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KntoyeBble Te3UCHI CTaTbM MO MHEHUIO peaaKTopa

e Knaccmyeckuii npuHumn CTap/iMHra HenpuMeHUM K UHPY3NMOHHOW Tepanum B KIMHNUYECKUX
YCNOBUAX.

e  DHAOTENMANbHbIV IMIMKOKANNKCHBIA C/I0M, NO-BUOUMOMY, UTPAET BaXKHYHO PO/ib B 0bMeHe
KUIKOCTH.

e [lepecmoTp npuHLUMNOB CTap/nHra, BKAOYAOWMIN MOLENb IIMKOKANMKCA, NO-BUAMMOMY, lydLle
06BACHAET KNMHNYECKKN Hablogaemble peakumu.

EGL endothelial glycocalyx layer - cnoit aHgoTENMANBHOTO FMMKOKA/IMKCHOTO
RSP Revised Starling principle, - nepecmoTpeHHoe ypaBHeHue CTapanHra
Jv - GnnbTpauma XKUAKOCTM Yepes CTEHKY Kanuanapa

GAGs, glycosaminoglycans (GAGS) — rnoK30aMUHOTIMKaHbI

MCHK nHTepcTnLmnanbHan XMaKoCTb

TIC — OHKOTUYECKOE AaB/eHWe B Kanuanape

TS — OHKOTUYECKOoe AaB/ieHMe B MHTEPCTULMMU

TISg — OHKOTUYECKOE AaBAEHME NOL INTIMKOKAAUKCOM

KO/, — KonionaHo - ocMoTHUYecKoe aaBaeHune

BKX - BHEKNI€TOYHAA KMAKOCTb

MNCP - NU30TOHWYECKMI CONEBO PACcTBOP

Pc - kKannnnapHoe gasneHue

Pis - paBneHne MHTEPCTULMANIBHON KUAKOCTbU

(A.l.....) — noAcHeHMA NnepeBoAUYMKA

Pe3tome.

BHyTpMBEHHAA MHPY3MOHHAA Tepanua He NPUBOAMT K pacnpesesieHU0 BHEKNETOYHOTo 06bema,
0XMOAEMOMY B paMKax UCXO4HOM moaenun CTap/nHra, COrnacHO KOTOPOM BHEKIETOYHASA KUAKOCTb
ABVXKETCA Yepes NoaynpoHULAemble Kanuaasapbl B COOTBETCTBUM C FPAANEHTAMM TMAPOCTAaTUYECKOTO U
OHKOTMYECKOro aasneHus. MNpeanaraemblii noaxos K MHPY3NOHHOM Tepanum gaa noaaepKaHusa
KpOBOOBOpaALLEHNA OCHOBAH Ha NpUMeHeHUn dpusnonornyeckon napagmrmol (RSP), Kotopas nyywe
06DBACHAET KIMHUYECKUE U UCCNefoBaTeNbCKMe HabntoaeHuA. NepecmoTpeHHoe ypaBHeHWe CTapaunHra
(Revised Starling principle, RSP), ocHoBaHHOE Ha HeJaBHUX UCCNEA0BaHUAX, YUUTbIBAET BKNAL,
3HAOTEeNMaNbHOro rMMKoKanukcHoro cnon (endothelial glycocalyx layer EGL), sHaoTennanbHol 6asanbHoOM
MeMbpaHbl U BHEKETOYHOrO MaTpPUKCca. PaccmaTpmuBatoTCs XapaKTePUCTURMN KanuANAPOoB B Pas/INYHbIX
TKAHAX M PaCCMATPUBAIOTCA HEKOTOPbIE KAMHMYECKME cneacTBumA. PasHMUA@ OHKOTMYECKOTo AaBneHunn B EGL
3aMeaNseT CKOPOCTb GUABTPALMK, HO He NPeKpaLLaeT ee (MPaBUIO «OTCYTCTBUA peabcopbunm») u AsnneTcs
Ba*KHO 0COBEHHOCTbIO NepecmoTpeHHoMn napagurmel CtapavHra (RSP), a Takke nogyepkusaeT
OrpaHMYeHMA NOMbITOK NPeAOTBPALLEHNA UM IeYEeHUA OTEKOB NyTEM NepesiMBaHUA KOAN0UA0B.
OTdUNbTPOBaAHHAA XKUAKOCTb BO3BPALLAETCA B KPOBOTOK B BUAe ammdbl. EGL He nponyckaeT 6onee



KPYNHbIe MONEKY/bl U 3aHUMAET 3HaUUTE/IbHbIA 06bEM BHYTPMCOCYAUCTOrO NPOCTPAHCTBA, MO3TOMY
TpebyeTcs HOBas MHTepNpeTaLma UccieaoBaHN pa3BeaeHa 06bEMa KPOBM U NPEANON0NKEHMUE O TOM, YTO
3almTa MK BoccTaHoBAeHWe EGL MoxeT bbITb BayKHOW TepaneBTUYeCKol Lenbio. Npeanaraerca
ob6bsicHeHNe peHoOMEHA KOHTEKCTHOM YyBCTBUTE/IbHOCTU KMHETUKM 0O bEMA KMUOKOCTU U BblABUTaeTCA
npeanonoXeHue o LuenecoobpasHoOCTM pernapataunm KpUcTaanouaamm npu HU3KOM KanuanapHom
AasneHun. (A.l. «kKOHMeKCMHas yyscmeumesnbHOCMb KUHEMUKU 06bEMa HUOKOCMU» - U3MeEHEeHUe
obvemos sHympucocyoucmolii u MCH sagucum om coomHoWweHUs 2u0pocmamu4yecKko20 U OHKOMU4YeCKo20
dasneHuli u npoHUYyaemocmu Kanuaaapos) Jlioboe noTeHUMaNnbHOE NPEeUMYLLECTBO N1a3mMbl UK
naasmosameHuTenen nepen KpucTanionaamm B naaHe BOCnoiHEHMA 06bEma NPoABASETCA TONIbKO NpU
60/1ee BbICOKOM KanMAnaApHOM AaB/1eHUMN.
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[BaguaTb NATb neT Hasag Twigley and Hillman 06baABMAM 0 «KOHLE 3pbl KpUCTannonaos». Mcnonbsyn
YMNPOLLEHHYIO CXeMY KOMMAPTMEHTOB MJ1a3Mbl, MUHTEPCTULLMAIBHON N BHYTPUKNETOUYHOM HKUAKOCTU U UX
aHAaTOMMYECKNX 0OBEMOB, OHU YTBEPKAAN, YTO KONOUAbI MOTYT BbITb MCNOIb30BaHbI ANS
n3bupatenbHoOro nogaepKaHna oobvema nnasmol.[1] MockonbKy 06beM Naasmbl coctaBasaeT okono 20%
BHEKNEeTOUYHOM KuakocTn (BKXK), npegnonaranock, YTo SKBUBAIEHTHBIN 06beM Ans pecyumuTaumm npu
BHYTpUCOCYAUCTOM rMnosoaemun byaet nopsaaka 20 mn koanonaa Ha 100 ma M30TOHUYECKOTO CONEBOTO
pactBopa (UCP, puspcreop). bonee Toro, ncxoas u3 npuHumna Ctap/anHra, Nnpeanoaaranoch, Yto
nepenvBaHMe rmMnepoHKOTUYECKUX KOTOUMAHBIX pacTBOpoB byaeT peabcopbupoBaTh KUAKOCTb U3
WUHTEePCTULMANBHOM Kungrocth (MCHK) BHYTPb cocyoB. ITa NPOCTas KOHUENLMA UCNOIb30BaHMA KOAI0UAA
Ans BOCnonHeHMA ob6bema nnasmbl U dpuspcteopa (MCP) ana BOCNONHEHUA BHEKIETOUYHOM KUAKOCTH
nosyynna fanoHenwee passutue. [2—4] [sa uccnefoBaHus, npoBeaeHHble Cpeam NaLMeHToB B
KPUTUYECKOM COCTOSIHUM, NMOKa3anu, YTo B TeueHue nepsblx 4 AHen nHdysmnoHHoM Tepanumn 100 ma
¢duspcTBopa (UCP) cTonb ke 3ddeKTMBHBI, Kak 62—76 Ma pacTBOpa YesoBevYeckoro anbbymuHa [5] nnm 63—
69 M/ TMNEPOHKOTUYECKOTO N1a3mo3amMeHunTens.[6] Y naumeHToB ¢ TynbiMM TPaBMaMM B TEYEHWE NEPBOro
AHA pecyumTaumm 100 mn puspcTeopa 6b1an CTOb Ke 3PPEKTUBHDI, Kak 97 Ma U300CMOTUYECKOTO
nia3mo3aMeHUTeNs, TOrAa Kak Y NOCTPaZAaBLUMX OT OFHECTPE/bHbIX MM HOXKeBbIX paHeHui 100 mna 6bian
cToNb e 3pdeKTUBHbI, Kak 67 ma.[7] UccnepoBaHre NPAKTUKM AETCKOM pecyLmTaumm B yUpeKAEHUAX C
OrpaHUYeHHbIMK pecypcamm B ApuKe He BbIABMIO HUKAKMX NPenmyL,ecTs 60/1l0CHOM Tepanum ¢
anbbyMMHOM No cpaBHeHuto ¢ puspcTeopom (MCP), a TaK»Ke BbIABMIO NPENUMYLLECTBO B BbIXKMBAHUK NpPU
MeasieHHon pecyumntaummn ¢umspcrteopom (UCP) 6e3 6ontocHol Tepanun.[8] Cepuma sKCNepMMEHTOB Mo
KMHEeTMKe obbemMa NpoaeMOHCTPUPOBasa, UTO LLeHTpasibHbI 06bem pacnpegenenuns ¢uspcreopa (MCP)
HaMHOro MeHbLUe aHAaTOMMYECKOTro 06 beMa BHEKIETOUYHOM XKUAKOCTU [9], M pefaKUuMOHHaA cTaTbs b6blia
BbIHYKAEHA 3aKN0UNTb, YTO «MHDY3IMOHHAA TepanmMa MOMKET OKa3aTbCA CNOXKHee, YeM Bbl AymaeTte»[10]. B
aTom 0630pe NpeanpurHATa NONbITKA COracoBaTb AaHHbIE KAMHUYECKMX UCMBITAHWUIA U ONbIT NPUMEHEHWUA
NMHY3MOHHOM Tepanuu y nocTesin 60AbHOIO € NOCAEAHUMU AOCTUKEHUAMM B 061aCTU MUKPOCOCYAUCTOM
¢dur3monornm, 4tobbl yNAYULWINTD Hawy pabouyto Napagmrmy Ana PaumMoHaAbHOro Ha3HaYeHUs eKapcTs.

MpuHunn CtapanHra

M3 3KCnepmmMeHTOB MO MHBEKLMM CbIBOPOTKU UM GU3MONOIMYECKOTO PACcTBOPA B 334HIOK KOHEYHOCTb
cobaku CTap/IMHT caenan BblBOA, YTO KaNnUAAAPbI M NOCTKANUANSAPHbIE BEHYbl BEAYT cebs Kak
NolynpoHMLaeMble MeMBpaHbI, NOTNOWAOLWNE KULKOCTb U3 MHTEPCTULMANBHOIO NPOCTPAHCTBA.[11]
Pabota Krooh v ero konner [12] passuna npumeHeHue npuHumna CtapaumHra B dusmonorum yenoseka. C
npuHATUEM Ko3ddULMeHTa oTpakeHus [13] u Teopuii nop[14] BO3HMKAA NapagMrma NoBbILEHHOTO
BEHO3HOI0 AABAEHUA U CHUXKEHUA KOHUEHTpaumMm 6enka naasmbl, NPUBOAALLMX K OTEKY B KAMHUYECKOM



npaktuke.[12,15] Luft [16] pacKpbln « TOHKYIO CTPYKTYPY KanuUANAPOB U SHA0KaNUAASpPHOro cnoa» B 1966
roay, Curry and Michel [17 18] npeano»unam Teopuio, «COrnacHO KOTOPOIA CBOMCTBA MOIEKYIAPHOIO CMTa
CTEHKM KanuANsSPOB 3aK/104atoTca B MaTpULLE MOJIEKYISPHbIX BOIOKOH, KOTOPas NOKpbIBaeT
3HAOTEeNMANbHbIE KNETKU U 3aM0/IHAET KaHa bl Yepes HUX Uan mexay Hummy B 1980 roay. (A.l.-T.e peysb
udem o enukokanukce EGL)

TpaHcKanMANAPHLIN 0BMEH 3aBUCUT OT BaslaHCa MeXKAY FPaZMeHTamMmM MMAPOCTaTUYECKOTrO U OHKOTUYECKOTO
AasneHuns. Kuakoctb GUALTPYETCA B UHTEPCTULMANBbHOE NPOCTPAHCTBO NOA AEeNCTBUEM rPaaneHTa
rMApocTaTUYecKoro gasneHus (KanunnapHoe gasneHue Pc munyc gasneHune UCHK, Pis) B apTepuonapHoi
YacTW KanuMANsapoB, U CYUTANOCh, YTO OHa peabcopbupyeTca obpaTHO Noa AeNCTBMEM FpadneHTa
KONNouaHo-ocMmoTMyeckoro aasneHua (KOL4) (kanunnapHoe KOA ric muHyc KOO-UCHK mis) Ha BeHynsipHOM
KOHUe. B 2004 roay Adamson 1 coaBTopbl [19] noKkasanu, Yto BAUSHUE TS HA TPAHCKANUAIAPHbIA 0bmeH
KUAKOCTbHO HAMHOIO MeHbLUE, YeM NPeaCcKa3blBaeT CTaHAAPTHOE ypaBHeHMe CTap/nHra, KOTopoe,
cnenoBaTenbHO, A0/IXKHO bbITb NepecmoTpeHo [20]. B HacTosWee Bpems YCTaHOB/IEHO, YTO
HedeHeCcTPUpPOBaAHHbIE KanUANAPbl 00bIYHO GUALTPYIOT KMAKOCTb B MCHK no Bcel cBoent aanHe.
Pebcopbuus yepes BEHO3HbIE KaNWUAAPbl U BEHYbl HE NPOUCXOAMT, TIC NpensaTcTByeT GUAbTPALMMU, HO He
npusoauT K peabcopbunun. (A.l. 30ece asmopbl cmameu 8800M MoHAMUeE «omcymcmesue peabcopbyuu»)

