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ABSTRACT

Leucocyte trapping in the microcirculation has been suggested as the cause of skin 

damage seen in chronic venous disease. In this thesis the effect of experimental venous 

hypertension on circulating leucocytes and the vascular endothelium was investigated. 

Normal volunteers and patients with chronic venous disease both with and without skin 

damage were studied. Activation markers for neutrophils and monocytes were 

measured, before and after exposure to experimental venous hypertension. Markers of 

endothelial activation were also investigated. Finally, leucocyte migration from the 

circulation into the tissues, and the role of cytokines were explored.

Neutrophil and monocyte activation was investigated by measuring the cell surface 

expression of the integrin CDl lb/CD 18 and the selectin CD62L by a whole blood assay 

using fluorescent-labelled monoclonal antibodies. CD62L, which is shed by leucocytes 

upon activation, was also measured in plasma by a commercially available ELISA. 

Endothelial adhesion molecules VCAM-1, ICAM-1, ELAM-1 and vWf which act as 

counter ligands for adhesion molecules expressed by leucocytes and are shed into the 

plasma were measured by commercially available ELISAs. Neutrophil and monocyte 

activation occurred in control subjects and patients following experimental venous 

hypertension. Leucocyte-endothelial adhesion was greater in patients than controls.

In-vivo leucocyte migration in volunteers subjected to short term venous hypertension 

was investigated using the ‘Skin Window Technique’. Superficial dermal skin 

abrasions were made and emigrating leucocytes collected on micropore membranes 

placed over the abrasions. These were stained and examined by light microscopy to 

determine the cell types which had emigrated and the distance travelled by the cells 

within the membrane. Leucocyte migration in the tissue decreased following 

experimental venous hypertension.

The cytokines IL-6 and TNF-a were measured by an ELISA and found to be higher 

following venous hypertension.



These studies show that short-term, experimental, venous hypertension causes leucocyte 

and endothelial activation and adhesion, which is known to precede extra-vascular 

migration. Following emigration leucocyte locomotion decreases which may lead to 

localised accumulation of activated leucocytes releasing toxic metabolites and free 

radicals resulting in tissue damage.
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CHAPTER 1

INTRODUCTION TO VENOUS DISEASE

1.1 INTRODUCTION

Venous disease of the legs affects up to 20% of the total population/ a risk that 

increases with age and is much higher in women. It comprises a wide spectrum of 

clinical severity, and includes asymptomatic venous incompetence, telangiectasia, 

reticular varices, major trunk varices, venous skin changes and chronic ulceration. 

Twenty percent of subjects suffering with severe varicose veins develop leg ulceration.^ 

Chronic venous insufficiency is defined as a pathological condition of the skin and 

subcutaneous tissues secondary to an inability to reduce venous pressure. Chronic 

venous insufficiency and its sequelae such as lipodermatosclerosis and venous 

ulceration is a major healthcare problem in the Western World. Two recent surveys in 

Great Britain have calculated the prevalence of venous ulceration as 0.18% and 0.148% 

respectively,^’"̂ although this almost certainly underestimates the true number of patients 

with chronic ulcer disease.^ In the UK the total cost to the National Health Service is 

substantial. Data from the Riverside study in London suggested that between £230 and 

£600 million is spent annually to care for patients suffering with venous ulcers.^ Much 

of this is spent on care in the community, with 30% of community nursing time spent on 

treating leg ulcers.^ It is, therefore clear that even a small improvement in healing and 

recurrence rates would produce substantial savings.* Furthermore, the indirect costs 

arising from leg ulcer disease, for example, time lost from work,^ permanent disability 

and early retirement, are even higher. It has been estimated that, in the UK, five 

hundred thousand working days are lost per year due to this condition.

Although there is now general agreement that venous reflux*^ and venous hypertension^^ 

- in particular, an inability to reduce venous pressure on exercise - are the principal 

haemodynamic abnormalities associated with the skin changes of chronic venous 

insufficiency, the precise sequence of events remains unexplained. Recently it has 

been proposed that that raised venous pressure initiates leucocyte activation, and extra- 

vascular migration, with the release of proteolytic enzymes and free radicals resulting in 

tissue damage.
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Previous investigators have shown that white cell trapping does occur in the lower limb 

during venous hypertension in both normal s u b j ec t s an d  in patients with venous 

disease/^ Further work in this field had shown evidence of systemic neutrophil 

activation^^’̂  ̂ but no experimental work has been performed to investigate leucocyte 

activity or endothelial damage in the microcirculation of the leg in such patients.

Accordingly, the aim of this thesis was to investigate both leucocyte and endothelial 

activity in the microcirculation, in patients with chronic venous disease and in normal 

volunteers exposed to short-term venous hypertension. Leucocyte emigration from the 

circulation and their subsequent locomotion in the tissues were also investigated.

1.2 PATHOLOGY OF THE VEINS AND LEG ULCERS

Varicose veins are dilated, tortuous, and elongated superficial veins, defined by the 

World Health Organisation as “saccular dilatations of the veins which are often 

tortuous”.̂  ̂ Functionally they are veins in which the valves are incompetent. However, 

deep veins may become dilated and incompetent, but do not become varicose. Varicose 

veins may be primary or secondary to deep venous thrombosis, arterio-venous fistulae or 

any proximal obstruction, such as a pelvic tumour, that dilates the veins by back

pressure.

History of Varicose veins and Venous Ulcers

The first written reference to veins is probably the Ebers papyrus, written in 1550 BC, 

which notes certain “serpentine windings” thought to be varicose veins. The oldest 

known illustration is a votive tablet in Athens dated fourth century BC, showing the 

medial side of a massive leg with what appears to be a varicose vein.^^ Veins have been 

recognised from ancient times as vessels containing blood probably due to their 

superficial position and susceptibility to injury. Blood-letting for therapeutic reasons 

has been practised since the earliest historical recordings. Hippocrates in De ulceribus 

noted the association between varicose veins and ulceration, and recommended that 

patients with ulcers in the leg should avoid standing. He introduced “puncturing and 

bandaging” for the treatment of leg ulcers and associated varicose veins, and advocated 

that superficial varices should not be incised as ulcers often resulted.^^ During Roman
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times, Celsus distinguished between ulcers and wounds, advised bandaging of ulcers, 

and described ligation of bleeding veins and treatment of varicose veins by avulsion and 

cauterisation?"^ Similarly, Galleon noted the treatment of ulcers and varicose veins by 

venesection, and the avulsion of varicose veins using a blunt hook?^ Anning also notes 

that Aetius of Amida and Paulus Aegineta advised avulsion and cauterisation for the 

treatment of varicose veins and the use of bandages for the treatment of leg ulcers?^ 

Following this, from the 10th to the 18th century, various physicians, including Haly 

Abbas, Avicenna and Fallopio, attributed ulceration of the legs to the accumulation of 

black bile, bad humours, menstrual blood and faeculant humours, and that ulceration in 

the legs served a useful purpose in getting rid of these vile substances,^^ such that if an 

ulcer healed it was deliberately broken down. However, Maitre Henri de Mondeville 

realised that compression bandages helped ulcer healing,^* as did Ambroise Paré in 

1533.^  ̂ In 1628 William Harvey was the first to correctly identify the role of veins in 

returning blood to the heart, and that valves in the veins allowed unidirectional blood 

flow.^^ Richard Wiseman in the 17th century realised that venous dilatation resulted 

from valvular incompetence and concluded that leg ulcers were a direct result of 

stagnation secondary to varicose veins, and used the term “varicose ulcer”.̂  ̂ He 

invented a leather lace-up stocking to provide compression and achieve a cure. 

However, other authors during the 18th century including Bell, Baynton and Whately 

did not believe that leg ulceration was attributable to or associated with varicose veins, 

although leg ulcers were treated with paste bandages.^^ In the 19th century, writers 

including Brodie, Astley Cooper, Home and Hodgson stressed the importance of 

varicose veins in the aetiology of leg ulceration.^^ In 1868, Gay^  ̂ and Spender^"  ̂noted 

the role of deep venous thrombosis in the aetiology of leg ulceration, and advocated that 

the term “varicose ulcer” be dropped in favour of “venous”. Homans in 1916 clearly 

established the relationship between previous deep vein thrombosis, recanalisation, 

valve destruction and ulceration of the leg.^^’̂  ̂ Homans described two types of ulcers; 

varicose ulcers associated with superficial varicose veins and generally cured by 

removal of these veins, and “post-phlebitic” venous ulcers which were intractable to 

palliative treatment and generally incurable by removal of varicose vein alone. Linton^^ 

and Cockett^ have since drawn attention to incompetence of the communicating veins of 

the calf as a potential cause of venous ulceration. Linton in 1938 described the anatomy 

and pathological significance of the perforating veins of the leg and performed 

subfascial ligation of incompetent perforators to control venous ulcers.^^ Cockett in
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1955 hypothesised that transmission of high pressure to the skin through incompetent 

perforating veins led to skin changes characteristic of venous insufficiency. He 

described extrafascial ligation of perforating veins believing that preservation of the 

deep fascia was important in preserving effective calf pump function.^^

Venous ulcers

The association between leg ulcers, enlarged leg veins and the dependent posture of the 

lower limb was known since the time of Hippocrates.^^ In the nineteenth century it was 

recognised that ulcers near the ankle were more difficult to heal if varicose veins were 

present.'^^’'̂  ̂ Venous ulcers are usually, though not invariably, the sequel to deep vein 

thrombosis. After deep venous thrombosis re-canalisation may occur or the veins 

involved remain permanently occluded. Re-canalisation occurs as a result of the natural 

healing processes of clot organisation and retraction. Incompetence of the vein develops 

either due to destruction of the valves or their adherence to the vein wall;"̂  ̂

incompetence of perforating veins leading to secondary varicose veins. This may also be 

the result of a deep venous thrombosis. When the thrombosed deep vein remains 

obstructed, secondary incompetence of other deep veins, perforating veins, and 

superficial veins may occur. This may be as a result of distension of the patent veins 

during exercise due to the proximal obstruction. Exercise in the presence of proximal 

obstruction causes high intramuscular pressures, probably due to increased capillary 

pressure, resulting in increased capillary filtration. This, in turn may result in reduced 

muscle blood flow and venous claudication."^^ When the post-thrombotic changes are 

severe and chronic venous insufficiency develops, the characteristic skin changes of 

lipodermatosclerosis (LDS), oedema and induration may occur. These frequently 

precede ulceration, usually affecting the region of the medial malleolus of the leg where 

the transmitted venous pressure is highest. Other skin changes that may occur include 

an eczematous reaction, loss of hair, and characteristic scarring called “atrophie 

blanche”. Venous ulceration, however, is not always a result of deep venous 

thrombosis, and in a substantial group of patients may be due to primary valve failure, 

calf pump failure or due to other causes such as congenital absence of valves in the deep 

veins,"̂ "̂  or primary perforator or superficial venous incompetence.

Chronic ulceration may result in a number of complications. Loss of mobility and

17



fixation of the ankle joint with an equinus deformity of the foot may occur. This may in 

turn aggravate calf muscle pump failure. Sclerosis of the tissues of the lower third of 

the leg can appear after chronic or recurrent ulceration, leading to an “inverted 

champagne bottle” or “piano leg” deformity. Squamous metaplasia and malignant 

changes (Marjolin's ulcer) have been reported in long-standing venous ulcers, and 

osteomyelitis of the tibia or fibula may result from deep and chronic ulceration.

1.3 VENOUS ANATOMY AND PHYSIOLOGY OF THE LOWER LIMB

The veins of the lower limb are divided into two groups, the superficial veins draining 

the skin and subcutaneous tissues (structures superficial to the deep fascia), and the deep 

veins, draining muscle and bone (structures deep to the deep fascia). They are connected 

by perforating or communicating veins which form a direct communication through the 

deep fascia (Figure 1.1). The superficial and deep veins possess valves that are 

responsible for directing the venous return to the heart. Other than the sinusoidal veins 

of the gastrocnemius and soleus muscles, all the calf veins are densely valved. The 

number of valves reduces proximally. The vein walls are composed of three layers; an 

inner layer of endothelium, capable of expressing various adhesion molecules and also 

factor VIII, prostacyclins, cytokines, fibrinolytic activator and growth factors; a media or 

middle layer, composed of circular smooth muscle and most highly developed in the 

superficial veins and innervated by post-ganglionic sympathetic nerve fibres; and an 

outer layer of fibrous adventitia, containing longitudinal elastic fibres and smooth 

muscle fibres.

The superficial venous system

The superficial venous system lies above the investing fascial layer of the leg and thigh 

and consists of the long and short saphenous veins and their tributaries. These veins are 

not compressed by the muscle contraction. The long saphenous vein (LSV) is the 

longest vein in the body and commences at the medial side of the foot as the 

continuation of the medial end of the dorsal venous arch of the foot. It passes anterior to 

the medial malleolus and runs upwards on the medial side of the leg accompanied by the 

saphenous nerve anteriorly from the dorsum of the foot to the subsartorial canal in mid-
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(COCKETT)

Ankle perforators 
(MAY or KUSTER)

Figure 1.1 - Schematic diagram showing the superficial ( ^ H ) ,  deep (■ ■ ) ,  

and the main perforating {Q ) veins of the leg
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thigh. The LSV remains superficial in the mid-thigh and moves deep to Scarpa’s fascia 

in the upper thigh to enter the fossa ovalis, about 4 cm inferior and lateral to the pubic 

tubercle. Normally, the diameter of this vein is 2mm to 3mm in the calf and 6mm in the 

thigh, as seen on the venogram. The LSV contains between 10 and 13 valves and is 

duplicated in the thigh in about 8% of patients with the duplicated segments reuniting at 

variable points distally in the thigh."^  ̂ Important tributaries of the LSV include the 

posterior arch vein (of Leonardo da Vinci) which arises from calcaneal branches 

posterior to the medial malleolus and courses cephaloid in the posterior medial calf and 

unites with the LSV in the proximal calf. In the proximal third of the thigh, the LSV has 

major anterolateral and posterolateral tributaries joining it. These tributaries may be 

significantly varicose without clinically evident changes in the LSV. At the level of the 

fossa ovalis, the LSV has constant tributaries present which include the superficial 

circumflex iliac, the superficial epigastric, and the superficial external pudendal veins. 

These tributaries have variable courses and anatomical orientation to the LSV and are 

best identified at the level of the sapheno-femoral junction. These tributaries may 

become varicose and can contribute to venous reflux.

The short saphenous vein commences as the continuation of the lateral side of the dorsal 

venous arch of the foot, and passes upwards subcutaneously in the mid-posterior calf 

between the medial and lateral heads of the gastrocnemius muscle where it penetrates 

the deep fascia to enter the popliteal fossa. Venographically, the diameter of the short 

saphenous vein normally measures up to 7mm and contains between 7-13 valves and are 

more closely spaced than those in the LSV. The sural nerve lies immediately lateral to 

the SSV. The termination of the SSV is highly variable. It can enter the popliteal vein 

distally to the knee joint and it may do so proximally and on occasion continues 

subcutaneously and joins the LSV in the thigh.

The deep venous system

The deep venous system of the leg consists of paired venae comitantes: the anterior and 

posterior tibial veins and the peroneal vein, all of which have numerous valves. Large 

valveless sinusoids lying within the gastrocnemius and soleus muscles enter these veins. 

The anterior and posterior tibial and peroneal venae comitantes join to form the 

popliteal vein, which then receives the short saphenous vein and continues in the thigh

20



in Hunter's canal as the superficial femoral vein. The femoral vein has only two or three 

valves and few tributaries; in the upper third of the thigh it is joined by the profunda 

femoris vein to form the common femoral vein. The common femoral vein is joined by 

the long saphenous vein at the fossa ovalis and then passes under the inguinal ligament 

to become the external iliac vein. This passes proximally to lie in front of the sacroiliac 

joint, where it is joined by the internal iliac vein to form the common iliac vein. The left 

common iliac vein crosses the body of the fifth lumbar vertebra to join the right 

common iliac vein and form the inferior vena cava. The iliac veins and inferior vena 

cava are usually valveless.

The Perforating veins

Van Loder first described perforating or communicating veins in 1803. They form a 

direct communication through the deep fascia, between the superficial and deep veins 

and have the important function of allowing equalisation of pressure in either 

d i r e c t i o n . T h e r e  are two types - direct, connecting the deep to the superficial veins, 

and indirect, connecting the superficial and deep veins through the muscle sinusoids. 

Many studies have emphasised that these veins have effective valves"^  ̂which only allow 

inward flow from superficial to deep veins. Failure of these valves has been blamed for 

a variety of venous problems.^’̂  ̂ It seems that although a number of perforators are 

effectively guarded by valves, others are not;^^’̂ "̂ anatomical disposition of fascia around 

muscles closes off perforators during muscular contraction thereby preventing high 

pressure transmission to the superficial veins. The main communications between the 

superficial and deep system occur at the sapheno-femoral and sapheno-popliteal 

junctions. The number and size of other perforating veins vary, and although anatomists 

depict many perforators, most venous surgeons emphasise a limited number at well 

defined sites which have been assigned eponymous names: two or three Cockett's 

perforators along the lower medial aspect of the calf, Boyd's perforator at the upper 

medial aspect of the calf, Dodd's group of perforators along the medial aspect of the 

thigh, and the Hunterian perforator in the upper third of the thigh. There are also four 

perforating veins in the foot that pass between the metatarsals and allow the dorsal 

venous arch of the foot to communicate with the plantar veins. However, the 

communicating veins of the foot are only partly valved and blood can flow freely 

between the superficial and deep veins of the foot.
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Venous valves

Valves are present in the veins of the lower extremities. Their main function is to allow 

unidirectional antegrade blood flow and prevent retrograde flow in the veins. 

Structurally venous valves are extremely strong and consist of a thin layer of collagen 

fibres covered by endothelium.^^ They are bicuspid with the cusps in the superficial 

veins lying with their free edges parallel to the skin surface.^^ The valve cusps are 

stronger and more elastic than the vein wall. The valve sinus is always wider than the 

vein above and below the cusps and so it has been postulated that the valve cusps do not 

lie flat against the vein wall when the valve is open but float in the longitudinal axis of 

the vein.^^ Evidence for this are obtained from phlebograms and B mode ultrasound 

imaging which have shown valves in this position. This position is ideal in ensuring that 

the cusps close when retrograde flow occurs as refluxing blood into the sinus will push 

the valve towards the mid-line. The valve functions by a complex change involving 

cusp movement and the valve sinus distension which tightens the edges of the cusps by 

separating the commisures. If this does not happen and the valve edge remains loose 

due to the lack of vein distensibility or the elongation of the free edges of the cusps, the 

edge of the cusp may evert or prolapse resulting in the valve becoming incompetent.

The inferior vena cava and common iliac veins have no valves. Valves in the internal 

iliac systems are less frequent, occurring in about 7% of the population.^* 75% of 

external iliac veins have no valves, but only 25% of common femoral veins are 

valveless.^^ It has been suggested that the lack of valves in the iliac and common 

femoral vein is the starting point for the development of a progressive descending 

valvular incompetence that causes varicose veins.

The skin microcirculation

The term microcirculation denotes the terminal part of the circulation concerned with 

the transfer of nutrients from blood to the tissues and comprises of terminal arterioles, 

metarterioles, capillaries and post-capillary venules. Terminal arterioles are the final 

branches of small arteries, and branch into capillaries. Capillaries are narrow endothelial 

tubes with an average inner diameter of 5 pm, are devoid of smooth muscle, and have 

minimal supporting tissue surrounding them. Metarterioles are branches of terminal
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arterioles that serve a number of capillaries through precapillary sphincters and act as a 

single structural unit. Precapillary sphincters are the final muscular investments that 

surround metarterioles before the capillary bed, and the activity of these sphincters 

determines the patency of capillaries at any given time. The smooth muscle of these 

precapillary sphincters has cytoplasmic “wings” that encircle the capillaries and perform 

the contractile function. Post-capillary venules form when smooth muscle reappears 

around the endothelium lining of the vessels after the capillaries. Venules have only a 

thin layer of collagen support and there is no equivalent to the pre-capillary sphincter on 

the venous side of the capillary bed. However, pericytes have been shown to form large 

numbers of contact points with the endothelium in the post-capillary venules and it is 

suggested that they may have a contractile role to play in the determination of systemic 

resistance. There are numerous arterio-venous communications in the microcirculation 

which are not present at birth but develop during the first few months of life. These 

communications, known as Sucquet-Hoyer c a n a l s , ^ a r e  muscular and innervated by 

sympathetic nerves. They are particularly common in the soles of the feet, palms of the 

hands, lips, nose and ears; elsewhere, less specialised arterio-venous communications 

are found, in fewer numbers. Their main role is in temperature control by regulating 

capillary blood flow through the capillary bed. Normally there is only moderate 

sympathetic tone present and the shunts are partially open, with free flow to the dermis 

allowing heat radiation through the skin. In cold conditions, the shunts open under 

sympathetic stimulation and blood by-passes the dermis, avoiding heat loss. Their 

presence allows significant short-circuiting of large amounts of blood through the 

microcirculation. In the skin microcirculation the vessels lie in the dermis and are 

arranged in strata or layers, linked with vertical channels. The deepest layer lies at the 

junction of the subcutaneous tissues and dermis and has been termed the “internal 

vascular belt’ From this plexus, vessels run vertically through the reticular dermis 

and spread out horizontally to form the sub-papillary plexus, from which hair-pin 

capillary loops of 0.2-0.4 mm height project into the papillae. There are also plexuses 

around hair follicles and sweat glands. Most of these plexuses are interconnected.

Physiology

In the supine position, the pressure in a foot vein is approximately 15 mmHg. The right 

atrial pressure is between 1 and 2 mmHg, so the venous return to the heart while lying
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supine is generated by a pressure gradient of 13-15 mmHg. On standing the pressure in 

the foot veins equals the hydrostatic pressure of the column of blood between the heart 

and the foot, which is approximately 100 mmHg. On walking the muscles of the lower 

leg contract and raise the pressure within the deep fascia to 200-300 mmHg. This 

pressure squeezes the blood out of the veins, the valves directing flow proximally 

towards the heart. On relaxation, blood fills the sinusoids of the soleal and 

gastrocnemius plexuses from both the foot veins and the superficial venous system. 

Repeated contraction on walking ensures that the dorsal foot vein pressure remains low 

and venous return from the lower limb is maintained. Failure of the calf muscle pump 

results in persistent venous hypertension in the deep system, and causes chronic skin 

changes, though the precise mechanism whereby venous hypertension is translated into 

skin damage is unknown. Pump failure has several possible causes. Extensive deep 

vein thrombosis may occlude many of the deep veins and reduce their capacitance, such 

that during relaxation the deep veins are rapidly filled, raising venous pressure, and in 

turn causing venous dilatation and subsequent valve failure, as may also happen if 

venous outflow is obstructed. Incompetence of the communicating veins allows blood 

to be expelled into the superficial system during muscle contraction, hence reducing 

venous return and raising pressure in the superficial system. Muscle weakness or ankle 

stiffness may prevent full contraction and hence failure to raise the pressure in the deep 

compartment sufficiently to empty the veins.

1.4 AETIOLOGY OF VARICOSE VEINS

The aetiology of primary varicose veins remains unclear. Various theories have been 

postulated but none seem to offer a complete and satisfactory explanation. These 

include primary valve failure, vein wall weakness, incompetent communicating veins, 

arterio-venous fistulae, and increased venous pressure caused by posture, tight clothing, 

etc. The basic abnormality seems to be weakness of the vein wall as a result of which 

the vein dilates, and its valves become incompetent allowing retrograde flow of blood. 

Trendelenburg suggested that venous valves protected the wall of the vein distally from 

high pressure in the vein above, implying that valvular incompetence is the primary 

abnormality, and the changes in the vein wall are secondary in nature. "̂* He advocated 

that varicosities in the long saphenous vein could be treated by ligation and division of 

the long saphenous vein, preventing distal reflux. However, 20 to 40% of normal people
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have an absent valve in the common femoral vein, exposing the most proximal long 

saphenous vein valve to high pressure, but no convincing association has been shovm 

between the absence of such valves and the development of varicosities in the long 

saphenous vein/^ Similarly, ligation of the sapheno-femoral junction does not lead to 

reversal of the changes in the long saphenous vein, and many patients develop 

varicosities of the tributaries of the long saphenous vein despite a competent long 

saphenous vein. These factors suggest that venous hypertension caused by valve failure 

is not the cause of primary varicosities. Patients with varicose veins have been shown to 

have deficient collagen and increased hexosamine in their non-varicose veins,^^ 

suggesting a primary defect in the wall of the veins that causes them to become varicose. 

Furthermore, venous valves do not decrease in number with increasing age,^  ̂ which 

makes it difficult to implicate valvular failure in the increase in the incidence of varicose 

veins with age. Rose noted that since varicosities develop as localised dilatations at one 

area of the vein wall, a local fault must be present as back pressure would produce a 

uniform dilatation.^^ He also noted that a normal saphenous vein used as an arterial 

conduit becomes arterialised and not varicose, but when varicose veins are used they 

dilate or develop localised aneurysms. Several other hypotheses for the development of 

varicose veins have been put forward. These include opening up of normal arterio

venous fistulae during times of circulatory stress, warmth, long periods of standing, and 

other stresses. These might explain raised oxygen levels found in blood taken from 

varicose veins compared to blood taken from normal v e i n s . T h i s  finding has been 

disputed by others who found lower levels in blood from the long saphenous vein when 

compared with blood from the popliteal vein at the same level.^^ However, none of 

these hypotheses has gained widespread acceptance, as they fail to explain how 

unilateral varicose veins, or varicosities in only the long or short saphenous system, 

develop.

Secondary varicose veins are due to certain known conditions. Destruction of the 

venous valves in the deep and communicating veins by thrombosis is the most common 

cause. Other causes include pregnancy where hormonal factors cause relaxation of the 

smooth muscle with subsequent dilatation. Direct pressure on the iliac veins by an 

enlarged uterus also acts as a contributory factor. Congenital arteriovenous fistulas 

involving the lower limb and congenital valveless syndrome are other known causes.
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Aetiology of ulceration - superficial, perforator and deep venous incompetence

Hippocrates is alleged to have observed the association between ulceration of the leg 

and varicose veins over 2000 years ago; this association appears to have then been lost 

until the seventeenth century when Fallopio in 1620^  ̂ and Richard Wiseman in 1676^  ̂

again noted the association between varices and ulcers. In the nineteenth century Gay^  ̂

and Spender ,working separately, reported that disease in the deep veins of the leg 

results in ulceration of the limb. This was confirmed by Homans,^^’̂  ̂ who found that 

deep vein thrombosis was frequently the cause of such damage, and introduced the 

concept of venous stasis as the cause of ulceration. This seems to have become 

translated into a belief that ulceration occurs only in the presence of deep venous 

insufficiency and cannot occur in the presence of superficial venous insufficiency 

alone.^^’̂  ̂ Sethia and Darke, however, reported that 28.3% of patients with ulcers had 

superficial venous incompetence alone in a study in which venous function was assessed 

by venography and foot vein pressure measurement."^^ An earlier study using Doppler 

ultrasound, ambulatory foot vein pressure measurement and photoplethysmography had 

indicated an incidence of 25%,"̂  ̂ and a more recent study using Doppler ultrasound 

indicated that 43% of 117 ulcerated limbs had superficial venous incompetence; about 

one fifth had some deep vein reflux demonstrable as well.^ A further study from our 

laboratory"^  ̂ using colour duplex ultrasound (Acuson 128 scanner, Acuson Inc., 

Mountain View, California, USA) and photoplethysmography examined both limbs of 

59 consecutive patients presenting with venous ulcers. In 12 limbs (15%) there was 

deep venous reflux alone, in 42 limbs (53%) there was superficial venous reflux alone, 

and in 25 limbs (32%) there was both superficial and deep venous reflux. In 20 patients 

with ulceration involving both legs, ten patients had superficial reflux only, three 

patients had deep reflux only and three patients had superficial and deep vein reflux. 

Therefore, it would appear that venous ulceration is possible in the presence of 

superficial incompetence alone. There are some data to show a lower rate of recurrent 

ulceration in those patients with venous ulcers associated with superficial venous 

disease only when treated surgically. Healing rates of 90% in the medium term (mean 

follow-up of 3.5 years) were found following sapheno-femoral junction ligation alone in 

patients with long saphenous incompetence.^^
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Communicating veins between the superficial and deep venous systems were not 

described until 18247"  ̂ Blood was initially thought to flow from the deep to the 

superficial system, though it was subsequently realised that flow was from the 

superficial to the deep/^ Turner Warwick popularised the theory that incompetent 

communicating valves allowed reverse flow into the superficial venous system as a 

cause of venous ulceration ,w ith  further interest provided by Linton^^ and Cockett^^ in 

describing the extrafascial ligation of incompetent communicating veins. The 

importance of communicating vein incompetence remains controversial, and their role 

in the development of venous ulceration remains unclear. Some authors believe them to 

be of fundamental importance in ulcer pathogenesis,^^ whereas others have found 

disappointing results following their ligation, with high rates of ulcer recurrence after 

venography had clearly shown the perforating veins to be incompetent.^^ A major 

difficulty lies in uncertainty of the definition of incompetence in these veins. There is 

doubt about which direction of flow should be considered ‘normal’; recent work from 

our laboratory using colour duplex imaging has shown that it may be bi-directional.^^ In 

a detailed study using ambulatory venous pressure measurement Zukowski et al. have 

suggested that poor venous function associated with apparently incompetent calf 

perforators is likely to be due to undetected deep vein pathology.^^

Arterio venous shunts

For a substantial part of the earlier 20^ century it was thought that venous ulceration 

occurred as a consequence of arteriovenous shunts. Arteriovenous anastomoses have 

been recognised since 1860 when Sucquet described their morphology.^^ Alfred 

Blalock*^ and several other authors reported higher oxygen tensions in venous blood in 

the legs of patients with varicose ulcers than the opposite normal leg of the same 

p a t i e n t . T h i s  led to the hypothesis that venous ulceration was due to hypoxia of the 

skin as a result of blood being shunted away from the nutritional capillaries by arterio

venous communications.^^’̂ ’̂̂  ̂ Gius claimed to identify arterio-venous communications 

in 13 patients undergoing varicose vein surgery,*^ and Ryan^^ has claimed that small 

arterio-venous shunts responsible for temperature regulation within the dermis might 

open up as a result of raised venous pressure in patients with chronic venous 

insufficiency. Rapid venous filling at arteriography has also been described in patients 

with varicose veins, though the actual arterio-venous anastomoses were not visualised.
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However, other workers have been unable to show increased shunting in patients with 

primary varicose veins with or without chronic venous insufficiency compared to 

normal controls using a variety of methods including venous occlusion 

plethysmography,^^ macroaggregates^^ and microspheres.^® Despite Reikeras' work 

showing similar oxygen tensions in blood taken from varices and from the popliteal vein 

at the same level,^^ reports continue to emerge of increased partial pressure of oxygen in 

blood taken from leg veins of patients with varicose veins compared to normal 

controls.^^’̂  ̂ More recently Humphrey Scott has confirmed Blalock’s findings but 

observed that although the findings are consistent with arterio-venous shunting there 

could be a number of other explanations.^^ Overall, this hypothesis for the cause of 

venous ulcers has fallen out of fashion, though one author continues to believe that this 

is the cause of venous ulceration, and that the treatment for ulceration is the 

identification and division of these anastomoses at operation.^"^

Oedema

Patients with chronic venous insufficiency often suffer from oedema of the lower limb, 

which may result from one or more of four factors: increased capillary filtration as a 

result of high intracapillary pressure due to increased venous pressure; increased 

capillary permeability to proteins due to endothelial damage; loss of the veno-arteriolar 

reflex; and failure to clear interstitial fluid and proteins due to lymphangiopathy. 

Chronic venous insufficiency leads to increased capillary pressure, due to the loss of 

drop in venous pressure seen normally on exercise, resulting in the development of 

oedema. This phenomenon is thought to be important in the development of 

ulcers"^ ’̂̂ ’̂̂  ̂ as oedema may interfere with the normal transfer of nutrients to the 

tissues^^ causing tissue ischaemia by collapse of the capillaries due to the high 

interstitial pressure.^* Authors seem divided as to whether elimination of oedema^^’̂ ®̂ 

improves ulcer healing. Several authors have shown an increased capillary permeability 

to proteins using labelled a l b u m i n , a n d  increased transcapillary filtration. 

However, other studies in patients with chronic venous insufficiency have not shown 

any evidence of increased fi l t rat ion^or permeability to fluorescein. Oedema may 

also result from the failure of the veno-arteriolar response, one of the mechanisms that 

prevents oedema in the normal individual. This consists of vasoconstriction of the 

microcirculation in response to increased venous pressure, usually on adopting an erect
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position. It is sympathetically med ia ted^and  has been shown to be defective in 

patients with chronic venous insufficiency, although this has not been confirmed 

by other w o r k e r s . T h u s  it is possible that oedema formation in chronic venous 

insufficiency may be a result of impairment of this response. Oedema may also result 

from the failure to clear interstitial fluid from the tissues by the lymphatic system. 

Lymphatic obstruction in chronic venous insufficiency was first described by Veal and 

Hussey in 1942.^^  ̂ Fagrell^^^ and Bollinger*have described micro-oedema formation 

around the hairpin papillary capillaries. This is seen as a halo around the capillary and, if 

the skin is punctured with a needle, marked leakage of fluid from the halo can be seen 

Avith a reduction in its size. Bollinger, using fluorescein microlymphography, has also 

described microlymphangiopathy in patients with chronic venous insufficiency, with 

obliteration of parts of the superficial lymphatic network and increased permeability of 

the lymphatics.**"* It would seem that oedema in patients with chronic venous 

insufficiency is multifactorial in origin, and may play an important part in the 

pathogenesis of ulceration.

Venous Stasis

Homans introduced the concept that stagnant flow and stasis in varicosities were 

responsible for ulceration as a result of impaired tissue nutrition.^^ This concept was 

reinforced by de Takats, who showed decreased levels of oxygen in the veins of patients 

with leg ulceration.**^ However, many studies have shown that the oxygen content of 

venous blood in patients with chronic venous insufficiency and ulceration is, in fact, 

higher than n o r m a l . B l o o d  flow and utilisation in patients with chronic venous 

insufficiency measured by Positron emission tomography has shown increased flow 

•with decreased tissue extraction of oxygen in areas of lipodermatosclerosis and in the 

skin around ulcers, indicating local shunting of blood through an abnormal 

microcirculation.* *̂  Cheatle**^’**̂  and Belcaro***̂  have also shown increased cutaneous 

blood flow using LASER Doppler fluxmetry when measured at 37°C. Despite this 

evidence, anoxia and hypo-nutrition caused by stasis is still discussed in relatively 

modem works, and the terms ‘stasis ulcer’ and ‘gravitational ulcer’ are still used, 

especially in the American literature.
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Abnormalities of capillary blood flow and morphology; the fibrin cuff hypothesis

Convoluted capillaries were described by Piulachs in the edges of venous ulcers using 

capillary microscopy in 1956/^^ Fagrell, noted that there was often a reduction in the 

actual numbers of capillaries in the gaiter area of patients with deep venous 

insufficiency, but those present were widely dilated, coiled and t o r t u o u s / T h i s  is 

contrary to histological studies that have shovm increased numbers of capillaries in LDS 

skin,*^° though it may be that when histological sections are taken through a coiled 

capillary, it is not appreciated that there are several cuts through the same convoluted 

capillary, rather than cuts through different capillaries. Ryan suggested that a rise in 

venous pressure causes dilatation of the horizontal subpapillary plexus, with elongated, 

coiled dermal capillaries, and a reduction in the number of capillaries supplying the 

e p i d e r m i s . A  recent histological study, using a specific monoclonal antibody for 

nuclei of proliferating cells (Ki-67), has shown that there is no evidence of capillary 

proliferation in patients with chronic venous insufficiency compared to normal 

controls. Therefore, the capillary coiling seen in chronic venous insufficiency is 

likely to be due to elongation rather than formation of new capillaries, which are also 

more widely separated owing to micro-oedema formation. This may result in an 

inability to supply enough oxygen to the tissue during periods of increased demand. 

Bumand et al. demonstrated a significant correlation between the number of capillaries 

seen on histological examination of the gaiter area of skin and the fall in venous 

pressure on exercise in patients with varying degrees of calf pump failure. They then 

showed that in an animal model venous hypertension caused increased capillary 

permeability and increased concentration of fibrinogen in lymph. Extravasated fibrin 

has been demonstrated histologically in the skin from the gaiter area of patients with 

chronic venous insufficiency. Normally deposition of fibrin would be prevented by 

the interstitial fibrinolytic system. However, patients with lipodermatosclerosis have 

been shown to have reduced fibrinolytic activity. Based on these observations 

Browse and Bumand in 1982 suggested a sequence of events to explain skin damage in 

chronic venous insufficiency. Their theory is known as the ‘fibrin cuff hypothesis’. 

This suggests that raised venous pressure leads to widening of the pores between the 

endothelial cells lining the capillaries, increasing their permeability to large molecules 

and allowing, in particular, fibrinogen to escape into the interstitial tissue. This view 

was complimented by the observations of Landis, who showed that elevated venous
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pressure resulted in elevated capillary pressure and permeability, and of Whimster, who 

reported enlargement of the dermal capillaries in patients with chronic venous 

insufficiency.*^^ Extravasated fibrinogen then polymerises into fibrin to form 

pericapillary fibrin cuffs, which in turn are thought to act as a diffusion barrier to 

metabolites and oxygen. This would explain the high venous oxygen and the low tissue 

oxygen concentrations in patients with lipodermatosclerosis and ulceration. This 

hypothesis is illustrated in Figure 1.2.
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Figure 1.2 - The fibrin cuff hypothesis.
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There is no doubt of the existence of the fibrin cuffs which have been observed in a 

number of histological studies. Although reduced fibrinolytic activity in patients with 

lipodermatosclerosis has been r e p o r t e d / t h i s  has not been demonstrated by all 

a u t h o r s . A  commercially available fibrin membrane of 1 mm thickness has been 

shown to delay the diffusion of oxygen. However, the concentration of fibrin used in 

this study is higher than in the pericapillary fibrin cuffs, and, based on calculations made 

by Professor Michel, pericapillary fibrin cuffs are unlikely to cause a significant barrier 

to the diffusion of o x y g e n . I n  addition, if this hypothesis was correct, it would be 

expected that the reduction of fibrin cuffs would result in ulcer healing. One study has 

shown that fibrin cuffs and the area of lipodermatosclerosis can be reduced using 

profibrinolytic therapy (stanozolol - Stromba®, Sterling-Winthrop, Guildford, UK),^^  ̂

but that this drug was no better than placebo at healing leg u l c e r s . I n  another trial, the 

effects of stanozolol and compression therapy on LDS were studied in a double-blind 

placebo-controlled trial, which showed a 28% reduction in the area of LDS in the 

treatment group compared to 14% in the placebo group. However, when multivariate 

analysis of the effects of each component in the treatment was analysed, the effect 

attributable to stanozolol alone was not statistically significant. Furthermore, no 

changes in the transcutaneous oxygen tension (TcP02) were seen in the skin of either 

group in spite of the reduction in the area of LDS.

The fibrin cuff hypothesis is also supported by studies that have shown reduced levels of 

TcP02 using a Clark-type surface skin electrode over liposclerotic skin of patients with 

chronic venous insufficiency. However, the technique of TcP02 measurement

depends on the ability to cause maximal vasodilatation by heating the skin to 43-44°C. It 

has been shown that it may not be possible to cause vasodilatation in the area of 

liposclerotic skin in patients with chronic venous insufficiency to the same extent as 

normal controls using h e a t i n g . W h e n  the TcP02 was measured at 37°C instead of 

43 °C, the oxygenation of the skin of patients with chronic venous insufficiency 

appeared to be higher than in normal controls. In a more recent study, no difference 

was observed in the transcutaneous and intracutaneous oxygen tension in tissues with 

different degree of lipodermatosclerosis.*"^^ Oxygen extraction in the skin, using 

positron emission tomography, has been found to be lower in the affected limb 

compared to the clinically normal limb in patients with chronic venous insufficiency,’*̂  

but this study can be criticised on the grounds that the clinically normal limb in patients
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with chronic venous insufficiency often has unsuspected abnormalities such as low skin 

TcP02 and increased venous refilling times following exe r c i se . Xenon  clearance has 

also been shown to be unaltered in liposclerotic skin compared to normal controls, 

suggesting there is no diffusion block to small molecules. These findings would 

suggest that skin hypoxia alone is not sufficient to account for skin damage and that 

other mechanisms contributing to ulcer pathogenesis must exist.

The White cell trapping hypothesis

In 1987 Moyses et reported a 15 - 20% reduction in the number of white cells 

leaving the feet in eight healthy subjects during a 45 minute period of sitting. Thomas et 

found a larger fall (of 24%) in a group of ten patients with chronic venous 

insufficiency compared to normal control subjects (5%) following 60 minutes of leg 

dependency. After the subjects were allowed to lie supine, the white cells returned to 

the circulation.

Bol l inger ,us ing  capillary fluorescence microscopy, showed that there were areas of 

skin with no apparent blood flow in patients with chronic venous insufficiency, which 

was restored when elastic stockings were applied. He suggested that some of the 

capillaries were not functioning because of thrombosis. Using simultaneous 

fluorescence and light capillary microscopy Franzeck et a l described the appearances of 

capillary loops filled with red blood cells which did not appear to be perfused, 

suggesting capillary thrombosis to be a feature of chronic venous insufficiency. 

Coleridge Smith et a l}’’ also showed using video microscopy that the number of visible 

capillaries fell following a period of venous hypertension, suggesting that increasing 

venous pressure reduced the capillary perfusion pressure and hence the capillary flow 

rate.

It is well known that low capillary flow is a potent initiator of white cell adhesion^"^ ’̂ "̂̂  ̂

and Schmid-Schonbein has shown that the likelihood of a leucocyte adhering to a vessel 

wall is inversely related to the shear force exerted on it.̂ ^® On the basis of these 

observations Coleridge Smith et al. put forward the white cell trapping hypothesis, 

postulating that the fall in the count of capillaries in the leg skin of patients with chronic
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venous insufficiency on dependency was due to reversible adherence of white blood 

cells to the endothelium. The hypothesis postulates that an increase in venous pressure 

during standing or walking causes a reduction in capillary flow rate, resulting in 

trapping of white blood cells in the leg. The trapped white cells plug the capillaries 

resulting in areas of ischaemia, and also become activated releasing proteolytic enzymes 

and toxic metabolites (free radicals) which damage the capillaries, and chemotactic 

substances that attract more white cells. Activated white cells have been shown to be 

mediators of tissue damage in a number of organs including the heart*^'’*̂  ̂ brain, 

lung*̂ '  ̂ and k i d n e y . M o n o c y t e s  release the cytokines interleukin-1 (IL-I) and 

tumour necrosis factor-alpha (TNF-a) when a c t i v a t e d . T h e s e  may also activate 

endothelial cells resulting in increased vascular permeabi l i t y , whi ch  may be the 

mechanism by which fibrinogen passes into the pericapillary spaces and forms fibrin 

cuffs. This hypothesis is illustrated diagrammatically in Figure 1.3.
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Figure 1.3 - The white cell trapping hypothesis.

The first part of the hypothesis which suggests tissue hypoxia as a result of capillary 

plugging seems unlikely, as there is no evidence of tissue hypoxia in LDS skin (see 

above). However, there is evidence that the second part of the hypothesis, concerning 

white cell activation, may be true. Skin biopsies taken from three groups of patients 

with venous disease (no skin changes; LDS only; LDS and ulceration) showed that there 

was a low number of white cells in the skin of patients without LDS, while in patients 

with LDS but no ulceration, the number of white cells in the skin was increased eight

fold. In patients with ulceration, there was a 40-fold increase in the number of white 

cells in the skin.'^* However, neither the type of white cell nor their relationship to
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capillaries was addressed, and this study may be interpreted as only confirmatory 

evidence of the presence of inflammation in the skin of patients with LDS and 

ulceration. A more recent study has again shown increased numbers of white cells in the 

skin of patients with LDS though the immunohistochemical features suggest that they 

are mainly macrophages and lymphocytes.

There is some indirect evidence in support of the white cell trapping hypothesis. 

Pentoxifylline (Trental®, Hoechst, Hounslow, UK), which inhibits the effects of TNF-a 

and IL-1,̂ ^® has been shown to promote ulcer healing when used in conjunction with 

compression t h e r a p y . H o w e v e r ,  pentoxifylline has a number of haemorrheological 

effects including increased red cell deformability, increased fibrinolysis, and actions on 

the white cell such as inhibition of granulocyte aggregation and inhibition of production 

of oxidants, which may have influenced h e a l i n g . P r o s t a g l a n d i n  El,  which 

prevents activation of neutrophils, has also been shown to be beneficial in patients with 

venous ulceration, as have free radical scavengers applied topically to ulcers. The 

molecular mechanism of leucocyte activation, leucocyte-endothelial adhesion and 

extravascular migration has been the subject of much recent study. Various adhesion 

molecules are expressed by circulating leucocytes and endothelial cells in response to 

diverse physiological and pathological stimuli, leading to firm adhesion of leucocytes to 

the endothelium vsdth subsequent degranulation or extravascular migration.

Experimental work to study white cell activation in venous disease was undertaken by 

Shields who investigated neutrophil activation by measuring the neutrophil 

degranulation products lactoferrin and elastase in normal subjects following 

experimental venous hypertension and in patients with chronic venous disease. 

