Of40)
D) 5
(=]

ISSN 2738-2737 www.ahms.am

#1 /Volume I1I

ARMENIAN JOURNAL
OF HEALTH & MEDICAL SCIENCES

u p Z Z .

unni2unudint@suL od Fdculsnsnie3uL
ZU3uUguL LuLaey







Lty

Unnnowuwwhnipejwl
. pdojwghwnniejul
hwjljwlwl hwlnbu

#1/ hwwnnplil / 2023 .

Armenian Journal of
Health & Medical Sciences

#1/ Volume lll / 2023



Armenian Journal of Health & Medical Sciences (AJHMS) is
the official scientific publication of the Avdalbekyan National In-
stitute of Health of the Ministry of Health, Armenia. The journal
is intended for the articles in the field of healthcare, medicine,
and other related fields, leading literature reviews, interesting
or didactic clinical cases, as well as for special articles on topics
relevant to medical sciences and healthcare.

Main goal: to provide high-quality Armenian and foreign
scientific content for a wide range of medical fields. The task set
is to become the best publishing platform for representing the
main events that take place in the field of healthcare and clini-
cal science of Armenia. The articles are accepted both from all
relevant institutions and researchers from Armenia and from
foreign researchers in the healthcare and medical fields. The
submitted articles may be previously published in a different
language or presented at a conference in a form of an abstract.

DIRECTOR OF THE JOURNAL
Alexander A. Bazarchyan

CO-EDITORS-IN-CHIEF
Davit O. Abrahamyan

Samson G. Khachatryan

Issue coordinator and proofreader: Hayk Militonyan

Designer: Andrey Astvatsatryan

Editors*

Max Aebi (Canada, Switzerland)
Anastas A. Aghazaryan (Armenia)
Diana M. Andreasyan (Armenia)
Hrayr Ts. Aslanyan (Armenia)
Tigran R. Astvatsatryan (Armenia)
Hrayr P. Attarian (USA)

Ruben A. Avdalbekyan (Armenia)
Khachatur V. Badalyan (Armenia)
John P. Bilezikian (USA)

Sharon Chekijian (USA)

Silva H. Gabrielyan (Armenia)
Gianluca Gaidano (ltaly)

Sargis F. Ghazaryan (Armenia)
Naira V. Gogyan (Armenia)
Yervand K. Hakobyan (Armenia)
Eduard M. Hambardzumyan (Armenia)
Samvel G. Hovhannisyan (Armenia)
Argam N. Hovsepyan (Armenia)
Nerses S. Karamyan (Armenia)
Hampar Kayayan (France)
Jean-Jacques Kiladjian (France)
Alina M. Kushkyan (Armenia)
Shahen N. Danielyan (Armenia)
Ashot V. Davidyants (Armenia)
Norayr H. Zakharyan (Armenia)

*The editorial staff is in the formation process

Main language: Armenian.

Language of articles: Armenian, English, Russian (ab-
stracts must be in all three languages regardless of the main
language of the article).

Publication type: print and online.

Annual number of issues: 2.

Editing process: review (one or two reviewers depending
on the type of article).

Peer-review type: single-blind.

Audience: physicians, related specialists, healthcare spe-
cialists, as well as researchers working in the fields of medical
science, health, psychology, residents, students.

Official website: www.ahms.am.

Indexing is not currently applicable.

=
JHMS

=,

URZZ ™=

Alexander G. Arutyunov (Russian Federation, Armenia)
Rafayel L. Manvelyan (Armenia)
Arsene Mekinian (France)
Arthur G. Mkrtchyan (Armenia)
Lusine K. Muradyan (Armenia)
Mikael S. Muratoglu (Canada)
Mihran K. Nazaretyan (Armenia)
Karen A. Petrosyan (Armenia)
Hasmik E. Saiyan (Armenia)
Karine S. Saribekyan (Armenia)
Sergey G. Sargsyan (Armenia)
Narina K. Sargsyants (Armenia)
Mesrop P. Shatakhyan (Armenia)
Armen F. Soghoyan (Armenia)
Biayna G. Sukhudyan (Armenia)
Vahe A. Ter-Minasyan (Armenia)
Hakob V. Topchyan (Armenia)
Yuri S. Tunyan (Armenia)

Tigran H. Uzunyan (Canada)
Artavazd V. Vanyan (Armenia)
Hayk D. Yenokyan (Armenia)
Artashes A. Zilfyan (Armenia)
Ruben T. Adamyan (Russia)
Carla Berg (USA)

The copyright of the materials published in the journal belongs to AJHMS and to the authors. For complete or partial
reprodiction of the materials or for the use in any other form a permission from the Journal’s editorial office is required.

ISSN 2738-2737

© Unnnowwwhnipjwu b pdrljughnnypjuu hwjijuljwu hwuntu (WRLL), 2023
© Armenian Journal of Health & Medical Sciences (AJHMS), 2023



Unnnowwwhnigjwt b pdojwghwnnigyuwt  hwulwu
hwuntiup (URLL) << UL wywn. U.Uynwipbljwup wud.
Unnnowwwhnigjwt  wqgqwjh  huunhwnninh  wwownnuw-
Ywtu ghnwlwu hwunbtuu §: Wu bwjuwnbudws £ wnnnow-
wwhnigjwu, pdoynipjwi b hwpwyhg ninpunutpnud wughwg-
ynn ghnwwu wotuwwnmwupubph, wnwowwmwp gpwlwunt-
pwu wyuwpyubiph, hGunwppppnieniu ubipyuwjwgunn Ywd
nhnwlwhy Yihuhyuwlyw nbwptiph, hugwbu bwl pdolwgh-
wnniwt b wnnnowwwhnigjwt ninpunubpnd juplnpne-
pInLu niutignn pGdwutipny hwwiniy hnnjwdubiph hwdwn:

URLL-h hhduwywu uwywwnwlu £ pwpdpnpuly hwywu-
wnwljwu b wprnwuwhdwijwu ghnwlywu ynie wnpwdwn-
G pdolwlw ninpunp gt opgwitiwlutiph hwdwp: fuunhnp
E npwd nwnuw| <wjwunwuh wnnnowwwhniyejwu ninp-
wnd b Yihuplwywtu ghinnipjwu dtie nbinh niutignn hhduw-
Ywu hpwnwnpéniyeniuutiph ubpywjwgdwt hwdwp wdwgnyu
nwwgpwlwu hwppwyp: <nnwdubpu punniudnd Gu ph
Lwjwunwuntd gnpdnn pninp hwdwwwwnwufuwt hwunw-
winupniuubiph L hGnwgnwuinnubiph Ynndhg, el wpnwuwh-
dwijwu wnnnowwwhwwu b pdolwlwu npnpunubiph hb-

<ULYUh SLOMNBL
Ujtpuwunp U. Puqupgut

SLhuudNr <UUUURUSHhMLER

Twyhpe O. Uppwhwdjwu
Uwdunt G. vwgwuinpyju

Cwdwph hwdwlwnpgnn b uppwaphs' Kwyly Uhhninuyw

Quwynpnuip' Wunpty Uundwéwwmpyuuh

fudpwghpubp®

pwyp M. Upwpwu (UUL)

Utwuwnwu U. Unwqunuwu (Lwjwuwnwl)
TYhwuw U. Uunpbwujwt (Cwjwuwnw)
pwyp 8. Uuwuywt (Cwjwuinw)
Shgpwt M. Uunjwdwwnpjwu (<wjwuwnw)
Mnipbu U. Unwipbljwu (wjwuwnwt)
Fuwswunnip 4. Pwunwpywy (Cwjwuwnwl)
2nu M. PhitighYwu (UUL)

Uhyw <. Gupphbywt (Lwjwunw)
Quuntyw Gwynwun (Pnwihw)

Lwhpw Y. dngjut (Cwjwunwl)

wyy . Bunpjwt (Cwjwunwu)
Upwnwsgbu U. 2hi$jwt (Kwjwuwnwt)
Uwpu Eph (Ywuwnuw, Sybigunphw)
Lwynp Y. fnthgjwt (Lwjwuwnw)

Sniph U. fnujwu (Lwjwunw)
Gpjwun 4. <wynpjwu (Cwjwuwnw)
Enniwpn U. <wdpwpénidjut (Lwjwunw)
Uwdyb) &. <ndhwtthujwt (Lwjwuwnw)
Upquwd L. <ndubithjwt (<wjwuwnwt)
Uwnghu . Mwqupjui (Lwjwuwnw)
Nwdwt L. Uwudbiywu (Cwjwunwu)
Cwhbu L. Twupbywu (<wjwuwnw)
Upnwn Y. Twyhrywg (Cwjwuwnw)
Unpwyp <. RQupwnu (Cwjwunwi)

* ludpwagpwlwaqdp ginuynud £ duwydnpdwt hnened:

wmwgnunnutiphg: LEpYwjwgynn hnnjwdubipp Ywpnn Gu
lhubi| bwfuyhund nwywgpywsd wy| |Gqyny, Ywd ghnwdnnn-
yh pighup intupny:

Chfuwlwi (kgnt' hwjbpbu:

Cnnuétbiph [kqn' hwjbpbu, wugtpbu, nnwbpbu
(wdthnthwgptipp wbwp £ |pubu pninp Gipbp  (igniutipny
wulwfu hnnwdh hhduwywu |tqyhg):

Lpwwnwpwldwy U nwwghp bW wnguitg:

Cwdwpubph twwwnbujws nmwpbuw pwuwy' 2:

hudpwgpdwi gnpépupwg’ gpwlununieniu (Way-tpynt
gpwlunu' Yuiugwsd hnndwsdh wnbuwyhg):

Gpuwfununipywi (peer-review) dlwswth® tiquyh Ynyp:

Qwunbup uwpw' pdholubp, hwpwyhg dwuuwgbnubp,
wnnnowwwhnipjwt  Yugdwybpwhsubp, huswbu  uwl
ghinwpdoyulwu,  wnnnowwwhwlwu, hngbpwuwlwu
ninpunubpnd woluwwnwup nwunn ghnwhbwwgnunnutp,
Yihuphywlwu opnhuwwnputbip, niuwunnubip:

Muwywntwlw Juyp*' www.ahms.am

huntpuwynpnidip nyywy ywhpu Yhpwnbih sk:

=)

JHMS

URZZ "=

Uitipuwunp S. Upnigyniuny (MY, <wjwiuwnw)
Upubu Ukhhuyjwu (Spwtuhw)

Uppnip & Uypingwt (Cwjwumnw)
Lnwhut Y. Unipurywt (Cwjwuinwt)
Uhpwyti U. Unipuuinngnt (Ywtiwnw)
Uhhpwt 4. Lwqupbpjwu (Cwjwuwnw)
Ubtiupnwy M. Swunwjujwu (Cwjwunw)
Cwnnu Btiphgjuu (UUL)

Ywnbu U. Mbwnpnujwu (Cwjwuwnwt)
Cwudhy 6. Uwhjwu (wjwunw)
Lwphtuw Y. Uwpgujuug (Cwjwunwu)
Utipgt) 9. Uwpgujw (Cwjwuinw)
Ywphub U. Uwphpbljwu (wjwuwnw)
Updtu $. Unnnjut (Cwjwuwnw)
Phwjuw &. Untfunthywu (Cwjwuwnwt)
Upunwywqgn 4. Ywtjwu (Cwjwuwnwt)
Jwht U. Stp-Uhtuwujwt (wjwuwnw)
Shapwu <. Nigniuywu (Ywtiwnuw)
Ltipubu U. Lwpwdjwu (Cwjwuwnwt)
Lwdpwp Lwjwjwu (dpwuupw)
dwu-dwl Lhjwgjwu (Spwuuhw)
Uihuw U. Lnipljut (Lwjwunwt)
Mnipbu (¢ Unwdjwu (N

Ywnw Pbipg (ULUL)

Uduwagpmd hpwwwpwldwd tynypbinh hbnptwluyght hpwynitiptlpp wuwipwianid G UPLL-pt U hinhbwlutppt:
Uniplinh wdpnnowwl wd dwuwdp Jepwhpuwipwpwydwl uwd nplk wyp duny ogynwgnpsdwl hwdwp hwinbup
fudpwapnipguits pnypynyenitp wwipywnpp



SULY

CONTENTS
U P,USTULUL
EDITORIAL e 9
AruU4YULNRE3UL UULUryuer
REVIEW ARTICLES ... 1

dwiwtwlywyhg pdr2juwlw EEYunpnuwhu géwjhu

wpwaqugnighsubph npwyh wwywhnynwdip

Swnwqwjpwiht PERWIWRWINLE ... 12
Muwpnyp U. Uunnujwt, Lnwput U. Unipwnyw,

Hthwuw U. Unipunywu

Quiality assurance of new generation linear accelerators in radiation therapy

Paruyr M. Antonyan, Lusine M. Muradyan, Diana M. Muradyan

ObecneyeHne KayecTBa COBPEMEHHbBIX MEAULIMHCKUX NEKTPOHHbBIX

NIMHEVHbIX YCKopUTEneli B Ny4eBoli Tepanuu

Mapyiip M. AuToHAH, JlycuHe M. MypapaH, OuaHa M. Mypapgax

Nuwnhndnnh$hlughwn 6wnwqwjpwiht EGEpwwhwnd.

hwdwnnun WYUWINRY e 22
Lnwhut U. Unipwnywu, Mwpnyp U. UWunnujw,

Yhwuw U. Unipwnywu

Radiomodification in radiation therapy: A brief literature review

Lusine M. Muradyan, Paruyr M. Antonyan, Diana M. Muradyan

Papvomopmndmakuna B nyvesoii Tepanuu. Kpatkuii 063op nutepatypbl

Nycune M. MypapsaH, Mapyiip M. AHToHAaH, [lnaHa M. MypapaH

<usnky <NuUoLEN
SPECIAL ARTICLES ... 27

Pnidwfuwwnnnubpp wpnitwuljwu Swutwghnwlwu

qupqugdwu hwdwlwpgh pwpGhnfunifubpp

U hEnwuYuwpubpp SWjwutnWlnil .o 28
Lbuw U. Lwunwyywu, Snhwp U. Gppdjwu, Uwdyt|] S. <ndhwuthujwu

Reforms and perspectives of the continuous professional development system

of healthcare workers in Armenia

Lena M. Nanushyan, Gohar A. Yerimyan, Samvel G. Hovhannisyan

Pedhopmbl 1 nepcnekTBbI cMCTEMbI HEMPEPBLIBHOTO NPOgeCCMOHaNbHOr0

pasBuUTUA MefpPabOTHUKOB B ApMEHUM

Nlena M. HanywsH, Toap A. EpumaHn, Cameen I. OraHecaH

K npobneme co3paHua opraHuMsaumm no cosfaHuio,

yxoay u ynpasneHuio 3enéHbiM poHaoM EpeBaHa ..., 34
Kpuctuna K. Bappanan

Gplwup Ywuws $nunh unbinddwu, juuwdph b unwywpdwu

Ywqguwybpwnreiniu hhdubint fuunhpubipp

Lphunhtw Ywpnuwujwu

On the problem of establishing an organization for the creation, care

and management of the green fund of Yerevan

Kristina Vardanyan




orrahuLUuL 4hSULUL <N HUDLEN
ORIGINAL RESEARCH ARTICLES/OPUTUHANBbHBIE HAYHYHBIE CTATBW ..o 4

Karydakis versus marsupialization - short-term comparative outcomes

of intergluteal pilonidal disease treatment in men ... 42
Arman Muradyan, Arman Hakobyan, Edgar Martirosyan, Hamlet Ghorkhmazyan,
Vahan Gevorgyan, Vahagn Hambardzumyan

Ywphnwyhutu punnbd dwpuniyhwiugdw. Snwdwpnywug dnwn dhohbinnnypw)hu
whinupnw| hhjwunnipjwu pniddwt Yupbwdwdybn hwdtdwnwywu Giptpp

Updwu Untpwrywu, Updwu <wynpjwt, Engup Uwpwnppnujwt, <wdjbin Unpludwqgju,
Jwhwt Funpgywu, Ywhwqu <wdpwpénidjw

Kapvu],anmc npoTnB Mapcynunanmsaunm — KpaTtkoCpO4Hbl€ CPaBHUTENIbHbIE UCXOAbI NNEYEHNA
MEMbArOANYHON NUNOHMAANBHON 6ONE3HN Y MYyMUNH

ApmaH MypapaH, Apman AkobaH, darap MapTupocaH, Famnet lopxmasan, BaraH esopraH,
BaarH AmbapuymaH

uLhLhuUuLUL H¥NLErh Luuruarnr@3NhLLEN
CLINICAL CASE REPORTS/OMUCAHNA KIIMHUYECKNX CRYYAEB........cocoeiii, 51

Neurodevelopmental delay, corneal clouding, hypomyelinating

leukoencephalopathy: think mucolipidosis V... 52
Mane Tadevosyan, Biayna Sukhudyan, Davit Babikyan, Eugen Boltshauser

Rwpqugdwt hwwwnnud, Gnobipwpepwnwueh wynunnpnwd, hhwyndhbihuwgunn
IEYntugtbwinwwiphw. htippti IV whwh dniynhwhnngp

Uwub fwnunujwu, Phwjuw Untfuniywu, Ywyhe Pwphljwu, Ojgbu Pnjwuhwnigbip

3ajepika pa3BUTHA, NOMyTEHNE POrOBULLbI, TUNIOMUENVHUPYIOLLAA NelikosHLedanonatua:

NCKNOUNTL MyKonunnpos IV tuna

Mane TapeBocsaH, buaiiHa CyxynaH, [laBug Babukax, Oiiren Bontcxaysep

Contribution of perfusion imaging and magnetic resonance spectroscopy

in the diagnosis of cerebral lymphoma...............ccocooiiii 57
Emmanuel Irles, Samy Behar, Anaél Rieu, Hampar Kayayan

Mbpdnighnt mbuwwwnytipdwu b dwquhuwnbgnuwtuwht uwtyunpnuynwhwih

ubpnpnudp ninbinwyht |hd$ndwjh wiuinnpnadwu dbg

Edwundt) bpj, UGdh PGwp, Uuwb) MHyn, <wdpwp Swjwjwu

Bknap, nepdby3anoHHO BU3yanusaumm u MarHUTHO-PE3OHAHCHOI CMEKTPOCKOMUN B AMarHOCTUKe
uepebpanbHoii nMmdombl

Ommanyanb Upn, Camu Beap, AHaanb Pué, Amnap KaitasH

Our experience of gamma-irradiated sterile cornea allograft surgery ...................c......... 61
Suzanna Kechyants, Ofelya Ginoyan, Lusine Kambulyan,

Ani Hambardzumyan, Anna Hovakimyan

Quiddw dwnwqw)prwsd dwuptwqbnd tinobipwprwnwueh

thnfuywwnywuwndwu yhpwhwwnnipyniutubiph dbp thnpép

Ujniquutw Ybiguug, Odbyw Shunjwu, Lnwuhub Ywdpnijw,

Uuh <wdpwpénidjut, Uutw <nquyhdjwu

Halu onbIT npoBegeHna onepauuii No TpaHCnaaHTaLum ramma-o6y eHHbIX

CTEPUIIbHBIX AIOTPAHCMIAHTATOB POrOBHLLb

CrozaHHa KeusaHu, Odpens MmHoaH, JlycuHe Kambynan, Avu AmbapuymaH, AHHa OBakumaH




Stevens-Johnson syndrome and toxic epidermal necrolysis:

case series and brief literature review ... 67
Tatevik Aloyan, Zaruhi Kalikyan, Sona Harutyunyan, Alexandra Zakaryan,

Mariam Movsisyan, Lusntag Ktsoyan, Ovanes Karslyan, Armine Hakobyan
Urhybuup-2nuunup hwdwiunwuhy b pnitwynp yepuwdwoywihu ubypnihg.

nGwpbnh 2wpp b gpwlwunigjwu hwdwnnun wluwpy

Swplhy Ujnjwu, Rupnthh Ywihljwu, Unuw <wpnigynitjut, UjGpuwunpw RQupwnjwu,
Uwphwd Unduhujwt, Lnwbupwag Yénjwu, OJwubu “Ywpuywu, Updhut <wynpjwu
CuHppom CtnBeHca-[1OHCOHa 1 TOKCUYECKNIA annpepManbHblil HEKPOU3:

cepuA cnyyaeB U KpaTkuii 063op nuTepatypbl

TateBuk AnosH, 3apyun Kanukan, CoHa ApyTioHaH, Anekcanppa 3aKkapaH,

Mapuam Moscucan, JlycHtar Kuosan, Osanec KapcnaH, ApmuHe AkonaH

NHTepnpeTtauus gaHHbIX geHcuToMmeTpumn y 6onbHoro

AHKUNO3NPYIOLLUM CIIOHBMITMTOM ......oovimiiiinintietistieteesteeeeteseee e s s sesae s eees e es s eseeesssssaese s 73
HapuHa B. AcnaHaH

Auuhinndbnphy ndjuiubpp dayuniginitup wuyhinqugunn uynunhihnny hhywunh dnwn

Lwphut 4. Uujwujw

Interpretation of Densitometry Data in a Patient with Ankylosing Spondyliti

<U3N8 AdCUNhE3UL HUMrUL .
ARCHIVES OF ARMENIAN MEDICINE/APXUBbI APMAHCKOU MEOULUNHDI ...................... 77

Ha6niogeHus Hap ckononamuH-mopduii-x10popoOpMHBIM HAPKO3OM..................c..o.cueei.. 78
AMW. lpuropan

Uynwniwdhu-dnpdhuwihtu-pinpndnpdwiht wuqgujwgdwt nhwnwnpynidubip

U.h. Sphgnpjwu

Observations in scopolamine-morphine-chloroform narcosis

A.l. Grigoryan

<t1bhtuuilerh <uvur
GUIDE FOR AUTHORS/TMTPABUJTA ONTA ABTOPOB ..o 83




www.ahms.am

AJHMS | 1/111/2023

Dear Readers,

It is with great pleasure that we introduce the
much anticipated first issue of the Armenian
Journal of Health & Medical Sciences (AJHMS)
in 2023. As always, we gather in one issue a
wide variety of medical disciplines including
review articles, original research, case reports
and traditionally for our journal we reserve
space for special and historical articles. In their
comprehensive review Antonyan et al. discuss
an important aspect of quality assurance of
contemporary linear accelerators in radiation
therapy. It is followed by another short review
by Muradyan L. et al. on radiomodification in
radiation therapy. In the next section dedicat-
ed to special articles, we present an important
work by Nanushyan et al. who present a timely
update on recent developments of the state-ini-
tiated reforms and future perspectives of the
continuous professional development system
among healthcare workers in Armenia. Anoth-
er special topic is presented by Vardanyan’s
overview on Yerevan's green infrastructure,
history of its creation and current problems.
In an article by Muradyan A. et al. patients with
intergluteal pilonidal disease were divided into
two groups to compare two different surgical
techniques, drawing conclusions on cost-effec-
tiveness and speed of recovery.

This issue also includes some valuable case
reports. Tadevosyan et al. report on a very rare
case of mucolipidosis IV describing elegantly
its typical neurological, ocular, and magnetic
resonance imaging (MRI) findings contributing
to the understanding of unexplained develop-
mental disorders. Irles et al. present a nice
case of cerebral lymphoma accentuating the
refining role of additional MRI diagnostic mo-
dalities in helping with diagnosis orientation.
With this report Kayayan’s group from France
also strengthen the role of radiologist as an
important participant in patient’s clinical man-
agement. Continuing this series of articles with
interesting case reports is the one authored by
Kechyants et al. Hovakimyan’s group presents
a pilot case series of using gamma-irradiated
sterile cornea allograft technique in eight pa-

tients with corneal ulcers. Aloyan et al. present
three cases of a dangerous allergic complica-
tion of drug therapy - Stevens-Johnson syn-
drome and toxic epidermal necrolysis, further
supported by a brief literature review. In a case
report by Aslanyan, a case of osteoporosis in a
patient with ankylosing spondylitis is described
with a focus on importance of densitometric
evaluation and specificities of osteoporosis in
this population.

Finally, in the Archives of Armenian Medi-
cine section we went back in time again and
found for our readers an article about sco-
polamine-morphine-chloroform narcosis pub-
lished in the “Vrachebnaya Gazeta” (“Medical
magazine”) by an Armenian doctor from Tiflis
(Thilisi) in 1911.

We strongly hope that this current issue
of the AJHMS will keep up the track record
of previous ones in representing to the col-
leagues an interesting and useful professional
reading account. We continue our work in im-
proving the Journal and its scientific value. At
the same time the editorial board is keen on
involving more variable material to represent
the multi-faceted landscape of medicine and
healthcare system. We gladly inform you that
starting from 2024 the journal will become ex-
clusively English, and we are eager to raise it
to a higher level representing Armenian scien-
tific field internationally. We would like to invite
potential authors from Armenia and abroad to
contribute to the development of the journal
with their highly valued contributions.

