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Citrated native
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Tecr ¢ remapurason

Citrated native with heparinase
Sample: 23.06.2011 08:59AM-10:47 AM
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MA
mm
54,6

44 — 64




Kposoreuenue! I'EITAPHUH?!




I IMK03aMHUHOIINKAHDI

XOHJIPOUTHH CYJIb(]aT



I IMK03aMHUHOIIMKAHDI
MPOUCXOKIACHHE

T \Wg‘“
' 4 b & |

- L 2 < 7
h&“ ;) e 2EN

: \‘.“:}.#L- 4
4 |

L -
% :
" : ‘.ﬁ-” - . -
.9
v 4
»




Advance Accese publeaton 29 January 2012 - do10.1093/bjalcers15 BJA
Revised Starling equation and the glycocalyx model

of transvascular fluid exchange: an improved paradigm
for prescribing intravenous fluid therapy

T. E. Woodcock ¥ and T. M. Woodcock 2

! Critical Care Service, Southampton University Hospitals NHS Trust, Tremona Road, Southampton 5016 6YD, UK
2The Australian School of Advanced Medicine, Macquarie University, NSW 2103, Australia

* Corresponding author. E-mail: tom.woodcock@me.com

Editor’s key points

* The classic Starling
principle does not hold
for fluid resuscitation in
clinical settings.

The endothelial
glycocalyx layer appears
to have a major role in
fluid exchange.

A revision of Starling
incorporating the
glycocalyx model
appears to explain better
the responses seen
clinically.

Summary. LV. fluid therapy does not result in the extracellular volume distribution expected
from Starling’s original model of semi-permeable capillaries subject to hydrostatic and
oncotic pressure gradients within the extracellular fluid. Fluid therapy to support the
circulation relies on applying a physiological paradigm that better explains clinical and
research observations. The revised Starling equation based on recent research considers
the contributions of the endothelial glycocalyx layer (EGL), the endothelial basement
membrane, and the extracellular matrix. The characteristics of capillaries in various
tissues are reviewed and some clinical corollaries considered. The oncotic pressure
difference across the EGL opposes, but does not reverse, the filtration rate (the ‘no
absorption’ rule) and is an important feature of the revised paradigm and highlights the
limitations of attempting to prevent or treat oedema by transfusing colloids. Filtered fluid
returns to the circulation as lymph. The EGL excludes larger molecules and occupies a
substantial volume of the intravascular space and therefore requires a new interpretation
of dilution studies of blood volume and the speculation that protection or restoration of
the EGL might be an important therapeutic goal. An explanation for the phenomenon of
context sensitivity of fluid volume kinetics is offered, and the proposal that crystalloid
resuscitation from low capillary pressures is rational. Any potential advantage of plasma
or plasma substitutes over crystalloids for volume expansion only manifests itself at
higher capillary pressures.

Keywords: fluid therapy; intensive care
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I AaMKoaMUHOIJIMKAHBI:;
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e JlabopaTopHEIC IIpU3HAKU (PPEeKTa remapuHa,
IIpU OTCYTCTBUHU JAHHBIX 3a €TI0 AK30I€HHOE
BEICHHUE

 ['emapuHO-IoA00HBIN 3P PeKT

e KpoBoTeueHune + 1a00paToOpHbIC TPU3HAKH
a(pPekTa remapruHa, IIpu OTCYTCTBUU JAHHBIX 34
€ro PK30I¢HHOE BEJICHUE

 ['emapuHO-IOA00HBIN CHHAPOM

C.A. Anopetiuenko u op., 2013



@A OoHOBBIE COCTOHUSA

IlopaxeHus neyeHu
S. Agarwal et al., 2008; M. Senzolo et al., 2009

Cerncuc
M. Senzolo et al., 2009

3J10Ka4E€CTBEHHBIE HOBOOOPA30BaHUS
K.N. Fahl et al., 2009

['emMo00aCcTO3BI
G.S.Chapman et al., 1985; P. Plamas et al., 2001
L. Torjemale et al., 2009



JHAOTC¢HHbIE IelapUHbI [IPH
OepeMeHHOCTH

The defibrination syndrome has become well
recognized as an important and treatable cause of
acute generalized haemorrhagic states developing
in the perinatal period (Schneider, 1951; Soulier,
Alagille, and Larrieu, 1956). Simple and rapid
laboratory or bed-side tests have been proposed for
confirming the diagnosis (Sharp, Howie, Biggs,
and Methuen, 1958; Hardisty, 1958; Ingram and
Matchett, 1960).