Neutrophils posses two types of granules, primary and secondary which contain various 

chemical substances. Upon activation these are released into phagocytic vacuoles and 

some is spilled into the plasma. Lactoferrin is an iron binding glycoprotein found in 

secondary granules of neutrophils*^* and has been used as an indicator of neutrophil 

activation in several disease states including various forms of arthritis, 

pneumonia*^* and sepsis. It is produced in response to various stimuli such as

TNF-a, FMLP, opsonised bacteria, C5a coated bacteria/immunoglobulins and 

lipopolysaccharides, and has various functions mostly concerned with iron binding, but 

also causes increased random motility of polymorphonuclear leucocytes, which are
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primed to produce more superoxide radicals. Patients with congenital lactoferrin 

deficiency are prone to bacterial infections.

Neutrophil Elastase is a 29KD protein which is stored in the primary g r a n u l e s a n d  

released during the process of phagocytosis or when neutrophils are activated by other 

stimuli such as soluble immune complexes, C5a or endotoxins. It is chemotactic, 

degrades f ibr inogen^and has been implicated in the tissue destruction seen in venous 

disease by causing endothelial cell i n j u r y . I n  a series of experiments Shields et al 

showed that there was a rise in plasma lactoferrin levels in normal subjects in response 

to venous hypertension, and patients with varying severity of venous disease all had 

raised lactoferrin levels compared to age and sex matched controls. Similarly plasma 

elastase was noted to be higher in patients with venous disease compared to age and sex 

matched controls.^® However, no difference was found between the various patient 

groups and it was concluded that neutrophils are probably responsible for acute 

inflammatory changes and for initiating vascular endothelial damage but unlikely to 

account for the skin damage seen in patients with chronic venous insufficiency.

1.5 EPIDEMIOLOGY

The prevalence of a condition is defined as the estimated number of cases of a disease 

for a given geographic area over a period of time (period prevalence) or at a given time 

(point prevalence). The incidence of a condition is the estimated number of new cases 

of a disease in a specified time period. Authors of epidemiological studies often use the 

definitions interchangeably, making interpreting and comparing studies on the 

prevalence of any condition difficult. Venous ulceration, due to its chronic and recurrent 

nature, is likely to have significant differences between its incidence, point and period 

prevalence. Furthermore, epidemiological studies on leg ulceration vary in their 

inclusion criteria and the investigations used to determine the cause. There have been 

two major attempts to grade the severity of venous disease - that of Widmer, used in the 

Basel III study, and that of the Subcommittee on Reporting Standards in Venous 

Disease, though neither has gained widespread acceptance.

The prevalence of venous ulceration from different studies varies considerably. This
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depends on the method of data collection (simple questionnaire, clinical examination, 

full vascular assessment, etc.), the number of people sampled and their relationship to 

the general population, the method of obtaining the sample population, and the 

definition of venous disease used. There is no satisfactory theory to explain the cause of 

primary varicose veins, though sex, race and heredity are thought to be important 

aetiological factors.^

The first major study into the epidemiology of varicose veins was the US National 

Health Survey of 1935-6,**° which, in a questionnaire of 2.8 million people, estimated 

that varicose veins were present in 1.75 million of the total population of the United 

States. This survey was repeated in 1959-61,*** which suggested a point prevalence of 

2.25% for severe varicose veins (0.8% men, 3.5% women). A similar study in the 

UK**  ̂based on interviews gave a prevalence of 2.25% for varicose veins (1.41% men, 

3.74% women), and in Denmark a survey of patients attending hospital with varicose 

veins found an incidence of 1.7% of males and 2% of females in one year.**  ̂ However, 

these surveys have been criticised by Borschberg,**"* who concluded that statistically 

acceptable evidence on the prevalence of varicose veins could not be drawn from them.

There have since been several major regional surveys into both varicose veins and 

venous ulceration: in a study from Sweden**^ the point prevalence of leg ulceration was 

estimated at 6.4 per 1000 in subjects over the age of 15. In a further study from 

Sweden, **° the period prevalence per year from a retrospective analysis of medical 

records was found to be 2 - 4 per 1000, and a more recent Swedish study has found the 

point prevalence to be 3.05 per 1000.**  ̂ The Tecumseh Community Health Study in 

Michigan suggested that 24 million Americans had “significant” varicose veins (7.4% 

men and 16.6% women), with 5% having skin changes and 0.5% having active or 

healed ulcers.* In Czechoslovakia, 6.6% of men and 14% of women had varicose veins, 

and 1% of the population over 15 were found to have present or past leg ulceration.*** 

The Basel III study*^* found a prevalence of 4.2% for severe varicose veins and 1% for 

active and healed ulcers in a highly selected population of industrial workers. In New 

Zealand Beaglehole et a/.**  ̂ found varicose veins in 36.3% of Maori men and 47.4% of 

Maori women, compared to 21.5% of men and 40.4% of women in the white 

population. Overall, it would appear that there is a prevalence of varicose veins of 

approximately 2%, although local surveys have shown higher levels. This figure is in
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keeping with one prospective study/

There have been several studies on the prevalence of active ulceration. In I r e l a nd / th e  

prevalence of current ulcers was found to be 1.5% of the population. In Australia the 

point prevalence of active leg ulcers of greater than four weeks duration was found to be

1.05 - 1.1 per 1000 of the population. Sixty-seven percent of these ulcers had

venous pathology, 27% had arterial disease, and the rest suffered from diabetes, 

rheumatoid arthritis and other miscellaneous conditions. In Scotland the point 

prevalence of active leg ulceration was found to be 1.48 per 1000 of the population,"^ 

and in England the point prevalence of current ulcers was found to be 1.8 per 1000.^ It 

has also been estimated that for every patient with an ulcer there are 20 - 30 patients 

with the characteristic skin changes of lipodermatosclerosis which precede ulceration. 

Overall, Callam, reviewing the literature, suggests a point prevalence of 0.1 - 0.2% for 

active ulceration in western Europe, with 1% of the population suffering from ulceration 

at some time in their lives.

Sex Distribution

It is generally believed that varicose veins and ulcers are more common in women. All 

the above studies with the exception of the Basel III study (carried out in factory 

workers with relatively few women) have shown a female preponderance, ranging from 

1.5:1 in the Swedish and Czech studies, to 2:1 in the studies from Australia, Ireland and 

England. In the Scottish study the male to female ratio for ulceration was 1:2.46. The 

Australian study also found venous ulceration in the leg almost twice as frequently in 

females, probably because of the greater age in the female group. Females may also be 

more prone to varicose veins as pregnancy is often thought to be a risk factor for their 

development. In 1942 Lake showed in a group of 563 women that 67% of childless 

women and 80% of women with children had varicose veins/^^ an editorial in 1965 

estimated that between 8 and 20% of women developed varicose veins during 

pregnancy. However, the Tecumseh Community Health Study' and the Jerusalem 

Community Study'^^ both failed to show any increased prevalence with increasing 

number of pregnancies, and Guberan'^^ and Drmy/'''' noted that the difference appeared 

to be related to the increased age of parous women. However, a more recent study again 

demonstrates that multiple pregnancies increase the prevalence of varicose veins.^'"
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Age Distribution

The Basel III study has shown an age-related increase in the prevalence of ulceration 

from nil under the age of 35 to 4,8% in women over the age of 50. Data from the other 

studies show similar trends. It should accordingly be expected that the point prevalence 

of venous ulceration will increase in time with the increasing age of the population. A 

longitudinal study was commenced to look at a cohort of schoolchildren in the city of 

Bochum in Germany, and a significant correlation between familial predisposition and 

the occurrence of varicose veins were not found until the Bochum III study.^® ’̂̂ ^̂

Geographical variation

Very few studies have compared geographical or racial differences, and comparison 

between different studies is difficult, for reasons given above. Most European 

communities studied seem to have a similar prevalence. The US National Health 

Survey of 1961^^  ̂ noted varicose veins in 24% of whites compared to 10.4% of 

coloured people; Mekky assessed two groups of females in England and Egypt, finding 

32% of English workers had varicose veins compared to 5.8% of Egyptians.^^"* 

Similarly, Maffei found a significant difference between whites (49%) and non-whites 

(35.8%) in Brazil.^®* The available data have been summarised by Beaglehole, who 

concludes that varicose veins are more common in Caucasian western populations,^®^ 

possibly related to diet and sedentary life style.

Inheritance

It is widely believed that varicose veins are familial. However, varicose veins are 

extremely common, and accordingly most sufferers are aware of other family members 

with varicose veins. Several studies have found a positive association between varicose 

veins and family history, though all these studies are open to bias in that

relatives were not examined. Belcaro found a positive association in a small study using 

Doppler examination in both parents and offspring.^®  ̂ The importance of the familial 

factor has been conclusively shown by Cornu Thenard in a clinical study of 134 

families which suggested that the risk of developing varicose veins was 90% when both 

parents suffered from the disease.^®*
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1.6 INVESTIGATION OF VENOUS DISEASE 

History and Clinical examination

A full history and clinical examination remains the main method of investigation in 

most centres. Patients usually complain of pain, swelling or cosmetic deformity. 

Superficial venous insufficiency may cause a dull ache on standing, relieved by rest; 

deep venous insufficiency causes a more severe pain, often exacerbated by exercise. A 

history of injury or immobility should be sought, as deep vein thrombosis is often silent.

Fabry is believed to have given the first description of rapid venous refilling following 

elevation of the leg in a patient with an ulcer.^^^ In 1846 Brodie demonstrated that, after 

having emptied the veins of the leg by elevation, reflux could be controlled by pressure 

applied proximally.^^^ This test was subsequently popularised by Trendelenburg^"^ 

(Figure 1.4), with whose name it remains associated. If the subcutaneous veins are 

occluded by a narrow tourniquet placed around the limb when the patient is lying down, 

rapid filling of the veins below the tourniquet when the patient stands indicates an 

incompetent communication between the superficial and deep systems below the 

tourniquet. The level of this connection can be determined by repeating the test with the 

tourniquet placed lower on the limb or by using multiple tourniquets, released from 

proximal to distal. A variant of this test was described by Perthes to determine whether 

the deep veins are p a t e n t . ^ I f  the tourniquet is applied round the upper part of the leg 

with the patient standing and the superficial veins are distended, exercise should reduce 

the swelling of the veins below the tourniquet if the deep veins are patent; if they are 

obstructed the superficial venous engorgement will get worse.

Clinical examination is the only investigation used routinely in most hospitals in the 

UK, although it is often misleading, especially if there is any deep venous insufficiency. 

Venography is the only further investigative technique widely available, though there 

are many other, non-invasive methods of investigating the venous system.

Non-invasive tests

There are several non-invasive methods of examining the anatomy and venous function
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A B

C D

Figure 1.4 - Trendelenburg test; A - normal gradual venous filling from below; B - 

rapid filling from above due to sapheno-femoral / thigh perforator incompetence; C - 

rapid filling from below not controlled by tourniquet over the S-F junction indicating 

SSV / below knee perforator incompetence; D - rapid filling from both above and below
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of the lower limb. These have the advantages of being non-invasive, repeatable, and do 

not expose the patient to ionising radiation.

Plethysmography

This was first described in 1905,^^  ̂ and includes a number of tests that detect volume 

changes in a limb or part thereof.

Strain gauge plethysmography. This relies on volume changes in the limb causing a 

proportional change in the electrical resistance of a strain gauge placed on the largest 

diameter of the calf, foot or ankle. The strain gauge transducer was originally made of 

mercury in rubber, though is now usually made from an indium/gallium alloy in a 

silastic tube. The electrical resistance of this is directly proportional to its length and 

inversely related to its cross-sectional area. The strain gauge can only measure the 

change in volume in the plane of the gauge, but some studies have shown good 

correlation with venography and venous pressure measurements,^ and to be superior to 

foot volumetry.^ This method has been used to quantify the changes in volume of the 

calf that occur during exercise or following compression of the limb with cuffs. Using 

strain gauge plethysmography, it is possible to measure venous outflow from the limb, 

and hence to quantify proximal venous obstruction, for example by deep vein 

thrombosis.^^^ It is also possible to measure the severity of venous reflux and, with the 

use of tourniquets, to decide whether the reflux is due to superficial or deep venous 

insufficiency.^'^ Strain gauge plethysmography has also been used for the measurement 

of capillary f i l t rat ion.^The disadvantage of this technique is that only volume changes 

in the part of the limb under the strain gauge are being measured. As this is only a small 

part of the limb, it may not accurately reflect changes in the whole limb.

Air plethysmography. This technique was first described in 1957^'^ and uses pressure 

changes in an air-filled bag applied around the leg to detect volume changes in the limb. 

In the currently used method,^'^’̂ '^ a plastic sleeve is zipped around the patient's leg and 

filled with air to a pressure of 6-8 mmHg. This is sufficient to ensure close conformity 

with the leg, but not to interfere with venous function. The device is calibrated so that 

volume changes in the limb can be deduced reliably. Venous refilling time following 

exercise can be measured by this method and used to assess venous reflux. Multiple air- 

filled chambers allow the study of separate segments of the limb, and the application of
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narrow cuffs or tourniquets allows the contribution of superficial venous reflux to be 

assessed.

Photoplethysmography (PPG). Pbotopletbysmograpby was originally described for 

the assessment of the arterial system.^^^ The principle of pbotopletbysmograpby 

depends on the variation in the light absorption of the skin caused by haemoglobin in 

the dermal venous plexuses. Infra-red light (wavelength 805 nm), derived firom a light- 

emitting diode, is applied to the skin and the amount of light reflected is collected by a 

photo-electric detector. During high venous pressure the dermal venous plexus is full 

and haemoglobin absorbs the light. As venous pressure falls the venous plexus become 

less full and light absorption decreases. Using this technique, venous refilling following 

emptying of the veins of the lower limb (usually by ten dorsiflexions of the ankle joint) 

can be tested to assess venous reflux. The 95% venous refilling time is normally greater 

than 15 seconds, shorter refilling times implying venous refiux.^^^ The test can be 

repeated using tourniquets to compress the superficial veins and help to deduce the 

source of reflux. Pbotopletbysmograpby is widely used as a screening test to identify 

the presence of venous disease; however, its ability to differentiate between deep and 

superficial vein incompetence is not as good as duplex scanning.^^^

Light reflex rheography: this is a variant of pbotopletbysmograpby, using several light 

emitters shone onto the skin and the light reflected collected by a detector. The 

assessment of venous function is performed in the same manner as PPG. Its advantage is 

that a larger area of the skin is assessed as several emitters are used, and that the system 

can be calibrated so that the intensity of the illumination can be adjusted to achieve a 

known amount of skin transmission.

Foot volumetry is a variant of air plethysmography, whereby the feet of the patient are 

placed in separate water baths. Water at 32°C is then added to a predetermined level, 

with the volume of each foot calculated from the amount of water needed to reach the 

predetermined level. The patient is asked to perform 20 knee-bends at one second 

intervals; this causes the calf muscle to expel blood from the leg, reducing the volume of 

the foot, which in turn can be measured by an electrical sensor. Venous refilling times 

can also be measured. The superficial system can then be occluded by a tourniquet and 

the procedure repeated to differentiate superficial from deep venous reflux. Foot
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volumetry correlates well with venous pressure measurements, but the test is 

cumbersome to use, and only measures changes in foot volume rather than calf volume.

Doppler ultrasound

The Doppler effect was described by Johann Doppler, who showed that the frequency of 

sound emitted or reflected from a moving object varies with the velocity of the object. 

The use of Doppler ultrasound in the study of blood flow was first suggested by 

Franklin in 1961,^^  ̂based on the observation that a high-frequency sound wave incident 

on a moving target becomes scattered. The frequency of the reflected wave differs from 

the frequency of the transmitted wave by a factor proportional to the velocity of the 

moving target. Doppler equipment used to measure blood flow utilises a probe with two 

transducers, one to emit ultrasound waves and the other to capture the scattered and 

reflected waves. The system then compares the two signals and calculates the speed, 

and in some cases the direction, of the blood flow. Both superficial and deep veins can 

be examined using a hand-held Doppler probe. The presence of flow, fluctuation in 

flow with respiration, and augmentation of flow with manual compression can all be 

examined. To test for reflux, manual compression of the calf is performed below the 

site of the probe. When the veins are normal this results in a short proximal flow; in the 

presence of venous reflux, this is followed by prolonged retrograde flow. Tourniquets 

may be used to determine whether reflux lies in the superficial or deep systems. 

However, it is not always easy to determine whether the vein in which an abnormality 

has been detected is in the deep or superficial system.

Duplex ultrasound scanning

The combination of a pulsed Doppler facility with real time B-mode ultrasound imaging 

using an extra transducer or a phased array of transducers, provides both image and 

Doppler information. This allows defined areas of vessels to be studied to determine the 

speed and direction of flow. Thus the presence of flow in both superficial and deep 

veins can be established, and the location of venous reflux determined accurately.^^"  ̂

Patients may be examined lying supine with the table tipped 20° foot down to ensure 

venous filling, when blood flow can be seen with respiration, augmented by performing 

a Valsalva manoeuvre, or standing, when forward flow can be produced by manual calf 

compression. In our laboratory, patients are examined standing, bearing weight on the 

contralateral limb to that being examined. The presence of reflux is elicited by manual
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calf compression, reflux being defined as reverse flow lasting more than 0.5 seconds.^^^ 

Virtually all veins below the inguinal ligament can be imaged completely by this 

technique and the competence of individual valves may be assessed.^^^ Duplex 

scanning has been shown to correlate well with venography in the assessment of venous 

reflux and deep venous thrombosis.^^^ In colour duplex machines, distinct colours are 

used for forward and reverse flow so that assessment of venous reflux is simplified. 

These characteristics make colour duplex imaging a replacement for venography and 

ambulatory venous pressure measurements, avoiding the need for inserting cannulae or 

injection of contrast media; there is no exposure to ionising radiation, and the tests are 

accurate and repeatable.^^^ The main disadvantage of duplex scanning is that the 

equipment required is not widely available and there are few suitably trained 

technicians.

LASER Doppler fluxmetry (LDF)

LASER Doppler fluxmetry differs from the above methods in that it measures 

microcirculatory flow. The method was first described in 1975 by Stem,^^^ and involves 

shining a monochromatic red helium-neon laser light (wavelength 632.8 nm) into one 

cubic millimetre of tissue and collecting the reflected and scattered light through thin 

fibre optic cables. The collected light is called the backscatter and contains light at the 

same frequency as that emitted and also light that has had a frequency shift from being 

scattered by moving objects, principally red blood cells. A flux value is obtained from 

the amount of light that has had a shift in frequency (proportional to the concentration of 

red blood cells in the area of measurement), and the degree of frequency shift 

(proportional to the speed of the red blood cells). The flux value is thus proportional to 

the skin blood flow. In-vivo, LDF has been shown to correlate well with 133Xenon 

clearance.^^^ It is non-invasive, easy to use and relatively cheap, but samples only a 

very small area of skin.

Transcutaneous pressure of oxygen (TcP02)

In 1956, Clark described the use of a chamber containing electrolyte solution within 

which diffusing oxygen could be reduced by a platinum electrode to produce a current 

proportional to the partial pressure of the diffused oxygen.^^® This was subsequently 

utilised by Huch et al. in neonates to measure oxygen partial pressure in the tissue 

underlying the electrode, with heating of skin temperature to 44°C to optimise skin

45



permeability and cause maximum capillary vasodilatation?^^ Transcutaneous oxygen 

tension correlates with cutaneous oxygen delivery, the product of oxygen content and 

blood flow,^^^ and has been used extensively in venous disease?^^’̂ ^̂  Arterial blood 

flow and venous pressure influence TcP02 levels, which are dependent on the arterio

venous pressure difference,^^^ and on the ability of the skin microcirculation to dilate in 

response to heating. If adequate vasodilatation does not occur, then reduced pressures 

will result.

Capillary microscopy

Using capillary microscopy it is possible to study the nutritional capillaries in the skin 

directly and non-invasively. In this way abnormalities in morphology can be observed, 

and capillary blood velocity measured,^^"  ̂ although only in certain sites such as the 

nailfold, and only a small sample of capillaries can be studied at a time. A significant 

problem in human subjects is that of movement, although various systems attempt to 

eliminate or compensate for this. In spite of its limitations, microscopy is still regarded 

as the "gold standard" for measuring nutritive capillary blood flow.^^^

Invasive tests 

Venography

Venography of the lower limb involves the injection of a contrast medium into a leg or 

foot vein and imaging the superficial and/or deep veins using X-rays. Using a variety of 

techniques all the lower limb veins can be imaged, and it is still widely recognised as the 

reference standard for the investigation of deep vein thrombosis. However, the deep 

femoral, common femoral and iliac veins are difficult to examine, and there used to be a 

high incidence of deep vein thrombosis caused by the contrast media,^^^ though this risk 

has been reduced with the introduction of non-ionic contrast media.^^^ Venography of 

the lower limb can be classified into ascending venography, descending venography, 

and varicography.

Ascending venography is performed to demonstrate deep venous obstruction or 

incompetent perforating veins. The patient is placed supine on the X-ray table with a 

20-40° head-up tilt and tourniquets are placed at the ankle and above the knee. Contrast 

media is injected into a foot vein, the ankle tourniquet preventing the contrast flowing
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up the superficial system, and so entering the deep veins. The thigh tourniquet and head- 

up tilt prevent the contrast ascending too fast. Using fluoroscopy and spot-films, images 

of the deep veins of the calf are obtained. Incompetent perforating veins may also be 

identified by observing contrast passing from the deep to the superficial system. Once 

the calf veins have been examined, the thigh tourniquet is removed and the contrast 

allowed to flow into the superficial and common femoral veins. Using this procedure, 

the patency of all the deep veins of the leg and competence of the perforating veins may 

be established.

Descending venography is used to assess the competence of the deep venous system. It 

is performed in the erect or semi-erect position by injecting contract media into the 

common femoral vein. The progress of the contrast is followed by fluoroscopy and 

spot-films. If the deep venous system is competent, contrast will only descend a short 

way down the deep veins and will not reach the level of the knee. Reflux of contrast 

may be aided by asking the patient to perform a Valsalva manoeuvre. Contrast seen 

passing below the knee indicates deep venous incompetence and valve dysfunction.

Varicography is the direct injection of contrast into a varicose vein and is used to 

identify the incompetent perforator responsible for the varicosity. The patient is placed 

on the X-ray table, tilted 10-20° head-up, and contrast medium is injected into the 

varicosity. In the short saphenous system a mid-thigh tourniquet can be used to enhance 

filling of the incompetent perforator by retarding flow up the deep veins.

Ambulatory venous pressure

Foot vein pressure permits examination of the calf muscle pump and the determination 

of superficial and deep venous incompetence, and has been proposed as the “gold 

standard” for the assessment of venous function.^^^ Originally a dorsal foot vein was 

cannulated and the catheter connected to a water m a n o m e t e r . M o r e  recently a 

pressure transducer connected to a chart recorder or computer has replaced the 

manometer. After canulation of a foot vein, the patient is asked to exercise the calf 

muscle pump until a stable pressure is reached, either by walking on a treadmill or by 

standing on tip-toe ten times. The pressure reached is the “ambulatory venous 

pressure”. The venous system then refills, either from the arterial system or via reflux, 

if present. The time taken to return to the pre-exercise pressure is the venous refilling
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time. Normally, the resting pressure is equal to a column of blood between the foot vein 

and the right atrium; during exercise the foot pressure falls to less than 25 mmHg, and 

the time taken for the pressure to return to the basal level after exercise is 25-30 

seconds. Failure of the pressure to drop on exercise or a reduction in the time taken for 

the pressure to return to basal level implies venous incompetence. The test can be 

repeated with the use of tourniquets to determine if the reflux is due to incompetence of 

the superficial or deep systems.

1.7 TREATMENT OF VENOUS DISEASE

Surgery to varicose veins has been practised since the Roman period, by Galen who 

used a phlebectomy hook for vein avulsion,^^ and Albucassis who performed partial 

internal stripping using a needle and probe to strip short sections of vein. Davat 

obliterated lengths of vein by tying figure-of-eight ligatures around them.^^^ Stripping 

of the long saphenous vein was first performed by Madelung using an incision the 

length of the vein.̂ "̂ ® Trendelenburg popularised high ligation of the long saphenous 

vein, though with very high recurrence rates. "̂̂  Intraluminal stripping was first described 

by Keller in 1905,̂ "̂  ̂ and extraluminal stripping the following year by Mayo. '̂^  ̂

Homans noted the high recurrence rate following Trendelenburg's high ligation, and 

advocated combining this with full excision of the long saphenous vein, either by direct 

exposure or stripping.^^ If there was ulceration he reported that all scar tissue down to 

and including the deep fascia should also be excised, thus ligating any perforating veins 

beneath the ulcer. In 1938 Linton described ligation of incompetent perforating veins 

beneath the deep fascia, together with ligation of the saphenous veins if incompetent.^^ 

Cockett subsequently noted a high recurrence rate if the long saphenous vein was also 

ligated, and that the deep fascia was an essential part of the calf muscle pump. He 

modified Linton's operation to ligate the perforating veins superficial to the deep fascia 

through a medial longitudinal incision.

It is now appreciated that results of surgical treatment of primary varicose veins are 

good, but results are very poor in the presence of deep vein insufficiency. Various 

attempts have been made to either reconstruct damaged deep vein valves, transplant 

valves from normal vein, or use prosthetic material to produce extrinsic compression of
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the vein wall to mimic or restore normal valve function, though overall results have 

been very disappointing. The mainstay of treatment of deep vein insufficiency and 

ulceration has been to limit the effect of high venous pressure by encouraging 

recumbency with elevation of the leg, and provision of external compression. This can 

either be with elastic bandages or stockings, graduated to produce maximum 

compression at the ankle, or with the use of intermittent pneumatic compression 

devices. Drug therapy is little used in the UK; pentoxifylline has been shown to be 

beneficial in ulcer h ea l i ng , t hough  which of its many haemorrheological properties is 

responsible for this action is unknown.

1.8 REVIEW OF RECENT ADVANCES IN THE UNDERSTANDING OF THE 

MICROCIRCULATION - ADHESION MOLECULES AND ITS ROLE IN 

LEUCOCYTE-ENDOTHELIAL INTERACTION

Dutrochet first reported in 1824 that white cells became adherent to the vessel walls and 

emigrated into the tissues.^"^  ̂ Leucocytes express adhesion promoting receptors that 

mediate cell-cell and cell-matrix interaction. These interactions are crucial for the 

direction and control of leucocyte traffic, migration through tissues, and the 

development of immune and non-immune inflammatory responses. Several families of 

adhesion receptors have been identified which are broadly divided into 3 groups - the 

Integrins, the Selectins, and the Immunoglobulin superfamily. A complex interplay of 

physical, biological, and biochemical factors control and modulate leucocyte-endothelial 

cell adhesion leading to leucocyte emigration from the circulation into the tissues.

The Integrins

Integrins are transmembrane cell surface proteins that bind to cytoskeletal proteins and 

communicate extracellular signals.̂ "̂ "̂  Each integrin consists of a noncovalently linked, 

heterodimeric a  and P chains. To date, 8 known p chain subunits and 12 or 15 reported 

a  subunits have been molecularly cloned. '̂ '̂ ’̂̂ '̂  ̂ Integrins have been arranged in 

subfamilies according to the P subunits and each p subunit may have from one to eight 

different a  subunits associated with it. Integrin a  chains have several common
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structural characteristics. First, there are 7 tandem repeats of 60 amino acids that share 

homology with EF-hand structures of the calcium-binding proteins calmodulin and 

troponin.^^^ Integrin p chains also have characteristic features. Tandem repeats of four 

cysteine-rich regions that are thought to be essential for tertiary structure are conserved 

among the various p chains. Within the integrin family of adhesion receptors only five 

members have so far been shovm to be involved in leucocyte adhesion to endothelium; 

the p2 leucocyte integrins (CD 11 a/CD 18, CD 1 lb/CD 18 and CD 11 c/CD 18), the pi 

integrin VLA-4 (a4/p i, CD49d/CD29), and a4p7.^‘'’

P2 Integrins

The p2 leucocyte integrins share a common p chain (CD 18). Three a  subunits are 

noncovalently associated with CD 18. CD 1 la  (lymphocyte function-associated-1 or 

LFA- 1), CD 11b (Mac-1, Mo-1) and CD 11c. The expression of the p2 integrins is 

restricted to leucocytes, but among subtypes of leucocytes the distribution of 

CD11/CD18 differs. Peripheral blood lymphocytes express primarily CD 11 a/CD 18 

whereas neutrophils, monocytes, and NK cells express all three p2 integrins.^"^  ̂

Intracellular storage pools of CDl lb/CD 18 and CD 11 c/CD 18 are present in neutrophils 

and monocytes^"^  ̂whereas there is no storage pool of CDl la/CD 18. Surface expression 

ofCD llb/ CD 18 and CD 11 c/CD 18 is increased by a variety of agonists: calcium 

ionophore, phorbol esters, FMLP, GM-CSF, C5a, TNF-a, and LTB4. "̂^̂  Increased 

expression of CDl lb/CD 18 also has been noted after neutrophil adhesion to E- 

selectin.^^^ Ligands for the p2 leucocyte integrins include proteins expressed by cells 

(ICAM-1 for CDlla/CD18, CDllb/CD18; ICAM-2 for CDlla/CD18; and ICAM-3 for 

CDl la/CD 18) as well as soluble proteins (fibrinogen and factor X for CDl lb/CD 18 and 

complement fragments for CDl lb/CD 18 and CDl 1 c/CD 18). Neutrophil and monocyte 

adhesion to endothelium relies primarily on the CD 11 a/CD 18 and CDllb/CD18 

leucocyte integrins with only a minor role for CDl 1 c/CD 18.̂ ^̂  Lymphocyte adhesion 

involves the interaction of CDl la/CD18 with the endothelial ligands ICAM-1 and 

ICAM-2, The significance of the P2 leucocyte integrins has been demonstrated by the 

LAD Type 1 syndrome.^^^ In this autosomal recessive disorder there is partial or total 

absence of expression of the p2 leucocyte integrins on all leucocytes leading to a defect 

in the recruitment of neutrophils to sites of inflammation. Although neutrophils are 

absent in inflamed tissues, other leucocytes (mononuclear leucocytes and eosinophils)
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are able to emigrate to sites of inflammation, presumably via VLA-4?^^

p i Integrins

The p i, integrins share CD29 as their common p subunit?^"^ This widely distributed 

family of integrins contains a series of cellular receptors for extracellular matrix proteins 

including fibronectin, collagen, laminin, and vitronectin. One member of the pi 

integrins, a 4 pi(VLA-4, CD49d/CD29), has been shown to be involved in lymphocyte, 

monocyte, eosinophil, basophil, and NK cell adhesion to cytokine-activated endothelial 

cells. Because neutrophils do not express VLA-4,^ '̂  ̂ they cannot use this pathway to 

adhere to stimulated endothelium. The unique absence of VLA-4 on neutrophils likely 

accounts for the phenotype of LAD type 1 syndrome, ie, defective neutrophil emigration 

and recurrent infections with intact mononuclear leucocyte traffic and cell-mediated 

immunity. Ligands for a 4 Pi, include VCAM-1^^^ expressed on cytokine-stimulated 

endothelial cells, the extracellular matrix proteins fibronectin and thrombospondin, and 

the bacterial outer membrane protein invasin.

The Selectins

The vascular selectin family of adhesion receptors contains three monomeric 

transmembrane adhesion molecules which share an N terminal extracellular domain 

homologous to calcium-dependent lectins, followed by a domain homologous to 

epidermal growth factor (EGF) and a variable number of short consensus repeats.^^^’̂ ^̂  

E-selectin (CD62E) is expressed by endothelial cells, P-selectin (CD62P) by both 

endothelial cells and platelets, and L-selectin only by l e u c o c y t e s . L - s e l e c t i n  which 

has two consensus repeats is constitutively expressed on all granulocytes, monocytes 

and a sub-population of lymphocytes, and is involved in leucocyte traffic in the systemic 

microcirculation.^^® Upon cellular stimulation L-selectin may transiently increase its 

ligand affinity without a concomitant increase of receptor density on the cell surface.^^  ̂

Subsequently, L-selectin is rapidly removed from the leucocyte surface possibly by a 

proteolytic mechanism.^^^’̂ ^̂  Soluble circulating L-selectin may modulate leucocyte 

adhesion to endothelium during inflammation by partial inhibition.^^"  ̂Expression of E- 

selectin, which has six CR domains, is induced on endothelial cells within 2-4h after 

treatment with interleukin-1, tumour necrosis factor or bacterial lipopolysaccharide
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(LPS)?^^ Endothelial cells expressing E-selectin can bind granulocytes, monocytes, and 

a subset of skin-homing l y m p h o c y t e s . W h i l e  E-selectin expression requires protein 

biosynthesis,^^^ P-selectin is pre-formed and stored in a  granules of platelets and in 

Weibel-Palade bodies of endothelial cells.^^  ̂ Surface expression of P-selectin. which 

has nine CR domains is rapidly induced by treatment of endothelial cells with thrombin 

or histamine and subsides within about 10-15 min.^^  ̂ The vascular selectins are 

uniquely suited for mediating the rapid cycle of attachment, detachment and 

reattachment underlying leucocyte rolling. Their flexible, monomeric structure 

combined with a very high rate of binding to natural ligand^^® has been found to be a 

prerequisite for rolling.^^^ Interestingly, the minimum molecular length compatible with 

leucocyte rolling is about 25 nm, which is just about reached by L-selectin. The 

cytoplasmic domain of L-selectin appears to be required for its adhesive function as 

shown by the inability of cells carrying deletion mutants of the protein lacking putative 

cytoskeleton binding amino acid sequences in their cytoplasmic tail to roll or adhere to 

endothelial cells.^^  ̂Cytoskeletal attachment of the vascular selectins may be required in 

order to withstand the flow forces in micro vessels in vivo.

Immunoglobulin family of adhesion receptors

Several immunoglobulin-like transmembrane adhesion receptors are expressed on 

endothelial cells. Of these ICAM-1 (intercellular Adhesion Molecule-1), ICAM-2 and 

VCAM-1 (vascular cell adhesion molecule-1) play key roles in adhesion and 

transmigration of blood leucocytes. They share homology within two to seven 

extracellular immunoglobulin domains which are followed by a transmembrane domain 

and a short cytoplasmic tail.^^  ̂Both ICAM-1 and ICAM-2 are constitutively expressed 

on resting cultured endothelial cells in vitro and on microvascular endothelium in 

vivo.̂ ^̂ '̂ "̂̂  While ICAM-1 expression can be increased several fold by treatment with 

cytokines such as interleukin-1 or tumour necrosis factor, ICAM-2 expression remains 

at basal levels under all conditions studied.^ "̂  ̂ ICAM-1 and ICAM-2 are physiological 

ligands of LFA-I, while Mac-1 recognises ICAM-1, albeit with low affinity. A third 

member of the immunoglobulin family of adhesion molecules is VCAM-1, which is the 

natural ligand for a p i integrin expressed on memory T-lymphocytes, very late antigen - 

4 (VLA-4) or a4p i integrin.^^^ Interaction between VLA-4 and VCAM-1 appears to play 

a major role in binding of lymphocytes, eosinophils, and monocytes, but not neutrophils
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to activated endothelial cells. The immunoglobulin adhesion receptors do not appear to 

regulate their affinity for their integrin ligands other than by an increased surface 

expression on activated endothelial cells. The expression of both ICAM-1 and VCAM- 

1 can be sustained for days after cytokine stimulation of endothelium. This pattern 

suggests a role for these molecules in chronic inflammation.^^^’̂ ^̂

The adhesion cascade

The molecular mechanism of leucocyte adhesion to vascular endothelial cells is 

characterised by a series of steps which are shown in Figure 1.5. The current theory of 

white cell adhesion is a two step m o d e l . N o r m a l l y  leucocytes express L-selectin 

which bind loosely to receptors on the vascular endothelium resulting in marginating 

leucocytes to ‘roll’ along the endothelium. This gives the circulating leucocytes a chance 

to examine the endothelium more closely although the binding is temporary and is easily 

broken down by shear stress. Recently the participation of P-selectin and E-selectin in 

leucocyte rolling has also been reported.^^^ In the presence of endothelial damage or 

other local stimulus leucocytes shed L-selectin and express a second stage receptor the 

integrin CDl lb, which then binds to counter ligands on the vascular endothelium. This 

allows firm adhesion of leucocytes to the endothelium leading to subsequent 

degranulation or extravascular migration. Some white blood cells are reversibly 

bound to the endothelium and re-enter the systemic circulation when venous pressure is 

lowered.

1.9 CYTOKINES

Cytokines are peptides or glycoprotein mediators ranging from 6,000 to 60,000 kds 

molecular weight that act as intracellular signals. They generally act as paracrine or 

autocrine signals but can also at times act systemically in an endocrine manner. 

Cytokines include lymphokines produced by T and B lymphocytes, monokines produced 

by monocytes, haematopoietic CSFs, interferons, and connective tissue growth factors. 

They stimulate the growth, differentiation, and other functions of a wide variety of target
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cells. More than 80 cytokines have already been identified and cloned. Unlike 

hormones, which are usually produced continuously by discrete glands, cytokines can be 

produced upon stimulation by virtually every cell type, including immune, 

inflammatory, and non inflammatory cells. A given cell type can produce many 

cytokines.

Cytokines are potent and are active at concentrations as low as lO'̂ ® to lO'^^ mol/L 

(Ipg/ml). They bind to cell surface receptors and initiate a variety of intracellular signal 

transducing pathways that culminate in gene activation. Virtually every cell type 

expresses multiple receptors and responds to a number of cytokines. Also a given 

cytokine can activate a variety of cell types. Most cytokines have multiple biologic 

activities that overlap.^*® Some cytokines act as potent inducers of other cytokines, 

resulting in cascades and networks of interacting cytokines. The activities of immune 

and inflammatory leucocytes can either be up or down regulated by cytokines, but 

cytokines also markedly influence the activities of connective tissue and neural, 

epithelial, endothelial, and other cell types engaged in tissue repair and restoration of 

homeostasis. The regulation of cytokine activity in vivo depends not only on the 

production and secretion of the appropriate cytokine but also on the presence of specific 

cell surface receptors on target cells. It has been found that activation of the immune 

system results in receptor up-regulation and secretion or shedding of soluble receptor or 

receptor fragments.^** In addition to their diagnostic value (commercial ELISA kits are 

available for detection of soluble receptors in serum), these soluble receptor molecules 

may be physiologically important as competitive inhibitors of cytokine activity by 

binding to fi'ee cytokine in serum. Cytokines generally have short half-lives. 

Distribution to tissues, binding to cell receptors anticytokine antibody activity, protease 

activity, binding to serum carrier protein, aggregation, and spontaneous degradation 

serve to decrease serum cytokine levels.

Cytokine levels correlate with outcome in certain diseases (e.g., septic shock, viral 

meningitis). Clinical evaluation is performed almost exclusively on plasma and serum 

samples, although measurements in urine, cerebrospinal fluid, joint fiuids, bronchiolar 

lavage, saliva, and tissue specimens have been reported.

Structural (antigenic) assays such as enzyme-linked immunosorbent assays (ELISAs)
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and radioimmunoassays (RIAs) are reliable and can be used to follow cytokine levels in 

patients. ELISAs and RIAs are available for many cytokines. The major advantage of 

the RIA method that only one antibody preparation is needed is overshadowed by the 

ease of use of ELISA formats. The sensitivity of these assays is often on the order of 10 

to 50 pg/ml, which seems to be adequate for patient monitoring. The specificity and 

reproducibility of the immunoassays are normally far more exacting than for bioassays. 

One major advantage of immunoassays is that given the right choice of antibody they 

should not be affected by the presence of other cytokines, inhibitors, or contaminants, 

which might influence a bioassay target cell. A disadvantage is that a cytokine molecule 

might be biologically inactive owing to unfolding, protease action, or physical effects 

(temperature, pH), yet may preserve the immunoreactive epitope and test positive in the 

immunoassay. In practice this event is rare.

The pro-inflammatory cytokines Interleukin 6 (IL-6) and Tumour necrosis factor (TNF- 

a) are reviewed in further detail.

Interleukin 6

Interleukin 6 is a multifactorial protein produced by a variety of cells including vascular 

endothelial cells, monocytes/macrophages, fibroblasts, hepatocytes, osteoblasts, 

kératinocytes, astrocytes, lymphoid and non-lymphoid cells such as T cells, B cells, and 

various carcinomas and sarcomas including myelomas, plus bladder and renal cell 

carcinomas.^^^’̂ ^̂  The production of IL-6 by these various cells is regulated positively 

or negatively by a variety of signals, such as mitogenic or antigenic stimulation, 

lipopolysaccharide, IL-1,TNF, PDGF, and viruses.^^"^

The human IL-6 is a 184 amino acid protein with four cysteine residues and a predicted 

molecular weight of 21 kDa.^^  ̂ IL-6 exerts its effect through binding to a high affinity 

receptor complex consisting of two membrane glycoproteins, an 80 kDa IL-6 binding 

receptor protein (IL-6R) and a signal transducing protein gpl30. Cells reported to 

express the 80 kDa IL-6R include monocytes, hepatocytes, activated B cells, peripheral 

blood granulocytes and both AML and ALL leukaemia blast cells.

The effects of IL-6 on different cells are numerous and varied. The effect on B cells is
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to stimulate differentiation and antibody secretion, on T cells to stimulate IL-2 

production and IL-2 receptor expression. IL-6 stimulates production of acute phase 

protein by hepatocytes,^*^ and has colony stimulating activity on haematopoietic stem 

cells.^*  ̂ IL-6 has growth factor activities and will stimulate the growth of sarcomas and 

carcinomas.^**’̂ *̂

The various activities of IL-6 described above suggests that this factor has a major role 

in the mediation of inflammatory and immune responses initiated by infection or injury. 

Elevated IL-6 levels have been reported to be associated with a variety of diseases, 

including autoimmune diseases,^^^ mesangial proliferative glomerulonephritis,^^® 

psoriasis,^^* and malignancies such as plasmacytoma and myeloma.

Tumour Necrosis Factor

Tumour necrosis factor (TNF-a) also known as cachectin,^^^ and tumour necrosis factor 

(TNF-P) also known as lymphotoxin,^^"  ̂are two closely related proteins that bind to the 

same cell surface receptors and produce a vast range of similar, but not identical, effects. 

Among these effects is the ability to kill certain tumour cells directly, from which the 

names tumour necrosis factor and lymphotoxin both derive. Its primary frmction 

however may lie in its ability to initiate (along with IL-1) the cascade of cytokines and 

other factors associated with the inflammatory responses. In contrast to the similarity of 

their biological activities, the regulation of the expression and processing of the two 

factors is quite different.^^^ TNF-a is produced by neutrophils, activated lymphocytes, 

macrophages, NK cells, endothelial cells, and smooth muscle cells, while TNF-p is 

produced by lymphocytes.

Human TNF-a is a polypeptide of 157 amino acid residues and TNF-p is a somewhat 

larger protein of 171 amino acid residues. The biologically active native form of both 

TNF-a and TNF-p is a trimer.^^^ TNF-P possesses a typical signal peptide sequence 

and is processed and secreted in a manner similar to other secretory proteins.^^^ TNF-a, 

on the other hand, has a much longer precursor sequence with both hydrophilic and 

hydrophobic domains and occurs as a membrane-bound form from which the soluble 17 

kDa factor is derived by cleavage of the extracellular domain.^^* Current evidence 

suggests that the membrane-anchored form of TNF-a on the surface of macrophages
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and monocytes, in addition to serving as a reservoir for release of soluble TNF-a, has 

lytic activity and may also have an important role in intercellular communication.^^^’̂ ^̂

Two distinct receptor types have been identified that specifically bind TNF-a and TNF- 

P and virtually all cell types show the presence of one or both of these receptors.^®  ̂ The 

two TNFs are extremely pleiotropic capable of producing a wide variety of effects 

which is attributable to the ubiquity of their receptors and their ability to activate 

multiple signal transduction pathways, induce or suppress the expression of a vast 

number of genes; including those for growth factors and cytokines, transcription factors, 

receptors, inflammatory mediators and acute phase proteins.^^^ TNFs play a critical role 

in normal host resistance to infections and to the growth of malignant tumours, serving 

as immunostimulants and as mediators of the inflammatory response. Many of the 

actions produced by the TNFs are functionally similar to the effects produced by IL-1. 

Over-production of TNF has been implicated in a number of pathological conditions, 

including cachexia, septic shock following infection with Gram-negative bacteria,^®  ̂

autoimmune disorders,^^^ and meningococcal septicaemia.^^"^

1.10 AIM OF THIS THESIS

Although the exact pathogenesis of skin damage in chronic venous disease is unclear 

the currently favoured theory is the ‘white cell trapping hypothesis’^̂  which postulates 

that venous hypertension leads to inappropriate leucocyte activation with release of 

toxic metabolites and superoxide radicals resulting in skin damage. Some work had 

already been done to corroborate this h y p o t h e s i s . T h i s  thesis examines the ‘white 

cell trapping hypothesis’ in further detail by a series of experiments designed to 

elucidate the following:

1. To establish whether short periods of venous hypertension in control subjects 

result in neutrophil and monocyte activation, as assessed by recognised 

indicators of leucocyte activation.

2. To assess the effect of short term experimental venous hypertension on 

neutrophil and leucocyte adhesion and metabolism.

3. To determine using objective methods of investigation whether biochemical
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evidence of leucocyte:endothelial cell interaction can be demonstrated in 

controls and volunteers following experimental venous hypertension.

4. To establish whether there is biochemical evidence of endothelial damage in

patients with venous disease and whether this is increased in response to 

experimental venous hypertension.

5. To develop a method for assessing leucocyte emigration from skin capillaries in

volunteers and to assess the migration of leucocytes before and after a period of 

experimental venous hypertension using this model.

