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OPUTUHAJTHAA CTATHA

PE3YAbTATbl MPUMEHEHUS ABYX3HEPTETUMECKOW KQMI'IblOTEPHOﬁ
TOMOTIPA®UU B AUATHOCTUKE MOYEKAMEHHOW BOAE3HU

Kananaase A.b.!, Ceposa H.C.!, PyaeHko B.N.1, Kysbmumyesa .M .2
AAekcaHaposa K.A.T, Hosrkos N.A.

€JIb MCCJIeJOBAHUA. YAYUIIUTE AHATHOCTHKY ModeKaMeHHo# 6oae3nu (MKB) ¢ uc- 1 - &raoy BO TlepBbIit
IIOAB30BaHHUEM HOBEHUIIEH METOAUKH — ABYXOHEPIETUYECKON KOMIIBIOTEPHOM TOMO- MIMY mmeru U.M.
rpacduu (A9KT). Ceuenosa Munzpasa
Marepuainsr u metoasl. B CedueHOBCKOM YHUBEpPCUTETE HA Kadeape AyIeBOU AUa- Poccum
THOCTHKH W Ay4eBOH Tepanuu AedeOHOro (hakyAbTeTa COBMECTHO C KadeOpoH YPOAOTHH Ha (CeyeHOBCKHiL
6a3e Poccuiicko-AIIOHCKOro IeHTpa ObIAO IIPOBEAEHO IIPOCIEKTHBHOE HUCCAE€IOBAHME I'PYIIIBI Yimsepcurer)
u3 91 (100%) manmentra. Bcem mammeHTaM Ha 3Talle AYI€BOTO 00CAEIOBAHUS BBITIOAHSAACH 2 - MUPDA-Poccuiickit
OBYXOHEPTeTUYeCKas KOMIIbIOTepHas ToMoTrpadus OAS IPOTHO3ZUPOBAHUSA XUMUYECKOTO CO- TeXHOAOTHHECKUMi
cTaBa MOYEBBIX KaMHeH «in vivor. B gaspHeiilieM BceM MallieHTaM BBIIIOAHAAOCH ONEPATHB- yHUBEpCHTET.
HOe AedeHHe: AucTaHInoHHasa autorpuricusa (AAT), upeckoxuaa HedpoauTorpuricud (HHAT), r. Mocksa, Poccus
KoHTaKTHad yperepoauTorpuncusa (KYAT). IloaAygyeHHbIe KOHKPEMEHTHI IIOABEPTAAUCH (PU3U-
KO-XUMHUYECKOMY aHaAu3y (peHTTeHO(a30BBIA aHaAu3, WH(QpPaKpacHas CIEKTPOCKOIIHs) C
IIeABI0 BepU(PUKAIIUU cocTaBa. B maspHelIeM ITpOBOAUAACH OLIEHKA JUATHOCTUYECKOH IIeH-
HOCTHU ABYX9HEPTETUYIECKOH KOMITHIOTEPHOU TOMOrpaduu IMyTeM COIIOCTABAEHUS PE3yABTATOB
C IaHHBIMU (PU3UKO-XUMHYIECKOTO aHaANU3A.
Pesynbrarel. B npemonepanmonHoMm nepuoze npu nomory J3KT ObIAH ITOAyYEHBI
caenymoolye pes3yAapraThl: 40 MAIlMEeHTOB MMEAH KaMHH, B COCTaBe KOTOPBIX IIpeobrazas Be-
BEAAHT, V 34-X aIlMeHTOB oTMedasuchk Ca-comepskalue KaMHU 0e3 BeBeaanuTa, y 10 marueH-
TOB OJUATHOCTHUPOBAHBI KAMHH U3 MOYEBOH KHCAOTHI, y 7 MaIlMEeHTOB KaMHHU OBIAM KAACCHU(U-
UPOBaHBI B TPYHILy LIHUCTHHOBBIX/CTPYBUTHEIX. [locae mTpoBeneHUS BepU(PUKAITMOHHBIX HC-
CAEIOBAHHUM B IIOCAEOIEPAILIMOHHOM IIepHofe ObIA OINpPeNeACH CAEAYIOUIHIl COCTaB MOYEBBIX
KaMHel: 42 KaMHsa — BeBeAAuT, 34 kamHsa — Ca-comepskaiiye KaMHHU 0e3 BeBeaanuTa, 10 Kam-
Hell M3 MO4YeBOM KHCAOTBHI, 5 KaMHeH — CTPYyBUTHbIE KaMHU. [Ipy 3TOM HEBEPHO M0 JaHHBIM
JOKT ObiaM omnpeneAeHbl: 7 KAMHEN B COCTaBe KOTOPBIX ITpeobAaian BEBEAAUT: 4 KaMHS ObI-
AV OTHeceHbI B rpymnmy Ca-comepskalmx KaMHeH 0e3 BeBeaanTa, 3 KaMHsS — B TPYHILY CTPY-
BUTHBIX / IIUCTUHOBBIX KaMmHel; 4 Ca-comepzKallluxXx KaMHsl 0e3 BeBeaAuTa ObIAM OTHECEHBI B
TPYIIy BEBEAAWUTA; 2 CTPYBHUTHBIX KaMHA: 1 KaMeHb ObIA HEBEPHO OTHECEH B TIPYIIILY COAeH
MOYEBOM KHCAOTBI, 1 KaMeHb — B IPYIIILy BeBEAANTA; 1 KaMeHb, UMEBIINX B COCTaBE COAU MO-
4eBOM KHCAOTBHI ObIA HEBEPHO OTHECEH B IPYIIILY CTPYBUTHBIX KaMHeld. CTOUT TakXKe OTMe-
TUTB, YTO 1 KaMeHb UMeEA CMELIAHHBIH cOCTaB (COAHM Mo4eBOM KUCAOTHI 70% + BeBeaaUT 23%
+ BenmeAautT 7%), mo pesyabratraMm [OKT ObiA OTHECEH B I'PYIIy KaMHEH M3 MOYEBOM KHCAO-
ThI, IPU 3TOM IpeobAamaronuii KOMIIOHEHT OBbIA OIIpeAeACH BEPHO.
BeiBogsi. [Tpumenenune [AOKT B mpemorepalilioHHOM IIEPUOAE C IIEABIO ITPOTHO3UPO-
BaHUS XUMUYECKOTO COCTaBa KaMHS «in Vivo» C BBICOKOH MOAEH JOCTOBEPHOCTU MOIKET AUd-
depeHIIIPOBATL HE TOABKO yparTHble M Ca-comepikalye KaMHH, HO U OTAEABHO BBISIBASTH
KaMHH B COCTaBe KOTOPBIX IpeobaamaeT BeBeAAUT. Boaee ToHKas auddepeniiupoBka Ca-
cozmepIKaIux KaMHel, a Takke 6oaee peaIKUX BUOOB, TAKUX KAaK CTPYBUTHBIE U IIUCTUHOBEIE,
TpebyeT JaAbHEHIIINX UCCACNOBAaHUY ¢ Oboaee 3HAYUMBIMHU BbIOOPKaMU.
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RESULTS OF APPLICATION OF DUAL-ENERGY COMPUTED TOMOGRAPHY IN THE
DIAGNOSIS OF UROLITHIASIS

Kapanadze L.B.1, Serova N.S.1, Rudenko V.I.1, Kuzmicheva G.M .2
Aleksandrova K.A.1, Novikov |.A.!

urpose. To improve the diagnosis of urolithiasis using the latest technique - dual-

energy computed tomography (DECT).

Materials and methods. A prospective study of a group of 91 (100%) patients was
conducted at the department of radiology and urology at the Russian-Japanese Center in
Sechenov University. All patients underwent a dual-energy CT scan to predict the chemical
composition of urinary stones "in vivo". All patients underwent surgical treatment after di-
agnostics: distance lithotripsy (DLT), percutaneous nephrolithotripsy (PHNLT), contact
ureterolithotripsy (CULT). All the stones after operations were subjected to physico-chemical
analysis (X-ray phase analysis, infrared spectroscopy) in order to verify the composition.
Further, the diagnostic value of the dual-energy computed tomography was assessed by
comparing the DECT results with the physico-chemical analysis data.

