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MHOBATHUBHHU OBPA3HHU TEXHOJIOTHUHU B Cb/IOBATA XUPYPI'UA:
POJIA U ITIPEAUMCTBA HA CO, AHTUOTPA®UATA B YC/IOBUA
HA INTOBUIIIEH HE®POJIOT'MYEH PUCK

T. Camapadiicues, H. Koaes, B. /JuHos, K. Aarekcandpos, H. KocmaduHoasa,
B. HeaHnoea, H. Musouwlo8cKU

MEAJI,Copye u Mo3sk" - [11eeeH

Pe3slome. CO, aHruorpadusTa ce ouepTaBa KaTo 3HAYMTEJHA MHOBALUSA B CbJ0BaTa XUPYpPrus,
npejJaraiiky 6e3onacHa, HeCK'bIIOCTPyBalla aTepHaTHBa Ha TPAAULLMOHHUTE HOJUPAHU KOHT-
pPacTHH BellecTBa, M3M0J3BaHU KaKTO 3a JUarHOCTHKA, TaKa U 32 HHTpaollepaTUBHA BHU3ya/in3a-
ISl Ha KpbBOHOCHATa cucTeMa. Oco6eHo MoJie3Ha NPU MalUeHTH C aJlepriud KbM KOHTPACTHHU
BellleCTBa, HapylleHa 6b6peyHa GyHKIMS UM TaKUBa, IPU KOUTO Ce HajlaraT MHOXeCTBO 06pas-
HU H3cseBaHus. Ta3u cTaTus U3c/le/iBa TEXHOJIOTMYHUSA HANPeLbK, KIMHUYHATE IPUI0KEHUS
Y pa3BuBalaTa ce poJist Ha CO, aHrvorpadusTa B cbBpeMeHHaTa CbA0Ba Xupyprus. HanpaseH
e mperJie[ Ha ynorpe6aTa Ha TO3M MeTO/, Ha M3CJe/BaHe B peJula NpoleAypH, BKIIOYUTETHO
€H/I0BaCKyJJapHU UHTEPBEHIIUHY, JIedeHUe Ha TepupepHU apTepralHy 3a60/1s1BaHUS, JJeYeHHe Ha
aHeBPU3MHU U NPOLeLypU 3a BEHO3EH J0CThII, KATO Ce oJYepTaBaT NpeJUMCcTBaTa My [0 OTHO-
IIeHHe Ha 6e30I1aCHOCT, U300paykeHHs B peaHO BpeMe U MUHUMaJ/IHO Bb3JeHCTBUE BBPXY Ma-
nueHTa. OCBEH TOBA B CTaTHUATA Ce pasmiexJaT orpaHuyeHusTa Ha CO, aHruorpadusaTa, puckbT
oT ¢usnosiornyHuTe epektr Ha CO, BBPXY XeMOJUHAMUKATA U Bb3MOXKHUTE YCI0KHEeHUs. Ypes
aHaJIM3MpaHe Ha CKOPOLIHM NPOY4YBAaHUS M KIMHUYHH Pe3yJTaTH, CTaTUATA JEeMOHCTPUpPA, ye
CO, anrvorpadusaTa Moxe Ja NpeAoXHU JUArHOCTUYHA TOYHOCT, CpAaBHMMa B MHOTO CJIy4au C
KOHBEHIIMOHA/IHAaTa KOHTPAacTHa aHruorpadus, ¢ JOI'bJHUTEJTHUTE IPeJUMCTBA.

KmouyoBu aymu: CO, anruorpadusi/posis, npesUMCTBa; MOBUILEH HePPOJIOTHIeH PUCK

INNOVATIVE IMAGING TECHNOLOGIES IN VASCULAR SURGERY:
ROLE AND ADVANTAGES OF CO, ANGIOGRAPHY IN CONDITIONS
OF INCREASED NEPHROLOGICAL RISK

T. Samardjiev, N. Koley, V. Dinov, V. Ivanova, Z. Aleksandrov, 1. Kostadinova, I. Miloshovski

Hospital ,Heart and Brain“ - Pleven

Abstract. CO, angiography has emerged as a significant innovation in vascular surgery, offering
a safe, inexpensive alternative to traditional iodinated contrast agents used for both diagnostic
and intraoperative visualization of the circulatory system. It is particularly useful in patients with
contrast agent allergies, impaired renal function, or those requiring multiple imaging studies.
This article reviews the technological advances, clinical applications, and evolving role of CO,
angiography in modern vascular surgery. We will review its use in a range of procedures, including
endovascular interventions, treatment of peripheral arterial disease, treatment of aneurysms,
and venous access procedures, highlighting its advantages in terms of safety, real-time imaging,
and minimal patient impact. In addition, the article discusses the limitations of CO, angiography,
the risk of the physiological effects of CO, on hemodynamics, and possible complications. By
analyzing recent studies and clinical results, the article demonstrates that CO, angiography can
offer diagnostic accuracy comparable to conventional contrast angiography in many cases, with
additional advantages.

Key words: CO, angiography/role, advantages; increased nephrological risk
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BBBEJEHHUE

C HapacTBal0TO U3M0JI3BaHe HA 3aBUCUMHU OT
KOHTpAcTa eH/J0BaCKyJlapHU TEeXHUKHU IosBaTa
Ha MH/JYLHMPAHU OT KOHTPACT peaKIUu Ha CBPbX-
YyBCTBUTEJIHOCT CbLIO Cce yBeauyaBaT. EHioBac-
KyJIapHUTE CbJ0BU MHTEPBEHIMHU Ca ChLECTBEH
KOMIIOHEHT OT CbBPEMEHHUTE MOAX0/H 3a Jeve-
HUe Ha nepudepHa apTepHasHa 60J1eCT, aHEBPHU-
3MU Ha abJ0MMHa/IHa aopTa, apTEePUOBEHO3HHU
MajidopMalMd U BpPOJEHU CbAOBU MasdpopMa-
nuu. Te ce ocbllecTBIBAT Hal-4eCTO ¢ MOMOLITA
Ha WoZjMpaHu KOHTPACTHH BelllecTBa, KOUTO 006a-
ye MoraT Jia NpeAU3BUKAT XUIIePPEeaKTUBHOCT C
HeraTvBeH eeKT BbpXy nauueHTa [5, 13].

PuckoBM rpynu

/lBeTe Hal-4ecTM KaTeropuu peakLHH ca
aJepruyHuTe U Jl0303aBUcUMUTE. [[0303aBUCH-
MUTE peaklud OOUKHOBEHO BKJIIOYBAT CaMo-
orpaHMyaBallly Cce CUCTEMHM peaKL UM Nopaju
KOHTPACTHOTO HaTOBapBaHe — HAalpHUMEpP OCTPO
6bO6peyYHO yBpex/JaHe cJje/i KOHTpPAcTUPaHe, 0COo-
6eHO MpU NAllMeHTH C HAKAKbB BUJ, 6bOpedHa
JUCPYHKLUSA.

BbbpeyHaTta AuchYHKLUSA NMpPU Te3u Halu-
€HTH YeCTO € CBbp3aHa C'bC CIOJe/IeHU PUCKOBU
dakTOpH KaTo AUAGET, XMIIEPTOHUS U aTePOCKIe-
po3a. Cpes naleHTUTE C aTEPOCKIEPO3a, IPOyY-
BaHMATA MOKas3BaT, 4ye npubsuautesaHo 30-50%
OT UHJMBUJUTE CHILO0 UMAT U3BECTHA CTEIEeH Ha
ObOpeYHO yBpeX/JaHe, Bapupallo OT JeKa 0b-
O6peyHa AUCOYHKLUA (HAanp. HaMaJleHa CKOPOCT
Ha ryioMepy/iHa ¢uatpauus uau GFR) no xpoHuy-
Ha 6bOpeyHa HeAOCTATBYHOCT M KpaeH CTaAui
Ha 6'bOpevYHo 3a60JIsBaHe.

Bropara rpyna naijMeHTH C pUCK P MPOBEX-
JlaHe Ha eH/I0BACKYJIapHO JiedeHue ca NalueHTH,
aJIeprMYHy K'bM HOAMPAHU KOHTPACTHH BELECTBA
Y TaKMBa C aHaMHe3a 3a aHaduiakcusa. Asepruy-
HUTEe KOHTPACTHU peaKLMH BapUpaT OT JiIeK 00pUB
o aHaduaakcus. AHaduIakcusTa BKJIOYBA OC-
TpU GPOHXOCMA3MH, 'bJIOOKA XUITOTOHUSA U TEXKKa
yPTHKapusl B pAMKUTE Ha MUHYTH CJleJi IpUjara-
He Ha KOHTpacTa. U BbIpeku ye ca pa3paboTeHU
NPOTOKOJIM 3a MpeJBApUTENHO JiedeHHe 3a Ha-
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INTRODUCTION

With the increasing use of contrast-dependent
endovascular techniques, the occurrence of con-
trast-induced hypersensitivity reactions is also
increasing. Endovascular vascular interventions
(EVIs) are an essential component of modern ap-
proaches to the treatment of peripheral arterial
disease (PAD), abdominal aortic aneurysms, arte-
riovenous malformations and congenital vascular
malformations. They are most often performed
with the help of iodinated contrast agents, which,
however, can cause (hyperreactivity) adverse ef-
fects on the patient [5, 13].

Risk groups

The two most common categories of reactions
include allergic and dose-dependent reactions.
Dose-related reactions usually include self-lim-
iting systemic reactions due to contrast loading,
such as acute kidney injury after contrast admin-
istration, especially in patients with some form of
renal dysfunction.

Renal dysfunction in these patients is of-
ten associated with shared risk factors such
as diabetes, hypertension, and atherosclerosis.
Among patients with atherosclerosis, studies
have shown that approximately 30-50% of in-
dividuals also have some degree of renal im-
pairment, ranging from mild renal dysfunction
(e.g., reduced glomerular filtration rate or GFR)
to chronic renal failure and end-stage renal dis-
ease (ESRD).

The second group of patients at risk for
endovascular treatment are patients allergic
to iodinated contrast agents and those with a
history of anaphylaxis. Allergic contrast reac-
tions range from mild rash to anaphylaxis. Ana-
phylaxis includes acute bronchospasm, pro-
found hypotension, and severe urticaria within
minutes of contrast administration. Although
pretreatment protocols have been developed



MaJisiBaHE HA YeCTOTaTa U TEXEeCTTa Ha Te3U pe-
adKIIUH, KMa MHOTI'O ITIallueHTH, KOUTO oMxa UMaJu
10J13a OT II'bJIHOTO U30SrBaHe Ha KOHTPACTH, Ch-
JUbP3KalllM WO/, 0COGEHO B CUTYALMH, IPU KOUTO €
Heob6xoZiMMa He3abaBHa aHruorpadus.

CnenuduyeH Noaxoz

EnvH anTepHaTHBEH NMOAXOJ e aHrHorpadus
¢ Bpriepoger auokcuj (CO,). CO, e eIMHCTBEHO-
TO [J0Ka3aHO 6e30MacHO KOHTPACTHO BeILeCTBO
Ipy NalyeHTU c 6bOpeyHa HeJLOCTATBYHOCT U
CBPbX4YYBCTBUTEJHOCT K'bM HOZMpaHa KOHTPACT-
Ha MaTepus. C mosiBaTa Ha TeXHUKaTa du2uma-
Ha cy6mpakyuoHHa aHzuozpadghus nipe3 80-Te
rogunu Ha XX Bek CO, ce npeBbpHa B 6e3omnac-
HO U I10JIe3HO KOHTPACTHO CPeJCTBO 3a CbhJ0BO
usobpassasane. Cera CO, ce M3MOJI3Ba LIMPOKO
KaTO BBTPECHJOB KOHTPACTEH areHT KaKTO B
apTepUasHOTO, TaKa U BbB BEHO3HOTO KP'bBOOO-
paumenue. EdekTUBHOCTTa, M306pa3siBaHETO U
uHTepnperanusaTa Ha CO, anruorpamure u CO,-
Haco4yBaHaTa CbJ0Ba UHTEpPBEHLUA 3aBUCAT OT
no3HaBaHeTO Ha cBoicTBaTta Ha CO,. Boriepos-
HUSAT IUOKCH/ e 6e31[BeTeH ra3 6e3 MUPHUC, KOUTO
ce cpellla eCTeCTBEHO B aTMocdepaTa U YHOBEIIKO-
TO TsJi0 U npeactasisBa 0,03% oT Bb3Ayxa U ce
TpeTupa TakKa, CAKall HeroBoTO NapLHaTHO Ha-
JiaraHe e HyJsa. ['bTHOCTTa U aTOMHOTO TeIJIO Ha
BeILleCTBOTO OIpeAesAT AU TO Lie 6'bje NoBeye
WJIA 110-MaJIKO IJIBTHO OT TeJIeCHUTEe T'bKaHHU U
CbOTBETHO Ce KJacupuLUpa KaTo MOJI0XKUTENHA
WA OTpULATe/Ha KOHTpacTHa cpepa. llopagu
HMCKOTO aTOMHO 4ucI0 U IIbTHOCT CO, e 0TpH-
[jaTeJleH KOHTPACTEeH areHT U CJieJl0BaTeJHO ab6-
copbrpa peHTreHOBHUTE JI'bYU B I0-MaJIKa CTelleH
OT 3a06HMKaJIsaTa KPbB U ChA0BaTa CTEHA.

CO, B po/iAAiTa HAa KOHTPACTHO BELLECTBO

1. Bsp3 nwjieH UHMPABACKyAapeH KAUPBHC:
CO2 e cusHO pa3TBOpPUM B KpbBTa, kaTo 30 ml
HMHTpaBacKy/JapeH 60JyC ce pa3TBapsl HAI'bJHO
B pamkuTe Ha 30 o 60 s. [lo-rosismMaTa 4acT OT
uupkyaupamusa CO, ce elMMHHUpa OT 6esuTe
JlpoboBe C elHO IPEMUHABAHE.

2. I[lnasaemocm: KoraTo e IOTOIIEH B TEYHOCT,
ra3oBUAT MeXyp Ce U3JUra MHOTO 6'bp30, Thi KaTo

T. Samardjiev et al.
Innovative imaging technologies...
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to reduce the incidence and severity of these
reactions, there are many patients who would
benefit from avoiding ICM altogether, especial-
ly in situations where immediate angiography

is required.

Specific approach

An alternative approach is carbon dioxide
(CO,) angiography. CO, is the only proven safe
contrast agent in patients with renal insufficien-
cy and hypersensitivity to iodinated contrast
agents. With the advent of digital subtraction
(DSA) in the 1980s, CO, has become a safe and
useful contrast agent for vascular imaging. CO,
is now widely used as an intravascular contrast
agent in both the arterial and venous circula-
tions. The effectiveness, imaging, and interpre-
tation of CO, angiograms and CO,-guided vas-
cular intervention depend on knowledge of the
properties of CO,. Carbon dioxide is a colorless,
odorless gas that occurs naturally in the atmo-
sphere and the human body, constituting 0.03%
of air, and is treated as if its partial pressure
were zero. The density and atomic weight of the
substance determine whether it will be dense
than body tissues and is classified as a positive
or negative contrast medium, respectively. Due
to its low atomic number and density, CO, is a
negative contrast agent and therefore absorbs
X-rays to a lesser extent than the surrounding

blood and vessel wall.

As a contrast agent

1. Rapid complete intravascular clearance: CO,
is highly soluble in blood, with a 30 ml intravascu-
lar bolus completely dissolving within 30 to 60 s.
Most of the circulating CO, is eliminated from the
lungs in a single pass.

2. Buoyancy: When immersed in a liquid, a

gas bubble rises very quickly because the up-
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HacoyeHaTa Harope CuJa, ynpaKHsSBaHa OT Ted-
HOCTTa, € MHOT0 110-ChJIHa oT TerioTo Ha CO,. Tosa
CBOMCTBO Ce Hapyya IJ1aBaeMoCT, KOeTO 03HayaBa
Yye BbIVIEPOJHUST ABYOKUC IJ1aBa BbPXY KP'bBTA.

3. (s8poxHUCBK BuUCKO3umem/sucoka dugys-
Hocm: CO, MMa MHOTO HHUCBK BHUCKO3UTET B
CpaBHEHHE C UHOAOCHABPHKAILIUTE KOHTPACTHU
BellleCTBa, KOETO [103B0JIsSIBA JIECHO PBbUYHO UHXKe-
KTUpaHe Mpe3 KaTeTPU C MaI'bK OTBOP WJIU JOPU
MaJIKOTO IPOCTPAHCTBO MeX/y KaTeTbpa U BoJa-
4a. locrarp4HuAT 06eM CO, 3a a0pTHO U306pass-
BaHe MOXe JIECHO Jia ce MHKeKTupa ¢ 3 uau 4 Fr
JIMarHOCTHUY€EH KaTeTbP.

4. Hecmeceaemocm u uamecmeaHe Ha4 ME4YHO-
cmu: [lo BpeMe Ha MHTpPaBaCKy/JapHOTO CH HH-
xexkTupaHe CO, M3MecTBa KpPbBTa, BMECTO Ja
ce cMecBa c Hed. [lo To3u Ha4yuWH, 3a pasiuKa OT
ICM, To#t He MpeTbPIsIBA MPOTrPECUBHO pa3pex-
JlaHe, KOETO MO3B0JIABA OTJIMYHA BU3yaJU3aLlus
Ha IIeHTPaJIHUTE BEHU U [IPYyTH TOJIEMHU CbJ0BU
CTPYKTYPH C TOJISIM KamalUTeT.

HEN

llefTa Ha HACTOSALIOTO NMPOy4YBaHe e Ja ce
OLIEHAAT KJWHHWYHATa MNPUIOXKUMOCT, JAUArHOC-
TUYHATa CTOHHOCT U 6e3onacHocTTa Ha CO, KaTo
KOHTPACTHO CpPeACTBO MpPU NPOBEXKJAHETO Ha
Pa3/IMYHU ChJIOBU UHTEPBEHIIMU B YCJIOBUSATA Ha
CbBpEMeHHaTa CbJ0Ba XUpyprus. [IpoyuBaHeTo
e MPoBeJIeHO NpU rpymna oT 6 MalueHTH, IPU KOU-
TO MOPaZii BUCOK PUCK OT KOHTPACT-UHAyLIMpaHa
HedponaTus, 6’bO6pedyHa AUCHYHKIUS UIH aep-
rus KbM HOJHU KOHTPACTHU BENIECTBA € B3eTO
peuienue aa ce usnosssa CO, anruorpadus.

Bk/loyeHHTe B H3C/€e[BaHETO MALMEHTHU ca
IpeMUHa/JIM Tpe3 pas3/IMYHU €HJ0BaCKyJlapHU
npoLeAypH, BKIIOYHUTENTHO:

— NepKyTaHHa TpaHCJAYMUHa/JIHA aHTHU-
omnactuka (PTA) Ha nepudepHU apTepuy;

— UMIUIAHTHpaHe Ha CTeHTOBe (CTeHTHpa-
He) B 06/1aCTTa Ha KAPOTUAHHUTE U lepUdepHUTE
CBH/IOBE;

— eHJ0BaCKy/IapHa aOpTHA PEKOHCTPYKLMSA
(EVAR) nipu aHeBpU3MH Ha KOpeMHATa aopTa;

>> 6

ward force exerted by the liquid is much stron-
ger than the weight of the CO,. This property is
called buoyancy, which means that the carbon
dioxide

3. Ultra-low viscosity/high diffusivity: CO, has
a very low viscosity compared to ICM, allowing
for easy manual injection through small bore
catheters or even the small space between the
catheter and the guidewire. A sufficient volume
of CO, for aortic imaging can be easily injected
through a 3 Fr or 4 Fr diagnostic catheter.

4. Immiscibility and fluid displacement:
During its intravascular injection, CO, displaces
the blood rather than mixing with it. Thus, un-
like ICM, it does not undergo progressive dilu-
tion, allowing excellent visualization of central
veins and other large, high-capacity vascular

structures.

OBJECTIVE

The aim of this study was to evaluate the clin-
ical applicability, diagnostic value and safety of
carbon dioxide (CO;) as a contrast agent in per-
forming various vascular interventions in the
context of modern vascular surgery. The study
was conducted on a group of 6 patients in whom,
due to a high risk of contrast-induced nephrop-
athy, renal dysfunction or allergy to iodinated
contrast agents, a decision was made to use CO,
angiography.

The patients included in the study underwent
various endovascular procedures, including:

— Percutaneous transluminal angioplasty
(PTA) of peripheral arteries;

— Implantation of stents (stenting) in the
area of carotid and peripheral vessels;

—Endovascular aortic reconstruction

(EVAR) in abdominal aortic aneurysms;



— AUMArHOCTMYHA U TepaneBTUYHA HHTep-
BEeHIUSA NIPU JIe3UU Ha KOpeMHaTa aopTa U Hel-
HHTe KJIOHOBe.

[IpoyyBaHeTO MMa 3a eJI:

* /la ce olleHM Ka4eCTBOTO HA BU3ya/IU3aLy-
ATa Ha CbJ0BUTe CTPYKTypH ¢ CO, anruorpadpusa
B pa3/IMYHM aHAaTOMUYHU 06J1acTH — nepudepHU
CbJl0B€, KAPOTUJHU apTepPUH U KOpeMHa aopTa.

* Jla ce ananusupa epexkruBHocTrTa Ha CO,
KaTo0 KOHTPAaCTHO CpeACTBO NpPU TeXHUYEeCKU
npeiv3BUKaTeJHHU MHTepBeHLMH, kaTo EVAR u
CTeHTHpaHe.

* /la ce oT4eTe BBb3HUKBAaHETO Ha BB3MOXK-
HU MHTpPA- U NOCTOPOLEeAYPHH YyC/I0KHEHUS,
cBBbp3aHu ¢ ynorpebara Ha CO,.

* /la uscsiejBa TOJIEPAaHTHOCTTA M 6Ge3omnac-
HOCTTA Ha MeTOo/ja CIPSAMO CTaHAapTUTE 3a aHTU-
orpadCcKu UscJjeBaHUsl.

 /la ce mocTaBu Ha4yaJOTO Ha CUCTeMaTU3Wpa-
He Ha KJuHu4eH onut ¢ CO, B cbAi0BaTa XUPYprus B
KOHTEKCTa Ha O'b/IrapcKkaTa MeIMLMHCKA IPaKTHKa.

Ypes cpaBHUTEJIEH aHAJIU3 HA [I0JIyYeHUTe 06-
pasy U KIMHUYHUTE pe3y/ITaTH, HaCTOSAI0TO IPo-
yuBaHe LleJIU Ja JoNpUHece KbM HaTpyllBallUTe
ce Jl0KasaTeJICTBa B JIUTepaTypaTa 3a poJidaTa Ha
CO, anruorpadusTa KaTo HaJexJHa U IaJsla
aJITepHaTUBa NpH NALMEHTH C NPOTHUBOIOKAa3a-
HUA 33 1040ChAbpKaIlY KOHTPACTHH BellecTBa.

MATEPUAJIM U METOAHU

06wy npuHuunu B CO, anruorpadpusaTa

MonumopuHz Ha nayuenma

* MHTpaonepaTUBHOTO HAOJIIOIEHUE BKJIIOUBA
npocJie/iiBaHe Ha eJleKTpOKapAuorpama, caTypa-
IS U )KU3HEHHM T0Ka3aTe . B fombaHeHue, Tpu
MHTYOUpaHU MallueHTH TPsOBa Ja ce HabJI0aBa
KanHorpadusTa, KOATO ce Ompejesisi KaTo rpa-
du4HO ¥ 1TMPPOBO MpeACTaBAHE HA U3AUIIAHUA
CO, mo BpeMe Ha JuxaTeJHUA UKbJ. KanHorpa-
¢usaTa e nosesna no speme Ha CO, aHruorpadu-
STa, ThU KaTO MO3BOJIsSIBA MPOC/e/isiBaHe Ha BeH-
TUJIALIMOHHUTE U XEMOAWHAMUYHUTE QYHKIUU B
peasHo BpeMe. HeumHBasuMBHaTa MHKpPOIOTOYHA
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— Diagnosticand therapeuticintervention
in lesions of the abdominal aorta and its
branches.

The study aims to:

* To assess the quality of visualization of
vascular structures with CO, angiography in dif-
ferent anatomical areas - peripheral vessels, ca-
rotid arteries and abdominal aorta;

* To analyze the effectiveness of CO, as a
contrast agent in technically challenging inter-
ventions, such as EVAR and stenting;

* To consider the occurrence of possible in-
tra- and post-procedural complications associ-
ated with the use of CO,;

* To investigate the tolerance and safety of
the method in relation to the standards for angio-
graphic studies;

* To initiate the systematization of clinical ex-
perience with CO, in vascular surgery in the con-
text of Bulgarian medical practice.

Through a comparative analysis of the ob-
tained images and clinical outcomes, the pres-
ent study aims to contribute to the accumulating
evidence in the literature on the role of CO, an-
giography as a reliable and gentle alternative in
patients with contraindications to iodinated con-
trast agents.

MATERIALS AND METHODS

General Principles in CO, Angiography

Patient Monitoring

* Intraoperative monitoring includes mon-
itoring of electrocardiogram, saturation, and
vital signs. In addition, intubated patients,
capnography, which is defined as a graphical
and numerical representation of exhaled CO,
during the respiratory cycle, should be moni-
tored. Capnography is useful during CO, angi-
ography because it allows real-time monitor-
ing of ventilatory and hemodynamic functions.
Noninvasive microflow capnography can also
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KanHorpadus Moxe CbIlO Ja O'bje M3M0J3BaHa
Npyd HEMHTYOUPAHU MALMEHTH, KOraTo Te HUMaT
CBITBTCTBALIY 6e/I0ApOo6HU 3a60/s1BaHuUs. BbIpe-
KU 4e KanHorpadusiTa ocTaBa HEJOCTATBYHO U3-
[10JI3BaHa 10 BpeMe Ha MpoLeAypH, U3BbPIIBAHU
NpY Cb3HATEJIHA Celalvs, HeHaTa ynoTpeba cu-
HO Ce NIpenopbyBa, KOraTo ce 04aKBa U3IM0JI3BaHe-
TO Ha roJiaM o6em CO, WK NIpY MaLlMEHTH C BUCOK
puck. KanHorpadusita Moxe Jjla OCUTYpH OIleHKa B
peaJsiHO BpeMe Ha ChCTOSIHUETO Ha BeHTUJIALUATA
Y ob1uaTa nepdysus, KaKTO U MOKa3aHHUS, KOUTO
He Ca HaJIMYHU 4Ype3 KOHBEHLMOHAJHU CpejCcTBa
3a MOHUTOPHHI, KaTo LieHTpa/iHa XUIIOBEHTUIA-
1[Msl, OGCTPYKIMS HA AUXATEJHUTE II'bTHUIIA, alTHes]
Y Bb3JYyIIHA eM60JIMs, KaTO M0 TO3W HAa4WH M03-
BOJISIBA HaBpeMeHHO JiedeHue. OcBeH TOBa, TbH
KaTo esMMUHKpaHeTo Ha CO, e CUJIHO 3aBUCHMO
OT CbpAEYHHUS [eOUT, KanHorpadusiTa Moxe Jia ce
M3IM10J13Ba 3a IPoc/ie/isiBaHe Ha Masnepdysus.
CwiHaTa cepanus Tpsi6Ba 1a ce U36rea Ha BCs-
Ka rieHa 1o speme Ha CO, anruorpadus. CbencTBu-
€TO Ha MalKeHTa IPY 33/[bpKaHe Ha ’bXa € OT II'bp-
BOCTENlEHHO 3HaueHue 10 BpeMe Ha abJ0MHUHA/HA
CO, anrvorpacdus nopajy BjolIaBaHe Ha U3Bajle-
HUTE U300pakeHus OT apTedakT Ha ABikeHHUe. [lo
CbIIMsA HAa4YWH JUCTaJHUTE U306paxenus Ha CO,
Ha JIOJITHUTE KPalHHULM Ca CUJIHO MOBJUSAHU OT ap-
TedaKT Ha JBIXKEHUE NPU HECHTPYAHUYEll] Hal-
€HT, KOUTO U3MKUTBA JUCKOMQOPT B KpalHUIUTE MO
BpeMe Ha UHXKeKTHpaHe. Helljo noBeye, mosiBaTa Ha
pecnupaTopHa Jelpecysi UIU XUIIOTOHUS — U JIBeTe
Ba)KeH MPU3HAK Ha 3aM'bpCsiBaHe Ha Bb3/lyXa, MOXe
Jla ce 00bpKa ¢ HeGJIAronpusTHU epeKTH OT J'bJI-
60Ka cbh3HaTesHa cefanus. [[py nauneHT, KOUTO He
CBTPYAHUYH, OOIIAaTa aHEeCTe3usl MOHSKOra MoOXe
Jla 6'b/le o-6e30nacHa U no-1esecbobpasHa [4, 9].

[lnaTrdopmu u TexHUKa 3a AOCTABKA

HecbMHeHO e HE06XOAUMO Ja ce mpueMar Jj0-
6pe fedUHUPAHU CTAaHJAPTH 3a TOKA3aHUATA, Me-
TOJWTE Ha ynoTpeba, BKJIOYUTENHO MIaTGOPMHU
3a JJ0CTaBsIHe, J03MpaHe U CKOPOCT Ha JJOCTaBsIHe,
JIOI'bJIHUTEHA TEXHUKU U NTpe/ilIa3HU MepKH.

Bbnpeku 4e e AOCT'bIIHA IOBEYE OT TPH Jece-
tunetus, CO, anrnorpadusaTa octasa /|0 rojsiMa
CTeleH He CTaHJAApTU3UpaHa AUCLUIJIMHA, HO

>> 8

be used in nonintubated patients with concom-
itant pulmonary disease. Although capnogra-
phy remains underutilized during procedures
performed under conscious sedation, its use is
strongly recommended when large volumes of
CO, are expected or in high-risk patients. Cap-
nography can provide real-time assessment of
ventilation and overall perfusion status, as well
as indications not available with conventional
monitoring tools, such as central hypoventi-
lation, airway obstruction, apnea, and air em-
bolism, thus allowing for timely treatment. In
addition, because CO, elimination is highly de-
pendent on cardiac output, capnography can be
used to monitor malperfusion.

Heavy sedation should be avoided at all costs
during CO, angiography. Patient cooperation in
holding breath is paramount during abdominal
CO, angiography because of the deterioration of
extracted images due to motion artifact. Simi-
larly, distal CO, images of the lower extremities
are highly affected by motion artifact in an unco-
operative patient who experiences limb discom-
fort during injection. Furthermore, the appear-
ance of respiratory depression or hypotension,
both important signs of air pollution, may be
confused with adverse effects of deep conscious
sedation. In an uncooperative patient, general
anesthesia may sometimes be safer and more

appropriate [4, 9].

Delivery Platforms and Techniques

There is a clear need to adopt well-defined
standards for indications, methods of use, in-
cluding delivery platforms, dosage and rate of
delivery, additional techniques, and precau-
tions.

Although available for more than three de-
cades, CO, angiography remains a largely un-
standardized discipline, with general well-ac-



MMa 061M A06pe MpUeTH NMPUHLIUIM B 3aBUCH-
MOCT OT KOHKPETHOTO MPUJIOKEHHE.

* KosimyecTtBo Ha u3moJsi3BaH ras: Hampu-
Mep 06HKHOBEHO ce U3MCKBAT I10-T0JIEMU 06eMU
CO, B ciyyau, mp¥ KOUTO TpsibBa /ia ce U3MECTH
N0-roJisiM 06eM Kp'bB, KaTo LieHTpa/iHa BeHOrpa-
¢usa unum aoptHo uszobpassBane (30-60 mL), B
cpaBHeHMe ¢ POKyCHpaHO U306pa3siBaHe Ha e[iuH
CBh/IOB CErMEeHT, KaTO HanmpuMmep OGbOpedyHa WU
¢demopononinTeasHa apTepusi, KbAETO 0OGUKHO-
BEHO e jocTaTbhyeH o6eM ot 10 go 15 ml.

— Ckopocmma Ha uHM3ceKmupaHe e Apyra npo-
MEHJINBA, KOSATO TpsbBa Aa 6bJe cbobpaseHa C
PUJIOKEHUETO.

— BakHa e cb10 Taka ¥ no3uyusima Ha nayu-
eHma.

