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CAXETAK

YBoa: BaHkoMHIMH jecTe TIMKONENTHIHU AaHTUOMOTHK KOjU JAenyje OakTepUIMIHO Ha
BehnHy rpaM NO3UTUBHUX OakTepuja. Y mpakcu ce Hajuemhe KOpUCTH Koj HH(EKuuja
METHLWIMH PE3UCTEHTHUM CTA(UIOKOKOM, Kao U KOJ MH(EKIHja MEeHUIMINH PE3UCTEHTHOT
Streptococcus-a pneumonia-e. YKOIWUKO ce TpHUMEHYje OpaJHO, HE amncopoOyje ce u3
racTPOMHECTHHAHOT TPAaKTa T€ CE KOPUCTH 3a JIeUeHhe ICeyAOMEMOPAHO3HOT KOJIHMTHCA.
[Tomrynanriona (apMakOKMHETHKAa BPIIM MPOIEHY W ojapehuBame CpeamHux BpPEIHOCTH
(apMaKOKMHETHIKHUX Tapamerapa y oapehenoj nomynanmju.

[usp OBe MOKTOpCKE AMCEpTalMje je Ja ce YTBPAW KOju (aKTOPU YTHUY Ha KIHUPEHC
BaHKOMHIIMHA KaKO KOJ| TMalMjeHaTa ca HOPMAIHOM OYyOpeKHOM (YHKIIHjOM, TaKO M KOJ
naryjeHara ca 6arom 0 yMepeHoM 0yOpeKHOM HHCY(DUITN]EHIT]OM.

Marepujaa u metoa: VcrpaxuBame je cipoBeneHo Ha 156 manujenara KnuHuykor mieHTpa
Kparyjesar. YuectBoBasio je 78 manujeHata ca HOpMaTHOM OyOpexHOM (YHKIIM]jOM, Kao U
78 marujeHata ca OyOpeKHOM WHCY(PHUIIMJEHIIMjOM. Y3WMaHa je KpB OJ MaldjeHaTa HaKOH
HajMame TPU JlaHa Tepalije BAHKOMUIIMHOM U MEpeHa je KOHIIeHTpaluja Jieka y LlenTpanHoj
nabopatopuju. Takohe u3 kpBU onpehuBaHM Cy oOCTaNIM J1aOOPATOPHUJCKH TMapaMeTpH.
V3umanu cy aemorpadckyd TOAalM Of MalHjeHaTa Kao W TMOJal O KOMETUKAIUju |
nparehum Gonectuma y3 momoh moceOHO CMHIUBEHOT ynmuTHUKA. CBU NapaMeTpu Cy Ha
Kpajy oopahuanu y HOHMEM-y.

Pesyaratu: JloOunm cmo ga HUBO (UOpUHOTEeHAa yTHYE Ha KIMPEHC BAaHKOMHIIMHA KO

namyjeHara ca HopMajiHoMm OyOpexxHoM ¢yHKIjoM. Takohe, Halu pe3ynTaTu Cy MoKa3zaiu



Jla Ha KJIMPEHC BaHKOMHMIIMHA KOJ IMalMjeHata ca OyOpeKHOM WHCY(QUIIM]CHIIUJOM YTHIY
JTHEBHA J103a BaHKOMHMIIMHA Ka0 U HUBO acmapTar aMmuHoTpaHchepasze. KpeatnHuH y cepymy
Ka0 M KJIMPEHC KpeaTWHWHA HHUCY YTHIIAJH Ha KIMPEHC BaHKOMHIIMHA HH KOJ| jelIHE Tpyma
MalyjeHTa.

3akspyuak: Kox mamujeHata ca HopMaiaHOM OyOpekHOM (PyHKIMjoM HUBO (puOpHHOTreHa
yTH4e Ha KJIMPEHC BaHKOMHUIIMHA, JIOK KOJ| MalUjeHara ca 0yOpeKHOM WHCY(DHUIIN]CHIHjOM
yTUIAj UMajy JHEBHA /032 BaHKOMHIIMHA W HHBO acrmapTar amuHoTpaHcdepase. To cy
pe3yiITaTu Koje KIMHUYApHU MOTY KOPUCTHUTH KOJI I03Mpamka BaHKOMHIIMHA, T€ cTora n30ehu
cy0/103upaHe Kao U MpeIo3upaHe MmaiujeHTe.

Kibyuyne  peum:  BaHKOMUIIMH,  [OMYJallMOHAa  (apMaKOKMHETHKa,  OyOpekHa

uHCy(UIMjeHIuja.



ABSTRACT

Introduction: Vancomycin is a glycopeptide antibiotic that acts bactericidally on most
gram-positive bacteria. In practice, it is most commonly used in methicillin-resistant
staphylococcal infections, as well as in penicillin-resistant Streptococcus pneumoniae. If
vancomycin was administered orally, it is not absorbed from the gastrointestinal tract and it
is used to treat pseudomembranous colitis. Population pharmacokinetics performs assessment
and determination of mean pharmacokinetic parameters in a particular population.

The goal of this doctoral dissertation is to determine which factors influence the clearance of
vancomycin in patients with normal renal function, as well as in patients with mild to
moderate renal insufficiency.

Material and methods: The research was conducted on 156 patients of the Clinical Center
Kragujevac. In the study participated 78 patients with normal renal function and 78 patients
with renal insufficiency. Blood from patients was taken after at least three days of
vancomycin therapy and the concentration of the drug was measured in the Central
Laboratory. Other laboratory parameters were also determined from the blood. Demographic
data from patients, as well as data on comedications and accompanying diseases were taken
with the help of a specially designed questionnaire. All parameters were finally processed in
NONMEM.

Results: We have found that the level of fibrinogen affects the clearance of vancomycin in
patients with normal renal function. Also, our results have shown that the clearance of

vancomycin in patients with renal insufficiency affects the daily dose of vancomycin as well



as the level of aspartate aminotransferase. Serum creatinine as well as creatinine clearance
did not affect the clearance of vancomycin in any patient group.

Conclusion: In patients with normal renal function, fibrinogen levels affect the clearance of
vancomycin, while in patients with renal insufficiency, the daily dose of vancomycin and the
level of aspartate aminotransferase are affected. These are the results that clinicians can use
in dosing vancomycin, and therefore avoid subdosage as well as overdose patients.

Key words: vancomycin, population pharmacokinetics, renal insufficiency.
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3AXBAJBYJEM CE

MenTopy oBe nucepranuje, npod. ap Jacmunu MusjoBanoBuh, Ha caBeTuma u moMohu y
U3paj TOKTOPCKE TUcepTaluje,

npod. ap Cnodogany JankoBuhy, Ha OeckpajHOM CTIPIUBEHY y paay ca MOjoM
MaJieHKomIhy,

ap Huxonm Pocuhy, nmpo¢. np [Aparany MunosanoBuhy, nou. ap Jlejanu Py:xxuh
3eyeBuh u npo¢. np Mapky @osuhy Ha HeceOMYHO] MOMOhHM y CakyIJbamy IOJaTaKa 3a
u3pay JOKTOPCKE JAUCEpTaIyje,

MenuuuHckum cectpama Kimanuke ¢apmakosnoruje W YpreHtHor ImeHtpa KimHudkor

nentpa Kparyjesai, 3a momoh y u3paju MpakTHYHOT JeNia IOKTOPCKE TUCEepTalHje.
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1. YBO/J,

1.1 Hcmopuja eaHKoMUyuHa

BankoMmunvH, TpBU TIUKONENTHIHU aHTHOWOTHK, OTKpuBeH je 1950. romumue kama je
MHUCHOHap y bopHey mocnao y30pke 3eMJBHINTAa CBOM IMpHjaTesby XeMHUYapy M3 KOMIaHH]jE
Eli Lilly, xoju je pagmo Ha mporpamy OTKpUBamba HOBHUX AHTHOMOTHKA KOjH JACIyjy Ha
MEHUIIWINH PE3UCTEHTHH cTadmiokok. OpraHm3aMm u30JI0BaH M3 3eMJbe (Streptomyces
orientalis) mpoaykoBao je cymcraniy 05865 koja je Owia akTuBHA HpOTHB BehuHe rpam
no3UTUBHUX Oakrepuja. Hexu aHaepoOHM MHKpPOPraHM3MH Kao IMTO Cy KIOCTpHAWja U
Neisseria gonorrhoeae cy takohe Owim oceT/bUBU Ha OBy cyrcTanily. Pahenu cy in vitro
eKCIIEpUMEHTH, a KacHHje M EKCIIEPHUMEHTH Ha JXUBOTHE-AMa, KOJU Cy YKaszalh Ja OBa
CyICTaHIla MOXe OUTH KopucHa koj Jbyau. Hazana je "Mucucunu 61ato” 30or cmehe 60je
pacTBopa u 3axTeBaia je mpounmrhaBame. Kao pedynrar cBera, HacTao je Jiek BAHKOMHIIUH
(ox peun "vanquish”, mro 3Haun MOOEIUTH) AOCTYMAH 3a KJIMHUYKA MCTpakuBama (Levine,
2006). Kom mobOpoBospania je BaHKOMHUIIMH JIOCTH3a0 OJAroBapajyhe KOHIEHTpaluje y
pa3IMYUTHM TKUBUMA U T0Ka3a0 YCIICUIHO JIEIOBAFkhE MPOTHB CTAPMIOKOKA, U TO KOJ 0caM
OJ1 IEBET TMalMjeHara ykJbyuyjyhu jenHor namujeHrta ca eHpokapautucom. Heycmex je 6mo
JEIMHO KOJ| TAIlMjeHTa ce eMIjeMoM Tuieype. Paciu cy moaamu o ycrexy BaHKOMHUIIMHA H
KOHa4HO je 1958. romuHe 3BaHMYHO OJ0OOpPEH Of CTpaHe aMephuke ATEHIMje 3a XpaHy U
JIEKOBE.

Mehytum, ca otkpuhem MetuimivHa 1958. ronune, a 3atum u nedanotuHa 1964. roaune,

Ka0 U 300T CBOj€ TOKCUYHOCTH, BAHKOMUIIMH j€ TIOCTA0 PE3epBUCaH 3a MAalHJeHTEe KOJ KOJUX
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Cy ce jaBjpalie 030WMJbHE ajepruje Ha Oera JlakTame WM 3a WHEPEKIUje OakTepujama
PE3UCTEHTHUM Ha HOBE JIeKOBe. MeTulmivH pe3ucteHTHH cradmiokok (MPCA) HacTao je
Kao pe3yaTaT nperepaHe ynorpede Oera JaktaMa U IMocTao je€ BEJIMKH MpobieM JeBeIeceTux
roJuHa Mpouuior Beka. To je JoBelo MOHOBO 10 mupe ymnorpebe BaHkoMmuiuHa. Ca
roguHamMa je OTKpHUBEHa [pyra TreHepaluja JUMOTIUKONENTUIHINX aHTUOMOTHKa, a
OocaMJIeCeTHX TOJUMHA TMpOIIIOr Beka JeduHUCAHA Je XEMHjCKa CTPYKTypa OBHUX
anTuOuoTnka. KacHux ocamueceTux rofuHa KiuHU4apu y EBpomu modenu cy ga Kopucrte
TEUKOIUTAHUH Kao ajTepHATHUBY BAaHKOMHUIIMHY. JlaHAac Cy CHUHTETHCAHU M TJIMKOMENTHIH
JIpyre TeHepainuje AandaBaHIMH, OPUTABAIMH U TEJIaBaHLIUH. PUCTOLETHH je yOp30 MoByuYeH
u3 ynotpede 300r cBOje TOKCUYHOCTH Ha henuje kpBU. ABOMApIMH U aKTalJIaHUH Ce KOPUCTE
y BetepuHu. Kpajem aeBeneceTux rojavHa JOKYMEHTOBAH je ciad OAroBOp Ha BaHKOMHUIIMH
kon marujeHara ca Staphylococcus aureus, ma 6u ce 2002. romuHe HW30JI0Ba0 MPBH COj
pesucteHTan Ha BaHkomunuH (BPCA). Pesucrenmuja rpam mNO3UTUBHUX OakTepwja,
MOrOTOBY €HTEPOKOKa je Hactama 30or mojaBe D-Ala-D-Lac wiu D-Ala-D-Ser denorumna.
3amena D-Ala ca D-Lac y3pokoBana je HecTaHak BOJOHHYHHMX Be3a y HHEpaKIUjH
aHTHOMOTHKA ca OakTepujckuM 3unoM. [locinennyHo, BaHKOMHUIIMH, TEUKOIUIAHUH H
nan0aBaHIIMH Cy W3TyOWUIM CBHjY aKTHBHOCT M Kao MOCIEIHIlA jaBUJa C€ PE3UCTEHIH]a.
Pesucrennmja S. Aureus-a Ha BaHKOMHIIMH TpaJupa Cce€ Ha XETEPOTeHH BaHKOMUIMH
uHTepmenujanau (cpenme ocersbuB) (XBUCA), Bankomunma untepmenujaaau (BUCA) u
BaHKOMUIIMH pe3ucTeHTHU (BPCA) ctadumnokok. BUcoko pe3rcTeHTHHU COjeBU Cy jOII YBEK
PETKH.

Hanac oxo 800 000 nanujeHaTa mpuMa BaHKOMUIIMH CBaKe TOAMHE, IITO U3HOCH oKo 14 000

kr jeka mupom ceeta (Nightingale et al. 2001). I'mukonenTuaHM aHTUOMOTHIIA CY aKTHBHU



npotuB craduiIoKoka, crpentokoka, Granulicatela spp. u Abiotrophia defectiva, Listeria
spp., Bacillus spp., Corynebacterium spp., Rhodococcusequi, Lactobacillus acidophilus,
sehnne Clostridium spp., u Behune rpam nosutuBHux anaepoda (Butler 2014; Levine 2006;
Nailor 2009; Bruniera 2015). YV mpakcu ce BaHKOMHMIIMH KOPHUCTH OpAaJIHO 3a TEparujy
ncey1oMeMOpaHO3HOT KOJHUTHCA, a nmapeHTepaino 3a MPCA uHbeknmje, ka0 1 HHPEKIH]je

NCHUIWIMH pe3rCcTeHTHOT Streptococcus-a pneumonia (Levine, 2006).

1.2. Xemujcka cmpykmypa 6aHKOMUYyuHa

BaHKOMUIIMH je M30JI0BaH U3 akTHHOMHMIETe Streptomyces orientalis. Mosekyn ce cactoju
U3: XENTaleNnTUAHOI je3rpa CcacTaB/bEHOI M3 JIBa XJIOPMHMpaHAa TUPO3UWHA, TPU CUCTEMA
beHun-ryMuuHa, acnapTuyHe kucenuHa v N-meTun-neynuHa. Mosekys je nuKiauyad 300r
JIBE €TapHE Be3€ U YIJbeHUK-YIJbeHUK BE3€ Y Pa3IUUUTUM JIeJIOBUMA XEeNTAaeNTHIHE OCHOBE.
Jucaxapusa je cacTaB/be€H M3 BaHKO3aMHHAa M TJYKO3€ U HHj€ JI€0 LUKIMYHE CTPYKTYpE.
MexaHu3am JejcTBa BaHKOMHIIMHA je MHXUOUIMja OMocuHTe3e henujckor 3uaa Oakrepuja,
win 60Jbe peueHo, MHXMOUIMja CHHTEe3€e NenTHIorKkana. [Ipema Tome, BAHKOMUIIMH Jeyje
OakTepuIIMIHO Ha OaKTepHje Koje ce jaene. Nenujcku 3ua 0akTepuja caJpKu MeNTUIOTIINKaH
KOJHU OKpYXYyje 1eny 6akrepujy. To je moceOHO U3paKeHO KOJ T'paM MO3UTUBHUX OakTepwuja,
rae ce ¢GopMmupajy CI0jeBH NENTUAOTIMKAaHA ca CIOJballlibe cTpaHe mMemOpane, u To 40
cJI0jeBa KOju ce cactoje 3 amuHo-mmehepa N-anetmi-rimko3amuna u N-aneTun-mypaMuHCKe
KkucenuHe. J[pyru 7ieo ce cacToju U3 KpaTKuUX NENTHIHUX pe3uaya. BankomuuuH uxubupa
cuHTe3y henujckor 3uaa, Gopmupajyhu cTabMIHE HEKOBAJIEHTHU KOMIUIEKC ca MOHOMEpHMa

MypenHa. OBaj KOMILJIEKC C€ IPKH ca MeT BOJOHUYHUX Be3a, yia3u y hemujcky MmemMOpaHy u



y3pOKyje KOH(POpMAIMOHE TIPOMEHE KOje pe3yiaTyjy HHXHOWIIMjOM YTHCKHBama

NPEKYCOPHHUX MOJIEKyIIa y nentuaoriukancku ganarn (Henson, 2015; Pfeiffer, 1981).
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Canka 1. CtpykTypHa ¢popMyina BAHKOMHUIIMHA

1.3 PapmakoduHAMUKA 6AHKOMUYUHA

MuHuManHa WHXUOUTOpPHA KOHIIEHTpallMja MU MUHUMATHA OaKTepHIMIHA KOHIEHTpalluja

(MUK u MBK) rnaBau cy mapameTpu 3a Mepeme in Vitro akTHBHOCTH aHTUOMOTHKA HA pa3He
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natorene. Mehyrum oHu mmajy m Heke Hemocratke. Mako cy MUK m MBK ommnunum
HOPEIUKTOPU MOTEHLMjajla aHTUOMOTHKA MIPOTHB OpraHu3Ma KOju je Y3pOK 3apasze, OHHU y
CYUITUHU HE IpYXajy HH(poOpMalje 0 BPEMEHCKOM TOKY aHTMMUKpPOOHE akTMBHOCTH. Ha
npumep, MBK 00e30ehyje MuHuManHe wuH}OpMaIMje O CTEMeHy OaKTePUIUIHUX H
GYHTUIMIHUX aKTHBHOCTH M O TOME Jia JM yOWjame Moke OuTH moBehaHO BHIIUM
KoHIeHTpauujama Jjieka. [Topen tora, MUK He npyxa Hukake uH(opmanuje o epexkruma
MHXHOUIM]je pacTa KOju MOTY HACTaTH HAaKOH U3Jarama aHTUMUKpoOuMma. Edextu yOujama
noBehaHUX KOHLEHTpalMja Ha OakTepULUUAHY U (PYHTMUUAHY aKTMBHOCT aHTUMHUKPOOHUX
cpelacTaBa y KOMOHMHAIIMjU ca BEIWYMHOM YIOpPHUX edekara [ajy MHOTO OOJbU OMHC
BPEMEHCKOT TOKa aHTHUMUKPOOHE aKTMBHOCTH oJi OoHOr kojer o0e3behyje MUK u MBK
(Nightingale et al. 2001). BankomunuH [enyje OaKTCpHIIMIHO, a CTOMA JEIOBama je
noBe3zana ca MUK (MuHMManHa WHXHOWTOpHA KOHIIEHTpallja) MuKpoopranusma (Rybak
2006). Cmatpa ce jga je OakTepuja CEeH3UTHBHA Ha BaHKOMHIMH ako je MUK <4 pg/ml,
cpenme ocetsbuBa ykonuko je MUK 8-12 pg/ml, a pesrcteHTHa Ha BAHKOMHUIIMH YKOIHKO je
MUK >32 pg/ml  (Nightingale et al. 2001). BaunkoMuiH MOCeayje H3BECTaH
HOCTAaHTUOMOTCKU edeKaT Koju je 0OpHYTO cpa3MepaH ca BennurnHOM HHOKynyMma (La Plante
et al. 2004). Hekonuko (apMakoJHHAMCKUX TapMeTapa je MpPeIoKeHO 32 MOHHTOPUHT
BaHKOMMIIMHA HA KJIMHHUIM, YKJbyuyjyhH Aa BpeMe BaHKOMHIIMH-KOHIIEHTpalldja OcCTaje
uzHag MUK (t>MUK), ogHoc moBpmimHa HCHOJ KpuBe-KOHILEeHTpaiuje Bpeme ca MUK
(ITMK/MUK), n omHoc MmakcuMaiHe KoHIeHTpauuje y cepymy ca MUK (Kmax/MUK).
Bbazupano Ha in Vitro m >KMBOTHUECKMM MOJEIMMa Kao M Ha OTPAaHMYCHUM CTyAMjaMa Ha
swynuma, [TMK/MUK je HajOoospM MOKa3aTesb JejcTBa BaHKOMHUIIMHA Ha S. aureus (Rybak,

2006). PerpocnekTuBHa cryauja on crpaHe Moise-Broder ca capagauimma ykasyje aa je



[TMK/MUK$400 noBe3an ca OOJbMM MPOIIEHTOM HM3JICYCHHX MalyjeHaTa Koju cy OosioBaiu
on mHeyMoHHuje. OBo je moctamo ocHoBa 3a mpenopyky [TMK/MUKI400 3a nmoctuzame
MakcUMaJHOr ed)eKkTa Jieka. PeTpocrnekTuBHAa aHanu3a koja mammjeHata ca MPCA
UHQEKIMjOM je TOoKa3aja HENoBOJbaH UcXon Kon 53% mnamujenata. HemoBospaH ucxon
nose3ad je ca [IMK/MUK ucnon 421. Unak, na 6u ce ycranouia [IMK motpebHo je Bure
y30paKa cepyMma INTO aHAIM3y YMHH Hemogo0HoM 3a mupy ymorpeby (Moise-Broder et al.
2004). 360r tora ce mpenopyuyje TJIM (therapeutic drug monitoring-repanujcko npaheme
KOHIIEHTpallMje JIeKa y cepyMy MalfjeHTa) Ha Kpajy Ao3Hor unrepaia. Kopucrehu MonTe
Kapino cumynanujy, Patel ca capagnunuma je padyHao BepoBaTHONY J0OCTH3ama
[MUK/MHUK$400 3a MUK ox 0,5 1o 2 mg/l. 3a MUK ox 2 mg/l, HajarpecuBHUjH 103HU
pexuM (2 g uHTpaBeHCKH. Ha 12 h) Boawo je usneuewy y 57%, a BepoBarHoha 3a
omrrehemeM OyopexHe pyHkuje Ouna je 34% 3a manujeHTe y jeIMHUIM HHTeH3UBHE HEre U
14% 3a nmanujente BaH we. 3a MUK 1 mg/ml, 3 rpama nHeBHO BOIMIO je u3iedewny y 79%
cilIydajeBa, a pus3uk oJi omrehewma OyOpera 6mo je 25% u 9% 3a manujeHTe y jeIuHUIN
WHTeH3UBHE Here W BaH e (Patel et al. 2011). Heke cryauje cy mpoHainuie ga He TOCTOjU
Besa u3mely Kmin/MUK ca ucxomom jiedema (Holmes et al. 2013).

LenTpanau dapmakoguHAMCKU TapaMeTrap 3a BaHkomuinH je MUK. Mma Buiie merona 3a
mepewe MUK-a, a cynma mukpoamiynuja jecre 3natau ctanaapa. OcuM Te MeToJie TIOCTOjU U
E-tect xao u ayromarcku cucremu Phoenix u MicroScan (Rybak et al. 2013). Pazauuwtu
TECTOBH M Pa3IMUUTH pe3yATaTd HUMajy AUPEKTHE KIMHUYKE mocienuie. Lodise ca
capaTHUIIIMa [TOCMATPao je U3II0KEHOCT BaHKOMUIIMHY KOJI MalMjeHaTa ca cTa(prIOKOKHOM
unpekuujom kpBu. [Hopenunu cy Bpeanoct MUK nobujene ca cyna Mmukpoaunynujom u E-

TECTOM U YCTaHOBHJIM Cy HI)KE BPEJIHOCTH MUKpoamitynujoM. M3onatu y Behunu ciydajeBa



umajy MUK mukpoamiaymujom 1 mg/ml, u mubhe Bpennoctu ITMK 550-650 mgh/l, mro
0JIrOBapa aJIeKBaTHOj 3alITUNEHOCTH MaIfjeHTa.
Cnenehe BpeIHOCTM MUHUMAIHE MHXHOMTOPHE KOHIICHTpalMje Cy yTBpheHe o cTpaHe

EBporckor KOMUTETa 3a TECTHPake 0CeT/bUBOCTH Ha anTHOHoTHKEe (EUCAST):

MUKPOOPI'AHU3AM OCET/bUBOCT PESUCTEHIIUJA
Staphylococcus aureus <2 mg/l >2 mg/l
Coagulase nega_tive <4 mg/l >2 mg/l

staphylococci

Streptococcus sp <2 mg/l >4 mg/l
Streptococcus pneumonia <2 mg/l >2 mg/l
Viridans streptococci <2 mg/l >2 mg/l
Gram-positive anaerobes <2 mg/l >2 mg/l
Enterococcus sp <4 mg/l >4 mg/l

Hajsehu mnpobGiem y mnpakcu mpeTcTaB/ba XETEPOreHM BAHKOMHUIMH HHTEPMEIH]aTHO
CEH3UTHUBHHU cTauIOKOK. VIHOKynar je 4ecTo BeoMa MajM, M HUIITA CE HE MOXKE YOUMTH
cranmapaHuM TectoBuMa. Ckopujer maryma ce mnojaBuo memujym LBIMR (Lucie Bardet-
Jean-Marc Rolain) xojuM ce MoOry eTeKTOBaTH KOJHCTHH-pEe3UCTeHe ['paM HeraTuBHE
0akTepuje Kao M BAHKOMHIIMH-PE3UCTEHTHE TIpaM IO3UTHBHE OakTepuje, YKbyuyjyhu
EHTEepPOKOKe. YO0uaBajy ce Kao KyTe KOJOHHje Ha JpyOmuactoM arapy. MHkyOamnuja je Ha
37°C, 24 yaca, u nasme ce kojonuje mory uaeHtupukoatu MAJITU-TOD tecrom, kao u
PCR-om (Bardet et al. 2017).

Enterococcus species jecte MUKpoOOpraHuW3aM KOjU HaceJbaBa TaCTPOMHTECTHHAIHH TPAaKT,

Il MOXe Hu3a3BaTu 030MJbHE MHQEKIHMje Kao MTO je OakTepujeMuja, CENTHKEMHja WIN




enpokapauTuc. MH(peknuje KpBU n3a3BaHe BAaHKOMUIIMH PE3UCTEHTHUM CHTEPOKOKOM YeCTO
cy mnpaheHe BHCOKOM CTOIIOM MOPOHMIUTETa W MOPTAIUTETa, KA0 U MPOAYKECHEM
xocnutanm3anuje. Kama ce mujarHoctukyje xkacHuje on 48 yacoBa, 3Ha4ajHO ce MoBehaBa
crona Moptanurera. OtexxaBajyhu ¢dakTop je To mTO ce XeMOKYAType HHKyOupajy o 48 1o
72 cara. IlybnukoBaHa je CTyauja Koja yka3yje Ha TO Jia jé OTKPHMBEH XEMOKYITypa ecej
(BLII'TI), xBaaWUTATUBHM JWJarHOCTHYKH €CE€] KOJU KOPUCTH MHUKPOYHMI TEXHOJIOTH]Y Aa
nerekryje 6akrepujcky DNK. 3a 2,5 gacoBa moxe na nerekryje 12 mo3narux Bpcera I'pam
NO3UTUBHUX OakTepuja. JlokazaHo je Ja ce OBUM TECTOM 3HA4ajHO OpKe METeKTYjy
uH(peKIMje KPBU, paHHje ce MOTY JaTh aHTUOMOTHUIIM, TE€ CE€ CAMHUM TUM CMambyje ce CToma
mopranutera (Nakagawa et al. 2018). TTocnenmux roauHa jaBjba ce EHTEPOKOK PE3UCTEHTAH
Ha BaHKOMMLUMH. Jom je crynuja u3 1999. y Muauju ykaszana Ha ONAacHOCT HAacTaHKa
BAaHKOMHMIIMH PE3UCTCHTHOTI EHTEepOKoKa. [locTroje pasHe Xumore3e Koje pacrpaBibajy O
pa3jo3uma pesucTeHiuje. JemaH on pasznora je m  decrta ymorpeba medanocmopuHa ca
HIMPOKUM CIIEKTPOM JIjCTBA Kao0 M BAHKOMHIIMHA Yy OonHuIlamMa mupoMm cBeta. Ilocroje
TEOpHje Jla je PEe3UCTEHIM]y Ha BAaHKOMHIIMH Yy3pOKOBajia yrnoTpeba aronapuuHa KOJ
KUBOTUHA. MehyTuM, OBO ce J0BOIM y CyMBbY jep je JeBeleceTHX rojuHa Beha
pesuctennuja 6una y CAJl-y nero y EBpomu. Tama y CAJl-y Huje Ouo peructpoBaH
apormapuun (Kirst et al. 1998). Jomr Behu mpobiem je mTo Cy Heke CTyAuje TMoKasaie na
€HTEPOKOK I0CTaje PEe3UCTEHTaH Ha TUTEUUKIMH U JuHe3onua. CMaTpa ce Ja je mpuMapHO
MecTO MH(EKIHje eHTEePOKOKOM TaCTPOMHTECTHHAIIHU TPAaKT, OJakie ce MH(peKuuja mabe
NPEHOCH MO LIEJIOM OpraHu3My, a 3aTUM y OoJIHUIIaMa W Ha Jpyre nanujerte. OHO MITO
CYLITUHCKHU TIpE/CTaB/ba OMACHOCT jecTe Jla C€ Pe3UCTEeHIIMja MOXKe MPOLIMPUTH Ha Jpyre

I'pam no3utuBHE Oaktepuje mpe cBera Ha crapwmiokok (Purohit et al. 2017). IlIto ce Thue



METHIWIMH PE3UCTEHTHOT cTaMiIoOKoKa, ayropu y KuHu paamnm cy mMeraaHanusy rae cy
nopenuiu e(pUKacHOCT JIMHE30JIK/Ia Ca BAaHKOMHUIIMHOM M 3aKJbY4HIIU Jia JIMHE30JIUI YECTO
uMa TMpeaHocT y oBakBuM curyanujama (Linet et al. 2017). Boguuu ca apyre crpane,
Ipernopy4yjy aa je moTpedHo mocTrhu KOHIEHTPAIM]y BaHKOMHIIMHA Y KpBH o1 15-20 mg/l,
KOJI ojJpaciux mnamujeHata ca uHpexnujom S. Aureus-om, ma Ou ce m30eria maHca 3a
cTBapameM pesucrenimje (Jeffres et al. 2017).

JocTtuszame onrosapajyhe KoHIEHTpalMje BAHKOMUIIMHA y KPBU MaIljeHaTa je TIOBE3aHO ca
Behom aktuBHOCTH mpotuB MPCA. Melhyrum, KoHIeHTpanuje BaHkomuiinHa Behe on 15
mg/ml y kopenaruju cy ca Behum mporieHTom orreherma 0yopexue pynkuuje (Rybak et al.
2006) Te je mpenopy4YsbUB TEPANUjCKA MOHUTOPHH JieKa. [10CTOjU HEKOJHMKO OrpaHUuveHa Y
Bohery MepemeM KOHIICHTpAIlMja OJlp)KaBarma 3a Jiajbe J03hpambe BaHKOMHIIMHA. M3MepeHa
KOHIICHTpalldja MPEICTaB/hba MEpEemhe Ha Kpajy JO3HOT HMHTEpBaja, W IMPETEHIIMO3HO je
MOHEKa/l caMO Ha OCHOBY € NPEIBUICTH KOHIIEHTPAIlM]y BAHKOMHUIIMHA 32 BpEMe Teparije
(Patel et al. 2011).

Cepuja cuMmynainyja Koja padyyHa BepOBaTHOWy JocTH3ama IUJbaHE MOBPIIMHE HCIIO
koHueHrpanuja Bpeme kpuse ([TUK) no munumanne uaxubuTOpHe KoHIeHTpanuje (MUK),
onHoca (ITMK/MUK) on 11400, u pa3Bujame HEPPOTOKCMUHOCTH Hajla3d BHUCOK CTENEH
WHTPaUHIUBUAYATHE BapHjaOUIHOCTH KaJla ce y3Me Y 003Up /1032 BaHKOMUIIMHA, JeIUHUIIA
WHTEH3UBHE Here, W kiaupeHc kpeatununa (Patel et al. 2011). Kako cy koHmeHTpaimje
oJpaBama BaHKoMuIMHA y cepymy 15-20 mg/l moBezane ca omrehemem OyOpexHe
dbyHKIMje, Yy OBUM cuMylnanujama Hucy pesynrupane ontumanaum [TUK/MUK omrocoMm,
norotoBy kaaa je MUK 3a 3apaxenu opranmzam uszHocuo 2 mg/l. dokyc Ha onTuManHu

[TMK/MUK oxpnoc je xom MPCA, nok xoa apyrux Oakrepuja dapMakoJIUHAMCKH ITUIJHEBU



Hucy Tako g06po meduuucanm (Parrillo et al. 2014). HMako je xopemanuja wusmelhy
KOHIICHTpallija BaHKOMHUIIMHA HW HEPPOTOKCHYHOCTH TpoHaheHa, kopemanmja wusmehy

KOHIIEHTpallFja M UCX0/1a JIeUueha 10 HEKMM ayTopuMa Huje jaka (van Hal et al. 2013).

1.4. bapmakKoKuHemukd AHKOMUYUHA

BankomuiuH je qoctynaH y napeHTepaiHoj GopMu, kao karcyia 1 kao cycrensuja. Crnabo
ce amcopOyje M3 TaCTPOMHTECTHHAIHOT TPaKTa, T€ C€ KOPHCTH 3a JICUeHhe KOJIMTHCA
uzassanor C. difficile. MuTpamyckyigapHa WHjeKIlMja HHje WHAWKOBaHA 300T BEJIHUKOT
gokanuor 6ona (Lode et al. 1990). BankoMHIIMH je BEIMKH TJIMKOMEHTHI, MOJCKYJIapHE
texxune~1450 Da (Rybak, 2006). He amncop0Oyje ce yHET y OpKaHH3aM OpPAJIHUM IIyTEM U
enmuMHHUIIE ce myTeM Oyopera HensmermeH 80 - 90 % 3a 24 cara HakoH jeane mo3e (Matzke
et al. 1986). ®apmakokuHeTCKH NPO(DHUIT BAHKOMHUIIMHA j€ KOMIUICKCAH M KapaKTepHIIe ce ca
2 win 3 ¢apmakokuHercka onesbka (Matzke et al. 1984). Tlpumemyje ce MHTPaBEHCKH ca
TpajameM HH(QY3Hje HajMame caT BpeMeHa, Jla Ou ce cMamHiia BepoBaTHOha 32 HEXKEJbEHUM
edekTiMa Be3aHHM 3a Op3uHy anmuHucTpanuje. [loxyxuBoT nHunmujaine dase (t1/2 pi) je
oko 7 munuyta, apyre ¢asze (t1/2 alpha) jecre oxo 0,5 mo 1 car, TOK TEpMHHAIHO BpeMe
nonyenuMuHanuje (t1/2 beta) usHocu o 3 1m0 9 catu KoX MalMjeHaTa ca HOPMaHOM
O0yOpexxHoM (yHKIMjoM. [ TTaBHU MyT elMMUHALMjE jecTe TioMepyiapHa (uiarpanuja, Majaa
ce y HEKMM CTyaWjamMa HaBOJIM XeNmaTH4yHa eJIMMHUHAIMja, MOTOTOBY KOJ MalfjeHaTta ca
HajBehuM cteneHoM OyOpexHe uHcyunujennuje. LlenTpanHu BoyMeH AUCTPUOYIIHje jecTe
0,15 I/kg nmok je BomymMeH muctpuOylHje y paBHOTeXHOM cramy on 0,39 mo 0,97 I/kg

(Matzke et al. 1986). BesuBame BaHkOMHIIMHA 3a TpoTenHe iazme je ox 10 % mo 50 %

10



(Ackerman et al. 1988). ®akTopu KOju yTHYy Ha AKTHBHOCT BAHKOMHUIIMHA YKJbYUY]y ETOBY
TUCTpUOYIIN]Y Y TKUBY, BETMUMHY UHOKYJIYMa, M BE3UBabE 32 IPOTCHUHE IIa3Me.

BaHkoMHIIMH ylla3u y MHOTE KOMIIAPTMEHTE Y TEely, a KOHIICHTpAallKja 3aBUCH M OJ] CTeIICHA
3anajbeba y TKUBY. [Ipogupame BankomuimHa y I[HC kox mamumjeHara ca 3apaBuM
MOIaHuM oBojHuiaMa je Hucko (0-3,45 mg/l). OuekuBano, uHGIAMUpAaHE OBOjJHHIIE
noboJspmiaBajy nererpannjy y IIHC ca xonuentpammjom ox 6,4-11,1 mg/l (Albanese et al.
2000). Ilenerparmja BaHnkomuiuMHa y miyha je Bapujabuina. Cruciani je ucTpakuBao
NeHeTpalyjy BaHKOMUIMHA y muiyha kon 36 mamnujeHara ca mapuyjaiHOM JI0OEKTOMH)jOM
wiyhHor TtkuBa. [locie wWHTpaBeHCKe mNpuMeHe | ( BaHKOMHUIIMHA KOHIICHTpaldja je
Bapupana o1 0 1o 12,2 mg/l, ca cpeamom koHueHTpanujom o 2,8 mg/l u nenerparmjom 41%
(Crucianiet al. 1996). Kox 3apaBux BOJIOHTEpa je MEHETpaluja y TkuBo usHocuia 2,4 mg/l,
onnocHo 52 % (Rodvold et al. 2011). Iloehany cromy mnenerpauuje y miyha ox 19%
oTkpwin cy Jlamep W capaJHUIM KOjU Cy TNPOLEHWINM KOHIIEHTpalWje BAHIOMHUIIMHA Y
TeYHOCTH enuTeaHunXx henuja miyha kon KpuTuuHO obonenux mnanujeHara (Lamer et al.
1993). BbponxoanseonapHa naBaxka (BAJI) je obaBibeHa Mmocje HajMame 5 JaHa Tepamuje
BaHKOMMIIMHOM y UCTO BpeMe Kaja je J0OMjeHO paBHOTEXKHO cTame. Cpe/iba KOHIIEHTpaIuja
BaHKOMHUIIMHA Y cepyMy u3Hocuia je 24,5 ug/ml, a cpenma koHueHTpaimja y miyhuMa Oumna
je 4,5 ug/ml. Ananusupana je moarpyma aa Ou ce yTBpAHO eeKar KojH je 3anaberhe NMao
Ha KOHIEHTpauuje BaHkoMuimHa y turyhuma. Ilanujentn ca BehoM cromom 3amasbema, Ha
ocHOBY KoHueHTpauuje BAJI anOymun on 3,4 mg/ml wnu Bume, mmamu cy nosehan
IpoLIeHAT IMEHeTpalyje BaHKOMHIMHA y mopehemy ca oHuMma ca KoHueHTpanujama BAJI
anoymun ucnon 3,4 mg/ml (24,6% wnacnpam 14%). OBaj pe3ynrar ykasyje Ha TO Ja IpoIlec

0oleCTH ¥ UMYHOJIOUIKM OJArOBOp MOTYy Tako)e HMMaTH BaXHY YJIOTYy Y BapHjaHCH
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dapmakokuHeTnke. Koa eHIoKapauTHCa BEereTanuje MOXKAa HUCY Y TIOTIYHOCTH U3JI0KCHE
BackynapHoMm mnpuctyny jep ce MPCA Moxxe mnpuapkaBatu TpomOonuta ¥ (GuOpHHA
(Fernandez Guerrero et al. 2009). OBu ¢akTOpH MOry OTEKATH YCIEHIHOCT JIEYeHa jep
CMamyjy TICHETpalldjy BaHKOMHIIMHA JIO CpYaHUX BaiBysia. Behumna wucnuTHBama
NICHETpallrje SHIOKapAUTHCA CIIPOBEICHA j& KOJI )KUBOTHIbA jep j& TEIIKO MPey3uMarmhe TKUBA
U3 CpYaHMX BaJBYJIaWId eHa0Kapaa kox nanujenarta (Fernandez Guerrero et al. 2009).

Jlo3a BankomwunuHa ox 15 mg/kg nmara je 33 mamujenara kKoju cy OWJIM Ha omeparujama
orBopenor cpia (Daschner et al. 1987). Ilo3a BankommunuHa je mata usmel)y 9 gacoBa u
HernocpeaHo npe onepanuje. Cpeame KOHIICHTpAIMje BaHKOMUIIMHA Y TJIa3MH TaJie Cy ca
28,9 pg/ml ma 3 ug/ml TokoM meBeTOr cata HAaKOH NMPUMEHE BaHKOMHUIMHA. KoHIeHTpalumje
BaHKOMHIIMHA HAKOH MPUMEHE Cy Onie HajBHIIE y TKUBY CpUaHHX 3anucraka (2,3-4,2 ug/ml),
ca CIIMYHUM KOHIeHTpaljama y cyokyranom (1,3-3,4 ug/ml) u mutmmhaom tkuBy cpua (1,2-
3,2 ug/ml). Craig u Andes (Craig et al. 2010), cy mopeannu epHUKCaHOCT BAHKOMHIIMHA Ca
OpUTaBALMHOM Yy OyTHOj KOocTH M miuyhuma koj MumieBa. OpuTaBalH je OMO IMOJjeHAKO
epukacan y o0a TKMBA, a BaHKOMMIMH je OMo Mame epukacaH y miayhHom TkuBy. Huso
BaHKOMMIIMHA U3HaA 75% ce youaBa y acUuTy, NEPUKAPAHO] U CHHOBUJAIHO] TEYHOCTH,
uzHan 50% y meypanHo) TeyHoctH, u3Han 30-50% y okyuw, a wusHag 1-37% vy
1epeOpPOCITMHAIIHO] TEUHOCTH.

VYTuiaj nHOKyayMa je 6uo MCcmuTHUBaH y in Vitro dapmakoannamckom moaeny (La Plante et
al. 2004). AKTHBHOCT BaHKOMWIIMHA, HA(IWINHA, TANTOMHUIMHA W JIMHE30JHIa je OHO
WCIINTHBAH y yHanpelheroMm nHOKymymy ox 108 10g10 cfu/g n Bucokom uHOKYTyM™My ox log10

cfu/g Tokom 72 waca. Y MameM WHOKYIyMYy Cy CBHU JICKOBH OCHUM JIMHE30JIUJA TTOKA3aJn
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CJINYHY aKTHBHOCT, a y BeheM MHOKynyMy HaUUIMH M BaHKOMHIIMH HUCY MMalii edekra,
JANTOMHIMH Majio. JInHe30u 1 je 0aKTepUOCTaTHK, 11a HE 3aBUCH O] BEIMYNHE HHOKYIyMa.

