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Pernonanpnas mutparnas antukoaryssaims (PILA) Bce wate mpuMenseTcst pu MPOJIEHHON 3aMeCTUTEeTbHON
noyevynoit reparuu (I13I1T) y namrenTtos ¢ octpsim nospeskaennem nouek (OIIIT). Hecmotpst Ha nosiBienne Ho-
BBIX TIPOTOKOM0B PIIA, HaKomIeHue urpara 0CTaeTCss HEYaCThIM, HO TSKEIBIM OCJAOKHEHUEM ¢ HeOIarompusT-
HBIM TTPOTHO30M. TPa/iUIIUOHHBIM JIeYeHNEM JIAHHOTO OCJIOXKHEHUS SIBJIIeTCs IIPeKpallieriie BBeJleHus [UTParTa, a
TaK’Ke yBeJIMYeHre MOTOKAa KPOBU M INATTN3AaTa.

Ilenp KAMHUYECKOTO HAGIIOAEHHUST: MICCIIEI0BATh Oe301IaCHOCTD U BO3/IEIHCTBIE HA AJIEKTPOJIUTHBII 1 KUCIIOT-
HO-OCHOBHOU CTATyC HOBOI MOJJIbHOCTHU «GeCKalbIeBoli» remopuaduasrpaiu y nanuenta ¢ QI u HakotwLie-
nueM rutpara pu [I3I1T ¢ PIIA. Matepuasnst u metozbl. Llenenanpasientoe cHKeHYe COIePKAHUS KAIbIIU B
HKCTPAKOPIIOPATBHOM KOHTYPE JOCTUTAIH ¢ MOMOIIBI0 6e3kasbiimeBoro pactBopa «Ci-Ca Dialysate K4» nipenu-
JIOIMOHHO U B KauecTBe Auann3ara. s npeporspaiienns rurnodocdareMunt 1 THIIOMArHUeMIN TIOCTAMIIOIMOH-
HO TipuMeHsn pactBop «Multiplus K+» co ckopoctbro 500 mii/4. Heo6xoaumyro KOHIIEHTPAIMI0 MOHU3UPOBAH-
mnoro Kambiust (0,9-1,2 MMOJIB/JT) TOCTUTAIN € TIOMOIIBIO MOCTOSHHON WHGbY3UN 5% KATBIUSI XJIOPUAA CO
CKOPOCTBIO 6-12 MJ1/4 yepe3 OT/Ie/IbHBII JI0CTYII B IIEHTPAJIbHYIO BEHY.

Pesyabratbl. HecMoTps Ha TO, UTO HesieBast KOHIleHTpalus Kajbist (<0,5 MMoJib/ 1) mocsie remoguisrpa Obl-
JIa JIOCTUTHYT TOJIBKO uepe3 16 4acoB, MPOIOJIKUTENBHOCTh PabOThl HKCTPAKOPIOPATIBHOTO KOHTYPa COCTaBUIIA
23,5 uaca. Konuenrpatus obiiero kaubiius cHusuiaach ¢ 3,27 g0 1,98 MMosib /i1, pyrue mokazareiu KUCJIOTHO-0C-
HOBHOTO GasiaHca ObLIM TI0JHOCTBIO HOPMAIU30BaHbI.

3akmouyeHue. «BeBKaJIBIIV]eBaH» FeMO]II/Ia(I)I/UTBTpa]H/]H MOJKET ObITh TIEPCIICKTUBHBIM METO/IOM JICUYCHUSA CUHIPO-
Ma HaKOIIEHUA IIUTPaTa, O/THOBPEMEHHO CHOCO6CTByH €T0 SJIMMUHAIIMKN 1 y[[OB]IeTBOpI/ITe]IbHoﬁ AHTUKOAT'YJIAINN.

Kmouesvte cnosa: ocmpoe nospesxcoenue nouex; npooieHHast 3aMeCmUmenvHas Noueuras mepanust; 6e3xaivyu-
e6vle Pacmeopuvl; KYMYAsyust yumpama; Kapouoxupypeust

Regional citrate anticoagulation (RCA) is an increasingly common technique at continuous renal replacement
therapy in critically ill patients with acute kidney injury (AKI). Regardless of the new anticoagulation protocols
of RCA, citrate accumulation is remaining infrequent but unfavorable complication with poor outcome.
Traditional treatment of this complication includes interruption of citrate administration, as well as increasing the
flow of blood and dialysate.

Objective: to evaluate safety and effects of a new modality, the continuous «calcium-free> hemodiafiltration, on
electrolyte and acid-base status in a patient undergoing cardiac surgery with citrate accumulation after RCA-CRRT.

Materials and metods. Reduced level of calcium in the extracorporeal circuit has been achieved by applying cal-
cium-free Ci-Ca Dialysate K4 solution for predilution and dialysate. To prevent hypophosphatemia and hypomagne-
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semia 500 ml/h Multiplus K+ solution was administered in a postdilution mode. Desired level (0.9-1.2 mmol /L) of ion-
ized calcium was achieved by continuous infusion of 5% calcium chloride 6-12 ml/h into a separate central vein line.

Results. Although the target level (<0.5mmol/1) of calcium after hemofilter was achieved only after 16 hours,
the lifespan of the extracorporeal circuit was 23.5 hours. Total serum calcium decreased from 3.27 to 1.98 mmol/L.
Other markers of acid-base balance had been fully normalized.

Conclusion. «Calcium-free» hemodiafiltration might be a promising treatment option for a citrate accumula-
tion syndrome that ensures citrate removal and establishes satisfactory anticoagulation.