— floneaHumeaHu NO3UYUOHHU MAHe8pU, KOUTO
MorarT Jja ce U3M0J13BaT 3a NoL06psiBaHe Ha 3aI'bJI-
BAHETO Ha MPULEJTHUS CbJIOB CETMEHT. B To3u ciy-
Yall MJaBaeMoCTTa 4eCTO MOXe Ja O'bJie U3rofHa
3a U306passiBaHe Ha KJIOHOBE, IPOU3XOK/AIILU OT
IpejHaTa MOBBPXHOCT HAa aopTaTa, KaTO rOpHa-
Ta Me3eHTepHaHa U TPYHKYC LieJIMaKyC, KOUTO ce
u3obpassaBar ¢ Maiku obemu CO,. Bbnpeku ToBa
TEOPEeTUYHO e HebJIaronprsTHO 3a 3a/lHUTE Ch/I0-
Be KaTo JigBaTa O'bOpevyHa W BbTpelIHaTa WUIrad-
Ha apTepus. ToBa CBOMCTBO Ha ra3a 0OMKHOBEHO €
HEeCBbLIECTBEHO, KOTaTO Ch/'bT, KOUTO TpsiOBa Jia ce
n306pasy, e ¢ JuaMeTsp < 10 mm, ThH KaTo ra3o-
BUTe MexypyeTa ca CKJIOHHH Jla U3MeCcTBaT KPbBTa
B > 80% oT siyMeHa. Belipeku TOBa, KOraTo ce UH-
»KEKTHpa B roJIIM CbJ, KaTO aopTaTa WM J0JIHATa
npasHa BeHa (IVC), mexypst CO, nuiaBa 1o npejHa
MOBBPXHOCT HAa Ch/3, C HEMbJIHO U3MeCTBaHE Ha
KpbBTa 10 NMpOTeXeHHe Ha 3a/HaTta 4acT. Korato
TOBA Ce C/Iy4H, BbPTEHETO Ha MacaTa, HaKJIaHsIHe-
TO WY NIOBTOPHOTO NO3UIIMOHMpPaHe Ha NalkeHTa
ca epeKTUBHU MaHEBPHU, U3MOJI3BAHU 32 M0/[00ps-
BaHe Ha 3aIl'b/JIBAHETO Ha 33JHUTe KJIOHOBe. Ha-
NpUMep, aKo ra3bT He ycree Jia U3I'bJHU J00pe
O0bOpevYHaTa apTEPHS B JIETHAJIO TOJIOXKEHHE, MALU-
eHTBT WM aHThorpadckaTa Maca ce 3aBbpTaT, Koe-
TO [103BOJISIBA 110-106p0 M306passiBaHe. AKO U CJle[,
TaK'bB NOAX0J GbOpeyHaTa apTepus OCTaHe Hes3a-
I'bJIHEHA, MOXKe J1a ce peJipyueMe KaTeTepr3alus
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cepted principles depending on the specific
application.

* Amount of gas used: For example, larger
volumes of CO, are typically required in cases
where a larger volume of blood must be displaced,
such as central venography or aortic imaging
(30-60 mL), compared to focused imaging of
a single vascular segment, such as the renal or
femoropopliteal artery, where a volume of 10 to
15 mL is usually sufficient.

— The injection rate is another variable that
must be tailored to the application.

— The patient’s position is also important.

— Additional positional maneuvers that can
be used to improve filling of the target vascular
segment. In this case, buoyancy can often be
advantageous for imaging branches originating
from the anterior surface of the aorta, such as
the superior mesenteric and ciliary trunks,
which are imaged with small volumes of CO,.
However, it is theoretically disadvantageous
for posterior vessels such as the left renal and
internal iliac arteries. This property of the gas
is usually insignificant when the vessel to be
imaged is < 10 mm in diameter, as gas bubbles
tend to displace blood in > 80% of the lumen.
However, when injected into a large vessel,
such as the aorta or inferior vena cava (IVC),
the CO, bubble flows along the anterior surface
of the vessel, with incomplete displacement of
blood along the posterior aspect. When this
occurs, table rotation, tilting, or repositioning
of the patient are effective maneuvers used to
improve filling of the posterior branches. For
example, if the gas fails to fill the renal artery
well in the supine position, the patient or
angiographic table is rotated, allowing better
imaging. If the renal artery remains unfilled

after this approach, catheterization of the
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Ha apTepusTa U CeJeKTUBHO WH)XEKTHUPaHe CbC
CrellMa/IHU KaTeTpU. 3a noJ06psiBaHe Ha BU3yaJll-
3alMATa Ha CbJj0BETE M0J] KOJITHOTO, KOUTO MOTraT
Jla 6'b/1aT HEONITUMAJIHO BU3yaJIM3UPAHH B JIETHAJIO
MOJIO}KEHNE HAaK/IaHSIHETO Ha MacaTa B MO3ULUs Ha
Trendelenburg iy noBaUraHeTo Ha OJHUS KpaK-
HUK OT 15° 1o 20° Moxke Jja onTUMU3Upa uHpare-
HUKYJIATHOTO JAUCTAJIHO 3aI'bJIBAHE.

* KaTeTrsbp 3a gocraBka - T'bil kKaTo e oTpu-
LaTesieH KOHTPACT, JOCTAaBAHETO 4Ype3 KaTeTbp
paboTu Hail-fo6pe 3a MUHUMHU3WpPaHE Ha JAUC-
nepcusTa Ha CO, npu 60/1yCHO NpuUJIoKeHue. Bb-
IpeK’ TOBa MOXe Jla Ce U3I0JI13Ba BCEKU JIYMEH,
6uJI0 TO WIJIA, KaHI0JIA, KaTeTbp, Je3uje WIU
JIOPM MHUHUMAJHOTO MPOCTPAaHCTBO MeXJy BO-
Jlaya ¥ KareTbpa. OnepaTopbT TpsAOBa /1a B3eMe
npejBu/ Hy>kHUsA 06eM Ha CO,, o6eMa Ha KpbBTa,
KOsITO TpsiGBa /la 6'b/le U3MECTeHa, U IocoKaTa U
X0/la Ha OTAeJSIIUTEe Ce a0OPTHU KJIOHOBe. Te3u
daxTopu onpesenaT HeOOX0AUMOCTTA OT BbpTe-
He Ha TSJIOTO Ha NaLMeHTa WM MacaTa, HakJia-
HsIHe Ha MacaTa, No3UIlMoOHupaHe Ha C-paMoTO U
HE06X0MMOCTTA OT JOM'bJHUTEHN MaHEBPH 3a

nofo6psiBaHe HAa BU3yaJU3aLUsATa.

artery and selective injection with special
catheters can be undertaken. To improve
visualization of vessels below the knee, which
may be suboptimally visualized in the supine
position, tilting the table to Trendelenburg or
elevating the lower extremity 15° to 20° may
optimize infrageniculate distal filling.

* Delivery Catheter - As a negative contrast,
delivery via catheter works best to minimize
dispersion of carbon dioxide during bolus
administration. However, any lumen can be used,
be it a needle, cannula, catheter, desile, or even
the minimal space between the guidewire and
the catheter. The operator must consider the
volume of CO, required, the volume of blood to
be displaced, and the direction and course of the
aortic branches being delivered. These factors
determine the need for rotation of the patient or
table, tilting of the table, positioning of the C-arm,
and the need for additional maneuvers to improve

visualization.

®ur. 1. A) Anruorpama c CO, ¢ 4 Fr
KaTeTbp, NO3ULIMOHHUPAH B JidBATa
aprepus profunda femoris, nokassa
Bb3CTAaHOBSIBaHe Ha IOJKOJIEHHA-
Ta TpUPypKalys 4pe3 KoJaTepaau
Npy HaJIU4YMe Ha ITbJHA O6JIUTe-
panusi Ha NOJAKOJIEHHATa apTepws.
BropaTa CHHMMKa NOKa3Ba HEONTH-
MaJIHO M306pa3siBaHe Ha TUOUATHU
aprepuy; B) EneBanus Ha kpaka [Jj0
20° ¢ moMo1Ta Ha JBe Bb3TJIaBHU-
[[M [03BOJISIBA OTVIMYHO 3all'bJIBaHE
Ha MO/KOJIEHHUTE CBJ0BE, KaToO 10
TO3U HAYMH JIeMOHCTPHUPA OCHLIECT-
BHMOCTTAa Ha JWCTaJiHa 6GaWmnacHa
NpHCa/iKa 3a peBacKylapu3arus

Fig. 1. A) CO, angiogram with a 4
Fr catheter positioned in the left
profunda femoris artery shows res-
toration of the popliteal trifurcation
by collaterals in the presence of

complete popliteal artery obliteration. The second image shows suboptimal imaging of the tibial arteries; B) Elevation of the
leg to 20° using two pillows allows excellent filling of the popliteal vessels, thus demonstrating the feasibility of a distal bypass

graft for revascularization

>> 10
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dur. 2. BusioBe KaTeTpH, U3M0JI3BaHU B IPAKTUKATa Ha CbBPEMEHHMU Ch/I0B XUPYypr: A) bropedeH Bosel] KaTeTbp € BOMHA

M3BUBKA U HE3a0CTPEH BP'bX (CTpeJiKa) C MbPBUYHM (6s1/1a CTpeJsika) ¥ BTOPUYHU U3BHUBKH (K'bJITA U3BUTA CcTpeJsika). B) Ba-

JIOHEH KaTeTbp ¢ Bozay. [[puTekaBa JiBa iyMeHa, CTpaHUY€eH NMOPT (3K'bJITA CTPeJiKa) 32 MHQJIaTOp Ha 6aJIOHa U BrpajJieH NopT

(cTpesika) 3a Bojava. bsisiaTa cTpesika mokasBa BbpXa Ha KaTeT'bpa C U3MyCHAT GaJIoH

Fig. 2. Types of catheters used in the practice of the modern vascular surgeon: A) Renal guiding catheter with double bend and
blunt tip (arrow) with primary (white arrow) and secondary bends (yellow curved arrow); B) Balloon catheter with guidewire.
It has two lumens, a side port (yellow arrow) for balloon inflator and an integrated port (arrow) for guidewire. The white arrow

shows the tip of the catheter with the balloon deflated

* Anapartypa ¥ o6opyaBaHe - OmnepalyoH-
HHATe Ha OTAeJieHHe IO CbJ0Ba XUPYyprus KbM
MBAJI ,Cbpiie ¥ MO3BK", ca 060pyABAaHU C AH2U-
dpoud - xomnwTbpusupad CO, MHMKEKTOp OT
HOBO IIOKOJIEHUE, KOWTO e HaJieX/leH, yHHUBepca-
JIeH U1 JIeCeH 3a U3I0JI3BaHe. Y0OHUAT 3a NOoTpe-
6uTesisi UHTepdelic Ha UHXKEKTOopa M03BOJISIBA
Ha omepaTopuTe Ja M3I0JI3BAT MpeBapUTETHO
3aJlaleHd NapaMeTpH, Ja 3amnasBaT lepcoHa/u-
3MpaHX HACTPOMKH U Ja U3M0J3BaT QyHKLUATA
3a 6'bp30 aBTOMATHUYHO NIpe3apex/aHe 3a 6'bp3Hy,
30-ceKyHJHU LUKJIU Ha UHXEKTHUpaHe. YCTPOu-

* Equipment and facilities - The operat-
ing rooms of the Vascular Surgery Department
at the “Heart and Brain" Hospital are equipped
with Anhydroid - a new generation computer-
ized CO, injector that is reliable, versatile and
easy to use. The injector’s user-friendly inter-
face allows operators to use preset parame-
ters, save personalized settings and use the
fast automatic refill function for fast, 30-sec-
ond injection cycles. The device calculates the
amount of gas that needs to be injected into

®ur. 3. CO, MHXKEKTOP —~ aHTUAPOU/

Fig 3. CO, injector - Angiodroid
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CTBOTO M3YUCJAABA KOJUYECTBOTO Tras3, KOETO
TpsibBa Jja ce UHXEKTHUpPA B CbJla U CbOTBETHO
M3B'bpLIBA aBTOMATHUYHA all/IMKaLlMs, IPOBepsBa
uyucrorata Ha CO, W onpejiessa foCcTaBeHUs1 06eM
Y HaJISITaHeTOo Ha BIpPbCcKBaHe. ToBa BUCOKO HHUBO
Ha aBTOMAaTH3alUs JaBa M3BeCTHa Jl03a KOM-
dopT Ha HalIUTe XMPYP3H, IOBULIABANHKHU 061L1a-
Ta eGeKTUBHOCT NPU U3BBbPIIBAHE HA CJAOXKHHU U
npoJb/kuTenHU onepauun kato EVAR u FEVAR.

IlokazaHusa ¥ IpeguMCTBA

OcHoBHOTO MpeanMcTBO Ha CO, KaTO KOHTpAc-
TEH areHT e JIMIicaTa Ha 6'bOpeyHa TOKCUYHOCT U
aHaduakTH4eH OTroBop. CJieloBaTeSHO TOU e
NpeANoYNTaHUAT aJlTepHATHBEH KOHTpACTEH ar-
€HT MPU MallUeHTH ¢ 6'bOpeyHa HeIOCTaTbYHOCT U
azieprusi KbM KoHTpacra. Tt kaTo CO, ce enuMu-
HUpa OT 6esinTe IPpo6OBE C eJHO MPEMHUHABAHE, MO-
raT Jia ce U3M0J13BaT HEOTPaHUYEeHH KOJINYeCTBa.

LlesIUAT cneKThbp OT eHJ0BAaCKyJlapHU UHTEp-
BEHI[UU MOXe Jla O'bJle U3B'bPIlEH, BKAYHUTETHO
6a/IOHHA aHT'MOIJIACTHKA, CTEHTHUPAHe, aTePEKTO-
MHUS U BCEKU APYT BUJ, UHTEPBEHIMs, U3UCKBALA
HMHTPaBaCKy/JapHO JYMHUHAJIHO H306pa3siBaHe.

Bu3yaiuzayus Ha Kosiamepa/HUu Nsmuuya.
BaxkeH KOMIIOHEHT OT aHruorpadckara oleHKa
Ipy apTepyuaHa U BEHO3HA OKJIy3UBHA OOJIECT.
OcBeH TOBa CerMeHTH, AUCTAJHO OT I'bJHH OK-
JIy3UH, ChIIO MoOrar Aa 0'bJjaT BU3yaJU3UPaHH,
KOeTO M03BoJIsIBA N0-400pa OlleHKa Ha ONLUUTE
3a peBacKyJiapysalus.

Benozpagus. ColicTBaTa Ha CO, C HUCBHK BHUC-
KO3UTET, HECMEeCBaHe U U3MeCTBaHe Ha TEYHOCTHU
MI03BOJISIBAT JIECHO U 6e30MacHO J0CTaBsiHE Ha
roJisiM Hepaspe/ieH 60J1yc, KOeTOo 03BOJIsIBA SICHA
BU3ya/IM3alis Ha LEeHTpPaJHUTEe BEHU C COJIAM
KalalMTeT, 10 HayWH, MPEBb3X0XKAAl] HOA0CH-
JbprKaluTe BellecTBa. [[py Ha/MuMe Ha TOTa/THA
IeHTpasiHa BeHo3Ha okJy3us CO, JIeCHO [1eMOH-
CTpUpa ABYCTPAHHU KoJlaTepa/lHU M'bTUIA OT
TOYKaTa Ha MHKEKTHUpPaHe U 03B0JIsiBa BU3yaJlU-
3alusd Ha JJUCTAJTHUTE ChJOBU CETMEHTH OTBB]
okaysusaTa. [lepudepHaTa BeHorpadus Moxe
JIECHO [Jla Ce U3BbPUIY Ype3 MaJiKa UIJia, IocTaBe-
Ha B nepudepHa BeHa.
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the vessel and accordingly performs automat-
ic application, checks the purity of the CO, and
determines the delivered volume and injection
pressure. This high level of automation gives a
certain amount of comfort to our surgeons, in-
creasing the overall efficiency when perform-
ing complex and lengthy operations such as
EVAR and FEVAR.

Indications and advantages

The main advantage of CO, as a contrast agent
is the lack of renal toxicity and anaphylactic re-
sponse. Therefore, it is the preferred alternative
contrast agent in patients with renal failure and
allergy to contrast. Since CO, is eliminated from
the lungs in a single pass, unlimited quantities can
be used.

The entire spectrum of endovascular interven-
tions can be performed, including balloon angio-
plasty, stenting, atherectomy, and any other type
of intervention requiring intravascular luminal
imaging.

Visualization of collateral pathways. An im-
portant component of angiographic evaluation in
arterial and venous occlusive disease. In addition,
segments distal to complete occlusions can also
be visualized, allowing better evaluation of revas-
cularization options.

Venography. The low viscosity, non-mixing,
and fluid-displacing properties of CO, allow for
easy and safe delivery of a large undiluted bo-
lus, allowing clear visualization of high-capacity
central veins in a manner superior to ICM. In the
presence of total central venous occlusion, CO,
readily demonstrates bilateral collateral path-
ways from the injection site and allows visual-
ization of distal vascular segments beyond the
occlusion. Peripheral venography can be easily
performed through a small needle inserted into

a peripheral vein.



EVAR. Bedye uma JloCTaTbYHO J0Ka3aTeJICTBA,
4e CO, Moxe Jja ce M3M0JI3Ba KATO OCHOBEH KOH-
TpacTeH areHT no BpeMe Ha EVAR, koeTo no3Bo-
JsiBa > 80% HaMaJ/ileHHe Ha U3M0JI3BAaHOTO KOJIU-
decTBO #oz. [lpuiaranero Ha CO, KaTO OCHOBEH
ob6paseH MeTo/; 1o BpeMe Ha EVAR Ha pynTypupa-
Ja AAA cbiio e gokJaaBaHo. B JjonbaHeHHE KBM
Juncata Ha HedportokcuyHoct, CO, mpejJara
peula YHUKAJHUA NpPeJUMCTBa, BKJIIOUYUTETHO
OTJIMYHO 3all’bJIBaHe HA G'bOPEYHUTE U Me3eHTe-
pUaJIHUTE KJIOHOBE, JOPU NMPU NALlUEHTH C LUP-
KyJlaTopeH KoJjianc. Ilpyu xeMojWHaMU4YHO Hec-
TabuyHa pyntypa Ha AAA, Kb/JleTo e pasrbpHaAT
MPOKCHMaJieH OKJIY3UOHEeH 6aJsioH, Ta3bT MOXe
JIECHO Jla Ce MPUJIOKHU Mpe3 CTPaHUYHOTO paMo
Ha Jle3UJIeTo, 3a /ia HalpaBJisiBa TOYHOTO MO3HU-
LIMOHUpPAHE Ha eHJlonpoTe3aTa.

KoHTpanHaukanum

CO, He TpsAGBa /1a Ce U3M0JI3Ba KaTO KOHTPAcTeH
areHT 3a U306pa3siBaHe Ha IPbJHATA A0PTa, KOPO-
HapHU apTepyuyd W MO3BYHOTO KpPBBOOOpAIeHHEe

opagn HeroBaTa IMOTE€HLIWMa/IHA HEBPOTOKCUIHOCT
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EVAR. There is now ample evidence that
CO, can be used as the primary contrast agent
during EVAR, allowing for a > 80% reduction
in the amount of ICM used. The use of CO, as
the primary imaging modality during EVAR
of ruptured AAA has also been reported. In
addition to the lack of nephrotoxicity, CO, of-
fers a number of unique advantages, including
excellent filling of the renal and mesenteric
branches, even in patients with circulatory col-
lapse. In hemodynamically unstable ruptured
AAA where a proximal occlusion balloon is de-
ployed, gas can be easily administered through
the lateral arm of the stent to guide precise po-
sitioning of the stent.

Contraindications

CO, should not be used as a contrast agent
for imaging the thoracic aorta, coronary arter-
ies, and cerebral circulation due to its potential
neurotoxicity and gas embolism of the coronary

®ur. 4. CesexTrBHa anruorpama ¢ CO, Ha JIAB [0JIeH KPalHUK NPU MalUeHT C XPOHUYHO 6b6peuHo 3abossBane (CKD) u
elMHHWYEeH G'bOpeK ¢ He3apacTBallja paHa Ha 5-U NP'bCT Ha JISABO cT'hlaso: A) 3abessa3Ba ce dokanmHa OKIy3us Ha a. femoralis
superficialis; B) JleausiTa ce npeMuHaBa U ce noctass cTeHT. Camo 5 mL pa3pejeHa Hoaupana koHTpacTHa cpeja (ICM) ca
M3I10/13BaHU 38 KOHTPOJIHA aHruorpadusi. OT6ess3Ba ce no-06paTa BU3yanusalys Ha eleMeHTUTe Ha cTeHTa npu CO, aHru-
orpadus 1opajiu no-HUcKaTa pauonIbTHOCT Ha CO,

Fig. 4. Selective carbon dioxide (CO,) angiogram of the left lower extremity in a patient with chronic kidney disease (CKD) and a
solitary kidney with a left toe ulcer. A) Focal occlusion of the superficial femoral artery is noted; B) The lesion is transected and
a stent is placed. Only 5 mL of diluted iodinated contrast medium (ICM) is used for control angiography. Better visualization of
the stent elements is noted with CO, angiography due to the lower radiodensity of CO,
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Y ra3oBa eM00JIMA Ha KOpOHApHUTe apTepyH, Npu-
YHHsIBallla MUOKapiHa ucxeMust. KiMHU4HO ce cpe-
AT NPUNaAbIM U 3ary6a Ha Cb3HaHue, koraTo CO,
nonaja B rpbJiHaTa aopTa U LepebpaiHaTa LUPKY-
Jlauys cJiefi MHKeKTHpaHe B 6paxuaaHaTa apTepusl.

Tvii xato CO, e oTpulaTe/JeH KOHTpacTeH
areHT, 1306pa3eH c MOMOIITa Ha TexHUKaTa DSA,
rasoBeTe B YepBaTa M NepUCTAITUKATA, KAaKTO U
Jpyryd [BWKeHHS BJOlIaBaT HU3006pakeHUsITa.
[lnaBaemoctTa Ha CO, NPUYUHABA HEI'BJIHO 3a-
II'bJIBaHe Ha CbJl0BeTe B 3aBUCUMOCT OT pa3Me-
pa Ha c’b/Jla ¥ MECTOIOJIOKEHUETO Ha 30HaTa Ha
UHTepec.

[Ipu n3o6passiBaHe Ha Juaju3Ha UCTyIA U
npucajKa, TpsA6Ba Aa ce UHXKeKTUPa BbB BEHO3-
HUS Kpall Ha pucajikaTa uiu ¢ucTysiaTa i, 3a Ja
ce MpelOTBpPaTH 06paTeH TOK Ha rasa B 6paxuaJ-
HUTe U Cy6KJaBuasHuTe apTepuu. CO, He Tps6-
Ba /la Ce MHXKEeKTHpa B KOpeMHaTa aopTa, KoraTo
rJlaBaTa Ha NalMeHTa e B MIOBJWIHaTa MOo3ULKH,
T'bU KaTo ra3’bT MOXe /la Teye B [10COKa, 06paTHa
Ha Kp'bBHUS IOTOK, 0COGEHO NMPU XUIOMJIACTUYHA
aopTa Ipu JeLa.

PE3YJITATU

B npoydBaHeTO y4YacTBaT MALlMEHTH OT 64 T.
o 81 r. KaTo ABaMa OT TAX €a )KeHU U YeTUpUMa
- MbKe. BcHYKM manyeHTH ca JUarHOCTULIMpPaHU
CbC 3HAaYUMHU Cb/I0BU 3a00/I1BaHUSA , BKIIOYUTEI-
HO U CbC CBI'BTCTBALM 3a00JsIBaHUS, Hasara-
1wy usnos3Banero Ha CO, uTpaonepaTuBHa aH-
ruorpadus 3a HW3BbPIUBAHE HAa AHTUOIJIACTHUKA
WJIM CTEHTUpPaHe Ha nepudepHU CbAOBE U eJUH
oT TAX nokasaH 3a EVAR. Bcuuku npouenypu ca
WM3BbPLUIEHHW C MeCTHa YNOWKa Ha MSACTOTO Ha
NYHKLHUOHHUSA AOCTDBII UM CIMHA/IHA aHeCTe3usd
npu no-komiiekcHuss EVAR. KninHuaHuTe Xapak-
TEPUCTUKHU Ha MaljMeHTHTe ca MpeJCcTaBeHU Ha
Ta6J1. 1. Ha TabJ1. 2 e npe/icTaBeHO Bb3/eiicTBUeE-
TO Ha NpoleAypaTa BbpPXy Jab0OpaTOPHUTE U3-
cleJiBaHMA Ha NalMeHTa

BcuYkM nanyeHTH, ydyacTBajJu B MU3C/e[Ba-
HeTO, Ca NpeThbpIliesd eHJ0BACKYyJapHO JiedeHue
€ abCoJIIOTEH yCllexX U MUHUMMAaJIHO NOBJIMAHU Ja-
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arteries causing myocardial ischemia. Clinical-
ly, seizures and loss of consciousness have oc-
curred when CO, enters the thoracic aorta and
cerebral circulation after injection into the bra-
chial artery.

Since CO, is a negative contrast agent imaged
using the DSA technique, intestinal gas and peri-
stalsis, as well as other movements, degrade CO,
images. The buoyancy of CO, causes incomplete
filling of vessels depending on the size of the ves-
sel and the location of the area of interest.

Clinically, seizures and loss of consciousness
have occurred when CO, enters the thoracic aor-
ta and cerebral circulation after injection into the
brachial artery. When imaging a dialysis fistula
and graft, it should be injected into the venous
limb of the graft or fistula and at the arterial anas-
tomosis to prevent gas reflux into the brachial and
subclavian arteries. CO, should not be injected
into the abdominal aorta when the patient’s head
is in an elevated position, as the gas may flow in a
direction opposite to the blood flow, especially in
hypoplastic aorta in children.

RESULTS

The study included patients aged 64 to 81
years, 2 of whom were women and 4 were men.
All patients were diagnosed with significant
vascular disease, including comorbidities re-
quiring the use of CO, intraoperative angiog-
raphy for angioplasty or stenting of peripher-
al vessels, and one of whom was indicated for
EVAR. All procedures were performed with local
anaesthesia at the puncture site or spinal anaes-
thesia for the more complex EVAR. The clinical
characteristics of the patients are presented in
Table 1. Table 2 shows the impact of the proce-
dure on the patient’s laboratory tests.

All patients in the study underwent endo-
vascular treatment with absolute success and

minimally affected laboratory parameters. The
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Ta6auna 1. K1uHuYHY xapakTepucTUKY Ha nanuenTuTe // Table 1. Clinical characteristics of the patients

Ion Brspact OcHOBHa JMarHosa Npuapyxkasaim CnemHOCT Unpuanmy 3a
(ropuHu) 3a60J/1ABaHUS onepanusi
Age . . . N
Gender Gears) Diagnose Accompanying diseases Emergency Indications
Kputnuno
MBbx CZEH%HC AME pexc. u AUE AX, UBC, ucxemnuna KMII [l1aHoB npuemM KJIayAMKallMOHHO
73 cH: pascTosiHMe
Male Stenosis AIE dex. et AIE sin AH, CHD, ischemic CMP Non-emergency Critical claudication.
Creno3uc AUE cuH. TpoMbGo3uc .
M1k xpomika ADC u ATl ci. AX, BH CrelieH npyvem BoJika B mokoi
63
Male Stenosis AIE sin. Thrombosis AH, CKD Emergency Pain in rest
chronica AFS et AP sin .
Tpom603uc xpoHruka APC 3aruBaHe Ha TbKaHU
Mbxk JleKC.; TaHTpeHa AUruTu V WBC, HU33/, AX, UMU CrielieH npuem BCJIe/ICTBUE HApPYILIEHO
67 neJuc Jekc. KpbBOOOpalieHue
Male Thrombosis chronica AFS sin.; | CHD, NIDDM, AH, IS Emergency Tissue necrosis due to
gangrena digiti i V pedis dex. impaired blood circulation
Ctenosuc All u ATII nekc.; 3aruBaHe Ha T'bKaHU
Kena raHrpeHa CUKKa JJUrMTH | AX, 31, UMHU CneuieH npuem BCJIe/ICTBHE HApYILIEHO
81 neiuc JeKc. Kp'bBOOGpalieHne
Female Stenosis AP et ATP dex.; gan- AH, diabetes, IS Emergency Tissue necrosis due to
grena sikka digiti [ pedis dex. impaired blood circulation
KapiiuHoM Ha NMKo4YeH
Mbx - AAA c pynTypa mexyp, AX, moien JIBB CrnewleH npyuem Pyntypupana AAA
Male AAA with rupture Bladder CA, AH, full DBB Emergency Ruptured AAA
Kena Crenosuc All gexc. AX, 31, UMU [lnaHoB npuem HesapacTtBauu panu
81
Female Stenosis AP AH, diabetes, IS Non-emergency Non-healing wounds

AAA - aneBpu3Ma Ha a6goMuHasHa aopTa; All - apTepus nomurtea; AUE - aprepus unuaka ekcrepHa; AOC - aprepust pemo-
pasuc cynepdunuanuc; ATII - aprepus Tubuanuc nocrepuop; AX - aprepuanna xunepronusi; BH - 6b6pedyna HegocTaTby-
HocT; 3/1 - 3axapeH guabet; MU - ncxemuuen mo3bueH nHcyaT; UBC - ncxemuyHa 6ostect Ha cepueto; UKMII - ncxemMmuyHa
kapauomuonarus; JIBb - gecen 6eapen 6s10k; HU33/l - HeMHCY/IMHO3aBUCUM 3axXapeH AuabeTr

AAA - abdominal aortic aneurysm; AP - popliteal artery; AIE - external iliac artery; AFS - superficial femoral artery; ATP
- posterior tibial artery; AH - arterial hypertension; RF - renal failure; DM - diabetes mellitus; IS - ischemic stroke; IHD -
ischemic heart disease; ICMP - ischemic cardiomyopathy; RBB - right bundle branch block; NIDD - Non-insulin-dependent
diabetes mellitus; CHD - chronic heart disease

Ta6suna 2. Br3zelicTBre Ha poneiypaTa BbpPXY J1a60paTOPHUTE U3CJIe/[BaHUS Ha MallMeHTa

Table 2. Presents the impact of the procedure on the patient’s laboratory tests

MamueHT 1 [ManueHT 2 IManueHT 3 MamuenTt 4 |IlamueHT 5 IIanueHT 6
Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6
IMon Kena MBbx Mk Mk Mk Kena
Gender Female Male Male Male Male Female
Bripact (roa) 81 73 63 o 72 81
Age (years)
HspbpieHa onepauus [ITA AIl u ATA [ITA AUE n [ITA AUE, A®C |IITA ADC EBAP AAA [ITA AIl
IeKC A®DC cuH. u All cuH. CHUH. JeKC.
Done procedure PTA AP et ATP PTA AIE et AFS | PTA AIE, AFS PTA AFS sin. | EVAR AAA PTA AP dex.
dex. sin. et AP sin.
[Ipeorn. kpeaTuHuH //
Pre-operative creatinine |383.0 250.0 190.0 264.0 133.0 357.0
umol/1
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IManueHT 1 I[ManueHT 2 IManueHT 3 MamuenTt 4 |IlamueHT 5 I[TaueHT 6
Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6
[Ipeomn. ypea// Pre-
o operative urea 23.3 14.6 16.2 17.5 7.9 25.6
E mmol/]
=
z peon. eGER /7 9 21 32 21 46 10
“E’ Pre-operative eGFR
q Ipeon. HGE // Pre- 75.0 112.0 142.0 148.0 98.0 85.0
2 operative HGB g/1
= [locTon. kpeaTuHuH //
O Post-operative 367.0 216.0 237.0 252.0 117.0 332.0
=t creatinine umol/1
E [loctomn. ypea //
:T Post-operative urea 22.8 12.0 18.8 15.5 7.0 24.3
? mmol/]
< Iloct-om. eGFR //
Post-operative eGFR 9 21 24 18 53 10
ml/min
flocron. HIGE /7 Post- | gg 109.0 137.0 135.0 92.0 94.0
operative HGB g/1

GopaTopHU MoKasaTesu. OnepauuTe ca U3BbP-
IIeH! MO/ JIOKaJIHa UHQUITPAITMOHHA UJIU CITH-
HaJTHa aHecTe3us, 6e3 ciefonepaTUBeH ePeKT OT
o0Illa BeHO3Ha aHecTe3us. HsiMa GOJIKOB CHH]-
POM U HYXJla OT Ha3HayaBaHe Ha aHTUOWOTHY-
Ha Tepanus. [lopagu MUHHMaJHO WHBa3WBHATAa
TeXHUKA CJieJIoNepaTUBHUS MePUOJT TPU BCUYKHU
GOJIHU MPOTeYe TJIaJIKO, MPU pecrnupaTopHa U xe-
MOJHMHAMH4YHa cTabuJHOCT. Olle Ha cjejBalivs
JleH MalMeHTHUTe ca pa3/iBYKeH! 06e3 3HAUYMTeJI-
Ha [OMOIII, o/, Ha6JIIoieHHe Ha PeXaObUJIUTaTOpP.