Hako je mocrta cryauja IMOKa3alio Ja je Be3WBamke BaHKOMHIIMHA 3a IMPOTEUHE IUIa3Me
yMepeHo, mocToje OpojHe in Vitro cryauje koje mokasyjy moBehany MUK kao pesynarar

MPUCYTHOCTH aJOyMHHA JOK j€ NMPUCYCTBO CepyMa JaBajio Bapujabuine pesyiartare (La

Plante et al. 2004).

1.5. Jlo3upare u HA4UUH npuMeHe 8AHKOMUYUHA

BaHnkoMHIIMH XUIPOXIIOPU] CE J]aje HHTPABCHCKHU MAllMjeHTUMa Y OOJTHUIAMa, U IOCTYIIaH je
y OOJIMKY CTEpUJIHOT Tpalika CIPEeMHOr 3a pacTBapame. Y CpOuju je peructpoBaH Kao
Vancomycin Riemser, Edicin, Adimicin. PerucrpoBane cy u Kamcyie Vancomycin
Enterocaps. PeructpoBan je mpamak ox 1000 mg u og 500 mg. /Jo3upame BaHKOMHUIIMHA j€
yrnaBHoMm crneaehe: (1) manujeHTH ca HOopManHOM OyOpexxHOM (QYHKIHjOM qo0ujajy
uHTepMUTeHTHOM HH(DYy3ujom 15-20 mg/kg (6azupaHo Ha TPEHYTHOj TEIECHO] TEXKUHU) HA
cBakux 8—12 h; (2) ogHOC MOBpIIMHE MCIOI KpUBe 3a YKynHy nHeBHY no3y (ITUK 24) no
MuHuUManHe uHxuobutopHe konuentpauuje (MUK) ox 11 400 tpeba noctuhu 3a KIMHUYKE
edexre; (3) koHmeHTpanuja oapxasama ox 15-20 mg/l y cepymy je mpemopydena 3a
030usbHe MPCA un(exiumje kao mro je 0akTepujemMuja U MTHEyMOHU]ja; u (4) yaapHa 103a 01
25-30 mg/kg (6a3upaHO Ha TPEHYTHO] TEJIIECHO] TSKUHHU) Tpeba OMTH pa3MarpaHa ja Ou ce
0p30 J0CTUTIa KOHIIEHTpaIlMja BAHKOMUIIMHA Y paBHOTEe)XHOM cTamy (Elbarbry, 2018).

Rosini ca capaguuimma je mpoy4aBao eekatr yaapHe 03¢ BaHKOMHIIMHA KOa 99 marujeHTa

y YpreHtHoMm IEHTpPY. JeqHa rpymna mamujeHara je goOujana ymapHy mo3y ona 30 mg/kg a
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Jpyra rpyma je no6ujana ctanaapany n03y of 15 mg/kg. 3akibyuriiu cy Ja cy MaldjeHT ca
yIIaPHOM J1030M OpiKe JOCTHIJIM OAroBapajyhe KOHIEHTpalKje BAHKOMHIIMHA y CEpyMy, a Ja
TO HHUje MMaJIO yTHIlaja Ha HexesbeHe edexre (Rosini et al. 2015). Truong ca capagaunuMa je
CITPOBEO OICEPBALMOHY CTYJU]y ca MallijeHTUMa Y HHTe3UBHO] HEerH. 3aKJbydak je Ouo /a ce
0ospM Tepanujcku €PEeKTH OCTBApyjy YAAapHOM JI030M, Ka0 M Ja CE€ paHHuje TOCTHXKE
oaroBapajyha KOHIIEHTpalMja BaHKOMHIIMHA Y CEPyMy HEro KO TalldjeHaTa KOju HHUCY
nobujanu ynapuy no3y (Truong et al. 2012).

[Toctoje jom MHOTE CTyaUje Koje MOKa3yjy Aa je MOKeJbHO JaTH yJapHY 103y BaHKOMHIIMHA
MOTOTOBY KOJI KpUTHYHO OOJICCHHX TalujeHara. Pa3jior je y Tome mTo je ca CTaHIapAHUM
JO3UpPakbeM MOTPEOHO HEKOJIMKO JaHa Ja Ou ce ocTBapuia KOHIEHTpanuja y cepymy 15-20
mmol/l wto Moxke GHTH MPOOIEMATHYHO YKOJIMKO j€ MAIMjeHT Y KPUTHYHOM CTamby, 0K Ce
yIapHOM JI030M Ta KOHIICHTpaIija MHOTo Opxe moctrxke (Reardon et al. 2015).

[ITo ce TMUe HauUMHA aIMUHHUCTpAlKje€ BAHKOMHIIMHA OH C€ MOXe€ JIaTH Ka0 HHTEPMUTEHTHaA,
Npojay)KeHa WIM KOHTHHyupaHa uHOy3uja. ['enepamno, y CAJl-y ce uyemhe kopuctu
UHTEPMHUTEHTHA, a y EBponu koHTHHYUpaHa uHdy3uja. Pahene cy crynuje y benruju, u onn
Cy 3aK/bYYMJIM Ja jé KOHTMHyHMpaHa HH(Yy3HMja BAaHKOMHUIIMHA IMpENopyuysbMBa Kako 3a
nanyjeHTe y MHTEH3WBHOj Herw Tako M BaH e (Buyle et al. 2013). Elbarbry je o6jasuo
OperjiefIHd WIaHaK y KOMe JHUCKYTyje Ja JIM je 00Jbe KOPUCTHTH WHTEPMHUTEHTHY WU
KOHTHHYHpaHy UHQY3H]y. 3aKbydak je Aa KOHTHHyHpaHa UH(]y3uja uMa Behux mpeaHoCTH.
[IpenHoCT je na je KOHILEHTpalyja oAp)KaBamkba KOHCTAaHTHA 3a Pa3IMKy O] MHTEPMHUTEHTHE
undysuje. Kon nntepmutenTHe MH(Y3HMje, YKOIMKO ce Aaje Beha 1o3a y Mame JI03HHX
uHTEepBaJa, uMahemMo Behy MakcuMalHy KOHIEHTpalMjy a HIDKY KOHIEHTpalujy

OZpiKaBama. YKoIMKO ce mak OpAWHHPA HHUXKA 034 Yy BHUIIC NO3HUX HHTCPBAJIA nmahemo

14



HIDKY MaKCUMaJHy KOHIIGHTpanujy a Behy koHIleHTparujy oapskaBama. OBe Quiykryaruje
KOJI MHTepMUTeHTHE MH(DYy3mje mory dvemhe y3pokoBatu omreheme OyOpera, Ha mpumep.
KoHcTaHTHa KOHIIEHTpalldja BaHKOMUIIMHA KOja CE€ jaBJba HAKOH KOHTUHYUpPaHEe MH(QY3H]e
y3poKyje mga ce pehe jaBibajy cojeBH OakTepwja PE3UCTEHTHW HA BaHKOMMIIMH.
Kontunynpana nndys3uja je moBoJbHU]ja U ca EKOHOMCKE TauKe rienuiira. Pa3inosu 3a to cy:
a) Op)Ke JOCTH3ame KEJbeHE KOHIICHTpallMje BaHKOMHIIMHA Y KPBU TallMjeHTa, 0) Mambe
y30paka KpBU 32 MOHUTOPHHT JIeKa, B) CAMUM THM U Mame pajia OKO y30paka KpBu. [ JTaBHU
npoOJeMH BE3aHU 33 aJ]MHHUCTPAIN]y BAHKOMHIIMHA KOHTUHYUPAHOM HH(]Y3UjOM je Herora
CTaOWJIHOCT y pacTBOpy Ha IyXH IEpHOJ, KAa0 W Ha KOMIATHOMIIHOCT ca JPYruM
CylcTaHnama y nH(Qy3uoHM nakoBamy. CTyauje cy mokasaie Ja je BAHKOMHIIMH CTa0WIaH y
5% nexcrposu u 0,9% pactBopy HaTpujym xsopuna, 48 catu Ha cOOHOj TeMIepaTypu, H
JTHEBHO] cBeTNOCTU. JIoKa3aHO je Aa MOCTOje JIEKOBH KOjU Cy (PU3MYKU MHKOMATUOWIHU ca
BaHKOMMILIMHOM a TO Cy amobapOuTtan, a3TpeoHaM, OHBATUpPYIUH, JAalTOMMUIMUH,
JIeKcaMeTa3oH, pypoceMHl, XernapuH U peHobapOuTas kao U XymMaHu anOymuH. OBe JeKoBe
HUKaJa He Tpeba JaBaTH 3ajeJHO ca BAaHKOMHUIIMHOM. YKOJHMKO je TO 3aucTa HEOIXOJHO
noTpeOHO je: 1) KkopucTHTH O/iBOjeHe BeHcke yuHuje, 2) DonujeB katerep, 3) kopuiiheme
aITEpHATHUBHE Tepamnuje Kao IITO Cy AaMHUHOTJMKO3MIU, 4) TPEeHYTHO NpPEKUHYTH
anmunaucTpanujy BankomunuHa (Elbarbry, 2018). Iloctoje momanu koju ykasyjy nma je
KOHTHHYHMpaHa HH(Y3Mja MOXeJbHAa M KOJ HEYpPOXMPYPIIKMX MauujeHara. Jloctuxky ce
paHMje BHILIE KOHIEHTpauuje y Iula3Mu, nobospliaBa ce (apmakoguHamuka, a 0e3
3HaYajHHUjer youaBama HexxesbeHux edekara (Hong et al. 2015).

Yopkoc BoauuMMa 3a JI03Upamke BAaHKOMUIIMHA, KIMHUYApH ce Oope ca HM3a30BOM Jia

J03UPajy BAHKOMHIIMH KOJ TEIIKO OOJEeCHHX M TOja3HUX TMaldjeHarta, 300T pa3iuke y
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BE3UBamky 3a NPOTEHHE IIIa3Me, BOJYMEHY IUCTpHOyIHMje W KiupeHcy. lIpocmekTuBHa
dbapmMakoKMHETCKa CcTyauja Mel)y KpUTHYHO O0O0JeIMM MalMjeHTHMa I0Ka3ana je BEIUKY
UHTEPUHAUBUAYATHY BapujabmwiHocT y  (apMakokuHeTHIM H  (apMaKOAWHAMUIIY;
KOHTHHyHpaHa wuH(QYy3Hja je TmoBe3aHa ca BehuM CTENEeHOM MOCTH3ama JKEJbEHE
KOHLIEHTpanuje y cepymy. Jlo3upame BaHKOMHUIIMHA KOJ TOja3HUX IallfjeHaTa je, yxapHa
no3a 25-30 mg/kg npahena mo3om oapxkaBama 15-20 mg/kg mogesbena Ha 8 mwnm 12 yacosa
(Durand et al. 2018).

WurepecaHTHa je TojaBa BaHKOMHIIMHA y 00JKMKY mpaxa y xupypruju (Adogwa et al. 2017).
Kopucrtu ce 3a paHe HakKOH XUpYypIIKE HHTEPBEHIHjE KAa0 MPOQHIAKCa U MOXKE y BEIUKOM
NPOLIEHTY CMamUTH IIaHCe 3a pa3Boj uHOpeknuje. HapounTo je Hamao npumeny y
HEYpOXHUPYPrHjH, HA MHTEPBEHIIMjaMa Ha KHYMeHOM cTyOy. Bankomuimu mpax omoryhasa
IIMPOKH CIIEKTAp /IEjCTBA, Maje TPOIIKOBE, a M MOLITO CE€ aIUIMKYje JIOKAJTHO CMambyje MaHCy
3a HeXeJheHa JejcTBa. SWeet ca capaJHMIIIMa YyO4YHO je CMameme HWHQEKIHje paHe
nocronepatuBHo ca 2,6% Ha 0,2 % (Sweet et al. 2011). O63upom ga ce y XUPYpruju
nedanocnopuHy  OpAMHUPAHM HMHTPABEHCKU Jajy MNpOo(QWIAKTUYKH, cMaTpa ce Ja je
BAaHKOMMIIMH Y OOJIMKY IMpalka epUKacCHUjHU 01 BbHX. Pa3nor ToMe je mTo BaHKOMUIIUH 00Jbe
nenyje Ha jaBa Hajuemrha uzonata MPCA u S. Epidermidis. I'maBuu HemoctaTak kKopuiiherma
BAaHKOMMIIMHA Y OBOM OOIMKY je Taj mTo mnosehaBa mpoueHaT HHpenuje paHe Tpam
HEeraTHBHUM MHKpoopraHm3smuma kao mro je Pseudomonas aeruginosa u Klebsella spp.
(Hey et al. 2017). ITocraBspa ce nuTame Ja M CE MOYKE KOPUCTHTH HEOTPaHUUSHA KOIWYNHA
BAaHKOMMIIMHA JIOKAJTHO, a Jia Mpu TOM He Jeiyje LITeTHO HM Ha jenHy rpyny hemwmja y
okoigHOM TkuBY. Kanma ce 1 ¢ BaHKOMHUIIMHA aruidKyje y KocT, a 1 g y paHy, JOKaJHa

KOHIIEHTpaluja BaHKoMuUIMHA n3HocH 260-2900 ug/ml HemocpeqHO HaKOH MHTEPBEHIM]E, a
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cieaeher mana 50-730 ug/ml. Ayropu y KanudopHuju cy mpeTmocTaBUIN Ja BEIHKE 03¢
BaHKOMHMIIMHA JIOKAJTHO, MOTY JIJIOBaTH TOKCUYHO Ha Me3eHxumaie ctem heimmje (MChH). V
pe3yiTratumMa Cy ONKCaIH Jia MOCTOjH ToBe3aHocT mpoieHTa cMptd MChHh u nmpuMemeHe
KOHIIEHTpAIlje BaHKOMHUIIMHA JIOKaIHO, U TO 9,43% ca 400 ug/ml, 13.79% ca 1600 ug/ml,
19,35% ca 3200 ug/ml, 24,82% ca 6400 ug/ml u 51,83% ca 12800 ug/ml. Tako na He Tpeba
KOPUCTHTH PEUCHHILy “IITO BHIIE BAaHKOMHUIMHA TO 00Jbe”, Beh Tpeba KOPUCTUTH TavyHO
npomnwucane go3e (Chu et al. 2017).

BankoMuniH ce TI0 HEKMM ayTopuMa Yy HEYPOXHPYPTUjU MOXKE KOPUCTHTHU
UHTpaBEHTPHUKYJIapHO. Hanme, mposa3ak BaHKOMHUIIMHA KPO3 KPBHO-MOXIaHy Oapujepy je
MaJld, ¥ YECTO HEIOBOJbaH KOJ HHQEKIUja IEHTPaJIHOr HepBHOr cucrema. Crymuje cy
MoKasalie Jla BAHKOMHIIMH aIlNIAKOBAaH WHTPABEHCKH W MCTOBPEMEHO MHTPABEHTPUKYJIAPHO
3Ha4yajHO moBehaBa mporeHaT u3lieuewa manujeHTa. [0 HEKUM ayTopuMa OBaj HAYMH
aruIMKaIyje HOCH OMacHOCT O] TyOWTKa ciyxa, Kao U JI0 TojaBe €03MHO(UIIHUje, alu ce TO
MOJe MpeBa3uhin aJleKBaTHUM alUIMKOBamkEM JieKa U NpahemeM HheroBe KOHIICHTpAIUje Y
cepymy u nepedbpocnunantoj teunoctu (Chen et al. 2015).

VY opronenuju ce Takole BAaHKOMHIIMH MOXe KOPUCTHTH JokanHo. Haume, obnaxe ce KOCT
BaHKOMHIIMHOM Y TOKY OIepalldje Ja Ou ce CMamMJja IlIaHca 32 HaCTaHaK MHQEKIHje, Kao U
3a CHCTEeMCKUM HexeJbeHuM edektuma. Florian Amerstorfer u capaguuiu cy yTBpaIuiu 1a je
HAKOH TaKBE WHTEPBEHIIM]jE JOKAJTHO U3MEpEHa KOHIICHTPAIlMja BAHKOMHIIMHA BUCOKA, JIOK j€
y CHCTEMCKO]j IUPKYJIallMji HUCKA U HEMa MopacTa KpeaTHHHHA y CepyMy, Kao MOocieaura
ynorpebe BankomurmHa (Amerstorfer et al. 2017). Wahl ca capagauiuma je paguo cryaujy
Ha 87 maunujeHara kojuma je ummiantupan CaSOs ca BaHKOMMIIMHOM. 3aKJbY4€HO je Ja

TaKBa aHJ'II/IKaI_[I/Ija HMa MHOI'o npeaHOCTH, JIOKAJIHO CC IMOCTHXXY BUCOKE KOHLICHTpaLII/IjC
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BaHKOMHIIMHA, a cucTeMcku He mpenaze 10 mg/ml. Jlokanna amiwkamnuja, 10 6
BaHKOMMIIMHA je 0e30e/Ha YaK ¥ KOJI MalldjeHaTa KOju HAaKOH oIepalyje uMajy mpoosiem ca
oyopesuma (Wahl et al. 2017).

BaHKOMUIIMH ce KOPHUCTH Yy OOJIMKY IMacTe y IPYIHO] XUPYPruju. AMeprudKa acoldjaiuja 3a
TpyIHY XUPYPIHjy Npeiaxe Kopuirheme BAHKOMUIIMHA IIPE U HAKOH OTBapamba CTepHyMa Yy
CBUM oIlepalifjamMa TPYAHOT KOIIa jep ce TUME 3Ha4ajHO CMamyjy IIAHCE 332 MOBPIIMHCKE U
nyooke undekuuje (Lazar, 2018). Meraananuza u3 2018 roaune ykasyje Ha 3Ha4aj JOKaIHE
Teparnuje BaHKOMUIIMHOM 3a MPEBCHIM]Y MH(EKIMje paHe, HAPOUUTO Y HEYPOXUPYPIH]H.
YoueHo je 1a UMa 3Ha4yaja U y KpaHUjaJlHOj] XUpYpruju. MaHa oBe Teparuje je ITo UHXuoupa
¢ubpobnacTe U OTekaBa 3apacTalkbe paHe, MOrOTOBY TBpAe MoxaaHuie. llorpeOno je
CIIPOBECTH CTyAMje Koje he mokazaT Koja KoJMYMHA BaHKOMUIIMHA he mmaru edekTa, a ga
IPUTOM He ycropaa 3apactame pane (Texakalidis et al. 2018).

VY nocnenme Bpeme 3aleliekeH je mopacT pesucreHipje S. epidermidis Ha BaHKOMHIIUH
cTBapameM OnopuiaMa. YOoueHo je Aa ce Yy OBHUM CllyyajeBUMa MOJKE I10jadyaTH J1ejCTBO
BAaHKOMMIIMHA MCTOBPEMEHHM KOpHIINEeHmeM yIaTpa3ByKa, IITO CE€ Ha3WBa OMOAKyCTUYHHUM
epextoM. CTyauja je Mokasana Ja ce€ UCTOBPEMEHOM NPUMEHOM YJITpa3ByKa, BAHKOMHIIMHA
U MHKpOYecTHlla Moxke 3HaTHO mosehatu Opoj yOujeHux Oaxtepuja. To je mpe cBera
J0Ka3aHo y In Vitro cryaujama Ha 3edeBuMa. Jloka3aHo je Ja yiTpa3ByK, BAHKOMHUIIMH U
MHKpouecTulle aenyjy cunepructuuku (Dong et al. 2018). MurepecantHo je aa je palena
CTyAMja KOja je TOKa3aja Jla KOMIUIEKCH IIMHKA 3ajeJHO Cca BAaHKOMUILMHOM HOTEHIMPAjy
ErOBO [IEJCTBO, OJHOCHO Ja je Beha akTMBHOCT BaHKOMHUIIMHA TPOTUB BAHKOMHIIMH

pesucteHTHOTr craduiokoka (Zarkan et al. 2017).
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BankoMunmuH ce 4ecTo KOpUCTH Per 0S 3a MHQEKIHje TacTPOMHTECTHHAIHOT TPaKTa
oaxrepujom C. Difficile. JIuteparypa Hamaxe qa ce MpBO OPAMHUPA METPOHUIA30J OPAITHO,
aKo HeMa 3a/10BoJbaBajyher oarosopa, opauHupa ce BankoMunuH 500 My THEBHO, NOEIHEHO
y aBe ao3e. HoBuju ek Koju ce croMume je (GUIaKCOMHIIMH, MAKPOJUIHU aHTUOMOTHK.
Pahena je crymuja y xoja je obyxsaruna nanujenre y Kanamu, CAJl-y u EBpornu rae ce
nopene (puIaKCOMUIIMH W BAaHKOMHUIIMH. 3akJbydak je Ja je (hUIaKCOMHIIMH OOJbH jep Cy
Mambe mance 3a noparak uadekiuje (Reveles et al. 2017).

VY npuHnMIy, NOAaly M3 JHUTEpaType yKasyjy /a ce OpajlHO OpIUMHHMPAaH BaHKOMHIMH HE
arncopOyje, OJIHOCHO J1a je HheroBa OMOPACIONIOKUBOCT Malia. AJM, MOCTOje U3Y3elH Kao y
cinydajy 0yOpexxHe uHcypuimjeHnuje, win omreheHe ciy3okoxe LpeBa, Kaja je 3abenexena
BUCOKA KOHIIGHTpaIlja BaHKOMHUIIMHA y cepymy. CKopuje je HaBelIeH NpuKa3 ciydaja 54
TOIMHE CTApor JamaHma ca KOJOPEKTATHUM KapIIMHOMOM U OYOpeXKHOM MHCY(UIIM]SHIIH]OM,
KOME j€ HaKOH OpPaJIHO JAaTOr BAHKOMHIIMHA CEIMOT JJaHa U3MepeHa KOHIeHTpauuja ox 25,8
pg/ml (Yamazaki et al. 2017).

Jlocta cTyauja MOCIEARmUX TOMUHA je IMOKA3alo MO3UTHBAH YTUIIQ] BAaHKOMHI[MHA Ha
npuMapHu ckieposupajyhu xomanrutuc (IICX). To je xpoHumuHa uHpiaamaropHa Oosect
KYYHHX IyTeBa Koja noraha 5% mnaunujeHara ca yalepo3HUM KOJUTHCOM M BOJAU 10jayaHOM
PU3UKY O]l KapIMHOMa >Xy4HMX IIyTeBa M KOJOpEKTaaHor kapuuHoma. Crynuja y
@paHIlycKoj je uMaia pe3yiraTe Ha TpH NalMjeHTa Koja cy gooujana 500 Mr BaHKOMHIIMHA
opajiHO JBa myTa AHeBHO yhy y pemucujy. [lonpaBunu cy ce u pesynraru jerpe takohe (de
Chambrun et al. 2018). Ayropu u3 Aycrpanuje cy myOJUKOBaNIM MPHUKa3 ciy4aja 33 roauHe
CTapor TMalWjeHTa ca MNPHUMapHUM CKJIEpO3HpjyNHM XOJAHTUTHCOM KOJU j€ MOBOJHHO

OJITOBOPHO Ha Tepamujy BaHKOMULIMHOM pPer 0S. IlanmujeHT je uMao XOJIAHTUTHC OJ
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JIETUELCTBA, ITATHO j€ U OJ1 YIILIEPO3HOT KonuTHca. Y paleHa je TpaHCIUIaHTalija jeTpe, au je
NAalMjeHT W JaJbeé MMao MPUCYTaH XoJaHruTHc. [lomTo ce OopasHO JaT BaHKOMHIIMH
Hajuenthe caabo arcopOyje, oH je Aenyjyhu Ha OakTepuje y IpeBUMa HajBEPOBATHH]E YTHUIIA0

Ha M3JIeUe-e MPUMapHOT ckiepo3upajyher xomanruruca (Hey et al. 2017).

1.6. HHmepakyuje 6aHKOMUYuHa ca opy2um /1eKosumd

[Toctoje cryamje koje ykasyjy Ja KOMOMHalMja BaHKOMHUIIMHA ca ojapeheHuM JiekoBHMa
NOTCHIIMpa HexebeHe edekre Tepammje. Goetz ca capamnunmma (Goetz et al. 1993) je
NOKa3ao Ja KOMOHMHAIMja BAaHKOMHUIMHA Ca aMHHOIVIMKO3HIMMA Y3POKYje MOpacT
KpeaTHHUHA Y cepyMy U clabiberbe O0yopeskne ¢ynkuuje. Rybak ca capagnuiuma (Rybak et
al. 1990) yka3syjy Ha Behy uHIHICHIY HEHPOTOKCHUYHOCTH BAHKOMHUI[MHA Y KOMOMHAIM]H Ca
aMHMHOTJIMKO3M/IMMa, Hero Kaja ce Jaje caMo BaHKOMHUIMH. KomMOuHalMja BaHKOMMIIMHA ca
KOJIMCTHHOM Takolje moBehaBa mpoiieHat nanujeHara ca omrehemem 0yopera (Ghafur et al.
2017). OpaunHupame BaHKOMHUIMHA ca amM(pOTepUIMHOM b Mo HEKHUM ayTopHMa y3pOKYje
Hedporokcnunoct y 100% cinyqajeBa (Khalili et al. 2013). V mocneame Bpeme nocra ce
nuile 0 MHTepakuuju u3mely BaHkoMumHa U nunepaunianH-razodakrama (I1T). [To nekum
MeTaTaHallM3aMa cMaTpa ce Jia je MHIUJCHIIA aKyTHe OyOpexxHe uHcyduimjeHmnuje 7% o
49% koj mamnujeHata KojuMma Cy aljMKOBAaHU OBU JieKoBH. Y cTyauju u3 2018. romune
npaheHa je Tpyna ManMjeHaTa KOju Cy HpHUMald BaHKOMHMIMH ca THIEPALUINH
Ta300aKTaMOM U TpyIa ManyjeHaTa Koja je mpumaia BAHKOMUIIMH U MEpoIneHeM. 3HayajHo je
Beha uHIMIeHIa OyOpexxHe nHCY(UIUjeHIIM]je KO narujeHaTa koju cy gooujamu 1T (16.5%

vs 3.6%; p=0.009)(Robertson et al. 2018). MexaHu3aM HacTaHKa aKyTHe OyOpexHE
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nHcypunujennuje (AbW) Huje HajjacHuju. [locToje momanm o akyrHoM Hedputucy u ABU
KOJl Ayrux Oera jJjakTama ajiu y MameM 0pojy y ogHocy Ha [IT. ITocToju cTynuja koja HaBoau
Jla je HajMamH MPOLIeHAT oropaBka 0yopexkHe (yHkiuje HakoH I1T, mTo ykasyje Ha moryhe
omreheme O0yopera. Hekana ce Huje cmatpanio na I1T moxe n3asBatu ABU anum je manac To
OMOBPTHYTO, IOTOTOBY YKOJHWKO je y KOMOWHamMju ca BaHKoMHIMHOM. OOa Jjieka MOory
u3a3BaTi HeQPUTHC a BAaHKOMHIIMH M aKyTHY TYyOyJapHy HEKpo3y, Ia je jacHO Jaa y
KOMOHMHAIMj1 MOTY OUTH HepoTOKCHYHU. ako HHje jacHO 1ITa ce JeliaBa y KPBHU ca OBHM

JIEKOBHMa, cMaTpa ce J1a MpeluIuTalrja OBUX JiekoBa Boau omrehemy 0yopera (Luther et al.

2018).

1.7. HestcesveHa dejcmea 6AHKOMUYUHA

3a Hajro3HaTH]j€ HEXKEJbEHO JI€JCTBO BAaHKOMHIIMHA cMaTpa ce HepoTokcuyHocT. Cmarpa ce
na ce HepporokcuuHocT Moxe jaButi y 10-20 % caydajeBa, kao u xox 30-40 % nanujenata
HAKOH CTaHJAapJHMX Kao M BUCOKHX /1032 BAHKOMHIIMHA HAKOH 5 10 7 JaHa Tepamnuje, Maja
MOXKe J1a ce jaBu W HakoH 14 nana tepanwuje (Elyasi et al. 2012). 3anpaBo ce jaBiba BUIaK
CI000HUX paJuKala U OKCHAATHBHU CTpec y heilrjama MPOKCMMATHUX PEHATHUX TyOyia
HITO Ha Kpajy pe3yiaTupa HCXEMHJOM. 3amaxeHo je Ja HEPPOTOKCHYHOCT 3aBUCH O]
TPAHCMIOPTHHUX TpoIleca W3 KpBU 10 TyOymapHux henmja kpo3 0OazonarepanHy MemOpaHy.
bpojuu daktopu yruuy Ha omteheme OyOpera y3pokoBaHo BaHkomuiimHOoM. Elyasi u
CapaJHHMIIM, HaBOJIe Ja Ccy Behe mo3e BaHKoMHIMHA (>4 Q/AHEBHO) MOBe3aHe ca omrTehemem
OyOpera. Ilamujentn koju mpumajy Behy mo3y Takohe mmajy maHcy na omreheme OyOpera

pa3Bujy Opke. Beha koHmeHTparija oapkaBama BaHKOMHUIIMHA y cepymy (>15-20 mg/l,
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nocebno >20 mg/l), Behe KoHIIEHTpallKje HEMOCPEIHO HAKOH aagMHHHUCTpalje, kao u [THUK
cy pusuunu ¢akropu. Tpajame Tepanuje Takolhe yruue Ha omreheme Oyopera (van Hal et al.
2013). Tpajame Tepamnuje BAHKOMHUIIMHOM JYyXK€ OJ jeAHE Heaesbe moBehaBa pu3uK o1 6 10
21%; Tpajame Tepamuje OyKe OJl JABE Helesbe yThue naa mnpoueHat pacre Ha 30%.
Kontunyupana nndysuja nokaszyje Mamby HEHPOTOKCHUYHOCT OJf HHTEPMHUTCHTHE HH]Y3H]e.
Koammuuucrpanuja HedpoTOKCHUHUX JieKoBa moBehaBa mpormeHTa omrehema OyOpera Ha
35%. Yecto ce criomumbe Kao npobieMaTHyHa KOaJMUHHUCTpalMja ca aMUHOIVIMKO3UIUMA.
Kapakrepuctuke camux nanMjeHata Takohe yTrudy Ha He(ppOTOKCHMYHOCT. bonectu kao
cerca, Tpayma, aHKpPEeaTUTHC, BEIMKE XUPYPLIKE HHTEPBEHIIM]j€, ONIEKOTHHE MOTy noBehatu
nrancy 3a omTtehemeM OyOpera. JlekyOutamHu yikyc, Majurae OoJecTH, HEYTPOIeHH]a,
NepUTOHUTHC Takohe moBehaBajy mancy 3a 060Jbeme Oyopera.

Owrehewe OyOpera y3pokoBaHO BaHKOMMLIMHOM HHMje 3abernexeHo y neaujarpuju. Pasmor
TOME je BEpOBAaTHO jep Jella uMajy Mambe KOMOpOMIuTeTa, HOpMaIHy OyOpexxHy QyHKIHjy
Kao U Mame napyre Tepamnuje. Omreheme OyOpera je yriaaBHOM peBep3uOuiHo. Perko je
omrteheme OyOpera TONMKO TEIIKO Ja 3axTeBa JAujanu3y. TakBy Tepanujy MO HEKUM
ayropuMma 3axteBa 3% marujeHara (van Hal et al. 2013).

HcnutuBan je yTulaj LWIacTaTMHa Ha BaHKOMMIIMHOM Y3pokoBaHO omteheme OyOpera.
[{unacTatuH je MoJIeKyl KOjU MHXMOupa mnentuj jaexuzaporeHasy. OH ce Jnaje ca
UMHIIEHEMOM J1a CIIPEYHO HEroBY XMIPOJIM3Y JexuaporeHazoM. IlyOmukoBaHu Cy pajoBU
IJIe ce yoyaBa LIMJIACTaTHH MOJKE JEJOBAaTH NPOTEKTUBHO Ha OyOpere kaaa ce naje ca
JIEKOBHMA KOjU Cy HE(PPOTOKCUYHM aJIM HHje OMJIO yTBPHEHO Ha KOjU HAYMH c€ TO JIeIaBa.
Ayrtopu cy youwnu y in VIVO Mozeny Ja IMJacTaTWH CMamyje OKCHIATUBHH CTPEC Y

henujama 1 1a cMamyje KOHLEHTpalMjy BaHKoMulmHa y henmnjama 6yOpera. Cmatpa ce na
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JI0J1a3| JI0 jadama edekra [I-rmukonporenHa, ymja je yiora aa u3daiyje cTpaHe CyICTaHIe
u3 henuja. [ToTpeOHO je ypaauTH jOolI CTYMja HA MAIMjeHTUMA ajli OBa YHE-EHUIIE OU Moria
YTHIATH Jia C€ ¥ BAHKOMHUIIMH Aaje ca muiactaruaom (Im et al. 2017).

Teukorutanud y3pokyje omecheme OyOpera amu Mame HEro BaHKOMHUIIMH. — Svetitsky wu
capaJHUIM youriIH ¢y penatuBuu pusuk o1 0,44 (95% ClI, 0,32-0,61) 3a 21 ucrtpakuBame
0,33 (95% CI, 0,22-0,50) 3a 17 ucrpaxuBama mopeachu TECHKOIIAHWH W BaHKOMHIMH
(Svetitsky et al. 2009). Temko omreherme Oybpera je mpumeheHO caMo KOJ MaIlMjeHTa KOju
MpUMajy BAHKOMUIIUH.

OTOTOKCHYHOCT j€ jOILI jeIHO HEXKEJbEHO JEJCTBO BAaHKOMHUIIMHA KOJ€ C€ YECTO CIIOMMEE Y
autepaTypu. Forouzesh ca capagauimma je paano CTyaujy y KOjoj je mocMarpao yTHIIAj
BAaHKOMMILIMHA Ha CIyX [alMjeHaTa. Y MHTaky je peTpOCleKTUBHA CTyauja Koja je
oOyxBaTuia 89 manyjeHara Koju cy IpuMalld BAHKOMUIIMH Aye o1 14 naHa. 3akibydeHo je
na je kox 11 mamumjenata (12 %) nomwio g0 moropiiama ayadoJIOIIKOT Hajasa.
WHTepecaHTHO je Aa je 3akibydak OMO Jja MalMjeHTH CTapuju o 53 roAnHEe MMajy MHOTO
Behe mance 3a omrehemeM ciiyxa BaHkomuiHOM Hero miahu manumjent (Forouzesh et al.
2009).

Cunnpom psenor yoBeka (CI[Y) je Hajuenrhe HexkeJbEHO /1€JCTBO HA BAHKOMUIIUH, jaBJba Ce
y 5-50 % mnanujenara u kox 90 % 3apasux godpososbaria (Myers et al. 2012.) Oun o6yxBata
YUTaB CHEKTap CUMTOMA O]l LipBEHUJIa PEKO YPTUKAPH]je 10 TeHEpaIU30BaHOT epUTEMa, YaK
U JI0 Maja apTepujcKkor mputhcka. I1aTropu3HoNomK yKibydyje BaHKOMHUIIMH WHAYKOBAaHY
JerpaHyfanyjy Macrorora M ocinobahame XxucramMuMHAa 0€3 HMYHOJIOLIKOr Tpoleca y
cymrtunu. IloBe3an je ca kopumihemeM ONMUOMIHUX AaHAJINeTHKAa, KAa0 HECTEPEOMTHUX

aHTUMH(IAMAaTOPHUX JieKkoBa. Moxe ce JIako CIpEeYUuTH CHOpHjoM HH(DY3ujoM WiIn
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npeMearkandjoM audeHuaxuapamuaoM u  panutuauHoMm (Rubinstein et al.  2014).
MynTHIEHTpUYHA PETPOCIIEKTHBHA CTyAMja 0 546 XOCHUTAIN30BaHUX MalljeHaTa yKasyje
Jla manujeHTn crapoctu 21 roguae u minahu, Asujatu, ca ucropujom CILU, koju cy nodujanu
no3y BankomuiuHa Behy ox 10 mg/kg, 1 u3mepeHa UM je KOHIEHTpallja BaHKOMUIMHA Beha
10 5 mg/ml, umajy mosehan pusuk 3a pa3soj CIIU. YV mperneanom uinanky (Svetitsky et al.
2009), ayropu cy Hauu 5% cromy CL{U mely onpacnuma u HUjenaH ciiy4aj KOJl HallijeHara
KOjHU TpUMajy TEeUKOIUIaHWH. KoJ mNpHMeHe TEeMKOIIaHMHa MHOTO Cy Mame IIaHce 3a
cunapomom npseHor yoBeka (Cavalcanti et al. 2010). 3abenexeH je ciy4aj, rie je ynorpeda
BaHKOMUIIMHA NOBE3aHa Ca KpBapemeM M3 yrepyca. Pagmino ce o 34 roaumHe crapoj »eHH
KOja je jieyeHa o MHpeKuuje HoKTa. J[aT je BAHKOMULIMH MHTPABEHCKH. Y TOKY JlaBama OHa
je movena na oceha cBpab u yodaBasio ce upBeHWIIO Juia. HakoH Tora ce kanuia Ha 001 y
JOKEM JIely CTOMaka, M 3aTHM CE€ HaBOJAM Jla Ce jaBWJIO KpBapeme u3 BaruHe. OBO je
o0jammeHo ocinobahameM XHCTaMHHA KOJU MOXE Jla Y3pOKyje M KOHTpakiije MaTepHie
(Bader et al. 2010).

AHTHUOHOTUIIM ¥ aHTUKOHBYJI3UBHU JICKOBU Hajyenrhe u3a3uBajy aneprujcke peakiuje. OHe
Mory OUTH y3pOKOBaHE HMYHUM WM HEMMYHMM MEXaHM3MMMa, a KOXKHE MaHu(ecTanuje ce
Hajuenthe jaBibajy Kao nociueaune uctux. Kinacugpukyjy ce kao Telke Kaaa cy KoKHE Jie3uje
OTICeXXHEe, WM KaJa 3axBaTajy MyHo opraHa. CHHAPOM NpeoceT/bUBOCTH Ha JieK, CTHBEH-
[IoHCOHOB CHHJIpPOM, TOKCHYaHa eMujJepManaHa HEKpOJIM3a, aKyTHa IYyCTyJO3Ha peakiiuja
CIa/Iajy y HajTeXKE peakiije KoKe Ha JIEKOBE.

IgA Oyno3HHM JepMaTUTUC je peTKa peakiyja Ha BAaHKOMHIIMH alld je uIak 3a0enexeHa
mBerona mnojasa. To je obosbeme KOXKe Koje KapakTepuiue jaeno3utre IgA aHTuTena ayx

OasaiHe MCM6paHC. Moxe Outu HIUOMATCKO HJIM HHAYKOBAHO JICKOBUMaA, I'/I€ CY pelje
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3axBahene mykose. Ckopuje je, m3mehy ocramux, 3abenexeH ciydaj 88 romamHa crapor
MYIIKapIa KojH je pa3Buo 0BO 000JbEH-¢ HAKOH yroTeOe BaHKOMHUIMHA. CHMITOMU MTOYHELY
JI0 Mecell JaHa oJ] yBohema Jieka M MOTy TpajaTH Hap Heleba IO HEroBOM YKHIAbY.
Hepetko je motpebHa u cucreMcka Tepanudja koprukocrepouanma (Vinnakota et al. 2018).
Yprukapuja, ekcoirjaTuBHU JAEPMATUTHUC, MaKyJapHa OCIa, €03MHO(MINja, BACKYJIHUTHC,
aHauiakca, Ka0 M BACKyJapHH KOJAlC C€ MOHEKaJ MOTy IOBe3aTH Ca BAaHKOMHUIIMHOM.
Mehytum Hajuenthe manudecramnuje cy MakynapHa Ko>kKHa ocrnia u aHaduiakca, ykbydyjyhu
XHUIIOTEH3M]y, JHCIIHE]Y, YPTHKapHjy, u cBpad. KokHa ocma ce kapakrepuiie mpoMeHama
KOje MOTY Ja cBpOe 1o Tpyny Hajuenihe, U TOPHUM eKCTpeMHUTeTUMa. TakaB ocun Hajyenrhe
Hecrane 3a 7 g0 10 nmana, mocie mpecTaHKa y3uMama JieKa. YpTukapuja ce Hajuyemrhe
nojaBjbyje OKOo 7-14 naHa HaKOH W3/arama JIeKy, M KapaKTepuIle Ce KpaTKOTpajHUM
epUTEeMaTO3HUM ITpoMeHaMa. AHa(uIakca Koja je y3poKOBaHa JIEKOBHMa CE jaBJba y OKO 13-
20 % cnyuajeBa. To je moTeHIMjaTHO TeXaK 00JIMK anepruje, nose3ad ca IgE. Crame rae cy
pax cpua kao W KpBHM npurtucak nopemehenu. To je peakuuja mpu kojoj ce ocinoOahajy
MeIujaToOpu  3amajbema, XMCTaMHMH M JpYrM,  Yy3pokyjyhu  Bazoaunaranyjy,
OpOHXOKOHCTPHUKIMjy, TnoBehaBajyhn mnepMeaOMIHOCT KpBHX CyJOBa, aKTUBUpPajyhu
ayTOHOMHHM HEPBHH CHCTEM, M MyKo3HY xumiepcekperujy (McAuley, 2012).

BankoMuIIMHOM MHJyKOBaHa HEyTpoOIleHHja Ae(hUHUIIIE ce Kao arcylyTHU Opoj HeyTpoduia
mamu ox 1000/ml, a jaBma ce kom 2-12 % mammjenata (Black et al. 2011). Hekama ce
cMaTpalo Ja je HeyTpOIleHMja MOocleAnlia MpruMeca BaHKOMHIIMHA, a JJaHac ce 3Ha Ja OHa
nocroju ynpkoc yucrohu manammux Gopmynanuja. He 3Ha ce mopekiio HEYyTponeHuje anu
ce cMmarpa Ja je OHa MOoBe3aHa ca UMYHCKMM oAroBopoM. KocTHa cpik KoJl OBUX MalvjeHara

yKa3yje Ha TpaHyJOLWTHY XHUIIOIUIa3Hjy, HOpPMajHe MMjeJIOuHE INpeKycopHe hemnmje ca
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Omarom XxwuronenyiapHomihy, Kao | TPaHYJIOIWTHY XHWIIEPIUIa3Hjy ca HOPMAIHUM
caspeBameMm (Smith et al. 1999). Heku ayropu HaBoge Ja BaHKOMHMIIMHOM HHIYKOBaHa
HEYTPOIICHHja HE MOpa OWTH IOBE3aHa Ca JHEBHOM J030M, KYMYJaTHBHOM JI030M H
CyIparepareyTCKuM KOHIIEHTpaIijaMa, aju je MOBe3aHa ca TY)KHHOM Tpajama Teparuje
(Black et al. 2011). Behuna ciydajeBa ce jaBjba HaKOH ABAJECTOr JaHa Tepaldje, ma ce
Ipenopy4dyje HeAe/bHO MEpeHe KOHIICHTalMje OenuX KPBHUX 3pHAlla 3a IalHjeHTE KOjH
Iy’Ke TMpuUMajy JieK. YTJIaBHOM ce Opoj Oenux KpBHUX 3pHala M HeyTpoduiaa Bpaha Ha
HOpMaJly HaKOH 2-5 JJaHa OJ1 IPeCTaHKa Teparuje.