With our best regards,

4
Davit Samson
Abrahamyan  Khachatryan

Chief Co-Editors of the AJHMS

10.54235/27382737-2023.v3.1-9. Published online: 30 November 2023
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wuwwhnynid, npwagnyt pniddwtl (nGutininghw-
utip, phuppbn

LEMPUONRE@3NKL

dbipohu utipunh ElGYunpnuwihtu qdwjhu wpw-
qugntghsubipp (E9U), npnup hwgbigwsd Gu inbuw-
wwuinybpdwu (Yphgniwjwgdwt) odwunwy uwp-
pwynpnwfubpny W hunbigpywsd  hwodwnplwjhu
dpwaptipny, huwpwynpniejniu Gu wnwihu Yphpw-
nb| dwnwquwjpwht ppwwhwh (Afd) unpw-
gnyu wbfuuninghwubipn, npnug pyhu U wywwn-
Ywunwd  thugh  hunbuuhynipjwt  dnnnywynp-
dwdp nwnhnetpwwhwu (Intensity-Modulated Ra-
diation Therapy, IMRT), thugh huwnbuuhyntejwu
dnnniwynpdwdp nnuinwghnt dwnwquw)jentd (Vo-
lumetric Modulated Arc Therapy, VMAT): Uju inbfu-
uninghwubiph Yphpwndwu pupwgpnd  ogunw-
gnpdynid Gu pwqdwebpe Ynihdwunnp, ns hwdw-
swith dwnwqujpdwlu nwowbn, ubwwdl hwpdw-
pwupubp, uwnbpbnunwpupy hwdwwpgbp W
wjju: Cwulwuwih E, np unp nbuuninghwubph

Yhpwnnwip, wnwyb] Lu ubpnpnwip Yihupluw

Yuwwyws £ Uh gwpp pwpnnipniuutiph hbwn: Linp
wbfuuninghwubiph ubipnpdwu hwdwp wwhwuyg-

ynw U pwjwywuptu vbé Phuwtuuwlywu dhong-
ubip W thnpdwnnt Yunpbp (pdhoyutip, wndhupu-
wnpwwnnnpubip, pdo2ywlwu hghynuubin, hudtiubip-
ubip, wbntywwndwlywu ninpnh dwutwgbunutp,
dwnwaquwjew)hu wkfuupyubp W wju) woluwwnmwu-
pwjhtu thnybipp 6hoin Yuqdwybpwbiine b hbunw-
gw ndwpnipniuutiphg Ywd $npu-dwdnpuwjhu
hpwyhdwlubphg funtuwihbint hwdwp: Oppuwy’
uwppp wpunwnpnn puybipnyejwu Jwutwgbinub-
nh Ynnuhg uwppp wbnunpdby £ Yihupyuynd,
Ywqidt; £ hwdwwwwwuluwu punniudwu-
hwududwu wyw, np uwppp gwuynd £ unpdw
woluwwmwupwihu dhéwynd b wju Ywpbph k
owhwanpdt;: Uwywju hbGnwguinud wywpqynd
E, np pwgwlwynwd £ uwpph nbuwwwwnybipdwu
hwdwlwpgh wwwhnydwu  hwdwywpgswihu

*YnuwmwYunwjhu hbnhuwy. parantonyan@gmail.com, +37493939879
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Muwpnyp U. Uunntjwu b wp

Yowihu wpwgwgnighsubiph npwyh wwywhnynid

Spwahpp (wyu ninnuiyh sh quyb Yihuhlwgh Ynn-
vhg): lvunpwhwpnyg £ uwbl dh 2wpp Ggpnypub-
ph (nbpdhuubph) Yhpwnnidp, npnup ubipdnwdyb
GU Unpwgnyl pwpdp nbfuuninghwywu uwppw-
Yynpnudubp wpunwnpnn bW dwunwwpwpnn puyt-
nniejniubiph Ynnuhg:

TG-40 R6UNh38L

EQU-h npwyh uwnniqiwt  wofuwnwupwiht
funidpp (Task Group, TG) uwntindyb| £ Pdojwlywu
$hahlnuutinh wibiphlywy wunghwghwih (Ame-
rican Association of Physicists in Medicine, AAPM)
ghnwlwl funphpnh Ynnuhg' Swnwqujpwhu
pniddwu Yndhwnbh b Npwyh wwywhnydwt Yw-
nwnbjwgnpddwt  Gupwyndhnbh nGlwywnni-
pjwdp: Fudph wnolt npywd k tink| tipynt hhduw-
Ywu bwwwnwy. pwpdwgut ESU-h npwyh uwnnig-
dwu wnyjwiubpp hpwwnwpwyws TG-40 qtiyny-
gnud [1] b wybwgubi| uwppwynpnidubiph uwnnig-
dwu htn Yuwydwsd unp wnwownpynipniuubn,
npnup hwgbigwsd Gu pwqdwebpe Ynihdwwnnpny,
nhuwdhy b dhpuniw| ubwywaél phiinptbpny, wu-
hwdwswih thwywuwyubpny b ubpyunnigqud
nbuwwwwnytipdwu hwdwhwnpgbpny: Upfuwwnwu-
pwjhu funwipp, wwpunnbiiny TG-40 qtiynygh pwp-
dwgnudp, uwhdwubig unp  unniquswthwywu
ptuntin W wpdbpubiph pnyjwwptih oGnnudutin,
wybjwgpbg unp wnwownpyniejniuutip ny dhwju
pniddwl Unpwgnyu inbfuuninghwubiph, wyl nb-
uwwwwnybpdwtu  uvwppwynpnudubiph hwdwn,
npnup ubipyunnigywd Gu wpwagwgnigshu b npw
pwnywgnighs dwub bu: Ungwug wwwybipubph
uinwgdwu uwppwynpnwfubipp hpbiug Ywgdnid
ubpwnnud GU nbungbljwu nbuwwwunybpdw,
wnpunw| b Ynuwbwnwqwjpwht hwdwlywpg-
swihu gtipunwapniejwu (Cone Beam Computed
Tomography) uwppwynpniudutipp:  RtYnygnwd
hwoyh U wnuyb] bwl dwnwquwjpdwu Ubtpnn-
utiph wwppbipnugniuipp, npnup Yuptith £ Yp-
nwnbl wnwpptip uwnptiph dhongny: Ophtwy’
uinbipinnwpuhy dwnwquwjpdwu Ywd IMRT-h
hwdwp ogunwgnpdynn uwppbpp wwhwugnwd Gu
uinnigdw tnwppbp pGuwmtp U niubu wnyjwuubph
pnywwinpbh 2tindwu wwppbp wpdbipubp: Lbp-
Yuwjwgywsd Gu twl wnwownpynipniuubip «gnp-
snnnigyniuubiph dwlwpnwyh» YGpwpbpjw)' np-
nwnynwd, uwpph wwuwihtu unnignid, Yuwpguw-
pbpnwd W wyju:

_2tynygp hwgbigws £ uwl wpdtipwynp wdb-
uonyw, wdblwdujw b nwpbywu ptunbph ulw-
nwgpnipjwdp, puqiwptine Ynihdwwnnph, nhuw-
uhy b ghpunnww ubiwtiph, wwwnltinuiph npwyh
ybpwpbipjw| wmbnGlwwnynipjwdp: Uunpunwpd
Ywwnwpdwd twl npwyh Gpwotupph wwwhny-

dwtt ninnywd ehuh unbnddwtu woluwwnwup-
ubpphu, dwwnuwuqwsé Gu phdh jnipwpwignip
dwutwygh [hwgnpnigyniutipp bW wwpuwlw-
unigyniuutipp, uwhdwudwsd b thwunwpenpetpp
qupbnt Ywpgp W éup:

TG-40 qtynygp hpwuwnwpwyyt, £ nbnlu
1994p. U uUbpwnnud Ep  wnwowpynieiniutbp
ESU-h npwyh wwywhnydwu punhwunip pliuwnbk-
nh Ytipwptipjug: Uwluwiu wyu gynygh hpuww-
pwynwdhg h gtip dawlyt U Yihuhlw B ubipnp-
gt pniddwt unpwgny wnbGfuuninghwubn, npnup
Yhpwnynid Gu dhus opu: Wn wbluuninghwubpp
ubpwnnud U pwqdwptpe Ynhdwwnph, wuhw-
dwswih thwlywuwyubiph, nhuwdhy b dhpunnww
ubiwbph, wwwybpubph unwgdwu EGYunpnuw-
Jhu wynpwnw] wwwnybpwgpniejwu hwdwhpubp
(Electronic Portal Imaging Devices, EPID):

TG-40 qtynygh hpwwwpwydwu hhdpnid pu-
Ywd tu binki| Awnwqw)pdwu dhwynpubiph L sw-
thnuwdubiph Jhowqquwihu hwuduwfudph (Interna-
tional Commission on Radiation Units and Measu-
rements, ICRU) wnwownynteyniutipp [2] wju dw-
up, np hhdwunh Ynndhg Ylutdws swihwpwd-
uh U pnidnn pdoyh Ynnuhg Lowtwlyyws pnidw-
Ywu swihwpwduh pnywwnnpbih 2tnnudp wbwnp
pulwd [huh wnwybjwgnyup £5%-h uwhdwuub-
pnwi: EQU-h npwyh wwwhnydwu dpwgph hhd-
twlwu bwywuwnwyu £ Gpwotuwynpt| uwpph ww-
pwutinptiph (puntewagphgutiph) Ywniunugniup
L hGwnwqw YGpwpunwnpbhnyeniup: Uupupt'
uwpph wwpwdbwnpbpp wutpwu Gu obinynid
pwqujhu  wpdbpubiphg, npnup  Gupquipbinyb
L $ppuyti Gu uwpph punniudwt b hwuddwu
dwdwuwly (accepting testing), huswybu wl uwp-
pp htGwnwqw Yhupyuwlywu swhwgnpddwu punnt-
Ublhu (commissioning) [3]: LGpYwjnwu Ywu dh
ownp hpwwwpwynidubip, npnugnud dwupwdwu-
unptu bywpwagpywsd Gu ybpnujw) gnpdpupwg-
ubph hpwlwuwgdwu hwdwnp wuhpwdtion pLu-
wnbpp: <woyh Gu wnuybp bwl Uhowqquihu biky-
wnpwwnbiuuhjwywu hwuduwfudph (International
Electrotechnical Commission, IEC), Pdoqwlwu
$hahynuubiph wdtiphyjwu pnitioh (American Co-
llege of Medical Physics, ACMP) wnwowpyntejntu-
ubipp W nhunnnnejniuutipp [4]:

Pwquwihu dbdniejniuttiph Uté dwup ubipptinu-
ynuwd Gu pniddwt wyjwuwynpdwt Gnwswih hwdw-
Ywpg, npwbiugh puntpwagptiu Ywd dnnGjuynptu
dwnwaguwjpdwu uwppp' wuninuyhnpbu waqnb-
(nYy hhjwunh pniddwt wjwup ypw: <bnbwpwn
obinnuiu wju pwquiht ytdnipyniuttiphg (pnyjwun-
nGih wndtiputinhg wyby) Ywqnh hhywunutiph
pniddwt npwyh U wpryniwwybnnypjwu ypw:

Uwpph wwpwdbiinpbpp Yupnn Gu 2tingt) puqu-
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Jhu wpdbipubppg 2wun wwwnbwnubpny: Oppuwy'
uwpph dbfuwuplywywu fuwhwunwdubip, fjuwhwu-
Jwd hwugnygubiph ybGpwunpngnd Ywd thnfuw-
phuntd unpny, uwpph ufuw] b ny owywnhdwy 2w-
hwgnpdnud, 2whwgnpddwu pupwgpnd uwnpph
ntunwiutph wunptwuwpwp dwoqwdnipintu W
wjju: Lojwd ywwnbwnubipp wuhpwdtion £ hwy-
yh wnub| npwyh wwwhndwu dpwgph ywhwuy-
ubipp wwppbpwpwnp hpwlwuwgubihu: (Fhuwntiph
hpwywuwgdwtu hwdwp wuhpwdbion £ pwpdp
Jdwutwghwnwlwu npwlwynpnd niubgnn phd’
Ywqudws pdholubinhg, pdalwlwu dhahynutb-
nhg, nnghdtiinphuwnubiphg, hudtiubiputiphg (Guwp-
nwpwagbwnubphg)' ppbug wwpunwlwungyeniu-
ubph W (pwgnpnipniuutiph  huwnwy  hdwgnt-
pjwdp: Uwywju EQU-h npwyh wwwhnydwu
Spwanh Wwwnwufuwuwwnnt wtwp £ tpwuwyyh
dbl wud' pwpdp npwlwynpnid niubignn pdolw-
Yt $hahynu:

EQU-h npwyh wwwhnydwu dpwgph hhdpp
TG-40 qbtiynygu E: Uwlwju qtiynygh hpwww-
pwynidhg htwnn thnfudb Gu ny dhwyu uwppbiph
Ywnnigwdpp, wjl npwug pnidwywu huwpw-
Ynpnipynitutbpp: Fuunwgyb Gu uwpptiph wkuup-
Ywlwu wwpwdbwnpbphu b 62gpnnypjuwt www-
hnjdwup ubipyuwjwgynn wwhwugubpp: Bl jni-
pwpwugnip diennh Yhpwndwu hwdwnp wbwp £
uwhdwuyh npwyh wwwhnydwu dpwghp' 6wnw-
gwjpdwlu wnyjw| dbpnnht hwdwwywwnwufuwu:

\ H_.,r_a._r 1 .......... =
,«"m‘«}:i | J ﬁ
AT e

{a) (s}

prm—

..‘ '.
7 liciate] B
|

Lhwp 1. Push wypndhih hwdwswihnipniup b
nnnpyniejnLup. wju Bpynt wwpwdbnptpny £
wwjdwuwynpywd pnidwywu thugh npwyp: Push
nnnpyniejnLup ninnwhwjwg (a) hwppeniejwdp

U hnphgnuwlwu (b) hwppeniejwdp: Pugh
hwdwswihnyeniup ninnwhwjwg (c) W hnphgnuwywu
(d) hwppniejwdp:

EQU-h NPUWLUP UNULNYNRUL

(TG-142 2BUNK38)

EQU-ph npwyph wwywhndwtu Spwagph wnw-
oswnyniejniutbpp ubpywjwgyws Gu pwpdwg-
wd TG-142 gtiynygnid: Lnp gtiynygnid ubpyuw-
Jjugqwé wnwewnpyubpp pungpynwd Gu phuwmntipp
hpwlwuwgdwu  wdbh Jwu 2pgwuwl, husp
wwjdwuwynpywsd k uwppbiph wwpwdbnptbph
pniddwl unpwagnyu dbpnnubph wybjwgdwdp:
([FGunbipp nwpptpynd Gu uwle uwppwynpnid-
ubiph hwdwp' Guting IMRT Ywd unbpbnunwp-
uhy dwnwquwjenw hpwlwuwgubint huwpw-
Yynpnipjniupg: RGYnygnd  ubpluwjugywsd phu-
wbipp pungnynud Gu uwpptiph nnghdtitiphly, Jb-
fuwupyuwywu b wuywnwugnipjwu hwdwlwngb-
ph dwupwypyhw Ywpgqwpbpnwp bW unniquisw-
thnudp: Pwgh pywpywoéubphg wybjugyt) Gu
Uwl pbunbp pniddwu w) dbennutph hwdwp:
Ophuwy' 2uswnwlwu swpdnidubph upuppnuw-
gnudp, wuhwdwswih thwwuwlubph, EGYwnpn-
Uwjhu thugbipny dwoyph wdpnnowywu dwnw-
guwjpendp U wju: Lepnpyb) Gu bwb |pwgnighy
phuwnbp' nhuwdhy, yppunnuw b niupdbpuw) ub-
wbph, pwqiwpetpe Ynhdwwnnph b lnmbuwwwn-
ytpdwu hwdwhpubiph hwdwn: RGYnygh htinp-
uwlubpp hwdwlwpsdhp Gu, np pninp upjwd
ptuntph hpwywuwgnip wuhpwdbionm E hp-
qwunubph pwpépwywpg b wuynwug pnidnid
wwwhnybint hwdwp: Oppuwy' ubwh nhpph
62gnhin nbnwlwjdwu pnyjwunpbh 2tndwu wp-
dtipp wduwywu swihnwdubiph dwdwuwly wbunp
E puywé |pup 2 dd dhowlwjpnid: “Hpwuhg
wybifh 2tinnwip Ywpnn b hwugbgub| upywd tun-
pnipjwl wwpwagwind 2-3%-ny pnidwlwl sw-
thwpwduh pwotudwu 2Gndw [5,6]:

Pugh wnpndhih Yuyniunyegniup uplinp gni-
gwuh? b tpwuwlwsd pnidwlwu swihwpwdhup
hhqwunhtu 62gphwn hwugubnt hwdwp: Pnidw-
wu thugh npwyp npnpynwd £ Gpynt gnpdnuub-
nny’ thugh hwdwswihnipjwdp (symmetry) U thu-
oh nnnpyniejwdp (flatness) (uy. 1):

([Gwpdwgywsd ndjwiutipny wpndhih aup Yuw-
jniuntgjwu hwdwp  pnywwpbih  uwhdwuwhu
wnpdbpubpp uwhdwuynd BU' pnidwlwu hugh
yGunpnuwlwu wnwugphg nnipu gunuynn gnp-
dwyhgubiph wpdbtipubiphg Gjubkiny (Off-axis Fac-
tors, OAF), npnup swihynid Gu uwppp Yihupyw-
Ywu swhwgnpddwu punniubing wnwy' Yihup-
Yujh pdoyulwt Shahynup b uwppp dwinwlw-
pwpnn puybpniejwu dwutwgbnh Ynnuhg: <b-
nwagwind juunwpywsd swihnwdubipp hwdtdwun-
ynud GU wyu ddnipjwu htinn: Uu dbdnipjwu ob-
nnudp pwquihtu wpdtiphg wtwp £ puwsd |huh
2%-h uwhdwuubpnud:



Muwpnyp U. Uunntjwu b wp

Yowihu wpwguwgnighsubiph npwyh wwywhnynid

<ULUUL NUrersruuwuLNir@3NRLE

ESU-h npwyh wwywhndwu unniqgdwu pLu-
wnbipp hhduwywunw pwdwuynud Bu bpbip fudpp'
wdtuopjw, wdbtwdujw b wnwpblwu: Udktonjw
Ywd 2wpwpwlwl ptunbpp ubGpwnnd Gu wju
dtdnipniuutipp, npnup Ywpnn Gu wudhowlwu
wqnbgnieinu niubuw| pnidwwi swthwpwduh
dtonipjwu W hgnpnipntt ypw, huswbtiu twl thu-
oh GpYypwswihwlwu punypwagphgutipp (jwqbip-
ubip, owwhywywu hGnwswth, nwownh swtih):
Udtuopjw phuwnbiph pupwgpntd unnigynid Gu
nbuwdwjuwgpnn hwdwlwpg, nnubiph wpqb-
[wthwyhsubp W ynpunw| uwppwynpnidutin: Uju
ptuntpp Ywwwnpynd Gu wnwynujwlu uwppp
dhwgubijhu:

Udbuwdujw ptuwnbpp ubpwnn Gu wju Jdb-
dnipjniuubiph uwnnignudp, npnug thnthnfudwt hw-
quwuwlwuntejniup wdujw pupwgpnd thnpp £
(uwpph pnidwutinuuh, thugh wpndhih uwnnt-
gnu): Udbtwdujw pbunbpht wybkjwgyt| Gu
uwl pbuwnbp' 2uswnwlwu swpdnwdubph uhup-
pnuwgdwu hwdwlywpgh W wynpww] uwppwyn-
pnudutiph quwhwwndwu htn Yuwywsd: Wu pbu-
wntpp pwwywuphtu pwpn Gu bW wbwnp £ hpwlyw-
twgybu thnpdwnnt pdolwlwu $hghynuutiph W
hudtutiputiph Ynnuhg:

Swpblwu unngnwdutipp lunbph 2wpp 6,
npnup hpwlywuwgynd GU uwppp Yhuhhuywu
owhwgnpddwu punnwubiintg wnwy (punniuncd-
hwudunud): Ujn pbunbph pupwgpntd uinnigyntd
GU wju dbGdnipniuutipp, npnup pwquwyhtu Gu: Unnt-
gnwihg htinn pwqwihtu wpdtipubpp wuhpwdby-
wnnipjwu nbwpnd  pwpdwgynid, thnthnfuyntd
Ywd dunw Gu wuthnihnfu: dwdwuwyhu wnwpyby
GU woluwwnwupubp unniquswhwwu ELuwnt-
nh hpwlwlwgdwu wwppbpwlwunipjwu hbwn
Yuwywsd' hwdwywpgqws b unwunwpunwgywd
dbfuwuhqdubp dowybint hwdwp, uwwju nwnpp-
utiph thnpdp gnyg wylig, np nw wuhpwgnpdtih
E U Yuwywsd dh 2wpp nddwpnypniuutiph htiwn:
Ophtwy’ Yihuhwih dwpnlyuwiht U phtuwbuwlywl
ns pwywpwp nbunipuubpp, wofuwwnwuph Jbd
swywip, dwdwuwyh unnipntup, npwyjw) Ywn-
nph wwlwup W wyu: Gluking gbpp upquwsdhg
Ywpbh £ uwhdwub) pGuwnbtph hpwlwuwgdwu
wwppbpwywunipyntup b Yhpwnb) w) dbpnnw-
pwunieynt’ Glubing wdjwy Yhupywih wnwus-
Uwhwuwnnipyniuutiphg W nunipuutiphg:

[NR3LUSPrELP TEUUL Urd6LLE D

NrASUUL UU2PNKhLLL

(Gnyjwwnpbith 2tndwu Ywd uwhdwuwjhu wp-
dtipubipp, npnup upywéd Gu TG-40 qtiynygnud, Yting-
gt Gu AAPM 13 qtiynyghg: Wu wndbpubipp pu-

wnpjwd Gu wjuwhup uygpniupny, npwbugh nn-
ghdbunphy wwpwdbuinpbph gnidwpwjht 2bindwu
wpdbipp puywsd huph £5%-h uwhdwuubipnid, huy
nwnpwdwywu stndwu wpdbipubpp' 5 Jd uwh-
dwuubpnud: Uu qliynygnd tupqwd wwpwdbin-
pbpp Ywuwnwpbjugnpdyb Gu' Glubing uwppwyn-
pnuwdubiph wnbfuuhlwywu W Ywnnigwdpwihu
wnwuduwhwwynipniuutiphg W pniddwtu  Jb-
pnnubphg: Oppuwy' uwbpbnunwpupl Gwnw-
gwjrUwu hwdwp wnwpwdwlywu 2tndwu Eny-
lwwptith wpdtipp whwp £ puywsd hup 1 dd
uwhdwuubpnud:

USULUrs enraurunkuLerp

yuuvnuuuuree vurep

CLHNRLUUL-KULALUUL CLIEUSLNRU

Yihuhywlywu 2whwgnpdnidhg wnwe wbnh k
niubund uwpph punniudwu-hwuddwu gnpdpu-
pwgp, npp Uwfuwwnbuywd £ yihuhluwh W uwppp
dwunwlwpwpnn  puybpnipjwu hbn - Yupywsd
wwjdwuwgph hwdwdwju: Culybpnypjwu  ubip-
Ywjwgnighgp whnp £ thnpdwplph uwppp, gnyg
wnw hwbwhunpnhu, np uwppp gwnuynd k£ puw-
Jwunu wofuwwnwupwihu yhdwynd b wofuw-
wnnw £ uwpph wnGluuphjwlwu hwunwpenetipnd
u2Jwd wwhwuoubphu hwdwwwwwufuwu: Yih-
upluywtu 2whwgnpdnidhg wnwye Ywwnwpyntd
tu dh 2wpp swihnuwiutip nnghutivphy b dbfuw-
uplwlywu ywpwdbinpbph wpdbpubpp npnatint
hwdwp: Unwgywd dtdnipniuutipp hwdwnpynid
GU pwquwjhu: <Gnwagqwind Yunwpywd swihnid-
ubiph wpdtipubpp hwdbdwwnynd GU wju pwqu-
Jhu dGdnipyniuutiph hbwn:

FPURU3PL UMdGLLEMh LUU

Utonh@3NhLLENrP USUSNRUL

Uwppu punnwubiinig htiinn (acceptance testing)
ujuynud £ uwppp Yihuplwlwu swhwagnpddwu
hwudubnt thnyp (commissioning), nph pupwg-
pnud uwhdwuynud Gu W uwpph Yuwnwywpdwu
hwdwlwpgh Jbe ubpptnuynid Gu pnidwywu
thugh hhduwlwu punipwgnhsubinp (thugh tutip-
ghwu, swihwpwduh hgnpnieniup, GpYypwsw-
thwywu punipwgphsubipp U wyu), npnup wu-
hpwdbywn Gu Yhupywlywu swhwgnpddwu hw-
dwpn: Wu dtdnipjniutbpp hwdwpynw Gu ~ ! pb-
pnipntuutinp, npnup nbin sGu nwpab] Yphuinp-
Yuwlwu b wnbuwubh: Lowd gnpdnuubiph ww-
pwagwjnwd hphjwunubiph pnidnwdp Yupbih £ ow-
pniuwlbl, uwhwju Epnientuutipp hunwagqw)nid
wbwnp E ytpwgybiu:

» Uwlywpnwly 2. Mwuwihtu gnpdnnniejniu-
ubin: Ptiptiup GpYynt oppuwly, npnug wnywyniejwu
nGwpnd wuhpwdbtion £ Yuwwwpb| wjwuwynp-
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Jwd gnpdnnnigyniuttip: Ophuwy' unwgywsd wp-
dbipubipp 2wwn dnwn tu Ywd hwjwuwp Gu pny-
jwwinpbh 2tindwu wpdbputippu: Uuhpwdbon k
1-2 opdw pupwgpntd Ywunwnb] uwpph wnbluup-
Juwlwu uywuwnpynid, pnidnwip Ywpbih £ pwpne-
uwyt: <wonpn ophuwyp' unwgywsd wpdtipub-
pp thnpp hus gbipwqwugnud Gu uwhdwudwé
pnywwnpbiih o2tindwu wpdtipubipp: Pnidnudp Yuw-
nbih £ swpniiwyb), pwyg 1-2° wtuwwnmwupwhu
opjw pupwgpnud wbwnp b wwpgb] wuuwppnt-
RwU wwuwndwnp U YybGpwgub pbipniejniup:

» Uwlwpnuy 3. Uuhwwwn gnpdnnniejntu-
ubp: Wu pupwgpnid nunwptgynd £ hhywun-
ubiph pnidnudp: Mbwnp £ wwngbip wuuwppnypjwu
wwwbwnp, hwpy tinwé nbwpnw Ywwyb| uwp-
pp dwwnwwpwpnn jwd uywuwnpynn puybipni-
Pjwu Jwulwgbwnubph hbGwn: Wn wuuwppnt-
pIniuubph pUhu U wwuwwunw swihwpwdup
wpdbtiph Jtd 2tinnwip, uwpph npn2 hwugnyg-
ubph fuwthwundp b wyju:

UeU UL ULNMrNENRE3NRLLE,

Jd6rursurnir@3nNhue

td ATArsSNhE@3NKkLL

Cunhwupwwbiu gwulwgwsd nbuwyh swihnid
hpwywuwgubihu unwgywsd nyjwiubph Gagpuinnt-
RIntUp Ywiujwd £ uwl oginugnpdynn nbiuup-
Yujhg, swthnn uwnptinh 6han Ywpquiptipnidhg
U dwpnywjhu gnpdnupg:

» 2wihdwu wunpnonipntup Yufujwsd b swih-
dwu ybpouwlywu wpryntuph 2tnnuihg' pwquihu
wndtipubiph htin hwdbdwnwé:

» 2widwu wpryntupubiph  YGpwpunwnnb-
ihnipgniup ypdwlywgpwlwu ndjuy - Ujupupt’

Lhwp 2. Huwdhy ubwy:

Gpp wwppbpwpwp Ywwnwpynd Gu npnawyp
pwuwyny swihnudubip bW uwpph hGwn thnthntunt-
pintuutin s6U Ywwnwnyb), www swihynn wpdtip-
utiph pYwpwlwlwu  dhohtpg gtinnudp Yihuh
unwunwpwn  dednipgnt’ swithnwfubipp  hbnw-
guwjnid Ypyubithu:

» Quihndubiph dogpunniyniup wwydwuw-
ynpywd L swihdwtu pupwgpnid ogunwgnpdynn
swithnn uwppbiph eny|wwnpbihnipjwl uwunnwyh
hwuwynigyniuubphg: Oppuwy' nnquswip  hn-
uwgunn fughyh hbwn dhwuht nup swihdwu
0,01% 6Gogpwinieiniu: 10 swithnd  Yuwnwnbnt
nGwpnd nyjwiutiph yGpwpunwnpdwu otinndp
uhohu wndbiphg Yihuh 0,05%, huy swihdwu
wunpn2niinup swhwpwduh pwgwnpdwly wp-
dbiph hwdwp YYwaquh 1,5%:

1HhLuU by, dhMSNRUL

tJd NkLhJYGMUUL UGN

Lwlupwu Gwnwqwjedwt Juwnwnbjwagnns-
qwd IMRT dbennh h hwjn quip thugh dnnnijw-
Yynpnuip  Swnwqwjedwu pupwgpnd  hpwlw-
uwgynud tp hwdwlwpgsh Ynndhg, npp nbluw-
qupnuw Ep Eypwuwynpnn thwywuwyh swndni-
dp: Wu  wbfuuninghwubpp  wnweoht  wugwd
utipnpdtp W wpwhwhy hpwnnad Gu gk Yip-
uhlwynud dwphwu (Varian) b Updtuu (Siemens)
puytpnuggniuutinh Ynndhg: Uh swpp  inujwgn-
Jwé wyluwwnwuputipnud [4,7], npnup wnpusynid
b thwhwuwyh nphph Gagpnniejuup nhuwdhly
ubwbph Wwpwguwjnd, gnyg £ wnpdwsd, np thw-
Ywuwyh nhpph thnpp gtinnuiutipp Yuwpnn Gu
twwbu wagnb) ubwh gnpdwygh vtdniejwu Ypw
[5,6,8,9]: Ugfuwwnwupubipnud pninp htinhuwlubipp

(Ghpwfu

Unwowgdw

Ynthdwwnnp

ﬂé&

Lwpphbgunn
dhinp

< hnUwgunn
fughy

FThuwuhy

G npnwjhu
« Frinar




Muwpnyp U. Uunntjwu b wp

Yowihu wpwguwgnighsubiph npwyh wwywhnynid

wwihu Bu npnawlh wnwownpynieyniuubp' ub-
wwdl nwownbph unbnddwu hbn  Juwwsd'
thwlywuwyh 2wpddwu dhongny [10]: Upywd Gu
wnwownyniejniuutip yhpunww| ubiwybph hwdwn:
Jdbpp Upywd wofuwnwupubpnid ufwpwapywd
Gd uh 2wpp phuwbp’ ubwbinh 2gphin wofuw-
nwuph U nhpph unnigdwu htin uwywsd (uy. 2):

PURUUM@LNr @ UNLPUUSNN

Pwqlwptpe Ynhdwwnnph Yphpwndwu ulyqp-
Uwlwu 2powuntd pnywwnptih 26ndwt uwhdwu-
ubpp uywpwagpyws thu vhwiu Varian puybpni-
RJwU wpwgwgnighsuph hwdwp [11,12]: $npp-
hug niz ulwpwagpylightt pwqdwebpe Ynhdw-
wnnph punipwgphsutinp ElGYunw (Elekta) [13] L
Siemens [14] puybpnipjwlu  wpwaqugnighsubiph
hwdwn: 1998 p. AAPM-p duwynpbg wofuw-
nwupwjhu funwip TG-50 [15] pwquwebpe Ynip-
dwwnph npwyph wwywhnydwtu dpwgph hbwn
Ywwywsd: Uwlwju updwd hpwwwpwlydwu dbe
wnpywd skhu pwgdwptpe Ynihdwwnnph wnwué-
Uwhwwnynipyniuubipp, npnup Yhpwnynid Gu dw-
nwgwjpdwlu huntuuhynipjwu dnnnywynpdwdp:
Lhnmwagw  hpwwwpwynwdubpnd  ujwpwagpyt-
ghtu pbtuntpp pwqdwptpe Ynhdwwnph hw-
dwp, husybu twb npwug hpwjwuwgdwu hw-
dwp wuhpwdbion gnpdhpwywqdp [16-18]:

