DOT:10.15360,/1813-9779-2015-5-6-14
Infectious complications
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[Touck HUBKOMOJIEKYIAPHBIX GOMAPKEPOB /ISt OGBEKTUBHON OIeHKH 2((HEKTUBHOCTH 9KCTPAKOPIIOPATBHbIX
METOJIOB JIETOKCHKAIIMY Kpailie akTyasueH. B pabore mpeiokeHo ¢ 9TOH MEIbIo MPOBEPUTH BOZMOKHOCTH UCTIOb-
30BaHUsT METaGOJIUTOB, TIPOLYKIIUS KOTOPHIX M3 apOMaTHYECKUX AMUHOKUCJIOT B OpPTaHM3Me 4YeJT0BEKa MOJKET
UMEeTh MUKPOOHOE [IPOUCXOKICHUE.

I_ICJII) HCCJIEA0BAHUA: OICHUTD BJIWAHNE IKCTPAKOPIIOPAJIbHBIX METOJAOB /IETOKCUKAIIMN Ha YPOBEHb psjla
q)eHI/IJIKap6OHOBI)IX KUCJIOT B CbIBOPOTKE KPOBU GOJIBHBIX C MOYEYHOM HE/I0CTAaTOYHOCTbIO, aCCOHHHpOBaHHOﬁ C
CEIIC1MCOM.

Marepuaist u MeTopl. [IpociiekTuBHO 11poBeeHo obcenoBanue u jedenre 10 60JIbHBIX ¢ OCTPON MM XPO-
HUYECKOI (TepMHUHAIbHAS CTa/INs) TIOYEHYHOI HEJI0CTATOYHOCTDIO, Pa3BUBIIeiics Ha (hoHe TSKeIoro cercuca, MH-
(HEKIMOHHO-TOKCHYECKOTO TITOKA, TTUTENBHOTO HCKYCCTBEHHOTO KPOBOOOPAIIEHHUST, TIOCTPEAHNMAIIMOHHON (0J1e3-
HU 1 1p. BeeM 6osbHBIM IPOBONIIN HKCTPAKOPIOPATIbHYIO IETOKCUKAIIUIO, BBIOOP METOIA OIPEIEIISLIN, UCXO/Is 13
aHaMHe3a U Xapakrepa MHTOKcHKauu. OneHnBain opranuyto aucdyHnkiuio o mkaite SOFA, remneparypy rteia,
JIEHKOIIUTO3, JICHKOIMTAPHBIN MH/IEKC MHTOKCUKAIINH, Pe3YJIbTaThl TeCTa Ha IPOKaIbIUTOHUH. [eMoauaduisTpa-
U TIPOBO/INJIACD 110 «BHETIOUEYHBIM» TTOKA3aHUSM, /ISl YCTPAHEHUST CUCTEMHOTO BOCHAJIMTEIBHOTO OTBETA, IPU
CEIITUYECKOM II0Ke — C MCIOJIb30BaHUEM CBEPXBBICOKOIpoHUIaeMoro jaunanusaropa EMiC,. [lusa remoaunannsa
MIPUMEHSIJIN HU3KOoTToTouHble arnann3aTopsl Diacap LO PS. HemocpenctsenHo 10 1 cpasy mocJie omiepanm aKCTpa-
KOPHOPaJIbHON IETOKCUKAIINN 3a6UPaInch 06pasibl KPOBY I OIICHKN B auHamuke Metogom I'X-IT1/] ceiBopo-
TOYHBIX KoHeHnTpauuii gpennakapbonossix kucaor BK (6ensoitnoit kucnorer), PIIK (3-peruanponnonosoi
kucnoter), DMK (bennamosnounoit kucsaorsr), n-I'OYK (mapa-runpoxkcudenunykcycnoit kucaorsr), n-IOMK
(mapa- rupoKcuhennIMONIOUHON KUCTIOTBI).

Pesyabrarsl. Tskects opranuoil qucdyukuuu no mkase SOFA cocrasuna 10—22 (8 cpeanem 16) 6asios, K
14 g0 seranbHOCTb 40%. Y Beex GOJBHBIX UCXOJHbIE YPOBHU HEKOTOPHIX (HDeHUIKAPOOHOBBIX KUCIIOT B CHIBO-
POTKE KPOBHU ObLIM 3HAYUTENLHO BbIlIe HOPMBL. B pesysbrate reMoanaduabTpaiii CbiBOPOTOYHbIE KOHIIEHTpA-
i 1-T'OYK u n-TOMK cuukanucs B 1,5—2 pasa (B cpeatem, B 1,7 u 1,85 pas), cOOTBETCTBEHHO.

3akimouenue. [Ipu moyeyHoil HEOCTATOYHOCTH, ACCOIIMUPOBAHHOI € CETICUCOM, KJIMPEHC aPOMATHYECKUX MH-
kpobHbIx MeTabosuToB (11-I'OY K u n-TOMK) nepcriektuseH B kauecTBe OHOMAPKEPOB JJst OlleHKH 3D ()EKTUBHO-
CTU METOJIOB HKCTPAKOPIOPATBHOM IETOKCUKAIIUH.

Knmiouesvte cnoea: noueunas nedocmamounocmy, Cencuc, SKCmpakopnoparvias 0emoKCUKayus, apoMamuyec-
Kue MUKpoOHbIe Memaboumvl, heHuIKapOOHOB8bIE KUCIOMbL, 2eMOOUADPUILMP AL, OUOMAPKEPbL
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MBderkInMOHHbIE OCAOSKHEHUA

A search for low-molecular-weight biomarkers to objectively evaluate the efficiency of extracorporeal
detoxification methods is extremely relevant. For this purpose, the investigation is to verify whether
metabolites, the production of which from aromatic amino acids in the human body can be of microbial ori-
gin, may be used.

Objective: to evaluate the efficiency of extracorporeal detoxification methods on the serum level of phenyl-
carboxylic acids in patients with sepsis-associated renal failure.

Subjects and methods. Ten patients with acute or chronic (end-stage) renal failure that had developed in the
presence of severe sepsis, infective and toxic shock, long-term extracorporeal circulation, postresuscitation disease,
etc. were prospectively examined and treated. All the patients underwent extracorporeal detoxification; the choice
of its technique was determined from their past medical history and intoxication patterns. The investigators eval-
uated organ dysfunctions using the Sequential Organ Failure Assessment (SOFA) scale, estimated body tempera-
ture, leukocyte count, and leukocyte index of intoxication, and assessed the results of a procalcitonin test.
Hemodiafiltration was done as extrarenally indicated to ameliorate a systemic inflammatory response in septic
shock, by applying an EMiC, superhigh-permeability dialyzer. Low-flux Diacap LO PS dialyzers were employed
for hemodialysis. Blood samples were taken to estimate changes in the serum concentrations of phenylcarboxylic
acid, benzoic acid, 3-phenylpropionic acid, phenyllactic acid, para-hydroxyphenylacetic acid (p-HPAA), and para-
hydroxyphenyllactic acid (p-HPLA) directly before and immediately after extracorporeal detoxification.

