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ABSTRACT

Platelet accumulation on the arterial wall has been studied
after intimal trauma in rabbits and following endarterectomy in
patients. Physical and pharmacological factors affecting deposition
at the site of arterial damage were investigated and quantified as
thrombogen1c1ty This has -been related to the degree of luminal
narrowing measured in pat1ents by non- 1nvas1ve ultrasound one year
after surgery.

_ A model of intimal trauma was ‘developed in the carotid artery of
rabbits to simulate endarterectomy. Radiolabelled platelet
accumutlation was consistently higher in the damaged artery when
compared to control vessels. Platelet deposition at the site of
injury was significantly reduced by platelet inhibitory therapy.

Autologous 111lIndium labelled platelet uptake was measured over
3 days in patients following carotid endarterectomy and expressed as
Thrombogenicity Index. Postoperative platelet accumulation was
reliably demonstrated by gamma camera imaging but was not identified
by probe counting. Platelet uptake over the endarterectomy had
resolved by 2 months after surgery which suggests endothelial
: hea11ng

Factors influencing platelet kinetics were investigated
following endarterectomy. The rate of carotid platelet accumulation
was significantly reduced in patients receiving platelet inhibitory
therapy, compared to untreated controls. Patch repair of the
endarterectomy statistically increased postoperative thrombogen1c1ty
in contrast to direct suture of the arteriotomy.

In a retrospect1ve study the 1nc1dence of restenosis fo]]owing
carotid endarterectomy was assessed using non-invasive Doppler
ultrasound. Significant restenos1s, of greater than 50% diameter
reduction, was identified in 13% of patients, however, only one s1xth
of these deve]oped recurrent symptoms of cerebrovascular
“insufficiency. Predisposing factors to restenosis were not
~ identified. S o ’ v

Early postoperative carotid platelet accumulation was correlated
- to the subsequent development of Tuminal narrowing and restenosis in
a prospective study. The relationship between platelet deposition ‘
and subsequent restenosis was established. Luminal narrowing was
significantly greater in pat1ents with h1gh postoperat1ve carotid
thrombogen1c1ty. .
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SECTION I  INTRODUCTION

Chapter 1

Carotid'Endarterectomy in the Treatmeht of Extra-cranial

Arterial Disease
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1.1 Atheroma in the Carotid Artery

The clinical and,pathologicalvfeatures of carotid artery
atherosclerosis have been recogniSed for more than one hundred years.
'Iﬁ'1856, William Savory described the case of é 22 year old woman who
$uffered mondcu1ar'vfsua1 digturbancés with episodic contralateral
tranéieht hemiparesis. She was found at post mortem to have both
‘upperAlimb‘and cerebral arterial 1nsﬁfficien¢y (Savory 1856).
F61lowing this discovery; Penzoldt reported a case of §udden right
"~ sided b]ihdness fo]]owed by dense left hemiplegia. Autopsy révealed
compiefe thrombotic o¢c1usion of the right internal carotid artery

with right sided cerebral softening (Penzo]dt 1881).

_'-Further‘understanding of the pathophysiology onCerebro—vascular ,
‘;disease came from Chiari,vwho demonstrated non-occlusive thrombus on
atheroSc]erotic,p]adues in the carotid artery, in seven cases out of
- a series of 400}consecutive pdstmortem examinations (Chiari 1905).
He idenfified'embo1i in the cerebral vasculature causing
encepha]oma]écia and noted that in the ébsence of significant
.atheromatou; changes in the aorta}énd arch vessels, the carotid
bifurcation was a likely source'of'these thfombi (Gunning et al

1964).

In 1914, Ramsay Hunt described 2 cases of traumatic carotid "
thrombosis with hemiparesisAand related the reduction in the
pulsation of the carotid artery in the neck to the ipsilateral

“softening of the brain".‘.In further observatfons on cerebrovascular
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disease he described areas of cerebral infarction corresponding to
the distal portion of the arterial tree, "where the circulation is
weakest", but also identified isolated lesions in the region of the

central gang11a which he attributed to embolisation (Hunt 1914).

' Reports,of-post mortemvfindihgs of interqal carotid artery
'occ1usion continued until 1937, when Moﬁiz'desgribed this phenomenon’
in 4 patients using thé new technique'of cérebral arteriography.

- This brought theicondition to the attention of the c]iﬁicians (Moniz,
Lima & de Lacerda 1937)."By 1943, André]] had~c011ected‘rep6rts of
23 casés of éarotid‘thrombosis, diagnosed by angiography; and added 9:
cases of his own (Andre11 1943). 'A,yeaf'éar11er'Hu1tquist had
published a definitive monograph on the pathological findings in the‘
‘carotid system in 1400 post mortem examindtions. He found evidence
of thrombb-embo1ic disease in 3%‘ahd described in detail the location
of the carotid arterial lesions showing the reSd]t&nt changes'in the -
brain. He cbhc]uded,that embolisation was mobe cdmmon than indicated

by‘the sporadic reports of the time (Hultquist 1942)._ ,

It was Ffsher's review of 1951 which stimulated most interest in
the subjetf of thromboembo]iém. DiSregardfng»the theOny,that
thrombosis of the middle cerebra] artery accounted for the majbrity
of cases of étroke, he examined more proximal structures. After
excluding embO]i from the pulmonary veins, 1§ft’heart, and‘ascendihg
~aorta, he concentrated’on the carotid értefies (Fisher 1951). He

suggested that internal carotid artery occlusion was far more common
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than was previous]y'thpught‘énd thatbthe underlying process was
'atherosc1erosis; He described hemiplegia, preceded by transient
para]ysis, aphasia end b]indneSs, and finally forged thellink betWeen
cerebral embolism and the "thrombotic material lying in the carotid
sindsﬁ; He not on]y'described‘the pathological pbocess on which the
~ subsequent surgica]ltreatment of exfra cranial carotid arterial
disease wbu]d be based but.suggested; "It is'eyen conceivable that.
Some day.vascular surgery wi]lAfind a way to bypass the occluded
portion of the artery‘durihg'the period of ominous fleeting symptoms.
Anastamosis of the external carotid akteky or one of jts brancheek
ewith the internai cerotid artery ab0ve'the area of harrdwing ehou1d

be feasible".

Subsequent]y Fisher stressed the importanceYOf carotid atherbma
vin the aetiology of transient cerébré] ischaemia and made the
dietinction befween carotid tefritory and vertebrb—basi]ar attacks
(Fisher & Cameron 1953). In 1951, Denny;Brown had suggested that
transient ischaemic attacks were caused by episodic hypotension -
assotfated‘with_carotid disease, howeVer,Mil]ikan,jéhd_eventua]]y
Fisher,.supported the theory of”embolisation from mural thrombus on
atheromatous pTaque_in the carotid arteries (Dennnyrown 1951;' |
Millikan, Siekert & Shick 1955; Fishef.1959). Platelet thrombi and
fragments of atheromatous p)aqee‘were visualised in the retinal
arteries (Russe11v196]; Russell 1963) and it was confirmed in a
patho]ogica]Astudy that these emboli were made up of platelets
(McBrien et al 1963). |
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1.2 Endarterectomy

The technique of thromboendarterectomy was first reported by Cid
- dos  Santos in 1947 é]though arterial thrombectomy had previously been
describéd by Delbet (dos Sahtds 1947; Delbet 1906). It was dos vb
Santos who realised that the success of this proéedure required that
~ the plane of dissection be in the media of the arterial waTT,.
‘remoying both the QVerlying thrombus and the atheromatous tissue in
‘the intimal 1éyer. It Was.first appiiéd to the abdominal aorta and
involved extensive exposure of fhegaorto-i]iéc and femoral arteries
with excision of the occlusive lesion (Leriche & Kunlin 1947). ‘Fivé
“yeafs Tater Wylie reported a series of»25 patients in whom succeséfull
aorto-iliac or aorto-femoral endérterectomy had been'perfdrmed SO
pfoving that disobTiteratiQh of the major artefies was possfb]e

'(Nylie 1952).

1.3 Carotid Endarterectomy

.The_first retorded,operations‘on the carotid artery are thbse of
1igation and thn Abernathy is thbdght'to héVe performed one of the
~earliest of these procedures for~h§ém0rrhége in 1798 (Hamby 1952).
Sir Ast1éy‘Coober ligated the chmon carotid arfeny for aneurysm in ’
1805'(Cooper 1836), Travers tied the éarotid artéry for carotid-
CéVernous fistula in 1809 and Hors1ey-perf0fmed 1igétion for

intracranial aneurysm in 1855 (Thompson 1983).

By 1951 when Fisher published his report on internal carotid

artery atheroma, no effective prdcedure had been accepted in the
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‘treatment of patients with thromboembolic disease. Sporadic reporté
ofAexcision of the carotid artery with ligation had not been
succeésfu] (Krayenbuhl & Weber 1944).. A]thodgh it had been suggested
that periarterialbor cervical sympathectomy had improved cases of
cerebral éndarteritisbob1iterans, surgery héd justifiably not'been
accepted (Foeréter & Guttman 1933). Fisher had 1mp11ed”that
pro]onged anticoagu]ationvmfght‘a11ow the diseased artery to undergo
re-endothelia]iéétion, however he also suggested that surgeny might

be the treatment of choice (Fisher 1951).

1.3.1 The Deve]opment of Carotid Endarterectomy

After successful thrombOendakterectomy in,the aorto;i1iac
segment and following Fisher's suggestions,'thére fo]lowed‘a series
of reports on carotid artery surgery. In 1951,'Carrea performed the
foperation first suggested by Fisher, anastdmosihg the external
* carotid to distal internal carotid, so bypassing the site.bf

thrombosis (Carrea, Molins & Myrphy 1955). In 1953, Strui]y réported
an unsuccessful endarterectomy in a patient with carotid occiusion
(Strully, Herwitt &.Blackenburg 1953) however the first successful
:carotid~thromboendartekectomy was performed by DeBakey on 7th August
11953, but was not reported until 20 years later (DeBakey 1975). This
vwas carriéd out on a 53 year old man who presented with recurrent
weakness of‘the arm andvleg and was found to have complete’otclusion
of the internal carotid artery.' The,followihg‘year, Eastcott,
Pickekingvand Robb gave greatest impetus to the development of

carotid Surgery when théy described the successful treatment of a 66
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year old woman, with intermittent attacks of hemiplegia. By excising
a partially thrombosed segment of common and internal carotid artery,
they effected repair by end tO'endvanastomosis (Eastcott, Pickering &

“Rob 1954).

A]thohgh thfbmboendarterectomy of the ofigin 6f the internal
carotid aktery is no longer performéd in patients with complete
carotid'thrombosis, it has come'to be regardéd as the operation of
choice in the surgicai trea£ment of non-occlusive carotid: |

atherosclerosis.

1.3.ii Carotid Endafterecfomy: Current Techniques'

" In the 30 years that have elapsed sihce’these}eér]y prdcédures,
there have been considerable advances ih dperative techniques; |
.instrumentatibn and suture matefia]s. However the principle of the
operation remains the'same, to remove the atheromatous plaque which
is causing either.haemddynamically significaht stenosis or is the -
source of emboli. In this respect Tittle hasvchanged since the fir;t
| cakotid thrombbendérterectomy wds performed in 1953 and the operative
techhique has been described in'détail (Thompson & Talkington 1982;.
" Greenhalgh 1984). |

' Under general anaesthesia an oblique incision is made over the
anterior. border of sternomastoid and the carotid bifurcation is
f  exposed. The common carotid artery is mobilised proximally to the

level of the omohyoid and the internal carotid distally to the
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posterior belly of digastric, which Can'berdivided for additional
'_exposure. Care is taken not to damage the hypoglossal, vagus,
superior laryngeal or glossopharyngeal nervesvand during‘mobilisation
the artery must be handled gently, to avoid embo]isatioh of loose
vathefomatous.materia1»or thrombus; "Each of the three vessels is
control]ed by slings and after hepariniéation the arteries are
occluded with vascular clamps. An arteriotomy is made from the
common carotidbinto the internal carotid reaching distally beyond the
the plaque to visua1ise the entire endarterectdmy'segmenf. ;Depending'
on the measurement 6f,the internal carotid stump pressufe, an intra-
luminal shuﬁt may then be placed to maintain cerebral b]ood flow for
the duration.of carotid clamping. Endarterectomy is.performed‘in the
aﬁproﬁriate p1ane of the‘media starting in the common cardtid artery
and the b]aque is divided transversely at the‘proximal extent of the}
diésection (P1ate 1;1). The p1aﬁe is developed to the origin of the
external carotid artery and into the internal carotid where the
-dista] margin of the plaque usually tears off smdoth1y to leave a
“satisfactory endpoint (Plate 1.2). It is imperative to see this |
endpoint clearly, as the‘intima may have to be secured with tacking
sutures to prevent dissection. Aftér reho?ing ény debris from thé
arterial wall, the érteriotomy is closed with a 6.0 polypropolene
| v‘sutUre and the shunt removed before the final few stitches are
placed. The vessels are flushed and the internal carotid allowed to
'baék-bleed to remove loose thrombus'before reclamping. Biood flow is

first restored to the external carotid, preventing any air from
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embo]isfng to the brain and finally the internal carotid clamp is

released.

In'ordér fo ehsu?e'a satisfactory endarterectomy, operativé
-arteriography may be performed to visualise technical defects of
intimal flap or diSsectjon (Rosental, Gaspar & Movius 1973).
Altehnativéiy the proXimaT ahd dista1'1imit§ of the endarterectomy
may be v1sua11sed directly by angioscopy pr1or to f1na1 c]osure of

" the arter1otomy (Towne & Bernhard 1977)

In'thosé’cases where the internal carotid artery is narrow and
direct suture may produce stenosis, the arteriotomy can be closed by
“patch angioplasty using either autogenous vein or prosthetic graft

(Katz et al 1987; Deriu et al 1984).

Cerebra] prbtéction during carotfd cfoss-cTamping hés been
}practicéd since the ear]iést'days of carotid ‘surgery and originaT]y
system1c hypotherm1a was used to prevent 1schaem1c damage (Eastcott
et al 1954).. This has since been rep]aced by intra luminal shunt1ng
wh{chfcan be inserted routinely (Javid et al 1979; Browse & Ross N
Russell 1984) or selectively in caSes»wheré there is fisk of'cerebré1
, isChaemia,-onvthe grounds'of poor éo]]aterali@ircu]ation around thé

circle of Willis (Moore, Yee & Hall 1973).

- After satisfactory haemostasis the wound is closed in layers

with suction drainage for thevfirst 24 hours. The patient is
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returned to the intensive care unit for close monitoring of
neurological and cardiovascular status and can be transferred to the

ward after 24 or 48 hours.

v1,3.iii Carotid Endarterectomy: Current Applications

'Cerebrovascu1ar disease affects approximately one third of the
adult population and stroke is theithird,commonest cause -of death in
the western wqr]d. "This accounts for 11% of all adult horta]ify ih
Great Britain (Haberman; Capi]deo}& Clifford Rose 1981); In the
Uni ted States, stroke’has been estimated to cost $7 bij]ion annually
’_ iﬁymedica] treatment and time lost from wbrk (Powers & Raiéh]é 1984);
Stroke is bohmon1y caused by Cérebrai infarction due to éither
haemorrhage of thrombosis and up tb 70% of patients are found to have
significant carotid artery disease‘(Hass‘et al 1968). Better control
of hypertensibn has Towered the incidencé of cerebral haemorrhage’
therefore raising the'proportion of stéokes produced by
thromboembo11sm (Garaway;‘Whiénantv& Drury 1983). Déspite improved
understanding of the pathophysiology there has been_]itt]e change in.
the proghbsis Ofvpatients who suffer'compléted stroke.' There is a
50% mortality fn patientsbadmitted to hospital with stroke and over
- 60% of the.4 week survivors will die during the hext 5 years from:
either ischaemic heérf disease‘or recurrent stroké (Marquardsen
1976)._ 0f those survivors, 25% wi]] be inva]ided’and'require nursing
caré, 60% will have either moderate or mild permenaht disaﬁilfty ahd
only 15% will fecover’to the degree that they can refukn to their

pre-stroke aétivities or employment (Marquardsen 1983).
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The role of extra-cranial atherosclerosis as a cause of stroke
has been increasihg]y recognised and the value of carotid surgery in
preventing stroke has been assessed in three’groups of patients.
These are asymptomatic carotid disease, those with symtoms ofv
transient is¢haemic attacks and patients who have already suffered a

- completed stroke.

Asymptomaticvcarotid.diseaSe

Studiesiof patients with asjmﬁtdmatfc cervical bruitvihditated
~an increased fisk}of stfoke at 14% over 6 years, compared to 3;4% in
a:simi1arvgroup without bruit (Heyman et a1‘1980). There was no
' COrré1étion between the side of the bruit énd the area of subsequent
cékebra] infarction and cervical bruit could only be regarded as a -

ISign of severe widespread atherosc]erosis_(wolf et al 1981).

Whether or not:stroke'is sufficiently more common in patients‘
‘With asymptomatic'tarbtid disease toijStify any form of treatment
remains contraversia1 (Fields 1978§ Mohr 1982). Prbponents of -
prophylactic endarterettomy recommend this as a low risk procedure
ahd a study, with follow up to 10'years, tompared'an overall |
periopéfativé and postoperétive stroke rate of 5% in'patients treated
by endarterectomy,'to 17.4% fn a grbup of unoperated controls
(Thompsoh, Patman & Talkington 1978). Simi]arly Burke reportéd é Tow
’ cdmbined perioperative and posfopeﬁative‘stfoke rate of 4%, but found
a high incidence of postoperative cardiac’ events (40%) iﬁ patients

with signifitant cardiac risk factors (Burke, Callow & 0'Donnell
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1982). This implied that significant cardiac morbidity may outweigh
the long term benefit of stroke prophylaxis in this group of

patients.

Sﬁroke»prophyTaxis in asymptoéatic carotid disease was éxamined
by Chambers & Norris (1984). Assuming a two thirds reduction in
~ stroke risk reported by the Arterial Occlusion Joint Study (Fields et
~al 1970) and a perioperative stroke rate‘of 1.5%, a break even point
between_surgica11y and medica]ly tfeated patients is feached'at 13
months. This is true when stroke}is considered as the only endpoint
but if stroke énd death are considered together,‘the benefit of
surgery is not seen until 28 months. This rationale depends on a
combined perioperative stroke rate and mofta1ity of 3% in |

asymptomatic patients (Thompson et al 1978). In other centres

perioperative comp]ication rates héve beeh qudted at 11% and 21%
(Brott & Thalinger 1983; Easton & Sherman 1977); This a]teré stroke
prophylaxis such‘that a 15% perioperatjve morbidity would increase
- the interval to the break éven'point to more than 4 years before the

“benefits of subgery would be apparent (Chambers & Norris 1984).

These resu]ts_advocate a conservative approach to asymptomatic

- carotid disease and patients with cervical bruit, endorsed by E]lis &
Greenhalgh (1987). In a study cohparing bruit patients with'age and

- sex matched controls, they recorded a significantly highér rate of

“transient ischaemic attacks at 26.5% in bruit patientsvcompaked to 6%

in controls over 5 years. The rate of stroke, without anticedent
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TIA, was 9% in bruit patients and 8% in controls. This would suggest
‘that,it is appropriate to wait for the onset of symptoms before

considering surgery.

Transient ischaemic attacks
The case for surgery is more widely accepted in patients

suffering transient ischaemfc attacks (TIA) as the risk of stroke is
far‘higer than in‘those nith asymptomatic disease. The overall
incidence 6f stroke fo]]owfng TIA has~been‘reported by various
authors at 36%, 22% and 12% at 3 years after the onset of symptoms -
(Siekert,'Whisnant & Mi]]ikan 1963; Baker,’Ramseyer'& Schwartz 1968;
Fields‘et al 1970). Tne Mayo Clinic reported a stroke rate of 45%
~over 5 years in untreated TIA patientsvand although this‘improved to
24% with enticoagulants, it never approached the 5% stroke rate in an
age natched population over the same period (Whisnant, Matsumoto &
Elveback 1973).‘,In a further study, anticoagulants appeared to |
reduce the recurnence of TIA but did not‘affect the incidence of

stroke recorded at 5%'per year (Toole et al 1975).

"The results of medieal thekapy were comparable‘to the early
'eresu1ts of surgery nhen endarterectomy produced a significant rate df
postoperative neurolegical deficit. In a series'of.patients who had
i carotid surgery between 1958 and 1963,'edmbined perioperative and
-postbperdtive comp]icetions Were identified in 26% of patients
followed up for 5 to 9 years (Edwards,’wflson & Bennett 1968).

However more recent series have been reported with an operative

]
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morbidity and mortality of less than 5 percent (Javid et al 1979;
Thompson‘1980; Browée & Ross Russe11 1984). In order to compare
“medical and surgical treatments the incidence of stroke in the years
“following sufgery must be considered;with the perioperative
neurological déficits. At 5.5 year; the 6vera11 stroke rate was 12%,
or 2% per year in operéted pafients presenting with TIA (Stewart,
Ross RusselT»& Bfowse 1986), compared with 5% per yéar'in medically

treated patients (Whisnant et al 1973).

_EstabTished stroke and progressing stroke

Cérotid endarterectomy is performed 1e§s frequently in patients
with completed stroke than for TIA according to a survey of British
~ Vascular Surgeons (Murie & Morris 1986). Ninety-six percent stated
that they would perform carotid surgeryb"often" or “"sometimes" for
TIA but only 56% of surgeonsvwould'operate'for mihor'stroke and 23%
for}éstablished stroke. Thisvreflects‘the}view that a completed
ischaemic event has occured and will not be improvéd by
revascu1arisation; Cafotid endartekectomy is perfokmed brimari]y fbr‘
fﬁe relief of.symptbms, usually TIA, and as prophylaxis against
stroke. Of all patientSAWith atherosclerotic carotid disease
surviving their initial stroke, 50% will suffer a second stroke
| within 8 years, a rate of 9% per year (Waltbn 1977; Laugton-Hewer
1983); The}risk of further stroke seems to be inverse]j fe]ated to
' ‘the Severity of the original stroke. Recurrence is rarely seeh in
patients with major neurological démage and carotid sUrgéry is‘only

| appropriate for patients with mild or moderate deficits (Marquardsen
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1983). This group of stroke patients‘has a higher operative
mortality of 6.1%, compared to 1.1% in TIA patients, but this may
reflect of the»severity of their vascular disease (Thompsoﬁ, Austin &
Patman 1970). A combined operative morbidity and morta]itj of 4.5%
and stroké rate of 1.4% per year over 5 yeafs compares favourably

with medical management (Rubin et al 1986).

Ear]y,endakterectomy for acute major stroke hadbthe highest
operative mortality as ischaemfc infarcts were thoughtvto be
converted to'haemorrhagic ]esipns foT]owingvrevascu]ariéation (Wylie,
Hein & Adams 1964). However those few patients with either cresendo
TIA or prbgressing stroke represeht a sub group which may_benefit
from sukgery. ,Medita] treatment fai]éd to'arrest the progress of
stfoke in 74% of patients with‘progressing stroke and 14% died
(Mi]]ikan 1973). In uncontrolled reports of surgica]]j treated
kpatients, strdke brogression Waé st%pped or neuko]oQica] status
imprdvéd in 70%, 91%vand 100% after emérgency.endarterectomy. |
(Mentzer et al 1981; Greenhalgh et al 1985; Goldstone & Moore 1978).
Surgery may therefbre be appropriate in thfs group which otherwise

has a poor prognosis.

1.4 | Complications Specific to Carotid Endarterectomy

1.4.i Neurological

" The most serious éomp]ication of carotidvendartereCtomy is the
occurrence or exacerbation of neurological deficits at the time of

surgery or in the éar]y postoperative period. These can be either of
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' a'tranéient'nature, resolving completely within 24 hours, or
permanent defects which 1ndicate irreversible cerebral damage (Browse
& Ross Russell 1984). The rates of perioperative stroke vary ‘v
considerably between different series. Prioleau reported 34 strokes
following 317.opera£ions and Easton described 10 strokes after 68 |
procédures to give oyera]]'stroke rates of 10.7% and 14.7%
respectively (Prioleau, A1keh'& Hairston 1977; Easton & Sherman
1977). Dé Weese identified perioperative stroke in 6% of patients
with a further 15% suffering transient deficits in’the 5 days after
sufgery (DéIWeese et al 1973). Prospective clinical studies have
shown the lowest rates of permanent'operative deficits to be. |
approximately 1%, with 2% for iranéient defects (Riqh & Hobson 1975;,
~Javid et al 1979; Browse & Ross Russell 1984). |

The endpoints defined in these series were all based on
C1fnica]1y'detected stroke and did not include the asymptomatic or
silent cérebra] infarct. ih a}study of TIA’patients, who had pre and
postoperative computerised tomographic brain scans (CT), a clinical
morbidity was identified in 4% of batients (Berguer_et al 1986). In
eachyof'theSe cases a new defect was séeh on the second CT scan. In
addition radiological evidence of cerebral infarcfion was seen in a
further 8% of othérwisé aéymptomatit patients, giving an overall

~ operative morbidity of 12% on CT assessment.

’,Perioperative'neuro]ogical deficits are caused by two distinct

mechanisms; thromboembo]ism'and cerebral ischaemia. In -order to
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avoid embolism of platelet thrombi or loose debris from necrotic °
atheromatous p]aque; careful mobilisation 6f the.carotid artery is
necessary. P]ateiet aggregates may also form during the closure of
the arteriotomy and these cah be removed by back b]eeding ahd
flushing of the endarferectomy beforeff]ow is reestablished to the
internal carotid artery (Thompson 1986).4 Cerebral ischaemia will |
occur if the collateral blood flow is insuffiiient during the period
of carotid occlusion and the regional cerebral blood flow 15 less
than 18-23 m]/lOOg/ﬁin (Sundt et al 1974). ATthough induced
hypertension and hypocapnia have been used for cerebré] protection, -
these methods haQe been replaced by the 1nsertioh of an 1ntra1umina1}

shunt (Ehrenfeld et al 1970; Hays, Levinson & Wylie 1972).