Key words: acute kidney injury, CVVHDEF; calcium-free solutions; citrate accumulation; cardiac surgery
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BBenenne

Heobxoaumocts obecrieyeHus OCTOSHHOW aH-
TUKOATYJISIIIUHN JIJIs COXPaHeHust 3(h(HEeKTUBHON PabOThI
HKCTPAKOPIOPATILHOTO KOHTYPa OCTaeTcst Hambosiee
«ySI3BUMBIM MECTOM» IIPOJIJIEHHON 3aMeCTUTeIbHON
noueuHoit teparu (I13I11T) [4]. Pernonaspbuag mut-
parnas antuxoaryssiius (PIIA) asnsercs Bce uare
npumensiercst npu [I3IIT y nanwmentos ¢ OILIIL [5, 6].
[okazanus k II3IIT ¢ PILA y kapanoxupypruaeckux
GOJIBHBIX BO3HUKAIOT OYEHD YACTO, B YACTHOCTH, M3-3a
PHCKa [TOCTIEOTEPAIIMOHHOTO KPOBOTEUCHHS U MH/TYITU-
POBaHHOI HCKYCCTBEHHBIM KPOBOOOPAIIEHUEM TPOM-
Gorrorenn |7].

TToctynuBinmii B cCUCTEMHYTO ITUPKYISAIUIO 1TH-
TpaT 00BIYHO OBICTPO MeTaboIU3UpyeTcst B GUKapOHO-
HAT, TJTABHBIM 00PA30M B CKeJIETHBIX MBIIIIIAX, [eve-
HU ¥ KOPKOBOM BeliectBe 1ouek [8]. MeraGosnam
murpara B 1ukiae Kpebca siBisieTcst aspoOHBIM, U Y
GOJILHBIX, TIEPEHECIITUX OIIEPAIUIO0 HA CEPJIIIE, MOKET
ObITH OrpaHMYeH M3-3a AbIXaTEJbHOH M CepiedHOil
HEJIOCTATOYHOCTH ¢ HUBKUM BhIOpocoM [1].

Kak coobrmanioch panee, HaKoILIeHIe (KyMyJisi-
1ust) nuTpaTa Habsomxaercs BioTh 10 11% mpore-
nyp H3IIT ¢ PILA, sBagsch TPyAHO MpeIOTBPATH-
MOU U TOTEHIHMAJbHO (artajbHOU HTPo6JIEMON B
cydae IMosjHero BbigBicHUs. Panee npeHTUhUIIM-
POBaHHBIMU TIPEAMKTOPAMU HAKOILUIEHUS IUTpaTa
ycraHoBjieHbl: onenka 1o SOFA Gosee 14 Ganios,
npeamucannas go3a 3T 6onee 26 mii/Kr/4ac, u
BBICOKMH YPOBEHD IMEYCHOUYHBIX (DEPMEHTOB B I1JIa3-
Me KpoBu. Kpome TOro, BBIPA)KEHHOCTD MOJHUOPTaH-
HOU MCchYHKIINA U HU3Kas Macca TMalleHTa TakxKe
MOTYT CJIYKUTb KIMHUYECKUMU MPEIUKTOPAMU KYy-
myJsiaiun utpata B Hadase [I3I1T ¢ PITA [9].

TpaAuIMOHHBIME CIIOCOOAMY  TIPEOJI0JIEHUST
CUH/IDOMA HAKOIJICHUS IIUTPATa SABJISIOTCA: TPEKpa-
HIeHWE [UTPATHOM AHTUKOATYJAINH, yBEJIUYCHUE
MOTOKA /[MATN3aTa, OlleJauuBaHue KPOBU U UHQY-
3WsI IPEMapaToB KaIbIust. TAKUM 00pa3oM, BO3HIKA-
€T HEOOXOMMOCTD B MTOJHOM MTPEKPAIIEHIH TaHHO
MOJIATTBHOCTH aHTUKOAryJsiiun. VI3BeCTHO, 4TO Tpe-
NUWJIONMOHHASA ~METOAMKA TeMoauaduiIbTpaum
(TAD) cuukaer puck TpoMb03a KOHTypa B CpaBHe-
HUM ¢ aHajorn4dHOM noctausmonuonnoi [10]. Kom-
Mepueckue OeskasibiimeBbie  pactBopbl  «Ci-Ca
Dialysate» (Fresenius), pu UCIIOJb30BaHUK B IIpe-

Introduction

Requirement for continuous anticoagulation
to maintain efficient work of the extracorporeal cir-
cuit remains the most vulnerable point of continu-
ous renal replacement therapy (CRRT) [4].
Regional citrate anticoagulation (RCA) is an
increasingly common technique at CRRT in criti-
cally ill patients with acute kidney injury (AKI) [5,
6]. Indications for RCA-CRRT in cardiac surgery
patients arise very often due to the risk of postoper-
ative bleeding and cardiopulmonary bypass induced
thrombocytopenia [7].

When entering the blood, citrate is rapidly
metabolized to bicarbonate, mainly in the liver,
skeletal muscle and renal cortex [8]. Citrate metabo-
lism in the Krebs cycle is aerobic, and in patients
undergoing cardiac surgery this process may be lim-
ited due to respiratory and cardiac failure associated
with a low cardiac output [1]. As previously dis-
closed, the citrate accumulation occurring up to 11%
of patients underwent CRRT is hardly to avoid and
it could represent potentially fatal problem when
detected late. Previously identified predictors of cit-
rate accumulation included SOFA score >14, pre-
scribed CRRT dose >26 ml/kg/h, and high plasma
levels of hepatic enzymes [9]. Moreover, increased
severity of organ dysfunction and low weight of a
patient may serve as clinical predictors of citrate
accumulation at the start of RCA-CRRT. The tradi-
tional ways to overcome the citrate accumulation
includes stopping the citrate anticoagulation,
increasing the flow of dialysate, blood alkalinization
and infusion of calcium. Therefore, there is a need for
the complete cessation for this modality of anticoag-
ulation. It is known that predilution technique of
HDF reduces the risk of thrombosis compared to
similar postdilution mode [10]. Commercial calcium-
free solutions Ci-Ca (Fresenius, Germany) used in
predilution HDF modality capable to reduce level of
calcium in the extracorporeal circuit to values that
cause anticoagulation effect. Calcium-free dialysate
was also capable to reduce the level of calcium in the
blood. In the latter cases it is totally unnecessary to
administerof the anticoagulants including citrate
with correspondent risk of its accumulation. When
contraindications to heparin are present, this strate-
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Kamunuueckoe HabaopreHUE