6. To determine whether the cytokines interleukin-6 (IL-6) or tumour necrosis

factor-a (TNF-a) are involved in the regulation of neutrophil activation and 

migration following experimental venous hypertension.
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CHAPTER 2 

LEUCOCYTE ACTIVITY IN THE MICROCIRCULATION OF THE 

LEG IN VOLUNTEERS IN RESPONSE TO EXPERIMENTAL 

VENOUS HYPERTENSION 

Introduction

The aetiology of skin damage in patients with chronic venous disease is incompletely 

understood. The current theory is the white cell trapping hypothesisw hich proposes, 

that raised venous pressure in the lower limbs results in decreased flow, in turn causing 

leucocyte margination, activation, adhesion, and extra-vascular migration. The release 

of proteolytic enzymes and free radicals from activated leucocytes is thought to result in 

tissue damage. This is supported by histological evidence of white cell infiltration of 

the tissues^^^ in skin biopsies from patients with venous disease.

Previous workers have demonstrated evidence of increased neutrophil degranulation in 

normal subjects^^^’̂  ̂ and patients^^ with chronic venous disease exposed to short term 

venous hypertension. In this study I investigated neutrophil and monocyte activation in 

normal volunteers subjected to short term venous hypertension. As a measure of 

activation I assessed cell surface expression of the integrin CDl lb and the selectin 

CD62L on neutrophils and monocytes before and after short term venous hypertension. 

Plasma levels of L-selectin, which is shed by leucocytes upon activation, was also 

measured as an index of leucocyte activation.

Material and Methods

The study was approved by the local ethics committee and informed consent was 

obtained from all subjects participating in this study. 25 normal volunteers (13M:12F , 

mean age 31 years, range 20 - 59 years) without any history or clinical evidence of
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arterial or venous disease, diabetes meliitus, connective tissue disorders including 

rheumatoid arthritis, blood disorders, infection within the previous six weeks, or 

medication known to alter white cell activity volunteered for inclusion in the study.

Procedure

A 18G cannula (Vasculon 2, Viggo-Spectramed, Helsingborg, Sweden) was placed in 

the distal long saphenous vein or dorsal foot vein of one leg. The cannula was flushed 

with heparinised saline and the subject rested supine on a couch for 20 minutes. Two ml 

of blood was then taken and discarded from the cannula and a further 10 ml collected 

into 2 tubes containing EDTA and one tube containing Citrate (Vacutainer, Becton 

Dickinson Vacutainer Systems Europe, BP No 37-38241 Meylan Cedex, France). The 

subject then stood supported against the side of the couch for 30 minutes without 

moving the calf muscles. It has previously shown by direct pressure measurement that 

this raises the venous pressure in the superficial veins of the leg to between 70 and 80 

mm A second blood sample was taken at the end of this period. The volunteer

then returned to the supine position, to remove venous hypertension, and a third sample 

was taken ten minutes later. Blood samples were carefully placed directly into the 

sample tubes after removing the stoppers to prevent excessive cell agitation.

A full blood count including a differential count was performed on all subjects (Sysmex 

SE-9000, Sysmex (UK) Ltd, Milton Keynes, UK). Neutrophil and monocyte CDl lb and 

L-selectin expression was measured by a whole blood assay using citrated blood and 

fluorescent-labelled monoclonal antibodies (CDl lb - Cat no. 347557, control - Cat no. 

349053 Becton Dickinson, Oxford, UK; L-selectin - Cat no. 1231, control - Cat no.0639 

Immunotech, Birmingham, UK). The samples were dual stained by incubating with the 

monoclonal antibodies together with a non-specific control antibody for 30 minutes; the 

red cells were then haemolysed by Q-prep and the samples run in a flow cytometer 

(Coulter Epics XL-MCL, Coulter Electronics Ltd, Luton, UK). All samples were 

analysed immediately after the experiment was completed and within two hours of 

collection. The assay protocol is described in further detail in Appendix 1. The same 

protocol and settings were used on the flow cytometer (Coulter EPICS Elite, Coulter 

Electronics Ltd, Luton, UK) for the whole group of volunteers. Plasma from an EDTA 

sample was separated by centrifugation and stored at -20^C. Plasma L-selectin was
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measured by a commercially available ELISA (R & D Systems Europe, Oxon, UK) once 

all the samples were collected. The assay protocol is described in further detail in 

Appendix 2.

Analysis of data

The Statistical Package for the Social Sciences (SPSS, Chicago, Illinois, USA) was used 

to analyse the data and non-parametric tests for paired and unpaired data (Wilcoxon 

matched pairs signed rank test and Mann Whitney U test) were used. The difference 

between medians and 95% confidence interval were calculated using Wilcoxon method 

Confidence Interval Analysis (British Medical Journal, London). All results are 

described as median (interquartile range, IQR).

Results

Full blood count on samples taken during the experiment showed a rise in the 

haemoglobin, red cell count, white cell count and haematocrit on standing which 

returned towards normal on resuming the supine position. The magnitude of the 

increase in white cell numbers during standing was less than that of the haemoglobin, 

red cell count or haematocrit. Leucocyte trapping during the experiment was confirmed 

by calculating the white celhred cell ratio, which is shown in Figure 2.1. The white 

celLred cell ratio fell significantly (p=0.03, Wilcoxon) in response to venous 

hypertension. On returning to the supine position there was a significant increase 

(p<0.001, Wilcoxon) in the white celLred cell ratio indicating efflux of leucocytes 

which were trapped in the limb during the venous hypertensive phase.

Leucocyte surface CDl lb  and L-selectin expression

Neutrophil and monocyte CDl lb levels (expressed as mean cell fluorescence in 

arbitrary units) for the experiment is shovm in Figure 2.2 & 2.3. There was a significant 

fall in both neutrophil (p<0.001, Wilcoxon) and monocyte (p<0.001, Wilcoxon) CDl lb 

expression after 30 minutes of standing followed by a significant rise (p<0.001 & <0.01, 

Wilcoxon) on returning to the supine position. Surface L-selectin expression however
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showed a significant sustained fail in both neutrophils (p=0.05 & =0.02, Wilcoxon) and 

monocytes (p=0.04 & =ns, Wilcoxon, Figure 2.4 & 2.5).

Plasma L-selectin

Plasma L-selectin levels are shown in Figure 2.6. There was a significant rise in soluble 

L-selectin in the plasma following venous hypertension (p<0.001, Wilcoxon).

These results suggest that leucocyte activation occurred in response to venous 

hypertension resulting in shedding of surface L-selectin and hence the rise seen in the 

plasma. By definition activated leucocytes are adherent to the endothelium and hence 

not assayed which was reflected in the fall in CDl lb following venous hypertension. 

Following removal of the venous hypertension, increased CD 11b expression was noted 

in both neutrophils and monocytes.

The results are summarised in Table 2.1, 2.2 & 2.3.

Median (IQR) C D Ilb

Neutrophils (AU) Monocytes (AU)

Basal 4.31(3.32-5.58)*t 6.08(4.54-6.9)*t

Standing 3.13(2.68-4.84)* 3.85(3.39-5.59)*

Lying 5.67(3.51-9.02)t 5.07(4.07-7.91)t

Diff between medians *=1.19(0.54-1.97) *=1.7(1.11-2.64)

(95%CI, Wilcoxon) t=-1.34(-5.92-0.26) t=0.62(-0.79-l .56,ns)

Table 2.1 - Neutrophil and monocyte surface CDl lb expression, expressed as mean 

cell fluorescence in arbitrary units as Median (Interquartile range), before during and 

after venous hypertension produced by standing for 30 minutes in normal controls.

Cl = confidence interval, Wilcoxon method; ns = not significant.
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Median (IQR) L-selectin

Neutrophils (AU) Monocytes (AU)

Basal 4.10(3.59-4.9)*t 1.38(1.09-2.1 l)* t
Standing 3.71(3.18-4.99)* 1.08(0.79-1.7)*

Lying 3.592.18-4.56)t 1.25(1.04-1.44)t

Diff between medians *=0.39(-0.02-0.72,ns) *=033(0.01-0.5)

(95%CI, Wilcoxon) t=0.82(0.19-1.35) t=0.26(-0.05-0.53,ns)

Table 2.2 - Neutrophil and monocyte surface L-selectin expression, expressed as 

mean cell fluorescence in arbitrary units as Median (Interquartile range), before during 

and after venous hypertension produced by standing for 30 minutes in normal controls. 

Cl = confidence interval, Wilcoxon method; ns = not significant.

Median (IQR) L-selectin

Plasma (ng/ml)

Basal 886(790-1010)*

Standing 1064(962-1213)*

Lying 957(847-1019)

Diff between medians *=194(251-154)

(95%C1, Wilcoxon)

Table 2.3 - Soluble CD62L in plasma in nanograms/ml. Median (Interquartile range), 

before and after venous hypertension produced by standing for 30 minutes in normal 

controls. Cl = confidence interval, Wilcoxon method; ns = not significant.
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Figure 2.1 - The white cell red cell ratio during the experiment. Descriptors are 

medians and interquartile ranges, statistics are Wilcoxon matched pairs signed rank test.
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Figure 2.2 - Neutrophil surface CDl lb expression expressed as mean cell fluorescence 

in arbitrary units, before during and after venous hypertension produced by standing for 

30 minutes. Descriptors are medians and interquartile ranges, statistics are Wilcoxon 

matched pairs signed rank test.
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Figure 2.3 - Neutrophil surface CD62L expression expressed as mean cell fluorescence 

in arbitrary units, before during and after venous hypertension produced by standing for 

30 minutes. Descriptors are medians and interquartile ranges, statistics are Wilcoxon 

matched pairs signed rank test.
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Figure 2.4 - Monocyte surface CD 11b expression expressed as mean cell fluorescence 

in arbitrary units, before during and after venous hypertension produced by standing for 

30 minutes. Descriptors are medians and interquartile ranges, statistics are Wilcoxon 

matched pairs signed rank test.
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Figure 2.5 - Monocyte surface CD62L expression expressed as mean cell fluorescence 

in arbitrary units, before during and after venous hypertension produced by standing for 
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Figure 2.6 - Soluble CD62L in plasma in nanograms/ml, before during and after venous 

hypertension produced by standing for 30 minutes. Descriptors are medians and 

interquartile ranges, statistics are Wilcoxon matched pairs signed rank test.
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Discussion

The changes in the white cell count and haematocrit shown above are similar to those 

previously reported. Thomas et al. showed a 5% fall in the WBCiRBC ratio in control 

subjects when they sat for 60 minutes with the legs dependent (not statistically 

significant) compared to a 24% fall in patients with venous disease. There was evidence 

of significant white cell trapping in my study in normal volunteers. During the period of 

venous hypertension there was also a fall in neutrophil and monocyte surface CDl lb 

expression. As venous hypertension produced by standing results in margination of 

neutrophils in the lower limb, the samples of blood taken from the foot do not contain 

upregulated leucocytes, as those with high CD 11b levels would be expected to be 

adherent to the vascular endothelium.

On returning to the supine position venous hypertension was reversed with increased 

blood flow in the lower limb. This caused an increase in leucocyte efflux, suggesting 

that leucocytes had initially been trapped in the lower limb and that their release was 

caused by the increase in blood flow and hence increased shear stresses. The leucocytes 

collected during this period include those sequestered in the lower limb during the 

period of venous hypertension. Increased surface CDl lb expression with a concomitant 

fall in surface L-selectin was seen in both neutrophils and monocytes confirming that 

activation had occurred and L-selectin had been shed in the process. This was further 

confirmed by the rise in soluble L-selectin in the plasma following venous hypertension. 

CDl lb forms part of the ligand that mediates adhesion of leucocytes to endothelial 

adhesion molecules. It is possible that if enough upregulation occurs the cells would 

become adherent to the endothelium and fail to appear within the peripheral circulation. 

These results suggest that the modest upregulation of CD 11b observed was insufficient 

to prevent the clearance of marginated leucocytes from the lower limb once normal 

blood flow was restored. The increased expression of leucocyte cell surface CDl lb 

seen is due to the hypertensive insult and not to any effect of the cannula, as no such rise 

was seen when the volunteers lay supine throughout the experiment. This is in 

accordance with the white cell trapping hypothesis, which suggests that venous 

hypertension and the reduced flow state causes white cells to become adherent to 

vascular endothelium as a prelude to activation and degranulation.
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Conclusion

This study shows a fall in the white cell:red cell ratio during short-term venous 

hypertension in normal volunteers, together with a rise in this ratio on returning to the 

supine position, confirming leucocyte trapping. During the hypertensive insult there 

was a significant fall in both neutrophil and monocyte surface CD l ib  and L-selectin 

expression, presumably because of adherence of leucocytes to the vascular endothelium. 

Following reversal of venous hypertension both neutrophils and monocytes showed a 

significant increase in CDl lb expression with a concomitant fall in L-selectin 

expression, indicating leucocyte activation during the hypertensive insult. There was a 

rise in plasma L-selectin level confirming shedding of L-selectin which precedes 

leucocyte activation and CDl lb expression. This finding is in keeping with the white 

cell trapping hypothesis, and suggests that the low flow state induced by venous 

hypertension does result in increased neutrophil/endothelial interaction.
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CHAPTER 3 

LEUCOCYTE ACTIVITY IN THE MICROCIRCULATION OF THE 

LEG IN PATIENTS WITH CHRONIC VENOUS DISEASE. 

Introduction

In the previous chapter I have shown leucocyte activation in response to short-term 

venous hypertension in normal subjects by demonstrating a rise in leucocyte surface 

CDl lb expression with concomitant shedding of surface L-selectin. and rise in soluble 

L-selectin in the plasma. In this chapter, I investigated the effect of short term 

experimental venous hypertension in patients with chronic venous disease on leucocyte 

activation and endothelial binding. As a measure of activation I assessed cell surface 

expression of the integrin CDl lb and the selectin CD62L on neutrophils and monocytes 

in two groups of patients with varying degrees of severity of venous disease. Plasma 

levels of L-selectin, which is shed by leucocytes upon activation, was measured as an 

index of leucocyte-endothelial adhesion.

Material and Methods

The study was approved by the local ethics committee and patients referred to the 

Middlesex Hospital Vascular Laboratory for investigation of venous disease were 

invited to participate. Informed consent was obtained from 30 patients (15M:15F , 

mean age 50 years , range 29 - 73 years) with chronic venous disease demonstrated by 

colour duplex ultrasonography and photoplethysmography who volunteered for 

inclusion in the study. The patients were further subdivided into 2 groups of 15 patients 

classified according to the severity of their disease (Group 1 - lipodermatosclerosis or 

haemosiderosis skin changes present, Hawaii clinical stage 4, LDS; Group 2 - skin 

change absent, Hawaii clinical stage 2, VVs).^^^ The 2 groups were well matched for 

age and sex (Group 1 - 8F/7M, mean age 51 yrs; Group 2 - 7F/8M, mean age 41 yrs). 

The duplex findings in the 2 groups are summarised in Table 3.1. Both the deep and
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superficial veins were assessed to identify sites of venous incompetence. 

Lipodermatosclerosis was diagnosed on a clinical basis using the criterion of palpable 

induration of skin and subcutaneous tissue at the gaiter area of the lower limb. Patients 

with history or clinical evidence of coexistent arterial disease (ABI < 0.9), diabetes 

meliitus, connective tissue disorders including rheumatoid arthritis, blood disorders, 

infection within the previous six weeks, or medication known to alter white cell activity 

were excluded from the study.

Procedure

A 18G cannula (Vasculon 2, Viggo-Spectramed, Helsingborg, Sweden) was placed in 

the distal long saphenous vein or dorsal foot vein of one leg. The cannula was flushed 

with heparinised saline and the patient rested supine on a couch for 20 minutes. Two 2 

ml of blood was taken and discarded from the cannula and a further 10 ml collected into 

2 tubes containing EDTA and one tube containing Citrate (Vacutainer, Becton 

Dickinson Vacutainer Systems Europe, BP No 37-38241 Meylan Cedex, France). The 

patient then stood supported against the side of the couch for 30 minutes without 

moving the calf muscles to raise the venous pressure in the superficial veins of the leg. 

This has previously been shown by direct pressure measurement to raise the venous 

pressure in the superficial veins of the leg to between 70 - 80 mm Hg A second

blood sample was taken at the end of this period. The volunteer then returned to the 

supine position and a third sample was taken after ten minutes. Blood samples were 

carefully placed directly into the sample tubes after removing the stoppers to prevent 

excessive cell agitation.

A full blood count including a differential count was performed on all patients (Sysmex 

SE-9000, Sysmex (UK) Ltd, Milton Keynes, UK). Neutrophil and monocyte CDl lb 

and L-selectin expression was measured by a whole blood assay using citrated blood and 

fluorescent-labelled monoclonal antibodies (CDl lb - Cat no. 347557, control - Cat no. 

349053 Becton Dickinson, Oxford, UK; L-selectin - Cat no. 1231, control - Cat no.0639 

Immunotech, Birmingham, UK). The samples were dual stained by incubating with the 

monoclonal antibodies together with a non-specific control antibody for 30 minutes; the 

red cells were then haemolysed by Q-prep and the samples run in a flow cytometer 

(Coulter Epics XL-MCL, Coulter Electronics Ltd, Luton, UK). All samples were
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analysed immediately after the experiment was completed and within two hours of 

collection. The assay protocol is described in further detail in Appendix 1. The same 

protocol and settings were used on the flow cytometer (Coulter EPICS Elite, Coulter 

Electronics Ltd, Luton, UK) for the whole group of patients. Plasma from an EDTA 

sample was separated by centrifugation and stored at -20°C. Plasma L-selectin was 

measured using a commercially available ELISA (R & D Systems Europe, Oxon, UK) 

once all the samples were collected. The assay protocol is described in further detail in 

Appendix 2.

Analysis of data

The Statistical Package for the Social Sciences (SPSS, Chicago, Illinois, USA) was used 

to analyse the data and non-parametric tests for paired and unpaired data (Wilcoxon 

matched pairs signed rank test and Mann Whitney U test) were used. The difference 

between medians and 95% confidence interval were calculated using Wilcoxon method 

Confidence Interval Analysis (British Medical Journal, London). All results are 

described as median (interquartile range, IQR).

Results

Full blood count on samples taken during the experiment showed a rise in the 

haemoglobin, red cell count, white cell count and haematocrit on standing which 

returned towards normal on resuming the supine position. The magnitude of the 

increase in white cell numbers during standing was less than that of the haemoglobin, 

red cell count or haematocrit. Leucocyte trapping during the experiment was confirmed 

by calculating the white cellired cell ratio, which is shown in Figure 3.1. In both groups 

of patients the white celkred cell ratio fell significantly in response to venous 

hypertension. On returning to the supine position there was a significant increase in the 

white celkred cell ratio indicating efflux of leucocytes which were trapped in the limb 

during the venous hypertensive phase. There was no difference in the leucocyte count 

and sequestration between the LDS and VVs group.
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Leucocyte CDllb and L-Selectin expression

Neutrophil CDl Ib levels (expressed as mean cell fluorescence in arbitrary units) for the 

experiment is shown in Figure 3.2. In patients with LDS there was a significant fall in 

CDl lb expression after 30 minutes of standing followed by a further non significant fall 

on returning to the supine position. In patients with VVs there was a similar fall in 

C D llb  expression following venous hypertension, which fell further when the 

hypertensive challenge was withdrawn. Figure 3.3 shows the corresponding neutrophil 

L-selectin levels in the same patient groups. In both groups we noted a significant 

sustained fall in neutrophil surface L-selectin expression, throughout the entire period.

Monocyte CDl lb levels for the experiment is shown in Figure 3.4. In patients with LDS 

there was a fall in C D llb  expression after 30 minutes of standing which did not reach 

statistical significance. However monocyte CDl lb expression fell further when venous 

hypertension was reversed. Similarly, in patients with VVs monocyte C D llb  

expression fell significantly following venous hypertension, and then when the 

hypertensive challenge was withdrawn. Monocyte L-selectin levels in both groups 

showed a significant sustained fall (Figure 3.5).

Plasma L-Selectin

Plasma L-selectin levels are shown in Figure 3.6. There was a significant rise in soluble 

L-selectin in the plasma of both groups of patients following venous hypertension.

These results suggest that leucocyte activation occurred in response to venous 

hypertension resulting in shedding of surface L-selectin and hence the rise seen in the 

plasma. By definition activated leucocytes are adherent to the endothelium and hence 

not assayed which was reflected in the fall in CDl lb following venous hypertension. In 

patients C D llb  expression remained low even after the hypertensive insult was 

withdrawn. This is in contrast to my findings in the last chapter and our previous 

finding in normal controls where we noted increased C D llb  expression following 

reversal of the venous hypertension.^®* There was no significant difference between the 

2 groups of patients.
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The results are summarised in Table 3.2 & 3.3.

No. of pts Age SVI DVI + (SVI) Post

mean(range) thrombotic

Gr 1 - LDS 8F / 7M 51(32-69) 3 12(10) 10

Or 2 - VVs 7F / 8M 48(29-73) 13 2(2) 1

Table 3.1 - Duplex findings in patients

Leucocyte C D llb Patient Gr 1 - LDS

Median (IQR, AU) Neutrophils Monocytes

Basal 4.66(4.26-6.24)*t 7.65(5.4-9.92)*t

Standing 3.83(3.56-4.62)* 5.80(3.99-8.32)*

Lying 3.83(3.3-4.68)t 5.43(4.22-5.71)t

Diff. between Median fall *=1.21(0.32-2.43) *=0.75(-1.62-4.49,ns)

(95% Cl, Wilcoxon) t=1.21(0.41-3.15) t=2.47(l.06-5.07)

Leucocyte C D llb Patient Gr 2 - W s

Median (IQR, AU) Neutrophils Monocytes

Basal 4.67(4.93-5.34)*t 6.63(5.52-10.35)*t

Standing 3.45(3.0-4.15)* 4.83(3.75-5.64)*

Lying 3.26(2.72-3.9 )t 4.0(3.61-5.93)t

Diff. between Median fall *=0.95(0.52-1.82) *=2.36(1.24-5.86)

(95% Cl, Wilcoxon) t = l . 19(0.86-1.86) t=2.72(l.28-5.52)

Table 3.2 - Neutrophil and Monocyte surface CDllb  before and after venous 

hypertension produced by standing for 30 minutes in patients with chronic venous disease. 

LDS = Lipodermatosclerotic skin changes; VVs = skin change absent; Cl = confidence 

interval, Wilcoxon method; ns = not significant.
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Leucocyte L-selectin Patient Gr 1 -LDS

Median (IQR, AU) Neutrophils Monocytes

Basal 6.48(4.64-7.19)*t 3.22(2.27-4.32)* t

Standing 5.95(4.7-7.3)* 2.52(1.94-4.37)*

Lying 5.07(4.54-6.85)t 2.76(1.92-3.66)t

Diff between Median fall *=0.2(-0.15-0.46,ns) *=0.42(0.06-0.73)

(95% Cl, Wilcoxon) t=0.6(0.27-0.99) t=0.73(0.29-1.28)

Leucocyte L-selectin Patient Gr 2 - W s

Median (IQR, AU) Neutrophils Monocytes.

Basal 5.58(5.0-6.71)*t 3.03(2.57-3.5)*t

Standing 5.36(4.59-6.49)* 2.96(2.27-3.31)*

Lying 4.73(4.07-6.26)t 2.5(2.18-3.1l ) t

Diff between Median fall *=0.39(0.22-0.61) *=0.21(-0.01-0.35,ns)

(95% Cl, Wilcoxon) t=0.61(0.38-0.91) t=0.5(0.28-0.67)

Plasma L-selectin Patients

Median (IQR, ng/ml) Gr 1 LDS Gr 2 VVs

Basal 695(519-815)* 700(666-804)*

Standing 836(692-955)* 801(696-914)*

Lying 708(612-876) 769(703-917)

Diff. between Median rise 

(95% Cl, Wilcoxon)

*=102(252-17.5) *=96(130-52)

Table 3.3 - Neutrophil and Monocyte surface L-selectin and soluble L-selectin in the 

plasma before and after venous hypertension produced by standing for 30 minutes in 

patients with chronic venous disease. LDS = Lipodermatosclerotic skin changes; VVs = 

skin change absent; Cl = confidence interval, Wilcoxon method; ns = not significant.
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Figure 3.1 - The white cell red cell ratio during the experiment. Descriptors are 

medians and interquartile ranges ; Statistics Wilcoxon matched pairs signed rank test. B 

= basal, S = standing, L = lying, LDS = Lipodermatosclerosis; VVs = skin change 

absent
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Figure 3.2 - Neutrophil surface CDl lb expression expressed as mean cell fluorescence 

in arbitrary units, before during and after venous hypertension. Descriptors: medians and 

interquartile ranges; statistics: Wilcoxon matched pairs signed rank test. B = basal, S = 

standing, L = lying, LDS = Lipodermatosclerosis; VVs = skin change absent; ns = not 

significant.
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Figure 3.3 - Neutrophil surface CD62L expression expressed as mean cell fluorescence 
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Figure 3.4 - Monocyte surface CDl lb expression expressed as mean cell fluorescence 

in arbitrary units, before during and after venous hypertension. Descriptors: medians and 

interquartile ranges, statistics are Wilcoxon matched pairs signed rank test. B = basal, S 

= standing, L = lying, LDS = Lipodermatosclerosis; VVs = skin change absent; ns = not 

significant.
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Figure 3.6 - Soluble CD62L in plasma in nanograms/ml, before during and after venous 

hypertension. Descriptors: medians and interquartile ranges; statistics: Wilcoxon 

matched pairs signed rank test. B = basal, S = standing, L = lying, LDS = 

Lipodermatosclerosis; VVs = skin change absent; ns = not significant.
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Figure 3.7 - Diagram showing neutrophil surface CD 11b expression in normal 

volunteers and patients before during and after venous hypertension. Descriptors are 

medians and interquartile ranges, statistics are Wilcoxon matched pairs signed rank 

test. B = basal, S = standing, L = lying.
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Figure 3.8 - Diagram showing monocyte surface CDl lb expression in normal 

volunteers and patients before during and after venous hypertension. Descriptors are 

medians and interquartile ranges, statistics are Wilcoxon matched pairs signed rank 

test. B = basal, S = standing, L = lying.

79



Discussion

The precise sequence of events resulting in skin damage in patients with chronic venous 

disease is currently unknown. Ambulatory venous hypertension is accepted as the 

physiological factor leading to ulceration. In the last chapter we had seen that the low 

flow state induced by venous hypertension results in increased neutrophil/endothelial 

interaction in accordance with the white cell trapping hypothesis. In this experiment the 

effect of venous hypertension on leucocyte activation in patients with proven venous 

disease was examined.

In patients suffering with chronic venous disease there was a fall of both CDl lb and L- 

selectin expression on circulating neutrophils and monocytes in response to venous 

hypertension. The explanation for this is that the circulating population of leucocytes 

exhibits a range of activation, reflected as a range of expression of the surface ligands. 

Previous work suggests that leucocyte populations are not hom ogeneous ,and  consist 

of a ‘primed’ and ‘unprimed’ group. Leucocytes most likely to bind to endothelium 

represent the ‘primed’ group expressing the highest levels of CDl lb and L-selectin. 

Therefore the fall in the mean cell fluorescence of the circulating cells is the result of the 

more activated cells adhering to the endothelium. Surface expression of CDl lb and L- 

selectin remained low even after the venous hypertensive insult was withdrawn. At the 

same time we noted a rise in the soluble L-selectin levels in the plasma confirming it 

had been shed, a process which precedes CDl lb expression and firm adhesion.^ 

These findings considered together provide strong evidence of leucocyte activation and 

trapping in the microcirculation. In normal controls an initial fall in leucocyte CDl lb 

and L-selectin expression in response to venous hypertension was followed, in contrast 

to the patient groups, by a rise in CDl lb expression after the hypertensive insult was 

withdrawn (Fig 3.7 & 3.8). The likely explanation is that in normal volunteers 

leucocyte-endothelial adhesion is easily reversible as there is no endothelial damage. In 

patients where endothelial adhesion is largely irreversible in the ‘primed’ group due to 

both endothelial damage and increased leucocyte activation, and only a sub-population 

which are ‘unprimed’ are released back into the circulation. Naturally occurring 

blocking antibodies to CDl lb/CD 18 receptors have been reported,^^^’̂ ^̂  and patients 

with long-standing chronic venous disease may release a circulating inhibitory factor 

which binds to and blocks CDl lb/CD 18 receptors of activated leucocytes thereby
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preventing adhesive interaction. As these receptors are blocked they are not detected in 

our assay.

Conclusion

There appears to be no difference in response to venous hypertension between the two 

groups of patients with venous disease. Whilst the behaviour of the leucocytes studied 

differs from those in control subjects, this does not provide an explanation of why one 

group of patients develops skin changes and others do not. Presumably other aspects of 

the response of the tissues to leucocyte adhesion are involved in the development of skin 

damage.
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CHAPTER 4 

ENDOTHELIAL ACTIVATION IN NORMAL VOLUNTEERS AND 

PATIENTS W ITH CHRONIC VENOUS DISEASE 

Introduction

The previous chapters investigated leucocyte activation in the microcirculation and 

confirmed that both neutrophils and monocytes are activated in response to 

experimental venous hypertension. This phenomenon was more exaggerated in patients 

compared to volunteers. Activated leucocytes adhere to the vascular endothelium and 

then migrate through the vessel wall into the tissues. The molecular mechanism of 

leucocyte adhesion to the vascular endothelial cells is the first critical step in leucocyte 

migration. Adhesion molecules are expressed by both the circulating leucocytes and 

endothelial cells in response to physiological and pathological stimuli. Vascular 

endothelial cells commonly express the adhesion molecules ELAM-1 (Endothelial 

Leucocyte Adhesion Molecule-1, CD62E), ICAM-1 (Intercellular Adhesion Molecule-1, 

CD54) and VCAM-1 (Vascular Cell Adhesion molecule-1, CD 106), which are all cell 

surface glycoproteins and expressed possibly in response to cytokine activation.^ 

Endothelial adhesion molecules act as counter ligands to adhesion molecules expressed 

by leucocytes modulating leucocyte-endothelial adhesion and leucocyte emigration from 

the circulation into the tissues. The aim of my present study was to investigate 

endothelial activity as an index of leucocyte-endothelial adhesion in normal controls and 

in patients with chronic venous disease subjected to short term venous hypertension. I 

assessed endothelial activation by measuring the plasma levels of ELAM-1, ICAM-1, 

VCAM-1 and vWf before and after short term venous hypertension.

Endothelial adhesion molecules

The endothelial adhesion molecules VCAM-1, ICAM-1 and ELAM-1 are all cell surface 

glycoproteins expressed on vascular endothelial cells in response to cytokine 

activation.^ ELAM-1, a member of the selectin family, is a 115 kDa cell surface
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glycoprotein transiently expressed on vascular endothelial cells in response to various 

cytokines such as IL-1 and TNF- The lectin domain on ELAM-1 binds to the

CD62L molecule expressed on neutrophils and monocytes initiating neutrophil rolling. 

ICAM-1, a member of the Immunoglobulin superfamily, is a 95 kDa cell surface glyco

protein which is constitutively expressed on some tissues and induced on others by pro- 

inflammatory cytokines. It is involved in adhesion of leucocytes in its role as a ligand 

for CDl la  / CDl lb receptors (members of the integrin family) ,^and is present on a 

variety of cells including endothelium, macrophages, T and B cells, thymic endothelium 

and certain tumour cell lines.^*  ̂ It also plays a role in granulocyte extravasation through 

endothelium. VCAM-1, a member of the immunoglobulin superfamily, is a 90 kDa cell 

surface glycoprotein, expressed by a number of cells including endothelium, 

macrophages, kidney epithelia, dendritic cells, myoblasts and bone marrow fibroblasts. 

It is expressed by vascular endothelial cells in response to cytokines and plays a major 

role in the adhesion of leucocytes to the endothelium by interaction with its ligand VLA, 

a member of the p 1 integrin family, which is expressed by monocytes and lymphocytes.

VCAM-1, ICAM-1 and ELAM-1 exist in soluble form,^^*’̂ *̂  and have been shown to be 

elevated in a variety of inflammatory diseases and malignancies.^^®’̂ ^̂  The mechanism 

of release is unclear; but is probably due to proteolytic cleavage from the cell surface. 

The reason for release of endothelial adhesion molecules is unknown - it may simply be 

a result of release from cells due to inflammatory episodes or it may provide a means to 

control adhesive interactions between cells. Recombinant soluble endothelial adhesion 

molecules has been shown to partially block adhesion of leucocytes^^"  ̂ They may also 

have their own biological function, as soluble ELAM-1 has been shown to act as a 

neutrophil chemoattractant.^^® ELAM-1 expression is restricted to endothelial cells, and 

elevated levels could possibly represent a specific marker for endothelial damage or 

activation.

M aterial and Methods

The study was approved by the local ethics committee and informed consent was 

obtained from all subjects participating in this study. 25 normal volunteers (13M:12F , 

mean age 31 years, range 20 - 59 years) and 30 patients (15M:15F, mean age 50 years,
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range 29 - 73 years) with chronic venous disease demonstrated by colour duplex 

ultrasonography and photoplethysmography volunteered for inclusion in the study. The 

patients were further subdivided into 2 groups classified according to the severity of 

their disease (Group 1 - lipodermatosclerosis or haemosiderosis skin changes present, 

Hawaii (C.E.A.P.) clinical stage 4, LDS; Group 2 - skin change absent, Hawaii clinical 

stage 2, VVs).^®  ̂ The duplex findings in the 2 groups are summarised in Table 4.1, 

Subjects Avith history or clinical evidence of coexistent arterial disease, diabetes 

mellitus, connective tissue disorders including rheumatoid arthritis, blood disorders, 

infection within the previous six weeks, or medication known to alter white cell activity 

were excluded from the study.

Procedure

An 18G cannula (Venflon 2, BOG Ohmeda, Helsingborg, Sweden) was placed in the 

distal long saphenous vein or dorsal foot vein of one leg. The cannula was flushed with 

heparinised saline and the subject rested supine on a couch for 20 minutes. Two ml of 

blood were taken and discarded from the cannula and a further 8 ml collected into 2 

tubes containing EDTA (Vacutainer, Becton Dickinson Vacutainer Systems Europe, BP 

No 37-38241 Meylan Cedex, France). The subject then stood supported against the side 

of the couch for 30 minutes without moving the calf muscles to raise the venous 

pressure in the leg. Following this a second blood sample was taken.

A full blood count, including a differential white cell count was performed on all 

subjects (Sysmex SE-9000, Sysmex (UK) Ltd, Milton Keynes, UK). Plasma from the 

samples were separated by centrifugation and stored at -20^C. ELAM-1, ICAM-1 and 

VCAM-1 was measured by commercially available ELISA’s (R & D Systems Europe, 

Oxon, UK) once all samples were collected. The assay protocols are described in 

Appendix 3. von Willebrand factor was measured in patients only as a later addition 

after an assay with commercial antisera (Dako Ltd, UK) was optimised in the 

Haemostasis Research unit at University College London. At present there is no 

commercially available ELISA kit for von Willebrand factor in the market.
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Analysis of data

The Statistical Package for the Social Sciences (SPSS, Chicago, Illinois, USA) was used 

to analyse the data and non-parametric tests for paired and unpaired data (Wilcoxon 

matched pairs signed rank test and Mann Whitney U test) were used. The difference 

between medians and 95% confidence interval were calculated using Wilcoxon method 

Confidence Interval Analysis (British Medical Journal, London). All results are 

described as median (interquartile range, IQR).

Results

Full blood count on samples taken during the experiment showed a rise in the 

haemoglobin, red cell count, white cell count and haematocrit on standing. The 

magnitude of the increase in white cell numbers during standing was less than that of 

the haemoglobin, red cell count or haematocrit. Leucocyte trapping during the 

experiment was confirmed by calculating the white celhred cell ratio, which is shown in 

Figure 4.1. In both normal controls and patients the white celhred cell ratio fell 

significantly in response to venous hypertension, confirming that leucocyte 

sequestration had occurred in the lower limb. There was no significant difference in 

leucocyte sequestration between the LDS and VV group.

The results are summarised in Table 4.2. There was a significant rise in the plasma 

concentration of ELAM-1, ICAM-1, and VCAM-1, in normal controls and both patient 

groups in response to experimental venous hypertension. Basal levels of all three 

adhesion molecules were significantly higher in patients compared to control subjects 

(Figure 4.2, 4.4 and 4.6). In patients with LDS basal plasma VCAM-1 and its 

magnitude of rise in response to experimental venous hypertension was significantly 

higher compared to patients with VVs (Figure 4.7). There was no difference in the 

magnitude of change in ICAM-1 and ELAM-1 between the two patient groups (Figure 

4.3 and 4.5). Patients with LDS however had significantly raised plasma vWf compared 

to patients in the VVs group, but no significant change was noted in either group in 

response to short term experimental venous hypertension (Figure 4.8). The experiment
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was repeated in five volunteers lying supine for the entire period. No change was noted 

in the plasma concentration of the various adhesion molecules (data not shown).

No. of pts Age

mean(range)

SVI D VI + (SVI) Post

throm botic

Gr 1 - LDS 8F/7M 51(32-69) 3 12(10) 10

G r 2 - VVs 7F/8M 48(29-73) 13 2(2) 1

Table 4.1 - Duplex findings in patients
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ELAM Controls Patients Mann-Whitney

Median (IQR) ng/ml LDS VVs U test

Basal

Standing

41 (23-62)*,t  

52 (30-81)*,ir

57 (43-76) *  

61 (49-87) *

41 (34-59) t  

51 (39-66)1

*=0.0I, t=ns 

*=ns, l= n s

iff between Median 

îe(95%CI, Wilcoxon)
11.5(15-8) 3.5 (7-1) 6.75(10-4)

ICAM Controls Patients Mann-Whitney

Median (IQR) ng/ml LDS VVs U test

Basal

Standing

211 (196-229)*,t 

272 (234-3 IO)*,ir

267 (230-341) *  

312(277-387)*

251 (238-294) t  

288 (253-363) 1
*=0.002, f=0.001 

*=0.03, l= n s

iff between Median 

3e(95%CI, Wilcoxon)
60 (73.5-47) 34.8 (62-15) 34.8 (60 - 5.5)

VCAM Controls Patients Mann-Whitney

Median (IQR) ng/ml LDS VVs U test

Basal 394 (333-445)*, t 607 (552-776) * 513(432-699) t *=0.003, t=0.01

Standing 559 (413-696)*,! 899 (705-971) * 651(505-907)1 *<0.001, l= n s

iff between Median 

3e(95%CI, Wilcoxon)
144 (214-73.5) 202 (273.5 -157) 103 (165 -67.5)

vWfiu/dl 

Median (IQR)

Patients

LDS VVs

Mann-Whitney 

U test

Basal 138(108-166) ♦ 80 (61-105) ♦ ♦ =0.002

Standing 141 (100-169) t 92 (46-127) t $=0.009

iff between Median 

3e(95%CI, Wilcoxon)
Ns ns

able 4.2 - Plasma ELAM-1, ICAM-1, VCAM-1 and vWf in control subjects and patients 

ith chronic venous disease, expressed as Median(Interquartile range), before and after venous 

^ertension produced by standing for 30 minutes. LDS = Lipodermatosclerosis; VVs = skin 

lange absent; Cl = confidence interval, Wilcoxon method; ns = not significant, 

values - *,* = controls vs LDS; 1T,t = controls vs VVs; ♦,$ = LDS vs VVs.
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p=0.03, Wilcoxonp<0.01, Wilcoxon
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Controls Patients

0.0

Figure 4.1 - The white cell red cell ratio during the experiment. Descriptors are 

medians and interquartile ranges, statistics are Wilcoxon and Mann Whitney U test. L = 

lying, S ^standing.
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Figure 4.2 - Plasma ELAM-1 levels in normal controls and patients with chronic 

venous disease, before and after venous hypertension. Descriptors are medians and 

interquartile ranges, statistics are Wilcoxon and Mann Whitney U test. L = lying, S = 

standing.
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Figure 4.3 - Plasma ELAM-1 levels in patients with chronic venous disease, before and 

after venous hypertension. Descriptors: medians and interquartile ranges; statistics: 

Wilcoxon. L = lying, S = standing; LDS = Lipodermatosclerosis, VVs = skin change 

absent.
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Figure 4.4 - Plasma ICAM-1 levels in normal controls and patients with chronic venous 

disease, before and after venous hypertension. Descriptors: medians and interquartile 

ranges; statistics: Wilcoxon and Mann Whitney U test. L = lying, S = standing.
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Figure 4.5 - Plasma ICAM-1 levels in patients with chronic venous disease, before and 

after venous hypertension. Descriptors: medians and interquartile ranges: statistics: 

Wilcoxon. L = lying, S = standing; LDS = Lipodermatosclerosis, VVs = skin change 

absent.
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Figure 4.6 - Plasma VCAM-1 levels in normal controls and patients with chronic 

venous disease, before and after venous hypertension. Descriptors: medians and 

interquartile ranges; statistics; Wilcoxon and Mann Whitney U test for unpaired data. L 

= lying, S = standing.
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Figure 4.7 - Plasma VCAM-1 levels in patients with chronic venous disease, before and 

after venous hypertension. Descriptors: medians and interquartile ranges; statistics: 

Wilcoxon and Mann Whitney U test. L = lying, S = standing; LDS = 

Lipodermatosclerosis, VVs = skin change absent.
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Figure 4.8 - Plasma vWf levels in patients with chronic venous disease, before and after 

30 minutes venous hypertension. Descriptors: medians and interquartile ranges, 

statistics: Mann Whitney U test. L = lying, S = standing; LDS = Lipodermatosclerosis, 

VVs = skin change absent.
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Figure 4.9 - Plasma ELAM  1 plotted against age for 25 control subjects
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Figure 4.10 - Plasm a ICAM  1 plotted against age for 25 control subjects

IOOOt

800-
E
O)c 600

1
S 400-

<
O
>

200

0 -

y = 367.36+ 1.99x r = 0.11

• • •  •  • •  •

20 40
AGE

60

Figure 4.11 - Plasma VCAM  1 plotted against age for 25 control subjects
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Discussion

This experiment demonstrated a rise in the plasma levels of all three endothelial 

adhesion molecules in response to short term venous hypertension, in both normal 

controls and in patients suffering from chronic venous disease, signifying endothelial 

activation. This observation in conjunction with the findings from the previous 

experiments provide conclusive evidence of leucocyte-endothelial activation in the 

microcirculation of the leg in response to venous hypertension. Furthermore the basal 

levels of all three endothelial adhesion molecules in the plasma was significantly higher 

in the patient group as a whole compared to normal controls possibly signifying chronic 

stimulation of the vascular endothelium in such patients and therefore increased 

propensity towards leucocyte adhesion. I had difficulty in recruiting exact age matched 

controls (patients mean age 50 years cf controls 31 years). However, I found a negative 

correlation with increasing age in case of ELAM-1 (Figure 4.9) and no correlation with 

age in case of ICAM-1 (Figure 4.10) and VCAM-1 (Figure 4.11). I have based my 

conclusions on the changes in plasma levels following venous hypertension rather than 

the absolute levels. Within the patient groups plasma VCAM-1 was significantly higher 

in the LDS group and the magnitude of rise in plasma VCAM-1 level in response to 

short term venous hypertension was also significantly greater compared to patients with 

VVs without any skin changes. In the LDS group 10 out of 15 patients had evidence of 

previous DVT. However, none of the patients with post thrombotic vein damage had 

suffered recent venous thrombosis and it is unlikely that an old deep vein thrombosis 

would modify these measurements. As VCAM-1 is the counter ligand for VLA 

receptors expressed by monocytes it appears that although neutrophils may be important 

in the initial phase, monocyte infiltration of the tissues may be more important in 

patients who go on to develop skin changes. This is supported by the work of previous 

workers who reported histological evidence of monocyte infiltration into tissues in skin 

biopsies from patients with established skin changes due to chronic venous disease.

As such plasma VCAM-1 levels may act as a marker to identify patients at risk of 

developing skin changes.
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Conclusion

Elevated levels of adhesion molecules and vWf suggest that endothelial activation is a 

feature of chronic venous disease. The source of the increase is unclear but presumably 

reflects endothelial damage in the microvasculature, which is corroborated by 

histological evidence of increased endothelial markers in skin biopsies from patients 

with chronic venous disease. The response to venous hypertension suggests further that 

increased leucocyte-endothelial interaction occurs in response to short term venous 

hypertension. Endothelial injury may be the consequence of free radical release from 

activated leucocytes or due the action of proteolytic neutrophil enzymes, although the 

mechanism is not entirely clear. Patients in the LDS group had higher basal levels of 

vWf and VCAM-1 suggesting increased endothelial damage and monocyte adhesion. 

Previous histological studies have shown evidence of perivascular macrophage 

infiltration in the skin capillaries of patients with LDS. Perhaps part of the mechanism, 

by which they reach this location is by the increased expression of VCAM-1 by the 

endothelium. These findings confirm that leucocyte sequestration and activation 

together with endothelial activation in chronic venous disease is probably part of the 

mechanism that causes failure of the microcirculation resulting in skin ulceration.
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CHAPTER 5 

LEUCOCYTE MIGRATION IN THE LEG IN RESPONSE TO 

EXPERIMENTAL VENOUS HYPERTENSION 

Introduction

The previous chapters demonstrate the mechanism of leucocyte trapping in the 

microcirculation due to venous hypertension. As already discussed, leucocyte adhesion 

to vascular endothelial cell is characterised by several sequential steps. Various 

adhesion molecules are expressed by circulating leucocytes and endothelial cells in 

response to both physiological and pathological stimuli. These adhesion molecules 

mediates firm adhesion of leucocytes to the endothelium which is necessary for their 

migration into the tissues. Some white blood cells are reversibly bound to the 

endothelium and re-enter the systemic circulation when venous pressure is lowered. A 

complex interplay of physical, biological, and biochemical factors control and modulate 

leucocyte-endothelial cell adhesion leading to leucocyte emigration from the circulation 

into the tissues.