The asse§sment of collateral cerebral blood flow and the
neccessify for an intra1umfna1 shunt is measured by the response of
~certain parameters td temporary carotid occ]usfon. Changes in
neuro]dgica]’status in the conscious patient, a reductiOn in interhal
carotid artery stump pressure or alteration of the electro-
ehcépha]ogram have all been assessed as indicators of insufficient
~ cerebral blood flow (Yao & Bergen 1979?. However potential cerebral
ischaemia is identified in vafyingabroportions of patiehts byveach of
these:methods. In a series of 359 endarterectomies performed under

local anaesthesia, only 4% required an intfa]uminal shunt on the -
grands'of neUro]ogical deterioratioh fol]owihg carotid occ]usion:for
60 seConds'(Steed et'a1‘1982). Using a carotid érteryfstump préssure

of less than 50mm Hg as the critical value for shunt insertion, 100
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out of 175 cases (57%) required intra]uminai shunts (Hertzer et a]r
1978). However assessuent of cerebral ischaemia by EEG monitoring
suggested that shunts were required in 23 out of 213 cases (11%)
where 1schaem1c changes were seen on EEG trac1ngs during carotid

occ1u51on (Baker et al 1975)

Despite varying shunt p011c1es perioperative stroke has not
been seen more frequentiy 1n 1arge series of unshunted patients
"compared to those where shunts are 1nserted routinely (Baker Dorner
& Barnes 1977; Javid et al 1979). This implies that the majority of
neuro]ogica] deficits re1ated to’surgery are caused by thrombo- '
embolism rather than cerebra] ischaemia. In 345 endarterectomies _
performed w1thout a shunt under local anaesthetic the timing of
-onset of deficit was determined. Of the 21 operative neurological
- defects (6%)von1yv1,(0.3%) occurred during carotid occlusion and was o
related to cerebralkischaemia,'whi]e the other 20 were deteeted at
the time of arterial mobiiisationj c]amp re]ease or in the first 5
>postoperative days and were attributed to embo1ism or reperfu31on
injury (Steed»et al 1982). A subgroup which wou]d benefit from
‘ cerebral protection was seen in a rev1ew»of,940 unshunted carotid
procedures. Patients with a' carotid stump‘pressure’of less than 50mm
Hg and a contralateral carotid occiusion were>11 tihes more‘1ikeiy to
: suffer'peri-operative neuro]ogicai deficit than patients with a
normai pressure and a patent carotid on' the opp051te side (Baker et:

'ai 1984) This combination ofrcontra]ateral occlusion and Tow stump
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- pressure may represent a high risk subgroup which requires intra-

Tuminal bypass to avoid cerebral infarction.

1.4.ii Thrombosis B |

: A]thoUgh,thrombOSis f011owing vascu]ér reconstruction ié always
serious it may be cataStrbphic after carotidrendarterectomy. Acute
thrombosis with cardtid occlusion often results in extensive cerebral
infarction with irreversible hemiplegia. This was sgen‘after 5 out
of 326 endarterectomies (1.5%) wherevocc1usioh was confirmed at |

reoperation (Novick, Mil1i1i & Nemir 1985).

The incidence of aSymptomatic thfombosis is more difficult to
assess. Nineteen of 300 patients (6%) were thought to have
pbstoperqtive_thrombosis on routiné postoperative oculo-
plethysmography ahd 3 of these suffered fatal strokes with internal
carotid occlusion substantiated at poét mortem (Ortega et al 1981).
Occlusion was confirmed in only 7 of the remaihing 16>by either |
angiography or reoperation and aT] of these wefe asymptomatic. . In a
study of opefative angiographyg 2 out of 260 batients (0.8%) were |
'found_to have complete internal carotid occlusion after c1osﬁre of
" the érteriotomy_énd 5 more (2%) had non-ocC]usive‘thrombosis; In
each case thrombectomy was performed and none of these pétients
- suffered a heuro]ogical deficit (Rosental et al 1973). This:woqu
- suggest that‘thrombotic occlusion causes stroke in 1% of patients
after endarterectomy wfth‘asymptomatiC'occlusion occurring in a

further 2-5%.‘ Immediate post-operative thrombosis will acéount for a
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proportion of the 6% of patients found with total occlusion in late

- studies of restenosis (Glover et al 1985).

Data Qh'the pathological appearances of the arterial wall in
acute carotid thrombosis is scarce due té the few instances of this
comp1ication.' French examined 10 arteries from patients who died in
" the early postoperative'périod, finding 5 thfombosed and 5 patent
vessels. The three consistent histological features reporfed fn both
thrombosed and patent vessels were the acute inflammatory reaction,
necrosis of the media of the arterial wall and-adherent mura1
thrombus. More extehSive inflammation and medial necrosis was seen
in.those arteries with occlusive thkombus but the most intense
| inflammatory response was observed in arteriés where the greater part
of the media had been removed, leaving only a thin medial layer on

the adventitia (French & Rewcastle 1974).

1.4.1iii Cardiovascular

Myocardial infarctioh is the major cause of morbidity and
morta1ity following carotid endarterectomy and 15 more frequent than
stroke in patients with asymptomatic carotid disease (Burke et al
1982). This reflects the eldery population undergoing this procedure
~ with 80% of patients having previous history of heart disease,b
hypertension or diabetes (Whisnaht, Cartlidge & Elveback 1978).
Overa]], myocardiaj infarction was associatedeith carotid surgery in
2.3% of 683 patfents, but was confirmed‘in»4;9% ofv284 patients with

evidence of ischaemic heart disease. This contrasted with an

37



~ infarction rate of 0.5% in the remainder (Riles, Kopelman & Imperato

1979).

POstoperative hypertension is common following carotid
ehdarterectomy and is a significant cause of morbidity’(Caplan,
~Skillman & Ojemann 1978). Pre-operative hypertension is found in
| more than 50%.of_a11 patients and a_significent riSe in systo]ic
pressure, io more than 220mm Hg, waé deteeted in 19% of patienfs
(Bove, Fry & Gross 1979)., The aetio1ogy ofvaStoperative
| hypertension has been attributed to carotid sihus stimulation and
correlated with postoperative neuro1ogica1 cemp1ications (Aﬁge]l—
James &'Luh1ey 1974). Neur01091ea1 deficit was detected in 10.2% of
patients with postoperative hypertension edmpared io 3.4% fn the

normotensive group (Towne & Bernhard 1980).

1.4.iv Wound and cranial nerve

Haemorrhagic cqmp]ications occur in 3% of.cases fo1iowing
cerotid surgery although less than ha1f will 1nVo1ve the arterial
suture Tine (Nuhn 1975). The skin has a rich dermal blood supply
‘which resu1fs inemihor postoperative'b1eeding'and may be cbmpounded
by the administration 6f‘p1ate1et_inh1bitory therapy (Towne 1980).
“The dissection reeuires the division of several large veins, most
notably the anterior facial vein,‘ahd since"coﬁghing or valsalva may
cause a ligature to slip, transfixion of these vessels is recommended

(Browse & Ross Russell 1984).
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Operative damage to the cranial nerves and their branches is
recognised and ean be detected in 4-17% of cases (Towne 1980).
D1v1s1on of the greater auricular or superficial transverse cervical
| nerves is more frequent and paraesthesia is seen in up to 45% of
patients. An inappropriately high incision can endanger the
mandibular or cervical branches of the facial nerve (VII) causing

labial asymmetry (Dehn & Taylor 1983),

~Injury to the hypoglossal nerve (XII) has been feported to occur
in up to 17% of patients undergoing carotid endarterectomy and can |
result in tongue deviation, dysarthria and difficult with mastication
| (Hertzer etral 1980; De.weese,et al 1973). The‘XII nerve 15 exposed '
as it crosses‘anfero-1atefa1 to.both the external and internal
carotid arteries above the bifurcation. In order to achieve
sufficient d1sta1 exposure it may be neccessary to mobilise this
nerve. This is fac111tated by d1v1d1ng the descendens hypoglossi and
the sternomastoid branch of the external carotid artery which tethers
the nerve laterally (Verta et al 1976). The possibility of XII nerve
damage shod]d always be considered when contemplating bi]atera1‘
operation, either synchronously or as a staged procedure (Bageant,

Tondini & Lysons 1975).

Damage to the vagus nerve (X) is Tess common, however
postoperative voice changes and vocal chord pa]s1es may result from
injuries to the superior and recurrent 1aryngea1 nerves (Evans,

Mendelowitz & Liapis 1982)."The posterolateral relationship of the
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vagus nerve to the carotid artery makes it vulnerable to damage from
| arterial clamps, particularly during the insertion of an intra-

1umina1 shunt (Dehn &ATaylor 1983).

- 1.4.v Restenosis

Before the developement of non fnvasive techniques of carotid
assessment, recurrent stenosis was identified almost exclusively in
- patients with kecﬁrrence of eifher.neuro1bgicé1 symptoms or cervical
briut (Thompéon 1970); The published series of angiographic follow
~ up after cérotidvsukgery_were small with selected patients stﬁdied
"and few of these were*asymptomatic (B]aisde11,'Lim & Hall 1967;
Schutz, Fleming &‘Awekbuck 1970).

Restenosis was»first examined in a review of 1654 carotid
endarterectomies reported by Stoney and String in 1976. They
identified 32 steﬁoses in 29 patients of whbm 27 were symptomatic,
between 5 months and 13 years after surgery. Histology of the
reéected 1esiohs showed intimal fibrosis in those seen less than 2
.'years after éurgery_but later restenosis waé caused by recurrent
étherosc]érosis. ’It was this paper which promﬁted'comments from
~ Imparato, Callow and Kartchner who all suggested that symptomatic
lesions could fepresent only a small proportion of all restenoses and
that the true incidence of restenosis was unknown (Stoney & String
1976). At that time reOperation was‘beingvperformed in approximately
4%'ofipatiehts énd half of these were for asymptomatié restenbsis."

Recurrent symptomatic restenosis was found in less than 2% of

40



~ patients following carotid endarterectomy (Cossman et al 1978;

Hertzer, Martinez & Bevan 1979).

The impact of non-invasive aséesément was firét noticédvin a
study of ocu1op1ethysmography (0PG) fo]Towing endarterectomy. This
identified_festéhosis’in 12% of patients although only 1.7% were
symptomatic}(Kremen et al 197§). This‘prompted further keports”on
i this subject.ﬁsfng‘ihcreaéihgly sensitive non-invasive té;hniques.
Restenosis was found in 29 out of 199 arteriés (14.6%) examined by
OPG and phonoang1ography (Cante]mo et al 1981) Doppler spectra]
ana]ys1s 1n1t1a11y 1nd1cated restenos1s in 36% of patient studied in
~ the year after surgery (Zierler et a] 1982), however this high rate
was not confirmed at follow up beyond.lz hOnths'and may represent

either regression of disease or error in the technique.

Using the more accurdte technique of Duplex scanning, restenosis
was identified in 15% of‘pafients, although this was'judged to be
- greater than 50% of the luminal diameter in only 9% (Thomqs et al
1984). Subsequent]y restenosis ratés of between»6.7% and 22% were _
reported from major series, USing either Duplex u1trasound or digita]
subtraction ang1ography and all confirmed the prev1ous supposition
that recurrent symptomat1c restenos1s occured in on]y 1-2% of
patients (Tab]e 1.1). In contrast to the original reports of
symptomatic restehosis'with follow up éxtehding to 13 years‘(Thompson
1982),_f011ow'up in'thesé non-invasive_studies ranged»frdm only 6

“months to 4 years with a mean of less than 24 months and represented

41



Patients Restenosis %

Edwards et al 1968 e 3.2
De‘Weése etal 1968 2é7 27
Schutz et al 1970 39 5
Stonéy & String 1976 N 1654 | 1.5
Coésman et al 1978 360 _‘ | 3.6
- Hertzer et al 1979 | N .1‘.250 | | 1.04
Thomson et al 1982 1286 0.86
Thomas ét al 1984 | 257 R
~ Pierce et al 1984 139 - 6.7
--keagy et‘a_l 1985 122 : 22
C'oléan et ai 1 984 : | | | '8Vo Iy 1»2:.5
' Nicholls et al 1985 145 o 22
Glover et al 1985 | | '1‘55k . 16 )
Ackroyd et al 1986 - | 202 15

Table 1.1 Reported incidence of restenosis after -
carotid endarterectomy. Prior to the use
of non-invasive assessment, cases of
restenosis were only identified in patients

with recurrent symptoms of cerebrovascular
~ insufficiency or cervical bruit. :
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early postoperative restenosis (Pierce et al 1984; Colgan, Kingston &
Shanik 1984; Keagy et al 1984; Glover et al 1985; Nicholls et al
1985; Ackroyd, Lane & Appe]berg 1986).

Histologically, carotid restenosis may be due to recurrent
 "atheroma or intima1 hyperpiésia but the‘pathogenesis of either
process rémainé obsgure (French & Rewcastle 1977).'vTechnica1 factors
may be responsib]e‘in some cases and c1ampvdamage, intimal flaps and
failure to remove the‘distailtongué of p]aque'have all been
implicated (DePalma et al 1977; Edwards et al 1968; Javid et al
1970). |

~ The macrosc0pic»and histological differentfation between intimal

‘hyperplasia and recurrent atheroma has been described in detail
_ (Cossman et al 1978). In the postoperative period and up tov24
months after surgery the lesion is smooth, fibrous_and without.
ulceration. Microscopy reveals spindle shaped nuc1éated_ce1lsiin.a
- fibromyxomatous matkix, without the’neovasculariéation or lipid
deposition characteriétic of recukrent atheroma. Whether or not the
earTier lesion of intimal hyperplasia is a précursor of thé later
recurrent atheroma remains unanswered. There is no histo]ogicai

Asimi]afityvbetween the fibrous stroma of hyperplasia and‘the’

~ulcerating lipid jesion of atheromé (Callow 1982) and until a
trahsitiona] stagé linking the two sepérate_patho]ogica] appearances

vis identified; they must be regarded as separate entitieé.
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The role of platelets in reétenosis has not'been defined
although p1ate1et hyperaggregability was suggested as a predisposing
factor (Stoney & String 1976).- Similarly the effect of aggrégating
platelets on the exﬁosed media of the arterial wall may be |

responsib]evfor the hyperp1ést1c reaction which causes intimal

thickening and restenosié (Thomas et al 1984; Das et al 1985)

‘1.5 ‘ Measurément of Réstenosis

The measurement of restenosis of the carotid artery after
endarterectomy fortunately may utilise the same imaging techniques

"USed to define carotid disease.

1.5.9 Arteriogrdphy

Befdre‘1980, assessment of arterial stenosis was lTimited to the
oh]y effective method of radiological imaging, contrast an§iography.
" This Was performed either by direct_carotfdApuncturé or the téchnique
| of retrograde'canhulation (Stéiher et al 1984; Seldinger 1953).
Despite the excellent imageé obtafned, majof‘complicétions were seen
in approXimaté]y 1% of cases (Plate 1.3). Haemorrhage, luminal
thromboSis and,fa]seVaneurysm‘occurréd'at thé site of arterial
~puncture and 1% of patients'may‘have ah'anapha1actic reaction to the
contrast medium. In the case of cerebral angiogréphy, stroke may
result from the catheterisation of the arch‘vesse1s'(Maini, Eisenberg
& McDonald 1978). This morbidity restricted these iméging procedﬁres

to those‘patients who were Tikely to undergo surgery and there could
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be no justification to repeat conventional angiography in routine

follow up of poétoperative patients.

Digita1 Subtraction Angiography
With the exception of allergic response to radioopaque dye,

which'may occur with the injectidn of any contrast medium, thé
éomp]ications of angidgraphy'are attributébTe to the 1ntrodu;tion,
manupulafion and positioning of thévintrafarterial catheter _
(Cronquist, Efsing & Palacios:1970);b Injectioﬁ of the contrast by an
1ntravenou§>rOUtevaVOids the arterial puncture but by the time that
the bolus reaches the arterial phésevit is too dilute to give
adequate definition 6n a standard radiogkaph (Cebul &kPauTus 1986).
This problem has recént]y been'overcome‘by the use of Digital
Subtractidn Angiography (DSA) in which a radio]ogica1 image without
contrast is subtfacted from one with cohtras£ and the kesu1ting '
éngiogram impfoved by digital enhancement (Butler 1986). ’A1though
such dilute contrést may provide satisféctofy artefia] jmages in some
cases, definition sufficient for surgéry may-not be aTways be
aéhieVed in the carotid arteries (Andérson & Fischer 1985; Crocker, |
Tutton & Bowen 1986).} In this'situation intra-arteria1 cohtrast can
be introduced into the ascending aorta through a fine 5 French gauge
catheter.‘ An archlf1ush DSA may~bé performed withdut the mbrbidity
~associated with indfvidua] catheterisation of the common carotid
arteries (Plate 1.4, 1.5) (Sumner et al 1985). This technique has
been foundkto havé an accuracy of 94%, which is éomparabie_with

conventional angiography, without its complications, and is superior
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Plate 1
1.1

1.2

Endarterectomy in progress. With the intraluminal shunt
in place, the atheromatous tissue is removed with the plane

-of dissection through the media.

After endarterectomy the vessel ,wall appears smooth, but in
the absence of vascular endothelium this surface will cause
an intense thrombotic reaction. Once the endarterectomy

is closed a layer of thrombus forms which persists until

~ healing occurs with the ingrowth of intima.

1.3

1.4

1.5

Selective carotid arteriograph: a catheter is introduced into
the origin of the common carotid bifurcation and its branches.
This patient has a tight internal carotid artery stenosis which
was causing transient ischaemic attacks.'

Digital subtraction anglography obtains comparable lmages
without the morbidity of standard arteriography. This
patient has severe bilateral internal carotid artery stenosis.

_Intra-arterial DSA shows different patterns of disease with

 a deep atheromatous ulcer at the origin of the right internal

1.6

carotid artery and 2 eccentric stenoses of the proximal left
ICA. This patient had right carotid territory symptoms.

A composite image of Duplex scanning. B-mode imaging shows
the common and internal carotid arteries with stenosis at

the origin of the ICA. Doppler frequency analysis is displayed
in the lower part of the screen confirming a haemodynamlcally
significant lesion.
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to 1ntravenous DSA in-both accuracy and'the vb]ume of contrast

“injected (Re111y, Ehrenfeld & Stoney 1984).

-1.5.i1 Non invasive assessment of restenosis

~ Despite the refinements in technique and improvements in

rad1o1og1ca1 1mag1ng, arter1ography remains an invasive procedure
with an apprec1ab1e morbidity of 4% for 1ntravenous and 7% for intra-
arterial DSA (Reilly et al 1984). Assessment of the carotid

cbifurcation is required in patients with atypical symptcms pre-
operatively and for sequential follow up in the pdsfoperative‘period.
This has lead to the development df various non-invasive techniques
which assess carotid artery diseése. These investfgations utilise
both pulsed Doppler which measures blood flow and B-mode ultrasound

~ which visualises arterial stenoses and atherosc]erot1c p]aque in the

vessel wall (Strandness 1985).

A combination of these methods is preseht]y available as Duplex
~ Ultrasound (Hames et al 1985). in.these instruments real-time, B-
‘mode ultrasound and pulsed Doppler transducers are combined in the;
same probe. The pu1$ed Doppler beam is posftioned under imagiug
concro1 and frequency spectral ahaTysis'measured'at the site of
stenosis (Plate 1. 6) (Roederer et al 1983). Duplex scanning is
part1cu1ar1y appropr1ate for the ‘assessment of patients after carot1d
endarterectomy, in that it has none of the comp11cat1ons of
‘ang1ography and can be used repeatedly in the follow up period

(Nicho]ls et al 1985). Its overall accuracy of 80% and the ability
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to detect a diameter reduction of greater than 50% in 94% of cases
© Jjustifies its cIihicalbuse in the assessment of carotid restenosis

(Roederer et al 1983).

1.6 ‘Summary

Carotid endarterectomy has been performed for more than thirty
years in the treatment of patients with carotid atherosclerosis. In
‘centres with 1ow operative morbidity and-morta]ity,'the risks of
surgery are probably acceptable relative to the benefits of |
symptomatic relief’and improvement in stroke free survival,’é1though

a definitive controlled trial has yet to be perfbrmed (Warlow 1984).

Restenos1s occure in approx1mate1y 15% of patients in the first
2 years after surgery, however 1ess than 2% deve1op recurrent
neuro]og1ca1 symptoms on the side of recurrent narrowing. Elther'
conventfona] or digita] éubtractioh arteriography carries too great a
morbidity to juStify its.use for‘sequeotia1~fo1low up of these )
patients and is only 1nd1cated when deta11ed anatom1ca1 information

is requ1red before operat1on.

In order to investigate the incidence of restenosis, Dup]ex
scanning offers en,apprOpriate a]ternative for‘postoperatiVe
assesSment of the carotid bifurcation. The combination of contlnuous
wave and B- mode ultrasound has no recorded morb1d1ty and gives
_ 1nformat1on on blood flow, the anatom1ca1 structure of the arteriol

- wall and plaque morphology.
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Chapter 2

" Platelets, Thrombosis and Intimal Hyperplasia
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2.1  Platelets and the arterial wall

The function and morphology of p]dtelets,and their relationship
with the structure of the arterial wall is consideked before
examining the interaction of platelets with the carotid artery

| following endarterectomy. -

2.1.i  The Platelet N

Platelets are derived from megakarydcytes by endomitosis and
cieaving of the cytoplasm (PenithOn, Streatfie]d & Roxburgh 1976).
In méﬁ the platelet cbﬁnt is norma]]y_maiﬁtafned between 250 and 450
x 109/1 and at any time approximéte]y 20% of the_p]éte]et pob] is
he]drwithin°the spléen,'where it is fhought that the mbke active and
older platelets are removed from the circulation (Penny, Rdzenberg &

Firkin 1966).

The piatelet is disc shapéd, measures 2-4umvih diameter and is

' approXimate]yylum in'thicknéss. Both gfénu]es and vesicles within
the cytoplasm have been demonstrdted by electron microstopy. The
Qesicles contain 1iposoma1'hydrolytic enzymes (Bentfeld & Bainton
1975) and the granules can be divided into dense bodies and a]pha»

- granules (White 1974; Gordon & Milner 1976). Adenosine diphosphate,
adenosine‘triphosphéte, serotonin and calcium have been identified in
the dense bodies (Weiss 1975a; Weiss 1975b) whilst alpha granules are
thought to store platelet factor 4, beta- -thromboglobulin and p1ate1et‘

~derived growth factor (Weiss et al 1977).
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The two major functions attributed to the platelet
are to support the integrity and physiology of the vessel wall and to

participate in thrombosis and haemostasis (Firkin 1984).

2.1.1 Arterial wall

Arteries are‘ﬁade up of the three concentric layers of intima,

: media_and adventitia (Fig 2.1). Separating these layers afe the
internal elastic lamina between the intima and media, and the
‘external elastic lamina between the media and adventitia. The intima
consists of two layers, endothelium and subendothelium which contain
smooth muscle cells (French 1971). The media is composed of smooth -
muscle, collagen and elastic fibres which respond to the mechanical
demands made on’the vessel and allow a uniform distribution of |

" tension throughout the wall (wolihsky & Glagov 1964). The adventitia
consists of a 1oose arrangement of connective tissue containing vasa
vasorum, lymphatics and herve fibfés which are in contact with‘the

surrounding tissues (Woolf 1982).

The endothelium 1ining the intima constitutes the first site of
contact betweén blood and the vessel wall. This mono]ayer’of‘
f]atténed cells has been described as the‘guardian of the smooth
muscie}ceils of the intima (McMilian 1978). Arterial endothelium is
‘seiectively permeable to allow diffusion of nutrients (Landis‘1927)
butvaSt also maintain a non-thrombogenic surface in order to prevent

platelet acculumation (Mason et al 1977).
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Adventitia

Endothelium

Basement membrane
Lamina propria

- = Smooth muscle cells

- Collagen
- Matrix

Intemal elastic membrane

Muscle and elastic tissue

External elastic membrane

Figure 2.1 = The arterial wall consists of concentric layers
of connective tissue and smooth muscle cells

which are separated from blood by the vascular
‘endothelium.



Although both endothe]ia]'ce11»membrane glycoproteins and cell
wall surface charge may play a passive role in the repulsion of
platelets, it is the secretion of 1oca11y active hormones that are
thought to be responsible fqr ahtithrombotic activity (Risbérg,
Peterson & Zettergrén 1975). Theése 1nc1ude'p]aémﬂégen'activator and
throhbin‘binding-substance (Aubrey, Hoak & Owén 1979), however the
'Vpulmonary endothe]ium femovés.many of these vasoactive substances
ffom fhe circulation (Vane 1969). The platelet inhibitory actiyity
of the vascu]ak wall is thought to be mainly effected by‘the release
of prostacyclin (PGIZ), which WaS'récognised in 1976 (Moncada et al

1976; Moncada 1982).

2.1.ii1 Arachidonic acid metabolism

'Aréchidonic acid:(Eicosa - 5,8,11,14 - tetraenoic acid) is a
po]yﬁnéaturated fatty acid. It is the precursbr of all;binenoic
prostag1ahdihs and is 1iberated'fhom membréne phospholipfds by the
éctfbn of phospholipases (Vonkeman &'van‘DOrp 1968§. The enzynme
~ cyclo-oxygenase (prostaglandinvsynthetase) metabo]ises'afachidonic
acid into the prdstag]andin ehdoperoxide PGG2 and subsequently to the
~stable compounds PGEp, PGFp5 and PGD2 vié'the intermediate PHG2

(Fig 2.2) (Hamberg & Sanuelson 1974). -

However in platelets an unstable intermediate product,
thromboxane A2 was identified (Hamberg, Svensson & Samuelsson 1975)
which was found to be identical to aorta contractile substance (Vane

11969).  Thromboxane Ap (TxAp), which has a half life of only 30
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Figure 2.2 Arachidomic acid metabolism in vascular
endothelium and: platelets.



seconds, is a potent vasoconstrictor and platelet activating agent
(Gorman et al 1977) and is converted to the stable thromboxane B2
(TxB2), which may be assayed in serum and urine (Hamberg et,é]

1975).

In the vascular endbthe]ium, prostacyclin synthetase converts
anti—éggregatdny‘PGHg into the unstable product PGI, which is known
as prostacyc]ih (Mohcadavet al 1976§. This conversion can occuf}from
‘_both endogenous and exogenous platelet derived endoperdxide (Mdncada
& Vane 1978). A1ternétive1y the prostaglandin endoperoxides may be -
convefted to‘efcosahoids via the 5- or 12- Tipoxygenases (Moncada
1982), or into leukotrienes which are found in leucocytes (Murphy,

- Hammarstrom & Samﬁe]sson 1979). Eicosanoids may be related td slow
reacting substahce detected in immediate'hypersensitivity reactions_‘

(Austen 1978). ',

While cyc]o-oxygenase is found ih all cei]s except erythrocytes,
1ipoxygenasé§'have been identified only in platelets, lungs, white
cells, blood vessels and epicardium. However prostacyCIin synthetaée
 is thought to be.pfeSent solely in'vaécu]ar endothelium (Vane, |
Bunting & Moncada 1982; Moncada-et al i976). Prostacyclin hés a ha1f
jife of about 3 minutes and is the most potent‘endogenous p1até1et“

inhibitor known (Whittle, Moncada & Vane 1978; Vane 1982).
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2.2 Platelet Involvement in Thnombosis and Coagulation
'Norma1 haemostasié depends on interaction between the vessel
wall, p]ételéts and clottingrfactors (Johnson 1971). Vessel wall
injury releases tfssue thnombqpiastin‘which activates prothrombin.
This synthesises thrombin which causes p]ate]et activation and
adhesion to the damaged vessel wall (Mustard, Packham & Kinlough-
Rathbone 1981). Piate]et activation is associated with rapid

extension of_pseudopodia and a change from disc to a spherical shape

(Schick 1979).