MUTIONIMOHHONW MozaiabHocTH [/l MOTyT CHUBHUTDH
KOHI[EHTPAIMIO KaJIbIIUs B HKCTPAKOPIIOPAJbHOM
KOHTYpe JI0 3HaUYeHUH, BbI3bIBAIONINX 3(hheKT Triio-
KoaryadIuu. beckanblineBbIl 1Uan3aT TakKe CIo-
coOeH CHUBUTD COJlepKaHue Kajiblius B KpoBu. [Ipu
9TOM IIOJIHOCTBIO OTCYTCTBYET He0OXOAMMOCTh BBe-
JIeHUsI aHTUKOATYJISTHTOB, BKJIIOYAsl IIUTPAT C COOT-
BETCTBYIOIUM PUCKOM ero HakorieHus. [Ipu nporu-
BOIOKA3aHUAX K IMPUMEHEHUI0 TerapuHa JaHHas
METO/IUKA MOKET UMETh CYIIIeCTBEHHbIE TIPEUMYIIe-
CTBa, IIOCKOJIbKY II03BOJIsIET 0OECIIeYNTh KaK BbIBe-
JleHue [UTpata u3 KPOBH, TAK U TIPUEMJIEMbII aHTH-
KOAryJIanoHHbIN ahdeKrT. MbI MPeAnonoKIIn, 4To
LIS TOTO, 4TOOBI 06eCIeYnTh HeOOXOAMMYI0 AaHTUKO-
aryJisiiifio, HeoOXO0AUMO TOALEPKUBATh COOTHOIIIE-
HUE CKOPOCTH IOTOKAa KPOBH/CKOPOCTb IPEIMJIIO-
nuu+ ckopocth auanusara okoso 1:1. Tlpu stom
oJi/Iep’KaHe  HOPMAJIbHOTO CO/IEPKAHUST MOHU3U-
POBaHHOI'O KaJ/lbI[Usl B KPOBU HalleHTa MOKeT obec-
[eYNBATHCS MOCTIUIIOIUOHHBIM PACTBOPOM, BKJIIO-
YAOIUM KaJIbI[uil, a Takxe ero uHdysueil B
OT/IEJIbHBIN COCYZIUCTBIH JIOCTYII Yepe3 HeHTPaTbHYIO
BeHy. B mpezicraBieHHOM KJIMHUYECKOM HabJIIoje-
HAM MBI OLICHUIN 0€30IIaCHOCTb U BO3ZACHCTBUE HA
3JIEKTPOJIMTHBINT U KUCJIOTHO-OCHOBHOU CTaTyC HO-
BOI1 MOAAIBHOCTH <«OECKaJIbIIMeBOI» MPOJIOHTUPO-
BAHHOI BEHO-BEHO3HOU remMouaduibrpalu ¢ 1c-
noJsib3oBanueM pactBopo «Ci-Ca Dialysate» B
COUYETAHUU C 3aMeIleHNeM KaJIbIUs B OT/EIbHbIN Be-
HO3HBIN COCYIUCTBIN TOCTYTI.

Marepuan u MeTObI

B asrycre 2013 roma, 67-eTHuiT MysKurHA Maccoi 85
KI' ¢ XPOHUYECKON HIEMUYECKOi OOJIE3HBIO CepIia Moce
KOPOHAPHOTO IIYHTUPOBAHUS ObLI TOCHUTAIU3UPOBAH B
OPUT c ouenkoii no SOFA 14 6amwios u APACHE 11 28
6aJLIIOB, TOCJIEe YCIIENTHON CEepAeYHO-JIETOYHON U MO3TOBOI
pearmmarin (11 6ammoB 0 1TKaste kKoM [masro). Tlarment
MOJTyYaJ MEXaHUYECKYI0 BEHTHJLAIWIO JIETKUX B PEKNIME
SIMYV, ¢ FiO, 0,55. TTocre 13 cyrtok neuernust 8 OPUT, o
[PUYMHE BO3HUKHOBEHUS OCTPOTO MOBPEKAECHUS IOYEK
(«Failure» 1o kmaccubukanuu RIFLE), 6buia nauata
[3IIT. CA/l coctaBiisiiio 64 MM. PT. CT., TPOBOAUIACH UHO-
TPOITHAS TTO/IIEP’KKA OTTAMUHOM B /103e 4 MKT/KT/4ac. [Ipn
urnmanun 31T mabmoxanu oGbeMHYIO 1eperpysKy (110
PEHTTEHOJIOTMYECKUM JIAHHBIM — BBIPaKEHHbIE OuJiaTe-
paJsIbHbIE CMEIIaHHbIC 3aCTOIHbIC U3MEHEHUS B JIETKUX) U
COCTOSIHME THIOKOAry/saiuu (yposenb anTutpomOuna 111
63 ME/ mu). Wnmekc okcureHanmuu Ha MOMEHT Hayasa
[I3IIT cocraBun 124 mm pt. ct. [lo nmprunHe moBTOPHOTO
JKEITYIOYHO-KUIIIEYHOTO KPOBOTECYEHHUS ¢ TPOMOOIIUTOTICHH-
eit (58 Toic./mir) Obina Hauara [I3IIT ¢ anTHKOATYIIsIIMEl
murpatoM. [Tpomentyio BeHo-Berosuyio [JID ¢ PITA ocy-
MIECTBJASIN ¢ TIpUMeHeHueM amnmapaTta PrismaFlex
(Gambro, Lundia AB) u remoduibrpa 13 noJMapuisTep-
cymnpona HF 1000 (1,15 m?, Gambro). [lurpaTHyio aHTH-
koaryJsiiio ipu [/ npoBojmiu ¢ npeanionueii pacTBo-
pom 1rpara 12 mmoab/o1 («Prismocitrate 10/2», Gambro)
1 MIOCTAMTIONMOHHBIM 3aMenieHreM pactBopoM «MultiPlus
K+» (Fresenius Medical Care), comepskaiyM Mariuii,

gy provides significant benefits since it allows both
citrate removal and acceptable anticoagulant effect.
We hypothesized that in order to maintain required
level of anticoagulation, it is necessary to maintain a
blood flow rate/predilution+ dialysate flow ratio
close to 1:1. Maintaining the level of ionized calcium
can be supported by calcium-containing postdiluting
solution and by its infusion into a separate port via a
central vein. In presented case report, we evaluated
safety and effects on electrolyte and acid-base status
of a new modality that includes «calcium-frees»
CVVHDF using Ci-Ca solution combined with a
calcium replacement in a separate port for intra-
venous administration.

