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3HAYEHME HA ITEPOPAJ/THATA XOJIAHI'MOCKOITUA B AMATHOCTUKATA
HA BOJIECTUTE HA AKJI'BYHOTO A'BPBO

M. Mupues, B. Cmouyos, M. Ilepyxosa

OmadeseHnue no cacmpoeHmeposozus, MBAJI ,Cepye u mo3sk“ - Bypeac

Pe3ome. BbBeseHue: Hall-TpyZHM 3a JiedeHUE U JUArHOCTHKA ca CbOTBETHO rojieMUTe (Haz
1,5 cm) KOHKpeMeHTHU U HeJleTEpMUHUPaHUTe CTPUKTYPH Ha eKCTpaxenaTaJHUTE KJIbYHU II'b-
tuma (EXII). Len: /la ce 0606111 onuThT Ha LleHThpa Mo OTHOLIEHWE Ha XO0JAHT'MOCKOM-aCHC-
THpaHaTa JUarHOCTHKA U JIeYeHUeTOo Ha HAKou 6osiecty Ha EXKII. MaTepuan u metoau: AHa-
JIN3UpaHM 05iXa MAalMeHTHUTe, MpeMUHaIU pe3 KinHUKaTa 3a meprosa aBrycr-aekeMBpu 2024
r. [Ipy Bcuyky Ge M3BBbpILIEHA eH/J0CKONCKA peTporpaiHa xoaHruonankpearorpadus (EPIIXT)
Y cropeJ, HaxoJKaTa — X0JIAHTMOCKONUSA € Noc/e/Balla Ja3epHa JUTOTPUINICUS NPU HaJU4He
Ha X0JIe/I0X0/IMTHAa3a UM GUOICHMs NpU OTKpPHMBaHe Ha cTeHo3a. PesyaTaTtu: 3a nepuoj ot 5
Mecella ca U3BbpLUIEHU 6 X0JJAHTUOCKONUU NpU 6 nanueHTH. OT TAXx 2 (33%) ca »KeHH, cpesHa
B'b3pacT Ha rpymnara 59,2 = 26,9 r. [oneMu KOHKpeMeHTH 651xa yctaHoBeHHU npu 3 (50%) nmanu-
€HTH, IPU KOUTO Ce IPUJI0XKH ocaeBalla JasdepHa gecTpykuus. [Ipu 2 ot tax (67%) usnoss-
BaxMe Thulium Jsazep, npu 1 (33%) - Holmium. [I'b1HO oTcTpaHsiBaHe Ha KOHKpeMeHTHUTe 6e
[OCTUTHATO NpHU 2 nanueHTH (67%). CTpUKTypH ycTaHOBUXMe NIpHU 3 manueHTH (50%) - 2 651xa
Jl060pOKaueCcTBEHH, NOCTONEPAaTUBHY, 1 — MaJIMrHeHa NPU NaLMEHT C KapIlJMHOM Ha NaHKpeaca,
YepHOAPOOHU MeTacTa3du U Tymop Ha Kmatckun tun Il mo knacudukanusTa Ha Bismuth. [Tpu
enuH nanueHT (17%) HabJsirogaBaxMe yCIOXKHEHHe — nepdopanus cief Ja3sepHa AeCTPYKIUs
Ha koHKpeMeHT ¢ Thulium Jsiazep, oBsaisH KOHCcepBaTHBHO. 3aKJw04YeHue: [lepopasHaTa Xo-
JIAHTMOCKOIIMA € M0JIe3eH TepaleBTUYeH MeTO/ NIPU TPYAHU 3a JiedeHHe KJI'bYHU KaMbHHU U 34
pasrpaHMyaBaHe MeXJy J0OpOKaueCTBEHU U 3/I0KAYeCTBEHH >KJIBYHU CTPUKTYPHU C OTJIHMYEH
npodus Ha 6€30NaCHOCT.

KiouyoBu AYMU: epopaiHaTa XOJIAHT'MOCKOIIUA, eKCTPpaxXenaTa/JHU XJI'b9YHHU II'bTHIA, KOHKpe-
MEHTH, JIa3epHa AeCTPYKLUA

THE ROLE OF PERORAL CHOLANGIOSCOPY IN THE DIAGNOSTIC WORKUP
OF BILIARY TRACT DISEASES

M. Mirchey, V. Stoicov, M. Peruhova

Department of Gastroenterology, Heart and Brain Hospital - Burgas

Abstract. Introduction: Large common bile duct stones (> 1.5 cm) and indeterminate biliary
strictures of the extrahepatic biliary tract (EBT) are the most difficult to treat and diagnose,
respectively. Aim: To summarize our experience regarding cholangioscopy-assisted diagnostics
and treatment of certain EBT diseases. Material and methods: Patients admitted to our
clinic between August and December 2024 were analyzed. All of them underwent endoscopic
retrograde cholangiopancreatography (ERCP) and subsequent cholangioscopy-assisted laser
lithotripsy if choledocholithiasis was present or biopsy if stenosis was encountered. Results: For
a period of 5 months 6 cholangioscopies in 6 patients were performed. Of them, 3 (67%) were
female, with mean age 59,2 + 26,9 years. Large biliary stones were found in 3 (67%) patients,
treated by laser destruction. We used Thulium laser in 2 (67%) of them and Holmium - in 1
(33%). Complete clearance was achieved in 2 (67%). Strictures were observed in 3 patients
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(50%). Two of them were benign, postoperative, and 1 (33%) - malignant, caused by pancreatic
cancer, liver metastases and Klatskin tumor type Il according to Bismuth classification. In one

excellent safety profile.

BBBEJIEHUE

Haii-uectuTte 60/1eCTH Ha eKCTpaxenaTaJHU-
Te xJbdHU rbTHIA (EXKID) ca »kirbyHOKaMeHHa-
Ta 60JIeCT U HeJleTepMUHUPAHUTE CTPUKTYPH,
KOUTO ce Mojpas/esaT Ha OEHUTHEHU U MaJlur-
HeHU [1]. HainuueTo Ha KOHKPEMEHTH B KJI'bU-
HUTE IMbTHUIIA € UHAUKAIUA 32 OTCTPAHSIBAaHETO
MM C OTJIe[, IPEBEHIMA Ha yCJI0XKHEHUATA, B T.4.
XOJIQHTUT, MAaHKPeaTUT U OO6CTPYKIUsA, KaTo Oc-
HOBHHUSAT MeTO/JI, Jl0Ka3aJ CBOsITa ePeKTHBHOCT,
e eH/IOCKOIICKaTa peTorpajiHa XoJaHTMoMaHKpe-
arorpadus (EPXIID). 1o To3u HauuH, ypes nocJe-
JnoBaTesHO TpoHUKBaHe B XKII, manuiocouHKTe-
pPOTOMUS U U3T0JI3BaHe HAa 6aJI0OH UM KOIIHUYKaA
Ha JlopMus ce peliaBaT MHO3MHCTBOTO OT CJIy4a-
ute cutrasa Ha EXKIL. B onpejiesieH npoueHT oT
HNaLMeHTUTe ob6aye ce yCTAaHOBSIBAT T.HAp. ,TPYA-
HU" 3a JledeHHe KaMbHU. Te ca ¢ pasmep Hazx 1,5
Cm, MHOXeCTBO, ¢ ocobeHa $opMa, JIoKaIu3alus
WJIM Npu npoMeHeHa aHatoMmus Ha EXII [2]. B
TaKWBa CUTyallUW Ce HaJjlaraT JiujaTalus Ha na-
nuJaTa ¢ 6aJoH C roJisiM JuaMeTbp, MexaHU4YHa
WJIM eKCTpaKopnopasiHa JUTOTPUIICUSA C yAapHa
B'bJIHA, U IOPU XUPYPTUUHO JiedyeHue |3, 4], KOUTo
HEeBHHArW ca yCHEeUIHHU, OCBEH TOBA Ca HeyJ00HU
3a MalMeHTHUTe, KPUSAT PUCKOBE OT YCJI0XKHEHUS
Y MOBULIABAT MOPOUAUTETA.

[Io orHOweHUue Ha cTteHo3uTe Ha EXII e us-
BECTHO, 4e okoJs10 20% ca HeZleTepMUHUPAHH, OT
TAX 2/3 ca c MaJIUTHEH XapaKTep, B T.4. Ipe/I13BU-
KaHH OT KapLiMHOM Ha IaHKpeaca, XenaTo-/XoJaH-
ruolesyjapeH KaplyMHOM, MeTacTasH, JUMPoM,
KapUMHOM Ha XJbYHUSA Mexyp. BeHUrHeHuUTe
CTEHO31 B MHO3HWHCTBOTO CH Ca IOCTOINEPAaTHUBHY,
HO MOTrarT Jia ce JbJ/LKAT Ha B'b3lajleHHue, XPOHU-
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patient (17%) postprocedural perforation after Thulium laser lithotripsy was observed, managed
conservatively. Conclusion: Peroral cholangioscopy is a very useful tool for treatment of difficult
biliary stones and for differentiation between benign and malignant biliary strictures both with

Key words: oral cholangioscopy, extrahepatic bile ducts, strictures, laser destruction

INTRODUCTION

The most common extrahepatic bile duct
(EBD) diseases are gall stones, and indetermi-
nate strictures, the latter being subdivided into
benign and malignant [1]. The presence of bile
duct stones itself is an indication for removal
for prevention of complications such as cholan-
gitis, pancreatitis and obstruction. In such situ-
ations the most effective method is endoscopic
retrograde cholangiopancreatography (ERCP).
In this way, through subsequent cannulation of
the biliary tract, sphincterotomy and utility of
a balloon or Dormia basket, most EBD stones
are extracted. In a certain percentage of cas-
es “difficult” bile duct stones are encountered,
which are defines as having a large size (> 1.5
cm), number, unusual location, shape or altered
anatomy of the EBD [2]. In such cases, large bal-
loon papillary dilatation, mechanic or extracor-
poreal shock wave lithotripsy, or even surgery
may be required [3, 4]. These, however, are not
always effective, can be inconvenient for the pa-
tients, expose them to different complications’
risks, and raise morbidity.

Regarding the EBD strictures, up to 20% are
of indeterminate origin, of them 2/3 are malig-
nant, with pancreatic cancer, hepato-/cholangio-
cellular carcinoma, metastases, lymphoma, gall
blader cancer being the most common etiologies.
Benignant stenoses are usually postoperative, but
also can be caused by inflammation, chronic pan-
creatitis, infections, vascular disorders, etc [5].



YyeH NaHKpeaTUuT, UHPEKI UM, CbJ0BU NPOLECU U
Ip. [5]- ToBa pasHoo6pasue ot 6osiectr Ha EXKII
omnpezesisi HE06X0AMMOCTTA OT TOYHA JMarHosa
c orsieJi U360p Ha MOAXOAsAIIO JedeHUe. [JJaHHUTe
obaye MMOKa3BaT, Ue METOAUTE 32 AUATHOCTUKATA
MM ca cybonTuMasHU. Hanmpumep MarHuTHope-
30HAHCHAaTa XoJIaHTMONAHKpeaTorpadus, Kos-
TO NpPEeBb3X0XKJA KOMIITbpHATa TOMOTpadus
KaTO HEMHBA3WBEH METO/], MOXKe Jla pa3rpaHU4u
6eHUTHEHAa OT MaJ/IMFHeHa CTeHo3a C JUarHoc-
THU4YHA TOYHOCT HaZ, 92%, HO He e B CbCTOSIHME Jia
onpejesud BUJA M [6], yeTKoBaTa M LIMIKOBATa
ouoncus Ha EXKII mo Bpeme Ha EPIIXT gocturat
MaKCHUMaJIHa YyBCTBUTEJHOCT ChOTBeTHO 84%
u 83% [7, 8], a exoeHAOCKONICKAaTa GUOMICHUS UMA
YyBCTBUTEJHOCT MexAy 81% u 91% no oTHowIe-
HUe Ha JWCTaJHUTe CTPUKTYPH U eJiBa MexIy
25% u 89% npu npokcumanaure [1].

C pa3BUTHETO HAa ChbBpEMEHHATa €H/[0CKOT s
Beue € Bb3MOXKEeH eH/I0JIyMEHEH OIJIe[, Ha YKJI'bY-
HUTE I'bTHULIA NMOCPEACTBOM CIelMalHO MPUTo-
JleH 3a LleJITa X0JIaHTHOCKoIl. MeTOA'bT e BbBeleH
npe3 1970 r. ¥ Torasa e BKJIIOYBaAJ T.Hap. ,Mau-
Ka-0ebe" cucTteMa, T.e. BbBeX/JaHe Ha ThHBK BU-
JIe0X0JIAaHTUOCKOII (6e6e) mpe3 paboTHUST KaHaJ
Ha yoJieHockoN (Maiika). Tasu cucteMa U3HCKBa
JiBaMa olepaTopy, KOeTO OorpaHU4YaBa MaHeBpe-
HocTTa Ha anapata. OT 2007 r. e BbBe/ieHa X0JIaH-
TUOCKONHUSATA C eJJUH OMepaTop, KOSATO BKJIOY-
Ba XOJIAHTHOCKON 3a eJHOKpaTHa ymnoTpeba c
BUCOKOKAQYeCTBEHU [JIUTUTAJHU U300paKeHus,
IIUPOK 'bI'bJI HA BU3yaslHU3alUs, eHJO0CKON C Je-
6esunHa 10 Fr, guctanen kpait ¢ pasmep 3,3 mm
C Bb3MOXKHOCT 3a JieKcHs B 4 IOCOKH, paboTeH
KaHaJ 1,2 mm v oTZeJsieH KaHaJ 3a upuranus. [lo-
CpeJ/ICTBOM CIIOMeHaTaTa TEXHOJIOTHS B JIHEUIHO
BpeMe ca Bb3MOXKHH pa3rpaHUYaBaHeTO Ha Oe-
HUTHEHU OT MaJIUTHEHU CTEHO3U Upe3 JUPEKTHA
BU3yaJn3alys U OGUOIICHSI, EKCTPAKLUS HA TPYA-
HU 3a JleYeHHe KOHKPeMEeHTH 4Ype3 Jla3epHa WU
eJIEKTPOXU/PaBINYHA JIUTOTPHUIICUS U Jp. [9].

IlesiTa Ha HacTofIlaTa CTAaTUSA e Jla 06061U
onuTa Ha OTAe/IeHUeTO M0 raCTPOEHTEPOJIOTHS B
X0JIAaHTMOCKOM-aCUCTUPaHaTa IMarHOCTHUKA U Jie-
YeHHUeTO Ha HAKoU 6osiecTu Ha EXKII.

M. Mirchev et al.
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The afore mentioned variety of EBD pathologies
underscores the importance of initial proper di-
agnosis as a prerequisite for treatment strategy
selection. Recent data analysis, however, show
that the diagnostic accuracy of the available meth-
ods for differentiation among the various types of
biliary tract diseases is suboptimal. For instance,
magnetic resonance cholangiopancreatography
which outweighs contrast-enhanced computer
tomography as a non-invasive test, can differenti-
ate between benign and malignant stricture with
diagnostic accuracy of 92% but cannot define its
exact origin [6], brush and forceps biopsy during
ERCP reach a maximal sensitivity of 84% u 83%,
respectively [7, 8], and endoscopic ultrasound
possesses a 81% to 91% sensitivity for distal bili-
ary strictures which reaches only 25% do 89% for
proximal ones [1].

The development of current endoscopy al-
lows endoluminal visualization of the bile ducts
via a specially designed cholangioscope. This
method has been introduced in 1970 and includ-
ed the so-called ‘'mother-baby" system, e.g. in-
troduction of a thin videocholangioscope (baby)
through the working channel of the duodenos-
cope (mother). However, this system requires
two operators which limits the maneuverabili-
ty of the instruments. In 2007 a single-opera-
tor cholangioscopy system has been developed
which comprises a disposable cholangioscope
for high-quality digital images, wide field of
view, a 10-Fr-sized endoscope, a 3.3 mm-distal
tip with four-direction deflection possibility, a
1.2 mm working channel and a separate irriga-
tion channel. The described technology allows
discrimination between benign and malignant
strictures via direct visualization and biopsy,
extraction of difficult biliary stones with laser
or electrohydraulic lithotripsy, etc. [9].

The aim of the present study is to summarize
our experience in the field of cholangioscopy-as-
sissted diagnosis of extrahepatic biliary tract dis-
orders.

5 <<

Opurunaasy crarin / Original articles




KAPAMIOAOTHIS &
KAPAVIOXWPYPTHISL

M. Mupyes n ap.
3HayeHue Ha nepopanHara...

Tom 9, Bpoit 1+ 2026

J
<
5
5
~
s
5
o
é
S
(@}
=
=
=
=
s
=
S
O
=]
=3
oq
&l
I~
=5
[}
=
=
=3
(@)
@,
(9]
2]

MATEPUAJI U METOAU

[IpoyyBaHeTo BKJINOYBA MallMeHTH, IpoJe-
»kasu B OT/ZieJIeHUeTO MO racTPOEHTEPOJIOTUs 3a
nepuoga aBryct-gexkeMBpu 2024 r. [lpu Bcuuku
NalMEHTH € HU3BbpIIeHa EeH/I0CKOINCKa peTpor-
paJiHa XoJIaHTUONaHKpeaTorpadus, U3M0JA3BaH €
nyoneHockon (Olympus TJF-Q190), 0,035 uH4oB
xusipodusier Bogau (VisiGlide, Olympus) u nanu-
JjotoM (3-kaHaseH Truetome, Boston Scientific)
3a orieZ, Ha nanusa PaTepu, KaHJIALKUA U J0C-
TBI JI0 X/JbYHUTE ITBTHUINA C KOHTpPACTHpaHe
u nanuiocouHKkTepoToMusi. [lpu omnpenesneHu
c/ly4ad mamnusaTta e AuJaTHpaHa ype3 GajlOHHA
cUHKTepoIJacTUKa 3a yJleCHsIBaHe Ha J0CT'blla
U ocurypsiBaHe Ha ApeHax. CjieiBa BbBeX/JaHe
Ha xoJsiaHruockomna (EYEMax, Microtech), noctu-
raHe /1o o6eKTa Ha UHTepPeC - KOHKPEMEHT UJIU
cTeHO3a. B mbpBus ciiy4yal e U3BbplIEHA JIa3epHA
JleCTPYKLHs Ype3 JIa3epHO BJIAKHO U eHepaTop
Ha Holmium wiu Thulium snazep (Sphinx), a BbB
BTOpHS — GUOIICUSA Ha CTPUKTypara 4pe3 GUOIN-
cuvHa uunka (Microtech) npes pa6oTHusI KaHa
Ha xoJ1aHruockona. [Iponeayparta 3apbpiiBa c ro-
cTaBdaHe Ha 7- uau 10- Fr nyiactMacoB nipaB CTEHT
(Endoflex). CraTucTruyeckaTa 06paboTKa Ha JaH-
HUTe 6e U3BbpIIeHa NOCPeJiCTBOM MeTOAUTE Ha
JleCKPUNITUBHATA CTAaTUCTHKA, BKJIIOUBALIU CPeJi-
Ha BeJIMUMHA ChC CTAH/IAPTHO OTKJIOHEHHUE, KaTe-
TOPUUHU U IUXOTOMHH MIPOMEHJINBU, XapaKTePHU-
3MpaHy Ypes 4ecToTa U npomnopuuu (%).

PE3YJITATU

3a mepuof oT 5 Mecela ca U3BbPLIEHU 6 XO-
JIAHTUOCKOIUU NpU 6 nanueHTH. OT Tax 2 (33%)
ca JKeHH, CpeJiHa B'b3pacT Ha rpymnara 59,2 + 26,9
r. 0606111eHO0 JAHHUTeE ca peJCcTaBeHU B Tao0.1. 1.

[o/leMU KOHKpPEMEHTH, KOUTO 6e HEBB3MOXKHO
Jla 6pAaT oTcTpaHeHU camo upe3 EPXIII, 6s1xa ycra-
HoBeHH npu 3 (50%) nauyeHTH — 2 3keHU U 1 MbK
(¢ur. 1). U TpuTe ciyyas 6sixa MOAJIOKEHHU Ha XO-
JIAaHTUOCKOIUSA € BU3yanusanus (our. 2) c nocuaef-
Balla Jia3epHa Aectpykuus (dur. 3). [Ipu 2 oT TAX
(67%) usnonzBaxme Thulium sazep, npu 1 (33%)
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MATERIAL AND METHODS

The study includes patients admitted to
our Gastroenterology department between au-
gust and December 2024. All of them have un-
dergone ERCP using a duodenoscope (Olympus
TJF-Q190), a 0,035-inch hydrophilic guidewire
(VisiGlide, Olympus) and a sphincterotome
(three luminal Truetome, Boston Scientific) for
inspection of major papilla, cannulation and
gain of access to biliary ducts with subsequent
opacification and sphincterotomy. In certain
cases, a papillary balloon sphincteroplasty was
performed for facilitation of cholangioscope in-
troduction and drainage. Next, cholangioscopy
inspection (EYEMax, Microtech) of the desired
bile duct segment was performed. If a stone was
encountered during the procedure, the latter was
subjected to Holmium or Thulium laser (SphinX-
jr) destruction. When a stenotic area was visu-
alized, it was biopsied with a special biopsy for-
ceps (Microtech) through the working channel of
the endoscope. The procedure ended with place-
ment of a 7- or 10- Fr straight plastic stent (End-
oflex). Descriptive statistics was used for statis-
tical data analysis. The latter included mean and
standard deviation, categorical and dichotomous
variables which were described using frequen-
cies and proportions (%).

RESULTS

During the 5-month study period, 6 cholangi-
oscopies in 6 patients were performed. Of them
2 (33%) were female, the mean age of the study
group was 59,2 + 26,9 years. Baseline character-
istics of the patients are summarized in Table 1.

Large stones, impossible to be removed by
ERCP only, were encountered in 3 (50%) patients
- 2 female and 1 male (Fig. 1). All cases were sub-
jected to cholangioscopy with visualization (Fig.
2) and subsequently to laser destruction (Fig. 3).
In 2 of them (67%) Thulium laser was used, in 1



Ta6auna 1. XapakTepucTHKH Ha u3cie/BaHuTe nanueHTy // Table 1. Patients™ characteristics

M. Mirchev et al.
The role of peroral...

Volume 9, Number 1 « 2026

CARDIOLOGY
CARDIACSURGERY

XapaKTepucTHKa Characteristics Bpoii, n (%) wiu cpejHa CTOHHOCT
Number, n (%) or mean value
[Ton Sex %
XKenu Female 2 (33%) =
MBixe Male 4 (67%) %
CpeznHa BB3pacT Mean age 59,2 +26,9r. // years g
Junarsosa Diagnosis
KoHkpeMeHT Stone 3 (50%) =
W3mnos3BaH J1asep: Type of laser used: E
Thulium Thulium 2 (67%) =
Holmium Holmium 1(33%) z
[I'bTHO U3YHCTBaHE Complete clearance 2 (67%) E
CTpuKTypa Stricture 3 (50%) =
BeHnurnena Benign 2 (67%) )
Masiuruena Malignant 1(33%)
YcnoxHeHus Complications
0610 All 1(17%)
[lepdopanus Perforation 1(17%)

- Holmium. ITbsHO oTcTpansiBaHe Ha koHKpeMeH-  (33%) - Holmium. Complete bile duct clearance
TUTe Oe MOCTUrHATO NpH 2 nauueHTH (67%), mpu  was achieved in 2 patients (67%), in one (33%)
envH (33%) - mopaZiu MHOXKECTBO roJieMu KoHKpe-  — due to stone multiplicity a second attempt is
MEHTH I1le G'b/ie MPOBE/IEH IOBTOPEH OIUT. planned.

~

®ur. 3. JlasepHa fecTpyKLus

®ur. 2. X0/1aHUOCKOIICKU U3TJIe],
Ha KOHKpPEMEHT

®ur. 1. ['0151M KOHKPEMEHT, yCTa-
HoBeH npu EPXII

Fig. 1. Large stone during ERCP Fig. 3. Laser lithotripsy

cholangioscopy

Fig. 2. Stone during
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CTpPUKTYpH YCTAaHOBUXME IIPH MMOJIOBUHATA OT
cayyaute — 50%. /IBe oT Tax 651xa J06pOKavyecTBe-
HH, MOCTONepaTUBHU (ur. 4). ETMHUAT marueHT
Oe olepupaH TPUKPATHO 3a TAaHTPEHO3eH XoJe-
IUCTHUT, TIOCTAaBEHU ca 6 KOHTAaKTHH MepUTOHEeaI-
HU JApeHa. [locpeAcTBOM XOJIAHTHOCKOMHSA 6sixa
BU3yaJIM3UPAHU CTEHO3aTa U XOA'BT Ha KJI'BYHUTE
I'bTUILA, C/e]] KOeTo Oe BbBeJeH BOAAY U MOCTa-
BeH IJIACTMAcoB CTeHT. BriocsieicTBMe TOBa 1MO3-
BOJIM IIpeMaxBaHe Ha MepPUTOHEATTHHUTE JPEHOBE.
JpyrysT ciydai cbio 6e B pe3yJITaT Ha OCToTe-
paTHBHA CTPUKTYpaA B pe3yJTaT Ha JIAalapOCKOI-
CKa XOJIEI[UCTEKTOMMUs. MajMrHeHaTa CTPUKTypa
0e MpU MalUeHT C KapIIMHOM Ha MaHKpeaca, yep-
HOAPOOHU MeTacTa3u U TyMop Ha KimaTckuH Ty 11
1o kiacudpukanusaTa Ha Bismuth (dur. 5).

Ha6irojaBaxme ycloXKHEHHEe TPU €IUH MalU-
eHT (17%) cien sa3epHa AeCTPYKIMsS Ha KOHKpe-
MeHT ¢ Thulium s1azep. YeTupu yaca cien npotie-
JlypaTta NanyeHTKaTa ce OIlJIaka OT CUJIHA KOpEMHa
6osika. OT nmpoBesenata KAT Ha kopeM ¢ KOHTpacT
ce ycraHoBu mnepdopanusa Ha ductus hepaticus
dexter, ot nmoBTopHaTa EPIIXI' ce HaG/romaBa u3-
THUYaHe Ha KOHTPACcTHA MaTepUsl U3BBH KIBUHUTE
mbruia (¢ur. 6). Ciesl mocTaBsiHE Ha IMJIACTMACOB
CTEHT Y aHTUOHUOTHUYHA Tepallvsl, ChCTOSTHUETO Ge
OBJIAZITHO 1 60JIHaTa Oe U3MmrcaHa 3 JIHU M0-K'bCHO.

Strictures were found in half of the cases -
50%. Two of them were benign, postoperative
(Fig. 4). One of the patients had undergone
elective surgery three times for gangrenous
cholecystitis complications with 6 peritoneal
drainages left in place. Cholagioscopy allowed
visualization of the stenosis and the direction
of the biliary tracts. A subsequent guidewire
and plastic stent placement lead to complete
resolution of the bile leak with removal of the
peritoneal drainages. The stenosis of the second
patient was also due to laparoscopic cholecys-
tectomy. A malignant stricture was diagnosed
in one patient with pancreatic cancer, liver me-
tastases and Klatskin tumor type Il according
to Bismuth classification (Fig. 5).

Complications were seen in one patient
(17%) after stone lithotripsy using Thulium la-
ser. Four hours after the procedure the patient
complained of severe abdominal pain. Con-
trast-enhanced abdominal CT revealed perfo-
ration of the right hepatic duct, on the repeated
ERCP bile leak was observed (Fig. 6). Plastic
stent placement and antibiotic treatment lead
to complete resolution and the patient was dis-
charged 3 days later.

®ur. 4. beHUrHeHa CTpUKTypa

Fig. 4. Benign stricture
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dur. 5. MasiuraeHa CTpuKTypa

Fig. 5. Malignant stricture

®ur. 6. [lepdopanusa Ha xo1e40X

Fig.6. Perforation



OBCBHXJAHE

XOJIaHTMOCKONUATA € eJHO OT Hal-ChbBpeMeH-
HUTE HOBOBBBEJEHUS B TaCTPOUHTECTUHAJIHATA
eHgockonud. T 1o3BoJisIBa JAeTaljieH oIJies, Ha
YKJ'BYHUTE ITBTHUIIA, C KOETO JaBa Bb3MOXKHOCT 3a
TOYHA /MarHo3a U JiedeHWe Ha HAKOU 6osiecTd. B
HalleTOo MPOoy4YBaHe U3BBbpPIIMXME 6 XOJaHMOCKO-
nuy npu 6 nanueHTH. [Ipu 3 oT Tsx (50%) UHAMKa-
1ysTa 6e Tpy/HU 3a JieyeHHe KOHKpeMeHTH B EXKI],
npu octaHanute 3 (50%) - 6UIMapHU CTPUKTYPH.

XoJsieloxoIMTHA3aTa € OCHOBHA UHIMKAIMS 32
EPIIXT, kato nmpu 85-90% oT ciy4auTe eKCTpak-
[[MSTa HA KOHKPEMEHTUTE Ce U3BbPIIBA YCIELIHO
ype3 crioMeHaTaTa npouegypa. CbliecTByBaT 06a-
ye JJaHHH, Ye JIOpH U NIPU YCIEIHO OTCTPaHsaBaHe
Ha JIMTHAa3aTa W MpeJCcTaBeHU J0Ka3aTeJsICTBa 3a
JINIICA Ha OCTaTbyHa TaKaBa 4ype3 OKJY3UOHHA
XoJlaHTHorpadus, mocae/Ball, Ories; C X0JaHTUO-
CKOIl yCTAHOBSIBA pe3U/lya/lHl KOHKpPeMEeHTH NPHU
22,5% ot ciyyauTe [10]. ABTOpHUTE ca U3M0JI3BaIU
T'bHKH, YITPATBbHKH U JIOPU CTAaHJIAPTHU racTpo-
CKOIIY, 8 He UTHPAHUTE M0-TOpe XOJaHTHOCKOIIH.
B Bbirapus, 3a cbXKajleHHe, XOJaHTMOCKONUATA
He ce peumbypcupa ot H30K u 3ansamaneTo ce
M3B'bPILIBA U3LSAJIO0 OT NAaLlUEHTHUTE, TOPaJd KOETO
MeTOA'bT He Ce IIpUJIara ca joka3BaHe Ha OCTaThy-
HaJiuTHhasa. ToBa 6e NpUYMHaTa U HUe /ia 1 IPUJI0-
>KUM [IpY TPYAHU 3a JleueHHe KaM'bHH, IPU KOUTO
CIECTSIBAaHETO Ha ONlepaTHBHATA UHTEPBEHLIUA OU
ONpPaBJAJIO0 HYXJaTa OT AOIbJIHUTEJIHHA Pa3X0/H.
[Ipy HamuTe 3-Ma MallMeHTH HUE U3BBbPLINXME
XOJIQaHTUOCKON-aCUCTHPaHa JIMTOTPUIICHA, KaTo
usnosizBaxMe Thulium Jsiazep npu 2-mMa oOT TAX U
Holmium sazep npu egud. [octurHaxme 67%
mbsHO nsvyuctBaHe Ha EXKII. EdexkTuBHOCTTA Ha
X0JIAHTUOCKON-aCUCTUpPaHaTa JIMTOTPUIICUS €
Npoy4BaHa U OT APYTrH aBTOPHU, KaTO LUTHpaHaTa
4YeCcTOoTa Ha IT'bJIHO OTCTPaHsABaHe e Mexay 88% u
92% [11, 12]. [lo-HKUCKaTa YeCTOTa CIOpe/] HAIlHU-
Te JaHHU BEPOSITHO Ce J'b/DKU Ha MasIKUusl Gpoi
C/ly4ad U JIMIIcaTa Ha JOCTAaT'b4HO ONMUT Ha €KHU-
na. B siuTepaTypaTa ca omucaHU JiBa MeTo/ia 3a
X0JIAaHTUOCKON-aCUCTHPaHa JIMTOTPUIICUS: eJIeK-
TPOXUJpaBJIHWYHA U Jla3epHa, KaTO U3M0JI3BaAHUSAT
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DISCUSSION

Cholangioscopy is one of the most recent inno-
vations in the field of gastrointestinal endoscopy.
It allows a detailed visualization of the biliary mu-
cosa which aids the diagnostic process and treat-
ment of certain biliary disorders. In our study we
performed 6 cholangioscopies in 6 patients. In
three of them (50%) the indication was “difficult’
bile duct stones, and in the remaining 3 (50%) -
biliary strictures.

Choledoholithiasis is the main indication
for ERCP, which can remove biliary stones suc-
cessfully in 85-90% of the cases. However, data
from follow-up show that even after complete
clearance of stones proven by occlusion cholan-
giography, subsequent cholangioscopy reveals
residual lithiasis in 22.5% of the cases [10].
The authors used thin, ultraslim or even stan-
dard gastroscopes and not specially designed
cholangioscopes. Unfortunately, cholangiosco-
py is not reimbursed by the health insurance
system in Bulgaria and is covered by patients’
expenses, hence it is not used for residual lithi-
asis confirmation. We, therefore, applied it only
for the treatment of difficult biliary stones to
avoid surgery, to shorten the hospital stay and
save expenses. We used cholangioscopy-assisst-
ed Thulium laser lithotripsy in 2 patients and
Holmium laser in one. We achieved complete
clearance of EBD in 67% of the cases. The effec-
tiveness of cholangioscopy-assissted lithotripsy
has been investigated in other studies as well,
in which the rate of complete clearance was be-
tween 88% and 92% [11, 12]. The lower rate
according to our results could be attributed to
the small patients’ number and the lack of expe-
rience. Two variants of cholangioscopy-assisst-

ed lithotripsy have been studied so far: electro-
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Jazep e Holmium. BenpocsT 3a ToBa KoM OT JiBaTa
MeTo/ia e no-epeKTHBEH, BCe olile e 0TBOpeH. CIio-
pen npenopbkuTe oT 2019 r. Ha EBponeickoTo
JIPY>KeCTBO 10 raCTPOUHTECTUHAHA €H/I0CKOMUS
JIBeTe ca C eTHAKBa CTOMHOCT [2], HO ce HATPyTBaT
JlaHHH, Ye BPEMETO 3a U3BbPIIBAaHE Ha MPOLEAY-
paTa e 3HaYUTEeJHO M0-HUCKO ChC CpesHOo 24 min
npu sgazepHaTta [13]. Thulium snazep, kolTo HUE
M3I10/13BaxMe MpH JiBaMa NalMeHTH, HaMUupa IIu-
POKO MPHUJIOKEHHE B JIEUHEHUETO HA YPETEPOIUTHU-
asza [14], Ho npH *JI'bYHA JIMTHA3a BCe Ollle JUIIC-
BaT MyO6JIMKALUH.

buinapHUTe CTPUKTYpPU NpPeACTaBaAdABaT MC-
TUHCKO MTpe/IU3BUKATE/ICTBO 33 €H/I0CKOIHCTA, Thil
KaTo ce oTkpuBaT no BpeMe Ha ERCP, HO To4HUAT
MM MpPOU3XOJ, OCTaBa HeussicHeH. HabutogaBaxme
OUJIMAPHU CTPUKTYPH NpU 3-Ma OT HaUIUTe 6 Ma-
1ueHTH (50%), 2 oT Tax (67%) 6s1xa Jo6GpoKavecT-
BeHU U 1 (33%) - 3/10kauecTBeHa. [IpeuMcTBOTO
Ha [epopaJiHaTa X0JAHTHOCKOMUS € Bb3MOXKHOCT-
Ta 3a JAUPEKTHA BU3yasM3aliusl Ha JIMTaBULATa U
M3BbpLIBaHe Ha NpUlleJHU 6buoncuu. TpsibBa aa
ce MMa IpefBU/J 0bade, Ye 3/I0KaYeCTBEHATa JIU-
raBUlla U3IVIEXK/IA C HEPAaBHOMEpPHA MOBBPXHOCT,
C JIeCHa paHUMOCT, aBHOPMHHU CB/IOBE, SI3BH U T.H.,
BBbB BpPb3Ka C KOETO Ca Ha/IUIlE PA3IMUHU KJacH-
¢duKanuy 3a pasrpaHdvyaBaHe Ha J0O6poOKayecTBe-
Ha OT 3JI0KauecTBeHa JidraBuia. Hackopo 6Geie
npeasiokeHa KinaciudukanusaTa Ha Mendoza, KosTo
NoKasa obellaBaly pe3yataT. ToBa ce Ib/HKU Ha
¢dakTa, 4e T.Hap. ChbIVIacHe MeXAY HAOJII0/JaTenuTe
(interobserver agreement) e 0,90, a AuarHocTuy-
HaTa TOYHOCT — 77%. KaTo usso T4 e moBUIIMIa
Te3H JiBa IoKasaTeJs CbC CbOoTBeTHO 16% u 20%
B CpaBHEHHe C NpeJUulIHU KpuTepud [15]. [pyro-
TO MPEeAUMCTBO Ha XOJIAHTHOCKOIHUSATA — B3eMaHe-
TO HA MPUIEJHU GUOTICUH, CBHIO € J0KA3aHO, Thil
KaTO TsXHAaTa YyBCTBUTEJIHOCT U CHELUUYHOCT
ca cboTBeTHO 74% u 98% [16]. Benpeku mocoye-
HUTE JJaHHU ce HaOJ/I0[aBa UHTepeceH GpeHOMEH,
II0Ka3Balll MPeBb3X0JCTBO HAa BU3ya/HaTa Jdar-
HOCTHKAa B CpaBHEHHUeE C LiesieBUTe 6roncuu. Hape-
YeH e ,[1apa/IoKC Ha XO0JIArMOCKOMUSATA", Thil KaTo
YYBCTBUTEJNHOCTTA, CEeLUPUUHOCTTA U TOUHOCT-
Ta Ha BU3ya/lHATa JMArHOCTHKa 3a OMpezessHe
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hydraulic and Holmium-laser. Which of them is
more effective is still under debate. According
to the European Society of Gastrointestinal En-
doscopy Guidelines from 2019 both are equal
[2], but recent data show that laser lithotripsy
shortened procedure time with 24 min on aver-
age [13]. Thulium laser, which we applied in two
patients, is widely used for ureterolithiasis [14].
Studies, regarding its use in choledocholithiasis
are still lacking.

Biliary strictures represent a real challenge
for the endoscopist since they are detected during
ERCP, but the exact nature remains indetermined.
We observed biliary strictures in 3 of our 6 pa-
tients (50%), 2 of them (67%) were benign and
1 (33%) - malignant. The advantage of peroral
cholangioscopy is the possibility for direct visual-
ization of the mucosa and for performing targeted
biopsies. Of note, the malignant mucosa appears
irregular, with friability, abnormal vessels, ulcer-
ated, etc., therefore different classifications for dif-
ferentiating benign from malignant mucosa have
emerged. Recently, the Mendoza classification
has been proposed which showed very promis-
ing results since the interobserver agreement was
0.90 and the diagnostic accuracy - 77%. Overall,
it raised the interobserver agreement and accura-
cy rate by 16% and 20%, respectively, compared
to previous criteria [15]. The other advantage of
cholangioscopy - taking targeted biopsies, has
also been proven to be reliable since its sensitiv-
ity and specificity are 74% and 98%, respectively
(16). Despite the above-mentioned data, an inter-
esting phenomenon showing a superiority of the
visual impression compared to targeted biopsies
has been observed. This is called “cholagioscopy
paradox” because the sensitivity, specificity, and
accuracy for visual impressions for determining

the nature of indeterminate strictures was high



NPOU3X0/A Ha HEONPeJieJIEHUTE CTPUKTYPH € 10C-
TaTbYHO BUCOK, 3a Jla Ce M3I0JI3Ba CaMOCTOSITe-
HO: cboTBeTHO 88,5%, 77,3% u 83,6%. 31aTHUAT
CTaHJIApPT € XUPYPTUYHO JIeUeH e U NPOoCcJie/isiBaHe
6e3 nporpecus [11]. Hue cbio pazyuTaxme Ha BU-
3yaJiHaTa JUAarHOCTHKA B HallUTe 3 ciayyas: 2-Te
JI06pOKAUYeCTBEHU CTPUKTYPU TOKa3axa JIUICA Ha
nporpecusi 1o BpeMe Ha Npoc/ie/isiBaHeTo, a 3JI0Ka-
YeCTBEHUSAT CIy4yai Gellle ¢ KAPLIMHOM Ha MaHKpe-
aca c YepHOIPOOHU METACTA3M.

[lo oTHOlLIIEHHE Ha YC/I0)KHEHUSITA HabJ/II0iaBaMe
e/lMH cyiy4dad ¢ nepdopalys Ha JIeCHUS YEPHOAPO-
OeH AYKTYC e[| Jla3epHa JIMTOTPUIICHS 3a TPYAeH
3a JieueHUe KOHKpeMeHT. [lallueHTsT e Mo/J/ioKeH
Ha KOHCEPBATHUBHO JiIeYeHHE C MTOCTABsIHE HA IJIACT-
MacoB CTEHT U aHTHUOUOTHYHO JieyeHue. ChLOTO
HeXXeJIaHO ChOUTHE € JIoKIaZiBaHo oT Maydeo et al.
Texuuat nporeHT e 10 IbTH MO-HUCHK, HO GPOSIT Ha
MaleHTHUTe UM e 25 I'bTH M0-T0JIAM OT Hauud. Te
ChILO ca HabJtoAaBau 1 caydai ¢ maHKpeaTuT U 1 ¢
XOJTAHTUT [17], KOUTO JIUIICBAT B HALLIETO IPOYYBaHE.

3AKJ/IIOUEHHUE

HameTo nmpoyyBaHe 1mokasa, ye nepopasjHara
XOJIAHTUOCKOIIHSI € T0JIe3eH TepaneBTUYEH Me-
TOJl IPY TPYJAHMU 3a JIeYEHHUE KIBUHU KaMbHU U
3a pa3rpaHuYaBaHe MeXAy A06pOKayeCTBEHU U
3JI0KaueCTBEHHU XJI'bYHU CTPUKTYPHU C OTJIUYEH
npodus Ha 6e30MacHOCT.
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enough: 88.5%, 77.3%, and 83.6%, respectively.
The golden standard was surgery and negative
follow-up [11]. We also relied on visual impres-
sion in our 3 cases: the 2 benign strictures showed
absence of disease progression during follow-up
and the malignant case had pancreatic cancer
with liver metastases.

In terms of complications, we observed a sin-
gle case with perforation of the right hepatic duct
after laser lithotripsy for difficult bile duct stone.
The patient underwent conservative management
with plastic stent placement and antibiotic treat-
ment. The same adverse event was reported by
Maydeo et al. Their rate was 10 times lower, but
their patients’ number was 25 times bigger than
ours. Also, they observed 1 case with pancreatitis
and 1 with cholangitis [17]. which did not occur in

our series.

CONCLUSION

Our study showed that peroral cholangiosco-
py is a very useful tool for treatment of difficult
biliary stones and for differentiation between be-
nign and malignant biliary strictures both with ex-

cellent safety profile.
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UHTPATEKAJIEH MOP®HH - BAXXHA CT'bIIKA K'bM I10-AOB'BbP KOHTPO.I
HA BOJIKATA B MOAEPHATA TP bBHAYHA XUPYPI'UA

/JI. Xapumonos'?, JI. Teopeueg®?, C. Beaueaa?

