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INTRODUCTION



Introduction

In cirrhotic patients there is an increased sudo#ipt to bacterial infection, related to the

degree of liver dysfunction (1-7) leading to seVatanormalities of defense mechanisms, all
of which increase the susceptibility to infectiangluding deficiency of bactericidal and

opsonic activities (8;9), impaired monocyte funot{@0), depressed phagocytic activity of the
reticuloendothelial system (RES) (11;12), defectoleemotaxis (13), and low levels of
complement in serum (14).

A patrticularly important role is played by the redd RES activity, which is due to the
presence of extrahepatic shunts and intrahepatiotsithrough sinusoids without Kupffer

cells, a reduced number of Kupffer cells, and imgzhiKupffer cell function (15). Thus

cirrhotics with impaired RES phagocytic activitys(assessed by the elimination of 99m
technetium-sulfur colloid) develop acute bactenmdéctions more frequently than cirrhotics

with normal RES phagocytic activity (12).

Both community (4) and hospital acquired (16) baatenfections are frequently diagnosed
in cirrhotics (17), the most frequent being spoatars bacterial peritonitis (SBP), urinary
tract infections, pneumonia and skin infections, (#eir incidence increasing with the
severity of liver dysfunction (4;18-20). Importantl half of these episodes may be
asymptomatic (3).

Recently bacterial infections and/or endotoxaenaielbeen associated with failure to control
variceal bleeding (21), more early variceal rebiegd(22), abnormalities in coagulation
(23;24), vasodilatation of the systemic vascula{@® and worsening of liver function (26).
There is an increased recognition that bacteridections are involved in several

pathophysiological abnormalities in cirrhosis, bkattin this introduction we aim to evaluate
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the potential mechanisms and the clinical evidahastrating the pivotal role of bacterial

infection. This could lead to new treatment stregeg

Endotoxaemia in cirrhosis

Endotoxaemia in liver disease was first descrilveti970 in patients with biliary obstruction
(27) and it is frequently found in cirrhotics (28)3even in the absence of any signs of sepsis
(28). Thus there are higher endotoxin concentratiarperipheral blood of cirrhotics than in
normal subjects (32;33) with a statistically sigraht gradient between portal and peripheral
blood (33), highlighting the role of the bowel & tsource of endotoxin. Both peripheral and
portal levels of endotoxaemia are correlated whih severity of liver disease (29;32;33;35)
which is more important than porto-systemic shumboin portal hypertension as a major factor

associated with of plasma endotoxin concentra2@)3Q).

Bacterial overgrowth, altered intestinal motility and increased intestinal permeability

Alteration of small bowel motility, bacterial ovegvth in the small intestine, and increased
intestinal permeability are all factors leadingitgreased endotoxaemia, the incidence of
bacterial translocation and ultimately the riskoatterial infection in cirrhotics.

In cirrhotic rats with ascites, bacterial overgrbwesults from intestinal hypomotility, and
bacterial translocation only occurs in presencewvargrowth and severe disruption of the gut

barrier (36).



In humans with cirrhosis, bacterial overgrowth heen shown in one third of alcoholic
cirrhotics, especially those with ascites and seweer dysfunction (37), and is associated
with reduced small bowel motility (38), hypochlodmna (39), decrease in intraluminal
immunoglobulins and reduced secretion of IgA (40)addition, an abnormal colonization of
the small bowel by colonic bacteria has been founcirrhosis (41). The alteration of small
bowel maotility is due to a prolonged intestinalnsd time (42) which is related to portal
hypertension by stimulation of neurons through dgesnin the intestinal wall (43). The
altered small bowel motility in cirrhosis worsengttwseverity of liver disease (44;45). A
coordinated motor function of the bowel is probalbiy most important mechanism for

preventing bacterial overgrowth (36).

Intestinal permeability is impaired by portal hyleeision (46), particularly in patients who
are Child grade C (47) or have an alcoholic aegpl(8), especially when there is ongoing
alcohol intake (49). Mucosal abnormalities of tlestgointestinal tract (leading to increased
permeability) secondary to portal hypertension, als found in cirrhotic patients (40).

Overproduction of nitric oxide (NO) is constantlgepent when there is portal hypertension,
leading to disruption of the integrity of the iniesal epithelium (50). In one study, intestinal
permeability was assessed in 80 cirrhotic patigm®stly alcoholic): an increase in

permeability was found to be correlated to the o@rce of septic complications (47).

SBP is a haematogeneous infection localising in akeitic fluid with the source of the
infecting bacteria most likely being the gut thrbugpcterial translocation. A history of SBP
is associated with more severe intestinal disntptdnd more frequent bacterial overgrowth
(38;40). Bacterial overgrowth leads to bacteriah$iocation (51) and together with increased
intestinal permeability leads to an increased $kSBP and also worsening of hepatic

encephalopathy (52-55).



Cisapride and antibiotics (such as norfloxacin asdmycin) improve both small intestine
dysmotility and bacterial overgrowth in cirrhosiS6). Interestingly, propranolol, which
lowers portal pressure, reduced the risk of posiisal infections in a cohort of 73 cirrhotic
patients (15 % vs 42 %) (57). The mechanism mayonbt be by lowering portal pressure
but also by increasing motility of the bowel by ggmpatholytic action, thus indirectly
decreasing microbial translocation to the systerimulation. A recent retrospective study of
139 patients suggested that propranolol may preSert (58). Thus propranolol could have
another mode of action in reducing variceal relilegdy preventing or reducing bacterial
translocation, thus reducing the frequency of itidecwhich may be a trigger for bleeding

(59).

Bacterial translocation

The term bacterial translocation was first coingdBerg and Garlington (60), and was later
defined as the passage of both viable and noneviaiirobes and microbial products, such as
endotoxin, from the intestinal lumen through théregial mucosa into the mesenteric lymph

nodes (MLNs) and possibly other organs (50).

There are multiple routes by which an organism aaly could translocate from the gut to

extra-intestinal sites (retrograde migration to lthegs, direct transmural migration across the
intestinal wall, lymphatic migration via Peyer'stgaes, MLNs, the thoracic duct and the
systemic circulation or via vascular channels tachethe portal system) (50), but in the
setting of liver cirrhosis the intestinal macropbsagseem to play a key role by carrying

bacteria from the gut to MLNs (61).



The principal factors that normally prevent bactkenianslocation are the balance of intestinal
bacterial populations (essentially controlled byigialsis), the integrity of the intestinal

barrier and immunocompetence (17).

In addition decreased killing of bacteria may bgpamsible for increases in colony-forming
units in the MLNSs, rather than an increase in tegithelial penetration (50), as most
microbes which breach the epithelial barrier ateedi(62). Thus, for bacterial translocation
to become clinically significant, a failure of ldcand/or systemic immune defence, as is

commonly present in cirrhotic patients, is alsauiszg (50).

In experimental models of liver cirrhosis, bactetranslocation has been reported to occur
with an incidence ranging from 37 to 83 % (50).tRldnypertension is one factor determining
bacterial translocation, as it increases in ciithodts after the development of ascites (63),
but other factors also have a role, such as reddetzhses and bacterial overgrowth (64). A
lower rate of translocation has been observed irntapwein ligated rats with chronic

prehepatic portal hypertension but without parentdiyliver damage, which also have milder
histological changes in the bowel (64;65). In hunwamhosis the incidence of bacterial

translocation is also related to the degree ofgbdrypertension and liver dysfunction, and is
found in approximately 30 — 40 % of cirrhotics widscites (36;63;66;67) and is more

frequent in Child C compared to Child A and B ousis (66).

Only a few types of intestinal bacteria are ablérémslocate into mesenteric lymph nodes:
Escherichia coli, Klebsiella pneumoniae, other Eotiacteriaceae, Pseudomonas aeruginosa,
Enterococci and some Streptococci (68). These hactenstitute up to three quarters of

microorganisms isolated in SBP (69). In cirrho@tsy genotype identity is frequent between
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the ileal flora and the bacteria colonizing mesentgmph nodes (70). A recent study found
that 7 of 17 advanced cirrhotic patients with adtnegative, nonneutrocytic ascites had the
simultaneous presence of bacterial DNA in blood asditic fluid at admission to hospital
and which persisted in blood for 24-72 hours (/Huyrthermore, nucleotide sequencing
demonstrated that bacteria detected in the firstpta were identical to those noted in
subsequent detections over time, proving that battéranslocation is a single-species,
dynamic process (71). Cirrhotics are also predisgpds spontaneous infections other than in
ascites (72-76) by intestinal bacteria (72;75-7§)aaconsequence of bacterial translocation
(63). Selective intestinal decontamination withilaintics reduces bacterial translocation (66)
and decreases the risk of infections, especiathgeldue to Gram negative bacteria (78;79).
This again supports the role of intestinal bactegsaa source for infections in cirrhotics and
may explain why prophylactic antibiotics both oyalind intravenously are so effective in

reducing infections during variceal bleeding (80).

Effects of endotoxaemia and infection

Chronic exposure to sublethal levels of endotoxiaymrime liver parenchymal cells for
production of NO when exposed to increased levélsnolotoxin and/or TN (81). NO
itself may prime monocytes to endotoxin (82), a#l & other biological mediators, released
by endothelial cells when exposed to biomecharstiahuli such as shear stress in portal
hypertension. In ascitic cirrhotics, monocytes sgpentaneously activated mainly by enteric
bacterial products to produce TNFand contribute in a major way to the elevated reeru
TNF-a (83).In response to endotoxin, in cirrhosis, there isn@neased release of TNE-IL-

1 and IL-6 and an increased expression of CD11b8@ithe surface of monocytes (82;84),
not only due to the preactivation status of monawltages but also due to a reduced
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catabolism of cytokines accompanying hepatic dydfon (85-87). Cirrhotic patients with

bacterial infection have very large concentratiohendotoxin in the systemic circulation and
a marked and sustained increase in TN&nd IL-6 concentrations (88). These remain high
for a longer time as compared to non infected deemsated cirrhotics and non cirrhotic
infected patients (88). Treatment with norfloxagina recent study in 60 alcoholic ascitic
cirrhotic patients normalised the increased nundfemonocytes, reduced their activated

phenotype and their ability to produce THHKS83).

As endotoxin is primarily removed by Kupffer ce{&9), the hepatic RES modulates most of
the effects of endotoxin on the liver (such asease of ICAM-1 expression on hepatocytes,
endothelial cells and macrophages) (90). Clinicalye increased endotoxin concentrations
may lead to increased disturbance of the systemcragional circulations, coagulopathy,
encephalopathy, and lead to both renal and hefaalice and ultimately death, in chronic as

well as acute liver disease (28;34;91-95).

Influence of infection on haemodynamics

Arterial vasodilation, particularly in the splanebmirculation, is a major causative factor in
the pathogenesis of the hyperdynamic circulatorlgdeyme that is well documented in
cirrhosis with portal hypertension (96). The impaant in vascular contractility with
hyporeactivity to vasoconstrictors in cirrhosis ;@) is due to overproduction of NO
(97;99;100), the major source being endothelialmadxide synthase (NOS) (101), as well as

other mechanisms (102).
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Bacterial translocation, in the presence of podtayic shunting and reduced hepatic
clearance, leads to the presence of bacteria, @didet and cytokines in the systemic
circulation (25;50), thus enhancing NO producti@03-105). The latter occurs via a direct
stimulatory effect of endotoxin, but also by endatoinduced secretion of cytokines such as
TNF-a and via GTP-cyclohydrolase | which increases bgtlaobiopterin (BH) synthesis (an

essential cofactor in synthesis of NO) (106). Tihigease in NO further aggravates arterial

vasodilation in cirrhosis (17;25;107).

Cirrhotics with bacterial translocation have haegmaimic derangement (108). Systemic
vacular resistance (SVR) is lower and cardiac dutpgher in cirrhotic patients with
endotoxaemia than in those without (32); Moreaalatbserved that cirrhotic patients with
septic shock had lower vascular resistances thaenps with septic shock without cirrhosis
(109). Levels of lipopolysaccharide binding prote{(bBP), a surrogate marker of
endotoxaemia, are increased in 40 % of cirrhotith ascites, but not in cirrhotics without
ascites (108), suggesting that the increase iatailevels due to endotoxaemia and bacterial
translocation might be related to worsening of @loniypertension and/or liver function. This
is in agreement with the finding that serum nitdateels not only correlate significantly with
endotoxaemia (29) but are also increased in ciohmdtients with ascites or kidney failure
and are associated with high plasma renin actidtgipsterone and anti-diuretic hormone
levels and low urinary sodium in cirrhotics (29Very interestingly, selective intestinal
decontamination can normalize LBP levels, reducérand nitrate levels and increase SVR
in these patients, but it had no effect on patievita normal LBP (108). In another study,
cirrhotic patients with high TNIle- concentrations in mesenteric lymph nodes (sugugsti
bacterial translocation) had a higher cardiac ingles a higher portal pressure (110). In rats
with portal hypertension, inhibition of TNé&-production is accompanied by amelioration of

the hyperdynamic syndrome and even a decreasertal poessure (111-113). These studies
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suggest that endotoxaemia and bacterial infectian exacerbate the haemodynamic
alterations in cirrhosis, thus leading to a furthveorsening of portal hypertension via
activation of neurohumoral pathways and furtherdfloetention in response to systemic
vasodilatation. The correlation between the presemé endotoxaemia or bacterial
translocation and the worsening of the haemodynatatus is confirmed by the fact that
intestinal decontamination reduces nitrate and &nxdo levels and vasodilation, both in
cirrhotic patients (29) and in an experimental giathotic model (114). In the latter study
intestinal decontamination also reduced the deveéoy of ascites (114). In a human study
basal forearm blood flow and the vasoconstrictifiece of the NOS inhibitor, &
monomethyl-L-arginine was increased in cirrhotiesnpared to controls but returned to
normal in cirrhotics after selective intestinal detamination with norfloxacin (115). In a
recent study in 14 patients with alcoholic cirrlso&5), selective intestinal decontamination
reduced serum endotoxin concentrations and partrelfersed the chronic peripheral and
systemic vasodilatation by increasing SVR and naetarial pressure and decreasing cardiac
output and forearm blood flow. Interestingly, HVR@s also decreased by a mean of 2.43
mm Hg (25), further strengthening the hypothesat thacterial products contribute to the

hyperdynamic circulation and portal hypertensiogimrhosis.

In addition to the direct effects of the releaseadoactive mediators such as NO with regard
to the worsening of the haemodynamic derangememfected cirrhotics, the release of
inflammatory mediators may also play a role. Tumaecrosis factor alpha (TNé} is
involved in the pathogenesis of the hyperdynamigsyme in portal hypertension (111;112);
the gut and its associated lymphoid tissue pro@dincerelease TNB-in response to bacterial
translocation even in the absence of portal oresy&t spread of bacteria (116;117). Vascular

reactivity in cirrhotic rats with bacterial transktion to the MLNs is more impaired than in
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those without translocation and is most likely doen increase in endothelial NOS activity

mediated by TNF& (103).

Renal failure in SBP occurs in the setting of aense inflammatory response and is related
to deterioration of circulatory dysfunction (as wmo by higher aldosterone and
norepinephrine levels and plasma renin activity)8j1 it can be viewed as the result of the
combined circulatory dysfunction of cirrhosis, amsépsis, thus leading to additional
stimulation of the renin-angiotensin system. Citit® with SBP who developed renal
impairment had significantly higher ascitic fluidvkls of neutrophils and both plasma and
ascitic fluid levels of TNFa and IL-6, than those without renal impairment (119
Hepatorenal syndrome (HRS), which is accompaniedheymost extreme haemodynamic
derangement in cirrhosis, is associated with irsgdaconcentrations of IL-6 and TMF-as
compared to patients with liver failure and normrahal function (120). After liver
transplantation, IL-6 and TN&-levels return to near normatoncomitant with improving
renal function, suggesting that IL-6 and TRFemanating from the liver may play a role in
HRS (120) This could be either through TN-induced oxygen radical formation by
mesangial cells (121) or through TNF+elated increase in NO by mesangial (122) or
endothelial cells (123). Another link between inflmation and haemodynamic dysfunction is
the finding that patients with gross ascites maddased levels of C-reactive protein (35) and
that serum nitrate levels were correlated to leeélsrosomucoid (a protein synthesized by
the liver in response to cytokines) (124;125). Tmeant with intravenous albumin in addition
to antibiotics reduces the likelihood of renal inmpeent in SBP (126), not only by albumin
expanding the decreased plasma volume but posaibty by binding of cytokines or NO

(127-129) or its antioxidant effect in sepsis (123®;131). Renal failure occurs frequently in
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patients with variceal bleeding so that bacten&dtion may contribute directly to this over

and above any hypotension which can lead to aabtddr necrosis.

Endotoxin also stimulates the synthesis of endoth€l32), the renal production of
thromboxane A2 (133) and increases the plasmad@fdeukotrienes (134), all of which act
as renal vasoconstrictors. This release of vagoddaand renal vasoconstrictors due to
infection may be another factor contributing to ttevelopment of renal impairment in SBP

(135).

The most consistent clinical data on the influerafe bacterial infection on systemic
haemodynamics in cirrhotic patients has been redornt the setting of SBP: renal impairment
develops in one third of patients (135), especiafiythose with the highest degree of
inflammation as expressed by higher concentratioih€ytokines in plasma and ascites
(118;119). SBP is associated with a worsening efthiemodynamic status as shown by the
activation of the renin-angiotensin system (119)sea by the decrease in effective arterial
blood volume as a result of infection (119;135)edtment with cefotaxime and albumin as
compared to cefotaxime alone leads to less renahimment and lower mortality, and lower
levels of plasma renin activity (126). Thus in SBiRculatory dysfunction develops which
may be prevented by albumin treatment. Recentlgniother study (118) WHVP and HVPG
increased (from 19.0£2.6 to 23.6+2.6 mm Hg, p<0)d@9 cirrhotic patients with SBP and
renal failure despite a decrease in effective iafteblood volume and the systemic
vasodilatation. This emphasizes the differentig¢atfthat the same stimulus can have on the
systemic and splanchnic circulations. When SBP ssoeated with systemic circulatory
dysfunction there is an increase in HVPG, whickhsught to be secondary to the action of
endogenous vasoconstrictors on vascular smooth lenustls in small venules and on

activated hepatic stellate cells (myofibroblasts36). In the setting of portal hypertension
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there is a relative deficiency in NO in the intrphic circulation, thus increasing the

susceptibility to vasoconstriction (15).

Endothelin-1 (ET-1) is the most potent mediatost#late cell contraction (137) and in the
liver ET-1 receptors predominate in hepatic stellzlls (138), which have an important role
in the regulation of intrahepatic portal hypertensin cirrhosis (139). Both endotoxin itself
and the cytokines released in response to it, @enpstimuli for the production of ET-1 (59),

which may act in combination with cyclooxygenas@ducts to increase portal venous
resistance during endotoxaemia (140). In the circHwver there is a greater induction of the
vasoconstrictor (ET-1) over vasodilatory forces (NQarbon monoxide) after

lipopolysaccharide (LPS) injection (141). There ascompromised ability to upregulate
sufficient vasodilatory forces to counterbalance tonstrictive effect of ET-1 following

increases in endotoxaemia, thus leading to incdem$ahepatic resistance. This would result

in an acute increase in portal pressure.

Other vasoconstrictors such as angiotensin Il ardpinephrine can also lead to an increase
in intrahepatic resistance in rats and in vitro B1ed(136;142;143) and thus lead to an
increase in portal pressure (118). These mediai@sncreased in cirrhosis and are further

augmented in response to the systemic vasodilatatourring in bacterial infection.

Thus, if infection has a causal role in preciprgtvariceal bleeding then it could be acting via
an increase in portal and/or variceal pressurerslrg to a rise in intrahepatic resistance as
we have previously outlined as part of our hypathesggesting infection may be a trigger

for variceal bleeding (21).

17



Influence of infection on coagulation

Using thromboelastography (TEG), 20 cirrhotic patsewho had bled from varices, and then
suffered early rebleeding were found to have a 018G trace on the day before rebleeding
as compared to those who did not rebleed (144). PBameters have also been found to
worsen in 84 decompensated cirrhotic patients enpttesence of bacterial infection (145). A
recent study found heparin activity in blood byngsheparinase I-modified TEG in 28 of 30
patients with bacterial infection, but not in nariected patients, and this effect disappeared
after resolution of infection; other coagulationrgraeters were not modified significantly
(23). This heparin activity was subsequently foutawl be associated with anti-Xa
concentrations in many, although not all patiestggesting that the heparinase effect is due

to an endogenous low molecular weight heparin (24).