Results. Using DECT in the preoperative period, the following results were obtained:
40 patients had vevellit stones, 34 patients had Ca-containing stones without vevellit, 10
patients had stones with uric acid, in 7 patients stones were classified in the group of cys-
tine/struvite. After verification studies in the postoperative period, the following urinary
stone composition was determined: 42 stones — vevellit, 34 stones — Ca-containing stones
without vevellit, 10 stones with uric acid, 5 stones — struvite stones. At the same time the
following results were obtained incorrectly using DECT: 7 stones with vevellit from which 4
stones were postoperatively confermed to the group of Ca-containing stones without vevellit,
3 stones — struvite/cystine stones; 4 Ca-containing stones without vevellite were classified
in the group of the vevellite; 2 struvite stones: 1 stone was incorrectly assigned to the group
of uric acid, 1 stone — to the group of the vevellite; 1 stone uric acid was incorrectly assigned
to the group of struvite stones. It should also be noted that 1 stone had a mixed composition
(uric acid 70% + vevellit 23% + veddellite 7%), according to the results of DECT it was incor-
rectly assigned to the group of stones from uric acid, at the same time the prevailing com-
ponent was determined correctly.

Conclusions. In order to predict the chemical composition of the stone "in vivo" with
a high degree of reliability DECT in the preoperative period can differentiate not only the
urate and Ca-containing stones, but also separately identify the stones in which vevellit is
the predominant component. The detailed differentiation of Ca-containing stones, as well as
of more rare stones, such as struvite and cystine, requires further studies with more signifi-
cant groups of stones.

Keywords: multispiral computed tomography (MSCT), dual-energy computed tomog-
raphy (DECT), urolithiasis, urinary stones, physico-chemical analysis.
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odyekaMeHHas1 O6oae3ub (MKB) — ommo
U3 CaMbIX pPaCIpPOCTPaHEHHBIX 3a00-
A€BaHUM, KOTOPBIM CTpPagaroT OKOAO
3% HaceaeHUsI MAaHeTbI. B TedyeHuUe
TIOCAEJHUX [ECATUAETHH OTMedaeTcs pocT 3aboae-
BaeMOCTH MOYEKaMEHHO! 0O0A€3HBI0O KaK y MYyK-
4UH, TakK U y keHImH. B Poccuu noaa MKB cpenu
BCEX YpOAOTHYECKHUX 3aboaeBaHUl coCTaBASET
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32,4%. MKB craaa omHO! H3 TAaBHBIX HpobaeM
34paBOOXPaHEHHNS, IIOCKOABKY MHOTHUM HaIlleHTaM
HeoOXOoaUMO cTallMoHapHoe AedyeHue. Tak, HAIpHU-
mep, B Poccuu 30-40% MecT B yPOAOTHMUECKHUX OT-
oeAeHUdax ImmpuxonuTcd Ha 0oabHbIX MKB. Bri6op
TakTuKN AedeHuda MKDB: nuTpaTHbIM AUTOAW3, OHU-
cranuoHHaa autorpuncua (IAT), upeckoxkHasa
HedpoauToromua (HHAT), koHTaKTHasS ypeTepOAU-
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Torpunicusa (KYAT) mau nuHaMudeckoe HabArome-
HHeE, - OIIpe[eAdeTcs B 3aBUCHMOCTH OT AOKaAH3a-
UM, pas3Mepa, IIAOTHOCTH M cocTaBa KamHa. K
coxkaaeHuo, modtu y 50% 3THUX maleHTOB OTMe-
yaroTca KauHndeckue pennauBbl MKB no kpatineit
Mepe OAWH pa3 B uX KU3HU [12, 5]. Iloatomy, c
ydIeTOM aKTyaAbHOCTH HAHHOTO 3a0oAeBaHUd, pas-
paboTKa HOBBIX METOMOB AMATHOCTHKH, ACUECHUS U
OpodUAAKTUKH (MeTaUAAKTUKH) MOpHUoOpeTaeT
OT'POMHYIO COLIMAABHYIO 3HAYUMOCTB. J[laHHBIE O
PU3NKO-XHUMHYECKOM COCTaBe€ MOYEBBIX KaMHeH
IIPEICTAaBAIIOT BaxKHyI0 HH(oOpMAaluo o merabo-
AVI3ME B UMEIOT BBICOKYIO 3HAYHMOCTH B BBIOOpE
OpodHAaKTHYECKUX MepP, KOHCEpPBaATHBHOM Tepa-
MM, a TaKXKe B IIPOTHO3UPOBAHHUU pPE3YALTATOB
oneparuBHOro AedeHusa [1, 30]. K npumepy, ycra-
HOBA€HO, YTO (pparMeHTallus IIHUCTHHOBBIX KaM-
Hel, pochaTa KaabIiusa U BEBEAAUTA IIPU OUCTAH-
IIMOHHOM AMTOTPHIICHU BBI3BIBAET OIIpEIeACHHBIE
CAOKHOCTH H COIIPOBOXKIaeTcd oOpa3oBaHHEM OT-
HOCHUTEABHO GOABINNX (PpparMeHTOB, II0 CPaBHEHUIO
¢ AT xamMHeH APyrHUX COCTaBOB (CTPYBUT, AUTHUI-
paT okcaaaTa Kaabluda u T.4.) [11, 32, 35, 36, 42].

B macrogIiee BpeMd B yPOAOTHYECKYIO IIPAKTHKY
aKTHUBHO BHenpsieTcss HoBas Metomuka MCKT -
[OByX3HepreTudecKasd KOMIIbIOTEpHAasa ToMorpadHd
(A9KT). B ocHOBe A€XXUT HCIOAB30BAHUE HCTOY-
HHUKOB, CIIOCOOHBIX T€HEPHUPOBATb H3AyUYEHHE Ha
Pa3HBIX YPOBHSX 3HEPTHH, U OATIUKOB, CIIOCOO-
HBIX nudepeHIInpoBaTh 3T0 usaydeHue. C yde-
TOM [OaHHBIX, IToAydaeMbIX Ipu momorm [I9KT,
BO3MOXKHO OIIEHHUTH XapaKTepPHCTHUKH KaMHeH Ha
OCHOBE HE€ TOABKO IIAOTHOCTH, HO TaKKe SAEeME€H-
TapHOI'0 COCTaBa M JHEPTHU IIOTAOILIAEMOIO IIydKa
doToHOB. YKazaHHas METOAWKA BIIEpBble OblAa
onucaHa B 1970-X, HO C y4eTOM TE€XHHUYECKOTrO He-
COBEpPIIEHCTBA CTapbIX ToMoOrpadgoB, IIHPOKOE
IIpUMeHEHHEe B IIOBCEIHEBHON KAMHUYECKOH IIpak-
TUKe Hadaaochb Aaumb ¢ 2006 1. [18, 7, 23, 19, 14,
15]. B pabore Bpaua-ypoaora [ASKT mcroabsyercs
[AS OIIPENEACHHs (PHU3HUKO-XHMHYECKOTO cocTaBa
MOYEBBIX KOHKPEMEHTOB C IIEABIO IIOCAEIYIOILIETO
IIAAHUPOBaHUS TaKTUKH AedeHUd (2, 3]. B nporec-
ce [AOKT mpoucxXoauT MHOAYUEHHE OIIPEIEACHHBIX
JAHHBIX, Ha OCHOBE KOTOPBIX BBIIIOAHSETCS OIl€HKa
cocTaBa KaMHEMH:

1) AByxaueprerudyeckuii uHaekc ([A9U) = (X HHU3-
kuii k3B - X BeIcoku# k9B)/(X HuM3ku# k3B + X
BeIcOKUY K3B + 2000), rome X HU3KUYU K3B — maoT-
HocTh Marepuasa B HU mpu HH3KOM ypOBHE dHep-
ruy, X BBICOKHH K3B — IIAOTHOCTBH IIPH BBICOKOM
ypoBHe sHepruu [31].

2) [ByxsHepreTudeckoe oTHoileHue ([A20) =
(maoTHOCTL MaTepHasa Ha HHU3KOYHEPreTHYEeCKOM
n300paskeHUHN /TIAOTHOCTE Ha BBICOKO3HEpreTHde-
CKOM H300pazkeHuH) [33].

