ISSN 1561-6274. Hedponorus. 2005. Tom 9. Ne2.

© H.A.I'ydbaps, A.B.Cmuphos, E./I.Cyrino6osa, 2005
VJK 616.61-008.64-036.12-08

HA. I'yoaps, A.B. Cmupnos, E.J]. Cyenobosa

COBPEMEHHbIE KOHBEKLNOHHBIE METOLbI TEPATTNIN BOJIbHbBIX
C XPOHUYECKOW MOYEYHOW HEAOCTATOYHOCTbIO. COOBLLEHVIE |

N.Ya. Gubar, A.V. Smirnov, E.D. Suglobova

MODERN CONVECTION METHODS OF THERAPY OF CHRONIC RENAL
FAILURE PATIENTS. COMMUNICATION |

Kadepnpa nponeneBTkn BHYTPEHHMX BonesHen CaHkT-MNeTepbyprckoro rocyAapCTBEHHOrO MEAMLIMHCKOrO YHMBEPCUTETa UMEHWN akaaemmnka

W.M. NaBnoea, Poccus

KnioueBble cnoBa: remoanadunbTpaums, KoHBekums, anddysuns, remoamanmng.

Key words: hemodiafiltration, convection, diffusion, hemodialysis.

BBEAEHUE

CoBpeMeHHBII MOIX0Jl K METOANKAaM DKCTPaKop-
MOpaJIbHOM JIETOKCHKALlMKM OCHOBAaH Ha pa3paboTke
TEXHOJIOTUH, HAlPaBJIEHHBIX HA YMEHBILIEHHE OCIOXK-
HEeHUH, y OOJIbHBIX, CTPaJIAIOIIUX TEPMUHAIBHON CTa-
el XpOHUYECKON MOYEeYHOW HEeAOCTaTOYHOCTH
(XTIH), momyuatomux Tepanuto remoauaimzom (I]1).
OOuiee yBenuyeHUEe MPOJOKUTEIbHOCTH KU3HHU T1a-
[MEHTOB Ha XPOHUYECKOM I'€éMOJHMAIN3€ MPUBOAUT K
TOMY, YTO TOKa3aTeNIM BBDKUBAEMOCTH, CMEPTHOCTH,
KapJM0-BacKyJISPHBIX OCI0KHEHUH, Hapymenuid Ca-P
oOMeHa BBIXOAST Ha mepBbld miaH [1]. OmHako, cam
1o cebe reMoJMaIn3 He CocoOeH aJeKBaTHO KOPPH-
THPOBATH BECH CIEKTP OCJI0KHEHNH, BOSHUKAIOIINI ITPU
JUIATENIBHOW YPEMHHU C OJHOM CTOPOHBI, U C JIPYroi,
NP KOPPEKIIMU ITON MaToJIOrMH JaHHBIM BapUaHTOM
3aMeCTHUTENBHON MMoueyHO! Tepanuy. B kauecTse ab-
TEPHATUBHOI'O METO/A 3aMECTUTEIBHOM Teparnuu Mo-
KeT ObITh paccMoTpena remoauadunsrpauus (I1D).

Crnenyer oOparuth BHUMaHue Ha To, uro [J|D
00beIMHsIET M KOHBEKIMOHHBIN U AU PYy3HOHHBIH Me-
XaHU3MbI MacconepeHoca, (GopMHUPYsT MOILIHBIN Mpo-
ecc, MaKCUMU3UPYIOMINNA yAalleHHE IHUPOKOTO
CIEKTpa BELIECTB: TO €CTh MOMUMO MEPEX0/ia HU3KO-
MOJIEKYJISIPHBIX BELLIECTB M0 TPAUEHTY KOHLIEHTPALIUH,
MIPOMCXOJIAIIET0 BO BPEMs PyTHHHOTO JHaJIN3a, B XO/1€
KOHBEKLMH BO3HUKAET CONPSIKEHHBIH TPAHCHIOPT O0JIb-
X 00bEMOB KHUIKOCTH U PACTBOPEHHBIX B HEH Cpel-
HEMOJIEKYJIPHBIX BelecTB. Takol 3HAYUTEIbHOU
YABTPAGUIBTPALUH C OJHOBPEMEHHBIM MacCOIEePEHO-
COM yZaeTcsl I0CTHYb Onaronaps yBeIHYEHHIO CKO-
POCTH MTOTOKA KPOBH M TUATU3UPYIOIIEr0 pacTBopa, a
TaKKe UCIOJb30BAHMIO BBICOKOIIPOHUILIAEMBIX MEMO-
pan [2]. MaccuBHas ynsTpaduibTpanusi, COmpoBOX-
Jarolascs ynajieHieM OoJbIIMX 00beMOB KHUIKOCTH,
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MIPOUCXOAUT OIHOBPEMEHHO C MH(Y3HEH aIeKBaTHBIX
00bEMOB 3aMelIalIero pacTBopa. Takum oOpazom,
U3 KpOBU OOJBHOTO, CTPaNAIOUIEr0 TePMUHAIBHOM
cranueit XITH, snMMUHAPYETCS IIUPOKUMA CIIEKTP HU3-
KO- U CPEIHEMOJICKYIISIPHBIX BelecTB [3].
Juddy3noHHBII TIpolIecC, SBIISFOIIUICT OCHOBHBIM
(u3MUeCKUM TPUHLUIIOM I'eMOJMaIn3a, KaK M3BECT-
HO, ONPENIENIETCs TPaIMEHTOM KOHLIEHTPAL[MH KOMITO-
HEHTOB MEXJy MJa3MOM KpPOBHM NAIUEHTOB U
JMaIM3UPYIOIIMM pacTBOpoM. B obmiem ciyuae uH-
TEHCUBHOCTb NE€PEMEIIEHNs] KOHKPETHOIO BEIIECTBa
(i-0ro KOMITOHEHTA) U3 OTHOTO YKA3aHHOTO JKHIKOCTHO-
0 POCTpaHCTBa (KPOBB) B APYroe ( THan3upyIOIi
pactBop) OyneT ABISThCS (YHKUMEW rpajiueHTta Xu-
MHYECKOro MOTEHIMAJIa, €CIIU BEIIECTBO — HEAJIEKT-