In a single study plasma heparan sulphate condemisawere significantly raised in patients
with recent variceal bleeding as compared to thasigout bleeding or non cirrhotic patients
(146). Endotoxin or cytokines could release hepags from endothelium in a dose-
dependent manner (23) and mast cell activationtdumacterial infection could also release
heparin. Mast cells and activated endothelial cdl® are able to release tissue plasminogen

activator (t-PA), which induces fibrinolysis (23).

Sepsis causes defects in platelet aggregation,(@dd)this may constitute another reason for
an impairment of the haemostatic process in ciichmdtients, either via a decrease in platelet
aggregation due to NO (148) or due to the fact ématotoxin and ET-1 can impair platelet

aggregation through the release of prostacycli9{1%i).
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The production of cytokines in the presence of dxéalt infection can lead to the activation of
clotting factors and fibrinolysis (152;153). In 30 of patients with advanced liver disease an
accelerated intravascular coagulation and fibrisislyias been shown, and these patients are
prone to develop DIC if sepsis occurs (154).

Hyperfibrinolysis has been directly associated vg#strointestinal haemorrhage in cirrhotic
patients (155-158); unfortunately presence of id@cwas not documented in these studies.
Bleeding from oesophageal varices has some caoelatith the circadian rhythm of
fibrinolysis in cirrhotics (159)Features of DIC have been reported in cirrhotitepés with
variceal haemorrhage, especially in those who diecamtinued bleeding (160), where
multiple transfusions may be a confounding facktwmwever there is little evidence for DIC
occurring as a primary event in cirrhosis (161).r&btwer, another study found a strong
association in 41 cirrhotic patients between emiemia and high plasma levels of
prothrombin fragment F1+2 and D-dimer (a patterggestive of secondary fibrinolysis),
which interestingly then returned to normal aftémanistration of non absorbable antibiotics
(162). A recent report showed a lower protein C actiwitycirrhotics with severe sepsis as
compared to those with non severe sepsis or witkepsis; this deficiency in protein C

activity is associated with significant inflammataesponse and DIC (163;164).

Influence of infection on liver damage

Normal liver microcirculatory function is maintaimhdy a balance of vasoconstrictors (ET-1)

and vasodilators (NO, carbon monoxide) (141). Berldotoxaemia and cytokines such as

TNF-a and IL-1 cause hepatic necrosis by disruptionhef microcirculation (165-168), the

alteration in microcirculation due to endotoxinrmemediated via Kupffer cells (169).
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Endotoxin leads to the activation of Kupffer cellsd the subsequent release of cytokines that
worsen liver failure in several experimental mod#l&ver failure (170-172). This production

of proinflammatory cytokines and prostaglandingdge#o infiltration of leukocytes and then
liver failure (93). LPS has also been found to cela marked influx of activated neutrophils
into the liver. These are a source of reactive erygpecies (173), which are also triggered by
LPS itself, as well as nitrogen species (174) legqdo lipid peroxidation in the liver and

secondary damage to hepatocytes.

Kupffer cells play a pivotal role in endotoxin-inckd hepatic injury (175-177). LPS triggers
production of IL-B, TNF-a, IL-12, IL-18 from Kupffer cells, IFN¢ from hepatic
lymphocytes, and induces Fas-Ligand on the suda®dK cells, all leading to hepatic injury
(178). TNFa is hepatotoxic in itself, inducing the apoptosihepatocytes (179;180). LPS-
induced liver failure in mice is prevented by inkidn of NF-kB, thereby decreasing cytokine
production (181). In addition, hepatocytes have tmame receptors for both endotoxin and

the lipid A component of LPS, thus offering anotpessible pathway for liver injury (172).

Antibiotic treatment prevents early liver injuryused by ethanol in rats (182) and both
cisapride and antibiotics improve liver functionamrhotic patients (56), strongly suggesting

that bacterial products via translocation can wotseer function.

Other clinical evidence also suggests that livanction may be worsened by bacterial
infections. Indeed, infections can aggravate lidgsfunction in patients with cirrhosis
(26;183) and severe liver failure occurs in mostigmés with cirrhosis and septic shock
(109;184;185). Thus sepsis may affect liver functindependent of its haemodynamic

effects.

20



Clinical evidence linking bacterial infection to vaiceal haemorrhage

Bacterial infections are frequently associated wigiper gastrointestinal (Gl) bleeding in
cirrhotic patients (18;183;186;187), developingimto 66 % (20 % within the first 48 hours,
35-66 % within 2 weeks) (2;18;188;189). About tvwards of these infections are present at
hospital admission, while the remaining third depsl during admission (3). Moreover,
bacterial infections are more common in cirrho&tignts with acute variceal bleeding than in
those admitted to hospital with other forms of depensation such as encephalopathy
(3;190).

Our group showed that proven bacterial infection,aosurrogate of its presence, use of
antibiotics, had the strongest independent assogiatith failure to control bleeding in
cirrhotic patients with variceal bleeding, everosger than active bleeding at endoscopy and
severity of liver disease (21). Recently a progpecturvey of 1037 cirrhotics reported that
the 297 with proven infection had a fourfold ingean the incidence of Gl bleeding (8 % vs
2 %, p<0.001) compared to 346 known not to havéebiat infection, and that infection was
independently associated with the occurrence dfa@@morrhage (191).

The strong association between infection and vakiddeeding in cirrhotics has been
confirmed in several studies: association withuf&l to control bleeding (21;192), early
rebleeding (2;191;193) and mortality (192).

Two meta-analyses have shown that antibiotic priapiy prevents infections in cirrhotic
patients with gastrointestinal bleeding and sigaifitly increases the short-term survival rate
(80;187). The improvement in mortality is equivdlemthat seen with terlipressin (194). In a
very recent randomised study of 120 patients prigglig ofloxacin compared to on demand
antibiotics was shown to prevent early rebleed®y% vs 64 %, p<0.01) and to decrease the
amount of blood transfused (1.40+0.89 vs 2.81+22i8s, p<0.05), in addition to preventing

bacterial infections (22). Therefore, since ourdtiesis was published (59), there are now a
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number of publications strongly suggesting a calisklbetween the presence of an infection
and the initiation of acute variceal bleeding asdssociated early rebleeding, and supporting

our hypothesis.

Worsening of liver function is a recognized risktfa for first variceal bleeding (195), so that
infection might contribute to this risk, or indedd a trigger for variceal haemorrhage,
particularly as the liver damage occurring in sgepsay itself contribute to an acute increase

in portal hypertension.

The risk for portal hypertensive related bleedmgirrhotic patients is related to the degree of
portal hypertension, liver dysfunction and to tleesand endoscopic appearance of varices
(195). However trigger factors are not known. la #etting of portal vein thrombosis in non
cirrhotic patients, where often there are oesopdlagaices of the largest size with red signs,
the incidence of bleeding is much lower than inhgtics with similar varices (196). Thus the
bleeding rate in portal vein thrombosis has beaun@nted as 12,5 episodes per 100 patient
years (197;198), whereas the risk of first bleedmntp Child grade A cirrhotics with large
varices and moderate red signs is 24 % in 1 yedirahild grade C with small varices and

no red signs it is 20 % (195).

The difference probably lies in the presence oérlidisease (although the thrombophilic
conditions often associated with portal vein throsib cannot be discounted). Cirrhosis
predisposes to risk of infection, which is not répd in non-cirrhotic portal hypertension. In
particular bacterial translocation is much lesgjdient in rats with portal vein ligation as

compared to cirrhotic rats (64;65).
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This increased release of endotoxin and viablegb@acinto the portal and systemic circulation
is closely related to liver cirrhosis, with portatpertension and liver dysfunction influencing
increased intestinal permeability and altered srballvel motility on the one hand and
bacterial overgrowth on the other (Figure 1). Tbev Igrade endotoxaemia leads to the
priming of monomacrophages and an increase of N® TawF-0. Bacterial translocation
causes a further increase in NO and TiNFa reduced response to vasoconstrictors and an
increased risk of bacterial infection, with theasated risk of variceal bleeding, renal failure,

hepatocellular injury, hepatic encephalopathy aodtahty (Figure 2).

The possible causative role of bacterial infectionvariceal haemorrhage, is less easily
understood, but nevertheless is most intriguing).(®8deed, the known risk factors for
variceal bleeding (HVPG, liver function, size ofriees and presence of red signs) do not
readily explain why bleeding and early rebleedirccuws unpredictably in patients with
cirrhosis. Portal pressure rises significantly wdtily meals as well as exercise (199;200), yet
despite these marked daily changes bleeding egsaréerelatively infrequent. Thus a merely
mechanical understanding of variceal bleeding asom@sequence of portal pressure and
tension on the variceal wall does not in our viexplain the pattern of variceal bleeding.
Endotoxaemia secondary to bacterial infection nmaleed be the critical trigger for variceal
haemorrhage (59), since it produces a wide sefieffects that may predispose the cirrhotic
patient to bleeding: impairment of primary and setary haemostasis, increase of portal

pressure and worsening of liver function (Figure 3)

23



M ETHODOLOGICAL STUDIES REGARDING
THROMBOELASTOGRAPHY

24



THE EFFECTS OF UNFRACTIONATED HEPARIN , LOW MOLECULAR WEIGHT
HEPARIN AND DANAPAROID ON THE THROMBOELASTOGRAM (TEG): A
COMPARISON OF STANDARD AND HEPARINASE MODIFIED TEG WITH
CONVENTIONAL COAGULATION ASSAYS

Introduction

Thromboelastography, developed in 1948 (201), le&s lused extensively as a research tool
and more recently has been employed during livemsplantation and cardiac surgery to
assess coagulation and guide blood product repkmtem the peri-operative period (202-
204). The initial unpopularity of TEG as a coagulattest was in part due to the poor
understanding of how variables in the coagulatigstesn affecting the TEG, how these
variables correlate with other more conventionatteig tests and how the procedure should
be standardised (205-207). More recently, a nurobstudies re-investigating the properties
of the TEG have been published, prompted by theeasing use of the TEG in clinical

practice (208-214).

Thromboelastography provides a global and dynamsessment of coagulation that is not
addressed by most conventional laboratory coaguatests (215). Conventional assays
terminate with the formation of a fibrin clot, am#nce possess a well-defined end point
which is easily standardised. Different parts @& ttotting cascade are artificially isolated in
these assays, and therefore they tend not to refleer haemostatic abnormalities that might
interfere with the formation of a stable fibrin tleuch as for example impaired platelet
function. In contrast, TEG starts to generate dathe point at which fibrin strands begin to
form, and as such is a more dynamic and globalstiyation, with multiple measurable

endpoints (216). This reflects the interaction kesiw platelets, the clotting cascade and

25



fibrinolysis. TEG is sensitive to qualitative andnse quantitative differences in platelets,

proteins of the clotting cascade and fibrinoly&%4;218).

The TEG trace can be modified by several factans blecause of the increasing use of TEG
during surgical procedures in which the adminigtratof heparin is routine, the effects of
heparin and heparin-related compounds have beenmit& widely studied (219-224).
Commercially available TEG cuvettes coated withdng@ase | can be used to inactivate
heparin and other glycosaminoglycans (GAGs) suchegsran sulphate, for the assessment
of TEG in patients who have received heparin (228)2 However, little data has been
published regarding the correlation between thealklas of the standard and heparinise-
modified TEG with conventional clotting tests. Theesentin vitro study was divided into
two parts: in the first part, the sensitivity ohstlard TEG parameters was compared with
conventional assays of coagulation for the detactib unfractionated heparin (UFH), low
molecular weight heparin (LMWH) and Danaparoid ihoke blood, over the concentration
range of 0.025 — 1 U/ml. In the second part, thesisigity of heparinise-modified TEG
parameters was compared with the standard (unreddliiEG and conventional assays of
coagulation, for the detection of very low concatitms of UFH, LMWH and Danaparoid

(concentration range of 0.005 — 0.05 U/ml).

Materials and Methods

Heparins and Danaparoid

Unfractionated heparin (UFH) was supplied by CPrRlageuticals Ltd., Wrexham, UK. Low

molecular weight heparin (LMWH) — Dalteparin (Fragm®) was supplied by Pharmacia &
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Upjohn, Milton Keynes, UK. Danaparoid (DPD) — Orga® was supplied by B & S Durbin

Ltd., Middlesex, UK.

ubjects

This study was performed as part of a larger orgg@tudy of Thromboelastography in
various medical disorders, which has been appriyethe local research ethics committee
(LREC) of the Royal Free Hospital. Blood samplesrevégaken from ten healthy male
volunteers for each part of the study. For alljscts, baseline haemoglobin, white cell count,
platelet count, prothrombin time (PT), activatedtiphthromboplastin time (aPTT), thrombin
time (TT), reptilase time, anti-Xa activity, standad EG and heparinase | modified TEG were

all within the reference ranges for these invesigs.

Blood sampling

Blood samples were collected into plastic 10ml tealts Monovett® vacuum tubes
containing sodium citrate solution (final concetiti 0.106 M), using a 19G needle and no
tourniquet. In the first part of the study, a 10usulution of LMWH, UFH or Danaparoid
was diluted 1/10 with citrated whole blood, andiaedilutions were made using citrated
blood to achieve final concentrations of 1.0, @25, 0.1, 0.05 and 0.025 U/ml. Control
samples were prepared for three subjects usinggaal eolume of 0.9% (isotonic) saline
instead of heparin / Danaparoid and diluting withated blood using the same protocol. This
was in order to exclude a dilutional effect on lnamagulability from the addition of these
drugs, and to determine the stability of the sampler the time from phlebotomy to
completion of all TEGs. In the second part of thelg, serial dilutions of LMWH, UFH or
Danaparoid were made to final concentrations 05,00025, 0.010 and 0.005 U/ml. After
phlebotomy, all samples were allowed to stabiliseiirate for at least one hour prior to TEG
analysis (229;230).
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Thromboel astography

Disposable standard and heparinase | coated plagtiettes and pins were supplied by
Medicell UK (for Haemoscope Corp., Skokie, IL). Twimemoscope Thromboelastogr@&ph
coagulation analysers were used for this studyl @0@0mmol calcium chloride were added
to a 34Ql aliquot of test blood (total volume 36K) in the cuvette to reverse citrate chelation,
and mixed by raising and lowering the TEG pin thtieges. A thin film of mineral oil was
floated on the surface of the blood to prevent evamon during analysis. The cuvettes were

pre-heated to 37°C in the analyser.

In the first part of the study, TEGs on saline ae@arin / Danaparoid spiked samples from
the three control subjects were performed in palratleach concentration. Standard and
heparinise-modified TEGs for each sample dilutiothie second part of the study were also
performed in parallel. Tracings were recorded amlysis stopped once the tracing had
reached the maximum amplitude, or after 60 minifitestraight-line trace was produced.
Clot retraction and fibrinolysis were not assedsdtiis study. TEG variables assessed were
reaction time (R-time), clot formation time (K-tilpelot formation rated-angle) and
maximum amplitude (MA) (Figure 4). A value of 60ifmates) for R-time and K-time, and 0
(degrees) foo-angle and 0 (mm) for MA were assigned arbitrata\straight-line traces.
Reference ranges for these variables were obt&iaedMedicell UK (for Haemoscope
Corp., Skokie, IL, based on a normal populationme&a 2 SD), and were confirmed by our

own in-house assessment of 20 normal subjectstinertocal population.
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Other coagulation assays

In addition to a TEG, the PT, aPTT, TT, and anti-x&ivity were determined for each
sample. A reptilase time was also performed on #&snfrom three control subjects to
confirm that abnormalities of coagulation in thettesamples were due to heparin and not an
intrinsic abnormality of coagulation. Approximatelysml blood from each sample dilution
was centrifuged at 12009 for 12 minutes @t} the plasma aspirated and re-centrifuged for a
further 12 minutes. The supernatant plasma wa®ifrez -40C until testing. Clotting times
were assayed using standard techniques, with dfulira® Coagulation Analyser from
Instrumentation Laboratories, Warrington, UK. AKW& activity was determined using a

chromogenic assay (Sigma Diagnostics, UK).

Satistical analysis

Descriptive statistics for all TEG and conventiotesdt parameters are expressed as the mean
+ the standard error of the mean (SEM). The chamgach TEG parameter vs. concentration
(for both parts of the study) was analysed by datowg a summary slope of each parameter
for each individual subject, and then assessingrtean of the summary slopes with a two-
tailed t-test. The correlation between TEG paramseted conventional coagulation assays
was evaluated by comparing means of summary slam#sg Pearson’s correlation

coefficients.

For the second part of the study looking at lowosmtrations (0.005-0.05 U/ml) of heparins
and Danaparoid, the effect of heparinase on eadh p&rameter at each concentration was
evaluated using a paired two-tailed t-test. In ptdecompare the sensitivity of heparinise-
modified thromboelastography with the anti-Xa as$awy detecting differences between
concentrations of heparins and Danaparoid in thga#@®.005-0.05 u/ml, two-tailed p-values

were calculated using mean summary slopes for ifferehce between heparinase-modified
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and standard TEG parameters vs. concentration, hwhiere compared with p-values
calculated from anti-Xa summary slopes. All caltiolas were performed with SAS for

Windows version 8.02 and Microsoft Excel 2000.

Results

Tables 1a and 1b show the mean * the standard(&fd) for each TEG parameter and
conventional assay performed in ten subjects #ffitst part of the study (concentrations of
heparins and Danaparoid 0.025-1.0 U/ml). The meS&M of standard and heparinise-
modified TEG parameters and conventional testoopaed in ten subjects from the second
part of the study (concentrations of heparins aaddparoid 0.005-0.05 U/ml) are presented
in Table 2. Values outside the normal range aretliméd in both tables. In the both parts of
the study, the addition of UFH, LMWH or Danapartoccitrated whole blood resulted in
prolongation of the R-time and K-time, and reductio thea-angle and MA of the standard
TEG compared with control samples. The highest eotmation of each anticoagulant (1.0
U/ml) produced a straight-line trace for up to 6wumes, demonstrating complete inhibition
of fibrin formation. TEG parameters were withire tteference range for all saline control

samples.

The results indicate that measurable differencesTHG parameters occurred at lower
concentrations of UFH, LMWH and Danaparoid thamdéad PT, aPTT and TT assays were
able to detect. In the first part of the study, @amtrations of all three anticoagulants of less
than 0.1 U/ml were undetectable by PT, aPTT or 33ags, but caused a reduction in the MA
of the TEG for all three anticoagulants (Tables d#l 1B). The K-time was prolonged by

LMWH at 0.025 U/ml, but not by UFH or Danaparoidfasis concentration. In the second part
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of the study examining low concentrations (0.0080J/ml) of heparins and Danaparoid, the
PT, aPTT and TT were within the reference rangedlbrsamples, but there was still a
reduction (outside the reference range) in the MAhe TEG at concentrations of UFH of
0.025 U/ml, and concentrations of LMWH and Danaghdown to 0.005 U/ml (Table 2).

The K-time was prolonged by LMWH at concentratioh$.005 U/ml, by Danaparoid at 0.01
U/ml, and UFH at 0.05 U/ml. Overall, the R-time améngle were the least sensitive of the

TEG parameters in this study.

In the first part of the study, the variation il &@ur TEG parameters was concentration
dependent over the range 0.025 to 1.0 U/ml, forttakke anticoagulant drugs (p<0.0001)
(Table 3A). In the second part of the study, thecemtration dependent variation in all four
TEG parameters due to UFH over the range 0.0050& O/ml was still significant (p<0.02),

but changes in TEG parameters caused by LMWH oapamid were not significant at these
low concentrations (Table 3B). Overall, there wascorrelation between TEG parameters
and the conventional clotting assays over the egtincentration range of 0.005 to 1.0 U/ml

for any of the anticoagulants studied.

TEG parameters were within the reference rangalfdests performed in heparinase | coated
cuvettes in the second part of this study, sugggsthat the enzyme had successfully
neutralised the anticoagulant effect of all thresegd. ‘Heparinase-modified’ TEG parameters
were calculated as the difference between TEG pateasrecorded from aliquots of the same
blood sample tested in standard and heparinasatéddEG cuvettes in parallel. All four
heparinise-modified TEG parameters were signifiarnhe lowest concentration of LMWH
and Danaparoid studied (0.005 U/ml; p<0.05) (Tabdleln contrast, only the heparinise-

modified K-time andx-angle were significantly sensitive to UFH at tb@centration.
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Heparinase-modified TEG parameters were furtherpaoed with the sensitivity of the anti-
Xa assay for distinguishing between concentratafrel three anticoagulants over the range
0.005 to 0.05 U/ml. In addition to significantly tdeting the lowest concentration of UFH
studied (0.005 U/ml), the heparinise-modified K¢imnda-angle of TEG were found to be
more sensitive at distinguishing between conceotratof UFH across the range 0.005 to
0.05 U/ml than the anti-Xa assay (p<0.01 vs. p=0.4Bcontrast, the opposite was observed
with LMWH and Danaparoid over this concentrationga (p<0.05 for anti-Xa vs. p>0.1 for
heparinise-modified TEG) (Table 4). The resultsgasg that at low concentrations of UFH,
heparinise-modified thromboelastography may be nsergsitive than the anti-Xa assay for

detecting differences between small amounts of WHblood samples.