Other types of acute coagulation disorders
associated with pregnancy are less common and
include unexplained vitamin K deficiency (Larsen,
1960), circulating anticoagulants affecting the early
stages of blood coagulation (Hougie, 1955), and
increased heparin-like activity of the blood (Ratnoff
and Vosburgh, 1952; Jiirgens an tein, 1954;

asure an ockaert, ). Ingram, Norris, an
Tanner (1960) have drawn attention to the fact that
heparinaemia may cause difficulty in the laboratory
diagnosis of acute coagulation disorders. The
present case is reported because it endorses this view
and emphasizes the importance of distinguishing
this state from the more commonly occurring
defibrination syndrome. Providing heparinaemia is
recognized intravenous protamine sulphate appears
to be a simple and effective treatment. Greater
awareness of its possible occurrence is therefore
desirable.

J. clin. Path. (1963), 16, 108

A puerperal haemorrhagic state due to a
heparin-like anticoagulant

M. L. N. WILLOUGHBY
From the Department of Haematology, Southern General Hospital, Glasgow




Placental dermatan sulfate:

with heparin cofactor II

Tusar K. Giri and Douglas M. Tollefsen

Pregnancy is associated with hemostatic
challenges that may lead to thrombosis.
Heparin cofactor Il (HCII) is a glycosami-
noglycan-dependent thrombin inhibitor
present in both maternal and fetal plasma.
HCII activity increases during pregnancy,
and HCll levels are significantly decreased
inwomen with severe pre-ec| ia, Der-

JHAOTC¢HHbIE IelapUHbI [IPH
OepeMeHHOCTH

isolation, anticoagulant activity, and association

present evidence that DS is the major colocalizes with DS in the walls of fetal
anticoagulant glycosamineglycan in the blood vessels and is also present in syn-
human placenta at term. DS isolated from  cytiotrophoblast cells. Our data suggest
human placenta contains disaccharides that DS is in a position to activate HCll in
implicated in activation of HCIl and has the fetal blood vessels or in the stroma of
anticoagulant activity similar to that of placental villi after injury to the syncy-
mucosal DS. Inmunohistochemical stud-  tiotrophoblast layer and thereby inhibit
ies revealed that DS is associated with  fibrin generation in the placenta. (Blood.

s fetal blood vessels and stromal regions  2006;107:2753-2758)

HCII and is abundant in the .
the locations of DS and HCII in the pla-
centa have not been determined. We

of placental villi but is notably absent
from the syncytiotrophoblast cells in con-
tact with the maternal circulation. HCIl  © 2006 by The American Society of Hematology

GAG in the human placenta at term. In addition, placental DS
contains disaccharide subunits known to interact with HCII and
stimulates thrombin inhibition by HCII in vitro. Immunohistochemi-
cal studies suggest that DS 1s positioned to activate HCII in the fetal
blood vessels or in the stroma of placental villi after injury to the
syncytiotrophoblast layer. Thus, HCII may serve to inhibit fibrin
generation in the placenta.




JHJAOreHHbIE reNapuHbI PH
OepeMeHHOCTH

e ['enapuHOIIOAOOHKIC BEILIECTBA OJIHA U3
IIPUYHH [OCIEPOAOBBIX KPOBOTCUECHU M

E. Cassele et al., 1998
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Increased Serum Concentrations of © The Author (5 2013
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CirCUIEting Glycocalyx Components in DOI: 10.1177/1933719112453508
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HELLP Syndrome Compared to Healthy ®SAGE
Pregnancy: An Observational Study

Klaus F. Hofmann-Kiefer, MD', J. Knabl, MD?, N. Martinoff, MD',
B. Schiessl, MD?, P. Conzen, MD', M. Rehm, MD',
B. F. Becker, MD?, and D. Chappell, MD'

Abstract
Severe inflammation has been shown to induce a shedding of the endothelial glycocalyx (EGX). Inflammatory cytckines, such as
tumor necrosis factor o (TNF-x), impede the thickness of the EGX. While a controlled inflammatory reaction occurs already in
normal pregnancy, women with hemolysis, elevated liver enzymes and low platelets (HELLP) syndrome had an exaggerated
inflammatory response. This study investigates the shedding of the glycocalyx during normal pregnancy and in women with HELLP
syndrome. Glycocalyx components (syndecan |, heparan sulfate, and hyaluronic acid) were measured in serum of healthy women
throughout pregnancy (4 time points, n = 26), in women with HELLP syndrome (n = |7) before delivery and in nonpregnant
volunteers (n = 10). Serum concentrations of TNF-o and soluble TNF-o receptors (sTNF-Rs) were assessed once in all 3 groups.
Syndecan | serum concentrations constantly rose throughout normal pregnancy. Immediately before delivery, a 159-fold increase
was measured compared to nonpregnant controls (P < .01). Even higher amounts were observed in patients with HELLP prior to
delivery (median |12 252 ng/mL) compared to healthy women matched by gestational age (median 5943 ng/mL; P < .01). Relevantly,
increased serum levels of heparan sulfate, hyaluronic acid, and sTNF-Rs were only detected in patients with HELLP (P < .0l).
“These findings suggest that considerable amounts of syndecan | are released into maternal blood quring uncomplicated preg-
nancy. The HELLP syndrome is associated with an even more pronounced shedding of glycocalyx components. The maternal
vasculature as well as the placenta has to be discussed as a possible origin of circulating glycocalyx components.