Results. The severity of organ dysfunctions by SOFA score was 10—22 (mean 16 scores); 10-day mortality
rates were 40%. In all the patients, the baseline serum levels of some phenylcarboxylic acids were considerably
above normal. After hemodiafiltration, the serum concentrations of p-HPAA and p-HPLA decreased (by an aver-

age of 1.7- and 1.85-fold, respectively).

Conclusion. In sepsis-associated renal failure, the clearance rate of microbial aromatic acid metabolites (p-HPAA
and p-HPLA) is promising potential biomarker to evaluate the efficiency of extracorporeal detoxification methods.

Key words: renal failure, sepsis, extracorporeal detoxification, microbial aromatic acid metabolites, pnehylcar-

boxylic acids, hemodiafiltration, biomarkers
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Beenenue

Cernicric Kak KJImHWYECKas (HopMa CHCTEMHOTO
BOCITAJTUTETHHOTO OTBETA MH(EKITMOHHOTO reHes3a Xa-
paKTepusyeTcss HEYKJIOHHBIM POCTOM YacTOTHI U CTa-
OUJIBHO BBICOKON JIETAJbHOCTBIO B OT/EJICHUSX pea-
HUMATOJIOTUY U MHTEHCUBHOI TEPAITUU BO BCEM MUDE.

AKTyaJTbHBIM HAIIPABJIEHUEM PEaHUMATOJIOTUH
SIBJISIETCS TIOMCK GHOMApKEPOB, YYACTBYIONIUX B Me-
XaHW3MaxX Pa3BUTHS KPUTUIECKUX COCTOSTHUM [1—4].
Ha ceropusimnuii eHbh KOHIEMIIUS MeJAUaTOPHOTO
KacKajia SBJISIETCSI He MAeabHOHN, HO YIOBJIETBOPH-
TeJIbHO OMUCBHIBAIOINIE TAaTOTEeHe3 Cercuca Teopuen.
OCHOBHBIM KOMITOHEHTOM MEAUATOPHOIT «Oypu», Je-
JKalei B OCHOBE CHCTEMHOTO BOCTIAIUTETHHOTO OTBE-
Ta, SIBJSETCS LEJAbIH Psifi GUOJIOTHYECKH aKTUBHBIX
BENIECTB — PETYJIATOPHBIE U 3(D(PEKTOPHBIE ITUTOKH-
HBI, TPOM3BOIHBIE aPAaXUIOHOBON KUCJIOTHI, TIPOYK-
TBI CBOOOIHO-PAJANKAIBHOTO IEPEKUCHOTO OKHUCJIE-
HUS JTUTUIOB, OKCHU/T a30Ta U T.J1. [J1laBHOI MuUTIeHbo
BOCTIJINTEJIBHBIX MEIUATOPOB SIBJISIETCS HHIOTEIH-
AJBHBIN CJIOM MUKPOCOCYIOB, TIPUCYTCTBYIONIUI BO
BCEX OpraHax. JH/IOTEJTUOIUTHI OTJIUIAET KOJIOCCATTh-
Hasl TUIOIa/Ib, GOJIBINAST Macca, CPAaBHUMAs ¢ MAaCCON
[eYeHH, BBICOKAst MeTab0IMUeCKast ak THBHOCTD. [eHe-
paM30BaHHOE TIOBPEK/ICHIE SHIOTEHS TPUBOJNT K
reMOJIMHAMIYECKUM HAPYIIEHUSIM U Pa3BUTHIO TI0-
JIMOPTaHHOW HemocTtaTouHOCTH. CenTHyecKuil oK
SIBJISIETCST HAaOOJIee TPO3HBIM TIPOSIBJICHUEM CHCTEM-

Introduction

Searching of candidate biomarkers contributing
to mechanisms of critical illness represents a contem-
porary challenge in reanimatology [1—4]. Sepsis as a
clinical form of the systemic inflammatory response to
infectious agent is characterized by a steady increase
in occurrence and consistently high mortality in
patients at emergency departments worldwide.

Today, the mediator cascade concept is not a
perfect theory, but it satisfactorily describes the sep-
sis pathogenesis. Biologically active substances, such
as regulatory and effector cytokines, arachidonic
acid derivates, free radical lipid peroxidation prod-
ucts, nitric oxide etc. are main components of the
mediator 'storm' underlying systemic inflammatory
response. Microvascular endothelial layer presented
in all organs is considered as a main target of inflam-
matory mediators. Endothelial cells occupy a large
surface in the body and possess high metabolic activ-
ity. Generalized endothelial damage leads to hemo-
dynamic disturbances and multiple organ failures.
Septic shock is the most terrible manifestation of the
systemic inflammatory response and is responsible
for the extremely high mortality in sepsis.

The current level of extracorporeal technology
development allows the elimination substances from
the blood in a wide range of molecular weight includ-
ing pathogenically significant inflammation media-
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HOTO BOCIIAJTUTEHLHOTO OTBETA U OIIpeiesiseT KpaiiHe
BBICOKYIO JIETAJIbHOCTH TTPH CETICHICE.

CoBpeMeHHBII YPOBEHb Pa3BUTHS 9KCTPAKOPIIO-
PaJIbHBIX TEXHOJIOTUH TIO3BOJISIET YIAJISITh U3 KDOBU Be-
IECTBA B ITMPOKOM JIMATIA30HE MOJIEKYJISIPHOM MacChl,
B pacyeTe Ha JMMUHAIUIO MATOTEHETUYECK 3HAYH-
MBIX MeAnaTtopoB Bocmaienus [5]. Kiunnueckne wc-
CJIEIOBAHUS TIOKA3AJIM, YTO, B OTJIMYKE OT TeMOIUAJIH-
3a, remomuadussrparust (ID) ssisiercst yerenmbim
METOJIOM JIEYEHHS OCTPOI MMOYETHON HEJIOCTATOUHOCTH
V KPUTHYECKHU TSKEIBIX GOJIBHBIX € CEIICHCOM, 0e3 OT-
PHIIATETbHOTO BO3/IEVICTBUST HA TeMOIMHAMUKY [6].