Bosblan YacTb OTGUNLTPOBAHHOM KMUAKOCTU BO3BPALLLAETCA B KPOBOTOK B BUAE Anmdsl. Levick and Michel
[21] npepgnaratoT paccmaTpMBaTb CUCTEMY MEJIKMX MOP TPAHCBACKYNAPHOMN NOAYNPOHULLAEMOM MeMbpaHbl
KaK C/10M 3HA0TEeNNANbHOTO FIMKOKaAnKca (EGL), NOKpbIBAOLWINI MEXKNETOUHbIE LWean 3HA0TeNUA U
oTAEeNAWMNIA NNa3My OT «3aWMLLEHHON 061aCTN» CYBrNMMKOKANIMKCHOIO NPOCTPAHCTBA, NPAKTUUYECKU
csobogHoro ot 6enkos. Cybramkokanmkcoe KO/ (misg) 3ameHAET Ttis B KayecTse onpeaensaiollero ¢pakropa
TPAHCKANUANAPHOro ABUMKEHMA KuaKocTh (Jv)[19,22]. NMnasmeHHble 6enKn, BKAOYasa aibbyMUH, BbIXOAAT B
WMHTEPCTULMANIbHOE MPOCTPAHCTBO Yepe3 OTHOCUTENbHO HEDO/IbLLIOE KONMYECTBO KPYMHbIX MOpP, KOTOpble
OTBETCTBEHHbI 33 yBe/indeHue Jv, Habatogaemoe Ha paHHen cTaanm Bocnanenus [21], n moryT 6biTb
BOCMPUMUMUMBDI K papMaKonorniyeckomy smellatensctay [23—25]. ToT ¢paKT, YTo HM3Kan KOHLLEHTpaums
6e/1Ka B MEXKIETOYHbIX MPOCTPAHCTBAX CyOr1MKOKaAMKca 06bACHAET HU3KMI JV U HU3KUIA IMMOOTOK B
60NbLUINMHCTBE TKAHEN, IBAAETCA BaXKHbIM BbIBOLOM M OCHOBOWN MOAENM IMIMKOKanuKca [21].

DHAO0TEeNNaNbHbIA TNUKOKA/IMKCHbIN CA0OMN

[nMuKonpoTenHoBbIN cnoli sHaoTenus (endothelial glycocalyx layer EGL) npeactasnseT coboit ceTb
MeMbBpPaHOCBA3AHHbIX FTIMKONPOTEMHOB U NPOTEOIN/IMKAHOB HA BHYTPEHHEN CTOPOHE SHAOTENMAbHbIX
KNETOK, CBA3aHHbIX C Pa3/INYHbIMM ITMKO3aMUHOIIMKaHamK (glycosaminoglycans (GAGS)
(mykononucaxapugamm), Kotopble GOPMUPYIOT 06BEM CNOA INUKOKanMKca (puc. 1).[26] OH aBnseTca
aKTUBHbIM MHTEpdENCOM MeKAY KPOBbIO M CTEHKOM Kanunnapa.[27] Busyanusauma EGL TexHUYecKkn
CNOKHA, HO NO3BOAAET NOAYEPKHYTb ero pusnonormyeckoe sHauyeHune.[28,29] Ha ocHoBaHUU nccnefoBaHUi
C pasBeAeHMEeM UHAOLMAHNHA 3eN1EHOI0 Y NAUMEHTOB, KOTOPbIM BHYTPUBEHHO BBOAMAN 60/bLUIYIO A03Y
Konnounga, o6vém EGL y yenoseka 6bin oueHeH npumepHo B 700 mn [30], ucxoaa U3 Toro, 4to Nowaab
NOBEPXHOCTM IHAOTENUsA cocTaBnsaeT okono 350 m?%,[2,31] cpeaHan TonuwmHa EGL coctaBnset okono 2pum.
HuakocTb B EGL npeactaBnseT coboi HeUMPKYANPYIOLLYIO YacTb BHYTPUCOCYAMCTOro 06bEMA C rpagmMeHTOM
KOHLeHTpaumn benka mexay cBo604HO TeKyLLEeN NAa3MON U MEXKKIETOYHbIMM LWeNaMu sHaoTenmns. EGL
TOHbLUE TaM, I4e OH NOKPbIBAaET MUKPOLMPKYNATOpHOe pycno (Bcero 0,2 um), n Tosue B 60s1ee KpynHbIX
cocyaax (ao 8um).[29]

EGL HenpoHULaem AN aHMOHHbIX MaKPOMOJEKY/, TaKMX KaK afibbyMUH 1 Apyrue 6enKu naasmbl, pasmep u
CTPYKTYpa KOTOPbIX, MO-BUANMOMY, ONPEAENAIOT UX CMOCOBHOCTL MPOHMKaTL Yepes cioit EGL.[32]



3p0poB.bii EGL HenpoHuuaem ana monekyn [lekcrpaHa 70 ka nnv 6onee, a rpaHuLa Naasmol U
FIMKOKANNKCa MOXKET OblTb BU3yasIM3MPOBaHA KaK YacTb BHYTPMCOCYANUCTOrO NPOCTPAHCTBA, KOTOpas
NCKNtoYaeT medeHblt dnyopocuemHom (fluoroscein) AekctpaH 70.[32,33] SputpounTbl He BXxoaaT B EGL, a
NPOCTPAHCTBO MeXKAY NOTOKOM 3pUTPOLMTOB U CTEHKOM Kanunnapa bonblue yem ans JekctpaHa 70 (ato
AB/IeHME NO3BO/IAET ONOCPEAOBAHHO cyauTb O ToNwmHe EGL).[34] UccnepoBaHua, nsmepstowme ob6bemsl
pacnpeaenenus [lekctpaHa 40 1 3pUTPOLUTOB Y NIIOAEM, YKa3bIBatOT Ha To, YTo EGL B 340poBOM cOCTOAHMMU
cocTasasfeT 0koso 1700 mA, 4To HamHoro 6osblue, Yem NPU MeToAe Pas3BeaeHMA UHAOLMAHMHA
3eneHoro.[35] 3To cBA3aHO ¢ Tem, YTto [eKcTpaH 40 AoCTaTOYHO Mas, U B 6oNbLUel cTeneHn BXoaMT B C/IOM

FMNKOKa/InKCa.

Healthy glycocalyx layer which Compressed glycocalyx, shedding
contains glycosaminoglycans or flaking glycosaminoglycans to the
plasma
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Fig 1 A cartoon illustrating that the intravascular volume contains the non-circulating glycocalyx fluid volume and the circulating plasma
volume. Red blood cells are excluded from the glycocalyx layer. Compaction of the glycocalyx layer increases plasma volume and the red
cell dilution volume independently of changes in intravascular volume.

Puc. 1. PucyHok, unmocmpupyrouuli, Ymo eHympucocyoucmolli 066ém eKkaoyaem ob6wém
Heyupkynaupyowel #UOKoCmu 2AUKOKAAUKCA U 06bEM YUPKyAupyrouel naasmel. 3pumpoyumel He
8Xx00AMm 8 Cs10li 21UKOKANUKCA. YNAOMHEHUe CA0SA 2/IUKOKAAUKCA yseaudusaem 066EM rnaa3mol U 066Em
pa3bassaeHus 3puUMpPOYUMOo8 He3a8UCUMO 0m U3MeHeHUl 8Hympucocyducmozo o6véma.

MuKpococyamcTas TonwmHa EGL moxkeT 6bITb M3MepeHa B NOAbA3bIYHbIX TKAHAX NALMEHTOB C
NCNo/Ib30BaHMEM OPTOTrOHA/IbHOM NONAPU3ALNOHHOM CNEKTPAZIbHOM BU3Yanm3aLumnm, 1 XopoLo
KoppenupyeT c oueHKkamu pasbasneHma.[36] Mpu yaaneHuun GAGs, (no-sngumomy, 3To renapaHcyaboar,
XOHAPOUTUHCYIbAT U TMaNYypPOHOBAs KMCAOTa) M HabaogaeTca ymeHblleHne ob6bema (ynaoTHeEHME)
EGL.[33,37] YnnoTHeHMe EGL nyTtem yaaneHna GAGs coxpaHAeT ero yCToM4MBOCTb K GUNLTPALIUKN, HECMOTPS
Ha NOTepPHO TO/ILMHbI M BOSMOXKHOE CHUXKeHWe npoHuuaemoctn.[37] YnnotHeHne EGL 1 yBennyeHune
KOHLeHTpaumn renapaHal38,39] ruanypoHoBoit Kucnotbl [40] unm xoHapoutuHal[41] B nnasme cuntaroTcs
MapKepamun NoBpeXKAeHUA MUKOKAINKCA, ONMUCbIBAEMOTO KaK «IMHbKa», «LllenyLleHune» uau
«pparmeHTauuna» (‘shedding’, ‘flaking’, or ‘fragmentation’) (puc. 1).



BbicTpan nHdy3ma Kpuctannonaos y L06pOBONbLEB NPUBOAMUT K NOBbILEHMIO YPOBHA r'MaNypOHOBOM
KMCAOTbI B N1a3Me U, ciegoBaTesibHO, MOXKET bbITb BpeaHon.[42,43] Y nauMEHTOB C CENTUYECKUM LLOKOM
6bl1a 06HApYKeHa NOBbIWEHHAA KOHLEeHTpauua GAGs B nnasme, 4To, NO-BUAMMOMY, CHUXKAET
aHTMbaKTepmanbHble cBoicTBa Naasmbl.[44] O6bEM EGL MOXKeT 6bITb YyMeHbLIEH Ha 21 AnTp npwm
anabete[40] unu octpoit runepramkemnn.[35] B EGL npucyTcTBYeET pag, 4pyrMx Mmoaekyn, obpasytowmxcs
KaK M3 3HA0TENNA, TaK M M3 NNA3Mbl M Y4aCTBYIOLMX B MPOLECccax Koarynaunm u socnaneHus. MpoTteornnkat
CUHAEKaH ABAAETCA OCHOBHbIM KOMMOHEHTOM F/IMKOKA/IMKCA, COAEPKaHME KOTOPOro B Naasme
yBennymsaeTca npu caywmsaHum EGL. [38,45-47]

CyaA no AaHHbIM UCCIe40BaHUIM Ha NtoaAX, MPOBEAEHHbIX K HacToAlemy BpemeHu, EGL HapyLwaeTca npum
CUCTEMHbIX BOCMA/IMTENbHbIX COCTOSHUAX, TaKNX Kak anabet [40], runepramkemus [35], xupypruyeckume
BMmewaTenbcTea [38], TpaBmbl [47] u cencuc [45]. K uncny meamaTopos BocnaneHUa, KOTopble K HacToalwemMy
BpemeHu bblIn BbisiBNEHbI, 0OTHOCATCA C-peaKTUBHbIN 6enoK [48], cTumynsuma aaeHo3MHOBbLIX PELLEeNTOPOB
As, daKTOp HeKpo3a onyxonu [34], 6paankmHuH [51] n TpunTasa Ty4YHbIX KNeTok [52]. B pesynbTaTe Takumx
nccneaoBaHM NOABAAIOTCA TepaneBTUYECKME BaPUAHTbI 3aLLMTbl UK BOCCTaHOBeHNA EGL.
N-aueTnnumncteunH [35], aHTUTPOMOUH Il unu ruapokopTrsoH [53-56] n aaxe aHecTesns ceBopypaHOM
[57-58] moryT 6bITb 3pPEKTUBHBIMU. YNNOTHEHHbI 06bem EGL MOXKHO BOCCTaHOBUTL NyTem UHY3UM
GAGS, XoHAPOUTUHCYNbdaTa U r’ManypoHOBOMN KucioTbl [33].

KneTku sHaoTEINA COCYyA0B

CWHycouZanbHble Kanuansapbl PETUKYN03HAOTEIMANIbHOW CUCTEMbI (MEYEHM, CENE3EHKN U KOCTHOTO MO3ra)
UMetoT GarosHAoUMTapHbIN deHoTMN (puc. 2). OHU SKCMPECCUMpPYIOT PeLenTopbl 3axXBaTa rMaaypPoHOBOWM
KMUCIOTbI W, aKTUBHO YAa/as 3TOT Ba*kHbIM GAG, npeaoTBpawatoT pa3sutne apdpektnaHoro EGL. B
NeYeHOYHbIX CUHYCOMAAX OTKPbITble peHecTpbl ABAAIOTCA OCHOBHbIM NyTeM AN NepeMeLLeHns
MaKpPOMOJIEKYI, TAKMX KPYMHbIX, KaK XUIOMUKPOHbI U IMNONPOTENHDI, MeXay naasmon n UCHK.
MakcuManbHbI 3GGEKTUBHBIN pasmep NOP CMHYCOMAAbHbIX KanuANAPOB NeYeHn YeNoBeKa OLEeHUBaAETCA
npumepHo B 180 HM.[59] CnHTE3 anbbymMHa NPONOPLUNOHANEH NEYEHOYHOMY TS, MO3TOMY YBE/IMYEHUNE
Apyrnx 6enkoB nnasmol (6€1KOB OCTPOM dasbl) UM NepeMBaHMe KONNOUAO0B BbITECHAET aibbyMUH BO
BHECOCYAMNCTOE NPOCTPaAHCTBO U NOAABAAET CUHTE3 anbbymmHa.[43,60,61] Byayyun orpaHMYeHHbIMM
$MOPO3HBIMKM KancynaMn, CUHYCOMAANbHbIE TKAHW UMEIOT HE3HAUUTENbHYIO AW BOODLLE HE MMEIOT
€MKOCTM Ans yBennyeHna obbéma NCHK.