[IpBH TOKYMEHTOBaH CiIy4aj TEMKOIUIAHUHOM HMHIYKOBaHE JICyKOIeHH]je 3a0ernexeH je 1989.
roguHe. Heyrporenuja n3a3BaHa TEHKOIUIAHUHOM, 32 PA3JIMKy O]l HEYTPOIICHHUjE H3a3BaHE
BAaHKOMHIIMHOM, j€ TIOBE3aHa Ca BHUCUHOM JHEBHE J03¢. TEHKOIUIaHWH, a TMpe CBera
BaHKOMMIIMH, Y HEKUM CIIydajeBUMa MOTY M3a3BaTd JICKOM HMHIYKOBAaHH XUIICPCCH3UTHBHU
CHHJIPOM KOjH ce MaHH{]ecTyje MOBUILIEHOM TeMIIepaTypoM, JuMdaIeHONaTHjoM Ha Bparty,
OTe)KaHUM AucameM, nosuieHuM [[PIT-om kao u eozunodunujom (Lam et al. 2017). Cmarpa
Cce J1a je pa3Jior BAHKOMMIIMHOM Y3pOKOBaHOI' XUIIEPCEH3UTUBHOI CUHApPOMa u3Mel)y octanor
Taj, WITO je BaHKOMHIMH HajBUIIE MPOMHCHBAaH aHTHOMOTUK y Oomuuiama (Magill et al.
2014). YouyaBa ce 1a je pasjor HacTaHKa OBOT CHHIPOMAa T'€HETCKH HeIoCTaTak ojpeheHux
eH3MMa HEeONXOAHUX 3a MeTabosm3am siekosa (Fernando, 2014).

VY nutepaTypu ce Moxe Hahum M TpHKa3 ciydaja CeAaMJeCcEeTIBOTOJUILIIE JKEHe ca
U3HEHATHOM, I10 KUBOT OMACHOM TPOMOOLIMTOIIEHH]OM y3pOKOBaHY BaHKOMHUIIMHOM. JlOmII0
je 1o QopMupama BAaHKOMHUIIMH 3aBHCHHUX AaHTUTENA, IITO je YTBPHEHO NPOTOYHOM
muTomeTpujoM. To je penak cirydaj anu je 300T akyTHOT KpBapemwa U3 raCTPOMHTECTUHAIHOT

TpakTa Morao OutH 3aBpuieH ¢aranHo (Yamanouchi et al. 2016).
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[IpBu city4yaj BAHKOMUIIMHOM Y3pOKOBAaHOI' CKOKa €H3uMa jeTpe 3abenexeH je 2006. rogune.
Crapuju MymIKapail je IpruMao BaHKOMHUIIMH 3a uH(eknujy 6akrepujom C. difficile, u gormmo
je o 3HayajHOT CKOKa HHBOA allaHMH aMUHOTpaHcdepase W acmapraT aMUHOTpaHcdepase
(Cadle et al. 2006). 3a roguny gana ommcaHo je 14 ciydajeBa CKOKa TpaHCaMHHA3a M
xunepomnupyounemuje, o kojux je 71,4 % Ouino moBe3zaHo ca JiekoM, a 86 % Huje Ouio
030MJbHO. 3a0eNekeHU Cy W CIy4ajeBH CKOKa acmapraT aMuHOTpaHcdepase W ajlaHWH
aMHHOTpaHCc(epase BUILE O MET MyTa.

Chen u capamuunu Cy CHpOBENH METaaHAIM3Y TIe Cy MPAaTHIM UCTPAXKHMBamba Y KOjUMa Ce
CIIOMUIHC YTHIIa] BAHKOMHIIMHA HAa €H3UME jeTpe. YOUCHO je J1a Cy aMUHOTpaHcdepase 6aro
no ymepeno yBehane y Behunu cityuajeBa, a Hema JIoKasa Jia y3UMambe JIeKa MOXKE yTUIATH
Ha 030WJbHHUje 000JBEHE caMe jeTpe. AyTOpH MPETIOCTaBJbajy Ja jé XEMaTOTOKCHYHOCT
nocneauna aupekror omrehema henuja jerpe mwnm kao mocneauina omrehema henuja ox
CTpaHe caMOT IMYHCKOT cHCTeMa. 3a TeMKOIIAaHUH, Ha TIPUMep, HeMa TaKBUX H3BEIlITaja.
Hexu n3oo0Banu ciiydajeBu cy npuMeheHn Yy CMUCITY HeXeJbeHUX edexaTa BaHKOMULIMHA U
TeHKOILTaHHHA. Benoit u capaHUI Cy YOUMIIM CIy4aj TEHIKOT TpeMopa Ko 69-TOronIIbe
HAIUjeHTKUELE Ca HCTOPUjOM eceMiujamHor Tpemopa (Benoit et al. 2012). V nureparypu je
OINHCAaHO HEKOJIMKO Cciy4ajeBa TpemMopa KOju OM MOIJU OMTH Y3POKOBAaHM BaHKOMMIIMHOM.
['onuHe cTapocTu THX MainujeHata ouse cy 73, U 3a JBe ce cMaTpa Jia Cy 030MJbHA peakiivja.
['enepanno, Beha je MHIKCHIIA TPEMOPA UHIYKOBAHOT BAHKOMUILIMHOM KOJ HallfjeHaTa OKo
80 romuua crapoctu. Heku cy 3axTeBaynim W xocnutanuzanujy. Ilaropusnonoruja Tpemopa
HUje J0 Kpaja pasjallmeHa. TeuKOIIaHMH MO)Ke Takohe M3a3BaTh TPEMOp alld Yy MHOIO
onaxoj ¢opmu (Stille et al. 1988). V nurepatypm ce 3a TEUKOIUIAaHWH CIIOMHIbE, Y Tap

ciy4ajeBa, komruietan cpuanu 3actoj (Sharif-Yakan et al. 2013). ¥V HoBHjoj muTeparypu je
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OMKCAH CIIy4aj aKyTHOT KOPOHAPHOT CHHIpOMAa Kao aJieprujcKe peaklidje Ha BaHKOMUIMH.
Hpyru Ha3uB oBakBe aneprujcke peakiuje jecte Kynuc cunmpom. IlocToje Tpu BapujaHTe
OBOT CHHJIpOMa, a KOJ TAaIlMjeHTKHume crtape 83 romuHe omucan je tun 1. Hakon
aJMUHHCTpaIlje BaHKOMUIIMHA, MallijeHTKNba HUje pearoBana Ha apaxu, a EKI je mokazao
npoMeHe y cMucity uHdapkra muokapaa. Kana je anepren otkinomen EKI™ ce HopmanuzoBao.

Yop30 je nanujenTkuba ornymteHa kyhu (Martinez et al. 2018).

1.8 BankomuyuH y mpydHohu u nakmayuju

Cwmatpa ce n1a 80% JiekoBa KOjU ce J1ajy TpyJHHLIaMa YuHe aHTuOnotuiy. [la 6u ce yrBpauno
TepaTOreHH IMOTEeHLHjall JekoBa Amepuuka AreHuuja 3a Xpany u Jlekose ¢opmupana je
KaTeropusalyjy pu3n4YHUX JeKoBa y TpyaHohu. JloHeTa je o/ulyka Jja ce CBaKU JIEK MOXeE
cepcratu y kareropuje A, b, I, /1 u X. Ox 2015 roaune ce mocmarpa 3a CBaku JIeK U HETOB
yTULaj Ha TpyAHONY, TaKkTalujy, U penpo yKTUBHU MOTEHIIM]al.

BankomuiuH je rmukonenTtu koju cnajga y b kareropujy, Tako aa je 6e30enaH 3a mpUuMeHy y
TpyAHOhH Koj 030MJbHMX HH(EKIMja TpaM MO3UTUBHUM OakTepujama, U TO y APYIrOM HU
TpeheM Tpumectpy TpyaHohe. BankomuuuMH ce MmHMpPOKO AuUCTpUOyHpa y OpraHusMy,
MpUMapHO Ce eIUMUHUIINE Mpeko OyOpera, W Be3yje ce 3a MPOTEHHE IUIa3Me, IITO MOXKE
yTUIATH Ha Bapupame HEeroBe KOHIEHTpamuje y TpyaHohu. Ilponasu KpB-TuiameHTanHy
Oapujepy, U1 Moke ce Hahu y yMOuiInkanHoj BeHn. HukakBe aOHOpMaIHOCTH Ha (peTycuma
Hucy Hal)eHe HakoH ymoTeOe BaHKOMHIIMHA, Kao IITO je omTeheme OyOpera mnm ryoutax
ciryxa. Hema mOBOJBPHO MojiaTaka Be3aHUX 3a ynoTpeOy BaHKOMHUIIMHA Y TIPBOM TPUMECTPY

TpynHohe, ma ra y OBOM Iepuoay Tpeba kopucTutu ca omnpe3om (Bookstaver et al. 2015).
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[Ipenopyuena no3a BaHKoMHUIMHA y TpyaHohu je 20 mg/kg Ha 8 catu, u ona he y 90 %
cllydajeBa OWTH JIOBOJbHA 33 JJOCTH3am-€ TEPAIMjCKe KOHICHTpAIMje Yy CepyMy TpYyIHHIE
(Towers et al. 2018).

TenaBaHIMH, OPUTAaBAaHIMH U JAT0aBaHIMH CYy JUIOTIMKONENITHIN Ca aKTUBHOIINY CINYHO]
BaHKOMHUIMHY. CBa TpU Ce BHCOKO Be3yjy 3a MPOTEHHE IUIa3Me, U MMajy BEJIHKH BOJIYMEH
muctpuOynuje. McrpaxkuBama Ha JKMBOTHEH-GMa Cy YKaszala Ja TEJIaBaHIMH MOXeE
y3pOKOBaTu MmTETy Ha (erycy. ['eHepanHo oBa Tpu aHTUOMOTHKA OM Tpebano muzberaBaT y
TpyIHORM OCHM YKOJIMKO KOPUCT He mpeBasmiasu moryhy mrery (Bookstaver et al. 2015).
CBH JIeKOBH y HEKO] MEpU IPOAUPY Y MJIEKO Majke. Y Ko0joj Mepu he To OuTH ciydaj, 3aBUCH
0J1 caMor MoJiekyJna (mTo je Behu, Mame MPoAUpe y MIIEKO), O] MOJTAPHOCTH (jaKo MOJIAPHU
JIEKOBH clabuje npoaupy). JIMmocomyOninHu JIEKOBH CE YaK Y MIIEKY MOTY KOHLCHTPUCATH,
Kao U JIEKOBU KOjHU cy cinabe Oa3e. 300r cBera HaBeAEHOr, HajOoJbe je M30eraBaTu IOJ0]
HEMOCPEHO HAKOH y3UMatba JeKa.

[TocToju mpuka3 ciydaja, 1a je )KeHU JaT BaHKOMMIIMH Yy 1034 1 g Ha 12 caTtu TOKOM jeaHe
Henmesbe. UeTBpTOr cata HakoH HMH(QY3Wje KOHIEHTpaluja y mieky oOwma je 12.7 pg/ml.
MakcuMaliHe W KOHIIGHTpalje oapkaBama Owne cy 36,1 pg/ml u 12,5 pg/ml. Crora je
notpebaH Onpe3 ako ce aliuKyje JIeK y TOKY JaKTaluje, jep ce He MOXKe UCKIbYUUTH PU3HK

o HoBopohenue (Mitrano et al. 2009).

1.9. BahkomuyuH u cmapuja nonyiayuja

[Tpouenat crapujux ocoba y momyjaiujd KOHCTaHTHO pacte. DU3MOIIOIIKE MPOMEHE KOoje

KapakTepHIlle CTapeme MOry Y3pOKOBaTH MpoMeHe Y (apMaKOKWHETHUIM JIEKOBa.
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Komopbunurern, nmomudapmaija orexanajy jgedeme. Ko crapujux ocoba mocroje Heke
(bapMaKOKHMHETCKE KapaKTePUCTUKE:

a) CMambehe OMOPACIIONOKUBOCTH JIEKOBA IJi€ j€ YKIbYUYeH aKTUBHU TPAHCIIOPT,

0) mnoBehame OHOPACIIOIOKMBOCTH JICKOBA KOJU C€ METaboiauIy ca IpPBUM

MPOJIACKOM KpO3 jeTpy,

B) moBehame BOJIyMEHa JUCTPHOYIH]e JTUIOCOTyOUITHUX JIEKOBA,

T) HeKaJ[ KIIUPEHC jeTpe Moxe OUTH cHIbKeH 3a 20%,

1) OyOpexHH KIMPEHC je Marbe MPOMEEH Hero mTo ce panuje muciamio (Mangoni et

al. 2004).
[IITo ce BAHKOMUIIMHA TUYE, OH j€ TeHEpaTHO TOKCUYAH JIEK KOra ca Ompe3oM Tpebda y3umaTu
MOTOTOBY Yy cTapHjoj nmomynanuju. MiMa mano ctyauja koje ce 6aBe 0BOM TEMaTHKOM. JeqHa
CTyIWja 3ak/bydyje na ce (papMakKOKMHETHKa BAaHKOMHIIMHA KOJ CTapujux ocoba maio
pasnukyje o1 (apMaKOKWHETHKE OJpaciuX JbYAHM. 3aKJbYUEHO j€ J1a je MHTePUAMBUIYIIHA
BapujabunHocT Beha Hero kox Miahux ocoba, 300r nOpuUApYKEHUX OONeCTH U

nonudapMmaimje koja je derrha ko crapujux nanujenarta (Bourgignon et al. 2016).

1.10. BaHkomMuyuH u 6y6pedxcHa uHcyuyujeHyuja

Merabonr3amM W €KCKpelja MHOTHX JIEKOBAa 3aBHCH O] HopMaiHe OyOpexkHe (yHKIH]e.
Kana moctoju Heku creneH 0yOpekHe WHCY(hUIIH]SHITH]e 101a31 10 HaKyIJbama TOT JieKa y
OpraHu3My ¥ WHCIOJbaBama TOKCHYHHMX edekara. [locroje aBa TiaBHa MPHUCTYNMa KOI
KOpekiuje Tepamnuje y OyOpexHO] MHCYQHUIUjEeHIUjH, a TO Cy HIH IMPOIYKEHe TO3HOT

WHTEpBaJia HIIH CMambErbe 03¢ Wik KomOuHanuja oba (Getchew et al. 2015).
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BaHkoMuIIMH je JeK Koju ce HajBehuM IPOLIEHTOM H3JIydyje Mpeko OyOpera, Te je jacHO 1a je
HCOIXO/HA KOPEKIHja 03¢ y 0yopekHoj uncyunmjennuju. Moellering ca capaguumnmma je
1981. roguHe yCTaHOBHMO HOMOTpaM 3a JO3UWpamke BAaHKOMHIIMHA KO MaldjeHara ca
pa3IMYUTUM CcTereHoM OyOpekHe ¢yHkmuje. Ayropu u3 Jamana cy mak, 2004. romguHe
YCTaHOBMJIM HOBE CMEPHHUIIC 3a J03Mparbe Bankomuiuna. [Ipemopyke cy 20 mg/kg na 12h 3a
kiauperc kpearnnuda (KJIKP) ox 80-100 mi/min, 18 mg/kg ua 12h 3a KJIKP ox 70 ml/min,
25 mg/kg na 24h 3a KJIKP ox 50-60 ml/min, 22mg/kg ua 36h 3a KJIKP ox 40 ml/min u 18
mg/kg Ha 48h 3a KJIKP ox 30 ml/min. OBe npernopyke ce He OJHOCA Ha MAlUjeHTE KOjH
HeMajy yoriire 0yopexHy QyHKIH]jy U Koju ¢y Ha xemoaujanusu (Yoshida et al. 2005).

[lIto ce Thue manMjeHaTa Ha XEMOAMjallM3M CHUTyalyja je Apyraudja U Mpernopyke ce
pa3iukyjy. BankoMunuH je nHaue, aHTHOMOTHK KOjU ce Hajuelnrhe KOPUCTU KOJI MallyjeHara
Ha xemoaujanusu. Mako je myOnMKoBaHO J0CTa CTy[HWja, JOII YBEK je MOMallo HEjaCHO KOT
TEpaIujCcKor MPOTOKoJa ce Tpeba aApxkatu. [lo3upame je KOMIIMKOBAHO jep aocTa (akropa
Oyzae y onTuuajy: HIOp. TUO AMjaju3e, BpeMe JlaBama BaHKOMHUIMHA (TIpe, 3a BpeMe WU
HaKOH XeMOJMjaju3e), KaJa MEpPUTH KOHIIEHTpPAIMjy BaHKOMMIIMHA, TE€XKHHA UHQEKIH]e.
HeonxoaHo je na nekapw, CXOAHO TOME, CBaKOI MalMjeHTa J03Upajy HHIUBUAYaTHO.
Henocramu nocrojehux cryauja mpuMeHe BaHKOMHUIIMHA KOJ| MalldjeHaTa Ha XEeMOJUjallu3u
Cy MaJld y30paK, CTapuju MOJIENIN XEMOIjalIn3a, BpeMe 103Upama U Mepemha KOHIEHTpallnje
BaHKOMUIIMHA. Bapujabie koje ce Mopajy y3eTu y o03up cy npoayxkeHa (aza auctpudyimje,
NalMjeHTOBAa TEeKWHA, pe3M]yajHa peHalHa (YyHKIMja UM HEpPEeHAIHUW KiIupeHc. [ oja3Hu
MaIMjeHTH 3aXTeBajy Behy 103y BaHKOMHUIIMHA. Y AapHa 71032 0CTaje UCTa, Tj. HE KOPUTYje ce

KOJI MalyjeHara Ha xemoaujanusu. [lanujenTu Koju umMajy y HeKoj Mepu ouyBaHy OyOpexHy
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byHKIM]y 3axTeBajy Behy 103y BaHKOMHUIIMHA OJ] OHHUX KOjU YOIIITE HeMajy OyOpekHy
yHKIH]Y.

IlITo ce Tue came aujasu3e MOpa ce OOpaTUTH Maxmka Ha yATpauiITpanujy U IujaTu3HA
MIPOTOK, BPCTY QuiITepa, U Tpajama Aujaiuze. Y YOyTCTBY 3a JIGK CTOJH Jia CE J1a je yJapHa
no3a ox 15 mg/ml, a mo3a oapxkasama je 1,9 mg/kg. Moske ce npUMEHHTH U yaapHa 103a 1 ¢
U JI03a OJIp’KaBama Ha CBAaKHWX CellaM JIo JieceT JaHa. KoHIeHTpaluja BAHKOMHUIIMHA HAKOH
JIMjaliu3e je BOAMIbA 32 JIajbe IO3UPAkhE, IIITO MOXKE BOJIUTH OJJIaramy Tepanuje, nopeheno ca
MepemhEM KOHIICHTpAIMje pe XeMoaujanuse. Beoma je OMTHO yCTaHOBUTH KOJIMKO j€ TAYHO
Tpajana aujanusa 300T Jajber Jo3Hpamba.

Crew ca capaJlHUIIIMAa je Ha OCHOBY JINTEPAType MPEIJI0KHO HAYMH JO3HPamha BAHKOMUIIMHA
KOJ TMalyjeHata Koju umajy OyOpekHy HHCY(HUIMjeHIH]y, OJHOCHO KOJ TMalldjeHaTa Ha
nvjanusu, OasupaH Ha TexuHM WHDekuuje. ['enepamHo, ymapua go3a ox 20 mg/kg
BaHKOMMIIMHA je oAroBapajyha. Mel)y kpuTuuHUM nanujeHTHUMa, ako je MmoTpedHo, Tpeda je
JaTy ¥ Ipe aujanuse. AKo ce Jajbe HacTaBjba AMjajin3a y Tpajamy oJ 3-5 caTd, HAaKOH Tora
tpeba matu 500 mg BaHkomuIMHA. Tpeba 3aTUM Mpe XEeMOJAWjaIu3e H3MEpPUTH
KOOHIIEHTpalMjy BaHKOMHUIIMHA. KOHIEHTpalnujy BaHKOMMIMHA Tpeba MEpUTH jeTHOM
HEJIeJbHO, ¥ YKOJIMKO MallKjeHT HIIp. HUje OO0 Ha IWjalu3y U aIMUHUCTPAlLA]y BAHKOMHUIIMHA
Tpeba OAJOXKUTH. YTJIaBOM, CBMM NAalMjeHTUMa je HeonmxoaHo arumkoBatu 500 mg
BaHKOMMIIMHA TpHU NyTa HeaesbHO. Beha no3a Bankomuimaa on 750 mg je motpeOHa
NalMjeHTIMa KOjU Cy TOja3HH, MMajy JIOHEKJIe OuyBaHy peHalHy (yHKIUjy, WIH KOjU

no0ujajy 103y jieka y Toky came xemoaujanuse (Crew et al. 2015).
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1.11 BaHkomMuyuH u uHcyuyujeHyuja jempe

Hema nmyHo mojaTaka y JquTepaTypy O YTUIA]y HHCYDHUIIH]CHIIM]E jeTpe Ha KOHIICHTPALH]Y U
MeTaboJIiM3aM BaHKOMHIIMHA. 3HAMO Jia KOJl 000Jbema jeTpe MpodiieM MoKe OUTH ca OHUM
JIEKOBMMa KOjU c€ MEeTaloJIMIy ca MPBUM IIPOJackoM Kpo3 jerpy. Takohe 3Hamo ma je
BaHKOMMIIMH aHTHOMOTHK KOju ce HajBehuM nemoM umsnydyje HesMmewmeH. [locToju pan, u3
1983. roguHe KOju ce 0aBM MCIUTHUBAKEM YTHIAja MHCY(PHUIMjEHIIM]E jeTpe Ha KIMPEHC
BaHKOMHUIIMHA KOJ Mayior Opoja manujeHatra oOOJIeTuX O] HEKOT OO0JIMKa KapIuHOMA.
3akJpyuyeHo je Ja unak Tpeda oOpaTHTH Maxmby MPUIMKOM JO3UpPama, U J1a 000Jbemha jeTpe
MOTY Y3pPOKOBaTH IOPAaCT KOHIICHTpallMje BAaHKOMHUIIMHA Yy CEpPyMy OJHOCHO Ja MOTY

y3pOKOBAaTH CMabCHbe KITMpeHca BankoMuirua (Brown et al. 1983).

1.12. lonyaayuoHa hapMakoKuHemuKa

[Touerak monynanmone ¢apmakokuHeTuke ([IOK) uumykoBan je ymoTpeOom JiekoBa y
KJIMHUYKO] TMPaKCH KOJU Cy TOKa3ald BEJIMKY BapUjaOMIIHOCT Yy TEpaIrujCKOM OATOBOPY
HAKOH MPUMEHE MPENOPYICHUX /1032 U KOjU CE€ KaPaKTEPHUIILy YCKOM TEPAITHjCKOM ITUPHUHOM,
Ka0 INTO Cy aHTHENWICNTHIM, AHTHICTICCUBU, KApAMOTOHWYKH TJIIMKO3UIH, TOjECTUHA
AHTUOMOTHIIM, UMYyHOCYIpecuBU U apyru (MunosanoBuh u Jankosuh, 2009). Mako ce nojam
nonyJanuoHa papMaKOKWHETHKA CTIOMUE y ceaMIeceTuM roauHama XX Beka, HAaKOH TOT
nepuoja cy ycleauiia ycaBpllaBamka OBE METOJIE il M ¥ 3BaHUYHO MPU3HAKE MOMYIalioHe
(dapMakOKMHETHKE OJ CTpaHe CTPYYHE JaBHOCTH. YJjora momyjanuoHe (GapMakOKUHETHKE Y
IpoLECy pa3Boja U TepanujcKe MPUMEHE HEKOT JIeKa jé HAaKOH BHUILETOJUIIBbUX pa3MaTpamba

0J1 CTpaHe JAp>KaBHUX PEryJaTOPHUX MHCTUTYIHM]a yenenuna 1999. roa. ox ctpane Amepuuke
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ynpaBe 3a JiekoBe W xpaHy (DPJIA) HakoH oOjaBipuMBama ,,Bomuua 3a HHIYCTPH]Y:
nomynanuona (apmakokuuetuka“ (Williams u Ette, 2000). Ilocmeamux roawHa ce
noryJanroHa (papMakOKHHETHKA YeCTO KOPUCTH Yy (papmalieyTckoj HHIYCTPUJU U TO KaKO Y
nporieciMa KJIMHUYKOT HCIUTHBAaWka JIGKOBA TakKO0 W HUXOBO] KIMHHYKO] NPUMEHHU
(MuoBanoBuh u Jankosuh, 2005).

OCHOBHU IIMJb TIPUMEHE MOIyJAoHe (apMaKOKHMHETUKE jecTe OTKpHBame (akropa Tj.
y3pOKa BapHjaOWIIHOCTH MPUMEHEHOT JIeKa Tj. CYIICTaHIIe, KOJ oJpeheHor ucnurtaHuka Koju
MoOke Ja Oyae u3 rpyle 3apaBux AoOpoBosballa WM HaiujeHara obosenux o oapeheHor
000JbEHa, TIPHU Y€MY y3POIH BapUjaOMITHOCTH MOTY OWTH BE3aHU 3a CaM JIEK WU JIa 3aBHCE
o] KapakTepucTuka ucrnutanuka (Aarons 1991; Aarons 1999; Williams&Ette, 2000).
dakTopu Be3aHH 3a JIEK MOTY OUTH 032 JieKa, popMyIialiyja Jieka, nHTepakija usmely nsa
WIN BHIIE JIEKa, TOK (AKTOPU BapUjaOMIHOCTH BE3aHU 3a IMAIlUjeHTa MOTY OUTH T€HETCKE,
NaToJIOIIKE WM (PU3HMONIOIIKE MPUpPOJAE, KAa0 U caM CTHJI JKMBOTA MOJEMHLA Tj. HETrOBE
HaBHUKE Y KOH3YMHUpamwy oJipel)eHux cyrncTaHuu, Kao u caMu aeMorpadceku ¢axropu.

[Ipu cBakoj momynanMoHO] (apMaKOKMHETHYKO] aHaJIM3M TEXHU C€ Ja ce OTKpHje HU
KBaHTU(HKYje mTO Behn Opoj MOMEHYTUX (akTopa KOjU JIOBOJE 10 MPOMEHE TEepaIujcKor
0JIrOBOpa MPUMEHEHE J03€ JieKa Kako Ou ce cMamuiIa BelIMYMHAa MHTEPUHIUBHIyaTHE U
UHTpauHMBUAyallHE BapujaOUIHOCTH. MHTepuHAMBHIyalHa BapujaOUIHOCT MOApa3yMeBa
BapujabMIHOCT (apMaKOKMHETHUYKUX MapaMeTapa Mel)y HMCHOUTaHUIMMA y MONYJalMoOHO]
IPyNU Tj. pa3iidKa y OJIHOCY Ha Cpelmy BPEIHOCT U BaXKaH je MHAUKATOp 0e30eqHOCTH
onpeheHe CyncTaHle a WHTpauHAMBUIYyallHA BapujaOMIIHOCT, KOja ce Jpyraddje Ha3uBa U
pesuyaiiHa Tpelka, MpeacTaB/ba BapujabMIIHOCT YHYTap CaMOr MCIIMTaHUKA U MPEJCTaBIba

CKYyIl HEKOJMKO (hakTopa MOMYT Ipellaka NMPUIMKOM oJpehrBama KOHIIEHTpaldje Jieka,
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NOY3IaHOCTH TO/aTaka JOOMjeHMX OJf HWCIUTAHUKA, OJa0Mp aJeKBaTHOI Mojena 3a
JeTepMUHNCakbe  (apMaKOKMHETUKE CYNCTaHLE W €0 pe3uIyallHe HeoOjalImbuBe
BapHjaOUITHOCTH.

Jeman on mwbeBa momynanuoHe (apMaKOKMHETHKE jecTe M IPOLCHA WHTEP- W WHTpa-
VHIMBHIyaJIHE BapHjaOMIIHOCTH WCIHMTUBAHOT JeKa. MHIUBHIyalHU TepanujcKu MPHCTYI
HacTaje Kao HCXOj TMporeHe M MoAW(UKANKje HHTCPUHIUBHIYAIHE BapHjaOUIHOCTH
OJIHOCHO HUJCHTH(PHKAIMjoM U KBaHTHPHUKanUjoM QakTtopa Koju je oapehyjy Koz
UCIUTAaHWKA HA OCHOBY jEAHOT OMOJOMIKOT Y30pKa, IITO pe3yiaTyje O0e30enHujoM u
eUKacHUjOM MpPUMEHOM ojpeheHe cyrcTaHlle WIM JeKa Yy MCIUTHBAHO] MOMyJaluju
yrnoTpeboM momynairone papmMakokuHeTnuke aHaauze (MunoBanosuh u Jankosuh, 2005).
[Tonymnanmyona ¢apMakOKMHETHKA BpPIIM TIPOLEHY M oJpehuBame cpeamux BpEIHOCTH
dbapMakoKMHETHUKUX TapaMerapa y onpehenoj momynamuju. Ox  papMakKOKMHETHUYKUX
napamerapa Hajuemhe ce y OBOj BpPCTH aHaiu3e ojpelyjy KIUpPEeHC M BOJIyMEH
muctpuOynuje. ['eHepaiHo y3uMame y30paka HelmocpeIHO HaKOH J103€ Jieka omoryhasa Buiie
uHpoOpMalKja O BOJIYMEHY IUCTpUOYIHMje JieKa, JIOK y3MMambe y30paka HEMOCPEeIHO Ipes
cnenehy no3y omoryhaBa Bumie uHpopMainuja O KIUPEHCY camor Jeka (Samara wu
Granneman, 1997). OHo mito momynaiuoHy (hapMakKOKHHETHKY M3/Baja O]l OCTAIIMX METOo/a
JecTe IITO ce MoJAM KOjU CY PETKH MOT'Y IPUKYIUTH TOKOM PYTHHCKOT KJIMHUYKOT paja ca
UCNHMTAaHUIIMMA, jeJJlaH y30paK 10 UCIHUTAHUKY, U y3 ynorpely onarosapajyhux codreepckux
nporpama Mory ce IOoOMTH KIMHWYKH peneBaHTHe MH(opmanuje (Yukawa, 1999). Jeqnum
Y30pPKOBaWkEM j€ 3HATHO OJIAKIIAHO BpILIEHE (apMaKOKWHETUUKUX MCIIUTHBAMKA Y MOCEOHUM

nomnynamnyjaMa Kao ITO Cy repujaTpujcka, MeAujaTpUjcKa, HEOHATOJONIKA U JIpyre, TIe je
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BUILECTPYKO Y3UMame Yy30pka 300r crnenu(uYHOCTH HaBEACHUX MOIMyJlalfja YecTo
oHemoryhaaiio cripoBoheme ananu3a 10 kpaja (MunmoBanosuh, 2006).
V3uMame caMo jeIHOT y30pKa OJ] MCIUTAaHHKa 3a OBY (apMaKOKHHETWYKY aHAIN3y HUje
SKCIUTMIUTHH 3aXTE€B M IOCTOjarbeé MOTYNHOCTH J]a ce ypaau BHIIECTPYKO Y30PKOBAME O]
nanyjeHra he mompuHeTH MmopacTy KBaIWTETa aHajM3e, jep OM Taja MHTPauHIMBHIyaTHA
BapHjaOMIHOCT Omia peanHuje MpOIEHEeHa W CMamkeHa yclie MPeUu3HUjer W Moy3aaHujer
NpUKYyIUbakba I0JaTaka M aHAJIM3Mpama CEPyMCKE KOHIICHTpAIMje HCIUTHUBAHOT JIeKa
(Shiner u Beal, 1983). Penpe3eHTaTHBHOCT MOIyJIallije UCIIUTAHUKA j€ jOIIl jeJ[Ha MPETHOCT
nonynaione Gpapmakokuneruke (MunoBanoBuh u Jankosuh, 2007). ['eHepaiHO MPEeaHOCTH
nomyinanuoHe hapMaKOKHHETHKE jecy:

a) y30plLIU Ce€ CKYILJba]y JOK IMallljeHT y3UMa JIeK,

0) mMory na ce mpuMeHe (IeKCHOWIIHE CTyquje Au3ajHa KOje Ce jaBJbajy TOKOM

Jeuema,

B) JIOBOJBHO j€ Map y30paka KpBH a MOXeE U je/1aH Y30pakK,

I') OIOPTYHUCTHUYKO Y30PKOBamke MMa MOTeHLKjal Aa Oy/e UCIUIaTHBO,

J) TpaBd pPa3NUKy U3Melly MHTEpUHIMBHJyadHE M  HHTPaUHIUBHIyaTHE

BapHjaOMITHOCTH.
Mase nomnynanuose GpapMakOKMHETHKE jecy:

a) Benuku Opoj narujenara (Bute ox 40),

0)KOMILIEKCHA aHaIN3a pe3yrTara,

B) 3aXTeBa MPHUKYIJbamke U 00pajy BEIMKOT Opoja mojaTaka,

r) hopMupame Moiena Moke OUTH KOMIUIMKOBAHO,

1) Temkohe ca HekuM Hemocrtajyhum monaruma (Charles, 2014) .
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[TomynaruoHo (apMakOKHHETHYKO MOJICIMPAKE CE CACTOjH OJ TPU €Tare Koje 3alovumby
Hajripe nedUHHCAKEM TONyJalldje Koja Cc€ HCIHTYyje M KBaHTH(HUKOBameM Opoja
UCIMTAaHUKA, HAKOH Yera ce OBaj KOpaK HACTaBJba NMPUKYIJbAKEM IOaTaKa HEOXOIHUX 32
BpILIEHe aHanu3e y oapehenoj monymanuju. pyry eramy npejacraBiba pa3Bujambe MOJEINa, a
MOCJICIM KOPaK je Balualrja KOHaYHOT Mojena. Jlemorpadcku mojamnu, Kao U 1mojaainyd o
noctojehoj Tepanuju W KOMOPOMIUTETUMA CE€ MOTY JOOMTH aHAMHECTHYKH OJI CaMHX
UCTIMUTaHUKA WM XETEPOHAMHE30M.

[Momynarronu GpapMaKOKHHETHYKH MOJIEN ce T00uja YHOTPeOOM Pa3IMYUTUX COPTBEPCKUX
nakera, npu yemy ce Hajuemrhe kopuctt HOHMEM codteep (NON linear Mixed-Effects
Modelling, NONMEM) T1j. npucTyrnoM HeJTHHEApHOI MOJC/IOBamha KOMOHMHOBAaHUX edeKTa
koju cy kpeupanu Beal u Sheiner, 1998. rogune (Aarons, 1999; Lindbom, 2004; Ette &
Williams, 2004). Heke o/ CyIITHHCKHX KapakTepucTHKa nporpaMckor nmakera HOHMEM je
Jla je HamucaH y mnporpamckoM jesuky @optpaH M Ja je 300r Tora ynorpeOsbMB Ha
pavyyHapCKHM CHCTEMHMa KOjU TOJIp)KaBajy OBaj MPOTPAMCKH je3WK Kao M Ja OBaj Mporpam
caJlpku ceT cyOpyTHHa Koje Cy Yy Be3M ca CyOpyTMHOM Koja jAeduHuUIIe HM3BpUIHU (ajl
(Schoemarker & Cohen, 1996). OBaj mporpamMcku maker je creiuduyaH ¥ MO TOME IITO
caapxu Benuky oubanoreky cyopyruna I[TPEJIIIT (PRED Population Pharmacokinetics) 3a
onpehuBame Mozena 3a ¢dapmakokuHeTnuky npumeny. CyOpyruna IIPEJl kBanTudukyje
BPEIHOCTH OIICepBalllja Ha OCHOBY MaTeMaTHUKOT MOJIeJIa U yCJIe] Tora je ToOuIa Ha3uB O]
u3pasa ,predicition for observation”. ¥V cnyyajy ma mocrojehm mMozenu He 3a10BOJbaBajy
noTpede KOPUCHUKA, MOTY Ce M3MEHHUTH WM MOTY OUTH Je(UHHCAHH OJ CTpaHe KOPUCHKA

(MunosanoBuh u Jankosuh, 2005).
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Nako rnenajyhu nHaBenene nndopmalyje o nomysaanuoHoj hapMakOKHHETHIKOjaHATU3H OHA
HaJMalnyje Apyre ¢papMakOKMHETHUYKE aHaJIM3€ y MOY3JaHOCTH U €(pUKACHOCTH, OBa METO/Ia
nMa ojpeheHe HelocTaTKe, Kao ITO Cy BEIMKH OpOj MCIUTAHMKA KOjU j€ HEONXOJaH J1a Ou
Ce MOCTUIJIa PENPe3eHTATUBHOCT IIUJbHE TOMyJallje a CaMUM TUM U ojpeheHu BpeMeHCKH
nepuoj Kako OM ce IMPUKYMWIM MOTpeOHH MoAaly O]l UCIHTAaHUKA. JOII jeHa HeraTuBHA
CTpaHa OBE METOJIe jecTe Be3aHa 3a cam codTBepckn naker HOHMEM, a To cy nena nakera
U CIIOXeH mpotiec kopuiiherma oBor codreepckor nporpama (Musosanosuh, 2014). IToctoje
U Apyrd copTBEpU HAMEHEHU MOMYJIalMoHO] ¢dapMakokuHeTHH Kao mTo cy [I-Dapwm,
HITEM, HIIMJIL, u I'u6c ,,camiutep”, anu ce oun pehe kopucte (Samara u Granneman, 1997).
Jlanac ce cmarpa Ja TPHUCTYN MOMYJTalUMOHOM (APMAKOKHHETHUKOM MOJETUPABY
CTAaTHUCTUYKU MOXE OUTH MOke OUTH JIBOjaK, OJHOCHO MapaMeTapcKu UM HelapaMeTapCKu.
CBaku ce MOXe TMOJEIUTH Ha MaKCHUMalHy BepoBaTHohy u baje3ujaHCKu MPHUCTYII.
[TapameTapcku mpucTyll MakcuMallHe BepoBaTHohe jecte HajcTtapuju U Ty cnara HOHMEM
codrep. Takohe, Ty cnanajy Mononuke u AJJAIIT. Hemapamerapcku mpucTy MakCUMaTHe
BepoBaTHONE MHHIAJITHO je pa3BujeH on ctpane Lindsay u Mallet. Bajesujancku npucryn je
HoBuju. Ilapamerapcku bajesujancku mpuctyn jecte Monte Kapnmo MapkoBbeB mojen
(Tatarinova et al. 2013).

[Ipema nwuTepaTypHO] mperpasu mnocrojehux wucTpakuBama o0 (HapMaKOKUHETHIIH
BaHKOMHUIIMHA TPEHYTHO HeMma JOCTYIHUX HWCTpPaKMBamka Ha TeMy MOMYylaluoHe
dbapMakOKMHETHYKE aHATN3e BAaHKOMHIIMHA Ha oJpaciuM mnainujeHtuma y CpOuju, Kako ca
HOpPMaTHOM OyOpekHOM (YHKIIMjOM, Tako W ca OnaroM A0 YMEpPEHOM OyOpe:kHOM

UHCY(UIIH]SHIIH]OM.
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2. IN/bEBHU U XUIIOTE3E NCTPA’KNBAIbHA

2.1. Hus/vesu ucmpasicusarsda cy:

1. OnpehuBame cpeambux, HOMYITAHOHIX BPEAHOCTH (apMaKOKMHETHUKUX HapaMeTapa
(kMupeHca U BOJIyMEHa JOUCTpuOylMje) BaHKOMHUIMHA Yy TOMYyNalWju  OJpaciuX,
XOCTUTAIM30BAHKUX TMalljeHaTa ca HOPMalIHOM OyOpekHOM (YHKIHjOM KOjU TpUMajy
BaHkomunuH y Knmuandakom nentpy Kparyjesarr.

2. Pa3Bujame momynannoHor GpapMakOKMHETHYKOT MOJENa KIMPEHCa BaHKOMHILMHA U
uaeHTudukanyja 1 KkBantudukamnuja Gakropa Koju y 3Ha4ajHO] MEPH yTUYY Ha KIUPEHC H
MHTpa- U MHTEPUHIVBHyaIHY BapHjaOMIHOCT OBOT aHTHOMOTHKA y TOMYJIAMjH OJPACIIHX,
XOCHUTAJIM30BAHUX TallMjeHaTa ca HOPMAalTHOM OyOpeXHOM (YHKIMjOM KOjU MpHUMajy
BaHKoMULIMH Y Kiinnnukom nentpy Kparyjesair.

3. OpnpehuBame cpemux, TOMYIalMOHUX BPEJHOCTH (PapMaKOKMHETHUKUX MapaMeTapa
(kupeHca M BOJyMeHa JUCTpuOylMje) BaHKOMMIMHA Yy MOMyJalUju  OJIpaciuXx,
XOCHUTAJIM30BAHUX TMalyjeHaTa ca OyOpe)XKHOM HHCY(QUIMJEHLIUJOM KOJjU MpHUMajy
BaHKoMULIMH Y Kiinnnukom nentpy Kparyjesair.

4. Pa3Bujame momynannoHor (apMakKOKMHETHUYKOT MOJEa KIMPEeHCa BAaHKOMHIIMHA H
UAeHTUUKAIM]a U KBaHTU(UKAIM]a (aKTOpa KOjU y 3Ha4ajHO] MEpU yTUUY Ha KIHUPEHC U
UHTpa- U UHTEPUHAMBUIYAIHY BapHjaOMIHOCT OBOT aHTHMOMOTHKA Y MOMYJIAlUjU OAPACITUX,
XOCHHUTAJIM30BAHUX TMalyjeHata ca OyOpe)KHOM HMHCY(QHUIHMJEHIIMjOM KOJjU TNpUMajy

BaHKoMuLIMH Y Kiinnnukowm nentpy Kparyjesair.