KauHuka no Hespoxupypausi, MBAJl “Copye u Mo3esk” - [11eseH
2MBAJI “Copye u mo3ok” - [lneseH

Pesiome. EdexTrBHATA IOCTONEPATUBHA aHA/ITe3Hs € eUH OT GyHJaMEHTHUTe Ha MOZiepHaTa Irpb0-
HayHa Xupyprus. HealekBaTHUAT KOHTPOJ HA 60JIKaTa C/Ief CPeJHHU U ToJieMH 10 06eM rpboHaY-
HU OIlepalliy ce OTpa3siBa HEraTUBHO Ha GAaKTOPU KaTO paHHA MOGM/IM3ALMS U OOJTHUYEH NPECTOH
Ha NalMeHTUTe U BOAU /10 IOCTONePaTUBHU YCJI0XKHEHUS OT pas3/IndHO ecTecTBO. MHTpaTeKaJHUAT
Mopdun (UTM) Bce noBede ce HaJjlara B CBETOBEH Malllab KaTo HaZleXAeH 3aMeCTUTeN Ha Beve yT-
BbpJieH!U IPAaKTHKH 32 KOHTPOJI Ha IOCTOIlepaTUBHATA 60/1Ka. HacToAMAT peTpoceKTUBEH aHa/IU3
BKJIIOYBA /IB€ IPYNH NALMEHTH ChC CPEHHU U F0JIEMH N0 06eM rp'bOHAYHU UHTEPBEHLMH — ChC U 6e3
NPUJIOKEH UHTpaTeKaleH MOpQUH HHTpaolepaTHBHO. B MaTepuasa npocsiessiBaMme JUHAMUKaTa B
Texuute VAS pesysntaru (BAC - BU3yasHO aHAJIOrOBa CKaJsia) B IPe/[- U B TOCTOIIEPAaTUBHUS NIEPUO/,
BpPEMETO [0 'bpBaTa BepTHUKAIU3aLMs, BPEMETO 10 U3MHCBAaHE U HEOOXOAUMOCTTA OT AOIIbJIHUTEI-
Ha aHa/ITeTUYHA Tepanus cJef onepawus. PesysTaTuTe NoKa3BaT CTaTUCTUYECKU 3HAYUMO N10-HUCKU
BAC croiiHocTu B rpynaTta ¢ UTM npe3 mbpBUTE 3 MOCTONEPATUBHU JHU, KAKTO U M0-paHHA BEPTH-
KaJIM3aLsl U 0-K'bC 60JHUYEH NPECTOH 3a chlljaTa rpyna nauveHTy. HabsofaBaxa ce cTpaHUYHU
edeKTH U B iBeTe I'pymu ¢ npeBec B Tasu ¢ UTM, HO BCMYKHY peakuu 651xa TPaH3UTOPHU. B 3akitoye-
HUe€, U3110JI3BaHETO Ha UHTPaTeKaleH MOPGUH NP CPEAHHU U FOJIEMHU 10 06eM U CJI0XKHOCT Ip'bOHaY-
HU OIlepaliy OCUTypsiBa N0-ePeKTUBEH KOHTPOJI Ha 60JIKAaTa B paHHUS IIOCTONEpAaTHUBEH NEPUOA U
JIONIPUHACH 32 10-6'bp30TO GYHKIMOHAIHO BB3CTAaHOBSIBAaHE HA MALUEHTUTE.

Kiw4yoBH AyMu: HHTpaTeKasieH MOpdUH, rpbOHAaYHA XUPYPTHs, KOHTPOJI Ha O0JIKATa, OMMHUOM/I-
HU aHasreTuIy, BAC ckasia, mocTonepaTUBHA 60JIKa

INTRATHECAL MORPHINE - AN IMPORTANT STEP TOWARDS BETTER
PAIN-CONTROL IN MODERN SPINE SURGERY

D. Haritonov'?, L. Georgiev'? S. Belcheva’®

!Department of Neurosurgery, “Heart and Brain” Hospital - Pleven
2“Heart and Brain” Hospital - Pleven

Abstract. Effective postoperative pain management is one of the pillars of modern spine surgery. The
inadequate pain relief after medium- and large-volume spine surgeries leads to various postoperative
complications and negatively affects important aspects like early verticalization and hospital
durations. Intrathecal morphine (ITM) is proving itself more and more to be a viable alternative
to already well-established postoperative pain management protocols. The current retrospective
analysis includes two equal groups of patients with medium- and large-volume spine interventions -
with and without ITM administered intraoperatively. It observed differences in the VAS scores (Visual
Analog Scale) in the pre- and postoperative period, time to mobilization, length of stay (LOS) and the
need for additional postoperative analgesia. The results point to a statistically significant lower VAS
scores in the ITM group in the first 72 hours post surgery, as well a shorter time to mobilization and
shorter LOS. Side effects were monitored and registered, although they were transitory in nature
and easy to handle. In conclusion, using ITM in spine surgery assures better pain management in the
early postoperative period and helps accelerate the functional recovery of patients.

Key words: intrathecal morphine, spine surgery, pain management, opioid analgesics, VAS scale,
postoperative pain
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BBBEJEHUE

JlokaTo rpbpOHAaYHaTa XUPYprusi ThPIHU 3Ha-
yuMHd U ¢yHAAMeHTa/HW NpPOMEHU Ipe3 TIo-
c/lle[JHUTe JileceTUJIeTHs], IPOTOKOJINTE 3a L006bp
KOHTPOJI Ha MOCTONepaTUBHATA 60JIKa ca OTHO-
CUTeJIHO HemnpoMeHeHU. CpefiHUTe U TOJIeMUTe
0 06eM HHTEePBEHIMU KaTO rpbOHAYHU HHCTPY-
MEHTAallUM M pEeKOHCTPYKTHBHU OIlepaluy ca
CB'bP3aHHU C 0-T0JISIMO HUBO Ha T'bKaHHA yBpeJa
Y CJIeflOBATeJIHO — C II0-BUCOKA 4YeCTOTa Ha OCTPHU
60JIKM B paHHUSA NocTonepaTuBeH Nepuof. Hea-
JleKBaTHaTa aHaJ/Ire3usi UMa JUPEKTHO OTpaKe-
HHe BbpXy peJHla KJIMHUYHO3HAYUMHU QaKTOpHU
KaTO paHHaTa MOOWJIM3alusl Ha MalMeHTUTE,
KOSITO e NPAKO CBbp3aHa C yCJO0KHEHUS OT M0Y-
TH BCUYKHU CUCTEMHU B YOBEIIKOTO THJI0, KAKTO U
C NMO-HUCKA YCIEBAEMOCT HAa M3BbpIIEHATa OIle-
pauusa [1]. Apyru nocneguny ot HeedpeKTUBHA
aHaJ/ire3us ca U No-JAbJArusT 60JHUYEH NPECTOH,
II0-HUCKaTa YAOBJETBOPEHOCT Ha NalMeHTa HU
XpoHUPUKAUATA HA 6OJIKOBUS CUHpOM [2].

TpaAUIIMOHHUAT MOAX0/ KbM 00€360/IIBAHETO
B rpbOHayHaTa XUPyprysi 0GMKHOBEHO BKJIIOYBA
pas/IMYHA KOMOGMHALWUU OT HECTepPOMJHH NPOTHU-
BOB'Bb3NAJUTENHH JiekapcTBa (HCIIBJI), Mmuopenak-
CaHTH, apaleTaMoJl U CUCTEMHU onrouau. Makap
¥ IIMPOKO U3II0/I3BaHH, Te UMAT 06 pe Mo3HAT po-
bus1 Ha HexKeslaHU JiekapcTBeHU peakiuu (HJIP) u
[IPUTEXKABAT ChLECTBEHU OrPaHUYEHUS.

HCIIBJI ca usk/io4YuTEeNHO ePeKTUBHU NPHU
KOHKPETHH TUIOBe 60JIKa, HO IPUI0KUMOCTTA UM
e OrpaHuyYeHa IIpY NalUeHTH C IOBUILIEH PUCK OT
raCTPOMHTECTUHAIHU YCJIOKHEHUsS U/WUId 6b0-
peuHa AuchyHKLUA. [|pyT TexeH [103HAT HeJ0CTa-
TBK € HEraTUBHOTO UM BJIMSIHME BBPXY Ipolieca
Ha KocTHa Qy3usd ciel rpboHauYHu ukcanui [3].

CucreMHUTe ONHMOWAHM aAHAIrETHULHA ca OC-
HOBEH JIeKapCTBEeH IpPOAYKT NpPU JiedeHUEeTO Ha
nocronepaTuBHaTa 60JIKa, HO ca U C Jo6pe Mo-
3HAT MpodUJ Ha HEXKeJIaHW peaKLUU KaTo raZleHe,
NIOBPBILAHE, cefjalius, pecIMpaToOpHa JeNnpecus U
GYHKLMOHA/IHU HapylleHUs1 Ha YpeBHaTa Iepuc-
TajJTHKa. Te3au HeraTMBHM edeKTH OrpaHUYaBaT
paHHaTa MOGU/IM3alHs], 326aBSAT Bb3CTaHOBsIBaHe-

>> 14

INTRODUCTION

While spine surgery undergoes fundamen-
tal changes in the last few decades, pain man-
agement protocols have stayed relatively con-
stant during that same period. Medium- and
large-volume procedures like spinal instrumen-
tations and reconstructive surgeries are asso-
ciated with an increased level of tissue damage
and, therefore, higher occurrence of acute pain
in the early postoperative period. Inadequate
analgesia has a direct impact on a myriad of
clinically relevant factors like early mobiliza-
tion, which is directly linked to complications
from almost every other organ system as well
as a lower success rate of the surgical procedure
itself [1]. Other outcomes of ineffective pain
control are longer length of stays (LOS), lower
patient satisfaction and chronification of the
pain syndrome [2].

Traditionally, pain management protocols in-
clude various combinations of nonsteroidal an-
ti-inflammatory drugs (NSAIDs), myorelaxants,
paracetamol, and systemic opioids. Even though
these are widely used, they have well-known and
well-researched averse drug reactions (ADR) and
have their own sets of drawbacks.

NSAIDs are very effective in certain types of
pain but their application is limited in patients
with heightened risk of gastrointestinal complica-
tions and/or kidney dysfunction. Another down-
side of theirs is the way they affect the process of
spinal fusion [3].

Systemic opioids are an essential drug in
treating postoperative pain but they also come
with a well-known side effects profile which
includes symptoms like nausea, vomiting, se-
dation, respiratory depression, and impair-
ment of gastrointestinal peristalsis These side

effects hinder early mobilization, slow down



TO U HaJIaraT AOMbJHUTETHO 6OJTHUYHO JIeUeHUE U
HabOJII/leHre Ha narueHTuTe. ChIIo Taka TIXHATA
pyTHHHA ynoTpe6a Bce MOBEYE Ce MOoAJIara noj, Bbll-
poc Ha ¢poHA HA HApPACTBAIIUTE ONACEHUS OTHOCHO
ONUOMJHATA 3aBHCUMOCT M ONHOUA-UHAYLHpa-
HaTa xulepairesus [4]. BsuMailku BCHYKO TOBa
IIpe/IBU/I, CTaBa ICHO, Ye Hy»K/laTa OT aJITepPHATUB-
HU METO/IY 32 aHAJITe3Us € OT KPUTUIHO 3HAUYEHHe
3a Mo/I0OPEHKNETO HA JIOCEralllHUTe MPOTOKOJ/IH 3a
06e360J151BaHe B paHHUS OCTONEPATUBEH NIEPHOJ.

[locTaBssHETO HAa WHTPATEKAJHUAT MOPOUH
(MTM) e yTBbp/ieHa TEeXHHKA 32 aHa/ITre3us MpHU
rpbOHAYHU ONepaluH, KosATo ce 6a3upa Ha Au-
PEKTHOTO NpHUJIOKEHHEe HA HUCKH /03U MOP()UH B
Ccy6apaxHOUJAJIHOTO MPOCTPAHCTBO C 1eJ1 MOCTH-
raHe Ha MOLIEH U OTHOCHUTEJIHO JIbJIr0JleCTBall]
o6es6osBall epekT (dur. 1).

OCHOBHHUAT MeXaHU3bM Ha AelcTBUe HAa UTM
e CBbpP3aH C aKTUBALUATA Ha [-OMHUOUHUTE pe-
IeNTOPH B 33/IHUTE pOra Ha rP’bOHAYHHS MO3BK,
K'bJIETO Ce OCBLIECTBABA I'bPBUYHATA MOAY/IALIUA
Ha HOLIMLIENTUBHUTE cUTrHasu (ur. 2). leiicTBU-
eTO0 MY Ha IPEeCUHAITUYHO HUBO € CBbP3aHO C UH-
XUOUpaHe Ha 0CBOGOXK/aBaHe HA Bb30YAHU HEB-
poTpaHcMuTepu (riytamat, substance P, CGRP)
ot AS u C-BylakHaTa Ha adpepeHTHUTE (CETHBHHU)
HEBPOHH, KOETO CBOe0Opa3HO HaMaslsiBa “BXOAS-

Morphine injected
into lumbar
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recovery, and necessitate further treatment
and observation of patients. Furthermore, the
use of opioids is being increasingly put under
scrutiny due to rising concerns of opioid de-
pendency and opioid-associated hyperalgesia
[4]. With all that in mind, having pain control
alternatives is paramount to developing better
protocols and improving patient care in the
early postoperative period.

Applying intrathecal morphine (ITM) is a
well-established pain management technique
in spinal surgery where one injects low doses of
morphine directly into the subarachnoid space
with the aim of acquiring potent and relatively
long-acting analgesic effect (Fig. 1).

The primary method of action of ITM is me-
diated through activation of the p-opioid re-
ceptors in the dorsal horns of the spinal cord,
where the primary modulation of nociceptive
signals takes place (Fig. 2). Its presynaptic
effect involves inhibition of excitatory neu-
rotransmitter release (glutamate, substance P,
CGRP), from A& and C fibers of the afferent sen-

2

Ascending

nociceptive
/ pathway

Dorsal root

janglion
gangt Dorsal horn

(lamina I-11)
\—Primary i

nociceptive k

afferent \ J
\

fiber (C/A8) \E\i};,

Spinal cord

dur. 1. BpBexxJjaHe Ha HHTpaTeKaleH MOPOUH U aHATOMUYHA UJIIOCTPAIMsl HA HOUUIENTUBHUTE I'bTHULIA

Fig. 1. Intrathecal morphine administration and anatomical illustration of nociceptive pathways

(Created in BioRender. Georgiev, L. (2025) https://BioRender.com/rg7ucno)
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marta” 6osikoBa UHPopManus. [locTcHHANTUYHU-
AT My edeKT, OT Jpyra CTpaHa, € CBbP3aH C aKTHU-
BUpaHeTO Ha G-MpOTeuH-CcBbp3aHu K*-kaHaau u
XUIIEPIOJIIPU3alUs Ha BTOPUYHUS HEBPOH, KOe-
TO BOJIM /10 110-MaJiKa BEPOSITHOCT 3a reHepHupa-
He Ha aKlMOHeH moTeHnuyasn [5]. UMeHHO ToBa e
TakKa HapeyeHaTa “I'bpPBUYHA MOAY/IaLUs”, KOSTO
ce rpwku 60JIKATa /2 He ce ClMpa “Ha HUBO MO-
3bK’, a 1 QUJATpUpa Ollle Ha BXOJla HA LieHTpaJ-
HaTa HEPBHA CUCTEMa, Npeau Jla ce aKTUBUPAT
CIMHOTAJAMUYHHUSAT TPAKT, TAIaMyChT U KOPTH-
KaJIHaTa 60JIKoBa Mpexa. [lopaau Ta3u npuyrHa
epekTbT Ha UTM e To/IKOBa CUJIEH, IOPHU U IPHU
KpaWHO HUCKH /103U Ha JIEKAPCTBOTO.
dapMaKOKMHETUHETUYHUTE
MopduHa [6] cblI0 JONPUHACAT KbM YA00CTBOTO
Ha M3I10JI3BaHe Ha JIEKapCTBOTO Ype3 HWHTpaTe-
KaJiHO BbBexJaHe. Tol e xuzpoduseH u AudyH-
Jupa 6aBHO, KOETO MOJAAbpXKa CTabU/IHA aKTH-
BallMs Ha [l-pellenTOPUTE 3a NePUoAU OT HaJ 24

CBOMCTBa Ha

Primary nociceptive afferent terminal (C/Ab fiber)

1 Vesicle fusion
(Ca?*-dependent)
A

.— G-protein—activated inwardly rectifying K* channel

. — Cav2.2 (N-type voltage-gated Ca?* channel)

p-opioid receptor (MOR)

@ — neurotransmitters (Glutamate, CGRP, Substance P)

® | Glutamate

[
{ CGRP

sory neurons effectively reducing the amount
of incoming pain information. On the other
side, its postsynaptic effect involves G-pro-
tein-couple K* channels and hyperpolarization
of the secondary neuron, which in turn de-
creases the like likelihood of action potential
generation [5]. This whole process represents
the so-called “primary modulation” of pain
which ensures that the pain signal doesn’t stop
on level “brain” but instead it gets filtered at
the entry of the central nervous system before
it reaches the spinothalamic tract, the thala-
mus, or the cortical pain networks. This is the
key reason why ITM provides such a strong an-
algesic effect even at extremely low doses.

The pharmacokinetic properties of morphine
[6] also contribute to its convenience when it
comes to intrathecal administration. It is hy-

/J Second-order dorsal horn neuron
/

postsynaptic membrane
hyperpolarization

1 Substance P

4 Neuronal excitability

4 Ascending
nociceptive transmission

K+

Morphine

®ur. 2. KsieTbuHU U MOJIEKYJIAPDHU MEXaHHU3MHU Ha ,C[eﬁCTBPIeTO Ha UHTpPATEKaJIHUA MOp(l)I/IH B CHHAIITUYHATa
BpPBb3Ka B 0P3aJIHUA por

Fig. 2. Cellular and molecular mechanisms of intrathecal morphine at the dorsal horn synapse

(Created in BioRender. Georgiev, L. (2026) https://BioRender.com/rg7ucno)

>> 16



yaca. 3apay Te3u CBOMCTBA TOU € OT/INUeH U360p
3a KOHTPOJI HAa paHHATa MOCTONepaTUBHA 60JIKa,
KaTo 3a IOCTUTAaHEeTO Ha J06bp epeKT ce U3IoJI3-
BaT /1034, MHOTOKPATHO MO-HUCKU OT Te3U MpPHU
CUCTEMHOTO MY NPUJIOXKEHHE.

MHororoAuiHaTa UCTOPUS Ha MPUJIOKEHUE
Ha UTM B aApyrd XUpyprudyHu 06J1aCTH, KaTO
aKyLIepCcTBO U OPTONeAUYHA XUPYPTHSs, € J00pe
JloKkyMeHTHpaHa. ToBa nmocTaBs JIOTUYHA OCHOBA
3a HerosaTa ymnoTpe6a B MoJepHaTa rpbOHay-
Ha XUPYyprus, KbJAETO KOHTPOJI'BT Ha 6oJiKaTa B
paHHUS NOCTONEPATUBEH IEPUO], € OT KPUTHYHO
3HaueHUe 32 Bb3CTAaHOBSBAHETO Ha MaljMeHTa.

[Ipe3 mociaeHOTO JeceTUeTHe ce HabJIto-
JlaBa OTYETJIMUB UHTEPEC KbM NPHUJIOKEHUETO Ha
WUTM B rpbbHayHaTa XUPyprus, KOUTO ce oTpa-
3sBa B HapacTBalusl 6pol KJIUMHUYHU NPOyYBa-
HUA MO TeMaTa. JJaHHUTe OT Te3u NpOoy4YBaHHUSA
€/IMHO/IyIIIHO COYaT K'bM 3HAYUTEJSHO MO-HUCKHU
pe3syataTH Ha 60osikoBUTe cKaau (VAS niu NRS) B
paHHUS NTOCcToNepaTUBeH Nepuo. U3BbpiiueHuTe
Ipoy4YBaHHUs ChLIO COYAT 3a CUJIHO peAyLupaHa
HYy>/ja OT JOI'bJIHUTEIHA aHA/ITe3Usl B ChIIUs Ie-
pUO/I, KAKTO U 33 MO-Ma/I'bK GOJTHUYEH PECTOH.

[Tono6peHUsAT KOHTPOJI Ha 6OJIKATa, MO-A06-
pusaAT koMopT Ha MalMeHTa U yJeCHeHaTa U
yCKOpeHa paHHa MOOWJM3aLMs Ca KJHYO0BHU
KOMIIOHEHTH Ha NPOrpaMu 3a YCKOPEHO Bb3CTa-
HoBsiBaHe cjies onepanus (ERAS npoTtokonu) [7].
B To3u koHTeKcT UTM Gerie u3bpaH oT HalIWs
LHEeHTbP KAaTO MOTEHIIMATHO KJIIOYOB KOMIIOHEHT
Ha IPOTOKOJIUTE HU 32 lepuonepaTHBHA aHa/re-
31 Ha MalUeHTU CbC CPeJHOr0JIEMU U ToJieMHU
10 06eM rpb6HAYHH ONepaLyHu.

BcTpanu oOT moJsi3uTe Ha HWHTpPaTeKaJHUA
MOp}HUH ca U3BECTHU U peAulla HexesJaHU pe-
aKL MM, KOUTO MPOAb/IKABAT Aa MPaBAT yHnoTpe-
6aTa My TeMa Ha JUCKYCHU B CBETOBEH Maluaob.
Haii-ceproseH e pUCKBT OT K'bCHA pecliupaTopHa
Jlenpecusi, 0c06eHO MPU U3M0J3BaHe Ha IM0-BU-
COKHM 1031 WJIK NPU NALMeHTH C NpUJpyKaBaliu
puckoBU (GaKTOPU KaToO 3aTIbCTABaHE, ChbHHA
amnHes UJU NPO6GJEMU OT CTPAHA HA AUXaTesHaTa
cucreMa. /Ipyru HexeJlaHU peakLUU BKJIIOYBAT
npyputyc [8], raZieHe U MOBpPblIaHEe, XUTIOTEH3USA

D. Haritonov et al.

Intrathecal morphine... CARDIOLOGY

Volume 9, Number 1 « 2026

CARDIACSURGERY

drophilic and distributes around the CNS slowly
which, in turn, keeps a steady activation of the

u-receptors for periods upwards of 24 hours.
Thanks to that, it is an excellent tool for early

postoperative control and that also allows for
much lower doses to be used compared to its ve-
nous administration.

Intrathecal morphine use in other surgical
fields of medicine like orthopedics and obstet-
rics and gynecology has been well-documented.
That lays a logical foundation for it to be used in
modern spine surgery as well, since early post-
operative pain control is crucial for patient re-
covery.

In the last decade, we notice an uptick in glob-
al interest towards ITM usage in spine surgery,
which, in turn, leads to more research done on
the topic resulting in a positive feedback loop that
allows for deep exploration of this matter. The
majority of results in these studies almost unan-
imously point towards reduction of pain scores
(VAS and NRS) in the early post-op period. What
is also observed is a significant reduction of addi-
tional analgesia needed within that same period,
as well as shorter LOS of patients.

The improved pain control, improved overall
comfort and the facilitated early mobilization are
key components of enhanced recovery after sur-
gery (ERAS) protocols [7]. In that context, ITM
was chosen by our center as a potential key com-
ponent of our postoperative analgesia protocols
in patients with surgeries that are associated with
significant pain scores.

Apart from its benefits, however, ITM comes
with a few potential drawbacks which make its
worldwide use heavily debated to this day. On
top of that list is the risk for late respiratory de-
pression, especially when using higher doses or
when administered to patients with risk factors
such as obesity, sleep apnea or other respirato-
ry risks. Other side effects include pruritus [8],
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Y peTeHLMs Ha ypuHa. Makap W JieKH, Te3u pe-
aKIIMM MOTAT Jla YCJI0XKHSAT Bb3CTAHOBSIBAHETO B
PaHHMUS IOCTONIEPAaTUBEH MEPUO/,

OT rosisiMo KJIMHUYHO 3HaYeHUE e U QaKTbT,
Yye HSMA SICEH KOHCEHCYC OTHOCHO ONTHMAaJ-
HaTa fo3a UTM npu rpbpbHayHa xupyprus [9].
Cbuo Taka HAMA U YTBBPAEHU KPUTEPUHU 3a
no/160p Ha MalMEHTHUTE, KAKTO U CTAaHJapPTHU3U-
paH MnocTtonepaTUBeH MOHUTOPUHI. B3eMaliku
npeJIBUJl Te3U BBIPOCH, CMe U3TPAAUIN HAIIHU
KPpUTEPUU U HOPMH, KOUTO Ja HU MO3BOJAT
Ja CbIIOCTAaBUM NauueHTHUTe, noaydyuau UTM,
CIPsSAMO MoJiy4yaBallUTe CTAaHJAPTEH MPOTOKOJI
3a 06e360J1sIBaHe.

HE

llesnTa Ha HacTOALMS PETPOCIEKTUBEH aHa-
JIU3 e Jia ce CPaBHAT ePeKTUBHOCTTA, Mpodusia
Ha 06e30MaCHOCT, KAKTO M OCHOBHUTE MNpeIUM-
CTBa M OTPaHUYEHHUs] HA UHTpATeKaJHUS MOP-
¢uH (UMTM) cupsiMo cTaHAapPTHUTE IPOTOKOJIN 33
NocTonepaTUBHA aHA/ITe31s NP NMallMeHTH, 0/ -
JIO)KEHHU Ha TpbOHAYHU ONEpaLUU CbC CpeHa U
BHUCOKa CTeleH Ha CJI0KHOCT U ollepaTHBeH 06eM.

MATEPUAJI U METOAU

3a 1esTa Ha MPOYYBAHETO CMEe MPOCTENUIN
o6m1o 30 maruenTy B nepuoga ot 01.09.2025 mo
01.11.2025 B OTAe/IeHUETO 110 HEBPOXUPYPIUsl Ha
MBAJI “Cobpue u Mo3bK’, [lneBeH. [lagueHTuTe ca
pasjiesieHd B JiBe TPYIU — Irpyla ¢ UHTpaTeKaleH
MOpQUH, NPUJIOKEH HUHTpaonepaTuBHo (n = 15),
U KOHTpOJIHA rpyna (n = 15), KoUTO ca MoyIuIn
CTaH/JIapTeH MPOTOKOJI 33 IOCTONEepPaTUBHA aHA/ITe-
3U$1, BK/IIOUBAIL, BEHO3HO IPUJIOKEHHE HAa MOPPUH.

KpuTepuu 3a BKJIt0OUBaHe ca Bb3pacT oT 18 f10
80 roavHU, CpeJIHU U roJIeMH 10 06eM rpbOHaU-
HU ONepanyu U JIUICa Ha NpUeM Ha ONHUOUJU B
npeonepaTUBHUS TEPUO/I.

KpuTtepuure 3a U3KJIOYBaHE ca MpeXoJHA
rppbHayHa omepanus, NpejuilHa ynoTpeba Ha
OTNHATHU B paMKUTE Ha 2 CEAMUIM NIPear UHTEpP-
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postoperative nausea and vomiting (PONV), hy-
potension, and urinary retention. Despite being
manageable, these side effects may complicate
post-op rehabilitation.

It is also worth mentioning that there is no
clear international consensus on ITM dosing in
spine surgery [9]. There are also no patient se-
lection protocols nor there are protocols for stan-
dardized postoperative monitoring of patients
with ITM administered. With all that in mind, we
have developed our own criteria, which helped
us compare our ITM patient group to the patient
group that received standard pain control therapy
post surgery.

AIM

The aim of the present retrospective analysis
is to evaluate and compare the efficacy and safe-
ty profile of intrathecal morphine (ITM) against
standard postoperative analgesic protocols in
patients that have undergone spine surgery with
medium- and large-volume operative interven-
tions and high complexity.

MATERIALS AND METHODS

For this study, we’'ve analyzed a total of
30 patients for the period from 01.09.2025 to
01.11.2025 in the department of Neurosurgery of
the “Heart and Brain” University Hospital - Plev-
en. The patients are divided into two groups - one
with ITM administered intraoperatively (n = 15)
and a control group (n = 15) which utilizes stan-
dard protocols for postoperative pain control, in-
cluding intravenous morphine.

Inclusion criteria include ages from 18 to 80,
medium- and large-volume spine surgery, and the
lack of prior opioid usage in the preoperative pe-
riod.

Exclusion criteria were previous spine sur-
gery, opioid usage 2 weeks prior to the surgery,
spine surgeries without any significant postop-



BEHIIUATA, IPbOHAYHU onlepalyy 6e3 3HAYUTe-
JIeH MOoCTolepaTUBeH 60JIKOB CUHAPOM (Maslbk
00eM), TallueHTH ChC CUCTEMHH UHOEKIIUU KbM
MOMEHTA Ha ollepanusaTa, 6bo6peyHa HeJJoCTaTby-
HOCT, TeXKa CbHHA amHes, CbpAedyHa HeJ0CTa-
ThuHOCT (ks1ac C/IIl unum mo-Texka), yBpex/aaHe
Ha rpb6HAYHUSA MO3'bK, alepruy KbM OITUOU /.

[pynaTta ¢ uHTpaTekajeH MOPPUH MOJTYy4H
500 mcg MopduH, HUHKEKTUPAH B cybapaxHOU-
JlaJIHOTO TMPOCTPAHCTBO, MHTpaonepaTHBHO. 3a
BbBEX/JaHETO Ha MopduHa usnoJs3Baxme 25 G
CHMHAJIHA UIJIa, U3I10JI3BallKH TeXHUKA, eJJHaKBa
C Tasu NpU CIMHA/JIHA NMYyHKIMs, HAa HUBaA L3-L4
uau L4-L5, uHxekTupalku MopdUH caMo cief
MOTBBPK/JEHNE 32 00paTeH MOTOK Ha Iepebpo-
CMUHAJIHA TeYHOCT. B c/iyyanTe Ha OTBOpeHa XM-
pyprusi MOpGUHBT Oellle MHXKEKTHPaH B TeKaJl-
HUS CcaK, N0/ IUPEeKTeH BU3yasieH KOHTpoJL. [Ipu
BCUYKH NauueHTH oT rpynara ¢ U'TM mopduHbT
Gelle MPUJIOXKeH 3a Mpubau3uTesHo 30 min mpe-
JlM Kpasi Ha onepauusaTa. KbM npoTokoJia Ha Tasu
rpymna ce NpuaoXKd U MeTaMmusoJs HaTpuil (1000
mg Ha 8 h, u.B.) KaTo noAAbp:Kalla Tepanus c Ha-
yasio 48 h cien u3BbplleHaTa onepainus, KaKTo
Y aHTHeMeTHYHa Tepanus C MeTOKJIONPaMHU/I0B
xugipoxyopu/ (10 mg Ha 12 h) 3a mbpBUTE 48 h.
MeTamMu30/1 HATPUH ce U3MOJI3Ba U KATO ‘ciacu-
TeJIeH POTOKoJ” IPY HeMoBJIMsBaIIA ce 60JIKa B
nbpBUTe 48 h.

3a KOHTpoJIHaTa rpyna 6e M3MO0JI3BaH MYJI-
THUMO/IaJIEH MPOTOKOJI 32 06e360J15IBaHe, KOUTO ce

ITM Group

M OLIF (33%, N=5)
I Lumbar Pedicle Screw Fixation (33%, N=5)
[ Multi-level decompression (20%, N=3)
M ALIF (7%, N=1)
CO0-C7 fixation (7%, N=1)
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erative pain syndrome, patients with systemic
infections at the time of surgery, chronic kidney
disease, patients with severe sleep apnea, heart
failure (Class C/IIl or worse), spinal cord injury,
allergies to opioids.

The ITM group received 500 micrograms
(mcg) of morphine injected into the subarachnoid
space intraoperatively. For morphine administra-
tion, we used a 25 G spinal needle and the site of
injection was L3-L4 or L4-L5 level where lumbar
puncture-like technique was utilized and mor-
phine was injected only after confirming free CSF
flow from the needle hub ensuring we are in the
subarachnoid space. In cases where open surgery
was performed, the intrathecal morphine was in-
jected into the thecal sac under direct visual con-
trol. ITM was given approximately 30 minutes
prior to the end of surgery. In the pain control
protocol of the ITM group we added metamizole
sodium (1000 mg every 8 hours i.v.) starting on
the 48th hour post-surgery. For the first 48 hours
of the postoperative period, this group received
antiemetic treatment in the form of metoclopr-
amide hydrochloride (10 mg i.v. every 12 hours)
to counter PONV as well as a “rescue protocol” in
the form of metamizole sodium (1000 mg every
8 hours i.v.) for breakthrough pain in the first 48
hours.

For the control group, we used a multimod-
al pain management protocol which included

Control Group

I Multi-level decompression (40%, N=6)

I Lumbar Pedicle Screw Fixation (33%, N=5)
1 OLIF (20%, N=3)

W ALIF (7%, N=1)

®ur. 3. Paszenenre Ha BU/ia onepanus npu nauueHTuTe B rpynara ¢ UTM u B KOHTpoJIHaTa rpyna

Fig. 3. Case distribution based on the surgery type in patients with ITM and in the control group
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ChCTOU OT MeTaMu30J1 Hatpui (1000 mg Ha 8 h,
U.B.), mperab6anuH (75 mg Ha 12 h, n.0.) npu Hanu-
Yye Ha HeBpomnaTHa 60J1Ka, U BEHO3HO NMPUJIOXKEHHE
Ha MopduH B MHQY3UMOHHH 103U OT 1,2 mg/h 3a ne-
puog ot 72 h. B 1eye6Hus nyiaH Ha Ta3u rpymna npu-
CbCTBA Y NETHIMHOB XUAPOXJI0pUA (25 mg, U.M., Ha
8 h) kaTo gombaHUTENHO cpelcTBO (“‘criacuTesieH
POTOKOJT”) IPH HEMOBJIMSBAIIA Ce OOJIKA.

PesynTaTtuTe, KOUTO 6sixa M3MepeHH, ca BAC
CTOWHOCTHUTE Ha NAl[MeHTUTE NPeId XUPypruiHaTa
WHTEPBEHIMS, KaKTO U Ha 24-Tuf, 48-us u 72-pus
yac cJsieJ| Hesl. B npejjonepaTuBHUSA epro/, BCUUKH
HalMeHTH TMOJy4aBaT WJIEHTHUYHA 06e360JisBalla
Tepanus C LieJ1 J1a ce U36erHaT U3XoHU Bapualuu
BbB BAC pesysntartute. Tasu Tepanusi BK/IOYBA Be-
HO3HO NPUJIOXKEHWE Ha MeTaMu30J HaTpui (1000
mg Ha 8 h, u.B.), nperabasvH 75 mg BeAHBXK Beuep
IIpY HaJIM4Me Ha HeBpoNaTHa 60JIKa M METHU/IMHOB
xuapoxsopuz (25 mg, .M., Ha 8 h). Cb1jo Taka 651xa
OTYETEHH M BpeMeHaTa /o I'bPBa BepTUKAIU3aIUsA
Ha MalKeHTUTE OT JiBeTe IPyNH, CPEAHUAT OOJHU-
YeH NpecTod U GpOosT HeXKeslaHH JIEKAapCTBEHU pe-
akuuu. belle oTyeTeH U 6POSAT 'BTH, B KOUTO € U3-
M0JI3BaH ‘“criacuTesieH MPOTOoKoJ1” 32 06e360J1siIBaHe
¥ 3a /IBETE IPyNHy MAlUeHTH.

PE3YJITATU

B npoy4BaHeTO HU IIMbPBOHAYAIHO O5IXa CpPaB-
HEHW U AHAJM3UPAHU KOHKPETHU WU3XOJHU Jle-
MorpadpcKyd U KJIMHUYHU XapaKTEPUCTUKU C LieJ
NOTBBPK/IEHHE Ha XOMOTEHHOCTTAa MEeX/]y /JBeTe
rpynu. AHAJM3bT HA ChUIMTE He yCTAaHOBHU CTATHC-
THUYECKU 3HAYMMU PA3JIUKU MEX/y TAX 10 OTHO-
IIeHUe Ha 10JI, Bb3pacT, ASA KJac, KOMOPOUAUTET
Y WH/IEKC Ha TeJsiecHa Maca (Tabusuia 1). Ciej ToBa
CpaBHUXMe 6OJIKOBAaTa JIWHAMHKA, BPEMETO 0
I'bpBa BepTUKAIK3aL s, 60JTHUYHUSAT IPECTOHN Ha
NAlMEHTHUTE, YeCTOTATA HA HEXeJIAaHU PeaKIuU U
HY>X/laTa OT T.Hap. ‘rescue” aHa/Ire3usl.

[I'bpBUYHUAT GOKYC Ha TPOYYBAHETO Gellle Haco-
YeH BbpXy JIMHAMHUKATA B [IOCTONEepaTHBHATA OOJIKA.
3a J1a 1 aHasIM3upaMme no-7i00pe, U3MepUxMe HUBOTO
Ha 6os1ka Ha Bcuyku (n = 30) manueHTH Mpejore-
pPaTHBHO, 3a J]a MOJIYYUM U3XOJ[HATE CTOMHOCTH 3a
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metamizole sodium (1000 mg every 8 hours
i.v.), pregabalin (75 mg every 12 hours p.o.)
when neuropathic pain is present, and intrave-
nous morphine (1.2 mg/h infusion dosage) for
a period of 72 hours. For the “rescue protocol”
of the control group’s breakthrough pain, it re-
ceived pethidine hydrochloride (meperidine in
the USA) in the form of 25 mg intramuscularly
every 8 hours.

The results measured were the VAS scores
of all 30 patients prior to surgery, as well as on
the 24th, 48th, and 72nd hour post-op. In the
preoperative period all patients were put on
a standardized pain control regimen in order
to reduce preoperative VAS scores variability
across both groups. This regimen included met-
amizole sodium (1000 mg every 8 hours i.v.),
pregabalin (75 mg every evening p.o.) for pa-
tients with neuropathic pain, and pethidine hy-
drochloride (25 mg i.m. every 8 hours). We also
analyzed the time to first mobilization for both
patient groups, as well as their length of stay,
and number of adverse drug reactions (ADRs).
Both groups had their “rescue protocol” occur-

rences noted and compared.

RESULTS

In our study, we initially compared and an-
alyzed various baseline demographic and clin-
ical characteristics with the goal of confirming
homogeneity across both patient groups. We
found no statistically significant differences in
terms of sex, age, ASA class, comorbidities and
body mass index (Table 1). After that, we began
comparing the dynamics in their VAS results,
time to first verticalization, length of stay, num-
ber of adverse drug reactions, and the number
of times “rescue protocols” were needed in both
groups.
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Table 1. Demographic and clinical characteristics of ITM and control groups

15| conrol 15| —pae |

Sex 0.71
Female, n (%) 7 (46.7%) 6 (40.0%)
Male, n (%) 8 (53.3%) 9 (60.0%)
Age 0.74
Mean + SD 57.4+13.2 59.1+14.6
ASA class 0.64
ASA |, n (%) 1(6.7%) 1(6.7%)
ASA I, n (%) 12 (80.0%) 11 (73.3%)
ASA Il n (%) 2 (13.3%) 3 (20.0%)
Comorbidities 0.62
Mean + SD 1.5+0.7 1.7+0.8
BMI (kg/m?) 0.82
Mean + SD 27.8+3.9 28241

naiueHTHUTe oT ABeTe rpynu. BAC pesystaTuTe 651xa
B3eTH IpHU JIMIICA HA aHA/ITe3Us IMpe3 MOoCJAeSHUTe
6 gaca. He3aBucrmo 4e 6a30BOTO 6OJIKOBO HUBO Ha
rpymnara c UHTpaTeKaJieH MOpGHH 6e OTYETEHO I10-
BHUCOKO TPE/IOTIEPATUBHO, TEXHUST MOCTONEpPATU-
BEH pe3yJITaT OTYeTe siCeH Chaj Ha 24-THs 4ac, 1oc-
JieJIBaH OT MOKa4YBaHe Ha Pe3y/ITaTUTE B Ta3U rpymna
Ha 2-py U oc/eBall ciaj, Ha 3-TU IOCTONepaTUBEH
neH (dur. 4). ToBa ce Ab/DKU HAa GapMaKOKHUHETHU-
KaTa Ha UHTpATeKa/JHUs MOPPUH U 3HAYUTEJHUS
ClaJl Ha JIeUCTBUETO My ciief 24-Tus 4ac. He3aBu-
CUMO OT TOBa, HUCKUTE MOCTONEPATHBHU GOJIKOBU
CTOMHOCTH Ipe3 MbpBUTEe 24 yaca MO3BOJISIBAT Ha
nalyeHTUTe Jja Ce BepTUKAJIU3UPAT PaHO, KOETO OT
CBOsI CTpaHa BOJH /IO MO-A00BP KOHTPOJI HA GOJIKa-
Ta B OCTAHaJIaTa 4YacT HAa paHHMS MOCTONEPATUBEH
NepUo/], HaMa/IIBallKU JIMIcaTa OT JOMIbJIHUTEHA
aHasresus. Ta3u Kopesanuss MeXJIy BpeMeTo [0
I'bpBa BepTHKaIM3alldsl U KOHTpoJIa Ha OOJIKOBHSI

The primary focus of the study was pointed
towards the dynamics in postoperative pain in
both patient groups. To analyze it better, we mea-
sured baseline pain (VAS) scores of all partici-
pants (n = 30) before surgery. VAS scores were
measured around the same period of the previ-
ous day, with no prior pain medication given in
the last 6 hours. Despite measuring higher in the
preoperative results, the ITM group marked a
statistically significant drop in their pain levels
on the 24th hour post-surgery, followed by an
uptick in the VAS scores on the 48th hour, and an-
other drop on the third day (Fig. 4). This is mainly
due to the intrathecal pharmacokinetics of mor-
phine and its significant decrease in action after
the 24th hour. However, the lower VAS scores in
the first 24 hours allow patients to be vertical-
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CUH/IPOM e Ziobpe omnrcaHa B iutepaTtypata [10]. Ha
72-pus yac HabJIr0/jaBaxMe BTopH cnafi BbB BAC pe-
3yJrtaTuTe npu rpynara ¢ U”'TM nopaau BK/IrO4YBaHe-
TO HAa UHTPaBEHO3€H METAMH30J1 HAaTPUM KaTo 4acT
OT U3M0JI3BaHUs MPOTOKOJI. [laleHTHTe B rpynaTa
6e3 MHTpaTeKasieH MOPOUH IMOKa3axa MOKauBaHe
Ha cToiHocTHTe UM 1o BAC ckanaTa Ha 24-Tus 4ac
cJie]] OTlepaLUsiTa, I0pY Ha pOHA HA BEHO3HO MPUJIO-
»KeHHe Ha Mop¢uH. Ha 2-pu 1 3-Tu mocronepaTuBeH
JleH pe3y/ITaTuTe UM obade ce/iBaT sICHA TeH/IeH-
I[1s1 KbM OBJIa/IiBaHe Ha GOJIKOBHS CUHAPOM, OPU
Jl0 HUBA MO U3XOIHUTE.