AT] aggregating agents in adeqUate concentrations cén cause the
platelet to release arncnidonic acid by thé action of phospho]ipaserA
on phosphblipid in the p]ate]et membrane. In tne presence of cyc]o-_
oxygenase this leads td the formation of thromboxane Ap (Marcus
1982). Different concentrations of activating agents producé two
disfinct phases of aggregafion. In response to 1ow‘concentrations of
ADP, phase I aggregation occurs withou£ granule éécretion; effected
by fibrinogen éross—]inking of platelets (Polley et al 1981). This
is reversible although platelets become refractory to subsequent
exposure to ADP (Mi]]é 1981). Phase II aggregation occurs with
higher concentrations of aggregants and follows the release of the »
aggregatory products ADP, 5-HT (serotonin) and von Willebrand factor
| fndm the densé bodies (Zucker & Nachmian 1985). In these
circumstances aggrégation is inreversib]e and_degranu1étion océurs
- with the re]eése of ADP and TxAg which}perpetuates the process

(Mustard et al 1981).
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The rélease reaction is'effected»by high levels of platelet
icytop]asmic ca]ciumkfnja response to TxAg;'which stimulates calcium
ion transport across membranes and increases calcium flux from the
dense ‘tubular system into the cytoplasm (Gerrard, Peterson & White
1981). Platelet activation is accompanied by change in the
intracellular diétribution of cajcium and a rise in cyclic GMP but
‘notr3-5-cyc1ic adenoSiné monophosphate (cyélic AMP) (Gérrard et al
‘1977). ConVerse]y, thé prostaglandins which inhibit p]ateiet
aggregation éctivate adeny1 cyé]ase with incredsed‘prOduction of

intracellular cyclic AMP (Holmson & Karpatkin 1983).

‘ 'Although thrombus normally consists of fibrin, platelets and
enmeshed réa and white cells, b]ood'coagu1étion’may proceed in the
“absence of’plateTets. _Phospholipids in’intaCt platelet membranes
haVe been found to accelerate coagulation due to platelet factok-3
activity (Mafcus‘1967) and the rate of conversion of profhrombin to
~ thrombin is increased in the presence of a platelet membrane receptor
for an activated,form of factor V (Tracy et al 1980). Clot:
retraction occurs‘only in the presence of platelets, possib1y
involving the interaction of platelet membranes with ffbrin starch
and the platelet actinomyosin cohtracti]e meéhanism (Cohen et al
.-1979). Other pathways have been proposed, 1n¢1uding ADP-induced
factor XII activatiqn, but the~phy§io]ogica1 significance of these in

vitro observations remains to be determined (Walsh 1979).
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,2.2.i Hormonal regulation of’p1ate1et activity .

The positive feedback effect of ADP.causing further platelet

 aggregation wou1d continue if unoppdsed. ‘Vascular endothelium

synthesises prostacyc1in ffom its own endogenous precufsors but may
also use p]afe]et released brostag]andin endopefokides to proddce

‘PGIZ (Marcus et al 1980). In a similar manner the endothelium may

convert platelet released ADP to adenosine whith inhibits further

; platelet aggregétionb(Wa1sh 1979). Whi1st locally secreted PGI, is

effective, dilution by the blood stream ensures that under basal

- conditions plasma levels are insufficient]y'high to inhibit platelet

function (McIntyre 1981).

Prostacyéiiﬁ inhibitsAplate1et aggregation at much lower .
~concentrations than those needed to inhibit platé1et adhesibh to
collagen. Platelet attachment to vascular enddthe]ium may produce
sufficient endoperoxide substrates to raiée Tocal levels 6f,PG12 then

preventing further aggregation (Higgs et al 1978).

Prostacyclin inhibits platelet aggregation by stimu]ating adenj]
~cyclase which leads to inéréased cyclic AMP levels in p]ate]etsr
(Gorman et al 1977). This directly opposes the action of‘ThomboXané
A2 which inducés piaté]et aggregation but the mechahism whith |
controls the balance of haemostasié is not yet clear (Mohcada & Vane
1978). P]dte]et aggrégation'in responsé to TxAglﬁay be Mediated~byb

increased cytoplasmic concentrations of calcium following its release
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from vesicles and consequent 1nhibition of Cyc1ic AMP (Holmson & -

Karpatkin 1983).

2.2.i1 Physical factors inf]uenC1ng platelet involvement

in thrombosis

vA]thoUghvthromboxaﬁe and:prostacyélinfdetermine the biochemical
‘basis for thrombosis, certain physical factors may produce the
conditions whith predispose'to‘p1ate1et interaction with the vessel
wall. Increased blood velocity will reduce the time available for a
p1a£é1et tb adhere to an aggregating surface._ Arteria] branch
points, stenoses aﬁd surgicallanastdmoses create turbu1énce which
increases the collision rate’of platelets with the intima in se]ected'
areas; In a model measurihg platelét depositibn_in rabbitvaortas,
reduced f]ow'was assoéiated with less platelet adhesion (Baumgertner
1973) and subsequent]y higher blood Ve1ocity and_arteria1 wa11 shear
- stress were found to increase platelet deposition. Above a critical
value of shear stress, piatelet deposition decreased due either‘to
thé remova1 of platelets by high éheér of inadequate time for
platelets to bond tp the endothelial surface.(Turitto, Muggli &

Baumgartner 1977).

Local occurence of atherosclerosis may be linked to the
differentia1 flow patterns and shear streés at the carotid
bifurcation. The carotid bu]b.has'been examined by hydrogén bubblé
viédalisation in a glass model (Zarins, Giddens & Glagov 1982).

Rapid laminar flow with high shear was seen on the inner wal1>of the
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carotid bulb whi]e:on the dUter wall there was an area of flow
separation with comp1ex secondary and tertiary flow patterns.

~ Although stasis was not'obseryed, this area of low shear was found to
correlate with the preference of afherosclerqticvplaque for this

‘region.

E]ectrostétic'charge may also preveht p]ate]et adhesion aé the
intact vescu]ar intima is covered with negative1y charged
pfoteoglyCans. P1ate1ets carry a simi]ar negative charge but the
>1mportance of this electrostat1c repulsion between endothe11um and

platelets has never been adequately 1nvestlgated (Wight 1980)

2.3 Platelet Inhibitory Compounds

Most’platelet inhibitors act on the arachidonic acid pathway or

on ionophore production.

- 2.3.1  Agents acting on arachidonic acid metabolism

Drugs interfering with arachidonic acid metabolism prevent the
productidn of TxAz. Theyvdo hdt influence primary collagen or |
thrombin mediated aggregation:but'inﬁibit the secondary aggregation
caused by the'reIeaSevof TxAp from the alpha granules (Packham &

Mustard 1980; Kelton & Hirsh 1981).°

Aspirin 1rrevers1b1y inhibits platelet cyc]o—oxygenase by
'acetylat1on of the amino-terminal serine residue and this 1asts for

the life of the platelet (Burch, Stanford & Majerus 1978).
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Cyclo-oxygenase inhfbition in the ehdothe]ium reduces the production
of prostacyclin (Smith & Willis 1971) and may diminish the p1ate]et '
inhibitory effect when the compound is used to prevent platelet-
intimaliihteract{on on‘autologous vein.graftsvand.fo]]oWing

| endarterectomy (Wu et al 1981). Thfs may be ref1ected in thé
differingjeffetts of high and low dose aspirin. The increased
bleeding time seeh with Tow dose aspirin (3-6 mg/kg) ih both rabbits.
and humans is reversed by high doses (40-80 mg/kg)vand may manffest_a
dose related inhibition of endothelial tyc]b—oxygenase with reduped

prostacyclin production (0'Grady & Moncada 1978).

’Cyc1o-oxygehase'is also 1rreversib1y 1hhibited by other
ndn-sterdida]'anti-ihf1ammathy drugs such as indomethacin, mefanoic
}acid and pheny]bdtazone while su]finpyrazohe is a competifiVe and
feversib1e inhibitor of platelet cyc1o-oXygena$ev(Packham and Mustard

1980; Kelton & Hirsh 1981).

Theléombined effect of Cyc1o-oxygenése inhibitionvon thromboxahe
| Ao productiqn in‘the p]éte]et and prostacyclin syntheéis_in the
éndotheTium has lead to the investigation of drhgs which act
specifically on thromboxanev(Needlgman et al 1977). Dazoxiben, which
b]ocké the conversion of cyé]ic éndoperoxides to TxA2 does.not'block
fhe synthesis of PGIp in endothelial cells (Marcus et al 1980), and a
specific fhromboxahé Ag antagonist has been shown to be effective in
reducing p1ate1é£ aggregation inivitrbvto a thromboxané miméﬁic |

(Coleman et al 1981).
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2.3.11 Compounds that increase cyclic AMP levels

Prostaglandins increase the concentration of PGIp, E1 or Do and
cause platelet inhibition by stimulating adenylate cyclase. This
prodUceS'cyCIic AMP which Towers the conéentration of calcium in the
cytoplasm (Gorman & Marcus 1981); In contrast to aspirin, which
inhibits secondary platelet aggregétion via arachidonic acid
metabo]ism, increaéed cyclic AMP levels inhibit primary platelet
adhesion and aggregatioﬁ induced by ADP,iadrenalin, thrombin and

collagen.

Dipyridamole, one of the erimido-pyrimidine ghoup, inhibits
phoSphddiestérase and maintains. high Cyc]ichMP Tevels (Mi]]s & Smith
1971). However the exact mechanism of‘action is not clear and
‘inhfbition of thrombbxane syhthetase has also been proposed (Ally et
al 1977). These cohpounds inhibit both primary and secondary
platelet aggrégation‘and‘high,tonéentrations of dipyridamo]e inhibit
plafe1et adhesion to injured vessels (Eliasson & Bygdeman 1969;
Groves gt al 1982). These effects can be produced by a lower dose of
‘dipyridamole when used in combination with Aspirin (Harker and |

Slichter 1972).

2.3.i1i Compounds that inhibit membrane phopholipase activity

Reduction in the mbbiTisation of membrane phospholipids may be
achieved by inhibition of the membrane associated phospholipase
complex. High doses of cortibosteroids and mepacrine act in this way

- and thus block TxAp synthesis (Packham & Mustard 1980).

\
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2.3.iv Side effects of platelet inhibitory therapy

“The combinatidn_of aspirin plus dipyridamole or aspirin alone
fdrm the basis for‘moSt kegimens in clinical practice as there is
continuing debate as to the éfficécy of dipyridamole alone (Eicher
1984). Aspirin is associated with mafked gastrbintestiné] sidé
effects as seen in a prospective tr1a1 of ant1p1ate1et therapy in
' 2026 patients (Persant1n -Aspirin Re1nfarct1on Study 1980). E1ghteen
percent of patients treated with_aspirin alone (lgm/day) repofted
symptbms suggestive of peptic ulcer or gastritfs and this increased
‘ﬁo 20% in ‘those receiving aspirin and dipyridamole. Serious side
effects of proven gastro-intestinal b]eed1ng were seen. in 6. 4% of the
treated patients. As the maJor1ty of pat1ents require plate]et
inhibitdry therapy 1ndef1n1te1y there is clearly a need for further

safe compounds to be developed and assessed.

2.4 Platelets in Atherogenesis

Early atherosc]erosis_has the‘appéarance of fattybsub-intimal
streaks which mature to the classical lesion of raised fibriolipid
plaques, covered.by large amounts of conhective tiséue‘and smooth
musc]é cells (Woolf 1982).' The migration‘of smobth muscle ce]ls from
‘the media-and'their‘pro1iferation in the subintimal layers is thought 
to initiaté atherogenesis. This'may be contro]]ed'by a mitotic
factor which is released from the alpha granu]es of activated
p]atelets (Ross & Voge1 1978). Th1s_prote1n now known as platelet
deriVedtgrowth factor (PDGF), is released fo]lowing aggregation

induced by all stimuli including collagen, arachidonic acid énd
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thrombin (Ross 1980; Witte et al 1978).v Macroscopic orvmiéroscopic
endothelial damage éxposes the thrombdgehic subendothelium which
results in p]ételet adhesion, release of p1ate1et derived growth

~ factor and subsequently the prolfferation of smooth muscle. Repeated
cycles of endothelial damage may therefore result in smooth muscle |
pro]iferation,andbthe}deVe1opment of‘atherosc1erosis (Ross & Glomset

1973; Ross, Glomset & Harker 1977).

2.5 Platelet Inhibition in Vascular Surgery

‘Plate1et‘inhibitory therapy is indicated in'patients Where
arterial thromeSis can Be prevented by inhibition of platelet
function (Harker & Slichter 1972). Clinically, platelet inhibitory
therapy has been shoWn to be of va]ue invva1VU1ar heart diseasé»and
patients with prosthetic heart valves. ‘In a prospective randomised'
- double b1ind tria]Ithe number'of dista] emboli originating from
vheplacéd cardiac valves was reduced by platelet inhibiﬁory thérapy

(Sullivan, Harker & Gorlin 1968).

2.5.i Cerebrovascular and cardiovascular disease

The influence of pléte]ét inhibitohy fherapy»on-transiént
.cerebra] ischaemié attacks and stroke was éxamined in the Canadian
Cooperative Study‘GrOUp (1978). Aspirin reduced the recurrénce of
stroke or death in men to 20% compared'to 35% in those recefving

placebo (Persantin-Aspirin Reinfarction Study 1980). -
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~In a prospective multicentre trial involving 2026 patiénts
following myocardial infarction, aspirin alone or in combination with
dipyridamole reduced the incidence of non fatal re-infarction by 24%
and cardiovascular mortality by 18% compared to’placebo. The
differénce in mortality failed to acheive significahce. However if
this trial is pooled with 5 similar, 1arge, prospective,-randoﬁised
trials (Elwood e£a111974; Co}onary Drug Project Group 1976; ETwood‘&
Sweéfnam,1979; Breddin et al 1979;‘Asp1rin Mydéardia] Infarction
‘ Study Reseach Group 1980) aspirin significantly reduces the coronahy

mortality and the rate of non fatal reinfarction (Eichner 1984).

2{5.if  Arterial bypass

| It is within the realms of vascular surgery that the
kmanipu]ation of platelets by inhibitofy therapy may be of most value.
. The three opfiohs in vastu1ar'reconstru¢tion involve either the -
implantation of prosthetic grafts, the use of auto]ogous vein or the
disob1iteration of occlusive disease by endarterectomy. The bresent
,t preference for autoiogous tissue in vascular reconstruction is due to
the uhsatisfactory results obtained with existing prosthetic
- materials (Weisel ét al 1981). Poor long term‘resulfs in femoro-
pop]itea] bypass with polytetra-f]hordethylene (PTFE) or 
glutaraldehyde tkeated,umbi]fca] véfn have encouraged the use of
saphenous vein,‘in'eithérAthe reVErséd or in situ position (Veith,

Gupta & Daly 1980; Dardik et a1’1982; Chapman & Char]eﬁworth 1983).
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Despite poorer flow characteriétics, graft patency is improved
with vein and failure of pfosthetic materials has been attributed to
the’absence ofvprostacyélin secretion by the Tuminal surface (Clowes
1986). The platelet deposition onyVenous grafts is less intense than

on Dacroh or PTFE (Goldman et al 1982a). Although prosthetic grafts
V'are well incorporéted into the surrounding tissue, the luminal
surface remains thrombogenic and a pseudointima'of platelets with‘red
cells enmeshéd in fibrin is forﬁed (Yates et al 1973). Theée |
sﬁrfaces,readily accumulate circuiating platelets and cdntihued
thrombogenicity has been demdnstratéd, using lli-indium labeiled
platelets, up to 10 yéérs éftér’impiantatioh of aofto—bifemoral

grafts (Goldman et al 1982b).

P]éte]et inhibitoryvtherapy has been showh‘to reduce platelet
- deposition and improve graft patency in Dacron vaécu]ar grafts in
baboon carotid arteries (Méckey et al 1984). Intimal hyperp]asia,
which'may result from p]ate]ét‘deposition,,was réduced by p]atéiet
inhibitory thefapy in.véin grafts ihp]anted intq the iliac arteries

" of rhesus monkeys (McCann, Hagén & 1980).

Aspirin and dipyridamole improved patency in 2 placebo
controlled trials ofvcoronary artery bypass grafts (Chéseboro et al
1984; Lorenz, Schacky, Weber 1984). However theré was no benefit
- from platelet inhibition in a fhird trial where aspirin, dipyridamole

and warfarin were compared to wérfafin alone (Brooks et al 1984).
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Improved patency with p]ate]et inhibitory therapy in femorbe
popliteal grafts in patients (Green, Roedersheimer & DeWeese 1982)
may be due to keduced platelet deposition on the luminal surface
(Goldman et al 1983a). This may prevent the‘anéstomOtic intimal -
,hyperp]aﬁia which has been identified in both prosthetic'and venbus

grafts (Echave et al 1979; Kohler et al 1984). -

2.5.111 Endarterectomy

Endarterectomy is QsUa]]y reServed for short Vascu1ar
reconstructidns.v'ln this proéeduré the intima and atheroma are
removed therefore exposing the arterial media to the circulating
b1ood{ The smooth muscle and collagen of thé media are bdth’poteht
: activatbrs of p]ateiet aggregationvéhd’promote anvinfénsé thrombbtic |
reaction_simiTar to thatiseen with a»prosthéSis (Thakur et al 1976).
HoweVer unlike prosthetic pseudojntima; endarterectomy heals with
ingkbwth of fibkbb]asts and smoofh muscle cells tovform a ﬁeointima.
~ This surface.appeérs to de?elop‘some sécretdry function; a]thoﬁgh
true éndbthe1ium has not been fdund to regeneraté (Reidy, C]owes &

Schwartz 1983). |

Despite'thé empirical uée of piatelet‘inhibitofy therapy.at the
- time of carotid'éndarterectomy to prevent stroke (Edwards et al 1985)
and avoid restenosis (Ackroyd et‘a]‘19865), platelet kinetfts have
not been investigated during the early poétopefative period. It is
at'this.stagé that p]ate]etAaccumu1ation on the endarterectdm}

segment is likely to be most intense;
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2.6 Pathogenesis of Intimal Hyperplasia

Intimal hyperplas1a has been descr1bed as intimal fibrosis
,(Stoney & String 1976) myointimal f1br0p1as1a (Hertzer et a] 1979;
Callow 1982) and myointimal hyperplasia (Thomas et al 1984). I shall
use the term intimal hyperplasia to encompass‘all of thdse above and
to describe the early lesion of restendsis after endarterectomy which
is distinct from recurreﬁt étheroma (Stoney & String 1976). 'This
should not be confused with the pséudo-intimal 1ining of prosthetic
graffs which is é’]ayer of thrombus consisting of fibrin,_p]atelets

and red blood cells (Yates et al 1973).

fhe‘pathogenesis of intima] hyperplasia;remains obséure., It
occurs to a degree in all arterial vein grafts and héS'been
implicated in at least one third of all laté vein graft fai]dfes
(Imperato et al 1972). It was originally fhought to be dde’to a
‘prdcess of artékié]isation (Brody et aT 1977), however this
hypothesié became untenab]e with the discovery of hyper§1asia in
_radia] artery used for aortd-coronary bypass (Curtis, Stoney & A]ford 
1975). Ischaemia in the wall of the venous graft (Brody et al 1977)
and turbulence causing abnofmal shear in the arterial Wall'ﬁere also
suggested as possible mechanisms in the development of this

proliferative lesion (Bond et al 1976).

Intimal hyperp]asia,has commonly been found at the site of the
distal anastamosis andbthé 1oca1ised‘naturé of this lesion suggests

that haémodynamic disturbances may be réspohsibTe (Crawshaw et al
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1980). Endothelial injury, which occurs to some degree throughout
vein grafts, whether in the reversed or in-situ position, is

especia]iy severe.at,the site of anastomosis. Each of these factors |
mey contribute to intimal hypefp1asia mediated by platelet adhesion |

and release of PDGF (Bush et al 1986).

ExperjmentaT endotheiial'damége_1eéds‘to‘p1ate1et adherenee to
the exposed sub-fntimal layers and degranulation (Crowe]y‘& Pierce
1981). Repeated‘injury_causes smooth musc]eApro1iferation end
intima1 hyberp]asia (Stemerman & Ross 1972; Ffsherhan, Ryan‘&
Karnovsky 1975; Cérson, EQuivel'& French 1981). The involvement of
plate]ets fn this process is suggested by prevention of intiha]
proiiferation by p]ateief inhibition usinQ antip]ate]et serum (Moore
et al 1976) or drug therapy (Harker, Ross & Glomset 1974;’Mccéhn et
al 1980). | B

Ih'carotid endarterectomy the plane of dissection invo]ves the |
outer media with more than half of the thickness of the arterial wall
being remoVed. This leaves eicircumferentia1 surface of collagen and
_smooth muscle on Which platelets will accumuiate. Platelets
: adherence continues uniilea new endothe]ia]rlayer is generated and
'bﬁealing occurs (Dirrenberger &'SUndt 1978). Thistis difficﬁit to
meaSure in}humans (French & Rewcastle 1974), however rat and rabbit
mode]s;show_that thie proceSs is probably complete byv30 days (Reidy
et al 1983). Piate]et aggregation will continue to stimulate smooth

muscle proliferation until this process is complete. Interference
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~with this repair process either by platelet inhibition or repeated
injury could result in failure of the neointimal ingrowth, persistent

"~ platelet depositioh and promote further intimal hyperplasia.

2.6.i Platelet derived growth factor

' The'grthh promoting prqpértiesvof serum were first identified
by Carrel (1912) in experiments on nutrients requiréd‘for cell
~ growth. In 1ater studies comparing plasma and serum as culture
" media, Cell‘prdliferétibh was inhibitéd in media prepared from cell
- free plasma but acceTerated gbowth rafes Were found following the

addition of serum (Balk et al 1973). .

Restoration of cellular growth, following the addition of
p]éte1et_extract'to plasma, confirmedvthat these factdrs were derived
from platelets and subsequent]y it was shown that ré]easé occured on
degranulation (Ross et al 1974). This inability of cells to -
.kep1iéate in plasma, without the addition of either whole blood serum
or platelet extract, led to the inVestigétion and idenfification of
‘growth factors. It wa§ demonstrated‘that.the antigenic properties of
~whole blood Serum’growth factor (Antoniades, Stathakos & Scher 1975)
and'platelet deriyed‘growth factor were similar (Antoniades & Scher

1977).

Rutherford and Ross (1976) showed that other constituents
v present'in‘p1asma were important for cell growth, in addition to the

growth factors derived from platelets. Despite optimal levels of
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platelet factors, the process of cell growth in culture progressed
only as far as a single cell division if low concentrations of plasma

“were used (Ross & Vogel 1978).

Platelet derived grthh»factor (PDGF) is thought to be a heat
stable protein, of approximate]y 30,000 molecular weight; Which can
be iso1ated by radio-immuno assay (Antohiades & Scher 1977).‘ More
recently other growth factors, such as epidermal growth factor-and
transforming growth factok, have been}1ocalised in plateléts although
these are thought to bé inactive on the'éndothelia1 ce]]*(Bowen;Pope,'
‘Ross & Seifert 1985)Q Vascular endothelial cell proliferating factor
(VEPF) has'aTSO been desckibed as a separate polypeﬁtide which
stimulates endqthe]iai cell growth (Miyazono et al 1985) but further
investigation is required to evaluate the effects of these substances
in isolation and combination. For the purpose of this theSis it is
appropriate to regard platelet derived growth factor activity to be
due to a coi]ection of PDGF 1ike molecules as suggested by Bowen-Pope

et al (1985).

Burke & Ross (1977) investigated the effect of PDGF on the
conhective tisSues of the arteria] wall.  On éxbosure to this
‘substancevthere was an increase in protein Synthesis with stimulation
of collagen productibn in arterial smooth muscle ce]]s; This effeét
follows the binding of PDGF to a ce11 surfacé glycoprotein whichb
triggers a sequence of cei]ular events (Ross et.al 1984). Binding

- occurs only to connective tissue, including vascular smooth muscle
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cells and not to epitheiia], skeletal muscle or nerve ce11s (Bowen-
Pope et al 1985). Initially the receptor undergoes phosphorylation
which results in DNA synthesis leading to mitosis. Other detectable
effects of PDGF binding 1nc1ude 1ncreased protein and RNA synthe51s

(Ross et al 1984).

The‘extraooiation of ekperimentai work on PDGF performed in oeli
culture to in vivo evaiuation remains unSatisfactory (Ross & Vogel‘
1978). Serum is a petho1ogica1 rather than a physioiogicailsubstance.
and its use in cell culture is.probably analogous to the in vivo |
conditions seen in tissue'injury or thrombosis. Normally vascular
endotheliai cells are exposed only to 1nterstit1a1 fluid or piasma.
Radiolabeliing of PDGF with 125odine has 1mproved understanding of
these po]ypeptides by demonstrating receptor sites in cell culture
and the technique may be app]icabie to in vivo investigation (Bowen-

Pope et al 1985).

The response to injury with cell proliferation, connective
tissue formation and scarrihg may in some degree'be mediated by the
substahceskaUnd in_serum. Similarly there are‘ihdicotions that
cellular division in the reparative'response to injury may be
kcontro]]ed by plateiet derived growth factors. fhis would encourage
specu]ation that plate]ets are 1nvo1ved in the contr01 of cell growth
~and and could be a factor in the aetiology of atherogene51s

| (Kinlough Rathbone, Packham & Mustard 1983).
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In summary, platelet deriVed Qrowth factorlhas been identified
as a Tow molecular weight‘poiypeptide whicﬁ‘is released from
p]atelets’On aggregation;' Inbthe presence. of pIasma-this factor
stimh]ates cel]uiaf”growth by DNA andvprOtein synthesis and causes
artéfia] smooth}musc]e proliferation. 1In order to assess the effeot
of platelet depositionoon areas of damaged arterial endotheiiom in
vaatients, a simoie, iow morbidity method'of identifying local

platelet activity is required.

v2.7 ’ The Measurement of Local Platelet Deposition

initié]]y‘platélets labelled with ChromiUm51 were used to

o measure p]ate]ét éUrviva] (Aas & Gérdiner 1958), hoWever the Tow
_gamma emissions preoluded the use ofv51Cr labelled ploteiets for
external,scintographic deteotion. Whén’the method of 1abei1ingv‘
piatéiets withkllllndium was described, a new field of radio-isotopé
imaging was opened (Thakur et é] 1976). EXperimenta] models were
developed to assess the use of 1111y platelets in 1oca1i$ing
thrombotic procésses and were applied first to puTmonary emboii and
infectivé ehdocarditis (McI]moy]e et‘al 1977; Dewanjee et al 1978).
Subéequent]y localised platelet upiake was diagnosed by scintigraphic
imagihg'in 3 patients with atherosc]erosis_ond}vénous thrombosis

,(Davisket al 1978).