poaut [4]:
grad p= grad a, (1)
el RT InCi .\ RT Invi
TaKk Kak L= L, I3 I

IJI€ | — XUMMYECKUHI MOTEHIHUAT i-0r0 KOMIIOHEHTA

L — CTaHJapPTHBIA XMMUYECKHH MOTEHIUA

a, — aKTUBHOCTB 1-Oro KOMIIOHEHTA

Ci — KOHIIEHTpAIHS i- €r0 KOMIIOHEHTA

Y, — KO3(()HUUMEHT aKTHBHOCTH i-OT0 KOMIIOHEHTa
(To ectb K03 UIHMEHT, XapaKTEepU3yIOLUIUNA B3aUMO-
JIeliCTBHE 1-Or0 KOMIIOHEHTa C OCTaJbHBIMU KOMIIO-
HEHTaMH)

R — razoBas mocrosiHHast

T — abcomoTHas Temmeparypa

F — uucno ®apazes;

1 QyHKUMEH rpaiueHTa 3IeKTPOXUMHYECKOTO MO~
TEHIIMaJIa, €CIM BELIECTBA — 3JIEKTPOIHUTHL:

grad ﬁtj = grad a+ZF grad ¢ 2)

_ _ RT
Tak kak K, =pi°+71an+ZF [0}
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rae Z — 3apsij MoHa

(p — DIIEKTPUUECKUH NOTSHIMAT B IAHHOHW TOUKE.

D¢ PeKTUBHOCTH yAadeHUs] KOMIIOHEHTOB U3 TIPO-
CTPaHCTBa KPOBH MAIMEHTA TaKKe HEMOCPEACTBEHHO
omnpenensercsl XapakTepUCTUKaMH TUATU3HOW MeM-
OpaHbl, TO €cTh MapaMeTpaMH, BIMSIOMIMMH Ha CKO-
pocTh TpaHncMeMOpaHHoOU nuddy3uu: pazmepamu,
(opMoii U TOKaTBbHBIM 3apsI0M MOP, UX TIIOTHOCTHIO
1 o0uIel MoIaAbI0 MOBEPXHOCTH MeMOpaHbl. Ho B
oO0OM cilydae, Kak 3To cieayeT U3 ypaBHeHui (1) u
(2), cuna, neiicTByromasi Ha 3apsbKEHHBIE YaCTHLB, B
OonblLei cTeneHu BiauseT Ha AU Py3uOoHHO-00yCII0B-
JeHbld MacconepeHoc. YTo ke KacaeTcss MOJIEKYI
HEJJIEKTPOJIUTOB, TO JUISl PAAUKATIBLHOTO YIAIEHHs UX
13 TUIa3Mbl KpoBH nanueHTa quddy3noHHo-00yCI0B-
JICHHOTO MaccolepeHoca He0CTaTO4HO, TaK KaKk MH-
TEHCHUBHOCTh UX MEPEMCIICHHUSI HE 3aBUCUT OT
rpajieHTa MIEKTPUUECKOro MOTeHIMala, HO 3aBHCHT,
M B OY€Hb OOJBILION CTeneHH, OT pazmepa U (HOpMBI
yactul. YeM oHM Oosiblie u Gosee clIokHOH KoHDOop-
MalyM, TeM CHUJIbHEE B3aWMOJCHCTBHE C OKPYKaro-
MMU UX B JIaHHBIM KOHKPETHBIA MOMEHT BPEMEHHU
MOJIEKyJaMU KOMIIOHEHTOB >KUJAKOW cpefibl (CBOe0O-
pa3Hoe «BHYTPEHHEE TPEHHE), & B MOMEHT MPOXOXK-
JIeHUs1 MeMOpaHbl — CO CTEHKaMH MOPBI.

J11s1 TOBBILLIEHNUST CTETIEHN YAaJIeHUsI U3 KPOBH Ta-
MEHTa U HU3KOMOJIEKYIISIPHBIX, ¥ 00Jiee KPYHBIX MO-
JIEKYJT HEDJIEKTPOIUTOB MPUMEHSIETCS] KOHBEKTHBHBIH
TPaHCIOPT — MEPEHOC BEUIECTB IM0J] IeHCTBUEM TIpa-
nuenTta nasieHus. OTHOBPEMEHHO MPU MacCHBHOM
VABTPAQHUIBTPALMN OCYIIECTBISETCS U COMPSKEHHBIH
TPaHCIOPT, KOTOPBIH 00YyCIOBIIEH B3aUMOACHCTBHEM
pacTBOPEHHBIX KOMIIOHEHTOB C PacTBOPUTEIEM — BO-
Jioii [4]. Pe3ynpTaTtoM Takoro «mpeccopHOroy» Bo3ei-
CTBUSI HA KOMIIOHEHTBI KUAKOH (a3bl SBISETCS UX
«IPOJABIMBAaHKEY Yepe3 MOTYyPOHUIIAEMYIO MeMOpa-
HYy, OCHOBHOH XapaKTEPUCTUKON KOTOPOH B JIAHHOM
ciaydae Oyner ko3dduimeHT npoceuBanus (sieving
coefficient):

