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ABSTRACT

Despite having been initially d@scribed wore than fifty
years ago, sclerotherapy of ocesophageal varices has coniy
raelatively recently bectae rigarded as one of the primary
modalities both to contr.l 1.Yueding ossophageal varices and
to prevent recurrent bleeding. Scierotherapy, however, is
associated with numerous complications and its exact
nechanism of action, particularly that pertaining to its
effect on haemostasis, has to date been poorly

documnented. One of the problems of comparing the vgrious
ttrials has been the diversity of both the technique and the

type and concentration of the sclerosants used.

This thesie investigated the effects of Sodium Tetradecyl
Sulphate (S.T.D.); & sclerosant, on haemostasis.
Haemostatic function was determined in relation to the
effect of varying concentrations of S8.7.D. on platelet
function, the coagulation pathway and endothelium.
Platelets, which‘play an integral yole in the initiation of
thrombas formation, were shown to be completaly lysed by
concentrations oi S.T.D. likely to he.faund within varices
injected with standard dosage S.T.D. However, on dilution,
a potent and altogether unexpected activation of platelets
was documented by platelet aggregometry. Tﬁa aggregation
pattern comprised both primary and secondary w§Vas and was
sinilar to that seen following platelet aggregatitn induced
by physiological agonists, such as adrenaline and ADP.




In further in vitro studies, involving time seguence phase
contrast light microscopy, designed to simulate tha
gradient of dilution occurring in varices as the distance
frem the indection site increases, a similar pattern of
local high dose lysis, with distal low dose aggregation was
exhibited with sS.7.D.

8.T.D, was shown to destroy functional.coagulation
paramnste.s of the intrinsic and extrinsic pathways at

- dosages which are used clinically. At dilute dosages
thesa parameters were not altered. There was, however, a
selective reduction in Protein C, which is a physiological
anticoagulant. This suggested that a hypercoagulable
state océura, not at the site of injection but rather
further downztrean. As hypercoagulable states are
notoriously difficul +to document, thromboelastography was
performed to try and demonstrate the presence of
hypercoagulability. Thromboelastography did provide
further evidence that at low dosages hypercoagulation
occurred which was distinct from the marked hypocoagulation
which resulted from addition of relatively high dosages of
3.T.D.

an umbilical vein model was developed to investigate the
effect of S.T.D. on the endothelium. This model showed
extensive denudement of endothelium with exposure of
subendothelium which s%ill contained von Willebrand
factor. The extent of the damage induced by standard

dosaga S.T.D. was extansiva, bhut could be limited and




coatrolled by diluting 8.7.D. tenfold.

All the ahove evidence suggested that the dilute S.T.D. . ,
would be not only 28 affacfive as undilute sclerosant at
causing endotheliail damage at the site of injection, but it
weuld also be more thrombogenic as it would activate

platelats and cagse a hypercoagulable state. Ifta pilot
study, tanfald,diAutad 8.T.D. was shown to be aag
as 3% S.T.D.

bleeding.

effective
in controlling varices which are acutely

Thare was a lower compiication rate and to date
there hgvé been no failures with this sclerosant.
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1.1 PORTAL HYPERTENSION

1.1.31 History
The Egyptianas were the first to dooument an

association betwean liver disease and sscites in the
Papyrus Ebsrs (Bryan, 1931).,}The first report in the
literature of af?gtal variceal bleed was in 1840 _
(Power}. althéﬁﬁh he docungnted rupture of verices of
the oesophagus, he failed to connect the
pathophysiclogy to liver disesse. B;xty yvaars later,
an autopsy series of Preble {1200) showed the
inter-relationship between varicesl bleeding and liver

disease.  In 1906, two French workera were tha first to

‘use the term Portal Bypertension, after realising that

cirrhosis of the liver was connected to an increased

portal venous pressure (Gilbert, 1906).

1.1.2 Agtiology
The moat important astiological causes of portal

hypertension in Southern Africa include the following
categorigs:

l.1.2.1 I elapns

Portal vein thrombosgis which is usually a result
of sepeis in the naonatal period is an important
cauge of portal hypertension especially in
children (Sherlock, 1989)..




 Schistogomiaeis is worldwide one of the mowst -
common causes of portal nypertension {Henuarson
et al, 1986). In Southern Africa, particularly
aiong the eastern coast, it is responsible for a
large number of cases of portal hypertension in
rural communities (Donnely et al, 1984). The
parasite causes fibrosis of the terminal portal
venous radicles (so called pips stem fibrosis)
but leaves hepatic function and architecture
essentially intact (Henderson et al, 1986).
Liver function in these patients is usually
completely normal. Other causes of
intrahepatit presinusoidal block are congenital
hapatié fibrosis and early primary biliary

cirrhosis (Sherlock, 1989).

L.1.2.3 Intra

In Southern Africa, the moat common cause of
portal hypertension awonget the White population
group is cirrhosis (Kew et al, 1984).

Cirrhoais is derived from the Greek word
“kirrhos", which means orange-yellow
discolouration. Liver cirrhosis is detined by
the World Health Organization asz a diffuse
process characterised by fibrosis and the
conversion of normal architecture into

structurally abnormal nodules.




Anthony et al (1977), who wers responsible for
the definition, felt that cirrhomie is a chronic
progressive condition and that regression or
reversability was a rare event and‘suhjact to
doukt. Recent exparimental data however
suggests that macronodular cirrhosis might well
. be reversible (Ishii et al, 1990).

The current histological criteria for making a
diagnosis of=;irrhoais of the liver are hepatic
parenchymal necrosis, fibrosis due to active
fermation.ﬁf connective tissue and nodular
regeneration of liver cells (Anthonvy et al,

o 1977).

The most frequent cause of liver cirrhosis
ﬂ;nngst the White population of Southern atricg
is alcohol (Kew et al, 1984). Alcchol ra;atéﬁ“xi
liver cirihosis is becoming more prevalent in o
the urban Black population (Isaacson, 1978;

Asvat et al, 1981). Another important cause of
liver cirrhosias in Blacks, varticularly in rural
areas, is macronodular cirrhosis probably post

viral in nature (Asvat et al, 1981).

Iron overload is also an important cause and is
often a contributory factor in many of these

patients (Isaacson, 1978).
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 Alcohol abuse is becoming an increazing peoblem
1n'sqgthaxn Africa (de Miranda, 1888}. = In 1882
the Human Sclence Research Councill suxﬁay nn
South African drinking probleme showsd the )
following findings on alcohol consumption:

White Population'  Male 91% Female 76%
Coloured Population .Hale 60% Fennle 28%
Black Population_ Male 54% - Female 22%
Indian Population Male 45% Pamnle 4%

i

In the Republic of South Africa liquor sales for
the ysar ending March, 1987, were: -

Spirits (including imported) 83 million litres
Wine (including fortified) 330 million litres
Bear | 1500 million litres

The Institute for Race Relations estimates that
at that time the total population of Sdut%
Africa was approximately 3% million peoplé;u
This then equates to an annual coraum@tion of
2@4 litres of spirits, 8.9 litres of wine and
42.9 litres of beer per capita. ° These figures
inciude children.
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Worldwide it has been found that a comstant

percentage of people who use alcohol will becons

- depandent. This figure is 6 to 8% and would
appear to ke constant desplte varied- _
environmental conditions {de Miranda, 1988).

S0 as the race groups, other than whites who
would appear to have reached a saturation point,

increase their alcohol intake, the number of

alcohol dependent diseases will continue to
increase. Therefore the number of patients .
with alcohol induced cirrhosis will also

incraase. X

- The relatively ﬁmall study which was performed
aﬁ Baragwanath Hospital and presented later in
this thesis confirmed that alcohol was the most
common cause of bieseding ocesophageal varices in

patients who presented at that hospital.

‘Portal hypertension is defined by Hobbs as a portal
blood pressure of greater than 15 cm sz and is
resultant upon an incrcase of either the volume of
portal blood flowing to the liver or an increased
resistance to the portal flow {Hobbs 1986).:% The
normal portal vein pressure is defined at: 5—16 ™ Hg

{Henderson and Warren, 1985). Therefore any elevation

of the above would fulfil the criteria of a diagnosis
of portal hypertension.




The pressure nay be neasured‘diractly by meanz of
transhepatic portography, umbilical wvein
catheterisation or splenc- portography. The pressure
may also e measured indirectly by retrograde
catheterisation of the hepatic wvein and by m.aauring

wedged and free hepatic venous pressure.

The indirect method (i.e; the wedged minue the free

prassureé) would appear to approximate the direct
pressure accurataly enough for it to be used routinely
as it is leas invasive than the direct method.

Direct portal venous measurements in_ééﬁienxs with n
portal hypertension ara usua;lyJélavated in ‘the region

of 15-40 mm Hg and indirect measurements are 10-3¢ mm

' Hg.

Hepatic vein wedge pressure im not recommended for

‘assessing presinusbidal portal hypertension as it will

be normal in such cases. In patients without .
disease, hepatic veln wedge pressure is marginally
lower than portal pressure. Patients who ha%a )
intrakepatic shunting due to alcoholic cirrhosiéiﬁgve
hepatic wedge pressures which approximate portal
pressures (Hoefs et al, 1990). However, Valla et al
showed in 1984 that after adainistration of
propranoliol, hepatic wedge pressure was'qot an
accurate indicator and that diract portai vanous

pressure measurement was the technique of choice in




assessing the response to the administration of agents

wtich alter splanchnic circulation.
(Mahi

and Groszmann, 1990)
Portal hypertenuion ia dus to an increase in portal
precsure. :_
Pressure is defined hy Chm’s law as

P=Kk=xQ=xR
where P is the changetin pregsure, Q ig the flow, R is

the resistance, and k is the constant.

P

Poisauilléﬁgﬁiaw states that

R = k8nL/
whers R is resistance, kX is the constant, n iz the
' goefficient of velocity, L ig the length of the vassael
and r ie the radius., From Poisauillafa Law it im
obvious that r (the radius) plays a mo@t impes ant
role in the human body. Resistance is one of the -
only variables in thé biological system, as all the '

other factors remain relatively congtant.

The liver im the main source of rasistance to portal
blocd flow, and is unable to control this.fluw. The
actual site of tha remistance in the liver is thought
to be either the small portal velns, hepatic ainusoids
or the terminal hepatic venuleas. The current theory
for the cause of the raised pressure is thought to ba

due to deposition of fibrous tissue around the




torninal hepatic vemile and adjacent sinusoid--{ungl
et al, 1990). A separate theory im that the
hepatocyts snlarges when dsmaged (Bléndi! et al,
198#). Thfﬁ latter “heory might explain why, in some
cases, prﬁcirrhotic portal hypertension, consaguent
upon slcoholic hepatitis improves with abstinence.

All the above theories suggest that portal

hypartension is due to an. increased resistance.
nnwuvunmlwit“ the devalqpmnnt of portal hypnrtfnnion;
portasystenic shunting occurs and may divu:t mgbt of

¢he bloed from the portal eystem to the sgatemia-

Aystem {Vorobioff et al, 1983). Despite the 1\
shunting, portal hypertension persists. Vorcohioff et t.::_;_\_ __

‘@l (1983) found that thers is & relative increasze in

splanchnic blood flow and while it does not initiste
portal hypsrtension, it plays a role in maintmining
1t.

These findings are in keeping with those of Banti
(1883) who described a group of patients with |
splencmegaly, anaenmia and lsukopania and postulated
ihat the pathophysiology of %hair portal hypertension
was related to inoreased splenic arterial blood flow,
i.e. he described an increased forward flow was

causing the portal hypertension. (Mahl et al, 1990). ?ﬁa




cahn st &8l (1872) falt thaﬁ the uoilutnxals u&wa tha
c208R af the hypcrdynanic airculation. siknlat ‘ A
(1986) showed that the degrsa of shunting did not
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correlate well with the flow. The precise cause of
ths hgpgrdynax + eirculation has not besn fully
elucidated although glucagon, bhile aclds and an

by o i R s

expanded plasma volume have all been incriminated
(Manl et al, 1990). Increased splanchnic flow has
recantly been attributed to elevatad 1evu1::at
vesodilators in the circulation as well as diminished
aensitivity of the splanchnic vasculature to
amdnqenous vasoconstrivtors (Rokbhausaer et al, 1991}.

8ivak et &l (1990) maintain that th&*;wavalanae of

" pescphagesl varices in patients with'&@rrhoaia is

| dlifficult to determine. Howsver, it hﬁs baan shown
that approximataly 60% of patients with portal “
Hypertension have varices if one uses autopsy -series
(Olson, 1972). Using endoscopic thchniques, Conn et
al (1968) documented varices in 40-50% of patients
with cirrhosis. Lebrec at al {(1980), in a series of
100 patiants with hiatologically docunented alcaholiu
liver cirrhosgis, demonstrated varices in 84 patiunta
using a combination of x~ray examination amnd

andoscopic assessment.




The portasysteamic shunting ococcurs &t many sites
(MoIndoa, 1928). Thesge include the coronary and
short gastric veing, the arygous veins, the
intercostal veins, the paraumbilical plexus, the

retroperitoneal veins, the hasmorrhoiadal veins and,

‘most importantly, from a clinical point of view, the

oescphageal veins.

1.1.3 A

1986)

The superior mesenteric vein, which drains the
inteatinal bed; 1z joined by the splenlc vein behind
the neck of the pancrass to form tha portal vein. The

inferior mssenteric wvain drains into the splenic veln

'a few cantimetrass proximal to where the splenic vein

entaers the superior measenteric, although this is
varisble. Ancther vein of importance is the left
gastric vein (coronary) which also entera in the
region of the confiuence although once again its
position is variable.

The portal vein then runs for approximately 6 to 8 cm
and lies postarior to both the common hile duct as
wall as the hepatic artery. It liez in the free edge
of the lesser omentﬁm. On arriving at the liver it

. ranches into left and right branches. The left
branch supplies the left lobe, cauwdate and gquadrate
lobes. The right branch suppliesz only the right
lobe.
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lxh- yeanous hléﬁd from the portal system nizes wigh
arterial hlood from the hepatic arterial branches only
at sinuscidal level, Tha portal venous blood is .\
responaible for two-thirds of the oxygen rnquirenm@t
of the hapatocyte. E

~ 1.1.6 The Anatomy of the Veing Of the Qesobhagus:

The firat comprehensive study of the vanous anetomy of
tﬁa.na:aphagus wag publigbed in 1$51 by H. Butler. He
atudied 21 foetusasz, 17 cadavers and 2 fresh
specimens, He usad India ink injections on the
fostuses énd Neopreone cu the :resh.upacinnnaﬂ Hims
subsagquant classificati§ﬂ has stood the test of

tina. . The most recent atudy by Ritano et al (1986},
'haQﬂmlaheratad-un Butler’s original work and the
#indings are of e¢linigcal relevance, particularly to
gclerotherapy and its effect on the cesophageal
varices. Kitano studied tun fresh human cadavers,
five of whom had known portal.hypertanaion with
casophageal varices due to alccholic clrrhosis.
Bacause no reference ig made to therapy in tho_l&ut
group of patients, one assumes that these patients did

not undergo sclerotherapy.




The normal oesophagus has 4 distinct layers of vein
(Kitano et sl, 1986):

Intra—apithalial channels

Superficial vencus plexus

Deap intrinsic veins

Adventitial veins

The intra-spitbelisl channsls are made dﬁ of fine
vassels which lie inside the apithelium and are
actually the veins which drain the capillary network.
These vaine drain at right angles to the superficial
venous piexua. This plaxus has free communication
with its gastric eguivalent. The following vein is
the desp intrinsic vein. There ars usually three to
" five of these and they ars often inter-connected to
sach wthér, as well as to the superficial venous
plexus, They alto form direct connections with their

gaatric countérpart.

The adventitial veins are connected by perforating
veins to the deep intrinsic plexus. The perforating
veins are found moat often at the area adjacent to the
oasophago-gastric junctions. The adventitial veins
are mmuercus and are found in the peri-ocesophageal
region.

1.1.6.1

(Ritano et al, 1986)
In patients with portal hypertension all o* the
above veins are significantly dilated.
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£1v¢ deap intrineic venous ahannal&.n- ‘They do
TR
K’nat\Sppenr to have marked communication with -
eac other and comminicate less frequently with

the superficial venous plexus,

- The supaerficial venous plexus is also dilated
and has marked maunanici&ion with the
~+. intra-apitbeliel channels. - »

S -
‘The adventitial veina are also dilated andg

- gommunlicate with the ﬁksp vein hy dilataed

" perforating veins. This arrangement of the
veing et the cesophago-gagtric junction would
appear to bs more longltudinal in these .

patients. The desp. intrineic veins mtim
are a0 large that they displace the superficial
venous plexus and lie just below the -
epltheijum. The appsarance of a dilated .
superficial venous plexus immediately on top of
a dilated deep int;inaic vein resulte in the
clinical appearanu§ of the so ocalled varices

upon varices.
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1.2 THE CAUSE OF BLEEDING VARICES

The presaence of varices does not ngcessarily resunlt in
hasmatenesis. Several factors are thought to play a rola
(Manhl et al, 1990). These are overlying mucosal damage;
gize, degree and protrusion of the varicaa:ﬁiortal prasaure;

and finally actual variceal preasaure.

Whan one considers these indepandantly, the mucosal damage
theory heg bean widely propounded. The erosive theory was
first suggested by Waagenstesn (1945) who showsd in &n
experimental animal model that erosion and ulceration
occurred more freguently in response to histamine when thae
aplenic or portal vein was occluded. However by 1961
Lisbowitz had reviewed all the available literature at that
stage and felt that the mucosal damage was overestimated and
playsd a minimal role in causing ruptuégaéfﬁgﬁricas. He
also suggested that the cesophagitis and ulceration were a
result of venous congestion rather than the effect of acid
on thae mucosa. Orloff et al (1963) biopeied ossophageal
mucosa overlving varices at the time of transthoracic
variceal ligation for bleeding varices and found
histological evidence of mucosal damage in only 1 out of 20
patients on whom he operated. Eckhardt et al (1979) showed

that the incidence of ocesophageal reflux is not increasaed in

matients, which would support the notion that oesophagitis

seems to play little, if any role, in precipitating the

hasmorrhage. The above is confirmed in tha;gtudy by

"MacDougall et al (1982), who showed in a double blind studyf

that cimetidine was no different irom placebo in




prevsﬁtiqﬂ of wvariceal haemorrhage. This was despite a
ralativafé high dosage of cimetidine, viz. 1.2 grams
daily. fﬁha authore also showed no difference in
easophaga#i function in patients with varices (both
cirrhotic and noncirrhotic) and healthy control subjects.

Sherlock (1990) fesls that reflux oesophagitis hés little if
any role in initiating rupture of varices. The above
obviously does not hold for patients who have had
sclerotherapy. Scme of theme patients have marked problems
with cesophageal motlliity, which is discussed later, and
reflux ocesophagitis might certainiy play a role in bleeding
which occursiin these patients.

The second factor which could play a role is the size of the
varices and the degree of the protrusion. According to
Laplace’s law

T = KPr
(‘P = Teh&ion ; ¥ = constant, P = Presgure, r = radius), one
would expect that the varix which has a large radius would
be much more likely to rupture than a mimilar varix with a
smaller diameter. This hypothesis has been borne out by
Paimer and Brick (1956) who showed that out of 18 patients
whé.ﬁeie QCtively bleeding, 78% had varices greater than 6
mm. Baker (1859) performed a longitudinal study and his
findings corrcborated those of Palmer in that the incidence
of blaéding wag doubled in patients with large diameter

varices.
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Large varices also protrude into the 1unmn of tha 7
oasophagus. Thie results in leas support from surraunding
tissue. Polic et al, (1986) have ahown ﬁhat the surrounding
tissue itmelf im an inpnrtant factar in that when a vuanol
ig surrounded by tissua, its radius is emnller at a givan

pressure and therefore less likely to ruptura. -

The next factor to conzider ie portal pressure. The
varices are a direct result of an increase im portal
pf&ssura‘_ Onﬁ would therefore expect that the risk of
bleadiryg from.thase varices would be proportional to the
presauré; Hnﬁavar, the correlation betﬁean the absolute
amount of portal hypertension present and the rigk uf
blaading is controversial in the literature.

Adagsong et al (1977) showed that recurrent or prolonged
blewding in patients with higher pressures occurred more
often than in e similar group of non-bleeding patients with
portal hypertension who had a lower pregaure. Burcharth
{1980) showed that the portal pressure, measured
transhepatically, was higher in patients who had bled within
the previous 90 days. However, there have been numercus
studies which have failed to show this coﬁrelation, e.q.
Smith~laing et al (1980) investigated 64 patients with
variceal haemorrhage who had portal pressures from il to 45
mm Hg (mean 30.2) and found no correlation between portal

pressure and the ndhber or size of bleeding'&éisodes.
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- There u&axhﬂ correlation hstwnan the pawta& Proegce and thn -

slze of tha gastre—oasaphaqaal enxlatarala, . Thay also
found no ralatianahip hetweesy, portal prq&auxn.anﬁ totsl
collateral circulation. Based on thim study, and daapita
the previous discrepancies in the literature, it would
anpa&r that the degrae of portal hypertenaion is a poor
bradictor of size or amount of ﬁaricaal Hasmorrhage. In a

more recent study; Vinel et al (1986) have shown that long

tera aurvivora had lower portal pressures than patients who |

diad within 2 uﬂaks of thelr haanorrhago A large well
parformed study by Garcia-Tsao et al (1985) revealad that
a. presgure of qraagar than l2mm Hg iﬂ usually present before
blesding ocours. Théy~eﬁﬁainsd 93 patients with liver
cirriosis and found that the hepatic vein prassure gradient
was leas than 12mm Hg in the 45 patients who &id not bleed.

Endpaoapig neasurement of actual variceal ptasaﬁ;n hag also
bean waliaated and prmurw. greater than 12 zm Hg bhave bhowen
asgociated with a higher incidance of bleading (Boefs st a1,
1990).
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” Endoscopic avulﬁktinn-of the varices has been used as Q o

. predictor of impanding haemorrhage (Beppu et a1, 1981). ()
The Japanesa Rasearch Study for portal hypartaﬁiion has. | :
developed a clussif%cation for recording endoscopic findiﬁ&s'ﬂtf
(zee Figura 1.115;:?sivak et al (1990) fesl that the mere
presence of ﬁny red marking is associated with a risk of
blaeeding.

)

Azygous veln blood flow haa been measured in patien#a:with
portal nypertanzion.' The reamon is that blood flowing from
the portal system in portal hypertenﬁion.drains via

.. collaterals into the azygous system and correlates with

gastro-oesophageal blood fl&w (Boefs, 1990).

Bosch and Gromzman in 1984 described the technigue using a
thermal dilution prineiple. They investigated 10 patients

with alooholic cirrhosis, and showed that the flow in
patients wns'significantly higher in those patients who had
not undergone decompressive surgery and that a hiéh flow
rate was also assocliated with bleeding.
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Red Colour Signs . R

(a)
(b)
(¢)
(d)

Red wale markings (Grade 1-3)
Cheryy red spotis '(Grade 1-3)
Haematocystic spots

Diffusse redness

Fundamental Colour

(a)
(b}

White . -

Bluea

Form
(2) Swmall straight varices
(b). Enlarged, tortuous, occupy less than onewthird of
_ the lumen
{e) Largest, coil-shaped, occupy more than ¢.e-third
of the lumen
Location

(a)
(b)
{c)

Lower third

¥iddle third below traschaal bifurcation

Upper third above tracheal biqucation.

Adjunctive Finding

(a)

Erosion present

FIGURE 1.1

General Rules for Recording Endoscopic Findings on

Oesophagenl Varices according to the Japanese Research

Society for Fortal Hypertension




1.3 THE HISTORY Of SCLEROTHERAPY

The first description of sclerotherapy of oesophagaél
varices was in 1939 by 01arénce cfafoord and Paul
Frernckner. TThey duscribed a caie of a 16 vear old girl
who presented at the Sabbatsbergs Hospital ﬁiﬁﬁz?great
vomitings of blood®. The history of the patieﬁt wag non-
cortributory. Clinical examination rewvealed a large liver
at that stage. Tha patient was treated'with itcoagulen®
and a blood transfusion. ‘The patient had |
aniso~poikilocytosis on -.rission. After z_monthsﬁthe
patient developed a palpable spleen and Cif ord pertformed
2 splehectomy in June, 1934. At the tinme ofﬂlaparotomy;
the findings were "a number of znlarqged soft glanas along
the upper edge of the pancreas but otherwise the abdomen
disclosed no pathological changes. 'The course was free
from complications." However 2 years later the patient
again presented with haematemesis. xéiays were done, as
well as oesophaqoécopy which was perforﬁed.by Frencknar..
He described "a collection of grape-like varices located
mainly in the posterior and left parts of the oesophagus,

wended their way downwards in two cord-like formations,

each as thick as the little finger ...". Crafoord thought''

ic would be of bénefit "to produce ccllapse of the veins
and varices through injections of quinine according to the
same principles =.d doses approved at the surgical
departnent for haemorrhoids®. Frenckner designed a
speslal needle to deliver the <lerosant via the
vesophagoscope. It was deciued to begin proximally, and

if the procedure was effective, to continue distally.




Two nillilitree of quinina—uratan wag injected into sach of
3 varices. They reportad that at repeat cesuphagoscopy
ihe varices were "in a collapsed condition, forming an
undulatah, firmer part cf the ocesophageal wall™, The
procedure was repeated on numerous occasions and at the
time of going to press, i.e. 3 yeara later, the patient had
not had a relapse.

The first report of sclerothsfapy of oesophageal varices
from the United States was from Herman J. Moersch from the
Mayo Clinic in 1941. In his paper he notes that in 1929

Ruwntrea, Walters and McIndoa advocated, at * "=» hospital,

'1igation of the cbronary vein as a possible niynod of

preveanting bleeding from cescophagezl varices ‘and in 1933
Walters suggested that it might be advisable to injacﬁ.a
gcleroaing solution into the varices at the time of

ligation of the coronary vain.