The clotting activity of citrated blood samples didt deteriorate significantly with storage
for several hours prior to analysis, as demongtratethe preservation of TEG parameters
within the reference range over time for salinetadrsamples. These controls also confirmed
that observed effects on TEG or coagulation asseys not due to haemodilution from the
addition of heparin / Danaparoid to blood sampReptilase times performed in three control
subjects were within the reference range (reswatshown), confirming that changes in TEG

and coagulation parameters in this study were dlieet addition of heparin / Danaparoid.

Finally, it is of note that UFH, LMWH and Danapataignificantly prolonged the aPTT at
concentrations similar to those expectadvivo when prophylactic doses are administered
subcutaneously (i.e. approximately 0.3 u/ml). Uctienated heparin given subcutaneously
might prolong the aPTT at this concentration, bnaippylactic doses of LMWH should have
little or no effect on the aPTT. This discrepancghably results from thian vitro addition of

these drugs to blood samples in what would be edpriv to an intravenous route of
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administrationin vivo, and increased relative bioavailability of eacti@agulant due to the

absence of endothelial cell binding.

Discussion

The TEG is increasingly used in surgery to detéaba coagulation changes and guide blood
product replacement peri-operatively. Most expeweno date has been achieved during
hepatic and cardiac surgery (231-234), but theofiSEEG in other settings is also increasing
(235). The observation from the present study &b is extremely sensitive to very small
guantities of UFH, LMWH and Danaparoid in whole ddiois significant, because many
patients undergoing surgery receive some form qfahe therapy or prophylaxis pre-
operatively (236;237). Moreover, the implicatioorr this and other studies is that even the
minute quantities of heparin often used to flustnamenous catheters may also affect TEG
(238;239). Therefore, the reliability of the stardldEG as a guide for blood product

replacement during surgery is limited by the paBgitof heparin contamination.

Heparinase | coated TEG cuvettes are commerciadifable, and it has been suggested that
these should be used for all samples where theaerisk of heparin contamination (240).
However, under conditions of endothelial streshsagsurgery or sepsis, endogenous release
of very small quantities of glycosaminoglycans (GGuch as Heparan Sulfate can occur in
some patients (241). There is also evidence ttestet GAGs can influence TEG, an effect
that is reversed by the use of heparinase | cOEE€sl cuvettes (242-245). These findings are
supported by the present study, where TEG changesodminute quantities of Danaparoid (a
combination of Heparan Sulfate, Dermatan Sulfatté @hondroitin Sulfate) were completely

reversed by heparinase |. Endogenously releasedsGady be clinically significant in terms
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of an increased bleeding risk for some patient§;@4%7), therefore eliminating this effect on
TEG with heparinase and disregarding it as hepammamination may ignore some clinically
important information regarding blood coagulatidrhese limitations of the standard and
heparinise-modified TEG make it very difficult ttaedardise the assay or to produce reliable
guidelines for blood product replacement duringgsty. Therefore, both standard and
heparinase modified TEGs should be performed iallghin all patients where there is a risk
of heparin or GAG contamination, but the resulteutth be cautiously interpreted in the

context of each individual clinical setting.

Inhibition of coagulation by UFH, LMWH and Danapatas measured by the TEG was
shown to be concentration dependent over the rai@b to 1.0 U/ml, which is in agreement
with the results of earlier studies (248;249). Hwoer, the current study is the first to assess
concentrations of UFH, LMWH and Danaparoid below Q/ml in an attempt to define a
lower limit for this effect. While standard TEG clges due to UFH were significantly
concentration dependant between 0.005 and 0.05, Uhmsl was not true for LMWH and
Danaparoid. In addition, heparinise-modified TEGapaeters were shown to be more
sensitive to minute quantities of UFH than anti aGivity, but less sensitive to LMWH and
Danaparoid. The variable sensitivity of TEG parareand conventional coagulation assays
to the presence of low concentrations of UFH, LMVdHd Danaparoid may reflect the
different composition and mechanisms of action leése anticoagulants. UFH acts via
potentiation of antithrombin in the inhibition ohrombin and factor-Xa (250), whereas
LMWH predominantly inhibits factor-Xa (251). BothRbl and LMWH are excreted via the
kidneys, but unlike LMWH, UFH also binds non-spewfly to plasma proteins and
macrophages, accounting for the varialte vivo activity that is often observed after
administration of UFH to patients (252). Danaparsi@ mixture of 84% Heparan Sulphate,

12% Dermatan Sulphate and 4% Chondroitin Sulphatkilst heparan sulphate acts via
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antithrombin in the same way as UFH and LMWH (25®&matan sulphate has a different
mechanism of anticoagulation via potentiation gbdrén cofactor 1l (254), and chondroitin

sulphate is thought to be devoid of any anticoaguativity (255).

Zmuda et al commented that concentrations of Eremxapand Danaparoid resulting in
‘minor’ prolongations of the aPTT (< 10s) markedly completely inhibited coagulation as
measured by TEG (256). The results of the currertyssupport these findings, and similar
observations have been made in a recenitro study of the effects of fondaparinux and
enoxaparin on tissue factor-triggered thromboetastgshy (257). Since the generation of
TEG is multifactorial and involves the entire bloomhgulation system including platelets and
fibrinogen (258;259), one may have expected TEGbdoless sensitive to heparins and

Danaparoid than the aPTT, because the aPTT analpbesa part of the coagulation cascade

in isolation.

In the current study there was no significant datren between concentration dependant
changes observed in TEG parameters compared witveational coagulation assays, which
is in contrast to the findings of previous vivo studies (260-262). The absence of a
correlation in the current study may reflect thevitro addition of anticoagulants to blood

samples and the wide range of concentrations oarirep and Danaparoid that were used
(0.005 to 1.0 units/ml), since changes in the TEGmeters observed at low concentrations

of each anticoagulant were not detected by theaPTI and TT assays.

Blood samples require 30-60 minutes standing tiretore processing in order to obtain
reproducible TEG results (263;264). In additionge tharge number of anticoagulant
concentrations tested per subject in this study tedduration of each TEG (up to 60

minutes) resulted in storage of blood in citrate dosignificant period of time. There is
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conflicting data as to whether citrate storage ifigantly affects TEG. Most studies agree
that citration of blood does influence TEG, butréhes conflicting data as to whether these
changes are stable and lead to reproducible reditishe et al (265) compared TEG
parameters obtained by native blood, citrated blstoded at room temperature and citrated
blood that had been refrigerated. They found theatmon and recalcification of blood ‘pre-
activated’ the sample, and that refrigeration iasszl the magnitude of this effect. However,
this study was performed on blood samples takedifterent days from a very small number
of subjects (five). Other studies performed on Hlfrem patients with liver disease (266) or
undergoing surgery (267), have demonstrated tloatdbstored in citrate remains stable and
produces reliable TEG tracings between one and bmlrs after phlebotomy. These findings
are supported by our study, where TEG parameters preserved within the reference range
for citrated saline control samples stored foraupaven hours before analysi®wever, such
arguments are more important for standardisatiomk® for use in clinical practice than to

the results of the presamtvitro study, where like samples were compared with like.

In conclusion, the results demonstrate that mehfiedfects on variables of the standard
TEG occur at much lower concentrations of UFH, LM\&iktl Danaparoid than conventional
fibrin based PT, aPTT and TT assays are able extidieparinase modification of TEG
greatly increases the sensitivity of this assayJeH, LMWH and Danaparoid, and was more

sensitive to minute quantities of UFH than antiativity.
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A COMPARISON OF KAOLIN - VERSUS NON KAOLIN-ACTIVATED
THROMBOELASTOGRAPHY IN NATIVE AND CITRATED BLOOD

Introduction

Hartert first described thromboelastography (TE&)aaglobal test of blood coagulation in
1948 (268). It enables a global and dynamic assmssmf haemostatic function, as it
evaluates the interaction of platelets with thetgirocoagulation cascade, starting from the
initial platelet-fibrin interaction, through pla&gl aggregation, clot strengthening and fibrin

cross-linkage and eventually clot lysis (269).

This technique is increasingly used particularlytie setting of liver transplantation and
cardiovascular surgery, as it allows for a ratiogiaide to blood component replacement or
treatment of fibrinolysis (270-275). However, thethrod has proven itself to be useful also in

other settings such as trauma and obstetric emaege{276-278).

In research, this method has been of great valubamassessment of the role of bacterial
infection in impairing coagulation in cirrhotic pats, possibly triggering variceal bleeding

(279-284).

TEG can be performed on native or citrated blobd,latter being a surrogate of native blood
in healthy controls (285;286), surgical (287) amdhotic patients (288). However, because
the generation of the thromboelastographic trasegusalcium activated blood is slow, the

addition of activators has been proposed to reduedime to generate the trace, especially
since the main clinical use of TEG is in an intra@ive or emergency setting and requires
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rapid results. Kaolin is increasingly used as ativator for this purpose, substantially

reducing the time to trace generation.

Despite its increased use, only two studies haxedtly assessed the use of kaolin activated
thromboelastography. Both of these studies evalustegical patients undergoing aprotinin
treatment and compared kaolin-activated with celdvated blood (289) or with celite- and

tissue factor-activated blood (290).

The aim of this study was to compare kaolin-acédahromboelastography with non kaolin-
acitvated thromboelastography in both native atrdteid blood in patients with liver disease,
patients undergoing anticoagulant treatment witinfaven or low-molecular weight heparin
and healthy volunteers. We also intended to comparen-kaolin activated

thromboelastograohy in native and citrated bloothis range of patients.

Materials and methods

We studied TEG blood and coagulation paramete®d ihealthy volunteers (Group 1) and 50
patients, including 20 patients with liver cirrh@svith a non biliary aetiology, mainly alcohol
and viral hepatitis (Group 2), 10 patients withnpary biliary cirrhosis (PBC) or primary
sclerosing cholangitis (PSC) (Group 3), 10 pati¢aksng warfarin (Group 4) and 10 patients
receiving enoxaparin prophylaxis for medical ancggal conditions (Group 5). All patients

were inpatients admitted to the Royal Free Hospital

Informed consent was obtained, and the procedotsvied in this study were in accordance

with the regulations of the Local Research Ethiosn@ittee of the Royal Free Hospital. The
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selected subjects were not taking drugs known fiecatoagulation parameters or platelet
aggregation for at least 1 week before startingstody (with the exception of anticoagulants

in Groups 4 and 5).

A blood sample was taken by a single peripherakpancture from the antecubital fossa
using a 21 gauge butterfly needle and a light tiowet to avoid stasis or platelet activation.
Blood was collected into plain tubes (native) antb i3 mL polypropylene tubes containing
0.3 mL of 0.106M sodium citrate solution (citrate@Barstedt Monovette, Leicester,UK;
9NC/10 ml tubes, nine parts venous blood to oné tpaodium citrate) and gently inverted
three times.

The samples from all patients were evaluated by TEGg non kaolin-activated and kaolin-
activated native blood and non kaolin-activated kaalin-activated citrated blood. TEG was
performed using a computerized thromboelastografderfroscope Corp., Skokie, lllinois,
USA) as recommended by the manufacturer: 860f native whole blood were pipetted into
the warmed TEG cuvette (37°C) within 4 minutes ef@puncture. Citrated whole blood was
stored at room temperature for 90 minutes as puslyoadvised (286). After this time, 340
uL of citrated blood were pipetted into the prehdatep containing 2QL of 0.2M CaC} as
activator.

Kaolin (Haemoscope Corp, Skokie, lllinois, USA) wesed as advised by the manufacturer.
Kaolin vials were warmed to room temperature anchll of the blood sample (native or
citrated) was pipetted in to the vial. Blood analkawere mixed by inverting the vial five
times. Subsequently, 36 of treated native blood were pipetted into thehgated cup. As
for citrated blood, after 90 minutes 340 of treated citrated blood were pipetted into the

preheated cup containing g0 of 0.2M CaC} as activator.
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The principal variables analysed by the TEG analgse (Figure 4): the reaction timg),(
which represents the rate of initial fibrin fornmatiand is related to plasma clotting factors
and circulating inhibitor activity; the clot formah time ), which represents the time taken
by the forming clot to reach a fixed degree of e&lasticity and is related to the activity of
the intrinsic clotting factors, fibrinogen and @kts; the alpha angley), which represents
the rate of clot growth and is mainly a function pfatelets, fibrinogen and plasma
components residing on the platelet surface; aedntaximum amplitudenga), which is a
reflection of the absolute strength of the fibrlotand is a direct function of the maximum

dynamic properties of fibrin and platelet numbed &mction (269).

Statistics

Spearman’s test was used for assessing correlatitime TEG variables inbetween the 4
different techniques with an r (correlation coa#itt) value of> 0.7 considered to be a good
correlation; Wilcoxon’s matched pairs test was usmdassessing differences in absolute
values between native and citrated blood (GraphPasim version 4.00 for Windows,

GraphPad Software, San Diego California USA, wwaptpad.com). For analysis of
differences between the groups the Kruskal-Wadlgt tvas used. The Bland and Altman plot

was used to assess the degree of agreement betveedifferent techniques(291).

Results

We performed TEG on native and citrated blood, bath and without addition of kaolin as

an activator, on 21 healthy volunteers and 50 ptierhe healthy volunteers (13 males, 8
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females) had a mean age + S.D. of 31.814.7 yedrtheD50 patients, 28 were male and 22
were female, and the mean age + S.D. was 53.0%Ears. Details are listed in Table 5. In
Group 2, the Child-Pugh score (meanzS.D.) was 94h.&roup 4, the INR (meantS.D.)

was 3.0+1.0 and in Group 5, the enoxaparin daisedeas 20 mg in 4 patients and 40 mg in

6 patients.

Correlation between native blood and kaolin-acitvated native blood (Table 6)

Considering both healthy volunteers and patient®{f3s 1-5), there was a good correlation
for the r time (r=0.70) and almost for the ma (69), but not for k time andi angle.
Considering the single groups, in Group 1 (healtblynteers) there was no good correlation
with only the ma approaching an r value of 0.700(89). In Group 2 (patients with non
biliary cirrhosis), there was a good correlatiomydior the ma (r=0.77). In Group 3 (patients
with primary biliary cirrhosis or primary sclerogirtholangitis) there was no correlation for
any variable, with an almost inverse correlationdangle (r=-0.68). In Group 4 (patients on
warfarin treatment) there was good correlationtf@ r time (r=0.77) but not for the other
variables. In Group 5 (patients on enoxaparin pytaplis) there was good correlation for all

variables: r time (r=0.90), k time (r=0.7D),angle (r=0.78) and ma (r=0.75).

Correlation between citrated blood and kaolin-activated citrated blood (Table 7)

Considering both healthy volunteers and patient®@s 1-5), there was a good correlation
only for ma (r=0.80) but not for the other variablén Group 2 and 3, there was good
correlation for ma (r=0.80 and r=0.77, respectiyélyt not for the other variables. In Group
4, there was no correlation for any of the variable Group 5, there was good correlation

only for the r time (r=0.73), but not for the otherriables.
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Correlation between native blood and citrated blood (non kaolin-activated) (Table 8)

Considering both healthy volunteers and patient®{f3s 1-5), there was a good correlation
only for the ma (r=0.72), but not for the otheriabtes. In Group 1 and Group 2, there was a
good correlation only for the ma (r=0.71 and r=0Q.r&spectively). In Group 3, there was no
correlation for any of the variables. In Group Here was good correlation only for the
angle (r=0.82). In Group 5, there was good coriatafor all variables: r time (r 0.84), k time
(r=0.90),a angle (r=0.82) and ma (r=0.75).

Comparing absolute values (Table 9), there wagrafmiative difference between native and
citrated blood only for ma (p<0.05) when considgriboth healthy volounteers and patients.
For healthy volounteers (Group 1), there was aifsogint difference for all variables, while in
Group 2 this was present only for ma and in Grodipr4 time and k time. In Groups 3 and 5
there was no difference between the two valueargrvariable.

Considering both healthy volunteers and patienggetteer, for all four TEG variables the
Bland & Altman plots (Figure 5) did not suggestystematic error as the mean was not
significantly different from zero. However, for dur TEG variables, the differences within
the mean and 1.96 times the standard deviatiorDj2n&re clinically important and thus the
agreement was not good. For all four TEG varialles differences increased with the mean
between the two techniques, suggesting the agréddmemrse with increasing magnitude of

measurement.
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Changesin TEG between the different groups (Table 10)

Consideringnon kaolin-activated native blood, the r time was not significantly different
between groups, while k time andangle was significantly different between groupsntl 3
and ma between groups 1 and 3, 1 and 5, 2 and 3 and 5.

Consideringkaolin-activated native blood, the r time was significantly different between
groups 1 and 3, the k time and thengle between groups 1 and 3, 1 and 5, 2 ancdhBd 5,
and the MA between groups 1 and 5, 2 and 3, 2 a2 and 5.

Consideringnon kaolin-activated citrated blood, the r time was significantly different
between groups 1 and 4, 3 and 4 and 4 and 5, tineekbetween groups 1 and 4 and 3 and 4,
thea angle between groups 3 and 4, and the ma betweapsyl and 5, 2 and 3, 2 and 4 and

2 and 5.

Discussion

We evaluated the correlation between kaolin-actdatand non kaolin-activated

thromboelastography (TEG) in a group of 21 healtbjunteers and a group of 50 patients
with different types of altered haemostasis. Amonfyese we considered patients with
cirrhosis (who are known to have an impaired pdtéinction and number as well as an
impaired coagulation (292)) and patients receidngcoagulant treatment, either warfarin or
low molecular weight heparin prophylaxis againsemevein thrombosis. We evaluated
patients with primary biliary cirrhosis (PBC) andrpary sclerosing cholangitis (PSC) as a
separate group from patients with cirrhosis of hdrary aetiology, as the former seem to
have a hypercoagulable state (293).
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The results of this study do not show good conatabetween the kaolin-activated and non
kaolin-activated TEG for either native or citrateldod in both healthy volunteers and the
different patient groups considered. The only goodelations were that between native and
kaolin-activated native blood for r-time in patigrin anticoagulant treatment and the ma in
all correlations with the exception of Groups 3 ahdOverall, correlation between kaolin-
activated and non kaolin-activated blood seemebetdetter with native than with citrated
blood.

The use of kaolin as an activator for TEG has dr@gn reported in two studies. Avidan and
coworkers (290) found a good correlation betweealika and celite-activated TEG with
regard to r-time,a angle and ma. Pivalizza and coworkers (289) foundstatistically
significant difference in TEG parameters betweeolika and celite-acitvated TEG. Neither
study compared kaolin-activated with non kaolinaaated TEG using either native or citrated
blood.

Surprisingly, the correlation between non kaolitiveted native and citrated blood was also
unsatisfactory, with the exception of the grouprd &r the ma in all groups except the
PBC/PSC and warfarin group. There was a statitisaynificant difference in the absolute
values between native and citrated blood for alialdes in healthy volounteers, for the ma in
Group 2 and r-time and k-time in Group 4.

Similar results to ours were found in two studi@se in 8 healthy controls (285) and one in
90 surgical patients (287), which compared native itrated blood samples. The first study
(285) did not find any statistical difference compg all the TEG variables between native
and citrated blood. In the second study (287) TE@Gables in citrated blood were different
from those in native blood but remained stable betwl and 8 hours. However, in this
surgical study all subjects had both normal coagrand platelet counts; citrated blood was

used with celite, a potent activator of coagulation
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Another study, from our group (286), compared TEfBameters of native blood to those of
recalcified citrated blood without celite in 10 hbg subjects. In this study, a significant
difference was found between citrated and natie®dlbetween 60 and 120 minutes for r-
time, k-time, a angle and ma. Our current findings in the grouphetlthy volunteers
substantially confirm these previous results with €xception of a significant shortening of
the r-time with citrated blood (Table 10).

Non kaolin-activated native blood was compared ¢o kaolin-activated citrated blood in
patients with liver disease in a previous studyrfrour group, involving 32 patients with
cirrhosis or liver failure (288), with no significadifference found for all the variables. Again
we found similar results in our current study, wiitle exception of a significantly greater ma
in the citrated blood, confirming our previous fimgls in patients with cirrhosis of a non-
biliary origin. Why TEG with native blood is diffent to TEG with citrated blood in healthy
volounteers but apparently not in cirrhotics rersainexplained.