OBCBXIAAHE

Koraro CO, ce u3nosi3Ba KaTo KOHTPACTEH ar-
€HT 3a JUTUTA/JHO U306pakeHUe, KPbBTa B ChJa
ce M3MeCTBa OT TO3M ras. MogupaHuaT KOHTpac-
TeH MaTepHaJl, OT jpyra CTpaHa, ce CMecBa C KPbB-
Ta. He e U3BecTeH pUcCK OT ajieprus uiu 6bopeyHa
TokcuyHocT ot CO,. TosemMu KosM4yecTBa Morar
Ja 6bJjaT MHXeKTUpaHu B 60.1yc 10 60 ml. CO, ce
pa3TBapsi B KpbBTa MOYTH 23 I'bTH N0-6bpP30 OT
kucaopoja npu 35° C ¥ ce eTMMUHMUPA OT OeJiuTe
JIpo60Be C e/JHO MpeMUHaBaHe. T'bi KaTO ras3bT e
IJ1aBall, U300paXKeHUsITa MoraT Jila 6’b4aT Moj0-
O6peHU Ype3 NpeMecTBaHE Ha Cb/0BE, KOUTO NpeJ-
CTaBJISIBAT UHTEpeC. YC/I0KHEHUSATa NMPU UHTpa-
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operations were performed under local infil-
trational or spinal anaesthesia, without post-
operative effects of general venous anaesthesia.
There were no pain syndrome and no need for
antibiotic therapy. Due to the minimally inva-
sive technique, the postoperative period in all
patients proceeded smoothly, with respiratory
and hemodynamic stability. The next day, the
patients were put on feet without significant as-
sistance, under the supervision of a rehabilita-
tion therapist.

DISCUSSION

When CO, is used as a contrast agent for digi-
tal imaging, the blood in the vessel is displaced by
this gas; iodinated contrast material, on the oth-
er hand, mixes with the blood. There is no known
risk of allergy or renal toxicity from CO,. Large
amounts can be injected in a bolus of up to 60 ml.
CO, dissolves in the blood almost 23 times faster
than oxygen at 35° C and is eliminated from the
lungs in a single pass. Since the gas is buoyant, im-
ages can be improved by moving vessels of inter-

est. Complications with intravascular injection of



BaCKy/lapHO UHxeKTHhpaHe Ha CO2 ca penku npu
Cra3BaHe HAa OCHOBHUTE MPUHIUIIY HA TEXHUKATA.
CpaBHeHHMETO Ha HalUWTe U3CJIeIBaHUSA C JaH-
HU, NyO6JUKYBaHU B YTBBPJEHU MEXAYHAPOJHU
HM3TOYHUIY 0YEPTaBa ICHO, Ye MPOYyYBAHETO HU He
€aMo € B CbOTBETCTBUE C HATPYyNaHUsl HayuyeH KOH-
ceHcyc OTHOCHO poJisita Ha CO, aHruorpadusTa,
HO U JIONIPUHACH C YHUKa/IHa IepCNeKTUBA, U3BJle-
YyeHa OT pealHU KJIWHUYHU YCa0BUs B bbiarapusi.
ToBa mpaBu HacToOsIATa CTATHS Ba)KHA KAaKTO OT
NpaKTUYeCKa, TaKa U OT Hay4yHa IJieiHa TOUKa.

MHOTO OT KJ/IIOYOBHUTE MyOJUKALMU — KaTO
Te3u Ha Caridi et al. (2002), Cho et al. (2016),
Criado et al. (2003) u cucTeMaTUYHUSA Nperyie] Ha
McCullough et al. (2020) - ce dokycupaT BBPXY
0606111aBaHe Ha PU3NKOXUMUYHUTE CBOMCTBA Ha
CO,, HeroBuTe GU3UOJOTUYHU ePEKTH, METOLO-
JIOTHSATA Ha IPUJIOKEHUE U PUCKA OT YCJI0KHEHMUS.
Tesu aBTOpH moAuYepTaBaT YHUBEPCAJHUTE Ipe-
aumcTBa Ha CO, KaTo KOHTpACcTHA MaTepus MpH
NalMeHTH C XPOHUYHA 6'bOpeyHa HEJJOCTAaTBYHOCT
(XBH) wmiu c aneprusi KbM HOJHU KOHTPACTHU
cpeacTBa. [Ipy BcuukHU TAX ce Hab/110/jaBa KOHCEH-
CyC OTHOCHO 6€30MacHOCTTA U epeKTUBHOCTTA Ha
CO; B MHTEpBEHLIMOHAIIHATA Ch/I0Ba NPaKTHKa.

OT Ta3u rjieiHa TOYKA CTATUATA NOTBBbPXK/A-
Ba JIOCETAIHUTE JJaHHHU, HO U HAJrPaX/1a C HOB,
NpaKTUYEeCKH U JIOKaJIM3UpaH NPUHOC:

1. ®oKyc BbpXy BUCOKOPUCKOBHY NMALMEHTH.
[IpoyyBaHeTO mpefcTaBs cepus OT CAy4yau C Ma-
uueHTH B IV craguit Ha XbBH ¥ MHOXXeCTBO ChIT'bT-
CTBAlIM 3a60J1BaHuA (ArabeT, UCXeMHUYHA 60J1eCT
Ha CcbpleTo, nepudepHa apTepruasiHa 60jecT), Ipu
KOUTO H3n0Js13BaHeTO Ha CO, e He MpOCTO aiTep-
HATHBA, a ’KU3HEHO He06X0AuMa CTpaTerusl, u3-
6srBauia JOMbJHUTENTHO OBOPEUYHO YBpEXK/AHE.
Tora cbBIazga c koHcTaTanuuTe Ha McCullough et
al,, kouTo nokasBar, 4e u3noJizBaHeTo Ha CO, Bogu
J10 3HAYUTEJIHO MO-HUCHK PUCK OT KOHTPACT-UH-
aynypaHa HedppomnaTtus (CIN).

2. lloguepTaBaHe Ha 0GPA3HOTO Ka4eCTBO
U AUATHOCTHUYHA CTOMHOCT. [lomo6Ho Ha Criado
et al,, ce oTunuTa MHOro A06pa BU3yaau3alys Ha
CbAOBU CTPYKTYPH, BKJIOYHUTEJHO NPU MalH-
€HTU CbC CJ0XHa aHatoMmus. [locoyBaT ce KOH-
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CO, are rare when the basic principles of the tech-
nique are followed.

A comparison of the Bulgarian publication
under review with established international
sources clearly outlines that the article is not
only in line with the accumulated scientific con-
sensus on the role of CO, angiography, but also
contributes a unique perspective drawn from
real clinical settings in Bulgaria. This makes it
important from both a practical and a scientific
perspective.

Many of the key publications - such as those
by Caridi et al. (2002), Cho et al. (2016), Criado
et al. (2003) and the systematic review by Mc-
Cullough et al. (2020) - focus on summarizing
the physicochemical properties of CO,, its phys-
iological effects, the methodology of administra-
tion and the risk of complications. These authors
emphasize the universal advantages of CO; as a
contrast agent in patients with chronic renal fail-
ure (CKD) or with allergy to iodinated contrast
agents. In all of them, there is a consensus on the
safety and effectiveness of CO, in interventional
vascular practice.

From this perspective, the article confirms the
previous data, but also builds on it with new, prac-
tical and localized contributions:

1. Focus on high-risk patients: The study
presents a case series with patients with stage IV
CKD and multiple comorbidities (diabetes, isch-
emic heart disease, peripheral arterial disease), in
whom the use of CO, is not just an alternative, but
a vital strategy to avoid further renal damage.
This coincides with the findings of McCullough et
al.,, who showed that the use of CO, leads to a sig-
nificantly lower risk of contrast-induced nephrop-
athy (CIN).

2. Emphasis on image quality and diagnos-
tic value: Like Criado et al., very good visualiza-
tion of vascular structures is reported, including
in patients with complex anatomy. Specific clin-
ical interventions are indicated - such as EVAR,
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KPETHU KJIWHUYHU UHTepBeHUMU - KaTo EVAR,
PTA u GalinacHa xupyprus, npu kouto CO, aH-
ruorpadusTa e 6ujIa OT pellaBallo0 3HAYEHHUE 32
omnepaTUBHUA ycnex. ToBa JonpuHacsad KbM pas-
pacTBalLlOTO Ce JA0Ka3aTeJCTBEHO TAJI0 OTHOCHO
yyBCTBUTEJHOCTTA Ha CO, Mpu AMarHocTUKa Ha
CbJIOBU MATOJIOTMH, 0COGEHO NpPHU NaLUEHTH ChC
CBI'BTCTBALY PUCKOBE.

3. be3 ycinoxHeHus. [lpyu HUTO enuH OT
LIEeCTTe CIy4vast He ca HabJIl0/JaBaHU YCJI0KHEHMUS,
KOEeTO KOpeCNoHJHpa C pe3yJTaTUTe OT MHOTO
[0-roJIEMU MPOYYBAHUS U NMOTBBP¥KAABa 6e30-
NacCHOCTTa Ha MeTo/ia JOPU MPU PBYHO IPUJTIONKeE-
HUe - MPU Clla3BaHe Ha MpaBWUJIHATA TeXHUKA U
nos60p Ha MalueHTa.

4. O6pa3oBaTe/ieH U METOA0JIOTUYEH MPH-
HOC. JloK/1a{bT € HalMucaH N0 Ha4uH, KOUTO CIy-
KM He caMO KaTO HaydeH MaTepuas, HO U KaTo
PBKOBO/ICTBO 32 BbBex/jaHe Ha CO, aHruorpadus
B HOBHU I|eHTpoBe. Upe3 onmucBaHe Ha amapaTypa,
TEeXHUYECKU CTBIKWA U Pe3yJTaTH, HachbpyaBa ce
MYJTHUAUACLUIIMHAPEH MOAXO0J MEXJYy aHTHO0JIO0-
3H, Cb/JJ0BU XUPYP3H, PEHTTEHO0JI03U K HePPOJIO3H.

3AKJ/IIOUEHHUE

CO, Moxe Jja ce M3MOJI3Ba KaTO KOHTPACTHO
BellleCTBO BbB BCUYKH apTepUaHU U BEHO3HU Cb-
JI0Be, C U3KJ/II0OUEHUE Ha TP'b/IHATA a0pTa, KOpOHap-
HUTEe apTepuH U lLiepebpasHaTa uUUpkynagus. Ta
MOXe Ja MpeJIoCTaBU ONTHMaHA WH}opMalus,
Heo6XoZMMa 3a JJUarHOCTHKA U eHJ0BaCKyJapHa
VMHTEepBeHIYs JJOpY MPU MUHUMaJIHA Npejionepa-
THBHA noArotoska. CO, € /INHCTBEHOTO U3BECTHO
6e30MacHO KOHTPACTHO CPeACTBO NMPU NaLUEHTH
C KOHTpPACTHA ajeprus U 6bOpeyHa HeJOCTAThy-
HOCT U MOXe Ja NpeAoTBpaTU HWHAYLUpaHa OT
KoHTpacTa Hepponatus. CO, e 3a mpejrnoYynuTaHe
npyd MHOTO JHWarHOCTUYHU apTepuorpadpCcku u
€H/I0BaCKyJIapHU UHTEPBEHIUH, KOUTO YECTO U3-
WCKBaT roJIEMU KOJIMYECTBA KOHTPACTHO Belle-
ctBo. Pasbupanero Ha cBoiicTBaTta Ha CO, U pas-
paboTBaHETO Ha JIeCHA KaTeTepUu3alysi U TEXHUKU
3a M3006passBaHe ca OT ChILEeCTBEHO 3HAYeHHE B
npaktukaTta Ha CO, anruorpapus. Tekymara Ha-
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PTA and bypass surgery - in which CO, angi-
ography was crucial for surgical success. This
contributes to the growing body of evidence re-
garding the sensitivity of CO, in the diagnosis of
vascular pathologies, especially in patients with
concomitant risks.

3. No complications: No complications were
observed in any of the six cases, which corre-
sponds to the results of much larger studies and
confirms the safety of the method even when ap-
plied manually - when observing the correct tech-
nique and patient selection.

4. Educational and methodological contri-
bution: The report is written in a way that serves
not only as a scientific material, but also as a guide
for the introduction of CO, angiography in new
centers. By describing the equipment, technical
steps and results, a multidisciplinary approach
between angiologists, vascular surgeons, radiolo-

gists and nephrologists is encouraged.

CONCLUSION

CO, angiography can be used as a contrast
agent in all arterial and venous circulations
except the thoracic aorta, coronary artery, and
cerebral circulation. It can provide optimal in-
formation necessary for diagnosis and endovas-
cular intervention even with minimal preoper-
ative preparation. CO, is the only known safe
contrast agent in patients with contrast allergy
and renal insufficiency and can prevent con-
trast-induced nephropathy. CO, is the preferred
agent for many diagnostic arteriographic and
endovascular interventions that often require
large amounts of contrast medium. Understand-
ing the properties of CO, and developing easy

catheterization and imaging techniques are es-



JINYHOCT Ha JIECHU 3a H3I0JI3BaHe, 6e30MacHU U
MPEHOCUMH CUCTEMH 3a JocTaBsaHe Ha CO, Bepo-
SITHO 1lle pa3lIMpH U3M0J3BaHeTO Ha Ta3h MOAAJI-
HOCT JI0pH OTB'bJ, TPAAULMOHHUTE HHAUKALUY 33
6bOpedyHa HEJOCTATBYHOCT U ajieprusi KbM Ho-
JHpaHu KoHTpacTy. ToBa npoy4yBaHe Npes0CTaBs
JlOKa3aTeJICTBA B MOJKpeIa Ha U3NO0JI3BaHETO Ha
CO, anrnorpadus npu nauuenT ¢ [IAB u npuapy-
»KaBallld 3ab60J/11BaHUS, U3UCKBAILM KOHKPETHHUS
nogxo. Kato ce nmaT nmpejiBUJ, NOTEHLUATHUTE
II0JI31 1 MUHUMaJIHUTe PHUCKOBE OT TOBA JOII'bJI-
HEeHUe B UHTpaollepaTHBHATa aHruorpadus, Hue
npegnosiarame, 4e CO, aHruorpadusTa B MOMEHTa
He Ce M3I10JI3Ba JOCTAT'b4HO U TpsA6GBa Jia ce UMa
npe/iBUJ, Ye HaMaJIABa PUCKa OT KOHTPaCT-UHAY-
[[MpaHHU ocTpa 6b6peyHa UHCYPULIMEHIIUS U CbP-
Jle4YHHU YCI0KHEHHUS B Ta3H ys3BUMa MOMyJIaliusl.
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sential in the practice of CO, angiography. The
current availability of easy-to-use, safe, and por-
table CO, delivery systems is likely to expand the
use of this modality even beyond the traditional
indications of renal failure and allergy to iodin-
ated contrast agents. This study provides evi-
dence to support the use of CO, angiography in
patients with PAD and comorbidities requiring
this approach. Given the potential benefits and
minimal risks of this adjunct to intraoperative
angiography, we suggest that CO, angiography
is currently underutilized and should be con-
sidered to reduce the risk of contrast-induced
acute renal failure and cardiac complications in

this vulnerable population.
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COVERED ENDOVASCULAR RECONSTRUCTION OF AORTIC BIFURCATION
INPOLEAYPH B Cb/1I0BATA XUPYPI'A

T. Camapadiicues, H. Kosaes, K. AarekcaHopos, H. Muaowoscku, B. /luHos,
B. HeaHosa, H. KocmaduHosa

MBAJI ,,Copye u Mo3wsk” - [11esen

Pe3wome. Covered endovascular reconstruction of aortic bifurcation (CERAB) e MuUHUMa/HO UH-
Ba3UBHa TEeXHHKa, IPeJlOCTaBsALa NHOBATUBEH MOAX0/ 3a JieYeHHe Ha OKJIY3WBHHU 3a60/151BaHUs
Ha aopTHaTa 6udypkanus. MeToAbT BK/IOYBA U3M0JI3BAaHETO Ha NMOKPUTHU CTeHT-rpadToBe 3a
B'b3CTAHOBsIBAHE Ha aHATOMMYHATA CTPYKTYypa U KPbBHUS NOTOK B 3acerHataTa 3oHa. CERAB ce
OTJIMYaBa C BUCOKA YCIIEBAEMOCT, HAMaJIeH PUCK OT YCJI0XKHEHHUSI U KPATKO BPEME 3a Bb3CTAaHOBS-
BaHe, KOETO I'0 IPaBU MOAXOASAI U360p 3a NALJMEHTH C XpPOHUYHA UCXeMUS Ha JJOJIHUTE KpaHHUIU
Y BUCOK XMpYpryU4eH puck. B HacTosaTa cTaTus ce NpeACcTaBsAT TEXHOJOTUATA, IpeJUMCTBaTa
Y OTpaHUYEHUSTA Ha NPOLEeypaTa, KAKTO U aHA/IM3 Ha KIMHUYHUTE Pe3yJTaTH NpH rpymna ma-
nreHTH. CERAB ce ouepTaBa kaTo o6ellaBal] MeTO/, KOUTO MOXe Jia ce IpeBbpHe B CTaHAAPT
IIpY JieYeHHUe Ha CJI0KHU ChJI0BU 3a00JIsIBaHUs, C TOTEHIUAJ 3a JbJITOCPOYHO OA00psABaHe Ha
KauyeCTBOTO Ha )KUBOT.
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KiouoBu Aymu: aopTHa 6udypKanus/iedeHne, MUHUMaJIHO UHBa3nuBHA TexHHKa, CERAB

COVERED ENDOVASCULAR RECONSTRUCTION OF AORTIC BIFURCATION
PROCEDURES IN VASCULAR SURGERY

T. Samardzhiev, N. Kolev, Zh. Alexandrov, I. Miloshovski, V. Dinov, V. Ivanova, I. Kostadinova

MBAL “Heart and Brain” - Pleven

Abstract. The Covered Endovascular Reconstruction of Aortic Bifurcation (CERAB) is a minimally
invasive technique that offers an innovative approach for the treatment of aortic bifurcation
occlusive disease. The method involves the use of covered stent-grafts to restore the anatomical
structure and blood flow in the affected area. CERAB is characterised by a high success rate,
reduced risk of complications, and a short recovery time, making it a suitable choice for patients
with chronic lower limb ischemia and high surgical risk. This article presents the technology,
advantages, and limitations of the procedure, as well as an analysis of clinical outcomes in a group
of patients. CERAB emerges as a promising method that could become the standard for treating
complex vascular diseases, with the potential for long-term improvement in quality of life.

Key words: aortic bifurcation/treatment, minimally invasive technique, CERAB

BBBEJIEHUE INTRODUCTION

Covered endovascular reconstruction of aortic The Covered Endovascular Reconstruction of
bifurcation (CERAB) e MuauManHo uHBa3uBHa Tex-  Aortic Bifurcation (CERAB) is a minimally inva-
HUKa, NIpe/locTaBslla MHOBAaTHMBEH NOAX0/ 3a Jiedye-  sive technique that offers an innovative approach
HUe Ha OKJIy3UBHHU 3a060JisiBaHUsI HA aopTHaTa 6u-  for the treatment of aortic bifurcation occlusive
¢dypkauus [1]. CbaoBuTe 3a6osisiBaHu, 3acsaramy  disease [1]. Vascular diseases affecting the bifur-
6udypkanusaTa Ha KOpeMHATa A0PTa, 4UeCcTo ca cBbp-  cation of the abdominal aorta are often associat-
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3aHHU C TeXKa aTepOCKJIep03a, Bojella JI0 OKJIY3UU
WM cTeHo3U [2]. Tean CbCTOSHUS BOAST [0 XPOHHY-
Ha MCXeMUs Ha JI0JIHUTEe KpPalHHIY, KOATO 3HAYH-
TeJIHO OrpaHM4YaBa KayeCTBOTO Ha KUBOT U MOXKe Jia
JIOBeJie 10 aMIyTalus U I0pU 10 3aryba Ha »KUBOTa,
aKo He ce JieKyBa. TpaJuIJMOHHAaTa OTBOPEHA XUPYP-
rusi, Makap ¥ epeKTUBHa, e CBbp3aHa CbC 3HAUYUTe-
JIeH PUCK U 'bJTbI IEpUO/, Ha Bb3CTaHOBsABaHe [3],
0CO0eHO NpHU MaLMEHTH € MPUJPYKaBaly 3a60.15-
BaHus. Covered endovascular reconstruction of aortic
bifurcation (CERAB), padpa6oTeHa KaTo MUHUMAJTHO
VHBa3WBHA aJTepHATHUBa, MpejJara WHOBAaTHBHO
pellleHHe 32 Bb3CTaHOBSIBaHe HA aopTHAaTa 6udyp-
Kallysl Ype3 U3M0JI3BaHETO Ha CTeHT-rpadToBe [4],
KOMTO OCUTYpsIBaT CTAOMJIHOCT, J'bJFOTPAlHOCT U
¢du3nos0rnueH KpbBeH MOTOK.

KAKBO NPE/ICTABJIAIBA CERAB?

CERAB e nHoOBaTHMBHA TEXHHKA, KOSTO IeJHU
Jla Bb3CTaHOBU HOpPMaJIHUSA KPbBEH MOTOK B 30-
HaTa Ha 6udypKanusaTa Ha a0pTaTa, U3MOJI3BaAK-
KM IOKPUTHU cTeHT-rpadpToBe. OcHOBHAaTa KOHPU-
rypanys Ha npolejypaTa BKJIK4Ba:

* lleHTpasieH cTeHT-rpadT, KOUTO Ce UMILIAH-
THpa B OCHOBHATa aopTa U CJY»KH 3a OCHOBa Ha
PEKOHCTPYKIUATA.

* /lea nepudepHu CcTeHT-rpadTa, KOUTO Cce
NOCTaBAT B JiiBaTa U B JifiCHaTa WJiHWadHa apTe-
pus 1o TexHHWKa HapedeHa ,kissing stents", Hamo-
JobsiBaliku o6'bpHaTa Y-06pa3Ha CTPyKTypa.
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ed with severe atherosclerosis, leading to occlu-
sions or stenoses [2]. These conditions result in
chronic lower limb ischemia, which significantly
limits quality of life and can lead to amputation
or even death if left untreated. Traditional open
surgery, although effective, is associated with
significant risk and a prolonged recovery peri-
od [3], especially in patients with comorbidities.
CERAB, developed as a minimally invasive alter-
native, offers an innovative solution for restoring
the aortic bifurcation using stent-grafts [4] that
provide stability, durability, and physiological
blood flow.

WHAT 1S CERAB?

CERAB is an innovative technique aimed at re-
storing normal blood flow in the aortic bifurcation
using covered stent-grafts. The primary configu-
ration of the procedure includes:

* A central stent-graft implanted in the
main aorta, serving as the foundation for the
reconstruction.

* Two peripheral stent-grafts, which are
placed in the left and right iliac arteries using the
“kissing stents” technique, mimicking an inverted
Y-shaped structure.

dur. 1. Etanu Ha mporeaypata CERAB, miioc-
TPUpALIK TOCTABSIHETO Ha LeHTPaJHUS U Me-
pudepuute creHt-rpadprose. A — [laTosorus
Ha aopTHarta 6udypkanusi; B — [locTaBsiHe Ha
neHTpasHus creHt-rpadpr; C — IlocraBsiHe Ha
neprdepHUTe CTEHT-rpadTOBE C TEXHHUKATa
,liesyBaiin ce creHtoBe; D — 3aBbpiueHa pe-
KOHCTPYKIMSI, UMHUTHpalia o6bpHaTa Y-06pas-
Ha cTpykTypa. U3Ttounuk: "Endovascular aorto-
iliac bypass” using aortic stent graft components
and covered stents in patients with TASC D
lesions and narrow distal aortic [5]

Fig. 1. Stages of the CERAB procedure demonstrating the placement of the central and peripheral stent-grafts. A - Aortic

bifurcation pathology; B - Placement of the central stent-graft; C - Placement of peripheral stent-grafts using the “kissing

stents” technique; D - Completed reconstruction mimicking an inverted Y-shaped structure. Source: "Endovascular aorto-iliac

bypass” using aortic stent graft components and covered stents in patients with TASC D lesions and narrow distal aortic [5]
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To3u MeToA ocUrypsiBa CTabUIHA PEKOHCTPYK-
IIMS1 HA Cb/I0OBETE, MUHUMHU3UPA TypOy/IeHIUATA B
KPBbBHHUS MOTOK M MOJ06psBa XEMOJUHAMUYHHUTE
XapaKTEPUCTHUKH B 30HaTa Ha budypkanusrTa [6].

ETanu Ha npoueaypara:

1. [loaroToBKa Ha MalUeHTa — NpoleAypaTa
M3MUCKBa 06pa3Ha AuarHoctuka (Hanpumep KT
aHruorpadus) 3a olleHKa Ha aHaTOMUSITA Ha OU-
dypKanusaTa ¥ JIaHUpaHe Ha UHTEPBEHIUATA.

2. locTbl - 0GMKHOBEHO AOCTBII'BT CE OCUTY-
psiBa Upe3 MYHKIMS Ha JIBeTe Oe/[peHU apTEPHH.
B no-KOMIJIECKHU CJIy4yau MOe Jia Ce BKJIIYHU U
JIOCTBII Tpe3 pPbKa.

3. UMnuianTUpaHe Ha CTeHT-rpadTOBETE — LIEH-
TPaJIHUAT CTEHT Ce IMOCTaBsl I'bPBH, KATO Ce U3-
IoJI3Ba TexHWKaTa "over-the-wire". Cien ToBa ce
IOCTaBAT JiBaTa NepUdepHH CTeHTa MO TeXHUKA
”Kissing stents”, KOUTO ce MPUNOKPUBAT C LIEHTPAJI-
HUS1, 33 /1A Ce OCUTYPHU XEPMETHUYHOCT U CTAGUJTHOCT.

4. 3aBbpllBaHe U MPOBEpPKA - CJieJ UMILJIaH-
TUPAHETO HAa CTEHTOBETE Ce W3BbPIIBA AHTHO-
rpadCKu KOHTPOJI, 3a /A Ce MOTBbPAU MPaBUJI-
HOTO MO3UIMOHUPAHEe U B'b3CTAHOBSIBAHETO HA
Kp'bBHUS MOTOK.

WHaukanuu 3a npoueaypara

CERAB e noaxoasiia 3a:

* [lanilueHTH C OKJY3UU WU TeXKKa CTeHO03a
Ha aopTHaTa GUdypKaIYsa, KOUTO BOJST /10 XPO-
HUYHA MCXeMHUSs Ha JIOJIHUTE KPauHUIIU.

* Heycnex Ha mpeAuIIHU UHTEPBEHIUH KATO
AQHTUOIJIACTUKA UJIU CTeHTHPAHe.

* [lanilueHTH C BUCOK PUCK OT OTBOpPEHA XU-
PYpTHs, BKJIIOYUTEJTHO Bb3PAaCTHU X0Opa UJIH Ta-
KHBa CbhC CbPAEYHO-CHA0BU 3a60JisIBaHUS, AUa-
6eT 1 6'b6peYHa HEJJOCTATBYHOCT.

TexHosiornyHu npeaumctea Ha CERAB

1. PexkoHCTpyKIMA Ha 6UPypKaLUaATa — KOH-
durypauusiTa oT TpU CTeHT-rpadTa Mo3BoJIsABA
aHAaTOMMYHO Bb3CTAaHOBABaHe Ha 6udypkanu-
sTa, KOETO e KJIY0BO 3a J'bJrocpoyHaTa QyHK-
LMOHaIHOCT [7].

2. Ilo-pobpa xeMojjMHaMUKa — CHeLUaJIHUAT
JIM3aiiH Ha CTEHTOBETE HaMasisiBa TypOyJIeHIHs-
Ta U MoA06psiBa KP'bBHUS MOTOK [8].
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This method ensures stable vascular recon-
struction, minimizes turbulence in blood flow, and
improves the hemodynamic characteristics in the
bifurcation area [6].

Stages of the Procedure:

1. Patient Preparation: The procedure requires
imaging diagnostics (e.g, CT angiography) to evaluate
the bifurcation anatomy and plan the intervention.

2. Access: Access is typically achieved
through puncture of both femoral arteries. In
more complex cases, access via the arm may also
be included.

3. Stent-Graft Implantation: The central stent
is placed first using the “over-the-wire” technique.
This is followed by the placement of the two
peripheral stents using the “kissing stents”
technique, which overlaps with the central stent
to ensure sealing and stability.

4. Completion and Verification: After stent
implantation, angiographic control is performed
to confirm proper positioning and the restoration
of blood flow.

Indications for the Procedure

CERARB is suitable for:

» Patients with occlusions or severe stenosis
of the aortic bifurcation leading to chronic lower
limb ischemia.

* Failure of previous interventions, such as
angioplasty or stenting.

* Patients at high risk for open surgery,
including elderly individuals or those with
cardiovascular disease, diabetes, and renal
insufficiency.

Technological Advantages of CERAB

1. Bifurcation Reconstruction: The configu-
ration of three stent-grafts enables the anatom-
ical restoration of the bifurcation, which is es-
sential for long-term functionality [7].

2. Improved Hemodynamics: The special
design of the stents reduces turbulence and
enhances blood flow [8].
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dur. 2. CpaBHEHHE HA MOZEJIUTE Ha CKOPOCT Ha KP'bBHUS MOTOK MEX/y 3/paBa KOHTposia 1 BMK cTeHTOBe npu pasjnyHU
YCJIOBUS: IMKOBA CUCTOJIHA CKOPOCT (BJISIBO), KpalHa CHCTOJIHA CKOPOCT (B LIEHT'bpa) M NMKOBA JHUACTOJIHA CKOPOCT (BAs-
cHO). PasnpeziesieHHeTO Ha CKOPOCTTA € MPe/ICTABEHO C LIBETOBU IPaJIMEHTH U BEKTOPH Ha noTtoka (M3ToyHuk: Jebbink EG,
Mathai V, Boersen JT et al. Hemodynamic comparison of stent configurations used for aortoiliac occlusive disease. ] Vasc Surg.

2017;66(1):251-260 [9])

Fig. 2. Comparison of flow velocity patterns between healthy control and BMK stents under different conditions: Peak systolic
velocity (left), End systolic velocity (center), and Peak diastolic velocity (right). Velocity distribution is represented with color
gradients and flow vectors (Source: Adapted from Erik Groot Jebbink, Varghese Mathai, Johannes T. Boersen, Chao Sun, Cornelis
H. Slump, Peter C.J.M. Goverde, Michel Versluis, Michel M.PJ. Reijnen, Hemodynamic comparison of stent configurations used
for aortoiliac occlusive disease, Journal of Vascular Surgery, Volume 66, Issue 1,2017, Pages 251-260.e1,ISSN 0741-5214 [9])

3. MuHMUMaJIHA TpaBMa - €H/[0BaCKYJapHUAT
JIOCTBI HaMaJisiBa HeOOXOJAUMOCTTAa OT TOJIEMH
XUPYPrUYHU pa3pes3u, KOETO MUHUMH3UpA 60JI-
KaTa ¥ BpeMeTO 33 Bb3CTaHOBSIBaHeE.

4. HamaJsieH pUCK OT yCJI0)KHEHUS — 10-MaJI'bK
puck oT MHQPEKIMH, KbpBeHe U 0Opa3yBaHe Ha
UKATPUKCH.

5. YuuBepcanmHoct - CERAB moxke ga 6b7e
ajlanTUpaHa KbM pas/iIMYHU aHATOMUYHHU O0CO-
GEHOCTH, KOeTO sl MPaBU MOJXO/SAIIA 3a MHUPOKA
rpyna naygueHTH.

IIpeaumcTBa 3a manMeHTa

1. [lo-kpaTbK 60JHUYEH NPECTON - MalueH-
TUTE 4YeCTO Ce U3MUCBAT B paMKuUTe Ha 1-2 JHMU.

2. [1o-6'bp30 B'b3CTaHOBsIBAaHE — I0BEYETO MNa-
LJUEeHTH Ce BPbIIAT KbM HOPMaJ/IHUTE CH JAeHHOC-
TH B paMKHUTe Ha Ce[MULA.
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3.Minimal Trauma: Endovascular access
reduces the need for large surgical incisions,
minimizing pain and shortening recovery
time.

4. Reduced Risk of Complications: Lower risk
of infections, bleeding, and scar formation.

5. Versatility: CERAB can be adapted to various
anatomical features, making it suitable for a wide

range of patients.

Patient Benefits

1. Shorter Hospital Stay: Patients are often
discharged within one to two days.

2. Faster Recovery: Most patients return to

their normal activities within a week.



3. HamasileH pHUCK OT yCJIO)KHEHUs, KaTO WH-
dekuy, KbpBeHe WK IbJ60KA BEHO3HA TPOM-
603a.

OrpannyeHus Ha npoueaypara

Bbnpeku MHOro6poHHHTE CH NpPeAUMCTBA,
CERAB nMa HAKOM OTpaHUYeHUS:

* [Ipy nmanueHTH C TeXKa KaauubuKaLusa Ha
CbJI0BETE MpolLielypaTa MoXe Jja 6'b/le TEXHUYe-
CKM Npeau3BUKaTesHa [10].

* Pa3xojuTe 3a crnenuaJuM3vpaHUTE CTEHT-
rpa¢ToBe U o6opyaBaHe ca BUCOKU [11], koeTo
MOXKe Jla OTPaHUYU NPUJIOKEHHUETO B OINpejieie-
HU 3/IpaBHU CUCTEMHU.

* [TanuenTu c xponuyHa (XbH) niu octpa 6b-
6peuyHa HegoctaTbiHOCT (OBH) ca Bucoko pucko-
BU M Ca NPOTHBOINOKA3aHU, NOPaZy KOHTPACTHO-
TO BelLl|eCTBO U BpeINTe, KOUTO TO HAaHACS BbPXY
OBbOPEYHUSAT MAPEHXUM.