K Ciuf

s Cy,
rae C, — KOHLEHTpalus BEIECTBA B yJIbTpa-
¢unbrpare

C, ,, — KOHLICHTpALWsI BEIIECTBA B ITa3Me

Poct cxopocti ynerpaduiabTpaiid NpUBOIUT K
YBEJIWYCHHUIO BKJIaJla KOHBEKTUBHOTO TPAaHCIOPTa B
001K KJIMpeHe mpolecca reMOQUIbTPALMY U TEM B
OosblLel cTeneHu, 4yeM OoJIblIe MOJEKYJISIpHas Mac-
ca KOMIIOHEHTa (M, CIeA0BaTeNbHO, €r0 CTePUUECKUM
pa3mep) [5]. OnHako mpu orieHKe 001Iero reMo(uIb-
TPaLMOHHOTO KJIMPEHCa HEJb3sl IPOCTO CyMMHUPOBATh
KJIMPEHC ynbTpaduibTpann 1 AnpQy3un — 3TH BEJTU-
YHUHBI HEAAUKTHUBHBI, MOCKOJBbKY CaMHU pa3IHyuHbIe

TUMBI TPAHCIIOPTa B3aUMOJIEHCTBYIOT MEXy COOO.
Tak KOHBEKTUBHBIN NEPEHOC HOHOB U HEDJIEKPOJIUTOB
MIPUBOANT, COOTBETCTBEHHO, K YMEHBIIEHUIO I'pajy-
€HTOB IEKTPOXMMHUYECKOTO U XUMHUYECKOro MOTEH-
LMAJIOB 3TUX KOMIIOHEHTOB ¥ TEM CaMbIM YMEHbLIAET
ux nmuddysnonnslid notok. Haobopor, auddysus us-
MEHsIeT BHyTPEHHEE MMJIPOCTaTHYeCKOe K OCMOTHYEC-
KO€ JaBJE€HHE IKUJIKOCTHBIX MPOCTPAHCTB,
paslieNeHHbIX TeMOAnaPUIBTPAMOHHON MEMOPaHOH.
Ho He3aBHCHMO OT CIIOKHOCTH TEXHHYECKOW MHTEp-
MPETaLuy ClieyeT MOJYEPKHYTh HanOoJbLIYI0 (Pr3u-
OJIOTUYHOCTD reMmoaua@uIbTpauu npu
MOJICTMPOBAHUHU PYHKIMHU TToueK. OCHOBO BBITIOJIHE-
HUS TIOYKOM TaKMX MHOTOYMCIICHHBIX (YHKIUH, KaK
OCMOPETYJISILMSL, BOJIOMOPETYJISILINS, MOHOPETYJISILuS,
JI€3UHTOKCUKALUS U T.JA. SIBJSIOTCS TPU OCHOBHBIX
(U3HOTOrYECKHX Mpoliecca:

- unprpanus

- CeKpenus

- peabcopOuusl.

@daxkTHYeCKH MPH MPOBEJAECHUU T'eMOIMalln3a MO-
JIETTUPYETCs TOIBKO JIBE MEPBBIX — GUIBTPALMS U CEK-
peuusi. [Ipumenenue remoanaduiIbTpaluu naeT
BO3MOXKHOCTh CMOJICJIMPOBaTh (BYyHKIUIO peabcopo-
WU, POJIb KOTOPOH BBIMOIHSET peuH(Y3HsI 3aMellaro-
mero pacteopa. Takum ob6paszom, mporecc [JID
siBIsieTcs 0oJiee (PU3HOIOTHYHBIM.

HcTtopuyeckue acmeKkTbl

@u3nog0rnyeckue OCHOBBI reMoJInaIn3a, 3aj10-
skeHHble B KoHIE XIX — Havyane XX Beka MOIy4duiIu
[IMPOKOE pachpocTpaHeHue B cepeanHe 50-X ronos
npouutoro crojetus. Ilepexon ¢ miacTUHYATHIX Ha
KalUISIpHBIE AUATH3aTOPbl TTO3BOJIMI CYIIECTBEHHO
CoKpaTuTh KpoBonotepto [6]. [IporpeccuBHoe ycoBep-
LIEHCTBOBAHUE aIMapaToB «MCKYCCTBEHHAs MOYKa»
MIPUBENIO K BO3pAcTaHHUIO CPOKOB MpPEObIBaHUs Mallu-
€HTOB Ha JJaHHOM BapHaHTEe 3aMECTUTENIbHOHN Tepa-
nuu. C yBeTMUYEeHUEM JITUTEIbHOCTH XKU3HH O0JILHOTO
Ha JMajiu3e Ha MepBbli IJIaH CTajdu BBIXOJUTH MPO-
071eMbl, 00YCIIOBICHHBIE HEBO3MOKHOCTBIO aJIeKBaT-
HOW KOPPEKLMHU BCEX BAPUAHTOB OCJIOKHEHUU
reMO/IMaIn30M, Kak ObIJI0O OTMEYEHO BbIIIE. DTO I0-
CJTY’KWJIO IPUYMHON Pa3BUTHSI HOBOIO HAIIPABIEHUS B
JKCTPAKOPIIOPaIbHOW IETOKCUKALIUKU, OCHOBAaHHOM Ha
BHE/IPEHUH KOHBEKIIMOHHBIX TEXHOJIOTHH.