3) [ByxsHepreTudeckas pas3HocTh ([IOP) = (maoT-
HOCTBh MaTepHasa Ha HHU3KOIHEPreTUIeCKOM H300-
PasKEHUH - [IAOTHOCTH Ha BBICOKOIHEPTETHYECKOM
nszobpaxkeHun) [24].

| wwwe.rejr.ru | REJR. 2018; 8 (2):94-104

DOI:10.21569/2222-7415-2018-8-2-94-104

4) Z eff — adppekTHBHOE aTOMHOE YHUCAO abcopbOu-
PYIOLLIETO MaTepHaasa.

Ha ocHoBaHHHM HMeloIeHics AUTepaTypbl MOXKHO C
YBEPEHHOCTHIO yTBepxkaath, 4uro [AOKT kpaiine
acpderTuBHA B gudPepPeHIIPOBKE KaMHEN Mode-
Bo#l KucAOTHI U Ca-comepzxkarmii kamue# [39, 41].
OnHako Ha HACTOSILIME MOMEHT OTMedaeTcs Helo-
CTATOYHOCTh MHGOPMAIUU OAs Ooaee TOAPOOHOH
XapaKTePUCTUKH cocTaBa Ca-comepzKallux KaM-
Hel ¥ BBIIBACHHE PEOKMX BHAOB — LIUCTHHOBBIX U
CTPYBUTHBIX — Ha OCHOBaHUH IIOKasaTeseH, ITOAy-
gaeMbIX npu nomorau [JJOKT.

Hawnboaee wacTto mpHMeHsSeMBIMH ITOKas3a-
TeAIMH A Kaaccudpukaimy kamHed npu AOKT
asagroresa 130 u Z eff. K npumepy, B uccaemoBa-
Hugx Matlaga B. (2008), Hidas G. (2010), Thomas
C. (2010) 490 pas kamMHEM U3 MOYEBOM KHCAOTBI
cocraBua 1,04-1,09, menee 1,1, 0.88-1.18, coort-
BeTcTBeHHO. Takke B 3TuxXx paborax Hidas G. u
Thomas C. ormeuaror /150 OAg IIMCTUHOBBIX KaM-
Hett 1,1-1,24 u 1,27-1,39, coorBeTcTBEHHO, a 130
naa Ca-comepskammx — Ooaee 1,24 m 1,42-1,57,
coorBeTcTBeHHO. Acharya S. u coaBt. (2015) mpo-
neMoHCTpupoBaau, uro [120=1,385 naa BweigBae-
HUS BEBEAAUTA HMEA UyBCTBUTEABHOCTH 65,6% u
crernupuyHocTs 82%, a 3Hadenue <1,335 y Ca-
comepxKaIux KaMHeH OBIAO XapaKTEPHO TOABKO
nag BeBeaauTa [6, 17, 24, 40]. Kulkarni N. M. u
coaBT. (2013) B cBoeM HCCA€NOBaAHHH IIOKA3aAH,
grto Z eff ot 6,2 no 7,8 xapakTepeH aasd KaMHeH U3
MO4YeBOM KHCAOTHI, Z eff ot 11,2 mo 14,4 — nag Be-
BeaauTa, Z eff 9,2-10,0 — gas cTPyBUTHBIX KaMHeH,
a Z eff 10,2-11,8 gag mucTHHOBEIX [21].

OcHoBHo# 3anadeti [I9KT B yposormueckoit
IIPaKTHUKE $BASETCH OIleHKa cocTaBa MOYEBBIX
KaMHeH nad aneKBaTHOI'O BbIOopa aeueOHOM Tak-
TUKH. OTMedaeTcd HEOOCTATOK paboT, olleHuBa-
romie npamoe BausgHue [JOKT Ha ncxon aedeHHUS.
Tak, Ferrero A. (2016) u Largo R. (2016) 6b1n0
OIPOAEeMOHCTPUPOBaHO, 4uTo maHuble [I9KT (O30,
O9N), a Takke 00bEeM, POBHOCTH IIOBEPXHOCTH U
IIAOTHOCTH KaMHS SIBASAUCH OCHOBHBIMH ITPOTHO-
CTUYECKUMM IIpu3HaKamMu ycremrHod [AT. A
Habashy D. u coaBt. (2016) BIepBble IIOKa3asHn
nenHocTsb [I9KT B oTOope marmumeHToB OAS KOHCEP-
BaTHUBHOH Tepanuu [13, 16, 22].

MarepuaJjbl 1 METOIbI.

Ha radenpe ayueBoi AHATHOCTUKH U Ayde-
BOM Tepaluu COBMECTHO C KadeapoH YpOAOTHH
CeueHOBCKOrO YHHUBepcuTeTa Ha 06a3e Poccuiicko-
AIIOHCKOTO IIeHTpa 3a Iepuon ¢ Hosabpa 2016 r. mo
anpeab 2018 r. mpoBeneHO IIPOCIEKTHUBHOE HCCAE-
noBaHue rpynnsl u3 91 namuenta (100%). Bospact
marueHToB coctaBasga oT 20 mo 70 aetr (cpemHu#
Bo3pacrt 42,7 aet). OTMedaA0Ch ITpeodaafaHue AWIL
MY2KCKOTo0 1oaa (68 myzx4uH, 23 KeHIIMUHBI). Kpu-
TEPUSMH BKAIOUEHHS B TPYIILY SIBASANUCH: KaMEHb
IIOYKH W MOYEBBIX IIyTeH, Bo3pacT crapuie 18 aer,
OTCyTCTBHE OEpeMEHHOCTH, pasMep KaMHd paB-
HBIH UAH GoAaee S5 MM.
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B mpenonepalliOHHOM II€pHOAE BCEM IallHeHTaM
(n=91, 100%) BBIIIOAHSAACE MYABTHUCIHPAABHAS
KoMmIibioTepHas Tomorpadus (MCKT), ¢ mocaemy-
IOIIUM IIPOBEAEHHUEM OJHOUCTOYHHUKOBOH [ABYX-
9HEPTETUIYECKON KOMIIBIOTEPHOM Tomorpaduu Ha
Tomorpade Toshiba Aquilion One 640 (Anonus), c
OBICTPBIM IIEPEKAIOUYEHHEM MeXKAy BBICOKHM H
HHU3KUM yPOBHEM SHEPIHH BO BpeMd CKaHHpOBa-
Hug. [lapaMeTpbl CKAHUPOBAHHL: IIapaMeTp dHep-
Iy TPyOKM B CTAaHAapTHOM pexkuMe — 120 k3B,
npu [A3KT - 80 x3B/135 k5B., pexxuMm crupasb-
HBIM / 00BbeMHBIH, craa ToKa - 50 MA/290 MA, ToA-
mHa cpesa 0,5 cM.

B ommcanum ObIA HMCIIOAB30BaH pacCIIUpPEeH-
HBIH TPOTOKOA, BKAIOYAIOIIHNM B cebs cAemayIoIue
IIYHKTBI:

° AOKaAM3aIlus KOHKPEMEHTA;

* pasmep, oObeM;

* maoTHocTh (pu 120 k9B, 80 k3B m 135 k3B)
KOHKPEMEHTA,;

° oIleHKa crenuduideckux 1okasareseir [1OKT:
20, A9U, 9P, Z eff;

° 30HaAbHAad CTPYKTypa KOHKpEMEHTa (M3MepeHHe
TIAOTHOCTHY B LIEHTPE U 10 Iepudepun);

° IIPOTHO3HPOBAHHE XHUMHYECKOI'0 cocTaBa KOH-
KpEMEeHTa,;

° OILlEHKa aHaTOMO-(PDYHKIIHOHAABHOI'O COCTOSIHUS
II0YEK U MOYEBBIX IIyTeH.