IIEJ1 HA IPOYYBAHETO

HacTtosiujoTo npoy4yBaHe 1ijejiu Jja olieHU edek-
THBHOCTTA, 6€30MacHOCTTA W KPAaTKOCPOYHUTE
KJIMHWYHH Pe3y/ITaTH OT u3mnoJizBaHeTo Ha CERAB
npolie/iypaTa IpH NaiydeHTH C TeXKa CTEH03a U
OKJTy3Hs Ha aopTHaTa 6udyprarnus. [I[poyyBaHeTo
BKJIIOYBA NeTUMa NallUeHTH C Pa3/IMYHa CTeleH Ha
apTepyaiHA HeOCTATBYHOCT, AUATHOCTUI[UPAHU
Y JekyBaHU B OTZe/ieHe 10 CbJ0Ba XUPYPrys Ha
MBAJ ,Cbpue 1 Mo3bk" - [11eBeH.

OCHOBHUTE LIeJH Ca:

* Jla ce aHanu3upat AeMorpadpCcKuTe U KJU-
HUYHUTE XapaKTEPUCTUKHU HA NAlUEHTUTE.

* /lace o1leHAT onepaTUBHUTE PE3YJITATH, BKJIIO-
YUTEJHO TEXHUUECKUST YCIeX Ha MPOoILielypaTa.

 /la ce nu3cse/iBa CTelneHTa Ha CUMIITOMAaTHY-
HO MoJI06peHre U KPaTKOCPOYHATA MPOXOJUMOCT
Ha CTeHT-TpadTOBETE.

* Jla ce IOKyMeHTUpPAT BCUYKUA Bb3HUKHAIU
YCJI0KHEHMUS.

JAeMorpadpckm M KJIMHMYHHM XapakKTe-
PMCTHUKHU Ha NallMEeHTHUTE

B MMPpOy4YBaHETO Ca BKJIKOYE€HHU 5-Ma nmanueHTu
—4e€TUpHMa M'biKeE U €]HA )KEHA, HAa Bb3PACT MEXK-
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3. Reduced Risk of Complications: Lower
incidence of infections, bleeding, or deep vein
thrombosis

Procedure Limitations

Despite its numerous advantages, CERAB has
certain limitations:

* In patients with severe vascular calcifica-
tion, the procedure may be technically challeng-
ing [10].

* The cost of specialized stent-grafts and
equipment is high, which may limit its use in
certain healthcare systems [11].

* Patients with Chronic Kidney Disease
(CKD) or Acute Kidney Injury (AKI) are high-risk
candidates and may be contraindicated due to
the contrast agent’s nephrotoxic effects on renal
parenchyma.

STUDY OBJECTIVE

The present study aims to evaluate the effec-
tiveness, safety, and short-term clinical outcomes
of the CERAB procedure in patients with severe
stenosis or occlusion of the aortic bifurcation. The
study includes five patients with varying degrees
of arterial insufficiency, diagnosed and treated at
the Vascular Surgery Department of MBAL “Heart
and Brain” - Pleven.

The primary objectives are:

* To analyze the demographic and clinical
characteristics of the patients;

* To assess the procedural outcomes, including
the technical success of the procedure;

* To examine the degree of symptomatic
improvement and short-term stent-graft patency;

* To document any complications that arise.

Demographic and Clinical Characteris-
tics of the Patients

The study includes five patients — four men

and one woman, aged between 59 and 65 years.
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ny 59 u 65 roguHu. Bcuuku manyeHTH ca Juar-
HOCTULMPAHU CbhC 3HAYUMHU Ch/0BU MATOJIOTHH,
BKJIIOYUTETHO CTEHO3a HUJIM OKJIY3Us Ha aOpTHa-
Ta 6udypKalus, C NPOsiBU HA XPOHUYHA apTepHU-
aTHa HeIOCTATBYHOCT.

K/JIMHUYHHUTE CUMIOTOMM BKJIOYBAT TEXKKO
OTpaHUYEeHHE B KJAYJUKALMOHHOTO Pa3CTOSHUE
(ot 5 1o 150 m), HasTM4YKe Ha He3apacTBall[y paHU
WJIM TaHIpeHa Ha JIOJIHUTe KpaWHUIU. Bcuuku
NalMeHTH HMaT CbI'BTCTBALIM 3a60JIIBAHMS
KaTO apTepua/iHa XUIEPTOHMUS, 3aXapeH aAuabeTt
Y B HAKOU CJIy4au — XPOHUYHU ChP/IEUHO-Ch/I0BU
3abosisiBaHus. OCHOBHHUTE XapaKTEPUCTHKH Ha
MalMeHTUTE ca 0606IeHH B TabJI. 1

All patients were diagnosed with significant vas-
cular pathologies, including stenosis or occlusion
of the aortic bifurcation, presenting with chronic
arterial insufficiency symptoms.

Clinical symptoms include severe limitation
in claudication distance (ranging from 5 to 150
meters), the presence of non-healing wounds,
or gangrene in the lower limbs. All patients had
comorbidities such as arterial hypertension, dia-
betes mellitus, and, in some cases, chronic cardio-
vascular diseases. The main characteristics of the

patients are summarized in Table 1.

Ta6smna 1. lemorpadcku ¥ KIMHUYHY XapaKTEePUCTHUKY Ha NAL[MEHTHUTE

Table 1. Demographic and Clinical Characteristics of Patients

Ilpu »KaBally
MMamueHT |Ioa Bb3pact |OcHOBHaA AMarHosa PUAPY E CuMnToMu
3a60J/I9BaHMS
Patient |Sex Age Primary Diagnosis Comorbidities Symptoms
Mok 621 CTeHo3a Ha aopTaTa U | ApTepuasiHa XUNepToHus, |KiayaukalMoHHO pa3CcTosTHUE
’ aa. MJIMakyd KOMYHHC | 3axapeH fuabeT 20-30 m
1
Stenosis of aorta and | Arterial hypertension, o .
Male 62y . ) . yp ) Claudication distance 20-30 m
common iliac arteries | Diabetes mellitus
KitayiukaiiioHHO pa3cTosTHUE
OxJuiy3usi Ha aopTaTa ¥ | ApTepuasiHa XUIIePTOHUS,
Mbx 63T. 20 M; He3apacTBallla paHa
aa. WJIMaKd KOMyHHUC | YJIKYC MHJI0PH
2 (maBHOCT 1 Mecel)
Male 63 Occlusion of aorta and | Arterial hypertension, Claudication distance 20 m; non-
Y common iliac arteries |Pyloric ulcer healing wound (1 month)
Aprepuanna xunepronus, |KiaygukanuoHHo pascTosHue
OkJ1y3ust Ha aopTaTa U
Mbx 59r. 3axapeH fuaber, 15 m; Bs1a>kHA raHrpeHa
aa. UJIMaKu KOMyHUC
[Mocneaunu or UMU (maBHOCT 2 ceIMHITH)
3
Arterial hypertension, L .
Occlusion of aortaand | _. P ) Claudication distance 15 m;
Male 59y . ) Diabetes mellitus, post-MI
common iliac arteries wet gangrene (2 weeks)
sequelae
CTeHo3a Ha aopTaTa,
Aprtepuanna xuneptonus, | KinayaukaiMoHHO pa3cTosIHHE
Mbx 63r. OKJIY3US Ha a. WJInaKa
CbpzedyHa apuTMuA 150 m (zaBHOCT 2 TOAMHU)
CHH.
4
Stenosis of aorta, . . - .
. . Arterial hypertension, Claudication distance 150 m
Male 63y occlusion of left iliac . .
Cardiac arrhythmia (2 years)
artery
OxJly3us Ha aopTaTa KiayaukanuoHHO pa3cTosiHUE
Kena 65r. ¥ P ApTepuasiHa XUIIEpTOHUSA yAHKAL P
c aa. uJIMaKyu KOMYHHUC 5-10 m (maBHOCT HaJ, 2 FOJUHH)
Occlusion of aorta and ) ) Claudication distance 5-10 m
Female |65y . ) Arterial hypertension
common iliac arteries (over 2 years)
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OnepaTuBHA TeXHMKA U H3MO0JI3BaHU
KOHCYMaTHUBH

Bcuuku nanueHTH ca noaJsoxeHd Ha CERAB
npoueaypa C WHAUBHAyaJU3HWpaH NOAX0J, 6a-
3WpaH Ha aHAaTOMUYHHTE 0COGEHOCTH Ha BCEKU
caydall. locTbI'bT A0 CbJ0BETE € OCUTYPEH Ype3
NYHKIMOHHU U/UJW OTBOPEHU TEXHUKH, [JTaBHO
npes apTepus peMopasrc ¥ apTepusi Gpaxruaimc.
M3nosi3BaHUTE CTEHT-rpadToOBe ca OT Pa3JIUYHU
BHU/IOBE U pa3MepH, NOAOPaHU CIOpPe] AUAMETb-
pa Ha 3acerHaTuTe cbaoBe. Ha Tabsuna 2 e npes-
CTaBEHO 0000Il[eHHEe Ha TeEXHUYECKHUTe JAeTalIu.

KpaTKocpo4yHu pe3ysiTaT

Pe3ysiTaTHTe ca OLleHeH! 10 TPU OCHOBHHU I10-
KasaTeJsd:

1. TexHUYECKU ycneX — BCUYKHU NpOLeaypHU
ca U3M'bJIHEHU YCIIENIHO, KaTO MMOCTUTHATATA pe-
KOHCTPYKIMS Ha a0OpTHATa 6udypKalus e oleHe-
Ha, KaTO TEXHUYECKH a/leKBaTHa.

2. CUMOITOMaTU4YHO MOJA0GpPEeHUue - Mpu ye-
THpPUMa OT NeTHUMaTa MalMeHTU ce HaOJII0/[aBa
3HAUUTEJHO MOA00peHue B KJayJUKALUOHHOTO
pa3CcTosIHUE U CUMIITOMUTE. EJJUH MalUeHT CboO-
aBa YaCTUYHO MOA06peHre MOPaiu peTpoMb60o-
3a B paMKHTe Ha Mecel| cjie/| TpoleAypaTa.

3. [IpoxoguMoOCT HA CTEHTOBETE — IPOXO/U-
MOCTTa Ha CTEHT-TpadTOBETE € NOTBbPAEHA IPHU
4 ot 5 manueHTH ciepn 1 Mecell.

Ha Tab6.1. 3 e nmpeacTaBeHO 060011[eHYEe HA JjaH-
HUTE.
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Surgical Technique and Materials Used

All patients underwent the CERAB procedure
with an individualized approach based on the ana-
tomical features of each case. Vascular access was
achieved using percutaneous and/or open tech-
niques, primarily through the femoral artery and
the brachial artery. The stent-grafts used were of
various types and sizes, selected according to the
diameters of the affected vessels. Table 2 presents

a summary of the technical details.

Short-Term Results

The results were evaluated based on three
main criteria:

1. Technical Success: All procedures were
and the achieved
reconstruction of the aortic bifurcation was
deemed technically adequate.

2. Symptomatic Improvement: Significant
improvement in
symptoms was observed in four out of five patients.
One patient reported partial improvement due
to re-thrombosis within one month after the
procedure.

3. Stent Patency: Stent-graft patency was
confirmed in four out of five patients after one
month.

successfully performed,

claudication distance and

Table 3 provides a summary of the data.

Ta6usmmna 2. OnepaTUBHU JAHHU U U3n0J13BaHU KoHcyMaTuBu // Table 2. Operative Data and Materials Used

BpemeTpaeHe Ha
MManueHT | JocThIHU H3no013BaHU KOHCyMaTUBH
npoueaypara
Patient Access Materials Used Procedure Time
a. emopasuc yTp., a. 6paxuaamc JeKc. BeGraft 16/58 mm, 2x BeGraft 9/57 mm, .
1 145 min
a. femoralis sin., a. brachialis dex 2x ICover 8/57 mm
a. 6paxuasItC 1eKc., a. peMopaInC JeKC. ICover 10/37 mm, ICover 7/57 mm, .
2 90 min
a. brachialis sin., a. femoralis dex. 2x BeGraft 8/57 mm
3 a. pemopaJiuc yTp., a. 6paxuaauc JeKc. BeGraft 10/37 mm, 2x BeGraft 7/37 mm, | .o .
a. femoralis sin., a. brachialis dex. Restorer 7/38 mm
4 IIyHKLIMOHHHM AOCTBIN 10 a. peMOopasuc yTp. | BeGraft 18/38 mm, 3x BeGraft 9/37 mm, 75 min
Puncture access to a. femoralis sin. Ivolution 7/80 mm
[IyHKLIMOHHU AOCTBIHU [0 a. peMopasuc yTp.
5 Y eteop L BeGraft 10/37 mm, 3x BeGraft 6/58 mm | 80 min
Puncture access to a. femoralis sin
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Ta6auna 3. KnuHuunu pesyaTtatu u ycaoxxkHenuss // Table 3. Clinical Outcomes and Complications
CMMOTOMaTUYHO IIpoxoaumocTt
INanueHT TexHUYEeCKHU ycnex YcnoxxHenusa
noaoGpeHue (Ha 1 mecen)
,9 Patient Technical Success Symptomatic Patency Complications
= Improvement (at 1 month)
=
2 Ja JIE Ja Hsama
& 1
- Yes Yes Yes None
=
g 5 Ja YacTtuuHo He PeTpoM603a (a. uinaka eKCTepHa CUH.)
g Yes Partial No Re-thrombosis (left external iliac a.)
o
r@‘: 3 Ja Jla Ja Hama
B, Yes Yes Yes None
a . Ja Jla Ja Hama
2 Yes Yes Yes None
, Ja Jla Jla Hama
Yes Yes Yes None
OBCBXJAAHE DISCUSSION

Pe3ysTaThTe OT MpOy4YBaHETO NMOKa3BaT BU-
COK TMPOLEHT HAa TeXHUYECKU yCIex W KpaTKo-
CPOYHO MOA06PEHHEe TPU NMALUEHTH C TEXKHU Cb-
JloBU 3abosiaBaHus. [IpeacTaBeHUTe ciayyau ca
neT OT Hal-KOMIJIEKCHUTE U TPYJHU CJy4au Ha
KJMHUKaTa no CpaoBa xupyprusa Ha MBAJL ,,Cbp-
e u Mo3bk"“ - [lneBen, 3a nepuog ot 01.01.2024
r. 1o 01.12.2024 r. Ha6srogaBanata peTpomMm603a
NpU e/IUH NalUeHT NouepTaBa He06X0UMOCTTa
OT BHMMATEeJIHO IOCTONEePATUBHO MPOC/eisiBaHE
Y arpecuBHAa aHTUTPOMOOTHYHA Tepanus. CbLio
Taka TpsibBa /ia ce OTOeJIexKe, Ye YOBEIIKUAT pak-
TOp He MOXe Ja O'bJie KOHTPOJIUPaH, 3 UMEHHO
HepeJIOBHUSAT NPHEM Ha MeJIUKaMeHTO3Ha Tepa-
nus cJef, AexX0CnyuTaarn3aLus.

Bblpekn Mankusi pasMep Ha U3BaJKaTa, U3-
cJeJIBaHETO NOTBbPXK/AaBa noteHyasa Ha CERAB
KaTo epeKTUBHA MUHUMAaJIHO NHBa3MBHA TEXHUKaA
3a JieyeHHe Ha aopTHaTa 6udypranus [12].

[Tog06HU pe3ysTaTH ca JOKJIaABaHU U OT van
den Berg u cpaBT. (2016), KouTO NpU npocaess-
BaHe Ha 130 nayuenTy, sekyBaHnu ¢ CERAB, yc-
TaHOBABAT 87% II'bpBUYHA NPOXOAUMOCT cier 1
roavHa U 82% caepn 3 roAMHY, KaTo NoJgyepTaBaT
ChI[0 BaXXHOCTTA Ha BHUMATEJHOTO HabJIO/ie-
HUe 32 peTpoM603a U CIa3BaHeTO HAa aHTUTPOM-
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The results of the study demonstrate a high
rate of technical success and short-term improve-
ment in patients with severe vascular diseases.
The presented cases represent five of the most
complex and challenging cases managed by the
Vascular Surgery Department of MBAL “Heart
and Brain” - Pleven, during the period from Jan-
uary 1, 2024, to December 1, 2024. The observed
re-thrombosis in one patient highlights the need
for careful postoperative monitoring and aggres-
sive antithrombotic therapy. It should also be
noted that the human factor cannot be fully con-
trolled, specifically irregular medication adher-
ence following hospital discharge.

Despite the small sample size, the study con-
firms the potential of CERAB as an effective mini-
mally invasive technique for the treatment of aor-
tic bifurcation diseases [12].

Similar outcomes have been reported by van
den Berg et al. (2016), who, in a cohort of 130 pa-
tients treated with the CERAB technique, demon-
strated a primary patency rate of 87% at 1-year
follow-up and 82% at 3 years. The authors further
highlighted the critical importance of meticulous
postoperative surveillance to detect rethrombosis
and strict adherence to antithrombotic therapy



6oTtuyHusa pexuM [13]. ToBa cbBmajieHue B pe-
3yJTaTUTEe AONBbJHUTENHO YTBbpKAaBa CERAB
KaTO HaJieXKJeH MeTOo/, 3a JiedeHUe Ha JIe3UH B
aopTHaTa 6udypKausl.

3AKJ/IIOUEHHUE

CERAB mnpoueaypara e mnokasaja OTJIUYHHU
KPaTKOCPOYHHU Pe3yJITAaTU C BUCOK TEXHUUECKHU Y C-
nex ¥ CHMITOMAaTUYHO MOJ06PEHNE TPH TIOBEYETO
nNaluueHTH. PeJOBHUAT npueM Ha MeJUKaMEeHTO3-
Ha Tepanus U KOHTPOJIHU NperJieiy ca eCeHuaJl-
HU 32 ZI06PUTE NPOTHO3M B IbJTOCPOYEH IJIAH.

CERAB npejcTaB/isiBa UHOBaTUBEH U eDeKTU-
BEeH METO/, 3a JiedeHHe Ha 3a00JIIBaHHUsI Ha aopT-
HaTa 6udypkanus. biarogapeHre Ha MUHUMAaJHO
VHBAa3UBHHUS CU XapakTep, Td NpejJsara pejydna
npeAyMCTBa 3a MallUeHTUTe — M0-KPaTKO Bb3CTa-
HOBsIBaHe, HAaMaJIeH PUCK OT YCI0XKHEHUS U OT/INY-
HU XeMOJMHAaMUYHU pe3yJTaTU. BbOpeku TOBa,
TeXHHUKaTa W3WCKBA CllellMaIu3upaHo 060pyABaHe
¥ BHCOKO OOy4YeH MeAMIMHCKHU nepcoHas. C HaT-
pyIIBaHETO Ha NMoBeye KJIUHWYHU JJAHHU U pa3BU-
THeTO Ha TexHosioruuTe CERAB nMa nmoreHinuasa
Jla ce IPEBbPHE B 3JIaT€H CTaH/APT 3a JieYeHUE Ha
OKJIY3UH U CTEHO3U Ha aopTHaTa 6udypKaus.
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[13]. This concordance of results reinforces the
role of CERAB as a reliable and minimally invasive
approach for the management of aortoiliac bifur-
cation lesions.

CONCLUSION

The CERAB procedure has shown excellent
short-term results, with high technical success
and symptomatic improvement in most patients.
Regular medication adherence and follow-up vis-
its are essential for achieving favorable long-term
outcomes.

CERAB represents an innovative and effective
method for treating aortic bifurcation diseases.
Due to its minimally invasive nature, it offers nu-
merous advantages for patients, including short-
er recovery times, reduced risk of complications,
and excellent hemodynamic outcomes. However,
the technique requires specialized equipment and
highly trained medical personnel. With the accu-
mulation of more clinical data and advancements
in technology, CERAB has the potential to become
the gold standard for the treatment of aortic bifur-
cation occlusions and stenoses.
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MHWHHUMAJIHO NHBA3UBEH 1104X0/ K'bM PYIITYPHUPAJIA AB/IOMHUHAJ/IHA
AOPTHA AHEBPU3MA

T. Camapadiicues, H. Koaes, H. KocmaduHoeaa, K. Anekcanopos, B. HeaHoaa,
H. Musaowoecku, B. /luHos

KauHuka no cedoea xupypaus, MBAJI,,Cepye u Mo3ok* - [l1eeeH

Pesiome. llen: EH/10BacKy/1apHOTO JiedeHHe Ha Py TypUpaIu abOMUHAIHN AOPTHU aHEBPU3MHU
IIOCPE/ICTBOM eHJI0BacKy/lapHa aopTHa pekoHcTpyknusa (endovascular aortic repair - EVAR) e
PEBOJIIOLIMOHHO U 3HAYUTEJHO pejylupa NpoleHTa CMbPTHOCT CPAaBHEHO C TPaJAUOLMOHHATA
OTBOpEHa ollepaTHBHA MHTepBeHIMs. llesTa Ha ToBa NMpoy4yBaHe e Jja ce pasrviesa eHOLeH-
TpoB onuT ¢ EVAR u deHecTpupaHa eH/i0BacKyJapHa aopTHa peKOHCTpykuusa (fenestrated
endovascular aortic repair - FEVAR) npu JieueHue Ha pynTypUpaid aOpTHU aHeBpuaMu. Mare-
puasa u Metoau: PeTpocnekTUBHO 6e aHa/M3MpaHa rpyna oT 11 manueHTH, NOCTBIMIN Npe3
NOCJIeIHUTE /IBe TOAUHU C PynTypUpaa aHeBpU3Ma Ha abJ0MHHaJHA aopTa, IPU KOUTO e U3-
BbpieH EVAR viu FEVAR. PesyiTaTu: Bcuuky NocTbIUIN NALMEHTH Ca M'bXKe Ha Bb3PacT OT 57
Zo 81 roguHu. [I'bpBaTa npoueaypa e uspbpuieHa Ha 11.11.2022 r,, a nociegHaTa Ha 24.12.2024
r. CpeJHUAIT U3MepeH JMaMeTbp Ha aHeBpU3MaTa Ha abJloMHUHa/IHA a0pTa B Hal-IIMPOKaTa 4acT
e 7.55 cm. HuTo ejMH OT NaliMeHTUTE He e OIpepPUaH B MUHAJIOTO 110 TO3U N0BOZA,. [locTbIBaliku
B OT/leJIEHHEeTO, BCUYKU NALMEHTH Ca ChOOLIM/IM 32 BHE3ANHO HACTbIMJIA 60JIKa B KOpeMa OT
ChLIUS WM NPeAXOAHUS JleH, KaTO BCUYKHU ca OllepUPaHU B YCJOBUSA Ha CHEUIHOCT C XUPYpru-
YyeH JI0CTBII /10 ABeTe 001U Oe/jpeHH apTepuu. Peructprpanu ca iBa CMbPTHHU CJlyyasi — eIUH B
paHHUSA OCTONEepPaTUBEH NIEPUO/, a PYTUAT — B paMKUTe Ha 30 HU c/1eJ; U3BbPILIBaHe Ha Mpo-
LeypaTa. B rpynaTta npu euH OoT NalMeHTUTE e U3BbPLIeHa peNHTePBEHLUs IOPaiu HaIuuKue
Ha eH/I0JIMUK. BCUUKH OCTaHa/IM MallUeHTH ca [eXOCIUTaJIU3UPaHU C oA06peHNe U ca mpocJe-
JIsIBAHU B paMKHUTe Ha AiBe roauHu. 3akawdeHue: EVAR u FEVAR ce oTiinyaBat ¢ 61aronpusiTeH
M3X0J NPH JIeYeHUETO Ha PyNTypUpaJnTe abJOMUHAJIHU aOPTHU aHEBPU3MH, JOPU B YCIOBUS
Ha XeMOJMHaMH4YHa HeCTaOU/IHOCT, TEXHUYECKHUAT yCIexX MOXe Jia ce IOCTUTHE, KaTo M0-ToJIAM
NPOLIEHT OT MallUEHTUTE MOTaT Jia 6'bJjaT JeX0CIUTaJIU3UPaHHU B JoMa.

KnrouoBu AYMHU: DYIITYypa, EHA0BACKY/IaApHA A0PTHA PEKOHCTPYKIUSA, aHEBPHU3Ma

MINIMALLY INVASIVE APRROACH FOR RUPTURED ABDOMINAL AORTIC
ANEURYSMS

T. Samardjiev, N. Kolev, 1. Kostadinova, Zh. Alexandrov, V. Ivanova, 1. Miloshovski, V. Dinov

Department of Vascular Surgery, MBAL “Heart and Brain” - Pleven

Abstract. Objective: Endovascular treatment for ruptured abdominal aortic aneurysms with
endovascular aortic repair (EVAR) has revolutionized and remarkably reduced operative mortality
compared with the traditional open surgical repair. The objective is to present a single-institution
experience with EVAR and fenestrated endovascular aortic repair (FEVAR) for ruptured abdominal
aortic aneurysms. Material and methods: A retrospective analysis found 11 patients who had
been presented with ruptured abdominal aortic aneurysms (AAA) and underwent emergency
EVAR or FEVAR in the past 2 years at our institution. Results: All of the patients are males. The age
range was 57-81 years. First procedure was performed on 11.11.2022 and the last on 24.12.2024.
The median measured AAA size in largest dimension was 7.55 cm. None of the patients had prior
aortic repair. Presenting at our department, all of the patients had abdominal pain, which wad
acute start from the same day or the day before. The patients were all treated emergently. Bilateral
common femoral artery access was used in all patients. Two patients died, one of them in the early
postoperative period, the other one month after the intervention. One patient underwent second
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intervention for endoleak treatment. All other patients were discharged home and were followed
up during those two years. Conclusion: EVAR and FEVAR for ruptured abdominal aortic aneurysms

with most patients able to be discharged home.

BBBEJIEHUE

AHeBpH3MaTa npe/cTaB/IsiBa pa3iiupsiBaHe Ha
apTepws, HA/[BUILIABAI0 HOPMAJIHUSI IUAMETBP C
noHe 50%. ,McTuHCckaTa“ aHeBpHU3Ma e pe3y/ITaT
OT MPOTPECHMBHO W3THHsABAHE W OTCJaGBaHe Ha
CTPYKTYPHUTE eJIeMEHTH Ha apTepUa/iHaTa CTeHa,
KOEeTO BKJIIOUBA U TPUTE CJIOS1 — UHTUMA, MeJiha U
aJIBEHTUIUSA. AGJJOMUHAJHUTE A0PTHU aHEBpU-
3MHU Ce pa3/iesisT Ha TPU KaTeropyu B 3aBUCUMOCT
oT JiokanuzanusaTa. CynpapeHaJIHUTe aHEBPHU3MU
o6xBalllaT BUCLepaIHU apTepuu (peHaslHu apTe-
pHYH, a. Me3eHTepUKa Cylepuop), AOKATO HOKCTa-
pPEHAJIHUTE JOCTUTaT YCTUSATA HA pPeHaJHUTeE
aprepuu. [lo-rosisiMaTa 4acT oT a6AOMUHAIHUTE
AOpPTHU aHEBPU3MHU ca UHPpapeHasHH, T.e. Ce Ha-
MHUpaT o[ ABeTe peHaJHU apTepuH [1].

KbM HacTosiiusi MOMeHT WHpapeHasHaTa
abJloMUHa/IHa aopTHa aHeBpusMa (AAA) e Hail-
YeCcTO CpeljaHUsT TUI apTepruasHa aHEBpU3Ma C
npub6IM3UTENHO 3acsraHe oT 5 10 16% Ha MBbX-
KHs 110J1 HaJl 65-rouiHa Bb3pacT. 3aboJsiBaHe-
TO € M0-MaJIKO Pa3NpOoCTPaHEeHO NMPH KeHH — OT
0,7 1o 2,2% [2]. [lo-rosisiM NpPOLEHT OT HEPYNTY-
pUpanuTe abAOMHUHATHUA A0PTHU aHEBPHU3MH Ca
0Ee3CUMIITOMHU U Ce OTKPUBAT MpU Mperyes 1o
Jpyr noBo/J. B HfAKOU ciyvyall malMEHTHUTE MOXe
Jla ycemiar ,[yJicipaHe” B KOpeMHaTa 06J1aCT WU
Jla najanupar nyscupauia Maca [2]. [IporpecuBHo-
TO HapacTBaHe Ha aHEeBPHU3MaTa MOXKeE /1a I0Be/ie
J0 PYITYypa U MacMBEH BBTpeIlleH KPbBOU3JIUB,
koeTo e dartasHo B 80% ot cayvaurte [3]. [leT-
TO/JIUIIHUAT PUCK OT PYNTYypa 3a aHEBPU3MH I10-
MaJIKH4 OT 5 cm e 1-2%, 7okaTo 32 TaKKMBa, Ha/|BU-
maBamiy 5 cm - pucksT e oT 20 10 40% [4].

Pyntypata Ha abGJloMUHa/HA A0PTHA aHEBpU-
3Ma (pAAA) ce xapaKTepu3upa ¢ BHE3AITHO HACTb-
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have favorable outcomes, even with hemodynamic instability, technical success can be achieved

Key words: rupture; endovascular aortic repair; aneurysm

INTRODUCTION

An aneurysm is defined as a focal dilatation of
an artery that exceeds the normal diameter by at
least 50%. A “true” aneurysm results from a pro-
gressive weakening of the structural elements of
the arterial wall, and both radial and longitudinal
lengthening involving all three mural layers (inti-
ma, media, and adventitia). Abdominal aortic an-
eurysms are categorized based on the location of
the dilation. In suprarenal or para-visceral aneu-
rysms, the dilation involves the visceral arteries,
whereas if juxtarenal, it includes the origins of the
renal arteries. The majority of abdominal aortic
aneurysms are infrarenal, meaning they begin be-
low the renal arteries [1].

By far, the infrarenal abdominal aortic aneu-
rysm (AAA) is the most common type of arterial
aneurysm, with an estimated prevalence of 5%
to 16% in men older than 65 years. The disease
in women is less common, with an estimated
prevalence of 0.7% to 2.2%. [2] Most nonrup-
tured AAAs are asymptomatic and discovered
during abdominal imaging for an unrelated con-
dition. Occasionally, patients may feel a “pulse”
in their abdomen or palpate a pulsatile mass [2].
Progressive aneurysm enlargement can lead to
rupture and massive internal bleeding, which is
fatal in 80% of the cases unless timely repair can
be achieved [3]. The 5-year risk of rupture for an-
eurysms less than 5cm is 1% to 2%, whereas it is
20% to 40% for aneurysms greater than 5cm in
diameter [4].

A ruptured abdominal aortic aneurysm
(rAAA) presents with acute-onset abdominal



nu/a 60JIKa B KOpeMa U/WIK KP'bCTa, AbJDKAIA Ce
Ha pynTypaTa B peTPOINEepUTOHETTHOTO MPOCTPaH-
CTBO, 4 110 UHTEH3UTET € MHOTO0 cuiHa. [Ipu ¢puzu-
KaJIeH TIperJie]| NaleHThbT e 6Jie]l, XUTTOTOHUYEH
C HaJIM4yMe Ha MyJsicypallia Maca Ha [MIMPOKa OCHOBA
napayMOU/IMKaIHO. B HsAKOM ciy4all € Bb3MOXKEH
cuHKoIl. /ludepeHirasHaTa UarHo3a BKJII0YBa pe-
HaJTHA KOJTMKA, IUBEPTUKYJINT, MAaHKPEATUT, KbpBe-
He B raCTPOUHTECTUHAHUSA TPAKT, /10JIeH UHPAPKT
Ha MUOKap/a v nepdopupasa si3ga.

[Ipy cbMHeHHe 3a pynTypa exorpadusrta
MOJKe Jla ce U3I0JI3Ba 3a 6bp30 olpejessiHe Ha
AOpPTHHUS AUAMETDHP, HO 3JaTHUSAT CTAaHAAPT 3a
NIOCTaBsIHE HAa JIMarHo3aTa W MJIAHUPAHe Ha WUH-
TepBeHIUSATA e u3BbpuiBaHe Ha ckeHep (KT)
c koHTpact [5] (dur. 1, 2, 3). KT 6e3 koHTpacT
MO>Ke Jla MOTB'BP/U UJIH OTXBbPJIU HAJTUIHUETO Ha
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and back-pain. Back pain is caused by rupture of
the aneurysm into the retroperitoneal space and
is severe. On examination the patient is usually
pale, hypotensive with a tender, expansile ab-
dominal mass. Syncope may be present. Differen-
tial diagnosis includes renal colic, diverticulitis,
pancreatitis, gastrointestinal hemorrhage, infe-
rior myocardial infarction and perforated ulcer.
When a rupture is suspected, an ultrasound
can be used to rapidly evaluate aortic diame-
ter, but the most accurate method for diagnosis
of rAAA is CT scan with contrast (Fig. 1, 2, 3). A
non-contrast enhanced CT scan can identify ret-
roperitoneal hemorrhage associated with rAAA.
In addition, alternative abdominal disease may be

®ur. 1. Pyntypupasa aopTHa aHeBpu3Ma (¢ 6s1/1a CTpesiKa € I0Ka3aH peTPonepUTOHeaJTHUAT XeMaToM) (COGCTBEH apXuUB)

Fig. 1. Ruptured abdominal aortic aneurysms (white arrow showing the retroperitoneal hemorrhage) (own archive)

®ur. 2. pAAA - cbc cTpesiKa e 0603HaYeHa eKCTpaBa3alus Ha

KOHTpacTHa MaTepus (COGCTBEH apXUB)

Fig. 2. rAAA with arrow showing extravasation (own archive)

dur. 3. PynTypa Ha aopTeH yJIKyC (COGCTBEH apXUB)
Fig. 3. Ruptured aortic ulcer of the contrast material
(own archive)
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Jpyro 3ab0JisiBaHe, UJIU peTpPOIllepUTOHEeaJIeH Xe-
MaTOM, acouuupan c pAAA.