39



2.2. Xunome3se ucmpascusarsda cy:

1. JlHeBHa 1032 NPUMEHEHOT BAaHKOMHUIIMHA he 3HA4ajHO YTHIATH Ha BPEIHOCTH
UCIIUTUBAHUX (DapMAaKOKMHETHUYKUX MapameTapa KOJ MaldjeHara ca HOpMaaTHOM (pYHKIHjoM
OyOpera.

2. JlHeBHa 1032 TPUMEHEHOT BAaHKOMHIIMHA he 3HAYajHO YTHIATH Ha BPEIHOCTH
UCIIUTHBAHUX (apMaKOKMHETHYKHAX IapaMmerapa KoJ| TMaidjeHata ca OyOpe:kHOM
WHCY(DHIIH]CHIIA]OM.

3. Knupenc xpearmrnuHa he 3HauajHO yTHHOATH HAa BPEAHOCTH HCHHTHBAHUX
(apMaKOKMHETUYKUX MapaMeTapa BAaHKOMUIIMHA KOJI MAIMjeHaTa ca HOPMAJIHOM (PYHKITHjOM
OyOpera.

4. Knupenc xkpearnHnHa he 3HayajHO YTHIATH Ha BPEAHOCTH HCHUTHUBAHHUX
(dbapMakOKMHETHYKUX TapamMeTapa BaHKOMHIIMHA KOJ TaldjeHarta ca OyOpexHOM
WHCY(UIIN]CHITHjOM.

S. l'ogune crapocTu namnujeHTa he 3Ha4ajHO YTHIATH HA BPEAHOCTH HCIUTHUBAHUX
(dapMaKOKMHETUUKUX MapaMeTapa KOJ IalijeHaTa ca HopMalHoM QyHKIjoM OyOpera.

6. ['ogune crapoctu namnujeHTa he 3Ha4ajHO YTHIIATH Ha BPEJHOCTH HCIHUTHUBAHUX
(bapMakOKMHETHYKUX TapamMeTapa BaHKOMHIIMHA KOJ TalijeHata ca OyOpexHOM

MHCY(UIIN]EHIIN]OM.
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7. Komenukamnuja ca HepOTOKCHYHHUM JIEKOBUMA he 3Ha4ajHO YTHUIIATH HA BPEAHOCTH
UCIIUTUBAaHUX (PapMaKOKMHETHYKHX TIlapamerapa BaHKOMHUIIMHA KOJ TalMjeHaTa ca
HOpMaJIHOM (yHKIIHjoM OyOpera.

8. Komenukanuja ca HepOTOKCHYHHUM JIEKOBUMA he 3Ha4ajHO YTHUIIATH HA BPEAHOCTH
UCTIIUTUBAaHUX (PAapMaKOKMHETUYKUX TlapamMerapa BaHKOMHIIMHA KOJ[ TMaldjeHara ca

O0yOpeKHOM MHCY(HUIIH]CHITH]OM.
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3. MATEPHUJAJI U METOJE

3.1. Bpcma cmyduje

HcTtpaxuBame je CHpPOBEACHO Kao TPOCICKTHUBHA CTyAHMja THIIA ,,CEepHje ClaydajeBa’ y
nepuoay ox centemopa 2016. mo oktoopa 2017. ronune y Knuanukom nentpy Kparyjesar.
3a cripoBoheme 0Be CTyAuje 100HjeHO je oqo0peme ETnukor komutera KITMHUYKOT IEHTpa y

Kparyjeiy (6poj omnyke 01-1267 ox 01.02.2016. roaumne).

3.2. HcnumaHuyu

[Tonynanuja UCIUTaHUKA CE cacTojalia OJIPACiINX, XOCIUTAIM30BHUX TallMjeHaTa KOJU Cy Ce
neuwmn y Kimmanakom niertpy KparyjeBan u Koju cy npuMaii BAHKOMHIIMH HHTPAaBEHCKH.
HcnuTtuBaHa momynanyja je MojeJbeHa y JBe Ipylie: jelHy Ipyly UYMHE MalUjeHTH KOjU
MMajy HeKu 00JIuk OyOpekHe nHcyduinjeHuje (ox 0aaror 70 ymepeHor o0auka Ha OCHOBY
KaupeHca kpearnauna: 60-89 u 30-59 ml/min), mok ce apyra rpyma cactoju o1 manujeHara
KOJU MMajy HOpMaJIHy OyOpexHy QyHKIH]y. CBUM UCHUTAHUIIU Cy YKJbYUEHHU y CTYAHU]y Ha
OCHOBY JO0OpPOBOJHHOT TIPUCTAHKA, yIIO3HABaMka Ca CTYAWjOM YCMEHHM U TMHCMEHHUM ITyTEM,
Kao ¥ MOTHHCHBameM Gopmyrapa 3a MTHPOpMaTHBHYU MpUCTaHAK UCTIUTAHHUKA.

VY cnpoBeneHOM UCTpaKUBamky JO0OPOBOJHHO j€ yuecTBoBaslo 156 ncnurannka 06a moja Juje

Cy OCHOBHE KapaKTEPHCTHKE MpeCTaBbeHe y Tabeaama 1 u 2.
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IMapamerap Henuranunu
Myriku 53 (67%)
ITon
Kencku 25 (33%)
Crapoct (ronune) cpeama BpeaHocT=CJ] 55,87+14,93

Ta6enal. /lemorpadcku nogany nanujeHaTa ca HOpMaIHOM OyOpexHOM (YHKIIH]OM.

IMapamerap Henuranunu
Myrku 46 (58%)
Ilon
Kencku 32 (42%)
Crapoct (rongune) cpeama BpeaHocT=C/] 67,00+10,74

Ta6ena2. /lemorpadcku nogamny namujeHara ca 0yope:kHOM HHCY(UIIN]EHII]OM.

3.3. Y30Ko08amre

[TanujeHTH KOJU Cy OMJIM YKJbYUYEHU Y CTYAM]Y UCIyHhaBaIH Cy cienehe Kpurepujyme: 1a cy
oapacie ocobe (crapuju on 18 romuua), ma cy xocnuTanu3oBaHu y KiumHHYKOM IEHTpY
KparyjeBar, na nmpumajy BAHKOMHIIMH HHTPABEHCKH JY>K€ O] TPH JIaHA U J]a UMajy HOPMAIIHy
i 0cnabibeHy 0yopeskHy GyHKIMjy (KnupeHe kpearnanHa Behu wim jeanak 90 ml/min wn
y pacriony o1 30 10 89 mi/min).

VY crynujy HUCY OWIIM YKJbYUYEHU TAIM]JEHTH KOJH CY: TPYIHHUIIE U JOjUJbE, TAIlUjeHTH KOjH
Cy MpUMaJli BaHKOMHULIMH Kpahe o/ Tpu J1aHa, MalMjeHTH KOjU Cy UMaJId TEHIKy OyOpexkHy
uHCybuImjeHnnjy (kuperc kpearnauHa < 30 ml/min) ogHOCHO KOjU Cy Ha XeMOM]jajIH3H,

Ka0 ¥ MAIMjeHTH KOJH Cy 0J10MH yuyenthe y CTyauju.
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[TpoToko UCTpakuBama:

HakoH pocTH3ama pPaBHOTEKHOI CTamkbha CEPYMCKE KOHIICHTpAlWMje BAaHKOMHIIMHA MOCIC
KOHTHHYHPAHE WHTPABEHCKE TPUMEHE BAaHKOMHIIMHA Yy OOJHHYKHM YCJIOBHMA, OJl
nanujeHaTa cy IMpe jyTapme JI03¢ JieKa Y3€TH Y30pIH KPBH OJf CTpaHE CTPYYHOT
MEUITMHCKOT 0c00Jba 3a ciezehe mabopaTopujcke mapameTpe:

e onpehuBame cepyMcKe KOHIICHTPAIIM]je BAHKOMUIIMHA,

e ojapehuBame CEpyMCKOT KpeaTWHWHA, alOyMUHa, YKYITHOT OwinpyOWHa, acmapraT
amuHoTpaHchepaze (ACT-a), anannn amuHoTpancdepaze (AJIT-a), L] peakruBHOT
nporenna, pudbpunorena u npobHII-a.

Takohe cy on ucnutaHumka y3eTd cienehu mnojgamu momohy mMoceOHO JU3ajHUpaHOT
VIIUTHUKA: CTApPOCT UCIMTAHUKA. TEJeCHAa Maca, TEeJECHa BUCHHA, THEBHA 71032 M JO3HU
PSKUM BaHKOMHIIMHA, IY)KHHA NpUMama BaHKOMHUIIMHA, mpateha Komemukanuja Kao u

MMpUCYyCTBO KOMOp6JII/ITeTa.

3.4. AHanu3a Kpeu

HaxoH ocTu3ama paBHOTEKHOT CTalkba BAHKOMMIIMHA Yy OpraHu3My (HEMOCPEIHO Mpes MeTy
703y Jieka), mamujeHtuma je BaheHa kpB Ha ofesbewuMma Knumnuukor nenrpa Kparyjesai.
CBakoM UCIUTAHUKY j€ Y paHUM jyTapmHM dacoBuMa, oko 7:00 h, HamiTe, BEHETyHKIIUjOM
yzero mo 10 ml xpBu. On ykynHe KONMYMHE y3eTe KpBH, 3a oapehuBame cepymcke
KOHIIEHTpallMje BAHKOMUIIMHA je KopuitheH y3opak kpBu o1 5 Ml koju je nuentpudyrupan 10

muHyta Ha 3000 oOpraja y MUHYTY, HAKOH Yera je H3IBOjeH cepyM U mpebaueH y
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MIOJIMITPONTMIICHCKY €MpPYBETY 3a UMyHoece] aHanu3y. OcTtaTak y30pKa KpBHU je KOpHIIheH 3a
OMOXEMHU]CKY aHAJIU3Y.

Mepeme KOHIIEHTpalldje BaHKOMHIIMHA y CEPyMy BpIICHO j€é HWMYHOECE] aHaJM30M Ha
Cobas®e601 amapary (Roche Diagnostics, Mannheim, Germany), mpema mpenopykama

npousBohaua y llenTpannoj maboparopuju Knuanukor nenrpa Kparyjesair.

3.4. buoxemujcke aHau3e

Kox nmanujenara je og 6MoxeMHujcKuX napamerapa ojapehuBan HUBO KpeaTUHUHA, aJOyMUHA,
YKyIHOT OmiupyOWHa, acmapraT aMHHOTpaHcdepase, alaHWH aMmuHOTpaHchepasze, L]
peakTUBHOT mNpoTenHa, GuOpuHoreHa, u npobHII-a. [IpeTxoqHO HaBeleHW mapameTpu Ccy
onpehuBanu y ouoxemujckoj naboparopuju Knunuukor nenrpa y Kparyjesny. ¥ tadean 3

Cy HaBeJleHe pe)epeHTHE BPeJHOCTH 3a TOCMaTpaHe MmapaMmeTpe.

ITapamerap PedepenTne BpeanocTu
KPEaTHHUH Y CEpyMy 49 — 106 pmol/l
ANOyMHHU 35-50 g/l
YKYITHH OMIHPYOUH 3-30 pmol/I
ACT 7-38 1U/1
AJIT 8-41 1U/1
LIPIT 10 10 mg/l
¢ubdpuHoreH 2-4 gl
npobHIT 10 300 pg/l

Tabena 3. PeepenTHe BpeiHOCTH TOCMATpaHUX OMOXEMM]jCKHX ITapaMeTapa.
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3.5. dapmakoKuHemuyKka aHa1u3a

[Tonynanuona gapMakOKHHETHYKA aHAM3a Ce CacTOju M3 TpH jaena. Y mpBom aeny [TOK
aHaylM3e, BpIIM C€ aHalu3a I[0JlaTaka Koja 3aloudibe MNPUKYIIbAalkeM BEIHKOr Opoja
nojaraka oJl HMCIHMTaHWKa, Tj. nanujeHata Kiuuuukor uentpa y KparyjeBuny. Hakon
NPUKYIJbalba IMOJaTaka aHalli3a MCTUX IOJlaTaka, MOJEJbeHUX Yy JIBE CTYIHjCKE TpyIe je
BpiuieHa kopuhemem [TOK nmporpama HOHMEM (Bep3uja 7.3.0) (Beal u Sheiner, 1998). ¥
pa3Bojy CTPYKTYpHOT (hapMaKOKMHETHUKOT Mojiejia KIIMPeHCca BAaHKOMUIIMHA UCIIUTUBAHA CY
JBa CTPYKTypalHa Mojena (jeqHOKOMIIOHEHTHH U JBOKOMIIOHEHTHHM) Yy CKJIaay ca
JUTEpaTypHUM IOJallMMa BE3aHUM 3a HeroBy ¢apmakoknHeTuky. Konaunu uzbop 6asHor
MojJieJla 3aCHOBaH je Ha BPEIHOCTMMAa MHHHMMAalIHE OOjeKTHBHE (YHKIHMje HOOHjeHHX
ynotpebom codrBepa 3a OK mopen ca jenHuM U ABa OfeJbKa, KA0 U HA OCHOBY JOOWjEHUX
rpapukoHa Ha KOjUMa je TPEACTaBbeH OJHOC wu3Mel)y u3MepeHe U MpoleHeHe
KoHIeHTpauuje BaHkomunuHa. CyOpyrune AJIBAH3 u TPAHC4 «koju onucyjy
JIBOKOMIIOHEHTH MOJIEJI Cy YNOTpeOsbeHe Y pa3Bojy 0a3HOr Mojelna KIMpeHca BaHKOMMIIMHA
y OBOM HUCTpaxkuBamy. Y 0BOj (a3u cTyauje, Takoh)e CMO MCIUTHBAIU Pa3IUYUTE MOJEIE
TpeliKe 3a WHTEPUHAMBUIYAIHY W 33 PE3UAyaaHy BapujaOWiIHOCT. MHTepWHAMBHIyaITHA
BapHjaOUIIHOCT j€ TeCTUpaHa MomMohy aJuTHUBHUX M E€KCHOHEHLHMJaJHUX MOjeja Tpellaka,
JIOK j€ pe3uayajqHa BapujaOUIIHOCT TECTHUpaHa MOMONY aJUTUBHOT, €KCIIOHEHIIU]aTHOT,
koHcTaHTHOTI Koeduuujenta Bapujauuje (KKB) u komOunoBanux (amutuBHuUX U KKB)
MoJjiefa rpemaka.

Mopaenu rperiaka Koju ONucyjy WHTEPUHANBUYATHY BaprjaOUITHOCT Cy OMUCAHU clieaehum
jennaumnaama (Chan et al. 2001):

AmutuHu moaen: CLij=CLij + nj
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Excnonennujaanu mogena: CLij=CLij * exp (nj)

3Haueme ckpahenuia:
CLij - ,,i*-Ta BpeIHOCT KJIMPEHCA KO ,,j*- TOT HCITUTAHHKA,
CLij - mpenBulyena BpeIHOCT KIIMPEHCA ,,j ‘- TOT HCIIMTAHUKA PETPECHOHOM METOIOM,
Nj - mpejacTaB/ba HE3ABHMCHY, CIIy4ajHy IPEIIKY Ca HOPMAJIHOM JUCTPUOYIIHjOM H

BapujancoM @> CL.

AIWTUBHM W €KCHOHEHLHWjalHM Mojen cy Takohe kopuirheHn 3a yTBphuBame
UHTPAaWHANBUIyaHE BapUjaOMITHOCTH Tj. pe3uayaiHe rpeiike y konentpamuju (Chan et al.
2001).

Amutuau mojaen: Cij=Cij + &ij

Excnonenuujaanu mogen: Cij=Cij * exp (sij)

3Havewe ckpaheHuna:
Cij — ,ji“-Ta u3MepeHa cepyMcCKa KOHIICHTpall{ja BaHKOMHIMHA KO ,,j*- TOT
UCTIUTAHHKA,
Cij — onropapajyha npe/suljeHa KOHIICHTpaIIH]a,

€ij — He3aBUCHA, HOpMaTHO AMCTpUOYypHaHa rpemka (u3mely npenBuheHux u

M3MepeHHX KOHIEHTpaIija BAHKOMHIIHA) ca BapujaHcoM 6%,

VY chpoBeAeHOM HUCTpaKHMBamy HCIUTHUBAHU Cy OpojHU (DakTOpu KOjU MOTY YTHUIATH Ha

(apMaKOKHHETHYKE ITapaMeTpe BaHKOMHUIIMHA Y 00€ ucnuTuBaHe nomynamnuje. dakropu koju
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cy Tectupanu y oBoj [IOK ananu3u 3a manujeHTe ca HOpMaTHOM OyOpeKHOM (QYHKIIHjOM Cy
ouu:

e TIOJI - ITox ucriutaHuka,

e T'OJ - Crapoct ucnuTaHuka,

e TEX - TenecHa Te)xnuHa UCIIMTAHUKA,

e JIJI - /IHeBHA 032 BAHKOMUIIMHA,

e JIII - JlyxuHa npuMeHe BAaHKOMMIIMHA KO/ UCIIUTAHMKA,

e KC- CepyMcKy HUBO KpeaTHHHMHA KOJI UCIIUTAHUKA,

e IK/enu - Kiupenc kpeatununa mo K/ enu dopmynau (Chronic Kidney Disease
Epidemiology Collaboration) (GFR = 141 * min(Scr/x,1)a * max(Scr/x, 1)-1.209 *
0.993roaune * 1.018 [axo je xxencku moal] * 1.159 [ako je upHa pacal),

e MJP/J - Kinupenc kpeatununa mo MJIPJI dopmynu (Modification of Diet in Renal
Disease) (GFR = 186 x cepym Cr-1.154 x roamue-0.203 x 1.212 (ako je marujeHt
1pHe pace) x 0.742 (ako je »KEHCKH 10)),

e KT - Kiupenc kpeatuauna no Kokpodr-T'ont popmyiu-((140 — rogune) X (TexnHa,
kg) x (0.85 axo je xencku mon) / (72 x Cr)),

e AJl - Cepymcku HUBO aOyMHHA KOJT UCTTUTAHUKA,

e BNJI - CepymMcka BpeJHOCT YKYITHOT OMIIMPYOMHA KOJI UCITUTAHHKA,

e ACT - CepymMcKka BpeTHOCT acniapTaT aMHHOTpaHc(depasze Ko1 UCTTUTAHNUKA,

e AJIT - Cepymcka BpeIHOCT alaHUH aMHUHOTpaHc(hepase KO/ UCITUTaHUKa,

e IIPII - Cepymcka BpegHoCT Ll peakTMBHOT MPOTENHA KOJI NCITUTAHUKA,

o ®UB - Cepymcka BpeqHocT GUOPHHOTEHA KO UCTIUTAHUKA,

e npobHII - Cepymcka Bpennoct npobHII-a ko ncnuranuxka,
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e K - npucycTBO KONMCTHHA Ka0 KOMEIMKAMEHTa KOJ NCIIUTaHHKa,

e @ - npucycTBo GpypoceMuia Ka0 KOMeIMKaMeHTa KO/ UCIIUTaHUKa,

e T - npucycTBO nunepauniIvH Tazo0aKTaMa Kao KOMEAMKaMEHTa KOJ UCIIUTaHUKa,

e HCAWJI - 1pucycTBO HECTEPEOMIHUX AaHTHH(IAMATOPHUX JIEKOBa  Kao
KOMEJIMKaMeHaTa KOJ UCIIUTaHUKA,

e A - IpUCYCTBO AMUHOTJIMKO3HM/1a KA0 KOMEIMKAMEHaTa KO/ MICIIMTaHUKa,

e X - IpUCYCTBO HUCKOMOJIEKYJIAPHOT XEIIapHHA Ka0 KOMEINKAMEHTa KOJ UCIIUTaHUKa,

e AIlE - npucyctBo ALIE naxuburopa kao komeauKaMeHaTa Koj UCIIUTaHUKa,

e C - npucycTBO cernce KoJ UCIUTAHUKA,

e II - npucycTBo Tpayme KOJ UCIIUTAHMKA.

Penocnen u 6poj ¢akropa koju cy ucnutuBaHu y oBoj [IDK ananu3u 3a mamujeHte ca
omtehenom O6yopexHoM (QYHKIHjOM je cienehu:
e [IOJI - ITon ucriuranuka,
e T'O/Jl - CrapocT ucnuTaHukKa,
e TEX - TenecHa TeXxnHa UCIIUTAHUKA,
e JIJI - /IHeBHA 1032 BAHKOMUIIMHA,
e JIII - JIyxuHa npuMeHe BAaHKOMMIIMHA KO/ UCIIUTAHMKA,
e KC - CepyMcku HUBO KpEaTMHMHA KOJ UCIIUTAHUKA,
e IKJ/lenu - Kimpenc kpeatnnuna o [{K/lern popmynu,
e MJPJ - Knupenc kpearununa no M/IPJ{ dopmynu,
e KI - Knupenc kpearununa no Kokpodt-I'ont dpopmymny,

e AJl - Cepymcku HUBO aOyMHHA KOJT UCTTUTAHUKA,
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e BWNJI - Cepymcka BpeTHOCT YKYITHOT OMJIMpYOWHA KOJT UCTIUTAHHKA,

e ACT - Cepymcka BpeJHOCT acniapTaT aMHHOTpaHc(epasze Ko HCIIUTAHUKA,

e AJIT- CepymMmcka BpeAHOCT ajlaHWH aMUHOTpaHchepa3e Kol UCITUTaHHKa,

e IIPII - Cepymcka BpeaHocT L] peakTUBHOT ITPOTEUHA KOJI UCIIMTAHUKA,

e ®UB - Cepymcka BpeqHocT puOpHHOTreHa KOJi HICIUTaHUKA,

e npobHII - Cepymcka Bpeanoct npobHII-a kox ucnuranuka,

e K - npucycTBO KOJIMCTHHA KA0 KOMEJIMKAMEHTa KOJ UCITUTAaHUKa,

e @ - mpucycTBo PypoceMua Ka0 KOMEIUKaMEHTa KOJI MCITUTAHHKa,

e T - mpucycTBO nuIepanivg Ta300akTaMa Ka0 KOMEIMKaMEeHTa KO/ HCIIUTaHUKA,

e HCAMNJI - n1npucycTBO HECTEPEOMTHUX AaHTHH(IAMAaTOPHUX JIEKOBA  Kao
KOMEJIMKaMeHaTa KOJ UCIIUTaHUKA,

® A - IpUCYCTBO aMUHOTJIMKO3H/1a KA0 KOMEIMKaMEHaTa KOl UICIIMTaHUKa,

e X - NpUCYCTBO HUCKOMOJIEKYJIAPHOT XeMaprHa Ka0 KOMEJIMKAMEHTa KOJl UCITUTAaHUKa,

e AIIE - npucyctBo ALIE naxubutopa kao KoMeArKaMeHaTa Koj HCIIUTaHUKa,

e C - mpuCYCTBO CeTce KOJI UCTIUTAHHKA.

HaxoHn yHomema HaBeJeHUX MojaTaka ynorpeOom Beh momenyrtux cyopyruna AJIBAH3 u
TPAHC4 3 HOHMEM 6u6nuoteke n06MjeHa je npolieHa TUITMYHUX, CPEABUX BPEIHOCTH
CL u Vd, npouene Bapujancu (o> 3a MHTEpMHAMBHIyalHY BapujabumHocT u ©2 3a
UHTPANHIMBUAYyalIHy BapHjaOMIIHOCT) KA0 U HUXOBE CTAaHAAp/HE Tpelike. Y OBOM ey ce
HE UCIIUTYje YTHIIa] KOBapUjaHTH, a TOOMjE€HH MOJIeII Ce Ha3uBa Oa3HU MOJIEII.

Crnenehn Kopak y M3rpalmbd MONYIALMOHOT (HapMAaKOKMHETHYKOI MoJieNla MpeCcTaBba

u3rpajimka MyHor Mojena. M oBaj kopak umMa HEKOIUKO (aza koje cy Mel)ycoOHO moBe3aHe.
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KoBapujante koje cy HWCIUTHBaHe, IOJ, CTapoCT, TEJIIECHA Maca, YKyIlHa JHEBHA J/03a
BAaHKOMMUIIMHA, Ty)KWHA PIMEHE BAHKOMHIIMHA, KPEaTHHUH Y CEpyMy, KIMPEHC KpeaTHHUHA
o LUK/I-ern dhopmynu, knmupeHc kpearuauaa o MJIPJI dhopmynu, KIupeHe KpeaTUHHHA T10
Kokpodt-TI'ont dhopmynu, andymunu, ykynmau ounupyoun, ACT, AJIT, LIPII, ¢ubpunoreH,
npo-bHII, xomuctun, ¢pypocemus, nunepamwina-razodakram, HCAWJI, aMUHOTIIMKO3U/IH,
HHCKOMOeKynapHu xemaput, ALIE wmHxuOMTOpH, cemca M IMOJUTpayMa YKJbYYHBaHE CY
NOojeIMHAaYHO y Oa3sHM MOJEN W TO Ha JIMHEeapaH M HeJIMHeapaH HAayWH, Ha Ta] HAYMH je
BpIlICHA YHUBapHjaHTHA celekuuja. VMcxon yHuBapHjaHTHE cenekuuje je nodujame Beher
Opoja yHUBapHjaHTHHX Mojena. MuHumanHa BpenHocT oOjektuBHe QyHkuuje (MOD) ce
neduHuUIIe KA0 HEraTHBHU IBOCTPYKH Jioraputam BepoBatHohe momaraka (—2 loglikelihood,
—2LL) npu yemy je meHa penykuuja ox Hajmame 3,84 (p<0,05, d.f.=1) O6una HeomxomaHa
u3mel)y OazHOTr M TOjeIMHAYHMX, YHUBApUjaHTHUX MOJeNia Ja OM ce yTHIla] UCIUTHUBAHE
KOBapHjaHTe cMarpao craTucTuuku 3HauyajHuMm (Sheiner u Beal, 1981). Camo koBapujaHTe
KOje Cy HCIIyHHWJIe OBE 3aXTeBe Cy CMaTpaHe CTaTUCTUYKU 3HA4ajHUM, OJHOCHO Jia MOTY
UMaTH yTUIla] Ha UCTIUTHUBaHe (hapMaKOKMHETHYKE ITapaMeTpe BaHKOMUIIMHA.

[Torom crnenu mpouec ¢opmHpama MYHOT MoJiella KOjU C€ CacToju OJ HCTOBPEMEHOT
YKJby4UHMBamkha CBUX MOTEHIMjaJHO 3HAYajHUX KOBAPHJAaHTU U3 TNPETXOJHOTI HCIUTHBAHA.
YnorpeboM npuMemeHor copTBepa 1o0Hja ce KBaHTUTATHBHA IMPOLEHA YTHIIAja CBAKe O]
OBHX KoBapHjaHTu. [locrneamu Kopak u3rpame NonyaanoHor (papMakOKMHETHYKOT MOJIeNa
npeJcTaBiba U3rpajmha KoHaYyHOT Mozena. OBa (asa je mpaheHa ojBujambeM T3B. YHa3aJHE
Jienelje TOKOM Koje je cBaka JoOHMjeHa KoBapHjaHTa M30aliBaHa W3 MyHOTI MOJENa U Ipu
TOME je TIOHOBO MPOIeHUBaHA CTATUCTUCTUYKA 3HAYaJHOCT 3a CBAKy KOBapHjaHTy. Y OJHOCY

Ha MpPEeTXOJHY (pa3y CTAaTUCTUYKM 3aXTEBH Cy OMIM PUTOPO3HMJU M Tpa)k€Ha peayKluja
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MO®-a 3a cBaky mocebHy KoBapujaHTy je Owma Bume ox 6,64 (p<0,01, d.f.=1). Camo
KOBapHjaHTE KOj€ Cy 3aJI0BOJbUJIC HaBeJeHE YycJioBe y o0a mpoueca (dhopMupama MyHOT U
KOHAYHOT MOjIejIa) Cy €0 KOHAYHOT (papMaKOKHHETHYKOT MOJIeNa KIIMPEHCa BAHKOMHIIMHA Y

WCIIUTUBAHO] MOMYJIAIH]H.

Ocum penyknuje MO®-a ka0 CTaTUCTHUYKOT KPUTEPHjyMa y CIIPOBEIEHUM KOpalumMa je Ouio
HEOIXOJIHO U UCTyIEHe ciielehnX JOJaTHUX yCIoBa:

® peayKlMja y UHTep- U UHTPauHIUBUAYATHE (pe3uayaliHe) BapujaOuiIHOCTH.

e o0OJBIIAKkE pacrope/a Mmojaaraka npeCTaB/beHNX Ha TpaduKOHNMA KOjU MIPUKA3Yjy
onHoc wu3mely mpensuljenux (um3padynartux) (PRED) vs. mmepenux (DV)
KOHIIEHTpaIl1ja BAHKOMHIIMHA.

e no0oJblIamke pacrnopesa rnojaraka nNpeacTaB/beHUX Ha TpaduKOHUMA KOjU MPUKa3y]y
onHoc m3mely BpemHoctu kopuroBane paznuke (WRES) nacmipam mpenBubennx
KOHIIEHTpAIlMja BAHKOMHIIMHA.

Tpehn wm 3aBpmHM A€o0 momynanuoHe (GapMaKOKMHETHYKE aHAM3e jecTe BalUaaluja
¢uHaTHOT MOzena Kako OM ce W3BpHIMJIA TPOIEHA NPEANKTHBHHUX TEepPOpPMaHCH U
MOryhHOCT 3a KIMHUYKY HMIUIEMEHTAl]y JO0OWJeHUX, KpajlbuX (papMaKOKHHETHUYKUX
MoJIeNa KIIMPeHCca BAaHKOMHUIIMHA.

Ja Oum ce Bamumupao wmozaen GapMaKOKMHETHYKE TIONMyJlalndje W TIPOICHWIEC HheHe
NpeIUKTHBHE TepdopMaHce, TPUMEHIIA CMO WHTEPHY BajHaallkjy OAHOCHO '‘bootstrap”
anamu3y. Jlakme, mopen ekcrepHe Banmmpanuje koHauHor IIDK wmopema, y Hamem
UCTpaKMBamby je CIIPOBEJCHA U MHTEPHA Baluaamrja yrmotpeoom "bootstrap” ananmse xojum

ce nmpolewmyje cTabuimHocT U nOpeaBuasbuBocT KoHauHor [IPK wmoxmena. Osa
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HemapaMeTpHujcka MeToja BaluJallfje MOoJpa3yMeBa HACyMHYHO M IOHOBHO Y3UMambe
y30paka U3 OCHOBHOT ceTa MojaTaka Ha KOjuMa je MOJIeN pa3BUjeH, 0/l HEKOJIMKO CTOTHHA JI0
HEKOJIMKO X1JbaJla MojeIMHaYHIX MpoleHhuBamka (apMaKOKMHETCKUX MapaMeTapa 1 gakropa
KOHauHOT Mojena. Ha taj HaumH, moOujajy ce mporeHe (papMakKOKHHETCKHX TapameTrapa u
IbUXOBE BapHjaOUIIHOCTH KOHAYHOT MoOJena y3 Jo0ujambe BPEAHOCTH CTaHIapIHE
NeBUjaluje, cTanaapane rpemke u 95%-or nntepsana nosepewma. OBe BPEIHOCTH Ce MOpeie
ca BpegHocTtuMa pasBujeHor konayHor [IOK moznena y3 ynorpe6y HOHMEM codteepa, u
VKOJIMKO Cy BpPEAHOCTH JA00HjeHe Ha OBa JBa HayMHa CIWYHE, TO YKa3yje Ha J00py

CTaOMIIHOCT U IMPCOU3HOCT pa3BI/IjeHOF, koHayHor I1OK MOJ€CJIa 3a KIIMPCHC BAHKOMHIIMHA.
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4. PE3YJITATH

3a cnpoBoleme OBOTI HCTpakMBama MPUKYIUBEHU Cy HOJAIM OJ yKymHO 156 mamujenara
Knuanukor Ilentpa, KparyjeBam. CepyMmcka KOHIIEHTpalHMja BaHKOMHIIMHA 3a MOTpede
pa3BHjarmba MOIMyJaloHOT (papMaKOKMHETHYKOT MOJIeNia H3MepeHa je Kol 78 manujeHara ca
HOpPMaJTHOM OyOpekHOM (QYHKIMjoM, Kao H KoJI 78 rmanujeHata ca OyOpexHOM
UHCY(QUIM]CHIUjOM YIIOTPeOOM aHATUTHYKAX METoJa KOje Cy NPETXOJHO JeTaJbHO
HaBeZeHe y Aeny Marepujan u merone. llomTo je kom 46 mamujeHaTa ca HOPMaITHOM
OyOpexHOM (YHKIMJOM cepyMcKa KOHIICHTpalHja BaHKOMHUIIMHA OWila HEMepJbHBa, Yy
pesyinratumMa Cy Jajbe KOpHITheHEe CEepyMCKE KOHIICHTpAIMje BAaHKOMHIIMHA KOa 32

MaIyjeHTa ca HOpMaTHOM OyOpeKHOM (DYHKITH]OM.

4.1. H3pada 6a3Hoe IIPK modeaa eaHkKomMuyuHa Koo nayujeHama ca
HOPMAJ/IHOM 6YGpeHCcCHOM (PyHKYUjom

N3pana GazHor mozena, Tj. Mojena 0e3 MCIUTHBaWka YTHIAja MOjeAMHUX (akTopa Ha
KJIMPEHC BAaHKOMUIMHA Yy MCIUTHBAHO] MOMYJAIlMjU BpIIEHa je o0JabupoM cyOpyTHHA
AJZIBAH3 u TPAHC4 u3 HOHMEM codTBepckor nporpama T1j. ynorpedomM IBOIMPOCTOPHOT
Mmojena. Pe3yntaTd MCIUTHBAHUX BapHjaHCU 3a MOJEN Cy MOKa3aid Ja eKCIOHEHIIUjaJHU
MOJIEJI TPEIIKe KOjU OMHUCYje MHTEPUHIUBHIYaTHY BapyjaOMITHOCT KIMPEHCa BAHKOMUIIMHA U
pe3uyaaHy BapHjaOHIIHOCT je 3HATHO O0JbH Y OJHOCYHA aJIMTUBHHU MOJIEN IPELIKE Y IUIBHO]

MO yJIAIH]H.
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e [IIporemena cpemba BpeJHOCT KIIMpeHca BankoMuIuaa je 0,655 1/h

e Bpennoct muanmyma o0jektuBHe QyHKIHje je 294,371

e UuTtepunauBuayanHa BapujaduaHoct je 37,41 %

e UutpannmuaBuayanHa BapujaduiaHocT je 22,64 %

e OpnHoc u3MepeHUX M TpeABH)EHHX CEPYMCKHX KOHIEHTpalMja BaHKOMHUIIMHA

0a3HUM MOJIEJIOM MPEJCTaBJbEH je HAa rpaukony 1.

4.2. H32padra nyHoe IIPK modesna eaHKomMuyuHa Kod nayujeHama ca
HOPMA/HOM 6Y6pPEeHCHOM PYHKYUjoM

Hakon poGujama 0Ga3HOr Mojena, cBaka OJi MPETXOAHO MOMEHYTUX 25 KOBapHjaHTH je
NOjeIMHAYHO J0AaBaHa y Oa3HM Mojen (Ha JIMHEapaH W HEJWHEeapaH Ha4YMH) y LUJbY
UCNHMTUBakba HEHOI yTUIaja Ha KIMPEHC BaHKOMUIMHA. TOKOM OBe aHaiu3e JOOHjeHU Cy
MHOT'OOpPOjHH, MOjJeJUHAYHH PErpecuOHM MOJENM YHje Cy BPEAHOCTH Kao M 3HA4ajHOCT
yTHUIaja CBaKe KOBapUjaHTe MPeJICTaBJbeHE y Tabeu 4.

Pe3syntatn oBe aHanmu3e MoKazajiM Cy Ja YETUPU KOBapHjaHTE, KIMPEHC KpEeaTHHHHA I10
[IKJenu ¢opmynu, knumpeHc kpeatuHuHa no MJPJ] ¢opmynu, ¢uOpuHoreH, kao u
IPUCYCTBO TMOJIMTPayMe MMajy 3HadyajaH yTUIA] Ha KIMPEHC BaHKOMMIIMHA KOJ MallljeHaTa
ca HopMaimHOM OyOpexxHoM ¢yHkmujoM. Ocrtamux 21 KOBapHjaHTH HUCY 3a70BOJHUIIC
notpebaH HHUBO CTUTHCTUYKE 3HAYajHOCTH, OJHOCHO HHUCY HMalle 3HayajaH YTHIA] Ha

KIIMPEHC BAHKOMUIIMHA.
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Moaenu KJIUpeHca MO® Paziuke | II 3akspyyak

y MO®-y | BpegHoct

**

ba3nu moaea
CI=01*EXP(ETA((1)) 294,371
YHuBapujaHTHH MO/e/H
CI=01*EXP(ETA((1))+62*I10J1 292,230 | 2,141 >0,05 HE
CI=01*EXP(ETA((1))+ 63*T'O11 294,282 | 0,082 >0,05 HE
CI=01*EXP(ETA((1))+ 64*TEX 294,283 | 0,088 >0,05 HE
CI=01*EXP(ETA((1))+ 05* 111 292,283 | 0,088 >0,05 HE
CI=01*EXP(ETA((1))+ 66* 11 294,205 | 0,166 >0,05 HE
CI=01*EXP(ETA((1))+ 87*KC 294,200 |0,171 >0,05 HE
CI=01*EXP(ETA((1))+ 68*11IK/lerin 289,777 | 4,594 <0,05 JA
CI=01*EXP(ETA((1))+ 09*MJIPJ1 287,825 | 6,546 <0,05 JA
CI=01*EXP(ETA((1))+ 810*KI 293,647 | 0,724 >0,05 HE
CI=01*EXP(ETA((1))+ 811*AJI 294,300 | 0,071 >0,05 HE
CI=01*EXP(ETA((1))+ 012*BNJI 294,199 |0,172 >0,05 HE
CI=01*EXP(ETA((1))+ 0613*ACT 294,147 | 0,224 >0,05 HE
CI=01*EXP(ETA((1))+ 014*AJIT 292,941 | 1,43 >0,05 HE
CI=01*EXP(ETA((1))+ 015*LIPIT 294,162 | 0,209 >0,05 HE
CI=01*EXP(ETA((1))+ 616*®Ub 284,490 |9,881 <0,05 JA
CI=01*EXP(ETA((1))+ 061 7*npobHII 294,100 | 0,271 >0,05 HE
CI=01*EXP(ETA((1))+ 018*K 294,340 |0,031 >0,05 HE
CI=01*EXP(ETA((1))+ 019*® 294,300 | 0,071 >0,05 HE
CI=01*EXP(ETA((1))+ 620*T 294,300 | 0,071 >0,05 HE
CI=01*EXP(ETA((1))+ 621*HCANJI 293,222 | 1,141 >0,05 HE
CI=01*EXP(ETA((1))+ 022*A 294,122 | 0,249 >0,05 HE
CI=01*EXP(ETA((1))+ 623*X 294371 |0 >0,05 HE
CI=01*EXP(ETA((1))+ 624*ALIE 294,222 | 0,149 >0,05 HE
CI=01*EXP(ETA((1))+ 825*C 294,122 | 0,249 >0,05 HE
CI=01*EXP(ETA((1))+ 026*I1 282,750 | 11,621 <0,05 JA
IIyn mopea
CI=01*EXP(ETA((1))+68* UK lenu+H9* 283,624

MJIPJ1+016*DUB+026*11

Tabena 4. Bpeanoctu MO®-a y 6a3sHOM Mojely, yHMBAPHjaHTHAM MOJIEJIMMa M IYHOM MOJENy 3a

sankomuiuH. CL kimpenc (Ih?); 01 tunuana speanoct CL; ETA (1) unrepunausuyanta sapujabunnoct CL;

02 no 026 mapamerpu koBapujanTHUX edekara; [10JI - [Ton ncnuranuka; 'O/l - Crapoct ncninranuka; TEX -

Tenecna texuna ucnuranuka; /1 - JlneBHa no3a BankomuuuHa; JI1 - Jly)krMHa npuMeHe BaHKOMUIIMHA KOJI

ncnutannka; KC - CepymMckn HHMBO KpeaTWHWHa Koj ucnutanmka; K] lern -

Knupenc kpearuHuHa 1o
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LKenn dopmynn; MAP - Knupenc kpearnnuna no MJIP/] ¢opmynu; KI' - Knupenc kpearunuHa 1o
Kokpodr-T'ont popmynu; AJl - Cepymckn HUBO anOymuHa koj ucnuranuka; bBUJI - Cepymcka BpegHocT
ykymHOT Omnmpy6mra kox wucnuranuka; ACT - CepyMcka BpegHOCT acmapTaT aMHHOTpaHc(epaze Kox
nctmrannka; AJIT - CepyMcka BpegHOCT alaHMH amuHOTpaHc(epase kox ucnuranuka; LIPII - Cepymcka
BpenHocT L[ peaktmBHOT TporemHa kox wucrmrtannka; ®OUB - Cepymcka BpemHocT ¢GuOpHHOTEHa KOX
ucnuranuka; npobHII - Cepymcka Bpennoct mpobHII-a xon ucnurtanuka; K - mpucycTBO KOIMCTHHA Kao
KOMEJMKaMeHTa Koj ucrnutanuka; @ - mpucyctBo ¢ypocemuga Kao KOMeIUKaMeHTa KoJ ucnuranuka; T -
NPUCYCTBO IHUIIEPAIMINH-Ta300akTaMa Kao KoMenukameHTa kon wucnuranuka; HCAWII - mpucyctBO
HECTEPEONIHIX aHTHH(IaMaTOPHUX JIEKOBa Kao KOMEJMKaMeHaTa KOJ MWCIHTaHWKa; A - TIPHCYCTBO
aMHUHOTIHMKO3HJa Ka0 KOMEINKaMeHaTa KOJ HCIUTAaHUKa; X - MPUCYCTBO HUCKOMOJIEKYJIAPHOT XEMapuHa Kao
KoMmeankameHTa kox ucnuranuka; ALE - mpucyctBo ALIE maxnbuTopa Kao KoMennKaMeHaTa KO NCTINTaHUKa;
C - mpucycTBO celce Ko UCIUTaHuKa; 11 - mpucycTBO monuTpayme KOA HCIUTAHUKA.