B 1978r, L.W. Henderson [7] npu noaaep:xxke oc-
HOBaTessl Kopropaunn «AMUKOH» Anana Mukaens
Oblta obocHoBaHa koHuenus ['@ u cozgaH mepBblid
amnmnapar. 3auHTepeCOBAHHOCThL HOBOW METOJUKOU
Oblla Ype3BbIUAHO BelMKa. B nuTeparype akTHBHO
00CYKIa7I0Ch HaJIMIME «YHHBEPCAILHOTO ypeMHUUec-
KOTO TOKCHHa», U MIPUMEHEHNEe KOHBEKIIMOHHBIX TeX-
HOJIOTHH MO3BOJMIIO OBl CYLIECTBEHHO CHHU3UTH €T0
KOHIIEHTpaLuo. [IepBoHavanbHO CTEPUIIbHBINA U amnu-
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POTEHHBII 3aMeIaroIrii pacTBOP e—— 280 nar/nom
M3rOTaBIMBAJICA OTIEILHO U I10- floﬂmwm
CTaBJISIJICS B IIJIACTUKOBBLIX MEII- 130 m'nom
kax. Baenmenue cyOctuTyarta
MIPOBOJUIIOCH B XOZE BCEHl Impoue-
nypbl I'D/T'JID 1 ocymiecTBIsIOCh Tndd.
NOTOROMER
OJTHOBPEMEHHO C JIMHAMHUECKUM 520 nan/nus —
KOHTPOJIEM MaccChl Tanuenra. Ta- &
KOI BApHaHT ITOJTy 4T Ha3BaHue off-
. NpemUTEoLIE
line TI'J®d. HeobxomumocTs
WH(Y3UH 3HAUUTENBHBIX 00BEMOB  [JorazaTesm:
o(hpuuMHANTEHO IPUTOTOBIEHHOTO  QKp - 300 M/MHH
3aMelIaroNIero pacTeopa Tpedo- Q3. p-pa - 100 mn/MuH .
f. 100 s o

BaJIa CYIIECTBEHHBIX YKOHOMHYEC- Qy¢d 20 N : @ -

Qmouan - 900 Mn/MuH 300 s/ nomm

KHX 3aTpart.

B nanecHelieM, B CBSI3U C BBI-
COKO Ce0ECTONMOCTBIO MPOIIETYPHI,
TEXHUYECKHMH CIIO)KHOCTSIMH, CBSI3aHHBIME C OJTHOBpE-
MEHHBIM KOHTPOJIEM MaccChl YIbTpa]uibTpara u 3ame-
IIAIONIET0  PacTBOpa, OTCYTCTBHEM  (aKTOB,
TIOJITBEPKIAFOIINX CYIIECTBOBAHHE «yHUBEPCAIBHOTO
YPEMHUUECKOr0 TOKCUHAY, [ JID Kak BapuaHT KOPPEKLUU
teuenust XI1H otorwia Ha Bropoii mias.

B cepenune 90-ronos I'ZI® nonyuuna cBoe «BTO-
poe pOKAEHHE» B CBS3W C BHEIPEHHUEM arapaTHOTO
W3TOTOBIICHHS 3aMENIAI0IIero pacTBopa. Tak Ha3bIBa-
emas on-line ['/1® 3akmiouanack B IpUroToBIeHUH CyO-
CTHUTyara M3 YABTPAYNCTON BOIBI M JIHATH3UPYIOIIETO
pacTBopa, KOTOpbIe O1arofaapst BTopoMy (MH(PY3HOHHO-
My) Hacocy | JIOTIOJHHUTEIBHOMY a0aKTepUaIbHOMY
(UITETPY, BBOITHCH HETIOCPEICTBEHHO B KDOBEHOCHOE
pycno marienTa. OcHaIlleHHe NCKYCCTBEHHON TOYKH
T depeHIraTbHBIM TOTOKOMEPOM MO3BOJIMIIO C TOY-
HOCTBIO JI0O MIJIIHIIUTPA PACCUUTHIBATHE OOBEM YIIBT-
padubTpaiy ¥ KOJIMYECTBO 3aMETAFOIIEeH YKUAKOCTH.
[Mono6HBIe MOMUKALINY TTPOLIEAYPBI IPUBEIH K 3HA-
YUTETFHOMY CHIYKEHHIO cebecTonMocTH. B HacTosiee
Bpems (puc. 1) cymiectByer 2 BapuaHTa MHPY3UH 3a-
Merarorero pacteopa [8]. [Ipeauronus — crocoO, xa-
pakTepU3yOUIUICS BBeJeHUEM CcyOcTHUTyaTa JI0
mamzaropa. [Ipu Takom BapuaHTe 3aMeleHus YIbT-
paduiabTpaTa CHMYKAETCsl PUCK TPOMOO03a THUAIN3aTO-
pa, OIHAKO TIPU STOM 3HAYHUTEIHHO BO3pPACTaeT 00BEM
3amernaroie xujakoctu [9]. [Moctaumonus — meto-
JIUKa C BBEJCHUEM CyOCTHTyaTa IOCie qUaln3aTopa.
CpaBHeHHE IBYX METOMK TIPOBOMIIOCH TPYIITION UTa-
JbsTHCKUX aBTopoB [10] B xo71e AByXJsieTHEro Habmoe-
Hus 3a 12 manueHTaMu, MOJy4YaBIIMMHU B T€UEHHE
nepBoro rofa npeaunonnonnyo /10, a B Teuenue
BTOpOro — nocrawnonuonnyo IJI®. [IpoBoaunacs
OIIEHKa OCHOBHBIX OMOXMMHUUECKHX MapaMeTpOB H I10-
Kazarelnel KkayecTBa quann3a. beuto mokaszaHo ydriee
BO3/eHCTBUE NpeanTiolnoHHoM [JID Ha >nuMuHaIMIO
CpeTHEMOIIEKYIISIPHBIX BEIIECTB, B YACTHOCTH, [2-MHK-
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Puc. 1. On-line remognadunbTpaums

pornoOynuHa. OZHOBPEMEHHO C 3TUM OTMEYAJICs I10-
BBILIEHHBIN KIMPEHC HU3KOMOJIEKYISIPHBIX BEILIECTB Ha
noctawtouronHou [1D.
CoBpeMeHHbIe BapHAHTBI
KOHBEKLIHOHHBIX TE€XHOJIOTHil