Cnep aHasin3a Ha 60J1KaTa NPY NALUEHTUTE OT
JIBeTe rpyny, bellle OTYETEHA U pa3JiMKaTa B IepU-
oJla 10 MbpBa BepTHUKaIU3aLUsA IPU NallUEHTHUTE,
nosiyausii U'TM, v npu noA/103keHUTE HA CTaHApT-
Ha aHairesus (dur. 5). [Ipu nauuentute ¢ UTM
BpeMeTO /10 I'bPBa BEPTUKAIU3aLUsA e CpesHO 3.7
yaca, JJOKaTO TOBAa BpeMe B KOHTpOJIHATa rpymna
e MOYTHU JBOMHO nmoBede — 7.2 4yaca. C/ieaBaliusaT
nokasaTeJ, 0 KOWTO CpaBHUXMe JiBeTe TPyIH, e
BpeMeTO /|0 U3MNHCBaHe OT GOJIHUYHOTO 3aBejie-
Hue (dur. 5), KbAeTO HAbJIJaBaxXMe MALUEHTHUTE
OT KOHTpOJIHATa rpymna fia ce JeXOCIUTaIu3npaT
cpefiHo cnef 5.3 HU, KOeTOo € B CTaHJJapTHUS JIU-
anasoH Ha BpeMe [I0 JeX0CHUTaIu3anus 3a rpbo-
HayHHU Ollepalyu CbC CPeJieH U royisiM 06eM B CBe-
ToBeH Mauab [11]. [Ipu rpynara, noay4yuaa UTM,
TOBa BpeMe e peAyLupaHo A0 3.9 AHU.

[IpoduasbT HA 6e30MacHOCT HA MOPOUH C UH-
TpaTeKa/HO IpUJIoKeHHe e fo6pe npoyyeH [12].

VAS Scores

10 -~

VAS Score

2
Pre-op 24h 48h 72h
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ized sooner, which, in turn, leads to better pain
management in the remainder of the early post-
operative period, reducing the need of further
pain relief medication. This correlation between
the time to first verticalization and control of the
postoperative pain syndrome is well-document-
ed in the literature [10]. The third drop on the
72nd hour post-op in the ITM group is mainly
due to the inclusion of metamizole sodium as a
continuation therapy for this protocol. The con-
trol group patients showed a marked increase
of their pain scores postoperatively, even when
put on intravenous morphine. However, their
VAS scores showed a consistent downtrend over
the next 48 hours, dropping even below baseline
(preoperative) results.

After analyzing pain scores in both groups, we
compared the time to first verticalization of all
the patients in the study (Fig. 5). Within the ITM
group, the time to first verticalization is, on aver-
age, 3.7 hours, while the control group marked
an almost double increase of 7.2 hours. The next
factor we analyzed was the time to dehospitaliza-
tion (Fig. 5) where we saw patients in the control
group leaving the hospital on average after 5.3

days, which is on par with LOS times of patients

@ Intrathecal morphine
l Control Group

®ur. 4. BAC pe3ysnTaTi Ha NallUEHTUTE
B IIpejionepaTUBHUSA U PaHHUS MIOCTO-
nepaTHUBEH NePUOJ,

Fig. 4. VAS results from the patients
in the preoperative and early
postoperative period
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Time to dehospitalization

Time (days)

I™ Control

dur. 5. BpeMe /10 mbpBa BepTUKaAU3aLys Ha nanueHTH ¢ UTM u KoHTpoJHA rpymna (J1sB0);
BpeMe 10 iexocnuTanu3anus Ha nanueHTH ¢ UTM u koHTpoJiHa rpyna (AscHo)

Fig. 5. Time to first verticalization of patients with ITM and control group (left);
Time to dehospitalization of patients with ITM and control group (right)

HesaBucumo oT TOBa, 10 BpeMe Ha NPOy4YBaHETO
HU OTYETOXMeE YCJA0KHEHHS U OT JijBaTa MeTo/a Ha
npunoxeHue. Ha Tabsuia 2 npejcraBsime pesyi-
TaTUTe OT OTYETEHUTE HeXXeJaHU JIeKapCTBEHU
peakl UM B IOCTONEPAaTUBHUSA NIEPUOJ, IPU JIBETE
TPYIH U HYXK/JIaTa OT JIeUeHUe.

Makap U npexoJHU U JIECHU 3a OBJaJiBaHe,
O6pOAIT Ha HeXeJIJaHWTe peaKIMU 0CTaBa OTHOCHU-
TeJIHO BUCOK U NPU JiBaTa I'bTS Ha MPUJIOKEHHUE
Ha Mop¢uH. BakHO yTOUHEHHEe e U 4Ye MOCTO-
NepaTUBHOTO rajieHe W noBpbljaHe (PONV -
postoperative nausea and vomiting) e o4akBaH
¥ J06pe MO3HAT CUMIITOM IIPU UHTPATEKAJIHOTO
NpuaoXKeHue Ha MOPOUH, JOPU B HUCKU 03U
[13]. 3aToBa Ta3u rpyna vMa npeBaHTHUBHO-/,006a-
BEeH aHTHEMEeTUYEH NPOTOKOJI, BKJIOYBALL, BEHO3-
HO TMpUJIOXKEHUEe Ha MEeTOKJIONMPaMUZ0B XHUAPO-
xaopuz (10 mg) cyTpuH u Bedep. JombaHUTeNHA
Jlo3a ce npuJara camo npu “breakthrough” mpo-
sIBM Ha TrajJieHe U MOBpbIlaHe. 3a pasjuKa OT
rpynata C BEHO3HO MNPUJIOXKeHHWe Ha MOpPPUH,
npu rpynarta ¢ U'TM Te3u cMMIITOMU OT3By4aBaT
0OMKHOBEHO B paMKUTe Ha mbpBUTE 24 h, cien
KaTo AercTBueTo Ha UTM 3amouBa ma oTcia6Ba.

OT rpynara c uHTpaTekajeH MopouH 6 mna-
[[MEHTH MOJIyYuXa HeXKeJIaHU JIEKapCTBEeHU peak-
nuu (40%), okaTo NpH rpynaTta cbC CTaHAApTEH
aHaJITeTU4YeH NPOTOKOJ TO3U MPOLEHT Gellle No-
HUCBK (26.67%) ¥ r/1aBHO CB'bP3aH CbC CUMIITO-
MU Ha raJieHe U NoBpblLjaHe. Peakliuu oT cTpaHa

with spine surgeries of similar volume and com-
plexity worldwide [11]. Within the ITM group we
saw lengths of stay on average of 3.9 days.

The safety profile of morphine with intrathecal
administration is well-researched [12]. Despite that,
during our study, we noted some complications in
both methods of administering morphine (intrave-
nous and intrathecal). In the table below (Table 2)
we present the adverse drug reactions we observed
in the postoperative period in both patient groups,
as well as the treatment and outcomes.

Although transient and easy to manage, the
number of adverse reactions remains relatively
high with both routes of morphine administra-
tion. An important clarification is that postoper-
ative nausea and vomiting (PONV) is an expected
and well-known symptom with intrathecal ad-
ministration of morphine, even at low doses [13].
Therefore, this group received a preventive-addi-
tional antiemetic protocol, including intravenous
administration of metoclopramide hydrochloride
(10 mg) in the morning and evening. An addition-
al dose is administered only in cases of “break-
through” episodes of nausea and vomiting. In
contrast to the group receiving intravenous mor-
phine, in the intrathecal morphine (ITM) group
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Ta6auna 2. Hexxenanu siekapctBeHu peakuuu (HJ/IP) npu nanueHTH ¢ MHTpaTEKaJIHO U BEHO3HO MPHUJIOKEeHHe Ha MOPOUH

Table 2. Adverse drug reactions (ADR) in patients with intrathecal and venous morphine administration

ITM Group n (%) Control n (%) Treatment Outcome
Respiratory D ,,
Depression 0 (0%) 0 (0%)
Metoclopramide
PONV 2 (13.33%) 4(26.67%) hyd'fg:r‘:;”de Controlled
(up to 3x10mg)
Hypotension 0 (0%) 0 (0%) - -
Chloropyramine
Pruritus 1(6.67%) 0 (0%) hydrochloride Controlled
20mg
Urinary o o Urinary Controlled
Retention (@) D catheterization (transitory)

Ha JjuxaTeJiHaTa WK CbpJleYHO-ChJl0BaTa CUCTe-
Ma [14] He 651xa OTYETEHH U NIPU JBETE I'PYIIU.

KakTo ce Bmxx/ia OT TabJ1. 2 C HeXeJlaHUTe Jie-
KapCTBEHU peaklLUM, M0-BHCOKATa M3I0JI3BaHA
no3a (500 mcg) Ha MopduH UHTpaTeKkaaHo [15]
He J0BeJle /10 HeXKeJlaHW peakL M OT CTpaHa Ha
JlixaTesiHaTa WM CbpAEeYHO-ChJoBaTa CUCTEMA
KaTO XWUIOKCHs, XUIlepKallHUs, KbCHA pecrnupa-
TOpHA Jenpecusi, XMIMOTOHUS UK 6paJiuKapAusl.
OTHOCHTE/JIHO Ma'bK NPOLEHT OT JABeTe Ipymu
N0JIyYHXa HeXKeJIaHU peakl My KaTo Cbpbex, HH-
KOHTUHEHLIUS UJIM raJieHe.

He Ha nocsieHo MfICTO, € BaXKHO Jja Ce CIloMe-
He, ye cpef rpynata c UTM 6e muHULMuMpaH “rescue”
(cmacuTesieH) MPOTOKOJ TPH 3-Ma MalueHTH, KaTo
C LeJ JOI'bJIHUTE/JIHA aHa/lresuss B I'bpBUTe 48
yaca 6e J06aBeH UHTpPAaBEHO3eH MeTaMH30J1 Ha-
Tpui no 1000 mg Ha 8 h. CnacuTeTHUAT NPOTOKOJI
Ha KOHTPOJIHATA Tpymna ¢ 25 mg MyCcKyJIHO MPUJIO-
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these symptoms usually resolve within the first
24 hours as the effect of ITM begins to diminish.

Out of the ITM group, 6 patients received ADRs
(40%), while the patients in the control group had a
lower percentage at 26.67% mainly associated with
PONV. Pulmonary or cardiologic adverse side
effects [14] were not monitored in both groups.

As seen on Table 2, the arguably higher dosing
of intrathecal morphine [15] we used didn’t lead to
any adverse side effects such as hypoxia, late onset
respiratory depression, hypercapnia, hypo-tension
or bradycardia. A relatively small percent-age of
both groups reported ADRs like pruritus, urinary
incontinence or nausea.

Out of all 30 patients, 3 of the ITM patients and
5 of the control group patients receive their corre-
sponding “rescue protocol” drugs. The ITM group
received metamizole sodium (3 x 1000 mg every 8



’KeHHe Ha MEeTHJUHOB XUJPOXJIOPHJ Ha BCEKU 8
yaca 6ellle U3M0JI3BaH 001110 5 MbTH.

OrPAHUYEHHS HA ITIPOYYBAHETO

Makap u pe3ynTaTUTe yOEIUTENHO Jia COYaT
K'bM IpeJUMCTBaTa Ha UHTPATEKAJTHOTO BMECTO
BEHO3HOTO MPUJIOKEeHUE HA MOpPJUH, e 106pe Aa
ce CIOMEeHaT Y OrpaHUYeHUATA Ha IPOyYBaHETO.
EnHO OT TX e MaJIKUAT 6pPOM MallMeHTH B JIBETe
I'PYIH, KOETO HE HU MI03BOJISIBA /la IPEIEHUM UC-
TUHCKUS IPOLIEHT YCJAOKHEHHUS OT CTpaHa Ha JU-
XaTeJIHATa, ChP/IeYHO-Ch/I0BATA U JIPYTH CUCTEMHU
pU MPUJIOKEHHETO Ha UHTpaTeKaJeH MOPPHUH.
[To-roJsisiMa KOXOpTa lile HY IOMOTHE Jla pa3bepeM
no-106pe Jaii HAKOU OT CTPAaHUYHUTE ePeKTH
ca [0303aBMCUMHM, KaTo pasgenum UTM rpynara
Ha pa3JIMYHU MOATrPYIHU C PA3JIUYHO KOJIUYECTBO
Ha MPUJI0KEHHUsST MOPPUH UHTPATEKAHO.

[Ipu TO3M OTHOCUTEJHO HUCHK OpO maiueH-
TU B UTM rpynara, HykZjaeljuTe ce OT JOII'bJIHHU-
TeJIHa aHaJ/ire3usi B MOCTONEPATUBHUS IMEePUO]
MOTraT 3HAYUTEHO /la MPOMEHAT AUHAMHUKATA Ha
pe3yJTaTUTE MeX/y JBeTe rPYIU U Jla HalpaBaT
M3JiokeHaTa MHopMalUsATa HEHANEXK/[HA.

Jpyr HemoCTaThbK € JIMIICAaTA Ha PaHA0MH3a-
nMs MexAy nagueHturte. [Ipu no-rosemMu rpynu
TOBa OU OWUJIO 3aJb/LDKUTENHA CT'hIIKA 3a afekK-
BaTHOTO pasmpejiesieHre Ha MallMeHTUTe B JiBe-
Te rpynu. Chllo Taka A06aBAHETO HA JOMbJHU-
TeJIHU LIEHTPOBE, KOUTO U3BBPIIBAT I'PbOHAYHA
XUPYPTHs CbC ChIUsA 06eM, 61 YBEJIUYUII0 00eK-
THBHOCTTA Ha pe3yJITaTUTE.

BpeMeBuAT o6cer Ha MPOyYBaHETO ChIUIO Oe
npeAMeT Ha JUCKYCHUsl, HO PAaHHUSAT IMOCTONepa-
THBEH MEPUO/] € OT KPUTUYHO 3HAYEHHE 3a B'b3-
CTAaHOBSIBAHETO HA MauueHTUTe. UHTpaTeKaaHU-
AT MOpJUH JlaBa CBOETO OTpaKeHHe MpeJAUMHO
Ha Hero, OPaiy KOeTOo MalueHTHUTe He 651Xa Mpo-
cJie/iIsiBaHU OT IJIelHa TOYKA Ha 60JIKa U HeXxeJia-
HU peaklyu OTB'b/, 7 2-pHys 4ac cjie/i onepanusaTa.

3AKJ/IIOUEHUE

Bpb3kaTa Mexay HeepeKTUBHHS KOHTPOJ Ha
60JIKaTa ¥ NO-bJTUTE TIEPUO/M JI0 BEPTUKAIN3a-
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hours i.v.) while the control group received pethi-
dine hydrochloride (25 mg every 8 hours i.m.).

LIMITATIONS

Even with the results clearly pointing towards
the benefits of using ITM instead of intravenous mor-
phine, the potential drawbacks of this study are to be
mentioned. One of them is the small patient count in
both groups, which doesn’t paint the full picture when
it comes to cardiac and respiratory complications and
the safety profile of ITM. A larger cohort will allow us
to understand whether some of the ADRs are dose-de-
pendent by further dividing the ITM group into sub-
groups of different intrathecal morphine doses.

With this relatively low patient count in the
ITM group, patients who need further pain relief
in the postoperative period (“rescue protocol” pa-
tients) could significantly distort the dynamics
between both groups’ results and make the ex-
tracted information unreliable.

Another clear drawback is the lack of random-
ization between both groups. While a mandatory
step in bigger cohorts, here patients haven’t been
randomized, instead have been selected based
on subjective facts into each group with utmost
attention to keeping the homogeneity between
both groups as high as possible. In terms of coop-
eration, adding more hospitals and spine surgery
wards to our study would add a multi-centric ben-
efit when it comes to the objectivity of the results.

The time span of the study was also heavily de-
bated but the overall conclusion was that the early
postoperative period is the one of utmost importance
when it comes to patient rehabilitation. That period
is exactly where intrathecal morphine works the best
hence why we chose a comparative retrospective
analysis of the effects it has on pain and its potential
side effects in the first few days post surgery.

CONCLUSION

The correlation between the inadequate pain
control and the longer times to first verticalization
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1[Msl B KOHTPOJIHATA IPyTa € CUTHU(UKAHTHA, KOTa-
TO ce HabJIIoJaBaT JaHHUTe oT Taosiuua 4 u 5. Ila-
LUEeHTUTe B Irpynara, nosaydusaa U'TM, umaxa MHOToO
no-Hucku BAC pe3ysitaTy B TbpBUA CJIe[0NEePaATH-
BEH JIeH U CJIe/IoBaTe/HO ce MOOHIN3Upaxa Mo-pa-
HO M y4acTBaxXa MHOTO N0-aKTHBHO B CBOSI Bb3CTa-
HOBUTeJIeH npolec. KakTo ce BuxAa Ha ¢urypa 5,
CBIIECTBYBA U KOpeJallks MeX /1y Mo-6aBHaTa Bep-
TUKaJIN3aLHsl U CPeIHUS IPECTON B 60JIHHALIATA.

Jpyro BaxxHO HaGJ/II0leHUE €, Ue OTHOCUTEHO
BUCOKHUTE UHTpPaTeKaqHU A03u MopouH oT 500
mcg He NMPUYUHMXA CEPUO3HU CTPAaHWYHU peak-
[[MU Y UMaxa CUJIeH aHa/IreTU4eH epeKT, KOETO HU
NI03BOJIY []a IPEAIIOJI0KHUM, 4e J03UPOBKATa e IIPo-
NOpPLMOHAIHA HA 06eMa U CJI0KHOCTTA Ha U3BBP-
lieHaTa XUpypruyHa MHTepBeHIus. He3aBucumo
OT TOBQ, 3a /ja ONpeJieJIUM /Al BUCOKUTE 03U
WHTpaTeKaJleH MOPOHH UMaT Chius npodusa Ha
6€e30MaCcHOCT KaTo MO-HUCKUTE 03U 32 CMeTKa Ha
[I0-CUJIEH aHa/IreTH4YeH eeKT, e He06X0AUMO I0-
roJisIMO MPOy4YBaHe C Noc/ie/[Ball aHaJIn3.

Bbrpeku ye 65ixa 0OTYETEHU HEXKeJIaHU JIeKap-
CTBEHU peakLUH, Te 6sXa MPEeXOAHH, KIMHUYHO
OBJIJileMH U He Ha/IOXKMXa JOM'bJHUTEJHO Ha-
6J1t0/leHYe Ha MAllUeHTUTE, HUTO MOBJIUSAXA Hera-
THBHO Ha paHHAaTa pexabuJIUTaLUs.

B 3akJsioyeHHe, B HaUleTO NpPOy4YBaHe WH-
TpaTeKaJHUAT MOPOUH MoKaza epeKTUBHA HU
npeABUJMMa aHaJre3usd NpU NPUJIOKEHUe Ha
e/IHOKpaTHa UHTpaolepaTUBHa Jjo3a oT 500 mcg,
OocUTypsiBallla HaJleXK/JjeH KOHTPOJI BbPXy OCTpa-
Ta mocTronepaTMBHa 6osika. B cpaBHeHue c ma-
LUEHTHUTe, JIeEKyBaHU C MHTPaBeHO3eH MOpUH
¥ CTaHJapTHAa MYJITUMOJAJIHA aHaJ/ITe3us, MpPU
nagueHTuTe ¢ UTM ce nmocTurHa no-paHHa Bep-
THUKaJW3alys, 10-HUCKA e Hy»KJaTa OT JJOMI'bJIHU-
TeJIHU 06e360JiABallld MeJHKaMeHTH B OTxesie-
HUETO U M0-KPaThbK 60JTHUYEH MPECTOM.
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is clearly seen when we look at Figures 4 and 5. ITM
group patients had a much lower VAS score on the
first day post surgery and were, therefore, much
more capable of mobilizing and engaging actively in
their recovery process. As seen on Figure 5, there is
also a correlation between the slower mobilization
of patients and their length of stay in the hospital.

Another note-worthy observation we had is
that the relatively higher intrathecal morphine
dose of 500 mcg didn’t result in any serious side
effects and had potent analgesic effect, allowing
us to speculate that the dosing was proportional
to the volume and complexity of the surgery. How-
ever, to determine whether higher doses have a
comparable safety profile as lower ones without
sacrificing potency, a much larger study is to be
performed and analyzed.

Even though adverse drug reactions are ob-
served, they are manageable, transitory in nature,
and require little to no extra monitoring of these
patients.

To conclude, in our study, intrathecal mor-
phine proves itself an effective and predictable
drug when administered in single doses of 500
mcg. Itisapotenttool to deal with acute post-op-
erative pain while it also improves short-term
mobilization and recovery of patients who have
received it as opposed to patients on intrave-
nous morphine and standard pain medication.
Patients on ITM verticalize faster, need less
drugs in the ward, and are dehospitalized much

sooner.
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KAPAMOAOT'UA & CnekTbp Ha BRCA myTayuure...
KAPAUOXUPYPTUA ~

A Tom 9, Bpon 1+ 2026

CIIEKTBHP HA BRCA MYTAIUUTE, AETEKTUPAHU YPE3 CEKBEHUPAHE
OT CJIEABAIIO ITOKOJIEHME, IPU MAITMEHTHU C HACJIEACTBEHA
MPEJPA3IOJIOKEHOCT KbM PAK HA I'bPJIATA U AMYHUKA

H. Todopos, JI. /lumoea, B. ArekcaHdpoeaa, /I. Hukoaoea-T'eopzueega, T. Bacues,
Il. Hukosaoea-Xpucmoega

Jlabopamopusi no meduyuHcka eeHemuka, LleHmsp no mMoaeKkyAs1pHa namo.o2us,
MHozonpoguina 601Huya 3a akmusHo seveHue ,,Copye u Mo3sK" — [l1eseH

Peslome. HaciezcTBeHa npejpa3nosioyKeHOCT KbM paK Ha I'bpJiaTa U AHYHMKA Hali-4ecTo ce IpU-
yuHsBa oT MyTtanuu B reHuTe BRCA1/BRCA2, KoUTO ca OTTOBOPHHM 3a 3HAYUTEJHA YaCT OT OH-
KOJIOTUYHHUTE 3a60JIIBaHUSA C paHHO Hayaso. HacToA1moTo uscaeBaHe U aHaJIU3bT HA JAHHUTE
N0Ka3BaT KJIMHUYHATA U GEeHOTHUIIHA XeTepOreHHOCT NpY 19 6bArapcky naueHTH — HOCUTEIH
Ha natoreHHU U BeposAiTHO matoreHHn BRCA1/BRCA2 BapuaHTH, HAeHTUDUIIUPAHU YPeE3 CEKBe-
HHpaHe oT c/eABallo nokoseHue (NGS), npoBeseHo B JlJabopaTopusTa 10 MeJULIMHCKA FreHETHKA
Ha MBAJI ,Cbpie 1 Mo3bK", [I1eBeH. Hali-uecTuaT yctanoBeH BapuaHT € BRCA1:c.5266dup (44%
OT KOXOpTaTa), XapaKTepeH 3a Mony/auuuTte oT U3Toyna EBpomna, KoeTo NoJKpens XunoTe3aTa
3a pervoHasHa founder-myTtanus B bbiarapus. JlokyMeHTUPAHUAT Cay4ail Ha HECbOTBETCTBUE
Mexy repmuHaTuBHa BRCA1 myTtanusa u HRD-HeraTuBeH TyMOpeH cTaTyc moj4yepTaBa Heo6-
XOJMMOCTTA OT NapaJieJHO u3cJje/BaHe Ha repMUHAaTUBHA U TyMopHa JIHK npu nsiianupaHe Ha
PARP nHxu6uTOpHa Tepanus. J/luncara Ha dpaMuIHa aHaMHe3a Tpu 32% OT NaleHTUTe Mog4Yep-
TaBa OTPaHUYEHUATA Ha KPUTEPUUTe, 6a3upaHy eJUHCTBEHO Ha GpaMUIHA 0OpPEMEHEHOCT, U IO/ -
Kpelns He06X0AUMOCTTA OT pa3liUpsiBaHe Ha IOKAa3aHUATA 32 TeHETUYHO TecTBaHe. PesyitaTure
yTBBbpKJaBaT 3HayeHHeTo Ha NGS TeXHO/I0TMUTe, KackaZHUs CKPUHUHT U MyJATUAUCLUIIIMHAP-
HUS TIOAXO0/, 33 IepCOHAIM3MpaHe Ha IPeBAaHTHUBHUTE U TepaneBTUYHUTE CTPAaTEerUy Py HacIe-
CTBEHU TYMOPHHU CHUHJPOMHU B bbirapus.
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Knwyosu aymmu: BRCA1, BRCA2, founder effect, HRD cTaTyc, deHOTHIIHA XeTepOreHHOCT, Iepco-
HaJ/iu3vMpaHa MeauluHa, NGS cekBeHUpaHe

SPECTRUM OF BRCA MUTATIONS DETECTED BY NEXT-GENERATION
SEQUENCING IN PATIENTS WITH HEREDITARY PREDISPOSITION TO BREAST
AND OVARIAN CANCER

N. Todorov, L. Dimova, V. Alexandrova, L. Nikolova-Georgieva, T. Vasilev,
P. Nikolova-Hristova

Laboratory of Medical Genetics, Center for Molecular Pathology,
University Hospital “Heart and Brain” - Pleven

Abstract. Hereditary predisposition to breast and ovarian cancer is most commonly caused by
mutations in the BRCA1/BRCA2 genes, which account for a significant proportion of early-onset
oncological diseases. The present study and data analysis demonstrate clinical and phenotypic
heterogeneity in 19 Bulgarian patients carrying pathogenic and likely pathogenic BRCA1/BRCA2
variants, identified through next-generation sequencing (NGS) performed at the Laboratory of
Medical Genetics, University Hospital “Heart and Brain”, Pleven. The most frequent variant detected
was BRCA1:c.5266dup (44% of the cohort), characteristic of Eastern European populations,
supporting the hypothesis of a regional founder mutation in Bulgaria. A documented case of
discordance between germline BRCA1 mutation and HRD-negative tumor status highlights the
necessity of parallel testing of germline and tumor DNA when planning PARP inhibitor therapy.
The absence of family history in a significant proportion of patients (32%) supports the need
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to apply modern recommendations for expanded indications for genetic testing beyond family
history-based criteria. The results confirm the importance of NGS technologies, cascade screening,
and a multidisciplinary approach for the personalization of preventive and therapeutic strategies

in hereditary tumor syndromes in Bulgaria.

Key words: BRCA1, BRCA2, founder mutation, HRD status, phenotypic heterogeneity, personalized

medicine, NGS sequencing

BBBEJIEHUE

[loBeyeTo 3JI0KaYeCTBEHW HOBOOOGpPa3yBaHUs
Bb3HUKBAT CIOPAJIUYHO, B MO-HANpeHala Bb3-
pacT, KaTo pe3y/ITaT OT B3aUMO/IEICTBUETO MEXKY
6uosornuHy GaKTOPHU U BJAUsIHUME Ha paKToOpUTe
Ha OKOJIHATa cpeja. B pesynrat Ha Kymy/naTuB-
HOTO B'b3/IeMCTBHE HA yBpex/jaliu GakTopH B re-
HOMa Ha OT/IeJIHU COMaTUYHU KJIETKU Bb3HUKBAT
COMaTHUYHHU MyTalLlMH, KOUTO MOTAT Ja MHUIIUKUPAT
Ipoliec Ha TYMOPHA TpaHCchopMaIHs.

Bbopeku 4e cnopajuyHUTE CIy4yau JOMHUHU-
pat, npubausutesHo 10% oT 3/i0KaueCTBEHUTE
3a60J1sIBaHUsI Ce Jb/LKAT Ha yHac/Ae/sBaHETO Ha
NaTOreHHU FrepMHUHATHBHU BapUaHTH, [IpeJlaBaHU
Ype3 raMeTUTe B CJIe/IBAN[OTO MOKOJIEHHE. YHACIe-
JIsIBAHETO HA TAKMBA BApUAHTHU HE BOAU JUPEKTHO
Jl0 pa3BUTHeE Ha PaK B IOTOMCTBOTO, 4 Ch3/IaBa I'e-
HETUYHO 00yC/I0BeHa Npespa3IosokKeHOCT, C Xa-
paKTepHHU KJIMHUYHU 0COGEHOCTH: GaMHUIHO HAT-
pyliBaHe Ha OHKOJIOTMYHM 3a60JisiBaHHWs, paHHa
Bb3pacT Ha MaHUecTalus, MyJITUPOKATHO HUIU
OuJIaTepasHO 3acsAraHe, KAKTO U TIOBHUIIIEH PHCK 32
MHOXeCTBO I'bpPBUYHHU TyMOpH. KapunHOMBT Ha
I'bp/iaTa € e[IUH OT Hall-4ecTUTe BHU/I0BE PAK B CBe-
Ta U B bbarapus, KbIeTo 4YeCcToTaTa My JIOCTUTa
11,1%. Bbnpeku 4ye npu okoJsio 30% oT ciayyauTe
Ha pak Ha I'bpJaTa U/Wuiu siYHUKaA ce HabJo1a-
Ba u3BecTHa paMuHa 06PEMEHEHOCT, e/iBa NpHU
5-10% oT TsxX MOxKe 2 O'bJle yCTaHOBEHA KOHKPET-
Ha MaToTeHHa MyTallus, 005ICHsIBAIA HACJIe/ICTBeE-
HaTa MpeJpasnosiokeHocT [1].

[I'bpBUTE UAEHTUDUIIMPAHU '€HU, CBbP3aHU
C HacJIe[CTBeHa MpeJpasnoJioKeHOCT KbM pakK
Ha I'bpJlaTa U IMYHHUKA, CA TYMOP-CYNPECOPHUTE
rein BRCA1 u BRCAZ. [laToreHHM BapuaHTH B
Te3H JiBa I'eHa ca OTTOBOPHHU 3a 0koJio 20-40% oT

INTRODUCTION

Most malignant neoplasms arise sporadically,
at an older age, as a result of the interaction be-
tween biological factors and the influence of en-
vironmental factors. As a result of the cumulative
impact of damaging factors, somatic mutations
occur in the genome of individual somatic cells,
which may initiate the process of tumor transfor-
mation.

Despite predominance of sporadic cases,
approximately 10% of all malignant diseases
are due to the inheritance of pathogenic ger-
mline variants, transmitted through the gam-
etes to the next generation. The inheritance
of such variants does not directly lead to the
development of cancer in the offspring but cre-
ates a genetically determined predisposition
with characteristic clinical features: familial
clustering of oncological diseases, early age of
manifestation, multifocal or bilateral involve-
ment, as well as an increased risk for multiple
primary tumors. Breast cancer is one of the
most common types of cancer in the world and
in Bulgaria, where its incidence reaches 11.1%.
Despite the presence of familial aggregation in
approximately 30% of breast and/or ovarian
cancer cases, a definitive pathogenic mutation
explaining the inherited susceptibility is de-
tected in only 5-10% of them [1].

The first identified genes associated with
hereditary predisposition to breast and ovarian
cancer are the tumor-suppressor genes BRCA1
and BRCA2. Pathogenic variants in these two
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daMuHUTE Cy4Yau Ha paK Ha I'bpjaTa U AHYHU-
Ka U Ce XapaKTepu3upaT C BUCOKA, HO Bapupalia
neHeTpaHTHocT [1, 2]. [lBaTa reHa KogupaT Ty-
MOP-CYNPECOPHU MPOTEUHHU, y4yacTBalX B MOI-
paBKaTa Ha [ BYBepWKHU paskbcBaHud Ha /JIHK
ype3 MexaHM3Ma Ha XOMOJIOXKHA PeKOMOUWHAIUSL.
[laToreHHU BapuaHTH B TAX BOAAT A0 3aryba Ha
$yHKIMA M HaTpyNnBaHe HA FeHEeTUYHU TPELIKH,
KOETO KOMIIpOMEeTHpa TeHOMHAaTa CTaOGUJIHOCT
U IpeJpasnoJiara KbM KaHieporeHesa. Cropep
Mojesa Ha ,BTopus yaap“ (,two-hit hypothesis)
[3], 32 #a ce nmposiBY 3/I0KAa4YeCTBEHO 3a00J/IIBaHe
NP1 HOCUTEJNU Ha FTepMUHATHBHA MyTalusd, € He-
06X0IMMO JOI'bJHUTESTHO COMAaTUYHO yBpeXK/a-
He Ha BTopus (JUB TUI) ajies B OTAeJ/HA KJIEeTKa,
BO/I€1110 /10 I'bJIHA 3ary6a Ha QYHKIUSL.

[Ipu xkeHuTe, HOocUuTeIKM Ha MyTauuss BRCA1
i BRCA2, KyMyJIaTUBHUAT PUCK 32 pa3BUTHUE HA
pak Ha rbpZiaTa HaABuIaBa 60%, a 3a pak Ha HY-
HuKa Bapupa oT 40-60% npu BRCA1 u g0 15-30%
npu BRCAZ [2, 4]. M'bKeTe HOCHUTEJM ChII0 ca C
IOBHIIEH PUCK 3a paK Ha I'bpara (ocobeHo npu
BRCAZ2), npocTaTaTa ¥ NaHKpeaca. XapaKTepHH ca
$aMUJIHOTO HATPyNBaHe Ha CJlyyau, paHHATa Bb3-
pacT Ha nposiBa (06UKHOBeHO npeau 50-roguiiHa
B'b3PAcCT), KAKTO W NIOBULIEHATa YeCTOTa Ha 6uJjia-
TepaJHU U MyJTUPOKATHU MbPBUYHU TYMOPH.

B penku ciaydau 6uasieTHOTO YHac/e[siBa-
He Ha MaTOTeHHW BapuaHTHU B MyTanus BRCA1
nan BRCAZ Boau [0 pasBUTHMETO Ha aHEMHUS
Ha ®ankonu (mogtunoBe FANCS/BRCA1 wunu
FANCD1/BRCA2), TeXKH aBTO30MHO-pelleCUBHU
3a60J1IBaHUs, XapaKTEPU3UPAILU Ce C BPOJEHHU
aHOMaJIuM, KOCTHOMO3'bYHA HEJOCTATBbYHOCT,
M30CTaBaHe B pacTexa, AUCMOPPHUYHU YEepPTHU U
3HAUUTEJHO MOBHUILIEH PUCK 32 pa3BUTHE Ha Xe-
MaTOJIOTUYHHU U COJIMJHU MaJIMTHEHU 3a60J1sBa-
HUS Ollle B JieTcKa Bb3pacT [5, 6]. PuckbT 3a 3a-
CerHaTo NOTOMCTBOTO e 25% npu HOCHUTEJICTBO U
OT ZiBaMaTa pPOAUTEH U € CUJIHO IPeNopbYNTE-
HO MPOBEX/AHETO HA NpeJpenpoyKTUBHO KOH-
CyJTUpaHe U FeHeTUYHO U3cje/iBaHe NpU JIBOM-
KM, B KOUTO U JiBaMaTa NapTHbOPH Ca HOCUTEJIH.
YcraHoBsIBaHeTO Ha T.Hap. Founder-myTanuu
(MyTauMu Ha poJOHayaJHUKA) B OmNpejeseHd
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genes are responsible for about 20-40% of fa-
milial cases of breast and ovarian cancer and are
characterized by high but variable penetrance
[1, 2]. Those two genes encode tumor-suppres-
sor proteins involved in the repair of DNA dou-
ble-strand breaks through the mechanism of
homologous recombination. Pathogenic variants
in those genes lead to loss of function and accu-
mulation of genetic errors, which compromises
genomic stability and predisposes to carcinogen-
esis. According to the “two-hit hypothesis” [3], in
order for malignant disease to manifest in carri-
ers of a germline mutation, an additional somatic
alteration of the second (wild-type) allele in an
individual cell is required, leading to complete
loss of function.

In women who carry BRCA1 or BRCAZ mu-
tations, the cumulative risk of developing breast
cancer exceeds 60%, while the risk of ovarian
cancer varies from 40-60% for BRCA1 and up
to 15-30% for BRCA2 [2, 4]. Male carriers also
have an increased risk of breast cancer (espe-
cially with BRCA2), prostate cancer, and pan-
creatic cancer. Characteristic features include
familial clustering of cases, early age of onset
(usually before 50 years of age), as well as a
higher frequency of bilateral and multifocal pri-
mary tumors.

In rare cases, biallelic inheritance of patho-
genic variants in BRCA1 or BRCA2 leads to the
development of Fanconi anemia (subtypes
FANCS/BRCA1 or FANCD1/BRCAZ2), severe auto-
somal-recessive disorders characterized by con-
genital anomalies, bone marrow failure, growth
retardation, dysmorphic features, and a marked-
ly increased risk of hematologic and solid malig-
nancies in childhood [5, 6]. The risk of affected
offsprings is 25% when both parents are carri-
ers, and prenatal counseling and genetic testing
are strongly recommended for couples in which

both partners are carriers.



Nony/Jaldy HMMa CbIleCTBEHO 3HAayeHHe 3a OI-
TUMHU3UpPAHe Ha TeHeTUYHUTEe CKPUHUHTOBU
crpareruu. Founder-epeKTbT Bb3HHUKBA, KOraTo
HOBa [OIyJIaliks Ce OCHOBABA OT MaJI'bK 6pOH UH-
JUBHU/IH, BOJEWKHU |0 TOBUIIEHA YeCTOTa Ha CIie-
nMPUYHM reHETUYHU BapUaHTU B TasH IoIyJa-
nus. B nonynanuute ot UsTouna EBpona u cpep,
eBpenTe alllKeHa3! ca JOKYMEeHTHPAHHU HAKOJIKO,
noBTapsiu ce BRCA1/BRCA2 BapuaHTa, C BUCO-
Ka MOoNyJIallMOHHA YeCTOTa, KOeTO N03BOJISBA U3-
II0JI3BAaHETO Ha HACOYeHU CKPUHUHT NOJAXO0AH 3a
JleTEeKTUPAHETO UM IPU PUCKOBU UHJUBU/IU.

C pa3sBUTHeTO Ha HOBOTe€HEPALMOHHUTE TeX-
Hosiorun 3a cekBeHupaHe (NGS) reHeTH4YHOTO
TECTBAaHE CTaBa BCe MO-JOCTBIIHO U BCEOOXBAT-
HO, T03BOJIABAalKM eJHOBpeMeHeH aHaJh3 Ha
MHOXXEeCTBO TeHU U HJeHTH(UIIMpaHe KaKTO Ha
M3BeCTHY, TaKka M HAa HOBU NATOIeHHU BapHaH-
TH. CbBpeMeHHuUTe npenopbku Ha NCCN, ESMO
1 ASCO pasmupsiBaT NOKa3aHUsITA 32 TEHETUYHO
TecTBaHe OTBbBbJ CTporuTe ¢GaMUIHO-aHaMHeC-
TUYHU KPUTEpHUH, NpeNopbYBalKu TecTBaHe, 6a-
3MpaHO Ha TYMOPHHU XapaKTePUCTHKH, Bb3pacT Ha
[IOCTaBsIHE Ha JMarHosaTa M XUCTOJIOTMYEH THII,
He3aBUCUMO OT paMu/IHATa aHaMHe3a [7, 8,9, 10].

B craTusiTa ca aHa/JU3UMpaHU KJWHUYHATA U
deHOTHUNIHATA XETEPOTeHHOCT MpPHU O6bArapcKu
NaLMeHTH — HOCHUTEJU Ha NaTOreHHU U Bepo-
STHO NaToreHHUW BapuaHTU B renurte BRCA1 u
BRCA2, naentudunupanu 4ype3 NGS-6a3upaHo
reHeTHUYHO U3cJesBaHe. M3cnenBaneTto ce Goky-
cupa BbpPXY UAeHTUPULUPAHETO Ha HAl-4YeCTUTE
BRCA1/BRCA2 BapuaHTH B HallaTa KoxXopTa U
OlLleHsIBaHeTO 3a Ha/iMyKe Ha founder-myTauuu B
Ob/arapckaTta nomnyJaanus, KakTo U BbpPXy aHaJIH-
3a Ha KJIMHUKO-NIATOJIOTUYHUTE XapaKTePUCTUKU
Ha BRCA-aconuupaHnTe KapLUHOMH, BKJIIOYH-
TeJIHO Bb3pacT Ha JUarHOCTHLUpaHe, TYMOpPeH
THII, peLeNnTopeH cTaTyc U ¢aMUIHA aHAMHEe3a.
OcobeHo BHMMaHMe e OT/ieJIeHO Ha OlleHKaTa Ha
repMUHAaTUBHO-TYMOpPHATa CbhIVIACYBaHOCT 4pe3
CpaBHfIBaHe Ha TIepMHUHATUBHUTE BapUaHTHU C
TyMmopeH HRD cTaTyc 1 HaJlu4yneTo Ha BapUaHTaA
B TYMOpHaTa TbKaH, KaKTO U Ha TAXHOTO Tepa-
NeBTUYHO 3HadyeHHWe. U3cienBaHeTO aHanM3upa

N. Todorov et al.
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The identification of so-called “founder mu-
tations” in specific populations is crucial for
optimizing genetic screening strategies. The
founder effect occurs when a new population
is established by a small number of individuals,
leading to an increased frequency of specific
genetic variants within that population. In pop-
ulations from Eastern Europe and among Ash-
kenazi Jews, several recurrent BRCA1/BRCA2
variants with high population frequency have
been documented, which allows the use of tar-
geted screening approaches to detect them in
at-risk individuals.

With the development of next-generation
sequencing (NGS) technologies, genetic testing
has become increasingly accessible and com-
prehensive, enabling the simultaneous analysis
of multiple genes and the identification of both
known and novel pathogenic variants. Current
recommendations from NCCN, ESMO, and ASCO
expand indications for genetic testing beyond
strict family history criteria, recommending
testing based on tumor characteristics, age at
diagnosis, and histologic type, regardless of
family history [7, 8, 9, 10].

The article analyzes the clinical and pheno-
typic heterogeneity among Bulgarian patients
who are carriers of pathogenic and likely patho-
genic variants in the BRCA1 and BRCA2 genes,
identified through NGS-based genetic testing.
The study focuses on identifying the most fre-
quent BRCA1/BRCA2 variants in our cohort
and assessing the presence of founder muta-
tions in the Bulgarian population, as well as an-
alyzing the clinicopathological characteristics of
BRCA-associated carcinomas, including age at
diagnosis, tumor type, receptor status and family
history. Particular attention is paid to evaluating
germline-tumor concordance by comparing ger-
mline variants with tumor HRD status and the
presence of the variant in tumor tissue, and to
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deHOTHUNIHATA XETEePOTeHHOCT NIPU HOCHUTEJH Ha
UJIeHTUYHU reHEeTUYHU BapHUaHTH, 3a Jla XB'bpJIU
CBeT/INHA BbPXY GaKTOPUTE, BJAUsELIN BbPXY Ne-
HETPAaHTHOCTTA M KJIMHUYHATA eKCIIpecus, KaTo
pasTiex/a U CJI0KHU KJIUHUYHU CJIy4ad, BKIKOY-
Ballll JBOMHA XeTepO3UIOTHOCT, OuaTepasieH
KapLWHOM, 3/]paBd HOCUTEJH U PENPOLYKTHUBHU
puckoBe. B bbirapus ¢pamuiHaTa aHaMHesa A0C-
Kopo Gellle eJUHCTBEHUST BOJel] KpUTepuH 3a
reHeTUYHO TeCTBaHe, HO CbBPEMEHHUTEe Mperno-
PBKU U3HUCKBAT ONTHMHU3MpaHe Ha FTeHETUUHUTE
CKPUHHUHTOBHU CTPATErvH C LieJl IepCcoHalIn3upa-
He Ha IPeBaHTUBHUTE U TepalleBTUYHUTE MOX0-
au ipu HocuTesn HAa BRCA1/BRCA2 myTanuu.