[as kaMHe# MeHee 2 CM BBIIIOAHSIAOCH OfI-
HO H3MepeHHEe IIAOTHOCTH IIyTEM IIOCTaHOBKH
OKPY2KHOCTHU H3MEPEHHs AUaMeTPOM B 3aBHUCHMO-
CTH OT pasMmepa KaMmHsg oT 1 mo 5 mm (region of
interest, ROI) TakuMm o6pazomM, YTOObI OKPYZKHOCTD
oxBaTbIBaAa He MEHee IIOAOBUHBI IIAOIIAAN KaMHS.
[asa ramHe¥ Goaee 2 cM, B T.4. KOPaAAOBHIHBIX
KaMHeH BBIIIOAHSIAOCE ABa U3MEPEHHs IIAOTHOCTH,
C IIOCAEAYIOIIMM BBIYHCAEHHEM CpPeIHEro Iokasa-
TeAd IIAOTHOCTH (pHc. 1, 2).

Bce xamMHU IO pe3yAbTaTaM IBYXOHEPLeTH-
YeCKOH KOMITBIOTEPHOM ToMmorpacduu ObIAM KAac-
Cu(UIITPOBAHBI Ha YeThIpe I'PYIIIIbI:

1) BeBeaanr;

2) Ca-conmepkaiiyie KaMHU 0e3 BEBEAAUTA,
3)MoueBas KUCAOTA;

4) llucTuHOBBIE / CTPYBUTHBIE KAMHU.

CaenyeT OTMETHUTH, YTO IIPeobAaTalolIM KOMIIO-
HEHT CUHTAACH B TOM CAydae, €CAH €ro HoAd B 00-
pasie coctraBasaa 75% u 6oaee. AHAANM3 CHUMKOB
IIPOU3BOIUACH o HU3BECTHOI'O dbU3NKO-
XUMHUYECKOI'0 HCCAE€NOBaHUA KaMHeH. [IporrHocTh-
yeckKasa olleHka coctraBa npu [IOKT u oTHeceHHe
obpasna B BBIIIEYIIOMSHYTbIE I'PYIIIIBI [IPOU3BOLH-
AACh IIyTEM COIIOCTABAEHUS IIOAYYEHHBIX II0Ka3a-
Teaet 100 Cc HU3BECTHBIMH [JAaHHBIMH H3Y4YEeHHOU
AUTEpaTypHI (Taba. 1).

Bce mamyeHTBI IOABEPraAuCh OIIEPATHBHOMY Ae-
YEeHUIO B ONTHMaAbBHOM o0BeMe: AHUCTAHIIMOHHOH
AWUTOTPHUIICHH, KOHTAKTHOH YyPETEPOAHTOTPUIICHU
UAW YPECKOXKHOH Hedpoaurorpuricuu. Bepudu-
Kallys CcOoCTaBa ITOAYYEHHBIX IIPH Ollepalliy HAU B
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pe3yAbTaTe OTXOXKIAEHHS B IIOCAEOIIEPallMOHHOM
nepuoae KaMHEH IIpOM3BOAMAACH IIPH IIOMOIIH
nHPPaAKPACHOH CIEKTPOCKOIIMH U PEHTTeHO(da30-
Boro anaamsza. [awuupie [IOKT cpaBHHBaAuch cC
JaHHBIMH BePUMHUKAIIMOHHBIX HCCAENOBaHUH II0-
AYYEHHBIX 00pa3IloB.

PesyasraTs.

Cpemnuii pasmep KaMH4 cocTaBua 19,3 MM
(or 5,2 mo 82,3 mm). [Io AoKaau3alliy KaMHH pac-
IPENEeASAUChH CAeOyIONTMM obpaszom: 15 kamueit
BEPXHEH M CpemHEeM TpyNn dYallledek, 22 KaMHS
AOXaHKH, 6 KOpPaAAOBHUAHBIX KaMHS, 14 KaMHeN
AOXaHOYHO-MOYE€TOYHHKOBOI'O CETMEHTa, 7 KaMHeH
BEpXHEH TpPETH MOYETOYHHKA, 3 KaMHS CcpemHeH
TPETH MOYETOYHHKA U 24 KaMHa HHXKHEH TpeTH
MOYEeTOYHHKA.

Ha sTame nmporHo3UpoBaHUS XUMHYECKOI'O
cocTaBa IIO pe3yabTaTaM [IByXdHEpPreTHYeCcKoH
KOMIIBIOTEPHOH TOMOTpacuu OBIAM IIOAYYEHBI CAe-
LyIOIIHe Pe3yAbTaThl (Taba. 2).

N3 91 omepaTUBHOTO BMEIIATEABCTBA, OBIAO
BBIIIOAHEHO 66 (72,53%) JAT, 16 (17,58%) — YHAT
19 (9,89%) KYAT.

Bce xamuU nan (pparmMeHTbl KaMHEH Iiocae
OIIEPATUBHOIO A€YEHHd II0 [JaHHBIM (PHU3UKO-
XUMHYECKOI'0 COCTaBa (PEHTIreHO(a30BOT0 aHaAU3a
U MHQPPaAKPACHOH CIEKTPOCKOIHNH) OBIAM OIIpese-
A€HBI B CAEYIOIIIHE TPYHIILI (Taba. 3).

Kak BumHO n3 TabAWIlpI, B HCcAeLyeMOH
BbIOOpKe mpeobaamarorT Ca-comepskalliyie KOHKpe-
MeHTBI (n=76, 83,52%), Ipu 9TOM OCHOBHBLIM KOM-
moHeHTOM (6oaee 75%) y GOABIITMHCTBA 00pAa3IloB
(n=42, 55,26% cpenu Ca-comepzKallnx KaMHEH,
46,15% ot obiero yncaa o6pas3lloB) B yKa3aHHOU
TpyIIle gBAdEeTCH BeBeAAUT. Ha m0AI0 CTPYyBHTHBIX
KOHKPEMEHTOB HpUXoguTcs 5,5% (n=5) oT obiero
4rcaa 00pasnoB. A Ha [0AI0 KaMHeH ¢ nmpeobaana-
HHUEeM MOo4YeBOU KUCAOTHI — 11% (n=10).

CpaBHEHHE TpPyHIl II0 pe3yAbTaTaM IBYX-
SHEepPreTH4YeCKON KOMITBIOTEPHOH ToMorpadpuu u
PU3UKO-XUMHYECKOTO COCTaBa IIPEACTaBAEHBI Ha
auarpamMMmax (puc. 3).

TakuMm o0pa3oM, MBI IIOAYYHAH CAEAYIOIIHE
pesyabraTel: 1o maHHbBIM J[IOKT OblAM HEBEepHO
OITpeneAeHbI:

* 7 KaMHeH c cozep:KaHHeM BeBeasnTa: 4 obpasia
ObIAM oTHeceHBI B rpymnmy Ca-comepskaliux KaM-
Hell 0e3 BeBeaauTa (Ne 2), eme 3 obpasua — B
TPYHILy CTPYBUTHBIX /IIMCTUHOBBIX KamMHel (No 4);

* 4 Ca-comepzKalmux KaMHd 0e3 BeBeAAHTa ObIAU
OTHeCEHHI B rpymiy BeBeaauta (Ne 1);

° 2 CTPYBUTHBIX KaMHs: 1 oOpa3ser; 6bIaA HEBEPHO
OTHECEH B TI'pyHnny ModeBoid KHUCAOTHI (Ne3), 1 ka-
MeHb — B rpymiy BeBeaauta (Ne 1);

* 1 KaMeHb, MMEBIIUN B COCTaBE COAH MOYEBOM
KHCAOTEI ObIA HEBEPHO OTHECEH B I'PYIIILY CTPYyBHUT-
HbIX KaMHe# (Ne 4). CTouT TakKe OTMETHUTH, 4TOo 1
KaMeHb UMeA CMEIIaHHBIH COoCTaB — COAM MOYeBOH
KucAoThel 70% + BeBeaauT 23% + Begmeaaut 7%, 1o
pesyabrataMm [J3KT ObiA OTHECEH B I'PyIITy KaMHeH
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Aquion ONE

Puc. 1 (Fig. 1)

Puc. 1. AJ3KT, akCUAAbHbIE PEKOHCTPYKLLIMM.

[IpuMmep m3MepeHUsd MAOTHOCTH Ha M3o0pazkeHuax mpu 80 kV, 135 kV, 120 kV, c mocaenyromuM ompe-
OEeACHUEM CIeIIn(pUYecKUX mokasareae (130, 29U, [19P).