**[1- BpeAHOCT: CTAaTUCTHYKA 3HaUajHOCT 3a MO® paznuky u3Mel)y 6a3HOT U TECTUPAHOT MOJEIa

4.3. H32padrwa koHa4yHoz modeaa [IPK eaHkomuyuHa Kod nayujeHama
€ca HOPMAJAHOM GYOPEHCHOM PYHKYUjOM

[Tporiecom yHa3zagHOr wH30anMBamba KOBapWjaHTH U3 IYHOI MoJieNla y3 CTaTUCTHYKE
KpUTEepHjyMe HaBeJeHe y jaeny Marepujan u meron, uirpaheH je KOHayaH IMOMYJIallMuOHU
(bapMaKOKUHETUYKH MOJIEN 3a KIUPEHC BAHKOMUIIMHA.

KoBapujanTa koja je U3 IyHOT MoJesia UCIOJbHIIE YTHIA] HA KIMPEHC BaHKOMMIIMHA KOJ
naiyjeHara ca HopMaTHOM O0yOpexxHOM (QYHKIIHMjOM jecTe (UOPUHOTEH.

Konauan mozen koju je usrpalleH M KOjU ONHUCYje BPEAHOCT IMOMYJIALMOHOT KIHMpEHCa

BAHKOMHUIIMHA Y 3aBUCHOCTH O[] CHCI_II/I(I)I/I‘-IHI/IX KapaKTCPUCTUKAUCITUTAHUKA je:

KJHUPEHC (I/h) = 0,0727 + 0,205 x ®UB
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Bpennoct MmuaumMyma o0jekTuBHE (QyHKIMje T00HjeHOT, KOHaYHOT Mojiena je 284,854

e uTepunauBHyaHA BapyjaOUITHOCT je u3HOCH 24,65 %

e UuTpamnnuBuayanHa BapujadbuaHocT usnocu 22,64 %

e (CBu momynanuoHu (HapMaKOKUHETHYKH MapaMeTpu T00WjeHH 3a BAHKOMHIIMH Y

¢dbuHATHOM MOJIeNy Cy IpUKa3aHu y Tadeau 5.

e OpHOC W3MEpeHHX M TMpenBUhEeHUX CEePYMCKHX KOHIICHTpalja BaHKOMHIIMHA

KOHAYHUM MOJICJIOM TIPHKa3aH je Ha rpa(puKony 2.

ITapamerpu moaena

Hpoue}beﬂa BPEAHOCT

Cranaapana rpemka (95%
HHTEPBAJI OBEPemha)

Kiupenc Bankomuiuna - CL (I/h) 0,0727 0,0586-0,0868
LlenTpanHu BOIyMeH g
nuctpudynuje -V1 (1) 747 5,90-9,04

®dubpunoren (g/l) 0,205 0,156-0,254

MHTepHHIMBILYaTHa 0,059 0,042-0,076
BapHjabHIIHOCT KiMpeHca - w-CL

BapujabunHocT pe3uayante 005 0.026-0.074

rpemnike - o2

Tabemxa 5. HpOHCHC apamMeTapa KOHAYHUM MOJCIIOM 34 BAHKOMHUIMH KO naqueHaTa ca

HOpMaJTHOM OyOpekHOM (DYHKIIH]OM
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PRED vs DV
300
250 .
200
[=]
o .
& 1501 . . "
100 A
Foz . @ IR . * oo
50
- - - *
0 T T T T
0 50 100 150 200 250
DV

I'papuxon 1. Opnoc mpeasuhenux (PRED) wu wusmepenux konuenrpamuja (DV)

BaHKOMUIIMHA Y 6a3HOM MOJIeTy KOJ MallijeHaTa ca HOpMaTHOM OyOpesKHOM (PYHKIIH]OM.

PRED vs DV
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I'papuxon 2. Opnoc mnpeasuhenux (PRED) wu wusmepenux konuenrpauuja (DV)

BaHKOMHIIMHA KOHAYHUM MOJIEJIOM KOJI MalljeHaTa ca HOpMaJTHOM OyOpexHOM (pyHKIIHjoM.
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4.4. Baaudayuja doo6ujeroz IIPK modesa aHKOMUYUHA KOO
nayujeHama ca HOpMaaHOM 6y6GpeHcHOM PyHKYUjom

3a mpomec Banuaupama J00HjeHOr (DapMaKOKHMHETCKOTr Mojela U  oapehuBama
npeauKTUBHUX mepdopmancu, crpoBereHa je “bootstrap” anmammsa. JloOujeHe cpenme
BPETHOCTH OBOM METOZIOM yropeleHe cy ca npornemeHnM Bpennoctuma 3a @K mapamererpe,
00e ucruTHBaHE BapvjaOUIHOCTH M (aKTopa KOjU OCTBapyjy CBOj YTHIIQ] HA KIMPEHC
UCIMTUBAHOT Jieka M3 KoHauHOor pasBujeHor [IOK moxena y oBoj momynamuju. Cindne
BPETHOCTH YKa3yjy Ha JoOpe MpeIuKTUBHE nepdomaHce M CTaOMITHOCT KOHAYHOT MOJIEeNa
KJIMpEHCa BaHKOMHUIMHA. Pe3ynraTd CHpoBEIHOr TMpolieca BalUMAaldje Cy JeTabHO

IpUKa3aHu y Tadesu 6.

Cranaapana rpemka (95%

ITapameTpu Mmoaesia IlIpouemeHa BpegHOCT HHTepBA OBEPEra)
Kiupenc Bankomuiuna - CL (I/h) 0,0754 0,0599-0,0909
LleHTpanHN BOITyMEH g
muctpudynmje -V1 (1) 7,55 587923
dubpunoren (g/l) 0,201 0,143-0,259
urepuimsuyaya 0,056 0,032-0,080
BapujabmIHOCT Kiupenca - w2 CL ’ ' ’
Bapujabunnoct pe3uayante 0055 0.024-0 086

IpeLIKe -

Tabena 6. I[Iporena napamerapa Bammmanujom nooujeHor [IOK momena BaHKOMHIIHA KO

nanyjeHara ca HopMaJaHOM OyOpexHOM (DYHKIIH]OM.

60




4.5. OcHoeHe Kapakmepucmuke nayujeHama ca HOPMa/AHOM

6y6pedCcHOM (PYHKYUujoM

Huctpulyuuja mona, mpoceyHa CTapoCT, TEJleCHa TEKWHA, JHEBHA 1032 BAaHKOMMIIMHA,

AYy’)XKWHa IPUMCHC BAaHKOMHIIMHA, CCPYMCKU HHUBO BAHKOMHUIIMHA, KIUMPCHC KpCaTUHHHA,

7a00paTOpUjCKH TapaMeTpH, AUCTPUOYIHja KOMEAUKALIM]je YKIbYUYCHHX Y OBY HOIMYJIAIHOHY

(apMaKOKMHETHUKY aHAJIM3Y NpUKa3aHu cy y Tabean 7.

HUcnuTuBanu cet

Pacnon 3a

Bapujatae (cpeama BpeaHOCT % MO THBARM CET
CTaHIAap/]HAa leBUjaumja)
Opoj manujeHara 32
Opoj orcepBaryja 32
0JT (MYIIKH /’KEHCKH) 21/11
TenecHa TexuHa ucruranuka (kg) 81,37+10,11 60-103
cTapocT (TOJuHE) 59,15+14,46 27-86
n03a BankomuIiMHa (g/nany) 1,93+0,43 1-3
JyKHHA TIPUMEHE BaHKOMHIIMHA 5 78+2 76 315
(mann) S
KOHIICHTpAIlMja BAHKOMHIIMHA 7337412 43 0.5-206.47
(mg/l) R ’ '
kpeaTuHuH y cepymy (mmol/l) 61,59+17,12 32-99
kiupeHc kpeatuauHa [[K [enu 99 84+12 58 90-120

(ml/min)
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KkiupeHc kpearnauHa M /P /1

: 108,53+15,62 72-120.0
(ml/min)
KIMpeHc kpearnunHa Kokpodr 112,90+10,94 90-120
[Cosrr (Ml/min)
anoymut y cepymy (g/l) 34,70+7,68 19-46
yicymitit OumpyOitt y cepymy 33,35£94,59 4,5-4935
(ug/l)
ACT y cepymy (1U/l) 26,68+17,64 13-99
AJIT y cepymy (1U/l) 24,96+16,47 4-89
L-peaktuBHu npoteun (Mg/l) 104,91+85,88 5-292
budpunoren (g/l) 3,21+0,89 1,81-6,77
npoBHIT (pg/ml) 307,90+63,40 209-644
MPUCYCTBO Cerce 2130
(ma/ue)
IIPUCYCTBO MOJIUTpayMe (J1a/He) 2130
BAHKOMMIHUH + KOMEIHKALHja
ca:
KOJIUCTHH 5 (15%)
bypocemun 7 (21%)
MUTIepaIINH/Ta300aKTaM 1 (3%)
HCAWII 12 (37%)
AMHHOTJIMKO3HIN 1 (3%)
HUCKOMOJICKYJIApHH XeTIapuH 16 (50%)
ALE naxubutopu 7 (21%)

TaGena 7. Jlemorpadcke KapakTepUCTHKE TMallMjeHaTa ca HOPMaJHOM OyOpexHOM

GyHKIIjOM.
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4.6. U3pada 6a3H02 [IPK modes1a aHKOMUYUHA KOO hayujeHama ca
6y6perHcHOM UHcyuyujeHyujom

W3pana Ga3zHor mojena, Tj. Mozaena Oe3 WCIUTHBama YTHIAja MOjeAWHHX (GaKkTopa Ha
KJIMPEHC BAaHKOMHIMHA Yy MCIUTHBAHO] MOIMYJAIMjH BpIIEHa je oxabupoM cyOpyTHHA
AJIBAH3 u TPAHC4 u3 HOHMEM codTBepckor mporpama Tj. ynorpedoM JBOIPOCTOPHOT
Mojena. Pe3ynratu mcnuTHBAaHMX BapHjaHCH 3a MOJEN Cy INOKa3alH Ja €KCIOHEHLHU]jaTHU
MoOJIeJI TpelIKe KOjU ONUCYje HHTEPUHIUBUAYATHY BapHjaOUITHOCT KIIMPEHCa BAHKOMUIIMHA U
pe3uayanqHy BapujaOHIIHOCT je 3HATHO OOJbM y OAHOCY Ha AQJWTUBHHU MOJEN TpeliKe y

[UJBHO] MOMYJIaIH]jH.

e IIpouewmeHa cpenmba BpeAHOCT KiIupeHca Bankomunuua je 1,31 1/h

e Bpennoct munumyma objextuBHe QyHkuuje je 709,780

e UHTrepunauBHIyaTHa BapujabuiHOCT je 57,65%

e MuTpauHauaButyanHa BapujabuiIHocCT je 22,64%

e OnHOC M3MepEeHuX U NpeBU)eHNX CepyMCKUX KOHIIEHTpalllja BAHKOMUIIMHA

0a3HUM MOJIEJIOM IPEJCTABIbEH je Ha rpauKoHy 3.

4.7. U32padrsa nyHo2 I[IPK modesna eaHKomMuyuHa Kod nayujeHama ca
6y6peHcHOM UHcyuyujeHyujom

Hakon no6ujama 0a3HOr Mojena, 24 KOBapHjaHTE Cy MOjeIMHAYHO J0/1aBaHe y Oa3HU MOJIE
(Ha nIMHeapaH W HeJIMHEapaH HA4yMH) y LWJbY UCHUTHBAama HEHOT YTHIaja HAa KIHMPEHC

BaHKOMHIIMHA. TOKOM OBe aHaynm3e JAOOHjeHH Cy MHOTOOPOJHHU, TMOjeJUHAYHH PETPECHOHU
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MOJIEJIM Yhje Cy BPEAHOCTH Kao M 3HA4ajHOCT yTHIlaja CBaKe KOBapHjaHTE MPEJICTaB/bEHE Y

Tadeau 8 .

PGBYJ'ITaTI/I OBC aHAJIM3€ IIOKaszajlu Cy Ja TpHu KOBapI/IjaHTe, JHCBHA 1034 BAHKOMMIIMHA,

acmaptaT aMuHOTpaHcdepa3a W aMUHOTIMKO3WIM HUMajy 3HAuajaH YTUIA] Ha KIUPEHC

BaHKOMMUIIMHA KO/ MalijeHata ca 6yopexxnoM nacypunujerujom. Ocranux 21 koBapujeHTH

HHUCY 3a/I0BOJbHIIC HOTpe6aH HHUBO CTUTHCTHYKC 3Ha‘lajHOCTH, OJJHOCHO HHUCY UMaJIC 3HaqajaH

YTI/II_Iaj Ha KJIIMPCHC BAHKOMUIIHHA.

Mogaein kJiaupenca MO® | Pasimkey I 3ak/py4yak
MO®-y | Bpeanoct**
Bba3uu moaen
CI=01*EXP(ETA((1)) 709,780
YHuBapujaHTHH MOJe/H
CI=01*EXP(ETA((1))+62*I10J1 709,780 0 >0,05 HE
CI=01*EXP(ETA((1))+ 83*T'O[ 709,780 0 >0,05 HE
CI=01*EXP(ETA((1))+ 64*TEX 709,410 0,410 >0,05 HE
CI=01*EXP(ETA((1))+ 05* 111 673,795 35,985 <0,05 JA
CI=01*EXP(ETA((1))+ 66* 11 708,794 0,986 >0,05 HE
CI=01*EXP(ETA((1))+ 87*KC 709,780 0 >0,05 HE
CI=01*EXP(ETA((1))+ 68*LUK e | 707,040 2,740 >0,05 HE
CI=01*EXP(ETA((1))+ 89*MIPA | 708,156 1,740 >0,05 HE
CI=01*EXP(ETA((1))+ 810*KI 706,446 3,334 >0.05 HE
CI=01*EXP(ETA((1))+ 811*AJI 709,780 0 >0.05 HE
CI=01*EXP(ETA((1))+ 012*BNJI 709,780 0 >0.05 HE
CI=01*EXP(ETA((1))+ 813*ACT 700,416 9,364 <0.05 JA
CI=01*EXP(ETA((1))+ 014*AJIT 709,364 0,416 >0.05 HE
CI=01*EXP(ETA((1))+ 615*LIPII 709,780 0 >0.05 HE
CI=01*EXP(ETA((1))+ 016*®1b 706,799 2,981 >0.05 HE
CI=01*EXP(ETA((1))+ 709,780 0 >0.05 HE
017*npobHII
CI=01*EXP(ETA((1))+ 018*K 709,780 0 >0.05 HE
CI=01*EXP(ETA((1))+ 019*® 709,780 0 >0.05 HE
CI=01*EXP(ETA((1))+ 620*T 709,780 0 >0.05 HE
CI=01*EXP(ETA((1))+ 621*HCAWJI | 709,780 0 >0.05 HE
CI=01*EXP(ETA((1))+ 022*A 706,140 3,640 <0.05 JA
CI=01*EXP(ETA((1))+ 623*X 709,140 0,640 >0.05 HE
CI=01*EXP(ETA((1))+ 624*ALIE 709,780 0 >0.05 HE
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CI=01*EXP(ETA((1))+ 025*C 709,780 | 0 | >005 | HE
IIyn mopnen
CI=01*EXP(ETA((1))+ 65* [+ 666,474
013*ACT+ 022*A

Tabena 8. Bpemsocru MO®-a y 6asHOM Mojely, YHMBADPMjaHTHUM MOJEIMMAa M IIYHOM MOJEly 3a

BankomunuH. CL kmupenc (Ih-1); 01 tunuuna Bpenroct CL; ETA (1) uarepunausuayasina Bapujadunsoct CL;
02 no 626 mapamerpu koBapujanTHUX edekara; [10JI - [Ton ucnuranuka; 'OJ] - Crapoct ucnuranuka; TEX -
Tenecna texxuna ucnuranuka; JJ - JIHeBHa no3a Bankomunusa; JII - Jly>)xuHa npyMeHe BaHKOMULUHA KOJ
ucnutanuka; KC - Cepymcku HHMBO KpeatuHuHa Koja ucnutanuka; L{K/lemu - KnmpeHc kpeaTuHuHa 1O
OKJdemn dopmymm; MJPJ - Kmupenc kpearwnmaa mo MIPJ ¢opmymu; KI' - Knmpenc kpeaTHHHHA IO
Kokpodr-Tont popmymn; AJl - Cepymckn HuHBO anOymuHa kox wmcnutaHuka; BUJI - Cepymcka BpemHOCT
yKynHor Ownnpy6buna kox wucnutanuka; ACT - CepyMcka BpeqHOCT acmapraT aMuHOTpaHcdepase Ko
ucnuranuka, AJIT - CepyMcka BpeIHOCT ajlaHMH amuHOTpaHc(epase kon ucnuranuka; [IPIT - Cepymcka
BpenHocT I peaktuBHOr mporenHa konx wucnutanuka; ®UB - Cepymcka BpeaHocT (GHOpPUHOTEHA KO
ucnutanuka; npobHII - Cepymcka Bpennoct npobHII-a xon ucnuranuka; K - mpucycTBO KONMHCTHHA Kao
KOMEAMKAaMEHTa KoJ ucrnuTanuka, @ - mpucycTBo ¢ypocemMuga Kao KOMeIUKaMeHTa KoJ ucnuranuka; T -
NPUCYCTBO THIEpalMIMH Ta300akTamMa Kao KomenukaMmeHTa kox wucrnmrtanmka, HCAWJI - mpucyctBo
HECTepEOUIHMX aHTUH(IAMaTOPHUX JIeKOBa Kao KOMeJWKaMeHaTa KOJ MWCIHMTaHWKa; A - TIPHCYCTBO
aMHUHOTJIMKO3M/a Ka0 KOMeINKaMeHaTa KOJ HCIHUTAaHHKa; X - MPUCYCTBO HHUCKOMOJICKYJIApHOT XeMapuHa Kao
KoMeankameHTa ko ucnuranuka; AILLE - mpucyctBo ALIE naxu6utopa xao koMeauKkaMeHaTa Kol UCITUTAHHKA,;
C - npucycTBO celce Koj HCIUTaHuKa

**[1-BpeHOCT: CTaTHCTHYKA 3HAa4ajHOCT 32 MO® paznuky usmel)y 6a3HOT U TECTHpPaHOT MOeNIa
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4.8. H32padrwa koHayHo2 modeaa [IPK eaHkoMmuyuHa Kod nayujeHama
ca 6yo6pex’cHOM UHcyuyujeHyujom

[Tpoutlecom yHa3agHOT H30alMBamka KOBAapHjaHTH W3 IYHOI MOJENA y3 CTATUCTHYKE
KpUTEpUjyMe HaBeleHe Yy neny Marepujan u MeTone, usrpaljeH je KOHa4aH MOMYJIallMOHU
(dhapMaKOKMHETHYKHA MOJIEH 32 KIMPEHC BAHKOMHUIIMHA.

KoBapujante koje cy M3 MyHOT MOJela MCIOJbMIIC YTHIIA] HAa KIMPEHC BAHKOMUIIMHA KOJI
nanyjeHara ca OyOpeXHOM HWHCY(QUIIMJEHIIUjJOM jecy IHEBHA 1032 BAHKOMHIIMHA Kao U
acmapraTt aMHHOTpaHchepasa.

Konawan mojen koju je m3rpalleH W KOju ONHUCYyje BPEIHOCT TMOIYJIAIMOHOT KIMPEHCa

BAaHKOMHMIMHA Y 3aBUCHOCTH O[] CHGLII/I(l)I/ILIHI/IX KapaKTCpHuCTUKa I/ICHI/ITaHI/IKajCZ

KJIMPEHC (I/h) = 0,284 + 0,000596 x JUT + 0,00194 X ACT

Bpennoct MmuanMyma 00jekTHBHE QYHKITHje T0OHjeHOT KOHAYHOT MoJena je 666,533
o UnTepunauBumayanHa BapujaOuiIHoOCT je u3HocH 38,02%
e UuTpauHauBuayaiHa BapujabuIHOCT u3HocH 21,54%
e (CBu momynanMoHU (papMaKOKMHETHYKH MHapaMeTpu A00HMjeHH 3a BAHKOMHULUH Y
(buHATHOM MOJIEeNy Cy TIpUKa3aHu y Tabean 9.

e OpnHOC U3MEpEeHUX U TMpeABUNEHUX CEePYMCKHMX KOHIIEHTpalija BaHKOMHIIMHA

KOHAUYHUM MOJIEJIOM MPHUKa3aH je Ha rpagukony 4.
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ITapameTpu Mojaea

IIpouemena BpeaHOCT

Crangapana rpemka (95%
HHTEPBAJI IOBEPEHA)

Kiupenc Bankomurmaa — CL

(/h) 0.284 0.216-0.352
[lenTpasinu BOITyMEeH g
aerputywie V1 (1) 29.9 23.86-35.94

Jlitepiia 1033 BAHKOMHIIHHA 0.000596 0.00045-0.00074
(mg/nany)
ACT (1U/l) 0.00194 0.00122-0.00266
Mureputimsnnyanta 0.135 0.092-0.178
BapujabmIHOCT Kimpenca-o- CL
Bapujabunnoct pes3uayaiHe 0.045 0.021-0.069

rpemike-o°

Ta6ena 9. [Ipouene mapamerapa KOHAYHUM MOJEIIOM 3a

OyOpeKHOM WHCY(PHIIN]SHIIH]OM.

BaHKOMUIIMH KOJI TallMjeHara ca

PRED vs DV
140
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80 1o .
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I'papuxon 3. Opnoc mnpensuhennx (PRED) u wusmepenux konueHtpaunuja (DV)

BaHKOMHIIMHA Y 6a3HOM MOJIeTy KOJI MaiujeHara ca 0yope:kHOM MHCY(HUIIN]SHII]OM.
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PRED vs DV
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I'papuxon 4. Opnoc mpeasuhenux (PRED) wu wusmepenux konuenrpamuja (DV)

BaHKOMUIIMHA KOHAYHUM MOJIEJIOM KOJI TalljeHaTa ca OyOpe:xxHOM WHCY(DHIIHN]SHIIH]OM.

4.9. Banudayuja doé6ujeHoz IIPK modeaa eaHKoMuyuHa Koo
nayujeHama ca 6y6pexcHoM uHcy@uyujeHyujom

3a mpouec BanuAMpama J0O0MjeHOr (apMaKOKMHETCKOr Mojena U oapehuBama
NpeIUKTUBHUX mepdopmaHcu crpoBeaeHa je “bootstrap” amammsza. JloOujeHe cpenme
BPEIHOCTH OBOM METOZIOM yropeheHe cy ca npouewmeHnuM BpenHoctuma 3a @K napamererpe,
o0e ucnuTHBaHE BapHjaOMIIHOCTH W (PAKTOpa KOjU OCTBApYjy CBO] YTHIQ] Ha KIMPEHC
UCIUTUBAHOT JieKa M3 KoHauyHor pasBujeHor IIOK moxena y oBoj momynauuju. Cnudne
BPEIHOCTH yKa3yjy Ha J00pe NMpeIuKTUBHE NepdomMaHce U CTaOMIIHOCT KOHAYHOI Mojelna
KJIMpeHCa BaHKOMHUIMHA. Pe3ynraTu copoBenHOr TMpolieca BaJlUaluje Ccy JAeTajbHO

npukasanu y Tabesan 10.
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ITapameTpu MojaeJa

IIpouemena BpeaHOCT

Crangapana rpemka (95%
HHTEPBAJ IOBEPEHA)

Kmupenc Bankomurmaa — CL

(/h) 0.281 0.216-0.343
[lenTpasinu BOITyMEeH .
Jerpuywie V1 (1) 30.7 22.69-38.71
Jlitepiia 1033 BAHKOMHIIMHA 0.000602 0.000444-0.00076
(Mmg/nany)
ACT (1U/l) 0.00191 0.00121-0.00261
Murepunmsuyatna | 0.137 0.082-0.192
BapujabmIHOCT Kimpenca-o- CL
Bapujabunnoct pesuayaiHe 0041 0.019-0.062

rpeuike-

Ta6ena 10. [Iponiena napamerapa Banuaaiujom qooujenor [TOK monena BaHKOMUILIMHA KO

naiyjeHara ca 6yope:xHOM WHCY()HIIH]SHIIN]OM.

4.10. OcHo8He KapakKmepucmuke nayujeHama ca 6yopexcHoMm

UHcyuyujeHyujom

Juctpubyiuja mona, mpocedyHa CTApoCT, TeJleCHAa TEXWHA, JHEBHA J03a BaHKOMMIIMHA,

AYy’)KMHAa TNPUMCHC BAHKOMHIMHA, CCPYMCKM HHUBO BaHKOMHUIIMHA, KIIUMPCHC KpCaTWUHHHA,

1a00paTOPUjCKK  MapaMeTpu ©  AUCTpUOyIIHja

KOMEIMKaIje YKJbYYeHUX Y OBY

MONyJAIMOHy (PapMaKOKUHETHUKY aHATN3y MPHUKa3aHu cy y Tadenau 11.
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BapujaoJe

HUcnuTuBanu cer
(cpeama BpeaHOCT %

Pacrion 3a ucnuTuBanu

S cer
CTaH/AP/IHA [eBHjaluja)
Opoj manujeHara 78
Opoj orceppariija 78
101 (MYILIKH /5KEHCKH) 46/32
LeeeHa TEHE 78,52+16,64 60-180
ucnuranuka (kg)
cTapoct (TOANHE) 67,00+£10,74 33-86
71032 BAaHKOMHUIIMHA (Q/1any) 1,65+0,54 0,5-3
FYRITHA TPUMCTE 6,23+3,27 3-23
BaHKOMHUITMHA (JIaHH ) e
KOHLCHTpaLLH)a 45,3148,37 0,5-108,21
BankomuiuHa (Mg/l) ' ' ' '
KPCATHIMH ¥ cCPyMY 128,24+47,21 57-250
mmol/Il T
KJIMPEHC KpeaTHHNHA )
LIK Jem (mi/min) 50,00£19,35 21,9-89,5
KJIMPEHC KPeaTHHUHA i
MJIPT (ml/min) 53,07£20,59 23,9-121,2
KJIMPEHC KpeaTHHNHA )
KokpodTt Tont (ml/min) 54,38+17,70 30-87
anoymut y cepymy (g/l) 32,16.+7,68 13-45
yKymHu Gupyous y 12,09+8,49 4,4-69,0
cepymy (pg/l) R T
ACT y cepymy (1U/1) 95,91+543,49 9-4810
AJIT y cepymy (1U/l) 68,55+317,00 5-2790
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H-pearcruBiin nporet 94,36+81,22 1,04-423,5
(mg/l)
dbudpunoren (g/l) 3,68+1,55 1,59-9,4
npoBHIT (pg/ml) 1593,44+5575,45 300-35000
NPUCYCTBO Cerce 9/69
(ma/ue)
BAaHKOMMIIMH +
KOMeIHKaluja ca:
KOJIUCTHH 5 (6%)
bypocemun 29 (37%)
HUIepaIMINH/Ta300aKTaM 7 (8,9%)
HCAWJI 15 (19%)
AMUHOTJTUKO3H/IH 4 (5,1%)
HHCKOMOJIEKYJIapHU
XeTapuH 49 (62%)
ALIE naxuburopu 16 (20%)

Ta6esa 11. Jlemorpadcke kapakTeprCcTUKE NanyjeHaTa ca 0yopexKHOM HHCY(PHIIN]ESHIH]OM.

M naumjeHTn ca HopMasiHoM
OyOpexxHoOM PyHKLMNjOM

H nauujeHTn ca 6ybpexxHom
nHcyduLmjeHumjoM

TenecHa TexuHa
kg roguHe xuBoTta

I'paguxon 5. I'paduuxu npukas nemorpadCKUx NoJaTaka, TEIECHE TEKUHE U CTapOCTH

nanMjeHaTa ca HOpMaJIHOM OyOpexxHOM (YHKIHjOM U OyOpe:KHOM MHCY(HUIIN]SHLINjOM.
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140
120
100

80
E [lauunjeHTn ca HopManHoOm
OyOpexxHOM (oyHKLMjoM

E [laumjeHTn ca ByopexxHOM
NHCydULmjeHLmjoM

60

40

20

KoHueHTpavuuja
BaHKOMULIMHA Y  HuBO KpeaTuHMHa

cepymy mg/l y cepymy mmol/l

I'paduxon 6. I'paduuxy npukas BpeJHOCTH KOHLIEHTpAllMje BAHKOMULIMHA Y CEpyMY, Kao U

HUBOA KpeaTHMHHHA KOJ TMallijeHaTa ca HOPMaJHOM OyOpekHOM (QyHKUHjoM M OyOpeskHOM

UHCY(UIIM]CHIIH]OM.
HEeHTPATHH
a lchmpeﬂc a- Bonyga e WHTEPUHINBHAYAJIHA | WHTPAHHAMBUIYATHA
BAHKOMHIHH JAHCTpUbyLI) € BapujadémiHocT - %0 BapujaduaHoct - %
(I/h) BAHKOMUIMHA-
1 (Ilkg)

NalUjeHTH ca

HOpMa/IHOM 0,703 7,12 (0,087) 24,65% 22,64%
OyOpesxkHOM

$yHK1IHjOM
NalujeHTH ca

GyGpekHoM 0,470 29,9 (0,380) 38,02% 21,45%

HHCY(HIHjeHIHjoM

Tabena 12. KapakrepucThke BaHKOMHIIMHA KOJ MalMjeHaTa ca HOpMalHOM OyOpeKHOM

(GyHKIMjOM Kao U naiujeHata ca 0yope:xHOM MHCY(HUIIN]SHIIN]OM.
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E [layunjeHTn ca HopManHoOMm
B6ybpexxHOM hyHKLIMjOM

E [laumjeHTn ca BybpexHom
NHCydULMjeHLMjOM

KnupeHc
BaHKOMMUUHa L-h LieHTparnHu
BOJTyMeH
ancTpunbyunje

BaHKOMMLMHa L-kg

I'paguxkon 7. I'paduyxy npuka3 KIMpEeHCa BAHKOMHUIIMHA W [EHTPAIHOT BOJIyMEHA
TUCTpUOYIIMje BAaHKOMHIIMHA KO/ IMalldjeHaTa ca HOPMaJIHOM OyOpe:kHOM (PYHKIIHjOM Kao U

KOJI IaljeHTaTa ca 0yOpeKHOM WHCY(PUITH]SHIIH]OM.
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5. AUCKYCHJA

BankomMunuH jecre aHTMOMOTHK OJ BEJIMKOI 3Hayaja 3a JbyACKY momynanujy. Hberosa
npuMeHa y OOJIHHIIaMa je peJlaTHBHO YecTa, KaKo MapeHTepaaHo, Hajuenrhe Kao Tepanuja 3a
UHQEKIMje W3a3BaHe METULWIMH PE3UCTEHTHUM CTAQUIOKOKOM, TaKO M OpPAITHO Kao
Tepanuja TceygoMemOpanosHor komutuca wu3aspaHor C. Difficile. Mako mocroje
npenopyyeHe 03¢ BaHKOMUIIMHA, Koje cy AeduHucane 3a onpelhene crapocHe CTPYKType U
WHAUKalUje O cTpaHe AMEpHUYKHX W EBpOICKMX pErylnaTopHUX areHIuja, MOCTU3AE
neUHUCAHUX KOHIIGHTpAallMja BAaHKOMHIIMHA y KPBU OOJICCHHKA j€ KOMIUICKCAH TIPOIIEC
ycliel TOoCTOjalkba BETUKOr Opoja (hakTopa KOjU YTHUY Ha IOCTH3amkE >KEJbEHHX HUBOA
BankomunmHa y kpBu (Elbarbry, 2018). UnentuduroBame dakropa u oapehusame
KBAaHTUTETA FHUXOBOT yTHIAja HAa KIMPEHC BAaHKOMHIIMHA a CAMHM THM M Ha CEPYMCKY
KOHIIGHTpAIlM]y BaHKOMHIIMHA Y JbYACKO] TMOMYyJallMju J€CTe TEHepaTop Yy TMpoIecy
MHAMBHUAyalln3allije J03Uparkba BAHKOMUIIMHA 32 [IOCTU3alkha TEPAINjCKUX edeKara.

OcHoBuu ub cripoBeniene [I1OK ananuze je 6o na naeHTHGUKYje BaprujaOUITHOCT KIUPEHCa
BaHKOMHIIMHA KOJ TMalMjeHaTa ca HOPMaJHOM OyOpekHOM GYHKIHMjOM, Kao U KOJ
nanyjeHara ca 0yopekHOM WHCY(HUIIHM]CHIIN]jOM, aHAIM30M Pa3IudIuTHX (akTopa, Kao M Ja
NPOIICHN CPEbY, MOIYIIAMOHY BPETHOCT KIMPEHCA Y TIOMEHYTHM IOIyJIalijaMa y Halloj
3emsbu. [lomanu noOujeHM M3 OBE aHaM3€e MOTY NpPEACTaB/baTH TeMesb 3a (opMHUpame

paovOHAJIHUX BOAWYA 3a JO3HMPAKC BAHKOMHUIMHA KaKO KO naqueHTa ca HOpMAaJIHOM
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O0yOpekHOM (PYHKITH]OM TaKO M KOJ marijaHara ca 0yopeskHOM WHCY(UIIH]CHITHjOM, YUME Ce
MOTy IpeBeHHpaTtu ozapeheHa crama Koja MOry HAcTaTH Yycien CcyOmo3upama Wi
npe1o3upama BAHKOMUIIMHOM, IITO MOXE Y Mam0j WiH Behoj MepH Yyrpo3uTH 3/1paBJbe, 1a U
JKUBOT OOJIECHUKA.

OnpehuBame cepyMcKke KOHIICHTpAllMje BAaHKOMHUIIMHA KOJI TAIlMjeHTa y OOJIHWIIamMa jOII
YBEK HHUje 3aKUBEJIO Ka0 IIOCTYNAaK KOjHU C€ PYTUHCKH CIPOBOAM Yy HAIIeM CHCTEMY
3[paBCTBeHE 3aluTHTEe. VIeHTH(UKOBame MocTojama CyON03MpPaHUX WIHM IaK MalujeHara
Ipe03UPAHUX BAHKOMHUIITHOM, MOXE MTPOOYIUTH CBECT KaKO 3JPaBCTBEHUX PaJHHUKA TaKO U
OTIIIITE TOIYyJAIHje O 3HaYajy OBOT IIpobdiema.

[Ipernenom nureparype yrBpheHo je na Hema ucTpakuBama y Cpouju koje ce 6asuio [TOK
BAaHKOMHIIMHA KOJ| OApaciux ocoda ca 3apaBUM OyOpe3uma Kao M KOJ MalujeHara ca
OyOpexxHoM mHCyuuHjeHurjoM. Ha cBeTCKOM HHUBOY MOCTOjU cojiuaaH Opoj panoBa Koju
npoy4asajy [IOK BaHkoMHIIMHA KOJI TallMjeHaTa ca 0yOpeKHOM MHCY(QHIIM]EHIIUjOM U Mabu
Opoj pazoBa KOju y LWJbaHy MoNyJnaiujy yOpajajy manujeHTe ca HOpMalHOM OyOpeskHOM
¢dyukuujom (Liu, 2018; Economou, 2018).

CrpoBenena IIOK ananuza koja je MCIUTHBajIa YTHIA] JBajeceT NeT QaxkTopa Tj.
KOBapujaHTH Ha CpeJliby BPEIHOCT KIMPEHCa BAHKOMHUIIMHA KOJ MalfjeHaTa ca HOPMaIHOM
OyOpexxHOM (DYHKIIMJOM je MOKa3ala 3HavyajaH yTUIA] jeJHE O]l ABaJIeceT MeT KOBapUjaHTH,
opu 4eMy je noOujeHa MpocedyHa BPEAHOCT KIMPEHCAa BAHKOMHIIMHA Y MCIUTUBAHO]
nonynamju o 0,703 I/h. KoBapujanTta koja je yTuiiana Ha cpe/ipby NOMyIaluoHy BPEIHOCT
KJIMpeHca jecTe (uOPUHOTEH.

[TocTojame nMHEApHOT OJHOCA KIMpPEHCAa BaHKOMMIIMHA Ca MPOCEYHOM BpenHouhy

¢ubprHOreHa Koj mamujeHTa ca HOpMasHOM OyOpeKHOM (YHKIIMjOM MOXE Ce BUAETH U3
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(dopMyie KOHaYHOI MOJiela KIMPEHCa MCIUTUBAHOI AaHTUOMOTHKA y LUJBHO] MOMYJALUju.
VYTuiaj npocedyHor HUBoa GUOPUHOTEHa Ha KIMPEHC J10Ka3yje U cMameme BpenqHoctd MOD
3a 9,517 jequauna. Kao mro ce u3 tabene 7 Moke BUIIETH, IpocedaH HUBO (GUOpPUHOTEHA je
BapHpao KoJ UCIHMTaHUKa U KpeTao ce y omncery ox 1,81 mo 6,77 g/l, mpu yemy je mpoceyan
HUBO (HOpPHHOTEeHa y MCIHMTHUBAHO] momynanuju uznocwo 3,21 + 0,89 g/l. dubpunorew,
HO3HAT U Kao (gakTop | KoarynanuoHor myra, je TIMKONPOTEHH BEJIMKE MOJIEKYJICKE TeXHUHE,
KOjU C€ CHHTETHIIEe Yy jJeTpu M Wrpa BaXHY YIOTYy Yy XeMmocTa3u. TpomMOuMH Jenu
¢ubpunonentune A u b uz ¢pubpunorena u popmupa monomepe Gubpuna. CHUKEH HUBO
¢ubpuHoreHa yodaBa ce KOJA JMCEMMHOBaHE MHTpaBacKylapHe Koarynanuje. Huso
¢bubprHOreHa je mak MoBUIIEH Y WHGIaMaluju, T€ CE cMaTpa Ja yka3yje Ha akyTHy a3y
urdaamarnmje (Schulz 1990; Mitra 2017).

V ¢usnonomkuM ycioBumMa HHUBO (HOpHHOreHa y mia3mu Bapupa ox 2 no 4 g/l, a mweros
nonyxuBoT je oko 4 mana (Davalos et al. 2012). ¥V matosomkuMm cramKuMa, HIP. MOCTEe
noBpesne win OoylecTHM TMoBe3aHe ca oluTehemeM KpBHUX CyloBa, HHGEKIUje, WIn
uH}amanuje, pacte HUBo ¢uodpuHoreHa. Cee je jacHuja ynora (puUOPHMHOT€HA M HETOBHX
npoaykara |y wuH@uamanuju. IloBumen ¢uOpuHOreH y KpBU je MHIMKATOp 3a
NporH(pIAMaTOPHO CTakEe U MapKep 3a HHGIaMaTopHe 00JIECTH Kao HITO Cy XUIIEPTEH3H]ja U
atepockiiepo3a. ClIM4yHO, HOBUIIEH HUBO IpoaykaTa ¢pubdpuHa kao 1mto je [[-aumep xopuctu
ce kao umHAMKarop uHbnamanuje. Pubpunonentua b ce takohe monama kao mMomymarop
UH(IaMaTOPHOT OJIrOBOpA.

Hema nyHo nuTepaType Koja je mokasana ciuyHe pe3yiaTare Kao Hama ctyauja. Iloctoje
Hay4YHd paZoBU KOjU YKa3yjy Ha TO Ja TNocCToju mnoBehaH KIMpPEeHC XUIAPOPHIHUX

aHTHOMOTHKA Kao IITO j¢ BaHKOMHMIIMH KoJ mamujeHata ca cercom (Roberts et al. 2009).
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JlokazaHo je na KoJ KpPUTHYHO OOOJIeNIMX MalMjeHaTa J0Ja3W 10 IPOMEHA Y KOJHYUHH
TEYHOCTHU Y Ty, HUBOY ajJOyMHHa U y panxy OyOpera. CBe OBO MOXKE YTHIIATH HA TIPOMEHY
HHBOA BaHKOMHIMHA y cepymy manujeHra (Giacheto et al. 2011). ITosehan pan cpua
noBehaBa mepdy3ujy OyOpera, moBehaBa rioMmepynapHy ¢uiaTpaujy u aoBoau a0 Beher
Opoja MoseKyna Jieka y JyMmMeHy Tyoyna. OBo Moke OUTH H3pakKeHHje KO TalijeHara y
JenMHUIIaMa HHTEH3UBHE HEre T/Ie C€ YeCTO MalMjeHTHMa OPIUHUPA]y JOMAMUH, T00yTaMUH
u ¢ypocemun (Pea et al. 2000). Ykonuko je nek xuapoduian, Hehe ce pearcopboBatd U
ocrahe y ypuny. [Ipema Tome Huje u3HeHalyyjyha unmenuia aa je HuBo puOpuHOreHa, Koju
je moehen y nundexuuju (Moore et al. 2016) nose3aH ca KJIMPEHCOM BaHKOMHUIIMHA (1ToBehaH
HUBO (UOpUHOTeHa y3pokyje noBehame KIupeHca BAHKOMUIIMHA).