ONMHUCAHUE HA CJIYYAUTE

Bcruky nanyMeHTH ca MpeMUHa Il MeJUKO-Te-
HeTUYHA KOHcyATalnus B JlabopaTopusaTa no me-
JUIUHCKA reHeTnka Ha MBAJI ,,Cbpiie ¥ MO3BK",
[lneBeH, U ca noAnucasu UHPOPMUPAHO CbIJIaA-
CHe 3a IPOBEX/IaHE Ha MOJIEKYJISIPHO-TeHeTUYEeH
aHaJsu3. [lokazaHuATa 3a TeHETUYHO HU3CJIe/IBaHe
BKJIIOUBAaxa paHHA Bb3pacT Ha NOCTaBsiHE HA [IU-
ar’osara, paMHIHA 06peMEeHEeHOCT C OHKOJIOTHY-
HU 3a60J/19BaHusl, cieniiPpUYHU TYMOPHU XapakK-
TEPUCTUKHU UM KOMOUHAIMS OT Te3U PaKTOPH.

H3osnanusa Ha /IHK u NGS cekBeHupaHe

[enomna IHK 6erie usosivpaHa ot nepudepHa
BEHO3HA KP'bB. 3a MOJIEKYJ/ISIDHO-TeHETUYEeH aHa/IU3
Gellle M3MOJI3BaH JAUArHOCTUYEH TapreTeH MaHes
BRCA Devyser AB (Sweden; CE-IVD), mokpwuBaiil
BCUUKH KOAUPALIY €K30HU U eK30H-UHTPOHHU IIpe-
xoau Ha renuTe BRCA1 u BRCAZ2. [laHenbT no3Bo-
JisiBa UEeHTUPULMPaHe Ha eJMHUYHH HYKJIeOTH/-
HU BapuaHTH (SNVs), MaJIK¥ HHCEPIUHU U JesIeliun
(indels mo 50-60 6a30BU ABOMKH), KATO MOKPUBA U
6ronHpopMaTHYeH aHa/IU3 3a OTKpPUBaHe Ha ro-
JieMH BapuaHTH B 6pos komust (CNVs), o6xBamiariu
1esiv ek30HU. CekBeHMpaHeTo Gellle IPOBeIeHO Ha
miatdopma MiSeq Dx (Illumina, USA), a 6uonHdpop-
MaTUYHUAT aHa/IW3 Oellle M3BbPLIEH C MOMOILTA
Ha copTtyep Amplicon Suite v3.5.1 (SmartSeq s.rl,
[taly, CE-IVD). [losiyueHUTe CEKBEHLIMOHHU YeTEHHU s
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their therapeutic significance. The study exam-
ines phenotypic heterogeneity among carriers of
identical genetic variants to shed light on factors
influencing penetrance and clinical expression,
and addresses complex clinical cases includ-
ing double heterozygosity, bilateral carcinoma,
healthy carriers, and reproductive risks. In Bul-
garia, family history was until recently the only
leading criterion for genetic testing, but current
recommendations require the optimization of
genetic screening strategies in order to person-
alize preventive and therapeutic approaches for
carriers of BRCA1/BRCA2 mutations.

DESCRIPTION OF CASES

All patients underwent medical-genetic con-
sultation at the Laboratory of Medical Genetics,
"Heart and Brain" Hospital, Pleven, and signed
informed consent for molecular-genetic testing.
Indications for genetic testing included early
age at diagnosis, family history of cancer, spe-
cific tumor characteristics, or a combination of
these factors.

DNA isolation and NGS sequencing

Genomic DNA was isolated from peripheral
venous blood. For molecular-genetic analysis we
used the diagnostic targeted panel BRCA Devy-
ser AB (Sweden; CE-IVD), covering all coding ex-
ons and exon-intron boundaries of BRCA1 and
BRCA2. The panel enables detection of single
nucleotide variants (SNVs), small insertions and
deletions (indels up to 50-60 base pairs), and
includes a bioinformatic pipeline for detection
of large copy-number variants (CNVs) spanning
whole exons. Sequencing was performed on a MiS-
eq Dx platform (Illumina, USA), and bioinformat-
ic analysis was carried out using Amplicon Suite
v3.5.1 (SmartSeq s.rl, Italy; CE-IVD). Sequencing
reads were aligned to the human reference ge-
nome GRCh37/hgl19. Analytical performance of



(reads) 6sixa KapTHpaHU CIPSIMO pepepPeHTHUS YO-
Beliku reHoM GRCh37/hg19. AHanuTu4yHUTE Napa-
METpPH Ha MEeTOJa ca: YyBCTBUTENHOCT 99.9%, cre-
uuduaHOCcT 99.9% 1 ToyHOCT 99.9%.

IloTBBpKAABaHe C BTOPU METOJ,

Bcuuky, yCTaHOBEHU NMATOM€HHU U BepPOSITHO
NaTOreHHH, BApMaHTH 65Xa NMOTBbP/AEHU BbB BTO-
pa, He3aBUCHMO IoJTy4yeHa Kp'bBHA IPo6a OT ChILH-
Te MaldeHTH Ype3 OpTOroHasleH MeToJ. Maykure
HYKJIeOTUAHU BapuaHTH (SNV) 6sxa nmoTBBpAe-
HU cbc CaHrep cekBeHupaHe (StudioSeq Genetic
Analyser, Applied Biosystems). UneHTHGULIIMpPaHU-
Te BapuaHTU B 6pos komus (CNVs) 6sxa Bepudu-
yupaHu upe3s MLPA c usnossBane Ha SALSA MLPA
Probemix PO02 BRCA1 (MRC Holland, Netherlands).

Pa3imupeH My/ITUTeHEeH aHAJIu3

[Ipy manueHTH ¢ aTUNUYeH GEeHOTHUI UJIH Ha-
JIM4yve Ha MHOXXECTBO Pa3JINYHU 3JI0Ka4eCTBEHU
3a00JIsIBaHUs B CEMEHCTBOTO I10 TpelieHKa Ha re-
HETUYHMS KOHCYJTAHT Gellle MPOBeJEH pa3lIu-
peH reHeTHYEH aHaM3 Ype3 MYJITUTeHeH MaHes
3a HAcJeACTBEHU OHKOJIOTUYHU 3a00JIIBaHHSA
(Blueprint Genetics, Finland).

Knacudukanusa v vMHTeprpeTrauusa Ha
BapUaHTHUTe

HomeHk/aTypaTa 3a HAMMeHyYBaHe Ha BapH-
aHTUTe cjezBa npenopbkute Ha HGVS (Bepcus
20.05). KiinHM4yHaTa UHTepHpeTalus Ha HJieH-
TUGULMPAHUTE BapUaHTH Oellle U3BbPIIEHA Cb-
rylacHo HacokuTe Ha American College of Medical
Genetics and Genomics (ACMG) u Association
for Molecular Pathology (AMP), kaTo 65ixa B3eTH
npeJiBU/, CbBpEMEHHUTE HAayYHHU NO3HAHUS KbM
MOMEeHTa Ha aHa/u3a. Bcuuku uaeHTUULMPaHU
BapHaHTH 65IXa CPAaBHEHU C MeX/1yHapoJHU 6a3u
JaHHu, BruouBamd BRCA Exchange, ClinVar u
Leiden Open Variation Database (LOVD), kakTo u
C OCTbIIHATA pelieH3UpaHa Hay4yHa JIuTepaTypa.

TymopeH aHa/iu3

[Ipy HasJIM4HA TYMOpPHA T'bKaH OT NallUEHTKH C
oBapuaJieH KapI[MHOM Gellle TPOBeIeH COMaTHIYeH
aHa/v3 3a MyTtauuu B renute BRCA1/2 u oneHka
Ha Genomic Scar Score (GSS) 1 HRD craTyc.

N. Todorov et al.
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the method: sensitivity 99.9%, specificity 99.9%,

accuracy 99.9%.

Confirmation by other method

All identified pathogenic and likely patho-
genic variants were confirmed in a second, in-
dependently obtained blood sample from the
same patients using a different method. Small
nucleotide variants (SNVs) were confirmed by
Sanger sequencing (StudioSeq Genetic Analyser,
Applied Biosystems). Identified copy-number
variants (CNVs) were verified by MLPA using
SALSA MLPA Probemix P002 BRCA1 (MRC Hol-
land, Netherlands).

Extended multigene analysis

For patients with atypical phenotypes or
with multiple different malignancies in the fam-
ily, an extended genetic analysis was performed
at the discretion of the genetic counselor using
a multigene hereditary cancer panel (Blueprint

Genetics, Finland).

Variant nomenclature, classification
and interpretation

Variant nomenclature follows HGVS recom-
mendations (version 20.05). Clinical interpreta-
tion of identified variants was performed accord-
ing to ACMG/AMP guidelines, taking into account
contemporary scientific evidence at the time of
analysis. All identified variants were compared
with international databases including BRCA Ex-
change, ClinVar, and Leiden Open Variation Da-
tabase (LOVD), as well as the available peer-re-

viewed literature.

Tumor analysis

When tumor tissue was available from pa-
tients with ovarian carcinoma, somatic analysis
for BRCA1/2 mutations and assessment of Ge-
nomic Scar Score (GSS) and HRD status were per-

formed.
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XapakTepuMCTUKM Ha M3CjJeABaHaTa
KOXopTa

[eHeTUYHOTO U3cJe/BaHe 06XBaHa 00610
98 manueHTH, KaTo 73 OT TAX ca 0e3 HaxoJKa, a
6 ca HOCUTEJIU Ha BApPUAHTHU C SICHO KJIMHHUYHO
3HaueHHe, 06110 19 malMeHTH ca HOCHUTEeJNHU Ha
NaTOTeHHU W BEPOSATHO MAaTOTeHHU BapUaHTH
B BRCA1 u BRCA2 renute. IlanueHTuTte 6s1xa
IrpynupaHy Clopej, OTKPUTHUS BapUaHT, KaTo 3a
BCEKM BapHaHT Ca aHaJU3WPaHU Bb3pacTTa NpHU
JUarHOCTULMpaHe, XUCTOJOTUYHUAT MNOATUII
Ha TYMOpa, PeLleNTOPHUAT CTaTyC U paMuUIHATA
aHaMHesa (Tab6.. 1).

Bb3pacToBUAT [AMaNa3oH NPU JUArHOCTHULIU-
paHe Bapupa 3HauuTesiHO — oT 30 70 76 rogvHy,
KaTo cpe/iHaTa Bb3pacT npu namnueHTy ¢ BRCA1 Ba-
puaHTH e okoJio 40 roguny, a npu BRCA2 - okosio
44 ropynHy. Ta3u paHHa BB3pacT Ha JUarHosa Io-
TBbPK/IaBa HEOOXOMMOCTTA OT PaHEeH TeHeTUYEeH
CKPUHUHT MIPU PUCKOBU UHAUBUUA. OHKOJIOTUYHU-
AT CIeKTbP BKJIOYBA 06110 11 manueHTH ¢ pak Ha
I'bp/laTa, 5 MalMeHTKH C paK Ha SIMYHUKA U eUH
NalyeHT C paK Ha npocTtata. PaMUIHaTa aHaMHe3a
€ MO3UTHBHA MPU MHO3UHCTBOTO NalnyeHTH (13 oT
19), nokaro npu 6 MaIMeHTH JIUICBA OKYMEeHTH-
paHa ¢aMUIHA OHKOJIOTUYHA 0OpEeMEHEHOCT.

PasnpepesieHue HA NaTOreHHUTE Bapu-
aHTH U epeKT Ha pogoHayaaHuKa (founder
effect)

Haii-BUCOKa 4yecTOTa Ha HOCUTEJICTBO € yCTa-
HoBeHa npu BapuaHTa BRCA1l:c.5266dup, KOHUTO
npezcrasiasaBa 44% OT BCUYKHU UJeHTUQUIIMPAHU
BapuaHTH (9 ot 19 manuenTu). To3u BapuaHT e
XapaKTepeH 3a nomnysaguurte ot M3touHna EBpona
U CpeJi eBperTe alllKeHa3H, KOeTO CbOTBETCTBA
Ha Ny6JIMKyBaHWUTe B Hay4yHATa JIMTepaTypa JaH-
HH, U ce MpeAlnoJara, ye ce J/bJKH Ha edpeKTa Ha
ponoHadanHuka (founder effect) BciegcTBue Ha
dbeHOMeHa reHeTHYeH Jpeiid. YcTaHOBSBaHETO Ha
TaKaBa BHCOKa 4eCcTOTa B M3C/e/iBaHaTa KOXOpTa
NOJIKpensl XWIoTe3aTa 3a perdoHanHa founder-
MyTalys B G'bJrapckaTa Momnysaamnus 1 npejroJia-
ra 1jesiecbOOpa3HOCTTa OT BbBEX/aHE Ha HACOUEeH
CKPHHUHT 32 TO3U KOHKPETEH BapHUaHT.
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Characteristics of the studied cohort

The genetic testing covered a total of 98 pa-
tients, of whom 73 had no findings and 6 were
carriers of variants of uncertain clinical signifi-
cance (VUS); in total 19 patients are carriers of
pathogenic and likely pathogenic variants in the
BRCA1 and BRCAZ2 genes. Patients were grouped
according to the detected variant, and for each
variant the age at diagnosis, histologic tumor
subtype, receptor status, and family history were
analyzed (Table 1).

The age range at diagnosis varied considerably
- from 30 to 76 years, with the mean age for pa-
tients with BRCA1 variants being approximately
40 years, and for BRCA2 approximately 44 years.
This early age at diagnosis confirms the need for
early genetic screening in at-risk individuals. The
oncologic spectrum includes a 11 patients with
breast cancer, 5 female patients with ovarian can-
cer, and one patient with prostate cancer. Family
history was positive in the majority of patients
(13 of 19), while 6 patients had no documented

family oncologic burden.

Distribution of pathogenic variants and
founder effect

The highest carrier frequency was found for
the variant BRCA1:c.5266dup, which represents
44% of all identified variants (9 of 19 patients).
This variant is characteristic of populations from
Eastern Europe and among Ashkenazi Jews, which
corresponds to published data in the scientific lit-
erature and is presumed to be due to the founder
effect as a result of genetic drift. The detection of
such a high frequency in the studied cohort sup-
ports the hypothesis of a regional founder muta-
tion in the Bulgarian population and suggests the
advisability of implementing targeted screening

for this specific variant.
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OcrtaHanuTe BapUaHTH BKJIIOUBAT:
BRCA1:c.2019del (1 nantuenT), BRCA1:¢c.181T>G
(2 NanyeHTH), BRCA1:¢.5212G>A (1
nanueHTt), BRCA2:c.7171dup (1 mnamueHT),
BRCA2:¢c.5851_5854del (1 NalUueHT),
BRCA2:¢.9097dup (3 NanyeHTH) 1
BRCA2:c.4769del (1 nanueHT).

KiivHn4YHA 1 peHOTUIIHA XeTepOreHHOCT

[Ipy BCMYKU MallUEHTKU C paK Ha AHYHUKA yC-
TaHOBEHOTO M3MeHeHHe e B reHa BRCA1, koeto
CbOTBETCTBA Ha H3BeCTHATa CUJIHA KopeJsalus
Mexxry BRCA1 myTtanuute v high-grade ceposnus
OoBapHaJleH KapLUWHOM. MHTepeceHo e, 4ye camo 4
oT 11 nanueHTH C pak Ha I'bpZiaTa UMaT KJlacuye-
CKH{Sl TPOMHOHEraTUBEH PeLeNTOPEH CTATYC, Koe-
TO nojdYepTaBa peHOTHUIIHATA XeTePOTeHHOCT Ha
BRCA-acouyupaHuTe TYMOPU U HEOOGXOJHUMOCTTA
OT FeHeTUYHO TeCTBaHe, HE3aBUCHMO OT pelieln-
TOPHHUS POPUIL.

BapuanTsr BRCA1l:c.5266dup jgeMoHCTpH-
pa U3KJ/YUTEe/SHAa (EeHOTUIIHAa BapUaOUIHOCT
- OT TPOMHOHeraTUBeH KapLUHOM IIPU KeHU Ha
31 roiMHU 10 XOPMOH-MO3UTHUBHU TYMOPH MpHU
II0-B'b3PAaCcTHU NMallMeHTKH, a ChILO U arpecMBeH
high-grade ceposeH oBapuasieH KapIMHOM JI0 Ha-
I'bJIHO 3/JpaBX HOCUTEJIH.

TpuMma nauueHTH OT H3CJefBaHATa KOXOp-
Ta ca ¢ 6GuiaTepajleH KapLUHOM Ha I'bpjaTta
(mpu BRCA1:c.5212G>A, BRCA2:c.9097dup wu
BRCA2:c.4769del), koeTo npeacraBiasiBa 27% oT
c/ly4auTe C pak Ha I'bp/laTa ¥ Ha/|BUlIaBa 3Ha4YU-
TeJIHO NOoMNyJIallMOHHATA YecToTa Ha O6usiaTepai-
HO 3a00JIsIBaHe.

lepMUHATHUBHO-TYMOPHO
crBue 1 HRD craTyc

[Ipy 4yeTHpH OT MAlLMEHTKUTE CbC CEPO3EH
OBapuaJieH KapIiIMHOM € MpOBeJileHO T'eHEeTHYHO
M3cje/lBaHe Ha TYMOpHaTa ThKaH C OllEHKA Ha
HRD cratyc. [Ipu Tpu OT TX repMUHATUBHUAT Ba-
PUAHT e MOTBBbPJIEH U B TYMOpPA, KaTo JiBe OT Ia-
[[MEeHTKUTEe UMaT BUCOK Genomic Scar Score (61.3
1 97.3) u nosutuBeH HRD craTtyc. Oco6eH nHTepec
npe/JiCTaB/siBa CJAy4YasT Ha MallMeHKa C YCTaHOBe-
Ha repMuHaTHBHa MyTauus Ha BRCA1l:c.5266dup,
NpY KOSTO BAPUAHTHT HE € OTKPUT B TyMOpHaTa

HeCbOTBET-

N. Todorov et al.
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The other variants include: BRCA1:c.2019del
(1 patient), BRCA1:c.181T>G (2 patients),
BRCA1:¢c.5212G>A (1 patient), BRCA2:c.7171dup
(1 patient), BRCA2:c.5851_5854del (1 pa-
tient), BRCA2:c.9097dup (3 patients) and
BRCAZ2:c.4769del (1 patient).

Clinical and phenotypic heterogeneity

In all patients with ovarian cancer the detected
alteration is in the BRCA1 gene, which corresponds
to the known strong correlation between BRCA1
mutations and high-grade serous ovarian carcinoma.
It is interesting that only 4 of the 11 patients with
breast cancer have the classic triple-negative recep-
tor status, which underscores the phenotypic hetero-
geneity of BRCA-associated tumors and the need for
genetic testing regardless of receptor profile.

The variant BRCA1:c.5266dup demonstrates
remarkable phenotypic variability - from tri-
ple-negative carcinoma in women aged 31 to hor-
mone-positive tumors in older patients, as well as
aggressive high-grade serous ovarian carcinoma
to completely healthy carriers.

Three patients from the studied cohort have bi-
lateral breast carcinoma (with BRCA1:¢c.5212G>A,
BRCA2:c.9097dup and BRCA2:c.4769del), which
represents 27% of the breast cancer cases and
significantly exceeds the population frequency of
bilateral disease.

Germline-tumor discordance and HRD
status

In four of the patients with serous ovarian
carcinoma a genetic analysis of tumor tissue
with assessment of HRD status was performed.
In three of them the germline variant was con-
firmed in the tumor, with two patients having
high Genomic Scar Scores (61.3 and 97.3) and a
positive HRD status. of particular interest is the
case of a patient with a detected germline mu-
tation BRCA1:c.5266dup, in whom the variant

37 <<
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TbKaH (HeraTuBeH coMaTuyeH BRCA 1/2 cratyc,
HUCBHK Genomic Scar Score (3.1) u HeraTtuBeH HRD
cratyc). HecbOoTBeTCTBHETO MeX/Jy TrepMHHa-
TUBHUS TeHOTUI U TYMOpHaTa npoba Moxe Jia ce
06sICHU C TYMOpPHA XeTePOreHHOCT, Bb3MOXKHA CO-
MaTU4YHa peBepcus Ha MyTalusATa UM Bb3CTaHO-
BsiBaHe Ha LOH (loss of heterozygosity), koeTo nma
KPUTUYHO 3HaYeHUe 3a TepaneBTHUYHHUA HU360p,
ocobeHo 1o oTHoleHue Ha PARP nuxuburtopure.

KackageH CKpUHUHT IpU ¢aMUIMHU CbC
cnenupUYHN KJIMHUYHU 0COOEHOCTH

[Ipu TpuMa OT nalreHTUTE BApUAHTHUTE Ca yC-
TaHOBEHM 4pe3 KacKaJleH aHa/Iu3 B CEMeNCTBOTO,
KaTo JBaMa OT TAX ca 3/[paBU POJCTBEHULH 6e3
3abosissBaHe. EWH OT 3/[paBuUTe M'BXXKHU POJICTBE-
HULM (6paT Ha MaljMeHTKa C 0BapHaJieH KapLiUHOM
1 HocuTesika Ha BRCA1:c.5266dup) ¢ KJAMHUYHU
JIAaHHU 32 MaCTOMNaTHs, CJie]] yCTAHOBSIBaHE Ha HO-
CUTEJICTBO HAa paMUJIHUS BAPUAHT U MPU HETO B3e
MHPOPMUPAHO pellleHNe U OChILECTBU MPOPHUIAK-
THYHA MaCTEeKTOMHUS, BbIIPEKU Ye IPU M'BXKETE TS
He e CTaHJapTHA NpenopbKa Cropes aKTyaJHUTe
HAcoKU. B omb/iHeHUe U cief; IpeApenpoayKTHUB-
Ha reHeTUYHA KOHCY/ITalMs Ha CEMENCTBOTO Oellle
npoBesieHo uscneqBaHe 3a BRCA1/BRCA2 Hocu-
TEJICKA CTAaTyC ¥ NPU NapTHbOpPKATa Ha HalHeH-
Ta, ThU KAaTO TEOPETUYHUSIT PUCK 33 PAXK/AHE Ha
JleTe c aHeMus1 Ha PaHKOHU [IpU /iBaMa HOCUTEJIN
e 25%. To3u cay4ait 1eMOHCTpUpPa HEOOXOAUMOCT-
Ta OT TeHETUYHO KOHCY/JITUPAaHe U UHIUBU]TYaJIH-
3MpaH N0/JX0/| B CEMeNCcTBaTa HA HOCUTEJINTE.

JIMreHHo yHacjieasaBaHe

[Ilpy egHa manueHTKa  (HOCUTeN  Ha
BRCA2:c.5851_5854del) 6elite ycTaHOBeHa J]BOMHA
XeTepO3UTrOTHOCT — naTtoreHeH BapuaHT B BRCA2,
KOMOWHUPAH C BEPOSITHO MaTOTEHEH BapUaHT B
reHa ATM. [layueHTKaTa e AMAarHOCTULMPaHa Ha
MJIaJiaTa Bb3pacT oT 30 roAuHu ¢ MyaTUdOKasieH
VMHBa3uBeH KapuuHoM G3. /IUTeHHOTO yHacne d-
BaHe B reny, ydyactBauiy B /IHK nonpasamure me-
XaHHU3MHU, MOXKe Jla 06sICHU 0COOEHO arpecUBHUS
¢deHOTHUN M paHHATA BB3PaACT Ha U351Ba, KOETO MO/~
YyepTaBa 3HAaYE€HUETO Ha MYJITUTEHHUTE NIaHeJIU 3a
NO-ITbJIHA OL|eHKAa Ha PUCKa.

>> 38

was not found in the tumor tissue (negative so-
matic BRCA1/2 status, low Genomic Scar Score
(3.1) and negative HRD status). The discordance
between the germline genotype and the tumor
sample may be explained by tumor heterogene-
ity, possible somatic reversion of the mutation,
or restoration of LOH (loss of heterozygosity),
which has critical significance for therapeutic
choice, especially regarding PARP inhibitors.

Cascade screening in families with
specific clinical features

In three of the patients the variants were iden-
tified through cascade testing in the family, with
two of them being healthy relatives without dis-
ease. One of the healthy male relatives (brother
of a patient with ovarian carcinoma and carrier of
BRCA1:c.5266dup) with clinical data for mastop-
athy, after the familial variant was found in him as
well, made an informed decision and underwent
prophylactic mastectomy, although in men this
is not a standard recommendation according to
current guidelines. In addition, after pre-repro-
ductive genetic counseling of the family, testing
for BRCA1/BRCAZ2 carrier status was performed
in the patient’s partner, since the theoretical risk
for two carriers is 25% for giving birth to a child
with Fanconi anemia. This case demonstrates the
need for genetic counseling and an individualized
approach in carriers’ families.

Digenic inheritance

In one patient (carrier of
BRCA2:c.5851_5854del) digenic heterozygosity
was identified - a pathogenic variant in BRCA2
combined with a likely pathogenic variant in the
ATM gene. The patient was diagnosed at the young
age of 30 with multifocal invasive carcinoma G3.
Digenic inheritance in genes involved in DNA re-
pair mechanisms may explain the particularly ag-
gressive phenotype and early age of onset, which
emphasizes the importance of multigene panels
for a more complete risk assessment.
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PonocnoBHO AbpBO 2

PozocioBHOTO ABpBO e U3paboTeHo ¢ nporpama Progeny‘s Free Online Pedigree Tool Application: Pedigree Builder and Draw
Pedigree nHa Progeny Genetics LLC, nocTbniHa Ha afipec https://pedigree.progenygenetics.com/

The pedigree was created using Progeny’s Free Online Pedigree Tool Application: Pedigree Builder and Draw Pedigree by
Progeny Genetics LLC, available at https://pedigree.progenygenetics.com

OBCBXXJAHE

W3cseqBaHUTE NaALMEHTH Ca C YCTAaHOBEHU
MaTOreHHU Y BEPOATHO NMAaTOTeHHW BapUaHTU B
renute BRCA1 u BRCA2, uneHTrduIupaHu upe3
NGS cexkBeHUpaHe, npoBejieHOo B JlabopaTopusTa
1o MeAWIMHCKA reHeTrka Ha MBAJI ,,Cbple u Mo-
3bK", [I/1IeBeH, Wiu uype3 pa3lIMpeH TeHeH MaHell,
npoBeZieH oT JiabopaTtopusi Blueprint Genetics,
Finland. [TosryyeHuTe pe3ysTaTu mokasBaT U3pa-
3eHa KJIMHUYHA XeTePOTeHHOCT NPU HOCUTEJIUTE
Ha YCTaHOBEHHWTE BapUaHTH U NoJ4yepTaBaT 3Ha-
YeHHeTO Ha WHAUBUAYAJTHUS MOAXOJ| NMPHU Mpo-
BEX/JJaHeTO Ha FreHeTUYHA KOHCY/ITal U

Upnentudunupanero Ha BRCA1l:c.5266dup
p.(GIn1756ProfsTer74) kaTo nmpeo6JsiajaBall Ba-
pPHUaHT B M3cJe/jBaHaTa KOXOPTa UMa BaXXHO 3Ha-
YyeHHe 3a exxe/JHeBHATA KJIMHWYHA MpaKTuKa. Ha-
6/110/aBaHaTa M3KJIOYMTEJNHA BapUabUJIHOCT B

DISCUSSION

In the presented analysis, patients with iden-
tified pathogenic and likely pathogenic variants in
the BRCA1 and BRCA2 genes were examined, de-
tected either through NGS sequencing performed
at the Laboratory of Medical Genetics at “Heart
and Brain” University Hospital, Pleven, or via an
extended gene panel conducted by “Blueprint
Genetics, Finland.” The obtained results demon-
strate pronounced clinical heterogeneity among
carriers of the identified variants and emphasize
the importance of an individualized approach in
conducting genetic counseling.

The identification of BRCA1:c.5266dup
p.(GIn1756ProfsTer74) as the predominant
variant in the studied cohort holds significant
relevance for daily clinical practice. The ob-
served exceptional variability in penetrance
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NeHeTPaHTHOCTTA U KJWHUYHATa eKCIpecus Ha
TO3W BapUaHT Ipe/JinoJara y4acTHeTo Ha reHe-
TUYHU MOAUPUKATOPU, ETUTeHEeTUIHNU GaKTOpH
Y BJIUSIHUSL Ha OKOJIHATa Cpesia, KOUTO BCe ole
He ca Ham'bJHO u3sicHeHHU [11]. Pas6bupaneTo Ha
Te3u MoAuduUpaiy GpakTopu 6U MOIJIO Aa Mo-
Jlo6pU UHAMBU/Iya/IHATa OLlEHKA Ha pUCKa U Mep-
COHAJIM3MPAHETO Ha IPEBAaHTHUBHUTE CTPATETHHU.
YcTaHOBEHUSAT Cay4Yall HA HEChOTBETCTBUE MEX-
Ay repmuHatuBeH BRCA1 BapuaHT M TymMopeH
HRD-HeraTuBeH cTaTyc € 0CO6EHO MoKa3aTeJieH
3a CbLIECTBEHOTO 3HAaYeHHe Ha U3CJIeBaHeTO C
KpPBB C OIVIeJ, HA B3eMaHEeTO Ha TepaneBTUYHU
peiteHus. [Ipy nanueHTKaTa He caMo JIMIICBA MY-
TayusaTa B TyMopa, HO U ¢yHKIuMoHanHUAT HRD
TeCT e HeraTUBEeH, KOeTO MOXe /1a O'b/ie 00SICHEHO
C BUCOKA TYMOPHA XeTEepPOreHHOCT, HO MOXe /ia ce
NpeAO0JI0KHU U Ye TYMOP'BT € Bb3CTaHOBUJI Kama-
[[UTeTa CH 3a XOMOJIOKHA PEKOMOUHAIHUS.
Bb3MOXKHUTE MEXaHU3MH, OOSICHSIBALIM He-
ChOTBETCTBUETO B JiBaTa pe3ysiTaTa (B KPbB U B
TYMOpHa TbKaH), BKJIIOYBAT HSIKOJIKO BapHaHTa.
[I'bpBO, XeTeporeHHa 3ary6a Ha ¢yHkIius (LOH)
- TOBa € JJOKyMeHTUpaH GpeHOMeH NPy NpUOJIU3U-
TesiHO 3-7% ot BRCA1 oBapranHuTe KapLiMHOMHU
[12, 13]. B TakuBa ciy4yau TyMOpBT 3ana3Ba ejuH
¢dyHkumonaseH guB tun BRCA1 anes, koeTo mos-
J'bprka 4YaCcTUYHA QYHKIUSA 32 XOMOJIOXKHA PEKOM-
6uHanusa 1 Boau A0 HRD-HeratuBeH dpeHOTUN U
pe3ucteHTHOCT KbM PARP mHxu6utopu. Bropo,
COMaTU4YHA peBepcUsi Ha MyTalusTa — BTOPUY-
HATEe UHTPareHHu MyTallH, KOUTO Bb3CTAHOBS-
BaT paMKaTa Ha 4yeTeHe uiu ¢yHKusaTa Ha BRCA
NpPOTEeNHa, ca J06pe AOKYMEHTHpPAaH MeXaHHU3bM
Ha MpU061Ta Pe3UCTEHTHOCT KbM PARP nHXUGU-
TOpPU U IJIaTHHA. TakuBa peBepcuU ce HaAOJ/IO/A-
BaT npu 3-18% ot nanueHTkute ¢ BRCA myTanuu
cae]l eKCro3uiys Ha XuMuoTepanus [14]. Pesep-
CUOHHUTE MyTalH1 4eCTO Bb3HUKBAT 4Ype3 Hellpa-
BusHa ynorpe6a Ha NHE] (non-homologous end-
joining) mbTa 3a [JJHK nonpaska, Bozell 10 MaKu
JeJlellud C MUKPOXOMOJIOTUS Ha T.Hap. junction
nocaenoBatenHoctute [15]. Tpeto, BRCA1 mpo-
MOTOpHA XUIEepMeTHIaLMd C Iocae[Bala JeMe-
Tuaanusa - Bbopekd 4e BRCA1 npomoTopHarta
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and clinical expression of this variant suggests
the involvement of genetic modifiers, epigene-
tic factors, and environmental influences, which
remain incompletely understood [11]. Under-
standing these modifying factors could improve
individual risk assessment and the personaliza-
tion of preventive strategies.

The documented case of discrepancy between
a germline BRCA1 variant and a tumor HRD-neg-
ative status is particularly indicative of the criti-
cal importance of blood-based testing in guiding
therapeutic decisions. In this patient, not only was
the mutation absent in the tumor, but the func-
tional HRD test was also negative, which may be
explained by high tumor heterogeneity, but it may
also suggest that the tumor has restored its ho-
mologous recombination capacity.

Possible mechanisms explaining the discrep-
ancy between the two results (in blood and tu-
mor tissue) include several scenarios. First, het-
erogeneous loss of heterozygosity (LOH) - this
is a documented phenomenon in approximately
3-7% of BRCA1 ovarian carcinomas [12, 13].
In such cases, the tumor retains one functional
wild-type BRCA1 allele, which maintains partial
homologous recombination function and leads
to an HRD-negative phenotype and resistance
to PARP inhibitors. Second, somatic reversion of
the mutation - secondary intragenic mutations
that restore the reading frame or BRCA protein
function are a well-documented mechanism of
acquired resistance to PARP inhibitors and plat-
inum. Such reversions are observed in 3-18% of
patients with BRCA mutations after chemother-
apy exposure [14]. Reversion mutations often
arise through improper use of the NHE] (non-ho-
mologous end-joining) DNA repair pathway,
leading to small deletions with microhomology
at the so-called junction sequences [15]. Third,
BRCA1 promoter hypermethylation followed
by demethylation - although BRCA1 promoter



MeTW/alus e JOKYMeHTHPaH MeXaHU3bM 3a MHAK-
TUBAlMsl Ha aJjlesla JUB THUII, CHOHTAHHA JeMeTHU-
Jlaliys e TEOPEeTUYHO Bb3MOXKHA, MaKap U pAJKa.
YeTBBbPTO, XallJIONHCYQHULIMEHTHOCT U €KCIPecust
Ha XUNOMOPGHU NPOTEUHU — BCe MOBeYe J0Ka3a-
TeJICcTBa co4at, 4ye HAkou BRCA1 myTanuu He Bo-
JISIT 710 I'bJIHA 3ary6a Ha QYHKIHS, a /10 eKCIIPeCHs]
Ha YaCTUYHO QYHKIIMOHAIHH (XUIIOMOP(HHU) IIpo-
TEMHOBU U30POPMHU, KOUTO MOraT Ja NoALbpKaT
6asucHa HR ¢ynknus [16].

HezaBucUMO OT TOYHUS MeXaHHU3BM, TO3HU
c/ly4yal nmojyepTaBa KpUTUYHATA HEOOXOLHUMOCT
OT IapaJjieJIHO MU3CJe/lBaHe Ha TepMHUHATUBHA U
TymopHa [JHK npo6a, kakTo 1 OT NpoBeXx/jaHe Ha
¢ynkuuonanHu HRD TecToBe npu nilaHupaHe Ha
Tepanus ¢ PARP nuxubutopu. [epMUHATUBHUST
reHOTHUII caM 10 cebe CU He e JOoCTaTbyeH 3a Te-
paneBTUYHO B3eMaHe Ha pellleHUsI — TYMOPHUTe C
Bb3cTaHoBeHa HR dyHKILMS HAll-BepOsATHO HSIMA
Ja otroBopsaT Ha PARP uHXu6UTOpH, BHIPEKH Ha-
Ju4reTo Ha repmuHaTuBHA BRCA myTanus [12].
CbBpeMeHHuTe npenopbkd Ha ESMO u NCCN
Beye IpH3HABAT HeEOOXOAMMOCTTA OT TYMOPHO
TeCcTBaHe B J0I'bJIHEHUE KbM repMUHATHBHOTO
IpHY ceJieKTUpaHe Ha NallueHTH 3a TapreTHa Te-
panus [8, 17].

Jlunicata Ha ¢aMuJiHA aHAaMHe3a NpPU 3HAYH-
TeJIHA YacT oT nanveHTuTe (6 ot 19) moakperns
CbBpeMeHHUTE NPEeNopPbKU 3a TYMOP-arHOCTUYHO
TeCcTBaHe WIH TeCTBaHe, 6a3vpaHO Ha TYMOPHH Xa-
pPaKTEPUCTUKH, He3aBUCKMMO OT $paMUIHATa aHAM-
He3a. NCCN u ESMO Beue umaT akTyaJW3WpaHU
HAaCOKH, KaTo NpenopbpyBaT reHeTUYHO U3C/Ie/Ba-
He IIPY BCUYKU [TALIMEHTKH C eNUTeJIeH OBapHuasieH
KapLIMHOM U IIPY MallMEHTKHU C PaK Ha I'bpAATa, Ju-
arHoCTULMpaH A0 60-rofuiliHa Bb3pacT, He3aBUCHU-
Mo oT pamusiHaTa uctopus [8,9, 17, 18].

De novo MyTanunTe, Hel'bJIHATA I€eHETPAHT-
HOCT U Hell'bJiHaTa pamMuiHa MHPoOpMaLUs MoO-
raT Zia 0BeJiaT 10 IPOIlyCKaHe Ha HOCUTeJH [IpH
U3I10/13BaHe caMO Ha (GaMHUJHO-aHaMHEeCTHYHU
KpuTepuu. HamuTte AaHHU NOTBBPXKJABaT HYX-
JlaTa OT MpOMsiHa B apaJurMara v nojyepraBaT
He06X0AUMOCTTA OT alalTHPaHe KbM CbBPEMEH-
HHTe MeX/JyHapoJHHU CTaHAapTH.
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methylation is a documented mechanism for in-
activation of the wild-type allele, spontaneous
demethylation is theoretically possible, albeit
rare. Fourth, haploinsufficiency and expression
of hypomorphic proteins - increasing evidence
suggests that some BRCA1 mutations do not
lead to complete loss of function but rather to
the expression of partially functional (hypo-
morphic) protein isoforms that can maintain
basic HR function [16].

Regardless of the exact mechanism, this
case highlights the critical need for parallel
testing of germline and tumor DNA samples,
as well as conducting functional HRD tests
when planning therapy with PARP inhibitors.
The germline genotype alone is not sufficient
for therapeutic decision-making - tumors with
restored HR function are unlikely to respond
to PARP inhibitors despite the presence of a
germline BRCA mutation [12]. Current ESMO
and NCCN guidelines already acknowledge the
need for tumor testing in addition to germline
testing when selecting patients for targeted
therapy [8, 17].

The absence of family history in a significant
portion of patients (6 out of 19) supports cur-
rent recommendations for tumor-agnostic test-
ing or testing based on tumor characteristics,
regardless of family history. NCCN and ESMO
have updated guidelines recommending genet-
ic testing for all patients with epithelial ovarian
carcinoma and for patients with breast cancer
diagnosed up to age 60, regardless of family his-
tory [8,9, 17, 18].

De novo mutations, incomplete penetrance,
and incomplete family information may lead
to missed carriers when relying solely on fam-
ily history-based criteria. Our data confirm the
need for a paradigm shift and underscore the
necessity of adapting to current international
standards.
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CiydasAT Ha MJ1aJiisl MbXK, ©36paJ npoduiak-
THYHA MAaCTeKTOMUS BBIPEKU JIUICATa HA SICHU
KJIMHUYHHU MPENopbKH, OTBApsl AUCKYCHUs 3a aB-
TOHOMMUSITA Ha MALlMEHTA B KOHTEKCTA Ha IpeBaH-
TUBHaATa xupyprus. CropeJ; akTyaJHUTe JaHHU
PUCKBT OT paK Ha I'bpAaTa NpU M'bKe, HOCUTEN
Ha BRCA1 myTanuuy, e 0.2-1.2% g0 70-roguiiHa
Bb3pacT, a npu BRCA2 HocuTenu - 1.8-7.1% [2],
KOeTO OOMKHOBEHO He olpaBjaaBa npoduiak-
THYHa MacTekToMus. Heobxomumo e fa ce uma
npeABUJ U HUHAUBUJYAJTHOTO Bb3NpUeMaHe Ha
pucka KaTo BaxkeH $aKTOp NPU B3eMaHEeTO Ha
pelieHHs1 3a NPOPUIAKTUYHU, PUCK-PeyIHpa-
M XUPYPTUYHU HHTepBeHIMU. [eHeTHUHUTe
KOHCYJITAHTH, OCUTYPSIBAaWKHU LsI0CTHA UHPOP-
Mallys 3a pUCKOBETE U MO0JI3UTEe OT FTeHETUYHUTE
U3CJie[lBaHUSA, Pa3CHABAHETO Ha pe3y/JTaTUTe U
3HAYEeHHUEeTO UM, TPsi6Ba /A mo/oMaraT nalueH-
Ta BbB B3EMaHETO Ha pellleHHe, KaTo 6ajJlaHCUpaT
MeXAy MeIUIMHCKHUTE MPENnopbKH U JIMIYHOTO
MHOOPMHUPAHO pellleHHe Ha MallMeHTa, KaTo Mo-
CJIeJHOTO UMa ONpesiedall0 3Ha4eHHe.

BucokaTa yectoTa Ha OuJiaTepaJsieH Kaplu-
HOM B KoxopTaTa (27%) CbOTBeTCTBa Ha IIOBM-
IIEeHUs TeopeTHYeH PHUCK 3a KOHTpasaTepaaHO
3acarade npu BRCA 1/2 HocuTenn Ha MyTauus
- oueHsABaH Ha okoJio 40% KyMyJaTUBEH PHUCK
3a 20 roguHu cjej, I'bpBUYHATa JUarHosa. To3u
dakT nmoavepTaBa HEOOXOAUMOCTTA OT 3aCUJIEH
obpaseH MOHHUTOPUHI Ha KOHTpaJaTepasHa-
Ta r'bpaa ¢ roguuiedH AMP B pomb/HeHHe KbM
MaMmorpadus, JUCKycus 3a MNpodUIaKTHUYHA
KOHTpaJlaTepajlHa MacTeKTOMHUS KaTo OMIivs
pY MOAXOAAIIM MAlMEHTKH U ChOOpa3siBaHe Ha
O6uJlaTepaJHUsI PUCK MPU IJIAHUPaHe Ha XUPYp-
TUYHO JileYeHHEe U PEKOHCTPYKIHS.