Fig. 1. DECT, axial reconstraction.

Density measurement in images at 80 kV, 135 kV, 120 kV, followed by the determination of specific
indicators (DEO, DEI, DER).

Mean ROIT 1597

Number of Pixels

120 16.0 200 240

Effective Z

Puc. 2 (Fig. 2)

Puc. 2. AJ3KT, npumep onpeaeAeHus cneumncuieckoro nokasarteas — effective 7.

Fig. 2. DECIT. Determining a specific indicator - effective Z.
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Tabauma Ne 1.

IIoporoBsie 3HaueHHs 190 mpH KaaccHPHKAIMH KaMHeH IO AaHHBIM
A9KT B npemomepaltHOHHOM nepHoze [6, 17, 24, 40].

CocraB kamHeil 30
1. Besemur 1,33-1,41
2. Ca-cozmeprxamue KaMHH 0e3 BeBEIUINTA Bonee 1,41
3. MoueBas KucjaoTa Menee 1,22
4, CTpyBUTHBIE/TUCTUHOBBIE 1,22 -1,329

Tabauma Ne 2.
O9KT.

IIpenonmepanHOHHBIH MPOTHO3 XHMHYECKOI'0 COCTaBa KAMHEH IO JaHHBIM

CocTaB KaMHeil

Yuci10 maumeHToB

1. Besemur 40 (43,96%)
2. Ca-cozepxarne KaMHH 6€3 BeBEIUTUTA 34 (37,36%)
3. MoueBas KUCI0Ta 10 (10,99%)
4. CTpyBUTHBIC/IIACTHHOBBIE 7 (7,69%)

Tabauma Ne 3.

PesyAbTaThl (PH3HKO-XHMHYECKOTIO0 COCTaBa KaMHEH HAH HX ¢dparmeH-

TOB.
CocraB kaMHeil YucJi0 06pa3nos
1. Besemur 42 (46,15 %)
2. Ca-coneprkaiie KaMHH 0€3 BEBEJUTUTA 34 (37,36 %)
3. MoueBas KUCIIOTA 10 (10,99%)
4. CTpyBHUTHBIC KAMHH 5 (5,5%)

Tabamuia Ne 4.

CpeaHee 3HaAUEHHS MAOTHOCTH Ha 80 k3B, 135 k3B u 120 k3B naa Ca-
coAepxKalIUX KaMHEH.

Tun kamHs Yucao Cpenusist iior- Cpenusist miornocts (HU) CpeaHsisi IVIOTHOCTH
odpasuo Hocth (HU) npu npu 135 k3B (HU) npu 120 x>B
80 x3B
Bepemmur 42 1476,2 1079,1 1188,1
Ca-coaeprxaiue 34 1585,7 1068,4 1197,2

KaMHHU 0e3 BeBEJUINTA

Tabauua Ne 5. CpenHee 3HaueHHs NAOTHOCTH Ha 80 k3B, 135 k3B u 120 k3B zmasa coaeil moue-
BOH KHCAOTBI H CTPYBHTHBIX KaMHEH.

Tun kamus

Yucsao o6pa3uoB

Cpeausist JioT-

Cpenusist miornocts (HU)

Cpeansisi IVIOTHOCTh

Hocts (HU) npu npu 135 k3B (HU) npu 120 3B
80 x»B
Mouesas kuciora | 10 401,4 376,1 384
CrpyBur 5 931,2 743,3 801

| wwwe.rejr.ru | REJR. 2018; 8 (2):94-104

DOI:10.21569/2222-7415-2018-8-2-94-104

Crpannna 99




RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY

= Bepenamr
B Ca-comepHale KamHu Des sepennmTa
= hMouesas KMCNoTa

CTpYBMTHBIE/UMCTMHOBLIE  KAMHMK

Puc. 3 a (Fig. 3 a)

= BepennmT
B C3-cogepsallne KamHW Des sesennvTa
= Moueeaa KMCNOTa

CTpyBMT

Puc. 3 6 (Fig. 3 b)

Puc. 3. Auarpammbil.

CpaBHEHHE NOAHW Pa3HBIX BUAOB KaMHEM cpeau maiueHToB 1o pedyabrataMm [J9KT B mpemorepaiioHHOM
epHoe (a) U o pe3yAbTaTaM (PU3UKO-XUMHUYECKOTro cocTaBa (0).

Fig. 3. Diagrams.

Comparison of the percentage of different types of stones among patients by the results of DECT in the
preoperative period (a) and by the results of the physico-chemical analysis (b).

U3 MO4YEBOM KHCAOTBI. [Ipu 2TOM MOMHHaAHTHBIH
KOMIIOHEHT ObIA OIIpeeAeH BEPHO.

C ygyeToM HaHHBIX U3 TAOAUIL 4 U 5, CAEAYET
OTMETUTH COOTBETCTBHE ITAOTHOCTH KOHKPEMEHTOB
npu cragnaptaod MCKT (120 k5B) 1 ux cocraBoM,
IIPOIEMOHCTPHUPOBAHHOE paHee APYTHUMU HCCAEO-
Bateagmu [1, 4, 10, 25-29, 26-33, 8, 37, 38].
I[MaoTHOCTHM KamHe#d npu 80 k3B u mpum 135 k9B
UMEIOT 0co0oe 3HadeHHe B KOHTEKCTE€ HX KOM-
IIAEKCHOM OIIeHKH, KOTOpad BBIpazkKaeTcs B CIIe-
OUPUIECKUX JaHHBIX U SBASETCS CyTBIO IIpUMe-
Henusa Meronma [OKT B gmarmoctuke MKB. Ora
Pa3HOCTh IIAOTHOCTEeH Ha BBICOKOM M HH3KOM
YPOBHE SHEPIHUH OTpazkaeT IIporecc (POTOIAEKTPHU-
YECKOTO IIOTAOLIEHHS — I'AaBHOTO (POTOHHOI'O B3a-
UMOJEUCTBUS PEHTIEHOBCKUX AydeH B BellecTBax
C BBICOKMM AaTOMHBIM 4YHCAOM. TakuM o0pa3zoM,
II0gBASETCS BO3MOXKHOCTE aH(pdepeHIupoBaTh
3A€MEHTHI C BBIPA*KEHHOH pas3HHUIlEH B IloKasaTe-
Aax Z eff o ux cnekTpaabHBIM cBoicTBaM. B To
BpeMs Kak Inpu craHpaptHoii MCKT (120 ksB)
oudepeHIuPOBKa MaTepHaAOB C PAa3HBIM 3Ae-
MEHTapHBIM COCTaBOM MOIKeT OBbITb 3aTpPyLHHU-
TEABHOH B BHUy BO3MOXKHOM CXOXKECTH IIOKasaTe-
Aett ux maoTHocrel (9, 20, 34].

[Toayuennble npu [A9KT cnenudpryeckue
nokazatreau — [190, 19U, [10P u Z eff - mpencras-
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AeHBI B Tabaunax 6, 7. C ydeToM HIpHUBEAEHHBIX
JAHHBIX CAE€LyeT OTMETHUTh 3HadHUTeAbHOEe Ilepe-
KpeITHe uHTepBasoB [AOU, [ADOP u Z eff y Ca-
comepxamux KaMHed (rpynmsl Ne 1 m Ne 2), urto
3aTpygHIET aJeKBaTHYIO CTATUCTHYECKYIO OIEHKY
UX 3HAQYHUMOCTH B TOHKOH audepeHIINpPOBKE IIO
CoCTaBy BHYTPH yKas3aHHBIX I'PyIIl. [JOIIOAHHUTEAL-
HBbIE CAOXKHOCTH CBSI3aHBI C OTHOCUTEABHO MaABIMH
BbIOOpPKaMM 3THX IPyHIl. B To BpeMd Kak HaHHBIE
II0Ka3aTeAH y COAeY MOYeBOM KHCAOTHI U CTPYBHT-
HbIX KamHel (rpymmsl No 3 u Ne 4) 3HaYUTEABHO
OTAHMYAIOTCH OT TAKOBBIX yV KaABIIUHCOAEPIKAIIUX.
Opnaako, mexnay rpymnmnamMu Noe3 u Ne4 maHHBIE IIO-
Ka3aTeAH HMEIOT BBIPasKeHHOE IIepecedeHHe, UTo,
aHaAOTHYHO ¢ curyanue#r c¢ rpynmamu Ca-
comepxKaIUX KaMHeH, 3aTpyAHSeT HX B3aHUMHYIO
nudPepeHIITPOBKY.