In the discussion of the paper, Dr Edwin J. Grace states
that in 1938 ke injected 8 ml of sodium morrhuate into the
coron&ry veln of a %3 yemr old male who had 'massive |
oesophageal haemorrhage secondary to liver danaga"”. This
does not predate Crafoord and Frenckner’s work. Moersch
states in his paper that Pemberton (who was not & co-author
of the paper) and he had thought of doing this procedure as
early as 1933, however they thought it prudent to first
demonstrate ite safety and efficacy in the experimdatal

laboratory.



Thay attemptad to produce oesophageal varices in dogs, but
only managed to produge "enliarged vesgels over the thoracic
wall" and were therefore reluctant to attempt this
procedure on & human patlent. After tha report of
Crafoord and Frenckner appeared, Moersch falt justified to
now attempt Fhe procedura. The patient was a 30 yaar old
male with rééurrant gagtrointestinal haemorrhage, due to
cirrhosis of the liver. Dr Walters referred the patient
to Dr Moersch, who performed cesophagoscopy uader local
annesthezia and Found large varices at the lower third of
the oesophagus which were almost obstructing theé lumen.

He injected 0.5 Qi of 2.5% sodium morrhuate and states
“puch to my surprise, the procedure was accomplished with
practically no bleeding®. He repeated the procedure three
more times at four day intervals and indjected 1 ml of 2.5%
sodium_mnrrhuate at each procedure. The changes to
varices which he describes is notaworthy. "The vessels
that had been injectad lost their bluish color and became
yvyellowish gray." |

The firat proponent of sclerotherapy in Grert Britain wasg
Ronald Macbeth, a clinical lecturer in otolaryncgology at
the University of oxford. He first described his
techinique and results of nine cases at the Fourth
Intarnational Congress of Otolaryngology in 1949.
Subsequently he published his experiance of 30 ¢ases in
1955 in the British Medical Journal.




The technigue which he enployed was to give the patlsnt a
general ansesthetic and then he uspd the largest Negua
oesophagoscops which could be passed, and injected the
varices with a long naedle carrier mounted upon a baycnet
typé fitting which locked onto a 10 ml or 20 ml syringe.
The sclerosant used was 5% sodium morrhuate and he injected
3 m1 to 4 ml into each venepuncture and injected six
varices per session. Tihare were 14 casea with liver
damage which had been shown biochemically, whose age varied
from 5 to 72 years and of note is that 50% were dead within
one year., In contrast, out of the 16 cages without Yliver
damage¥, 14 ware "alive and weil”, although the mean follow

up was not stated in this paper.

An interesting point in the paper was that in the follcw up

of one of these patients Macheth notes that the patient was
alive at 11 years, which implies that Macbeth must have
started his sclerctherapy as early as 1944. Macheth
stated that patients could live normal livas. Howaver he
found the varices recurred and insisted that the patients
be axgmined by oessophagosropy once or twice a year
indefiniteaely. Hae also advised that a hydrostatic bag be
placed in the ocesorhagus post sclerotherapy for 2 hours if
the varices injected were profuse in nunmbsr or large in
gize. Macbath stated that splensectomy was obligatory as
adjunct therapy as it "makes the veins more readily

controllable. !




Despite thesa pionaqring afforts, sclerotherapy falled to
bacome a standard recognised modality of therapy, probably
for a variety of reasons, one of ﬁhich was the popula;ity
of portocaval shunting. A8 the results of prospective
portocaval shunt trials became available, it was apparent
that thess operationa had a high morbkidity and wortality
and did not greatly improve long term survival (Larson,

1986).

Johnaton and Rogers repbrtad on 117 patients who had
sclerotherapy with good results in 1973. In 1975, Bailey
described a modification of the rigid Negus ocescphagoscope
which he damonstrated while in Capes Town, and this prompted
Terblanche et al to sat up the firet prospective controlled
trial in Auguet, 1975. Tneir initial report in 1579 wae
encouraging. Hawuvur,.in 1983 they failed to show
improved long term survival. Westaby et al in 1984 Aald
howsever show an improvensnt. Thege latter authors, as

well as Pacquet’s psravariceal methods (1983), can be

considered as the reason for the resurgence of the role of

sclerotherapy.

1.4 SCLEROTHERAPY TECHNIQUE
i.4.1 Int:nxaxiﬂsnl_xnmknxaxitinanl_lnjngtinn
Paravariceal injection was first dascribed by Wodak in
1960 in the Garman literature (Terblanche et al,

1990).




Pactiet subsequently reported on & iarge series of
patients whom he treated using paravariocsal injection
of polidocanol with excellsnt rcsulfn.

The aim of paravariceal injection in the acute stage
is to compress the varix. The subsequent '
inflammstion is thought to help embed the vnrik in the
wall a3 well Qn thicken the overlying oesophageal

nucosa,

The technicque of intravariceal injection is more
widely practised. The original description in 1968
by Blonkinsppp,_a pathologist from St Mary’s Hospital,
laid dowm thalrouh&atiﬁn for this teschnique. Ee '
showsd that pafﬁvanaua injection of sclerovsant in a
rat’m tall vein hed no i;pact on the flow and that

intravencus indection was reguired.

Although most stullies are divided ints intravaricesl
and paravariceal injections; in my experience, even
when one aims intravariceally, this iz often .
acconpanied by some degree of pgravaricaal injection
as well. This is confirmed by Rose et al, (1982) who
shoved that in theiy. hands this occurred frequenily.
Greoba et al, (1984) ukad venography during aﬁdosdapia

gclerotherapy and found similar results.




Parsvariceal injection, purposafully or inadvertently,
is assoei;tad w1th avhiqhar~1oca1 oﬂnpiicatian rate.
This i diszcussed in greamter detail at a iatar.staqe of
this thesis. Kitano et al {1987) has published a
saries where they advocate a combined technigua. Mozt
saries that are reported use an intravarigéal method

(Sivak et al, 1990). The technique employed in both

triais in this thesis wap intravariceal.

1.4.4 Ingirunents

There are two instruments available, i.e. rigid and

- flaxible endvscopes. A prospective triasl comparing the
two methods has been raeported (Bormman et al, 1988).

" They found that the rate of uefioua oosplications was
higher in the rigid endoscopy group. A disadvantage of
the rigid technique iz that general anaesﬁhnaia is
required, While some endoscopists might feel that this.
iz advantageous in that the risk of aspiratiﬁn in
raducad, others feel that this is offset by the dmngers
of anaesthesim in patients with poor liver function
(8ivak et al 1990). For both trisls in this thesis,
flaxible endoscopy was used. The usa of an overtube
for compression is controversial and is discudsed in
Chapter 2. An overtube wss not used in either of the

cliniceal trials.




1.5 THR SCLBRﬂBQN?

Various sclerosants are svailable. However, their
mechanism of action is poorly understood (Sivak et al,
1980). The sclerosant used in this thesis was Socdiun
Tﬁtradacyl Sulphate (S T.D.). The reason for chooaing
ﬁ&ia sclerosant includad the¢ pionesring work by
Blenkinaupp, who showed it to be superior to other

gclerosants in a rat model.

The avallability of the sclerosant was an important
factor.® In South Africa ona of the only other sclerosants
which is available ie ethanolanmine olaaté and althdugh
Kiteno et al (1987) and Terblanche et sl (1990) prefer this
sclerosant, 8ivak et al (1990) stlll recommend the use of

8.T.D.

A third factor for choosing S.T.D. was its viscosity and
colour. £.T.D. is a clear non-viscous solution as
compared to the yellow visoous ethanolamine oleate. This
facilitﬁtud tha use of various concantrations where the

patient, the endoscopy assistant and the endoscopist were

unawvare as to what concentration of asclerosant was %Ping -

injected. Ethanolamine cleate is extremely difricu\x to

I

inject.




Therefore if it had been chosen ;t would not havs been

poesible for the investigators to be blinded as to the
conmentrgtiun 6: the sclerosant.

The final reagon for choosing s.7.D. ia that S.T.D. is a
eingle substance rather than a mixture of oils
(ethanolamine olaate) and therefore it would be more
amenable to gﬁﬁirication should this prove necessary.
8.T.D. ig %ﬁr&nionic deﬁdrgpnt. Iﬁs structure is shown in
Figure 1.2. It ie supplisd as 3% mass per volume and ie
preserved with benzyl alcohol 2% m/v. It is a sterile
aﬁuapua.aélution and is buffered for a pH of 7.6,
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i 1o FIGURE 1.2 : The chemical struciure of
‘ 4 Sodium Tetradecyl Sulphate.
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1.6 ROLR OF SCLEROTHERAPY IN CONTROLLING THR ACUTE BLEED
Sclervotherapy has besn ghown to control varlces in 95% of
evigodes (Terblanche et al, 1981) and their findings have
been confirmed by numercus workerg. A problam has been
that various authors use different techniques aeg well as
golerosante. ‘Terblanche’s findings were similar to those
of Johnston, who in 1973 had a 93% success rate in stopping

the acute bleed.

The reblesd rate would appear to be in the region of 13 -
30%. The high mortality would appear to correlste well .
with the degres of underlying liver disease, viz. child C
haz a much worse prognosie than Child A (Larson, 1986).
Larson et al ghowed in 1986 that patients who underwent
selerotherapy had a significantly lower transfusion
reguirement than those who did not,

8ivak et al (1981) reportsed on 22 patients and showed a
marked decreass in transfusion regquirenents prior to
initiation of sclerctherapy in theses patients. A aﬁudy
performed on 52 patients by Cello et al (1984) where
patients were randomized to sclercotherapy or shunt surgery
showed that sclerotherapy patients had shorter
hogpitaliswtion periods and transfusion regquiremants than
those patisnte who had shunt surgery. Howevef;
hosgpitalisation periocds for rebleeding was higher in the
patients who had sclerotherapy.




In & study from the Massachusetts Genersl xnéyital; von
Ryll Gryska ot al (1985) used a2 combination of thrombin,
cephalothin and athanolgmine oleate to savlerose 113
patiants with‘variaaa.m: Sclerotherapy was parformed for
acute bleseding varices in the majority of their patients.
Their initial success rate was 95%f

\

An iuportgft prospectively randomised trial showr< a marked

‘benefit of. sclerotherapy versus tamponsde (Paoguet et al,
1985)., - In this trial 43 cirrhotic paﬁiants wers |
randomised to either sclerotherapy or Sengstaken-Blakemore
tube for actively bleeding oesophageal varices. Long term
'nurvival,.ag in most studies, was related to child
clasgification on admission. However, efficacy in
stopping the acute bleed and initia. mortality was
signifiagntly improved in the sclerctherapy group.

Degpite all the olaimed benefits for the acute blewd, one
should be sware that as nany sg 75% of pativ.te will bave
stopped bleading at the time of initial endnsu#py prior to
sclerotherapy (Shields, 19921).




It appearsd logical that if solerotherapy was efficacious in
controlling acutely bleeding oesophageal varices, long term
management would cbliterate and reduce recurrant
haeworrhage. The Eirat controlled'randumiaad trial_pf
sclerotherapy by Terblanche (1983) showad that wpile the
sclerotherapy group had significantliy fewer rebl&eding
apiﬁndas, their overall survival rate at 1 and 5 ysars was
not mignigiaqntiy different from the control %roup.
MacDougall et al, in 1982 showed a statistically significant
improvement in survival at 1 year and of note is that there
was an increased incidence of death die to bleeding in the
control group. "

‘fhe major study by Westaby et al (1985) showed a

'statistically-significant improvement in surwival of

patients who had received sclerotherapy. There was also &
decredké in both the total number of patients who rabled as
well as thglnumber of episodes. This study also showed
improved aufﬁival for each of thaIChild‘s grades of
saverity. Soderlund et al (1590), also showed a decreased
risk of rebleeding. Sivak et al (1990), fesl that despite
the above studies, recurrent bleeding still occurs in 30-60%

of patients.

The fact that Child‘’s classification plays an important role
! orne out in numerous studies (Von Ryall Gryska et al
1985; Pacquet et al, 1985; Wemtaby et al, 1985).




In a mnta-analyﬁis whiaé exanined geveral controlled
aliniocel trials, ‘the results showed an inpmovansnt in ;ong
‘tarm shxviml attrihutahm to 'aarial sclarothempy CI
{Infante-Rivard at 21, 1983). Tha question of lang tera o
survival remains controversial. The Copenhagen study
(1984) . \ﬁh randomized two greips into medical and
-sclerbtharapy showed no difference in the long term .
survival.  An impoitant study by Sauarbruch et a1, (1985)
showed that the mortality wvas dirsctly related to cﬁliéﬁgﬁ
Clagsification. Child’s A 1 yesr survival was 100%. Ve 3@%!
foxr Child’s C. _E ;J“‘

P

q . : . o
Kot only doss Child’s clagsification play a rols, ﬁqt

 perhaps more importantly the fact that pativmts Child’s
classification is not static but z:atﬁer dynamic and is based
on the undarlying hepatic ﬁatholugy It has .wmen suggested
that sclarotherapy has bed:. overutilissd at soma centres at
. the axpenz of othar therapeutic nodalities including shunt
surgery and pharmacotherapy (Terblanche, 1990; Shieldd*
1991). It would appaar that'tbe underlying hepatic
pathology must be the major &aterminant in long term
gurvival of patisnts whatever modality is used.
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1.8  CUMPLICATIONS OF SCLEROTUERAPY

Sclernthgrapﬁ has heen-assnciéted with nunerouxs

”cqnplicaiions. The following is a revieg of some of the

ingogtant:cnmplicationa wh_ch have been documented.
1.6.1 Systamic Complications
An important systemic complication is the effect of the
sclerosant on the pulmonary ci:culation. One of the
most common thoracic complications is pleural
affusion.. The incidence would appear to corralate
with the total velume irdected and the volume injected
per site but not with either .uw type of sclerosant or
the total volume per session (Edling et ai, 1991 ..
Rnéntgenoqraphic findings other than effusions include
deﬁiation of the nzygoéoeaophngaal reflection into.the
right hemithe. .ax, thickening of the posterior wall of
the bronchus intermediue, an indistinct periacrtic
stripe and subsegnental atelsctasis. The effusionh
when aspirated and analysed 1s normally a sterile
exudate (Edling et al, 1991). Bacon et al (1985) also
showed radiblogical evidance>§r pleural_&ffuaions.in'

numerous patients.

There is svidence that thé scleresant embolises ﬁo the
iung in numerocus patients. Pe Peuy: @t al, In 1988
performed a study where they showed avidence of.
embolization to the lungs at 2 hours in 50% of cases.
Acute respiratory failure was documented by Monroe %ﬁ

.

" al {1983).
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Vallgren et ml (1988) performed a study on(#even sheep

to detefmins thafaffact of sclerosing agents. Thay
tested ethanalamine oleate and S5.T.D. and injected them
intravonouﬁly. Bothpaganﬁﬁ caused a savere tali:in
total respiratory compliance and arterial oxygen
tenxion. There was markéd trapping of platelets in
the lungs. Thay concluded that both sclerosing agents
cause severe lung injury in sheep if given in
corresponding doses of 20~50% of what is normally used
Iﬁr-aclerotharhpy in hupan patients and postulate that
the mechanisnm is based on increased microvascular
permeability. Another interestin§ paper demonstratsd
thet aclerosants caused pulmonary hypertension in ahﬁhp_
(Hammonsd et al, 1985). Thess workers found that the
raised pulmonary pressure could be ~hviated by
pretfa;ting the sheep with indomethacin whiqh'auggeata
that thairaisad preusufu 1s due to 3clerosnhtumndiatad
proctaglandin raleuse. Sigurdsson et al (1989)
contirmed the above by demonstrating that aapirin;f
prevents pulmonary damage in sheap given ethanolamine

olaate.

Connors et al (1986) injected sclerosant containing
Technetium lsbelled albumin microspherss and
demongtrated that in their series only 20% of the
injectad sclerosﬁnt reached the pulmonary

vasculature.




They showed no changes in the pulmonary diffusion
capacity uaing a8 carbon monoxide techniqua Endoscopy
can cause relative hypoxia in nearly halt the patients
undergoing the procedure (Barkin et al, 198%). FKorula
at al (1984), howevsr, daumonstrated transient
daterioration in pulmonary function after

aclerotherapy.

The effect of sclerotherapy on cardiovascular
haemodynanics was assesssd by invasive monitoriﬁg in 8
‘patients tBailay-anton et al, 1988). They
demonstrated a statistically significant increase in
pulmonnry vnacu}ar reslatance, although the alevated

levels were qtill within normal limits.

Othsr pulmonary complications described include
bronchitis (Barsoum et ai, 1982), adult rospiiatonf
distress syndrome due to massive chilothorax (Gertsch
et al, 1983) and a fatal right lower lobe collapse
(Barsoum et al, 1982).

Anotherlinte:asting gystenic complication is
haesmorrhage from other sites. Foutch and Sivak (1984)
demonstrated 3 cases which bled from colcnic varices

after andoscopic sclerotherapy. Keane et al (198%)

repor<~d on massive bleeding from rectal varices

rollowing repeated inilected sclarotherapy of

vesophageal varices,




- PFry et al (1288) reported on a 78 vear old paéiant with
haamatochezia which occurred noast nclérutharapy of
cesophageal varices. They found, at laparotomy, that
it was due t?\adhaaion relatad varices at the site of .a
praiieus hystéfactomy. They did not cosment on the

sclerosant uzed for the cesophageal varices.

Distal asites of throumbosis havé baan reportad.

Goudale et al (1982) aascribad suparior nesenteric vein
thrombosis in 2 patients. The aclerosant which they
used was 5% sodium morrhuate. In the same year
Barsoum at al, described a éatient who developec. portal .
‘vein thrombozis post sclerotherapy using ethanclamine
oleate. Thig resulted in recurrant haemorrhage which
proved to be fatal. A tragic case of gpinal artery
thrombosis which occurred in a 4 year old child after
intravariceal injection of 5% sodium morrhuate was
dencoribed by Seidman et al in 1984, This resulted in
subasequent paraplegla. More recently, Ng et al (1988)
described.é"case of diglital gangrena which oococurred .
post sclerotherapy.

Duodenal varices have been described as a complication
after endoscopic sclaerotherapy (Eleftheriadis, 1988).
The causse of this complication is obacure. Gastric

varices may increage in number and size aftar

adlerbtherapy {Eleftheriadis, 1988).




' Howaver Sarin at al (1986) and MacDougall et al (1983)
reported that the recurrence of cesophageal verices was

not associated with gastric varices.

Congestive gastropathy is a common finding and occurs
in a cevere form in 55% of patiants with varices. It
has alsc been documented in one trial to occur in 79%
of patients who received sclerctherapy (D’Amico et al,
1590}. In their study, they felt thﬁt’r-currant
bleeding was in some cases dus to the gastropathy.
Thig is at variance with other studlies (Weataby st al,
1985; Kitano et al, 1957), where recurrent blesding
wag associated with recurrence of verices. The
pathogenssis of portal hypertensive gastropathy is
controversial. Deoreased mucosal blood flow,
congestion and ectasia, daaréaaad pepsinogen I,
increasa sarm gastrip.-and increase’ mucosal
prostaglandin E, 1 v le have all been incriminatad
(Blackstone, 1991ﬁ Chung et al (1i%88) demoribed m
technique of endqéaayic neagurement: of gastrico blood
“flow using lasef Doppler velocimetry. Although
gastric mucosalﬁblood flow was alevated in patients
with portal hypertension, the mucosal flow was not

altered after sclerotherapy.




fhis is a reasonsbly common camplic;tidn -

oocurring after sclarotherapy. Haynes at ;1,
(1986) compared a group of patients who dgveloped
stricturs pest 8.7.D. injection, with a group_in
whom this did not occur. Thay could find no
differences in either the total volume or mumber
of injections betwsen the two groups,

peacphageal dilation was successful in allmn ﬁ
cases.  The use of intentional peravariceal
injsction has a high stricture rate (Kja?rqaard

et al, 1082).

1 - B ” 2 - 2 LSO CIRE.
Oesophageal psrforation has besn reported as a
complication of sclerotherapy (Perino et al,

1987).

1.8.2.3 Qemophageal Vlceration

The incidence of ulceration would appear to vary
directly with the time interval of endoscopy post
aclerotherapy. Sarin et al (1986) showad thut
94% of pat@enta, when thay were endoscoped 24
hours after the procadure, developed ulceration
after sclerotherapy with absolute aquHGl. Thim
figure dropped to 6%9% at ona waek and at 3 weaks
' the figure was 12.5%.




‘Decreased éesoph;gnal motility and acid clearancs

u

have been associated with sclerotherapy, aithough
the 1;thaéura is controversial (sivak"ot al,
1950).

1.8.2.5 Chaat Pain

Numercus patients complaln ofﬁcheu;ﬁpain post
sclerotherapy. This pain has been thought to be
due to}a chawical mediastinitis but this remainm
to be proven (Sivek et al, 1990). Gebhard et al
-(1982), on tha basis of bnrium mwallaws,
augqa&tnd that it wus dmn to aaaophagaal spasm.







2.1 INTRODUCTION S
Although the systemic effaeﬁ%faf sclerotherapy on

comgulation have been previdusly reported, no trials to

date have sssessed the systemic effects of 5.T.". on the

coagulation system and liver function.

#rdner and Brooks in 1982 performed a study on 11 patients
at Emory University Hoaspital. They injected a combinestion
of 2 ml of 5% sodium mworrhuate followed by 2 ml of an 8 ml
mixture vestaining 1 wl (100 units) of thrombin, 2 ml of
caphalothin sodium concentration (1 g}5 ul) and % ml of 50%
ivrose into each varix. A balloen for proximal dilation
wad USed. At 7 a.m. on the day of sclerotherapy, the
haematocrit, haemoglobin, platelet count, prothrombin time,
partial thromboplaetin time, fibrincgen, fibrin split
products, Factor V and Factor VIII w&re analysed
(approximataly 16 hours after the completion of the
procedure) . They found noaétatistical differences in any

of the parametars measured.

‘Thay concluded that the sclerosant combination tﬁay were
uging had no systemic effectz and postulated that the raaion
for the lack of systemic effects was that they uged an
overtubé.-

%
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This tube consisted of a balloon cuff which was attached to
the flexible endozcope proximal to the instrument tip and

~ inflated prior to sclerosant inject;on and for 1 minute
afterwards. This was parfornadiin an attempt to raetard
cephalic spread of the sclerosant,

The problem with this study was the time interval for
testing of clotting paranmeters. They only tested the

patients approximately 16 hours ﬁost sclerotherapy and

would therefore have missed any significant changes which
would have occurred during this crucial time period. The
time of mpproximately 16 hours would fail to detect a
transient cosgulation defect. One would expect that if a
coagulopathy such as a diffuse intravascular coagulopathy
(which is what the authors were specifically leoking for)
wag prasent 16 hours after the injection, then these
patients would have had marked clinically apparant signs of
coagulation disturbances. The authors did not document or
discuss the clinical appearance of their patients post
sclerotherapy. Their technigue was intravariceal and they

used an overtube.

The use of an overtube is controversial. Grobe et al (19832)
- showed the flow of the varices was cephalic in 50% of
patieﬁts with or without balloon compreassion and that in 15%
the flow was as caudal with or without compression. In 35%
the sclerosant accumulatéé'locally. which suggests either

paravériceal injection or no flow in the varices injected.




However, 3 hours 1atsf, there was no residual contrast
material in the chest or abdomen suggesting that the latter )
was mnf& iikely.

The sclerosant which was used in this trial was 5% sodium
morf”yata nixed with an equal volume of 60% renograffin. A
total of 10 ~ 20 ml was injected a* each session. The
authors concluded that balloon compresgion was probably

unnecessary during sclerotherapy.

Barnardi et al, a year later in 1983, criticized Gardner’s
paper bacause they felt that the time ipterval was too
lengthy and any transient coagulopathy would be missesd:

They evaluated the coagulation profiles in 10 patients with
liver cirrhoais before, 30 minutes after, and 18 hours after
elective injection of ocemophageal varices. They injected
5% ethanolanine oleate . Only 3 paramneters were measured;
the platelet count, Owren‘’s normotest and plasma

fibrinogen. All these parameters ware significantly
impaired at 30 minute=. The platelet count was reduced, as
wag fibrinogen and Owren’s normotest. The authors
suggested platelet consumption and coagulation factors occﬁ&

shortly after injection mclerotherapy using 5% ethanolamine

= oleate.

Baele at 2l in 1984 published an abstract where they

described the effects of injecting 1% polidocanol on the

haemostatic system. They injected 12 patientsz with liver

cirrhosis.




They measured the following parsmeters; the activated
partial thromboplastin time, the prothrombin time, Factors
II, V, VII, VIII, IX, X, fibrinogen, plasminogen,
antithrombin III and alpha-2 antiplaswpin and fibirin{ogen}
degradation products. Thaze tests were performed bafore,
10 and 60 minutes after =sclerctherapy in 12 patients.

: :;’{

#hey found no significant changes in any of the parameters
tested except for one patient whose fibrinogen degradation
products became positive. They concluded that polidocanol

did not activate the coagulation pathway.

Musso et al in 1987 published a letter where they ass&ssed

25 patients who were sclarosgd with 1% Polidocanol for
oegophageal varices. The following paramstera were
measured immediately before, and 10 minutes, 60 minutes, 360
minutes and 24 hours after sclerotherapy, viz. platelet
count, prothrombin time, thrombin-coagulase time,
fibrinogen, fibrin(ogen) degradation producte, Factor XII
and plasma prekallikrein levels.

Their results showed a statigtically significant drop in
Factor XII znd plasms prekallikrein levels at 10 minutes
which had returned to normal at 60 minutes. The authors
concluded that Polidocanol was able to activate the contact
phase of coagulationtwhich implies that the reason for the
low factor XII is consumption. Kang et al in the zame vear
(1987) published a trial in the British Journal of Surgery.
They avaluated 20 patients with oesophageal varices,
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These ﬁatients underwent andoscopic injection scierotherapy

with 5 percent ethanalamine oleate. g

The following paramnters were assessed: Activated partial
thramboplgstin time, the Normotest, plasma fibr‘rogen,
fibrinogen degradatinn'products and conmplete bliod cell
count. Fibrinopeptide A and fibrinopeptide B B 15-42 were
also measured. The time interval usaed for sampling was bafore
the sclerotherapy, ohe hour after the sdlarotharapy, 1 day, 2

days and 3 days after sclerotherapy.