These'gamma camera techniques_are applicable to the
investigation of platelet accumulatiOn in vascular grafts. Following

aortoiliac replacement, postoperative platelet deposition was found
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to ‘be high initially but decreased as further studies were performed
up to a year after implantation (Goldman et al 1982b).' Even mature
grafts have_been‘tound to accumulate redio]abe]]ed platelets on gamma
scans 10 years after imp]antatibn, with Qreétest thrombogenjcity at
~_the sites of arterial ahaStemosis (Stratton,vTheile'& Ritchie 1982;

Goldman et al 1982b).

Simi1arly prosthetic femoro-popliteal bypass grafts showed an

v intense Tuminal radioactivity following the injection of radio-"
labelled p1ate1ets but minimal depos1t1on was detected in vein

~ bypasses (Goldman et al 1982a). The use of rad1o]abe11ed p]ate]ets :
_hes also been'establishedvin assess1ng the»eff1cacy of p]atelet‘
inhibitory drugs inrpreventing graft platelet interaction in

- Taboratory experiments or in animals (McCol]um et al 1980). A
'reduct1on in plate]et accumu1at1on on 10 year o]d mature Dacron
aorto-bifemoral grafts}occured in pattents treated with a thromboxane

antagonist (Lane et al 1985).

fCarotid artery atherosclerosis was firstkidentified by isotope
1mag1ng of p]ate]ets in 1978 (Dav1$ et al 1978). 1In contrast to
~angiography which demonstrates the arter1a1 1umen seintography
'.;detects the site of p]atelet accumu]at1on on~atherosc1erottc plaque
| which may be a sodrce of thrombotic emboli (Davis et al 1980, Powers
1984). The_direct correlatTOnvbetweeh gamma‘imaging and 1111y
platelet depqsition was demonstrated by excision‘of the cerotid.

plaque (Goldman et al 1983b). Ex vivo measurement of 1llIn platelets
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on the carotid’p1aque showed that areas of atheromatous ulceration
- represent the most thrombogenic lesions and accumulate sufficient

Iébe11ed platelets to be detected by external imaging.

Radioiabe]]ed p1a£e1et accumulation fo11owing endarterectomy has
been describedvin’dogs and waé réiated to intima] healing (Lusby}et
al 1983). Ih patients postoperative éccumulation, identified by -
gamma camera imaging following carotid endarterectomy, was found to
be sighificantly higher after endarteréctomy'than.after other similar.
surgica]-diésecfions (Strattoh, Zieler & Kazmers 1987). This |
teéhnique may provide}information on thé duration of p]dtelet
accumulation, reflecting heaiing, and provide a direét measurement of
the,effect of platelet inhibitory drugs on platelet. thrombus in

patients.

Scintigraphic.iméging with 1111n‘]abél]ed‘plateletsbin the neck
is often poor‘beéause of high background_activity fromvb1obd'pool.
Dhé] isotope subtraction techhiques héve beeh,triéd but numbers
studied remain small (Kessler, Reuther &’Rosch 1984, Isaka et al

1984).

2.8 '.Summary ' o |
- Platelets are known fo play é_major role in the mechanisms of
normal thrombosis and haemOStasis." The éctivation of this mechanism
'depends on the ba]énce of thromboxéne and prostacyclin, both bf'which;

are derived from the same precursor, arachidonic acid. Platelet
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- inhibition effectively improves the patency of vascular grafts and

~ lowers morbidity from cardiovascular disease.

There is evidéncefwhich suggests that_h]ate]et interaction with
~ the tissues in the sﬁbendothéTium may be a factor in the development
of the Smooth muscle pro]ifératioh_which causes intimal'hyberplasia.
The identification of platelet derived:growth‘factors sdppdrt this
- thebry'and futhepmbre}thesevsubstances may be involved in the |

pathogenesis of atherosclerosis.

To iﬁvestigate the role of,p]ate]éts in carotid restenosis a
reliable method of measuring 1n_viVo platelet accumulation is
required suéh that‘the 1ntensity, duration and résponSe to
therapeutic manipulations can be.meésured. Thé labelling of

“autologous piate]ets with 111Indium and gamma camera imaging has
detected p]ate1etvdeposi£ion on atherosclerotic plaque and localised
platelet accumulation after endarterectomy. These}teqhniques may‘be
applicable to the study of platelets in the response to
endarterectomy and to investigate the relationship betweeh p]atelei

accumulation and the development of intimal hyperplasia.

74



_Chapter 3

‘ Hypothesié andAAims
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3.1 Hypothesis _

| The hypothesis’which will be investigafed in this thesis is that
pjate]ets accumu]ate on the arteria] wa]]_eﬁ the site of endothelial
damage in rabbits or Surgica] ehdaEterectomy fn patients. This
deposition 6f platelets may be identified and quantffied by the
external detection of autologous platelets 1a5e1]ed wfth W ndium
onxineg Futhermore_these techniques may_deteet ehanges in the |
| intensity of p]atelet deposition in response to‘pharmacoTogical'
inhibition'of'pTateTet}fenction or changes in the arterial
configuratibn fo]iowing‘Vasee1ar repair. ‘P1ate1et;yesse1 Qd]]
interactien may be arfactorrin the deve]opment ef ihtima] hyperplasia
vand.the,meaeurement_of ﬁostoperative radioiabe11edﬁp1ate1et, _ |
: depoéition‘may bevused,to investigate the_reiationship between
platelet accumu]ation'and the subsequent developmeht ef restenosis.
3.2 Aims

vl; “To identifykand.measure platelet uptake_fdl]bwingvcerdtid

endarterecfomyjand to determine the duration of'platelet

accumulation on the endarterectomised segment.

2. To identify the factors which influence the rate or extent of

.platelet deposition fol]bwing carotid endarterectomy.

3. To study the incidence of restenosis following carotid

vendertekectomy by non-invasive methods.
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4, To determine Whéther platelet uptake following carotid“

endarterectomy influences the rate of subseqdent restenosis.

3.3. Summary of experiments

Radio1abe]1ed platelet deposition was initially studied
following intimalytrauma on the carqtid‘értéries of rabbits. The
deposition of 111In 1abelled p1ate1éts was measured and the effects

~of platelet inhibitory therapy assessed.

1y platelet uptéke was’thenvmeaSUred-in human carotid

arteries both in the early postoperative pe}iod fo]]owing‘
endarférectomy and at 2 months to assess the time taken to achieve

| intima],repiér. Two methods of measuring platelet accumulation were

'conéidefed;ahd‘the efficacy of probe counting and gamma gaméra

_imaging_compared.

Postoperative pTatelet deposition was measured in patients}
receiVing aspirin p]usvdipyridamd1e, to assess the effects'of
p]ate]et‘inhibitbry therapy, and compafed'to uﬁtreated controls.
~ Subsequently p]ate]et‘uptake following patCh’angfop]asty répair 6f

- the arteriotbmy was compared to that after standard closure.

"In order to determine the overall incidence of carotid
- restenosis following endarterectomy, a retrospective study of a
consecutive series of patients was carried out. Non-invasive methods

were used to assess the degree of carotid artery restenosis following
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surgery. The relationship between”carotid restenosis and the
recurrence of symptoms of cerebrovascular insufficiency was

investigatéd.

The rate of radib]abe11ed platelet deposition on the
endarterectomised:carotid'artery; meaéured as Thrombogenicity Ihdex,
was then comparéd.to the degree of Tuminal narrowing'asséSSed by |

Duplex ultrasound, 12-months after surgery.
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- SECTION II RADIOLABELLED PLATELET UPTAKE IN THE CAROTID

ARTERY AND FACTORS INFLUENCING THROMBOGENICITY

 Chapter 4

~ 1llyp-platelet Methods for Measuring Platelet Uptake

following Carotid Endartérectomy
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4,1  Introduction

The method of labelling human platelets with 1111ndtum oxine is
applicab1e to severa1‘of'the stddies in this thesis. These
techniqnesvare descrioed in detai1 in thisvchabter whereas
~ experimental methods appropriate to a single study will be found in

the re]evant'section.

4,2 Deve]opment of Rad1olabe11ed P]ate]et Methods

Platelets have been Tabelled in vivo with 35S Sod1um su1phate,
755e- se1enometh1on1ne 355. meth1on1ne, 140 seratonin and
| 32P di 1sopropy1f1uorophosphate however these are non- spec1f1c |
markers (Thakur et al 1976). It was not unt11 1958 that re11ah1e
radionucleotide 1abelling with 5lCr-sodium chromate was performed
a]iowing in Vivo platelet Tife span to be ca1cu1ated (Aas &‘Gardner
1958). These techniduesiwere restrictive as poor Tabelling .
efficiencies with 51Cr;reduired a 1argevvolume of blood to harvest
sufficient platelets (Abrahamsen 1968). “The'major disadvantage
" however was the Tow power gamna emmission with-51cr of 9% at 320kev
which prevented the use of externa] imaging devices such as the gamma
lbcamera. In 1976, Thakur descr1bed a method of 1abe111ng human
p]ate]ets using 1111nd1um che]ated with 8- hydroxyqu1nalone (ox1ne)
and also demonstrated that the in v1tro co]]agen 1nduced aggregation
of 1111p Tabelled plate1ets was unaffected by radiolabelling (Thakur
et al 1976) This contrasts to 510r 1abe111ng which adversely
‘altered platelet funct1on (Katt]ove & Spaet 1970) Additioat]yv

‘ 111Ind1um is 1dea1 for short term in vivo p1ate1et stud1es with a



half 1ife of 2.81 days and the high'gamma photon energies of 84% at
173 kev and. 94% at 247 kev a11ow external detection of labelled

p]ate]ets

.’Jeist confirmed that the 1111ndium Tabel in humans was bound to
non- re]easab]e components of p]ate]ets and less than 4% of the label
was lost from the cells on exposure to aggregat1ng agents (Jo1st et
" al 1978). Radionucleotide uptake was far superior using 111Indium
with 90% of the label taken up by the platelets in 15 minutesv | ’
~incubation whereas 510r:reached only 15% uptake:by 30 minutes. ‘The
hethod of iso]ation of'p1ate1ets'was criticaT as the 1sotope wasd
: bound avidly by both red cells and transferr1n and the presence of
'sma11 amounts of e1ther of these marked]y reduced the 1abe111ng .
efficiency of 11lIn oxine onto plate]ets (Thakur, Coleman & Ne]ch
©1977)." Refinement of this technique leading fo improved p1ate1et
yie]d_confirmed that linear platelet surViva] was compatibTedwith
‘values achieved using 5lcy 1a5e11ing.: In vivdkdistributidn by,whole

body counting and scintillation camera sﬁowed marked uptake in the
;iiver and spTeen as éequestration of p]atelets dccured but Tow
rad1oact1v1ty 1n the limbs suggested that platelets did not
accumu]ate or interact w1th the per1phera1 vascu]ature in norma1

" sthects (Heyns et al 1980)

In view of the large volume of blood required and the pdor
Tabelling effiqiencies of Thakur's method, Hawker developed a

- technique in which platelets were 1abe11ed whilst suspended in
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Tyrode's solution (Hawker, Hawker & Wi1kinson 1980). Successful

- 1lyy 1abe111ng was effected with platelets from 26mls of blood with
efficiencies of 90% after on]y 60 seconds 1ncubat1on P]ate]et

iaggregat1on responses in healthy vo]unteers were compat1b1e w1th
previously reported values using 51cy. This method has been used for

all 1llIn-platelet labelling procedures described 1n’th1s thesis.

4.3 Labelling Platelets with 11lIndium Oxine

4. 3 i Chemica1‘reagents '

A11 reagents were prepared in the Pharmacy, Char1ng Cross
“Hospital. Chem1ca1s were obtained from Br1tysh Drug Houses (Poole,
Dorset, UK) unless otherwise stated. Plastic containers were used

for handTing all specimens.

‘Acid sodium citrate
Individual 3ml vials of a solution of 2.59'trisodium citrate
2H20 and 1.49g citric acid Hp0 in 100mls of water were‘prepared. The

resultant pH of the anticoagulant was measured to be 6.5.

Sodlum citrate
3 859 trisodium c1trate 2H20 were d1sso1ved in 100m1 water and _

divided into 1m]va11quots..

Calcium-free Tyrodes solution (buffer)
The following were dissolved in 1 Titre of water:

-Sodium chloride 8g |
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_Potassium chloride 0.29

Sodium bicarbonate 1.0g

Sodium dihydrogen:orthophdsphate,ZHgO 50mg

Magnesium chloride 6H20_406.6mg |

D-glucose 1g

- Sodium heperinate 25000 units | |
CarbonAdioxide was bubbled 1nto the solution untiT tne pH recorded
was.6.5. Ampod]és containing 20cc‘of‘Tyrode's bUffer solution were:,

prepared.

 Prostaglandin E1 (PGE1) | |
One m1111gram of PGEy (Sigma Chemical Company Ltd Poole,
Eng1and)_was dissolved in Tyrodes buffer to produce a concentration'
of 300 nanqgrams/ml. A]iquots'of 0.5m19 were freeze dried in a

dessicator (Edwards EF03, Crawley, Sussex).

4.3.ii -Method

' Tnenty.Six mi11111tnes»0fib1dod was obtained'by-venepuncture
using an 18 gauge needle and p1ast1c syr1nge (F1g 4, 1) All |
| subsequent man1pu1at1ons were performed in-a c1ass II un1d1rect1ona1
1am1nar ‘down flow cabjnet (20229, Mjcroflow, Dent & Hellyer Ltd.,

Andover, Hampshire).

- a. Seventeen m111111tres of blood were added to 3m1 of aczd c1trate -

in a ster11e un1versa1 conta1ner (Ster111n 128/B, Tedd1ngton,
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Middx). The remaining 9ml of blood were added to 1ml of trisodium

citrate in a sterile round bottomed tube (Sterilin 142/AS).

b. Following mixing, both tubes were centrifuged at 200g for ten

'_ minutes to generate platelet rich plasma,(PRP).

~ c. A sample of citrated PRP was retained'for aggregation sfudies and
the remaihder centrifuged at 1000g for ten minutes to produce

citrated platelet poor plasma (PPP).

d. Usfng a Pasteuf pippétte, the supernatant'acid_citrated p]éte]ét
- rich plasma Was transferred to a round bottomed tube. Onevfreeie'
o dried é]iquot of PGEl'Qas dissolved in 1ml qf.watér and 400ul mixed
‘J with 20ml of buffer at 370¢. ThisﬁPGEi/buffer so]ﬁtion waé'passedb'

| through a 0.22ﬁva111ex filter unit'(Mi1iipore SLGV 025BS, 67
Mo]sheim;France) ahd added to the acid citrated PRP to bring the :‘ '

volume to ten millilitres.

e. The“platelet sdspehsion was centrifuged at 640g for ten mfnutes
~producing a platelet pellet and the supernatant was retained. The -
~pellet was thén'waShed'twice with 2.5mls PGEl/buffer and thé ‘ 1
b]ate]ets were resuspended in a further 2.5mls of PGEl/buffer

solution.

f. A mixture of 200uCi of 11lindium oxine in saline and 0.2mls of

0.2M Tris buffer (ph 8.0, Mallinckrodt Diagnostica BV, Petten,
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-VHO11and) was added to the platelet suspension and incubated at 370C
for 60 seconds. The labelling reactiondwas Stopped after one minuﬁe
by the addition of 7.5mls of the previously obtained diluted
supernatant. The remaining free Indium oxihe is_instani]y bound to

~ the plasma transferrin.

g.‘The mixture.wae centrifuged'at 640g for 10 minutes dnd the
supernataht removed.. The radiolabelled p1ate1et§‘were keeuspended in
4mls eitrated platelet poor plasma and the'radioactivity of the
| 1111ndium 1ébe11ed p]ate]ets and supeknatant'assessed'in'avwell~
.crystal and ratemeter (Nuclear Enterpr1ses SR-7 ratemeter/DMI 2
sc1nt111at1on counter). Labe111ng efficiency was expressed as the
ratio ofthe'radioactivity.of platelets compared to that of the
supernatant and p1ate1ets. _Preparationé'with,1ebe11ing efficiencies

of less than 90% were discarded.

Prior to feinjeetion df_the resuspended platelets two 100ul
samples were separated for aerobfe add anaerobic bacteriological
.culture and 0.5m1 for aggregation assessment. Only platelets whieh'
demonétrated aggregation in response to ADP were reinjected‘ihto the
- patieht. The radio]abe111n§ prdceddre; from venesection until

reinjection, takes approximately 60‘minutes.

4.3. 111 Eth1ca1 Cons1derat1on

At a dose of 200uC1 of 1111nd1um oxine, the total radiation to

»'the critical organ, the spleen, is. approximately 2.7 rads and w1th1n
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the guidelines for catégdry 2 researchvprojects involving irradiatibn
of human beingé; as spécifiéd by the World Health:Organisatidn Expert
Committee (1977). wfitten consent was obtained frbm all patients
involved fn'the studies as recommended by the bepartment of Health
and Social Security (Health Circular 1979) and the experimental

‘design was approved‘by‘Charing,Cross Hosptial Ethical Subcommittee.

4.4 1llp_platelet Function in Vitro

‘ Invvitro platelet function was assessed by aggregation in a  ,
platelet suspension stimulated by adenosine diphosphate (ADP)
measured by light transmission aggregometry (Bokﬁ 1962). In
principle thevprOportibn of light transmiftéd through the platelet
Vpreparation incfeases with aggregation‘and'this éhahge was detected

by a photoe]ectric cell and potentiometerv(Weis$.1976). . |

' Twenty-fiVe microlitkes of a 11100,000 solution pf ADP Waéyadded
vto 250ul of plateiet rich plasma in a light trahsmissibh aggregometer -
(Payton SingTe>Chahne1 300B/5, Payton AsSociates Ltd, Scarborough,
Canada) conheéted to a potentiometer chart reéordér (Serbo Scribe 1S,
Smiths Industries)“ruhningrat 60mm/mihuté. The téhperatureVOf the
p]ate]et'suspension wasbmaintained at 379C, Thé maximumjaggregatidn
kesponse'and the rate of aggregation_Can be_ca1¢u1ated'fof eaéhi

sample from the trace obtained (Fig 4.2).

In these studies platelet aggregation reponses were uSed to B

ensure the viablity of labelled platelets by comparing them to
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un]abe]]éd platelets. Platelet preparations shoWing inadequate ADP

v aggregation responses were discarded.

4.5 Platelet Survival

P]ateIet survival may be estimated by 1inear regression, ,
_exponentia1 ana]ysis'oh multiple hit hethods dependihgson’the theony
of platelet destruction (Mustahd Rohse]] &'Murphy‘1966). This can
be either age related (linear), indisciminate (exponent1a1) or a
process of cumu]at1ve ageing (mu1t1p1e h1t) (Murphy & Franc1s 1971)
Calculation of the mean platelet life span 1s based on the
measurement of the rate of decrease of blood radioactivity, after
,correct1on for rad1o1sotope decay as suggested by the Panel on

D1agnost1c_App11cat1on of Rad1o1sotopes in Haematology (1977).

4.6v' - Measurement of Radioactiuity ih Carotid Arteries

| Invivo tissue and vessel hadfoactivity.may.be_asSessed by
either scintillation probe counting or gamma camera imaging. -
vRad1o1abe11ed platelet uptake was assessed by each of these methods 2
hours fo]]oW1ng the 1n3ect1on of rad1o1abe11ed p1ate]ets and

subsequent]y at 24 and:48 hours.

4Q6 ~Scintillation probe count1ng

A sod1um 1od1de crysta] (Eber11ne Instrument Co. RD-19 Craw1ey,
‘U .K.) was ‘used to assess gamma counts, collimated with a 1ead sheath
of 6mm th1ckness to reduce uptake of scattered rad1oact1v1ty from the

background. In order to focus the sodium 1od1de crystal on the
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carotid_artery,-approxiamteiy 2cm deep to the skin, a lead collimator
Vwas.fitted t0‘reduceathe_penumbra mith'a skin contact probe to ensure
the crystaijwas situated 10cms from the artery (Fig 4.3). This

5 counter was connected to a rate'meter (Erbline Instrument Company

' SAM-2, Crawley U.K.), which was gated to COunt'both_peaks of

1 1111ndium activity at 173'and‘247 kevt jIn'each‘patient;‘prior to the
assessment}of radioactivity the surface markings.of the carotid |
bifurCation and the internai carotid artery were mapoed by Dopb]er |
uitrasound. The probe p051tion was marked on. the first day to ensure
identical probe geometry for each subsequent daily. measurement
Patients were seated in a»spec1a11y designed chair w1th the,head hé]d
steady by a head rest and restraining 1eather’strap (P]ate 2.1).
Countingiwas performed,in the upright_position to minimise.the
radioactivity from'circuiating piateiets in venous biood, pooiing_in
the'great veins of the neck. Comparative reference‘readings were |
taken from the contraiaterai carOtid artery and in addition,from the

forearm.

Initiaiiy 2 measurements of radioactivity were taken.from'eacn_-
probeiposition wer a 30.second period andiwere;recorded."if the
.ditference between these 2 readings.wasvgreater thanblo percent, 2
* further measurementsgwere recorded. The averade‘cOUnts'ouer 30
seCOnds was-caicuiated from these measurements and'foiiowing :
subtraction of background activ1ty, used for calculation of Carotid

Uptake Ratio and ThrombogeniCity Index
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4.6.i1 Gamma Camera Imaging

v Immed1ate1y f0110w1ng sc1nt11at1on probe countlng, patients were' |
 transfered for gamma camera 1maglng., A Scintronix LFOV (1arge field
bf view) gamma camera.was fitted uith a medium energy para11e1 hole

" collimator and connected to a computer,'gafedvto record both peaks of
Indium activity. »Patients were scanned for 10 minufes; again sitting
upr1ght w1th the head and neck 1mmob111sed by a restra1n1ng strap

(Plate 2. 2)

Gamma images were stored by'cbmputer and the daﬁa retrieved'for
ana1ysis (Piate 2. 3i Computed areas of interest were out11ned over
| the operated artery compr1s1ng between 12 and 24 gamma camera ce]]s
‘and thevrad1oact1v1ty from this area was.expressed as counts per
gamma.camera cell or pixcel. A similar area of}interest was out}ined,
~over the non operated carotid and was used as a reference for

subsequent calculation of carotid platelet accumu]atlon (P]ate 2 4).

4.7 '1111n-p1ate1et_Accumu1ation in Carotid Arteries

Following the jnjettion of radiolabelled p]ateTets fhegdecline
1n blood radioactivity will depend on 2kfact6rs,'the'decay constant
of the isotope used and the rate of elimination of p]ate1ets from the:
circulation. A 51te of p]ate]et accumu]at1on may , in absolute va]ue,_
:become less rad1oaet1ve, however the radioactivity will appear to
increase whenfcomnared a refenence site which represents B
predomfnant1y b]ood.pool This is the theory on which the

i determ1nat1on of accumu1at1on of p1ate1ets in b]ood vessels is based
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Plate 2

2.1

Probe counting using a sodium‘ iodide crystal and_rate‘meter.
Each carotid and reference area is counted over 30 seconds

- to measure radioactivity. Surface markings of the carotid

2.2,

2.3

2.“

bifurcation are mapped out and used at each daily measurement
to ensure identical probe geometry

Gamma images were obtained on three consecutive days Each»
scan takes 10 minutes to accrue and therefore the patlent'
head is supported by a headrest and strap ’

Gamma scan following the injection of ”ln labelled platelets.
This demonstrates the head and neck with radioactivity seen
in the regions of the aortic arch and cavernous sinus.
Increased uptake is noted on the left side of the neck which -
corresponds to the carotid endarterectomy performed 72 hours
prevnously ’ : .

Areas of lnterest are outlmed over the site of endarterectomy
and over the contralateral carotid artery. The radioactivity

- measured in this area, expressed as counts per gamma camera

2.5

cell, is used to calculate Carotid Uptake Ratio and -
Thrombogenicity Index.

Gamma image of a patient taken 2 months after surgery..
Increased radioactivity is seen over the right carotid

artery which corresponds to a 50% stenosis of the ICA. This

2.6

patient had undergone a left carotid endarterectomy

B-mode ultrasound image of the common carotid artery after
endarterectomy. This vessel is widely patent wnthout

' _evndence of intimal hyperplasm.

2.7

ConSlderable thickening of the intima is seen in this common

carotid artery: followmg surgery. This represents mixed

echoes but there is no acoustic shadowmg which would.

suggest calcnflcatlon. :
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‘and was initially described to assess p1ate1et uptake in prosthetic
femoro- pop11tea1 grafts by der1v1ng Thrombogen1c1ty Index (Go]dman et
al 1982a)

'4.7.f._'Carotfd Uptake Ratio -
| P]ate]et accumu]at1on measured by e1ther probe count1ng or gamma :
camera 1mag1ng is expressed as counts per second or counts per pixel
k respect1ve1y. A ratio is ca1cua1ted by d1v1d1ng the counts from a
site of platelet accumu]at1on w1th the counts from the reference
'area.. In this work the rad1oact1v1ty from the endarterectom1sed
carotid is compared to the contralateral referencevartery'to derive
the Carotid UptakefRatio'(CUR);: Carotid Uptake Ratio Values'of |
greater than 1.0 demonstrate increased radioactivity in that area of d
interest over the operated carotid_and represent the deposition of
’vradfolabe11ed_p1ate1ets atfthat site. A11'va1ues of CUquuoted in
‘this thesfs‘are ca1cu1ated from data recorded 24fhours after the

infusion of radiolabelled platelets.

| 4.7.11 Thombogen1c1ty Index

Carotid Uptake Ratio, ca1cu1ated from counts derived from gamma
camera or probe count1ng, represents a stat1c comparison of the
_ rad1oact1v1ty from the operated to reference artery at e1ther 2, 24~‘
or 48 hours after the injection of radio]abe11ed p1ate1ets; anr1y |
’scans reflect prédominent]y blood poo1,_but aslp1ate1ets_accumu1ate
at the‘site of endarterectomy; radioactivity in this region becomes

' progressive1y greater compared to reference. By plotting the ratio,
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recorded bn each day of thé study, against time the line of best fit
through these points cah bé calculated by ]ihear regression. The
slope of‘this regfeSsion line, which repfesents the'increase ih this
rétiovovef~the 3 days of each study, reflects the:faté of platelet-
accumu]éfion haé beén termed:Thrombogenicity Index (TI). Because
this index»uses thé.COhtra1ater§1 érteryvas a réferénce, the
,exponéntia] component of'isotopé decéyvis eliminatéd from this

‘calculation (Goldman et al 1982a).
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~~ Chapter 5

Intimal Platelet Deposition on the Traumatised Rabbit Carotid Artery _'
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5.1 Introduction

Rabbits have provided successful models for the investigatioﬁ‘of
‘atherogénesis and have proved'effective'in evaluating the interaction
betWeen p1ate1et5 and vessel wall (Moore 1973). Although there are
quantitative variations between different species,‘platelets'from
humans,,rats;vrabbits, guinea pigs;,hofses.and dogs all aggregate in
the presence of ADP (Sinakos & Caeh'1967).~_As ADP induced |
aggregation is jnhibitedvby'adehosfne hohophdsphate (AMP)‘in'humans
nand this effé¢t is also seen in dog and»rabbit plate1ets, these
speciés are appropriate for comparative studies on platelet |
invo1vemeht in‘arteria1 trauma. This_recommehdé rébbits in
cardioﬁascu]ar fesearch és a cheaper a1ternativé to more expensive ,

canine or primate models.