NH}y3MOHHO-TPAHC(PY3HOHHASA
Tepanusa M INIMKOKAJIUKC

» O0bemHas neperpyska (BNP) —
IOBPEXKICHHE

M. Rehm et al. 2004, 2010
M.S. Strunden et al., 2012



KpucramiouaHbie pacTBOPbI
IJIMKOKAJIHKC

e M30BITOK KpUCTAIOUAOB (OTEK) —
IOBPEKICHUE

e [ 'nnepxiopeMus — MOBPEKIACHUE

COamaHCUPOBAHHBIE PACTBOPEI
(MOHOCTEPUJI, IUIa3MAJIUT U p.) —
npo(UIAKTHKA MMOBPEKACHUS (HE
IpOTEeKIus!)

e [ nneprimmkemMus - MOBPEKIACHUE

M. Rehm et al. 2004, 2010
M. Jacob et al., 2013



Tpanchy3noHHass Tepanus H
[JIMKOKAJIHKC

e DHJIOICHHBIC YPUTPOLIUTHI U TPOMOOIIUTHI -
IIPOTEKIUA

e Tpanchy3us ?

M.S. Strunden et al., 2012
A.M. Larsen et al., 2013
H. Oberleithner, 2013



Tpanchy3noHHass Tepanus H
[JIMKOKAJIHKC

e C3II — nporeknus !

e AntutpoMOuH |l — mporexius !!!

R.A. Kozar et al. 2011
D. Chappell et al., 2009, 2014



Tecm c cenapunasou

6 Citrated native with heparinase
KroBera ¢ Sample
FEIIAPUHA30U
OObryHaA
KFOBCTA
R K Angle Ma PMA G EPL
min min deg mm dfsc %
5,2 1,7 68,0 66,5 9,9K F

977 2—9 22 — 58 44 — o4 3,6K—85K 0—15



KoadpuiueHT KOppeKInu
B TeCTe C renapuHasou

(r + k) HaruBHOM TIpOOHI - (I + K) remapura3HO# IPOOEI

x 100%
(r + k) HaTuBHOI TIPOOEI

e >50% - mocroBepnsiii I'TIC
e > 80% - tsokensrit [ TIC

M. Senzolo et al.,2008



Tecr ¢ remapurason

Citrated native with heparinase
Sample: 23.06.2011 08:59AM-10:47 AM

10 millimeters {

L4 Angle MA PMA G EPL
min deq mm dfsc 04
8,2 28,7 24,6 0,0 G, 0K 1,7

2—19 22 — 58 44 — 64 3,6 —85K 0—15

Koaddumument koppekimu — 65%




Jleuenue I'TIC: nporamuna cyjabgar

e DddexTuBHOCTS IN VILIo
Y. Kang, 1997

o KnnHnueckas 3(p(hDeKTUBHOCTh HE
IPOJIEMOHCTPUPOBAHA

M. Senzolo, 2009



Jleuenue I'I1C: remapunasa

e Mcnonp30BaHuE mpemnapara renapuHassl |
(HetiTpamasa) ?
J. Zimmermann, 1996

e ['emapunasa PASPYIIAET I'JTMKOKAJIMKC
D. Chappell et al., 2008



Jeuenue I'TIC: C3I11

e D(D(DHEKTUBHO
M. Senzolo et al., 2009

 He sdpdpexTuBHO
U. Thalheimer et al., 2005



Jleuenue I'TIC:
pexkoMOuMHAHTHBLIN Vla

e AnbTepHATHUBHAS TEpalus Npu
HEe3((HEKTUBHOCTHU APYTUX MOIXOHA0B

Shami V.M. et al., 2003
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I'I1IC: Ba:xHBIA BOIIPOC

e JludbdepeHmanbHas JUarHOCTHKA C
3K30I'€HHBIM I'€IIapuHOM?

- PYTUHHBIX TECTOB HE OMMUCAHO



JInarnocruka I'TIC

MDA

Microcirculation
Imaging



JlnarnocTuka I'TIC:
KIMHAYECKHUHN AJITOPUTM

 Dddekt renapuna B TOI' ¢ renapuHa3on
 OtcyTcTBHE (PaKTa BBEACHUS IrelapruHa

e OtcyrcTBHE 3(P(PEeKTa OT MpoTaMUHA
cyib(dara



I'IIC: npyrue acnexkrsl

 Yacrora BCTpeuyaeMoOCTH

JIaHHBIX HE IIPUBOIUATCSA

e Koppemsauusa mexay TskecTbro ['TIC u
reMOpPpParun4eCKuM CUHIPOMOM

He BBISIBIIEHO
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