Their findings showed a statistically significant decrease in
p'othrombin time at 1 day after sclerotherapy although this
did not appear to be of clinical significance. There was a
gignificant lsucocytoses at 1 and 2 days post sclerotherapy
and the plasma fibrinogen had gradually increased at day 3.
They also showed a statistigally significant increase in
plasma fibrinopeptide A and fibrinopeptide B B 15-42 at 1 hour
and 1 day post sclerotherapy. ribrinopeptide A ighfnrmad
after being liberated from fibrinogen by the action- ﬂf
thrombin and fibrinopeptide B B 15-42 is liherated by plasmin.
These tests therefore were accurate in assessing and
confirming a transient activation of coagulaticn and
fibrinolysis after sclerotherapy. The authors however do note
that this might be a secondary phenomenon tﬂat they are
measuring due to the inflammatory responsive rather than a
direct action of the ethenolamine oleate. An alternate
explanation might be that the fibrinopeptides are released
from thrombug which has formed on the ethanoclamine cleate

induced damaged endothelium.




2. 2 AXH
The aim of the trial was to Jetermine the—syutemie effects
of the solercsmnt, sodium tetradecyl sulphate (s.w.a.),,with

particular referensce to the coagulation system. At the

{time that tha study was conducted, 5.¥.D. (3% m/v) was one
of the ialarasants in routine usage at Baragwanath W
Hospital. Sclérotherapy ﬁaa not used as a primary modallty
rnf conﬁrolling the acute bleed in patients wit’ ocwsophageal
varices. Tt was usad as a treatment for pruvchtion of
rableading in patients who had presentsd with bleeding at
adnission or who bhad & history of & prior oasophageal
'ér*icam‘ haamarrhage. Patients who presented with an acute

‘jl;vnriceMI hlead were treated in the first instance with a

.Senqstaknnnniakemara tube. Sclerotherapy was mnly performsd
one week after the incident in line with polgqy at

_ Bn;aqwannth Hospital at the time. The £0110§ up of patients
veg and remains extremely poor at Baragwanath Hospital, so
the study was confined to the acute effscts of the

solerosant.




4.3 PATIENTB _

Fifteen adult patients with portal hwpertension fiom
Baragwanath Hospitel ware includ&d“in'tha trial. ALl
patisnts gave informed consent and the trial was approved by
the Human Ethics Committee of the University of the
Witwatersrand. The mean tge of the patients wa 9 years
(ranga 30-69 years). There were 12 hale and 3 feﬁala ’

patients. = &)

- The only eriterion for inclusion in the study was any
patient who presented with oesophageal varices who had a
history of & prinr variceal-bieed. |

All Eixtaem patients had ;ivar biopsies to obtain
hiatol&dical evidence of the aefioiogy of “heir cirrhosis.
Of these, 13 patiente had alccholiq-liver cirrhosis, 1 had
schistosamiahia and in 1 patient the cauﬁé was undeternmined.
The Child-Pugh classiricaﬁﬁon of the patients was as follows
9 of tha patients were cniid's A, 4 wera Child’s B, and 1

was Group C.

The pat.énts were all sedated with 5mg of midazolan.




A11{;#¥Wants hed a full uppnr gagtrointestinal endoscopy
porformed using a forward viewiny Olympus flexible
gastro&gupa to document any concurrent pathology which might
have b@ék\rsspcnsible for the bleed. The patients then had
one or mo% vavices injected. 'The injection was aimed
intravnrtéaally although is probuhle that some of the
éclerosnnt was probably injected paravariceally.

An overshaath was not used. The agent ussd was

sodius tetradecyl sulphate 3 m/v, preserved with

banzyl alochol 2% m/.. The agent was sunplied by Mps
Laboratories (Pty) Limited. The amount of sclerosant
injected varied from 6 to 12 mls, with 2 mean volume of 8.6
mls injaected. oo '\

b
b

311 patients had blocd dvawn immediately prior te:
sclerotherapy, immediately after sclarotherapy,.nnd

30 minutes, 60 minutes and 24 hours post sclerotherapy.
This was performed to easure that any transient

abnormalities were not missed .

These specimens were submitted for analysis of the following
parameters: L
prothrombin time, partial thromboplastin time,
tibrinogen, fibrin(ogen) degradation products (F.D.P.),
Factor VIII, full bicod counts and liver function

tasts.
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Ths mathodology employed in the prothrombin time, partial
thromboplastin time, fibrin(ogen) degradation products, and
factor VIII sssays 1s identical to the methods desaribed in
the tuaﬁion on the in vitro trials. The full blood counts
were nerformsd on & Coulter 8 Pluas Analyser and the liver
function tests were mssayed on a Instrument Laboratory 503
Abbot: 100 machine o

3.4.) Skatisticos
The ltaﬁigtieal aﬁalynis was done by the Inetitute for
Biostatistics of the South African Medical Research

Couneil.

The many-one tests, is. conparing the pre—aclerbth,rapy
values irdividually to all ti.2 post-scllratherapy |
values, ware performed by emplcving Wilcoxan’s wigred
rank test uaing the Bon*srroni aatustm:na for m&;tipla |

conparisons .
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2.5 | RESULTS
2.5.1 ¢llpiqal:
All the pa‘ients sxperienced retrosternal chest pain j
imnediately afier sclerctherapy. All the patients

ware hospitalizad overnight for obssrvation. Two of
the patients complained of mild dyspnoea post

R

gclerotherapy. . None of the patients hagd a
haematemesis during this period. There were no othar
docunmented cdmplications. Follow up on thase patients

is not available.

2.5.2 Laborafory:
The white cell count waas significantly decreased at 60

minutes (p=0.0115), and significantly increased 24
hours post sclerothhrapy (p=0.024) [Figure 2.1].
There was a statistically significant decrease in
fibrinogen from 2.92 g/l to 2.68 g/l 60 minutes after
aclerotherapy as compared to before (p=0.0355) [Figure
2.2]. In three patients this was aésociatad with a
mild elevation of the fibrin(ogen} degradation
products. There was a tremi, although notc
statistically significant, for the prothrombin index
to decrease at 60 minutes after sclarotharapy [Figure
2.3].

The remaining parameters of the coagulation profilae,
viz. Factor VIII levels and the activated partial
thromboplastin time were not significantly alterad.




The haemo¢lobin, mean cell velume and haematocrit and

platalet counts did not show any statistically
significant alterations. The platslet count showad a
trend to decrease at 30 minutes post sclerotharapy.

Howavar, it was not atatistically significant.

The liver function tests, which included total
protein, direct bilirubin, total bilirubin, albumin,
glcbulin, alanine transaminase, aspartate
transaminase, gamma glutamyl transzminase and alkaline
phosphatase were all unchanged.
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- FIGURE 2.1

The in vivo effect of intravariceal injection of S.T.D.
on the white cell count. (Mean * SEM)

At 60 min p=0.0115 as compared to Pre-.
At 24 hr p=0.024 as compared to Pre—.
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FICURE 2.2

The in vivo effect of intravariceal injection of S.T.D.
on fibrinogen levels. {Mean + SEM])

At 60 min p=0.035 as compared to Pre—.
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FIGURE 2.3

The in vive effect of intravariceal injection of S.T.D.
on the Prothrombin Index.

(Mean + SEM)




2.6 DISCUSSION _ _

In thé prerent study 3% m/v 5.T.D. was demonstrated to have
a transient systemic effect on coagulation. There was a
statistically significant decrease in the level of
fibrinogen. While this did not result in an acute bleeding
diathesis one would not have expected this to occur as the
fibrinogen concenfﬁption did not drop below a level which
would result in & ﬁiqad. The same argument holds true for
the trend for the prothrowbin index to decrease. The
question is wheﬁher the S.7T.D. destroyed these factors
directly' or whether they were consumed. 'The in vitro work
presaﬁted lataer suggests that at the volume :nd

conceantrationa injected, the former iz unlikely.

The transient drop in the white celi-count-ﬁhich was
followed by a leucocytoses is interesting. i

Leucocytes have been shown to play a role in thrombosis.
Balch (1985) in a review articlie states that the leucocyte
hag the abiljity to damage endothelial celis by means of free
radicals. The endothslial cells then produce less
prostacyciin and the breakdown of endothelium derived
relaxing factor is increased (McCord, 1985). Furthermora
neutrophlils interact with platelets and stimulate

19
;;- aggregation (Canoso et al, 1974).

The convarse is also true, i.e. that platelets can stimulate
{e leucocyte activation (MacLouf et al, 1982). The drop in
the leucocyte count was probably due to margination and -

sequestration.




=

This was followed by a rebound leucocytoaes which ococurs as

8 result of cell relaase from the marrow.

The above phanomena are anaiogous to the evants which accﬁr
post endotoxin aduinistration;to human subjacts (Golde,
1990).. Other reasons for the rnhound leucocytosea include
a tranaient bacteraeria which sclerotherapy can induce, and
pyrexia which .s thougnt to be caused by the chemical
phlebitis or the acuﬁé inflammatory response (Schuman et
a1, 1987). | "

The site of the saquestration of vhite cells which occurred
was probably in the lungs. scleratherapy is a well
documented cauge of acute adult respiratory distress
syndrome . the basis of which is postulated to be
endothelial damage (Stroncek et al, 1985). In a large
proportion of pamiants there is rapid flow of zalerosant
from the varices to the pﬁlmnnary circulation (Grobe ot al,
1982). This would also explain the transient fall in
fibrincgen levels, as well as the elevated fibrin(ogen)
degradation.products which was ‘found in three patfhnts.
The findings of this study'ghowed that sclerotherapy with
$.T.D. did have systemic effects on the coagulation system
and suggested that modifying the dose might be a useful
adjunct in limiting the above effect.

.'r’j
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‘3. PLATELETS ¢

3.1 INTROIXICTION
The in vitro sffect of sclerosants on platelet function has

not been adecuately studied. Stroncek et al (1985)
demonstrated that sclerosants cange hasmolysie agd that
this haemolysate could induce platelets to aggregata. Theme
workers suggested that the aggregation was due to the red
cell membrane, which is a docimented agonist capable of
causing plateiet aggregation. Yamaga et al (19289} showed
in an in vivo trial that ethanolamine oleate dopreseed
platelet aggfegation as evidencﬁd by B decreased response
to ADP for 1 weak aftar,sqlerétharapy.

The motion of.platelats has besn reviewed extensively in
recent years (Roth, 1991; Bloom, 1990; Ginsherg et al,
1988). The following is'a selective review of platelet

h function,.which, although not comprekensive, is relevant to
the understanding of_the mechanism of action of S.T.D. with
particular reference to platelet aggregation.

3.1.1 pPlatelets and their Punction - A Review

Bizzozgxo showed in 1882 thagfplatelets accumulate at
injury ;itas in small vesmels and thus sstablisled the
crucial role that platelets play in forming =:e
hasemostatic plug. Wright in 1906 described the origin
' of platelets. He discovered that they are produced
by the negakaryocyte.

r. l
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Platelets circulate in a résting phase and their

¥
“survival is estimated to be approximately 8 to 12 days
(Heyne et al, 1980).

3.1.1.1 Platelet Structure
One of the mechanisme which enables them to

perform their function is their trilawminar
platelet membrane. ~This membrane does not
appear to ba*inharantly different from ofhéf“
cell mewmbranes on initial analysis. However
freseze fracture analysis has shown that the
platelet membrsne ig in fact different from
othur cells iﬁ that it is turned inside out
(Zucker-rrapklin D, 1990). Platelyt membranes
rhave numerous glycoprotein receptor; whicp are

sunmaff%ed in Table 3.1.

Platelets contain organelles, including ‘
mitochondria but are anucleic. The organslles
include the alpha granules ané §ha dense bodies.
Alpha granules contain B thromboglobulin,
fibrinogen, thrombospondin, fibronectin,

platelet derived growth factor, ﬁlatalet factor

4, and von Willebrand factor {(Wencel-Drake et

al, 1985), while dense bodies contaln merotorzn
and probably ADP. The density. of the granule
would appear to be proportional to the amount of

sarotonin present (Tranzer et al, 1966).
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éaall vesmicles contain lysosomal enzymes, viz.
acid phosphatase, B glucoronidase, Fafhepsin and
arylsulfatase (Bentfield-Barker eﬁ al, 1982). \
Platelets contain a canalicular membrane system |
vhich is one of the ngchanians responsible for
exocytosis of fha éranules. After the
platelets have been stimulated by an agonist,

theigrahulcs coalesce in the centre of the

plateiet together with canaiicular cisternae
(Zucker-Franklin, 1570).

%

Cell adheslons are rééponaible for sealing off

leaks which ccour ineide bleod vessels. These

e

adhesions regquire surveillance which is specific

as well as selective and occur as a result of

- - et —

1
e D

T

cell-adhesive molacules, algo known as o o ‘
anchorins. Thesa bond a site on one call ﬁf a

aite on another cell or solid phase e -

It is estimated in maﬂ that 1 triiiibn platelets
survey 1 000 square meters. Shouid the
platelets encoanter a defect in the vessel wall, -
it will change its shape, adhere and spread on . K 
the surface and seal the xuﬁk by initiating a
platelet plug, Pethica (1961) demonstrated

various processes of intercellular adhasion.




The initial vrocess lnvolves nenbrans

protruaions on n smooth surface which reduced
electrostatioc repulsion and theraby promotss
adhaaion, For example, & pnoudﬁpod protruding
from & platelet 1 prodbably able te penetrate
the electrustatic fagcas on the opposite
surface. Another precses involves the pressnce
of pnlyﬁalent ions, e.g. calcium, which further
reduce the slectroatatic negative rorue; A
Final mnchaniam which he propossd is the
presence of large moleculgﬁ which can bridge a
distance of greatsr than”10 Angmtroms. This
process is ubilised in plutnleﬁa, in that
platelats contain and can bind fitriiogan which
ie 73 Angstroms long aan%o Angetrome wide and
can therefore span a 1aﬂge ares and overcome
hydrostatic as well aufglectricml charges

A
For platsletsz to be functional they reaguire not
only csllular zdhesive moleculex but almo
intercellular achesive molscules, The cellular

adhesive molecules may opsrate irdependently in

‘Bome cames or with the help of an intercsllular

adhesive solecula.



An example of this is the glycoprotein IIb/IIIa
complex, an integrin (Ginsberg, 1988), which has
the ability to bind one platelet to another
directly. Howevar it cs= also bind to
fibrinogan which then binds to the glycoprotein
IIb/IIIa complex on another platelet. In this
instance the fibrinogen is &n intercellular
adhesive molecule (Gogstz ™ et =ml, 1982).

A third;qroup'of molecules act as substrate
adhesive molecules. These subastrate adhesive
molacules are present in the subendothelium, an
exanple of which iz von Willebrand Pactor.
Platelets have specific receptors for the von
Willebrand factor and this providss ar anchor
f>r the adhesive process to be stabilized.

All the intercellular adhesive moleculas are
produced in the alpha'grnnule of tha platelet.
The identical intercsllular adhesive molecules
are produqed in the anaothelial cells and
distributac in the ablumanal surface, thereby
providing two "sticky" ends which will“maet if
the endothelium 1 damaged and c¢he platelet is

activated,

From an evolutionary point of view it i=
interesting to note that almost all adhasive
proteins contain or bind the R-G-D tripeptide

F AR, b vl i £ R o 8 R AF T VR G LR R R T R R TR L vt SRR

L L e 2 2 e e e e e s

R R T T o g




N

-3

L el b 4 4 rz L gt e s N SR A R

gequance (argininu-quuina~asparti¢ acic)
{Plerschbacher et al, 1984). It.woulé &ppear
that this partioculsr sequence was crucial in the
evolution of ﬁnicellular to multiceliular
orq;nisma. In this rugard it iz of interest
that the unicellular s’ime mould Dichitvosmtelium
dizcoidaun acquires & R-G-D contsining lectin
when its food supply is exhausted. 'This then

“"7 enables it to aggregate to other calls and

survive (8pringer et al, 1984). R-G-D
saquences are essential for haemostasig and
platelet function. However R-G-~D sequences
have acquired apecificity and are not
nevagsarily interchangesble, e.g. platelat
nggraqatioﬁ doex not ooour in afibrinogenaemia
{(Inceman et al, 1966) and thiz defect is not
corrected by addition of firronectin. The
spaecificity of R;Gmntis thought ¢o be determined
by the anine acid sequence withinlthe rast of
the molecules as even a{glight change in
sequencing will cause major conformational

changes (Berzofsky,.1985).

3.1.1.3

Platelets from patients with cnnqenitall
afibrinogenasmia are insensitive to ADP (Inceman
et al, 1966}, Tha platelst function can be
restoraed by adding fibrinogen.
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Solum et &l (1955j showad that washed normal
platelets failed to aggregate when aeithar ADP or
fibrinogen alone are added. Tha fraction of
fibrinogen which is responsible has been :
determined by Niewisrowski et, al (1977) to bhe
the carboxy-terminal porticn; of the A~alpha
chain and the gamma chain. It has been shown
by Marguerie et al (1983) that 4% 000 to %50 000
fibriﬁngnn moiocu;es can be bound per platelet

in the presence of calcium.

This receptor would appsar to reside in the
II-IXIa complex. 'Two classes of binding sites
have been deacribed by Korneoki et al (1981).
They are h h and low arfinity recaptors.
3.1.1.5 Platelst-surfage Intexsgtion |
Sixma at al, (1977) have performed morphological
studies of the haemostatic plug and shown that
aftter injury bleeding begins inmnd;ataly.

Within seconds the initial rsaponse is platalst
adherenca to the edge of the severed vezszels.
This resulte in the formation of a lovse plug.
After several minutee bleeding is halted by ﬁhe
pluq becoming wmora consolidated.




The plug consists almost entirely of densely
pac;éd platelets which have no remsining
granuliar context.

"

The role of!%ha endotheliur is reviawad

separatély in this thesis. The endothelium has
thn ability to act as either a pro- or anti-
éuagulant. Most studiea on the role of
endothelium have been performed by demaging the -
endotheliuvm and exposing the subendqﬁhelial
layer (Kinlough-Rathbone et al,‘xgaé)ﬁ

Tranzer (1967) has shown that gaps betwesn the
endothelium and defects in the endothelium are

promptly plugged by platelets. ',

Platelets adhers to either the basément membrane
6% otier connactive tissue elements. Stemerman
et al (1972) performed experiments on primates
using a balloon catheter to denude endothelium.
Baumgartner (1973) used a simliar teqhnique on
rabbits and showed that within 1 minute
platelets were already depomited on the

surface, Although these platelets had
morphological altsrations as evidenced by
paseudopodia, they atill had most of their

granules.




Within 20 minutas the platelets had formed a
‘aantinuous layer. This was under normal |
értarinl flow conditions. In conteast, mural
:thrcmbi, peak at 10 minutns?an& disappear within
40 minutes. No fibrin iz detected in either |
orse. Platelets which are attached to the
subendothelial surface secrete most of their
alpha grnnhﬂyu and 5-HT storage organelles.

s
P

Plateleats spread rapidly on the subaendothelium
as compared to srtificial surfsces (Baumgartne?
et 21 1976). It is thought that spread
platelets release granular material which

. promote adhasion (Weiss et al 1986).

3.1.1.8

Platelet aggragation is defined by Coiman (1987)
as that provess by whioh platelets interact with
one another to form a haemovstatic plug. The
process beginsg with adhesion of the platelet to
subendothelial tissue conseguent upon J

. endothelial damage. Pseudopod formation of the
platelet occurs as a results of collagen induced

change.

The platelet u.s80 changes from a discoid shape
to a spheroid shape, during which time it

secretes its dense and alpha-granule contents.

e . ik




The activated platelst forme a site for %ha
inactivated ﬁlatalet to collide againat and
platelet agyregates form. Fibrinogen binding is
the crucial step for bridging from platalet to
platalet and consequent aggragation.

Fibrinogen binds to the IIb-~IIIa glycopfotein
cohplex (Holmpen =t al, 1979). Patients with
Glanzman’s Thrombasthenia lack this complex #nd
therefore aannot-aggrégats thelr platelsts.

For fibrinogen hinding to oceur the platalet
mugt firgt be axposed to a ghnmical substance
which will cause a latent receptor te be
exérassad on the cell surface. Exanmples of
thasa suhstanae; inciude thrombin, adrenaline,
collagen an® certain prostaglandins. ADP is
alsc an agonist and it is felt by most authoers
that ADP is the ocentral mediating substance
through which all tha agoniste work to expos§
the latent fibrinogen receptor. This action of
ADP nay be separate from the action of ADP which
causes changes inslide the platelet relating to
decreasing cyclic ANP.

The aggregation is divided into 2 phases. The
first involves exposing the Fibrinogen receptor
in response to an agonist. :All the agonista,
other than tdrenaline, cause a structural change

ag evidenced by a shapa change.




The second phase involves the binding cf
fibrinogan to platelats. This binding is
initially reversible but later irreversible.
The binding leads to aggraqation.

The pringiy focus is & transmembrane protein
which is the ADP or ATP binding site.. The ADP
binding site when activated is thcught to cause
a spatial reorientation of Irb and/or II1Ia. This
raorientation in the prezsnce of caloium iona
allows the IIb~IIIa complex to now be activated
and therefore to act as the fibrinogen

receptor. Adranalina, collagen, proataql&ﬁdin

and thrombin all require ADP binding to the -
i

EIb-IITa receptor moleoule, althou@h-thsif node
of action would appaar to ﬂé'madiatad by binding
to their own respactive receptors which are
probably not latent.

| Born (19262) dezovribaed a method of evaluation
platelet function by using a platelet
aggregometar. The baslc principle is that
plateleta in suspenaion ars relatively opague.
Howaver, as thaey aggrsgate they cause a
reduction in tha total number of free particles
in suspension and therefore the density

decraases.
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Tﬁis:ahange in optical density is me#nurid wiﬁnr
the platelet aggregometar. The aggregometer
recognlass two phases, viz., a primary
agyregation wave and a secondary aggregation
wave. The primary wave is present usually only?
at low concentrations of agonist and is
reversible, the secondary wave is felt to be
irreveraiblugi%d is associated with seoretion of

the granular contents of the platelet. .

3.1.1.11 _ _

Thomas et al published a trial in 1967 where
tﬁey showed abnormal platelet aggregation in
regponse to ADP in patients with liver
cirrhomis. However, the technique which they
used was a direct visual cbmervation performed
with a magnifying glass, hardly adequate
technology by todays standards.

A large well performed study, which is often
cited, using standard dual channel aggregometry,
found that in the presence ofrahnarmal platelet
count the platelet aggregation response to ADP,
adrenaline, and collagen was normal (3tein andg
Harker, 1982). On the other hand, Desai et al
(1989) showed a decrease in ADP induced
aggregometry due to abnormal high density
lipoprotein particies.




George and Shattil (1951) ‘feal “it vemains to be
proved that platelst dysfunction dus - .
specifically tg liver disease is a clinica11y$
ixmportant prabihm.“ Accordingly, the question of
liver dysfunction in liver cirrhosis remains

. L e

controversial.
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3.2 AIM |
The aim of tkis study was to evaluate the in vitro effect

of S.T.D. on platelet aggregation.

3.3 NETHODOLOGY
3.3.1.7 atelst Aggregation
Venous blood Q;s collected from four healthy
volunteers. The blood was drawn with a 21 gauge
butterfly needle and added to tubes in to ratio of 1
twﬁ'part 3.8% trisodium citrate, which was freshly made
up, to 9 parts.vanous blood. The ﬁggregation tests
were parformed in duplicata. e T

To determine whether platelet aggregation in patients
with liver cirrhosis differs in response to ADP".and

STD, blood was taken from three patients (Mr E.N.; Mr ﬁ
P.M. and Mr L.M.) who all had liver cirrhosis a\;
(Child‘s B) .

The tubes were then centrifuged in s Beckwman Mcdel TJ5
centrifuge at 130 ¢g for 10 minutes. 'fhe platelet rich
plasma was removed with a Gilson pipette using a
plastic tip. The remaining sample was *'an
centrifuged for a further 10 minutes r: 1700 g. The
platelet poor plasma was removed with a Gilson
pipette. A platelet count was performed on the
platelet rich plasma using a H*1 Technicon Auto
Analyser.




The platelet count was then adjusted to 280 ¥ 10°1 ]
by addition of platelet poor plassa and 450 ' |
nidfqlitres of the plases with the adjusted platelst”

count was used. This plasma was pipettaed into a

siliconised glass tube followed by the agonist.

The following agonists wera prepared (Table 3.2):

' i) ADP from British Drug Housa which contains
adaenosging ~5¢- diphauphoric acid trilithiom
salt wvas made up to a stock oahcontﬁation
15:mg/ml. ‘ o

: 11)--cb1iagnn waa obtained from Hormon Chemie
Hnndhan, GMBH and was Qilutad lzla.with_SKF
Horm Buffer (Prod No 10500).

11i) Adrenaline waz made u§ from May and Baker i

injgctien ampeules containimg Adrenaline
%artrate aequivalent to 1:1000 m/v
adrenaline. These were diluted 1110 with
normal saline. _

iv} Ristocatin Sulphate was obtained from H..
Lunbeck A/S, Copenhagen. One hundred
 milligrams was dissolved in 6.6 ml of

Nnormal saline.
vi) Arachidonic Acid was made up fb & atock

concentration of 10 mmol/l.