CiyyasT Ha iBoMiHa xeTepo3uroTHocT (BRCA2
+ ATM) noBaura BbIpoca 3a AUTeHHO Hac/leisiBa-
He U KyMyJIaTUBeH epeKT HAa BApUAHTH B pa3/iny-
HU reHU 3a nonpaska Ha JIHK. ATM BapuaHTuTe
caMHU 10 ce6e CH ca CB'bP3aHU C yMepPeHO MOBHUIIEH
PUCK OT pak Ha rbpzaaTa [19], Ho koMbUHaLUATa
¢ BRCA2 myTanus 64 MorJsa Jja iMa CHHEpPrUieH
edekT. MylajaTa Bb3pacT NpH JUArHOCTHULIMPAHE
(30 rogunu) u arpecuBHUAT deHoTun (G3, myJ-
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The case of the young male who opted for
prophylactic mastectomy despite the lack of
clear clinical recommendations opens a discus-
sion on patient autonomy in the context of pre-
ventive surgery. According to current data, the
risk of breast cancer in male BRCA1 mutation
carriers is 0.2-1.2% by age 70, and in BRCA2
carriers - 1.8-7.1% [2], which generally does
not justify prophylactic mastectomy. It is also
necessary to consider the individual perception
of risk as an important factor in decision-mak-
ing for prophylactic risk-reducing surgical in-
terventions. Genetic counselors, by providing
comprehensive information on the risks and
benefits of genetic testing, explaining the re-
sults and their significance, should support the
patient in making decisions by balancing med-
ical recommendations with the patient’s in-
formed personal choice, which ultimately holds
decisive importance.

The high frequency of bilateral carcinoma in
the cohort (27%) corresponds to the increased
theoretical risk of contralateral involvement in
BRCA1/2 mutation carriers - estimated at ap-
proximately 40% cumulative risk over 20 years
following the initial diagnosis. This fact high-
lights the need for enhanced imaging surveil-
lance of the contralateral breast with annual
MRI in addition to mammography, discussion
of prophylactic contralateral mastectomy as an
option for suitable patients, and consideration
of bilateral risk when planning surgical treat-
ment and reconstruction.

The case of double heterozygosity (BRCA2 +
ATM) raises the question of digenic inheritance
and the cumulative effect of variants in different
DNA repair genes. ATM variants alone are asso-
ciated with a moderately increased risk of breast
cancer [19], but the combination with a BRCA2
mutation could have a synergistic effect. The
young age at diagnosis (30 years) and aggressive



TUdOKaseH) NPU Ta3u NalMeHTKa Morart ja oT-
passBaT TaKbB CUHEPTru3bM. M3mosi3BaHeTO Ha
MyJTUT€HHU NaHeJIY, 3a pa3/MKa OT TapreTHOTO
TecTBaHe caMo Ha BRCA1/2, no3BoJisiBa UJl€HTH-
¢dunrpaHe Ha MOA0OHU CJ10KHU FT€HOTHUIIOBE U I10-
npelu3Ha olleHKa Ha pucka [20]. CbBpeMeHHUTe
NaHeJu BKJIKYBAT MHOXKeCcTBO moderate- 1 high-
penetrance renu (PALB2, CHEK2, ATM, BARD1 u
JIp.), KaTO KOMOMHUPAHUAT ePeKT Ha BapUaHTHU
B HAKOJIKO OT TfX 3all04Ba Jia ce NMpU3HaBa KaTo
K/JIMHUYHO 3HAYHUM.

BbBexxpaHeTo Ha NGS TexHOJIOTHM B pyTHH-
HaTa KJVMHWYHA [IPaKTUKA B bbarapus ynecHsasa
IIMPOKOMalabHUsl CKPUHUHT U OTKPUBAHETO Ha
noBe4ye HOCUTE/IH, BKIYUTENTHO 3/JpaBU UHJU-
BU/JM, IPU KOUTO MOraT JAa ObAaT NpejnpueTH
paHHU NpeBaHTUBHU MepKU. KackagHUAT ckpu-
HUHT Ha DOJCTBEHHLU e peHTabu/Ha CTpaTe-
r'usl C BUCOKA JUAarHOCTHYHA epeKTUBHOCT, KaTo
N03BOJIIBA NMpeBeHIUA NpeAd pa3BUTHe Ha 3a-
6osiaBaHe. [lpu naeHTudULMpaH NaToreHeH Ba-
puaHT B ceMelicTBOTO MMa 50% BeposTHOCT 3a
OTKpHBaHe Ha HOCUTEJIY CpeJi PO CTBEHULUTE OT
I'bpBa CTeleH, KOeTo NpPaBu KacKaJHUsS aHaJIU3
M3KJIIOYNTENHO ePeKTHBEH U Ce MpernopbyBa /Ja
6'b/Jle CTaHAApPTHA IPaKTHKa.

3AKJIIOYEHHUE

W3cnepnBaHusATa NOTBBPXKJABAT KJIMHHAYHATA
XeTepOreHHOCT Ha 3a60JI1BaHUSATA, aCOLUUPAHU C
rennute BRCA1 u BRCA2, nopu npu HOCUTENHN Ha
e[lMH Y Cblll NaToreHeH BapuaHT. UxeHTUPuLU-
paneTto Ha BRCA1:c.5266dup kaTo npeobsiasaBaii
BapMaHT B HalllaTa JIOKaJHa KOXOpTa IOJKpens
XUIOTe3aTa 3a pervoHasHa founder-myrtanus u
npejnosiara Heo6xXoJMMOCTTa OT pa3paboTBaHe
Ha [ONy/JalMOHHO-CIeUUPUYHHU CKPUHUHTOBU
crtpateruy. Cay4adaT Ha HECbOTBETCTBUE MEX-
Ay repmuHatvBeH BRCA cratyc u tymopen HRD
deHOTUN MOJYepTaBa HEOOXOAUMOCTTA OT Hapa-
JIeJIHO M3CjelBaHe Ha KpbBHa U TyMopHa /IHK,
KaKTO U OT MpoBex/JaHe Ha ¢yHKIMoHanHU HRD
TeCTOBe NpPH IJIaHupaHe Ha Tepanus ¢ PARP uH-
xubutopu. Jluncara Ha paMu/IHA aHAMHe3a NpHU
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phenotype (G3, multifocal) in this patient may re-
flect such synergism. The use of multigene panels,
as opposed to targeted testing of only BRCA1/2,
allows for the identification of such complex gen-
otypes and more precise risk assessment [20].
Modern panels include multiple moderate- and
high-penetrance genes (PALB2, CHEK2, ATM,
BARD1, etc.), and the combined effect of variants
in several of them is increasingly recognized as
clinically significant.

The introduction of NGS technologies into rou-
tine clinical practice in Bulgaria facilitates large-
scale screening and the identification of more
carriers, including healthy individuals, in whom
early preventive measures can be undertaken.
Cascade screening of relatives is a cost-effective
strategy with high diagnostic efficiency, allowing
prevention before disease development. When a
pathogenic variant is identified in a family, there
is a 50% probability of detecting carriers among
first-degree relatives, making cascade analysis ex-
tremely effective and recommended as standard

practice.

CONCLUSION

The conducted study confirms the clinical
heterogeneity of diseases associated with the
BRCA1 and BRCAZ2 genes, even among carriers of
the same pathogenic variant. The identification of
BRCA1:c.5266dup as the predominant variant in
our local cohort supports the hypothesis of a re-
gional founder mutation and suggests the need for
the development of population-specific screening
strategies. The case of discrepancy between ger-
mline BRCA status and tumor HRD phenotype un-
derscores the necessity of parallel testing of blood
and tumor DNA, as well as conducting functional
HRD tests when planning therapy with PARP in-
hibitors. The absence of family history in a signif-
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3Ha4YMTeJIHa 4acT OT NalMeHTHUTe NOTBBbPXKJaBa
CbBpeMeHHUTe MPeNopbKU 3a paslUpPeHO reHe-
THUYHO TECTBaHe, 6a3MPAaHO HA TYMOPHHU XapaKTe-
PUCTHUKHU U Bb3PacT Ha [IOCTaBsIHE Ha JUarHo3ara,
He3aBUCUMO OT daMuIHATaA HUCTOpHs. BbBexa-
HeTO Ha TYMOP-arHOCTHYeH MOJXO0J Lie MO03BOJIH
UJeHTUQUIIMPAaHeTOo Ha ToBeye HOCUTENH, KOUTO
MHade 6Mxa OCTaHaJIM HeIUaTHOCTUIIUPAaHHU.

OTKpUTHUTE Cly4au Ha JBOWMHA XeTepO3UIOT-
HOCT U OUJlaTepalHU KapLUMHOMH MOJ4YepTaBaT
3HAUYEeHUETO Ha MyJITUTeHHUTE NIaHeJId, KOMIIJIeKC-
HOTO T€HEeTUYHO KOHCYJITHpaHe U WHIWBUIYaJIU-
3UpaHus [I0X0/, KbM BCEKH NNALlUEHT. [eHeTUYHUAT
KOHCYJITQaHT MMa KJ/II0U0Ba pOJisl B OINpeJie/ITHETO
Ha HaU-IOAXOAAILOTO U3Cie/iBaHe, UHTEPIPeTALU-
ATa Ha pe3yJaTaTuTe U GOpMyJIMpaHETO Ha IIepco-
HaJIN3UPaH [IpeBaHTUBEH U TepaneBTUYEH IJIaH.

KackaHUAT CKpUHUHI Ha 3/ipaBU PO/ CTBe-
HULM e BUCOKOe(deKTHUBHA CTpaTerus 3a bpBUY-
Ha NpeBeHLUs, a NpeApenpoJyKTUBHOTO TeHe-
THUYHO KOHCYJITUPaHe € OT ChIleCTBEHO 3HaYeHue
3a U36ArBaHe Ha PAJKOTO, HO TEKKO BPOZEHO 3a-
6oJsiABaHe — aHeMUs Ha PaHKOHHY, A'bJDKALLO Ce Ha
OGuaJsiesIHO YHAC/Ie/IsIBaHe.

HacrosawmoTo u3ciaegBaHe AeMOHCTpUpPA Bb3-
MoxkHOCTUTe Ha NGS TexHoJIoTUUTE B ObJrap-
CKaTa KJIMHWYHA IPaKTHKa U HE06X0AUMOCTTA OT
MYJITHANCLUIIMHAPEH NOJXO0J IPH ynpaBJeHHe-
TO Ha HACJEeJCTBEHUS OHKOJIOTMYEeH PHUCK, obe-
JUHABALL TeHeTHYHW KOHCYJTAHTH, OHKOJIO3H,
XUPYP3U U PelpoAyKTUBHU CHEeLHaJUCTH 3a OIl-
THUMaJIHU I'PUKa KaKToO 3a NMalydeHTa ¢ OHKOJIOTHY-
HO 3a00J/IsIBaHe, TaKa ¥ 32 HErOBOTO CEMENCTBO.
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icant portion of patients confirms current recom-
mendations for expanded genetic testing based
on tumor characteristics and age at diagnosis, re-
gardless of family history. The implementation of
a tumor-agnostic approach will enable the iden-
tification of more carriers who would otherwise
remain undiagnosed.

The documented cases of double heterozygos-
ity and bilateral carcinomas highlight the impor-
tance of multigene panels, comprehensive genet-
ic counseling, and an individualized approach to
each patient. The genetic counselor plays a key
role in determining the most appropriate testing,
interpreting results, and formulating a personal-
ized preventive and therapeutic plan.

Cascade screening of healthy relatives rep-
resents a highly effective strategy for primary pre-
vention, and pre-reproductive genetic counseling
is essential for avoiding the rare but severe con-
genital disease - Fanconi anemia - resulting from
biallelic inheritance.

This study demonstrates the potential of
NGS technologies in Bulgarian clinical practice
and the need for a multidisciplinary approach in
managing hereditary oncological risk, bringing
together genetic counselors, oncologists, sur-
geons, and reproductive specialists to ensure
optimal care for both the cancer patient and

their family.
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OCTPHU PEAKIIMHU HA CBPBbXYYBCTBHUTEJ/IHOCT, ACOODUHNPAHU
C XEMOJMA/IMBHUTE MEMBPAHU

A. Akuweasa, I. Todopoea, B. Todopos

II'spso duaausHo omdeaernue, MBAJI ,Cepye u mo3ok” - [l1eseH

Pesiome. [Ipe3 nociejHOTO JeceTUAeTHe NOMy/IalUsTa Ha XeMOAUA/IN3HUTE NallMeHTH B CBeTa
e HapacHaJsIa OT 0K0JIO MUJIMOH U NO0JIOBUHA Ha [iBa MUJIMOHA U N0JIOBUHA. 3a JIeYeHHeTO UM Tro-
JUIIHO Ce U3MO0JI3BAaT CTOTULY MUJIMOHU JMa/M3aToOpa, KaTo M0-ro/siMaTa 4acT OT TAX ca C MeM-
6pana oT nosiucysndpoH. OCTpUTe peaKlMy Ha CBP'bXUYBCTBUTEIHOCT, pa3BUBAILY Ce [10 BpeMe Ha
XeMOJAMaIN3a, AaCOLUUPAHU C XeMOAUATU3HUTE MEMOPAHH, ca A0Ope MO3HATH ycaoKHeHUs. Te3u
aJIeprMYHU peaKI U Hail-4ecTo ca CBbP3aHU C eTUIEHOKCUAHA CEHCUOUIN3aLUs UIU C MeMbpa-
HU C N0-MaJsiKa 6MOCHBMECTUMOCT KaTO KynpodaHOBUTE, HO ca ONMKCAaHU U IPU H3I0J3BaHE Ha
JMaJIM3aTOPH C BUCOKO GMOCHBMECTHMH MOIUCYIPOHOBU MeMOpPaHHU. /luaIu3HO-acoOLMHpaHUTeE
aHapUIAKTUYHU U aHAQUJIAKTOULHU peaKluy ce pa3BUBAT BHE3AMHO U 6'bP30, KATO CUMIITOMHU-
Te MOraT Jja 6'bAaT JIEKH, YMEPEHHU W/ XKUBOTO3acTpallaBaliy. YecToTaTa Ha TEXKKUTE PeaKLUU
Bapupa oT 1 Ha 10 000 go 1 Ha 50 000 guanu3Hu npoueaypu. ChobuiaBaMe 32 TpUMa NALUEHTH C
0CTpa peakLys Ha CBP'bX4yBCTBUTEIHOCT, aCOLMHUpPaHa C XeMOANATU3HUTE MEMOPaHU.

KiouoBM AymMuU: XeMo/ina/in3a, AUaJU3HU MeMOPaHH, peaKus Ha CBPbXYYBCTBUTETHOCT
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ACUTE HYPERSENSITIVITY REACTIONS ASSOCIATED WITH HEMODIALYSIS
MEMBRANES

A. Akisheva, G. Todorova, V. Todorov

First Dialysis Unit, Hearth and Brain Hospital - Pleven, Bulgaria

Abstract. Over the last decade, the hemodialysis population worldwide has increased from over one
and a half million to approximately two and a half million. Hundreds of millions of dialyzers are used
annually for their treatment, most of which utilize polysulfone membranes.Acute hypersensitivity
reactions that develop during hemodialysis and are associated with dialysis membranes are
a well-recognized complication. These reactions are most commonly linked to ethylene oxide
sensitization or to membranes with low biocompatibility, such as cuprophane membranes, but
they have also been described in dialyzers using highly biocompatible polysulfone membranes.
Dialysis-associated anaphylactic and anaphylactoid reactions can develop rapidly, and their clinical
presentation may range from mild, moderate, or life-threatening. The incidence of severe reactions
ranges from 1 in 10,000 to 1 in 50,000 dialysis procedures. We report three patients with acute
hypersensitivity reactions associated with hemodialysis.

Key words: hemodialysis, membranes for dialysis, hypersensitivity reactions

BBBEJIEHUE INTRODUCTION

C pa3BUTHETO HAa TEXHOJIOTUHTE B MeIUI[UHA- With the development of medical technol-
Ta Mpe3 NOCAeJHUTE TPU JeceTUIeTrus XxeMoau- ogy over the last three decades, hemodialysis
asm3aTa 6e yChBbPIIEHCTBAHA 3HAYUTENHO KaTo  has significantly improved as a treatment meth-
MeTO/l Ha JieYeHH e 3a 3aMecTBaHe Ha 6b6peuHaTta  od for renal replacement therapy. An important
dyHk1Ma. BaxkHa 4acT OT UsA/s0CTHOTO TexHos10-  part of the whole technological renovation is
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TMYHO OGHOBsIBaHe e BHeJpsiBaHe HA HOBU JiMa-
JIN3HU MeMOpaHH, XapaKTepU3UPaIlU ce C 10-106-
pY AMANM3HU NapaMeTpu U GHOCHBMECTHMOCT,
KOUTO TIOCTENEeHHO H3MeCTHXa H3I0J3BaHUTE
npe3 I'bPBUTE TPHU JeCEeTUIEeTUs Ha JHaJIM3Ha-
Ta epa. bBuocbBMecTUMUTE MeMOpaHU MO-PSAAKO
NpeAu3BUKBAT JIEBKONEHUSI M MMAaT IO-HUCBK
MH/IeKC Ha aKTHMBalMsa Ha KOMIlJIeMeHTa. Te ca
no-706py JenypalMoHHU NapaMeTpH, C IMO-ro-
JiiM 6poM Mopy Ha eAMHUIA IJIOL U KAaTO L5110
- € Mo-A06pa TeXHOJIO0TMYHA XapaKTepHUCTHKA.
XemozuanrsaTa caMa 1o cebe cu uMma Ipo-
uH}JaMaTOpeH U NPOOKCHUJAHTEH MNOTeHIHaJL.
PeakuuuTe Ha CBPBXYYBCTBUTENHOCT - KaKTO
aHaQUIAKTUYHH, TaKa M aHapUIAKTOUJHH, Ca
OT/lJaBHa [IO3HATH yCJIOKHEHUS], CBbP3aHHU C Jiha-
JIU3HOTO JiedeHue [7]. Te3u peakuuu ce AbKaT
Ha KOHTAKTa Ha KpbBTa Ha NaljMeHTa C pa3/iny-
HUTe eJIeMEHTH Ha eKCTPaKOpIOPaTHOTO KPb-
BOOOpallleHNe, KaTO Bb3MOXKHHUTE ajiepreHd ca
eJleMeHTH Ha IMaJIM3HUTE MeMOpPaHH, pa3JInyHU
XUMUYHU CbeJJMHEHHUS U [TOJIMMEPH, KOUTO Ca U3-
N0JI3BaHU 3a U3paboTBaHe Ha JAMAIU3aTOPUTE U
Ha XEMOJIMHUUTE, HA UIVIUTE 3a IMYHKTUpPaHe Ha
apTepHo-BeHO3HU aHACTOMO3H, CbJJOBUTE KaTET-
pHY, KaKTO W JpPYrd eJeMeHTH Ha JAHAJTU3HOTO
obopyznBaHe. He 6uBa fa ce mpomnyckaT U epuT-
pornoesara CTUMY/IMpALIUTe areHTH, KeJe3HUTe
npenapaTy, IpularaHd BE€HO3HO, €TUJIEHOBHUSAT
OKCH/, M3I10JI3BaH 3a CTEPUJIM3aLUA B MUHAJOTO,
aleTaTHUAT pa3TBOP 3a [jMain3a, 3aMbpCsBaHUA
BBbB BOJlaTa NpeJyd HaBJIM3aHETO Ha ob6paTHaTa
ocMo3a u Jp. [19]. [Ipe3 roguHUTE Te3U peaKkluu
ce O3HayaBaT C pas3JIMYHM TepMUHHU: first-use
syndrome”, “hypersensitivity reactions®, , dialyzer-
associated hypersensitivity reactions [2, 17],
,allergic reactions” [21]. PeakuuuTe Ha CBPBX-
YYBCTBUTEJHOCT K'bM JJMaJIU3HUTE MeMOpaHHU ca
pe3yJTaT Ha 6HOHECHEBMECTUMOCT, KOETO € CB'bp-
3aHO Ollle ¢ aKTHBUpaHe Ha KacKajaTa Ha KOM-
IJIEMEHTA, Ha Koary/aalysTa U Ha Bb3MaJeHUETO.
M3nosi3BaHeTo Ha GUMOHECHBMECTHUMH MeMOpa-
HU (Hamp. KynpodaHOBU), CTepUIU3ALUATA C
eTUJIEHOB OKCH/, aleTaTHaTa AuaJjn3a, NMpUJo-
>)KEHHeTO Ha MeMOpaHH, U3pabOTeHU OT IMOJIH-
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the implementation of new dialysis membranes,
characterized by better dialysis parameters and
biocompatibility, which gradually replaced the
ones used during the first three decades of the
dialysis era. Biocompatible membranes rarely
provoke leukopenia and have a lower index of
complement activation. They have better depu-
ration parameters, a larger number of pores per
square meter, and generally better technological
characteristics.

Hemodialysis, by itself, has a proinflam-
matory and prooxidant potential. Hypersensi-
tivity reactions, related to dialysis treatment,
both anaphylactic and anaphylactoid, are long-
known complications related to this method [7].
These reactions are due to the contact of the pa-
tient’s blood with the different elements of the
extracorporeal circuit, where the possible aller-
gens are elements of the dialysis membranes,
different chemical compounds and polymers,
used for dialyzer and hemoline production, the
needles for arterio-venous anastomosis punc-
ture and vascular catheters, as well as other
elements of the dialysis equipment. Other fac-
tors, such as erythropoiesis-stimulating agents,
intravenous iron medications, ethylene oxide,
used in the past for sterilization, acetate dialy-
sis solutions, contamination of the water before
implementation of reverse osmosis, etc., should
not be omitted [19]. During the years these re-
actions were named with different terms: “first-
use syndrome,” “hypersensitivity reactions,”
“dialyzer-associated hypersensitivity reactions”
[2, 17], and “allergic reactions” [21]. Hypersen-
sitivity reactions to the dialysis membranes are
a result of bioincompatibility, which is related
to the activation of the complement cascade
and coagulation and inflammation cascades.
The use of biocompatible membranes (e.g., cu-
prophane), sterilization with ethylene oxide,
acetate dialysis, and usage of membranes from
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akpuJHUTPUI (AN69), KOMOMHUPAHO C MPUEM
Ha ACE uHxubuTopH, ce cyUTaT 3a HaW-4YeCcTUTe
eTHUOJIOTUYHHU GaKTOpH 32 JUaTU3a-aColMMpaHa-
Ta CBpbxuyBcTBUTENHOCT [5, 17, 30]. B gHewmHO
BpeMe GMOCHBMECTUMOCTTA € N0J06peHa 3Ha4u-
TeJIHO, KOeTO Ce CBbp3Ba C BbBeJleHUTe pasIny-
HU HOBU MaTepuald (CUHTETHUYHU MeMOpaHHU),
NpeMUHaBaHeTO KbM OMKapOOHaTHa JAWa/u3a,
IpoMsiHaTa Ha MeTOAUTe Ha cTepuan3anus. Boo-
peKHy Te3u UHOBALMU B JUAJTU3HOTO JIeYEHUE BCE
ollle ce AOKJaABaT peakLHH Ha CBPBbX4YYBCTBU-
TesiHOCT [13, 17, 30].

[IpeacraBsaMe TpY KJIMHUYHU C/1y4as Ha OCTPU
peakL My Ha CBP’bXYYBCTBUTEJHOCT IPH JIeUeHH e C
XeMO/ZIMain3a, KOUTO ca PsIAKO siBJeHue JHec. Jlo-
6aBsMe NOJpOOHA JMTepaTypHa CIpaBKa.

KiuHauyeH cay4yau 1

Onucsa ce ciydad € KeHa Ha 62 rOAMHU C HO-
BOJMArHOCTUIIUPAH MUKPOCKOICKH MOJIMAaHTHUT,
3axapeH AvabeT TUN 2, XUIIEPTOHUYHA 60JIeCT U
060CcTpeHa XpOHUYHA 6G'bOpeYHa HeZOCTATBYHOCT.
[lopazu BUCOKOCTeNeHHATa a30TeMHUs e 3allo4Ha-
TO XeMOJHWaJIU3HO JieyeHUe. [IpoBesieHH ca cefieM
XeMOJIMa/IN3HU NpoLeypH, 6e3 CblecTBEHHU OIl-
JIAKBaHUS Ha ManuveHTKaTa. [Ipoueaypure ca us-
BbplueHH c auanusarop FX10, Fresenius Medical
Care (1,8 m? edekTHBHA JUaJIM3HA TOBBPXHOCT,
CUHTeTU4YHa MeMOpaHa Helixone®, kosTo e mo-
JnrcyndoHOBa; cTepuaIMsanus c napa). Hakosko
MUHYTH CJieJ, HayaJIOTO Ha ocMaTa mnpoueaypa
nalyeHTKaTa ce OIJIaka OT 3a/yX U JUCIHes, 3a-
TOIUISIHE, 3aYepBsiBaHEe Ha KOXKaTa, IVIaBOGOJIMe.
Menukupa ce ¢ methylprednisolone 125 mg u ce
nozaze KucjaopoA. BmociencTBue ce pa3BuUBaT
TaxXUKapZusi, XUIOTOHHS, IOK U CbpPZEY€eH apecT.
Jlvanv3HaTta Inpolejaypa ce NpeycTaHOBH, IPOBe-
Jle ce KapAuoIyJIMOHa/IHA peCcyCLUTalus, Bb3CTa-
HOBM Ce CUHYCOBHUAT pUTHM. CJiesi HacTaHsSBaHe
B OTJe/leHHeTo 10 peaHUMal sl CbCTOSTHUETO Ha
60JiHaTa ce CTabUIM3Mpa U e eKCTyOupaHa eJuH
yac cieJy UHIuAeHTa. Ha ciefBamius geH xeMou-
aJlM3HaTa Mpoleaypa ce MpoBese € JUalu3aTop
Elisio 1,9H, Nipro (1,9 m? epexTrBHa JjUaJU3Ha M0~
BBPXHOCT, CHHTETUYHA MeM6paHa Polynephron®,
KOSITO € ToJineTepcy/PpOHOBa; CTEPUIM3ALUS C
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polyacrylonitrile (AN69), combined with treat-
ment with ACE inhibitors, are referred to as the
most common etiological factors for dialysis-as-
sociated hypersensitivity [5, 17, 30]. Nowa-
days, biocompatibility is significantly improved,
which is related to the usage of different new
materials (synthetic membranes), transition to
bicarbonate dialysis, and changes in steriliza-
tion methods. Despite these innovations in di-
alysis treatment, hypersensitivity reactions are
still reported [13, 17, 30].

We present three clinical cases of acute hy-
persensitivity reaction in hemodialysis patients,
which, nowadays, is a rare event and present a de-
tailed literature review.

Clinical case 1

A 62-year-old female with recently diag-
nosed microscopic polyangiitis, diabetes melli-
tus type 2, hypertensive disease, and advanced
chronic kidney disease. Due to the high-grade
azotemia, hemodialysis treatment was initiated.
The patient underwent seven hemodialysis pro-
cedures without any major complaints. The pro-
cedures were performed with a dialyzer FX10,
Fresenius Medical Care (1.8 m? effective dial-
ysis surface, synthetic membrane Helixone®,
which is a polysulfone membrane, undergone
steam sterilization). A few minutes after the
beginning of the eighth procedure, the patient
started complaining of shortness of breath and
dyspnea, heat, skin erythema, and headache.
She was treated with 125 mg of Methylpred-
nisolone and oxygen. After that, she developed
tachycardia, hypotension, shock, and cardiac
arrest. The dialysis procedure was terminated
immediately, CPR was performed, sinus rhythm
was recovered and the patient was transferred
to the ICU, where the condition was stabilized
with the patient being extubated after one hour.
The following day the hemodialysis procedure
was performed with dialyzer Elisio 1.9H, Ni-
pro (1.9 m? effective dialysis surface, synthet-
ic membrane Polynephron®, which is a poly-

ethersulfone membrane, sterilized with gamma



rama-spuM). [Iponeaypara npotuya 6e3 MposiBU
Ha CBP'BbXUYYBCTBUTENHOCT. CJie/IBAIIUTE CECUU CE
W3BBPIIBAT CAMO C AWAJNU3ATOP C MOJHUETEPCYII-
¢doHOBa MeMOpaHa. BrocsieacTBre manueHTKaTa
JIOCTUTHA [JI0 JIMAJIN3HO-HE3aBUCUMHU CTOWHOCTH
Ha CEpyMHHTE a30THU ITOKA3aTeH U XeMOJHUAIU3-
HOTO JieueHHe Gellle MpeyCTaHOBEHO.

KivHu4eH ciayyai 2

OnucBa ce ciy4yad ¢ KeHa Ha 53 TOJUHU C
KapLMHOM Ha MJIeYyHa )Jie3a, XpOHUYEeH UHTep-
CTUIMAJIeH HeQPUT, CBbP3aH C XUMHUOTEPATTHUSTA,
M TepMHUHa/IHA XpPOHMYHa ObOpeyHa HexJOCTa-
T'BYHOCT. 3alI0YHATO € XeMO/[MAJIM3HO JieueHHe C
nuanusartop FX8, Fresenius Medical Care (1,4 m?
epeKTUBHA JHalM3HA MOBBPXHOCT, CAHTETUYHA
MeMbOpaHa Helixone®, cTepunuzanus c mnapa).
O1e mpe3 mbpBUTE NPOLELYPU NMallMeHTKaTa ce
OIJIaKa 32 TMOSIBa HAa 33/yX U TEXKECT B I'bPAUTE
HSIKOJIKO MUHYTH CJIeJ| Ha4aJIOTO Ha Mpoleypa-
Ta, C NIPOAB/BKUTENHOCT 0K0JI0 15-20 min, cief
KOETO OIlJIAKBAHUATA OT3By4YaBaxa CIOHTAHHO.
OcbuiecTBEHUTE [JUArHOCTUYHU H3CJIe/BaHUSA
6s1xa 6e3 oTKJIoHeHHs. C/ief; TpU MpOoLEeAypH AUa-
ausatopbT b6elie cMeHeH c Elisio 1,7H, Nipro (1,7
m? epeKTUBHA AWATM3HA TOBBPXHOCT, CHHTETHUY-
Ha MeMb6paHa Polynephron®, crepuiusanus c
rama-ap4u). OnylakBaHusATa oT3By4axa. KbM Ha-
CTOSIIIMS MOMEHT MallMeHTKaTa MPObJKABA /A
npoBex/ia X/l iedeHue 6e3 UHIU/IEHTH.

KnvuHu4eH ciayyai 3

Cnyyadar e c »xeHa Ha 68 rolMHU C XPOHUYEH
WHTepCTUIMa/IeH HeQPUT, XUTIEPTOHUYHA Hepo-
NaTHs U TEpMHUHAJHA XpOHUYHA G'bO6pevYHa Hefloc-
TAaT'BYHOCT. 3aMI0OYHATO € XEMOJUAIU3HO JIeueH e
¢ puanusatop FX8, Fresenius Medical Care (1,4 m?
edpekTHBHA JUANTM3HA MOBBPXHOCT, CHHTETHUYHA
MeMm6paHa Helixone®, kosito e moJsHcyndoHO-
Ba; CTEPUJIM3WPAHH, CTepuan3anus ¢ napa). Ome
NpY IbPBUTE HAKOJIKO MPOLEAYPU MalMeHTKATa
Ce OIJIAKa 3a MOSIBA HA 33/lyX, KAlUIMIA B I'bPBU-
Te 10 min c/ies HaYyaJO0TO HA MpoIeAypaTa, KaTo
KallUTMI[ATa He Ce TMOBJIMSBAIlE OT MPUJIOKEHHE
Ha MeJIMKaMeHTH W MpOo/b/DKaBalle C pasJjdyeH
WHTe3UuTeT Mnpe3 udanara X/l cecuda. EAuH 4ac ciep,
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rays). There were no hypersensitivity reactions.
The following dialysis sessions were performed
only with a polyethersulfone membrane. Subse-
quently, the patient reached dialysis indepen-
dent values of the serum markers and hemodi-
alysis treatment was terminated.

Clinical case 2

A 53-year-old female with breast cancer
and chronic interstitial nephritis, following
chemotherapy and end-stage renal failure.
Hemodialysis treatment was initiated with
dialyzer FX8, Fresenius Medical Care (1.4 m?
effective dialysis surface, synthetic membrane
Helixone®, sterilized with steam). Even in
the first dialysis procedures, the patient com-
plained of shortness of breath and chest pres-
sure several minutes after the beginning of the
procedure, which continued for 15-20 minutes,
after that reversed spontaneously. Diagnostic
markers were within normal limits. After three
procedures the dialyzer was changed to Elisio
1.7H, Nipro (1.7 m? effective dialysis surface,
synthetic membrane Polynephron®, sterilized
with gamma rays). The patient had no more
complaints and continues dialysis treatment
without incidents.

Clinical case 3

A 68-year-old female with chronic intersti-
tial nephritis, hypertensive nephropathy, and
end-stage renal disease. Hemodialysis treat-
ment was initiated with dialyzer FX8, Fresenius
Medical Care (1.4 m? effective dialysis surface,
synthetic membrane Helixone®, which is a
polysulfone membrane, sterilized with steam).
Even in the first dialysis procedures, the pa-
tient complained of shortness of breath and
cough, which began around 10 minutes after
the start of the procedure, did not resolve from
medication, and persisted with different inten-
sity throughout the whole procedure. An hour
after the termination of the hemodialysis pro-
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npUKJAYBaHe Ha X/l KauuiMmaTta OT3By4aBalle
CMOHTAHHO. W3BbplleHUTe JAUArHOCTUYHU U3-
cnelBaHus ca 6e3 OTKJIOHeHHs. CieJ; HSKOJIKO
npoleAypu Auanu3atopbT Gelie cMeHeH c Elisio
1,9H, Nipro (1,9 m? edpexkTrBHA juaIM3HA TOBBPX-
HOCT, CHHTeTHUYHa MeMb6paHa Polynephron®; cre-
puiMsanus ¢ rama Jibd). OnJIaKkBaHUSATA TOBeYe
He ce MaHMdecTHpaxa. K'bM HacTOSIIIUSA MOMEHT
naiyeHTKaTa Npob/hKaBa Jia nposexa X/l nmpo-
1eypu 6e3 MHIIUEeHTH U 6e3 OTJIaKBaHUS.
XeMoMa/IM3HOTO JIeUeHUE € IIPOBEJEHO C e/I-
HOKPATHO W3T0J/I3BaHe Ha IUAIM3ATOPUTE.

OBCBXXJAHE

PeakyuuTe Ha CBPBbXYYBCTBUTEJHOCT ca
CBBbP3aHU C MHOXeCTBO (aKTOPH, KOUTO MOKe
06110 Ja ce rpynupaT B HAKOJIKO KaTeropuu:
MaTepuasiy, U3M0JI3BaHU 3a NPOU3BOJCTBOTO Ha
KanuJsipyuTe, NPOU3BOJCTBEHH MNPOLEAYpPU Ha
MeMOpaHHKTe, MaTepHuaJiy 3a IPOU3BOACTBOTO Ha
JUaJIU3aTOpPUTe, NMPOLEeAYpPH 3a NPOU3BOLACTBO
Ha JAMaJIn3aTopuTe, IPOMU3BOJACTBEH Ipolec Ha
KOHCyMaTUBUTE, BKJIIOUYUTEJHO OKOHYATEJHOTO
M3MHBaHe, HAYMH Ha CTepU/IM3alusd, Ipouec Ha
IOArOTOBKAa Ha JAMaJM3aTOpUTeE 3a JHUa/M3HaTa
cecusl, XapaKTepUCTHUKA Ha nauueHTuTe [34].

Ot BpeMeTo Ha Thomas Graham gocera xemo-
JMasn3aTa KaTo MeTOo/ e IpeTbpIisija 3HAUUTENTHO
pasBUTHe. 3HAUUTEJHO Cca IPOMEHEHHU U JUAJIN3-
HUTe MeMbOpanu. [loHacToseM 3a U3paboTBaHe-
TO UM Ce u3no/i3Bat noseyve ot 30 nosumepa. [Ipes
1988 r. M. Lysaght onucsa ,po/I0C/IOBHOTO JbPBO
Ha JIMaJIM3HUTE MeMOpaHu" C 1eJ Mo-A106po pas-
O6upaHe 3a TAX U €BOJIIOLMATA UM BBB BpEMeTO.
ToBa ,ABpBO“ MMa TpPU OCHOBHU KJIOHA — MEM-
OpaHu OT pereHepupaHa Lesays103a, MeMOPaHU OT
MoZudUIMpaHa Lesly/103a U MeMOpaHU OT CUCTe-
TUYHH MOJUMepPU. B 3aBUCHMOCT OT moJiMMepHa-
Ta KOMIO3ULUA MeM6paHy, 6a3upaHy Ha eJJUH U
CbLIU [TOJIMMep, MOXe Jla UMaT pa3/inyHa OUOCHB-
MeCTUMOCT, QUJITPALMOHHUA XapPaKTEPUCTUKUA U
abcopb1MoHHU criocobHOCTU. BaxkeH dakTop, on-
peJiesisiily KauecTBaTa Ha MeMOpPaHUTE, € METOLBT
Ha CTepu/M3alysd, Thi KaTo TON CbILO BJMsEe Ha
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cedure, patient recovered spontaneously. Diag-
nostic tests showed no pathological changes.
After several procedures dialyzer was changed
with Elisio 1,9H, Nipro (1,9 m? effective dialysis
surface, synthetic membrane Polynephron®,
sterilized with gamma-rays). The patient had
no more complaints, and she continues hemo-
dialysis treatment without incidents or com-
plaints.

Hemodialysis treatment of is performed with
single-use dialyzers.

DISCUSSION

Hypersensitivity reactions are related to
multiple factors, which can be grouped into the
following categories: materials used for the pro-
duction of capillaries, production procedures of
membranes, materials used for membrane pro-
duction, materials used for dialyzer production,
production procedures for equipment, including
final washing, sterilization methods, preparation
processes of the dialyzer for dialysis procedures,
and patient characteristics [34].

Since the time of Thomas Graham, hemodial-
ysis as a method has undergone significant de-
velopment. Significant development has under-
gone the dialysis membranes, as well. Nowadays,
over 30 polymers are used for the production
of dialysis membranes. In 1988 M. Lysaght de-
scribed the “family tree of dialysis membranes,”
aiming for better understanding of their evolu-
tion in time. This “tree” has three main branch-
es—membranes from regenerated cellulose,
membranes from modified cellulose, and mem-
branes from synthetic polymers. Depending on
the polymer composition, membranes based on
the same polymer can have different biocompat-
ibility, functional characteristics, and absorp-
tion capacity. An important factor describing
membrane qualities is the sterilization method,



61M0CHBMECTUMOCTTA. MHOro MeMOpaHU He MOTaT
Jla ce CTEpUJIM3UPAT C Mapa, Thi KaTO MPHU ChOT-
BeTHATa TeMIlepaTypa HaCTbhIBA Jerpajauus Ha
Matepuana. [IbpBUTEe Auanu3HU MeMOpaHU ca
O6WIM OT pereHepupaHa, HeMojudulHpaHa Iie-
JIyJ103a, KOSITO Ce MoJy4aBa 4Ype3 ocalyHBaHE Ha
1[eJ1yJI03HUS ecTep U 11eJIyJI03€eH alleTaT. B onpee-
JIEH TIepUo/, OT BpeMe Te3u MeMOpaHu (KynpodaH
¥ xeModaH) ca c Hal-UIMpoKa yrnoTrpeoda — C TakKMBa
MeM6paHHU ce Auaau3vpar noseve ot 80% ot mna-
ueHTUTe 1o cBeTa KbM 1991 r. C KynpodaHoBa
MeM6bpaHa ca npoBexgaHu Haj 400 MuiroHa npo-
neaypy rogumiHo KbM 1992 r. [lopagu BUCOKUA
PHUCK OT aJleprusi ¥ HeJloCTaTbyHa OMOHEeChBMeC-
THUMOCT T€ NOCTENeHHO Cce 3aMeHSIT C MeMOpPaHHU
OT MoJudULMpPaHa Lieys03a U CUHTETUYHHU II0-
suMepu. CHHTETUYHUTE MeMOpaHU ca 6a3upaHu
Ha MOJMCYyAPOH, MOJUKAPOOHAT, MOJTHAKPHUJIAT,
nosimetepcyidoH u ap. [14].

Cnopef HAKOM MyO6aMKaLuu [22, 24| mbpBOTO
CbOOlLIeHMe 3a JiBaMa NallMeHTH, IPHU KOUTO ce
NposiBSIBaT aHAQUJAKTOUJHU peaKLUu NpU U3-
N0J13BaHe Ha KalWJSAPHU AWaavu3aTopH, e Ha R.
V. Cestero et al. ot 1975 r. [6]. Cnopen apyru [1,
10, 19, 32] mppBOTO CBHOGIIEHHE € Ha |. Poothullil
et al. [26] oT cbuiaTa roguHa. U B ABeTe ny6Jiu-
Kaguu oT 1975 r. ce yTOYHSBA, Y€ peakLuuTe ce
JbJDKaT Ha €TUJIEeHOBUS OKCHJ, H3MO0J3BaH 3a
CTepUJIN3allus Ha AUATU3ATOPUTE.

PosiiTa Ha eTW/IEHOKCHJA Ce TOTBbPXKJAaBa
npe3 cieaBauyTe roguuu [16-18, 23], kaTo ce yc-
TaHOBSIBA, Ue PEaKLUUTE Ha CBP'bX4yBCTBUTETHOCT
ce HabJII0/laBaT caMo IIPU MpoLe/lypa C HOB JUaJlu-
3aTOp U He ce HAOJIIOAABAT MpPU NOCJIeBalla YIIo-
Tpeba Ha Beye M3IM0JI3BaH JAUAIU3ATOP, CJIe/, KaTo
e npecTepun3upaH ¢ GopMasivH, a ChIO Ye peak-
[IMMTe ca CBbP3aHU C JPyTy eJleMeHTH Ha JihaJin3a-
TOPUTE U MOXe O6U C HIKaKbB TOKCUH [23, 24]. Yc-
TaAHOBS$IBA Ce O, Ye aHaPUIAKTUYHA PEAKIUA KbM
eTUJIEHOKCH/I MOXKeE J]a HAaCT'bIIU JOPH aKO C HEro ca
CTEPUIM3UPAHU CaMO MyHKLUHUOHHUTe UM [2], a
npe3 1980 r. Ta3u peakuys Ha CBPbXYyBCTBUTEJI-
HOCT e HapedeHa “first-use syndrome” [2, 10].

OTcTpaHsABaHETO Ha E€TUJIEHOBUS OKHUC NPHU
I'bpBaTa ynorpeba Ha Maju3aTopa ro eJIMMUHU-
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due to its influence on biocompatibility. Many
membranes cannot be sterilized with steam,
because of material degradation, caused by cer-
tain temperature. The first dialysis membranes
were from regenerated, non-modified cellulose,
which was produced from cellulose ester sapon-
ification and cellulose acetate. During a certain
period of time, these membranes (cuprophane
and hemophane) were widely used for over
80% of the dialysis patients all over the world
in 1991. Cuprophane membranes were used for
over 400 million procedures annually up until
1992. Due to the high allergy risk and insuffi-
cient biocompatibility, they were gradually re-
placed by membranes from modified cellulose
and synthetic polymers. Synthetic membranes
are based on polysulfone, polycarbonate, poly-
acrylate, polyethersulfone, etc. [14].