KbM HacToAlmMA MOMEHT BBb3MOXKHUTE Ba-
pUaHTHU 32 ONlepaTUBHA UHTepBeHLUs npu pAAA
ca JiBa: KJacudecka oTBopeHa onepanusa u EVAR
- eHJloBacKyJiapHO npoTre3upaHe. Kiacuyeckara
OTBOpEHAa OMNepaTHBHA WHTEPBEHILUsS MpeACTa-
BJfIBA pe3eKLUsi Ha aHeBpUM3MaTa M 3aMsAHaTa
Ha TO3U y4YaCTbK CbC CHHTETUYHA TPBHOOBA WUJIU
6udypkanronna npore3a. EVAR u3sosupa ane-
BpU3MaTa OT CUCTeMHaTa LUPKYyJiallisi OTB'BTPE.

WUmaniku npeaBuj npeaumMcrBaTta Ha EVAR,
KOUTO Ca MHHMMAaJlHA MHBAa3UBHOCT (He ce u3-
BBpILIBA JIAMAPOTOMHUS, KAKTO IMpPU KJacHuye-
CKaTa OTBOpeHa oOllepaTHBHA HWHTEPBEHIHs);
N0-KPaTKO BpeMe 3a UHTepPBEHIUATA; M0-MajiKa
KpbB03ary0a; Mo-HUChbK MPOLEHT YCA0XKHEHHS;
M0-KpaThK NPecTol OG0JIHUYEH NPECTON U TaKbB
B peaHUMAaIlMOHHO 3BEHO, KAKTO U PAaHHO B'b3CTa-
HOBSIBaHe, TOBA € MEeTOA'bT Ha U360 MPU MOAX0-
Jisllja aHaTOMUS Ha MalyeHTa [6].

HEX

[IpeacraBaMe cepus KJIUHUYHU CIy4yad Ha
NaLMeHTH C pyNTypupaja aHeBpHU3Ma Ha abJo-
MHHaJ/IHa aopTa, onepupaHu no mMetosaa EVAR u
nocjeBalUTe pe3yaTaTH.

MATEPUAJI U METOAU

['pyna ot 11 manueHTH, NOCTBIUIM MPE3 MO-
c/lleJHUTe JiBe FOJMHH C pyNITypUpaJla aHeBpU3Ma
Ha abJloMHUHaJIHAa a0pTa, IPU KOUTO € U3BbPILEHO
EVAR nu FEVAR B yci0BUs Ha CIeLTHOCT, 6e aHa-
JIU3UpaHa peTPOCIEeKTHUBHO.

[Ipouenypute - EVAR u FEVAR, ce uspbpuisat
1o/, 001112 aHeCcTe3Usl € MaJ'bK BEpTHKaJIeH JOCTbII
Jlo IBeTe 061U 6eZipeHu apTepuu. [log peHTreHOB
KOHTPO.JI Ce NOCTaBs I'bPBO OCHOBHOTO Ts1J10, KaTO
ce NO3ULMOHUPA TaKa, Ye MPOKCUMAIHUAT Kpau
(kopoHaTa) Jia € TOYHO MOJ, YCTHEeTO Ha IO0-HUC-
KocTosllaTa peHasHa aptepus (¢ur. 4) Beaubx
MO3UIIMOHUPAHO Ce U3BbPLIBA KOHTPOJIHA UHTpa-
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discovered should no AAA be identified. CT scan-
ning with contrast enhancement is required for
ideal planning of rAAA repair [5].

Currently, two treatment options for abdom-
inal aortic aneurysms are available: convention-
al open surgical repair (OSR) and endovascular
minimally invasive repair (EVAR). OSR is a ma-
jor operation involving the excision of dilated
area and placement of a sutured woven graft.
EVAR is meant to seal the sac from the inside of
the aneurysm, excluding it from the systematic
circulation.

Considering the benefits of EVAR, including
reduced invasiveness avoiding laparotomy, po-
tential shorter procedural time, lower blood loss,
lower complication rate, reduced intensive care
unit and hospital stay, combined with early recov-
ery and potentially improved long-term survival,
this is the treatment of choice when the patient’s
anatomy is suitable [6].

AIM

Our goal is to present case series with rup-
tured abdominal aortic aneurysms, threated with
EVAR and FEVAR in our department and the out-

comes.

MATERIAL AND METHODS

A retrospective analysis found 11 patients
who had presented with ruptured abdominal
aortic aneurysms and underwent emergency
EVAR or FEVAR in the past 2 years at our insti-
tution. When asking how the procedures are
performed, EVAR - under general anesthesia,
we expose the common femoral arteries with
two small vertical incisions in the groin area.
Using fluoroscopic guidance, the main body is
inserted first. The device is positioned so that
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ornepaTUBHA aHTHOTpadus, 3a Jla ce TOTBbpAU To-  the proximal margin of the device is below the
3ULMATA U IPOXOJMMOCTA Ha peHaJIHUTe apTepuy,  most caudal renal artery (Fig. 4). Once deploy-

C/Ie/i KOETO ce 0CBO60XkAaBa KopoHara (¢ur. 5). ment has started, a check angiogram is under-
Crnen mocTaBsiHe HA OCHOBHOTO T$JIO — CTEHT-

rpadT, ABeTe My ,KpadeTa“ ce yAb/LKaBaT KbM
JIBeTe 0611 /BBHIIHU UJIMaYHU apTepud (dur. 6).
Crnep mocTaBsiHE HA €H/IONPOTE3UTE CE U3BBPLIBA
¢duHanHa aHruorpadus c Les NIpoBepKa Ha Mpo-
XOAMMOCTTA ¥ HA/JMYHe Ha eHAOJIMHK (ur. 7). 6). A final angiogram is performed to check for
OnepaTUBHMTE AOCTBIM ce 3aTBapAT nocaoitHo,  endoleak (Fig. 7). The skin incisions are closed
KaTO KoxKaTa ce 3aTBapsl C UHTPaJlepMaJieH IlIeB. with intradermal suture.

taken to confirm the position and the patency of
the renal arteries (Fig. 5). The main body is then
released. Both stent-graft ,limbs“ are extended
into the common/external iliac arteries (Fig.
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®ur. 4. [locTaBsiHe Ha OCHOBHOTO T$1JI0 (COGCTBEH apXUB) dur. 5. KonTposiHa aHruorpadus 3a NOTBbpK/iaBaHe Ha
Fig. 4. Insertion of main body MO3UIUATA HAa peHAJTHUTE apTepuH (CO6CTBEH apXUB)
(own archive) Fig. 5. Check angiogram to confirm

the position of the renal arteries (own archive)

®ur. 6. OCHOBHO TsJIO C AiBeTe KpayeTa (COGCTBEH apXUB) ®ur. 7. PuHanHa aHruorpadus (co6CcTBEH apXuB)
Fig. 6. Main body with both limbs (own archive). Fig. 7. Final angiogram (own archive)

35 <<




©)
e
=
=
=1
=
o
(S
=
O
=
(S
|
=
=
®)
=
=
aq
EL
=
=)
5
=
(S
=
—
=5
o
I
(93
%]

T. Camapmxves v ap.

KAPAVIOAOTUA & MUHUMATHO MHBA3MBEH NOAXO...
KAPAUOXUPYPIUSA o

AH Towm 8, bpoit 4 « 2025

PazsvMkara Mex/y TropeomnucaHaTa Ipolje-
aypa FEVAR e cnepnata: npu FEVAR ocHOBHOTO
TSJI0 Ce MO/IeJINpa OT OllepaTopa, npeau Aa 6b/e
noctaBeHo. Ha 6a3ara Ha gaHHuTe oT KT aHru-
orpadus ce wuspaborBaT ¢eHecTpu (0TBOPHU)
3a peHaJIHUTe apTePUU U a. Me3eHTepHuKa cyIe-
puop. Cies mo3uMOHUPAHE HA OCHOBHTO TSJIO,
npe3 OTBOpPUTE Ce IJIacMpaT BOZAAYM, KAaTO IO
Te3W BOJIAYU Ce MOCTABAT CTEHTOBE KbM peHasl-
HuTe apTepuu (dur. 8 u 9). 3a mesTa ocBeH Ba-
Ta GeJipeHU JIOCThIA, Ce MPABU AOMbJHUTEIEH
MepKyTaHEH JOCT'bI mpe3 a. 6paxuasnuc. CaeBa
0CBOGOXK/]JaBaHe HAa OCHOBHOTO TsiJ10 (¢ur. 10a) u
NocTaBsiHe Ha JiBeTe KpadeTa. [Iponeaypara 3a-
B'bpIIBA C KOHTPOJIHA aHTHoTrpadus (dur. 10b).

The difference between EVAR and FEVAR
is the following: the main body is modified by
the physician before being inserted. Based on
the CT scan, a fenestra (openings) are made for
the renal and superior mesenteric artery. After
main body placement, the openings for the re-
nal arteries are being cannulated and balloon
expandable stents being positioned (Fig. 8 and
9). A percutaneous access through the brachi-
al artery was used in those cases in addition to

the femoral accesses. The main body is then be-
ing released (Fig 10a) and the limbs are being
released. A final angiogram is being performed
(Fig. 10b).

®ur. 8. KaHlosipaHe Ha peHAJIHUTeE apTepuu (CO6CTBEH
apXuB)
Fig. 8. Cannulation of both renal arteries (own archive)
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®ur. 9. [losnnnoHnpaHe Ha 6aJI0H-MOHTUPAHUTE CTEHTOBE

(cobcTBeH apxuB)
Fig. 9. Positioning of the balloon expandable stents for the
renal arteries (own archive)

®ur. 10. FEVAR - n03u11MOHUPaHO OCHOBHO
TSJIO C IOCTBEHU KpayeTa U pUHAIHA aHT'HO-
rpa¢us (CO6CTBEH apXHB)

Fig. 10. FEVAR - main body being positioned
with both limbs extended and final angiogram.
(own archive)



PE3YJITATU

['pynaTta Bkaw4Ba 11 manueHTH Ha cpefiHa
Bb3pacT 69 r. (57-81 r.) [I'bpBaTa onepaTuBHA
VHTepBeHLMsd e u3BbplieHa Ha 11.11.2022 r, a
nocaegHaTa — Ha 24.12.2024 r. Bcuyku nauMeHTH
ca M'bke. CpeJHUAT HallpeyeH JUaMeTbp Ha ab-
JIOMHWHaJIHAaTa aHeBpU3Ma e 7.55 cm, kaTo HUTO
eJIVH OT NallMeHTUTe He e ollepUpaH N0 TO3H IOo-
BO/J, B MMHaJ/IOTO. AHAMHECTHYHO BCUUKU NMaleH-
THU CbOO6LIABAT 3a CUJIHA 60JIKa B KOpeMa, HacTb-
IMJla BHE3allHO, KOSITO e 3allo4yHaJsa ChIUA WU
npejxonHusa JeH. Hail-uecToTo mpujpy»kaBalio
3aboJisiBaHe e apTepra/iHa XUulepToHus (Tabs. 1).

[Ipy M3MepBaHe Ha apTepUAJHOTO HaJsra-
He BCUMYKM NALMEHTHU ca XUNOTOHHUYHH, Jedu-
HupaHo kato AH < 90/60 mmHg. Kato ce umar
npe/iBU/| HallpeAHaJaTa Bb3PaCT, XEMOPAaruiHU-
AT UOK, IPUJpYyKaBalluTe 3a60J151BaHUA U BUCO-
KUSIT OllepaTHUBEH PUCK, MeToJ Ha u3bop e EVAR.
[Ipy HUTO eAuH OT ciaydauTe He O6e IPEeMHUHATO
KbM OTBOpEHa ollepaTMBHA UHTepBeHLus. [Ipe-
JIONepaTUBHOTO MJIAHUPAHE U Opa3MepsiBaHe 3a
EVAR 3a uspbpuienu cien nposexzgaHe Ha KT
anruorpadus. [lo oTHoEeHWe HA TUIA eHJ0Bac-
KyJlapHa npolejypa — Ipy TpUMa OT NalyHueHTH-
Te e U3BbplleH peHecTpupaHa TakaBa (FEVAR)
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RESULTS

The case series includes 11 patients with a
median age 69 years. The age range was 57-81
years. First procedure performed on 11.11.2022
and the last on 24.12.2024. All of the patients are
males. The median measured AAA size in largest
dimension was 7.55 cm. None of the patients had
prior aortic repair. Presenting at our department,
all of the patients had abdominal pain, which wad
acute start from the same day or the day before.
The commonest comorbidity was hypertension
(Table 1).

When measuring the blood pressure, all of the
patients were hypotensive, defined as less than
90/60 mmHg. Considering the age, hemorrhagic
chock, associated diseases and high operative risk,
preferred treatment method was EVAR. No con-
version to open repair was needed. The anatom-
ical characteristics of the aneurysm, preoperative
planning and sizing in EVAR were determined us-
ing computed tomography angiography (CTA) by

thin - cut 1 mm axial and sagittal reconstructions.

Ta6auna 1. [lpuapyxaBaiiu 3a6ossiBaHus Ha rpynaTta nauueHty // Table 1. Patient data and comorbidity

ton | maper || b | e | Swaren | g | Teponem | Ouerone
g::ggrt Age (mm) Hypertension CHD* Diabetes RI** Tabaco use O;ii(:;g; ¢
M 66 76.4 + - - + + -
M 72 72 + - - + - -
M 74 97 + + - + + -
M 72 77 + - - - - +
M 65 80 + - - - - -
M 57 68 + - - - + -
M 60 64 + - - + - -
M 81 10.10 + - - + - -
M 68 94 - - - - + -
M 78 73 + - - + + -
M 81 80 - - - + + -

*UBC - ncxemu4Ha 6oJiecT Ha cbpleTo; **BH - 6'b6peyHa HeI0CTaTBYHOCT

*CHD - coronary heart disease; **RI - renal insufficiency
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nopajy TBbpJe KbCa WU JMICBAIA IUHKA HA
aHeBpU3MaTa, MPU BCUYKH OCTAHAJIU — KJacU4e-
cku EVAR. [Ipy BCHYKM NallMEHTHU ca U3M0JI3BaHU
eH/ionpoTe3u AHKYpa, KaTo 3a rpynara Ha dpeHe-
CTpUpPAHUTE, eHJ0NPOTE3NUTE Ca MOJIEJTUPAHU OT
omepaTopa C LieJ1 1A MacHaT Ha UHAWBU/yaHATA
aHaTOMMs Ha nauueHTa (¢ur. 11).

Bcuuku npoueaypu ca U3BbpIlIeHd B XUOPHU/I-
Ha oTepanuoHHa 3aJ1a C Hal-KpaTKO ONIEPATUBHO
BpeMe 2 yaca, a Ha-AbJaro - 9 yaca u 20 MUHYTHU.
CpeHUAT GOJTHUYEH TPECTOW e 7 JHH, KOeTo e
JIBOMHO MO-KPATKO, CPAaBHEHO C MPECTOsI IPU OT-
BOpeHa OolepaTUBHA UHTepPBeHUU [7]. 3apuHC U
CBTp. Ca AOKJAJBAJIU PeAyKIHMs HAa GOJTHUYHUSA
npectoi ¢ 63% npu rpynata Ha EVAR, cpaBHeHO
C OTBOpeHa xupyprus [8].

[Io oTHOLIEHHEe Ha pe3yJTaTUTE: IBA CMbPT-
HU cjy4dasi — eIMH Ha II'bPBU MOCTONEpPATHBEH
JleH, a BTOPUAT — B paMKuTe Ha 30 AHU ciel Us-
B'bpLIBaHe Ha npoueayparta. [Ipu eJuH OT manu-
eHTUTe 6e HAJIOKUTEJTHA PEeUHTepPBEHIUs eJUH
Mecer cie EVAR nopaau Haiu4yve Ha eHA0JIUHK
THII [C ¥ KIMHUYHYU CUMIITOMH Ha 60JIKAa B KOpEM-
Ha 006J1acT, KOSITO He ce obJieK4yaBa OT MpPUeM Ha
aHaJIreTUYHA U CIIa3MOJIMTUYHA TePanusl.

Considering the type of EVAR - three patients un-
derwent fenestrated EVAR (FEVAR) because of
too short or absent neck of the aneurysm, all oth-
er patients - classic EVAR. The Ancura device was
used for all patients and for the FEVAR, the devic-
es were custom-made according to the individual
patient anatomy (Fig. 11).

All procedures were performed in a hybrid
operating room with shortest operating time two
hours and longest - nine hours and 20 minutes.
Median hospital stay for EVAR was 7 days, which
is twice as short as compared to open surgery [7].
Zarins et al reported a 63% reduction in hospital
stay for EVAR compared to OSR [8].

The outcome included two deaths, one of them
on the first postoperative day, the other - within
30 days after the initial procedure. One of the pa-
tients underwent reintervention one month after
initial procedure to treat an endoleak type Ic and
clinical symptoms of abdominal pain, which was

not relieved from medications.

&ur. 11. MozsenvpaHe Ha eHAONPOTE3aTa OT onepaTopa (COGCTBEH apXUB)
Fig. 11. Physician-modified endovascular graft (own archive)
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[IpoTOKOI'BT 32 MpoC/e/isiBaHe HA MallMeHTHU-
Te BKJIIOYBA /IBa IperJie/ia B aMOyJIaTOPHU YCJIO-
BHUSl B paMKUTE Ha e[JUH Mecel] cJe, 1eX0CnUTa-
ausanusTta u KT anruorpadus Ha 1-By, 3-TH, 6-U
u 12-u Mecer, cies onepaTUBHATA UHTEPBEHIUSI.
Cnepn 12-ud Mecel npocJiesiBaHETO NPOJbJKaBa
¢ KT anruorpadus BeJH'bX roguiiHo (Tab6J. 2).

OBCBXXJAHE

[Ipe3 mnocnegHuTe [Be JeceTWJeTHUs 3Ha-
YUTEJIHO Ce e yBeJUYMWJ NPOLEeHTHT Ha UHpa-
peHa/HW W KOMIUIEKCHHM aOPTHU aHEBPU3MH,
sekyBaHu upe3 EVAR u FEVAR. [IspBusaTt EVAR,
HalpaBeH NPU pynTypupasa abJoMrUHaJIHa a0pT-
Ha aHeBpH3Ma, e uU3BbplueH Ha 29.10.1994 r.
(dur. 12), kaTo oT TOraBa ce e NpeBbpHaJ B pe-
BOJIIOLIMOHEH NOJXOJ Y 3HAUUTEJHO € HaMaJlWJ
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Follow up protocol included a clinical exam-
ination for 1 month postoperatively and a CTA at
1st, 3rd, 6th and 12th months thereafter. After the
12th month, the follow up includes a CT scan each
year (Table 2).

DISCUSSION

Treating infrarenal and complex abdominal
aortic aneurysms with EVAR and FEVAR has in-
creased in the past two decades. The first EVAR
for ruptured abdominal aortic aneurysm was
performed on 29.10.1994 (Fig. 12) and since
then it has revolutionized and remarkably re-
duced operative mortality compared to open
surgery.

Ta6smna 2. [IpocneasBane Ha nauueHTute // Table 2. Patients follow-up

Enponuiik // Endoleak
gzlj:der EVAR FEVAR I mecern, 111 mecern, VI mecen, XII mecen;, | Il roauHa MoyuHan
month month month month year Patient died
M + + + + +
M + + + + +
M + - - - -
M + - - - -
M + - - - - -
M + - - - -
M + +
M +
M + - - - -
M + -
M +

Case Reports = > Lancet. 1994 Dec 10;

Emergency endovascular repair of leaking aortic

aneurysm

S W Yusuf, S C Whitaker, T A Chuter, P W Wenham, B R Hopkinson
Department of Vascular Surgery, University Hospital, Nottingham NG7 2UH, UK

®ur. 12. [TepBuaT EVAR 3a pAAA, ussbpuieH Ha 29.10.1994 r. // Fig. 12. First EVAR for rAAA 29.10.1994
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NpoleHTa CMBPTHOCT CPaBHEHO C OTBOpeHaTa
oTnepaTUBHA UHTEPBEHIHS.

OnuTbT N0Ka3Ba, Ye NalueHTH ¢ pynTypupasa
aHeBpU3Ma Ha abJloMHUHaJ/IHA A0PTa, KOUTO ca Ipe-
MHHaJIM Te€31 NMPOLEeypPU UMAT MO-KPaThbK 60JTHU-
YeH NpecTod U TaKbB B peaHHWMalysl, CPaBHEHO C
NaLMeHTHUTE, OIEpUpPaHU N0 CTaHJApTEH OTBOPEH
METO[I.

[I'bpBuaT EVAR, usBbpuien B bbarapus 3a
JleueHHe Ha pynTypupasa abJoMUHaAJHA a0pTHA
aHeBpu3Ma, € Ha 14.10.2022 r. B MBAJI ,Cbpue u
MO3'bK", KaTO OllepaTopbT e oT KiimHuKa no cbio-
Ba xupyprus — [lneBeH. [lanueHTHT € 65-ToAUII-
Ha *KeHa, KOSITO e MpeMHUHaJa yCIEeNIHO Mpolje-
JlypaTa U e AeXOCNUTaIM3rMpaHa Ha 5-us JieH, Ha
JIBOMHA aHTHAarperaHTHa Tepanus.

[lo mpenopbka Ha HacokuTe Ha EBpomneii-
CKOTO Jpy?KeCTBO IO CbhAoBa xupyprus ot 2019
r. EVAR u FEVAR ca nbpBa JiuHUSA JiedeHue [9].
HamuTe pesyaTtaTu KopecnoHAUPAT C JAaHHUTE,
couewy, ye EVAR B ycs10BHSA Ha CIIELIHOCT € CBBP-
3aH C MO-HUCHK MPOLEHT CMBPTHOCT U MO-TOJIAM
IIaHC MAaUUEeHTBT JAa ObJAe [eXOCHUTAJU3UpaH
[10]. IpoyuBaHus, MPOBEeAEHU 3a NPOCIe/isIBaHe
Ha KpaTKO- U CPeJHOCPOYHUTE pe3y/ITaTH, ca J0-
Kasasiy, 4Ye MeTOA’bT e 6e30mnaceH U ePeKTUBEH.

[leTroguinHUTE pe3yaTaTH, AOKJAaJBaHU OT
Ozepud U CbTP., IOAKPENT Te3u JaHHU [11].

TexHMYeCcKHAT ycnex B rpynara NalMeHTH e
90%, KaTo MpU eIUH OT MALUEHTUTE Ge HATOXKH-
TeJIHA PEUHTEPBEHIIMS e[JUH Mecel] cJie/l I'bpBa-
Ta onepanus Nopajy HaJu4yue Ha eHJ0JMUK TUI
Ic ¥ nporpecMBHO HapacTBaHe Ha aHeBpU3MarTa.

EHZl0IMAKBT e nepcucTdpauia nepdysust Ha
aHeBpHU3MaJIHUS CaK, KOeTO BO/JIM JI0 HApacTBaHe Ha
aHeBpH3MaTa M MOBUIIaBa pycKa oT pynTypa. Cro-
peJ penopbKUTe Ha EBponeicKkoTo ApyKecTBO MO
Cbh/I0Ba XUPYPTrUsl peMHTEPBEHILIUSA Ce MpenopbyBa
NpY Ha/iM4ue Ha eHAouiK tvn [ v tun I - crenen
IB HMBO Ha J0OKa3aTeJICTBEHOCT (TuIl | e pe3ysraT
OT HeJ00p0 YIUTbTHEHHE B NMPOKCUMAHHUS WU
JMCTaJIHUASA Kpal Ha eHjonpoTe3aTta) U 3a Tyl Il
€HJIOJIMHK, CBbp3aH C HapacTBaHe Ha JAuaMeTbpa
Ha aHeBpU3MaTa — cTeneH 2C HUBO Ha J0Ka3aTes-
crBeHocT (Tun Il eHZ0MMHAK ce moJsiyyaBa MpH Ha-

>> 40

Literature has shown that patients with an
rAAA who undergo EVAR and FEVAR have shorter
hospital and ICU stays.

First EVAR for ruptured abdominal aortic an-
eurysm in Bulgaria was performed on 14.10.2022
at MBAL Heart and Brain by physician from our
department, Pleven. The patient was a 65-year old
female, who underwent successful EVAR and was
discharged home 5 days after the procedure on
dual antiplatelet therapy.

The 2019 European Society for Vascular
Surgery aortic guidelines have recommended
EVAR and FEVAR as first line treatment [9].
Our study results are consistent with prior ev-
idence that EVAR in emergency situations is
associated with lower mortality, shorter hospi-
tal stays and a greater likelihood of being dis-
charged home [10].

The short- and mid-term data have shown the
method to be efficient and safe. A reported study
of 5-year results by Oderich et al. supported this
data [11].

Technical success in this group was 90%
with one patient requiring reintervention one
month after the first procedure to threat a type
Ic endoleak and progressive aneurysm enlarge-
ment.

An endoleak is the leaking of blood outside a
stent graft and within the aneurysm sac. In this
case the aneurysm may expand and the risk of
rupture increases. According to the Society for
Vascular Surgery the treatment of endoleak is rec-
ommended for type I and III - grade IB evidence
level (type I occur as a result of an inadequate seal
at the site of the graft attachment) and for type II
endoleaks associated with aneurysm expansion -
grade 2C evidence level (type Il endoleaks means

retrograde flow through branch vessels continues



JI4ue Ha PeTporpajieH KPbBOTOK B aHEBpU3MaTa
1pe3 XpaHel ChJ, — HAIp. JyMOaIHa apTepPUs WU
a. MeseHTepuKa nHbepuop) [12]. [Ipu HaM4YKe Ha
eHJ1o/IHK Tv I, KOUTO He e CBbp3aH C HapacTBaHe
Ha aHeBpHU3MarTa ce penopbuBa HabJwoeHue (cTe-
neH IB HUBO Ha oKkaszaTesicTBeHOCT) [12].

B rpymaTta nanueHTH, WU3KJIWOYBAKKU eJHA
perHTepBeHI M U e/JUH MalyeHT ¢ Tyl lla enpo-
JINMK, HO 6e3 HapacTBaHe HAa aHEBPU3MaJIHUS CaK
e/lHa TOAMHA CJieJ| OlepaTUBHATA UHTEPBEHIHS,
IpyU BCUYKW OCTAaHAIU TPOCJeJeHU MalueHTH,
eH/I0JIMHK He Ge YCTaHOBEH.

M3KJl0uBalKU ABAaTa CMBbPTHHU C/1y4asi, BCUY-
KM OCTaHaJIM MallMeHTH OT TpymnaTa ca JeXOCIu-
TaJIM3UPaHU Ha JIBOWHA aHTHarperaHTHa Tepa-
Y ¥ TaKaBa 3a pUApyKaBalluTe 3a60JsIBaHUS.

J'bATOCPOYHUTE PE3Y/ITATH U MPEKHUBIEMOCT
B Ipynara npejicTou Aa 6'bAaT IPOCie/leHH.

3AKJIIOYEHHUE

Pyntypupasnara abgoMUHaIHA aOPTHA aHEBPU-
3Ma e »KMBOTO3aCTpallaBalllo ChCTOSIHUE, KOETO €
daranHo B 80% ot ciydyauTe. KbM HacTosus Mo-
MEHT /IBa Ca Bb3MOXXHUTE BapHUaHTH 3a JIeYeHUE —
KJIacM4ecKa OTBOpeHa ollepalus U eHJI0BacKy1ap-
HO npoTte3upane. HamuAT onut nokassa, ye EVAR u
FEVAR 3a s1e4yeHHe Ha KOMILJIEKCHU QOPTHU aHEBPU-
3MH ca C 6/1aronpusiTeH U3X0/I, HUCKA KpbBO3ary6a,
HUCBK MPOLEHT YCJA0KHEHUS, peAylpaH GOJHU-
YeH NPecTou U TaKbB B peaHMMauud. [barocpoy-
HUTE pe3y/ITaTH IPeCcTOoH a 6bJaT NPOoCae[eHH.
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to fill the aneurysm sac - for example lumbar ar-
tery or a. mesenterica inferior). [12]. Surveillance
is recommended for type Il endoleaks not asso-
ciated with aneurysm expansion (grade 1B evi-
dence level). [12]

In our study group excluding the patient who
had second intervention, one patient had en-
doleak type Ila, but no aneurysm enlargement one
year after the procedure. The other patients who
were followed up, had no endoleak.

Excluding the two death cases, all other pa-
tients were discharged on double antiplatelet
therapy and medications for the comorbidities.

The long-term survival of our group is about to
be followed-up.