Kimmandeckast pe3y IsTaTUBHOCTD A(h(hepeHTHBIX
METOJIOB OTIPEIETISIETCS] MEXaHU3MaMU MOJIEKYJISIPHOM
copOuuw, anudysnr 1 KOHBEKIINI HU3KO- U CPEIHEMO-
JIEKYJISIPHBIX BEIIECTB Yepes HOJIyIIPOHHI[aeMbie MeMO-
paHbl MacCOOOMEHHOrO YCTPOHCTBa — JAHAM3aTOpa
WU reMOUITBTPa, a TaKKe MapaMeTpamMy YIIPaBJIsIO-
NIUX Cpell — 3aMeNIAIoNIero U AUAJTU3UPYIOIIEro pac-
TBOPOB. /I7151 Kaskoro Metozia ahhepeHTHOTO JTeueHust
HCTIOJIB3YIOTCST TEXHOJIOTHMIECKHE PENeHNs], PA3IJaio-
IIIHeCst TeOMETPUEN MacCOOOMEHHBIX YCTPOUCTB, (hU3H-
YEeCKUM TIPUHITUTIOM YIAJIeHUsT BEIECTB, MaTepHaioM
cOpOEHTOB, cBoMcTBaMI MeMOpaH 1 11p. CHHTETHYeCKIe
GUOCOBMECTHUMBIE MEMOPAHBI, TPUMEHSIEMbIE TIPU TEMO-
(prursTpanuy, He TOMBKO BBICOKOIIPOHUTIAEMBI JITIS 1T -
TOKMHOB, HO ¥ OOJIaIal0T CIIOCOGHOCTBIO COPOMPOBATH
3HAYUTETBHOE KOJMYECTBO OMOJOTMYECKH aKTUBHBIX
BetiecTB [7]. B To ke Bpemst, ATIonomcaxapy; rpamMo-
TPHIATETbHBIX GAKTEPHIL, OJIUH U3 TTyCKOBbIX (DAKTOPOB
CUCTEMHOTO BOCTTAIUTETTBHOTO OTBETA, HE Y/IAJISIETCST de-
pe3 MeMOpaHy reMo(IIIBTPA, TOITOMY ITPU KJIMHITYECKU
3HAYMMOMN DHIOTOKCHHEMHUHM IEIeCO00PasHO TIPOBEIe-
HIIe CeJIEKTUBHON reMocopOImu [8].

B mnocsieqree BpeMss BHUMaHWe KaK OTEYECT-
BEHHbIX, TaK U 3apyOeKHBIX HCCIeRoBaTe el mpu-
BJICYEHO K MeTaboJInTaM apoMaTHYeCKOro CTpoe-
HUSI, B YaCTHOCTH — (DEHUIKAPOOHOBBIM KHUCJIOTaM
(OKK). 9T HU3KOMOJIEKYJSIPHBIE COEIUHEHUS
MOTYT TTPOAYIIUPOBATHCS KMBBIMU MUKPOOPTaHU3-
MaMK — MPeJICTaBUTEISIMI MUKPOOMOTHI YeT0BEKa,
1 GaKTEPUSIMHE, YIACTBYOIIUMHU B PasBUTHH CEIICH-
ca, 4TO IOKA3aHO B HKCIIEPUMEHTAJIbHBIX U KJIWHMU-
yeckux uccienosanusax [9—11, 13]. Ha ocnoBanuu
MHOTOKpatHOTO moBbIenust Hekoroporx MKK y
GOJIBHBIX € CEMCUCOM MPEJIOKEHO PAaCCMaTPUBATh
UX B KQUeCTBE MOJIEKYJISIPHBIX OMOMAapKEPOB CEIITH-
yeckoro tmporecca |12, 13], xors possr OKK B rene-
3€ CHCTEMHOTO BOCTAJMTENIHHOTO OTBETA HA CETO-
MHAITHAN JIeHDb He J0Ka3aHa.

AKTyaJbHOCTh TIPOGJIEMbl TIOMCKA OOBEKTHB-
HBIX OMOMapPKePOB JJIsT OIEHKH 9((HEKTUBHOCTH 9KC-
TPAKOPIIOPATHHBIX METOOB JETOKCUKAIIUKA CETOHS
uypesBbruaiino Beicoka [14]. KK paccmarpusaiores
HaMU B KauecTBe MEPCIEKTUBHBIX MOJIEKYJI JIJIS Pa3-
paboTKK MEeTO0B JJabOPATOPHOI0 MOHUTOPUHTA Ha
ux ocHose [ 15, 16] B 10 ske Bpemsi, BOIIPOCHI KUHETH-
K apOMaTHYeCKUX MHUKPOOHBIX MeTabOJIMTOB BO

tors [5]. Clinical studies have shown that contrary to
hemodialysis the hemodiafiltration (HDF) is a suc-
cessful method for treatment of acute renal failure in
patients with severe sepsis without negative impact
on hemodynamics [6].

Clinical effectiveness of efferent methods is
determined by the mechanisms of molecular sorption,
diffusion and convection of low and medium weight
substances through semipermeable membranes of a
mass transfer device (dialyzer or hemofilter) and
parameters of controlled environments (substitution
and dialytic fluids). Technological solutions with dif-
ferent geometry of mass transfer devices, physical
principles for eliminating substances, sorbent materi-
als, membrane properties etc. are deployed for each
method of the efferent treatment. The synthetic bio-
compatible membranes used for hemofiltration are
not highly-permeable only for cytokines, but also
might absorb significant amount of biologically active
substances [7]. At the same time, lipopolysaccharides
of Gram-negative bacteria, the triggers of systemic
inflammatory response, are not eliminated through
the hemofilter membrane Thus, in clinically signifi-
cant endotoxemia it is reasonable to perform selective
hemosorption [8].

Recently, the attention of researchers world-
wide has attracted to the aromatic structure metabo-
lites, in particular, phenylcarboxylic acids (PCAs).
These low molecular weight compounds are pro-
duced by living organisms, representatives of the
human microbiota and bacteria causing sepsis that
have been proved in the experimental and clinical
studies [9, 10, 11, 13]. Due to multiple increase of
some PCAs in patients with sepsis, they have been
suggested as molecular biomarkers of sepsis [12, 13],
although the exact role of PCAs in the genesis of the
systemic inflammatory response has not been clari-
fied to date.

Identification of objective biomarkers that aid
to evaluate the effectiveness of extracorporeal detox-
ification represents an urgent challenge [14]. We
consider PCAs as candidate molecules for the devel-
opment of laboratory monitoring methods [15, 16].
At the same time, the issues on kinetics of the aro-
matic microbial metabolites during extracorporeal
detoxification remain understudied.