Although leucocyte trapping and activation within the circulation has been studied both 

in volunteers in response to venous hypertension and in patients with venous disease, no 

work has been done to investigate the effect of venous hypertension on leucocyte 

emigration from the circulation and their subsequent locomotion in the tissues. A study 

was therefore undertaken to investigate this phenomenon using the ‘in-vivo Skin 

Window Technique’, described by Addison et al?^^ in 1982.

Material and Methods

The study was approved by the local ethics committee and informed consent was 

obtained. A group of 12 normal volunteers (six male and six female, mean age 30 years, 

range 22 - 50 years) with no previous history or clinical evidence of venous or arterial 

disease, diabetes mellitus, connective tissue disorders including rheumatoid arthritis,
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blood disorders, infection within the previous six weeks, or medication known to alter 

white cell activity were investigated.

Procedure

Two 0.5cm square dermal abrasions were made with a slowly rotating dental stone over 

the gaiter area of the leg, 5cm above the medial malleolus (this is less painful than a 

needle prick). The skin was stretched and wiped with an alcohol wipe. The rounded 

surface of a pink dental stone (pear shaped; maximum cross section diameter 0.5cm) 

mounted on an electric drill run at a constant speed, was applied to the skin with a 

slowly rotating motion for periods of several seconds until red specks could be seen 

with a hand magnifying glass. These specks signifying underlying microcapillaries 

appeared before any bleeding occurred and the abrasion was then stopped. Two similar 

abrasions were made on the flexor aspect of the forearm midway between the wrist and 

elbow.

The abrasions were covered with an 8 p,m pore-size micropore membrane (Sartorius 

Ltd, Surrey, UK) initially moistened with normal saline into which leucocytes migrated; 

over this was placed in succession dialysis membrane (to retain exudate molecules 

within the micropore membrane but allow free passage of normal saline) , filter paper 

moistened with normal saline (to keep the assembly moist), and a square of moisture 

proof film (Nescofilm, Nippon Shogi Kaishi, Osaka) covering the whole area. The 

membrane assembly was held in place with surgical adhesive tape and a sleeve of 

tubular support bandage (Tubigrip, Seton Products, Oldham, UK). The assembly was 

comfortable and inconspicuous under normal clothing.

The membranes were left undisturbed for three hours for steady leucocyte migration to 

become established. The volunteers continued with their usual activity during this time, 

after which the micropore membranes were changed. The change of membranes were 

easily achieved by rolling the sleeve backwards and detaching the tape on three sides. 

The tape/film assembly was then hinged back, the filter pad removed, the micropore 

membrane replaced with a new one, the pad replaced and the tape/film cover smoothed 

back into place. The volunteers lay supine for 30 minutes to reduce venous pressure to a 

minimum. They then stood supported against the side of the couch without moving their

97



legs for 30 minutes to produce venous hypertension (previously shown by direct 

pressure measurement that this raises the venous pressure in the superficial veins of the 

leg to between 70 - 80 mm Hg). Finally they lay supine again for a further 30 minutes. 

During this time micropore membranes were changed every 15 minutes and the previous 

ones were collected for analysis. There was no restriction imposed on either the 

position or movement of the arm which acted as control. The experiment was repeated 

in a further six volunteers who lay supine for the entire period. At the end of the 

experiment the abrasions were covered with simple occlusive dressing (Airstrip, Smith 

& Nephew, Hull, UK). The areas healed completely in about seven days with no 

scarring.

Collection and staining

The micropore membranes were collected in a marked culture dish and fixed with 10% 

formal saline, stained for non-specific esterase^^^ (stains monocytes brown,), and then 

counterstained with methyl green. Thereafter the membranes were dehydrated in 

propanol, and cleared in Xylene and mounted on glass slides for microscopic studies.

Analysis of membranes

The micropore membranes which were at least 150pm thick, acted as a receptacle for 

the emigrating cells which travelled various distances through its three-dimensional 

labyrinthine structure. Membranes were examined by light microscopy; low power 

observation clearly showed areas of exudation and the disposition of emigration points 

within these areas, and a higher power magnification was used to identify the type of 

cell emigration and the furthest distance travelled (Leading front) by the emigrating 

cells. The leading front was measured by observation through the thickness of the 

membrane; noting the reading on the micrometer scale attached to the focusing screw 

when the cells first came to view and subtracting this from the reading as the cells 

furthest through went out of view. Three readings were taken for each site and the 

average value was used. Cell type was identified by staining properties; monocytes 

staining brown whereas neutrophils stained green. The number of emigrating cells was 

assessed by identifying three typical areas of emigration and then counting the total 

number of cells in that field through the entire thickness of the membrane.
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Analysis of data

The Statistical Package for the Social Sciences (SPSS, Illinois, USA) was used to 

analyse the data and non-parametric tests for paired and unpaired data (Wilcoxon 

matched pairs signed rank test and Mann Whitney U test) were used. All results are 

described as median (interquartile range, IQR)

Results

The vast majority of emigrating cells in both arms and legs were neutrophils with very 

few monocytes (arm - 93% neutrophils and 7% monocytes; leg - 97% neutrophils and 

3% monocytes). More cells emigrated in the arm than in the leg and this difference was 

significant in the case of neutrophils (Arm - median 37.4 neut./field, IQR 29.8-43.6 

neut./field: Leg - median 27.2 neut./field, IQR 14.4-30.1 neut./field; p=0.02, Mann- 

Whitney U Test, Figure 5.1), but not monocytes (Figure 5.2). As is usual with 

unstimulated abrasions, no lymphocytes were identified. There was no significant 

difference in the number of cells emigrating in the various phases throughout the 

experimental period in either limb.

However following emigration leucocyte locomotion within the membranes in the leg 

showed a significant decrease in the 30 minutes following venous hypertension (median 

leucocyte locomotion: basal, 75.3p,m; standing, 73.5pm; post hypertension, 62.9pm; 

p=0.012, Wilcoxon matched pairs signed rank test. Figure 5.3). No such change was 

observed in the arms (median leucocyte locomotion: basal, 86.2pm; standing, 84.4pm; 

post hypertension, 85.5pm; p=ns. Figure 5.4), or when the experiment was repeated 

with six volunteers lying supine for the entire period (median leucocyte locomotion: 

basal, 91.5pm; standing, 89.4pm; post hypertension, 92.6pm; p=ns. Figure 5.5). The 

total distance that was travelled by the emigrating cells in the arm was greater than that 

travelled by the cells in the leg (arm median: 257pm, IQR 222-280pm; Leg median: 207 

pm, IQR 19I-227pm; p=0.02; Mann-Whitney U test), but there was no significant 

difference in the leading front in the arm in the various phases throughout the 

experimental period.
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Figure 5.1 - The method used to produce dermal abrasions

Figure 5.2 - A typical dermal abrasion
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Figure 5.4 - Types of cell exudation within the micropore membrane 

identified by high power microscopy (xKM))
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Figure 5.5 - Mean Neutrophil emigration / field within the micropore membranes 

during the experiment. Descriptors: median and interquartile range.
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Figure 5.6 - Mean Monocyte emigration / field within the micropore membranes during 

the experiment. Descriptors: median and interquartile range.
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Figure 5.7 - Distance travelled by the emigrating cells within the micropore membrane 

of the leg before, during and after experimental venous hypertension. Descriptors: 

median and interquartile range.
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Figure 5.8 - Distance travelled by the emigrating cells within the micropore membrane 

of the arm before, during and after experimental venous hypertension in leg. Arm was 

not subjected to venous hypertension. Descriptors: median and interquartile range
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Figure 5.9 - Distance travelled by the emigrating cells within the micropore membrane 

of the leg with the volunteers lying supine for the entire period. Descriptors: median and 

interquartile range
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Discussion

Inappropriate leucocyte activation and expression of various adhesion molecules and 

leucocyte endothelial interactions resulting in tissue damage has been reported in a 

number of diseases.^^" '̂^^  ̂ Patients with chronic venous disease have two important 

physiological derangement, namely chronic venous hypertension and endothelial 

abnormality. It has been suggested by some investigators that this leads to localised 

leucocyte activation in the microcirculation of the leg and their subsequent migration 

into tissues and release of toxic metabolites.^^^

The skin window technique described here has proved of use in investigating leucocyte 

function in both experimentaP^^ and disease states.^^  ̂ In this study we have 

investigated two aspects of leucocyte function: total emigration (numbers) and 

subsequent locomotion (leading front) in response to venous hypertension. Neutrophils 

were the predominant emigrating cells, comprising between 93 - 97% of the population 

in the membranes although they account for between 50 & 70% of the circulating 

leucocytes. More cells emigrated in the arm than the leg; this can be attributed to the 

fact that the upper limbs are more vascularised than the lower limbs.

Although it was expected that activation during venous hypertension would lead to 

increased numbers of leucocytes emigrating, no significant change was observed. In 

normal volunteers without any endothelial damage, however, leucocyte-endothelial cell 

adhesion in response to short term venous hypertension is likely to be largely reversible, 

and hence not progressing to emigration. Chapter 3, in this thesis, demonstrated 

increased surface expression of the integrin GDI lb on circulating neutrophils in 

volunteers subjected to venous hypertension after the hypertensive insult was 

withdrawn, indicating that leucocyte-endothelial cell adhesion is at least partially 

reversible in volunteers. When the experiment was repeated on patients with chronic 

venous disease, the expression of both neutrophil and monocyte GDI lb decreased in 

response to venous hypertension and remained low even after withdrawal of the 

hypertensive insult, suggesting that, in patients, leucocyte-endothelial cell adhesion is 

exaggerated.
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Leucocytes emigrating in the leg after a period of venous hypertension showed reduced 

locomotion within the membranes. This phenomenon was not seen in volunteers lying 

supine for the entire period and therefore not subjected to venous hypertension, or in the 

arm. The mechanism by which venous hypertension affects leucocyte function might 

include local release of cytokines from either endothelial cells or activated leucocytes. 

Possible mediators include Interleukin-8 (IL-8) and macrophage colony stimulating 

factor (M-CSF). IL-8 rapidly upregulates neutrophil C D llb  expression^^^ affecting 

neutrophil adhesion and migration. M-CSF has been shown to inhibit neutrophil 

migration in vivo,^^  ̂ but to stimulate both neutrophiP^"^ and m onocyterespiratory 

burst priming. The release of cytokines such as these may lead to activated leucocytes 

accumulating in large numbers around blood vessels from which they have emerged, 

releasing toxic metabolites and free radicals. This would result in excessive 

accumulation of activated leucocytes in the gaiter area where the venous pressure is 

maximum ultimately overcoming the natural scavenging mechanisms leading to tissue 

damage. In patients this phenomenon may be exaggerated.

Conclusion

This study, for the first time, investigated in vivo modulation of leucocyte function in 

response to venous hypertension and have shown that leucocyte locomotion in the 

tissues of the leg is decreased in normal volunteers in response to venous hypertension, 

leading to excessive local accumulation of activated leucocytes, which may be of 

importance in the understanding of the underlying mechanism of venous ulcers.

106



CHAPTER 6 

INTERLEUKIN 6 AND TUMOUR NECROSIS FACTOR a  IN THE 

M ICROCIRCULATION OF PATIENTS W ITH VARICOSE VEINS 

Introduction

In the previous chapters I investigated leucocyte activation in the microcirculation and 

had shown that both neutrophils and monocytes are activated in response to 

experimental venous hypertension. Activated leucocytes and the vascular endothelium 

express various adhesion molecules leading to leucocyte-endothelial adhesion and 

extravascular migration. This phenomenon was more exaggerated in patients compared 

to volunteers. Local release of cytokines in the microcirculation is thought to be the 

initiating factor. In this experiment, 1 investigated the release of the pro-inflammatory

cytokines lnterleukin-6 (lL-6) and Tumour Necrosis Factor (TNF-a) in patients with 

chronic venous disease in response to short term experimental venous hypertension.

M aterial and Methods

The study was approved by the local ethics committee and informed consent was 

obtained from all patients participating in this study. 30 patients (15M:15F, mean age 

50 years, range 29 - 73 years) with chronic venous disease demonstrated by colour 

duplex ultrasonography and photoplethysmography volunteered for inclusion in the 

study. The patients were further subdivided into 2 groups classified according to the 

severity of their disease (Group 1 - lipodermatosclerosis or haemosiderosis skin changes 

present, Hawaii (C.E.A.P.) clinical stage 4, LDS; Group 2 - skin change absent, Hawaii 

clinical stage 2, VVs).^®  ̂Patients with history or clinical evidence of coexistent arterial 

disease, diabetes mellitus, connective tissue disorders including rheumatoid arthritis, 

blood disorders, infection within the previous six weeks, or medication known to alter 

white cell activity were excluded from the study.
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Procedure

An 18G cannula (Venflon 2, BOC Ohmeda, Helsingborg, Sweden) was placed in the 

distal long saphenous vein or dorsal foot vein of one leg. The cannula was flushed with 

heparinised saline and the subject rested supine on a couch for 20 minutes. Two ml of 

blood were taken and discarded from the cannula and a further 8 ml collected into 2 

tubes containing EDTA (Vacutainer, Becton Dickinson Vacutainer Systems Europe, BP 

No 37-38241 Meylan Cedex, France). The patient then stood supported against the side 

of the couch for 30 minutes without moving the calf muscles to raise the venous 

pressure in the leg. Following this a second blood sample was taken.

A full blood count, including a differential white cell count was performed on all 

samples (Sysmex SE-9000, Sysmex (UK) Ltd, Milton Keynes, UK). Plasma from the 

samples were separated by centrifugation and stored at -20°C. IL-6 and TNF-a (R & D 

Systems Europe, Oxon, UK) once all samples were collected. The assay protocol is 

described in Appendix 5.

Analysis of data

The Statistical Package for the Social Sciences (SPSS, Chicago, Illinois, USA) was used 

to analyse the data and non-parametric tests for paired and unpaired data (Wilcoxon 

matched pairs signed rank test and Mann Whitney U test) were used. The difference 

between medians and 95% confidence interval were calculated using Wilcoxon method 

Confidence Interval Analysis (British Medical Journal, London). All results are 

described as median (interquartile range, IQR).

Results

Full blood count on samples taken during the experiment showed a rise in the 

haemoglobin, red cell count, white cell count and haematocrit on standing. The 

magnitude of the increase in white cell numbers during standing was less than that of 

the haemoglobin, red cell count or haematocrit. Leucocyte trapping during the 

experiment was confirmed by calculating the white celLred cell ratio, which is shown in
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Figure 6.1. The white celhred cell ratio fell significantly in response to venous 

hypertension, confirming that leucocyte sequestration had occurred in the lower limb. 

There was no significant difference in leucocyte sequestration between the LDS and VV 

group.

The results are summarised in Table 6.1. There was a significant rise in the plasma 

concentration of IL-6 and TNF-a, in both patient groups in response to experimental 

venous hypertension (Figure 6.2 and 6.3). Although the basal levels of both IL-6 and 

TNF-a were higher in the LDS group (IL-6 - LDS group median - 270 pg/dl cf VV 

group median 145 pg/ml; TNF-a - LDS group median - 205 pg/dl cf VV group median 

98 pg/ml) this did not achieve statistical significance possibly due to the low number of 

patients in each group, [and large variance of the data].

IL-6 Patients

Median (IQR) pg/dl LDS VVs

Basal 270(105-450) t 145(133-155) IT
Standing 325(153-473)$ 185(115-255)1*

p = Wilcoxon $= 0.009 1*=0.01

TNF-a Patients

Median (IQR) pg/dl LDS VVs

Basal 205(145-248)$ 98(70-225) 1*
Standing 270(200-300) t 118(1.06-156)1*

p = Wilcoxon $ = 0.01 1*= 0.3 (ns)

Table 6.1 - Plasma IL-6 and TNF-a in patients with chronic venous disease, 

expressed as Median(Interquartile range), before and after venous hypertension 

produced by standing for 30 minutes. LDS = Lipodermatosclerotic skin changes; VV = 

skin change absent
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Figure 6.1 - The white cell red cell ratio during the experiment. Descriptors are 

medians and interquartile ranges; Statistics Wilcoxon matched pairs signed rank test. L 

= lying, S = standing,, LDS = Lipodermatosclerosis; VVs = skin change absent
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Figure 6.2 - Plasma IL-6 levels in patients with chronic venous disease, before and after 

venous hypertension. Descriptors are medians and interquartile ranges; Statistics are 

Wilcoxon matched pairs signed rank test. L = lying, S = standing.
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Figure 6.3 - Plasma TNF-a levels in patients with chronic venous disease, before and 

after venous hypertension. Descriptors are medians and interquartile ranges; Statistics 

are Wilcoxon matched pairs signed rank test. L = lying, S = standing.

Discussion

Cytokines are peptides or glycoprotein mediators that act as paracrine or autocrine 

signals on a wide variety of target cells to initiate various biological activities. Some 

cytokines act as potent inducers of other cytokines, resulting in cascades and networks 

of interacting cytokines. The pro-inflammatory cytokines IL-6 and TNF-a are both 

produced by a variety of cells including vascular endothelial cells, activated neutrophils, 

lymphocytes, and monocytes/macrophages. They are secreted locally, are active at very 

low concentrations and act by inducing localised intracellular signals. Interleukin 6 

plays a major role in the mediation of inflammatory and immune responses initiated by 

infection or injury. Elevated IL-6 levels have been reported to be associated with a 

variety of diseases, including autoimmune diseases,^^^ mesangial proliferative 

glomerulonephritis,^^^ psoriasis,^^* and malignancies such as plasmacytoma and 

myeloma.^^^ TNF plays a critical role in normal host resistance to infections and to the
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growth of malignant tumours, serving as immunostimulants and as mediators of the 

inflammatory response. Over-production of TNF has been implicated in a number of 

pathological conditions including cachexia, septic shock, autoimmune disorders, 

and meningococcal septicemia.^^"^

Although an ever increasing number of cytokines are being identified and studied, in 

this thesis, as an initial study, I investigated only IL-6 and TNF-a. Both these cytokines 

have been implicated in inflammatory disorders and were likely to play a part in the 

microcirculatory changes of chronic venous disease. In this experiment, I found that the 

median basal plasma levels of both IL-6 and TNF were higher in patients with LDS 

compared to patients with VVs. This did not reach statistical significance due to the 

wide scatter of data from the cytokine assays. However, there was a significant rise in 

IL-6 in both patient groups and in TNF in the LDS group following a 30 minute period 

of experimental venous hypertension. These findings suggest that IL-6 and TNF may be 

implicated in the microcirculatory changes seen in chronic venous disease, although it is 

not at all clear whether endothelial and leucocyte activation in such patients are induced 

by these cytokines. However various other cytokines may also be involved in the 

process and should be investigated so as to unravel the exact mechanism of skin 

damage.
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CHAPTER 7 

CONCLUSIONS AND FUTURE PERSPECTIVES

Prior to this work, white cell trapping had been demonstrated conclusively in both 

normal subjects and in patients with venous disease exposed to short-term venous 

hypertension. Further investigation of the white cell trapping hypothesis, namely that 

the white cells trapped in the lower limb adhered to the endothelium and became 

activated, releasing proteolytic enzymes and free radicals, was undertaken by D Shields. 

He demonstrated neutrophil degranulation and adhesion in patients with venous disease, 

and in normal subjects exposed to a hypertensive i n s u l t . H o w e v e r ,  no experimental 

work had been done to investigate the involvement of other leucocytes in the process 

and the part played by the vascular endothelium.

In this thesis, I investigated neutrophil and monocyte activation, and endothelial activity 

in normal subjects and patients with chronic venous disease in response to short term 

experimental venous hypertension. Activated leucocytes emigrate from the circulation 

into the tissues and this activity was investigated in vivo using a novel technique. 

Finally the possible role of pro-inflammatory cytokines in this process was assessed. 

However, many questions still remain unanswered.

Previous work had shown evidence of intravascular neutrophil activation in response to 

experimental venous hypertension in normal volunteers.^^^ This was assessed by 

measuring neutrophil CDllb,  which is a second stage adhesion molecule, in blood 

samples taken from the leg veins before and after experimental venous hypertension and 

found to be elevated following venous hypertension. In patients, neutrophil GDI lb, was 

measured in blood samples taken from the antecubital fossa and the results compared to 

data obtained from a matched group of normal volunteers.^^* Increased neutrophil 

GDI lb expression was demonstrated in patients with uncomplicated varicose veins, but 

patients with chronic venous insufficiency were found to have lower levels of GDI lb, a 

finding which could not be explained. This study, however, was incomplete in two 

respects, namely L-selectin which is a first stage adhesion molecule was not measured 

(there was no assay available), and blood samples for the experiment were taken from 

the antecubital fossa and therefore may not have reflected accurately changes in the

113



local microcirculation. In another previous study, skin biopsies from patients with 

varicose veins with varying degrees of skin damage showed evidence of increased 

macrophages and T-lymphocytes in the subpapillary region of the skin in patients with 

skin changes, thereby signifying that these cells may be important in the development of 

lipodermatosclerosis and venous ulceration. In the work described in this thesis, I 

have investigated leucocyte activation, in normal volunteers and patients, in blood 

samples taken from a foot vein to accurately reflect the changes in the local 

microcirculation. A whole blood assay using a dual labelling technique to measure L- 

selectin and CDllb  was employed to study both neutrophils and monocytes 

concurrently. Shedding of L-selectin by leucocytes upon activation was confirmed by 

measuring plasma L-selectin levels by an ELISA. In normal volunteers there was an 

initial fall in both neutrophil and monocyte GDI lb levels followed by a rise when the 

hypertensive insult was withdrawn, whereas in patients a fall in CDllb  levels in 

neutrophils and monocytes was observed following experimental venous hypertension, 

but this did not recover 10 minutes following return to the supine position. In both 

volunteers and patients there was evidence of L-selectin shedding confirmed by a rise in 

the plasma level of L-selectin following a period of venous hypertension. The 

conclusion from these studies is that leucocyte activation and adhesion occurred in both 

normal volunteers and in patients with chronic venous disease. In normal volunteers, 

leucocyte-endothelial adhesion was largely reversible, perhaps because these subjects do 

not have any endothelial damage. Hence the rise in CDllb  levels when the venous 

hypertension was reversed, as the more active leucocytes were released from the 

endothelium. However, venous hypertension would not normally occur in normal 

subjects because these subjects have an effective calf muscle pump. In patients the 

process appears to be more permanent, hence the sustained fall in CDllb  levels. Of 

course some trapped leucocytes do emerge from the circulation, but these are either a 

sub-population which does not express CDllb  strongly or their surface receptors had 

undergone some conformational change and were not detected by the assay. Rise in 

plasma L-selectin levels in all groups provided strong circumstantial evidence of 

activation. Although, leucocyte activation was observed in patients there was no 

difference in response in the two patient groups. The study therefore did not provide 

any explanation as to why one group of patients develops skin changes and others do 

not. Lymphocytes primarily express the adhesion receptor C D lla  and have not been
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studied in this experiment. Further studies are required to elucidate the role of 

lymphocytes in patients with chronic venous disease.

Having investigated leucocyte activity in some detail, I next examined endothelial 

activation in normal volunteers and patients in response to short term experimental 

venous hypertension. The vascular endothelium expresses the adhesion molecules 

ICAM-1, ELAM-1, and VCAM-1 which act as counter ligands to adhesion receptors 

expressed by leucocytes. Leucocyte adherence to the endothelium is mediated via 

interaction between the adhesion molecules expressed by the leucocytes with those on 

the vascular endothelium. There was a rise in the plasma levels of all three endothelial 

adhesion molecules in response to short term venous hypertension, both in normal 

controls and patients. The basal levels of all three endothelial adhesion molecules in 

the plasma was significantly higher in the patient group as a whole compared to normal 

controls possibly signifying chronic stimulation of the vascular endothelium in such 

patients and therefore increased propensity towards leucocyte adhesion. Within the 

patient groups plasma VCAM-1 was significantly higher in the LDS group and the 

magnitude of rise in plasma VCAM-1 level in response to short term venous 

hypertension was also significantly greater compared to patients with VVs without any 

skin changes. As VCAM-1 is the counter ligand for VLA receptors expressed by 

monocytes it appears that although neutrophils may be important in the initial phase, 

monocyte infiltration of the tissues may be more important in patients who go on to 

develop skin changes. As such plasma VCAM-1 levels may act as a marker to identify 

patients at risk of developing skin changes. These observations in conjunction with the 

previous findings provide conclusive evidence of leucocyte-endothelial activation in the 

microcirculation of the leg in response to venous hypertension.

The importance of identifying the precise mechanism of leucocyte-endothelial 

interaction lies in the fact that various drugs and antibodies to the adhesion molecules 

can be used to counteract leucocyte-endothelial adhesion. Pentoxifylline is one such 

drug which has been shown to cause down-regulation of CD 1 lb/CD 18 expression on 

monocytes of insulin-dependent diabetics in v i t r o The methodology developed, can 

also be used to study the effect of certain drugs on leucocyte-endothelial adhesion by 

repeating the tests before and after the drug is administered.

115



In these studies, leucocyte-endothelial activation and adhesion was investigated, but no 

attempt was made to look at free radical production. Superoxide production has 

recently been shown to be decreased in patients with venous disease,^^^ although the 

study could be criticised on the grounds that neutrophils were separated before oxygen 

free radical production was measured. Superoxide radical production can be measured 

in a whole blood assay using dichlorofluorescein-diacetate.^^"^

Once activated white cells have migrated through the endothelium, they can no longer 

be studied by taking blood samples. In chapter 5, I investigated leucocyte emigration 

and their subsequent locomotion within the tissue in normal volunteers by using the 

‘skin window t e c h n iq u e N e u t r o p h i l s  were found to be the predominant emigrating 

cells and the distance travelled by the emigrating cells was reduced in response to 

venous hypertension. This suggests that activated leucocytes would accumulate in large 

numbers in areas of maximum venous pressure (gaiter area) releasing large amounts of 

toxic material which may ultimately overcome the natural scavenging mechanisms 

leading to tissue damage. Local release of cytokines may be responsible for 

regulating/modifying leucocyte locomotion. This experiment can be repeated on 

patients. The effect of cytokines or other agents can also be studied by applying the 

agent to be tested to the micropore membrane.^^^

Although venous hypertension is accepted as the underlying factor responsible for 

leucocyte and endothelial activation ultimately leading to skin damage, the mechanism 

by which venous hypertension produces this effect still remains unexplained. Local 

mediators producing local changes in the microcirculation seems most likely as the skin 

damage in such patients is limited mostly to the gaiter area. In this respect cytokines 

seems to be the most likely candidate as they are secreted by a variety of cells, and are 

active at low concentrations locally without producing any generalised effect. Various 

cytokines interact with each other producing a cascade effect and precise response by 

the target cells. Cytokines have been implicated in a variety of diseases and are known 

to have marked effect on leucocyte and endothelial biology. Commercial standardised 

ELISA kits have only recently been available for research use. It was therefore logical 

to investigate the role of cytokines, and as a preliminary study I investigated the role of 

the pro-inflammatory cytokines IL-6 and TNF-a. In patients, there was a rise in the 

plasma level of IL-6 and TNF-a in the microcirculation of the leg in response to
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experimental venous hypertension. Rise in IL-6 levels was seen in both patient groups 

with and without skin changes, whereas the rise in TNF-a was confined to the LDS 

group. However, this is only a preliminary study, and further work needs to be done 

looking at other cytokines systematically to elucidate its precise role. Follow up work 

on this subject has already been initiated by subsequent researchers and increased levels 

of plasma endothelial growth factor (VEGF) has been reported in patients with chronic 

venous disease.^^^

The work in this thesis also suggests a possible relationship between the white cell 

trapping hypothesis and the fibrin cuff theory. Whilst the presence of fibrin cuffs is not 

in doubt, it is not known whether they play any part in causing tissue damage. The 

original suggestion that raised venous pressure causes stretching of the interendothelial 

pores seems a rather simplistic, mechanistic explanation that is unlikely to be true. 

Coleridge Smith et al. suggested that white cell activation was responsible for 

endothelial damage and hence increased vascular permeability, allowing fibrin to leak 

from the capillary circulation. No suggestion was made as to the cause of its subsequent 

polymerisation or of the known increased fibrinolytic findings in patients with venous 

disease. However, monocytes are known to initiate extravascular fibrin deposition, as 

tissue factor (the cellular receptor for factor Vll/VIIa) on the monocyte cell surface 

activates both the intrinsic and extrinsic pathways of blood coagulation, and some of the 

integrins (including GDI lb/CD 18) have receptors for fibrinogen. As venous 

hypertension leads to upregulation of monocyte CDllb  expression, it seems possible 

that the same hypertensive insult can also lead to upregulation of other surface markers 

on monocytes. This is currently being investigated.

Current therapy for deep venous insufficiency is mainly limited to attempting to reduce 

the effect of venous hypertension by mechanical methods; the only drug treatment 

widely used in the UK is pentoxifylline, and although this has proved better than 

placebo in healing u l c e r s , i t  does not prevent the deterioration in skin condition or 

ulceration in patients with chronic venous insufficiency. However, if more is known 

about the subcellular events leading to skin changes and ulceration, it may be possible to 

produce drugs that are able to block specific steps and hence prevent the effects of 

venous hypertension. There is potentially a very large market for such drugs, as white 

cell activation is the end stage in many pathological processes causing tissue
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destruction, including connective tissue disorders, ischaemia-reperfusion injuries 

(including post-myocardial infarction), and complications of sepsis such as adult 

respiratory distress syndrome (ARDS). Currently drugs that decrease white cell activity, 

such as steroids or other immunosuppressants, are too wide-ranging in their activity, 

leading to serious side-effects. However, if more is known about the individual steps 

involved in white cell adhesion and activation, such therapy could be targeted more 

specifically, allowing continued white cell activity for the remainder of its functions as, 

for example, continued immune response. Some work along these lines has begun: 

antibodies to ICAM-1 have been given to patients with rheumatoid disease, more than 

half of which showed a moderate or marked improvement using the Paulus criteria for 

evaluation.^^^

The work in this thesis suggests that venous hypertension leads to local cytokine release, 

neutrophil and monocyte activation, endothelial activation leading to leucocyte- 

endothelial adhesion and extravascular leucocyte emigration. Following emigration, 

extravascular activated leucocytes tend to accumulate in large numbers around the blood 

vessels from which they have emerged releasing toxic metabolites and free radicals, 

ultimately overcoming the natural scavenging mechanisms leading to tissue damage. 

Therapy targeted to leucocyte-endothelial activation and adhesion might, therefore, be 

predicted to produce clinical improvement in chronic venous hypertension.
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APPENDIX 1

Assay for Leucocyte CDllb/CD62L

Method: The whole-blood dual assay for leucocyte CDl lb/CD62L used was developed 
by Mr David Shields, FRCS, in conjunction with the Department of Haematology, 
University College Hospital, London as part of his Doctoral Thesis.

Optimum Antibody concentration: The optimum concentration of the monoclonal 
Antibody required for the assay was determined by using serial dilutions. Blood was 
taken into citrate and antibody used was CDl lb labelled with PE isotype IgG2a (Becton 
Dickinson) and CD62L labelled with FITC isotype IgGl (Immunotech). Different 
isotypes were used to minimise any chance of non specific cross reaction between the 
antibodies when used in conjunction. Five antibody dilutions were used - addition of 1 
pi, 5 pi, 10 pi, 20 pi and 30 pi of Ab to 50 pi of blood. The experiment was repeated 
twice with CD llb  and with CD62L respectively.

The results are shown in Figure ATI and A1.2. It appears that the optimum 
concentration of antibody required for near maximal binding of both CDl lb and CD62L 
receptors in neutrophils and monocytes is lOpl.

Reproducibility studies: Reproducibility of the assay using dual staining was assesed 
by taking a single blood sample into citrate and labelling it five times with both 
antibodies. Mean cell fluorescense of each sample was then measured twice in the flow 
cytometer. The coefficient of variation was then calculated for CDl lb and for CD62L - 
both were under 10% (3 - 9%). The results are shown in Table Al. l .

Conclusion: dual staining for neutrophil and monocyte CDllb  and CD62L is possible 
in whole blood, and the technique is reproducible. All samples were fresh and analysed 
immediately after collection as soon as staining was complete.

The complete protocol is given below:

Procedure:
(1) 50 pi of whole blood (taken into citrate) into each of 2 polypropylene tubes
(2) Add 10 pi CDl lb Ab and 10 pi CD62L Ab to 2 tubes (S+, S-)
(3) Add 10 pi of each non-specific mouse control isotype to control tubes (C+, C-)
(4) Incubate for 45 min. at 4°C
(5) Add 2 ml FACS lyse to each tube for 15 min
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(6) Add 2 ml PBS to each tube
(7) Spin at 300 g for 5 min
(8) Resuspend in 2 ml PBS and spin as above
(9) Resuspend in 500 pi PBS
(10) Read mean cell fluorescence in flow cytometer

Materials:
CDllb-PE (IgG2a) - Becton-Dickinson Product No. 347557 (Becton-Dickinson 
Immunocytometry Systems, San Jose, CA, USA)
Control - MsIgG2a-PE - Becton-Dickinson Product No. 349053
CD62L-FITC (IgGl) - Immunotech Product No. 1231 (Immunotech SA, Marseille,
Cedex 9, France)
Control - MsIgGl-FITC - Immunotech Product No. 0639

FMLP-Sigma F-3506 
Make up to 50 mg/ml DMSO 
Add 1 pi to 1049 pi PBS = 10-4 M 
Dilute 10 pi to 1 ml with PBS = 10'^ M

The assay was run on a Coulter Epics XL-MCL, set up such that FLl measured red (PE) 
and FL2 green (FITC), both on log scales. The voltages and gains were as follows:

Forward scatter Side scatter FLl FL2

Volts 181 174 910 760
Gain 5 1 1 1

No fluorescence compensation was used. A gate was placed on the neutrophil cloud, 
with an automatic stop when 5 000 cells had been counted. Samples were run in pairs, 
with the control followed by the sample. Gates were set to exclude 98% of the control 
sample, and the value thus obtained was recorded as the mean cell fluorescence of the 
sample.
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sample NEUTROPHILS 
no. C D llb  CD62L

MONOCYTES
C D llb  CD62L

1 3.02 3.23 6.50 6.12 5.75 6.25 3.18 3.15
2 3.42 3.14 5.93 5.94 7.86 6.62 3.02 3.12
3 3.32 3.25 6.56 6.21 6.21 6.13 2.86 2.78
4 3.62 3.78 6.18 6.10 5.61 6.13 2.57 2.35
5 3.03 3.31 5.82 5.73 5.01 5.81 2.31 2.57

c .o .v 4.59% 2.75% 8.47% 4.14%

Table A l.l  - Table showing variability of the assay. In this experiment 
the same sample was labelled five times and each sample was then run 
twice and the mean cell fluorescence noted.
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Table A l.2 - Volunteer full blood count data

Name Age WBC RBC WBC RBC WBC RBC WBCrRBC
Basal Standing Lying Basal Standing Lying

A 35/M 35 3.71 4.05 3.34 5.18 3.78 4.14 0.92 0.64 0.91
P 41/M 41 4.42 4.37 4.45 5.04 5.04 4.41 1.01 0.88 1.14
J 37/M 37 5.19 4.4 6.13 5.75 6.46 4.58 1.18 1.07 1.41
T 24/M 24 6.91 4.7 7.44 5.63 7.82 4.74 1.47 1.32 1.65
L 31/F 31 5.48 4.41 4.9 5.2 5.87 4.59 1.24 0.94 1.28
Y 59/F 59 6 3.91 6.6 4.1 6.1 3.95 1.53 1.61 1.54
S 32/F 32 5.42 4.07 5.08 4.7 5.86 4.23 1.33 1.08 1.39
H 30/F 30 6.45 5.23 7.81 5.96 7.96 5.42 1.23 1.31 1.47
D 32/M 32 10.16 4.5 12.1 5.09 10.95 4.35 2.26 2.38 2.52
R 38/M 38 6.03 4.56 6.21 5.77 7.22 4.62 1.32 1.08 1.56
S 33/F 33 5.86 5.39 6.74 6.18 7.3 5.39 1.09 1.09 1.35
S 23/M 23 6.94 4.48 7.41 4.85 7.23 4.49 1.55 1.53 1.61
G 27/M 27 8.06 4.28 10.41 4.68 10.35 4.44 1.88 2.22 2.33
N 20/F 20 7.07 4.55 8.32 4.98 8.76 4.69 1.55 1.67 1.87
M 22/M 22 4.89 4.12 3.94 5.75 4.66 4.46 1.19 0.69 1.04
K 25/F 25 4.13 3.94 4.52 4.87 4.86 3.99 1.05 0.93 1.22
M 23/F 23 6.13 4.19 6.77 4.63 7.83 4.52 1.46 1.46 1.73
E 23/F 23 6 4.18 7 5.06 7.5 4.55 1.44 1.38 1.65
E 24/F 24 9.25 4.4 10.04 5.41 10.88 4.56 2.10 1.86 2.39
J 39/M 39 5.95 5.1 6.29 5.78 7.3 5.22 1.17 1.09 1.40
J 26/F 26 6.49 4.35 7.95 5.52 7.07 4.4 1.49 1.44 1.61
1 26/M 26 5.47 5.11 6.21 5.91 6.59 5.15 1.07 1.05 1.28
1 35/M 35 6.54 4.41 7.49 5.45 7.81 4.41 1.48 1.37 1.77
N 23/F 23 7.62 4.4 7.25 5.31 8.45 4.5 1.73 1.37 1.88
C 26/F 26 5.17 4.58 6.31 5.06 5.77 4.71 1.13 1.25 1.23
Mean 12M/13F 30.16 6.21 4.47 6.83 5.27 7.18 4.58 1.40 1.31 1.57
Median 6.00 4.40 6.74 5.20 7.23 4.52 1.33 1.31 1.54
QUARTILE 5.42 4.19 6.13 4.98 5.87 4.41 1.17 1.07 1.28
QUARTILE 6.91 4.56 7.49 5.75 7.83 4.69 1.53 1.46 1.73
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Table A1.3 - Volunteer flow cytometry data

CD llb CD62L CDllb CD62L
A 35/M 35 3.77 3.76 3.51 4.25 4.41 3.59 4.11 3.39 4.07 1.17 0.63 1.32
P 41/M 41 9.82 5.73 5.91 4.9 5.15 3.71 7.23 5.59 4.99 1.38 0.95 1.035
J 37/M 37 4.32 3.07 2.84 5.12 4.99 4.85 4.8 3.66 3.45 1.09 0.95 1.08
T 24/M 24 2.6 2.65 9.02 4.75 3.55 2.85 3.38 0.212 7.19 0.91 0.19 0.65
L 31/F 31 7.8 4.84 9.29 3.61 3.18 2.16 4.54 3.47 3.87 1.12 0.9 0.72
Y 59/F 59 2.58 2.31 3.78 3.68 3.28 2.57 2.82 2.12 2.79 1.62 1.43 1.25
S 32/F 32 5.19 2.21 7.18 2.92 2.45 2.13 5.45 2.87 4.89 2.2 0.73 1.12
H 30/F 30 9.29 8.58 24.8 7.45 6.2 2.49 18.2 17.8 23.8 2.23 1.83 0.67
D 32/M 32 16.4 5.53 36 3.73 3.71 1.62 35.4 8.19 27.4 0.92 1.7 2.56
R 38/M 38 5.58 3.81 13 3.02 2.23 1.57 6.37 3.96 7.91 2.11 1.68 1.31
S 33/F 33 5.26 2.85 28.6 4.47 3.2 2.18 5.93 3.5 11 1.27 0.79 1.13
S 23/M 23 4.95 3.11 17.2 3.23 3.12 1.25 6.41 4.42 12.2 0.97 1.64 1.06
G 27/M 27 3.01 2.34 2.91 4 4.1 3.96 4.38 3.2 3.46 2.44 1.26 1.26
N 20/F 20 5.79 3.13 7.71 4.6 4.04 5.65 6.9 3.85 5.84 2.19 2.11 2.68
M 22/M 22 2.67 2.68 2.72 3.59 5.7 4.53 3.14 2.83 2.95 0.75 0.73 1.25
K 25/F 25 3.22 2.27 3.85 5.92 4.03 3.74 6.08 3.85 5.59 1.28 0.71 0.64
M 23/F 23 3.25 2.84 2.91 4.1 3.01 3.47 6.31 5.48 4.55 1.8 1.22 1.21
E 23/F 23 3.32 2.15 2.76 3.12 2.64 2.08 5.06 3.22 3.26 0.99 0.7 0.53
E 24/F 24 4.18 4.94 7.03 4.21 5.13 4.56 6.39 6.42 8.44 1.13 1.88 1.3
J 39/M 39 4.31 3.61 4.6 7.04 6 5.95 6.78 4.94 5.78 2.39 1.86 1.69
J 26/F 26 4.13 3.88 4.08 5.1 5.81 5.5 5.99 5.88 4.81 2.09 1.91 1.44
1 26/M 26 3.66 3.54 4.9 3.54 3.69 5.74 3.69 3.4 4.53 0.86 1.08 2.36
1 35/M 35 3.99 2.91 3.11 3.6 4.53 4.78 7.84 4.42 5.07 2.24 2.96 2.65
N 23/F 23 10.2 6.41 5.67 3.2 2.48 3.24 14.9 9.58 8.54 1.63 1 1.59
C 26/F 26 5.31 11.3 7.06 4.97 3.49 3.72 20.4 13.6 7.24 1.68 0.91 0.77

12M/13F 30.16 5.38 4.02 8.82 4.32 4.00 3.52 8.10 5.19 7.34 1.54 1.27 1.33
Median 4.31 3.13 5.67 4.10 3.71 3.59 6.08 3.85 5.07 1.38 1.08 1.25
QUARTILE 3.32 2.68 3.51 3.59 3.18 2.18 4.54 3.39 4.07 1.09 0.79 1.04
QUARTILE 5.58 4.84 8.02 4.90 4.99 4.56 6.90 5.59 7.91 2.11 1.70 1.44
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Table A1.4 - Patient full blood count data

N a m e A g e WBC RBC W BC RBC W BC RBC
Basal standing Lying

A 67/F 67 8.77 4.44 9.58 4.91 9.51 4,53
B 50/M 50 6.60 4.85 6.65 5.02 6,52 4.84
C 49/F 49 7.26 3.77 7.62 4.37 7.49 3.90
D 33/F 33 4.27 3.95 4.36 4.73 4.83 4.00
E* 54/F 54 6.28 4.71 6.70 4.82 6.84 4.76
F* 32/M 32 6.98 5.33 7.49 5.92 7.79 5.48
G 62/F 62 6.63 4.65 7.78 5.21 7.79 4.69
H 37/F 37 3.25 4.55 3.20 5.02 3.57 4.64
1 62/F 62 7.31 5.08 8.07 5.47 7.94 4.95
J* 35/M 35 5.57 4.62 6.37 4.93 6.67 4.79
k 57/F 57 8.31 4.10 8.89 4.61 8.74 4.21
L 33/M 33 9.38 4.79 9.91 5.26 9.22 4.97
M* 61/M 61 5.94 4.72 6.07 5.18 6.60 4.73
N 64/M 64 6.25 5.16 6.06 5.59 6.76 5.33
O 73/F 73 5.30 3.98 6.10 4.04 5.80 4.04
P* 56/F 56 7.80 4.15 6.89 4.78 8.09 4.18
Q* 48/F 48 7.23 3.96 6.43 4.91 7.76 4.13
R 29/F 29 4.38 4.01 4.87 4.82 5.77 4.31
S 52/M 52 4.71 4.80 4.90 5.23 5.30 4.89
T* 34/M 34 6.38 4.60 6.43 5.44 6.80 4.68
U* 54/M 54 6.30 4.65 5.80 5.58 6.90 4.97
W* 39/F 39 5.17 5.86 5.49 6.69 6.01 5.98
X 29/M 29 8.65 4.42 9.36 4.86 9.87 4.69
Y* 45/M 45 4.30 4.72 4.90 5.27 5.00 4.89
Z* 44/M 44 5.90 4.47 6.66 5.07 7.38 4.69
AA 63/M 63 7.17 4.57 6.68 5.56 7.39 4.74
AB* 57/F 57 7.69 4.60 7.59 5.45 8.67 4.68
AC 53/M 53 8.45 4.81 8.21 5.68 9.27 4.85
AD 50/M 50 5.33 4.30 4.49 5.46 5.70 4.81
AE 63/F 63 4.48 4.54 4.95 5.09 5.00 4.80
Mean 10F/20M 49.50 6.40 4.57 6.62 5.17 7.03 4.71
Median 51.00 6.34 4.60 6.54 5.14 6.87 4.74
QUARTiLE 37.50 5.31 4.33 5.57 4.87 5.85 4.56
QUARTiLE 60.00 7.30 4.77 7.61 5.46 7.90 4.88