KnupeHc kpeaTHHHHA, Ka0 W MPHCYCTBO MOJUTpPayMe KOJ IMalldjeHaTra Kao KOBapHjaHTE O]l
3HaYaja TMoKa3alie Cy CE TOKOM H3Ipajlbe MyHOT MOJENa, ajli He W KOHAYHOI MOJIela.
KnupeHc kpeaTwHumHa payyHald CMO Ha OCHOBY KOHILIEHTpAllje KpeaTHMHUHAa y CepyMmy,
kopuctehu Kokpodt-T'ont dhopmyny, MIAP dopmyny xao u LK lenu dopmyny. Ilocroje
CTyAM]j€ Koje Cy yKa3uBaje Ha TO Ja je 3a KIMPEHC BaHKOMHIIMHA 0oJbe kKopuctut M/IP/l 1
LK /ermu dpopmyne (Levey et al. 2009). [TocToju 1 cTynuja HOBUjer AaTyMma Koja yKasyje Ha
TO Ja oBe JABe (opMyse HUCY HMIITA mpeuusHuje y onHocy Ha Kokpodrt-I'ont dopmyny,
CTOra cy Te HeloyMulle Ousie pa3jor Haller padyHama KIMPEeHCa KpeaTHHUHA Ha OCHOBY CBE
Tpu ¢opmyne. OHO ITO je HMHTEPECAHTHO, a IITO CE€ yoyaBa Yy pe3yJlTaTUMa Haller
UcTpaxxuBama (1 y Tabenu 7 kao u y tabenu 11) je ma mocroju pasimka y M3padyyHATOM
KJIMPEHCY KpeaTHHHHA ca cBakoM oJ1 oBe Tpu popmyie (Glatarad et al. 2015). ¥V nyn monen
VIUIM Cy KJIHMpeHC KpeaTuHHHa u3pauyHaT no MJIPJl dbopmynn u kiaMpeHC KpeaTHHHHA

pauynat mnomohy IK/lenu ¢dopmyne. VYTumaj knumpeHca KpeaTMHHMHA Ha KIMPEHC
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BAaHKOMHIIMHA TI0Ka3a0 c€ OJl 3Hayaja y BEJMKOM Opojy Hay4dHHX pagoBa. AyTOopH ca
Tajnanga n w3 Jamana cy mpoHanu Be3y u3Mel)y KimpeHca KpeaTMHHMHA W KIHMpEeHca
BaHKOMHIIMHA, Tj ITO j¢ BehW KIMPEHC KpeaTHHWHA BehM je W KIMPEHC BaHKOMHMIIMHA
(Purwonugroho, 2012; Yashuara, 1998). OHo mTO je MHTEPECAHTHO je Cy JIBE CTYAHjE Y
Janany mokaszana aa KIMpEHC KpeaTWHHHA yTUYe Ha KIMPEHC BAaHKOMHIIMHA YKOJHMKO je
Mmamu o1 85 ml/min, a ykoawko je KiupeHc KpeaTwmHuHa Behu Tj. OyOpexHa (yHKIHja
HOpMAaJIHa, KIIMPEHC KpeaTHHHWHA HeMa yTullaja Ha KiupeHc BankomunuHa (Yamamoto 2009;
Yashuara 1998). Ayropu y CA/l-y u Illlnanuju cy Takohe mMamu CIM4YHE pe3ylTare
(Jarkowski 2012; Medellin-Garibay 2016). Haima cyauja To Huje mokasaia. Ilocroje cryauje
KOje UMajy pesynTare ciuyHe Haioj ctynuju. U3mely ocranux, crynuja y @paHilyckoj Huje
NOKa3aia jacaH yTWIa] KJIMpPEHCa KpeaTMHHHA Ha KIMPEHC BAaHKOMHIMHA. XHIpaTauuja u
XEMOJMHAMCKa HECTaOMJIHOCT KOJI TallyjeHara ca cerncoMm (Koja je jenHa oj Hajuerrhux
WH]IMKAIM]ja 32 OpANHHUPAkhe BAHKOMHUIIMHA) MOXKe y3pokoBartu omrtehemwe TyOyna (Garaud et
al. 1984). Nivoche u capagHunu cy Ha MoIeny 3ella NpoydaBaid (apMaKOKHHETHKY
BAaHKOMMIIMHA padyyHajyhu ypuHapHy eKCKpeuujy KopuihemeMm cepyMcKe KOHIEHTpaluje
ciobonHor jneka. PpakMOHMCAaHA YpUHApHA €KCKpelija BaHKOMUIIMHA U3HOocHaa je 177 +
44 % xon 3ena, ykaszyjyhu Ha TyOynapHy cekpennjy jeka (Nivoche et al. 1982). Ono miro je
MHTEPECAHTHO jecTe Jla Cy y OBOj CTYAWjU NMpoydaBalM yTulaj pypoceMusa Ha KHUHETHKY
BAaHKOMMIIMHA ¥ 3aKJbYUWIM Cy Aa (QypoceMH] HE yTH4Ye Ha KHHETHKY BaHKOMMIIMHA 3a
pa3NIMKy OJl HEKHMX APYTHMX ayTopa KOjU Cy 3aKJby4WIM Ja, MaK, UMa yTulaja. Y Halloj
CTyauju cojumaH Opoj mamujeHara (21 % manujeHata ca HOPMaTHOM OyOpeXKHOM
byukuujom u 37% nanujeHara ca OyOpe:KHOM MHCY(PHIIM]SHIIUjoM) je 100ujao hypoCceMHu,

ANYPCTHK XeHIIeoBe nCTJBEC, ajlu HI/IjC C€ IIOKa3ao0 HCTrOoB yTI/II_[aj Yy Ipylu HaL[I/IjCHaTa ca

78



HOpMaJIHOM OyOpeXHOM (YHKIIMjOM Kao HH Yy TpylnH TalyjeHara ca OyOpeXxHOM
uHcypunujernujom. Iloctojame Apyror myra eJIMMHHAIM]jE BAHKOMHUIIMHA OCUM PEHAIIHOT,
MOKe 00jaCHUTH J1a KIIMPEHC KpeaTnHUHA U (QyHKIH]ja OyOpera He MOpajy YBEK yTHUIIATH Ha
KJIIMPEHC BaHKOMUIIMHA. EnvMuHaIMja myTeM jeTpe W Kydn OM Moria OMTH 0Ojallmbeme.
Hexku ayropu cy omnucaiu Jia je HAKOH aJIMUHUCTpaIllje, BAHKOMHUIIMH MEPJbUB Y JKY4H, IITO
IoJIpyKaBa TEOPHjy SKCTpapeHaiHne enumMuHanyje Bankomuiaa (Currie et al. 2004).

Hpyre cryamje Koje cy ce OaBuie MONMyIanuOHOM (HhapMaKOKWHETHKOM BaHKOMHIIMHA CY
yriaBHOM jaob6uie pasnumuure pesyirare. Ciaumuno momynauuju y CpOuju, mpoydaBaHa je
nomnyJnanroHa papMakOKMHETHKAa BaHKOMUIMHA y Jamany, Tajnanny, Jopaany, Cayaujckoj
Apabuju, Tynucy (Purwonugroho 2012; Yashuara 1998; Zalloum 2018; AlSalom 2018;
Jebabli 2017). Ocum crynuja oBor Tuma, paljeHe cy cryauje Ha creuupuIHO] TPYNU
MoMmyNalyje Kao IITO Cy MalWjeHTH Yy jeAUHHWIIaMa WHTEH3WBHE Here, repujaTpujcka
MOMyJalyja, MalyjeHTH ca OMEeKOTHHAMa, MAIMjeHTH ca XEMAaTOJOIIKUM MaTUTHUTETHUMA,
NalMjeHTH ca KapIIMHOMHUMA, MAIMjeHTH ca ONepaldjoM Ha OTBOPEHOM CpIy UTA. YTJIaBHOM
je, Kao y Hallloj CTyauju, KopultheH TBOIMPOCTOPHU MOJEN, Maja MOCTOje U CTyAHje KOje Cy
KOPUCTHJIE JeTHONpOCTOpHU Mozen. Hajuemhe cy pesyaratu crynuja nokasainu Aa KIMPEHC
KpeaTHHHHA, Ka0 W HUBO KpEaTWHHWHA y CepyMy yTUUYy Ha KIMpeHC BaHKomuIuHa. Of
OCTaJIUX KOBapMjaHTH, CTApOCT TMallMjeHaTa, Kao M TeJleCHa TEeXWHA Cy (PaKTOpU KOju
Hajuemthe ytudy Ha kiupeHc BankomunuHa. Ctyauja y CA/Jl-y je ucnuTuBaia nomyaaniony
(apMaKOKMHETHKY KOJ €KCTPEMHO T0ja3HHUX MalyjeHaTta M JAo0uia pe3ynrare Ja KIUpPEHC
KpeaTHHHHA W TelleCHa TeXWHa MalldjeHaTa yTHU4y Ha KIUPEHC BaHKOMHUIIMHA Kao W Ha
BoJlyMeH auctpuOynuje BankomuimHa (Adane et al. 2015). Paheno je ucrpaxuame y

Caynujckoj ApaOuju Ha malMjeHTUMa ca Pa3IMYUTHM THUIIOM KapLMHOMA U YTBpheHo je aa je
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KJIIMPEHC BAaHKOMHIIMHA Ka0 M BOJIYMEH IHUCTPyOyIMje 3HadyajHO Behw KOj malyjeHara ca
KapIIMHOMOM Hero Ko nanujenata 6e3 kapuunoma (Al-Kofide et al. 2010). Komenukaiyja je
kopuitheHa Kao KOBapHjaHTa 3a W3rPaJkby MOJeNa, alld ce Ha Kpajy HHje MoKasajaa Kao
3Ha4ajaH (akTop, KOJA OJpaciux ocoba. Y TNeaujaTpHjcKOj MOMyJNaluju je Apyraddja
cUTyanmja. 3anpaBo, OCTOje CTy/AHje KOje Cy TOoKa3ale Jla aMOKCHIIMIIMH ca KJIaBYJaHCKOM
KHCEJIIMHOM, CIIMPOHOJIAKTOH, KaO W JIOMIAMHUH MOTY YTHIIATH Ha KIMPEHC BAaHKOMUIIMHA
(Margues-Minnana 2010; Seay 1994).

VY Haimem Mojeny, KOoJ MaiyjeHaTa ca HopMalTHOM OyOpekHOM (DyHKIIMjOM, TOOUIH CMO Ja
je xmupenc Bankomuitmaa 0,703 1/h a tentpannu BoiymeH auctpubyuuje jecte 7,47 |
onHocuo 0,092 I/kg. Hamum pesyaratd cy TMoKasaid Ja je HMHTCPUHIUBHIyaTHA
BapHjaOMJIHOCT KOJI MalujeHara ca HopMmalHOM OyOpexxHoMm ¢yHkiujom 24,65 %, a
UHTpauHMBUAyallHa BapujadbunHocT 22,64 %. Tpeba HanmoMeHyTH jAa je momyjanuja y
CTyAMjU y JamaHy Oujia MEIIOBHTA, Tj. MAllMjEHTH ca HOpPMAJIHOM OyOpeskHOM (PyHKIHjoM,
Kao M ca OyOpe:KHOM MHCY(MIIMjEeHIIMjOM MocMaTpaHH Cy Kao jeJHa rpyna namnujeHara. ¥
JanaHy cy uctpakxuauu JoOOMJIM y pe3yaTaTuMa Jia je BOJIyMEH AUCTpUOYIMje BAaHKOMUIIMHA
60,71 |, wunTepunauBHayanHa BapujabwiHoCT 38,5%, OK je HWHTpauHIMBHIyaTHA
BapujadbmwinocT 23,7 % (Yashuara et al. 1998). Kox ekctpeMHO roja3HHX MaldjeHaTa ca
HOpPMaJIHOM OyOpeKHOM (YHKIIMjOM KJIMPEHC BaHKOMHUIMHA je Ouo 6,54 I/h a Bomymen
muctpudynuje 0,51 I/kg (Adane et al. 2015). YouaBamo 1a je Cy U KIHPEHC BAHKOMHUIIHHA U
BOJIYMEH AHUCTpHOyIHMje BehM HEro y HAMIUM pe3ylTaTuMa, IITO Ce MOXKe O00jaCHUTH
YHCHUIIOM JIa je MPOCeYHA TeKUHA OBHX marujeHara omna 147,9 kg, a y Hamioj nmomynamuju

oHa je m3Hocmna 81,37 kg, kao u ;ma je mpoceyHa 103a BaHKOMHIMHA Omia 4 (/mIHEBHO 3a
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paznuky ox Hamwmx 1,93 g/nHeBHo. Ko manujeHara ca BehoM TeieCHOM TEXUHOM, YIIIaBHOM
je Behu u Bomymen auctpubymuje nexa (Adane et al. 2015).

Uctpaxuaun y Cayanjckoj Apabuju Koju Cy npoydyaBaiu (papMaKOKHHETHKY BaHKOMHIIMHA
KO/ TIaIlijeHaTa 000JIeIrX O KapIlmHOMa M TaljeHaTa 0e3 JujarHo3e KapliuHOMa JIOILIN Cy
no cienaehux pesynrara: KIMPEeHC BaHKOMHIIMHA M BOJIYMEH AMCTPHOYIIMjE KOJ TalujeHaTa
ca kapruaomMoM u3Hocund ¢y 110,1 ml/min (6,6 I/h) u 70 |, uctu momaru 3a narujente 6e3
kapuuHoma Owmu cy 71,2 ml/min (4,26 1/h) xao u 31,1 | (Al-Kofide et al. 2010). Kana
MOPEIMMO Ca HAIllUM Pe3yJTaThMa, youaBamo Jia Cy U Y jJeTHOj U y JPyroj TPyIH MalyjeHara
KIUpEeHC U BoiyMeH aucTtpubOynuje Behu. Kon 3mpaBe rpyme manujeHata 6u TO MOTIH
00jacHUTH TUME IITO TMOCTOJU Mama pas3iiuka y OyOpexHO] (YHKIHUjH, Tj. KOJ HaIINX
nanujeHara knupeHc kpearuauna mo Kokpodt-I'ont popmysau nznocu 112,9 ml/min mok je y
BUXO0BO] momysaanuju 87,2 ml/min.

Hayynunm y Kunm anHanusupanu cy (apMakOKMHETCKM MOJEN KOJ MalujeHara ca
HEYPOXMPYPIIKUM HHTepBeHLHMjamMa. Kopuctuimm cy TpompocTopHH Mojen. Ibuxosu
pe3ysiTaTd Cy MOKa3aid Ja je HEHTPAIHH BOJYyMEH AUCTPHOyIMje BankomunuHa 15,16 | a
kimpeHc Bankomununaa 7,98 I/h (Li et al. 2015). Kox namujenara ca MEHUHTUTHCOM, Takohe
y Kunu youeno je nma je kaupeHc BankomuimHa 5,96 I/h. YV cBum HaBeneHuMm cryaujama
HalUjeHTH Cy YIJaBHOM HMMajiu HopMmajiHy OyOpexHy dynkiujy (Lin et al. 2016). Oako
BEJIMKM KJIMPEHC BAaHKOMUIIMHA Yy OJHOCY Ha Hally MOIYyJaIujy Moxe ce 00jacHUTH BehuM
CTereHOM MH(EKIHje, a CAMUM THUM U BehuM BOIyMEHOM AUCTpUOyIHje 1 BehuM KIMpEeHCOM
JeKa.

VY Caynmjckoj Apabuju je paljeHa cTyauja Ha MalMjeHTHMa ca OINEpaljoM Ha OTBOPEHOM

CpIly M MOKa3aja Jia je KOJ TaKBUX MNalMjeHara KiupeHc BankomunuHa 6,13 I/h, a Bomymen
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muctpuoynuje 40 |. MeljyruM OHO MITO je KapaKTEPHCTHYHO 3a OBY CTYIHjy je Ja Cy
YKJbYYCHH TAlMjEHTH ca Pa3IMdMTHM cTereHoMm OyOpexkne ¢ynkmmje (Alquahtani et al.
2018). To 6u ometr Morao OUTH Pa3yoOr pasiivKe y AUCTPUOYIUjU U KIupeHcy jeka. Ckopuje
je pabena cryauja y JamaHy Ha manujeHTHMa ca TPAHCIUIAHTAIIMjOM KOCTHE cpxku. OHHU Cy y
pesyiaratumMa J0OWMIM Ja je UEHTpalHH BOJXyMeH muctpuOymmje 39,2 |, a xaupeHc
BaHkomuIuHa je 4,25 I/h. Tlokasanu cy aa je MHTepUHANBUAyaTHA BAPHjaOMIHOCT KIIUpEHCa
BaHKOMHUIIMHA 25,2%, a HHTpanHaAuBUIyanHa BapujaduiHoct 17,2% (Okada et al. 2018).

UctpaxuBaun y TyHHCY 3aK/by4YriM Cy Aa je kaupeHc Bankomuimaa 4,09 I/h, a Bonmymen
muctpubynuje  w3Hocu 50,10 |, MHTepuHauBHIyalHa  BapHjaOMIHOCT  KJIHMpPEHCA
BaHkomunuHa jecre 59,3% (Jebabli et al. 2017). YouaBamo, kama ymopemumo Hariie
pesyarare y CpOuju ca pesynraTuma JpYyrHX CTyAMja Jla je BOJIYMEH JIUCTpUOyIHje
BaHKOMHMIIMHA 3Ha4ajHO Mawku y CpOUju y OJJHOCY Ha TOMyJalKje y IPYTUM JIp>KaBama, Kao
U Ja je KIMPEHC BaHKOMHIIMHA 3HAYajHO HIDKU. Pe3ynTaTu Be3aHU 3a WHTEPHUHIUBUIYaTHY
BapHjabUITHOCT KIMPEHCa KAa0 W 3a MHTPAWHAMBHUAYAIHY BapHjaOMIIHOCT BHIIE CY CIUYHU
HAIIUM pe3yiaTaTuMa. YodaBamo Ja je jeAuHO KoJ narujeHTa y TyHuCcy HHTepUHIUBUIyaTHa
BapujabunHocT 3HayajHO Beha. Pahena je crymmja y CAJl-y ca manMjeHTHMa y jeIUHUIU
WHTEH3WBHE Here, Mel)y kojuMa je BehmHa uMaia HopManHy OyOpexHy QyHKIH]jY.
WctpaxuBaun Cy y pesyaratuma ao0win kiupeHc Bankomunwmba 4,8 I/h, u Bomymen
muctpudynuje 0,61 1/kg (Turner et al. 2018). Cse oBe pasiWke MOXeMO O0jaCHHTH
YHEHCHUIIOM J[a OCTajle KapaKTepUCTUKE MaljeHTa HUCY OWlie UCTe, a yTUIaJe Cy Y HEeKOj
MEpH Ha KIIMPEHC U BOJYMEH IUCTpHOyIHje BaHKoMUIIMHA. Ko/I HeKHX marujeHara je CTerneH
uHamanuje 6uo Behu, Behu Opoj manMjeHaTa je UMao IMjarHo3y cerce, pa3jinKoBaia ce y

HEKo0j Mepu OyOpekHa (QyHKIIMja MalyjeHara, uim je Behu 6poj nmarujeHata 61o rojasas.
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[1OK ananusa xoja je MCIUTUBANIA YTUIA] JBajZieceT YeTUpU (pakTopa Ha Cpeltby BPEIHOCT
KJIMpEHCa BaHKOMMIIMHA KOJ TMauujeHata ca OnaroM J0 YyMepeHoM OyOpexHoM
uHCybHUIIMjeHIIjoM (Tpocevad KiaupeHc kpeatnHuHa o Kokpodt-I'ont ¢popmynu uzHoCHO
je 54,38 ml/min), mokaszana je 3Ha4ajaH yTHIAj JABE O IBAJECET YETHPU KOBapHjaHTE, MPU
4eMy je MpocedHa BPeIHOCT KIIMPeHca BAHKOMUIIMHA y HcnHuTHBaHOj momynanuju 0,470 I/h.
KoBapujante koje cy yTunajne Ha Cpeimy IOIYJAUMOHY BPEIHOCT KJIMpPEHCa jecy JAHEBHA
71032 BAHKOMMIIMHA U BPETHOCT acrapTaT aMUHOTpaHchepase y cepymy.

[TocTojame nHMHEApHOr OAHOCA KIMPEHCAa BAaHKOMHUILMHA Ca MPOCEYHOM JIHEBHOM [030M
BAaHKOMMILIMHA, Ka0 M ca IIPOCEYHOM BpeIHOLINy acnapTaT aMUHOTpaHc(epaze Ko
nanyjeHTa ca OyOpeXHOM HHCY(QHIIM]JEHIIMjOM MOXE ce BHAETH U3 ¢GopMylie KOHAYHOT
MoJeNla KIMpPeHca UCIUTUBAHOI aHTUOMOTHKA y IWJBHO] HONyJalMju. YTULA] NMPOCEUHe
JTHEBHE J103€ BAHKOMMIIMHA Kao M mpocedyHe BpeaHocTH ACT-a Ha KIUpeHC JoKasyje U
cmameme BpeaHocth MO® 3a 43,347 jenununa. M3 tabene 11 moxe ce Buaern J1a ce
JTHEBHA 71032 BaHKOMMIIMHA Ouua y omcery 0,5-3 g/aany, npu 4emy je mpoceyHa JTHEBHaA J103a
y UCIIUTUBAHOj Momynanuju uzHocuna 1,65 * 0,54 g/nany. OBo je mano Beha npocedyna o3a
BAaHKOMMIIMHA OJ, HA MPUMep MPOCEUYHE JHEBHE J03€ BaHKOMMIIMHA Yy JamaHy, KOja U3HOCH
1,25 + 0,44 gmany (Yamamoto et al. 2009). Ilpoceyna qHeBHa J03a BAaHKOMHIIMHA KOJI
nanMjeHaTa ca akyTHoM MujesnonnHoM jeykemujoM y CAJl-y usnocu 1,97 + 0,65 g/many
(Jarkowski et al. 2012).

YoOuuajHo no3upame BaHKOMHIMHA jecte 1 g Ha 12 caru. Mama m03a ce opJuHHMpa y
ciyuajy OyOpexxHe nHcy(uijeHIrje, Tj. Kajaa je KIUpeHc KpeatnHuHa Mamu o 50 ml/min.
Behe nose, 1j. 1032 o1 3 g/naHy opAMHUpA ce y CIIy4dajy Jla NalMjeHT uMa rnosehany TenecHy

TEXUHY, WIM KaJia ce paJy O Jeuewhy Teke MHEEKIUje HIp. OaKTepHjCKOTI eHJOKapAuTHCA
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(AJIMMC). MnTepecanTHO je 1a je AHEBHA 103a BaHKoMHIMHA y TyHmcy 3HaTHO Beha, Tj.
Bapupa usmely 0,04 o 6 g/many (Jebabli et al. 2017).

Jakiie, Hama cTyadja je mokasasia ja cy Behe 03¢ BaHKOMHIIMHA TIOBe3aHEe ca Behum
KJIMPEHCOM BaHKOMHIIMHA, W CXOJHO TOME HIDKHUM KOHIIEHTpAllMjaMa BaHKOMHIIMHA Y
cepymy. Ilocroje cryamje Koje cy mokaszaie ciauune pesynarare, Bakke u capamuuim cy
nobunu cimuHe pesyntare, rae kox 70-80 % mamumjeHara W mopen BHCOKHX 1032
BaHKOMUIIMHA HHjEe JOCTUTHYTA KeJbeHa KOHIEHTpallrja jJeKa Koja je Beha unu jegHaka 15
mg/l (Bakke et al. 2017). Campassi u capaJHUIIM TOKa3aJIu Cy Ja MaIUjeHTH ca omreheHoM
OyOpexxHoM (GYHKIIjOM HMajy HIDKY KOHIIEHTpAallMjy BaHKOMHUIIMHA TOKOM IIPBOT JaHa
Tepanuje yrnpkoc Behum go3ama, Tako Ja HHUjeJaH MalHjeHT HHje JO0Cerao Teparujcke
KOHIIEHTpanje npBor nana Tepanuje (Campassi et al. 2014). Heku ayropu mnpemiaxy Behy
yIapHy 1103y, Ka0 U KOHTUHYHpaHy HH(Y3H]y na Ou ce Ao0umiie KeJbeHe KOHIEHTpaIuje
(Rybak et al. 2009). Ca apyre cTpaHe, KOHIIEHTpaIlHja BAHKOMUIIUHA y CEPYMY TOKOM MPBOT
JlaHa Teparuje Takohe 3aBUCH OJ1 KIIMPEeHCca KpeaTHHHHA U HU)KU KIIMPEHC KpeaTHHUHA MOXe
pesyntuparu Behum KoHieHTpanujama Bankomununa (Saugel et al. 2014). Jenan ox moryhux
o0jamrmerma Bese n3mel)y Behux g03a BAHKOMHUIIMHA U H-ETOBOT Beher KiInpeHca MOXKe OUTH
ciabuja pearcoprilidja BaHKOMMIIMHA W3 yATpamiITpara ypuHa 300I TOKCHUYHOCTH JIEKa.
3ancta, Hekpo3a TyOynapux henuja je motBpheHa Ouorncujom 6ydpera KoJ manyjeHara Koju
cy matuiu of omrrehema Oyopera y3pokoBanor BankomuiimaoM (Bamgbola 2016; Nakamura
1998).

Acnaprar amuHOTpaHcdepaza y cepyMmy MaiujeHara ca OyOpexHOM HHCY(QHIIM]EHIHjOM
ouna je y omcery 9-4810 IU/I, mpu uemy je mpoceuna BpeaHoct ACT-a uznocuna 95,91 +

543,49 IU/I. AST u ALT cy eH3uMH KOju Cce yriIlaBHOM Hayase y jeTpH, ajii ce MOoTy Hahu u 'y
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LPBEHUM KPBHUM 3pHIIMMA, CpYaHUM henujama, MUIIMNHOM TKUBY U APYTUM OpraHuMa, Kao
mTO Cy TNaHkpeac wiM OyOpesun. Mako Hucy cnenuduuHu 3a OOJECTH jeTpe, MOTy ce
KOPUCTUTH y KOMOMHAIMjU ca BPEIHOCTHMA JPYTUX €H3MMa U JONPUHETH JIUjarHOCTUIU
obosbema jetpe. Hopmanna kormentpaija y cepymy jecre 5 o 40 1U/1 3a ACT u ox 5 1o
35 1U/1 3a AJIT. Kana mohe mo omrrehema jerpe mnm cpua, gomatHa konmmunaa ACT-a u
AJIT-a ce ocnoboau y uupkynanujy, y3pokyjyhu ckok enszuma. Ilpema Ttome, BpemHocTu
OBHUX €H3UMa Cy y JUPEKTHO] MPOMOpIHju ca creneHoM omTehemwa TkuBa. [locne Temkux
omrehewa HuBo ACT-a mopactre 10 no 20 myra, a HuBo AJIT-a u no 50 myra Bumie of
dusuonomkux BpeaHoctu (Huang et al. 2006). Kako ce koa Hac yo4yaBa 3Ha4ajaH MOPacT
ACT-a y cepymy OonecHuka, OH MOXe, u3Mel)y ocTayior, yka3aTu Ha cTemeH ouirehema
OyOpera. CxogHo TOoMe, a Kako cMO Beh HaBenu, BaHKOMHIIMH C€ MOXE I10jadyaHo
U3ITyYUBATH MMyTEM TyOylapHe eKCKpeluje.

VY Hamoj cTyAMju Ha MOMyNalUju NalMjeHata ca OxaroM 10 yMepeHOM OyOpeskHOM
uHCy(UIHjeHIjoM 100 cMo ja je kiupeHc Bankomuimaa 0,470 I/h, a tenTpanHu
BoayMeH muctpubyrmje jecre 29,9 |, ommocno 0,383 I/kg. WHTepuHauBumyaiHa
BapHjaOMIIHOCT KJIMpEeHCa BaHKOMUIMHA u3Hocuia je 38,02%, a MHTpauHIMBHyalTHA
BapujabunmHocT u3Hocuia je 21,45%. Kako cMo nmonaTtke 3a oBy rpymy naiujeHara Hajuyenihe
y3UMalld U3 YPreHTHOT LEeHTpa WIM U3 JenauHuIle MHTEH3UBHE Here, HajpesieBaHTHH]jE je
nopeheme ca cauuHuUM cryaujama. HajHoBuja ctyamja ca Tajnmanaa y rpynu mnangjeHara y
JenuHuIM MHTEH3WBHE Here, rae je HajBehm Opoj mamujeHata uMao Oyary 10 yMmMepeHy
OyOpexxHy MHCY(QHIMjEHIH]Y, MToKa3ajia je Ja Cy YTHIa] Ha KJIMPEHC BaHKOMHIIMHA WMAaJld
KJIMPEHC KpeaTWHUHA, MPHUCYCTBO Jaujaberec MenuTyca M HOpucycTBo cerce. Kiumpenc

BaHKoMHIIMHA u3HOcHO je 3.63 I/h, a Bomymen muctpubymmje 118 | ognocno 1,96 I/kg.
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WuTtepunauBuayanHa BapujabuimHocT wu3Hocwia je  32,9%, a UHTpauHIWBHyalHA
BapujadbmaHoct 3,97 % (Gawmahani et al. 2018). YouaBamo aa je 1 BollyMeH TUCTPHOYIIHjE
Y KJIMPEHC BaHKOMUIIMHA 3Ha4ajHO Behm koj marujeHata ca Tajnanaga. Yumwennna je aa je y
HaIo] TOoMmynanuju 9 maryjeHata UMajo Cerncy, a y BHBHXO0BOj] 42 maldjeHTa, ITO je
MIPOIICHTYATHO BHIIIE TI0 OpOjy MaIlijeHara, ma ce OBO MOXe 00JaCHUTH YME-EHUIIOM J1a je Y
uHdekuju Behu BoyMeH auctpuOyije u kiauperc jgekosa (Gawmahani et al. 2018). Kox
nanujeHarta y JenuHunm uHTeH3uBHe Here y [llmanuju, monynanynona aHanu3a je rmokasasia jia
KJIMpeHC BaHkoMuimHa usHocu 3,42 |/h, a Bomymen muctpubymmje 0,41 1/kg. Ha xiaupenc
BaHKOMHMIIMHA YTHUY KIIMPCHC KpeaTWHWHA U TeJIeCHA TeXHHA narujeHata. OBU mojaly ce
OJIHOCE Ha MallMjeHTe ca MPOCeUHHM KiupeHcoMm kpeatununaa 70 ml/min (Llopis-Salvia et al.
2006). Pahena je cryamja y Bemukoj bputanuju Ha namujeHTHMMa ca KapIuOXUpPYpruje ca
HecTaOMITHOM peHaHOM (yHKIujoM. Bonymen auctpubyiije BankoMuiiaa uzHocuo je 90 |
a KIIMpeHC BaHKOMHUIIMHA je u3Hocuo 1,2 ml/min, ogrocuo 0,72 I/h. Youasa ce 1a je ko1 oBHX
nanMjeHaTa BOJYMEH IUCTpuOynuje 0uo BehM, a KIMpEeHC BaHKOMUIIMHA HUXXKHM HEro KOJ
Hanre Tpyme manujeHara (Staatz et al. 2005). YV ®panmyckoj je pahena cryauja Ha
nanujesTuma crapujum o 80 roauna. Ilpoceyan kmupeHc KpeaTHHUHA KOJl OBHX MallljeHaTa
ouo je 45,31 ml/min. TIpoceuan knupeHc BaHkomuimHa Ouo je 2,025 I/h, a Bomymen
auctpubytmje 36,28 I. [Ipoceuna crapocT maiyjeHara y HaIoj momyianuju jecte 67 roauHa
a mpocedan kiupeHc kpearnHuHa 1o Kokpodrt-T'ont ¢opmynu jecre 54,38 ml/min.
PesynrtaTtu oBe cTyauje Cy CIMYHM HAIIUM pPe3y/ITaTUMa, IITO Ce MOKE 00jaCHUTH THME Ja je
crynuja pal)eHa Ha MCTOj pacHl JbYIH, ca MPUIMYHO CIMYHUM KapaKTepucTUKama (KIHPEHC

kpearununa) (Bourgignon et al. 2016).
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O03upom a2 HEMa MyHO CTy/AWja U3 MOIyJaoHe (papMaKOKMHETHKE BAHKOMHIIMHA KOje ce
0aBe oApaciyuM MalMjeHTUMa jeIHE HalMje, a Jia MalMjeHTH HEeMajy OCHOBHO 000JbEHE IO
KOM CY YYECTBY]Y Y CTYIH]H, CTyauja Ha TajmaHay je jeaHa o pelieBaHTHH]UX 3a rnopeheme.
HcrpaxkuBaun ca Tajmanma mo0uiau cy aa je kaupeHc Bankomuiuaa 1,56 I/h, a nentpannu
BonymeHn guctpubymmje 0,542 1/kg. Y cBoM wucrpakuBamy m00MIM Cy H Jga je
WHTEpUHJUBUAYaIHa  BapujaOMIIHOCT 3a  KIuUpeHc  BaHkomuuuHa  35,78%, a
UHTpauHAnBUAyaTHa BapujabmiHocT 4,51 % (Purwonugroho et al. 2012). OHo miTo oaMax
yoyaBaMo je Ja je HMHTpauHAMBHAYyJIaHAa BapujaOMIHOCT 3HAYajHO Mama KOA HUX. 10
MOKEeMO 00jacHTH THME Ja Cy HallljeHTH KOjU Cy YYE€CTBOBAIH y CTyIUjU O€3 MyHO IPYrux
o0Jbeha W KOMEJWKaMeHaTa. Y TIONyJAl[MOHY aHalu3y BaHKOMHIIMHA Ha TajmaHay
VKJbYUEHHU Cy MalMjeHTH MpoceuHe ctapoctu 66,62 + 18,38 roanHa W mpocedHe TenecHe
texune 57,64 £ 11,62 kg. Ipoceuan kiaupenc kpeatiuauHa mo Kokpodt-T'oar dpopmynu 61o
je 35,07 £ 29,83 ml/min. V naroj nomynamuju, npocevHa TejlecHa TexuHa Ouna je 78,52 +
16,64 kg, crapoct manujenara 67,00 + 10,74 romuHa, @ MpOCeYHa BPEAHOCT KJIHMPEHCA
kpearunuHa 54,38 ml/min (Purwonugroho et al. 2012). 13 oBux mojaraka youyaBa ce jaa je
CTapOCT XOCHUTAIN30BAHUX MallMjeHaTa CIMYHA, ajlM Ja je TeJeCHa TeXHUHA MallujeHara y
Cp6uju Beha. IIpoceuna BpenHocT anOymuHa y nonynanuju Ha Tajmanny Owmia je 25,93 +
7,31 g/l, a y Cp6uju je 6umna 32,16 7,68 g/l. Youasa ce na cy nauujentr Ha Tajnanay Oumu
y Gsaroj xunoandoymunemuju. [Ipoceuna BpearHoct ACT-a usHocuna je 87,08 £ 177,71 1U/I,
AJIT-a 83,27 + 157,93 1U/l. V namoj nonynanuju npoceuna Bpeanoct ACT-a je 9591 +
54,49 1U/l, a AJIT-a 68,55 £ 31,00 IU/l. YoyaBamo na je BpemHOCT TpaHCAMHHA3a Yy

nomnysnamnujaMa CJIM4Ha, a Ja cy KIMPEHC KpeaTMHWHA U BOJYMEH JUCTpuOyIHje Majio Behu y
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nonynainuju ca Tajnanga. To 6u ce morio o0jacHuTH BehuM nporieHToM omrehema OyoOpera,
Tj. HIDKMM KJIHPEHCOM KpeaTHHHHA y nomyiamuju ca Tajmanga (Purwonugroho et al. 2012).
Kana ynmpeaumo pesynrare koje cmo mu noomnu y CpOuju m3mely nBe rpyne manujeHara,
OJIHOCHO TPyIYy MalyjeHaTa ca HOpMaJTHOM OyOpeXHOM (PYHKIIMjOM ca TPYIIOM TalyjeHara
ca OyOpe:)xHOM WHCY(QHUIIMjCHIIMjOM, youyaBaMO Ja je KJIMPEHC BaHKOMHUIIMHA Behu Kox
nalyjeHara ca HopMaTHOM OyOpexHOM (YHKIIM]OM, JIOK j€ BOJYMEH NUCTPUOYIIHje 3HaYajHO
Behu konmanujeHta ca omrehemem OyOpera. YouaBamMo W Ja je HWHTEPUHAMBHIyalTHA
BapujabunHocT Beha Koj manujeHara ca OyOpexHOM MHCY(UIM)EHIHjOM, IITO j€ JOTUYHO,
jep €y TH TalMjeHTH ca Pa3IUYUTHM CTeleHOM OyOpekHe (yHKIMje U pa3IuduTUM
KoMopOuautetuma. MHTpamnauuayanHa BapujabUIHOCT je cluyHa Kkox o0e rpyme
narujeHaTa, ajgi 003UpoM Jia CMO Y3UMAIIH jeJlaH y30paK KPBH IO MAIMjEHTY, HE MOXEMO
OUYCKUBATH aIlCOJIYTHY TAYHOCT OBUX I0JIaTaKa.

Hamm pesynrati nojprxasajy TEOpHjy Ja eTMMHHALIMja BAHKOMMIIMHA U3 OpPraHU3Ma 3aBUCU
0]l pa3InYUTUX (PAKTOpa KaKo KOJ| MalrjeHaTa ca HOpMaJIHOM OyOpeKHOM (DyHKIIM]OM, TaKo
U KOJ nanujeHata ca 0yopexxHoM uHcyuuujeHpjoM. Ha kimupenc Bankomunuza y Cpouju
KOJ1 TMalyjeHara ca HopMalaHoM OyOpeskHOM (DyHKIMjoM yTHde HUBO (UOpPHHOTEHa y KpBU
nalnMjeHata, JOK Ha KJIMPEHC BaHKOMMIIMHA KOJ| TMaiujeHata ca OyOpekHOM
MHCY(UIIM]SHLIMjOM YTUUY JHEBHA J103a Jieka 1 HuBo ACT-a. Ykonuko Hamla xunoresa Oyze
notBphena y 6ynyhHoctu Ha Behum rpymama manujeHara, jekapu Ou Tpebayo na obparte

MNaXXwky Ha OBC (baKTope MMPUIIMKOM TPpETMaHa BAHKOMUIIUHOM.
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6. 3AK/bYYAK

CripoBeZIcHUM HCTPAXKMBAKEM JOOMIIM CMO pe3ysTaTe M3 KOjUX Cy NMPOUCTEKIH cienehu
3aKJbYYIIN:

e KimpeHc BaHKOMHUIIMHA U HETOBY (papMaKOKHHETHYKY BapHjaOMIIHOCT Y TOMYyJIauju
nanyjeHata ca HOpMaimHOM OyOpekHoM (yHKIHjOM 3HadajHO ofpehyje HHUBO
¢bubpuHOreHa y cepymy naiyjeHara,

e JloOMjeHH MOJEN ce MOXE KOPUCTUTH 3a KOPUTOBam€ 03¢ BAaHKOMHULMHA KOJ
naryjeHara ca HopMaJHOM OyOpeKHOM (DYHKITH]jOM,

e JlHeBHa /032 TPUMEHCHOT BAaHKOMHIIMHA HHUje 3HAYajHO yTUIAJIA HA BPEIHOCT
KJIMpEHCa BAaHKOMHIIMHA KOJI MalijeHaTa ca HopMaiHoM (pyHKIjom OyOpera,

e KimpeHnc kpeaTnHIHA HHje 3HAYQJHO YTHUIIA0 HA BPEJHOCTH KIMPEHCAa BaHKOMHIIMHA
KOJ1 alyjeHaTa ca HopMaiaHoM (QyHKIMjoM OyOpera,

e ToauHe cTapocTH MalMjeHTa HHUCY 3HAYajHO yTUIAJE Ha BPEIHOCT KIMpPEHCa
BaHKOMMUIIMHA KOJI MaI[jeHaTa ca HopMaIHoM QyHKIIHjoM OyOpera,

e Komenukanuja ca HEPPOTOKCHYHUM JIEKOBHMA HHj€ 3HAYajHO yTUIlAJIa HAa BPEAHOCT
KJIMpeHCa BAHKOMMIIMHA KOJ MalfjeHara ca HOpMajaHoM GyHKIHjoM OyOpera,

e KiupeHc BaHKOMHUIIMHA U HETOBY (papMaKOKMHETHUKY BapHjaOMIIHOCT y TOMYJIaluju
nanyjeHara ca OyOpeXKHOM WHCY(PHUIIMJEHIIMjOM 3HAa4YajHO ojipehyje JHEeBHaA m03a

BaHKOMUIIMHA Ka0 ¥ HUBO acmapTaT aMUHOTpaHcepase y cepyMy MaiujeHTa,
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JloOmjeHn Mojen ce MOXe KOPHCTUTH 332 KOPUTOBAamE 03¢ BAaHKOMHUIIMHA KOJI
namyjeHara ca 0yopexHOM WHCY(QHIIH]CHIIH]OM,

JlHeBHaA 032 MPUMEHECHOT BAHKOMHIIMHA jECTE 3HAYajHO YTHIAJA HA BPEIHOCT
KJIMpEHCa BAHKOMHMITMHA KOJI MMalujeHaTa ca 0yope:KHOM MHCY(PHUIN]SHIIH]OM,
KnupeHc kpeaTMHHWHA HUjE 3HAYAjHO yTUIA0 HA BPEIHOCTU KIMPEHCa BAaHKOMHIIMHA
KOJI ManyjeHarta ca 0yopeskHOM HHCY(DHUIIN]EHITH]OM,

['omuHe cTapocTH ManyjeHTa HHUCY 3HA4YajHO YTHUIAJe Ha BPEIHOCT KIUpPEHCa
BaHKOMUITMHA KOJI TIAI[jeHaTa ca OyOpeKHOM WHCY(DHIIH]CHIIH]OM,

Komenukamnuja ca HEppOTOKCHYHUM JICKOBUMA HHjE 3HAYAJHO yTHIIA]a HA BPSIHOCTH

KIIMpEeHca BAaHKOMUIIMHA KOJI TalijeHara ca 0yope:xxHOM MHCY(DUIIM]SHIIU]OM.
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Panuna JKuskosuh 3apuh, moxkrop menunmne, pohena je 27.06.1987. rogune y [lpumruau.
['uMHa3Mjy, IpUPOAHO-MATEMATUYKU CMEp je 3aBpUIia y JaroAuHU ca OAJTUYHHUM YCIIEXOM.
Menununcku ¢akynrer YHubep3uteta y Kparyjeiy je ymucama mkojicke 2005/2006.
roguHe, a auruiomupana je mapra 2012. roguHe ca mpoceyHoM oueHoMm 8,97. Illkomncke
2012/2013. rogune ynucana je JlokTopcke akaneMcke cTyauje Ha DakynTeTy MeIUIIMHCKUX
Hayka YHuBep3utera y KparyjeBiy, u3bopHo mnoxapyyje KinuHuuka M excrepuMeHTaIHa
dapmakomnoruja. YcMeHU JOKTOPCKHU HCIHT MOJIokuia je neremopa 2015. roaune.

On 2012. mo 2014. romune BomoHTHpana je y Llentpy 3a mnactuuny xupyprujy, KIJ
Kparyjesarl.

On 2015. mo 2017. roguHe paduia je Kao capagHUK y HacTaBu Ha mnpeamery Cynacka
MeaunrHa Ha QakynTeTy MEAMIIMHCKUX Hayka YHuBep3uTeTa y Kparyjesiy.

TpenytHo je 3amocineHa Ha kareapu 3a dapmakonorujy u Tokcukonorujy daxynrtera
MEAMIIMHCKUX Hayka YHuBep3uTera y KparyjeBiyy y 3Bamy HCTpakuBada-mpumnpaBHuka. Ha
cnenvjanuzaunju je u3 Kimuunuke Qapmaxonoruje y Kinmunmukom nentpy Kparyjeai.
["oBopu eHrnecku, GpaHIlyCKd U HEMAUKH jE3HK.