The objective of the study was to assess the
impact of extracorporeal detoxification on the level
of circulating PCAs in the blood in patients with
renal failure associated with sepsis.

Materials and Methods

10 patients with systemic inflammatory
response of infectious (sepsis, severe sepsis and infec-
tious-toxic shock) or non-infectious (postresuscita-
tion disease and prolonged extracorporeal circula-
tion) origin were examined and treated. During
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MuperIMOHHbIE OCAOKHEHMU

HUcxoanoe cocrosinie OOJbHBIX U IPUMEHSIEMbIE METO/IbI J€TOKCHKAIUH.
The initial state of the patients and the detoxification methods.

Patients, Diagnosis SOFA, Systemic inflammatory ~ PCT, Detoxi-  Outcome on
age score response criteria ng/ml fication the 14th day after
T,°C L,X10°/1 LI method detoxification®

Ks., 56 Zenker's diverticulum. 22 39.3 30.7 15.7 63.61 HDF' EMiC, F
Postoperative purulent
mediastinitis. Septic shock. AKI

G., 46 Acute appendicitis. 16 37.8 6.3 1.9 3.81 HDF EMiC, S
Peritonitis. ARDS

Z.,62 Peritoneal dialysis associated 13 37.0 7.2 4.9 0.7 HD*LO PS+NSH* F
Peritonitis (Pseudomonas
aeruginosa). ESRD.

S, 75 Aortic prosthesis with CABG. 10 37.3 14.3 10.1 5.82 HDF EMiC, S
Rhabdomyolysis-associated AKI.

Sp., 52 Mitral and tricuspid valve 11 38.6 231 8.1 22.69 HDF EMiC,+ DEX' S
implantation with CABG.
Ischemic rhabdomyolysis.
Myoglobin-associated AKI

K., 87 Calculous cholecystitis, 14 37.5 7.5 3.8 1.2 HDF EMiC, S
gall bladder perforation,
biliary peritonitis. AKI

V., 77 ESRD. Ventilator-associated 18 36.5 21.2 9 6.4 HD LO PS F
pneumonia.

M., 65 Mitral valve implantation with 16 37.2 14.3 4.6 — HDF EMiC, S
CABG. Ischemic rhabdomyolysis.
Nonoliguric AKI

P,75 Tliac-femoral bypass graft. Bypass 21 38.7 30.8 19 2.49 HDF EMiC, F
thrombosis and infection.
Severe sepsis.

R., 43 Severe multiple trauma. Multiple 19 40.1 24.9 11.5 293 HDF EMiC, S

organ failure. Septic shock.

Note (npumeuanue): Patients, age — GoabHble, BospacT. Diagnosis — amarnos. AKI — Acute Kidney Injury; ARDS — Acute
Respiratory Distress Syndrome; ESRD — End stage renal disease; CABG — coronary artery bypass grafting. Ks., 56: [lusepruky.r
enkepa. Tnoitnprit meguactunut. Centuyeckuii mok. Ocrpas moueynast negoctatounocts; G., 46: Anmnenpunut. [Teputonut. Oct-
PBIIT pecTimpaTOPHBIH ANCTPecC-CUHAPOM; Z., 62: /Inaan3nblii IepuTOHNT CHHETHONHOM aTroornn. TepMuHanibHas cTaus XpoHuue-
CKOH moueyHol HerocTaTouHocTy; S., 75: IIpoTesupoBaHue a0pThl, AOPTOKOPOHAPHOE IIYHTUPOBaHKe. Pabaomuonus. OcTpas noved-
Hasi HeLoCTaTouyHoCTh; Sp., 52: Ilpore3upoBamnue aTpPUOBEHTPUKYJSIPHBIX KJIAAHOB, A0PTOKOPOHAPHOE IIYHTHPOBAHUE.
Pa6omunonus. Octpast movednas HeocTaTouHoCTh; K., 87: KanbKysesHbiit XoaemucTut, nephopaiiyst KearaHoro my3bipsi, JKeaqHbLil
neputonut. OcTpast movevyHas HeJJOCTaTOUHOCTD; V., 77: TepMuHaibHas cTajus XPOHUYECKOH [TOYEYHO! HeJ0CTaTOYHOCTH. Benrtn-
JisiTop-acconunpoBantas nuesmonns; M., 65: [IporesupoBanne MUTPaJIbHOTO KJalaHa, a0pTOKOPOHapHoe myHnTuposanue. Miemn-
yeckmii pa6momuonns. Heosur. ocTpast moueyHas HeOCTaTOUHOCTD; P., 75: TpomM603 1 HArHOEHME MOAB3A0NTHO-GEIPEHHOTO Ty HTA.
Awnruorennsiii cencuc; R., 43: Tsxenas couerannas tpasma. [losmoprannas uHemocrarounocTsb. Centuueckuii mok. SOFA, score —
IIKaJIa TSKECTH MOJINOPraHHoi HegocTarogHoCTH, 6awbl. Systemic inflammatory response criteria — KpuTepuu CHCTEMHOTO BOCIIa-
murensroro oTBeTa; LIT (Leukocyte Intoxication Index) — meiikonunraphsiii naaekc narokcukanuu. PCT, ng/ml — npokaabuuro-
HuH, Hr/mit. Detoxification method — peskum neroxcukanuu: HDF (hemodiafiltration) — remoanadumsrparnus; HD (hemodialysis)
— remoaunanns; NSH (Non-Selective Hemoadsorption, direct perfusion with hemoadsorption device «Ovosorb») — necenexrusnas
remocop6uust, «OBocop6»; DEX (Direct Endotoxin Hemoadsorption, direct hemoperfusion with Alteco LPS Adsorber) — cenexk-
THBHas reMocopOuus Junononucaxapuaa, «Alteco LPS Adsorber». Outcome on the 14th day after detoxification — ncxox na 14 cyr.
nocsie gerokcukanuu: S (survived) — Boukui, F (fatal cases) — seranbubiii nexoz.

BpeMs 9KCTPAKOPIIOPaIbHOM JeTOKCUKALIMK ocTaloT- | examination we focused on advanced clinical and

CsI MAJIOU3y4EHHBIMU.

[lenp mccmemoBaHmsT — OLEHUTDH BIWSHIIE 9KC-
TPaKOPIIOPATBHBIX METOOB AE€TOKCUKAIINN Ha ypo-
BeHb (heHUIKAPOOHOBBIX KUCJIOT B CBIBOPOTKE KPOBU
GOJIBHBIX € TTOYEYHOH HEMOCTATOTHOCTHIO, ACCOTINN-
POBAHHOII C CETICIICOM.