Uh 2wpp punipwaphsutin, nnnup wgnnud Gu
swihwpwduh Yypw hwnyuwwbu IMRT-h pupwg-
pnud, ubipwnnud Gu REpRehYuBph nhpph G2gpunnnt-
pIntup U swihwpwduph pnnniuwynipjwu ytidni-
pintup: Mwpq ptuwnbpp, ophuwy' «picket fence»
(Qwuywwwwnubiawihu) RGuwp, huwpwynpni-
pINU U wwjhu quwhwwnby ptpphlYutph nhp-
pwynpdwu Gogpwinueiniup’ wnwppbp ubgubuwn-
utiph ytpwnpdwu dhongny, huswbu twle swihw-
pwduh pnnniuwyniejwu dbdnipniup REpEhY-
ubiph Jdphou: Swulwwwwnubrwipu pbuwnp funp-
hnipn £ wiipgnud Ywwnwpb) owpwep by wuqud®
dwnwquwjpUwl pupwgpntd unwgywsd nkungbiu-
jwu wwwybpubph dwupwypyhwn nunduwuh-
pnijwl pupwgpntd, npnup utnwgynd Gu wnp-
wnw| nbuwwwunlbpdwu uwppbph dhongny: Ud-
uwlwu pGuwnbiph pupwgpnwd funphnipn £ wp-
ynud EQU-h dwnwgwypdwu gjfuhyh pbtipnwiny
unnigliy  phpphlutinh  nhpph  Gagnunipyniup’
hwoyh wnubind puwlwu gpwyhwnwghnu nwsy-
wh wqnbgnieiniup: Pwqdwpebtipe Ynhdwwnph
ptpehlubph 2wpddwu  wpwgniejwu  thnthn-
funieiniup Ywpnn £ hwugqbgub| dwnwaqw)edwu
nuwpwh Gpypwswthwlwy wwpwdtinpbph thn-
thnfunigjwu [19]: Unjhdwwnph 2wpddwu wpw-
gnipintup dphpuynd £ hpduwlwund  hwwnnty
dpuwgntinh dhengny Yud updwsd £ uwpph inbifu-

upywywu hwuwnwpenpbpnu: Ophuwy' Varian pu-
ybpnieyntup wyn bywwwyh hwdwp wnwyowp-
Ynud £ gnpdhpwlwad [7,20], nph dhengny dpw-
ghpp ybipgunu £ wndjuiubp b wyn ndjuiubph
hhdwu ypw unbindnwd £ wnnuwyubn, gpuwdhy-
ubp U ufjuwubiph hhunngpwd, npp gnyg £ wnw-
lhu pninp ppehlutiph nhpph stinnuwlutipp, hug-
wbu twl htwpwynpniginu £ wwhu quwhw-
b Uhoht pwnwynwuwihu 2tinnudp: ESU wipuinwin-
pnn puybipnueiniubph Ynnuhg punniubih £ hw-
dwpynid, Get ptipehlubph 95%-h dnuin otinnudp
pulwd £ 0.25-0.35 ud dhowlwypnid, huy wnw-
ybwagnyu dhohtu pwnwyniuwihtu otnnudp jnipw-
puuginin plipphyh  hwdwp sh - qtipwquiugnid
0.35 ud: Swpblwu ptunh pupwgpntd funphnipn
E wipdnud £ wybh dwupwypyunnpbu nuniduw-
upptip pwquwpbtpe Ynihdwwnnph  pbpphlutiph
pnNnuwynigjwu dbdnipjwu pwuwlywlwu thn-
thnfunipyniup’ wnpuw) wnbuwwwwnlbpdwu hw-
dwlwnpgbiph - dhengny  [21,22]:  (dtipphlutiph
nhpph  Gagpuinipjut  Ytpwpuwnpnieiniup L
npwug dhwlgnidp («spoke shot»' Gwnuwjhu Ywn-
nh ptuw), dwnwquwjpwihtu U |INtuwjht nwowbph
hwdpuyudwu hbn Yuwywd pbunbpp twfjuw-
wbujwd Gu pwqdwpebpe Ynhdwwnnph d2gphin
nhppwynpnudp quwhwwbint hwdwp: ESGU wp-
twnpnn puybipnigyniuutph Ynndhg uwhdwu-
Juws £ uwl ptipphlutinh, awndhsutiph thnthnfu-
Jwu dwdwuwlwgnygp' Ywiujwsd pwqiwpbpe
Ynhdwwnnph inbuwyhg: <Ginlwpwp uwnppp uww-
uwpynn pudbubipubpp W pdolwywu Phghynu-
ubipp wbwp L whpwwbinbu wuhpwdbtiogn nbint-
Yuuwnynipjwup' woluwwnmwupubpp dwdwuwyhu b
hwynip ywuwpwbdh Yuwnwpbine hwdwnp (Y. 3):

uuruuh b4 Uucubh UUPNIRUUUL

sUNUGU3ENhUL ELEUS/NLU3PL

PLREMNY

(¢t Jwpduh, pE Jwoyh wdpnnowlwu Gwnw-
guwjpdwu npwyh wwwhnydwu pLunbpp punt-
pwgnpynwd Gu Jh swpp dbdnipniuubiph npnp-
dwdp, npnup wuhpwdbyn £ hwodwpyt) twlu-
pwu dbpnnh Yhupyuwywu Yhpwnnwdp: Uwpdup
wdpnnowlywu dwnwqwjpdwlu dwdwuwly Yyh-
pwnynud bd Utd nwownbp wdpnne dwpuhuu
pungnpybint hwdwn: AAPM-h gqbtiynygnud dwu-
pwdwuunpbu tywpwgpywsd Gu Jwpduh wdpnn-
owlwl dwnwqwjedwu dbpnnubpp [23]: RGYny-
gnw ujwpwgpywsd Gu wunndwihu nnghdtin-
ppwu U nnghdtivphly wyjwiutiph wndbpubinp:
Wu dbennh hhduwwu wnwuduwhwwnynipniu-
ubpu Gu swhwpwduh hgnpnipjwu hwwnty nb-
dhdp U uwpph Gwnwquyedw qifuhlhg dhusu
phpwliu puywé vtd htnwynpnyeniup: Ubkennh
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Lhwp 3. Pwqlwpbppe Ynihdwwnnp (Multileaf Collimator, MLC):

Yhpwndwu pupwgpnd Ywnpnn tu ogunwagnndybi
Uwl dwnwqujpdwl thugh YytGpwihnfuhsubin:

Uwoyh wdpnnowlwt dwnwqw)enidp LGlun-
pnuubpny unynpwpwp hpwywugynw £ 3-7 Ut4
ElGYwnpnuwiphtu thugtipnyd: Ubipnnp dwupwdwu-
unpbu uywpwagpyws £ AAPM-h TG-30 qtiynygntd,
npwnbin dJwupwdwuunpbt Uwpwagpywd Gu hus-
wbu pniu Ubennp, wjuwbu k| nnghdbunpwih htun
Ywwywé ndwpnipiniutbpp [24]:

ssuumusuGruuu <uvuuuraesre

dwiwuwlwyhg wnbuwwwwnybpdwu hwdw-
Ywpgbpp ubpywnnigywsé tu pdrouwywu EXU-h
Ut U Ywqgunwd GU npw wupwdwubh dwup: Sb-
uwwwwnybpdwt jnipwpwugnip hwdwywnpg (Gnpy-
swih' 2D, pb tnwswip' 3D) niup ubithwlwu Ynnp-
nhuwwnwiht hwdwlwpgp' nwuwlwupu udw,
npp Yhpwnynw E Swnwqwjedwu pupwgpntd:
Npwbiu wunt, wbuwwwwnybpdwu pupwgpnid
unwgywd wwwnybipubph Ynnpnhuwwubpp yb-

Upwquwgnighsh
qifuhly

<wnp
wwubiwhu
nbwnblyunnp

Yhnynunwihu
ntiuwingbiu
dwnwagwjpiwu

wnpynip

Llhwp 4. Mwwnybpwagpnigjwu LiGlunpnuwiht wynpunw
hwdwYwpg (Electronic Portal Imaging Device, EPID):

pwnpynud G dwnwaquwjphsh Ynnpnhuwwnubiph
htirn b wju nbiwpnid 2wwn Yuplnp £ win Ynnp-
nhuwwnubiph 62gphuin hwdpulunwp: SGuwwwwn-
ytpdwu hwdwlwpgbph htn Yuwywd npwlyh
wwwhnydwt ptuntpp hpwywuwgynwd tu pwu-
unindh oqunyejwdp’ Ynnpnhtuwwnubph wpdbph hwyun-
Uh gtindwdp: TG-104 qbtiynygnd ubipyujwgywd
GU Yhnynpinwihtu nmbuwwwwnybipdwu hwdwywp-
qbinh Yihuhywywu Yhpwndwup wnugynn hwngp,
uwlwju hunwy dwntwudwsd s6U pnyjwwnptih
otindwu uwhdwuubipp [25]: YhinYnpinwihu ywwn-
ytipubph unwgdwu hhduwlywu twywwnwyp dw-
nwgwjewiht ninnigpwpwuntjwl ninpunwd dw-
nwqwjeynn rhpwfuh wenwlywdwu gphun npn-
onwdu £ Ujuintin wplinp £ bwl vmwppbp wuw-
wnndhwlwu Ywnnygubiph (hyjnwujwdputinh) 62g-
phin wnbnwlwjdwu npnondp: Cunhwupwwbu
wwwlybpubph jwy npwyp htwpwynpniginu k
wnwhu pwywlywupt 62gphin quuwqwub) nwp-
ptip wuwwnndhwlwu Ywnnygubipp, uvwlwju jwy

|

Lwp 5. Stuwwwwnytipdwu Ynuwbwnwguw)pwhu
hwdwlwpg (Cone-Beam Computed Tomography
Systems, CBCT):



Muwpnyp U. Uunntjwu b wp

Yowihu wpwguwgnighsubiph npwyh wwywhnynid

wwuwnybpubp unwuwint hwdwnp ywhwugynid £
pwywywuhu ytd swihwpwdhu:

Mnpunw) ywwnlybkpubp. §GYnpnuwhu wynp-
nw| hwdwwnpgbph Yppwndwu hbin juwdws
hwnpgtipp putwnyyb Gu TG-58 [26] qynygnid L
[wjunpbu (nuwpwuyb) GU mwppbp hpwwwpw-
Ynwfubipnid [27-32]: Mnpunw hwdwwpgbph npw-
Yh wwwhnydwtu unnigdwt b guwhwwndwu hw-
dwp dowyyty 6u vh pwpp ptuntn: Uwlwju pu-
npywd phiunh dwupwdwut Uywpwagpniejniup
U pupwgwywpgp wuhwwnwywu £ Yufudws wnp-
wnw| hwdwlwpgh nhwhg: Oppuwy’ unnwgynn
wnpunw| ywwybpubiph npwyh Ywiujwsdnieynt-
up swithwpwduh hgnpniejniihg, futinghwhg U
Ywpqwpbpdwu hGnwynpniejniuhg: <wny k ugky,
np wwuwlybpubiph npwyh unngndp wtwp £ hpw-
Ywuwgybu wpgqwpbpdwu pninp ntdhdubiph L
tubpghwubiph hwdwp, npnup ownwagnpdynid Gu
upywd wwwnybipubiph unwgdwu hwdwn: (LY. 4)

Yhinynwwiht - wwwinybpubp.  Yhnynpnwihu
wwwnybpubiph unwgdwu hwdwywpgbph npwyh
wwwhnydwu dpwghpp wnusynd § hhduwywunid
2D nbuwngbuyjwt ywwnybipubiph htwn: dbpohuub-
nhu Yhpwnnidp 2w wpryniwwybin £ hwnlw-
wbu nuypwjpu hjnujwspubiph W pwpép fuwnni-
Pjwu Ywnnygubiph nhwnwpydwu hwdwp: Uu
dbpennp pwywywuhtu hwpdwpwybun k, pwugh
wpwg £ b wwhwuoynd £ thnpp swthwpwduh
unbindwd wwwnybpubiph unwgdwu hwdwn:

Lwonpnwlywu b Ynuwbwnwagwjpwhu hwdw-
Ywpgswipu  2Gpuwgpnipniu.  Skuwwwwnybip-
dwu wyu hwdwlwnpgbpp hhduwywunid Yhpwn-
Ynul U dwnwquypynn ehpwtuh nhppp npnobint
hwdwp, puswybu twl wnwhhu Gu pwyjwlywupu
|wju inbnGYwwnynieintu thwihniy hjnugwsdpubiph
U npwug dwywih Jwuhtu: Wu hwdwlwnpgbpp
huwpwynpnigyntu - Gu - wwhu  hpwlwuwgub
wwuwnybpubiph ypwlwnnignd tnwswih hwpent-
RJwu U9, husu k| hwunhuwunwd  npwyh www-
hnjdwu hhduwlwu ywpwdbwnpbiphg Jayp: Uju-
wtn hwpYy E nwnpnieniu nwpdub dh 2wpp
Ywpunp wwpwdtnptph Jpw: Opphuwy' Ynuwn-
pwuwnp, nbwmbywnnpubph wndnyp, hwdwubinni-
RINLUp U nmwpwdwywu pnyjwwnpbihniyeiniup: Lw-
dwlwngbiph Yuwpgwpbpdwu nintignygp b hwéw-
funiejniup unynpwpwp ugynd GU uwpph wnblu-
upywywu hwunwpnebpnd, L oguwgnpdnn-
ubipp wbiwp k dogphuin hwnbbu wjn nintignygub-
nhu: Lwup np nbuwwwwnybpdwu hwdwlywpgb-
pp hwéwfuwyh Gu oguwgnpdynid (npn nbnw-
Ywynifubiph nbwpnd unyupuy wdtuopjw ntidh-
dny), wwyw hwpy £ gnub vwpptu dby wuqud

Yuwnwnti| ninnwlh nnghdtitnphly swithnufutip gw-

thwpwduh hgnpnipniup b thuoh npwlyp quw-
hwuwnbint hwdwnp (Y. 5):

sUNU3GU3UUL UkNauere
cLUnNuUyuUL curdgnkuLErp
ubhLLrnuusuvutl Mu3vuuusrnhu
Awnwqwjedwu dbennp 2uswnwlwl owp-
dnwdutiph uhuppnuwgdwt  wwjdwuubpnd wu-
punhwwn qupguund b Ywwwpbjwgnpdynud k,
htwmUwpwn, npwu gniquhbin Yuwwnwnpbjwagnpd-
ynud W thnthnfuynid Gu npwlyph Gpwotuhph retiu-
wnbpp: TG-76 gbynygnd uywpwagpywsd Gu tw-
nwgwjRUwu wju Ubpnnh (respiratory gating) hpw-
gnpddwt hbwn Yuwwywsd pninp wuhpwdtion gnp-
dnnniginiuubpp, wyn pYnud' wuhpwdbon uwp-
pwynpnidubipnp, wngwug wwwlbpubph unw-
gnuwip [33]: LEpYwjwgywsd Gu npwyh wwwhny-
dwtu Spwaph htn Yuwwywd wnwownpynipniu-
ubp' Glubind Swnwquwpdwu wnwuduwhwwnynt-
pIntuhg: fatl gnjnieintu nubt dwnwaquw)EIwu
upywd dbennh hpwlwuwgdwu wnwppbp Gnw-
uwlubp, hhduwywu wwhwuop duyu k' Gwnw-
gwjpwhwnpnn thugh upuppnuwgnid hphywunh
ouswnwlwu ghyh hbw: (FGunbph  dhongny
uinwuntd Gu thugh punipwagnphsubipp 2uswnwywu
owndnwfubph  upuppnuwgdwu  wwjdwuubpnid'
Uwfupwu pnidnudp ulubip: BGunbpp hhduw-
Ywunwd hpwywuwgynd Gu nhuwdhy $wuwnnd-
ubiph dhongny, npnup dnnbijwynpnwd Gu opquit-
ubiph 2wndnudp 2uswnwywu wynh dwdwuwy:

GRPULUSNKIBNRL

Swpwnpwdhg wlyuhwjwn k£, np dwdwuww-
Uhg pwpdp wbfuuninghwywu Bfe-u wuhtuwnp k
hpwagnnpéti| wnwug ywwowé b hwdwwwpthwy
npwyh wwwhndwu dpwgpph: Npwyh wwwhn-
ynwp dwdwuwlwyhg nBfd-nd huwpwynpnt-
pINLU £ nwihu wwwhnyb| swpnpwly unpwagnjw-
gniejniuutipny hhjwunubpph pniddwt wnwybjw-
gnyu wpryniuwybungnu' funwiwihbing dwnw-
qujpwht Yruwnutinhg U wy| Ynnduwyh tplnype-
ubiphg: Unwowpyynw k uwnbindt dhwuuwlwu
pwpép npwywynpnid niuignn dwutwghwnwywu
ehu, npwyh wwwhnydwu, Bfe-nw htinwlw nwg-
dwywpwwu thnywht pw)tph dowydwu b wu-
punhwwn Juuwwpbjugnpddwu hwdwp: Npwyh
wuwwhnydwuu wnusynn thwunwenpebpp wbiwnp
E hwuwubih |hutu phuh pninp wunwdubphu, hus-
wbu EGYunpnuwihu, wjuwbu £ pnprwhu nwp-
ptpwyny: Uuhpwdbown £ uwl hunwlybgub) ph-
dnud pungpyywsd wunwdubph wwpunwynip)niu-
ubiph U [hwgnpniejniuutiph uwhdwuubpp:
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ABSTRACT

This paper covers the issues related to the quality assur-
ance of new generation linear accelerators. The required tests
which are used in modern treatment technologies are de-
scribed. Up-to-date literature, reports, and sources of interna-
tional professional associations in this field are presented. The
article may be interesting and useful for radiation oncologists,
medical physicists, engineers, radiation technicians, medical
residents, postgraduate students, and other professionals.

Keywords: radiation therapy, quality assurance, mod-
ern technologies of treatment, tests
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ABCTPAKT

B crtatbe ocBelLeHbl BOMpockl, cBA3aHHble ¢ obecne-
YEHMEM rapaHTUM KayecTBa COBPEMEHHbIX 3NEKTPOHHbIX
NWHIAHBIX yckopuTeneid. OnucaHbl NPOBEPOYHbIE TECTbI,
HEOOXOAMMbIE NPU UCMONb30BaHMM HOBEWLLIX TEXHONOMUIA
NeYeHUA, B 3aBUCUMOCTU OT UCMONb3YEMOro MeToa fieye-
HuA. MNpencraBneHa coBpeMeHHaa nUTEPaTypa, a TakKe oT-
YeTbl MeXAyHapoaHbIX NPOECCHOHANBHbIX acCoLMalLLmii B
aToii obnactn. CtaTba MOMeET ObITb MHTEPECHA M NonesHa
IJ1A OHKOJIOrOB-PafMoNOroB, MeAULMHCKUX (PU3UKOB, WH-
MEHEPOB, PafMaLMOHHbIX TEXHWKOB, acrmUpaHTOB, OpA-
HaTOPOB W LpyruX CreLuanucTos.

Knro4esble cnoBa: nyyeBaa Tepanua, rapaHTua Kade-
CTBa, HOBEMLLIME TEXHOMOMMWN NIEYEHUA, TECTBI.
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hwlwopuhnwuwn hwwynipniuutipp hwyjwuw-
pwn Yuwwywsd Gu uyhunwynigubiph b wbwwnhn-
utiph nhuny$pnuyhti Ywwtiph Ynbwwnnudp Yuw-
tnwhqugubiint niuwyniejwu htw [18]:

» Lwuh np B3 Ynnduwyh wagnbigniypniuutiph
Jdté dwup pnppnpwiht £, hwlwpnppnpwihu
dhwgntpyniutipp  nwnwduwuhpynd G npwtiu
upupbwpy Ywd puwlwu Sdwqdwu wwonww-
uhsubip [19]: Ynipynwdhup wuywmwug b jwy hwu-
nnipdynn puwlwu dhwgnipgniu £ pwpép hw-
Ywpnppnpwjht wqnbigniejwdp, npp Yuipnn £
Yhpwnyb| B3 htwn hwdwwnbn [20]: Wu udw-
qbgunud £ dwayh pnppnpwjht nbwyghwubpp L
dniynghwntipp [21]: <wpy £ vwl gk, np Ynip-
Ynwdhup hwdwpynud £ uwl nwnhnubuuphphip-
quuwuinp ybpuwdwolwihu wéh gnpdnup pulwish
(epidermal growth factor receptor, EGFR) qtiuh L
pbGunw-inpwudnpdwgunn wéh gnpdnup (trans-
forming growth factor beta, TGF-B) ninnt wpunw-
hwjndwsd dupdwu b Yul3 Yyhpwywuqudwu vb-
fuwuhgquubipp 6updwu hwoyhu, husp hwugbgunid
E dwnwquw)edwu htnlwupny wnwowgwd pohy-
ubph dwhywu wybjwgdwup [22]:

>  BSwnwguwjpwwwrnwwu hwunynipntu-
ubpny odnywéd nbintph Jvph UGd fjundp Gu wdp-
unphnjutipp, npnug nwnhnwwawunwwuhs hwwn-
Ynipyniutbpp Ywwywsd bu «prywduwihu EdLY-
nh» dwutwyh sGgnpwgdwu hbinn: “Hpwup dwu-
Uwygnw GU opuphnwybipwlywugudwu nbwyghw-
ubphu OH-h Ywudwu L «phdhwlwu nbnniy-
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Nwnhndnnh$hlwghwt dwnwqwjpwihu pGpwwhwntd

ghwjh» (SH fudpbinhg H-h wnldwt) 2unphhy [23]:
Udhdnuwnphup dhwy peguiwjwpnuwjwu dhengu L,
npp hwunwwnytb) E UUL Mwpbuh W nbinnpwph
qupsnigjwu (FDA) Ynndhg npwbu nwnhnywu-
fuwngtifng dhong:  Udh$nunphup  wwpwnwjwpy
dbfuwuhqip ubpwnnd £ hwwnwnhlwjwhu
wqnbtgnieiniu, LI wWwonmwwunyeintu U Yb-
pwlwuquntd, huswybiu bwb hhwopuhwjh dwlw-
onud (hunniyghw) [24]:

» Ny dhwju phdhwlwt Ujniebpu niubu dw-
nwgwjpwqgw)ntbwgunn  wqgnbgnipniu:  Lkp-
Ywynwdu hwnnpnynwd £ unp nwnhnubuuhphip-
quunpubph untinddwu dwuhu, npnup hhduywd
GU pwpdp wwnndwihtu pYny bwunujnyebiph Yypw
[25]: Unwuduwhwwnty nipwnpniginiu £ nwnd-
ynud nuynt bwundwuthlubippu, npnup Ywpnn
Gu oquwgnpdyt) tnwppbp dubpnd’ huswbu RL-
pwwhwih, wuwbu £ wjunnpnadwu Jbg [26]:
Lwundwuuplubpp  wnwowgunid  &Gu  Huld
quwunud U opuhnwwnhy uppbu: Ninngph db9
nuynt bwundwuthlyubpp Ynwnwyybhu Ywpnn
Gu qquihnptu nidbinugub; B3 wqgnbgnieniup'
dpwdwdwuwy ujwqgbtigubiny hwdwlwpgujhu
ynnuuwyph  wgnbignipgniuubpp’ ujwgbigubng
swithwpwuwyp [27]:

Cunhwunip wndwdp, wju nwnhndnnniyjw-

wnnpubipp ubpwnnud GU wwppbp wGuwyph dwy-
pndnGynyutp, thnpp dnjGynywihtu nnwdheong-
ubp W dhwgniejniuutip, yhwnwdhuubip, uwyhwunw-
Ynigubip, npnup hwdwygywd Gu wmwppbp pnid-
dwu nintignygubph htwn' oquwgnpdbiny dw-
nwgwjedwu wwppbp swihwpwdhuubip: Uww-
gnigywd £, np dwnwqwjedwt Yninwlwhu sw-
thwpwuwyh wybjugndp 10-20%-ny Ywpnn £
Uwwuwnb| Uh 2wpp ninnigpubiph wdpnnowywu
pniddwun, uwywju unpdwy hjntujwsépubiph quw-
unwp qqwihnpbu Ywéh, husp Yhwugbiguph dwun
pwpnnipntuutipnh: Nwwnh nwnhndnnniywghwih
hwnpgbipp Jund Gu npnahs gnpdnu B3 wprynt-
twybwnnipjwu hblnwgqw pwpdpwgdwu gnpdnid
[28]:
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Lwoyh wnubiny, np ubipyujnidu Bfe-nw Y-
pwnynn pwpn uwppwynpnidubipp  hwub) Gu
hptug Ywuwwpbjugnpddwu U  qupgugdwu
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qughuwih U nwnhnwpnintyghwh unp dbfuw-
uphquutiph npnunwip dunw £ wpnhwlwu fuunhp'
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Ywu pwpdpwgdwu hwdwnp:
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Radiomodification in radiation therapy
A brief literature review
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ABSTRACT

The development of radiation therapy (RT) takes place
in two main directions. The first is the optimization of the
instrumental part, which contributes to the increase in
the accuracy of dosage and the precision of the beam ex-
posure exclusively on the tumor. The second direction is
radiomodification, which allows increasing the sensitivity

of tumor cells to radiation, enhancing the local oxidative
stress, and minimizes side effects. One of the possible
ways to improve the effectiveness of RT is the use of meth-
ods that can expand the radiotherapeutic potential, which
selectively enhances damage to the tumor and reduces
damage to normal tissues. The study of non-standard
fractionation and radiomodifiers appears to be promising.
Radiomodifiers can be both physical and chemical (as anti-
tumor medications). It has been shown that increasing the
cumulative radiation dose by 10-20% contributes to the
complete cure of some tumors, but significantly increases
the damage to normal organs and tissues leading to se-
vere side effects. Therefore, radiomodulation remains a
key factor for the effectiveness of RT.

Keywords: radiation therapy, chemotherapy, radio-
modification, radiosensitization, radioprotection.

Papuomopaundmakuus B nyyesoii Tepanumn
KpaTknii 0630p nutepatypbl

Nycune M. Mypapan'’, Mapyiip M. AHTOHAH?,
Nuana M. Mypapan®

'HaumoHanbHbIit LeHTp oHKonorum um. B.A. daHapasxaHa,
EpeBaH, ApmeHua

MepumumHckmii ueHTp «MIPA Mepukan Ipyn», EpeBaH, ApmeHua
3EpeaHckuii locypapcTBeHHbIi MepnuuHckuii YHueepenTet
um. M. Tepaun, EpesaH, ApmeHus

ABCTPAKT

Passutue nyuesoii Tepanuu (J1T) npet B ABYX OCHOBHbIX
HanpaeneHuax. [epBoe — ONTUMM3aLWA WHCTPYMEHTasb-
HO-amnapaTHolil 4acTu, 4TO CrocobCTBYeT MOBbILLEHUIO
TOYHOCTW [,03MPOBaHMA U MPELMU3NOHHOCTU BO3AENCTBUA
My4YKka MCKMHOYUTENBHO Ha onyxonesblii ouyar. Bropoe Ha-
npaeneHve — pafMoMoAncUKaLLMA, NO3BONAOLLAA MOBbI-
CWUTb YYBCTBUTENBHOCTb KMETOK OMYyXONU K M3NYYeHWHo,

YCUNUTL NIOKaNbHbI OKUCIUTENbHBIV CTPECC U MUHWUMU-
3upoBaTb nobouyHoe peiicteue. OfHMM M3 BO3MOMKHbIX
HanpaBneHuii noBbiweHnsa scpcpekTuBHocTn JIT ABnaet-
CA UCMonb3oBaHMe crnocoboB U CPeAcTs, MO3BONAIOLLMX
pacLUMpuTb pafMoTepaneBTUYECKN NoTeHuWan, T.e. ce-
NEKTVBHO YCWINTbL MOBPEXAEHNE ONYXONW W CHU3UTbL Mo-
BpeMAeHWe HopManbHbIX TkaHel. C 3Tux mosvumii nep-
CMEKTUBHbIM MPENCTaBNAETCA U3YYeHWE HecTaHAapTHbIX
PEMMMOB (PPaKLMOHUPOBAHUA U PafMOMOIUUKATOPOB.
Papguomopucbukatopbl Moryt 6biTb Kak huU3nHecKumm,
TaK U XUMMYeckummn (B BUE MPOTMBOOMYXONEBbIX NMpena-
patoB). [okasaHo, 4TO yBeNnUYeHUE KyMyNATUBHOW [O3bl
obnyyenna Ha 10-20% moxeT cnocobcTBOBaTL MONHOMY
W3NEYeHVIO pAAa onyxoneil, HO 3HaYNTENbHO BO3pacTeT
NoBpeXAeHNe HOPMaNbHbIX OPraHOB U TKaHell, 4To NpuBe-
OET K TAMENbIM NoboyHbIM 3dpcpeKTam. MoaTomy Bomnpochl
PafMOMOAYNALMN OCTAOTCA ONpeaenstoLmm akTopom B
AanbHelilleM noBbiweHnn acpcpekTnaHocTy JIT.