Effective‘methodé ofvradiolabé11ihg rabbit platelets with

- Ulipdium Qxiné have been deécfibed with minimal damage to the
1abe11ed cells, such that successfu] lTocalisation of platelet

| thrombus in rabbits has been ach1eved (W1stow et al 1978 Schmidt &
Rasmussen 1979). The 1nfus1on of 1ntravenous iron particles 1nduced .
~ venous thrombos1s and the presence of 1111n platelet thrombus was
'conf1rmed by both rad1ograph1c and 1sotope scans (Grossman et al
1978). S1mj1ar1y radiolabelled p]ate]et thrombus was detected,by
gamma camera 6n-aréas of exposed subendothelium following the passage
of a'ba1106n catheter. These 1e$j6ns were not localised by indium

~labelled red cells or plasma proteins (Finklestein et al 1982).
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Various methods have been used-todinf1ict a standard and
r'reproduc1b1e injury to the arter1a1 endothe11um in rabb1ts
Isolation of the carotid artery produced an ischaemic injury |
(Buchanan & Hirsch 1984) and an electric current from a 1um1na1'v
e]ectrode caused p]ate]et uptake in the centra] artery of the ear

»l(Grossman et al 1978). Balloon catheter damage has been used in the

o rabb1t aorta (Groves et al 1982; F1nk1este1n et al 1982) and carot1d

| artery (Re1dy et al 1983) The constant 1nfus1on of homocyst1ne
’caused endothe]ial damage (Harker et a1 1976) as did d1etary induced
hypercho]estero]aem1a (Armstrong et al 1980) Carotid ihterpOsitionV
ve1n ‘grafting produced a model of 1nt1ma1 hyperp]as1a but had a h1gh
’ operatlve morta11ty (Murday et al 1983) )

P]ate1et inhibition by asp1r1n has been demonstrated to reduce ’
thrombus in the Jugular veins of rabb1ts in a model using- 1251
ylabe11ed_f1br1nogen. Low dose asp1r1n (10mg/kg) proved effect1ve as
an antithrombotic ajent,_but higher doses‘(200mg/kg) augmented )
| thrombus formation;’pOSSibTy by inhibition of-prostacyc1in'production
in the endothelium (Ke]ton et al 1978). As low dose asp1r1n has been
shown to cause max1ma1 ‘inhibition of both TXA2 and PGIp, the reversa1
of the ant1thrombot1c effect W1th h1gh dose aspirin may not be soley ‘

due to the 1nh1b1t1on of PGIZ synthes1s ‘(Buchanan & H1rsh 1984)

It is the aim of th1s study to deve]op a rabbit mode] of carot1d v

intimal trauma us1ng a standardised surg1ca1 injury. 1111n labelled

' p]ate]et depos1t1on measures the 1nten51ty of platelet interaction.
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with the damaged arterial wall can evaluate the effect of low dose

aspirin and dipyridamd]é.

5.2  Materials and Methods

Twenty young adu]t New Zealand white rabbits (2.0-2.5kg) were
randomised to receive either placebo or aspirin (ASA) 5mg/kg daily
:plus d1pyr1damo]e (DPM) 5mg/kg tw1ce da11y The drdgs, prepared in

powder form by Char1ng Cross Hosp1ta1 Pharmacy, were d1so]ved 1n 5mls

of water and adm1n1stered by oro-gastr1c tube. Treatment was started -

48 hours prior to operation and continued unt11 comp]et1on of the

‘ study. At operat1on the carot1d artery was damaged by a standard1sed
,‘method and 24 hours 1ater p]ate]ets 1abe11ed with 111Ind1um oxine
were injected into the rabbits. After a further 24 hours the an1mals
were sacr1f1ced the carot1d arteries exc1sed and rad101abe11ed

platelet uptake was assessed

5.2.i Operative technique

 Anaesthesia was indu§ed by mask inha]ationdof a 70:30 mixture of
nitrous oxide anddoxygen with-4%-Halothane and maintained.with 2%
Halothane. An anterior mid-Tine incision was made in the neck and
‘the_strap musc]es‘were’ref1ected 1atera11y. Both carotid arteries :
weretidentified and'mobilised‘over_a distance of'2acms (P1ate 3.1);
On one side, the carotid artery was crushed overia distance of lcm
for a3 mfnute period'using'non-toothed dissectfng foreeps mdunted on
aG clamp w1th a compress1on screw prov1d1ng a standard1sed trauma

(P]ate_3.2) The artery on the contra]atera] s1de was mob111sed by

9% -



the same method but left undamaged and used as a control. The skin'
wounds were closed w1th cont1nuous 5/0 Eth110n (W6669 Ethicon,

Ed1nburgh Scot]and) and the an1ma1s were allowed to recover.

5.2.ii 1llin platelet labelling

. 'P]ate]et labelling was'performed by a technique modified'from the
'button saline' method desc1bed by Wistow et a] (1978). P]ate1ets
'for each labelling procedure were obta1ned from a s1ngle an1ma1
anaesthet1sed using 49 Ha]othane, n1trous ox1de and oxygen. Thirty
‘millilitres of blood were obta1ned by cardiac puncture and the animal p
- was sacrificed'uith‘intravenous sodiumhbarbiturate. fhe blood was,
,‘anticoagu1ated with 4m1s of 3.4% sodium acid citrate and centrifuged»
at 200G for 10 m1nutes to obta1n p]ate]et r1ch p]asma (Fig 5. 1) |
This suspens1on was then centr1fuged aga1n at 640G to produce a
- platelet pe11et and the resulting supernatant was reta1ned The
p]ate]et pellet was washed and resuspended in 5Smls of ca1c1um free
Tyrode H so1ut1on with 70ng of PGE;. The washed platelets were again
isolated, resuspended’and,incubated with 250uCi of 1111ndium oxine
for 60 seconds and the radiolabelling reaction stopped by the
"add1t1on of the supernatant. Free nucleotide remaining in so1ut1on :
o was bound to plasma proteins in»the supernatant. Radio]abe]led
platelets were separated‘from the»supernatant and residua1 plasma-
A bound 1sotope by centr1fugat1on at; 640G for 10 m1nutes and |
'resuspended 1n 10mls of Tyrode S so]ut1on Labe111ng eff1c1ency'Was‘v
assessed by expressing the act1v1ty bound to 1abe11ed p]ate]ets as a |

percentage of the total act1v1ty in the p]ate]ets and supernatant. -
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Each rabbit was then reinjected with 2 mls of 11l1n platelet _
suspénsibn_via the ear vein. _Sufficient platelets were harvested

from one donor to label five experimental animals.

5.2.i11 Measurement of radiolabelled platelet uptake

,‘ Twenty four hours after 1m1ect10n of radiolabelled p]atelets,
the animais were reanaesthetised and both carotid arteries exc1sed.
A 5m1_biood_samp1e was withdrawn to measure circuiatingvb1ood

.activity and the anima}g weré sacrifiéed with'intravenous sodium -
barbiturate. The exc1sed arteries were 1rrigated for 60 seconds with
0.9% sa11ne, 1ntroduced through a 20 gauge 1ntravenous 1nfu51on

B catheter (Abbocath-T 4535-20, Abbott Ireland Ltd).< This procedure
' removed blood remaining in the 1uhen and adherent tissue was
dissected from the‘advéntitia of thé vésse] (P1éte'3}3).» Two

centimetre 1engths,6f ressel were iso]afed With ai5mm section of

. normairartery proximal and disfa] to the traumatised ségment. 'Thé r

contrﬁiateral artery was'removed, irrigated andiprepared.ih;an

identical fashion and used as a reference. Radioactivity was °

- meaéured in a well crystal and ratemeter (NucTearkEntérprises SR-7

ratemeter/DMI-2 scintillation counter) and the specimens weighed.
The endothelial appearances of the traumatised and contro]larteries v

were examined by écanningie]ectron microécopy (P]ate 3.4, 3.5).

Specimen'radioacfivity_counts were measured over a 10 minute
period. Carotid platelet uptake was estimated by expressing the

_ radioactivity COunts from each specimen, per gram of tissue, as a
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Plate 3

3.1

The left carotid blfurcatlon in the rabblt The common
carotid artery is seen on the right of the exposure with

- the bifurcation to the left at the level of the thyroid

3.2

3.3

cartilage.

After moblllsatlon the common carotxd artery is crushed using

the jaws of a series of non toothed dlssectmg forceps
mounted on a G clamp. The compressnon injury is sustained
for 3 minutes and then released. : :

' Traumatised and _control_ rabbit carotid arteries. The

endothelial damage caused by external compressio'n can be

~ seenh with the naked eye. Before measuring radioactivity
~in this specumen all post mortem thrombus and arterlal

3.4

adventltla is removed

Low power scanmng ‘electron mici‘ogrfaph (x306) of the

- vascular endothelium'following carotid trauma in rabbits.
- Thrombotic material is seen obscurmg the normal folds of

3.5

the arterial intima.
High power scanning electron micrograph ’(leu‘ZO) A neiwork :

of platelets and fibrin make up luminal thrombus whlch
is adherent to the damaged endothelnal cells.
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percentage of the counts from Tml of circulating blood. Carotid
Uptake Ratio was calculated by expressing the carotid platelet uptake
of‘the traumatised arteky as a katio of that from the contralateral

‘reference artery.

'_ Specimen fadioactivity in the traumétised.and feferenée arteries
was compared by the_Studenth t test for paired déta. The comparison
6f carotid platelet uptake between traumatised and reference vessels
was made by the Wilcoxon signed-rank test for paired data. Carotid
uptake ratio in the treated andlpiaceboigroups were cohpared byvthe_

Mann Whitney U test'fob non'parametric'data.t
5.3 Results
Mean labelling efficiency was 87.2 + 4.2 percent and all

radiolabelled p]até]ets showed a normal aggrégatory response to ADP.

5.3.i Specimen radioactivity

Specimen radioactivity in the reference artery of;3.2 i_d;B X
103 counts was‘marginally higher than background at 2.0'i_0,07 x 103
(Fig 5.2) but wasimuch Tower than those from the‘tkahmatised,artery
‘ at'5.7 + 0.7 x 103 (p<0.001). Specimen radioactivity, perAgram of
artery, were conSisténtiyihigher from the traumatised side at 4.79 +
0.39 x 105 counts/gram compared to 3-1111_0337fx 105 from the

reference artery (p<0.001).
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Figure 5.2 Radioactivity in traumatised and contralateral
' ~ carotid arteries. ' ’ '



5.3.ii Carotid platelet uptake

Carotid p1ate1et uptake, which expresses the coUnts per gram.of
artery‘as a percentage of the blood activity, showed consistently
higher platelet aceumu1ation on the traumatised artery of 55.1 + 9.8
perceht compared to 28,6 i_6;3 bercent from the reference side in the
placebo group (p<0101) (Fig 5.3). tThis difference in cafotid |
_p]ate]et uptake was seen to a 1esser ektent in'thevanimalé treated
w1th aspirin and d1pyr1damo1e with carot1d p]ate1et uptake of 43.7 +
6. 0 on the crushed vesse1s and 34 5+5, 3 percent on the reference
arteries (p<0.05) (Fig 5.4). ,There was no difference between the
platelet acivity form the reference arteries fn the treated and

control groups.

5.3.i11 Carotid Uptake Ratio

Carotid Uptake Ratio was significantly reduced in those animals
treated w1th ASA+DPM at 1 35 + 0.13 compared to 2. 2 + 0 29 in the
‘ p]acebo group (p<0 02) (F1g 5.5). o

5.4 Discussien 7 v
This'mode1 of intimal injury'fdehtiftes'radiolabelled platelet
tvdepos1t1on on areas of damaged endothelium in rabbit carot1d |
arteries. Platelet deposition was s1gn1f1cant1y h1gher on the
}injured arterjes compared to the reference vesse]s wh1ch were
mobilised in the same‘fashion. Radioactivity in the‘coptrol ves$e1s
was similar to backgroend which suggests that_there was no

appreciable platelet accumulation on the arterial adventitia or the
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- Figure 5.3 Carotid platelet uptake expreésed the
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Flgur'e 5.5 Carotid Uptake Ratio is SIgnlflcantly reduced in
‘ rabblts recelvmg platelet inhibitory therapy



- tissues of the wound. Using aspirin and dipyridamole the platelet
‘interaction with the subendothelium was'significant1y‘reduced in this

model.

Successful radio]abe]]ihg of.rabhit‘p1ate]ets with 1111n,oxine'
was achieved with*efficiencies,comparab]e~to other series N
(Fink]estein et a1'1982::Schmidt, Rasmussen &kLorehtzen 1982); fhe"
use of donor p]ate]etseconffrmed’that hetero]pgbus ce]]s_are" |
effective in identifying endartertaledamage (Grossman et al 1978). A
proportion of the isotope is.]oca1ised in the dense bodies and to a
lTesser extent the a1pha Qrénu]es of p1ate1ets,vun1ike human platelets
. which'carry the radibnuc]eotide in the cytop]asm of the‘cell (Baker
et al 1982). This m1ght theoret1ca11y resu]t in isotope Toss |
_fo]]ow1ng the re]ease reaction in platelet aggregat1on but did not
affect the assessment of arter1a1 p1ate1et depos1t1on in this mode1
Although a proportion of the 1sotope may be: Tost from the alpha
granules on aggregat1on, this act1v1ty may be reta1ned»1n the
arteria] wa]],‘fn a simitar way that p]ate]etsfactor 4 is retained
- within the vesse] wall after p]ate]et depos1t1on (Go]dberg, Stemerman

& Haud1n 1980)

The degree of trauma inflicted in this mode1 shou]d be regarded -
as less severe than forma] endarterectomy. P]ate]et uptake is more
1ntense f0110w1ng endarterectomy than after endothelial str1pp1ng by
ba11oon catheter (Crow]ey & Pierce 1981) Th1s model measures the

1ntense p]ate1et depos1t1on wh1ch occurs on the arter1a1 wall 1n the
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48 hours after trauma. Subsequent'intraiuminai platelet uptake will
“continue until intimal regenération,is complete after approximately 2
weeks (Reidy et al 1983) but has not been investigated in this

experiment.

True endothe]iai regeneration 6ccurs only ovér small areas of _

intimal ]bssi 'Largé defects in fhe endothelium are repiaced by a
-neointimé of vascular smooth muscie whiéh'retains antiQaggregatbry
propekties but does not reformva true endofheiium (Reidy et al 1983).
The iﬁterface between smooth muscle cells and endothelium is seen as
a'tkanSitibnai zone wherevthe endothelial teiis.are‘not a]igned with
flow. MWhether endothelial cell repair is limited by an inherant
3 inabiiity to regenerate or is inhibited by‘smooth muscie remains

unclear (Groves et al 1979).

- Platelet depritipn}ohidamaged smooth musc]évceiis and its

‘ effect'on éndothe]idi'repair has yet to be identified. -A single

endotheiiai ihjury causes less p]éteiet aggregation than repeatédv

~ trauma inf]ictéd on the shooth mustie ce]is of nedintima'(Grovés et
--ai 1982). Thisiincreased thrombus'formation after fepgéted démage is
’reducedibyvheparin which has no effect on piéteiet.acéumuiationbafter
"a Single injuryv(Kin]ough-Rathbbne et al 1983). The asséssment‘of

prostaty]cin synthesis in damaged endothé]ium and reparative

neointima will require further study.
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5.5 Conclusions

| Thfs rabbit model has proved re]iab]e'for the invéstigation of
radio]ébe]Ted‘p1at1et uptake in the carotid artery following
staﬁdardised arieriallinjury.  The efffgacy of low dose aSpirin and
- dfpyridamd]e in reddciﬁg platelet deposition on the damaged arterfa]
wall was confirmed. These methods céh ﬁow Be apb]ied to patients ‘
where a‘comparab1é arterial injury is inflicted by carotid

endarterectomy.
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Chapter 6

- Carotid Platelet Uptake Following Endarterectomy
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6.1 Introduction

Since the prqbleﬁs of early pqstoperative thrombosis and »
restenosis fol]owfng carotfd endartefettOmy were récognised,,it has
beeh suggested that platelets are involved in the pathophysiology of
these processes (Stoney & String_1976; Ortega et al 1981). However
'thistoncépt has def{ed further study as fn vivo pléte]ét |
écCumulation had not preVious1y‘beeh'detectable in patients. In
recent years, 11lindium platelet labelling has greatly improved
imaging df invivo thrombus and‘thése techniques have been'app1ied to
meaéurement of platelet uptake on prdehetiC grafts in dogs and in "}
batientsf(Mergerman et a1'1982; Goldman et al ]982&; Goldman et al
1982b). | | |

P]ate]et»atéumu]ation_on the carotid artery was measured in
patients to assess the thrombogenié characteristics of
atherosc]efotickleSiohs‘(Davis et al 1980; Goldman et 51 1983b) but
oﬁ1y recéntiy hés this technique béen‘usedvto evaluate the |
accumUiatfon of thrombus on the‘afterial wall fo]]owing'carotid

endarterectomy (Lusby et al 1983; Stratton etAal 1987).

This experimént investigates platelet deposition on thevcarotid
.artery»in‘patients following endarterectomy."This-has}béen e&a]uated
both in the early post operative period and 1atér at 2 months and
compéres gamma cdmera imaging With probe counting, the two»princip]e

methods by which radioactivity is assesﬁed.
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6.2 Patients and Methods

Ten patients undergo1ng un11atera1 carot1d endarterectomy were
included in th1s study. There were 6 men and 4 women w1th a mean age
of 66.7 years (range 47-79 years). Standard endarterectomy was
performed under generaT.anaesthesia and heparin 5000 units'was
administered prior to cross clamping of the common carotid artery
'Long1tud1na1 arter1otomy was performed and an 1ntra1um1na1 shunt was.
introducted 1f cerebral perfus1on was 1nadequate. In this group, the g
arteriotomy was ciosed'by direct suture, without theduse of patoh
angiop1asty,_with eontinuous 6/0‘Pr01ene‘(WB706 Ethicon Ltd,
Edinburgh, Soot]and)., |

On the second-pbstoperative day autoiogous p1ate1ets from 26mls
~ of blood were prepared by the;method described,in chapter 4 and |
'1abe1ied with approximately ZOOuCi 111Indi’um oxine (HaWker et al
1980) Two hours fo]1ow1ng re1m1ect1on, carotid p]ate]et uptake was
measured by both gamma camera imaging and probe count1ng W1th
repeated measurements taken at 24 and 48 hours after 1n3ect1on.
~Prior to assessment of carot1d rad1oact1v1ty, the surface markings of
the carot1d b1furcat1on were identified on both s1des of the neck by-»
‘cont1nuous wave u1trasound w1th a 4MHz probe (Vasoscan Son1ca1d
8220- 6901 Son1ca1d Ltd Ch1chester, England). Th1smensured-

accurate probe geometry and confirmed internal carotid patency.

Counts from the operated artery were compared to those form non -

‘operated s1de us1ng both methods of rad1oact1V1ty assessment The
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| counts, from the operated artery over reference, were expressed as
the Carot1d Uptake Rat1o (CUR) and the da11y increase in this ratio, |
over the three days of this study, was termed Thrombogen1c1ty Index
(TI). This procedure was repeated 8 weeks 1ater, when after av

’_ further 1nJect1on of auto]ogous labelled p]ate]ets, Carot1d Uptake
Rat1o and Thrombogen1c1ty Index were again ca]cu]ated to assess 1ate
postoperat1ve p]ate]et uptake In add1t1on the gamma 1mages were
exam1ned v1sua11y by an 1ndepentent observer asess1ng 1ncreased

p]ate]et uptake over the carot1d arter1es._ -

Statistical comparison of the counts from the operated and
reference carotid arteries was performed by the_Ni]coxon signed-rank_
test for paired data as was the comparison between early and late
results of CUR and Ti;‘ The correlation betWeen CUR and TI, derived

f from gamma camera and probe counting, was ca]cuiated by ]inear

‘regression.

6.3 Results
| A]] pat1ents recovered from anaesthes1a w1thout neuro]og1ca1

def1c1ty and non- 1nvas1ve carot1d assessment at 48 hours demonstrated

wide patency in a11 10 operated arter1es Mean (i_sem) labelling |

efficiency in all 10 patients, 2 days after surgery, was‘93v6~i'0,8

percent with 1nJected act1v1ty of 258 + 16 4 uCi. These/were.simiiar‘

to the results of 94.5 + 0. 5 percent and 222 3 +13.9 uCi
‘respect1ve1y obtafned from'subsequentv1abe111ng procedures at 2

months after operation. 1In all cases labelled platelets showed a :
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v sat1sfactory response to ADP and were ster11e to both aerobic and

anaerob1c culture. All p1ate1et preparat1ons had 1abe111ng

"efffcienCies in excess of 90 percent. Values of CUR and TI
calculated from gamma images are recorded in Table 6.1. Comparative l

results of probe counting are-seen in Table 6.2.

6.3.1 Gamma camera imaging

‘Three days after surgery, mean counts per gamma'camera cell of 1v
- 46.3 + 4.3, calcu]ated from an area of interest over the operated
artery were s1gn1f1cant1y higher than 38.6 + 3.9 counts per p1xce1
recorded on the non operated side (p<0. 001) (Fig 6.1). At two months
the counts per p1xe1 over the operated artery had fa]]en to 38.9 + =
3.2 and were similar to the reference counts of 39. 1 + 3.1 (F1g 6. 2)

‘ By express1ng the rad1oact1v1ty from the operated artery as a rat1o

- of the reference, mean CUR was ca]cu]ated at 1.22 1_0.04 in the'ear1y
‘postoperative periodf This initfaI CUR was Significant1y higher than

that of 1.01 + 0.06, measured at 2 months (p<0.01) (Fig 6.3).

An independent observer correct1y 1dentified‘the,side of
'endarterectomy in 8‘of,the’10 early scans and judged the'remaining Zd
equivoca] ~ Visual ana]ysis of gamma scans from‘the later examination
_ correct]y 1dent1f1ed the s1de of operat1on 1n two pat1ents Jddged 7

equivocal and was incorrect 1n one patient..

Thrombogenicity Index, reflecting the rate of piatelet

deposition, was initiaT]y raised'at*o.llvipo.oi in the ear1yﬁpostv
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Table 6.2

crl  cuwrz il 12

1.18  0.78  0.14 -0.05
1.15 1.12 0.08 0.11
1.19  1.29  0.08 0.03
1.48 1 0.98 0.13 - -0.03
1,10 1.18 0.07 0.04
1.26 0.94  0.04 -0.01-
0.96 0.69  0.15  0.09
1.30 - 1.13 . o0.21 0.05
1.28 1.08  0.03 0o
1.34 10.88 0.11 -0.05

Tabulated values of Carotid Uptake
Ratio and Thrombogenicity Index
measured in the earlyl and later?

postoperative periods using gamma
camera assessment of radioactivity.

~cwrl - cwr2 Tl TI2
0.96  0.94 -0.4 0.02

©0.95 0.78 -0.28  -0.30
.30 1.31 0.1z 0.09
1.46 ~ 1.15  0.13 - -0.09

- 0.84  1.33  0.05  -0.17
0.76  0.88  0.05 = -0.09
1.29.  0.95  -0.10  -0.02
0.74 0.77 0.06  0.04
1.16 -~ 0.97 0.02  -0.08

- 0.84 1.03  -0.11  0.11

Values of early and late CUR and TI

calculated from data obta1ned from '
probe count1ng.
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operative period, but fell to 0.02 + 0.02 by 2 months (p<0.01) (Fig
6.4). ’

6.3.i1 Probe counting

In_thé'eérly postoperative study;‘fhe counts measured by sqdiumv
iodide crysta1 and rate meter over the operated carotid of 3.0 + 0.8
x 103 were indistinguishab1e from the contraiatera] non operated
reference artery of»2;9 + 0.8 x 103 (Figj6;5). At 2 mohths»identica]
~counts of 1.9 + 0.3 x 103 were recorded over both operated and

reference artefies (Fig 6.6). There wasfnotsignificant di fference
' betWéen the ear]y_resu1ts of CUR at 1.03 + 0.08, ahd 1.01 1{0.06 two
- months later (Fig 6.7). |

Results of Thrombogenicity Index, from the‘probe countihg'data;
~ also failed to identify any di fference between -0.03 + 0.03
calculated from the second to fourth poStoperatiVe days and -0.05 +-

0.04 over a 3 day period, 2 months later (Fig 6.8).

ATternatng\reference areas had no greafer sensitivity. Using
the‘foréarm as a’reférente, CUR was found to be.i.75 i 0.3 in fhe
éar]y study but unchanged at 1.71 + 0.1 at,2 mdnths; Théée'higher
readings merely reflect the vo]umetof tissue andvb]ood in the neck
'Compared to the‘forearm,vhowéver the scatter of these counts.at 1,8‘1

0.4 x 103 was similar to the carotid counts of 3.0 + 0.8 x 103.
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"~ 6.3.7ii Comparison of methods

There was no»significant cdrne1ation between the values of CUR
and TI measured by the 2 nethods of radioactivity assessment. Linear
regress1on compar1ng probe counting and gamma imaging showed no
re]at1onsh1p between Carot1d Uptake Rat1o (r=0. 06) (F1g 6. 9) and
Thrombogen1c1ty Index (r= 0 22) in the ear]y postOperat1ve period (F1g
6.10). S1m11ar1y these indices of p]ate1et uptake were not
comparab]e in the ]ater exam1nat1on with r=0. 36 for CUR and an

inverse trend seen with TI (r—-0,49).