High-flux I]] — ciocoO, BHeAPSBILMICS 11 YKO-
POYEHHUS TPOLEAYPbI SKCTPAKOPIOPATBLHON JI€TOKCH-
kauuu. TeXHWYecKH NpU ee NPOBEICHUH Ha
CBEPXBBICOKHX CKOPOCTSIX ToKa KpoBH (500Mi1/MUH) 1
auanuzupyomero pactsopa (1000Mi1/MuH) UCTIONB3Y-
I0TCsI 2 TIOCIIEI0BATENbHO MOIKITIOYEHHBIX reMO(UIIb-
Tpa IlepBoHauanbHO ONUCBHIBAEMBIH METOJ
npeanaraics UTaabsHCKUMH aBTopamu [11,12] kak
BapUaHT CHWKEHUS JUIMTEIbHOCTH TreMoAna(uibTpa-
LM TIPH COXPaHHON 3 HEKTUBHOCTH U TOJIEPAHTHOC-
TH. OJJHAKO CIIOKHOCTH 00ECIICUEHHUS CTOJIb BHICOKOM
CKOPOCTH KPOBOTOKA MPH CTAaHJAPTHOM COCYAHUCTOM
JIOCTYIIE, a TAKXKE MEPEOLeHKa 103bl AHAIN3a HE I0-
3BOJIMITM LIMPOKO NMPUMEHATH ONKCAHHYIO METOMKY.
B nanpHeiiem Oosbliiee pacnpocTpaHEHUE MOTY YK
meton High-flux I'J[, Brirouaromuii B cedst UCTIONB30-
BaHHE CTaHAAPTHOTO AMAIM3ATOPa MPU MOBBILICHUH
CKOPOCTH TOKa KPOBHM U JUAIN3UPYIOLIET0 pacTBOpa
Ha (hoHEe HEM3MEHHOT0 BpeMeHH npouenypsl [13]. Psax
HCCIIeJOBAaHUH, HAMPABICHHBIX HAa U3Y4YE€HHE U CPaB-
HEHHE TOM METOJMKH cO cTaHaapTHbIM low-flux re-
MOJHMaIN30M, MOKa3alu JYUIIYI0 3TUMHUHAIHUIO
HU3KOMOJIEKYJIIPHBIX BELIECTB, XOPOIIYI0 FeMOIMHA-
MHYECKYI0 nepeHocuMocTh [14]. B paborax nraib-
SIHCKMX aBTOPOB JIOKa3aHa JTy4IIasi KOPPEKLHs aHEMUH
[PYU NPUMEHEHUH BBICOKOIIOTOYHOTO IeMOAMANIN3a Y
00JBHBIX ¢ TepMuHaNBLHOU craaueit XITH [15].

IJ{® c on-line peunghysueii pecenepuposannozo
yavmpaguirempama. [1poOneMbl MOATOTOBKH CTe-
PUIIBHOTO 3aMEMIAIOIIEr0 PacTBOPa IIPY BapUaHTe on-
line [/I® B HacTosiiee BpeMsi IMEET MEPBOCTEIIEHHOE
3HaYeHue. BBeneHne B KpOBEHOCHOE PyCIO MalueHTa
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QbpamHas dudbghy3us
O6pamHasg cpunbmpayus

h-flux

Mvanuanpytowuin pacteop
}li*“ﬂ' +J‘¢Hvl

Kpoeb

HHMHHHHHH

Huanusnpyiowmii pacteop

—9 PD—

Puc. 2. Cxema obpatHoi anddy3nm n obpaTtHoi dunbTpaumm.

Kpoeb

Hig

NaBneHne

Low-flux

AnuHa anannsaropa

0OTBIIMX 00BEMOB CYOCTHTyaTa CBS3aHO C BHICOKHM
PpHCKOM HH(EKIIMOHHBIX OCIOKHEHUH MTPH HEZO0CTATOU-
HOM ouncTKe pactBopa. [Ipy ucnosib30BaHUU BBICOKO-
MpOHUIIaeMBIX MeMOpaH BO3MOXEH MEXaHH3M
«obpaTHOU QHIBTpanum» (puc. 2).

OO0paTHbBIi TPAHCTIOPT YACTHIL M3 TUAJIH3aTa B KPOBb
OCyIIECTBIIETCS MyTeM Tu((y3HOHHOTO ¥ KOHBEKITH-
oHHOTO TpaHcmopTa. OOparHas AuQdy3us, KoTopas
3aBHUCHUT OT T'PaJIMEHTa KOHIEHTPALUH, — TPEUMYIIIE-
CTBEHHBIH CITOCOO 0OpPaTHOTO TPaHCIIOPTa HA3KOMOJIE-
KynsapHbIX yactuil (Macca no 1000/1a), a o6parHas
(buseTparus — MpeMMyIIECTBEHHBI MEXaHU3M TpPaHC-
MopTa KPYIMHOMOJIEKYIISIPHBIX YacTUIl. IHTEHCHBHOCTh
obpaTHO! (PUIBTpAMK 3aBUCUT OT MPOHHUIIAEMOCTH
MeMOpaHbI 1711 Bombel. OOpatHas (GuiIpTpanys He3Ha-
YUTEJbHA WM BOBCE OTCYTCTBYET MpPU MPUMEHEHHUH
HHU3KOTIOTOUHBIX TUATN3HBIX MeMOpaH. TpancMemMOpaH-
HOE TIPOXOXKJICHNE MMPOTEHHBIX CYOCTaHIINH, KOTOpbIe
MOTYT 00pa30oBaThbCs MPU HETOCTATOYHON OYHCTKE B
JMajn3ate, B KPOBb 3aBUCHT OT:

— pa3mepa 1mop B MeMOpaHe

— CIIOCOOHOCTH MEMOPaHKI K aficOPOITHH ITHPOTEHOB

— TOJIITMHBI MEMOPAHBI.