Gr 1 - LDS WBC RBC WBC RBC WBC RBC
Basal Standing Supine

A 67/F 67 8.77 4.44 9.58 4.91 9.51 4.53
B 50/M 50 6.60 4.85 6.65 5.02 6.52 4.84
E* 54/F 54 6.28 4.71 6.70 4.82 6.84 4.76
P 32/M 32 6.98 5.33 7.49 5.92 7.79 5.48
1 62/F 62 7.31 5.08 8.07 5.47 7.94 4.95
M* 61/M 61 5.94 4.72 6.07 5.18 6.60 4.73
U* 54/M 54 7.80 4.15 6.89 4.78 8.09 4.18
W* 39/F 39 7.23 3.96 6.43 4.91 7.76 4.13
P 56/F 56 6.38 4.60 6.43 5.44 6.80 4.68
Q* 48/F 48 6.30 4.65 5.80 5.58 6.90 4.97
r 34/M 34 5.17 5.86 5.49 6.69 6.01 5.98
Y* 45/M 45 4.30 4.72 4.90 5.27 5.00 4,89
AB* 57/F 57 7.69 4.60 7.59 5.45 8.67 4.68
AD 50/M 50 5.33 4.30 4.49 5.46 5.70 4.81
AE 63/F 63 4,48 4.54 4.95 5.09 5.00 4.80
Mean 8F/7M 51.47 6.44 4.70 6.50 5.33 7.01 4.83
Median 54.00 6.38 4.65 6.43 5.27 6.84 4.80
QUARTiLE 46.5 5.64 4.49 5.65 4.97 6.27 4.68
QUARTiLE 53.0 7.27 4.79 7.19 5.47 7.87 4.92

Gr 2 - VVs WBC RBC WBC RBC WBC RBC
Basal Standing Supine

0 49/F 49 7.26 3.77 7.62 4.37 7.49 3.90
D 33/F 33 4.27 3.95 4.36 4.73 4.83 4.00
G 62/F 62 6.63 4.65 7.78 5.21 7.79 4.69
H 37/F 37 3.25 4.55 3.20 5.02 3.57 4.64
J* 35/M 35 5.57 4.62 6.37 4.93 6.67 4.79
k 57/F 57 8.31 4.10 8.89 4.61 8.74 4.21
L 33/M 33 9.38 4.79 9.91 5.26 9.22 4.97
N 64/M 64 6.25 5.16 6.06 5.59 6.76 5.33
O 73/F 73 5.30 3.98 6.10 4.04 5.80 4.04
R 29/F 29 4.38 4.01 4.87 4.82 5.77 4.31
S 52/M 52 4.71 4.80 4.90 5.23 5.30 4.89
X 29/M 29 8.65 4.42 9.36 4.86 9.87 4.69
z* 44/M 44 5.90 4.47 6.66 5.07 7.38 4.69
AA 63/M 63 7.17 4.57 6.68 5.56 7.39 4.74
AC 53/M 53 8.45 4.81 8.21 5.68 9.27 4.85
Mean 7F/8IVI 47.53 6.37 4.44 6.73 5.00 7.06 4.58
Median 49.00 6.25 4.55 6.66 5.02 7.38 4.69
QUARTILE 34.0 5.01 4.06 5.48 4.78 5.79 4.26
QUARTILE 59.5 7.79 4.72 8.00 5.25 8.27 4.82

WBC:RBC 
Basal Standing Lying

1.98 1.95 2.10
1.36 1.32 1.35
1.93 1.74 1.92
1.08 0.92 1.21
1.33 1.39 1.44
1.31 1.27 1.42
1.43 1.49 1.66
0.71 0.64 0.77
1.44 1.48 1.60
1.21 1.29 1.39
2.03 1.93 2.08
1.96 1.88 1.86
1.26 1.17 1.40
1.21 1.08 1.27
1.33 1.51 1.44
1.88 1.44 1.94
1.83 1.31 1.88
1.09 1.01 1.34
0.98 0.94 1.08
1,39 1.18 1.45
1.35 1.04 1.39
0.88 0.82 1.01
1.96 1.93 2.10
0.91 0.93 1.02
1.32 1.31 1.57
1.57 1.20 1.56
1.67 1.39 1.85
1.76 1.45 1.91
1.24 0.82 1.19
0.99 0.97 1.04
1.41 1.29 1.51
1.34 1.30 1.44
1.21 1.02 1.29
1.74 1.47 1.85

WBC:RBC
Basai Standing Lying

1.98 1.95 2.10
1.36 1.32 1.35
1.33 1.39 1.44
1.31 1.27 1.42
1.44 1.48 1.60
1.26 1.17 1.40
1.88 1.44 1.94
1.83 1.31 1,88
1.39 1.18 1.45
1.35 1.04 1.39
0.88 0.82 1.01
0,91 0.93 1,02
1.67 1.39 1.85
1,24 0.82 1.19
0.99 0.97 1.04
1.39 1.23 1.47
1.35 1.27 1.42
1.25 1.01 1.27
1.56 1.39 1.73

WBC:RBC
Basai Standing Lying

1.93 1.74 1.92
1.08 0.92 1.21
1.43 1.49 1.66
0.71 0.64 0.77
1.21 1.29 1.39
2.03 1.93 2.08
1.96 1.88 1.86
1.21 1.08 1.27
1.33 1.51 1.44
1.09 1.01 1.34
0.98 0.94 1.08
1.96 1.93 2,10
1.32 1.31 1.57
1.57 1.20 1.56
1.76 1.45 1.91
1.44 1.36 1.54
1.33 1.31 1.56
1.15 1.05 1.30
1.84 1.63 1.88
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Table A1.5 - Patient flow cytometry data

A 67/F 67

NEUTROPHILS
CDIIb

lying standing 
9.06 4.76

lying
4.43

CD62L
lying
2.99

standing
3.47

lying
3.35

MONOCYTES 
GDI 1b

tying standing 
9.47 5.61

lying
5.18

CD62L
lying
1.73

standing
2.03

lying
1.90

B 50/M 50 5.94 3.65 3.92 3.64 2.85 2.03 17.00 4.04 5.63 1.73 1.75 1.44
C 49/F 49 3.90 3.75 3.72 4.96 4.90 4.73 5.57 5.13 4.40 3.19 2.89 2.59
D 33/F 33 6.16 5.64 3.48 6.89 7.02 6.31 9.96 8.96 6.58 3.03 3.02 2.50
E* 54/F 54 4.07 3.93 3.18 4.22 5.30 4.51 5.63 7.25 3.10 2.66 2.52 3.21
F* 32/M 32 4.48 3.26 3.34 6.48 5.70 5.07 7.88 7.71 5.43 3.22 2.50 2.07
G 62/F 62 3.95 3.85 3.14 6.27 5.50 6.20 5.38 4.74 4.00 3.41 3.18 3.07
H 37/F 37 2.79 2.20 2.13 5.58 5.02 4.39 5.32 3.86 3.90 3.92 3.44 3.14
1 62/F 62 6.16 3.59 3.26 2.39 1.85 1.54 9.94 15.50 4.81 2.09 1.01 1.22
J* 35/M 35 4.67 3.45 2.51 4.44 4.26 4.02 8.24 5.07 3.75 2.55 2.27 2.02
k 57/F 57 3.50 2.81 2.47 3.40 3.45 2.93 6.63 4.83 11.40 1.60 1.67 1.21
L 33/M 33 11.00 6.95 5.39 5.38 5.36 4.57 12.40 7.74 7.80 2.62 2.17 1.67
M* 61/M 61 3.45 2.82 3.42 5.06 4.82 4.57 4.48 3.69 3.63 1.87 1.78 1.68
N 64/M 64 4.87 3.43 4.19 7.79 7.84 7.38 5.47 3.26 3.41 4.56 4.31 3.76
0 73/F 73 4.08 3.86 2.93 6.45 5.93 6.04 6.17 4.64 4.10 3.54 3.14 2.85
P* 56/F 56 6.32 3.83 7.37 5.16 4.57 4.79 13.90 3.30 5.53 2.44 2.30 2.18
Q* 48/F 48 4.45 3.53 3.22 10.50 10.40 8.87 7.65 5.80 5.50 6.20 5.45 4.10
R 29/F 29 4.95 4.45 4.05 8.22 7.07 7.48 6.51 4.95 5.27 4.72 4.37 4.43
S 52/M 52 5.82 4.44 4.38 7.61 7.03 7.60 10.00 9.33 11.00 3.45 3.46 3.21
r 34/M 34 3.28 4.94 3.34 6.65 6.05 6.04 3.93 3.79 5.79 3.90 3.41 2.85
u* 54/M 54 11.30 5.43 5.47 7.08 7.23 6.76 15.20 8.92 8.21 4.52 4.74 4.35
w* 39/F 39 18.20 18.30 11.40 6.13 5.95 4.96 9.89 12.10 7.79 4.11 3.99 2.76
X 29/M 29 4.12 3.30 3.26 3.99 3.83 4.12 5.28 3.64 3.47 2.65 2.27 2.34
Y* 45/M 45 4.86 3.78 3.83 7.29 7.36 6.93 5.44 17.80 14.60 3.09 1.85 1.93
z* 44/M 44 5.05 3.18 3.75 5.04 4.49 3.89 13.70 2.91 3.83 2.14 2.96 2.33
AA 63/M 63 2.99 2.37 2.01 5.13 4.68 3.84 14.90 3.59 2.06 2.18 2.48 2.43
AB* 57/F 57 3.41 3.13 2.94 6.72 7.00 6.76 5.17 3.93 3.39 3.45 3.59 2.86
AC 53/M 53 5.63 2.51 3.24 6.52 5.96 5.07 10.70 6.04 3.37 2.58 2.23 1.76
AD 50/M 50 4.59 4.47 4.92 9.19 8.58 8.56 6.13 7.06 5.07 5.58 4.84 4.68
AE 63/F 63 4.66 4.30 4.28 9.51 9.39 8.93 5.35 4.12 3.41 6.56 5.23 4.24
Mean 15F/15M 49.50 5.59 4.33 3.97 6.02 5.76 5.41 8.44 6.31 5.51 3.31 3.03 2.69
Median 51.00 4.67 3.77 3.45 6.20 5.60 5.02 7.14 5.01 4.94 3.14 2.93 2.55
QUARTILE 37.50 3.98 3.27 3.19 4.98 4.60 4.19 5.45 3.88 3.66 2.47 2.24 1.95
QUARTILE 60.00 5.91 4.45 4.26 7.03 7.03 6.76 9.99 7.60 5.75 3.92 3.56 3.19

Gr 1 -

A

LDS

67/F 67

NEUTROPHILS
CDIIb

lying standing 
9.06 4.76

lying
4.43

CD62L
lying
2.99

standing
3.47

lying
3.35

MONOCYTES 
GDI 1b

lying standing 
9.47 5.61

lying
5.18

CD62L
lying
1.73

standing
2.03

lying
1.90

B 50/M 50 5.94 3.65 3.92 3.64 2.85 2.03 17.00 4.04 5.63 1.73 1.75 1.44
E* 54/F 54 4.07 3.93 3.18 4.22 5.30 4.51 5.63 7.25 3.10 2.66 2.52 3.21
F* 32/M 32 4.48 3.26 3.34 6.48 5.70 5.07 7.88 7.71 5.43 3.22 2.50 2.07
1 62/F 62 6.16 3.59 3.26 2.39 1.85 1.54 9.94 15.50 4.81 2.09 1.01 1.22
M* 61/M 61 3.45 2.82 3.42 5.06 4.82 4.57 4.48 3.69 3.63 1.87 1.78 1.68
U* 54/M 54 6.32 3.83 7.37 5.16 4.57 4.79 13.90 3.30 5.53 2.44 2.30 2.18
W 39/F 39 4.45 3.53 3.22 10.50 10.40 8.87 7.65 5.80 5.50 6.20 5.45 4.10
P* 56/F 56 3.28 4.94 3.34 6.65 6.05 6.04 3.93 3.79 5.79 3.90 3.41 2.85
Q* 48/F 48 11.30 5.43 5.47 7.08 7.23 6.76 15.20 8.92 8.21 4.52 4.74 4.35
r 34/M 34 18.20 18.30 11.40 6.13 5.95 4.96 9.89 12.10 7.79 4.11 3.99 2.76
Y* 45/M 45 4.86 3.78 3.83 7.29 7.36 6.93 5.44 17.8 14.6 3.09 1.85 1.93
AB* 57/F 57 3.41 3.13 2.94 6.72 7.00 6.76 5.17 3.93 3.39 3.45 3.59 2.86
AD 50/M 50 4.59 4.47 4.92 9.19 8.58 8.56 6.13 7.06 5.07 5.58 4.84 4.68
AE 63/F 63 4.66 4.30 4.28 9.51 9.39 8.93 5.35 4.12 3.41 6.56 5.23 4.24
Mean 8F/7M 51.47 6.28 4.91 4.55 6.20 6.03 5.58 8.47 7.37 5.80 3.54 3.13 2.76
Median 54.00 4.66 3.83 3.83 6.48 5.95 5.07 7.65 5.80 5.43 3.22 2.52 2.76
QUARTILE 46.5 4.26 3.56 3.30 4.64 4.70 4.54 5.40 3.99 4.22 2.27 1.94 1.92
QUARTILE 59.0 6.24 4.62 4.68 7.19 7.30 6.85 9.92 8.32 5.71 4.32 4.37 3.66

Gr2 -

c

W s

49/F 49 3.90 3.75 3.72 4.96 4.90 4.73 5.57 5.13 4.40 3.19 2.89 2.59
D 33/F 33 6.16 5.64 3.48 6.89 7.02 6.31 9.96 8.96 6.58 3.03 3.02 2.50
G 62/F 62 3.95 3.85 3.14 6.27 5.50 6.20 5.38 4.74 4.00 3.41 3.18 3.07
H 37/F 37 2.79 2.20 2.13 5.58 5.02 4.39 5.32 3.86 3.90 3.92 3.44 3.14
J* 35/M 35 4.67 3.45 2.51 4.44 4.26 4.02 8.24 5.07 3.75 2.55 2.27 2.02
k 57/F 57 3.50 2.81 2.47 3.40 3.45 2.93 6.63 4.83 11.40 1.60 1.67 1.21
L 33/M 33 11.00 6.95 5.39 5.38 5.36 4.57 12.40 7.74 7.80 2.62 2.17 1.67
N 64/M 64 4.87 3.43 4.19 7.79 7.84 7.38 5.47 3.26 3.41 4.56 4.31 3.76
0 73/F 73 4.08 3.86 2.93 6.45 5.93 6.04 6.17 4.64 4.10 3.54 3.14 2.85
R 29/F 29 4.95 4.45 4.05 8.22 7.07 7.48 6.51 4.95 5.27 4.72 4.37 4.43
S 52/M 52 5.82 4.44 4.38 7.61 7.03 7.60 10.00 9.33 11.00 3.45 3.46 3.21
X 29/M 29 4.12 3.30 3.26 3.99 3.83 4.12 5.28 3.64 3.47 2.65 2.27 2.34
Z* 44/M 44 5.05 3.18 3.75 5.04 4.49 3.89 13.70 2.91 3.83 2.14 2.96 2.33
AA 63/M 63 2.99 2.37 2.01 5.13 4.68 3.84 14.90 3.59 2.06 2.18 2.48 2.43
AC 53/M 53 5.63 2.51 3.24 6.52 5.96 5.07 10.70 6.14 3.37 2.58 2.23 1.76
Mean 7F/8M 47.53 4.90 3.75 3.38 5.84 5.49 5.24 8.42 5.25 5.22 3.08 2.92 2.62
Median 49.00 4.67 3.45 3.26 5.58 5.36 4.73 6.63 4.83 4.00 3.03 Z96 2.50
QUARTILE 34.0 3.93 3.00 2.72 5.00 4.59 4.07 5.52 3.75 3.61 2.57 2.27 2.18
QUARTILE 59.5 5.34 4.15 3.90 6.71 6.49 6.26 10.35 5.64 5.93 3.50 3.31 3.11
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APPENDIX 2 

ELISA FOR sL-Selectin (Param eter assay kit from R  & D Systems 

Europe; Catalog no BBE 4B)

PROTOCOL 

REAGENTS PROVIDED

sL-Selectin Microtiter plate - 96 well microtiter plate (12 strips of 8 wells) coated with 

murine monoclonal antibody to human L-Selectin.

sL-Selectin Standards - 6 vials of recombinant soluble L-Selectin (0.8 ml each), with 

preservative. The concentration of L-Selectin is shown on the label. Contains a blue dye 

to facilitate correct standard addition.

Sample Diluent - 2 bottles (25 mL each) of Sample Diluent, with preservative. 

Contains a blue dye to facilitate correct standard addition.

Anti-L-Selectin-HRP Conjugate- 1 bottle of sheep polyclonal antibody to recombinant 

human L-Selectin conjugated to Horseradish Peroxidase in buffer (11 mL), with 

preservative. Contains a red dye to facilitate correct conjugate addition.

Parameter Control Serum - 1 vial of lyophilised human serum (see Precautions). The 

concentration of the control obtained in the assay will fall within the specifications on 

the data card if the assay is valid

Wash Buffer Concentrate - 1 vial of 25X wash buffer concentrate (20 mL).

Substrate - 1 bottle of stabilised substrate solution (tetra-methylbenzidine) (10.5 mL). 

Stop - 1 bottle of acid solution (11 mL).
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Plate Sealers - 9 adhesive plate sealers.

Data Card - Gives analyte ranges for Parameter Control Serum.

REAGENT PREPARATION

Bring all reagents to room temperature before use.

Wash Buffer Concentrate - If crystals have formed in the Concentrate, warm and mix 

gently until they have completely dissolved. Pour entire contents of the Wash Buffer 

Concentrate into a clean graduated measuring cylinder or volumetric flask, and bring 

final volume to 500 mL with distilled or deionized water. The Wash Buffer is now ready 

for use.

Parameter Control Serum - Reconstitute Control Serum immediately before use. 

Add 500 pL of distilled or deionized water to the vial and replace the stopper. Allow 

vial to stand at room temperature for 10 minutes. The contents of the vial should then 

be further mixed by gentle inversion and swirling until all the contents are completely 

dissolved. Vigorous agitation and foaming should be avoided. The Parameter Control 

Serum must be diluted after reconstitution 1 in 100 with Sample Diluent, prior to assay 

(see Assay Procedure).

All other reagents are ready for use.

ASSAY PROCEDURE

Bring ail reagents and samples to room temperature before use. It is recommended 

that all samples, Standards and Parameter Control Serum be assayed in duplicate.

1. Dilute all samples at least 1 in 100 with Sample Diluent. For example, 10 pL sample 

+ 990 pL Sample Diluent
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For most samples (serum or plasma) a dilution of 1 in 100 should be adequate (see 

technical hints) For cell culture supemate samples a dilution of 1 in 25 or 1 in 50 

may be used..

2. Parameter Control Serum must be diluted after reconstitution 1 in 100 with Sample 

Diluent, prior to assay.

3. Remove excess microtiter plate strips from the frame and store in the resealed foil 

pouch with the silica gel sachet.

4. Add 100 pL Standard, diluted sample or diluted Parameter Control to each well in 

duplicate. A plate template is included in the back of the Data card to record plate 

layout of Standards, samples and Control serum.

5. Cover the plate with a plate sealer provided and incubate at room temperature for 1 

hour.

6. Add 100 pL Anti-L-Selectin -HRP Conjugate to each well with sufficient force to 

ensure mixing. Conjugate is red coloured to facilitate correct addition.

7. Cover the plate with a new plate sealer provided and incubate at room temperature 

for 30 minutes.

8. Aspirate or decant contents from each well and wash by adding 400 pL of Wash 

Buffer per well. Repeat the process 5 times for a total of 6 washes. After the last 

wash, aspirate or decant the contents and remove any remaining Wash Buffer by 

tapping the inverted plate firmly on clean paper towelling.

9. Add 100 pL Substrate to each well. Cover the plate with a plate sealer provided and 

incubate at room temperature for 30 minutes.

10. Add 100 pL of Stop Solution to each well. The Stop Solution should be added to the 

wells in the same order as the Substrate.

129



11 .Determine the optical density (OD) of each well within 30 minutes using a microtiter 

plate reader or Photometer set at 450 nm with a correction wavelength of 620 nm. If 

the wavelength correction facility is not available read plates at 450 nm and then 

separately at 620 nm. Subtract the OD6 2 0  from the OD4 5 0 .
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Table A2.1 - sL-Selectin Volunteer data
Name Age O.D Absolute values

B1 B2 S i S2 L1 L2 Mean B Mean S Mean L Basai Standing Lying *100 (dilution)
A 35/M 35 0.974 0.952 0.779 0.8 0.698 0.697 0.963 0.7895 0.6975 11.79 9.62 8.47 1178.75 961.88 846.88
P 41/M 41 0.771 0.785 0.728 0.698 0.74 0.739 0.778 0.713 0.7395 9.48 8.66 8.99 947.50 866.25 899.38
J 37/M 37 0.856 0.857 0.954 1.026 1.363 1.369 0.8565 0.99 1.366 10.46 12.13 16.83 1045.63 1212.50 1682.50
T 24/M 24 0.661 0.688 1.089 1.138 0.788 0.787 0.6745 1.1135 0.7875 8.18 13.67 9.59 818.13 1366.88 959.38
L 31/F 31 0.614 0.629 0.753 0.737 0.604 0.628 0.6215 0.745 0.616 7.52 9.06 7.45 751.88 906.25 745.00
Y 59/F 59 0.66 0.613 0.781 0.82 0.715 0.695 0.6365 0.8005 0.705 7.71 9.76 8.56 770.63 975.63 856.25
S 32/F 32 0.718 0.727 0.861 0.837 0.841 0.825 0.7225 0.849 0.833 8.78 10.36 10.16 878.13 1036.25 1016.25
H 30/F 30 0.777 0.753 0.906 0.927 0.785 0.786 0.765 0.9165 0.7855 9.31 11.21 9.57 931.25 1120.63 956.88
D 32/M 32 0.667 0.637 0.873 0.823 0.692 0.664 0.652 0.848 0.678 7.90 10.35 8.23 790.00 1035.00 822.50
R 38/M 38 0.588 0.586 0.739 0.703 0.558 0.555 0.587 0.721 0.5565 7.09 8.76 6.71 708.75 876.25 670.63
S 33/F 33 0.662 0.651 0.834 0.815 0.686 0.675 0.657 0.825 0.681 9.24 11.64 9.58 923.57 1163.57 957.86
S 23/M 23 0.633 0.658 0.885 0.917 0.692 0.637 0.646 0.901 0.665 9.08 12.73 9.35 907.86 1272.86 935.00
G 27/M 27 0.660 0.668 0.810 0.791 0.697 0.709 0.664 0.801 0.703 9.34 11.29 9.90 934.29 1129.29 990.00
N 20/F 20 0.737 0.697 0.856 0.842 0.700 0.708 0.717 0.849 0.704 10.10 11.99 9.91 1010.00 1198.57 991.43
M 22/M 22 0.717 0.735 0.877 0.849 0.867 0.867 0.726 0.863 0.867 10.23 12.19 12.24 1022.86 1218.57 1224.29
K 25/F 25 0.539 0.520 0.632 0.634 0.657 0.650 0.530 0.633 0.654 7.42 8.90 9.19 742.14 890.00 919.29
M 23/F 23 0.550 0.539 0.605 0.601 0.598 0.531 0.545 0.603 0.565 7.64 8.47 7.92 763.57 847.14 792.14
E 23/F 23 0.588 0.599 0.780 0.775 0.699 0.748 0.594 0.778 0.724 8.34 10.96 10.19 833.57 1096.43 1019.29
E 24/F 24 0.636 0.624 0.740 0.728 0.479 0.475 0.630 0.734 0.477 8.86 10.34 6.67 885.71 1034.29 667.14
J 39/M 39 0.596 0.561 0.743 0.767 0.682 0.532 0.579 0.755 0.607 8.12 10.64 8.53 812.14 1064.29 852.86
J 26/F 26 1.171 0.883 0.937 1.320 1.045 0.957 1.027 1.129 1.001 14.53 15.98 14.16 1452.86 1597.86 1415.71
1 26/M 26 1.227 1.081 1.617 1.775 0.959 1.154 1.617 1.367 16.34 22.96 19.39 1634.29 2295.71 1938.57
1 35/M 35 0.981 0.541 1.454 1.269 1.647 1.685 0.761 1.362 1.666 10.73 19.31 23.66 1072.86 1930.71 2365.71
N 23/F 23 0.650 0.647 0.497 0.467 0.658 0.683 0.649 0.482 0.671 7.09 5.24 7.34 709.44 524.44 733.89
C 26/F 26 0.753 0.757 0.950 0.930 1.337 1.314 0.755 0.940 1.326 8.28 10.33 14.62 827.78 1033.33 1461.67
Mean 12M/13F 30.16 0.74 0.70 0.87 0.84 0.84 0.80 0.72 0.87 0.82 9.34 11.46 10.69 934.14 1146.18 1068.82
Median 0.66 0.66 0.83 0.82 0.70 0.71 0.66 0.82 0.70 8.86 10.64 9.57 885.71 1064.29 956.88
QUARTILE 0.6 0.6 0.7 0.7 0.7 0.7 0.6 0.7 0.7 7.9 9.6 8.5 790.0 961.9 846.9
QUARTILE 0.8 0.8 0.9 0.9 0.8 0.8 0.8 0.9 0.8 10.1 12.1 10.2 1010.0 1212.5 1019.3

0 0 0.005 0.003 0 -0.001 -0.001 0 -0.012 -0.006
1 0.126 0.121 0.124 0.099 0.098 0.099 0.102 0.097 0.100
2 0.252 0.246 0.249 0.234 0.223 0.229 0.285 0.271 0.278
3 0.848 0.791 0.820 0.741 0.708 0.725 0.894 0.876 0.885
4 1.486 1.455 1.471 1.42 1.371 1.396 1.542 1.545 1.544
5 1.929 1.871 1.900 1.839 1.86 1.850 1.959 1.93 1.945

PC 0.782 0.764 0.773 0.647 0.665 0.656 0.784 0.74 0.762

S 0.845 0.849 0.874 0.835 1.072 1.053 0.847 0.855 1.063 9.30 9.38 11.69
D 0.858 0.811 0.999 0.970 1.252 1.242 0.835 0.985 1.247 9.16 10.83 13.74
L 0.892 0.823 0.894 0.872 1.179 1.105 0.858 0.883 1.142 9.42 9.70 12.58
K 0.599 0.537 0.699 0.651 1.078 0.986 0.568 0.675 1.032 6.20 7.39 11.36
A 0.755 0.724 0.747 0.770 0.750 0.772 0.740 0.759 0.761 8.11 8.32 8.34
Mean 0.79 0.75 0.84 0.82 1.07 1.03 0.77 0.83 1.05 8.44 9.12 11.54
Median 0.85 0.81 0.87 0.84 1.08 1.05 0.83 0.85 1.06 9.16 9.38 11.69
QUARTILE 0.8 0.7 0.7 0.8 1.1 1.0 0.7 0.8 1.0 8.1 8.3 11.4
QUARTILE 0.9 0.8 0.9 0.9 1.2 1.1 0.8 0.9 1.1 9.3 9.7 12.6

m



Table A2.2 - sL-Selectin Patient data

Group 1
Name

A

-LDS

67/F

Age

67

O.D
B1

0.776
B2

0.749
SI

0.713
S2

0.719
L1

0.669
L2

0.635
Mean B 

0.763
Mean S 

0.716

Absolute values
ng/ml ng/ml 

Mean L Basai Standing 
0.652 9.41 8.83

ng/ml
Lying

8.03
*100 (dilution) 

940.63 882.50 802.50
B 50/M 50 0.294 0.285 0.803 0.438 0.446 0.541 0.290 0.621 0.494 3.49 7.63 6.04 349.38 763.13 604.38
E* 54/F 54 0.750 0.597 0.526 0.368 0.463 0.548 0.674 0.447 0.506 8.29 5.46 6.19 829.38 546.25 619.38
F* 32/M 32 0.949 0.823 1.289 0.662 0.850 0.745 0.886 0.976 0.798 10.95 12.07 9.84 1095.00 1206.88 984.38
1 62/F 62 0.247 0.152 1.128 0.805 0.671 0.481 0.200 0.967 0.576 2.37 11.96 7.08 236.88 1195.63 707.50
M* 61/M 61 0.451 0.439 0.521 0.518 0.465 0.390 0.445 0.520 0.428 5.44 6.37 5.22 543.75 636.88 521.88
U* 54/M 54 0.672 0.643 0.716 0.743 0.712 0.674 0.658 0.730 0.693 7.97 8.87 8.41 796.88 886.88 841.25
W* 39/F 39 0.654 0.629 0.742 0.635 0.778 0.744 0.642 0.689 0.761 7.77 8.36 9.26 776.88 835.63 926.25p» 56/F 56 0.553 0.599 0.503 0.526 0.497 0.483 0.576 0.515 0.490 6.95 6.18 5.88 695.00 618.13 587.50
Q* 48/F 48 0.565 0.529 0.623 0.628 0.560 0.575 0.547 0.626 0.568 6.59 7.57 6.84 658.75 756.88 684.38
T 34/M 34 0.667 0.653 0.774 0.903 0.747 0.751 0.660 0.839 0.749 8.00 10.23 9.11 800.00 1023.13 911.25
Y* 45/M 45 0.420 0.411 0.493 0.474 0.428 0.426 0.416 0.484 0.427 4.94 5.79 5.09 494.38 579.38 508.75
AB* 57/F 57 0.417 0.407 0.681 0.721 0.662 0.650 0.412 0.701 0.656 4.90 8.51 7.95 490.00 851.25 795.00
AD 50/M 50 0.733 0.747 0.878 0.903 0.859 0.854 0.740 0.891 0.857 9.00 10.88 10.46 900.00 1088.13 1045.63
AE 63/F 63 0.562 0.562 0.630 0.605 0.523 0.512 0.562 0.618 0.518 6.78 7.47 6.22 677.50 746.88 621.88
Mean 8F/7M 51 0.58 0.55 0.73 0.64 0.62 0.60 0.56 0.69 0.61 6.86 8.41 7.44 685.63 841.17 744.13
Median 54 0.57 0.60 0.71 0.64 0.66 0.58 0.58 0.69 0.58 6.95 8.36 7.08 695.00 835.63 707.50
QUARTILE 47 0.44 0.43 0.57 0.52 0.48 0.50 0.43 0.57 0.50 5.19 6.92 6.12 519.06 691.88 611.88
QUARTILE 59 0.70 0.65 0.79 0.73 0.73 0.71 0.67 0.78 0.72 8.15 9.55 8.76 814.69 955.00 876.25 <Nm

Group 2 - W s

C 49/F 49 0.768 0.592 0.863 0.687 0.740 0.755 0.680 0.775 0.748 8.38 9.56 9.22 837.50 956.25 921.88
D 33/F 33 0.458 0.683 0.549 0.560 0.654 0.485 0.571 0.555 0.570 7.01 6.81 6.99 700.63 680.63 699.38
G 62/F 62 0.532 0.541 0.676 0.584 1.079 1.179 0.537 0.630 1.129 6.58 7.75 13.99 658.13 775.00 1398.75
H 37/F 37 0.757 0.792 0.897 0.753 0.840 0.917 0.775 0.825 0.879 9.56 10.19 10.86 955.63 1018.75 1085.63
J* 35/M 35 0.458 0.421 0.349 0.532 0.668 0.760 0.440 0.441 0.714 5.37 5.38 8.80 536.88 538.13 880.00
k 57/F 57 0.490 0.483 0.531 0.508 0.436 0.441 0.487 0.520 0.439 5.96 6.37 5.36 595.63 636.88 535.63
L 33/M 33 0.571 0.555 0.657 0.645 0.589 0.556 0.563 0.651 0.573 6.91 8.01 7.03 691.25 801.25 703.13
N 64/M 64 0.677 0.746 0.761 0.719 0.759 0.755 0.712 0.740 0.757 8.64 9.00 9.21 864.38 900.00 921.25
O 73/F 73 0.585 0.599 0.671 0.677 0.606 0.595 0.592 0.674 0.601 7.15 8.18 7.26 715.00 817.50 725.63
R 29/F 29 0.676 0.661 0.851 0.837 0.763 0.736 0.669 0.844 0.750 8.11 10.30 9.12 810.63 1030.00 911.88
S 52/M 52 0.398 0.381 0.573 0.553 0.484 0.470 0.390 0.563 0.477 4.62 6.79 5.71 461.88 678.75 571.25
X 29/M 29 0.566 0.565 0.572 0.605 0.601 0.563 0.566 0.589 0.582 6.82 7.11 7.03 681.88 710.63 702.50
Z * 44/M 44 0.571 0.591 0.722 0.688 0.651 0.619 0.581 0.705 0.635 7.01 8.56 7.69 701.25 856.25 768.75
AA 63/M 63 0.555 0.563 0.638 0.636 0.605 0.565 0.559 0.637 0.585 6.74 7.71 7.06 673.75 771.25 706.25
AC 53/M 53 0.684 0.633 0.767 0.758 0.674 0.658 0.659 0.763 0.666 7.98 9.28 8.08 798.13 928.13 807.50
Mean 7F/8M 48 0.58 0.59 0.67 0.65 0.68 0.67 0.59 0.66 0.67 7.12 8.07 8.23 712.17 806.63 822.63
Median 49 0.57 0.59 0.67 0.65 0.65 0.62 0.57 0.65 0.64 7.01 8.01 7.69 700.63 801.25 768.75
QUARTILE 34 0.51 0.55 0.57 0.57 0.60 0.56 0.55 0.58 0.58 6.66 6.96 7.03 665.94 695.63 702.81
QUARTILE 60 0.68 0.65 0.76 0.70 0.75 0.76 0.66 0.75 0.75 8.04 9.14 9.17 804.38 914.06 916.56



Figure A2.1 - sL-selectin STANDARD CURVES
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APPENDIX 3

A. ELISA FO R ELAM-1 (Param eter assay kit from R & D Systems 

Europe; Catalog no BBE 2B)

PROTOCOL 

REAGENTS PROVIDED

sE-Selectin Microtiter plate - 96 well microtiter plate (12 strips of 8 wells) coated with 

murine antibody to human E-Selectin.

sE-Selectin Standards - 6 vials of lyophilised recombinant soluble human E-Selectin. 

The concentration of E-Selectin after re-constitution is shown on the label. Contains 

Patent Blue Violet dye to facilitate correct standard addition.

Sample Diluent - 2 bottles (15 mL each) of Sample Diluent, with preservative. 

Contains Patent Blue Violet dye to facilitate correct sample addition.

Anti-E-Selectin-HRP Conjugate Concentrate - 1 bottle of antibody to E-Selectin 

conjugated to Horseradish Peroxidase in buffer (0.3 mL), with preservative.

Conjugate Diluent - 1 bottle of diluent for antibody conjugate (11 mL), with 

preservative.

Parameter Control Serum - 1 vial of lyophilised recombinant soluble E-Selectin 

suspended in a human serum matrix (see Precautions). The concentration of the control 

obtained in the assay will fall within the specifications on the data card if the assay is 

valid

Wash Buffer Concentrate - 1 vial of 25X wash buffer concentrate (20 mL).

Substrate - 1 bottle of stabilised substrate solution (tetra-methylbenzidine) (10.5 mL).
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Stop - 1 bottle of acid solution (11 mL).

Plate Sealers - 6 adhesive plate sealers.

Data Card - Gives analyte ranges for Parameter Control Serum.

REAGENT PREPARATION

Bring all reagents to room temperature before use.

Wash Buffer Concentrate - If crystals have formed in the Concentrate, warm and mix 

gently until they have completely dissolved. Pour entire contents of the Wash Buffer 

Concentrate into a clean graduated measuring cylinder or volumetric flask, and bring 

final volume to 500 mL with distilled or deionized water. The Wash Buffer is now ready 

for use.

Standards - Reconstitute Standards immediately before use. To reconstitute the freeze- 

dried standards first tap the vials to dislodge any particles from stoppers. Remove 

stoppers and place inverted on a clean surface. Add 800 pL of distilled or deionized 

water to each vial and replace the stoppers. Allow vials to stand at room temperature for 

10 minutes. The contents of the vials should then be further mixed by gentle inversion 

and swirling until all the contents are completely dissolved. Vigorous agitation and 

foaming should be avoided. The Standards are now ready for use in the assay and 

require no further dilution. The concentration of the standards is as stated on the vials.

Parameter Control Serum - Reconstitute Control Serum immediately before use. 

Add 500 pL of distilled or deionized water to the vial and treat as above. The Parameter 

Control Serum must be diluted after reconstitution 1 in 20 with Sample Diluent, prior to 

assay (see Assay Procedure).

Anti-E-Selectin-HRP Conjugate Concentrate - Tap the vial of Conjugate Concentrate 

to dislodge any excess liquid from the cap. Ensure contents are mixed with a suitable
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pipette. Transfer 250 pL of the Conjugate Concentrate into the bottle of Conjugate 

Diluent. Mix contents by gentle inversion and swirling. Vigorous agitation and 

foaming should be avoided. The Anti-E-Selectin-HRP Conjugate is now ready for use 

in the assay and requires no further dilution.

All other reagents are ready for use.

ASSAY PROCEDURE

Bring all reagents and samples to room temperature before use. It is recommended 

that all samples, Standards and Parameter Control Serum be assayed in duplicate.

1. Dilute all samples at least 1 in 20 with Sample Diluent. For example, 25 pL sample + 

475 pL Sample Diluent

For most samples (serum, plasma or cell culture fluids) a dilution of 1 in 20 should 

be adequate.

2. Parameter Control Serum must be diluted after reconstitution 1 in 20 v^th Sample 

Diluent, prior to assay.

For example, 25 pL Control Serum + 475 pL Sample Diluent.

3. Open resealable bag containing microtiter plate by tearing at the notches. Remove 

excess microtiter plate strips from the frame and store in the resealed foil pouch with 

the silica gel sachet.

4. Add 100 pL diluted Anti-E-Selectin-HRP Conjugate to each well

5. Add 100 pL Standard, diluted sample or diluted Parameter Control to each well with 

sufficient force to ensure mixing. Shaking or tapping is not recommended.

Reagents are coloured to facilitate correct reagent addition.
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A plate template is included on the back of the Data Card to record plate layout of 

Standards, samples and Control Serum.

6. Cover the plate with a plate sealer provided and incubate at room temperature for 1.5 

hours.

7. Aspirate or decant contents from each well and wash by adding 300 pL of Wash 

Buffer per well.

Repeat the process 5 times for a total of 6 washes. After the last wash, aspirate or 

decant the contents and remove any remaining Wash Buffer by tapping the inverted 

plate firmly on clean paper towelling.

8. Immediately after decanting, add 100 pL Substrate to each well.

9. Cover the plate with a plate sealer provided and incubate at room temperature for 30 

minutes.

10. Add 100 pL of Stop Solution to each well. The Stop Solution should be added to the 

wells in the same order as the Substrate.

11. Determine the optical density (OD) of each well within 30 minutes using a microtiter 

plate reader or Photometer set at 450 nm with a correction wavelength of 620 nm. 

The photometer or plate reader should be blanked according to the 

manufacturer's instructions.

If the wavelength correction facility is not available read plates at 450 nm and then 

separately at 620 nm. Subtract the OD6 2 0 from the OD4 5 0 .
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Table A3.1 - ELAM-1 Volunteer data
Name Age O.D Absolute values

B1 B2 SI S2 Mean B Mean S Basal Standing Rise
A 35/M 35 0.716 0.738 0.928 0.902 0.73 0.92 61.70 80.50 18.80
P 41/M 41 0.243 0.251 0.27 0.26 0.25 0.27 13.70 15.50 1.80
J 37/M 37 0.321 0.356 0.407 0.445 0.34 0.43 22.85 31.60 8.75
T 24/M 24 0.798 0,858 1.304 1.243 0.83 1.27 71.80 116.35 44.55
L 31/F 31 0.233 0.252 0.292 0.315 0.24 0.30 13.25 19.35 6.10
Y 59/F 59 0.528 0.558 0.689 0.64 0.54 0.66 43.30 55.45 12.15
S 32/F 32 0.294 0.31 0.38 0.416 0.30 0.40 19.20 28.80 9.60
H 30/F 30 0.344 0.314 0.386 0.391 0.33 0.39 21.90 27.85 5.95
D 32/M 32 0.409 0.397 0.435 0.394 0.40 0.41 29.30 30.45 1.15
R 38/M 38 0.497 0.56 0.607 0.658 0.53 0.63 41.85 52.25 10.40
S 33/F 33 0.337 0.325 0.437 0.443 0.33 0.44 33.06 45.88 12.82
S 23/M 23 0.439 0.438 0.59 0.602 0.44 0.60 45.71 64.24 18.53
G 27/M 27 0.247 0.25 0.282 0.272 0.25 0.28 23.35 26.71 3.35
N 20/F 20 0.582 0.563 0.732 0.739 0.57 0.74 61.47 80.65 19.18
M 22/M 22 0.644 0.657 0.776 0.831 0.65 0.80 70.65 88.65 18.00
K 25/F 25 0.38 0.411 0.431 0.486 0.40 0.46 40.65 48.06 7.41
M 23/F 23 0.622 0.642 0.731 0.798 0.63 0.76 68.47 84.06 15.59
E 23/F 23 0.356 0.361 0.449 0.474 0.36 0.46 36.29 48.41 12.12
E 24/F 24 0.343 0.341 0.488 0.498 0.34 0.49 34.35 52.12 17.76
J 39/M 39 0.213 0.216 0.255 0.255 0.21 0.26 19.35 24.12 4.76
J 26/F 26 0.579 0.566 0.604 0.611 0.57 0.61 61.47 65.59 4.12
1 26/M 26 0.579 0.655 0.84 0.845 0.62 0.84 66.71 93.24 26.53
1 35/M 35 0.573 0.575 0.769 0.718 0.57 0.74 61.65 81.59 19.94
N 23/F 23 0.272 0.261 0.307 0.31 0.27 0.31 25.47 30.41 4.94
C 26/F 26 0.563 0.538 0.567 0.546 0.55 0.56 58.88 59.59 0.71
Mean 12M/13F 30.16 0.44 0.46 0.56 0.56 0.45 0.56 41.86 54.06 12.20
Median 0.41 0.41 0.49 0.50 0.40 0.49 40.65 52.12 10.40
QUARTILE 0.3 0.3 0.4 0.4 0.3 0.4 23.4 30.4 4.9
QUARTILE 0.6 0.6 0.7 0.7 0.6 0.7 61.5 80.5 18.0

Standards 11/03/96
ng/ml OD

so 0 0.113 0.101 0.11
81 0.51 0.484 0.485 0.48
32 2.3 0.887 0.896 0.89
S3 4.55 1.359 1.432 1.40
S4 7.91 1.597 1.677 1.64
S5 9.93
PC 42.1-66.9 0.635 0.648 0.64 69.59

Lying supine
S 0.456 0.442 0.478 0.451 0.45 0.46 46.94 48.76
D 0.422 0.428 0.425 0.398 0.43 0.41 44.12 42.53
L 0.189 0.199 0.173 0.168 0.19 0.17 16.94 14.18
K 0.409 0.387 0.482 0.506 0.40 0.49 40.94 52.24
Mean 0.37 0.36 0.39 0.38 0.37 0.39 37.24 39.43
Median 0.42 0.41 0.45 0.42 0.41 0.44 42.53 45.65
QUARTILE 0.4 0.3 0.4 0.3 0.3 0.4 34.9 35.4
QUARTILE 0.4 0.4 0.5 0.5 0.4 0.5 44.8 49.6
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Table A3.2 - ELAM-1 Patient data

G rou p  1 - LD S Absolute values
Name Age O.D ng/ml ng/ml

B1 B2 SI 82 Mean B Mean S Basai Standing
A 67/F 67 0.513 0.54 0.518 0.517 0.53 0.52 62.06 60.94
B 50/M 50 1.139 1.181 1.114 1.109 1.16 1.11 141.25 135.19
E* 54/F 54 0.292 0.274 0.29 0.298 0.28 0.29 31.63 33.00
F* 32/M 32 0.84 0.87 0.872 0.86 0.86 0.87 103.13 104.50
1 62/F 62 0.48 0.498 0.58 0.605 0.49 0.59 57.38 70.31
M* 61/M 61 0.442 0.43 0.469 0.511 0.44 0.49 50.75 57.50
U* 54/M 54 0.824 0.811 0.99 1.075 0.82 1.03 70.75 92.25
W 39/F 39 0.481 0.482 0.558 0.546 0.48 0.55 37.15 44.20
P* 56/F 56 0.656 0.651 0.705 0.672 0.65 0.69 77.94 82.31
Q* 48/F 48 0.474 0.462 0.504 0.486 0.47 0.50 54.75 58.13
T* 34/M 34 0.627 0.607 0.696 0.648 0.62 0.67 73.38 80.25
Y* 45/M 45 0.41 0.438 0.459 0.472 0.42 0.47 31.40 35.55
AB* 57/F 57 1.178 1.169 1.176 1.14 1.17 1.16 106.35 104.80
AD 50/M 50 0.579 0.628 0.631 0.647 0.60 0.64 49.35 52.90
AE 63/F 63 0.49 0.466 0.467 0.469 0.48 0.47 36.80 35.80
Mean 8F/7M 51.47 0.63 0.63 0.67 0.67 0.63 0.67 65.60 69.84
Median 54.00 0.51 0.54 0.58 0.61 0.53 0.59 57.38 60.94
QUARTILE 46.5 0.5 0.5 0.5 0.5 0.5 0.5 43.3 48.6
QUARTILE 59.0 0.7 0.7 0.8 0.8 0.7 0.8 75.7 87.3

G rou p  2  - W s

c 49/F
D 33/F
G 62/F
H 37/F
J* 35/M
k 57/F
L 33/M
N 64/M
0 73/F
R 29/F
S 52/M
X 29/M
Z‘ 44/M
AA 63/M
AC 53/M
Mean 7F/8M
Median
QUARTILE
QUARTILE

49 0.735 0.708 0.761 0.79 0.72 0.78 86.44 93.19
33 0.363 0.381 0.476 0.493 0.37 0.48 42.75 56.81
62 0.392 0.426 0.478 0.483 0.41 0.48 47.38 56.31
37 0.426 0.405 0.42 0.452 0.42 0.44 48.19 50.75
35 0.336 0.347 0.385 0.41 0.34 0.40 38.94 45.94
57 0.548 0.621 0.747 0.726 0.58 0.74 69.31 88.31
33 0.267 0.265 0.301 0.299 0.27 0.30 29.50 33.75
64 0.27 0.268 0.27 0.265 0.27 0.27 29.88 29.69
73 0.35 0.353 0.384 0.37 0.35 0.38 40.19 43.38
29 0.135 0.128 0.147 0.142 0.13 0.14 12.69 14.31
52 0.266 0.26 0.289 0.28 0.26 0.28 29.13 31.81
29 0.918 0.947 1.006 1.05 0.93 1.03 82.25 91.80
44 0.533 0.509 0.657 0.652 0.52 0.65 41.10 54.45
63 0.827 0.78 0.879 0.845 0.80 0.86 69.35 75.20
53 0.525 0.518 0.594 0.599 0.52 0.60 41.15 48.65

47.53 0.46 0.46 0.52 0.52 0.46 0.52 47.22 54.29
49.00 0.39 0.41 0.48 0.48 0.41 0.48 41.15 50.75

34.0 0.3 0.3 0.3 0.3 0.3 0.3 34.4 38.6
59.5 0.5 0.6 0.7 0.7 0.6 0.7 58.8 66.0

S ta n d a r d s 29/11/95 15/01/96
ng/ml OD OD

30 0 -0.016 -0.019 -0.02 0 0 0.00
SI 0.51 0.075 0.069 0.07 0.162 0.164 0.16
82 2.3 0.437 0.422 0.43 0.675 0.655 0.67
S3 4.55 0.888 0.848 0.87 1.187 1.183 1.19
S4 7.91 1.378 1.381 1.38 1.627 1.643 1.64
S5 9.93 1.586 1.539 1.56 1.908 1.942 1.93
PC 42.1-66.9 0.57 0.573 0.57 0.797 0.799 0.80

29/11/95
15/01/96

0.57
0.8

67.50
69.00
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Figure A3.1 - ELAM-1 STANDARD CURVES
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APPENDIX 3

B. ELISA FO R ICAM-1 (Param eter assay kit from R  & D Systems 

Europe; Catalog no BBE IB)

PROTOCOL 

REAGENTS PROVIDED

s ic  AM-1 Microtiter plate - 96 well microtiter plate (12 strips of 8 wells) coated with 

murine antibody to human ICAM-1.

s ic  AM-1 Standards - 6 vials of lyophilised recombinant soluble ICAM-1. The 

concentration of sICAM-1 after re-constitution is shown on the label. Contains Patent 

Blue Violet dye to facilitate correct standard addition.