6.4'»vDiseussion

~ These results demonstrate‘the efficacy of gamma 1maging‘in the
measurement of radiolabelled pTateIet‘uptake at the site of carotid
endarterectomy. These gamma seans eonsistently showed detectab1e.
levels of'radioactivity’in_the ear]y-postoperative period, both'
visually and on computer analysis. By comparing the operated arfery'
to the Contra]atera1 referenee and ca]cu]atfng Carotid Uptake Ratio
and Thrombogen1c1ty Index, it was posss1b1e to show a s1gn1f1cant
reduction in p]atelet accumu]at1on in the later examination.
, A]though th1s resolution of the p]ate]et—vesse] wa]] 1nteract1on at -
that_stage suggests the regenerat}On of a neointima, th1svrema1ns

| unproven without histological evidence.

These data show probe:chnting to be ineffective in identifying
} postbperative carotid platelet uptake."Even in patients in whom

increased radioactivity was easily visible on gamma camera imaging,
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~ probe counting did not detect increased 1emels of radioactivity.
This contrasts to the'studies ih batiehts measuring radio]abelled |
platelet Uptake on femoro-popliteal grafts by probe countihg (Goldman
et al 1982a). Inaccuracies with this technique may be due tq
insufficient collimation such that activity is recorded from the
'other Vascu1ar'sthucthres in the,neck. The:proximity of the operated
and‘reference.arteries may be important as activity from the.
ehdarterectomised’carotid may influence counts recorded from the
eference artehy The w1de spread of the probe count1ng data, seen
. with the high standard error of the mean may reflect the '
1naccurac1es of this method. Even'us1ng the forearm referenee,
couhts.were still incohsistent and failed to identify increased |

p1ate1et uptake in the early postoperative period.

The use of the contralateral carotid artery refehence for the
ea1cu1ation of CUR and TI may.lead to error asib]ate]et accumuTation -
'has‘been identified at‘the_site'of carotid atheroma (Go1dman etva]
- 1983b). Only one patient in this séries_hadva postbperatime_CUR of
| less than 1.Q:whieh'wou1d indicate greater platelet activity on the
non-operated side. This'patfent was found tOvhave sighificantv
“contralateral d1sease with a 50% 1nterna1 carot1d stenosis on non-
'1nvas1ve assessment. The reference radioactivity was comparatjvely
mh1gher 1n the later scan where CUR Was recorded at 0.69, indicating a
.redUCtion‘in platelet accumu1ation at the7site'of_endarterectomy as

would be expected at this stage (Plate 2.5). COnSistent]y higher
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. uptake on the reference artery might~suggest»continuous platelet

accumulation on a thrombogenic, atheromatous plaque.

» The‘early postoperative stndies were performed from the second.
- to the fourth postoperatiVe day to_avoid fadio}abe]]ed ptatelet
uptake,fntovwound haematoma.‘ Previous studies; injecting labelled
p1ate1ets‘within one hour of endarterectomy,‘have succeSSfU]Ty
measured greater activity on the side’of.operation put made no
a11owance for wound uptake (Lusby et al 1983) Honever this
cons1derat1on may not be important as contro] stud1es in patients
undergoing 1ngu1na1 hern1a repa1r have not demonstrated p]ate]et
uptake into the tissues of the wound in the 1mmed1ate postoperat1ve’

period (Stratton et al 1987).

6.5 Conclusion . o

fRadio]abe1ling of auto1ogons‘p1ate]ets with ltllndium and gamma
camerafimaging is a suftabTe method‘fok measuning‘p1ate1et uptake in
the early postoperative period and has demonstrated a reduction in
carotid pTatelet Uptake by 2 months after 3urgery Carotid Uptake
Ratio and Thrombogen1c1ty Index both appear to be re11ab1e

measurements of p]ate]et accumu]at1on.

Resu]ts of probe counting have not shown an increase 1n
postoperat1ve CUR or TI and do not correlate with gamma 1mag1ng The'
high background blood p001 in the neck seems to make probe count1ng

inappropriate in these c1rcumstances.
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. ’Chapterb7"

" The Effect of Platelet Inhibitbfy Therapy on_Carotid'

Thrombogenicity Following Endarterectomy
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7.1 Introduction

‘Although éntip]atelet therapy is widely uSed in the treatment of
tardiovach]ar disease, the measurementbof in vivo'chahges in |
piate]et function.énd interaction with the arterial wall have proved
more difficult to inVestigate. Clinical studies Qf aspirin and
dipyridamo]é_showed-a reduttion in the coronary morta]ity in the
* myocardial reinfarction (PARIS 1980) and recurrent stroke (Cénadiah
Cdoperative Study}GrOUpvi978) bﬁt;these epidemio]ogica1 surveys didv
not demonstkate the méchanism’by which this morbidity was improved.
Similarly a1thoughfaspir1n and dipyridamole were significant]y better
‘ than placebo in préservingvgraft}patency following aorto-coronary - |
bypaés (Chesebro et al 1984), Tower platelet activity in these grafts.

‘was not evaluated.

The difficuTties arise 1n‘the detection of platelet uptake at
‘, areas of‘arterié1 damagenor diséase. 'Invvitrb platelet kinetics are
certainly altered by the cyclo-oxygenase blockade of aspirin and
phosphodiesterase inhibition with'dipyrimadole but the methods of
ihvestigating‘red0ced in vivp’p]ate]et activity in the blood vessels
of patients aré'unsatﬁfaCtory (Eichner;1984).»'Imprbted coronary‘vein  SA
“graft patency suggests that‘p1ate1et:inhibition:prevents early
‘ -postoperative»thrombosis but this ié seen only when therapy.hés>been
| comnenced eithef'preOperative1y or in the ear1y postoperativé péfiod
(Chesebro et al 1984; Lorenz et al 1984). Thére was no demdnstrab]e

benefit from therapy started mdre than 48 hours after surgery (Brooks

et al 1985). Long term anti-platelet therapy also reduced the
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incidence of late graftfocc]usion,*perhaps'inhibiting intima1
hyperplasia which may be. piate]et mediated and this would encourage
the use of therapy for at least a year after surgery (Chesebro et al

1984).

The choice of either high oriiow doses of aspirin remains a

problem yet unsoived by c]inical,investigation. In high doses
~ inhibition of endothelial cyclo-oxygenase activity may reduce
prostacyclin synthe51s whereas low doses, while 1rrever51b1y biocking v
'piateiet cycio oxygenase may have less effect on the arachidonic
acid metabolism in vascular endothelium (Clowes 1986). Experimental
~data suggests-that oraily administered Tow dose aspirin'may produce a
cumulative and optimal acetylation of platelet cyc]o-oxygenase in the
portai circulation without’affecting the systemic vascu]arw | |
}_endothelium (Pedersen &‘Fitzgeraid 1984). This may be important in
vein grafts and foiiowing endarterectomy where neointima'formed»by a
combination of arter1a1 smooth muscle and regenerated endothelium

| retains anti thrombotic properties (Reidy et al 1983)

At present aspirin,vwith,or‘without'dipypidamo]e, has been used
”extensireiy both‘before and_after carotid surgery. ‘The majority of
f patients (72%) refered to the Vascular Service at Charing Cross |
Hospital for treatment of symptomatic carotid artery disease have
~ been prescribed aspirin since the onset of symptoms. In many centres
aspirin 1s used empiricaily after carotid surgery (G]over et al 1985;

Ackroyd et al 1986) but the effects on platelet uptake on the _
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endarterectomy segment have not been investigated nor has the
clinical effiCacy'of this therapy:has not been confirmed. Although a
retrospective study SUggested that platelet inhibitory:therapy'
reduced the inCidence'of thrombosis related neuroiogical deficits
fo]iowing carotid endarterectomy (Edwards et al 1985), conclusions

should not be drawn from this non randomised study.

| The.direCt effécts_of inhibitory therapy on piatelet uptake on
the arterial wall foiloning carotid endarterectomy have not been
estaoiished. It 1s'£hé purpose of this_study to measure-
'postoperative p]ate]et uptake in patients fo]10w1ng carotid
endarterectomy and to evaluate the effects of a standard regimen of

p]ate]et 1nh1b1tory therapy.

S 7.2 Patients and Methods

| Eighteen patients were studied after unilateral carotid L
endarterectomy for treatment of amaurosis fugax or transient cerebral
ischaemia, There were 12 men'andv6 women with mean age 63.5>years
(range 52-78).A Twelve patients who had beenvtaking piatelet

inhibitory therapy atbrefera1 were continued on aspirin (ASA) 300mg

: daily and dipyridamoie (DPM) 100mg three times daily starting pre-

Lroperatively and cont1nu1ng to the end of the study period. Six
patients who_were refered for surgery and had not been taking
platelet inhibitory drugs or other non—stéroida] anti-intlamatory,
'drugs for 14 days prior to Operation were included for comparison as

controls.
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Endarterectomy was performed under general anaésthe#ia, with ¢

?“\

systemic heparinisation, using a 1ongitudina1 arteriotomy from the
common carotid extending into the internal carotid artery.
Continuous 6,0ka01ene was used to repair the arteriotomy and in ;

these patients patch\angiop)asty was not required.

7.2.i Assessment of platelet uptake |

On the second poétoperative day autq]bgohs p1af91ets were
labelled with 11lIndium oxine using the method described in Chapter 4
(Hawker et al 1980). Gamma images were takenlz.hours after infusion
of radiolabelled bTate}ets and'éubsequéntly at 24.and 48 hours; N
" Carotid Uptake Ratio at 24 hours and Thrombqgenicity Index were

¢a1cu1ated.

Gamma camera counts were édmpared by fhe,Wi]coxonvsigned-rank_
test for paired data and results of Carotid Uptake Ratio and
~ Thrombogenicity Index were analysed using the_MannVWhitney‘U test for

~ non parametric data.

7.3 Results

Twe1ve patiénts in the treatmentvgrqup to]erated'drug therapyv‘
- without side efféctsvand none of the 18 patieﬁts developed |
postoperative wound.haematomaé. ‘There Qere‘no perioperatiyé‘or ’
postbpefative neuro]oQica] défiéits, Non-invasive assessment of the
endarterectbmy perfomed 5 days after operation showed 611 veSse]s to

~ be widely patent.
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7.3.i Carotid platelet uptake _

 Radiolabelled platelet depdsitioh was identiffed by an
independent obserQer on 11 of.the 18 gamma images taken.at 24 hours.
In all 18 patientsAmean (i§em) counts ﬁer ﬁixce]_ofv39;8 + 4.1 over
the operated artery was_significaﬁt]y higher‘than‘32.1 + 2.7 over the
COntralaterallrefeFence side (p<0;001) (Fig 7.1). This difference in
~gamma eamera counts was‘Seen'in both those reeeivihg anti-platelef B
'bthekapy‘and the untreated cqntro]s.. Radfoactivity over the operated
.carotids was 35.4 1;4.6'eounts;per pixcel in the treated grbup
compared te 31;2;1}3;4 over the reference side (p<0.01). 1In the
untreated patienté, counts over the endafterectomy were statistically
highek at 48.7 i!7.4 compared fo 33.8 +4.9 despite the.sma11er‘ |

numbers in this group (p<0.01).

7.3.i1 Carotid Uptake Ratio

Mean (+ sem) CUR in all 18 pat1ents was 1.22 + 0.04 and was -
s1gn1f1cant1y lower in 12 pat1ents rece1v1ng ASA and DPM at 1.11 +
’, 0.04 compared to 1. 44 + 0.03 in 6 untreated pat1ents (p<0 002)
(F1g 7.2).

7. 3 iii Thrombogenicity Index

0vera11 TI was ca]cu]ated at 0. 15 + 0 04 and was s1m11ar1y
- reduced from 0.34 + 0.07 in control pat1ents to 0. 06 + 0. 02 in those
“taking ASA and DPM (p<0.002) (FIg 7.3).
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Figure 7.1 Counts per gamma camera cell in areas of interest
over the operated and contralateral artery in 18
patients following carotid endarterectomy.
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7.4 Discussion

This study demonétrates a,signiffcaﬁt réduction in.radio1abe11ed
platelet uptake on the luminal surface of the vessel wall after
endarterectomy in those patients receiving platé]et.jnhibitory
therapy. This is seen both in the Carotid Upfake Ratio, compafing'
the operated to thé reférence side, ahd Thrombogenicity index whiéh.

reflects the rate of platelet deposition.

The administrationvof aspirin 300mg is between the accepted Tow
(100mg) and high (1gm) daiiyvddses (Masotti et al 1979). In thev
patients studied, this dbse of aspirin in combihatiqn with
dipyfidaﬁo]e 100mg tds éauSed ho keported side effects, in pérticdjar
there was no evidence of Qastro-intestina]_upSet_nor of gastro- |
intestinal haemorrhage. This p]ételef,inhibitory fegimen is used
consistently in the patiehts fo110Wing vascular surgery at Charing
Cross'Hospita1 with satisfactory pétient compliance}and with
feiative]y few of the.sidé effects}common1y réportéd'(PARIS 1980;
Brooks et'a1‘1985).; - R

Endarteréctomy rémoves the vascu]ar,endothéiiuh 1eaving the
conneétive tisSQe of'the,mediaAéxposed to the circﬁ]ating b]ood;'
Initial platelet adhesion'wi11 form a layer of p1ate1etsvand'fibrih.v5
on the 1umina1 suface of the’ehdarterécfomy seghent regﬁfd]ess of
cyc]o-oxygenése inhibition as thfs-ear1y aggregationvis médiatedvby N
collagen.’ Fufther platelet deposition on the blate]et—fibhfn matrix

is effected by aggregation as Thrig?xane Az is released from adherent yﬂkL\’v
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platelets. It is this: secondary p1ate1et aggregat1on which may be
1nh1b1ted by cyc1o oxygenase b]ockade and reduces the platelet
accumu]at1on which is identified at the site of endarterectomy in

this exper1ment (Packham & Mustard 1980)

It is Un1ike]yAthat ehdotheliabeepair'woqu be suffiéfent]y
advance thdtrldCél endothelial prostacyclin broduction.was o
réestab]ishéd in the 5 days taken to comp1éte this study. Therefore,
| in the absencé of an sécretbry endothelial subfaCe 'the’theoretica1
effects of cyclo- oxygenase 1nh1b1t1on of prostacyc11n synthes1s |

shou]d not be relevant.

~ There is, a§ yet, no-evidencé tovsuggest that avféductiOnv{n
: p1ate1et deposftion after carotid surgery'ié,tlinica11y beneficial.
Total absehce of the piatelet fesﬁonéé to tissue damage wou]d be

. inapprbpriate as‘pTate]etsvaay'a major role 1h‘nbrma1vhaemos£asi$,
In addition the release of platelet grbwth factors may‘bé‘required,ih
the cellular respohse to:trauma and be ihstrumenta] in.tiséue
proliferation and repair (Ross 1985) Unt11 the mechan1sm by wh1ch
p]ate]ets contr1bute to endothe11a1 repa1r is def1ned, 1t is
~inappropriate to recommend platelet 1nh1b1tory therapy in these

‘circumstances.

7.5  Conclusion
The platelet response in the early postoperative period

‘following endarterettomy‘can be modified with platelet inhibitory
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therapy. Using radiolabelled p1ate1ets, a standard regimen of
aspirin and dipyridamo]e significantly reduced carotid platelet

accumulation in the postoperative period.’
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Chapter 8

The Effect of Patch Angioplasty on Postoperative Platelet

Uptake in the Carotid Artery
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8.1 Introduction

Patch angdopiasty has been used from the ear]iest_days of
carotid surgery, howevervthebnumberlof patients undergoihg this
procedure with endarterectomy varies wide]y between pub]ished series.
De Weese reporfed'a series ih which.iess thao 4% ofvcases required
~ patch repair, and Pierce described 139 consecutive endarterectomies'
with on]y'a‘sing1e case of ahgiop]asty (De Weese et’a] 1968; Pierce
et al 1984) | In contrast B1a1sde11 s study of ang1ograph1c o«
assessment of restenosis reported that v1rtua11y all patients (97%)

had patch repa1r of the arter1otomy, in keep1ng with Edwards who used

. patch ang1op1asty in 70% of cases (B]a1sde11 et al 1967 Edwards et

a1l 1985).

The indications for patch angioplasty are seldom desoribed and
many surgeons patch selectively, simply using this fechnioue if the v
artery "is sma11" (Thompson et al 1970). Endarterectomy is USuelly_'
performed to remove atheromatous stenosis but closure of the
arter1otomy may cause 1oca11sed narrow1ng Patch repair remains the
standard procedure by wh1ch adequate diameter is mointained,
A]though this_may increase the cross éectiohal area of-the artery,
the effects>oh.f10w are less certafn. }F]ow_patterns at the carotid
bifurcation have been o]ose]y:studied,'and it:has been suggesteddthat_
turbu]ence and the resu]ting changes}in‘shear_stress may.ih some -
degree, contribute to the-pathogenesis of etheroma_(Zarins et al
3_1982). Following endarterectomy, the removal of a haemodynamic

stenosis may improve laminar flow but excessive widening with a large
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patch may_be detrimenta]. Inappropriate widening of the arterial
Tumen will interupt the laminar f]oﬁ causihg turbulence and abnormal
shear on the arterial wall. Also a Qesse]vrepaired by patch
angiop]asty hay effectively become aneurysmal with the deposition of
Tayers_bf thrombus in régiohs of low blood flow. Thué it has been
stressed that the.graft must be fashioned so as to produce a uniform

Tumen of normal dimensions (Katz et al 1987).

The choice of eithef proStheﬁic or autogehous vein has not yet
~been investigated and although vein with a setretoryvendothe1ium
should be'less'thrbmbogenic, this has not béen confirmédvfok patch

' angioplésty by in vivo studies. it 1s}known-that prosthetic |
materia]s’implahted as arterial grafts form a pseudo-intima wh1chv |
continue to accumuiate'circulating.plate]ets more than one‘yéaf'after
“,imp]antation'(Go1dman et al 1982b). This may not oécur fol]bwing
‘patch angibp1a§ty whére neointiha formed from pannus ingrowth v

probably covers the surface of the ré]ative]y small carotid patch.

Prevention of resfenosis is the prime indication for patch' :
ahgiqp]asty, and a]thodgh the,pathogehesis of restenosis is poofly
' dnderstood; this technfqué has been shown to.decrease the‘kecufkencé ‘
of restenosis~iﬁ two npn—randbmised repdrts}(Deriu et al 1984, Katz :
et a1'1987). '31mp1y by increasihgbthe Cross sectiona] areé of the
lumen, othef‘fattofs'such as p1ate1et depdsition, turbulence’or

smooth muscle cell prolifekation may become unimpdrtant. However a
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change of practice is not indicated until the benefits of patch

angioplasty are evaluated in a properly controlled randomised trial.

1The comparison'of simple suture, vein patch angioplasty and
‘carotid bifurcation advancement have been studied in afnon-randomised
tr1a1. 'Restenosis of Qreater than:50%'diameter reduction was found
"~ as often in each of the patched groups as in the unpatched controls
with an overall restenos1s rate of 13 8% in th1s series (Cur]ey,

Edwards & Jacob 1987)

The on]y 1nd1cat1on for patch ang1op1asty wh1ch seems
un1versa11y agreed is in the surg1ca1 treatment of the recurrent
sten051s. ~Cossman described the operative f1nd1ngs of 1nt1ma]
| hyperp]as1a and stated that a plane of dissection between the
stenotic 1es1on and the arterial wall could on]y be developed by
~ sharp dissection (Cossman et al 1978) In such~cases,vwhere the -
stenosis is smooth and most 11ke1y to cause symptoms by haemodynam1c |
effect rather than emboli, patch ang1op1asty is 1nd1cated and if this |

is not possible, reverse saphenous vein rep]acement is the preferred

treatment (Das et a] 1985)

- Platelet kinetics have not been studied following patch
angioplasty. In this chapter, the’ results of carot1d p]ate]et uptake
following th1s procedure are assessed and compared to a control group’

of pat1ents,treated by s1mp]e suture of the arteriotomy.
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8.2 Patients and Methods

In a consecutive”series of 33‘batients undergoing unilateral
carotid endartereotomy;k10 required pateh angiop]asty}Whi]e the
remainder underwent standard suture of the arteriotomya _There were
21 men‘and 12 womeﬁ in the series: 10 women were treated by direct
suture and only 2 required angioplasty.‘»Meaneage at operation was
comparable in both groups, at 69.5 + 1.9 years in the direct suture
group and 64.7 i_2;1 yearétwith angiop]astya‘ Criteria for the use of
' - patch angioplasty included an internaﬂ carotid artery of'small‘ |

vdiameter in 6 patients ktnking of the vessel on standard.c1oeure in
3 and a suspicion of arteritis in 1 pat1ent A1l arteriotomies were
closed with cont1nuous 6.0 Prolene and patch angioplasty was
- performed with Sauvage Dacron (USCI 007828 CR Bard Inc., Billerica,
| MA 01821, USA) 1n 6 patients wh11e in the remaining 4 autogenous

saphenous vein was used.

On the second postoperative day,'auto1ogous platelets from 26mls
~of blood were labelled with approx1mate1y 200uCi 1111nd1um oxine and
}re1nfused (Chapter 4). Carotid p1ate1et,uptake was measured by_gammav
camera imaging and Carotid Uptake Ratio (CUR) ca]cu]ated‘by computer'
ana1ysis. The rate of p1ate1et deposition Was determined by the
daf]y inerease in‘CUR calculated over the 3 dayé aﬁd expressed as

Thrombogenicity Index (TI).

: Counts from the operated artery were compared stat1st1ca11y to :

those from ‘the non- operated reference side by the Students t test for .
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vpaired_data. “In the sUbgroups of patch and standard suture, counts

from the operated artery were_compared to reference with the Wi1coxon'

' ,signed-rank test for paired data. 'hUR and TI for the 2 groups of
~patients were'oompared by the Mann Whitney u teets for non parametric

data. V1sua1 ana]ys1s of gamma camera scans was compared by F1sher S

- Exact test for sma]] numbers

.8.3 - Results
~ Mean labelling eff1c1ency of 93. 8 + 0. 5 in the control group was
s1m11ar to 92. 3 +0.7 in the patients after patch ang1op1asty A1l
pat1ents had 1abelling efficiencies in excess of 90%.A The act1vity
of 1111n 1n3ected was similar at 236 +13 and 225 + 15 uC1 in the

‘ contro1 and patch groups respect1ve1y.

8.3.1i  Gamma camera imaging

Visual ana]ys1s of gamma scans by an 1ndependent observer
detected 1ncreased_rad1oact1v1ty over the operated artery in all
- patients after patch angioplasty (51ate 4.2). HoweVer, only 14 of 23

scans were regarded as positive after direct closure (p<0.05).

In all 33 patients,1mean’(j§em)~counts from.the operated artery>
of 44.2 + 2.6 were éignificant1y higher'than the'oontra1atera1‘non
operated carotid.at 36.4 + 2.1 (p<0;001); Comparing patoh
angioplasty (Fig 8.1) and standard closure (Fig 8.2),,reference'
oarotid eOUnts were a]most identical at.36.9‘i_3.8 and 36.1 i.2°5

- respectively. Counts from the operated arteries were signifiéant]y
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Figuré 8.1 Counts per gamma. camera cell measured
: ~ over the carotid arteries repaired by patch
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arteries. ' ‘
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higher in both groups at 50 9 + 4.4 for patch ang1op1asty (p<0 001)
| and 41.2 + 3.1 with d1rect suture (p<0 001).

- 8.3.ii Carotid Uptake Ratio

o Carot1d Uptake Ratio, calculated at 1. 41 + 0.07 in 10 patients -
following patch angiopldty (p<0.01), was slgn1f1cant1y higher than ‘§>L/
- 1.14 + 0.04 in 23»patients’éfter standard suture‘(Fig 8.3). There
was no difference between mean CUR éf'1‘47;i 0.17 following vein
patchAin 4 patients ahd 1.37‘1_0.07'f0110w1hg'6 Datron patch |

procedures.

. 8.3.11 Thrombogenic1ty Index

| Mean TI, the da11y rise in CUR which reflects the rate of .
p]atelet depos1t1on was O 146 + 0.013 in the 23 pat1ents fo110w1ng
s1mp1e suture of the arter1otomy | This was s1gn1f1cant1y higher - w1th
patch angioplasty at 0.283 1_0.021 (p<0.001) (F1g 8.4). Surpr1s1ng]y
TI ﬁas higher‘in the 4}p§tien£s where autogenoué vein‘was used to’
patch the arteriotomy at 0.34 + 0.02 compared to 0.25 1!0.02 with
Dacron (p<0.05). 1In all patiénts studied TI was greater than‘zero
'indicating a'higher rate of p1ate1ét accumﬁTation 6ver the

endarterectomy”compared to the reference.

8.4 Discussion -
- MostAvascu1ar‘surgeons usé patéh angiop]asty dccasiona11y-to._
close the carotid arteriotomy, as in most instances standard closure .

of the'endarterectomy pfovides an adequate arterial 1Umen (Thompson
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et al 1970; Baker et al 1983; SchutZ‘etga1>1970). ~Patch angioplasty

“is therefore reserved for those patients in whom the internal carotid

‘artery is narrow following endarterectomy, or alternatively in whom

endarterectomy'may be 1ess‘than satisfactory. The diameter of the
internal carotid artery Tumen would be expected to be sma]]er in
women, however this was not the case in this series._ Fewer women
(17%) than men (37%) requ1red patch angioplasty but this did not

reach statistical 51gn1f1cance.

These data demonstrate greater platelet acCumuiation at the site
of'patch angiopiastyrwhen compared to c]osUrerofvthe arteriotomy by
simple suture. This deposition of radiolabelled p]ate1ets‘nay be‘due B
to increased adhesion and aggregation from'severalvfactors. Plate1et
deposition may be greater on the natch material during the formation
of a pseudo-intima prior.to healing or may be related to the Tonger

suture Tine required with angioplasty. Alternatively increased

: platelet deposition may result from excessive widening of the vesse]

which presents a greater 1um1na1 surface area for p]ate]et vessel

wa11 1nteraction.