Marepuan u MeTObI

ITpoBeaeno obeenoBanme u jgederne 10 GoabHBIX ¢ ch-
CTEMHBIM BOCTIAJIUTEILHBIM OTBETOM HHMEKITMOHHOTO (Cerl-
CHC, TSKEJBI CeTcuc, MHMEKITMOHHO-TOKCUIECKUN ITTOK)
nan HenH(pEeKIMOHHOTO TeHe3a (IocTpeannMannonHas 0o-

laboratory symptoms of sepsis allowing to objective-
ly assess the severity of condition. When determin-
ing indications and selection of method of detoxifica-
tion, we took into account the results of the
procalcitonin test (PCT), level of endotoxemia as
evaluated by the LAL-test, and leukocytal intoxica-
tion index.

Treatment was carried out in accordance with
the guidelines of 2012 and included hemodynamic
support, systemic antibiotic therapy, gastrointestinal
protection, etc. [17]. All patients underwent extra-
corporeal detoxification; the selection of a particular
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JIe3Hb, IJIUTEJIbHOE UCKYCCTBEHHOE KpoBooOpaienue). [Tpu
JIMArHOCTHKE OPMEHTUPOBAIUCH HA PACITMPEHHbIE KJIMHU-
KO-J1a00paTOpHBIE MPU3HAKK CETICHCA, TI03BOJISIIONIE 00b-
€KTUBHO OIIEHWUTH TSKECTh COCTOsTHUA. [Ipn onpenenernn
NOKa3aHui 1 BBIGOPE METO/A ICTOKCUKALIUK YIUThIBAIA PE-
3yJsTaThl Tecta Ha pokanbitonnH (PCT), ypoBeHb aH/10-
TokcuHemun otteHuBasu 1o LAL-Tecty, paccuuTbiBasu jieii-
KOIIUTAPHBII MHIEKC MHTOKCUKAIIUH.

Jleyenue BKITIOUAIO TeMOAMHAMIYECKYIO MOIEPIKKY,
CHCTEMHYTO aHTHOAKTEPUAIBHYIO TEPAIIHIO, 3AIUTY JKEJIy-
JIOYHO-KUIIIEYHOTO TPAKTa M TP. B COOTBETCTBUU C PEKO-
MeHaTebHbIM 1ipoTokosom 2012 roga [17]. Beem 6oiib-
HBIM TIPOBOJIMJIN HKCTPAKOPIOPATBHYIO ETOKCUKAIIUIO,
BBIGOP METOIa OIIPE/IEISUIN, UCXOJs U3 XapaKTepa WHTOK-
cukanuu. B Tpex HaGJIOIEHUSAX THOMHO-CENTHYECKHEe OC-
JIOKHEHUST Pa3BUJINCh HAa (pOHE MCXOIHO CYIIECTBYIONIEH
XPOHUYECKOI MOYEYHOI HEeOCTATOYHOCTH B TEPMUHAIIb-
Hoi ctaguu. /[ reMoinainz3a IpUMEHsJINCh HU3KOTIOTOY-
Hple auaausatopsl — Diacap LO PS na ocnose a-nosu-
cyiboHOBOI  MeMmOpanbl  Iuomanabio 1,5 M’ B
MHTEPMUTTHPYIONIEM WJIN TOJYIPOJIEHHOM peskume. le-
MoinapUIBTPANs TPOBOIUIIACH MO «BHEIIOYEYHBIM»> T10-
Ka3aHUSIM, JIJIST YCTPAHEHUSI CUCTEMHOTO BOCHIATIUTETBHOTO
OTBETa, KaK [IPaBujIo, 6e3 BHICOKUX 3HAYCHUIT yPEMUUECKOiT
UHTOKCUKAIKU. Y OOJbHBIX ¢ cenTudeckuM mokom I'/[D
ITPOBO/IMJIACH € UCIIOJIb30BAHUEM CBEPXBBICOKOIIPOHUIIAE-
Moro auaimsatopa EMiC,, obmamaionieii BBICOKUM audgy-
3MOHHBIM KJIMPEHCOM TI0 MOJIeKyJIaM cpeHeil Maccsl. [Ipn
ypoBHe sHI0TOKCuHeMun cBbiiie 2 EU /Mt ¢ KiamHndeckn-
MU TIPU3HAKAMU CENITHYECKOTO MI0KA BBITTOJHSIACH CeJIeK-
TUBHAs COPOIMS DHIOTOKCHHA B TedeHune 2—6 Jacos.

Wzyuanoch comepkatue MeTaGoJUTOB MUKPOOHOTO
IIPOMCXOK/IEHNS B TIJTa3Me KPOBU. V3Mepsiinch KOHIIEHT-
PAIUH CJIETYIONNX BEIIECTB:

BK — OGeHsoiiHasg KucjI0Ta MOJEKYJISIPHONM Maccoi
(Mr) 122 [1a;

ODIIK — 3-enmnmponuonosas kuciaota (Mr 150 /1a);

DMK — ¢penunmonounast kuciora (Mr 166 [1a);

TOYK — mnapa-rugpokcrdenmiykeycaas kuciota (Mr
152 [la);

TOMK — mapa-ruapokcueHnIMoM0uHas KUCI0Ta
(Mr 182 [1a).

3abop KpoBU [Ist UCCIIE0BaHUS (DEHOJILHBIX MeTabo-
JIUTOB BBITIOJIHSIJICS] U3 PA3JIMYHBIX CETMEHTOB IKCTPAKOPIIO-
PaJIBHOTO KOHTYPA — aPTEPUAIBHOTO, BEHO3HOTO KOHTYPOB 1
JHUE 3 QITIoeHTa, e TeTOKCHKAIINS TTPOBOJINIIACH B Pe-
skume TJIMD. OOpasiibl ChIBOPOTKU KPOBU 00pabaThBaIUCh
COIJIACHO ONUCAHHON paHee Meroxuke [18]. Konuenrpanus
MeTaboMTOB MUKPOOHOTO TIPOUCXOKACHHUS ONPEIEISIACH C
MOMOIIIbI0 ra3oBoro xpomarorpada «Kpucrasn 5000.2», oc-
HAIIIEHHOTO TIJIAMEHHO-MOHU3AIMOHHBIM JIETEKTOPOM. XPO-
Marorpadudeckoe pasziesieHe KOMIOHEHTOB OCYIIECTBIISI-
Jm Ha Kanutsapraoi konorke CP-Sil 5 CB.