Materials and Methods

In August 2013, a 67-year-old Caucasian man (body
mass 85 kg, Sequential Organ Failure Assessment (SOFA)
score 14, Acute Physiology and Chronic Health
Evaluation (APACHE) 1II score 28) following coronary
artery bypass grafting due to chronic coronary heart dis-
ease was admitted to cardiac surgery intensive care unit
(ICU) after cardiopulmonary resuscitation with Glasgow
Coma Scale 11. The patient has received mechanical venti-
lation support (SIMV), with FiO, 0.55 and oxygen satura-
tion 96%. After 13 days of ICU admission, due to appa-
rance of AKI («Failure» by RIFLE) the CRRT was
started. Patient was hemodynamically unstable (MAP 64
mm Hg) and required inotropic support with dopamine 4
ug/kg/h. At the time of CRRT start, we observed volume
overload by X-ray examination (bilateral pulmonary con-
gestion) and hypocoagulation status (level of antithrom-
bin IIT was 631U/mL). Respiratory index at the start of
CRRT was 124.

Because of recurrent gastrointestinal bleeding and
thrombocytopenia (PLT 58000/mL), the CRRT was
started with citrate anticoagulation. RCA-CVVHDF was
fulfilled using the Prismaflex system (Gambro, Lundia
AB, Sweden) and PAES hemofilters (HF 1000, 1.15 m?
Gambro, Meyzieu, France). RCA was performed by con-
tinuous veno-venous hemodiafiltration modality (RCA-
CVVHDF) with a 12 mmol /L predilution citrate solution
(Prismocitrate 10/2, Gambro) and postdilution replace-
ment solution (MultiPlus K+, Gambro) with bicarbonate
and phosphate. We used PrismOcal (Gambro) as a
dialysate fluid. The blood flow, dialysate/ substituate
rates were matched according to a proprietary protocol
(Prismocitrate 10/2, Gambro) to achieve the target val-
ues of plasma calcium (0.9—1.25 mmol/L) and calcium
after the hemofilter (0.25—0.4 mmol/L). In the case of
metabolic acidosis not related to citrate accumulation an
additional bicarbonate solution was added to the dialysate
to reach the base excess (=0 mmol/L). Targeted level of
calcium in plasma was achieved due to its continuous
infusion at 11—22 ml/h into separate central vein
(Prismaflex 6 firmware version). Venous blood samples for
monitoring of ionized calcium concentrations were har-
vested from the dialysis tubing at sampling ports distal to
hemofilter at start of CRRT and every 4 hours. Prescribed
CRRT dose was nearly 40 ml/kg/hour, with considering a
lower dose delivered because of self-testing and 5-minute
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KasrpIni u pocdart. B kauecTBe Aranm3npyiomnero pacTBopa
ucnosbzoBaiu «PrismOcal»> (Gambro). Ckopoctb motoka
KpOBH, Anajiusara u cybcturyara Oblia 11000paHa B COOT-
BETCTBUM € MOANDUIIMPOBAHHBIM BapUAHTOM IIPOTOKOJIA
Prismocitrate 10/2 11 10CTHKEHMS 11EJIEBBIX YPOBHEH HO-
HU3HPOBAHHOTO Kauibliust 11a3mbl (0,9—1,25 MmMouib/o1) 1 B
KoHType 11ocie remoduiisrpa (0,25—0,4 mmou/ir). B coy-
yae MeTaboJIMYeCKOro alu/I03a, He CBA3aHHOTO ¢ HaKOILIe-
HMEM [UTPATA, B IUAIU3AT JOTIOJHUTEIBHO A00ABJISIIN Pac-
TBOp OMKapOOHATa ISt JOCTHKEHUS M30bITKA OCHOBAHUI
(BE>0 mmoub/m). 1leseBble 3HaueHUS KaJbIUs I171a3MbI
HOJIEPKUBAIA € TOMOIIBIO MOCTOSIHHON undysun 5%
Kaurpiust xaopuza 11—22 My /9 B oT/1eTbHBIN BEHO3HBIN CO-
cymuctbiii nocryn (PrismaFlex, 6 Bepcust npoumskn). O6-
pasiibl BEHO3HOI KPOBU JIJISi MOHUTOPUHTA KOHIIEHTPAIIUT
HOHU3UPOBAHHOTO KaJlbllUsl 3a0Mpaiv U3 CIEIUAIbHbIX
MOPTOB I Habopa npob auctasibiee (1ocse) reMouIbTpa
B nauazne [I3IIT u xaxmpie 4 yaca. Ilpeanucannas mosa
PITA-TI3IIT cocraisiia okosio 40 Mit/Kr/9ac ¢ yaetom 60-
Jiee HU3KOH JIOCTABJIEHHON JI03BI, BCTIEACTBHE CAMOTECTHPO-
BaHus pubOpa u 5-MuHyTHBIX 1epepbiBoB [I3IIT st cbo-
pa aHasm30B KpoBH. IIpn CHMIKEHUM CKOPOCTH LUTpaTa u
muanmsata n03y II3IIT koppurupoBanyu yseandyeHuem
HOCTAUITIONUH. EoKeTHEBHO TIPOBOIUIIN OIIEHKY JIEKTPOJIH-
toB kposu (CaZ*, Mg2+), docdopa, nokasareseii Koarys-
un (ACT) u passepHyTOro o6Iero aHaamusa Kposu. Turo-
MarHUeMUIO TIPEJAOTBPAIANU [OCPEACTBOM A00aBJICHMSI
Maraus cyiboara (2,5—4 T/cyTKi) B HOCTAUIIONHOHHBINT
pacTBop.