‘Extreme widening of the vessel may produce'a situation similar

to’aneurysm formation. Layers of laminated thrombus are common]y

‘seen in atherosc]erotic aneurysms and the increased p]ate]et

aCCumulation with patch angioplasty may represent a similar process

(Plate 4;1). ‘This could account for the inreased thrombogenicity

recorded with vein’patohes. The numbers studied are too small to
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draw conclusions however vein patch angioplasty is more prone to
dilatation and rupture (Katz et al 1987). Disproportionate widening

may contribute to greater platelet accumulation in this group.

v W1den1ng of the vesse1 by patch closure increases the volume of
blood in the arter1a1 Tumen. -This volume effectemay result in h1gher
radioactivity_counts on gamma imaging and'cou1d be interpreted as'
vessel wall platelet depos1t1on Carotld Uptake Rat1o is calculated
'from the rad1oact1v1ty detected by gamma camera over the operated
_ artery compared to the non operated s1de. This 1nc1udes act1v1ty
from rad1o]abe11ed platelets adher1ng to the arterial wa]], 1n |
addition to those wh1ch,rema1n in the c1rcu1at1on, and CUR may be
“increased by such a vo]ume.effectt. Thrombgenicity Index is_"
calculated from the rate of change of CUR and does not~ref1ect an_
isolated read1ng.- Positive va1ues of TI denote an 1ncrease in CUR
over the 3 days w1th a re1at1ve 1ncrease in gamma counts from the
operated side compared to réference. Presum1ng that anyavo1ume
effect would remain'constant over the three days of each study,
.p1ate1etAaCCUmu1ation on the arterial wa11}is.detected by

Thrombogenicity Index, regard1ess of the circu]atingvradioactiVity.
Therefore the_greater platelet deposition on the arterial wall after

endarterectomy is-confirmedkby these results (Fig 8.4).

The Tong term consequences of p1ate1et depos1t1on in relation to
patch ang1op1asty remains obscure. Katz, using autogenous vein, and

Derju with PTFE have both demonstrated that‘patch angioplasty
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compares with standard endarterectomy in respect to the incidence of
operative stroke and’subsequeni freedom from neurological sequelae
(Katz et al 1987; Deriu et al 1984). The virtual absence of
restenosis c1aimed'in Both seriés‘conﬁrasts with the_12.5%’reported
in a study cemparfngvvein patch angioplasty and carotid bifurcation
| advancement (Cun1ey et al 1987) It is possible that widening of'the‘
vessel far outwe1ghs the factors of turbu1ence or platelet deposition
- seen following th1s procedure howev er these series have only short
- follow up to 24 months and do not report the incidence of later

stenosis which may be due to recurrent atheroma.

8;5 " Conclusions | ‘

- An increase in lnmina1 pTate]etvdepositionihas been demonstrated'
in patients}undergofng patcn angioplasty closure compared to standard
endarterectomy. Pnblished data suggests that widening of the
endarterectomy‘segment with.either“prosfhetic or Vein patch reduces
the incidence of restenosis. Randomised trials of pateh angiopiasty
and direct suture should be performed before patch closure can be
recommended routinely in carotid surgery. vCurrent’tneories lTink
' piatelet-vesse1 wa]liinteraetion and fntima1 hyperplasia 'however the
| clinical 1mportance of postoperat1ve p1ate1et deposition measured by

‘these methods is unknown.
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SECTION III  RESTENOSIS FOLLOWING CAROTID ENDARTERECTOMY

AND THE RELATIONSHIP TO POSTOPERATIVE

PLATELET DEPOSITION

: Chaptér 9

The Incidence of Restenosis Following Carotid Endarterectomy
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9.1 Introduction

Before non-invasive’methods of carotid assessment were developed
‘ réstenosié after endarterectomy was seen most often in patients With '
recurrent symptoms . In view of the morbidity assdciated with
| éﬁgfography, asyﬁptomatic'patients were sejdom studied (Maihi et al )
: 1978); Recurrent stenosis was 1dentif1ed'on1y ih,patiénts who
developed symptoms or an audible cékotid'bkuit and based 6n these
criterié very low rates of resfenbsis were quoted in reviews of
carotid éndarterectomyr(Thompson et al 1970). o
Foj]owiﬁg 1hprbvements in non-invasive carotid assessment to
déterminevrestenosfs, ft became practica1'and ethicé] to reexamine
large numbers of aéymptomatic’patients fo]]owihg surgery (Roederer et
al 1983).} This showed that resfenosis occur$ in significant numbers
of asymptomatic patiénts fo]]owing:endarterectomy, with the reported
incidence. ranging from 6-22%'(Tab1é 1.1). In contrast restenosis
assocfated with recurrent symptoms,df cerebrovascu}ar insufficiency
is éeen in approximate]y 2% of patiehté fo]]oWing'carotid surgery

(Hertzer et al 1979).

It is the aim of this study to determine the incidence of
restenosis fo11owing'carotid surgery using non-invasive methods and
to asSess the océurencé of cerebrovascular symptoms in these

patients.



9.2 Non Invasive Assessment of Carotid Stenosis

Non-invasive assessment of the cérotid'arteries depends on
~either the ihdiréct measurement’bf b1obd flow invthe collateral
circulation between the jnternal.and external carotid arteries or the
direct assessment of blood f]owvand visua]isatfbn of the carotid
bifurcation.v Carbtid Stenosis was ofiginally measuredAindirectlyvby
- doppler sonography'which assessed the direction of blood flow in the
opthalmic arteries but depehded"on a normal external carotid system
| (Muller 1972). Skin thermography, used as an inderof dpthalmic |
artery perfusfon pressuke, identified oh]y 57% of patienfs Withiv_
{nternai cakotid sténosis of greater thén 50%_(Capistrant & Gumnit
1973). Oculofplethysmo—graphy_and subsequentlyvocu]opnéumo--
plethysmography used the peridrbitai arterial circulation to measure
the de]ay'in the arrival of the arteria1;pressureywave (Kartchner,
McRae & Morrison‘1973; Gee, Mehigah &.Nyiie’1975); Unfortﬁnate]y
these indirect'methods'identified only the pfeéencé 6f a haemo-
-dynamically significant stenbsis. They wéré iﬁaccurate in the |
. presence of contralateral disease and were unable to localise the

‘site of obstruction.

.Direct‘assessment of blood flow at the cérotid bifurcation
initially involved carotid phonbangiography’with audiovisua1 analysis
of carotid bruit (Kartchner & McRae 1969). This was SQperceded by
Doppler spectra] analysis Which measures the réflection of
continuous—wave Dopp]ér_U]trasound from red blood cé]]é (Spenéer &

Reid 1979).

—
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9.2.i Doppler spectrum frequency analysis

Continuous-wave (CH) Doppler U]trasbund uses ultra high
frequency sound waves ofAbetween 2 and 10 megaheftz to insonate the
arteries. The'u1traSOund is reflected back from the moving red b]ood _
cells at a slightly different frequgnﬁy from the emftted u]trasound‘
due to Doppler shift. This change.in frequehcy'is proportional to
the blood ve]ocity; ‘The relationshipAbefwéen Doppler shift frequency

and blood ve]ocity is given by the equation: -

Doppler shift frequency = 2 x F x V x CosA
- I c

where Frequency of transmitted ultrasound

Ve]ocity of red cells

Angle of incidént to red cell path

O > < MM
I

- Velocity of sound in the medium

. With increasingiy severe arteriaT narrowfng blood velocity in
the stenotic segment rises, changing the Doppler shift frequency
: (Zweibe] et al 1982). Dopp]er»spectré] analysis produces a visual
display 6f7audiofréquency'informétipn and is related to red cell
,ve1ocity; A normal arterial Doppler spectrum ﬁasva beak frequency of |
1es$-than 4‘kHz; with a nakrow band of’raiséd frequencies in syéto]e
. and a clear areé beneéthvthe-systolic peék known as the spectral
window. The firstvchange~fh the‘DOpp1er spectrum, detected with
minor degrees of stenosis, isvbroadening of the systolic peak; With
moderate stenOsis:thevspectra1 broadening increases until the
‘Spectrai window disappears and progréssive1y more severe 1ésions
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produce an increase in the peak systolic frequencies as well as

raising the normally Tow diastolic frequency (Spencer & Reid 1979).

Distal to stenotic lesions blood flow becomes turbulent and this
can be detected byvfrequency analysis. pThe narrow bandvof
frequencies found in a normal artery represents the blood velocity

seen with Taminar flow. 1In regions distal to stenotic lesions,

" turbulence is.detected as a loss of high frequency defihition and

” dampen1ng of the signal (She]don Murie & Qu1n 1983) It is
' therefore possible to use peak systolic freqency and changes in the
;dopp]er spectrum to accurate]y 1dent1fy the degree of stenos1s in the‘

l carot1d arteries (Lang1o1s et al 1983).

'RepresentatiVevimageS of the carotid bifurcation have been
“produced using'continuous wave ultrasound. By attaching the CW probe
to a position sensing arm, probe movement.ﬁn‘ahy direction is
oohverted'by computer ohto a visual dispiay}. The frequency of the
Doppler signd]s received are oolour codeo to identify areas of
increased blood velocity or turbulence and produce a continuous wave
'doppler‘image of the carotid bifurcationj(Hemes et al 1985).’ More
sophistocéted pulsed-wave Dopp]er‘deuiceS'use‘a single focused high :
frequency ultrasound beam which is.emmittedvin,bursts or pu]sesQ The
time taken for the reflection of sound waves to trauel back from red
blood cells can be used to caiouTate vessel depth. Peak frequency

; ana1y$1s in conjunction with a position sensing arm and computer

© produces a floW”map of the carotid artery (Murie, Sheldon & Quin
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1984). The disadvantages of pu1$ed Doppier imaging are the time |
taken to build up the image which requires the patient fo lie
absolutely still for 15 minutes. Poor Doppler signals are obtained
if very high frequencies are involved and coﬁsiderab]e_operator

experience is required to obtain reproducible images.

 9.2.i1 Duplex scanning

One of the variations of u]trasenic assessment is Pulsed‘ECHOY
UTtrasonography Wfth B-modé_U]trasound;_ As the‘u1£rasound passes
through the tissue p]anes of different acoustic density;_a'portion of i
the sfgna] ié reflected‘back to the transducer at each ihterface;

The time delay between trahsmiﬁsion and reception ié proportioha1'to,e o
the distanee frem the probe to the tiséue interface and can be
disp]ayed visually on an oscilloscope. Brighthess modulation (B-
mode) demonstrates the fhtensity of the‘echo'at}the‘acoustic
interface with the_brightness of the oscf]loscope'imagevindieating

 the difference between the densities of'the tissues.(B1ackshear et al

1979).

Real-time B-mode Ultrasound emp1oys echo u]traéohography with a
roteting ultrasonic beam which sweeps throﬁgh an arc, producing a
sector scan whfch is disp]ayed'oh a videe screen (Plate 2.6). This
~ is updated SO‘times}per second.and moving images of who]e‘sections of
tiésue are obteined,4di$tinguishing the vessel wall end plaque within

~ the Tumen (Fell et al 1981). Atherosclerotic plaques can be assessed
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for consistency as soft, dense, mixed or calcified and ulceration can

" be identified (0'Donnell et al 1985) (Plate 2.7).

Dopp]er spectra] ana]ys1s assesses on1y flow and ve]oc1ty of

‘blood in the vessei. It does not 1mage the vessel wall and w111

often fail to idenfify areas of ulceration where flow may be reduced
(Spencer & Reid 1979). Echo o1trasonographydproduces direct images
of the.arteria1 anatomy,and may be used to assess*p]aque}morphology,
but depends on tissue interfaces of different densities. It may not
d1st1ngu1sh between blood and thrombus which have similar acoustic
- densities and therefore fa11 to demonstrate comp]ete occlus1on of the

carotid artery by thrombus (Hobson et al 1980).

Real-time B-mode imaging of the arterial wall (Blackshear et al
1979) and flow assessment with Doppler spectraT‘ana1ysis are combined )
to avoid the shortcom1ngs of each. techn1que and to produce Dup1ex
u1trasound wh1ch is now regarded as the optimal 1mag1ng techn1que for

the carot1d artery in the non-invasive 1aboratory (Strandness ]984)

9.3 PatientS‘and Methods

* Two hundred and e1ght carotid endarterectom1es were performed at
Char1ng Cross Hospital between 1978 and 1986 in 197 pat1ents 11
requ1r1ng b11atera1 operat1on. There were 131 men and 66 women with
~mean age at operat1on of 62 3 years (39 83 yrs) and 66.2 years (46-80

yrs) respect1ve1y.
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The indications for surgery is summarised in Table 9.1. Three
patients underwent endarterectomy for asymptomatic internal carotid
artery sfenosiskas a prophylacﬁic measure, two prior to coronary
: artery bypass grafting and one before'repair of an abdomina] aortic
aneurysm ' Trans1ent ischaemic attacks (TIA) or amaurosis fugax were
the present1ng feature in 116 pat1ents (56%) and 66 pat1ents (32%)
had suffered a completed stroke. In 23 patients (11%) urgent
endarterectomy was performed forre1ther crescendo TIA or stroke in

evolution.

In a11 patients preoperatiue non—inyasive assessment was
performed prior to arteriography with standard or digital subtraction'
techniques. Carotid phonoangfography and ocu10p1ethysmographykwere -
used in the early years of the series and 1atter1y these were

replaced by continuous wave ultrasound and B-mode 1mag1ng

AN surgfca] proCedures were carried_but under'general
anaestnesia'with endotrachea1'intubation and assisted ventilation.
‘Continuous centra1'venous'and'arterial pressures were monitored and
: b]ood pressure was ma1nta1ned at normal 1eve]s dur1ng the operat1ve
and postoperat1ve per1od. In patjents with an internal carotjd stump
' pressure of less than 50mm Hg or}a non pu]satiie waveform,'anﬂ
intraluminal Javid shunt was placed t0'maintafn cerebral perfusion.
This was reqUired 15‘53.5% of tases. dEndarterectomy was performed
through a longdftudinal_arteriotomy and direcﬁ arterial repair.

performed in the majority. In only 16.3% of Operations_was the
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'INDICATION FOR OPERATION

Asymptomatic - 3 (1.5%) |
TIA 116 (56%)
'Establised Stroke 66 (32%)

'Progressing Stroke or 23 (11%)
Crescendo TIA

Total 208 operations in 197 patients

Table 9.1 | Symptoms pre_cipitating carotid surgery
in 197 patients. Eleven patients required
bilateral procedures.

CAUSE OF DEATH
Stroke 3

Ischaemic Heart 20

Disease

Carcinoma L
Unknown 9
Total - 338

Table 9. 2 Cause of death following carotid surgery.
More than 60% of patients undergoing
carotid surgery suffer fatal myocardial
infarction.
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origin of the internal carotid artery thought to be sufficient]y

‘narrow to required vein or dacron patch angioplasty.

A11 patients were fo]]owed at 6 monthly intervals for 2 years
~.and annually thereafter. At each visit_the absence or occurence of
cerebrovascular symptoms was estab]ished and restenosis fina11y |
assessed during the period 1985-1986 by continuous wéve ultrasound

and B-mode Duplex imaging.

9.3.i Method of non-invasive carotid assessment

Doppler spectral analysis was‘recorded.by‘VaSOScan_(8220-6901,
'Sonicaid Ltd, Chichestér, England) using a 4_MH2‘penciT'probe (8200%
6941, Sonicaid Ltd) comprising a dual crystal 1éns-f6cusing
transducer which both transmits aﬁd.reteiVes u]tkaSonic‘waves.
Patients weré'examinéd 1y1ng supiné on an exémination couch with a
’pi11ow under the head; chin up and thé head turned.s1ightly away»from
the side toAbé:examined. A 1iberal amount of Aquasonic 100 acoustic
jelly (0341-0001-08, Sonicaid Ltd) was applied and the probe |
positioned low in'the néék at 600 angle to the body axis, identifying
the cbmmon carotid aftery. The hrobé is then moved cephalad to
examine the bifurcatioh and then each of the internal and external

carotid arteries are insonated.

| Following Doppler spectral analysis, Duplex imaging was ’
performed using a Vasoveiw imaging system (8230-8501, Sonicaid Ltd) -

fitted with a 7.5 MHz Duplex probe (8230-8025, Sonicaid Ltd). Scané,
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were performed in the 1ongitudina1ap1anes from the common carotid
“artery in the base of the neck to the most distal point which allowed
visua]isation of the internal carotid artery. Images were recorded

~directly from the visual display on po]aniod:photographs (Plate 4.1).

In th1s study carotid artery stenos1s was assessed by cont1nuous
wave u1trasound and then conf1rmed by Duplex 1maglng Peak syst011c
frequenC1es of 1ess than 4kHz represented 1ns1gn1f1cant stenosis of
less than 50% diameter reduct1on. Frequencies from 4-6 kHz denoted
| stenosis of between 50 and‘75% and higher recordingvin_excess of

6.0kHz demonstnated stenosfs of-betWeen 75 andv99%. Absence of a
recdrdab]e‘signal'was consistant with tota1‘0c¢1usi0n (Spencer & Reid
1979). Confirmation of these findings were_estab1ished with.Dun1ex
imaging expressing the diameter reduCtion.as a percentage of the
.nornaT arterial diameter either proximal or distal to the stenosis{
The acoustic echoes of stenotic Tesions were graded as soft; hand‘or

calcified (0'Donnell et al 1985).

Restendsis in the carotid arteries were thenefore c]assified as
insignificant fnom (0-50%), moderate (50-75%), severe (75-99%) or

complete occlusion.

9.4 Results
| of 197 pat1ents in the series, 33 pat1ents (16. 7%) d1ed dur1ng

the fo11ow up per1od of mean 35.3 months which extended from 1 to 8
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years. Only 3 deaths followed stroke (Table 9.2). Twenty deaths
were related to myocardial ischaemia and survival, calculated by life
table analysis, was 93%'at one year, 83% at three years and 62% at

five years.

' 9.4.,i Incidence of restenosis

One hundred andvthirty three patienté were available for study
in an 18 month period 1985-1986, allowing non-invasive carotid
asessment tdkbe.performed on 139 arteries. Eighteen arteries in 17
’patiehts (12.9%) were found to have late restenbsis or occlusion, in
11 men and 6 women. One male patient was found to have restenosis on
both sidés after staged bi]ateral,endarterectomy.' There was nO_
difference in age, smoking status, hypertensioh or presenting
symptdma£o1ogyrbetween patienté Who'déve1oped resfenosis and those
who remained‘wide1y patent. Similarly the incidence of restenosis
was no higheriih'patients who required intraluminal shunting_ok patch
angioplasty. Resfenosis.was no more common in female patiehté at
12.5% (6/48) comparedvtobiz;l% (11/91) ih mé]es. 0f the 11 patients
who_required biiatera] primary cérotid endarterectomy, 6 were

" reexamined, 3 deVe]oped reétenosis but only one on both sides.

Restenosis in patients requiring‘éarotid surgery for TIA wés
'seen in 10 of the 66 patients (15.1%) and in 6 of the 51 patients.
presenting with stroke (11.82). Réstenoéis was not seen following 23

carotid endarterectomies for stroke in evolution or crescendo TIA's

(Table 9.3).
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9.4.ii Restenosis related to neurological symptoms

~ One hundred and fourteen patients were found to be asymptomatic
at follow-up without evidence of carotid restenosis on non-invasive

assessment.

Asymptomatfc |

Restenosis was found in 15 arteries (10.8%) following
endarterectomy withéut associatéd neurological symptoms. Three were
_ found to have complete occ}uSion. One patient, after bi]atera1
procedufes, deve]oped a‘hfgh grade 75-99% stenosis on one side and a
“moderate 50?74% on the other; The remaining 10 cases'had only

moderate'stenoses of 50-74%.;

‘Symptométic |

Only 3 patients (2.1%) developed neuro]bgical symptoms
associated with restenosis. A female patient déve]oped.recurrent |
amaurosis fugax 26 months following surgery and despite reoperation
- with Dacron patch angioplasty, suffered further‘resteﬁosis associated
with'amaUrosis fugax 9 moﬁthsvaftef the second procedure. ;Subéeqdent'
symptbmsfweke cohtro]1ed on plate]et inhibitory'therépy and she is
stroke free 4 years later. A male pétient sufféred an ipsilateral
stroke 33 months after endarterectomy corresponding tb a reCurrént
75-99% restenosisandvCOntra1a£efa1 o¢c1us1dn. At reoperation a good
early result was obtained with a reversed sébhendUs_veih graft but
after 6 months this had also uhdergone severe festenosis (75-99%) in

association with recurrent ipsilateral TIA's. These have been
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successfully controlled with platelet inhibitory thérapy. A third
symptomatic patient suffered TIA related to a‘severe restenosis (75-
99%), 25 months fo]]oWing SUrgéry.’.Hervsymptoms have béen contolled
by akstandard pIaté]et inhibitdry reg1men of aspirin and dipyridamole
~ without further shrgery. Both patients who underwént reoperation for
symptomatic restenoses progreésed to further, significant,

symptomatic narrowing after the second procedure.

Neurological symptoms without.restehosis”

Seven hafients developed late neufo]ogfcél symptoms foT]oWing '
endarterectomy without evidence of postdpérative restenosis both onv
non invasive assessment and digita]ISUbtraction angiography.
"Ipsi1atera1 carotid territory TIA occuréd in»4 patients, 2 of whom

had contralateral carotid occlusion and one fbl]owing\gacron patch
angioplasty. Three futher patients demonstrated non-focal vascular
éVents, one_with.cdntralaterai TIA’and,two batients'suffered
~contralateral hemispheric stroke at 5 month§ and 5 yeaks‘after

surgery.

9.5 | Discussion |

The incidence of‘recurrent stenbsis‘folloWing carotid
endarterectomy in this series is similar to other reports of non-
invasive assessmént-(Co1gan et al 1984; Glover et é] 1985; Ackroyd et
al 1986). The overall rate of restenosis was high at 12.9% however
symptomatic'restehoéis waé seen in 6n1y 3 patienté (2.1%); fhié may

reflect thé smooth surface of the artery nakrowed by intimal
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hyperplasia which is Un1ike1y to give rise to'thrombd-embo1ic events
(Cossman et al 1978). Although the 3 patients developed symptomatic‘
resténosié all did so after 24 months; it is not known if these were

‘due to recurrent -atheroma as suggested'by Stoney and String (1976).

The management of those'patients who develop restenosis

- f611owing'carotid surgery remains unceftain. The low incidence of
symptomatic feéurrencé demonsfrated'in this'and'othér seriés would
suggést that asymptomatic patiénts’sh0u1d not Uhdergd‘reopération' ’
© (Nicholls et al 1986);‘ Although a proportion of asymptomatic
patients with primary: atheromatous lesions of the’carofid arteries
may go on‘to develop neuro]ogica1'symptomsvwhich require surgical
intervention (Humphries et 61_1976)‘thfs‘has not been proven in

. patients with recurrent asymptomatic éténosié,(A]doori & Baird'1987);
Operative treatment is teChnica]]y mbre_difficu]t and it may be |
impossible to identify'én ehdarferectomy p]ane between the vessel
wall and the restenotié lesion (Cossman et al 1978). In these
circumstances patch angioplasty or interposition‘vein.graft may beyr

required (Das et al 1985).

This study has_fai]ed to identify factors predispbsing to »l
restenosis. Women have been found more susceptible to bestenoéis but
this was not confirmed in'the present series (Nichd]]svet al 1986).
Similarly there was no higher rate of-festenosis‘inﬂsmokers,v’
diabeticé or hypertenéive patients.' The prediTictiohvof the

individual to develop restenosis has been demonstrated. One patient
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had bilateral asymptomatic restenosis and two patients with
~ symptomatic restenosis progressed to further symptomatic narrowing

after reoperation.

9,6 COnclusions:

’ Thﬁs series demonstrates experience similar to that pub]ishéd
frdm other‘centres " Restenosis following carotid endarterectomy
occurs in approx1mate]y 13 percent of pat1ents but as yet no
pred1spos1ng factors have been 1dent1f1ed. In the maJor1ty of cases
'resten051s is not assoc1ated w1th recurrent cerebrovascular symptoms
and it seems appropr1ate to treat these patients conservat1ve1y. It
appears that those few pat1ents who become symptomatic in assoc1at1on»
with restenosis, are 11ke1y to develop further restenosis following

corrective surgery.
Dup]ex scanning is a re]iab1e~method of measuring carotid

stenosis and may be used in prospect1ve trials 1nvest1gat1ng the

1nc1dence and cause of restenosis f0110w1ng endarterectomy.
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Chapter 10

The Relationship between Platelet Deposition and Restenosis

fol]bwing Carotid'Endarterectomy
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10.1 Introduction

Although several authors have suggested that restenosis
following carotid endarterectomy‘is mediated by platelets, there is
little direct evidence to support'this theory (Thomes et al 1984; Das
et al 1985; Ackroyd et al 1985). However there is experimental data
- from animal models showing that ereas’of damaged endothe]ium are

initially covered with platelets and subsequently, the intima becomes
thiekened (Groves et al 1982). Evidence from in vitro studies showed
that substancee such as b]ate]et derived grthh factors etimulate‘}
vascular smooth ‘muscle pro]1ferat1on in cel] culture but platelet
adhesion has not been confirmed as the cause of th1s 1nt1ma1 reaction
(Ross 1985). In patients, the rate of radiolabelled p1ate]et
dep051t10n was found to predict failure of femoro- p0p11tea1 grafts
(Goldman et al 1983a) however this may s1mp1y reflect the d1fferencesv

in thrombogen1c1ty and patency between venous and_prosthet1c grafts.

In order to investigate the relationship between piate]et}
deposition and reétenosis after_carofid endarterectomy; a method of
‘assessing in vivo platelet accUmu]ation ié required in humans . | The
techn1ques of rad1o]abe111ng v1ab1e platelets with external detect1on
of thrombus accumulation, seem to be appropr1ate to th1s prob]em and
the data reported in previous chapters support th]S. Accurate
assessment of restenosis, by ndn-inVasive,u]trasonic methods, makes
it ethica]1y possible to refnvestigate 1arge numbers of asymptometic

patients.
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This chapter examineé the re]ationshipvbetween postoperative
platelet acéumulation;vmeasured as Carotid Uptake Ratio and
Thrombogeheéfty Index, in the eaf]y postopertive period and the
subseduent development of restenosis at fhevsite-of endarterectomy,

‘one year after surgery.

10.2 Patients and>Methods

Fdrty patients uhdergoing endarterectomy forISymptométic carotid
disease were studied. Endafteréctomy was'performed under general |
-ahaestheéia and 5000 units of sodium heparin wére administered prior
to c]ambing the carotid arteries. In 30 patients the arteriotoﬁy was
Sutdred direct1y and in 10 patients a pétch was used to avoid |

postoperative narrowing.

10.2.i Platelet uptake

On the se;ond7postoperathe day autologous p1ate1ets were

labelled wifh 200uCi Indium 0xine, by thekméthod deécribed‘in chapter
| 4; and reinjected (Hawker et al 1980).- Gamma Cameravimagesrweré
obtained on the second, third and fourth postoperative days and
platelet deposition cé)cu]ated as Carotid Uptaké Ratio (CUR) and
Thrombogenicity Index (TI). -

10.2.ii Luminal narrowing

The patients were followed up at 3 monthly intervals until one
year after surgervahen the carotid artery was examined fok‘

- restenosis using continuous-wave ultrasound and Duplex imaging (Plate
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4.3). Images of the common and internal carotid arteries were
obtained in 2 longitudinal planes. Initially the vessels were
examined invan anteronosterior view with thé probe pTaced medial to
the anterior border of sternomastoid. Thé‘artérfes were then scanned
1atera11y from the posteribrktriang]e behind‘the stérnomastoid; This
view improves visua]isation of the intékha] carotid artery in obese

patients (Plate 4.4).