®dunbTpaums 8 UCHK byaeT 3aBUCETb OT MPaAMEHTOB M'MAPOCTATUYECKOTO AaBAeHMA, NOCKOAbKY OTCYTCTBYET
mexaHu3m KO/, npensTtcTeytowmin puabTpaLmm, 1 BO3BPaT B KPOBOTOK OCYLLECTBAAETCA Yepes
numoaTtnyeckyto cuctemy. Ha neyeHb npuxoantca okosio 50% ot obwero o6bema npoaykumm anmobl B
OpraHuM3Me, ¢ KOHUEeHTPaLmMel 6enka Bbllle CpesHel, U, cneaoBaTeslbHO, OHA ABAAETCA OCHOBHbIM MECTOM
TPaHCKANWUANAPHOTO BbIXOA4A Na3MEHHbIX 6EKOB U, BEPOATHO, APYTMX MaKPOMOJIEKY NPU COXPAaHEHUU
bYHKLMM Kanunnapos. Y NauneHToB ¢ rmnepaMHaMUYecKMM CENTUYECKMM LLOKOM, MPU pPecyLmMTaLLmum,
neYyeHOYHbIN KPOBOTOK yBEMUYMBAETCA NpUMepHO A0 50% oT cepaeyuHoro Bbibpoca.[62] Kanunnapeol
NoYeYHbIX KNyHBOUYKOB UMEIOT NONHOLLEHHYIO H6a3anbHy0 membpaHy u EGL, 1 06unbHO peHecTpMpoBaHbl.



Sinusoidal capillary Non-fenestrated capillary

(liver, spleen, marrow) (nervous system, muscle, connective, lung)
C D € D /(\( D X
b
e /‘<>./></‘\& ><‘\
Fenestrated capillary Fenestrated capillary
(endocrine, choroid plexus, gut mucosa) (glomerular)

® e e 0. @
= e = '

) C > . i

Endothelial cell Endothelial glycocalyx layer Erythrocyte =~ Basement membrane/extracellular matrix

Fig 2 A cartoon illustrating some anatomic differences between four capillary phenotypes.

Puc. 2. PucyHok, unaiocmpupyowulli HeKomopbsie aHamomu4yecKue pasauyus Mexoy 4emoipbms
gheHOomMunamu Kanunnsapos.

AHaTOMMYECKU heHeCTpbl AOCTUMAIOT WNPUHbI 65 HM, HO 3P PEKTUBHbIN pa3mep UX NOP COCTaB/IAET BCEro
0K0/J10 15 HM, 4TO 06BbACHAETCA dnaHkupoBaHMem EGL oTKpbITbix deHecTp (A.l. nepekpbimue peHecmpos
EGL no nepumempy). 2PPeKTUBHbIN pasmep Nop Ansa Knyboukoson duabTpaumm 3a npegenamm
KanuanapHoi 6asanbHOM MembpaHbl OrpaHUYeH NPUMEPHO 6 HM GUABTPALMOHHBIMU LLENAMWN HA
06pa30BaHHbIMKM OTPOCTKAMM HOXKEK NOoAOLMTOB. Taknm o6pasom, anbbyMunH 1 6oee KpynHble MONEKYbI
B HOpme He GUNbTPYIOTCS B KaHANbLLEBYIO XMAKOCTb. [pegnonaraeTtcs, YTo anbbyMUHypua ABseTcs
nokasaTenem NPOHMLLAEMOCTN Kanuanapos,[63] Ho mexaHM3m, BeposaTHO, bonee cnoxeH.[64] PyHKUnS
6en1KoBoro GpMnbTPa HapyLaeTcs Npu rMNepraMkeMmm,[65] 1, BEpOATHO, NPU APYIrvX NOBPEXAEHNAX MOYEK.
dPeHecTpUpoBaHHbIE KanUANAPbl CO CNELNANTN3NPOBAHHBIMU QYHKLMAMMN TaKKe CYLLECTBYIOT B
SHAOKPUHHBIX M 3K30KPUHHbIX ¥Kene3ax U XOpnonaanbHbIX CNAETEHUAX FOJIOBHOMO MO3ra.

deHecTpMpoBaHHbIe KanuANApbl KOPKOBOTO M MO3roBOro BELWECTBa NoYeK (MeputybynspHble Kanuansapbl 1
npsimble cocyabl), cnnsnctan 060/104Ka KenyaouHO-KULLIEYHOTrO TPaKTa U AinMmdaTnyecKme y3bl ABAA0TCA
3aMETHbIMM UCKIOYEHUAMM U3 MPUHLMNE OTCYTCTBUA peabcopbunn Kknagkoctn.[21] basanbHas membpaHa
3TUX KaNWANAPOB HENPEPbIBHA, a X AnadparmanbHble peHecTpaumm MHAyUMpytoTca GakTopamu pocta
aHAO0TeNusA cocynoB. Pasmep mx nop HaxoauTca B AManasoHe 6—12 HMm.[59] HecuHyconaanbHble
HepeHeCcTPUPOBaHHbIE KaNUAAPbI UMELOT HENpepbIBHYO 6a3anbHyt0 MeMbpaHy M anNUTeNManbHbIN Clok
EGL. MeaHpoTennanbHble KNeTOUYHbIE COeANHEeHUSA NPeaCcTaBAAT cO60i OCHOBHbIE MYTU
TPaHCKaNUANAPHON GUNBbTPALUN }KUAKOCTU, U NOBbILLIEHHAsA NPOHMLLAEMOCTb, Habtogaemasn npu
BOCMa/NIEHUN, MOXKET ObITb 0O6YCN0BNEHA YBEIMYEHNEM LMPUHDBI STUX MEXKKNETOYHbIX Wwenen. [19,25,59,66]

ANbTepHaTUBHAA MHTEpPNpeTaLMa TEOPUM NOP, Ha3bIBaEMAA KMOAE/bIO INTIMKOKA/IMKC-Pa3pblB-
coeaMHeHUIM», NpeanoaaraeT, YTo pasmep nop (ManeHbKUn Unu 6onblon) ABAAETCA YHKLUMEN
NPOMEXKYTKOB MeXAY BOMIOKHaMM MaTpuKca EGL, B To Bpema Kak naowaab A1 o6MeHa KUAKOCTbIO
ABnAeTCA PyHKUMEN OMHbI Pa3pbiBOB COEAUHEHWUI MEXKAY COCeAHUMM SIHAOTENMANbHBIMU KeTKamu.[22] B
Kanuaaspax roN10BHOMO M CMMHHOIO MO3ra MemMbpPaHbl SHAOTENIMANbHBIX KJETOK MAOTHO NPUMKaTbl U
coeauHeHuHbI zona occludens ¢ He60NbLINMM KO/IMYECTBOM NPOCBETOB, YTO 06pa3yeT o4YeHb MaseHbKMUI
pa3mep nop, egsa M 1 HM.[59] Takum obpasom, remaTosHuedanmyecknin bapbep NPOHMLL@EM TOSIbKO A5



CaMbIX MaNIEHbKMX HEIMMUAHbIX PACTBOPUMBIX MOIEKYN. HecuHycomaanbHble HedpeHecTpMpOoBaHHbIEe
KanuAnApbl MblLL, COEANHUTENbHON TKAHW N NETKMX UMEIOT HEMJIOTHble coeauHeHna macula occludens ¢
NX MEXKKNETOUHbIMM LWEeNimMU, N 3PPEKTUBHbBIN pasmep Nop Tam AOCTUraeT 5 Hm, YTo aenaet ux
NPOHMLL@EMbBIMW A1 MOSIEKYN PA3MEPOM C MUOTAOBUH.

TKaHAMM, CNOCOBHbIMM HaKaN/IMBaTb 3HaUNTENbHOE KonuyecTBo NCHK nocne Tpasmebl M cencuca (T.e. 6onee
KOMMAEHTHbIMU), ABAAIOTCA PbIX/1ad COeANHUTEIbHAA TKaHb, MblLLLbI, TETKME, A TaKKe bpblxkKeliKa u
C/N3KNCTas 060104Ka KeNyao4HO-KMLWEeYHOro TpakTa. Hanpumep, 06bEM BHECOCYAMUCTON KUAKOCTU NETKMX,
n3Mepaemblit METO40M ABOMHOTO pasBefeHus MHANMKATOPa, MOXKET YBEAUYUTbCA NpumepHo ¢ 500 mna go
2,5 UTPOB NpU OTEKE NEFKMX, B TO BPEMS KaK PbIX/1as COeANHUTENIbHAA TKaHb U MblLLLbI MOTYT YBENYUTLCA
[0 MHOTUX NUTPOB NP nepudepmnyeckom oTEKe.

AKBaNOPWHbI NPUCYTCTBYIOT B MeMBpPaHax sHAOTEIMANbHbIX KNETOK COCYA0B, 0COBeHHO B Mblwuax. Mx

3¢ deKTUBHbIV pasMep NOp OYEHb Majl, U CYHUTAETCA, YTO OHM HE BHOCAT CyLLLECTBEHHOTO BK/AaAa B
TPAHCKANUANAPHYIO GUNbTPaLmio. CyLecTBYOT CNOPbI O 3HAYEHUM TPAHCKNETOYHbIX CUCTEM KPYMHbIX NOp
Ana TpaHcnopTa 6enkos 13 naasmol B ICHK npu cucteMHom BocnaneHuu. ECn oHM cylwecTBytoT, TO

a3 deKTBHbIV pasmep nop coctasnsnet 0,50 HM. YBeAnYEeHUEe KOANYECTBA KPYMHbIX NOP ABAAETCA BaXKHbIM
KOMMNOHEHTOM BOCNANNTENbHOIO yBennyeHma Jv.[21] SHAOTeNNaNbHbIE KNETKM MOTYT NpeTeprneBaTb
N3MEHEHMA B OTBET Ha GU3MUECKME U XMMUYECKME CTPECCHI, YTO CMOCOBCTBYET SHAOTENNANbHOM
AncoyHKUMK.[22] Takoe paccmMoTpeHME YETbIPEX TUNOB TKAHEN OpPraHM3mMa 1 UX KanuaaapoB NOMOraeT
06BACHUTL HEKOTOPbIE HEOXKUAAHHbIE KIMHUYECKMEe HabatoaeHuA.

B cepun aKCNepmMeHTOB No KMHETUKe 06bEMa BbICTPO BBEAEHHbIX BHYTPUBEHHO XUAKOCTEN n3mepanacb
KOHLeHTpaLumsa remornobuHa B apTepranbHOM AN BEHO3HOM KPOBM U MOLENNPOBANCH LEHTPAbHbIN U
nepudepuyeckmii 06bEMbBI, KOTOpble NPeACTaBAAOT 06bEMbI BHYTPMUCOCYAUCTON U BHECOCYANCTOWM
KUOKOCTU COOTBETCTBEHHO.[9] B ocTpom nepuroge nepudepumyeckmin obbém coctasnaet 6—8 NTPOB, YTO
MeHblle aHaTommuyeckoro o6béma MUCHK. MoCKoNbKY KUHETUKA 06BbEMA N3MEPAET TO/IbKO 06BEM, KOTOPbIN
MOKET ObITb YBE/IMYEH, OH HE BK/IIOYAET MPOCTPAHCTBA, OFPaHNYEHHbIE KECTKUMU CTPYKTYPaMM, TaKUMM KakK
KOCTHanA TKaHb (r0NI0BHOM MO3T, KOCTHbI MO3r) MK opraHbl obnagatowme pubpPo3HbIMM Kancynamm
(neueHb, ceneséHka, noykn).[9] ITo oTyacTn obbACHAET, noyemy duspcTeop (MCP) asnaetca 6onee
3pPEKTUBHBIM, YeM MOXKHO Obl10 Bbl OXKMAATb, ecaun Hbl Mbl Npeanonaraan ero pacnpeseneHune no sBce
BHEK/IETOUYHOW KMAKOCTU. [PM CUCTEMHOM CUHAPOME KanUANAPHOM YTEUYKMN B MATKME TKAaHW KOHEYHOCTE
NOCTYNaeT TaK MHOTO KUAKOCTM, UTO 3TO MOKET BbI3BaTb KOMNAPTMEHT-CUHAPOMbI.[67]

BHeK/NeToUYHbIN MaTPUKC U Ba3anbHaa membpaHa

[NMKOKaNNKC ABNAETCA NEPBbIM M OCHOBHbIM COMPOTUBAEHMEM BOSIOKHUCTOFO MATPMKCA B TOKE KUAKOCTU U
pPaCcTBOPEHHbIX BELLECTB MeXKAY Naa3sMmon u aimmoolii. bazanbHaa membpaHa M BHEKNETOYHbIA MaTPUKC
ABNAOTCA BTOPbIM M TPETbUM COMPOTUBIEHMAMM NOCNeaoBaTebHO.[68] BazanbHas membpaHa, Tam, rae
OHa CYLLECTBYET, ABNAETCA CNeLMaM3MpPoOBaHHOM YacTblo BHEK/IETOYHOIO MaTpuKca ToswmHom 60—100 Hm,
cocrosLLei u3 KonnareHa IV TMna M NaMUHWHA U NJOTHO NpUeraeT K KneTouHon membpaHe.[59 69]
BHEKNEeTOoUHbI MaTPUKC NpeacTaBaseT coboli ceTb KonnareHoBbIX GUBPUNA B MHTEPCTULMANIbHOM
NMPOCTPAHCTBE, HA KOTOPOM PACMOJIOMKEHbI FIMKOMNPOTENHbI, TaKNe KaK PUOBPOHEKTUH M NPOTEOT/IMKAHDI
(Mmonekynbl 6enka c 6okoBbiMM Lenamm GAG), u cogepaT cBoboaHble GAGs.