ITocse 13 cyrox II3IIT Boccranosienus QyHKIUN
[OYEK OTMEUEHO He ObLI0, HAGMIOAAMN IEPCUCTUPYIONTYIO
aHypuio. Kpome ToT0, HECMOTPS HA OTHOCHUTEIBHO HU3KYIO
no3y nutpata (2,8 MMOJIb/J1 KDOBM) Yy TIalMEHTA MOSIBU-
JIUCH TIPU3HAKY €T0 HAKOIJIeHUs. B KauecTBe CypporaTHbBIX
MapKepOB IUTPATHON KyMYJISIIUT UCTIOIB30BAIIN: KATbI[H-
eBbIll mngeke (=2,6), merabosnueckuii anupos (BE<-6
MMOJTb,/JT), aHHOHHBIH TTpo6est (=3 MMOJIb/J1).

Ha ¢domne npopnennoit BBT/I® ¢ nutpatHoil aHTHKO-
aryJisiiyeil KajiblmeBblil nHaeKe coctasisa 3,27; BE —
13,2 MMOJIb/J1 U aHUOHHBIH 11poGest — 15,7 MMosib /ot [lur-
paTHasi aHTUKOATYJISIIIUs ObLIA HEMEJJIEHHO [TPEKPAIleHa;
JOTIOJTHUTEIBHO YBeJTMYeHbl CKOPOCTh TTOTOKA [[HAJIN3aTa
2-X KpaTHO, CKOPOCTH IMOTOKa KpoBu — B 1,7 paza. Havamm
MH(OY3UIO COIBI B OTAETBHYIO BEHO3HYIO JIIHUIO IS KYIIH-
poBanus MeTabosmueckoro anuaosa. Yepes 3 waca I1311T
6e3 aHTUKOATYJISLIUKN 3aPErUCTPUPOBAIM TIPUSHAKK T1PO-
rpeccupyioniero TpoMbo3a KOHTypa, KPOBb U3 Hero Oblia
BO3BPpAIlleHA MAIIEHTY.

C ydYeToM rumnepKoaryJsiiiny 1 HeoOXOIMMOCTH KY-
MUPOBAHUST HAKOIUICHWsI IUTpaTa, Oblia Havata <«bec-
KaJblineBas» reMoauaduabrpaiusa. C nomoripo go6as-
jaeHust 4% Oukapbonara Hatpus 100 MJ B pacTBOpBI
«Ci-Ca Dialysate K4» (Fresenius) koHuenTparust Ou-
kap6onara B pacTBope yBeandena ¢ 20 1o 30 MMoJib/J1, a
Hatpus — ¢ 133 no 143 mmonb/s1. Hauanbnas ckopocTh
MMOTOKA KPOBU cocTaBisna 70 MJI/MUH; CKOPOCTH TIPe/iN-
JIOIIMOHHOTO pacTBOpa/ Auasin3arta cocrasisiia mo 1800
Mi/4 (GeskasiblueBbie pacTBOpbI). Jlas mpemoTBpaiie-
Hust runodochaTeMun ¥ THIOMATHUEMIH TTOCTIUITIONN-
OHHO HazHayaJ¥M AuaTu3upyiomuii pactsop «Multiplus
K+ 4» 500 mu/gac. IlesieByio KOHIIEHTPAIIUIO HOHU3UPO-
BaHHOTO Kaibius mrasmsl (0,9—1,2 mmoss/m) noctura-
JIU C TIOMOIIBIO HETPEPHIBHON WHOMY3UN 5% KaabIus
xaopuna (6—11 mii/uac) yepes OTHeNbHBIN KaTteTep B

interruptions to collectsamples for analyses. If lower cit-
rate and dialysate flow required, CRRT doses were cor-
rected by increasing the post-dilution. Serum electrolytes
(CaZ*, Mg2*), phosphorus, coagulation parameters (ACT)
and complete blood count were assessed on a daily basis.
Hypomagnesemia has been prevented by magnesium sul-
fate supplementation (2.5—4 g/daily) of a post-dilutio
solution. After 2 weeks of CRRT, there was no recovery of
renal function (anuria persisted).

Despite the relatively low dose of citrate (2.8 mmol/1
blood), the patient showed signs of citrate accumulation.
Possible causes of citrate accumulation could be respirato-
ry failure and concomitant hepatic dysfunction. As a surro-
gate marker of citrate accumulation, we used calcium index
(>2.6), progressive metabolic acidosis (BE<-6 mmol/L),
and increased anion gap (=3 mmol/1).

On the background of RCA-CVVHDE, the value of
calcium index was 3.27, BE — 13.2 mmol /L and anion gap
15.7 mmol/L. Citrate anticoagulation was discontinued
immediately; in addition dialysate flow was 2-fold
incerased, blood flow rate was increased 1.7-fold. To relief
from the metabolic acidosis bicarbonate infusion was
launched in separate venous line. After 3 hours of antico-
agulation-free CRRT the signs of progressive circuit
thrombosis appeared, and the blood was returned to the
patient. Taking into account the hypercoagulation state
and the need to relief from citrate accumulation, «calcium-
free> hemodiafiltration was launched. By adding 100 ml of
4% sodium bicarbonate solution in Ci-Ca Dialysate K4
(Fresenius Medical Care) the bicarbonate normalization
from 20 to 30mmol/L was performed, and sodium concen-
tartion was increased from 133 to 143 mmol/L. Initial
blood flow rate was 80 ml/min and the pre-
dilution/dialysate flow rate was set up at 1800 ml/h (both
solution were calcium-free). To prevent hypophos-
phatemia and hypomagnesemia, 500 ml/h Multiplus K+ 4
(Fresenius Medical Care) dialysate was administered in
the post-dilution mode. Desired level (0.9—1.2 mmol /L) of
ionized calcium was achieved by continuous infusion of 5%
calcium chloride at 6—11 ml/h into a separate central vein
line (table 1). Flow rate of calcium-free solutions were not
changed although technically it was possible.

