHO U NOCMOAHHO
3acA2aHe Ha 3peHUEMO NPegu Ha4aAo Ha AeYeHUemo. 3a No-gobpo
npoBexkgaHe Ha mepanuAma e Heobxogum HagexgeH koauuecmBeH
buomapkep Ha 3peHuemo, kodmo He 3aBucu om cbgetcmBuemo Ha
nauueHma. Avery u cbaBm. gokasBam, ye gebeauHama Ha pRNFL,
ycmaHoBeHa ¢ HH-OCT, moke ga 6vge cypoeameH mapkep 3a
HaMaAeHU 3pumeAHU ¢yHKuuu npu mosu koHMUH2eHm geua, a
moBa uma 20AAMO KAUHUYHO 3HaueHue, kacaewo 6bgewua nogxog
U UHULUAUUA Ha Ae4eHuemo um (20).

MopmamuBHama HH-OCT cucmema ce npuaaza akmuBHo 8
eBponedckume oyHU kauHuku, B koumo ca 3acmbuneru 2pukume
3a gemckomo 3peHue. B begeH patoH Ha 3emama, kakvBmo e
Hgus, 4oBek mpygHO 6u cu npegcmaBuA HaAU4UEMO Ha N0gobHa
ckona mexHuka. JocmbnHu 3a ¢Bob0gHO 4emeHe B uHmepHem
npocmpadcmBomo nybaukauuu gokasBam, ye uscaegoBamencku
konekmuBu om VHcmumyma no odmaamonozus B KapHamaka
pabomam ¢ YacmuyHo nopmamuBen anapam owle om 2009 2. (21)
(Quz. 3), a ¢ Envisu C2300 om 2011 2. (22).

lem 20guHU cAeg 0g06pABaHeMO Ha mexHoA02uAMA Ha Toth u Izatt
om FDA, me npogbakaBam ga paswupaBam zpaHuuume Ha OCT.
Mpe3 2016 2. 3ano4Bam mecmBaHuA no N0gobpeHama pby4Ha CoHQa,
koamo e no-manka u komnakmHa, no-6bp3a U AecHa 3a ynompeba
u no-aeka (Que. 7). Cmapama komepcuaaHa OCT mexHoro2uA
2eHepupa camo 2D u3obpakeHua. A HoBama e ¢ BvamokHocmu
U 3a mpuusmepHu (3D) obpasu. OcBeH moBa nogobpeHuama

applying semi-portable OCT devices from 2009 (21) (Fig. 3), as well
as the Envisu C2300 portable device from 2011 (22).

Five years after the technology was approved by FDA, Toth and lzatt
continue to expand the limits of the OCT device. In 2016 they started
testing the improved probe, which is now smaller, lighter, and faster
than before, and also easy to use (Fig. 7). The old commercial OCT
technology generated only 2D images, but the new one could generate
three-dimensional (3D) images. The improvements of the probe also
allow examination without the necessity of pupil dilation (19).

At the end of 2019 in our country there is still no pediatric HH-OCT
system. Bulgaria is not a big state, therefore at least one available
device would be sufficient and of a great benefit to cover the needs of
diagnosis and follow-up of children in the youngest age.

Lately low-cost, portable OCT devices have been developed and their
price is approximately 10K $, and not ~150K §, which is the price of a
modern OCT device. Only future researches could show if they could
be reliable in the diagnosis and follow-up of pediatric patients.

CONCLUSION

In the current review we have analyzed the application of a new and
successful imaging technique in ophthalmology. We paid particular
attention to the diagnostic and follow-up possibilities of different
models of OCT devices and the problems accompanying their
application in the pediatric population. Its permanent development
and refinement makes the application in the youngest patients easy.
Its advantages and presence in every pediatric department are beyond
any doubt in order to ensure the provision of quality pediatric health
care.
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no3BoaaBam u3caegBaHe, npu koemo guAamauuAma Ha 3eHuuama
He & 3agoakumeaHo ycaoBue (19).

B kpas Ha 2019 2. B Hawama cmpaHa obaye Bce owle HAMa HaAuYHa
gemcka nopmamuBHa OCT cucmema. 3a He20AeMUmMe Maulabu Ha
BoAzapuAa bu 6uA0 gocmambyHO U 0m uskAloYuMeAHa N0A3a ga uMa
HaAuyeH noHe eguH makwvB anapam, kodmo ga nokpue Hykgume 3a
guazrocmuka u npocAegABaHe Ha geuama ¢ O4HU NPOBAEMU Om
Had-mankama Bv3pacmoBa 2pyna.

B nocaegHo Bpeme ce paspabomBam U HuckoblogkemHu
nopmamuBHu OCT anapamu, yuamo ueHa Bb3au3a Ha ~10K $, a He
Ha ~150K $, kakBamo e HopmaAHama ugHa Ha eqguH CbBpemeHeH
OCT anapam. Camo Gbgewu npoyyBaHua mozam ga gokakam
gaAu ca HagekgHu B guaeHocmukama U npocaegABaHemo Ha
3a60AABaHuA B gemcka Bv3pacm.

3AKAHOYEHNE

HacmoAwama 0630opHa cmamua pa3z2aekga NpuAokeHuemo Ha
ggHa HoBa, Ho 6bP30 U YCnewHo HaBAusawa obpasHa memoguka
B cdhepama Ha odpmaamorozuama. 0bpolla ce 0c0beHo BHUMAHUE
Ha Bo3mokHocmume O 3a guazHocmuka U npocAegAaBaHe Ha
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