Toll-nopo6Hble peLLenTopbl HAXOAATCA BO BHEKJETOMHOM MATPUKCE U, KaK NOAratoT, UrPatoT KAoYeBYHO
pOJib B paHHEM PA3BUTUM CUCTEMHOW BOCMANUTENBHOM peakumn [70] n noBpeKaeHMA Nerknx, BbI3BaHHOIO
anapatom MBJ. [71] UHTerpmHbl U UX peLenTopbl MOAYAUPYIOT NepeMeLleHNe KIETOK Yepes BHEKNETOUHbIN
MaTPUKC, 1 6b110 06HapyKEHO, YTO OHW MOTYT MOAYMPOBaTb Pis, BbI3biBas KOHPOPMALMOHHbIE U3MEHEHUA



KoanareHa, KoTopble NO3BONAKT rmgpatnposaTbca GAGs. OcTpoe cHuXeHue Pis nponcxoant npu
BOCMANUTE/NbHbIX COCTOAHMAX, YBENNUYMBAA PA3HULY TPAHCIHAOTEIMANIbHOIO AaBAEHUA U, TaKMM obpasom,
yBennumeasn Jv B 20 pa3s HE3aBUCUMO OT APYrMX NPUYUH KanUANAPHON «yTeukny. [72,73]

Mna3smeHHble 6enkun

Benku co3aatoT OHKOTUYECKOE AaBNEeHNe Yepes IHAO0TENMANbHDIN TMMKOKANUKC, @ pasHuua KO/J,
NPOTUBOAENCTBYET JV, HO HE NPUBOAUT K peabcopbunn B Kanuanap. EGL noaynpoHuuaem ans Moaekyn
anbbyMmuHa, 1 npucyTcTeme anbbymmnHa B EGL ABnAeTcA BaXKHbIM GpaKkTopom, onpeaenstowmm ero
dunbTpytowyto GyHKLMI0. [74] PyHKUMOHANbHYIO eauHuuy EGL, cogeprkallyto anbbymuH, MHoraa
Ha3bIBaOT NOBEPXHOCTHbIM C0eM 3HA0TeNMA. KOHUEeHTpauma anbbymmHa B N1a3me ABAAETCA OCHOBHbIM
¢dakTopom, onpegenatowmm KO nnasmbl B HOPMeE, HO NPU BPOKAEHHOM anbbyMUHEMUUN NAK
npuobpeTeHHOM rMnoanbbymmHemmnm 6onee BaxKHbIMM CTAHOBATCA Apyrue 6enkun.[61] MoneKynbl
anbbyMunHa pacnpeaenstoTca BO BHEKIETOUYHOM KUAKOCTU, U B HOpMe 0KoJ10 40% obLiero Konmyecrsa
anbbymMHa B OpraHM3Me HaxoguTca BHYTPU cocynoB. Mpu BocnafeHnn BHYTPMUCOCYAMCTan A0AA anbbyMuHa
CHUMKAeTCA, a BHecocyamcTaa — ysennumsaetca. MIamepeHHasa CKopoCTb TPaHCKaNUAISPHOrO BbixoAa
anbbymuHa B TKaHu (transcapillary escape rate of aloumin, TCERA) cuntaeTcs MHAEKCOM «COCYAUCTOM
npoHunuaemoctm». B Hopme TCERA cocTaBnseT oKosio 5% OT ypoBHA aNbbyMMHA NAa3Mbl B 4ac, HO MOXKET
yABanBaTbCA BO BpemA onepaunm u ysennumsatbes A0 20% n 6onee npu centnyeckom woke. [75] UHaekc
JIETrOYHOW YTEeYKM raninn-tpaHchepprmHa MOMKET UCNO/b30BaTbCA B KAYECTBE MHAEKCA IEFrOYHOM
NPOHULLAEMOCTU. BblNo 0BHApPYKEHO, YTO OH 0BPATHO NPONOPUNOHANEH KOHLLEHTPALMUN aNnbbymunHa n
TpaHcdeppmHa B Naasme Kak y CENTUYECKUX, TaK U Y HECENTUYECKUX NaLMEHTOB, HAXOAALLMXCA B
OTAEeNeHNAX UHTEHCUBHOM Tepanum C OCTPbIM NOBPEXAEHUEM NIETKUX.

KnanHnumctbl onupatotca Ha npuHumn CTapavHra Kak Ha OCHOBaHWe AN1A nepesmBaHuA nNaasmbl UK
anbbymMMHa AN NPEMMYLLLECTBEHHOTO BOCCTAaHOBIEHMA BHYTPUCOCYANCTOrO 06bema. MNepecmoTpeHHoe
ypaBHeHue CtapauHra (RSP) n mogenb rnnKoKaimMKkca No3BoAAOT 0XNAaTb, YTO Pa3HULA B KOHLEHTPaUMUK
TPaHC3HAOTEeMaNnbHOro 6eska byaeTt perynposaTh Jv nocne BOCNOAHEHMA NAa3MOM AN anbbyMUHOM, HO
NpaBWIO OTCYTCTBUA peabcopbumm UCKAOHYaeT Kakoe-1Mbo CyLLeCcTBEHHOE YydleHne BHYTPUCOCYAMUCTOrO
ob6bema. ITo MoXKeT 06 BACHUTL HEKOTOPbIE KIMHMYECKMe HabaoaeHUA, CBA3AHHbIE C Tepanue
anbbymmHOM. K HUM OTHOCATCA ceaytowme:

e [MnoanbbymmHeMuA ABAAETCA MAPKEPOM TAXKECTM 3aD0/1€BaHUS U NPESUKTOPOM OCNONKHEHUN Y
XMPYPruYecKmx nauneHTos, [76—78] Ho nevyeHme rmnoanbbyMmHeMmMmn He UMeeT KNMHUYECKOM
nonb3bl. [79 80]

e Y MauMeHTOB C OCTPbIM pecnupaTopHbIM auctpecc-cuHgpomom (OPAC) (cTeneHb NoparkeHus
nerkux 2,5 unu 6onee 6annos no wkane LIS) HabntoaaeTcs HU3KaA KOHUEHTPALUMUS anbbyMmnHa U
TpaHcheppuHa B naa3me,[81] HO rMNEPOHKOTUYECKMUIA PACTBOP YEN0BEYECKOrO anbbymMuHa C
ONYPETUKOM MK 6e3 HEro He NPUBOAMT K YIYULLEHUIO NPU OTEKE Nierkux.[82]

e OTpuuaTtenbHblii 6anaHc *KMAKOCTH, a He pasHuMua KOJ, ynyylaeT COOTHOLIEHME HANPAXKEHUA
KMCNopo/a B afbBeOJIax U apTepuanbHoi Kposu y naunentos ¢ OPAC. [83,84]

e Y MauMeHTOB C cencucom u 6e3 Hero BBeAEHNE KNAKOCTM NPUBOLUT K 6o/ibLIEMY YBENUYEHUIO
cepAeyHoro Bbibpoca Npu MCNob30BaHMM PACTBOPA YENOBEYECKOTO aNbbyMUHA, Yem Npu
ncnonb3oBaHuu puspcreopa (MCP), [85] HO He OKa3bIBAET NOMOKMUTENILHOTO BAUAHUA Ha OTEK
JIErKUX UM NoKasaTeNb NOBPEXAEHUA Nerkmx.[86]

UccnepoBaHna pa3BeneHnAa 3puTpounToB Npn nepennBaHnn rMNEPOHKOTUYECKOTIO pacTeopa
yenoseyeckoro a/'|b6yMMHa UHTEPNPETUPYIOTCA KaK AEeMOHCTPaUnNA OCMOTUYECKOIoO BCaCbiBaHUA XUOKOCTU



N3 BHECOCYAMCTOro NPOCTPAHCTBA BO BHyTpucocyamuctoe.[87] bes nHdpopmavmm, nonydeHHoM ot
WHAMKATOpPA BCEro BHYTPUCOCYANCTOro 06bemMa, Takoro Kak JlekctpaH 40, Takol BbiBOg, HEOHOCHOBAH.
Peskoe nosbiweHne KO LMpKYNMpPYLOLLEN NA1a3Mbl, BEPOATHO, MPUBEAET K NEPETOKY BOAbI U3
HEUVPKYINPYIOLLEN YacTM BHYTpMcocyancToro obvema B npegenax EGL. MUccnenoBaHus, B KOTOPbIX
NPUBOAATCA AaHHble O Pa3BeAeHUN SPUTPOLUTOB, HE YUUTLIBAIOLLME BHYTPUCOCYAMUCTbIN 06bem EGL,
cnefyeT UHTePnpPeTUPOBaTb C OCTOPOXKHOCTbIO (puc. 1).

MNnazmoszameHUTeNN

MnasmosameHUTEeNN UCMO/b3YIOTCA ANA NoAdepaHMa nnum nosblweHma KO nnasmbl, XOTA OHU TaKKe
BbITECHSAIOT a/IbOYMUH U3 KpoBOTOKa.[43] bonee Toro, nosbliwas KO, oHn NoaaBaatoT cCUHTE3 anbbyMmunHa B
neyeHun. 06 nx BanaHUM Ha EGL M3BECTHO Masio, HO He caeayeT 0XnaaTb, YTO OHKU ByayT NoanepKnBaThb
dunbTpytowyto dyHKuMo EGL, Kak 3To AenaeTt anbbymumH. HeobxoanmmocTb yunTbiBaTh BKAa4 EGL B
n3MeHeHMe obbemMa pacnpeneneHna spUTPOLIUTOB, KaK OTMEYaNoCh Bbllle A1A UCCe0BaHni
r’MNepPoOHKOTUYECKMX PAaCcTBOPOB aNibbyMUHa, B paBHOW CTENEHU NPUMEHMMA 1 K UCCle0BaHMNAM
r’MNepPOHKOTUYECKUX Nna3mo3ameHunTenen.[88] Koraa y HopmoBoieMUUYECcKMX A0OPOBO/IbLEB, CO34aBaAM
rMNepBoNEMUIO, C MOMOLLbIO PAacTBOPOB MOAMPULMPOBAHHOIO XKeNaTUHa UAN TMOPOKCUITUAKPAXMana,
KMAKOCTb Nnepemewtanack B UCHK meaneHHee, yem npu nHoysmm ¢uspcreopa (MCP), uto ob6bscHAeTCA
nepecmoTpeHHbIM ypaBHeHnem CtapanHra (RSP), oaHaKo pasnnunin B apTepuanibHOM AaBAeHUU, Auypese
WU KOHLLEHTPALMM MOYEYHbIX TOPMOHOB B Naasme He Habaganock.[89]

B 03KnaaHumM Toro, 4To NnasmosameHuTenn byayt 6onee adpdektTnsHbI, Yem puspcteop (UCP), npu
WMHAYKUUN TMNepaAnHaMUYecKoro KposoobpallueHusa, oHU 06bluHO NpeanoYmTatoTca Ans
remoamMHamm4yeckon uenesoi Tepannn.[90—-95] OgHaKO sKCNEPUMEHTbI MO KMHETMKe ob6bemMa NoKasaau, YTo
KnupeHc ¢puspcreopa (MCP) 13 LeHTpanbHOro (BHYTPUCOCYANCTOro) KoMnapTMeHTa (NpeanonosKntenbHo,
OTpakaloLLmMii Jv) y aHecTe3anpoBaHHbIX NaLMEHTOB CYLLLECTBEHHO MedJ/leHHee, YeM Y HeaHecTe3MPOBaHHbIX
cy6beKkToB,[9] 1 6bln0 NoKasaHo, yto dpmspcTeop (MCP) MOKHO UCNONB30BaTb ANA LOCTUKEHUA
rmnepaMHaMmnyeckux uenein.[96,97] 3to aBneHne Ha3biBAETCA KOHTEKCTHOM YyYBCTBUTENbHOCTbLI0.[9]
HanpoTus, sKCNepMmMeHT No KMHETUKe 0bbemMa Ha A06p0oBOAbLIAX, NEPEHECLINX 3YBONEMUYECKYIO
remMmoauaioLmMIo TMAPOKCUITUAKPAXMaOM, MOKa3aJl, YTO KOHCTaHTa CKOPOCTU 3/IMMUHALMM U3 LLEeHTPaIbHbIX
B nepudepmnyeckmne 3KUAKOCTHbIe KOMNAaPTMEHTbI He CHUXanacb, Kak B ciyvae ¢ puspcrsopom (UCP), a
yBEANYMBAIACh BO BPEMS aHECTE3MM NO CPaBHEHUIO ¢ HoAPCTBYOWMMM CybbekTamn.[98]
MpoAoNKUTENBHOCTb PECYLIUTALUU, TMAPOKCUITUNKPAXMAIOM NOC/Ie yAaneHna eamHuLbl KpoBHu, bbina
Kopoue y cybbeKToB BO Bpems aHecTe3nun gechaypaHom.