TABLE 3.2 %

Riatocetin - 50 ul 1.8 mg/wl

. ADP 50 ul - 5 ug/ml

Adrenaline - B0 ul R 10 1<y/ml

Arachidonic Acid | 10 ul : 1 mmol/l

Collagen 1¢ ul 2 uy/ml

CYLwT
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The Payton dual c¢hannel aggregation modulie w;s aliowed
to warm pp for 20 minutes. Specific glass tubes and
ﬁmagneticnﬁtirrers for the aggregometer were |
?ffsiliconised with Repelcote for 30 minutes and rinsed 5
times with distill.d water and dried. |

The Chart paper was set at 20 mm/min and the -
sensitivity at 50 mV.for both chiannels, The
temparature was set at 37°C and the stirbar at 11

r.p.n. Channel 1 was set at 0.5 cm to 5.5 cm while

Channel 2 was sot at 4.5 com to 2.5 cm

Platelets were obtained from thir-e healthy volunteers
using the s;me method as described under platalet
aggregation. One millilitre of the plasma contiining
tbe?adjuated platelet rount was placed on a glass
glide and a cover was placed over the plasma. One
hundred microlitres of S.T.D. was added to the side of
the cover slip so that it vould diffuse under the
cover slip. Photographs were taken at 30 zecond
- intervals at tha centre of the slide. The
photographs were taken using a Reichert Univar
Microscope. A magnification of 400 times was used
with a phase contrast systen. The shutter spsed was
1/30 second. 64 ASA daylight film was used.

A field with aggregates containing more than 20
platelets was considered a positive response (Heyns et

al, 1979).




T e 0T T, T iy BT R i e

78

3.4 RESULTS
3.4.1 platslet Aggragakion
Examples of the platelet aggragation are shown in
Figureg 3.1 - 3,10. The=e were all duplicated.
There was a normal response to ADP, ad:enaline,
ristocetin, and collagen. The ristocetin and ADP
showed single waves without lagq phases. The
adreﬁalino showed a primary first wave of nggregatioﬁ~'”
in tha first 2 waves. A second wave ocourred in the
next 4 minutes with 100% light transmission. The
collagen showaed a lag phasze for 1 minute, followed by
a single wﬁ%e of aggregation In ths next 2 minutes
with 95% agygregation. '

3.4.1.1 Sodium Tetradecyl Sulphate _
Addition of less th=n 25 ul of 8.7T.D. fallied to

aliclt & response. However, the 235 ul .
8.7.D. (figure 3.5) showed a primary wavs
response over 2 minutes with 50% light
transuission. A mecondary wave responss
occurred which was completsd after a further 4
minutes and 40 meconds with 90% light
transmiasion. Thirty five microlitres of
8.T7.D. (figura 3.6) cauged a single wave of
aggregation without a lag phase over a 1 minute
45 gecond time interval. Addition of 50 ul
caused an almost identical reaction

{figura 3.7), however there was now avidence of

disaggregation.
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- This:is shown by the tracing resturning to the.
basaline. Addition of 100 ul of S.T.D. caused
aggregation followed by rapld diaaqé&aqatian
(figure 3.8). Higyaer concentraticns cauzed 100%
light transmismsion (figures a.srgnd 3.10).
‘Thege could bs confused with platalet
aggregation, howsver in thnsé cages there was no
visible platmla£ agy¢regate which is indicative )
of platelet lysis. Ih al)l the other cases (vis.
tiéurea 3.1 to 3.7} an aggregate was viaibla at
the end of the sxpériﬁenf. The pntientsiwith
ilver cirrhosis platalet aggregation, in?'
- responge to ADP and s,?kn., were the same as the

=T e

healthy volunteerg?f

Platalet aggregation is regarded as essentially

a qualitative test rather than a quantitative i
test. A response of more than 50% was dafined v
ag an adequatas respohse. As platelet responses

to 8.7.D. in both the healthy volunteere and the
patiantas with liver cirrhosis were greater thaﬁ
50% in all cases, quantitative statistical
analysis was desmed unnecersary (Heyns, personal

coppunicationy.
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Initially normal platelets were visualiuadigfigura
3.11). A8 the concentration of the sclerosant
increassd, the platelets aggregated and this is
depicted in rigura 3.12. 'ﬂownvar, wxen the amount of
sclerosant at the site sxcesded a certain level all
the platelats werse lysed (figure 3.13). These tests

wsre repeated cnce for every healthy volunteer. The @
identical results werse obtained.
3
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Figurs 3.1

A tracing of a typical normal platelet
aggregation responee to addition of the
agonist ADP,
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Figure 3.2

A tracing of & normal platslet aggregation
as a result of addition of Adrenaline.
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Figure 3.3
A platelet aggregation tracing showing the
normal response to addition of ristocetin,
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Figure 3.4
A normal plaisiet agg
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Figure 3.5
A tracing of a platsiet aggrega
following addition of 25 pl of .T.D.
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Figure 3.6
The platelet aggregation tracing which -
occured after addition of 35 pl of 8.7.D.
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Figure 3.7

The platslet aggregation tracing after
-addition of 50 pl of 8.T.D.
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Figure 3.8 -
The platelet aggregation tracing following
addition of 100 pl of 8.T.D.
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Figure 3.9 S
The plateiet aggregation tracing after
addition of 160 pl of 8.T.D.
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Figure 3.10 .
The platelst aggregation tracing after
addition of 200 pi of S.T.D,




FIGURE 2.11 : Phase c~+trast microscopy of
platelet rich plasma sl. .wing normal piatelets.
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FIGURE 3.12 : Phase contrast microscopy at
30 seconds after addition of S.T.D.
Note the visible aggregation.




+
FIGURE 3.12 : Phase conirast micr'oscopy
two minutes post addition of S.T.D.
¢ Complete platelet lysis has occurred.




3.5 DISCUSSION

Ag previously discussed, platelets piay an essential role
in haemostasis. The first event that ocours with a breach
in the vascular systen is the formation of a cellular plug
which is made up entirely of platelets {Zucker 1949).

These platelets maintain their integrity and secrete their
gramilar contents. Stripping of the endothelium and
exposure of underlying collagen was demonstrated in the
umbilical veln model (which is digcussed in the chapter on
endothelium) and platelets are known to adhere to collagen
via a collagen receptor fplatelet glycoprotein Ia) which
participates with platelet glycoprotein IIa {Kunicki at al,
19288). This occurs at low shear raten, higher shezr rates

requifﬁ von Willebrand factor (Baumgartner et al, 1980).

Platalét aggregation was assesged in vitro. In platelet
aggragation the platelets stick specifically to each
other. It reguires prior platelet gtimulation as well s
active metabolism (Eennet et al, 1$90). The agonists
tested revealed normal aggregation patterns and the

significance of these aggregations.

3.5.1 ADP (Figure 3.1)

ADP elicited a single wave of aggregation in both the
healthy volunteers and the patients with liver
cirrhosis. It is thought that ADP is one of the
primary platelet activators in that it is releasad
from damaged tissue and red blood cellé (Gaarder at
al, 1961). g
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The capacity to secrete these dense granules is
cyclooxygenage depandent &nd is therafore inhibited. by
aspirin and anti-inflammatory drugs (Charo et al, ”

1977). ADP activation is postulated to be mediated
via a receptor on the platelet surface although this
has yet to be positively identifled (Jefferson et al,

1988).

3.5.2 Adranaline (Figura 3.2)

Adrenaline slicited a classical primary "first wave"
aggregation, which is not asscciated with secration,
followed by a secondary wave where secretion occurs.
Tha primary wave is reversible whereas the secondary
wave is.not. The mechanism of action of adrenaline
is to bind to alpha-2 adrenergic receptors on the
platalet (Newman et al, 1978). The recaeptor action
is nediated via guanine nucleotide-binding protein,
Gi, which inhibits adenylate cyclase (Kim et al,
1987).

3.5.3 Ristocgtin (Figure 3.3)
Ristocetin aggregation showed a single wave without a

| lag phase. Rietocetin is an antibiotic. It was"
;fb found to aggregate normal platelets but not to
aggregata platelets of patients with ven Willebrand‘m
disease (Howard & Firkin, 1971). Coller (1983) has

T

shown that positively charged ristocetin binds to
platelets which alters the charge on the surface thus
enabling VvWF to bind to its receptor.




3.5.4 Collagen (Figure 3.4)
Collagen induced single wave aggragation after an

initial lag phase. This is a classical response
which collagsn eliclts. Collagen aliso elicits
adhszion which was not tested for. The mechanism for
zdheslon differs in that it c¢zh be caused by both
nonomeric and fibrillar collagen (Brass et al,

1974). The reason for The lag phase is that after
the fibrillar c¢ollagen binds to the platelet, the
platslet synthasizes thromboxane and ADP which are

released and act as agouiwts (Charo et al, 1977).

3.5.5 Sodiun Tetradecys. Suiphate

Addition of extremsly smail volumes (i.e.. 10 ﬁl;}ls ul
and 20 ul) failed to elicit a raﬁpons:a?f The re#ponan
that 25 ul, 35 ul and B0 ul was élicitad would appear
to be of extreme importanca. Aith%ugh gtroncek et
al,(1985) showed that sqlerotherapy.inducod rad bloxd
lysis and the lysate has the capacity to induce
platelat aggreqatipn, it haz not heenh shown previously
that 8.7.D. can iﬂﬁuco platelats directly to
aggregate. This rindiqg is dose dependent. Tha
mechanism by which it induces aggregation is unknown.

8.7.D. acts as an anicnic detergent and is used to
alter charges of protelna for electrophoreszim. It is
poesible that S.7T.D. would act in a similar way and
directly alter the changhk on the membréne of the
platelat, thus fncilitating aggregation. An

kS




alternate eiblanation would ba that $.T.D. daisaged
platelets and lyses them. They then release their
contenta which include agonista contained in their ﬁ'
granules (which has baen discusssd earlier). The |
remaining platelets are thus able to form a single
wave of aggregation. Should the concentration exceed f.}

a critical point, the S,T.D. interferes with
subsegquent aggregation and this would explain the

disaggregation which occurs slowly when 50 ul of
8.7.D. ie added and rapidly when 300 ul of S.T.D. is
addad. ”

The higher volumes, i.e. 150 ul and 200 ul, caused an

increase in optical density, which is the finding

which occurs post aggregation. However, no clot was

visible and it would have appeared that the platelets
had all been lys=ed.

This finding was confirmed on

the time phaese contrast light microscopy which showed
“that aggregation did occur at a specific local

concentration. However when the local concentration

exceaded a specific polnt lysis occurred.

Setting aside the centroversy as to platalat

dysfunction in liver cirrhosis, in this study low doss
S$.7.D. wag ag effective in inducing pistelet
aggregation in ylatelets from cirrhotic patients as it
wag with normal platelets. Similarly patterns of
platelet lysis induced by high dose S.7.D. were

unaffected by the presence of cirrhosis.



In conclusion, 8.7.D. has bkeen shown to cause platelet
aggregation at specific low doses. From a prematological
point of view, thim in itsels night prove to be an
invortant finding, as non physiological agonists such as
ristocatin (which is discunsed earlier), have in the past
proved to ba important tools in wlucidating platelet

function. In the clinical situation the aggregation would

occur at & site which is digtal to the injection, i.e.
downstresam,. vhere dilutibn bas occurred. At the zite of
injection initially platelets are destroyed. However,
platelsts wbuld also ba activatud at the sitn of injectiom
when it has éilutad to a spnuifia ntitiaal conumutratiog







4. COACULATION

4.1 INTRODUCTION

The in vitro effect of sclerosants on the coagulation
pathway have not been fully elucidated (Sivak et al,
1990). In 1967, Fegan in relatively crude sxperiments,
found that.sodium Tetradecyl Sulphate caused a
hypocoagulable state. In 1985 Stroncek et al, confirmed
that Soditm Tetradecyl Sulphate in high concentrations
causad the activated partial thromboplastin time, the

prothrombin time and the thrombin time of plasme to be

prolonged beyond assay limit times. In 1987 Kang st 2l
showed that the fecalcification time of plasma is prolonged
on addition of ethanolamine oleate, another sclerosant, and
Ithis prolongation was felt to ba primarily due to
ethanolamine. 1In vitro studies of the sclerosaat in
concentrations used clinically demonstrated that £ibrinogen
wag directly damsged by the sclerosants (Jaccbson et al,
1984). That study was zimed to evaluate the advisability
of the ﬁéacﬁice of addition of thrombin to the sclution
prior to sclerotherapy. In view of the relative pauclty of
avallable information, the affects of Sodium Tetradecyl 1
Sulphate on in vitro coagulation are evealuated in this
thesis. A detailed review of voagulation is beyond the
scope of this thesis. However, the following is a brief
review of the coagulation pathway with particular emphasis
on the functiong of the factors studied.




Coagulation in the human is a complex network of
interrelated chenicai reactiong. Theae reactions
ensure that coagulation (l.e. transforming blood from
a sol to a gel) ocours only at specific sites and also
enhables thiz process to be reversed when raguired.

| Molecular evolution would raquiré that this complex
gystem evolved from a simple system. The most common
mechanism by which this ocours is duplication o genes
whose “offapring® have divergent function. Thiz
would explain an increase in the number of steps in
the coagulation patbway (Patty et al, 1990).

In the invertebrate horse shoe cralb, coagulation has a

dual role in that it immobilizes Invading bacteria.

Human coagulation probably evolved from a similar
mechanism. The evidence for the above is the close
homology that Prothrombin, Fector VII, IX and ¥ share
with each other and with haptoglobin and ¢, r and
C,s, suggesting that a common ances*ral protein |
which wae part of s ganeral defence system diverged
after gene duplication and this led to specialization
of the clotting mechanism (Brenner, 19388). An'
important eavent in the evolution of the coagulation
system was the acquisition of a calcium binding domain
which made the ceagulation dependent on calcium ions
and phospholipid surfaces. Thiz enabled the




coagnlation cascade to be localized to the sita of
éndothelial damnge (Mann et al, 19388). -

‘The classic cascade pathway is & two dimensional
repragantation of current undmf@%anding of the
ccagulation pathway. The factorsz ilnvolved ari. not
only involved in coagulation but alsq in fibrinolysis
ag well as in initiating the inflammatory response.
The oascade has positive feadback as well as negative
fesdback control mechanianms.

The initiation of the intrinsic pathway is due to
contact activation; This hag particular relevance as
it ie likely that sclerotherapy would activate this
arsa of the pathway.

4.2.2.1 Pagtor XIL

Factor XIT would appear to be the first protein
involved in the cascade process. Landerman et
al {1962) described the lack of "permsability
factor®™ i.e. Factor XII as a cause of
hereditary angioneufbtie osdema. Factor XIT
can be activated by enzymatic cleavage of a
protease or by a naegatively charged surface.
The major activator is thought to be the
subendothellial vascular basement membrane,
howaver collagen as well az a variety of the

components of the basement membrane do not



initiate coagulation in normal plasma and the

roie of the hasamabt“nembrane remaing therefore

controversial. The precise mechanism by which
negatively charged surfaces cause Factor X1iI
activation is unknown. Factor XII is activatsd

by proteases which cleave it to produce smaller

molecules which are active. The najar
inhibitors of Factor XII are Cl inhihitor {the
first component of the complement aascade),
antithrombin III, as well as tissue plasminogen
activator inhibitor. COne major substrate of
Factor XIIa i= pfekallikraini(Fletcher'

Factor). 3oventy~fiva3percent of Pletcher
Factor which circulates is bound to high
mﬁlq?ular weight kininogen (HMWK)} (sScott, )
1980). Activation involves limited proteclysis
and conversion of prekallikrein to kallikrein
can be accomplished by either XIIa or XIIf
(gageman F&ctag_rrngmﬁnt) (wuapper'at al,

1§§é). The two major inhibitors of kallikrein
are alpha-2 macroglobulin and Ci1 inhibitor (van
der Graaf, 1983). It has been postulated by van
der Grraf et al {1983) that HWMK protects
kallikrein from €1 inhibitor as tle functional

site of C1 inhibitor has been localirzed to the’
light chain of kallikrein which is the Bame area
where HMWK binds. Kallikrein activates Pactor
XI1 via a positive feadback ;oop. A diagram of
this pathway is repressnted in Figure 4.1.
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FIGURE 4.1 : A simpiified diagram of the contact
phase of the coagulation pathway. Note the
positive feedback system of ampiification of
Factor Xlla which actlvates Prekailikrein. The
negative feedback Is shown where Factor Xia
inactivates High Molecular Weight Kininogen which
; then no longer inhibits C, inhibitoer. This

1 ailows C, Inhibitor to inactivate Kallikrein

and turn off the system.




A paradox of Pactor XIT hag been to explain a

lack of bleeding problems which occcur
clinically. Altliough Facfor XII deficiency
leads to a prolonged PTT, these patients tend
t§ suffer from a thronbdtic tendency rather
than a bleedihgiprobleu; Rutnoff et al, (igss)
have shown that these patients have aﬁ
incraeased incidence of myocardial infarction,
the basiz of which 1o postulated to be the
result of diminished fibri..olysis.

. 4.2.2.2 Fackor XI
/ Another najor substrate of Factor XIIa is
Pactor XTI -*~lasma Thromboplastin Antecedant}.
Factor XI is a gamma globulin two chain
homedimer (Bouma, 1977). Factor XI consigts
of two almost identical molecules held together
by disulphide bonds. Activation occurs after
limited digestion by Facto£ XiTa (Bouma,
1977}, It would appear that kallikrein is not
necessary for the reagtion but that HMWK is.

The énly other activator of Factor XI is
trypsin The major inhibitor of Factor XI is
alpha-1 antitrypsin. ‘The action of kallikrein
on XI and XII is an example of amplification or
positive feedback. racior XITa, which also
results from cleavage of kalliﬁrein allrie moire

kallikrein to be activated. An example of
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negative feedback is that Factor XI acts on
HYXK which then ia inactivated and this allows

€1 inbibitor to inectivate kallikrein..

4.2.2.3 Factor IX | | i

The action.ot Factor XIa is to acﬁivata Factor
IX. Factor I' was first described by Biggs et
al, (1932) who described a patim_;z:‘i\-.yitn

”,haamophilia and normal Factorwyin Iivala and

called tha disease Chriltmngi&iﬁaalu.' It bas
subssquently also been called hasmophilia B.
Factor IX is a vitamin K-dependen. factor,
containing unique gamma glutamyl carboxyl acia
reasiduss at the N terminal end of the molecule
which undergoes post~ribosomal modification by
vitamin K so that calcium binding at the
carboxyl group can occur. Factor IX is similar
in structure to Factgr X and Protein ¢, which
is diacuasud.iaégr. Pactor IX is a singla
chaln glycoprotein containing approxinately 20%
carbohydrate. Its molecular weight is
apﬁroximatnly 55,000, Dua to lte homology Lo
the othar Vitanin K dependent factors, Katayama
et al (1979) have proposesd that ail vitamin K
depandent factors have evoived frum a coumon

ancestor. o




Factor XI activatas Factor IX in the presence
of calcium. This is achieved by cleavage of
two internal psptide bonds.: Factor IX can
also be activated by Factor VII and tissue
factor. This rnprouahts » bypass mechanism
and ite precise role In vivo has not yet been
determined. Factor IX can be activatad by
Russell’s viper venom, Fagtor IXu is
inhibited by antithrombin which is greatly
anhanced in.tha presence of haparin,__fxg iz
also inhibited by hirudin which is pre%ant in
the saliva of lesches (Hirsh, 1991). FPsstor
IX ;gfsynthnsizéd in the liver and, in the
prﬂgnnae of activatsd Factor VIII, calaium, and
phospholipid, activates Factor X. "

_ 4.2.2.4 Factar VIIL

Fagtor VIII was first dasS§ih¢d by Addis in
1911, Facfor VIII¢c is separate from von
Willebrand Factor (VWF) although they circulate
in the plasuwa as a complex. Factor VIIIo- is
a product of an X-chromosome linked gene, while
VWF is a product of a gene on chromosome 12.

Using SDS~page analysis, multiple bands of* -
Factor VIII have been identified, t;a majority
in the region of 79,000 %o 80,000. The DNA
sscuence has hnﬂp detarmined az wall as the

prctein's 27351 iﬁino acid sequsnce (Vehar,




1934;- It iz interesting that thers ig

homology of the Factor VIIYa domain with Factor
V as well as caeruloplasmin. Factor VIII’®
action is that of a true cofactor, as

~ previously stated, and accelerates the cleavaga
of Pector X to Factor Xa caused by Pactor IX.
Factor VIIIc activity is lost after thrombin
activation but the precise mechanism is not yaet

understood,

4.2.2.5 Factor X -

Pactor X is also & serine protease whoge
structure is very simllar to Factor IX. Factor
X has a molecular weight of 55,000, It also’ .
hag gamma carboxyglutamic acid residues which
can bind calcium ione after carboxylation by
vitamin K. Activation of Fector X involvaes

" cleavage and loss of the mo called activation

-peptide. Factor IXa alone can activate Factor
X in tha presance of phospholipid, albeit
Blowly. Factor VIII however cannot do thig
and is therefore a true cofactor (Hultin et al,
1978}. Pactor X is also activated by

Russell’s viper venom as well as trypain.

4.2.2.6 Factor VI

Factor VII !s eynthesised in the liver, It is
& single chain glycoprotein which requires
. Vitamin K for gamma carboxylation. It is




oonverted to . gctivn tomm{bgktisaue
thromhoplastid, thrombih\\gﬁctnr xituwaud Xa.

The activation is Que to cleavage of a paptide

bond which results in 2 chains forming, viz. a

light and a heavy chain, which are joined dy a
disulphide bond. This factor shows closa

homology with the other vitamin X daepandent

factors. PFactor VII appears to activate small

apounts of Pactor ¥. Pactor Xa has the ability

to amplify the Factor VII. Factor X can
therafore be activated by both the intrinsic
and the extrinsic pathways.

4&2-2.7' W
Faotor V is a large polypeptide molecula.
Immuno-alectrophoresis shows that this protein

iz a gaxma globulin (Greengquist et al, 1375).
Thrombin increasss Factor V activity which in
| turn aocelerates the conversion of prothrombin
to thrombin 278 000 times {Nesheim et al,
1878.) Protein C ighibits Factor Vv by
cleaving it (discussed later). Factor V is
found in platelets and is associated with the
alpha granules (Ittyerah et al, 1981) and
Factor Xa binding to platelets requirss relenss
of this Factor V or plasma Factor V. Factor Vv
ls also associated with endothelisl cells and
is thought to play the same rola as it does
with platelets, It is thought that injured

1Tk



endothelial cells express Fagtor V on their

furtace.

¢.2.2.8 Pagtor II
The next common mtep l2 the activation of

FPactor II (Frothrombin} to Factor IIa
(Thrombin). As previously described Fastor Va
and Factor Xa a=z well ;s calcium are important
and the phospholipild surface helps to localixze
the Bits of throwbin formation. |

Prothtosbin, with a molecular weight of 71 600,
is aynthggiuad in the liver and then secrsied
into the blood. Prothrombin is a glyooprotein
which hes gfmma aarbe#yglutamie acid residues
and la thus & vitamin X depandent faotor..-. It
also oontains 3 raqians-wﬁich are called |
kringle structures. Carboxylation by vitamin
K vocurs on the lumenal side of #he rolgh
endoplasnic reticulum (Csrlisle et al, 1980).
Thrombin is formaed when prothrombin is cleaved

both at the internal arginine- threonine “
peptide bond which is after kringle 2, as well
as at an arginine isoleucine bond locatad at
the end of the light chain.



The natural Eubstrates for thrombin ﬁra
fibrinogen, which will be discussed in datail
latey, and Factor XIII. Throwbin has a
positive feedback on Factors V and VI  um
previcusly discussed and ailso activates

Protein C.

4.2.2.9 Eibrinogen
The fibrinogan molecule is a dimer consisting

of two sats of three pairs of polypeptide

: chains, viz. A alpha, B beta and gamma
}Doaiittle, 1984). Single copies of these
genes are found on chromosome 4 and are closaly
linked, supporting the concept of a common
ancestral origin which has duplicated and

diverged. Thr principal proteolytic enzyme . f
fibrinogen is thrombin which hydrolyses
arginine glycine bonds on the A alpha and B
beta chaing and reieases fibrinopeptides A and
B respectively (Hurlet~Jensen, et al, 1982).
This erposes binding gites on the E domain of
the fibrin monomer which bind to D domains on
nearby gamma chains of different fibrin
molecules producing the "DE staggered
contact®. D domains also bind to other D
domaing longitudinally, the =o called DD long
contacts and yhps form fibrin polymers. A
simplified diagram illustrating the above is
shown in Pigure 4.2 | |
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FIBRINOGEN MOLECULE

FIGURE 4.2 : A simplified schematic
representation of the fibrinogen molecule
and its conversion to fibrin.
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Fibrin polymers are the final step in
conyerting a liguid sol to a gel state. The
£ibrin ﬁolyﬁgxé intarconnect and form the
lattice for tiia thromhin. Thrombir also
converts Factor XIII from its inacpi§e state to
active Factor XIII.  Factor XII:aﬁiinks'the
side chains of lyainy and glutanine residues by
isopeptide bords and this strengthens the clot
mechanically as well as making it more
resistant to Fibrinolyeis.

4.2.2.10 %ﬂtithrﬂmhin_lll
The majorl&nhibitor of thrombin is antithrombin

B
I1I., Antithrombin is a protein with a

molacular waight of 58,000. It contains an b

ensyme binding region as well as heparin
binding sites. Prochownik et al, described

the human gene for antithrombin in 1983. It

is 16 kilobases in size. An interesting
featurs is that alternate splicing of primary
transcripte may take place 2t twe sites within
the first intron. The result (s sither native
antithrombin or a truncated produchwhich
remains within the cell. ' The function of tha
latter remains unknown. The mechanism of
action of thrombin inhibitlon by antithrombin
ITY is a mechanism by which complex formakticn

occurg by means of an arginine sarine

interaction. (Romenberg at al, 1973).



This reaction is groatly.aaaalafatad by the
presence of heparin. The above awthors also
demponstrated that antithrombin inhiblits Factore
IXa, Xa, XIa and XIXa. Thrombin ie alse inhibited
by heparin cofactor II.  This protein iz more
apacific for thrdmbin inhibition and also raequires
heparin as a cofactor.