Kpome Toro, He0OXOMMMO OTMETHTbH, YTO Ha BHYT-
PpEeHHEl TTOBEPXHOCTH CHHTETHIECKOI MEMOpPaHbI BO Bpe-
Ms1 uanisa (hopMupyercsi OeNTKOBBIA citoi (aacopOrms
0€JTKOB TUIA3MBI), KOTOPBIE 3aTPYIHSIIOT 00paTHyIO and-
(hy3uro BelecTB U3 Maim3ara B KPoBb. TOHKHE, HU3KO-
MoTo4YHbIe MeMOpaHbl (KynpodaH) HE CrOCOOHBI
azcopOoupoBaTh MPOTEHUHBI TIa3MbI KPOBH, OHU Ooliee
TIPOHUIIAEMBI TSI TUPOTEHOB, YeM TOJICThIE, CHHTETH-
YeCKHe, BHICOKOMIOTOYHBIE MeMOpaHb! (TIOIUCYIb(OH,
IIMMK). B cnydae HemoCcTaTOYHOM CTePUITBHOCTH -
AMBUPYIOIIET0 PACTBOPA BO3MOYKEH TPaHCMEMOPaHHBII
riepexoyi OakTeprii B KPOBEHOCHOE PYCIIO C MOCIETy 0-
1eii MOHOITUTAPHON aKTUBAIMEH M BHIOPOCOM ITUTOKH-
HOB. Takoil MeXaHU3M SIBJISIETCSI TPUITEPOM B 3aIyCKE
CUCTEMHBIX MPOBOCHAIMTEIBHBIX PEAKLMIA. DTO MOCITY-
JKHJIO TIPUYHHOMN /T pa3paOOTKK BAPHAHTOB TEXHUIEC-
KO a/ianTary MeTozia, TPEA0TBpAIatoIIeil «00paTHyro
(hunsTpanmio», a Takke UCHOIB30BAHUS YIBTPAUYHCTOTO
JIATM3UPYIOIIETO PacTBOPA.

Aucpepysus

Puc. 3 Cxema remogmnacdunbtpaumm ¢ on-line pereHepaumei
ynbTpadunsTpata. Q ,— o6bem ynbTpadpunbtpaumm; QR -
o6bem penHdpysun; Qd - obbem ananusata; Qd, - o6bem an-
anuaupytoulero pacteopa; AWL — noteps macchl Tena.

B xonme 90-x romoB cran pa3pabaTbiBaThCs Me-
TOJ] PHJIOTEHHOU pereHepariu yisrpadunsrpara [16].
[Tpu sToMm (puc. 3) ucmonb3yercst TBOMHON GUIBTD,
COCTOSILIMIA U3 2 yacTel — BBICOKOIIPOHUL[AEMOIO I'e-
Mo(uIbTpa U cTaHgapTHOrO auanuzaropa. OOpasy-
IOIUICS TOCe MNPOXOXKAEHUS TreMopuiIbTpa
YABTPadUIBTPAT IPOXOAUT OCTPUIBTPALMOHHYIO OUH-
CTKY MPU TIOMOILM KapTPUIKa, COCTOSILIErO U3 YIS U
HMOHOOOMEHHBIX CMOJI, C TIOCIIEYIOLIUM BBEJICHUEM B
CUCTEMY Mepe] CTaHIAAPTHBIM Iuaiu3aTopoM. JlaH-
Hasi METOIMKA MCKJIIOYaeT romnajaHue OakTepuasb-
HBIX KOMIIOHEHTOB B KPOBEHOCHOE€ PYCJIO HallMEHTA.
[IpoBogasiiuecs B HacTosLlee BpeMsl IKCIIEPUMEH-
TaJIbHblE PAaOOThI HAIPABJIEHbl HA YCOBEPIICHCTBOBA-
HHME aJCOpOLMOHHBIX Cpea M aJanTaluio
MOHOOOMEHHBIX cMoJ1. B xone sxcriepumenToB [17] in
Vitro UTaJIBTHCKUMH aBTOpPaMM ObLIO MOKa3aHO XOpO-
mee ovrIieHne ynpTpaduisrpara oT docdar-uona,
Kanusi, MoueBUHbI. CyI1eCTBEHHO CHU3WIJIACh KOHIIEH-
tpauus WUJI-1B, NJI-6, ®HO-o.. danbHeiimue pa3pa-
OOTKM 3TOH METOIMKH MOTYT MOJIyYUTb LIMPOKOE
MPUMEHEHHE B reMouadUIbTPALMOHHON TPAKTHKE.

Hapuas I'7]® (puc. 4) — oquH U3 aNbTEPHATHB-
HBIX BapHaHTOB remoauaduisTpauuu. B nepsom ot-
ceke (huibTpa NPOMCXOAUT AOMOTHUTENbHAS OYHNCTKA
3aMelaolero pacTBopa U €ro paBHOMEpPHOE pacipe-
JleJIeHHe 10 KanwuisipaMm Auanusaropa onarogaps
npoueccaM oOpaTHoH (unbTpaunu. PesepcusHas pa-
0ota MH(Y3MOHHOrO Hacoca MPOBOIUT TECT Ha LIEJIO-
CTHOCTb KallMJUISIPOB (PUIIBTPA B IPOLIECCE ITOATOTOBKH
annapara k npouenype I'J1d. Bo Bropoit yactu nua-
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"DIAPES"
0.7 m?

625 mnimuH
"DIAPES" + NoTepA Be
1.9 M2
500 mn/muH 625 mnimunH
QBnut YnRe

Puc. 4. Cxema napHoi remoamadunstpaumm. Q
81, Q

Binj

ot — 0OBEM BbITEKAIOLLEN KPOBU, Q,  — 06BEM UHDY3NN.