CONCLUSIONS

Ruptured abdominal aortic aneurysm is a
life-threatening condition which is fatal in 80%
of the cases. Currently two treatment options
are available - open repair and endovascular
aneurysm repair. Our experience shows that
EVAR and FEVAR for complex aortic aneurysms
has favorable outcome, lower blood loss, lower
complication rate, reduced intensive care unit
and hospital stay. Long term survival is about to

be followed-up.
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MNPOAB/IAKUTE/THOCT HA QRS-KOMIIJIEKCA ITPH CEINITAJIEH U AITMKAJIEH
JECHOKAMEPEH NEMCUHT

Cm. [Jlumos, M. Mupa3uuiicku, E. Anacmacos, /I. CumoHos, /. Xazep6acaHos, II. Haues,
H. Tonues, M. IIpomuu

MPBAJI ,,Copye u mo3ok” - Bypeac, beazapcku kapduosiozuveH uHcmumym

Pe3iome. BbBegeHue: /lecHOkaMepPHOTO NeHiCUpaHe e OCHOBEH METO/ 3a JiedeHre Ha 6pafiuapuT-
MHUU. XPOHUYHOTO NeHcUpaHe Ha JfiCHAaTa KaMepa Ce acoLiMMpa CbC CUCTOJIHA U JJUACTOJIHA JJUC-
bYHKLMA NpU oNpeJiesieHU NanueHTH. [IpoabmkuTesHocTTa Ha QRS-KoMIIeKca M CbI'bTCTBALLATA
ro JJUCCUHXPOHHUS Ce CMSATAT 32 OCHOBHM NPEAUKTOPH 3a Pa3BUTHE Ha NeHCMeNKbp-UHAYLMpaHa
kapauomuonatus (PICM). Llen: llenTa Ha ToBa MpOy4YBaHE € /1A Ce CPAaBHU pasjiMKaTa MeX/y Mpo-
J'b/LKUTENHOCTTA HA HATUBHUSA MPENnpole/ypeH U neicupanus nocrunponenyped QRS (QRSd) npu
alyKa/HO U CeNTa/IHO MO3UIJMOHUPaHe Ha eJleKTpoJa. MaTepuas M MeTOAM: B ToBa peTpocmek-
TUBHO [IPOyYBaHe ca CPaBHEHH JleceT Noc/eloBaTe/IHY TallUeHTH C JleCHOKaMepeH aluKaJleH neu-
CHUHT U JleceT NOC/eloBaTe/IHY AliMeHTa C leCHOKaMepeH cenTasleH nelcuHr. [locpecTBOM npe- U
NoCTIpoelAypeH 3anuc Ha 12-kaHanHa EKI ce aHa/M3upa npob/KUTENHOCTTA Ha Hal-IIMPOKUS
QRS-KkoMILIEKC OT BCUYKU OTBEXJAHHUS Ha BCeKU NanueHT. QRS-KOMIIEeKCHT, perucTpyUpaH npej-
nponeaypHo (QRSb), cayxenie 3a pebepenius, u neiicupanute QRS-kommiekcu (QRSp) 6s1xa cpas-
HsIBaHM C Hero, KaTo BCEKHU MallUeHT Oellle KOHTPoJIa Ha caMuAT cebe cu. QRSd ce musuncaum ypes
QRSb - QRSp. PesysnraTu: CenTaqHUAT AECHOKAMEPEH MENUCUHT CE aCOLIMUPA ChC CTATUCTUYECKU
3Ha4YMMa N0-KpaTKa NPOAb/LKUTETHOCT Ha nelcupaHuaT QRS-koMIiekce cipsiMo leCHOKaMepHUs
anuvkaJseH nercunr (145,8 + 10,1 cpenty 155,9 + 9; p < 0.05). [Ipu cpaBHeHue Ha QRSd ce perucrpu-
pa 3HAYUTEJNHO M0-CUTHUPUKAHTHO yobkaBaHe Ha QRS-koMmiekca B rpymnara c JleCHOKaMepHa
anukKasHa crumynaanus (67.1 = 11.1 ms u 37,3 + 22,8 ms; p < 0.05), B cpaBHeHUe C rpymnaTa cbC
CeNnTalHO CTUMYJIMpaHe. 3aK/II04eHue: /lecCHOKaMepHUSAT cellTajleH NeHCUHT ce acoLUMpa ChC 3Ha-
YUTEJIHO [10-KpaTKa NPOAb/DKUTENHOCT Ha elicupaHusaT QRS-kommiekc.

w
[0}
o
£
=
<
i
[s]
=1
g
sYe]
2
i
O
~
5
5
S
=
3]
S
O
~
=
z
(a1
jos
=~
—
=
=
o
O

Kio4oBM AyMU: cenTajleH NEeMCUHT, alMKaJleH NMeNCHHT, NPOoAbKUTEeNHOCT Ha QRS-koMmiekc,
nelcMelKbp MHAYLUPaHA KapUOMUOATHS

DURATION OF THE QRS COMPLEX IN SEPTAL AND APICAL RIGHT
VENTRICULAR PACING

S. Dimov, M. Mirazchyiski, E. Anastasov, D. Hasarbasanov, D. Simonov, P. Iliev,
L. Tonchev, M. Protich

MBAL Hearth and Brain - Burgas, Bulgarian Cardiology Institute

Abstract.Introduction: Rightventricular pacingisaprimary method fortreatingbradyarrhythmias.
Chronic pacing of the right ventricle is associated with systolic and diastolic dysfunction in certain
patients. The duration of the QRS complex and the accompanying dyssynchrony are considered
key predictors for the development of pacemaker-induced cardiomyopathy (PICM). Objectives:
The aim of this study is to compare QRSd (the difference between the duration of the native pre-
procedural and paced post-procedural QRS) in apical and septal lead positioning. Material and
Methods: In this retrospective study, ten consecutive patients with right ventricular apical pacing
and ten consecutive patients with right ventricular septal pacing were compared. Using pre- and
post-procedural recordings from a 12-lead ECG, the duration of the widest QRS complex from all
leads was analyzed for each patient. The QRS complex recorded pre-procedurally (QRSb) served
as a reference, and the paced QRS complexes (QRSp) were compared against it, with each patient
acting as their own control. QRSd was calculated as QRSb - QRSp. Results: Septal right ventricular
pacing is associated with a statistically significant shorter duration of the paced QRS complex
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compared to right ventricular apical pacing (145.8 + 10.1 ms vs. 155.9 * 9 ms, p < 0.05). When
comparing QRSd, a significantly greater prolongation of the QRS complex was observed in the group

BBBEJEHHUE

JlecHokaMepHUAT anukajeH necuHr (RVAP),
NOCTUTHAT C HMIUIAHTallUs Ha TPAaHCBEHO3HU
€H/IOKap/IHU eJIEKTPO/H C NMacUBHA WM aKTHUBHA
duKcanus ce e yTBbPAUJI KATO OCHOBEH METO/, Ha
JledueHHe Ha MHOXECTBO ChCTOSIHUSA, aCOLMUPaHU
CbC CMMITOMHA Gpajuaputmus. TexHukaTa 3a
anuKaJ/ieH MeNUCHHT e A0CTbIIHA U Bb3NPOU3BOAU-
Ma, KaTo Ipe/jiara CTabuJHU U JbJCOTPalHU pe-
3ysaratH [1]. KnMHUYHUTE JaHHU MOKa3BaT yAo'bJl-
>KaBaHe Ha NMPOJ'b/LDKUTENTHOCTTA U KAUECTBOTO Ha
*KUBOT CpeJ Ta3H NalMeHTCKa nomnysianus [2]. Bb3-
MOXKHUTE HEOIArONPUATHHU ePeKTU OT XPOHUYHO-
TO alMKaJIHO JleCHOKaMepHO NelcrupaHe ca fjo6pe
NO03HATH Y BKJIOYBAT: NeMCMENKbP UHAyLMpaHa
kapauomuonatus (PICM), npeacbpAiHO MBXK/eHe
M IOBUILEHA YecTOTa Ha XOCNUTAJU3aALUHUTE 32
060CTpeHa CbpJleuHa HeOCTATBYHOCT [3, 4].

[leicMelKbp MHAYLHMpaHaTa KapAHUOMHOIA-
TUs ce AedUHHpPA KATO chnaj Ha pakuusTa Ha
ustnacksaHe (EF) c 10% cnpsmo usxoiHaTa npu
croriHocTH Ha EF Hag 50% npeay uMIiaHTanus-
Ta, uau peaykuus Ha EF ¢ 5-10% npu nauueHTH
¢ EF nox 50% npwu sivnca Ha Apyra siBHa NpU4U-
Ha [3]. [IpogbmxkuTesHocTTa HA QRS-KOMIIEKCA
Y YyeCcTOTaTa Ha KaMepHO MelcupaHe ca OCHOBHU
npeJUKTOpH 3a pa3zButue Ha PICM [5]. [Ipogsb.-
»uTesHocTTa Ha QRS-kommiekca Hag 150 ms,
0CO6EHO NPU 3aBUCUMHU OT KaMepHa CTUMYJIaLUs
NalueHTH, Ce acoliMupa C BUCOK PUCK OT pa3BU-
Tue Ha PICM, kaTo pucKbT HapacTBa C NIOBULIABA-
He Ha NPoAb/LKUTENHOCTTA HAa QRS-koMmiekca B
CpaBHEHUE C NpeANpoleAypHATA NPOLbIKHATE-
HocT Ha QRS [3, 5].

JenosisipyusanonHaTa BbJaHa npu RVAP 3a-
obukanga Xuc-llypkrHUe cucTeMaTa, KaTo aKTHU-
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with right ventricular apical stimulation (67.1 £ 11.1 ms vs. 37.3 + 22.8 ms, p < 0.05) compared
to the septal stimulation group. Conclusion: Right ventricular septal pacing is associated with a
significantly shorter duration of the paced QRS complex.

Keywords: septal pacing,apical pacing, QRS complexduration, pacemaker-induced cardiomyopathy

INTRODUCTION

Right ventricular apical pacing (RVAP),
achieved by the implantation of transvenous en-
docardial electrodes with passive or active fixa-
tion, has established itself as a primary method
for treating various conditions associated with
symptomatic bradyarrhythmias. The technique
for apical pacing is accessible and reproduc-
ible, offering stable and long-lasting results [1].
Clinical data show an extension in both life ex-
pectancy and quality of life among this patient
population [2]. The potential adverse effects
of chronic apical right ventricular pacing are
well known and include: Pacemaker-induced
cardiomyopathy (PICM), atrial fibrillation, and
increased hospitalization rates for exacerbated
heart failure [3, 4].

Pacemaker-induced cardiomyopathy is de-
fined as a reduction in ejection fraction (EF) by
10% relative to baseline for patients with EF
values above 50% prior to implantation or a
reduction in EF by 5-10% for patients with EF
below 50%, in the absence of any other appar-
ent cause [3]. The duration of the QRS complex
and the frequency of ventricular pacing are key
predictors for the development of PICM [5]. A
QRS complex duration exceeding 150 ms, par-
ticularly in patients dependent on ventricular
stimulation, is associated with a high risk of
PICM, with the risk increasing as QRS duration
prolongs compared to the pre-procedural du-
ration [3, 5].



BalMsiTa HAa MUOKap/Za ce OChIecTBABA OCHOBHO
npe3 paboTHUSI MUOKapZ, C IbpBOHAYA/HO aKTH-
BUpaHe aHTepo-allMKaJHUTe cerMeHTH Ha [JK,
c/le[ilBaHU NOCJeL0BaTeJTHO OT UHTPaBEHTPUKY-
JIapHHUSA CEeNTyM, KaTO aKTUBALUsTA Ce Pa3npoc-
TpaHdABa U 3aBbpIIBA KbM 0a3z0-jJaTepasiHUTe
CerMeHTHU Ha JisiBa kamepa (LV) [6]. UHTpa- u
WHTepBeHTPHUKYJapHaTa JUCCHHXPOHHUA BOJAT
Jl0 yBeJiMYaBaHe Ha KpPaWHHUAT CHUCTOJIEH 06eM,
cUCTO/IHA AUCPYHKLUMS M HapylleHa peJsakca-
UsATa Ha MUoKap/a [8]. 3a6aBeHaTa JlenoJisipu-
3alMsl Ha NalWJIapHUTE MYCKYJIM pe3yaThpa B
nanujapHa AUCPYHKLHA U BTOPUYHA MUTpa/IHA
nHcydunuennusa [8]. [Ipu xpoHUYHA aCHUHXPOH-
Ha aKTHBALMS Ce MOTEHLHUpPA PEMOJESHUPAHETO
Ha JiiBaTa KaMepa, KaTo ce yBeJM4aBa pUCKa OT
PICM u npencbpaHo MbxKJeHe [7-9].

ToBa BoAM [0 TBbpPCEHETO Ha JPYrU JeCHO-
KaMepHHU MeCTOI0JIOKEeHHUS C LieJl IOCTUTraHe Ha
no-GU3MOoJIOTUYHA aKTHUBALMs Ha MHUOKapga U
HaMaJ/IsiBaHe Ha pUCKa OT O'bJiella JileBOKaMepHa
auchynkuus. Centanuusat neicunr (RVSP) e an-
TepHaTHUBEH MeTOJ, acoluupall ce C M0-KpaTka
npoJb/kUTENHOCT Ha QRS-koMIiekca B cpaBHe-
Hue c RVAP u neiicupaHe B U3X0AALUS TPAKT Ha
JsicHaTa kamepa (RVOT) [10].

B HasinuyHaTa JiuTepaTypa ce cpeliaT IpoTH-
BOpPEYMBHU JAHHHU 3a KJMHUYHATA 3HAYMMOCT Ha
cenTasHara Kapguoctumysauusa. OT engHa cTpa-
Ha, HAKOWU MNPOYYBAHUS IMOKa3BaT HeCUTHUGU-
KaHTHU pa3uku Mexxay RVSP u RVAP [17, 18] Ho
HOC/JeJHUTE TOJIEeMU MeTa-aHaJW3W N0 TeMaTa
NoKa3BarT Mo-A06pu pe3yataTu npu RVSP cnpsmo
RVAP u mo-manka QRSd, npegmnosaramiy nmo-zmo-
Opa xeMOJMHAMHKa U 0-MaJ'bK PUCK OT pa3BU-
THe Ha PICM [1, 11].

HE/IHN

1. Jla ce u3Mepu Inpe- ¥ NOCTIpoOLeJypHaTa
npoJb/kuTenHocT Ha QRS-kommiekca B JiBeTe
npesedrVHUPaHU IPYNU NalMEeHTH.

2. la ce ycTaHOBH KOs OT JIBETE JeCHOKaMmep-
HU JIOKaLlMM ce aconuupa c no-teceH QRS-koM-
IJIeKC.
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In RVAP, the depolarization wave bypasses
the His-Purkinje system, activating the myo-
cardium primarily through the working myo-
cardium. This begins with the antero-apical
segments of the right ventricle (RV), followed
by the interventricular septum, and spreads
towards the basal-lateral segments of the left
ventricle (LV) [6]. Intra- and inter-ventricular
dyssynchrony result in increased end-systol-
ic volume, systolic dysfunction, and impaired
myocardial relaxation [8]. Delayed depolariza-
tion of the papillary muscles leads to papillary
dysfunction and secondary mitral regurgitation
[8]. Chronic asynchronous activation promotes
left ventricular remodeling, increasing the risk
of PICM and atrial fibrillation [7-9].

This has led to the exploration of alternative
right ventricular pacing sites to achieve more
physiological myocardial activation and reduce
the risk of future left ventricular dysfunction. Sep-
tal pacing (RVSP) is an alternative method associ-
ated with shorter QRS duration compared to RVAP
and pacing in the right ventricular outflow tract
(RVOT) [10].

Existing literature presents conflicting data
on the clinical significance of septal pacing. While
some studies report insignificant differences be-
tween RVSP and RVAP [17, 18], recent large me-
ta-analyses on the topic demonstrate better out-
comes for RVSP compared to RVAP, with a smaller
QRSd, suggesting improved hemodynamics and a
lower risk of developing PICM [1, 11].

OBJECTIVES

1. To measure the pre- and post-procedural
duration of the QRS complex in the two predefined
groups of patients.

2. To determine which of the two right ventric-
ular locations is associated with a narrower QRS
complex.
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MATEPUAJI U METOAU

Ju3aiiH npoy4yBaHa nomnysanusi

ToBa e peTpocneKTUBHO NPOy4YBaHe, IpoOBeJe-
HO B €/IMH LIeHT'bp, BK/I10YBaIL0 20 naliueHTH ¢ UH-
JivKanus kiaac [ A cnopef; HacCTOSIIUTE NPENnopb-
KU Ha EBpomneiickoTo KapArOJI0THYHO APYKEeCTBO
[12]. U3yyaBaHaTa nonysianus ce cbcTol oT 10 mo-
cJle/j0BaTeJIHU IPOLelypH C alIMKAJIHO NeicupaHe
1 10 nocnefoBaTesIHO UMILJIAaHTUPAHU CeNTalTHU
eJIeKTpo/ia. BcMYKM BK/IIOYBAILM M U3KJIIOYBALU
KPUTEpPHUHU Ca CUCTEMATU3HpPaHHU B TabJI. 1.

Ta6una 1. BkirouBaiiy U U3KJI0YBAIIN KPUTEPUU

BruniouBaiu Kputepun  U3K/I0YBaLyd KpUTEPUH

Kunac I 3a umniantanus
Ha [IEKC [12]

Knac [la 3a uMmianTanus
Ha [IEKC [12]

[I'bpBUYHA UMILJIAHTALIUSA
®pakuus Ha U3TIaCKBaHE
Ha JisiBa Kamepa >5 0%

Bb3pact nox 18 roguHu
®paknus Ha U3TJIaCKBaHe Ha
nsBa kamepa < 50%
XuneptpoduiHa 06CTPYKTUB-
Ha KapAUOMHUOTATHSA
BTopuyHa UMIIaHTALUST
Hy»/Jja oT pecHHXpOHU3UPa-

1@ Tepanus
Hyxza oT uMniaHTHpyeM
KapJroBepTepAedubpuIaTop
3aMecTuTesIeH PUTBM C UH-
¢dpanojaneH pokyc

Bpogenu cpprednu Mandop-
Maluu

HMHJIaHTI/IpaHe Ha IIOCTOAHEH eJIeK-
Tpokapauoctumysatop (IIEKC)

Bcuuky manueHTH 651xa MOAJIOKEHHU Ha ITbp-
BMYHa uMIIaHTauud Ha [IEKC, kaTo 6s1xa M310J13-
BaHW TPAHCBEHO3HHU EHJOKAPAHHU €eJIEKTPOAU C
akTuBHa ¢ukcanus (CapSure Fix 5076, Medtrnic,
Menneapolis; Tendril STS, St Jude Medical u Solia
S 60, Biotrnik). M3nosi3Baxa ce cTaHJapTHU Be-
HO3HU JlocTbhu. [log GyopoCKONCKH KOHTPOJ
eJIEKTPO/] C aKTUBHA puKcalus 6ellle UMIJIAHTH-
paH C MOMOIIITA Ha CTaHJAAPTEH CTUJIET B JIECHO-
kamepeH anekc (RVA) u 3D ctuser no Mond [13]
B CpejieH JiecHoKaMepeH centyM (RVS).

3a nmocturaHe Ha RVS nelicuHr, cnef npemu-
HaBaHe Mpe3 TPUKYyCNUJalHa KJala, eJeKTpoja
ce miacupa B truncus pulmonalis mocpeacTBoM
MaHyasHo odpopMeH ctuieT. Caes peMojenupa-
He Ha cTujeTta ¢ 0popMsiHe Ha MbpPBUYHA U BTO-
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MATERIAL AND METHODS

Study Population Design

This is a retrospective study conducted at
a single center, including 20 patients with a
class I A indication according to the current
guidelines of the European Society of Cardiol-
ogy [12]. The study population consists of 10
consecutive procedures with apical pacing and
10 consecutively implanted septal electrodes.
All inclusion and exclusion criteria are summa-
rized in Table 1.

Table 1. Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

Class I for pacemaker
implantation [12]

Class Ila for pacemaker
implantation [12]
Primary implantation
Ejection fraction above
50%

Age under 18 years
Ejection fraction under 50%
Hypertrophic
cardiomyopathy
Secondary implantation
Need for resynchronization
therapy

Need for ICD.

Infranodal rhythm before
implantation

Congenital heart disease

Implantation of a Permanent Pacemak-
er (PPM)

All patients underwent primary implanta-
tion of a PPM, using transvenous endocardi-
al electrodes with active fixation (CapSure Fix
5076, Medtronic, Minneapolis; Tendril STS, St
Jude Medical; and Solia S 60, Biotronik). Stan-
dard venous accesses were used. Under fluoro-
scopic control, an electrode with active fixation
was implanted using a standard stylet in the
right ventricular apex (RVA) and a 3D stylet ac-
cording to Mond [13] in the mid-right ventricu-

lar septum (RVS).

To achieve RVS pacing, after passing through
the tricuspid valve, the electrode was positioned
in the pulmonary trunk with a manually shaped
stylet. After remodeling the stylet to create a



pUYHa KpUBUHA, HanoA06sBall npe-opopMeHUs
cTuneT Ha Mond, esnekTpoja ce U3TerJs Ipe3
JleCHOKaMepHUs U3XOAAIL TPAaKT U CbC 3aBbp-
TaHe, 06paTHO Ha YAaCOBHUKOBATa CTpeEJIKa, Ce
MO3ULMOHUPA B 06J1acTTa Ha cpejieH cenTyM. [lo-
3unusTa ce Bepudunupa B LAO - 30-40° u RAO
- 30-40° npoekuuu (dur. 1 u dur. 2).
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primary and secondary curvature, resembling
Mond’s pre-shaped stylet, the electrode was ad-
vanced through the right ventricular outflow tract
and, by rotating counterclockwise, positioned in
the mid-septum area. The position was verified in
the LAO 30-40° and RAO 30-40° projections (Fig.
1 and Fig. 2).

®ur. 1. Dnyopockonus npu RVSP B LAO 30 npoekuus
Fig. 1. Fluoroscopy in LAO 30 degree during RVSP

Ananus Ha QRS

JBaHazeceTkaHasieH (3 x 4 x 1) EKT 3amuc,
pernpe3seHTHpal; MOp$oJOTUATA U IPOLBJLKUTE-
HocTTa Ha QRS-koMILiekca, 6e aHaNMM3WpaH NpPHU
ammintyga 10 mm/mV u ckopoct 25 mm/s. 3a
perucTpupaHe Ha Ham'bJiHO neicupaH QRS ce us-
nosi3Ba VVI nefcuHr ¢ 4ecToTa Mo-roJisiMa oT NMoJj-
Jexaiara npy HesaBucuMu oT [IEKC nanueHTH ¢
1eJ1 U3KJ/II0YBAaHE Ha Bb3MOXKHU CJIETH KOMILJIEKCH.

[IpoabmxuTenHocTTa Ha QRS ce usmepBalue
OT [JABaMa He3aBUCUMMM usciaegoBatenu (Ct. /.
u E.A.), kouTo 6sxa ,3acjieneHu” Ha NAUEHT OT
KOSl rpyna NpUHAJJIeXU eJeKTpoKapAuorpama-
Ta. Perucrpupalie ce KOMIJIEKCHT C Hal-roJisiMa
MPOAB/IKUTENTHOCT OT BCUYKHU OTBeXXaHHUs1. QRS-
KOMILJIEKCHT PErucTpupad MOpeanpornesypHo
(QRSb) cayxelte 3a pedepeHLys, U HeHCUpPaHUTE
QRS (QRSp) xomIiekcH 6sixa CpaBHSIBaHU C HETO,
KaTO BCEKU MalUEeHT Gellle KOHTPOJIA HA CAMUST
ce6e cu. QRSd ce nzuyncau ypes QRSp - QRSd. Ha

dur. 2. dayopockonus npu RVSP B RAO 30 npoeknus

Fig. 2. Fluoroscopy in RAO 30 degree during RVSP

QRS Analysis

A twelve-lead (3 x 4 x 1) ECG recording rep-
resenting the morphology and duration of the
QRS complex was analyzed with an amplitude of
10 mm/mV and a speed of 25 mm/s. To register
a fully paced QRS, VVI pacing was used with a fre-
quency higher than the underlying rate in patients
independent of the pacemaker, to exclude any po-
tential fused complexes.

The duration of the QRS was measured by two
independent researchers (St. D. and E.A.), who
were “blinded” to which group the patient’s ECG
belonged. The complex with the longest duration
of all leads was recorded. The pre-procedural QRS
complex (QRSb) served as the reference, and the
paced QRS (QRSp) complexes were compared
with it, with each patient acting as their own con-
trol. QRSd was calculated as QRSp-QRSd. ECGs
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¢éur. 3 1 cboTBeTHO QUT. 4 ca npeacTtaBeHu EKI
CbC CeNTaJlIeH U allMKaJIeH MEeNCUHT.

CraTUCTUYEeCKH aHA/IU3

Ba3ucHUTe XapaKTepUCTHUKHU U JeMorpadcka-
Ta MHPOpMalL s Ha NalMeHTUTe O651Xa aHaJIu3Upa-
HU 4Ype3 CpeJJHU CTOMHOCTH U CTaHapTHO OTKJIO-
HeHUe. CpaBHEHHETO MeX/y OTAeJIHATe I'PyIH ce
M3BBbpILIU Upe3 Pearson's chi-square u Students T-
test. B ciiyyall Ha aBHOpPMHa AUCTPUOYLIUS, Ce U3-
nos3Ba Mann-Whitney U-tect. HuBoTO Ha focTur-
HaTa CTaTUCTHYECKa CUTHUQUKAHTHOCT ce Npue
npu p-value < 0.05 3a Bceku oT/ieJIeH aHaJ/IUS.

with septal and apical pacing are shown in Figure
3 and Figure 4, respectively.

Statistical Analysis

The baseline characteristics and demograph-
ic information were analyzed using “mean val-
ues and standard deviation.” The comparison
between the groups was performed using Pear-
son’s chi-square test and Student’s t-test. In case
of abnormal distribution, the Mann-Whitney U
test was used. The level of statistical significance
was set at a p-value < 0.05 for each individual
analysis.

@ur. 3. EKT ot RVSP // Fig. 3: ECG in RVSP

®wur. 4. EKT ot RVAP // Fig. 4. ECG in RVAP
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PE3YJITATU

CpesHaTa B'b3pacT Ha M3cJe/iBaHaTa oMnyJia-
1us e 73 TOAMHHU, KaTo M0JIOBMHATA OT NalMeH-
TUTe 651Xa OT keHckH noJ (50%), a Hall-4ecToTo
CBI'BTCTBALLO 3ab0J/iiBaHe Oellle apTepuaJHa
xuneptoHus (100%). Cpepnara JieBOoKaMepHa
dpakius Ha u3TaackBaHe 6e 63,3%; 6e3 3HAYUMA
6uaTpHasHa AuJaTalnus — CpeiHU CTOMHOCTH 3a
JII - 23.7 cm2, u Al - 18 cm?. leMorpadckuTe U
6a3MCHU XapaKTepHUCTHKa Ha U3cJe/BaHaTa Io-
MyJ1alys ca ONMCcaHU B TabJL. 2.

Ta6una 2. bazoBa xapakTepUCTHUKa Ha NaLUEHTUTE

Anukasien CemnrtajieH

Ba3oBa xapaKTepHuCTHKA
Mbxke 5 5
Kenu 5 5

CpeJiHa BB3pacT

IpuapyxkaBamy 3a60IABaHUS

XunepToHUYHA 60JIECT 10 10

3axapeH fuabeT

Jucnunugemus

[IpencbpiHO MBXK/IEHE

N
w
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RESULTS

The average age of the study population
was 73 years, with half of the patients being fe-
male (50%), and the most common comorbid
condition was arterial hypertension (100%).
The mean left ventricular ejection fraction was
63.3%; there was no significant bi-atrial dila-
tion - average values for LA: 23.7 cm? and RA:
18 cm?. The demographic and baseline charac-
teristics of the study population are described
in Table 2.

Table 2. Basic patient characteristics

Apical Septal
Basic Characteristics
Men 5 5
Women 5 5
Average age 65,1 75,5

Comorbidities

Hypertension 10 10
Diabetes

Dyslipidemia 9 8
Atrial Fibrillation 2 3

Indication

AV 6s10k Il cTenen 4 0 AV block II degree 4 0
AV 610k 111 cTenen 2 2 AV block Il degree 2 2
CUHJpPOM Ha GOJIHUSA CHH. Bb3es |4 7 Sick Sinus Syndrome 4 7
TpudacuukysapeH 610K 0 1 Trifascicular block. 0 1
EKT ECG
Cpeana CH 58,7 52,9 Average heart rate 58,7 52,9
Cpe/iHa IpOIb/DKUTESTHOCT Ha 213.2 1525 Average PR interval 213.2 | 1525
PR Left anterior hemiblock 0 2
JINPB 0 2 X -

Left posterior hemiblock 0 0
JI3PB 0 0
BB 0 1 Right Bundle Branch Block 0 1
TJIBE 0 1 Left Bundle Branch Block 0 1
T — Echocardiographic characteristics
Cpenna ®U Ha ns1Ba kKaMepa 65,1 61,4 Average EF 651 61,4
JleGenvna Ha MIT 125 115 Thickness of interventricular septum (mm) | 12,5 11,5
JleGesnvHa Ha 3CJIK 12,1 10,6 Thickness of LV posterior wall (mm) 12,1 10,6
JlaBo npejcbpaue (o) 23,1 24,4 Area of the left atrium 23,1 24,4
JlsicHo npeachpaue (1ioir) 17,1 18,8 Area of the right atrium 17,1 18,8

Bcuukn 20 nanuMeHTH NpeMHHaxa yclell-
Ha ummiaHTanusa Ha [IEKC. [Ipu 16 ot Tax 6e

All 20 patients underwent successful pace-
maker implantation. In 16 of the patients, ac-
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M3M0JI3BaH JoCThIl npe3 v. axillaris sinistra, a
IpU OCTaHAJUTe YeTUpPHUMa — MNpe3 V. cephalica
sinistra. CpelHUAT npar Ha cTuMysnanus 6e 0,7 +
0,3 VHa 0,5 ms, cbc ceHcupaHa R-BbsiHa OoT 14,2 *
4,8 mV v uMnejaHc Ha esiekTpoaa 752 + 150 oma.
PasnpeseneHneTo Ha MO3ULUATA HA KAMEPHUST
esiektpoyg 6e 50:50 Mexy anuvKaiHa U CeNTaTHA
No3WLUs. ANMKaJHATE U CeNTaJHUTEe UMIJIaH-
TallMd Ce WU3BbpLIBaxa OT JiBaMa OTAEJHU olle-
paTopu CbC CPAaBHUTEJHO €JHAKbB ONUT U 06eM
npoueaypu B CbOTBETHUAT noxaxoA. Ilpu jBarta
M3M0JI3BaHM NMOAXO0Ja HAMalle 3HaYuMa pasJ/iv-
Ka B IIPOLIelYPHOTO BpeMe B ABeTe rpynu (74.1 =
24.3 min cpewy 76 * 28.6 min B rpynara ¢ anvka-
JieH neicuHr, p = 0.87) 1 B peHTTeHOBOTO BpeMe
(8.1 £ 5.8 min cpemy 8.3 * 5.4 min B rpynara c
anukaJseH necuHr, p = 0.94)

[Ipeo6siafiaBalisi MOpenpoLeAypeH pPUTHM
6ele cuHycoB (80%), kaTo octaHanuTe 20% 651xa
C MepMaHeHTHO MpeAChpPAHO MBXJeHe. CpefHa-
Ta CbpAeyHa yecTtoTa 6e 55* ya./ min. /[Bama oT
nayreHTtuTe nMaxa JIIIXb Ha npexpnponenypHara
EKI, kakto u no eauH nauueHT c nJIbb u n/Ibb.
CpenHaTa ab/okuHA HAa PR-uHTepBasna 6e 185,2 +
52,6 ms, a QRS-npogbmkuTessHocTTa — 98,7 + 19,3
ms. CpeaHaTa NpPOJb/LKUTENHOCT Ha Nelcupa-
HuAaT QRS 6e 150,1 + 10,6 ms. PaziukaTta (QRSd)
MeX/ly NpeJi- U IOCTIPOLeAYPHUS U310 CTUMY-
JIMpaH KaMepeH KoMILIekc 6e 52,2 * 23,2 ms.

[Ipu cpaBHeHNe Ha alMKaJIHATa U CelTaJHaTa
CTUMYJIAlMS Ce perucTpupa CTaTUCTUYECKU 3HA-
YUMa pasjvKa B NPOLBKUTENHOCTTA KaKTO Ha
npeAnpoUeAyPHUST, Taka U HA CTUMYJIHUPAHUST
QRS-komnuiekc. CpegHaTa NpoAb/KUTENHOCT HA
6asucHuAT QRS mpu manueHTUTE ChC CenTasHa
MMILIAaHTalUsA 6e 3HAaYUTESTHO NO-AbJIbr OT TO3U
Ha JIMLaTa C andKaJHO MO3UIMOHUpaH eJeK-
Tpox - 108,5 £ 21,5 ms cpemy 88,8 + 10,5 ms (p <
0.05). O6paTHaTa 3aBUCUMOCT Ce HabJiroAaBa nmpu
3aMepBaHe Ha cTuUMyJaupaHusa QRS-koMmnuiekc -
3HAUUTEJHO MO-K'bC MPU CeNTaTHA CTUMYJALUSA
145,8 + 10,1 cpewy 155,9 + 9 npu anukasnHa (p
< 0.05). [Ipu cpaBHenure Ha QRSd ce peructpupa
3HAUYUTEJNHO IMO-CHTHUPUKAHTHO YAb/KaBaHe
Ha QRS-koMIIekca npu anuMkKaiHa CTUMYyJIalUs —
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cess was gained through the left axillary vein,
while the remaining four had access via the left
cephalic vein. The mean pacing threshold was
0.7 £ 0.3 V at 0.5 ms, with a sensed R-wave am-
plitude of 14.2 + 4.8 mV and an electrode im-
pedance of 752 + 150 ohms. The distribution of
the electrode position was 50:50 between the
apical and septal positions. Apical and septal
implantations were performed by two differ-
ent operators with relatively equal experience
and volume of procedures in each approach.
There was no significant difference in proce-
dural time between the two groups (74.1 *
24.3 min vs. 76 * 28.6 min in the apical pacing
group, p = 0.87) and in fluoroscopic time (8.1
+ 5.8 min vs. 8.3 * 5.4 min in the apical pacing
group, p = 0.94).

The predominant pre-procedural rhythm
was sinus rhythm (80%), while the remaining
patients (20%) had permanent atrial fibrillation.
The mean heart rate was 55 + beats/min. Two
patients had left bundle branch block (LBBB) on
the pre-procedural ECG, and one patient had a
right bundle branch block (RBBB) and a left an-
terior fascicular block (LAFB). The mean PR in-
terval length was 185.2 + 52.6 ms, and the QRS
duration was 98.7 * 19.3 ms. The mean duration
of the paced QRS was 150.1 + 10.6 ms. The dif-
ference (QRSd) between the pre- and post-pro-
cedural fully paced ventricular complex was 52.2
+ 23.2 ms.

When comparing apical and septal stimulation,
a statistically significant difference was record-
ed in both the pre-procedural and the paced QRS
complex duration. The mean duration of the base-
line QRS in patients with septal implantation was
significantly longer than in patients with apically
positioned electrodes — 108.5 + 21.5 ms vs. 88.8 +
10.5 ms (p < 0.05). The opposite relationship was
observed when measuring the paced QRS com-
plex - it was significantly shorter with septal pac-
ing (145.8 + 10.1 ms) compared to apical pacing
(155.9 £ 9 ms, p < 0.05). When comparing QRSd,
there was a significantly greater prolongation of
the QRS complex with apical stimulation - 67.1



67.1+11.1msu37,3+228ms)P <0.05) B cpas-
HeHUe C'bC CeNTa/IHO CTUMYy/MpaHe (dur. 5).

He ce ycTaHOBM CTaTUCTUYECKH CUTHUOU-
KaHTHa pasJ/idKa Ha MNpOAb/DKUTENHOCTTA Ha
QRS-koMniekca Mex/Jy ABara IoJia B rpymnara
cbe cenTtajeH nedcuHr (150.0 + 3.54 ms cpemy
141.6 + 13.1 npu xeHute, p = 0.205).

PassiMkara B NpOAB/DKUTENHOCTTA Ha Mpole-
JLypuTe B JiBeTe IPYNHU CbIIO Oelle CTaTUCTHUYe-
CKM He3Ha4yMMa - alluKasleH NelcuHr - 74.1 min
Y peclleKTUBHO 76 min 3a rpynara cbC CellTajeH
neicuHr (dur. 6).