4.2.2,11 ¥aparin

Heparin is a glycosaminogiycan with a molecular
wuighﬁ which varies from 3,000 to 100,000.
Bynthesis involves formation of carbohydrate
protein connecoting sequence followed by polymer
chain assenbly of th@ muocopolysaccharide., Heparin
consists of alternating residues of uronic acid and
glucceeanine. The mechanism of action would appear
to be that Domain 1 of the heparin molecule binds
to a discrete rdgion of antithrombin III which
results in a confermational change. This
accelerates factor Xa inhibition. Domains 1 and 2
of the heparin molecule bind to separate areas of
the antithrombin meolecule which induces a different
conformationsl change which inhibits thrombin,
factor IXa and factor XIa. Domain 3 of the h
heparin melecule aide in thrombin inhibition.
Haparin ali) has muitiple other roles ané these
include a role in angiogerasis, lipoprotein lipaze
Qﬁtivity and alteration in platelet aggregation
(O*Brien et al, 1969).




4.2.3.12 Euuhedn G (Owen, 1967) - -
Ehis.pwqtcin is a vitsmin K dependent gymogen,
activated by thrombin, which rewoves a
‘tetradecapeptide. Its action is extremely
jmportant as ﬁnlika the other wvitamin K
dependent factors its mschanisn.of action is
inhibition of coagulation, rathnr than

- activation of coagulation. . Several fanilles
with protein ¢ deficiency who have recurrent
thrombotic apisodes have been idsntified. ‘The
control mechanisms of protein activation appear
cbmplax. ¥hile free thrombin can activata

Protein c, th;s activation is greatiy enhanced

by thrombin first binding to thrombomodulin.
The latter is a protein produced by endothelial
vells. Therefore intact functional e
endothel ium (which would exist in vivo
dnwnstream.from the sit® of injury) binds the
thrombin whioh has been produced at the site of
injury. This then activates Protein ¢ which
inactivatea\ﬁacto: V¥ and Factor VIII. The
cofactors for this reaction are thrumhqggigi}n
and Protein 8. Proteih 8 iz a vitamin K
dependent: factox. Protain C also activates
plasminogan activator which then initiates
#ibrinolysis. :
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Daclining hepatic function due to chronic liver
disease ig associated with a decrease in plasma
levels of all the factors of the coagulation
pathway, with the exception of factor VIII.

The basis of the obeerved deficlency ieg ie due
mainly to decreased synthesia (Joist, 1987) The
vitamin K depandant factor reduction normqlly
correiates with the extent of the hepat”c disease.
Factor IX, howaver, is usually only mildny reduced
({Lechnar et al, 1979). Factor V is often markedly
reduced and is considered to be a more accurate

predictor of hepatocellular damage (Joist, 1987).

Factor VIII levels are usually elevated .n patients
withjchronic liver disease (Maisonneuve et al,
1977). Flbrinogen levels vary from normal to
elevated or they may be decreased (Lechner et al,
1977). Dysfibrinogenemia is common in patients
with liver cirrhosis (Soriam et al, 1980), and is
usually the basis for the explanation of the
prelongation in the thrombin time which is
fregquently observed in patients with relatively
normal fibrinogen levels. Disseminated
intravascular coagulation, particularly the low
grade forme, im often also associated with liver
cirrhosir (Verstraete * al, 1974).
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" 4.3 MBTBODOLOGY
All tests were performed on seven haalthy volunteers.

i

I

4.3.1 Protein C determinations
The principle of the Protein C assay is that the
Protein ¢ in the sample is activated by a specific

" component of the snake venom Agkistrodon contortrix.
Simultanecusly the intrinsic system is activated by
adding & cephalin surface activator and Protein C
deficient plasma which containz all the other «lotting
Factors in excess. The prolongation of the activated
partisl thromboplastin time will ineregse .\
propogtionately to the amount of activated Protein-c :

éa the latter inactivates Factor Va and. Pacgtor VvIIIa. *

o

Protein C was determined with the Behring kit, using
the following technique: -;E o
Tha plaswma was separated by mixing 1 part Trisodium
citrate sclution with 9 parte venous blood. It was

_ceqprifuged for 10 ninutes at 1 700 ¢ and the
supernatant was stored at -20°C if the test was not
done immediately. Samplaes that had been frozen

were thawed at 37°C for 10 minutes and assayaed .

within 2 hours. The patient’s samples were :
prediluted with 1 part patient’s sample to 9 parts
of Owrens Buffer (pE 7.35). These predilutions were
used within 10 minutes. Tha aseay procedure was

performed by pipetting the following reagents into a
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test tube, which had been pra-ﬁarnnd to 37°C &

0.1 ml of the 1:10 dilution of the patient’s sample,
0.1 ml Prﬁtain ¢ deficient plasma (which consists of
citrated human plasma with a Protein C concentra#ion
of less than 1%), 0.1 ml Protein é Activator (which
is axtracted from the venom of the Agkistrodon
contortiix), 0.1 ml Neothromtin (whic;’is a PTT
reagent cnnsisting of ellagic acid and vegetable
phospholipids) |

™a above were all mixed and incubated for 4 minutes
at 37°C in a waterbath. The order of plpetting was
kept constant. 0.1 ml of Calcium chloride solution
at 37 C was then added. A stop wstch was used to

determine the comgqulation tine.

A reference curve was drawn up on log/log graph paper
and used to read off the results, as a parceﬁtage of

the normal. Samples having results outside the range

" of the reference curve were retested using different

pradilutions. T - normal reference range yas

considered to be 70 ~ 140%.

4.3.2 Factor V Agsay
The principle of all the factor assays is that the

sample is added to plasma which is deficient in the
speciflce factor which is being assayEd;l The amount
of factor present in the sample will proportionately
shorten either the partial thromboplastin time or the




prothroebin time. The specitic faﬁtorkdaficiént
plasna contains all the remaining coagqulation factors.

Factor V activity was aspayesd using the fol;owing

methodology:

: o .

Dilutions of normal and the patiant’s plasma were
prapared. 1:5 was made up using 0.1 1 pfgama and
0.4 ml buffer; 1:10 Lsing 0.1 mI plasma 4nd 0.9 =)
bugfer; 1:50 using 9.1 ®1 of a 1:10 dilution of 4
plasms and 0.4 ml buffer; 1:100 using 0.1 ml of a

1210 dilution of plasma and 6.9 wml putfer. The
buffer used was Owrene Euffer (pH 7.35). Only one
. ‘et of dilutions was mads at a time and they were
not allowed to stand 1on$ar than 30 minutes, as
Pactor V ia very labile.?
" The following were pipetted in sequence into a
c;otting tubes o
t.1 ml of Factor V deficiﬁnt plaswa; O.1 nli \
dilution of normal/patient’s piasma: 0.1 m} N .
phenoclised brain; 0.1 ml calciue chloride o l
(0.025M). & stopwatch was sturted and the times ‘
' were recorded. The times obtained were plotted on N
log/log graph papér using the following .- ;ﬂ :
" parameters: - 1:5 = 200%; 1:10 = 100%; 1:20 = \
50%; 1:50 = 20%; 1:100 = 10%. 'The results wﬁra '\j

always extrapclated from the 100% line and were

determined as a percentage of normal.




4.3.3 mmm
_.?actar VIX aeaay was iddhti#&h\bo tna Factor vV assay,

nowever Factor VII d-ficiemt;ﬁ}asma is used instead of -
~ Factor V deficient plasma. * %

Rt

: AN
4.3.4 Fngtor VIII Assay \
The dilutions of normal and patiaﬂ%'s plauma'innhuttar
ware made up.axactly the mame¢ 2s in the Factor V
nasay. ‘The following were pipetted in seguence into
a clotting tube:
0,1 ml Fs- ﬁrEVIII deficient plasma; 0.7 ml
dilutién@ﬁ;o.l nl aPTT reagent containing cephalin.
Thase war&;incubated at 37 C for 3 minutes. 0.1 ml
calcium chloride (0.025M) wag then added and a
stopwatch was started and the clotting times

- racordad. The reaults were graphed on log/log
paper.

4.2.5 Fackor XX asgay .
Factor IX assay was done in ths ldentical way to the
¥ !

Factor VIII, uging IX deficient plasma.

4.3.6 Factor XI agaqy
Factor XI assay was done in the identical way to the

Factor VIII, uging Factor XI deficient plasma. Howaver
the incubation time was lnorsased from 3 to 10 minutes

because Factor XI is a contact activator.
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Factor XII assay wae done in the identical way te the
Factor xi, using Factor XIT deficlent plasaa.

4.3.8 zmm .

DMlutions of normal and patiéht's plasma were prepared
ia the same way as the Factor V asmsay except that
Pactor V deficlent plasms rae substituted with Pactor

X deficient plasma.

4.3.9 Fibrinogen Assay
Fibrinogen was assayed by the method according to

Ellis and Stransky. 0.5 m! of plasma yas added o
5.5 ml of barbitone buffer. Three millilitres was
transferred to the test cuvette and +4e remainder wis
used am a blank. Fifty microlitres of calcimn
chloride/throibin solution was added ¢o the test .
cuvette and inverted gently 6 times. Thae optical
density of the test was read against the blank at 470

nn after 20 minutas.

The Kaolin Activated Partial Thromboplastin Time

neasures the intrinsic pathway and the common pathway
via contact ac“ivation. The test consismte of adding

the following reagents in the following sagushoet




0.1 ml of normal or patient’s élnsma: 0.1 ml aPTT
reagent containing cephalin (supplied by Lennon
Diagnustiuﬁj.l The mixture was incupated at 37°C
for 3 minutes., 0.1 ml calciuﬁ_chloride {d.ozsu)
was then added and the clotting time was recorded.
These tests were all performed in Jduplicate. Normal

range for our laboratory is 27 -« 41 seconds.

4.3.11 The Prothrombin Ratio/Intarmational Normalised

Ratio

-The Prothrombin ratic measuras the extrinsic and

common pathway using tissue (brain) thromboplastin as

the activator. ‘The test consists of adding the

following reagents in thi\following saguence:
0.1 m1 or normal or patient’s plagma; 0.1 mi
phenolired human brain. The mixture was incubated
at 37°C for 60 saconds. 0.1 ml calcium chloride
(0.025¥) was then added and the clotting time was
racorded. These tests were performed in duplicate.
The prothrombin .atio was then calculated as the
ratio betwaen the patient’s time in seconds divided
by the normal time in seconds raised to the power of
the International Sensitivity Index (IS8I). The

normal range for our laboratory is less than 1.25.

The prcthrombin time is measured in seconds and by
dividing the result of the test plasma by the control
plasma the ratio is obtainsd. A major problem has

been that various thrombhoplastins have different

e
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sensgitivities. This has had serious, clinical
implicationa for patients on coumadin oral
anticoagulant therapy as domage is dapnndagg\on the
prothrombin ratio. In order to standurﬂiz;&
prothrombin ratic worldwide, reference thromboplastin
from the WHO Reference Preparations was obtained.

The International Sensitivity Index (ISI) was obtained
oy comparing the reference thromboplastin with the
teat thromboplastin using standard arithmetical
tachnigues (Dacie, 1991). The Intevnational

Normalised Ratic is obtained by raising the ratio of

the seample testad to the power of the ISI.

Thise test was done using the Thrombo-Wellcotest Latex
Suspension HAOZ kit. The principle of the test is
that antisera are raised to highly purified
praparations of human fibrinogen fragments D and E.
After szolid phase absorption to remove antibodies to
all other serum proteins, the specific antibody
globulins are extracted and used to coat by adsorption
a suspension of latex particles in 2 glycine saline
buffer. The sensitivity of the latex reagent is
adjusted so that in the presence of FDP concentrations
of 2 ug/ml or greater the latex particles clump
together giving macroscopic agglutination. The test
was performed in the following manner:

All samplesz were taken into bottles containing an

inhibitor of proteolytic enzyme activity (soya bean
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trypein inkibitor) and trested with thrombin to

. rewove unclntted fibrinogen. The ssupla wes fryesd

from cells and fibrin before prtparing tont

-dilutioms Two smnll glans tubes ware marked 1 and

2. Wwo rings on the slide were gimilarly marked.

1315 and 1:20 dilutioms of the serun sample wers

prepared using gliycine saline buffer pH 8.2 in tubes
1 and 2 respoctively. Using the same pipette For
both dilutions, 1 drop from test tube 2 was
transfarred to position 2 on the siide and similarly
1 drop fr- “test tube 1to position 1. The latex

fauipmnsien was thoroughly mixed by rapidiy inverting
- the bottle 3 timas, and 1 drop of the suspansion was
- then added to aach of the 2 positions. The

mixcures werae then stirred in turn and the slide was

“rocked to and fro for 2 ninagnq while looking for

mACroscopic agqlutinatiam. :
. R

The slifies were interpretsd as positive if
agglutination took place:. A positive result in

fpesition 1 indiomted that PDP’s were present in the

original serum at a concantration in excess of 10
ug/ml while agglutination in position 2 indicated
the oriéina;=cancantrntian to have been graater than
40 ug/ml. : I




4.3.13 gtatistics

Statistioal analysis was performad by the Inetitute
for Biostatistics of the South African Medisal
Research Council. The analysis wasz performed with
the appropriate analysis of varience at the 0.0% loval
of significance with.the'halp of Tukey’s Studentized
Range (Keppel et al, 1980).

4.3.14 Quality Catrol

The laboratory where the tests were performed iz &
refgrance laboratory for coagulation studiaes.
Prothrombin tinee and activated partial thromboplastin
times were assayed in duplicate and the average times
racorded. If there was a discrepancy of more than &
gaconds, the test was repeated. Tha reference assays
ware obtained frem normal pooled plasms from 15 normal
people. This normal pooled plasma was prmparnd
daily. The standard raference curvés ftor factor
assays and Protein C were obtained from commercial
lyophilfgad plasna wyich has a reference value for all
coagulation factors. This was checked againet normal
peolad plasma. Reproducibility of all kits was
assayed prior to using the kit. This was parformed
on normal plasma and assayed ten times. The -

coefficlent of variation waz less than 2.




Internal gquallity controi is performed nbnthly in our
laboratory and the laboratory alec participates in
international external guality controls, vis. the
Quality Control of Australian Pathology and the World
‘Health Organisation International External Quality
Asseasnent Scheme in Blood Coagulation. The resulte of
thes» intarnat;ﬁhal gquality cohtrola, during the

" pariod of this investigation, were consistently within
~ the acceptable range.

i/




4.4 RESULTS

After the plasma had been separated there was ‘notable avidence
of aroms haspolyais which was dosa aapundaﬁt {Eiguxn &.3;& : '
Tha results of the levels of faatars pxesant alter additiun of
differsnt amounts of 3,T7.D. are all expressed az a parcantngn
of the control. s

4.4.1 pactor XII (Figure 4.4) A L
The Factor XII levels were nol aftectqdaag to 150 ul of
8.7.D/ when the levael dropped to 848. . Addition of 200
ul resulted: in a further drop to 72% while 350 ul
resulted in a reduction to 53%. :

4.4.2 Pactor XL (Figure 4.5) U

The Factor XI levels did mot significantly drop gfter
additioh of up to 100 ul of 8.T.D. One hundred and
fifty microlitres of 8.7.D. caused a raduction to 38% and
200 ul to 80%. Three hundred and fifty microlitres
caused a further redugtion to 52%.

4.4.3 Pactor X (Figure 4.6)

Factor X levels remained above 90% with addition of up to
50 ul. One hundred microlitres caused a reduction to
87%, 150 ul fo 83% and 200 ul to 75%. Factor X levels
were markadl@ reduced to 19% after additicn of 350 nl of
8.T.D. . '




4.4.4 Isgtor IX (Figure 4.7)

actor IX levals wera also &ll grsatsr thun S0% with
additicn of up to 100 ul of 5.T. D, "Fuxthar addition of
g.%7.b., viz. 150 ul, 200 ul and 350 ul, resulted in drops

to 86%, 70% and 42% respectively.

4.4.5 Puctot VIII (Figure 4.8) |
Factor VIII levels remained at 50% or higher with up to
100 ul of 3.7T.D. One hnndrpd and fifty microlitres of
2.7.D. resulted in a drvop to 74%, 100 ul of 8.F.D.
dropped the Factor VIII levels to 59% and 350 ul of

' §.7.D. dropped the Factor VIII levels to 43%.

4.4.6 Fackor VII (Pigure 4.9)

Facter VII levels showed a gradusl decrease from 95%
aft;r addition of 10 ul of 8.7.D., 94% after 25 ul of -
S.7.D., 92% after 35 ul of 8.P.D., 90% after 50 ul of
8.T.D., 85% after 100 ul of S.T.D., 80% after 150 ul of
S.7.D., 673 after of 200 ul of 85.T.D. and 29% after .
addition of 350 ul of 8.7.D.

3

i

4.4.7 Factar V (Figure 4.10)

Factor V wae resistant te addition of low domes 0 S T.D.

in that at ©p to 150 ul of 8.7T. D. the levels were greater
than 90%. Two hundred microlitree of 8.T7.D. caused the
level to drop to 53% and 350 ul caused a further drop to
22%. "

e gt b -




4.4.8 PEagtor I% \\;um 4.11) .

- Pagtor II 1evnla ram#insﬁ greater than 90% with up to 100
ul: of 8. 7.D. One hundrud and fifty nlarolitrus of
8.7.p. resulted in & drop to 88%, 200 ul of 8.7.D. aa;sad

a decreasa to 74% and 350 ul to 38%.

4.4.9 Filbrinogen {(Figure £.12)

Fibrinogen levels remained greater than 90% with 25 ul of
8.9.D. Thirty five microlitres caused 2z drop to 89%, at
50 ul it remained at 89% and &£ ;100 ul it droppsd teo

gi%. . onme hundred and £ifty microlitres, 200 ul and 350

ul of S.T.D. resulted in a reduction to 79%, 64% and 38%.

4.4.10 Protein ¢ (Figure 4.13)
in ¢ proved to be the moet sensitive indicator in

\

thak 10 ul of 8. 7.D. dropped the level to 90%.  Twenty

five microlitres of 3.7.D. dropped the Protein C laval to
73% of the control. ‘This was statistically
significantly iower than any of the other factors testad
at this level of addition of 8.7T.D. (p = 0.0001). Thea
lavel at 35 ul was 78% and at 50 ul of S.7.D. was 72%.
The level at 100 ul of 8.T.D. remained constant at 72%.
‘one hundred and fifty microlitres of 3.T.D. caused a
raduction to 71% At 200 ul of S.T.D, the Protein C
level fell to 61% and at 350 ul the lavel dropped to 30%.




3 atin Tim (figm-d&.u)_
. The partial thronboplaétin tipe remained aéﬁqntialiy

uncnanged until tﬁe addition of 100 ul of S.7.D. Thare—
after thers was a marked increase in the tiwme. Additien
of 350 ul of 8.T.D. resulted in a time of greater than

120 saconds.
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4
FIGURE 4.3 : A photograph iilustrating
) haemolysis after addition of increasing
volumes of S.T.D.
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FIGURE 4.4

The in vitro-effect of STD on Factor Xl
{Mean + SEM)
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FIGURE 45

The in v;“’sb effect of S.T.D. on Factor XI
{Mean + SEM} |
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FIGURE 4.6

The in vitro effect of S.T.D. on Factor X
(Mean + SEM)
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FIGURE 4.7

The in vitro effect of S.T.D. on Factor IX
(Mean % SEM) o
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FIGURE 4.7

The in vitro effect of S.T.D. on Facto“r iIX -
(Mean + SEM)
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FIGURE 4.8
The in vitro effect of S.T.D. on Factor Vili
(Mean + SEM o
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FIGURE 4.9
The in vitro effect of S.T.D. on Factor Vi

(Mean + SEM}
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FIGURE 4.10
The in vitro effect of S.T.D. on Factor V
(Mean + SEM)
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FIGURE 4.11
The in vitrv effect of S.T.D. on Factor |l
(Mean + SEM) .
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FIGURE 4.12

The in vitro effect of S.T.D. on Fibrinogen
(Mean + SEM) |
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FIGURE 4.13 {(a)

The in vitro effect of S.T.D. on Protein C

Note the reduction in Protein C levels
at low dosages of S.T.D.

{(Mean * SEM)
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FIGURE 4.13 (b)

The level of Protein C at 2541 was signicantly less (p < 0.001)
than the normalised levels of each of the other factors
which were also not significantly different from sach other

{Mean + SEM)
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FIGURE 4.14

The in vitro effect of S.T.D. on the
Partial Thromboplastin Time. Note the
hypocoagulable state which occurs after
addition of high dosages of S.T.D.
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FIGURE 4.15

The in vitro effect of S.T.D. eon
‘the International Normaiized Ratio

{(Mean + SEM)




¢.5 DIBCUSSYON

The finding of a hypocoagulable effect of sclerceants was
originelly surprising (Fegan, 1967). ‘'This finding has now
been shown to be due to a decrease in activity in all of the
factors of the pathway which were tested. The finding of
heexalysia, whiah nost sclerosantsnaauqs {stroncek, 1988), was
confirmed in this study. The clinical situation which is
currantly practised involves injection of approximataely 1 ml
of 3% S.T.D. into an oesophageal varix. Addition of 350 ul
to 5 ml of blood results in a total incoagulable state.
Therefore it is safe to assume that a similar state would
occour in é;&_var;x_uantaining less than 14.29 ®l of blood.

As S.T.D. dilutes elither by diffusion, or by a flow efta;t a
lower uoncemtraticn will oxcur both at the site of injeution
and, depending on the direction and speed of the flow, thi# _
lower coucentration will also occur at a site distant €rom the
original injection sita.

This low concentration wnuld not affect any of the other
factors tested other than Prctein C. As previously disocussed
in the introduction, a depletion in Protein C iz asacciateqd
with a hypercoagulable state. This selective Protein C
inhibition is a'possibie mechanism by which thrombosis occurs

both at the site of injection as well as at distant sltes.



i

The reason that the effaects were not coupared with blood -
obtained from cirrhotic patients is that while accepting that
patients with oesophagaal varices jue to alcoholic liver
cirrhosis might have ca; qulation abmormalities, those who
blead from their vnricss have these éaagulntion abnormalities
corrected by the adninistration of fresh frozen plasna whioh
comhain all tbn 'nlsvant factors Coagulation factors are

thna ﬁornalisau

4.6 CONCLUSION | »
Addition of more tﬁ;n 200 ul to 5 ml of wholo citr&tad bloo& m
of 8. T.D.-reanlys in a hypoooagulable state. This voluﬁe le
less than that used clinically, suggesting that during -
injection of varices a local hypocoagulable state oacurs. ©
However, at lower volumess, ifi.e. 25 ul, the result is selective
daplg@icn_of Protein C with a probable hypercoagulable

state. These findings s jested that thers was scops for
consideraple inprovement in the dosage of S.T.D. injacted into.

N
vesophageal varices.




4.7 THROMBORLASTOGRAFHY
The thromboelastogram was originally davelopad by Hartort in
Heldelberg, who first published his preliminary resulte in
19;3. Subgequently & large amount of literature has appeared
expounding the use and benefits of the thromboelastogran as a
"global test of the coagulum. The predominant portion of the
literature has been of European nature and at present there is
.a relative paucity of 1itefaturc from the English-speaking
haematology communities. Degpite this lack of enthusiasm,
thromooelastography would appear to be one of the very fow
methods of detecting a functional hypercoagulable state (Franz
et al, 1981) and the effect of Sodium Tetradecyl Sulphate was
evaluated using this tachniqﬁa.

4.7.1 ussnhnniam_n:..é.:uoa

The thromboelasﬁogram is a; optical system designed to
give a continuous recording of coagulation of blood or
plaﬁma . The printout is termed the thromboelastogran.
The thromboelagstograph ls designnd'with three cylindrical
cuvettes of 18/8 chromium nickel steel are maintained at
37°C, An example of the instrumant iz shown 1ln Figure
4.16.

Each cuvetts containing the blood or plasma sample is
connected to a moving device by which it is rotated hack
and forth over an angle of 4 degress 45 minuies around a
vertical axis. A piston composed of the mame material
is lowered by means of a torsion wire into the cuvette,

leaving a space of 1 mm for the sample between the piston
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FIGURE 4.16 The Thromboelastograph
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and the cuvetts. A nirror attached tc tha toraion wire
raeflects the iight from a slit ianp as a direct visual

faad_out.

While the sawple im fluid, the pilgtc. is motionlasa. As
goon as fibrin strands form between the cuvette and the

piaton, oscillations occour ﬁhich are proportianate'to the
rate of f£ibrin formation as well as to the elasticity of

the coagulum.

one oscllliation requires 9 meconds for a full cycle (i.p.
3.5 seconds for each 4 degree 45 minute turn in eitnafji
direction and 1 second delay at end position). The
light mource will reflect the omolllation so that it can
be graphically recorded (Frany et al 1981). |

{Bagza line = Figure 4.17)

The reaction time (r tine) is a measurement frowm the
stufting peint on the chart.to that point where the
amplitude of the vmcillation has reached 1 mm. This
recording is equivalant to the coagulation time or rather
the racalcification tinme,

4.7.2.1 The r-tine
The r-time has been considersd by Marchal et

- al,(1961) to ba the rate of thromboplasgtin
 generation. It will, therefore, be influenced by




changes in either genaration of plasna
thramboﬁlastin or by factors of the first stage of
the intrinsic pathway, 1l.e. factor XII, XI, IX and
VIII. A lengthnninq'of the r time will represent
an inherent defect in one of the above, e.g.
haemophilia A or heparin therapy. The eguivalent
in the test tube is a recalcification time.

4.7.2_.2 Tha k-time

Thé k~time is measured from the end of the r-time

tocn point whers tha ampli;udo measures 20 wm.