FaaBHBIH crienuUYUYECKHE II0Ka3aTeAb —
50, Ha OCHOBE MOPOTOBBIX 3HAUYEHUN KOTOPOTO
IIPOM3BOANAOCE IIPOTHO3UPOBAHHE COCTaBa, [e-
MOHCTPHUPYET BeCbMa VCIIEIIHbIE PE3yABTAThl IIPU
CTaTUCTUYECKOU OIleHKe (TabA. 8).

CaenyeT OTMETHUTB, YTO UM PEPEHIIIPOBKA
Ca-comepzxkanux KaMHel U KaMHe#l MO4YeBOM KHC-
AoThI 110 pesyabTaraM [IOKT mocraTodHO OCBeElIeHa
B AUTEpaType, KPOME TOro AaHHad I'pyliia KaMHeH
B HallleM MCCA€IOBAHUU IIPEACTAaBACHA 3HAYUMOU
BbIOOpKOH [39, 41]. A pesyabTaTel II0 rpymme No4
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Tabauma Ne6.

Cpennee 3uaueHus 90, I9U, 9P u Z eff naa Ca-comepikalux KaMHEH.

CocraB KaMHs Yucao oopasuo | Cpeanee 120 | Cpennuii IOU | Cpenussa 9P Cpenuee Z eff
Besemaur 42 1,369 0,087 397,6 12,3
Ca-conepxaniue kKaMmau | 34 1,489 0,111 517,4 13,8
0e3 BeBeUIUTA

Tabauma Neo7.
KaMHEH.

Cpennee 3Hadenus 190, AOH, AOP u Z eff naa ypaTHBIX H CTPYBHTHBIX

CocraB KaMHA Yucao odpa3s- Cpennee 130 | Cpeannii 19U | Cpeaussa 1JP Cpennee
OB Z eff
MoueBas kuciora 10 1,09 0,009 25,3 7,71
CrtpyBUT 5 1,25 0,051 187,9 9,68

Tabauma NeS8.

YyBCcTBHTEABHOCTh H chneunHdHYHOCTh JOKT B OTHOIIEHHH IIPOrHO3a

XHMHYECKOI'0 COCTaBa KAMHEH Ha OCHOBAHHH IokKasaTeas [1390.

CocraB KaMHs YyBCTBUTEIBHOCTH Cneuu(puuHoCTh
Besemmr 83,33% 89,8%
Ca-comepikariue KaMHH 03 BEBEILIUTA 87,88% 93,1%
MoueBas KHCIIOTa 90% 98,77%
CrtpyBuUT 60% 93,33%

(cTpyBHUTHBIE KaMHH) HE [OCTATOYHO IIIHPOKO
OCBeILIEHbI B HAYYHBIX MMyOAUKAIIUGX U B JAHHOM
HCCAEIOBAHUU IIPENCTABAEHBI MEHBIIIEH BBIOOP-
KO, YTO OIIpeeAseT HEOOXOMUMOCTh MaAbHeHIIe-
To U3y4YeHUs JaHHOI'0 HallpaBAEHUS.

3akmnouenue.

Takum o6pazom, npumenenue [I9KT B npen-
OIepPaIlMOHHOM IIEPHO/E C IIEABIO IIPOTHO3HPOBA-
HHUY XUMHYECKOT0 cocTaBa KaMHS «in Vivo» C BBI-
COKOM moAel MOCTOBEPHOCTHU MoOKeT auddepeH-
IUpoBaTh HE TOABKO ypaTHble u Ca-comepzKariye
KaMHHU, HO U OTIEABHO BBIABAATH 00pasiibl, B CO-

CnHCOK AHTepaTyphI:
1. Ansies IO.I"., Pyoenro B.H., l'asumues M.-C.A. MouekameHHast
b6one3Hb. AKmyanbHble 80NPOCLL OuazHOCMUKU U 8blbopa memo-
oa neueHust. «Tpuada, Mockea, 2006. C. 10-16.
2. Kananaose A.B., Ceposa H.C., Pyoexnrxo B.H. Acnekmul npu-
MeHeHUsl 08YXIHep2emuueckoll. KoMNslomepHoii momozpaguu 8
JuazHocmuke mouexkameHHolU 6onesHu. Pocculickuil anexkmpoH-
HbLil JKYpHan ayuesoll ouazHocmuru. 2017. T. 7. Ne 3. C. 165-
173.
3. Kananaose A.B., Teprosoti C.K., Pyoenko B.H., Ceposa H.C.
Knunuueckoe 3HaueHue 8 ouazHocmuke U JleueHUU MoueKameH-
Holl 6onesHu. Yposnoeus. 2018. Ne 1. C. 143-149.
4. Kysvmenko B.B., KysomeHro A.B., Ocmawenrxo C.A., Be3ps-
ourn H.H. Ouyenka pesynemamos AT no 0aHHbiM Komnevromep-
Holl momoepacpuu. Mamepuanst Ilnenyma npasneHust Poccuii-
ckozo obwecmsea yponozoe (Couu, 28-30 anpens 2003). M.,
2003, cmp.185-186

| wwwe.rejr.ru | REJR. 2018; 8 (2):94-104

DOI:10.21569/2222-7415-2018-8-2-94-104

cTaBe KOTOPBIX IIpeobAalaeT BeBEAAUT. boaee
ToHKad muddepeHimpoBka Ca-comepkalimux KaM-
Heil, a Takke OoAee PEIKUX COCTABOB, TAKUX KaK
CTPYBUTHBIE U INUCTHUHOBBIE KaMHH, Tpe6yeT JdaAb-
HEHIINX HCCAENOBAHUMN C 00oAee 3HAYUMMBIMH BBI-
OopKamH.

HcTroyHHK (pHHAHCHPOBAHHA H KOH(MPAHKT
HHTEPECOB.

ABTOpPBI MaHHOM CTATBbU HMOATBEPAHAH OTCYT-
cTBUe (PUHAHCOBOH MOAAEPKKU HCCAEHOBAHULA U
KOH(AUKTA HHTEPECOB, O KOTOPBIX HEOOXOIUMO
COOOIIIUTE.

5. Aonamrun H.A., [zeparos H.K. 15-nemHuil onbim npumeHe-
nust AT e neueruu MKBE. Mamepuanet I[IneHyma npasneHust
Poccutickozo obwecmsea yponozoe (Couu, 28-30 anpens 2003).
M., 2003, cmp.5-25

6. Acharya S., Goyal A., Bhalla A.S., Sharma R., Seth A., Gupta
A.K. In vivo characterization of urinary calculi on dual-energy
CT: going a step ahead with sub-differentiation of calcium
stones. Acta Radiol. 2015; 56 (7): 881-9.

7. Alvarez R.E., Macovski A. Energy-selective reconstructions in
x-ray computerized tomography. Phys Med Biol. 1976; 21 (5):
733-744.

8. Bellin M.F., Renard-Penna R., Conort P., et al. Helical CT
evaluation of the chemical composition of urinary tract calculi
with a discriminant analysis of CT-attenuation values and den-
sity. Eur Radiol. 2004; 14: 2134-40.

9. Curry T.S. III, Dowdey J.E., Murry R.C. Christensen’s physics

Crpanuna 101



RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY

of diagnostic radiology. 4th ed. Philadelphia, Pa: Lea & Febiger.
1990; 61-69.

10. Deveci S., Coskun M., Tekin M.L, et al. Spiral computed
tomography: role in determination of chemical compositions of
pure and mixed urinary stones - an in vitro study. Urology.
2004; 64: 237-40.