CTeneHb, B KOTOPOM KOHTEKCTHAA YyBCTBUTE/IbHOCTb MOYKET ObITb OTHECEHA K YMEHbLLEHWUIO PasHULLbI
TPaHCIHAOTEINANBHOIO AABNEHUA, HE ACHA, HO HblNa NPOAEMOHCTPUPOBAHA CHUXEHHan pUAbTPALLMOHHanA
peakumMa Ha KPUCTANNONAHYIO HarpysKy y runosoaemmyeckux cy6bektos,[99] a KpucTannonasl, BBOAUMbIE
BO BpeMs BasoamiaTaumm, BbI3BAHHOM CNMHAIbHOM aHecTe3nen («ConyTCTBYIOLLAA Harpyska»), 6onee

3 PeKTMBHbI, YeM «NpesBapuTesibHan Harpyska» kpucrtannongos.[100] CpegHee apTepuanbHoe faBneHue
ABNAETCA BAaXKHbIM GaKTOPOM, onpeaensiowmm pacnpegeneHme ¢uspcreopa (MCP) ns BHyTpucocyguctoro
NPOCTPAHCTBA Y NaLMEHTOB, NOABEPratOLLMXCA OOLLEN UM PETMOHAPHOM AaHECTE3MM, TaK YTO YEM HUKE
OaBeHne, TeM Mef/IeHHee BblBeeHMe KPUCTaNNomMaoB n3 KposoobpateHuaA.[101] OagHUM M3 acneKToB
Tepanuu anbbyMMUHOM, KOTOPbI MOXKET 06eCcrneymTb OXKNAAEMYIO MOJb3Y Y CENTUYECKUX NALLUEHTOB,
ABNSAETCA ero NPOTUBOBOCMNAINTE/IbHBIE MM UMMYHOPETYNATOPHbIE cBOMCTBA.[102—-106] AHanums
ony6/IMKOBAHHbIX A@HHbIX HE NOKA3bIBAET, YTO MN/1Aa3MO3aMeEHUTENN SKBMBANIEHTHbI a/IbOYMUHY B STOM
OTHoOLLEeHUM unu apdekTnBHee dpuspcreopa.[107]



KonnongHo-ocmotnyeckoe aasneHune (KOM) Ha npaKkTuke

Mapagurma, oCHOBaHHaA Ha CTaHAAPTHOM npuHumne CTapanHra, npnaaét 6onblioe 3HavyeHne KO nnasmbl
B K/IMHMYECKoM npaktuke. OgHaKo pasHuubl mexay KO naasmbl y NauMeHTOB C cencnucom u 6es Hero He
Habnogaetca,[23] oH He BAUSIET HA TPaHCKaNUAAAPHYO GUAbTPaLMIO B IETKMX Y NALLUEHTOB C OTEKOM
Nérkux,[108] u He aBaseTca onpeaenaowmm GakKTOPOM UCX0Aa B OTAE/IEHUN UHTEHCUMBHOM Tepanun.[109] B
nccnefoBaHUM C y4acTUEM NaLMEHTOB YEN0BEYECKUN anbbymmH BpemeHHo nosbiwan KO nnasmbl no
CPABHEHUIO C TMAPOKCUITUNKPAXMANOM MU GU3PCTBOPOM, OAHAKO HU BanaHC XKUAKOCTH, HU pa3BUTHE
nepudepmnyeckoro Man oTeKa NErKNX MeXAy rpynnamm aedyeHmsa He pasnmyannce.[110] B uccneposaHmm
nocneonepaumoHHbIX NaLMEeHTOB C OCTPbIM MOBPEKAEHNEM Nerknx 6bi10 06HAPYKEHO, YTO pecyumTaumns
naasmosaMeHuTeNnem yxyaLwana obwmii TopakasabHyt0 KOMMAAMHC MO CPABHEHMIO C HOPMaAsIbHbIM
dU3NONOTNYECKMM PaCTBOPOM, M YTO TUM }KUAKOCTU, UCMOJIb3yeMON A1 06 bEMHOM HarpysKku, He BAMAA Ha
NPOHMLLAEMOCTb JIETKUX UK oTeK.[111] CBolicTBa, OT/IMYHbIE OT addeKTa Ha KOJ, cnocobeTytoT addeKTy
«repmeTnsaLmMmn» Kanuaaapos asabbyMMHOM UKW NAA3MO3aMEHUTENAMM, U 3TO Bbl10 HAa3BaHO «MapafOKCOM
KOO».[74]

KaI'IVIJ'IJ'IHpHOE AaB/1eHne Ha NPaKTUKe

3KcnepumeHTbl Hahn nokasbiBatloT, UTo HbICTPOE BHYTPUBEHHOE BAMBaHMeE 60/blioro ob6bema dpuspacreopa
(UCP) y 300p0BbIX CYy6bEKTOB C M3HAYa/IbHO HOPMasibHbIM PC BbIBOAUTCA CO CKOPOCTbIO, NpeBbiwatoweinn 100
MI/MUH. [9 112] XoTa 3TO He yunTbiBaeT Hannume EGL, Mbl moxkem 060CHOBaHHO cAeaTh BbIBOA, YTO
dunbTpayma ns nnasmel B UCK (Jv) yBennumsanack 3a cHeT cynpaHOPMabHOTO Pc 1 pasHuULbI
TPAHCIHAOTENNANBHOTO AABAEHMA.

Korga anbbymuH nam rupoKCUITUAKPAXMAN UCMNOb3YIOTCA A5 yBENNYEHMA 06bema Naasmbl, yBenMYeHne
Jv orpaHnuymBaet adpPpeKT Konnounaa Ha yBesnmyeHme obbema nnasmol.[4] Tem He meHee, HOY3UK
KO//IOMA0B OKa3blBaloT 6osiee NPoAoIKUTENbHBIN 3PPEKT yBenmyeHna obbema naasmbl, 4em
KpUCTannounabl, BEPOATHO, NOTOMY, YTO Noaaepkmaemblit KOJ, naasmbl NpenaTcTeyeT yBeandeHuto Jv.[89]
Koraa anbbymunH Uau ruapoKCcUMaTUAKPaXMa UCNOJb3YHOTCA 417 HOPMOBOJIEMUYECKOW reMoAUTIoLmUH,
noanep:xmeas Pc B Hopme, Jv He yBeiMUMBaETCA, U NO3TOoMy 60/blIas YacTb BBEAEHHOIO 06bema ocTaeTcs
BHYTpu cocynos.[4] Hahn coobwmn 06 yBennueHmm peakunmn punbTpaLmm Ha MHPY3UO KPUCTaNIoMa0B
nocne nHoy3mm konnomaa,[113] yto cornacyetca ¢ napafmMrmoin, CoOrnacHoO KOTOPOW NPWU CynpaHOPMabHOM
pasHULE TPAaHCIHAOTENMANBHOTO AaBNEHMA AasbHeNLee yBemyeHne Pc NpuBoANT K yBENUYEHUIO Jv.
BbicTpan nHPy3ma kpuctannonaa (MCP) HopmoBosieMUyeckum Ao06POBOIbLAM YBENMYMBAET 06BEM
MHTPATOPaKabHOM XUAKOCTU, CYXKaeT MeSIKME AblXaTe/bHble NYTU U BbI3bIBAET rMNepBeHTUAALUMIO.[114]
JKcTpemanbHoe nosbiweHne Pc moxeT nospeamnTb EGL [4] 1 BbI3BaTb CTPECCOBYHO HEAOCTAaTOYHOCTD
JIErOYHbIX KAaNUANAPOB, YTO NPUBELET K KPOBOXapKaHbto M 0TeKy.[115] MeTa-aHanu3 yKa3biBaeT Ha iyylume
pe3ynbTaTbl 418 NALMEHTOB, eCNn HanaHC *KUAKOCTU coxpaHsaeTca.[116]

YcoBepLleHCTBOBaHHaA NapagmMrma GpuUsnonormm ABUKEHUNA XKUOKOCTU U
nHPy30HHan Tepanusa

BHyTpMUCOCYAMCTOE MPOCTPAHCTBO COAEPMKUT TPU MHTEPECYIOLWMX KOMMapTMeHTa (Tabanua 1). Ecav mbl
onpeaenMm o6bem BHYTPUCOCYAMCTOMN KUAKOCTU Kak 06beM, COAEp KaLLMNCA B NPOCTPAHCTBE,
OrPaHNYEHHOM 3HAOTE/IMEM COCYLOB, Mbl U3MEPSEM ero Kak 06bem passegeHus JekctpaHa 40, v oH
nNpmbanKaeTca K LeHTpanbHOMY 06beMy pacnpegeneHusa BBe4HHOro B cocya ¢umspcreopa. JekctpaH 70
WCK/IOYaeTca U3 HeumpKyampytolero o6béma BHyTpu EGL, a ero o6bem passeaeHUsA COCTOUT U3
LUMpRyAnpytowen nnasmbl.[117]



(A.T. -IMpu BsuxeHUU KPOBU 10 KANUAAAPY 3pUMpoyumesl He NooOXo0am 6Ma0MHYH K 3HO0OMeAUaabHbIM
Kaemkam, nockosbKy Haau4due EGL «ommankusaem» apumpoyumel om aHoomesnus. [lpocaem mexcdy
MOMOKOM 3pUMpoyUmMos U 8HympeHHel nosepxHoCMoro cocy0a Ha3b18AIOM «30HOU UCKOYEHUA»,
«exclusion zone». 30Ha UCKAOYEHUSA 308UCUM OM MOAWUHbI c104 EGL.)

CTeneHb UCKIOYEHUA 3PUTPOLMTOB U3 N1a3Mbl Ha rpaHuue EGL, npuBoanT K TOMY, YTO 06beM
pacnpeneneHun spuTPOLUTOB HECKO/IbKO MeHbLle obbema pasBeaeHua ekctpaHa 70. YnnoTtHeHune EGL
MOKET OKa3blBaTb CyLLECTBEHHOE BAMAHUE Ha BanaHc obLero o6bema BHYTPUCOCYANCTOM HKUAKOCTHU U
0b6bemoB pasBeneHUs apuTpoumnToB. MNpn nccnegoBaHnmn pasbasaeHNs 3PUTPOLUTOB BO BHYTPUCOCYANCTOM
obbeme HeobxoaMMO YUMTbIBATL YNIOTHEHWE 06bema EGL BcneacTBMe BocnaneHma nnm nHeysumm
rMNepoCcMoONAPHbIX KONNOUAO0B.

OcTpoe CHUXKEHWE pPasHULbl TPAHCIHAOTEIMANbHOMO AABEHMA 33 CHET NPeKanuANAPHON
BAa30KOHCTPMKLMM, MOCTKANUANAPHOW Ba3oAmnaTaumm UM rmnoBOAEMUN MOXKET NPUBECTU K BPDEMEHHOM
peabcopbumm KUAKOCTU U3 UHTEPCTULMA B NIA3MY, SKBUBAIEHTHbIN ayTOTPaHcdy3mm ob6bémom 500 mn B
nccnefoBaHUAX Ha ntoaax (puc. 3), Ho 3TOT addEeKT ANNTCS BCEro HECKOJIbKO MUHYT.[21] Pebcopbums
BO3BpaLLaeTca K duabTpaummn no mepe gnudpdysmm 6enkos 13 UCH B cybriMKoKaIMKCHOE NPOCTPaHCTBO,
yMeHbluan pasHuuy KOL, npenatcTeyoLwyo GuabTpaumm; 3To Mmogenb AeNCTBUA IMKOKanuKkca. Mpu meHee
OCTPOM MW IKCTPEMAZIbHOM HapPYLEHUN PAaBHOBECKA TOT KEe MEXaHM3M COXPaHAeT GUAbTPALMIO, XOTA U CO
CKOPOCTbIO BCErO HECKOIbKO MUITUAINTPOB B MUHYTY, U NPaBWUIO OTCYTCTBUA peabcopbLmm npumeHseTcs
(puc. 4).

[aBneHune, Nnpu KOTOPOM JV CTPEMUTCA K HYAtO, ByAeT 3aBUCETb OT KAaNUAAAPHOM NOPUCTOCTU, KOTOPan
ABNAETCA CYMMapPHbIM 3G PEKTOM NPOHULLAEMOCTU ANA BOAbI Y PA3INYHbBIX KanuAAapos, Naowaan ana
0b6MeHa XNAKOCTbIo U KoadduumMeHTa oTparkeHUa Makpomonekyn, onpegenstowmx KOL. J-obpasHas
KpuBasn, onucbiBatoLian Jv n Pc (puc. 4), byaet cmelleHa BAeBO NPU YBEAUYEHUN KaNUANSPHON MOPUCTOCTH,
npu 3Tom nepernb Ha KpMBOM ByaeT Toukou J. Huxke Touku J ntobas nepenuTas XUAKOCTb, byab To Konaoua
WUAKN Kpuctaniong, byaeT, No-sBMANMOMY, YAEPKMBATLCA BO BHYTPUCOCYAUCTOM NPOCTPAHCTBE 40 Tex nop,
MoKa PasHULA TPaHCIHAOTEINANBbHOMO AABEHUA HE AOCTUTHET YPOBHSA, NP KOTOPOM BO30OHOBUTCSA
dunbTpauma. Mogenb rnMKOKanuKca v NpaBMIo OTCYTCTBUA peabcopbumm 06bACHAIOT, NoYeMy CBOMCTBA
KO/, nnasmbl UAn naasmo3aMeHUTeNEeN MasIo AU COBCEM He A00aBAAIOT K BOCNO/IHEHWIO 06beMa Niasmbl,
B TO BPeMS KaK pa3HMUa TPaHCIHAOTENMANbHOMO AaBAEHNA HAXOANTCA HUXKE TOUKM J. Bblwe Toukn J
pa3HULLA OHKOTUYECKOrO AaBNAeHMA, NPenaTCTBYOWan GUabTpaLmm, MakCMManbHa, U Jv cTaHOBUTCA
NPONOpPUMOHabHA PC MM pasHMUe TPAHCIHAO0TEIMAIbHOTO AaBneHus, ecam Pis He ABNAETCA NOCTOAHHbBIM.