Bcuuky nanueHTH 6gxa ycCIeLIHO JeXOCIHH-
TaJIM3UpPaHU Ha 12/24-u ciefonepaTuBeH yac. B
OIMcaHaTa KOXOpTa MalHUeHTH He Ce PerucTpu-
paxa [epu- WU UHTPaNpolLeypHHU YCI0XKHEHHE.
Bcuuku nanuenTH (100%) 6sixa mpoc/ieieHd Ha
1-Bu ¥ 3-TH Mecel, c/ej, IpoLeaypaTa U IpH 3a-
MepBaHe Ha [IEKC ce gemoHcTpupaxa 3a50BOJIH-
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11.1 msvs.37.3 £ 22.8 ms (p < 0.05), compared to
septal pacing (Fig. 5).

No statistically significant difference in the
QRS complex duration was found between the two
genders in the septal pacing group (150.0 + 3.54
ms vs. 141.6 + 13.1 ms in females, p = 0.205).

The difference in procedure duration be-
tween the two groups was also statistically in-
significant - 74.1 minutes for apical pacing and
76 minutes for the septal pacing group, respec-
tively (Fig. 6).

All patients were successfully discharged
at 12-24 hours post-procedure. No peri- or in-
tra-procedural complications were recorded
in the described cohort of patients. All patients
(100%) were followed up at 1 and 3 months after
the procedure, and satisfactory and stable pace-
maker parameters were demonstrated upon mea-

TeJIHU U CTaOU/IHU NI0Ka3aTeJIH. surement.
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OBCHXJAHE

JlaHHU OT MHOXXeCTBO NPOYy4YBaHUS NPU pe-
CUHXpOHM3HMpalllaTa Tepanus J0Ka3BaT, ye Mpo-
IbJoKUTeNHOCTTa Ha QRS-KoMIsiekca e Hal-Ba-
YKHUSAT MapKep 3a AUCCUHXPOHUs [14]. B pesyaraT
Ha aCMHXpPOHHATa MHUOKap/lHA aKTHUBallus, XpO-
HUYHUS JeCHOKaMepEeH NeNCHUHT ce CBbP3Ba C MOo-
BUllleH puck oT PICM, sieBokaMepHO peMoJesu-
paHe U MOBHIIEH O6POX XOCNUTANU3ALUYN TOPAJU
060CTpeHa CbpjJieuHa HeJoCcTaTbUHOCT [3, 4]. [To-
KpaTKaTa NpoAb/kUTesHOCT Ha QRS-koMmiekca
NpU NMelcUpaHU NalUeHTH Ce acCOLUUpPa C MO-HU-
CBK PUCK OT JIeBOKaMepHa JleTeopUu3alius U ToBa
BOJIY [0 ThpPCEHE Ha MEeTOJUKH, NOCTUrallX Kpa-
TbK QRS-KOMIIJIEKC U 3an1a3BaHe Ha HOpMaJIHATa
¢dusrosoruuHa MUOKapAHa akTuBanus [16].

B HacToAW0TO NOpoydyBaHe JOKa3BaMe, 4ye
RVSP Boau 0 curHuprKaHTHO MO-KpaTKa Mpo-
J'BbJKUTEHOCT Ha nedcupanHust QRS-kommiiekc
COpsAMO NpU anuKajeH neicuHr. Tpsa6Ba jga ce
oT6eJsieXXH, Ye rpynaTta MalUeHTU C UMIIAaHTHU-
paH CenTaJHO eJIEKTPOJ] 6e C Mmo-roJjisiMa Mpo-
J'BJDKUTETHOCT Ha 6a3oBUs (MpenpouesypHUs)
QRS-komnuiekc. Bbnpeku no-cjiokHaTa TEXHHUKA
3a NO3ULIMOHUpPaHe Ha esiekTpoza npu RVSP Ha-
Mallle 3Ha4MMa pasJjirMKa B NPOIeYPHOTO BpeMe
Y U3I10JI3BaHETO PeHTTeHOBO BpeMe. He ce oTkpu
¥ 3HauMMa pasJ/iMKa B MapaMeTpUTe Ha eJleKpo-
JUTe 110 BpeEMe Ha MMILJIaHTalYs, KaTo U B JiBeTe
Irpynu He ce HabJ0JaBaxa MepU- U MOCTHpole-
JYPHU YCJIO0KHEHHUS, BKJ. U MPHU NpOCae/isiBaHe
Ha nNauyeHTUTe Ha 1-BU U 3-THU Mecell,.

[Ipu RVSP kamepHaTa ngenoJsisspusanus 3a-
N0oYBa B MEXJAYKaMEPHUS CENTYM U AOCTUra [0
Bb30yIHO-NIPOBOJHATA CUCTEMA, KOETO B pe3yJi-
TaT reHepupa QRS-koMmiekc ¢ mo-kpaTka mnpo-
J'BJDKUTENHOCT, AokaTo npu RVAP BB36ygHUSA
HMMIYJIC TpONarupa OCHOBHO Npe3 paboTHUS MU-
okapz [15, 19]. ToBa Boau m0 no-ABbabr QRS-KOM-
IJIEKC U TI0-U3paseHa JUCCUHXpoHus [15].

Bbnpekyd MHOXECTBOTO [Jl0Ka3aTeJICTBa IO-
CTUTaHe Ha Mo-QU3UOJIOTUYHA AKTHUBALUS MPU
RVSP, Bce owge nuncBaT KaTeropu4HU JaHHU 3a
CUTHUPUKAHTHO MpPeBb3XoAcTBO Ha RVSP crops-
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DISCUSSION

Data from numerous studies on resynchro-
nization therapy show that the duration of the
QRS complex is the most important marker of
dyssynchrony [14]. As a result of asynchronous
myocardial activation, chronic right ventricular
pacing is associated with an increased risk of
PICM, left ventricular remodeling, and a higher
number of hospitalizations due to worsening
heart failure [3, 4]. A shorter QRS duration in
paced patients is associated with a lower risk
of left ventricular deterioration, which leads to
the pursuit of methods that achieve a short QRS
complex while preserving normal physiological
myocardial activation [16].

In this study, we demonstrate that right ven-
tricular septal pacing (RVSP) leads to a signifi-
cantly shorter paced QRS duration compared to
apical pacing. It should be noted that the group
of patients with a septal electrode implant had a
longer baseline (pre-procedural) QRS duration.
Despite the more complex technique for electrode
positioning with RVSP, there was no significant
difference in procedural and fluoroscopic time.
There was also no significant difference in elec-
trode parameters during implantation, and no
peri- or post-procedural complications were ob-
served in either group, including during follow-up
at 1 and 3 months.

In RVSP, ventricular depolarization starts at
the interventricular septum and spreads to the
conduction system, resulting in a QRS complex
with a shorter duration, whereas in RVAP, the ex-
citation impulse mainly propagates through the
working myocardium [15, 19]. This leads to a lon-
ger QRS complex and more pronounced dyssyn-
chrony [15].

Despite the extensive evidence supporting the
more physiological activation achieved with RVSP,
there is still no definitive data demonstrating the
significant superiority of RVSP over RVAP in de-



Mo RVAP npu 3aBUCUMU NALIMEHTHU, IPU J'bJITOTO-
JUIIHO pocyiefsBaHe [15, 18, 19].

OrPAHUYEHHS HA IIPOYYBAHETO

JlumuTHpamu GakTopu Ha NPOYYBAHETO ca
MaJIKUAIT 6pO¥ BKJIFOUEHHU MalMEHTH, JIUIICATa Ha
paHAOMHU3MpaHe U Ha MPOAbXKATENHO Mpocie-
JisiBaHe.

3AKJ/IIOUEHHUE

CenTa/sHUAT leCHOKaMepPEeH MeHCUHT BOAU 10
CUrHUPUKAHTHO MNO-KpaTKa MNPOAb/IKUTEJTHOCT
Ha neiicupanua QRS-kommiekc cipsamo RVAP. Bb-
IIpEeKH I10-CJI0XKHaTa TexHUuKa npu RVSP, B usyua-
BaHaTa NOMyJlallid He Ce YCTaHOBU 3HA4YMTeJHa
pasJyivKa B IIpolLielypHUTe BpeMeHa.
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pendent patients with long-term follow-up [15,
18, 19].

LIMITATIONS

The limiting factors of the study are the
small number of included patients, the lack of
randomization, and the absence of long-term
follow-up.

CONCLUSION

Right ventricular septal pacing leads to
a significantly shorter paced QRS duration
compared to RVAP. Despite the more complex
technique in RVSP, no significant difference in
procedural time was found in the studied pop-
ulation.
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PETPOTPAJEH NIYHKUUOHEH AOCTBII ITPU JIEYEHUETO HA IEPUPEPHA
APTEPHUAJIHA BOJIECT HA 10JTHA KPAUHHUIIN

T. Camapadiicues, H. Koaes, H. Musiowoecku, K. Aarekcandpos, H. KocmaduHoaa,
B. HeaHoesa, B. /luHoe

MBAJI ,,Copye u Mo3wsk” - [11esen

Pe3iome. PeTpOFpa,E[HI/IHT NYHKOUOHEH AOCTBII Ipe3 TUOHUATHUTE apTepuy NnpeacraBJjidBa OCb-
IeCTBUM MeTO/ 3a €eHJ0BACKYJ/IapHA peBaCKyJ/JlapU3aliid, KOraTO aHTepOorpagHuTe MeTOoAU He yC-
nedat. B Ta3u cratusa npeaJiarame O6LLII/Ip8H npervie Ha peTporpagHuda JOCTDII, HOA‘JepTaBaﬁKH
TeXHHWKaTa U criogesidMe 4acT OT HAalllMd OIMUT IMPH U3I10JI3BAHETO M.

Kiio4oBH AyMu: eHZloBacKy/IapHU NpoLeAypH, HcxeMus, epudepHa apTepuaata 60ecT, CbJ0-
BU ZIOCT'BIIHU YCTPOUCTBA, ChL0BA OKJIY3Usl, aTepOCKIepo3a

RETROGRADE TIBIAL ACCESS IN TREATMENT OF PERIPHERAL
ARTERY DISEASE

T. Samardjiev, N. Koley, I. Miloshovski, Z. Aleksandrov, I. Kostadinova, V. Ivanova, V. Dinov
MBAL ,Heart and Brain“ - Pleven

Abstract. Retrograde puncture access via the tibial arteriesis anachievable method for endovascular
revascularization when antegrade methods fail. In this article, we provide a comprehensive review
of the retrograde approach, highlighting the technique and sharing some of our experience using it.

Key words: endovascular procedures, ischaemia, peripheral artery disease vascular access devices,

vascular occlusion, atherosclerosis

BBBEJIEHUE

[lepudepnata aprepuasna 6Gosect (I1AB)
0GHMKHOBEHO Ce OTHACS /10 aTePOCKJIepOTUYHA ap-
TepuajiHa OKJIy3WBHaA 00J1eCT Ha J0JIHUTe Kpai-
HUIIY, KOSITO 1ie 6bJe GOKYCHT B JAaZIEHOTO MPO-
yuBaHe. CbobiaBa ce, ye [IAB 3acara 202 muiH.
Ayuiy 1o ceeta npe3 2010 r. B agMuHuUCTpaTUBHA
6a3a JaHHU OT > 9 MJIH. NareHTH B ChbeJUHEHUTE
1IaTH pa3npocTpaHeHHeTo Ha cuMmnToMHa [IAD e
6uso 10,7%, a Ha KpUTUYHA UCXEMUS HA KpalHU-
nute (KUK) - 1,3% [1]. B pesysnraT Ha HapacTBa-
1M A1 Ha 10-B'b3pacTHUTE NaLeHTH, pa3npoc-
TpaHeHueTo Ha [IAD ce yBesnuyaBa: mexay 2000 u
2010 r. 6posaT Ha caydauTe Ha [1AB e HapacHan ¢
13% B cTpaHUTE C BUCOKHU J10X0AHU U € 29% B cTpa-
HUTe C HUCKU U cpefHU foxogu [1]. CkMnToMHaTa

INTRODUCTION

Peripheral arterial disease (PAD) usually re-
fers to atherosclerotic arterial occlusive disease
of the lower extremities, which will be the focus
of this study. PAD was reported to affect 202 mil-
lion people worldwide in 2010. In an administra-
tive database of > 9 million patients in the United
States, the prevalence of symptomatic PAD was
10.7% and of critical limb ischemia (CLI) was
1.3% [1]. As a result of the increasing proportion
of older patients, the prevalence of PAD is in-
creasing: between 2000 and 2010 The incidence
of PAD has increased by 13% in high-income
countries and by 29% in low- and middle-income
countries [1]. Symptomatic PAD can present as

atypical, exercise-limiting limb symptoms, inter-
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[TAB Moe fa ce NpOSIBU KaTO aTUIIUYHH, OTPaHU-
Yyapallyd GpU3UYeCKOTO HaTOBapBaHe CUMIITOMU Ha
KpalHULINUTE, KJIayJUKalio UHTepMUTEeHC (60JIKa,
npeiu3BUKaHa OT XOJleHe U 06JIeKYeHa OT MOYUB-
ka) miau xpounuyHa KUK (ucxemuuna 6osika B no-
KOU WU yiuepanus 3a > 14 auu) [1].

ATepockJiepo3aTa ce pa3BUBa IJIaBHO ypes3
HelpeKbCHATHUA NPOLEC HAa YBpeXJaHe Ha apTe-
pUasiHaTa CTeHa, A'bJ/KAILU Ce Ha 3a/bp>KaHe Ha
JIMNIMAY Ype3 yJaBsiHe B MHTUMAaTa OT MaTpHUIa,
KaTo MPOTEeOrJINKaHH, KOETO BOJAU J10 MOAUPU-
KalUsl, KOSITO OT CBOSI CTpaHa BJIOIIaBa XpOHUY-
HOTO B'b3Naj/IeHHE Ha ySA3BUMU MecTa B apTepH-
WTe U Urpae BaXKHa poJis BbB BCUYKU da3u Ha
aTeporeHHaTa nporpecus. To3u npoiec 3amno4ysa
OT 3apakJalldTe ce MACTHU UBULIU B apTepUall-
HaTa UHTUMa, KOUTO €BOJIIUPAT BbB GUOPO3HU
IJIaKW U Ce IpeBPbLAT B CJA0KHU aTEPOCKIEpPO-
THUYHU IJIAaKH, KOUTO ca MOJJaTJIMBU Ha PyINTypa.
Cbilo Taka, CTeHO3aTa OT pa3lIMpPsIBAHETO Ha
aTepoMa HaB'bTPe MOXe /ia /loBeJie J10 3amylliBa-
He Ha cbaoBeTe. [IAB Moxxe Jja 6'bJle aCUMIITOM-
Ha NpU Ao6pe pa3BUTO KoJaTepaJHO KPbBOOO-
pameHue.) [2].

JledeHveTo Ha nepudepHa apTepuanHa 60-
ject ([IAB) Ha mo/iHUTe KpalHULU € TPeJJUMHO
XUPYPruyHo. B 3aBUCMMOCT OT o6GeMa Ha Jie3u-
ATa, CTENeHTa U TeXeCcTTa Ha KaJllMHOo3aTa Ha
apTepyasiHaTa CTeHa, Ha NalMeHTa MOXe Ja ce
NpeAJioKHM OTBOPEHA, €HJO0BAcKyJapHa HWHTep-
BEHLUs, KaKTO M XubpujeH nogxon. Ilpes mo-
CAeJHUTe TOAWHW BCe IMOBeye ce MpesnovyuTa
eH/l0BacCKyJlapHaTa peBacKy/japu3alus, 0co6eHo
KOTraTO OTBOpeHaTa XUpPyprus He e Bb3MOXKHA.
BposiT Ha eH/l0BaCKy/JlapHUTE UHTEPBEHLUH MIPU
JiedeHUe Ha OKJIY3UH BbB peMopaHO-UIradY€eH U
THUOHAJIEH CETMEHT Ce YBEJUYU.

OGHMKHOBEHO 32 TaKWBa UHTEPBEHIUU CE U3-
[0JI3Ba WJM aHTerpajZieH AOCTbI Mpe3 obuiaTa
dbemMopasiHa apTepus, UKW PeTporpajieH KOHTpa-
JlaTepasieH AocTbIl. Te3u JOCTBIU 32 peKaHaIU-
3alus He BUHAru ca TEXHUYECKU Bb3MOXKHHU, ThU
KaTo MPOKCUMaJIHATA YacCT Ha OKJY3UATa MOXKe
Jla e U3KJII0YHUTENHO TBbP/AA 32 peKaHaIU3alUsl.
Cy6rMHTHMAaJIHATA peKaHa/IW3anus MOXe Ja He
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mittent claudication (pain induced by walking
and relieved by rest), or chronic CI (critical isch-
aemia, ischemic rest pain or ulceration for > 14
days) [1].

Atherosclerosis develops primarily through
a continuous process of damage to the arteri-
al wall, due to the retention of lipids by intimal
entrapment by matrix such as proteoglycans,
leading to modification that in turn exacerbates
chronic inflammation at vulnerable arterial sites
and plays an important role in all phases of ath-
erogenic progression. This process begins with
nascent fatty streaks in the arterial intima, which
evolve into fibrotic plaques and become complex
atherosclerotic plaques that are susceptible to
rupture. Also, stenosis from inward expansion of
atheroma can lead to vessel occlusion. PAH may
be asymptomatic with well-developed collateral
circulation.) [2].

The treatment of critical lower extremity
ischemia is primarily surgical. Depending on the
volume and extent of the lesion and the severity
of arterial wall calcinosis the patient can be of-
fered both open and endovascular intervention,
as well as a hybrid approach. In recent years,
vascular surgeons increasingly prefer endovas-
cular revascularization, especially when open
surgery is not possible. The number of endovas-
cular surgeries for occlusions in the femoral-il-
iac and tibial segments increased significant-
ly. Usually, either antegrade ipsilateral access
through the common femoral artery (CFA) or
retrograde contralateral access through the CFA
is used for such interventions. These recanaliza-
tion accesses are not always technically possi-
ble, since the proximal portion of the occlusion
may be too stiff for recanalization. The absence
of a superficial femoral artery (SFA) stump can

prevent the correct guidewire direction. Sub-



JIOCTUTHE UCTUHCKUSA JIyMeH. B TakuBa cUTyanuu
U360PbT € peTPOrpajHUAT NOAXOL.
WHAMKauuuTe BKJIOYBAT: HEBB3MOXKHOCT 32
aHTerpajiHa peKaHa/IN3alYs; OCTea/THA OKJIy3Usl
Ha NOBBPXHOCTHATa GeJipeHa apTepusi-apTepus
demopanuc cynepdunmnanuc (APC); aHaTOMUYHHU
BapUallMy Ha UJIMAYHUTE apTEPUH KOUTO MPABST
HEB'b3MOXKHO MPEMUHABAHETO HA HHTEPBEHIMO-
HaJIHUS Habop; TEXKO 3aT/'bCTSIBAHE U PUCK OT
JIOKQJTHU NMYHKIMOHHH YCJIOKHEHUSI U CYOUHTH-
MaJIHa aHTerpajiHa peKaHau3alusl, HeyCIeluH
OTMUTHU 33 U3JIM3aHE K'bM UCTUHCKUSA JiyMeH [3].

MATEPHAJI U METOAH

['pyna ot meceT nanueHTy, JeKyBaHU B OTe-
JIeHHeTo 1o cbAoBa xupyprua Ha MBAJI ,Cepue
¥ M0o3bK" - [l1eBeH, Oe aHa/IM3MpaHa peTpoCHeK-
THUBHO. B Ta6y1. 1 ca npeAcTaBeHU JaHHU 32 T'py-
naTa NaluMeHTH, a B TabJ. 2 KPUTEpUUTe 3a U3-
BbplLIBaHe Ha peTporpa/iHa peKaHaau3anusl.

Ta6auna 1. [logpo6Hu XapaKTepUCTUKY 32 NALLUEHTUTE

0co6eHOCTH 32 MAlMEHTUTE

Bpoii nanueHTH 10

CpesiHa Bb3pacT Ha Al UEHTUTE 70r+10
Mmbxe - 7 (70%

fox Kenw - 3 E30%3

ATtepockiieposa 10 (100%)

OxJ1y3uu Ha apTepus peMopasuc cy- 4 (40%)

nepdunuanuc

OKJIy3UM Ha apTepHs NMOIJINTeA 2 (20%)

OkJ1y3uu Ha apTepus ¢emMmopasuc cy- 4 (40%)

neppuLIHaNNC U apTEPUS NOTJIUTEA

TASC kn1acupukanms

TASC C 7 (70%)

TASCD 3 (30%%)

ApTepurasHa XUIEPTOHUS 6 (60%)

3axapeH quaber 8 (80%)

HcxemuuHa 6osiect Ha cwpueto (MBC) |2 (20%)
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intimal recanalization can fail the reach of the
true lumen. In such situations, transpedal ap-
proach might become a “lifeline.”

The indications for transpedal approach in-
clude: inability of superficial femoral artery (SFA)
antegrade recanalization, SFA occlusion from the
ostium; tortuous iliac arteries make it impossible
to pass; severe obesity and risk of local puncture
complications; and subintimal antegrade recanal-
ization, unsuccessful attempts to exit to the true
lumen [3].

MATERIAL AND METHODS

A group of ten patients treated in the Vascular
Surgery Department of MBAL "Heart and Brain”
- Pleven, was retrospectively analyzed. Table 1
presents data for the patient group, and Table 2
presents the criteria for performing retrograde
recanalization

Table 1. Presents detailed patient characteristics.

Patient characteristics

Number of patients 10
70 yrs. £ 10

Male 7 (70%)
Female 3 (30%)

10 (100%)

Average age

Patient’s gender

Atherosclerosis

SFA lesion 4 (40%)
PA lesion 2 (20%)
SFA et PA lesion 4 (40%)

TASC classification

TASC C 7 (70%)
TASC D 3 (30%)
Essential Hypertension 6 (60%)
Diabetes mellitus 8 (80%)
Ischemic heart disease 2 (20%)

Ta6smmua 2. BkiarouBaly KpUTEpPUH 32 peTporpajiHa peka-
HaJIM3auuda

BKJII0YBaLIY KPUTEPUH

OcTteasHa oky3ust Ha ADC 5(50%)
Heycneuien anTerpajieH onuT 2 (20%)
Cy6UHTHUMAa/IHA pEKaHAIU3aL s 1 (10%)
W3paseH o6e3uTeT 2 (20%)

Table 2. Inclusion criteria for retrograde recanalization

Indications for transpedal approach

Ostium occlusion of SFA 5(50%)
Unsuccessful antegrade recanalization 2(20%)
Subintimal recanalization 1(10%)
Obesity 2(20%)
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[Ipy okaysun Ha ¢eMOopo-NMOMIUTeaTHUS
CcerMeHT OOMKHOBEHO Ce M3I10JI3BaT 2 A0CThIIa:
NpPOKCUMaJieH W JWCTajieH. 3a MPOKCUMaJIHHUs
JIOCT'bII Ce U3MO0JI3BAT GpaxyasHaTa, obiata de-
MOpa/IHa KOHTpa/laTepasiHa U HICHUJIaTepaTHA
apTepus. AKO MalUeHTbT UMa TEXKO 3aT/I'bCTs-
BaHe WJIM OCTeaJIHa OKJIy3Hs, Ce MyHKTUpPAT apTe-
PUHMTE HAa TOPHUTE KpaHUIHU. [Ipy MHOTOGpOHHU
HeyCIelllHU ONMUTH 32 peKaHaJM3alus Ha apre-
pUATA, TOJISIMA YaCT OT XUPYpP3UTe NPEANOYUTAT
Jla 3aBbplIAT ollepalMsiTa U eTUKEeTHUpAT Nalu-
eHTa KaTo ,HeomnepabuseH". BcbliHocT peTpor-
pasHaTa NMyHKIWsS HA TUOUAJHUTE apTEPUH IOJ
exorpadCKu KOHTPOJI e MOC/IeJHATa Bb3MOXKHOCT.

TexHuku npu naaHysaHe u nod2omoeka Ha na-
yueHmume hpu pempoz2padHusi hodxod

[IpefonepaTUBHO [IPY BCUYKU NALUEHTH € U3-
BbplIeHa KoMIioTbpHa ToMorpadus (KT) c koH-
TPACTHO BelllecTBO C LieJ1 onpeJe/isiHe Ha TOYHaTa
TOIOJIOTHS], 06eM U eCTeCTBO Ha JIe3UsITa, 3a Npo-
rHO3UpaHe Ha TPYAHOCTUTE U 06eMa Ha XUPYpPIu-
yeckaTa HMHTepBeHUus. HenocpesacTBeHo mnpeju
onepanusaTa Cce U3BbPIIBA YJATPA3BYKOB JOIJIED
(¥Y3/[1) Ha apTepuuTe Ha JOJHUTE KPpaWHULIY, 32 [a
Ce OL|eHU JJUCTATHUST NOTOK IPU Bb3MOKHA ITYHK-
I¥sl Ha TUOMA/IHUTE apTepuu. PeTporpagHusaT
IIOJIXOJ, Ce OCBILEeCTBsIBA Ype3 3a/HaTa THOHaIHA
aprepus (ATII) wau npegHaTa TUOUATHA apTEPHS
(ATA) [4]. 3a BbBeXJaHe B TUOMAJHUTE apTEPUU
ca y3Moj3BaHu uHTposcepu 4 Fr u 5 Fr u psaj-
ko 6 Fr. 3a na ce npeloTBpaTU aHTMOCNa3bM, IIpe3
HMHTpO/AoCcepa ce HHxkeKTHpa 6osyc 0,1% pasTBop
Ha HUTpoIuLepuH. PeTporpagHara pekaHa/iu3sa-
nusi 6e usBbpiueHa ¢ 0,0187/0,035” xugpoduiHu
Bojauu. Cies ToBa Gellle mpoBeZeHA TPAHCIY-
MeHHa 6aJIOHHa aHIMOIJIaCTHKa C MeJWKaMeHT-
M3/bYBALIM 6a/IOHU. AKO IPH IocJe/BaliaTa aH-
ruorpadus He ce BU3yaJHU3Upa eKCTpaBasalius,
OCTATBbYHHU CTEHO3W WM IPU3HALY HA AUCEKALHS,
npoliejypaTa e 3aBbpllieHa; B cJyyald Ha JjiceKa-
[[M{ WM OCTaThYHHU CTEHO3U Ce NPeMHHAaBa KbM
UMILJIaHTHpaHe Ha cTeHT. C/ief ToBa ce OTCTpaHA-
Ba MHTEPBEHLMOHATHUS HAabOp U Ce U3BbPILIBA
pb4yHa xeMocTasa B paMkuTe Ha 10 o0 15 min. Ha
MSACTOTO Ha IMYHKLHUATA Ce pujara KOMIpecuBHa
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For occlusions of the SFA from the ostium,
2 accesses are usually used: proximal and dis-
tal. For the proximal access, the radial, brachial,
femoral contralateral, and ipsilateral arteries are
used. If the patient has severe obesity or tortuos-
ity of the iliac arteries, the arteries of the upper
limbs are punctured. Next, antegrade recanaliza-
tion of the SFA is attempted. With multiple un-
successful attempts to recanalize the artery and
exit to the true lumen, many surgeons prefer to
finish the surgery and label the patient as a “no
option” patient. In fact, retrograde puncture of
the tibial arteries under ultrasound guidance is
the last option.

Techniques for planning and preparing patients
for the retrograde approach

Before surgery, all patients underwent con-
trast-enhanced CT angiography to determine
the exact topology, volume and nature of the
lesion, to predict the difficulties and volume of
the surgical intervention. Immediately before
surgery, an ultrasound of the lower limb arter-
ies was performed to assess distal flow in case
of possible puncture of the tibial arteries. The
retrograde approach is performed through the
posterior tibial artery (PTA) or the anterior
tibial artery (ATA) [4]. Introducers 4 Fr and 5
Fr and rarely 6 Fr were used for introduction
into the tibial arteries. To prevent angiospasm,
a bolus of 0.1% nitro-glycerine solution was in-
jected through the introducer. Retrograde reca-
nalization was performed with 0.0187/0.035”
hydrophilic guidewires. Transluminal balloon
angioplasty with drug-eluting balloons was
performed. If follow-up angiography showed
no extravasation, residual stenosis, or signs
of dissection, the procedure was completed;
in the case of dissections or residual stenosis,

stent implantation was performed. The inter-



npeBpb3Ka. [locTonepaTUBHO ce KOHTPOJIMPA CTb-
Na/IHO-6paxruaHUAT UHJEKC. Bcuuku nanyeHTH C
aHTMOIJIACTHKA/CTEHT ca MOJIyYUJM JIBOMHA aH-
THarperaHTHa Tepalys: aleTU/CAJULUIOBA KU-
cesiiHa 100 mg npes 1e/1Us1 )KUBOT ILJIFOC KJIOTH/10-
rpes 75 mg 3a 3 Mecela, cJieJ; KOeTO MOHOTepanus
[1]. Ako manueHTHT e UMaJl IPeACHPAHO MBKAEHE
KaTo NMpHUJpyKaBalllo 3a60J/iiBaHe — alleTHJICaIH-
yusaoBa kucenrHa 100 mg mitoc JUPEKTEH opaJjieH
antukoarynaasT (JJOAK) B TepaneBTHYHU 03U [1].

PE3YJITATU

3a leMOHCTpaLus Ha TeXHUKaTa [IpyU peTpor-
pafH{AA NOAXOJ, ONHCBaMe CJeJHUS KJIUHUYEH
cay4am.

[TauyeHT A, MBX Ha 68 roJuHU, NOCTbIBA
n1aHoBO B OTZesIeHUEeTO MO0 ChA0Ba XUPYPIHUA C
KJIayJIUKallMOHHA 60JIKa MpU U3MUHaBaHe Ha 10
MeTpa [0-U3pa3eHa BJISAIBO U aTOHHWYHA paHa Mo
Jlop3aJlHa NOBBPXHOCT Ha JIABOTO Xojuuo. Om-
JIaKBaHMATA Ca C JJABHOCT OKOJIO rofMHa. AHaM-
He3aTa 3a XPOHWYHU 3a00/IIBaHHA BKJIIOYBA
apTepuasiHa xuneptoHus (AX), creneH 3 3art-
J'bCTSIBaHe (MHJEKC Ha TeslecHa Maca 43, TeXKO
abZlOMUHA/IHO 3aT/J'bCTsIBaHe) U WHCYJMHO3aBU-
CUM 3axapeH AuabeT Tul 2. OT JIOKaJHUS CTATYC
ce YCTAaHOBHU paHa 0 J0p3a/iHa MOBBbPXHOCT Ha
JIIBOTO XO/AUJIO C NPUOGJIN3UTENHU pa3MepH 2 X 2
cm, 3apacTBalia cy6-kpycTam, 6e3 cekpenus. ma
nyJicaniuu Ha obuiata pemopasnHa aprepus (ADOK)
Y JIMIICBAT AYCTAJHO, IBYCTPAHHO; TaKTHUJIO HOP-
MOTeMIIepHpaHU X0 1Ja U IP'bCTH, ChC 3alla3eHn
aKTHUBHHU JBU)KEHUS U CETUBHOCT.

U3bpmm ce KT aHruorpadusi Ha AOJHUTE
KparHuLU. KoHCcTaTHpa ce AByCTpaHHA OKJ/Iy3Us Ha
A®DC v oxsy3usi Ha apTepus nomiuTea (Allo) BasiBo.

OxoHuaTesiHaTa JuarHosa Oelle aTepoc-
KJlepo3a Ha apTepUuTe Ha JOJHUTE KpaWHULHY,
JByCTpaHHa okJ/1y3us Ha ADPC 1 KpUTHYHA HUCXe-
MU Ha JIeBUS [0JIeH KpalHUK cTeneH 4. Bse ce
pellleHNe 3a aHTerpajZHa eH/joBacKyJlapHa peka-
HaJIu3alys C eBeHTyaJleH peTporpazeH NMOAXON.
[IpenonepatuBHO ce u3BbpKU Y3/l Ha moxbe-
JpeHuTe apTepuH, kato ATII Gelire mpoxoauMa 10
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ventional set was then removed, and manual
hemostasis was performed for 10 to 15 min-
utes. All angioplasty/stent patients received
dual antiplatelet therapy: acetylsalicylic acid
100 mg lifelong plus clopidogrel 75 mg for 3
months, then monotherapy continues [1]. If
the patient had atrial fibrillation as a comor-
bidity, acetylsalicylic acid 100 mg plus DOAC in
therapeutic doses [1].

RESULTS

To demonstrate the technique of the retro-
grade approach, we describe the following clinical
case.

Patient A, a 68-year-old man, was admitted
to the clinic of vascular surgery with claudica-
tio interemittens of 10 meters, and an atonic
wound on the dorsal surface of the left foot. The
complaints were about a year old. The history
of chronic diseases includes essential hyper-
tension, grade 3 obesity (body mass index 43,
severe abdominal obesity) and insulin-depen-
dent type 2 diabetes mellitus. The local status
revealed a wound on the dorsal surface of the
left foot with approximate dimeter of 2 x 2 cm,
healing sub-crustam. With no secretion. Pulsa-
tions of the CFA and absent distally bilaterally.
Tactile normothermic feet and toes, with active
movements and sensitivity.

CT angiography of the lower extremities with
contrast was performed. Bilateral occlusion of the
SFA and occlusion of the popliteal artery (PA) on
the left were detected.