PesyibraThl 1 00CyK/IEHHE

VY Bcex OOJIBHBIX 3aUKCHPOBAHBI BBICOKIE
KOHIIEHTPAIIUY OTAEIbHBIX (DeHUITKAaPOOHOBBIX KHC-
JIOT, YPOBEHb KOTOPLIX gocturai 50 pM, uro sHauu-
TEJTHHO TIPEBBINTATIO HOPMY, YCTAHOBJIEHHYIO B Ipe-
meinymux uccnepoBanusax (0,5—2,5 uM) [18, 19].
Maxkcumanpubie kKounentpaiuu OKK perucrpupo-
BaJIMCh Y OOJIBHBIX C CENTUYECKIM IIOKOM, TO €CTh €

method of detoxification was determined as based on
the causes of intoxication. Purulent-septic complica-
tions developed in three patients following initially
existing chronic (end-stage) renal failure. Low-flow
Diacap LO PS dialyzers on the basis of a-polysulfone
membrane with area of 1.5 m? in intermittent or pro-
longed mode were deployed for hemodialysis.
Hemodiafiltration was performed for 'extrarenal’
indications, to eliminate the systemic inflammatory
response without high values of uremic intoxication.
In patients with septic shock, HDF was carried out
by using super-highly-permeable EMiC, dialyzers
with capabilities to perform high diffusive clearance
of medium-weight molecules. In case of the level of
endotoxemia higher than 2 EU/ml with clinical
symptoms of septic shock the endotoxin selective
sorption was performed during 2—6 hours.

The concentrations of the following microbial
metabolites in were determined:

BA — benzoic acid, molecular mass (Mr) of 122 Da;

PPA — 3-phenylpropionic acid, Mr of 150 Da;

PLA — phenyllactic acid, Mr of 166 Da;

HPAA — para-hydroxyphenylacetic acid, Mr
of 152 Da;

HPLA — para-hydroxyphenyllactic acid, Mr of
182 Da.

Blood samples for phenolic metabolites determin-
ing were harvested from various segments of the extra-
corporeal circuit — arterial and venous circuits and
effluent line, if detoxification was carried out by HDF.
The serum samples were treated according to previous-
ly described technique [18]. Concentration of metabo-
lites was determined by using the gas chromatograph
Crystal 5000.2 equipped with a flame ionization detec-
tor. Chromatographic separation of the components
was carried out by capillary column CP-Sil 5 CB.

Results and Discussion

High concentrations of phenylcarboxylic acids
were recorded in all patients. Level of PCAs
increased to50 uM that was significantly more than
in norm as had been established by previous studies
(0.5—2.5 uM) [18, 19]. The maximum concentra-
tions of PCAs were recorded in patients with septic
shock, i.e. in patients with the most pronounced
manifestations of the systemic inflammatory
response. More than ten-fold increase of HPAA and
HPLA concentrations vs those ones in healthy peo-
ple reflected a high degree of microbial load and
exhibited the most pronounced activity of septic
process. It is important to note that, according to
available data in the literature, high levels of HPAA
and HPLA in patients with sepsis were associated
with fatal cases [12, 18].

When comparing the concentration of PCAs
before and after hemodialysis, significant differences
were received. After 2 hours of hemodialysis the lev-

www.reanimatology.com

GENERAL REANIMATOLOGY, 2015, 11; 5



DOI:10.15360,/1813-9779-2015-5-6-14

MuperIMOHHbIE OCAOKHEHMU

M
55

a5

* p<0,05 compared to
baselinevalues

35

25

M
35

30

25

1 _N ‘
0 - T
BA PPA PLA

p-HPAA p-HPLA

20

15

10

. N

BA PPA PLA p-HPAA p-HPLA
M Before the dialyzer N After the dialyzer

M Baseline [ The end of dialysis

Puc. 1. IsmeHenne KOHeHTpaiuy (eHUIKapOOHOBBIX KHCIOT B
CBHIBOPOTKE KPOBH B Pe3YJIbTaTe 4-X YACOBOTO reMOIHAaIN3a.

Fig. 1. Changes in serum phenylcarboxylic acids concentration
during 4-hour dialysis.

Note (npumeuanue): compared to baseline values — B cpashe-
HUM ¢ UCXOAHbIMU 3Hauenuamu; Baseline — ucxoano; The end of
dialysis — kownern auanmsa. (Fig. 1—3 — refer to Materials and
Methods for definitions — Puc. 1—3 — ¢cm. Marepuasibl u MeTo-
JIBI JIJIST IOSICHEHTST ).

HarboJjiee BBIPAKEHHBIMU IPOSIBJCHUSMU CHUCTEM-
HOTO BOCHAJMTENBHOTO OTBeTa. bosee ueM mecsaTu-
kparHoe yBenmdenue Koumenrpanuun [OYK wu
I'DOMK 1o cpaBHEHMIO € COiep;KaHUEM B KPOBH 3710~
POBBIX JIIOIEil OTPakaio BHICOKYIO CTEIEHb MUKPOO-
HOU HarpysKH U MPOSIBJSJIOCH HanOoJiee BbIPaskeH-
HOUM aKTUBHOCTBIO CEMTHYECKOTO Tpoiecca. BaxkHo
OTMETUTD, YTO, TI0 UMETONUMCS B JINTEPATYype TaH-
HbIM, Bbicokue ypoBau numenno atux OKK (I'OYK
1 TOMK) y 60JIBHBIX C CENICHCOM KOPPEJUPOBAIH C
JleTasbHBIM ncxonoM [12, 18].

Ipu cpaBHEHNM KOHIIEHTpAIMK (heHUIKapOOHO-
BBIX KHCJIOT /IO ¥ TIOCJIE TEMOINAJIN3A TIOTyYeHbBI JI0CTO-
BEpHbBIE PA3INUUsL. YiKe TIoce 2-X YacoB MPOBEICHNUS
reMOINaI3a OTMEUeHO CHIKeHne copepskanst [DYK
B 1,7 paza, DMK — 1,85 paza (puc. 1).