The k-time is indicative of ths rapidity of the

fibrin butld-up or the spsed with which a clot of a

cqrtain golidity i= developed (Franz'%t al, 1981),

The k—tiﬁs is referred to by Marchal ;s the. |

thrombin constant which is unaffected by the

factors of the prothrumbin complax but responﬂiva

‘ to intrinsic plasma and p]atelet functions. e

Prathrombin depressing agantn_in therapautic doses

have little effect on the k-time. Prolongation of

the k~time is found in deficienciss of the
intrinsic factors, circuiating anticoagulants and

: platelet disorders either guantitatively or

qualitatively.

Reduction in tht k-time is associated with a
hypercoagulabie state (Franz et al, 1981).




| 4.7.2.3 The ma
- The wa measures the mnxim&1 a1a§tiu1ty qgutha |
olot. The elasticity of the olot iuaﬁfﬂnnmtion
of platelet function, fibrin and all the faotors
. relating to the fibrinolytic pathway. ']
The ma is converted to elasticity units (ma) by the
following formula:

E = 100 8a .

100-&.&. |
The ma reachez a ﬁkak and then recedss. ‘This is
thought to be s function of clot sbttehinq rather
than ribrinolysis and is Eaprésented by g'“spindle
shaped" &acliné in ma. ; |

One would ﬁherafora_axpaet that ahy raeduotion in

platelet function or count would result in a

decrease in ma. Other well documentad causes of &
- decresga in ma are clrculating anticoagulants,

dextran therapy and decrsased fibrinogen leﬁélq.

In hyperfibringgytin states one finds a normal ma

which is rapigiy degraded.




4.8 RO :
The methodology used wes that described by Frang et al

(1981). ,rour"nad_a Qﬁlf millilitres of venous blood wes
withdrawn into a siliconised vacutainer tube continuing 0.5 ul
of 3.8% sodium citrat¢. The various volumes of SID wers now

added. ‘o recalcify the blood, a 1.29% isotonic CaCl,
solution wag used. A dispomable tip pipette was used to
pipette 0.3 ul of citrated blood into the preheated cuvette
and 0.06 ul of 1.29% CaCl, wae added. Special care was
taken to avoid fosming. The piston was lowsred into the
cuvette, the specimen coversd with liquid paraffin and the
recording started. The tests were performed in dupliaat§
from blood obtained from 3 healthy volunteers.




R AR TR R R R T AR R i T
N T - s TR AR Pl te iy e e e, = e T s TR AR T

4.9 REBULTS

Exawples of the actual thromboelastograms are shown in Fiqures
4.17 - 4.23: of note 1s the shortening of the riti;a and
k~time with addition of between 25 ul of S.T.D. and 30 ul.
Addition of larger amaunts‘gauaed both the r~ and k-time to
prolong. rifty microlitr&g of 8.7.D. rcsulFed in tfailure to

clot. These results were reproducible.
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FIGURE 4.17 : A tracing
TlElG.

of a normal




r=10
-
g k=3
2
®
uJ. .
3 Ma=23
-

FIGURE 4.18 : A tracing of a T.E.G. after
addition of 25 ul of S$.T.D. Note the
shortening of the r time and k time.

The ma is decreased.
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FIGURE 4.19 : A tracing of a T.E.G. after
addition of 30 ul - of S.T.D. The r time
is further shortened.
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FIGURE 4.20 : A tracing of a T.E.G. after
addition of 35 ul of S.T.D. The r time

s now increased and the ma is further
decreased.
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FIGURE 4.21 : A tracing of a T.E.G. after
addition of 40 ul of S.T.D. The findings

are relatively unchanged.




r=21,5
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Ma=6

FIGURE 4.22 : A tracing of a T.E.G. after

addition of 45 ul of S.T.D.

The r time

is now markedly increased and the ma is

further decreased.
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i €
FIGURE 4.23 : A tracing of a T.E.G. after
( “addition of 50 ul of S.T.D. The blood
is incoagulable.




4.10 DIBCUSEION

A hypercoagulable state is difficult to define in termz of
laboratory ﬁaranntnrs. Thromboslastograms may be ona of the
fev methods tu demonstrate the prasence of a hypercoagulable
state (Caprini et al, 1976). The findings of the
thromboslastograr study are in keeping with ﬁhe previous in
fit;o work, although it has not been proven that the
TEG~defined hypercoagulability was the result of selective
Protein C inhibition specitically.

Addition of small amounts of S.T.D. resulted in a
hypearcoagulable state, 23 ayidenced by the reduction in both
the r- and the k-time. . The :trange appaarance of the sliqht'
spindle shape of the maximal amﬁiituda might be attributed to
kottening of the coagulum (Frarz et al, 1581). On addition
‘of larger volumes of S.T.D., a hypocoagulable state ocourrad,
which was in keeping with decrsased levels of clotting

factors.

In conclusion, the thromboelastogram provides additional

evidence that a ﬁyparcoaqulable state occurs on addition of

8.7.b. in small ﬁolumes. Larger volumes causa a Severs

hypocoagulable state,
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5.1 INTRODDCTION

The previous two chaptars have evaluated the effact of
S.7.D. on platelet function and coagulation factors. The
cell that orchestrates thrombosis is the endothelial cell
and the effact of S.T.D. on endothelium was studied.

The following review is intended to highlight mome new
discoveries of endothelial function so that the importance
of not only destruction but also injury to the endothelium
is appreciated.

8.1.1 Qverviaw }
The endothelial cell pi&fs a crucial role in
determining coagulation status. Itshimportancn has
oniy racently besen highlighted by the discovery of the
numerous substances which it produces, some of which
ara procoagulant, while othaers are antiocoagulant,
These substances are also subject to vectorial

_ secration, i.a. lumenally or ablumenally. The
surface &rea whichrthey ocoupy in an average adult
male is greater than i,000 m2 (Jaffe, 1987). The
control of endothelial proliferation is very tight and
while haemopoletic cell turnover for example is 5
days, endothelial turnover is measured in years
(Folkmarn, 1987). Phy=siological angiogenesis occurs
mainly in females during menstruation and placental

development.
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Angiogenasis at other times, and particularly in adult
males ie however generally pathologiosl.

5.1.2 Anatomy _
The endotheliml cell is unique in that it lines a

conduit for the blood and is the first line of cells
which separate the rest of the ..ody from the bilood.
The cell has a lumenal surface ;hich under normal
conditions ie antithroﬁboqcnic, an ablumenal surface
whera it sﬁrongiy adheres to tha subendcthelial tissue
and a third\cohssive surface where it binds to
adjcining endothelial cells by neans of cell

junctions.

. 5.1.3 Phvasiology
The endothelium plays an important role in transport
from the intravaacular to the extravascular
compartment. It is'more permcablerto meoromolecules,
watar and water soluble moliascules tﬁan other tissue.
The mechanism of the above is thought to be due to
"pores" in the cell ag well as veaicles. Another
mechanism is postulated to be due to the cohesive cell

Junctiona between sdjoining endothelial cells opening

np.

5.1.4 Metabolic Functions

The endothelial cell has numerous functions, onae of

vhich is secretion of connective tissue compopnents on

its ablumenal surfacs.




This snables it to adhere to this surface.

Endothelial cells have raceptors on thelr surface for

the proteins and it is thought that theae interactions
betwean receptors and these self-made proteins ls
vital in maintaining the cell’s adhesion to the

underlying suboslliular matrix.

Tha endothelial cells raspond to damage by producing

vasoconstriction which aids in the procsas of

haemostasis. This is accompllished by thromboxane A2,

z prostaglandin which although found mainly in

platelate, iz ulso produced by iie *“e sndothellium.

Another mechsnism of vasoaonstrictioﬁ is as a result

of adrenaline which is reieazed in responss to

¢ stress. Reosntly a peptide was devuribsd by
Yanagisawa et al (1988) which khas the ability to

produce prolonged vesoconstriction. This protein,
wvhich is a short psptide, is released by ths

endothelial cell after exposure to thronbin and
adrenaline and has bean named endothelin.

The cells secrete basement membrane which differs from

other collagens in that it has a high;ﬁ~ and 4~

hydroxyproline content. The basement membrane is a

thrombogenic surface which is exposed by removal of

the overlying endothelisl cell. Endothelial cells
‘alsc possess the ability to remodel the basement

membrane via collagenases (Kalebic, 1983).
)

A
|




;;hdotﬁalial.cnlls.which have been cultured from humen
usbilical veins secrate type IV procollagen, ss well
as laminin, fibronestin and throwbospendin.
Endotimlial cells in culture bave bssn shown to
seorets type V collagen into their underlyihq
axtracellular m#trix (Sage, 1982). Typm V callagun
has been shown to inhibit endothellal cell growth.

The sndothelisl cells produce von Willebrand Factor
- {vWP) walch is stored in the endothelial celle ma
Weibel Palade bodies. The vWF is mecretad lumenally
and ublﬁmanally where it is sﬁnred in the
i silal timsue. This enhances the _
thr&mho@nniaity cflthis area should the endothelial
cell bs removed (Bloom, 1973). Prapro von Willebrand
faotor, which is the transletional sroduct, undergoss
Adlmerisation and ruxthér nodification before it .
undergoas final assambly into multioers (Buggexi,
1987). - The viiF multiners sre huge and supply .
multiple binding sites for platelets. C

The vWF factor in cir¢ulation can bind to the

andothelial cells via two receptors, vis. glvcoprotsin
Ib and the vitronectin receptor. This wae shown by
Asch et al (1988) in endothelial cells which had been

cultured from human umbilical veins.




The platelets contaln a receptor for vWl' and this is

thought to be the mechanism by which platelets adhere

to the subsndothelium. Patiente with vWP diseaze

have decreased platelst binding to the subendothelium

which is corrected by the exoganous addition of vWF.
_g

The andothelial cell, when stimulated or damaged, will

act aa a procoagulant. Tissue factor activity, which
is normally not found on endothalial cells, is
markedly increased after exposure of the endothelial
cella to thrombin and ;spacially to platelets (Johnzen
et al, 1983). Factor V has been shown to be produced
in endothelial calls as well as to bind to endothelial
caells {Maruyama, 1984). Another mechanism by which
endothalial cells localize the coagulatlon cascada is
to bind Pactors IX and X and they also activate Factor
XIT. gndothelial cells appear to bind stimulated
plateletz only. Unstimulated platelets &o not adhere
to endothelial cells even when the endothelial cell
prostacyclin production is completaly halted (Booyse,
1975).'; This would appear to be itherefore an inherent
proparty of the endothalial cell membrane. Stimulated
platelats do bind to the endothelial cell when
prostacyclin production is inhibited.

Unstimulated endothelial cells ars inherently
nonthrombogenic and secrete fibrinolytic agents.
Prostacyclin is a non thrombogenic eicosanocid which
the endothelial cell produces.



It is a prostaglandin synthesised from arachidenic
acid and is secreted by the endothelial cell after the
cell has been stimulated. Stimuiation is effected
by numerous agonists which include thrombin, high
density lipoprotein, histamine, changes in shear
stress (Grabowski, 1985), activated neutrophlils and
bradykinin {Bennett et al, 1950). It would appear
that endothelial cells are not homogeneous in their
abllity to synthesize prostacyclin, for example
aendothelial cells from human foreskin capillaries
synthasize other prostaglandins (Charo, 1984).
Prostacyclin is a potent vasodilator as well as an
inhibitor of platelet aggregation (Bennett et al,
1990). It is tlinically unstable with a T % of 2-3
minutes and is degraded to é-keto-PG Fl alpha. The
mechanism of activation wﬁich is induced is related to
a rige in c-AMP. Prostacyclin also plays a rele in

cytoprotection; enhanced fibrinolysis and choleaterol
metaboliem (Bennett et al, 1990). Removal of
endothelium stops the production of all prostacyclin

from exogenoug armrhizionic acid. Bovine aortic
endothelium cells which are bovine have been shown to

produce burste of prostacyclin in response to shear

A diet rich .in figh

stress levels (Moncada, 1987).
oils of the N-3 class results in prostacyclin I,
being formed instead of the normal prostacyclin
8 I,. The former is wore potent in terms of its N

vagodilator and anti- platelet activity.



Endothelial cells also ponsess tha ahility to mmdify
platelat Funetion by their capacity te netabolize ADP
and ATP to adenosine and zdencsine nanaphosphate which
inhibit platelet aggregation. In comtrast when
damaged they raelease ATP which results in platelet
agyregation (Pearson, 1979). Antithrombin III is a
plasna pro;aip wvhose action is to inactivate

thrombin. This action is'greatly accelerated by

andothelial cells which have the apllity to bind
heparin to thair surface {Jatfae, 1987).

Protein ¢ is activated by thrombin which is bound to
'thrashamu&ulin. Thirombomodulin is an unusually
aaidic protein with a pH of 2.5 and is found on
endothalial cell surfaces. The mechanism of ection
would agpﬁa* to be a complicated relationsbhip betwaen
Fadtor Va and thrombomodulin. Depending on absolute
{’2’ )1ative concentrations of these two- cv;nctars
%atein ¢ activation can be elther enhanced or
inhibited. In the presence of a low concentration of - ‘
Factor va, protelin C activation is accelerated and
recirculated back to the #ourda of thrombin thereby
dampening the signal. However in the presence of
Factor Va in high concentrations, thrombomodulin will
be depressged and vcagulation will be accelerated. (See
Fig 5.1) Jgi}.

!




Protein C = Protein Ca

Léw goncentration
Faotor Va

THROHBIN-THROMB?HODULIN COMPLEX

High conoentration
ractor Va

] o s -

Thrombomodulin

Figure 5.1

A simplified diagram showing that
thrombin is inactivated by complexing
with thrombomodlin where there is

a low concentration of Factor Va.
This complex results in Proiein C
activation. However, in the pressence
of a high soncentration of Facior Va,
thrombomodulin is depressed allowing
thrombin to remain activated and
acoelerate thrombosis.
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‘ﬁnﬁﬂthnlial eells have heon ghown to aaaxuta
plusninaqan activator in responmss to tnrnmhin {van-
-ninsburgh /198%) and therefore are alan intimately
invulvsd in the fibrinolytic pathway.; Endothalial
cqlla_secrnte s growth factor , endothellal cell
dﬁxivad growth factor (ECDGF), which is very siwilar
to platelet darivad growth (PDGF).

The sndothelial cell produces endothelial derived
“’ia;gﬁéﬁg factor. This subatance has been recantly
14lhtifi¢ﬂ_na nitric oxide (NO) (Palmer, 1987j.
Endothnlial derived relaxing factor has been shown to
produce. vaaqdilatation and inhibits platalat
a@qragation as. wall as platelet adheaion to
# endothelinl mlls (Haommald 1988).

Ve

ke !_ | - £
Endothelial cells produce platelet activating factor

(PAF) in response to numerous agoniste which inciude Lo
thronbin and vasopresein (MaIntyre, 1988), |

Endothelial cells secrste platszlet derived growth

factor (PDGF) ablumenally. PDGF binds to receptors

on fibroblasts and smooth muscle cells and is

mitogenic for these cells (Roas, 1986).




Usbilical cords were obtalned immediately aftar the

gecond stage of delivery. All cn:da ware from
patients who did not have foetal distress, and the
corde wers trimmed to remove damage caused by

clawps. The umbilical vein was cannulated with a No
23 Jelco catheter and the vein was then perfused for 2
ainutes with normal 2aline at = congtant pressure {20
mm Hy} to emulate varicesl prausur:. The
axperimentation on the uwmbilical cords was performed
at 25 €. The flow rate was gtandardised at laﬂmlf#;n.
The sclerosant was injected freehand using a iml
syringe in the same nanner applled in the clinioal

gituation.

b

B

Ccord lengths varied from 12cm to 200m. Before the
experiments using the sclerbvsant were perforned,
galine was used az a2 co?grol in seven cords to
document that no endothelial damage occurred. One
millilitre of the sclerosgant (8.T.D.) was injected.
The concentrations injected were 3% m/v (undiluted),
1/10 dilution and 17400 dilucion. The veins were then
reperfused with normal saline for % minutes. ‘the
S.T.D. perfusions ware performed on three separate
cords. This was repeated for sach dilution used.




TO dﬁtarnina-whnt%ar;bindinq of the fiiercsant to
blood wﬂﬁlﬁtalterlthe effect on the 1:10 dilution of
BTD, ﬁﬁs sxparinent vas regnatod uaihg whole blood as
the perfusant. The cords were then sectioned it 1 am
intervﬁls and then fixed in glutaraldaﬁyde and
subnitted for light ai ‘both scanning and tranemission
slectron microscopy.  Tﬂa light microscopy specimens
were also subjucted to Factcr VIII staining.

5'2!101 e s

e

Gne millimetre blocks of ti;sue were placed in
glutaralidehyde fixative. The tissue was?;;xéd
overnight (24 hburs},land ringed for 16 minutes in
Millonigs phosphate buffer. The t&}sun.was _
postfixed in 1t osmium tetroxide fofﬁl hour and
then rinsed for 10 minutes. |

The tissuo was ring * with 50% alcohol and then
~left for 10 minutes in 50% aloohol. This process
was repeated using 75% alecohol, followaed by 100%

alcohosl. It was then left For a further 25
ninutes in 100% alcohol, following.which.it wa;rﬁ
ringed with propylene oxide and then left for 20
minutes in propylena oxide. It was then placed
for 10 minutes in 50% resin/propylene oxide

- followad by a furthar 10 minutes in 75% resin/
propylene oxide, followed by 100% resin for io
ainutes. It wag then re-imbedded in fresh 100%

rasin.




iﬁhﬂffﬁéinauns thamhpmlymefiaeﬂ.farms.Qﬁppg ét
108°C-4n an ewen. The tiesue was cut in thick
'._sqd%tuns (z nidrunj'ané stainsd with azure Ii.

fv | Lrea to be exanined was selected by using -

| light nicroscopy. Thin sectiona (90 Tm) were
then cut and were picknd up on copper grids. The
grids wers stained with saturataa:pranyl aeetaﬁe
and lead citrate. The specinans:wara viewed on
the transmission electron microscope -~ Hit@chi

H-Sﬂo -

i) glutaraldehyda fixative was made up by a&ding
90 ml Buffer and 10 ml 40% formaldehyde. Three
nl of thiélnixtﬁra was discarded and 3 =1 of 25%
EM grade glutaraldehyﬁe wa= ~Gded.

fax | was made up by

I
adding 1000 nl water, 18.8 g spdium dihydrogen
phoaphate and 4,2 g sadiumvhydi§ ide.

‘one millimetre blocks of tissue were fivxed in 33%

glutaraldehyde fixatiyq for 24 hours. iﬂhy wnpp”

then rinsed in Millonigs phosphats buffer for 10
wminutes, post fixed in 1., osmium tetroxide for 1
hour and rinsed again for 10 minutes. The tissue
was rinsed with 50% alcohol and then left for 10°
winutes in 50% alcohol. This was repaauad using'
75% alcohol, and then 100% alcohol.
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The specimens were thaen left to stand for a
further 20 minutes in 100% alcohol. The tissue
wus then critically point dried. Tha tismue vas
attached to stubs for thm scanning alectron L
micros&ppy with a thin layer of colloida]
éraphiﬁe. The stubs ware then coated in the

o sputter coater. The specimens were viewed on tha

scanning elasctron microscope.

5.2.1.3 Immuncperoxidase &Htaining of Umbilical
coras |

The sections were cut tranivarsely 3-4 um and
placed in a 50°C incubatcr overnight, The slidas
were brought to water, viz. xylene for 20 ninutes,
followed by abamolute alcohol and then rectified
spirits. Tha slides were then placed in 0.1%
trypein in ohosphate buffered anline (prewarmed)
for 15 minutes at 37°C to unmagk the antigenic

sites. The slides were well wakhed in tap water

 to stop the reaction. Endogenous peroxidase was
blocked with 3% hydrogen peroxide in methanol for

'ﬂ.~ 30 minutes. The snlides were then washed 3 times

in phosphate buffered saline and wer® placed in an

incubating chamber. The background stain was

blocked with 10% normal horse serum for 20

minutes. The élidaa were JArained and'wiped

 “,¢ around each section and incubsted with rabbit

. anti-huwan von #i'lebrand Factor antibody which

was dilutac 1:100.




This antibody was supplied by Dakopetta (A082).
The slides were incubsted at roon temperaturae for

60 minutes.. 7The slides were then rinssed well in.
phosphate buffered saline, drained and wiped

around the saction. The slides were then

incubated with secondary antibody, which was

anti-rabbit immunoglobulin bisotinylated species

specific whole antibody From donkey, for 30

minutes. This secondary antibody was supplicd by
Amersham (RPN 1004) and was diluted 1:200.

The slides were than again washed well with

phosphate buffersd salina, drained and wipod

arcund the section. . The slides wurn then

incubated for 30 minutes in streptaVidin

biotinylated horseradisgh pﬁroxidnse couplex

dilution 1:300 (RPX 1501). The alides were wasnad

wall with phosphate hufferad salins and plaaca iﬂ
~ooplin Jars. The slidas wﬂrn inocubated in : S
peroxidase substrate scolution for 5 minutes. ;

B :\
ll.

Thay were then wasbed with running tap water for 5.ﬂ
1

minutes. The slides were then counterstainad

with Mayer’s haematoxylin for 3 minutaes. Tha
slides ware then blued by placing them in water

and dehydrated by placing them in rectified

spirits, followsd by absolute alcohol and:thsn

xylene. Finally, ths slides were mounted.
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adding 8 grams of sodium chioride, 1.15 grams

' of disodium hydrogen phospiiate, 0.2 grams of

potassium chloride and 0.2 grans of

petasgivm daihydrogen orthophosphate to 1
litre distilled water. The pH of the solution
was then adjusted to 7.6

i1)pe;

'The percxidese subetrats solution was made'uﬂa

by adding 0.1 mi of 3,4,374’

~tetra~aminobiphenyl nydrochloride, 3.3’

11
)
)

. .lll;l||

dismincbensidine tetrahydro- chloride (BDH),
100 ml of phosphate buffered salina, and 0.003%
3 drops hydroqan-paroxidasa in 2100 ml ﬁistillaﬁ
water. Egual quantities were added together
irmedistely before use. |




5.3 ERSULTS Los
A 17100 dilution of S8.7T.D. caused no detectable damage.
Danage was assessad a;.ahsence of endotheliml cells. .. A
1730 dilution limited the axtent of dsnhudenent to 8 am.
downatream in two of the cords and 7cm in one of the
cords.  The undiluted 8.7.D. resulted in complete
daestruction of the endothelial layer for the entire length
of the vein.

Pigure 5.3 demonstrates the effect of psrfueion of normal
saline for 5 minutes and im the control. The endothelium

is intact. Thisz is miso shown on scanning alectron g
microscopy (Figure 5.4.) atd transmisaion elactron

microscopy (Figure 5.6). von Willebrand antibody was shown

to bind both to the endothelial cells as well as the
subendothelial tissue (Figure 5.8)

Figure 5.3 demonstrataes the effect of 1/10 dilution 8.T.D.
at 6 om. ‘The endothelium is conﬁlutély'dastroyad. All
tha@ remaing at the site are ghosts of amorphous

material. Thie was confirmed on transmission alectron
microscopy (Fifure 5.7). Scanning electron microscopy
(Fiégre 5.5) demonstrated the exposure of the underlying
cnllﬁgan. The remaining subsendothelial tissue was still -
shown to bind to Factor VIII antibody (Figure 5.9).

The findingz of the extent of damage were unaltered when

the saligo perfusant was replaced with blood, viz 8 cnm.




FIGURE 5.2 : Photomicrograph demonstrating
normal endothelium lining a human umbilical
vein.




FIGURE 5.3 : Photomicrograph demenstrating
destruction of the endothelial layer after
perfusion with S$.T.D. The ghosis of the
cells are visible. -
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FIGURE 5.4 : Scanning electron micrograph
demonstrating normal endothelial surface.
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¢ FIGURE 5.5 : Scanning electron micrograph
| showing denudement of the endothelial
layer and exposure of collagen in the

¢ subendothelial layer.
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FIGURE 5.6 : Transmission electron micrograph
showing a viable endothelial cell. 2
normal tight junction is demonstrated




FIGURE 5.7 : Transmission electron micrograph
showing cellular debris after perfusion
with §.T.D.




FiGURE 5.8 : A photomicrograph
demonstrating von Willebrand
Factor binding to endothellum
and subendothelial tissue.




FIGURE 5.9 : A photomicrograph demonstrating
the von Wiiiebran: Factor still binding to
the subendothelium after the endothelium had
been destroyed by perfusion with S8.T.D.



5.4 DISCUSSION |
A husan umbilical vein model was devised. The wvalidity of
the endotheliial function of'andotheiial cells obtained from
human wmbilical veins has been documentsd by Jaffe et al,
(15?3). fhey used a culture system and subsequently most
of the work on the metabolic functions of endothelial cells
has been documented using this tissne culture techniqus.
Fegan et al, in 1565, showed histvlogically that S.T.D. is
toxic to the endothelium, while Stroncek et al (1985)
confirned th;ir findings using cultured endothelial cells.
An in vive model, the dorﬂgf'vain of a rat’s tail, was used
by Blenkinsopp (1968) ° This iﬁﬁéi-is more physiological
perhaps than cultured andéthaliﬁl-cells, but it is
difficult to guantify the extent of damags produced by
different dosages of sclerosant due to the small aize and
length of the vein. Another criticism is that the model

is not human.

In considering important factors applicable to the design
of a suitable model for investigating varices, pressurs,
tamperature and flow rate came to the fore. A pressure of
20 mm Hg was standardised to emulate intravaricaﬁ; |
pressure. The experimentation on the umbilical cords was
performed at 25 C. Apart froq convenience, the reason for
choosing room temperature was the fact that the varices of
patients who undergo oesophageal endoscopy are subjected to
flows of both air and water at room temperature. This is
especially crucial when the endoscopist is evaluating

bleeding varices.