In the current study we evaluated changes of batiike and non kaolin-activated blood in
both native and citrated blood between the diffeggnups in order to assess if the different
techniques resulted in different changes in differdinical settingsNon kaolin-activated
native blood results were different between healthy volunteerd BBC/PSC patients, the
latter showing an expected hypercoagulability (2%3olin-activated native blood values
were also different between healthy volunteers BBL/PSC patients (again showing a
hypercoagulable state in the latter), but thereevadso differences between healthy volunteers
and patients on enoxaparin prophylaxis (surpriginghowing hypercoagulability in the
enoxaparin group), between patients with cirrhasid PBC/PSC patients (hypercoagulability
in the latter), and lastly between patients withirhgsis and patients on enoxaparin
prophylaxis (again with hypercoagulability in thetér). Interestinglynon kaolin-activated

citrated blood values were markedly different between patientswanfarin and healthy
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volunteers (the former being less coagulable as@rpd) and PBC/PSC patients (the warfarin
group again being less coagulable).

However, none of the methods gave significantljedént values between healthy volunteers
and patients with cirrhosis. Overall, the ma was Wariable with the best discriminating
potential. This was true especially for the kaalotivated samples, in which the r-time values
had little discriminative value between the grouphis may reflect the normal thrombin
generation recently described and commented omrimosis (294). With non kaolin-activated
native blood healthy volounteers seemed to coaguéatdentially less than cirrhotics while
with non kaolin-activated citrated blood the opp®sieemed to be the case, even though the
differences were not statistically significant. Gample might have been too small to detect a
statistically significant difference between the&geups as patients with cirrhosis are very
heterogeneous in terms of their haemostatic diahads (alterations of platelet number and
function, reduced synthesis of clotting factorspdyibrinolysis) and thus any differences
might have been masked by the heterogeneity itimited sample.

Again, TEG with non kaolin-activated citrated bloseems to be the only technique to detect
a significantly impaired coagulation in the warfagroup as compared to healthy volunteers.
The enoxaparin group also coagulates tendentiadly bnly with this technique, even though
again the differences were not statistically sigaifit. Indeed, the apparent hypercoagulability
of the enoxaparin group with the other two techagyis surprising, and might be due to the
underlying medical conditions that led to the atibn of enoxaparin prophylaxis. Another
possible explanation for the lack of hypocoagulgbibn TEG shown in the warfarin and
enoxaparin group might be the age difference (3LBi#n Group 1 and 55.2+17.5 and
55.8+15.9 in Groups 4 and 5, respectively), aseiasing age seems to be associated with

hypercoagulability (295).
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One more interesting finding was the confirmatidrth® presence of hypercoagulability in
the PBC/PSC group, with a markedly prolonged mac@spared to patients with non
PBC/PSC cirrhosis, suggesting a difference in [@atanction between these patients (296).
In conclusion, we found a poor correlation betwkaalin-activated and non kaolin-activated
thromboelastography in both healthy volunteers @aitents with a wide range of conditions
affecting coagulation. Moreover, there was pooralation between native and citrated blood
with non-kaolin activated blood. The ability of TEB@th non kaolin-activated citrated blood
to detect changes in patients receiving warfama, the ability of TEG with kaolin-activated
blood to detect changes in patients having enoxapaituced anticoagulation deserves to be
investigated further.

The lack of a standard reference in the literafareTEG and the results of this study do not
give grounds as to which technique to use. Itesucthat any TEG study should at least have
its own internal control, e.g. if kaolin activatios used, then have non kaolin-activation.
Kaolin-activated blood is extensively used in irsi@e care, but most published comparative
data is only available for non-kaolin activated dao Further studies investigating the
correlation between these different techniques wiregd in different clinical settings are
needed. Meanwhile, the TEG methodology should befady noted when comparing

different studies.
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CLINICAL STUDIES USING THROMBOELASTOGRAPHY
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ENDOGENOUS HEPARINOIDS IN ACUTE VARICEAL BLEEDING

Introduction

Bleeding from gastrooesophageal varices is the nwatnon source of bleeding in cirrhotics.
The risk of variceal bleeding is associated witn $kverity of liver dysfunction, large varices,
endoscopic red signs on varices and portal presddosvever, why bleeding occurs
unpredictably and infrequently in individual pati®considering the frequent daily changes in
portal pressure is unknown.

Bacterial infections occur in 35-66 % of cirrhotiggesenting with gastrointestinal bleeding
(187). We have proposed a causal relationship letweariceal bleeding and bacterial
infection, the latter acting as a trigger (59). Thessible pathophysiological basis is
endotoxin-induced endothelin release and subsequemase in intrahepatic resistance (via
hepatic stellate cell contraction) and consequés# m portal pressure, combined with
impairment of haemostasis by inhibition of platedgfgregation due to endotoxin-induced
nitric oxide and prostacyclin (59).

We have shown a heparin effect using heparinasedifrad thromboelastography (TEG) a
highly sensitive method for detecting heparin-ldativity, in infected cirrhotics (23), and in
another study anti-Xa activity was detected in sg@veut not all patients who had the heparin
effect (297). The infected patients already hacandn present for several hours, before
presenting to the hospital when the TEG was peradrm

We describe the first two cirrhotic patients witindescopically confirmed variceal
haemorrhage who bled whilst in hospital, studiednadiately after the first episode of

haematemesis.
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Patients and methods

Patient 1 was a 66 year old caucasian male anenp&tia 42 year old black female, both with
alcoholic cirrhosis. Patient 1 had Child-Pugh gr@deatient 2 Child-Pugh Grade B cirrhosis.
Both patients had endoscopic banding and intravemedipressin and received therapeutic
doses of intravenous cefotaxime for prophylaxis hacterial infections as currently
recommended (187). Informed consent was obtainethking multiple blood samples (with
prior approval of the protocol by the Ethics Conte®) for Heparinase I-modified TEG and
anti-Xa activity assay. The baseline samples wakert before administration of colloid,
blood products or antibiotic therapy, and thenulitsequent times over 7 days. Heparinase I-
modified TEG (Haemoscope Corp., Skokie, IL) wasfqraened in one channel whilst
simultaneously perfoming a standard TEG in the s@cchannel using calcium-activated
citrated blood from the same sample 90 minuteg aiaepunctureas we have previously
shown that citrated blood can substitute nativedlm cirrhotic patients (288). Anti-Xa was
assessed by chromogenic assay (Sigma Diagnosticke, ®Dorset, UK) and by clotting assay
(Diagnostic Reagents, Thame, Oxford, UK). A hepafiect was defined as an improvement
of r time, k time andx angle occurring together in Heparinase I-modifléfl> as compared
to the standard TEG. Informed consent was obtaiireed each patient included in the study
and the study protocol conformed to the ethicatiglimes of the 1975 Declaration of Helsinki

as reflected in ariori approval by the local ethics committee.

Results
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A heparin effect (Figure 6) was detected betwedtodr (patient 2) and 6 hours (patient 1)
after the initial bleeding episode and persistedsfto 7 days, not corrected by administration
of fresh frozen plasma and/or red blood cells (Feégd). In patient 1 anti-Xa activity was
positive during the same time span during whichieheas a heparin effect. Baseline urine,
blood and ascites cultures were negative in botleqa, and neither developed infections
subsequently.

The TEG parameters worsened immediately after theding episode: in patient 1, r time
from 11 minutes (4 hours after the bleeding epiyddel8.8 minutes (10 hours after the
bleeding episode), k time from 2.7 minutes to 7iButes,a angle from 53.8 ° to 28.7 °. In
patient 2 r time from 11.2 minutes (1 hour aftex bieeding episode) to 33.8 minutes (3 hours
after the bleeding episode), k time from 3.1 misute 10.7 minutesy angle from 50.8 ° to
17.8 °. These values slowly returned to normal oantantly with the disappearance of the
heparin effect after 6 to 7 days: r time 11 minutepatient 1 and 16.2 minutes in patient 2, k
time 3.5 minutes in patient 1 and 4.4 minutes itrep& 2 anda angle 43.6 ° in patient 1 and
42.2 ° in patient 2.

The worsening of the TEG parameters was only prit@rrected by the administration of
fresh frozen plasma and/or red blood cells (Figl)teBoth patients received all their blood
products within the first 24 hours. The greater amaf blood products given in patient 1 (6
units of packed red cells and 4 units of freshdroplasma) probably prevented the worsening
of TEG parameters to the degree seen in patiewhd Only received 2 units of fresh frozen
plasma), but in neither patient did the TEG paramseteturn to the baseline values nor the
heparin effect disappear. The routine coagulatiarameters (PT, aPTT) did not show any

correlation with the worsening TEG parameters erttbparin effect.
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Discussion

We have shown the presence of endogenous hepajraoid their disappearance over several
days for the first time in cirrhotic patients witicute variceal bleeding. There was no
evidence of infection, but the antibiotic prophykapossibly prevented or treated infection.

Neither patient experienced early rebleeding. Téygahin effect was documented shortly after
the beginning of the haemorrhage and disappeareddays over the same time course of
antibiotic therapy. This was also seen by Montatltal (23). The absence of a heparin effect
at the beginning of bleeding and appearance thereaduld suggest that bleeding is a cause
of its manifestation, but in addition the heparifeet needs to be compared in native as well
as citrated blood as the citrate may mask an irhigparin effect. The heparin effect could

influence continued variceal bleeding or early eelding. It is possible that the heparin effect
might be worse in the absence of antibiotics. Tpieenomenon deserves wider study,
particularly as bacterial infection has been linkedailure to control variceal bleeding and

early rebleeding, in a randomised study of propttidaantibiotics (22).
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HEPARIN EFFECT ON THROMBOELASTOGRAPHY AFTER TIPS PROCEDURE

Introduction

Bacterial infections are a common and severe caaipdn in hospitalized patients with
decompensated cirrhosis and are frequently assdciafth upper gastrointestinal (Gl)
bleeding and other complications of portal hypesiem (298).

We have previously reported that proven bactenif@ction, or a surrogate of its presence,
use of antibiotics, had the strongest independestaation with failure to control bleeding in
cirrhotic patients with variceal bleeding (21). Téieong association between infection and
variceal bleeding in cirrhotics has been confirmedeveral studies: association with failure
to control bleeding (21;192), early rebleeding (2)d mortality (192). A recent meta-
analysis confirms that antibiotic prophylaxis pretge infections in cirrhotic patients with
gastrointestinal bleeding and significantly incesashe short-term survival rate (80). In a
recent randomised study of 120 patients prophyactioxacin compared to on demand
antibiotics was shown to prevent early rebleeding o decrease the amount of blood
transfused, in addition to preventing bacteriakations (22). This has been confirmed in
another randomized study (299). Therefore, sincéhgpothesis was published (59), there are
now a number of publications which support it, ®gjong a causal link between infection and
variceal bleeding.

How bacterial infection might worsen or be a trigg variceal haemorrhage, is still under
study (59). Using thromboelastography (TEG), wevipngsly showed impaired coagulation in
cirrhotic patients with bacterial infection (145hdathe presence of a heparin effect on
heparinase I-modified TEG in the same setting (28)ich was subsequently found to be

associated with the presence of anti-Xa activi§7{Asuggesting the presence of endogenous

53



heparinoids). We also reported the presence ofparhe effect immediately after variceal
bleeding in cirrhotic patients (300).

Endotoxin or cytokines could release heparinoigdsnfrendothelium in a dose-dependent
manner (23) and mast cell activation due to baaiterfection could also release heparin.
Higher endotoxin concentrations are found in pestphblood of cirrhotic patients than in
normal subjects (32) with a statistically signifitagradient between portal and peripheral
blood (33), highlighting the role of the bowel &g source of endotoxin.

During a transjugular intrahepatic portosystemiargdTIPS) procedure, a shunt is created
between the portal and the systemic circulatiorhvét inflow of portal blood into the
systemic circulation bypassing the liver.

The aim of our study was to assess the presenaéheparin effect on heparinase I-modified
TEG in patients undergoing a TIPS procedure, bafore and after the procedure. Our
hypothesis was that given the presence of a patesyc gradient of endotoxaemia, and the
role of endotoxaemia and bacterial translocationtlos release of heparinoids and the
subsequent worsening of coagulation as shown by, TiEGinflow of portal blood unfiltered
by the liver after a TIPS procedure might show phesence of the heparinoids in the portal

blood through a heparin effect on TEG.

Materials and Methods

We recruited 10 consecutive patients admitted ed_flier Transplantation and Hepatobilitary
Medicine Unit of the Royal Free Hospital who undentva TIPS procedure. Exclusion
criteria were refusal or inability to give consehtformed consent was obtained, and the
procedures followed in this study were in accoréamgth the regulations of the Local

Research Ethics Committee of the Royal Free Hdspitee selected subjects were not taking
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drugs known to affect coagulation parameters otefdt aggregation for at least 1 week
before starting the study.

Blood samples were taken for TEG before the proeedat 1 hour after the procedure, at 6
hours after the procedure and the morning afteptbeedure, with the possibility of taking
further samples on a daily basis until any thronistegraphic changes had reverted to
baseline.

Blood samples were taken by a single peripherakpencture from the antecubital fossa
using a 21 gauge butterfly needle and a light tiowet to avoid stasis or platelet activation.
Blood was collected into 3 mL polypropylene tubestaining 0.3 mL of 0.106M sodium
citrate solution (Sarstedt Monovette, Leicester,OKIC/10 ml tubes, nine parts venous blood
to one part trisodium citrate) and gently invertecte times.

TEG was performed using a computerized thrombamiagph (Haemoscope Corp., Skokie,
lllinois, USA) as recommended by the manufactufidre samples were stored at room
temperature for 90 minutes as previously descriipedur group (286). After this time, 340
uL of citrated blood were pipetted into the prehdatep containing 2QL of 0.2M CaC} as
activator.For each patient, a native (without heparinase) argeparinase I-modified TEG
was performed.

The principal variables analysed by the TEG analgse (Figure 4): the reaction time),(
which represents the rate of initial fibrin fornmatiand is related to plasma clotting factors
and circulating inhibitor activity; the clot formah time (), which represents the time taken
by the forming clot to reach a fixed degree of eelasticity and is related to the activity of
the intrinsic clotting factors, fibrinogen and @kts; the alpha angley), which represents
the rate of clot growth and is mainly a function pfatelets, fibrinogen and plasma
components residing on the platelet surface; aedntximum amplitudenga), which is a
reflection of the absolute strength of the fibrlotand is a direct function of the maximum

dynamic properties of fibrin and platelet numbed &mction (269).
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A heparin effect was defined as an improvementtdéast 20 % of a TEG variable after

addition of heparinase I.

Results

The 10 patients in our study (Table 11) were 6 raal@ 4 female. Mean age was 48.8 years
(range 16 to 64). Aetiology of liver disease wahbl in 6 patients, Budd Chiari disease in
2, HCV related cirrhosis in 1 and cryptogenic asis in 1. The indication for TIPS
placement was recurrent variceal bleeding in 4epédi refractory ascites or hydrothorax in 4
and Budd Chiari disease in 2. Patients were masti{hild class B and C (5 and 4,
respectively) and mean Child score was 8.8 (range 62). In all patients the TIPS was
successfully placed.

In 8 of 10 patients a heparin effect appeared o6 &Eer TIPS placement on the day of the
procedure (7 patients) or day 1 post-procedureatiemt) and disappeared within 24 to 48
hours (Table 12). This heparin effect was presemtdeast 2 of 4 TEG variables in 7 out of
the 8 patients, and in 3 of 4 TEG variables in &afuhe 8 patients. When present after TIPS
placement, the heparin effect was almost alwaysctied by k time (7 of 8 patients) or alpha
angle (7 of 8 patients), while no heparin effeculdobe detected with the maximum
amplitude (ma).

In only 2 of 10 patients (both with alcohol rela@dhosis, the indication for TIPS placement
being refractory ascites in one and recurrent eafibleeding in the other) was there a
heparin effect before TIPS placement, and this prasent in only 1 and 2 of the 4 TEG
variables. One of these patients (Patient 4) neleeloped a heparin effect after TIPS

placement, while the other patient (Patient 8) wento develop a heparin effect after TIPS
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placement in 2 TEG variables different from thegenTEG variable where a heparin effect
occurred before the procedure.
In only 1 patient (Patient 1) no heparin effectlddue detected either before or after the TIPS

placement.

Discussion

Our study has shown the presence of a transiemtrinegffect in blood after the placement of
a transjugular intrahepatic portosystemic shunP§gllin the great majority of patients who
underwent this procedure for a different numbeandications.

We have previously described the importance ofdsattinfection in complicating cirrhosis
and portal hypertension (298) and formulated thpolhyesis that its presence may trigger
variceal bleeding (59).

We reported that 20 cirrhotic patients who had Hiedn varices, and then suffered early
rebleeding, had a worse TEG trace on the day beétaeeding as compared to those who did
not rebleed (144). TEG parameters have also beemdfto worsen in 84 decompensated
cirrhotic patients in the presence of bacteriakatibn (145). A recent study found heparin
activity in blood by using heparinase I-modified GEn 28 of 30 patients with bacterial
infection, but not in non-infected patients, andk tbffect disappeared after resolution of
infection (23). This heparin effect was subsequyefiund to be associated with anti-Xa
concentrations in many, although not all patiestgygesting that the heparin effect is due to
an endogenous low molecular weight heparin (29 9tddver, a heparin effect was reported
immediately after acute variceal bleeding in citite®and thus could contribute to failure to

control acute bleeding and early rebleeding (300a single study plasma heparan sulphate
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concentrations were significantly raised in pasenith recent variceal bleeding as compared
to those without bleeding or non cirrhotic patiefit46).

Endotoxin or cytokines could release heparinoigdsnfrendothelium in a dose-dependent
manner (23), and mast cell activation due to badterfection could also release heparin.
There is statistically significant gradient of etmon concentrations between portal and
peripheral blood (33), highlighting the role of thewel as the source of endotoxin. Recently,
bacterial translocation has been described as anoonalbeit transient event in patients with
cirrhosis and ascites (71;301).

In a pilot study we had attempted to perform TEGQoortal blood sampled directly from the
portal vein during the TIPS procedure, comparinwith venous blood drawn at the same
time from a peripheral vein. Unfortunately almoser® sample of portal blood taken in this
manner clotted almost immediately, probably throaghivation of the coagulation cascade
by the catheter used for accessing the portal vigis we have been limited to assaying
systemic blood.

We did observe the presence of a heparin effeystemic venous blood shortly after the
creation of a significant shunt leading portal vesdlood in the systemic circulation (and
thus bypassing the hepatic filter) with a methodwn to be very sensitive for detection of
heparin-like substances (302) such as TEG. Clehdyorigin of the heparinoid effect could
be from the splanchnic vasculature or due to liv@uma. In fact, we cannot entirely exclude
that the presence of a heparin effect after TIRSgrhent might only be due to the amount of
hepatic tissue damage during the TIPS proceduttd, tve subsequent release of hepainoid
substances into the venous system. This would exphe transient nature of the heparin
effect. However, the fact that not all patients seréded the heparin effect despite the
sensitivity of our method for heparinoid substanceskes this hypothesis, in our view, less

likely.
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The presence of a heparin effect only after theSTffPocedure in the majority of patients
suggests in our view a higher concentration of hepals in the portal venous system. The
reason for two patients having a heparin effecoteefTIPS placement is not clear. It is
certainly possible that these patients had a subali bacterial infection, which was
subsequently treated (with disappearance of tharlrepffect) by the prophylactic antibiotics
administered to all patients undergoing TIPS plaa@mAlso, it is not quite clear why both
patients with Budd Chiari syndrome had a hepariecefafter TIPS placement, as the
presence of endogenous heparinoids has to our kdgelnot yet been reported in these
patients. However, the presence of portal hypeidens these patients might explain the
same events of bacterial translocation and relebkeparinoid substances as in the cirrhotic
patients. The transient nature of the heparin efifter TIPS placement is also not entirely
clear. It is possible that the endogenous hepatisobstances suddenly released into the
systemic venous system after the procedure substyget diluted in the systemic venous
system, and that heparinase I-modified TEG is meoisisive enough to detect the constant
ongoing release after the procedure.