Sample Diluent - 2 bottles (15 mL each) of Sample Diluent, with preservative. 

Contains Patent Blue Violet dye to facilitate correct sample addition.

Anti-ICAM-l-HRP Conjugate Concentrate - 1 bottle of antibody to ICAM-1 

conjugated to Horseradish Peroxidase in buffer (0.3 mL), with preservative.

Conjugate Diluent - 1 bottle of diluent for antibody conjugate (11 mL), with 

preservative.

Parameter Control Serum - 1 vial of lyophilised recombinant soluble ICAM-1 

suspended in a human serum matrix (see Precautions). The concentration of the control 

obtained in the assay will fall within the specifications on the data card if the assay is 

valid

Wash Buffer Concentrate -1 vial of 25X wash buffer concentrate (20 mL).

Substrate - 1 bottle of stabilised substrate solution (tetra-methylbenzidine) (10.5 mL).
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Stop - 1 bottle of acid solution (11 mL).

Plate Sealers - 6 adhesive plate sealers.

Data Card - Gives analyte ranges for Parameter Control Serum.

REAGENT PREPARATION 

Bring all reagents to room temperature before use.

Wash Buffer Concentrate - If crystals have formed in the Concentrate, warm and mix 

gently until they have completely dissolved. Pour entire contents of the Wash Buffer 

Concentrate into a clean graduated measuring cylinder or volumetric flask, and bring 

final volume to 500 mL with distilled or deionized water. The Wash Buffer is now ready 

for use.

Standards - Reconstitute Standards immediately before use. To reconstitute the freeze- 

dried standards first tap the vials to dislodge any particles from stoppers. Remove 

stoppers and place inverted on a clean surface. Add 800 pL of distilled or deionized 

water to each vial and replace the stoppers. Allow vials to stand at room temperature for 

10 minutes. The contents of the vials should then be further mixed by gentle inversion 

and swirling until all the contents are completely dissolved. Vigorous agitation and 

foaming should be avoided. The Standards are now ready for use in the assay and 

require no further dilution. The concentration of the standards is as stated on the vials.

Parameter Control Serum - Reconstitute Control Serum immediately before use. 

Add 500 pL of distilled or deionized water to the vial and treat as above. The Parameter 

Control Serum must be diluted after reconstitution 1 in 20 with Sample Diluent, prior to 

assay (see Assay Procedure).

Anti-ICAM-l-HRP Conjugate Concentrate - Tap the vial of Conjugate Concentrate 

to dislodge any excess liquid from the cap. Ensure contents are mixed with a suitable
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pipette. Transfer 250 pL of the Conjugate Concentrate into the bottle of Conjugate 

Diluent. Mix contents by gentle inversion and swirling. Vigorous agitation and 

foaming should be avoided. The Anti-ICAM-l-HRP Conjugate is now ready for use in 

the assay and requires no further dilution.

All other reagents are ready for use.

ASSAY PROCEDURE

Bring all reagents and samples to room temperature before use. It is recommended 

that all samples, Standards and Parameter Control Serum be assayed in duplicate.

1. Dilute all samples at least 1 in 20 with Sample Diluent. For example, 25 pL sample + 

475 pL Sample Diluent

For most samples (serum, plasma or cell culture fluids) a dilution of 1 in 20 should 

be adequate.

2. Parameter Control Serum must be diluted after reconstitution 1 in 20 with Sample 

Diluent, prior to assay.

For example, 25 pL Control Serum + 475 pL Sample Diluent.

3. Open resealable bag containing microtiter plate by tearing at the notches. Remove 

excess microtiter plate strips from the frame and store in the resealed foil pouch with 

the silica gel sachet.

4. Add 100 pL diluted Anti-ICAM-l-HRP Conjugate to each well

5. Add 100 pL Standard, diluted sample or diluted Parameter Control to each well with 

sufficient force to ensure mixing. Shaking or tapping is not recommended.

Reagents are coloured to facilitate correct reagent addition.

146



A plate template is included on the back of the Data Card to record plate layout of 

Standards, samples and Control Serum.

6 . Cover the plate with a plate sealer provided and incubate at room temperature for 1.5 

hours.

7. Aspirate or decant contents from each well and wash by adding 300 pL of Wash 

Buffer per well.

Repeat the process 5 times for a total of 6  washes. After the last wash, aspirate or 

decant the contents and remove any remaining Wash Buffer by tapping the inverted 

plate firmly on clean paper towelling.

8 . Immediately after decanting, add 100 pL Substrate to each well.

9. Cover the plate with a plate sealer provided and incubate at room temperature for 30 

minutes.

10. Add 100 pL of Stop Solution to each well. The Stop Solution should be added to the 

wells in the same order as the Substrate.

11. Determine the optical density (OD) of each well within 30 minutes using a microtiter 

plate reader or Photometer set at 450 nm with a correction wavelength of 620 nm. 

The photometer or plate reader should be blanked according to the 

manufacturer's instructions.

If the wavelength correction facility is not available read plates at 450 nm and then 

separately at 620 nm. Subtract the GDeio from the OD4 5 0 .
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Table A3.3 - ICAM-1 V olunteer data
Name Age O.D

B1 B2
A 35/M 35 0.631 0.592
P 41/M 41 0.579 0.544
J 37/M 37 0.537 0.574
T 24/M 24 0.756 0.7
L 31/F 31 0.626 0.601
Y 59/F 59 0.657 0.604
S 32/F 32 0.533 0.525
H 30/F 30 0.66 0.663
D 32/M 32 0.581 0.62
R 38/M 38 0.559 0.506
8 33/F 33 0.535 0.556
S 23/M 23 0.448 0.461
G 27/M 27 0.561 0.567
N 20/F 20 0.647 0.652
M 22/M 22 0.559 0.588
K 25/F 25 0.538 0.495
M 23/F 23 0.572 0.579
E 23/F 23 0.528 0.541
E 24/F 24 0.48 0.474
J 39/M 39 0.621 0.66
J 26/F 26 0.509 0.564
1 26/M 26 0.599 0.669
1 35/M 35 0.418 0.451
N 23/F 23 0.521 0.504
C 26/F 26 0.452 0.4
Mean 12M/13F 30.16 0.56 0.56
Median 0.56 0.57
QUARTILE 0.5 0.5
QUARTILE 0.6 0.6

S ta n d a r d s 07/03/96
ng/ml OD

so 0 0 0 0
81 2.09 0.126 0.127 0.13
82 9.28 0.525 0.544 0.53
83 17.35 0.897 0.917 0.91
84 30 1.383 1.386 1.38
85 51.68 1.906 1.895 1.90
PC 150-232 0.566 0.599 0.58

Lying supine
8 0.555 0.57
D 0.585 0.594
L 0.635 0.64
K 0.45 0.443
Mean 0.56 0.56
Median 0.57 0.58
QUARTILE 0.5 0.5
QUARTILE 0.6 0.6

S1
0.725
0.664
0.763
1.094
0.837
0.841

0.0722
0.831

0.86
0.648
0.713
0.662
0.692

0.78
0.8

0.553
0.648
0.666
0.589

0.8
0.601
0.752
0.582
0.547
0.453

0.69
0.69

0.6
0.8

226.25

0.579
0.578
0.573
0.461

0.55
0.58

0.5
0.6

S2
0.675
0.609
0.693

1.03
0.79

0.773
0.708
0.798
0.816
0.639
0.695
0.617
0.698

0.78
0.788
0.579
0.638

0.69
0.602
0.804
0.572
0.799
0.583
0.567
0.468

0.70
0.69

0.6
0.8

0.559
0.556

0.56
0.447

0.53
0.56

0.5
0.6

Mean B 
0.61 
0.56 
0.56 
0.73 
0.61 
0.63 
0.53 
0.66 
0.60 
0.53 
0.55 
0.45 
0.56 
0.65 
0.57 
0.52 
0.58 
0.53 
0.48 
0.64 
0.54 
0.63 
0.43 
0.51 
0.43 
0.56 
0.56 

0.5 
0.6

0.56
0.59
0.64
0.45
0.56
0.58

0.5
0.6

Absolute 
Mean S 

0.70 
0.64 
0.73 
1.06 
0.81 
0.81 
0.39 
0.81 
0.84 
0.64 
0.70 
0.64 
0.70 
0.78 
0.79 
0.57 
0.64 
0.68 
0.60 
0.80 
0.59 
0.78 
0.58 
0.56 
0.46 
0.69 
0.69 

0.6 
0.8

0.57
0.57
0.57
0.45
0.54
0.57

0.5
0.6

values
Basal

228.60
208.60
206.20
275.20 
229.40
236.20
195.60
248.60
224.20
197.00
207.75
162.25
217.00
259.75
221.75
193.25
222.75
202.25 
173.50
255.25
203.25
252.00
152.25
191.25
148.00 
212.47 
210.54

196.0
229.2

Standing
264.00 
238.60
275.20
408.80
309.40
306.80 
140.04
309.80
319.20
241.40
287.00
254.75
282.50
325.00
332.00
218.00
256.50
274.00
232.75
336.00
228.25
322.75
226.25
213.50
165.25 
270.71 
272.35

234.2
309.7

216.25
229.75
253.75
158.25 
214.50 
223.00

201.8
235.8

219.50
218.50 
218.25 
162.00 
204.56 
218.38

204.2
218.8

Rise
35.40
30.00
69.00 

133.60
80.00 
70.60 

-55.56 
61.20
95.00
44.40
79.25
92.50
65.50
65.25 

110.25
24.75
33.75
71.75
59.25
80.75
25.00
70.75
74.00
22.25
17.25 
58.24 
65.38

34.2
77.9

3.25
-11.25
-35.50

3.75
-9.94
•4.00
-17.3

3.4
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Table A3.4 - ICAM-1 Patient data

Group 1 -LDS Absolute values
Name Age O.D ng/ml ng/ml

B1 B2 SI 82 Mean B Mean S Basai Standing
A 67/F 67 1.081 1.102 1.025 1.005 1.09 1.02 428.60 398.00
B 50/M 50 1.371 1.351 1.261 1.293 1.36 1.28 536.40 502.80
E* 54/F 54 0.569 0.57 0.639 0.61 0.57 0.62 219.80 241.80
F* 32/M 32 0.591 0.645 0.722 0.716 0.62 0.72 239.20 279.60
1 62/F 62 0.557 0.58 0.687 0.72 0.57 0.70 219.40 273.40
M* 61/M 61 0.716 0.685 0.803 0.759 0.70 0.78 272.20 304.40
U* 54/M 54 1.056 0.956 1.058 1.016 1.01 1.04 394.40 406.80
W» 39/F 39 0.84 0.86 0.916 0.95 0.85 0.93 332.00 365.20
p. 56/F 56 0.672 0.705 0.776 0.796 0.69 0.79 267.40 306.40
Q* 48/F 48 0.645 0.638 0.91 0.871 0.64 0.89 240.60 340.20
r 34/M 34 0.783 0.719 1.016 0.945 0.75 0.98 284.40 376.20
Y* 45/M 45 0.271 0.279 0.286 0.292 0.28 0.29 94.00 99.60
AB* 57/F 57 0.92 0.907 1.118 1.17 0.91 1.14 349.40 441.60
AD 50/M 50 0.659 0.664 0.873 0.765 0.66 0.82 248.60 311.60
AE 63/F 63 0.628 0.539 0.692 0.619 0.58 0.66 217.40 246.20
Mean 8F/7M 51.47 0.76 0.75 0.85 0.84 0.75 0.84 289.59 326.25
Median 54.00 0.67 0.69 0.87 0.80 0.69 0.82 267.40 311.60
QUARTILE 46.5 0.6 0.6 0.7 0.7 0.6 0.7 229.5 276.5
QUARTILE 59.0 0.9 0.9 1.0 1.0 0.9 1.0 340.7 387.1

Group 2 -W s

C 49/F 49 0.757 0.752 1.038 1.071 0.75 1.05 293.80 413.80
D 33/F 33 0.63 0.598 0.612 0.671 0.61 0.64 237.60 248.60
G 62/F 62
H 37/F 37 1.063 1.016 1.011 1.101 1.04 1.06 407.80 414.40
J* 35/M 35 0.68 0.674 0.775 0.772 0.68 0.77 262.80 301.40
k 57/F 57 0.627 0.624 0.582 0.668 0.63 0.63 242.20 242.00
L 33/M 33 0.611 0.616 0.491 0.487 0.61 0.49 237.40 187.60
N 64/M 64 0.896 0.8 0.939 0.946 0.85 0.94 331.20 369.00
0 73/F 73 0.679 0.664 0.566 0.579 0.67 0.57 260.60 221.00
R 29/F 29 0.44 0.493 0.692 0.676 0.47 0.68 178.60 265.60
S 52/M 52 0.629 0.613 0.773 0.767 0.62 0.77 240.40 300.00
X 29/M 29 0.654 0.614 0.753 0.707 0.63 0.73 237.60 276.00
Z* 44/M 44 0.757 0.785 0.933 0.875 0.77 0.90 292.40 345.60
AA 63/M 63 0.524 0.577 0.723 0.729 0.55 0.73 204.20 274.40
AC 53/M 53 0.94 0.95 1.058 1.12 0.95 1.09 362.00 419.60
Mean 7F/8M 47.53 0.71 0.70 0.78 0.80 0.70 0.79 270.61 305.64
Median 49.00 0.67 0.64 0.76 0.75 0.65 0.75 251.40 288.00
QUARTILE 34.0 0.6 0.6 0.6 0.7 0.6 0.7 237.6 252.9
QUARTILE 59.5 0.8 0.8 0.9 0.9 0.8 0.9 293.5 363.2

Standards 10/01/96 10/01/96
ng/ml OD OD

so 0 0 0 0.00 -0.011 -0.013 ■0.01
S1 2.09 0.119 0.121 0.12 0.115 0.107 0.11
S2 9.28 0.553 0.561 0.56 0.553 0.537 0.55
S3 17.35 1.035 1.028 1.03 0.963 0.955 0.96
84 30 1.663 1.592 1.63 1.474 1.459 1.47
85 51.68 over over 1.893 1.884 1.89
PC 150-232 0.594 0.617 0.61 0.589 0.548 0.57

10/01/96 0.61 236.00
10/01/96 0.59 228.00
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Figure A3.2 - ICAM-1 STANDARD CURVES
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APPENDIX 3 

C. ELISA FOR VCAM-1 (Parameter assay kit from R & D Systems 

Europe; Catalog no BBE 3)

PROTOCOL 

REAGENTS PROVIDED

s VC AM-1 Microtiter plate - 96 well microtiter plate (12 strips of 8 wells) coated with 

murine antibody to human VCAM-1.

sVCAM-1 Standards - 6 vials of lyophilised recombinant soluble human VCAM-1. 

The concentration of VCAM-1 after re-constitution is shown on the label. Contains 

Patent Blue Violet dye to facilitate correct standard addition.

Sample Diluent - 2 bottles (15 mL each) of Sample Diluent, with preservative. 

Contains Patent Blue Violet dye to facilitate correct sample addition.

Anti-VCAM-l-HRP Conjugate Concentrate - 1 bottle of antibody to VCAM-1 

conjugated to Horseradish Peroxidase in buffer (0.3 mL), with preservative.

Conjugate Diluent - 1 bottle of diluent for antibody conjugate (11 mL), with 

preservative.

Parameter Control Serum - 1 vial of lyophilised recombinant soluble VCAM-1 

suspended in a human serum matrix (see Precautions). The concentration of the control 

obtained in the assay will fall within the specifications on the data card if the assay is 

valid

Wash Buffer Concentrate -1 vial of 25X wash buffer concentrate (20 mL).

Substrate - 1 bottle of stabilised substrate solution (tetra-methylbenzidine) (10.5 mL).
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Stop - 1 bottle of acid solution (11 mL).

Plate Sealers - 6 adhesive plate sealers.

Data Card - Gives analyte ranges for Parameter Control Serum.

REAGENT PREPARATION

Bring all reagents to room temperature before use.

Wash Buffer Concentrate - If crystals have formed in the Concentrate, warm and mix 

gently until they have completely dissolved. Pour entire contents of the Wash Buffer 

Concentrate into a clean graduated measuring cylinder or volumetric flask, and bring 

final volume to 500 mL with distilled or deionized water. The Wash Buffer is now ready 

for use.

Standards - Reconstitute Standards immediately before use. To reconstitute the ffeeze- 

dried standards first tap the vials to dislodge any particles from stoppers. Remove 

stoppers and place inverted on a clean surface. Add 800 pL of distilled or deionized 

water to each vial and replace the stoppers. Allow vials to stand at room temperature for 

10 minutes. The contents of the vials should then be further mixed by gentle inversion 

and swirling until all the contents are completely dissolved. Vigorous agitation and 

foaming should be avoided. The Standards are now ready for use in the assay and 

require no further dilution. The concentration of the standards is as stated on the vials.

Parameter Control Serum - Reconstitute Control Serum immediately before use. 

Add 500 pL of distilled or deionized water to the vial and treat as above. The Parameter 

Control Serum must be diluted after reconstitution 1 in 50 with Sample Diluent, prior to 

assay (see Assay Procedure).

Anti-VCAM-l-HRP Conjugate Concentrate - Tap the vial of Conjugate Concentrate 

to dislodge any excess liquid from the cap. Ensure contents are mixed with a suitable
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pipette. Transfer 250 pL of the Conjugate Concentrate into the bottle of Conjugate 

Diluent. Mix contents by gentle inversion and swirling. Vigorous agitation and 

foaming should be avoided. The Anti-VCAM-l-HRP Conjugate is now ready for use 

in the assay and requires no further dilution.

All other reagents are ready for use.

ASSAY PROCEDURE

Bring all reagents and samples to room temperature before use. It is recommended 

that all samples, Standards and Parameter Control Serum be assayed in duplicate.

1. Dilute all samples at least 1 in 50 with Sample Diluent. For example, 10 pL sample + 

490 pL Sample Diluent

For most samples (serum, plasma or cell culture fluids) a dilution of 1 in 50 should 

be adequate.

2. Parameter Control Serum must be diluted after reconstitution 1 in 50 with Sample 

Diluent, prior to assay.

For example, 10 pL Control Serum + 490 pL Sample Diluent.

3. Open resealable bag containing microtiter plate by tearing at the notches. Remove 

excess microtiter plate strips from the frame and store in the resealed foil pouch with 

the silica gel sachet.

4. Add 100 pL diluted Anti-VCAM-l-HRP Conjugate to each well

5. Add 100 pL Standard, diluted sample or diluted Parameter Control to each well with 

sufficient force to ensure mixing. Shaking or tapping is not recommended.

Reagents are coloured to facilitate correct reagent addition.
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A plate template is included on the back of the Data Card to record plate layout of 

Standards, samples and Control Serum.

6. Cover the plate with a plate sealer provided and incubate at room temperature for 1.5 

hours.

7. Aspirate or decant contents from each well and wash by adding 300 pL of Wash 

Buffer per well.

Repeat the process 5 times for a total of 6 washes. After the last wash, aspirate or 

decant the contents and remove any remaining Wash Buffer by tapping the inverted 

plate firmly on clean paper towelling.

8. Immediately after decanting, add 100 pL Substrate to each well.

9. Cover the plate with a plate sealer provided and incubate at room temperature for 30 

minutes.

10. Add 100 pL of Stop Solution to each well. The Stop Solution should be added to the 

wells in the same order as the Substrate.

11. Determine the optical density (OD) of each well within 30 minutes using a microtiter 

plate reader or Photometer set at 450 nm with a correction wavelength of 620 nm. 

The photometer or plate reader should be blanked according to the 

manufacturer's instructions.

If the wavelength correction facility is not available read plates at 450 nm and then 

separately at 620 nm. Subtract the OD6 2 0  from the OD4 5 0 .
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Table A3.5 - VCAM-1 Volunteer data
Name Age O.D

B1 B2 SI
A 35/M 35.00 0.33 0.33 0.50
P 41/M 41.00 0.12 0.15 0.24
J 37/M 37.00 0.48 0.56 0.43
T 24/M 24.00 0.34 0.34 0.69
L 31/F 31.00 0.24 0.23 0.23
Y 59/F 59.00 0.19 0.16 0.21
S 32/F 32.00 0.45 0.39 0.39
H 30/F 30.00 0.21 0.22 0.16
D 32/M 32.00 0.20 0.22 0.41
R 38/M 38.00 0.12 0.13 0.23
S 33/F 33.00 0.50 0.44 0.54
S 23/M 23.00 0.33 0.29 0.55
G 27/M 27.00 0.31 0.33 0.44
N 20/F 20.00 0.24 0.25 0.65
M 22/M 22.00 0.33 0.29 0.62
K 25/F 25.00 0.20 0.20 0.25
M 23/F 23.00 0.14 0.14 0.31
E 23/F 23.00 0.33 0.35 0.60
E 24/F 24.00 0.33 0.29 0.22
J 39/M 39.00 0.36 0.30 0.56
J 26/F 26.00 0.28 0.31 0.38
1 26/M 26.00 0.43 0.44 0.72
1 35/M 35.00 0.30 0.34 0.43
N 23/F 23.00 0.25 0.25 0.35
C 26/F 26.00 0.25 0.21 0.26
Mean 12M/13F 30.16 0.29 0.29 0.41
Median 0.30 0.29 0.41
QUARTILE 0.2 0.2 0.2
QUARTILE 0.3 0.3 0.6

S tan d a rd s 07/03/96
ng/ml OD

80 0.00 0.00 0.00 0.00
SI 4.20 0.08 0.07 0.07
S2 11.46 0.39 0.35 0.37
S3 24.34 1.02 1.00 1.01
S4 42.94 1.92 1.88 1.90
85 69.98
PC 1331-210: 1.39 1.37 1.38 1458.50

Lying supine
S 0.47 0.46 0.22
D 0.18 0.16 0.25
L 0.38 0.27 0.37
K 0.17 0.17 0.11
Mean 0.30 0.26 0.24
Median 0.28 0.22 0.24
QUARTILE 0.2 0.2 0.2
QUARTILE 0.4 0.3 0.3

S2
0.55
0.27
0.45
0.77
0.29
0.21
0.39
0.17
0.42
0.23
0.50
0.57
0.44
0.65
0.51
0.23
0.30
0.63
0.22
0.52
0.35
0.66
0.53
0.32
0.26
0.42
0.42

0.3
0.5

0.24
0.28
0.39
0.11
0.26
0.26

0.2
0.3

Mean B 
0.33 
0.14 
0.52 
0.34 
0.24 
0.18 
0.42 
0.21 
0.21 
0.13 
0.47 
0.31 
0.32 
0.24 
0.31 
0.20 
0.14 
0.34 
0.31 
0.33 
0.29 
0.43 
0.32 
0.25 
0.23 
0.29 
0.31 

0.2 
0.3

0.46
0.17
0.32
0.17
0.28
0.25

0.2
0.4

Absolute 
Mean S 

0.52 
0.26 
0.44 
0.73 
0.26 
0.21 
0.39 
0.16 
0.41 
0.23 
0.52 
0.56 
0.44 
0.65 
0.56 
0.24 
0.31 
0.61 
0.22 
0.54 
0.37 
0.69 
0.48 
0.33 
0.26 
0.41 
0.41 

0.3 
0.5

0.23
0.27
0.38
0.11
0.25
0.25

0.2
0.3

values
Basai

595.83
275.00
912.50
615.83
445.00 
341.67
750.00
407.50
394.17
260.83
550.00
389.50
403.00
323.50
385.50
276.00
221.00
416.00
389.00
405.50
374.00
514.50
399.00
332.50
309.50 
427.47
394.17 

332.5 
445.0

Standing
919.17
475.83 
778.33

1258.33
482.50
395.00
695.83 
321.67
740.00
427.50
597.00
641.00
522.00
729.00
643.50
318.00
386.00
693.50
301.00
620.00
448.00
765.50
558.50
413.00
340.50
578.83
558.50 

413.0 
695.8

543.00
247.00
403.50
248.50
360.50
326.00 

248.1 
438.4

Rise
323.33
200.83 

-134.17
642.50

37.50 
53.33 

-54.17 
-85.83
345.83 
166.67
47.00

251.50
119.00
405.50
258.00

42.00
165.00
277.50 
- 88.00
214.50

74.00
251.00
159.50
80.50
31.00 

151.35
159.50 

42.0
251.5

311.00
348.50
457.50
187.50 
326.13 
329.75

280.1
375.8

-232.00
101.50
54.00

-61.00
-34.38

-3.50
-103.8

65.9
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Table A3.6 - VCAM-1 Patien t data

Group 1 - LOS Absolute values
Name Age O.D ng/ml ng/ml

B1 B2 SI 82 Mean B Mean S Basai Standing
A 67/F 67 0.37 0.42 0.29 0.58 0.39 0.43 605.00 654.38 49.37
B 50/M 50 0.27 0.81 0.83 0.78 0.54 0.81 786.88 1120.63 333.75
E* 54/F 54 0.37 0.37 0.56 0.56 0.37 0.56 576.25 813.13 236.88
F* 32/M 32 0.50 0.51 0.62 0.65 0.50 0.63 740.63 901.88 161.25
1 62/F 62 0.52 0.52 0.65 0.69 0.52 0.67 765.63 946.25 180.63
M* 61/M 61 0.42 0.42 0.64 0.62 0.42 0.63 634.38 899.38 265.00
U* 54/M 54 0.39 0.40 0.49 0.47 0.40 0.48 606.25 713.75 107.50
w» 39/F 39 0.34 0.33 0.49 0.44 0.33 0.47 528.13 696.88 168.75
P* 56/F 56 0.13 0.13 0.23 0.21 0.13 0.22 278.75 389.38 110.63
Q* 48/F 48 0.22 0.20 0.47 0.45 0.21 0.46 398.33 821.67 423.33
V 34/M 34 0.47 0.51 0.59 0.63 0.49 0.61 868.33 1067.50 199.17
Y* 45/M 45 0.45 0.44 0.56 0.52 0.44 0.54 790.83 948.33 157.50
AB* 57/F 57 0.51 0.57 0.61 0.71 0.54 0.66 948.33 1151.67 203.33
AD 50/M 50 0.34 0.33 0.60 0.53 0.33 0.57 606.67 993.33 386.67
AE 63/F 63 0.16 0.14 0.29 0.27 0.15 0.28 297.50 514.17 216.67
Mean 8F/7M SI 0.36 0.41 0.53 0.54 0.38 0.53 628.79 842.15 213.36
Median 54 0.37 0.42 0.56 0.56 0.40 0.56 606.67 899.38 199.17
QUARTILE 47 0.3 0.3 0.5 0.5 0.3 0.5 552.2 705.3 159.4
QUARTILE 59 0.5 0.5 0.6 0.6 0.5 0.6 776.3 970.8 250.9

Group 2 - W s

c 49/F 49 0.45 0.42 0.69 0.58 0.43 0.63 650.63 901.88 251.25
D 33/F 33 0.30 0.27 0.41 0.42 0.28 0.42 465.63 633.75 168.13
G 62/F 62 0.22 0.25 0.28 0.25 0.24 0.27 406.25 444.38 38.13
H 37/F 37 0.56 0.57 0.66 0.65 0.56 0.65 816.25 929.38 113.13
J* 35/M 35 0.34 0.30 0.33 0.29 0.32 0.31 512.50 500.63 -11.88
k 57/F 57 0.16 0.17 0.26 0.26 0.16 0.26 317.50 438.13 120.63
L 33/M 33 0.15 0.14 0.18 0.18 0.14 0.18 290.63 335.00 44.38
N 64/M 64 0.27 0.26 0.32 0.32 0.26 0.32 440.63 510.00 69.38
0 73/F 73 0.34 0.42 0.46 0.47 0.38 0.46 581.88 692.50 110.63
R 29/F 29 0.37 0.38 0.41 0.46 0.37 0.43 578.13 651.25 73.13
S 52/M 52 0.59 0.56 0.67 0.61 0.57 0.64 826.25 912.50 86.25
X 29/M 29 0.22 0.23 0.27 0.28 0.22 0.28 422.50 514.17 91.67
Z* 44/M 44 0.28 0.25 0.40 0.41 0.27 0.40 494.17 719.17 225.00
AA 63/M 63 0.41 0.43 0.57 0.59 0.42 0.58 746.67 1014.17 267.50
AC 53/M 53 0.49 0.53 0.49 0.53 870.00 933.33 63.33
Mean 7F/8M 48 0.34 0.33 0.43 0.41 0.34 0.42 561.31 675.35 114.04
Median 49 0.34 0.29 0.41 0.42 0.32 0.42 512.50 651.25 91.67
QUARTILE 34 0.2 0.2 0.3 0.3 0.2 0.3 431.6 505.3 66.4
QUARTILE 60 0.4 0.4 0.5 0.5 0.4 0.6 698.6 907.2 144.4

Standards 09/01/96 09/01/96
ng/ml OD OD

so 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SI 4.68 0.07 0.07 0.07 0.05 0.04 0.04
S2 12.15 0.35 0.35 0.35 0.22 0.25 0.24
S3 24.99 1.00 1.02 1.01 0.70 0.72 0.71
S4 45.80 1.95 1.84 1.89 1.45 1.50 1.48
S5 69.70 OVER OVER 1.80 1.83 1.81
PC 1195-198( 0.46 1.05 0.75 1.21 1.17 1.19

1.05 0.75 1425.00 1050.00
1.21 1.17 2065.00 2000.00
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Table A3.7 - von Willebrand factor Patient data

Group 1 -LOS
Name

A 67/F
B 50/M
E* 54/F
F* 32/M
1 62/F
M* 61/M
U* 54/M
W* 39/F
P* 56/F
Q* 48/F
r 34/M
Y* 45/M
AB* 57/F
AD 50/M
AE 63/F
Mean 8F/7M

Absolute values lU/dl

Median
QUARTILE
QUARTILE

Age O.D
B S

67 212.0 106.0
50 135.0 67.0
54 103.0 156.0
32 144.0 175.0
62 61.0 74.0
61 147.0 95.0
54 172.0 126.0
39 209.0 170.0
56 113.0 162.0
48 357.0 404.0
34 138.0 167.0
45 159.0 176.0
57 123.0 141.0
50 96.0 105.0
63 75.0 74.0
51 149.6 146.5
54 138.0 141.0
47 108.0 100.0
59 165.5 168.5

Group 2 - W s

C 49/F 49 103.0 30.0
D 33/F 33 92.0 94,0
G 62/F 62 64.0 44.0
H 37/F 37 56.0 37.0
J* 35/M 35 129.0 134.0
k 57/F 57 71.0 66.0
L 33/M 33 58.0 43.0
N 64/M 64 12.0 106.0
O 73/F 73 51.0 56.0
R 29/F 29 81.0 48.0
S 52/M 52 74.0 124.0
X 29/M 29 80.0 92.0
Z* 44/M 44 125.0 167.0
AA 63/M 63 106.0 129.0
AC 53/M 53 113.0 149.0
Mean 7F/8M 48 81.0 87.9
Median 49 80.0 92.0
QUARTILE 34 61.0 46.0
QUARTILE 60 104.5 126.5
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Table A4 - Skin window data

A verage U+L D istance travelled cells em igrating/high power field A verage
LEG Lying Standing Lying Total

07/06/95 86.3 86.7 89.0 262.0
16/05/95 40.3 30.5 21.0 91.8
15/05/95 75.0 72.3 58.7 206.0
04/05/95 75.5 78.0 70.0 223.5
03/05/95 72.2 69.0 67.0 208.2
03/05/95 64.0 76.7 56.3 197.0
27/04/95 59.0 74.7 56.3 190.0
26/04/95 80.5 84.0 72.0 236.5
24/04/95 78.2 61.0 52.5 191.7
20/04/95 73.0 59.0 44.5 176.5
19/04/95 84.7 69.5 68.7 222.9
10/04/95 87.0 76.7 79.0 242.7

MEDIAN 75.3 73.5 62.9 207.1
QUARTILE 70.2 67.0 55.4 191.3
QUARTILE 81.6 77.0 70.5 226.8

ARM Lying Standing Lying Total
07/06/95 87.3 89.3 92.0 268.6
16/05/95 91.7 84.7 80.2 256.6
15/05/95 94.0 87.0 104.7 285.7
04/05/95 109.0 96.3 74.0 279.3
03/05/95 93.3 91.5 98.3 283.1
03/05/95 80.0 84.0 93.0 257.0
27/04/95 65.3 73.8 88.3 227.4
26/04/95 102.3 95.0 107.7 305.0
24/04/95 69.0 67.0 66.5 202.5
20/04/95 85.0 64.0 82.8 231.8
19/04/95 43.5 45.5 62.5 151.5
10/04/95 60.0 67.0 79.5 206.5

MEDIAN 86.2 84.4 85.5 256.8
QUARTILE 68.1 67.0 78.1 222.2
QUARTILE 93.5 89.9 94.3 280.3

LEG NC NSC NC NSC
07/06/95 21.8 38.3 39.3 2.3 3.0 1.5 33.1 2.3
16/05/95 1.5 2.8 2.5 0.0 0.0 0.0 2.3 0.0
15/05/95 16.0 13.3 16.5 0.0 0.0 0.0 15.3 0.0
04/05/95 32.5 30.3 23.5 0.0 0.0 0.0 28.8 0.0
03/05/95 18.3 31.5 27.5 0.0 0.0 0.0 25.8 0.0
03/05/95 30.3 40.3 33.5 6.5 8.5 8.8 34.7 7.9
27/04/95 10.0 15.0 11.0 0.0 0.0 0.0 12.0 0.0
26/04/95 34.5 28.8 22.5 7.3 9.8 6.0 28.6 7.7
24/04/95 32.5 30.8 24.0 2.0 1.5 1.5 29.1 1.7
20/04/95 36.0 28.3 11.0 5.5 6.0 1.5 25.1 4.3
19/04/95 13.0 10.0 12.0 0.0 0.0 0.0 11.7 0.0
10/04/95 48.3 38.0 54.3 0.8 2.8 3.3 46.8 2.3

MEDIAN 26.0 29.5 23.0 0.4 0.8 0.8 27.2 0.8
QUARTILE 15.3 14.6 11.8 0.0 0.0 0.0 14.4 0.0
QUARTILE 33.0 33.1 29.0 3.1 3.8 1.9 30.1 2.8

ARM
07/06/95
16/05/95
15/05/95
04/05/95
03/05/95
03/05/95
27/04/95
26/04/95
24/04/95
20/04/95
19/04/95
10/04/95

MEDIAN
QUARTILE
QUARTILE

NC
59.3
32.8
11.5
47.0
33.8
43.3
34.5
53.5
41.5
17.8
29.0
24.8
34.1
27.9
44.2

65.5
32.3
13.0
41.5
29.0
39.3
41.0
43.5
31.0
18.3
23.5
29.3
31.6
27.6
41.1

55.5
27.5 
21.8
36.0
53.8
49.8
66.8
33.5
31.0 

8.0
27.0
54.0
34.8 
27.4
53.8

NSC
9.0 
0.0 
0.0 
0.0
4.3
7.0
4.8 

10.5
5.3 
0.8 
1.5 
0.0
2.9 
0.0 
5.7

A verage 
NC NSC

5.5 
0.0
3.3 
0.0
3.5
7.3
2.3
9.8
6.8 
2.0
1.5
3.5
3.4 
1.9 
5.8

7.3 
0.0 
0.8 
0.0
5.3
5.8
4.0
9.8
4.8 
0.0 
0.5
3.0 
3.5 
0.4
5.4

60.1
30.8
15.4
41.5
38.8 
44.1
47.4
43.5
34.5
14.7
26.5 
36.0 
37.4
29.8
43.6

7.3 
0.0
1.3 
0.0
4.3
6.7
3.7 

10.0
5.6
0.9
1.2
2.2
2.9 
1.1
5.9

Lying Flat 
LEG lying lying lying

15/06/95 98.3 92.4 83.3
11/07/95 83.3 79.8 76.0
12/07/95 86.5 89.4 82.2
24/07/95 75.5 69.3
25/07/95 101.3 101.3 104.6
01/08/95 95.5 99.1 101.8
02/08/95 91.5 87.7 101.9

MEDIAN 91.5 89.4 92.6
QUARTILE 84.9 83.7 82.5
QUARTILE 96.9 95.7 101.9
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APPENDIX 5

A. ELISA FOR Human Interleukin - 6 (Quantikine assay kit from R & 

D Systems Europe; Catalog no D6050)

PRINCIPLE OF THE ASSAY

This assay employs the quantitative sandwich enzyme immunoassay technique. A 

monoclonal antibody specific for IL-6 has been coated onto the microtiter plate provided 

in the kit. Standards and samples are pipetted into the wells and any IL-6 present is 

bound by the immobilized antibody. After washing away any unbound proteins, an 

enzyme-linked polyclonal antibody specific for IL-6 is added to the wells to sandwich 

the IL-6 immobilized during the first incubation. Following a wash to remove any 

unbound antibody-enzyme reagent, a substrate solution is added to the wells and color 

develops in proportion to the amount of IL6 bound in the initial step. The color 

development is stopped and the intensity of the color is measured.

A curve is prepared, plotting the optical density versus the concentration of IL-6 in the 

standard wells. By comparing the optical density of the samples to this standard curve, 

the concentration of the IL-6 in the unknown samples can then be determined.

PROTOCOL

REAGENTS PROVIDED

IL-6 Microtiter Plate (Part 890045) - 96 well polystyrene microtiter plate (12 strips of 

8 wells) coated with a murine monoclonal antibody against IL-6.

lL-6 Conjugate (Part 890046) -21 mL of polyclonal antibody against IL-6, conjugated 

to horseradish peroxidase with preservatives.
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lL-6 Standard (Part 890047) - 1 vial (1.5 ng) of recombinant human IL-6 in a buffered 

protein base with preservatives, lyophilized.

Assay Diluent RDIA (Part 895005) - 11 mL of a buffered protein base with 

preservatives.

Calibrator Diluent RD5A (Part 895010) - 21 mL of a buffered protein base with 

preservatives.

Calibrator Diluent RD6F (Part 895018) - 21 mL of animal serum with preservatives. 

For serum/plasma testing.

Wash Buffer Concentrate (Part 895003) - 21 mL of a 25-fold concentrated solution of 

buffered surfactant with preservatives.

Color Reagent A (Part 895000) - 12.5 mL of stabilized hydrogen peroxide.

Color Reagent B (Part 895001) - 12.5 mL of stabilized chromogen

(tetramethylbenzidine).

Stop Solution (Part 895032) - 6 mL of 2N sulfuric acid. Caution: Caustic material. 

Wear eye, hand, face, and clothing protection.

Plate Covers -4 Adhesive strips.

REAGENT PREPARATION

Bring all reagents to room temperature before use.

Wash Buffer - If crystals have formed in the concentrate, warm to room temperature 

and mix gently until the crystals have completely dissolved. Dilute 20 mL of Wash 

Buffer Concentrate into deionized or distilled water to prepare 500 mL of Wash Buffer. 

Store for up to 30 days at2-8^ C.

163



Substrate Solution - Color Reagents A and B should be mixed together in equal 

volumes within 15 minutes of use. 200 p.L of the resultant mixture is required per well.

IL-6 Standard - It is important that the diluent selected for reconstitution and dilution 

of the standard reflect the environment of the samples being measured. If available, a 

diluent identical to the samples should be used. If not, Calibrator Diluent RD5A will be 

suitable for many applications, including measurements made in most culture media. 

Calibrator Diluent RD6F is serum based and may be used when serum/plasma samples 

are being tested.

Reconstitute the IL-6 Standard with 5 mL of Calibrator Diluent RD5A (for culture 

media samples). Calibrator Diluent RD6F (for serum/plasma samples), or a diluent that 

reflects the composition of the samples being assayed. This reconstitution produces a 

stock solution of 300 pg/mL. Allow the standard to sit for a minimum of 15 minutes 

with gentle agitation prior to making dilutions. Use this stock solution to produce a 

dilution series, as described below, within the range of this assay (3.13 pg/mL to 300 

pg/mL).

A suggested dilution series for standards is 300 pg/mL, 100 pg/mL, 50 pg/mL, 25 

pg/mL, 12.5 pg/mL, 6.25 pg/mL, 3.13 pg/mL, and 0 pg/mL.

1. Label six tubes: 100 pg/mL, 50 pg/mL, 25 pg/mL, 12.5 pg/mL, 6.25 pg/mL, and 3.13 

pg/mL. Pipette 0.687 mL of the appropriate diluent into the 100 pg/mL tube and 500 

fiL diluent into each remaining labelled tube.

2. Pipette 333 pL of the 300 pg/mL IL-6 standard into the 100 pg/mL tube and mix 

thoroughly.

3. Transfer 500 pL from the 100 pg/mL tube to the 50 pg/mL tube and mix thoroughly.

4. Repeat this process successively to complete the 2-fold dilution series.

5. The undiluted IL-6 standard will serve as the high standard (300 pg/mL).
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6. Use the appropriate diluent as the zero standard (0 pg/mL).

Store the 300 pg/mL IL-6 stock solution frozen at <20® C for up to 90 days. Avoid 

repeated freeze thaw cycles; aliquot if repeated use is expected.

ASSAY PROCEDURE

Bring all reagents and samples to room temperature before use. It is recommended

that all samples and standards be assayed in duplicate.

4.5 Hour Benchtop Assay

1. Open the resealable foil pouch containing the microtiter plate. Remove excess 

microtiter plate strips from the plate frame, return them to the foil pouch containing 

the desiccant pack, reseal.

2. Add 100 pL of Assay Diluent RDIA to each well.

3. Add 100 pL of standard or sample per well. Cover with the adhesive strip provided. 

Incubate for 2 hours at room temperature on the benchtop.

4. Aspirate each well and wash, repeating the process three times for a total of four 

washes. Wash by filling each well with Wash Buffer (400 pL) using a squirt bottle, 

pipette, or manifold dispenser. Complete removal of liquid at each step is essential to 

good performance. After the last wash, remove any remaining Wash Buffer by 

inverting the plate and blotting it against clean paper towelling or by aspirating.

5. Add 200 pL of IL-6 Conjugate. Cover with a new adhesive strip.

Incubate for 2 hours at room temperature on the benchtop.

6. Repeat the aspiration/wash as in step 4.
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7. :Add 200 p.L of Substrate Solution to each well. Incubate for 20 minutes at room 

temperature.

8. Add 50 pL of Stop Solution to each well. If color change does not appear uniform, 

gently tap the plate to ensure thorough mixing.

9. Determine the optical density of each well within 30 minutes, using a 

spectrophotometer set to 450 nm. If wavelength correction is available, set to 540 nm 

or 570 nm. If wavelength correction is not available, subtract readings at 540 nm or 

570 nm from the readings at 450 nm. This subtraction will correct for optical 

imperfections in the polystyrene microtiter plate. Readings made directly at 450 nm 

without correction can also be used, but will be higher than those seen on the 

following pages.