Knro4esble cnosa: nyyeBasa Tepanus, XMMuoTepanua,
papuomoandmKaLua, paguoceHcbunusauna, pagnornpo-
TEeKLMA
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Lwjwunwuncd
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ICwjwunwup wupwybtinnyjwu Unnnowwwhnipjwt uwfuwpwpnieginiu (<< UL), Gplw,

Lwjwunwu

2UYwntdphynu U.Uynwiptljwup wudwu Unnnowwwhnigjwt wgqguwiht huunpwnnun, << UL,

Gplwu, wjwunwu
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Upfluwwnwupnid ujwpwagpjwsd Gu wnnnow-
wwhwywu Ywnpwihtu ubipnidh wfuwwnwontlw-
Jp duwynpdwt wnwuduwhwwnynipniuubip nu
npw Ypw wqnnn gnpdnutiinp, npwljwi wnnn-
swwwhwlwu  dwnwjniejniuutip  dwunnwgbint
niwy wnnnowwwhwywu Ywnpwihu ubipnidh
Guwynpdwtu hwdwp pnidwfuwwnnnutiph swpnt-
twlwywu dwutwghnwwu qupgugdwu gnp-

opupewgp hwdwlwpgnn dhowqquiht' Yunnyg-
ubph nbpu nu bpwuwynipyniup: <Gnhuwlyubpp
ubpywywgunid Gu wjwuwnwunid ybipghu nwu-
Uwdjwyubpnud bW wydd pnidwpfuwnnnubiph ow-
pnitwluwlwt  dwutwghnwlywu  qupgugdwu
hwdwlwnpgntd nbinh ntutignn gnpdpupwgubipp:

<hduwpwnbp. wnnnowwwhwlwb Yunpuwiht
ubpnid, pwpnibwwywt Jwutiwghypwlwt quin-
qugnid, wnnnowwwhwlwtl  Swnwynipniubib-
nh npwly, htnwywn niunigmd
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Npwljw| pnidwotuwwnnnubpny wnnnowuww-
hwlwu hwdwlwpgh hwdwpnwip Unnnowww-
hnipjwt <wdwfuwphwiht Ywqdwybpwniejwu
(U<€Y) b jnipwpwuginip Gpyph wnnnowwwhw-
Ywu hwdwlwpgh wnweuwhtipenientuutiphg
Jdtyu £ Uwuuwgbunubiph ghintihputipp b hdnnt-
pIntuubiph swpniuwywywu pwpbijwynidu nu wp-
nhwlwuwgnudp pninp dwdwuwlubpnd  dwu-
uwqgbwnubiph npwlwlwu pwpép hwwnywuhub-
nh gniguupu Gu tinb: Upwg qupqugnn gh-
wnnRjwu ni wbfuuninghwubtiph dwdwuwywyhg
wotuwphnd nddwp £ wwwybpwgub] npwljw|
nt dpgntuwy dwutuwgbinnh, ny sh htiwunwd npnp-
nh unpnipyniuubipht: b 2wwn  ninpunubipnud
wyn 2wpniuwywlywu qupgugnidp dwutwagbunpu
wwnpqwwbu oquntd £ |hub) dpgniuwy b wwwhn-
g, pp YwppGpwu, www pnidwfuwwnnnubph
hwdwp nw optuunpnptu uwhdwuywsd wwnpunw-

nhp unpd k' Pnidwpfuwwnnnubpp wwpquwbiu
sGU Ywpnn 2wpnibwyb] hpwlwuwgub] hpbug
wwpunwwunipntuttpp wnwug 2wpniiwlw-
Ywu Yuwunwpbjwgnpddwu thwuwinh hwywunmdw:

Unnnowwwhwlwu ubpnidh yGpwpbipjw) nw-
wmnnnientuubin wubint hwdwp twfu thnpabup
wwwybpwgub] wnnnowwwhwlwu  wofuwwnw-
ontjuih Ywnnigwdpp U nhuwdhlwu, huswbiu
Uwl wwppbip gnpdnuubiph wqnbgnieiniup npw
Yypw: UWptuwwnwontywih ufubdwnhy Yunnigywd-
pp ubpywjwgwsé £ qdwwwwmybin T-nwd, npp
U<Y-h dwpnbuwyht ubipnidh Ybpwpbipuy gnpuy
nwqdwywpnijwu hhduwlwu Yunnigwdpwjhu
wmwnppu £ [1]: Ldwu upuGdwwnhy Yunngdwdpp
penyl E vwhu wybh jwy wywwnybpwgub] wnnn-
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dwt, Jwjwgdwl, wnpdniuniejwu gnhpdpupwg-
ubipp, huswbu twb wnwowpynud £ nwgdwyw-
pwlwu htwpwynp dninbignifubp, npnug vhon-
gny htwpwynp £ wqgnb] wnnnowwwhwlwu
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Yéwwwwnybp 1. Unnnowwwhwwu woluwwmwontywh opgwuwyp wnnnontpjwt  hwdwwwnthwy dwdynyph
wwwhnydwtu hwdwn:

ubipnidh duwynpdwu wnwppbp thnybph Jpw:
Muwuwybph wnwoht hwwndwdp Ytpwpbpnud |
Yppeniejwu ninpuinhu, huy hweonpn Gpynt hwuny-
woubipp wnwybjwwbu Yuqgdnd Gu pnidwpfuw-
wnnnubiph wfuwwnwnilywu, npnbn twb Wwwn-
Ypdws b pnidwstuwinnnubiph pwpdniunieniup’
wwjdwuwynpywd wpunwqgunpeny, ubpgunpeny,
wj| ninpuinubpnud gpunywdnipjwdp b wyju: Pnid-
w2fuwwnnnubph swnpdniunigjwtu  wyu nhuwdhy
ghpdpupwgubpp hpdp Gu hwunhuwuntd wofuw-
wnwontjwih wnwownyh nt ywhwuownyh dlw-
ynpdwt hwdwp, npnup £ wnwugpwihtu tow-
Uwynipyntt nubu wyn w2fuwwmwnitywih Ybpe-
Uwprynwupubiph duwynpdwu hwdwn [1]:
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pdowywu (oppuwy' YEuuwpwuwywu) Yppni-
RINLU unwgwd npn? dwutwgbnubp bu Yupnn
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ABSTRACT

The paper describes the features of the healthcare
labor market and the influence of various factors on it.
The paper also discusses the role of international bodies
that developing the standards for continuous professional
development of medical specialists to ensure the quality
of knowledge of the medical staff which is equipped to
deliver quality health services. The authors present the
reforms of the system of continuing medical education in
recent decades in Armenia.
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ApaboTHMKOB B ApMmeHuM

Nena M. HanywsH', loap A. Epumsan?,
Camsen . OraHecaAH?

"MuHucTepcTBO 3ppaBooxpaHeHna Pecriybnukn Apmenus,
EpesaH, Apmenua

’HauuoHanbHblii MHCTUTYT 3paBooxpaHeHus uM. akag,. C.X.
AspanbexsaHa, EpesaH, Apmerus

ABCTPAKT

B pabote onucaHbl 0cobeHHOCTU OpMMpPOBaHUA PbiH-
Ka Tpyha 3[paBOOXPaHEHVA 1 BIUAHUA Ha HETO PasNYHbIX
dpaktopos. OnucaHa ponb W 3HauyeHue MeK[yHapoAHbIX
CTPYKTYP, KOOPAMHUPYHOLLMX MPOLECC HEMPEPBIBHOMO Mpo-
cpeccroHanbHOro pasBUTUA MELULMHCKUX pabOTHWKOB, oA
obecneyeHna OpMMPOBaHUA KaapoB CMOCOBHbIX Mpefo-
CTaBNATb KaYECTBEHHblE MELMLMHCKUE YCnyru. ABTOpbI
MPenCcTaBnAlT pechopmMbl CUCTEMbI HEMPEPLIBHOTO MEAU-
LIMHCKOro 06pa3oBaHuA NocnefHUX AeCATUNETNIA B ApMEHUN.

Knro4esble cnosa: KappoBble pecypcbl 34paBoOXpa-
HEHWA, HenpepbiBHOE NPOhecCHOHaNbHOE pasBUTHE, Ka-
4eCTBO MESMLMHCKUX YCAYr, AUCTaHLMOHHOE 0byyeHve.
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K npo6bneme co3pgaHusa opraHM3auum
No co3aaHuIo, yXoay U ynpaBJieHUIO
3es5ieHbIM PpoHaoM EpeBaHa

KpuctuHa K. BapaaHaH
Kadbenpa ruruerbl n akonoruu, EpeBaHcKuii rocyaapcTBeHHbI MEAULMHCKNIA YyHUBEPCUTET

um. M. Tepauwn, EpesaH, ApmeHusa

Cosert cTapeiiunH ropoga EpesaHa, EpesaH, ApmeHua

ABCTPAKT

B HacTosALLLee Bpema BONpoC onTMMU3aLmm cpeqpl
obuTaHuA Yenoseka YpesBblyaiiHo akTyaneH. [oBbI-
LIEHHOE BHUMaHWUE CMeLMannCTOB K 3KOMOMMYECKUM
npobnemam, a Take pe3ynbTaTbl WUCCNefOBaHWIA
CBUAETENBCTBYIOT 06 yCuneHun BAMAHUA (paKkTopoB
OKpYy:atoLLeil cpeabl Ha 3f0poBbe Yenobeka. O3e-
NeHeHne ABNAETCA OQHUM U3 BaXHbIX 31EMEHTOB 03-
LOPOBNIEHNA OKpYKatoLLel cpepbl, NPoUNaKTMKK
rncuxocomaTnyeckmx 3abonesaHuii n actetorepanum.

[Mpobnembl o3eneHeHus Gonee akTyanbHbl OnA Ta-
KMX apKUX ropogoB, Kak EpeBaH, mockonbKy Ha-
CeNeHNIO AOBOMbHO CNIOMHO MpPeojoneTb TennoBoii
cTpecc. B pabote nogpobHo npepcraBneHa uctopus
pa3BuTUA 3enéHoil uHpacTpyKTypbl B EpeBaHe, a
TaKKe TekyLuve npobnembl v NYTU UX PeLLEHNA.

Knrouesbie cnosa: 300poBbe HaceneHua, 3ené-
Hblli POHJ, ropoja, o3eneHeHVe, MHBEHTapu3aLma
3eNEHbIX HaCaOEeHWUI, COCTOAHME O3ENEHEHUA ro-
pona.

Kv3HepeATENbHOCTb YenoBeka OnpeaenseTca
MOTEHLMaNoM ero 3[40pOBbA U OKpyMatoLleii cpe-
poil. bbicTpo nporpeccupytolana ypbaHusauma u
yBenuueHve nnowageit nop ropoja U HacenéHHble
MYHKTbI NPUBOAAT K TOMY, YTO rOPOACKan cpeaa no-
CTOAHHO pa3BWBaeTCA, NoABePrascb BO3AENCTBUAM
BHYTPEHHUX U BHELLHUX paKTOpOB.

B ycnoBuax yxyaLleHUA 3KONOrMYecKnx nokasa-
Teneii ocoboe 3HauveHve npuobpeTaeT paspaboTka
Mep Mo YNyYLLUEHWIO COCTOAHWA OKpYMatoLLeil cpe-
pbl. CambiM NpOCTbIM U BENCTBEHHBIM CPEACTBOM
03[,0pPOBNEHNA COBPEMEHHOI 3KONOIrMYECKOM, NCu-
XONOrMYEeCKOW N 3CTETUYECKON Cpefibl ropoja Kak
MO CPOKaMm OCYLLECTBNIEHUA, OMUAAEMbIM PE3Yib-
TaTam, Tak M Mo PMHaHCOBbIM 3aTpaTam ABNAETCA
pa3BuTME ONTUMaNbHO CHOPMUPOBAHHON CUCTEMDI
3eNnéHblx HacaxgeHuit. Cuctema o3eneHeHuns B Le-
IOM 1 €€ oTfieNbHble 3NeMEHTbI MPY paLMOHaIbHO
OpraHu3sauuy OKasblBaloT CYLLECTBEHHOE BIUAHUE
Ha BaMHeliLune nokasaTeny Ka4yectTBa OKpYyKatoLLeil
cpeapl [1,2]. 3enéHble HacamaeHUA akTUBHO Y4a-
CTBYtOT B bopmupoBaHuK 6naronpuATHON OKpy-
MaroLLeil cpefbl, Ka4ecTBo KOTopoii obecneunsaet

ycToilunBoe pasBuTve ypbaHW3NpPOBaHHbIX TEPPU-
TopuiA. Bonpocbl o3eneHeHna 0cobeHHO aKTyanbHb!
ANA OMHbIX FOPOAOB, YYNTbIBaA MHOrOCTOPOHHee
BAWAHME TEMNOBOro CTPecca Ha 3[0pOBbe Hacene-
Hua. Cneumanuctbl 0OLLECTBEHHOrO 34paBoOXpa-
HEHWA JOMKHbI YAENATb BHUMaHUE KaK KayecTsy,
TaK W KONMYECTBY rOPOACKMX 3eN€HbIX 30H A obe-
crneyeHus 340poBbA HaceneHua [3-5].

Mo paHHbIM NuTepaTypbl, JO YCTaHOBEHUA CO-
BeTcKoil Bnactu ropof, EpeBaH noutun He umen 3ené-
HbIX HacaMaeHuii obLiero nonb3osaHusa. [nowagb
FOPOACKOI 3€NeHN, HE CYMTAA YaCTHbIX BRageHwui,
coctasnana scero 14.2 rexkrapa. OTmeyeHHyto Ka-
TEropuIo COCTaBNANM «AHIIMICKNIA cafy, 3anoMeH-
Hbli1 AcTapbeBbIM U Ha MOMEHT CO3aHWA NEPBOro
lenepanbHoro nnaHa Epesana B 1856 ropa yse 6bin
nobum ropomaHamu, ropoackoi bynbeap, npu-
BOK3a/IbHblll Y4aCTOK M y3Kas Mosoca 3a ropofoM,
OKONo ocTpo3apa3Hoii 6onbHULbI [6]. O3eneHeHue
ynuy, B EpeBane Bnepsble Havanocb B 1924-1925
ropax [7].

C u3meHeHMeM rpafoCTPOUTENBHOW MOAUTUKM
Pecnybnuku Bcé akTyanbHee CTaHOBWNICA BOMPOC O
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Puc. 1. lMnowanb 3enéHbix HacaxaeHuii obuiero nonb3osaHua B Epesare 3a nepuog 1917-1957 rr.

(no paHHbIM [aBbigosoii U.T., 1959).

CO3JaHNn opraHusauuu, Kotopaa Obl oTBeyana 3a
€AVHYIO NMONUTUKY Pa3BUTUA 3ENEHOI MHPaACTPYK-
Typbl bbicTpo passuBatoieroca Epesana. B 1932
ropy B ucnonkome EpesaHckoro ropcoseta OTKpbI-
BaetcA TpecT «O3eneHeHne», KOTOpbI B fanbHeii-
wem 6bin pecTpyKTYpupOBaH B e4MHOE yripaBneHune
«EpropseneHctpoii». CTpykTypa ynpaeneHua 6bina
npeacraBneHa afMUHUCTPATUMBHON W KanpoBoOii
cnyx6amu, NMPOEKTHO-CMETHOW Tpynnoii, OTAENOM
aKcnnyatauum W NUTOMHUKaMW  BEeKOpaTUBHbIX
KynbTyp. Becb nocapgouHblii maTtepuan, a UMEHHO:
OepeBbA, KyCTapHWKW, MHOTONEeTHWE U OfHONeT-
HUe LBETbl, PYNOHHbI/i rasoH, BblpalLBanCb B
HECKONbKMX MUTOMHUKOBbIX X03A/CTBaX, pacnono-
¥EHHbIX B CAaMOM ropofe 1 B ero okpecTHocTAx. Ka-
4ecTBO MaTepuana 6bIno AOCTaTOYHO BbICOKUM, TaK
Kak OHO pernameHTMpOBaNOoChb roCyJapCTBEHHbIM
ctanpaptom CCCP, a akcnnyataumsa obbeKkToB 03e-
NEHeHNA HaxoAunacb Mnof, NOCTOAHHbIM KOHTPONEM
M nogBepranacb CTPoroi oT4€THocTH [8].

Kak BMAHO M3 npefcTaBNeHHbIX AaHHbIX (puC.
1), ropopckumm cnyxbamm 3a nepvog, 1924-1957 rr.
6bina npoBefeHa LUMpokomMacluTabHaa pabota no
CO3[aHUI0 HacaMeHui OoOLLLEero nosib3oBaHMA MU,
MO CpaBHEHWUIO C MEpBOHaYanbHbIMU AAaHHbIMUA B
14.2 ra, obwasa nnow,agb 3enéHblXx HacamaeHui
AaHHoI KaTteropuu K Havany 1957 ropa yesennum-
nacb B 42.2 pasa, coctaBus 625 ra [6]. Hukorpa
6onee B nctopun EpeBaHa Takux cepb&3Hbix NMoka-
3ateneii No yBenuyeHuto 3en€Horo poHaa 3adpuk-
cupoBaHo He bbino. BamHO OTMETUTb, YTO MO JaH-
HbIM MTEPaTYpPHbIX WCTOYHWKOB, WCCNEfOBaHUA,
npoBeAEHHble coTpyaHUKkamn botaHnyeckoro capa
B 1958-1961 rr. nokasanu, 4to No pasHoobpasunto
MCMONb30BaHHbIX B O3ENEHEHUU MOPOJ, 3IK30TOB,
EpesaH 3aHuman ogHo u3 nepsbix mecT B8 CCCP. B
ropoge umenocb 211 BUJOB 1 pasHOBUZHOCTel fe-

PEBLEB N KYCTapHWUKOB, MPOUCXOAALLMX OyKBanbHO
U3 BCEX CTPaH YMEPEHHOro, XONOJHOro u cybTpo-
nuyeckoro knumara [9]. CornacHo paHHbIM [laHue-
naHa M.B. (1959), Ha cknoHax EpeBaHa ot obLero
ymcna KycTapHUKOB 25% COCTaBMANU LBeTyLiue,
BbICOKOJEKOpaTHBHbIe BUAbI, @ BOKPYr ropopa obin
co3paH nnoposblii cag Ha nnowaau B 60 ra [10].

Mo paHHbIM wHBeHTapusauun «Epropsenen-
cTpoA» no coctoaHuto Ha 20 pekabpa 1984 r.
3enéHble HacampeHuAa Bcex KaTeropwuii EpesaHa
3aHumanu nnowanb 8762 ra, obLiee NoKpbITUE CO-
ctaBnAno 48.1%. lMnowagb 3enEHbIX HacaKaeHUiA
obuiero nonb3oBaHuA cocTtasnAna 1817.24 ra wnu
8.15% ot Tepputopun ropopa, 4to 6bIN0 MEHbLLE
HeobxoaMMOro BTpOeE.

3a nocnegHue TpU [QECATUNETMA B ApMEHUM, U
ocobeHHO B r. EpeBaHe, ApKO BbipaxeHO OTpuLia-
TeNbHOE aHTPOMOreHHOE BO3AECTBINE Ha OKPYHato-
wyto cpepy. beckoHTponbHble pybkK B roapbl aHep-
reTuyeckoro Kpusuca B Apmenun 8 1990-2000 rr.
M panbHelilana MpoKomacluTabHasa ToueyHasa 3a-
CTpoiika B TOM 4YMC/e M 3a CYET 3eNéHbIX TEPPUTO-
pwii ropopa npusena k notepe 40% 3enéHoro goH-
na Epesana (puc. 2). lNo paHHbIM mapumn EpeBaHa B
Havane 90-x rogos XX BeKa, nnoLafb HacamgeHUn
obuero nonb3osaHuA coctasnana 908.3 ra, a K Ha-
vany 2019 r. 3enéHble TeppuTopum obLLLErO NONbL30-
BaHuA B ropoge coctaBnanu 900 ra, T.e. MeHbLUe,
yem bbino Ha Havano 1990 r. [11-13].

B EpeBaHe obecneyeHHOCTb 3enéHbiMKU Haca-
MOEHMAMU OOLLErO MONb30BAHUA HAa OOHOIO Yeno-
Beka B 1983 r. coctaBnana 17 m?, B 1991 r. koadp-
dpuumeHT cHusunca go 9.5 m?, 8 2000 r. coctaBun
Bcero 4.9 m%, a B 2020 r. — 7.8 m? Ha ogHOro ye-
NOBEKa, B TO BPEMA KaKk [N1IA ¥apKoro Knumara pe-
KomeHpayemaa Hopma B 28.8 m? Ha ogHoOro xuTens,
T.€. NoKa3satenb B 3.7 pa3 HUMe HopmaTusHoro [12].
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Puc. 2. MNnowapb 3enéHbix HacaxaeHunin B Epesare 3a nepuog 1990-2018 rr. (no paHHbim [lenaptameHTa

npupopooxpaHbl Mapun EpesaHa).

Mocne passana Coserckoro Coto3a epuHaa op-
raHv3auusa no BEOEHWIO 3eNEHOro Xo3AicTBa Mpu
lopcoBeTe EpeBaHa 6Obina pecTpykTypupoBaHa B
YnpaBneHne npupopooxpaHbl Mapumn EpeBaHa c
nepenofyYnHeHneM BOMPOCOB CO3[aHWA U COpep-
MaHUA 3enéHbIX HacaM[eHUi KOMMEpPYECKUM op-
raHusaunam B 12-u afMUHUCTPATMBHbIX paiioHax
ropoga. [lenaptameHT nMpupopfooxpaHbl NPOBOAMA
o3eneHeHne EpeBaHa Ha TeHepHOI OCHOBe C Npu-
BfleYEHNEM Pa3NIMYHbIX KOMMEPYECKUX CTPYKTYp
(3aKpbITbIMK aKLMOHEPHbIMM 0bLLLeCTBaMM).

OnbIT npoLueaLLInX NeT nokasan, YTo TakoW cro-
cob ynpaBneHunA 3enéHoi MHppacTpyKTypoil ropoga
MPUBEN K MHOrOYMCIEHHbIM NpobneMam pas3nMyHoro
xapakTtepa. B uucne BamHeiiumx cnegyetr oTMETUTH
HenpodeccMoHanbHblii 1 HECKOOPAMHWPOBaHHbII
noaxof, Kk popMMpPOBaHMIO LLENOCTHOrO rOPOACKOro
nanpwadpra, HeCOOTBETCTBYIOLLMIA LENAM O3eneHe-
HUA OTOOp ApPEeBECHO-KYyCTapHUKOBOW pacTuTeNb-
HOCTW, Mpobnembl 3aluTbl pacTeHWUid, OTCYyTCTBUE
LOKYMEHTaLMN MO NPOEKTUPOBAHWUIO U BeLEHUIO
0bbeKTOB 3enéHoro oHpa roposa, HECOOTBETCTBUE
obLLENPUHATLIM CTaHAapTaM O3eNeHEHUA TFOpoA-
CKMX TeppuTopuid obLiero nonb3osaHua u ap. [lo-
pobHoe BefeHWe 3eNEHOro Xo3AicTBa U OTCyTCTBUE
e[VMHOI rocyfapCTBEHHOW cTpaTervn pasBuTUA 3e-
NéHbIX PECypcoB ropoja OTpuMLATENbHO CKasaancb
Ha obLLEeM COCTOAHUM [OEepeBbeB U KyCTapHWKOB,
OTPasWInNCb Ha KONNYECTBEHHbIX WM KayeCTBEHHbIX
rnoKasaTenAx 3eN€HbIX HacamaeHWin ropopa.

Bcé BbiwenepeuncneHHoe BbIABUNO Heobxo-
LUMOCTb B M3yYeHUWN COCTOAHMA 3enéHoro doHpa
EpeBaHa n paspaboTke nyTeii ero BOCCTaHOBNEHUA.
[na pocTueHua nocrtaBneHHOW Lenu Hamu Obina
pa3paboTaHa nporpamma peopraHusalun CUCTeMbI
O3eNeHeHnA ropoda, KoTopas BK/tOYana Nouck Ha-
Y4YHO-0060CHOBaHHbIX PELLEHNI U BHepeHne Mepo-

NPUATMIA gna BoccTaHoBneHusa 3enéHoro coHpa.
OCHOBHbIM NYHKTOM NporpamMmbl Obino co3paHue
e[VHOIi cuCTeMbl yrnpasieHUs 3enéHbiM (POHAOM
ropofia 1 KOHTPONA 3a CofiepMaHneM [ peBECHO-KY-
CTapHMKOBOI1 pacTuTenbHocTu [14,15].

BrnocnepctBun,  BbllleynomAHyTas  nporpam-
Ma peopraHv3auuu CUCTEMbl O3eNeHeHWA ropopa
6bina npepcrasneHa mapy Epesana A.[. MapyTany,
KOTOPbIii Hallén pelueHve npobnembl B NpaBOBOM
none: 12 3aKpbITbIXx aAMUHUCTPATUBHbIX OpraHu3a-
umit (3A0) «O3eneHeHmne» bbinn pacdopmmpoBaHbl
n B pekabpe 2019 r. Cosetom crapeiilunH Epesa-
Ha 6bina co3faHa MyHULMNanbHas HeKoMMepye-
ckasa opraHusauma (MHKO) «OseneHenne n oxpa-
Ha OKpyatoLLell cpefbl» npu mapum ropoga [16].
OpraHusauus Bkntoyana 10 TepputopuanbHbIX aKC-
nnyaTaLMoHHbIX MofpasfeneHunid, a Takme crneuu-
anu3vpoBaHHble yrnpasneHuA W OTAenbl: Temnany-
HO-MUTOMHWKOBOE, NaHALIadpTHON apXMTEKTYpbI K
Au3aiiHa, VI T-moHuTopuHra n kaprtorpadvposaHus,
arpoHOMMYECKOe, TEXHUKO-TPaHCMOPTHOE, XO03Al-
CTBEHHOE 1 np.

Haunnaa ¢ 2020 r. opraHusauma ckoopauHMpO-
BaHHbIM obpa3oM paboTaeT BO BCEX OTMEYEHHbIX
HanpaeneHuax. K Hauvany secHbl 2021 r. Ynpas-
neHvem nanpwadtHoi apxutekTypbl MHKO 6bina
MOAroToBIEHa MPOEKTHO-CMETHaA AOKYMeHTauuA
Ha MpPOEKTMpOBaHWE CeMU OOBEKTOB MNOLLAfbIO
0KOMO 9 ra 1 PeKOHCTPYKLMIO LIBETHUKOB AfMUHM-
cTpatuBHoro okpyra (AO) KeHTpoH nnowagbto 60-
nee 4000 m? [8].