In conclusion, our study reports the appearanca tfansient heparin effect in systemic
venous blood after TIPS in patients with cirrhosisBudd Chiari syndrome, suggesting the
presence of heparinoid substances in the portabugersystem in these patients. Further
research is warranted on the role of bacterialsteamation as a fundamental factor in the

occurrence of complications in patients with lidesease.
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STUDIES ON BACTERIAL TRANSLOCATION AND INTESTINAL
FUNCTION
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INTESTINAL FUNCTION AND PRESENCE OF BACTERIAL DNA IN SERUM AND
ASCITES IN PATIENTS WITH CIRRHOSIS

Introduction

Bacterial infections are common in cirrhotic patge(8) and seem to play an important role in
the development of the complications of cirrho&88§), in particular with regards to variceal
haemorrhage (21;23) and renal dysfunction (118;126)

Bacterial translocation seems to be the initigh gieeceding the occurrence of overt bacterial
infection in the cirrhotic patient (298). Bacteriednslocation has been defined as the passage
of microbes or microbial products into the mesaatlgmph nodes (50); for obvious reasons
this is difficult to study in the human subject. wiver, the presence of bacterial DNA
(detected by PCR) in biological fluids such as dl@and ascites has recently been reported to
correlate well with the presence of bacterial tlacegtion in rats (303).

Using this as a surrogate marker of bacterial tomasion, Frances and coworkers reported in
a recent study the presence of bacterial DNA imreeand ascites in 10 out of 17 patients
with advanced cirrhosis without signs of infectioom a minimum of 24 to a maximum of 72
hours (71).

On the other hand, it is also well known that pasewith cirrhosis have an impairment of
their intestinal function, involving increased peability (47;304), reduced motility (45) and
bacterial overgrowth (37;38).

Our aim was to search for bacterial DNA in a raafeirrhotic patients both with and without
ascites, and to study its correlation with any abradity of intestinal motility or permeability

and the presence of bacterial overgrowth.
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Materials and Methods

Patients

We recruited 8 consecutive patients with cirrho€srhosis was diagnosed by histology or
by clinical, laboratory and/or ultrasonographicdiimgs. Exclusion criteria were age of less
than 18 years, presence of the systemic inflammatesponse syndrome (SIRS)(305) or
overt infection, upper gastrointestinal bleedingirtake of antibiotics (either systemic or

luminal) within the preceding two weeks, history iotestinal disorders including major

abdominal surgery, conditions impairing small bowedtility (such as diabetes mellitus or

scleroderma), intake of lactulose, beta blockerskipetics or any other drug with an effect
on small bowel motility, presence of hepatocellutarcinoma or portal vein thrombosis,

acute alcoholic hepatitis, pregnancy and refusatasfsent. The Ethics committee of our
hospital approved the study protocol, and all pagi@rovided informed consent.

Blood and ascites samples were obtained by a somgeator in aseptic conditions. On the
day of recruitment blood was obtained for bloodunés (both aerobic and anaerobic, 10 mL
each) and detection of bacterial DNA (in serum-gettles, 12 mL, Venosafe, Terumo,

Leuven, Belgium), and ascites (if present) was iobthfor culture in blood culture bottles

(both aerobic and anaerobic, 10 mL each), standautral specimen bottles (20 mL) and
detection of bacterial DNA (in serum-gel bottle® inL, Venosafe, Terumo, Leuven,

Belgium). On the following three days, blood wagainted in the morning for culture and

bacterial DNA detection at 8 o’clock in the morniagd for bacterial DNA detection at 2

o’clock in the afternoon.

Cultures
Ascitic fluid (AF) sampled from patients were exaetl for the presence of bacteria using

standard culture-based methods including the emecit of the sample by inoculation in
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blood culture bottles and incubation at 35°C fagheidays. Moreover, samples of blood of
each patient, taken twice each day for 4 days, wa&emined using the standard culture

method.

DNA extraction and purification

Samples of 0.5 ml AF were treated with 0.5 mg/mibt@nase K for 60 min to eliminate
excess of proteins and were subsequently centdfayd. 000 rpm for 5 min to eliminate red
blood and other cells. Bacterial cells presentupesnatants and in blood samples from the
patients were broken in order to extract the DNAiclwhwas then purified using the kit
Extragen (Nanogen) which has been shown to be e&#figient in recovering nucleic acids
from gram-negative and gram-positive species. Faghesample, two internal controls
consisted of 0.5 ml ascitic fluid added with" D faecalis or E. coli cells were used. An AF
sample demonstrated negative to the culture medhddo DNA detection by PCR was also
included as a negative control. Purified DNA waspanded in TE buffer and used for the

PCR reaction.

Polymerase chain reaction and visualization of amplification products

The nucleotide sequences and the properties opriheers designed to detect the different
groups or species of bacteria are listed in TaBleThe PCR reaction was performed on a
Thermal Cycler (Perkin-Elmer, USA). Final concetitmas of the different components in the
PCR reaction were: 10 mM Tris-HCI pH 8.8, 50 mM KCI5 mM MgCI2, 200 uM of each
deoxynucleotide triphosphate, 100 pmol of eacthefttvo primers of the pairs listed in Table
13 and 2 U Taqg DNA polymerase (Boehringer MannheiRICR was performed twice on
each sample in two separate experiments and als@asitive E.coli + E. faecalis purified

DNA) and a negative (water instead of DNA) contmlth 30 cycles consisting of 30-sec
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denaturation at 94°C, 30-sec annealing at the adedemperature and a 30-sec extension
period at 72°C. A sample of 10 AL of the PCR prddweas resolved by 1% agarose gel
electrophoresis at 100 V for 30 min in 0.5-TrisdterEDTA (pH 8.0) buffer containing

ethidium bromide, and the images were visualizeti@mtographed.

PCR specificity and sensitivity test

The specificity of each pair of primer was checksthg DNA obtained from suspension of
different bacterial groups or species cultures &dde 13). The sensitivity of the method was
evaluated by inoculating ascitic fluid with bacérsuspensions (£Go 10 cells) prepared
from E. coli and E. faecalis cultures and extracting the DNA from 500 of each of the

suspensions.

Lactul ose breath test (LBT)

All patients underwent LBT to evaluate intestinanisit time and to detect small intestine
bacterial overgrowth (SIBO).

To minimize basal hydrogen §Hexcretion, subjects were asked to have a carbvatexd
restricted dinner on the day before the test anthago for at least 12 hours. Smoking and
physical exercise were not allowed starting fronhdurs before testing. Before testing,
patients had an antibacterial mouthwash with 20oin¢hlorhexidine 0.05%.

End-alveolar breath samples were collected immelgiabefore lactulose ingestion.
Subsequently, a dose of 10 g of lactulose in 200ofmvater was administered and samples
were taken every 15 minutes for 3 hours. From thesgs, breath samples were aspirated into
a 20 mL plastic syringe. Samples were evaluatedifarsing a gas chromatograph (Quintron

microlyzer, Milwaukee, WI, USA). Results were exgsed as parts per million (p.p.m.).
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Orocaecal transit time was considered normal iéakpvas observed within 90 minutes after
the lactulose oral load. The peak was calculateahascrement of at least 20 ppm above the
basal hydrogen value.

A test positive for SIBO required an elevated drdagdrogen concentration within 90 min

and two distinct peaks, the first being within Ohates.

Intestinal permeability

The intestinal permeability test was performedratite patients had been fasting overnight
and emptied their bladder in the early morning befstarting the test. A urine sample was
collected before drinking 100 mL of a solution @ning 10 g of lactulose and 5 g of
mannitol dissolved in water. Urine was collectedtfte next five hours. Patients were asked
to remain fasting for one hour after the starthe test and were then allowed to drink water
for the remainder of the 5 hours.

Total urine volume was measured and samples werteifaged and kept at -20°C. 20 pL of
the sample was analized using high performancadighromatography (HPLC; Agilent
1200, Agilent Technologies, Santa Clara, CA, USAJi¢termine the concentration of urinary
lactulose and mannitol.

Intestinal permeability was expressed as the ewcretitio (R) of percentage of lactulose
excreted in the urine (%L) to percentage of mahn#gcreted in the urine (%M)
(R=%L/%M).

We used a sample of 14 healthy volunteers to d@termormal values of intestinal
permeability using our system. The mean£S.D. of Wels 0.25+0.10, the meanzD.S. of %M

was 14.99+£3.59 and the mean+S.D. of the excre#ito (R) was 0.02+0.005.
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Results

Of the 8 patients we recruited, one was excludeth fthe study after day 1 as he became
encephalopathic and had to be treated with aniisioThus data was available on 7 patients,
6 males and a female. The mean age was 57.7 yeage(42 to 78 years, aetiology was
alcohol in 3, HCV in 2, HBV and alcohol togetheithvHCV in one patient each. Child-Pugh

class was A in 4 patients and B in 3, and meanddbilgh score was 6.7 (range 5 to 9);
ascites was present in 4 patients, oesophageaksarn 6 and encephalopathy in none (Table
14). Baseline laboratory and clinical parameteesstwiown in Table 15. The main findings are

summarised in Table 16.

Intestinal transit time, permeability and bacterial overgrowth

The median intestinal transit time was 135 minuteg. of the 7 patients had a delayed
intestinal transit time and one patient presentptiysiologic H peak after 60 minutes. Two
of the six patients without a peak within 90 mirsubad no significant Frise even at the end
of the test (180 minutes). One patient had a LBJitpe for SIBO.

Intestinal permeability was increased in all paBess compared to healthy controls, with the
excretion ratio ranging from 0.027 to 0.072 (meaix$.05+0.01) as compared to normal

values of 0.02+0.005 in the healthy volunteers (@417).

Bacterial DNA

Of all the samples analysed, only one sample ofi@ficid and 8 samples of serum (all taken
from the same patient) were PCR positive usingensal primers. In all the other samples
from the remaining patients, PCR using universahers was negative. The samples that
were PCR positive for universal primers were alssifives to PCR with EntB primers

specific for Enterobacteriaceae (Figure 8). Theesaamples analyzed by PCR with primers
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eco and pbp5 resulted negative, indicating thathese samples there was no DNA from

Escherichia coli or Enterococcus faecalis.

Discussion

The importance of the sequence of events stantorg bacterial translocation and leading up
to bacterial infection in the cirrhotic patient Hasen increasingly recognised in recent years
(59;298). Bacterial translocation and differenesitnal dysfunctions (such as altered motility,
permeability and bacterial overgrowth) in the seftiof chronic liver disease have been
described in several studies.

Altered small bowel motility leading to delayedastinal transit has been shown in cirrhosis
(43;45). with a direct relationship between theBanges and the severity of liver disease
(45). A significantly increased frequency of clusbé contractions and an increased duration
of phase Il of the migrating motor complex werersgepatients with liver cirrhosis (43;306);
these changes have been reported to resolve aftetapic liver transplantation (307). In
patients with cirrhosis, bacterial overgrowth haserb shown in one third of alcoholic
cirrhotics, especially those with ascites and seliger dysfunction (37). According to Perez-
Paramo et al, a coordinated bowel motor functioghtnbe the most important mechanism for
preventing bacterial overgrowth (36).

Intestinal permeability is impaired by portal hyjession, particularly with severe liver
disease (47), especially if there is ongoing altointake (48;49;304). Gastrointestinal
mucosal abnormalities (leading to increased permigaldue to portal hypertension (40) can
be caused by the overproduction of nitric oxide [N@hich leads to disruption of the
integrity of the intestinal epithelium (50). Alsihhe oedema of the splanchnic tissues in portal

hypertension may affect the permeability of the (@&).
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Bacterial translocation occurs with an incidenaggiag from 37 to 83 % in animal cirrhotic
models (50). In human cirrhosihe incidence of bacterial translocation is aldateel to the
degree of portal hypertension and liver dysfunctimeing reported in approximately 30 — 40
% of cirrhotics with ascites (36;63;66) and moexftrently in Child C than in Child A and B
cirrhosis (66). In a recent study, 7 of 17 advanaaghotics with culture-negative,
nonneutrocytic ascites had the simultaneous presaingacterial DNA (a surrogate marker of
bacterial translocation (303)) in blood and ascitiad at admission to hospital, which
persisted in blood for 24-72 hours (71). Furthemnoucleotide sequencing demonstrated that
bacteria detected in the first sample were idehticathose detected later, proving that
bacterial translocation is a single-species, dynarocess (71).

In the 7 patients reported in this study, intestmatility and permeability were impaired in
virtually all patients, both with ascites and witihoThe presence of bacterial DNA in the
ascitic fluid and serum, however, was found in calgingle patient with ascites (14 %), as
compared to 7 out 17 ascitic patients (41 %) regbty Frances and colleagues (71).
Bacterial overgrowth was also present in only oagept of our group. Not surprisingly, the
only patient with presence of bacterial DNA wasoalke one with the hightest intestinal
permeability.

The main difference between our group of patiemid #he group reported by Frances and
colleagues (71) is the severity of liver diseasdilgvonly four of our seven patients had
ascites, this was present in all of their patientsreover, while none of our patient was in
Child-Pugh class C, none of their patients was mld=Pugh class A. However, portal
hypertension was present in almost all of our p&tieas confirmed by the presence of
oesophageal varices.

In addition to the findings of Frances and collezgy{71), we report for the first time the
relationship between the presence of bacterial DiAiological fluids and alterations of

intestinal dysfunction in the natural history ofrhbtic patients. Our findings suggest that
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decreased intestinal motility and increased imta@stpermeability are early events occurring
even in patients with relatively preserved livendtion, while both the presence of bacterial
overgrowth and the appearance of bacterial DNAemis or ascitic fluid seem to be related
to increasing severity of liver disease, as alreadygested by other authors (37;66).

Altered small bowel motility, bacterial overgrowth the small intestine, and increased
intestinal permeability all lead to increased endaemia, increased bacterial translocation
and ultimately the risk of bacterial infection imrbotics. In cirrhotic rats with ascites,
bacterial overgrowth is promoted by intestinal hyydility, and bacterial translocation only
occurs in presence of overgrowth and severe dismupif the gut barrier (36). Bacterial
translocation also increases in cirrhotic ratsrdfte development of ascites (63).

The limitations of our study are the relatively dmsample and the fact that we only
monitored for the presence of bacterial DNA in bgdtal fluids in a limited time frame of
four days, thus potential missing episodes of bedteanslocation (since it is known that this
is a transient occurrence in the cirrhotic pati@tit)). However, the timeframe chosen was
identical to the one used in the previous study.(fis also unexpected that the only patient
with bacterial overgrowth did not have ascites aad a good liver function with a Child-
Pugh score of 5. Another possible limitation istttveo of the patients with no physiological
H, peak within 90 minutes had no peak even at theoétitk test at 180 minutes. This is most
likely to be explained by a severely delayed intesttransit, however a lack of colonization
by H, producing bacteria cannot be excluded. Also, whalgtulose breath testing is an
established method for the assessment of intestiaasit time, its accuracy regarding the
detection of small bowel bacterial overgrowth (S)E®less than optimal, with a sensitivity
of 68 % and a specificity of 44 % (308). The galdnslard for assessing SIBO is culture of
small bowel aspirate (308), which however is aragive method; while xylose breath test
seems to be performing better with regard to otham invasive methods. However, we

decided to use the lactulose breath test as mvatlous to assess intestinal transit time and
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SIBO with a single technique, thus avoiding thedhém two different breath tests which
might have prolonged the length of hospitalization.

Our findings are of importance as they contributeirther essential piece of information to
the understanding of the natural history of cirifh@nd portal hypertension, in particular with
the occurrence of bacterial translocation and tidacleading to further complications, and
also provide the scientific rationale for the deyehent of new therapeutic approaches.

The circumstantial evidence associating bacteralsiocation and infection with intestinal
dysfunction in this setting has already been reget\(298). An increase in permeability was
correlated with the occurrence of septic complaraiin 80 patients with mainly alcoholic
cirrhosis (47). A history of spontaneous bacteparitonitis (SBP) (a haematogeneous
infection localising in ascitic fluid, the sourceost likely being bacteria translocating from
the gut) is associated with more severe intestityaimotility and more frequent bacterial
overgrowth (38). Bacterial overgrowth leads to baat translocation and together with
increased intestinal permeability leads to an iased risk of SBP and worsening of hepatic
encephalopathy (55). Cisapride and antibiotics {sag& norfloxacin and neomycin) improve
both small intestine dysmotility and bacterial ayemth in cirrhosis (56). Interestingly,
propranolol, which lowers portal pressure, redutedrisk of post surgical infections from 42
% to 15 % in a cohort of 73 cirrhotics (57). Thi®iection may be due to increasing bowel
motility by its sympatholytic action, indirectly deeasing microbial translocation. A recent
retrospective study of 139 patients suggestedpitmgaranolol also may prevent SBP (58;309).
Selective intestinal decontamination with antilistreduces bacterial translocation (66) and
decreases the risk of infections, especially thdge to Gram negative bacteria (78;79).
Moreover, the addition of cisapride (a prokinetgeat) to norfloxacin has been reported to
further decrease the incidence of SBP in cirrhpitients with ascites (310). This again

supports the role of intestinal bacteria as a majbective source in cirrhotics and may
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explain why prophylactic antibiotics both orallycaimtravenously are so effective in reducing
infections during variceal bleeding (80).

In conclusion, our study shows the presence of iregantestinal motility and permeability
in a cohort of cirrhotic patients (both with assitend without) with a relatively preserved
synthetic liver function but with presence of pbhgpertension, while both the occurrence of
bacterial overgrowth and bacterial translocatioml@®med by the detection of bacterial DNA
in biological fluids only occurred in one patierach. We suggest that reduced intestinal
motility and increased permeability (which may eadt in part be correlated to the presence
of portal hypertension) precede the occurrence aftdsial overgrowth and bacterial
translocation in cirrhotic patients. Further stsdige needed to explore the natural history of
intestinal dysfunction and bacterial translocaiiorirrhosis and to study possible therapeutic
interventions such as the use of probiotics, sekdhtestinal decontamination, prokinetic

agents and non selective beta-blockers in thiggett
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M ETHODOLOGICAL STUDIES IN PORTAL HYPERTENSION
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ASSESSMENT OF THE AGREEMENT BETWEEN WEDGE HEPATIC VE IN PRESSURE
AND PORTAL VEIN PRESSURE IN CIRRHOTIC PATIENTS

Introduction

The measurement of the portal pressure gradientid@® prognostic information in the
management of patients with cirrhosis (311;312) aedbelieve it should be more widely
used given that it has independent prognostic fsigmice over and above scores of the
severity of liver disease (311). For many yearsasneng hepatic venous pressures, both the
free pressure (FHVP) and the wedged pressure (WH®&iEer with a wedge catheter or a
balloon catheter (313), has been the standard apiprior estimating portal venous pressure

(PVP) (311;314-316).

Several studies have compared WHVP with portal queesin cirrhotic patients but with
relatively small cohorts and using different teclugs for assessing portal pressure (Table
18). Some of them found good correlation between ttho measurements, especially in
patients with alcoholic cirrhosis (316-322) and HBWrhosis (323); other studies reported
less good correlations between the two technigegsecially in patients with non-alcoholic
cirrhosis (317;319;324-326). In HCV cirrhotic patie in particular, the data is conflicting

(318:324).

Recently, the precision in measuring WHVP per seliegen questioned (327). In this study,
61 % of the hepatic venous pressure gradient (HWRE&surements in two separate hepatic
veins differed by as much as 4-34 mm Hg. If conidnthis finding would raise serious
doubts about the validity of WHVP measurement ediable way of estimating PVP.
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Thus, our aim was to evaluate the agreement betw®4G and portal pressure gradient
(PPG) by systematically reassessing all the puddistata comparing these two measurement
techniques. In particular, as the use of correfattws comparing two measurement techniques
has been criticised as inappropriate (since it aiggcribes a linear correlation between
variables, but not necessarily an agreement), wilelé to also apply an alternative approach

which has been advocated for this purpose (291).

Materials and methods

We conducted a full Medline search in all languafggsstudies comparing wedge hepatic
venous pressure with portal pressure, using thev@eds “cirrhosis”, “wedge hepatic venous
pressure”, “WHVP”, “hepatic venous pressure gratljetHVPG”, “portal pressure” both
alone and in combination between each other. We sdsrched the bibliographies of all
relevant papers. In this way we identified 17 stsdiwhich had individual patient
measurements, comparing WHVP with PVP (316-326328- We could only include 11 of
these in our study; in 5 of them the measurememie weported as individual numerical
values (316;322;325;326;331), in the remaining 6ieee able to extract the values from the
graphs (317;318;320;321;323;324). We excluded @istufrom our evaluation, because in 2
it was not possible to determine which measuremleatsbeen taken in patients with liver
disease (332;333), in 1 because only pressure elaafjer vasoactive drug therapy were
reported (330), in 1 because it was not possibkxtmact the data from the graph (319), in 1
because the two different measurements were takanang time interval from each other
(329) and lastly in 1 because it only consideretlepts with spontaneous portosystemic

encephalopathy who were very likely to have a $icgmt portosystemic shunt (328).
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We pooled all the data from the published studied eecalculated the determination
coefficient (f) with linear regression determined by using GraghPrism version 4.00 for
Windows (GraphPad Software, San Diego CalifornigdAlJ8ww.graphpad.com). Thé gives
the fraction of variability in one variable explath by the other variable, in this case the
prediction of portal venous pressure by measuringVWR and PPG by measuring HVPG.
Thus the 7, as compared to the more commonly used r (regmressiefficient), which was
used in the individual articles correlating pomaéssure to WHVP and HVPG, is the most

appropriate expression of the correlation we wisiogest.