166



Table A5.1 - Interleukin 6 Patient data

Group 1 - LOS Absolute values
Name Age O.D pg/dl pg/dl

B1 B2 SI 82 Mean B Mean S Basai Standing
A 67/F 67 0.053 0.064 0.062 0.064 0.0585 0.063 585 630
B 50/M 50 0.009 0.01 0.01 0.022 0.0095 0.016 95 160
E* 54/F 54 0.033 0.029 0.032 0.033 0.031 0.0325 310 325
F* 32/M 32 0.025 0.029 0.016 0.011 0.027 0.0135 270 135
1 62/F 62 0.04 0.042 0.041 0.041 0.041 0.041 410 410
M* 61/M 61 0.034 0.037 0.045 0.045 0.0355 0.045 355 450
U* 54/M 54 0.05 0.048 0.053 0.046 0.049 0.0495 490 495
W 39/F 39 0.108 0.01 0.085 0.079 0.059 0.082 590 820
p. 56/F 56 0.018 0.017 0.019 0.021 0.0175 0.02 175 200
Q* 48/F 48 0.011 0.008 0.033 0.037 0.0095 0.035 95 350
T* 34/M 34 0.003 0.003 0.003 0.005 0.003 0.004 30 40
Y* 45/M 45 0.01 0.013 0.012 0.017 0.0115 0.0145 115 145
AB* 57/F 57 0.066 0.071 0.118 0.124 0.0685 0.121 685 1210
AD 50/M 50 0.012 0.024 0.019 0.02 0.018 0.0195 180 195
AE 63/F 63 0.006 0.011 0.011 0.012 0.0085 0.0115 85 115
Mean 8F/7M 51.47 0.03 0.03 0.04 0.04 0.03 0.04 298 379
Median 54.00 0.03 0.02 0.03 0.03 0.03 0.03 270 325
QUARTILE 46.50 0.01 0.01 0.01 0.02 0.01 0.02 105 153
QUARTILE 59.00 0.05 0.04 0.05 0.05 0.05 0.05 450 473

Group 2 - W s
Age O.D pg/dl pg/dl

C 49/F 49 0.017 0.01 0.015 0.011 0.0135 0.013 135 130
D 33/F 33 0.014 0.012 0.021 0.016 0.013 0.0185 130 185
G 62/F 62 0.017 0.021 0.021 0.032 0.019 0.0265 190 265
H 37/F 37 0.015 0.014 0.023 0.025 0.0145 0.024 145 240
J* 35/M 35 0.009 0.018 0.011 0.008 0.0135 0.0095 135 95
k 57/F 57 0.015 0.016 0.016 0.027 0.0155 0.0215 155 215
L 33/M 33 0.023 0.021 0.035 0.029 0.022 0.032 220 320
N 64/M 64 0.021 0.022 0.03 0.028 0.0215 0.029 215 290
0 73/F 73 0.007 0.009 0.009 0.009 0.008 0.009 80 90
R 29/F 29 0.013 0.016 0.041 0.048 0.0145 0.0445 145 445
S 52/M 52 0.015 0.012 0.013 0.014 0.0135 0.0135 135 135
X 29/M 29 0.002 0.005 0.002 0.002 0.0035 0.002 35 20
Z* 44/M 44 0.017 0.014 0.017 0.014 0.0155 0.0155 155 155
AA 63/M 63 0.012 0.017 0.024 0.025 0.0145 0.0245 145 245
AC 53/M 53 0.007 0.008 0.011 0.009 0.0075 0.01 75 100
Mean 7F/8M 47.53 0.01 0.01 0.02 0.02 0.01 0.02 140 195
Median 49.00 0.02 0.01 0.02 0.02 0.01 0.02 145 185
QUARTILE 34.00 0.01 0.01 0.01 0.01 0.01 0.01 133 115
QUARTILE 59.50 0.02 0.02 0.02 0.03 0.02 0.03 155 255

80 0 0 0.0000 0 0 0.0000
SI 0.037 0.037 0.0370 0.026 0.023 0.0245
82 0.063 0.078 0.0705 0.054 0.055 0.0545
83 0.143 0.138 0.1405 0.112 0.102 0.1070
84 0.279 0.278 0.2785 0.225 0.228 0.2265
85 0.599 0.5990 0.429 0.427 0.4280
86 0.917 0.976 0.9465 0.832 0.842 0.8370
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FIGURE A5.1 - IL-6 STANDARD CURVES
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APPENDIX 5

B. ELISA FO R Hum an TNF - a (Quantikine assay kit from R  & D 

Systems Europe; Catalog no DTA50)

PRINCIPLE OF THE ASSAY

This assay employs the quantitative sandwich enzyme immunoassay technique. A 

monoclonal antibody specific for TNF-a has been coated onto the microtiter plate 

provided in the kit. Standards and samples are pipetted into the wells and any TNF-a 

present is bound by the immobilized antibody. After washing away any unbound 

proteins, an enzyme-linked polyclonal antibody specific for TNF-a is added to the wells 

to sandwich the TNF-a immobilized during the first incubation. Following a wash to 

remove any unbound antibody-enzyme reagent, a substrate solution is added to the wells 

and color develops in proportion to the amount of TNF-a bound in the initial step. The 

color development is stopped and the intensity of the color is measured.

A curve is prepared, plotting the optical density versus the concentration of TNF-a in 

the standard wells. By comparing the optical density of the samples to this standard 

curve, the concentration of the TNF-a in the unknovm samples can then be determined.

PROTOCOL 

REAGENTS PROVIDED

TNF-a Microtiter Plate (Part 890123) - 96 well polystyrene microtiter plate (12 strips 

of 8 wells) coated with a murine monoclonal antibody against TNF-a.

TNF-a Conjugate (Part 890124) -21 mL of polyclonal antibody against TNF-a, 

conjugated to horseradish peroxidase with preservatives.
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TNF-a Standard (Part 890125) - 3 vials (1 ng/vial) of recombinant human TNF-a in a 

buffered protein base with preservatives, lyophilized.

Assay Diluent RDIF (Part 895041) - 6mL of a buffered protein base with preservatives.

Calibrator Diluent RD5 (Part 895009) - 21 mL of a buffered protein base with 

preservatives. For cell culture supemate testing.

Calibrator Diluent RD6 (Part 895012) - 21 mL of animal serum with preservatives. 

For serum testing only.

Wash Buffer Concentrate (Part 895003) - 21 mL of a 25-fold concentrated solution of 

buffered surfactant with preservatives.

Color Reagent A (Part 895000) - 12.5 mL of stabilized hydrogen peroxide.

Color Reagent B (Part 895001) - 12.5 mL of stabilized chromogen

(tetramethylbenzidine).

Stop Solution (Part 895032) - 6 mL of 2N sulfuric acid.

Plate Covers -4 Adhesive strips.

REAGENT PREPARATION

Bring all reagents to room temperature before use.

Wash Buffer - If crystals have formed in the concentrate, warm to room temperature 

and mix gently until the crystals have completely dissolved. Dilute 20 mL of Wash 

Buffer Concentrate into deionized or distilled water to prepare 500 mL of Wash Buffer. 

Store for up to 30 days at2-8° C.
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Substrate Solution - Color Reagents A and B should be mixed together in equal 

volumes within 15 minutes of use. 200 qL of the resultant mixture is required per well.

TNF-a Standard - It is important that the diluent selected for reconstitution and 

dilution of the standard reflect the environment of the samples being measured. If 

available, a diluent identical to the samples should be used. If not, Calibrator Diluent 

RD5 will be suitable for many applications, including measurements made in most 

culture media. Calibrator Diluent RD6 is serum based and may be used when 

serum/plasma samples are being tested.

Reconstitute the TNF-a Standard with 1 mL of deionised water (for culture media 

samples). Calibrator Diluent RD6 (for serum/plasma samples), or a diluent that reflects 

the composition of the samples being assayed. This reconstitution produces a stock 

solution of 1000 pg/mL. Allow the standard to sit for a minimum of 15 minutes with 

gentle agitation prior to making dilutions. Use this stock solution to produce a dilution 

series, as described below, within the range of this assay (15.6 pg/mL to 1000 pg/mL).

A suggested dilution series for standards is 1000 pg/mL, 500 pg/mL, 250 pg/mL, 125 

pg/mL, 62.5 pg/mL, 31.2 pg/mL, 15.6 pg/mL, and 0 pg/mL.

1. Label six tubes: 500 pg/mL, 250 pg/mL, 125 pg/mL, 62.5 pg/mL, 31.2 pg/mL, and 

15.6 pg/mL. Pipette 500 pL of the appropriate diluent into each tube.

2. Pipette 500 pL of the 1000 pg/mL TNF-a standard into the 500 pg/mL tube and mix 

thoroughly.

3. Transfer 500 pL from the 500 pg/mL tube to the 250 pg/mL tube and mix thoroughly.

4. Repeat this process successively to complete the 2-fold dilution series.

5. The undiluted TNF-a standard will serve as the high standard (1000 pg/mLj.

6. Use the appropriate diluent as the zero standard (0 pg/mL).
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Discard the TNF-a stock solution and dilutions after 8 hours. Use a fresh standard for 

each assay.

ASSAY PROCEDURE

Bring all reagents and samples to room temperature before use. It is recommended

that all samples and standards be assayed in duplicate.

4.5 Hour Benchtop Assay

1. Open the resealable foil pouch containing the microtiter plate. Remove excess 

microtiter plate strips from the plate frame, return them to the foil pouch containing 

the desiccant pack, reseal.

2. Add 50 p,L of Assay Diluent RDIF to each well.

3. Add 200 pL of standard or sample per well. Cover with the adhesive strip provided. 

Incubate for 2 hours at room temperature on the benchtop.

4. Aspirate each well and wash, repeating the process twice for a total of three washes. 

Wash by filling each well with Wash Buffer (400 pL) using a squirt bottle, pipette, or 

manifold dispenser. Complete removal of liquid at each step is essential to good 

performance. After the last wash, remove any remaining Wash Buffer by inverting 

the plate and blotting it against clean paper towelling or by aspirating.

5. Add 200 pL of TNF-a Conjugate. Cover with a new adhesive strip.

Incubate for 2 hours at room temperature on the benchtop.

6. Repeat the aspiration/wash as in step 4.

7. :Add 200 pL of Substrate Solution to each well. Incubate for 20 minutes at room 

temperature.
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8. Add 50 )liL  of Stop Solution to each well. If color change does not appear uniform, 

gently tap the plate to ensure thorough mixing.

9. Determine the optical density of each well within 30 minutes, using a 

spectrophotometer set to 450 nm. If wavelength correction is available, set to 540 nm 

or 570 nm. If wavelength correction is not available, subtract readings at 540 nm or 

570 nm from the readings at 450 nm. This subtraction will correct for optical 

imperfections in the polystyrene microtiter plate. Readings made directly at 450 nm 

without correction can also be used, but vdll be higher than those seen on the 

following pages.
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Table A5.2 - TNF Patient data
skin changes 
*=DVI

G roup 1 - LOS Absolute values
Name Age O.D pg/dl pg/dl

B1 B2 S1 S2 Mean B Mean S Basai Standing
A 67/F 67 0.038 0.044 0.045 0.035 0.041 0.04 310 300
B 50/M 50 0.043 0.029 0.044 0.032 0.036 0.038 260 280
E* 54/F 54 0.02 0.027 0.022 0.027 0.0235 0.0245 135 145
P 32/M 32 0.034 0.031 0.04 0.034 0.0325 0.037 225 270
1 62/F 62 0.024 0.021 0.04 0.04 0.0225 0.04 125 300
M* 61/M 61 0.031 0.025 0.059 0.027 0.028 0.043 180 330
P 56/F 56 0.033 0.028 0.033 0.029 0.0305 0.031 205 210
Q* 48/F 48 0.031 0.027 0.028 0.03 0.029 0.029 190 190
r 34/M 34 0.021 0.018 0.021 0.02 0.0195 0.0205 95 105
u* 54/M 54 0.027 0.031 0.032 0.03 0.029 0.031 190 210
w 39/F 39 0.009 0.013 0.015 0.016 0.011 0.0155 10 55
Y* 45/M 45 0.017 0.014 0.024 0.024 0.0155 0.024 55 140
AB* 57/F 57 0.022 0.02 0.028 0.026 0.021 0.027 110 170
AD 50/M 50 0.038 0.035 0.033 0.03 0.0365 0.0315 265 215
AE 63/F 63 0.023 0.024 0.026 0.023 0.0235 0.0245 135 145
Mean 8F/7M 51.47 0.03 0.03 0.03 0.03 0.03 0.03 166 204
Median 54.00 0.03 0.03 0.03 0.03 0.03 0.03 180 210
QUARTILE 46.50 0.02 0.02 0.03 0.03 0.02 0.02 118 145
QUARTILE 59.00 0.03 0.03 0.04 0.03 0.03 0.04 215 275

Gr 2 - W s
pg/dl pg/dl

c 49/F 49 0.016 0.012 0.019 0.015 0.014 0.017 40 70
D 33/F 33 0.02 0.019 0.024 0.019 0.0195 0.0215 95 115
G 62/F 62 0.018 0.016 0.03 0.023 0.017 0.0265 70 165
H 37/F 37 0.042 0.039 0.053 0.042 0.0405 0.0475 305 375
J* 35/M 35 0.034 0.039 0.016 0.028 0.0365 0.022 265 120
k 57/F 57 0.022 0.019 0.021 0.015 0.0205 0.018 105 80
L 33/M 33 0.022 0.018 0.027 0.019 0.02 0.023 100 130
N 64/M 64 0.061 0.026 0.034 0.021 0.0435 0.0275 335 175
0 73/F 73 0.017 0.013 0.023 0.018 0.015 0.0205 50 105
R 29/F 29 0.017 0.017 0.021 0.021 0.017 0.021 70 110
S 52/M 52 0.022 0.025 0.023 0.021 0.0235 0.022 135 120
X 29/M 29 0.012 0.012 0.011 0.011 0.012 0.011 20 10
Z* 44/M 44 0.045 0.038 0.038 0.042 0.0415 0.04 315 300
AA 63/M 63 0.027 0.032 0.035 0.032 0.0295 0.0335 195 235
AC 53/M 53 0.01 0.014 0.018 0.03 0.012 0.024 20 140
Mean 7F/8M 47.53 0.03 0.02 0.03 0.02 0.02 0.02 144 145
Median 49.00 0.02 0.02 0.02 0.02 0.02 0.02 98 118
QUARTILE 34.00 0.02 0.02 0.02 0.02 0.02 0.02 70 106
QUARTILE 59.50 0.03 0.02 0.03 0.02 0.03 0.03 225 156

1.619 1.624 1.6215 250
0.908 0.912 0.91 125
0.453 0.443 0.448 62.5
0.243 0.224 0.2335 31.2
0.127 0.114 0.1205 15.6
0.063 0.05 0.0565 7.8
0.035 0.035 0.035 3.9

80 0 0 0.0000
SI 0.092 0.098 0.0950
82 0.167 0.182 0.1745
83 0.309 0.342 0.3255
84 0.633 0.651 0.6420
85 1.147 1.239 1.1930
86 1.867 2 1.9335
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FIGURE A5.2 - TNF a  STANDARD CURVES
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ABSTRACT
Objective: To determine whether neutrophil C D llb , a 
marker of neutrophil adhesion, differs in patients with 
varying degrees of severity of venous disease, and to 
compare the values obtained with those of age-matched 
normal control subjects.Design: Prospective study, measuring white cell count 
and neutrophil C D llb  expression in whole blood using 
a fluorescent-labelled monoclonal antibody in a flow 
cytometer.Setting: The Middlesex Hospital Vascular Laboratory, a 
referral centre for the investigation of venous disease. Patients: Ten patients with uncomplicated varicose 
veins, 10 patients with skin changes of lipodermatoscler- 
osis (LDS), and 20 age-matched control subjects with 
no history or clinical finding of venous disease.Results: Higher levels of C D llb  were found in patients 
with uncomplicated varicose veins compared with their 
controls (median 4.6 cf. 1.43 for normal controls, p = 0.005, Mann-Whitney (/-test, difference between 
medians 2.7, 95% confidence interval 1 to 4.6), and 
lower levels in patients with LDS (median 1.22 cf. 1.53 
for normal controls, p — 0.028, Mann-Whitney (/-test, 
difference between medians 0.45,95% confidence inter
val 0.02 to 1.3). There was no difference in the white cell 
or neutrophil count between the patient and control 
groups.Conclusions: This study demonstrates increased
neutrophil surface C D llb  expression in patients with

Correspondence and offprint requests to: D . A . Shields, Department 
o f  Surgery, UCLM S, The M iddlesex H ospital, M ortimer Street, 
London W IN  8A A , UK.

uncomplicated varicose veins, but decreased levels in 
patients with LDS. This might be due to up-regulation 
of C D llb  in some neutrophils with subsequent 
adhesion, so that only those with low expression 
remained in the peripheral circulation. Alternatively, 
this might represent either down-regulation or chronic 
exhaustion of neutrophil C D llb  in these patients.

Keywords: C D llb ; Neutrophil adhesion; Venous 
disease; Venous hypertension; Venous ulceration -  
aetiology

Introduction

Moyses et al. [1] and Thomas et al. [2] showed a 
reduction in the number of white cells leaving a limb 
subjected to venous hypertension in normal subjects 
and in patients with venous disease respectively, and in 
1987 Coleridge Smith et al. [3] using video microscopy 
noted a fall in the number of visible capillaries in the leg 
skin after exposure to venous hypertension in patients 
with chronic venous insufficiency. It is well known that 
low capillary flow is a potent initiator of white cell 
adhesion [4] and Coleridge Smith et al. postulated that 
the fall in the count of capillaries was due to reversible 
adherence of white blood cells to the endothelium, as 
increasing venous pressure reduced the capillary per
fusion pressure and hence the capillary flow rate. In 
turn, white blood cell-endothelium interaction could 
lead to activation of the white blood cells with subse
quent damage to the endothelium. Some corroborative



evidence has been obtained from histological sections of 
skin which show an increased number of white blood 
cells in the skin of patients with lipodermatosclerosis 
(LDS) [5]. Various methods of assessing neutrophil 
function in the peripheral blood have been described 
that depend on the release of proteinases into the blood 
by activated leucocytes [6-8] and we have demonstrated 
a rise in plasma lactoferrin in normal subjects exposed 
to short-term venous hypertension [9] and shown 
increased plasma levels of neutrophil elastase [10] and 
lactoferrin [11] in patients with venous disease com
pared with normal control subjects.

To investigate this hypothesis further we have looked 
at the neutrophil adhesion molecule, CD llb/CDlS, 
believed to be the second-stage receptor responsible for 
physiological binding of neutrophils to the vascular 
endothelium [12]. The current theory of neutrophil 
adhesion [13] is that initially CD62L (L-selectin) binds 
to receptors on the capillary endothelium, causing a 
reduction in flow velocity and allowing low-avidity 
second-stage receptors to bind. For neutrophils the 
main second-stage receptor is an integrin, C D llb , 
which consists of a specific a dimer linked to a common 
)S2 dimer, GDIS. This integrin then binds to complex 
nitrogen and oxygen-linked sugars on the vascular 
endothelium prior to extravascular migration or de
granulation. Once assembled the GDI lb/CD 18 mole
cule is either transported to the cell surface or stored in 
peroxidase-negative granules (normally about 60% of 
the total). The number of CDllb/GD18 molecules 
expressed on the cell surface is dependent on the state of 
cell activation, and neutrophils are rapidly able to up- 
regulate surface integrins from intracellular stores. We 
hypothesized that the raised venous pressure seen in 
venous disease might correlate with the first stage of 
binding of neutrophils, in that a low flow state would 
increase the likelihood of the second-stage receptors, 
the integrins, to bind prior to cell activation. We have 
demonstrated elsewhere [14] raised G D llb  expression 
on neutrophils during a 30-min period of venous hyper
tension in normal volunteers; the purpose of this study 
was to measure G D llb  expression in patients with 
venous disease to see if they, too, had increased 
neutrophil G D llb  expression.

Patients and Methods

Neutrophil G D llb  was used as a marker of neutrophil 
adhesion in two groups of patients with varying degrees 
of venous disease, and compared with levels obtained in 
a normal control population. Because it was thought 
neutrophil G D llb  might be affected by age, the control 
groups were carefully matched to the population under 
investigation. Patients referred to the Middlesex Hos
pital Vascular Laboratory for investigation of venous 
disease were studied. Patients were excluded from the 
study if they were suffering from any condition that 
might result in neutrophil activation. Gonditions

excluded from the study included arterial disease 
(ankle-brachial index <0.9), diabetes, any connective 
tissue disorder (including rheumatoic arthritis), any 
blood disorder, any infection within the previous 6 
weeks, and any medication known to alter white cell 
activity. The study was approved by the local ethics 
committee and informed consent was obtained. Venous 
blood samples were taken from two groups of 10 
patients: with uncomplicated varicose veins, and with 
venous disease associated with skin changes of LDS. All 
subjects underwent colour duplex scanning to confirm 
the presence of venous disease and to identify the site 
and severity of venous reflux. An Acuson 128 (Acuson, 
Mountain View, Galifornia) using a 7 MHz linear array 
transducer was used with the patient standing bearing 
weight on the leg contralateral to that being examined. 
Both the deep and superficial veins were assessed to 
identify sites of venous incompetence. Reflux was 
defined as reverse flow lasting more than 0.5 s after the 
release of manual calf compression. LDS was diagnosed 
on a clinical basis using the criterion of palpable indur
ation of skin and subcutaneous tissues at the gaiter area 
of the lower limb. All patients with uncomplicated 
varicose veins were found to have superficial venous 
insufficiency only; all patients with LDS also had evi
dence of deep venous insufficiency.

Blood was taken from a vein in the antecubital fossa 
after application of a tourniquet for a few seconds, with 
the patient sitting in a chair. Five millilitres of blood was 
taken into citrate and subsequently labelled with a 
monoclonal antibody to G D llb  (GDllb-FITG , Goulter 
Electronics Ltd, Luton, UK), incubated for 30 min, 
after which the red cells were haemolysed, the cells 
fixed, and the mean cell fluoresence of the neutrophil 
cloud determined in a flow cytometer (Goulter Epics 
XL-MGL, Goulter Electronics Ltd), together with a 
sample labelled with a non-specific control antibody. 
All samples were labelled and analysed within 2 h of 
collection. No attempt was made to promote venous 
hypertension in the lower limb; we have shown else
where that a 30-min period of venous hypertension will 
cause up-regulation of G D llb  expression [14] and 
lactoferrin release [9] in normal volunteers, and we 
were attempting to measure systemic levels in patients 
with no artificial manipulation. Samples were also taken 
and run under the same conditions for 20 age-matched 
controls from within the laboratory or hospital staff and 
from patients attending a routine chiropody clinic. 
None of the control group had a history or clinical 
evidence of arterial or venous disease or any of the 
exclusion criteria listed above. A second blood sample 
was taken at the same time into ethylene diaminetetra- 
acetate (EDTA) for routine haematology including 
neutorphil count (Sysmex NE-1500, Toa Medical 
Electronics (UK) Ltd, Milton Keynes, UK).

The Statistical Package for the Social Sciences (SPSS, 
Ghicago, Illinois, USA) was used to analyse the data 
and non-parametric tests were used: unpaired (Mann- 
Whitney U-test) for comparison between groups, and 
the difference between medians and 95% confidence
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interval of the difference calculated using Wilcoxon 
m ethod Confidence Interval Analysis {British Medical 
Journal, London). All results are described as median 
(interquartile range, IQ R ).

Results

Figure 1 shows the neutrophil C D llb , medians and 
interquartile ranges for the two groups of patients and 
their control subjects. This shows a significantly higher 
level in patients with uncomplicated varicose veins
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compared with their controls, and significantly lower 
levels in patients with LDS compared with their con
trols. Table 1 gives the age and sex distribution and 
C D llb  values, including medians and 95% confidence 
interval of the difference between medians, for the two 
groups. Table 2 shows the medians and interquartile 
ranges for the white cell and neutrophil count for the 
various groups, and Fig. 2 the neturophil count for the 
four groups. There was no difference in the white cell or 
neutrophil count between the four groups. Figure 3 
shows mean cell fluorescence plotted against age for the 
20 control subjects, showing no correlation of C D llb  
surface expression with age.
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Fig. 1. Neutrophil C D llb  for the two groups of patients and their Fig. 2. Neutrophil count for two groups of patients and their control
control subjects. Descriptors are medians (interquartile ranges). subjects. Descriptors are medians (interquartile ranges). Statistics are
Statistics are Mann-Whitney (7-test. Mann-Whitney (7-test.

Table 1. Age and sex distribution and C D llb  values, including medians and 95% confidence interval 
of the difference between medians, for the two groups of patients and their controls. Values are 
medians (interquartile ranges) except age -  mean (range)

Control Varicose veins Control LDS

Age (years)
Sex (M:F)
Mean cell fluorescence

Difference between 
medians
95% confidence interval 
Mann-Whitney (7-test

42.1 (28-64) 42.6 (25-58)
7:3 3:7 
1.4 4.6 

(1 .1-2.5) (3.1-5.9)

2.7

1.04 to 4.61 
p =0.005

62.5 (44-81) 65.5 (45-77) 
5:5 2:8 
1.5 1.2 

(1.4-2.4) (1.1-1.4)

0.445

0.02 to 1.32
p =0.028

Table 2. White cell and neutrophil count for the two groups of patients and their controls. Values are 
medians (interquartile ranges)

Control Varicose veins Control LDS

White cell count 
X  lO'̂ /l
Mann-Whitney (/-test 
Neutrophil count 
X  lO'̂ /l
Mann-Whitney (/-test

6.98 6.66
(5.91-8.02) (6.41-7.59) 

p = 0.94
3.98 4.10 

(3.14-4.49) (3.42-4.84)
p = 0 .76

6.09 6.96
(5.28-7.74) (6.40-7.59) 

p = 0.65  
3.75 4.11 

(3.33-4.54) (3.38-4.32) 
p = 0 .94
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Fig. 3. Mean cell fluorescence plotted against age for the 20 control 
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Discussion

This study shows raised levels of neutrophil C D llb  in 
patients with uncomplicated varicose veins, a finding 
predicted in view of our previous work showing raised 
markers of neutrophil degranulation in patients with 
venous disease and raised C D llb  levels in normal 
controls subjected to experimental short-term venous 
hypertension. However, contrary to our initial expec
tations, levels of C D llb  in patients with LDS were 
lower than in control subjects. There are several poss
ible explanations. Neutrophils may play no part in the 
tissue damage seen in chronic venous insufficiency (as 
immunocytochemistry shows macrophages and T 
lymphocytes are the main cell types in skin biopsies 
from areas of LDS [5]), though if this was the case 
C D llb  levels in patients with LDS might be expected to 
equal the normal controls. Significant up-regulation of 
adhesion molecules caused by prolonged venous hyper
tension would lead to many neutrophils ahering to 
endothelium , with only those not up-regulated being 
available for analysis. A lternatively, chronic stimu
lation may cause either a reduction in the number of 
C D llb  molecules in the cell or down-regulation of the 
mechanism responsible for cell surface expression. 
Mechanisms do exist to regulate neutrophil adhesion: 
CD62L (L-selectin) after binding is cleaved from the 
cell surface, forming soluble CD62L, which in turn 
appears able to act as a buffer system and prevents the 
attachm ent of leucocytes by blocking CD62L ligands on 
endothelial cells [15]. High levels of soluble CD62L 
might, therefore, also cause down-regulation of C D llb  
receptors. One might also expect a raised m arker of 
neutrophil adhesion due to the inflammatory response 
in patients with LDS, though as noted above, neutro
phils have not been shown in skin biopsies from areas of 
LDS, and we have shown no increase in the neutrophil 
count. Interestingly, in our previous studies of neutro
phil degranulation in patients with venous disease, we 
noted no difference in plasma elastase between our 
patient groups, but lactoferrin was highest in patients 
with uncomplicated varicose veins compared with more
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severe patient groups. We suggested that this finding 
could be a type II error because of the small number in 
each group, or possibly that greater stimulation in the 
m ore severe disease groups had caused such prolonged 
stimulation that there was a relative lack of lactoferrin in 
the neutrophils.

We analysed the control group for correlation 
between age and neutrophil C D llb  levels to ensure that 
our results were not biased by any variation in C D llb  
expression with age (Fig. 3), and found no significance 
(r  = 0.07, p  =  0.673, Kendall’s rank correlation coeffi
cient). The control data were also analysed for asso
ciation with sex, and found to be non-significant 
{p = 0.44, Mann-W hitney C-test). Similarly, there was 
no difference in either white cell count or neutrophil 
count between the patients and their controls (Table 2 
and Fig. 2), or between the two groups of patients. One 
might expect there to be a difference in the white cell or 
neutrophil count between the uncomplicated varicose 
vein group and patients with LDS on the basis of an 
inflammatory response in the latter, but no difference 
was shown, a finding that we have noted before [10,11].

Conclusion

We have shown significantly raised neutrophil C D llb  
expression in a group of patients with uncomplicated 
varicose veins compared with age-matched normal con
trols, and a significantly lower level in patients with 
LDS. It is presumed that neutrophil adhesion prior to 
activation is important in the initiation of tissue damage 
in venous hypertension, hence the raised level of C D l lb 
expression in patients with superficial venous insuffi
ciency. However, neutrophils may not be im portant in 
the maintenance of tissue damage once started, and 
neutrophil CD l lb  expression may become refractory to 
chronic stimulation, as shown by decreased C D llb  
levels in patients with deep venous insufficiency associ
ated with LDS. This suggestion requires further eluci
dation.
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Neutrophil CDllb Expression in Patients with Venous 
Disease
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INTRODUCTION

The white cell trapping hypothesis suggests that raised venous pressure causes white 
cell margination and activation, with the release of proteol>"tic enzymes and superoxide 
radicals, believed responsible for the tissue destruction seen in chronic venous 
insufficiency [1]. We have demonstrated raised levels of plasma lactoferrin [2] and 
elastase [3] as markers of neutrophil degranulation in patients with venous disease 
previously. To investigate this hypothesis further we have looked at the neutrophil 
adhesion molecule, CDl lb/CD 18, believed to be the second stage receptor responsible 
for physiological binding o f neutrophils to the vascular endothelium [4]. The current 
theory of neutrophil adhesion [5] is that L-selectin (CD62L) initially binds to receptors 
on the capillary endothelium, causing a reduction in flow velocity and allowing second 
stage receptors to bind. For neutrophils the main second stage receptor is an integrin, 
CD lib , which consists o f a specific a  dimer linked to a common C2 dimer, CD 18. This 
integrin binds to receptors on the vascular endothelium prior to extravascular migration 
or degranulation. We hypothesised that the raised venous pressure seen in venous 
disease might correlate with the first stage of binding of neutrophils, in that a low flow 
state would increase the likelihood of the second stage receptors to bind prior to cell 
activation. The purpose of this study was to measure CDl lb expression in patients with 
venous disease to see if they had increased neutrophil CDl lb expression.

METHODS

Two groups of ten patients with uncomplicated varicose veins and with skin changes of 
lipodermatosclerosis (LDS) associated with deep venous incompetence (DVI), 
confirmed on colour duplex imaging, were compared with two groups of age-matched 
controls who had no history or clinical findings o f venous disease. None of these 
subjects had arterial disease (ankle-brachial index < 0.9), diabetes, any connective tissue 
disorder, any infection within the previous six weeks, or were on any medication known 
to alter white cell activity. Blood was taken from an arm vein for full blood count and
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neutrophil C D llb  expression, measured in whole blood using a tluorescent-labelled 
monoclonal antibody.

RESULTS

Control Varicose veins Control LDS
Age (years) 42.1 (28-64) 42.6 (25-58) 62.5 (44-81) 65.5 (45-7)
Sex (M:F) 7:3 3:7 5:5 2:8
Neutrophil mean 
cell fluorescence

1.43
(1.11-2.52)

4.6
(3.12-5.85)

1.53
(1.41-2.44)

1.22
(1.06-1.42)

Difference between 
medians (95% Cl) 2.7(1.04 to 4.61) .445 (.02 to 1.32)

Mann-Vk'Tiitney (J Test p=.005 p=.028

Neutrophil GDI lb expression given as mean cell fluorescence. Descriptors are medians 
and interquartile ranges, Cl = confidence interval.

CONCLUSIONS

These data show that patients with uncomplicated varicose veins have increased surface 
expression of neutrophil CDl lb, indicating increased neutrophil adhesion, but patients 
with deep venous insufficiency associated with lipodermatosclerosis have reduced 
C D llb  expression compared to normal controls. It is presumed that neutrophil 
adhesion prior to activation is important in the initiation of tissue damage in venous 
hypertension, hence the raised level of C D llb  expression in patients with 
uncomplicated varicose veins. However, neutrophils may not be important in the 
maintenance o f tissue damage once formed, as shown by decreased C D llb  levels in 
patients with DVI and LDS. This suggestion requires further elucidation.
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Leukocyte migration in the leg in response to 
experimental venous hypertension
Mrinai Saharay, FRCS, Ian E. Addison, PhD , David A. Shields, FRCS,
John H . Scurr, FRCS, and Philip D. Coleridge Smith, FRCS,
London, United Kingdom
Purpose: Leukocyte trapping and activation in the microcirculation o f  the legs may play an 
important role in causing skin damage in venous disease. Leukocyte emigration from the 
microcirculation and subsequent locom otion in response to venous hypertension was 
studied in a group o f  12 normal volunteers using a “ skin w indow ” technique.
Methods.-Two 0.5-cm  square dermal abrasions were made with a dental stone over the gaiter 
area o f  the leg and the flexor aspect o f  the forearm (control), which were covered with moist 
micropore membranes. The volunteers lay supine for 30 minutes, and then stood  
supported for 30 minutes to raise the venous pressure in the leg, and then lay supine again 
for 30 minutes. The experiment was repeated in six volunteers who lay supine for the whole 
period. The membranes were changed and collected every 15 minutes, fixed in formal saline 
solution, and dual-stained for monocytes and polymorphonuclear leukocytes. The type 
and numbers o f  cells that emigrated and the furthest distance traveled (leading front) by 
the cells through the membrane were measured.
Results: Both in arms and legs, the vast majority o f  cells that emigrated were neutrophils, 
with very few monocytes (arm, 93% neutrophils and 7% monocytes; leg, 97% neutrophils 
and 3% monocytes). In the 30 minutes after venous hypertension, leukocyte migration 
significantly decreased in the leg (median leukocyte locomotion: basal, 75 .3  gm; standing,
73 .5  gm; after hypertension, 62 .9  gm; p  =  0 .0 1 2 , W ilcoxon matched pairs signed rank 
test), but not in the arm (basal, 86 .2  gm; standing, 84 .4  gm; after hypertension, 85.5 gm; 
p = NS) or when the experiment was repeated w ith the volunteers lying supine for the 
entire period (basal, 91 .5  gm; standing, 89 .4  gm; after hypertension, 92 .6  gm; p = NS). 
Conclusions: Leukocyte migration is decreased immediately after experimental venous 
hypertension, which may be a result o f  the release o f  factors that inhibit migration. (J Vase 
Surg 1996;24:725-31.)

The cause of skin damage in patients who have 
venous disease is currently unknown. In 1987 Moyses 
et al.' reported a reduction in the number of white 
cells that left the feet in eight healthy subjects during 
a 45-minute period of quiet sitting. Thomas et al.  ̂
found a larger decrease in a group of 10 patients who 
had chronic venous insufficiency. Smith et al.  ̂showed 
with video microscopy that the number of visible 
capillaries decreased during a period of venous hyper
tension, suggesting that increased venous pressure
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reduced the capillary perfusion pressure and hence 
the capillary flow rate. On the basis of these observa
tions, the white cell trapping hypothesis^ was put 
forward, which suggested that raised venous pressure 
led to white cell trapping and activation, and ulti
mately to venous ulceration.

The mechanism of leukocyte trapping and their 
subsequent fate has been the subject of research in 
recent years. Leukocyte adhesion to vascular endo
thelial cells is characterized by several sequential steps. 
Various adhesion molecules are expressed by circulat
ing leukocytes and endothelial cells in response to 
both physiologic and pathologic stimuli. These adhe
sion molecules are broadly divided into three groups: 
the selectins, the integrins, and the immunoglobulin 
superfamily. Normally neutrophils “ roll” along the 
endothelium, a process that is mediated by CD62L 
(L-selectin) expression by neutrophils. C D llb  (an 
integrin) expression on neutrophils mediates firm 
adhesion o f these cells to the endothelium, which is

725



726 Saharay et al.
JO U R N A L  O F  V A S C U L \R  S U R G E R Y

N o v e m b e r  1996

6 0  -

50 -

2
.3> 40 

S  30 a  o
| 2 0

10 -

0

p=0.02, Mann-Whitney

LEG ARM
F ig . 1. M ean neutrophil em igration per field w ithin  m icropore m em branes during experim ent. 
Descriptors: m edian and IQ R .

necessary for their migration into the tissues. Some 
white blood cells are reversibly bound to the endo
thelium and reenter the systemic circulation when 
venous pressure is lowered. A complex interplay o f 
physical, biologic, and biochemical factors control 
and modulate leukocyte-endothelial cell adhesion, 
leading to leukocyte emigration from the circulation 
into the tissues.

We have previously demonstrated an increase in 
plasma lactoferrin^ (found in secondary neutrophil 
granules) in normal subjects who were exposed to 
short-term venous hypertension, and we have shown 
increased plasma levels o f neutrophil elastase'"’ (in 
primary granules) and lactoferrin* in patients who 
have venous disease compared with normal control 
subjects. We have also found increased expression o f 
the integrin C D l lb /C D  18 in patients who have 
chronic venous disease,^ and we obtained histologic 
evidence o f white cell infiltration of the tissues in skin 
biopsies from patients who had venous disease.® 

.\lthough leukocyte trapping and activation 
within the circulation has been studied both in 
volunteers in response to venous hypertension and in 
patients who have venous disease, no work has been 
done to investigate the effect o f venous hypertension

on leukocyte emigration from the circulation and 
their subsequent locomotion in the tissues. We have 
investigated this effect in vivo using the “ skin window 
technique” as described by Addison et al.^ in 1982.

AIATERIAL A N D  M E T H O D S
The study was approved by the local ethics com

mittee, and informed consent was obtained. We 
investigated a group o f 12 normal volunteers (six men 
and six women; mean age, 30 years; range, 22 to 50 
years) who had no previous history or clinical evi
dence o f venous or arterial disease, diabetes mellitus, 
connective tissue disorders including rheumatoid ar
thritis, blood disorders, or infection within the previ
ous 6 weeks, and who had not taken any medications 
that are known to alter white cell activitx'.

Procedure. Two 0.5-cm square dermal abrasions 
were made with a slowly rotating dental stone over the 
gaiter area of the leg, 5 cm above the medial malleolus 
(this is less painful than a needle prick). The skin was 
stretched and then wiped with an alcohol wipe. The 
rounded surface o f a pink dental stone (pear-shaped; 
maximum cross-section diameter, 0.5 cm), which was 
m ounted on an electric drill and run at a constant 
speed, was then applied to the skin with a slowly
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rotating motion for periods of several seconds until 
red specks could be seen with a hand magnifying glass. 
These specks, which signify underlying microcapillar
ies, appeared before any bleeding occurred, and the 
abrasion process was then stopped. Two similar abra
sions were made on the flexor aspect o f the forearm 
midway between the wrist and elbow.

The abrasions were covered with an 8 pm pore- 
size micropore membrane (Sartorius Ltd., Surrey, 
U.K.) that was initially moistened with normal saline 
into which leukocytes migrated; over this was placed, 
in succession, dialysis membrane (to retain exudate 
molecules within the micropore membrane but allow 
free passage of normal saline solution), filter paper 
moistened with normal saline (to keep the assembly 
moist), and a square o f m oisture-proof film (Nesco- 
film, Nippon Shogi Kaishi, Osaka, Japan ) that covered 
the whole area. The membrane assembly was held in 
place with surgical adhesive tape and a sleeve of 
tubular support bandage (Tubigrip, Seton Products, 
Oldham, U.K.). The assembly was comfortable and 
was inconspicuous under normal clothing.

The membranes w ere left undisturbed for 3 hours 
for steady leukocyte migration to become established.

The volunteers continued with their usual activity 
during this time, after which the micropore mem
branes were changed. The change of membranes was 
easily achieved by rolling the sleeve backwards and 
detaching the tape on three sides; the tape/film  
assembly was then hinged back, the filter pad was 
removed, the micropore membrane was replaced with 
a new one, the pad was replaced, and the tape/film  
cover was smoothed back into place. The volunteers 
lay supine for 30 minutes to reduce venous pressure to 
a minimum, stood supported against the side o f the 
couch without moving their legs for 30 minutes to 
produce venous hypertension (which was previously 
shown by the authors with direct pressure measure
ment to raise the venous pressure in the superficial 
veins of the leg to between 70 and 80 mm H g), and 
then lay supine again for a further 30 minutes. During 
this time micropore membranes were changed every 
15 minutes, and the previous ones were collected for 
analysis. There was no restriction imposed on either 
the position or movement o f the arm that acted as a 
control. The experiment was repeated in a further six 
volunteers who lay supine for the entire period. At the 
end o f the experiment, the abrasions were covered
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with simple occlusive dressing (Airstrip, Smith & 
Nephew, Hull, U.K.). The areas healed completely in 
about 7 days, with no scarring.

C ollection and staining. The micropore mem
branes were collected in a marked culture dish and 
were fixed with 10% formal saline, stained for non
specific esterase'" (which stains monocytes brown), 
and then counterstained with methyl green. Thereaf
ter, the membranes were dehydrated in propanol, 
cleared in xylene, and then mounted on glass slides for 
the microscopic studies.

Analysis o f  m em branes. The micropore mem
branes, which were at least 150 pm thick, acted as a 
receptacle for the emigrating cells, which traveled 
various distances through its three-dimensional laby
rinthine structure. Membranes were examined by 
light microscopy; low-power observation clearly 
showed areas o f exudation and the disposition o f 
emigration points within these areas, and a higher- 
power magnification was used to identify the type of 
cell emigration and the furthest distance traveled

(leading front) by the emigrating cells. The leading 
front was measured by observation through the 
thickness o f the membrane by noting the reading on 
the micrometer scale attached to the focusing screw 
when the cells first came to view and subtracting this 
from the reading as the cells furthest through went 
out o f view. Three readings were taken for each site, 
and the average value was used. The cell type was 
identified by staining properties; monocytes stained 
brown, whereas neutrophils stained green. The num 
ber o f emigrating cells was assessed by identifying 
three typical areas of emigration and then counting 
the total number of cells in that field through the 
entire thickness o f the membrane.

Analysis o f  data. The Statistical Package for the 
Social Sciences (SPSS, Chicago) was used to analyze 
the data, and nonparametric tests for paired and 
unpaired data (Wilcoxon matched pairs signed rank 
test and Mann-WTiitney U test) were used. A\\ re
sults are described as median (interquartile range, 
IQR).
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RESULTS
The vast majoritv^ o f the emigrating cells in both 

arms and legs were neutrophils, with very few m ono
cytes (arm, 93% neutrophils and 7% monocytes; leg, 
97% neutrophils and 3% monocytes). More cells 
emigrated in the arm than in the leg, and this 
difference was significant in the case o f neutrophils 
(arm: median, 37.4 neutrophils/field; IQR, 29.8 to
43.6 neutrophils/field; leg: median, 27.2 neutro
phils/field; IQ R, 14.4 to 30.1 neutrophils/field; 
p = 0 .0 2 ,  Mann-W hitney U test; Fig. I) , but not 
monocytes (Fig. 2). As is usual with unstimulated 
abrasions, no lymphocytes were identified. There was 
no significant difference in the num ber o f cells emi
grating in the various phases throughout the experi
mental period in either limb.

After emigration, however, leukocyte locomotion 
within the membranes in the leg showed a significant 
decrease in the 30 minutes after venous hypertension 
(median leukocyte locomotion: basal, 75.3 pm; 
standing, 73.5 pm; after hypertension, 62.9 pm; p = 
0.012, Wilcoxon matched pairs signed rank test; Fig.

3). No such change was observed in the arms (median 
leukocyte locomotion: basal, 86.2 pm; standing, 84.4 
pm; after hypertension, 85.5 pm; p = NS; Fig. 4) or 
when the experiment was repeated with six volunteers 
lying supine for the entire period (median leukocyte 
locomotion: basal, 91.5 pm; standing, 89.4 pm; after 
hypertension, 92.6 pm; /? = NS; Fig. 5). The total 
distance that was traveled by the emigrating cells in 
the arm was greater than that traveled by the cells in 
the leg (arm: median, 257 pm; IQR, 222 to 280 pm; 
leg: median, 207 pm; IQ R, 191 to 227 pm ; p = 0.02; 
Mann-Whitney U test), but there was no significant 
difference in the leading front in the arm in the various 
phases throughout the experimental period.

D ISC U SSIO N
Inappropriate leukocyte activation and the expres

sion of various adhesion molecules and leukocyte-en
dothelial cell interactions that result in tissue damage 
have been reported in a num ber of diseases. “  Pa
tients who have chronic venous disease have two im 
portant physiologic derangements, namely, chronic
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venous hypertension and endothelial abnormality'. It 
has been suggested by some investigators that this 
leads to localized leukocyte activation in the microcir
culation o f the leg and their subsequent migration 
into tissues and release of toxic metabolites.'^

The skin window technique described here has 
pro \ed  to be of use in in\estigating leukocyte function 
in both experimental'’ and disease states.'" In this 
study we in\ estigated two aspects o f leukocyte func
tion: total emigration (numbers) and subsequent 
locomotion (leading front) in response to venous 
hypertension. Neutrophils were the predominant 
emigrating cells, comprising between 93% and 97% of 
the population in the membranes although they 
account for between 50% and 70% of the circulating 
leukocytes. More cells emigrated in the arm than the 
leg; this can be attributed to the tact that the upper 
limbs are more \ ascularized than the lower limbs.