Nsyuaempie OKK ¢ mosekysipHoii Maccoii B
npezesnax 122—182 Jla oTHOCATCS K HU3KOMOJIEKY-
JSpHBIM coennHenustM. Clie/[oBaTebHO, 2JUMUHA-
IIUS] HTUX BEMIECTB JI0JKHA TIPOUCXOUTH TI0 3aKOHAM
nudbys3un, OMUCaHHBIM JIJIS TPAIUIINOHHBIX YPEMU-
YECKUX TOKCUHOB — MOYEBUHbBI, KIS U KpeaTUHU-
Ha. B coorBeTcTBUM € KOHIIENMelH arudPy3noHHOTO
MaccoIepeHoca B KaMJUIIPHOM JTHATTU3aTOPe, HJTH-
MUHAIS BEIIEeCTB ¢ HU3KON MOJIEKYJISIPHON Maccou
Haurbosiee a(hGeKTUBHA TIPU BBICOKOM KPOBOTOKE U
MOTOKE ANAJTNUZUPYIOIIETO PACTBOPA. ITO TTOATBEP:K-
JIAeTCS PAaCCUNTAHHBIM 3HAUECHUEM KJIUPEHCA INajIu-
satopa mo DY K mpu kpoBoToke 200 MI/MITH, KOTO-
peiit coctaBua 157,6£21,2 Myi/MUH TpH Pacxofe
mrasupyorrero pactsopa 500 mur/MuH. Takum 06-

Puc. 2. VI3aMeHeHHe KOHIEHTPAIMH MHUKPOOHBIX METaGOIMTOB
npu nepdysuun ananusaropa B peskume by pass.

Fig. 2. Changes in the concentration of microbial metabolites
during <by pass» mode.

Note (npumeuanue): Before/After the dialyzer — {o/Tlocie aua-
JIU3ATOPA.

els of HPAA and PLA decreased 1.7 and 1.85 times,
correspondingly (Fig. 1).

PCAs with molecular weight in the range of
122—182 Da belong to low molecular weight com-
pounds. Therefore, elimination of these substances
must occur due to the diffusion law as described for
conventional uremic toxins — urea, potassium and
creatinine. In accordance to the diffusion mass trans-
fer concept in the capillary dialyzer, elimination of
low molecular weight compounds is most effective at
high blood flow and dialysis fluid flow. The latter is
confirmed by estimating the value of the dialyzer
clearance for circulating HPAA at the blood flow of
200 ml/min as 157.6£21.2 ml/min at a dialysis fluid
flow rate of 500 ml/min. Thus, the HPAA elimina-
tion efficiency in hemodialysis is comparable to the
diffusion clearance of urea for this type of dialyzer.

In contrast, in a bypass mode the dialyzer clear-
ance of HPAA was minimal and amounted to 11.6
ml/min at a blood flow of 200 ml/min (fig. 2). A spe-
cial characteristic of the bypass regimen was the dis-
connecting the dialytic fluid flow. As a result, the
outer side of the capillaries in the dialyzer was not
washed by the media free from removable sub-
stances. The absence of concentration gradient
across the membrane allowed to separately evaluate
the sorption capacity of the material used in the dia-
lyzer. Carrying out hemodialysis in a bypass mode
did not affect the plasma concentration of phenolic
metabolites suggesting the low sorption capacity of
polysulfone membranes for the compounds of such
nature. Data confirm the leading role of the diffusion
mechanism in the elimination of PCAs.

Clearance of the low molecular weight sub-
stances in hemofiltration depends on the volume of
the substitution fluid: the value of clearance is rela-

OBIJAA PEAHMUMATOAOTI M, 2015, 11; 5

www.reanimatology.com

11



12

Infectious complications

DOI:10.15360/1813-9779-2015-5-6-14

paszom, acddextuBrOCTh yaanenus [OY K mpu remo-
quannie cormoctaBuMa ¢ AnhGy3MOHHBIM KINPEH-
COM TI0O MOYEBUHE JIJIsl IAHHOTO JAMAJIN3aTOPA.

Hamporus, B peskuMe by pass KiMpeHe auaimsa-
topa o [OYK okazajicss MUHIMAIBLHBIM ¥ COCTABIJT
11,6 mn/muH mpu kpoBotoke 200 mi/mMun (puc. 2).
OcobeHHOCTBIO peskiMa by pass sIBIIsteTcst OTKIIoUeH e
TIOJIAYN JIMATTM3UPYIOIIETO PACTBOPA, B PE3yJIbTaTe Yero
BHEIHSSI CTOPOHA KallWJJISPOB B JIMAIM3aTOPE He
OMBIBAETCSI CPEIOH, CBOOOMHOU OT yAAIsSEeMbIX Be-
ntectB. OTCyTCTBYE TPAIEHTA KOHIIEHTPAIINT HA MEM-
OpaHe MO3BOJISIET U30JMPOBAHHO OIEHUTH COPOIMOH-
HYIO CITOCOOHOCTH Marepuaa, WCIOJb3yeMOro B
mmansarope. ITpoBeierne reMorainsa B peskume by
pass He BJIMSJIO HA TUTA3MEHHYIO KOHIIEHTpaIuio ¢e-
HOJIBHBIX METabO0JIMTOB, YTO TI03BOJISIET TOBOPUTH O He-
3HAYMTEIHHON COPOIMOHHOI CIIOCOOHOCTH TIOJIHCYTh-
(hOHOBBIX MeMOPaH VISt COEANHEHUIT ATON TIPUPOIBI U
MOATBEPSKIAET Beylnee 3HaYeHue Muh@y3noHHOTO
MeXaHU3Ma B SJIMMUHAIINE (DEHUITKaPOOHOBBIX KUCJIOT.

KawpeHc HU3KOMOJIEKYISIPHBIX BEIECTB TPU
reMo(GUIBTPAIIMH 3aBUCUT OT 06beMa 3aMeliaeMoi
KUIKOCTH: TIPU MaJbiX o0beMax cyGCTHTyaTa Be-
JINYMHA KJIUpeHca OyIeT CPaBHUTEIbHO HeOOJb-
moii, a JeuebHoe BozxelicTBre MeHee a(DheKTuB-
oM. Iddextusnocts [JIO B oTHOImEHUH
yaajgeHuss (HeHnIKapOOHOBBIX KUCJIOT OKasaach
HUKe. ITO MOKHO 0OBACHUTH Masioil iuddysnon-
HO#1 cocrasiistioniel npu nposenenun I'/1D mo Hus-
KOIIOTOYHON MEeTOJUKe: MOTOK IUAJU3UPYIONIETO
pactBopa npu npoaertoit ['/1M B 5—10 pas MeHb-
nre, yeM B alliapaTax <UCKYCCTBEHHAs TOYKa».
Kuupenc nuanuszaropa EMiC, mo MUKPOGHBIM Me-
TabOoJINTaM OKa3aJICsl HUKE 110 CPABHEHIIO C IHaJIH-
3aTOPOM 1 cocTaBua B cpegrem 107,38+15 mun/MuH
s TOYK u 66,32 ma/vus gas TOMK npu kpo-
Botoke 200 ma/muH (puc. 3).