We evaluated agreement between the two measureosngsthe method described by Bland
and Altman (291), i.e. by plotting the differencetween the two measurements against their
mean. As this method does not allow a quantificated the degree of agreement, we
evaluated it by describing the absolute numberpardentage of values outside 1.96 standard
deviations (i.e. commonly referred to as 2 standiandations). We considered less then 10 %

of the values being outside 1.96 standard devistasna good agreement.

We also evaluated the difference between the twibads in relation to basal PVP in order to

assess if there was an increasing error dependehealegree of PVP.

Results

We identified a total of 320 comparative measureasiesf WHVP and PVP and 75
comparative measurements of HVPG and PPG; 102 aamea measurements of WHVP

and portal pressure were performed in patients alithholic liver disease and 88 in patients
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with non-alcoholic liver disease. In the latter @gpo53 had hepatitis C virus (HCV) related
liver disease (an additional 14 had both alcoHoter disease and HCV related liver disease),
other aetiologies included in this group were higégaB virus (HBV) related liver disease,
primary biliary cirrhosis (PBC) and autoimmune héjs as well as cryptogenic cirrhosis. A
total of 194 measurements were performed with ag@ecththeter and 113 with a balloon

catheter.

All patients

Evaluating the 320 measurements comparing WHVPParfe, WHVP was greater than PVP
in 113 measurements and PVP was greater in 138une@asnts. The range of difference
between WHVP and PVP was from -22.1 to 10 mm Hgafm#&.96 S.D. being -0.48+6.33
mm Hg, median 0 mm Hg). We found a coefficient efeimination () of 0.87. From the
graph (Figure 9A) it can be seen that 2 cases, footh the same author (325), are outliers.
By excluding these two cases as outliers fhis 0.90 and the range of difference was from -
10.5 to 10 mm Hg. According to Bland and Altmantgléigure 9B), there were no absolute
systematic errors, no proportional errors and noeatian depending on the magnitude of
measurement. However, the range of -0.48+6.33 mns dbnically important.

If only the 101 measurements for which individualnrerical values were available
(predominantly earlier studies) are considered riti® 0.68 (0.70 excluding the outliers) and
according to Bland and Altman plot, there were bsodute systematic errors, no proportional
errors and no variation depending on the magnitideeasurement, however, the range of -
1.36+£7.31 mm Hg is clinically important. Considerianly the 219 measurements for which
values were extracted from graphs (predominanttgrlstudies), the?rwas 0.91 and

according to Bland and Altman plot, there were bsadute systematic errors, no proportional
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errors and no variation depending on the magnitfdeeasurement, however, the range of -

0.084£5.66 mm Hg is clinically important.

Evaluating the 75 measurements comparing HVPG &@ 816;320;322;331), HVPG was
greater than PPG in 21 measurements and PPG watsrgre23 measurements. The range of
difference between WHVP and PVP was from -4 tor@% Hg (meanz1.96 S.D. being -
0.05+3.39 mm Hg, median 0 mm Hg). THemas 0.90; according to Bland and Altman plot,
there were no absolute systematic errors, no ptiopai errors and no variation depending on
the magnitude of measurement. However, the rang®.@+3.39 mm Hg is clinically

important (Figure 9C and 1D).

Alcoholic liver disease

Evaluating the 102 measurements (317;318;320-382;8®mparing WHVP and PVP,
WHVP was greater than PVP in 33 measurements afdWas greater in 45 measurements.
The range of difference between WHVP and PVP was #8 to 9 mm Hg (meant1.96 S.D. -
0.4+5.23 mm Hg, median 0 mm Hg). There wa$af 0.93; according to Bland and Altman
plot, there were no absolute systematic errors,praportional errors but there was an
increasing variation of at least one method dependin the magnitude of measurement. The
range of -0.4+5.23 mm Hg is clinically importanidére 10A and B).

Amongst the 13 measurements (320;322) comparing Gi\énd PPG the?ris 0.84;
considering the Bland and Altman plot, absolutetesysitic errors, proportional errors and
variation depending on the magnitude of measuremene difficult to assess due to the
small number of measurements. The range of -0.88+t8Bim Hg is clinically important

(Figure 10C and D).
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Non-alcoholic liver disease

Amongst the 88 measurements (317;318;321;323;3@#paring WHVP and PVP, WHVP
was greater than PVP in 38 measurements and PVRymeater in 41 measurements. The
range of difference between WHVP and PVP was fro5-to 10 mm Hg (mean+1.96 S.D. -
0.39+6.45 mm Hg, median 0 mm Hg). THes 0.83; according to Bland and Altman plot,
there were no absolute systematic errors, no ptiopai errors and no variation depending on
the magnitude of measurement. However, the rang®.39+6.45 mm Hg is clinically
important (Figure 11A and B).

In particular, in the 53 measurements (318;324)panmg WHVP and PVP in patients with
HCYV related liver disease, WHVP was greater thaf® BV 23 measurements and PVP was
greater in 22 measurements. The difference betWé&gwP and PVP ranged from -10.5 to 10
mm Hg (mean+1.96 S.D. -0.08+7.39 mm Hg, median Ogh The fis 0.75; according to
Bland and Altman plot, there were no absolute syat& errors, no proportional errors and
no variation depending on the magnitude of measenéniHowever, the range of -0.08+7.39
mm Hg is clinically important (Figure 11C and D).

No measurements comparing HVPG and PPG were alaitathis subgroup.

Wedge catheter measurement

Evaluating the 194 measurements (316;317;320-382332), WHVP was greater than PVP
in 59 measurements and PVP was greater in 82 neasuts. The range of difference
between WHVP and PVP was from -9 to 8.5 mm Hg (&6 S.D. -0.55+4.78 mm Hg,
median 0 mm Hg). The’ris 0.85; according to Bland and Altman plot, therere no

absolute systematic errors, no proportional erransl no variation depending on the
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magnitude of measurement. However, the range 65#3.78 mm Hg is clinically important
(Figure 12A and B).
As all the measurements comparing HVPG and PPG weréormed using a wedge

cathether, the results are the same as reportédeavhole series.

Balloon catheter measur ement

Amongst the 113 measurements (318;323;324), WHVR waeater than PVP in 49
measurements and PVP was greater in 41 measureri@etgange of difference between
WHVP and PVP was from -10.5 to 10 mm Hg (mean+E5d38. -0.19+6.17 mm Hg, median 0
mm Hg). The T is 0.90; according to Bland and Altman plot, thevere no absolute
systematic errors, no proportional errors but tiveas an increasing variation of at least one
method depending on the magnitude of measurementeter, the range of -0.19+6.17 mm

Hg is clinically important (Figure 12C and D).

Assessment of the variability between direct and indirect portal pressure measurement

according to basal portal pressure

The assessment of the absolute difference betweenwio types of measurement, in all

measurements and in those performed with a balbatimeter, plotted against the basal PVP
showed that the variability was constant for a emofjPVP from 1 to 45 mm Hg (Figure 13 A

and C). A similar distribution was seen for measwarts performed with a wedge catheter
and in separate subgroups of patients with andowithlcoholic liver disease.

The difference between the two measurements, alaage in percentage from WHVP

measurement, plotted against the PVP, showed anéatly greater change in percentage for
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lower PVP pressures (<20 mm Hg) (Figure 13 B), thig was not observed when only the

measurements performed with a balloon catheter a@sidered (Figure 13 D).

Discussion

Our reassessment of the data published to dateooparative measurements of wedged
hepatic pressures and portal pressures clearlystieat/ WHVP correlates well with PVP in a
cohort of patients with alcoholic liver disease,VHBnd HCV related liver disease, PBC and
autoimmune hepatitis, irrespective of the use wkedge or a balloon catheter. However there
was a trend to greater differences between the evédghnique and PVP at lower PVP
pressures but this did not reach statistical sicgmice. In particular, it is important to note that
this also holds true for the main aetiologies wéficirrhosis, alcoholic liver disease and HCV
related liver disease, despite some claims to theosite (324). Furthermore, we also
confirmed that HVPG correlates significantly witR®.

These findings are of great importance, as measmeand monitoring of hepatic pressure
measurements (HVPG and WHVP) are increasingly recended in clinical trials and
clinical practice regarding the pharmacologicalvergion of portal hypertension-related
bleeding (334-336). Moreover, a higher HYPG measerd is known to be an independent
factor associated with mortality in liver cirrhosi81l) and one study has linked
pharmacological reduction in HVPG to a decreased-term risk of complications related to
portal hypertension, such as variceal bleedingjtesscspontaneous bacterial peritonitis,
hepatorenal syndrome and hepatic encephalopatt®334). A recent report also suggests
that changes in HVPG could be considered as ameiilje end point for the therapeutic

evaluation of antiviral therapy in chronic hepati@, and HCV related cirrhosis (338).
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Our findings do not confirm a recently reported hhigariability in HVPG measurements
(327), as the correlation with PPG measurements higidy significant, across 8 different
centres reporting data, given that direct portabpure measurement has very little variability.
The paper by Keiding et al (327) used a wedge tathiechnique and did not compare
WHVP with PVP. On the whole, WHVP measurement seensdightly underestimate PVP,

but the difference is small (mean -0.48 mm Hg).

We also assessed the agreement between portalq@essd WHVP and HVPG with the
method proposed by Bland and Altman (291). Thisnigortant since this method has been
suggested to be more appropriate for assessingragrg between two methods of clinical
measurements, as the use of correlation coeffeignthis setting may be misleading. The
Bland and Altman method showed a clinically sigrafit range of differences, with 95 % of
the differences lying between 3.39 mm Hg aboveeabtow the mean and 7.39 mm Hg above
or below the mean. This variability is of importanespecially if such small variabilities as
10 % or 20 % reductions from baseline are consijexe have been reported to be important
in the setting of prophylaxis of variceal bleedengd complications of portal hypertension in

general (339;340).

One possible bias in our evaluation is that the memof measurements might have been too
small thus leading to a larger standard deviatitmwever, even considering the total number
of available measurements (i.e. 320) the rangeffereinces is still clinically significant (6.33
mm Hg above or below the mean). Another possiblecgoof heterogeneity is that studies
included were performed over a 44 year time spah wonsequent variation in equipment
and technique of measuring pressure. However, tenction between studies performed
using the wedge technique (1955-1985) and thoseyuke balloon technique (1989-1999)

takes into account most of these differences.
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Lastly, there is an issue of generalisability. éflithese studies were performed in specialised
centres, and thus these results may not be repghdedum a routine setting. However,
recommendations for an accurate technique have peklshed recently(341) and should

make accurate measurements achievable in everytitst.

This analysis, although confirmatory of other sésdwith regard to the correlation between
WHVP and PVP and between HVPG and PPG, each wimall number of patients,
guestions the agreement between these variablegshasdthe use of WHVP and HVPG
measurements as surrogate measurements of PVAP&dIB our knowledge, this is the first
time that an assessment of more than 300 comparateasurements has been performed.
The suboptimal accuracy of WHVP and HVPG as indlinedices of portal pressure reported
here, should be, we believe, a further stimulua toore widespread study of these methods.
It may well be that performed with a correct anpe@able technique (341), these techniques
could result not only in good correlation, but ails@acceptable agreement. This is especially
important as the use of HVPG holds great promisgfognostic estimation (311;312), for
researching the role of target reduction of poptalssure during pharmacological therapy of
portal hypertension (334-336) and potentially asiaogate marker of chronicity or fibrosis

(338).
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COMMENTS ON THE IMPORTANCE OF DIFFERENT
PATHOPHYSIOLOGICAL MECHANISMS IN COMPLICATIONS OF
PORTAL HYPERTENSION —THE EXAMPLE OF HAEMODYNAMIC NON
RESPONDERS TO PHARMACOLOGICAL TREATMENT
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HOW TO PREVENT VARICES FROM BLEEDING : SHADES OF GREY — THE CASE
FOR NON-SELECTIVE BETA BLOCKERS

Introduction (Black and white)

The risk of bleeding from oesophagogastric varicesletermined by the extent of portal
hypertension, liver dysfunction and endoscopic ifigd (342). Portal hypertension is
responsible for many of the complications of cigiscand warrants treatment in patients who
have already suffered a variceal haemorrhage dsas/¢hose who have a risk of bleeding for
the first time. This can be pharmacological by lang portal pressure or local treatment of
the varices by ligation at the site of bleedingc&dly some data suggests that reduction in
portal pressure might also be beneficial for otbetcomes, such as ascites, spontaneous
bacterial peritonitis, hepatorenal syndrome, hepaticephalopathy and overall survival
(340;343). Whether a therapeutic benefit can oeatlout improvement of liver function,
providing there is a reduction in portal pressuras recently been discussed (344;345).
However, this has only been assessed in a subgo8f patients (344) so further data is
clearly needed. The pharmacological treatment mostmonly used is non-selective beta
blockers (propranolol, nadolol or timolol) eithes anonotherapy or in association with
nitrates. The presence or absence of a decreaseeimepato-venous pressure gradient
(HVPG), a surrogate marker of portal pressure(34B;3either by a certain degree (20 % or
more) or below an absolute value (12 mm Hg) hawenlksdvocated as a prognostic tool in
order to predict the therapeutic effect — the pnéie@ of bleeding and rebleeding (343;348).
However the applicability of routine remeasuren@ntlVPG as well and the generalisability

of the published data have been questioned ((3995854)).
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Patients treated with portal pressure lowering slrugan be divided into “white”
(haemodynamic responders) or “black” (haemodynamitresponders). Thus those patients
achieving an HVPG reduction of >20 % from basebn®elow 12 mm Hg, are considered to
be at far less risk of rebleeding (“white”), whasethe others are believed to be at continued
risk of rebleeding which is greater than the resigos’ (“black”). These latter patients are
then to be considered for alternative therapies suscligation or more aggressive treatments
such as TIPS to evade this fate. However althouiggtidn is often recommended, current
data suggests rebleeding still occurs even if pttiare switched to endoscopic treatment
(355;356). Indeed, the relationship between thermt®ss of a good response with non-selective
beta blockers and bleeding is not a close corocgladind prediction of bleeding in an
individual patient is not sufficiently good for rixe clinical practice. This consideration has
often been taken as a reason to choose ligatioraraées as the choice of first therapy for

prevention of rebleeding.

The aim of this paper is to review the evidencediording patients into “black” and “white”
(a division which we consider to be too simpliastand to make a case for propranolol to be
used for primary and secondary prevention of blegdiproviding there are no

contraindications or intolerance, in all patients.

Haemodynamic response and efficacy of drug treatmer- clinical evidence

Non-selective beta blockers, with or without nisstare effective for preventing the first
variceal bleeding episode in patients with moderatdarge varices, and for preventing
variceal rebleeding (342;357;358). However, thetqmiive effect of non-selective beta

blockers may not only be due to reduction in popgedssure, but may also be due to a
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reduction of bacterial translocation (through afeefon intestinal motility, permeability and
bacterial overgrowth(359)) and a reduction in baakénfections(309;359), and through this a
reduction in the risk of bleeding.

Several studies have assessed the haemodynaminisespith respect to the risk of variceal
haemorrhage, mostly in the setting of secondarpipraxis (360-364), but also in primary
prophylaxis (340;365;366) or in cohorts with pateeandergoing both primary and secondary

prophylaxis (356;367).

For prevention of rebleeding, the association uattget reduction of portal pressure is clear
cut in those in whom pressure was remeasured betivaed 3 months after starting therapy.
However, the fact that hepatic venous pressure une@&nts were not measured at baseline
or repeated in all patients, especially in thosgepts who rebled before remeasurement,

further complicates the interpretation of the d&&0;351).

What can be determined from the current data isrtbtall haemodynamic responders will
stay free of bleeding/rebleeding unless HVPG iswel2 mm Hg (but only a median of 14 %
achieve this response) (351) and conversely, hatoal-responders will eventually bleed or

rebleed.

Considering the 5 studies assessing haemodynasponse for the secondary prophylaxis of
variceal bleeding, a total of 138 out of 211 paBeon drug treatment who had their
haemodynamic response assessed did not rebleathjaf 57 (41.3 %) were non responders
(Table 19). Even excluding the study by McCormicid a&coworkers(361), which has been
criticised for assessing haemodynamic response a@n% months (i.e. very late), 45 out of

110 patients who did not rebleed (40.9 %) were responders. Moreover, it is often not
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emphasized that the percentage of patients noteadinlg was consistently higher than the

haemodynamic response rate in all trials (medidr¥o6/s 51 %).

With regard to the variability in bleeding ratesr@lation to pressure response, an interesting
parallel can be made by evaluating studies usingatas. The addition of isosorbide
mononitrate (ISMN) has been shown to reduce HVP@&nein patients who have no
haemodynamic response to propranolol (368;369). é¥ew this effect does not always
translate into a significantly increased clinicdficacy. ISMN as monotherapy does not
reduce the incidence of first variceal bleedingOj37and in one (out of two) randomized
controlled trials for primary prophylaxis, its atidn to propranolol made no improvement to
the incidence of variceal haemorrhage (371). Thelomized trials evaluating combined
treatment versus non-selective beta blockers afoneprevention of rebleeding showed

trends, but not clear cut significant benefit fombination treatment (372;373)

In the two randomized controlled studies (from sagne centre) of pharmacological versus
endoscopic prophylaxis for variceal rebleeding thisb assessed haemodynamic response,
non-responders to non selective beta-blockers hadsame incidence of rebleeding as
patients undergoing sclerotherapy (55 % vs 53 %)aaslightly higher incidence compared to

those undergoing endoscopic banding ligation (6/s%9 %) (363;364).

Overall, 22 to 67 % (median, 47 %) of non-resposdebleed (351), which is lower and at
least not worse than historical controls with a%dleeding rate at 2 years without treatment
(348). In trials of primary prophylaxis, the bleedirate in non-responders was 37 % during
follow-up for up to 5 years (excluding patientswitmall varices without red sign¥) while

a more recent studyfrecruiting all patients with varices) had a bieedrate of 30 % in the

non-responder group during a follow-up period ofto® years. This compares favourably to
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a historical risk of 26.5 % at one year withoutatreent (and thus comprising both potential
responders and non-respondets)indeed the positive predictive value of haemodyica
non-response for variceal rebleeding is as low2at % when pooling the data from the trials
(Table 20).

In contrast to the above results, a non randonssedly proposing “a la carte” treatment for
portal hypertension (356), aimed at the target afieving a haemodynamic response of
lowering HVPG below 12 mm Hg or by at least 20 %wdver, those patients not achieving
these targets with propranolol alone or in comhbamato ISMN had their beta blockers
discontinued and were switched to endoscopic bandigation and had a very high
rebleeding rate of 87 % - more than twice the mediathe other studies. This raises doubts
as to whether this cohort is representative of remponders, or whether indeed those patients
had been experiencing a protective effect fromaditug treatment before this was suspended,
in spite of not achieving a haemodynamic respoitse. known that patients under non-
selective beta blockers lose all benefits from dregtment and return to their prior bleeding
risk once this is stopped (374). In addition, ifethesults from this study(356) were
representative of non-responders, it would sugtedteven banding ligation is not effective
for non-responders to beta blockers. A recent umobed study showed a low rebleeding rate
in “partial responders” (HVPG reduction l0 % and <20 %) with the combination of
pharmacological treatment and banding ligation(3g6ygesting that a beneficial effect may

also be observed with moderate decreases in HVPG.
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Alternative pathopysiological mechanisms for the aon of non selective beta blockers

(Table 21)

1) Alternative haemodynamic mechanisms

The protective effect of propranolol (376) in pretteg variceal bleeding is thought to be
mediated in several ways. The major effect is bgeduction of portal inflow (377;378)
resulting from a decrease of cardiac output anch fsplanchnic vasoconstriction (379-381).
Another haemodynamic mechanism, often overlookedan increase in porto-collateral
resistances reducing blood flow to varices. Indgedpranolol decreases azygos blood flow
(382-386) (an index of collateral blood flow) andriceal pressure (367;383;387). Some
authors consider the reduction of collateral blflod and variceal pressure as the principal
mechanism by which propranolol reduces bleeding s cirrhotic patients (382;383).
Finally, propranolol also causes a decrease in &ftective vascular compliance (388;389),
so that HVPG is further reduced because free hepain pressure (FHVP) is increased.
Propranolol therapy also increases intrahepaticculas resistance, thereby potentially
offsetting, at least partially, its beneficial effeon portal pressure (390;391). For this reason,
combination therapy with vasodilators, such asates or prazosin, or the use of carvedilol (a
non selective beta-blocker with intrinsic alphatyéictivity) have been advocated (392;393).
All of these drugs have been shown to increasddeenodynamic response rate as assessed
by HVPG. Yet, by looking closely at the other haelyrtamic variables in these studies, some
differences become evident.