The final diagnosis was atherosclerosis of the
arteries of the lower extremities, bilateral occlu-
sion of the APS and critical ischemia of the left
lower limb grade 4. A decision was made for an-
tegrade endovascular recanalization with a possi-
ble retrograde approach. Preoperatively, an ultra-
sound of the tibial arteries was performed, as the
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JUCTaNHO HUBO, a ATA 10 HUBOTO Ha MeTaTap3aJi-
HUTE KOCTH.

[IponeiypaTa ce npoBe/ie B XUOpHUAHA oniepa-
[IMOHHA 3aJ1a, T0/1 JIoKasiHa aHecTe3usl. C aHTerpa-
JleH MyHKIMOHEeH A0CTBII 10 o6uaTa ¢peMopasHa
apTepus BJSIBO Oe HalpaBeHa ceJleKTHBHA aHTU-
orpadus, Ipy KOSITO ce BU3ya/M3Upa OKJIy3Us Ha
aptepus ¢eMopasuc cyneppuuasnuc u apTepus
nomiutea (dur. 1 u 2).

Cnen HeyclnemlHW ONMUTH 3a peKaHaau3anusd
py HaJiM4Yue Ha ekcTpaBa3ar (¢ur. 3) u A-B dpu-
cryna (dur. 4) ce B3e pellieHHe 33 PETPOrpasieH
MyHKLMOHEH AocTbn upe3 ATIL

CplyaTa ce BU3yaau3npa aHruorpapcku (ur.
5) u ce miacupa xugpodueH Boaad (eur. 6 u 7).

Okuysunte Ha ADC u All ce npeofo.sxa ¢ Bo-
Jlaya, B cJe/iBalllusl eTal Ha NpoLeAypaTa, KakTo
e npejicraBeHo Ha ¢ur. 8 u 9. PeTporpaaHo mno-
CTaBEHUST BOJAY e IJIAaCHpaH B aHTerpajHo I0-
CTaBEHMUSs IMarHOCTHYeH KaTeTsbp (dur. 10).

ATP was passable to the distal, and the ATA to the
level of the metatarsal bones.

The procedure was performed in a hybrid
operating room, under local anaesthesia. With
antegrade puncture access to the common fem-
oral artery on the left, selective angiography was
performed, which visualized occlusion of the su-
perficial femoral artery and popliteal artery (Fig.
1 and 2).

After unsuccessful attempts at recanalization
in the presence of extravasation (Fig. 3) and A-V
fistulae (Fig. 4), a decision was made to retrograde
puncture access via ATP.

The artery is visualized angiographically (Fig. 5)
and a hydrophilic guidewire is placed (Fig. 6 and 7).

SFA and PA occlusions were passed with the
guidewire in the next step of the procedure as
shown in Fig. 8 and 9. The retrograde guidewire
was placed into the antegrade diagnostic catheter
(Fig. 10).

®ur. 1. CesleKTUBHA aHTHO-
rpadus kosTo Bepudpuuupa
OKJIy3Us Ha CbhJa
Fig. 1. Selective angiography
verifying vessel occlusion

Ha/IM3aluaTa

which verifies the target
vessel for recanalization
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®ur. 2. CesleKTHBHA aHTHO-
rpadus kosTo Bepuduuupa
T.Hap. TapreTeH CbJ 3a peKa-

Fig. 2. Selective angiography

®ur. 4. CesieKTHBHA aHTHO-
rpadus kosiTo Bepuduuupa
natoJsioruyHa A-B ¢ucrtyna
mexay AOC u BO
Fig. 4. Selective angiography
that verifies a pathological
A-V fistula between the AFS
and the VF

®ur. 3. HeycnerieH onut 3a
aHTerpa/iHa peKaHaIu3alus
Y HaJIM4Me Ha eKCTpaBasaT
Fig. 3. Unsuccessful attempt
at antegrade recanalization
and presence of extravasation
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®ur. 5. Auruorpadcka BU3yanusanus
Ha ATII, kosiTo cTaBa TapreTeH Cb/ 3a
MyHKIMOHHUS JOCTBII
Fig. 5. Angiographic visualization of the
ATP, which becomes the target vessel for
the puncture access

®ur. 6. PeTporpajieH nyHKIMOHEH
noctbil g0 ATII 1 BbBeXKgaHe Ha
MHTepBeHIMOHa/IeH Habop
Fig. 6. Retrograde puncture access
to the ATP and introduction of
guidewire

dur. 8. PeTporpa/iHa pekaHaIM3alMst Ha

®ur. 9. PeTporpaiHo BbBe/ieHUs

Jle3unTe BOJlay JI0CTHUra JI0 aHTeTrpaJiHO
Fig. 8. Retrograde recanalization of [0CTaBeHUsl IMarHOCTUY€EH KaTeTbp
lesions Ha/| HUBOTO Ha JIe3UATa

Fig. 9. The retrogradely inserted
guidewire reaches the antegradely
inserted diagnostic catheter above

the lesion

CARDIACSURGERY

®ur. 7. PEeHTreHOCKOIMS C 1IeJ1 BU-
3yaJM3alsl Ha T0CTaBeHusl BoAay B
apTepuATa
Fig. 7. X-ray imaging to visualize the
guidewire placed in the artery

®ur. 10. BogausT ce nyiacupa npes
JIMaTHOCTUYHUSA KaTeTbP
Fig. 10. The guidewire is placed
through the diagnostic catheter

6l <<
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M3BbpiieHa 6e moeTanmHa aHTHOIJIACTHKA C
MeJUKaMeHT-U31buBaly 6asod (MUB) JlymuHop
4x200 mm u MUB Jlymunop 5 x 200 mm (¢wur. 11
u 12). [IpoueaypaTta 3aBbpIIU C KOHTPOJIHA aHTU-
orpadus, KosiTo BepuduLuUpa M'bJHA peKaHaAIU-
3auus Ha oksay3uuTe (dur. 13 u 14).

[launeHTHT 6€ JexXoCnUTalM3UpaH Ha BTOpHUS
c/lefioNepaTUBEH JieH € IBOMHA aHTUarperaHTHa
Tepanusa (JAAT).

A staged angioplasty with a drug-eluting bal-
loon (DEB) Luminor 4 x 200 mm and DEB Lumi-
nor 5 x 200 mm was performed (Fig. 11 and 12).
The procedure was completed with a control an-
giography, which verified complete recanalization
of the occlusions. (Fig. 13 and 14).

The patient was discharged on the second
postoperative day with dual antiplatelet therapy
(DAPT).

®ur. 14. KonTpoJiHa aHTHO-

rpadud B AUCTAJIEH CETMEHT
Ha JIe3UsATa CJiefi aHTH-

OIJIACTHKA, BU3yaIM3Mpalla
II'bJIHA peKaHa/IN3aLUsA

®ur. 12. AHrvomnIacTuKa
Ha AFS

Fig. 12. Angioplasty of AFS

®wur. 11. ITo Bozgava ce na-
cupa MUB c yen nocnensa-
1118 aHTUOTIJIACTHUKA

Fig. 11. A DEB is placed
over the guidewire

®ur. 13. KonTpoJsiHa aHruorpa-
¢bus B mpoKcHMaJsieH CEerMeHT
Ha JIe3UsATa CJiefl aHTMOIJIaCTH-
Ka, BU3ya/IM3Mpalla MI'bJIHA
peKaHa/n3anus

Fig. 13. Control angiography
in the proximal segment of
the lesion after angioplasty,

Fig. 14. Control angiography
in the distal segment of the
lesion after angioplasty,

061U pe3yaTaT

[Ipy BCMYKU NIALIMEHTH, BKJIIOUYEHU B IPOyYBa-
HETO, MyHKLHsITA € U3BbPLIEHA Mo/, exorpadCcKu
KOHTpoOJI. ATII e U3I0JI3BaH 3a NYHKLUA B 6 ciiydas
(60%), a ATA B 4 cayyas (40%). Pekananusanusta
Oellle TEXHUYECKH YCIelIHA NMPU BCUYKU UHTEp-
BeH MU (100%). MscToTo Ha nyHKLus Gelle Npo-
XO/IUMO IIPU BCUUKH NanueHTH. He ca oT6esnss3anu
CUCTEMHHU yCJIO)KHeHus. JIoOKa/JHNUTe yCI0KHEHUS
B paHHUs cJielolepaTUBEH IepUoJ, BKJIIOYBAT
eauH (10%) mauueHT ¢ HeHaNperHat, HemyJsCcH-

>> 62

showing complete
recanalization

visualizing complete
recanalization

Overall Results

In all patients enrolled in the study, the
puncture was performed under ultrasound
control. ATP was used for puncture in 6 cases
(60%), and ATA in 4 cases (40%). Recanaliza-
tion was technically successful in all interven-
tions (100%). The puncture site was patent in
all patients. No systemic complications were
noted. Local complications in the early postop-
erative period included 1 (10%) patient with a
non-tensioned, non-pulsating hematoma in the



pall] XeMaTOM B 30HaTa Ha MyHKLUs 6e3 KOMyHHU-
Kallusl ¢ MyHKTUpaHaTta apTepus. Cien ejHa rofu-
Ha KpaWHUKBT e 3anaseH npu 9 nanuenTtu (90%).
Bo/IHUYHUAT npecTol e cpefiHO 3 AHU (2-7HU),
KaTo ce yAb/bKaBa MpH MalMeHTH C HocTolepa-
TUBHU YCJOXXHEHHUsI KaTO HalperHaT XeMaToM,
paHHa peTpoM603a U HECTAOUIHA XeMOIMHAMHUKA.
BpemeTpaeHeTo Ha npoleAypaTa Bapupa B 3aBU-
CUMOCT OT CyOeKTUBHUTE XapaKTEPUCTHUKU Ha
nanyeHTa. CpefiHaTa NPOJb/XKUTENHOCT Ha e/lHa
npoueaypa e 60 £ 15 min. B Ta6sivua 3 ca npejcra-
BEHU JIaHHU 32 U3M0JI3BaHUTE KOHCYyMaTUBH.
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&

puncture area without communication with the
punctured artery. After 1 year, the limb was pre-
served in 9 patients (90%). The average hospi-
tal stay is 3 days (2-7 days), being prolonged in
patients with postoperative complications such
as pseudoaneurismae, early rethrombosis and
unstable hemodynamics. The duration of the
procedure varies depending on the subjective
characteristics of the patient. The average dura-
tion of a procedure is 60 + 15 minutes.

Table 3 presents data on the consumables
used.
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Taonuua 3 // Table 3

H3n0/13BaH KOHCYyMaTHUB KonTpacTtHO B-BO0  [IyHKIIMOHEH AOCTBI Tapret
Consumables used Contras Puncture access Target
MamueHT 1 MHE Jlymurop 4 x 200 mm WMoankcanon ATII cun A®DC et Allo cun
n5x 200 mm
Patient 1 DEB Luminor 4x 200 mm Iodixanol ATP sin SFA et PA sin
et 5x200 mm
MMUB Mosek 5 x 120 mm .
MMamueHT 2 13 x120 mm HopukcaHos ATA nexc ATA et ADC gekc
Patient 2 DEB Mozec 5 x 120 mm Iodixanol ATA dex ATA et SFA dex
et3x120 mm
MUB Mosek 3x120 mm
[TamueHT 3 u crenTs Cynepa 5,5 x 80 mm BbriieposieH JuoKcU, ATA cun ATA et Allo cun
. DEB Mozec 3 x120 mm . .
Patient 3 et stenti Supera 5,5 x 80 mm co, ATA sin ATA et PA sin
MUB Mo3zek 5 x 120 mm .
[TanpeHT 4 u crenTH Cynepa 7,5 x 100 mm HNonvkcanon ATII cun A®DC cun
Patient 4 DEB_MOZEC 5x120mm lodixanol ATP sin SFA sin
et stenti Supera 7,5 x 100 mm
MWB Mo3zek 3 x 120 mm
[TarpeHT 5 u Enytakc 6 x20 mm BbriieposieH JUOKCUZ, ATA cun ADC et Allo cun
u Jlymunop 3 x 40 mm
DEB Mozec 3 x120 mm
Patient 5 et Elutax 6 x 20 mm Co, ATA sin SFA et PA sin
et Luminor 3 x 40mm
MMUB Mo3zek 4 x150 mm .
[ManueHT 6 u Enyraxc 5 x 100 mm HonvkcaHoun ATII nekc Allo nekc
DEBM 4 x150
Patient 6 ozecax i Iodixanol ATP dex PA dex
et Elutax 5 x 100 mm
MMUB Mapkuk T4 5 x 150 mm u
MManueHTt 7 Jlymunop 6 x 100 mm; Woankcanon ATII nekc A®DC et Allo gekc
crentu Cynepa 6,5 x 100 mm
DEB Magic Touch 5 x 150 mm et
Patient 7 Luminor 6 x 100 mm; Iodixanol ATP dex SFA et PA dex
stenti Supera 6,5 x 100 mm
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Ta6auya 3. [Ipodeadcenue // Table 3. Continuation

H3nos13BaH KOHCYMAaTUB

Consumables used

KoHTpacTHO B-BO

Contras

IlyHKIIMOHEH A0CTBI Tapret

Puncture access Target

[TanpeHT 8 MHEB Jlymutop 6 x 80 mm Hopukcanou ATA cun A®DC cun
1 6x 100 mm
Patient 8 DEB Luminor 6 x 80mm lodixanol ATA sin SFA sin
et 6 x 100 mm
[TarpeHT 9 MHE Mosex 6 x150 mm Brraepoaen ATII cun A®DC et Allo cun
u JlymuHop 5 x100 mm Jvokcug
Patient 9 DEB Mozec 6x 150 mm co ATP sin SFA et PA sin
et Luminor 5 x 100 mm 2
MUB JlymuHop 5x150 mm
[TanuenT 10 1 6x 200 mm; ﬁoanxcaﬂon ATII gexc ADC nmekc
crenTH Cymnepa 6,5 x 200 mm
DEB Luminr 5x150 mm
Patient 10 et 6 x 200 mm; Iodixanol ATP dex SFA dex
stenti Supera 6,5 x 200 mm
OBCHXJAHE DISCUSSION

KpuTrnyHaTta ucxeMusi Ha [JOJTHUTE Kpau-
HULY e IPUAPYKeHa OT BUCOK PUCK OT aMIyTa-
nus. EAMHCTBEHUAT BapHaHT 3a ClacsgBaHe Ha
KpallHHMKa e XUpypruyecka uHTepBeHIus. PyH-
JlaMeHTaJIHUAT BBIPOC € AU Jla Ce W3BBbPLIU
OTBOpeHa onepauusi ¢ ¢eMopasHO-UJIHAYHU U
deMopaiHO-TUOHAIHY LI'BHTOBE, Jla Ce U3MO0JI3-
BaT eH/I0BAaCKyJIapHU METOJU 3a Bb3CTAaHOBSBA-
He Ha KP'bBOTOKA B 3aCerHaTHs KpalHUK WJIHU Jia
ce MpeAnovyeTaT XU6pUAHU TexHooruu. Crnopes
AKTyaJIHUTE TNPENOpPbKU KPUTHYHATA HCXEMHS
Ha JI0OJIHM KpalHULM MOXe Ja ce JieKyBa upes3
Galinmac-xupyprus ¢ aBToBeHO3eH 6ainac (kJac |
npenopbKa, HUBO A Ha Jl0Ka3aTeJICTBEHOCT) WU
ype3 eH/0BaCKyJlapHa peBacKyJsapusanus (kjac
[la, HuBO B) [6]. KpuTH4HaTa ucxeMus e sICHO fie-
drHMpaHa KaTo abCcoII0THA UHAMKALMS 33 peBa-
CKyJlapu3aLMs Ha I0JIHUTe KpalHuLu [7]. Bbrpe-
KU TOBA KeJIaHaTa BeHa He BUHArU e MOoAX0AAIA
3a Gainac (mopajy BapuKo3a WJIHW CbhCTOSIHUE
cnen Tpom6odusieduT) [8]. B mombiHeHUe, Tpo-
bUYHKTe HapylleHUs B 0JHUS KpallHUK yBesU-
yaBaT pUCKa OT UH(QEKIMs Ha ollepaTHBHATA 06-
Jact. ETo 3a10 npu TakuBa NalMeHTH Ha NpejieH
IJIaH M3J1M3a eH/l0BacKy/lapHaTa HHTePBEHIs.

[IpoyuBaHeTo Baiinac cpewjy aHzuoniacmu-
Ka npu mexcKa ucxemusi Ha 00/IHU KpalHUyu
(BASIL) mnoka3a eKBHUBaJEHTHH pe3y/JTaTH OT

>> 064

Critical lower limb ischemia is accompanied
by a high risk of amputation. The only option to
save the limb is a surgical intervention. The funda-
mental question is whether to perform open sur-
gery using femoral-iliac or femoral-tibial shunts,
use endovascular methods to restore blood flow
in the affected limb, or to prefer hybrid technolo-
gies. In the recommendations, critical lower limb
ischemia can be treated by bypass surgery using
an autogenous vein (class [ recommendation, lev-
el A of evidence) or by endovascular revascular-
ization (class Ila, level B) [6]. Critical ischemia is
clearly postulated to be an absolute indication for
lower limb revascularization [7].

However, the intended vein is not always suit-
able for bypass (because of the great saphenous
vein system varices, condition after thrombophle-
bitis, or venous angiodysplasia) [8]. In addition,
the trophic disorders in the lower limb increase
the risk of surgical area infection. Therefore,
in such patients, an endovascular intervention
comes to the fore.

The Bypass vs. Angioplasty in Severe Isch-
aemia of the Leg (BASIL) trial showed equivalent




XUpyprudeH Oalnac U eHJI0BACKyJapHU HHTEp-
BEHIMH 3a peKaHa/M3alys Ha apTepuasHara Je-
3Us 0/ MHTBUHAJIIHATA I'bHKA. B MeTaaHann3 Ha
Romiti ¥ CbTp. 2-TOAUIIHUAT MPOIEHT HA CHACsABa-
He Ha KpalHUIUTE cJie] Galmac U aHTHOTIACTH-
Ka e cboTBeTHO 85% u 82%. Soderstrom u CbaBT.
NOKa3BaT MOZ06HU pe3yJITaTH IPU CPAaBHSIBaHe Ha
AHTMOIJIACTUKA U Gainac 3a Jie3auu Ha 33/IKOJISIH-
HaTa apTepusd. M JiBeTe rpynu MoCTUTaT CXOJHU
pe3yJaTaTH: 5-TOAHWIIHA MPEXHUBIEMOCT Ha Kpau-
Huuure (75,3% cpeiyy 76%), cTeneH Ha IpeXuBs-
emoct (47,5% cpeiy 43,3%) 1 npexKuBsieMOCT 6e3
amnyTtauus (37,7% cpewy 37,3%) [9].

AHTerpasiHaTa peKaHaJIM3alMs He € TeEXHUYe-
CKH IPUJIOXKMMA B'bB BCUYKH CJIy4aHn, 0COOEHO aKo
e 6usia mpeJiecTBaHa OT OTBOPEHA XUPYPrudHa
WHTepBeHIYs. [[py moBevyeTo NalueHTH MPOKCU-
MaJIHaTa OKJY3Hs e MOo-pPUTHAHA U MO-TPyAHA 32
pekaHasu3anus. [Ipu aHTerpajjHa pekaHaIu3a-
M1 MOJKe /1A € MO-TPYAHO Jla Ce MPEMHUHE K'bM UC-
TUHCKHUS JIyMEH Ha apTepusTa. B TakuBa ciydau
peTporpaaHaTa NyHKIUS Ype3 TUOUATHU ChI0BE
MO3Ke /la CIlacH MalueHTa.

N3Boau

HamreTo npoy4BaHe 1nokasa, 4e peTporpajHu-
AT TUOUAJIEH MoAXoM, e 6e3omaceH U epeKTUBEH
3a pekaHa/sM3alMsl Ha OKJIY3UM Ha demopai-
HO-TIOTJINTEAJTHUSI U TUOUANHUS CEerMeHT MpHU
HNalMEHTH CbC CJAOXKHH Je3uu. Ta3u TexHUKa e
MOCJIeIHA OMIMSA CaMO MPU rpyna NalueHTH, KO-
raTo aHTerpajJiHaTa peKaHaJu3alus e Heychell-
Ha [10]. [loBuiaBaiiku ePpeKTUBHOCTTA Ha OIle-
pauusATa 3ana3Ba 3acerHaTus KpalHUK, KaTo Mo
TO3W HA4YMH MOA06pPSABA KAa4eCTBO U MPOAbJIKHU-
TEJIHOCT Ha )KMBOTA HA MallMeHTa.

YcneBaeMoCTTa pHU pasrjeaHaTa rpymna na-
[[MeHTH B ToBa mpoyuBaHe e 100%, koeTo e on-
THMaJieH pe3y/aTaT. [Ipu mo-rosieMu rpynu namu-
€eHTHU CblllaTa Bapupa Mexay 80-90% [11] koeTo
Ha MpPaKTHUKA Ca 3aBU/HU Pe3YJITAaTH U J0Ka3Ba
epeKTUBHOCTTA HA MeTO/Ia.
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results of surgical bypass and endovascular in-
terventions for recanalization of the arterial le-
sion below the inguinal fold. In a meta-analysis
by Romiti et al, the 2-year limb salvage rates af-
ter bypass and angioplasty were 85% and 82%,
respectively. Soderstrom et al showed similar
results when comparing angioplasty and by-
pass for popliteal artery lesions. Both groups
achieved similar results: The 5-year limb sur-
vival (75.3% vs. 76%), survival rate (47.5% vs.
43.3%), and amputation-free survival (37.7%
vs. 37.3%) [9].

Antegrade recanalization is not technical-
ly feasible in all cases, especially if it has been
preceded by open surgery. In most patients, the
proximal occlusion is more rigid and more dif-
ficult for recanalization. With antegrade reca-
nalization, it may be more difficult to cross to
the true lumen of the artery. In such cases, ret-
rograde puncture through the tibial vessels may
save the patient.

CONCLUSIONS

Our study showed that the retrograde tibial
approach is safe and effective for recanalization of
occlusions of the femoral-popliteal and tibial seg-
ments in patients with complex lesions. This tech-
nique is a last option only in a group of patients
when antegrade recanalization is unsuccessful
[10]. Increasing the efficiency of the operation
preserves the affected limb, this improves the
quality and duration of life of the patient.

The success rate in the examined group of pa-
tients in this study was 100%, which is an opti-
mal result. In larger groups of patients, the same
varies between 80-90% [11] which are practically
enviable results and prove the effectiveness of the
method.
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HMHCTPYKIIUU KBM ABTOPUTE

[Ipuemar ce 3a my6JIMKyBaHe: OpUTMHAIHU CTaTUH, 0030pH, KIMHUYHU cJ1y4yaH, pedepaTH, pelleH3UH, KpaTKU
Hay4yHH cboblieHus (McMa Ao pefakTopa v Ap). [I'bpBUTe TpU kaHpa ca 06eKT Ha peljeH3upaHe (CbC CTaHAApTH-
3upaHu GopMysIsipH), 2 OCTAaHAIUTE MOJJIeXKAT Ha eKCIIepTHA NpeLleHKa OT CTpaHa Ha peJiKOoJIerusTa.

KopecnongupaiiuaT aBTop OCOYBa CBOU JAHHU 33 KOHTAKT (eJIeKTPOHEH aZipec, [0 XKeJlaHUe — MOLeHCKU
ajpec U TesiepOH) U JeKJapupa, e MaTepua bT He e MyGIUKyBaH JJ0cera, OCBeH KaTo pe3loMe Ha ChOoGILIeHHe,
M3HEeCeHO Ha Hay4yHa NposiBa, U He e NpeAJIoKeH 3a Ny6IuKanus Apyrajie. ABTOPUTE HOCAT OTTOBOPHOCT 3a Cb-
J'bpKaHUETO Ha Mmy6yuKanuuTe. [IpefcTaBeHUTe MaTepUald U ONUCAHUTE B TAX U3CJAe[BaHUSA Cle/Ba 1a ChOT-
BETCTBAT Ha YTBbPAEHUTE €TUYHHU CTAaHAAPTH OTHOCHO NPOBEXJAHETO HA KJIMHUYHU U /WU eKClIepUMeHTaTHU
POYYBaHUS C Xopa (AeKJapalusTa oT XeJ3MHKH) U ONIUTHHU )KUBOTHU. He Tps6Ba Jja ce cloMeHaBaT NalueHTH C
TeXHUTEe UMeHa, MHULMA/IU UJIH A ce IPeloCTaBsi CHUMKOB MaTepHaJl, Ha KOWTO Te MoraT Jia 6'bJJaT pa3no3HaTH.
Cb6sr0/jaBa ce CTPUKTHOTO Clla3BaHe Ha aBTOPCKOTO MpaBo — TeKcToBe ¢ HafZ 10% JOCJ0BHO MOBTOpPeHHE Ha
4yK/a Ny6IMKaLys ce BpbIAT 32 IpepaboTKa.

06eMm (rmpubsM3UTENEH) HA TPeJIaraHuTe MyOIuKaUU:

Bup ny6sinkanus Bpoii pedepen-
Bpoil iyMu B OCHOBHUSA TEKCT Bpoit fymu B pesroMmeTo -
OpurvHasiHa cTaTUs 2500-5000 200-300 30
0630p 3000-6000 100-200 50
KnvnaundeH ciayyai 1000-3000 100-200 20
KpaTko Hay4HO chobuieHNe, pedepaT, pereH3us 500-1000 - 10

[Ipuemar ce daitoBe Ha nporpama MS Word. Hama crienuduyHy M3UMCKBaHUS 3a pasMep U BU/J| Ha WIPUPT],
pascTostHUE MeXAY peJloBeTe, oJIeTa U Ipyro oGopMIeHHE.

Bcsika cTaTuHd 3amoyBa cbC 3aryiaBue (6e3 CbKpallleHus1), IMeHa Ha aBTopuTe (6e3 ocouyBaHe Ha aKaJeMUY-
HU U JPYTH TUTJIM), TAXHATA MeCTOpPaboTa, 0603HadyeHa ¢ [U(POB HHJEKC, pe3l0Me B IIOCOYeHHUsT 06eM, KIHY0-
BU fyMu. CTaTUsATA Ce 0JjaBa U NIpeBe/ieHa Ha aHIVIMMCKYU e3UK, KaTO aHIJIMHACKUSAT NPEeBOJ e el GbarapcKusi
TEKCT B eJMH o601y dpail. B pe3roMeTo Ha BCsiKa OpUTMHAJIHA CTATHs Ce MOCOYBAT: LieJl U 06EKT Ha U3cJie/BaHe-
TO, OCHOBHHM JJaHHH 338 METOAUKATA, Pe3yJITaTH U U3BOAU. Pe3toMeTaTa KbM JIPYyruTe BUAOBE CTATUH BKJIIOYBAT
KpaTka uHdopManus 6e3 06ocobeHa CTpyKTypa. KiroyoBuTe AyMu 3a BCeKH BU/J, yGIMKALKSA ca MexX Ay 3 U 8 Ha
6poH, KaTo MoraT Aa 6'bJjaT eAUHUYHY AYMHU WM KPaTKU CJI0BOCHYETAHUS, OOLIONPHUETH B KOHKpeTHATa 06/1acT
Ha I03HaHUe.

HuTHupaHusaTa Ha 6UGINOrpadCKUTE U3TOUHUIIU B TEKCTa ce 0603Ha4YaBaT ¢ MdpU B KBaApPaTHU CKOOU IO
peZa Ha nosiBaTa UM. bubsinorpadusTa ce noJpex/a 1o pejja Ha NosiBa Ha U3TOYHUIUTE B TEKCTA. M3nucBaHeTo
Ha BCEKU MU3TOYHHUK € Ha HOB peJ ¢ apabcka HoMepauus. JJaHHUTe ce opopMAT No caeHUs HauuH (BaHKYBBp
CTU):

- Cmamuu: ABTop(u). 3arsaBue Ha cTaTUsTa. 3arjiaBue Ha ciucaHueTo (cbkpaTeHo no Index Medicus), ro-
JIuHa, ToM (volumen), HoMep Ha KHWXKaTa (6poit) B ckobu, crpanuiu (ot-n10). [Ipumep: Yakub YN, Freedman RB,
Pabico RC. Renal transplantation in systemic lupus erythematosus. Nephron, 2019, 27(1):197-201.

- [ly6aukayuu om c6opHuk: ABTOp(1). 3ariaBue. B: (3a aTuHuna In:) 3arsiaBue Ha c6opHuKa. [lopegHOCT Ha
W3JlaHUeTO, pefakTopu. MecToussaBaHe (rpaj), U3aTeCTBO, FOJHMHA HAa U3/laBaHeTo, cTpaHuLH (oT-10). [Ipu-
Mmep: Wilkinson AH. Evaluation of the transplant recipient. In: Handbook of Kidney Transplantation. 6th ed. G. M.
Danovitch (Ed.). Boston, Little, Brown and Co., 2019, 109-122.

- Knueu: ABTop(u). 3arnaBue. MectousgaBase (rpaj), U3aTesCTBO, FOJJMHA HA U3JjaBaHETO, CTpaHULHU (OT-
10). IIpunmep: llleiimarnoe H. Cucmemuu sackyaumu. C., Med. u puzk., 2019, 8-11.

Ako aBTOpUTE ca 10 TPUMA, Ce U3NUCBAT GaMUINUTE, IOCAeABAHN OT UHUIMAIUTe UM (6e3 ToukH). KoraTto
aBTOpPUTE ca NOBeye OT TPUMa, CJeJ, UMETO Ha TPeTUs ce nuile U Ap. (3a saTuHuna - et al.“). Hactoituuso ce
npenopbuBa LUTUPAHETO (M03HABAHETO) U HAa G'bJIraPCKU U3TOYHUIIU.

MaTepuanuTe ce usnpamaT npes caita: https://cardiojournal.eu/index.php/journal
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INSTRUCTIONS TO AUTHORS

The following genre types are accepted for publishing: original articles, re-views, clinical case reports, reference
papers, book reviews, short communication papers (letters to the editor, etc.). The first three genres are subject to
peer review (with standardized forms), and the rest are submitted to expert evaluation on behalf of the editorship.

Corresponding author shows contact data (e-mail, optionally - postal address and telephone) and declares that
the material has not been published previously, except in the form of an abstract for a scientific event, and has not
been submitted to other journal. Authors assume the responsibility for the contents of their publications. Presented
papers and the studies described in them should comply with the established ethical standards on performance of
the clinical and/or experimental studies on human subjects (the Helsinki Declaration) and experimental animals.
Patients must not be referred by names and initials, and images on which they can be identified must not be
presented. Authors must warrant that they submit for publication their own studies and in case different author’s
data and/or text are used, these are specified by citations. Strict adherence to copyright issues is maintained - texts
including more than 10% of literal replication of different publication are returned for reprocessing.

Volume (approximately) of submitted papers:

o . . Word count in the Number of
Type of publication Word count in the main text
abstract references
Original article 2500-5000 200-300 30
Review 3000-6000 100-200 50
Clinical case report 1000-3000 100-200 20
Short communication, reference paper, review 500-1000 - 10

MS Word files are acceptable. No specific requirements on the font size and type, spacing, margins and other
formatting are defined.

An article starts with the title (without abbreviations), the names of authors (without academic or other titles),
their workplaces designated by numeric indices, abstract, key words. Title of a scientific paper, irrespective of its
genre determination, should attract the attention, be understandable, short, and exact - it represents the study
object. A subtitle can be prepared for extended informativeness. The article also must be is submitted translated
into English, as the English translation is after the Bulgarian text (in a common file). Abstract contains the specific
features of the study in a concise manner - aim/subject matter, methods used, main results and findings. It is
distributed also through secondary informational titles (data bases), i.e. it should include the main elements of the
scientific contribution. It should not contain either citation or illustrative material, or abbreviations, which can be
precluded. Key words are used for topical categorization of a paper in data bases (and other secondary titles) and
related search in inquiries. The objective of the author is to propose the most significant concepts of his work in a
synthetic manner. Key words to any kind of publication range between 3 and 8; they can be single words or short
word-groups, which are commonly accepted in the specific area of knowledge.

The list of literature references at the end of the work has to embrace only the publications virtually used
and required to delineate the basis, on which the study is designed. Avoid presenting abundant references at the
account of their up-to-dateness. Minimize self-citation. Citing (familiarity with) Bulgarian sources is strongly
recommended, too.

Citation of bibliographic references within the text is designated by numbers in square brackets following the
order of appearance. Bibliography is arranged following the order of appearance of the sources within the text.
Each source is written in a new line, with an Arabic number. Sources are structured in the following manner:

- Articles: Author(s). The article title. Journal title (abbreviated under the Index Medicus), year, volume, number
(issue) in round brackets, papers (from-to). Example: Yakub YN, Freedman RB, Pabico RC. Renal transplantation in
systemic lupus erythematosus. Nephron, 2019, 27(1):197-201.

- Papers from an edited book: Author(s). Title. In: The edited book title. Edition number, editors. Place of
publication (city), publishing house, year of publication, pages (from-to). Example: Wilkinson AH. Evaluation of the