O06jaBua je Bullle pazoBa y foMahuM M CTpaHUM yaconucuMa u3 obnactu Papmakosoruje.
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https://doi.org/10.2298/VVSP181010005Z.
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Streptococcus-a pneumonia-e. YKOJIHMKO C€ IpPUMEHYje OpallHO, HE arcopOyje ce u3
racTPOMHECTUHAIHOT TPAaKTa TE CE KOPHCTH 3a JICYCHE ICEY0MEMOPAHO3HOT KOJHMTHUCA.
[Tonymnamona ¢apMakOKMHETHKA BpPIIM TIPOLEHY M oJpehuBame Cpeamux BpPEIHOCTH
(dhapMaKOKMHETHYKUX MapaMeTrapa y oapeheHoj nomymamuju.

[{nsb OBe MOKTOpPCKE AMCEepTanuje je Aa ce yTBPAM KOju (aKTOpU YTHUYy Ha KIMPEHC
BaHKOMMIIMHA KaKO KOJ| TaIlMjeHaTa ca HOpMajTHOM OYyOpeKHOM (PYHKIIHMJOM, TaKO U KOJI
namujeHara ca 61aroM 0 yMepeHoM 0yOpesKHOM HHCY(UIN]SHIUjOM.

Marepujan u meroa: VcrpaxkuBame je cipoBeseHo Ha 156 manujenara Knmauukor nenrtpa
Kparyjesail. YuectBoBasio je 78 mainujeHara ca HOpMaaTHOM OyOpe:kHOM (YHKIIHjOM, Kao U
78 manujeHata ca 0yOpekHOM MHCY(DUIIM]JEHLIMjOM. Y3HMMaHa je KpB O] MallHjeHaTa HaKOH
HajMame TPU JaHa Tepanrje BAHKOMUIIMHOM M MEpeHa je KOHIeHTpauuja jJeka y LleHTpanHoj
naboparopuju. Takohe u3 kpBu oapehuBaHum cy octanu J1ab0OPaTOPUjCKH TMapaMETPH.
VY3umanu cy naemorpadcku mHojalM oJ MalyjeHaTta Kao MW MOJald O KOMEAMKAalWju U
nparehum Gonectuma y3 momoh MoceOHO CMUIBEHOr yNUTHUKA. CBU mapamMeTpu Cy Ha
Kpajy oopahuBann y HOHMEM-y.

Pesyararu: JloOwimm cMo na HMBO (pUOpHHOreHa yTHYe Ha KIMPEHC BAHKOMHIIMHA KOJ
nanMjeHaTa ca HopMaiaHoMm OyOpexxHoM (yHkiujoM. Takohe, HamM pe3ynTaTd cy Mmokasajiu
Jla Ha KJIMPEHC BAaHKOMMIIMHA KOJI MalMjeHaTa ca OyOpeXHOM HHCY(QHIIM]EHIUjOM YTUUY
JTHEBHA J103a BaHKOMMIIMHA Ka0 U HUBO acrapTar aMuHoTpaHcgepasze. Kpeatnnun y cepymy
Ka0 M KJIMPEHC KpeaTWHUWHA HHUCY YTHIAJIM Ha KIMPEHC BAaHKOMMIIMHA HM KOJ| jeHe Tpymna
nanujeHTa.

3aksbyuak: Kox manujenara ca HopMamHOM OyOpexHOM (DYHKIIMjOM HHBO (PHOpHMHOTEHA

yTHYe Ha KIUPEHC BAaHKOMUIIMHA, JOK KOJI MaldjeHaTa ca OyOpe:KHOM HHCY(DHUIIN]jSHIIN]OM
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yTHIIa] MUMa]y JHEBHA J03a BaHKOMHIIMHA M HHUBO acmapTtar amuHoTpaHcdepaze. To cy
pe3yaTaTH Koje KIMHUYapU MOTY KOPUCTUTH KOJ T03Upama BaHKOMUIMHA, Te cTora n3behu

cy0a03upaHe Kao U Mpe1o3upaHe MalujeHre.

Jlatym npuxBaTama teme o ctpane HHB - IT1: 31.05.2017.

JMatym oxpopane - 10:

Yianosu komucuje - KO:

1. Ipod. ap Caob6onan JankoBuh, penosuu npodecop Pakynrera MEAUITMHCKIX
Hayka YHuBep3uTera y Kparyjepiy 3a y)xe HayuHe oOnacti dapMakosioruja u
Tokcukosoruja u Knunuuka apmanuja, npeaceHuK

2. lIpod. np Harama Bophesuh, Banpennu npodecop dakynrera METULMHCKUX
Hayka YHuBep3urera y KparyjeBiy 3a yxy HayuHy oOnact dapmakosoruja u
TOKCHKOJIOTH]a, YIaH

3. IIpod. ap Paamuna BeanuxoBuh PanoBanoBuh, Banpennu mnpodecop
Menunusckor ¢akyntera YHuBep3urera y Humry 3a yxxy HayuHy obnact dapmaryja-

q)apMaKOKI/IHeTI/IKa, YJIaH
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ABSTRACT

Vancomycin is a glycopeptide antibiotic that acts bactericidally on most gram-positive
bacteria. In practice, it is most commonly used in methicillin-resistant staphylococcal
infections, as well as in penicillin-resistant Streptococcus pneumoniae. If vancomycin was
administered orally, it is not absorbed from the gastrointestinal tract and it is used to treat
pseudomembranous colitis. Population pharmacokinetics performs assessment and
determination of mean pharmacokinetic parameters in a particular population.

The goal of this doctoral dissertation is to determine which factors influence the clearance of
vancomycin in patients with normal renal function, as well as in patients with mild to
moderate renal insufficiency.

Material and methods: The research was conducted on 156 patients of the Clinical Center
Kragujevac. In the study participated 78 patients with normal renal function and 78 patients
with renal insufficiency. Blood from patients was taken after at least three days of
vancomycin therapy and the concentration of the drug was measured in the Central
Laboratory. Other laboratory parameters were also determined from the blood. Demographic
data from patients, as well as data on comedications and accompanying diseases were taken
with the help of a specially designed questionnaire. All parameters were finally processed in

NONMEM.
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Results: We have found that the level of fibrinogen affects the clearance of vancomycin in
patients with normal renal function. Also, our results have shown that the clearance of
vancomycin in patients with renal insufficiency affects the daily dose of vancomycin as well
as the level of aspartate aminotransferase. Serum creatinine as well as creatinine clearance
did not affect the clearance of vancomycin in any patient group.

Conclusion: In patients with normal renal function, fibrinogen levels affect the clearance of
vancomycin, while in patients with renal insufficiency, the daily dose of vancomycin and the
level of aspartate aminotransferase are affected. These are the results that clinicians can use

in dosing vancomycin, and therefore avoid subdosage as well as overdose patients.
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Oopazay 1

H3JABA AYTOPA O OPUTHHA/THOCTH JIOKTOPCKE /THCEPTALIHJE

Ja, Papuna X)KuskoBuh 3apuh , M3JaBJbyjeM J1a TOKTOPCKa

JUcepTallfja MmoJI HacJIOBOM:

I[TOITYJIAIIMOHA ®APMAKOKMHETHUKA BAHKOMUNIINHA KO/]
OJPACIINX XOCIIMTAJIM3OBAHUX ITALIUJEHATA

Koja je onOpamena Ha DakylITeTy MEIUIIMHCKUAX HayKa

VYuusepsuteta y KparyjeBily npeacraBiba opucuHaino aymopcko 0eno HacTallo Kao pe3yaTar

COncmeeHoe ucmpastcueaixkoe pada.

Osom H3zjasom makohe nomephyjem:

® J1a caM jeOuHu aymop HaBeAeHe JOKTOPCKE JHcepTalyje,

® Ja y HaBeJI€HOj JOKTOPCKO] AUCEPTALM]H HUCAM U38PUILO/IA NO8PedY AYTOPCKOT HUTH
JpYTOT MpaBa UHTEJIEKTyaJIHe CBOJUHE APYTHX JINIA,

e J1a YMHOKEHU NPUMEPAK JOKTOPCKE IUCEPTaLlM]j€ Y IITAMIAHO] U €JIEKTPOHCKO] OopMU

y 4MjeM ce TpUJIOTY Hajla3u oBa M3jaBa cajpku JOKTOPCKY JUCEPTAIM]y UCTOBETHY
0JI0pameH0]j TOKTOPCKOj AUCEPTALIH]H.

VYV Kparyjesuy , 22.1.2019. romgusne,

MOTIIHMC ayTopa



Oopazay 2

H3JABA AYTOPA O HCKOPHUHIITRABAIL Y /IOKTOPCKE /IUCEPTALTHUJE

Ja, Panuna XKuskosuh 3apuh

[]| mosBosbaBam

HEC J03BOJbaBaM

VYHuBepauteTckoj 6ubnuorenu y Kparyjesiy na HauMHM ABa TpajHa YMHOXEHA IpUMEpKa y

SJIIEKTPOHCKO] (POPMH JTOKTOPCKE JUCEPTAIH]e TIO]] HACTIOBOM:

I[MTOITYJIAHMOHA ®APMAKOKHNHETUKA BAHKOMUIIMHA KO/
OUAPACIINX XOCIIUTAJIMSOBAHUX ITALIMJEHATA

Koja je omOpamena Ha PakynTeTy MEIMIMHCKUX HayKa

VYuuBep3utera y Kparyjesiy, u To y LIeTMHH, Kao U Jia M0 jeJjaH MPUMEpPaK TaKO YMHOXKEHE
JNOKTOPCKE JucCepTalije Y4YMHU TPAjHO JOCTYIIHUM JaBHOCTU IYT€M JUTHUTATHOT
penozutoprjyma YHuBep3utTera y KparyjeBily U HEHTpaTHOT PENO3UTOpHjyMa HaIJICKHOT
MHUHHCTapCTBa, TAKO J1a MPUIMATHULM JABHOCTH MOTY HAUMHUTH TPajHE YMHOXKEHE MpUMEpKe

y €JIeKTPOHCKO] (OpPMHU HaBeJleHe JOKTOPCKE AUCepTaLje IYyTEM npey3umarsa.

OBom M3jaBoM Takohe

[]| mosBosbaBam

He JI03BOJbaBaM’

! Vkonuko ayrop uzabepe a He JJ03BOJIM IIPUNAIHUIMMA jABHOCTH JIa TAKO JOCTYIIHY JOKTOPCKY JUCEPTALHU]Y
KOPHCTE 01 yCIIoBUMa yTBpYeHuM jenHom on Creative COmMmMONS THLEHIH, TO HE HCKIbY4Yje MPABO MPUNAAHHKA
JaBHOCTH J1a HaBeJICHY JOKTOPCKY JIMCEPTallljy KOPUCTE y CKJIay ca oJpeadaMa 3aKoHa 0 ayTOPCKOM U CPOJTHUM
IIpaBUMa.



MPUMAIHUIIIMA JaBHOCTHU J]a TAKO JOCTYITHY JOKTOPCKY IHUCEPTAIH]y KOPHUCTE MO YCIOBUMA

yrBphenum jemqnom of ciaeaehux Creative Commons muiieHIu:

1) AyropcTBO

2) AyTOpCTBO - JENUTH O]l UCTUM YCIIOBUMA

3) AytopcTBo - 6e3 pepaja

4) AyTOpCTBO - HEKOMEPITHjAITHO

5) AyTopcTBO - HEKOMEPIIH]AJTHO - ACITUTH MO HCTUM yCIIOBHMA

6) AyTOpCTBO - HEKOMEPIIHjaIHO - 6e3 Impepaa’

VY Kparyjesny . 22.1.2019.  rogumne,

HOTIIAC ayTopa

2 Monumo ayTtope Koju cy m3abpaiu 1a J03BOJIE TPHNAJHUIMMA jABHOCTH Jia TakO JIOCTYIHY JOKTOPCKY
JIMCepTalNjy KOPHUCTE 101 yciIoBMMa yTBpheHnM jenHom o Creative Commons nmuneHIu aa 3a0KpyKe jeAHY 01
nonyhenux auuenuu. Jletaspan caapxaj HaBeJICHHUX JULEHIM JOCTynaH je Ha: http://creativecommons.org.rs/
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Abstract: There are many determinants of vancomycin
clearance, but these have not been analyzed separately in
populations with different levels of renal function, which
could be why some important factors have been missed.
The aim of our study was to compare the pharmacoki-
netic parameters and factors that may affect vancomy-
cin pharmacokinetics in groups of patients with normal
renal function and in those with chronic kidney failure.
The study used a population pharmacokinetic modeling
approach, based on plasma vancomycin concentrations
and other data from 78 patients with chronic kidney
failure and 32 patients with normal renal function. The
model was developed using NONMEM software and vali-
dated by bootstrapping. The final model for patients with
impaired kidney function was described by the following
equation: CL (L/h) = 0.284 + 0.000596 x DD + 0.00194 x
AST, and that for the patients with normal kidney function
by: CL (L/h) = 0.0727 + 0.205 x FIB. If our results are con-
firmed by new studies on two similar populations, these
factors could be considered when dosing vancomycin in
patients with chronically damaged kidneys, as well as in
patients with normal kidneys who frequently require high
doses of vancomycin.

Keywords: Vancomycin; Population pharmacokinet-
ics; Renal insufficiency; Non-linear mixed effects model
(NONMEM)
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1 Introduction

Vancomycin is a hydrophilic antibiotic of the glycopeptide
class that cannot pass cell membranes by simple diffusion
[1]; therefore, it has to be administered intravenously to
achieve systemic action. After intravenous administration
it is distributed in extracellular space with an apparent
volume of distribution of 0.4-1 L/kg. Approximately 10%
to 50% of the drug in plasma is bound to albumin [1,2].
Inflammation increases penetration of vancomycin to the
central nervous system, resulting in increased intersti-
tial fluid concentrations (e.g., from 0-3.45 mg/L in brain
tissue of healthy adults to 6.4-11.1 mg/L in the brain of
patients with meningitis) [3]. About 80%—-90% of a vanco-
mycin dose is excreted in urine as the unchanged drug; its
clearance is about 2.64 1/h [4].

A number of studies describe the pharmacokinetics
(PK) of vancomycin and factors that influence its phar-
macokinetics. The study conducted in Spain suggested
that clearance of creatinine and mechanical ventilation
are related to vancomycin clearance [5]. Another study
by Chinese authors discovered that serum creatinine and
albumin infusion were significant covariates of vancomy-
cin clearance [6]. Interestingly, patients with hemorrhagic
stroke had higher values of vancomycin clearance [7].
Renal function was identified as an important determi-
nant of vancomycin clearance in several other studies, but
only in some studies it was observed that declining cre-
atinine clearance with old age contributed to decreased
vancomycin clearance [8]. However, determinants of van-
comycin clearance were not analyzed separately in popu-
lations with different levels of renal function, which could
be why some important factors could have been missed.
The aim of our study was to compare the pharmacokinetic
parameters and factors that may affect vancomycin phar-
macokinetics in groups of patients with normal and those
with mild/moderately impaired renal function.

3@ Open Access. © 2018 Radica Zivkovic Zaric et al., published by De Gruyter. This work is licensed under the Creative Commons Attribution-

NonCommercial-NoDerivatives 4.0 License.
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2 Methods

2.1 Patients and data

The study took place at Clinical Center Kragujevac,
Serbia, a tertiary care health facility with 1,200 beds, and
was conducted from March 1%, 2016 until October 31,
2017. The two groups of study patients comprised those
with normal renal function (n = 32) and those with mild
to moderate chronic renal failure (n = 78). Demographic
and other characteristics in the study groups are shown
in Table 1. The inclusion criteria were: age over 18 years,
normal kidney function (Clcr=90ml/min) or mild to mod-
erate kidney failure (Clcr from 30 to 89 ml/min); and
intravenous administration of vancomycin for at least 3
days without changes in the daily dose. Patients excluded
were those with severe kidney failure (Clcr < 30 ml/min,
those on dialysis; those younger than 18 years; those who
received vancomycin for fewer than 3 days, and those who
received vancomycin orally. All patients were prescribed
intravenous infusion of vancomycin by their physicians
independently from the study investigators, including
determination of dose. Vancomycin was measured in
serum samples taken from the patients at various time
points during the dosing interval, but always after five
dose intervals, i.e., after a steady-state was established.
Serum concentrations of vancomycin were measured by
immunoassay on Cobas® e601 analyzers (Roche Diagnos-
tics, Mannheim, Germany), according to the manufac-
turer’s instructions. In the group of patients with normal
kidney function, 27 serum concentrations were recorded
and 5 blood samples were taken 1h to 3h after administra-
tion. In the group of patients with kidney failure, 57 blood
samples were taken before the drug administration and 21
blood samples were taken 1h to 3 h after administration.
The study protocol was approved by the Ethics Committee
of the Clinical Center Kragujevac (N° 01-1267); informed
written consent was obtained from all participants before
the study procedures were undertaken. Principles of the
Helsinki Declaration concerning protection of human
subjects in clinical trials were strictly followed during the
study.

The patients’ data were collected from their histo-
ries; these data included records related to patient demo-
graphic characteristics (body weight, age, and sex); values
of laboratory tests (creatinine clearance, serum albumin,
total bilirubin, aspartate aminotransferase (AST), alanine
aminotransferase (ALT), C-reactive protein (CRP), fibrin-
ogen (FB), pro-brain natriuretic peptide (proBNP)); and
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clinical data (length of vancomycin administration, pres-
ence of sepsis, and concomitant medication).

2.2 Population pharmacokinetics analysis

The data were analyzed separately for the two study
groups, using NONMEM software version 7.3.0 (Icon
Development Solution, MD,) with the FOCE (first-or-
der conditional estimation) approach with interaction
between parameters integrated in our population phar-
macokinetics (PPK) modeling [9]. We evaluated two struc-
tural models (one-compartment and two-compartment)
in accordance with the literature data related to vancomy-
cin pharmacokinetics. The base model was selected based
on the range of the minimum objective function (defined
as -2 multiplied by the log-likelihood - MOF) and by visual
inspection of diagnostic plots. Subroutines ADVAN3
and TRANS4 were used in a two-compartment model to
describe pharmacokinetics of vancomycin and its clear-
ance fromthe central compartment. Our model assumed
normal distribution of the individual pharmacokinetic
parameters. At this phase of the study, we also investigated
different models of error to report for both inter-individual
and residual variability. The inter-individual variability
was tested using additive and exponential error models,
whereas residual variability was tested using an additive,
exponential, constant coefficient of variation (CCV) and
combined (additive and CCV) error models.

The following demographic, clinical, and laboratory
test data were collected for evaluation as potential covar-
iates: total body weight (TBW), age and sex of patients,
length of vancomycin administration, presence of sepsis,
polytrauma, total daily dose of vancomycin, creatinine
clearance, serum albumin, total bilirubin, AST, ALT,
CRP, fibrinogen, proBNP and co-medication with colistin
(COL), furosemide (FUR), piperacillin /tazobactam (PT),
nonsteroidal anti-inflammatory drugs (NSAIDs), heparin
(HEP) and angiotensin-converting enzyme (ACE) inhibi-
tors. All continuous variables examined in the study were
not parameterized. The covariate model was built in step-
wise manner where each covariate was added one at a
time in a linear or nonlinear manner. To estimate whether
a covariate had significant influence on vancomycin
clearance, we used change in the MOF values and visual
inspection of plotsin comparison to the base model. The
decrease in the MOF produced by inclusion of a covari-
ate for at least 3.84 (p<0.05, d.f.=1) and also improvements
of the plots were main criteria for inclusion of a covariate
in the full model. The full model was created by placing
all significant covariates at the same time. This model
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was further tested by the backward deletion process for
each covariate, one at a time, to obtain the final model.
An increase in the MOF of at least 6.64 (p<0.01, d.f.=1)
was used as the main criterion for retaining a significant
covariate in the final model.

To validate the derived population pharmacokinetics
(PPK) model and estimate its predictive performance, we
applied a bootstrapping analysis. This non-parametric
method is a re-sampling technique that includes large
number of data replications (several hundreds or thou-
sands) with replacement from the index set using individ-
ual patients as the sampling unit. Each of the bootstrap
data sets was fitted to the final model to obtain the boot-
strap estimated values of pharmacokinetic parameters,
and their variability was tested using NONMEM soft-
ware. The mean values of estimated PK parameters and
2.5th—97.5th percentile of the bootstrap data set were com-
pared to the final pharmacokinetic parameter estimates.

2.3 Statistics

Primary data were described by measures of central ten-
dency (mean) and dispersion (standard deviation and
range). Estimates of the model coefficients were calcu-
lated and presented as means with 95% confidence inter-
vals (+ 1.96 x standard error of the estimate). For estimates
obtained by bootstrap analysis, 2.5% and 97.5% percen-
tiles were also calculated and presented. All calculations
were performed by SPSS for Windows, version 18. Differ-
ences between groups were measured by nonparametric
tests.

3 Results

The baseline demographic, laboratory, and clinical data
of the study groups are shown in Table 1. Mean values of
total body weight were similar (78.52kg and 81.37kg) for
patients in both groups (Mann-Whitney U Test, p>0.05),
whereas the mean value for age was higher in the group
with impaired renal function (67.00 versus 59.15years)
(Mann-Whitney U Test, p<0,05). Vancomycin was admin-
istered intravenouslyto all patients, but the length of drug
administration and its mean daily dose were different
between the groups. Patients with impaired renal function
werereceiving lower daily doses of vancomycin (1.65+0.54g/
day) for longer time periods (up to 23 days) compared to
patients with normal renal function(Mann-Whitney U
Test, p<0,05). A two-compartment model best described
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serum vancomycin concentration-time data in the base
data set. Analysis of various types of error showed that an
exponential model best described the inter-individual var-
iahility, whereas an additive error type was more appropri-
ate for residual error in both base models. The estimated
typical population clearance of vancomycin was lower in
the patients with normal renal function (0.655 L/h) com-
pared to the patients with impaired renal function (1.31
L/h). In the base models, the central volume of distribu-
tion was 3-times larger in the group with renal impairment
(22.7L vs. 7.12L). Inter-individual variability and residual
variability were expressed as the coefficient of variation
(%). The group with normal renal function had values of
37.41% and 22.64% for inter-individual and residual var-
iability of vancomycin clearance, respectively. Inter-indi-
vidual and residual variability of the drug clearance were
57.65% and 22.64% in the patients with impaired renal
function, respectively.

The effects of in total twenty-four covariates on PK
parameters were explored in the base models of both
groups, with one covariate more (presence of polytrauma)
in patients with normal renal function (Table 1). The full
PPK model of vancomycin clearance had four significant
covariates (fibrinogen, presence of polytrauma, creati-
nine clearance estimated by CKDepi, MDRD) in the group
of patients with normal renal function, and three signif-
icant covariates in patients with mild-to-moderate renal
failure: a daily dose of vancomycin, aspartate aminotrans-
ferase, and co-medication with aminoglycoside antibiot-
ics. However, after backward deletion, only three covari-
ates remained as significant determinants of vancomycin
clearance in both groups:

CL (L/h) = 0.0727 + 0.205 x FIB (normal renal function)

CL (L/h) = 0.284 + 0.000596 x DD + 0.00194 x AST
(impaired renal function)

The goodness-of-fit plots indicated fair fit of the data from
the final regression model. Population-predicted (PRED)
values of vancomycin concentrations versus its observed
concentrations (DV) in the base model and the final model
for patients with normal and impaired renal function are
shown in the Figures 1 and 2, respectively.

Estimates of parameters in the final models are shown
in the Tables 2 and 3. The final models led to reduction of
objective function values for 9.517 and 43.247 units in com-
parison to the base models of vancomycin clearance in
groups with normal and impaired renal functions, respec-
tively. Moreover, decrease of variability was recorded in
the final models. Inter-individual and residual variabil-
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Table 1: Baseline demographic, laboratory and clinical data from the study groups.

Characteristics Index set Range for the Index set Range for the
(mean values index set (mean values index set
standard deviation) - standard deviation) -
patients with impaired patients with normal
kidney function kidney function

Number of patients 78 32

Number of observations 78 32

Gender (male/female) 46/32 21/11

Total body weight (kg) 78.52+16.64 60-180 81.37+10.11 60-103

Age (years) 67.00£10.74 33-86 59.15+14.46 27-86

Vancomycin dose (g/day) 1.65+0.54 0.5-3 1.9320.43 1-3

Length of vancomycin administration (day) 6.23%3.27 3-23 5.78+2.76 3-15

Creatinine in serum (mmol/l) 128.24+47.21 57-250 61.59+17.12 32-99

Creatinine clearance-CKD epi ( ml/min) 50.00£19.35 21.9-89.5 99.84+12.58 90-120

Creatinine clearance -MDRD (ml/min) 53.07+20.59 23.9-121.2 108.53+15.62 72-120.0

Creatinine cl -Cockroft-Gault (ml

mr;a; inine clearance-Cockroft-Gault (ml/ ¢\ 5017 79 30-87 112.90£10.94 90-120

Serum albumin (g/1) 32.16.£7.68 13-45 34.70.£7.68 19-46

Total bilirubin (ug/l) 12.09+8.49 4.4-69.0 33.35£94.59 4.5-493.5

AST concentration (IU/1) 95.91+543.49 9-4810 26.68+17.64 13-99

ALT concentration (1U/1) 68.55+317.00 5-2790 24.96%16.47 4-89

C-reactive protein (mg/) 94.36281.22 1.04-423.5 104.91+85.88 5-292

Fibrinogen (g/0) 3.68+1.55 1.59-9.4 3.21+0.89 1.81-6.77

proBNP (pg/ml) 1593.44+5575.45 300-35000 307.90+63.40 209-644

Presence of sepsis (yes/no) 9/69 2/30

Presence of polytrauma 2/30

Vancomycin + comedication with:

Colis¥in 5 (6%) 5 (15%)
Furosemide 29 B37%) 7(21%)
. s 7 (8.9%) 1(3%)
Piperacillin/tazobactam
15 (19%) 12 (37%)
NSAIDs
Aminoglycosides 4(5.1%) 1G%)
o ariiy 49 (62%) 16 (50%)
P 16 (20%) 7 (21%)

ACE inhibitors

ity were 24.65% and 22.64%, respectively, in the group of
patients with normal renal function. Conversely, inter-in-
dividual variability was 38.02% and residual variability
21.45% in patients with impaired renal function. Two
hundred bootstrap runs were included in the bootstrap
analysis for validation purposes. Tables 2 and 3 show sum-
maries of parameter estimates and their 95% confidence
intervals for the final PPK models. Mean values of param-
eter estimates using the bootstrap method were compara-
ble with the values obtained from the original NONMEM
analysis, indicating accuracy and stability of the models.

4 Discussion

Our study showed difference in factors affecting clearance
of vancomycin among patients both with normal and
reduced renal function. Main determinants of vancomy-
cin clearance in patients with normal renal function were
levels of fibrinogen in plasma, whereas elimination of
the same drug in patients with mild or moderate chronic
kidney failure was influenced by daily dose and serum
levels of AST.
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Figure 1: Predicted vancomycin concentrations versus measured concentrations for population with normal kidneys in the base model (A)

and the final model (B), respectively.
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Figure 2: Predicted vancomycin concentrations versus measured concentrations for population with impaired kidney function in the base
model (A) and the final model (B), respectively

Table 2: The final model parameter estimates in population with normal renal function

Parameter NONMEM Bootstrap analysis

Estimate 95% CI* Estimate 95% CI**
Clearance of vancomycin - CL (L/h) 0.0727 0.0586-0.0868 0.0754 0.0599-0.0909
Central volume of distribution — V1 (L) 7.47 5.90-9.04 7.55 5.87-9.23
Fibrinogen (g/L) 0.205 0.156-0.254 0.201 0.143-0.259
Interindividual variance of clearance - w2CL  0.059 0.042-0.076 0.056 0.032-0.080
Residual variance - 2 0.05 0.026-0.074 0.055 0.024-0.086

* (Estimate)+1.96*(standard error of the estimate)

** 2.5th and 97.5th percentile of the ranked bootstrap parameter estimates

Although serum values of AST and ALT in our patients
with chronic renal failure were within the normal limits
in most cases (mean AST and ALT values were above the
upper limit of normal values in only 6.7% of patient), the
actual level of AST was linked with extent of vancomycin
clearance. It has recently been shown that reduced serum
aminotransferase levels (within the normal limits) were
proportional to the decrease of the glomerular filtration
rate in chronic kidney disease patients [10], which might
explain why the opposite was observed in our study: AST

levels were associated with elevated vancomycin clear-
ance in the final model.

Higher doses of vancomycin were associated with
larger clearance of vancomycin and lower trough-serum
concentration of vancomycin in our study. This result is
not the first one reported, as complex relationship between
vancomycin dose and mode of administration on one
side, and its plasma concentrations and clearance on the
other side has been observed in many studies [11]. Cam-
passi et al. demonstrated that patients with augmented
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Table 3: The final model parameter estimates in population with impaired renal function

Parameter NONMEM Bootstrap analysis

Estimate 95% CI* Estimate 95% CI**
Clearance of vancomycin — CL (L/h) 0.284 0.216-0.352 0.281 0.216-0.343
Central volume of distribution — V1 (L) 29.9 23.86-35.94 30.7 22.69-38.71
Daily dose (mg/day) 0.000596 0.00045-0.00074 0.000602 0.000444-0.00076
AST (IU/L) 0.00194 0.00122-0.00266 0.00191 0.00121-0.00261
Interindividual variance of clearance - w2CL 0.135 0.092-0.178 0.137 0.082-0.192
Residual variance - 02 0.045 0.021-0.069 0.041 0.019-0.062

* (Estimate)+1.96*(standard error of the estimate)

** 2.5th and 97.5th percentile of the ranked bootstrap parameter estimates

renal clearance had lower serum concentrations of van-
comycin during the first days of therapy despite higher
doses, and none of the patients reached therapeutic levels
on the first day of therapy [12]. Some authors have pro-
posed that increased loading doses and higher dose fre-
quencies or continuous infusions are necessary to achieve
higher success rates [13]. On the other hand, vancomycin
serum concentrations during the first days of therapy will
also depend on creatinine clearance, and low creatinine
clearance levels can result in supratherapeutic vancomy-
cin concentrations [14]. One of the possible explanations
of the relationship between higher doses of vancomycin
and its larger clearance could be reduced reabsorption of
vancomycin from ultra-filtrate resulting from the tubular
toxicity of this drug. Indeed, necrosis of tubular cells has
been confirmed in histological studies of kidney biopsies
taken from the patients who experienced vancomycin-in-
duced renal toxicity, and vancomycin is both secreted and
reabsorbed by renal tubular cells [15,16]. In addition, a
correlation between daily doses of vancomycin and renal
toxicity was demonstrated when some authors used daily
doses up to 4 grams [11].

There are many reports about increased clearance of
hydrophilic antibiotics like vancomycin in patients with
sepsis, provided that renal function remains unaffected
by complications of the infection itself [17]. Increased
heart output and hyperkinetic circulation increase per-
fusion of kidneys, elevating the glomerular filtration rate
and bringing a greater number of drug molecules to the
tubule lumen; if a molecule of an antibiotic is hydrophilic,
it could not be reabsorbed and will be excreted in the
urine. Therefore, it is not surprising that plasma levels of
fibrinogen, which is elevated in infection [18], are associ-
ated with clearance of vancomycin (which is a hydrophilic
drug)—i.e., increased fibrinogen levels and increased van-

comycin clearance go together. Indeed, the mean serum
level of C-reactive protein, another marker of sepsis, was
above 100 mg/l in patients with normal renal function
(104.91+85.88 [SE] mg/1). Although sepsis was present in
our patients with renal failure as well (mean CRP 95.4 +
9.2 [SE] mg/1), their vancomycin clearance remained unaf-
fected by its extent (fibrinogen did not enter final model),
as increased renal perfusion could not result with large
enough increasein the glomerular filtration rate.

Authors in Thailand have found a relationship
between creatinine and vancomycin clearance [19].
Similar results were also described by authors in other
countries [20-22]. We did not observe this relationship in
our patients; furthermore, other studies supported our
observation [23, 24]. The existence of a nonrenal mech-
anism for vancomycin elimination may explain the rela-
tively high values of vancomycin clearances observed in
patients with compromised renal function. Hepatic con-
jugation of vancomycin would seem the most possible
nonrenal route of excretion. The vancomycin particle has
a molecular weight of 1,450 and has structural chemical
groups for essential conjugation with other compounds
[25]. Some authors have reported measurable vancomycin
concentrations in the bile after intravenous administra-
tion of vancomycin, which also supports the possibility of
an extrarenal path for vancomycin elimination [26].

In some earlier pharmacokinetic studies, it was sug-
gested that patients with malignancy had increased
clearance of vancomycin [25]. Conversely, other authors
reported that patients with acute myeloid leukemia had
lower clearance of vancomycin [26]. It was also noted
that body weight may affect clearance of vancomycin,
as an increase in weight was related to higher values of
both clearance and volume of distribution [27, 28]. Finally,
some authors showed that furosemide may influence van-
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comycin clearance, whereas others concluded that con-
comitant drugs had no influence on clearance [29, 21].

The main limitations of our study are the relatively
small number of patients, and only one measurement of
vancomycin concentration per patient. This could be a
reason why so many covariates with significant influence
after univariate analyses were eliminated in the backward
deletion phase, indicating a wider array of influences on
vancomycin clearance than we were unable to demon-
strate.

5 Conclusion

In conclusion, our study generates the hypothesis that
elimination of vancomycin is dependent on different
covariates in patients with normal renal function and
mild-to-moderate chronic kidney failure. Clearance of
vancomycin in patients with chronically impaired kidney
function was positively correlated with the administered
daily dose of that drug and significantly increased by
serum level of AST. Clearance of vancomycin in patients
with normal kidney function was increased in patients
with higher levels of fibrinogen. If our hypothesis is con-
firmed by future studies using two similar but larger pop-
ulations, when dosing vancomycin, clinicians should
account for the differences between the populations in
factors that have influence on clearance of this drug.
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Abstract

in a sample of outpatients with headache.

explore the underlying construct.

dimension in this sample.

Background: The Comprehensive Headache-related Quiality of life Questionnaire (CHQQ), is a recently developed
and validated instrument, intended for measuring quality of life of patients with all headache types. Currently no vali-
dated headache-specific quality of life questionnaires are available in Serbian. The aim of this study was to translate
the CHQQ from Hungarian to Serbian, to make necessary cultural adaptations and to test its psychometric properties

Methods: The CHQQ was translated and adapted according to internationally accepted guidelines, and then

tested on a sample of 216 Serbian headache patients (171 females and 45 males, mean age 42.3 years/SD 13.35;
range 18-75). The majority of patients suffered from episodic tension-type headache (TTH); 27 (12.5 %) had episodic
migraine. We calculated the internal consistency (Cronbach'’s alpha), criterion validity (correlations of individual items,
dimensions and whole questionnaire with the clinical characteristics of headache), convergent validity (correlations of
the abovementioned scores with results of other instruments measuring headache severity and impact), and dis-
criminative validity (comparison of the scores in the two diagnostic groups) of the CHQQ. We used factor analysis to

Results: The Serbian translation of CHQQ showed excellent internal consistency, both for the whole instrument
(Cronbach’s alpha 0.937) and its dimensions. The validity of the instrument in all aspects (criterion, convergent and dis-
criminative validity) was also excellent when the whole sample and the subgroup of patients with TTH were analyzed,
while the results for patients with migraine were less favorable. Factor analysis suggested the existence of a single

Conclusions: The Serbian translation of CHQQ is as reliable and valid specific instrument for measuring headache-
related quality of life in patients with TTH and probably in patients with migraine.

Keywords: Headache, Migraine, Quality of life, Questionnaire

Background

Headache is one of the most prevalent disorders in
almost all age groups all over the world and is a promi-
nent cause of disability. In the latest edition of the Global
Burden of Disease Study, migraine alone was the 6th
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and indicate if changes were made.

highest cause of disability worldwide, and medication
overuse headache was the 18th, making headache dis-
orders the third () most important cause of worldwide
disability (Steiner et al. 2015). This, in part, is explained
by the high prevalence of headache disorders: among the
adults the 1-year prevalence of migraine is 10-18 %, and
that of tension-type headache is 31-90 % (Zebenholzer
et al. 2015). Patients suffering from headache lose a lot
of workdays and cannot engage in many social, family or
leisure activities, all of which have substantial negative
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impact on quality of life. Headaches, especially chronic
headaches, also have a significant psychiatric comorbid-
ity with increased risk of anxiety, depression, panic dis-
order, and suicide attempts, as reviewed in Pompili et al.
(2010). The comorbidity with these psychiatric conditions
may lead to less favourable outcomes and has a negative
influence on the perceived quality of life and disability of
the sufferers (Lanteri-Minet et al. 2005; Risal et al. 2016).
The treatment of headache is nowadays targeted not only
towards absence of pain, but to overall improvement in
quality of life (Freitag and Schloemer 2014).

Measuring quality of life (QOL) in patients with head-
ache is important for research purposes and is frequently
used as a secondary endpoint in interventional stud-
ies. Assessing QOL may also be important because it
reports the subjective experience of the patient, giving a
unique insight into the way the headache would affect the
patient’s daily life. In this respect, QOL instruments may
complement the information of the patients’ conditions
given by headache diaries and headache severity scales.

There are several specific instruments for measuring
quality of life in patients with headache, but the major-
ity of them were developed for use in patients with
migraine, leaving patients with other headache types
without a suitable tool. This limitation was recently over-
come by development and validation of the Compre-
hensive Headache-related Quality of life Questionnaire
(CHQQ) which is intended for use in all headache types
(Manbhalter et al. 2012). The CHQQ contains 23 items
probing various aspects of daily life that had been found
important by a panel of headache experts and patients
(Manhalter et al. 2012). Based on the 23 items, three
dimensions (physical, mental and social) and a total score
are calculated and transformed to a 0-100 scale (100
representing the best possible QOL) as is the usual prac-
tice in reporting QOL. The original Hungarian CHQQ
scale showed adequate reliability, criterion and conver-
gent validity in migraineurs and tension type headache
patients (Manhalter et al. 2012), with migraineurs hav-
ing significantly lower scores (worse QOL) in 16 of the
23 items, all dimensions and total score, as expected. The
preliminary results of CHQQ’s validation in 60 patients
suffering from cluster headache were also encourag-
ing, with excellent reliability and adequate criterion and
convergent validity (Ertsey et al. 2015a). The CHQQ was
recently found to be responsive to the effect of treatment
in a pilot study of patients suffering from medication
overuse headache (Gytire et al. 2014). Taken together, the
CHQAQ seems to be suitable for every-day use in clinical
practice.

The current study reports the first validation effort of
CHQQ in a foreign language. At present, there are no
cross-culturally validated versions of CHQQ in other
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languages: translations in English, Farsi and Urdu are
being tested in the USA, India, Iran and Pakistan, respec-
tively (Ertsey et al. 2015b).

Currently, there are no available Serbian translations
with trans-cultural adaptations of headache-specific
quality of life measurement instruments, so researchers
in Serbia use only basic clinical tools when investigating
patients with headache (Stojimirovic et al. 2015).

The aim of our study was to translate the Compre-
hensive Headache-related Quality of life Questionnaire
(CHQQ) from Hungarian to Serbian, to make necessary
cultural adaptations and to test its psychometric proper-
ties in a sample of outpatients with headache.

Patients and methods

Patients

The study included outpatients of a primary care Health
Center in Kragujevac, Serbia, who consecutively vis-
ited their general practitioners from February to June
2015. We only included patients who had previously
been diagnosed by a neurologist either with episodic
migraine (with or without aura; ICHD-II codes 1.1 and
1.2) or (with episodic tension-type headache; ICHD-II
code 2.1) (Headache Classification Subcommittee of the
International Headache Society 2004). The patients with
the following diagnoses were excluded from the study:
rare adult migraine subtypes, probable migraine, prob-
able tension-type headache, analgesic abuse, moderate
to severe liver or kidney failure, untreated hypertension,
refractive disorders and chronic pain syndromes. Patients
with mood or anxiety disorders were not excluded from
the study, but psychiatric comorbidities were not for-
mally tested and therefore were not applied as grouping
variables.

All patients gave informed consent to participating in
the study. The study was approved by the Ethics Commit-
tee of the Health Center in Kragujevac, Serbia, where the
study took place.

A total of 216 patients completed all the question-
naires and were included in the analysis. There were 171
females (79.2 %) and 45 males (20.8 %), all of Caucasian
origin. The mean age was 42.3 years, (SD 13.35; range
18-75). One hundred and sixty-nine patients (78.2 %)
were employed, whereas 21 (9.7 %) were unemployed, 15
(6.9 %) were retired and 11 (5.1 %) were students.

The majority of our patients suffered from episodic
tension-type headache (189 patients, i.e. 87.5 %), and 27
(12.5 %) were migraineurs. The patients with migraine
had a somewhat higher attack frequency (mean 11.9
attacks in 3 months, SD 9.2, vs. 9.8 in 3 months, SD
14.2, p > 0.05), significantly higher pain intensity (mean
7.9 points on a scale from 1 to 10, SD 1.7, vs. 5.5 points,
SD 2.2, p < 0.01) and significantly longer duration of
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attack (mean 619.6 min, SD 1002.6 min, vs. 281.7 min,
SD 524.3 min, p < 0.01) than patients with tension-type
headache. The ratio of males to females was not signifi-
cantly different among the patients with migraine and
among those with tension-type headache (2:25 vs. 43:146,
Fisher’s exact test p = 0.078). Only 3 patients reported
medically treated depression as concomitant condition,
and all of them suffered from tension-type headache.

Methods

Translation and cultural adaptation of the original CHQQ
questionnaire

The translation and cultural adaptation of the CHQQ
was made according to the guidelines of the International
Society for Pharmacoeconomics and Outcomes Research
(ISPOR) (Wild et al. 2005). The original scale was first
translated from Hungarian to Serbian by two independ-
ent Serbian persons, a professional translator and a
bilingual university lecturer. They translated the scale
independently of each other, and then the translations
were harmonized to one Serbian version at the meeting
of the study investigators and the translators. The har-
monized Serbian version was then translated back to
Hungarian by a native Hungarian translator, who was not
aware of the original Hungarian version of the CHQQ.
The back-translation to Hungarian was then compared
with the original Hungarian version by the study inves-
tigators, and at new meeting of investigators the final
Serbian version of the CHQQ was agreed on. The final
translation of CHQQ to Serbian was then tested on 10
headache patients at the Health Center in Kragujevac,
Serbia for clarity and comprehension. After the pilot a
few minor changes of wording were made, and then final
Serbian version of the CHQQ was copied and prepared
for psychometric testing.