Propranolol reduces azygos venous blood flow byematgr extent (34-38 %) than either
cardiac output (23-24 %), HVPG (11-14 %) or hepé#iicod flow (13 %) (382;394). As

hepatic blood flow is the sum of both portal venansl hepatic arterial blood flow, the fact
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that propranolol reduces hepatic blood flow tossés extent than azygos blood flow may be
due to a relative increase in hepatic artery bldod after beta-blockade, as seen in an
experimental portal hypertension model in rats J38Bspite an increase in hepatic resistance
(390). Propranolol decreases azygos blood flow ;@BE386;394,;396-398) through an effect
of beta-blockade (384), and does so even in patietthout a haemodynamic response as
assessed by HVPG (383;386).

On the other hand, the addition of ISMN to proptahawhilst further decreasing HVPG,
results in a non significant increase (394) of ateltal blood flow (as estimated by azygos
blood flow). Administration of ISMN alone leadsmo change in azygos blood flow (369) or
to a slight decrease by 11 % (368). A study conmgapropranolol with the combination of
propranolol and ISMN found no significantly greateduction of flow in the combination
group as compared to propranolol alone (398). Ghlolereduces azygos blood flow less than
propranolol (by 15-20 % for carvedilol vs 23-27 %r fpropranolol) despite a greater
reduction in HVPG (393;399). As regards prazosinwege not able to find any published
data on its effect on azygos blood flow.

Variceal pressure is correlated with azygos bldod {400). Propranolol decreases variceal
pressure (367;383;387;401); again, this is also se&VPG non responders (383). It might
be considered that reduction of pressure at theo$ibleeding is the closest surrogate pressure
measurement in relation to bleeding. A decreaseaiiceal pressure whilst on propranolol
treatment was found to be associated with a deedeidsk of variceal bleeding or rebleeding
(367). Nitrates decrease variceal pressure whangither orally (368) or sublingually (402)
or result in no change after intraduodenal infust@spite a marked decrease in arterial
pressure (403). No data on long-term effects ohtas on variceal pressure are published.
This suggests that the effect of propranolol anteioton-selective beta blockers on the
prevention of variceal bleeding may not correlattely with the degree of portal pressure

reduction. Some of the therapeutic effects mayeaddee due to the changes in collateral
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blood flow and variceal pressure which also ocaurpatients who do not achieve a
haemodynamic response as assessed by a HVPG decf@&@s% or more (367;383).

Also, several other factors might be of importarstesh as the age of the patients, the dose of
beta blockers or nitrates used (which varies gsigeificantly in the different studies), and
even more so the compliance with the treatment;8351). Recently the importance of
beta-2 adrenergic receptor gene polymorphism has bevestigated(404), but it does not
seem to predict hemodynamic response to propramolpatients with cirrhosis (although it
may allow selecting a subgroup of patients likety benefit from the addition of
nitrates)(405). Another possible source of hetemedg could lie in constitutional factors
such as the presence of the metabolic syndromdittieitdata has been published so far on
this issue. The importance of technical differeniceslVPG measurement and the need for

standardization have also been pointed out recétii§;407).

2) Non-haemodynamic mechanisms

The role of bacterial infection in variceal blegglim cirrhotic patients is an ever more
attractive hypothesis (59;359). Bacterial infectiom cirrhotic patients are common (3). There
is a predisposition to intestinal bacterial overgig intestinal dysmotility and increased
intestinal permeability, all leading to an increasebacterial translocation (359). Bacterial
translocation is the probable mechanism for soméemost common infections in cirrhosis,
such as spontaneous bacterial peritonitis, bulsis the source of bacterial by-products such
as endotoxin which can cause an increase in ppréssure (culminating in the increased
portal pressure in the presence of spontaneousriEqberitonitis(118;408)), an impairment

of liver function and a worsening of haemostas&9j3
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The effects of bacterial infection and bacteriabducts on the portal and systemic
haemodynamics in cirrhosis and clinical data oreatibn, from both retrospective and
prospective studiesof variceal bleeding and other settings, demotestilae importance of
infection in pathophysiological mechanisms in asis (359). This has been followed by
recent clinical evidence that antibiotic therapyemses systemic vasodilation (25;108), and
prevents early variceal rebleeding in two randoohsedies (22;299).

Propranolol has been found to result in fastersiimal transit and lower rates of bacterial
overgrowth and translocation in cirrhotic rats (36jerestingly, in a randomised study (albeit
in abstract form) propranolol reduced the risk e$tsurgical infections from 42 % to 15 % in
a cohort of 73 cirrhotic patients (57). Moreovevptrecent retrospective studies of 134 and
139 patients suggested that propranolol may prewpuntaneous bacterial peritonitis
(58;409), a finding also supported by data frorals$rifor the prevention of variceal bleeding
(340) or rebleeding (343;410) Indeed, this benaffieiffect seems to be obtainable with a
reduction in portal pressure of as little as 11 40)3 which again points towards the efficacy
of propranolol even in those who do not have a 2@é&tction of HVPG (309). This effect of
propranolol is probably due to increasing bowel iltgtby its sympatholytic action,
indirectly decreasing microbial translocation hewn in animal models(36). Given this data
propranolol may have another mode of action in cedyvariceal bleeding by preventing or

reducing bacterial translocation, or infection, gthmay trigger bleeding (59;359).

The argument against a pure mechanical understandgof variceal haemorrhage

Rupture of oesophageal varices is frequently seemavent explainable merely by the terms
of Laplace’s law, as a direct function of varicgaéssure and radius and thickness of the

variceal wall. However, the known risk factors f@riceal bleeding (HVPG, liver function,
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size of varices and presence of red signs) do eadilly explain why bleeding and early
rebleeding occur unpredictably in patients withrhmisis. Portal pressure rises significantly
with daily meals as well as exercise (199;200), aesbphageal peristaltic contractions have
been reported to increase variceal pressure to thare80 mm Hg (411). Yet despite these
marked daily changes bleeding episodes are relaiivieequent.

In the setting of non cirrhotic portal hypertensiovhere often there are large oesophageal
varices with red signs, the incidence of bleedsmgiuch lower than in cirrhotics with similar
varices (196). The bleeding rate in portal veinothibosis has been documented as 12,5
episodes per 100 patient years (197;198), wheheasgk of first bleeding with Child grade
A cirrhotics with large varices and moderate reghsiis 24 % in 1 year and in Child grade C
with small varices and no red signs it is 20 % {(19he difference probably lies in the
presence of liver disease (although the thrombmpbdnditions often associated with portal
vein thrombosis cannot be discounted). Cirrhostsligposes to risk of infection, which is not
reported in non-cirrhotic portal hypertension. brtpcular bacterial translocation is much less
frequent in rats with portal vein ligation as comgghto cirrhotic rats (64;65). Also, in patients
with cirrhosis, circulating bacterial DNA fragmer(s marker of bacterial translocation) are
only observed in the presence of ascites suggettaigascites and advanced liver failure
contribute to the risk of infection. In the settind extra-hepatic portal vein obstruction,
especially in children, haemorrhage may be initidig a minor, intercurrent infection (412).
Lastly variceal columns can be composed of sewbiated vessels rather than a single vein,
thus making it more difficult to directly apply Ligge’s law (413).

Thus a merely mechanical understanding of varibde¢ding as a consequence of portal
pressure and tension on the variceal wall mightemirely explain the pattern of variceal
bleeding. Endotoxaemia secondary to bacterial fidieanay indeed be the critical trigger for

variceal haemorrhage (59), since it produces a wailees of effects that may predispose the
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cirrhotic patient to bleeding: impairment of prirgaand secondary haemostasis, increase of

portal pressure and worsening of the hyperkingtitlsome and of liver function (359).

Conclusion (Shades of grey)

Portal hypertension causes the development of beg®al varices and ultimately leads to
variceal haemorrhage in many patients with cirtho$he degree of portal hypertension as
assessed by HVPG measurement is an independemiogtagfactor for survival in cirrhotic
patients (414). There is little doubt that a low ¥ (<12 mm Hg), either at baseline (415) or
achieved after a therapeutic intervention such bstireence from alcohol (416) or
pharmacological treatment (363-366) is associatéad awery low risk of subsequent variceal
bleeding. An HVPG reduction of 20 % from baselireeras to be of value in terms of
improving survival and rebleeding(339), even thotigh effect on the former may be related

at least in part to changes in liver function(344).

Interestingly different thresholds of portal pregsteduction X10 % but < 20 %) have been
published with regard to protection from complioag of portal hypertension other than
variceal bleeding (309;417), such as SBP (340) @exklopment of oesophageal varices
(417). In particular Turnes and coworkers (340)stabthat an 11 % reduction in HVPG was
the best cut off in predicting no risk for SBP, shi(8ince bacterial infection can be the trigger
for variceal bleeding (359)) protection againstrhaghage might already take place at a
lower level of HVPG reduction. Furthermore, a hadgmamic response also seems to be
correlated with an overall better prognosis (343jus haemodynamic responders do have a
better outcome and thus HVPG measurement retamsniportant prognostic role in

determining survival (414). A final consideratiosn that the more commonly used cut-off
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value (i.e. a 20% reduction in HVPG or to <12 mmHuegs selected to maximize the
specificity, but is not very sensitive. It could that the use of a less stringent cut-off (i.e., a
10% decrease in HVPG) would be more sensitive asudaally reduce the “grey zone”, while
still being of prognostic value (as an example, pineportion of non-responders using the
10% cut-off is of about 25%, which is much loweanhfor the conventional cut-off values)
(JB, unpublished observations).

It is thus difficult to consider all haemodynamiomresponders as treatment failures i.e.
“black”. The effect of propranolol on other haempdsnic parameters such as azygos blood
flow and on bacterial translocation, together wiltke fact that more patients do not rebleed
than achieve the target “protective” HVPG threseaddggest a more complex picture. While
some of the haemodynamic non-responders might éghbdee*black” and thus doomed to a
worse prognosis, a substantial part of non-respsnai® only “grey”: i.e. they do not share
the appealing pure status of haemodynamic respsnget are protected from adverse
outcomes (in particular variceal bleeding) by tneatt with non-selective beta blockers
(Table 22). This is either due to a decrease dhtohl and thus variceal blood flow, even
without a marked decrease in HVPG, and/or duerxdaction of bacterial translocation and
bacterial infections that may trigger the bleeditsglf. Further studies should clarify if
responses of portal pressure achieved by a propoofi patients (for instance, a decrease of
10%, 12% or 15%) can uncover part of this “greyh@oAnother way to define this “grey”
area would be through a randomised controlled &igaigning haemodynamic non-responders
either to continuation of treatment with non-selectbeta blockers, to placebo or to
endoscopic treatment — but this might well becorbeotete in view of the fact that the
combination of endoscopic banding ligation with remective beta blockers seems to be
superior to endoscopic treatment alone(418;41%réstingly, a recent study suggested that
the addition of banding ligation to non-selectivtabblockers compared to non-selective beta

blockade alone was of little added value(420), mgaiggesting that beta blockers may be
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acting via other mechanisms to protect againstdiolge Alternatively patients could be
randomised to long-term antibiotic therapy to testhypothesis of infection being the trigger
for variceal bleeding(59;359). Thus, propranolal ¢her non-selective beta blockers) may
well turn out to be the Hepatologist's “aspirintheap, few contraindications, relatively little
intolerance and of universal application in ciribgtirrespective of the presence of varices or
history of bleeding (344), as they affect outcono#iser than bleeding. This therapeutic
possibility needs urgent exploration, not only heseaof its potential clinical importance, but

also because it may define the need for HVPG measamt in the future.

96



FIGURES

97



Intestinal permeability

Endotoxaemia

Portal hypertension

Bacterial translocation

Liver dysfunction

Figure 1: Damage to the intestinal barrier leads to badteaaslocation and endotoxaemia
and thus to impairment of liver function and in@ean portal pressure, possibly causing

further damage to the gut: a vicious circle
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Figure 2: Endotoxaemia, bacterial translocation and badterfiection may be different

expressions of the same process at different degfeseverity, and are associated with

increasingly severe complications

99



Infection/Endotoxaemia

Increase in 1 Impairment of : Impairment of
portal pressure liver function coagulation

\

VARICEAL
HAEMORRHAGE

Figure 3: Possible pathophyisiological pathways through Whiacterial infection can trigger
variceal haemorrhage
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Figure 4: TEG variables. The R time is the time between activation of thengla with
calcium, and the point where the amplitude of ttaeihg reaches 2mm, representing the
formation of the first fibrin strands. The K time measured from this point until the
amplitude reaches 20mm, representing the time tékea fixed degree of viscoelasticity to
develop, as a result of fibrin build-up and crasdhg. Thea-angle is that formed by the
slope of the TEG tracing between the R time andKiliene, and denotes the speed at which
solid clot forms. The maximum amplitude is the gestamplitude on the TEG trace and is a
reflection of the absolute strength of the fibrlotcThe TEG parameters can be affected by
gualitative and quantitative differences in plateland the proteins of the clotting cascade,

and hyperfibrinolytic states.
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Figure 5: Bland-Altman plots of the degree of agreemenefrh TEG parameter in both
patients (n=50) and healthy volunteers (n=21) betw®n-kaolin activated native blood and
non-kaolin activated citrated blood. Dotted linedicate 1.96 standard deviations from the

mean.
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respect to r time in two patients with varicealdalmg.
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Figure 8: PCR detection of bacterial DNA in ascitic fluiddagerum samples from patient 3.
From left to right: Lane 1, positive contrdt.Coli DNA); Lane 2, ascitic fluid; Lanes 3-5
serum from days 1, 2 and 3; Lane 6, negative cbifivater instead of DNA); Lane 8,
positive control E.coli DNA); Lane 9: ascitic fluid; Lane 10, serum fromaydl; Lane 11,
negative control (water).

Lanes 1 to 6, PCR performed with BR1 universal prsnLanes 8 to 11, PCR performed
with EntB primers. Lanes 7 and 12: molecular weigharkers.
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Figure 9: Data of measurements in all patients. A) Conatabetween WHVP and PVP
(n=320); B) corresponding agreement between WHV®& RXP according to Altman and
Bland; C) correlation between HVPG and PPG (n=E§)corresponding agreement between

HVPG and PPG according to Altman and Bland. Dotieds: 1.96 standard deviations.
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Figure 10: Data of measurements in patients with alcoholrerlidisease. A) Correlation
between WHVP and PVP (n=102); B) corresponding exgent between WHVP and PVP
according to Altman and Bland; C) correlation beaweHVPG and PPG (n=13); D)
corresponding agreement between HVPG and PPG acgaal Altman and Bland. Dotted

lines: 1.96 standard deviations.
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Figure 11: A) Correlation between WHVP and PVP in patientshwiaon-alcoholic liver
disease (n=88); B) corresponding agreement betwddi'P and PVP according to Altman
and Bland in patients with non-alcoholic liver dise; C) correlation between WHVP and
PVP in patients with HCV related liver disease @)x®) corresponding agreement between
WHVP and PVP according to Altman and Bland in pasewith HCV related liver disease.

Dotted lines: 1.96 standard deviations.
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Figure 12: A) Correlation between WHVP and PVP measurement®mmeed with a wedge

catheter (n=194); B) corresponding agreement betWéd\VVP and PVP according to Altman
and Bland measurements performed with a wedge teath@) correlation between WHVP
and PVP measurements performed with a balloon wmath@=113); D) corresponding
agreement between WHVP and PVP according to Altraad Bland measurements

performed with a balloon catheter. Dotted lineS61standard deviations.
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Figure 13: Assessment of the difference between the two tygeseasurement plotted
against portal vein pressure for measurements lipadlents (absolute differencé and
percentage change from WHVB) and measurements with balloon catheter (absolute

difference,C and percentage change from WH\IP,
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TABLES
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Reaction (R) time (9.4 - 27.4 minutes)

U/ ml Saline UFH LMWH DPD
0.025 142 +13 170 14 178 11 167 20
0.050 138 £1.0 19.0 19 172 +17 201 4.1
0.100 127 +0.8 264 +18 159 +1.2 196 21
0.250 150 £16 46.0 %50 265 +3.4 270 +37
0.500 136 +15 55.6 *4.4 50.6 £55 433 144
1.000 142 £15 60.0 *0.0 59.3 +0.7 56.7 +33

K time (1.9-8.9 minutes)

U/ml Saline UFH LMWH DPD
0.025 55 *04 71 =08 98 *13 83 15
0.050 52 %05 88 *1.0 9.1 +18 89 12
0.100 50 *05 152 *16 93 *13 96 *19
0.250 52 %04 41.7 *75 19.1 +50 172 +26
0.500 52 *05 55.0 *50 50.2 *6.6 347 £65
1.000 45 *0.6 60.0 *0.0 60.0 +0.0 56.4 +3.6

a-angle (22-58 degrees)

u/mi Saline UFH LMWH DPD
0.025 399 31 289 =31 241 *26 293 47
0.050 40.1 +2.2 26.0 3.1 257 +24 29.2 +37
0.100 412 +33 166 *21 300 +24 275 41
0.250 39.1 +29 80 35 17.7 +£22 198 +3.2
0.500 396 25 20 *20 6.0 %37 9.8 £31
1.000 455 =28 0.0 0.0 0.0 +0.0 11 +11

Maximum amplitude (MA) (44.4-63.6 mm)

u/mi Saline UFH LMWH DPD
0.025 483 1.6 436 *1.3 418 +1.6 439 +25
0.050 463 +16 412 *1.6 428 *21 38.2 £37
0.100 50.1 +14 40.3 *1.8 427 +14 431 +1.8
0.250 486 1.2 155 £53 35.1 %45 39.1 *23
0.500 478 =09 3.7 +37 9.2 +58 240 +6.7
1.000 532 *1.2 0.0 =*00 14 *14 54 £54

Table 1A
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Prothrombin time (PT) (12 - 16 s)

u/mi Saline UFH LMWH DPD
0.025 140 *0.2 142 *03 140 %03 1422 *0.3
0.050 13.8 *0.2 142 *0.2 142 +0.3 1434 +0.3
0.100 140 *0.2 148 *0.2 148 *0.6 14.44 *0.3
0.250 143 %03 159 =*0.7 158 +0.7 1479 +0.2
0.500 143 *0.3 18.0 *0.7 16.6 *04 16.04 *0.3
1.000 147 %03 269 *24 19.0 +04 17.51 +0.3

Activated partial thromboplastin time (aPTT) (28 - 38 s)

u/mi Saline UFH LMWH DPD
0.025 324 0.8 332 1.2 324 20 335 =*11
0.050 323 0.7 343 %15 334 +22 358 1.2
0.100 326 1.0 411 £32 395 *36 375 1.2
0.250 331 0.7 78.3 +134 439 +21 46.1 +1.7
0.500 336 0.6 1304 =*12.7 66.5 *5.9 59.2 *26
1.000 348 0.8 146.1 *14.2 125.0 +10.0 90.1 +5.6

Thrombin time (TT) (13 - 17 s)

U/ ml Saline UFH LMWH DPD
0.025 147 %04 156 *05 16.3 +1.3 147 +04
0.050 153 *05 16.7 x1.2 151 *04 151 *04
0.100 151 £0.3 49.2 *56 23.6 +4.3 150 +0.3
0.250 154 *0.6 55.4 *46 60.0 *0.0 276 *56
0.500 152 *04 60.0 *0.0 60.0 +0.0 305 +51
1.000 157 04 60.0 *0.0 60.0 *0.0 50.1 £51

Anti-Xa activity (U/ml)

U/ ml Saline UFH LMWH DPD
0.025 0.000 +0.000 0.019 +0.007 0.026 +0.006 0.031 +0.010
0.050 0.000 +0.000 0.049 =*0.012 0.053 +0.007 0.081 +0.031
0.100 0.000 +0.000 0.133 +0.024 0.099 +0.008 0.101 +0.013
0.250 0.000 +0.000 0.321 +0.033 0.211 £0.021 0.302 +0.033
0.500 0.000 +0.000 0.703 +0.043 0.599 +0.043 0.611 +0.036
1.000 0.000 +0.000 0.894 +0.043 0.924 +0.060 0.925 +0.049