MopuncTOoCTb YBEAMUYMBAETCA NPU BOCNAJIUTE/IbHBIX COCTOAHUAX, HO TUIS HE OKa3biBaeT NPAMOro BIMAHMA Ha
Jv. 10-20-kpaTHOe yBenmyeHue Jv npm oCTPOM BOCNaAUTENIbHOM OTBETE aKTUBHO peryampyeTcsa
WHTErpuHamMu, AeNCTBYOWMMMN Ha KonnareHosble pUBPUANbI BHEKNETOYHOIO MaTPUKCa, YTO NO3BOASET
GAGs cBA3bIBaTb BOAY, M He 0653aTeIbHO NOAPa3yMeBAET YBe/IMYEHNE KAaNUANAPHON NOPUCTOCTU. BanaHue
MHOY3MOHHOM TepanmMm Ha 3TOT MeXaHM3M, eC/IM TAKOBOE MMEeEeTCA, HEM3BECTHO. MI3mMeHeHUsA, NnpuBogAaLLme
K ynioTHeHuto EGL, BbicBoboXaatowero GAGS B LLMPKYAMPYIOLLYIO N1a3My, CBA3aHbI C YCUNEHUEM
TPaHCIHAOTEIMANbHOIO NOTOKa 6enKoB, HO ynaoTHeHWe EGL 1 yBeanyeHne nopuctocty MoryT HbiTb
OTAENbHbIMM NPOLLECCAMM, U 3TA CBA3b MOKET ObITb HE MOJIHOCTLIO NPUUYNHHO-CNEACTBEHHOM.

XoTs nepenuntbie MakpoOMOJIEKY bl C TPYAOM MPOHMUKAIOT Yepes MHTaKTHbIM EGL, OHWU IerKo NPOHMKAIOT B
NCH cMHyconaanbHbIX Kanuaaapos KOCTHOTO MO3ra, Ce/e3eHKM U NeYeHK, ypaBHOBELIMBAACH C
WHTEPCTMLMANbHBIMY MaKPOMOJIEKYIAMU 1 BO3BPALLAACH B BEHO3HYIO CUCTEMY Yepes nmdaTmyeckue
cocyabl. YBenuueHve 40NN cepAedHoro Bbibpoca, NoCcTynatoLWero B CUHYConAanbHble TKaHW, NPUBOANT K
yBENNYEHUIO JV 1 CKOPOCTU TPAHCKaNUANAPHOro Bbixoda anbbymunHa. 3Haunmoro BcacbiBaHua MCHK B



naasmy npu pasHuie KOA He NMPOUCXo4UT, NO3TOMY KOITIOUAHAA TEPANUA HE NpeaoTBPaLLaeT U HE

YMEHbLLAET OTEK TKAHEWN.

Original Starling principle
Knaccuueckuit npuHumun CtapaunHra

Revised Starling equation and glycocalyx model NMepecmoTpeHHoe
ypasHeHue CTapauHra n moaenb rNMUKOKaamnkea

BHyTpucocyamcTtoln 06bem cOCTOUT U3
naa3mMbl U KNEeTOYHbIX 3/1eMEHTOB.

BHyTpucocyamcTbii 06bem COCTOUT U3 06beMa FIMKOKAIMKC],
ob6bema nnasmobl M 06bEMaA pacnpeseneHns spuUTPOLUTOB.

Kanunnapbl oTAENAOT NAa3my C BbICOKOMA
KOHUeHTpauuen 6enka ot MCHK ¢ H13Kom
KOHLUEeHTpaumen benka.

CuHycompanbHble, NPepbIBUCTbIE KaNnUANAPblI HAXOOATCA B KOCTHOM
mo3re, cesieseHke 1 nedveHu n nx MCHK no cywecrsy Aasnsaetca
YacTblo 06beMA NAA3MbI.

OTKpbITble peHecTpMpoBaHHbIE KanNuANApPbl NPOM3BOSAT PuabTpaT
MoYeYHbIX KNy6OUKOB.

OunadparmanbHble GeHeCTPUPOBaHHbIE KaNUANAPBI B
CneLmanmn3npoBaHHbIX TKaHAX MoryT abcopbuposate NCHK B
nnasmy.

HenpepbiBHbIe KanuUAnApbl 4EMOHCTPUPYIOT KOTCYTCTBUE
peabcopbumm».

EGL nonynpoHuuaem ans aHMOHHbIX 6E/IKOB, U UX KOHLLEHTPaLUsA B
MEXKNETOUHbIX LWeNAaxX NoA rMMKOKaNMKCOM OYEeHb HU3KaA.

BarkHbIMUM cunamm CTapanHra ABASOTCS
pa3HMLUa TPaHCIHAOTEINANbHOIO AaB/eHUA
n pasHuua KO mexay niasmon u
MHTEPCTULMANbHBbIM MPOCTPAHCTBOM.

Ba*kHbIMK cnnamm CTapanHra ABNAKTCA pasHMUA
TPaHCIHAOTENNANbHOIO AaBneHua n pasHuua KOO nnasmbl n
cybrnmkokanumkca. KOO NCHK He sasnsetca npambiM GakTopom,
onpeaenalWmnm Jv.

unaKkoctb GUNLTPYETCA U3 apTepManbHOro
KOHLIa KanuanApoB U BCacbiBaeTcs U3
BEHO3HOro. Hebosibluasa eé yacTb
BO3BPALLAETCA B KPOBOTOK B BUAE MMMObI.

Jv HAMHOro meHbLUe, Yem NpeackasbiBaeT NpuHUMn CTapaunHra, n
OCHOBHOW NyTb BO3BpaTa B KpoBoobpauieHne — 3to ammoa

MNosbiweHne KO/ B nnasme ycunmsaet
peabcopbumio 1 nepemeLLaeT KNLKOCTb U3
UCXK B nnasmy.

MNosblweHne KO/, B nnasme cCHMXKaeET Jv, HO He Bbi3biBaeT
abcopbuuto

Mpun cybHOpMaNbHOM KanuaasapHoOm
AaBneHnn peabcopbuma ysennumeaet
06bem naasmol

Mpw cybHOpManbHOM KanuANapHOM AaBaeHnn Jv npubnauskaetcs K
HyAto. AyToTpaHCchy3mA ABNAETCA OCTPOM, TPAH3UTOPHOM U
orpaHuymsaetca 06bEmom okono 500 m.

Mpw cynpaHOPManbHOM KanuansipHOM
AaBneHnn punoTpauma yBeanympaeT ob6bem
NCHK

Mpn cynpaHopmManbHOM KanUANAPHOM AaBAeHUN, Koraa pasHuua
KO makcumanbHa, Jv nponopunoHaneH pasHuue
TPaHCIHAOTENMNANIbHOMO AaBAeHusA

BBeAeHHbI KONNOUAHbBIN pacTBOp
pacnpegensetca no o6bemy naasmeol, a
BBEAEHHbIN pU3pacTesop — no
BHEKETOYHOMY 06bEMY.

BBeeHHbI KONIOUAHBIN PAacTBOP M3HAYA/IbHO pacnpesenaercs
no o6bemy naasmol, a BBEAEHHbIN puspacTtsop — no
BHYTpPUCOCYAMCTOMY 06BbEMY.

Mpyn cynpaHOPManbHOM KanuanapHOM AaBJAEHUUN BBeAEHNE
KonnongHoro pacteopa coxpaHaet KOZ, nna3mbl, NoBbillaeT
KanuanspHoe gasneHue v yBeanmumsaet Jv

Mpy1 cynpaHOpPManbHOM KanuanapHOM AaBJAEHUUN BBeAEHNE
¢du13pacTBOpa TaKKe NOBbIWAET KAaNUANAPHOE AaB/IEHNE, HO
cHuKaeT KO, 1, Takum o6pasom, yeenmumsaeT Jv 60/blue, yem ToT
e 06bemM KoNNonaHoro pacteopa.

Mpyu cybHOPMaNbHOM KanuANapHOM AaBaeHUM MHOY3UA
KONINOMAHOro pacTBopa yBenymnsaeT 06bem naasmol, a MHPY3UA
¢du3pacTBOpa yBEANYMBAET BHYTPUCOCYOMUCTIN 06BbEM, HO JV
ocTaeTcA 6M3KMUM K HY/IHO B 060OUX Cydasx




Table 1 Comparison of the original and revised paradigms for prescribing fluid therapy

Original Starling principle

Revised Starling equation and glycocalyx model

Intravascular volume consists of plasma and cellular elements

Capillaries separate plasma with high protein concentration from ISF
with low protein concentration

The important Starling forces are the transendothelial pressure
difference and the plasma-interstitial COP difference

Fluid is filtered from the arterial end of capillaries and absorbed from
the venous end. Small proportion returns to the circulation as lymph

Raising plasma COP enhances absorption and shifts fluid from ISF to
plasma

At subnormal capillary pressure, net absorption increases plasma
volume

At supranormal capillary pressure, net filtration increases ISF volume

Infused colloid solution is distributed through the plasma volume,
and infused 1SS through the extracellular volume

Intravascular volume consists of glycocalyx volume, plasma volume, and
red cell distribution volume

Sinusoidal tissues (marrow, spleen, and liver) have discontinuous capillaries
and their ISF is essentially part of the plasma volume

Open fenestrated capillaries produce the renal glomerular filtrate
Diaphragm fenestrated capillaries in specialized tissues can absorb ISF to
plasma

Continuous capillaries exhibit ‘no absorption’

The EGL is semi-permeable to anionic proteins and their concentration in
the intercellular clefts below the glycocalyx is very low

The important Starling forces are the transendothelial pressure difference
and the plasma-subglycocalyx COP difference. ISF COP is not a direct
determinant of J,

J, is much less than predicted by Starling’s principle, and the major route
for return to the circulation is as lymph

Raising plasma COP reduces J, but does not cause absorption

At subnormal capillary pressure, J, approaches zero. Auto transfusion is
acute, transient, and limited to about 500 ml

At supranormal capillary pressure, when the COP difference is maximal, J, is
proportional to transendothelial pressure difference

Infused colloid solution is initially distributed through the plasma volume,
and infused ISS through the intravascular volume

At supranormal capillary pressure, infusion of colloid solution preserves
plasma COP, raises capillary pressure, and increases J,

At supranormal capillary pressure, infusion of IS5 also raises capillary
pressure, but it lowers COP and so increases J, more than the same colloid
solution volume

At subnormal capillary pressure, infusion of colloid solution increases
plasma volume and infusion of 1SS increases intravascular volume, but J,
remains close to zero in both cases
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Fig 3 Autotransfusion. Transendothelial filtration rate J, is pro-
portional to the capillary pressure, or transendothelial pressure
difference if interstitial pressure is not constant. Normal capillary
pressure is nominally 20 mm Hg, and the scale for J, is arbitrary,
although studies show the rate of clearance from the intravascu-
lar space during rapid infusion of Ringer’s acetate in humans
can be as much as 100 ml min . Raising the plasma COP
slows filtration (pink line), while reducing plasma COP increases
it (green line).

Puc. 3. AytoTpaHcdysusa. CKopocTb TPaHCIHAOTENMNANbHOM PuabTpaumm (Jv) nponopumnoHanbHa
KanuanAapHOMY AaBNEHUIO MAKN Pa3HULE TPAHCIHAO0TENNANBHOIO AAaBNEHMUA, €C/IU MHTEPCTULMANIbHOE
JaBneHne HenocToAHHO. HopmasibHOe KanuanapHoe AaB/ieHMe HOMWHAJIbHO cocTaBadeT 20 MM pT. CT., U
WKana 4nsa Jv npounsBosibHa, XOTA UCCAe0BaHUA NOKa3bIBatoT, YTO NPU HbICTPO MHOY3MM aueTaTa PuHrepa
CKOPOCTb BbIXOAa }KUAKOCTU U3 KaNnUANAPOB B UHTEPCTULNIA Y Ntoaen mosKeT goctmuratb 100 ma/mMuH.
MosbiweHne KO/ nnasmbl 3ameansaeT GuUabTpaumio (po3oBasn AMHKUA), a CHUKeHre KO, nnasmbl
yBennumnBaeT eé (3enéHan NMHus).
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Fig 4 The no absorption rule. With less acute reduction in capil-
lary pressure, the glycocalyx model preserves filtration at a very
low rate without a phase of absorption, the no absorption rule.
We call the inflection on the filtration curve the J point.

Puc.4. MpaBuao otcyTcTBua peabcopbumn. NMpu MeHee Pe3KOM CHUMKEHUW KaNUANAPHOTO AaBleHUA MOAENb
FNIMKOKAIMKCA COXPaHAET GUAbTPALMIO C O4EHb HU3KOM CKOPOCTbIo 6e3 dasbl peabcopbumnm, npasuio
oTcyTcTBUA peabcopbumn. Mbl HasbiBaem nepernb Ha KpMBoM GUNbTPALUM TOUKOW J.

B 3akntoueHue, nccnenoBaHmA MHPY3IMOHHOM Tepanuu TpebyoT OT Hac «NepeoL,eHKM 0CHOBY».[118]
MepecmoTpeHHoe ypaBHeHMe CTapaunHra (RSP) M napagmMrma moaenu raMKoKaamnkca, no-BuManmomy,
ABNAOTCA YAyYLIEHMEM UCXOAHOW Napagurmbl npuHumna CTapanHra. Konnongbl WWMPOKO Ha3HayatoTcs Ans
pecyumTaumm npyv runoBoaemMmmm, HECMOTPA Ha OCHOBAHHbIE HA LOKa3aTeIbCTBAaX NPOTOKO/bI U
pykoBogacTea. [119,120] BaxKHOM 0COBEHHOCTbIO NEPECMOTPEHHOrO ypaBHeHUA CTapanHra (RSP) u
napagurmbl MOLENMN INIMKOKANNKCA ABASETCA TO, YTO OHU 0ODBACHAIOT, NoYemy anbbymMuH nam
N/sa3M03aMeHUTENIN HE UMEIOT NPenmyLLLEeCTB nepes puspactsopom (MCP), Koraa Pc nam pasHuua
TPaHCIHAOTEINANbHOTO AaBNEHUA HU3KMe. BbiBOA 0 TOM, YTO Ttis Manio BAUAET Ha Jv, poKycupyeT Hale
BHMMaHMeE Ha CyBr/IMKOKAIMKCHOM NpoCTpaHCTBe. EGL ABNsSeTCs XPYNKOW CTPYKTYPOW M paspyLuaeTca npu
6bICTPOM BHYTPMBEHHOM BAVBAHUM KULKOCTEN, OCTPOM TMNEPINKEMUM, XUPYPIMYECKOM BMELLATENbCTBE U
cencuce.