According to several publications [22, 24],
the first report of two patients with anaphylac-
toid reactions related to capillary dialyzer use is
from R. V. Cestero et al. In 1975 [6]. According
to others [1, 10, 19, 32], the first report is from
J. Poothullil et al. [26] from the same year. Both
publications from 1975 report that these reac-
tions are due to ethylene oxide, used for steril-
ization of dialyzers.

The role of ethylene oxide is confirmed during
the following years [16-18, 23], and it is report-
ed that hypersensitivity reactions are observed
only during procedures with new dialyzers, and
none were observed during continuous usage of
the same dialyzer after it has been re-sterilized
with formaldehyde, as well as the reactions being
connected to other elements of dialyzers, possibly
with some toxin [23, 24]. It has been found that
anaphylactic reactions with ethylene oxide can oc-
cur even if it is used to sterilize the needles only
[2], and in 1980 this hypersensitivity reaction was
called “First-use syndrome” [2, 10].

Removal of ethylene oxide during the first us-
age of the dialyzer eliminated it as an allergen, but
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pa KaTo aJiepreH, HO 3a cJeJBalllUTe My yIoTpe-
6u TpsAOBa Jla ce U3BBPIIU 3al'bJIBAHE HA J|BETE
My nmpocTpaHcTBa ¢ popmanzaexu. U Taka ce cb3-
JlaBaT yCJIOBUS 32 TOKCOAJIepruyHa peakLusi KbM
Hero. [['bpBUTE TaKMBa peaKLUU ca ONKMCAaHU NIpe3
1986 1. ot F. Maurice et al. [20].

PesysitaTuTe OT nmpoy4yBaHe B O6eJUHEHOTO
KpaJsicTBO oT 1987 1., B KoeTo ca BkJtodeHu 4000
XeMO/IMa/IM3HU NalMeHTH B 48 OT BCUUKHUTE TO-
raBa 61 JuajJu3HU LEeHTHbPa, CoYaT, 4Ye peaKluu-
Te ce pa3BUBaT U IPYM MHOTOKpATHA ynoTpeb6a Ha
JUa/IM3aTOPUTE, MaKap U MO-psifiKO, OTKOJIKOTO
npu mrbpBaTa ynorpe6ba [24]. C mpoMeHUTE B IPO-
M3BO/ICTBOTO, U M10-CIELUATHO C IPOMSAHATA KbM
HapHaTa CTepu/M3alusl, peaklUUTe Ha CBPbX-
YYBCTBUTEJIHOCT, IPUYMHEHU OT €TUJIEH OKCUJ,
3HaYMTeJHO ca HaMaJiesu olle npeau 2010 r. [9].

Makap 4 psAKO, ajJeprhyHa peaklus Moxe
Jla HaCTBIIM U KbM HPOTEUHHUTE, ChIbpXKALIU Ce
B HaTypasiHaTa JaTtekcoBa ryma [10]. XenapuHu-
Te, M3MO0JI3BaHU 3a TpPoM6GONpodUIaKTHKA MPU
eKCTPaKopIOpaIHOTO Kp'bBOOOPallleHHe, MoraT Jja
oInpezieJIAT pa3BUTHE HAa UMyHOMeAHHPaHA TPOM-
6onutoneHus. CMaTa ce, 4e HUCKOMOJIEKYJHUTE
XelapyuHU UMaT M0-100bp MpopHUJI Ha 6€30IMaCHOCT
B CpaBHeHHUe ¢ HeppaKLMOHUpaHUs xernapuH [10].

[Ipe3s nocneanuTe nBe AecetuseTuss Ha 20-u
BeK peaKL[M1Te Ha CBPbX4YYBCTBUTEHOCT Ca ONHUC-
BaHU [IPU MPOBEK/JaHE Ha JIeYeHUE C Hal-4eCTo 13-
MI0JI3BAaHUTE TOTaBa 1eJIyJIO3HK MeMOpaHH [8, 14].

BTOpHAT OCHOBEH KJOH Ha POJOCJIOBHOTO
IbpBo Ha Michael Lysaght onucBa cuHTeTHUYHH
NoJIMMEPU U e pasjieJieH Ha YeTHUPHU MO0-MaJKu
KJIOHA, M3110JI3BaHU 3a ONMCAaHUe Ha Pa3/INYHUTE
TeXHUKH 3a XuJpoduansanusa. TUIUYHUTE CUH-
TEeTUYHU OJIUMEPH 3a JUAJIU3HU MeEMOPaHH, Ha-
npumep nosrcyadon (PSu), nosnnakpusoHUTpUI
(PAN) nnu nonvamug (PA), obaude ca xugpodob-
HU 10 NpUpoJa U TpsAbBa Ja 6bJaT HalpaBeHU
xuApodHUIHY, 3a la MoraT Jja Ce U3M0JI3BaT KaTo
buUATBp 3a KPbBHU TOKCUHU. BHOCBBMECTHMOCT-
Ta U MPOU3BOAUTENHOCTTA HA MeMOpaHUTeE 3aBU-
CAT OT Te3H NMPOoLecH Ha XUPOoPUIn3aLUs: aKTH-
BUPaHeETO Ha KOMILJIEMEHTA, HabJiloaBaHO MpHU
noJsncy/1GOHOBU MeMOpaHH, 3aBUCH OT OIpejie-
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the following usages of the dialyzer require that it
be filled with formaldehyde. That way, there are
conditions for toxic reactions against it. Such re-
actions were first described in 1986 by F. Maurice
etal. [20].

Results from a study performed in the United
Kingdom in 1987, which included 4000 hemo-
dialysis patients in 48 of all 61 dialysis centers,
showed that reactions also develop in multi-
ple-use dialyzers, even though it is rarer than in
first use [24]. With production changes, especially
the transition to steam sterilization, hypersensi-
tivity reactions caused by ethylene oxide were sig-
nificantly lower even before 2010 [9].

Although they are rare, hypersensitivity reac-
tions can be caused by proteins, part of the com-
position of the natural latex rubber [10]. Heparin,
used for prophylaxis of thrombosis in the extra-
corporeal circuit, can cause the development of
immune-mediated thrombocytopenia. It is be-
lieved that low molecular heparins have a better
safety profile compared to non-fractionated hep-
arin [10].

During the last two decades of the XX centu-
ry, hypersensitivity reactions were described with
the most widely used back then cellulose mem-
branes [8, 14].

The second main branch of the “family tree”
of Michael Lysaght describes synthetic polymers
and is divided into four smaller branches, used for
describing different techniques of hydrophiliza-
tion. Typical synthetic polymers for dialysis mem-
branes, e.g., polysulfone (PSu), polyacrylonitrile
(PAN), and polyamide (PD), are hydrophobic in
their nature and should be made hydrophilic in
order to be used as filters for blood toxins. Bio-
compatibility and productivity of the membranes
depend on the processes of hydrophilization:

complement activation, described in polysul-



JIeHU XU PO HUIIHU J06AaBKU KATO MOJMBUHUJIIIH-
posiuznoH (PVP) u 06pa3yBaHeTo Ha 6pa/[JUKUHUH
or PAN MeMO6paHW 3aBUCH OT KOMIIOHEHTHUTE,
W3I10JI3BaHU 3a HEroBaTa ChloJUMepU3anus. 3a
XuApodUIN3aLHMs Ce U3TO0JI3BAT HAKOJIKO TEXHU-
ku. [losiMMepuTe WU ce CMeCBaT € XUAPOOUIHU
KOMIIOHEHTH KaTo mnoJineTuseHmukon (PEG)
nau PVP, unu ce cbnosimMepusupar o BpemMe Ha
IPOU3BO/ICTBEHUS MPOIEC C XUJPOPUITHU TTOJTH-
MepHU KaTo aKpUJIaMHJ, UM MeTaJuJcyadoHaT.
Juanv3Hute MeMGpaHH, NPOU3BEJEHHU OT AKPHU-
JIOHUTpUI-MeTUIcyApoHAT Komnoaumep (AN69),
ca mppBUTe high-flux Mem6panu [14].

[Ipe3 mocieHUTE ABe JeCETUIETHUS BCE TO-
Beue ca CbOOIIeHUTA 3a a/IePTUs KbM JUaJIU3HU
MeMOpaHU OT noJsucy/adpoHoBaTa rpyna. [losuc-
yAQOHBT U IPOU3BOLHOTO MY — MOJHETEPCYNAPO-
H'BT, Ca BUCOKOe(PEKTUBHU MOJIMMEPH, KOUTO ca
U3KJIIOYHUTENHO YCTOMUYMBHU KaKTO Ha XUMHUYeC-
Ka, TaKa U Ha TOIJIMHHA 06pabOTKa, KOETO TH €
HampaBW/IO NIHPOKO NPUJIOKUMH. [luanusaro-
puTe, U3paboTeHU OT NOJUCYAPOH, CllaaT KbM
rpynata Ha OWOCHBMECTHMHTE /[AUAJU3ATOPH.
[TonucyndoHoBUTE MeMOpPaHU MOraT Jia aKTH-
BUpAT KOMILJIEMEHTA, HO MPOAYKTUTE HAa Ta3u
aKTHBalMs 06M4yaiiHO ce abcopObUpaT U HE BOASAT
Jl0 pa3BUTHE Ha cUMNITOMH. ToBa 06s1CHsIBa 3a1110
peaKuuTe KbM MOJIMCYJIGOHOBUTE MEMOPAHHU CE
OMUCBAT CPABHUTEJIHO PSJIKO. BbIipeku ToBa Ma
ONMMCAHU TEXKHU aJIEPrUYHU PeaKLUU K'bM HOJH-
cys1pOHOBUTE MeMOPAHH, KATO PEAKIUUTE MOTaT
Jla ce pa3/iMyaBaT [IpU pa3/IMUHUTE Pa3HOBUHOC-
THW Ha Te3W MeMOPaHU U NPU PA3JIUIYHUTE MPOU3-
BoguTesd [17]. Taka N. Ohashi et al. onucsar cay-
Yyail Ha aJlepriuyHa peakius KbM M0JIMCy1PpOHOBA
MeMOpaHa OT eJJUH MPOU3BOJUTEJ], KOSITO HE Ce
HabJ0/jaBa Mpy 3aMsHaTa Ha AWaJiu3aTopa C [o-
JUCy/1HOHOB OT APYT NpousBoauTed [25].

[. D. B. Marques et al. goksajiBaT cay4dail Ha
aJlepruyHa peakiys NpH MalueHT, JUaTU3UpaH C
noIMCy/1GOHOBU MEMOPAHU HAa Pa3IMYHU TPOU3-
BoguTesu [14]. M. D. Arenas et al. omucBaT Texka
’KMBOTO3aCTpalllaBallla peaKIlus y MalueHT cJie]
JleBeT XeMO/JJMa/IU3HU CECUH, TPOBEXK/IaHU C eIUH
U CbII TUI NoJIMCYy/IGOHOB auanusaTop [2]. K.-H.
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phone membranes, depends on hydrophilic ad-
ditives, such as polyvinylpyrrolidone (PVP) and
formation of bradykinins from PAN membranes,
depends on components, used for its co-polym-
erization. Several techniques are used for hydro-
philization. Polymers are mixed with hydrophilic
components, like polyethylene glycol (PEG) or PVP,
or are co-polymerized during the production pro-
cess with hydrophilic polymers, like acrylamide or
metallisulfonate. Dialysis membranes, produced
from acrylonitrile-methyl sulfonate copolymer
(AN69), are the first high-flux membranes [14].
Over the last two decades, more publications
on allergies to dialysis membranes from the poly-
sulfone group have emerged. Polysulfone and its
derivative, polyethersulfone, are highly effective
polymers and are extremely resistant to both
chemical and heat processing, which makes them
widely usable. Dialyzers, made from polysulfone,
are in the group of biocompatible dialyzers. Poly-
sulfone membranes can activate the complement
system, but the products from this activation are
usually absorbed and do not lead to the develop-
ment of symptoms. This explains why reactions
towards polysulfone membranes are rarely de-
scribed. Despite that, there are cases of severe
reactions to them, which can differ between dif-
ferent types of these membranes and between
different manufacturers [17]. N. Ohashi et al. de-
scribe a case of allergic reaction to a polysulfone
membrane from one manufacturer, which is not
presented when the dialyzer is switched with the
same one from a different manufacturer [25].
[.D.B. Marques et al. report a case of allergic
reaction in a patient who underwent dialysis with
polysulfone membranes from different manufac-
turers [14]. M. D. Arenas et al. describe a severe
life-threatening reaction in a patient after nine

hemodialysis sessions, performed with the same
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Shu et al. cbob1aBaT 3a aHadUIAKTHYEH LIOK C
enu3o/i Ha KJIUHUYHA CMBPT IpU BTOpaTa Mpo-
uenypa c auaausatop FX60, kaTo He e ©Maso pe-
aKLus KbM JpYyT NoJaucya$OHOB AUATNU3aTOP Ha
cblus npousBoauTena - F6-HPS [30].

[I'bpBUTE Cay4Yau Ha KMBOTO3acTpallaBalia
peakiis Ha CBPbXYYBCTBUTEJHOCT MPU TpUMA
NalMeHTH, MPOBeXJallld XeMOJUaJU3HO Jieye-
HUe c auaiuszatopu ¢ AN69 u npuemamu ACE
HHXUOUTOpPH, ca AokaaaBaHu ot C. Tielemans
et al. mpe3 1990 r. [33]. /IBe roarHU MO-KbCHO P.
Brunet et al. onucBat cepust ot 15 no/jo6HU aHa-
UIaKTOUAHU peakUUH MNP MpPOoLeAypUd Ha Xe-
MoAuranrsa u xemoouarpauus [5]. lo 1996 r. no-
JIOGHU C/Iy4yau ca ONMHCAaHU B JeBeT MyOJIMKaLuu
Ha pa3JIMYHU aBTOPCKU KoJieKTUBHU [32]. Criopen,
P. Simon et al. 1eyenueto ¢ ACE uuxubutopu Ha
nanueHTH, Avaau3upanu c AN69 mem6paHa, yBe-
JiIn4aBa TPUKPATHO PUCKA OT pPeaklius Ha CBP'bX-
yyBCTBUTEJHOCT [31]. MeguaTop Ha Te3u peak-
UK e 6paJuKUHUHDBT. [loBbpxHOCTTA HAa AN69
MeMOpaHUTE e CUJIHO HEraTHBHO 3apejieHa, Koe-
TO aKTHBHpa pakTopa Ha Hagemann u Bogu 10
0CBOOOXK/IaBaHe Ha OpaJiIuKUHUH. B chijoTO Bpe-
Me nmpueMbT Ha ACE nHXu6uTOPU 6JI0KMpa pas-
rpakJlaHeTo Ha OpaIMKWHKHA, KATO HUBATa My B
KpbBTa ce yBesandaBaT 10 20-30 mbTH Haj HOp-
MaTa, Npeu3BUKBalKA CUMIITOMU Ha aHadUIaK-
cus. Te3u peaknuu ce U36ArBaT Ype3 NOKPHUBAHE
Ha MeMOpaHHATa MOBBPXHOCT C GUOCHBMECTUMU
N0JIMMEpPH, KOUTO HaMaJsiBaT OTPULIATEJNHUS M
3apsag [1].

H. Klinkmann u J. Vienken ot6ensizBat, ue
KpbBTa Ha NALMEHTHUTE CbC 3axapeH JuabeT e
pas3JjiMyHa OT Ta3W HAa OCTAHAJIUTE rPynu GOJIHU
nopaju abHopMHaTa GYHKIUSA HA TPOMOOIUTHU-
T€ U eHJ0TEJHUTE UM KJIETKH, KOETO MOBUIIABA
TpOMOOLUTHATA aKTUBHOCT U AUCIUNUIEMUSTA.
MeTabosUTHU 3a60JIIBAaHUSI C XUINEPJUINNe-
MHUS CBIIO0 MOTaT Ja MOBJMASAT Ha ymnoTpebaTa
Ha CbBpeMeHHM MeMOpaHU, T'bU KaTO TAXHATa
epeKTUBHOCT MOXKe Ja ObJe HaMaJjieHa Mopaju
azcopb6uMsATa Ha JUNUAHU Ppakiuu [14].

CaMo efiMH OT HalIUTe MalMeHTH e C HOBOOT-
KPUT 3axapeH AuabeT THI 2, caMo eivH npuema ACE
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type of polysulfone dialyzer [2]. K.-H. Shu et al.
report a case of anaphylactic shock and clinical
death in a patient dialyzed with FX60 on the sec-
ond procedure, but reaction did not occur when
the dialyzer was switched with another polysul-
fone dialyzer from the same manufacturer - F6-
HPS [30].

The first cases of life-threatening hypersensi-
tivity reactions in three patients who underwent
hemodialysis with dialyzers AN69 and were treat-
ed with ACE inhibitors have been reported by C.
Tielemans et al. in 1990 [33]. Two years later, P.
Brunet et al. describe a series of 15 similar ana-
phylactoid reactions during hemodialysis and
hemofiltration procedures [5]. Until 1996, similar
cases were described in nine publications from
different authors [32]. According to P. Simon et
al,, treatment with ACE inhibitors of patients di-
alyzed with AN69 membranes increases the risk
of hypersensitivity reactions three times [31].
Bradykinin is a mediator of these reactions. AN69
membrane’s surface has a strong negative charge,
which activates the Hagemann factor and leads to
bradykinin release. At the same time ACE inhibi-
tors block the degradation of bradykinin, making
its blood levels increase up to 20-30 times above
the normal range, causing symptoms of anaphy-
laxis. These reactions are avoided by covering the
membrane surface with biocompatible polymers,
which decrease its negative charge [1].

H. Klinkmann and J. Vienken state, that blood
of patients with diabetes mellitus is different from
other groups of patients, due to abnormal throm-
bocyte and endothelial cells function, which in-
creases thrombocyte activity and dyslipidemia.
Metabolic disorders with hyperlipidemia can also
affect the usage of contemporary membranes, be-
cause their effectiveness can be reduced due to
lipid fraction absorption [14].

Only one of our patients has newly diagnosed
diabetes mellitus, and only one is treated with



VMHXUOUTOpP. BCMYKY, U3M0/I3BaHU OT Hac, AUaIU3a-
TOpHU ca MOJUCY/IGOHOBY, CTEPUIN3UPAHU C Tapa.
[Ipy HUTO eWH OT HAIIUTE MallMeHTH He ca pe-
rUcTpUpaHu eo3uHoouus, edbpunutet, EKI oT-
KJIOHEHUSI, HUTO HEOOMYaHU JTAG0PATOPHU OTKJIO-
HeHUsl. HaBpeMeHHOTO JieueHUe U B TPUTE Ciaydasi
€ NPeJIOTBPATUJIO YCJIOXKHEHUS WU JIETAJIEH U3XO/I.

BposT Ha 60/IHUTE C XpOHUYHA ObOpeYHa He-
JIOCTaT'BYHOCT U HAa T€3U OT TSX, KOUTO IPOBEXKAAT
JledeHHe C IMaJin3a, HellpeK'bCHATO Ce yBeJUJaBa.
[lo naHHu Ha CBeTOBHATa 3/jpaBHa OpraHU3alHs
0o6LUAT OGPOM Ha JiMIAaTa ¢ XPOHUYHA 6bOpedyHa
HeJIOCTaThYHOCT B cBeTa KbM 1990 T. e npub6IM3U-
TesiHO 351 MumoHa, kbM 2021 1. — HaZ 673 MUIU-
oHa. Kbm 2024 r. Tasu nomysanus Habposia 850
MUJIMOHA, KOETO OMNpe/iesisl OTHOCUTEJIEH s Ha/l
10% oT 061110TO HapoJOHACe/eHHe Ha [IJIaHeTaTa.
BposiT Ha manueHTUTe, MPOBEXKAAIU GBOPEUHO-
3aMecTBaula Tepanusd, no ceeta kpM 2010 r. e 2,6
MJIH., KbM 2020 - 3,5 MJIH., 4 ce o4yakBa KbM 2030
roauHa 6posT Jia 6bae 5,4 MuH. [12].

JIMNCBAT eK3aKTHU KJIMHWYHH MPOYYBaAHUS,
KOUTO Jla JIOKYMEHTUpPAT CUTYPHO YecToTaTa Ha
peakUUTe Ha CBPbXYYBCTBUTEJIHOCT, KAKTO U
u3xoja oT Tsx [1].

[To nannu Ha FDA npe3 1982 r. yecTtoTaTa Ha pe-
aKIMHTe Ha CBPBXYYBCTBUTENHOCT e 3,5 Ha 100 000
npogazenu hollow-fiber fuanusaropa, ¢ perucrpu-
paHu 5 CMBPTHHM CJ1y4as 3a Lisi/laTa AU/IM3Ha MOoMy-
jauus Ha CAIll [10]. Ciopen mpoyuBaHe Ha Center
for Devices and Radiological Health, npoBesieno npes
1982 r. B CAlll npu M3mno/13BaHe caMO Ha HOBU JU-
anusaTtopH, 51% oT peakLuKTe Ha CBPbXYyBCTBU-
TEJTHOCT Ca Bb3HUKHA/IMU NIPU IbpBaTa NpoLeaypa,
14% - no BpeMe Ha BTOpaTa WM TpeTaTa mpolie-
nypa, 10% - npu 4eTBBPTA /0 AeceTa Nporeaypa u
25% ciief HAKOJIKOMeCeYHO JiedeHue [34].

J. Daugirdas et al. fok1agBaT 21 TEXKH peak-
UM Ha CBP'BbXUYYBCTBUTEJHOCT B TPU AUATU3HU
LeHTbpa B 1aTa Yukaro, npu nposegenu 260 000
X/l npouesypy B IPOAb/DKEHME HA JieceT TOLAUHHU.
ABTOpUTE CMSATAT, Y€ TEXKKHUTE peaKl[MU ca MHO-
ro noseue oT JokJaagBaHuTe oT FDA 3-4 peakuuu
Ha 100 000 npogazeHy AuannsaTopa no ChbLOTO
BpeMe [8].
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ACE inhibitors. All dialyzers used in our center
are polysulfone, sterilized with steam. Neither of
the patients had eosinophilia, fever, ECG changes,
or unusual laboratory changes. Treatment, per-
formed on time, prevented complications and le-
thal outcomes in all three cases.

The number of patients with chronic kidney
disease and those who undergo dialysis treat-
ment constantly increases. Data from the World
Health Organization shows that the number of
patients with chronic kidney disease until 1990
was approximately 351 million and until 2021 -
over 673 million. For 2024 this population is 850
million people, which defines a relative share of
10% from the planet’s population. The number
of patients who undergo renal replacement ther-
apy worldwide for 2010 is 2.6 million, for 2020
- 3.5 million, and is expected by 2030 to be 5.4
million [12].

There is no exact clinical research that docu-
ments the incidence of hypersensitivity reactions
and their outcome [1].

FDA data from 1992 reports an incidence of hy-
persensitivity reactions of 3.5 million on 100,000
sold hollow-fiber dialyzers, with 5 reported lethal
exits for the whole dialysis population of the USA
[10]. According to a study of the Center for Devic-
es and Radiological Health, conducted in 1982 in
the USA, with the usage of new dialyzers only, 51%
of hypersensitivity reactions occurred during the
first procedure, 14% occurred during the second
and third procedures, and 25% occurred after
several months of treatment [34].

J. Daugirdas et al. reported 21 severe hyper-
sensitivity reactions in three dialysis centers in
Chicago, with 260,000 hemodialysis procedures
for a ten-year period. The authors suggest that se-
vere reactions are more than reported at the same
time by the FDA 3-4 reactions for 100,000FDA:
sold dialyzers [8].
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Mexay 1986 u 1996 1. 6posT Ha caydauTe ce
yBesindaBa. [Ipe3 1987 r. A. Nicholls goknaaBa, ue
pUcKbT OT peaknusd e ot 1 Ha 1000 fo 1 Ha 5000
XeMOJIMa/IM3HU NPOLEeAYyPH, U3UUCIEH B MOMyJa-
uuga oT okoJsio 3000 manueHTH. OTHOCUTEJHUSAT
I Ha TexxkuTe peakuuu e 10%, a yecroraTta
Ha HaW-TeXKUTe peakUUH e CbOTBETHO OT 1 Ha
10 000 mo 1 Ha 50 000 xemoauanusu [24].

[Ipe3 1996 . P. Simon et al. noksnagBat 33 aHa-
dunaktouaHu peakuuu npu 21 ot obmo 1573
nagueHTH (T.e. npu 1,3% oT nayueHtute) oT 30
JVa/JIM3HU LeHT'bpa, KOUTO ca nposesu 122 694
npoueaypu. l'ofguiHaTa 4ecToTa MOXe Jia ce pas-
Jin4aBa criope/i BU/la Ha U3MoJi3BaHaTa MeMbOpa-
Ha - 0,17 Ha 1000 cecuu npu 1eJyJI03HUTE MEM-
6panu U 4,2 Ha 1000 cecuu npu CUHTETUUYHUTE
MeMOpaHH, pasyvKaTa e noseye ot 20 mbTH [31].

CblieBpeMeHHO He € HaMepeHa BP'b3Ka MexX-
Jly peakIMUTe Ha CBPbXYYBCTBUTEJIHOCT U MpPO-
usBoguTeaute. KoM 1987 roauvHa peakuuu ca
perucTpupaHyd NpU HU3MO0J3BaHE Ha JUaAJIU3aTo-
pY Ha Hall-rojieMUTe NMPOU3BOJAUTENH B CBETA —
Asahi, Erica, Extracorporeal, Fresenius, Gambro,
Hospal, Nephross, Travenol [24].

Cnep 2000 1. ca gok/aaaBaHM 32 ciayyasi Ha
OCTPU peakLUu KbM MOJUCYJIPOHOBU AUaIU3A-
TOPH, KOETO OmpeJiesisi U3KIYUTESTHO HUCKATa
4YeCcTOTa, BbIPEKU Ye € Bb3MOXKHO roJiiMa 4acT
OT CJy4YauTe Jla He ca JoKJaJABaHU. MHTepecHO
e, ye 85% OT Te3u [JOKJIaJIBAHU CJIy4au Ca CIef,
2010 rogrHa, KOeTOo npeAloara MUHTepecHa TeH-
JeHuus. ToBa yBesnuyeHHe MOXe /la € CBbP3aHO
KaKTO C Mo-rojisiMaTa UHGOPMHUPAHOCT, TaKa U C
yBeJIM4aBalllaTa ce NoMysalys Ha HOCTOSIHHO Xe-
MOJIMaIM3HO JieueHHue [4].

[Ipe3 mocyegHUTE FOAUHM Ce YBeanu4yaBa 6po-
ST Ha JIOKJIQJIBAHUTE CJy4Yald Ha ajleprusi KbM
nosivcysidpoHOBU AuanusaTopu. [Ipes 2014 r. R. .
Sanchez-Villanueva et al. soknazBaT 6 cayyas Ha
CBP'bXYYBCTBUTEJHOCT O BpeMe Ha JAUaJTU3HU
npoueaypH, KaTo CHUMITOMHUTE ca CBBbP3aHU C
noaucya$poHoOBU AuannsaTopu. Tasu u pyru no-
JIOGHM My6JIMKALMK HaslaraT MPOMeHH B IIpoljeca
Ha IPOM3BO/CTBO UJIU B JOOABKUTE HA CHHTETUY-
HUTe NnoJaucy/1GpoHOBU MeMbpaHHu [28].
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Between 1986 and 1996, the number of cases
increases. In 1987 A. Nicholls reports that the risk
of a reaction is from 1 to 1000 to 1 to 5000 hemo-
dialysis procedures, calculated for a population of
about 3000 patients. The relative share of severe
reactions is 10%, and the incidence of most severe
reactions is from 1 to 10 000 to 1 to 50 000 hemo-
dialysis procedures [24].

In 1996 P. Simon et al. reported 33 anaphy-
lactoid reactions in 21 of a total of 1573 patients
(i.e., in 1.3% of the patients) from 30 dialysis cen-
ters who underwent 122,694 procedures. The
annual incidence can differ according to the used
membrane - 0.17 to 1000 sessions with cellulose
membranes and 4.2 to 1000 sessions for synthetic
membranes, where the difference is more than 20
times [31].

At the same time, no connection has been
found between hypersensitivity reactions and
manufacturers. Until 1987 reactions are regis-
tered while using dialyzers from the biggest man-
ufacturers in the world - Asahi, Erica, Extracor-
poreal, Fresenius, Gambro, Hospal, Nephross, and
Travenol [24].

After 2000, 32 cases of acute reactions to
polysulfone membranes are reported, which de-
fines the exceptionally low incidence, although it
is possible that most of the cases remain unre-
ported. It is interesting that 85% of these report-
ed cases are after 2010, which is an interesting
tendency. This increase can be due to the higher
informativeness, as well as to the increased he-
modialysis population [4].

Over the last years, the number of allergy cas-
es to polysulfone membranes has increased. In
2014 R.]. Sanchez-Villanueva et al. reported 6 cas-
es of hypersensitivity during dialysis procedures
performed with polysulfone dialyzers. This and
other similar publications impose changes in the
manufacturing process and additives for synthetic
polysulfone membranes [28].



3anepuosa2015-2017 r. B Ucnanus R. Esteras
et al. mpoBexaaT MYJTUIIEHTPOBO MPOY4YBaHe,
KoeTo o6xBama 1561 marueHTH, AUATU3UPAHU
B 9 neHTbpa. M3nos3BaHu ca mnosucyapoHOBU
MeM6panu (pu 893 nanuenTy, 57%), nosvHed-
poHOBU MeM6paHu (npu 409 nauueHTH, 26%) U
JIpyrd MeMm6paHu (moJsineTepcyndOHOBHU, MOJH-
AKPUJIHUTPUJIHA U Ap.). Bcuuku guanusatopu
ca CTepWJHU3UpaAHU C TraMa-'buu. Peakiuu Ha
CBP'BXYYBCTBUTEJHOCT Ca HaOJ/O[laBaHU mpu 37
nanueHTH. Haill-MHOro peakijuu ca oT4eTeHU U
NalnyeHTH, AUAJM3UPAHU ¢ MeMOPAHU OT MOJIU-
cyndoH - 23, unu 62,2%, ciieiBaHu OT TaKHUBA OT
nonuHedpoH (21,6%), nonuetepcyindon (2,7%)
Y NOJIMaKpUAHATPUI (2,7%). U34ucienaTa o610
4yecToTa Ha peakuuuTe e 2,37%, kaTo He ce pas-
Jr4aBa 3HAYMMO OT YeCcToTaTa, AoKJajaBaHa 20
roJIMHU No-paHo. ToBa npeAno/ara, ye U3MnoJi3Ba-
HETO Ha GMOCHBMECTUMU CHHTETUYHU MeMOPaHu
He HaMaJIsiBa YeCTOTaTa Ha peaKIuUTe Ha CBP'bX-
YYBCTBUTEJHOCT, KAKTO U Y€ BCUYKU CHHTETUYHU
MeMOpaHU Morart Jia NpU4UHAT peakuus [11]. He
e M34YHMcasgBaHa obaye 4eCTOTaTa Ha peaKkLUuuTe
B IPyINUTe NAllMEeHTH, pasnpesiesieHu 0 BU/a Ha
MeMOpaHaTa Ha U3T0JI3BaHUS TUATU3ATOP.

B ny6snkauust Ha W. H. Boer et al. npe3 2017 1.
ce IOKJIaZIBAT /iBa COGCTBeHU ciy4asd u 30 caydast
Ha OCTPU peaKkLUH KbM JAUAJU3HUTE MEeMOpPaHH,
onvcaHu B 18 chobIeHus npe3 21-BU BeK, KaTO
BCUYKH peaKUWH ca KbM MeMOpaHHU OT IOJIH-
cyadoH nav noaverepcyidon. Cnopes aBTopuTe
TOBa MOPaXK/a MPUTECHEHHUS, Ye CpeJl ChbBPEMEH-
HUTE MeMOpaHM caMO HalpaBeHHUTe OT MO0JIU-
cy/1GOH U HETOBUTE MPOU3BOJAHU MPEAU3BUKBAT
aJlepruyHu peakuuu. CbllleBpeEMEHHO Ce OTYMTAa,
Yye Nnpu 2,5 MUJIMOHA XEMOJIMAJU3HU MaLUEeHTHU
camo npe3 2014 roauHa ca peaJiu3MpaHy HAKOJI-
KOCTOTUH MUJIMOHA XeMOJWA/IW3HU NpPOLeAypH,
BEPOSITHO B TOJIIMaTa CH 4YacT C MOJUCYJ1POHOBHU
JIMaJn3aTopH, KOeTO NpaBU YecToTaTa Ha peak-
LMUTe NpeHebpeKuMo MaJjka [4].

Hama eayHHa kiacMpuKalMsg Ha peakLUUTe
Ha CBPBXYYBCTBUTEJHOCT, Pa3BUBAILM Ce IO Bpe-
Me Ha xeMoJhasiu3a. Cope/; MOBEYETO aBTOPU pe-
aKIMUTE Ce JeJAT Ha JABa Tuma: TAn A (peakiuu
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For the period 2015-2017 in Spain, R. Esteras
et al. conduct a multi-center study, which includes
1561 patients in 9 dialysis centers. They used
polysulfone membranes (in 893 patients, 57%),
polynephron membranes (in 409 patients, 26%),
and other membranes (polyethersulfone, polyac-
rylonitrile, etc.). All dialyzers are sterilized with
gamma rays. Hypersensitivity reactions are re-
ported in 37 patients. Most reactions are reported
in patients dialyzed with polysulfone membranes
- 23.0% (62.2%), followed by polynephron
(21.6%), polyethersulfone (2.7%) and polyacry-
lonitrile (2.7%). The total calculated incidence of
these reactions is 2.37%, which is not different
than the incidence reported 20 years earlier. This
suggests that the use of biocompatible synthetic
membranes does not decrease the incidence of
hypersensitivity reactions and also that all syn-
thetic membranes can cause reactions [11]. The
incidence of reactions in the groups of patients,
divided by type of membrane of the used dialyzer,
is not calculated.

In publication form 2017, W. H. Boer et al. re-
port two own cases and 30 cases from 18 publi-
cations from the XXI century of acute reactions to
dialysis membranes, all of which are from mem-
branes from polysulfone and polyethersulfone.
According to the authors, this causes concerns
that among contemporary membranes, only those
made from polysulfone and its derivatives cause
allergic reactions. At the same time, it is report-
ed that in 2.5 million hemodialysis patients, only
in 2014, several hundred million hemodialysis
procedures were performed, most of which with
polysulfone dialyzers, which makes the incidence
of reactions insignificant [4].

There is no united classification of hyper-
sensitivity reactions developed during hemo-
dialysis. According to the majority of authors,
they are divided into two types: type A (hyper-
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Ha CBP'BXYyBCTBUTEJNHOCT), TUN B (Hecnenuduunu
peakIuu), KOUTo MpoThyar no-seko [1, 17]. Copen
JPYTU U3TOYHHUIM PEAKLUUTE Ce JeJAT Ha aHaU-
gaktudHu (IgE-Menuupanu) v aHadUIaKTOWUIHU
[2, 10]. YecToTaTa Ha peakuuuTe oT THI A e 3-5 Ha
100 000 guannsHU npoLeAypH, LOKATO pU TUI B
camno-4yectH - 3-5 Ha 100 guanu3uu npoueayp [17].
[Ipe3 1987 . M. D. Arenas et al. Jok/1aiBaT 4yec-
ToTa Ha aHaduaakcusaTa 1 Ha 35 000 npoaaneHu
auanuzartopa B CAIll. Paako uma cMBbpTHU Ciy-
yau. Te pa3zesaT LleHTpPOBeTe Ha ABe TPyNu — Ta-
KHMBa, U3M0JI3BallY JUA/IM3aTOPUTE e€JHOKPATHO,
Y TaKMBa, KOUTO T'Y M3I10J1I3BaT MHOTOKPATHO. Yc-
TaHOBSIBA Ce, Ye B IIEHTPOBETE, KOUTO U3MOJI3BAT
JHaln3aTOpUTEe MHOTOKPATHO, Ce OTYUTAT aJiep-
TUYHU peakiuu npu 57% OT malueHTUTe, JOKa-
TO Te3H, KOUTO TW U3M0JI3BaT €HOKPATHO, JI0K-
JnazBaT 74% peakLuu Ha CBPbXYYBCTBUTEJIHOCT.
Cbobuiasa ce, ye ot 1 Ha 20 o 1 Ha 50 nmanueHTH
€a B PUCK OT MpOSiBAa HA peaklus Ha CBPBXUYB-
CTBUTEJIHOCT. YecToTaTa Ha TEXXKUTE peaKklUU Ha
CBPBXUYBCTBUTENHOCT € 0K0Ji0o 10% OT BCHUYKHU
peakluy Ha CBP'bXYYBCTBUTEJNHOCT, MU OT 1 Ha
10 000 mo 1 Ha 50 000 peakuuu. YecrtoTaTa BbB
Benuko6putanus e ot 1 kbM 1000 10 1 kM 5000
XeMOJIMaJIM3HU NPOLeAYPH, KOSITO € MHOTO T10-BU-
coka oT JioksaaBaHaTa oT FDA ot 3-4 Ha 100 000
XeMOoJIMa/IM3HU NpoleaypHy, oTdyeTeHa B CAL [24].
WHAYBUIyaTHUST PUCK OT Pa3BUTHE Ha ajleprud-
Ha peakIlys Py BCEKHU ManueHT e Mexay 1/1000
1 1/5000 xeMouanu3Hu npoueaypu [2].
XUnepceHsUTUBHUTE pPeaKIuy Tyl A ce pas-
BUBAT 00MYalHO Mpe3 MbPBUTE MUHYTHU CJIe], Ha-
yasioTo Ha X/l mpoueaypa, HO MOXe /ia Ce pa3BU-
aT B pamkuTe Ha 30 MuHyTu. Te MoraT Aa 6b4aT
IgE-Meuupany (aHadUIaKTUYHU peaKLuu) HUid
Jla He ce meguupat ot IgE (aHaduakTouHU pe-
akuuu). KnuHu4yHO peakuuuTe TN A 3amnoyBaT
ocTpo. CUMNITOMHTE BapyUpaT OT JIeKU (IIPYpPHUTYC,
napeHe 1 60Jika B 06J1acTTa Ha ChJOBUS JJOCTBII,
ypTHUKapusl, KallJIUIA, XPUIIOBe, KOpeMHa 00JIKa,
60JIKK B I'bpba U KP'bCTa, FaJleHe W MOBPbIIAHE,
Tpecka, ¢ u3bruBaHe Ha CTy/JleHa IOT) 0 TEXKH
(oucnHesi, XUIMOTOHUS, aHTHOeNEeM, Cbp/ieueH
apect). PeakuuuTe TUI A IpOTHUYAT NO-TEXKKO, Ha-
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sensitivity reactions) and type B (non-specific
reactions), which have a milder clinical mani-
festation [1, 17]. According to other sources, re-
actions can be anaphylactic (IgE-mediated) and
anaphylactoid [2, 10]. Type A reactions account
for 3-5 in 100 000 dialysis procedures, where-
as type B are more common, 3-5 in 100 dialysis
procedures [17].

In 1987, M. D. Arenas et al. report an incidence
of anaphylaxis 1 in 35 000 sold dialyzers in the
USA. There are rarely lethal cases. They divide the
centers into two groups - ones that use single-use
dialyzers and others that use multiple-use dialyz-
ers. They report that centers that use dialyzers
multiple times have a rate of allergic reactions of
57%, whereas those using single-use dialyzers re-
port a rate of 74% for hypersensitivity reactions.
They also report that 1 in 20 to 1 in 50 patients
are at risk of hypersensitivity reactions. The inci-
dence of severe reactions is around 10% of all hy-
persensitivity reactions or 1 in 1000 to 1 in 5000
reactions. The incidence in the UK is 1 in 1000
to 1 in 5000 hemodialysis procedures, which is
much higher than the reported by the FDA inci-
dence of 3-4 in 100 000 hemodialysis procedures,
reported in the USA [24]. The individual risk of
development of allergic reaction in each patient
is between 1 in 1000 and 1 in 5000 hemodialysis
procedures [2].

Type A hypersensitivity reactions usually de-
velop in the first few minutes after initiation of the
hemodialysis procedure but can develop in up to
30 minutes. They can be IgE-mediated (anaphy-
lactic reactions) or non-IgE-mediated (anaphylac-
toid reactions). Clinically, type A reactions have an
acute start. Symptoms can vary from mild (pruri-
tus, pain in the vascular access area, rash, cough,
wheezing, abdominal pain, back or flank pain,
nausea and vomiting, fever, and cold sweat) to se-
vere (dyspnea, hypotension, angioedema, and car-
diac arrest). Type A reactions are usually severe,



Jlara ce MeJIMKalys, KaKTO U He3abaBHO MPeEKbC-
BaHe Ha X/l [1, 3]. TexxkuTe peakiiuu BOAAT 0 AUC-
MHesl, XUIIOTOHUS U LII0K, KATO MOXKe /la 3aBbpIIaT
CbhC Cbp/levyeH apecT U BHe3amnHa cMbpT [35].

Peaknuure Tun B 3amo4yBaT nmo-KbCHO B X0/a
Ha JiMajiM3HaTa Ipoleaypa, obuvyaiiHo noHe 15
o 30 min cinen HavasoTo. Te ca KOMIIJIEMEHT-
MeJMMPaHH, KaTo C yBeJM4YaBaHe HA 6GMOChBMeEC-
THMOCTTA Ha MeMOpaHUTe Te3U peaKluh HaMma-
asasart [11, 17, 21]. Peakuuute Tun B npotuyar
no-sieko. CHMOTOMUTE BKJIOYBAT JIEK 33JyX U
JIUCIIHes, IPEKOPAMAIHA ONpecUsi, rajieHe, MoB-
pblllaHe, W30JMpPaHU €NHU30JU Ha XUIIOTOHHS,
KOUTO B XO/la Ha JiMa/iM3HaTa NpoleaAypa OT3BY-
YaBaT ¥ PAAKO HaslaraT npek’bCcBaHeTo U [3, 36].

PeakuuuTe TUN A MOXe /@ ca IpejU3BUKAHU
OT eTUJIeHOKCcU, GopMaiexXusi, XJIOPXeKCUWH,
M31oJi3BaHeTo Ha AN69 fquanvs3aTopy Npy nayu-
eHTH, JiekyBaHu ¢ ACE unxubuTtopu. Peakuuure
OT TUI B Bb3HUKBAT NpH ynnoTpe6a Ha 6UOHECHB-
MeCTHMH JIMaJU3HU MeMOpaHu. CMsTa ce, ye ca
CBBpP3aHU C OCBOGOXK/|aBaHe HA XWCTAMUH, JIEB-
KOTPHUEHU U 6paIMKMHUH. [luasn3HaTa MeMb6pa-
Ha akTUBHUpPa QpPaKIMU Ha KOMILJIEMEHTa U 0CBO-
0oXx1aBaHe Ha aHAPUJIOTOKCHHU. AKTUBHUpPAT Ce
pelenTopy Mo NOBBPXHOCTTA HA JIEBKOLIUTHTE,
KOETO BOJH /10 a/[Xe3Hs C eH/[0Tes1a Ha 6e/10Ap06-
HUTe KalluJspu U JieBKocTasa [9, 19].