Bourbinast TosmmHaa 1 aCHMMETPUIHOCTD CTPYK-
TYPBI TIOJTHCYTB(MOHOBBIX TeMO(DUIBTPOB, & TAKIKE T'H-
IpoobHBIE (PU3UKO-XMUMUUYECKHE CBOHCTBA MOJIEKY.I,
coJlepsKaIX apOMaTUYECKOe KOJIBIIO, MO3BOJISIOT
OOBSICHUTDh MEHBIIIE 3HAUCHUS KJIUPEHCOB ISt (he-
HOJIbHBIX META0OJIUTOB, TI0 CPABHEHUIO € TEMOIUAIII-
3oM. B To ke Bpems, BomosrHeHue /] B mpoaieH-
HOM pexiMe MOoKeT ObiTh Gosee a(pheKTUBHBIM
Gaarozapst 6oJibIIeil KOHBEKIMOHHO fo3e. IIposee-
HIe HECEJIEKTUBHOI TeMOCOPOIK 1 COPOIMN JIUTIO-
MoJINcaxapuia He COMPOBOKAAIOCH 3HAUNMBIM HU3Me-
HEHUEM KOHIIEHTPAI[K MUKPOOHBIX METabOJIUTOB.

BroiBoasl

1. ¥V Bcex obGcnetoBaHHBIX OOJIBHBIX € TOYEU-
HOW HEIOCTATOYHOCTBIO U KINHUYECKUMU MTPOSIBJIE-
HUSIMU CUCTEMHOTO BOCHAJMTENBbHOTO OTBETA OTMe-
4aJioch CYIIECTBEHHOE TIOBBINIEHNE KOHIIEHTPAIUN
HU3KOMOJIEKYJISIPHBIX aDOMAaTHYECKIX METa0OIUTOB
(theHMTKaPOOHOBBIX KHUCJIOT) B CBIBOPOTKE KPOBH.

o * p<0,05 compared to
baseline values

BA PPA PLA p-HPAA
M Baseline MAfter 2 hours of treatment

p-HPLA

Puc. 3. lunamuka koHueHTpauun GpeHuIkapGOHOBBIX KHCIOT B
CBHIBOPOTKE KPOBH B pe3yibTare reMoauaduIbTpanyy ¢ mpume-
HEeHHeM CBepPXBbICOKONpoHunaemoro auamaaropa EMiC,.

Fig. 3. Dynamics in serum phenylcarboxylic acids concentra-
tion as a result of hemodiafiltration by using super-highly-per-
meable EMiC, dialyzers.

Note (npumeuanue): Baseline — ucxomno; After 2 hours of treat-
ment — yepes 2 yaca JeueHusl.

tively small and the therapeutic effect is less efficient
at low volumes of substitution fluid. The effective-
ness of HDF in eliminating PCAs was found to be
lower. This can be explained by low diffusion compo-
nent when performing HDF during the low-flow
technique: dialytic fluid flow during extended HDF
is 5—10 times lower than in the 'artificial kidney'
device. The EMiC, dialyzer clearance of microbial
metabolites was lower versus the dialyzer and aver-
aged 107.38=15 ml/min for HPAA and 66.32 ml/min
for HPLA at a blood flow of 200 ml/min (fig. 3).

The large thickness and the structural asymme-
try of the polysulfone hemofilters as well as
hydrophobic physicochemical properties of organic
molecules with aromatic ring help explain smaller
clearance values for phenolic metabolites compared
to hemodialysis. At the same time, performing HDF
in extended mode may be more effective due to a
greater convection dose. Carrying out non-selective
hemosorption and lipopolysaccharide sorption was
not associated by a significant change in the concen-
tration of microbial metabolites.

Conclusions

1. There was a significant increase in con-
centration of the low molecular weight aromatic
metabolites (phenylcarboxylic acids) in the serum
in all examined patients with renal failure and
clinical manifestations of the systemic inflamma-
tory response.

2. Extracorporeal detoxification possess a sig-
nificant effect on the serum levels of microbial
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2. IlpoBenenne aKCTPaKOPIOPATbHON JETOKCH-

KAy OKa3aJI0 3HAYNMO€ BJTHSTHIE Ha CBIBOPOTOUHBIIT
YPOBEHb MUKPOOHBIX MeTaboIMTOB. B pesyssrare re-
MoaraUIIBTPAIIiU KOHIIEHTPAIIUI Hapa-TuapoKcude-
HITYKCYCHON U TIapa-TuAPOKCH(DEHNIMOTIOUHON KHC-
JioT yMeHbiavch B 1,7 u 1,85 pas, cooTBeTCTBEHHO.

3. JluHaMuKa cojiepKaHkst MUKPOOHBIX MeTabo-

JINTOB 3aBUCEA OT PEKUMA JIETOKCUKAIINN, 8 TaKKe
OT XapaKTepUCTUK MPUMEHSEMOro TeMoauahuIbTpa
(xoapdurrenTa mpoHuaeMoctu, KoahduimeHTa
mpocenBanusd). Bexmyiee 3HaveHWe B 2JMMUHAINAA
ATHUX BelecTB urpaeT Auhdy3noHHbII MaccorepeHoc
yepes MeMOpaHy JUain3aTopa Wik reMoMuIbrpa.

4. HecenextuBHas I‘EMOHep(bySI/IH n CEJIEKTHUB-

nast JITIC-copOiys He OKa3bIBaIM 3HAYUMOIO BJIM-
HUS Ha cojiepskatue (heHUITKapOOHOBBIX KHCJIOT.

CraTbs nOATOTOBJIEHA NIPH NO//IEPKKe TPAHTa

Ne 15-15-00110 Poccuiickoro Hayunoro ¢onza.
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lites in the human gut can arise from microbial fermentation of protein.
Mol. Nutr. Food Res. 2013; 57 (3): 523-535. http://dx.doi.org/
10.1002/mnfr.201200594. PMID: 23349065
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6GroMa IIPH KPUTHYECKKX cocTostHusix. Obwas peanumamonozusi. 2012;
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metabolites. As a result of hemodiafiltration, the
concentration of para-hydroxyphenylacetic acid and
para-hydroxyphenyllactic acid decreased 1.7 and
1.85 times, correspondingly.

3. Dynamics of the microbial metabolites con-

centration depended on the mode of detoxification
and the characteristics of the applied hemodiafilter
(penetration coefficient and sieving coefficient). A
diffusion mass transfer through the dialyzer or
hemofilter membrane plays a leading role in the elim-
ination of these substances.

4. Non-selective hemoperfusion and selective

lipopolysaccharide sorption had no significant effect
on the level of phenylcarboxylic acids in blood serum.
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