Although we expected that activation during a 
period o f \enous hypertension would lead to in
creased numbers o f leukocytes emigrating, we did not 
obser\ e any significant change. In normal \ olunteers 
who are without any endothelial damage, however, 
leukocyte-endothelial cell adhesion in response to 
short-term  venous hypertension is likely to be largely 
reversible, and hence not progressing to emigration. 
In other experiments we were able to demonstrate an 
increased surface expression o f  the integrin C D llb  
on circulating neutrophils in volunteers who were 
subjected to venous hypertension after the hyperten
sive insult was withdrawn,'*^ indicating that leuko
cyte-endothelial cell adhesion is at least partially 
reversible in volunteers. W hen we repeated the same 
experiment with patients who had chronic venous 
disease, the expression o f both neutrophil and m ono
cyte GDI lb  decreased in response to \enous hyper-
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-ension and remained low even after withdrawal of the 
iiypertensive insult, suggesting that, in patients, leu
kocyte-endothelial cell adhesion is exaggerated.

Leukocytes emigrating in the leg after a period of 
venous hypertension showed reduced locomotion 
within the membranes. We did not see this phenom
enon in volunteers who lay supine for the entire 
period and were therefore not subjected to venous 
hypertension, nor did we see it in the arm. The 
uechanism by which venous hypertension affects 

leukocyte function might include local release of 
cytokines from either endothelial cells or activated 
leukocytes. Possible mediators include interleukin-8 
(IL-8) and macrophage colony stimulating factor 
(M-CSF). IL-8 rapidly upregulates neutrophil 
C D llb  expression^® affecting neutrophil adhesion 
and migration. M-CSF has been shown to inhibit 
neutrophil migration in vivo,^* but to stimulate both 
neutrophiF^ and monocyte*^ respiratory burst prim
ing. The release of cytokines such as these may lead to 
activated leukocytes accumulating in large numbers 
around blood vessels from which they have emerged, 
releasing toxic metabolites and free radicals. This 
would result in excessive accumulation of activated 
leukocytes in the gaiter area, where the venous 
pressure is maximum, ultimately overcoming the 
natural scavenging mechanisms that lead to tissue 
damage. In patients this phenomenon may be exag
gerated.

CONCLUSION
We have for the first time investigated in vivo 

modulation of leukocyte function in response to 
venous hypertension and have shown that leukocyte 
locomotion in the tissues of the leg is decreased in 
normal volunteers in response to venous hyperten
sion, leading to excessive local accumulation of acti
vated leukocytes, which may be of importance in the 
understanding of the underlying mechanism of 
venous ulcers.
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Leukocyte activity in the microcirculation 
of the leg in patients with chronic 
venous disease
M rinai Saharay, FRCS, David A. Shields, FRCS, John B. Porter, MRCP, 
John H , Scurr, FRCS, and Philip D. Coleridge Smith, FRCS,
London, U nited  Kinjjdoni

Purpose: It has been suggested that leukocyte trapping and activation in the microcircu
lation o f  the leg skin causes lipodermatosclerosis and ulceration in patients with chronic 
venous disease. Ambulatory venous hypertension is accepted as the physiologic factor 
that leads to ulceration. We investigated leukocyte endothelial adhesion in patients who  
were subjected to short-term venous hypertension.
M cthods:Two groups o f  patients with venous disease were studied: group 1, varicose veins 
with skin changes (n =  15); and group 2, varicose veins without skin changes (n =  15). 
Blood samples were taken from a foot vein before and after standing for 30 minutes to  
raise the venous pressure in the lower limb, and after lying supine again for 10 minutes. 
The samples were analyzed for leukocyte surface C D l lb  and L-selectin (C D 62L ) expres
sion using a flow cytometer. Plasma-soluble L-selectin was also measured using an 
enzyme-linked immunosorbent assay.
Results: In patients with skin changes, median neutrophil C D llb  levels fell from 4 .66  to  
3 .8 3  arbitrary units {p = 0 .005 , W ilcoxon) after 30 minutes o f  venous hypertension. 
Median monocyte C D llb  levels fell from 7 .65  to 5.8 arbitrary units (p =  N S, Wilcoxon) 
after venous hypertension and then fell further to 5.43 arbitrary units (p =  0 .02  vs 
baseline; W ilcoxon) when the venous hypertension was removed. Neutrophil and m ono
cyte L-selectin levels also fell in response to venous hypertension, remaining low even 
after venous hypertension was removed. A similar pattern was seen in patients with  
uncomplicated varicose veins. There was a rise in soluble L-selectin in the plasma o f  both  
groups o f  patients after venous hypertension, reflecting leukocyte adhesion to endothe
lium. In the group o f  patients with skin changes the level o f  soluble L-selectin rose from  
695  n g /m l to 836 n g /m l (p = 0 .02 , W ilcoxon), and in the group without skin changes 
the rise was from 700 n g /m l to 801 n g /m l (p =  0 .0 2 , Wilcoxon).
Conclusion: Venous hypertension results in sequestration o f  the more activated population o f  
neutrophils and monocytes in the microcirculation o f the leg in patients with venous disease. 
These cells bind to the endothelium, releasing L-selectin, and do not emerge from the limb 
when venous hypertension is reversed. These findings do not difièr between patients with 
varicose veins and those with skin changes. (J Vase Surg 1997;25:265-73.)

The cause o f  skin damage in patients w ith chronic 
venous disease is incompletely understood. In  1987 
Moyses et al.' reported a reduction in the num ber o f  
white cells leaving the feet in eight healthy subjects

From the Department ofSurger\', and the Department o f  Haematol- 
og\' (J. B. Porter), Unisersitt' College London Medical School. 

Presented at the Ninth Annual Meeting o f  the North American 
Society o f  Phlebology, San D iego, C alif, Feb. 2 5 , 1996. 

Reprint requests: Mr. M. Saharay, FRCS, Research Fellow , UCLMS, 
The Vascular Laboratory', Jules Thom  Bldg., The Middlesex H os
pital, Mortimer St., London W IN  8.A \, United Kingdom. 

Copyright © 1997 by The Society for \'ascular Surgery and Interna
tional Society for Cardiovascular Surgery, North American 
Chapter.

0 7 4 1 -5 2 1 4 /9 7 /5 5 .0 0  + 0 2 4 / 1 / 8 0 9 8 6

during a 4 5 -m inute period o f  experim ental venous 
hypertension. Thom as e t al.^ found a larger fall in a 
group o f  10 patients with chronic venous insuffi
ciency and concluded that leukocytes were being 
sequestered in the lower limb. Coleridge Smith et 
al.^ showed using video microscopy tha t the num ber 
o f  visible capillaries fell during a period o f  venous 
hypertension, suggesting that increased venous pres
sure reduced the capillary perfusion pressure and 
hence the capillary flow rate. O n the basis o f  these 
observations, the white cell trapping hypothesis^ was 
proposed, which suggests that raised venous pressure 
led to  decreased flow, in turn causing leukocyte m ar
gination, acti\ ation, adhesion, and extravascular mi-
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Table I. Duplex findings in patients

No. of Mean a^e
patients (ran^e) (yr) SVI D V I+  (SVI) Postthrombotic

LDS 8 F / 51 (32 to 69) 3 1 2 (1 0 ) 10
7M

W  7 F / 48 (29 to 73) 13 2 ( 2 ) 1
8M

SVI, Superficial venous incompetence; DVI, deep venous incom 
petence.

gration. The release of proteolytic enzymes and free 
radicals from activated leukocytes was thought to 
result in tissue damage. This finding was supported 
by histologic evidence of white cell infiltration o f the 
tissues'  ̂ in skin biopsies from patients with venous 
disease.

The molecular mechanism of leukocyte adhesion 
to vascular endothelial cells is characterized by a 
series of steps. Many adhesion molecules are ex
pressed by circulating leukocytes and endothelial 
cells in response to physiologic and pathologic stim
uli. These adhesion molecules are broadly divided

into three groups: the selectins, the integrins, and the 
immunoglobulin superfamily. A complex interplay of 
physical, biologic, and biochemical factors control 
and modulate leukocyte-endothelial cell adhesion, 
leading to leukocyte emigration from the circulation 
into the tissues. Normally leukocytes express a sur
face adhesion molecule called L-selectin that binds 
loosely to receptors on the vascular endothelium and 
results in “rolling” of neutrophils along the endothe
lium. On activation of leukocytes, L-selectin is shed 
and a second stage receptor, the integrin C D llb , is 
expressed by leukocytes. This allows firm adhesion of 
leukocytes to the endothelium and subsequent de
granulation or extravascular m igration.The number 
o f C D llb  molecules expressed on the cell surface 
is dependent on the state of cell activation. Some 
white blood cells are reversibly bound to the endo
thelium and reenter the systemic circulation when 
venous pressure is lowered. Granulocytes are able 
to rapidly upregulate surface integrins from intra
cellular stores.

We have previously demonstrated evidence of 
increased neutrophil degranulation in normal sub



J O U R N A L  O F  V A S C U L A R  S U R G E R Y
V o lu m e  2 6 ,  N u m b e r  2 Saharay et al. 267

10 n p=Wîlcoxon

Z)
<

p=0.0050)o
c
0)o
(/)
2o
3

p=0.0007

p=ns p=0.07

0)o
c
(ü
<D
S LDS W

B S S S L

Fig. 2. Neutrophil surface CDl Ib expression expressed as mean cell fluorescence in arbitrary 
units before, during, and after venous hypertension produced by standing for 30 minutes. 
Descriptors are medians and interquartile ranges, statistics are Wilcoxon matched pairs signed 
rank test. B, Basal; S, standing; L, lying; NS, not significant.

jects'^’̂  and patients with chronic venous disease ex
posed to short-term venous hypertension.® We have 
reported increased expression of the integrin 
CD l lb /C D  18 in normal volunteers subjected to 
short-term venous hypertension. We have also inves
tigated in vivo leukocyte migration in volunteers 
during short-term venous hypertension using the 
“skin window technique.”  ̂ Leukocyte migration in 
the tissue decreased after experimental venous hyper
tension.^®

The aim of our present study was to assess 
whether patients subjected to short-term venous hy
pertension showed evidence of neutrophil and 
monocyte activation and whether endothelial bind
ing occurred. As a measure of activation, we assessed 
cell surface expression o f the integrin C D llb  and the 
selectin CD62L on neutrophils and monocytes. 
Plasma levels of L-selectin, which is shed by leuko
cytes on activation, were measured as an index of 
leukocyte-endothelial adhesion.

MATERIAL AND M ETH ODS
The study was approved by the local ethics com

mittee, and informed consent was obtained. Thirty 
patients (15 male, 15 female; mean age, 50 years; 
range, 29 to 73 years) with chronic venous disease 
demonstrated by color duplex ultrasonography and 
photoplethysmography volunteered for inclusion in 
the study. The patients were further subdivided into 
two groups of 15 patients classified according to the 
severity of their disease (group 1, lipodermatosclero
sis or hemosiderosis skin changes present, Hawaii 
clinical stage 4 [LDS]; group 2, skin change absent, 
Hawaii clinical stage 2 [W]).^^ The duplex findings 
in the two groups are summarized in Table 1. Pa
tients with a history or clinical evidence o f coexistent 
arterial disease, diabetes mellitus, connective tissue 
disorders including rheumatoid arthritis, blood dis
orders, infection within the previous 6 weeks, or 
medication known to alter white cell activity were 
excluded from the study.
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P ro ced u re . A 18G cannula (Vasculon 2, Viggo- 
Spectram ed, H elsingborg, Sweden) was placed in the 
distal long saphenous vein or dorsal foot \ ein o f  one 
leg. T he cannula was flushed with heparinized saline 
solu tion , and the patient rested supine on a couch for 
20  m inutes, after which 2 ml o f  blood was taken and 
discarded from the cannula, and a further 10 ml was 
collected in to  two tubes containing ethylenediamine 
te traacetic  acid and one tube con tain ing  citrate 
(V acutainer, Becton Dickinson Vacutainer Systems 
E urope, BP N o 37-38241 Meylan Cedex, France). 
The patien t then stood supported against the side o f  
the couch for 30 m inutes w ithout m oving the calf 
muscles (it was previously shown by the authors by 
direct pressure m easurem ent that this raises the ve
nous pressure in the superficial veins o f  the leg to  
betw een 70 and 80 mm H g '^ ), and a second blood 
sample was taken at the end o f  this period. The 
volunteer then  returned to  the supine position and a 
th ird  sample w'as taken after 10 minutes. Blood sam 
ples were carefully placed directly into the sample 
tubes after rem oving the stoppers to  prevent exces
sive cell agitation.

A full blood coun t, including a differential count, 
was perform ed on all patients (Sysmex SE-9000, 
Sysmex (UK) L td., M ilton Keynes, U .K.). N eu tro 
phil and m onocyte G D I lb  and L-selectin expression 
were measured by a whole blood assay using citrated 
blood and fluorescent-labeled m onoclonal an tibod
ies (G D I lb , catalog no. 347557; control, catalog 
no. 349053, Becton Dickinson, O xford, U.K.; L- 
selectin, catalog no. 1231 ; control, catalog no. 0639, 
Im m unotech, Birm ingham , U .K .) in a flow cytome- 
ter. All samples were analyzed immediately after the 
experim ent was com pleted. The same protocol and 
settings were used on the flow cytom eter (C oulter 
EPICS Elite, C oulter Electronics L td., Luton, U.K.) 
for the whole group o f  patients. Plasma from an 
ethylenediam ine tetraacetic acid sample was sepa
rated by centrifugation and stored at -2 0 °  C. Plasma 
L-selectin was measured by a commercially available 
enzym e-linked im m unosorbent assay (R  Sc D Sys
tem s Europe, O xon, U.K.) once all the samples were 
collected.

A nalysis o f  d a ta . The statistical package for the 
social sciences (SPSS, Chicago, 111.) was used to  ana-
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Fig. 4. Monocyte surface GDI lb  expression expressed as mean cell fluorescence in arbitrary 
units before, during, and after venous hypertension produced by standing for 30 minutes. 
Descriptors are medians and interquartile ranges, statistics are Wilcoxon matched pairs signed 
rank test. B, Basal; S, standing; X, lying; NS, not significant.

lyze the data, and nonparametric tests for paired and 
unpaired data (Wilcoxon matched pairs signed rank 
test and Mann-Whitney U test) were used. The dif
ference between medians and 95% confidence inter
val were calculated using Wilcoxon method confi
dence interval analysis (BMJ, London). All results are 
described as median (interquartile range, IQR).

RESULTS
Full blood count on samples taken during the 

experiment showed a rise in the hemoglobin, red cell 
count, white cell count, and hematocrit level on 
standing, which returned toward normal on resum
ing the supine position. The magnitude of the in
crease in white cell numbers during standing was less 
than that of the hemoglobin, red cell count, or he
matocrit level. Leukocyte trapping during the exper
iment was confirmed by calculating the white celhred 
cell ratio, which is shown in Fig. 1. In both groups of 
patients the white celhred cell ratio fell significantly 
in response to venous hypertension. On returning to 
the supine position there was a significant increase in

the white celhred cell ratio, indicating efflux of leuko
cytes that were trapped in the limb during the venous 
hypertensive phase.

Leukocyte GDI l b  and L-selectin expression. 
Neutrophil C D lIb  levels (expressed as mean cell 
fluorescence in arbitrary units) for the experiment are 
shown in Fig. 2. In patients with LDS there was a 
significant fall in C D llb  expression after 30 minutes 
of standing, followed by a further nonsignificant fall 
on returning to the supine position. In patients with 
W s  there was a similar fall in GDI Ib expression after 
venous hypertension, which fell further when the 
hypertensive challenge was withdrawn. Fig. 3 shows 
the corresponding neutrophil L-selectin levels in the 
same patient groups. In both groups we noted a 
significant sustained fall in neutrophil surface L-se
lectin expression, throughout the entire period.

Monocyte G D Ilb  levels for the experiment are 
shown in Fig. 4. In patients with LDS there was a fall 
in GDI Ib expression after 30 minutes of standing, 
which did not reach statistical significance. However, 
monocyte C D IIb  expression fell further when ve-
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Table II, A. Neutrophil and monocyte surface CDl lb  expression

Mean cell 
fluorescence (AU)

Controls

Patients

LDS W

Neutrophils Monocytes Neutrophils Monocytes Neutrophils Monocytes

Basal 4 .3 1 * t 6 .0 8 * t 4 .6 6 * t 7 .6 5 * t 4 .6 7 * t 6 .6 3 * t
Standing 3.13* 3.85* 3.83* 5.80* 3.45* 4 .83*
Lying 5 .6 7 t 5 .0 7 t 3.83T 5.431 3 .2 6 f 4 .0 0 f
95% C l, W ilcoxon *0.54  to 1.97 *1.11 to 2 .64 *0.32 to 2 .43 * - 1 .6 2  to 4 .4 9 , NS *0.52  to 1.82 *1.24 to 5 .86

t - 5 . 9 2  to - 0 .2 6 t - 0 . 7 9  to 1.56, NS f0 .4 1  to 3 .15 f  1.06 to 5 .07 fO .86 to 1.86 f  1.28 to  5.52

C l, Confidene in tcnal, W ilcoxon method; NS, not significant.

nous hypertension was reversed. Similarly, in patients 
with W s  monocyte C D llb  expression fell signifi
cantly after venous hypertension and then when the 
hypertensive challenge was withdrawn. Monocyte L- 
selectin levels in both groups showed a significant 
sustained fall (Fig. 5).

Plasma L-selectin. Plasma L-selectin levels are 
shown in Fig. 6. There was a significant rise in solu
ble L-selectin in the plasma of both groups of pa
tients after venous hypertension.

These results suggest that leukocyte activation 
occurred in response to venous hypertension result
ing in shedding o f surface L-selectin and hence the 
rise seen in the plasma. By definition, activated leu
kocytes are adherent to the endothelium and hence 
not assayed, which was reflected in the fall in C D llb  
after venous hypertension. In patients C D llb  ex
pression remained low even after the hypertensive 
insult was withdrawn. This is in contrast to our pre
vious finding in normal control subjects, where we



J O U R N A L  O F  \  A S C U L A R  SU R G E R Y  
V olu m e 2 6 ,  N u m b e r  2 Saha ray et al. 271

1200 -,

900 -

U)c
04
(O
Û
o
(/>

600 -

300 -

0

p=0.01
p=0.02

p=Wilcoxon

p=ns 
I----------- 1

p=0.02

LDS W

B B
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Table II, B. Neutrophil and

Patients

Mean cell 
fluorescence (AU)

Controls LDS I T

Neutrophils Monocytes Neutrophils Monocytes Neutrophils Monocytes

Basal
Standing
Lying
95% C l, Wilcoxon

4 .1 0 * t  l -3 8 * t  
3 .71*  1.08*
3 .5 9 t  1 .2 5 f  

* - 0 .0 2  to 0 .7 2 , NS *0.01 to 0 .50  
1 0 .19  to 1.35 f - 0 . 0 5  to 0 .5 3 , NS

6 .48*1
5.95*
5.071  

* - 0 .1 5  to 0 .4 6 , NS 
1 0 .2 7  to 0 .99

3 .22*1  
2.52*  
2.761  

*0.06  to 0.73  
10 .29  to 1.28

5 .58*1  
5.36*  
4 .731  

*0.22 to 0.61 
10.38  to 0.91

3 .0 3 * 1  
2 .96*  
2 .5 0 1  

* - 0 .0 1  to  0 .3 5  
10 .28  to 0 .6 7

Cl, Confidence internal, W ilcoxon m ethod; NS, not significant.

noted increased C D l l b  expression after reversal of 
the venous hypertension.^^ There was no significant 
difference between the two groups of patients.

The results, including previously published data 
on normal control subjects, are summarized in Ta
bles II and III.

DISCUSSION
Chronic venous insufficiency and its sequelae, 

such as lipodermatosclerosis and venous ulceration.

is a major healthcare problem in the Western World. 
Two recent surveys in Great Britain have calculated 
the prevalence of venous ulceration as 0.18% and 
0.148% r e s p e c t i v e l y . I n  the United Kingdom 
alone, more than £600 million is spent annually to 
care for patients who have venous u l c e r s . Muc h  of 
this is spent on care in the community, with 30% of 
community nursing time spent on treating leg ulcers.

The precise sequence of events that results in skin 
damage in patients who have chronic venous disease
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T ab le  I I I .  Soluble C D 62L  in plasma 
in n g /m l

Median (n^/ml) Controls

Patients

LDS Ul'

Basal 886* 695* 700*
Standing 1064* 836* 801*
Lying 957 708 769
95% C l, Wilcoxon *251 to 154 *252 to 17.5 *130  to 52

Cl, Confidence inten al, W ilcoxon method; NS, not significant.

is currently unknow n. Recently the “white cell trap 
ping hypothesis” has been proposed, which suggests 
th a t raised \enous pressure causes leukocyte activa
tion , adhesion, and extravascular m igration, w ith the 
release o f  proteolytic enzymes and free radicals re
sulting in tissue damage. D u troche t'^  first reported 
in 1824 that white cells became adherent to  the 
vessel walls and em igrated to  the tissues. Leukocytes 
express adhesion-prom oting receptors tha t m ediate 
cell-cell and cell-matrix interaction. These interac
tions are crucial for the direction and control o f  
leukocyte traffic, m igration through tissues, and the 
developm ent o f  im m une and nonim m une inflam m a
tory: responses. Se\ eral families o f  adhesion receptors 
have been identified, o f  which the main are the inte- 
grin and im m unoglobulin superfamilies and the se- 
lectins. The leukocyte in te grin family consists o f 
three « 3  he te rod i meric m em brane glycoproteins, 
which share a com m on 3 subunit, C D  18. The a  
subunits o f  the three m em bers are designated 
C D l la , b, and c. Once assembled, these adhesion 
molecules are either transported to  the cell surface or 
stored in peroxidase-negative granules (normally 
about 60%).'* Leukocytes are able to  upregulate su r
face in te grins rapidly from intracellular stores— 
within m inutes at 37° C, which is independent o f 
protein  or messenger RNA synthesis. There are two 
further members o f  the integrin family: the VLA 
(very: late activation antigens), which appear late in T 
cell activation, and the cytoadhesins, which are found 
on  platelets and endothelial cells and bind extracellu
lar m atrix proteins. The selectins are characterized 
by a com m on lectin dom ain and are a g roup  o f  
th ree in tegral m em brane glycoproteins. E-selectin 
(C D 62E ) is expressed by endothelial cells, P-selectin 
(C D 62P ) by both endothelial cells and platelets, and 
L-selectin only by leukocytes. The curren t theory: o f  
white cell adhesion is a two-step m o d e l .N o rm a lly  
leukocytes express surface adhesion molecules called 
L-selectin, which bind loosely to  receptors on the 
vascular endothelium , resulting in m arginating leu

kocytes to  “roll” along the endothelium . Recently 
the participation o f  P-selectin and E-selectin in leu
kocyte rolling has also been reported.^" This gives 
the circulating leukocytes a chance to  examine the 
endothelium  more closely, although the binding is 
temporary: and is easily broken dow n by shear stress. 
In the presence o f endothelial dam age or o ther local 
stimulus, leukocytes shed L-selectin and express a 
second-stage receptor, the integrin C D l lb ,  which 
then binds to  counter ligands on the vascular endo
thelium and lead to  degranulation or extravascular 
m igration.^'

On investigating this phenom enon, we found 
that in patients who have chronic \enous disease 
there was a fall o f  both C D l lb  and L-selectin expres
sion on circulating neutrophils and m onocytes in 
response to  venous hypertension. T he explanation 
for this is that the circulating population o f  leuko
cytes exhibits a range o f activation, reflected as a 
range o f  expression o f  the surface ligands. Previous 
work suggests that leukocyte populations are no t 
homogeneous^^ and consist o f  a “prim ed” and 
“unprim ed” group. Leukocytes m ost likely to  bind 
to  endothelium  represent the “p rim ed” group, 
which express the highest le\els o f  C D l l b  and L- 
selectin. Therefore, the fall in the mean cell fluores
cence o f  the circulating cells is the result o f  the more 
activated cells adhering to the endothelium . Surface 
expression o f  C D l l b  and L-selectin remained low 
even after the venous hypertensive insult was w ith
drawn. At the same time, we noted  a rise in the 
soluble L-selectin levels in the plasma, confirm ing it 
had been shed, a process that precedes C D l l b  ex
pression and firm adhesion.-^ These findings, consid
ered together, provide strong evidence o f  leukocyte 
activation and trapping in the m icrocirculation. We 
had previously investigated leukocyte activation in 
normal controls and noted an initial fall in leukocyte 
C D l l b  and L-selectin expression in response to  ve
nous hypertension, which was followed, in contrast 
to  the patient groups, by a rise in C D l l b  expression 
after the hypertensi\e insult was w ithdraw n.'*  The 
likely explanation is that in normal volunteers leuko
cyte-endothelial adhesion is easily reversible, as there 
is no endothelial damage, as com pared with patients 
where it is largely irre\ ersible in the “prim ed” group 
as a result o f  bo th  endothelial dam age and increased 
leukocyte activation, and only a subpopulation that 
are “unprim ed” are released back in to  the circula
tion. Naturally occurring blocking antibodies to 
C D llb /C D 1 8  receptors have been reported , 
and it may be that patients w ith long-standing 
chronic venous disease release a circulating inhibitory:
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tacror tha t binds to  and blocks C D l lb /C D 1 8  re
ceptors o f  acti\ ated leukocytes, thereby preventing 
adhesixe interaction. Because these receptors are 
blocked, they are n o t detected in our assay.

T here appears to  be no difference in response to 
venous hypertension in the two groups o f  patients 
with \enoLis disease. A lthough the behavior o f  the 
leukocytes studied ciiffers from those in control sub
jects, this does no t provide an explanation o f  why 
skin changes develop in one group o f  patients and 
not in others. Presumably, o ther aspects o f  the re
sponse o f  the tissues to  leukocyte adhesion are in- 
\'ol\ ed in the dex elopm ent o f skin damage.
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Chronic venous insufficiency and its sequelae such 
as lipodermatosclerosis and venous ulceration is a 
major healthcare problem in the W estern world. In 
the U K  alone over £600 million is spent annually to 
care for patients suffering with venous ulcers h The 
management of these patients requires careful 
assessment by a vascular surgeon together with soph
isticated investigations in a well-equipped vascular 
laboratory. Perforator vein incompetence has been 
implicated as a major contributing factor in the aeti
ology of venous ulcers^’̂ . Many authors have advo
cated perforator ligation in such patients^'^. T ra
ditional subfascial ligation is associated with a high 
local wound complication rate^'^. The recent advent 
of endoscopic techniques® allows surgical inter
vention via small skin incisions placed at a distant 
site beyond unhealthy skin, thereby reducing local 
complications. The purpose of this article is to 
review the indications, investigations, techniques 
and outcome of minimally invasive perforator lig
ation.

History and background
Chronic venous disease is a major cause of morbidity 
in the Western world. Two recent surveys in Great 
Britain have calculated the prevalence of venous 
ulceration as 0.18% and 0.148% respectively^’ 
Venous ulceration is three times more common in 
women and although the incidence rises with 
advancing age, in over one-fifth of patients ulcer
ation begins before the age of 40, and two-thirds

Correspondence to; Mr M . Saharay, University College London  
M edical School, The Vascular Laboratory, Jules T h o m  Building, 
T he M iddlesex Hospital, Mortimer Street, London W IN  8AA, U K

experience recurrent u l c e r a t i o n T h e  association 
between leg ulcers, enlarged leg veins and the depen
dent posture of the lower limb was known since the 
time of Hippocrates'^. In the 19th century it was 
recognized that ulcers near the ankle were more dif
ficult to heal if varicose veins were p r e s e n t P e r 
forating veins were first described by von Loder in 
1803, and Gay'^ in 1867 first used the term ‘venous 
ulcer’. He showed that venous thrombosis played a 
major role in the aetiology of venous ulceration. 
H o m a n s i n  1916 clearly established the relation
ship between previous deep vein thrombosis, reca
nalization, valve destruction and ulceration of the 
leg. Homans described two types of ulcers; varicose 
ulcers associated with superficial varicose veins and 
generally cured by removal of these veins, and ‘post- 
phlebitic’ venous ulcers which were intractable to 
palliative treatm ent and generally incurable by 
removal of varicose vein alone. Linton^ in 1938 
described the anatomy and pathological significance 
of the perforating veins of the leg and performed 
subfascial ligation of incompetent perforators to con
trol venous ulcers. The ulcer recurrence rate follow
ing the procedure was 45% which he ascribed to per
sistent reflux down the incompetent deep veins. He 
therefore recommended ligation of the superficial 
femoral vein in addition to the superficial veins and 
the perforating veins in an attempt to abolish all 
reverse flow. This resulted in an ulcer recurrence rate 
of 60%'®. Cockett^ in 1955 hypothesized that trans
mission of high pressure to the skin through incom
petent perforating veins led to skin changes charac
teristic of venous insufficiency. He described 
extrafascial ligation of perforating veins, believing 
that preservation of the deep fascia was important in 
preserving effective calf pump function. The clinical
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results were variable, w ith ulcer recurrence rates 
ranging from  15 to 55%'^'^".

Perforating or com m unicating  veins form  a direct 
com m unication  th rough the deep fascia, betw een the 
superficial and deep veins and have the im portan t 
function  o f allowing equalization of pressure in either 
d i r e c t i o n ^ M a n y  studies have em phasized that 
these veins have effective valves^^ w hich only allow 
inw ard how  from  superhcial to deep veins. Failure of 
these valves has been blam ed for a variety of venous 
problems^'*’̂ ’ . It seems tha t although a num ber of 
perforators are effectively guarded by valves, others 
are n o t“*’’̂ ;̂ anatom ical disposition of fascia around 
m uscles closes off perforators during m uscular con
traction  thereby preventing high pressure trans
m ission to the superhcial veins. T h e  perforating 
veins in the leg are m ore num erous than  m any surgi
cal descriptions adm it, and although anatom ists 
depict m any perforators, m ost venous surgeons 
em phasize a lim ited num ber at w ell-dehned sites 
{Figure 1).

Superficial 
circumflex 
iliac vein

Fem oral vein

A n te ro la te ra l 
vein of thigh

sap h e n o u s
vein

A nterior vein of leg

Posterior
arch  vein

M edial vein 
of thigh

I  Mid thigh perforators
(DODD)

I  G astro cn em iu s  perforator
(BOYD)

Lower leg perforators 
(COGKETT)

Ankle perfo rato rs 
(MAY or KUSTER)

Figure 1 Schematic diagram showing the locations of the main perfor
ators

Types of perforator imcompetence and 
indications for surgery
It is im portan t to understand  the underlying m ech
anism  producing  perforator vein incom petence to 
appreciate w hether it is incidental, causative, or 
fulhlling a useful collateral role. F o u r types of perfor
ator incom petence can be recognized; (i) an incom 
peten t perforator which is the source of rehux lead
ing to prim ary varicosities of the superhcial venous 
system; (ii) incom peten t perforator acting as part of 
a collateral m echanism  com pensating for deep vein 
obstruction; (iii) enlarged bu t com peten t perforators 
with greatly increased norm al inward how  due to 
incom peten t superhcial veins above; and (iv) wide
spread congenital dehciency of valves with grossly 
defective m usculovenous pum ping  allowing free how 
of blood in either direction.

Cockett" in 1988 restated  his indications for ankle 
perforator ligation. T hree  groups of patients in 
w hom  ankle perforators m ay play a m ajor role in p ro 
ducing u lceration can be identihed. T he hrst group 
com prises those with long or short saphenous venous 
incom petence with or w ithout associated perforator 
incom petence, bu t w ithout previous deep vein 
throm bosis. Various studies have reported  tha t 20- 
50% of ulcers arise from  superhcial venous incom 
petence alone^" and are curable by adequate 
rem oval of the pathw ay of incom petence. Isolated 
perforator incom petence alone w ithout superhcial or 
deep venous incom petence has been reported  by 
various authors and perforator ligation in such 
patients is appropriate^-.

T h e  second group com prises those who had suf
fered a peripheral calf throm bosis in the past, and 
now  have simple perforator incom petence bu t w ith
out any serious deep vein obstruction. T hese 
patients can also get excellent curative, long-term  
results from perforator ligation, particularly if done 
before serious skin deterioration sets in. Such 
patients need careful preoperative duplex scanning 
and venous pressure assessm ent to exclude deep 
venous incom petence. Surgery has been shown to be 
ineffective in patients w ith isolated perforator vein 
incom petence bu t pressure changes com parable w ith 
deep venous incompetence^^.

T h e  third group is one in w hich perforator ligation 
is controversial and consists o f patients who have had  
an extensive deep vein throm bosis. B urnand et al.^^ 
in 1976 reported  100% recurren t ulceration w ithin 
5 years of perforator ligation in a series of 23 patien ts 
with deep venous incom petence. N egus and  
Friedgood^ in 1983 reported  84%  healing rate fol
lowing perforator ligation in a series of 109 u lcerated  
legs, 40%  of which had deep venous incom petence. 
In such patients extensive dam age and obstruction  
is present in the deep veins so tha t venous hyperten 
sion in the leg is due to a com bination o f this
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together with widespread incompetence in the 
valves. Perforating veins in the leg are part of a com
pensatory mechanism contributing to venous return 
and are not to be sacrificed lightly, but at the same 
time they transmit high pressure from the deep vein 
to the surface. However, there is an exception. When 
an intractable ulcer has a large perforator under it 
which is thought to be giving an unusual concen
tration of pressure to this area, it is possible that the 
ulcer will heal if the perforator is removed so that 
collateral flow is redistributed to a num ber of perfor
ators elsewhere^'^. However, it is essential to assess 
the flow patterns by duplex beforehand and to test 
the response to plethysmography caused by tem por
ary occlusion of the perforator while the patient exer
cises. Recently, incompetence of the popliteal seg
m ent has been reported to be a useful predictor of 
recurrent ulceration after subfascial perforator and 
superficial venous ligation^^. Good results following 
perforator ligation on carefully selected patients have 
been reported by many authors^” ’̂̂ ’̂̂ ”̂^̂ .

Assessment for perforator ligation
Venous ulceration can be due to a variety of underly
ing venous disorders'*®, with up to 50% of venous 
ulcers in some series attributable to superficial 
venous incompetence alone^®“ ®̂. A careful clinical 
examination noting the distribution and extent of 
superficial varicosities should be confirmed by a 
hand-held Doppler ultrasound examination. This 
should include examination of both saphenofemoral 
and sapheno popliteal junctions, since venous dis
ease is frequently bilateral. The use of a tourniquet 
and careful palpation for defects in the deep fascia 
may sometimes indicate the site of perforators. It is 
important to recognize other concomitant pathology 
such as arterial insufficiency, diabetes mellitus, vas
culitis and rheumatoid arthritis. Perforator vein sur
gery in such patients is generally unsuccessful^. 
Clinical examination alone is of limited accuracy and 
may fail to identify the site of venous reflux without 
scrutiny by a formal non-invasive venous assessment. 
Colour duplex ultrasonography allows direct vis
ualization of the venous system including the perfor
ating veins and demonstrates the direction of blood 
flow and degree of reflux^*. It has displaced venogra
phy^^ as the m ethod of choice for venous investi
gation as it is non-invasive and repeatable without 
exposure to ionizing radiation and intravenous injec
tion. Duplex ultrasound imaging is useful to estab
lish the anatomical nature and extent of the venous 
problem, whether it is the consequence of a previous 
deep vein thrombosis or the result of simple varicose 
veins. In the management of patients with varices of 
the popliteal fossa or recurrence following a previous 
operation it is invaluable in identifying the anatomy 
for planning appropriate surgery. Using ultrasound

imaging it is possible to identify and mark the pos
ition of significant perforating veins before surgery, 
thereby aiding their elimination through a small 
incision.

Patients with skin changes suggestive of chronic 
venous insufficiency require further quantitative 
assessment of the calf muscle pum p by photoplethys
mography, strain gauge phlethysmography or foot 
vein pressure measurements. W ithout investigations 
superficial vein incompetence from concealed 
saphenofemoral reflux or perforator incompetence 
may go unrecognized and primary valve failure 
(valveless syndrome) where perforator surgery is 
unlikely to be effective or clinically unsuspected 
post-thrombotic states where perforator ligation may 
sacrifice important collateral vessels may not be 
recognized.

Operative procedures for incompetent 
perforators

O pen techniques
Linton was the first to recognize the necessity of 
interrupting incompetent perforating veins to treat 
venous ulcers. His initial technique involved three 
longitudinal incisions -  anterolateral, posterolateral 
and medical -  for complete ligation of all perfor
ators^. Later, he modified his technique to a single 
medical incision, through which most perforators 
could be reached*®. Linton advocated surgery after 
the ulcers were healed completely by bed rest and 
compression therapy. However, the operation still 
necessitated an incision through unhealthy skin and 
although often successful, the procedure was compli
cated by delayed wound healing, skin necrosis, and 
wound infection in a significant proportion of 
cases^’̂®’̂ ’̂̂ .̂

Several modifications of L inton’s technique have 
been advocated. Cockett^ in 1955 advised a straight 
incision down to the deep fascia, avoiding under
cutting of the skin with excision of ulcer if present. 
His technique of extrafascial ligation has become 
obsolete because of difficulty in identifying the per
forator veins. A posterior approach was described by 
Felder and colleagues'*^ in 1955 which was later 
popularized by Rob'*®. A modification was suggested 
to avoid troublesome skin necrosis over the tendo 
Achillis^^. Dodd^® in 1963 reported 90% recurrence 
rates with extrafascial ligation and described a 
posteromedial subfascial approach, thereby obviat
ing the need for dissection of unhealthy skin. 
DePalma'*® in 1974 described a modification of the 
Linton technique in which, rather than creating a 
longitudinal skin flap regarded as hazardous for heal
ing, a series of bipedicled flaps in the natural skin 
crease were fashioned which provided access to the 
perforators.
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M inim ally invasive techniques

Perforator ligation in selected patients has been 
reported to be effective in ulcer healing with a recur
rence rate of between 10 and 15%^’̂ ®. Poor wound 
healing, extensive scarring, and reduced ankle 
mobility led to attempts at perforator vein ligation 
without a long incision through lipodermatosclerotic 
skin with compromised healing. In 1976, Edwards^® 
described his technique of shearing for incompetent 
perforators, using a venotome designed specially for 
that purpose. Following a traditional stripping of the 
long saphenous vein to just below the knee, the veno
tome was introduced through the lower incision deep 
to the deep fascia and passed along the line of the 
perforators approximately 1 cm behind the medial 
subcutaneous border of the tibia downwards up to 
the level of the medial malleolus. Simpson and Smel- 
lie^  ̂ reported its use in a series of 24 patients where 
healing was achieved in all but one ulcer. Significant 
haematoma and perm anent numbness in the 
saphenous nerve territory were reported as the 
major complications.

A less invasive technique^^ involves preoperative 
duplex localization and marking of significant perfor
ating veins over 4 mm in diameter with obvious out
ward flow. At operation, small incisions ranging from 
1.5 to 3 mm are made over these sites and a signifi
cant portion of the superficial vein with its connec
tion to the perforating vein is removed. Digital press
ure is used to control bleeding, no sutures are used, 
and the wounds are covered with small plasters.

Edwards’s concept of avoiding a long incision 
through compromised lipodermatosclerotic skin and 
the recent development of percutaneous endoscopic 
techniques were combined by Hauer and co-work- 
ers8»53 develop the technique of endoscopic sub
fascial dissection and ligation of the perforating veins 
under direct vision. The deep fascia is incised 
through a longitudnal 2-3-cm  incision placed on the 
anteromedial side of the proximal one-third of the 
leg remote from the area of trophic skin change, and 
the subfascial space opened by finger dissection. An 
endoscope is inserted and pushed down beneath the 
fascia to the level of the medial malleolus. Further 
ports for instruments are introduced under direct 
vision. The perforating veins crossing this space are 
located under direct vision and transected following 
ligation or diathermy. The same technique is used 
for the lateral perforators via a lateral skin incision. 
Commonly available standard endoscopic equip
ment^'* can be used safely, although specially 
designed equipment is available and the choice 
depends on operator preference and tra in in g ^ T h e  
use of a roller cufT^ to reduce bleeding and improve 
visualization has been advocated but is not used rou
tinely by all surgeons. Recently, the use of an inflat

able balloon for easy dissection of the subfascial 
space has been described.

The major advantage of this technique over the 
traditional m ethod is that it avoids a long, unsightly 
scar and complications due to impaired wound heal
ing. Other advantages include more accurate localiz
ation and immediate postoperative mobilization. As 
the technique is relatively new there are only a few 
published series of its use and long-term results. 
Hauer et al.^^ in 1988 reported a 78-93%  ‘very good’ 
result on a follow-up period of 14 months during 
which none of his patients developed any compli
cations or recurrence. Jugenheimer and Junginger^^ 
in 1992 reported their results of endoscopic perfor
ator ligation over a 5-year period. In their series of 
72 patients (103 limbs), wound healing was delayed 
in 2.9%, subcutaneous haematoma noted in 5.8%, 
and paraesthesia in the distribution of the saphenous 
nerve was recorded in 9.7%, with 16 out of 17 active 
ulcers healed^^. W ittens and colleagues^® from the 
Netherlands in 1993 reported a postoperative wound 
infection rate of 9.3%, and an ulcer recurence rate 
of 2.5% after 3.8 years in a series of 48 patients (54 
limbs). In all reported series perforator ligation was 
combined with operations on the incompetent super
ficial system and postoperative compression bandag
ing; therefore it is difficult to assess the precise role 
of perforator ligation in primary ulcer healing and in 
its maintenance.

Endoscopic perforator ligation has significant 
advantages over traditional open subfascial ligation 
and should be the choice in patients with trophic 
skin changes where perforator ligation is contem
plated. Vascular surgeons will need training to 
acquire the necessary skill and further long-term 
studies on a larger patient population will help to 
define its role in venous ulcer surgery.
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The Perth endoluminal bifurcated graft system -  
development and early experience
M. M. D. Lawrence-Brown, D. Hartley, S. T. R. MacSweeney, P. Kelsey, F. J. Ives, 
A. Holden, M. Gordon, M. A. Goodman and K. Sieunarine
Vascular Surgery Department, Royal Perth Hospital, Perth, Western Australia

The study aim was to develop a reliable endoluminal graft system  that would enable the  
deployment of a bifurcated graft for infrarenal abdominal aortic aneurysms. A life-size plastic 
model was made of an abdominal aorta and iliac arteries, with a 50-mm infrarenal abdominal 
aortic aneurysm. This model was used to develop and test self-expanding graft system s, based 
on a barbed Gianturco sten t and series of stainless-steel ‘Z’ sten ts within a woven Dacron 
graft. The bifurcated system  developed involves a trouser graft with one long leg and one 
short. This graft system  is delivered through one femoral artery with deployment of the proxi
mal aortic end infrarenally and the longer trouser leg within the ipsilateral common iliac artery. 
The short trouser leg is left hanging free within the distal end of the aneurysm cavity, just 
above the bifurcation. It is held open by a self-expanding sten t and is cannulated from the  
contralateral femoral artery with a guide wire. A simple straight self-expanding stented graft 
is then deployed to extend this short trouser leg down into the common iliac artery, effectively 
creating an extension to the short leg. The graft system  has been deployed in 21 patients 
with satisfactory exclusion of the aneurysm in 17 (81%). There has been one mortality and 
no conversion to open repair. All 17 aneurysms remain excluded at median follow-up of 30  
(range 4-60) weeks. None of the four graft stents that leaked (two proximal and two distal) 
sealed spontaneously. Deployment of the uncovered Gianturco sten t across the renal artery 
origins in 18 cases (85%) has not been associated with renal artery occlusion or deterioration 
in renal function at a median follow-up of 30 (range 4-60) weeks. The ability to deploy a 
bifurcated system  increases the potential for endoluminal treatm ent of abdominal aortic aneu
rysm. Copyright © 1996 The International Society for Cardiovascular Surgery.

Keywords: endoluminal, bifurcated, aortic aneurysm, graft

The feasibility and durability of open repair of 
abdominal aortic aneurysm has been established for 
over 30 yearsL However, the procedure is a major 
stress to the patient, with a significant mortality^. 
Published mortality rates vary widely, between 4 and 
9%̂ '̂ * for unselected populations. Endoluminal graft
ing of abdominal aortic aneurysm promises a less 
traumatic and safer procedure. The initial work of 
Parodi et al. demonstrated the ability to place endo-
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luminal grafts for abdominal aortic aneurysm, but if 
the aneurysm is not excluded successfully by the 
endoluminal graft, rupture may still occur^. Most 
abdominal aortic aneurysms are infrarenal and have 
a neck below the renal arteries into which the proxi
mal end of an endoluminal graft can be lodged. 
However, at the bifurcation of the aorta there is often 
no neck, with the two common iliac arteries opening 
directly into the aneurysm sac^’®. Aortic tube grafts 
are unsuitable for treatm ent in this situation. Aorto 
uni-iliac tube grafting with femorofemoral crossover 
and occlusion of the contralateral iliac artery pro
vides a compromise^'^'^. Chuter and colleagues^’̂ ® 
described a bifurcated technique and reported suc-
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