YuutbiBas, 4to EpeBaH — ropog, conHua, B KOTO-
pom 300 pHeit us 365 conHeuHble, 6bINO NPUHATO
peLleHne peopraHn3oBaTb LBETHUKW U3 OfHONET-
HUKoB B po3apuu. Po3a B EpesaHe, npu npasunb-
HOM Bblbope mecTa 1 copTa, CnocobHa LBECTM C Ha-
Yana mMas 1 0 NepBoi fekaapbl aexabpa, 4To bbino
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BugHo B pekabpe 2021 n B TeveHne 2022 ropa. B
TO BpEMA Kak OfHONETKN BbiCaMMBatOTCA B ropoje
c 10-ro mas, 3auBeTatoT B UIOHE U K Hayany CeH-
TAOpA GONBbLUMHCTBO OLHONETOK OTLBETAET U eCcTb
HeobXxoAMMOCTb B 3aMeHe Ha OCeHHe-LBeTyLiue
xpu3aHTembl. 3a BecHy 2021 roga B ropoge 6bino
nocaxeHo 6onee 25 000 muHunatiopHbix 1 5 000
YalHO-TMOPUIHbBIX, @ TaKkMe PEMOHTAHTHbIX PO3.
MapannenbHO B rOpOACKOM MUTOMHUKOBOM XO3AiA-
CTBE HayaTa paboTa Mo YepeHKOBaHWIO W 3aKnapke
OypyLuero nocafgo4yHoro matepuana jfis posapues
ropoga. lNonntnka 3ameHbl OLHONETHUKOB Npecne-
A0Bana HeCKONbKO Lieneil, a UMeHHO:

P 3KOHOMMYECKasa Bbirofa pAJiA FOPOACKOro
6rogkeTa, NOCKONbKY oTnana HeobxogMMOCTb ee-
FOAHOW 3aMeHbl pacTeHuiA,

» BbIHOCNIMBOCTb PO3 MHOFOKPATHO MpPEBbI-
LIaeT YyCTOWYMBOCTb OAHONETOK K aHTPOMOreHHbIM
Harpy3kam, aBapuiiHbIM nepepbiBam B OPOLLEHUM,
KoTopble B EpeBaHe, K coxaneHuto, BCE eLLE He-
peaKH,

P HemanoBaMHO TaKkMe, YTO KYCTbl PO3 HE KOM-
dopTHbI pNiA BpoaAYNX MUBOTHbIX, KOTOPbIX B Epe-
BaHe, BBWAY HOBOI MOAWUTWMKM MO CTEpUAU3ALLUN,
BMECTO YCbIMNNEHNA MUBOTHbIX HEMano,

» obcnyxuBaHne LBETHUKOB U3 OJHONETOK Tpe-
6yet bonee KpONoOTAMBOIO U JJIMTENBHOMO YXOAa, a
y4uTbIBaA, YTO MHOMO LBETHUKOB HaxoauTca BO6M-
31 JOpor 1 pa3BopoTOB, TO M pabouyne nonyvaroT
3HAYUTENBHO MEHbBLUYIO SKCMO3ULMIO 3arpA3HUTE-
neii BO3AYLLHON cpefpl, 4TO KpaiiHe BamHO.

» B 3MHWIA Nepuop, ropa NoOBEPXHOCTb 3eMiu
3aKpbiTa, 4YTO KpailHe BaMHO [nA KpYrnoroguuy-
HOW 3CTETMYECKOl MpuBNEKaTENbHOCTU ropopga M
YMEHbLLEHWA 3arpA3HEHNA BO3ayXa.

3a Becb 2021 rop ropoay BO3BpaLLEHO 3a CYET
PEKOHCTPYMPOBAHHbIX U BHOBb CO3JaHHbIX B 00-
weid cnoxHoctn 46 ra 3enéHbix TeppuTopuiA Mo
BCEM aMMHUCTPaTNBHbIM OKpyram ropofa (cornac-
Ho ochmumanbHbIM gaHHbiM MHKO).

OpraHusauua npuobpena u YacTUYHO apeHAo-
Bafna BCIO LM(PPOBYIO TEXHUKY MO reofe3nvecKnm
pabotam, uWHBeHTapu3auuMun U KapTorpacvpoBa-
Huto. YnpaeneHnem UT-moHuTOpuHra n Kaprorpa-
dumposaHna MHKO c koHua 2020 ropa Havata pa-
6oTa no cospaHuto «3enéHoro kagactpa» EpesaHa
W 3NEKTPOHHOW KapTe 3enéHoro coHpa EpesaHa.
K koHuy 2021 ropa cobpaHa v cucTemaTusmpoBa-
Ha uHdopmauma no opocuTenbHoi cetn (21 km),
L,peBECHO-KYCTapHMKOBOW pacTtuTtenbHoctu (19 810
pacTeHuii), OTBeEHHbIM MNOf, 03eNleHeHNe TEPPUTO-
puam (418 000 m?), xwuBoii nsropogu (10 288 m),
co3fjaHa oTaenbHas BefOMOCTb AfA 0CO60-LEeHHbIX
W cTapoBO3pacTHbIX AepeBbeB EpesaHa, KoTopble

ABNAIOTCA KYNbTYpHbIM Hacnegmem. DTU [epeBbs
nony4ynnu CBOM nacropra.

3aBeplueHa UuudpoBU3aLMA BCEX LBETHUKOB
EpeBaHa, 4TO KpaliHe BaxHO A/ JOCTOBEPHOI WH-
dpopmaLm Npu NOKynke Nocago4yHoOro marepuana.
MonHocTbio 3aKoH4YeHa paboTa No MHBEHTapu3aLum
1 KapTorpacpmpoBaHuto 3enéHoro coHpa ropoja B
AO KeHtpoH. Ha 2022 rop, 6binn 3annaHupoBaHbl
pabotbl B AO Apabkup n KaHakep-3eiTyH.

Beupay otcytcTBMA B CTpaHe HeobxoauMbIx Mnu-
TOMHWKOBbIX XO3AWCTB, BblpalLMBalOLLMX CTaH-
AAPTHbIA MOCaAOYHbIX MaTepuan, B nocnefHue
rogbl o3eneHeHve B EpeBaHe ocyliectBnaerca B
OCHOBHOM CaMeHL,amMmn, npuobpeTéHHbiMK 3a pybe-
}OM, YTO MPUBOAMUT K NOBbLILLEHNIO PacxoAoB. 3Ha-
YnTenbHaA 4acTb 3aKYMJEHHOro MOCafo4yHOro Mma-
Tepuana Beo3utca u3 Wpana, py3un, Hebonbluas
YaCTb CaMEHLLEB M OCHOBHAA 4acCTb CEMAH L|BETOB
nmMnopTupyetca u3 esponeiickmx ctpaH. CemeHa u
CaMeHUbl Hy}AaloTcA B ajanTtauMoHHOM nepuope,
KpoMe TOro, BMeCTe C HUMW 3aBO3ATCA HOBble Bpe-
ouTenun 1 6onesHu, YTo B JanbHelLLIEeM NPUBOJUT K
MOBbILLEHUNIO MpPOLLeHTa OTnaja pacTeHuit. Yunutbi-
BaA BbllLeCKa3aHHOe, BaXHbIM NyHKTOM [lporpam-
Mbl MO cTpaTeruu o3eneHeHus EpesaHa Obino Boc-
CTaHOBNIEHWNE FOPOACKOro NMUTOMHMKA.

[MuTomMHMKOBOE X03AiicTBO pacnonoxeHo B AO
LleHraBut, Ha rpaHuue EpeBaHa u Apapatcko-
ro map3a. Tepputopua xo3aiictBa 25 ra, ogHako,
COOCTBEHHO XO3ANCTBO 3aHMMAET MJollagb OKOMO
10 ra. 3gecb HaxopATCA TeEMNULbI NNOLWAAbIHO OKOMO
6 000 m?, MaToYHble HacamaeHuNA, MIo4OBbIN caf,
M BEMOHCTPaLMOHHbIE Y4acCTKM C HacamAeHUAMMU.
Pabotbl B xo3aiicTBe BepyTca ¢ Havana 2020 ropa.
B nutomHuKe umeetca otpeneHve LKonMpoBaHuA
pacTeHuii ¢ caxeHuamu |-IV Kateropwuii.

3a npollealime pecatuneTua B xoge pabot no
o3eneHeHuto EpeBaHa 6binv anpobupoBaHbl U WH-
TPOAYLMPOBaHbl COTHU BUAOB pacTeHunid. HacTb u3
HUX MokKasana y[OBNETBOPUTENbHYHO afanTalyoH-
HYtO CMOCOBHOCTb, MHOMME aKKNMMAaTU3KMpPOBANUCH
4aCTUYHO, MO0 He BblfepHanu BAUAHWA pAaja OT-
puuatenbHbix hakTopos v nornbnu. UccneposaHu-
AMU BbIABNEHO, Y4TO B pa3HOE BPeMA MPUMEHANOCH
okono 250 BWpOB pOepeBbeB U KyCcTapHWKOB, U3
KOTOpbIX B HacToslllee BpeMsA BCTpeYatoTcA B 3e-
NéHbIx HacaxaeHuax ctonuubl bonee 170 [9,17-19].

B HacToAwem, B o3eneHeHun EpeBaHa Tpeby-
eTCA He LuMpoKomacluTabHoe BHejpeHue HOBOro
accopTUMEHTa JpPeBEeCHO-KYCTapHUKOBOW pacTu-
TENbHOCTW, a MPUMEHEHWE HOBbIX METOfO0B [AJIA
6bICTPOro BbipallMBaHWA Hanbonee LEHHbIX BUAOB
W UX BanbHeiiLIero NPUMEHeHNA B O3eNE€HEHUN ro-
poga. OnbIT rpagocTponTenbCTBa (O3€NEHEHNE O-
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POAOB, TEMMbI 3aKNafKkn NapKoB) pPasBUTbIX CTpaH
MoKasblBaeT, YTO NMPUMEHEHNIO HOBbIX TEXHONOMUIA
M HOBbIX KyNbTyp Bblpalli¥BaHWA NOCafo4yHOro Ma-
Tepuana HeT anbTePHATHBbI.

OyeBngHO, 4YTO [ANA BbIMOAHEHUA OCHOBHOW
3apgaun MHKO - obecneyenns obwmHbl Epesa-
Ha 3enéHoil mMaccoii — HeobxoauMo napannenbHo ¢
TPagULMOHHBIMU METOAAMN CO3AaHUA MUTOMHUKOB
BHEAPATb U HOBblE 3(PPEKTUBHbIE TEXHONOT MK NPO-
W3BOACTBA CaMEHLIEB, YTO NO3BOAUT B CXHaTble CPO-
KW MOMHOCTBIO YA0BNeTBOpUTL noTpebHocTn Epe-
BaHa B MOCAJO4YHOM MaTepuane, a Takme CO3AaTb
BO3MOMHOCTU AJ1A KOMMEPYECKMX NPEAIONKEHNIA.

3a 2021 rop, B NTMTOMHUKOBOM X03AICTBE ropoja
obecnieyeH yxop, 3a 6onee yem 90 000 pacrteHwii,
n3 kotopbix 30 000 yxe BbiBefeHbI Ha ynuubl Epe-
BaHa, cpean kotopbix 15 308 pepesbes n 27 148
KyctapHukos, 9 500 kyctos pos, 41 900 uBeToB.
Mokasatenn 2021 roga MHOroKkpaTHO NMPEBOCXOAAT
nokasatenn 2020-ro, a UMeHHO, NO JepeBbAM B
3.5 pasa, no KyctapHukam bonee yem BABOE, MO
LBETOYHbIM KynbTypam BTpoe. KoHeuHo, B cuny n3-
BECTHbIX CObbITUIA 3Ta pa3HULA MMena CBOM ObbeK-
TUBHbIE MPUYMHBI.

[ina paboT no o3eneHeHWto B YCNOBUAX KapKO-
ro knumata EpeBaHa KpaiiHe BaxHa opocuTtenbHas
cuctema. 3a 2021 rog B ropofe nponoxeHo bonee
21 km (5% oT mmetowwmxca B ropoge marvctpaneid)
OpOCUTENbHbIX MarucTpaneii, 4to B NATb pa3 npe-
BocxoauT nokasartenb 2020 ropa. MNockonbKy oyeHb
BaMHa aBTOHOMHOCTb MPOLECCOB MONNBa, BbIMCKU-
BalOTCA BO3MOKHOCTM WUCMONb30BaHNA MOA3EMHbIX
BOJ, BOCCTaHaBNMBAOTCA U CO3[AKOTCA HOBblE Ha-
COCHbl€ CUCTEMbI MO BblKa4YMBaHWUIO BOAPbI.

Bcé BblwenepeuncneHHoe ykasbiBaeT Ha Ao-

CTaTO4YHO MEPCNeKTUBHYHO paboTy No O3eneHeHuto
EpesaHa.

B 3akntoueHve, Kacaacb nepcnexkTue pasBuTUA
oseneHeHuna EpesaHa, cuuTaetca HeobxofMMbIM
npoBefeHne cnefyroLnx pabor:

P BHECTU KOpPpPeKTMBbl B [eHepanbHbIii nnaH
ropoga W paspaboratb Hay4YHO-OHOCHOBaHHYHO
3KONOTrMYECKYIO NaHALIadpTHYIO NporpamMy, BKHO-
YaloLLO OCHOBHble NpobnemHble Bonpocbl Hna-
roycTpoiicTBa M O3eNeHeHWA ropoga, NpPOeKTUpo-
BaHWA, CTPOWUTENbCTBA W COAEPHAHWA 3eNéHbIX
HacaM[eHWn Ha pasNnyYHbIX N0 CBOMM (PYHKLUAM
obbeKTax;

P NPUHATb 3aKOH O COXPaHEHUW W COAepKaHUK
FOPOACKUX 3ENEHbIX HaCaMAeHWn Ha pasinyHbIX
obbeKTax O3eneHeHus;

P> MPOBECTN PEKOHCTPYKLMIO 3ENEHbIX HacaKae-
HUiA Ha 3enéHbix oObeKTax ropofa: PeKOHCTPYKTUB-
Hble BOCCTaHOBUTENbHbIE MOCAfKN OEPEBLEB U KY-
CTapHUKOB [OMKHbI MPOBOAUTLCA UCKHOYUTENBHO
cornacHo pa3paboTaHHbIM MPOeKTamM PEKOHCTPYKLUW;

» pa3paboTtaTb BbICOKOAEKOPATUBHbIE KOMMO-
3ULUMN U3 [EepPEBLEB U KYCTapHUKOB, B COYETaHWUM
C LBETOYHbIMU TPaBAHWUCTbIMW PacTEHUAMU, [NIA
naHpawadTHbIX 0ObEKTOB pPasnNyHOro yHKLMO-
HaNbHOro Ha3HayYeHus;

P> yBENNYUTb aCCOPTUMEHT BEYHO3ENEHbIX NU-
CTBEHHbIX W XBOHbIX BUAOB B KOMNO3NLUAX;

P yBENNYUTb aCCOPTUMEHT KPacuBO LLBETYLLMX
APEBECHO-KYCTaPHNKOBbIX PacTeHWiA;

P yBENUYUTb aCCOPTUMEHT pacTeHuii abopureH-
HoWA donopbl;

» ocoboe BHVMaHWe yaennTb BEPTUKaNbHOMY O3e-
neHeHuto EpeBaHa (cTeHbl 3paHuiA, NOA3eMHble Nap-
KMHIM cTUnobatbl, NEProsbl) U 03ENEHEHNIO KPbILL.
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On the problem of establishing an organization
for the creation, care and management of the
green fund of Yerevan

Kristina Vardanyan

Department of Hygiene and Ecology, Heratsi Yerevan State
Medical University, Yerevan, Armenia
Council of Elders of the City of Yerevan, Yerevan, Armenia

ABSTRACT
Currently, the issue of optimizing the human environ-
ment is extremely relevant. The increased attention of

specialists to environmental problems, as well as research
results indicate an increased influence of environmental
factors on human health. Landscaping is one of the im-
portant elements of the environment sanitation, prevent-
ing psychosomatic diseases and aesthetotherapy. Greening
problems are more relevant for hot cities like Yerevan, be-
cause it is quite difficult for the population to overcome
heat stress. The work presents the history of the develop-
ment of green infrastructures in Yerevan in detail, as well
as the current problems and the way to solve them.

Keywords: public health, urban greenery, landscap-
ing, inventory of green spaces, state of the city’s greenery.
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ABSTRACT

Background: Intergluteal pilonidal disease
(IPD) is a common chronic disease occurring in
the natal cleft of the sacrococcygeal region. This
disease may drastically decrease the quality of life,
and lead to incapacity for work for up to several
months. Various treatment methods are described
in the literature, however, each of the methods
has its privileges and disadvantages, and no final
recommendations are available regarding a supe-
rior surgical treatment method. The present study
aimed to contribute to filling the gap in the knowl-
edge regarding the superiority of the available sur-
gical techniques used in the treatment of IPD.

Methods: The short-term outcomes of two sur-
gical treatment options for IPD, namely the Kary-
dakis procedure (n = 32) and the Marsupialization
technique (n = 33), were retrospectively compared.
The duration of complete scar formation, the rate

of short-term postoperative complications, the per-
sistence of postoperative pain and the recurrence
rate during 3-month postoperative follow-up were
investigated. The study was based on a retrospec-
tive analysis of data extracted from medical records
of adult male patients treated for IPD.

Results: The Karydakis procedure was found
to be superior in terms of all the abovementioned
parameters, except for the rate of short-term post-
operative complications, where the two surgical
techniques showed comparable results.

Conclusions: The results of this retrospective
study suggest that marsupialization technique could
be mostly replaced by the Karydakis procedure in
surgical practice. The latter appears to be associat-
ed with a faster return to daily activities and more
cost effective.

Keywords: Intergluteal pilonidal disease, IPD,
marsupialization, Karydakis

BACKGROUND

Intergluteal pilonidal disease (IPD) is a common
chronic disease occurring in the natal cleft of the
sacrococcygeal region, and it is more common
among young males. Generally, male persons are 2
to 4 times more prone to this disease [1-3].

The main incidence ranges from 25/100,000 up

to 48/100,000 in different populations [2,4,5]. The
risk factors for IPD include obesity, local trauma or
irritation, prolonged sitting, a deep natal cleft, and
positive family history [1]. Although a wide range of
surgical treatments has been used to manage IPD,
none of these approaches eliminates the postoper-
ative morbidity, including delayed wound healing,
discomfort, and a high rate of recurrence, which

*Corresponding author: +37494399396, +37441399396, arman399396@gmail.com
10.54235/27382737-2023.v3.1-42. Published online: 30 November 2023
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differs in a wide range between 1% and 43% ac-
cording to different studies [6-9]. Literature data
suggest that recurrence is more related to the
surgical procedure itself, and also correlates with
the duration of follow up [3,5,10]. Along with the
recurrence rates, the length of hospital stay, re-
turn to daily activities, and the cost-effectiveness of
the treatment are also important when choosing a
treatment method.

The most commonly used surgical techniques
for IPD are wide excision followed by open wound
healing; pit excision and tract brushing (Millar-Lord
procedure); Bascom procedure; excision and mar-
supialization or suturing wound edges to bottom;
excision and primary closure with midline or asym-
metric incisions; or excision and closure using local
flaps [11,12]. Each of the listed methods has its ad-
vantages and disadvantages, and the literature does
not provide definitive guidance on the best method
of surgical treatment. Management of the resultant
defect in the tense sacral region appears to be the
most challenging issue in the surgical treatment of
IPD because this step is closely related to postop-
erative morbidity and recurrence [13].

Open wound healing after total excision is shown
to have fewer early postoperative wound complica-
tions and relatively fewer cases of recurrence, but
a relatively long duration of treatment. That is why
many authors do not use this method routinely as a
first-line treatment for IPD [14-16]. Primary wound
closure after excision is associated with shorter
healing time and hospital stay, but a high rate of re-
currence and postoperative wound complications,
according to many authors [17,18]. Our own expe-
rience also suggests not using this method widely.

Different recurrence rates (7% - 31.8%) have
been published in cases of wound edges suturing
to the wound floor after total excision of pilonidal
tracts [16,19]. Perhaps the wide-ranging difference
in recurrence rates was due to differences in post-
operative care and research methodology.

Due to the low incidence of postoperative
wound-related complications and the simplicity of
the surgical technique, the surgical practice of su-
turing the skin flaps to the wound crater after total
excision of pilonidal tracts has been widely used for
a long time in our hospital.

Currently, the most popular surgical techniques
are based on asymmetric wound closure (Karydakis
or Bascom’s technique) or skin flap formation (Lim-
berg, W- or Z-plasty). A theoretical option aiming
to improve surgical outcomes and reduce the me-
dian recurrence rate involves the lateralization and
the flattening of the natal cleft. Although skin flap

techniques (Limberg, W- or Z-plasty) show relative-
ly low recurrences rates (0-7%), they are traumat-
ic, more complex, and are accompanied by higher
rate of postoperative pain and wound complications
[6,10,18,20]. Such operations are followed by sub-
stantial deforming scar formation and result in de-
terioration of the sacrococcygeal region’s normal
anatomy, leading to poor aesthetic results.

An ideal surgical technique should provide a
complete cure for IPD with a minimum risk of re-
currence, be simple, require a short duration of
hospitalization, give the lowest risk of complica-
tions, and guarantee a patient’s quick recovery. At
the moment, the methods comprising asymmetric
wound closure preceded by total excision of pilon-
idal tracts (Karydakis and Bascom’s techniques)
mostly satisfy the requirements mentioned above,
given the fact that more comparative controlled
studies should be conducted for final conclusions.
The postoperative results also depend on the age
of the patient and the presence of comorbid diseas-
es, which, as is well known, significantly affects the
course of the wound healing process. This circum-
stance should be taken into account when investi-
gating treatment results in comparative groups.

Intergluteal pilonidal disease is most prevalent
among Caucasian males aged 18 to 48 years. This
disease may drastically decrease the quality of life and
lead to incapacity to work for up to several months.
Considering the fact that persons in the 18-48 age
group mainly comprise the employed social class, the
identification of the most effective treatment method
for IPD also gains social-economic importance.

In this study, our objective was to compare the
Karydakis technique with wound marsupialization
preceded by total excision of pilonidal tracts in the
treatment of male patients with IPD regarding post-
operative short-term complications, persistency of
the postoperative pain, and duration of complete
scar formation.

METHODS

Patient selection: A total of 125 medical records
of the patients treated for IPD during the period
from January 2017 to December 2020 were extract-
ed from the archive. The inclusion criteria were as
follows: male patients aged 18-48 years who were
referred to our clinic for both uncomplicated IPD
(with only primary midline pores) and chronic com-
plicated IPD (with secondary pilonidal orifices). The
exclusion criteria were medical history of previous
pilonidal surgeries, abscess presentations, and the
presence of comorbidities.
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A total of 60 patients either met the exclusion cri-
teria or did not meet the inclusion criteria and were
excluded from the study. The remaining included
65 patients were divided into 2 groups according to
the IPD treatment technique: the marsupialization
group (M-group, n = 33) and the Karydakis group
(K-group, n = 32).

Surgical techniques: In all cases, surgery was
performed under spinal anesthesia in the prone
position. A dose of prophylactic cephalosporin was
given intravenously in both groups during the in-
duction of anesthesia. Methylene blue mixed with
10% hydrogen peroxide was injected into the sinus
orifice(s) just before the incision. As pilonidal sinus
excisions are performed by various senior surgeons
in our team, the choice of the surgical technique
was based on the surgeon’s preference and experi-
ence in the flap approach. Surgeons who proposed
the marsupialization approach had previous expe-
rience with the procedure for at least 10 years and
K-group - for at least 4 years.

In the M-group, an oval excision was made,
which covers the entire area where the sinus tracts
extended. Hemostasis was accomplished by using
electrocautery. After radically removing the sinus
tracts, the skin edges were sutured to the sacral
fascia at the midline from both sides of the wound
utilizing 2/0 polypropylene Donati (vertical mat-
tress) sutures, leaving open a narrow stripe along
the wound in the midline (approximately 0.3 cm in
width) as shown in Figure 1.

In the K-group, an asymmetrical elliptic excision
was made with the lower and upper corners locat-
ed approximately 1 cm lateral to the natal cleft; all
defective tissues were removed until the healthy
borders had been reached. The proximal edge of

Pilonddal disease: a diagram comparing the inssdons
s in two surgical techniques.

Fig: MI

Fig: €1 Fig: K1

the wound was mobilized creating a tension-free
skin flap. Afterward, the subcutaneous tissue was
sutured to the sacral fascia creating a deviation to-
wards the distal edge and lifting the natal cleft (ab-
sorbable suture material was utilized). And finally,
the skin was closed with a Donati (vertical mattress)
suture maintaining off-midline deviation of the su-
ture line (using non-absorbable material). A suc-
tion drain was placed in the subcutaneous space,
and was removed when drainage dropped below 10
mL/day. The two surgical techniques are illustrated
in Figure 1.

Postoperative follow up: After the surgery, pa-
tients were examined, and the simple dressing
was changed routinely every day. Sutures were re-
moved in both groups 10-14 days after the surgery.
Patients with delayed healing continued to be seen
until complete healing was achieved. Patients were
allowed to walk 2-3 days after surgery, and sitting
was allowed only after healing of the wound and
formation of the postoperative scar. Patients were
then assessed weekly in the first month following
discharge from the hospital and 3 months follow-
ing the surgery. Postoperative depilation was per-
formed in both groups.

Standard doses of nonsteroidal anti-inflammato-
ry drugs (NSAIDs, particularly: Ketoprofen 100mg,
Dexketoprofen 50mg, or Ketorolac 30mg) were
used to manage the postoperative pain. Drugs were
administered intravenously upon patients’ request
based on subjective pain sensations in the postop-
erative wound area. None of the 65 cases required
administration of opioid analgesics. As the analge-
sics were administered upon patients’ request and
not routinely, we decided to use the total number of
standard doses of NSAIDs utilized throughout the

Marsupialization technique: a sequence of diagrams illustrating the process of the procedure,

LA

Fig: M2 Fig: M3

Karydakis technique: a sequence of disgrams illestrating the prociss of the procedure.

wm

WS an o

Fig: K2

Abbreviations: MF - midline pore, 50 - secondary orifice, PC - pilonsdal cyst, 5 - skin, 5CT - suboutaneous tissee, GM - gheteus maximus, SCR - sacum, 5F - sacral fasda,

Figure 1. Comparative illustrations of marsupialization and Karydakis techniques.
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Figure 2. Comparative diagram representing the
distribution of the mean (+ SD) duration of complete
scar formation in both techniques.

postoperative period as a criterion for evaluation of
postoperative pain persistency. The retrospective
design of our study, apparently, limited the usage
of other pain evaluation scales such as visual ana-
logue scale (VAS) or numeric rating scale (NRS).

Data related to the patients’ age, operation type,
duration of complete wound healing (scar forma-
tion), postoperative complications (seroma forma-
tion, postoperative bleeding, surgical site infection,
wound dehiscence, and chronic wound formation),
and the total number of standard doses of NSAIDs
were recorded in both groups. Recurrence rate
was evaluated at 3 months post-surgery.

All obtained data were entered into a specially
prepared chart.

Institutional review board (IRB) approval: The
study was approved by the IRB of the Yerevan State
Medical University (21-Oct-2021 N3-7/2021) stating
that the study was in accordance with the Decla-
ration of Helsinki — Ethical Principles for Medical
Research Involving Human Subjects.

Informed consent: All 65 selected patients have
given their consent to use the de-identified data
from their medical records, the pre-, intra-, and
postoperative photographs, and have signed an in-
formed consent form developed according to the
World Health Organization Ethics Review Commit-
tee (WHO ERC) requirements during the time pe-
riod from January 2021 to February 2021.

Statistical analysis: Statistical analysis was per-
formed using GraphPad Prism 8.0.1 and Microsoft
Excel 2013 software. The mean and the standard
deviation (SD) were measured for calculating nu-
merical parameters, while the percentage was
determined for categorical variables. In addition,

Usage of NSAIDs
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Marsupialization Karydakis

Figure 3. Comparative diagram representing the
distribution of the mean (+ SD) total number of
standard doses of NSAIDs used per case.

Student’s independent sample T-test was used
to compare the data. The results are presented
as mean * SD or proportion, as appropriate. A
2-tailed P-value of less than 0.05 was considered
statistically significant.

RESULTS

Treatment results of overall 65 patients were
analyzed. All patients were male. The age dif-
ference between K (25.59 * 7.80 years) and M
(27.21 £ 7.61 years) groups was not statistically sig-
nificant, p = 0.4005.

The mean duration of complete scar formation
was 26.39 * 11.14 days and 18.91 + 7.48 days in
the M- and K-groups, respectively. The difference
was statistically significant: p = 0.0024 (Cl = 95%,
t = 3.171, df = 63). The Karydakis technique was
found to be superior in terms of the duration of
complete scar formation. The distribution, mean *
SD of the duration of complete scar formation in
K- and M- groups is shown in Figure 2.

The rate of short-term complications in both
groups was roughly the same: 6 cases (18.18%) in
M-group and 6 cases (18.75%) in K-group. Sero-
ma was the most prevalent type of complication: 5
cases in K-group and 0 in M-group. Wound dehis-
cence was the second most prevalent with 3 cases
in M-group and 1 case in K-group. More detailed
data on short-term postoperative complications in
comparative groups are represented in Table 1.