JAuarHosa u gudpepeHuuajHa JUarHosa

JlvarHosara ce mnocrassi Ha 6a3a Ha aHaMHec-
TUYHU JAHHU 32 MPEeJX0AHH PeaKIiy, 32 KOHCyMa-
TUBUTE, U3T0JI3BAHU 33 XEMO/ITUAJIN3HOTO JIeYeHHe,
KJIMHUYHATA KapTUHA Ha peaknusaTa U ce MoAKpe-
1S OT JIABOPATOPHU JAaHHU 32 €03WHOQUJIHSA, T0-
BUIIIEHU HUBA Ha IgE U uscsenBaHe Ha MaCTOLUT-
Ha Tpuntasa [17, 21]. EosuHoduius obaye He ce
HaOJII0/IaBa MPU BCUYKHU MAI[UEHTH C peaKIus Ha
CBPBX4YyBCTBUTEIHOCT, 8 HOPMAJTHUTE CTOMHOCTU
Ha TpUNTa3aTa He H3KJ/IKYBAT aHAPUIAKTHYHA
Wy aHaduiakTougHa peaknus [10, 23].

Eo3uHoduausATa U306110 HE € HeobuvyaiHO
sIBJIEHUE NPH JIUAJTU3HOTO JIeYeHHE, KATO CIIope/T
HSKOU NPOYyYBaHHUs ce HabJoJaBa npu ot 15 go
35% oT xeMo/iMa/IM3HATA MOMYJIALMSA, A B JPYTU
- oT 24 no 57%, 6e3 Jjla UMa JJaHHU 3a peaKIus
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require medication, and immediate termination of
hemodialysis [1, 3]. Severe reactions lead to dys-
pnea, hypotension, and shock and can lead to car-
diac arrest and a lethal outcome [35].

Type B reactions begin later in the course
of the hemodialysis procedure, usually around
15 to 30 minutes after its beginning. They are
complement-mediated, and with an increase
in membrane biocompatibility, these reactions
decrease [11, 17, 21]. Type B reactions have a
milder presentation. Symptoms include mild
shortness of breath, dyspnea, chest pain, nau-
sea, vomiting, and isolated episodes of hypoten-
sion, which resolve spontaneously in the course
of the dialysis procedure and rarely require its
termination [3, 36].

Type A reactions can be caused by ethylene
oxide, formaldehyde, chlorhexidine, and usage
of AN69 dialyzers in patients treated with ACE
inhibitors. Type B reactions occur when bioin-
compatible membranes are used. It is believed
that they are connected to the release of his-
tamine, leukotrienes, and bradykinin. Dialysis
membrane activates complement with the re-
lease of anaphylotoxins. Receptors on the leuko-
cyte surface are activated, which leads to adhe-
sion with pulmonary capillary endothelium and
leukostasis [9, 19].

Diagnosis and differential diagnosis

Diagnosis is based on patient history for
previous reactions, equipment used for hemo-
dialysis treatment, and clinical presentation of
the reaction and is supported by laboratory data
for eosinophilia, increased IgE levels, and tests
for mastocyte triptase [17, 21]. Eosinophilia is
not present in all patients with hypersensitiv-
ity reactions, and the normal level of mast cell
tryptase does not exclude anaphylactic or ana-

phylactoid reactions [10, 23].

Overall, eosinophilia is not an uncommon
event in dialysis treatment, and some studies
show that it is present in 15 to 35% of the he-
modialysis population, while others report 24 to
57%, without signs of hypersensitivity reactions.
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Ha CBPBbXYYBCTBUTEJIHOCT. Ta ce ONKMCBA W IpHU
60JIHM Ha NepUTOHeasIHa AUaJN3a, KaKTO U NpU
60JIHM C XpOHMYHA ObOpedyHa HeAOCTATBUYHOCT
npejyd 3ano4yBaHe Ha Obb6peyHO3aMecTBallaTa
Tepanud [15, 18, 27, 29].

KnvHu4yHaTa KapTUHA OOMKHOBEHO He I103-
BOJISIBA i@ Ce HalpaBW pasyiuka Mexay IgE-me-
JuupaHa aHaduiaakcusas U He-IgE-MeauupaHa
aHadUIaKTOWIHA peaKLUs, KOSITO e pe3y/TaT OT
0CBOOOXK/JaBaHETO Ha MeJUAaTOPU KaTO XHCTa-
MUH U4 jeBKoTpueH C4 [10].

JudepeHyyanHaTa JUarHo3a Ha peakLuuTe
TUIl A ¥ TUN B BK/IIOYBaA APYTH OCTPU NPOSIBU 11O
BpeMe Ha xeMoJMa/iM3a — XeM0JIM3a, Bb3JyLIHa
eMbo0JiMs, [AUAJM3HO-aCOLMUPAHA XWUIOTOHMUS,
JHUa/IM3HO-aCoLlMMpaHa XWUIOKCEMUS, [U3eKBHU-
Jubpuym cuHapoM [3].

ExunsT Ha Kai-Hsiang Shu et al. couar, ye us-
cnenBaHeTo Ha IgE u KokHU TecToBe 6Mxa MOT-
Ju Aa O'bJAaT U3NOJI3BAaHU 3a JAUArHOCTHKA, HO
nopajy JIMIIca Ha CTaHJATU3WPaHU KPUTEPUHU U
KOHKpPEeTHHU HAaCOKU 3a aHaJ/IU3 B TE€3U CUTyaluu
Te He ca Jj0Ka3aTeJICTBEHH, A ChIIl0 TaKa MoraT Jja
6baaT danuMBonosokuTesHu [30].

JIEUEHHUE

JleyeHHeTO Ha XeMOJHAIU3HO-aCOLIMUPAHUTE
aHapUJIAKTOMJHU M aHaQUIAKTUYHU peaKLUU
M3UCKBA MYJITH/MCIUIVIMHAPEH MOAXO0/ U 3aBUCH
OT THUIIA HA peaKLUsATa U TexxecTTa H. [I[pekpaTsiBa-
HEeTO Ha AWajM3HaTa npoleaypa, 6e3 BpbLUAHETO
Ha Kp'bBTA Ha NaljMeHTa, NOCIe/IBAHO OT a/leKBaT-
HO MATOr€HEeTHUYHO W CUMITOMATHYHO JieYyeHHe
Ca OCHOBHMUTE €JIeMEHTH Ha CIEIIHOTO JieYeHHe.
[Ipunarat ce afipeHaysvH (NpU NMAaLUEHTH C KIH-
HUYHMU OeJsie3W Ha XWUIIOTOHMS, LIOK, aHTHMOeJeM
WJIM 3aTPYZHEHO JiMIIaHe), aHTUXUCTAaMUHU (MTpU
aHadUJAKTUYHU W aHaUIATOULHU PpEeaKLUH),
KOPTUKOCTEPOU/H (3a MpeJjoTBpaTABaHe Ha KbC-
HO-($a30BU peaklMy ce MpUJarat npyu BCUYKHU pe-
aKIMHW Ha CBP'bXYyBCcTBUTENHOCT) [10].

CmsTa ce, ye MPOMHUBKATA Ha JHasM3aTopa C
6uKapbOHAT HaMassiBa NPOAYKIUsITA Ha 6pasu-
KUHUHU [9]. AleKBaTHOTO IpOMKBaHe Ha JihaJu-
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It is described in patients on peritoneal dialysis,
as well as in patients with chronic kidney disease
before initiation of renal replacement therapy [15,
18,27, 29].

The clinical presentation usually does not al-
low making a difference between IgE-mediated
anaphylaxis and non-IgE-mediated anaphylactoid
reaction, which is a result of mediator release,
such as histamine and leukotriene C4 [10].

Differential diagnosis between type A and
type B reactions includes other acute reactions
during hemodialysis - hemolysis, air embolism,
dialysis-associated hypotension, dialysis-as-
sociated hypoxemia, and dysequilibrium syn-
drome [3].

The team of Kai-Hsiang Shu et al. Show that
the test for IgE and skin tests could be used for
diagnosis, but due to the lack of standard criteria
and specific directions for analysis in these situa-
tions, they are not evidentiary, as well as they can
be false positive [30].

TREATMENT

The treatment of hemodialysis-associated
anaphylactoid and anaphylactic reactions re-
quires a multidisciplinary approach and de-
pends on the type of reaction and its severity.
Termination of the hemodialysis procedure,
without returning the patient’s blood, followed
by adequate pathogenetic and symptomatic
treatment are the basic elements of emergency
therapy. Application of adrenaline (in patients
with clinical signs of hypotension, shock, an-
gioedema, or difficult breathing) and antihista-
mines (in anaphylactic and anaphylactoid reac-
tions) and corticosteroids (they are applied in
all hypersensitivity reactions for prevention of
late-phase reactions) [10].

Dialyzer flushing with hydrogen carbonate
is believed to reduce bradykinin production [9].
Adequate flushing of dialyzers and transition to



3aTOpUTE U MPEMUHABAHETO K'bM CTEPHUJIN3AIUS
C ramMa-JT'b4d HaMaJisiBaT PUCKA OT pPa3BUTHE Ha
TakuBa peaknuu [22]. [Ipy u3nos3BaHe HA KyII-
podaHOBU MEMOGPAHHU Ce NpenopbiBa NPOMUBAHE
Ha JiMaju3aTopa npe/jy 3aro4yBaHe Ha MaJIM3Ha-
Ta mpole/ypa ¢ HaW-MaJKO /ABa JIUTPA COJIEBU
pa3TBOp W MOCJeJBallla pelupKyJalnus Ha pas-
TBOpA B KPbBHUTE JIMHUU U AWaJU3aTOpa Hal-
Masiko 32 20 min [8]. UMa 3HaueHUe U TEXHOJIO-
rUsiTa Ha MPOMHUBAHETO HA AUAJMA3aTOpPa, KOSTO
TpsIGBA /1a CTaHe OT/0JIy HA TOpe MPU CTepUIn3a-
LMl C eTUJIEH OKCUJ, T'bY KaTo B JUAJIM3HUTE Ka-
NUJISIPY OCTAaBaT MUKpPOMexyp4ueTa oT Hero [23].

TpeTupaHeTo HA NOJHAKPUIHUTPUIHUTE
MeMOpaHU C MOJIMETHUIEHHUMHUH Ce € W310J13BaJIo,
3a /la ce HaMaJIu OTPHUILIATEJHUST eJIeKTPUIECKU
3aps/ Ha MeMOpaHaTa U Jia ce peJoTBpaTH ToBa
ycIoXHeHue [4].

[Ipu peakyuuTe OT TUIl A HABPEMEHHOTO pas-
II03HaBaHe U He3a6aBHOTO NpeKpaTsBaHe Ha U-
aJiu3HaTa npoleaypa 6e3 BpblilaHe Ha KPbBTa Ha
NalyMeHTa ca MbPBOCTENEHHUTE TepaneBTHYHU
MepKH, MOC/Ae/]BAHU OT CHMIITOMAaTH4YHO Jede-
HUe, KaKTO Y NpUJiaraHe Ha aJipeHaJuH (npu na-
[[MEHTH C XUIIOTOHMS, IIOK, aHTHOE/IeM ), aHTUXHC-
TaMUHHU, KOPTUKOCTEPOUIH, TP HEOOXOAUMOCT
- peaHMMaLMOHHU MeponpusaTus [10, 21].

Peakiuute ot TUl B ce jsiekyBaT cuMnToma-
TUYHO, KaTO OOWYAWHO Te OT3By4YaBaT CaMHU B
X0Zla Ha JMaj/iM3HaTa MpoleAypa U He HaJjaraT
HEMHOTO mpeycTaHOBsBaHe. B HsAKoW ciy4yau
MO>Ke /13 Ce HaJIOXKH Jja ce NpeMHUHe K'bM M0-610-
CbBMeCTUMU MeMOpaHH [5].

BriocsiesicTBUe e HEOGXOAMMO Jia ce YTOYHHU
IpUYMHATa 33 peakUMsiTa U TS Jja ce OTCTpa-
HU, KaTO Ce CMEHHU Juasu3HaTa MmeMbpaHa. [lpu
CBPBX4YYBCTBUTEJIHOCT K'bM MOJUCYAPOHOBU U-
aJN3aTOPU peaKLHUUTe ce MpeJoTBpaTABAT ycC-
IeLIHOo, KaTO NAaLlMEHTHUTE ce TpaHchepupaT KbM
JledieHHWe C JUAJM3HU MeMOpaHU C Iesy/I03eH
TpHUaleTaT, HO MOe /ia Ce U3T0JI3Ba U ipyra CUH-
TeTW4YHa MeMbpaHa [3, 11, 21, 29, 36].

W B TpuTe omucaHW OT HAc cJydasd MOJIHU-
cyadoHoBaTa MeMbpaHa 6e 3aMeHeHa C ToJIke-
TepcypoHOBa.
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gamma ray sterilization reduce the risk of devel-
opment of such reactions [22]. During the time
of cuprophan membrane usage, it was recom-
mended that the dialyzer be flushed before the
initiation of the procedure with at least two li-
ters of normal saline, followed by recirculation of
the solution in the blood lines and dialyzer for at
least 20 minutes [8]. The technology of dialyzer
flushing was important too; it should be upwards
in dialyzers sterilized with ethylene oxide due to
the remaining microbubbles of it in the dialyzer
capillaries [23].

Treatment of polyacrylonitrile membranes
with polyethyleneimine was used to reduce the
negative electric charge of the membrane and pre-
vent this complication [4].

In type A reactions, the on-time recognition
and immediate termination of the dialysis proce-
dure without returning the blood to the patient
are primary therapeutic measures, followed by
symptomatic treatment as well as the applica-
tion of adrenaline (in patients with hypotension,
shock, or angioedema), antihistamines, cortico-
steroids, and intensive care treatment if needed
[10, 21].

Type B reactions are treated symptomat-
ically, as they usually resolve by themselves
during the course of the dialysis procedure
and do not require its termination. Some cases
may require a transition to more biocompati-
ble membranes [5].

After the acute episode, the reason for the re-
action should be found and eliminated by chang-
ing the dialysis membrane. In hypersensitivity
reactions from polysulfone dialyzers, reactions
can be successfully prevented by transferring the
patients to treatment with cellulose triacetate
membranes, but other synthetic membranes can
be used as well [3, 11, 21, 29, 36].

In all three described cases, a polysulfone
membrane was switched with a polyethersul-
fone one.
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3AKJ/IIOYEHHUE

Bbnpeky HaJIMYUETO HA roJisiM 6poi mosiume-
pH 3a AUa/IM3HU MeMOpaHU U yBesMdeHaTa epu-
KacHOCT Ha Hal-HOBUTe MOJeJU JUaJU3aTOpPH,
BCe Ollle He e HaMepeH YHUBepcaJleH MaTepual,
KOWTO Jla NOKPUBA BCUYKU HM3UCKBAHUS Ha MO-
JlepHaTa XxeMOo/ua/In3a.

C u3kJ/II0YeHNe Ha aJleprusaTa KbM eTHJIeHOK-
CUJia U CBPBXIIPOAYKLHUATA Ha OpaJUKUHUH [IpU
ynotpe6a Ha AN69 MeMO6GpaHa NpU NALHEHTH,
npueMaiiy ACE UHXMOUTOPH, MEXaHU3MUTE Ha
NIOBEYEeTO peaKL M He Ca HAI'bJIHO U3ICHEHHU.

Makap 4e AuaJM3HO-aCOLMHUPAHUTE peaKLUU
Ha CBPBbX4YYBCTBUTEJIHOCT Ca MO-peKU Npe3 Moc-
JIeJ[HUTe TOJAUHY, Te He ca OCTaHa/IMd B MUHAJIOTO
U Tpsi6Ba Jja ce MUCJIU 3a TSAX, 0COOEHO NPU Nalu-
€HTH, 3a04YBally XeMOZJMaJIU3HO JIeYeHHE U B TIe-
pYo/a Ha ajanTalya KbM MeToZa. BuHaru Tpsi6sa
Jla ce Ma NpeiBU/J, U BepOATHOCTTA OT )KUBOTO3a-
CTpallaBalliy UHIM/IEHTH DY Te3U NalMeHTH.

PaHHOTO [AuarHocTulypaHe, JieYEHUETO U
CMsSHATa Ha AMalu3aTopa ca OT BOXKHO 3HA4YeHHe,
T'bU KaTO NOJ06HHU YC/I0KHEHUS HapyllaBaT ajal-
TauMsTa U ICUXUYecKaTa Haryaca Ha 00JIHHUS, KaK-
TO Y Ka4eCTBOTO Ha XeMOAUAJIN3HOTO JIeYeHHe.

BUB/INOrPA®HUA // REFERENCES

CONCLUSION

Despite the presence of a large number of poly-
mers for dialysis membranes and the increased ef-
ficacy of the newest dialyzer models, there is still
no universal material found that can comply with
all criteria of contemporary hemodialysis.

With the exclusion of the allergy to ethylene
oxide and overproduction of bradykinins while
using AN69 membranes in patients treated with
ACE inhibitors, the mechanisms of most reactions
remain unclear.

Even though dialysis-associated hypersensi-
tivity reactions are rare these days, they have not
remained a thing of the past and should be con-
sidered, especially in patients who start hemodi-
alysis treatment and in the period of adaptation
to the method. The possibility of life-threatening
incidents should always be considered in these
patients.

Early diagnosis, treatment, and dialyzer re-
placement are very important because these com-
plications disrupt the adaptation and psychologi-
cal attitude of the patient, as well as the quality of
hemodialysis treatment.
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GEHECTPUPAHO EHAOITPOTE3UPAHE - MOAUPULIMPAHU OT XUPYPTA
EHJAOITPOTE3HU IIPU JIEYEHHUE HA C/102KHU ABAOMHWHAJIHU U PYIITYPUPAJIN
AHEBPU3MMU. KNIMHUYEH OIIUT OT MBAJI ,,CbPLIE U MO3'bK"“ - IIVIEBEH

T. Camapaixcues’, H. Koaeg?, B. HeaHoea’, K. Anekcandpos’, H. KocmaduHoed’,
H. Musaowosecku’, B. /Junog!

IMBAJI ,,Copye u mo3ok" - IlaeseH, >BoeHHomeduyuHcka akademus — Cogpus

Pe3wome. FEVAR-PMEGs (Fenestrated endovascular aortic aneurysm repair-physician modified
endografts) e MHOBaTMBHA, MUHMMAaJIHO HHBa3UBHA TeXHHKa, 103BOJIABAllA JleYeHHe U Bb3CTa-
HOBsIBaHEe Ha HOpMaJ/IHUS KPbBeH NOTOK IPY TOPaKoabJOMUHAIHU U/UJIH CJI0XKHU a6,OMUHATHU
aHeBPU3MH, 0OXBallALY BUCLepa/IHU apTepuu (apTepyH, 3aXpaHBallld KOpeMHUTe opraHu). Ta-
K'bB THUIl UHTEPBEHIIUY Ce U3BBPIUBAT B 3 6OJIHUYHHU LleHTbpa B bbarapus. KinuHukara no cbo-
Ba xupyprud ,Cbple U Mo3bK" - [l/1eBeH, e cpesi IUAepUTe B CTpaHaTa B 06J1aCTTa HA €H/J0BACKY-
JIAPHOTO JIeYeHUe NIPU PYNTYPU U CUMIITOMATHYHU KOMIIJIEKCHU a0PTHU aHeBpU3MHU. TaKbB THUII
aHeBPU3MU Ca elHU OT Hal-NpeJu3BUKATEJHUTE CIy4yau B 06JacTTa Ha CbJ0BaTa XUPYpPrus B
cBeTOBeH Mallab. [Ipu nponeaypaTa ce U3M0/I3BaT ClIeL[MaJHO NPOEKTUPAHU OT CbA0BUSA XUPYpPT
cTeHT-rpadT cucteMu c peHecTpH (OTBOPHU), KOUTO NMO3BOJISABAT Ha KPBBOTOKA Jia IpeMHUHABA
KbM KOPEMHHUTE OpraHH, KaTo ChlleBpeMEHHO U30JMpaT aHeBpu3MaTa. [Ipu TakuBa 3a60sBa-
HUS aTepOCKJIEPOTUYHUTE MIPOMEHH U ChOTBETHO Pa3LIMPEHUETO Ha aopTaTa 06XBallaT U BUC-
Llepa/THUTe apTepuH, CHAOABAIIY C KP'bB )KU3HEHOBAXKHU KOPeMHH opraHu. TakuBa CbCTOSHUSA
ca U3KJIIOYUTEJTHO JUHAMUYHO pa3BUBalIlU ce. [Ipy TAX TpaJHULMOHHATa OTBOpPEHA XUPYpPrHUs,
KaKTO U KJIJacMyecKaTa MHTepBeHILMOHa/HA TEXHUKA ca HeepeKTUBHU. MHOTO 4eCTO NaljueHTUTe
He ca 3all03HaTH CbC 3a60/11IBaHETO U NPUGATBAT [0 JieKapcKa OMOLLL c/Iefl 0siBa Ha OIJIaKBa-
Hus npu pyntypa (cnykBaHe) Ha aHeBpu3MeHus cak. FEVAR-PMEGs ce foka3Ba KaTo TeXHUKA Ha
n360p npu okoJio 30-40% oT nayMeHTUTE ¢ aHeBpU3Ma Ha ab6goMHUHaIHa aopTa ¥ 100% n360p
IpY NMaLMeHTH C KOMIVIEKCHA aHeBpH3Ma Ha abJoMHHa/lIHa aopTa. MeToABT ce xapakTepu3upa C
BHUCOKa yCIIeBAeMOCT IPY IJIAHOBU U CIEIIHU KJIMHUYHY C1y4yau. Bbp30To Bb3cTaHOBSIBaHE U Ha-
MaJIEHUAT PUCK OT KPAaTKOCPOYHHU U 'bJITOCPOYHH YCI0KHEHUS I'0 IPABAT NPUJI0KHUM U360p NPU
roJiiM KOHTUHTeHT OT NaljMeHTH. B cTaTuATa npeAcTaBsMe TEXHUKATA, IPeUMyllecTBaTa U He-
JOCTaT'bLUTE HAa METOAQ, KIMHUYHUTE Pe3y/TaTy P Ipyna oT naureHTH B KiimHukara. 3a 2024
rofivHa B KnimHukata no cpaoBa xupyprusi B MBAJI ,Cbprie v Mo3bK” - [l1eBeH, ca u3BbpuieHn 12
TaKMBa IpoLeLypH. B HacTosimaTa cTaTus ce pasriexja U3BaJika 3a NallMeHTH, OlepUpaHU IIpe3
I'bpPBOTO NoJyroAue Ha 2024 rogrHa.
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KmouyoBu aymu: FEVAR, PMGEs, aopTHa aHeBpu3Ma, eHZONpPOTe3a, MOAUPUIUPAHU CTEHT-
rpadTu

FENESTRATED ENDOVASCULAR AORTIC ANEURYSM REPAIR - PHYSICIAN
MODIFIED FENESTRATED ENDOGRAFTS IN TREATMENT OF COMPLEX
ABDOMINAL AND RUPTURED ANEURYSMS - CLINICAL EXPERIENCE
FROM MHAT ,HEART AND BRAIN“ - PLEVEN

T. Samardzhiev’, N. Kolev?, V. Ivanoval, Zh. Aleksandrov’, I. Kostadinova, I. Miloshovski, V. Dinov!

"Heart and Brain" Hospital - Pleven, ?Military Medical Academy - Sofia

Abstract. FEVAR-PMSGs (Fenestrated endovascular aortic aneurysm repair - physician modified
endografts) - is an innovative minimally invasive technique that allows treatment and restoration of
normal blood flow in thoraco-abdominal and/or complex abdominal aneurysms involving visceral
arteries (arteries supplying the abdominal organs). Such type of interventions is performed in
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3 hospital centers in Bulgaria. Clinic of Vascular Surgery ,Heart and Brain“ - Pleven, is among
the leaders in the country in the field of endovascular treatment of ruptured and symptomatic
complex aortic aneurysms. Such type of aneurysms is one of the most challenging cases in the field
of vascular surgery worldwide. The procedure uses stent-graft systems with fenestrae (openings)
specially designed by the vascular surgeon, which allow blood flow to pass to the abdominal
organs while isolating the aneurysm. In such diseases of the aorta, atherosclerotic changes and,
accordingly, its expansion also involve the visceral arteries supplying vital abdominal organs with
blood. Such conditions are extremely dynamically developing in which traditional open surgery as
well as classical interventional techniques are ineffective. Very often patients are not familiar with
the disease and seek medical help after complaints of rupture (bursting) of the aneurysmal sac.
FEVAR-PMEGs is proven to be the technique of choice in about 30-40% of patients with abdominal
aortic aneurysm and 100% choice in patients with complex abdominal aortic aneurysm. The
method is characterized by a high success rate in planned and emergency clinical cases. The rapid
recovery and reduced risk of short-term and long-term complications make it a viable choice for
a large contingent of patients. With the following article, we present the technique, advantages
and disadvantages of the method, clinical results in a group of patients in the clinic. For 2024, 12
such procedures were performed in Vascular Surgery ,Heart and Brain“ - Pleven. This article will
examine a sample of patients operated on during the first half of 2024.

Key words: FEVAR, PMEGs, aortic aneurysm, endoprosthesis, physician modified endografts
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BBBEJIEHUE

AHeBpH3Ma Ha KOpeMHaTa aopTa ce fepuHUpa
KaTO MaTOJIOTUYHO pa3lIMpsiBaHe Ha IMaMeTbpa U
noBeue oT 50%, Wiu AMaMeTbp HaZ, 3 CAHTUMET-
pa 3a aboMUHAIHUS CETMeHT. PuckoBu dakTopu
npy 3ab6oJisiBaHeTO ca Bb3pacT Haja 60 roguHuy,
I10J1, FeHETUYHA IPEeIPa3I0JI0KEHOCT, apTEPHAIHA
XUINEepPTOHUS, aTePOCKJIepo3a, UabEeT, TIOTIOHOMY-
lIeHe, roJleMU KOJIMYecTBa aJlkoxoJl. /JluarHosarta
aHeBpU3MaJiHa 60JIeCT Ha KOpEMHa aopTa 10 KJIU-
HUYHM JJaHHU 3acsra Mexay 2 u 8,8% ot Hacesie-
HUETO, KaTO TO3U NMPOLIEHT HapacTBa C Bb3PacTTa.
ToBa cbcTOsIHUE BOJU J10 TPAMHO MOHMKABAaHE HA
KaueCcTBOTO Ha KUBOT, HO U MHOTO Y€CTO /10 CMBbPT
NpHY HeJIeKyBaHU U HEJJUAarHOCTHULIMPAHU HaBpeMe
nauueHTH [1, 2]. PUCKOBY ca KOMIJIEKCHUTE, WU
T.Hap. CJIOXKHU abJJlOMUHAJIHU aHEBPU3MHU, 0OXBa-
Al KJIOHOBE Ha aopTaTa, CHab/JsBally C KPbB
rojieMyd KOpeMHH OpraHy, aHeBpU3MH Ha WiMayHa
apTepus, TBbPZE K'bCa/IUICBallA IIMAKA HA aHe-
BpU3MaTa WJM HebJIaronpUSTEH 'bI'bJ Ha aHEB-
pusMaTa. ToBa CHJIHO OTpaHHU4YaBa JIeYEHUETO
nopaJy ¢akTa, Ue B peKOHCTPYKLHUATA Tpsi6Ba Ja
0'bJIaT BKJIIOYEHHU BUCIIEPAJHUTE ChJIOBE, OTTOBA-
pSIIM 3a XpaHEHETO Ha BCUYKU KOPEMHU OpPraHHU.
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INTRODUCTION

Aortic aneurysm is defined as its patholog-
ical expansion of the diameter by more than
50% or a diameter of more than 3 centimeters
for the abdominal segment. Risk factors for the
disease are age over 60 years, gender, genetic
predisposition, arterial hypertension, athero-
sclerosis, diabetes, smoking, large amounts of
alcohol. The diagnosis of abdominal aortic an-
eurysmal disease according to clinical data af-
fects between 2 and 8.8% of the population, and
this percentage increases with age. This condi-
tion leads to a permanent decrease in the qual-
ity of life, but also very often death in untreat-
ed and undiagnosed patients [1, 2].Complex or
so-called complex abdominal aneurysms - in-
volving branches of the aorta supplying blood
to large abdominal organs, aneurysms of the il-
iac artery, too short/missing aneurysm neck or
unfavorable aneurysm angle. This greatly limits
the treatment because the reconstruction must
include the visceral vessels responsible for the
nutrition of all abdominal organs. In aneurysms



[Ipy aHeBpU3MHU OT TaKbB TUIl CTAHJAPTHUTE €H-
JIOBAaCKyJIapHU TEXHUKU He ca MPUJIOXKUMHU [3, 4].
Tyk ce BkJII0YBa JieYeHUETO Upe3 MoAUPHULpaHE
Ha CTaHJAPTHUTE eHJONpOTe3U OT XUPYp3UTe:
odopMAT ce GpeHecTpUu — OTBOPHU U PA3KJIOHEHHUSA
- KpauyeTa, KOMTO MOCPeCTBOM MMILJIAHTAlUA Ha
MOKPUTH CTEHTOBE CBbP3BaT OCHOBHATA MPOTe3a
C NpUILEeJHUTE KOPEMHHU CbjoBe. Te M03BOJIABAT
nepdysusiTa (3axpaHBaHETO) HA CbOTBETHUTE OP-
raHU U CUCTEMH, KaTO ChIEBPEMEHHO Cce MOCTUTa
HaI'bJIHO M3KJ/IOYBaHe Ha aHeBpHU3MaTa C eHJI0-
Backy/iapeH MeTtoJ,. Tasu anTepHaTuBa mnpejJsara
MMHHMAaJIHO MUHBA3UBEH MOAXOJ C JbJTOCPOYHU
pe3y/ITaTH B CbXpaHSIBAHETO Ha »KMBOTA Ha Naly-
€HTa U 0/j06psiBaHe HAa HETOBOTO KaueCTBO.

HAIIIUAT OIIUT

[Ipe3 mnociefHUTe TOAWHU €eHJOBACKYJAp-
HOTO JieueHHe IMpHu 3ab60JsIBaHUsSI HA aopTarTa ce
yCbBBpLIEHCTBA 3HAYMMO KaKTO 10 CBeTa, Taka
v B boiarapus. FEVAR nosBoJsisiBa MHOXeCTBOTO
HNalMeHTH C aHEBpU3MaJiHa 6O0JIECT HA aopTaTa,
Helo3BoJIsIBallla OTBOPEHA XUPYPTUs WM KJa-
cuveckaTta npoteaypa EVAR, aa 6'baaT siekyBaHU
Yype3 WHOBATHBHU TEXHUKU U CTEHT-IrpadT cHC-
Temu [5, 6]. Tbi KaTo 3ab6oJIsSIBAaHETO Ce cpella
Hall-yecTo NpY Bb3pPacTHU U YBPeJEeHU NaleH-
TH, MUHUMaJIHO NHBaH3MBHATa €H/l0BacKyJapHa
XUPYprus NpesocTaBsi Bb3MOXKHOCT 3a I10-6bP30
B'b3CTaHOBsSIBaHe, 3aXpaHBaHe WU pa3/iBMKBaHe,
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of this type, standard endovascular techniques
are not applicable [3, 4] This includes treat-
ment by modifying standard endoprostheses by
surgeons - fenestrae - openings and branches
- legs are formed, which, through the implan-
tation of covered stents, connect the main pros-
thesis with the target abdominal vessels. They
allow perfusion (supply) of the relevant organs
and systems, while at the same time achieving
complete exclusion of the aneurysm with an en-
dovascular method. This alternative offers us a
minimally invasive approach with long-term re-
sults in preserving the patient’s life and improv-
ing its quality.

OUR EXPERIENCE

Endovascular treatment of aortic diseases
has improved a lot in the world and in Bulgar-
ia. FEVAR allows many patients with aneurys-
mal aortic disease that does not allow open
surgery or the classic EVAR procedure to be
treated using innovative techniques and stent
graft systems [5, 6]. Since the disease occurs
most often in elderly injured patients, mini-
mally invasive endovascular surgery provides
an opportunity for faster recovery, nutrition
and movement, which are key in this group

Hsmounuk: Mayo Clinic Educa-
tional Resources, aganTupaHo
ot Buzeo “Fenestrated Endo-
vascular Aortic Aneurysm Re-
pair - Mayo Clinic”, YouTube
ype3 Bing Videos

Source: Mayo Clinic Education-
al Resources, adapted from
the video “Fenestrated Endo-
vascular Aortic Aneurysm Re-
pair - Mayo Clinic”, YouTube
via Bing Videos

®ur. 1. Bugose komMnyiekcHu aopTHU aHeBpusmu // Fig. 1. Types of complex aortic aneurysms

67 <<

%)
z
=
o
(o]
4
=
L
7]
(o]

@)

~
=
g
~
b
[}
=
jerl
z
=
&




KAPAMIOAOTHST &
KAPAVIOXWPYPT IS

T. Camappmxves v ap.
®eHecTpupaHo exfonpoTesnpaHe...

Tom 9, Bpoit 1+ 2026

-~
=
=
jas
=)
~
[¥e}
o
=)
~
O
Z
e
o)
=
~
~
@
Y
@
(¢}
=
(¢}
o
Q
=
—
n

KOUTO Ca KJIOYOBU NpPU TO3U KPbI OT MalUEH-
TH. FEVAR e nHOBaTHBHA TeXHHUKa, YUATO IeJ e
He caMO M30JIMpaHe Ha aHeBpU3MaJ/IHUA y4aCTbK
OT aopTaTa, HO U CTEHTHPAaHe Ha OCHOBHUTE ap-
TEPHUH, KPbBOCHAO/ABAIU KOPEMHHUTE OpraHM.
B Bbarapus He ce u3paboTBaT deHeCcTpUPaHU
MPUCAJIKU 32 JieueHUe Ha CJI0KHU Aa0pTHU aHe-
BpHU3MH, a 32 IPOMU3BO/CTBOTO HAa TAKUBA B JIpyTH
cTpaHu ca HyxkHU 10-12 cegmunu. biarogapenue
Ha MYJTUAUCHUIIMHAPHUS MOAXOJ B MHOTOII-
podusHaTa MaTepuasHa 6a3a B MBAJI ,Cbpiie u
MO03bK" - [lyIeBeH, Ta3u U3paboTKa ce U3BbpIIBA
3a 4yacoBe CJie/i OCUTYpsIBAaHETO Ha nepudepHa
aHruorpadus, cupssMo KOsITO Ce U3BbPILIBAT HYX-
HUTE M34YMC/IEeHHS 3a HallpaBaTa Ha GeHecTpuUTe.

[IpoueaypaTta e nojxojsia 3a U3BbPIIBAHE
KaKTO IpH MO-MJIaAM, TaKa U Bb3PaCTHU NOJIN-
MOpOU/IHM NALMEHTH, MOPaJAU MUHUMAIHO HH-
BaH3UBHMUS MOJXO/J[: HE Ce U3IMO0JI3BAT TEXHUKH,
OGJIOKMpaIlM KpbBOCHAO/[sIBAHETO Ha 6bOpernuTe
Y 4epBaTa, KaKTO IIpyU OTBOpPEHaTa XUpyTus, A0c-
TaTbyeH e 1 caHTUMeTBp pas3pes3 3a AOCTBI [0
6e/ipeHUTe apTepuH, NalMeHTbT 6bP30 Bb3CTa-
HOBsIBa pHU3UYECKATA CU aKTUBHOCT — MOXKE /1a Ce
pa3ABUKBa Ha I'bPBUS CJe[j0NIepaTUBEH JIeH, N0-

KpaThbK € OOJITHUYHUST HpECTOfI, IMO-HUCDBK € pHUC-
KbT 3a YCJIOXKHEHHA B paHHUA U KbCHHA ITOCTOIIE-
paTHUBEH IIepuruoa.

of patients. FEVAR is an innovative technique
whose goal is not only to isolate the aneurys-
mal section of the aorta, but also to stent the
main arteries supplying blood to the abdomi-
nal organs. In Bulgaria, fenestrated grafts are
not manufactured for the treatment of com-
plex aortic aneurysms, and in other countries,
10-12 weeks are needed for their production.
Thanks to the multidisciplinary approach in
the multi-profile material base at the "Heart
and Brain" Hospital - Pleven, this production
is performed within hours after providing pe-
ripheral angiography, against which the nec-
essary calculations for the manufacture of the
fenestrae are performed.

The procedure is suitable for both younger
and older polymorbid patients due to the mini-
mally invasive approach: no techniques are used
that block the blood supply to the kidneys and in-
testines as in open surgery, a 1 centimeter incision
for access to the femoral arteries, rapid recovery
of the patient's physical activity, who can move on
the first postoperative day, shorter hospital stay,
lower risk of complications in the early and late

postoperative period.

H3mouHuK: ABTOpCKM apXuB Ha
KnvHuKaTa mo cbJl0Ba XUPYpPTHS,
MBAJI ,,Cbpue u M03bK" - [l1eBeH

Source: Author's archive of Vascular
Surgery Clinic, "Heart and Brain"
Hospital - Pleven

dur. 2. PenecTpupaHa eHZ0IPOTE3A C OTBOPH 32 apTEPUs ME3EHTEPHUKA CYIIEPUOP U TPYHKYC LieJIUaKyC

Fig. 2. Fenestrated endoprosthesis with openings for the superior mesenteric artery and celiac trunk
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HsmouHuk: ABTOopcKH apxuB Ha Kiu-
HHUKaTa N0 CcbAoBa xupyprus, MBAJI
,Cbplie U MO3bK" - [I1eBeH

Source: Author's archive of Vascular
Surgery Clinic, "Heart and Brain" Hos-
pital - Pleven

dur. 3. [IpyirBaHe Ha 6paHLI 32 BbTPEIIHA WIKAaYHA apTepyst NP U30JIMPaHe HA UIMAYHU aHEBPU3MH

Fig; 3. Suturing a branch of the internal iliac artery in the isolation of iliac aneurysms

ETanu Ha mponejypara npu IJIaHOBa ome-
panus:

[. [IpueM Ha manueHTa U U3BbpuIBaHe Ha KT
aHruorpadus. UYpes Hesq ce npaBu 3D Mozes Ha
aHeBpU3MaJIHUs yyacTbK. To3u eTan e cBbp3aH €
HW34YUCIEHUs K'bJle TOYHO TPsi6Ba Aia 6baaT dpeHe-
CTpaLMUTe UIU OGpaHLIOBETE.

II. [IlpegonepaTuBHa noAroroBkKa. IlocTenBa-
He Ha NalyeHTa B MHTEH3UBHO OTheJsieHue. Ha
TO3U eTall pPeaHUMAllMOHHUAT eKUI CTabuJIU-
3upa 6oJsiHUsA. B3eMaT ce HeobxoauUMHTE J1abo-
paToOpHU HU3c/e[BaHUs, Ha 6asaTa Ha KOUTO Ce
NpeleHsABa Jajv e NOAXOAAL] 3a U3N0JI3BaHe Ha
KOHTpACTHA MaTepHs N0 BpeMe Ha npouejypara.
[Ipy manyeHTH € XpOHHWYHA WK OCTpa 6b6pey-
Ha HeJ0OCTAaTBYHOCT Ce U3MoJi3Ba TexHuka ¢ CO,,
KOSITO He yTeXHsiBa 6bbpeuHaTa ¢yHKuus. [lo
BpeMe Ha CTabUJIM3UPaHeTOo Ha NalMeHTa U TOJ-
roTOBKaTa My 3a OIEpallMOHHH MepONpHUSATUA
eKUIT'BT OT ChJOBU XUPYpP3U U3BBPIIBA HEOOXO-
JUMHUTE U34YMCJIeHUs 3a JIOKaJIU3alysa Ha [IpoTe-
3aTa U QeHecTpUTe CIPSAMO Beye W3BbpIIEHATa
a"ruorpadus.

[1I. locTpn npu nHTepBeHnuATa. [Ipouenypa-
Ta Ce U3B'bPLUBA 110/ 0061112 aHECTE3US.

JByCTpaHHO ce OChLeCTBABAT OTBOPEHH J10C-
T'BIIU [10 6eJipeHaTa apTepus ypes jiaTepasieH be-
JpeH focTbI. [lpuiara ce MyHKIMOHEH LOCTBII

Stages of the procedure for elective sur-
gery:

I. Upon admission, the patient is subjected to
CT angiography. Through which a 3D model of the
aneurysmal area is made. At this stage, calcula-
tions are made as to exactly where the fenestra-
tions or branches should be.

I1. Preoperative preparation. Admission of the
patient to the intensive care unit. At this stage,
the resuscitation team stabilizes the patient. The
necessary laboratory tests are taken. Based on
which we assess whether it is suitable for the use
of contrast material during the procedure. In pa-
tients with chronic or acute renal failure, a CO,
technique is used that does not aggravate renal
function. During the stabilization of the patient
and his preparation for surgical procedures, the
team of vascular surgeons performs the necessary
calculations for the localization of the prosthesis
and fenestra in relation to the already performed
angiography.

[1I. Access during the intervention. The proce-
dure is performed under general anesthesia.

Open accesses to the femoral artery are per-
formed bilaterally through lateral femoral access.
Puncture access through the brachial artery, if
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npe3 6paxyajiHa apTepus, IpU HyXJa MoraT Ja
6'b/laT U3M0JI3BAHU U [iBETe OpaxruaHU apTePHUH.

[lo BpeMe Ha TO3H eTan APYry JBaMa XUpyp3H
M3roTBAT PeHecTpaLUUTe U GpaHILOBETE B OC-
HOBHATa eHJ0IpoTe3a.

IV. UMn1aHTanus Ha CTeHT-rpadT cucTema-
Ta. 3alo4Ba ce C [JIAaCUPaHEeTOo Ha BOAAY 32 Map-
KMpaHe Ha apTepuuTe, 3a KOUTO ca NpeJiHa3Ha-
YyeHHWTe OTBOPUTE B OCHOBHATa NpOTe3a, KaTo
Hal-yecTo TOoBa ca 6GbOpPEYHUTE U Me3eHTEepPHU-
asHuTe. [Ipy aHeBpH3Ma Ha WJIHMAYHU apTepUU
BO/IaY'bT MapKHUpa BbTPELIHA UJIKMAYHA apTePHUs,
KbJEeTO MoMaZa NPUIIATOTO KbM IpoTe3aTa
Kpade, cje/i KOeTO OCHOBHOTO 6MypKaIMOHHO
TAJIO Ce TO3ULMOHUPA CIPAMO TAX TaKa, 4ye OT-
BOPUTE Jia ONa/HAT HA TeXHUs ocTeyM (OTBOp).
[Ipes Te3u OTBOpHU ce MOCTABAT BOJAYH IO apTe-
pUUTE, HOCELM KPbB KbM KOPEMHHUTE OpraHHU.
[Io BosaurTe ce mJjacupaT MOKPUTHU CTEHTOBE,
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H3mounuk: ABTOpCckM apxuB Ha KinMHuMKaTa no
cbaoBa xupyprusi, MBAJI ,Cbpue U MO3BK" -
[lneBen

Source: Author's archive of Vascular Surgery
Clinic, "Heart and Brain" Hospital - Pleven

Darorin

dur. 4. [l1aH 3a U3paboTBaHe Ha GeHecTpUpaHa
€H/I0NpOoTe3a ¢ OpaHll KbM BbTPEIIHA UIHAYHa
apTepus NpH NalMeHT C aHEBPU3MHU Ha abOMHU-

HaJIHa aopTa ¥ WJIHAYHU apTepuu

Fig. 4. Plan for the fabrication of a fenestrated
endoprosthesis with a branch to the internal
iliac artery in a patient with aneurysms of the
abdominal aorta and iliac arteries

necessary, both brachial arteries can be used.
During this stage, two other surgeons prepare
the fenestrations and branches in the main en-
doprosthesis.