Table 1B
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Tables 1A and 1B:Comparison of TEG parameters (table 1a) with cohweal coagulation
tests (table 1b) for detecting the presence of imepand Danaparoid in blood. The mean
results + SEM from 10 subjects with each drug aesented. Saline control values shown are
the mean of 9 samples (3 subjects, 3 drugs) + SHid.reference range for each parameter is
shown in brackets. Values outwith the referencgeaare underlined. UFH = unfractionated
heparin; LMWH = low molecular weight heparin (Fragim DPD = Danaparoid (Orgaran).
Straight-line traces were arbitrarily assigned R &nvalues of 60 minsy-angles of @ and

MAs of Omm
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Reaction R time (9.4 - 27.4 minutes)

U/ml UFH +Hep'ase P< LMWH +Hep’ase P< DPD +Hep’ase P<
0.005 16.4 #1.6 144 09 .2 16.0 09 126 1.1 .001 154 #14 123 1.3 .01
0.010 165 #1.3 153 13 .2 178 #1.6 131 08 .01 168 15 136 1.1 .05
0.025 185 =#1.2 137 #1.1 .001 187 #1.1 129 09 .001 172 19 124 1.2 .01
0.050 217 =#1.8 144 16 .001 187 2.0 13.1 06 .02 218 +39 132 11 .05

K time (1.9-8.9 minutes)

u/ml UFH +Hep'ase P< LMWH +Hep’ase P< DPD +Hep’ase P<
0.005 71 09 51 0.6 .05 9.2 #11 41 06 .01 82 12 37 #05 .01
0.010 6.7 05 54 05 .01 100 #x14 44 05 .01 95 15 42 04 .01
0.025 88 08 45 06 .01 112 =#11 41 05 .001 9.0 #13 40 0.7 .01
0.050 12.2 *14 46 06 .001 115 21 44 04 .01 106 1.0 44 0.7 .001

a-angle (22-58 degrees)

U/ml UFH +Hep’ase P< LMWH +Hep’ase P< DPD +Hep’ase P<
0.005 29.4 #25 383 29 .01 240 22 456 46 .01 27.2 3.1 483 38 .01
0.010 299 =#21 371 25 .001 222 24 444 34 .01 243 29 443 28 .001
0.025 237 #1.9 409 39 .01 200 *19 464 34 .001 258 41 463 4.4 .01
0.050 186 =#1.8 416 35 .001 21.8 29 422 26 .001 242 34 438 42 .01

Maximum amplitude (MA; 44.4-63.6 mm)

u/ml UFH +Hep'ase P< LMWH +Hep'ase P< DPD +Hep'ase P<
0.005 448 #2.0 477 23 .2 400 #19 511 29 .01 426 +20 515 28 .01
0.010 458 #1.2 501 23 .001 40.6 25 515 23 .02 426 *1.7 515 1.8 .01
0.025 43.1 =#14 518 26 .01 40.0 *1.2 535 28 .001 425 24 509 25 .01
0.050 41.0 #14 507 3.1 .01 395 2.0 513 22 .01 36.5 #3.6 511 3.0 .01

Prothrombin time (PT) (12 - 16s) aPTT (28 - 38s)

u/ml UFH LMWH Danaparoid UFH LMWH Danaparoid
0.005 144 03 143 0.3 144 =04 338 *14 343 +14 335 11
0.010 142 03 144 =04 144 =03 336 +13 342 *13 333 11
0.025 143 0.3 143 0.3 144 =03 344 +14 344 +14 350 1.2
0.050 144 03 145 0.3 146 =04 354 £16 358 *1.6 374 =13

Thrombin time (TT) (13 - 17s) Anti-Xa activity (U/ml)

u/ml UFH LMWH Danaparoid UFH LMW H Danaparoid
0.005 151 05 145 0.2 155 =*0.7 0.034 +.013 0.007 *.004 0.004 =+.002
0.010 141 0.2 142 0.3 143 0.3 0.034 =+.014 0.013 +.005 0.009 =+.003
0.025 156 05 163 =12 149 =04 0.044 +.029 0.018 *=.006 0.029 +.010
0.050 17.0 1.1 154 04 155 04 0.052 +.022 0.038 +.010 0.083 +.031
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Table 2: Comparison of standard and heparinase modified p&@meters with conventional

coagulation tests for detecting the presence ofdomcentrations of heparins and Danaparoid
in blood. The mean results £ SEM from 10 subjedth @ach drug are presented. Paired t-test
p-values demonstrate statistically significant etiéinces between TEG parameters with and

without heparinase modification at all but the Istveoncentrations of UFH used in this study
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UFH LMWH Danaparoid
Summary
Slopes Mean +SEM P< Mean +SEM P< Mean +SEM P<
R time 44.4 1.3 0.0001 48.0 1.1 0.0001 41.8 3.3 0.0001
K time 56.2 1.3 0.0001 57.9 1.4  0.0001 51.1 40 0.0001
o angle 27.4 2.5  0.0001 29,5 1.6 0.0001 304 3.2 0.0001
MA 47.2 1.6 0.0001 47.1 2.6 0.0001 39.0 65 0.0001

Table 3A: Mean (n=10) of summary slopes representing thegdham each TEG parameter

vs. anticoagulant concentration (0.025 to 1.0 U/ml)

UFH LMWH Danaparoid
Summary
Slopes Mean +SEM P< Mean +SEM P< Mean +SEM P<
R time 121.7 375 0.02 47.9 29.7 0.2 133.4 86.9 0.2
K time 123.4 38.3 0.02 47.4 30.6 0.2 40.7 35.6 0.3
a angle -259.0 72.9 0.01 -40.3 55.5 0.5 -40.5 1122 0.8
MA -119.32 409 0.02 -11.9 36.9 0.8 -136.2  83.2 0.2

Table 3B: Mean (n=10) of summary slopes representing thegdam each TEG parameter

vs. anticoagulant concentration (0.005 to 0.5 U/ml)
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LMWH Danaparoid

Slope Pairs UFH
(Standard vs + +
heaprinase) Mean SIEM P< Mean =+ SEM P < Mean SIEM P
R time 133.5 37.5 0.01 42.0 28.3 0.2 1265 81.90.2
K time 137.8 40.3 0.01 44.0 31.2 0.2 29.6 43.1(0N551)
a angle 3520 1040 001 229 805 (ON758) 236  182.9 (gg)
MA -179.8 65.1 0.05 -13.3 56.4 (ON882) -126.5 100.4 (0N284)
. NS
Anti-Xa 0.3 0.4 (0.43) 0.7 0.2 0.02 1.8 0.7 0.05

Table 4: Mean difference (n=10) between standard and hegeimodified TEG summary
slopes representing the change in each parametantusoagulant concentration (0.005 to 0.5
U/ml), compared with mean (n=10) of summary slopgzesenting the change in anti-Xa

activity vs. anticoagulant concentration (0.009 % U/ml)
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Age (£S.D.)| Male/FemaleChild score(£S.D.)| INR (£S.D.) Enoxaparin 20/40 1
Group 1 31.8+4.7 13/8
Group 2 52.3+8.2 10/10 9+1.8
Group 3 404+11.4 4/6
Group 4 55.2+17.5 6/4 3.0£1.0
Group 5 55.8+15.9 8/2 4/6

Table 5. Demographics of healthy volounteers (Groupl) paiients (Group 2-5)

r time k time a angle MA
Total 0.70 0.46 0.52 0.69
Group 1 0.18 0.53 0.58 0.69
Group 2 0.68 0.67 0.67 0.77
Group 3 0.60 - 0.56 - 0.68 0.22
Group 4 0.77 0.31 0.57 - 0.02
Group 5 0.90 0.71 0.78 0.75

Group 1 — 21 healthy volunteers
Group 2 — 20 patients with non-biliary cirrhosis
Group 3 — 10 patients with PBC/PSC
Group 4 — 10 patients on warfarin

Group 5 — 10 patients on enoxaparin prophylaxis

Table 6. Correlation (Spearman r) between native bloodkamdin-activated native blood
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r time k time a angle MA
Total 0.37 0.07 0.19 0.80
Group 1 0.46 0.44 0.56 0.68
Group 2 0.19 0.14 0.31 0.80
Group 3 0.47 -0.13 - 0.07 0.7
Group 4 0.53 - 0.28 - 0.20 0.49
Group 5 0.73 0.33 0.32 0.49

Group 1 — 21 healthy volunteers

Group 2 — 20 patients with non-biliary cirrhosis
Group 3 — 10 patients with PBC/PSC

Group 4 — 10 patients on warfarin

Group 5 — 10 patients on enoxaparin prophylaxis

Table 7: Correlation (Spearman r) between citrated blaadi lkeaolin-activated citrated blood

r time k time a angle MA
Total 0.46 0.46 0.47 0.71
Group 1 0.47 0.56 0.62 0.71
Group 2 0.35 0.34 0.36 0.71
Group 3 0.17 0.08 -0.31 0.19
Group 4 0.36 0.66 0.82 0.19
Group 5 0.84 0.90 0.82 0.75

Group 1 — 21 healthy volunteers

Group 2 — 20 patients with non-biliary cirrhosis
Group 3 — 10 patients with PBC/PSC

Group 4 — 10 patients on warfarin

Group 5 — 10 patients on enoxaparin prophylaxis

Table 8 Correlation (Spearman r) between native bloodaindted blood (non kaolin-
activated)
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Total Groupl | Group 2 | Group 3 | Group 4 | Group 5
r-time native vs citrated 0.7980 0.0021* 0.2820 0.3750 0.0098* 0.0645
k-time native vs citrated 0.2145 0.0002* 0.7724 0.9219 0.0195* 0.1934
a ang|e native vs citrated 0.2042 0.0001* 0.9777 1.0000 0.1055 0.3750
ma native vs citrated <0.0001* | 0.0004* 0.0067* 0.6250 0.0645 0.0840

* p<0.05

Group 1 — 21 healthy volunteers

Group 2 — 20 patients with non-biliary cirrhosis
Group 3 — 10 patients with PBC/PSC
Group 4 — 10 patients on warfarin

Group 5 — 10 patients on enoxaparin prophylaxis

Table 9 Wilcoxon’s matched pair test p values for natwvel citrated blood samples (kaolin
activated and non-kaolin activated)
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Kruskal-Wallis

Groupl Group?2 Group3 Group4 Group5 p
Native r time 23.314+5.243 20.290+7.169 17.170+4.480 23.890+8.619 27.770+19.988 0.0437
Native k time 9.238+2.830* 7.620+4.939 5.490+£2.015* 9.080+4.642 9.460+6.754 0.0320
Native a angle 24.305+6.533* | 32.670+13.598 40.160+£10.488* | 29.800+16.234 33.080+14.292 0.0166
Native MA 48.524+6.082*$ | 48.57048.716&% | 63.350+8.027*& | 57.280+9.732 65.940+11.300$% | 0.0000
Citrated r time 19.290+£3.933§ | 22.670+6.867 21.340£10.282# | 37.380+£12.2118#! | 23.590+17.842! 0.0038
Citrated k time 6.095+2.1088 7.415+3.586 5.540+2.641# 18.980+13.8498# |8.340+7.021 0.0211
Citrated a angle 34.648+10.646 | 31.155+9.950 39.010+14.2894# | 20.600+12.000# |36.130+16.911 0.0281
Citrated MA 55.41448.625% |53.215+9.862&"% |65.410+8.686& |65.000+8.043"% | 69.840+9.807% 0.0001
Native r time (Kaolin) 5.914+1.182* 4.890+1.130 4.400+0.924* 5.630+2.213 4.650£1.439 0.0109
Native k time (Kaolin) 1.448+0.218*$ | 1.905+1.528&% 1.060+0.222*& |1.340+0.420 1.060+0.222%% 0.0004
Native a angle (Kaolin) [169.157+3.145*$ | 66.290+10.448&% | 74.760+2.950*& | 71.300+5.283 75.980+2.693%$% |0.0000
Native MA (Kaolin) 64.762+4.393% |55.415+9.465&"% | 69.35045.817& |66.930+£10.243" | 74.330+4.996%$% |0.0000

* Significant difference between groups 1-3
$ Significant difference between groups 1-5
& Significant difference between groups 2-3
% Significant difference between groups 2-5
§ Significant difference between groups 1-4
# Significant difference between groups 3-4
I Significant difference between groups 4-5
"Significant difference between groups 2-4

Table 10 Differences between group
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Age (mean+2*S.D.) 48.8+28.6
Gender (M/F) 6/4
Aetiology
Alcohol 6
Budd Chiari 2
Hepatitis C Virus 1
Cryptogenic 1
Indication for TIPS
Recurrent bleeding 4
Refractory ascites/hydrothorax 3/1
Budd Chiari 2
Child class (A/B/C) 1/5/4
Child score (mean+2*S.D.) 8.8+3.6

Table 11 Demographics of the patients recruited for thelgt
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Patient

Aetiology

Indication

Child score

TEG variade

Baseline

Day O

Day 1

Day 2

Patient 1

Hepatitis C

Hydrothorax

8

r time

k time

alpha angle

ma

Patient 2

Cryptogenetic

Ascites

r time

k time

alpha angle

ma

Patient 3

Alcohol

Bleeding

r time

k time

alpha angle

ma

Patient 4

Alcohol

Bleeding

10

r time

k time

alpha angle

ma

Patient 5

Alcohol

Ascites

10

r time

k time

alpha angle

ma

Patient 6

Alcohol

Bleeding

r time

k time
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alpha angle

ma

Patient 7

Alcohol

Bleeding

r time

k time

alpha angle

ma

Patient 8

Alcohol

Ascites

r time

k time

alpha angle

ma

Patient 9

Budd Chiari

Budd Chiari

r time

k time

alpha angle

ma

Patient 10

Budd Chiari

Budd Chiari

10

r time

k time

alpha angle

ma

Table 12 Summary of findings
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Primer Sequence Amplified gene Gene product Amplgiae Detected bacteria
(in bp)
BR1 GGACTACCAGGGTATCTAAT 16S rDNA gene Ribosomic DNA 16S 804 All
AGAGTTTGATCCTGGCT
(See Ref. 9)
EntB TGAATCACAAAGTGGTAAGCG hly Haemolysin 300 Enterobacteriaceae
TGGGGATGACGTCAAGTCAT
Eco ATCATGGAAGTAAGACTGC uidA B glucuronidase 356 E. coli
TTGCTGTGCCAGGCAGTTT
pbp5 CATGAGCAATTAATCGG pbp5 Penicillin binding protein 5 444 E. faecalis
CATAGCCTGTCGCAAAAC

Table 13: Characteristics of the primers used in this study
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Age (mean+2*S.D.) 57.7+25.1
Sex (M/F) 6/1
Aetiology

Alcohol 3

HCV 2

HBV 1

HCV+Alcohol 1
Ascites (present/absent) 4/3
Child class (A/B/C) 4/3/0
Child score (mean+2*S.D.) 6.7+3.8
Diuretics (yes/no) 4/3
Varices (yes/no) 6/1

Table 14: Demographics of the patients studied

Albumin (mean+2*S.D.) 34.3+14.6 g/L

Bilirubin (mean+2*S.D.) 1.9+2.8 mg/dL

INR (mean+2*S.D.) 1.240.3

Haemoglobin (mean+2*S.D.) 13.6+3.4 g/dL

White cell count (mean+2*S.D.) 6050+3958 per Inm
Platelets (mean+2*S.D.) 124000+43000 perinm
Creatinine (mean+2*S.D.) 0.86+0.37 mg/dL
Sodium (meanx2*S.D.) 139+4 mmol/L

AST (mean+2*S.D.) 1224115 IU/L

ALT (meanz2*S.D.) 101171 1IU/L

Urinary sodium (mean+2*S.D.) 92+72 mmol/24 hours
Mean arterial blood pressure (mean+2*S.0.) 92+10IHgn

Table 15: Baseline values. INR: International normaliseibraAST: Aspartate
aminotransferase, ALT: Alanine aminotransferase
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Patient| Aetiology Ascites DNA in serum or ascites Transit time PermeabilityBacterial overgrowth
1 HCV Yes No Decreased Increased No

2 HCV + Alcohol | No No Normal Increased No

3 HCV Yes Yes Decreased Increased No

4 Alcohol Yes No Decreased Increased No

5 HBV No No Decreased Increased Yes

6 Alcohol No No Decreased Increased No

7 Alcohol Yes No Decreased Increased No

Table 16: Summary of findings
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Patient | Urine volume | Urinary mannitol Urinary lactulose | %M %L %L/%M
(mL) (mmol/L) (mmol/L)

1 590 4.9 0.25 10.5 0.5 0.047
2 530 4.8 0.31 9.42 0.56 0.059
3 150 11.1 0.866 6.1 0.44 0.072
4 230 21.01 1.2 17.7 0.94 0.053
5 320 6.5 0.24 7.6 0.26 0.036
6 140 16.1 0.72 8.2 0.35 0.042
7 200 12.1 0.36 8.8 0.24 0.027

Table 17 Excretion of mannitol and lactulose in patientthweirrhosis. %M: percentage of mannitol excre@d.: percentage of lactulose

excreted; %L/%M: excrection ratio.
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Author Year Patients  Aetiology ALD  Cirrhosis Method of Method of PVP

n % % WHVP
Reynolds (16) | _1955 19 ALD 100 100 wedge Direct portal vein cathetatian
Joly (22) 1968 19 n/a n/a 100 wedge Umbilical vein catheterizatio
Reynolds (11) | _1970 22 ALD, Non ALD 73 <73 wedge Umbilical vein catieation
Viallet (6) 1970 43 ALD, Non ALD 93 100 wedge Umbilical vein catlzation
Boyer (7) 1977 78 ALD, Non ALD 58 n/a wedge Percutaneous tranatiepuncture
Okuda (15) 1977 13 n/a n/a 100 n/a Percutaneous transhepaticyrenct
Valla (12) 1984 7 ALD 100 100 wedge Percutaneous transhepatictprenc
Rector (10) ~1985 6 ALD 100 100 wedge Percutaneous transhepatictprenc
Lin (13) 1989 21 HBV 0 100 balloon Percutaneous transhepatictoua
Deplano (14) | _1999 21 HCV 0 100 balloon Percutaneous transhepatictpus
Perello (8) ~1999 71 ALD, HCV 55 89 balloon Percutaneous transhepatd

transjugular puncture
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ALD - Alcoholic liver disease; Non ALD — causes @tlthan alcoholic liver disease; HBV —
hepatitis B virus related liver disease; HCV — hijsaC virus related liver disease; n/a — not

available

Table 18: Studies comparing portal and wedge pressuresdedlin the systemical

evaluation
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Total n of patients with known 167 (211)
haemodynamic response
Haemodynamic responders 73 (101)

% Rebleeding 10.9% (19.8%)
Haemodynamic non responders 94 (110)

% Rebleeding 52.1% (48.2%)
Patients rebleeding 57 (73)

% Non responders 85.9% (72.6%)
Patients not rebleeding 110 (138)

% Non responders 40.9% (41.3%)

Table 19 Breakdown according to haemodynamic responseebideding of patients with
known haemodynamic response in 5 trials for prewandf variceal rebleeding (360-364). In

parentheses the same data including the outlidy $861)
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Patients with known haemodynamic response

| Total 167 (211) |

/\

‘ Responders 73 (101) ‘

AN

‘ Non responders 94 (110) ‘

No Rebleeding Rebleeding
65 (81) 8 (20)
TN FN

Rebleeding No rebleeding
49 (53) 45 (57)
TP FP

Positive predictive value (PPV): 52.1 % (48.1 %)

Negative predictive value (NPV): 89 % (80.2 %)

Table 20 Positive predictive value (PPV) and negative miece value (NPV) of

haemodynamic non-response for variceal rebleedlingarentheses the same data including

the outlier study (361). TN: True negatives, FNIsSEanegatives, FP: False positives, TP: True

positives
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Effects of non-selective beta blockers

Mechanism

Reduction of HVPG by
220% or to <12 mm Hg

Reduction of HVPG by
<20%

Reduction of azygos blood
flow/collateral blood flow

Reduction of variceal
pressure

Reduction of bacterial
translocation

Comment

By definition only in responders

Possible in non responders

Both in responders and non responders

Both in responders and non

responders, but greater in responders

Both in responders and non responders

Table 21 Different protective effects of non-selectivedbtockers in haemodynamic

responders and non responders
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BLACK , WHITE & GREY

BLAck: Haemodynamic non responders who bleed or reliteedvarices (? and
haemodynamic responders who bleed or rebleed feoines)

WHITE: Haemodynamic responders who do not bleed oredble

GREY: Haemodynamic non responders who do not bleedbeed

Table 22 Three different patient populations as identifilgdresponse to non-selective beta

blockers and risk of variceal haemorrhage
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