,. )
Flow of blood in varices would appear to be axtr,ae;g<-f*

variable. ﬁacarnaek at Bl {(1983) developed an ultrasonic
 probe wfzioh was able to detect a minimum flow rate of 11
ml/nin. Thay wore able Lo show that the flow in a varix_
varied with the positinn of the patianﬁ\nnd that it
increased during inspiration and dacransnd .with

expiration. .In some cages there was flow—in_buth
diééctions. Purthermore, general anaeitheéia and positive
pressure ventilation rqaulted in a revarsal of pravieus\
flow diraation. Giani at al (1990} confirmod the
variability of direction of blood flow in varices.

In view of the wide variation in variceal blood Flow
exparianced in vivo, no inféitr6~ﬁndal oun faithfully
rapresent in vivo flow p&tterns. Howﬁvar, this problem is -
by no means unigue to the investigation of cesophageal
varicas;. C Indead it is commbn-to all vitro

experimentation, of whataver natnre, that not all tha S
conditione prsvailing in vivo can he reproduced falthfally
in vitro. Daspits this limitaticn, there are mumercus
exanples of in vitro technology having contributed enormous
insiéht into the in vivo physia;ajy which it so imperfsct}y

represents.




¥Yor instance, the digfuiery, bi.qchmical characterisation
| and ultinutely thej;ruduéyion for pharmaceutical purposes
of the eighteen recombihaﬂt haemopoistic growth factors and
» interleunkins currently av&Q;able, was entirely dependent on
in vitro bioassays, which ﬁ%ke very poor reprssuntatives of
conditions within the hone.naﬁ ow {Moore, 1991}.
Furthermore, organ culture systems, smploying piecas of
tissue removed from the body and observed in imolation for
biological responses to various agents, included the
seninal work of Vane (1971), which culminated in a Joint

Nobis?  £§@ in physiology in 1982.

TFor t&é.purposaa of this study, flow rate was standardised
at 1060 ml/min for the umbilical vein nodel. Théqmajority
of blood flowing through gastro-cesophageal varices
tarninatas in the azygous vain system (Sherlock, 1990) and
flow rate in the azygous system ia therefore thought to
represant a good index of flow through varices (Bosch et
al, 1988}, Azygous flow rates in patients with alcoholic
liver cirrhosis who have bled have been mepsured at
approxinstaly 600 ml/min (Sﬁarlock, 1990); Bearing in
“mind that the parallel network of varices which ultiwmately
terminate in the azygous vein, it was decided empirically
to standardisie the flow at 100 ml/min. One haa to
acknowledge that flow rates of greater than 100 ml/min in

any one varix would limit endothelial damage.




- However, given the variability which occurs in variceal
blood flow on inspirvation and expiration, indeed even to
the point of reversability in some cages, it zeems unlikaly
that a flow rata of more than 100 ml/min (1/6 of total
azygous flow would be exneeded in any one varix for any
length of time. Indeed one would axpect that the model
would overestimate rather than underestimate the extent of

damage.

The perfusant used was normal saline. This was chosan
based on the work of Mazer et al (1986), who showed that
normal ssline was the least damaging of irrigating
solutions on ths endothelium of small arteries of rats.

In an effort to render the experiment more physiolugicalt A4
the 1/10 dilution experiment was repeated usinéwblooﬂ as
the perfusant with idantical resuits. An acvantage cf the

model iz that the umbilical cord sxlaov contains two y
arteries, so that the endothelium of the arterles could'hég‘”
sed as a control to exclude an extraneous cause of '
endothelial damage. A final advantage is that wlth the
current opposition to vivisection, this model hypasses tha

problem of animal exparimentation.

The uwbilical vein model confirmed that the solarosant
8.T.D. destroys endothelium. The contribution of the

model has been to document the extent of damage.




A disadvantage of the wmodel is that it only assesses the

ability of the sclerosant to lepruvde the vessel of itz
endotheliuve and despite showlng trat vcﬂ\W111ebrand Factor
is still present in the suberdotihel iur, the von Willebrand
Factor antibody does not assess whether this procoagulant
protein is still functional. Despite this disadvantage,
one would expect that if removal of the cell is the
endpoint, then there must be a gradient where, although the
call iz damaged, it is still present. This would cccur in
decreasing frsquency as the concentration of the aclefosant
decreaged or in other words distal from the point of
injection. .Removal of the endothelium and the smubsequent
exposure of the highly thrombogenic subendothelial surface
would undoubtedly lead to thrombus formation if enough
procoagulant protein activity az well as ﬁunctional
platelats waere present. What is noteworthy, is the extent
of damage that the undiluted sclercsant produced. This is
in keeping with the postmortem findings of Evans et al
(1982) who showed damage at considerable distances from the
site of injec.ion. The 1,10 dilution of 8.T7.D. limited
the extent of damage to 8 cm which is closer to what is

desired in the clinical aituation.

From the introduction, it is noted that the physically
present endothelial cell acts in a highly thrombogenic
manner when damaged and therefore one would expect that thes
thrombus formation would propagate for some digtance distal

to the site where abeence of endothelium was noted.




The findings of previous chapter§ suggeated platalet
hyperagyregability and hypercoagulability from dilute
8.7.D., as oppogsed to platelet lysis aﬁa\inco&gulability

from standaré dosags S.T.D. When considered in relation
to the fimiings of this chnptarjrthase features auggested
that 1/10 diluted 3.7.D, should actually be more
thrombogenic locally than S.T.D. in standard dosage, and
would have the addnd_bonusﬁﬁf limiting nxfsnsive and
possibly systemic side effacts and complications. This
wvas the lmpatus to test the hypothesis in the olinicﬁl
situvation both for acuﬁely bleeding cesophageal varices, as

well as for praventing recurrent bleeds. _ _ |







6.1 IRTRODUCTION .

Sclarotherapy of ossophageal varices is widely accapted as
a technique of cholice to thrombose the acutely bleeding
varix and for long term variceal cbliteration (Terblanche
at al, 1990; S8ivak et al,llsso). Various sclerosants are
currently available and wﬁula appear to be of major
importance in determining the efficacy and complication
rates for the procedure. The reason for choosing &.7.D.
has bean praviansly discussed.

Blégkinsoppfiin 1968, using a rat vein model demonstrated
the supericrity of intravenous injection of 3% Sodium
Tetradevyl Sulphate {S.T.D.) as compared with other
agentp. Subseguent studies have shown ite efficacy is
compamable with ethanolamine oleate (Chung et al, 1988,
Kitann et al, 1s588), hut concern hags been expreased asg to
the local complications which occur subsequent to 8.T.D.
administration (Terblanche et al, 1990).

Substantial diilutions of S.T.D. were shown in Chapter 5 to
,a.’

be effective in stripping vascular endothelium yet wdke not

associated with incoagulability of blood nor with platelast

lysis (Chapters 3 and 4).
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Indeed Gilute §.T.D. was found to actuslly induce platelet
aggregation and to contribute towards hyperceagulebility of
blond through s selective low dosa inbibition of the
physioclogical anticoaﬁuiantrprotcin C. These Findings
suggested that treatmwsnt wiég ten f£old diluted &.T.D. nay
ba us e¢ffective ag, if not wore effective than, standard

- dosage trestment, yet probably less prone to ulcsrative
compiications mnd their sequelae.

A pilot study was therefore initiatad. in which patients

with pnrtpl hypertension and ossophageal varices were
¥andﬂn&5;d prospectively into standard dosage versus dilute
8.2.0. treatment avms.
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6.2 METSODS AND PATIENTS
Fiftean consecutive patients receiving sclerotherapy st the
Johaﬁnashurg Hospital gver a 6 month period were included
in this study. There ﬁura 9 patiente in Group A and 6 in
Group B. 5 **of the patients in Group A presented with an
acute index bleed while only 3 in Group B had this

problem. All the ramaining patients from both groupe were
on chrnnic sclerotherapy for a previodaly documentad
variceal bleed. None of the patients presented with an
interval bleed. |

There were 5 males in Group A ve 4 in Group B. The
astivlogy in both groups included Laennec’s cirrhosis in 7,
primary biliary cirrhosis.fo 1, chronic active hapatitis in
| 3, portal vein thromboais in 3 and idiopathié in 1. Their
details are presented in Figure 6.1. All patienta signed ”
conzent and the project was approved by the Ethics
committee of the Univeraity of the Witwatersrand.

The patihnts ware randomiged prior to detailed asseassment
intb recelving dilute sclerosant (Group A), which was a
1/%0 dilﬁtion of 3% m/v 8.T7.D. and undiluted aclerosant, 3%
mn/v S.T.D. The andnscopists and patients were blinded asm
to the natuxa of Group A and Group B. 'fhe dilution was
made up by the Pharmacy Department of the Johannesburg
Hospital. The technigque used was injectios: via a flexible

gastroscope. The varices wers injscted intravariceally.




Zax {male/femalae)
Age (years) range
Median
Child-Pugh Classification
x X
-]
o c
Madian volume injectsd (ml)
Range volume injected (mi)
Mean follow up (monthe)

dstiology

Alcohcl

Primary Biliary cirrhosis
Chronic Active Hepatitis
Portal Vein Thrombosis
Idiopathic

FIGURE 6.1 : PATIENT PROFILE.

5/4
36 - 78

Y 3

5 -~ 10

B = A

4/2
18 - 69

47.5
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Daaths . 1/9 1/6 -
Rebleed rate {(to date) o/8 3/6%
grficacy in etopping
Acute bleed ' 5/6 3/3
Objective endescopic
improvement of varices 8/8 5/%
. Ulceration rate RO V' 6/6 .
. stricture - . /8 45 |
* 3/6 ware Que to ulceration.
) i
5, .
FIGERE 6.2 Rt EFFICACY AND MORTALITY
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6.3- RESILTS

' t

Resulte of trestment in the 2 groups are svmmarized in

Figura 6.2. ' Thera was one death in each of the groups.
The patient from Group A had an acute cardiac arrest 6
hours after sclerotherapy for an acute blseding varix.

Because the famlly refused consent, it was not possible to

amsess the efficacy or complications in this patient. The

patignt from Group B had an acute variceal bieed which was
treated by variceal sclerotherapy. She had acute
respira%ory failﬁf&-am wall as cardiac arrest during the
procedure and was sucééssfully resuscitated.  She rebled 5
days later and underwent repeat sclerotherapy. She
farreat?d at the initiation of the procedure and died
shi:rtl} thereafter. Post wortem revealed oesophageal
ulceration as well as residual varices. Thége was almost
no viahle liver tissue;'indicating an extremely poor
prognosis, All the pzatients from Group 8 developed

| ulceration, 2 of which resulted in bleseding. These two

patients reguired transfusions. They both responded well
to sucralfate thafapy. Three of the patients from Group B
had evidence of previous st;icture formation due to |
sclerotherapy. These strictures worsened after
sclerotherapy. One of the patients from Groﬁp B daveléped
a stricture which developed afﬁer sclerotherapy with
undiluted S.T.D. Both groups of patients showed endoscopic

improvement of both variceal number and variceal sizc after

eacl. seszion.




All patients were endoscoped every “wo weeks and -

gclerotherapy was contiqued until eradication was nchievnd

and thereafter the patiants ware followed up &t four to six
waek intervals. The unacceptable high ulceration rate in
Group B necessitated an eaﬁly and to the trial.

o -
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6.4 DISCUSSION

Sclerotherapy of cesophageal varicasﬂhas been associated
with nunafous side effects both lcocally and systemically.
These are discussed in the next chapter.

Diluting the sclerosant has been reported previously. Ali
these dilutions have hpwever been empirical. Silﬁa et al
showed in 1982 th§£'$]§3a., when diluted to ils%, was as

effective as 5% sodium morrhuate. Using a canine model,

- Jengen- et al (f i_avaluated various dosages and methods

of administration . They showed 1.5% S.T.D. to be an
affective sclereosunt. They found however no difference in
systemic side effects as compared with 3%. Diluting S.T.D.
to 1% with normal saline has been shown to reduce the.

ulceration and stricture rate without significantly

‘ diminishing efficacy rate (Trudeau et al, 1983). Further

diiution to 0.75% by McClave et al {(1990) succeeded in
reﬁucing\stricturgzrate although ulceration still occurred
inhsa%‘of-paﬂiente. No studies so far have used a
concantration.aahldw as 0.3%. Technically, a dilution of

0.3% means a concentration of 333 fold (= 33.330%).

This very low concentration, i.e. 0.3%, is critical in that
in vitro work suggested that the hypercoagulable state is
not achieved at :igh concentrations. In fact, at high
concentrations, a hypocoagulable or incoagulable sfate
occurred. There was objective evidence of thrombogis
occurring in all the patients who were injected with the

dilute sclerosant.
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solutian B caused an unacceptable level of ulanratian R

supporting the ooncern expressed hy Terblanche et al,
{1990)."

While accepting the obvious limitations of a pilot study
vis. the relatively low nusbers and poor matbhing in tersms -
of the Child-Pﬁgh classification (which was the consequence
of ranﬂonisatian ut initisl assassnnnt), the brevity of
follow-up, as wnnl as including both petlients with index /-
bleeds ‘together w %h patiants on chrcnic aclerOthﬂrany,
tharu ie svidenca tn show that the dilute sclerosant is ;
augaas&ful for tha ﬂhﬁrt tora nanagemant of oeaaphageal
varices, anafiﬁ natﬁaasgciat&d witk unaccaptablg'
complicatipnél. t3a» relative merit of a low dose S.7.D.
induced hyparcoagéiahle sfata has.baen_adééessad in tﬁe
chiyter on coagulation.

A larger study and longer follow ué are required to )
determine whether this will equate with a low rebleed rate
{i.e. control the varicesi with fewer complications in the
long term. However, to date, there have been no falilures

in the low dose group and the follow up of some of these

patients now exceeds one year.

-
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While sclercotherapy has regained iés place as one of the
modalitias of cholce In treating oasophageal varices, it
is, as has bsen previously discussed, not a benign
procedurs. Some of the numercus complications which have
been documented both locally and systemically are
discussed, with particular reference to the two clinical

trials.

7.1 BSYSTEMIC COMPLICATIONS __
one of ths most disturbing systemic complications which
ogours ls the effect of the sclerosant on the pulmonary
circulation (Monroe et al, 1983; Bacon et al, 1985; Hammond
st al, 1985; Ds Puey et al, 1988). Ona of the patients in
the second trial developed acute adult rnspiratory_&lstfass
Byndrons. The peat mortem revesled almost no raaiﬁnal
liver tissue, which in itself is an axtrenely poor
prognostic indicator.  However, sections of the lung
containsf;ﬁhaf appearsad to be sclerosant, indicsating that
the scler&tharapy was probably the cause of her acute
raspiratory fallure. The Findings of Chapter 2, i.e, the
in wvive findings of the clinical triaf&dnxthe effact of
&.T.D. on the coagulation parameters, shbwad a transient
dacrease in the white caell count and fibrinogen levals. _
These findings are in keeping with sclerosant damage 10 théJ
pulmonary circulation which resulted in the white cells
baing sequestrated.




5

One would expect that the use of a dilute sclerosant will
lower the risk of damage to the pulmonary vasculature and
the lungs themzelves. J

5
Haemorrhage from other siteas has also bean documented as &
gystemic complication (Foutch and Sivak, 1984; Kaanswet al,
1986; Pry et al,1988 ). In the trial in Chapter 2 the
patients did not show a systemic bleeding diathesis.

Distzl sites of thrombosgis have been reported. (Barsqui
et al, 1982; Goodale et al, 1982; Seidman et al, 1984; Ng
et al, 1988). From a systemic point of view, undiluted
8.7.D. as previously shown in Chapters 3 and 4, causes a
local hypocoagulable state. _However, marsed endothelial
atriﬁping occurs simultaneously, Depending on the flow,
which can be either prograde or regtrograde (Gaiani et al,
1991) thisg high concentration will be delivered to either
the pulmonary circulation or the rortal venous gystem.
Mixing of the gclerosant occurs nartly as a result of the
turbulent flow set up during the injection procedure and
partly dﬁe to inflow of fresh blood. Dilution also ﬁccuru
as a function of the distance from the sité“a&mwun
injection. The concentration of the sclerosant ;ill
therefore diminié@ at the distsl sites. At 2 low
concantration S.T.ﬁ, is highly thrombogenic in that not
only does it activate platelets directly and selectively
inhibit Protein €, but it also strips the endothelium.
This would help to explain why some patients devaelop portal
vein thrombosis while others develop respiratory problens.
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Thc reason why thrombosiz occurs at the site of injection
is that the initial high concentration of S.T.D. will
decrease and "fresh" blood will supply the necessary
coagulation factors and platelets, which are required for
thrombus formation. A problem and a potential cause for
reblaeding might be that this site of thrombus would also
occur conelderably downstresm from the site of injection.
This could potentially cause an increase in the pressura
upstream from the site of thrombosis and precipitate
another bieed. ﬁhe fmct that thrombus does ocour at
distal saitea of tht ossophageal veins was shown in 1§82 by
Evans et sl in post mortem studies.

Cardiac oomplications have heen described after
solarotherapy. Sodium wo' -huste has been implicated in the
deval ~pment of bradyarrythmia (Perakos et al, 19884). ’
However, the patient had previously documented conduction
abnorpalitiea. Acute pericerditis ig an un

complication of sclerotherapy and a cause of chest ﬁain
(Knauer et al, 1987). Prinz Maetal angina which wu#
confirmed alectrographlcally has also bean described after
sclerctherapy with ethanolamine oleate (Charng et al,
1988). Although one would intuitively believe that low
dose 8.7.D. would reduce incidence of these complications,
this has yet to be d: .erwnined. |




Bactersemia -im another complication asaoribed to
sclevotherapy. The incidences of bactermemia post
s&lamatharapy varies greatly from series to saries.

Camara et al (1983) reported an incidence of 5%. Cohen st
al (1983) documanted a wuch higher cccurrence, 14 episodes
in 11 patients. Schuman et al (1987) feel that the risk
of sclerctherapy ralatnd sapsia is not associatad with
elithar tha amount of the sclisrosant, the difficulty of the
procedure or tha-aatiolo@ﬁ of the liver dizease. ILange et
al (19#5) and fauerbach et al (1985) recommand antibiotic
prophylaxaia for patients with valvular heart diepease.
Schuman et al (1987) guestion this and feel that larger
stutiéa are reguired to support this appronch‘. Although
neither of the studies in this thesis addressed this
question, it i# doubtful whether a2 low dose sclerosant
would altex the incidence of the pactarebmia.

Sclerovtherapy with ethanoiawmine ol¢ate hag been associated
with acute rensl insufficiency (Msling et al, 1978).
Miyosshi et al (1991), in a recent study, showed that renal
tubvular dysfunction afte: /3clerotherapy with ethanolamiﬁe
oleate could be prevented by prophylactic administration of
haptoglobin. Purther research is necessary to determine
‘whether low dose $.T.D. baa any effect on rensl tubular

function.




7.2 LOCAL COMPLICATIONS ©F SCLEROTHER
There hl&a;gatn nuerous caﬁaa of local conplicat}oné of
sclerotherapy with varying incldences of morbidity and
mortality.

7.2.1 Qegouhagesl St

Sorenson et al {1984) demonstrated that 59% of
patienta developed a stricture and/or dysphagia after
sclerctherapy with polidocanol. As previocusly stated,
thie is a relatively common complication ocourring
after aclerotherapy (Haynag et al, 1986).. In the
second trial (i.e. Chapter 6} none of the patlents in
Group A (dilute 8.T.D.) developed oasophageal |
strictures, but 4 out of the 5 in Group B developed
oesophageal strictures regquiring subseguent
dilatations. Huwever in 3 of these patients, the
strictures were noted to be slready present at the
time of initial entry into the trial. tPresumnbly
these strictures were due to previous sclerotherapy
(which they were known to have had). Although it is
my 8trong impression, as well as that of the other
endegcopists involved in the trial, that these
strictures worsened during this trial, it is difficult
to assess the influence of the latest sdéries of
injections on this progression. The absence, -
however, of any stricture formation in Group A is
supportive of the low cowplication ra‘e subsequent

upon the use of dilute mclerosant.




Although in Perino’s study 6% of patients who rechived'

sclerotherapy with 3% of 3.7.D. developad parforation
(Perino et al, 1987), fortunately none of the patients
in either of the trials hed this complication

documentad. One would expect that a lowar dosage of

S8.T.D. would reduce the incidence of this potentially

lethal nomplication.

?_n 2 03 t_': b st LA

ixﬂj;:inaiaenae of ulceration varies from sefies to
series and would appear to be infiuenced by the type
of sclerosant used (Sibramangam et al, 1986):
sanowski et sl (1983) showed that 57% of patients who
raceived 1.5% sodium tetradecyl sulphate developed
nlcaration. Ayres et al {(1982) described three
patients who developed ulceration with haspatemesis
after infection with sodium morrhuate. Two of these
patients died. Westaby et al (1984) showed that 80%
of patients who received sclerotherspy at weekly
intervals developed ulnzeration as compared with 30% of
patients wiho received sclerotherapy at three weekly
intervals. The sclerusant used waz ethanolamine

oleata,

e




Sucralfats is recommended as the treatment of
sclarotharapy rnlatad ulceration {Roark, 1984),
although recuntly aonatostatin has also been shown to
be effective (Jenkins, 1991).

In the trial in Chapter 6, 100% of the patients in
Group B (undiluted S.T.D.) developad ulcars which were
still present 6 weeks after sclerotherapy. Two of
thase ulcers resulied in significant bleeding. These
ulcers responded to sucralfate tharapy. Only 1 out of
8 patients who were injected with 0.3% S.7.D. had
,supnrficial ulceration which was visualised 1 month
post soclerotherapy. This responded rapidly to
sucraifate therapy.

7.2.4_}&;@_@@

One hundred percent ol patients in the first trial
(Chapter 2) cumplainad of chest pain. The cause of
this pain is thought to be due to a chemical
mediastinitisz but this remains controversial (8ivak et
al, 1%90). The incidence of chest pain was
ﬁnfartunately not evaluated in the second trisl,

One would expect that if the mechanisa is in fact due
to a chemical mediastinitis then low dose
sclerotherapy would reduce the incidence of this

complication. This has still to be confirmed.
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Manometric and pH monitoring of patients with
sclarothaerapy hes shown decresased pressure and
abnormal contractions (Schuman et mal, 1987). On area
of future research would ba to ses whether low dose

§.T.D. couses less dyswotility than other agants.

Other local complications wnich havuﬁ;ésn described
include psauﬁotumaur of the oesophaquﬁ (Korula, 1985),
a muoosal bridge of the distal oesophagus {Gottfried
st 2l, 1985), peeudodiverticula secondary to injection
" -scmrotmmpy (Scherl et al, 198%), and ocesophageal
monoliasis (8arles et al, 1984). Ae they are raée a
large series will be required to document whether low
‘doms sclerotherapy has any sffect on their incidence.

'7.2.6

.Bochna et al (1988) reported a case of squamous cell
carcinoma of the cesophagus. This oocurred & months
after sciq;otharapy with sodium morrhuate. Due to
the rarity'of this complication it is dAifficult to
prove a causal relationship between gclerotherapy and

carcinoma.




7.3 CORCIUSTIONG

Sclerctherapy of oesophageal varices is undoubtedly an
extremely useful weapon in the armamentarium for treating
cesophageal varices. Nost of the current méthodology
employed is based on empirical epproaches.

Thea oﬁject?;f the thesis was to evaluate the effect of
sodium tetradecyl sulphate on emiothelium, the coagulation
pathwav =nd platelets. ‘The central recurring theme of
this thesis has been the documentation of a thromboganic
affect of sclerotherapy, occurring at concentrations of
8.7.0. tan fold less than those actually injectad,
following anrrtnt practica. Thuu, localised ﬂmdnthelial
atripping, hyparcoagulability and platalet aggregation were
all documented following exposure to low concentrations of
3.7.D. In contrast, exposure to high concentrations of
S.T.D. ied to more widespread endothelial stripping, blood
inecoagulability and platelet 1ysi§. These findings
suggést that & low concentration of S.7T.D. may be at least
as effective ae standard concentyation S.T.D. in the ”
management of acute bleeding va;i%@s and possibly more so,
and would have the added benefit of limiting most of the
agsociated complications. A clinical pilot study based oﬁ
these findings supported this view. ,

B
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I 100 gl 94,7143 883 81

!150 Bl d B4.2857 590 65

Faoopwr 1 vz 504 60
380 4l 1 53,2 266 48 !

X VALUE | Y MAX 8D (n~1) |&n (n) |smm x|
{ ymar 100 0 0 0 7 {
10 w1 106 14.6596 | 13.8722 | 5.3408 |7
lzs pl 112 9.6387 |8.9237 |3.6431 |7 .

35 w1 - | 2120 10.8566 |9.9107 |4.4322 |6

50 41 109 6.4254 5.9488 2.43286 7

100 u1 | 104 8.,9762 813103 3.3927 7
{1501 {103 12.4193 | 11.4980 “la.e940 |7

200 41 | 86 9.7980 |9.0711 |3.7033 |7

350 gl | 68 8.5264  |7.6263 |3.8131 |5

DATA FROM FIGURE 4.4




s

i

FACTOR XII (% OF CONTROL)

In-s MEAN POTAL

X-DATA { 102.2222 | 820
88.7735 798.9619

Iu = 9 MAXTMUM 8D (N-1) 8D (N) SEM '

X-DATA. 250 | 114.78%4 108.2207 38,2618
Y-DATA | 103.3333 16.4648 15,5231 5,4883

LINEAR REGREUSION OF ¥ ON X

Slope of line =  =0.138086 - i
Y-Intercept = 102.8890
X-Int ' = 745,31.008
XY Corrolation - -0.962676
(Correlation)2 - 0.926745

ARE2A UNDER THE CURVE
Trapazoidsl - 27563.09
gtart-Rectangular = 29660
End~Rectangular - 25466,19

DATA FROM FIGURE 4.4




R =y : —
208
o
100 | 100 100 100 100
105 94 ls2 33 105
97 |94 102 |96 g4
- 94 97 94 94
94 [ 100 101 91 96
81 93 104 93 102
68 87 108 73 57 |
87 719 94 |70 82
46 44 70 v 53
‘

DATA. FROM FIGURE 4.5




FACTOR XI (& OF CONYROL).