JIM3aTopa UJIET MAaCCUBHAs yJIbTpauIbTpaLMs ¢ Mac-
COTepeHOCOM OOJTBIINX OOBEMOB KHIKOCTH U PACTBO-
PEHHBIX B HEll BellecTs, Onaronapsi 0OJHOBPEMEHHbBIM
KOHBEKIIMOHHOMY TpaHcnopty U auddysun [18]. [Tpu
3TOM MH(Y3Ms 3aMeLLalOIero pacTBopa BO3MOXKHA B
BapuaHTe Kak Ipe-, TaK ¥ MocTauIonuu. MMerorces
JIaHHbIE, YKa3bIBAIOIINE HA CHIKECHUE OKCHIATUBHO-
0 CTpecca U XpOHUUECKOT0 BOCHAJICHHUS [TPU UCTIONb-
30BaHUM OINKUCAHHBIX METOUK [19].

Mid-dilution I'J|[® c npuMeHEHUEM JTUaTH3aTO-

Ouanuzanpyowni pacTeop

Ouanusat

Puc. 5 Cxema, nnnoctpupyoLwias MeToanky Mua-auoLLH re-
mopmadunbTpauuio OLpur™ http:// www.nepros.com

— 06beM BxopsLLen Kpo-

poB OLpur™ (puc. 5). CpaBHUTENBHO HE-
JJABHO BHEJPEHHAs] METOJMKa, pa3paboTaH-
Hasi aMepHKaHCKol koprioparueii Nephros.
Otnunuaercsi 0COObIM CTPOCHUEM JHMan3a-
TOPA, MO3BOJISIOIIUM POU3BOIUTE MH(Y3HIO
3aMelaloIIero pacTBopa B cepeIrHe QHib-
Tpa. Takum 0Opazom, O MHEHUIO aMepHU-
KaHCKHX aBTOPOB, yJAAaeTCs CyMMHpPOBATh
MPEUMYIIECTBA MPe- U MOCT- JUITIOIIMOHHBIX
BapUaHTOB reMoadUIBTPALIUH.

OTta MeToAMKa uccienoBanach QppaH-
y3ckumu apropamu [20] Ha HeOOJBIION
BBIOOpKE MaeHToB (6 uenoBek). bouin mo-
Ka3aHbl XOPOILIUE PE3YJbTATHl MO IUMHU-
HallUM KaK HU3KOMOJEKYJSIPHBIX, TaK U
CPEHEMOJIEKYIISIPHBIX BEIIECTB, OJHAKO He-
PEeNpPE3EHTAaTUBHOCTh BBIOOPKU M KOMMEPUYECKHUM Xa-
pakTep caMoro HccieloBaHHUs HE IMO3BOJSAIOT
OKOHYATEJIbHO CYIUTh 00 3(p(HEeKTHBHOCTH METOANKH.

MHuoroo6pasue MetojioB [JID cBumeTenscTByeT
0 4pe3BbIYANHON 3aMHTEPECOBAHHOCTH KOHBEKLMOH-
HBIMU TEXHOJIOTUSIMU B HacTOsIIIee BpeMs. TexHuyec-
KO€ YNpOLIeHHE TMpoUeaypbl U CHHUKEHHE
ce0ecCTOMMOCTH 3a CUET anmapaTHOro MPUIOTOBICHUS
3aMeNIalolEro pacTeopa Mo3BOJAWIO BHEAPUTH [P
BO MHOT'MIX TeMOJIMAIM3HbIX IIeHTpax EBpomnbl. biaro-
napsi paboram Oesbruiickux aBTopos [21, 22, 23]
CTPYKTYpHpOBaHa CUCTEMa CpeAHEe- U HU3KOMOJIEKY-
JISIPHBIX BEILECTB U BBIJCIICH ITyJ TaK Ha3bIBAEMBIX
«MOTEHIUAIBHBIX YPEMUYECKUX TOKCUHOBY, STUMUHH-
pyrotuxcst B xone npoueaypsl [JI® (tabnuna) Cre-
JlyeT oOpaTUTh BHHUMaHHE Ha TO, YTO MOMHMO
BEIIECTB, OTHOCSIIMXCS 10 CBOEH Macce K CpeIHUM
mouekynam (1000-12000 D), mmpoko mpencraBieHa
rpyIa HU3KOMOJIEKYJISIPHBIX TOKCHHOB, OOIIUH Tyl
KOTOPBIX B TJIa3Me KPOBH OOJIBHOIO HaXOAUTCS B CBA-

Knaccudukaumsa ussectHbIX ypeMmn4eckux TOKCMHOB, no R.C. Vanholder n coagr. [21]

BopoopacTBopuMbie BELWECTBA Manon
MOJIEKYNIAPHOM MacChl

BellecTBa cBs3aHHbIe ¢ GenkamMu

CpenHue Monekyrnbl

ACUMMETPUYHbBIN ANMETUNAPTrUHUH

3-/1e30KCUTIIOKO30H

BeHaunnoBkii cnupT KMN®nK*

KpeaTuHuH dpykTONN3NH

MyaHnguH Mnokcanb
lyaHnanHykcycHasa kucnora f'mnnyposas kucnota
[yaHuguHAHTapHas KucnoTa fomounctevH
'MnokcaHTuH MHpon-3-ykcycHas kucnoTta
MeTunnryaHngma Nupokcuncynbdat
MwvionHo3nTON MeTtunranokcanb
OpoToBas kucnorta N-kap6oKCUMETUNNN3UH
OpoTtuaunH p-kKpeson