11. Dretler S.P. Stone fragility-a new therapeutic distinction. J
Urol. 1988; 139: 1124-7.0

12. Ferraro PM, Robertson WG, Johri N, et al. A London experi-
ence 1995-2012: demographic, dietary and biochemical charac-
teristics of a large adult cohort of patients with renal stone dis-
ease. QJM 2015; 108:561-568. 63.

13.  Ferrero A., Montoya J.C., Vaughan L.E., Huang A.E.,
McKeag I1.O., Enders F.T., Williams J.C. Jr, McCollough C.H.
Quantitative Prediction of Stone Fragility From Routine Dual
Energy CT: Ex vivo proof of Feasibility. Acad Radiol. 2016; 23
(12): 1545-1552.

14. Flohr T.G., McCollough C.H., Bruder H., et al. First perfor-
mance evaluation of a dual-source CT (DSCT) system. Eur Radi-
ol. 2006; 16: 256-268.

15. Graser A., Johnson T.R., Chandarana H., Macari M. Dual
energy CT: preliminary observations and potential clinical appli-
cations in the abdomen. Eur Radiol. 2009; 19 (1): 13-23.

16. Habashy D., Xia R., Ridley W., Chan L., Ridley L. Impact of
dual energy characterization of urinary calculus on manage-
ment. J Med Imaging Radiat Oncol. 2016; 60 (5): 624-631.

17. Hidas G., Eliahou R., Duvdevani M., Coulon P., Lemaitre L.,
Gofrit O.N., Pode D., Sosna J. Determination of renal stone com-
position with dual-energy CT: in vivo analysis and comparison
with x-ray diffraction. Radiology. 2010; 257 (2): 394-401.

18. Hounsfield G.N. (1973) Computerized transverse axial
scanning (tomography). Description of system. Br J Radiol. 46:
1016-1022.

19. Johnson T.R., Krauss B., Sedlmair M., et al. Material differ-
entiation by dual energy CT: initial experience. Eur Radiol.
2007; 17 (6): 1510-1517.

20. Kruger R.A., Riederer S.J., Mistretta C.A. Relative properties
of tomography, K-edge imaging, and K-edge tomography. Med
Phys. 1977; 4 (3): 244-249.

21. Kulkarni N.M., Eisner B.H., Pinho D.F., Joshi M.C., Kamba-
dakone A.R., Sahani D.V. Determination of renal stone composi-
tion in phantom and patients using single-source dual-energy
computed tomography. J Comput Assist Tomogr. 2013; 37 (1):
37-45.

22. Largo R., Stolzmann P., Fankhauser C.D., Poyet C.,
Wolfsgruber P., Sulser T., Alkadhi H., Winklhofer S. Predictive
value of low tube voltage and dual-energy CT for successful
shock wave lithotripsy: an in vitro study. Urolithiasis. 2016 Jun;
44 (3):271-6.

23. Macovski A., Alvarez R.E., Chan J.L., Stonestrom J.P., Zatz
L.M. Energy dependent reconstruction in x-ray computerized
tomography. Comput Biol Med. 1976; 6 (4): 325-336.

24. Matlaga B.R., Kawamoto S., Fishman E. Dual source com-
puted tomography: a novel technique to determine stone compo-
sition. Urology. 2008; 72(5): 1164-8.

25. Mitcheson H.D., Zamenhof R.G., Bankoff M.S., et al. Deter-

References:

1. Alyaev Yu.G., Rudenko V.I, Gazimiev M.-S.A. Urolithiasis.
Modern aspect of diagnostics and treatment. «Triada», Moscow,

| wwwe.rejr.ru | REJR. 2018; 8 (2):94-104

DOI:10.21569/2222-7415-2018-8-2-94-104

mination of the chemical composition of urinary calculi by com-
puterized tomography. J Urol. 1983; 130: 814-9.

26. Mostafavi M.R., Ernst R.D., Saltzman B. Accurate determi-
nation of chemical composition of urinary calculi by spiral com-
puterized tomography. J Urol. 1998; 159: 673-5.

27. Motley G., Dalrymple N., Keesling C., et al. Hounsfield unit
density in the determination of urinary stone composition. Urolo-
gy. 2001; 58: 170-3.

28. Nakada S.Y., Hoff D.G., Attai S., et al. Determination of
stone composition by noncontrast spiral computed tomography
in the clinical setting. Urology. 2000; 55: 816-9.

29. Newhouse J.H., Prien E.L., Amis E.S., et al. Computed tomo-
graphic analysis of urinary calculi. AJR Am J Roentgenol. 1984;
142: 545-8.

30. Ngo T.C., Assimos D.G. Uric acid nephrolithiasis: recent
progress and future directions. Rev Urol. 2007; 9: 17-27.

31. Patel T., et al. Skin to stone distance is an independent pre-
dictor of stone-free status following

32. Pittomvils G., Vandeursen H., Wevers M., et al. The influ-
ence of internal stone structure upon the fracture behaviour of
urinary calculi. Ultrasound Med Biol. 1994; 20: 803-10.

33. Primak AN, Ramirez Giraldo JC, , Liu X, , Yu L, , McCollough
CH. Improved dual-energy material discrimination for dual-
source CT by means of additional spectral filtration. Med Phys
2009;36(4):1359-1369.

34. Riederer S.J., Mistretta C.A. Selective iodine imaging using
K-edge energies in computerized x-ray tomography. Med Phys.
1977; 4 (6): 474-481.

35. Rutchik S.D., Resnick M.I. Ureteropelvic junction obstruction
and renal calculi: pathophysiology and implications for man-
agement. Urol Clin North Am. 1998; 25: 317-21.

36. Saw K.C., Lingeman J.E. Management of calyceal stones.
AUA Update Series. 1999; 20: 154-9.

37. Saw K.C., McAteer J.A., Monga G., et al. Helical CT of uri-
nary calculi: effect of stone composition, stone size, and scan
collimation. AUR Am J Roentgenol. 2000; 175: 329-32.

38. Sheir K.Z., Mansour O., Madbouly K., et al. Determination of
the chemical coposition of urinary calculi by noncontrast spiral
computerized tomography. Urol Res. 2005; 33: 99-104.

39. Spek A., Strittmatter F., Graser A., Kufer P., Stief C., Staeh-
ler M. Dual energy can accurately differentiate uric acid-
containing urinary calculi from calcium stones. World J Urol.
2016; 34 (9): 1297-302.

40. Thomas C., Heuschmid M., Schilling D., Ketelsen D., Tsi-
flikas I, Stenzl A., Claussen C.D., Schlemmer H.P. Urinary cal-
culi composed of uric acid, cystine, and mineral salts: differenti-
ation with dual-energy CT at a radiation dose comparable to
that of intravenous pyelography. Radiology. 2010 Nov; 257 (2):
402-9.

41. Zheng, X., et al. Dual-energy computed tomography for
characterizing urinary calcified calculi and uric acid calculi: A
meta-analysis. Eur J Radiol. 2016; 85: 1843.

42. Zhong P., Preminger G.M. Mechanisms of differing stone
fragility in extracorporeal shockwave lithotripsy. J Endourol.
1994; 8 (4): 263-8.

2006. P. 10-16 (in Russian).
2. Kapanadze L.B., Serova N.S., Rudenko V.I. application of

Crpanuna 102



RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY

dual-energy computer tomography in diagnostics of urolithiasis.
REJR. 2017; 7 (3): 165-173 (in Russian).

3. Kapanadze L.B., Ternovoy S.K., Rudenko V.I, Serova N.S.
Clinical implications of dual-energy computed tomography in the
diagnosis and treatment of urolithiasis. Urology. 2018. 1: 143-
149 (in Russian).

4. Kuz’menko V.V., Kuz’menko A.V., Bezryadin N.N., Vakhtel
V.M. Roentgencomputer tomography in the determination of the
urinary stones composition. Materials of Russian urology socie-
ty, Sochi, 2003. P. 185-186 (in Russian).

5. Lopatkin N.A., Dzeranov N.K. 15-year experience of ESWL in
urolithiasis treatment. Materials of Russian urology society,
Sochi, 2003. P. 5-25 (in Russian).