Mogenb rMMKoKaMKca ONUCLIBAET, KaK TISg, Ttis 1 JV ypaBHOBELIMBAIOT APYT APYra, U BbI3bIBAaET ONaceHus
OTHOCWTE/IbHO NaTO/I0MMYECKUX NMPOLECCOB UM M1a3MO3aMeLLatoLLeN Tepanum, KOTOPbIe MOTYT HapPyLWKUTb
3aLUMLLEHHbIV HU3KMI Tisg. Mpu oTcyTCcTBUM peabcopbumm KanMaNapammn U BeHyAaMmn oTGUAbTPOBAHHASA
KUOKOCTb BO3BPALLAETCA B KPOBOTOK NPEUMYLLECTBEHHO IMMPATUYECKMM MyTEM, YTO NOoAYEPKMBaAET
BaXKHOCTb COXpaHeHuna nMmdaTnyecKoro Toka. Hosas napaanrma (RSP) o6bACHAET KUHETUKY 06bEMOB
KONINONA0B M KPUCTaNNONA0B Y 60APCTBYIOWMX, aHECTE3UPOBAHHbIX UAW TMMOTEH3MBHbIX NALMEHTOB, U
Bpay 6yAeT yuMTbIBaTb Kelaemoe BO3AENCTBME HA TISE U Pa3HULLY TPAHCIHA0TEIMANbHOTO AAB/IEHNA.



3HaoTennanbHan auchyHKUMSA, CBA3aHHAsA C NOBbILWEHHON MOPUCTOCTbIO KaNUANAPOB, yBENYMBAET Jv Npu
Nto6oM 3HaueHUM Pc 1 cHUKAET 3HaYeHue Pc, Npy KOTopom Jv npubamnKaeTca K HyAt0. Ty TOUKY J MOXKHO
Y4YMTbIBATb NPKU paboTe C NauMeHTaMmn C CUCTEMHbIM BOCNANIEHUEM NN CeNCUCOM. BeposTHO,
nepecmoTpeHHoe ypaBHeHne CtapaunHra (RSP) 1 napagmMrma mofenm rankokanukca byayT MsmeHeHbl 1
YTOUHEHbI B CBETE PU3NONOTUM U AAHHbIX KNTMHUYECKUX UCMbITaHWUIA. B CBOEM HbIHELHEM BUAE OHO
YCUMBAET apryMeHTbl B N0/1b3y NpeanouteHunsa ¢uspacreopa (MCP) nepen nnasmom nnm
nnasmo3ameHUTeNaAMU ANA pecyuuTaummn, Ho AONYCKaeT pauyoHa bHOE UCMOAb30BaHWE KONN0OMA0B AN
3YBONIEMUYECKON NN TMNEPBOIEMUYECKON remoaunatoumnmn. Mcnonb3oBaHme naasmbl Uam
naasmosaMeHUTeNnen ANa OCTUKEHMA YCTOMYMBOIO CynpaHOPManbHOro obbema nnasmbl AN gns
YMEHbLUEHUA OTeKa TKaHeN He ABAAETCA PALLMOHANbHbBIM.

Declaration of interest None declared

Cnuncok nutepaTypbl

1 TwigleyAJ,HillmanKM.Theendofthecrystalloid era? A newapproach to peri-operative fluid administration.
Anaesthesia 1985; 40: 860-71

2 GrocottMP,Mythen MG, Gan TJ. Perioperative fluid management and clinical outcomes in adults. Anesth Analg
2005; 100: 1093-106

3 Boldt).Thebalanced concept of fluid resuscitation. Br J Anaesth 2007; 99: 312-5

4 ChappellD,Jacob M, Hofmann-Kiefer K, Conzen P, Rehm M. A rational approach to perioperative fluid management.
Anesthesiology 2008; 109: 723-40

5 Finfer S, Bellomo R, Boyce N, French J, Myburgh J, Norton R. A comparison of albumin and saline for fluid
resuscitation in the intensive care unit. N Engl J Med 2004; 350: 2247-56

6 Brunkhorst FM, Engel C, Bloos F, et al. Intensive insulin therapy and pentastarch resuscitation in severe sepsis. N
EnglJ Med 2008; 358: 125-39

7 James MF, Michell WL, Joubert IA, Nicol AJ, Navsaria PH, Gillespie RS. Resuscitation with hydroxyethyl starch
improves renal function and lactate clearance in penetrating trauma in a randomized controlled study: the FIRST trial
(Fluids in Resuscitation of Severe Trauma). Br J Anaesth 2011; 107: 693-702

8 Maitland K, Kiguli S, Opoka RO, et al. Mortality after fluid bolus in African children with severe infection. N Engl J
Med 2011; 364: 2483-95

9 Hahn RG. Volume kinetics for infusion fluids. Anesthesiology 2010; 113: 470-81

10 Hahn RG. Fluid therapy might be more difficult than you think. Anesth Analg 2007; 105: 304-5

11 Starling EH. On the absorption of fluids from the connective tissue spaces. J Physiol 1896; 19: 312-26

12 Krooh A, Landis EM, Turner A. The movement of fluid through the human capillary wall in relation to venous
pressure and to the colloid osmotic pressure in the blood. Clin Invest 1932; 11:63

13 Staverman AJ. The theory of measurement of osmotic pressure. Rec Trav Chim 1951; 70: 344-52

14 Pappenheimer JR, Renkin EM, Borrerro LM. Filtration, diffusion and molecular sieving through peripheral capillary
membranes. A contribution to the pore theory of capillary permeability. Am J Physiol 1951; 167:13-46

15 Guyton AC, Lindsey AW. Effect of elevated left atrial pressure and decreased plasma protein concentration on the
development of pulmonary edema. Circ Res 1959; 7: 649

16 Luft JH. Fine structure of capillary and endocapillary layer as revealed by ruthenium red. Fedn Proc 1966; 25: 1773—
83

17 Michel CC. Filtration coefficients and osmotic reflexion coefficients of the walls of single frog mesenteric capillaries.
J Physiol 1980; 309: 341-55

18 Curry FE, Michel CC. A fibre-matrix model of capillary permeability. Microvasc Res 1980; 20:96—9

19 Adamson RH, Lenz JF, Zhang X, Adamson GN, Weinbaum S, Curry FE. Oncotic pressures opposing filtration across
nonfenestrated rat microvessels. J Physiol 2004; 557: 889—-907

20 Levick JR. Revision of the Starling principle: new views of tissue fluid balance. J Physiol 2004; 557: 704

21 Levick JR, Michel CC. Microvascular fluid exchange and the revised Starling principle. Cardiovasc Res 2010; 87: 198—
210



22 Curry FR. Microvascular solute and water transport. Microcirculation 2005; 12:17-31

23 Ellman H. Capillary permeability in septic patients. Crit Care Med 1984; 12: 629-33

24 Hu G, Minshall RD. Regulation of transendothelial permeability by Src kinase. Microvasc Res 2009; 77:21-5

25 LeeWL,Slutsky AS. Sepsis and endothelial permeability. N Engl J Med 2010; 363: 689-91

26 Clough G. Relationship between microvascular permeability and ultrastructure. Prog Biophys Mol Biol 1991; 55:47—
69

27 Vink H, Duling BR. Identification of distinct luminal domains for macromolecules, erythrocytes, and leukocytes
within mammalian capillaries. Circ Res 1996; 79: 581-9

28 Reitsma S, Slaaf DW, Vink H, van Zandvoort MA, oude Egbrink MG. The endothelial glycocalyx: composition,
functions, and visualization. Pflugers Arch 2007; 454: 345-59

29 Chappell D, Jacob M, Paul O, et al. The glycocalyx of the human umbilical vein endothelial cell: an impressive
structure ex vivo but not in culture. Circ Res 2009; 104: 1313-7

30 Rehm M, Haller M, Orth V, et al. Changes in blood volume and hematocrit during acute preoperative volume
loading with 5% albumin or 6% hetastarch solutions in patients before radical hysterectomy. Anesthesiology 2001; 95:
849-56

31 Pries AR, Kuebler WM. Normal endothelium. Handb Exp Pharmacol 2006; (176 Pt 1): 1-40

32 Vink H, Duling BR. Capillary endothelial surface layer selectively reduces plasma solute distribution volume. AmJ
Physiol Heart Circ Physiol 2000; 278: H285-9

33 HenryCB,DulingBR.Permeationoftheluminalcapillaryglycocalyx is determined by hyaluronan. Am J Physiol 1999;
277:H508-14

34 Henry CB, Duling BR. TNF-alpha increases entry of macromolecules into luminal endothelial cell glycocalyx. Am J
Physiol Heart Circ Physiol 2000; 279: H2815-23

35 Nieuwdorp M, van Haeften TW, Gouverneur MC, et al. Loss of endothelial glycocalyx during acute hyperglycemia
coincides with endothelial dysfunction and coagulation activation in vivo. Diabetes 2006; 55: 480-6

36 Nieuwdorp M, Meuwese MC, Mooij HL, et al. Measuring endothelial glycocalyx dimensions in humans: a potential
novel tool to monitor vascular vulnerability. J Appl Physiol 2008; 104: 845-52

37 Gao L, Lipowsky HH. Composition of the endothelial glycocalyx and its relation to its thickness and diffusion of small
solutes. Microvasc Res 2010; 80: 394-401

38 RehmM,Bruegger D, Christ F, et al. Shedding of the endothelial glycocalyx in patients undergoing major vascular
surgery with global and regional ischemia. Circulation 2007; 116: 1896-906

39 Hofmann-Kiefer KF, Kemming Gl, Chappell D, et al. Serum heparan sulfate levels are elevated in endotoxemia. Eur J
Med Res 2009; 14: 526-31

40 Nieuwdorp M, Mooij HL, Kroon J, et al. Endothelial glycocalyx damage coincides with microalbuminuria in type 1
diabetes. Diabetes 2006; 55: 1127-32

41 Karangelis D, Asimakopoulou A, Kanakis |, et al. Monitoring serum chondroitin sulfate levels in patients submitted
to coronary artery bypass surgery. Biomed Chromatogr 2010; 25: 748-50

42 Berg S, Engman A, Hesselvik JF, Laurent TC. Crystalloid infusion increases plasma hyaluronan. Crit Care Med 1994;
22:1563-7

43 Berg S, Golster M, Lisander B. Albumin extravasation and tissue washout of hyaluronan after plasma volume
expansion with crystalloid or hypooncotic colloid solutions. Acta Anaesthesiol Scand 2002; 46: 166—72

44 Nelson A, Berkestedt I, Schmidtchen A, Ljunggren L, Bodelsson M. Increased levels of glycosaminoglycans during
septic shock: relation to mortality and the antibacterial actions of plasma. Shock 2008; 30: 623-7

45 Steppan J, Hofer S, Funke B, et al. Sepsis and major abdominal surgery lead to flaking of the endothelial glycocalix. J
Surg Res 2011; 165: 136-41

46 KozarRA, Peng Z, Zhang R, et al. Plasma restoration of endothelial glycocalyx in a rodent model of hemorrhagic
shock. Anesth Analg 2011; 112: 1289-95

47 Johansson PI, Stensballe J, Rasmussen LS, Ostrowski SR. A high admission syndecan-1 level, a marker of endothelial
glycocalyx degradation, is associated with inflammation, protein C depletion, fibrinolysis, and increased mortality in
trauma patients. Ann Surg 2011; 254: 194-200

48 Devaraj S, Yun JM, Adamson G, Galvez J, Jialal I. C-reactive protein impairs the endothelial glycocalyx resulting in
endothelial dysfunction. Cardiovasc Res 2009; 84: 479-84

49 PlattsSH, DulingBR.AdenosineA3receptoractivationmodulates the capillary endothelial glycocalyx. Circ Res 2004;
94:77-82

50 VanTeeffelen JW, Brands J, Vink H. Agonist-induced impairment of glycocalyx exclusion properties: contribution to
coronary effects of adenosine. Cardiovasc Res 2010; 87: 311-9



51 VanTeeffelen JW, Constantinescu AA, Brands J, Spaan JA, Vink H. Bradykinin- and sodium nitroprusside-induced
increases in capillary tube haematocrit in mouse cremaster muscle are associated with impaired glycocalyx barrier
properties. J Physiol 2008; 586: 3207-18

52 Annecke T, Fischer J, Hartmann H, et al. Shedding of the coronary endothelial glycocalyx: effects of
hypoxia/reoxygenation vs ischaemia/reperfusion. Br J Anaesth 2011; 107: 679-86

53 Chappell D, Hofmann-Kiefer K, Jacob M, et al. TNF-alpha induced shedding of the endothelial glycocalyx is
prevented by hydrocortisone and antithrombin. Basic Res Cardiol 2009; 104:78-89

54 Chappell D, Jacob M, Hofmann-Kiefer K, et al. Hydrocortisone preserves the vascular barrier by protecting the
endothelial glycocalyx. Anesthesiology 2007; 107: 776-84