To achieve anticoagulation, calcium level at hemofilter
was empirically set up to the level approximately twice
lower than one in plasma (<0.5 mmol/L). Changes of cal-
cium concentrations (total, plasma (ionized) and after the
filter) are presented in the Fig. 1.

Although the targeted level of calcium after the
hemofilter could be achieved only after 16 hours, the lifes-
pan of the extracorporeal circuit was 23.5 hours. Total
serum calcium decreased from 3.27 to 1.98 mmol/L, other
markers of acid-base balance were normalized. During
«calcium-free» hemodiafiltration the ionized calcium level
was remained within the reference values. No episodes of
hypotension and cardiac arrhythmias have been reported.

Results and Discussion

Due to some circumstances, cardiac surgery
patients with AKI experience contraindications to
heparin and citrate anticoagulation. Clinical protocols
on RCA-CVVHDF, RCA-CVVHF (PrismaFlex),
and RCA-CVVHD (multiFiltrate) clinical use in high
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TlapameTpb! IPO/JIEHHON BEHO-BEHO3HOM reMoiuauIbTpanuy ¢ PETHOHAIBHON IUTPATHON aHTUKOAryasiuuei u «6ec-
KaJIbIIUEBON»> Y GOIBHOTO C OCTPHIM MOBPESKIEHHEM NOUEK MOCIIE KAPIUOXUPYPIAYECKOr0 BMEMATENbCTBA.
RCA-CVVHDF and <«calcium-free»-CVVHDF settings in patient with AKI scheduled cardiac surgery.

Settings of CRRT RCA-CVVHDF CF-CVVHDF
Blood flow rate (Qb) (ml/min) 100 70
Citrate flow rate (12 mmol/I, predilution mode ) (ml/h) 1400 —
Predilution flow rate (Ca-free solution) (ml/h) — 1800
Dialysate flow rate (ml/h)’ 1400 1800

Postdilution flow rate (Ca-containing solution) (ml/h) 250 500

Ratio of Predilution + Dialysate/Blood volume (ml/min) 0.46 0.85
Calcium flow rate, average (ml/h) 12.7 8.5
Prescribed dialysis dose (ml/kg/h) 35.9 48.2
Fluid removal rate (ml/h)* 100 100

ITpumeuanne: Settings of CRRT — mapamerps! mpo/yieHHON 3aMecTUTeIbHON odednoil Tepanni; RCA — pernonanpHast TUTPaTHAS
antukoaryssius; CF- «6eckanbuuesasi»; CVVHDF — npoasiennas BeHo-BeHO3Hast remopuaduisrpanus; Blood flow rate(Qb)
(ml/min) — ckopocts moroka kposu (Mi/mMun); Citrate flow rate (mmol/l, predilution mode) (ml/h) — ckopoctb moToka uTpara
(vmoat/a1, npemuimonus ) (ma/ 9); Predilution flow rate (Ca-free solution) — ckopocTh npeanTONMOHHOTO pacTBopa (GecKamTbIneBbIit
pactiop); Dialysate flow rate — ckopoctsb notoka auanusara; Postdilution flow rate (Ca-containing solution) — ckopocTsb mocTaNIIO-
monHoro pacrsopa (Ca-conepskamuii pactBop); Ratio of Predilution + Dialysate/Blood volume (ml/min) — coorHomurenue cymmb
CKOPOCTH TIPEIMIIONNY + INAMN3aTa U CKOPOCTH ToToKa Kposu (Ma/mun); Calcium flow rate, average (ml/h) — cpeansis ckopocTs mo-
Toka Kanbius (mii/a); Prescribed dialysis dose (ml/kg/h) — nasnauennas no3a samectuTenbHON noueynoli repanuu (mia/kr/4); Fluid
removal rate (ml/h) — ckopoctb yasrpaduisrparuu (Mii/4). ' — He comepxanuii Ca2*; * — V3MeHsieMasi B COOTBETCTBUY ¢ KJIMHUYEC-
KUMH [OTPEGHOCTSMIL.

Note: CRRT — continuous renal replacement therapy; RCA-CVVHDF — «Regional Citrate Anticoagulation» — Continuous Veno-
Venous Hemodiafiltration; CF-CVVHDF — «Calcium-Free»-Continuous Veno-Venous Hemodiafiltration; AKI — acute kidney injury;

! — In CF-CVVHDF modality not containing Ca?+; > — Modified according to clinical needs.

HeHTpaibHOl BeHe (Tabimna). CkopocTh moToka Gec-
KaJIbIMEBBIX PACTBOPOB HE M3MEHSJIN, HO TEXHUYECKH
3TO OBLIO BO3MOKHO.

JlJIst TOCTVKEHUsT aHTUKOATYJISIIINNA KOHIIEHTPATIHsT
KaJbIMSA B KOHTYPE Tocjie TeMouIbTpa Oblja aMIupu-
YeCcKW yCTaHOBJIEHA NMPUMEPHO B 2 pasa HUXKeE, 4YeM B
mrasme (<0,5 MMomb/1). VI3MeHeHUsT KOHIIEHTPAIUN
00111eT0, TJI1a3MEHHOr0 (MOHU3UPOBAHHOTO) KaJlbLUs U
KOHIICHTPAIIMU KaJbIUsd mocje (GuibTpa OTPaKEHbI Ha
PUCYHKE.