6. Acharya S., Goyal A., Bhalla A.S., Sharma R., Seth A., Gupta
A.K. In vivo characterization of urinary calculi on dual-energy
CT: going a step ahead with sub-differentiation of calcium
stones. Acta Radiol. 2015; 56 (7): 881-9.

7. Alvarez R.E., Macovski A. Energy-selective reconstructions in
x-ray computerized tomography. Phys Med Biol. 1976; 21 (5):
733-744.

8. Bellin M.F., Renard-Penna R., Conort P., et al. Helical CT
evaluation of the chemical composition of urinary tract calculi
with a discriminant analysis of CT-attenuation values and den-
sity. Eur Radiol. 2004; 14: 2134-40.

9. Curry T.S. 1II, Dowdey J.E., Murry R.C. Christensen’s physics
of diagnostic radiology. 4th ed. Philadelphia, Pa: Lea & Febiger.
1990; 61-69.

10. Deveci S., Coskun M., Tekin M.L, et al. Spiral computed
tomography: role in determination of chemical compositions of
pure and mixed urinary stones - an in vitro study. Urology.
2004; 64: 237-40.

11. Dretler S.P. Stone fragility-a new therapeutic distinction. J
Urol. 1988; 139: 1124-7.0

12. Ferraro PM, Robertson WG, Johri N, et al. A London experi-
ence 1995-2012: demographic, dietary and biochemical charac-
teristics of a large adult cohort of patients with renal stone dis-
ease. QJM 2015; 108:561-568. 63.

13. Ferrero A., Montoya J.C., Vaughan L.E., Huang A.E.,
McKeag I1.O., Enders F.T., Williams J.C. Jr, McCollough C.H.
Quantitative Prediction of Stone Fragility From Routine Dual
Energy CT: Ex vivo proof of Feasibility. Acad Radiol. 2016; 23
(12): 1545-1552.

14. Flohr T.G., McCollough C.H., Bruder H., et al. First perfor-
mance evaluation of a dual-source CT (DSCT) system. Eur Radi-
ol. 2006; 16: 256-268.

15. Graser A., Johnson T.R., Chandarana H., Macari M. Dual
energy CT: preliminary observations and potential clinical appli-
cations in the abdomen. Eur Radiol. 2009; 19 (1): 13-23.

16. Habashy D., Xia R., Ridley W., Chan L., Ridley L. Impact of
dual energy characterization of urinary calculus on manage-
ment. J Med Imaging Radiat Oncol. 2016; 60 (5): 624-631.

17. Hidas G., Eliahou R., Duvdevani M., Coulon P., Lemaitre L.,
Gofrit O.N., Pode D., Sosna J. Determination of renal stone com-
position with dual-energy CT: in vivo analysis and comparison
with x-ray diffraction. Radiology. 2010; 257 (2): 394-401.

18. Hounsfield G.N. (1973) Computerized transverse axial
scanning (tomography). Description of system. Br J Radiol. 46:
1016-1022.

19. Johnson T.R., Krauss B., Sedlmair M., et al. Material differ-
entiation by dual energy CT: initial experience. Eur Radiol.

| wwwe.rejr.ru | REJR. 2018; 8 (2):94-104

DOI:10.21569/2222-7415-2018-8-2-94-104

2007; 17 (6): 1510-1517.

20. Kruger R.A., Riederer S.J., Mistretta C.A. Relative proper-
ties of tomography, K-edge imaging, and K-edge tomography.
Med Phys. 1977; 4 (3): 244-249.

21. Kulkarni N.M., Eisner B.H., Pinho D.F., Joshi M.C., Kamba-
dakone A.R., Sahani D.V. Determination of renal stone composi-
tion in phantom and patients using single-source dual-energy
computed tomography. J Comput Assist Tomogr. 2013; 37 (1):
37-45.

22. Largo R., Stolzmann P., Fankhauser C.D., Poyet C.,
Wolfsgruber P., Sulser T., Alkadhi H., Winklhofer S. Predictive
value of low tube voltage and dual-energy CT for successful
shock wave lithotripsy: an in vitro study. Urolithiasis. 2016 Jun;
44 (3):271-6.

23. Macovski A., Alvarez R.E., Chan J.L., Stonestrom J.P., Zatz
L.M. Energy dependent reconstruction in x-ray computerized
tomography. Comput Biol Med. 1976; 6 (4): 325-336.

24. Matlaga B.R., Kawamoto S., Fishman E. Dual source com-
puted tomography: a novel technique to determine stone compo-
sition. Urology. 2008; 72(5): 1164-8.

25. Mitcheson H.D., Zamenhof R.G., Bankoff M.S., et al. Deter-
mination of the chemical composition of urinary calculi by com-
puterized tomography. J Urol. 1983; 130: 814-9.

26. Mostafavi M.R., Ernst R.D., Saltzman B. Accurate determi-
nation of chemical composition of urinary calculi by spiral com-
puterized tomography. J Urol. 1998; 159: 673-5.

27. Motley G., Dalrymple N., Keesling C., et al. Hounsfield unit
density in the determination of urinary stone composition. Urolo-
gy. 2001; 58: 170-3.

28. Nakada S.Y., Hoff D.G., Attai S., et al. Determination of
stone composition by noncontrast spiral computed tomography
in the clinical setting. Urology. 2000; 55: 816-9.

29. Newhouse J.H., Prien E.L., Amis E.S., et al. Computed tomo-
graphic analysis of urinary calculi. AJR Am J Roentgenol. 1984;
142: 545-8.

30. Ngo T.C., Assimos D.G. Uric acid nephrolithiasis: recent
progress and future directions. Rev Urol. 2007; 9: 17-27.

31. Patel T., et al. Skin to stone distance is an independent
predictor of stone-free status following

32. Pittomvils G., Vandeursen H., Wevers M., et al. The influ-
ence of internal stone structure upon the fracture behaviour of
urinary calculi. Ultrasound Med Biol. 1994; 20: 803-10.

33. Primak AN, Ramirez Giraldo JC, , Liu X, , Yu L, , McCollough
CH. Improved dual-energy material discrimination for dual-
source CT by means of additional spectral filtration. Med Phys
2009;36(4):1359-1369.

34. Riederer S.J., Mistretta C.A. Selective iodine imaging using
K-edge energies in computerized x-ray tomography. Med Phys.
1977; 4 (6): 474-481.

35. Rutchik S.D., Resnick M.I1. Ureteropelvic junction obstruction
and renal calculi: pathophysiology and implications for man-
agement. Urol Clin North Am. 1998; 25: 317-21.

36. Saw K.C., Lingeman J.E. Management of calyceal stones.
AUA Update Series. 1999; 20: 154-9.

37. Saw K.C., McAteer J.A., Monga G., et al. Helical CT of uri-
nary calculi: effect of stone composition, stone size, and scan
collimation. AUR Am J Roentgenol. 2000; 175: 329-32.

38. Sheir K.Z., Mansour O., Madbouly K., et al. Determination of
the chemical coposition of urinary calculi by noncontrast spiral
computerized tomography. Urol Res. 2005; 33: 99-104.

Crpanuna 103



RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY

39. Spek A., Strittmatter F., Graser A., Kufer P., Stief C., Staeh-
ler M. Dual energy can accurately differentiate uric acid-
containing urinary calculi from calcium stones. World J Urol.
2016; 34 (9): 1297-302.

40. Thomas C., Heuschmid M., Schilling D., Ketelsen D., Tsi-
flikas I, Stenzl A., Claussen C.D., Schlemmer H.P. Urinary cal-
culi composed of uric acid, cystine, and mineral salts: differenti-
ation with dual-energy CT at a radiation dose comparable to

| wwwe.rejr.ru | REJR. 2018; 8 (2):94-104

DOI:10.21569/2222-7415-2018-8-2-94-104

that of intravenous pyelography. Radiology. 2010 Nov; 257 (2):
402-9.

41. Zheng, X., et al. Dual-energy computed tomography for
characterizing urinary calcified calculi and uric acid calculi: A
meta-analysis. Eur J Radiol. 2016; 85: 1843.

42. Zhong P., Preminger G.M. Mechanisms of differing stone
fragility in extracorporeal shockwave lithotripsy. J Endourol.
1994; 8 (4): 263-8.

Crpanuna 104