55 Chappell D, Jacob M, Hofmann-Kiefer K, et al. Antithrombin reduces shedding of the endothelial glycocalyx
following ischaemia/reperfusion. Cardiovasc Res 2009; 83: 388—-96

56 Chappell D, Dorfler N, Jacob M, et al. Glycocalyx protection reduces leukocyte adhesion after ischemia/reperfusion.
Shock 2010; 34: 133-9

57 Annecke T, Chappell D, Chen C, et al. Sevoflurane preserves the endothelial glycocalyx against ischaemia—
reperfusion injury. BrJ Anaesth 2010; 104: 414-21

58 Chappell D, Heindl B, Jacob M, et al. Sevoflurane reduces leukocyte and platelet adhesion after ischemia—
reperfusion by protecting the endothelial glycocalyx. Anesthesiology 2011; 115: 483-91

59 Sarin H. Physiologic upper limits of pore size of different blood capillary types and another perspective on the dual
pore theory of microvascular permeability. J Angiogenes Res 2010; 2:14

60 Oratz M, Rothschild MA, Schreiber SS. Effect of dextran infusions on protein synthesis by hepatic microsomes. Am J
Physiol 1970; 218: 1108-12

61 Nicholson JP, Wolmarans MR, Park GR. The role of albumin in critical illness. Br J Anaesth 2000; 85: 599-610

62 RankN,MichelC,Haertel C, et al. N-acetylcysteine increases liver blood flow and improves liver function in septic
shock patients: results of a prospective, randomized, double-blind study. Crit Care Med 2000; 28: 3799-807

63 Allison KP, Gosling P, Jones S, Pallister |, Porter KM. Randomized trial of hydroxyethyl starch versus gelatine for
trauma resuscitation. J Trauma 1999; 47: 1114-21

64 Thomas MC. Pathogenesis and progression of proteinuria. Contrib Nephrol 2011; 170:48-56

65 Singh A, Friden V, Dasgupta |, et al. High glucose causes dysfunction of the human glomerular endothelial
glycocalyx. Am J Physiol Renal Physiol 2011; 300: F40-8

66 Clough G, Michel CC, Phillips ME. Inflammatory changes in permeability and ultrastructure of single vessels in the
frog mesenteric microcirculation. J Physiol 1988; 395: 99-114

67 Simon DA, Taylor TL, Bayley G, Lalonde KA. Four-limb compartment syndrome associated with the systemic
capillary leak syndrome. J Bone Joint Surg Br 2010; 92: 1700-2

68 Levick JR. Fluid exchange across endothelium. Int J Microcirc Clin Exp 1997; 17: 241-7

69 Heinol,Kapylal. Cellular receptors of extracellular matrix molecules. Curr Pharm Des 2009; 15: 1309-17

70 Sorokin L. The impact of the extracellular matrix on inflammation. Nat Rev Immunol 2010; 10: 712-23

71 LiH,SuX,YanX, et al. Toll-like receptor 4-myeloid differentiation factor 88 signaling contributes to ventilator-induced
lung injury in mice. Anesthesiology 2010; 113: 619-29

72 Svendsen OS, Barczyk MM, Popova SN, Liden A, Gullberg D, Wiig H. The alphallbetal integrin has a mechanistic
role in control of interstitial fluid pressure and edema formation in inflammation. Arterioscler Thromb Vasc Biol 2009;
29: 1864-70

73 Reed RK, Rubin K. Transcapillary exchange: role and importance of the interstitial fluid pressure and the
extracellular matrix. Cardiovasc Res 2010; 87: 2117

74 Jacob M, Bruegger D, Rehm M, et al. The endothelial glycocalyx affords compatibility of Starling’s principle and high
cardiac interstitial albumin levels. Cardiovasc Res 2007; 73: 575-86

75 Fleck A, Raines G, Hawker F, et al. Increased vascular permeability: a major cause of hypoalbuminaemia in disease
and injury. Lancet 1985; 1: 781-4

76 Suding P, Jensen E, Abramson MA, Itani K, Wilson SE. Definitive risk factors for anastomotic leaks in elective open
colorectal resection. Arch Surg 2008; 143: 907—-11; discussion 911-2

77 Lee EH, Chin JH, Choi DK, et al. Postoperative hypoalbuminemia is associated with outcome in patients undergoing
off-pump coronary artery bypass graft surgery. J Cardiothorac Vasc Anesth 2011; 25: 462-8

78 Hennessey DB, Burke JP, Ni-Dhonochu T, Shields C, Winter DC, Mealy K. Preoperative hypoalbuminemia is an
independent risk factor for the development of surgical site infection following gastrointestinal surgery: a multi-
institutional study. Ann Surg 2010; 252: 325-9



79 YuanXY,ZhangCH,HeYL, et al. Is albumin administration beneficial in early stage of postoperative hypoalbuminemia
following gastrointestinal surgery?: a prospective randomized controlled trial. Am J Surg 2008; 196: 751-5

80 Boldt J. Use of albumin: an update. Br J Anaesth 2010; 104: 276-84

81 AmanJ, van der Heijden M, van Lingen A, et al. Plasma protein levels are markers of pulmonary vascular
permeability and degree of lung injury in critically ill patients with or at risk for acute lung injury/acute respiratory
distress syndrome. Crit Care Med 2011; 39:89-97

82 Kuper M, Gunning MP, Halder S, Soni N. The short-term effect of hyperoncotic albumin, given alone or with
furosemide, on oxygenation in sepsis-induced acute respiratory distress syndrome. Anaesthesia 2007; 62: 259-63

83 Martin GS, Mangialardi RJ, Wheeler AP, Dupont WD, Morris JA, Bernard GR. Albumin and furosemide therapy in
hypoproteinemic patients with acute lung injury. Crit Care Med 2002; 30: 2175-82

84 Martin GS, Moss M, Wheeler AP, Mealer M, Morris JA, Bernard GR. A randomized, controlled trial of furosemide
with or without albumin in hypoproteinemic patients with acute lung injury. Crit Care Med 2005; 33: 1681-7

85 Trof RJ, Sukul SP, Twisk JW, Girbes AR, Groeneveld AB. Greater cardiac response of colloid than saline fluid loading
in septic and non-septic critically ill patients with clinical hypovolaemia. Intensive Care Med 2010; 36: 697-701

86 van der Heijden M, Verheij J, van Nieuw Amerongen GP, Groeneveld AB. Crystalloid or colloid fluid loading and
pulmonary permeability, edema, and injury in septic and nonseptic critically ill patients with hypovolemia. Crit Care
Med 2009; 37: 1275-81

87 Margarson MP, Soni NC. Changes in serum albumin concentration and volume expanding effects following a bolus
of albumin 20% in septic patients. Br J Anaesth 2004; 92: 821-6

88 James MF, Latoo MY, Mythen MG, et al. Plasma volume changes associated with two hydroxyethyl starch colloids
following acute hypovolaemia in volunteers. Anaesthesia 2004; 59: 738-42

89 Lobo DN, Stanga Z, Aloysius MM, et al. Effect of volume loading with 1 liter intravenous infusions of 0.9% saline, 4%
succinylated gelatine (Gelofusine) and 6% hydroxyethyl starch (Voluven) on blood volume and endocrine responses: a
randomized, threeway crossover study in healthy volunteers. Crit Care Med 2010; 38: 464-70

90 Mythen MG, Webb AR. Perioperative plasma volume expansion reduces the incidence of gut mucosal
hypoperfusion during cardiac surgery. Arch Surg 1995; 130: 423-9

91 Sinclair S, James S, Singer M. Intraoperative intravascular volume optimisation and length of hospital stay after
repair of proximal femoral fracture: randomised controlled trial. Br Med J 1997; 315: 909-12

92 Gan TJ, Soppitt A, Maroof M, et al. Goal-directed intraoperative fluid administration reduces length of hospital stay
after major surgery. Anesthesiology 2002; 97: 820-6

93 Donati A, Loggi S, Preiser JC, et al. Goal-directed intraoperative therapy reduces morbidity and length of hospital
stay in highrisk surgical patients. Chest 2007; 132: 1817-24

94 Jammer |, Ulvik A, Erichsen C, Lodemel O, Ostgaard G. Does central venous oxygen saturation-directed fluid therapy
affect postoperative morbidity after colorectal surgery? A randomized assessor-blinded controlled trial. Anesthesiology
2010; 113:1072-80

95 Davies SJ, Yates D, Wilson RJ. Dopexamine has no additional benefit in high-risk patients receiving goal-directed
fluid therapy undergoing major abdominal surgery. Anesth Analg 2011; 112: 130-8

96 Senagore AJ, Emery T, Luchtefeld M, Kim D, Dujovny N, Hoedema R. Fluid management for laparoscopic colectomy:
a prospective, randomized assessment of goal-directedadministration of balanced salt solution or hetastarch coupled
with an enhanced recovery program. Dis Colon Rectum 2009; 52: 1935-40

97 Morris C, Rogerson D. What is the optimal type of fluid to be used for peri-operative fluid optimisation directed by
oesophageal Doppler monitoring? Anaesthesia 2011; 66: 819-27

98 Lee EH, Kim SK, Yeo YG, Choi KT. Effects of anesthesia on fluid volume kinetics after infusion of colloid solution
during blood donation. Korean J Anesthesiol 2010; 58: 514-20

99 Drobin D, Hahn RG. Volume kinetics of Ringer’s solution in hypovolemic volunteers. Anesthesiology 1999; 90:81-91
100 Dyer RA, Farina Z, Joubert IA, et al. Crystalloid preload versus rapid crystalloid administration after induction of
spinal anaesthesia (coload) for elective caesarean section. Anaesth Intensive Care 2004; 32: 351-7

101 Li Y, Zhu S, Hahn RG. The kinetics of Ringer’s solution in young and elderly patients during induction of general
anesthesia with propofol and epidural anesthesia with ropivacaine. Acta Anaesthesiol Scand 2007; 51: 8807

102 Quinlan GJ, Mumby S, Martin GS, Bernard GR, Gutteridge JM, Evans TW. Albumin influences total plasma
antioxidant capacity favorably in patients with acute lung injury. Crit Care Med 2004; 32: 755-9

103 Lang JDJ, Figueroa M, Chumley P, et al. Albumin and hydroxyethyl starch modulate oxidative inflammatory injury
to vascular endothelium. Anesthesiology 2004; 100:51-8

104 Jacob M, Bruegger D, Rehm M, Welsch U, Conzen P, Becker BF. Contrasting effects of colloid and crystalloid
resuscitation fluids on cardiac vascular permeability. Anesthesiology 2006; 104: 1223-31



105 Balkamou X, Xanthos T, Stroumpoulis K, et al. Hydroxyethyl starch 6% (130/0.4) ameliorates acute lung injury in
swine hemorrhagic shock. Anesthesiology 2010; 113: 1092-8

106 WangZ, Herzog C, Kaushal GP, Gokden N, Mayeux PR. Actinonin, a meprin a inhibitor, protects the renal
microcirculation during sepsis. Shock 2011; 35: 141-7

107 Niemi TT, Miyashita R, Yamakage M. Colloid solutions: a clinical update. J Anesth 2010; 24: 913-25

108 Sibbald WJ, Driedger AA, Wells GA, Myers ML, Lefcoe M. The short-term effects of increasing plasma colloid
osmotic pressure in patients with noncardiac pulmonary edema. Surgery 1983; 93: 620-33

109 Blunt MC, Nicholson JP, Park GR. Serum albumin and colloid osmotic pressure in survivors and nonsurvivors of
prolonged critical illness. Anaesthesia 1998; 53: 755-61

110 Veneman TF, Oude Nijhuis J, Woittiez AJ. Human albumin and starch administration in critically ill patients: a
prospective randomized clinical trial. Wien Klin Wochenschr 2004; 116: 305-9

111 Verheij J, van Lingen A, Raijmakers PG, et al. Effect of fluid loading with saline or colloids on pulmonary
permeability, oedema and lung injury score after cardiac and major vascular surgery. Br J Anaesth 2006; 96:21-30
112 Svensen C, Drobin D, Olsson J, Hahn RG. Stability of the interstitial matrix after crystalloid fluid loading studied by
volume kinetic analysis. Br J Anaesth 1999; 82: 496-502

113 Borup T, Hahn RG, Holte K, Ravn L, Kehlet H. Intra-operative colloid administration increases the clearance of a
postoperative fluid load. Acta Anaesthesiol Scand 2009; 53: 311-7

114 Prisk GK, Olfert IM, Arai TJ, Wagner PD, Hopkins SR. Rapid intravenous infusion of 20 ml/kg saline does not impair
resting pulmonary gas exchange in the healthy human lung. ) Appl Physiol 2010; 108:53—9

115 West JB, Mathieu-Costello O. Stress failure of pulmonary capillaries: role in lung and heart disease. Lancet 1992;
340: 762-7

116 Varadhan KK, Lobo DN. A meta-analysis of randomised controlled trials of intravenous fluid therapy in major
elective open abdominal surgery: getting the balance right. Proc Nutr Soc 2010; 69: 488—-98

117 Jacob M, Conzen P, Finsterer U, Krafft A, Becker BF, Rehm M. Technical and physiological background of plasma
volume measurement with indocyanine green: a clarification of misunderstandings. J Appl Physiol 2007; 102: 1235-42
118 Myburgh JA. Fluid resuscitation in acute illness—time to reappraise the basics. N Engl ) Med 2011; 364: 2543—4
119 Finfer S, Liu B, Taylor C, et al. Resuscitation fluid use in critically ill adults: an international cross-sectional study in
391 intensive care units. Crit Care 2010; 14: R185

120 Cade JA, Truesdale M. Preferences of critical care registrars in fluid resuscitation of major trauma patients:
concordance with current guidelines. Anaesth Intensive Care 2011; 39: 262-7