Comparative analysis of the data related to the
usage of NSAIDs showed that Karydakis surgery
was associated with less persistency of postoper-
ative pain: 5.84 * 1.83 standard doses in K-group
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Table 1. The comparison of short-term postoperative complications in Marsupialization and Karydakis groups

Group Sample Age, mean * SD, Postoperative complications, n (%)
size, n (%) years
Seroma POB SSI WD CWF Total
Marsupialization 33 (100.00) 27.21 £7.61 0(0.00) 0(0.00) 1(3.03) 3(9.09) 2(6.06) 6 (18.18)
Karydakis 32 (100.00) 25.59 £7.80 5(15.63) 0(0.00) 0(0.00) 1(3.13) 0(0.00) 6 (18.75)

CWEF - chronic wound formation, POB - postoperative bleeding, SD - standard deviation, SSI - surgical site infection, WD — wound dehiscence

versus 9.15 + 3.12 standard doses in M-group
(p < 0.0001, CI = 95%, t = 5.186, df = 63). The
cases with postoperative complications tended to
require more analgesics than usual. Figure 3 rep-
resents the distribution, mean * SD of the total
number of standard doses of NSAIDs used per
case.

All patients were followed up for 3 months post-
operatively. The recurrence rates were 6.25% (n
= 2) versus 15.15% (n = 5) in K- and M- groups,
respectively; however, the results were considered
statistically non-significant (p = 0.2539, CI = 95%,
t =1.151, df = 63).

DISCUSSION

Karydakis technique was found to be superior
over marsupialization in terms of the duration of
complete scar formation, persistency of postoper-
ative pain, and severity of short-term postoperative
complications, and more research is needed to ac-
curately measure recurrence rates. It is relatively
easy to perform technically compared to other flap
techniques, and the treatment results are compara-
ble with the techniques mentioned above. Owing to
the technical straightforwardness of the Karydakis
procedure it can be easily adopted by practicing
surgeons and requires minimal training.

The marsupialization technique can be mostly re-
placed by the Karydakis procedure in surgical prac-
tice, which will reduce the hospital stay days and,

subsequently, the work-off period of the patients, as
well as diminish the costs of hospitalization.

Although the Karydakis technique is superior in
most notable aspects, in severely complicated cases
with branched sinuses and multiple secondary ori-
fices marsupialization technique still appears to be
a better option.

Figure 4 represents a case of IPD with se-
verely branched pilonidal sinuses and abscess-
es. Following the admission of the patient, the
abscesses were drained through incisions under
local anesthesia, and wounds were treated for
10 subsequent days with oral and topical antimi-
crobial agents and wound dressings. The patient
underwent surgery on the eleventh day. Consid-
ering the severity of the disease, it was decided
to use the marsupialization technique instead of
the Karydakis. A butterfly-shaped asymmetrical
incision was made in order to cover the whole af-
fected area. The pilonidal tracts were removed en
bloc at the healthy tissue borders. The horizontal
incisions were closed with interrupted sutures;
afterwards, the edges of the midline elliptic in-
cision were sutured to the sacral fascia, leaving
open a narrow stripe at the midline and a tri-
angular area at the upper corner of the wound.
The aforementioned areas eventually healed with
secondary intention. The patient was discharged
on the 41st day of the treatment and gained full
working capacity after 20 additional days of reha-
bilitation period.

Figure 4. Branched intergluteal pilonidal disease. A. Preoperative photograph prior to incision and drainage. B.
Intraoperative photograph after excision of the affected areas. C. Intraoperative photograph of the excised tissue.
D. Intraoperative photograph after closing the tissue defect. E. Postoperative photograph 19 days after surgery.
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Limitations: The main limiting factors of our
research were its retrospective design, relatively
small sample sizes, and relatively short duration of
follow up.

To reduce the risk of selection bias, the medical
records of all 125 IPD patients treated at our clinic
between January 2017 and December 2020 were
extracted from the archive, after which the exclu-
sion criteria were applied.

A surgeon selecting either of the two techniques
usually has a biased intention (conscious or uncon-
scious) to report the treatment outcomes favor-
ably. However, in our clinic, the treatment results
of the patients are ultimately assessed not by the
attending doctor alone, but by a collegial examina-
tion. This assessment is more likely to be objective,
hence reducing the risk of reporting bias.

The retrospective design also has limited the
usage of more sophisticated tests, scales, or ques-
tionnaires in order to assess the postoperative pain
level, ambulation and the ease of self-care, patient
satisfaction, etc.

Relatively small sample sizes have limited us
from accurately measuring postoperative morbidity
and recurrence rates, as well as running statistic
tests.

Hence, further research is needed to measure
the abovementioned parameters more precisely.

CONCLUSIONS

Statistical analysis of the data from our research
allows us to conclude that the Karydakis technique
seems to be superior to the marsupialization tech-
nique in terms of the duration of complete wound
healing (scar formation), as well as the recurrence
rates in the treatment of male patients with IPD.
Both techniques result in roughly the same rate of
short-term postoperative complications, yet compli-
cations in the Karydakis technique are milder (sero-
mas versus wound dehiscence and chronic wound

formation). The pain sensations in the postopera-
tive wound area are less persistent in the Karyda-
kis procedure, hence it requires less postoperative
analgesia.

Owing to a relatively faster recovery, choosing
the Karydakis technique allows reducing the length
of hospital stay, and, as a result, diminishes finan-
cial costs of the hospital (reduced maintenance
costs, no excessive consumption of dressing mate-
rials, antiseptic solutions, and other drugs used in
the course of the treatment).

Marsupialization technique is associated with a
higher recurrence rate. However, the results were
considered statistically non-significant and further
research is encouraged to measure the recurrence
rates more accurately.

Although the Karydakis technique is superior in
most notable aspects, in severely complicated cases
with branched sinuses and multiple secondary ori-
fices, the marsupialization technique is still a better
option because those cases require extensive exci-
sion and create large tissue defects.
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Kapupakuc npotus mapcynuanmsauum:
KpaTKOCPOUYHble CPaBHUTE/bHbIE UCXOAbI
nevyeHus MeXbArogu4YHoi NUIOHUAaNbHOM
60ne3Hn y My umuH

ApmaH MypapsaH', ApmaH Akoban?,
Sprap Maptupocan?, lamnet lopxmasaH',
BaraH leBopkaH!, Baarn Ambapuyman’*

LleHTpanbHbIii KNMHUYeCKUi1 BoeHHbIN rocnutanb, OTpenexHune
obuueit xupyprum, EpesaH, ApmeHus

2dakynbTeT BoeHHO MeauLMHbI, EpeBaHckuil rocypapcTeeH-
Hblli MeAVLMHCKUI yHUBEpcUTeT umenn lepaun (ETMY),
EpesaH, ApmeHusa

3Kadpenpa BoeHHOMeaMUMHCKOI xupyprum, EFMY, EpesaH,
ApmeHus

“Kadpeppa obuueit xupyprum, ETMY, EpeBaH, ApmeHus

ABCTPAKT

Llenb: HacToAliee uccnepoBaHve 6bino HamnpaeieHo
Ha 3ano/iHeHWe npobena B 3HaHWAX O NPEBOCXOACTBE J0-
CTYMHbIX XMPYPrUYECKUX METOA0B, UCMOMb3YEMbIX NPU e-
YEHWMN MEKDBArOANYHON NunoHupanbHoii 6onesHu (MI16).

MeToabl: PetpocnektuBHo cpaBHuBanu bauskaiiluve
UCXOfbl ABYX METOA0B XuUpypruyeckoro neyeHua Mb, a
“MeHHo npouenypb! Kapupakuca (n = 32) u TexHUKM map-

cynuanmsauum (n = 33). Wsyyanm npomnonmutenbHoOCTb
nonHoro hopMMpoBaHMA pybua, 4acToTy pasBUTUA Kpa-
TKOCPOUYHbIX MOCeoNnepaLMOHHbIX OCHOMHEHWIA, Coxpa-
HeHWe nocneorepauuoHHoi 60nmM U YacToTy peuuanBoB
B TeyeHue 3-MECAYHOro NoceornepaLroHHOro Neproaa.
WccnepoBaHne 6b110 OCHOBAHO Ha PETPOCNEKTUBHOM
aHanuse [AAHHbIX, W3BNEYEHHBIX U3 MEJULMHCKMX KapT
B3POC/bIX MaLUEHTOB MyHCKOrO Nona, NpPOXOAMBLUMUX Ne-
yeHue no nosogy MIIB.

PesynbTartbi: YcraHoBnEHO, yTo npouepypa
Kapupakuca npeBocxofuT BCe BbllLenepeymncieHHble na-
pameTpbl, 32 UCKMIOYEHUEM HYaCTOTbl KPaTKOCPOYHbIX MO-
CNeonepaLyoHHbIX OCNIOMHEHWI, roe obe Xupypruyeckue
METOAMKM MOKa3anu CcornocTaBumMble pesynbratbl.

BbiBogbl: Pesynbrathl JaHHOrO peTpOCMEKTUBHOIO
“ccnenoBaHMA MO3BONAIOT MPELMNONOMMUTb, YTO TEXHUKa
Mapcynuanusaumu B XUPYPruyeckoi npakTuKe MoMeT
6bITb MpaKkTUYeckn 3ameHeHa ornepauveil Kapupakuca.
MocnepHee, no-sugumomy, cBAzaHo ¢ bonee 6bICTpbIM
BO3BpaLLEHVNEM K MOBCEHEBHOIN JEATENBHOCTU U C 60Mb-
Ll SKOHOMMYECKOI aPhEKTUBHOCTBIO.

KnroyeBbie cnoBa: MexbArognyHas nuaoHWaanbHan
6onesHb, MIB, mapcynuanusauma, Kapuaakuc.
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ABSTRACT

Mucolipidosis type IV (MLIV) is an ultra-rare au-
tosomal recessive lysosomal disorder characterized
by typical neurological (early-onset developmental
delay, spasticity), ocular (corneal clouding, retinop-
athy), and characteristic MRI findings (hypomyelin-
ating leukoencephalopathy, thin corpus callosum,
cerebellar atrophy). Although MLIV is predomi-
nantly reported in patients in the Ashkenazi Jewish
community, it is a pan-ethnic disorder. The authors
report on two siblings of Armenian origin with

global neurodevelopmental delay, ophthalmological
abnormalities and characteristic MRI features sug-
gesting MLIV. Whole-Exome Sequencing confirmed
two pathogenic variants in the MCOLNT1 gene. This
constellation of clinical and neuroimaging findings
has been confirmed to provide a basis for the di-
agnosis of MLIV, and it is suggested that a focused
diagnostic work-up should be considered for unex-
plained neurodevelopmental disorders.

Keywords: Mucolipidosis 1V, MCOLNI, corneal
clouding, hypomyelination, cerebral palsy

INTRODUCTION

Mucolipidoses (MLs) are classified as lysosomal
storage diseases (LSDs) because of their involve-
ment in increased storage materials in the lyso-
somes [1]. The group includes four diseases: ML |
(sialidosis), ML II (inclusion-cell, or I-cell, disease),
ML Il (pseudo-Hurler polydystrophy), and ML 1V,
grouped together due to similar clinical manifes-
tations and storage pattern, yet arising from mu-
tations in distinct genes [2]. Mucolipidosis type IV
(MLIV) (OMIM 252650) is a rare autosomal reces-
sive LSD resulting from loss-of function mutations
in the MCOLNT1 gene [3,4].

MLIV manifests with severely impaired neu-
rodevelopment, and slowly progressive, gradual
neurological, and ophthalmological abnormalities,
including corneal opacities, retinal degeneration,
and strabismus [5,6].

In addition to ophthalmological findings, brain
magnetic resonance imaging (MRI) plays an import-
ant role in diagnosis of MLIV. MRI studies reveal hy-
pomyelination and, consequently, thin corpus callo-
sum, decreased signal intensity in the basal ganglia
and thalami, and cerebellar atrophy [3,7].

The clinical diagnosis of MLIV can be challeng-
ing as it initially presents with impaired neurode-
velopment in the absence of progressive features
till later (towards end of first and in second decade)
in life. Patients with MLIV can be misdiagnosed as
having cerebral palsy, non-compressive myelopa-
thy, spastic paraplegia, and other disorders [7].

Apart from drawing attention to a rare genetic
disorder the aim of this case report is to highlight
that clinical reasoning may allow targeted additional
(i.e. genetic) investigations, and to recommend that
unsolved developmental disorders (as “atypical” ce-
rebral palsy) need a careful diagnostic work-up.

*Corresponding author: mane9511@gmail.com

10.54235/27382737-2023.v3.1-52. Published online: 30 November 2023
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CASE STUDY

Patient 1

The child was born from the third pregnancy
and second delivery. There was no consanguinity.
The second pregnancy ended in a spontaneous
abortion. The male child was delivered at full term
by vaginal delivery with appropriate birth weight
(2450 g - 3 percentile), height (48 cm), head cir-
cumference (33 cm), and normal Apgar scores.
Global neurodevelopmental delay was noticed by
parents during infancy. He had sucking, chewing
and swallowing problems. Independent sitting was
achieved at the age of 2 years. After that, a slow
regression of the achieved developmental skills was
observed.

Neurological examination was first done at
the age of 7 years. His head circumference was
51.5 ¢cm (10-25p). The child had no words. Neuro-
logical examination showed alternating convergent
strabismus. Eye tracking movements were normal
with marked intention tremor. Hypotrophy of the-
nar and hypothenar muscles was visible. Hands
were in permanent stereotyped movements. Mus-
cle strength was normal. There was a right foot
equinovarus deformity with fixed contracture. Mus-
cle tone and deep tendon reflexes were increased.
Physical examination revealed dry skin.

Complete blood count revealed iron-deficiency
anemia with a hemoglobin level of 109 g/L. Oph-
thalmological examination revealed corneal cloud-
ing and partially pale optic discs. Abdominal ultra-
sound was normal.

MRI was performed at the age of 7 years (Fig-
ures 1 and 2). Myelination was not age-appropriate
but compatible with hypomyelinating leukoenceph-
alopathy; lack of myelin in the temporal lobes and
internal capsule, many cerebral gyri were not my-

elinated, reduced myelination in the white matter
bulk of the frontal lobes. As a result of hypomyelin-
ation, the corpus callosum was very thin, but all el-
ements (rostrum, genu, body, splenium) were pres-
ent. Abundant perivascular Virchow-Robin spaces
(VRS) were present throughout the centrum semio-
vale, some were cystic. There was cerebellar atrophy.

Patient 2

The boy, the brother of Patient 1, was the third
child in the family, born from the fourth pregnan-
cy. The perinatal history was uneventful. According
to the mother, the development of this child was
normal until 11 months. He could sit independent-
ly, mental development was also normal, he even
had some words, later regression of both motor
and mental skills was observed. No seizures were
reported.

At the age of 3 years he was found to have severe
iron-deficiency anemia. At the age of 6 years the
neurological examination revealed horizontal nystag-
mus on abduction, lack of independent sitting, inad-
equate laughing or crying. Increased muscle tone
and deep tendon reflexes with enlarged reflexogenic
zones were observed. Physical examination revealed
dry skin. Abdominal ultrasound was normal.

MRI was performed at the age of 3 years. The find-
ings were similar to those in Patient 1. Remarkably,
cerebellar atrophy was already evident at this age.

Genetic evaluation

MLIV was suspected based on the clinical con-
stellation with early-onset developmental deviation,
spasticity, corneal clouding, and neuroimaging ev-
idence of a hypomyelinating leukoencephalopathy
with cerebellar atrophy. Due to financial constraint,
genetic testing was done in Patient 1 only. Whole-Ex-
ome Sequencing of Patient 1 revealed compound

Figure 1. MRI of Patient 1 at the age of 7 years. Axial T2 images (A, B, C) show hypomyelination and no myelin
in the temporal lobes (arrowheads in A) and the internal capsule (arrows in B). Abundant perivascular Virchow-
Robin spaces in centrum semiovale were observed, some of them were cystic (arrows in C). Sagittal T1 image (D)
shows thin corpus callosum (arrow in D) and cerebellar atrophy (arrowhead in D, also see arrows in A).
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Figure 2. MRI of Patient 1 at the age of 7 years.
Axial T2 image shows hypomyelination; many cerebral
gyri are not myelinated (arrows).

heterozygous pathogenic variants in MCOLNT: (c.
S514C>T(p. Argl72*) and (c.985-2A>G(p.?)).

According to the 2015 American College of
Medical Genetics and Genomics (ACMG 2015) cri-
teria, the MCOLNI1(c. 514C>T (p. Argl72*) variant
is considered a pathogenic variant. In ClinVar da-
tabase too, it is listed as a pathogenic variant (ID:
208030). This variant was reported before in pa-
tients with MLIV.

According to ACMG 2015 criteria, the MCOLNT
(c.985-2A>G(p.?) variant is considered pathogenic.
It is not registered in either GnomAD or ClinVar da-
tabases. This variant has not been reported before.

DISCUSSION

Two siblings of Armenian descent affected by
Mucolipidosis type IV are reported.

To the best of our knowledge this is the first re-
port of MLIV in Armenia. The constellation of neu-
rological (early-onset developmental delay, spas-
ticity), ocular (corneal opacity, retinopathy), and
characteristic MRI findings (hypomyelinating leuko-
encephalopathy, thin corpus callosum, cerebellar
atrophy) is very characteristic for MLIV [8].

Clinical considerations

Often the clinical diagnosis of MLIV can be a chal-
lenge. There are no pathognomonic clinical signs
for MLIV when taken in isolation. Considering the
initially static and then the slow progressive course,
the patients can be misdiagnosed as having cere-
bral palsy, non-compressive myelopathy, spastic
paraplegia, and other disorders [3]. Delayed motor
development with hypotonia is frequently the earli-
est neurologic feature of MLIV [7]. Later in course
of the disease, slowly progressive neurological ab-
normalities are observed: in particular spasticity of

limbs. Individuals with typical MLIV have superfi-
cial corneal opacity that is bilateral, symmetric, and
most visible in the central cornea [7]. As corneal
clouding is the first noticeable sign, it is often an im-
portant diagnostic clue in MLIV. Corneal clouding
can be found in other LSDs, in particular in some
types of mucopolysaccharodosis and in GM1 gangli-
osidosis, but the overall context allows distinction
from MLIV. Affected individuals do not have hepato-
splenomegaly or specific skeletal abnormalities [7].
However, a number of storage disorders (as NCL,
M. Fabry) share this lack of organomegaly.

Neuroimaging considerations

Besides neurological and ocular abnormalities,
characteristic brain MRI findings are important
clues to the diagnoses of MLIV. The finding of white
matter abnormalities and a thin dysplastic corpus
callosum could suggest other inherited hypomy-
elinating leukodystrophies [7].

Dilated VRSs are a common finding in many dis-
orders, syndromes and even healthy controls. As
an example they are characteristic for mucopoly-
saccharidosis, where, typically, the VRSs are dilated
by accumulated glycosaminoglycans, which results
in a cribriform appearance of the white matter,
corpus callosum, and basal ganglia on T1-weighted
images [9]. One of the MRI characteristics may be
the decreased T2-signal intensity of the basal gan-
glia and thalami in MLIV patients, which was not
observed in the presented two children [10]. This
reduced signal is due to iron deposited in the brain
in the form of ferritin [8,11].

Atrophy of the cerebellum and cerebrum is one
of the hallmarks of MLIV and has been previously
observed in older patients, which may reflect the dis-
ease progression [8]. However, in the Patient 2, cere-
bellar atrophy was seen already at the age of 3 years.

Other diagnostic investigations

Other diagnostic tests may be helpful for fur-
ther diagnosis. Individuals with MLIV present with
iron-deficiency anemia, which can be easily con-
firmed. Normal gastric acid production is affected
in patients with MLIV. This produces a constitutive
achlorhydria, which leads to iron-deficiency anemia
and high serum gastrin level via the feedback path-
way [12,13]. Blood gastrin measurement or skin bi-
opsy has often been used to confirm the diagnosis
of MLIV in the past [12]. Characteristic lysosomal
storage bodies can be visualized by electron mi-
croscopy in skin or conjunctiva biopsy [13].

The diagnosis is finally confirmed by molecular
genetic testing.
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Therapeutic considerations

Treatments for some LSDs have included enzyme
replacement therapy, substrate reduction therapy, and
gene therapy [14]. Unfortunately, there is no specific
treatment for MLIV. Treatment of MLIV is symptomatic
and supportive. Physical therapy with special focus on
spasticity and ataxia can improve motor function. Iron
supplementation is utilized for those with anemia.

CONCLUSION

Mucolipidosis type IV is a rare autosomal reces-
sive lysosomal storage disorder that should be con-

sidered in case of unexplained neurodevelopmental
disorders and which may be suspected based on
specific clinical and MRI features. The diagnosis of
this disease is crucial for the family planning. For
at-risk families with known genotypes, prenatal or
preimplantation genetic testing may be offered.
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ABCTPAKT

Mykonunugos IV tuna (MLIV) - kpaiiHe pepkoe ay-
TOCOMHO-PELLECCHBHOE NIM30COMHOE 3aboneBaHne, xapak-
TepusytoLeeca TUNUYHLIMU HEBPONOrMYECKUMU (paHHAA

3aflepHKa pasBUTUA, CMNACTUYHOCTb), OdbTanbMoOrmye-
CKMMM (MOMYTHEHWE POroBWLIbI, PETMHOMNATWA) W Xapak-
TepHbiMn  MPT-npusHakamu  (runomuenvHusmpytoLLas
neiikosHuedpanonatua, rumnonnasua MO3OAUCTOro Tena,
atpocma mosmeuka). Xota MLIV onwucan npeumylie-
CTBEHHO Yy eBpeeB-alllkeHa3n, OH ABNAETCA MaH3THUYe-
ckum 3abonesaHnem. ABTopbl coobLuatoT o AByX bpatbaAx
apMAHCKOro NPOUCXOMIEHNA C 3afePKKOI pa3BUTUA, od-
TanbMONIOrMYECKUMI aHOManuAMK 1 xapaxktepHbimun MPT-
npusHakamu, npegnonaratowmmu MLIV. lNonHoe cekBe-
HMpOBaHMe 3K30Ma BbIABMMIO [Ba NaTOreHHbIX BapuaHTa
B reHe MCOLNI1. Takum obpasom, yTBep:paerca, 4To
COBOKYMHOCTb KnuHuyeckmnx n MPT paHHbIX xapakTepHa
ona MLIV un npepnaraetca npoBoauTb creuuduyeckune
AMarHOCTUYECKME TeCTbl B Cy4aAX HapyLUEHW1 pa3BuTuA
HEACHOI 3TMonormu.

Knroqesbie cnosa: mykonunudos IV muna, MCOLNI,
nomymweHue po20suybl, 2unomuenuHusayus, Oemckuli
uepebpanbHbili napanuy
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Contribution of perfusion imaging and
magnetic resonance spectroscopy in the
diagnosis of cerebral lymphoma
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ABSTRACT

The authors present a case of a primary cere-
bral tumor, strongly suggestive of lymphoma on
magnetic resonance imaging (MRI). Perfusion MRI
and magnetic resonance spectroscopy enhanced
the morphological findings, allowing the diagnosis
range to be refined. Although histological proof
is imperative in most cases, being able to give a
precise diagnosis orientation allows clinicians to

project themselves on future management of the
disease and further strengthening the bond of
trust between the caregivers. This also highlights
the preponderant role of radiologist-physicians in
patient care, suggesting a range of diagnoses and
not just limited to describing images.

Keywords: cerebral lymphoma, magnetic reso-
nance imaging, perfusion, spectroscopy

INTRODUCTION

The brain lymphoma, also known as primary ce-
rebral lymphoma or primary central nervous system
lymphoma is a rare, highly aggressive non-Hodgkin
cancer with an incidence of 0.5/100,000 inhabi-
tants per year [1]. If detected early, it can be treat-
ed or even cured [2].

We present a case of histologically confirmed
large B-cell lymphoma. The diagnosis was strongly
suspected through perfusion magnetic resonance
imaging (MRI) and magnetic resonance spectros-
copy (MRS).

CASE PRESENTATION

A 42-year-old male patient developed unusual,
sudden-onset, bilateral and afebrile headaches for
5 days. His family described the appearance of ap-
athy and hypersomnia. Otherwise unremarkable
medical history.

Figures 1, 2 and 3 show the computed tomogra-
phy, MRl and MRS images, respectively.

DISCUSSION

Primary cerebral lymphomas have specific char-
acteristics on perfusion MRl and MRS [3], such as:

» typical appearance of blood-brain barrier
rupture with a rise of the baseline in perfusion

» no arguments for neoangiogenesis with the
study of cerebral blood volume

» spectroscopic profile with an increase of the
choline/N-acetyl aspartate (NAA) and choline/creat-
inine ratio. Also a lipid-lactate peak.

However, it is important to remember that 25%
of primary cerebral lymphomas do not have this
typical radiological profile. [4]

This is why histological proof is requested in
most cases although it is not necessary when typ-
ical brain imaging is found associated with a posi-
tive vitreous sample (cytology, immunophenotyping
and molecular biology) or a positive cerebrospinal
fluid sample (cytology and flow cytometry).

*Corresponding author: h.kayayan@ch-vienne.fr
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Fig. 1. Computed tomography without (A) and with (B) injection. Right frontal lesion in spontaneous hyperdensity
(A). The injection shows an enhancement of the lesion (B), excluding a hemorrhagic process. Digitiform right
temporofrontal edema with moderate mass effect on ventricular system.

Fig. 2. Magnetic resonance imaging (MRI). A.
Diffusion: right centrofrontal macrolobulated lesion
(A). It presents a DWI [diffusion-weighted imaging]

B1000 hypersignal with apparent diffusion coefficient
(ADC) drop. B. Perfusion: cerebral blood volume
is not increased (165 on the lesion versus 197 in a

healthy region) which is not in favor of an aggressive

glial lesion. Significant rise in the curve after the first

passage above the baseline: typical appearance of a
blood-brain barrier rupture.
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Fig. 3. Magnetic resonance spectroscopy. The spectroscopic profile of the lesion is represented by the yellow
curve. A. On the short echo time (TE): lipid/lactate peak. B. On the long TE: N-acetyl aspartate (NAA) drop and
choline peak.

CONCLUSION

The contribution of MRI and more particularly
perfusion MRl and MRS seems obvious in the di-
agnosis of brain tumors and lymphoma specifically.

In this case, the MRI report suggested a diag-
nosis of cerebral lymphoma, allowing physicians to
prepare in advance to treat this potential affection.

Radiology is no longer limited to an anatomical
study but allows a functional approach. The radio-
logical data can have a sufficient specificity to make
a biopsy obsolete.

In the meantime, with the arrival and the im-
provement of new radiological tools (such as the
spectral computed tomography), radiologists will
try to find the best anatomical and functional imag-
ing markers in order to improve patient care.
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Bknap nepdysuoHHoli BU3yanusauum u
MarHMTHO-PEe30HaHCHOIA CNeKTpocKonuu B
AMarHocTuke uepebpanbHoii numdcombl

Ommanyanb Wpn, Camun beap, AHasanb Pug,
Amnap KaitasH

Otpenenune paguonoruun, bonbHuua MlrocbeHa Xaccena
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ABCTPAKT

ABTOpbI MNpencTaBnAlOT ciyyali NepBUYHON Onyxo-
NN TONIOBHOTO MO3ra, CWIbHO HamomuHaroLel numdo-
My NpWM MarHUTHO-pe3oHaHcHoii Tomorpachum (MPT).
MNepdpysnoHHas MPT u marHWTHO-pe3OHaHCHaA Crek-

TPOCKOMUA YKpenuium mopdponoruyeckne paHHble, Mo-
3BONIUB Cy3UTb CMEKTP AnarHo3a. XoTA B 6onblUMHCTBE
cnyyaes HEOOXOAMMO FMCTONOrMYECKOE [L0Ka3aTeNbCTBO,
CMOCOBHOCTb AaTb TOUYHYHO [UArHOCTUYECKYO MHbopMa-
LMIO MO3BOAAET KAWHMLMCTaM CNporHo3vpoBsaTtb Oyay-
wee neyeHve 3abonesaHnA U AanbHelillee yKpenneHue
AOBEPUTENBHbIX OTHOLUEHWI Mexpy MeapaboTHUKamu.
D70 TakMe nopuepkvBaeT npeobnapfarolLyto ponb Bpa-
yeli-pafMoNoroB B YxOAe 3a NauueHTamu, npeganaras
PAA AMArHO30B, a HE OrPaHNYMBaACh TONbKO OMUCaHVEM
n3obpameHuii.

Knroyesbie cnosa: numgpoma 20108H020 MO32a, Maz-
HUMHO-Pe30HAHCHAA momoepacbus, nepghysus, cnex-
MpOoCKONUS.
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ABSTRACT

Background: Gamma-irradiated sterile cornea
(GISC) is a non-immunogenic, cross-linked, sterile
patch graft in which the donor keratocytes and en-
dothelial cells are eliminated. It can serve as a graft
to cover glaucoma drainage devices, as a graft tissue
for frank or impending corneal perforations in tec-
tonic keratoplasty, as a graft tissue in lamellar ker-
atoplasty, and as a carrier tissue for keratoprosthe-
sis. The authors present their experience in treating
severe ulcers with microperforations using GISC.