The degree,ofylumina1 narrowiqg was measured by comparison to:
“the normal artery either proximal or dfstél td_a stenosis. The
vessel diametef Was ca]cu]ated‘automatica11y as the distance between
2 cursors p]aced on the 1nneh.aspect of the arterié1 wall. o |
Measurements from the normalvértery wefe compared with thé_]umihal
diameter at the regioh of stenosis‘and exﬁresSedAas a percentage
(P]ate 4.5). The average diameter reduction from the anterior ahd
lateral readings were recorded as the.percentage 1umfna1 narrowing to
the nearest 10 percent. Al1 patients‘were.eﬁa1Uated and c]assifiéd

as 0, 10, 20, 30,...100% Tuminal narrowing.

10.2.ii1  Statistical analysis

A11 results of Tuminal narrowing, Carotid Uptake Ratio and
Thrombogenecity_lndex'in the various groups were compared by the
Mann-Whitney U test for non parametric data. ‘The'corré1éfion between“
p1ate1ét déposition, measured as CUR and TI, and subsequent ﬁarrowing

at one year was calculated by linear regression.
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~ Plate 4

4,1

4.2

4.3

4.4

4.5

Composite Duplex image of the common carotid artery
following patch angioplasty using autogenous vein. The
proximal common carotid artery (CCA) is of normal calibre
however dlstally, at the level of endarterectomy and vein
patch repair (PA), the artery has become dilated.

Gamma image recorded 72 hours after right carotid
endarterectomy and patch angioplasty. Intense platelet
accumulation is seen at the site of operation.

Restenosis in the proximal internal carotid artery. This
lesion was first detected 6 months after operatlon and
confirmed at one year. -Using biplanar Duplex |magmg,
this was measured at 60% diameter reductlon.

Lateral view of the carotid blfurcatlon. “The cursor is

positioned in the proximal internal carotid artery which
has been widened by patch angioplasty. = The external

carotid is visible below the ICA and the normal Doppler
frequency analys:s confirms a widely patent artery

‘Measurement of arterial diameter. Cursors placed across

the width of the common carotid artery (CCA) and

internal carotid artery (ICA) measure the diameters at

7.3mm and 6.4mm respectively. Percentage Iummal narrowing
can be assessed by these techniques. g
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10.3 Results

10.3.i Carotid platelet accumulation

Mean (+ sem) Carotid Uptake Ratio in all 40 patients was 1.25 +
- Mean ix o a il
0.03 (range 0.81 to 1.99) with mean Thrombogenicity Index calculated
“at 0.19 + 0.01 (range 0.01 to 0.4). Median CUR and median TI were

1.25 and 0.18 respectively.

- 10.3.ii Luminal ndr?owing

Overall meén:1umina1_narrowing was measured at 22.3 + 3.5 (range
0-90%). Postoperative internal carotid'artery occlusion was not seen
_in this group. .Sevenlpatientsy(17.5%) were fouﬁd'to have carotid
‘restenosis of greater than 50 percent but in 6n]y one patieht was a
severe restenosis of 90% identified. Six of thése stenoses were
‘identified in the internal cardtid artéry1and one was seen in the
common}carotid at the proXimal extent of the endéfterectomy; 0f the
10 patients treated by patéh angioplasty, 3 werevfound to have |
deve10ped restenosis at one year. 1In9 patients the carotid artefies :
~ were widely patent without any evidence of restenosis and these were
classified at O percent. 'Inkthree of these 9 batients di]atatidn of
the internal carotid artery Qas found fo]]owingkpatch angioplasty and
for analysis these were recorded as'O% luminal narrowing. The
- remaining 22 patientS'were foundvto'haQe minbr degfees,of'intimall
'thickéning which were recorded at'betweén 10 and 40% Tuminal

narrowing.
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10.3.117i Platelet accumu]ation:re1ated to subsequent

luminal narrowing

In those patients where CUR was above the median of 1.25, the
subsequent mean Tuminal narrowing was 29.5 + 5.9 percent compared to
. 15.0 + 3.1% when the ratio was in the lower half of the range. This
| fai]ed to achieve significance (Fig 10.1).  with ThrombOgenicityA
Index hoWever, mean Tuminal narrowing was 30.0 + 5.6% in’pat{ents ‘
above ﬁhe median of 0.18 and fhis wasystatistically.higher than 14.5
+ 3.7% from those below the median value (p<0.05) (Fig 10.2). |

~In those 7 pat1ents found to have stenosis of greater than 50%
at one year CUR was s1gn1f1cant1y h1gher at 1.47 + 0.10 compared to
1.20 + 0.03 in the remaining 33_pat1ents with Tuminal narrow1ng of
between 0 and 40%‘(p<0.02)v(Eig 10.3). SimilarTy TI, measured in the
 éar1y postoperative period was increased in}the‘ﬁatients with greater
“than 50% stenosis at 0.27 + 0.03 compared to 0.17 + 0.01 in the
patients with widely patent vessels (p<0;01) (Fig 10.4).

There was a}positive correlation (r=0.53) between Carotid Uptake
Ratio and the}degree of subséquent 1umiha1 narrowing measured one>
year after surgéry (p<0 001) (Fig 10.5). | The correlation between TI‘
vand subsequent 1um1na1 narrowing was similar in all 40 pat1ents with
r=0.41 (p<0.02) desp1te the wide spread ofthe data (Fig 10.6). Th1s
improved to r=0.45 when those patients who hadlrequired patch

angioplasty were excluded (p<0.02) (ng 10.7).
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Figure 10.1 There was no statistiéal difference in luminal
narrowing between those patients with CUR-
results above and below the median of 1.25.
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Flgure 10.2 Patlents W|th Thrombogemcnty Index
. above the median of 0.18 were found
to have a greater degree of luminal
narrowing compared to those in the
lower half of the range.
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| Flgure 10.3 Postoperatlve CUR was statlstxcally higher
- in those patients found to have developed
restenosis of greater than 50 percent.
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Figure 10.4 Retrospective analysis of patients with significant

restenosis showed these to have had increased

- postoperative platelet uptake measured by

Thrombogenicity Index. -
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There was a direct correlation between
CUR measured 72 hours after surgery
and the development of luminal narrowing
in all 40 patients.
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Figure 10.6 Thrombogenicity Index Was‘related tob the
» development of subsequent luminal narrowing
in all 40 patients studied. - '
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Flgure 10.7 The ten patlents who required patch angloplasty
may represent a subgroup with high
thrombogenicity and low rates of restenosis.

'In 30 patients postoperative TI after standard
endarterectomy showed an improved correlation
to subsequent luminal narrowing.



10.4  Discussion
These results indicate that there'is‘an‘association between the

postoperative accumu]ation of p1ate1etsvon the arterial wall éfter
endarterectomy and the subsequent déve]opement of luminal narrowing.
A1though it has previoUs]y been suggested that this relationship
exsiéts; thére was 1itt1e'or‘no evidence in ﬁatiénts aftef carotid.
endarterectomy (Stohey & String 1976;vR055 1985; Das et al 1985); -

‘Posfoperétive ihkombogenicityAhas been found to predict graft failure
o ih femoro-popliteal bypasses but this may be explained by increased
platelet uptake in prosthetic'grafts compared to_autogenous.vein
(Goldman et al 1983a). Graft failure is more common with syﬁthetié
méteria]svandbmay be independent of p]ate]et kinetics if other
factors outweigh fhe}effects of thrombogenicity. In addition the
vmechanism of‘graft fai]ure;1With progressiye accumulation of .
‘ plateléts and'formation 6f a bseudo-intimé.On prosthetic grafts, 
di ffers fromvthe cellular pko]iferation”which causes intimal

hyperp]asia.

The significance of raised levels of CUR and TI following ‘
carotid endarterectomy haé not been estéb]ishéd; As yef‘ihsufficiént'
nuhbeks have béen studied for the.range of these values to be

'calcu1ated and therefore these data have been}ana1ysed in»2 groubs,_
: above and below the median values. This shows only a trend towards } 
greater luminal narrowing with CUR, but a significant increase‘in

patients with higher thrombogenicity.
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It was also possib]erto analyse the results of postoperative
p1ate1et accumulation in patienté who subsequently developed
significant restenosis of greater than 50% diameter reductiont This
- group of 7 patients had significantly hfgher Tevels of CUR and TI in
the early pdstoperative period compéred to those patients in whom the

arteries remained wide]y patent.

Not surprisingly the l1inear corrélation betweén‘Carotid Uptake
Ratio or Thrombogenicity Index and Tuminal narrowihg was poor as mahy
other components must contribute to réstenosis (Figs 10.5-7). Thi§
- may bé skewed by factors whiéh are known to‘alter either thrombo- |
 genicity or Tuminal narkowing. 'Patch'angiop1asty affects both of

these measurements with increaéed thrombogenicity, compared to direct
suture (Chapter 8), while preventing restenosis (Katz et al 1987).

By eXc]udiﬁg thése and.cbnsidering on1y the 30 batiehts in whom the
arteriotomy was direct1y sﬁtured, the’correlation between TI and

Tuminal narrowing improved.

The non invasive techniques, uséd to eVa]uate the degree of
restenosis in_this series, assess‘the internal diameter of the vessel
lumen (Thomas et al 1984). Minor 1umina1_ﬁarrowing Was demonstrated

Anatomicajly‘by B—mode‘u]fraéound and Dopp]er'frequency analysis was
‘uséd tb confirm_incre&sed blood velocity in more sévere restenosis
(Hames et al 1984). These‘measurements of 1umina1’narrowing reflect
-the degree of intima] hyperplasia iﬁ the artérial wall. In some

cases it is possible to visualise the external wall of the artery and
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measure the thickness of the intimal layer (Plate 2.7). This is not
always satisfactory as the plane between the adventitia and the

surrouding‘connective tissue may be obliterated (Plate 4.3).

‘Using biplanar imaging, patienté have been c1assified into
,'1esserfdegrees,of 1umina1'narrOWing, bétween 107andv40 percent as
~well as more severe restenosis from 50 to 90%. 1In éddition, 9
patiehts were fbund to have no‘évidéhce‘of’]umina1vnarrowing and in 3
vbétients, following patch angioplasty, marked di}atatioﬁ of the
internal carotid artery was discoveréd (P]até 4.1). 'Thé comparative
diameters of these arteries Were far greater‘than those seen inva'
B normal carotid bulb however normal blood flow was confirmed by
Doppler spectral analysis in‘these cases. Pétch angioplasty may'.
prevent restenosis but excessive widenihg may adversely affect
1aminar‘f10w and'account.for theygreater'p1ate1et accumulation seen

after this type of repair.

10.5 Conc]usion" |

Duplex imaging has been used to identify minor degrees of
Tuminal harrowing and moré severe restenosis. Platelet accumulation
‘measured_in the early postoperative period following carotid
endarterectomy seems to recognise those patiénts at risk of
devé]oping 1umiha1 narrowing. This would éuggest that p]ételéts are
associated with‘the procesées‘whiéh'prOduce intima]lhyperplasia‘and

restenosis.
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SECTION IV DISCUSSION

Chapter 11 7

Discussion and Conclusions
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11.1 | Measurement of P]ate]et—Vessel'Hall Interaction

The hypothesis investigated in this thesis was that platelet
deposition in the carotid aftery related to the development of
fntima] hyperplasia and restenosis fo]]bwing endarterectomy.
Platelet deposition is thought to be thevihitial step in the process
- of tissue repair'and‘these data éonfjrm that platelets accumulate
’after endothelial trauma in rabbits‘ahd foi]owing carotid
_endarterectomy in patients. 1In the rabbit mode1 platelet
accumu]étion was detected on the arterial Wa11 within 48 hours of
endothe]ié] trauma and confirm the results of similar experiments

(Crowley & Pierce 1981). In pafients, p]até]et uptake‘was measured
from the SeCOnd‘fo-the fourth postoperative days and expressed as

Carotid Uptake Ratio and Thrombogenicity Index.

Carotid-Uptake Ratio is synonymous with the Depoéition Index}
described by'Stratton and:represents an}iso]ated comparison between;
the operated artery and thevcontralateral reference side (Stratton et
al 1987). In‘the present'series, radio]abe11ed p1ate1ets’

- were injected-at 48 hours énd CUR was calculated 72 hours after
~surgery. Strattdn and c911eagues infused fadio]abé]]éd p]ate]ets

.withih"l hour of éfterfotomy closure and measured platelet deposftion

v at‘24 hours. Théy consistently demonstrated platelet accUmu1ation at

‘this stage'butvfai1ed,to detect any change in_the inténsity of
p]ateiet activity between this early measurémént and subsequent

. fecofdings up to 96vhours fq]iowing surgery. Byvintroducing .

radiolabelled platelets at 48 hours and measuring CUR at 72 hours,
v . .
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sustained platelet accumu]aﬁion has been identified at the site of
endarterectomy after the intense, ear]y, co11agen mediated
aggregation. These delayed stud1es 1dent1fy smaller changes in local
platelet activity which may be obscured by the ear]y 1ntense
vdepos1t1on. This initial p]ate]et adherence is in response to the
‘exposure of collagen with secondary.depoeition resulting fromlfhe
vaggregat1on of circulating cells to the p1ate1ets a]ready attached to
the arter1a1 wa11 The collagen-platelet response is comp]ete w1th1n
"mjnutes of establishing blood flow however'the studies in these
‘patientsAreflects the balance between the accumulation and -
dissaggregation of circulating platelets at the site of
endarterectomy (Baumgarten 1973); -The rate of thfs platelet
accumuTation has been measured over 3 days and~expressed‘as
Thrombogenicity Index which ref]ects the ihtensity of platelet -
' deposftion over this period (Goldman et al 1982a). Platelet-vessel
- wall interaetion is thought to continue from the'time of arteriotomy
closure when flow is reestab11shed unt11 healing has produced a
neo1nt1ma} lining (Reidy et al 1983). Although Thrombogenicity Index
only assesseskplate1et activity over this short 3 day period it has
‘been used to compare the rate of'pletelet accumuiation in different

groups of patients.

Visual and computer analysis by gamma fmaéing have been shoWn to
~be the most appropriate method for the identification of p]ate1et |
uptake in the carot1d arter1es (Powers 1984) as probe counting proved ‘

dis-appointing in the detection of carotid thrombogen1c1ty. Despite

163



carefu] probe geometry, backgroﬁnd activity from the blood pool in
~the tissues of the neck may be too gréat to allow consistent
detection of small changes in carotjd kadioactivity. Gamma imaging
techniques were able to consistently measure p1ate1et uptake over the
_ endarterecfom§ segment hoWever gammé camera definition failed’to
différentiate between p1ate1et uptake in the comﬁon,and internal
| éarbtjd arteries. vIn all patienfs studied, endarterectomy was
extended into the common carotid artery and in some cases for‘more
than 2cms proximal to the bifurcation. Thfs portion of the
.endarteréctomy‘represents a larger sdrface_area thah the internal‘
carotid artery and a greater part of the platelet aggregation will
~occur in this region. Cdrrent concepts_suggest that aggkegating
b]ate]ets initﬁaté smooth_musc1e hypefp]asia by the release of‘growth
factoré diréct1y into the éubendothe]ium which then act locally to
stimulate cellular proliferation (Go]dberg et al 1980§ Ross 1985).
If this is true, platelet uptake detected in.thé common carotid
artéry would be unlike1y to directly affect the deve]opment'of
intimal hyperplasia in the internafrcarotid artery. HoWevér,
endartéréctomy,of fhe common Carotid artery may activate circu]atihg
platelets such that théy were morénlikely.to aggregate downstream on
the ihterna1‘carotid artery (McCoilum 1981) and could thefefore
increase interna] carotid thrombdgehicity and resulting intimal

hyperplasia.
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11.2 Factors Affecting Carotid Platelet Uptake

In comparison to Vascd]ar‘prostheseS'which continue to
accumulate p1até1ets throughout their life (Stratton et al 1982), the
absence of p]ate1ét aécumu]ation two months after operation suggests
that the carotid artery has healed to a confluent endothelium By this
time. This‘agrees With the small h%sto]ogicallreports where’the
endafterectomy has been shown to hea1»by'about 30 days}fo]lowfng _
surgery (Dirrenberger & Smidt 1978). P]ate]ei aécumu]ation was not
identified on the opérated arteries 10 days after surgery in patients
undergoing staged bi1atera1vendarterectomy and this suggests that |
p]atelét-depdsitibn haS resolved at this earlierfstagé (Lusby‘et a] _'
1983). Although regeneration of true endothelium has not been
reported in patients,'evidence from animé] models suggest thatvthe
neointima1 lining of smpoth muscle ce11s, which forms‘after
endartekectomy, deve]op é-sécretory, anti-thrombotic function.(Groves v

et al 1982).

'Systemit p]ateiet ihhibition with a standard regimenAof aspfrin
plus dipyridémo]e reduced cafdtid thrombogenicity in patfents. This
bresumab]y‘affects the thrombpxane,mediated platelet aggregation by
interuption of arachidonic acid méf%bo]ism.(Packham & Mustard 1980).
Local pr05tacyc1in activity'is}thought‘to diminish the plételet
response on the subendpfhelium following the passage of a balloon
catheter cbmpéred'tébformal endarterectomy (Crow]ey & Pierce 1981)
but}the estimation of Tocal prostacyclin productfon énd‘the effects

of cyc]o—oXygenasekinhibition'fo1lowing'endarterectomy have yet to be
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investigated. Although platelet inhibitory therapy‘has widespread
applications in vascular surgery (Kohler et al 1984), its use in
carotid surgery has a]Ways been on an empiricle basis (Edwards'et al
1985). No studies to date have demonstrated a reduction in platelet
activity or lower rates of restehdsis with these drugs (Glover et al
11985). Whether or not platelet inhibition influences the incidence
of restenosis fol]owihg cérotid endarterectomy requires_to be “

investigated in a randomised, controlied trial.

LocaT factbrs which increase p]afe]ét aggregation are thought.tb N
"~ be those which produce’turbu1en¢e orv10w f]bw states (Zariné et al |
1982). Thi$ may result from operatfve errors suéh_as intimal flaps
or areas of'narrowing‘ih the érteria];repéir which interfere with |
laminar flow (De Palma et al 1977). Widening of the arterial repair
by patch'angiop1asty certaih]y enlarges the origin of the internal
carotid artefy but at}the.expense of increased platelet deposition
compared to routine endarterectomy., This increased platelet
accumulation may be either 6n the patch material, on the longer
suture 1ine or may be on the’ehdarterectomised vessel wall where
excessfﬁe widening prodUces‘a situation analogous to aneurysm
formation. Thrombogenicity was at least as marked with vein as‘with
Dacron when used for patch angibp1asty and this suggests that |
excessive widening rathér thah‘the choice of patch material is the
most signifjcant factor. The high thrOmbogenicity of venous patéhes
confirmed the findings of.canipe study in which post mortem thrombus

was more marked on vein patch material compared to the endarter-
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ectomised arterial wall (Lusby 1983). This indicates that even
autogenous patch material is responsible for considerable platelet

accumuliation.

11.3 Re]ationship between Thrombogen1c1ty and Restenosis

Significant restenosis of greater than 50% diameter reduction
"was'found in 13% of patients foi]owing carotid endarterectomy in
agreement with other published series (Ackroyd'et'ai 1986).
vFortunateiy these lesions seldom caused recurrent symptoms of
cerebrovascuiar insufficiency as has been prev1ous]y reported

(Aidoori & Baird 1987)

Platelet dep051tion foi]ow1ng endarterectomy, measured as
Carotid Uptake Ratio and Thrombogenicity Index has been found to
relate to the subsequent development of luminal narrowing and
restenosis. ’Patients witn increased thrombogenicity in the early
postoperative period were found to progress to greater degrees‘of |
narrowing measured one year Tater compared to 1ess'thrombotic
arteries. A simiiar re]ationship between-postoperative platelet
accumuiation,and patency has been demonstrated,in patients, with
respect to pseudo-intimai hyperpiasia seenvafter.the implantation of
‘_vascularvgrafts, but‘has not been described_foi]owing‘endarterectomyv
(Goldman et al 1983a). However the pathogenesis of graft;feilure
i differs from restenosis after endarterectomy in that pseudo-intima
lining prosthetic grafts.is caused by the progressive accumulation of

platelets and fibrin on the wall of the arterial conduit. Intimal
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hyperplasia is thought to develop in the wall of the endarter—i
ectomised értery as a result of the platelet response following
surgéry. This work provides more evidence to suggest that arterié]
restenosisvcauéed'by intimal hypekp]aSia is mediatéd by p]éte]et
~deposition. The basisAfor this relationship is derived from on
stUdies which suggest that p]até1et derived growth factors may
influence vascular smooth musc]e hypertkophy and result in intimal
bhyperp1asia but at present is_on]y}sdbstantiated by animal work and
cell culture studies (Bowen-Pope et al 1985). VThese»growth factors
have been iso]aféd from pTate]et extract and shown to bé requfréd for
»ndrmal cell replication stimulating grthh of vasculér smooth muscle
cells in vitro. A1though‘these substances have been isolated and
kidentifiéd,‘measurement in vivo has not yet been achieyed ahd.this
preVents the assessment of their effect on vascular smooth muscle in

patients (Ross 1985).

The precise role of p]ate]ets-iﬁ the development of intfma]
hyperplasia remains unclear but can beiregarded in 6ne of tﬁe
following three catagories. ‘In»the first ihstahce, platelet
deposition, measured'as.thrombogenicity, may simply be a markér which
| identifies patients likely to develop restenosis but is 1ndepentent‘
of the process which causes intimal hyperplasia. This could identify
patients where the endartefectomy Was'TeSS than satisféctory,ireflect
sevére afteria]ldiseaée or demonstraté an individual predispositioh

to arterial restenosis (De Palma et al 1977).
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Secondly, platelets may be one of many factors in the

, deve1opment of 1qmina1 narrowing. in the same way that the aetiology
of atheroma seems to be mu]tifactoria], p]ateleﬁ activity is unlikely
vto be the only precursof:to the deveiopment of arterial restenosis.
In common with atherbma,'other factbrs such as hyper1ipidaemia,

| hypertenSion, diabetes and smoking may inf]uéncé the aétio]ogy of
frestenosis but their COntributions to fhis process,:individual1y or

in combination, have not béen,evaluated. AHow platelets interact in

the presence of these and‘othér facfors to produce‘the ce]luTar

proliferation of‘ihtimalihyperplasia requires further investigation.

‘And fina]]y platelet depositioh and the effect of growth'factors,
may be the single most,important activator in this}process. Despite"
the isolation of PDGF and studies which demonstrate its effects on

pfotien sythesis and RNA production, the signifiéanée of its -
contribution td‘ce11u1ar repiication and hypertrophy in patients is
; uhknown. Verstraete suggésted that PDGF wés unab]e‘to promofe cell
growth and only prepares cells for diVisjon byiinducing 'competenée'
(Ross 1985). Further studies iﬁ}be}] culture will determine if this
cdmpefence can be‘endowed'by other factors or if this represents the 
rate determining step by which PDGF is.capable of inifiatihg cell
division in 1sb1afion; Thevtranslation of this experimental work td

animal and human models will answer these questions.
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11.4 Imp]ications>for Platelet Inhibition and Surgical Technique

Despite the wideSpréad{Use of antiéplatelet agents in patients
undergoing carotid endartereetomy, no randomised clinical trial has
been performed showing benefit with this treatment, either in freedom
from neurological comp]ications or restenosis. The platelet
accumulation which has been shown to occur following carotid
endarterectomy is reduced by platelet inhibition but has‘not been
demonstrated to lower the incidence of subsequent restenosis. -
Similarly the efficacy of platelet inhibitory therapy in preventing
C]ihica11y imporant events has yet to be established. As with other
trials fnvestigating the treatment of_cerebrovascu1ar disease,‘tol
prove the benefit of platelet inhibitory therapy wbu]d require a
large randomised controlled study exaﬁinihg postoperatiVe p1ate1et'
accumulation; réstenoSis and the recurrence of cerebrovascular
symptomsvor étroke (Tay]or, Sackett & Haynes 1984). The logistics of
- such a trial would be hampered by the numbersvinv61ved, the pro]onged
follow up and the attrition rate of these elderly patients from

coronary artery disease.

The method of c]osdre of the arteriotomy following carotid
surgery adds another variable to such prbspecti?e evaluation. Patch
closure is usually determined by the surgeon'seimpression of the
diameter of the artery and his choice_of patch material is one of
personal bias. In order to avoid’excessive Widening, the optimel
diameter of'the vessel after vascular reconstruction ehou1d reflect

the brigina] size and cdnfiguration of the artery and a policy of

170



selective patching might be adopted. Following endarterectomy large
vessels are not significantly narrowed by arteriotomy repair but
stenosis of sma11 arteries might be avoided by_patch angioplasty with
the width of such ﬁatches restricted to reprodute an internal carotid
artery of prépperative external dimensions. Thus the cohfigﬂration
of the artery and the method of repair should be investigated in a
suitable controlled trial when p]éte]ét deposition can be related to

patency, luminal narrowing and clinical outcome. .

,:‘It seems 1ike1y that further reséarch into the ﬁe]]u]af‘résponse
.to the trauma of endartefectomy will prove that p1ate1et mediated
: ce11 growthvis associated with intimal hjperp]ésia. The abolition of
this response either by drugs, induced thfombocytopenia or fhe use of
antibodies to piate]et'dérived growth_factdr should be possible in
- the future. This tou]d‘haye'w1despréad’imb]icationskif platelet .
intefaction with the arterial wall continues to be linked with

atherogenesis.

11.5  Conclusions |

| Platelet depositibn 6n‘fhebafteria1 wall has been demonétrated
both in a rabbit~hode1 of:intima1 %Eauma and in pétients fo]iowing
endarterectomy. This deposition of radio1§be1]ed platelets could be
measured externally byrgammaAcamera immediately following SUrgery but
was no longer detectable at 2 months. Patéh repair of the
.;artériotOmy jnckeased bosfoperative p1ate1et‘uptake but inhibifory

therapy may be used to reduce thrombogénicity. Platelet accumulation

171



in the early postoperative period was related to the subsequent

- development of luminal narrowing fo]]owing'endarterectomy.

These techniques represent a reliable model -for measuring
p]ate]et-vesse]iwa]] interaction,infhumans and may be,used to
investigate the effects of therapeutic modalitieé desfgned to prevent
intimal hyperp]aSia and postopekatiVe restenosie.' Measurement of
- platelet fntefactionskwith.the‘afterial wa]] mey further our
ﬁnderstanding of the‘ce11e1ar kesponse te trauma, growth contrq] and

tissue repair.
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