X VALUE ¥ MRAN Y TowarL ¥ TN
| wear 100 700 {200

1051 | 97,8724 jess 92

2541 97.1429 1680 94

aspl 97.3333 i 584 94

80K 1 98,7143 { 691 91

10041 96,8571 678 81 i
Lisop1 88 | 616 68 |
| 20001 | 79,3571 5% 59 |
! 350l '%2.400 263 " las I

X VALUB | ¥ MAX  |8D (n-1) |6D (n) |sEM NO
fwear  lao0:  |o o 0 K i
11060 108 5.6821 | 5.2606 |2.1476 |7
fasuy  |ac2 2.8536 | 2.6419 |1,0785 |7
P3sp1  [a07 B.0465 | 1.8068 | 2.0602 6
Usop1r | 109 6.0749 |5.6243 | 2.3961 |7 B
!100p1 | 114 10.6994 |9.9057 14.0440 |7 l
E1sou1 115 17.8879 | 16.2832 | 6.6476 | 7

20041 | 108 16,8070 | 15.5603 |6.3525 |7 |
! 35081 | 70 10,4067 |9.3081 ) 4.6540 |5 l

DATA YROM FIGURE 4.5




FACTOR XI (% OF CONTROL)

Je=s | A TOTAL _ MINTIUM |
| x-para 102,2222 920 0 |
| x-pama 89.7540 807.8762 |82.4 ]

; S
I =9 MAXTMUN

8D (N-1) 8D (N) SEM '

X-DATA 350

114.7854 108.2207 38.2618

¥-DATA

15.4321 14.5496 5.1441

* LINEAR REGRESBION OP ¥ ON X

Slope of line
Y~Intercept
X-Intergept
XY Correlation
{Corxelation)2

AREA UNDER THE CURVE

Trapezolidal
8tart~Rectangular
ExA-Rectangular

i
&

-0.129396
102.9912
795.9361
-0.962456
0.926322

28517.38
31052.14
25982.61

i

DATA FROM FIGURE 4.5




92

w5

2851

93

91

100

35u)

50ul1

1 84

94

103

DATA FROM FIGURE 4.6

]

10041 |co8 177 94
150p1 | 82 71 94
a00uL | 74 68 79
35081 |- a7 - |14




'1_

17 MEAN ¥ TOTAL ¥ WINIMUM
100 600 100
98.8333 593 93
| 96.6667 580 ' 91
92.4000 462 88
92 552 84
88,6667 532 77
83 498 71
- 74. 6667 448 68
I 35011 ' 19.2000 96 13 I

L=

. . - 7 O —— :

'x VALUR |7 MAX 8D (n-1) | 8D (n) REN n l
Innnmf\ 1,00 D 0 0o &

1041 107 3.5648 5.0799 2.2718 6

2851 101 4.366% 3.9861 1,7826 6

3542 - | 200 4.8270 | 4.3174 2,1587 8 i

5041 {103 7.0711 6,4550 2.8868 s

10041 100 7.9415% 7.2495 3.2421 6
ilsoul 94 7.4297 6.7823 3.0332 6 &
[ 20041 80 4,4572 4.0689 1.8196 | 6

350u1 32 | 7. 6616 6.5527 2.4264 5

it

DATA FROM ¥IGURx 4.6 ) y




FACTOR X (% OF CONTROL)

_ .
Nwg MEAN | ToTAL
X-DATA 102.2222 920

! Y-DATA $2.8259 745.4333 19,2 I

In -9 180 (-3 i8p (m) sEM
| x-vara | 114.7854 | 108.2207 | 38.2618

Y-DATA _ 45.1883 23.728%9 8.3'94 | I
_ x T L |

.

LINEAR REGRESHION CF Y ON X

8lope . of line ~0.208631
¥-Intercept . A04.1526
X~Intercept 49%9,2197
XY Correlation -0.951505
(Correlation)2 0.905362

AREA UNDER THE CURVE

Trapezoidal 24578.75
Start-Rectangular 29218.50

End~Rectangular 19939

DATA FROM FIGURE 4.6




44

32°

98 94 92 88 101
91 94 110 95 110
- 94 100 91 101
50 108 108 26 1.104 ¢
[ 79 93 99 g8 104
|86 71 |87 102 | &0 91 i
. {ss 79 21 70 6 |
!35&;1' - 19 24 5

[

4




¥ MEAN

100

94,6687

'101.3333

TRyt

M_'—___

95.500
50u1 - 103.1.667 619 " 90
1001 94.3333 566 | 79
| 1s0u1 86.1667 817 71
200p1 70 . 420 58 .
35041 42.400 212 32

_ — |
¥ MAX BD (n-1) | 8D (n) SEM

fwe  |o 0 0

101 4.%461 4.1500 1.8559
110 8.8919 8.1172 3.6301

103 % ¢ 4.6152

4.1280

2.0640

DATA FROM FIGURE 4.7

113 .. | 8.5888 7.8404 3.5063
104 9.6678 8.8255 3.9469
102 10.4195 J9.5117 |} 4.2538
81 8.6948 7.9373 3.5496
53 7.7006 6.8877 | | 3.4438




MEAN TOTAL

102.2222 | 920.000
167.5185 | 797.6667

e
8D (M) . _
|asg 4 114.7884 108.2207 | 38,2613

103.1667 | 19.6811 | 18.5555 L5654

.. 'LINBAR REGRESSION OF Y ON X

N
8lope of line ~0,164454
Y~Intercapt — 104.3294
X-Intexrcept 634,3983
XY Correlation - =0.959141
{Corralation)2 , 0.919982

e

,
A g

4

AREA UNDER THE CURVE

Trapezoidal 26702.91
~ Btart-Rectangular 29550.,66
"End-Rectangular = 23855.16

DATA FROM FIGURE 4.7




DATA FROM FIGURE 4.8

STD 1 | 2 3 . 4 15 6 17
MEAT | 100 100 100 100 100 1.00 1.00
{1041 | 108 106 98 101 95 89 o. |
I 25u1 | 90 100 - |92 104 101 95 93
i 35u1 ) 121 103 94 100 87 88
_ l soul | 104 97 86 92 104 90 91
I 100p1 | 107 89 78 88 95 20 93 I
I’ 150x1 | 72 76 66 72 98 62 71
200K |50 16 59 62 ‘78 58 65 I
"I asopl | - - |3s g 49 42 |40 .

[




FACTOR VIII (% OF CONTROL)

X Hﬂﬁﬂ.

| v morat

1% vauz
| NEAT 100 700
10pL 99.1429 694 89 5
f asu1 96.4286 675 90 i
I 35ul 99.8333 593 87
5041  94.8571 54 26
|_1oop1 90 €30 78
15081 1718571 517 62
{20000 | 89.4286 A6 a6
l 38041 43,200 216 38

wEa | 60 0 0 0 7
ilOpl 108 6.517¢ | 6.0335 |2.4633 |7 f
251 104 5,2554 | 4.865% | 1.9863 |7 |
LI 1131 12,8764 - | 11,4807 5,1343 6 !
 s0u1 104 7.0339 | 6.5122 | 2.6586 |7 |
100p1 107 9,763 | 9.0396 |3.s904 |7 i
! 15041 98 11.8820 |10.7229 [4.3776 |7 l
1 20001 76 9.8634 |9.1317 [3.7280 |7
35041 49 5.5408 | 4.9558 |32.4779 |3 I

DATA FROM FIGURE 4.8




FACTOR VIII (% OF COSITROL)

¥ MEAN.
100

10pL 99,1429 _

2551 96,4286 675 90 |
| 3sp1 98,8333 593 87 .l
| sop1 94.8571 664 86
llooyl oo 630 78 l

150p1 73.8571 517 62
{ 20051 59.4286 416 46 | i
lssOpl“ 43,200 216 38 : I

8D [n

NEAT Y100 {o 0 0 7
Ilﬂpl 108 6.5174 6.0339 2.4633 7 '_{
|25p1 104 5.2554 4.8655 | 1.9863 7
38,1 131 12.5764 | 11.4807 |5.1343 e \
Bopul 104 7.0339 6.5122 2.6586 7 i
100u1 107 9.7639 9.0396 3.6904 7
15041 98 11.5820 | 10.7229 | 4.3776 7
izoOpl 76 _ 9.8634 9.1317 3. 7280 |7
3501 49 | 5.5408 4.9558 2.4779 5

'DATA FROM FIGURE 4.8




._M

4 TOTAL

102.3222

920

;1 83.9720

| 788.7476
. y

N =g MAXTMUM 8D (N—1) 8b (W) SEM
{ X~DATA 350 114.785%4 108.2207 38,2618 l;
Y~DATA 100 20.5698 19.3934 6.8566 h__j
LINEAR REGRESSION OF ¥ ON X
Blope of line = -0,.176136
¥-Intercept - 101.9770
%-Intercept - B578.9683
XY Correlaticn - ~0.982890
(Correlaticn)a - 0.966072
- _—
Trapezoidal - 24638.63
Start-Rectangular = 26783.92 -
End~Rectangular - 22493.33

DATA FPROM FIGURE 4.8




FACTOR VII (% OF CONTROL)

[5mo 1 {2 3 4 5 . |s l

NEAT 100 100 160 | 100 200|100

10p1 91 |93 100 . |89 100 [ |¢8

asul | 90 | s 102 91 98 197
i35&1 93 : f; 93 87 88 X

s0ul | 94 83 96 83 90 93 .
Pao0pr |02 72 96 80 79 92

1sopl | 83 67 . |94 173 83 85

200pl |71 |64 71 60 72 1| &2 -

350 - 31 38 ]as 38 18 l

DATA FROM FIGURE 4.9




FACTOR VII (% OF COMIROL)

A e i
lx VALUE Y MEAN
| xmar 100
{ 101 95,1667
lasgl - 94,3333
3Bu3, 91, 6000
| 501 89,6667
{ 10041 38
15051 | s0.5
20061 | 66.6667
asoul  |29.4

W
¥ Mux 8D (n-1) | 8D {m) BEM

n
100 fo 0 0 6 I
F 100 4.7924 l4.3788 |1.9565 |6
' 102 5.4650 4.9889 | 2.2311 6
97 4.0988 | 3.6661 132.s3z0 |c
e 5.5377 %,0553 2.2608 6/
10011 98 9.3381 | 8.5245 |3.8123 |6
15011 94 9.6488 | 8,8081 | 3.9391 |6
20041 72 5.2789 |4.8189 ) 2.1551 |6
350p1 38 |s.0187 7.1722 | 3.5861 5 i

K

DATA FROM FIGURE 4.9




PACTOR VII (% OF CONTROL)

N =8 ] MEAN TOTAL -~
X-DATA 103,2332 sa0
| y-para 81.3704 732.33233
maxmoom  lsp (v-1) [ 8D (W) g I
X-DATA | 350 114,7884 | 108.2207 | 38.3618
| z-para 100 21.8230 [ 20.5750 7.2743

S

i
sk

" LINEAR REGRESSION OF ¥ ON X

Slope of line

- ¥=Intercept
X-In
XY Correlation
(Correlation) 2

AREA UNDER THE CURVE

Trapezoidal
Start-Rectangular
End-Rectangulay

/

-0.186547
100.4396
538.4149
-0.981204
0.96276)

24074.58
. 27503.16
20646.00 !

3 vr.
H

DATA FROM FIGURE 4.9

3




}m 100 jioe  }ioe 200 {100 Ima so0 |
1061 | 9s 89 98 114 98 J1o7 104
f2501 | o2 91 83 114 |98 (a8 |99 ’
asul |08 |91 - 106 |95 |87 . 99
soul  lios [ 91 gs 117 88 91 |00 |
100p1 118 {85 g0 ins e 82 109 I
1sop1. | 118 |83 72 97 s1 | a7 98
30081 {69 f4d 5. 184 ls3 48 53
3sopl |- |- 21 26 21 ja7 24

DATA FROM FIGURE 4.10




FACTOR V (% OF CONTROL) K

¥ MEAN
NEAT 100 | 700 100
| 102 101.14%9 708 89
{251 96,4286 675, 83
| 350 97.8333 587 87
| 501 97.3857 681 88
'109»1 | os 693 80
15041 90,8571 | 636 72. ¥
20041 53,1429 372 44 i
35051 21.8000 109 17
: ' T ———— -——-unnﬁuununﬂ-;—-q
lx VAIUE |Y MAX . | SN (n-1) | 8D (n) SEM O
NBAT | 100 0 0 0 7
101 114 '8.0039 7.4148 3.0271 |7
25p1 124 9.5718 | 8,8617 3.6178 7 i
3541 109 g.5421 |7.7978 |3.4873 6
5041 137 10.9805 | 10,1660 |4.1%02 |7
| 10041 118 16.0831 | 14.8901 |6.0788 |7
15041l © | 118 15,0270 | 13.9123 | 5.6797 7 i
20041 |69 . 17.8194 7.2393 2 9555 7 1
fl3:9208 J3.080a [1.s307 |5

DATA FROM FIGURE 4.10




FACTOR V (% OF CORTROL)

| rorAL

In =09 MRAN

102.2232 . |20 | 0
| 84.1656

| 787.4908

N =9 MAXTMITM 8D (-1} 8D (N) SEM
380 _;1114.7354 108.2207 38,2618
101.1429 . " 27.7601 26.1728 9.2534
LINEAR REGRESBION OF ¥ ON X
Slope of line - -0.227072
¥~Trtero: =  107.3774
X~Interc - 472,.8787
XY Correlation = ~0.938920
(Correlation)2 =  0.881570
\.\:-*\\ S
AREA UNDER THR CURVE
Trapesvidal : = 23796.48
Start-Rectangular =  272377.50
End-Rectangular - 20315.47

DATA FROM FIGURE 4.10




FACTGR IT (% OF CONTROL)

87D 1 2 3 s Is
¥EaT | 100 100 100 100 100
101 | 100 89 38 102} 100
2521 | 102 9G 94 107 100
35p3 | 102 95 - 97 98
soul | s 98 89 102
100u1 | 96 98 |79 97
| 92 73 102
g0 |74 83
- 42 44

DATA FROM FIGURE 4,11




PACTUR IT (& OF CONTROL)

KEAT 100 700 o

10p1 11005714 704 8 ___l
2sul 59.8571 699 $0

3543 96.8333 581 87 o
50Kl _{93.5724 655 _ |84

10081 - | 91.4386 640 79 | .
! 15041 |ss | 616 73 |
aoopl | 74,3429 =19 45
I35Dpl  las.2000 ' li1e: 20 '___j

S —
8D (n-1) | 8D (n) SEM n I
| _ 0 o lo 7
IlOFl _ 108 2.2991 2.1285 0.868966 {7
Izspl 107 5.9841 5.5402 2.2618 7
|35nl 102 5.5648 5.0799 2.2718 6
Isopl 102 16.3994 85,9247 2.4187 7 i
l 10041 o8  6.6045 6.1146 2.4963 7 '
150u1 102 10.0167 | 9.2736 3,7859% 7
20041 83 | 13.3220 | 12.3338 | 8.0352 7
[ 35081 44 | 10.2567 19.1739 4.5869 5

DATA FROM FIGURE 4.11




FACTOR II (% OF CONTROL)

N=9 !I‘;MH | wi&a_;. MINIMOM I

X~DATA o 1.02.2222 920 N o |
' 86.9561 782.6048 38.2000

mﬂ i
In -9 MAXTMUM 8D (n-1) 8D (n) SEM I B
| x-para 350 114.7854 ° | 108.2207 38.2618 | .
Y-DATA 1.00.5714 | 20.0802 18.9318 6.6934

LINEAR REGRESSTION OF ¥ ON X

Slopa of line”

- -0.169709

¥=-Intercept - 104.3041
X=Intercept - 614.6082

o XY Correlation - -0.970118
= 0.941128

{Correlation) 2

AREA UNDER THE CURVE

Prapezoidal = 26507.58
Start-Rectangular = 28731.07
End-Rectangular on 23284.04

DATA FROM FIGURE 4.11




FIBRINOGEN (% OF CONTROL)

STD 1 2 3 4 5 ¢ I
NEAT ioo | {100 100 100 | 100 100
1041 96 93 104 86 102 73

2541 94 95 98 90 100 76

35ul 98 - 93 32 161 70

s0pl 89 93 106 8o 99 89

10041 |91 81 97 78 91 68,
{15041 |85 77 95 67 86 60
ta200s1 o 70 89 66 - 90 68
I asopl |- ) 0 51 76 65

o

DATA FROM FIGURE.4.12

[

e




FIBRINOGER {% OF OOWIRMOL)

X _VALUE 2 ¥ WEAN ¥ POTAL X MINOOM
| HEAW, 160 800 80 '
1054 95,3333 s54 - 1
25ul 92,1667 . | 553
asul 88.8 Y
A a{.lﬁaﬁlq  189.1667,. 535
e I Joopl “ak‘ . ] B4 ) _ 204
isopy  lva.s 0 |a7a
{ 20081 63.8333 383
3501 38,4 . 192
o |zvaws lewx  lson-ny lsp (). |smw = ]
7 Ywmar lace  [o e 2 o _ P t
I10p1 104 11.4659 | 10.4669 | 4.6809 [ I
2541 100 - 8,6352 . | 7.882% 3.5253 | 6
P3sus  jaon 12.7554 }11.4088 |8.7044 |5
Isnpl 3 .1ﬁ§ '13.2877 | 12.1026% | 5.4124 | &
10047 r' 97 10.9179 9.9666 | 4.4572 _ls I
vsopk " | 96 13,2778 1 12.1209 |s.4206: |s
20061 90 33,0237 | 30.1454 | 13.2815 |6
300ul 76 36.1866 | 32.3394 |16.1697 |5
) DATA FROM PIGURE 4.12 o
. i “
5 |
il 7 ‘




FIBRINGGEN (% OF CONFROL) .

=09 NUAN POTAL MINIMOM
X-DRTA 103.3282 920 0 I
Y~DATA 80.8000 } v27.2000 18.4 o

S L A P

N =9 MAXIMUM 8D (N-1) |sp (M) |BEM h
X-~DATA 350 1147854 | 108.2207  |3s.3638 |
Y~DATA | 200 18.9276 17.8451__ |6.302 |

P ot e~ s "

LINEAR REGRESEION OF ¥ ON X

= -0,162R05
Y-Intaeraept - 97.4422
x’Im‘mt II\ = 598- 523 0
XY Corrvelatlion - -0.987322
(Correlation)2 -~

'0,9?4804

AREA UNDER THE CURVE

Trapexoidal
start~-Rectangular
End-Rectangular

24202,.%0
26797
21608

DATA FROM FIGURE 4.12




PROTEIN C (% OF CONTROL)

.
Isrb 1 ] 3 4 5 6 7
NEar [~ 100 100 100 100 '100 100 I
EL 116 88 84 72 98 84
251 |- 82 95 50 i 65 73 63 i
aspl | - 103 - 67 63 68 69 I
souul | - 87 98 - 50 72 60 66 ]
10081 | - 86 78 70 71 64 63 I
150ul | - 79 98 64 60 66 57 I
¥ 200u) |~ 50 79 60 75 61 43
3s0pl | - - 28 27 45 33 19 I

P

i

it
L

DATA FROM FIGURE 4.13

e




2

PROTEIN C (% OF CONTROL)

Ix vacos {YMEAN Y TOTAL L
f near 100 800

104ul | 50.3233 542

25uul 73.3. "7 439

3540l 74 370

sopul 72.1667 433 )
] 100u1 72 432 63

15041 70.6667 424 57

200uul 61.333 368 43

35041 _' 4_30.400_ 182 1 l
Ix VALUR | ¥ MAX 8D (n-1) | 8D (n) SEM NO | I
{xear | 160 0 1o o & |
j 10p1 116 15,0953 | 13.7800 | 6.1626 s I

asul - |98 13.2878 | 12.1301 | 5.4247 6

asul 13103 16.3707 | 14,6424 | 7.3212 5 .

Boul | 98 17.690% | 36.1495 |7.2223 |6

10041 86 8.7407 7.9791 | 3.5684 & {

15041 98 15.3840 | 14,0436 |6.2805 |6

20041 79 13.8948 | 12.6842 |5.6728 |6

| 35001 45 ]s.me12 8.5697 ! 4.2849 5 .

DATA FROM FIGURE 4.13




e

S S SR ~i‘m¥m‘_~:=‘.} e T <

PROTEIN C (3 OF CONTROT)

0300 P
IN = 9 : NEAN : TOTAL:

| x-para 102.2222 920

I Y~DATA | 71,5630 644.0667 |

p—
8D (N-1) . Isp () = |sEm I
114.7854 108,2207 38.2618
19.2678 18,1656 6.4235 I

LINEAR RECGRESSION OF Y ON X

Blope of Line ' ~0.153696
¥-Intercapt ;- . 87.3741
X~Intarcept 2 567.8355
XY Correlation ~0.915638
{Correlation)2 0.838394

Trapazoldal ’ 21360.83
Start-Rectangular 24138.33
End-Rectangular 18583.33

DATA FROM FIGURE 4.13




Inxar
10 pl
25 pl
35 pl {43

|5oﬁ1 42

{10001 | 32.5

15041 | 42

200ul | 61.1

asopl |- 1~

DATA FROM FIGURE 4.14




¥ MEAN

34,7388

35.1429

34,5286

36.2333

] 36.1

38.3143

| 46.1571
72,9286

120

8D (n-1

8D (n)

)
8EM

1.7661

) ;

1.635)

0.667516

2.9679

1.23116

3.3056
' 2.6862

2.4869

1.01583

| 3.9429

3.5994

1.,6097

125971

2.6822

1.095%0

4.1459

3.8383

1.5670

5.1781

4,7940

1.9571

14.1438

15.34588

w] ] = [ N s 1 i)

0

13.0948

¢

DATA FROM FIGUEE 4.14

|




=9 . KBAN

TOTAL

|3rnawa 102.2232

920 0

Iz~nama' | BO.4593
N=9 |MaxIvom = (s (¥-1) | 8D (N) SEM I

£54.1333

34.5286

114.7854 1 108.2207

38.2618

Slope of line
Y-In
X-Intsrospt
XY Correlation
(Corralation)2

AREA UNDER CURVE
Trapesoidal

Btart~Rectangulay
End-Rectangular

28,8340 '37.1849%9

LINEAR REGHESBION OF Y ON X

0.239134
26.0145
~-108.7865
0.951968
0.906244

43187.13
18731.07
A7643.19

DATA FROM FIGURE 4.14

9.6113




— . ‘;_ i_ ) o _f 

103.2222 {930 o
| 50.4593 454.1333 34.5286

In = 9 MAXIMOM 8D (N-1) 8D (W) sm _
1 114.7884 108 « 2207 38.2618
1 28.8340 27.1849 9.6113

LINBAR RECHBBSION OP ¥ ON X

Slope of lline ] 0.239134
Y-Inks =  286.0145
X-Interoept - ~108.7865
XY Correlation - 0.951968
{Correlation)a = . 0.906244
AREAM UNDER CURVE
Trapagoidal - 21187.13
vtart- lar - 18731.67
End- ar - 27643.19

DATA FROM FIGURE 4.14




bamar 1.0 [1.25 [1.06 1._619, 1.02 l1.06 |12

lm pt J1.07 fa.ss fa.07 fi1.2a f1 1.05 | 1.08
a5 py |1.21 |1.46 l1.36 ja.08 J1.05 J1.06 f1.11

fas p1 [2.08 J1.31 |- 1.8 J1.00 |1.08 [2:11

bso s 1.3 [3.56 |1.29 [a.as |3 [1.16 3.1
10041 §2.12 l1.47 l2.41 1,32 l1i.06 ji.as |1.12
15041 |1.23 {1.e7 Ji.23 2,38 |13 1.8 1,37

f2oosr f1.37 [3.63 li.52 J1.39 |1.49 f1.53 |
35041 '-'-_ - 4.6¢4 |4,32 |19 |10




ST T S o,

e e g

(RERE SRS SRR IREEY DR, S, S SRS DR

X VALUE 1Y MEANW ¥ POTAL T MINIMOM
HEAT 1.0871 7461 1,02 '
10 g1 1.1314 7.92 1
25 pl 1.1629 8.14 1.05
35 u1 1.1317 6.79 1.08
| so u1 1.1886 8,32 1
|1eo-p1 1.17 18.19 1.06
'Ilso_pl __ }a1.2838 8.77%; 11.17
l 200 pl 1.6329 11,43 {1.37
! 35U Te _ 6.5680 | 32.84 - 3.68
. M -
X VALUE- | ¥ MAX 8D (n-1} { BD (n) SEM |n
foear  Ji1.25 0.076966 | 0.071257 | 0.020001 | 7"
Ilo_gl 1.53 | 0.179391 | 0.166083 | 0.067803 |7
25 pl 1.46 0.142562 ) 0.131986 | 0.0%3883 |7
35 ul 1.31 0.088863 | 0.081121 | 6.036278 | 6
50 ul 1,56 0.175350 § 0.162343 | 0.066276 |7
100 ul 1.47 0.137598 | 0.127391 | 0.052007 |7
150 ul 1.47 0.107194 | 0.099243 | 0.040515 | 7
200 ul 2.63 0.444174 | 0,411225 | 0.167882 | 7 |
350 wl 10 3.1347 | 2.8217 1.4108 5 I
i a———————

DATA FROM FIGURE 4.15




102.2322 930
Y~DATA 1.8139 | 16,3284

g

S

8D (n-1) §D (n) SEM

114.7854 108.2207 38.2618

1.7902 1.6878 0.596726
S

LINBAR REGRESSION OF Y ON X
8lopa of l.iim

- 0.013291
Y-Intercept = 0.455334
X~Intercept _ - -34.23598
XY Correlation ° = 0.852189
{Correlation)2 - 0.726228

AREA UNDER THE CURVE -
Trapezoidal =  863.9173
Start-Regtangulay = 481.94864
End-Rectangular » 1245.888

DATA FROM FIGUTE 4.15
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