Methods: In 2021, eight patients with corne-
al ulcers unresponsive to medical treatment were
chosen to be candidates for VisionGraft® (Corne-

agen) GISC transplantation and underwent suc-
cessful corneal surgery.

Results: In 6 out of the 8 patients, the patch
graft successfully restored tectonic support until
optical keratoplasty could be performed if decision
was made to improve visual acuity later. The re-
maining 2 grafts did not epithelialize after surgery
and developed sterile corneal melt.

Conclusion: This case series supports the use
of VisionGraft® GISC as a graft for restoring the
anatomy of the eyeball in the setting of corneal
perforation.

Keywords: sterile cornea, gamma-irradiated,
allograft

INTRODUCTION

The deterioration of corneal clarity ranks fourth
among all causes of blindness in the world, behind
age-related macular degeneration, glaucoma, and
cataract. Due to various corneal diseases, an esti-
mated 10 million people are bilaterally blind. Even
though keratoplasty is still the most common trans-
plant procedure worldwide, demand still outpaces
supply. Unfortunately, more than half of the world’s
population now lacks access to corneal transplan-
tation. It is necessary to maintain global efforts to
promote eye banking in order to combat this, but it
is also crucial to create alternative options. [1]

Localized corneal defects that require emergen-
cy management, such as microperforations sec-
ondary to underlying diseases, remain a challenge
to the ophthalmic surgeon. The treatment options
for these cases include management of the area of

corneal thinning with tissue adhesives, conjunctival
flaps, amniotic membrane grafting, patching with
scleral lamellae, patching with fresh corneal tissue,
or employing glycerin-preserved corneal tissues. [2]

Gamma-irradiated sterile cornea (GISC) is a
non-immunogenic, cross-linked, sterile patch graft
in which the donor keratocytes and endothelial
cells are eliminated. [3,4] The physical and biolog-
ical characteristics of the GISC are comparable to
those of the fresh cornea despite structural chang-
es brought on by irradiation. Gamma-irradiated tis-
sue is a practical and clinically desired choice in a
variety of ocular treatments due to these aspects,
as well as a lower risk of rejection and a longer
shelf life. [5]. This can act as a transplant to cover
drainage devices for glaucoma, and can also serve
as a tissue graft for repairing severe or impending
corneal perforations in tectonic keratoplasty. Con-
sidering the restricted availability of fresh corneal
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tissue in less developed nations, GISC may meet
a need for corneal tissue worldwide. Due to the
action of irradiation on corneal tissue, it can be
employed in circumstances when the corneal endo-
thelium is not required and with a far lower risk of
infection and rejection. [6] Grafts that are inappro-
priate for penetrating keratoplasty but have clean
and undamaged stroma are the tissues chosen for
gamma irradiation processing. [4]

For complete sterility, GISC is cryogenically
and chemically treated, stabilized in medium, and
then gamma-irradiated. The GISC falls within the
HCT/P category (human cells, tissues, and cellular
and tissue-based products). Following the norms
and guidelines established by the Eye Bank Asso-
ciation of America, the tissue is first obtained from
medically certified donors. The tissues with clear
stroma that are unsuitable for penetrating kerato-
plasty are chosen for gamma irradiation and frozen
for preservation and storage. The tissues are taken
out of the freezer and placed in a storage solution
containing human serum albumin for the steril-
izing procedure. According to the American Na-
tional Standard Sterilization of Health Care Items,
this sealed container is sterilized using a verified
gamma irradiation method to a sterility assurance
level of 10-6. These tissues can be kept at room
temperature in human serum albumin for up to 2
years. [1]

By devitalizing corneal cells, this procedure
lowers the likelihood of infection transmission and
lowers the burden of alloantigens. The shelf-stabil-
ity of GISC at room temperature for up to 2 years
and its transparency with excellent tensile strength
are further benefits. GISC is now offered in various
forms and sizes with full- or partial-thickness stro-
ma for ocular surgical application. [7]

A study of available material reveals that the
physical and biological features of the sterile cor-
nea remain unaffected. Significantly, light transmis-
sion qualities of this tissue have been found similar
to fresh corneas across all wavelengths. As a re-
sult, sterile donor lenticels should behave similarly
to fresh corneal tissue when utilized for lamellar
corneal treatments that do not need a viable en-
dothelium. Moreover, gamma irradiation lowers
tissue allogenicity and may boost resistance to ker-
atolysis by collagenases while decreasing the risk
of allogeneic sensitization. These characteristics
are especially beneficial in individuals with auto-
immune diseases or if repeat keratoplasty is likely
in the future (i.e., emergency therapeutic kerato-
plasty prior to optical keratoplasty). Consequently,
GISC tissue might be employed for optical reasons

in individuals with viable corneal endothelium, or
for therapeutic/tectonic purposes to temporize the
full-thickness corneal disease. [1]

Prior to usage in human eyes, the VisionGraft®
(Corneagen) sterile cornea tissue was evaluated in
vitro. [2] It has been noted to be easy to use, re-
mains transparent in packing without increasing in
thickness, and has high tensile strength after su-
turing. Postoperative results were likewise positive,
with excellent biological integration and long-term
clarity. [8]

This study aims to present our experience in
VisionGraft® surgery in patients with severe ulcers
already with microperforations.

METHODS

In 2021, eight surgeries with the use of Vision-
Graft® GISC have been successfully performed in
our clinic.

All 8 patients were referred with corneal ulcers
unresponsive to medical treatment. In all cases,
PCR for viruses (HSV-1, HSV-2, and VZV) and cul-
tures for bacteria and fungi were performed. The
topical and oral treatment was initiated for a week.
Due to the lack of response and already existing mi-
croperforations, it was decided to immediately pro-
ceed with VisionGraft surgery to save the eyeball.

Before the surgery, all 8 patients received a
detailed explanation about the advantages and dis-
advantages of the surgery prior to the procedure,
as well as the use of gamma-irradiated tissue for
corneal transplantation.

Surgical procedure: All the surgeries were per-
formed by the senior author (A.H.). Patients were
anesthetized with a local tetracaine 1% eye drops
and retrobulbar injection of lidocaine 2% (3.0 mL).
Paracentesis was performed and the anterior
chamber was filled with viscoelastic. Trephination
was performed with a 12 mm diameter biopsy
punch and completed with corneal scissors. Donor
grafts were prepared by using 12 mm punches. The
donor grafts were sutured to the host bed with 16
interrupted sutures (10.0 nylon).

RESULTS

The clinical photos of the patients before and
after the surgeries are shown in Figures 1 to 5.

In six of the eight patients, the patch graft was
effective in restoring tectonic support, which al-
lowed for potential optical keratoplasty at a later
time if the decision was made to improve their visu-
al acuity, typically after a year.



Suzanna Kechyants et al. Cornea allograft surgery

Intraoperative Postoperative 1-month follow up

Fig. 1. Patient 1: corneal ulcer caused by herpes simplex virus (HSV-1 and -2) and Staphylococcus epidermidis.

Intraoperative Postoperative

Fig. 2. Patient 2: Stromal necrotizing herpetic keratitis caused by HSV-1.

Intraoperative Postoperative

Fig. 3. Patient 3: Bacterial ulcer caused by Streptococcus pneumoniae.
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Intraoperative 1-week follow up

Fig. 4. Patient 4: Stromal necrotizing herpetic keratitis.

Intraoperative

Postoperative Postoperative

Fig. 5. Patient 5: Herpetic necrotizing stromal keratitis.
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Cornea allograft surgery

Two of the grafts did not epithelialize after sur-
gery and developed sterile corneal melt (both be-
tween postoperative months 1 and 3).

All the grafts got opacified within 1-2 months.
The infection was eliminated in 6 cases, but in 2 it
progressed, and the eyes ended up with develop-
ment of corneal melt. These 2 patients had a his-
tory of systemic hepatitis B virus (HBV) infection.

DISCUSSION

This case series for the first time in Armenia
demonstrates the feasibility of using VisionGraft®
GISC as a graft tissue for therapeutic intervention
to restore the anatomy of the eyeball in the setting
of corneal perforation.

Gamma-irradiated corneal tissue, a decellular-
ized stromal collagen matrix, is terminally steril-
ized and may be stored at room temperature for 2
years. Many investigations have shown that among
transplants without functional endothelium, gam-
ma-irradiated corneas remained cleaner than cryo-
preserved and fresh grafts lacking endothelium.
The gamma-irradiated corneas remained thinner
than the other two groups, but the difference was
not statistically significant. [1] Light microscopy,
immunohistochemistry, and electron microscopy
investigations of the VisionGraft® revealed intrigu-
ing findings, many of which pave the door for more
study and work in this field. The ingrowth of kerato-
cytes into the graft’s perimeter was an encouraging
observation. These keratocytes are most likely of
host origin, which may be validated in future re-
search by HLA typing them and comparing them

to host and donor haplotypes. Peripheral epithelial
proliferation was also present, but it was very little.
The histopathologic discovery of a paucity of axonal
regrowth to give neurotrophic support may help
to explain this. It is unclear if the VisionGraft® can
assist axonal regeneration or whether the lack of
such fibers in our case was simply due to a lack
of regeneration time and host variables, such our
patient’s diabetes mellitus. Clinically, some early
epithelial regeneration was seen, although it was at
best flimsy [8].

The success of surgery with these corneas at
2-year follow up was established. GISC generally
remained intact and appeared well tolerated during
this study except 2 cases of corneal melt. We be-
lieve that those failed cases were due to the fact
that these patients had HBV infection.

Although gamma-irradiated tissue may be a bet-
ter option to temporize the eye in the setting of
emergency for a tectonic procedure and preserve
vision potential for future surgery, there is current-
ly a significant shortage of donor tissues in Arme-
nia, which is the single most limiting factor.

The major limitation of this study is the small
sample size and relatively short follow-up period.

CONCLUSION

To the best of our knowledge, this is the first
case series evaluating the clinical outcomes of us-
ing VisionGraft® GISC in Armenia. The availability
of tissues is a step towards a cure for corneal blind-
ness worldwide, especially in high-demand areas
such as our country.
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Haw onbiT nposeneHus onepau,m'i no
TpaHcnaHTaUuun ramma-oGnyquHblx
CTepU/ibHbIX aNnoTpaHCN/1aHTATOB POrosulbl

CrozaHHa KeuaHy!, Odpena MuHoAH'?,
Nycune Kambynan!, AHn Ambapuyman?, AvHa OBakumaH'-

1 EpeBaHCKMiA rocyfapcTBeHHbIN MeAVNLIMHCKMIA yHUBEpCUTET
um. M.Tepaun, EpesaH, ApmeHua

2 OTpenenve BocnanuTenbHbIx 3abonesaHuii ras,
Ocpranbmonoruyeckuii ueHTp um. ManasHa, EpesaH, ApmeHus

ABCTPAKT

Beepenune: [amma-obnyyeHHaa cTepunbHas pOroBu-
ua (FTOCP unm GISC) - 310 HeMmmyHOreHHbI, noasep-
MEHHbIN  KPOCC-TIMHKUHIY, CTepWNbHbI TpaHCnnaHTar,
U3 KOTOPOro KepaTouuTbl U 3MnuTenuanbHble KNETKU Jo-
Hopa ycTpaHeHbl. OH MOMKET CNyMWTb Kak TpaHcniaHTat
OJA NPUKPbITUA MMayKOMHBbIX [peHamHbIX annaparos, Kak
TpaHCcnnaHTaTHas TKaHb AJA TEKTOHUYECKWX KepaTtornna-
CTUK npu nepcpopaumax poroBulbl, ANA namennApHoii
KepaTonnacTukm, a TakKe B KayecTBe MofAepmuBaroLLielt
TKaHW BN1IA KepaTornpoTe3upoBaHuA. ABTOpbI NpeacTaBA-

FOT CODCTBEHHbIV OMbIT NEYEHNA TAKENbIX A3B C MUKPO-
nepcopaumamm ¢ nomolubio GISC.

MeTtogpbi: B 2021 rogy B Ocpranbmonormyeckom LieH-
Tpe umenn ManasHa (EpeBaH, ApmeHus) ycneliHo npo-
Benn 8 onepauuii ¢ ucnonb3osaHuem VisionGraft® GISC.
Bce 8 nauvienToB b6binK HampaBieHbl evaluMy Bpayamu
C AVarHO30M A3Ba POroBULbl, TaK KaKk MeAVNKaMeHTO3HOe
neyexve 6bino bespesynbTaTHbIM.

Pesynbratbi: ¥ 6 13 8 nauveHToB ypayHo npuMeHu-
NN TpaHCMNaHTaT B KayecTBE 3aLLMTHON (pyHKLMUM, YTO
CNY}MT BPEMEHHOI Mepoil nepep OMNTUYECKOW KepaTo-
nnacTukoi (B cnyyae NPUHATMA pelleHua ob ynyyilleHum
3penusa). [iBa TpaHcnnaHTata He aNUTENU3MPOBaNUCH Mo-
Clle ornepauyn M pasBUIOCb CTEPUIbHOE pacriaBieHue

pOroBuLL,.
3akntouenne: [laHHaA cepuAa  KAWHWUYECKUX CAy-
YyaeB [IEMOHCTPUPYET BO3MOMHOCTb WCMONb30BaHMA

VisionGraft® GISC gna BocctaHOBAEHMM aHAaTOMWUWU Nas-
Horo A6/0Ka B ycioBWAX Nepcpopauyum porosuLbl.

Knroyesbie cnosa: cmepunbHaa pozosuyd, 2am-
Ma-obsyqeHue, aniompaHcniaHman.
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ABSTRACT

Stevens-Johnson syndrome (S)S) and toxic epi-
dermal necrolysis (TEN) are rare forms of de-
layed-type drug hypersensitivity reactions (DHRs)
with extensive skin necrosis and exfoliation. Drugs
are the main cause of SJS and TEN in both adults
and children. The most common medications are al-

lopurinol, aromatic antiepileptics and sulfonamides
with seasonal, geographical and ethnic variations.
The purpose of this paper is to present the cases
of SJS/TEN which were successfully treated during
the year of 2021 in our department and to provide
a brief literature review.

Keywords: drug allergy, drug hypersensitivity
reactions, Stevens-Johnson syndrome

INTRODUCTION

Drug hypersensitivity reactions (DHR) are Type
B reactions that occur when a medication trig-
gers immune or inflammatory cells resulting in
unwanted and unpredictable responses. [1,2] Ste-
vens-Johnson syndrome (SJS) and toxic epidermal
necrolysis (TEN) are rare forms of delayed-type
DHRs with extensive skin necrosis and exfoliation.
Historically they have been described as “erythro-
derma with epidermolysis” by Debré et al. (1939),
“unusual bullous eruption” by Lang and Walker in
1956, and finally as “toxic epidermal necrolysis”
by the Scottish dermatologist Alan Lyell in 1956,
who later declared in his paper “Requiem for Tox-
ic Epidermal Necrolysis” that initially he mistakenly
unified in this diagnosis 3 different disease entities
that are similar in clinical picture but very distinct
in nature. The other 2 diseases were staphylococ-
cal scalded skin syndrome and generalized bullous
fixed drug eruption (GBFDE), which present a diag-
nostic challenge even nowadays. [3,4]

The incidence of SJS and TEN is nearly 0.1-
0.6 and 0.04-0.12 per 100,000, respectively,
with a higher prevalence among women (female/
male = 1.7). The overall mortality rate calculated
using the SCORTEN system is about 10% and 50%,
respectively. [5] Drugs are the main cause of S)S/
TEN in both adults and children. The most common
causative medications are allopurinol, aromatic an-
tiepileptics and sulfonamides. Currently, several
SJS/TEN predisposing human leukocyte antigen
(HLA) haplotypes have been identified for carba-
mazepine (HLA-B1502 in Han Chinese, HLA-A3101
and HLA-B1511), phenytoin (HLA-B1502) and allo-
purinol (HLA-B5801).[6]

The most widely accepted pathophysiologic
mechanism for SJS/TEN is a pharmacologic inter-
action with immune receptors, the so-called p-i
concept - the unintended action of a drug on T-cell
receptors (TCR) by direct binding to them or indi-
rectly by binding to an HLA protein and, thus, pre-
sentation to the TCR. This results in T cell activation
and subsequent drug inflammatory reactions, such
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as SJS/TEN, maculopapular eruption/acute gener-
alized exanthematous pustulosis (MPE/AGEP) and
drug reaction with eosinophilia and systemic symp-
toms (DRESS). [7,8]

The purpose of this paper is to present the cases
of SJS/TEN which were successfully treated during
2021 in our department and provide a brief review
of the literature.

CASE PRESENTATION

Case 1. A 47-year-old man presented to the
emergency department with an acute-onset skin
rash and severe burning sensation. The symptoms
started gradually as a pruritic rash after 3 hours
and during 3 days after taking the first trimetho-
prim-sulfamethoxazole (TMP/SMX) as a self-treat-
ment of cold pill. He reported that the symptoms
progressed despite drug discontinuation and anti-
histamines. He had no previous allergies until he
took TMP/SMX 6 months ago and had a slight rash,
which was self-limiting. He has used the same med-
icine multiple times in the past to self-medicate his
cold. The medical history was otherwise unremark-
able. On physical examination the skin was covered
with extensive areas of erythema and huge bullae,
while desquamation with wide areas of erosion as
new lesions were appearing at pressure sites (Fig-
ure 1). The mucous membranes were not affected.
The laboratory test showed leukocytosis (11,000
per mm3) and elevated acute phase proteins with
an erythrocyte sedimentation rate (ESR) of 40
mm/h. A diagnosis of SJS/TEN overlap was made.
The fluid was aspirated from the most massive bul-
lae to prevent their rupture. The fluid was clear,
slightly yellowish, and did not grow microbes when
cultured. Along with symptomatic therapy, topical
steroids were started on erythematous areas and
Boric acid 2% solution and Ethacridine lactate 0.1%
dressings on erosions. Steroid pulse therapy was
withheld because of the controversial data on its
safety and efficacy. Over the next 3 days, an aggra-
vation of the patient’s condition was noted with the
appearance of new scaly lesions, and it was decided
to start intravenous (V) infusions of methylprednis-
olone (Methipred®, ORION Pharma GmbH, Russia)
0.5 mg/kg for 5 days. The patient’s condition slowly
improved over the next week with no new lesions at
the end of the week. He was discharged on hospital-
ization day 20 with resolution of erythema and re-
covering erosions. No skin bacterial superinfections
were noted during the inpatient treatment. The pa-
tient was advised not to take sulfonamides and had
an uneventful 6-month follow up thereafter.

Case 2. A 28-year-old male was admitted to the
clinic with a bullous rash on his hands, moderate
burning sensation, oral pain and dysphagia. A week
ago, he was prescribed oral carbamazepine, risper-
idone and lorazepam for his mental illness. Mild
burning and redness of the palms and oral mucosa
appeared 3 days after the first intake of the men-
tioned medications and progressed over the next
2 days after stopping their use. His mother later
recalled him having a similar but milder reaction
to carbamazepine twice: a few months ago and a
year ago with bullous lesions on the palms only.
Upon examination, bullous eruption and erythema
were present only on the palms and fingers bilat-
erally. The oral mucosa was irritated and covered
with rounded erosions and white membranous le-
sions. There were red to black erosions and crusts
on the lips (Figure 2). The rest of the skin and mu-
cous membranes were unremarkable. He was afe-
brile, and laboratory evaluation showed only mild
leukocytosis without changes in C-reactive pro-
tein (CRP), ESR and basic metabolic panel. SJS or
GBFDE was suspected, but biopsy was not possi-
ble due to financial issues. Because of concomitant
oral mucosal involvement, a diagnosis of SJS was
made. Topical mometasone furoate ointment was
prescribed along with 1V fluids and antihistamines
to control the burning sensation. Mouth pain was
controlled by mouthwash with 2% lidocaine solu-
tion. Over the next few days, the patient’s condition
gradually improved. He was discharged 7 days later
with healing bullae and erosions and only residual
burning sensation in the mouth. At 1-month follow
up, the patient was completely symptom-free and
strongly avoided carbamazepine thereafter.

Case 3. A 46-year-old male was admitted to
the clinic with complaints of a severe rash on the
skin of the upper and lower extremities and genital
area, intense burning and pain. The first symptoms
started 3 days ago in the form of a macular rash
with slight burning on the extremities and gradually
worsened with the appearance of bullae, mainly on
pressure sites. He was transferred to our clinical
immunology and allergy clinic from a psychiatric
clinic where he had receiving treatment for 40 days
with a diagnosis of bipolar disorder with psychotic
features. During hospitalization he received sev-
eral drugs: haloperidol, amitriptyline, lorazepam,
diazepam for 40 days and levomepromazine for 10
days. He had been receiving all of these medica-
tions multiple times since the diagnosis 15 years
ago, except for levomepromazine. He had had 2
similar reactions in the past: a more severe reac-
tion with widespread bullae 1 year ago while taking
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Figure 2. Case 2. Bullous eruptions on the fingers with the involvement of lips and oral mucosa. The first 3
pictures were taken at admission, and the last one at discharge
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Figure 3. The process of the course of the disease on the patient’s hands

clozapine (Azaleptine, Arpimed, Armenia), and an-
other 4 years ago while taking an unknown drug.
During physical examination, erythema and multi-
ple coalescing bullae up to 5 cm were present on
all extremities and in the genital area, covering al-
most 30% of the body surface area (Figure 3). The
oral cavity and conjunctivae were spared, but he
mentioned painful urination, presuming an involve-
ment of the urethral mucosa. He had a silver ring
that we were unable to remove due to blisters and

swelling on the finger. He did not give consent to
break the ring. Since the blood supply to the fin-
ger was not compromised at that point, we decided
to leave the ring in place. The blood workup was
within the normal range, except for slight leukocy-
tosis, ESR 30 mm/h and hypoalbuminemia. 1V ste-
roids and supportive therapy were started. Despite
the methylprednisolone pulse therapy, new lesions
were appearing after a week since admission. It was
decided to try plasmapheresis, and the patient un-
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derwent one session of blood collection (500 mL)
and plasmapheresis. His condition remarkably im-
proved the next day. The erythema disappeared,
and the bullae and erosions began to dry and heal.
He was discharged 4 days later and was asymptom-
atic at 3 months of follow up.

DISCUSSION

Medications are the main cause of SJS/TEN in
both adults and children. The most common caus-
ative medications are allopurinol, aromatic antiepi-
leptics, and sulfonamides with seasonal, geograph-
ical and ethnic variations.[9] In a multicenter study
by Micheletti et al. (2018), the most common drug
among US patients associated with SJS/TEN was
TMP-SMX (89/338; 26.3%) as was our first case.
[10] Meanwhile, in Yang et al. (2018), the most com-
mon drug in China, Singapore and Malaysia popula-
tions was carbamazepine (29/166, 17.47%; 29/159,
18.24%; and 34/162; 21%, respectively), as in our
second case. The second most common drug caus-
ing SJS/TEN in these countries was allopurinol. [5]

A Medline and Google Scholar search for TMP-
SMX-induced S)S/TEN yielded 5 case reports with a
mean age of 50.8 years (11-86 years). [11-15] The
mean time from the start of medication intake to
symptom onset was 5.8 days (1-14 days), starting as
urticoid or pruritic maculopapular rash in 2 cases,
like in our Case 1, and directly as skin exfoliation in
the remaining 3 cases. Systemic steroids were used
in 2 cases: methylprednisolone at a dose of 1 g/day
was later switched to etanercept in the case reported
by Gavigan et al. (2018) and medium-dose steroids in
Lipozencic et al. (2002). We started supportive treat-
ment with IV fluids and wound care due to a lack of
consensus on the effectiveness of steroids and their
potential harm.[16] Later, when the skin exfoliation
progressed over the following days and there were
no signs of secondary infection, we started IV ste-
roids. The patient’s condition improved over the next
few days, but it is uncertain whether this was due to
the steroids or the natural course of the disease.

A Medline search for carbamazepine-induced JS)
resulted in 13 case reports with 12 being Asian and
only 1 Polish patient. [17-29] Their mean age was
36.85 (12-68) years and 8 were males. The mean

time to symptom onset was 10 (2-18) days, with the
first symptom being a maculopapular or urticarial
rash in 6 patients and directly desquamating bullae
in the remaining 7 cases. Medium- or high-dose
systemic steroids were used in 10/13 cases, and
treatment was not described in 3/13 cases. We de-
cided to manage our case with topical steroids only
because of the small body surface affected and only
local symptoms.

A search for articles describing levomeproma-
zine (methotrimeprazine)-associated SJS/TEN re-
sulted in only 1 paper (Moubayed et al., 2017) with
a case description of 2 Ashkenazi Jewish women (42
and 29 years old) with onset of symptoms 6 and
4 days, respectively, which successfully resolved
only after drug discontinuation without any treat-
ment.[30] Both of them later resumed taking the
offending drug against physician’s advice with the
recurrence of symptoms. The rashes disappeared
again after the drug discontinuation. Since this was
an extremely rare occurrence for the drug, we are
not sure of its causal relationship in our Case 3.
However, we did not stop the other drugs he was
taking prior to SJS/TEN, with complete resolution
of symptoms at discharge.

Thus, the history of drug allergy was simply ig-
nored or forgotten by the 2 patients of our small
series, leading to a life-threatening complication.
National prescribing and drug control regulations
need to be further developed. In addition, a nation-
al e-health system that could store all cases of drug
allergy would reduce the number of such potential-
ly fatal medical blunders.

CONCLUSION

The diagnosis of delayed-type drug allergy can
be difficult due to poor temporal relationships. The
clinician should suggest the causality based on the
clinical presentation and aspects of the reaction.
The development and implementation of a national
e-health system that could capture all drug aller-
gy cases for a given patient could prevent at least
some of these reactions.
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Cunapom CruseHca-J[lKOHCOHa N TOKCMYECKMiA
anupaepmManbHblii HEKPONU3:
cepuA cilyyaeB M KpaTkunii 063op nutepartypbi

TateBuk AnosH', 3apyn Kanukan?, CoHa ApyTioHAH?,
AnekcaHgpa 3akapan?, Mapuam MoBscucar?,
NycHrar Kuoan?, Osarec Kapcnan®, ApmuHe Akonan'?

'KnvHuKa annepronorum n UMMyHonornu, YHNBepCcuTeTCKNiA
6onbHUYHbIN Komnneke lepaun N1, EpeBaH, ApmeHua
2Kachenpa KIMHMYECKON UMMYHONOMMK U annepronoruu,
EpeBaHckuii rocyaapcTBeHHbI MEAULMHCKUI YHUBEPCUTET
um. M.Tepauu, EpesaH, Apmerua

3Kadpeppa TpaBMaTONOrMKN M OPTONERNYECKON XUPYPrm,
HauuoHanbHbIii MHCTUTYT 34,paBOOXPAHEHNA UMEHW aKag.
C.AspanbekaHa, EpesaH, ApmeHua

ABCTPAKT
Cunppom CruseHca-[lxoHcoHa (CCJ1) u Tokcuyeckuit

anuaepmanbHbliA Hekponus (TOH) npepcTtaBnatoT coboii
penkue opmMbl peakLuil NekapCTBEHHON rMnep4yBCTBM-
TENbHOCTU 3aMefJIEHHOro TUNa C OBLUMPHBIM HEKPO3OM
KOMM U OTLenylinBaHuem. MepukameHTbl ABAAIOTCA OC-
HOBHOI MPUYMHOI 3TUX CUHAPOMOB KaK Y B3pOCINbIX, Tak
ny Aeteii. Hanbonee pacnpocTpaHeHHbIMU flekapcTBamu
ABMAIOTCA anNoOMNypuHON, apoMaTuyeckue MpoTUBO3IMU-
nenTuyeckne npenapatbl U CynbhOHaMMbl C CE30HHbI-
MKW, reorpapuyeckumMmM U 3ITHUYECKUMKU BapuaLUAMMU.
Llenbto paHHoOli cTaTbu ABNAETCA MpefcTaBreHune chnyya-
e CCHl/TOH, koTopble ycnewHo n3ne4nnucb B Te4eHne
2021 ropa B Halleil KNMHUKE W NpPefoCTaBUTbL KpaTKuii
0630p nuTepatypsbl.