HecmoTpst Ha TO, 4TO 1iejieBast KOHIIEHTPAIUS Kajlb-
s nocJie reModuabrpa OblIa JOCTUTHYTA TOJIBKO Yepes
16 4acoB, IPOAOJFKUTENBHOCTh PabOThI HKCTPAKOPIIOPATIb-
HOTO KOHTYpa cocTaBuia 23,5 yaca. Konnenrparust o6ie-
rO KaJIbIls cHu3miaach ¢ 3,27 o 1,98 mmosts /71, apyrue 1o-
KaszaTesu KUCJIOTHO-OCHOBHOTO GajiaHca ObLIH OJHOCTHIO
HOpMaJIM30BaHbl. Bo BpeMsi MpoBemeHUs «OecKasbIne-
BO¥I» remMonauIbTPAINN co/lepKaHie MOHU3UPOBAHHO-
TO KaJIBIUSI OCTaBAJOCh B NPEJEIaX 1eJE€BbIX 3HAYEHUI.
Hukaxkux amm30/0B apTeprajbHON TUIIOTEH3UU U apHT-
MUK OTMeYeHO He ObL10. [Tocsie KynmupoBaHus HAKOILJICHUS
uTpara ObLI IPOAOJKEH MPOMJEHHBIH TI'eMOIUAIN3
(multiFiltrate, Fresenius) ¢ anTHKOATyJISAIMENR IIHTPATOM,
sakonunBIniics paspemenreM OIIII n BoccTanoBiennem
bynkinn nouex.

PesyabraThl 1 00CyK/I€HHE

BesenerBue psiia 06CTOSATENBCTB Y KapIUOXU-
pyprudecknx naruenToB ¢ OIIII MoryT Bo3HUKATDH
MPOTUBOTIOKA3aHMsT K 060UM HamboJiee 4acTo HUC-
MOJIb3yEMbIM aHTUKOATYJISTHTAM — TellapUHy ¥ IUT-
party. BHeapeHnHble B Halell KJIWHHUKE ITPOTOKOJIbI
IIBBIA® u [IBBI'D ¢ PIIA (PrismaFlex), a Taxxe
IIBBT/T ¢ PITA (multiFiltrate) y maiueHToB ¢ BbI-

bleeding risk patients allowed to adapt CRRT to the
needs of critically ill patients with AKI. However, con-
tinuing bleeding and thrombocytopenia restrict
patients from prescription of anticoagulants, as well
concomitant hepatic and cardiopulmonary failure can
limit the citrate infusion. Citrate accumulation is
uncommon but severe complication of RCA-CRRT,
and according to several studies, incerased citrate may
serve as a predictor of in-hospital death [9, 11].
Difficulties with the correct assessment of volemia and
volume overloading are common in cardiac surgery
patients |2, 3]. Thence, the respiratory index may be an
early indirect predictor of citrate accumulation.

In our study, an alternative method for elimi-
nation of citrate accumulation leading to increased
functionality of a contur compared to no-anticoag-
ulation CRRT was proposed. Calcium is consid-
ered as an important element of blood coagulation,
and controlled hypocalciemia in exctracorporeal
contur might be suppoorted by citrate or solutions
with no calcium. Technically, the application of cal-
cium-free solutions in pre-dilution and dialysate
mode and keeping the normal levels of other ions
resulted in achievement of the desired level of anti-
coagulation. Furthermore, the focus on a calcium
index contributed to reduce the level of calcium-
citrate complexes and abrogate citrate intoxica-
tion. By our observation, both theoretical and
practical possibilities to develop anticoagulation
for CRRT based on the principle of reducing the
calcium level in the extracorporeal circuit using
calcium-free solutions were successfully tested.
Method demonstrated capability to control

OBIUAA PEAHMMATOAOTI WS, 2016, 12;

www.reanimatology.com

75



76

Clinical Observation

DOI:10.15360,/1813-9779-2016-3-71-77

COKUM PHUCKOM KPOBOTEUYEHUST 03~
Bosimin agantuposath [I3IIT
norpebHocTsIM GosbHBIX ¢ OTITI.

3.5

3.0

/\\ ---4--- Post-filter calcium

—+— Total calcium —sa— Circuit calcium

Tem He MeHee, TPOAOJLKAMOIIEECS
KpPOBOTeUeHIEe U TPOMOOIUTOIIE-

2.5
HUA OTpaHUYUBAIOT TIPpUMEHEHUE

HEIPAMbBIX aHTHUKOAryJIAHTOB, a

COIIYTCTBYIOIIAasA TIledeHOYHasd U
Cep/iedHO-JIeroyHasa HeJ0CTaTo4-

mmol/1

HOCTb MOTYT JINMUTHPOBATDH IPHU-

MeHenue rutpara. Kymyssamus - .0

Tpara SBJSIETCST HEYacThIM, HO
TaskeabIM ocioxkuenreM II3IIT ¢ 0.5

PIIA, u coryiacHO HEKOTOPBIM HUC- -
CJIEIOBAHUSM MOKET CJYKUTh

—A

MPEANKTOPOM TOCTTUTAIBHON Jie-
tampHocTu [9, 11]. CaoxHOCTD
KOPPEKTHOW OIleHKU BOJIEeMUH, U

Before 1 4 8 12 16 20 2
start CF-HDF

Stage of study, hours

«00beMHasT TIEePErpysKa» HepeaKo
BCTPEUAIOTCS Y KapIMOXUpypruye-
ckux marueHToB [2, 3]. Iloatomy
WHJIEKC OKCUTCHAITMU MOYKET CJIy-
JKUTb PAHHUM HETIPSIMBIM TTPEITK-
TOPOM HAKOTIJIEHUS ITUTPATA.