Data recording

The patients completed the Serbian version of CHQQ,
the Serbian version of the Headache Under-Response to
Treatment (HURT) Questionnaire (Buse et al. 2012) and
the Serbian version of The Migraine Disability Assessment
Test (MIDAS) (Stewart et al. 2001) in the Health Center,
after their encounter with the general practitioners, who
administered the questionnaires. After completing the
questionnaires, the patients returned them to the gen-
eral practitioners. The general practitioners collected the
clinical characteristics of the patients during the encoun-
ter, using a purpose-built checklist. Headache severity
was assessed by the patient, using a visual analogue scale
(VAS; 0-100 mm). Headache diagnoses had previously
been made by neurologists, and for the purpose of this
study were copied from the patients’ files. The patients
were not formally tested for depression or anxiety.
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Statistical analysis

Kolmogorov—Smirnov tests with Lilliefors correction
were used to test whether the questionnaires’ data were
normally distributed. As most of the data were not nor-
mally distributed, we used nonparametric tests where
applicable.

The reliability of the Serbian version of CHQQ was
tested by measuring the internal consistency through cal-
culation of the Cronbach’s alpha. The Cronbach’s alpha
was calculated for both the whole instrument and its
dimensions. The criterion validity of the Serbian version
of CHQQ was tested by the correlation of the patient’s
headache characteristics with the individual items,
dimensions and total score of the questionnaire. The
convergent validity was assessed through investigation
of correlation of the individual items, the three dimen-
sions and the total score with the total score of the HURT
and MIDAS instruments. We calculating Spearman’s
rank correlations for all tests of criterion and convergent
validity. The discriminative validity was tested by com-
paring the results of the Serbian version of CHQQ in the
two diagnostic groups, the patients with migraine and
tension-type headache, by means of the Mann—Whitney
test.

As the data were not normally distributed, the fac-
tor structure of the Serbian translation of CHQQ was
examined by the principal axis factoring method, as
recommended by Fabrigar et al. (1999). The factors
were extracted with the condition that Eigenvalues had
to be greater than 1. Extracted factors were than com-
pared with their respective CHQQ items, and named
accordingly.

All calculations in this study were performed by SPSS
software, version 18. The level of significance was set to
p < 0.05.

Results

Completing the questionnaires

The average duration of completing all the questionnaires
of the study was less than 25 min, and the patients did
not complain about any difficulty. All patients answered
to each of the questions in the three questionnaires.
Therefore, the answers of all 216 patients were entered to
the statistical calculations of reliability and validity.

Reliability

The reliability of the questionnaire when tested on the
whole study sample was very good, with the Cronbach’s
alpha being 0.937; when tested on patients with tension
headache only, the Cronbach’s alpha was 0.930, and the
same parameter was 0.954 in the group of migraineurs.
The dimensions of the questionnaire (physical, mental
and social) also showed satisfactory reliability in both
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the whole study sample and in the diagnostic subgroups
(Table 1).

Validity

Criterion validity

When taking the whole sample, all 23 items, total ques-
tionnaire score, and scores of physical, mental and social
dimensions were significantly and negatively correlated
with headache frequency and headache severity. It was
similar with mean attack length, with the exception of
the item 21 (embarrassment due to headaches) where
the correlation was not significant. On the other hand,
disease length correlated with the dimensions and the
total score, but only with 14 of the 23 the items (items
nos. 1-6, 8,9, 11, 16—19, and 22). The results were similar
in the subgroup of patients with tension-type headache.
However, in the subgroup of patients with migraine, the
dimensions and the total score correlated negatively and
significantly only with headache severity (Table 2).

Convergent validity

The CHQQ instrument showed excellent convergent
validity for the whole sample and for the subgroup of
patients with tension-type headache (Table 3). All items,
the total score of CHQQ and the scores of the dimen-
sions correlated negatively and significantly (with high
correlation coefficients) with both MIDAS and HURT
scores. The results were less favorable for the subgroup
of patients with migraine, where only the mental dimen-
sion correlated both negatively and significantly with
the HURT score, while the total score of CHQQ and the
scores of other dimensions correlated negatively, but not
significantly with MIDAS and HURT scores (Table 3).

Discriminative validity

Comparing the CHQQ results among the two subgroups
(migraine and TTH) we found showed higher scores in
the group of TTH patients. The difference was significant
for 20 of the 23 items (7/8 items of the physical dimen-
sion, 9/10 items of mental dimension and 4/5 items of the
social dimension), and also significant for the whole ques-
tionnaire and for each of the three dimensions (Table 4).

Table 1 The internal consistency of the questionnaire
and its dimensions (Cronbach’s alpha values)

Whole study Patients Patients
sample with TTH with migraine
Total score 0.937 0.930 0.954
Physical dimension  0.915 0914 0.870
Mental dimension  0.835 0814 0.896
Social dimension 0.722 0.692 0.888
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Comparing the patients’ scores with those of the patients
of the original validation study, the Serbian TTH patients
had numerically higher CHQQ values on 15/23 items, all
dimensions and total score than the Hungarians, while
Serbian migraineurs had numerically higher CHQQ val-
ues on 14/23 items, 2/3 dimensions and total score than
the Hungarians; most divergent items were part of the
Mental dimension in both diagnostic groups.

Factor structure of the questionnaire

In order to check whether dimensions of the question-
naire defined in the Hungarian version correspond to
the dimensions (factors) in Serbian version, we per-
formed exploratory factor analysis with principal axis
factoring of the whole sample and on the diagnostic
subgroups. When examining the whole sample, a sin-
gle factor emerged, explaining 56.1 % of the total vari-
ance. Nineteen of the 23 items had high (>0.7) loadings
on this factor; exceptions were items 13, 19, 20 and 21.
As this factor encompasses items with very different fac-
ets of quality of life, it could be called ‘, general effects
of headache’ In the TTH subgroup, the factor structure
was very similar, with a single factor explaining 54.9 %
of the total variance: seventeen of the 23 items had high
(>0.7) loadings on this factor, with the exception of items
9,13, 17, 19, 20 and 21. In the group of migraineurs, two
factors emerged, explaining 52.2 and 8.5 % of the total
variance, respectively. Thirteen items had high (>0.7)
loadings on factor 1, including items 1-6, 8, 9, 11, 12, 15,
22 and 23. Two items (20 and 21) had high loadings on
factor 2.

Discussion

This study is the first to report the psychometric proper-
ties of the headache-specific quality of life CHQQ instru-
ment in a foreign language. The Serbian translation of
CHQQ showed excellent internal consistency, both for
the whole instrument and its individual dimensions. The
validity of the instrument was also excellent in all aspects
(criterion, convergent and discriminant validity) when
whole sample and subgroup of patients with TTH were
analyzed; only two items, i.e. item 20 (financial situation)
and item 21 (embarrassment due to headaches) did not
perform well. The lack of significant correlations in the
case of these two items can probably be explained with
cultural and social differences. The attitude towards
patients in Serbia is generally sympathetic and respect-
ful (Joci¢ and Krajnovi¢ 2014), so they are rarely embar-
rassed by their disease, and this may be even more true
in case of episodic headaches, which do not cause per-
manent or readily perceptible hindrances. Besides, the
majority of patients in Serbia are paid minimal wages,
therefore they do not perceive transient absences from
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Table 2 The criterion validity of the questionnaire: the correlations of the items, dimensions and total score of the instru-

ment with the clinical characteristics

Item or score Group Frequency of headache Headache severity Mean attack Disease length
attacks (in the last 3 months) (VAS) length (min) (years)
1. Work performance ALL —0.467 —0.527 —0.242 —0.207
2. Household chores ALL —0487 —0.547 —0.237 —0.168
3. Social life ALL —0.502 —0.528 —0.279 —-0.217
4. Leisure activities ALL —0.491 —0.550 —0.323 —0.247
5.Vacations/awaydays ALL —0.496 —0.522 —0.273 —0.167
6. Physical health ALL —0.537 —0.520 —0.285 —0.261
7. Appearance ALL —0.400 —0477 —0.208 —0.128
8. Relationship with other family ALL —0.391 —0.440 —-0213 —0.164

members
9. Sexual life ALL —0.379 —0414 —0.258 —0.223
10. Sleep ALL —0.458 —0.461 —0.234 —0.048
11. Energy ALL —0.453 —0.552 —0.333 —0.148
12. Mood ALL —0.424 —0.526 —0.278 —0.126
13. Memory ALL —0.354 —0304 —0.157 —0.076
14. Concentration ALL —0.463 —0427 —0.235 —0.084
15. Thinking ALL —0.470 —0.407 —0.210 —0.065
16. General health perceptions ALL —0.382 —0.458 —0.181 —0.137
17. Irritability ALL —0.441 —0.486 —0.246 —-0.279
18. Frustration ALL —0438 —0481 —0.327 —0.197
19. Abortive medication use ALL —0.397 —0.520 —0311 —0.258
20. Financial situation ALL —0.281 —0.305 —0.144 —0.084
21. Embarrassment due to head- ALL —0.155 —0.7143 —0.002 0.036
aches

22.Worries about headache ALL —0.530 —0.587 —0.290 —0.142
23. Life enjoyment ALL —0.450 —0.565 —0.280 —0.118
Physical score ALL —0.558 —0615 —0313 —0.221
TTH —0.567 —0.575 —0.299 —0.160
Migraine —0.138 —0.614 —0.040 —0.143
Mental score ALL —0577 —0.606 —0337 —0.176
TTH —0.569 —0.578 —0.319 —0.112
Migraine —0.253 —0471 —0.111 —0.037
Social score ALL —0.542 —0572 —0314 —0.193
TTH —0.541 —0.555 —0.307 —0.158
Migraine —0.197 —0.511 —0.079 —0.059
Total score ALL —0.584 —0.628 —0.337 —0.206
TTH —0.586 —0.599 —0.324 —0.146
Migraine —0.187 —-0.577 —0.015 —0.044

* ALL, whole sample, TTH, subgroup of patients with tension-type headache; Migraine, subgroup of patients with migraine; values of Spearman’s correlation

coefficients given in italic are significant (p < 0.05)

work as a major financial loss (Stosi¢ and Karanovié
2014). This was probably the reason why these two items
did not correlate with severity and headache frequency
well, and why their impact on quality of life was small.
The psychometric properties of the CHQQ were less
satisfactory in the subgroup of patients with migraine.
The correlation coefficients of the scale scores with
headache frequency, severity and attack duration were

relatively high and negative, as expected, but signifi-
cance was not reached. The correlations of migraineurs’
CHQQ scores with their respective MIDAS and HURT
scores were also in the expected direction, but they were
not significant. This is not necessarily the consequence of
an inherent weakness of the instrument: in fact, CHQQ’s
original version had showed significant correlations
with the clinical data and SF-36 scores of migraineurs
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Table 3 The convergent validity of the questionnaire the
correlations of the items, dimensions and total score of the
instrument with the total scores of the Headache Under-
Response to Treatment (HURT) Questionnaire and The
Migraine Disability Assessment Test (MIDAS)

Item or score Group  MIDAS HURT
1. Work performance ALL —0.609 —0542
2. Household chores ALL —0.623 —0552
3. Social life ALL —0.608 —0.528
4. Leisure activities ALL —0.557  —0474
5.Vacations/awaydays ALL —0562 —0581
6. Physical health ALL —0606 —0.552
7. Appearance ALL —0507 —0439
8. Relationship with other family mem- ALL —0532 —0433
bers
9. Sexual life ALL —0.551  —0.383
10. Sleep ALL —0451  —0.466
11. Energy ALL —0547  —0492
12. Mood ALL —0.556  —0.493
13. Memory ALL —0415 —0399
14. Concentration ALL —0566 —0481
15. Thinking ALL —0.509 —0493
16. General health perceptions ALL —0509 —0480
17. Irritability ALL —0.510 —0463
18. Frustration ALL —-0576 —0537
19. Abortive medication use ALL —0.501 —0.406
20. Financial situation ALL —0.364 —0357
21. Embarrassment due to headaches ALL —0.176 —0.235
22. Worries about headache ALL —0.569 —0.597
23. Life enjoyment ALL —0584 —0.559
Physical score ALL —0682 —0.609
TTH —0691 —0.626
Migraine —0221 —0.193
Mental score ALL —0678 —0632
TTH —0677 —0623
Migraine —0.207 —0450
Social score ALL —0629 —059%
TTH —0629 —0598
Migraine —0.225 —0.366
Total score ALL —0690 —0.632
TTH —0692 —0.634
Migraine —0.211  —0.366

* ALL, whole sample; TTH, subgroup of patients with tension-type headache;
Migraine, subgroup of patients with migraine; values of Spearman’s correlation
coefficients given in italic are significant (p < 0.05)

(Manbhalter et al. 2012). The main reason of not finding
significant correlations in the current sample was prob-
ably the small number of migraineurs (27 patients).
Further investigations, involving a significantly bigger
number of Serbian migraine patients are necessary to
assess the validity of CHQQ in migraine.
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When compared to the original Hungarian version
(Manhalter et al. 2012), the Serbian translation of CHQQ
is non-inferior, and in some aspects even shows better
results. The internal consistency of the Serbian transla-
tion was slightly higher, and correlations with the head-
ache characteristics were stronger than in the original
Hungarian sample. The convergent validity was especially
impressive in the Serbian sample, since most of the nega-
tive correlations with HURT and MIDAS were higher
than 0.5. The Serbian translation of CHQQ would per-
form even better if the items 20 and 21 (which are proba-
bly not relevant for the patients due to cultural and social
differences) were excluded: after elimination of these two
items the Cronbach’s alpha for the whole Serbian sample
would grow from 0.937 to 0.944. However, both with and
without the items 20 and 21, the Serbian translation of
the CHQQ can be considered as reliable and valid instru-
ment for measurement of headache-related quality of
life in patients with TTH and migraine. This finding is
especially interesting if one considers the linguistic differ-
ences: while the original version of the CHQQ was devel-
oped in Hungarian (a Finno-Ugric language), the present
study was done in Serbian (a Slavic language), so this
study underlines that the results of the original valida-
tion study may be replicated in other languages (belong-
ing to different language families), and indicates that the
CHQQ may be used in different linguistic or cultural set-
tings, too.

The original validation study of the CHQQ was per-
formed on a group of consecutive patients visiting a
headache specialty service. As expected, most of the
patients had migraine, but the study also included 34
patients with TTH (Manhalter et al. 2012). Although
that study found that the CHQQ was reliable and valid in
TTH as well, the criterion and convergent validity in the
TTH group were less robust than those in the migraine
group. In the present study, most of the patients had
tension-type headache, the effect of which on quality of
life had less often been studied. The results of the present
study confirm that CHQQ can be used for studying qual-
ity of life in tension type headache as well.

Similarly to other QOL instruments, the items of
the original CHQQ were grouped in three dimensions
(physical, mental and social), which was based on the
content of the items. Item-dimension correlations sup-
ported the hypothesized dimensions, but a factor anal-
ysis was not performed on the Hungarian sample of
patients (Manhalter et al. 2012; Manhalter et al. 2010).
The factor analysis of the current Serbian translation
confirmed the existence of a single factor (dimension).
Nineteen of the 23 items had high (>0.7) loadings on
this factor; exceptions were items 13, 19, 20 and 21.
Interestingly, items conceptually belonging to physical,
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Table 4 The discriminative validity of the questionnaire: scores for individual items, dimensions and whole CHQQ ques-
tionnaire in the tension-type headache group versus the migraine group

Item or score TTH (mean £ SD) Migraine (mean = SD) p*

1. Work performance 61.77 £ 2698 435242738 0.002
2.Household chores 61.77 2748 3889 +27.15 0.000
3. Social life 61.64 £ 2854 42.59 £ 24.82 0.001
4. Leisure activities 5648 £ 60.76 37.04 £ 28.05 0.000
5.Vacations/awaydays 70.77 £32.03 46.30 £ 35.15 0.001
6. Physical health 60.32 +30.39 37.04 £ 2890 0.000
7. Appearance 59.13 £32.30 3241 +£29.27 0.000
8. Relationship with other family members 62.96 4 29.92 46.30 £ 29.17 0.006
9. Sexual life 68.39 £ 32.35 4444 + 3048 0.000
10. Sleep 60.58 £ 31.16 45.37 + 34.69 0.019
11. Energy 49.07 £ 46.01 27.78 £24.35 0.000
12. Mood 4749 £ 31.00 24.07 £ 2245 0.000
13. Memory 68.25 £ 26.12 54.63 + 34.69 0.046
14. Concentration 5437 £61.97 36.11 £ 29.69 0.001
15.Thinking 61.90 £ 26.99 4537 £ 31.04 0.009
16. General health perceptions 66.93 4 29.92 60.19 £ 29.63 0.238
17. Irritability 64.02 £ 29.88 38.89 £ 32.03 0.000
18. Frustration 5040 +28.77 2130+ 23.72 0.000
19. Abortive medication use 4127 £30.89 14.81 £ 2525 0.000
20. Financial situation 7011 £ 4413 68.52 £ 37.08 0.909
21. Embarrassment due to headaches 87.96 + 38.82 84.26 + 29.54 0489
22.Worries about headache 60.71 £32.22 38.89 £ 28.87 0.001
23. Life enjoyment 64.15 £ 29.31 4259 +24.82 0.000
Physical dimension 60.02 £ 23.87 39.58 £21.12 0.000
Mental dimension 60.83 £ 2242 4139 +20.38 0.000
Social dimension 64.39 + 27.39 4815+ 2591 0.000
Total score 61.32 £ 2237 42.23 £ 20.62 0.001

*TTH, subgroup of patients with tension-type headache; Mann-Whitney tests; significant differences (p < 0.05) are marked in italic

mental and social aspects of QOL all loaded on this fac-
tor, which therefore could be called ‘general effects of
headache’ The factor analysis performed on the TTH
patients showed a remarkably similar picture, with two
more items (9 and 17) not having sufficient loadings
on this factor. On the other hand, the factor analysis of
the migraine patients showed an additional factor with
significant loadings of items 20 and 21. Interestingly,
these are the items that may have a smaller effect on
Serbian patients’ QOL due to sociocultural reasons, as
discussed above. However, due to the small number of
migraine patients in our sample, drawing conclusions
about the factor structure of CHQQ in migraine would
not be legitimate.

Apart from interpretation restrictions due to the sam-
ple size (see below), the single-factor solution of the fac-
tor analysis of the whole sample and also of the TTH
patients is not entirely unexpected. A quite similar result
was found in a study about the psychometric properties

of the Stagnation Scale in medication overuse headache
patients (Innamorati et al. 2015), where structural equa-
tion modeling of the data indicated the presence of a
general factor common to all the items of the Stagnation
Scale and three specific latent factors underlying groups
of its items. Performing structural equation modeling of
CHQQ on a larger Serbian dataset could help us under-
stand whether, apart from the common factor, other
latent factors are at play.

The main limitation of the present study is the sam-
ple size, which calls for the cautious interpretation of
our findings in two instances. First, the ratio of the total
number of subjects and the items in the CHQQ is 9.4,
adding an element of uncertainty about the legitimacy
of performing factor analysis. In a paper about the best
practices in exploratory factor analysis, the authors cite a
frequently used rule of the thumb requiring a 10 or higher
subject:item ratio. Interestigly, this requirement was not
met by more than 60 % of 303 research articles surveyed
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by the authors (Costello and Osborne 2005). As the pre-
sent study also fails to reach an adequate subject:item
ratio (and this ratio is even smaller in the two diagnos-
tic groups), our results about the factor structure of the
CHQQ may not reflect the true structure and should be
verified on samples of an adequate size.

We therefore suggest that in further studies of the
CHQQ, both the original (3-dimension) and the above
single-dimension structures should be examined. The
agreement about the final number of dimensions of the
CHQQ should await further studies in other populations
and headache types, with an adequate number of patients
in all diagnostic subgroups.

The second limiting aspect of the sample size is the
small number of migraineurs, which precluded gather-
ing a complete picture about performance of the Serbian
translation in patients with migraine. This limitation
was caused by the site where the study was performed:
as opposed to most validation studies, which had been
carried out in tertiary headache centers, the present
study was performed in a primary healthcare facility,
involving patients who had been diagnosed with either
migraine or tension type headache by a neurologist, but
not necessarily presenting because of their headache
problem. While further testing of the CHQQ in Ser-
bian migraineurs is necessary to conclude its validation
for migraine, and studies in tertiary centres may profit
from a higher probability of correct diagnosis, we think
the primary care setting is actually an advantage in two
regards. First, the proportions of TTH and migraine in
the sample reflect the significantly higher prevalence
of TTH than that of migraine in general population
(Zebenholzer et al. 2015; Vlajinac et al. 2004). Second,
the results are probably less affected by the selection
bias that one is likely to have when studying patients in
a tertiary headache center (where patients with more
severe conditions are probably overrepresented), and the
CHQAQ results are probably closer to those of an ‘aver-
age’ patient suffering from TTH or migraine, respec-
tively. The difference between the settings of the present
and the Hungarian validation study may also explain why
Serbian patients (both the migraine and TTH groups)
had numerically higher CHQQ scores than their Hun-
garian counterparts.

A further limitation of our study is the fact that we did
not formally check depression and anxiety in the sam-
ple. Although three patients reported medically treated
depression, previous research suggests that the preva-
lence of underlying psychopathology is much higher
in headache sufferers (Pompili et al. 2010), and this is
probably true also for our sample. In similar validation
studies (Seo and Park 2015a; b) the prevalence of major
depressive disorder and generalized anxiety disorder
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were found to be 29 and 22 %, respectively. Health and
QOL perceptions of headache patients also suffer-
ing from depression or anxiety disorder seem to be
less favorable than those of patients not harboring any
psychopathology (Lanteri-Minet et al. 2005; Risal et al.
2016). In fact, depression emerged as the strongest pre-
dictor in a study analyzing the effect of mood disorders,
disability, clinical and psychosocial factors on QOL
(Kim and Park 2014). This should be taken into account
when interpreting our data. On the other hand, the
psychological testing of our patients would either have
meant face-to-face interviews, or further increasing
responder burden by adding validated questionnaires.
None of these seemed feasible to us.

In conclusion, with the above discussed limitations,
the current study indicates that the Serbian translation
of CHQQ is a reliable and valid specific instrument for
measuring headache-related quality of life in patients
with TTH and may have adequate psychometric prop-
erties in patients with migraine. Further studies are nec-
essary to confirm the usefulness of this instrument in
Serbian patients suffering from migraine, and to explore
its suitability for other types of headache.
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Measuring Patients' Knowledge About Adverse Effects of
Angiotensin-Converting Enzyme Inhibitors

Slobodan M. Jankovic, PhD, MD, Milica Dajic, MD, Sasa Jacovic, MD, Sanja Markovic, MD,
Tatiana Papic, MD, Tamara Petrusic, MD, Milica Radojkovic, MD, Anica Rankovic, MPharm,
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Background: Knowledge about adverse effects of medications is an impor-
tant part of proper medication use and prerequisite for good treatment adherence.
Objective: The aim of our study was to construct, develop, and test a new
questionnaire for the measurement of patients' knowledge about adverse
drug reactions of angiotensin-converting enzyme (ACE) inhibitors.
Methods: The 8-item questionnaire was constructed to measure adverse re-
actions to ACE inhibitors. The questions were closed, with 7 offered answers, in
the form of a Likert scale. It was tested for psychometric properties on patients
who visited their general practitioners at state-owned health facilities in 5 Ser-
bian cities: Belgrade, Kragujevac, Banja Luka, Gracanica, and Despotovac.
Results: The questionnaire was tested on 259 patients from general prac-
tice, taking an ACE inhibitor for more than 3 months. Experience with
at least 1 adverse effect of ACE inhibitor was reported in 64 patients
(24.7%), only 94 patients (36.3%) previously received any form of infor-
mation about at least 1 adverse effect of ACE inhibitors from health
workers, and only 42% expressed knowledge of any adverse events. The
patients who were informed knew about the following adverse events as
phrased in the official patient information leaflets: severe dizziness or
light-headedness (44%); cough (37%); swelling of the hands, face, lips,
or tongue (32%); indigestion (22%); headache (51%); and difficulty in
breathing (15%). The questionnaire showed satisfactory internal consis-
tency, with Cronbach o of 0.767, and individual scores correlated with gen-
eral education of the patients. Factorial analysis revealed 2 domains
(subscales): the first one with 5 questions is directed to adverse effects
the patients may physically experience directly, whereas the second with
3 questions measures knowledge about adverse effects that could be expe-
rienced only indirectly, through conditions caused by the adverse effects.
Conclusions: The questionnaire about knowledge of ACE inhibitors' ad-
verse effects is a reliable and probably valid instrument for measuring pa-
tients' knowledge about adverse effects of ACE inhibitors.

Key Words: ACE inhibitors, adverse drug reaction, patient's knowledge,
reliability, validity

(J Patient Saf 2016;00: 00-00)

ngiotensin-converting enzyme (ACE) inhibitors are still among

the most prescribed cardiovascular drugs; for example, at least
29% of all hypertensive patients take this group of drugs.' One
of the most common adverse effects of ACE inhibitors is cough,
with an incidence estimated to be between 0% and 44%.>* Other
adverse effects have lower incidence (e.g., angioedema has an in-
cidence between 0.1% and 0.7%).* Taste disturbance is reported
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less frequently as an adverse effect,” whereas acute renal failure
is reported more common in patients who are volume depleted.®

Understanding adverse effects of medications is an important
part of proper medication use. Patient's medication knowledge
has been defined as understanding of remedy name, function, ad-
ministration plan, unpleasant effects or adverse effects, or unusual
administration instructions.” Several studies showed that patients
rarely could give information about adverse effects of drugs they
were taking.® One study from Hong Kong found that from 412
interviewed patients, 109 did not know the adverse effects of their
medication.” Another study from Egypt showed that from 366
participating patients, 239 read about adverse effects, which was
associated with sex (women read more than men) and education
level (patients with university degree read the most).’ One qualita-
tive study showed that from 37 interviewed patients, only 9 were
fully aware of dosing regimens and the adverse effects of their
medication.'® The most frequently quoted adverse effects of
ACE inhibitors were cough, dizziness, and rash.!!

Self-reported questionnaires are the best way to measure pa-
tient experience with adverse effects of the drugs they are using.'?
One of the questionnaires, which allow monitoring of different
factors affecting the therapy as well as the adverse effects of anti-
hypertensive drugs, is PERSYVE questionnaire. This validated
questionnaire is divided into 6 parts:(1) following up of the ther-
apy; (2) feeling certain symptoms and being affected by them;
(3) talking with somebody about the symptoms; (4) considering
the drugs responsible for the symptoms ; (5) changing or with-
drawing of the therapy because of poor tolerance; and (6) taking
other measures to reduce blood pressure. The patients are offered
a list of possible symptoms of adverse drug reactions they could
experience, so they could encircle the level of each symptom they
felt.!> However, this questionnaire is not specific for adverse ef-
fects of ACE inhibitors, it measures experience with adverse ef-
fects rather than knowledge, and it does not cover the whole
spectrum of clinically important adverse reactions to this impor-
tant group of cardiovascular drugs.

The aim of our study was to construct, develop, and test a new
questionnaire for the measurement of patients' knowledge about
adverse drug reactions of ACE inhibitors.

MATERIALS AND METHODS

Construction of the Questionnaire

Construction of the questionnaire about knowledge of ACE
inhibitors' adverse effects (KACE-AE) started with choosing the
8 clinically most relevant adverse effects of ACE inhibitors as a
pharmacological group, in terms of either frequency or severity
of the effects: cough, hypotension, angioedema, blurred vision,
taste alteration, hyperkalemia, depression, and acute renal failure.
The adverse reactions were chosen from the official summaries
of product characteristics of all ACE inhibitors with marketing
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authorization in Serbia, if they were caused by pharmacological
mechanism of action of ACE inhibitors and classified as either
“potentially serious” (could cause death, hospitalization, or prolon-
gation of hospitalization—questions 1, 2, 4, and 6) or “very com-
mon” (frequency >10% according to the summaries of product
characteristics—questions 3, 5, 7, and 8). For each adverse effect,
a question was constructed in the form of a positive statement, which
connected the ACE inhibitor a patient was taking and the adverse ef-
fect. For each question, 7 possible answers were offered, in the form
of a Likert scale: “completely disagree,” “disagree,” “partially dis-
agree,” “neither agree nor disagree,” “partially agree,” “agree” and
“completely agree”. The answers were rated from 1 (“completely
disagree”) to 7 (“completely agree”). After the questionnaire was
constructed, it was submitted for validation of the content to a
panel of 3 specialists in clinical pharmacology, used at the Clinical
Pharmacology Department, Clinical Center, Kragujevac, Serbia.
The panel confirmed validity of the content and gave suggestions
for changing formulation of several questions; the proposed

changes were adopted by the investigators, and the final form of
the questionnaire was prepared for surveying patients (Fig. 1).

Population and the Sample

The final Serbian version of the questionnaire was tested for
reliability on patients who visited their general practitioners at
state-owned health facilities in 5 cities: Belgrade, Kragujevac,
Banja Luka, Gracanica, and Despotovac. The visits took place in
the last 2 weeks of May 2015. The inclusion criteria were regular
intake of an ACE inhibitor for more than 3 months, literacy, and
age greater than 18 years. The exclusion criteria were cognitive
disorders, mood disorders, and mental retardation. The sample
of the patients was of consecutive nature, that is, all patients
who visited their general practitioner on the survey day (and sat-
isfied inclusion and exclusion criteria) were offered the ques-
tionnaire. The study was approved by the Ethics Committee of
the Faculty of Medical Sciences, University of Kragujevac. The

Please answer the following questions about adverse effects of the drug you are taking by encircling the number in front of the answer you consider the most appropriate. For each question there is only one correct answer.
*The drug you are taking may cause overly blood pressure drop and loss of consciousness if taken in large doses from the beginning?

1.completely disagree
2.disagree

3.partially disagree
4.neither agree nor disagree
5.partially agree

6.agree

7.completely agree

*The drug you are taking may cause sudden loss of kidneys function in elderly if taken when the patient previously lost a lot of water (was dehydrated)?

1.completely disagree
2.disagree

3.partially disagree
4.neither agree nor disagree
5.partially agree

6.agree

7.completely agree

+The drug you are taking may elevate blood level of potassium, especially if taken together with potassium tablets or powder, or with other drugs that are known to elevate potassium?

1.completely disagree
2.disagree

3.partially disagree
4.neither agree nor disagree
5.partially agree

6.agree

7.completely agree

+In some prone persons the drug you are taking may cause sudden swelling of lips, tongue or mouth, leading to breathing difficulty?

1.completely disagree
2.disagree
3.partially disagree
4.neither agree nor disagree
5.partially agree
6.agree
7.completely agree
*The drug you are taking may cause persistent dry cough in many patients?
1.completely disagree
2.disagree
3.partially disagree
4.neither agree nor disagree
5.partially agree
6.agree
7.completely agree
*The drug you are taking may cause depression in many patients?
1.completely disagree
2.disagree
3.partially disagree
4.neither agree nor disagree
5.partially agree
6.agree
7.completely agree
*The drug you are taking may cause blurring of vision in many patients?
1.completely disagree
2.disagree
3.partially disagree
4.neither agree nor disagree
5.partially agree
6.agree
7.completely agree
*The drug you are taking may cause taste disturbances in many patients?
1.completely disagree
2.disagree
3.partially disagree
4.neither agree nor disagree
5.partially agree
6.agree
7.completely agree

FIGURE 1. The questionnaire about KACE-AE. The answers to each of the 8 questions were rated as follows: 1, “completely disagree”; 2,
“disagree”; 3, “partially disagree”; 4, “neither agree nor disagree”; 5, “partially agree”; 6, “agree”; and 7, “completely agree.” The total
score for a patient was obtained by summation of the scores for the 8 questions.
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patients were treated with due respect and care, according to the
principles stated in the Declaration of Helsinki.

Reliability Testing

Reliability of the questionnaire was tested using 3 methods.
First, internal consistency was determined through calculation of
Cronbach o for the questionnaire as a whole. Second, the ques-
tionnaire was divided by split-half method into 2 parts with the
same number of questions (questions 1, 2, 3, and 4 were in the first
half and questions 5, 6, 7, and 8 in the second half), and Cronbach
a for each of the parts was calculated. With the use of the o's for
both parts, the number of questions in each part, and the average
correlation between questions in both parts of the original ques-
tionnaire, the Spearman-Brown coefficient for the questionnaire
as a whole was calculated using the Spearman-Brown “predic-
tion” formula.® Third, for each question, the mean score and its
variance were calculated, to check their suitability for the measure-
ment of the whole spectrum of knowledge.

Factorial Analysis

Exploratory factorial analysis of the questionnaire was made
to discover principal factors.® First, suitability of the questionnaire
and a sample for factorial analysis were tested using the Kaiser-
Meyer-Olkin measure of sampling adequacy and using the Bart-
lett test of sphericity. Then, the factors were extracted at first with-
out rotation, with conditions that Eigenvalues had to be greater
than 1.5, and using scree plot (the extracted factors were above
the “elbow” of the graph). Second, referent axes were rotated or-
thogonally, using the varimax method, and another extraction of
the factors was made, using the same criteria as for the unrotated
solution. Extracted factors were than named accordingly.

Validity

As already mentioned, content validity of the questionnaire
was tested by the 3 members panel of clinical pharmacologists
from the Clinical Pharmacology Department, Clinical Center,
Kragujevac. Criterion validity could not have been tested because
the criterion standard for the measurement of patients' knowledge
about adverse reactions to ACE inhibitors was not available. How-
ever, the correlation between scores on the questionnaire and years
of education of the patients was calculated. All calculations were
performed by SPSS statistical software, version 18.0.

RESULTS

The Study Sample

The study sample was composed of 259 patients from the gen-
eral practice, taking an ACE inhibitor for more than 3 months.
There were 145 females, with a mean (SD) age of 57.7 (11.0) years,
and 114 males, with a mean (SD) age of 57.6 (10.9) years. The
mean (SD) duration of therapy with ACE inhibitor in the sample
was 61.5 (57.7) months (range, 3-288 months). The mean (SD)
number of years spent on education in the sample was 12.8 (3.1)
years. Thirty patients completed only elementary school (11.6%),
142 completed high school (54.8%), and 87 patients had university
education (33.6%). Experience with at least one adverse effect
of ACE inhibitor was reported in 64 patients (24.7%), only
94 patients (36.3%) previously received any form of information
about adverse effects of ACE inhibitors from health workers, and
only 42% expressed knowledge of any adverse events.. For the pur-
pose of this study, the patients were considered informed about ad-
verse events of ACE inhibitors if they had been told by a health
worker about at least 1 adverse event mentioned in the official pa-
tient information leaflets (PILs). The patients who were informed

© 2016 Wolters Kluwer Health, Inc. All rights reserved.

knew about the following adverse events as phrased in the official
PILs: severe dizziness or lightheadedness (44%); cough (37%);
swelling of the hands, face, lips, or tongue (32%); indigestion
(22%); headache (51%); and difficulty in breathing (15%).

The following adverse effects of ACE inhibitors were experi-
enced by the 64 patients: dry cough (40 patients, 62.5%), blurring
of vision (9 patients, 14%), taste alteration (4 patients, 6.3%),
headache (6 patients, 9.4%), hypotension (2 patients, 3.1%), an-
gioedema of the lips (1 patient, 1.5%), nausea (1 patient, 1.5%),
and hyperkalemia (1 patient, 1.5%).

Reliability

Results of the questionnaire in the study sample showed sat-
isfactory internal consistency, with Cronbach o of 0.767. When
the questionnaire was divided by the split-half method into 2 parts
with the same number of questions, Cronbach o's were 0.642 and
0.715 for both parts, respectively; the value of Spearman-Brown
coefficient for the questionnaire as a whole calculated from the
split-half method by the Spearman-Brown prediction formula
was 0.782. Mean score, its variance, curtosis, and skewness were
calculated for each question and are shown in the Table 1.

Factorial Analysis

Kaiser-Meyer-Olkin test confirmed sampling adequacy with
its value of 0.752, and the Bartlett test of sphericity was highly
significant (x? = 543.114; df = 28; P < 0.001). After orthogonal
rotation, there were 2 factors with similar loadings (2.624 and
1.979), the first of them having 5 items and the second having
3 items. The first factor is composed of questions about cough, an-
gioedema, taste disturbance, blurred vision, and depression, whereas
the second factor encompasses the questions about hypotension,
hyperkalemia, and acute renal failure. Cronbach o for the first fac-
tor was 0.783, and for the second factor, 0.680.

Validity

Content validity of the questionnaire was analyzed and con-
firmed by the 3-member panel of clinical pharmacologists from
the Clinical Pharmacology Department, Clinical Center, Kragujevac.
The total score of the questionnaire correlated significantly with

duration of education in years (Spearman correlation coefficient,
0.413; P <0.001).

DISCUSSION

The KACE-AE showed good psychometric properties, with
satisfactory internal consistency and correlation with general

TABLE 1. The Distribution Characteristics of the Questions After
Surveying 259 Patients

Average Score the

Patients Achieved for
Question Each Question SD  Skewness Kurtosis
Hypotension 4.7915 1.76172 —0.742  —0.426
Acute renal 4.0039 1.55393 —0.125 —0.871
failure
Hyperkalemia 4.1467 1.46857 —0.204 —0.252
Angioedema 4.2471 1.84494 —0.282 —1.195
Cough 52587 1.72720 —0.979 —0.023
Depression 3.6332 1.80670  0.122  -1.156
Blurred vision 4.1351 1.60458 —0.381 —0.853
Taste alteration 3.4903 1.61956  0.034 —1.202
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education of the patients. Factorial analysis revealed 2 domains
(subscales): the first one with 5 questions is directed to adverse ef-
fects the patients may physically experience directly, whereas the
second with 3 questions measures knowledge about adverse ef-
fects that could be experienced only indirectly, through conditions
caused by the adverse effects. The first domain had better internal
consistency, and this is not surprising because it was shown that
the patients generally better understand the adverse effects if they
had sensed them previously.'* However, knowledge of adverse
drug effects was low in our sample of patients (only 42% of pa-
tients had any knowledge); similar findings were reported by
others,'® suggesting the necessity of proper education of patients
by health care providers in the first place.

Many studies already directed our attention to insufficient
knowledge of patients about drugs they are currently using (recent
study in France showed that only 8% of patients who used paracet-
amol regularly knew that it may cause liver toxicity if maximum
recommended dose is overridden)'® but did not suggest the ways
to overcome such situation. The first measure should certainly
be giving proper information to the patients, and the second
should certainly be measuring how much they really learned about
the adverse reactions of the drugs they are taking. The second
measure is problematic because reliable questionnaires that were
previously tested for internal consistency and validity are lacking
for almost all major drug groups. Interestingly, many question-
naires for capturing patient-reported adverse drug effects were de-
veloped,'? but not the questionnaires that would measure patients'
knowledge about these adverse effects. Although it was recog-
nized long ago that the optimal effects of a therapy could not be
achieved without full cooperation of the patients,'” it was not ap-
preciated enough that only knowledgeable patients would become
cooperative.

Researchers often use self-developed questionnaires for mea-
suring patients' knowledge about adverse drug effects,'>!® but
they miss to determine the psychometric properties of these ques-
tionnaires, leaving the scientific community without proper in-
struments that could be reused in future research or in practice.
The questionnaires have to be drug group—specific because of
large differences in types, incidence, and severity of adverse drug
reactions, meaning that each of the major drug groups should have
its own validated instrument. Although there were some concerns
that if patients receive full information about adverse drug effects,
they would later increasingly report suspicion of adverse drug re-
actions even when they are not really happening, this turned out to
be untrue. Although general knowledge of medicine risks may in-
crease likelihood of experiencing an adverse drug reaction, the
detailed introduction of patients with PIL in a large study with
1218 patients did not lead to an increase in reporting suspected
adverse drug reactions by the patients.”’ The development and
testing of psychometric properties of questionnaires measuring
patients' knowledge of adverse drug reactions should be per-
formed in all areas of drug therapy because with valid instruments,
we would be able to accurately measure a patient's knowledge
and adequately tailor information to the patients about potential
adverse drug reactions. This would lead to improved patients'
knowledge and better collaboration with the health workers, with
ultimate improvement in the treatment outcomes.

The main limitation of our study was the lack of criterion stan-
dard for the measurement of patients' knowledge about adverse ef-
fects of ACE inhibitors, which precluded testing of criterion validity
of our instrument. Yet, we demonstrated high reliability of the
KACE-AE, which should be additionally tested in future studies.

In conclusion, the KACE-AE is a reliable and probably valid
instrument for measuring the patients' knowledge about adverse
effects of ACE inhibitors.
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Abstract

Background

Knowledge about adverse effects of medications is an important part of proper medication use and
prerequisite for good treatment adherence.

Objective

The aim of our study was to construct, develop, and test a new questionnaire for the measurement of
patients' knowledge about adverse drug reactions of angiotensin-converting enzyme (ACE) inhibitors.
Methods

The 8-item questionnaire was constructed to measure adverse reactions to ACE inhibitors. The questions
were closed, with 7 offered answers, in the form of a Likert scale. It was tested for psychometric
properties on patients who visited their general practitioners at state-owned health facilities in 5
Serbian cities: Belgrade, Kragujevac, Banja Luka, Gracanica, and Despotovac.

Results

The questionnaire was tested on 259 patients from general practice, taking an ACE inhibitor for more
than 3 months. Experience with at least 1 adverse effect of ACE inhibitor was reported in 64 patients
(24.7%), only 94 patients (36.3%) previously received any form of information about at least 1 adverse
effect of ACE inhibitors from health workers, and only 42% expressed knowledge of any adverse events.
The patients who were informed knew about the following adverse events as phrased in the official
patient information leaflets: severe dizziness or light-headedness (44%); cough (37%); swelling of the
hands, face, lips, or tongue (32%); indigestion (22%); headache (51%); and difficulty in breathing (15%). The



questionnaire showed satisfactory internal consistency, with Cronbach a of 0.767, and individual scores
correlated with general education of the patients. Factorial analysis revealed 2 domains (subscales): the
first one with 5 questions is directed to adverse effects the patients may physically experience directly,
whereas the second with 3 questions measures knowledge about adverse effects that could be
experienced only indirectly, through conditions caused by the adverse effects.

Conclusions

The questionnaire about knowledge of ACE inhibitors' adverse effects is a reliable and probably valid
instrument for measuring patients' knowledge about adverse effects of ACE inhibitors.
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