KnroyeBble cnosa: nexapcmseHHasA annepaus, peak-
yuu 2unepyyscmsumesbHOCMU K 1eKapCmsaam, CUHOPOM
CmuseHca-/]oHcoHa
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ABCTPAKT

[leHcutomeTpuyeckoe wuccnefoBaHue (peHTre-
HoBckasa geHcutomeTpua unu DXA) aBnaetca eguH-
CTBEHHbIM METOAOM BbIABNEHNA CHUMEHUA MUHE-
panbHOW MIOTHOCTM KOCTHON TKkaHu (MIKT) Ha ca-
MOV paHHell CTafiun 1 OYeHb LLEeHHbIM METOLLOM AJ1A
AMarHoCTMKKM OCTeonoposa u onpeaeneHna gakTo-
pOB p1CKa nepenomos y nauueHtos. Ho npu onpe-
OenéHHblx 3aboneBaHnAx JaHHble, NoNyYeHHble Me-

TOLOM JEHCUMTOMETPUYECKOrO WCCNefoBaHuA, Tpe-
6yroT [LONONHUTENBHOW MHTepnpeTauun gna Gonee
TOYHOro onpepeneHusa nameHeHuii MIKT B aToid
rpynne 6onbHbIx. B cTatbe npeacraBneHbl AeHcuU-
TomeTpuyeckne nokasarenn MIIKT y naumeHTta c
aHKMNO3UPYOLLMUM CMOAUIUTOM U NPUBELEHA WH-
TeprnpeTauma NOKHOMNOBbILIEHHbIX JaHHbIX.

KnroyeBbie cnosa: OeHcumomempus, ocmeo-
nopos, aHkuno3upyrowuli cnoHounum

BBEJEHUE

AHKMNO3MpyOLWMiA  CNOHAMANT  (MAuonaTuye-
CKMIA aHKUNO3MPpYHOLLMiA CNOHAMN0APTPUT, bonesHb
Bextepesa, 6onesnb LUTtptomnena-Mapu-bextepe-
Ba) — XPOHMYECKOE CUCTEMHOE BOCMaNUTENbHOE
3abonesaHne no3BOHOYHMKA M cycTaBoB. Kak no
CBOMM MNaTOrEHETUYECKNM MEXaHW3mam, Tak U no
HEoOXOAMMOCTN NMpUEMa NEKAPCTBEHHbIX CPEACTB,
aHKMNO3MPYIOLLMIA  CMOHAUANT  MOMET NPUBECTY
K PpasBUTMIO BTOPUYHOIO OCTEONOPO3a, MO3TOMY
BceM OOMbHbIM, CTpajatoLLMM 3TUM 3abonesaHnem,
MoKa3aHo [leHCMTOMETpUYeckoe uccnegosanue [1].
OpHako CyLLecTByOT HeKoTopble OCObeHHOCTU B
WHTeprnpeTaLun rnokasareneil MUHepanbHoO MNoT-
HocTM KocTHoii TkaHu (MIIKT) B panHoli rpynne
6onbHbIX [2].

OcobeHHocTblo  MaToMOpdpoNorMmM  aHKMNO3u-
PYIOLLErO CNOHAMANTA ABAAETCA OfHOBPEMEHHOE
NPOTEKaHNe B KOCTHOI TKaHW MPOLLECCOB OCTEOHe-
oreHesa u octeonoposa. [lpossneHnAMn octeoHe-
oreHesa ABNAIOTCA CUHAECMOUTbI U NaTonornye-
cKaa occudmKauna, NPUBOJALLME K HapyLUEHWUHO
MOABMKHOCTM KaK MO3BOHOYHMKA, Tak M Ta3obe-
APEHHbIX CYCTaBOB, YTO B JabHeiiLleMm NpUBOAUT
K pa3Bututo aHkunosa [3]. MatoreHeTnyeckne me-

XaHVW3Mbl PasBUTMA OCTEONOpO3a MPU aHKWIO3M-
PYIOLLEM CMOHAWUNUTE UMEHOT MynbTUPaKTOPHbIi
xapaktep. B pa3BuTum octeonoposa npu paHHEM
aHKkunosupyoliem crnongunute (B TeveHue 1-2 nert
OT MOABNEHNUA NEPBbIX CUMNTOMOB 3aboneBaHusA)
3HaYNUTENbHYIO PONib UrpatoT MPOBOCMANUTENbHbIE
uMTOKUHbI. Bocnanenne noppepxmBaeT notepro
KOCTHOW TKaHW NoCpeACcTBOM CTUMYAALMUN KOCTHOM
pe3opbunn 1 accoummnpoBaHo ¢ notepeii Tpabeky-
NAPHOW KOCTW, YTO MPUBOAUT K ocTeonoposy [4].
Ha nospgHux e craguax 3abonesBaHusa 6onbluoe
3HaYeHMe MMEET KaK CHUMeHWe OBuUratenbHoi aK-
TUBHOCTM MaLMEHTOB, TaK U YacTOe COYeTaHUe cap-
KOMEHWUWU U OCTEonopo3a, YTO MPUBOAUT K 3HAYM-
TENbHOMY MOBbILLEHWNIO pPUCKA NafeHuii U BO3HWK-
HOBEHWIO HU3KO3HEPreTUYECKMX NEePENOMOB.

Huxe npuBoanTca cobCcTBEHHOE KNMHMYECKOE
HabnogeHue.

KIIMHUYECKWNIA CNYYAMN

Myskunna 40 net, cTpagaeT aHKMNO3MPYHOLLMM
cnoHgunutom B TeveHue 12 net (c oktabpa 2010 r.).
Mo noBogy paHHoro 3aboneBaHuA nonyyan Kak Me-
AVKaMEHTO3HOe, TaK W (pu3noTepaneBTUYECKOE
neyeHune. Ha MmomeHT obpaleHna bonbHoro becno-
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DXA Results Summary:
Region Area (cm?) BMC (g) BMD (g/cm?) T-score Z-score

L1 19.58 28.42 1.452 3.5
L2 19.86 27.53 1.386 2.7
L3 20.84 25.64 1.230 1.2
L4 22.86 27.43 1.200 1.0
Total 83.14 109.02 1.311 2.1

Total BMD CV 1.0%, ACF=1.032, BCF=0.983, TH=8.646

DXA Results Summary:
Region Area (cm? BMC (g) BMD (g/cm?) T-score Z-score
Neck 6.12 5.42 0.884 0.2

Total 53.28 63.07 1.184 1.2
Total BMD CV 1.0%, ACF=1.032, BCF=0.983, TH=7.425

DXA Results Summary:
Radius+ Area (cm?) BMC (g) BMD (g/cm?) T-score Z-score

Ulna
ub 6.20 3.44 0.555 1.1
MID 13.73 9.91 0.722 0.7

1/3 5.63 4.68 0.831 0.3
Total 25.56 109.02 1.311 0.7

Total BMD CV 1.0%, ACF=1.032, BCF=0.983

Puc. 1. [leHcutomeTpusa:
a. NOACHMYHbI OTAEN NO3BOHOYHUKA, 6. NpaBblii Ta3obeapeHHbIN cycTas, B. 06nacTb N1eBOro npegnieybs.
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ﬂ,eHCVITOMeTpVIFI npu aHKUIO3NPYHOLLEM CNOHOUNUTE

KOWMN CUNbHblE MOCTOAHHbIE 6ONMM B NOACHULE U
OrpaHWYeHHOCTb ABUMEHUI Kak B MO3BOHOYHWKE,
Tak 1 B TasobeppeHHbIX cyctaBax. Hesaponro po
atoro (B pekabpe 2021 r.) y 6onbHoro cnyuunca
HU3KO3HEPreTUYECKNii Nepenom npasoii nnevyeBoit
KOCTW (60NbHOI, NOCKONb3HYBLUKUCH, yNan C BbICO-
Tbl CBOEro pocra), no nosogy 4ero 6bin npoone-
puposaH. Ha doHe nepenoma Ha peHTreHorpamme
Obin BblABNEH OCTEOMNOPO3 NPaBOii NNeYeBoii KOCTH,
B CBA3M C YeM 60nbHOI ObIN HanpaBneH Ha JeHCu-
TomeTpuyeckoe obcneposaHne. Hukakux npepbiay-
LLMX UCCNeAoBaHNit He NPOBOANNOCH.

Mo npoTokony BEHCMTOMETPUYECKOrO WCCneno-
BaHMA BCEM MauMeHTam MokasaHo obs3artenbHoe
CKaHMpOBaHMWe [BYX y4aCTKOB CKenerta, B KOTOpbIX
namepsaerca MIKT: noacHuyHoro otpena no3so-
HOYHMKa 1 obnactu TazobeppeHHoro cyctasa. [1pu
HeobXoMMOCTV BO3MOKHO CKaHMpOBaHMe TpeTbe-
ro [OMOMHUTENbHOrO y4acTka — obnactu npeanne-
ybA [5].

MaumeHTy ObIMM cKaHMpoBaHbl 3 yyacTKa: no-
ACHWYHBI OTHEeNn NMO3BOHOYHWKA, MNpaBblii Ta3obe-
LpeHHblii cycTaB 1 obnacTb NeBOro npepanneybs.
Bo Bcex uccnepyembix yyactkax gaHHble MIKT Ha-
XOAMAUCH B Mpefenax HopMbl.

PeHTreHonornyeckne MameHeHvA npu aHKUMNO3n-
PytOLLLEM CMOHAMUNNTE COMPOBOMAAIOTCA OCCUdPUKa-
umeil Hapy¥HbIX CNOEB MEKMO3BOHOYHbIX [AWNCKOB
n dopmupoBaHnem cuHpecmoduToB. [locnegHue
npencTaBnAlOT coboil KOCTHble MOCTUKU, KOTOpble,
Kak Obl ornbad MeKno3BOHOYHbIE OUCKU, COEOUHA-
tOT KpaA MOBEPXHOCTEN BbILLE- N HUMENEMALLVX Ten
no3BoHKOB. [lepBoHaYanbHO cuHAECMOUTbI  Ha-
bntoatoTcA B MOACHUYHOM W HVKHETPYAHOM OTAenax
MO3BOHOYHMKA, HO MOCTENEeHHO PacrnpoCTpaHAOTCA
BBEPX W 3axBaTbIBalOT BCE €ro otfenbl. Ha peHtre-
HOrpaMme MO3BOHOYHWK NpuobpetaeT BWA, Hamno-
MuHatowmnii  6ambykoByto nanky — «bambyKoBbIii»
NO3BOHOYHMK. Takie Habntopfaerca BocnaneHvie He
TONbKO TeN NMO3BOHKOB, HO Y MEKMO3BOHKOBbIX AMUC-
KOB — crioHaunogucuut. BosneyeHue pyrootpocT-
YaTbIX CYCTaBOB XapaKTepU3yeTCA HEYETKOCTbIO Cy-
CTaBHbIX MOBEPXHOCTEW, CyMeHVEM LLieneid; B fanb-
HeliLuem HacTynaeT Ux aHKUNo3upoBaHue; nepeHAnA
NPoAoNbHaA CBA3Ka NOABEPraeTca occuuKaLmm.

Bce BbilenepeyncnerHbie M3MeHeHWA BAUAIOT
Ha UCTUHHble nokasatenn MIIKT npu peHcuTome-
Tpuyeckom uccneposaHun. lloatomy, HecmoTpa Ha
BblpaxeHHoe cHueHne MIIKT B no3BoHOYHMKe,
MoMy4aroTCA HOpMasbHbIE MW NOMHOMOBbILLEHHbIE
nokasartenu. Ho Ha ctaHpapTHOIl peHTreHorpacmm

MO3BOHOYHMKA BbIABNAETCA BblpaMeHHblii And-
dy3HbII ocTEONOPO3.

[MaTonornyecknini npouecc MoMeT pacrnpocTpa-
HATbCA U Ha nepudepuyeckne cyctasbl, rae BO3-
HUKalOT CcybXxoHApanbHble TPaHyNALUN U CUHOBUT
nponudpepaTusHoro tuna. B npouecc BoBnekaroT-
CA NPEVMMYyLLLECTBEHHO ManonoABuMHble, a TaKkMke
«KOpHeBble» (Ta3obefpeHHblE U MNneyeBble) CycTa-
Bbl. [lopaxeHune nneyesoro cyctasa npepcTaBnAeT
coboii, Kak npaBuno, aHTesonatuto. NopaxeHue xe
TasobefpEHHOro0 CcycTaBa WMeeT TUMWUYHbIN BOC-
nanuTenbHblil XapakTep (KOKCUT), B AanbHeiillem
NPUBOAALLEE K KOKCTapTPO3y, B CBA3N C YEM JIOM-
HonoBblILeHHble nokasatenn MIKT 6binn nonyye-
Hbl 1 B 0bnacTu TazobefpeHHOro cyctasa [6].

EpnHcTBEHHOW obnactblo uccnepoBaHuA npu
aHKWUNO3UNPYIOLLLEM CMOHAUNUTE, KOTOpas MOMET
JaTb UCTUHHble nokasatenu MITKT, octaérca 3-uii
AOMONHUTENbHbII YHaCTOK, e NPOBOANUTCA CKaHM-
poBaHue Npu AeHCUTOMETPUHECKOM UCCNEfO0BaHNMN,
- obnactb npeanneybsa. Ho n 3gecb 6onbLuoe 3Ha-
YeHWe UMEET JIMTENbHOCTbL 3aboneBaHuna: Yem anu-
TenbHee ncropua 6onesHn, Tem BbilLE BEPOATHOCTb
MONYYeHWUA NOMHOMOBbILLEHHbIX MOoKa3saTteneil BO
BCEX UCCNeAyeMblx yHacTKkax, B TOM yucne u B obna-
CTW NpeanneybA.

Ha pucyHke 1 npepcraBneHbl geHCUTOMETpUYE-
CKMe nokasatenu 60NbHOMO C aHKUIO3MPYHOLLUM
cnoHaunuMTom B 3-€X MCCneayembix yyacTkax: BO
BCEX y4yacCTKax nokasaTenn B HopMme.

BbIBO/J bl

[leHcutomeTpuyeckoe wuccnefoBaHne OCTaércs
OYeHb LeHHbIM METOLIOM BbIfIBNEHNA OCTEOMNOPO3a,
0cobeHHO Ha paHHuX cTapuax. Ho y 6onbHbIX aHKu-
NO3UPYIOLLMUM CMOHAMAUTOM AaHHble, NoNyYeHHble
npy [EHCUTOMETPUYECKOM MccnepoBaHun, Tpeody-
tOT [OMONHWUTENbHON WHTepnpeTauun nna bonee
TOYHOro BblABNeHUA nameHeHuit MIKT y aTux na-
umeHToB. [lnarHo3 octeonoposa B gaHHOI rpynne
60nbHbIX JoMmKeH OblTb NOCTaBNEH, OCHOBbLIBAACH
Ha AaHHbIX He TONbKO [EHCUTOMETPUU, HO U BCEX
AOMONHUTENbHbIX METOAOB WCCNEefOBaHUA aHKM-
nosupytowiero cnoHgunuta. MauneHTos ¢ aHkuno-
3VIPYIOLLMM CMOHAUMMTOM ChefyeT HanpasiATb Ha
AEHCUTOMETPUYECKOE MUCCNefoBaHNe nocne nocra-
HOBKM AMarHo3a Kak MOHO paHblLe, NMoKa He npo-
n3ownm rpybble N3MeHeHUA Kak B MO3BOHOYHMKE,
Tak 1 B obnactn TasobefpeHHbIX CyCTaBOB, KOTO-
pble MOBAMIOAT Ha UCTUHHbIE noka3atenu MIKT.
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Ysuuhnndtnphy ndjujubpp dEYunipyniup
wuyhinqugunn uynunhhniny hhjwunh dnwn

Lwphub 4. Uujwujwu

Awnwgwjpwpwuntjwl pwdwudniup, Epbpniup
pdojwlwu Yauwnpnu, Gplwt, <wjwunwu
Lbipphu hhjwunnyeniuutph wdphnt, <wjlwywu
pdojwlywl huunhwnnin, Gplwt, <wjwunwu

uueneuabr

uupinndtinnphy hinwgnunnyeniup (nEungbujwu
nGuuphunndtinppw Ywd DXA) ounbnwnpngh wfuwnn-
pnadwt, huswbu twl nuyptiph hwupwht funniejwu
wdtuwywn h hwjwn lwd ujwgnidp bWhhywunubiph dnwn

Ynnpywdpubiph nhuyph gnpdnuutipp hwjnuwpbpbint
wdbuwwpryniuwybun hGnwgnunwlwu deennu & Uw-
Ywju npn2  hhjwunnyeniuubph  nbGwpnd  nbuup-
wndtnphy hbnwgnungjwt nyjwjutpp ywhwugnd
Gu |pwgnighs  Ubuwpwunyeniuubp'  hhdwunubiph
wnjw| fudpnd nuypbiph hwupwjpt funnijwu  thn-
thnfunipniuubpu wybih G2gphun npngbint hwdwip:
<nnywédnid ubipyujwgywsd Gu wulhinqugunn uwynunp-
lhiiny hhywunh nuyptiph funnugyws gnighgutinp, b pbip-
ynwd Gu gbpwquugwd wndjuiubph  dEYuwpwunt-
[eyntuutin:

<hduwpwnbp. nGhupipndtaynppw, ouplinunpng, wi-
lpinqugtinn uwyntinhipy

Interpretation of densitometry data in a pa-
tient with ankylosing spondylitis

Narine V. Aslanyan

Department of radiology, Erebouni Medical Center, Yerevan,
Armenia

Department of Internal Diseases, Armenian Medical Institute,
Yerevan, Armenia

ABSTRACT
Bone density test (X-ray densitometry or DXA) is the
only method of investigation for the detection of bone

mineral density reduction at the earliest stage and a very
valuable method for diagnosing osteoporosis and identify-
ing risk factors for fractures. However, in certain diseas-
es, densitometry data obtained from a densitometry study
require additional interpretation to determine changes
more accurately in bone mineral density in this group of
patients. The article presents bone mineral density DXA
data in a patient with ankylosing spondylitis and the inter-
pretation of falsely elevated data.

Keywords: densitometry, osteoporosis, ankylosing
spondylitis
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CrononamnH-mopduit-xnopohopmHbIii HapKo3

BEPAYEBHAH FAZETA 1911, M2 31.

paro yemnaenin  xiopodopsonsn. Bn Goasmef wacrn
CAFUARTH CONWDL HACTYNAIL ranake, Gesn nepioan noafy.
maenin; noeabanee, W0 BL oTnoenTessno Goale cumar-
yennofl Popuh, nadaoanzoes anms npn phIko mupamen.
wost aakoroanasl, P'rora, Kawn npaBRie, #e nwlaa
uloera.
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CHOTOIAMANE - Mopdifl - xa0pofopuuLINT UANOIOMT, N
raKme He NAGANAATD NN BB OAHONE cayunt.

Boapaern Goavuuxb Kosefazen wemiy 15 1 56 rozawm.
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Aan Goasmwxs Bp BoapaeTh orh 15 0 56 IbTE.

2) Bea TArocTEAA NpONeAypa NPRCOTOBICHIL RE Ofe-
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unTeeA HefOILMBMN RoZaMu Iopodopu. ¥

4) HMepioaw nosGymaenin npn  xzopodopunpoBamid
YACTO OTCYTCTBYETD, a ecan n mubers mbero, TO Wpo-
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Observations in
scopolamine-morphine-chloroform narcosis.

Grigoryan A.l.
Vrachebnaya Gazeta (Saint-Petersburg). 1911;31:126-128.

In a series of 80 patients, Dr. Grigoryan from Tiflis
[currently Thilisi] Mikhaylovskaya Hospital studied the use

of scopolamine-morphine injections before chloroform
narcosis. As a result, the author concluded that the tech-
nique is safe, and the patients had less worrisome preop-
erative stage, less agitation, less vomiting, and less post-
operative headache. The results represent an example of
a patient-centered approach utilized in the beginning of
20th century.

HabnropeHus Hap ckononamuH-mopdmii-
Xnopoc¢opMHbIM HapKO30M
[puropax A.W.
Bpauebras eazema (Cankm-llemepbype). 1911;31:126-128.

B cBoeii cepun u3z 80 HabntoneHwit, Bpay A.W. [puropax
u3 Tucbnmncckoii [HbiHe Tounucn] Muxaiinoeckoii 60n1bHM-
Lbl MCMonb3oBan CKOMOAaMMH-MOPMEBbIE WHBEKLLUK

nepeq, x10podpopMHbIM HapKko3oM. B pesynbrate aBTOp
cAenan 3aknroyeHne, 4to nogobHasa TexHWKa be3onacHa,
nauueHTbl umenu bonee CNOKOIHbI NpeaonepaLuoHHbIit
OTpE30K, bbinn MeHee BO3OYMAEHbI, UMENN MeHbLLE PBO-
Tbl, @ TaKMe MEHEe BbIPaXEHHYIO MOCeonepaLVoHHY0
ronosHyto 6onb. [laHHaA cTaTba ABNAETCA XOPOLUMM NpU-
MEpOM MaLMeHTOLLEHTPUYECKOrO NOAX0a, MPUMEHEHHOTO
B Havane 20-ro Beka.

Uynwnjwdhu-dnpdhu-pinpndpnpdugh
wuqqujugdwu nhnwpynifubp

Sphanpjwu U.h.
dpwstpbiuyw quiqtipw (Uwblipp-MNbGpbppnipg).
1911;31:126-128.

hp 80 hpywunubph nwnfuwuppnyeniuubpnid

pdhoy U.h. Sphgnpjwp’ (dh$ihuh [ubipyuwynidu (dphih-
up] Uptuwyinyjwt hhwunwunghg, Yhpwnty Ep uyn-

wnwdhu-dnp$htuwjhu ubpwpynwfubp pinpndnpdwihu
wuqgquwjwgnidhg wnwy: Upmyntupnd tw Ggpulwgph
E, np Udwu dnwnbgnidu wuywnwug k, pnidwnniubpu
niubgh| Gu wybh hwughun twhwyhpwhwnwywu
2now, uqwq gpgndwsd thu, wdbih phs thufunud Gu
niubgh] U Ughp Gu hGndphpwhwwnwywu wybkih phs
glfuwgwy: Uju hnnwdp nbinlu 20-pn nwph uygpnud
Yhpwnwsé wwghbunwybunmpnu  dninbgdwu  wy
ophuwy k:
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ARTICLE TYPES

» Editorial

» Original research

» Short communication

> Review

» Clinical case

> Letter to the Editor

» Commentary

» Special article

» Guideline

The type of article from the above list should be
indicated in the “Subject” field of an e-mail along with the
surname of the first author (for example, Petoyan — Lit-
erature Review). Send your article to the following email:
info@ahms.am.

REQUIREMENTS FOR ARTICLES

General technical requirements:

» Page size: A4.

» Margins: 1.5 cm on all sides.

» Do not use page numbers and headers on pages.

» Use footnotes accurately with software, not manually.

» Text field with one column.

» Pages without background images and coloring
(background picture, background color).

» Font size: 11 pt.

» Font type: any Unicode font (for example, Tahoma,
Sylfaen, GHEA Grapalat or GHEA Mariam).

» When aligning “left”, “right”, “justified” or “center”,
use alignment function (align left, align right, align center,
full justify) and not space or tab.

» Avoid using text boxes and word-art if possible.

» Do not use macros.

» Provide tables, graphs, charts, images and formulas
with separate files.

» In the case of figures, provide every image sep-
arately: in jpg, jpeg, png, tiff, tif, psd, eps, ai or in pdf
format, with the highest possible quality.

Send the Word file (DOC or DOCX format) of the
article text and all other files (tables, images, etc.) by
e-mail to info@ahms.am.

GENERAL STRUCTURE OF ARTICLES

For all the articles of the journal, the Word file
should have the following structure:

> Title

» Authors

» Institutions

» Corresponding author’s full name, phone number
and e-mail address

» Abstract written in the main language of the article

» Keywords (maximum 6)

» The main body of the article

» Acknowledgments (optional)

» Conflict of interest statement

» Source of research funding if available

» References (sort by appearing order in the article)

» Titles, Authors’ names, Institutions, Abstracts and
Keywords in two other languages (the AJHMS will assist in
translations if unfamiliar to authors)

> Tables

» Figure legends

» Figures must be sent separately in accordance with
special requirements (see above).

Composition of THE TITLE PAGE and requirements:

» Title: maximum 25 words, avoid abbreviations and
special characters

» Authors: full first name, full surname and other
initials, e.g. Vahan S. Petoyan.

» Institutions: numbered in index after the name of
the author. One author can mention several institutions,
but firstly mentioned is the one most relevant to the arti-
cle’s material (for example, Petoyan V.S.1,2)

» Corresponding author should be mentioned in
the author list with an asterisk [*] after the institution
number(s) (e.g. Petoyan V.S.,1,* or Gichunts K.0.1,2,%).
Corresponding author’s full name and contact information
(phone, e-mail, etc.) should be placed after the affiliations

» Word count: the number of words in the original
text (from introduction to conclusion)

» Number of tables

» Number of figures

REFERENCES

While forming the reference list, the sorting is made
by their appearing order in the article, in square brack-
ets, before the punctuation marks, with the following
examples: if one [3], if two: [3,6] or [3,4], and if several
following each other: [3-6], mixed version: [4,7-9].

Match the links to the American Medical Association’s
(AMA) citation style.

Article from the journal:

» One to six authors

Khachatryan SG, Ghahramanyan L, Tavadyan Z, Yeghi-
azaryan N, Attarian HP. Sleep-related movement disorders
in a population of patients with epilepsy: prevalence and
impact of restless legs syndrome and sleep bruxism. ] Clin
Sleep Med. 2020;16(3):409-414.

Abrahamyan DO, Gazarian A, Braillon PM. Estimation
of stature and length of limb segments in children and
adolescents from whole-body dual-energy X-ray absorpti-
ometry scans. Pediatr Radiol. 2008;38(3):311-315.

» Seven and more authors

Topuridze M, Berg CJ, Dekanosidze A, et al. Smokers’
and nonsmokers’ receptivity to smoke-free policies and
pro- and anti-policy messaging in Armenia and Georgia.
Int ] Environ Res Public Health. 2020;17(15):5527.

» Full book reference

Aminoff M), Greenberg DA, Simon RP. Clinical Neurol-
ogy, Sixth Edition. United States of America: McGraw-Hill
Companies;2005:1-401.

» Book chapter reference

Verrier RL, Mittelmon MA, Autonomic Activity and
Circulatory function During sleep. In Kryger MH, Roth
T, Dement W. Principles and Practice of Sleep Medicine,
Fourth Edition. United States of America: Elsevier Inc;
2005:1161-1170

» Internet page reference

Main page. National Institute of Health. http://nih.am/
am. Accessed September 21, 2021.



SPECIAL REQUIREMENTS ACCORDING
TO ARTICLE TYPES

Original research

The original studies present the results of the research
work by showing the relevant statistical analysis.

In addition to the general structural sections, the main
part of the article consists of the following subsections:

» Introduction

» Methods

» Results

» Discussion

» Conclusion

Abstract word limit: 300 words (in 3 languages).

Article word limit: 3000-5000 words (does not include
title page content, abstracts, references and tables).

The maximum number of references: 40 (use up-to-
date and peer-reviewed literature).

The maximum number of Tables and/or Figures: 6.

Short communication

The short communication is reserved for the results
of the research work, presenting the relevant statistical
analysis, when they are small in size.

In addition to the general structural sections from
above the main part of the article consists of the following
subsections:

» Introduction

» Methods

» Results

» Discussion

» Conclusion

Abstract word limit: 200 words (in 3 languages).

Article word limit: 1500-3000 words (does not include
title page content, abstracts, references and tables).

The maximum number of references: 20 (use up-to-
date and peer-reviewed literature).
The maximum number of Tables and/or Figures: 3.

Review

An overview of the literature is a conscientious and
evidence-based summary of the data on a given topic.

Abstract word limit: 300 words (in 3 languages).

Article word limit: 3000-8000 words (does not include
title page content, abstracts, references and tables).

The maximum number of references - 80.

The maximum number of Tables and/or Figures: 6.

Clinical case (Case report)

Abstract word limit: 200 words (in 3 languages)

Article word limit: 1500 words (does not include title
page content, abstracts, references and tables).

The maximum number of references: 15 (use up-to-
date and peer-reviewed literature).

The maximum number of Tables and/or Figures: 3.

In addition to the above-mentioned requirements, clini-
cal cases must be accompanied by a completed and signed
consent form from the patient.

Letter to the Editor

Article word limit: 750 words (does not include title
page content, references and tables). No abstract needed,

Maximum number of references: 5 (use up-to-date and
peer-reviewed literature).

Maximum number of Tables and/or Figures: 1.

At the discretion of the Co-Editors-in-Chief, some
deviations from the abovementioned requirements
are possible, as well as the publication of other types
of articles.

Please, follow and bring the submitted articles as close as possible to the suggested format in order to
speed up the editing process. We look forward to your articles.

AJHMS Editorial Office
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