IV. Implantation of the stent-graft system. It
begins with the placement of a guide to mark
the arteries for which the holes in the main
prosthesis are intended, most often these are
the renal and mesenteric arteries. In the case of
an iliac artery aneurysm, the guide marks the
internal iliac artery, where the leg sewn to the
prosthesis falls.

Then the main bifurcation body is positioned
relative to them so that the holes fall on their os-
teum (opening). Through these holes, guides are
placed to the arteries carrying blood to the ab-

dominal organs. Covered stents are placed along
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Cb3/laBallld MOCT MeX/ly OCHOBHOTO 6udypka- these guides, creating a bridge between the main

OUOHHO TsJIO U apTePUUTE HAa KOPEMHUTE OP-  bifurcation body and the arteries of the abdomi-
rand. CTeHTOBeTe B3CTAaHOBABAT HOPMaJHUSA  nal organs. The stents restore normal blood flow

KPBBOTOK KbM ChbOTBETHUTE OPraHHU. to the corresponding organs.

Taka nozpesfeHUSAT aJrOpUTHM OTHEMA MH- The algorithm arranged in this way takes min-
HHMMaJIHO TEXHOJIOTHYHO BpeMe 3a U3BBpLIBAHE  jmal technological time to perform the surgical
Ha olepaTHBHATA UHTEPBEHIUSL. intervention.

WHauKkanuu 3a npoueaypara Indications for the procedure

FEVAR e onnus Ha us6op npu: FEVAR is an option of choice for:

— llayrenTH ¢ aHeBpU3Ma WIK AWCeKaLHsl, 06- — Patients with aneurysm or dissection

XBallALIA TOpaKa/lHa U/WIK ab/J0MUHaAIHA a0pTa.  involving the thoracic and/or abdominal aorta.

ase reports
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H3mounuk: ABTOpcKU apxuB Ha KiiMHukarta no cb-  M3movHuk: ABTOpCKM apxuB Ha KilMHMKaTa 1o CbA0OBa XUPYprusd,
noBa xupyprus, MBAJI ,Cbpue u Mo3bK“ - [lneBen  MBAJI ,Cbpiie v Mo3bK" - [l1eBeH

Source: Author’s archive of Vascular Surgery Clinic,  Source: Author‘s archive of Vascular Surgery Clinic, "Heart and Brain"
"Heart and Brain" Hospital - Pleven Hospital - Pleven

®ur. 5. HTpaonepaTuBHa aHruorpadus cies dur. 6. MapkupaHe npu peHecTpalus 3a AsICHA peHaJIHa apTepus

usBbpuieH EVAR-IBD (gBycTpaHHO 6paHuI 3a . . . .
p (ABycTp p Fig. 6. Marking for fenestration for the right renal artery

apTepus WJMaKa UHTePHA, Hal'bJIHO U30JIMpaHa

aHeBpU3Ma Ha ab60MUHAIHA A0pTa U AHEBPU3MU

Ha WJIMAYHU apTepuH, 6e3 eH/J0JIUIK)

Fig. 5. Intraoperative angiography after EVAR-IBD
(bilateral internal iliac artery branch, completely
isolated abdominal aortic aneurysm and iliac
artery aneurysms, without endoleak)
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H3mouHuk: ABTOpCcKU apxuB Ha KiiMHUKaTa
no cbaoBa xupyprus, MBAJI ,Cbple U Mo-
3bK" - [l/1eBeH

Source: Author’s archive of Vascular Surgery
Clinic, "Heart and Brain" Hospital - Pleven

®ur. 7. CTeHTUpaHa [JisicHA peHaJlHa apTe-
pust npu FEVAR (Fenestrated Endovascular
Aortic Repair)
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Fig. 7. Stented right renal artery in FEVAR
(Fenestrated Endovascular Aortic Repair)

H3mouHuk: ABTOpcKU apxuB Ha KiinHuka-
Ta 110 cbAoBa xupyprus, MBAJI ,Cbpue u
MO3bK" - [l1eBeH

Source: Author's archive of Vascular
Surgery Clinic, "Heart and Brain" Hospital
- Pleven

®ur. 8. KonTposiHa aHruorpadusi npu
FEVAR, ciies uMniaHTaluust Ha NOKPUT
CTEHT B apTepUsi PEHAJIUC BJISICHO

Fig. 8. Control angiography in FEVAR,
after implantation of a covered stent in
the right renal artery
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H3mounuk: ABTOpcKU apxuB Ha KimHuKaTa no cbaoBa xupyprus, MBAJI

,CbpLe 1 M0o3bK" - [l1eBeH

Source: Author’s archive of Vascular Surgery Clinic, "Heart and Brain"

Hospital - Pleven

®ur. 9. In situ deHecTpanus 3a aprTepus cyOKJIaBUS CHHUCTPA

IIPpU aHEBpU3Ma Ha a0pPpTHaA A’bra

Fig. 9. In situ fenestration for the left subclavian artery in aortic arch

aneurysm

— Topaka/lH¥ aHeBpU3MU Ha aOpTHATA Jbra U
JleclieH/leHTHa aopTa.

— CJI0)KHM aHeBpH3MHU Ha abJjOMMHAJIHA aop-
Ta C K'bCa/JUICBallA IIUHKA, T.e. HEGJATONPU-
STHA JIEHJUHT 30Ha (MSACTOTO Ha 3axXBalllaHe Ha
OCHOBHOTO TsIJIO — IOKCTapeHaJHU abJ0MUHAIHU
AOpPTHHU aHEBPHU3MH).

— KoMniekcHH aHeBpHU3MHM, 06xBallalllk pe-
Ha/IHY U Me3eHTepHUasIHU apTepyuy — apapeHaJ-
HYU (Ha HUBOTO Ha peHa/JIHUTe apTepuH), Cylpa-
peHasHU (HaJy HUBOTO Ha pEHa/IHUTE apTepuH)
a6/l0MHUHAJIHA a0PTHU aHEBPU3MH.

TeXHOJIOrMYHUAT yclex MNpU INpoleaypaTa
FEVAR ce ab/mku Ha 00€JTUHEHUETO MEX]Y JiBe
B3aMMHO M3KJ/II0YBALIY Ce IOHATHSA, a UMEHHO:

1. YHUBepCcaJHOCT — Bb3MOXKHOCT 3a U3I0JI3-
BaHe Ha CJOXHW KOHQUTypaLUu OT eHJ0IpoTe-
3u. M3nosi3BaHaTa 6UPypKaiMOHHA CTEHT-rpadT
cucTeMa [103B0JIsIBa HE06XOJUMOTO Y 'bJ)KaBaHe
J10 IOCTUraHe Ha ONTHMaJIHATA J/b/DKUHA CIPSIMO
aHATOMMSITA Ha aHEBPHU3MaTa /10 'bJHOTO H30-
JIMpaHe Ha aHeBPU3MaJIHUA y4acTbK.

T. Samardzhiev et al.

Fenestrated endovascular aortic... CARDIOLOGY
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— Thoracic aneurysms of the aortic arch and
descending aorta.

— Complex abdominal aortic aneurysms with
a short/missing neck, i.e. unfavorable landing
zone (the site of attachment of the main body -
juxtarenal abdominal aortic aneurysms).

— Complex aneurysms involving renal and
mesenteric arteries - pararenal (at the level
of the renal arteries), suprarenal (above the
level of the renal arteries) abdominal aortic
aneurysms.

The technological success of the FEVAR proce-
dure is due to the union of two mutually exclusive
concepts, namely:

1. Versatility - Possibility of using complex
endoprosthesis configurations. The bifurcation
stent-graft system used allows the necessary ex-
tension to achieve the optimal length according to
the anatomy of the aneurysm until the aneurys-
mal section is completely isolated.
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2. UHAMBUAYaIHOCT — CTPOr0 UHAUBHYaIHU-
SIT MOJAXO0/, 1103B0JISIBA TPETHUPAHE Ha CJIOXXHU aHe-
BPU3MH C U3pabOTKa Ha crieniMUIHU peHecTpUupa-
HU 4pe3 MoAHdUKaLUs OT XUpypra eHJoIpoTe3y,
crnelliPUYHU 32 CbOTBETHUSAT KJIMHAYEH CIy4dail.

IIlpeaguMcTBa 3a NaLMeHTa

1. Bpp30 BB3CTAaHOBSIBAHE U BpbUIAHE KbM
HOPMaJ/IHHsl PUTBM Ha XKMBOT M BB3MOXKHOCT 34
U3BbpllIBaHe Ha HOpMaJiHa pU3MYecKa aKTUBHOCT.

2. KpaTbk 60JIHMYEH MPECTOM: Ollle HAa TPETH
IIOCTOINlepaTUBEH JileH MOXe Ja O0bJie [eXOCIHTa-
JIN3UPaH, 10 TO3U HAaYMH ce U36sirBa MOMEHTHT Ha
JHCOLMalLAA Ha NallMeHTa OT ceMelHaTa cpeJia.

3. MuHMMaJ/leH pUCK OT YCJOKHEHMUs], CBbp-
3aHHM C [IOCTONEPATUBHO KbPBEHE, 3a/1e)KaBaHe U
pa3BUTHE HA JleKyOUTaIHU PaHU.

4. Tepanusi: 3a J0Ma ce U3MUCBA CXeMa OT JiBa
aHTHarperaHTa, penapaTy, KOUTO ca JOCTBIHU
B allTeYHaTa MpeXa U He 06peMeHsIBaT GUHAHCO-
BO MalMEeHTHUTE.

OrpaHuyeHusd

1. XpoHHUyHa 6'b6peyHa HEeJOCTATBYHOCT.

2. 0cTpa 6'b6peuyHa HeJOCTATBYHOCT.

3. Ajlepruu K'bM KOHTPACTHH BelleCcTBa.

3a60J15IBaHUSATA HE TOJIEPUPAT U3MOJI3BAHETO
Ha KOHTPAcTHU MaTepUH, KOeTo orpaH14YaBa Juar-
HOCTHUKATa U JiedeHUeTo. [Ipy TakbB TUN NalUeH-
TH aHryuorpadus U npouezypa ce U3BbpLIBAT Ype3
Cllellda/leH MHXXEeKTOpP Ha BbIVIEPOJEH JUOKCUJ.
Hamb/iHO Ge3BpefieH 3a naluMeHTa MeTO/, U3UCKBa
Cce eJMHCTBEHO CpeJHAa CKOpPOCT Ha IJIOMepysHa
¢unrpanus (eGFR nusmepena B mL/min 1.73 m?)

K/IMHUYHU C/IYYAHU

Ha 6a3a Ha 6 KJIMHUYHU C/1y4yasi HA NALMEHTH
C IOKCTapeHa/IHU (Ha HUBOTO HA peHa/IHUTe apTe-
pyU) U napapeHaaHu (06XBalaAlU OTAESTHETO Ha
pEeHaJIHHUTe apTepHU) aHEBPU3MH, IMarHOCTULIMPA-
HU Y OIlepUPaHM B yCJIOBUSATA Ha IIJIaHOBA U CIIell-
Ha xupyprusi B KiMHUKaTa 1o CcbJoBa XUPYyprus
Ha MBAJI “Cbpiie 1 M0o3BbK" - [ly1eBeH, olleHsiBaMe
6e30MacHOCTTa, ePEKTUBHOCTA, KPAaTKOCPOYHUTE
pe3yJ/ITaTH, YCI0)KHEHUSITA U TPEKUBSIEMOCTTA IPU
M3I10J13BaHeTo Ha npoueaypata FEVAR.

>> 74

2. Individuality - A strictly individual ap-
proach allows for the treatment of complex aneu-
rysms with the fabrication of specific fenestrated
endoprostheses, modified by the surgeon, specific
to the respective clinical case.

Benefits for the patient

1. Quick recovery and return to the normal
rhythm of life and the ability to perform normal
physical activity.

2. Short hospital stay: the patient can be dis-
charged on the third postoperative day, thus
avoiding the moment of dissociation of the patient
from the family environment.

3. Minimal risk of complications related to
postoperative bleeding, pressure sores and the
development of decubitus ulcers.

4. Therapy: a regimen of two antiplatelet
agents is prescribed for home use, preparations
that are available in the pharmacy chain and do
not burden patients financially.

Restrictions

1. Chronic renal failure.

2. Acute renal failure.

3. Allergies to contrast agents.

The diseases do not tolerate the use of con-
trast agents, which limits diagnosis and treat-
ment. In such patients, angiography and the
procedure are performed using a special carbon
dioxide injector. A completely harmless meth-
od for the patient, only an average glomerular
filtration rate (eGFR measured in mL/min 1.73
m?) is required.

CLINICAL CASES

Based on 6 clinical cases of patients with
juxtarenal (at the level of the renal arteries) and
pararenal (encompassing the separation of the
renal arteries) aneurysms, diagnosed and oper-
ated on in the conditions of planned and emer-
gency surgery at the Vascular Surgery Clinic
of the "Heart and Brain" Hospital - Pleven, we
evaluate the safety, effectiveness, short-term re-
sults, complications and survival when using the
FEVAR procedure.



OcHOBHUTeE LieJIM HA IPOYyYBAHeToO ca:

— AHanu3 Ha geMorpadCKuTe U KJIMHUYHUATE
JlAaHHU Ha NALlUeHTHUTe.

— OneHKa Ha TeXHHUYECKOTO U3II'bJHEHUEe Ha
npoueaypara.

— OneHKa Ha KPaTKOCPOYHUTE KJIMHUYHU pe-
3yJITaTH.

— W3cesBaHe Ha mocTonepaTUBHATA NPEXKHU-
BSIEMOCT.

— [IpescTaBsiHe HA Bb3HUKHAIUTE YCJI0KHEHUSI.

JemorpadpcKku ¥ KJIMHUYHU JAaHHU Ha
nanueHTuTe

B npoy4yBaHeTO y4yacTBaT lIECTUMA NAllUEHTH
OT M'BXXKHU 110J1 BbB Bb3PaCTOB AUANA30H MEXKAY
60 u 74 roguHu. /IBamMa OT NallMEeHTHUTe ca Juar-
HOCTHUIIMPAHU C aHEBPHU3Ma Ha KOPEMHATa aopTa
OT NapapeHasieH Tull. YeTUpuMa OT NalUEHTUTE
ca Cc I0KCTapeHaJ/ieH TUIl Ha aHeBpu3MaTa. /lBama
OT TSX Ca C PyNTypa Ha aHeBpHU3MaTa.

KnuHu4YHNUTE JAaHHM BKJIIOYBAT OIlJIAKBaHUA
OT NOCTOsIHHA 60JIKa B KOpeMa U I'bpba, MyJICU-
pama ¢opmanus BJSBO OT IT'bIa, 3aMeK, 3aryba
Ha aleTHUT, rajieHe U MOBpbIlaHe, 06Ia OTHaj-
HaJIOCT. /[BaMa OT NaiueHTUTe ca 6e3 CUMITOMU.
TpuMa OoT naliMeHTUTE ca C ApaMaTU4YHa KJIMHHY-
Ha KapTHHa — raJleHe C NOBPblllaHe, IPOHU3BaLU
KOpeMH 60JIKH, CPUB B KPbBHOTO HaJIsiTaHe U 3a-
ry6a Ha Cb3HaHHUeE.

T. Samardzhiev et al.
Fenestrated endovascular aortic...
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The main objectives of the study are:

— Analysis of patient demographic and clinical
data.

— Evaluation of the technical implementation
of the procedure.

— Evaluation of short-term clinical outcomes.

— Postoperative survival study.

— Presentation of the complications that

occurred.

Demographic and clinical data of
patients

The study involved six male patients between
the ages of 60 and 74. Two of the patients were
diagnosed with pararenal abdominal aortic aneu-
rysm. Four of the patients had a juxtarenal aneu-
rysm. Two of them had a ruptured aneurysm.

Clinical data include complaints of constant
pain in the abdomen and back, a pulsating for-
mation to the left of the navel, constipation,
loss of appetite, nausea and vomiting, general
weakness. Two of the patients are asymptomat-
ic. Three of the patients have a dramatic clinical
picture - nausea with vomiting, piercing abdom-
inal pain, collapse in blood pressure and loss of

consciousness.

Ta6auna 1. lemorpadcku U KIMHUYHY JaHHU HA TALUEHTUTE

Table 1. Demographic and clinical data of patients

Homep Ha Bb3pacr | luarsosa Ipwu, »KaBallly 3a60/IsIBAaHUS K/JIMHUYHM CMMIITOMU
NAIMeHT p PuApy: 1,
Patient
A Di i Al ing di Clinical t
number ge iagnosis ccompanying diseases inical symptoms
Pynrypa Ha AAA Mo3bYHOCBHA0BA 60J1eCT, apTepHuaaHa RR 60/40 mmHg, 3ary6a Ha cb3HaHUE, KOPEM-
L 20 XUIepTOHUSA Ha 60JIKa, U3IyCKaHe Ha Ta30BUTe pe3epBoapu
Cerebrovascular disease, arterial RR 60/40mmHg, loss of consciousness,
AAA rupture . . . . .
hypertension abdominal pain, pelvic reservoir leakage
A )
PynTtypa Ha AAA PTEPUAIHA XMTIEPTOHMA, HCXEMUHA KopeMHa 60J1Ka, rajieHe, NOBp'bLiaHe
2 74 60J/1eCT Ha CbPLIETO
AAA rupture Arterial hypertension, ischemic heart disease | Abdominal pain, nausea, vomiting
RR 70/50 mmHg, 3ary6a Ha Cb3HaHHETO, KO-
Pyntypa Ha AAA | AX, aopToayoseHasHa GpuUCTy/Ia peMHa GoJika, MeJieHa
3 60
RR70/50 Hg,1 f i bdom-
AAA rupture Ah, ahortho-duodenal fistula . / MMEE, f0ss of consciousness, abdom
inal pain, melena
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Homep Ha
B I K
A — ‘b3pacT | /luarLosa puApy:xaBaly 3a60/1ABaHUS JIMHUYHYU CUMIITOMH
Patient
A Di . A . . linical
number ge iagnosis ccompanying diseases Clinical symptoms
I
pPeApynTypHO ApTepuasiHa XUNepTOHUS RR 160/90 mmHg, xopeMmHa 60JIKa, 3aneK
4 71 CbCTOSIHUE
Pre-rupture state | Arterial hypertension RR 160/90 mmHg, abdominal pain, constipation
Bes pynTypa ApTepHaHa XMIIEPTOHHS, KapUHHOM Ha Be3 KJIMHUYHHU CUMIITOMH
5 72 [UKOY€eH Mexyp
No rupture Arterial hypertension, bladder carcinoma No clinical symptoms
A )
Bes pyntypa PTEPHAJIHA XHIIEPTORH, pocTaTHa bes KIMHUYHY CHMIITOMU
6 71 XUTEPILIa3Husl
No rupture Arterial hypertension, prostatic hyperplasia | No clinical symptoms

OnepaTMBHa TeXHMKAa M M3MO0JI3BaHU Surgical technique and implants used
UMILIAHTH

Bceku oT manueHTUTe e onepupaH ¢ FEVAR
MeTo[. MoaguduuupaHuTe OT XUpypra NOKpPUTHU
6udypKaLMOHHU CTEHT-rpadT CUCTEMU ca CTPO-
ro MHAUBUAYAJHHU CIIPAMO dHATOMHUATA HAa BCEKU

oT manueHTUTe. OCBHIECTBEH € GeJ[peH JOCThI

Each patient was operated on with the FEVAR
method. The surgeon-modified covered bifurca-
tion stent-graft systems are strictly individual to
the anatomy of each patient. Access to both fem-
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oral arteries is achieved with a bilateral femoral

- AByCTpaHHO. U3Mo/3Ba ce M MyHKI[MOHEH J0C-
T'BII Ipe3 apTepHsi Gpaxuasuc — 3a MapKUpaHe Ha
peHaJIHUTEe apTEPHHU NPEH OCTaBsIHE HAa OCHOB-
HOTO TsJIO Ha eHjionpoTe3aTa. U3mos3sar ce pas-
JINYHU T10 pa3Mep NMPOTe3U CIOpes JuaMeTbpa U

access. Puncture access through the brachial ar-
tery is also used - to mark the renal arteries be-
fore placing the main body of the endoprosthesis.
Different sized prostheses are used according to

ABJIXKMHATA HA a0pTaTa.

K/IMHUYHU pe3y/TaTh

the diameter and length of the aorta.

Clinical results

Ta6smmua 2. [locTonepaTUBHU pe3y/lTaTH, IPEKUBAEMOCT U YCI0KHEHHUS

Table 2. Postoperative outcomes, survival and complications

Homep Ha |Bwmb3pact | OneHka Ha TexHH- | [Ipogb/nKu- Ilopo6penue | IpexxuBsaeMocT YcnoxxHeHnus ciaep | BoHuyeH
nanyeHT YeCKO U3II'bJIHEHUE | TeJIHOCT Ha c/lejmpoue- | MbpPBU Mecell cJIej | mpouneaypaTa npecrou
Ha nmponeaypara npouejypara | gypata npouejaypara
Patient Age Assessment of tech- | Duration of Improvement | Survival rate first | Complications Hospital
number nical implementa- procedure after the month after the after the stay
tion of the procedure procedure procedure procedure
OcTpa 6'b6peyHa
YcnenrHa 120 MuHYTH Ja Jla HEAOCTATHIHOCT, 5 aHuU
aCnUupanroHHa
1 70 ITHEBMOHMUSI
Acute renal
Successful 120 min Yes Yes failure, aspiration | 5 days
pneumonia
2 ” Ycnemna 110 MUHYTH Jla Jla Hama 3 aHU
Successful 110 min Yes Yes None 3 days
H
YcnenHa 160 MUHYTH Ja He OB IS0 A 5 nHu
3 60 MeJleHa
. New episode of
Successful 160 min Yes No p 5 days
melena
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Homep Ha |Bb3pacTt | OueHka Ha TeXHU- IpoabIXKHU- Ilogo6penue | IIpexkuBsieMocT Ycnoxuenus ciaep | botHnyeH
nanyeHT YeCKO U3II'bJIHEHUE | TEJIHOCT Ha claejmpone- | IbPBHU Mecel e, | mpouneaypara npecrou
Ha mponejypara mnpoueaypara | aypara npoueaypaTta
Patient Age Assessment of tech- | Duration of Improvement | Survival rate first | Complications Hospital
number nical implementa- procedure after the month after the after the stay
tion of the procedure procedure procedure procedure
Ycnemna 115 MUHYTH Jla Jla Hsama 3 AHU
4 71
Successful 115 min Yes Yes None 3 days
YcnenrHa 135 MUHYTH Ja Jla Hsama 3 [HU
5 72
Successful 135 min Yes Yes None 3 days
YcnenrHa 120 MuUHYTH Ja Jla Hsama 3 [HU
6 71
Successful 120 min Yes Yes None 3 days
OBCBXXJAHE DISCUSSION

PesynTaTuTe OT HACTOSILOTO NpPOYy4YBaHE Cb-
OTBETCTBAT HA JAHHUTE, NyOJUKYBaHU B ChBpe-
MeHHaTa JIUTepaTypa, OTHOCHO H3I0JI3BAaHETO
Ha peHecTpUpaHU U MOAUDUIIMPAHU OT XUPypra
enponpore3n (PMEGs) npu JiedueHHEeTO Ha KOM-
IJIEKCHU abJOMHUHA/IHKM aOpTHU aHeBpusMH. [lo-
cturHatusaAT 100% TexHUYecKd ycnex W JIMIcarta
Ha MHTPAoIlepaTHUBHU YCJI0KHEHHUS Ca B Cb3By4YHe
¢ ny6/IMKyBaHUTe cepuu Ha Spanos u cbTp. (2020)
U Tenorio u cbTp. (2022), KbIETO TEXHUYECKHUST
ycnex Bapupa Mexay 95-100%, a paHHaTa CMbpT-
HOCT 0CTaBa CB’bp3aHa MPeJUMHO ChC CIEMIHOCTTA
Ha CJIyyauTe U CbI'bTCTBALUTE 3a00JIsIBaHUS.

B nHamata xoxoprta 30-fHeBHaTa CMBPTHOCT
6ewe 16,7%, KoeTO e CpaBHUMO C pe3y/JTaTUTe
OT MeX/IyHapOJHU CEPUH NIPU NALUEHTH C PYNITY-
pUpau WK NpeJpynTypHU aHeBpu3Mu. Cropes,
ny6saukyBaHu oT Canaud u cbTp. (2016) u Kolbel
U cbTp. (2021) faHHU CMBPTHOCTTA JOCTHUra /0
20-25% B KOHTEKCTA Ha CllelIHa UHTEePBEHIUS.

Hab6JirojaBaHuTe NOCTONEPATUBHU YCJI0XKHE-
HUSL - OCTpa 6bOpevYHa HeAOCTATBYHOCT, aclu-
pallliOHHA NHEBMOHHA U TaCTPOMHTECTHHAJIHO
KbpPBEHE — Ca aHAJIOCMYHU HA ONHCAHUTE B [JIpy-
T'M peTpocneKTUBHU cepuu Ha Oderich u cbTp.
(2017) u Ullery u cbtp. (2019). He 6sixa oTuye-
TEeHW PaHHU eHJO0JIMHKOBe WM OKJIY3WHU Ha pe-
KOHCTPYHpPaHHUTe BHCLEpaJHU apTepuH, KOeTo
NOTBbPK/JaBa TeXHUYecKaTa HaJleXJHOCT Ha
IIpUJIOKeHaTa TeXHUKA IIpYM BHUMaTeJleH No400D
Ha NalueHTHUTe.

The results of the present study are consistent
with the data published in the contemporary liter-
ature on the use of fenestrated, surgeon-modified
endoprostheses (PMEGs) in the treatment of com-
plex abdominal aortic aneurysms. The achieved
100% technical success and the absence of in-
traoperative complications are in line with the
published series of Spanos et al. (2020) and Ten-
orio et al. (2022), where technical success ranges
between 95-100% and early mortality remains
mainly related to the urgency of the cases and co-
morbidities.

In our cohort, the 30-day mortality was
16.7%, which is comparable to the results of in-
ternational series in patients with ruptured or
pre-ruptured aneurysms published by Canaud et
al. (2016) and Kolbel et al. (2021), where mortal-
ity reaches 20-25% in the context of emergency
intervention.

The observed postoperative complications
- acute renal failure, aspiration pneumonia and
gastrointestinal bleeding - are similar to those
described in other retrospective series by Oderich
etal. (2017) and Ullery et al. (2019). No early en-
doleaks or occlusions of the reconstructed viscer-
al arteries were reported, confirming the techni-
cal reliability of the applied technique with careful
patient selection.
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[lo oTHOIIEHNe Ha TOKa3aHUATA 3a U3110J13Ba-
He Ha FEVAR-PMEQG, pesysitaTuTe HU NOAKpPENAT
npenopbkuTe Ha ESVS 2024 (Wanhainen u cbTp.)
u SVS 2018 (Chaikof u cbTp.), ciopej KOUTO Te3U
TEXHUKH Ca NMOAXOJASIIM [IPYU NALUEHTH C IOKCTa-
peHa/HU U TNapapeHa/JHU aHEeBPHU3MH, KOTraTo
ctangapteH EVAR He e TexHMYeCKU Bb3MOXeEH, a
OTBOpeHaTa XUPYpryus HOCH BUCOK PHUCK.

Hactosaumoro uscienBaHe NOTBbpXKJABa, 4e
PMEG e 6e3omacHa u epeKTHBHA OMIUsA, 0cObe-
HO IIPHU CIIeIIHU CJIyYyau U B YCJI0BHS HA JIMIICA Ha
off-the-shelf ¢enectpupanu cucremu. Bbnpeku
TOBa MaJIKUAT OGpOM NMalMeHTH U KPAaTKUAT Ile-
pUoJ, Ha IpocjejsBaHe ca OTPaHUYeHUs], KOUTO
He TO03BOJISIBAT [JbJITOCPOYHH H3BOAHW OTHOCHO
U3/ PBXKJIUBOCTTA HAa UMIIaHTUTe. Heobxoaumu
ca Mo-MauabHu MYJTULEHTPOBU NMPOYYBaHUSA C
IpPOAB/DKUTE/IHO TNpOC/e/isiBaHe, KAKBUTO Beye
ca uHunupanu ot Tenorio, Spanos u cbTp.

[IpescTaBeHUTe cy4ad ca M3BafKa 3a olme-
pUpaHUTe Mpe3 M'bPBOTO noJjayroaue Ha 2024
roguHa B KiMHUKaTa Mo CbAOBa XUPYprus Ha
MEBAJI ,,Cbpue 1 M0o3bK' — [ly1eBeH. Bblipeku Te-
»KeCcTTa Ha 3ab60JIiBaHETO U 6'bP30TO pasrphlia-
He Ha KJIMHUYHAaTa KapTHHa ce HabJro1aBa 100%
ycneBaemocT Ha FEVAR mnpouegypara, kakto u
83,34% ycneBaeMoOCT Npu MNpocjefsiBaHe Ipe3
I'bPBUSA Mecel] cJefi onepauusaTa. [IpoyysaHeTto
HOTBbpXK/JaBa ePeKTUBHOCTTA NPU MUHHUMAJ-
HO MHBa3MBHATA TEXHUKA 3a JiedeHue NIPU KOM-
IIJIEKCHU a0PTHU aHEBPU3MH.

3AKJ/IIOYEHHUE

HacTosoTo npoy4BaHe npeJcTaBsi IbpBOHA-
YaJIHUS ONMUT Ha HAlIMA €KHUII C U3M0JI3BaHeTO Ha
deHecTpupaHy U MoAUGULIUPAHU OT XUPypra eH-
nonpotesu (PMEGs) npu sieueHue Ha IOKCTapeHaJI-
HU U NapapeHa/Hd aHEeBPU3MHU Ha abJOMHUHAIHa-
Ta aopra. [losrydeHrTe pe3ysTaTy NOKa3BaT BUCOK
TexHU4YeckU ycnex (100%), npuemuB npodus Ha
paHHUTe ycaoxkHeHUs W 30-AHeBHAa CMBPTHOCT
16,7%, K0eTo e CBhIIOCTAaBUMO C NMyOJUKYBAaHUTE
MEeX/[yHapOJHU CEPUX NPH MAalMeHTH C NoJo6Ha
TeXeCT U CIEeLIHOCT Ha CbCTOssHUeTo. Mogudu-
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Regarding the indications for the use of FE-
VAR/PMEG, our results support the recommen-
dations of ESVS 2024 (Wanhainen et al.) and SVS
2018 (Chaikof et al.), according to which these
techniques are appropriate in patients with jux-
tarenal and pararenal aneurysms, when standard
EVAR is not technically possible and open surgery
carries a high risk.

The present study confirms that PMEG is a
safe and effective option, especially in emer-
gency cases and in conditions of lack of off-the-
shelf fenestrated systems. However, the small
number of patients and the short follow-up pe-
riod are a limitation that does not allow long-
term conclusions about the durability of the
implants. Larger multicenter studies with long-
term follow-up are needed, as already initiated
by Tenorio, Spanos et al.

The presented cases are a sample for the
period of the first half of 2024. Operated in the
Vascular Surgery Clinic of the MHAT , Heart and
Brain“ - Pleven. Despite the severity of the dis-
ease and the rapid development of the clinical
picture, a 100% success rate of the FEVAR pro-
cedure was observed. 83.34% success rate at
follow-up in the first month after surgery. The
study confirms the effectiveness of the minimally
invasive technique for the treatment of complex
aortic aneurysmes.

CONCLUSION

The present study presents the initial ex-
perience of our team with the use of fenes-
trated and surgeon-modified endoprostheses
(PMEGs) in the treatment of juxtarenal and
pararenal abdominal aortic aneurysms. The
results obtained show a high technical success
rate (100%), an acceptable early complication
profile and a 30-day mortality rate of 16.7%,
which is comparable to published internation-
al series in patients with similar severity and



[JMpaHeTOo Ha eHJI0NPOoTe3H Yype3 peHecTprUpaHe U
OpaHYMHI e U3KJIOYUTEJTHO CJI0XKEeH TeXHUYEeCKU
Ipoliec, U3UCKBAIl LIATEJHO IJIAHUpPaHe U 06-
mupeH onutT ¢ FEVAR npouegypu. [lpoyuBaHeTo
[I0OKa3Ba BUCOK TEXHUYECKU NPOrpec, C OTJIUYHU
KPaTKOCPOYHH U C MOTeHLHas] 3a JBbJIrOCPOYHHU
pe3yJaTaTH, KJIMHUYHO U JIabopaTOPHO Mo 06pe-
HUe IIpU BCEKH OT nauueHTUTe. HacTosamure pe-
3yJITaTH JleMOHCTPUPAT, 4ye MoAUPHLIMPaHeTO Ha
€H/IONPOTE3U OT XUpPypra NpH ClellHa HY»/Ja OT
Bb3CTAaHOBABaHe Ha KPbBOTOKA NPU aHEBPHU3MHU
Ha KOpeMHaTa aopTa e oCblleCTBMMa U 6e30macHa
aJITepHaTUBA Ha KOHBEHLMOHAJIHOTO XUPYPTUYHO
JleyeHHe Ha abJOMHHa/IHU AOPTHU aHEBPU3MH.
Bce ome e HEOGXOAMMO [ABJArOCPOYHO MHpoc/e-
JisiIBaHe Ha MallueHTUTe [opaJy HaBJIU3aHeTO Ha
MeTo/ja B eH/l0BacKy/JapHaTa Xupyprus B bbira-
pusi. FEVAR e edekTHBeH MHOBAaTHBEH Ha4yWH 3a
JleyeHHe Ha KOMILJIEKCHU abJ0OMUHAJHU aHEBPU-
3MU. BiarojjapeHne Ha MHUHHMMaJHO HWHBAa3UB-
HHUS XapaKTep Ha MeTo/a ca Hajule rojsiM 6poi
npeJyMMCTBa 3a NalMeHTUTe. TeXHUKaTa U3UCKBA
BHCOKOTEXHOJIOTUYHO OOJIHUYHO 3aBefleHHe, CbC
CrelUau3upaHo 060opy/BaHe U KBaluUIUpaH
MeJULMHCKU [1IepCOHaJl, TOAr0TBEH 3a YCJI0BUSA Ha
crnewHocT. Ciies HabMpaHe Ha KJIMHUYHU IaHHU B
AbJarocpoyeH nepuof, texuukara FEVAR-PMEGs
MMa NOoTeHLMaJl 1a ce IPeBbPHE B OCHOBEH METOJ,
Ha M360p NpU KOMILJIEKCHU aHEBPU3MH Ha aopT-
HaTa CTeHa, KaTo JaBa Bb3MOXKHOCT 3a JiedeHHe
Y 3ana3BaHe Ha KMBOTA IIpY MTALIUEHTH, KOUTO [0
CKOPO ca GWJIM CMSITAHU 3a 06pevYeHH Cles [T0CTa-
BAHETO Ha TaKbB THUII AUArHo3a.
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urgency of the condition. Endoprosthesis mod-
ification by fenestration and branching is an
extremely complex technical process, requiring
meticulous planning and extensive experience
with FEVAR procedures. The study demon-
strates high technical progress with excellent
short-term results and potential for long-term,
clinical and laboratory improvement in each
of the patients. The present results demon-
strate that the modification of endoprostheses
by the surgeon in the urgent need to restore
blood flow in abdominal aortic aneurysms is
a feasible and safe alternative to the conven-
tional surgical treatment of abdominal aortic
aneurysms. Long-term follow-up of patients is
still necessary, due to the fact that the method
has only just entered endovascular surgery in
Bulgaria. FEVAR represents an effective inno-
vative way to treat complex abdominal aneu-
rysms. Due to the minimally invasive nature of
the method, a large number of advantages are
offered to patients. The technique requires a
high-tech hospital with specialized equipment
and qualified medical staff, prepared for emer-
gency conditions. After collecting clinical data
over a long period, the FEVAR-PMEGs tech-
nique has the potential to become the main
method of choice for complex aortic wall an-
eurysms, allowing for the treatment and pres-
ervation of life in patients who, until some
time ago, were considered doomed after mak-
ing such a diagnosis.
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HMHCTPYKIIMUU KBM ABTOPUTE

[Ipuemar ce 3a ny6JIMKyBaHe: OpUTMHAIHU CTaTUH, 0030pH, KIMHUYHU c1y4yaH, pedepaTH, pelleH3UH, KpaTKU
Hay4yHH cboblieHus (McMa Ao pefakropa v Ap). [I'bpBUTe TpU kaHpa ca 06eKT Ha peljeH3upaHe (CbC CTaHAAPTH-
3upaHu GopMysIsipH), 2 OCTAaHAIUTE MOJJ1eXKaT Ha eKCIIepTHA MpeLleHKa OT CTpaHa Ha peJKoJIerusTa.

KopecnongupaiiuaT aBTop 0CoYBa CBOM JAHHU 33 KOHTAKT (eJIeKTPOHEH aZipec, [0 XKeJlaHHe — MOLeHCKU
agpec U TesiepoH) U JeKJapupa, e MaTepua bT He e NyGIMKyBaH JJocera, OCBeH KaTo pe3loMe Ha ChOoG6IIeHHe,
M3HEeCeHO Ha Hay4yHa NposiBa, U He e NpeAJIoKeH 3a Ny6IuKaLnus Apyraje. ABTOPUTE HOCAT OTTOBOPHOCT 3a Cb-
J'bpKaHUEeTO Ha My6sruKanuuTe. [IpefcTaBeHUTe MaTepUalu U ONMCAHUTE B TAX U3CJe[BaHUA Cle/Ba a ChOT-
BETCTBAT HA YTBbPAEHUTE €TUYHU CTAaHAAPTH OTHOCHO NPOBEXKJAHETO Ha KJMHUYHU U /WU eKClIepUMeHTaTHU
NPOYYBaHUS C Xopa (AeKJapalusTa OT XeJ3UHKH) U ONIUTHHU )KUBOTHU. He Tps6Ba Jja ce cloMeHaBaT MaLUueHTH C
TeXHUTE UMeHa, MHULMA/IU UJIH [a ce IPeoCTaBsi CHUMKOB MaTepHaJl, Ha KOWTO Te MoraT Ja 6'bJjaT pas3no3HaTH.
Cb6srofjaBa ce CTPUKTHOTO Clla3BaHe Ha aBTOPCKOTO MpaBo — TeKcToBe ¢ HafZ 10% [OC/J0BHO MOBTOpPeHHE HA
4y/Aa Ny6IMKaLys ce BpbIAT 32 IpepaboTKa.

06eM (mpubsM3UTENeH) HA TpeJJIaraHuTe MyoIuKaUn:

Bup ny6snkanus Bpoii pedepen-
Bpoii ;ymu B ocHOBHUA TeKCT | Bpoit 1ymMu B pestomeTo -
OpurvHasiHa cTaTUs 2500-5000 200-300 30
0630p 3000-6000 100-200 50
KnvnaudeH ciayyai 1000-3000 100-200 20
KpaTko Hay4HO chobuieHNe, pedepaT, pereHsnus 500-1000 - 10

[Ipuemart ce ¢daitsioBe Ha nporpama MS Word. Hama cnenudruyHu U3UCKBAaHUSA 32 pa3Mep U BUJ Ha WPUPTa,
pa3cTostHUE MeXAY peJloBeTe, oJIeTa U Ipyro oGopMIeHHE.

Bcsika cTaTus 3an04Ba CbC 3arjaBue (6€3 cbKpallleHHs), UMeHa Ha aBTOpuUTe (6e3 mocoyBaHe Ha akaZeMU4-
HU U JPYTH TUTJIM), TAXHATA MeCTOpPaboTa, 0603HavyeHa ¢ [U(POB HHJEKC, pe3loMe B IOCOYeHHUsT 06eM, KII0Y0-
BM fyMu. CTaTUsATA Ce OJaBa U NIpeBe/leHa Ha aHIVIMMCKYU e3UK, KaTO aHIJIMHACKUSAT NPeBOJ e cJief, GbarapcKkus
TEKCT B eJMH o601y dpail. B pe3toMeTo Ha BCsiKa OpUTMHAJHA CTATHs Ce MI0COYBAT: LieJl M 06EKT Ha U3cJie/BaHe-
TO, OCHOBHHM JJaHHU 338 MeTOAUKATA, Pe3yJTaTH U U3BOAU. Pe3toMeTaTa KbM APYrUTe BUAOBE CTATHH BKJIIOYBAT
KpaTka uHdopManus 6e3 06ocobeHa CTpyKTypa. KiroyoBuTe AyMu 3a BCeKH BUJ, yGIMKALKsA ca MexX Ay 3 U 8 Ha
Opoi, KaTo MoraT Aa 6'bJjaT eAUHUYHY AYMHU WM KPaTKU CJI0BOCHYETAHUS, OOLIONPHUETH B KOHKpeTHATa 06/1acT
Ha I03HaHUe.

uTHpaHusaTa Ha 6UGINOrpadCKUTE U3TOUHUILIU B TEKCTa ce 0603Ha4YaBaT ¢ LMdpU B KBaApPaTHU CKOOU IO
peza Ha nosiBaTa UM. bubsinorpadusTa ce noJpex/a 1o peJja Ha NosiBa Ha U3TOYHUIUTE B TEKCTa. M3nucBaHeTo
Ha BCEKM M3TOYHHUK € Ha HOB peJ ¢ apabcka HoMepauus. JJaHHUTe ce opopMAT No caefHUs 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, crpanuu (ot-10). [Ipumep: Yakub YN, Freedman RB,
Pabico RC. Renal transplantation in systemic lupus erythematosus. Nephron, 2019, 27(1):197-201.

- [ly6auxkayuu om c6opHuk: ABTOp(1). 3arsaBue. B: (3a maTuHuna In:) 3arsiaBue Ha c6opHuKa. [lopegHOCT Ha
W3/ aHUeTO, peJakTopu. MecToussaBaHe (rpaj), U3aTesCTBO, FOJHMHA HA U3/laBaHeTo, cTpaHuLu (oT-10). [Ipu-
mep: 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), U34aTesCTBO, FOJMHA HA U3JaBaHETO, CTpaHULHU (OT-
10). Ipunmep: llleiimarnos H. Cucmemuu eackyaumu. C.,, Med. u pusk., 2019, 8-11.

Ako aBTOpUTE Cca 10 TPUMA, Ce U3NUCBAT GaMUINUTE, NOCAeABAHU OT UHUIMAIUTe UM (6e3 ToukH). KoraTto
aBTOpPUTE ca OBeyve OT TPUMa, CJeJ, UMETO Ha TPEeTUs ce nuile U Ap. (3a saTununa - et al.“). Hactoituuso ce
npenopbyBa LUTUPAHETO (M03HABAaHETO) U HAa G'bJIrapPCKU U3TOYHUIIU.

MaTtepuanuTe 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