Okcanart MeHTO3MAMH
MNcesnoypnanH ®deHon

CUMMETPUYHbI AUMEeTUNapruHnH
MoueBunHa

MoueBas kucnota

KcaHTuH

Maparnapokcurunnyposasi kKucnota
XnHonnHoBas kucnora

CnepmMmnauvH

CnepmuH

B,- MUKPOrNOBYINH

B — aHpoopduH

Clara kneTou4HbIln 6enok
®dakTop KomnemeHta D
Lunctatmn C

WHrmnbupytlowuii gerpaHynaunio 6enox |
OHOoTEeNVH

M'mnaypoHoBas kucnota
MHTtepnenkud 1
WHTepnerikmH 6

Jlerkasi uenb k — Ig

Jlerkas uenb A-lg

JlenTunH

MeTnoHnH-3HKedanmH
MapaTnpeonaHbli rOPMOH
PeTtuHon-cBasbiBaowmin 6enox
®HO-a

* - KMODIK - kapbokcumeTunnponuadypaHonponmoHoBasi KUcnoTa.
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3aHHOM COCTOSIHUH (TOMOIIMCTEHH, HHJIOKCHII CYJIb(ar,
P-Kpe30J1, THITITypOBasi KUCJIOTA). DIMMUHAIIHS 110100~
HBIX MPOTEHH-CBI3aHHBIX TOKCHHOB low-flux muddy-
3UOHHBIMU MeTojamMu ManodpdexTuBHa [24].
Bo3MoxHOI anbTepHATHBOM ClieyeT paccMaTphBarh
pa3InyHbIC BApUaHThl KOHBEKIIMOHHBIX high-flux Tex-
HOJIOTU.

BUBJIMOTPADUYECKMI CNNCOK

1. Gejyo F, Odani S, Yamada T et al. Beta 2-microglobulin:
a new form of amyloid protein associated with chronic
hemodialysis. Kidney Int 1986 30(3): 385-90

2. Locatelli F, Manzoni C, di Filippo S. The importance of
convective transport. Kidney Int 2002; 61 [Suppl 80]:115-120

3. Wizemann V, Lotz C, Techert F, Utho S. On-line
haemodiafiltration versus low-flux haemodialysis. A prospective
randomized study. Nephrol Dial Transplant 2000; 15 [Suppl 1]:
43-48

4. MaHos MO, Hukonbcknin BIN. dusnyeckas xumums. Tep-
mMoanHamMuka HeobpaTumMbix npoueccos. Xumus, J1, 1987, 128-
153

5. Canaud B, Bosc JY, Leray H et al.On-line
haemodiafiltration: state of the art. Nephrol Dial Transplant
1998; 13 [Suppl 5]: 3-11

6. Amnonbckuin A, XpBadesu4y P. CoBpemeHHbie MeToAbl
anann3a. benrpan—Mocksa 2003, 5-16

7. Henderson LW. The beginning of hemofiltration. Contrib
to Nephrol Hemofiltration 1982; 32: 1-20

8. Pedrini LA, De Cristofano V, Pagliari B, Filippini M.
Dialysate/infusate composition and infusion mode in on-line
hemodiafiltration. Contrib Nephrol 2002, 137: 344-349

9. Altieri P, Sorba G, Bolasco P, Asproni E et al. Pre-dilution
haemofiltration—the Sardinian multicentre studies: present and
future. Nephrol Dial Transplant 2000; 15 [Suppl 2]: 55-59

10. Duranti E, Panza F, Brardi S. HDF on-line: post-dilution
vs pre-dilution. Nephrol Dial Transplant 2000; 15(9): A218

11. Geronemus R, von Albertini B, Glabman S, Bosch JP.
High flux hemofiltration: further reduction in treatment time.
Proc Clin Dial Transplant Forum 1979; 9:125-7

12. von Albertini B, Miller JH, Gardner PW, Shinaberger JH.
High-flux hemodiafiltration: under six hours/week treatment.
Trans Am Soc Artif Intern Organs 1984; 30: 227-31

13. von Albertini B, Miller JH, Gardner PW, Shinaberger JH.
Technical aspects of high-flux hemodiafiltration for adequate
short (under 2 hours) treatment. Trans Am Soc Artif Intern Organs
1984; 30: 377-81

14. Maggiore Q, Pizzarelli F, Dattolo P, Maggiore U.
Cardiovascular stability during haemodialysis, haemofiltration
and haemodiafiltration Nephrol Dial Transplant 2000; 15 [Suppl
1]: 68-73

15. Locatelli F, Andrulli S, Pecchini F et al. Effect of high-
flux dialysis on the anaemia of haemodialysis patients. Nephrol
Dial Transplant 2000; 15: 1399-1409

16. European Collaborative Study. The effect of
hemodiafiltration with on-line endogenous reinfusion (on-line
HFR) on anemia: design of a European, open, randomised,
multicentre trial. European Collaborative Study. J Nephrol
2000;13(1): 34-42

17. de Francisco AL, Pinera C, Heras M, Rodrigo E et al.
Hemodiafiltration with on-line endogenous reinfusion. Blood
Purif 2000;18(3): 231-236

18. Tetta C, Ghezzi P M, De Nitti C et al. New option for on-
line hemodiafiltration. Contrib Nephrol 2002; 137: 212-220

19. Pizzarelli F, Cerrai T, Tetta C. Paired hemofiltration:
technical assessment and preliminary clinical results. Contrib
Nephrol 2002; 137: 99-105

20. Krieter DH, CollinsG, Summerton J et al. Mid-dilution
on-line haemodiafiltration in a standard dialyser configuration.
Nephrol Dial Transplant 2004; 20: 155-160

21.Vanholder RC, Glorieux GL. An overview of uremic toxicity.
Hemodial Int 2003; 7(2):156-161

22. Vanholder RC, Glorieux GL, De Smet RV. Uremic Toxins:
removal with different therapies. Hemodial Int 2003; 7(2):162—
167

23. Vanholder RC, Glorieux GL, De Smet RV. Back to the
future: middle molecules, high flux membranes, and pptimal
dialysis. Hemodial Int 2003; 7(1):52-57

24. Bolasco P, Altieri P, Andrulli S et al. Convection versus
diffusion in dialysis: an Italian prospective multicentre study.
Nephrol Dial Transplant 2003; 18 [Suppl 7]: 50-54

IMocrynuna B pepaknuo 07.04.2005 r.

a7