B Hameii pabote mpesioKeH
AJbTEPHATUBHBII METOJI yCTpaHe-
HUS HAKOTJICHUS IMTpaTa, Bemry-
MUH K YBEJIUYCHUIO MPOAOJIKUTEIBHOCTH (DYHK-
IMUOHUPOBAHUS KOHTYpa, B cpaBHeHun ¢ II3IIT
6e3 NMpUMEHEHUsI aHTUKOATYJISTHTOB. KasbIuii siB-
JISeTCA OJTHUM U3 BaKHEHINNX 3JIEMEHTOB CBEPTHI-
BaIOIEil CUCTEMbl KPOBH, MO3TOMY YIIpaBisieMast
TUIOKAJIBIIUEMUST B 9KCTPAKOPIOPAIHHOM KOHTY-
pe MoxkeT 06eCHedyuBaThCs MUTPATOM WU Oec-
KaJblUeBbIMEU pacTBopamu. I[lpumenenue Oec-
KaJbIMEBBIX PACTBOPOB B MPEAUNIONUU U
Uajn3are TIPU HOPMAJIbHBIM COJEPKAHUEM OC-
TaJbHBIX MOHOB CIIOCOOCTBOBAJO HEOOXOIUMOM
TUIOKOATYJISAIMU W TT03BOJIMJIO CHU3UTH YPOBEHD
[UTPATHO-KAJbIIMEBBIX KOMILJIEKCOB, KyIHUPOBATDH
MUTPATHYI0 HHTOKCUKaWIo. [lokasana Teopernye-
CKasi U MPaKTUYECKash BO3MOYKHOCTL pas3paboTKu
Metojuku antukoaryasiuu aisa [1311T, ocnoBan-
HOUW Ha TPUHIIUIIE CHWKEHUS YPOBHS KaJbllUs B
3KCTPAKOPIIOPATBbHOM KOHTYPE C MCIOJTb30BaHUEM
GeCcKaJbIUEBBIX PACTBOPOB. [IpuMeHEHE YKa3aH-
HOTO MeTO/Ia 00ECTIEYNIIO KOHTPOJIUPYEMYO THIIO-
KaJbIIMEMUIO B 3KCTPAKOPIOPAJbHOM KOHTYpPE Ha
ypoBHE reMOMUIbTPA, KAIbIUH MJIa3Mbl [IPU 9TOM
ocTaBaJicsl HOPMaJIbHBIM. Kpome TOTO, MeToanKa
NpeayIpexR/iaeT HeraTUBHBIC TTOCHENCTBUS WC-
MOJTb30BAHUS TellapuHa U IUTpaTa.

Meton «beckanbiineBoii» remoauaduiIbTpa-
1uu, pa3paboTaHHbII IJIs1 JIeYeHUs] CHHPOMa Ha-
KOIJICHUSA IUTPaTa, M03BoJigeT 3(hPEKTUBHO KYy-
MUPOBATDH 3TO cepbe3Hoe OCJIOKHEHHE,
obecrieurBasi yJOBJIETBOPUTEIHHYIO <ITPOIOJIKU-
TEJBHOCTH KU3HU» KOHTYpa. Bosee Toro, braroaa-

JIuHAMHKa KOHIEHTPAIMA KaJblUs NPH «GecKaablyeBoii> reMoanaduibTpayy Ha
¢oHe HAKOIIEHHS IIUTPaTa.

Dynamics of calcium levels during «calcium-free» hemodiafiltration against the
background citrate accumulation.

IIpumeyanue. before start CF-HDF — 110 nauana «6eckasibiineBoii» reMoanaduibrpa-
uu; hour — yac; Total calcium — o6umii kaspumit; Circuit calcium — wonnsuposan-
Hblit kaabiuii; Post-filter calcium — kaspimii nocae remoduasrpa; mmol /1 — mmoun /i,
Stage of study, hours — aranbl vccenoBaHus, Yachl.

hypocalcaemia at hemofilter, while blood levels of
calcium remained within the normal values.
Furthermore, the use of the method might be help-
ful to avoid the potential negative effects of
heparin and citrate.

Methodology of «calcium-free> hemodiafiltra-
tion adopted in our center to treat citrate accumu-
lation, allows to abrogate this serious complication
by providing a satisfactory lifespan of circuit.
Moreover, due to normalization of ion content, this
method allowed to maintain an appropriate buffer
and electrolyte balances in the absence of distur-
bances of acid-base equilibrium. Finally, the advan-
tages related to the optimal acid-base correction
and prevention of disorders caused by RCA, can
potentially improve the safety of CRRT in critical-
ly ill patients with the organs lesions involved in
citrate metabolism.

Conclusion

«Calcium-free» HDF is a promising treatment
of patients with citrate accumulation syndrome,
while simultaneously ensuring both the citrate
removal and satisfactory anticoagulation.

Psi HOpMaJIU3alui MOHHOTO KOHTEHTA, 3TOT METO/]
c10coOCTBOBAJ MOAJEPIKAHII0 HEOOX0LUMOTO Oy-
(hepHOro M 2JEeKTPOJUTHOTO Oajianca, MpegoTBpa-
mas pacCTPOICTBAa KUCIOTHO-OCHOBHOIO 9KBILIU-
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G6puyma. B mesom, mpeummyinecrsa, cBs3aHHBIE C
ONTUMHU3AIMEN KHCIOTHO-OCHOBHOTO COCTOSIHUST U
npejgoTBpalleHue o0yCa0BAEHHBIX IUTPATHON aH-
TUKOATyJIAIUell OCH0KHEHUI, CIHOCOOHBI MOBBI-
cuth GezonacuocTh nposepenust [I3TIT ¢ PIIA y
HAIMEHTOB € MTOPAKEHUEM OPraHOB, BOBJIEYEHHBIX
B MeTaboJIM3M UTpaTa.
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3akiaoueHue

Taxum o6pasoM, «Oeckanbiuesas» [ID as-
eTCA HepCHeKTI/IBHbIM METO/IOM JIeYCHUA CI/IH,Z[pOMa
HAKOILJIEHUs [MTPaTa, OJAHOBPEMEHHO CIIOCOOCTBYSI
€ro 3JIMMHUHaIluUN " YI[OBJICTBOpI/ITeJIbHOﬁ AHTUKOa-
TYyJIAIANA.
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